New Fuse Structure [0001] This application clains the
benefit of U S. Provisional Application No.

60/ 583,637, filed on June 29, 2004, entitled "E-Fuse
Structure Design in Electrical Progranmable
Redundancy for Enbedded Menory Circuit," which
application is hereby incorporated herein by
reference. TECHNI CALNewEEDs¢ S@ba¢tuiei s i nvention

rel ates generally to. an el ectrical fuse and nore
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. as i row ng manufacturing yield or custom zi n
- Reduggleney for FmheddadMemoriGieyits” whigh applisaisimds hfﬂ?b}?lﬁ?ﬂfa@?ﬁé herein by

defective circuits on a chip with redundant circuits

referepee.t he same chip, manufacturing yields can be
significantly increased. Replacing defective circuits

: is especially useful for inproving manufacturing yield

TECHICAeFilgdbry chips since nenory chips consist of a .
| ot of identi cal mam)ry cells and cell groups. By

el e el bl es W n ntegrate
100026 1 s Hilion s BecrtiBS ableal it 02 pfepioy o an
: rated circuit design may be econon1ca||y
°k”tﬁaﬂhg %ﬁ%ﬁ‘ %d to a variety of custom uses.
[0004] There are two dlfferent ways to di sconnect
fuses in one way, the disconnection is carried out

BACK@R ction of a laser beam and the fuse is
referred to as a |l aser fuse. In another way, the
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~ circuits %r r\fra%gtyao p%lnposeée es?utcﬁ Iascz%llprcf)vlﬁslge maflifac uli ugs )%eld or customizing a

generic integrated circuit. For cxample, by replacing defective circuits on a chip with redundant

~ - circuits on the same chip, manufacturing yields can be significantly increased. Replacing

“defective circuits is especially useful for i 1mprovmg manufactunng yield of the memory chips
- since memory ch1ps consist of a lot of 1dent1cal memory cells and cell groups. By selectively
blowing fuses within an integrated circuit that has multiple potential uses, a generic integrated

circuit design may be economically manufactured and adapted to a variety of custom uses. .

[0004] - There are two different ways to disconnect fusesf In one way, the discbnnection is
carried out by the action of a laser beam, and the fuse is referred to as a laser fuse. In another way,

the disconnection is carried out by electncal destruction resultmg from the productlon of heat. -

o The fuse is rcferrcd as an electncal fuse, or E—fuse




I [0005] Laser programmabl e redundancy has been wi dely
used in |large-scal e nenory devices. However, the
| aser repair rate in various structures such as in
|l oner level nmetal layers is low and the process is .
conplex. Figure 1 illustrates a |aser fuse forned
‘close to. the surface of a chip. Device 6 is a |aser
[0005] us e La®x prberdnmable reslundeacy asdeén widelyt tred inukezedcils memory
be burned out fromtop of the oxide 5 by |aser, the
devictd iHdweyss the lader rdpaireate devaiohastricturdsesuch hdinlowerdevel aietal layers is
range, for exanple, between about 0.1kA to about

low afid £ proct&as &Ergﬁl@x. Rfur€ X ihatries X ldsér figeRffled Qodeqb Metshfface of a

opening 4, and the process has to be precisely

chip. DERLE §ld Fdser ﬁse?O%iﬁ@ S rcofléfiﬁle Keles1f Igﬂe fasé QY%tb'e ®Mfled out from top

| ayer deep 1n a chip, as own in Figure 2, the
of the AR S18 il 1RAa8ER0Tie Alq PuitEnt WA R g or
cxamp i FeFSE SharlPd SR abo sy Fhirciofis R £ BERRERBym e
ot oA S o s e LSRR ek i e v

a material wth high current. densit tol erance and

layer desp iba chip3is ishowmy mﬁgmg &t thp gpeminggywill g@@,@perg while the thickness T of
Furt hernmore, the conbination of copper plus |lowk .

the oxideistl had to b2 contseltbd peeciselyewhich yercadesshe complesify significantly and
becomng a trend to inprove RC delay. However, |ow -k

decreas@ttke fephirdble tacks easily when etching the opening 8
in Figure 2. This decreases the device reliability

and i ngreases the productjon cost, [0007] Electrical
- 10006} |, da aa@P%@éMhB?l@@’ i §cqling dgva te @EJéHIF Sbi"’é‘f’?’a‘ioé’g‘?f is
. Figure 3 -illustrates a conventional electrical fuse
implementedmsguieseontactson pewel kines ACqppert is e maderinh with e ghequmket density
, The regions 14 and 16 of the polysilicon strip 15 are

toleramto prdliswiot ¢rsihy bameld out byarsmg ta laséhgurc Entthexinores ieaombihatien of

| eft wun-doped. A silicide 20 is forned over the
copperiisyI6wlK e aBrigit 12 (Aselis iteflayee didh@tidds R béorhing @ Ufefié € improve RC
: out, . : '
delay. However, low-k material 12 cracks easily when etching the opening 8 in Figure 2. This

~ decreases the device reliability and increases the production cost.

t0007} Electriczﬁ fuses_ were.developed to improve repait;able rates. Figure 3 illustrates a |
copvéntional electriéal fuse 13. A pc;lysﬂicon strip 15 is formed and patterned. The regions 14
and 16 of the pqusﬂicén strip 15 aré doped with p+ and o+ dopant. The central région 18 is left
un-doped. A silicide 26 is formed over the polysilicon strip 15. Before the fuse- 13 1s burned out,
its resistance is mainly determined by fhe resistance of the silicide 20 so that the resistance is low.
When a predetermined pmgrainrﬁjng potential is applied aéfoss the silicide layer 20 from nodes

22 and 24, the silicide layer 20 aggibmerates"’ to form an eIectriqal_diséontinuity. Thef;:fore the




its resistance is mainly determ ned by the resistance

of the silicide 20 so that the resistance is | ow

When a predeterm ned programming potential is applied

across the silicide layer 20 from nodes 22 and 24,

the silicide | ayer 20 aggl onerates to f.orm an

‘ electrical. discontinuity. Therefore the 2 resistance

resistarfcetofi theffused 31ig mainlyrdéteminafdtysherimdedyimg polysilignn sirip i 5sg that the

polysilicon strip 15 so that the resistance is

resistaicghis figrificintly incdeased Thd centlabuedupted adgiom! Shmples theefysmsmtance
18 nakes the fuse resistance higher. The el ectri cal

highef. U eRb@ioAl fufe ShoGlig F?gt&emtyﬁﬁblﬂ%d%&%'_%:dﬂ r€paithble rate than a laser

repairable rate than a laser fuse wever, the

 fuse. HBREVeaRE Ferpglﬁzl e Fate Ristif hotrk%sfﬁ%r&sﬂ&ﬁﬁeﬁa\ﬂy, the fuse of Figure 3 is

