DEFI NI TI ON OF ANTI - FUSE CELL FOR PROGRAMVABLE GATE ARRAY

APPLI CATI ON BACKGROUND OF THE | NVENTI ON ( .@ﬁd of
the #Avention The invention relates to the fabrldat',n of
integrated circuit devices, and nore particularly, to a nethod ofZdefining
an anti-fuse cell windowin the fabrication of integrated circuits. (2)
Description of the Prior Art In the fabrication of

anti-fuse cells for programmable gate é??d?s, the current process uses a
thin silicon nitride filmas a mask in-defini-ng the anti-fuse cell .
wi ndow. Because OPEPTNITIQMN(GER ANTI=d§iSEeCERLNEORPRUGRAMMABLES GRTEOARRAY i de
residues are often left. Fig. 1 illustrates a partially conpleted
integrated circuit device. On a seMPRERAGAEIGYN substrate, a |ayer of

silicon nitride 15 has

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to the fabrication of
integrated circuit devices; and more particularly;lto a
method of defining an anti-fuse cell window in the

fabrication of integrated circuits.

(2) Description of the Prior Art

In the fabrication of anti-fuse cells for
programmable gate arrays, the current process uses a thin
silicon nitride film as a mask in defining the anti-fuse cell
window. Because.of poor center to edge etching uniformity,
silicon nitride'res%dues are often left. Fig. 1 illustrates
a-partiélly completed integrated circuit device. On a
semiconductor substrate,.a layer of silicon nitride 15 has
been deposited over a layer of silicon oxide 14. _;n the cell
area A, a window 19 is etéhed, using the silicon nitride
layer 15 as a mask. The window is then filled with_an.
insuléting layer 26 and polysilicon layer 25. Howevei, in
the active area B, because of the poor.etching unifprmity,

silicon nitride residues 17 are left.



been deposited over a layer of silicon oxide 14. In the cell area A a
w ndow 19.i s etched, using the silicon nitride |ayer 15 as a mask. The
windowis then filled with an insulating |ayer 26 and polysilicon |ayer
28. However, in the active area B, because of the poor etching uniformty,

silicon nitride residues 17 are left.
-2- U S Patent 4,796,872 40 Roesner and U.S. Pat ent

5,322,812 to Dixit et al show anti-fuse nethods and resulting structures.

SUMVARY OF THE | NVENTI ON ' ' bj t h
present invention is to provPbé'aﬁaé??ﬁc%{6¥£§P3C3 ?b°o hggaﬁééwémfe
met hod of fabr%§§ﬂ€%,ajh2argllz ftUSﬁiﬁﬁ;) led Y1 QW ARTRREG QA EREdSVand

A further objec he' I'nvention 1's
resulting structures.

SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of

fabricating an anti-fuse cell for programmable gate array.

A further object of the invention is to
provide a method of fabricating an anti-fuse cell for

programmable gate array without nitride residues.

Yet another object is to provide a method of
-fabricating an anti-fuse cell using an undoped polysilicon

film as a mask in defining the anti-fuse window.

In accordance with the objects of this
invention a method for fabricating an anti-fuse cell using an
undoped polysilicon film as a mask in defining the anti-fuse
window is achieved. A layer of silicon oxide is provided
over the surface of a semiconductor substrate. A first
undoped polysilicon layer is deposited overlying the éilicon

oxide layer. The first undoped polysilicon layer is



provi de a nethod of fabricating an anti-fuse cell for programuable gate
array without nitride residues. Yet anot her object is to
provide a nethod of fabricating an anti-fuse cell using an undoped

. polysilicon filmas a mask in defining the anti-fuse w ndow. .

In accordance with the objects of this invention a nmethod for fabricating
an anti-fuse cell using an wundoped polysigicon filmas a mask in defining
the anti-fuse windowis achieved. A layér~of silicon oxide is provided
over the surface of. a, nicogd ctor, strate. i rgt, upndoped polysilicon

Anghek SO

su é f

layer is depd9{sRed Qresist Javey, PLtRIDS s M8§fdoped
polysilicon layer.ds v s . }ﬁ- covered
with a photor'iz%lpT sftlﬁsé‘yélpdﬁgffle?%]é%ls’tlolﬁo& %a_geﬁagﬁg_aﬁ%ﬁf’ﬁ%to rﬁ‘&ped
pol ysilicon 'ﬁ/ﬁrc&n%ﬁdaogkgee Sfe ldi&ned ava9wRXEECLh Y Ard et ched away
where they are not covered Dy the mask to forma cell opening. The mask .
and the covered by the mask to form a cell opening. The mask and the

remaining silicon oxide within the cell opening are removed.

