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.

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.



1 [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 pristamane ddhaiaddah bylasatebaibiciness okthemory

oxide 5 has to be within a certain range, for example, between about

devicd. 1kbvievabatit 4aS¥cAephlieteioficsatid e dtacaask adpeadedoivcfaevetifetal 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
examplerhstwaenpimwiribikdutopasin @il atbergforeFanrmonek inaeeded 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
[6006]burnésl agidition, as technology is scaling down to 0.13um or below, copper is

implemented as interconnects or power lines. Copper is a material with high current density
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 cra'cks casily 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 aéfoss the silicide layer 20 from nodes

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



its resistance is mainly determined by the resistance of the silicide 20 so
that the resistance is low. When a predetermined programming potential
is applied across the silicide layer 20 from nodes 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
resistly SHERTALIPILR sRithakiiaeisiareR iﬁaﬁ@@!ﬁgﬁﬂgﬁﬁéﬁfd&é‘ﬁ% 158 that the
central un-doped region 18 makes the fuse resistance higher. The
resist@lesis eRinifRaniomet éasEU TR Schpicalhibasdadpaners apaialile fateriiatinee
a laser fuse. However, the repairable rate Is still not satisfactory.
higheAduitieathi dhidei seodinFigBiguz: 1S tfpivard lntcialiylRndpeRuliefP e a laser
layout space. [00081 There are several disadvantages faced by
~ fuse. Howeeatj tinatopedthblisant teaklhgouseisfattsilyA ddétiepdy e figteolFigure 3 is
~ typically low. Secondly, the additional masking layer needed for laser
formerblatdralicand bighpiesastse Hyeyispaess is also more complex with higher
uncertainty. Thirdly, the structure design is not flexible. Fuses typically

- [0008]'2Ve 19,4¢ Sesigned BABNGLAN R P8y USBEASH AP AL ACGIAREY fuses.

renches through to lower layers. Therefore, new methods of designin

First2 TSR ArSoNeRed. QR i INMENIAG %M%}agge?eeded for

preferred embodiment of the present invention presents a method o

laser Q¥ E@R HEIREHICRAIUSR: PRUIBG: & YRINIGRISIRAGIHIS: I RIdREr uncertainty.

accordance with one aspect of the present invention, an electrical fuse is

Third§iSBl08PEbrind ek GO REERS T Siaxer sRAMIYLIMR IDBJUEeIIEsiaRigher layers,

base material, a second conductive layer
as it is harder fo form deep laser trenches through to lower layers. Therefore, new methods of

designing e-fuses are needed.



and 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 formed
coupling the first-layer conductive line. A second external pad is formed
coupling the second-layer conductive line. The via, first conductive line

SUMMARMdEeGaRdURNdiNE line are adapted to be an electrical fuse. [0010a]
In another aspect of the present invention, a semiconductor device is

[00091 d?ﬁéﬁgﬂﬁé@? E?Hb&@@@ﬁi%% é?@ﬁﬁﬂgﬁi}%ﬁ(@l&%@g&&& fﬁ@[ﬂ&ﬂgﬁ fBrming an

burnéd-out electrical fuse com rsing: a nductive ayer, a secon

clectrical fROGYCHYE Q¥ ANd.AYig.coupled between the first conductive layer
and the sécond conductive layer and adapted to be a fuse. [0010b] In yet

another aspect of the present invention, a semiconductor device is .
[0010]  Jrefsoutmmmeih oormesseh BeMissHbIMER ey e eerisALHE fisclosed,
. electrical circuit; a redundant circuit having a redundant design of the .
which compyazasip ridayRe coRFUCESRdEdY & rRRt 0 _desnBeisHabeReIRd spndpiye laver
. first via coupled between the first condyctive layer.and the second )
and a via g SOUST: él% 1-5@%%8}%@%?%ﬁ%ﬁ%ﬁ%ﬁ%ﬁf&”@& GOTRRE Ay RFE g faver
oupled to the redundant circuit and wherein the first via,, the. first
and a condgh e R SR AR A ARG BB TR LY S b st gitemal pad

