A METHOD OF FORM NG TOP METAL CONTACT TO ANTI FUSE
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(1) Field of the Invention
The invention relates to the fabrication of
integrated circuit devices, and more particularly, to a

method of forming a self-aligned antifuse in the fabrication

of integrated circuits.

(2) Description of the Prior Art

Fig. 1 is a flowchart of a typical antifuse
cell process flow. In the fabrication of antifuse cells for
programmable gate arréys, an antifuse material layer is
deposited, patterned and etched (step 11), followed by a
blanket intermetal dielectric deposition (step 12).
Subsequently, a mask is used to open a contact to the
antifuse (step 13), followed by the antifuse contact etch
(step 15) and top metal deposition (step 16). Fig. 2
illustrates a typical antifuse cell of the prior art. A
metal plug 20 is shown within a substrate 10. Antifuse
material 30 has Been deposited and patterned overlying the
metal plug. Intermetal dielectric layer 40 has been
deposited. A contact opening has been opened in the

intermetal dielectric layer 40. A barrier layer 48, such as
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illustrates a typical antifuse cell of the prior art. A netal plug 20 is
shown within a substrate 10. Antifuse material 30 has been deposited and
patterned overlying the netal plug. Internmetal dielectric layer 40 has
been deposited. A contact opening has been opened in the internetal
dielectric layer 40. A barrier layer 48, such as

1 titaniumnitride, is deposited over the internetal dielectric

layer 40 ﬁfaﬂ&dﬂng&&ﬁwpf@i%Jg)ﬂé(?%depytﬁ&&ﬂ?&%&ﬁ%@ysi?lé&r-

However, s meth has” enco ere progranm ng yi e faifures due to the

fol | ow NQy 43RS a5 ‘andl WiGRDE! EHé WhefingXE6SSobwad MY YR matal heayett i f use
contact area during etching, 2) antifuse contact areais |imted by the
antifuse 8@ntact via size, 3) antifuse

However, this method has encountered
programming yield failures due to the following reasons:
1) generation of excessive polymer at the antifuse
contact area during etching, 2) antifuse contact area is
limited by the antifuse contact via size, 3) antifuse
alignment process margin, 4) ineffectiveness of the cleaning
process in cleaning the generated polymer off the top of the
antifuse, and 5) some areas inside circuits are unusable
becausé of programming yield. It is desired to form an
antifuse cell without opening a contact to the antifuse

material.

U.S. Patents 5,920,109 to Hawley et al and
5,763,299 to McCollum et al teach the formation of oxide
spacers on the sidewalls of an antifuse. U.S. Patent
5,602,053 to Zheng et al teaches formation of an antifuse

structure.
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al i gnnment process margin, 4) ineffectiveness of the cleaning process in

cl eaning the generated polyner off the top of the antifuse, and 5) sone
areas inside circuits are unusable because of programming yield. It is
desired to forman antifuse cell wthout opening a contact to the antifuse
mat eri al . U S Patents 5,920,109 to Haw ey et al and
5,763,299 to McCollumet al teach the formation of oxide spacers on the

sidewal I s of an antifusgumuhiy dratmemst INVERDPLO53 t 0o Zheng et al teaches
formati on of an antifuse structure.
2

A principal object of the present invention is

to provide an effective and very manufacturable method of

fabricating an antifuse cell for programmable gate array.

A further object of the invention is to
provide a self-aligned method of fabricating an antifuse

cell.

Yet another object is to provide a method of
fabricating an antifuse cell where the fuse contact area is

not limited by fuse via size.

A still further object is to provide a method
of fabricating an antifuse cell having an increased contact

area between the top metal and the antifuse.

In accordance with the objects of this
invention a method for fabricating a self-aligned antifuse
cell is achieved. An antifuse is provided overlying a metal
plug in an insulating layer on a semiconductor substrate. A
dielectric layer is deposited overlying the antifuse. The
dielectric layer is etched to form dielectric spacers on the

sidewalls of the antifuse. A top metal layer is deposited



SUMVARY OF THE | NVENTI ON A principal object of the present
i nvention is to provide an effective and very manufacturabl e nmethod of
fabricating an antifuse cell for programmble gate array.

A further object of the inventionis to provide a self-aligned nethod of

fabricating an antifuse cell. Yet another object is to
provide a method of fabricating an antifuse cell where the fuse contact
area is not limted by fuse via size. A still further

obj ect i sO¥YSrpYRA deren %—;ttlr#aae 4 fAiRlechr i A SRACNR |aF’tSls§a§-§ﬁFnﬁ@1V| ng an
|ncreased cont ac
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a self- alagggg antlfuse ceII is achieved. An antifuse is provided
overlying a netal plug in an insulating |layer on a sem conduct or
substrate. A dielectric layer is deposited overlying the antifuse. The

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Fig. 1 is a flow chart of a prior art antifuse

cell process.

Fig. 2 schematically illustrates in cross-

sectional representation an antifuse cell of the prior art.

Fig. 3 is a flow chart of the antifuse cell

process of the present invention.

Figs. 4 through 17 schematically illustrate in
cross-sectional representation a preferred embodiment of the

present invention.

