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METAL FUSES FOR | NTEGRATED Cl RCUI TS Technical Field
[ 00011 The present invention relates generally -to
integrated circuit (1C) device fabrication and
particularly, to a structure and nethod of f M\mmni‘“\m“\l““‘“‘
electrically blown netal fuses for i ntegrat
circuits. Background Art [0002] In integrated ciroeoisy
devi ces such as conpl enentary netal oxide
sem conductor (CMOS) integrated circuits, it is often
des errmnentl store
i nf giﬁ@k@i‘% @Dmﬁé@ﬁ] &ICADhY ROWNMETAL
i ntegrated circui d. Fuses or
devi ces form ng fﬁgl %ﬁbf‘lﬁggﬁ*gf“ﬁﬁéﬁﬁﬁgy used for
this purpose. Fuses can also be used to program
redundant el enents to replace identical defective
el Eevbnicd Fidldr exanpl e. Further, fuses can be used to
store die identification or other such information,

o0 adjust the speed acir UIt by adj.usting the
ﬁ{(e)glhst antlge ‘H?Se{‘ﬂgv‘%)’ﬂ?'? @E’l‘es gﬁ"“a“tﬁhl tp @‘G%?te‘tﬂémtt&%g dgyice
f gRicaleniate, théve m&gim Cfure 4AH Q¥phod $P
to open a I|nk exposur e torehl gh- er?elr{)gfl&ﬁl%ﬁltle%ﬁ?%leyblown
a mgialifusenie umtﬂgrattméw@@ is processed and passivated,
thereby (for exanple) activating a redundant circuit.
Thy iGul ar type of fuse device requires precise
aﬁ%‘f#@rﬁlﬁi% the |l aser on the fuse device to avoid
destroyi ng neighboring devices. This and ot her
fioo2]l ar dmegart escuitaidvic@SutR ad AmPRIREAN xﬁethlfb%dé%yﬁafesnductor
passivation |layer, and thus, lead to reliiability
c SAMOS) integrased Gneutts itas ofiandesirablede be atle tomeummgtl)t fhae

h S a

¢ O SR pilafen Bk SoRES A B GERLA 1
ofmahuﬁamevas brsdehizgerfdming fiRbIe 1K dfeSreqadiflly AERIfaf thRpurpose.

eI ect‘som gration of silicided polysilicon. These

VIS 3p alse bewsed foprogramedundang plgmenta ioaeplacetidentical defective
E%.Fﬁ@%,ofgg%ﬁlﬁgs 5 Ql:l'he‘;,%fes grglol?e L(SQ(iLfO s?org 916 13ent1ﬁcat10n or other such

information, or to adjust the speed of a circuit by adjusting the resistance of the current

path.

[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
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di sposed on a pol ysiDate@OFecipty € Jun@ U9 QM H6.LE0NPOBUSIN09/044952
i nsul ating |layer such as silicon nitride. The
silicide layer has a first resistance and the
pol ysilicon | ayer 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 programrng potential is
appl i ed, providing a requisite current and voltage
0SS the f el ement over tinme, the silicide |ayer
égqpﬁgcdtog apg @p@ﬁ@ry aypy) and @perlaavbsrmuaﬂiul&mg daysi sugh awrsilicon nitride.

te:q‘gﬁé slrl 1(.]9(26: lg}de ﬁ rlstnr%ﬂ%}%lce fa?,thlfll? Héflésqul:qr;mg’)f%é asgasggong fre51stance
r gBedtdran tﬁeﬁﬁ’st&és@dﬁ&ﬁc dRitaf ifthdl @6hdatont {T@tfusggmf( B& a resistance
poI¥5|I|con | ayer (i.e., the progranmmed

ekl the rqsﬁ@ﬂ@%péfél@‘; sicide layes placommwntabplicatiéns | vken a

f hi d
I R AT N )

S wﬂe‘nmnSO\fef ohifte, Uy sﬁlldlwflhﬁ:r b&SSb Bﬁld@ﬁ%&ﬁ%p%vahtﬁﬂly causing an
onsi st.ent  nature of the rupture process an

Sfestricglalispontipyity or mpgiraja swp@pafmﬂtlye vlidids laytri Bhushide fuse link
p r}ﬁ9£ Y ?aQt {eﬁﬁgtfc% th&‘nng y tnzﬁ of ¢ Ejgﬁlslglc%/rﬂqur gfeegl?evprggensimmed

may not ruse
prfmseess;stdnee hﬁﬁdr&g&cﬁ&tlbﬁﬁﬁbt&@ thaf oftthefirst REISRARY However, this type
pro rann1ng potentials (i.e., current flow and voltage

sg dexjesrcan reswllyini dgmage to swenstlingftredtyre pnd/gro0fed fom unreliable

StsE(lns ng%gggugbg(%fttﬁ% 1Bgonglste£t%%ﬁl’r @?n%g@e%rﬁ%e%%%ﬁﬁﬁ%@{a@%el? Sall

f wha’ngle Ityjima}ly afférb@inché ﬁr@giﬁmﬂiadi re3304e:. IFurthét HbscltiiRs of devices
potential is of a nmagnitude and direction to initiate

e R NObbR \g?*&% fos rseqrithsmanycif dhe atesd progess éeshaeiogits hemse of the
s : C

