,;eS%]X&WW[L[8]6n]T]AjBl METHOD OF FORM NG A NOVEL TOP- METAL FUSE STRUCTURE
FI ELD OF THE | NVENTI ON The present invention relates generally to
sem conductor fabrication and nore specifically to sem conductor device
fuse fabrication. 2 BACKGROUND THE | NVENTI ON Conventi onal | aser
fuses now used in the integrated circuit (1C industry are typically at the
nmetal level (N1 or NN2) where precise internetal dielectric (I1MD) etch
depth control is very difficult, but needed for successful |aser repair.
This is even nore difficult for copper (Cu) interconnects because of
darmascene processing (nore netal and I MD thickness variation due to
chem cal nechanical polishing (CW)). U S. Patent No. 6,162,686 to Huang et
al . describes a nethod of formng a grooved fuse (plug fuse) in the sane
step that via plugs are forned in the guard ring area and in the product
device areas. U. S. Patent No. 6,100,118 to Shih et al. describes a fuse
guard ring nethod and structure. U S. Patent No. 6,277,674 Bl to Wang et
al . describes a fuse and a process for fabricating the fuse. U S. Patent
No. 5,914,524 to Konenaka describes a sem conductor device. U S. Patent No.
4,740,485 to Sharpe-Ceisler describes a nmethod for formng a titanium
tungsten fuse.

METHOD OF FORMING A NOVEL TOP-METAL FUSE STRUCTURE

FIELD OF THE INVENTION

The present invention relates generally to semiconductor fabrication

and more specifically to semiconductor device fuse fabrication.
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3 US. Patent No. 4,796,075 to Whitten describes a fusible link structure
for integrated circuits. SUVMARY OF THE | NVENTI ON Accordingly, it is an

obj ect of one or nore enbodi ments of the present invention to provide an

i Aproved nethod of formng a top-nmetal fuse. OQther objects will appear
hereinafter. It has now been discovered that the above and ot her objects of

the present invention MBYA BRERO H eldHE'i W ng manner.
Specifically, a StI‘UCtUM@QHC | ayer is formed
t hereover. the structure including a fuse region and an RDL/ bunp/ bondi ng
pad region. A conposite netal layer is forned over the internetal

dielectric |layer. _ The co ite.nmetal l|ayer.ipncludin secon tal | ayer
Sandut ched bet weeFONBREFONAT dpses fies tove FLeib i gt e &SRR Midtasey
netal |ayer |s,patterned to fo an upper.  nmetal |ayer portion wthj he
ROL/ bunfledgmisey bk RegldRvelihe | B oaRA WhER Do s et lsatc EMRY
netal |ayer are patterned: (1) within the RDL/bunp ndi ng pad_region to

f or m anctiddepthermselds N@%é@fﬁcvlﬁebtnmeéa %éﬂ%ﬁeﬁ‘géggaaehéﬁn%dﬁ%e& %Med
second netal |ayer portion/|lower first netal portion with a width greater
t han t haorediffigaltdphepppent &iu) injerconngats Becanse of slamangene Pragesping (mere and
(2) within the fuse region to formthe top-netal fuse structure. The RDL

/ bunp / metaliang IpAR thicknessuvasiation digsto chesnicp) medtanieal polishingCMD)).

DESCRI PTI ON OF THE DRAW NGS The present invention will be nore clearly
understood fromthe follow ng description taken in conjunction with the
acconpanyi ng drawi ngs in which Iike reference nunerals designate simlar or
correspondi ng el etéhiPatentdgo.dnto2686 toddtiang st @lndesaribekiachnetiodyof farmings
schematically illustrates a preferred enbodi nent of the present invention.

5 DETAI & BERo®ESCR1SET(ph Ghse) i tRRSRRRRIEEp EVEROHaMENES Rire desmetnimwthet guarte
| nvent or

ring area and in the product device areas.

U.S. Patent No. 6,100,118 to Shih et al. describes a fuse guard ring

method and structure.

U.S. Patent No. 6,277,674 Bl to Wang et al. describes a fuse and a

process for fabricating the fuse.

U.S. Patent No. 5,914,524 to Komenaka describes a semiconductor

device.

U.S. Patent No. 4,740,485 to Sharpe-Geisler describes a method for

forming a titanium tungsten fuse.



,The ‘fol l owi ng process is known to the inventor and is not to be deened as
prior art to the instant invention. The copper fuse is mgrating fromthe
N1 /N2 netal layer to the top netal |ayer. However, the top netal

t hi ckness is generally about 9000 3090 and has a very narrow process

wi ndow for |aser repair making thicker |layers nore difficult. Further, the
use of a very thi t | Ui | Qf. . from ahout 1. 5.1 ) a d on
top of the copperﬁﬁ‘t@gmgc?’z%’g% &’e‘-"@]lgf?l Ut (?ﬁalfgﬁ'g)tle @ﬁ%ﬁ%ghﬁg%ﬁp

/ bond pads kes. t he copper top nmetal fuse process yet again nore

di f fi cuftesiqe SIFC‘i“ﬁ‘bossi ble. Initial Structure As shown in Fig. 1,

structure 10 has an inter i i & 12 formed thereover
to a thickness of prefera So—to-15-000A. I MD layer 12 is
preferably conprised of USG PSG BPSG FSG or SiN and is nore preferably
USG 6 Structure 10 is preferably a silicon, silicon-on-oxide (SO) or

gal l ium arseni de (GaAs) substrate _and i s understood to _possibly include a
semi conduct or waf éccerdiaghys itrigen obigat Py eng I Hese eprbegimends of sherpaesgnt hi n
the wafer, conductive layers and dielectric |ayers (e.g., inter-poly oxide
(1 PO, im¢entias t9 prgividean improyedmethbod of forsrimgn tﬂpeme?aiefumf er surface.
The term "sem conductor structure" is nmeant to include devices forned

wi thin a sem conductor wafer and the |ayers overlying the wafer. Barrier

| ayer 15 nmay be formed over IMD layer 12 to a thickness of preferably from
about 100 to 800gOther ojeas witlcdppaodpereibafted.er | ayer 15 is preferably
conprised of Ti/TiN and for copper (Cu) technol ogy, barrier layer 15 is
preferably conprised of Ta/TaN. Barrier |ayer 15 also serves to inprove
adhesion. A conposite netal layer 25 is forned over barrier |ayer 15.
Conposi te netal | dyhas 2bwbebrrdibtovetedphatstite aboveldirel steandbjeetsabf lthyer

16 sandw ched
present invention may be accomplished in the following manner. Specifically, a
structure having an intermetal dielectric layer is formed thereover. the structure
including a fuse region and an RDL/bump /bonding pad region. A composite metal
layer is formed over the intermetal dielectric layer. The composite metal layer
including a second metal layer sandwiched between upper and lower first metal
layers. The upper first metal layer is patterned to form an upper metal layer portion
within the RDL/bump /bonding pad region. The second metal layer and the lower
first metal layer are patterned: (1) within the RDL/bump/bonding pad region to
form an RDL/bump /bonding pad; the RDL/bump /bonding pad having a patterned
second metal layer portion/lower first metal portion with a width greater than that
of the upper metal layer portion and forming a step profile; and (2) within the fuse

region to form the top-metal fuse structure. The RDL/bump /bonding pad structure

includes a step profile.