Figs.'s through 7 schematically illustrate in
cross-sectional representation a first alternative in the

preferred embodiment of the present invention.



dielectric layer is etched to formdielectric spacers on the sidewalls of
the antifuse. Atop netal |ayer is deposited

3 , overlying the antifuse and dielectric spacers and patterned
To0 conplete the antifuse cell in an integrated circuit device.
BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng

drawings formng a nmaterial part of this description, there is shown:

Fig. 1is a flowchart piga A Qhadkb 2BhéddiScalay L1PLOEESSe in

cross-sectional representation etch control results in the

process of the invention.

Figs. 9 through 12 schematically illustrate in
cross-sectional representation a second alternative in a

preferred embodiment of the present invention.

Figs. 13 through 17 schematically illustrate
in cross-sectional representation a third alternative in the

preferred embodiment of the present invention.

Fig. 18 schematically illustrates in cross-
sectional representation a completed antifuse cell of the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention provides
a method of forming a top metal contact to an antifuse. This
process has fewer process steps than previous methods. There
is no photoresist layer formed on top of the antifuse, so
less polymer is generated, leading to higher programming
yields. The self-aligned antifuse process of the invention

has an increased contact area between the top metal and the



Fig. 2 schematically illustrates in cross- sectional representation an

antifuse cell of the prior art. Fig. 3 is a flow chart of
the antifuse cell process of the present invention.

B gs. 4 through 17 schematically illustrate in cross-sectional
representation a preferred enbodi nent of the present invention.

Figs. 5 through 7 schematically illustrate in cross-sectional

represen
et }atqua Tt BLDGIY Sl A8 cBLELS "d-PTROgbgent of the
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etch contr
this technique. A zero overlap fuse has no overhang on both

sides of the antifuse.

The process of the present invention
implements an etching of the intermetal dielectric layer over
the patterned antifuse material rather than opening a contact
to the antifuse. Fig. 3 is a flow chart of the antifuse
process of the present invention. The antifuse material is
deposited and patterned (step 11), followed by the intermetal
dielectric layer deposition (step 12). The intermetal
dielectric layer is etched and polymer removed (step 14).
This etching is similar to a spacer etching and is followed
by top metal deposition (step 16). Three alternative
intermetal dielectric compositions and etching techniques

will be described.

Referring now more particularly to Fig. 4,
there is shown an illustration of a portion of a partially
completed integrated circuit. The semiconductor substrate 10
is preferably composed of silicon having a S$i(100)
crystallographic orientation. Semiconductor device
structures are formed in and on the semiconductor substrate.

These semiconductor device structures may include gate



process of the invention. Figs. 9 through 12
schematically illustrate in cross-sectional representation a second
alternative in a preferred enbodi nent of the present invention.

¥igs. 13 tHrough 17 schematically illustrate in cross-sectiona
representation a third alternative in the preferred enbodi nent of the
present invention. Fig. 18 schenatically iIIustrates I n

Crone | one bl el od 60" SREARR: O B SRS Oheke P ooen

The processgRbwh eand G5ail1113%8D6A ON UcARSctEr B %ftrfu@izmrag a top
metal contact to an antifuse. This process has fewer process step$ than

previ ous nehbodshoﬂﬁmﬂare|ﬁ9rnedpht¢hﬁnﬁmayeﬂ ageand o¢awetkedn biyopnof t he
antifuse, so |ess I S_gener at ed, Ieadlng to higher progranm ng
yi el ds. Thelgéviaﬁwsgﬁéye&nt i fuEdrsk okestel getahlizavion iish formedapver

| nereased cQubagt; 274 EYR8R1688 PEATIEL 2eilEs, not shown, to

structures within layer 13. Metal lines 16 are shown

overlying layer 13.

An intermetal dielectric layer 18 is deposited
over the metal lines, as shown in Fig. 4. Via openings are
made through the dielectric layer to contact the first metal
lines. A metal plug, such as tungsten 20, is formed within

the via openings.

Now, the antifuse cell is to be fabricated.
The antifuse material is deposited over the surface of the
substrate and contacting the tungsten plugs 20. The antifuse
material may be, for example, amorphous silicon, amorphous
silicon germanium, or amorphous silicon germanium carbon, and
have a thickness of between about 200 and 2000 Angstroms.
The thickness of the antifuse material depends upon the
breakdown voltage. The antifuse material layer is patterned

to form the antifuse 30, as shown, and cleaned.



5 antifuse material because the fuse contact area is not
limted by via size. A zero overlap fuse can be nade using this technique.
A zero overlap fuse has no overhang on both sides of the antifuse.
sThe'process of the present invention inplenents an etching of the
intermetal dielectric |ayer over the patterned antifuse material rather
than opening a contact to the antifuse. Fig. 3 is a flow chart of the

oI Prces of { NGt SRRk od WERS L el SRR SR B L1
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i s foll oviad blanket deposited, then a contact opening is etched

through the intermetal dielectric layer to the antifuse

material. This causes the problems described above, such as

excess polymer generation and difficulties of removing the

polymer adequately, limitation of the antifuse contact area,

and antifuse alignment process margin. The present invention

avoids the masking and contact opening steps of the prior art

and their attendant problems. In the present inventioh, the

intermetal dielectric layer is blanket deposited and etched

in a way simiiar to a spacer etch, providing a self-aligned

antifuse with increased antifuse to top metal contact area,

less polymer generation, and higher programming yield. The

intermetal dielectric layer of the present invention

comprises multiple layers of silicon-based dielectrics.

