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THOD FOR MAKI NG THE SAME Background Of The Invention 1. Fied %Ug}?ﬂﬂz )

| nvent i one‘mmulmn“mw[MlEn relates to a fuse elenent used in integra

circuit d re particularly to the structure of a fuse link to
be del eted by «z@mer radi ation. The invention further relates to the nethod
of making the fuse link. 2. Description of Related Art Fuses 1
sem conductor chips to provide redundancy, electrical chip iJHmmummmﬂW"mw,
and custom zation of function. For designs having three (or nore), Layers of
wiring, the fuses are typically formed'froma segment of one of tHEW ri ng
| ayers, usually the last netal |layer or the penultinmate netal |ayer, i.e.
the "last netal mnus one" wiring layer. Fusing is the deletion of a
segment of metal fyags e GASORRARIR Coublh Hisk GRR BRmAROTP! I shed is by
exposing the segnment to a sﬁmrt, igh'intensity pulse o rght energy from
a laser, typically having infraoBdMaEYRG eTHE lsaMEhe netal |ine absorbs the

| aser |ight energy, nelts, and ruptures, disrupting line continuity and
causi ng nigh electrical regatkafmeandi 0. Tharmastridnne. A sensing circuit
may be used to detect this fuse segnent resistance. The techni que of |aser
fuse del eting or fidlmofAg:hasipeeir el y used both in nenory and | ogic
integrated circujt fabrication. Fuse fabrication_:!as taken advantage of

the energy traps2er fPERTFRPRaFetP iSSP B GHECLELBREN GBI #RR/F fior preci se

sel ection angkdddatddnatiireni of aéwt&H ateCibedi baseYmBNESly to the 2 7 A U G
2'002 2 Using this technology to delete fuse Iinks facilitates IC

fabricati onSU Rt ERamsl @, TRAS UL B1K Pt it IRGCT596D8, 37eT stadlp tionee, et
al ., on 4 Mugh 19971 antitledr FEUSEFLEVENE FOR\EEFEETLVE tASER BLON I N
AN | NTEGRATED CIRCUIT DEVICE," a fuse structure is taught that increases
absorpti on B#S¢ helkaser energy, having a nelt-away el ongated fuse |ink
joining two segnments of an interconnecting line, a plurality of fins
integral and coplRafaP5iPRecf uBRIAtatk Z5ich that each of the fins
transversally extends .awaysthom thanfdsRiddedl, candsackebtesidng plate
positioned underneath the fuse |ink to reflect the applied | aser energy. By
addi ng st r uERW AW WhE LPGEELPRAKCIIR nSicard flepréeri verPad), the fuse is
nmade nmore aBsoffifi e i”h bhReriRbL 86680 PASRIe B8RRIV avIRYSthARAI B2i ng the
incident energy required to delete the

moré) layers of wiring, the fuses are typically formed from

a segment of one of the wiring layers, usually the last
metal layer or the penultimate metal layer, i.e., the "last
metal minus one” wiring layer.

Fusing is the deletion of a segment of metal fuse line.
One standard way this can be accomplished is by exposing the
segment to a short, high intensity pulse of light energy
from a laser, typically having infrared wavelength. The
metal line absorbs the laser light energy, melts, and
ruptures, disrupting line continuity and causing high
electrical resistance, i.e., an open line. A sensing circuit
may be used to detect this fuse segment resistance. The
technique of laser fuse deleting or trimming has been widely
used both in memory and logic integrated circuit
fabrication.

Fuse fabrication has taken advantage of the energy
transfer from infrared laser 1i1gnt. Lasers allow for precise

selection and i1llumination of irnzegrate circult segments.



_fuse. In sonme circuits, such as CMOS logic circuits, the fuses are |ocated
|n arrays cl ose together This close proximty of fuses providﬁﬁ gﬂngaﬂb
challenges when infrared laser light is applied to blow a part ZI 2
Spurious reflections of beamenergy and the explosive effects of fuse
bl owi ng can adversely affect any el enent adjacent to the bl own fuse |ink.
‘In U S. Patent No. 5,420,455, issued to Glnour, et al., on 30 May 1995, .
entitled, "ARRAY FUSE DAMAGE PROTECTI ON DEVI CES AND FABRI CATI ON METHOD, " an
approach to limt these reflections is taught by addi ng non-zrangi bl e, high
melting point barriers, positioned adjgcent to the fuse structures, to
prevent both the beam energy and the effects of fuse blowing to reach or

af fect any adjacent, el enent in the 327 AUGZ2002 ci=cuit. These

barri ers aglias diQ) eelhys1 Shl el dsadnl AYAERL nRLT HELUT 85, dNtRI - €l ement
di nensions I n ese arrays r in an essenti al ar acterr st wever,

t echnol ogyfaivesasesnr.edoirr exehple hies &l .di.nPaskeonsNoond | 60, 297 get smal | er

As the reflectl |t mass d nelt] ture of .the { l'ink nmeta
i ncr eases, ~Hi gh (% <¥§§§? Sﬁe?gléso% %qﬁﬂﬁgﬁﬁgé ¥ ﬁﬂFf%bf%b éﬁgﬁ pul ses are
required tmmmrQIoRslmEd\Ebew@anm rer.dwsinbhe TivnkerAMES ectr@her energi es
and | onger Eulses praovi de sufficient enegg& t o adj acent and underlyi ng

e

structuresPPe G & 15USEn SGREEFUE R T S §haFolE§E§%S%%vere danmage to

the interl ayesr @reels irheoxhder adk as) AR nlgUgenWl £l Agay Addiddonal |y,
infra-ed | aser del etion of copper fuses is nore difficult due to he hi gh

reflect|V|F98%f:EﬁbﬁéﬂnlégpéHPaF?9m¢WF%lﬂ? B0 iP5 LICANRAT ARGl BHfh & ange

that is copmerdyiwvyvad ahhe 1Atkassl {isalof10@ls Beathagrhfe M gk t he

probl ens and deficiencies of the prior art, it is therefore an object of
tze presen?u?%v%ﬁﬁq(ﬂ?qmooﬁr69Pd§l%$fﬁEﬁQﬂW?qﬁaﬁstﬁﬁﬁénﬁﬁea%%ﬂ edhod for
maki ng thecgang,ddat; Al | s Lotedebotipn Jﬁatfeui)%élt']?%hga hhgb-fefdiective,

hi gh neltlng poi nt conduct or when exposed to an infrared | aser energy beam
at ener gy- kb $e@%ﬁ%iW@%kﬁOtﬁ&ﬁlﬁﬁhttm%qﬂnﬂé&dlﬁaﬁﬁé g0RFeNt BYaadd©idthe art
for bl ow ngefuse,Id nles-kt 3canohRere Ohriel leibBe; (5esaaf -imyention to
provide a fusible link wth uncreased absorption to |n?raed {aser light A
further obfeet b nawe iMvenePEATPLEIT® P dVicddndrared Faper GPOORY -4 fusible
link that ahlows,f0inicli05€ tRkARIEAn Ofe fdISE RY S LHOYLI SLL UGtyr al

damage to adjacen
fuse.

In some circuits, such as CMOS logic ciréuits, the
fuses are located in arrays close together. This close
proximity of fuses provides technical challenges when
infrared laser light is applied to blow a particular fuse.
Spurious reflections of beam energy and the explosive
effects of fuse blowing cén adversely affect any element
adjacent to the blown fuse link.