Addi t1onal e fuse of Figure”3 is forned

| ayout space. [0008] There
formég?'jiet gﬁter a gﬁgg %Pé l?igﬂg‘;afe'aced by conventi onal
nmet hods of maki ng fuses Firstly, the repairable rate
. [0008] s t Yhere atel spvéraldisaSeantagts faced b canventidnahalethodsédi making fuses.
| ayer needed for |aser repair incurs higher costs.
Firstly] i repebRTate s BpRalljvwe Semilyethe wiiditio] ghweking layer needed for
uncertainty. Thirdly, the structure design is not

. laser lfebﬁf(ingﬁr@ hightiS@3ts! Tid ;fr@éésy is %\S Sndr® cOBpIeR WithBghet Bncertainty.
hi gher layers, as it is harder to form deep | aser
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THE, | NVENTI.ON | 00 referred. enbo t of t
s itigfianis  For g o5t b e Biel SATB SRR S ohg g mkhods of
. electrical fuse having a vertical structure. [0010] In
 designing ¢ %?ﬂf%anF one aspect of the present- invention, a
first-layer conductive line is fornmed on a base -
material. A via is forned over the flrst-layer
conductive line. The via




preferably conprises a barrier |ayer and a conductive
material. A secondl ayer conductive line is forned
over the via. Afirst external pad is fornmed coupling
the first-layer conductive line. A second externa
pad is formed coupling the second-|ayer conductive
line. The via, first .conductive line and second
adapted to be an electrical fuse.
: lﬂﬂfﬁggﬁfﬁ?ﬁigbggﬁﬁi wi t h anot her aspect of the
present invention, copper is used in the via, the
[0009{ i r SThé ﬁiséﬁd‘xreﬂ‘éﬂﬁ)ﬁéihieﬁﬁoﬁ thé Breséi thvehtfongRERNd 2GR fening an
[ine. Single or dual damascene processes are used to :
clectrical filkd Rfving Pverfidd®sthickhgt.- | ayer copper line and the
second- | ayer copper line. [0012] The vertica
structure of the preferred enbodinment is suitable to
[0010pe f brarsordameeayith oneayeact aftlie prosens invayting, a Sipgtayer qupductive line is
" enbodi nents of the present invention have severa
formed dm arbiasepnatagall Aadiais ésrmeliovert thy firdilayeecondeqievie diabl Fhe via
rates can be ‘achi eved since the bum out process is
preferaiilg ic@imnptises @ bairieplayanthdrivofdictive alatcpial. Aeotidiyyer tommictive line is
maski ng | ayers are required, therefore reducing

forme@ 89érhe ViRl A Gksf extbingl f4458 fdf&)éd E&DLAL the Fir@ ¥k BEHIRBLH®S line, A
the inter layer vias for size  reduction. This

T Y WM%M oy e
cont A ST MR SRR, 1Y,

fol | owi ng descrlptlons taken in conj unction with the

[0011}AC C ORPREY i4Ge Hith WhStEr ashét %th@?‘reséﬂ%éhﬁ&i, @upper Is used in the via,
illustrates.a | aser fuse forned close to the surface

the firlaylr 6 tidRerive 1010k o8 geeafd[ goddhﬁd’b%tlﬁlét Sifigeof AR nhitSene

formed deep in a chip; Figure [ustrates a

procesg&wgﬁgeh?@?olrm%eeﬁﬁ,rth& ﬁfst—ia%lecoppcr line and the second-layer copper line.

[0012] The vertical structure of tﬁe preferred embodiment is suitable to be formed in. any
layer and savés layout space. The emBodiments of the present inventipn ha\}e several |

~ advantageous features. Fn'stly, higher repairable rateé can be achieved since the‘bizm out process
_' is easier to conirol and more reliable. Se;:ondly, fewer masking layers are required, therefore 7

: reduéing costs. Thirdly, the fu_sg: may reside’in any région of the inter layer vlas for cell size

reduction. This provides a flexible structure for circuit design.




[0017] Figures 4 through 7 are cross-sectional views
of . internediate stages in the making of a preferred
enbodi ment of the present invention; [0018] Figures 8
through 12 are cross-sectional views of internediate
stages in the making of a preferred. enbodi nent of
the present invention using a danascene process;
T i s three vias stacked;
BRH%%@%%%Rﬁﬁgﬁggé algﬁﬁﬁqggﬁillustrates bor derl ess and
non- borderl ess was, [0021] Figures 15a and 15b :
[0013]] | uFor amereacongigit umc&tstamlmg‘ ofttheprescat Ewetidneardabi advahtages
of the present invention; [0022] Figures 16 through

theredfBrdférbattis fovenad@ioltke folio de@&gﬁi@ﬁ@ﬁkéﬂ?ﬁtcoﬂﬁnﬁﬁtﬁ with the
pr esent invention and [00231 Figures 19a and 19b
cmx%%h?ﬁ% egicput fuses. 5 DETAI LED DESCRI PTI ON
USTRATI VE EMBODI MENTS [ 0024] The maki ng and
using of the presently preferred enbodi nents are
[0014§; scligwesdl illustonsesa laser Busk doymetliclast tnhe swéaca pha elupat ed,
however, that the present invention provides many
ppl i t t n be enmbodied in
[00152 ng a%uutt@{e%% lé%egm @&rﬁ%&ﬁ]teg]ﬁ“%%ﬂe specific
enbodi nent s dlscussed are nmerely illustrative of
[0016F pe cFigure Indlysirates anakeentional whetrichbfusgivent i on, and do
not limt the scope of the.invention. [0025] The

referred odi pents. of the present |nvent|on pr ent
toor7 1 Blghiesd ERBRES] o pappertioRal MR Bt e i thg magking of

| ower -1 ayer conductive Ilne and an upper-layer
a preferprmehodipent of thepresenhinygrtian;t o be an e-fuse. The
' e-fuse can be burned out by applying a voltage on

