New Fuse Structure [0001] This application claims the benefit of U.S.
Provisional Application No. 60/583,637, filed on June 29, 2004, entitled
"E-Fuse Structure Design in Electrical Programmable Redundancy for
Embedded Memory Circuit,” which application is hereby incorporated
herein by reference. TECHNICAL FIELD.[0002] This invention relates
generally to an electrical fu?@%gﬁﬁrgm&rﬁrly to an electrical fuse
having a vertical structure. BACKGROUND [0003] In the semiconductor
[0001jndusirhjsapplisiema olsimsshwibelyfitsdd fSaRredsional egrstiestiinNeits (983,637,
a variety of purposes, such as improving manufacturing yield or
filed qubioe 2P a4 cratithid SEysatiuchuaiD dtzreiefipiajda) Fepianingble
~_ defective circuits on a chip with redundant circuits on the same chip,
Redundansyrfest dimbegrsd dearotyeCoiguitic shtighinprdinstidn Rdpkabinicdafertisd herein by
circuits is especially useful for improving manufacturing yield of the -
referefggmory chips since memory chips consist of a lot of identical memory
cells and cell groups. By selectively blowing fuses within an integrated

C}ﬁ\l]rl%%ﬁ s multiple potential uses, a generic integrated circuit design
may be mically manufactured and adapted to a variety of custom -

uses. [0004] There are two different ways to disconnect fuses: in one
[0002)vay, Thisdiscmtivectibteisgarraliyl tounlyletteicd fose ahd taeephsinilatndo an
: the fuse is referred to as a laser fuse. In another way, the disconnection
clectripplBsedervingn vetticalisabdastruction resulting from the production of
heat. The fuse is referred as an electrical fuse, or E-fuse. 1

BACKGROUND

[0003] In the semiconductor industry, fuse elements are widely used features in integrated
circuits for a variety of purposes, such as improving manufacturing yield or customizing a
generic integréted circuit. For example, 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"improving ménufac_twing yield of the memory chips
since memory chips consist of a lot of identical memory cells and cell groups. Ey selectively
blowing fuses wﬁ:hm 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.

[6004) There are two different ways to disconnect fuses: in one way, the disconnection is
carried out by the action of a laser beam, azgd the fuse is referred to as a laser fuse. In another way, -
the disconnection is carried out by electrical destruction resulting from the production of heat.

The fuse is referred asan electri-cél fuse, or E-fuse.



[0005] Laser programmable redundancy has been widely used in
large-scale memory devices. However, the laser repair rate in various
structures such as in lower level metal layers is low and the process is
complex. Figure 1 illustrates a laser fuse formed close to the surface of a
chip. Device 6 is a laser fuse. Oxide 5 covers the fuse 6. If the fuse 6 is to
[0005pe buraed priziamdsile idhaiafaR byclnsatelbaibickngss kthRmory
oxide 5 has to be within a certain range, for example, between about
devicdd, IRbweebatt 4atdcAephhietedontatidedracnask dadnendedoivctaevetietal layers is
opening 4, and the process has to be precisely controlled. If a laser fuse

low aridXiis pracdewieclavplelayarte e fliieathip, lascs gy fondetbtliRsdothR surface of a
opening 8 will be deeper, while the thickness T of the oxide still has to be

chip. Revitroliad preeisbiys vihitk hereasasd ieseonipibxifisigrificehlysand out from top
decreases the repairable rate. [0006] In addition, as technology is scaling

of the gside b lasm tetbidkmesoppéths oxifsérhente bawititerscaraiotsange, for
power lines. Copper is a material with high current density tolerance and

examplehsteeen gt {bikdutanbosin @l atbergfore Farderaroask ingeeded to form the |

_combination of copper plus low-k material 12 (used as inter-layer

opening;dcaitiy PEasesvhtinty hamsedseyeprooerdl adtast faenidisinlevpwer level
material 12 cracks easily when etching the opening 8 in Figure 2. This

layer dggp faAsehinnts gbowe wefigny. dheianenings8 svillbp dssneriorbile sheftudmess T of
Electrical fuses were developed to improve repairable rates. Figure 3 -

the oxifif sl s & beroanbrhPERstHb Y KdengeasEobe mRBRsKy ygnificantly and
formed and patterned. The regions 14 and 16 of the polysilicon strip 15

decreaﬁ?%%%b%‘ﬂlleﬁﬂt%nd n+ dopant. The central region 18 is left un-doped.

A silicide 20 is formed over the polysilicon strip 15. Before the fuse 13 is

[0006]burnéal aciditidts settzlantepis ineiliydétermined nihe serisiappafithe

silicide 20 so that the resistance is low. When a predetermined
implenpentgcbar intag: poiectialriscaep iddsaClgseilie sitiaidd dayeh 20t omrepdiaisity
tolerance and is not easily burned out by using a laser gun. Furthermore, the combination of
copper plus low-k material 12 (used as inter-layer dielectrics) is becoming a trend to improve RC

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.

{0007] Electricﬁ fuses- were developed to improve repairable rates. Figure 3 illustrates a
conventional electxiéal fuse 13. A polysilicon strip 15 is formed and patterned. The regions 14
and 16 of the polysilicon strip 15 are doped with p+ aﬁd n+ dopant. The central region 18 is left
un-doped. A silicide 2.0 is formed over the polysilicon stri;i 15. Before the fusé 13 is burned out,
its resistance is mainly determined by fhe resistance of the silicide 20 so that the resistance is Jow.