An insulating layer is deposited over the surface of the

first undoped polysilicon layer and within the cell opening.

A second polysilicon layer is deposited overlying -the’

insulating layer and doped. The second polysilicon layer is

patterned to‘form an anti-fuse cell. Gate electrodes and

source and drain regions ére formed completing the

fabrication of the integrated circuit device.

Also in accordance with the objects of this
inventiqn, an anti-fuse cell device is described. A first
undoped polysilicon layer overlies a silicon oxide layer on
the surface of a semiconductor substrate. An insulating .
layer overlies the first undoped polysilicon layer and
contacts the semiconductor éubstrate at the bottom of a cell
opening through the first undoped polysil%con and the silicon
oxide layers. A patterned second polysilicon layer overlies
the insulating layer within the cell opening to form the '

anti-fuse cell.



remaini'ng silicon oxide within the cell opening are renoved. An insulating
| ayer is deposited over the surface of the first undoped polysilicon |ayer
and Wwithi'n the cell opening. A second polysilicon layer is deposited
overlying the insulating |layer and doped. The second polysilicon layer is

patterned to forman anti-fuse cell. Gate el ectrodes and source and drain
regions are forned conpleting the fabricq%ion of the i-ntegrated circuit
devi ce. Al so in accordante with the objects of this

i nvention, an anti-fuse cell device is described. A first undoped
polysilicon layer overlies a §iJdiCORsBRIPPIONA THE DRAWINGSface of a
' I

sem conduct or substrate. An insulating ayer overlies the first undoped
polysilicon |layer and contacts the sem conductor substrat.e at the bottom
of a cell opening through the first undoped polysilicon and the silicon
oxi de layers. A patterned secad g psicbnpamying dirapiagsi forming &nsul ati ng

| ayer within the cell opening to formthe anti-fuse cell.
material part of this description, there is shown:

Fig. 1 schematically illustrates in cross-

sectional representation an anti-fuse cell of the prior art.

Figs. 2 through 6 schematically illustrate in
cross-sectional represenﬁation a préferréd embodiment of the

present invention.

Fig. 7 schematically illustrate in cross-
sectional representation a completed anti-fuse cell of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 2,
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 Si(100)
crystallographic orientation. Field Oxide regions 12 are
formed as are conventional in the art. The surface of the

silicon substrate 10 is thermally oxidized to form the



BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng
drawi ngs formng a material part of this description, there is shown:

Fig. 1 schematically illustrates in cross- sectional representation an
anti-fuse cell of the prior art. Figs. 2 through 6
schematically illustrate in cross-sectional representation a preferred
enbodi nent of the present invention. Fig. 7 schematically

illustrate in cross- sectional representatlon a conpleted anti-fuse cel

ENBcD vERTS . ddIERd Bda oxige 14 ShcRRERSy, RS RTIRONAR] p TG RegS 3S
there is shown %Meﬁﬁ%gghogo@f Ol%WOt 6‘9?}5 g part lally conpleted

integrated circult sem conduc is preferably conposed
of silicon having a Si(100) crystall ographic orlentation. Field Oxide
regions 12 are

N+ active area 20 is formed by ion
implantation and diffusion drive-in. For example, phosphorus
ions are implanted with a dosage of between about 2 E 13 to
1 E 14 atoms/cm® at an energy of between about 40 to 60 KeV.
Alternatively, arsenic ions are implanted with a doéage of
between about 1 E 15 to 5 E 15 atoms/cm®* at an energy of

between about 40 to 60 KeV.

In the conventional process of the prior art,
a thin silicon nitride film is used as a mask for the cell
window definition. In the process of the present invention,
a layer of undoped polysilicon or amorphous silicon 16 is
deposited by low pressure chemical vapor deposition (LPCVD)

to a thickness of between about 400 tq 1500 Angstroms.

A layer of photoresist is coated over the
polysilicon layer 16'and'pa£terned as is conventional in the

art to form a photoresist mask 18, as illustrated in Fig. 2.

