8QJUL2004 Method for Formng a Thin-Film Electrically Bl owable Fuse with a
Reproduci bl e Bl owi ng Watt age Background of Invention 1) Field of tRe JUL 2004
I nvention This invention relates generally to fabrication of a

sem conductor device and nore particularly to a method for formng a
thin-film electrically blowable fuse with a 5 reproduci bl e bl ow ng
wattage, or for formng a thin-filmlaser blowable fuse wwth reproducible
bl owi ng power. 2) Description of the Prior Art t o In nodern sem conductor
design, it is often desirable to provide polysilicon or other thin film
fuses which can be selectively bl own based upon the results of circuit
testing. For exanple, several resistors can be designed in parallel, each:
having a fuse. 3 8 0 J UL 2004 One or nore of the fuses can then be bl own
dependi ng upon test results to trimthe resistance of the group of parallel
‘resistors and achieve the desired cir |t char risti To increase
manuf act uri ng prodai?tﬁ?f{&)'ilqgﬁ'f'fncgtﬂ hipzkl ere‘it'é'c’ﬁye@ﬁgﬁl?]F&“fferforned 5 using
an automatic tester. Productivity can _be further increased by programi ng
the automatic tester to el &% ReprpduahleBlovipg Yattage yses during the.
automatic test cycle.

Background of Invention
1) Field of the Invention

This invention relates generally-to fabrication of a semiconductor device and more
particularly to a method for forming a thin-film, electrically blowable fuse with a
5 reproducible blowing wattage, or for forming a thin-film taser blowable fuse wifh

reproducible blowing power.

.,
e

2) Description of the Prior Art

10 In modern semiconductor design, it is often desirable to provide polysilicon or
~ other thin film fuses which can be selectively blown based upon the results of circuit

, _testing. For example, several resistors can be designed in parallel, each having a fuse,




Kowever, to do this, the fuses nust have a reproducible bl ow ng wattage
across 'the wafer and wafer to wafer. 10 The i nportance of overconigg‘hn?
various deficiencies noted above is evidenced by the extensive . 2004
t echnol ogi cal devel opnent directed to the subject, as docunmented by the

rel evant patent and technical literature. The cl osest and apparently nore
rel evant technical developnents in the patent literature can be gl eaned by
considering the followi ng patents. 15 U S. 5,895,262 (Becker et al.) shows
a fuse wi.ndow etching nmethod using a patch |ayer over a dielectric |ayer
over a fuse, wherein the fuse conprises a conductive [ayer wth an
overlying silicon nitride layer. A stack of dielectric |ayers overlying the

patch are @tedratorbyf the fisbctanphiadtebfovardepaidingaipbotsiresypratetinmeeri al ; the
patch material is etched using an etch which is not selective to the patch

materi al ; amslsthie ofttiRlgesip If pariBd] S&sisirs MBIchividtle dldird@rchid SRarhderRiiehed usi ng
an etch nethod selective to silicon nitride. This invention teaches 2 3 0

JUL 2004 that the patch layer is preferably conposed of polysilicon or
silicon nitride. U S. 5,821,160 (Rodriguez et al.) teaches a polysilicon

etch stop layer ®QVteRe idsac f? I Hj P g ‘%Q‘-(Starrper)
recites a tungste.nl rgtr‘relinléi.r F‘%@"é }ﬁé@t{;\%ﬁt Qﬁcgfethstes%#é guegn} Eég ? ee et al.)
teacg'les a F{Jrs%g%%ta{zt\()?na i %tstlep gPrgc\{uecEivi?y c]:calrjl%g firther incrdased by programming the

automatic tester to electrically blow selected fuses during the automatic test cycle.

w7 _ However, to do this, the fuses must have a reproducible blowing wattage across the wafer

and wafer to wafer.

10 The importance of overcoming the various deficiencies noted above is evidenced
by the extensive technological development directed to the subject, as documented by the
- relevant patent and technical literature. The closest and apparently more relevant technical

developments in the patent literature can be gleaned by considering the following patents.

| 15 ' U.S. 5,895,262 (Becker et al.) shows a fise window etching method using a patch
layer over a ciie]ectric layer 6ver a fuse, wherein the fuse comprises a conductiye layer
~ with an overlying silicon nitride layer. A stack of dielectric layers overlying thg patch are
etched by an etch process selective.to the patch material; the patch material is etched using
an etch which is not selective to the patch material; and the dielectric material overlying

20 the fuse is etched using an etch method selective to silicon nitride. This invention teaches




10 U. S 5,760,453 (Chen) discloses a barrier [ayer over a fuse. U S
5,729,041 (Yoo et al.) and U S. 5,888,851 (Mbtonan et al.) show .a
protective filmover a fuse window. 15 U S. 5,891, 762 (Sakai et al .)3 & Ridths 200
a polysilicon |ayer forned over a fuse concurrently with a cell plate and
used as a fuse wi ndow etch stop. Summary of the Invention 20 It is an

obj ect of the present invention to provide a nethod for formng a
thin-film 3 0 0 JUL 2004 electrically blowable fuse with a reproduci bl e

bl owi ng wattage. It is another object of the present invention to provide a
method for formng a thin- film electrically blowable fuse wth a

r epr oduci bl e bl owi ng wattage by controlling the 5 thickness of a fuse

di el ectri c thaltée pyeleleysyiisngefetably fcomposetl efipolysilivon aysiicop aridd i ci al netal patch
overlying the fuse dielectric layer and a two step etch wherein the first
etch step etches a dielectric layer overlying the sacrificial nmetal patch
selective to the material of the sacrificial metal patch and the second
etch step et chedUSh&83Rt40i (Rodiigiez B4l A keapttss @ polysilicmtetohatoptlayet beerfafsse
dielectric layer. 10 It is another object of the present invention to

provi de a ngielbad: fagdr. fOorm ng a semi conductor device with a thin-film
electrically blowable fuse with a reproduci bl e ‘ :

5

U.S. 5,851,903 (Stamper) recites a tungsten barrier layer between fuses.

;
o

U.S. 5,879,966 (Lee et al.} teaches a protective coating over a fuse opening.
10 : U.S. 5,760,453 (Chen) discloses a barrier layer over a fuse.

U.S. 5,729,041 (Yoo et aI.') and U.S. 5,888,851 (Motonami et al.} show a

protective film over a fuse window.

