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(57) ABSTRACT

Electrically programmable fuse structures for an integrated
circuit and methods of fabrication thereof are presented,
wherein the electrically programmable fuse has a first ter-
minal portion and a second terminal portion interconnected
by a fuse element. The first terminal portion and the second
terminal portion reside over a first support and a second
support, respectively, with the first support and the second
support being spaced apart, and the fuse element bridging
the distance between the first terminal portion over the first
support and the second terminal portion over the second
support. The fuse, first support and second support define a
m-shaped structure in elevational cross-section through the
fuse element. The first terminal portion, second terminal
portion and fuse element are coplanar, with the fuse element
residing above a void, which in one embodiment is filed by
a thermally insulating dielectric material that surrounds the
fuse element.
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ELECTRICALLY PROGRAMMABLE PI-SHAPED
FUSE STRUCTURES AND METHODS OF
FABRICATION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional U.S. Patent Appli-
cation of co-pending U.S. patent application Ser. No.
11/372,380, filed Mar. 9, 2006, entitled “Flectrically Pro-
grammable mt-Shaped Fuse Structures and Methods of Fab-
rication Thereof”, by Booth et al., the entirety of which is
hereby incorporated herein by reference. Additionally, this
application contains subject matter which is related to the
subject matter of the following commonly assigned appli-
cations, each of which is also hereby incorporated herein by
reference in its entirety:

[0002] “Electrically Programmable m-Shaped Fuse
Structures and Methods of Fabrication Thereof”, by
Booth et al., U.S. Ser. No. 11/768,254, filed Jun. 26,
2007,

[0003] “Electrically Programmable Fuse Structures
with Terminal Portions Residing at Different Heights,
and Methods of Fabrication Thereof”, by Hovis et al.,
U.S. Ser. No. 11/372,334, filed Mar. 9, 2006;

[0004] “Electronic Fuse with Conformal Fuse Element
Formed Over a Freestanding Dielectric Spacer”, by
Hsu et al., U.S. Ser. No. 11/372,387, filed Mar. 9, 2006;
and

[0005] “Electrically Programmable Fuse Structures
with Narrowed Width Regions Configured to Enhance
Current Crowding and Methods of Fabrication
Thereof”, by Booth et al., U.S. Ser. No. 11/372,386,
filed Mar. 9, 2006.

TECHNICAL FIELD

[0006] The present invention relates in general to semi-
conductor structures and methods of fabrication thereof, and
more particularly, to fuses and methods of fabrication
thereof, which employ a fuse element that is electrically
programmable utilizing today’s integrated circuit operating
voltages.

BACKGROUND OF THE INVENTION

[0007] Historically, repair of dynamic random access
memory (DRAM) arrays is achieved by replacing defective
word-lines or bit-lines with redundant word-lines or bit-
lines, using a laser to open circuit fuses made of a conductive
material. As devices continue to shrink, the relative size of
these laser fuses is limited by the wavelength of the laser
employed. Therefore, the size of the laser fuse cannot be
shrunk indefinitely. Thus, ablative laser-blown fuses become
more difficult to implement due to the silicon space required
to implement the fuses and avoid damage to neighboring
circuits. Further, repairing an integrated circuit chip by open
circuiting thousands of laser programmable fuses is a time
consuming process.

[0008] An alternative fuse approach is to implement an
electrically programmable fuse. One-time electrically pro-
grammable fuses, referred to as e-fuses, have become popu-
lar recently due to the circuit and system design flexibility
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which they provide. For example, an e-fuse can be pro-
grammed even after the integrated circuit chip has been
packaged and installed in the system (unlike the laser fuse
approach). For instance, a customer can tailor a circuit
design to the specific needs of the application after the
circuit is installed in the field. An e-fuse also provides
freedom to alter a circuit design, or fix a problem that may
occur during the life of the product. Electrically program-
mable fuses are much smaller than ablative-type fuses,
resulting in circuit density advantages. Although electrically
programmable e-fuses provide these noted benefits, integra-
tion with standard CMOS processing has been problematic.
Furthermore, obtaining a tight distribution of open circuiting
voltages derived using today’s normal operating voltages
continues to be challenging. Existing e-fuses today typically
require voltages in excess of normal supply voltages for
programming. As operating voltages continue to be aggres-
sively scaled down with each succeeding generation of
integrated circuit technology, obtaining sufficiently high
voltages for programming an e-fuse can tax the electrical
operating limits of the technology, and increase circuit
complexity, for example, due to the need for charge pumps.