Referring now to Fig. 3, the polysilicon or
amorphous silicon layer 16 is etched selectively with respect-

to the pad oxide until between about 200 to 600 Angstroms'of



formed as are conventional in the art. The surface of the silicon
substrate 10 is thernally oxidized to formthe

-5- desired pad oxide 14 thickness. The preferred thickness is between
rabout 500 to 1500 Angstrons. N+ active area 20 is fornmed
by ion inplantation and diffusion drive-in. For exanple, phosphorus ions
are inplanted with a dosage of between ab&ut 2 E 13 to .1 E 14 atons/cn? at
an energy of between about 40 to 60 KeV. Alternatively, arsenic ions are
impl anted with endgnape.aide Aat %ﬁ&%ﬁﬁg@ftﬂirﬁﬁa@ ce1d Epééieg?ﬁﬂf/hzgrﬂﬁr] at

an energy of between about 40 to 6

conventional precesdnf ddth Ak allathat is idessalkiyces atéhisethitha i s used

as a mask for the cell w ndow définition. In the process of the present
i nvention, a |p9¥yrsidiicondepddtpel pad|oxigle.or UsingpbBonstyide chiln Ginstead
deposited by | ow pressure chem cal vapor deposition (LPCVD)
of the undoped polysilicon or amorphous silicon requires a
two step wet and dry etch. The one step etch saves cycle
time. Also, the elimination of the wet etch step eliminates
an undercutting of the pad oxide during the cell opening wet

etch. ' ] . s

LPCVD siligon nitride film deposition is
much dirtier, in terms of.particle count, than LPCVD
polysilicon or amorbhous sflicon deposition. Therefore,
etching the undoped polysilicon or amorphous film is eésier
and cleaner than'etching a-nitride film. Also, polysilicon
and amorphous silicon have better sidewall control and there
better process control for oxide remaining in the present

invention.

The photoresist mask 18 is stripped and the
remaining pad oxide within the openings is wet etched away
using a buffered oxide etch (BOE), as shown in Fig. 4.

The BOE etch is pe:formed with an etch rate of between about
300 to 360 Angstroms/ﬁinute for between about 4 to 6 minutes.'
The slight undercutting of the silicon oxide layer results

from the BOE etch.



to a thickness of between about 400 to 1500 Angstrons. A

| ayer ,of photoresist is coated over the polysilicon |ayer 16 and patterned
as is conventional in the art to forma photoresist nmask 18, as

illustrated in Fig. 2. Referring nowto Fig. 3, the
polysilicon or anorphous silicon layer 16 i.s etched selectively with
respect to the pad oxide until between about 200 to 600 Angstrons of

- 6- the pad oxide 14 renmains within the tetl openings. A one step dry
etch is all that is necessary to etch both the polysilicon and the pad

oxi de. UBing a nitride_filn1i§§¥é¥¥ﬁp 'Bo%h%ouﬁggpqg, Xﬁ##ﬁ%ﬁqngr%a er
anor phous silicon requires a Two step wet and dry ‘etch. e one.s.eﬁ etch
saves cycle 1ige s i8BosiBEd SvdE NANORNE uh8Spd®lpSiydiiSiceh hiBLnakes
an undercutting of the pad oxide during the cell opening wet etch.
and within the cell openings. This insulating layer may be
ONO (silicon oxide, silicon nitride, silicon oxide) oxr NO
(silicon nitride, silicon oxide) with a total thickness of
between about 40 to 120 Angstroms. Next a layer 28 of
polysilicon is deposited over the insulating layer 26 to a
thickness of between about 2500 to 4000 Angstroms. The
polysilicon layer 28 is. doped by POCls and arsenic or

phosphorus to a dopant coﬂéentration of between about 1 E 19

to 1 E 21 atoms/cm3.

A layer of photoresist is coated over the
doped polysilicon layer 28 and patterned to form a mask 30.
Referring now to Fig. 6, the polysilicon layer 28, insulating
layer 26, undoped polysilicon or amorphous silicon layer 16, |
and a portion of the silicon oxide 14 and/or field oxide
region 12 are etched away where they are not covered by the

mask 30 and the photoresist is stripped.

