HI GH' LASER ABSORPTI ON COPPER FUSE AND METHOD FOR
MAKI NG THE SAME Background O The Invention 1. Field_ .
of- the I nvention This invention relates to a fUSﬁ'eIenent used }n o
integrated circuit devices, and e PATAI |y o the structure of a
_fuéeglink to be del eted by Iasezngdpa iz fqg%%éyﬂhvention further rel ates
to the nmethod of naking the fuse |ink. EES kﬁérlon of Related Art
Fuses are used in sem conductor chips to prOV| dlﬂhcyz el ectrical
chip identification, and custonization bf function. For designs having ,
three (or nore) Iayers of wiring, the fuses are typically fornmed froma
segnent of ‘one of the wiring | ayers, usually fhe | ast net al Iayerlor t he

enul ti mate netal r ddi® u ing | ayer.
Eu3|ng is the dele??gﬁ %?$%§§ganenTIb$SE8?gF§TEggﬁlﬁNBQ&%ﬁghgfandard way
this can be acconplished is bylﬁﬁpaEBEyGtWHEssgnnnt to a short, high

Intensity pul se of |ight energy
Background Of The Invention

1. Field of the Invention
This invention relates to a fuse element used in
integrated circuit devices, and more particularly to the
structure of a fuse link to be deleted by laser radiation.
The invention further relates to the method of making the

fuse link.

2. Description of Related Art

Fuses are used in semiconductor chips to provide
redundancy, electrical chip identification, and
customization of function. For designs having thfee (or
more) 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 layér.

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
transier from infrared laser light. Lasers allow for precise

selection and illumination of integrate circuit segments.



froma laser, typically having infrared wavel ength. The nmetal |ine absorbs
the l-aser |ight energy, nelts, 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 segnent resistance. The technique
of |aser fuse deleting or trimm ng has been wdely used both in nenory and

logic integrated circuit fabrication. Fuse fabrication has taken
advant age of the energy transfer frominfrared |aser light. Lasers all ow
for precise selection and illum nation2of integrate circuit segnents.

2 Using this technology to delete fuse links facilitates IC _fabrication.
For exanple, in U S. Patent No. 5,608,257 issued to Lee, et al., on 4

March 1997, U@Iﬁg Al ¢ EH%EloE&EB@NHefQ% ERfeClli Yk sL ASER) BESVES Nr AN
| NTEGRATED Cl DEV CE," a fuse structure is taught that 7i ncreases
fabrlcatlon For example, in U.S. Patent No. 5,608,257

issued to Lee, et al., on 4 March 1997, entitled, “FUSE
ELEMENT FOR EFFECTIVE LASER BLOW IN AN INTEGRATED CIRCUIT
DEVICE,” a fuse structure is taught that increases
absorption of the laser energy, having a melt-away elongated
fuse link joining two segments. of an interconnectiﬁg line, a
plurality of fins integral and coplanar to the fuse link.
such that each of the fins transversally extends away from
the fuse link, and a reflecting plate positioned underneath
the fuse link to reflect the applied laser energy. By adding
structure to the fuse link (fins and reflective pad), the
fuse is made more absorptive of the infrared laser energy.
Thus, minimizing the incident energy required to.delete the
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
iﬁfrared 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



absorption of the |aser energy, having a nelt-away el ongated fuse |ink
joining two segnents of an interconnecting line, a plurality of fins R
integral and coplanar to the fuse link such that each of the fins '
transversally extends away fromthe fuse |link, and a reflecting plate
posi tioned underneath the fuse link to reflect the applied | aser energy.
By adding structure to the fuse link (fins and reflective pad), the fuse is
made nore absorptive of the infrared | aser energy. Thus, minimzing the
incident energy required to delete the guse. In sone circuits, such
as CMOS logic circuits, the fuses are |ocated in arrays close together.
This close proximty of fuses provides technical chall enges when infrared

| aser light,.is applied tq blow a particular, fu e. urjous_reflections of
beam ener g)?laﬁaltghehé?(?ﬁ gﬁ%eerfsf ECt-s 35t PFBSECﬁ’r‘éw %gl affrsel y affect
any el enmentadadrafensttectiwedl 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 EREPEVE FHECHNGS ERBRICAPI &R MEFRODRT-3YS apiddde®t o | nit

these refle@ekhongli &ndAa@drit i2ddinBgenen; f tapghdl Sgy MBd®Id i ng  point
barriers, positioned adjacent to the fuse structures,” to prevent both the

beam ener gy SaHATEhENRE f ke 3L sHimapsdons| 6ANRENES Pt oimadiiaset any
adj acent el emenjysi fhbhfefiectivity, mass, and melting temperature of

the fuse link metal increases, higher laszr energies and
longer (or multiple) laser pulses are rec:ired to accomplish
deletion of the fusible link. These highzr 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 available in laser fuser
tools.

Bearing in mind the.probléms 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 héving
high reflective, high melting point conductors, when exposed
to an infrared laser energy beam at enercy levels lower than
that required in the current state of the art for blowing
fuse links. |

It is another object of the present invention to
provide a fusible link with increased abso>rption to infrared
laser light.

-

A further object of the inverztion 1z to provide =z



3 circuit. These barriers act as protective shields for adjacent

structures. Inter-elenent dinensions in these arrays remain an C e
essential characteristic. However, technol ogy advances require that these
- di nensions continue to get snaller. As the reflectivity, mass, and

‘meltrng tenperature of the fuse Iink nmetal increases, higher |aser
energies and longer (or nultiple) laser pulses are required to acconplish
del etion of the fusible Ilink. These higher energies and | onger pul ses
provi de sufficient energy to adjacent apd underlying structures, e.g.,
silicon under the fuse area, to cause severe damage to the interlayer
dielectric oxide and adjacent fuse wiring. Additionally, infrared |aser

del etion of ry f; IS diffi cu to the high reflectivity of
copper, esﬂggla fjfﬁ§t gkléggégslﬁé“ﬁ%#%%%gﬁ%ﬁgt AR eg?ﬁ%ta¥5a%%nnnnly
avai | abl e vhtheserstfrugruradotdsmage - to Befiracent muruwedutbe guobhensusnd

defi ci enci .the prior. art. [t is therefore an object of the present

i nvention ?%F%#%ﬁﬁkn§ﬁ§-ﬁ&§$8P8 ##%kn%1$lnﬂﬁu3¥Qmﬁftﬁ¥IhBaer?rﬁaking t he

sanme that étwyen faafjadenet seruotufaises having high reflective, high nelting
to an infrared | aser energy beam at energy

poi nt condutt of.s., when expgsed Infrared |as r

| evel s | ower t#ﬁﬂ%%té%heFéaayﬁgaagﬁst?ﬁaQﬂﬁr%ﬁ%?“§ﬂgﬁeweﬁlth% ¥ fR bl owi ng
fuse |inksobvious ldnd wianothepadbj®staptfatdie B-@aeRhel Q¥ER! FOB L QProvi de a
fusible link with.increased absorption to infrared ' '