When a predetermined programming potential is applied across the silicide layer 20 from nodes

22 and 24, the silicide layer 20 ag glémerates‘ to form an electrical discontinuity. Ther_efore the



22 and 24, the silicide layer 20 agglomerates to form an electrical

discontinuity. Therefore the 2 resistance of the fuse 13 is mainly

determined by the underlying polysilicon strip 15 so that the resistance is

significantly increased. The central un-doped region 18 makes the fuse

resistance higher. The electrical fuse shown in Figure 3 typically has a
resistAlS08T fiRPRikahle;talR iR AdasREdUS e IBMEMS gﬁ)rm@%ﬁaf@éé that the

still not satisfactory. Additionally, the fuse of Figure 3 is formed laterally

resista{d mﬁs@gmﬁfaﬂﬂ@r&l&a@@aspﬁeaeﬂ@m&?@dqﬁeﬂmﬁwm@ﬂﬁe@gﬁﬁme

faced by conventional methods of making fuses. Firstly, the repairable
highef At dselypicall\ilenshoeeandhmiRe agsiiioRahss aHied ayesi RBRAQE @En a laser
laser repair incurs higher costs. The process is also more complex with
~ fuse. Higheverrthe rainiinb]¢ ritelis, b siryatistactesighddinaidiBxible filsas€Figure 3 is
~ typically have to be designed in higher layers, as it is harder to form deep
formekhbdertiby ehé sdtupieg mtoddayeniapecs. Therefore, new methods of
designing e-fuses are needed. 3 SUMMARY OF THE INVENTION [00091

. [ooosfhe Prelerrad gohadiment okibe pieseny i@é’%‘&%x&ﬁ%ﬁ%&%@&f‘ﬁlﬁﬁﬂg‘ﬁme&

orming an electrical fuse having a vertical structure. [0010] In

Fﬁsﬂ%%@?@ﬁﬁ%f@%@&%@ﬁﬁl RHNGPEEIEN R A SR FHESANLS&HR  for

isclosed, which comprises a first-layer conductive line is formed on a

laser x"éﬁﬁ? iﬁl}%&%‘l@éh@r%%@%f_‘ ‘P‘Iﬁ:oﬁt%b'@é'&‘&% aehae @cﬁn‘ﬂ&;%ﬁﬁ‘ﬂ%ﬁ&"ﬁ{c@}%ﬂy
first-layer conductive line. The via preferably comprises a barrier layer
Third9ehSsGACEHE WS SRR AR IRdai i GARAMAILR RIS RN BIEYRS layers,
the via. A first external pad is formed coupling the first-layer conductive
as it idiR@dér searafldexfernet RegkiefaniRRgiCRUBNAG tBigers. Therefore, new methods of

designing e-fuses are needed.



second-layer conductive line. The via, first conductive line and second
conductive line are adapted to be an electrical fuse. [0010a] In another
aspect of the present invention, a semiconductor device is disclosed,
which comprises a semiconductor device comprising: a burned-out
electrical fuse comprising: a first conductive layer, a second conductive

SUMMAHRayer dnd: aNAg:eoLoRd between the first conductive layer and the
second conductive layer and adapted to be a fuse. [0010Db] In yet another

(00091 \";‘VT@(%&E&E&% .Qﬁ%%%i&\{%@@@J‘u%%sr%g%%%ﬂﬁ&{ﬁ%éé%%ﬁ%en%%tﬁi%’& Shing an

comprises a semicon evice co rsing: an e ectrical circuit;

electrical ﬁé@ﬂ&ﬂﬂg%&é&ﬁ&%%\ﬁi&&@, redundant design of the electrical circuit; a

first condUctive layer, a second conductive layer; and a first via coupled
between the first conductive Iagéer and the second conductive layer

(0010} \Iparemidanesoriihensatnssboldeo A oh ran e tage daetide Shsh fdipglosed,

redundant circuit and wherein the first via, the first conductive layer and.

which compygsess S CRREERANARS e s SBISTLATE BRSam BRI CIHISK CRapd]ve laver
. .In.accardance wjth another aspect of the present i tion, copper.is .
and a v 4G (EPRE A FPGE T E R oL R AP TS SoEme o e aver
ine. Single.or dual damascene processes are. used to form the via, the
and a condhietiveIEperial A Sieond AR GRS 105, S SRR Ao 8 A it Sxternal pad

is formed (\:lgurtlll(i\'z? I %Euﬁ%{[?agértgﬁn &%fle\%elgng bs%%@%@%%n%ﬂ@%?{%ﬁ%e@é@ﬁa 11'1% the
any layer and saves layout space. he embodiments of the presen

second-lay /eI ?n%‘?i‘ﬁéa'ira H%P%%% Sé{lsvef?{%%“é%ésEéB%@’c@A%Q&N@P%&%%‘Egapted to
rates can be achieved since the burn out process Is easier to control an

be an elecm%rleﬁggéiable. Secondly, fewer masking layers are required, therefore
e

ucing costs. Thirdly, the fuse may reside in any region of the inter

[0010a] 1BYGAMRTRLCE! HER HAUGHIR HHSHP FNRES AIRXR G SEURIIEINed, which
circuit design.

comprises a semiconductor device comprising: a burned-out electrical fuse comprising:

a first conductive layer, a second conductive layer, and a via coupled between the first conductive

layer and the second conductive layer and adapted to be a fuse.

[0010b] In yet another asjaect of the present invention, a semiconductor device is disclosed, which

comprises a semiconductor device comprising: an electrical circuit; a redundant circuit having a

redundant design of the electrical circut; a first conductive layer, a second conductive layer; and a

first via coupled between the first conductive layer and the second conductive layer wherein one of

the first and second conductive layers is coupled to the redundant circuit and wherein the first via,

the first conductive layer and the second conductive layer are adapted to be an electrical fuse.

[0011] In accordance with another aspect of the present invention, copper 1s used in the via, the
first-layer conductive line, and the second conductive line. Single or dual damascene processes are

used to form the via, the first-layer copper line and the second-layer copper line.