This completes the formation of the anti-fuse
cell. The integrated circuit device is completed as is
conventional in the art. For exampie, as illustrated in Fig.
7, a spacer oxide 30 is deposited conformally over the

polysilicon 28. In the active portion of the integrated-



LPCVD silicon nitride filmdeposition is nuch dirtier, in ternms of
particle count, than LPCVD polysilicon or anorphous silicon deposition.
Therefore, etching the undoped polysilicon or anorphous filmis easier

and cl eaner than etchijng a nitride film Al so, polysilicon and anorphous
silicon have better sidewall control and there better process control for
oxide remaining in the present invention. The

phot oresi st mask 18 is stripped and the reﬁalnlng pad oxide within the
openings is wet etched amay using a buffered oxide etch (BOE), as shown in

Fig. 4. The B%F&&f‘t Qtw %i)e@&c%&%zr aha eauiae&wsx?@@{a;g 300

to 360 Angstro n1nute out m nut es The s
under cutting of rédiforsd Isc%eoxbmehayennrﬂssdnﬁngf nayethge B{E wlddket

-7- Referring nowto Fig. 5, an insulating |ayer
deposited over all. Openings are etched through the
insulting layer 36 where electrical contacts are to be made,
for example to source and drain regions 34 and to the anti-~
fuse cell 28. A conductin§ layer 38 is deposited and
patterned to complete the electrical'cbnneétions, followed by

g

the deposition of passivation layer 40. -

The process of the invention provides an
effective method of fabriéating an anti-~fuse cell without
nitride residues. The pro;ess of the invention is a
simplified process. Etching a stack containing undoped

polysilicon or amorphoﬁs silicon rather than silicon nitride

is easier, cleaner, and more controllable.

In accordance with another aspect of the
present invention, an anti-fuse cell for a programmable gate
array is described with reference to Fig. 7. In the cell
area A, a first layer 16 of undoped polysilicon or amorphous
silicon overlies a silicon oxide layer 14 on the surface of a
semiconductor substrate 10. An insulating layer 26 overlies
the first undoped polysiliéon layer and contacts the
semiconductor substrate at the bottom of the cell opening.

through the first undoped polysilicon or amorphous silicon



26 i s deposited overlying the undoped polysilicon layer 16 and within the
cell openings. This insulating |ayer may be ONO (silicon oxide, silicon
nitride, silicon oxide) or NO (silicon nitride, silicon oxide) with a
.total thickness of between about 40 to 120 Angstroms. Next a |ayer 28 of
polysilicon is deposited over the insulating layer 26 to a thickness of
bet ween about 2500 to 4000 Angstrons. The polysilicon |ayer 28 is doped by
POC13 and arsenic or phosphorus to a dopamt_concentration of between about
1 E19 tol E 21 atons/cnB. A |l ayer of photoresist is
coated over the doped polysilicon |layer 28 and patterned to forma mask

30. Referring an® tke Rilidon idxddeolygers cOMA Ipnitiern8d sasohdtpolysibicon
26, undoped pol ysilicon or anorphous silicon |ayer 16, and a portion of
the silicon oxi llayéd 2éddverlfies ¢haxhdeulatiﬁgniayéraméthﬁnhGUeanaylmhere
they are not covered by the mask 30 and the photoresist is stripped

This conpl etes epening rkq ifarmithehankirfuseseelloel In the ?‘ﬁFé‘g?a%E%PcﬁQﬁﬁt
device is conpleted as_is _conventional {n the art. For

illustrated i n gtgctrade é%pﬁi@els%%icﬁe draif Fogicns 3 n?‘ggrrﬁ‘g'f?r%@é?yt he
p0| ysilicon 28. 1nsuiat1 aCtiayerp%rGt Iw 1cR ai.se éoq}e%%r %h%dantl fuse cell 28.

Patterned conducting layer 38 electrically connects the

anti-fuse cell and the source and drain regions.

While the }nvention has been particularly
shown and described with reference to the preferred
embodiments thereof, it w;i.ll be understood by those skilled
in the art that various ch;nges :_‘Ln form and details may be

made without departing from the spirit and scope of the

invention.

What is claimed is:



-8- ccircuit device B, gate electrode 32 and source and drain regions 34

are formed. An insulting layer 36 is blanket deposited over all. Openings
are‘etched through the |nsult|ng | ayer 36 where electrical contacts are to
be made, for exaﬁp%E’rU‘source and drain regions 34 and t.o the anti- fuse

cell 28. A conduct eposited and patterned to conplete the
el ectrical connect‘ “ﬂm@ﬂ“\m“mﬁ the deposition of passivation |ayer
40. _ @ pmocess* of the invention provides an. effective
met hod of fabricating an anti-fuse cel+ ¥ t+hout nitride residues. The
process of the inventionis a sinplified process. Etching a stack
cont ai ni ng undoped polysilicon or anorphous silicon rather than silicon
nitride is easied. 8 mathed ofidfahnicatdngr an| dptegrated circuit device|n

accordance wi th anot her aspect of the
comprising:

