0 4 AUG 2006 1 METHOD OF FORM NG A NOVEL TOP- METAL FUSE STRUCTURE FI ELD

- OF THE I NVENTI ON The present invention relates generally to sem conductor
fabrication and nore specifically to sem conductor device fuse 04 AUG 2006
fabrication. 0 4 AUG 2006 2 BACKGROUND OF THE | NVENTI ON Conventi onal | aser
fuses how used in the integrated cirquit (1Qindustry are typically at the
nmetal level (N1 or NN2) where precise internetal dielectric (IMD) etch
depth control is very difficult, but needed for successful |aser repair.
-This is even nore difficult for copper (Cu) interconnects because of
damascene processing (nore netal and IMD .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 fornmed 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.

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.



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-Geislerg; A 2035
describes a nethod for formng a titaniumtungsten fuse. 0 4 AUG 2006

U S. Patent No. 4,796,075 to Wiitten gescribes a fusible link structure for
integrated circuits. SUMVARY OF THE I'NVENTI ON Accordingly, it is an object
of one or nore enbodi ne I@Y@] o provide an inproved
met hod of formng a top [ﬁ& GROURTE H M appear hereinafter.
It has now been di scovered that the above and ot her objects of the present
i nvention may be acconplished in the follow ng manner. Specifically, a
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etch depth control is very difficult, but needed for successful laser repair. This is even
more difficult for copper (Cu) interconnects because of damascene processing (more

metal and IMD thickness variation due to chemical mechanical polishing (CMP)).

U.S. Patent No. 6,162,686 to Huang et al. describes a method of forming
a grooved fuse (plug fuse) in the same step that via plugs are formed 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

method and structure.

US. 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.

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

forming a titanium tungsten fuse.



I-ncl uding a second netal |ayer sandw ched between upper and |ower first
metal | ayers. The upper first metal layer is patterned to form an upper
metal layer portion wthin the RDL/bunp, /bonding pad region. The ddchitdl006
metal layer and the lower first netal |ayer are patterned: (1) within the
RDL/ bur np, /bonding pad region to foyman RDL/bunp /bondi ng pad; the

RDL/ bunp /bondi ng pad having a patterned second netal |ayer portion/lower
first nmetal portigns WadhtaN¥i €496 @m%tw'}u&m s aQﬁslbhﬂﬂ]MPQ‘?ﬁctﬁ?é for

| ayer portion and formng a step profile; I n use region
to for | fuse structure. The RDL /burrp / bondi ng pad structure
i ncl ud(glsﬁtggrg%égCIEaﬁ% ile. 0 1, AUG 2006 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention w | MM@Wd fromthe follow ng
description taken in conj tng drawi ngs in which

| i ke reference nuneral s designate simlar or correspondi ng el enents,

regions and portions and in Wnich Figs. 1to 4 schematically Il lustrates
a preferred enbodinent,. of t ent . i nvention.
P Accordmgly,lq ]Sect of one or more embocfA ments OP the present

- invention to provide an improved method of forming a top-metal fuse.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the

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.



5 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Process Known to the

I nventor The follow ng process is known to the inventor and is not to be
deenmed as prior art to the instant invention. The copper fuse is nlgrifiZoe)
fromthe NN1/N-2 netal layer to the top netal |ayer. However, the top
metal thickness is generally about 90Q0A 3000A and has a very narrow
process wi ndow for |aser repair making thicker layers nore difficult.

Further, the use of apfemy HESORIFACH Wk 19 PRLAWINGS om about 1.5 to
3.0m added on top of € copper Interc - tribution | ayer
(RDL) and bunp/bond pads nmakes the copper top netal fuse process yet again
nore difficult, if not inpossible. Initial Structure As shown in Fig. 1,

structure 10 has i t. el ectri.c (1ND) layer 12 for t hereover

to a thickness ofﬁg? é?%?é‘gfﬁg*’?%%b‘gﬁ‘{ b§0%6°1ie2) C_i‘??é’odmngog‘le &) i's

Dser 0 PRERIsaa TSt S iR inSRjunciion with the hecdmpanying drdwings B which ¥
like reference numerals designate similar or corresponding elements, regions and

portions and in which:

Figs. 1 to 4 schematically illustrates a preferred embodiment of the

present invention.