4a BRIEF DESCRIPTION OF THE DRAWINGS [0013] For a more
complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in
conjunction with the accompanying drawings, in which: [0014] Figure 1
illustrates a laser fuse formed close to the surface of a chip; [0015] Figure

jllustrates a laser fuse formed deep.in a chip; [0Q16] Figure 3 illustrates
0012] BN R IS0 o027 RS U GO O rommed o layr
d 1Cros -sectiopal viebwa.ofinter ,Ediate stages inth%maki%g 3 ipr%geéro%(g
anc Saves amBodiient ot te preden i%ver?t%ﬁ?%%%gf 1g0rE8 8 Hhrddgh 12d
.cross-sectional views of intermediate stages in the making of a. preferred
festres. P 8B A oS D 8 e ontol

o P T VR S L T s o
fuse may réﬁ@ﬁﬁ%?%%%%‘é&ﬂh%ﬂr%ﬁ B %fgﬁr%%%{fg REAIERL I INeLRIGSEMes a flexible

~Invention; Figures 16 throug strate another preferre
structure f&’@ﬂ%ﬂl@%ﬁf the present invention; and [0023] Figures 19a and 19b
lllustrate burned out fuses. 5 DETAILED DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS [0024] The making and using of the
presently preferred embodiments are discussed in detail

4a



below. It should be appreciated, however, that the present invention
provides many applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the invention, and do
not limit the scope of the invention. [0025] The preferred embodiments of
: ' tion present a novel method of forming e-fuses. A via
B MEgﬁﬁé%ﬁ%&ﬁ?m%koﬂg& #line and an upper-layer conductive
line is adapted to be an e-fuse. The e-fuse can be burned out by applying
[00134 voltEgeaoncextemal cteanisidimdraliacofitie pieséheitowsion axichadiciiveges
line and the upper-layer conductive line. Throughout the description,
thereafpraferstive ismosvanedsl o thefériiosvtogatesoilimtiviel ey drsof§0RG] driguitie ¢he
4 through 7 are cross-sectional views of intermediate stages in the making
accongfagy By fepmaiaesnipadiiekint of the present invention. It is to be noted that
the cross-sectional views are taken in a plane perpendicular to the length
[0014flirectiapued theaRelicivadites Rrmed cbierstaraurarddsivg djnes
appear to be rectangles. Figure 4 ilustrates the formation of a lower- layer
ondyctive |ine 44 on a base_material 40, The lower-layer conductive line
(0015} 4 is ’t%‘f@ergﬁﬁ}l%&%élaa B BRRIREREN §EeBRAGHRuUm, copper, silver,
gold, alloy thereof, compounds thereof, and combinations thereof. It can
[0016hIso Heégiomidtvstratitser snmtentdasudbcascdbfied; polysilicon. Base
material 40 is typically an inter-layer dielectric (ILD) also sometimes
[oo17KnOWRi g% & RiERIRIRY AEleGHICIRMEN oA ¥ SRk e LEIEe H MPhnatang of
ayer. It can also be formed of other non- conductive materialssuch as a
a prefSREIAGh RIENRE: HORIFY Pt fnf0027] An ILD layer 42 is formed
beside the low-layer conductive line 44. The ILD layer 42 is preferably

silicon dioxide deposited using, e.g., tetraethyl orthosilicate (TEOS),
[ﬂmslchen#é@fres g thr'oggh 12 are cro%s—segctlonai vaev)r/s of intermediate( stages)in the making

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

[0019] Figure 13 illustrates three vias stacked;
10020 Figures 14a and 14b illustrates borderless and non-borderless vias;

[0021] Figures 152 and 15b illustrate an appliéation of the preferred embodiment of the
.pfesent' invention;

[0022] Figures 16 through 18 illustrate another preferred embodiment of the present
invention; and |

[0023] Figures 19a and 19b illustrate bufned out fuses.



vapor deposition (CVD), plasma enhanced CVD (PECVD), low pressure
CVD (LPCVD), or other well-known deposition techniques. ILD 42 can
also be other materials such as phospho- silicate glass (PSG) or other
known materials. Typically, ILD layer 42 has a low dielectric constant (K
value) so that the parasitic capacitance between conductive lines is
reduced. [0028] Figure 4 also shows an etching stop layer (ESL) 46

DET A8 PESURITIGWN QY SLIGIRTBANBIMEMBIREVMENTE6 is preferably a
dielectric formed of ai oxide or other materials such as silicon nitride. An

[0024}LD 48s formed £ Hgﬁxgﬁifh%%rggéﬂﬂ'ygr%%ﬂ@ﬂg{%m%@i% BEMMEER i detail

the lower-layer metal liné 44 and overlying conductive lines that will be

belowfaQEriiRsISYRSBEHRNIN, (RO Sl drigneRe lsiEies R MR OpeRIag: LR Eﬁgﬂcable

in the ILD 48 and ESL 46. A photo resist material (not shown) is forme

inven@skpatigReskoval BeMbadid thhewidGReIIFDLE iz iR Matilchts ITRdlsRcific
48 and stops at the ESL 46. The ELS 46 protects the underlying

embodawgrdaljensaniditetiveelinBlddratherncthpdtifid ¥ iy Sichade biektist@e invention,
exposed portion of ESL 46 is etched. Because the ESL 46 is quite thin

and doelattimaitatitechpd dB@hpiacasoaontrol and end-point detection are much
more closely controlled, thus limiting the likelihood of over-etching through

[oo2sfhe uptle ?é@&éﬁ?@%}%@%&@%%%‘ﬁeﬂaﬁ 44,9039 rﬁsi%f&t,goﬂ'éf%g%%% of

the device after via 5 ormed In the contact openings. In the pre?erre

| fomx%'@%gé@%%é’i%&%éﬁﬁ%m%&fﬁ I u&%%&%&%ﬁﬁeﬁﬂ&% 99 huctive

or combinations and other well-known alternatives. In o

line is GANPALIMBYSnbeA8: bEnOrmRd of derpe-Ralval ﬁ}o %)g?)rrﬁfg %ﬁ@oﬁ%xtemal

has a composite structure, including a barrier layéer formed of a -
pads ﬂmﬁéﬁ‘é'@;knﬁﬂ%m&%mé%fé@m%ﬁﬂtﬁﬂ@ RN SANRINBHRLEGR: line.
silicon
Throughout the description, conductive lines are also referred to as conductive layers.