.betveen an upper and lower first nmetal l|layers 14, 22. Upper/lower first
netal |ayers 14, 22 are preferably conprised of F alum num (Al), an

al um num copper alloy (Al Cu), copper (Cu) or a copper alloy and are nore
preferably Al as will be used for illgstrative pur poses hereafter. Lower Al
| ayer 14 is relatively thin as a portfon of it will conprise the fuse 52

and is preferably fro , thi -5, hore preferably
-about 5000 t hi ck. Upp@-ﬁﬁiﬁbﬁe&éﬁ &59 L5 Iﬂi‘ﬁi

¢y

ts—a-thr oo rayet | ow resi stance and
is preferably thicker than about 3000 thick and nore preferably thicker
t han about 8000. M ddl e second netal layer 16 is preferably conprised of

titaniumnitride iN), Ti, tantglumnjtride (Ta r Ta,and i re
preferably TiN 5 Thiel Preenlsiengen; Wilkses aeore %@%&%@@F@F@&f (G hed o
TiN layer 16 is _preferably from about 200 to 2000 thick and is mpre .

pr ef er aé@@o‘amﬁ.@esmmomaﬁﬁn InsQrivRctiowithihe argompapymg deaviings e whichp

| ayer and can function as an anti-reflective coating (ARC) layer to help in
absor bi hide| referenea ewggeralpd egaatet similar Hirr gorrespanding eglemests, 2@ginns ped
respectively interposed between |lower Al |layer 14/ mddle TiN |layer 16 and

m ddl e Poxtidmsyand rewhiger Al | ayer 22 as will be shown for illustrative

pur poses hereafter. Thin third netal |ayers 18, 20 may be used to inprove
the electomgration (EM in the re-distributed layer (RDL). Third netal

| ayers 18, 20 are preferably conprised of titanium (Ti), TiN, Ta o r TaN
and are nore pref dighlly tdi4 ashembticdlly ilhstratesr aiprefmtredtdmbodinmgrdses the
hereafter. Thin third nmetal |ayers are preferably from about 30 to 3001

t hi ck apdesant énwerafaar.abl y about 100 thick. The structure of Fig. 1 includes
a fuse region 28 shown, for exanple, sandw ched between adjacent
re-distributed | ayer (RDL)/bunp/bonding pad regi ons 26. The upper Al | ayer
22 is patterned (see Fig. 2) using, for exanple, first patterned
photoresi st (PR) |layer 24 as shown in Fig. 1 which nasks a portion of the
upper Al |ayer 22 within the RDL/bunp/bondi ng pad regions 26. Patterning
~of Upper Al Layer 22 to Define RDL/Bunp/Bond Pads 30 8 As shown in Fig.
2, upper Al layer 22 is patterned to define RDL/bunp/bondi ng pads 30 using,
for exanple, first patterned PR | ayer 24, to form patterned upper Al |ayer
portions 22' within RDL /bunp /bonding pad regions 26. Upper Al |layer 22 is
preferably patterned using a reactive ion etch (RIE), an Rl E endpoi nt
detection etch process or a wet chem cal etch process and nore preferably
an RIE end-point detection process that renoves the exposed portions of Ti

| ayer 20 not under first patterned PR | ayer 24/ upper Al |ayer portions 22
and al so renoves preferably from about 200 to 500A of mddle TiN |ayer 16
by overetching as shown in Fig. 2. First patterned PR |l ayer 24 is renoved
after the RIE and the structure nay be cl eaned as necessary. Definition of
Fuse 52 As shown in Fig. 3, second patterned PR | ayer portions 30; 32 are
formed over: patterned upper Al |ayer portions 22' w thin RDL/bunp/bonding
pad regions 26; and over overetched mddle TiN layer 16" within fuse region
28 to define the subsequently fornmed fuse 52, respectively. As shown in
Fig. 3, second patterned PR portions 30 preferably al so mask portions 33 of
the overetched mddle TiN layer 16" wi thin the RDL/bunp/bondi ng pad regi ons
26 adj acent patterned upper Al |ayer portions 22'. This will permt the
bond/ bunp pads or RDL 30 to be fornmed having a step profile



9 ('see Fig. 4) which assists in subsequent passivation filmstep coverage
to prevents cracks in the passivation filmespecially when using thick
upper Al |ayer portions 22'. Patterning of Overetched Mddle TiN Layer 16
and Lower Al Layer 14 to Form Bunp/ Bgnd Pads or RDL 30 and Fuse 52 As shown
in Fig. 4, using PR portions 30, 32 tor exanple, overetched mddle TiN

| ayer 16' and |l ower Al |ayer 14 are patterned to form bunp /bond pads or
RbL 30 and fuse 52. If used, thin Ti layer 18 is also patterned. The | ayers
are preferabl) ) i ng eactl bl oh (Rl end- poi nt
detecti on et CHEpAICESS ot=—2 CHreTt £ %!F%g- referably
an RI E process stopping on IMD | ayer 12 (or barrier |ayer 15) by end-point
detection. Fuses 52 so formed include Ti N ARC | ayer portions 16". The
portions 33 aof the overetched mddle TiN layer 16" within the

RDL/ burg Siates [9 the gn¥eptos adj acent patterned upper Al |ayer portions
22' can be used for |aser fuse guard-rings. Subsequent processing may then
proceed such as, for exanple, formng a passivation layer 50 (shown in
dashed line in Fig. 4) (that may be conprised of SiN for exanple) over the
bunp/ bond pads orﬂmiollwmg@remﬁ kpown todhe ineerger end is pet foke dsgmed 10
The nore preferred novel top-netal fuse structure and nore preferred nethod
of for rAsmriethart tothe instantimyventidruse structure uses a layer of titanium
nitride (TiN) (about 1000 thick) sandw ched between thick al um num (Al)
nmetal |ayers (each > 5000 thick) for an etch-stop. This structure/nethod
allows the fuse so forned to be at the sane netal level as the RDL and the
bunp /bond pads dihk tdpprerbipseispligfating frbm thadbN-t ANF2 mesablages tetthpstopThe
fuse metal thickness is wellcontrolled because of good etch selectivity

bet weemmatal bdyernHomkver t theitommetat tdekndsds gehkratlyeabourt 200pAct 30064 Ahdf use
can act as an anti-reflective coating (ARC) helping to absorb | aser energy,
thus nelesng véryensirety pocdsaswinddapalor - ladelv pepaig enaldhgt thecldrelagais hivrent i on
The advant ages of one or nore enbodi nents of the present invention include:
1. siniffidutbust top netal fuse process for copper interconnects; 2. allows
the top netal fuse to be used with very thick top netal (Al Cu) for RDL; 3.
allows AICu with TiN ARC fuse to be used with copper interconnects;

Further, the use of a very thick top aluminum metal of from about 1.5
to 3.0um added on top of the copper interconnects for re-distribution layer (RDL) and
bump/bond pads makes the copper top metal fuse process yet again more difficult, if

not impossible.

Initial Structure

As shown in Fig. 1, structure 10 has an intermetal dielectric (IMD) layer
12 formed thereover to a thickness of preferably from about 3000 to 15,000A. IMD
layer 12 is preferably comprised of USG, PSG, BPSG, FSG or SiN and is more
preferably USG.



