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field programmable | ogic and wite-once nenories has grown significantly.
These systens are generally based on antifuses. The latter are
connecti ons
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ANTIFUSE STRUCTURE AND METHOD FOR MANUFACTURING IT

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

techndlogies.

(2) DESCRIPTION OF THE PRIOR ART

In recent years the popularity of field programmable ldgic
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 er nal nmeans, be -selectively (and irreversibly)
converted to short circuits: " . ' - 2-
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 of2the current art, having an area of
about 4-10 square mcrons, the resistance in the open state will be about

10[err]-10[err] ohns while the resistance in hge conducting state wll be
about 50-500 oHfg.of the wali’/ﬁn§°an??tf’d’ e P2t BRELEPES hake PYORPRIEBEOLR

silicon, s | resishLyidy [ fLer Qﬁg;in , .
recrystal }ggzlggblgﬁéqp#r%%s (%?gg%ég}gtlie\/%];th\g&bgpgﬁgi gﬁl‘)’/. r? e%é:rlr'ﬁfg %)F’ this
type of amikfdagsss @e/ennkY rE8ESEET dHdngdeP£rom/26s07fIMN iSOk SLber
types of material nentioned by Roesner include germanium carbon and tin
and all cdepdadtongasttdtanda ai nfgwanicrasesentisom For a typical antifuse

of the current art, having an area of about 4-10 square microns,

the resistance in the open state will be about 10°-10'2 ohms while

the resistance in the conducting state will be about 50-500 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 mentiongd by Roesner include germanium,
carbon and tin and all depend.- on a change in grain size from
amorphous, or very small crystallites, to relatively 1large
grains. An additional dfop 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 temperature 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

importance is the maintenance o©f a high 1level of c¢leanliness.



anor phous, or very small crystallites, to relatively large grains. An
additional drop in resistivity is achieved by the activation of
interstitial dopant atons (such as m ght be introduced through ion

i mplantation). Thus Roesner teaches that the maxi numtenperature to which
antifuse material may be exposed during processing nust be | ess than about
600 [err] C. ' A nunber of inprovenents in the details of how
to manufacture antifuses of the anmorghous silicon type have been
described by Dixit (U S. P. 5,322,812 JUN 1994). O particular inportance

I s the mai nt enance of a high |evel of cleanliness. o
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great care_is.taken o avoid the presgnce of nitrogen.since small a nts
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of the antifuses.

Some other examples of antifuses based on amorphous silicon
include those disclosed by Favreau (U.S.P. 5,412,245 May 1995),
Iranmanesh (U.S.P. 5,440,167 Aug 1995), Lee et al. {U.s.P.
5,447,880 Sep 1995), and Holzworth et al. (U.S.P. 5,384,481 Jan
1995). The structures disclosed in these patents are all built
on the idea of placing the antifuse at the bottom and along the
sides of a hole. This implies multiple processing steps in the
formation of the complete antifuse structure as well as the
introduction of potential failure points where various layers
associated with the antifuse cross the edge of the hole.
Additionally, this approéch presents some difficulties when

scaling down in size.

In FIG. 1 we show a typical antifuse structure illustrative
of the current art (taken from the Holzworth patent cited above).
Aluminum layer 2 has been deposited on silicon oxide layer 1.
First refractory metal layer 3 lies on layer 2 while etch stop
layer 4 ligs on top of itf This is all covered by silicon oxide
layer 5 in which hole 6 has been formed. Layer 7 comprises the

antifuse material itself (amorphous silicon) while layers 8 and 9



i ncl ude those disclosed by Favreau (U.S.P. 5,412,245 May 1995), |rannmanesh
(U.S.P.* 5,440,167 Aug 1995), Lee et al. (US.P. 5,6 447,880 Sep 1995),
and Hol zworth et al. (U S.P. 5,384,481 Jan 1995). The structures disclosed
in these patents are all built on the idea of placing the antifuse at the
bottom and along the sides of a hole. This inplies nultiple processing
steps in the formation of the conplete antifuse structure as well as
the introduction of potential failure points where various |ayers
associated with the antifuse cross the—etige of the hole. Additionally,
this approach presents sone difficulties when scaling down in size.