Summary of the Invention
The above and other objects and advantages, 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-
conductor having a given conductivity characteristic that can
be substantially altered by radiazior, comprising an
electrical conductor having a first layer of a first material
that is substantially insensitive to *the radiation, and a
second layer of a second material <=hat is sensitive to
radiation. The sensitivity of the sécond material is to
radiation emitted from a laser in an 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 thé
range of 1.0 to 1.4 mm. The first layer of the first material
is greater than or equal to 50C angstroms in thickness, and
the second layer of the second materizl :is greazer than or

- equal to 500 angstroms in thickness.



1 aser |ight. A further object of the invention is to provide a

4 fusible link that allows for close placenent of fuse arrays wthout. - ..
structural damage to adjacent structures during fuse deletion, and w thout
the need for protective barriers between adjacent structures. Stil

‘ot her advantages of the invention wll in part be obvious and wll in part
be apparent fromthe specification. Summary of the

| nventi on The above and ot her objects and advantages, which will be
apparent to one of skill in the art, ar% achieved in the present invention
which is directed to, in a first aspect, a conductor having a given
conductivity characteristic that can be substantially altered by

first mterial Tingt SeonthoFRRit rohe nd2RERETon B THiReClET, g D80 0 7
second | ayRusidflea ldakoniaimataer bal seettive lgenpetedeyt dasadi abdbatidmhe
sensitivity of é£§ﬁ§§§¥%¥ke tﬁguéigng%hEoébmprising a first conductor
that is not substantially ébsorptive for the radiation at the
-p;edetermined.'wavelength, and a second conductor that is
substantially absorptive for the radiation at  the
predetermined wavelength.

In a third aspect, the invention is directed to a fusible
link having a given conductivity characteristic that can be
substantially altered by infrared radiation, comprising a
first layer of copper, and a second metal layer, wherein the N
second metal layer is tungsten or titanium-tungsten that is
sensitive to the infrared radiation. The infrared radiation
comprises énergy in the range of 1.0 to 1.4 mm wavelengths.

In a fourth 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)
forming a damascene copper wiring underlayer on the
‘semiconductor substrate; b) recessing the copper underlayer to
a first "predetermined _th}ckness; c) depositing a metal
overlayer at a second predetérmined thicknéss on the copper
underlayer, having optical properties for absorbing the
infrared radiation at an amount greater than the copper
underlayer; and, d) polishing the metal overlayer to remove
extraneous metal, and having the metal overlayer cover the
copper underlayer in its entirety.

The method may further comprise the step of e) completing
integrated circuit fabrication or other. passivation

sequence.
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The-first material is copper and the second materi al

r a titaniumtungsten conposition. The infrared energy spectrum
energy having wavelengths in the range of 1.0 to 1.4 nmm The
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ammonium persulfate.
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

photoresiét 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; i)
depositing within the recessed area a second material, such
that when the second material is 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.

is

I's.



first layer of copper, and a second netal |ayer, wherein the second netal

| ayer. i s tungsten or titaniumtungsten that is sensitive to the infrared - -
radi ation. The infrared radiati on conprises energy in the range of 1.0 to
1.4 mm wavel engt hs. In a fourth aspect, the invention is directed to a
.method for making a conductor on a sem conductor substrate sensitive to

I ncident infrared radiation, conprising the steps of: a) formng a
damascene copper wiring underlayer on the sem conductor substrate; b)
recessing the copper underlayer to a fiTst predeterm ned thickness; c)
depositing a netal overlayer at a second predeterm ned thickness on the.
copper underl ayer, having optical properties for absorbing the infrared

radi ation ‘at an_anoint greater_.than the copper,  underlayer; and, _d
pol i shing the n%?ggug%erﬁg erfﬁ5SEenﬁﬁ8t8ngéﬁEou§B t alt® ardd hg%%ﬁb t he
met al over payest&8nEled RRpEBY PESMpIId a¥ehihd 43 & @8biK &irnkater thdhe

met hod may furt her cog$rise the step of e) conpleting integrated circuit
fabricati oRf* 8Fual gide?0bALGSHPMSn sequence.

6 . The nethodrabenq)h) .adREa%ingg 4 hei £OPPebnlndeivayRbreriyit her

conprises using a blanket wet etch. In the nethod step (c), the netal

overl ayer FSMPLHPSE eflepositing copper metal. In step (h), the second
predetermined depth is greater than or egqual tc 500 angstroms.
Additionally, in step (i) the second material comprises a
tungsten composition.

In a sixth aspect, the invention is directed to a method

for selectively making a fuse on a conductor of a
semiconductor substrate, having a sensitivity 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 substréte 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_phdporesist 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
'o¥ide layer; f) imaging and etching the second photoresist
mask to form #ias; g) stripping the second photoresist mask
and depositing within the fuse link line and the vias a first
conductive material; h) applying a third photoresist mask over
the fuse link line and the vias_to form a recessed area of a
second predetermined depth for the fuse; 1) imaging and
etching the third photoresist mask in the Zfuse area; 7j)
depositing within the recessed area a second material, such

that when the second materizl is comcined with the first



or titaniumtungsten, and depositing the netal overlayer, further
conprirses using a chem cal vapor deposition technique or a sputtering ——
techni que. The bl anket wet etch conprises anmoni um persul fate. In-a
fifth aspect, the invention is directed to a nethod for nmaking a conductor
‘on a'sem conductor substrate sensitive to incident infrared radiation,:
conprising the steps of: a) providing the sem conductor substrate having a
surface with integrated circuit device structures thereon; b) applying a
silicon oxide layer over the substrate $urface and the integrated circuit
device structures; c) applying a first photoresist mask to the silicon
oxide layer to outline a fuse link line; d) inmaging and etching the first