6 Structure 10 is preferably a silicon, silicon-on-oxide (SO) or gallium
arseni de (GaAs) substrate and is understood to possibly include a

sem conductor wafer or substrate, active and passive devices forneg, Wig g
the wafer, conductive layers and dielectric |layers (e.g., inter-poly oxide
(PO, internetal dielectric (1M), 35etc.) formed over the wafer surface.
The term "sem conductor structure" is nmeant to include devices forned
within a sem conductor wafer and the |ayers overlying the wafer. Barrier

| ayer 15 may be formed over |INMD Iayer 12 to a thickness of preferably from

about 100 to E ec prier laver 15 1s referably
conpri sed of %& ES'L%S%R H is r 15 is

LAY | LI YA

preferably conprised of Ta/ TaN Barrier |layer 15 al so serves to i nprove
adhesion. A conposite netal layer 25 is forned over barrier |ayer 15.
Conmposite netal layer 25 preferably conprises a mddle second netal |ayer
16 sandiresesyKnguipkosthedaventosr and | ower first netal | ayers 14, 22.
Upper/lower first netal |ayers 14, 22 are preferably conprised of al um num
(Al'), an alum num copper alloy (Al Cu), copper (Cu) or a copper alloy and
are nore preferabl Al as will be used for illustrative purposes hereafter.
~Lower Al layer eé)lkadzmglpmkzgsstlhknoammtm\ennvmtonhndhs not to benlecired t he
fuse 52 and is preferably

as prior art to the instant invention.

The copper fuse is migrating from the N-1/N-2 metal layer to the top
metal layer. However, the top metal thickness is generally about 9000A + 3000A and

has a very narrow process window for laser repair making thicker layers more

difficult.

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.



from about 2000 to 10,000A thick and is nore preferably about 5000A thi ck.
- Upper Al layer 22 is a thick layer for low resistance and is preferably
t hi cker than about 3000A thick and nore preferably thicker than abputays 2006
8000A* . D 1, AUG 2906 7 Mddle second netal |ayer 16 is preferably
conprised of titaniumnitride (TiN), Ti, tantalumnitride (TaN) or Ta and
is nmore preferably TiN as wn be useo6for illustrative purposes hereafter.

Mddle TiN | ayer 16 er abl 0 ut20to ick and is
nore preferably a%% E&@Alstm éramladﬁ Of; NIF%’%’P ﬁ’%g?gs{?beﬂr TN et ch
stop |a d _can function ti-reflective coating (ARQ, er to
“help in rSSB@@ @aﬁégsh S a??néflayls @8?‘@?’%9 tt‘PnI?PStSﬁ% deﬁlﬂaﬁla Isﬁl%‘foé‘ torog
may be respectively interposed bet Ween | ower Al layer 14/ m ddle Ti N | ayer
16 and WiadRn @ subgtiaig.cactive/anshpassive degigey formed within the walsin cprgluctive
|Ilustrat|ve puC{)oses hereafter. Thin third metal |ayers 18, 20 nmay be
used t olayers and dielectsicdayensi (rt inter-poky oxide: HBQ)eLmelsnehabdml@majMD),
(RDL). Third netal layers 18, 20 are preferably conprised of titanium(Ti),
Ti N, Taetwr) fofasd aner ﬁteewaﬁaresmfa@heﬂ"hb lterii “semicdriducher stsedufeltisitheardttoat i ve
pur poses hereafter. Thin third netal |ayers are preferably from about 30

t 0 300Airichidekdevicksrformedpwithen abdeymiabndtictbdGafehiankl the layers overlying the

wafer.

Barrier layer 15 may be formed over IMD layer 12 to a thickness of
preferably from about 100 to 800A. For AICu 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 comprised 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 10,000A thick and is more preferably about 50004 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.



