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ANTIFUSE CELL WITH TUNGSTEN SILICIDE ELECTRODE

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The invention relates to the general area of programmable
logic and memory, more particularly to antifuses for use in those

technologies.

(2) DESCRIPTION OF THE PRIOR ART

In recent years the popularity of field programmabie logic
and write-once memories has grown significantly. These systems
are generally based on antifuses. The latter are connections

- between wires that are initially open circuits but which can,
through suitable external means, be selectively (and

irreversibly) converted to short circuits.



between wires that are initially open circuits but which can, through

sui tabl e ext ernal nmeans, be sel ectively (and irreversibly)
converted to short circuits. : One of the ways to activate
an antifuse is by applying a suitable voltage (generally |ess than about
20 volts) across it. This causes the antifuse to change fromits
insulating to its conducting state in a few m croseconds. For a typical
antifuse of the current art, having an area of about one square m cron,
the resistance in the open state will be 3about 10[err] ohns while the

resi stance in the conducting state will be about 500 ohns. Many

antifuse systegRe 8§ theSCHagl EIDIANRAVELSE! 4 CaHGifdEeChishBP dPiying a
resistivity, but which, aftér heating, recrystallizes and drops its

resi stivi syuisabké avdlitaldey (géherxkinpllessf tham salioyte 200odbs) f Lmrrdss gkven by
Roesner (U.S.P. 4,796,074 JAN 1989). Oher types of material nentioned by
Roesner i fbiadeagsesidtheumantifusmrtoanghange sfepmiitsdepasulating d9andssin
grain size from anorphous, or very small crystallites, to relatkﬁ%hgelarge

grains. ARCREHFEIRmatakeopni A rEa RLCFPEFCPRASchifQFed biYRIRAL an

of the current art, having an area of about one square micron,
the resistance in the open state will be about 10° ohms while the .

resistance in the conducting state wiil be about 500 ohms.

Many antifuse systems are based on amorphous silicon, which
has high reSistivity; but which, after heating, recrystallizes
and drops its resistivity substantially. An example of this type
of antifuse is given by Roesner (U.S.P. 4,796,074 JAN 1989).
Other types of material mentioned by Roesner include germénium,
carbon and tin'and all depend on a change in grain size from
amorphous, or very small crystallites, to relétively large
grains. An additional drop in resistivity is achieved by the
activation of interstitial dopant atoms (such as might be
introduced through ion implantation). Thus Roesner teaches that
the maximum teméerature to which antifuse material may be exposed

during processing must be less than about 600 °c.

A number of improvements in the details of how to
manufacture antifuses of the amorphous silicon type have been
described by Dixit (U.S.P. 5,322,812 JUN 1994). Of particular

importancé is -the maintenance of a high 1level of cleanliness.



activation of interstitial dopant atoms (such as might be introduced
through ion inplantation). Thus Roesner teaches that the nmaxi num
tenperature to which antifuse nmaterial nay be exposed during processing
nmust be | ess than about 600[err]C. A nunber of inprovenents in
the details of how  to manufacture antifuses of the anorphous
silicon type have been described by Dixit (U S.P. 5,322,812 JUN 1994). O
particular inportance is the naintenagce of a high Ilevel of

cl eanl i ness. -3- The maxi mum
processing tenperature is kept to about 540 [err]C and great care is taken
to avoi d The prosionpe prbcessiogctenperaéusanls ephirtics abbuti | 540n°m|and de
were found to degrade the performance of the antifuses.

al t er nat i 9&eat gane dge takpnt b avaid thenpresenee p%usltr@gﬁpcﬁm%t%vall

vari ety discussed ne, t o) ri de-oxide

ONO  conpPTe¥R St °sffl ﬁ‘tlﬁp B+t{1ﬂfeeéler|eaggpgd €o &%‘?aﬁ C(S‘h e, RpFEOrman q con
nitride, dT %%s% xi de. Wen such a structure is subjected to a

sui tabl e appli o tage  its resistance changes from about 10[err] ohns to

about 500 ohms by

An _alternétive .antifuse system to the | amoxrphous
semiconductor variety discussed abové_ is one that is based on °
oxide-nitride-oxide (ONO).. ONO comprises a structure of three
layers ——— silicon oxide, silicon nitride, and silicoﬁ oxide.
When such a structure is Subjected to a suitable applied voltage
its resistance changes from about 10° ohms'to about 500 ohms by

blowing up the ONO dielectric.