. 4. 'allows the formation of AICu/TiN fuse, thick RDL bunp/bond pads at the
sane tinme; 5. thick netals surrounding a fuse can be used for |aser fuse;
and 6. stair-shaped profile of the thick metal hel ps passivation filmstep
coverage and prevents cracking, espegially when the netal is very thick.
11 Wil e particular enbodi nents of the present invention have been

Illustrated and scribed, .it i t intended.to Iimt.the hnvent]

except as defi neg?wt‘ﬁ?e?(? df |P6&f%’i5&éf| 4 Hgcon ﬁlh%qné Illﬁog%if &%l@lﬁaﬁﬁuﬂet hod
of formng.a top-net fuse structure, c rising the,steps of: providing a
ot r uct drenide (GRASH sihwtRod i Rindetitppd R porciFlyt a8y svispRagrlo?
structure including a fuse regi on and an / hu [ bondi n ad regi.on;

f or mi ngvafer Qﬁﬁggﬁréten@ﬂave P S0y 8 eS| RFEHe Tl (Bf TP coanefREve; he
conposiite netal |ayer including a second netal |ayer sandw,ched. b en
upper ARXPTP Gk diclaciiic Kseas (¢-gy dinder-pRiyt A 38’39)7. dnigspieta f‘iiltegetdr#ﬁaﬁw}/ayer
to forman upper netal |layer portion within the RDL/bunp/bonding pad

r egi on:etahfprmad ever thg waler surfacel The term asespicanduetos strpgliref iy sreamstq)

| ayer: within the RDL/bunp/bonding pad region to form an RDL/bunp/bondi ng
pad; t teclroe devives bommed gvipin haemicpralystan waberdarddbadayersoverbying therti on

/lower first nmetal portion with a wwdth greater than that of the upper
met al |veafer. portion and forming a step profile; and

Barrier layer 15 may be formed over IMD layer 12 to a thickness of
preferably from about 100 to 800A. For AlCu technology, barrier layer 15 is
preferably comprised of Ti/TiN and for copper (Cu) technology, barrier layer 15 is

preferably comprised of Ta/TaN. Barrier layer 15 also serves to improve adhesion.

A composite metal layer 25 is formed over barrier layer 15. Composite
metal layer 25 preferably comprises a middle second metal layer 16 sandwiched

between an upper and lower first metal layers 14, 22.

Upper/lower first metal layers 14, 22 are preferably cognprised of
aluminum (Al), an aluminum copper alloy (AlCu), copper (Cu) or a copper alloy and
are more preferably Al as will be used for illustrative purposes hereafter. Lower Al
layer 14 is relatively thin as a portion of it will comprise the fuse 52 and is preferably
from about 2000 to 10,0004 thick and is more preferably about 5000A thick. Upper Al
layer 22 is a thick layer for low resistance and is preferably thicker than about 3000A

thick and more preferably thicker than about 8000A.



., Wwithin the fuse region to formthe top-netal fuse structure. 13 2. The
met hod of claim 1, wherein the structure is a substrate selected fromthe
group consisting of a silicon substrate, a silicon-on-oxide substrate and a
GaAs substrate. 3. The nethod of claim 1, wherein the internetal dielectric
| ayer is conprised of a material selected fromthe group consisting of:

mtbri ol sl oot edTEBREERECPBLD laiy?.eﬁiﬁiﬁ Eﬁeﬁ%ﬂv Fiptited SPReRf: %ﬂ?ﬁd the
{7 om t ROy dl gerihpey s @aWer PR ey T o5 Wil beEeddhE o

ayer idussE ref‘gtér}%%fe"ﬁé{‘s% Né@@e%ﬁﬂe%erl&%er?&atﬂx P ae ﬁéﬁﬁr;ﬁd
of ol hepas tiskrae sirhérsqtpr@ abeabean:d0BRK A MydfterEy i adnceedp 11 om

about 3000 to 15,0009 the second netal |ayer has a. thi ckn ss of frqm_ about
200 t o apGidystopdayeiand ean Binchiendas ananti-raflapkive cpaling MRE é%Yert@alﬁép B han
about 3000A; and the lower first netal |ayer has a thickness of from about
2000 t@bwrb@ngla@r eTRegyret hod of claim 1, wherein the second netal |ayer
has a thickness of about 1000g the upper first netal |ayer have a thickness
of greater than about 8000g and the |ower first nmetal |ayer has a thickness
of about 5000. 14 7. The nmethod of claim1, wherein the conposite netal

| ayer further i néptilesmltthinr thirdetradtall layerss1§, rﬂOematysbd respectizalyt dexpssedd
netal |ayer and the respective |ower and upper first netal |ayers. 8. The
net hod betwebrilowdr Allleyei I frhieldiefiNdayer benal middle Tik tayer liriappdesilt hird
netal |ayers interposed between the second netal |ayer and the respective

| ower dagerudipay will betshomimfor Alustrative peirpbsaschereafsér. e thirdamnotal dayqsi sed
of a material selected fromthe group consisting of Ti, TiN, Ta and TaN. 9.

The netigodo @ha baiwsed. toagpRve theeléasRigiationEM) it abierefdistiibaed igfeddes
third metal | dyers interposed between the second netal |ayer and the

respectRys ) PMERd rﬁa@ll LTéﬁlé?J 16,20%ke ?sﬁéfa%aﬂ n?)t%iﬁprléé&l%it hianfumetra), TNy e4 Drbei ng

conpri sed of Ti. nmet hod of clainfl, wherein the conposi te netal

layer f1ung Bal dr@%&lﬁeggéf@i‘éﬁiz gﬁt@ whms@réseunfcﬁrmgﬁﬂnb@?wgasés%@s&eﬁd

nmetal |ayer and the respecti | ower and upper first ne | ayers; the

third ”ﬁ-ﬁiﬂl il ‘Ff‘[é’tale rQaéi‘engré*eHylf kpgas a%fouftr%ntéb%UA 38idko aBBO0moké- The

nmet hod aiml, rein the conposite netal |ayer further includes third

net al ween the second netal |ayer and the respective
| ower f‘éﬁ[}%%l bﬁu?gt%ﬂ ‘layers; the third netal |ayers each having a

t hi ckness of about 100b. 12. The nethod of claim1, wherein the upper first
netal |ayer is patterned using an

The structure of Fig. 1 includes a fuse region 28 shown, for example,
sandwiched between adjacent re-distributed layer (RDL)/bump/bonding pad

regions 26.

The upper Al layer 22 is patterned (see Fig. 2) using, for example, first
patterned photoresist (PR) layer 24 as shown in Fig. 1 which masks a portion of the

upper Al layer 22 within the RDL /bump /bonding pad regions 26.