A first alternative intermetal dielectric
layer deposition and etching process will be described with
reference to Figs. 5 through 7. Referring now to Fig. 5,

a first layer of silicon oxide 32 is deposited over the
antifuse layer 30 to a thickness of between about 500 and
2000 Angstroms. A second layer of silicon nitride 34 is
deposited over the silicon oxide layer 30 to a thickness of

between about 500 and 2000 Angstroms.



by top netal deposition (step 16). Three alternative internetal dielectric
conpositions and etching techniques w Il be descri bed.

Referring now nore particularly to Fig. 4, there is shown an illustration
of a portion of a partially conpleted integrated circuit. The

sem conductor substrate 10 is preferably conposed of silicon having a

Si (100) «crystallographic orientation. Sem conductor device structures are

formed in and on the sen1coancto substrate. _These_.sem conductor device
structures may lnCIude e Sl icon nitride layer 34 is blank

electrod%%_%gg @i%ﬁcéﬁt 1§Qﬁg eoﬂngh€ ﬁg&ggso%qgk shomn and

nmetal lization em con vi ce ruc ures are forned
within I%s&rceia%aaadoe@y@wa bﬁ‘h@“ethﬂ%@?édﬂ@ﬂt%?&r Aiiéo’ﬂ | evel
netallization is formed over
nitride with respect to silicon oxide should be greater than
about 30 to 1. This results in the silicon nitride spacer 34

shown in Fig. 6.

Next, an oxide timed etch is performed'plus a
percentage for the removal of the oxide layer, leaving the
oxide spacers 32 underlying the nitride spacers 34, as shown
in Fig. 7. The selectivity of this etch for silicon oxide
with respect to silicon nitride should be greater than about

10 to 1.

It is a challenge to control this etching
process. Fig. 8A illustrates the spacers 34/32 formed by a
well-controlled etch, while Fig. 8B illustrates spacers 34/32
formed by too much of an over etch. This may result in a
shorting out of the antifuse to the top metal 50. The
overetch process poses a challenge in any case, but the
architecture of the present invention gives more of a process

margin.

A second alternative intermetal dielectric

layer deposition and etching process will be described with



1level 13 and may include electrical contacts, not shown, to structures

within layer 13. Metal lines 16 are shown overlying |ayer 13.

An internetal dielectric layer 18 is deposited over the netal |ines, as
shown in"Fig. 4. Via openings are nade through the dielectric layer to
contact the first netal I|ines. A netal plug, such as tungsten 20, is
formed wwthin the via openings. Now, the antifuse cel

formed wi thin n - o fuse
of the  steerT R e, TLaR: ad PRI R AR B RIS ST S

material geyikes falerewMl €11 PEBH-HAREY ALb1&hicAMALRROHS 36114 Con
germani um or anorphous silicon gernmani um carbon, and have a thickness of

bet ween adeprs 33l aver2@be anmysiusmelayethaotto ckndsickaksshefanti f use ,
mat eri al depends upon the breakdown voltage. The antifuse material |ayer

i s patterhetvean shquh SAQ andi2QRQ Angstaemspofhismmaterdahenay be

any silicon-based dielectric material such as silicon oxide

(doped or undoped), silicon nitride, or silicon oxynitride.

Now, the first dielectric layer 36 is etched
using a blanket timed etch to form the dielectric spacer 36

shown in Fig. 10.

A second thinner layer 38 of the same
dielectric material as 36 is deposited over spacers 36 to a
thickness of between about 500 and 2000 Angstroms, as

illustrated in Fig. 11.

A blanket timed etch of the second layer forms
the second spacers 38 shown in Fig. 12. This deposition-etch
cycle can be repeated until the proper isolation spacer is

obtained.

A third alternative intermetal dielectric
layer deposition and etching process will be described with
reference to Figs. 13 through 17. Referring now to Fig. 13,

a first layer of a silicon-based dielectric material 36 is

10



7 Now, the key step of the invention will be
described. In the prior art, the internetal dielectric |ayer is blanket
deposited, then a contact opening is etched through the internetal
dielectric layer to the antifuse material. This causes the probl ens
descri bed above, such as excess polyner generation and difficulties of
renovi ng the polyner adequately, limtation of the antifuse contact area,
and antifuse alignnment process margin. The present invention avoids the
maski ng ﬁﬁ@%b‘?ﬂ‘gcﬂ"e&p ngnEi Eyre Yteﬁe3Br ®ra dhickaggst REir att endant

pr obl ens n the e Internetal .dielectric Iayer IS

bl anket E%%o%ﬁ? and%%bcﬁeé £§¢§21 ?rgwﬁfla#hﬁ§)@f9§§é82 mAY Re provi di ng
a sel f-aLhgneth ; K- IH4638 WikledOiEaREra0L 1 EUSE 4 élqric@;ﬁt akigent act area,
| ess pol yner generation, and hi gher progranm ng yield. The 1nternetal

di el ect r (@opey esr ofnddped)r, esthicomvdtiriide, 69NPtlesh m&bhupkEdéayers of

silicon-based dielectrics.
Now, the first dielectric layer 36 is etched
using a blanket timed etch to form the dielectric spacer 36

shown in Fig. 14.

Now, thinner layers of dielectric material 42
and 44 are deposited over spacers 36 to a thickness of
between about 500 and 2000 Angstroms for material 42 and
between about 500 and 2000 Angstroms for material 44, as
illustrated in Fig. 15. Dielectric materials 42 and 44
should be different from one another, and may or may not be
different from the first layer 36. For example, the lafers
36/42/44 may be oxide/nitride/oxide having thicknesses of
1000 Angstroms, 500 Angstroms, and 500 Angstroms,

respectively.