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 layer 22 is patterned (see Fig. 2) using, (f0o\G 2006
exanple, first patterned photoresist (PR) layer 24 as shown in Fig. 1

whi ch masks a portion of the wupper A layer 22 within the RDL /bunp

/ bondi ng pad regions 26. Patterning of Upper Al Layer 22 to Define RDL /Bu=

/ Bond Pads 30 O in Fig..:2, P 22, |
om0 N TS AR | s S AR B Bl

tt A 24,.tq f tt d Al ' 22!
W thi n SEDelngr Rk S AE L er SheRss menarerrohiy B oIS Rertioti y
e 08 e e, e R ol bbb P Ak 1"
20 ot 20AGeituf pag iGEOre prdarny RRyat 100A ar. Diadiaan Iapet 16 sused 2and
al so renoves preferably from about 200 to 500A of middle TiN |ayer 16 by
over et c¥i AFh840R fayigh and gapifgnction gs pr angiatefleeticaicopBng(ARCrlayes to bapviad

after the RIE and the structure
absorbing laser energy.

Optional thin third metal layers 18, 20 may be respectively interposed
between lower Al layer 14/middle TiN layer 16 and middle TiN layer 16/upper Al
layer 22 as will be shown for illustrative purposes hereafter. Thin third metal layers
18, 20 may be used to improve the electomigration (EM) in the re-distributed layer
(RDL). Third metal layers 18, 20 are preferably comprised of titanium (Ti), TiN, Ta or
TaN and are more preferably Ti as will be used for illustrative purposes hereafter.
Thin third metal layers are preferably from about 30 to 300A thick and more
preferably about 100A thick.

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 Layer 22 to Define RDL/Bump /Bond Pads 30




may be cl eaned as necessary. Definition of Fuse 52 As shown in Fig. 3i
second patterned PR | ayer portions 30; 32 are forned over: patterned upper
Al layer portions 22' within RDL/bunp /bonding pad regions 26; and O%T 7005
overetched mddle TiN layer 16" within fuse region 28 to define th
subsequently fornmed fuse -52, respectdvely. As shown in Fig. 3, second
patterned PR portions 30 preferably also mask portions 33 of the
overetched mddle TiN layer 16' within the RDL/burnp /bonding pad regions
26 adj acent patterned upper A |ayer portions 22'. This will permt the

bond/ bunp pads or 30 to be. fornmed having,a st rofile 0,4 AUG 2006 9
(see Fig. 4) whi cﬁ%?‘@?smnﬁ%bé’em s &Lt ségn{)sf ipatkesned, 0o e to
pr event cracks,in fhe passivation filmespecially when using_ thick upper
Al | ay M&’PF’HP/sb(?EImg p@ﬁ%@mmﬁﬁ%& exapapley grﬁé@ameemdel’l%ﬂwesa%rto 18rMangd
Lower Al Layer, 14 to Form Bu= /Bond Pads or RDL 30 and Fuse 5 As shown in
Fig. 4,PtsstRgdrmppRsr & dajeer Joortionsty vaithingRPL/busnefhonding maddregiqnn2bay er
16' and | ower Al layer 14 are patterned to form bunp /bond Eads or RDL 30
and f us€pper Alfayesad is prefarably patternetgusing 4 xeaciue ien atsh. (RTBp anaBHi endr e
point detection etch process or a wet chemical etch process and more preferably an
RIE end-point detection process that removes the exposed portions of Ti layer 20 not
under first patterned PR layer 24/upper Al layer portions 22' and also removes
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



preferably patterned using a reactive ion etch (RIE), an RI E end-point
detection etch process or a wet chem cal etch process and nore preferably
an RIE process stopping on IMD |ayer 12 (or barrier |ayer 15) bygengﬁpmnpt
detection. Fuses 52 so fornmed include Ti N ARC | ayer portions 16" The
portions 33 of the overetched mddle i NIlayer 16° within the RDL/bunp
/bonding pad regi ons 26 adjacent pattierned upper Al |ayer portions 22' can

b d d- b h d
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10 The nore preferred novel top-netal fuse structure and nore preferred

nmet hod of forming the novel top-netal fuse structure uses a |ayer of
titani um n| tri de sande\n ched bet ween t hi %k

forned to beatthe same netal |evel
: 5 ol amedsuseat  t hereby sinplifies the fabrication
process steps The fuse met aI thlckness is well-