An example of an antifuse based on the ONO system is shown
in FIG. 1. The ONO system has been discussed by, for example, S.
Chiang et al. in the 1992 Symposium on VLSI Technology Digest pp.
20-21. Layer 2 of heaéily doped N type silicon is in contact
with silicon substrate 1. Layer 3 comprises thermal silicon
-oxide, typically about 38 thstroms thick. Léyer 4 comprises
§iiicon nitride, typically about 75 Angstroms thick, while layer
5 comprises silicon oxide, typically about 28 Angstroms thick.
Layer 6 is a 'cap' for the-antifuse comprising a layer of heavily'
doped N type silicon about 4,000 Aﬁgstroms thick. Layer 6 will
also serve as an electrical connector to other parts of the

integrated circuit (IC) of which it is a part. Layer 7 comprises



blomnng up the ONO dielectric. An exanpl e of an antifuse based on
the ONO systemis shown in FIG 1. The ONO system has been di scussed by,
for exanple, S. Chiang et al. in the 1992 Synposium on VLSI Technol ogy

Di gest pp. 20-21. Layer 2 of heavily doped N type siliconis in
contact wth silicon substrate 1. - Layer 3 <conprises thermal silicon
oxide, typically about 38 Angstrons thick. Layer 4 conprises silicon
nitride, typically about 75 Angstroms fhick, while layer 5 conprises
silicon oxide, typically about 28 Angstroms thick. Layer 6 is a 'cap'
for the antifuse conprising a | ayer of heavil doped N type silicon about
4,000 Angstfrj@dﬂé pmtém LW a. \i%?l Arm%om§e€h/ k:as whASe PWERqSecgfis to

connect or part of .the .intearated gi,r CUI (1S of which it is
a part. La)f'ésr 17.?: ﬁé fuse from other % s f E 4.
field oxide, about ,300 Angstrons thick, whose purpose is to isolate the
antifuse fromother parts of the IC Layer 8 in FIG 1 conprises

silicon nitrideLagéri8 itseit(asmcommlseiusumgcqm aoidzdidegand iefused abeaar ea
of the antifuse. Its
mask during processing to define the area of the antifuse. 1Its

thickness is generally about 400 Angstroms..

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide an
antifuse structure that has improved characteristics relative to

similar antifuse structures known to the prior art.

. Another object of the present invention has been to provide
an antifuse structure that has lower cost and higher speed than

similar antifuse structures known to the prior art.

Yet another object of the present invention has been to

provide a method for manufacturing said antifuse structure.

These objects have been achieved in a structure comprising
a region of heavily doped N type silicon coated with a layer of

ONO (oxide-nitride-oxide). Top contact to the ONO is made



t'hi ckness is generally about 400 Angstrons.

SUWWARY OF THE | NVENTI ON It has been an object of the present

i nvention to provide an antifuse structure that has inproved _
characteristics relative to simlar antifuse structures known to the prior
art. Anot her object of the present invention has been to provide
an antifuse structure that has | ower cost and hi gher speed than sim]ar
antifuse structures known to the prior art. Yet anot her object of
the present invention has been to prdvide a nethod for manufacturing
said antifuse structure. These obj ects have been achieved in a
struct ure Yurgudhsi ag lageregbdHntwigsteavi byl tiopdsl N sapdeishéd closkwmat edwei t h
a layer ‘of. ONO (oxide-nitride-oxide). Top contact to the ONOis

made layers of N type polysilicon. A cogk effective method for

manufacturing said antifuse structure is described.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a typical antifuse structure of the prior art.