providing a layer of silicon oxide over.the surface
of a semiconductor substrate wherein said semiconductor
substrate has a cell area and an active area;
in said cell area:
depos?;ing a‘first undoped silicon layer
' overlying said sgiicon oxide layer; _ .
covering said'first undoped silicon.layer with
a ﬁhotoresist layer and patterning said photoresist
layer to form a mask;-
etching awaf said first undoped silicon layer
and a portion of said silicon oxide where it is not
covered by said mask to form a cell opening;
removing-said mask and remaining silicon oxide
within said cell. opening;
depositing én insulating layer over the
surface of said first undoped silicon layer and within
said ceil opening;
depositing a second polysilicon layer
overlying said insulating layer and doping said second
polysilicon layer; and
patterning said second polysilicon layer to
form an anti-fuse cell; and

in said active area forming gate electrodes and



present invention, an anti-fuse cell for a programmable gate array is
descr.i bed with reiiégggg_Lg_ELg;ﬂzb_Ln the cetl area A a first |ayer 16
of undoped pol ysi H ranmorphous silicon overlies a silicon oxide |ayer
14 on the surface o ' ““t“““g substrate 10. An insul ating |ayer 26
S ﬁ!m “ﬁ on layer and contacts the
ca

overlies the first E
sem conduct or subst vt he bott'om of the cell opening through the

first undoped polysilicon or anorphous sid itagn
- 9- and the silicon oxide |layers. A patterned second polysilicon |ayer

28 overlies the Insylatlog LRVEr M WbBobbecaslloc ARPRAOCLR Lt tE

anti-fuse cell. In e active area, g source and drain

regions 34 are coveggglgbyntrddsitidd idigchayededficgihi ch al so covers the
anti-fuse cell 28. Patterned conducting |ayer 38 electrically connects the

anti-fuse cell and the source and drain regions. Wi | e
the invention has been particularly
2. The method according to Claim 1 wherein said silicon
oxide layer has a thickness of between about 500 to 1500
Angstroms.
3. The method according to Claim 1 wherein said first
undoped silicon layer is deposited by low pressure

chemical vapor deposiiion to a thickness of between

about 400 to 1500 Angstroms.

4. The method according to Claim 1 wherein said first

undoped silicon layer comprises polysilicon.

5. The method according to Claim 1 wherein said first

undoped silicon layer comprises amorphous silicon.

6. The method according to Claim 1 wherein said etching
away of said first undoped silicon layer and a portion
of said silicon oxide layer comprises a dry etch

using one or more of the group containing CzFe, SFe,

Clz, and HBr.



th reference to the preferred enbodinents thereof,
it will be underst by those skilled in the art that various changes in ...
formand details nade without departing fromthe spirit and scope

of the invention“mﬂ,mu”" “ly,um What is clainmed is: 1. A
met hod of fabrica d circuit device conprising:
providing a | ayer of Si ' cdhn i 8e over _t surface of a sem conductor
substrate wherein said sem conductor substrate has a cell area and an
active area,; in said cell area: depositing a first undoped
silicon |ayer o?erTb@r@FtﬁﬂQiQﬁcprééngo§¢cﬁia¥ﬂu&'where1n said covering said
first undoped silicon |ayer with ghqéore3|st | ayer and patterning said
phot or esi st Iayﬁ?mT{P¥ rﬁ9fqﬁ3§k°f aid silicon oxide layer has a

thickness of between about 200 to 600 Angstroms.

shown and descri bed wi
nnd

8. The method according to Claim 1 wherein said
remaining silicon oxide within said cell openings is
removed with a buffered oxide etch (BOE) with an etch
rate of between about 300 to.360 Angstfoms/minute for

between about 4 to 6 minutes.

9. The method according‘to Claim 1 wherein said
insulating layer comprises silicon oxide, silicon
nitride, and silicon oxide (ONO) with a total thickness

of between about 40 to 120 Angstroms.

