STRUCTURE AND METHOD OF FORM NG ELECTRI CALLY BLOWN
METAL FUSES FOR | NTEGRATED ClI RCUI TS Techni cal Field
[ 0001] The present invention relates generally to
integrated circuit (1C) device fabrication and, nore
particularly, to a structure and nethod of form ng
electrically blown netal fuses for integrated
circuits. Background Art [0002] In integrated circuit
devi ces such as conpl enentary netal oxide

sem conductor (CMOS) integrated circuits, it is
often desirable to be able to pernanently store
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this purpose. Fuses can also be used to program
redundant el enents to replace identical defective

lL,enent.s,.. for exanple. Further, fuses can be used to
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or to adjust the speed of a circuit by adjusting the
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[0003] One type of fuse device is * programmed or “blown” using a laser to open a link

by exposure to high-energy light after a semiconductor device is processed and passivated,
thereby (for example) activating a redundant circuit. This particular type of fuse device
requires precise alignment of the laser on the fuse device to avoid destroying neighboring
devices. This and other similar approaches can result in damage to the device passivation
layer, and thus, lead to reliability concerns. For example, the process of blowing the fuse can
cause a hole in the passivation layer when the fuse material is displaced.

[0004] Another type of fuse device is based on the rupture, agglomeration or
electromigration of silicided polysilicon. These types of fuses include a silicide layer
disposed on a polysilicon layer, and overlain by an insulating layer such as silicon nitride. The
silicide layer has a first resistance and the polysilicon layer has a second resistance greater



than the first resistance. In an intact condition,

the fuse link has a resistance determ ned by the

resi stance of the silicide layer. In comon

appl i cations, when a progranm ng potential is

applied, providing a requisite current and voltage

across the fuse elenent over tinme, the silicide

| ayer begins to randomy ball -up, eventually causing

an electrical discontinuity or rupture in sone part

of the silicide layer. This, the fuse link has a

resul tant resistance determ ned by that of the
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in a programmed fuse from being sensed incorrectly, thus leading to the failure of the chip.

[0006] In summary, integrated circuit fuses are conventionally either laser blown by
exposure to high-energy light or electrically blown with a high current introduced through



exposure to high-energy light or electrically bl own
with a high current introduced through 2 the
structure. Typically, when the fuse nmaterial is a
netal, a laser is used to blow the fuse structure,
and when the fuse material is polysilicon, a high
current is used to electrically blow the fuse
structure. O the two programm ng nechani sns, an
electrically blown fuse is generally preferred since
the electrical signal can be applied to the wafer
using the sane wafer probers that are used to test
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di el ectric cap layer formed on both the netal cap
. ka er and the renmai ning portions of the netal
Disc; r | ayer not having the netal cap |ayer
formed thereon; wherein the remaining portions of
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layee thadmed Rh@nlyarpretion bfa/@p.surface of the metal interconnect layer; and a
dielectric cap layer formed on both the metal cap layer and the remaining portions of the
metal interconnect layer not having the metal cap layer formed thereon; wherein the
remaining portions of the metal interconnect layer not having the metal cap layer formed
thereon are susceptible to an electromigration failure mechanism so as to facilitate
programming of the fuse structure by application of electric current through the elongated

metal interconnect layer.

[0009] In another embodiment, an electrically blown, metal fuse structure for an
integrated circuit device includes an elongated copper interconnect layer defined within an




[0009] In another enbodi ment, an electrically bl own,
metal fuse structure for an integrated circuit

devi ce includes an el ongated copper interconnect

| ayer defined within an 3 insulating |ayer and
surrounded on side and bottom surfaces thereof by a
liner layer; a netal cap layer fornmed on only a
portion of a top surface of the copper interconnect

| ayer; and a dielectric cap |ayer forned on both the
nmetal cap | ayer and the remaining portions of the
copper interconnect |ayer not having the netal cap
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copper interconnect |layer not having the netal cap,
sthafuee fok on inserated rigowt; device includes defining an elongated copper mterconnect

layer within an insulating layer and surrounded on side and bottom surfaces thereof by a liner
layer; forming a metal cap layer on only a portion of a top surface of the copper interconnect

layer; and forming a dielectric cap layer on both the metal cap layer and the remaining
portions of the copper interconnect layer not having the metal cap layer formed thereon;
wherein the remaining portions of the copper interconnect layer not having the metal cap
layer formed thereon are susceptible to an electromigration failure mechanism so as to
facilitate programming of the fise structure by application of electric current through the

elongated copper interconnect layer.