As shown in Fig. 4, using PR portions 30, 32 for example, overetched
middle TiN layer 16' and lower Al layer 14 are patterned to form bump/bond pads
or RDL 30 and fuse 52. If used, thin Ti layer 18 is also patterned. The layers are
preferably patterned using a reactive ion etch (RIE), an RIE end-point detection etch
process or a wet chemical etch process and more preferably an RIE process stopping

on IMD 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 stich 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.



control |l ed because of good etch selectivity between al um num and titani um
nitride. The TiN layer on top of the Al fuse can act as an anti-reflective
coating (ARC) helping to absorb |aser energy, thus making it easi&i h@?

l aser repair. Advantages of the Present Invention The advantages o é @ﬁ
nore enbodi nents of the present inveTglon |nclude 1. sinple robust top
nmetal fuse process for copper intercohnects; 2. allows the top netal fuse

to b d with t hi ck Al Cu) f R
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Wi | e p rticular en@ldl ment s of t he present invention have been i|lustrated

and des afﬂbezj SO0PRA; igkgt for mars edehrstop- | This strussute mathed mllaswc dpe fase ¢6f i ned

by the follow ng clains.
formed to be at the same metal level as the RDL and the bump/bond pads and

thereby simplifies the fabrication process steps. The fuse metal thickness is well-
controlled because of good etch selectivity between aluminum and titanium nitride.
The TiN layer on top of the Al fuse can act as an anti-reflective coating (ARC) helping

to absorb laser energy, thus making it easier for laser repair.

Advantages of the Present Invention

The advantages of one or more embodiments of the present invention

include:

1. simple robust top metal fuse process for 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.



0 4 AUG 2006 12 CLAIMS | claim 1. A nethod of formng a top-netal fuse
structure, conprising the steps of: providing a structure having an
internetal dielectric |ayer forned thereover; the structure incquéﬂﬁ%ﬁg
f-use regi on and an RDL/ bunp/ bondi ng pad region; form ng a conposi b
| ayer over the internetal dielectriclhayer; the conposite netal |ayer

i ncluding a second netal |ayer sandwi Ched between upper and |ower first

metal |ayers; pattegr.ning the upper f.irst netal layer to for.mapn upper netal
| ayer portion Wi B’Y‘i’i‘lﬂe { 5“%%@7 ﬁ%ﬁ%‘?%mttﬁgogpg%e r%é?%ﬁ; lrﬁ’r‘fﬁ‘ﬁﬁﬁt ﬂ@Y%ﬂﬁ %t he
second tal layer and.the. l.ower. first tal layer: wthin the

RDL/ bunﬂf%gfﬁ&?@ﬂé“%a‘&%r&tﬁ%g# if 5of ByteR {Bﬁm%ﬁm%ﬁm §*5RA 25 AeENRBIbur np
/ bondi n é@- havip a patterned second netal |ayer portion /lower first

met al ngf H“ﬂﬁgﬁZQUﬁjdth greater than that of the upper netal |ayer

portion and formng a step profile; and within the fuse region to formthe
top-netal fuse structure.