10. The method according to Claim 1 wherein said
insulating layer comprises silicon oxide and silicon

nitride (NO) with a total thickness of between about 40

to 120 Angstroms. -

11. The method according to Claim 1 wherein said second
polysilicon layer is deposited by LPCVD to a thickness
of between about 2500 to 4000 Angstroms.



etching away said first undoped silicon layer and a partion of said
silicon oxide where—+t—tsmnot—covered by said nask to forma cell opening;

renowvi ng said mask a el silicon oxide wthin-said cell opening;
depositing an intl' '&mgmwgﬂer the surface of said first undoped
silicon | ayer and¥ el | openi ng; depositing a second

polysilicon layer overlying said insulating |ayer and dopi ng said second
pol ysilicon |ayer; and patt ernthg sai d second polysilicon |ayer
to forman anti-fuse cell; and in said active area form ng gate
el ectrodes and 12. The metho¥®WceBraify dEdidLi¥0110WheTRIR! 80149sddha
fabrication of said integrated circuit device. '

polysilicon layer is -doped with a POCla plus arsenic

implant to a dopant concentration of between about 1 E

19 to 1 E 21 atoms/cm3.

13. The method according to Claim 1 wherein said second
polysilicon layer is doped with a POCls plus prhosphorus
implant to a dopant concentration of between about 1 E

19 to 1 E 21 atoms/cm3.

14. A method of forming_an anti-fuse cell in the
fabrication of an integrated circuit device comprising:

providing a layer of silicon oxide over the surface
of a semiconductor substrate;

depositing a first undoped silicon layer overlying
said silicon oxide layer; .

covering said first undoped silicon layer with a
photoresist layer and patterning said photoresist layer
to form a mask;

etching away said first undoped silicon layer and a_
portioh of said silicon oxide where it is not covered by
said mask to form cell openings;

removing said mask and remaining silicon oxide
within said ceil openings;

depositing an insulating layer over the surface of



2. The nethod according to Caim1l mhereln said silicon oxide |ayer has a
t hi ckness' of betwee 1500 Angstrons. 3. The net hod
according to d ai may/ﬁgﬂ ein said-first wundoped silicon |layer is deposited

by | ow pressure "Hmﬂﬁmsmlon to a thickness of between about
400 to 1500 Angstro hod according to Caim21 wherein said

first undoped silicon Iayer coﬁpr1ses pol y k|ICOn 5. The net hod
according to Claim1l wherein said first .undoped silicon |ayer conprises
anor phous silicon. 6. The net hod accordlng to daim1l wherein said

etching away saidafikgt rstdapedogddiiconilaved apdr withia paidicall of said
silicon oxide |ayer conprises a dry etch wusing one or nore of the group
cont ai ni ng C[ ePPeMRI$], SF[err], CJ[err], and HBr.

depositing a second polysilicon layer overlying
said insulating layer and doping said second polysilicon
layer; and )

patterning said second polysilicon layer to
complete the formation of an anti-~fuse cell in the

fabrication of said integrated circuit device.

15. The method according to Claim 14 wherein said

silicon oxide layer hasua thickness of between about 500

to 1500 Angstroms.

16. The method according to Claim 14 wherein said first

undoped silicon layer is.deposited by low pressure

chemical vapor deposition to a thickness of between

about 400 to 1500 Angstroms.

'17. The method according to Claim 14 wherein said first

undoped silicdon layer comprises polysilicon.

18. The method according to Claim 14 wherein said first

undoped silicon layer comprises amorphous silicon.



- 12 - 7. The nethod according to Claim1l wherein said remaining portion
of said silicon oxide |layer has a thickness of between about 200 to 600

 Angstrons. 8. TheﬂﬂﬁﬂnﬂfTKKdorng to Claim1 wherein said remaining
~silicon oxide wthi ngs is renoved with a buffered oxide
‘etch (BOE) with an Hlmjlﬂllmhhﬂm ween about 300 to 360 Angstrons/m nute
for between about AL * - 9. The nethod according to Caim1l

wherein said insulating |layer conprises -sitbi<on oxide, silicon nitride,
and silicon oxide (ONO wth a total thickness of between about 40 to 120

Angstrons. 10. The method according to Claim1 wherein said insulating
| ayer conprises 4i9l.i tha metlied artboiddingoto Olaimdes (Wdredd sa3d ot al
t hi ckness of between about 40 to 120 Angstrons. 11. The met hod

accordi ng to C aefchingeawan cfiishisefdngt podgped i sihidoay dayex degoaited by

LPCVD to a thickness
portion of said - 'silicon oxlde layer comprises a dry etch

using one or more of the group containing CzFe, SFs,

Clz, and HBI’.

20. The method acéording to Claim 14 wherein said:
remaining portion of said silicon oxide layer has a

thickness of between about 200 to 600 Angstroms.

21. The method according to Claim 14 wherein said
remaining silicon oxide within said cell openings .is
removed with a buffered oxide etch (BOE) with an etch
rate of between about 300 to 360 Angstroms/minute for

between about 4 to 6 minutes.