s ormea EISEHICALIUSE, 1001 I accariance with nolier sopsct ptheipisset v
Inventron, copperis usea in the via, the first-layer conductive line, a e

second-layfe‘?%‘g” cend 88)’?}1%”%%&'&%&%&%%% ?‘1{?6}@%%%80%29C§r§d§%%i%‘?in85?éjé§apted to
orm the via, the first-layer copper line and the second-layer copper line.
be an electfOd él'he vertical structure of the preferred embodiment is suitable to be

ormed in any layer and saves layout space. The embodiments of the

[0010a] REEA, nj:?\égﬁg@ Bﬂﬁg%z%ggﬁtr ﬁlv%gﬁgﬂ,t@%%éonducmr device is disclosed, which
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.



features. Firstly, higher repairable rates can be achieved since the burn
out process is easier to control and more reliable. Secondly, fewer
masking layers are required, therefore reducing costs. Thirdly, the fuse
may reside in any region of the inter layer vial for cell size reduction. This
provides a flexible structure for circuit design. 4a BRIEF DESCRIPTION

THE DRAWINGS_[0013] For re com lete unders
0012] R RS T B SRR AR L ISR 2 OISR A faver
d 1the ftollowm desc ions ak |n conli ctlontW|t the acc m é“xﬁé
ana saves gt ?%as?enw %’6‘1 |gure R PN E R R VN (ol Tt 810
ce of a 0015 Fl re 2 illustrates a laser fuse formed de
st D S A eSS B B S O B ool

and more 1 gHIre éeco cgu% { AR A Jgﬁéﬁ‘fg}é"a@@ lré’c#%#gdo Eﬂ”%@f&?ee ge t?éﬁéa%%%g?hlrdly, the

e making o 7y preferre iment o ﬁresent inven
fuse may r%ggﬁgsﬁ%tw 89% eaﬁ% r r%ﬂ%'?&%e '%Wg &fd%ﬁ{ﬁ'eﬁﬁ%%ﬁ)@ﬁ§§ ér}lexﬂale
e maki preferre bodlment of the present invention using a
structure f&%ﬂ@éﬁ%@ﬁ ocess; [0019] Figure 13 illustrates three vias stacked;
[0020] Figures 14a and 14b illustrates borderless and non-borderless vias;
[0021] Figures 15a and 15b illustrate an application of the preferred
embodiment of the present invention; [0022] Figures 16 through 18
illustrate another preferred embodiment of the present

4a



invention; and [0023] Figures 19a and 19b illustrate burned out fuses. 5
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0024]
The making and using of the presently preferred embodiments are
discussed in detail below. It should be appreciated, however, that the
present invention provides many applicable inventive concepts that can

: ied in a wi riet specific contexts. The specific
B RIEEﬁ?%?(ﬁﬁ%ﬁ?@ &g&i%%%m%ﬁ?ﬁnmstratwe of specific ways to make
and use the invention, and do not limit the scope of the invention. [0025]
[0013The pFeferredrendogdeteententthéin edehd presntidnvenesanisd niyelivantages
method of forming e-fuses. A via connecting a lower-layer conductive line
therecgnte ferengspis mkay enadlorid tintife v gsdadapéidiotiiea medupaciite witu e
can be burned out by applying a voltage on external pads that are

accorgpaRyiad gewiagaviemhipht conductive line and the upper-layer conductive
line. Throughout the description, conductive lines are also referred to as

[0014FONdugEiNe IPyRESARY 2GhIeiOe TAMPHGR/ AIB-FRPR S SE i) Views of

intermediate stages in the making of a preferred embodiment of the
resent invention. It is to be ot that t ross-sectional views are
(0015}, en D ?&ﬂ HatEh ﬂlﬁ% r%ﬁ?dﬂé‘&m?? of the conductive
lines formed. Therefore, conductive Ilnes appear to be rectangles. Figure

{0016} ilushigtes HHEdsratetiopoof entowmel clayeicabidactive line 44 on a base
material 40. The lower-layer conductive line 44 is preferably a metal

[0017FOMPHSINg Y eﬁf‘%ﬁ ﬁ&f@l&%@sé&%ﬂﬁfﬁereo Qﬁl@mﬁ‘éﬁ g in the making of

compounds ther and combinations It cana orme

a pref@iRar-metanala ez denadralysiicon.