7 Qe pROEh i IRk 5, ol oGR8 NSl B i
thmmineiﬁome)r]on of mass transport of netallic atons
(e.g., copper or alum num) which make up the

b conr i material, as a result of unidirectiona
@5 nestill apethgr typgrof Siie, reBRly e elestomigeatien ftsoagietential is

t [.l'i de
+ PRRCIAGILS he Bttt R R LAl S0lanGl ih WARE 1yt dheal i
ofof @ wragmnide tdadirbtionTth énitiad eledtroatigratiai dfQilicids fx@ﬁi kﬁ@%@ﬁi of the
by connenciﬁg a Hﬁgﬁgrature gradi ent between the fuse
| iSRIRIcOngyqtof fige redy ¢ $QRERAIYEY pbthe fuse fak. a%lm:tmagratlon is a term

PRLERRnk A the Eﬂﬂ%ﬂmm(ﬁ\rbf ﬂﬁsﬁﬁﬂgﬁ&ﬁpng:w (lé%y ’c?%otep 6t

programm ng of the fuse Is
p@ltyxgnumbdnchmalempahe in@raonmect Metenqj,cdsysredult«nﬁnmﬂurécnbnal or DC

© O lufed s R S Pleche Bl e Sin e ol
Sooﬂﬁltthé"ﬁet%ﬁéh’é thereb} p@hRie A PITRLdifdSh ST AR NG The

sensed
electromigration is enhanced by commencing a temperature gradient between the fuse link

and the cathode responsive to the applied potential. Even with an electromigration fuse,
the programming of the fuse is still dominated by the polysilicon material. Since the
polysilicon film contains a significant number of imperfections, the final resistance has a

wide distribution. This sometime results in a programmed fuse from being sensed
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2009 (01.06.2009) PCT/US2009/ 044952 incorrectly, thus

| eading to the failure of the chip. [0006] In summary,
integrated circuit fuses are conventionally either

| aser blown by exposure to high-energy Iight or
electrically blown with a high current introduced

through the structure. Typically, when the fuse

material is a netal, a laser is used to blow the fuse
structure, and when the fuse material is polysilicon,

a .hi gh rr is u to electrically blow the fuse
st‘?clf?gf:‘f}f thudgacp%tot af} ‘r‘rSQf Hesiiag mechani sms, an
electrically blown fuse is generally preferred si nce
00g6je! eChy dufdd Erﬂ%ﬂ fer

Esr ng the samgrysvva erteﬁggggﬁg@%)ﬁ lf"&lg'?lletpoll}ém iﬁ% I?SC§P1°W“by

| eposhgu@highlengugy light ootlécericalip blbsn vaith lsigh clbieﬁwmrédiﬁ&i through

r res a a ool set, as well as

ﬁ@ersé‘ggfgfe P %‘er Wheh the Tusg aperinls aaeih@ lasepis o5¢d to Blopdhe fuse
h d
agoﬁ'ﬁ%uxgtaﬁg?ﬁg% I{Ohg th%g ﬂatféﬁgglr's' gﬁgérﬁ?qﬁ‘l& Iﬁlg h @&?&?E& uséh tB Igféttn‘ncally
t dlavhise fusk gtoa‘turc) rOf the Mtﬂ)rogl'amgii@ methanismd) ah eldﬁhltaﬂl@ blown fuse
Anot her ,.adv e f el ec rrc bl own fuses (wth
- St B R R G Sel iyl s vedoriioo eogarim i same
C avafer Peoblei¥ ke AR ko | 'te@t lhtﬁ%ldtl!ll%h‘lg) {nrbt%tq QJOHsozplaE blown fuse
during fabrication of devi c Accor I ngly,
i trequeyed ah ddditigeal tqohisit.as well beaminbeaseon memmede test theewaflers. On the
fu t rouct t hat ectricall and

Ty el s s o & G s A pihet Secs. gy ae

acrrésaamlwam ctlt heR 1R

[ 0008] Tlh e ?% rtet go |e n g&:g‘iIi scu s}gggte%k a%gﬁlﬁg&gﬁg J\H&ﬁé?takl%tage
d of pleﬂemﬂw dlowarfusel éWlfﬂT iespecttp dasertdowrofnsesy isrtat tre programming can

2or o RE o D EuBat SR durbatamatils Bere uai ng

an el ongated netal inter connect | ayer defined within
F007]i NS uAadokdaﬁgry aeduld Be dBBfrale R abl@Y@fro@iﬁE FRidtaPTusO ok ture
a portion_ of top surface of the net i nt er connect

| dRad is;elegiigally 'alp‘ém @ad without the useglaxcéssiverveltages dndchrrenitsefor

remai ni ng portions of the
%%%lmp?ln gcoﬁ%@%ﬁgﬂ%er not having the netal cap
| ayer fornmed thereon; wherein the renmining portions
Disclohge oFhedntibmt er connect | ayer not having the netal

cap layer formed thereon are susceptible to an
Flectronr ration failure mechanism so as to

098] i t al'®e ireaeipaditusirdsiravitaeksrand deficiangiss of the pjor art are
ARRLAGAL bMeAbied P S dxefmpRH drftf¥ldiment, by a fuse structure for an integrated

circuit device, including an elongated metal interconnect layer defined within an

insulating layer; a metal cap layer formed on only a portion of a top 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.