In U.S. Patent No. 5,420,455, issued to Gilmour, et
al., on 30 May 1995, entitled, “ARRAY FUSE DAMAGE PROTECTION
DEVICES AND FABRICATION METHOD,” an approach to limit these
reflections is taught by adding non-frangible, high melting
point barriers, positioned adjacent to the fuse structures,
to prevent both the beam energy and the effects of fuse

blowing to reach or affect any adjacent element in the



structures during fuse deletion, and w thout the need for prOtQC?iéﬁJ
“.barriers between adjacent structures. Still other advantages o h B 2002
invention will in part be obvious and will in part be apparent fromthe _
specification. Summary of the Invention The above and ot her objects and
advant ages, which will be apparent to one of skill in the art, are achieved
in the present invention which is directed to, in a first aspect, a

radi ati on- absor bi ng conductor having a top surface and a given conductivity
characteristic that can be substantially altered by radiation, conprising
an el ectrical conductor having a bottomfirst layer of a first naterial

that is substantially insensitive to the radiation, and a top second | ayer
of a second material that is sensitive to radiation. The top_ second | ayer
covers the bottomfirst layer and is exposed to the radiation incident on
the condu€tofUtlop HiFSrPader TTRES sfisi 1T \HAYF X 1Re SBEESAA FRFerial is to
radlatlonagnaégﬁgjgﬂfy@k@rggser inainfrared energy spectrum The first
material is a primary electrical conductor and the second material is an

el ectri cal rihﬁﬁnneh@meatc@m@©@$x@mm Judhastae rwheh C@mﬁihe@hmnth t he

primary egsg ﬁagﬁr &%@Mg%ﬁe{ev'ﬁ&%\f& Jungh - gg g& £0gr gy absor bi ng

structure. material 1S co the se terial is t ungst en
or a titane@mlI@H@EﬁemheﬁﬂpdsmEn@nonﬁ?mpnuﬁnuared grér gyaspect rum conpri ses

ener gy having naths o the range of 1.0 e bottomfirst
| ayer of the f%gé% nﬁ%g?FEFlleﬁfeé%er tréhnggkéqﬁaFeFB Bag “ahg3troms in

th|cknessthanﬂh$éuﬂﬂnn3m@eeondntage$e@f*tMEMSEQQBdrnahetgaéslsq@reater t han

| 500 t hi_ ck A U.G 2002 -
aepect . R TRUGhLT N TS EAFY obCBE: (4! 570l FGR-FaEROLE FEARTE AL can be

sel ecti vebgletion of the fusible link. These highar energies and
longer pulses provide sufficient energy to adjacent and
underlying structures, e.g., silicon under the fuse area, to
cause severe damage to the interlayer die_ectric oxide and
adjacent fuse wiring. Additionally, infrared laser deletion
of copper fuses is more difficult due to zhe high
reflectivity of copper, especially in the 1.0 to 1.4 mm
wavelength range that is commonly availab’e in laser fuser
tools.

Bearing in mind the problems and deficiencies of the

, prior art, it is therefore an object of the present
invention to provide a fusible link struczure and method for
making the same that allows for deletion of fuses having
high reflective, high melting point conductors, when exposed
to an infrared laser energy beam at energ’/ levels lower than
that required in the current state of the art for blowing
fuse links.

It is another object of the tresent —nvent:ion to

provide & fusible link with increased abscrption to infrared
laser light.

A further cbject oI the inverziorn 13 To prcovide a



opened by laser radiation at a predeterm ned wavel ength, conp i n
el ectrical conductor having a bottomfirst conductor that is g%? ¢QJ6 2002
substantially absorptive for the radiation at the predeterm ned wavel ength,
and a top second conductor that is substantially absorptive for the

radi ati on at the pr edet er m ned mavelengﬂh. The top second | ayer covers the
bottom first and i s exposed to the radiation incident on the
conduct @’ﬁlbieobn‘% ﬁ»@f adaws foi close Hilacamarfpeiciuse amaysi willeawt istvctirgl darpaget topdjaseny
radi ati on-fusible |ink having a top surface and gi ven conductivity

char act girucgir¢sc duringt fusardetstions,ubnst anmthoutl thy weed efor grdsgetivafbamiersl bebrtientadgaoent
conprising an electrical conductor having a bottomfirst |ayer of copper,
and a tgmcaessond netal |ayer. The top second netal |ayer is tungsten or
titaniumtungsten that is sensitive to the infrared radiation. The top
second | ayer gi@V6ther idventBgsloP el invé&ftioh 3B in partibé Sb¥ROsAdwilIGntpag beagpatiton
i ncident on the conductor top surface. The Infrared radiation conpri ses
ener gy fbmithespe@nefionf 1.0 to 1.4 nmmwavel engths. In a fourth aspect, the
invention is éﬂrected to a method for meking a conductor on a sem conduct or
substrate sensitive to incident infrared radiation, conprising the steps
of: a) form ng a danmascene copper W ring underlayer on the sem conduct or

substrate; b) recessing the co a a first predeterm ned
t hi ckness; c¢) depositing a netg&—:ﬁ@&%ay%$ﬁ%?£%3%econd pr edet er m ned

t hi ckness on the e r.l aV|n optic erties fo

the infrared f‘ad?bgt%ff A sy i ) Pagie "Bk 0 RE SBBERk S Sncief rT I

and, d) O|IShln net al .overlayer to,.re extraneous
navi ng. EheTRREN e R Rps 5RO }é‘c%&pdﬁ@thEﬁ%é’? R R AT |atr§&‘%tiﬂ“|'q?bé?r§?mgThe
met hod may further conprise the step of e) conpleting integrated circu

fabri cafqnéhcterr Vingep t%wfafatqnérﬁ g@ﬁ&éﬁe@ctmw chargeteristic thajcag be substantlally

altered by radiation, comprising an electrical conductor having a bottom first layer of a first material
that is substantially insensitive to the radiation, and a top second layer of a second material that is
sensitive to radiation. The top second layer covers the bottom first layer and is exposed to the
radiation incident on the conductor top surface. The sensitivity of the second material is to radiation
emitted from a laser in a infrared energy spectrum. The first material is a primary electrical
conductor and the second material is an electrical conductor of a composition such that when
combined with the primary electrical conductor provides for a high infrared energy absorbing
structure.

The first material is copper and the second material is tungsten or a titanium-tungsten
composition. The infrared energy spectrum comprises energy having wavelengths in the range of 1.0
to 1.4 mm. The bottom first layer of the first material is greater than or equal to 500 angstroms in
thickness, and the top second layer of the second material is greater than or equal to 500 angstroms in

thickness.



The nethod step (b), recessing the copper underlayer further conprlses
:usi ng a bl anket wet etch. In the nethod step (c), the netal ov Mﬁzﬁ ZQQZ
tungsten or titani umtungsten, and depositing the netal overl ayer, t
conprises using a chem cal vapor deposifion technique or a sputtering
techni que. The bl anket wet etch conpri3e3 ammoni um persulfate. In a fifth
aspect, the invention is directed to a method for making a conductor on a
sem conduct orlngspeandasrect diegnydntien isalitepied terrediation-Bisiblp linkdthatican ke selectively
conprising the steps of: a) providing the sem conductor substrate having a
sur f aceopsn¢dbyi lnses gadidtiod ata predéterndead wavekbngthctompeisinglae elomicalondyppdnhavigg a
silicon oxide |ayer over the substrate surface and the integrated circuit
devi ce ittoucfitst esnducor alpliy inog swbstantidly glsotptive Sorsthe rradiktidroatt the wedetarmined
oxide layer to outline a fuse link line; d) inmaging and etching the first
phot or esawlenghs lind @ foprsgtdrdecdndfcod thakid subetahtinlllyhubsSiptive 66 My irddiatdichy g that a
first predeterm ned depth; e) applying a second photoresist mask to the

si | conpreddtétmided@ivelehgthi MAGkdpkeadid 18fee Bbntes thBBofi@R INd 19RPEAT RekpdsedBSthet O
formvias; g) stripping the second photoresist nmask and depositing within

t he fusl%dlah&kmhi'd&%oﬂriﬁ’e édﬁ@uéfbﬂ% &bk st conductive material; h) recessing
the first conductive materi al to a second predeterntned depth i)

second mater i o RRETAERAE AP RuRy e lTE Bl Bl pRNEng f P HEE dhd®

mbi na f. t than th
7t "colle PR BRLTR SRR bl B G b
tect t N the f Link Ii
DS e e B 3o o ol s