Patterning of Upper Al Laver 22 to Define RDL /Bump /Bond Pads 30



, etching process selected fromthe group consisting of: an R E etch process;
an R E end-point detection etch process and a wet chem cal etch process;
and the second 15 netal layer and the lower first netal |ayer are
patterned using an etching process s%lected fromthe group consisting of:
an RIE etch process; an R E end-point detection etch process and a wet
chem cal etch process. 13. The nethod of claim 1, wherein the upper first
netal |ayer is patterned using an R E end-point detection etching process;

and the second netal .l ayer. and the |lower first nmetal. | ayer ar atterned
using an Rl E end-Poi ?ho‘%’ét Jt1'6n et PG 6‘:10%@(55.5?41.5 ?)Ié eﬁ‘?ﬁcﬁo@ d*e%&\eai m
1, wheregj he upper, first tal] layer is patterned usj an aoverlyin

pat t er r@éﬂg{hb}m@&@m Rods 20 ystme; FE emle st Brtteied PR Agyardd, Itover  r st
netal |ayer are patterned using an overlying patterped photoresist |ayer.
15, ThePdHaTAed wtperl Al IAYET RAEPBS 2 w@tmlﬁﬁwgpﬁm&%ﬁ%waﬁsre&ﬁo 0. 16.
The method of claim1l, wherein the RDL/bunp/bonding pad is_a bunp. 17. The
met hod UPPer Al lAyer 2¢pepraterabhepaitermed yoing ddieastipaien etch (Bdkhia end-18.
The method of claim1, wherein the structure is a silicon substrate. 19.
The netpritit detestianratah prpeeseion aawighchemical gichr prosessoangd anereepraferably an
internmetal dielectric |ayer. 20. The nethod of claim1, wherein a barrier

| ayer iRIF endrpointwdatection processrihiab rendbuestherdxposed gortiohe ob di tayer 20ayatr
having a thickness of from about 100 to 800g. 16 21. The nethod of claim
1, wherenderafiteirpatéernedyPR layef @dfeppenvéd lajer iporgonet2dl addehlsotrencovesyer ;

the barrier |ayer being conprised of Ti / TiNor Ta / TaN
preferably from about 200 to 500A of middle TiN layer 16 by overetching as shown

in Fig. 2.

First patterned PR layer 24 is removed after the RIE and the structure

may be cleaned as necessary.

Definition of Fuse 52

As shown in Fig. 3, second patterned PR layer portions 30; 32 are
formed over: patterned upper Al layer portions 22' within RDL/bump /bonding pad
regions 26; and over overetched middle TiN layer 16' within fuse region 28 to define

the subsequently formed fuse 52, respectively.

As shown in Fig. 3, second patterned PR portions 30 preferably also
mask portions 33 of the overetched middle TiN layer 16' within the
RDL/bump/bonding pad regions 26 adjacent patterned upper Al layer portions 22'.
This will permit the bond/bump pads or RDL 30 to be formed having a step profile



. 22." A method of formng a top-netal fuse structure, conprising the steps
of : providing a substrate having an internetal dielectric |ayer forned

t hereover; the substrate including a fuse region and an RDL/ bunp/ bondi ng
pad region; the substrate being conpgi sed of a substrate selected fromthe
group consisting of a silicon substrate, a silicon-on-oxide substrate and a

arer oottre Tty WHGL Aty SR TRBS ol Ay Bt Fley’ SSeckBbF 0 Bty o0
st nath be&@’e%gﬁ‘i%’%%fﬁn enppariy e ik Bpah ARk poptians 2F. PP

RDL/ bunp/ bondi ng pad region; and patterning the second netal |ayer and the
| ower first netal |ayer: within the RDL/ bunp/ bondi ng pad region to form an

RDL/ bunp/ bondi ng pad havi ng 2 atter ned second
met al 1lAHeININg 6oand; Lower Al | Fe

port|%n and formng a step proflle and

PUBDY & SGS O8N g8 fuse structure. 23. The net hod
of claim 22 wherel n the internetal dielectric layer is conprised of a
mat eri al sel ected fromthe group consisting of: USG PSG BPSG FSG and
SiN, the second netal layer is conprised of a material selected fromthe
group consi sting &¢ ShOW!.Wln'IFIBI 4,;TusingdRR gregtivns 38nd2tfhe exppwleaoverethed
first netal |ayers are rised of a material selected fromthe group
consi stmtcty:lloﬂ'iNAbyelahGaa aveen Abfyyer 14ldre\patteoppdto doxinsbwopgbondl pagls. 24.
The nmethod of claim22, wherein the internetal dielectric layer is
conpr i ssdROIL BB@ndt hfsesﬁdﬁdxseda,t thiin ITayleyer 48cisngiso padtenfied’i The dayershareupper
and lower first netal |ayers are conprised of Al. 25. The nethod of claim

22, whesreferablyepaniémiedensihg di whette ion baheRIBpanaRIBend-ponst déteftiqirehout
3000 to 15,0001g the second netal |ayer has a thickness of from about 200

t 0 200Q8rochs atpdiet thérhtcalelchl ploay®raribreore prefakbRsan Q{IEq:h@aés@rsté tih bout
3000g; and the lower first met aI | ayer has a thickness of from abou 000

to 10, GIMD layer 12 (or barrier layer 15) by end-point detection.
Fuses 52 so formed include TiN ARC layer portions 16".

The portions 33 of the overetched middle TiN layer 16' within the
RDL/bump/bonding pad regions 26 adjacent patterned upper Al layer portions 22'

can be used for laser fuse guard-rings.

Subsequent processing may then proceed such as, for example, forming
a passivation layer 50 (shown in dashed line in Fig. 4) (that may be comprised of SIN
for example) over the bump /bond pads or RDL 30 and exposing at least a portion of

fuse 52.



. 26." The method of claim 22, wherein the second netal |ayer has a thickness
of about 10001g the upper first netal |ayer have a thickness of greater

t han about 8000g and the lower first netal |ayer has a thickness of about
5000. 27. The met hod of claim 22, ein the conposite netal |ayer further
includes third nmetal |ayers interposed between the second netal |ayer and

the respective | r r.fir r | ai m
22, wherein the ?ﬁp@???gyﬁgﬁgg 4%%%#%%%%%&%&7%%@? %-I?h(?rng&te ngé%f&]l}g?/ers

i nterpos etween.the second netal,layer and the r ective l.ower.

upper " e 0pat R eSS Sofmetal ¥ R Gher BB RYSE bl BT iAle

mat eri gl..sel ecte m,t, roup. consi stin f. . Ti, TiN, Ta .and TaN. 18
6. “Tha T tatub 100D4 Hiis) Seasbiched hewesh fuci! atyrbiniim) GyE ARt faers

i ncludes thir tal. |ayers interposed, between the second netal | ayer and
the red Evgoqmmkﬁéoh&ﬁeﬁtc P SaPtrP%’é?/smeM@ﬂPW(ﬁ ﬁ’@t 959 s9er s
bei ng conprised of Ti. 30. The nethod OL claim 2(%, ereig t he conpposite
met al Ifayeedrtorbeat the sameegnatal levehas dhe| BDEran ﬁh@&ﬂf@@ bgaf et FRe
second netal |ayer and the respective |ower and upper first nmetal |ayers;

t he t hitherebyt simplifiesr thee fabyiqation npragess stepse dheofuse  pgtad pbigkness iy widb. 31
The met hod of claim 22, wherein the conposite netal |ayer further includes
third reentiolledhecausenogpod @@cfbxla@éﬁtﬁngmﬂummum andytitaniig nifréde.
respective | ower and upper first netal layers; the third nmetal |ayers each
havi ng ThetTilNtlayes sndop ab the Al 06g.cadact Then rmatirreflective codting PARW delpingt he
upper first metal layer is patterned using an etching process selected from
t he gr dupbsorislaser ergergy, thams rRAEngtit bagierofoe daser aepdk E end- poi nt det ecti on
etch process and a wet chem cal etch process; and the second netal |ayer
and the lower first nmetal |ayer are patterned using an etching process

sel ected fromthe group consisting of: an RIE etch process; an R E

end- poi Advalehged botheRreberitrlaeentomnd a wet chemnical etch process. 33. The
met hod of clarm 22, wherein the upper first netal layer is patterned using
an RIE end-point detection etching process; and the second netal |ayer and
the lower first nmetal |ayer are patterned using an R E end-point detection
etching process. ThelfiwdfhtaddiCofMBhd188 rRbreCbmbBdiRen W6l RepidienitBRRhtibhr St
netal layer is patterned using an overlying patterned photoresist |ayer;

and thgngggend netal layer and the lower first netal |ayer are patterned
using an overlying patterned photoresist |layer. 35. The nethod of claim 22,

wherein t he RO BIPbLAS @A dusSpiitelior copper interconnects;