In FIG 1 SRORHHER a sppredl HAGRGSOTEtr uretak i1angst r aflyBingR t HEYEFSr ent
art (taken fromthe _Hol zworth patent cited above).. Al um numlayer 2 has
been deposT¥IREUHVELYi-con oxide layer 1. First refractory metal |ayer 3
lies on layer 2 while etch stop layer 4 lies on top of it. This is al
covered by silicon oxide layer 5 in which hole 6 has been forned. Layer 7

gggpgi ses the ANtishiageamesesd de | meaklohedOERNOUL el C28) athi | &adi@d¥ples 8
alternative antifuse system to the amorphous semiconductor
variety discussed above. This is one that is based on oxide-
nitride-oxide (ONO). ONO compriées a structure of thfee layers -
—— silicon oxide, silicon nitride, and silicon oxide. When such
a structure is subjected to a suitable applied voltage (typically

about 16 volts) its resistance changes from about 102 ohms to

about 500 ohms.

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 priocr art.

Another object of the present invention has been to provide
an antifuse structure that _ requires fewer steps in its
manufacture and therefore has lower cost than similar antifuse

structures known to the prior art.



-4-  conpri se second refractory nmet al and al um num | ayers
respectively. It should also be nentioned that there is at |east
one alternative antifuse system to the anorphous sem conductor
variety discussed above. This is one that is based on oxide-
nitride-oxide (ONO. ONO conprises a structure of three |ayers -

silicon oxide, silicon nitride, and silicon oxide. Wen such a structure
is subjected to a suitable applied voltage (typically about 16 volts) its
resi stance changes fromabout 10[err] ohnms to about 500 ohns.

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

invention.to pyovi dgdRerafbidatse oft EHEt Yrreddid iMdenkiBAOVIESs been to
characteristics relative to "simlar antifuse structures known to the prior

art. provide a method for manufacturing said antifuse structure.

A still further object of the present invention has been to
provide an antifuse structure that has improved reliability

relative to similar antifuse structures known to the prior art.

These objects have been achieved in a structure comprising a
pair of alternating layers of silicon nitride and amorphous
silicon sandwiched between two dual damascene connectors. Said
structure provides the advantage, over the prior art, that all
eleétrically active surfaces of the fuse structure are planar, so
no potential failufe spots resulting from surface unevenness can
be formed. A process for mandfacturing said fuse structure is
provided and involves fewer masking steps than related structures

of the prior art.

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



Anot her object of the present invention has been to provide an antifuse
structure that requires fewer steps in its manufacture and
therefore has | ower cost than simlar antifuse structures known to the
prior art. , -5- Yet
anot her object of the present invention has been to provide a nethod for
manuf acturing said antifuse structure. A still further object of
the present invention has been to proviéde an antifuse structure that has
improved reliability relative to simlar antifuse structures known to the
prior art. ) These objects have been achieved in a structure
conprisiﬁ@véntﬁapr of alternating layers of silicon nitride and anorphous
silicon sandw ched between two dual damascene connectors. Said structure
provi des the advantage, over the prior art, that all electrically active

surfaces of thegkusg sid USldlow 3hBePhédfite StegdO iROLERYI Blodsdd Ure spots
resulting fromsurface unevenness can
FIG. 5 shows the finished structure that comprises the

antifuse of the present invention.