BB | ' U.S. 5,891,762 (Sakai et al.) shows a polysilicon layer formed over a fuse

concurrently with a cell plate and used as a fuse window etch stop.
S-ummary of the Invention

20 o It is an object of the present invention to provide a method for forming a thin-film,

3




blowing wattage or a thin-film laser blowable fuse with reproducible
bl'owi ng power with a reduced nunber of processing steps. 15 It is aquQQﬁ
obj ect of the present invention to provide a nethod for form ng an

bl owabl e fuse and a ring surrounding the bl owable fuse fromthe sane | ayer
of conductive fuse material to provide uniformtopography and dielectric
t hi ckness both in dense areas and open areas of a circuit. 20 4 8 O JUL
2004 It is yet another object of the present invention to provide a nethod
for formng an electrically blowable fuse with inproved reliability by
termnating the fuse w ndow opening above the tapered portion of the fuse
el ement so that the netal contacts are not affected by cracking and

heati ng whedtectrirally glewabds @psewith & seppidogible bBWikg wettégempl i sh t he above

obj ectives, the present invention provides a nethod for formng a thin
film electrically blowable fuse with reproduci ble blow ng wattage using a
sacrificial netal patch over a fuse dielectric |ayer and two etch
processes; wher @i is atdiBerfobjesitof tletréseprivease topreoedeachetval foofdrinmgrasthiml  pat ch
and the second etch process is. selective to the io fuse dielectric |ayer.
A fuse el erfni] eledhallnBloablefige®ith a Wpsldduciblesbldvih @it 2¥ & cantrolling the

2004

5 thickness of a fuse dielectric layer overlying the fuse element using a sacrificial metal patch
| overlying the fuse dielectric layer and a two step etch wherein the first etch step ‘etches a
dielectric layer overlying the sacrificial metal patch selective to the material of the
sacrificial metal patch and the second etch step etches the sacrificial metal patch selective
to the fuse dielectric layer.
10
It is another object of the present invention to provide a2 method for forming a
* . semiconductor device with a thin-film, electrically blowable fuse with a reproducible
blowing wattage or a thin-film, laser blowable fuse with reproducible blowing power with
a reduced number of processing steps.
- . 15
It is another object of the present invention to provide a method for forming an
* blowable fuse and a ring surrounding the blowable fuse from the same layer of conductive
fuse material to provide uniform toéography and dielectric thickness both in dense areas
and open areas of a circuit_.

20




sem conductor structure, and a fuse dielectric layer is fornmed over the
fuse elenent. A sacrificial netal patch is forned on the fuse(ﬁeﬂ§g;@hp

| ayer; wherein the patch width being greater than the fuse el ement™W h2004
A second dielectric layer is formed on the sacrificial netal patch, and
additional netal |layers and dielectric |layers may be forned over the is
second dielectric layer, but only the dielectric layers will remain over
the fuse elenent. The second dielectric |ayer and any overlying dielectric
| ayers are patterned to forma fuse w ndow opening, having a width greater
than the sacrificial netal patch, using a first fuse w ndow etch sel ective
to the sacrificial nmetal patch. Then, the sacrificial nmetal patch is

et ched t hrough t Hds yaigeother nbieoy o geriresgntinventoratopeesddec Metbed far freinsanch
selective to the 20 fuse dielectric layer, .leaving a reproducible

t hi ckness ofelectigalty dewabledbssorith improxyéreliahilgy by ievgingting the Dsgwindewe f use

el ement; thereby providing a reproduci ble bl ow ng wattage. The present

i nventi on prpsiiceaboeoths tapered pbeion bPthe fiesselemenmt\so that the npdtal @ontadcts are hbe
inventors have determ ned that the thickness of the fuse dielectric |ayer

is critical aﬁ@dtedtg,@abkﬁlg%ﬁd hdafifd Wierth@RADEBmEM SEhIdWA.N a reproduci bl e
bl owi ng wattage. Blowing wattage is a function of the resistance of the

fuse sel enent and the thickness of the fuse dielectric |ayer overlying the
fuse el enent when it is blowmn. To electrically blow a fuse, the fuse

el ement rnust -b ety ??ct%(g%ﬁ@qgen%%/%éﬁ ecftﬁés? th%i p%sgrﬁtirl;‘jeﬁtic;n%&;idés% hfod f%} ck,

vapori zation is di
Ty

. F forming a thin film, electrically blowable fuse with reproduciblé blowing wattage using a
sacrificial rmetal patch over a fuse dielectric layer and two etch processes; wherein the first
etch process is selective to the metal patch and the_a second etch process is selective to the

10 + fuse dielectric layer. A fuse element, having an element width, is formed over a
semiconductor structure, and a fuse dielecific layer is formed- over the fuse element. A
‘ sacrificial metal patch is formed on the fuse dielectric layer; wherein thé patch width being

-greater than .the fuse eiement width. A second dielectric layer is formed on the sacrificial
metal patch, and additional metal léyers and dielectric layers may be formed over the

15 | rsécond dielectric layer, but only the dielectric layers will remain over the fuse element. -
The second dielectric layer and any overlying dielectric layers are pattefned to form a fuse
window opening, having a width greater than the sacrificial metal patch, using a first fuse
window etch selective to the sacrificial metal patch. Then, the sacrificial metal patch is
etched through the fuse window opening using a second fuse window etch selective to the

20 fuse dielectric layer, leaving a reproducible thickness of the fuse dielectric layer overlying




f,use i,s poorly blown. However, if the fuse dielectric layer is too thin,
then the fuse 10 element will be attacked by the etch used to formgpfiygse
wi ndow, and the resistance of the fuse element will be altered, changing
the blowi ng wattage. The present invention provides good control over the
t hi ckness of the fuse dielectric layer, thereby providing a reproducible
bl owi ng wattage. 15 By form ng the fuse elenment as part of the poly-1

| ayer, formng the fuse dielectric |ayer as part of the inter-I|ayer
dielectric layer, and/or form ng the patch |ayer as part of the netal-]I

| ayer, a device can be fornmed with an electrically blowable fuse with a

r epr oduci bl e bl owi ng wattage using a reduced nunber of processing steps.
Nitride or thefiuseplerpr] hereby providingaperredveblerbéeping wattaddi t i onal (non- st andard
to CMOC or Bipolar or 20 Bi CMOS process) depositions and/or masking steps.
6 8 0 JUL 2004 Also, by form ng the fuse opening over the tapered portion
of the fuse elenent the sem conductor device reliability is increased. The
fuse el enent cr ahkpraad invaRdiipE@sdes BordsiiRrabRnprOVenRAE bR theftiok &M nating the
fuse opening over the tapered portion of the fuse elenent, the netal

contacts arrheam@itofd A0 886 ntlca ¢l B tRokdiks ngmel%al‘%ér% &gkl %ﬁ t gdi n5

when the fuse is blown. The present invention achieves these bene

the gontex tan%iec#ﬁﬂﬁﬂnl&@&%%& wi%l?zf%gr%lggcgglg HM‘(&%@@ ﬁlgwn@%attgggﬁ r,standing

of the nature an vant ages o
function of the resistance of the fuse element and the thickness of the fuse dielectric layer

e

overlying the fuse element when it is blown. To electrically blow a fuse, the fuse element
must be vaporized. If the fuse dielectric layer is too thick, vaporization is difficult and the
fuse is poorly blown. However, if the fuse dielectric layer is too thin, then the fuse
10 element wil_I be attacked by -the etch used to form a fuse window, and the resistance of the
fuse element will be altered, changing the blowing wattage. The present invention
. pfo_vides good control over the thickness of the fise dielectric layer, thereby providing ‘;:1

reproducible blowing wattage.