0 4 AUG 2006 13 2. The nethod 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 [c] ailgrpids
wherein the internetal dielectric layer is conprised of a nmateri al
selected fromthe group consisting of1'2 USG PSG BPSG FSG and SiN;, the
second netal layer is conprised of a imaterial selected fromthe group
consisting of: TiN Ti, TaN and Ta;%@ggﬁge upper and lower first netal
| ayers are conprised of a material d fromthe group consisting of:
Al; an al um num copper alloy; copper and a copper alloy. 4. The nethod of
claim1, wherein the internetal dielectric |ayer is conprised of USG the
second tal layer is conprised of TiN, and the upper and |ower first netal
| ayers afF@"Bonprised of Al. 5. The nethod of claimi1, wherein the
internetal dielectric [ayer has a hggckness of from about 3000 to 15, OOOA;
the secénd g qfafymﬂmﬁg tapmetak sestigictres fompsising he steps 9bo0A; t he
upper first netal |ayer have a thickness of greater than about 3000A; and
the |ower fiPEQVidifiigad shayghirerhaying aii mker@s@agdlelecm saysutformed theraaveypoA.
6. The nethod of claim11, wherein the second netal |ayer has a thickness of
about floogrctuteinghpling fai fuse regionlandapeRDhdbeny fHrcling pad wégigneat er t han
about 8000A; and

forming a composite metal layer over the intermetal dielectric layer; the

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.



the lower first netal |ayer has a thickness of about 5000A. D 4 AUG 2096

14 7. The nmethod of claim1l, wherein the conposite netal |ayer further
includes third netal |ayers interposed between the second netal Igaygic amd
the respective |lower and wupper first nmetal layers. 8. The nethod of claim
1, wherein the conposite netal Iayerlgurther i ncludes third netal |ayers

I nt erposed between the second netal l'ayer and the respective | ower and
upper first netal layers; the third netal |ayers being conprised of a
material selected fromthe group consisting of Ti, TiN, Ta and TaN. 9. The

met hod of _claim1 erein the conposite netal |ayer further ingludes third
metal | y“éla%me?m ngé%fnﬂef’mﬁmt SERCHHE Tt s%?aseeﬁei’eg o t BAUR ve
. lower and _upper first metal layers; the third netal |ayers bejing conprised
of Ti. tensistng ofa siligonsubstrate 4 siligproarexidpsubsrpie anda Gafapubsiiate: f urt her
includes third netal |ayers interposed between the second netal |ayer and
the respective lower and wupper first netal |ayers; the third netal |ayers
each having a thickness of fromabout. 30 to 300A. 11. The nethod of claim
1,  wher 8i The heetbodpds¢laien g tvalhereiy éne intetimetali diclevutizslaybr isdcomptiaed lodyeer s
I nt erposed between the, second netal |ayer and the respective | ower and
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.

4. The method of claim 1, 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.

5. The method of claim 1, 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 2000A; 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.

6. The method of claim 1, wherein the second metal layer has a thickness of about
10004 the upper first metal layer have a thickness of greater than about 8000A; and

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



upper first netal layers; the third netal |ayers each having a thickness of
about 100A. 12. The nethod of claim1l, wherein the upper first nmetal |ayer
is patterned using an etching process selected fromthe group condiistihgnos
of: an RIE etch process; an RIE end-point detection etch process and a wet
chem cal etch process; and the second,0 4 AUG 2006 15 netal |ayer and the
|l ower first netal |ayer are patterned using an etching process selected

fromth Siesti.ng 0f ;. an E etch ocess; ;.an R E end- point,, .
det ecti gh%ée)k&g%ﬁgaooéecsl%mgﬂidwg‘e\ﬁgpa e‘?ﬂn&Bﬁ’g H??%%lr lyss EUEE}? idesthingy o
claim1l rein.the u first.metal layer .is patferned using an R
end poi ettidp e ibETp il hervisSibeSeCondMeRa ledebid fid Seppayrioliky
| ower first_netal if\¥‘er are patterned using an RIE end-point detection
et chi ng"BPELHEE mefal IayRES net hod of claim 1, wherein the upper first metal
| ayer is patterned using an overlying patterned photoresist layer; and the
second netal layer and the lower first mnetal |ayer are patterned using an
overlying_patterned photoresist |ayer. 15. The nethod of claim1, wherein
t he RDLAbUNpmesbadiafrlgin 1i wheneirmhe congpostteemesalnayenfusther indudeshidvizd n
the RDL/bunp /bonding pad is a bunp. 17. The method of claim1l, wherein the
RDL/ bunmetaldagénsdnieaposes] betworeni thg speahd nikgal 1ayer avet tredrespectiva lowler axteker ei n
the structure is a silicon substrate.