[0009] In view of this, there remains a need in the art for
enhanced electrically programmable fuses, and methods of
fabrication thereof, which may be readily programmed with
today’s on-chip operating voltages, and be readily integrated
with standard semiconductor circuit fabrication processing.

SUMMARY OF THE INVENTION

[0010] Briefly summarized, the present invention com-
prises in one aspect a fuse for an integrated circuit. The fuse
includes a first terminal portion and a second terminal
portion interconnected by a fuse element. The first terminal
portion and the second terminal portion reside over a first
support and a second support, respectively, wherein the first
support and the second support are spaced apart. The fuse
element bridges the distance between the first terminal
portion over the first support and the second terminal portion
over the second support, with the fuse, first support and
second support defining a m-shaped structure in elevational
cross-section taken through the fuse element.

[0011] In further aspects, the first terminal portion, second
terminal portion and fuse element are coplanar, and the fuse
element resides over a void defined at least partially by the
first support, the second support and the fuse element. A
thermally insulating dielectric material, such as a planariz-
ing glass, surrounds the fuse element and fills the void
underneath the fuse element. In one embodiment, the fuse is
a dog-boned shaped fuse in plan view, with the first terminal
portion, second terminal portion and fuse element compris-
ing silicide of a common thickness. The fuse is an electri-
cally programmable fuse that is programmable at an oper-
ating voltage of the integrated circuit less than or equal to
three volts.

[0012] In another aspect, a method of fabricating a fuse for
an integrated circuit is provided. The method includes:
forming a fuse above a support structure, the fuse compris-
ing a first terminal portion, a second terminal portion and a
fuse element connecting the first terminal portion and the
second terminal portion; and etching the support structure to
form a void underneath the fuse element interconnecting the
first terminal portion and the second terminal portion,
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wherein the fuse, the etched support structure and the void
therein define a m-shaped structure in elevational cross-
section taken through the fuse element.

[0013] Inyetanother aspect, a method of fabricating a fuse
for an integrated circuit is provided. The method includes:
forming a polysilicon gate stack with a desired fuse shape in
plan view; forming at least one gate sidewall spacer around
the polysilicon gate stack in the desired fuse shape; silicid-
ing exposed polysilicon of the polysilicon gate stack to form
a fuse comprising a first terminal portion, a second terminal
portion and a fuse element connecting the first terminal
portion and the second terminal portion; removing the at
least one sidewall spacer from the polysilicon gate stack, and
isotropically etching the polysilicon to undercut the silicide
and form a void underneath the fuse element, wherein the
fuse and etched polysilicon gate stack define a m-shaped
structure in elevational cross-section taken through the fuse
element; and encapsulating the fuse and polysilicon gate
stack in a thermally insulating dielectric material which fills
the void underneath the fuse element and at least partially
surrounds the fuse element.

[0014] Further, additional features and advantages are
realized through the techniques of the present invention.
Other embodiments and aspects of the invention are
described in detail herein and are considered a part of the
claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The subject matter which is regarded as the inven-
tion is particularly pointed out and distinctly claimed in the
claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention
are apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:

[0016] FIG. 1 is a plan view of one embodiment of a prior
art two-dimensional “dog-bone” shaped electrically pro-
grammable fuse;

[0017] FIG. 2A is a top plan view of one embodiment of
an electrically programmable fuse structure, in accordance
with an aspect of the present invention;

[0018] FIG. 2B is a cross-sectional elevational view of the
electrically programmable fuse structure of FIG. 2A, taken
along line 2B-2B, in accordance with an aspect of the
present invention;

[0019] FIG. 3A is a top plan view of one embodiment of
a conventional intermediate structure obtained in accor-
dance with a typical integrated circuit fabrication approach;

[0020] FIG. 3B is a cross-sectional elevational view of the
structure of FIG. 3A, taken along line 3B-3B;

[0021] FIG. 4A is a top plan view of an intermediate
structure obtained during a fuse fabrication approach, using
similar processing steps as employed to construct the imme-
diate structure of FIGS. 3A & 3B, in accordance with an
aspect of the present invention;