: 15 By forming the fuse element as part of the poly-1 layer; forming the fuse dielectric
layer as part of the inter-layer dielectric layer, and/or fofming the patch layer as part of the
“metal-1 layer, a device can be formed with an electrically blowable fuse with a
reproducible blowing wattage using-a reduced number of processing steps. Nitride or
other dielectric film patches require additional (non-standard to CMOC or Bipolar or

20 BiCMOS process) depositions and/or masking steps.




i,nvent,ion may be realized by reference to the latter portions of the
specification and 10 attached draw ngs. Brief Description of the Dra\gdﬁggl_ 2004
The features and advantages of a sem conductor device according to the
present s invention and further details of a process of fabricating such a
sem conductor device in accordance with the present invention will be nore
clearly understood fromthe foll owi ng description taken in conjunction

wi th the acconpanying drawings in which |like reference nunerals designate
simlar or corresponding elenents, regions and portions and in which: 20
Figures 1A, 3A & 5A illustrate sequential top views of a process for
formng a7 8 DJUL 201 thin-film electrically blowable fuse with a

repr oduci bl e bl dvsonly feaming ¢le faseopesing gver chet thgerql restdont ofithevfe st dlament fhegur es 1
B, 2, 313, 4, 5B & 6 illustrate sequential sectional views of a process for
form ng a tsemitohddctor dediccekdblity is inchdaossalaihe fifse Slemetichachs dripmapsiized fltee bl ow ng
wattage according to the present invention. Figure IB and 2 are taken :

general |y al.a8@ R¥b® E)Bre_lﬁhagi@héﬂa%eiﬁiﬂg Gi@ thd téllveré:d ;%mi@rﬁof%ﬁ: fpd 4 are

t aken general ly al ong axis 3B-3B" as shown in g. 3A. Figs. 5B and 6 are

taken genergl Loy %e%?al%éﬁt?ct?ﬁ'e?@é ﬁgm%] Oé’l\gclgi IOE:"go' 2 he ridlal %gﬁ ﬁeg o

illustrate sequéntial sectional views 0 ormed accor gto a
prefserred mg%e%gisﬁgwghe present invention.

The present invention achieves these benefits in the context of known process
technology. However, a further understanding of the nature and advantages of the present

invention may be realized by reference to the latter portions of the specification and

10 attached drawings.
Brief Description of the Drawings

The féatures and advantagés of a semiconductor device according to the present
15 invention and further details of a process of fabricating such a semiconductor device in -
accordance with the present invention will be more clearly understood from the following’
description taken in conjunction with t.he accompanying drawings in which like reference

numerals designate similar or corresponding elements, regions and portions and in which:

20 Figures 1A, 3A & 5A illustrate sequential top views of a process for forming a

7




Pet ai l,ed Description of the Invention 15 The present invention will be
described in detail with reference to the acconpanying draw ngs. Th% JUL 200
present invention provides a nethod for formng a thin-film electrlé%ﬂpy

bl owabl e fuse with a reproduci ble blowing wattage. Referring to Figs. IA
and I B, the process begins by providing a sem conductor 20 structure (11).
Sem conductor structure (11) should be understood to include to possibly 8
, SO JUL 4 include a wafer or substrate conposed of a sem conductor nateri al
such as nonocrystalline silicon, or anther structure as is known in the
art such as a silicon-on- insulator (SO) structure. Sem conductor
structure (11) should be understood to possibly further include one or

nmor e condudhinvidm] dsesricsihabldwibie filsawiting rdpagdecisleditoing watege eccondingtohact i ve
and passive devices fornmed on or over such wafer or substrate. A fuse

el ement (2%resest iiventimd over a sem.conductor structure (11). In one

enbodi nent, as illustrated in Fig. 1B, the fuse element (22) is fornmed on
an isolation structure (12) (e.g. STY, LOCCS, etc). The isolation ‘
structure (12) defines and separates to active areas of the sem conductor
structure (11). piiffiSe 6] ATk § AghabAdo Rl QLIRS bk dPPORLLE B 2
conductive | ayer ané patterning it using B o%ollthography. & Tuse el ement
is efera .composed of polvsiligcon having a thi ess of between about
1008 Anget SN SR BB Beaiuy Pt hne VhadeRoai o S0s Yl W at (22w
as shown | rellccording to the present invention. Figure 1B and 2 are taken generally along axis 1B-1B'

.
’ as shown in Fig. 1A. Figures 3B and 4 are taken generally along axis 3B-3B' as shown in

Fig. 3A. Figs. 5B and 6 are taken generally along axis 5B-5B' as shown in Fig. 5A.

10 Figures 7 & 8 illustrate sequential sectional views of a device formed according to

a preferred embodiment of the present invention.
Detailed Description of the Invention

SR C IR The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method for forming a thin-film,

electrically blowable fuse with a reproducible blowing wattage.

Referring to Figs. 1A and 1B, the process begins by providing a semiconductor

20 structure (11). Semiconductor structure (11) should be understood to include to possibly

8




Fig, A which is preferably between about 1.0 mcrons and 6.0 mcrons. 15
Optionally, a retention ring (24) can be forned surrounding the fuse 80 JUL ek
el enent (22) to provide a nore uniformtopography. The retention ring (24)
can be forned sinmultaneously with the fuse el enent, using the sane
material as the fuse elenment. 20 Referring to Fig. 2, a fuse dielectric

| ayer (30) is fornmed on the fuse elenent (22) 9 8 0 JUL 2004 and the
retention ring (24). The fuse dielectric layer (30) is preferably conposed
of TEOCS oxide doped with boron and/ or phosphorous ions at a concentration
of between about 4 weight-%and 5 weight %8. The fuse dielectric |ayer
(30) is preferably forned to a thickness of between about 3000 Angstrons
and 9000 Arg¢degkaferor malistate copgpased o aemicondugter myteriel ®15BRAY £ ci al et al |
patch (40) is formed over the fuse dielectric layer (30), having a patch
Wi dt h (40Wmongsrystatiamsiliaen Rirgnthgystrutiurgasads/known intherastspi asg sdicordee- f use
dielectric layer (30), the patch width (40W nust greater than the . el enent
wi dt h ( 22Winsulbher (S@DrsirfidteieaSemedalucpastali(rd 0)1) slamidie wderposé b pissiblgpper, 10
tungsten, alumnurr~ titanium TiW or nost preferably A -Si-Cu, having a

t hi ckness  Gfirthdp @ichile Bn@handre 4QBCHAR I QRS irdieink0ay2RindgsHd @Teore Ref erri ng
to Fig. 4, a second dielectric layer (50) is fornmed on the sacrificial

net & active and passive devices formed on or over such wafer or substrate.