FI1S920080042PCT 3



P GYVE TP I )

t hrough t he el ongat @dterveteatipt: Ot Rin€ 2009 @1106.2@PEPCT/US2009/044952
FI S920080042PCT 3 1 v v v =/ L Date of receipt: 01

June 2009 (01.06.2009) PCT/US2009/044952 [0009] In

anot her enbodi nent, an electrically blown, netal fuse
structure for an integrated circuit device includes an

el ongat ed copper interconnect |ayer defined within an

i nsulating | ayer and surrounded on side and bottom
surfaces thereof by a liner layer; a netal cap |ayer
formed on only a portion of a top surface of the

er i t er conn | ayer; and a dielectric cap |ayer
f@B WA § dmep an glagsricallyeloven aetah Buse @trmnm fog an

p%t&ém af:lré?ﬁt dte{']ge ﬁl&ﬂ? an egﬁlg{%er gogﬁgrtlwﬁlggrér}eﬁt ayex & neH Within

ayer torne

I amdnsniafige lasbdfrfahd)ilﬁroﬁﬁdeﬁ 3@ siie REBotioff RFEQR AREof bRY Bher layer; a
not having the netal cap |ayer forned thereon are

s gtn Bye ferged an enly apersion gf atqp@nrﬁpca.olf me@omec insengonmect layer;
S %n@§ dfeﬁcﬁi@%h iag%tfgrrneﬂ bR SR fdai2t cap Lalygr an eer{grtnzrnlrjlﬁtg ‘Portions

appl i1 cat ctric current

eloﬁ fgabpEr inbawqmecct lagératoc havivgthe natiPeap lzi)@ﬂfbiz%d théreon; wherein
anot her. enbodj ne a nethod of formng a fuse

< A e PEpOoRm Ol epperigreornertdayer nefepying theregtal gamslayer
dgfinidd 'ﬁgzré%ﬂ afd ﬁf&%@gto@%ﬁcﬁbrﬁlﬁﬁ? ﬁ{‘lﬁ?etmécfﬁ%ﬁgm V4 5b Rucilitate

an 1 nsul ating ayer on

o progranpmg of thn fist starctwwp by applieation of cledific &Bieat through the elongated
i nt er connect i:\yer and formng a dielectric cap |ayer
orFORRST MUGTEARNeRLEXPT. cap | ayer and the remai ni ng

portions of the netal interconnect |ayer not having

[0oB10TEt aln MBded MRinieRL, H‘?rﬁi:thoﬁ IZSF f({%‘%?lg a"mﬁrs?rh&u{e%‘r an mte%rated

remal nl ng portlons of t e neta rconnect ayer
ha&w ptngdqv Ive inchrdesdefioing ah alpegatédometeldntttvenreoriayar evithin an insulating

scen | ectro ratl o failu hani sm
S JRAE g Ea el B o AT atpRsurlgeoldihs WL o
bynteRBircEAhye And forﬁin%%t(ﬁél&tr%’crag ‘T’{}Er orf BHDHAE eta'l1 @aé) la){elr and the

el ongat ed netal interconnect [ 00011
aﬁmlmlﬂg eorioeh qf@hﬁ:tmetai mtat:bmldctddyef nmrhawgg the metal cap layer formed
fuse structure for an

t
i el R g ppran ¢1dRmeel HERPIcRL g Aot having the

e |t Rheily & QRRRA thekcdh BfeGRRBAMIe boAY %fcc&énﬁn@aﬁo@ﬂmurc mechanism
insul ating | ayer and surrounded on side and bottom

s 15p Asodacilitaty @mcﬂimmyg af the fuse sthafuee by dpplicatiog oﬁeln@tl(ad:urrent
ortlon of a top surface of the
ngrﬁgg?tytﬁ%fflgrggggeﬁﬂgeg?q? 8 formng a dielectric

cap layer on both the net aI cap layer and the
[080BI]Ni NIh il ahotRdr2mBbdiindR, £RBM6A of BiEINE BN BleGkicdlld b®wn, metal

not having the netal cap. [ ayer.
fuse structure for an integrated circuit device includes defining an elongated copper
interconnect 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 fuse structure by application of electric

F1S920080042PCT 4
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formed thereon; whemaiedf tddépt: ENRINEAR0VY (AD6R2OONBCTYUSI009044952
copper interconnect |ayer not having the netal cap

| ayer forned thereon are susceptible to an

electrom gration failure mechanismso as to

facilitate progranm ng of the fuse structure by
application of electric FI S920080042PCT 4 1 vW Date

of receipt: 01 June 2009 (01. 06.2009)

PCTI US2009/ 044952 current through the el ongated

copper interconnect |ayer. Brief Description of

Drawi ngs [00012] Referring to the exenplary draw ngs
wisbTet Hirpygh éheeglengated sopperinistaenactldyerl i ke i n the

several Figures: [00013] Figure 1 is a cross-sectional

L . -lcally blown netal fuse structure
?%?f\q?e%n@glrggtgtg&gﬂrggui t>s/, i n accordance with an

enbodi ment of the invention; [00014] Figures 2(a)