. line in the s i de | ayer at a

h i f he fuse |ink LLi '
First preagrReRcrate ot 1) D) oy nedBoona GRBERLESE: RS0l Bt ne

silicon oximdeel ayferthé ) inMegreg aadietcbhnghihe tisecondsphebangst shgmask to

formvi as; stripping the second photoresist mask and depositing within
the fuse |Fﬁ?€eFFﬂ£ %ﬂfgﬁ"héf’\?‘va@ eP]f"‘F‘}asrtlzéﬁ’ﬁdBEPi P bk iaaP;roﬁ?CFgE‘%ssi ng

the first paesdustiye IBIEF icderd @na $856Ndi Rk edaler m ned depth; i)
depositing Wthin the recessed area a second material, such that when the

second materi al I's 2cotiHdEd R8P Gthe $he stnveBhieRt Lde diaestedl thea
combi nat i ometBogapabl-e %1@%&%@%99 mARE BgOf At heridhhar ed jradi g onythan

the first conducting material alone; and, j) planarizing and applyrng
prot ect i ve SCPASSRIEETON Isapstraer tihe f Jdakl | aknsifive to incident

infrared radiation, comprising the steps of: a) forming a
damascene copper wiring underlayer on the semiconductor
substrate; b) applying and imaging a photoresist mask to limit
portions of the cépper wiring underlayer for enhanced
sensitivity to the incident infrared radiation; c) recessing
the portions of the copper underlayer to a first predetermined
thickness; d) removing the photoresist mask; e) depositing a
titanium-tungsten metal overlayer at a second predetermined
thickness on the copper wiring underlayer, having optical
properties for absorbing the infrared radiation at an amount
greater than the copper underlayer; and, f) polishing the
metal overlayer to remove extraneous metal, and having the
titanium-tungsten metal overlayer cover the copper underlayer
in its enﬁirety.

In an eighth aspect the invention is directed to a fuse
structure for use with IC designs comprising an overlayer and
an underlayer wiring, defined using a damascene process, the
wiring made from metals which are highly reflective to
energies in the 1.0 mm to 1.4 mm wavelength range. The
thickness and opFical properties of the overlayer maximizes
the absorption of infrared energy by the structure. The

underlayer is a copper prime conductor, and the overlayer acts



7 ' Etching the first photoresist mask to as first
predeterm ned depth, conprises etching to a depth greater than or equal tq .

500 angstrons. In step (g), depositing a first conductive material,
.conpri ses depositing copper netal. In step (h), the second predetermn ned
depth is greater than or equal to 500 angstronms. Additionally, in step- (i)
the second material conprises a tungsten conposition. In a sixth '

aspect, the invention is directed to a nethod for selectively naking a fuse
on a conductor of a sem conductor substrate, having a sensitivity to
incident infrared radi ation, conprisingthe steps of: a) providing the

sem conduct or substrate having a surface with integrated circuit device

structures therean.:b).applying a silicon oxjde |layer over the substrate
surface and hd %ﬁf@ﬁ%é?’gdpéirﬂfgﬁ?t J&F VASturtay b @ppiifhsien i r st
phot or esi stbamslkert Fotrhgnsi |l i con oxi-de |ayer to outline a fuse link |line; d)
i magi ng and etching the first photoresist-mask to formthe fuse link Iine
in the silicon oxide layer at a first predeterm ned depth; e) applying a
second photoresist mask to the silicon oxide |layer; f) imaging and etching
the second photoresist ket Desgriphian;of))the Nuawimgst he second
phot or esi st mas n Lt RO+t by d ] |l ne and _fhe vias-a
first conducti vlgh%aggrg?g?;ébh?gag}é%y?}rllge%@f%ﬂg ;ﬁd&p%éo‘{%lr eesol :bte r?gogflgqo t he
fuse |ink Itihee mkanite vihagracsefrdstia pécébsednweasioh arsesend forth

pr edet er m d - f.use; i) 1 i nd_et.ghi the thir

phot or esi s?ﬁ%sgg%ﬁl{:ﬁ%aﬁ}?@ lglr g%';a %Sﬂeg’;%%éfglg%?ﬁlgswﬁhﬁ %gfgﬁéefe%]ées &f area a
second mat drlilgistragéhnt hurpeses omky saudrakaratar iddawns toomsdiated with t he
first

invention itself, however, both as to organization 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 tungsteﬁ
overlayer, as a function of silicon oxide {Si0,) 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.

Fig. 2E is a cross-section of the semiconductor substrate
of Fig. 2D having the first condﬁctive material recessed to a

predetermined thickness of an overlayer material, and filling



8 conductive material the conbination is capable of absorbing nore of
the infrared radiation than the first conducting material alone; and, k) --
pl anari zing and applying a protective passivation |ayer over the fuse link
line. In a seventh aspect, the invention is directed to a nethod for

- selectively making a fusible link on a sem conductor substrate, the
link sensitive to incident infrared radiation, conprising the steps of: a)
form ng a danmascene copper wring underlayer on the sem conductor
substrate; b) applying and i magi ng a p&ptoresist mask 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 preg%ﬁernined thi ckness; ﬂ%}rennving t he ghoiqgesist mask; e)
deposi ti ng"8 EFEERPEM $ERYsTE A PVETARY 8T M2 tkrecond pf edet er ni ned
t hi ckness' on t lrggCoppars ¥ ¢ids-tsutrriloayer ,tHuagbngcopiucedr Fuppatates for
absorbing the infrared radi ati gn at an_ arpunt greater than the copper

under | ayert §A8: 2¥)"Hd} iSRS IVREIAR YV PP ER £8 FRYWP && &feous

metal , " angwadizggrthe titaniumtungsten netal overlayer cover the copper
underlayer-in its entirety. In an eighth aspect the invention is
directed to a Fide 3R AfcBUFEPIHISQRE N PR URE GBI GARIUERHDF iSHhRf rate

over| ayer andpgy, UDGEr hakanghi4 | BRotdeLinad uphifed dBERSEOANRANRASSS, the
wiring made from.netals which are highly reflective to energies 1n the 1.0
mmto 1.4 ahehiadektbagahed afige. thermveardioyRiess and optical properties of the

overlayer mexim;ig€sS3p is a cross-section of the semiconductor substrate

of Fig. 3E with the recessed area filled with a second
material of predetermined optical and absorptive properties,

and a passivation layer applied.