[0018F Xt EE3@es 8 through 12 are cross-sectional views of intermediaté stages in the making

of a preferred embodiment of the present invention using a damascene process;

7[0019] Figure 13 illustrates three Vlas stacked;

| . [0020]  Figures 14a and 14b illustratés borderiess aﬁd non-borderless vias;

[0021] Figures 15a and 15b illustrate an appﬁéaﬁon of the preferred embodimeﬁt of the
‘pﬁmenfﬁﬁmmﬁon;

‘ [002_2] Figures 16 through 18 i]llllstraﬁaﬁother preferred embodiment of the present
ﬁwmmmumm . | | |

© [0023] . Figures 198 and 19b illustrate burned out fuses.




pads that are coupled to the | ower-|ayer conductive
l'ine and the upper-layer conductive line. Throughout
‘the description, conductive lines are also referred to
as conductive |ayers. [0026] Figures 4 through 7 are
cross-sectional views of internediate stages in the
maki ng of a preferred enbodi nent of the present
invention. 1t is to be noted that the cross-sectiona
DETAH ERDESC RIFLIQNOF HLUSTBAENVFRENBQPRIENTS t o t he

| ength direction of the conductive |ines forned.

[00241h er ¢hofRking ANAHGhS Y&l bﬁgélﬁlgﬁ?%%(% él%ttbl‘auﬁ&ﬁé zﬁ'lg QfsBssed in detail

igure 4 i.I ustrates the for on ower - [ayer
vl AT i e, S8 R S0 o iy st

. onprising tungsten, ..al um num copper I | ver ld, .

imvenfi{ Bk ot R 92 sBodiRt A WidPumre S mipoits e hecpositic

_ .hereaof . It _can alsqg be forned of other terjals such .

etnbo ‘68‘5&“%56‘? yremerely Hlustraiiveof spgeafic Wpysiemake aydiase ghq ipvention,
an inter-layer dielectric (ILD) also sonetines known

and doyuot Jimyt the eapg(of thgiieyeatieni ¢ (PMD) or an i nter - met al
dielectric (IMD) layer. It can also be forned of other

00251197 TREPENERA LRk BB S AR GRS« b - bl o

ormifj S5, 38 LMl B IS el e o Wk R et

ine is i 1 6 5 RSy T Sk e kb SpEbERR B oty o exiornl
pressure CVD (LPCVD), or _other well-known deposition

pads thagangcpupledto the weplayshcanducsivedingand thevapetaysr eondyetivedine.
phospho- silicate glass (PSG or other known

Throughmurtthe descripfignp icamiuktive liePateaajserrefepreti isasacohdwwtive layers.
dielectric constant (K value) so that the parasitic

capagitan be en conductiye. |lines. is reduced.. : .
tooze61f 5035k frodth YR o Srisional Visw's A Rip-Bedifiofipts in hespyingof
_ 46 f&gn&_g] on %&e | ower -l ayer. .conductive |line 44. The .

a prefepred empodiment oftias prssept Iventionelt {5 tp bemater it dre capps ssctignal views
or_other materials :
are taken in a plane perpendicular to the length direction of the conductive lines formed.
Therefore, conductive lines appear to be rectangles. Figure 4 ilustrates the formation of a lower-
layer conductive line 44 on a base material 40. The lowerlayer conductive line 44 is preferablya -
metal comprising tungsten, aluminum, cdpper, silver, gold, alloy ﬂieféof, compounds thereof,
“and combinations thereof. It can also be formed of other materials such as doped polysiticon.
Base material 40 is typically an inter-layer dielectric (ILD) also sometimes known as a pre-metal
dielectric (PMD) or an inteeretal dielectric (IMD) fayer: It can also be formed of other non

conductive materials such as a contact etching stop layer (CESL).




such as silicon nitride. An ILD 48 is forned on the
ESL 46. The ILD 48 provides insulation between the

| ower -1 ayer nmetal line 44 and overlying conductive
lines that will be fornmed subsequently. [0029] Figure
5 illustrates a via opening 50 forned in the ILD 48

and ESL 46. A hoto resist mterial (not shown
[002H or nefen Bbtilapen42ds framed hesidetthelovcByag-onduséivy line #pdi hf: HeD layer 42
50 is formed in the ILD 48 and stops at the ESL 46. -
is preféreblEsiicatdipxide depiositedrsingnelgr, kepiangry]l arttesilicaty €FEOS), chemical
conductive |ine 44 when the ILD 48 is etched. Next,
vaport depogitiqaoEadD )p plab entahc AIVB PESVEY,dbe dresBae GJIIHZE(UH(B/D), or
~ ESL 46 is quite thin relative to the ILD 48, process

other SRAItknekn A Sﬁbsﬁwha%ﬁﬁwsﬂ BLB AL cRalds Be HMe mateR4lE siich @8 Bhdspho-

controlle thus limting the likelihood of

slica flss QN ne“‘?&"ﬂ*"fﬁ%ﬁ"lfr‘ﬂ??a‘%‘%r‘%" R Y B diclectric
constzﬁ:?t‘ltkgglu go at\{ﬁfg%a.srés ar.,m cgeﬁve?wé%zlcoﬁg&?nggim o&'dﬂgéﬁl

err
tungst en, aI um num copper silver; gold, or

[0028F 0 anlgatel daiso shodrs ah kzhingstdp-iyen 'QESI&)I Aeformdd oncthe lolw&r—layer
. other enbodinents, it can be forimed of doped
condupidve/lfiie 44C The EEYL @6 & bfichablyvd diefedtrid EomedoP @54 6r other materials
structure, including a barrier Iayer 52 formed of a

such 298{126h ﬁtncfeomﬁrll.ﬁ' 4395 FdrinBR b He F.fSLt 44) 'IHQ]E]D ug gﬂﬁndes insulation

tantalum tantalumnitride, i con car bi [1con
betwelHERPhiEe: 6RE AR gﬂqsovteﬁffﬁg %ncﬁﬂﬂve?flﬂ]e% hPHEpE ot

b into the ILD 48, vvh| ch woul d cause device failure. The
SUbSCQ™kness of the barrier layer 52 is preferably
bet ween.about 10A to about 1000A, nore preferably
[0029 DO Ukig$R G illustiates Q%ﬁgﬁnlng%rfoﬂnﬁd% tifeON U dndESL 488 Adphoto resist

share an interface [ 00311 An upper-|ayer

maten?fﬁ(ﬁe}%nkg]%ﬁigglss ltbifedid 9&9&:@4& dkOn2 TLB4R. THERa bRLHHRFSH 8khed in

the ILD 48 and stops at the ESL 46. The ELS 46 protects the underlying lower-layer conductive

line 44 when the ILD 48 is ei:ched. Next, the exposed portion of ESL 46 is etched. Because the
lESL 46 is quite thin relative to the ILD 48, process control and énd—point’ detection are much
more closely controlled, thus limiting the likelihoo& of over-etching through the underlying
lower-layer conductive line 44. | |