000 RJgh Réferringrethe exeagpiae diavinga whieiiiike @feniiits @xeatiplbasel alike
method of  _formng the structure of Figure 1; [00015]
Filtythe sevgral Eigures'on"vi ew of the el ectrical ly bl own netal
fuse structure of Figure 2(a), follow ng resi st

rni g, |

Bt e b et ot P SL s abP Ao Bl s dctue
méerahtegrated cisquits,dt agcerdaficewithuaneendpdimenBefatie ivoaheiofi;or
Carrying Qut the Invention [00017] Disclosed hereinis

ROUFAL 455 3 BBl 8 LSRG R bl o

eXéraiisd MestHRAROS HiglRé €t 0. That is, only a certain
region of the netal fuse is blown, while the remainder

of the structure remains relati velé intact. Briefly
K081dd, Figeredds atopivigsieofdha elestripally blownasmatal duso ptructure of Figure
i honal ly. elimnating a conventional nmateri al
ugtsaj’r}l%irl}o‘%”ﬂ%re\rérlesf%a?teﬁmrﬁge?n onnect formation process such
that a specific region of the structure becones nore

f08 g pt i Bigeretdds 4 eplvieweofay aherhitlye embodifbiit of Herfe&icallyblown
this way, an irrtpr_oved metal fuse structure can be

i Mtal sk p@ture et kigwe 2@)-1 ¢ designs. [00018]

El ectrom gration (EM in Dual Damascene interconnect

tani ficant reliability concern
fBEsE Widlae f(ﬁ%al(:l%ﬁf eREMhe Fovedtidh

or copper netallization. Failures can either
occur in
[00017] Disclosed herein is a metal fuse structure 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 fuse 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 failure 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 reliability 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.

FI1S920080042PCT 5
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the via or in the | ipag onheapdt BEJuaE 200b (00106.26000F BOT/UE10091544952
fromthe via into the |line above. FI S920080042PCT 5 vy

v ., Date of receipt: 01 June 2009 (01. 06.2009)

PCT/ US2009/ 044952 Voids that formin the via are

referred to as early fails, while those voids that
formin the line are referred to as late fails.
Conversely, when the electron flowis fromthe via

into the line below, failures only occur within the

line itself. It is thus well known that the top

interface of, a Dual Damascene interconnect is the main

diVfords dhas forpn Ihedm areiepferied taeag eaply Gidlsswhileth@e voids that form in the

such as SI icon_nitr
(A& Yerefedth B B RS PSR o ElesEioa isdhosmt o into
oOfthetlh@ bblﬁt)vefaﬂ@x@.ﬁ&ﬂy ScduPwikid e i iREIE VIS ﬁtthlgl’lvefllrl?n%n that the top
dlffu5|n? into the” surrounding interlayer dielectric
ménterface pta Pual fRamasceneintergpniseis tstrosin diffvaion patheluehg tha M
syuch.dantalum (Ta), tantalumnitride (TaN), cobalt
tangsten phosphide (CoWP), and ruthenium (Ru) can be
applied to the top interface for better EM

06019 bi | Usually,lardiiertritodap Quch ak Bigicdd dittide (%i;NyBF QN&ﬂ%ﬁx‘bldeS{&C)
quite significant, as the Cu interconnects with a

it dePosiafh or kpR of Figriripreonnaeth i Ardesés prevant B fromediisingsisto the
c Qﬁmﬂfhﬁiﬁg tlrﬁerlapérq{leqa:@r{ﬂ:erﬁstgn WM fifad %g‘éntly bgeléltes S‘g%’ [hg? a 128 cap,

mat er | Peen™s

disedheattaliig ('Capt,antubndnﬂﬂ@e () f dbaletustg i phpsphile (COWP), and

i nt rcon ConF‘ﬁﬂ uently, darmfge can_be i nduced

r SYtagmiYpR &Eﬂ baapplichiadic top igterfacs fopbatter EMfieligbality. In so doing,

hag ltfglﬁﬁcelfrrﬂ)'i(ﬁ/eﬁl@ﬁ'?s lﬁl‘é‘g ﬁézfrﬂoz{lq};ee@lp mgé?&'imécfls ﬁltﬁﬁ@al cap can

cap |l ayer |nten I on ormed at a cer

r dgnddnmodh lagher odreencdensiest cofpandd tainRrcohMes with jGistfa@idléfric cap
woul d. E%C ggre susceptlble to electronm gration

f Bafegip ?%‘bo‘ f beca sk et frrudielectite eaps eoiding ppfaFseversearly in
S I f I

et R ERRES, SESALANF dolthRtaflbe Hluod BEMAF Gl St g
astos danig®n It hasaherefordieeh reespnized hérbia tharenhéisitap Ryeris

shown, eir &’ﬁ‘g vel dielectric |ayer 102 (e.g., a low
diBFRpR Ly, gt crrgjRresiogof an IiEFOnPGSH S g thgn this region
I doped oxi de) has
o {oltdecqridRore bR SefRimikaRbP Al oPEH DX T
nitride (TiN), tantalum (Ta), tantalumnitride (TaN)
©0020] anRefaming how ¢eFigate d othere s shayer cto8$sectomibdiciviof an
[ i n,accordance with

pa ter trench defined therein,
R sSieHD gI“"’ﬂaWﬁté'c‘gf'FeWH?tB’c?éBg fHdnCqraEh TG dn acpgidance with an
r %ﬁﬂébddn@ﬂ ofBie@hvehiidhe AXRY sto¥n! £SRRAEVC Bieleb Bt 155210 (Eg., a low
the M1 level of the
dielectric constant layer (also referred to as a “low-K” layer) such as SiCOH (carbon
doped oxide) has a liner layer 104 (¢.g., titanium (Ti), titanium nitride (TiN), tantalum
(Ta), tantalum nitride (TaN), etc.) and an elongated copper layer 106 formed in a
patterned trench defined therein, in 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.