wherein the remaining portions of the copper
i nterconnect |ayer not having the netal cap | ayer
formed thereon are susceptible to an el ectrom gration
failure mechanismso as to facilitate progranmm ng of
the fuse structure by application of electric current
through the elongated copper interconnect |ayer 4
Brief Description of Drawi ngs [00012] Referring to
t he exenplary drawi ngs wherein |ike elenments are
nunbered alike in the several Figures: [00013]
Figure 1 is a cross-sectional view of an electrically
. bl own net fuse structure for integrated circuits,
Briet Rescrptign (L DX W8S 1 an enbodi ment of the i nventi on;
[00014] Figures 2(a) through 2(c) are cross-sectional ]
[000Y2EWS Referfifiy ®xberpteatplaryrdtandehsofhercirlikel ohgnentsere numbered alike in
structure of Figure 1; [00015] Figure 3 is a top view
the,severabligN®Et rical |y bl own netal fuse structure of
Figure 2(a), follow ng resist patterning; and
[000[1%180 1Gigurd 9 W aordssisSctnhOfew bfih Géctamalipbloanmadal figse structure for
embodi nent of the electrically blown netal,£ fuse
intsgmatedtcinceitspin aeteydanse Nidh)an epbedimeptief theymventionyi ng CQut

the invention [00017] Disclosed herein is a netal
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[00018] Electromgration (EM in Dual Damascene
Besti Mbée £0 (aaging St tetinveatiohas been a  significant
reliability concern for copper (Cu) netallization

100017 | U BSc1S ] hre b 15 mIGf Hie Siichi2 for integrated circuits that is designed to
be blown electrically without creating extensive damage thereto. That is, only a certain
region of the metal fuse is blown, while the remainder of the structure remains relatively
intact. Briefly stated, the metal fise structure is formed by intentionally eliminating a
conventional material used in the metal interconnect formation process such that a specific

region of the structure becomes more susceptible to faiture by a high current stress. In this
way, an improved metal fuse structure can be implemented for use in IC designs.

[00018] Electromigration (EM) in Dual Damascene interconnect structures has been a
significant refiability concern for copper (Cu) metallization. Failures can either occur in the
via or in the line when the electron current flows from the via into the line above. Voids that
form in the via are referred to as early fails, while those voids that form in the fine are referred
to as late fails. Conversely, when the electron flow is from the via into the line below, ihiiures




via or in the line when the electron current flows
fromthe via into the line above. Voids that formin
the via are referred to as early fails, while those
voids that formin the line are referred to aslate
fails. Conversely, when the electron flowis fromthe
via into the line below, failures 5 only occur
within the line itself. It is thus well known that
the top interface of a Dual Danascene interconnect
is the main diffusion path during the EM process.
[00019] Usually, a dielectric cap such as silicon
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togfectromigrationdplr®dn. As is shown, an interlevel
dielectric layer 102 (e.g., a low dielectric constant
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Damascene processing techni ques, The resulting
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accordance with known Dual Damascene processing techniques. The resulting metal line
may correspond to, for example, the M1 level of the integrated circuit device. A metal cap
108, such as CoWP for example, is formed over opposing ends of the metal line such that
there remains a region 110 at about a central portion of the top surface of the copper layer
106 where no metal cap material is present. A dielectric cap layer 112 (e.g., silicon carbon
nitride (SiCN)) is formed over the entirety of the fuse device 100, including the region 110
where the metal cap 108 is absent.




108, such as CoWp for exanple, is formed over

opposi ng ends of the netal line such that there

remai ns a region 110 at about a central portion of

the top surface of the copper |ayer 106 where no

metal cap material is present. A dielectric cap |ayer

112 (e.g., silicon carbon nitride (SICN)) is forned

over the entirety of the fuse device 100, including

the region 110 where the netal cap 108 is absent. 6

[00021] By intentionally omtting the formation of

the nmetal cap 108 at selective region 110 of the
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design variations of the structure.