FIG. 2 is the starting point of a process for the manu~

facture of an antifuse structure according to the present

invention.
FIG. 3 is an ihtermediate step in said process.

FIG. 4 shows the finished structure that comprises the

antifuse of the present inveﬂtion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is an antifuse system based on ONO but

incorporating a number of changes and improvements relative to



~through a layer of tungsten silicide sandwi ched between two |ayers
of N type polysilicon. A cost effective nethod for manufacturing

said antifuse structure is descri bed. - BRIEF
DESCRI PTI ON OF THE DRAW NGS : FIG 1 shows a typical antifuse
structure of the prior art. FIG 2 is the starting point of a
process for the manu- facture of an antifuse structure according to the
present invention. FIG 3 is anginternedi ate step in said process.
FIG 4 shows the finished structure that conprises the antifuse of the
present invention. DESCRI PTI ON OF THE PREFERRED

EVBODI MENTehe currenthartrass&eeni aashienhrln §1§s Anti fuse system based on ONO
but incorporating a nunber of changes and inprovenents relative to

FIG. 4 showé, in schematic cross-section, a view of the
antifuse structure of the present invention. Silicon substrate
41 has been providedlwith a layer of field oxide 47 in which are .
active regions, such as 30 at the bottom of which is a layer of N
type silicon 42, heavily doped to a aondr concentr?tion between
about 10¥ and 10% atoms/cc. A silicon nitride mask 48 1lies
over the field oxide and defines the actual area of the antifuse.

Said area is typically between about 0.25 and 1.50 sq. microns.

Layer 456 is the actual ONO layer and comprises a first
layer of silicon oxide in direct contact with N++ regién'42,
preferably between about 28 and 50 Angstroms thick, a layer of
silicon nitride, between about 60 and 90 Angstroms thick, and a
second layer-of silicon oxide, between about 20 and 40 Angstroms
thick. Additionally, said first layer of silicon oxide is also
heavily doped with donor type impurities, such as arsenic and
phosphorus, to a concentration between about 10 and 10"
atoms/cc. These high doping levels are used to achieve the

necessary high N++ doping of layer 42.

ONO layer 456 is covered by a layer of N type polysilicon 46
which is between about 1,400 and 2,000 Angstroms thick (typically



+6- the current art as seen earlier in FIG 1. FIG 4 shows, in
schematic cross-section, a view of the antifuse structure of the
present invention. Silicon substrate 41 has been provided with a | ayer of
field oxide 47 in which are active regions, such as 30 at the bottom of
which is a layer of N type silicon 42, heavily doped to a donor

concentration between about 10[err] and 10[err] atons/cc. A silicon
nitride mask 48 lies over the field ox%dg and defines the actual area of
the antifuse. Said area is typically between about 0.25 and 1.50 sq.

m crons. Layer 456 is the actual ONO | ayer and conprises a first

| ayer of sabdwton poigdangBtebmer! coolLasiliddd Nbayeiedsols 4%overedf Byabay
bet ween about 28 and 50 Angstrons thick, a layer of silicon nitride,

bet ween abbaye0 cfind tafgshest reidsictidieck, betnken <aboohd 12300 @indsi 1 TN
oxi de, between about 20 and 40 Angstrons__thick. Additionally, said fijrst

layer of sPPgsiRPmsithdcks Gruwicaldyvi y*@Gpbdf @ﬁgﬁ5ﬁBWslyqﬁ§q nptiri t1Rs,
SO o a0k 0N o gy EPTL g P4, UM

10[err] a I ng are used to
achieve thgso and 650 angstroms thick (typically 500-600 Angstroms) which

serves as the cap for the structure.