2. allows the top metal fuse to be used with very thick top metal (AlCu) for

RDL;

3. allows AlCu with TiN ARC fuse to be used with copper interconnects;

4. allows the formation of AlCu/TiN fuse, thick RDL bump/bond pads at the
same time;

5. thick metals surrounding a fuse can be used for laser fuse; and

6. stair-shaped profile of the thick metal helps passivation film step coverage

and prevents cracking, especially when the metal is very thick.



. 36." The nethod of claim22, wherein the RDL/bunp/bonding pad is a bunp. 37.
The met hod of claim 22, wherein the RDL/bunp/bonding pad is a bondi ng pad.
38. The nethod of claim 22, wherein the substrate is a silicon substrate.
39. The nethod of claim 22, wherein ﬁlbarrier | ayer is fornmed over the
intermetal dielectric layer. 40. The nethod of claim 22, wherein a barrier

aver 1 Tormed Rl Bkl SR 8AbSSh g AL IIEABIARE havs!
it R AR YR, SRR TR IS

structure d an RDL/ bunp/bondi ng pad structure, conprising: a structure
havingt&ﬁﬁ§3§WF§§ﬂﬁu?%ternetal dielectric layer; the structure including a
fuse region and an RDL/ bunp/ bondi ng pad region; 20 a top-netal fuse
structure over the internetal dielectric |layer wwthin the fuse region; the
top-netal fuse structure having: a patterned lower first netal |ayer fuse
portion over the internetal dielectric layer; and a patterned second netal
| ayer fuse portion centered over the lower first netal |ayer fuse portion;
the patterned |l ower first netal |ayer fuse portion and the patterned second
netal |ayer fuse portion each having equal w dths; and an RDL/ bunp/bondi ng
pad structure over the internmetal dielectric layer within the RDL /bunp

/ bondi ng region; the RDL /bunp /bondi ng pad structure



~having: a patterned |ower first netal |ayer non-fuse portion over the
internmetal dielectric |ayer, the patterned |lower first netal |ayer non-fuse
portion having a first width; a patterned second netal |ayer non-fuse
portion centered over the |ower fir metal |ayer non-fuse portion, the
patterned second netal |ayer non-fusé portion having a second | ower w dth
equal to the first wdth of the patgﬁrﬁﬁélower first nmetal |ayer non-fuse
portion and a second upper width | the first wwdth of the patterned
|l ower first nmetal |ayer non-fuse portion; and a patterned upper first netal
| ayer non-fuse portion centered over the patterned second netal |ayer
non-fuslg1 portion, the patterned upper first netal |ayer non-fuse portion

havi ng *&'@™1 third width | ess than the second | ower w dth of the patterned
second netal |ayer non-fuse portiqgn whereby a step, rolflile is. formed at
| east ds of f%naag@etpﬁe@eta&g@ﬁe ﬁtruﬁyrwpmprisagaﬁ $:#48Pf 8e portion and

the patterned second netal |ayer |ower width non-fuse portion. 43. The

met hod of clRIPHiIding awieuctire haeingtan iiterraetal dielegtrigdayrrefarmed shgrepvere
selected fromthe group consisting of a_silicon substrate, a .

si | i cortheatrugivte indudinga fusgnagionGaskars BB/ barnap /Bendingpaseteginn;of cl ai m
42, wherein the internetal dielectric |layer is conprised of a materi al

sel ect ed frdarming g compesite i metalglayer aysg, thrsinteppstal disteciel layey thee
second netal layer is conprised of a material selected fromthe group

consi stdompasite riets] layer inddindingch Sexond ndetahkayep pandwithet between uppenand]

| ayers are conprised of a material selected fromthe group consisting of:
Al ; an lawentinstrme@ppeyrergl | oy; copper and a copper alloy. 45. The net hod of
claim42, wherein the internetal dielectric layer is conprised of USG the
second net alpdteyging ecq?eﬂ fed métaliliN eratodfdrine anpppperantethlolsyer fporsibnnet al
| ayers are cporrpri segld of . 46. The rr?’ihod of cl ai mpléblz, V\herlgyﬁ tphe
interne,{rﬁhirdﬂlﬁlmm,yb@rﬂpa{mhd p@dt;ég'ighfmﬁjs of from about 3000 to 15, OOO-r;
t he second netal |ayer has a thickness of from about 200 to 20001g the

upper fi rSt_pmie@hir{gaﬂﬁ@rse&ﬁv&nﬂetélma?w&iﬁlog\l‘e&&"lx@fn{elﬂﬂflaﬁé}@m 30001g and
the lower first nmetal |ayer has a thickness of from about® 2000 to 10, 000A.

22 47. The met hodyfhitiai RDEZbu ndlitd) Bad PESIOA t8TbAL drayer has a
t hi ckness of about 1000g the uppér first netal | ayer have a thickness of

h b 80 T hi ck f
gieater than about GOOLABEmip Yo phd the RIBL AuhBYBbndfg fad hi ckness o

having a patterned second metal layer portion /lower first
metal portion with a width greater than that of the upper

metal layer portion and forming a step profile; and

within the fuse region to form the top-metal fuse structure.



. 48." The nmethod of claim42, wherein the top-netal fuse structure further
includes a third netal |ayer fuse portion interposed between the patterned
| ower first nmetal |ayer fuse portion and the patterned second netal |ayer
fuse portion. 49. The nethod of claiqg 42, wherein the top-netal fuse
structure further includes a third netal |ayer fuse portion interposed
between the patterned |ower first netal |ayer fuse portion and the
patterned second netal |ayer fuse portion; the third netal |ayer fuse

portio in onpr.i sed of materi gl selected.fromthe grqu nsi sting of
T Tr e The e BOT Tt wBertit Fis A i SR s belfi &l P ABE R " e
structure further includes a third netal ] ayer fuse rtjon interposed

bet weerOHBUREEF asHiEaTISRERate A stliceBron-opspaubsiete a5l ¢ Comsabsak
patterned second netal |ayer fuse portion; the third nmetal |ayer fuse
portion being conprised of Ti. 51. The nmethod of claim42, wherein the
top-metal fuse structure further includes a third netal |ayer fuse portion
i nt er pds ddregrethashot ghimal+ whaeain |tbadntermetal dislegiriq layer is ompssed 8haand
the patterned second netal |ayer fuse portion; the third netal |ayer fuse
por t | ormatesiahselstefreem e grm aposistin) ofcUSE0 PSG, BPSS Fofhandesindher
claim42, wherein the top-netal fuse structure further includes a third