[0026] Figures 4 through 7 are cross-sectional views of intermediate stages in the making of
a preferred embodiment of the present invention. It is to be noted that the cross-sectional views
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 cénductive line 44 on a base material 40. The lowerlayer conductive Iiné 44 is preferably a
metal compxising tungsten, alummum, copper, sitver, gold, alloy thereof, compounds thereof,
and combinations thereof. It can also be formed of other materials such as doped folysiiicon.
Base material.40 1§ typically an inter-layer dieleéix:ic (ILD) also sometimes known as a pre-metal
dielectric (PMD) or an inter-metal dielectric {IMD) layer. It can also be formed of other non

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



carbide, silicon oxycarbide, combinations thereof and other layers. The
barrier layer 52 prevents the via material diffusing into the ILD 48, which
would cause device failure. The thickness of the barrier layer 52 is
preferably between about 10A to about 1000A, more preferably about
300k Via 52 and lower-layer conductive line 44 share an interface 49.

{0027j003 L pAMIUD pefetadc GoRELICHYE A e Bratdan dbhi2fideiterd fOHVEUD layer 42

using the methods mentioned in previous paragraphs, as illustrated in .
is prefeigbie siliddedigids-dayesirdndigtiedinetbdetis inmhiayetdngTROBR B cal
layer in which the lower-layer conductive line 44 is formed. hterface 55
vaporalaptsibetw(E3DY) aladharwhithectd A Ia(RECYNY Lo erineua8BDHLPCVD), or
lower-layer conductive line 44 and upper-layer conductive line 58 are
other paligtadwn depostaprdsnifiendidl 4lespeatiedly oilixtera@ishdadaaptiospho-
61 are formed at the surface of the chip. The structure formed in previous
silicatstglassy 6% 4n ethee kstwoahatsdathal ypidelindd. i layedid hasonprisivdestdc
54, interfaces 49 and 55 and surrounding regions. By applying a voltage
constapt ficaphut)radbas thaparssitiapadirntebstwernagndheliiesdnants seduced.

discontinuity is formed in the fuse region. [0032] In another preferred

[0028EMbOogigenk 10 seResiveinesepdaia- arsiormsataleanrae I&ﬁﬁ‘ﬂ’?‘e
W

T
~ has better conductivity and can withstand higher current so that it is widely

condubtieel lige £118re BoH belowrcitoyweyardiblishiad dotlenelchr ARRIBEGEother materials

damascene process is used. Figures 8 through 12 are cross-sectional

such aieivsopf ditteten @i At gefoih demibki B DUapTREeT a1l 48 fooitiss emiudition
the present invention using damascene process. Figure 8 illustrates the
betwetarthalionecfgdonvenl iye Meaprdaring it chaddoimethby tarriipba fremnel
in the ILD 60, depositing a barrier layer 62 in the trench, depositing
subseqamigr, and performing a CMP to polish the copper to the surface of the
- trench. 8

[0029] Figure 5 illustrates a via opening 50 formed in the IL.D 48 and E’S'L 46. A photo resist
material (not showny} is formed and pattemed over the ILD 48. The via opening 50 is formed in
the ILD 48 and stops at the ESL 46. The ELS 46 protects the m@erl%g lower-layer conductive
line 44 when the ILD 48 is etched. Next, the exposed portion of ESL 46 is etched. Because the
ESL 46 is quite thin relative to the ILD 48, process control and end-point detection are much
more closely controlled, thus limiting the iikelihooci of over-etching through the underlying

lower-layer conductive line 44.

[0030] Figure 6 illustrates the device'a;ftér via 54 is formed in the contéct openings. In the
preferred embodiment, via 54 is formed of tungsten, aluminum, copper, silver, gold, or
cgmbinations and other well-known alternatives. In other embodiments, it can be formed of
doped polysilicon. Prcferably,Kvia 54 has a composite structure, including a barrier layer 52

formed of a material comprising titanium, titanium nitride, tantalum, tantalum nitride, silicon



[0033] A dual damascene process is preferably performed to form a via
and an upper-layer copper line. As shown in Figure 9, a first etch stop
layer 66, a first ILD 68, a second etch stop layer 70, a second ILD 72 and
a hard mask 74 are formed. The materials and methods of forming these
layers are known in the art. Figure 10 illustrates a first opening 76 formed
carbi(%owgm to the first, etch stop layer 66. A second opening 78 is formed in the

e SHITARIABY 501 AAMETRRSSIheTsBt A Bt anerelds brspaalrbt iBrevents
.removed. The resulting sfrycture is shown in Figure 11. Figure )
the vif RS S ik é&vﬁvaﬁ EOSbFAG G5 5 uTiraT e i ages of the
. layer 8Qis confo ly deposited in.the openings,.%6 and 78. Copper, is
b TN S SRR [MAtD RO e RS RFeeaE  foous 3004
. tl urfage of upper:layer copper line 82 [0034] Electrical fuses -
Via Sggﬁ&)b%‘?c%r%&% aéggﬁ*lé:?levr?tﬁlé\?eﬁf%lé%% oirr?L Fﬁg ?gaggirements of the circuit
design. Figure 13 illustrates a stacked via string coupled between
[0031}onqstivensidayeoeoadactivellingia asban Helhbel e thanddonedusing the methods
_different layers and are interconnected by conductive islands 104 and
menfiqrpgl IRRIRHOURRESFRES %QW@&@H alf pagsrerdayerranductive line 58
respectively. Therefore, the vias can be burned out individually. The via

is in adaygr highen fhan fhe layer i whish fhe lovvaray vorensst v Alde dvaest- Rterface