FIS920080042PCT 6
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integrated circuit oaitiof,ceipt: MEIuaé 2008010623009 5RICHTUSI09/044952
CoWP for exanple, is fornmed over opposing ends of the
netal line such that there remains a region 110 at

about a central portion of the top surface of the

copper layer 106 where no netal cap material is

present. FI S920080042PCT 6 1 v U V Date of receipt: 01
June 2009 (01.06.2009) PCT/US2009/044952 A dielectric
cap layer 112 (e.g., silicon carbon nitride (SICN)) is
formed over the entirety of the fuse device 100,

i@adin tge r? fon 110 where the netal cap 108 is )

a ?‘Etﬂ‘? SRPODES %y(eignts on epkaninjtriged SiE¢Nhds forped over the entirety
f ' e . -10 tive region
B2l AR o3 oo i a0
becones nore susceptible to electromgration failure.

(000214 n, Bintdndomallp gmittingithe €dtinatidt ST méthiecap U 081 tskle&ive region
.%,8? foEI the region 110 of the |line wthout the

Qof't f‘a%‘“iﬁ%m?‘&i ; thptrycgirg thes becgmepmorersusceptitde wavi ng
t : 0 I for .
t Rctrdigtiof BRul?t ARRY) Brdihl o Ardi RIS theislullid 300, Bl he
deagiand, 10 af theflihe withot khe nititz lbagc LOSrfeils, white thfs eddt Sfthhlind1aving the
failure cur [ very short anpunt of tine. I n one
o BisialFag 98 shiltimortn famaged o fuer it the-smeisnt00 g be usgd h
ha@finG ; | T B
fed n P%'é{dg%?ta% 52%2 ﬁ%@é(flég% %ﬁﬁ&gﬁt?glg%h@grﬁ}?s ﬁest@!f gtP:.h’tl'ia? Rilure occurs
a$sd yameshortantonet disisieg breencakemplery prmbsdinieniap plethod of diplementing

Bl RGP Rssg tecBabe Y oo 6k TP o BHet 3,921 t
Fﬁﬁ)gﬂ C Rt 1Y, assidh€d B tﬂ@?sgigﬁere%ﬂhe Js@ﬁts‘ik)ﬂ%a{i&f: Qr?dn@H Torltéhts of

s
based on an isothermal Stress ere e curre
dehishtage in¢nrpargthd bhefargcahertin iretheis entivetyeased until the
tenperature rise caused by Joul e heating reaches

ximgtely 400 erein the te rature is
BB TR RS0 PR e el IO ekt onon
SisothefmH] Sttess Whére e RNt deff &irbugh rtl?éleétﬁlqgletisoiR?I@%U& frntil the
such a failure is on the order of about 107 cn® or

gFesperature Fsecbaused by doule heating ieachesippuiximately MOQUCt (Wherein the

about mnute for, Cu |lines, with conyentjonal

araitsed gl b et o Sar ot detrattiish g current

f dédshpreqnipdius fliuby/suchs EABR1i6h thB Srder b BBt 10URRSH oY gRAEr, and
thus 1ncreasing the stress tenperature. Since nore
pihereinjthe bnersbpuld &dl withimpbget 1 minutesfot Gatindsovithranventional

[ . t required current density i s higher for
RS DAL O e 0SB e curn
gdstsity hitheaii@esingebesstegnethpdrire. Bind€ moteRWelslgbndrtd in wide

earlier than narrow lines, which allows for many
dggqsghan\farr nagowdines, dte required eyrrent dangity is higher for narrow lines than for

wide lines. This means that, given the same stress condition, wide lines will fail earlier

than narrow lines, which allows for many 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 patterned 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

FI1S920080042PCT 1
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[ 00023] Fi gures 2( a)Datelof dd@p: 81 Jihe 2008 (01[06.23609FBCL/USVH/044952
views of an exenplary nethod of formng the structure

of Figure 1. In Figure 2(a), a patterned bl ock mask

114 (e.g., a photoresist material) is forned over a
center portion of the Cu |layer 106 so as to prevent

that portion of the interconnect netal from having a
netal cap deposited thereupon. As FI S920080042PCT 7 vy

v" Date of receipt: 01 June 2009 (01.06.2009)