10030] Figure 6 illustrates the ciévice after via 54 is formgd in the cont.';lct opcnings. In the
preferred embodiment, via 54 is formed of tungsteﬁ, aluminum, cépp_er, silver, gold, or
éombinaﬁons and other well-known alternatives. In other embodiments, it caﬁ be formed of
doped polysilicon. Preferably, via 54 has a composite structure, including a barrier layer 52

formed of a material comprising tltamum, titanium nitride, tantalum, tantalum nitride, mhcon




menti oned in previous paragraphs, as illustrated in
Figure 7. The upper-layer conductive line 58 is in a
| ayer higher than the layer in which the |ower-|ayer
conductive line 44 is forned. Interface 55 exists

bet ween via 54 and the upper-|ayer conductive |ine 58.
Both | ower-layer conductive |I|ine 44 and upper-| ayer

carbl&o GGt 6)%:‘3&&&%0%%@&18%%&2%&2@%63 %@fgnﬁe PRAS 12yer 89 grevents

1, respéctively. Externa 61 are formed

the vﬁhlz&% &%@iﬁg ﬁast(? Ihet 4§ hﬁrﬁlch QBE{ [.léécdelﬁ"[cg ffélﬁﬁ’m‘a 'ﬂﬁ?kéness of the

previ ous resu In an e use 't hat

v S e R et G580 g
vin 5} e e B S i ik & SHBTe |1 rouan
region. [00321 In another preferred enbodi nent, the

[0031ﬁ ondygt dpj&é“r—lhyéi‘ RendRBHveiR B d R TNB 6%k MOPRRMed uSRPHR fmethods
as bet conduct|V|ty and can w thstand hi gher

menti drlfa,ﬂ{e@%sé a*)lg gé %&ﬁﬁ%& Ofﬁﬁ: upg?rg%égr g&ﬂiuctlve line 58
iin SRR BSERSHRLAEFO%: ‘é’\k?éh@}'%] TR Pl A8 e ertce

.ma referred enbodi t of r

55 emFtﬁs Wagglaﬁa ﬁ@mg&m cgq ’ggesl?nq:qt Bg gp@ lgwernlayer conductive
illustrates the formation of a |ower-|ayer_ copper
e 44 sdlppar-layer conductvardine B/are spunloriogxtornahpadsi 3 and 61 regpectively.
60, depositing a barrier layer 62 in the trench,

Extemabxm i59 iand) 6 ¢ anefommedaan theparfamrafitechip. e smqmlfomdtih previous
copper to the surface of the trench. 8 [0033] A dual -

steps rdulm S anelegiriont e tha isddefihed Mmbl i¢gipr comprisiag vie SHpintarfaces 49 and
Vi a and an upper-|layer = copper line. As shown in

55 and o re@ionk. "Byt applyidl SYMact RY&icrhl pads 9 &t61] b Burbdht flows
a secon etch stop Iayer 8 a second ILD 72 and a
throug?%éjfug@ﬁlﬂ 7<ﬂsc53 Qﬂs@ﬁ‘é@é} and net hods of
orm ng ese rs are own 1 n e art. Figure 10

illustrates a flrst openi ng 76 formed down to the
[0032]f i r dh another preferred embodiment, the conductive lines and via are formed of copper.

Copper has better conductivityrand can withstand higher current so thé.t it is widely used for.
0.13um and below. Hoﬁrever, itis hard to etch. Therefore a damasceng process is used. Figures 8
through 12 are crosé-sectional views of intermediate stages in the making of apreferred -
embodiment of the present invention using damascene process. Fig'ure 8 illustrates the formation
of a lower-layer copper line 64. It is formed by forming a trench in the ILD 60, depositing a
barrier layer 62 in the trench, depositing copper, and perfqrmjng a CMP to inolish the copper to

the surface of the n'encl_l.




etch stop layer 66. A second opening 78 is forned in

the second ILD 72. Then the exposed portion of the

first etch stop layer 66 is renmoved. The resulting

structure is shown in Figure 11.- Figure 12

illustrates a structure with upper-I|ayer copper line

82 and via 81. A barrier layer 80 is conformally
[0033)eposA thedd dimaschs: pess RYBeféablyparidinedio PR a via ahd eiupper-layer

deposited in the openings. A CMP is perforned to

copp@tl1BRAAS SOWnhe FRARDE R first didlesteplal @8, Afirst NP 68, 2246dnd etch stop
copper line 82. [0034] Electri caI fuses can be forned

layerd®, SicbbRITEN 77 Svel ﬁar@ﬁﬁgg7@%}e Fhieli SAY hagBaL %Jdgﬁleﬁlg& of forming

circuit design. Figure 13 illustrates a stac

o PRSI0, T o 7 il e
e AT S NS PR e

11 res ively. Therefore, the vias can
Pomfm% ﬁ‘@gg‘ﬁ} 1% L#éu? femioypd T sesultng sgucters ISafrh@UnB%Flgure 11.
used as one Vi a When a. voltage is applied between
Figurg, k2 dlugtiatesa-srugtuge with sppesaveseopperdiness2iang viad lo dt bartierdayer 80 is
and the whole via string is open. In a different
-confopndllydiepesited of the hpenimgs/érand i78.\Gappemis thenidepasited in the opémings. A
of a via can take the shape of square; rectangle,