55 iEa%s 110 and 113, the weakest via is burned out first and the whole via
CXISHHRETEC DI 1 DO APRE AL TR ARGHE BT SR pres SRSl sonductive

. ross section of a via can take the shape qof square, rectangle, circle or .
line 44 3od ORe Ry A ORI RSIV R RCLTE Bl SPHRIeTOSBFHE B GO B Bpectively.

e AR B SR SR B B o

e e R TR 5 A Ao e R i e 0 and
baut % of the via width W. T isali t typicall t

55 g e R oA e R 17 Bt v

througtﬁ) the fuse and a discontinuity is formed in the fuse region.

[0032} In another preferred embodiment, the conductive lines and via are formed of copper.
Copper has better conductivity.and can withstand higher cmren;c 50 thét it is widely used for.
0.13um and below. However, it is hard to etch. Therefore a d@wceng process is used. Figures 8
through 12 are cross-sectional views of in'termédiate stages in the making of apreferred -
embodiment of the present invention using damascene process. F igure 8 illustrates the formation
of 2 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 performing a CMP to polish the copper to

the surface of the trench.



9 burn the fuse. In a non-borderless structure, the via 130 has no
extension beyond conductive lines 128 and 132, as shown in Figure 14b.
[0036] Figures 15a and 15b illustrate applications of the preferred
embodiment. Figure 15a illustrates an electrical circuit 148 coupled in
series with a fuse 146. The electrical circuit could be a circuit that may be

placed,when it malfunctions. When fuse 146 is burned qut b
00 B A0 PSP IO CIOERLPEERSever

coppdfFhls ASSRANESIeALLIRB DR AINELCUCLIS, Fige A2P WISHAIS. 04 coch stop

e-fuse 134 coup para are ant circul ne

Iayertb‘@ Egé&ﬁdlﬁ,ﬁﬁﬁ%ﬁlgﬂﬁ@%gr‘?fﬁ- 'f-tl)_r%tra fC’F eé%%%%sngﬁn&}g&%ﬁg of forming

136 is grounded by the e- 4 and not activate circuit element’is

these/RRER SRRV B RERRARLRTRGARL Wfﬁ%%&éﬁ#?ﬁ%%ﬁéﬁéﬂ% 6’_ 3 the first

voltage is applied to external pads 138 and 14

etch ¥PeREeE SR IR ISARRY é@@f&?ﬁeﬁ%%&y&%ﬁéﬁﬁﬁé‘oﬁﬁ@&?ﬂe 'eAXPosad

circuit redundancy scheme can be established by combining the circuits in

portidri@aBe ki and kigyieyds 10RRAVEOIRS LG ARG dAMAIRS SRR gure 11.

embodiment of the present invention. Figure 16 is a cross sectional view

Figurefthitlesriiediment rird wehGopuIsis dpRrlitR S58R0NG4eVE barrier layer 80 is
conductive line 166, and a via group 170 Is formed between two portions

confob@ally B6RRieikinabedpetite$ine AR075-ongpetinaninedbpOacsil 8& MRnings. A

also referred to as conductive layers. Conductive line 1601 is the cathode
CMP ésptefnninednid piaiveriineh 60gpiar toairnodenst dpgerRils ivppdidmyiey of

the embodiment. At the anode end, via group 170 comprises two or more
S e S S gt e
~ circuifR4Pnl ?‘%L%@I%Qﬁmt}gwﬁﬁc%% Qﬁﬂé'%ﬁ%ﬁ‘e’é Y85, conductive fines 100 and
111. Vias 102, 106 and 109 are formed in different layers and are interconnected by conductive
islands 104 and 108. Islands 104 and 108 are coupled to extemél pads 112 and 114, respectively.
Therefore, the vias can be burned out individually. The via string can also be used as one via.
When a voltage is .ap}ﬁlied 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 square, rectangle, circle or other shapes. A via can also be tapered.

- [0035] The e-fuse structure of the present invention can be non-borderless or borderless.
Figure 14a illustrates a borderless structure. A via 124 is misaligned 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 E,, is preferably less than about % of the via width W. The misalignment

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



the via group 170 and thus is more prone to be burned out. Although
Figure 16 illustrates a preferred embodiment in which conductive line 166
is formed in a lower metal layer than 10 conductive lines 1601 and 1602,
they may have different relative positions in other embodiments. For
example, assuming line 1601 is in metal layer in, the conductive line 166

burn :ﬂ%%é%ell'{‘a’%h%ﬁ%%ﬁ%@' @?{ﬂeﬁﬂg \H}ie@blﬂﬁ%é %Qgeﬁgﬂ% B%ﬁgﬁ@%ﬁfductive lines

metal layers such as metal layerm-2, m+I, m+2, etc. [0038] Figure 18

128 m@@ﬁﬁamﬁowwt {ping out a fuse. A fuse 176 is connected in series
with a transistor 178, which in this configuration is preferably an nMOS

device, The fuse 176 and the transjstor 178 are coupled betwegn power
[0036},0 e £ 3g0Ee0 PR, \RRAFBHTHifPRBIFREBE RehE &5 R PP T i 152

... . toVss, and the drain i ted to the f 6. high .valt |
s 3 5 HEP LA B 45 TS 7 BRI L8 O e Bheoud
b R R LG A TS TR PR s ot by