A blanket etch of the third layer, stopping on
the second layer forms the third spacers 44 shown in Fig.
16. The etch selectivity of the third layer with respect to

the second layer should be more than about 30 to 1.

11



A first alternative internetal dielectric |ayer deposition and etching
process will be described with reference to Figs. 5 through 7. Referring
nowto Fig. 5, a first layer of silicon oxide 32 is deposited over the
santifuse layer 30 to a thickness of between about 500 and 2000 Angstrons.
A second |l ayer of silicon nitride 34 is deposited over the silicon oxide
| ayer 30 to a thickness of between about 500 and 2000 Angstrons.

8 ' the silicon_nitride |layer 34 is bl anket

etched with an etch st(ﬁfiﬁﬁrgﬁ§4%&W;ﬁP!E%@ér?@? pIRienket &EEBnPAge overetch.
houl d bEngy SERGHd  Yod, Bepbifs Sh iR bOLEEF Doler 1a° obREC N U1 de
spacer 34nheSH@Wbnd Nspdckrsf42. The etch selectivity of the second

layer with respect to the dielectric layer 18 should be more

than about 10 to 1. This completes the antifuse isolation

comprising the three dielectric spacers 36,42,44.

Finally, after any one of the three
alternative dielectric deposition and etching steps have been
completed, that is, following Figs. 7, 12, or 17, the top
metal layer is deposited. Typically, a barrier layer such as
titanium nitride is first deposited over the antifuse layer
and dielectric layer. For example, Fig. 18 shows titanium
nitride layer 48 deposited over the antifuse and dielectric
layers illustrated in Fig. 17. Top metal layer 50, such as
aluminum, is deposited over the barrier layer. Layers 48 and

50 are etched to complete the antifuse cell, as shown.

The process of the invention provides an
effective method of fabricating an antifuse cell without a
contact masking process. Fewer process steps, less polymer
generation, higher programming yield, and increased contact
area between the top metal and the antifuse are some of the

advantages realized by the process of the present invention.

12



:Next, an oxide tined etch is perfornmed plus a percentage for the renova
of the oxide layer, leaving the oxide spacers 32 underlying the nitride
spacers 34, as shown in Fig. 7. The selectivity of this etch for silicon
,oxide wth respect to silicon nitride should be greater than about 10 to

°1. It is a challenge to control this etching process.
Fig. BAillustrates the spacers 34/32 fornmed by a well-controlled etch,
while Fig. 8B illustrates _spacers 34/32 fornmed by tog nuch_of an over

etch. This may result ifeige §h&w¥4?ﬂ?td99 best peen Rartisuiasivhe top netal
50. The ere%g& RLELGEDRAPRTER & §er%nc%nQS EﬂeZﬁW £:3%3q Put the
archltecF Pgno nt ii

he present 1 nvention a process nmar gl n.

A Secondeﬁb&@iﬁéﬁté{etﬁélte%rfWEE@wﬁf'kf‘é:t\ﬂd%rskzéd@rbﬁ@tﬁ%et 5QR1284 et ching
process will be described wt

in the art that various changes in form and details may be

made without departing from the spirit and scope of the

invention.

13



‘reference to Figs. 9 through 12. Referring nowto Fig. 9, a first layer of
a silicon-based dielectric material 36 is deposited over the antifuse
| ayer 30 to a thickness of between about 500 and 2000_Angstrons. This
material may be any silicon-based dielectric nmaterial such as silicon
oxi de (doped or undoped), silicon nitride, or silicon oxynitride.
Now, the flrst g ectric layer 36 is etched using a blanket tinmed etch to
shown . in Fig A second

formthe diel e ﬁ C ch€6

t hi nner | ayer §8 g g f?ﬂﬁ%F@EPP?caﬁmﬁQiﬁﬁﬁsea§e§é iB #Rposited over

spacers 36 to thtegkﬁggsgnoéull{etd\%ggeag&hg'g%qq}ind 2000 Angstrons, as
ig. .

illustrated in (et tinmed etch of the

Zecond | ayer forns p&BGléﬂ&%ﬂﬂx%ﬂ&ﬁ?ﬁ§e3§vé¥E¥Mhd'5 ﬁe&allglFahiﬁ )
eposition-etch cycle can be repeated until ‘the proper isolation spacer is
obt ai ned. an insulating layer on a semiconductor substrate;
5 depositing a dielectric layer overlying said
antifuse;
etching said dielectric layer to form dielectric
spacers on the sidewalls of said antifuse;
depositing a top metal layer overlying said
10 antifuse and said dielectric spacers; and '

patterning said top metal layer to complete said

antifuse cell in said integrated circuit device.

2. The method according to Claim 1 wherein said metal
plug contacts an underlying metal line over a second

insulating layer.

3. The method according to Claim 2 wherein said second
insulating layer covers semiconductor device structures
including gate electrodes and associated source and

drain regions.