PCTI US2009/ 044952 shown in Figure 2(b), follow ng
patterning of the block mask 114, the CoWP cap 108 is

| saewn ip kgyse 3ib).dallayring prstermingof ée bockasasho | thel GoeP cAOBS is

a iner layer, 104, gt o in j des. of the block
rrg‘g‘i?hi ?%’."S‘&?‘g%‘ "P%eé‘PBﬁeaé‘I?aﬁg‘g@ I3ex lﬁéa@fm@aﬂer(‘&*g@t opposing
t hidesightheblocieingdk 1181 One HObMENsk 11188 reinbMddt g/, ﬁﬁ&lfgn% resist
cagila er 112 is deposited over the entire structure,

$

PsebigRt).ithe BICHUdidectricgap 14y00 0t243 depositedperer thé entire structure, as
dipEnsi aneter applicable to the proposed
el’ect riln?g rglg(%ijl own netal fuse structure is that the
length, L, of the region with mssing CoWpP (Figure
f0029] i sOge grtHic dinkdBioral E%m&ﬂeﬁaﬁipﬁcdbﬁl@ e pépdied SRSy
to an el ectrom gration short-length effect. As
i oemeal fusseiucturs)ivtbat thedengthitl, ohthe segsonrveith missing CoWP (Figure
f a L& b nterconnects .i n.whic
o B AR el B e G AR B Sn6rdteng
ele€fettr iAs indited abont, eledt@@tigraxionfis @WliabiliWthiflte mb&anisMEor metal
case of Cu_ interconnpects, is in the direction of
elereprgisets in which mgtal Hememigsate wrderthg inflyancetof theglastricrfisid and
Wi ' e i n me.  flux
3 REGERN, ol 2t bBbr R b Tl B G f fégron

j flod). [iirmg elkptrdrigBAod, thihvbdcaomwirdl applees deiorgt thiit r@ful®iP&Batomic
ve is the drift velocity of mgrating atons, Dis the

efffigch given by the felloyingequitians Bol t zmann' s constant, T is
the absolute tenperature, j is the current density, p

is the yﬁ'stivity and eZ+ is the effective ion
dhamge.n| %jp@ﬂ{]réﬁql bn of atoms from a cat hode end of
a line NEAds to void formation in this region, which

eventual | y causes a resistance increase in the |ine.

6] wever., i,n the. presenc f..a diffusion . .
(00T | VERENEY e Aol Sh s 05 e B Seoce of ing toms, 0 s
deRd dfeetivBIfeMiROFR Batenin’ sl ddRst&id N0 Bcbsolhi R pPathdr j3s the
stress gradi ent and back diffusion of atons (see, ér
exangltdensity, pAs theiresistiyity)and &g pls thertffestiveddn clibaR3 Tha Siigihiion of

Tryt:'oms from 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, I. 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.y, given by the following equation at steady state:

FI1S5920080042PCT 8
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combi nati on of el ectpasr ged@pt: OTULAELL0Y (1.08.LE0OFBCT/0S2009044952
back flow of atons gives rise to a net atomc flux,
J,.", given by the fO||0MAng equation at steady state:
FI8920080042PCT 8 1 vv~ /L Date of receipt: 01 June
2009 (01.06.2009) PCT/US2009/ 044952 nD ._Aoc2 Je8 =
n~ve - vti) = UlAeZ L (Eq. 2) [00027] where vb is the
back flow velocity of atons, Ocr is the difference in
stress between the cathode and the anode ends, Qis
the atomc volune and L is the conductor |ength. Wen
t he back stress gradient bal ances the el ectrom gration
f rce ngasiﬂ}ans rAaQ|s g zgletely suppressed. This
Mén gl 0 B&Xhe el ectromigration
threshold or the short ength effect, and occurs for
sufficiently short interconnects and | ow current

31t i ewherhpist
DX ot 36t a0 00 8y AL
( jbetwegn ﬂle[c@t@mnd\tmemede(qndé hisitlg ateatie volashe afd Bﬁs théi€onductor
t d L I | t
(1B B FEPHCE oS Baice ks sl it pare [ s ranspor
| 1§ @ngplielp SlppidssdC triishedomehorfis Qeﬂ!nﬁedctﬁ bd e El%&?on? ﬁl%?l&k y

to the threshold condition, then t
| ﬁhrés*@bim@mshe@ﬂqne@p@qusand@cwmfor sna‘ﬁcxemmmem ittercamedthiand low

St Bt B TR niebhalfehoniseftedrn i abivaapiatorar o such

they. allow for electrom gration
i nprovenent/elimnati on when achi eved. However, in the
pr esent enbodi ments where electronmigration is

gﬂgamt ously ugﬁ? |n creating a nmetal fuse
tictaege, the critical length is to be exceeded so

that mass transport of atons will not be suppressed
b(% a bal anced back stress gradient. [00030] Returning
{19028]e awbere (lé)oaﬁmfmedacsm thepshold fengthipoddict. @ogi/hvalues less
p abaut . 5000 A/cm and a fuse
pr‘lga@?@ﬁ*nt%e %&P PEH‘P"&‘SW&PQ ?ﬁw in, g iptergennegtstrygsurey Hgiand L
Clchiréspatd exb@RAb bhel tﬁeﬁg%mﬁtl ,tle iR léx{?{l‘ll VRS Eonntd?
nost cases the required eng I's act ?

corresponds to what is referred to as the critical length.