:«.lppI)Ji;tr:%t(gxl ﬁgge%];: EE? {1u %eéx\ltvf{xlinc té%ﬂ%h ?45'%1?("16 lﬁiﬂg ﬁ%délie?:gj%lég!ggltlﬂ ?&’Q fs éis%énnected

0
e anode Is’coupteé e high powér supply hode Vcc. It Is easier

“from t%) %H{grt?%}cfu“ﬁse. ﬁg&@{@@g&g&gs&%&fﬁg & &d 'M%%?alﬁéi {98 Sndant

an Is used’as e cathode 1601 is preferably

circuif; %ﬁ?g&% %1{8 (BI? %’lg re%ms%f AL I ARGIRE LS garHQnﬁ‘ erRaeds£id I‘é‘(ﬁg%_iilﬁt circuit

y connected to the power node Vcc. [0039] The current density

136 isrgx%\éﬁﬁéhfw R DIRROH A IS CERERAS AL T INR MatkriplObdhe Wa-and and

conductive lines, and the process used. One skilled in the art can find the

needs #9BE ?é#fﬁréti H¢ AR HRRIAN RN 6XP S EiRR s hpPlR.d tBISE8AIA pads 138 and
. exemplary data measured on the vias formed using 90nm technology.

140 to burn the e-fuse 134. When the e-fuse 134 is open, the redundant circuit 136 is activated. A

circuit redundancy scheme can be established by combining the circuits in Figure 152 and Figure

15b.

[0037] Figures 16 and 17 illustrate another embodiment of the present invention. Figure 16
is a cross sectional view of fhe embodiment. A fuse comprising a via 168, a secondleve]
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 referred to as conductive layers.
Cﬁnductive line 160; is the cathode end and conductive line 160, is the anode. end. Figure 171is a
tbp View of the embodiment. At the anode end, via group 170 comprises two or more vias and
can sustain higher current density than the via 168. With the asymmetric design, when the same
current flows through via 168 and via group 170, via 168 has higher current density than vias in
the via group 176 and thus is more prone to be 5umed out. Although Figure 16 illustrates a

preferred embodiment in which conductive line 166 is formed in a lower metal layer than

10



Layer Dimension(pm) Bum-out Burn-out Current density Current (mA) (A/
cm) Ml 0.12 x 0.25 0.200 6.66 x 05 M2-M7 0.14 x 0.325 0.312 6.86 x 105
M8, M9 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 0.13x0.13 0.189 1.12x106 Via 7, Via 8 0.36 x 0.36 1.452
8.8 x 105 All stacked vias 0.13 x 0.13 0.189 1.12 x 106 except Vial and 8

Stacked vias with Via 0.36 x0.36 1.452 8.8 x 105.7 and Via 8 [0%1:8] Ml

conduiiys SeREr b heE %aﬁrasﬁﬁ%&%,r??ﬁfhvwﬂsma inQ s yaRgdiments.
etal, and Ml being the battom layer metal. Via 1 is between Ml and M2. -
For e Bl He TR0 R S PGB DSt A0, g Ry metl
wer M8 and,M9 ar er lines so that they have the greatest thickness of
e g e B e TR R i B8 8, me,
m+2. dimensions of Ml through M9 indicate width x thickness, and dimensions
’ for vias indicate cross sectional dimensions. [0041] In table 1, Rows

marked as M| through M9 present the current and current density needed

10038}y fige diciieiatomesirrierhumiag auhadpearduiina/ds ireerprctpdin series

.. current and current density needed to_burn out the vias. The burn-out
with a&ﬁ?éﬁf‘lﬁé%n%’é@dfb%r@ﬂ"@&é‘éﬁl% is preferably an nMOS device. The fuse 176

and the transistor 178 are coupled between power nodes Ve and Vss, wherein the source of the
transistor 178 is connected to Vss, and the drain is connected to the fusé 176. When a high
voltage is applied to the gate of the transistor 178, transistor 178 conducts. A current flows
through and burns fuse 176. If the fuse to be burned has an asymmetric design as in Figures 16
and 17, it 1s preferred that the cathode of the fuse, which is the single via end, is coupled to node
174, and the anode is coupled to the high power supply node Vcc. It is easier to bumthe fuse
with such a connection. When a fuse illustrated in Figures 16 and 17 is used as the fuse 176, the
cathode end 160'.1 is preferably connected to the drain of the transistor 178, and the anode end

160, is preferably connected to the power node Vec.

[0039] ‘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 measured on the vias

formed using 90nm technology.

Layer Dimension{um) Burn-out Burp-out Current density
' _ Current (mA)  (A/ cm?)

Ml 0.12x 0.25 0.200 6.66 x 10°

M2 ~ M7 0.14x0325 . 0312 6.86 x 10°

M8, M9 0.42x0.9 2.880 - 7.62x10°

11



the burn-out current divided by the cross sectional area, which in turn can
be calculated from the dimension. While 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
sectional area of the via is between about IxX104m2 to about 1 m2. By