CMP isipetfbrnedrto plaharizeshap®per 16 thé surfasdofxipperlagericapss tide 82.
[0035] The e-fuse structure of the present invention

border] ess or borderl ess Fi gur
[0034f [ u@ﬁt&{: al fuses gt ﬁ%ﬂa@%a@ﬁq@td%@ls beseqd %pfilzaequyements of the
msall ned wwth at | east one of the conductive |ines
- circuitidegign fagure 43 ilmgiratepa staﬂ@dvmaasﬁlmccemtedrmvmpowﬁmhnes 100 and
conductive lines 120 and 126. "The extension width E '
111. Viss ¥Ret0éraal|199 heesformduan diffiaert layefs anlarevinterouindedied Yy @mﬂucuve
m sal i gnment typically does not affect the function
istando1 04 41 168 dsthndsciakd ahd 368 atolco@ilbd/tol ex¥efidl phdhel 12WHnA g M, respectlvely
needed to 9 bumthe fuse. In a non-borderl ess

Therefold, tetvids@an b Em’ﬁé@oﬂt:i&hhﬁﬁe_xﬂgoTﬁé(hﬁ RE{n@aR 846 BE used as gge via.

conductlve lines 128 and as shown in Figure 1
When a voltage is applied between pads 110 and 113, the weakest via is burned out first and the

whole via string is open. In a different embodiment of the present invention, the cross section of

“a via can take the shape of squére', rectanglé, circle or other shapes. A via can also be tapéred.

- [0035] The e-fuse structure of the presént invention can be non-bofdcrless or borderless.
Figure 14a illustrates a borderless structure. A via 124 is misalignéd with at least one of the .
conductive lines 120 and 126. Part of the via 124 extends out of the conductive lines 120 and 126.

The extension width Ew is preferably less than a_bﬁut % of the via width W. The misaligriment |

typically does not affect the function of the electrical fuse. It only lowers the current needed to -




[0036] Figures 15a and 15b illustrate applications of
the preferred enbodinent. Figure 15a illustrates an
el ectrical circuit 148 coupled in series with a fuse
146. The electrical circuit coul'd be a circuit that
may be replaced when it mal functions. Wen the fuse
146 is burned out by applying a current through
burn ©¥ Fi8e1ala ndadsrdefiRssantctirkd thetvivel 30l tas ho extahsiai beyond cdndBctive lines
" is disconnected fromthe other circuits. Figure 15b
128 ahd § 355 hE §lofm iAFikrd e 134 coupled in parallel with a
redundant circuit 136. One end of the e-fuse 134 is
coupl ed to the ground. Therefore the redundant CIfC%
[0036] 36 Fgugqsdéaa aedi I B illpsteatecanplieationgaf the prefared cabogdippeny Figure 15a
- If acircuit elenent Is found defective and needs to.
illustiotes preglectdeal clrguit 48 vougled dmsrries with aifuse1ld6, The clentriead sirguit could
~ applied to external pads 138 and 140 to burn the
_ be a circhitithat thavibe Wphed Wwhereit fnalfenchidds. iVéhamphafuse h46 isdaured ant by
circuit 136 is activated. A circuit redundancy schene
applyﬁag% cafreft$hidlph shemalads MPindi 149, the eleSiricgiwiresit 148 fsidpesmected
a and Figure 15b. [0037] Figures 16 and 17
from thb bitef Ciftufis. i Q%b ﬁﬂwés%@fuﬁé 134" @upie@ §Ephrallel with a redundant

I nventi on. is a cross sectional” view of the

cuculf fﬁ%"ﬁh@@ﬁl{ of ¢ d% E—ﬂfb@ 1§9 ng@b&‘ tg gi’ oind. Gherefore ?Yé)t@gundant circuit

eve con rve I'ine via group 170
fo we t s.1 1602 . of

136 is oy P e e g #&ﬁ&ﬁ? B oy dfpte
al so referred to, as conduyctive | ayers

needs bRl ICIne OGO, G, S HRICEE PR qq@YfewS and
is the anode end. Figure 17 is a top view of th

140 tochvipw thie wefse. 134t Whisa therroltee Bidis Omﬂxgrred}pldmﬂéwﬁéﬁ isagtivated. A
two or nore vias and can sustain higher current

circuithedwidaycytsoheme bam hel eatahbidhed By ombiningdsy cinmits ircFiguesi I§a and Figure
when the same current flows through via 168 and via

15b. group 170, via 168 has higher current density than
vias in the via group 170 and thus is nore prone to

' burned out., Although Fi gure 16 ill: ustrat es
[0037]or o 1Bievet] 6 Atsb T HBRTatT FHoflsF ERbeURST hePrersRtiny grsions Figure 16

formed in a |lower netal |ayer than
is a cross sectional view of the embodiment. A fuse comprising a via 168, a second-level

conductive line 166, and a via group 170 is formed between two portions 160;, 1602 ofa

conductive line 160. Conductive line 160 and 166 are also referréd. to as conductive layers.

B @nducﬁvc line 160, is the cathode end and conductive line 160, 1s the é.nodg end. Figure 17is a
| fop view of the embo&iment. At the anode end,. via group 170 comprises two or more viasand

can sustain higher current density than the via 168. With the asymmetric design, when the same

‘c‘urrent flows ﬁroagh via 168 and via group 170, via 168 has higher current density than vias in

. ﬂie via group 170 and thus is more prone to be ﬁmned out. Although Figure 16 illﬁsh‘atcs a

preferred embodiment in which conductive 'l_iné 166 is formed in a lower metal layer than
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10 conductive lines 1601 and 1602, they may have
different relative positions in other enbodi nents.
For exanple, assuming line 1601 is in netal |ayer in,

t he conductive line 166 may be in nmetal [ayer m1,
mtl, and netal lines 1602 may be in other netal |ayers
such as netal layer m2, m+tl, m2, etc. [0038] Figure

condubBvd lihdtSIlehAdnRISi 68,, Gley TitlythalO kiR tdistive gbsiﬁoﬁsLiﬁ 8thefembodiments.
fuse 176 is connectéd i'n sertes wth transi stor
A e, . om i ) | ,
For cfpific, Whing fid 10 538 Blck B Bl inp e cOndib YR B0Y 130y B Nheta
. coupl bet r_ nodes Vcc and,Vss, erein the
tayer §EHAED gREpHETIRRINE mffih i o el BRI 2, o,
the drain is connected to the fuse 176. Wen a high
m+2, 651 t age is applied to the gate of the transistor 178,
transi stor 178 conducts. A current flows through and