[00023])  Figures 2(a) through 2(c) are cross-sectional views of an exemplary method of
forming the structure of Figure 1. In Figure 2(a), a pattemed block mask 114 (e.g., a
photoresist material) is formed over a center portion of the Cu layer 106 so as to prevent that
portion of the interconnect metal from having a metal cap deposited thereupon. As shown m
Figure 2(b), following patterning of the block mask 114, the CoWP cap 108 is locally
deposited on the exposed areas of Cu layer 106 and liner layer 104, at opposing sides of the



design variations of the structure. [00023] Figures
2(a) through 2(c) are cross-sectional views of an
exenpl ary nethod of formng the structure of Figure
1. In Figure 2(a), a patterned bl ock mask 114 (e.g.,
a photoresist material) is fornmed over a center
portion of the Cu | ayer 106 so as to prevent that
portion of the interconnect nmetal from having a netal
cap deposited thereupon. As shown in Figure 2(b),
followi ng patterning of the block mask 114, the CoWP
cap 108 is locally deposited on the exposed areas of
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SIiCN dielectric cap layer 112 is deposited over the
2APntire structure, as shown in Fi gure 2(c). [00024]
One specific dinmensional paraneter applicable to the
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atons, vg is the drift velocity of mgrating atons, D
is thep effe*ctive diffusivity, k is Boltzmann's
J=pgnstant jpdZ1 S(Bght) absol ute tenperature, j is the
curredt/ density, p is the resistivity and eZ' is the
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a cathode end of a line leads to void formation in this region, which eventually causes a

resistance increase in the line.

[00026] However, in the presence of a diffusion barrier, atoms accumulate at the anode
end and deplete the cathode end of the conductor, leading to a stress gradient and back
diffusion of atoms (see, for example, 1. A. Blech, J. Appl. Phys. 47, 1203 (1976)). The
combination of electromigration and the stress-induced back flow of atoms gives rise to a net
atomic flux, J,5, given by the following equation at steady state:

Jy = n{v, —vb)=-?;—§—(jpeZ‘ —é—%gm) (Eq. 2)



end and depl ete the cathode end of the conductor,

| eading to a stress gradient and back diffusion of
atons (see, for exanple, I. A Blech, J. AppL Phys.
47, 1203 (1976)). The conbi nation of -

el ectrom gration and the stress-induced back fl ow of
atons gives rise to a net atomc flux, Jgl, given by
the followi ng equation at steady state: J.ff _ n(vg
vb) UnD ACK2 Cpez L (Eq. 2) L) 8 [00027] where vb
is the back flow velocity of atons, dais the
difference in stress between the cathode and the
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Iength product. ForjL values less than (jL),r" there
gael ectrom gration failure in the |nterconnect

(JL)ﬁFr%gu | fj(Ean?) L correspond exactly to the
old condition, then the length of the

i nt er connect corresponds to what is referred to as
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| it erconnect” structures, short-length benefits are
({ljasheralsine, elmoniggnonaﬂmrmmbw intgrepmnech sreptere Hif and L correspond
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reﬁﬁ-&@m@gﬁ@aﬁcmm in creating a netal fuse
structure, the critical length is to be exceeded so

that nmass transport of atoms will not be u
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str%rr:tlu}el %haeI critical length is to be exceeded so that mass transport of atoms will not be

suppressed by a balanced back stress gradient.

[00030] Returning to the above example, assuming a threshold length product, (L), of
about 5000 A/cm, and a fuse programming current density of about 10" Afen’, the critical
length is about 5 microns (um). However, in most cases the required length is actually less
than this value, since somewhat higher current densities will be used to cause the EM failure
and thus blow the fuse. For instance, it is conceivable that the critical length could be as low
as 1 um, depending upon the threshold length product, (fL)4, and the fuse programming

current density.