22. The method according to Claim 14 wherein said
insulating layer comprises silicon oxide, silicon
nitride, and silicon oxide'(ONO) with a total thickness

of between about 40 to 120 Angstroms.

23. The method according to Claim 14 wherein said-
insulating layer comprises silicon oxide and silicon
nitride (NO) with a total thickness of between about 40

to 120 Angstroms.



of between about 2500 to 4000 Angstrons.

- 13,- .12. The nethod according to Claim1 wherein said second
ponS|I|con |l ayer is doped with a POC13 plus arsenic. inplant to a dopant
“concentration of b 19 to 1 E 21 atons/cnB. 13. The
met hod according tmm Wml’vﬂlmuiﬂ said second polysilicon layer is
doped with a POCLl3 pl us phosphorus I mpl anjeto a dopant concentration of
between about 1 E 19 to 1 E 21 atons/cn8B. 14. A method of form ng an
anti-fuse cell in the fabrlcatlon of an integrated circuit device.
conpri si ng: 24 prehe diatthcdl lazyerdibhg std iqlaimoiiddeheveint 88isdaizm of a
sem conduct or substrate; depositing a first undoped silicon | ayer

overlying sai d RO}Sidiasn daveayas: depositeshbyr LEGVDakd &i tbiclmahq)ed
silicon layer WltPbetween about 2500 to 4000 Angstroms.

25. The method according to Claim 14 wherein said second
polysilicon layer is doped with a POCls plus arsenic
implant to a dopant concentration of between about 1 E

19 to 1 £ 21 atoms/cm3.

26. The method according “to Claim 14 wherein said second
polysilicon layer is doped with a POCls plus phosphorus
implant to a dopant concentration of between about 1 E

19 to 1 E 21 atoms/cm>.

27. An anti-fuse cell in an integrated circuit device
comprising:

a first undoped silicon layer overlying a silicon
oxide layer on the surface of a semiconductor substrate;

an insulating layer overlying said first undoped
silicon layer and contacting said semiconductor
substrate at the bottom of a cell opening through said
first undoped silicon and said silicon oxide layers; and

a patterned second polysilicon layer overlying said
insulating layer within said cell opening which forms

said anti-fuse cell in said integrated circuit device.



photoresist |ayer and patterning said photoresist |layer to forma mask;

etching away said fiTst—undeped silicon layer and a portion of said

silicon oxide where @”wa not covered by said mask-to formcell openings;
a

removi ng sai d nmask ”Hli"'icon oxide wthin said cell openings;
3 hhe surface of
si

depositing an insul
- 14 - said first undoped iéon*layen—amd.mﬁthin said cell openings;.
depositing a second polysilicon |ayer overlying said insulating |ayer and
dopi ng sai d se@8ndApdeyicei aceordingete §haim 27 whereisn said sialdcemcond
polysilicon layer to_. conplete the formatign of an-anti-fu§§ cell in the

t

fabrication of °¥id8 LAYeErBR® R FHEPESEeof Retween Rbopt: SR8t £84138%0r di ng
to Claim1l14 Wh%ESEQr%aid _

ms .
29. A device according to Claim 27 wherein said first
undoped silicon layer has a thickness of between about

400 to 1500 Angstroms.

30. A device according to Claim 27 wherein said first

undoped silicon layer ;omprises polysilicon.

31. A device according to Claim 27 wherein said first

undoped silicon layer comprises amorphous silicon.

- 32. A device according to Claim 27 wherein said
insulating layer comprises silicon oxide, silicon

nitride, and silicon oxide (ONO) with a total thickness

of between about 40 to 120 Angstroms.

33. A device according to Claim 27 wherein said
insulating layer comprises silicon oxide and silicon

nitride (NO) with a total thickness of between about 40

to 120 Angstroms.



silicon oxide |ayer has a thickness of between about 500 to 1500

Angstrons. 16. The nmethod according to Caim 14 wherein said first
undoped silicon layer_is deposited hy |ow pressure chenical vapor
deposition to a thickness of between about 400 to 1500 Angstronms. 17.

The met hod accordi ng H“I"l mﬂ"“lﬂt“tlﬁ'W n said first undoped silicon |ayer
conpri ses polysilicon od ag ording to Caim 14 wherein said
first undoped silicon™layer cdnpfisés anDrp ous silicon.