conpri ses etchl g to a depth greater than or equal tq 500 angstrons. In
step ( g‘)ecortﬂierﬁttsﬂw%ﬁ tyngstengr ti Einevien that Eeemaitive do s rniEaed peiFHer 1 Thytop
copper netal. In step (h), the second predeternined depth is greater than
or equaiecens 800 carys thedmtomA‘érat layesriad s expospdste dhe radiptiom incidenbery theworductor
conprises a tungsten conposition. In a sixth aspect, the invention is

di r ect eldp swiame ndhdhimfrafed radigtiomcoimpebes energy mthardngs ef bh tal 4omiwevdengttis. a
sem conductor substrate, having a sensitivity to incident infrared

radi ati on, cdapr fsirthgaspéne, gieepsentibn ia dirpatal tod s noethdie fs emaldog d wehductor on a
substrate having a surface with integrated circuit device structures

t her eorsehjicoappdtyti snbstatesdchsitontodxdidbat Infiyesd radigtiont bemmishet thastepssafr 4)afoemiagd
the integrated circuit device structures: c) applying a first photoresist
mask t oddm¥Scedit | doppdt Fiingeuhdyleyert 6h @l kénfiCoriutiaf Bubstiale; IH) NRiestihg | tRePopgerand
etching the first photoresist mask to formthe fuse link line in the

si | i conuiigier [8yLrfidl pledblefiied ' BIRIGEMENGEpJIRMEN: MdtaPRRENAYEH a8 £ QEQNd
phot oresi st mask to the silicon oxide Iayer f) rmaging and etching the

second PhALORARISThicKRSK P tHeCEdPp¥i ﬁﬁderlg erS hhviRP rtl)ggcr}l h&oseRQNEhr PIRLBIESIne

mask and depositing wthin the fuse link line and the vias a first

conduct g SR ac I 1ABALY 0L bR el QL gl TS KeHRlinhlond Uas

link line an las to recesse ea Secaon ernlne
depth f in h|n or )

t he usééfeg%)teg tJ 1%?1%5@: e)ztre{ngt?l% Qal n% h%L% slg%vtgn a); cgv@%he c%ﬁ%er%n?&?a?er n
such that ﬁh n the second naterlal |s conblned .1-th the -f|rst 8 2 7
AUG 2007 CR(icti ve material the conmbination is capabl e of absorbing nor e

of the infrargd radiatio han the first c materia

ol anar i 21 ng- ail BPGIAG Rt Gt die ey GBIt BEAaR opt G G ik
line. In a seventh aspect the invention is d|rected to a nethod for
seIectNV@FWaﬁﬁ@PW©‘&“ﬂﬁ@ible link on a sem conductor substrate, the |ink
sensitive to incident infrared radiation, conprising the steps of: a)
form ng a danascene copper wring underlayer on the sem conduct or
substrate; b) applying and i magi ng a photoresist nmask to limt portions of
t he copper wiring underlayer for enhanced sensitivity to the incident
infrared radiation; c) recessing the portions of the copper underlayer to a
first predeterm ned thickness; d) renoving the photoresist nmask; e)
depositing a titaniumtungsten netal overlayer at a second predeterm ned

t hi ckness on the copper wiring underlayer, having optical properties for
absorbing the infrared radiation at an anmount greater than the copper
under | ayer; and, f) polishing the netal overlayer to renpbve extraneous
metal, and having the 1° titaniumtungsten netal overl ayer cover the copper
underlayer ip its entirety. In an eighth aspect the invention is directed
to a fuse structure for use with TC designs conprising an overlayer and an
underlayer mnrlng, deflned u5|ng a danascene process, t he mnrlng nade from

. o . o, o v - a ~ . a oA =



2 7,AU G 2002 g as a diffusion barrier The overlayer may be
‘. barrier for Sn. In a ninth aspect the invention is directed tozm{ﬁﬁaﬂ

maki ng a radi ati on-absorbi ng conductor on a sem conductor substrate
sensitive to incident infrared radiation, conprising the steps of prOV|d|ng
a bottomfirst layer of a first material that is substantially insensitive
to'said radiation, and attaching thereto a top second | ayer of a second
material that is sensitive said radiation. The top second |ayer covers the
bottom first layer and is exposed to the radiation incident on the
conductor top surface. Brief Descripti®n of the Drawi ngs The feat ures of
the invention believed to be novel and the elenents characteristic of the
invention are set forth with particularity in the appended cl ai ns. The

figures are f i 'l ustrati.on purposes only and are not dra o scale. The
i nvention i tsgIIr eo%eérsmﬁjot #’)a{s 1% gal zgll § o R n‘é?(\énﬁ{%‘fe%’per ation,
may best fmrMmﬂemsm@mdsby usirg endel drkdthevedeteaiched descri ption which

foll ows taken onj un on_ wWith the acconpanyi ng.draw pgs_in which: Fig.
1is a graph F%@ @85%89a?F9% Bsorpts &iE* @ﬁa% ?é??%?i%g biNEStHhper fuse
with and gt BoYhn BuhingsSerQVesdd@y 8bpodst and Unaki Qietef1 Sblé£DayOX| de

(Si Oz) thirckness. Fig. 2A is a cross-section of a sem conductor substrate

with a fitSEthHoCoRRE S EFintRgPREMACE LSRRI hESPREAESAN TREhnDBIS s a

Cross-secgs 0p %Eu%ﬁ@r§§51%@BHH§&9é S@Hét%@%%kgﬁ Feg. é%%ﬁ“&&h th%%de | ayer
etched to forma damascéne trench. Fig. is a cross-section of

sem conduRTeAN sibPergud fateri g. 2B further i ncludi ng the
In a fifth aspect, the invention is directed to a method

for making a conductor on a semiconductor substrate sensitive
to incident infrared radiation, comprising the steps of: a)
providing the semiconductor substrate having a surface with
integrated circuit device structures thereon; b) applying a
silicon oxide layer over the substrate surface and the
integrated circuit device structures; c) applying a first
photoresist mask to the silicon oxide layer to outline a fuse
link line; d) imaging and etching the first photoresist mask
to form the fuse link line in the silicon oxide layer at a
first predetermined depth; e) applying a second photoresist
mask to the silicon oxide layer:; f) imaging and etching the
second photoresist mask to form vias; g) stripping the second
photoresist mask and depositing within the fuse link line and
the vias a first conductive material; h) recessing the first
conductive material to a second predetermined depth; 1)
depositing within the recessed area a second material, such
that when the second material 1s combined with the first
conductive material the combination is capable of absorbing
more of the infrared radiation than the first conducting
material alone; and, j) planarizing and applying a protective

passivation layer over the fuse link line.



application of a second photoresist for the inmaging and etching of vias.
" Fig. 2D is a cross-section of the sem conductor substrate of I?% Cwth
"the resist stripped, and the new damascene trench filled w t21 a U 2002 -

conductive material. 2 ~-~1~~-2~0~ _ - 10 Fig. 2E is a cross-section of
t he sem conductor substrate of Fig. 2D having the first conductive materi al
recessed to a predeterm ned thickness of an overlayer material, and filling