met al Isegend imetel laget iveptprise of eadmptaried salected fyamt thergrpupaensisting of:net al
| ayer fuse portion and the patterned second netal |ayer fuse portion; the

t hi rd rENaTil EaMrantluEe apol theompersared tdwekfiest snethl dgews at@ @onfiFisethef aet hod
of claim42, wherein the RDL/bunp/bonding pad structure is an RDL. 54. The
met hod méteciahseteddd frdrmithe grouye chidistingrpf: Bdnan nfumpirdimtcoppen oy scappearnp.
55. The nethod of claim42, wherein the RDL /bunp /bonding pad structure is
a bondiangl pesbpér@llofhe nethod of claim 42, wherein the structure is a
silicon substrate. 57. The method of claim42, wherein the structure
further includes a barrier layer overlying the internetal dielectric |ayer.
58. The nethod of claim42, wherein the structure further includes a

barri erq, ITA¥ Shet®Bardf¥ldith 1,Reheéreire tHErntktel @ieldctric 1ag¥els cdrhpribéd bf &1sd;ayer
havi ng a thickness of fromabout 100 to 800.

the second metal layer is comprised of TiN; and the upper and lower first metal

layers are comprised of Al

5. The method of claim 1, wherein the intermetal dielectric layer has a thickness of
from about 3000 to 15,000A; the second metal layer has a thickness of from about 200
to 2000A; the upper first metal layer have a thickness of greater than about 3000A;

and the lower first metal layer has a thickness of from about 2000 to 10,000A.

6. The method of claim 1, wherein the second metal layer has a thickness of about
1000A; the upper first metal layer have a thickness of greater than about 80004; and

the lower first metal layer has a thickness of about 5000A.



24 59. The nethod of claim42, wherein the structure further includes a
barrier layer overlying the internmetal dielectric layer; the barrier |ayer
bei ng conprised of Ti/TiN or Ta/ TaN. 60. A top-netal fuse structure and an
RDL/ bunp/ bondi ng pad structure, conpf'sing: a substrate having an overlying
internmetal dielectric |ayer; the substrate including a fuse region and an

RDL/ bunp/shondi a eqi.on;, the substrate. bein ompri sad of ubst rat e
el ect & RPonelnt B sl Hep b, JHO POroSie? Todh! IO {uiffer ipeficR tRkG
silicon-on-oxi de, substrate, and GaAs gsubstrate; a . top-netal. fyse structure
over ¢ HReRh R detyren Fas Sconrinein faver pfiddBP sgmtive el gt o
fuse structttre havi qu a patterned lower first netal |ayer fuse portion
over t HPReTHEEheRAl [@yPectric | ayer: and a patterned second netal |ayer
fuse portion centered over the lower first netal |ayer fuse portion; the

patterned lower first nmetal |ayer fuse portion and the patterned second
metal |ayer fuse portion each having equal w dths; and an RDL/bunp /bondi ng
pad st r8idiherme of glaimnt, svhevein thg epwposite metpdAaygrt furtharniackdes /thiy

/ bonding region; the RDL /bunp /bonding pad structure having: a patterned

| ower finetad lagerainterpased hetwees @hq)@ﬁcpngrm@taéla}men@ndrtherrmex:tlvaileW@t:tandc

| ayer, the patterned |ower first netal |ayer non-fuse portion having a
first wipjedr;first metal layers; the third metal layers being comprised of a material selected

from the group consisting of Ti, TiN, Ta and TaN.

9. The method of claim 1, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers; the third metal layers being comprised of Ti.

10. The method of claim 1, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers; the third metal layers each having a thickness of from about

30 to 300A.

11. The method of claim 1, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers; the third metal layers each having a thickness of about 100A.

12. The method of claim 1, wherein the upper first metal layer is patterned using an
etching process selected from the group consisting of: an RIE etch process; an RIE

end-point detection etch process and a wet chemical etch process; and the second



25 'a patterned second netal |ayer non-fuse portion centered over the | ower
first nmetal |ayer non-fuse portion, the patterned second netal |ayer
non-fuse portion having: a second lower width equal to the first w dth of
the patterned I ower first netal |ayer non-fuse portion; and a second upper
width ess than the first width of the patterned lower first netal |ayer
non- f us tion, . i | . L.aye ~ tion
Cent er S0 YeF bl B8, HERAIRR S phreRiR By PRRE TaERS
patterne per first metal |ayer .nonsfuse, portion havinag.a t.hjrd w.dih
Fass t Relret R om kP ORsPais g o5t RIE RERERPHeS 2L YA ARadhdint pembhon
non-fusquortion W?er%%épa s%gp rofile is fornmed at | east as between the
pat t er f&d! DIRSEPS 3¢ 8 WEREDEMIA G INFe$se portion and the patterned second
nmetal |ayer |ower wi dth non-fuse portion. 61. The nethod of claim 60,
wherein the internetal dielectric layer is conprised of a material selected
fromthe group consisting of:. USG . .PSG BPS FSG and SiN, the second netal
| ayer il$: @bw@et@e@ Qfr clainide wiheapinsdedmpay ferBFﬁect AP PO USRS 81
TiN, Ti, TaN and Ta; and the upper and |ower first netal |ayers are

conpr i S48 esrd-poingdeatecionsetrhingepracesinandethsr spsondomstaltlpyer and the;lower

al um num copper al loy; copper and a copper alloy. 26 62. The nethod of

cl ai m ost nietal dayertare piatttemede\tl%ing@heli@gmd-pouﬁ tedtioncielinggracess. USG t he
second netal layer is conprised of TiN, and the upper and | ower first netal
| ayers are conprised of Al. 63. The nethod of claim60, wherein the
internmetal dielectric |ayer has a thickness of fromabout 3000 to 15, 000A;
t he seddn@hewhethodayfeclaimad, wheneiokthessppdr finsb medalolayep opatterredopingienupper
first netal |ayer have a thickness of greater than about 30001g and the

| ower faveslyimg pattetreedephdtasesasttlayerk ard she tedorahmebal uay20and the 1oveDlizst 64.
The nmet hod of claim®60, wherein the second netal |ayer has a thickness of
about 1A6RY14yee avppettefriedsiising hal ovetlytig pasterred: photionesist lagergr eat er t han
about BOOOg;Bgﬁd t he | ower f??st nmet al %gyer hagﬂg thickn§Zs of about
5000A. 65. The nethod of claim60, wherein the top-netal fuse structure
further includes a third netal |ayer fuse portion interposed between the
pat t er N&dThe Wedthbi 0% LlaiBt Bwheé¥RI thleUSPL P%ﬂﬂ%oﬁﬂﬂ:%ﬁ&‘d RAdd RDIEd second
nmetal |ayer fuse portion. 66. The nethod of claim®60, wherein the top-netal
fuse structure further includes a third netal |ayer fuse portion interposed
between the patterned |ower first netal |ayer fuse portion and the

patter : 1.98: i ; r fuse
portioEﬁggﬁﬁg&%gﬁg??gg%hggqghégﬁggﬁgpbggpgc edoﬁggﬁgpﬁgqﬁéghgﬁgonsisting of

Ti, TiN, Ta and TaN. 67. The nethod of claim60, wherein the top-netal fuse
structure further includes a third netal |ayer fuse portion interposed

bet ween, £ b0 RRLHER %?((i_lgi&“ﬁ "wihdrefi tHERtBL/ buﬁ\z) /bonding pad is a bonding pad.