[0018} Figures 8 through 12 are cross-sectional views 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.



Base material 40 is typically an inter-layer dielectric (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). 6 [0027] 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),

DET Adh & 3 SERIBTHP IR B {CSARA pIASHENBIGEPRGENID (PECVD), low
pressure CVD (LPCVD), or other well-known deposition techniques. ILD

[0024f+2 cammwmegm PHERAR RORBARr SHIRAIM IS ERREXOL in detail

other known materials. Typically, ILD layer 42 has a low dielectric

belowCHHHANH (e ¥predisednmiwRecpatas it CREACH AN REIWRRIIEOREMG IR Ticable

lines is reduced. [0028] Figure 4 also shows an etching stop layer (ES

inventife ieuicest Othiheatoveaintayale CRINKIWEHY & dineA f ieeificlorteris Pratesabiyic

a dielectric formed of ai oxide or other materials such as silicon nitride. An
emboditheAS distanneihamibely BludfatVeaflsPediFiproyides ingtdationsevetntion,
the lower-layer metal line 44 and overlying conductive lines that will be

and ddaohbBohisthe seopeofithe[@828fidngure 5 illustrates a via opening 50 formed
in the ILD 48 and ESL 46. A photo resist material (not shown) is formed

s PR R BR AL, T USROS bR o
 formid@WEIHAY S CRNAGHVE,JingAdnhen e dhB48 g%@é%ag%gylg&l& €+ conductive

exposed portion of ESL™46 is etched. Because t quite thin

line is RIRE 10 8BS LLhAB, THOCETS LU &M@%W%@@%@{fgm&ma;

more closely controlled, thus limiting the likelihood of over-etching through
pads tAREAHNERIHIEIY0 the lower-layer conductive line and the upperlayer conductive line.

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).



lower-layer conductive line 44. [0030] Figure 6 illustrates the device after
via 54 is formed in the contact openings. In the preferred embodiment, via
54 is formed of tungsten, aluminum, copper, silver, gold, or combinations
and other well-known alternatives. In other embodiments, it can be formed
of doped polysilicon. Preferably, via 54 has a composite structure,

{0027ncludiw R baskier 4ayefdemh ciPbaedt dhal Ralgsal cRISI g EanUhe ILD layer 42
titanium nitride, tantalum, tantalum nitride, silicon 7 carbide, silicon

is prefesyohrbiieocdimbitradipositheedizang Otbeadtydrstidiibae @HEagyr ddmical
prevents the via material diffusing into the ILD 48, which would cause

vapordizpiestiad ((B/ ) elthinkrabsnobthE ViDa(AECTE0) b2 isrgreterablly GERCAED), or
about 10A to about 1000A, more preferably about 300k Via 52 and

other lgelekiayar dpositionechneys sHaPet2nintaifabe def@d8dtiAnsuch as phospho-
upper-layer conductive line 58 and an ILD 56 are then formed using the

silicatmglers 8 SEkenticheckiroprevislgsigar Ayragily, A6 tastent@chas Figurdidlectric
The upper-layer conductive line 58 is in a layer higher than the layer in

constaph{Eh trladbiechab e reseitic tepatilenss hetonereomnertinedinss isxistuced.
between via 54 and the upper-layer conductive line 58. Both lower-layer

[0028Fondughiue: dintdtéhand apaﬁm@%qumr 46 RBAE SOHRIGAN - layer
ely.