{00029] Ordinarily, for interconnect structures, short-length benefits are desirable, as
they allow for electromigration improvement/elimination when achieved. However, in the
present embodiments where electromigration is advantageously used in creating a metal
fuse structure, the 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, (jL), of
about 5000 A/cm, and a fuse programming current density of about 10’ A/cm?, 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 | pm, depending upon the threshold length product, (jL)., and the fuse

F1S920080042PCT 9
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| ess than this val udatesf Re@ps ONEMO 209 (U196.2609LRC T/65£009/044952
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 lowas 1 m
dependi ng upon the threshold | ength product, (jL),h,
and the fuse FI S920080042PCT 9 1 v I v / L Date of
recei pt: 01 June 2009 (01.06.2009) PCT/US2009/ 044952
programm ng current density. [00031] Finally, Figures
3 and 4 are top views of the netal fuse structure 100
followng resist patterning as shown in Figure 2(a).

| tPIOgramMmMg cHeddenskixt t he specific layout of the fuse
structure 100 is probably not critical for ensuring

(881 ACFIrtRE PR E ofipp i fr ulineblhsdsraetirg 9 following
f abdidg perteningas showwi in Iagure Q@? EWFQ& ﬁ)t&nﬂﬂghé‘%e&flg 129b 80 the

of the region where t ap I's renov
Fifgtgrsugure @ lspmhablwmeacrmcddhr fmalsklglllat tednsetstractigengll work

S. most ength of the
a7 B e S PSRl 02 el o %aﬁeﬂ@da@mm@@ such
" aoJohexample cAngRpARRINh o MEESBS white 'ﬁiengétﬁ cdp istemoved. In
g?atlvely | onger length is used for the narl?

p

o thoattered blaglamaskayd for bygking CodtRtformition cbyers most of the
| t.o
G T oL kot Bofih O R YR 106 e P hbont ™

f las'engemcm: @htredt.in FRORILH rdlhively 16ryer leMME Rtus@NfoP AR nQﬁ&W‘ portlon
dﬁ’igﬂ beﬁtlvvl th reference to a preferred enbodi nent

ayer {06. wcrordinaly bicrimply ssing Byesishbloek maskmnedtm metal
d d
o8 Bt n VLU Hec MBS B PR 580 her o

W|thout departing fromthe scope of the invention. In

H0032]i onWhitethe imwediidni e béenrisscribyd Wigh fe&d@lce toa prefeRtd @
artbq%ul ar S|L%at on.or, material to the teachings of
[FEOPHPER: I SO MERSS it W‘Hé’ﬁé‘f"iqfﬁﬁ‘g"dﬁb’dh@sﬁ hl@”?—!%@éhﬂql‘aﬂhat various

S GAMfREed S Sé}ﬁadem@&ffm ety Ih%’ He%uﬁsmu?é?ldfgld L& rr'% g?f without

i nventi ol not the parti CU ar e

didspdrtongdftbra the tséope bt inventnc dmid%lltmlnarha@' hedifications Ay e made
oyt ({?hls i nv ntlon but that the invention wll
i Aef4RR %ﬁ‘ﬁ'cu PpRor materal o thgteachingn phthe Hé’e%tt@p’étmt

t lg, fhe GsRitTF B0rs

ootk g ORGSO SR i

d&o lingted tostheipamiuéar pmbodimentalisclpsddas tHelbse nsdde Woiterhsiated for
carrying out this invention, but that the invention will include all embodiments falling

within the scope of the appended claims.

[00033] Industrial Applicability

The invention is useful in the field of semiconductor devices, and more particularly to

fuse structures.

FI1S920080042PCT 10
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2009 (01.06.2009) PCT/US2009/ 044952 Cains Wat is
claimed is: 1. A fuse structure for an integrated
circuit device, conprising: an el ongated netal
i nterconnect |ayer (106) defined within an insulating
| ayer; a netal cap layer (108) fornmed on only a
portion of a top surface of the nmetal interconnect
| ayer; and a dielectric cap |ayer formed on both the
nmetal cap layer (108) and the remaining portions of
the nmetal interconnect |ayer not having the netal cap

(108) forned thereon; wherein the renaining
portions of the netal interconnect |ayer not having
t he ”3&@"0 | ayer (108) formed thereon are
suscept Té“ﬁ%mgﬁ%electronigration failure nmechanism
so as to facilitate programm ng of the fuse structure
by appli. cat itofasexstruetuRObF dnGintegrdict @iéuit dekREGBmbHSng:
el ongated netal interconnect |ayer (106). 2. The fuse
structure of claim.l, wherein the netal cap |ayer
(108) %8 €{o38 etﬁ*ﬂ@&ﬁ&%@m&a@ defined withinndrsulaging layer;
nmetal interconnect layer (106), with the renaining
portio ' | Vi
Phe meral s e P16 [ e pEORDE PoroSEE bl Y mew
contecoopaenstiiayer; and a center portion of the netal
i nterconnect | ayer between the opposing ends. 3. The
fuse strugture of claim erein | ength, L, o
corres oddeg'fc Gap layer @@?é%‘cb\éﬂ’b%? W@@ﬂcaﬁ’ﬁ@' ChE08) andghy remaining
| aprtions Otk nittal AREEHNEG 158kt BlvitdBe ABlaPda 'liyeﬁgl@@f‘l‘%ﬁﬁéd
Igﬁer corresponds to at least a critical Pengt w th
re8¢gféet to avoiding an electromgration short-1length
effect, for a given magnitude of fuse programm ng

curren NS} applied. 4. .The se structure of .