Description of the Preferred Embodiment(s)

In describing thé preferred embodiment of the present
invention, reference will be made herein to Figs. 1-3 of the
drawings in which like numerals refer to like features of the
invéntion. Features of the invention are not necessarily shown
to scale in the drawings.

In accofdance with the present invention, it has been
found that a high laser absorption copper conductor minimizes
the laser energy. needed to delete the fuse portion.
Significantly, this +type of fuse structure allows for
formation of copper fuses that can be deleted with appreciably
less incident energy, mainly by increasing the absorptivity of
the fuse link. This would further allow for closer spacing or
smaller dimensions of fuse links and adjacent circuitry.

The invention utilizes a metal wiring line containing a
fuse link segment wherein the fuse link segment is composed of

a stack of at 1least two electrically conductive metallic



t he absorption of infrared energy by the structure. The underlayer is a
copper prinme conductor, and the overlayer acts )
9 as a diffusion barrier. The overlayer may be a diffusion barrier for
Sn. Bri ef- Description of the Draw ngs The features of
the invention believed to be novel and the elenments characteristic of -the

I nvention are set forth with particularity in the appended cl ains. The
figures are for illustration purposes only and are not drawn to scale. The
invention itself, however, both as to pyganization and nethod of operation,
may best be understood by reference to the detailed description which
follows taken in conjunction with the acconpanyi ng drawi ngs i n which:

Fig. 1 is a graph of the conparative apsorption characteristics of a copper
fuse with Qﬁgeﬁfﬂﬁmt The dﬁg&@ﬁy&fer r 1asthe f FhecrorPlof ¥eEpE1ESN oxi de

(Siderr])mhbbekaess.is thdi Gpridfarys 21EAFIceect icBRdaktarsesEcopgact or
substrate with a first photoresist for imaging a fuse |line thereon.

Fig. 2B siptegpated cdEicyA tof 1 g éé#ﬁeoﬁ%&@liﬁb%b%#ét@(iﬁrlﬁyg.r A with
an oxi de lﬁ%@élfi&Q‘:'o?)pte‘:}_,fﬁfﬂ&lﬁﬁ%ﬁ&fﬁﬁ%@?‘@bectricaﬁﬂcoagubﬁi@e

cross-secti-on of the Sem conductor substra
material may be used. The overlayer metal 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 Bf 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 coppér, shielding it from damage by subsequent
process steps such as -  reactive ion etch of overlayer
passivation films. For wite bond désigns, 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 BIM (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 is the
reduction or elimination of the need for a nitride layer, in

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



of Fig. 2B further including the application of a second photoresist for

t he imagi ng and etching of vias. Fig. 2Dis a cross-section of the. ..
sem conductor substrate of Fig. 2C with the resist stripped, and the new
damascene trench filled with a first conductive material. Fig. 2Eis a -

. cross-section of the sem conductor substrate of Fig. 2D having the first
conductive material recessed to a predetern1ned t hi ckness of an overl ayer

material,-and filling 10 t he
recessed area with the overl ayer naterlal Fig. 2F is a cross-section
of the semiconductor substrate of Fig.'22E with a passivation | ayer applied
to the top of the overlayer. Fig. 3Ais a cross-section of the

sem conductor_substrate L 2D, havi ng a photoresi st applled for

sel ecti vel Uiy 10he 5P8aC gﬁQ €the overlayer. Fig. 3Bis a

cross-section ofig.he sefibseadUEROFifdsdealia absbirBed3Entrhhed hEageeessed
area filled wwth a second material of predeterm ned optical and absorptive

properti esSReHRY a’hﬁasélqpé%ﬂ% fhggets gysnledd with tungstempdecEnati®h of the
Preferred frdodigrer,68)without rth@ﬁ%@ék?é{?@rt k@lﬂf@ﬁeﬁ%%q.c%i!bgdémr of the

present invention, reference will be nmade herein to Figs
- fuse hav1ng a silicon oxide (Si0,) passivation £ilm 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 Si0O, passivation film ranging from 6000
angstroms to 0 angétroms. {The negative sign on the abscissa
of Fig. 1 is strictly to facilitate calculations.) Curve B
depicts the same copper fuse with Si0, passivation layer,
however, a 500 angstr'om tungsten layer is applied as an
overlayer onto the fuse structure. Significant absorption
characteristics are achieved by this application. As shown,
the pércent of absorbed infrared laser energy may vary
approximately sinusoidally with varying SiO, passivati.on 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 absoxption 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-



drawi ngs in which like numerals refer to |like features of the invention.
Features of the invention are not necessarily shown to scale in the .
dr awi ngs. In accordance with the present invention, it has been found -
that a high | aser absorption copper conductor mnimzes the | aser energy '
needed to delete the fuse portion. Significantly, this type of fuse
structure allows for formati on of copper fuses that can be deleted with
appreciably | ess incident energy, nmainly by increasing the absorptivity of
the fuse link. This would further allow for closer spacing or snaller

di mensi ons of fuse links and adjacent cl¥cuitry. The invention

utilizes a netal wiring line containing a fuse |'ink segnent wherein the

fuse link S?eT%J[gsr)qt. iq.‘ compose of Ky stack of at l|east two electricall
conduct i ve Petai1ELY applied to the gopRer fAndugioxn, fyse| hiksf id+A-mn t he

stack of et loverrayeri 8¢ idts reberpetsmms @l Hi—&r@'ofceﬂgqﬁcﬁrlcgyﬁwe

integrated circuit wring line. Preferably, this underlayer 1s netallic

copper, al t HRRATF d‘FFF_@r' highly electrically conductive material may be used.
The overlayer nefal pig, abao ansgdecifigal sCandyehor, %V%Erﬁh%éatoft he

t hi ckness, eonposition, and optical properties are chosen suc

conbi nat i orSYHAGREUSEer| gyestretallOn Ah ohédentrdmyér iaeappl jrd\ivdes for
hi gh absor piyon ghaiacherd std ¢S tg, s t ipfrarned .energy. The .high
absorption of the struct us|r §4rh)rsAe e q‘ﬂez%lte%ggl y n{égt%pllgeg JTeshetlp% r 9°gser
ener gy i nt ccutHdnimgeithayfusporineomareh the Nexte, Ithek oxtiai hé zétehdde canount

of laser engfgy £egquhi&dio del el 18, as shown in Fig. 2B. A second
photoresist 20 is then applied, Fig. 2C, for imaging and
etching vias 22. The etching opens these vias 22 down to the
LM-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 coppe.r or a composition predominantly copper by
weight or volume. However, other conductive metals or metal
compositions may be used, provided the interaction with the