~7 AUR~02, 11 materials. The underlayer filmin the stack of Metallic
materials is the primary electrical conductor of the integrated circuit
wiring line. Preferably, this underlayer is netallic copper, although other
highly electrically conductive material may be used. The overlayer netal is
al so an el ectrical conductor. However, its thickness, conposition, and
optical properties are chosen such that the conbi nation of the overlayer
metal with th@tt?ﬁ\}é'_ﬁl aydl® met WiStor ok ed ¥ USthi giedbsofpri gn  first

char act erp sddetse i@ neCH , iddhbas 8ds enediithg Thea kiegh nahsospbiampf the
structure nore effectively couples the infrared | aser energy into the
under | aye?™ 54310+ 0P 0@ BEBECTS nk, nini ni zi ng the amount of |aser energy
required to delete g bhpw HRBoEYEEng The QVEE! ayRq.LaN R vl de-addi tional
benefits i-n addition to Increasing the absorption of |aser energy by the
fuse | i nkcomruri s®dafsiResigAngv eobapgsr metati t dni wreprurigdt erthehasdgandl o~
titani um i ght; n rl.ay 0 r cti er for the
copper, s |eec¥% ng ;rlte(&f ggﬁggﬁggggggéu‘%saeqaténi%&%arggg)s§b§t$erlp[¥§ts4uogrfv15 ‘as

reacti ve Addiiteitagtaldfy,ovier | slyer passicvat sepohdl meteEdr lwicosmpbdseésdesi gns,
the pver!ta‘}/ne StSan c%%gj\éisd&gnpase for electroless gold plating into the
passi vati on Via areas, f 61 m ng easy to scale (shrink) probe and bond
structures. Fadm @&sdeshgaspect hehevenlayeion ac |ditretesdt he aiseetdfod variety
of BLM(bfaIrI Iie'éitn d taInI\a ri%ﬁé sfructures as it q%r_%vi ?Tesr an extra
barrier fitmt% peche rati on t& s, ST O ef‘anp e Y9 °he tanrough

t he BLM eroratuatiohut s xfrddes fhatingcoresedsliiastinet ab |imeident he
reduction.rg){ erliéon'n t.ia%n of the need fgg1 a_ni tsri(%e. Iiyer i n,contact with
the top of™tHEFTOFFEraritRB, TY R RE% TREoPET® 72AP EBLE2Y 1915 £ f usi on
into the samideondudtiog. Julsstmpaireeshbhéndg ner easerfade absanhbetht edraretl | aser
energy when a copper fuse is overlaid with tungsten to that of a copper
Fuse i t NomESt e BBy arPay e SRR Aot .0 PEDE R o acothali v T T con
oxi de (SiDRyepassiwaihoorsdddundret swirthoat aad oher LayedratAsd shiowdyit
approximately fiye rcent (59 f.the infrared enerqgy .(at .04 mm

wavel engt ?V¥%e 5’%58?%85‘385/ é%égppgé’én?oz? fc}erlsgt?%?\t%?e%et FSS%egoctﬁheduct or
el ement. Jhiscabsawipid davies el auitlehy sonssant ik erinegs | DUSimdy oddness of
the Si 02 passiyvation film.rangi from Q000 angstrons to O_angsiraons. (The
negat | ve SHEreH e L5 GrEah BRORPEToIeY dRsh Lt g R0 Pact 1T at HE

cal cul ati dbixse ) ifurhe Bsilejpiaet Soxide saapecopper ffimestvi phedb CErpassd vat i on

| ayer, however, 500 angstrom tungsten, |l ayer is appljed as ap overl ayer
onto i he FERE st TUARREYING higaceRd PIRESTRToh R abt of 1ot § b5 ot

achi eved byiddi sapepl | ept inagiks shawstchiwy peicentcold apsotbedsist rar ed

| aser ener may yary approximtely sinuspidally with varying Si0

passi vat i IB%XIF ay rg?ﬂ?{c‘ﬁ%s,g)bﬁtﬁl}éﬁéi“ﬁs%ﬁﬁ ﬁ?ﬁgﬁdsﬁ%QY%ﬁ%?Ja?gtf W?%&r eased
range of 3fd¥padisamy waRheh tieident 1inkr Bims draseheenengya Fhistis a
7-12 fold increase in absorption of infrared laser |ight at this neasured

wavel engt ROBIUCoharederdat hd s FRR VRS At A6t PR A TUTigdt BASEVeYE ayer .

the fuse link line and the wvias to form a recessed area of a
second predetermined depth for the fuse; 1) imaging and
etching the third photoresist mask 1ir the Zuse area; Jj)
depositing within the recessed area a second naterial, such

that when the second material is comcined with the Iirst



~Two nethods are introduced to formthe disclosed structure. The first
.considers the overlaying of the entire copper conductor |ine tQ f]oﬁrp}@ 2@
structure. The second applies selective etching to strategically platce.
fuse structures on the underl ayer copper line. Figs. 2A-F depict a nethod -
of where an overlayer is non 2 7 AUG 2002 13 selectively applied to the
copper conductor fuse lip k, i.e., the overlayer is not restricted to a
portion of the underlayer copper wire. In Fig. 2A a fuse line is inaged on
the surface of sem conductor substrate 10. An oxide |layer 12 is applied
over LM 1 structures 14. A photoresist8mask 16 is then applied, outlining
the fuse line area 15. Next, the oxide is etched to forma danmascene trench
18, as shown in Fig. 2B. A second photoresist 20 is then applied, Fig. 2C,
for inmaging and,etchi vias_22. The, etchi ng opens these vias 22 down to
the Lk 1 CePrEEPecmeherhal SR PR T DL HABRUGna & AU T30S 5 t hen
strippedrcg@vidy anérengharand ddiistiew daimscene triereh dsndiddieg with a
first conductive naterial 29. Preferably, this material is copper or a
conposi t MG eFrédodt At 1I3P%TokpePL By NkT HH 69 @BPLRENI Hy WAL Ctdteer
conduct i v@ sEBLAL$.0r 1 8BL Al - ROMARI t4,QRS 17RY benysed, provided the
interaction with the overlayer facilitates the desired infrared |aser
absorption. |ALFigy. S@FERtheafpPest, cSRBUGIVEE LR erlisal dDZe¢ised heA rAecessed
to the degiched thigkness ol ihg overdayey Mt ephalyidhi sipgcess |
typically performed using a Ianet wet ‘etch, e.g. amonium persulfate. It
has been seodggntihatoa SO0 HgstErontdept hilils pmisftaveor te hel rpriefeartr ed

over | ayer; ri.al s, ;. ver : erd.al ecopnd terial. 26 is then
filled inln{fﬁftea%regcerssagéyag?gé. ‘ii’ﬂ‘é%rslesgg d Tk ST S8 -engﬁn%ggﬁ%g tKe desired
optical propecenes topmethande iabsonpdeohaydr i ohr atkd |swercdrndyfttam the 1.0
to 1.4 l_ength, r . | pdi . LNn..=i . =ef erred t.ungsten
ove. | ayer MO Sen Bl Gttvd Eeah RN B oadqftiftin o TSR
G 2D02 t ypugstiensovef| aylee heopper t enimpegcentdert apenm Hyr weirgledndesi nost
preferred, Lastl as indicated.in Fig. _2F a_passivation |layer 28 is
applied osveeanlt%ﬁé’XFﬁsgol F‘?}% %??lu%%nlr}r ém%frall—:leg. riglaa l(éln‘pr%)t eI B rier.
Duri ng ththeopertayes @apphecadtpmsr unldetriayeirt @miau it e g spesd et @i roairposi ti on
i s desi recg}io%é in ?I ect gortit ns q{tt he f.uge area, .a onver%a.i onal

phot or esi st TSR ¢ aft’ beUSEH Y 015 M1 HE"area™df “t he’ cCoppet Wt iy 1ine
that is reicesset-tEhgstedAmanadl 38veeiwdr tdn sa sedeaid viergd@oessindd gs. 2A-D
representtﬁt.h first four steﬁs to i.ni.;li at %dtek}is se%I e%ltiv.e rocess., However,
as shown iH FGTS3R™ ather CPRREe &SR P ediPSPL26YPE  t RET 186 i fped@hnd the
new danmagoenpedtriesciiorsabsbliethgv the drnffirastedcendistive amtatiahodd; a third

resist 30_Jjs theq:a l.ied. This rescjes after .etchi,ng only a

pp t IS I d, d
sel ecti veqrpegrtte’lron et §HS 1Y |errstuncor]1:&3&%|r\’/rer%%e%t’ al af94 H G ' o t he
desired tndteKness mfayielre toy erdmaywer .exdtirafiepus3Bietiaie tandr chaphioicortese st 30 i s
stripped, .%nd the selective r cessefl’jlr Borti on, 32c|hies filled with the second
mat eri al BVETEPEIS58D HehE SYESAaY A SPTH T FRERCPI WA LAY T
pr ef er abl yn hiyt sa e@ltemre€gl - nechani cal poli shing process, and, simlar to the
non- sel ective I\r;l(reocess, passi vat.i.on