upper 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



19. The nethod of claim 1, wherein a barrier |layer is formed over the
internmetal dielectric layer. 20. The nethod of claim1l, wherein a barrier
| ayer is formed over the internmetal dielectric layer; the barrier (l.aM8r006
havi ng a thickness of from about 100 to 800A. 0 1, AUG 2096 16 21. The
met hod of claim1, wherein a barrier %ayer is formed over the internetal
dielectric layer; the barrier |ayer E) ing conprised of Ti/TiN or Tal/TaN

22. A net of formng a tqp-netal. fuse structure, conprisi t he steps
o " or Bt g, e b daer sl Bictal layRE aroaicrod SRTE b Stjal ORIy
t her eover ; he substrate including a_fuse region and _an / bu / bondi ng
pad r eg?%@ﬁmfﬁ from thegHotR s tg %fg% RIE &icoprogess o il ancs BPE CtPchioBm t he
group consisting of a silicon substrate, a silicon-on-oxide substrate and
a GaAs &ighpreeassand grwethemicaheed precasst al | ayer over the intermetal
dielectric layer; the conposite nmetal l|ayer including a second netal |ayer
sandwi ched between upper and lower first netal |ayers; patterning the
upper first netal |layer to forman upper netal |ayer portion wthin the
RDL/ buni3. Mhemiethpdpatclagilonvhemeih freet tipper figst rhetat byends pettatnedaysing and t he
| ower first netal |ayer:

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.

14. The method of claim 1, wherein the upper first metal layer is patterned using an
overlying patterned photoresist layer; and the second metal layer and the lower first
metal layer are patterned using an overlying patterned photoresist layer.

15. The method of claim 1, wherein the RDL /bump /bonding pad is an RDL.

16. The method of claim 1, wherein the RDL /bump/bonding pad is a bump.

17. The method of claim 1, wherein the RDL /bump /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.



wi thin the RDL/bunp /bonding pad region to forman RDL/bunp /bonding pad;
the RDL/bunp /bonding pad having a patterned second netal | ayer
portion/lower first metal portion with a width greater than that pf af 2005
upper netal layer portion and formng a step profile; and within the tuse
region to formthe top-netal fuse structure. 23. The nethod of claim 22,
wherein the internetal dielectric Iaél r is conprised of a naterial
selected fromthe group consisting of: USG PSG BPSG FSG and SiN, the
second netal layer is conprised of a material selected fromthe group
consi st} of : 4 AUG 2006 7 TIN, Ti, TaN and Ta; and the upper an
Lover f 21-oTe, method fcleim l SFSI ackprgier dayemisefarieds aver thel Tpiesmat
group cqnsisting of: Al; an alum num copper. alloy; copper _and a copper
al | oy. g@fecﬂﬁ%ﬂ‘ﬂ‘é{;ﬁb batriey layes being gpmyrsisediaid iy iétl\élo palalyi el ectric | ayer
I's conprised of USG the second netal layer is conprised of TiN, and the
upper and lower first netal |ayers are conprised of Al. 25. The nethod of
claim 22, wherein the internetal dielectric |layer has a thickness of from
about 3D\ methed 06 formingrretopenetal firee sirutayercomaprisingthe kieps ©fof from
about 200

providing a substrate having an intermetal dielectric layer formed thereover;