~ external pads 59 and 61, respectiv External pads 59 and 61 are

conduldivedtheuh TIRIESCaO S Berhip LT haisledaierefRidn o 4 ¥ oristhetaRsterials
results in an electrical fuse that is defined in a region comprising via 54,

such anidlitecasdidant BIatdsinaL0 G thecRionss Bihapply igpovidiadasidation
external pads 59 and 61, a current flows through the fuse anda -

betwedisiteibmatyas:foneteld e U dud evatyiny foadrdtincnnhtapraitbetbmed
embodiment, the conductive lines and via are formed of copper.

subsequently.

[0029] Figuré 5 illustrates a via opening 50 formed in the ILD 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



Copper has better conductivity and can withstand higher current so that it
is widely used for 0.13m and below. However, it is hard to etch. Therefore
a damascene process is used. Figures 8 through 12 are cross-sectional
views of intermediate stages in the making of apreferred embodiment of
the present invention using damascene process. Figure 8 illustrates the
ormation of a |ower-layer copper line 64. It is formed by forming a trench

carbige, SR BY ISR LA e Febqth th&RHa R hoRsBISHiager 52 prevents
) . f i to polish t tQ the, f ft
the vig B S e s oG S et S e isiness of the
i j d -| line. A in Fi 9. a first
barriel AL S A el B e P R U s Brefo by 300A
Via s%%?%»%ﬁx%@f&gn%%%g g fmed, The materials and methods of |
ese |la

orming t yers are known in the art. ﬁgaure O illustrates a first

opening 76 formed down to the first etch stop layer 66. A second opening
[0031F 3 is fpvererrares seedintive Dres Sransrmd B sethen fonast wsiagithe methods

_etch stop layer 66 is removed. The resulting structure is shown in Figure
mentfiqned i pEexius NaEERE cas iR MmFippe il wensstnrre@dustiye line 58
. . via 81. A barrier layer 80 is conformally deposited in the openings 76 and ‘
is in ajayce Bieher thambls Hysoinadichdbe ksemiger Aorduativs Hasrdfrirdammaed. hnterface |
per to the surface of upper-layer copper. line 82. [0034

.plaparize the co 0 .
55 exifl oA eRh 148 S AP S PR ABILPRYEVARE B0 PTHE-1ayer conductive
. eqyirements of the, circuif. design. Figure 13 illustrates a stacked via .
line 4@?@@&%?}5@&%%&'@8HV8M‘%?%W@@3 rAAtFrRIPagiy 1699 OloEeshrgtively.
109 are_for in different layers and are jnteyconpected by conductive .
Extr] TR O 0 56 TR AL o 6 S B e v e B dprevious

steps r]é%l.%tg rl}ga}xleliécrt%scpaf ﬁ}g\éetgét is defined in a region comprising via 54, inferfaces 49 and

55 and surrounding regions. By applying a voltage to external pads 59 and 61, a current flows

through 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.



Therefore, the vias can be burned out individually. The via string can also
be used as one via. 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 square, rectangle, circle or other shapes. A via

n also.be tapered. [0035] The e-fusg, structure qf the present invention
1003 e S o R Rl (R fokbe M ape uper-layer

coppS LS HNR ek IRdUaligned Wb ALiSastane IdNe FONGMAINELES sop

120 and 126. Part ofthe Via xtends the conductiv

Iayeral'@ga]s%@onyfﬁﬁ)?tfgﬁpgh\%g%agﬁvﬁ Bi%e%errg]%y oy g?%es%%rzli;%e%g eﬁg forming

via width W. The misalignment typically does not a on o

theseQU5EHIGR! s%5ORl loWersiiag &Hﬁﬁ%ﬁﬁt’%@%%Qtt%gigﬂn%%%éﬂgggégﬁm the first

non-borderless structure, the via 130 has no exte eyon ive

etch 4185 Saykr 86220 skcn ASpRAMY T AT E k4 AR3GL Figwes. Jﬁérfﬂfé r{lﬁ@ebsed

illustrate applications of the preferred embodiment. Figure 15a Iillustrates

porti@oe efieakEHCU L IS Gusledin setianwiltadts ST ReRISHIE Rigure 11,

circuit could be a circuit that may be replaced when it malfunctions. When

Figurthi2 fillvetbdds is doinast QHENbRERYIR S IaN shravuohi exieahnadSayer 80 is