on | ayer .28 i,s | ied., The conbination
of an absorpti a&&ﬁggggraﬁﬂe?%eﬂﬁiWare)PtéIoé’cf‘Fi gggeggﬁ‘au@i%eaﬁ%lerl ayer
i ncr easesstthe-teidd €bengye fwitd e debeyhoncafptie ighbegbatetageér camd mnet al
fuses typically fornmed fromhighly reflective netals, such as copper, and
the T ko A BaraRaa SRe. 1t LAP e Aty 15 o Ao BT RER bR PSOCatPt S
wiring made from metals which are highly reflective to
energies in the 1.0 mm to 1.4 mm wavelength range. The
thickness and optical properties of the overlayer maximizes
the absorption of infrared energy by the structure. The

underlayer is a copper prime conductor, and the overlayer acts



327 AU G 2002 15 into the fuse structure, the invention is eful for
fuses formed fromthick netal films, and for fuses formed fro;f\?erA/U@Qﬁ[]z
nmelting tenperature netals. In each of these cases, the incident-taser
energy can be mnimzed (relative to a structure conprised of just the
reflective netal underlayer itself) res@-ting in avoi dance of substrate
damage and col |l ateral damage to adj acent fuse structures. The thickness of

the ovemnk ayiffustoasariiri The GRérddyet Ay be atdaffhsebhrtier fohSnneeds of the
reflective (underlayer) conductor, the overlayer passivation film stack,

and the like. yfhe; . ¥ : . . .
conduct or undg} Fgli/n:gtr1 8 rtétlz;dthg #ﬂﬁﬁg%t%{egégaﬁggﬁgérrrsq{l%\%dr?%m?ﬁ'\% sorbing

overlayer jtself require proxi mat el y. 500.angstt f thickness.to

Pact 1 1 SondeEE abf TR BHOR wetiug Qi el tndiaobaPoriBnaity g
technol ogi es _using a damascene polishing process to define wiring |evels.
Whi | e t BEPHPERENIING Y battemriimbleyercan BesF matasiahthay igabsiantially, insenstbigjtarseidi on
with a specific preferred enbodinent, it is evident that nany alternatives,
nmodi f i caadigion, andl attashig thersto i fop seeordplagercof a tsecandasneateskl thatds samsitive saidt
in light of the foregoing description. It is therefore contenpl ated that

t he appediiteidnC| BhdTopdebdnd HYEAES eBSheShistidna kst Nk i an@Sis eRPoHellite ahé edifatind
variations as falling within the true scope and spirit of the present

i nventi Q{Eident&&e'%Un&ﬁc%ﬁqu Bl aims 1. A radiation-absorbing conduct or
having a top surface and a given conductivity characteristic that can be
substantially altered by radiation, conprising an electrical conductor
having a bottomfirst layer of a first material that is substantially
insensitive to said radiation, and a top second | ayer of a second nateri al
that is sensitive to said rdehleitl)ess pobthe Reavangs,, second | ayer covers
said bottomfirst layer and is exposed to said radiation incident on said
conduct or t opThefdatwres ofZhe iitventambkizyed tootie mival andlthetetanednts ¢Haeactaristic of thet y
of said second material is to radiation emtted froma laser in an infrared
ener gy #veatidruare s& forthavigdopatticilafitydh tied appPndeddleing. Miseafighrbodre dor fliuktsdtion
material is a primary electrical conductor and said top second naterial is

an el echipeats RBNECAOHoLara@nGOTPAS | ThOMhvemedh fteft hAWER AR LOR orhiatRAl d
primary electrical conductor provides for a high infrared energy

¢ ¥y

and method of operation, may best be understood by reference to the detailed description which
follows taken in conjunction with the accompanying drawings in which:

Fig. 1 is a graph of the comparative absorption characteristics of a copper fuse with and
without a tungsten overlayer, as a function of silicon oxide (Si0O;) thickness.

Fig. 2A is a cross-section of a semiconductor substrate with a first photoresist for
imaging a fuse line thereon.

Fig. 2B is a cross-section of the semiconductor substrate of Fig. 2A with an oxide layer
etched to form a damascene trench.

Fig. 2C is a cross-section of the semiconductor substrate of Fig. 2B further including the
application of a second photoresist for the imaging and etching of vias.

Fig. 2D is a cross-section of the semiconductor substrate of Fig. 2C with the resist

stripped, and the new damascene trench filled with a first conductive material.



absorbing structure. 4. The conductor of claim3 wherein said bottomfirst
material is copper. 5. The conductor of claim3 wherein said

material is tungsten. 6. The conductor of claim3 wherein sazg? @gﬂsggﬂxé
material is a titaniumtungsten conposition. 2 ? AU G 2002 -17 7. The
conductor of claim6 wherein said titaniQumtungsten conposition conprises
ten percent titanium by weight. 8 The conductor of claim2 wherein said
infrared enerBig. Qpe6ta cHIEGENTON DE She BANGyndiRYOr NHUbYEME o€ Ry, 2D ihavinigethé dirge
of 1.0 to 1.4 nmm 9. The conductor of claim1 wherein said top second

mat er i abordayve rBﬁt‘éMhl%‘@es@ed%%tp%‘de'té(ﬁnﬁeﬂytﬁfckﬁé%& of & Qvéi‘l%%xorﬁhtfehﬁls tnd BiG al
and a barrier against diffusion. . The conductor of claim 1 wherein said
bottomfirst |ayer of said botton1f|rst material is greater than or equal
to 500 angstrons in thickness, and said top second | ayer of said top second
material is greater than or equal to 500 angstrons in thickness. 11. A

radi ation-fusible link that can be selectively opened by | aser radiation at
a predeterm ned wavel ength, conprising an electrical conductor having a
bottom first conductor that is not substantially absorptive for said

radi ati on at said predeterm ned wavel ength, and a top second conductor that
is substantially absorptive for said radiation at said predeterm ned



, wavel ength, wherein said top second conductor covers said bottogz&#r t
.layer and is exposed to said radiation incident on a top surfac ,&HG:IZUOZ

conductor. 12. The fusible link of claim1l wherein said bottomfirst .
conductor conprises a primary electrical conductor and said top second
conductor is a tungsten or titaniumtungsten conposition. 13. The fusible
link of claim1l wherein said bottomfirst conductor is conprised of

copper. ~ ~ AUG 2002 - 18 14. The fusible link of claim1l wherein said
link melts, expands, and ruptures when absorbing said radiation at said
predet erm ned wavel ength. 15. The fusiible [ink of claim 11l wherein said top
second conductor provides a diffusion barrier for said bottomfirst

conductor. 16. The fusible link of claim 11 mherein said pr edet er mi ned
wavel ength is within_a rangTGr Eron11 A radi ati on-fusible
c&NERd

| i nk havi™® t%F%%ﬁ?su??% ayﬁFvégjébnﬂﬁct t§t€ﬁ5ré5%e$?§%}%4?hat can

be subst anitatian Al tiey edny igHimared eadcatien: cespuhstiag aprel@etrical
conductor having a bottomfirst |ayer of copper, and a top second netal

| ayer, whbPEFHraEdICLEpuBRatid vl anet Rratarablingshbn UderleyRr RS t ungst en
that is %@@éiilv@cBBpéﬁ' %l‘t@lfoﬁlﬁhecgtﬁép'h%bhqg} e%&ﬁ’%lq'yncéﬁﬁgcﬁﬁp second

metal |ayer covers said bottomfirst layér and is exposed to said |nfrared
radi at i oM@y Reint "el shed erBuctIdhe t@ﬁe§hﬁY9éelﬂetal is also an

electrical conductor. However, its thickness, composition, and
optical properties are chosen such that the combination of the
overlayer metal with the underlayer metal provides for high
absorption characteristics to incident infrared energy. The
high absorption of the structure more effectively couples the
infrared laser energy into the underlayer portion of the fuse
link, minimizing the amount of laser energy required to delete
or blow the fuse.