[00031] Finally, Figures 3 and 4 are top views of the metal fuse structure 100 following
resist patterning as shown in Figure 2(a). It will be noted that the specific layout of the fuse



length is about 5 microns (pm. However, in nost
cases the required length is actually less than this
val ue, since sonewhat higher current densities wll
be used to cause the EMfailure and thus bl ow the
fuse. For instance, it is conceivable that the
critical length could be as low as 1 pm depending
upon the threshold I ength product, (/L),b, and the
fuse programm ng current density. [00031] Finally,
Figures 3 and 4 are top views of the netal fuse
structure 100 follow ng resist patterning as shown
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structures. 10 Cains Wat is clained is: 1. A fuse
structure for an integrated circuit device,
conprising: an elongated netal interconnect |ayer
(106) defined within an insulating |ayer; a netal
cap layer (108) forned on only a portion of a top
surface of the netal interconnect |ayer; and a
di el ectric cap layer formed on both the netal cap
| ayer (108) and the remamining portions of the netal
i nterconnect |ayer not having the netal cap | ayer
(108) fornmed thereon; wherein the remaining portions
Claid the netal interconnect |ayer not having the netal
cap layer (108) fornmed thereon are susceptible to an
electromgration failure nmechanismso as to
f aci Whatds elairedd¥ammi ng of the fuse structure by
application of electric current through the

el ongat ed §+.'uﬂ.t %ﬁé tédac%:%ﬁitﬁé\‘?c%) ngm-s- e fuse
strugturéagggc alﬁ%?§F erg%% the neta ’gé Igger
(108) is formed at opposing ends of the el ongated

et adn dlorntgated ometal nterconnect 160 §106) difiried withinr aavraguliting layer;

portions of the metal interconnect |ayer not having

cor (Lobah Pyt 5035 T A6 T ARTATED mepes of the meual

inteféREER YL tnd ayer between the opposing ends. 3. The
fuse structure of claim1l1, wherein a length, L

corresponding to di st ance bet ween t he al ,.cap ..

| ayet W%hwgw?&mﬁsﬁ&a%m(% and the'emaining

| n&tﬁ%@ﬁnecﬁ?} o GOV tHenedd] chfBdr (F08) formed thereon;
g%?%?%ca ength wth respectQ?% avoi di ng an( )fo o

el ectrom gration short-length effect, for a given

mag nivhercia tisf remaisingpodipna ofitheuatal inteqeonngetigyer pot having the metal

appl i T f use _struct.ure of .cl.ai . [ei .
copfiyet 08 frmey Do reiseeibte o L o Rl io A obpponiom so
aﬁb@&{aﬁae@)golgmﬁmgwaﬂ faseAitRidturel by dpplicilich P}le@fic current through
thg releo%gggé metal interconnect layer (106).

2. The fuse structure of claim 1, wherein the metal cap layer (108) is formed at
opposing ends of the elongated metal interconnect layer (106), with the remaining portions
of the metal interconnect layer not having the metal cap layer (108) formed thereon
corresponding to a center portion of the metal interconnect layer between the opposing
ends.

3. The fuse structure of claim 1, wherein a length, L, corresponding to a
distance between the metal cap layer (108) at opposing ends of the metal interconmect layer
corresponds to at least a critical length with respect to avoiding an electromigration
short-length effect, for a given magnitude of fuse programming current density applied.

4, The fuse structure of claim 3, wherein the fuse programming current density
is at least 10’ A/cr’, and wherein L is about 1 micron (jum) or greater.
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5. The fuse structure of claim1, wherein the
remai ni ng portions of the nmetal interconnect |ayer
not having the netal cap |layer (108) forned thereon
corresponds to the |ocation of a blocking mask (114)
formed prior to deposition of the nmetal cap |ayer
(108). 6. The fuse structure of claim1l, wherein:
the netal cap | ayer (108) conprises a nateri al

sel ected fromthe group of tantalum (Ta), tantalum
nitride (TaN), cobalt tungsten phosphide (CoW,), and
ruthenium (Ru); and the dielectric cap |layer (112)
conprises a material selected fromthe group of
silicon nitride (Si3N4), silicon carbide (SiC), and
silicon carbon nitride (SICN). 7. An electrically

bl owh, nelhe fusastmctrs mnd , Whereirthe renmgning podtierisrog theymetal

P R e PhA i P IS, e GPR Bl QR o e
IoBMicnQAGRLRR n%isH €1 13D thriell bAoR RUlhaias difiles Bkl day Lyer (108).