We now describe a method for manufacturing the antifuse
structure discussed above. Referring to FIG. 2, silicon
substrate 41 is covered with a layer of field oxide 47 which is
then removed in regions such as 20 wherever access to the
underlying silicon is needed to form active regions. In this
instance, the silicon in active region 20 is subjected to ion
implantation thereby forming layer of heavily doped N type
silicon 42. Said ion implantation step comprises two stages.
First, phosphorus atoms are implanted to a concentration between
about 10 and 10" atoms/cm? (typically 1-4x10 ' atoms/cm ?
followed by arsenic atoms to a concentration between about 10'

and 10" atoms/cm? (typically 3-6x10 "atoms/cm 2).

Heavily doped N type layer 42 is then thermally oxidized to
form first layer of silicon oxide 24 on its surface. The
structure is then heated to between 850 and 1,000 °C for between
aboﬁt 50 and 400 minutes ih an atmosphere of dry oxygen. This

causes drive-in of N type dopant to form the heavily doped region



necessary hi gh N++ doping of |ayer 42. ONO | ayer 456 is covered by
a layer of N type polysilicon 46 which is between about 1,400 and 2,000
Angstrons thick (typically about 1, 700 Angstrons).
Polysilicon layer 46 is covered by a layer of tungsten silicide
between about 1,200 and 1,700 Angstrons thick (typically 1,400-1, 600
Angstrons) and it, in turn, is covered by second polysilicon | ayer 146,

bet ween about 450 and 650 Angstrons t-hgck (typically 500-600 Angstrons)
which serves as the cap for the structure. W now describe a

met hod for manufacturing the antifuse structure discussed above.
Referring 42t oasFv&ll & deiiviingnN isppest dapenl latems dndoedlayeh 24 |(firem of
field oxide 47 which is then renoved in regions such as 20 wherever access
to the ud@¥eryi 43)sirtessdi¥ing incedddicknessr valus ifpr r dgrens24 batweenh s

i nstance, the silicon in active region 20 is subjected to ion
80% and %,500 Angstroms. g_ J :

Referring now to FIG. 3, silicon nitride layer 48, between
about 200 and 700 Angstroms thick, is deposited onto the
strugture (using chemical vapor depoéition (CvD)) and an opening
is plasma etched in 48, down to the level layer 24, to act as a
mask that will define the area of the antifuse. All of layer 24
is now removed by etching it in buffered hydrofluoric acid
(HF:HZO:NH4F). Typicaliy between about 1,000 and 2,00_0 Angstroms
are removed during this operation which is for the purpose of

exposing the ONO region.

Referring now to FIG. 4, formation of the ONO layer 456 is
now completed by growing a layer of thermal silicon oxide on the
ONO opening (60-120 minutes in a 1-20% oxygen atmosphere at 700-
800 °C) along with the deposition of the nitride and second oxide
layers (not explicitly shown in the figure) using low pressure
CVD and thermal oxidation (50-200 minutes in an oxygen atmosphere
Eontaining 1-5% hydrogen chloride at 900-950 °C), respectively.
Next, first N type.polysilicon layer 46 is deposited over the
ONO, followed by the deposition of tungsten silicide layer 50,

using CVD, and finally by second'polysilicon layer 146.



inplantation thereby fornming |ayer of heavily doped N type silicon 42.
Said ion inplantation step conprises two stages. First, phosphorus atons
are inplanted to a concentration between about 10[err] and 10[err]
atons/cnferr] (typically 1-4x10 [err] atons/cm)[err] followed by
arsenic atons to a concentration between about 10[err] and 10[err]
atons/cnferr] (typically 3-6x10 [err]atons/cm[err]). Heavily doped
N type layer 42 is then thernally oxidized to form first [layer of
silicon oxide 24 on its surface. ~The structure is then heated to

bet ween 850 and 1,000 [err]C for between about 50 and 400 m nutes in an
at nosphere of diy ms/gdreenThus expnniagcdribka&rthﬁ=dNtﬁﬁpeedcﬂamwtuuefofm
t he heavil¥ doped region 2 as well as driving N type dopant
atons into ﬁy%i’ewt(frlé‘l’fﬁn%?%rh@)a F‘é‘é‘ﬂ?’fl‘?ﬁg jadvantages faear y Figdlpg,