A fuse element (22) is formed over a semiconductor structure (11). In one
- embodiment, as illustrated in Fig. 1B, the fuse element (22} is formed on an isolation
structure (12) (e.g. STI, LOCOS; etc). The isolation structure (12) defines and separates
10 ~ active areas of the semiconductor structure (11). Th¢ fuse element (22) can be formed by
depositing a conductive layer and patterning it using photolithography. The fuse element
_ is preferably composed éf polysilicon having a thickness of between about 71 000
Angstroms and 5000 .Angstroms. The fuse element (22) has a width (22W) as shown in
Fig. 1A which is preferably betweén about 1.0 microns and 6.0 microns.
\ 15
| Optionally, a retention ring (24) can be férmed surrounding the fuse element (22)
to provide a more uniform topographj. The retention ring (24) can be formed

simultaneously with the fuse element, using the same material as the fuse element.

20 _ Referring to Fig. 2, a fuse dielectric layer (30) is formed on the fuse element (22)

9



patch (40). The second dielectric |layer (50) can be conposed of CVD oxide
ni'tride, or 15 nost preferably PECVD oxi de having a thickness of bet \A%Qn-'UL 2004
about 4000 Angstrons and 10,000 Angstrons: Additional dielectric |ayers
possi bly including one or nore passivation |ayers nay be fornmed over the
second dielectric layer (50). As shown in Figs. 5A and 5B, the second
dielectric layer (50) and any overlying 20 |layers are patterned to forma
fuse wi ndow (55), having a wi ndow width (55W. The 10 8 0 JUL 2004 wi ndow
width (55W is greater than the patch width (40W, causing the patch to be
conpletely separated by the fuse wi ndow etch. In the opposite direction,
the fuse window preferably term nates over the tapered portion of the fuse
el ement, prasdiths rﬁ@nwm@de%oﬁheégaidwchtrwéayier (3Abis pregerphiy edmpased ofckEO®HN t he
fuse el enent. The second dielectric |layer (50) 5 and overlying |ayers can
be patt er nesidsydoped witinporan findéer phbspiiomwue tonk atnaskicehirafionsif between whdun4an

openi ng corresponding to the intended fuse w ndow usi ng photolithography
and et chi ngeighes setoOndighti-Bh CclThd fusd @yiestrié ROr (30)4s péRfdblyifognddayar s t hr ough
t he opening, using an etch selectivé to the sacrificial netal patch (40).

10 The secandiiésebeivder aloay $600(ARhtrandafwabd ¥higrohdyers are etched using a
first, fuse w ndow etch, conprising a dielectriC dry etch process with a

CF4,5 CHF3, Ar chem stry (standard via etch recipe). A key advantage of the
present invention is that the sacrificial netal patch (40) and

Referring to Figs. 3A and 3B a sacrificial metal patch (40) is formed over the fuse
dielectric layer (30), having a patch width (40W), as shown in Fig. 3A. To prevent
ovefetching of the fuse dielectric layer (30), the patch width (40W) mus£ greater than the
element width (22W). The sacrificial rhetal pétch (40) can be composed of copper,

10 tungsten, a]umi'num,‘titaniur.n, TiW, or most preferébly Al-Si-Cu, having a tﬁickness of

between about 4000 Angstroms and 10,000 Angstroms.

Referring to Fig. 4, a second dielectric layer (50) is formed on the sacrificial metal

patch (40). The second dielectric layer (50) can be composed of CVD oxide, nitride, or

15 most preferably PECVD oxide having a thickness of between about 4000 Angstroms and
10,000 Angstrqms; Additiqnal dielectric layers possibly including one or more passivation

layers may be formed over the second dielectric layer (50).

As shown in Figs. 5A and 5B, the second dielectric layer (50) and any overlying

20 layers are patterned to form a fuse window (55), having a window width (55W). The

10




k5 the first window etch chem stry provide an etch selectivity of greater
than 100:1 of the second dielectric layer (50) to the sacrificial &&JHL 2004
patch (40) (e.g. the first fuse window etch etches the second dielectric

| ayer etches 100 tines as fast as it etches the sacrificial netal patch).
20 Referring to Fig. 6, the sacrificial netal patch (40) is etched through
the fuse Il 3 0 J UL 2004 wi ndow (55) using a second fuse w ndow etch
which is selective to the fuse dielectric |ayer (30). Preferably, the
sacrificial netal patch (40) is etched using a dry etch process wth a
B3, d2, SF6 chemstry, providing a selectivity of greater than 2:1 of
the sacrificial t atch (4 o the fus ielectric layer. (30) (e.g.

t he second W‘G@"é” W%@'\%\@tl%ﬁeﬁér&ﬁ%@%e f"‘ﬁg’ ?Q@T@Pﬁ"éi-%f’ﬂ% 5Patg}¥¥°c‘%‘? 2 times as
fast as it etches the fuse dielectric Iayerg. The remaj ning fuse dielectric
| ayer (30) Nag'etely yparisd by thedorwindovpashnda iheappositeoection §e fusewindawd 6000 -
Angstrons, providing a reproduci ble blow ng wattage. The target thickness
can be sel gaeferdblyégymindien gveanpieriapenet fontsen afdpofsezdleneenp peotdingpraiesténh. 10
Preferred Enbodi ment of the Present Invention - Figs. 7 & 8 Referring to
Fig. 7, a pgahemietddngetibadiahemtacafontthefups deaat. Thyvepdrndalieldvedp lagr (50)

provi ding a sem conductor structure (11) having an isolation structure
‘therseon, and baetiying layarsfcis Be e by fofding AMEkeviiRIEAEN ARKI(htGhéwdy) for med
on the isolation structure (12), as 15 descri bed hereabov e. The

sem conductvifh sldpeihgErespohliink W e Gterfi@iRIsé $ARoHVsiAE phot61tAE B aphy and
etching the second dielectric layer (50) and overlying layers thrdugh the opening, using an

etch selective to the sacrificial metal patch (40).

10 The second dielectric layer (50) and overlying layers are etched using a first fuse
window etch, comprising a dielectric dry etch process with a CF,, CHF,, Ar bhemistry

(standard via etch recipe).

A key advantage of the preéent invention is that the sacrificial metal patch (40) and
15 the first window etch chemistry provide an etch selectivity of greater than 100:1 of the
second dielectric layer (50) to the sacrificial met#l patch (40) {e.g. the first fuse window
etch etches the second dielectric layer étches 100 times as fast as it etches the sacrificial

metal patch).