[0038PUT NEightSR ifidfratesfa cirb6it for BBty QiR a BeNE FudlaF6 ¥ connected in series

asymmetric design as in Figures 16 and 17, it is
with Yok B Wit ih s CRRARof s h OSb pMOR 00rE Thtune 176
and thg FafB} £ e b et B En BN AR et W g of e
ransihy 35 qomtied @058l hafain R oppne oty R 7S WS Ak

connected to the drain_of the transistor 178, and the
voltage gsappliedhte the gatoof the FarsistorddBytransistos d ¥ & sondycts.Hb cyyaens flows
node Vcc. [0039] The current density required for
throughand bamys duse 126.1{ ke fiuss telbpburdeshhasen asyrematicalesigh asin Figures 16
the via and conductive lines, and the process used.
and 170itds picfdried chat thetchthods 6f thafust,iwitich 3ehe sigglé vizwend grtoupled to node
density through routine experinent. Table 1 presents

- 174, aRK@BRhédes dB AU Btipdwer shishly héde VIO HTRehsies tdTBurlR Tase
technol ogy. Layer Dinension((err)m Bum out Burn-out

with sieh'd @RhediBRSWhéh a fuse illustrated in Figures 16 and 17 is used as the fuse 176, the

cathode end 1601 is. preferably connected to the drain of the transistor 178, and the anode end

160, is preferably connected to the power node Vcc.

[0639] The current density required for burning out a fuse is dependent on the material of
the via and conductive lines, and the process used. One skilled in the art can find the right current

density through routine experiment. Table 1 presents exemplary data memured on the vias

. formed using 90nm technology.
Layer Dimension{(um) Burn-out Burn-out Current density
‘ ; Current (mA)  (A/ cm?)
Ml 0.12x0.25 0.200 . 6.66x10°
M2 ~ M7 ©0.14%0325 . 0312 . 6.86x10°
CMB,M9 ' 042x09 - 2.880 - 762x10°
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Current (my) (A cmp M 0.12 x 0.25 0.200 6.66 x 105
M2- M7 0.14 x 0.325 0.312 6.86 x 105 M, MD 0.42 x 0.9
2.880 7.62 x 105 11 Contact 0.12 x 0.12 0.294 2.04 x -
106 Vial-Via 6 0.13 0.189 1.12x106 Via 7, Via 8 0.36
x 0.36 1.452 8.8 x 105 AlIl stacked vias 0.13 x 0.13
0.189 1.12 x 106 except Vial and 8 Stacked vias with

Conta @ 0. 36 x0.8G2%.04@2 8. 8 02905 7and§/10&8 106040] M
_ throu_h MD are netal |ines at dlffelrvﬁé yers, with
Via InN0Visd ng t heOdp GByer ndtH® and &illg the bottom

Via7'9a98" metal . ogb%eolsds betyypen M andghB 10% a2 i s

vveen MR and via 8 is between and M.
Allsta'qlqedcrmlsly, MB.1Amd. M ar e (btBfer |ineslddxtlfat they have

t reatest thickness of 0.9m which is the second
excep\t/&??]ea%fj nd in their dinmensions. The di nensi ons of M

Stackbdias@thMia | 036&EBE Wi dt 452t hi cknes8.8 xal®d di mensi ons
for vias indicate cross sectional dinensions. [0041]

7andMiaBabl e 1, Rows marked as M through MD present the
current and current density needed to burn out the
netal lines. Rows nmarked as vial through via8 present
the current and current density needed to bumout th
[0040yi asMITtheoughiM avemetali linesat diffanesit dayerss with M peing: eB%’s‘é&ef metal,
on
and M1 being the bottom layer metal. Via 1 is between M1 and M2. Via2 is between M2 and M3,

~ and via 8 is between M8 and M9. Typically, M8 and M9 are power lines so that they have the
greatest thickness of 0.9um, which is the second value found in their dimensions. The

dimensions of M1 through M9 indicate width x thickness, and dimensions for vias indicate cross

sectional dimensions.

[0041] In table 1, Rows marked as M1 through M9 present the current and current density
needed to burn out the metal lines. Rows marked as vial through via8 present the current and

- current density needed to burn out the vias. The burn-out current densitf is calculated b:;\sed on
tile burn-out current divided by the cros-s sectional area, which in turn can be calculated from the |
dimension. While the current density to burn out the via is affected by the material and process,
the current for burning out a via is also affected by the cross sectional area. Preferably, the cross -
sectional area of the via is .’oetween about 1x10*um? to about 1pm”. By adjusting th¢ cross
sectional area for an e-fuse or a portion of an e-fuse, the bumn-out current can be adjusted into a

| desired range. One skilled in the art can take the factors éuc]_l as the material, process, dimension,
current, and current deﬁsity into consideraﬁon so that the struc_ture. comprising uppel;laycr

“conductive line, lower-layer conducﬁve line and the via is adapted.t{) be an efuse.
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the bum out current divided by the cross sectiona
area, which in turn can be calculated fromthe
di mension. Wiile the current density to bum out the
via is affected by the material and process, the
current for burning out a via is also affected by the
cross sectional area. Preferably, the cross sectiona
‘ [0042?r eaqk oﬁ%ﬁ'ewﬂ?at P orldS 08 G Btvide ot QPR Bhe8RRdHequired current
n2. By adjusting the cross sectional area for an
L. ' rid 2 - 2h ' :
densify 3o BigefofiBhe RPARL Wil K Rrcnll BRI AR Mt e
an t factors such .as the mater;i

| : |
bun- ot 6t e F R s s B TR By e than
S B NS e T A

line and the via is adapted to be an effuse. 12 [0042]
‘metal|lines Wsigprbef viase theteaperimens regalts hage Keyealed that thedugn-o regions are
‘the nmetal lines, the required current density is in
typicallyan viede cloed todthe interfiosyetweentthe vib aod meGdylingsfrefer to Figures 16a
Al t hough the data shows that the bum.out current
and 16nprovidingfthemiradout dumeat densitiesfor metad tines ave detrto@smclolower than for
sonme tinmes even | ower than the bum out current ‘

vias. TS ekiilyhadlinditAA8d thel thé Viab B@GaiidbEe fohafusefie bum out
region should occur in- netal lines instead of vias,