' overléyer 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 result. Additionally, a titanium-



or blow the fuse. The overl ayer can provide additional benefits in
addi tion to increasing the absorption of |aser energy by the fuse |link. .For
exanpl e, an overlayer of titaniumtungsten, having 10%titanjum by weight,
on a copper underlayer fornms a protective |layer for the copper; shielding
It from damage by subsequent process steps such as reactive ion etch of
overl ayer passivation filnms. For wire bond designs, the overlayer can
provi de a base for electroless gold-plating into the passivation via areas,
form ng easy to scale (shrink) probe and bond structures. For C4 designs,
the overlayer facilitates the use of atdariety of BLM (ball limting _
metal lurgy) structures as it provides an extra barrier filmto penetration
of nmetals, , Sn for example, in the CA through the BLM. Other attributes of
Che Tutly EX0ePEhnT SEPRNEYSE MARERS e th oSS IRR AT B AR 6 ¢ he
need for amdistr pderkayed, in contact with the top of the copper line, to
prevent cooper L . - 12 diffusion into
t he oxi de. Lapglys *ynificdtare ini8asélr nd abRIF bER 197 raves 1%8ser

ener gy whensa £QPPBRYG f&$€ri $hevValsal diifd hst @St 6@ tEhat, ofg aggopper
fuse without the overlayer. Curve A depicts a copper fuse having a silicon
oxi de ( Si OPEPTRFtpEesPaBE¥I®N: fil m but without an overlayer. As shown,

approxi mately fpu@iRgr cal owveRagbct NS T EARA ENEIYLRAL & thrllhm
wavel ength) is absorbed by the fuse for deletion of the copper conductor
' tungsten metal composition is desired only in select portions
of the fuse area, a conventional photoresist mask can be used
to 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 résist 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 condudtive
metal 24 is 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



el ement. This absorption is relatively constant over various thickness of
the siJerr] passivation filmranging from 6000 angstronms to O angstrons....
(The negative sign on the abscissa of Fig. 1 is strictly to facilitate - ’
cal culations.) Curve B depicts the sanme copper fuse with Si Q2 passivation

‘| ayer, however, a 500 angstromtungsten |layer is applied as an overl ayer
onto the fuse structure. Significant absorption characteristics are
achieved by this application. As shown, the percent of absorbed infrared

| aser energy nmay vary approxi mately S|my50|dally with varying Si Q2

passi vation | ayer thickness, but remains within a substantially |ncreased
range of 35-60% absorption of i ncident infrared Iaser energy.: This is a
7-12 fold lncre se "Ln_abs on. of |nfrare | aser th| nmeasur ed
wavel engt naES cBieaFBef LS PHTe S MRl i ol eFom B PSS or

Two net hodsoatied iframdnced metiDrinlintie dnacf@ﬁeﬂaﬁsr Feirthed. £T6A vergt

consi ders the overlayln%B]ipie the entire copper nd%ctor line to forma fuse

struct ur e. P¥HR TG Eetuse Bt ot |Qi5 8tsthePEgFearPy Hi%ice the

fuse strucipéfsedn thgednderbayer PPee |hifimized Hi@SatdheF depigt a
met hod of where an overlayer is no

n-
13 sel ecPFRFEHAIRF IS I JuFFetheoRgtdE6F1VAsBEFpRhkENARTEAYR  { he
over | ayer 1 8s80¢F) F el eligd tPna RYildRReOf okhesderd @y etamapRerayire.

collateral damage to adjacent fuse structures. The thickness
of the overlayer absorptive metal can be tailored to the needs
0f the reflective (underlayer) conductor, the overlayer
passivation film stack, and the 1like. The structure is
compatible with any thickness of IM conductor underlayer
greater than about 500 angstroms, however, the overlayer
itself requires approximatély 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 variatioqé 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.



I'n Fig. 2A a fuse line is imged on the surface of seniconductor substrate

10. An oxide layer 12 is applied over LM 1 structures td—A-photoresist . ..

mask 16 is then applied, outlining the fuse line are t  the oxide

is etched to forma danmascene trench 18, as shown inn ” ‘”jwﬁﬂmd

photoresist 20 is then applied, Fig. 2C, for inmaging &an ! [ 22.
* As

The etching opens these vias 22 down to the LM 1 structures 1

shown in Fig. 2D, the second resist 20 is then stripped | eaving a trench,
and this new damascene trench is filledigith a first conductive material
24. Preferably, this material is copper or a conposition predom nantly
copper by weight or volune. However, other conductive netals or netal
conpositions nmay be Used, provided the,i raction with the overl ayer
facilitates the desired infrared IaseElg ngrption. In Fig. 2E, the
first conduativeAmebaduatoZ4dhasindien geeessesndwct heitdestiathddiGlerass of

the overlayer material. This recess is typically performed using a bl anket
Ehatahrp A SRALY 319240 Bl FAfORRUOR hokorD 20 %eh 89k r om

wet etch, e.

depth is opki@etiieslt fendicisy hadiayes | ayedt MehRir aksa ANesOvRIHeaaen
material or “second material 26 is then filled in the recessed area. The

second mat efPalt 36 HtHRFESd83 1Y hdn8ERFIBUVOPEP cERIBr SpEiarégnt 0aBAhance
absor ption abdonbr argged aser 41 9Bkohd i ekiQit Ordad MY }é@:\(&ﬁf@éht&ange-

As indicated in Fig. 1, a preferred tungsten overlayer w achieve this
resul t. AddiFBA3AEEPY: a titani um :
14

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 first material is
a primary electrical conductor and said 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 first material is

copper.

-

5. The conductor of claim 3 wherein said second material is

tungsten;

6. The conductor of claim 3 wherein said second material is

a titanium-tungsten composition.