20 . - ' | Referring to Fig. 6, the sacrificial metal patch (40) 1s etched through the fuse

11



(:9) adjacent to the isolation structure (12), and may further conprise a
second’isolation structure (112) with a | ower capacitor plate (26) tgh@g@gnmm
The fuse elenent (22), the retention ring (24) and an optional | ower
capacitor plate 20 (26) are formed by depositing a first polysilicon |ayer
(not shown) and patterning it using 12 3 0 JUL 2004 photolithography. The
first polysilicon |ayer preferably has a thickness of between about 1000
Angstrons and 5000 Angstrons. A silicon oxide |layer (16) can optionally be
grown on the fuse elenent (22), on the retention ring (24), an on the

sem conductor structure (1l1) in active areas. The silicon oxide |ayer,
which is preferably grown to a thickness of between about 40 Angstrons and
500 Angst r omsgdow ¢¥rmsiag g secendiived wimtiow etch whichés stettiveao dredasealectriccapaci t or
dielectric over the |ower capacitor plate. 10 A second polysilicon |ayer
is fornmed daydr (5®0)s Pdfesbly, ohd sderiflcRY ktal fdoh, (4@ isletplddteimpedry étch protd¥s a gate
el ectrode (71) in the active area and a top capacitor plate (81) over the

| ower capaciips Bglg,a@g dp%@aemiégulsﬁe,dﬁgq selE@ivity 6?@&&&%&@) ofhe s{anERd
adj acent to the gate ectr 71 and sidewal | spacers (73) are forned

th t 15 A
Puse i o ecre e layey 1 QRS Rer (ot T e e 45 088

des ¢4 i bed the sacrificial metal patch 2 tlmes as fast as it etches the fuse dielectric layer).

The remaining fuse dielectric layer (30) has a thickness (30T) of between about 400
Angstroms and 6000 Angstroms, providing a reproducible blowing wattage. The target

thickness can be selected depending upon the fuse vaporizing power required.
10 Preferred Embodiment of the Present Invention - Figs. 7 & 8

Referring to Fig. 7, a preferred embodiment of the present invention begins by
providing a semiconductor-structure (11) having an isolation structure thereon, and having
a fuse element (22) and a retention ring (24) formed on tﬁe,isolation structure {12), as
.15 - described hereabove. The semiconductor structure (11) further comprises an active area
)] adjapent to the isolation structure (12), and may further comprise a second isolation

structure (112) with a lower capacitor plate (26) thereon.

The fuse element (22), the retention ring (24) and an optional lower capacitor plate -

20 (26) are formed by depositing a first polysilicon layer (not shown) and patterning it using

12




her eabove, wherein the fuse dielectric |layer (30) is also an inter-| evgl
dielectric layer formed over the gate el ectrode (71) and the top capaBidUr 2004
plate (81 ). The fuse dielectric' layer (30) is patterned to form opening
over the top capacitor plate (81), the source and 20 drain regions (72) and
both ends of the fuse elenent (22). 13 8 0 JUL 2004 A first netal |ayer is
formed over the fuse dielectric |layer (30) and in the openings over the
top capacitor plate (81), the source and drain regions (72) and both ends
of the fuse elenment (22). The first netal layer is patterned to form
interconnects, lines, and 5 contact pads (140) as appropriate for the top
capacitor plate, the source and drain regions, and the ends of the fuse

el ement, asPhpkslithogeaphyar Pierfigstiphbysiienarlifer piefirabiehaah tipekneds of betwegnoabodt  be
noted that in this enbodinment, the sacrificial netal patch (40) is

connect ed t®00Ampsiatms apdd80Q Adf3yromar t he fuse el enment (22). 10 A second
dielectric layer (50) (e.g. first inter-nmetal dielectric layer) is forned
over the first metal layer, then patterned to formvia openings as
appropriate. A second netal |ayer is formed over the second di.electric
layer (50) and padithdfHe ié?er&%)”@aﬂ'oﬁt?onal&5@@5@989%@@%%%39%%}2‘%}1 tRads as
appropriate for the deviceS which have been forned below Additional

i nt e - et al ..di Ik : | & ) . Aalh: formed 15
as nec essarrfi@{ngdnco (F@f %@%rﬁ%% g%n#@%@gﬁggsft@?&g Qéﬁﬁé ?@Ye(a}r%g'i ggﬁﬂl(%aﬁeach

|t er - et 2l o e B BE WHE 1 BYRul BBl PO e RksPLf hndeR o5 0 ARELIBINGE:  UST O

b
¥

500 Angstroms_, forms a gate dielectric in the active area and a capacitor dielectric over

the lower capacitor plate.

10 A second polysilicon layer is formed on the-sili‘con oxide layer (16), and patterned
to form a gate clectrode (71) in the active area and a top capacitor plate (81) over the
s lolw_er capacitor plate (26). Source and drain regions (72) are formed adjacent to the gate
electrode (71), and sidewall spacers (73) are formed on the gate electrode (71) to form a
transistor in the active area. |
| L, 15 |
A fuse dielectric layer (30) is formed over the fuse element (22) as descﬁbed
“hereabove, wherein the fuse dielectric layer (30) is also an inter-level dielectric lé.yer
formed over the gate electrode (7])-and the top capacitor plate (81). The fuse dielectric'
| layer (30) is patterﬁed to form opening over the top capacitor plate (81), the source and

20 drain regions (72) and both ends of the fuse element (22).

13




known kn the art, such as chem cal - nechani cal polishing (CW) or etch-back
A " passivation layer (180) is formed over the last nmetal layer. 20 380 JUL 2004
Referring to Fig. 8, a fuse wi ndow etch mask (190), preferably conposed of
14 .S O JUL 2004 photoresist, is fornmed over the passivation |ayer (180).
The fuse wi ndow etch mask (190) has an opening (195) above the fuse
el ement (22). The second dielectric layer (50) and the additional
inter-nmetal dielectric layers (160) are patterned through the opening
(195) in the fuse wi ndow etch nask (190) using a first fuse wi ndow etch to
forma fuse w ndow opening (55), as described hereabove. The sacrifici al
nmetal patch (40) provides a. good etch stop for the first fuse w ndow
etch, having a selectivity of greater than 100:1 of the second dielectric
ci al patch (40). The sacrificial netal patch

| ayer (50) to th acrifi

(40) is then et c%«ﬂsﬁ "BEPQ’FF 1§ f?é‘“? %‘@r Hierfessudicistrici lewgr (30 aqdsis yhe ppepiges second
fuse wi ndow etch as descri bed hereabove. The second fuse w ndow etch

provi des. a O¥teetopwrragitesplaie 41, dhe sohma and draisfregions ($2)cmil bothieadls ofebal pat ch
(40) to the fuse dielectric |ayer (30). The second fuse w ndow etch

conpl et el y 8¢ elementi{a2)s be fifst vital layeeisglattemed wifofd Blerevndedts five@sardl t hi ckness
(30T) of the fuse dielectric layer (30).' The remaining thickness (30T) of
the Puse di bt pads (140)es afpB@)riateForcthé tdpCabaditer FlateVihél sdigecdhntl qaﬁmgghp,l e fuse
15 bl ow ng wattage as descri bed herein. ile the invention has been

par ti cul ar | yndstheowiis @ the 68 elemeRdasWdiiths F&HBIENAE Sackiflcial metal patch, It should

L be noted that in this embodiment, the sacrificial metal patch (40) is connected to contact

pads (140) for the fise element (22).