5761 1§ conSHERRRIEST AP ciacad et L= ABBERn S A tanc DOEC ARDLEIATED, RFEl

IsddepOSI t §AmRRE Lsdd'® belbWUEh U EaElS| B9 ChefiGAl SHRROT tHRPOSIHd OpreS¥RY)
and an openi ng
invention offers lower resistance (thus higher speed) than the
prior art due to the tungsfen silicide interconnection on the top

electrode (layer 50).

ONO ONO
amorph. Si. prior art this invn.
open R i megoﬁms T gigacohms i gigaohms
short R i > 1,000 ohms i about 500 ohms i.about 200 ohms
pgm. V 17775 20 volts | > 20 volts | > 20 volts
cost T HIGH i MEDIUM i LOW*
Reliability| POOR 1 GOOD |

EXCELLENT

*for higher speed parts

TABLE I

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

the spirit and scope of the invention.

What is claimed is:



I's plasma etched in 48, down to the level layer 24, to act as a mask that
wll define the area of the antifuse. Al of layer 24 is now renoved by
etching it in buffered hydrofluoric acid (HF:Herr]OGNHerr]F). Typically
bet ween about 1,000 and 2,000 Angstrons are renoved during this operation
which is for the purpose of exposing the ONO region. Referring now
to FIG 4, formation of the ONO layer 456 is now conpleted by grow ng a

| ayer of thermal silicon oxide on the 1ENO opening (60-120 mnutes in a

1- 20% oxygen at nosphere at 700- 800 [érr]C) along with the deposition of
the nitride and second oxide |ayers (not explicitly shown in the figure)
usi ng Iom/QresshmeanKIﬁDSQnGeihe¢¢mpriﬁim9ation (50-200 m nutes in an oxygen

at nosphere contalnlng 1- 5@6hydrogen Iorgde at, 900-950 [err] O,
respectively. MNexEeoon of Regyphy i Ni t¥Pe|34/cold i s deposited over

e 1S et G TS bl
-9- hbt82Pa PE&h CWndCYREEL FNGE A3l ( BEgASH IJAineavi iy Cadpda ¥ type
silicon;
a layer of silicon nitride on said first layer of silicon
oxide; -
a second layer of silicon oxide on said 1layer of silicon
nitride;
a first layer of N type polysilicon on said second layer of
silicon oxide; .
a layer of tungsten silicide on said first layer of N type
polysilicon; and ‘

a polysilicon cap on said layer of tungsten silicide.

2. The antifuse cell of claim 1 wherein the area of said region
of heavily doped N type silicon is between about 0.25 and 1.50

sq. microns.

3. The antifuse cell of claim 1 wherein said region of heavily
doped N type silicon further comprises silicon doped to a donor

concentration between about 10" and 102 atoms/cc.

4. The antifuse cell of claim 1 wherein the thickness ‘of said

first layer of silicon oxide is between about 28 and 50

I



the present invention has a nunber of advantages over similar structures
associated with the current art. These advantages are summarised belowin
TABLE 1. They show that the present invention offers |ower

resi stance (thus higher speed) than the prior art due to the tungsten
silicide interconnection on the top electrode (layer 50). '

ONO ONO - anorph. Si prior art this

i nvn. open R megohmns - 11 gi gaohns gi gaohmns short R
> 1,000 ohns about 500 ohns about 200 ohns pgm V > 20 volts
> 20 volts > 20 volts cost H GH VEDI UM

LOW Refrigaiidomisy POOR GOOD EXCELLENT

*for higher speed parts ' TABLE | Wi | e

the invention has been particularly shown and described with
reference fo the preferred enhodi nepts thereof, under st ood by

those skilled et ABULFESE 1RRtl QFi 6HRIm chdﬁ‘&é§ipir1£?%¥méf-{'iﬁ?g‘%aéﬁéﬂs°%y be
rade Wt NPl 4P BbbR%: ' haV8ri1° 1RPEALd 1410 IBFeP of A TARER"" bRTke 1s

What is clai
between about 10 and 10 Yatoms/cc.