adjusting the cross_sectional area for an e-fuse ar a portign of an e-fuse,
Contagle hum-out curfeht Edhlbe adjuspeagfhto a desiréog?‘efh&. One skilled in
Via 1 therargcan take thesfactops such asigse material, prmgéﬂ6dimension,
.. _current, and current densijty into consideration so that the structure
Via T ¥ Brising uppe(}‘%jé?)r"?é nductivfé%?r?e, Iower-lay%%otlllbductive line and
All stibeediaiis adaptell t®be. bh e-fuse0.1890042] It is dHgervdd that in order to
PJ\J)]’.I’] ut I%e vias or the metal lines, the required current density is in the
EXCPordér 8FGbout 105A/cm2 to about 106A/cm2. Although the data shows
StackéHatithevithiviaoud. 3Gr@A6density dMaktal lines ard $rxthe’ same order as,
.sgme times even lower than the bum-out current density of vial, which’
suggests that the bum-out region should occur in metal lines instead of
vias, the experiment results have revealed that the burn-out regions are
typically in via or close to the interfaces between the via and metals lines
[oo4ofrefer o Fgsies Moaranihb hhep i \dHiRe:gbe) with (upr daingdehsipddan metal,
metal lines are not too much lower than for vias. This result has indicated
and M ¥cthe tiesassiiabiadar. a/isess HR04ednTarans MQ.Spigiad between M2 and M3,
requirement as to the height of a via. The height is preferably determined
and visthe gistancadaiveen Mgiahlnyes didMrandesviiekiilitsoithshthey have the
design of the fuse since the fuse design can be easily integrated into the
greatsshificlasignofitbpns inbidringiedmreopdoctesifuysiepshaindizostsions The
preferred embodiment, the height is between about 500& to about |
dimern{@eAf M1 through M9 indicate width x thickness, and dimensions for vias indicate cross

7 and

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 burr-out current density. is calculated bésed on
fhe burn-out current divided by the croéé 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 .between about 1x10*um? to about 1jum”. By adjusting the cross
sectional area for an e-fuse or a portion of an e-fuse, the burn-out current can be adjusted into a
desired range. One skilled in the art can take the factors such as the material, process, dimension,
current, and current deﬁsity into consideration so that the structurcr comprising upperlayer

conductive line, lower-layer conductive line and the via is adapted to be an efuse.

12



[0044] Figures 19a and 19b illustrate side views of two examples of

‘burned fuses 154, 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

upper-layer/lower-layer conductive lines. In Figure 19a, the burn out

region 156 is mainly in via 154. In Figure 19b, the burn out region 156
{004Hxtendbitrbrrevef thetdowairstiodlimeent B2 vigoasitEhaetablinesethsregquired current

advantages features prov)(jded tgy the embgdime{]ts of the present

densifyis inidhs. orfesed FROBEEO(BlRmréorbrmtn S A fikdthrngidhedistasdions that the
rate can be achieved since the burn out process is easier to control and
burn-oi e SRS SR e A Ak liRse AadRiRG RRjRS STdcT a8 AFSgRTdidRsYEven lower than

reducing cost. Third, the preferred embodiments provide a flexible

the bugprRut TR FAFRIHOURL dbigrRich sse RIS ATl e BB MeRiPRegOHGIHY i
inter layer viag for cell size reduction, [0046] Altho the present. |
metal e oA 61 15280 AR, S PR SR L F T rbrpgians are
. derstood that varjous changes, substitutions and alterations can be.
e MR oL AT SRR B CAp B g g 162
and 1B D h Bl P B 0 FRE e thm or

. [ machine, ufacture, and.composition of matter, means,

viss e e R B e o rcimary ok
in the art will readily appreciate from the disclosure of the present

[0043hyentidisroprore speaahietnirasnhiaiothetbeesht oivp sisitibhe sish agtareferably
means, methods, or steps, presently existing or later to be developed, that

deteriineg by tBedatantabytecs stakinyens T bis suntades Slasdbilitian fhn desigmef the
resul as the corresponding embodiments described herein may be

fuse szgg: g’&?di‘ﬁﬁ}%‘ ks 5% mtﬁgyéﬁgéﬁtog@gﬁgm%i’gn without incurring extra

processing steps and cost. In a preferred embodiment, the height is between about 5004 to about

10000A.

[0044] Figures 19a and 19b illustrate side views of two examples of burned fuses 154,
which are coupled between two respective conductive lines 150 and 152, of the present
embodiment. Typically, the burned out region 156 is close fo the interfaces between the via and
the upper-layer/lower-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 ﬁreseﬁt'
invention. These include (but are not limited to): ﬁrsf, higher repairable rate can be achieved
since the burn out process is easier to control and more reliable. Second, fewer masking layers is

required therefore reducing cost. Thir&, the preferred embodiments provide a flexible structure
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the appended claims are intended to include within their scope such
processes, machines, manufacture, compositions of matter, means,
methods, or steps. 14 WHAT IS CLAIMED IS: 1 1. An electrical fuse
comprising: 2 a first conductive layer, 3 a second conductive layer; and 4
a via coupled between the first conductive layer and the second
conductive layerwherein 5 at least one of the via, the first conductive .
for cipgyisdgpigners- JhedeednmuTRiNe RERY HEghabl s B L i sel size
fuse. 1 2. The electrical fuse of claim 1 wherein the electrical fuse further
red“ct’i'(’i‘ﬁlprises a first external 2 pad coupled to the first conductive layer and a
second external pad coupled to the second 3 conductive layer. 1 3. The
[00463lectrigadiisigs dictabsed: fnvtmiooembitsindyadieythindve e dtiserileden detail, it
and 3 a plurality of vias coupled between the second conductive layer and
shoulthkethirdkrmstiittveadday dratdgds, Thiesttatticadid slaoititaimas hethede herein
comprising 2 an nMOS transistor having a drain coupled to the third
withcoo deprting Fageritarpisitand sropecitbto tenditrassisfinedsbip iy #pgaded claims.
wherein the first conductive layer is 4 coupled to a second power supply
Morenuete tlie ScopiseoEthe presttitizrpbeasiainis noh éntardaddio ke sy tadcio s particular

sectional area of between about N
embodiments of the process, machine, manufacture, and composition of matter, means, methods

and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methqu, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same resul as the corresponding

~ embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include withir; their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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2 lem2 and about 1m2. 15 1 6. The electrical fuse of claim 1 wherein the
via has a height of between about 500A and 2 about 1m. 1 7. The
electrical fuse of claim | wherein the via comprises a conductive material
and a 2 barrier layer outside the conductive material. 1 8. The electrical
fuse of claim 1 further comprising: 2 a plurality of additional vias each in a

ifferept layer: and 3 a plurality of additional conductive layers wherein the
WHﬁngfﬁt%%é%?aIﬁe coupled in 4 series and each of the additional vias is
9 cogglglg eé\é\iﬁetw%of.the_additional conductive layers. 19. The
T eledtica 8 SFEATPET0Rher comprising: 2 a plurality of external pads

e%c;irgtogpolggc{l% g{r]iee(gﬂf the additional conductive layers 1 10. The
eléctrical Use Of IRt | wherein the first conductive layer, the

seacgé&(]gégggﬁiﬁgg& % ﬂ%g %Qid the via comprise copper and are formed by

ame selected from the group consisting 3 of single damascene

IOrQQ?aS_éoﬁhBQ&’HM%%%%@(&Q&%%@%%%% glwﬁs&@aa'ég&i%%&ﬁg%}whemm

wherein the via is mis r the second ucti

at leal@¥RE L HeyiE N SIR UGG CALCLRIRR MR LR RRARDBIGRE Riapted to

smaller than about % of the 2 via dimension in the misalignment direction.
be an EdidSAssemiconductor device comprising: 2 a burned-out electrical
fuse comprising:

2. The electrical fuse of claim 1 wherein the electrical fuse further comprises a first external
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 between 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.

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

10™um? and about 1pm?
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3 a first conductive layer; 4 a second conductive layer; and 5 a via
coupled between the first conductive layer and the second conductive
layer 6 and adapted to be a fuse. 1 14. The electrical fuse of claim 1
wherein the electrical fuse comprises a first external pad 2 coupled to the
first conductive layer; a second external pad coupled to the second
conductive 3 layer, and an electrical discontinuity in the via or adjacent the

6.  intErtaieeiralfasaofiaaite hrdiaren theirsediwg rheightohbetuprn R S00A and

layers 1 15. The electrical fuse of claim 14 further comprising a plurality of
aboubj#gpetween the first and 2 the second external pads. 1 16. The electrical
fuse of claim | further comprising: 2 a third conductive layer; and 3 a
plurality of vias coupled between the second conductive layer and the
7. thifbectlacrictivinsd ddybrinvierbirdnctivas aacomprtitsa mechduttive 1Fatgiie and a
electrical fuse of claim 1 wherein the via has a cross sectional area of
barridpdaperenialdsubez a@lvrigeamaiabdut | m2. 17 1 18. A semiconductor
device comprising: 2 an electrical circuit; 3 a redundant circuit having a
redundant design of the electrical circuit; 4 a first conductive layer, 5 a

8. sengndeanciiglivedayRiiNeirther comprising:
a plurality of additional vias each in a different layer; and

a plurality of additional conductive layers wherein the additional vias are coupled in

series and each of the additional vias is coupled between twoof the additional conductive layers.

9. The electrical fuse of claim 8 further comprising:

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

10. The electrical fuse of claim 1 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.

16
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19,

6 a first via coupled between the first conductive layer and the second
conductive layer 7 wherein one of the first and second conductive layers
is coupled to the redundant circuit and 8 wherein the first via, the first
conductive layer and the second conductive layer are adapted to be 9 an
electrical fuse. 1 19. The semiconductor device of claim 18 further
comprises a first external pad coupled to 2 the first conductive layer, and
13.  a devondossitetradpadcovpetigthe second conductive layer. 1 20. The
semiconductor device of claim 18 further comprising: 2 a second via
couplawdrophedririgaltiuprcelaptisti: circuit; 3 wherein the second via is
coupled between a third conductive layer and a fourth 4 conductive layer,
5 wherefhfiré eebisdiNgdaxme third conductive layer and the fourth
conductive layer are 6 adapted to be an electrical fuse; 7 a third external
pad couplEEBdrenAlei¥s HYGHHARE layer, and 8 a fourth external pad

coupled to the fourth conductive layer. 18 New Fuse Structure )
ABSTRACH SPTFE BSET 58 DR IMEEE L T08 B P e Bive laver

formi 9 he same are presented. A first-layer conductive line is formed

and a%%?‘g% §& ﬁi?erial. A via is formed over the first-layer conductive line.
The via preferably comprises a barrier layer and a conductive material. A
second-layer conductive line is formed over the via. A first external pad is

14, formreleemigplifipeofivdaimsliaeiache alasiaqn duss semprigesaiBrssiamal pad

is formed coupling to i
coupled to the first conductive layer; a second external pad coupled to the second conductive

layer; and an electrical 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 external 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

layer wherein the vias are not burned-out.

17. The elecirical fuse of claim 1 wherein the via has a cross sectional area of between about

10™*um? and about 1pm®.
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the second-layer conductive line. The via, the first conductive line and the
second conductive line are adapted to be an electrical fuse. The electrical
fuse can be burned out by applying a current. The vertical structure of the
preferred embodiment is suitable to be formed in any layer. (FIG. 4)

18. A semiconductor device comprising:

an electrical circuit;

a redundant circuit having a redundant design of the electrical circuit;

a first conductive layer; |

a second conductive layer; and

a first via coupled between the first conductive layer and the second conductive layer
wherein one of the first and second conductive layers is coupled to the redundant circuit and
wherein the first via, the first conductive layerand the second conductive layer are adapted tobe

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 via coupled in parallel with the electrical circuit;
‘threin the second via is coupled between a third conductivelayer and a fourth
conductive layer;
wherein the second via, the third conductive layerand the fourth conductive Iayer are
adapted to be an electrical fuse;
| a third external pad coupled to the third conductive layei", and

~ afourth external pad coupled to the fourth conductive layer
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