[0022] FIG. 4B is a cross-sectional elevational view of the
structure of FIG. 4A, taken along line 4B-4B, in accordance
with an aspect of the present invention;

[0023] FIG.5A s atop plan view of the structure of FIGS.
3A & 3B following formation of a gate dielectric and
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deposition of a gate conductor polysilicon, in accordance
with a conventional integrated circuit fabrication approach;

[0024] FIG. 5B is a cross-sectional elevational view of the
intermediate structure of FIG. 5A, taken along 5B-5B;

[0025] FIG. 6A is a top plan view of the intermediate
structure of FIGS. 4A & 4B after formation of a “dog-bone”
or “H” shaped gate dielectric and polysilicon conductor,
again using similar processing steps as employed to con-
struct the structure of FIGS. 5A & 5B, in accordance with an
aspect of the present invention;

[0026] FIG. 6B is a cross-sectional elevational view of the
structure of FIG. 6A, taken along line 6B-6B, in accordance
with an aspect of the present invention;

[0027] FIG. 7Ais a top plan view of the structure of FIGS.
5A & 5B after standard gate sidewall spacers have been
formed, halos, extensions and heavily doped source-drain
regions are implanted, and silicide has been formed in
accordance with a conventional integrated circuit fabrication
approach;

[0028] FIG. 7B is a cross-sectional view of the structure of
FIG. 7A, taken along line 7B-7B;

[0029] FIG. 8A is top plan view of the intermediate
structure of FIGS. 6A & 6B after gate sidewall spacers have
been formed surrounding the dog-bone shaped polysilicon
material and a silicide layer has been defined in exposed
silicon and polysilicon, using similar processing steps as
employed to construct the intermediate structure of FIGS.
7A and 7B, in accordance with an aspect of the present
invention;

[0030] FIG. 8B is a cross-sectional elevational view of the
structure of FIG. 8A, taken along line 8B-8B, in accordance
with an aspect of the present invention;

[0031] FIG. 9Ais a top plan view of the structure of FIGS.
7A & 7B after a layer of photoresist is applied and patterned
as a block mask covering the integrated circuit device
region, in accordance with an aspect of the present inven-
tion;

[0032] FIG. 9B is a cross-sectional elevational view of the
structure of FIG. 9A, taken along line 9B-9B, in accordance
with an aspect of the present invention;

[0033] FIG. 10A is a top plan view of the intermediate
structure of FIGS. 8A & 8B showing that the fuse structure
region remains unmasked, in accordance with an aspect of
the present invention;

[0034] FIG. 10B is a cross-sectional elevational view of
the intermediate structure of FIG. 10A, taken along line
X-X, in accordance with an aspect of the present invention;

[0035] FIG. 10C is a cross-sectional elevational view of
the structure of FIGS. 10A & 10B, taken along line X-X of
FIG. 10A, and illustrating the structure after isotropic etches
have been employed to remove the sidewall spacers from the
polysilicon material in the fuse structure region, in accor-
dance with an aspect of the present invention;

[0036] FIG. 10D is a cross-sectional elevational view of
the intermediate structure of FIG. 10C, taken along line X-X
of FIG. 10A, and illustrating the structure after an isotropic
silicon etch has been employed to undercut the polysilicon
supporting the silicide layer, with the etch continuing until
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the polysilicon is etched out from the region below the fuse
element, in accordance with an aspect of the present inven-
tion;

[0037] FIG. 11A is a top plan view of the intermediate

structure of FIG. 10D, in accordance with an aspect of the
present invention;

[0038] FIG. 11B is a cross-sectional elevational view of
the intermediate structure of FIG. 11A, taken along line
11B-11B, in accordance with an aspect of the present
invention;

[0039] FIG. 12 is a top plan view of one embodiment of
a completed fuse structure after provision of a thermally
insulating dielectric material surrounding the intermediate
structure of FIGS. 11A & 11B, in accordance with an aspect
of the present invention;

[0040] FIG. 12A is a cross-sectional elevational view of
the fuse structure of FIG. 12, taken along line A-A, in
accordance with an aspect of the present invention;

[0041] FIG. 12B is a cross-sectional elevational view of
the fuse structure of FIG. 12, taken along line B-B, in
accordance with an aspect of the present invention; and

[0042] FIG. 12C is a cross-sectional elevational view of
the fuse structure of FIG. 12, taken along line C-C, in
accordance with an aspect of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0043] Typically, the resistance of programmed prior art
polycide e-fuses is highly variable. Large variations in the
electrical characteristics of the driver transistors due to
threshold voltage (Vt) variations are commonly encoun-
tered. This results in variations in programming current,
which in turn causes the length of the opened gap (elec-
tromigration length of the silicide) in the fuse element to
vary. Since read current is traditionally forced through the
silicon underlying the blown fuse element, the overall resis-
tance of the programmed fuse will also vary. This depen-
dence of the programmed resistance on the electromigration
length of the silicide can lead to difficulties in correctly
sensing the state of a programmed e-fuse.