6. The antifuse cell of claim 1 wherein the thickness of said

layer of silicon nitride is between about 60 and 90 Angstroms.

7. The antifuse cell of claim 1 wherein the thickness of said
second layer of silicon oxide is between about 20 and 40

Angstroms.

8. The antifuse cell of claim 1 wherein the thickness of said
first layer of N type polysilicon is between about 1,400 and
2,000 Angstroms.

9. The antifuse cell of claim 1 wherein the thickness of said
layer of tungsﬁen silicide is between about 1,200 and 1,700

Angstroms.

10. The antifuse cell of claim 1 wherein the thickness of said

polysilicon cap is between about 450 and 650 Angstroms.

11. A method for manufacturing an antifuse cell comprising:

AR R A



+ 10 - 1. An antifuse cell conpri si ng: An region of heavily doped N

type silicon; a first .layer of silicon oxide, containing N type
dopant material, on, and partly in, said region of heavily doped N type
silicon; a layer of silicon nitride on said first |ayer of silicon
oxi de; a second |l ayer of silicon oxide on said |layer of silicon
nitride; a first layer of N type polysilicon on said second | ayer of
silicon oxide; a layer of tungstep silicide on said first |ayer of N
type polysilicon; and a polysili€on cap on said |layer of tungsten
silicide. 2. The antifuse cell of claim1l wherein the area of said
regi on of heawtovidimgdaNst¥peorsidubstnats; bet ween about 0.25 and 1.50 sq.
m crons. 3. The antifuse cell of claim1l wherein said regiaon of

heavi | y covering said silicon substrate with a layer of field oxide

except where active regions, including one 'for said antifuse
cell, are to be located;
forming a layer of heavily doped N type silicon, in said
silicon substrate, in an active region;
thermally oxidizing said heavily doped N tYpe silicon to
form a first layer of silicon oxide on its surface;
heating said silicon substrate, theréby driving N type
dopant into said substrate and growing oxide on said heavily
doped N type silicon layef;;
depositing a first layer of silicon nitride on said first
layer of silicon oxide and forming an opening in said silicon
nitride layer down to the levei of the first layer of silicon
oxide;
removing said first layer of silicon oxide by etching it in
buffered hydrofluoric acid;
forming an ONO layer by:
growing a second layer of silicon oxide on said heavily .
doped N type silicon layer, |
depositing a second layer of silicoh nitride, and
growing a ihird layer of silicon oxide on said second
layer of silicon niﬁride; '
depositing a first layer of N type polysilicon on said third

layer of silicon-oxide;

L



.doped N type silicon further conprises silicon doped to a donor

concentration between about 10[err] and 10[err] atons/cc. 4. The
antifuse cell of claim1 wherein the thickness of said first |ayer of
silicon oxide is between about 28 and 50 Angstrons.

5. The antifuse cell of claim1l wherein the concentration of N type
dopant material in said first layer of silicon oxide is between about

10[err] and 10[err] atoms/cc. 6. Thegntifuse cell of claim1 wherein
the thickness of said layer of silicon nitride is between about 60 and 90
Angst r ons. 7. The antifuse cell of claiml wherein the thickness

said second | demositiogl achbayerxiafe thagskedechldisdde o8 st 43rskn §¥?’6ms

8. The antifuse cell _of ila|n11 @pereln t he t hi ckness of said
of N type polysilicon; a

forming a polysilicon cap on said 1layer of tungsten

silicide.