10 : A second dielectric layer (50) (e.g. first inter-metal dielectric layer) is formed over
the first metal layer, then patterned to form via openings as appropriate. A second metal
| layer is formed over the second dielectric layer (50) and patterned to form vias,
interconnects and contact pads‘ as appropriate. for the devices which have been formed
below. Additional inter-metal dielécttic layers (160) and metal layers (170) can be formed
5 as necessary to complete the semiconductor circuitry. Typically, each inter-metal |
dielectric layer is planarized prior to being pattefned, using one of a variety of processes
knoﬁm in the art, such as chemical-mechanical pdlishing (CMP) or etch-back. A

passivation layer (180) is formed over the last metal layer.

20 o 7 Referring to Fig. 8, a fuse window etch mask (190), preferably composed of

14




the preferred enbodi nents thereof, it will be understood by those skilled

in the art that various changes in formand details may be nade mﬁtﬁ@Ht
departing fromthe spirit and 20 scope of the invention. For exanple; JUL 2004
al t hough the preferred enbodi nrent of the present 15 3 0 JUL 2004 invention

Is for an electrically bl owable fuse, the present invention can be

practiced with a |aser blown fuse. Lase blown fuses also require a

constant thickness dielectric layer with a mninmmthickness on the fuse

el enent, although the requirement is not as stringent. 5 16 .3 0 JUL 2094,

3 CLAIMS 1. the steps of: A nethod for formng a thin film bl owable

fuse, conpriygingisf iF_.l FmT DG ﬂlefp'ﬁs?vag!)r? {5?%3 ] %\5? Ehegﬁ)ses\?ﬂpagvg L c\i?'m%&tsol% structure,

said fuse ‘elenent having a narrow por nel 'enent h and
;?gleggg r ipgr.(ﬁ% 21?15 %nﬂops?gi:n% P@ég%%g? i ael;e?em%%tr {ZQ)W 'l%%rséclogg éiiegbtrifc ?arygll 5'5%) a fuse
and the additional inter-metal dielectric layers (160) are patterned through the opening
(195) in the fuse window etch mask (190) using a first fuse window etch to forrn a fuse
5 window opening (55), as described hereabove. The sacrificial metal patch (40) provides a.

good etch stop for the first fuse window etch, having a selectivity of greater than 100:1 of

the second dielectric layer (50) to the sacrificial metal patch (40).

The sacrificial metal patch (40) is then etched through the fuse window opening
10 (55) using a second fuse wiﬁdow etch as described.he'reabove. The second fuse window
etch provides a selectivity of greater than 2:1 of the sacrificial metal pafch {40) to the fuse
o diélectric layer (30). The second fuse window etch completely severs the sacrificial mefal
patch (40) and leaves a thickness (30T) of the fuse dielectric layer (30)." The remaining
thickness (30T) of the fuse dielectric layer (30) is critical i:or providing a reproducible fuse

15 blowing wattage as described herein.

e

While the invention has been particularly shown and described with reference to
thg preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

20 scope of the invention. For example, although the preferred embodiment of the present

15



56 c.*formng on said. fuse dielectric |ayer a patterned first netal

i nterconnect |ayer conprising a sacrificial nmetal patch, having a pa@@nJUL 2004
wi dth, said patch width being greater than, said fuse elenent w dth; d.
formng a second dielectric |ayer on said sacrificial nmetal patch; 7 s 9 10

Il e. patterning said second dielectric |layer to forma fuse w ndoW,

having a w ndow wdth, using a first fuse wi ndow etch selective to said
sacrificial netal .patch; said window Wdth being greater than said patch

wi dth; said fuse window termnating over said narrow portion of said fuse

el enment; and f. etching said sacrificial netal patch through said fuse

W ndow usi . d fuse w.ndow, etch selective to sajd fuse dielectric
| ayer. 2. ‘é&ﬁ%‘?ﬁo B eézfnzgfﬂmqloﬁéer%f’enﬂ?é’ir?fe’?t&vént&“éﬁ% ¢ Pragticed Withgded of
pol ysi |i con, . b@aviﬁ}g g t hi cknﬁss of between about 1000 Angstrons and 5000
Angst r oms, aieq bloxn fuse, | Lased ses also require a constant thickness dielectric layer with a

minimum thickness on the fuise element, although the requirement is not as stringent.
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AD JUL .20 dielectric layer is conposed of TECS oxi de doped wi th phosphorous
I ons and/or boron ions at a concentration of between about 4 weight-% and

5 wei ght-% and having a thickness of between about 3000 Angstrons- Pldfuéow 7
Angstrons. |. The method of claim| wherein said fuse dielectric layer is
patterned to formcontact openings over said fuse elenment. 4. The method of
claim1 wherein said sacrificial netal patch is conposed of titanium

al um num si li con-copper, or titaniumtungsten, and has a thickness of

bet ween about 4000 Angstrons and 10,000 Angstrons. 5. . , The nethod of
claim1l whereidpapai d etching of said sacrificial nmetal patch through said
fuse,w ndowis term nated when said fuse dielectric |ayer attains a

t hi cll<ness ol. bet ween about Adbethadder foomingaa ¢his 6ibo, owyableduse, eoraprisingd f use
el enment. 6.,Th rre%god of claim1l wherein said first fuse wi ndow etch is
per f or med uté‘Pngeas 8 80 J UL 2004 dry etch process with a CF4, CHF3, Ar
chem stry and said second fuse wi ndow etch is performed using .a dry etch
proc%ss with a BC 3, Cl2, SF6 chemistry. 7. The nethod of claim5 wherein:
sai d fuse di el ecirioETING @ fusescleniepboxer @semiranrugian siHelpmoTad Ustoped TECS

| element having a narrow portion with an element width and tapered portions on
3 either end of said narrow portion;

b. forming a fuse dielectric layer on said fuse element;

Fog
3 c. forming on said fuse dielectric layer a patterned first metal interconnect
layer comptising a sacrificial metal patch, having a patch width, said patch width
‘ being greater than said fuse element width; ‘
d. 'forming a second dielectric layer on said sacrificial metal patch;
3 ‘e, patterning said second dielectric layer to form a fuse window, having a
window width, using a first fuse window etch selective to said sacrificial metal -
9

patch; said window width being greater than said patch width; said fuse window
- ferminating over said narrow portion of said fuse element; and

S

1¢
f. etching said sacrificial metal patch through said fuse window using a
second fuse window etch selective to said fuse dislectric layer.

|

2. The method of claim 1 wherein said fuse element is composed of polysilicon

having a thickness of between about 1000 Angstroms and 5000 Angstroms, and said fuse