The overlayer can provide additional benefits in addition
to increasing the absorption of laser energy by the fuse link.
For example, an overlayer of titanium-tungsten, having 10%
titanium by weight, on a copper underlayer forms a protective
layer for the copper, shielding it from damage by subsequent
process steps such as reactive 1ion etch of overlayer
passivation films. For wire bond designs, the overlayer can
provide a base for electroless gold plating into the
passivation via areas, forming easy to scale {shrink) probe
and bond structures. For C4 designs,. the overlayer facilitates
the use of a variety of BLM (ball limiting metallurgy)
structures as it provides an extra barrier film to penetration
of metals, Sn for example, in the C4 through the BLM. Other
attributes of the fully covered last metal 1line 1is the
reduction or elimination of the need for a nitride layer, in

contact with the top of the copper line, to prevent corver



. 1%.:.The fusible link of claim1 ? wherein said infrared radiation conprises
.energy in the range of 1.0 to 1.4 nmwavel engths. 19. A nethod for naking a
conductor on a sem conductor substrate sensitive to incident infrared

radi ati on, conprising the steps of: a) form ng a danascene gopp egzﬁﬁ2ii
under | ayer on said sem conductor substrate; b) recessing said c%%% r

underl ayer to a first predeterm ned thickness; ~ 7 AU G 2002 - 18a «c¢)
depositing a nmetal overlayer at a second predeterm ned thickness on said
copper underl ayer, having Z 7 AUG ~~ 19 optical properties for absorbing
said infrared eadiation at an anmobunt greater than said copper underl ayer;
and, d) polishing said netal overlayég to renpbve extraneous netal, and
havi ng said nmetal overlayer cover said copper underlayer inits entirety.

20. The nethod .of *claim 19 further conprising the steps of: e) conpleting
integratgﬁjgﬁF%ﬁWtlprrF%%I?%ﬁé%w ot her passivation sequencé. 21. The

net hod of cl aipmgl9 1whemehRe Sairk SitrRircbll, 1he68881PEASah Hrepbperadder | ayer,
further conprises using a bl anket wet etch.

energy when a copper fuse is overlaid with tungsten to that of
g copper fuse without the overlayer. Curve A depicts a copper
fuse having a silicon oxide (Si0O,) passivation film but
without an overlayer. As shown, approximately five percent
(5%) of the infrared energy (at a 1.04 mm wavelength) is
absorbed by the fuse for deletion of the copper conductor
element. This absorption is relatively constant over various
thickness of the 810, passivation film ranging from 6000
angstroms to 0 angstroms. (The negative sign on the abscissa
of Fig. 1 is strictly to facilitate calculations.) Curve B
depicts the same copper fuse with Si0, passivation lavyer,
however, a 500 angstrom tungsten layer is applied as an
overlayer onto the fuse structure. Significant absorption
characteristics are achieved by this application. As shown,
the percent of absorbed infrared 1laser energy may vary
approximately sinusoidally with varying Si0O, passivation layer
thickness, but remains within a substantially increased range
of 35-60% absorption of inc¢ident infrared laser energy. This
is a 7-12 fold increase in absorption of infrared laser light
at this measured wavelength as compared to the same fuse
without the tungsten overlayer.

Two methods are introduced to form the disclosed
structure. The first considers the overlaying of the entire
copper conductor line to form a fuse structure. The second
applies selective etching to strategically place the fuse

structures on the underlayer copper line.

Figs. 2A-F depict a method of where an overlayer is non-



. 22.":The method of claim19 wherein said step (c), said netal overlayer is
.tungsten or titaniumtungsten. 23. The nethod of claim 19 mheQﬁZR#§gpd2§ggp
(c), depositing a netal overlayer, further conprises using a ¢ \ r
r deposition technique or a sputtering technique. 24. The nethod of claim’
21 wherein said blanket wet etch conprises ammoni um persul fate. 25. The

nmet hod of claim 19 wherein said step (d), polishing said netal overlayer,
ccnprises applying a chem cal - mechani cal polishing process. 26. A nethod
for making a conductor on a sem conduct or ~ 7 AUG 202v substrate
sensitive to incident infrared radiatign, conprising the steps of: a)
provi di ng said sem conduct or substraté3having a surface with integrated
circuit device structures thereon; b) applying a silicon oxide |ayer over
sai d substrite surface and s%idkinte rat ed circyitoafvi e structures; c)
appl yi ng 3°FEFELVPhbi1aRREiest thakhe (RS d COPPRELRT o tfe H&F&Er toSoutline a

fuse |inkthiengveflaydrmdisngoaneb2trghiced said pbirtSbnphotdeshabrMskrto form
said fuse link line in said silicon oxide layer at a first predeterm ned
dept h; e) “&PPPYyi HgrA- second photoresi st nmask to said silicon oxide |ayer;

f) imaging and;gt Ghiyng aid $ecand pROLY eshstedmsk tad Amas of)
stripping -sai d second photoresist nmask and depositing wthin said fuse |ink
line and s&mdcondsctol isulistaetgut?i van matigls dbyen) 12 deeswipddedapueti r st
conduct i veyat eki coRd in epkh; i pasi.ti wi thin

t he recesgggqagggagtég%%ngghagepﬁgﬁg?é§£ tﬁ%?gmggnlga%aggegghgaggferiaI i's
conbi ned wiuthisahd fhe sfuscoddoet &vea niHt edNealt , t heeconbiadts etichsdcapabl e of

absor bi ng frES‘%Ele_aOfda?F is.%)eingf LaLedy,r adi ationf han sal Pi@.i rsg cpnducting
mat eri al alone; and, ) pl anari zi ng and applying a protective passivation
| ayer ovephsabdebilse RiOnkid i tieen applied, Fig. 2C, for imaging and
etching vias 22. The etching opens these vias 22 down to the
IM-1 structures 14.

As shown in Fig. 2D, the second resist 20 is then
stripped leaving a trench, and this new damascene trench is
filled with a first conductive material 24. Preferably, this
material is copper or a composition predominantly copper by
weight or volume. However, other conductive metals or metal
compositions may be used, provided the interaction with the
overlayer facilitates the desired infrared laser absorption.

In Fig. 2E, the first conductive material 24 is then
recessed to the desired thickness of the overlayer material.
This recess is typically performed using a blanket wet etch,
e.g. ammonium persulfate. It has been found that a 500
angstrom depth is optimum for the preferred overlayer
materials. The overlayer material or second material 26 is
then filled in the recessed area. The second material 26
encompasses the desired optical properties to enhance
absorption of infrared laser light in the 1.0 to 1.4 mm
wavelength range. As indicated in Fig. 1, a preferred tungsten

overlayer will achieve this resul=. Addiciorally, a titanium-



.2 7.AUG 2002 21 27. The nethod of claim 26 wherein said step ggy?ggLH??@@Z
.said first photoresist nmask to a first predeterm ned depth, conpri
etching to a depth greater than or equal to 500 angstrons. 28. The net hod-
of claim26 wherein said step (g), depositing a first conductive material,
conprises depositing copper netal. 29. The nethod of claim 26 wherein said
step (h) , said second predeterm ned depth is greater than or equal to 500
angstrons . 30. The method of claim26 wherein said step (i) said second
material conprises a tungsten conposition. 31. The nethod of claim 30
wherein said tungsten conposition further conprises a titaniumtungsten
conposition having ten percent titaniamby weight. 32. A nethod for
selectively naking a fuse on a conductor of a,sem conductor substrate,
having a sensitivity to_incident infrared radiation, conprising the steps
SoMarhgsaret da A f

vidrng's F5 0 ORI Dr BUBSHSE FaVitRg Ul 8¥r 78480 £h

of : a) prov
i nt egr at echositr puefedeyd ce structures thereon; b) applying a silicon oxide
| ayer over said substrate surface and said_integrated circuit device

structures; c)lapptyi P at T4 Stehdlof egr str ned kPIT L@ Y 126k 8Ri de

layer to qutlddiaidd useeti tkel ifi8e 14né A Lo el of 22i4) I2TRUAHYaaNd
etching said first photoresistrmask to formsaid fuse link line in said

silicon p%ﬁ@éeFEQE? %%F%FQHfst predet erm ned depth; e) applying a second
phot or esi st magkr{ Qg Saiyh Sbibe@Byo¥i dgddwelic: o), | TRII ik and (ehghing said
second photoresist mask to formvias: g) stripping said second photoresi st
mask and de&pestenngevil iompsgildiposes |deikd gachenadidisapell adapoxtionst

CondUCtiV%f”@BQrfééé area, a conventional photoresist mask can be used
Lo limit the area of the copper wiring line that is recessed.
Figs. 3A and 3B depict this selective process.