12. The method of claim 11 wherein heating said silicon
substrate, for the purpose of driéing N type dopant into the
silicon, further comprises exposure to a temperature between
about 850 and 1,000 °C for between about 50 and 400 minutes in

an atmosphere of dry oxygen.

13. The method of claim 11 wherein said first layer of silicon
nitride is deposited to a thickness between about 200 and 700

Angstroms.

14. The method of claim 11 wherein said layers of silicon

nitride are deposited by low pressure chemical vapor deposition.

15. The method of claim 11 wherein the. amount of said first
layer of silicon oxide removed by etching - in buffered

hydrofluoric acid is between about 1,000 and 2,000 Angstroms.

16. The method of claim 11 wherein said layer of tungsten

silicide was deposited by chemical vapor deposition.

-

.



-first layer of N type polysilicon is between about 1,400 and 2,000

Angst r ons. 9. The antifuse cel|] of cliaim1 wherein the thickness of
said layer of tungsten silicide is between about 1,200 and 1, 700

Angst r ons. 10. The antifuse cell of claim1l wherein the thickness of said
pol ysilicon cap is between about 450 and 650 Angstrons. 11. A nethod for
manuf acturing an antifuse cell conprising:

- 12 - providing a silicon substrate; covering said silicon
substrate with a layer of field oxide extept where active regions,
including one for said antifuse cell, are to be |ocated; formng a
| ayer of heavily doped N type silicon, in said silicon substrate, in an
active region; thermal 'y oxidi ziggrsabg heavily doped N type silicon
to forma first layer of silicon oxide on Its surface; heating said

silicon supgiiate cell) ek YrolGs N gTINCIHP ELECTRODE
An improved antifuse design has been achieved by uéing a
structure comprising a region of heavily doped N ‘type silicon’
coated with a layer of ONO (oxide—nitride-oxide). Top contact to
the ONO is made through a layer of Eungsten silicide sandwiched
between two layers of N type polysilicon. A cost effective

method for manufacturing said antifuse structure is described.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



~dopant .into said substrate and growi ng oxi de on said heavily doped N type
silicon layer; depositing a.first layer of silicon nitride on said
first layer of silicon oxide and formng an opening in said silicon
nitride |ayer down to the level- of the first layer of silicon oxide;
renmoving said first layer of silicon oxide by etching it in buffered

hydr of | uori c aci d; formng an ONO | ayer by: grow ng- a
second | ayer of silicon oxide on said heavily doped N type
silicon |ayer, depositing a second |layer of silicon nitride, and
growing a third layer of silicon OX|q$,on said second | ayer of
silicon nitride; depositing a first |layer of N type polysilicon on
said third |ayer of silicon oxide; '
-13- depositing a | ayer of tungsten silicide on said first layer of
N type pol ysilicon; and _
~—6
— S
8\ -~ _/4’
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FIG. 1 — Pri1ior Art
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FIG. 2



forming a polysilicon cap on said layer of tungsten silicide.

12. The nmethod of <claim 11 wherein heating said silicon
substrate, for the purpose of driving N type dopant into the silicon,
further conprises exposure to a tenperature between about 850 and 1, 000
[err]C for between about 50 and 400 mnutes in an atnosphere of dry
oxygen. 13. The nmethod of claim 11 wherein said first layer of silicon
nitride is deposited to a thickness between about 200 and 700 Angstrons.
14. The method of claim 11 wherein said |ayers of silicon nitride are
deposited by | ow pressure chemi cal vapor deposition. 15. The et hod of
claim 1l wherein the amount of said fir&2 |ayer of silicon oxi de
renoved by etching in buffered hydrofluoric acid is between about
1,000 and 2, 000 Angstrons. 16.. The met hod of claim 11 wherein said | ayer
of tungsten. silicide was deposited by chem cal vapor deposition.
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