FIG. 6 shows a second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is- an antifuse system based on
amorphous silicon but incorporating a number of changes and
improvements relative to the current art discussed earlier.
FIG. 5 is a schematic cross-section of a preferred embodiment of
the present invention. Said embodiment comprises layers 42 and
44 of silicon nitride, alternating with layers 43 and 45 of
amorphous silicon, sandwiched between a pair of dual damascene
connectors 30 and 50, immmersed in insulating layers 21 and 41
respectiveiy. The term 'dual damascene' will be further defined
in the course of déscribing the preferred process for
manufacturing the present invention. The choice of alternating

layers of amorphous silicon and silicon nitride for the fusing



be formed. A process for mandtacturing said fuse structure is provided
andiinvol ves fewer nmasking steps than related structures of the prior art.
BRI EF 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

pr esent - 6- I nventi on.

FIGs. 3 and 4 show internedi ate steps nf said process. FIG 5 shows
the finished structure that conprises the

element, as opposed to a single layer of amorphous silicon (see
FIG. 1), is based on its reliability and its improved ability for
being scaled down. The top layer of amorphous silicon is used to

improve selectivity during via etching.

We begin a descriptioﬁ_ of a preferred. method for
manufacturing the present invention by making reference to
FIG. 2. The process begins with the provision of a partially
completed integrated circuit (not shown) on whose surface is
conductive layer 20 which is between about 0.5 and 1 microns
thick. Insulating layer 21 is deposited onto layer 20 to a
thickness between abouEIO.G and 1.5 microns. Using a suitable
photoresist mask (not shown) trench 22 (between about 0.4 and 0.8
microns deep and running at right angles to the plane of the
figure) is etched into the surface of 21. Then, using a second
photoresist mask (also not shown) a cavity 23 is etched in layer
21, starting at the bottom of trench 22. said cavity 23 extends
all the way through 21 to the surface of conductive layer 20.
Cavity 23 is generally cylindr;cal in shape, with a diameter
between about 0.18 and 1 microns, aﬁd is centrally positioned

within trench 22.

Referring now to FIG. 3, barrier layer 31, comprising
titanium nitride, titanium tungsten, or tantalum nitride, is

deposited by Physical Vapor Deposition (PVD) onto insulating



antifuse. of the present invention. FIG 6 shows a second enbodi nent
of the present invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention is- an antifuse system based on
anor phous silicaon but incorporating a nunber of changes and i nprovenents
relative to the current art discussed earlier. FIG 5 is a schematic
cross-section of a preferred enbodi nent of the present invention. Said
enbodi ment conprises |layers 42 and 44 8f-silicon nitride, alternating with
| ayers 43 and 45 of anorphous silicon, sandwi ched between a pair of dual
damascen onpectors 30 and 50, jpmmrersed . in insulatiqgﬁlayers 21 and 41

respect i 3‘8?%? t e?% el @faPrnganabtere WAlls BE FRPRFRr Aih&vity 28he
course  Qf .adgﬁ:%ll(%%sg HelGeeR' egﬁlﬁ@% ooré%%%ss1 5850@%3 uf act ur | ngpt he

present invention. choiCe~of arternatin | ayérs dus siPfcon
and sili purpBsbl i g8 ¥ Hheik¥ShAPer is to prevent interdiffusion and to

promote adhesion. This is followed by the deposition of second
conductive layer 30, domprising aluminum, cdpper, tungsten, or
Silver, using PVD or Chemical Vapor Deposition (CVD) to a
thickness sufficiént to more than £ill both cavity and trench.
An optional reflow process, to improve cavity filling, may be

added after the deposition of the metal.

Referring now to FIG. 4, the structure is planarized, using
a standard technique such as chemical-mechanical polishing, by
the removal of layer 30 down to the level of layer 21, including
those parts of layer 31 that are not coating the sidewalls of
former trench 22 and former cavity 23. This results'in the
formation of dual damscene connector (DDC)'130 which comprises
two parts —— a trench part (where 1layer 30 filled in former
trench 22) and a stud part (where layer 30 filled in former
cavity 23). The term damascene refers to the fact that a layer
has been inlaid within a supporting medium, as opposed to being
covered by it. | In this instance, the area for receiving the
inlaid conductor was formed in two separate steps, hence the term

dual damascene.