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;
forming a composite metal layer over the intermetal dielectric layer; the
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:



to 2000A; the upper first netal |ayer have a thickness of greater than
about 3000 A; and the lower first netal |ayer has a thickness of from
about 2000 to 10, O0OA. 26. The nethod of claim 22, wherein the second\pey@b
|l ayer has a thickness of about 1000A; the upper first netal |ayer have a
thickness of greater than about 80004, and the lower first netal |ayer has
a thickness of about 5000 'A 27. Thé nethod of claim 22, wherein the

conposi t fur r includ thir netal, |l ayers inter.pose

bet neon e rls SN AN Ta hd 366 pibe 4R dohai hss TR 10" aR L TBHERE B
netal |ayers., 28. The nethod of claim 22, erein the conposite netal |ayer
fur ¢ ner BFERAIdBEctal ot i ocppaplsngics; St Botiioah SoReeru s gomaet

| ayer and,the res ?ctive | ower and upper first nmetal |ayers; the third
metal | 39@P§°BBF’F181 Ponprised of a material selected fromthe group
consisting of Ti, TiN, Ta. and TaN. 0 1, AUG 2006 18 29. The net hod of

. claim 22, wherein the conposite netal |ayer further includes third netal

| ayers interposed between the second netal |ayer and the respective |ower
and upgérThe metheshof|claigy 82 swhereint theeriatermetal Higleateic hayergis sompriseddobf
Ti. 30. The method of claim?22, wherein the conposite netal |ayer further
i ncl ude¥SChithelsecapdanetahleagies is enmepriseddf B verehthereppeacantlaveerafirst ayeal and

the respective | ower and
ayers are comprised of Al.

25. The method of claim 22, 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.

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.

y 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.



upper first netal layers; the third netal |ayers each having a thickness of
fromabout 30 to 300A. 31. The nethod of claim 22, wherein the conposite
nmetal |ayer further includes third netal |ayers interposed betmee H@@ZWB
second netal |ayer and the respective |ower and upper first netal {aye
the third netal |ayers each having a éhickness of about 100A. 32. The

nmet hod of claim 22, wherein the uppe} first metal layer is patterned using
an etching process selected fromthe group consisting of: an RIE etch
process; an RIE end-point detection etch process and a wet chenical etch

proceSS' dth eco | a er and the lowey first taI
pat t er n&H irﬁﬁ c@“’rﬂ‘hgfﬁ?’a% the; gpryppsie F’F‘?f?rf layer é\*’(’f f“ﬁa
an R E etcfl process; an R E endﬁgm nt detection etch process and a wet
cheni camegldiyess saierposeddetwren the resonermetadiatiez andviberrespective lapiseent; r st
metal layer is patterned using an RIE end-point detection etching process;
and t heugpefofinst maillaY%I?eﬂleatthtmétalé&KﬂrS beingstonertisdd ¢falier are patterned
using an RIE end-point detection etching process. 0 4 AUG 2906 19 34. The
met hod of claim 22, wherein the upper first netal layer is patterned using
an overlying patterned photoresist |ayer; and the second netal |ayer and
t he | ovél. Therrsethodeifalaitrerwhereimp thé¢ eompdsits nngablayey éutthen inahadesehired
phot or esi st | ayer.
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.



35. The nethod of claim 22, wherein the RDL / bunp / bonding pad is an RDL.
36. The nethod of claim 22, wherein the RDL / bunp / bonding pad is a bunp.
37. The method of claim22, wherein the RDL/bunp /bonding pad is aghonding
pad. 38. The nethod of claim 22, wherein the substrate is a silicon
substrate. 39. The nethod of claim 22, I%herein a barrier layer is forned
over the internetal dielectric |layer. 40. The nethod of claim 22, wherein

a barri ed. Thyatethed boelart 20vahetdifl thetgpeeiabt mdtB186dr ik pat@yRed ubing an
barrier layer having a thickness of from about 100 to 800A. 41. The met hod

of cl ai evédyinSitedrned Phdtbredist |A%er ard tHO5dFBHdM Al IdiRr | ApdeE b er first
dielectric layer; the barrier layer being conprised off Ti/Ti N or Tal/ TaN.

metal layer are patterned using an overlying patterned photoresist layer.

35. The method of claim 22, wherein the RDL/bump/bonding pad is an RDL.

36. The mthOd 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.