t he experinent results have reveal ed that the_ burn-out
[0043} ¢ i Bhese e speqiglirequireentasip thedeight ke vip oThatsight is preferably
interfaces between the via and netals lines (refer to
deternfingflibycthe dBtancabadweehingtablapers. fibigprovidedilenibility in therdssign of the
densities for nmetal lines are not too much | ower than
fuse sino¢ the\fusaslesigh tan el y inksatédidiocthe eldp dbsipn twithout imcarargeexira
suitable for e-fuses. [0043] There is no speci al
procedsBig4tdps BRIosB.$n & 9@%&&1&%&5 i Befight isTh@wEei 6kt 094 to about
préferably determ ned by the distance between netal
10000lkayers. This provides flexibility in the design of the
use since the fuse design can be easily integrated
into the chip design. without incurring extra
[0044]or ocBigwies tPastnd (19 dlhdtrate stde viawsaf pwe Exampdes afitluotid feses 154,
7 t he height is between about 50Q&% to about
which are coupled between two respective conductive lines 150 and 152, of the present

embodiment. Typically, the burned out region 156 is close to the interfaces between the via and,
the upperelaj(erllower—layer conductive lines. In Figure 19a, the burn out region 156 is mainly in

via 154. In Figure 19b, the burn out region 156 extends to one of the.conductive lines 152.

[0045] There are several advantages features provided by the embodiments of the present
invention. These include (but are not limited to): ﬁrst, higher repairable rate can be achieved
since the burn ouf process is easier to control and more reliable. Second, fewer masking layers is '

required therefore reducing cost. Tlnrd, the preferred embodiments provide a flexible structure
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10000A. [0044] Figures 19a and 19b illustrate side
views of two exanples of burned fuses 154, which are
coupl ed between two respective conductive lines 150
and 152, of the present enbodinment. Typically, the
burned out region 156 is close to the interfaces
between the via and the upper-Ilayer/|ower-I|ayer
for clfc% @Hﬁgﬁef@ Thic 782 mdytedidedn a8y dddion $fiBe sl vinefi oell size
is mainly in via 154. 1n Figure 19b, the bum out
le¢uﬁgglon 156 extends to one of the. conductive |ines
' [ 0045] There are several advantages features
provi ded by the enbodi nents of the present invention.
[0046Thes Alibnughulie ptesent inventioncnd|its mdvmﬁage@)lavefbp%descmhe&%flefaﬂ it
repairable rate can be achieved since the bum out
. -shoul@ be aadkisto&l thaisiatibud changes} substitativehs aod elteratiana barebe made herein
Second, fewer nasklng | ayers is required therefore

| withot€dipaiting flomsihe s% t sl schfteofMliein@entiva ¢ dbfebdbgrhesappended claims.
prOV|de a flexible structure 13 for circuit designers.

aég o linkite@rto kiR ul
Moredh¥, the/85pEBY (b GRsE apflichifeh & 61 fbnld (o1 hough"t pattioular

B A A e
[\éﬁ{fk’oﬁa]ﬂé' Gﬁ%{f?ls%léﬁt%lt | Ioﬁ 8“%&2%%2{@% :a.{r%:%fﬂl‘l\‘@dgll?%ppremate

scope of the |nvent|on as defined by.the a eEE £

from the élsﬁlslsm Pbfhe present IRYEELQN, PRACCSES, (A %%‘E‘Hﬁpac ¢, compositions o
application is not intended to be limted to

mattep; arcahs; eshods,cristsns, PessenslySKisting oplats &ake dfi’fﬁ’é’Han éhat perform
manuf act ure, and conposition of matter, neans, nethods

substzatiallysthe pamel fmctioerchchiave substaptiadiyfthe sanenmsul as thsrromgsponding
ordinary skill in the art will readily appreciate

embodinRMsidaeribes Béremun®y wfutilined coskmy toithygmsanbinyention. Accordingly,
' processes, machi nes, manufacture, conpositions of

the apg?l{qeﬁ Claifl® 8 Snteftieh tﬂ@gxéiud@ withinGR&ir sddpe §@;!htﬂréice€3(3b Shadhéhes,

ater to be devel oped, that perform
- manufacture, compositions of matter, means; methods, or steps.
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substantially the same function or achieve
substantially the sane resul as the correspondi ng
enbodi ments descri bed herein nay be utilized according
to the present invention. Accordingly, the appended
clainms are intended to include within their scope such
processes, machi nes, nmanufacture, conpositions of

WHATHISIGLAIMERS:;, net hods, or steps. 14 WHAT IS CLAI MED
IS: I 1. An electrical fuse conprising: 2 a first

L C IEdtidng flse ¥ethprisingd second conductive layer; and 4 a
' via coupl ed betmeen the first conductive |ayer and the

seeRRdor@RAVChLLYe | ayerwherein 5 at |east one of the
via, the tirst conductlve | ayer and the second

cgg&g&% é&h#ﬁgér d_adapted to 6 be an electrica

rlcal fuse of claiml mhereln t he

electric fuse fur ses flrst 2
pAdiassyRfe &refe"&e'e% ffr? s eai?g?n i ayerwherein
second external pad, coupled to the seco 3 conductlve

at ieaﬁt gyept thy vis, thﬂﬁéstép%lmeclayerﬁ%@w@ﬁm@ﬂesp ugtiye faygfape adapted to
conprising: 2 a third conductive layer; and 3 a

be an gleefrigalifuse. of vi as coupl ed bet ween the second
conductlve | ayer and the third conductive 4 layer. 1

The electrlcal fuse of claim3 further conprising

2 27f TAOGIBYRE (AP L5101 oK lcE RAT SRS Lohribd istexternl
c ayer; an

onductive
pad 'coupled to the first conductive layer, and a second external pad coupled to the second

conductive layer.

3. The electrical fuse of claim 1 further comprising:
a third conductive layer; and

a plurality of vias coupled betx#cen the second conductive layer and the third conductive

layer.

4. The electrical fuse of claim 3 further comprising
an nMOS transistor having a drain coupled to the third conductive layer; and
~a source coupled to a first power supply node wherein the first conductive layer is

coupled to a second power supply node.