Continuing our reference to FIG. 4, alternating layers 42



-7- el enent, as opposed to a single |ayer of anorphous silicon (see FIG
1), is based on its reliability and its inproved ability for being scal ed
down. The top | ayer of anorphous silicon is used to inprove selectivity
during via etching. W begin a description of a preferred
method for rmanufacturing the .  present invention by making reference
to FIG 2. The process begins with the provision of a partially
conpleted integrated circuit (not shewh)-on whose surface is conductive

| ayer 20 which is between about 0:5 and 1 mcrons thick. Insulating

| ayer 21 is deposited onto layer 20 to a thickness between about 0.6
and 1.52pflchénsof s:usmg pituidaingd 4ghendr €8ict amnsiohowst s¢héemd arench
22 (between about 0.4 and 0.8 microns deep, and running at right angles to

t he pl an898f d?ﬂ‘és“f?qg&“é:)’ Layer chbancheatenhEhe (preRseh upper ?HEﬁaC%s(Pfqg a
20, st ar By 430t e oTPaRRBF T Tandt S0eoeat ATEEY ) 1§ S TotREeRageodr N
way throygh 23g40 Mﬁe‘s%%a%ro“l&ﬁ]}d%“vﬁek@x&ﬁ Z—Qooutc%'otyaﬁg ilszoo
general ly cylindric I n shape, a di ameter between about 0.18and 1
m crons, aaggtiéms entd@llayep0aB | i WaREben bbBbatt $@€Ngdd 2200 Angstroms for
layer 44, and between about 100 and 500 Angstroms for layer 45.
The four layers are now patterned and etched so that they are
removed everywhere, except directly over DDC 130 which they
overhang by a small amount, so that they now have the shape of a
pedestal that is slightly longer than the width of trench 22 and
slightly wider than cavity 23. The structure is then coated with
a second layer 41 of insulating material to a thickness between
about 0.6 and 1.5 microns.
Referring now to FIG. 5, second DDC 50, including its own
barrier layer 51, is now formed in insulating layer 41 in the
same manner as was described above for the first DDC. DDC 50
extends from the upper surface of insulating layer 41 down to
amorphous silicon layer 45, to which it makes electrical contact.
This completes our description of the process for manufacturing a

preferred embodiment of the present invention.

Another embodiment of the present invention may be prepared
by a small modification of the above process and is illustrated

in FIG. 6. Prior to the deposition of the four layer silicon



Referring nowto FIG 3, barrier |layer 31, conprising titaniumnitride,

titaniumtungsten, or tantalumnitride, is deposited by Physical Vapor
Deposition (PVD) onto insulating

- 8- | ayer 21 as well as onto all the walls of trench 22 and cavity 23 to
a thickness between about 200 and 1,200 Angstrons. The purpose of
the barrier layer is to prevent interdiffusion and to pronote adhesion.
This is followed by the deposition of set®dmd conductive |ayer 30,
conprising alum num copper, tungsten, or silver, using PVD or -Chem cal
Vapor Deposition (CVD) to a  thickness sufficient to nore than fill both
cavi ty anBitFigetamormhoupt i hbicoeiusingr 848880t o BIRATESFe CORETPY ¥3¥8T ng,
may be added after the deposition, of the tal . . Referring npwto
R4, (RO SEPMRALR0S SLORARA TOME, | SARGAT RSO s IRn £F SCAMEOUD CES fas
chent cal - yRCHaPbeAle P Ul §MkRTckiVss HitweBRPYBbUET ad el 3088 ndeddifs
| evel of [ayer , F%heu I Ng

over the structure, including the upper surfaces of insulating

layer 21 and DDC 130. An opening is then etched in layer 60 so

as to fully expose the upper surface of DDC 130 and formation of

the four layer fusing element proceeds as before. The purpose of '

layer 60 is to act as a diffusion barrier for an adjoining single

damascene conductor such as 61. It is also wused as an etch

stopper during the etching of the four layer structure.