18. The method of claim 1, wherein the structure is a silicon substrate.

19. The method of claim 1, wherein a barrier layer is formed over the intermetal

dielectric layer.

20. The method of claim 1, wherein a barrier layer is formed over the intermetal

dielectric layer; the barrier layer having a thickness of from about 100 to 800A.



. layer fuse portion and the patterned second netal |ayer fuse portion; the
third nmetal |ayer fuse portion being conprised of Ti. 68. The nethod of

cl aim 60, wherein the top-netal fuse structure further includes a third
metal |ayer fuse portion interposedqhetween the patterned |lower first netal
| ayer fuse portion and the patterned second netal |ayer fuse portion; the
third nmetal |ayer fuse portion has a thickness of fromabout 30 to 300. 69.
The net hod of claim60, wherein the top-netal fuse structure further

i ncl ud thir tal. lLayer fuse portion jnterposed betweep th atterned
| over Pir he dne ol of sl Govbern Gr atrirt, hyepat fahed Weiofs fiekRellyer
fuse portion; .the third nmetal |ayer fuse ri{i.on.has i ckness of about
100. 7é?equ€cﬁ%5f%bé‘ed?ar€%f%e6 ?Wﬁsqpcﬁ%ghlﬁ&fﬁtﬁﬁa%ﬁ'ng pad structure
is an RDL. 71. The nethod of claim 60, wherein the RDL/bunp/bondi ng pad
structure is a bunp. 72. The method of claim®60, wherein the RDL /bunp

/ bondi ng ‘Rad structure is a bondi n? pad. 73. The nethod of clajm 60,

wher ei B2t AdneifigstoffoEming a tapmelahfusgisiruckire, compgisingrihe steRs ofet hod of
claim 60, wherein the structure further includes a barrier |ayer overlying
t he i nt er nepapviding acubstrateaheyingzn inteametal Higledric daygrnfosmedniwarepver; he
structure further includes a barrier |ayer overlying the internetal

di el ecthé¢ subsiyate; inchalihgrr fuse tegicay ahdvam{DL AthinoRAberding padregiooutthe00 t o
800. 76. The nethod of claim60, wherein the structure further includes a
bar ri esubstyse lring|gonmprisdce of at substtadé sdleetegl frone theygrqupt kensisting exf hdayer
being conprised of Ti/TiNor Ta/TaN. .A AF Al .A.A.y.A. RA. A Al

AL sticA@uBAtratdy a kilicon-on-oxide substrate and a GaAs substrate;
A _.Af. . A@L. ASUr. AShly. Afhl r. AShl . Af Al r. ASUy. Al . Af hL. Af Uy. A_. ASh

. AU (5L?/ ZZlibniegniacCothpasita|métal cla}:em]oara]: cilec fjtemrhetall cai]eteahté]lagée]rp ahea] ca]
ca] ca] ca] ca] c*a] ca] ca] c<al] c<al] c<a] ca] ca] c*a] cha]ca >
composite metal layer including a second metal layer sandwiched between upper and
lower first metal layers;
patterning the upper first metal layer to form an upper metal layer portion
within the RDL/bump /bonding pad region; and
patterning the second metal layer and the lower first metal layer:
within the RDL /bump /bonding pad region to form an
RDL/bump/bonding pad; the RDL /bump /bonding pad
having a patterned second metal layer portion/lower first
metal portion with a width greater than that of the upper

metal layer portion and forming a step profile; and

within the fuse region to form the top-metal fuse structure.

23. The method of claim 22, wherein the intermetal dielectric layer is comprised of a
material selected from the group consisting of: USG, PSG, BPSG, FSG and SiN; the

second metal layer is comprised of a material selected from the group consisting of:
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10%&' ()- f 1&109%&' ()- & 109%& ()-f+&L0%&' ()-' 109 ()- /HaBYNC&210%F
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26. The method of claim 22, wherein the second metal layer has a thickness of about
1000A; the upper first metal layer have a thickness of greater than about 80004; and

the lower first metal layer has a thickness of about 5000A.

27. The method of claim 22, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers.

28. The method of claim 22, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and
upper first metal layers; the third metal layers being comprised of a material selected

from the group consisting of Ti, TiN, Ta and TaN.



10 '10 10#109%& ()- mLOY& () -t 109& ()- 109& ()- 109%& ()- " D ' dEYNC&210%M
#10%8& () - #10%& ()- 10%& ()-

1090& () - 109%& () - &10%& () -:' >bC&2109MLOYE () - 3s109%& ()- 10b 10b

10b10%& () - 109%& ()- ~ 10%& () - 1X<é§b0&210%\#10%8£ ()- #109%& ()-G 109%& ()-
109 ()-, 109 ()- y 109%& ()- <GBHZAEBGC&21098M +t 109& ()-'  109%& () -
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29. The method of claim 22, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers; the third metal layers being comprised of Ti.

30. The method of claim 22, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers; the third metal layers each having a thickness of from about

30 to 300A.

31. The method of claim 22, wherein the composite metal layer further includes third
metal layers interposed between the second metal layer and the respective lower and

upper first metal layers; the third metal layers each having a thickness of about 100A.

32. The method of claim 22, wherein the upper first metal layer is patterned using an
etching process selected from the group consisting of: an RIE etch process; an RIE
end-point detection etch process and a wet chemical etch process; and the second
metal layer and the lower first metal layer are patterned using an etching process
selected from the group consisting of: an RIE etch process; an RIE end-point detection

etch process and a wet chemical etch process.

33. The method of claim 22, wherein the upper first metal layer is patterned using an
RIE end-point detection etching process; and the second metal layer and the lower

first metal layer are patterned using an RIE end-point detection etching process.
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35. The method of claim 22, wherein the RDL/bump /bonding pad is an RDL.

36. The method of claim 22, wherein the RDL /bump /bonding pad is a bump.

37. The method of claim 22, wherein the RDL/bump/bonding pad is a bonding pad.
38. The method of claim 22, wherein the substrate is a silicon substrate.

39. The method of claim 22, wherein a barrier layer is formed over the intermetal

dielectric layer.

40. The method of claim 22, wherein a barrier layer is formed over the intermetal

dielectric layer; the barrier layer having a thickness of from about 100 to 800A.

41. The method of claim 22, wherein a barrier layer is formed over the intermetal

dielectric layer; the barrier layer being comprised of Ti/TiN or Ta/TaN.

42. A top-metal fuse structure and an RDL/bump/bonding pad structure,
comprising:
a structure having an overlying intermetal dielectric layer; the structure

including a fuse region and an RDL/bump/bonding pad region;
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a patterned lower first metal layer fuse portion over the intermetal
dielectric layer; and

a patterned second metal layer fuse portion centered over the
lower first metal layer fuse portion; the patterned lower
first metal layer fuse portion and the patterned second
metal layer fuse portion each having equal widths;

and

an RDL/bump/bonding pad structure over the intermetal dielectric layer
within the RDL/bump/bonding region; the RDL/bump/bonding pad structure
having:

a patterned lower first metal layer non-fuse portion over the
intermetal dielectric layer, the patterned lower first metal
layer non-fuse portion having a first width;

a patterned second metal layer non-fuse portion centered over the
lower first metal layer non-fuse portion, the patterned second
metal layer non-fuse portion having a second lower width
equal to the first width of the patterned lower first metal layer
non-fuse portion and a second upper width less than the first
width of the patterned lower first metal layer non-fuse portion;
and

a patterned upper first metal layer non-fuse portion centered over
the patterned second metal layer non-fuse portion, the

patterned upper first metal layer non-fuse portion having a
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layer lower width non-fuse portion.