142 and 144, the electrical circuit 148 is dsconnected from the other
confocinatijtslepigited ibthdliosinitiies Head0seChppaarmed fparalahwibBenings. A
redundant circuit 136. One end of the e-fuse 134 is coupled to the
CMP g peridnidaarefdanattie: hd copipertteitosfurEaG isfamentsdispperenii se.

134 and not activated. If a circuit element is found defective and needs to
B e e LT S
: cir(_:uim:@sriﬁﬂ.%g@l%t Pjrﬁm&&aﬁ@s‘% Qﬁ&%&i%@a éring coupled between conductive lines 100 aﬁd
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 -



circuit redundancy scheme can be established by combining the circuits in
Figure 15a and Figure 15b. [0037] Figures 16 and 17 illustrate another
embodiment of the present invention. Figure 16 is a cross sectional view
of the embodiment. A fuse comprising a via 168, a seconddevel
conductive line 166, and a via group 170 is formed between two portions

burn ﬂ].i? fﬁlr P SaRHu tgfﬁlé'ﬁ?e 160 OPsvEHY ﬁd'@ﬁéﬂ@%ﬁ‘ﬁ%ﬁ@ &fductive lines

also refe re to as con uctlve layers. Conductive line 1601 is the cathode

128 M?ﬁ%%ﬁ&@ﬂ%\ﬁgm@ 1402 is the anode end. Figure 17 is a top view of

the embodiment. At the anode end, via group 170 comprises two or more
vias and can sustaln higher current density than the via 168, With the

(0036} 5y it degigny! W@ﬁﬂ@lﬁﬂ?&ﬁ%%ﬂﬁ%‘ﬁ%%%@%ﬁﬂ%&m 1>
mum%%“a:a%%z%@%%%aa@ﬁ@ RTHERTR R e e
be a R Gl ref%gﬁam R A e SRR Tag R ety

2pp w‘ﬁé‘zﬁﬁ:ﬁsr‘?ﬂe SRR P e f%i“coné”et?xve A PR scomected
'fmmtg] Ic}a & la m+| %@%ﬁ[ﬁ%ﬂe@%ﬁetlﬁgfgé 8 Féiéh%g:%ﬁﬁ@f%@ﬂéimdam

sucn as me ure 1l ustrates a

circuif 1SS é}}aﬂm Oéihisé%%% lé»c fet 16 ﬂﬁecg%ﬁﬁ&tqq&ém@% Veiilrant circuit

tran5|stor 178 |ch In this configuration is preferably an nMOS device.

136 is RGIHRA B rPDR, RS YRARNISION 78R40 FPURIRCLREIGER ROWGE@EI8Stive and
cc and Vss wherein the source of the transistor 178 is connected to

needs YoBe 231a0A BYAML IRG0RNRFIERIR 118 lUSR i VippN A Maternal pads 138 and

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
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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 is 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 hurnt se with sych a ¢connection. When a fuse illustrated

condHER TR VAL ARA T60he BELIPEL LS L8 R R e A BeeRodiments
referably connecte the drajn, of the transistor 178, and %%ano eend -
For o o e N Y OGO Yo oy TR PR e e
1 ensity reguired. for-burning out a fuse is de ent on the materigl of th
e e T e e o R B PR et
m+2. fRd the right current “density through routine experiment. Table 1 presents
" exemplary data measured on the vias formed using 90nm technology.
Layer Dimension(pm) Bum-out Burn-out Current density Current (mA) (A/