4. The method according to Claim 1 wherein said steps of
depositing said dielectric layer and etching said

dielectric layer comprise:

AR VO O
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“Athird alternative internetal dielectric |ayer deposition and etching

process will be described with reference to Figs. 13 through 17. Referring
nowto Fig. 13, a first layer of a silicon-based dielectric material 36 is
Jo . deposited over the antifuse |layer 30 to a thickness of

“bet ween about 500 and 2000 Angstronms. This material may be any
silicon-based dielectric material such as silicon oxide (doped or
undoped), silicon nitride siljcon oxXy ni_tr

Now,
the first dlelectr|9£P§§éF1§% ?ssﬁi%ﬂ%@d° bg?rif%??ﬂ9¥ﬁE&?1PFn§61@tch to form
the dielecgric £H¥¥¥ﬂ5e§6 shown in Fig. 14.

depositing a silicon nitride-layer overlying said
silicon oxide layer;
blanket etching said silicon nitride layer with an
etch stop on said silicon oxide layer to form silicon
10 nitride spacers on said silicon oxide layer; and
blanket etching said silicon oxide layer to form
silicon oxide spacers on said sidewalls of said antifuse

underlying said silicon nitride spacers.

5. The method according to Claim 4 wherein said step of
blanket etching said silicon nitride layer has an etch
selectivity of silicon nitride with respect to silicon

oxide of greater than about 30 to 1.

6. The method according to Claim 4 wherein said step of
blanket etching said silicon oxide layer is a timed etch
having an etch selectivity of silicon oxide with respect

to silicon nitride of greater than about 10 to 1.

7. The method according to Claim 1 wherein said steps of
depositing said dielectric layer and etching said
dielectric layer comprise:

depositing a first silicon-based dielectric layer

* c L M 5 *
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*Now, thinn

For exanpl
t hi cknesse
respective

er layers of dielectric material 42 and 44 are deposited
spacers 36 to a thickness of between about 500 and 2000 Angstrons f
material 42 and between about 500 and 2000 Angstrons for material 44, as

Jllustrated in Fig. 15. Dielectric materials 42 and 44 should be different
fromone another, and may or may not be different fromthe first |ayer 36.
e, the layers 36/42/44 may be oxide/nitride/oxide having

0

O%gg?yfggﬁgg{gn%htigo Angstronms, and 500 Angstrons, -

on the second | ayeryf ggihy Uil Ua RO, iRRALE e AT

selectivity of the t

ayer w respe e seco

over
or

BP8hket etch of the third layer, stopping

he etch
ul d be

more than about 130etOtd form first spacers on said si&&k&{1d Nk W4 0 Fig.
17, a bl anket etch of the second layer, stopping on the dielectric

t he sanaifuspacers 42. The etch selectivity of the second

18 forns

10

depositing a second layer of same séid éilicon-
based dielectric layer overlying said antifuse
and said first spacers; and

blanket etching said second layer to form second
spacers on said sidewalls of said antifuse on top of

said first spacers.

8. The method according to Claim 7 wherein said steps
of depositing same said silicon-based dielectric iayer
and blanket etching said layer are repeated until a
desired stack of spacers is forﬁed'to cover said

sidewalls of said antifuse.

g. The method according to Claim 7 wherein said
second silicon-based dielectric layer is thinner

than said first silicon-based dielectric layer.

10. The method according to Claim 8 wherein said
each subsequent silicon-based dielectric layer is

thinner than its preceding silicon-based dielectric

o

layer.

16
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= layer with respect to the dielectric |ayer 18 should be nore than about 10
to 1. This conpletes the antifuse isolation conprising the three
di el ectric spacers 36, 42, 44. Finally, after any one of
_the three alternative dielectric deposition and etching steps have been
conpleted, that is, following Figs. 7, 12, or 17, the top netal layer is
deposited. Typically, a barrier layer such as titaniumnitride is first

deposited over ltlkle Al hggég?laagc%rrgggggggisﬁa:ig& (r)li/&rhle?é%. 5%9 segeaprg)l e, Fig.

18 shows titaniurh "nrtri ayer € antT1tuse - and

dielectric |ayg qepbsitingtStid Rihg8ctifc RN ekdhfhgaiduch as

alum num is deposited over the barrier layer. Layers 48 and 50 are etched
to conpl ete thaidlectiie Teydr EHpIices. The process of.
the invention provides an effective nmethod of fabricating an antifuse cel
without a contact depesaping ccdbisrstFetdicon-dressl siefectiisslamdy ner
generation, higher programmng yield, and increased contact area between
the top mBal Awerlydrgnepidsantifsesne of the advantages realized by the

process of the pres%ﬂ%nh2¥e£%éﬁ¥kg'said First silicon-based dielectric

layer to form first spécers on said sidewalls of said
antifuse; - ;
depositing a second silicon-based dielectfic layer
10 overlying said antifuse and said fifst spacers ﬁherein
said second layer can be etched selectively with
respect to said insulating layer; _
depositing a third silicon-based dielectric lafer.
overlying said second layer wherein said third layer can
15 be etched selectively with respeﬁt to said.second 1aYer;
blanket etching said third layer with an etch
stop on said second layer to form third spacers on said
second layer; and
blanket etching said second layer with an etch stop
20 on said insulating layer to form second spacers on said
sidewalls of said antifuse and overlying said first

spacers and underlying said third spacers.

12. The method according to Claim 11 wherein said step

of blanket etching said third layer has an etch

R R
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<12 Whil e the invention has been particularly
shown and described with reference to the preferred enbodi nents thereof,
it will be understood by those skilled in the art that various changes in
Sform.and details may be nade w thout departing fromthe spirit and scope
of the invention.
selectivity of said third layer with respect to said

second layer of greater than about 30 to 1.