It has been our experience that the antifuse structure of
the present invention has a number of advantages over similar
structures associated with the current art. These advantages are

summarised below in TABLE I..

ONO amorphous Si amorphous Si

prior art prior art this invn.

open R T 1010 ohms | 102107 ohms T 108 -14° ohms

short ® | 200-1,000 ohms | 20-100 ohms | 20-100 ohms

forming V T 10-20 volts: i 8-12 volts T 8-12 volts
cost T HIGH [ LOW I LOwW
reliability| GoOD |  MODERATE |  GOOD

TABLE I



those parts of layer 31 that are not coating the sidewalls of former

trench 22 and fornmer cavity 23. This results in the formation of

dual danscene connector (DDC) 130 which conprises two parts -- a trench

part (where layer 30 filled in former trench 22) and a stud part (where

|l ayer 30 filled in fornmer cavity 23). The term danmascene refers to the

fact that a layer has been inlaid wthiga supporting nedium as opposed

to being covered by it. In this instance, the area for receiving the

inlaid conductor was formed in two separate steps, hence the term dual

damascene. Wh.Cbn%hnuing our ref%rence to alternating | ayers
ile e n

_ FIG, 4,

42 vention  has  been P%%f%a&fli'snﬁtia‘ﬁ nid%d de
d 43 and . L i tQ.l 21

onto the caeeElp@l VAR S Skeh Pt hRe BECLEROR, SN S TEREREEE T e,

are bet veepi BDOWe SQnddRetod@lby ANGRIseOBRi1 06a | BYErLHE artDeRRe Ny AR
200 and 1,200 Angstrons for layer 43, between about 50 and 200 Angstrons

for changes in form and details may be made without departing from

the spirit and scope of the invention.

What is claimed is:



H

| ayer 44, and between about 100 and 500 Angstrons for |ayer 45. The four
| ayers-are now ed so that they are renoved

everywhere, except directl I 130 which they overhang by a snal
anmount, so that mmmﬂ““ﬁ ﬁ @ shape of a pedestal that is slightly
| onger than the and slightly wider than cavity 23. The

structure is then anﬁed'mfth a second_lgyer 41 of insulating material to
a thickness between about 0.6 and 1.5 m crons. Referring now to
FIG 5, second DDC 50, including its own barrier layer 51, is now forned
in insulating | ayrafd; dfyel BerustiEe BUMPSisiAg; Was described above for the
first DDC.- DDC 50 extends fromthe upper suirface of insulating |ayer 41
down to anor phoastsidt enduayeve 4baydrg which it nmakes el ectrical contact.
This conpl etes our description of the process for manufacturing a

preferred enbodi aefirsif timsupaéimmt Jayeemti baving an upheat handenbhodlowet
of the present .invention nmay be prepared by a small nodification of the
above proceS¥Tfage; s53id ydowgredsurfpcerbeging. ipr¢optact t wdthdepddi t fonsof

the four |ayer, sj|icaon
cgnducélve layer;

a first dual damascene connector in the first insulating
layer extending from the upper surface of said first insulating
layer to said first conductive layer;

a first layer of silicon nitride on, and overlapping, said
first dual damascene connector;

a first layer of amorphous silicon on said first layer of.
silicon nitride;

a second layer of silicon nitride on said first layer of
amorphous silicon; .

a second layer of amorphous silicon on said second layer of
Silicon nitride;

a second insulating layer, having an upper and a lower
surface, on the upper surface of the first insulating layer and
on said second layer of amorphous silicon; and

a second dual damascene connectof in the second insulating
layer extending from the upper surface of said second insulating

layer to said second layer of amorphous silicon.

2. The structure of claim 1 wherein the thickness of the first

insulating layer is between about 0.6 and 1.5 microns.