7. The conductor of claim 6 wherein said titanium-tungsten

composition comprises ten percent titanium by weighz.



tungsten overlayer having ten percent titaniumby weight is nost preferred.
Lastly, as indicated in Fig. 2F, a passivation |layer 28 is applied over the.
fuse line structure of Fig. 2E as a protective barrier. During the ]
overlayer application, if the titanium tungsten nmetal co ml '
desired only in select portions of the fuse area, a conve:mnm W"I"ﬂ"l”"’
phot oresi st mask can be used to linmt the area of the coppér Wrind' lishe*
that is recessed. Figs. 3A and 3B depict this selective process. Fi gs.
2A-D represent the first four steps to initiate this selective process.
However, as shown in Fig. 3A after the'4econd resist 20 is then stri pped,
and the new damascene trench is filled with a first conductive naterial 24,
athird resist 30 i$ then applied. This resist is imged, and after etching
only a selective portion 32.of the first conductive netal 24 is recessed to
the desired8t hi cknessordudtvr @rdRyet.2 wherdin Fsgid 3Bnrihged hehlrgy
photoresist 30 is stripped, and the selective recessed portion 32 is filled
with the se%%ﬁﬁf?ﬂﬂeQQdﬂ%¥§95098FF§¥e9a$%?g'Wﬁ%?%%%ﬁﬁ@ﬁ'#ﬂtéh?aFapgetﬁﬁn

pl anari zed, 1 ps ef¢riald yay a chem cal - nechani cal polishing process, and,
simlar to the non-sel ective process, a passivation |ayer 28 is applied.
The conbi nation of an absorptive overlayer on the primary el ectrical
conductive gnder el d t ef f4 ci . fO e_del etion, of .the

i nt egr at ed _gcli rcu#tfgn%?%@%%?ﬁ y%eaclg{ I%/ ‘?Igér?rr%lcﬁ f%%{rﬁljlhls%ﬁ?g}ér’&alt%ﬁ?'ve

met al s, sucka¥er comyddesandrrdieedtiive 1Byeaufertdmwid rfinartechagpetigy hsdnore

efficiently, Gl &L against diffusion.

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

greater than or equal to 500 angstroms in thickness.

11. A fusible link that can be selectively opened by laser
radiation at a predetermined wav'e‘length, comprising a first
conductor that is not substantially absorpt-ifre for said
radiation at said predet_emined wavelength, and a second
conductor that is Substanti_ally absorptive for said radiation
at said predetermined Wavqlength.

12. The fusible Iink of claim 11 wherein said firét conductor
comprises a primary electrical conductor and said second

conductor is a tungsten or titanium-tungsten composition.

13. The fusible link of claim 11 wherein said first conductor

is comprised of céppér.

14. The fusible link of claim 11 wherein said link meits,



Into the fuse structure, the invention is useful for fuses fornmed from
thick nmetal films, and for fuses formed fromvery high nelting tenperature-
metals. In each of these cases, the incident |aser energy canbe nlnlnlzed

(relative to a structure conprlsed of just the reflective
itself) resulting in avoi dance of substrate damage andsm‘\!n'gbﬂ“ to
adj acent fuse structures. The thickness of the overlay nves net al
can be tailored to the needs X the reflective (underlayer) conductor, the
over|l ayer passivation film stack, and the |ike. The structure is .

conpati ble wth any thickness of LNchHchtor under | ayer greater than about
500 angstroms,  however, the overlayer itself requires approxinately 500

angstroms of_thicknéss to facilit a oLpti This_fuse.
Sructure (e A Res MBkR. AR PEe fe P RE A ha et o et FE ng
process to piddeteminedgwheedesgth: mh|le t he present invention has been

particularly described, in conjunction -with a specific preferred
enbodi ment, it is evident t hat many alternatives, nodifications

and vari atipns WHd lmsaamar enink 0 dhoseashi | 1 2d WwHeAdia ashibn séabidof the
f oregoi ng descri pti on. is therefore contenplated that the appended

cl ai ns MAIICQﬁﬁHQﬁR¥zaﬁf°§&éﬁsal§er%%§$%§%9nrnﬁﬂqﬁ¥§§t|§ﬁ§ afgidarfafsons as
falllng\MtéBﬂaﬁégbﬁrue scope and spirit of the present invention.
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16. The fusible link of claim 11 wherein said predetermined

wavelength is within & range from 1.0 to 1.4 mm.

17. A fusible link having a given conductivity characteristic
that can be substantially altered by infrared radiation,
comprising a first layer of copper, and a second metal layer,
wherein said secénd metal layer is tungsten or titanium-

tungsten that is sensitive to said infrared radiation.

18. The fusible 1link 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:;
c) depositing a metal overlayer at a second

predetermined thickness on said copper underlayer, having



‘Claims 1. A conductor having a given conductivity characteristic _LDQL_'
can he substantially altered by radiation, conprising-an—etectrical -

conductor having a first layer of a first material that j i y
insensitive to said radiation, and a second | ayer of alwmmmwwng“\t hat
1s sensitive to radiation. 2. The -conductor of cla 3 el n st he
sensitivity of said second material is to radiation emtted froma laser in
an infrared energy spectrum 3. The conductor of claim1l wherein said
first material is a primary el ectricalqgonductor and said second nateri al

is an electrical conductor of a conposition such that when conbined with
said primary electrical conductor provides for a high infrared energy

absorbing structure” 4. The conductor qf, claim.3, wherein saj.d first

Tt eri Al is | copBEfcal nrore e oRA NI RN PATH BRI S SBcond
material is tungstgh.amodnt gMEt@IN@UEhOEa0H EbgbeR v Riyersaiatggecond
material is a titaniumtungsten conpositi-on. 7. The conductor of claim

6 wherein said t PPARPRIRT uRgdtleMetednpdiathaneic ohpr FEBSVEe P X & ARERUS
t'tan'un‘byﬁme'QQEal, 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 sequence.

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 owverlayer, further comprises using a chemical wvapor

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 making a conductor on a semiconductor



17 8. The conductor of claim2 wherein said infrared energy/p/erft/l/
conpr.i ses energy having wavel engths in the range of 1.0 to_J/4rrnn

The conductor of claim1l wherein said second naterlal pr ﬁﬁ&k
protective layer for said first material and a barrier on.
10. The conductor of claim1 wherein said first Iayer rst

material is greater than or equal to 500 angstrons |n néss and said
second | ayer of said second material is greater than or equal to 500
angstrons in thickness. 11. A fusibleolink that can be selectively opened

by | aser radiation at a predeterm ned wavel ength, conprising a.first )
conductor that is not substantially absorptive for said radjation at said

pr edet er m ggdswayed &gl + 1330 & 1%%%%@%09%535&{ rEB%tién, @&&ﬁ‘l@ﬁ\b'
absorptlvetLor Eald rgdlatlon at sal pr edet er m ned wavel engt'h
e steps of:

a) providing said semiconductor substrate having a
surface with integrated c¢ircuit device structures
thereon; '

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

c) applving 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;

é) 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
dépositing within'said fuse link line and said wvias a
first condﬁctive'material;-

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

i) ;deposifing "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,

) planarizing and applying a protective passivation

layer over said fuse link line.