Figs. 2A~D represent the first four steps to initiate
this selective process. However, as shown in Fig. 3A, after
the second resist 20 is then stripped, and the new damascene
trench is filled with a first conductive material 24, a third
resist 30 is then applied. This resist is imaged, and after
etching only a selective portion 32 of the first conductive
metal 24 1s recessed to the desired thickness of the
overlayer.

In Fig. 3B, the third photoresist 30 is stripped, and the
selective recessed portion 32 is filled with the second
material or overlayer 26. This second material is then
planarized, preferably by a chemical-mechanical polishing
process, and, similar to the non-selective process, a
passivation layer 28 is applied.

The combination of an absorptive overlayer on the primary
electrical conductive underlayer increases the efficiency'for
the deletion of the integrated circuit metal fuses typically
formed from highly reflective metals, such as copper, and the

like. Because the infrared energy is more efficiently coupled



. h) ‘applying a third photoresist mask over said fuse link |line,and said vias
,to forma recessed area of a second predeterm ned depth for iZhAUﬁbQUﬂQ
i mgi ng and etching said third photoresist mask in the fuse area; j) - -
depositing within said recessed area a second material, such that when said
second material is conmbined with said first conductive material the
conbi nation is capabl e of absorbing nore of said infrared radiation than
said first conducting material alone; and, k) planarizing and applying a
protective passivation |ayer over said fuse link |ine. 33. The nethod of
claim 32 wherein said step (d), etching said first photoresist mask to.a
first predeterm ned depth, conprises etching to a depth greater than or
equal to SO0 angstroms. 34 . The method of claim32 ~,rherein said step (Q)
, depositi;,+ 7 : g duct terja nmpri ses
depositinénxgogégrfégggﬁeggg?uiﬁé ﬁ%?hghggétg?gi§$SE¥§£g?e?%%ngaggtep (h)
, Sai d sedomuepr £det erhmiake cedept Hilmss graeat €ort haseorf@oqueal from508ry
angstrons. .,36. The. nethod of .claim 32 wherein said ep (j). said_second
mmcer ol oap PeLELT, Tttt e BREAL Fonlt S9e R sy heREy et o
wher ei n sainditidAgst BNs€OMREsirghoNcitr ther mGaphLiz8as ardldw@Ricumcbungst en
conposition having ten percent _titaniumby weight. 38. A nethod for
sel ecti velSy THEKFRG SOFRETHTE PF nkidn @' CoredGis iPAeEL2¥8Fd ;i nk
sensitive it@el AGi desduitifdar ed radhadids CINPELBEPgatde % Ohnhqa)
form ng a danascene copper w ring underl ayer on said sem conductor
substrateFOBfaéﬁﬁPﬁiﬁﬁm%%% S IRGeatphBESr BT &t etk t10'S itRLEXPBEEI ons of
sai d coppeyr wheidgnden ayserpeivenangedasansichiivbiidt & SdednbBgident
infrared radiation; c) recessing said portions of said copper underlayer to
a first prédeten FidadiidRnessndeflaamyi f§REErEophot PiesiOFErAaERE o)
deposi ti ngaastibhaRbHm 4 UR0SEeAcREt alnOVeRbayelkal ansecond,digdet egni ned
t hi ckness on sai d copper w ring underl ayer, having optical properties for
absor bi ng coaPatiihf parddhr ael it toAcknean sfou §eaduerorhamdsaildyespper

underl ayerg 80y -than about 500 angstroms, however, the overlayer
itself requires approximately 500 angstroms of thickness to
facilitate adequate absorption. This fuse structure is also
valuable for technologies using a damascene polishing process
to define wiring levels.

While the present invention has been particularly
described, in conjunction with a specific preferred
embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those skilled
in the art in light of the foregoing description. It is
therefore contemplated that the appended claims will embrace
any such alternatives, modifications and variations as falling

within the true scope and spirit of the present invention.



2 7 AUG 2002 -24 f) polishing said netal overlayer to renobve extraneous
‘nmetal, and having said titaniumtungsten netal overlayer covey Qa' 60
underlayer inits entirety. 39. The nethod of claim 38, wherein said step
(e), depositing titaniumtungsten netal overlayer, conprises depositing a
titani umtungsten metal conposition havltg ten percent titanium by weight.
40. A fuse structure for use with I C designs conprising an overlayer and an
under | agiaimsi ri ng, defined using a damascene process, said wiring nmade from
nmetals which are highly reflective to energies inthe 1.0 mrmto 1.4 nm
wavel engt h range, wherein the thickness and optical properties of said
overl ayer maxim zes the absorption of infrared energy by the structure. 41.
The fuse strugt } Lm 4 i i e FarldS 48 p |
conduct o7 . antt st Befe' SRR, Rai Cy B BYE  rkt® o 2R PRIARELVS
structure of cl.aim 40 erein sajid overl|ayer. is a diffusion barrier for Sn.
23, Theokaertiop Bt oo e obrtniilioaiarel b7 Yodiaich. Soprisipe R caiiifal GandgRior
tungsten conposition. 44. The fuse structure of claim40 wherein said

over | ayBaviepapeiteradirst layer ahp dirst matgyial gt sowpyantiallyinseasiiivg ta sad mdiatientand
titanium by weight. 45. A nethod for making a radi ati on-absorbi ng conduct or
on a sewnitaposedomd yersoflasdec@tdematerisl thatie sémgitivedo sked tradiatfonawhereirashiditopsacond
conprising the steps of providing a bottomfirst |ayer of a

layer covers said bottom first layer and is exposed to said radiation incident on said conductor

top surface.

2. The conductor of claim 1 wherein the sensitivity of said second material is to radiation

emitted from a laser in an infrared energy spectrum.

3. The conductor of claim 1 wherein said bottom first material is a primary electrical
conductor and said top second material is an electrical conductor of a composition such that
when combined with said primary electrical conductor provides for a high infrared energy

absorbing structure.

4. The conductor of claim 3 wherein said bottom first material is copper.
5. The conductor of claim 3 wherein said top second material is tungsten.
6. The conductor of claim 3 wherein said top second material is a titanium-tungsten

composition.



2 7 AUG?2002 -25 first material that is substantially insensitive to said
radi ation, and attaching thereto a top second | ayer of a sec Z?j'ggf&e)?pﬁ?a
that is sensitive said radiation, wherein said top second Iag i d
bottomfirst layer and is exposed to said radiation incident on a top
surface of said conductor. 46. The methdd of clai m 45 wherein providing a
bottomfirst layer of a first material conprises formng a copper wre

under | ayer onTksatcohduetor adrdaint 6 rwisndiatsart Btanmndtumptan kibmpositien tcompsisesoted
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8. The conductor of claim 2 wherein said infrared energy spectrum comprises energy

having wavelengths in the range of 1.0 to 1.4 mm.

9. The conductor of claim 1 wherein said top second material layer provides a protective

layer for said bottom first material and a barrier against diffusion.

10. The conductor of claim 1 wherein said bottom first layer of said bottom first material is
greater than or equal to 500 angstroms in thickness, and said top second layer of said top second

material is greater than or equal to 500 angstroms in thickness.

11. A radiation-fusible link that can be selectively opened by laser radiation at a
predetermined wavelength, comprising an electrical conductor having a bottom first conductor
that is not substantially absorptive for said radiation at said predetermined wavelength, and a top
second conductor that is substantially absorptive for said radiation at said predetermined
wavelength, wherein said top second conductor covers said bottom first layer and is exposed to

said radiation incident on a top surface of said conductor.