- 10 - ni tride/anorphous silicon fusing elenent, process control |ayer

60, ‘conprising silicon oxide tantalum oxide, or alum numoxide, is

deposited to a thickness between about 400 and 2,000 Angstrons over the
structure, incITﬂﬂlﬂnﬂmnuﬂﬂntm“ﬂurfaces of insulating layer 21 and DDC
130. An openi ng jllflin- | ayer 60 so as to fully expose the upper
surface of DDC 130 &nd-fotmeti dn of the four |ayer fusing el enent proceeds
as before. The purpose of layer 60 is-td3act as a diffusion barrier for an
adj oining single damascene conductor such as 61. It is also wused as
an etch stopper during the etching of the four |ayer structure. It
has been o8 exPre ishmuetulat of helain i1 whereinuther ehitknasse qfr ébensecond

i nvention has a nunber of advantages over similar structures associated
with the ctPfeldting layessésabobrRenyedoute 0. 8uafdrl s MiFI®E-i n TABLE | .
ONO anor phous Si anor phous Si prior art

prior art this invn. Open R 10[ err]-1013 ohns 10[err]-

10[err] ohgs T%%[%:B:]u eoF ] c DAY 1 $0oht 5’)2 i {to nd ?

20- 100 ohns - Sﬁégg & ?orn1ngw®e- 16- % %8{ s%n% Qgggg gﬁ%% ts

8-12 vol t sdamascene connectors comprise material taken from the group
consisting of aluminum, copper, tungsten, and silver and are
encased in a bafrier layer of titanium nitride or titanium

tungsten or tantalum nitride or tungsten nitride.

5. The structure of claim 1 wherein said first and second dual
damascene connectors each further comprises a trench part, whose
thickness is between about 4,000 and 8,000 Angstroms, and a stud

part.

6. The structure of claim 5 wherein said stud part has a
cylindrical shape and a diameter between about 0.18 and 1

microns.

7. The structure of claim 1 wherein the thickness of said first

layer of silicon nitride is between about 50 and 200 Angstroms.

8. The structure of claim 1 wherein the thickness of said
second layer of silicon nitride is between about 50 and 200

Angstroms.



cost H CH o Low Low reliability

GooD MODERATE GooD

TABLE | Wiile the invention has been particularly
shown and desc”mmu "l um nce to the preferred enbodi nents thereof,
it wll be unde ﬂ& H E"ﬂkilled in the art that various changes in
formand details fay®bet ndde swi'thout departing from the spirit and scope

of the invention. What is clainmed4s: 1. An antifuse
structure conpri sing:

9. The structure of claim 1 wherein the thickness of said first
layer of amorphous silicon is between about 200 and 1,200

Angstroms.

10. The structure of claim 1 wherein the thickness of said
second layer of amorphous silicon is between about 100 and 500

Angstroms.

11. The structure of claim 1 further comprising a process

control layer between said first and second insulating layers.

12. The structure of claim 11 wherein said process control layer
comprises silicon oxide or tantalum nitride or aluminum oxide.
13. The structure of claim 11 wherein the thickness of said

process control layer is between about 400 and 2,000 Angstroms.

14. A method for manufacturing an antifuse structure comprising:

(a) providing a bottom conductive layer;

(b) depositing a first insulating layer on said bottom
conductive layer;

(c) patterning and then etching said first insulating layer
thereby forming a trench therein;