'12. The fusible link of claim 11l wherein said first conductor
primary el ectrical conductor and said second conductor is a tungsten or

ti tani umtungsten conposition. 13. The fusible Iink—Uf‘c#arﬁrll wher-ei-n

claim 1l wherein said link nelts,

said first conductor is conprised of copper. 'm m@mw”"””m

18 expands, and ruptures when absorblng sai d radlatlon &

pr edet er mi ned wavel engt h.

within a range from1.0 to 1.4 mm

conduct vi ty charachgishi el RabigR e BUSLANLA I i Lered ity ared

radi ati on,

conprising a tirst layer of copper,

wher ei n saﬁ@l§edbﬁ@tn@hatora§est|ma$Mngst@nfnrst|mfemenn rmined depth,

comprises etching to a depth greater than or equal to 500

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 comprisesla titanium-tungsten composition having ten

percent titanium by weight.

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

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

b) applyiné 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;

15. The fusible link of claim11 mhereln sai d
second conductor provides a diffusion bg{rier for said first conductor.

16. The fusible link of claim 11l whereih said predeterm ned wavel engt h ié

17. A fusible link having:a given

conprises a



tungéten that is sensitive to said infrared radiation. 18. The fusible
l'ink .of claim 17 wherein said infrared radiation conprises energy inthe - -
range of 1.0 to 1.4 nm wavel engt hs. 19. A method for naklng -aconduct or

on a sem conductor substrate sensitive to incident |/r|Lpa’red rad

-conprising the steps of: a) formng a damascene “&\W\A
under | ayer on said sem conduct or substrate; “s‘ sNg* said
copper underlayer to a first " predeterm ned hess;" c)
depositing a netal over | ayer at 4 second pr edet er m ned

t hi ckness on said copper underlayer, having _

19 opti cal propertles for absorbing said infrared radlatlon at an

anount great e& t han” iﬂ‘?g PREL é@&?r{er%%%/ﬂl aﬁha ﬂbtg?%%%r}\g&ove nmet al

overlayer to r m)ve ex ous g sail ayer

cover said coppeform sauddéulsaybmk nlires Jemtsarleit ys;Lllczﬁ. oxItie ITavdmwdatof

claim19 further rls n he ste S4 of : conpleting integrated
Ghigr Behget ik

circuit fabricatd 8th enm”ﬁ%sme I'on sequence

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
lihk 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
méterial, such that when said second material is combined
with said first conductive material the coﬁbination is

. capable of absorbing'mere of said infrared radiation than
eaid first conducting'material alone;. and,

kY planarizing.and applying a protective passivation

layer over said fuse link line.

33. The method of claim 32 wherein said step (d), etching
said 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



21. The nmethod of claim 19 wherein said step (b), recessing sai d copper
under l-ayer, further conprises using a bl anket wet etch. The met hod .
of claim 19 wherein said step (c), said netal overlayer +sﬂfungsten or
titani umtungsten. 23. ‘The net.hod of claim 19 wherein

‘depositing a netal overlayer, further conprises usi ng a c ﬁmgkﬁm !J“‘I"
deposition technique or a sputtering technique.

21 wherein said blanket wet etch conprises annoniun1persu|fate 25. The
met hod of claim 19 wherein said step (g%3 polishing said netal overl ayer,

conprises applying a chem cal - mechanic pol i shing process. 26 A nethod'
for making a conductor on a sem conduct or

20 substpatg SANSEEhYSCE fvd NEla¥eRtal nf r&frrﬁihrs%@' a6 1 COHPT boppar

metal.

7y

35. The méthod 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) . - fcrmingLa.daméspene;qopper wiring underlayer on said

' b-)f S

éen31t1v1ty to sald inc1dent 1nfrared radiation;

é) ' rece351ng sald portlons of said copper underlayer to
a first predetermlned thlckness,

d) removing said photoresist mask;

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

underlayer; and,.



the steps of: a) provi di ng said sem conductor substrate having a
surface with integrated circuit device structures t her eon:; R
applying a silicon oxide |ayer over said substrate ""Surface----ant} sai-d-—

integrated circuit device structures; c) apply otoreS|st
mask -to said silicon oxi de Iayer to outline a fuse ﬂj ’ In
i magi ng and etching said first photoresist nask to nk

line in said silicon oxide |layer at - a first predeterm ned depth
appl.ying a second photoresist mask to saiad silicon oxi de | ayer; f)

i magi ng -and et chi ng sai d secondphotoresi st nmask to form vi as; g)
stripping said second photoresist mask and depositing within said

fuse | ' nk I ng) fi rs %thn afaiad me'EaZ[' E)%E{:gggg}:mttl Vgcé%%rpr e%%?né‘érﬁ ned

recessi ng sai conductive eri al secon
dept h; i) neketasi bindghavwindiisaidt hd:tanﬁmesaﬁdgstmmmetal sespldlyer
-material, such that when said secon with said

first conductiveENfeidd FHBPEBnBP%%{Tf%Y?H s its° mg:;ligggyof absor bi ng nore

of sai d i' nfrared radi ati on than - said first conducting material alone;

and, y | anari zi ng and _appl n rotective passivation | ayer
over sal d f%%epﬁ'r}ﬁ(mletﬁgg of cla%% % g;,vhe ein sa&d step (e), dep031t1n921 ay

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.

41. The fuse structure of claim 40 wherein the thickness and
optical properties of said overlayer maximizes the absorption

of infrared energy by the structure.

42. The fuse structure of claim 40 wherein said underlayer'is
a, copper prime conductor, and said overlayer acts as a

diffusion barrier.

43. The fuse structure of claim 40 wherein said overlayer is

a diffusion barrier for Sn.

44, The fuse structure of claim 40 wherein said overlayef

comprises a tungsten composition.