17



oxide formed to a thickness of between about 3000 Angstrons and 9000
Angstrons; said second dielectric layer is conposed of CVD oxide angd is
etched using a dry etch process with a CF4,CHF3, Ar chem stry havi%gf}dm- 200
selectivity to said sacrificial netal patch of greater than 100:1; and
said sacrificial netal patch is conposed of titanium ,
al um numsilicon-copper, or titaniumtungsten forned to a thickness of
bet ween about 4000 Angstronms and 10,000 Angstrons and etched using a dry
etch process with a BC13,Cl2, SF6 chem stry having a selectivity to said
fuse dielectric layer of greater than 2:1. S. A nethod for formng a
reproduci ble thin film blowabl e fuse, conprising the steps 2 of 19 D JUL
2dtrr 3 a. pPE§Fidr Lﬂgeras IO RITEQST oxdderdepedwish phaspibrewsiivsandioc baron
structure have an 4 isolation structure thereon; 5 b. formng a
pol ysi | i con PEY¥2 eepespiraligingf betwkeert dbont 4 tveight-Yraed S anibhpsd ddmaiingasai d 6
polysilicon | r tof 1 f |l 7o0orm( } asee

thickness of between about 3000 Angstroms and 9000 Angstroms.

3. The method of claim 1 wherein said fuse dielectric layer is - |
patterned to form contact openings over said fuse element.

4. | The method of claim 1 wherein said sacrificial metal patch is
composed of fitanium, aluminum-silicon-copper, or titanium-tungsten, and has a
. thickness of between about 4000 Angstroms and 10,000 Angstroms.

5 .. The method of claim 1 wherein said etching of said sacrificial
metal patch through said fuse window is terminated when said fuse dielectric

layer attains a thickness of bstween aboﬂt 400 Angstroms and 6000 Angstroms
over said fuse element.

6. ~ The method of claim 1 wherein said first fuse window etch is performed using a

18




u. -.Y.ement, having a narrow area with a fuse elenment wdth and tapered
aréas on either end of said narrow area, and to form (2) a retention rd' Ngp
said retention ring surrounding said fuse structure; c. formng a fusé 2004
dielectric |layer over said fuse structure and said retention ring; 10 said
fuse dielectric |ayer being conposed of TECS oxi de doped w th phosphorous
and/or 11 boron ions at a concentration of between about 4 weight-%and 5
weight-1/6 and formed 12 to a thickness of between about 3000 Angstrons
and 9000 Angstrons. 13 d. formng a sacrificial netal patch on said first
dielectric layer; said sacrificial 14 metal patch having a width greater
than said wdth of said fuse elenent; 15 e. formng a second dielectric

| ayer over slaielctsprotdss ivith alCFretrat, Arahéstryldhd shi@ seFoRGh.de RERSH Latiion | ayer
over said second dielectric layer; 20 3 JUL 2004 17 g. patterning said

passi vat | on pbieted atifls & atyih3ronast WhiPd BELIGIC draihdip form a fuse 18 w ndow
using a first fuse wi ndow etch selective to¥safd sacrificial netal patch,

and using 19 said sacrificial metal patch as an etch stop; said fuse
wi ndow having a width greater than 20 the width of said sacrificial netal

patch and term npfd H&h@&’gf"cla?rﬁisq)vi}eg er ed portion of said- 21 fuse el enent;
and ' ‘ : _

said fuse dielectric layer is composed of boron and phosphorous doped TEOS

oxide formed to a thickness of between about 3000 Angstroms and 9000 Angstroms;

said second dielectric layer is composed of CVD oxide and is etched using a dry
etch process with a CF,,CHF,, Ar chemistry having a selectivity to said sacrificial metal

patch of greater than 100:1; and
said sacrificial metal patch is composed of titanium, aluminum-silicon-copper, or
titanium-tungsten formed to a thickness of between about 4000 Angstroms and 10,000

Vo Angstroms and etched using a dry etch process with a BCl,,Cl,, SF, chemistry having a -

| selectivity to said fuse dielectric layer of greater than 2:1.

1 8 A method for forming a r'eproducible thin film, blowable fuse, comprising the stepé
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;f+22 h: etching said sacrificial metal patch through said fuse w ndow

usi hg a second 23 fuse wi ndow etch selective to said first dielect® UL 200
| ayer. 9. The nmethod of claim8 which further includes form ng and
patterning additional netal |ayers and additional dielectric |ayers over
said second dielectric layer prior to formng said passivation |ayer,
wherein no portion of said additional netal |ayer are |eft over said fuse
el enent. 10. The nmethod of claim8 wherein said sacrificial netal patch is
conposed of titanium alumnumsilicon-copper, or titaniumtungsten having
a thickness of between about 4000 Angstroms and 10,000 Angstrons, and said
second. dielectric layer is conposed of CVD oxide having a thickness of

bet wetn about 40GOPIRNEERERGHBIcHRCHOSOctuAagsH sanBondddotstRictlkd hRk@@d 11. The
met hod of claim8 wherein said first fuse window etch is perfornmed using a
dry etch prosdgionsirndtuie tigFebn; CHF3, Ar chenistry and said second fuse w ndow
etch is perforned using a dry etch process with a Bd 3, d 2, SF6

chem stry. 12. The nethod of claim8 wherein, follow ng said etching of
said sacrificial nmetal patch through said fuse wi ndow, said first

di el ectric | ayer bhasmiae & Bbl 00 ;Angstrons and 6000
Angstrons over said fugseBét)a?égﬁﬁtﬁa.yg)‘flo?:}l.8 P#ﬁfﬁﬂ%@ﬁggﬁ%‘ﬁt&gipa '?LTmﬁ/ﬁ@? ei n,

Fol @M ng s Polsifdhydftotom &) 4 fésg%{eh%ﬁtghgfknggel}alarkw area with a fuse element

7 width and tapered areas on either end of said narrow area, and to form (2) a retention
. N ; . . V
8 ring; said retention ring surrounding said fuse structure;
9 c. forming a fuse dielectric layer over said fuse structure and said retention ring;
10 said fuse dielectric layer being composed of TEOS oxide doped with phosphorous and/or
11 boron ions at a concentration of between about 4 weight-% and 5 weight-% and formed
12 - to a thickness of between about 3000 Angstroms and 9000 Angstroms.
13 d. forming a sacrificial metal patch on said first dielectric layer; said sacrificial
} 14 metal patch having a width greater than said width of said fuse element;
15 | e. forming a'second dielectric layer over said sacrificial metal patch;
16 ~ f forming a passivation layer over said second dielectric layer;