(d) patterning and then etching said first insulating layer,

including said trench, thereby forming a cavity extending from



a first conductive layer; a first insulating | ayer, having an upper
and a |'owe surface being in contact with said first

conducti ve | ayer: st dual danascene connector in the first
i nsul ating m wﬁmmmj mr omt he upper surface of said first insulating
| ayer to sal e |layer; a first layer of silicon

nitride on, and overl apping, said first dual danmascene connector; a
first layer of anorphous silicon on sail® first layer of. silicon nitride;
a second | ayer of silicon nitride on said first |ayer of annrphous
silicon; ond | nmor pho n_on.salid secon er
silicon nllt%l(ﬁlg sai r%f‘%écé’ﬁg |ﬁ8u Lﬁn‘}‘ﬁe&y@ RagH g%ﬁ'ntu é'i% é"%

| ower sur&g% on the upper surface of the first i nsul ating | ayer and on
sai d secon ayer of anorphous silicon; and a second dual damascene
connector in th%)sea%imw 3t Barriayerla%zew ngatgoptde URRRIat4Yhkace
of said second insulatin |"ayer to said second | ayer of anorphous silicon.
2. The stayent ahd 6h ainlwal'ﬂ.s\/\/oér sahdt twertdh dodesaidf cavet§jrst

(£) depositing a second conductive layer so as to more than
£ill said cavity and said trench;

(g) removing said second conductive layer and said barrier
layer as far as the level of said first insulating layer, thereby
forming a first dual damscene connector having an upper surface;

(h) depositing a first layer of silicon nitride on the
structure;

(i) depositing a first layer of amorphous silicon on said
first layer of silicon nitride;

(j) depositing a second layer of silicon nitride on said
first layer of amorphous silicon;

(k) depositing a second layer of amorphous silicon on said
second layer of silicon nitride;

(1) patterning and then etching said layers of silicon
nitride and aﬁorphous silicon to form a pedestal that overlaps
said first dual damascene connector;

(m) depositing a second insulating layer on said first
insulating layer and on said second layer of amorphous silicon;
and |

(n) forming a second dual damascene connector that extends

through said second insulating layer down to, and making



insul ating |ayer is between about 0.6 and 1.5 m crons.
- 13 - 3. The structure of claim1l wherein the thickness of the second

i nsul ati ng Iaye+~+s.beLm§§n~gEEE% 0.6 and 1.5 mcrons. 4. The

structure of claim1l wherein said first and second dual danmascene
connectors conp ”mﬂ, en fromthe group consisting of alum num
copper, tungst !“ @’; are encased in a barrier |ayer of
tltanlun1n|tr|de or tit ahi um < ungstenl®r tantalumnitride or tungsten
nitride. . The structure of claim1 wherein said first and second dual
danmascene connectors each further conprlses a trench part, whose, thickness
i s bet weeneh®etficalogonsagat stooEaySEFSRE, LaYRE L anPTRhQuSs. silgconThe

structure of claim 5 wherein said stud part has a cylindrical shape
and a di aneter between about 0.18 and 1 m crons.

15. The method of claim 14 wherein the method for removing said
second conductive layer and said barrier layer comprises

chemical-mechanical polishing.

16. The method of claim 14 wherein said second conductive layer
comprises material taken from the group consisting of aluminum,

copper, tungsten, and silver.

17. The method of claim 14 wherein said barrier layer comprises
- material taken from the group consisting of titanium nitride,

titanium tungsten, tantalum nitride, and tungsten nitride.

18. The method of claim 14 wherein the thickness of said barrier

layer is between about 200 and 1,200 Angstroms.

19. The method of claim 14 further comprising, between steps (g)
and (h}:
depositing a process control layer over the structure; and
etching an opening in said process control layer to fully

expose the upper surface of said dual damascene connector.

20. The method of claim 19 wherein said process control layer

comprises meterial taken from the group consisting of silicon



7. The structure of claim1 wherein the thickness of said first |ayer of
silicon nitride is between about 50 and 200 Angstrons. °~ 8. The structure
of claiml wherein the thickness of said second |ayer of silicon

nitride is between T Angstrons.

- 14 - 9. The s“mmmllmmmla 1 wherein the thickness of said first

| ayer of anorphous silfcon i"s Between about 200 and 1,200 Angstrons.