10038Lyy) il dlystratespcsaatiopBummapuie fuss. @idnsed. #1 5 6omeegtedn series

.. M8, M90.42x0.92.880 7.62 x 105 11 Contact 0.12 x 0.12 0.294 2.04 x
with afpgisigtar 1\ Bhac b anshisrondisyrationisaweirably w8 devisad hednwe 176

8.8 x 105 All stacked vias 0.13 x0.13 0.189 1.12 x 106 i
and the transistor 178 are coupled between power nodes Vece 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



except Vial and 8 Stacked vias with Via 0.36 x0.36 1.452 8.8 x 105 7 and
Via 8 [0040] MI through M9 are metal lines at different layers, with M9
being the top layer petal, and Ml being the bottom layer metal. Via 1 is
between Ml 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 0.9m, which is the second Vélléjﬁe fQupd in their
Contagimensions. Thd'diftefidibns of Mi-#ifbugh M9 indid4td Width x thickness,
via 1 andiglimensions orvias ipdicate @a8s sectional didensiBns. [0041] In

. _tabhle 1, Rows m g< d %\J/Ilthro h 9 present cypent and current
Via 7¥ichy needed@ éﬁn@go t the r:ljlgﬁa ines. Rowsg] hggr gd as vial through
All stath@dprasent the@isrentiand curredffensity needed o Birn out the vias.

exce ;F € t?urr&-gut current density is calculated based on the burn-out current
*ePHiviAedy the cross sectional area, which in turn can be calculated from

StackeéHeviatimihiam. WaleQB6 current HéFity to bum 88txH&Via is affected by

4 andt(}?a@aterial 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 1x104m2 to about 1 m2. By adjusting the cross sectional
area for an e-fuse or a portion of an e-fuse, the bum-out current can be

[o040fdiusiad infeugh deSkRIKERUBnEANR SifitashtndheawicaMPkeiietiaripiayer metal,
such as the material, process, dimension, current, and current density

and MMBeRANEIE ssadan sp-thnbf1e SHUC EROQRPNEINgd MR Miykss bemdachi2 and M3,
line, lower-layer conductive line and the via is adapted to be an e-fuse. 12

and via § 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 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



[0042] It is observed that in order to burn out the vias or the metal lines,
‘the required current density is in the order of about 105A/cm2 to about
106A/cm2. Although the data shows that the bum-out current density of
metal lines are in the same order as, or some 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
[0043bvealldsthbervedsbat iv wrdeyiohymrentfisicdty on tiaroeteldsesdhnecquired current
interfaces between the vig and metals lines (refer to Figures 16a and :
densifgis)inghs faisy thebpund B eoriembaahiftiddasr NéBpueicdeatnsheps that the
much lower than for vias. This result has indicated that the vias are
burn-gut e fentiteel Teriallinosdre I8 (s sHReiatdERTrenieme4Ene giehigyst than
of a via. The height is preferably determined by the distance between .
the by Syarat éﬂ}él%’rsé)m% Wé;&ybiwgﬁ%ﬁ hablighunie falgnsihegldpeew in

fuse design can.be easily integrated jnto the chip desjgn without incurrin
metal ihes RSN CEY % (5 CRRTECEE D REK FERI A e BT are
. _hetween abqut 500& to abput | 0000A. [0044] Figure aand19b _.
topicf A SV R B B R E0r BB SRS e e peFigures 162
pled hetwegen two respective, conductive lines.150 and 152, of t
s B e A CTRR e L A 18 L g o for