-15 - 19. The nmethod according to Cl aim 14 wherein said et chi ng away

of said first unggpesl &¥ic®adctAing"¥oaclaiRii? WheéteidPisdial kbegRgOXi de
| ayer conprises a dry etch using one or nore of the group contailning
Clerr]F[err], SFpelysilicon layer has a thickness of between about 2500

to 4000 Angstroms and a dopant concentration of between

about 1 E 19 to 1 E 21 atoms/cm=3.



Cl[err], and HBr. 20. The nethod according to Caim 14 wherein said
remai.ni ng portion of said silicon oxide |ayer has a t hi ckness of between
about 200 to 600 Angstrons. 21. The method according to Caim 14
wherein said remaining silicon oxide within said cell openings is
renoved with a buffered oxide etch (BCE) with an etch rate of between
about 300 to 360 Angstrons/ mnute for bet9wsen about 4 to 6 m nutes.
- 22. The nmethod according to Caim 14 wherein said i nsul ating | ayer
conprises silicon oxide, silicon nitppggderadfd silicon oxide (ONO with a
total thickness of between about 40 to 120 Anostrons 23 The et hod
accor di ng t o DEFENIFRTQN] OFhANTI-FUSHE CF TROGRAMMADL S \F ARRAY | APPLICATION )

oxi de and silicon nitride (NO mnth a total thlcknessrof betmeen about 40
to 120 Angstroms. A method for fabricating an anti-fuse cell using an

undoped polysilicon film as a mask in defining the antl-fgse
window is described. A layer of silicon oxide is provided
over the surface of a semiconductor substrate. A first
undoped polysilicon layer is deposited overlying the silicon
oxide layer. .The first undoped polysilicon layer is'cqveréd
with a photoresist layer'patterned to form a mask. The first
undoped polysilicon layer ggd a portion of the silicon oxide
layer are etched away where Ehey are not covered by the mask
to form a cell opening. The mask and the remaining silicon
oxide within the cell opening are removed. An insulating
layer is deposited over the surface of the first undoped
polysilicon layer and within the cell opening. A second
polysilicon layer is deposited overlying the insulating layer
and doped. Thé second polysilicon layer is patterned to form
an anti-fuse cell. Gate electrodes and source and drain
regions are formed completing the fabrication of the
integrated circuit device.

'(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



- 16 -° 24. The nmethod according to Claim 14 wherein said second
polysilicon |l ayer is deposited by LPCVD to a thickness of between about
2500 to 4000 Angstrons. 25. The nmethod according to Caim 14 wherein
said second polysilicon |ayer is doped with a POC13 plus arsenic inplant
to a dopant concentration of between about 1 E 19 to 1 E 21 atons/cnB.

26. The nmethod according to Claim 14 wherein said second polysilicon |ayer
is doped with a POC13 plus phosphorus inplant to a dopant concentration of
between about 1 E 19 to 1 E 21 atons/cnfy3 27. An anti-fuse cell in an
integrated circuit device conprising: a first undoped silicon |ayer
overlying a silicon oxide |layer on the surface of a sem conductor
substrat e; an insulating | ayer overlying said first undoped
| ayer and contacting said sem conduct or
openi ng through %fbd

silicon
substrate at the bottom of a cel
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first undoped silicon and said silicon oxide |ayers; and a'patterned
second polysilicon |ayer overlying said insulating |ayer wwthin said cel

openi ng which forns said anti-fuse cell in said integrated circuit device.
28. A device according to Caim27 wherein said silicon oxide |ayer has a
t hi ckness. of between about 500 to 1500 Angstrons. 29. A device
according to Claim?27 wherein said first undoped silicon |ayer has a

t hi ckness of between about 400 to 1500 Asgstrons. 30. A device
according to Claim?27 wherein said first wundoped silicon |ayer conprises
pol ysi licon. 31. A device according to Caim27 wherein said first

undoped silicon |a
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32. A device according to Claim27 wherein said insulating |ayer conprises
silicon oxide, silicon nitride, and silicon oxide (ONO with a total

t hi ckness of between about 40 to 120 Angstrons. ~ 33. A device according
to Claim27 wherein said insulating |ayer conprises silicon oxide and
silicon nitride (NO with a total thickness of between about 40 to 120
Angst r ons. 34. A device according to Caim27 wherein said
second polysilicon |ayer has a thickness 3f3 between about 2500 to 4000
Angstrons and a dopant concentration of between about 1 E 19 to 1 E 21

at ons/ cnB.
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