43, The method of claim 42, wherein the structure is a structure is a substrate selected
from the group consisting of a silicon substrate, a silicon-on-oxide substrate and a

GaAs substrate.

44. The method of claim 42, wherein the intermetal dielectric layer is comprised of a
material selected from the group consisting of: USG, PSG, BPSG, FSG and SiN; the
second metal layer is comprised of a material selected from the group consisting of:
TiN; Ti, TaN and Ta; and the upper and lower first metal layers are comprised of a
material selected from the group consisting of: AL; an aluminum copper alloy; copper

and a copper alloy.

45. The method of claim 42, wherein the intermetal dielectric layer is comprised of
USG; the second metal layer is comprised of TiN; and the upper and lower first metal

layers are comprised of Al

46. The method of claim 42, wherein the intermetal dielectric layer has a thickness of
from about 3000 to 15,000A; the second metal layer has a thickness of from about 200
to 20004; the upper first metal layer have a thickness of greater than about 3000A;

and the lower first metal layer has a thickness of from about 2000 to 10,000A.
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10004; the upper first metal layer have a thickness of greater than about 80004; and

the lower first metal layer has a thickness of about 5000A.

48. The method of claim 42, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal

layer fuse portion and the patterned second metal layer fuse portion.

49. The method of claim 42, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal
layer fuse portion and the patterned second metal layer fuse portion; the third metal
layer fuse portion being comprised of a material selected from the group consisting

of Ti, TiN, Ta and TaN.

50. The method of claim 42, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal
layer fuse portion and the patterned second metal layer fuse portion; the third metal

layer fuse portion being comprised of Ti.

51. The method of claim 42, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal
layer fuse portion and the patterned second metal layer fuse portion; the third metal

layer fuse portion has a thickness of from about 30 to 300A.
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layer fuse portion and the patterned second metal layer fuse portion; the third metal

layer fuse portion has a thickness of about 100A.

53. The method of claim 42, wherein the RDL/bump/bonding pad structure is an
RDL.

54. The method of claim 42, wherein the RDL/bump/bonding pad structure is a

bump.

55. The method of claim 42, wherein the RDL/bump/bonding pad structure is a

bonding pad.
56. The method of claim 42, wherein the structure is a silicon substrate.

57. The method of claim 42, wherein the structure further includes a barrier layer

overlying the intermetal dielectric layer.

58. The method of claim 42, wherein the structure further includes a barrier layer
overlying the intermetal dielectric layer; the barrier layer having a thickness of from

about 100 to 800A.
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59. The method of claim 42, wherein the structure further includes a barrier layer
overlying the intermetal dielectric layer; the barrier layer being comprised of Ti/TiN

or Ta/TaN.

60. A top-metal fuse structure and an RDL/bump/bonding pad structure,
comprising:

a substrate having an overlying intermetal dielectric layer; the substrate
including a fuse region and an RDL/bump/bonding pad region; the substrate being
comprised of a substrate selected from the group consisting of: a silicon substrate, a
silicon-on-oxide substrate and a GaAs substrate;

a top-metal fuse structure over the intermetal dielectric layer within the fuse
region; the top-metal fuse structure having:

a patterned lower first metal layer fuse portion over the intermetal
dielectric layer; and
a patterned second metal layer fuse portion centered over the lower
first metal layer fuse portion; the patterned lower first metal
layer fuse portion and the patterned second metal layer fuse
portion each having equal widths;
and

an RDL/bump/bonding pad structure over the intermetal dielectric layer
within the RDL/bump/bonding region; the RDL/bump/bonding pad structure
having:

a patterned lower first metal layer non-fuse portion over the
intermetal dielectric layer, the patterned lower first metal

layer non-fuse portion having a first width;
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second metal layer non-fuse portion having:

a second lower width equal to the first width of the
patterned lower first metal layer non-fuse
portion; and

a second upper width less than the first width of the
patterned lower first metal layer non-fuse
portion; and

a patterned upper first metal layer non-fuse portion centered over
the patterned second metal layer non-fuse portion, the
patterned upper first metal layer non-fuse portion having a
third width less than the second lower width of the patterned
second metal layer non-fuse portion whereby a step profile is
formed at least as between the patterned upper first metal
layer non-fuse portion and the patterned second metal layer

lower width non-fuse portion.

61. The method of claim 60, wherein the intermetal dielectric layer is comprised of a
material selected from the group consisting of: USG, PSG, BPSG, FSG and SiN; the
second metal layer is comprised of a material selected from the group consisting of:
TiN; Ti, TaN and Ta; and the upper and lower first metal layers are comprised of a
material selected from the group consisting of: Al; an aluminum copper alloy; copper

and a copper alloy.
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USG; the second metal layer is comprised of TiN; and the upper and lower first metal

layers are comprised of Al.

63. The method of claim 60, wherein the intermetal dielectric layer has a thickness of
from about 3000 to 15,0004; the second metal layer has a thickness of from about 200
to 20004; the upper first metal layer have a thickness of greater than about 30004;

and the lower first metal layer has a thickness of from about 2000 to 10,000A.

64. The method of claim 60, wherein the second metal layer has a thickness of about
1000A; the upper first metal layer have a thickness of greater than about 80004; and

the lower first metal layer has a thickness of about 5000A.

65. The method of claim 60, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal

layer fuse portion and the patterned second metal layer fuse portion.

66. The method of claim 60, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal
layer fuse portion and the patterned second metal layer fuse portion; the third metal
layer fuse portion being comprised of a material selected from the group consisting

of Ti, TiN, Ta and TaN.

67. The method of claim 60, wherein the top-metal fuse structure further includes a

third metal layer fuse portion interposed between the patterned lower first metal
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layer fuse portion and the patterned second metal layer fuse portion; the third metal

layer fuse portion has a thickness of from about 30 to 300A.

69. The method of claim 60, wherein the top-metal fuse structure further includes a
third metal layer fuse portion interposed between the patterned lower first metal
layer fuse portion and the patterned second metal layer fuse portion; the third metal

layer fuse portion has a thickness of about 100A.

70. The method of claim 60, wherein the RDL/bump/bonding pad structure is an

RDL.

71. The method of claim 60, wherein the RDL/bump/bonding pad structure is a

bump.

72. The method of claim 60, wherein the RDL/bump/bonding pad structure is a

bonding pad.

73. The method of claim 60, wherein the substrate is a silicon substrate.
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74. The method of claim 60, wherein the structure further includes a barrier layer

overlying the intermetal dielectric layer.

75. The method of claim 60, wherein the structure further includes a barrier layer
overlying the intermetal dielectric layer; the barrier layer having a thickness of from

about 100 to 800A.

76. The method of claim 60, wherein the structure further includes a barrier layer
overlying the intermetal dielectric layer; the barrier layer being comprised of Ti/TiN

or Ta/TaN.