liner layer; a netal cap |layer (108) forned on only a
portion of a top surface of the copper interconnect

| ayef; anbheush sughrs piclamd, WRGESI: (112) formed on

both the netal cap layer (108) and the renaining

y .
por Mmgﬁfpﬁ%{$g@?§%‘§§%?‘m&wﬁﬁ% oW dt9antalum

the et al ormed thereon; wherein
(T gantelma niiridg (V) talnl tafesteh howpbide (CoOWPHrand metberium (Ru); and

| ayer not having the nmetal cap |ayer (108) forned

t hergon. are. susgept.i bl.e . I 1.0r.ad i a1
o 1 e P B P SolBSR a el Bl the eroup gfsicon

nitriile (SINE), SikidonGhibide (8IC)aall dilivah caborhitedegSIGN)C current
through the el ongated copper interconnect |ayer

(106) 12 8. The fu structyre of claim7, wherein, )
the fretal éﬁm%ifmwﬁlﬁme% anippgelef sgtdevice,
el ongat ed copper interconnect |ayer (106), with

the r&mai ning portions of the copper interconnect
l ayer not having the netal cap |ayer (108) forned

t herasoongstsdcopps itemonneot laves €HIG) definsd tidun asf ingulpsing layer and
SSRRREL S SATEEh LAUEL dRRINEFR G 2RPOST O
a metal cap layer (108) formed on only a portion of a top surface of the copper
mterconnect layer; and

a dielectric cap layer (112) formed on both the metal cap layer (108) and the
remaining portions of the copper interconnect layer not having the metal cap layer (108)
formed thereon;

wherein the remaining portions of the copper interconnect layer not having the metal
cap layer (108) formed thereon are susceptible to an electromigration failure mechanism so
as to facilitate programming of the fuse structure by application of electric current through
the elongated copper interconnect layer (106).
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ends. 9. The fuse structure of claim7, wherein a

l ength, L, corresponding to a distance between the

netal cap |layer (108) at opposi ng ends ofthe copper

i nterconnect | ayer corresponds to at |east a

critical length with respect to avoiding an

el ectrom gration short-length effect, for a given

magni tude of fuse progranmm ng current density

applied. 10. The fuse structure of claim9, wherein

the fuse progranm ng current density is at |east 10
Alcn2, and wherein L is about 1 mcron (m or

greager. il fudd\BnbtSCortlidite! WhereRith&hsthltap laydh@08) &8 formed at
the remaining portions of the copper Interconnect
opmyinp endstof tre\elangated coppet interaapedt bayer(10G)08ith theremeining portions

of e RORPE P PRG s 1o e s Taartont ey oRLSFtd lereon
to aX@Bkr portidn off the chpiied inddrbdtibitIfyePbetGlat ik épposing

wherei n:” the netal cap Iayer (108) conprises a
emist eri al selected fromthe group of tantalum (Ta),
tantalumnitride (TaN), cobalt tungsten phosphi de

( CoVP) | ; . : ) : : !
ayer (113 o ARRLHEM i 7, Mo S nith 3, plrbtpbpiiro o

digtaftbeBiech ithe 1861l caph laléri (088) aEbiNdhg emisloifﬂ:enommr initeteonnect layer
(SiC, and silicaqn carborlmr}lltrlde ggl)g E

correspondsto at least a critical respect 1o avol an e. migration

short-length effect, for a given magnitude of fuse programming current density applied.

10.  The fuse structure of claim 9, wherein the fuse programming current density
is at least 107 A/en?, and wherein L is about 1 micron (um) or greater.

11.  The fuse structure of claim 7, wherein the remaining portions of the copper
interconmect layer not having the metal cap layer (108) formed thereon corresponds to the
location of a blocking mask (114) formed prior to deposition of the metal cap layer (108).

12. The fuse structure of claim 7, wherein:

the metal cap layer (108) comprises a material selected from the group of tantalum
(Ta), tantalum nitride (TaN), cobalt tungsten phosphide (CoWP), and ruthenium (Ru); and

the dielectric cap layer (112) comprises a material selected from the group of silicon
nitride (Si:Ny), silicon carbide (SiC), and silicon carbon nitride (SiCN).
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