27. The nmethod of claim 26 wherein said step (d), etching said first

phot oresi st mask to a first predeterm ned depth, conprises.eLethg-%a*a‘”“
depth greater than or equal to 500 angstrons. 28. The net hod of cl
wherein said step (g),. depositing a first conductive n&ﬁﬂm“mlg!“ﬂﬂl‘!ﬁﬂ?
.deposi ting copper netal. 29. The nethod of claim 26

(h), said second predeterm ned depth is greater than or equal to 500
angstrons. 30. The nethod of claim 26 wherein said step (i) said second
material conprises a tungsten conposition. 31. The nethod of claim 30
wherein said tungsten conposition furth®¥ conprises a titaniumtungsten °
conposi tion having ten percent titanium by weight. 32. A nethod for

selectively nmaking a fuse on a conductor of a sem conductor substrate,
havi ng a sdéfsitThét fuse- shcud@urelnfraledmrAdlahema;ncsapdlswaglabersteps

-3Ith |ntegrapg%g%%gg%q%ﬁgégf@gqgﬁg #urggmﬁggfé%ﬁiqg%ﬁkaqﬁT percﬁBg{y?ﬁS a

silicon oxitdeahaymrbwwesigtai.d substrate surface and said integrated
circuit device structures; c) - applying a first photoresist nmask to
said silicon oxide layer to outline a fuse link line;

46. A method for making a conductor on a semiconductor
substrate sensitive to incident infrared radiation, comprising
the stebs of providing a first layér of a first material that
is substantially insensitive to said radiaﬁion, and attaching
thereto a second layer of a second material that is sensitive

said radiation.

47. The method of claim 46 wherein providing a first layer of
a first material comprises forming a copper wire underlayer on
said semiconductor substrate, and attaching the second
material comprises depositing a metal overlayer having optical
properties for absorbing said radiation at an amount greater

than said copper underlayer.



22 d) i magi ng and etching said first photoresist mask to form

said fuse link line in said silicon oxide |ayer at a first L
pr edet er mi ned dept h; e) appl ying a second photoresist mask to said
silicon oxi de | ayer; f) i mgi ng and etching said second

phot oresi st mask to form vi as; g) stripping said second

phot oresi st nmask and depositingagi thin said fuse link line and said
vias a first conductive material; h) applying a third phot oresi st
mask over said fuse link I'ine and said vias to forma recessed area of

a second predet i Rﬂﬁﬁ f : i Kmagi ng and
etching said third Sﬂg?ggélgggnngggl n &NQ@@PF&S%I&%F&&\HB 1) '
depositing within said MEFEOBIFORMAKINGTHEDSAME naterial, such that

when said second material is conbined with said first confluctive
material the conbination is capabl e of absorbing nore of said infrared
s adi ation than said first conducting raterial alone; and, k)

pl anari zi n@béﬂachppl ying a protective passivation | ayer over said fuse

link |ine. 33. The nethod of claim32 wherein said step (d), etching
-sai d fir st Aphighdasss absorpticgkcdppenfifse can miniated the tasee dnddgphbeded to delete

the fuse portion of the conductor. This type of fuse structure allows for formation of
copper fuses that can be deleted with appreciably less incident energy.

A metal wiring line contains a fuse link segrhent wherein the fuse link segment is
composed of a stack of at least two metals. The underlayer material (24) in the stack
of metals is the primary electrical copper conductor, and the overlayer metal (26),
has predetermined thickness and optical properties chosen such that the combination
of the overlayer metal (26) with the underlayer metal (24) provides for high
absorption characteristics to incident infrared energy.

Fabrication methods are presented.

Fig 2E



' conﬁrises etching to a depth greater thén or equal to 500 angstrons. 34.
The nmethod of claim32 wherein said step (g), depositing

23 a first conductive material, conprises depositing copper netal.
35. The nethod of claim 32 wherein said step (h), said second predeterm ned
depth is greater than or equal to 500 angstrons. 36. The nethod of claim

32 wherein said step (j) said second material conprises a tungsten
conposi tion. 37. The nmethod of cl ai W36 wherein said tungsten conposition
further conprises a titaniumtungsten conposition having ten percent

titani um by wei ght. 38. A nmethod for selectively making a fusible Iink
on a sem conductor sybstrate, , said g nk sengitive Qet+na dent .infrared
radi ati on, conprji sing the}steps of: a for | A _damascgne copper
wi ring underl aygr onfsaid ——
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., sem.conduct or subst at e; b) appl ying and i maging a photoresist nmask to
limt portions of said copper w ring underlayer for enhanced
sensitivity to said incident infrared radiation; c) recessing said
portions of said copper underlayer to a first predeterm ned thickness;
d) renoving said photoresist nask; e) depositing a titaniumtungsten
netal overlayer at a second predeterm ned thickness on said copper

W rihg under | ayer, having optical properties for absorbing said
infrared radi ati on at an anount greaterzkhan sai d copper under | ayer;
and, 24 f) polishing said
netal overl ayer to renove extraneous nmetal, and having said
titaniumtungsten netal overl ayer cover said copper underlayer inits
entirety. 39. The nethod of claim 38, wherein said step (e), depositing
titani umtungsten netal overl yer, conppises depositing a titaniumtungsten
nmetal conposition hay : 40. A fuse

_ structure for use mﬁl Lamd ban under | ayer
Wi ring, defined US|nﬁ ede from netal s

whi ch are highly 1—~12
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reflective to energies in the 1.0 nmto 1.4 nmm wavel ength range. 41. The
fuse structure of claim40 wherein the thickness and optical properties of
sai d overlayer maxi m zes the absorption of infrared energy by the
structure. 42. The fuse structure of claim40 wherein said underlayer is
a copper prinme conductor, and said overlayer acts as a diffusion barrier.
43. . The fuse structure of claim40 wherein said overlayer is a diffusion
barrier for-Sn. 44. - The fuse structure of claim40 wherein said overl ayer
conprises a tungsten conposition.

25 45. The fuse structure of claim 40 mhereln said overlayer conprises
a titaniumtungsten conposition having ten percent titanium by wei ght.
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46. A method for making a conductor on a seniconductor substrate sensitive
to incident infrared radiation, conprising the steps of providing a first

| ayer of a first material that is substantially insensitive to said

radi ati on, and attaching thereto a second | ayer of a second material that
is sensitive said radiation. 47. The nethod of claim 46 wherein providing
a first layer of a first material conprises formng a copper wre
underlayer on said sem conductor substrate, and attaching the second
materi al conprises depositing a netal overlayer having optical properties
for absorbing said radiation at an anDunt greater t han said copper
under | ayer.
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