.. Hter tw the vig,and_the u slayer/lower-layer conductive
vias. mesﬁ_@é\ﬁ@g@%ﬁ%&;ﬁ%&ﬁ}% o4 %%%ﬁé%%%rr%%aﬁfj in via 154. In Figure
19b, the burn out region 156 extends to one of the conductive lines 152.
[0043ho4 5 kprsrs BesRRNErEIRiv IR Fdbereisiirolidad. Byehsight is preferably
embodiments of the present invention. These include (but are not limited

deterigipegrby, thiyistancp detmten ameteldavses abhiepeeyidps dorlilpting Bigrdesign of the

process is easier to control and more reliable. Second, fewer masking _
fuse SN ,@?Sfuse design can be easily integrated into the chip design 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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required therefore reducing cost. Third, the preferred embodiments

provide a flexible structure 13 for circuit designers. The fuse may reside in

any region of the inter layer vias for cell size reduction. [0046] Although

the present invention and its advantages have been described in detalil, it

should be understood that various changes, substitutions and alterations

can be made herein without departing from the spirit and scope of the .
for cifigyit irsieres o A dHSE YT e ERPR oS BT s dBE i hige

present application is not intended to be limited to the particular
reducitfhodiments of the process, machine, manufacture, and composition of

matter, means, methods and steps described in the specification. As one
[0046)f ordinRhywsKilklie thesart iniltntonl dypdjip reliatégien hasth begisdbsstibedint detail, it

present invention, processes, machines, manufacture, compositions of
shoulthbétendestand fimethndss drsepssprasstitpexidtptyrotiimesanisanade herein

developed, that perform substantially the same function or achieve
withcatdspartimgyrtie tha speriteand sophetibs deponitings defivedibydhesippended claims.

described herein may be utilized according to the present invention.
Morepego thirsgigpe wicthqipesens aratinstionds nacintended ipSrbinindin thsgparticular

scope such processes, machines, manufacture, comgositions of matter,

embogiments oh &R pEReesT. SRashinemefar fsecand KAt qn Ol RIS RRARS, methods

fuse comgrising: 2 a first conductive layer, 3 a second conductive I%\{er; .
and stgig described in the specification. As one of ordinary skill in the art will rea ly 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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4 a via coupled between the first conductive layer and the second
conductive layerwherein 5 at least one of the via, the first conductive
layer and the second conductive layer are adapted to 6 be an electrical
fuse. 1 2. The electrical fuse of claim 1 wherein the electrical fuse further
comprises a first external 2 pad coupled to the first conductive layer and a
ternal pad coupled to the second 3 conductive layer. 1 3. The
WH@Ieefgg: bFlaim 1 further comprising: 2 a third conductive layer;
and 3 2 Iurﬁli&/ﬁof vias coupled between the second conductive layer and
the eir%l%(’)cnduc ?vcemzlpfésy% -1 4. The electrical fuse of claim 3 further
coJ r's(i;n q%%n nMOS transistor having a drain coupled to the third

1

conductive aye‘?? &Rd'3 a source coupled to a first power supply node

\QVO(?’eE.%W%Q%@%& lve Jayer is 4 coupled to a second power supply

fuse of claim | wherein the via has a cross

Seﬂ)ﬁ ﬁ@@@t@@%’ﬁﬁrﬁ?ﬁ %8[1 éﬁ%zlﬁﬂ:g ﬁ%]ﬁg: Js@%%%&g’o}uﬁmg%g 1a?IerWherein

electrical fuse of claim 1 wherein the via Has a height etween abou

at IeaéQ% é‘ﬂﬂe %ﬁ,b@fétfﬂ[gﬂ canaum ?c{?g%@ltﬂéss%&}cnﬁl @HHMR%’ ﬁﬁgﬂ%‘?evziﬁapted to

comprises a conductive material and a 2 barrier layer outside t
be anCREEAvERaterial.