3. The electrical fuse of claim 1 wherein the via hasa cross sectional area of between about

10"*um® and about ipm?
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3 a source coupled to a first power supply node
wherein the first conductive layer is 4 coupled to a
second power supply node. 1 5. The electrical fuse of
claiml wherein the via has a cross sectional area of
bet ween about 2 10n2 and about 1(err)n2. 15 1 6. The
el ectrical fuse of claim1l wherein the via has a

6. Neingbiec@aliBieTR kiR A0MierSA @R A Bas @hcidh bf bétweenlabéut SUGA and
el ectrical fuse of claim1l wherein the via conprises a

aboutGRpPuUCt i ve material and a 2 barrier |ayer outside the
conductive material. 1 8 The electrical fuse of claim
1 further conprising: 2 a plurality of additional vias
each in a different layer; and 3 a plurality of .

7. adbe eleowmighl fossrafskaim evheagin the Wimeoranrires # eonsdyetiveppignal and a
vias are coupled in 4 series and each of the

barrieathyet oussidd the carslucvecoatptigdd bet ween twoof the
addi ti onal conductive layers. 1 9. The electrica
fuse of claim8 further conprising: 2 a plurality of

~ external. s, each . of the additional

8. _ cé‘hﬁﬁlgmgqﬁsaeyogfgaqq%&%%gﬁg?éﬂcgri cal fuse of claiml
wherein the first .conductive.layer, th :
s8@ Hg‘ip@ft?@él‘ﬁaqﬁéglé?n%%gfefeﬂgﬁwraa@npri se copper
and are formed by a_nethod sel ecteq fromthe, grou e
cdRbwality pfaddziogal copdugtive iayrmatherrin &e&e%ggmimg atrgoupled in
damascene process. 1 11. The electrical fuse of claim

series Bndvbasheif thetadditional vias in¢aupladdetieen dwe ofche addiionghegngdpctive layers.

the second 2 conductive layers. 1 12. The el ectrical
fuse of claim 12 wherein the msalignnent is smaller

9. ! PR013086h fi%e Rk chalif 8 further comprising:

| a plurality of external pads each coupled fo one of the additional conductive layers

10.  The electrical fuse of claim ! wherein the first conductive layer, the secondconductive
layer and the via comprise copper and are formed by a method selected from the group consisting

of single damascene process and dual damascene process.

11 The electrical fuse of claim 1 wherein the via is misaligned to the first and/or the second

conductive layers.

12.  The electrical fuse of claim 12 wherein the misalignment is smaller than about % of the .

via dimension in the misalignment direction.
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2 via dinension in the msalignnment direction. 16 1
13, A sem conductor device conprising: 2 a burned-out
el ectrical fuse conprising: 3 a first conductive

| ayer, 4 a second conductive layer; and 5 a via
coupl ed between the first conductive |ayer and the
second conductive layer 6 and adapted to be a fuse. 1

13. 1% sepifonfd &?f&év@c%lco SiSin@f claim1 wherein the

electrical Tuse conprises a first external pad 2

coupl ed t fiier St tive layer; a second
eﬁtll’glﬂ%%oug%}é&g%%&%cfoﬁgﬁ 3 second conductive 3 | ayer,

"and an electrjcal discontinuity in the via or adjacent
the inf&F{ S 4a§¥ﬂﬁﬁlthe via and the 4 fast and the
second conductive layers. 1 15. The electrical fuse of
cl ai m agecppd eonductiviiaystsitdg a plurality of vias
between the first and 2 the second external pads. 1.
16. Thevielceupled betwepn the finst conductivelayerand the seenwg cprdugtive layer
.2 a third conductive layer; and 3 a plurality of vias

and adapteditetle béitsaeen t he second conductive |ayer and the
third conductive 4 |ayer wherein the vias are not
burned-out. 1 17. The electrical fuse of claiml

14. \g@’g%%l&qxzéa? glzﬁ\r/?;f% gﬁ%ﬁé&hﬁeﬁ%ﬁ .%%%{;f.cgl%lse @orniﬁ‘isgg a RST SRGHal pad
coupled to the first conductive layer; a second external pad coupled to the second conductive

layer; and an elecfrical discontinuity in the via or adjacent the interfaces between the via and the

first and the second conductive layers.

15.  The electrical fuse of claim 14 further comprising a plurality of vias between the first and

the second extern;cil pads.

16.  The electrical fuse of claim 1 further comprising:
a third conductive layer; and

a plurality of vias coupled between the second conductive layer and the third conductive

1ayer wherein the vias are not burned-out.

17. The electrical fuse of claim 1 wherein the viahas a crosé sectional area of between about

10*um? and about 1pim’.
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1 18. A semiconductor device conprising: 2 an

el ectrical circuit; 3 a redundant circuit having a
redundant design of the electrical circuit; 4 a first
conductive layer, 5 a second conductive layer; and 6 a
first via coupled between the first conductive |ayer
and the second conductive |layer 7 wherein one of the

18. ﬁlé%g,é T ugﬁgg%&g%ﬁgﬁlg%e | ayers is coupled to the

undant Clrcui erein the first via, the
fi rsi‘ onductive | ayer and the second conductive | ayer
ar® 5§ G0’ be 9 an electrical fuse 1 19. The

' duct or. ' f claim18 f h '
F ATt hyine Tt 9ien s iAo ARG TCY, U

| ayer, and a second external pad coupled to the second
c drirgicaondectivela¥e; 1 20.. The seniconductor device of
claim 18 further conprising: 2 a second via coupled

- i ra soeonsll dopdiuciiive leyemand| ectrical circuit; 3 wherein the
second via is coupled between a third conductivel ayer :
andfirst Viotoupled bétveen thecfirstaonthagive Jaysr anddhesesondronductiys deyer
via, the third conductive |ayer and the fourth

wher&if 08861 thy first @xEdecaridconduatisa piver it coupiedaa thel redundarfadircuit and
fuse; 7 a third external pad coupled to the third

wherGR UG WE thePf8f conditfive Tayr dnd\hd ;*ibg&ﬁ @ntadtive et are pligsted to be

to the fourth conductive’l ayer
an electrical fuse.

19.  The semiconductor device of claim 18 further comprises a first external pad coupled to

the first conductive layer, and a second external pad coupled to the second conductive layer.

20.  The semiconductor device of claim 18 further comprising:

a second ﬁa coupled in parallel with the electrical circuit;

.wherein the second via is conpled between a third conductivelayer and a fourth
-conductive layer; |

wherein the second via, the third conductive layerand the fourth conductive layer are
adaptéd to be an electrical fuse; _

a third external pad coupled to the third conductive layei", and

~ a fourth external pad coupled to the fourth conductive layer
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