20



pat ch t,hrough said fuse window, said first dielectric layer has a thickness
of betwéen about 400 Angstroms and 6000 Angstrons over said fuse eBdhabl 200
14. A method for form ng-a sem conductor device having an 2 electrically
bl owabl e fuse element with a reproduci bl e bl ow ng wattage, conprising the
steps of a. providing a sem conductor structure; said sem conductor
structure have 4 an isolation. structure and a second isolation structure
thereon with an active area between said isolation structure and said
second isolation structure; 6 22 30 JUL 7 8 9 10 12 b. forming a

pol ysilicon | ayer over said isolation structure,- and patterning said
polysilicon layer to forma fuse elenent; having a wdth, a retention
ring!’ and a | ofepaticEiReRIdPRsshrtertlayes andisaidtecnididimtectricigyesta formndiseg sai d
fuse structure; c. growmng an eilicon oxide |ayer on said fuse el enent,

sai d'% et ent ivRdgvw wiing a first fuse window etch selective to said sacrificial metal patch, and using

19 said sacrificial metal patch as an etch stop; said fuse window having a width greater than
20 the width of said sacrificial metal patch and terminating over said tapered portion of said
21 fuse element; and
% u . apv s -
N ) h. etching said sacrificial metal patch through said fuse window using a second
23 fuse window etch selective to said first dielectric layer.
9. The method of claim 8 which further includes forming and patterning additional

metal layers and additional dielectric layers over said second dielectric layer pﬁor to
forming said passivation layer, wherein no portion of said additional metal léyer are left

over said fuse element.

10.  The method of claim 8 wherein said sacrificial metal patch is composed of
_titanium, aluminum-silicon-copper, or titanium-tungsten having a thickness of between
about 4000 Angstroms and 10,000 Angstroms, and said second dielectric layer is
composed of CVD oxide having a thickness of between about 4000 Mgstro@s and 6000

Angstroms.
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and sai-d | ower capacitor plate; d. formng a .second polysilicon |ayer on
the silicon oxide layer, and patterned said second polysilicon '%M?UU[Oﬂmg
forma gate electrode in said active area and a top capacitor plate over
the | ower capacitor plate; 13 e. form ng source and drain regi ons adjacent
to the gate electrode, and form ng sidewall spacers on the gate el ectrode
to forma transistor in the active 14 area; 15 f. formng a
fuse-dielectric |ayer over said fuse structure and said retention ring;
said fuse dielectric | ayer conposed of boron and phosphorous doped TEOCS 16
oxide formed to a thickness of between about 3000 Angstrons and 9000 17
ayer on. said fuse dielectric

Angstrons; 19,20 . form a metal | > . .S,

I ager , and %gt t 21;]}161 %é%%(g?f(‘ffa"ﬁg]twg'gref”ﬁ@rfﬁftcf“%ed’f“l'ﬂo&’ §tely ig perfprmgf using a
interconnecaion Ia&;r conprising a sacrificial netal patch having a. width
greater thafYEHhPragest withs C%FH%L g ehemigtimpsnd saifl second fuse window etch is

performed using a dry etch process with a BC,, Cl,, SF, chemistry.

12. The method of claim 8 wherein, following said etching of said sacrificial metal
patch through said fuse window, said first dielectric layer has a thickness of between about

3 | 400 Angstroms and 6000 Angstroms over said fuse element.

13.  The method of claim 11 wherein, following said etching of said sacrificial metal
patch through said fuse window, said first dielectricr layer has a thickness of between about

400 Angstroms and 6000 Angstroms over said fuse element.

1 14, - Amethod for forming-a semiconductor device having an

2 electrically blowable fuse element with a reproducible blowing wattage, |
comprising the steps of: |

3 a. providing a semiconductor structure; said semiconductor structure have

4 an isoIaticn.structure and a second isolation structure thereon with an active area

5 ' between said isolation structure and said second isolation structure;

22



230 0 JUL 2004 22 23 h. formng a second dielectric |ayer over said

sacrificial netal patch and said first nmetal interconnection |ayer; g I
form ng a passivation |layer over said second dielectric |ayer; 24 2é§ 6]é7ﬂm4

28 29 30 i patterning said passivation |ayer and said second dielectric

| ayer to form a fuse wi ndow using a. first fuse wi ndow etch selective to
said sacrificial netal patch, and using said sacrificial nmetal patch as an
etch stop; said fuse window having a width greater than the width of said
sacrificial netal patch; and k. etching said sacrificial netal patch

through said fus ' usi.ng. a ,second fuse wi ndow etch selective to said
first dielectri C?’r &r@ﬁl’?év a PO‘YS%!con fayer over said isolation structure, and patterning
said polysilicon layer to form a fuse element, having a width, a retention ring, and

8 a lower capac:tor plate; said retention ring surrounding said fuse structure

€. growing an silicon oxide layer on said fuse element, said retention ring,
and said lower capacitor plate;
10 ‘
d. forming a second polysiticon layer on the silicon oxide layer, and
n Pattemed said second polysilicon layer to form a gate electrode in said active
} area and a top capacitor plate over the lower capacitor plate;
2

13 : . 'forming source and drain regions adjacent to the gate electrode, and

formmg sadewall spacers on the gate electrode to form a trans:stor in the active
14 areg;
15 _ .
| f. forming a fuse dielectric layer over éaid fuse structure and said retention

fing; said fuse dielectric layer composed of boron and phoSphOrous doped TEOS
16 oxide formed to a thickness of between about 3000 Angstroms and 9000
17 Angstroms;
18
g. forming & metal layer on said fuse dielectric layer, and patterning said
meta! layer to form a first metal interconnection layer comprising a sacrificial

19 metal patch having a width greater than said width of said fuse element,
20

21
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16. The method of claim 14 wherein said first fuse window etch is perforned
using a dry etch process with a CF4,CF3, and Ar chemi stry and sai d second
fuse wi ndow etch is perforned using a dry etch process with a Bd 3, @JJé”- 2004
and SF6 chem stry. 16. The method of claim 15 wherein, follow ng said
etching of said sacrificial netal patch through said fuse wi ndow, said

first dielectric |ayer has a thickness of between about 400 Angstrons and

6000 Angstronms over said fuse elenent. 24

22 h. formmg a second dielectric layer over said sacrificial metal patch and
- said first metal interconnection layer,
-1, forming a passivation layer over said second dielectric layer;
24 '
|- patterning said passivation layer and said second dielectric layer to form

’s a fuse window using a first fuse window etch selective to said sacrificial metal
| patch, and using said sacrificial metal patch as an etch stop; said fuse window
- 2 Pl - - -

6 having a width greater than the width of said sacrificial metal patch; and
27 o .
28 k. ett_:hing said sacrificial metat patch through said fuse window using a
second fuse window etch selective 1o said first dislectric layer.
29 . '
30

15. The method of claim 14 wherein said first fuse window etch is performed using a
dry etch process with a CF,, CF;, and Ar chemistry and said second fuse window etch is

performed using a dry etch process with a BC,, Cl,, and SF, chemistry.

16.  The method of claim 15 wherein, following said etching of said sacrificial metal
patch through said firse window, said first dielectric layer has a thickness of between about

400 Angstroms and 6000 Angstroms over said fuse element.
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