13. The method according to Claim 11 wherein said step
of blanket etching said second layer has an etch |
selectivity of said second layer with respect to said

insulating layer of greater than about 10 to 1.

14. A method of fabricating an antifuse cell in an
integrated circuit device comprising: |
providing an antifuse overlying a metal plug in an
insulating layer on a semiconductor substrate}
5 depositing a silicon oxide layer overlying said
antifuse;
depositing a silicon nitride layer overlying said
silicon oxide layer;
blanket etching'said'silicon nitride layer with an
10 etch stop on said silicon oxide layer to form silicon
nitride spacers on said silicon oxide 1ayer}
blanket etching said silicon oxide layer to form
silicon oxide spacers on sidewalls of said antifuse
underlying said silicon nitride spacers wherein said
15 silicon oxide and silicon nitride spacers together form
dielectric spacers on the sidewalls of said antifusé;

depositing a top metal layer overlying said

L
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+13 CLAI M5 1. A nethod of fabricating an antifuse cell in

an Integrated circuit device conprising: provi di ng an
antifuse overlying a netal plug in an insulating |ayer on a

_sem conduet or substrate; 5 depositing a dielectric |ayer overlying
sai d antifuse; '

antifuse and said dielectric spacers; and
patterning said top metal layer to complete said

20 antifuse cell in said integrated circuit device.

15. The method according to Claim 14 wherein said metal
plug contacts an underlying metal line over a second

insulating layer.

16. The method according to Claim 14 wherein said second
insulating layer covers semiconductor device structures
including gate electrodes and associated source and

drain regions.

17. The method according to Claim 14 wherein said step
of blanket etching said silicon nitride layer has an
etch selectivity of silicon nitride with respect to

silicon oxide of greater than about 30 to 1.

18. The method according to Claim 14 wherein said step
of blanket etching said silicon oxide layer is a timed

etch having an etch selectivity of silicon oxide with
respect to silicon nitride of greater than about 10 to

1.

T
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-etching said dielectric layer to formdielectric spacers on the

sidewal I s of said antifuse; depositing a top netal |ayer
overlying said 10 antifuse and said dielectric spacers; and

patterning said top netal |ayer to .conplete said antifuse cell in
"said integrated circuit device. 2. The nethod according to Claiml
wherei n said netal pl ug contacts an underlying netal |ine over a
second insulatin% layer. ~ 3. The nethod according to Claim?2
wherei n sai d seébond methodj af [fahrigptingean conteiisse geddndbcedr device

structures ate eleqtrodes and. associ ated source and

drain regions. inéég¥a%glhg#ﬂ€“ﬁ%t - C&c COMBF R O ai m 1 wherein said
Pt ¢ 1 aver PorvigiAg' th Ul GvkBYFing W R BIuduf ap,
insulating layer on a semiconductor substrate:

5 depositing a first silicon-based dielectric layér
overlying said antifuse;

blanket etching said first silicon-based dielectric
layer to form first spacers on said sidewalls of said
antifuse; | .

10 depositing a second layer of same said silicon-
based dielectric layer overlying said antifuse and said
first spacers;

blanket etching said second layer to form second
spacers on said sidewalls of said antifuse on top of

15 said first spacers wherein said first and second spacérs
together form dielectric spacers on the sidewalls of
said antifuse; |

depositing a top metal layer overlying'said
antifuse and said dieiectric spacers; and |

20 patterning said top metal layer to complete said

antifuse cell in said integrated circuit device.

20. The method according to Claim 19 wherein said metal
plug contacts an underlying metal line over a second

insulating layer.

A A
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-depositing a silicon oxide |ayer overlying said 5 antifuse;
depositing a silicon nitride | ayer overlying said silicon oxide |ayer;
bl anket etching said silicon nitride |ayer with an etch stop on said
_silicon oxide layer to formsilicon 10 nitride spacers on said silicon
oxi de | ayer; and bl anket etching said silicon oxide |layer to form
silicon oxide spacers on said sidewalls of said antifuse under | yi ng

id sili ity : . 5. T t hod )r di to Cdaim4
wherein sard otdly dhe BRERRR according,tegClalh 1f wiskeln FATHcoregEA has an
tch | Vit o i i [t 1 i d
gf Cgr eat er S'? h:ﬁ{ljé%iolua%ﬁ 1%% '? éir%[.fo&‘%ltg 's%ﬁ;l?héaun% %‘g?eé'&g%r %:tﬁlagg'gr?f ai mozl ©

wherein said stafoliaing gabboBiELrRIG Racsablosidisonaitidleahgyer (s a

timed etch having an etch selectivity of silicon oxi W th respect
drain regions.

22. The method according to Claim 19 wherein said stéps_
of depositing same said silicon-baséd dielécfric layer
and blanket etching said layer are repeated until é
desired stack of spacers is formed té cover said

sidewalls of said antifuse.

23. The method according to Claim 19 wherein said second
silicon-based dielectric layer is thinner than said

first silicon-based dielectric layer.

24. The method according to Claim 22 wherein said each
subsequent silicon-based dielectfic layer is thinner

than its preceding silicon-based dielectric layer.