12. The fusible link of claim 11 wherein said bottom first conductor comprises a primary
electrical conductor and said top second conductor is a tungsten or titanium-tungsten

composition.

13. The fusible link of claim 11 wherein said bottom first conductor is comprised of copper.
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y*c 18. The fusible link of claim 17 wherein said infrared radiation comprises energy in the

range of 1.0 to 1.4 mm wavelengths.

19. A method for making a conductor on a semiconductor substrate sensitive to incident
infrared radiation, comprising the steps of:

a) forming a damascene copper wiring underlayer on said semiconductor
substrate;

b) recessing said copper underlayer to a first predetermined thickness;
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at an amount greater than said copper underlayer; and,
d) polishing said metal overlayer to remove extraneous
metal, and having said metal overlayer cover said copper

underlayer in its entirety.

20. The method of claim 19 further comprising the steps of:
e) completing integrated circuit fabrication or other

passivation segquence.

21. The method of claim 19 wherein said step (b), recessing

said copper underlayer, further comprises using a blanket wet
etch.

22. The method of claim 19 wherein said step (c), said metal

overlayer is tungsten or titanium-tungsten.

23. The method of claim 19 wherein said step (c), depositing
a metal overlayer, further comprises using a chemical vapor

deposition technique or a sputtering technique.

24. The method of claim 21 wherein said blanket wet etch

comprises ammonium persulfate.
25. The method of claim 19 wherein said step (d), polishing
said metal overlayer, comprises applying a chemical-mechanical

polishing process.

26. A method for ma<ing a conductor on a semiconductor
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substrate sensitive to incident infrared radiation, comprising

the steps of:

a) providing said semiconductor substrate having a
surface with integrated <circuit device structures
thereon;

b) applying a silicon oxide layer over said substrate
surface and sald integrated circuit device structures:;

c) applying a first photoresist mask to said silicon
oxide layer to outline a fuse link line;

d) imaging and etching said first photoresist mask to
form said fuse link line in said silicon oxide layer at
a first predetermined depth;

e) applying a second photoresist mask to said silicon
oxide layer;

£) imaging and etching said second photoresist mask to
form vias;

g) stripping said second photoresist mask and
depositing within said fuse link line and said vias a
first conductive material;

h) recessing said first conductive material to a second
predetermined depth; ‘

i) depositing within the recessed area a second
material, such that when said second material is combined
with said first conductive material the combination is
capable of absorbing more of said infrared radiation than
said first conducting material alone; and,

3) planarizing and applying a protective passivation

layer over said fuse link line.
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angstroms.

28. The method of claim 26 wherein said step (g), depositing
a first conductive material, comprises depositing copper

metal.

29. The method of claim 26 wherein said step (h), said second

predetermined depth is greater than or equal to 500 angstroms.

30. The method of claim 26 wherein said step (i) said second

material comprises a tungsten composition.

31. The method of claim 30 wherein said tungsten composition
further comprises a titanium-tungsten composition having ten

percent titanium by weight.

32. A method for selective}y making a fuse on a conductor of
a semiconductor substrate, having a sensitivity to incident
infrared radiation, comprising the steps of:

a) providing said semiconductor substrate having a
surface with integrated circuit device structures
thereon;

b) applying a silicon oxide layer over said substrate
surface and said integrated circuit device structures;

c) applying a first photoresist mask to said silicon

oxide layer to outline a fuse link line;
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d) ’imaging and etching said first photoresistsmask to
form said fuse link line in said silicon oxide layer at
a first predetermined depth:;

e) applying a second photoresist mask to said silicon
oxide layer:

£) imaging and etching said second photoresist mask to
form vias;

g) stripping said second photoresist mask and
depositing> within said fuse link line and said vias a
first conductive material;

h) applying a third photoresist mask over said fuse
link line and said vias to form a recessed area of a
second predetermined depth for said fuse;

i) imaging and etching said third photoresist mask in
the fuse area;

3) depositing within said recessed area a second
material, such that when said second material is combined
with said first conductive material the combination is
capable of absorbing more of said infrared radiation than
said first conducting.material alone; and,

k) planarizing and applying a protective passivation

layer over said fuse 1link line.

33. The method of claim 32 wherein said step (d), etching
sald first photoresist mask to a first predetermined depth,
comprises etching to a depth greater than or equal to 500

angstroms.

34. The method of claim 32 wherein said step (g), depositing
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a first conductive material, comprises depositing ,copper

metal.

35. The method of claim 32 wherein said step (h), said second

predetermined depth is greater than or equal to 500 angstroms.

36. The method of claim 32 wherein said step (j) said second

material comprises a tungsten composition.

37. The method of claim 36 wherein said tungsten composition
further comprises a titanium-tungsten composition having ten

percent titanium by weight.

38. A method for selectively making a fusible 1link on a
semiconductor substrate, said ,link sensitive to incident
infrared radiation, comprising the steps of:

a) forming a damascene copper wiring underlayer on said
semiconductor substrate;

b) applying and imaging a photoresist mask to limit
portions of said copper wiring underlayer for enhanced
sensitivity to said igcident infrared radiation:

c) recessing said portions of said copper underlayer to
a first predetermined thickness;

d) removing said photoresist mask;

e) depositing a titanium-tungsten metal overlayer at a
second predetermined thickness on said copper wiring
underlayer, having optical properties for absorbing said
infrared radiation at an amount greater than said copper

underlayer; and,
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39. The method of claim 38, wherein said step (e), depositing titanium-tungsten metal
overlayer, comprises depositing a titanium-tungsten metal composition having ten percent

titanium by weight.

40. A fuse structure for use with IC designs comprising an overlayer and an underlayer
wiring, defined using a damascene process, said wiring made from metals which are highly
reflective to energies in the 1.0 mm to 1.4 mm wavelength range, wherein the thickness and

optical properties of said overlayer maximizes the absorption of infrared energy by the structure.

41. The fuse structure of claim 40 wherein said underlayer is a copper prime conductor, and

said overlayer acts as a diffusion barrier.

42. The fuse structure of claim 40 wherein said overlayer is a diffusion barrier for Sn.

43, The fuse structure of claim 40 wherein said overlayer comprises a tungsten
composition.

44, The fuse structure of claim 40 wherein said overlayer comprises a titanium-tungsten

composition having ten percent titanium by weight.

45. A method for making a radiation-absorbing conductor on a semiconductor substrate

sensitive to incident infrared radiation, comprising the steps of providing a bottom first layer of a



! 1147210% & ()-y2910% & ()-3.10% & ()-+$10% & () -

"10% & ()-f#:10% & ()-2kbC '1'1$10%}H & () -, 10%4| & () - y#10%4| &% @F@m
10t ; $10% & () -8%$10% & () - k(3@EbC !! '3$10%1| & ()-%$10%4 & ()

109%| & () - S$10%4| & () - 8$10%4| & () - GRIELC

F113%10%4 & ()-3$10%1 & ()-$10%4| & () - ‘.Lbi)/w & ()- S$10°/<4| & ()-L10%| & O)-

Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

" Headi n@irsd 3jateridl Hehdk sulpsaifialy ihk@aiﬂiivago gad cﬂdiﬂtidmadﬁdmﬁtaf&ﬁ]ng"thérb@aaﬂtapge@cﬁidc" A
"Default Paragraph Fontl '-4,;;BlsQJZ _gej &oo=t x}

U s05- >@yeRsPhisedohfaRacrefl Ghati ik sEMapgr @id Qdfﬁtlo##wﬁ&ZﬁQaHF@%Waye?&vers
cdf ghi kmmm qg}rtv x{| g~2k@t uvwxyz{|}~6Ti mes New RomanAri al Couri er

T SRR TR

conductor.

46, The method of claim 45 wherein providing a bottom first layer of a first material
comprises forming a copper wire underlayer on said semiconductor substrate, and attaching the
top second material comprises depositing a metal overlayer having optical properties for

absorbing said radiation at an amount greater than said copper underlayer.