10. The structure of claim1 wherein the ttRi€kness of said second |ayer of
anor phous si Li¢on i s between about 100 and 500 Angstromns. 11. The
structure of°§F§¢n1taﬁtamumebxqggprgﬁén a process control |ayer between
said first and second insul ati ng’| ayer%;4minum oxide.

21. The meth
od of claim 19 wherej
rein the thickness o i
£ said Process

etween about 400
and 2,000 an
) gstroms.



12. The structure of claim1l mhereln sald process control |ayer conprises
silicon oxide or tantalumnitride or. al un num oxi de. 13. The structure
of claim 11 wherein the thickness of said process control |ayer is betmeen
about 400 and 2,000 Angstrons. - 14. A nmethod for manufacturing an
antifuse structure conprising: (a) providing a bottom conductive

| ayer; (b) depositing a first insulating |ayer on said bottom
conductive | ayer; (c) patterning and then etching said first
insulating |layer thereby formng a trench therein; (d) patterning
and then etching said first insulating hgyer, including said trench,
thereby formng a cavity extending from

- 15 - i nsi de said trench domm to the level "of said first conductive

| ayer ; ARTIFUSE STRUGTYRE 10 YUEACTURING, I8 first i nsul ating

ABSTRACT

An improved antifuse design has been achieved by providing a
structure comprising pair of alternating layers of silicén
nitride and amorphous silicon sandwiched between two dual
damascene connectors. Said structure provides the advantage,
over the prior art, that all electrically active surfaces of the
fuse structure are planar, so no potential failure spots
resulting from surface unevenness can be formed. A process for
manufacturing said fuse structure is also provided and involves

fewer masking steps than related structures of the prior art.

(FIGURE 2 IS SUGGESTED FOR PUBLICATION)



| ayer and on all walls of said trench and said cavity; (f) depositing
a second conductive layer so as to.more than fill said cavity and said
trench; (g) renoving said sécond conductive |layer and said barrier

| ayer as far as the level of said first insulating |ayer, thereby formng
a first dual damscene connector having an upper surface; (h)
depositing a first layer of silicon nitride on the structure;

(1) depositing a first layer of anorphous silicon on said first |ayer

of silicon nitride; (j) depositingsa second layer of silicon
nitride on said first |ayer of anorphous silicon; (k) depositing a
second | ayer of anorphous silicon on said second |ayer of silicon
nitride; (1) patterning and then et &ing said |ayers of silicon
nitride and anorphous sili rma pgdestal | aps said first
dual damascene connect or; (m \depositi ng second i ndyl ating | ayer on
said first in ating | 4dyer and on id secong’ | ayer of a s silicon;
and (n) 1 al dagascene/conne at ext ¢nds
through said 7§econd i psu ing\ | ayer own tgf _an maki ng
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electricgal contact to, said second |ayer of anorphous silicon. 15. The
met hod of claim 14 wherein the nethod for renoving said second conductive
| ayer and said barrier layer conprises chem cal-nechanica

pol i shi ng. 16. The nmet hod of claim 14 wherein said second conductive

| ayer conprises material taken fromthe group consisting of alum num
copper, tungsten, and silver. 17. The nmethod of claim 14 wherein said
barrier layer conprises naterial takq? fromthe group consisting of
titaniumnitride, titaniumtungsten, _3nta|un1nitride, and tungsten
nitride. 18. The nmet hod of claim 14 wherein the thickness of said
barrier layer is between about 200 and 1,200 Angstrons. 19. The net hod

of claim 14 further conprising, between steps (Q)
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and (h)z depositing a process control |ayer over the structure; and
etching an opening in said process control layer to fully expose the
upper surface of said dual danascene connector. 20. The nethod of claim
19 wherein said process control layer conprises material taken fromthe
group consisting of silicon -17-
oxi de, tantal um oxide, and al um num Oxi de. 21. The nethod of claim19
wherein the thickness of said process gggtrol, layer is between about 400
and 2,000 Angstronms.
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