25. A method of fabricating an antifuse céll in an

integrated circuit_device cdmprising: | |
providing an antifuse overlying a metal plug in an

insu;ating layer on a semiconductor substrate; |

5 depositing a first silicon-based dielectric layer

* < L M s *

overlying said antifuse;
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-to silicon nitride of greater than about 10 to 1. 7. The net hod
according to Claiml wherein said steps of depositing said dielectric
| ayer and etching said dielectric |layer conprise: _ deposi ting

_a first silicon-based dielectric |ayer
15 5 overlying said antifuse; bl anket etching said
first silicon-based dielectric | ayer to formfirst spacers on said
sidewal I's of said antifuse; . . depositing a second |ayer of
same said silicon- Pignkehsekrhing saidi first ildron-Prggdsdiglaatriase
and said first .spacers; .and _. bl anket efching said second | ayer to
form second 12 ?ﬁa%8r§°EW|§&ﬁ§§ SPRERET | 0 F2 i§TQ§%Fﬂﬂ§sefoﬁa%6p of
said first SPaGHtS fuse;

10 depos;ting a second silicon-based dielecfric layer
overlying said antifuse and said first spacers wherein
said second layer can be etched selectively with respect
to said insulating layer;

depositing a third silicon-based dielectrié layer

15 overlying said second layer wherein said third layer can
be etched seléctively with réspect to said second_layer}

blanket etching said third layer with an etch.stop
on said second layer to form third spacers on said
second layer;

20 blanket etching said second layer with an etch stop
on said insulating layer to form second'spacers on said
sidewalls of said antifuse and overlying said first
spacers and underlying said third spacers wherein said
first, second, and third spacers together form:

25 dielectric spacers on the sidewalls of said antifuse;

depositing a top metal layer overlying said
antifuse and said dielectric spacers; and

patterning said top metal layer to complete said

antifuse cell in said integrated circuit device.

B o
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-8. The nethod according to Claim7 wherein said steps of depositing
sane said silicon-based dielectric |ayer and bl anket etching said

| ayer are repeated until a desired stack of spacers is formed to cover
said . .sidewalls of said antifuse. 9. The nethod according to
"Claim7 wherein said second silicon-based dielectric layer is thinner
than said first silicon-based dielectric |ayer. 10. The net hod
according to Clainlﬁlmher in said _, each subsequent silicaqn-based
dielectric |ayes®qsThe met?‘ﬁﬂnﬁ%?quféw itOs CSPéBegﬁ’ nfheyein SRigamegal

dielectric

117 The ot hod BRENRTTACES o FHer VRS RRte), Hiag gyer o Sécond

insuiating layer.

27. The method according to Claim 25 wherein said second
insulating layer covers semiconductor device structures
including gate electrodes and assdciated'source and

drain regions.

28. The method according to Claim 25 wherein said step
of blanket etching said third layer has an etch
selectivity of said third layer with respecf to said

second layer of greater than about 30 to 1.
29. The method according to Claim 25 wherein éaid step
of blanket etching said second layer has an etch

selectivity of said second layer with respect fo said

jnsulating layer of greater than about 10 to 1.

* < L ] s * ]
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of depositing said dielectric layer and etching said dielectric |ayer

conpri se: depositing a first silicon-based dielectric |layer 5
overlying said antifuse; bl anket etching said first silicon-based.
i el ectric | ayer to formfirst spacers on said sidewalls of said
antifuse; depositing a second silicon-based dielectric |ayer 10
overlying said antifuse and said first spacers wherein sai d second

| ayer can be etched selectively with respect to said insulating

| ayer ; deposi ting a thi PSRACTon- based dielectric |ayer
overlying said secoROvETay® oF WoRirRicNTE2MErAL dongadOYE aNE¥YSE 1S be et ched
selectively with respect to said second | ayer; : bl anket et chi ng

sai d third | ayera widthod £8kCRabricat i$ic ajd. second |layer to formthird
spacers on said second Iayef? 2%@%'9Q1§ ggléﬂ% cRPhY 3% d :

second | ayefesf¥ibeth ethohastdpus@lis Provabddi 696+ r.t@.form second
spacers on said sidewal I s of said antifuse_g%éﬂ%j%?%ﬁ?ﬁgsgg?dl?irst

spacers and®UnrFHAALIHIs dpder hon b semdepsductor substZatBle -get hod accor di ng
to daim1l i.n sgid ste
]d¥£¥aé%r1c iaYer 1g deposited overlying the antifuse. The

dielectric layer is etched to form dielectric spacers on the

sidewalls of the antifuse. A top metal layer is deposited

overlying the antifuse and dielectric spacers and patterned

to complete the antifuse cell in an integrated ciftuit

device.

(FIGURE 3 IS SUGGESTED FOR PUBLICATION)
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of bl anket etching said third | ayer has an etch

17 selectivity of said third |layer with respect to said
second | ayer of greater than about 30 to 1. 13. The met hod accordi ng
to Claim1l wherein said step of bl anket etching said second | ayer has
an etch selectivity of said second |ayer with respect to said

d nsul-ating |ayer of greater than aaﬂyt 10 to 1. 14. A met hod of
fabricating an antifuse cell in an integrated circuit device

conpri si ng: providing an antifuse overlying a netal plug in an

i nsulating | ayer on a sem conductor substrate; 5 depositing a

silicon oxide |ayer overlying said
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Mask—fuse
[ contact opening

v

Antifuse contact
15 —+ etch and
polymer strip

¥

TiN and
16—+ top metal
deposition

FIG. 1 Prior Art
NSNS
\5 - T

40—f 7 _7——;40
/

"2 ———t

13—

10

FIG. 2 Prior Art



antifuse; depositing a silicon nitride |ayer overlying said

silicon oxide |ayer; bl anket etching said silicon nitride |ayer
with an 10 etch stop on said silicon oxide layer to formsilicon