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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1 8. The electrical fuse of claim 1 further comprising: 2 a plurality of
additional vias each in a different layer; and 3 a plurality of additional
conductive layers wherein the additional vias are coupled in 4 series and
each of the additional vias is coupled between two of the additional
conductive layers. 1 9. The electrical fuse of claim 8 further comprising: 2
a plurality of external pads each coupled to one of the additional

6. coFhrigveitalisepfidainné whessiedbsuse kasadimahiwidietifioricahestt S00A and

conductive layer, the secondconductive 2 layer and the via comprise
abou"cbﬁber and are formed by a method selected from the group consisting 3
of single damascene process and dual damascene process. 1 11. The
electrical fuse of claim 1 wherein the via is misaligned to the first and/or
7.  th&sedecttic?! fovechictiven dyeherdr]de Tivecohnpiirssl f gsadof gigimaterial and a
wherein the misalignment is smaller than about % of the 2 via dimension
barridnitiyerroissifig timentdintiotionateédl. 13. A semiconductor device
comprising: 2 a burned-out electrical fuse comprising: 3 a first conductive
. layer; 4 a second conductive layer; and 5 a via coupled between the first
8. Corkigtveitayeaisand thense danteeotieiivadayer 6 and adapted to be a

fuse. 1 14. The electrical fuse of claim 1 wherein the electrical fuse
cappriahs afustesiemdhpasth 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.
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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 interfaces between the via and the 4 first and the second
conductive layers 1 15. The electrical fuse of claim 14 further comprising a
plurality of vias between the first and 2 the second external pads. 1 16.
The electrical fuse of claim | further comprising: 2 a third conductive layer;
13.  ands8migludalitprodanas complégnigetween the second conductive layer and
the third conductive 4 layer wherein the vias are not burned-out. 1 17.
Thdeleedrivaldgstietlciasmcompsisiagh the via has a cross sectional area of
between about 2 10"4m2 and about | m2. 17 1 18. A semiconductor
device coiifstieguctisplaYsttrical circuit; 3 a redundant circuit having a
redundant design of the electrical circuit; 4 a first conductive layer, 5 a
second é&?ﬂ?ﬂ%\?@%‘;}@i‘;‘%ﬁ’d"é?ﬁst via coupled between the first

conductive layer and the secqond_conductive layer 7 wherein onge of the .
first and S ¥RHRIRISHRTENFER BFeiEh CREYS: e AT RO haver

d a&wgﬁreig the first via, the first conductive layer and the second
and agontet 1908 34Y8F-are adapted to be 9 an electrical fuse.

14.  The electrical fuse of claim 1 wherein the electrical fuse comprises a first external pad
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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1 19. The semiconductor device of claim 18 further comprises a first
external pad coupled to 2 the first conductive layer, and a second
external pad coupled to the second conductive layer. 1 20. The
semiconductor device of claim 18 further comprising: 2 a second via
coupled in parallel with the electrical circuit; 3 wherein the second via is
coupled between a third conductive layer and a fourth 4 conductive layer;

18. 5 Witereigptidactecesidosiaommigig conductive layer and the fourth
conductive layer are 6 adapted to be an electrical fuse; 7 a third external
paith bghisdl witgtihird conductive layer, and 8 a fourth external pad
coupled to the fourth conductive layer. 18 New Fuse Structure

ABSIHAGEY SreHiiE g e (Yt KR ek ReFikrEghE S Hizthod of

forming the same are presented. A first-layer conductive line is formed
0B BHAYERYIA via is formed over the first-layer conductive line.
The via preferably com rise%a barrier layer and a conductive material. A
set St f@P&?ﬁﬁf’Mfﬁﬁ% is formed over the via. A first external pad is

formed _coupling 1o the first| tive line. A-second
1« TG BTG U6 P B A e e TS T i e
ductive line and.th ductive. | o
e S T e s R
wher%%r{gg kel G ARSI 2N D6 BRI SS STPOSRROVE S aREaRipted to be

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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formed in any layer. (FIG. 4)

New Fuse Structure

ABSTRACT OF THE DISCLOSURE

An electrical fuse and a method of forming the same are presented. Afirst-layer
conductive line is formed over a base material. 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 formed
coupling to the first-layer conductive line. A second external pad is formed coupling to -
the second-layer conductive line. The wa, 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 fo be

-formed in any layer.

(FIG. 4)
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