claim %thg% e{rh élyerrln a? e peplions of tl'ﬁ Pbem‘f'ﬁedc‘?f'ﬂig iamar ﬂoagﬁ\gﬁlg the

| smethl dap Rsytr (108) févniet@herdn drediSiesiitle do an2ledGiigratiof FffuRN

(m or greater. _FIS920080042P 11 1 v y Date of

r eiBeghprism gq asitg fasilpge progemnyag O fusETMCUBAYOPPIcion of electric

current through the elongated 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 interconnect
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/cm?, and wherein L is about 1 micron (um) or greater.

F1S920080042PCT 11
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5. The fuse struct umateof rectipt 0 dine 2002 (02106.2600EPCT/US2009/044952
remai ni ng portions of the netal interconnect |ayer not
having the netal cap |layer (108) fornmed 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 claiml1l, wherein: the
netal cap layer (108) conprises a material sel ected
fromthe group of tantalum (Ta), tantalumnitride
(TaN), cobalt tungsten phosphide (CoWP), and rutheni um
(Ru); and the dielectric cap |layer (112) conprises a
mat eri al selected fromthe group of silicon nitride
(Si3N4), silicon carbide (SiC), and silicon carbon

nitride (S electrically. bl own,. netal. fus

struct ?ﬁ e f (ﬂ}g glﬁgf‘tﬁ’t%gléer %f?:zaémc!r Whﬂ%‘? kﬁb?er\e/‘?l@‘@',ng portions of the metal
C OifiRfdofinddPlay @ moEAR G ALEHEIRP Byer (OB 'R

(106) ot T Iad i i e e s ?aﬁ‘g‘?%ﬁeﬁ“ fitsponds to the

sulesadion abablesking maskd hi) irmed priente fleposition histhe bietabgapdayer (108).
liner layer; a netal cap |layer (108) forned on only a

porti ony of %h%.ﬁ'g? §H{CIU?EC&€?afimltlg\$h€%8Eper i nt er connect

| ayer; and a ectric cap er (112) fornmed on both
the netal cap layer (108) and the remaining portions

of t he tiwopgalrcap feyer(d08)wempridesy anterial seleated fromtthegrons of

cap layer. (108 f.or hereon; wherein the remaining .
ook gl BB N Gnbalo R en PRl Mans gutbeniumn
th@\u);rgggal cap layer (108) forned thereon are

susceptible to an electromgration failure nechanism

so as to facilitate programm ng of the fuse structure
by appltheditlednc oip lgleetitl 2) @mprisesragmitertahsebecgd ftonethe group of

| ongat ed j.nt | 106) .. ..
1 03B bt ORR. s GENG, et bty S
June 2009 (01.06.2009) PCT/US2009/ 044952 8. The fuse

struct yre ofAneleRiriully blve et filsh SeriBairé for 67 Ptd gPHUEY circuit device,
(108) is forned at opposing ends of the el ongated

c OYPBWHISINGYt er connect | ayer (106), with the renaining
portions of the copper interconnect |ayer not having

cor  ocpsiaPRRed B8R el dniF AoeL MRREV ip g nsuating laver

| ndrdrseiRsumded orl idednd BEttoMe Suifabé¥Qhereof by a liner layer;

a metal cap layer (108) formed on only a portion of a top surface of the copper

interconnect 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).

FIS920080042PCT 12
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wherein a length, L, corresponding to a distance

bet ween the netal cap |ayer (108) at opposing ends of

t he copper interconnect |ayer corresponds to at | east
acritical 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
programm ng current density is at |east 107 A/cn®,

and wherein_L is about 1 mcron (gnm or greater. 11.

The fude st Abefuse grusfureofglaim7, whereindhemetileap buyer (108)ds formed

: i nt e | t having
P risobBie $has St SRREH sarbp il B argrinds srading
t opattivms bptha copper iferconhdcd Riémiat FRE thedthéth a§ Mygga@gjhfgﬁned

1d
to deposition of the netal cag | ayer (108
f Bgrean Gorresnopding fo aqeaterpationplehesappertiniercomteal lagem between the

I . conprises a material selected fromthe
gra‘%)bggsufﬁl&%%'ant alum (Ta), tantalumnitride (TaN),

cobalt tungsten phosphide (CoWP), and ruthenium (Ru);

and thé. di eTkefuse crucap: dfalan 7( Wiletdin @ HRh B&SrRsponding to a
ngreriaL sel ected fromthe group of silicon nitride
( ShiRgsy betwieen the pretabeap;laper (168t oppasingsnds of dhe eoapdsdnterconnect

ni l‘éfeir g&r&&rﬁ“o at 1dabra 4 H0A %‘éﬁﬁﬁﬁ] r]eg’pect to avoiding an electromigration

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 10’ A/cm?, and wherein L is about 1 micron (um) or greater.

11.  The fuse structure of claim 7, wherein the remaining portions of the
copper interconnect 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 (SisNg), silicon carbide (SiC), and silicon carbon nitride (SiCN).
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