Ritride spacers on said silicon oxide |ayer; bl anket et ching said
silicon oxide layer to form silicon oxide spacers on sidewalls of said
anti fruse underlying said sili g nitride spacers wherein said 15
silicon oxide and silicon nitride g@ cers together form dielectric
spacers on the sidewalls of said antifuse; depositing a top neta
| ayer overlying said 18

antifuse and said dielectric spacers; and patterning said top
netal |ayer to conplete said 20 antifuse cell in said integrated circuit
devi ce.

Antifuse
11T deposition and
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v

IMD deposition
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15. The met hod according to Claim 14 wherein said netal pl ug contacts
16

an underlying netal |ine over a second i nsul ating | ayer. .
The net hod according to Caim 14 wherein said second i nsul ating | ayer
eovers sem conductor device structures i ncl udi ng gate el ectrodes and
associ ated source and drai n regions. 17. The met hod accordi ng
to Cl.aim 14 wherein said step /gf bl anket etching said silicon nitride
| ayer has an - etch selectivité f silicon nitride with respect to
silicon oxide of greater than about 30 to 1. 18. The met hod
according to Caim 14 wherein said step of bl anket etching said
silicon oxide layer is a tined etch having an etch selectivity of
silicon oxide with respect to silicon nitride of greater than about
10 to 1.
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19 19. A nethod of fabricating an antifuse cell in an
integrated circuit device conprising: provi ding an antifuse
overlying a netal plug in an insulating | ayer on a sem conduct or
substrate; 5 depositing a first silicon-based dielectric |ayer
overlying said antifuse; bl anket etching said first silicon-based
.dielectric | ayer to forn1fir§§)spacers on said sidewalls of said
antifuse; 10 depositing a second | ayer of same said silicon-

based dielectric |layer overlying said antifuse and said first spacers;
bl anket etching said second |layer to form second spacers on said
sidewal | s of said antifuse on top of 15 said first spacers wherein said
first and second spacers together formdielectric spacers on the

si dewal | s of said antifuse;
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depositing a top netal |ayer overlying said antifuse and said

dielectric spacers; and 20 patterning said top netal |ayer to

conpl ete said antifuse cell in said integrated circuit device. _
20. The nethod according to Caim 19 wherein said netal pl ug contacts
an underlying netal |ine over a second i nsul ating | ayer.

20 - 21. The net hod ﬁggording to daim19 wherein said second
i nsul ating | ayer covers sem conduc devi ce structures i ncl udi ng
gate el ectrodes and associ ated source and drai n regions. 22.
The met hod according to C aim19 wherein said steps of depositing
sane said silicon-based dielectric |ayer and bl anket etching said

| ayer are repeated until a
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desired stack of spacers is formed to cover said sidewal I s of said
anti fuse. 23. The nmethod according to Claim 19 wherein said second
silicon-based dielectric layer is thinner than said first
silicon-based dielectric |ayer. 24. The nethod according to Caim 22
wherein said each subsequent silicon-based dielectric |ayer is

t hi nner than its preceding sbl%con- based dielectric |ayer.

25. A nmethod of fabricating an ant ( se cell in an integrated circuit
devi ce conpri si ng: providing an antifuse overtying a netal plug
in an insulating |layer on a sem conductor substrate; 5

depositing a first silicon-based dielectric |ayer overlying said

anti fuse; 21
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bl anket etching said first silicon-based dielectric | ayer to form

first spacers on said sidewalls of said antifuse; 10

depositing a second silicon-based dielectric |ayer overlying said
~antifuse and said first spacers wherein said second | ayer can be

etched selectively with respect to said insulating | ayer;

depositing a third silicon-based /@l ectric |ayer 15 overlying said

second | ayer wherein said third | ayer can be etched selectively with

respect to said second | ayer; bl anket etching said third | ayer

with an etch stop on said second layer to formthird spacers on said

second | ayer; 20 bl anket etching said second | ayer with an etch

stop on said insulating layer to form second spacers on said

sidewal I s of said antifuse and overlying said first spacers and

underlying said third spacers wherein said first, second, and third

spacers together form 25 dielectric spacers on the sidewalls of said

anti fuse; depositing a top netal |ayer overlying said

antifuse amP sard GiEiCb%++C\§E§§;Zb,a”d )¥
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patterning said top metal |ayer to conplete said antifuse cell in said

I ntegrated circuit device. 22
26. The nmethod according to Caim?25 wherein said nmetal plug contacts an
wnderlying netal line over a second insulating |ayer. 27. The net hod

according to Caim25 wherein said second insulating |ayer covers

semni conduct or device structures ®/Hcluding gate el ectrodes and associ at ed
source and drain regions. 28. The net hod according to Caim25 wherein
said step of blanket etching said third | ayer has an etch
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§e|ectivity of said third layer with respect to said second |ayer of
greater than about 30 to 1. 29. The nmethod according to Claim25 wherein
said step of blanket etching said second | ayer has an etch selectivity of

said second |ayer with respect to said insulating |ayer of greater than
about 10 to 1. ' 23
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