[0044] In addition, recently developed e-fuse structures
take advantage of electro-migration (EM) effects to address
certain of the above-noted problems of achieving scaling of
programming voltage. The EM effect, caused by a positive
divergence of the ionic flux, leads to an accumulation of
vacancies, forming voids in the metal. Voids are formed
inside of the metal conductors due to metal ion movement
caused by momentum transfer from the electron flux at high
current density. The void growth rate is a function of current
density, and therefore, the site having the smallest cross-
sectional area in an interconnect tends to form voids first.
Thus, it is advantageous to somehow increase the local
current density in the fuse element.

[0045] One approach to increasing local current density is
depicted in FIG. 1, wherein the plan view layout of the
illustrated electronic fuse 100 is a two-dimensional “dog-
bone” shape. Fuse 100, which employs in-plane dimensional
differences to locate an open circuit site via a localized high
electron/current flow, includes a large cathode pad 110 and
a large anode pad 120, between which a small cross-section
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interconnect 130 is disposed. This configuration has been
adopted in the semiconductor industry as a basic e-fuse
design. Although this e-fuse design alleviates some of the
above-noted problems of scaling, size and programming
energy requirements, there is still a need for further progress
in these areas to meet requirements below the 65 nm
technology level. By way of example, with current 65 nm
back end of line (BEOL) technology, the electrically pro-
grammable fuse 100 illustrated in FIG. 1 might have an
interconnect 130 width W greater than 90 nm, and an overall
length L greater than 800 nm. Thus, programming efficiency
of this fuse implementation is limited by width W, which
depends on available lithography resolution, and technology
extendibility is restricted by the overall length L of the fuse.

[0046] Generally stated, provided herein is an improved
electrically programmable fuse structure, which reduces or
eliminates variability of the e-fuse programming current by
controlling the location of the open circuit point, and by
controlling the length of the opened silicide region. This fuse
structure also provides a much increased programmed/un-
programmed fuse resistance ratio, since the polysilicon
region is removed from below the critical open circuit area
(i.e., fuse element). Furthermore, the fuse structure pre-
sented herein provides reduced open circuit current require-
ments due to a reduced cross-sectional area and improved
thermal insulation of the programmable fuse element region
of the fuse structure. In one embodiment, the fuse presented
herein has a first terminal portion, a second terminal portion
and a fuse element, which interconnects the first terminal
portion and the second terminal portion. The first terminal
portion and the second terminal portion reside over a first
support and a second support, respectively. The first support
and the second support are spaced apart with the fuse
element bridging the distance between the first terminal
portion over the first support and the second terminal portion
over the second support, wherein the fuse, first support and
second support define a m-shaped structure in elevational
cross-section taken through the fuse element.

[0047] By way of detailed example, described herein
below is an electrically programmable fuse structure having
a “dog-bone” or “H” shaped region of silicided polysilicon
formed over an insulating (for example, shallow trench
isolation (STI)) substrate. In one fabrication approach, there
is a complete removal of the polysilicon from under the
silicide layer in the narrow fuse element region by a mask-
less process. In the example described herein, silicided gate
conductor polysilicon is employed. As such, the physical
fuse element region comprises a layer of silicide, which can
be from 10 nm to 50 nm in thickness. Thus, the narrow fuse
element region is much thinner than the contact regions, and
the thin narrow fuse region can be encapsulated in a CVD
deposited glass, such as Boro PhosphoSilicate Glass
(BPSG). Because of the significantly enhanced current den-
sity in the fuse element region, along with the excellent
thermal insulation surrounding the fuse element region, the
e-fuse structure described herein reliably opens in the pre-
determined narrow fuse element region. The absence of a
parallel conductive path under the silicide results in nearly
an open circuit in the programmed fuse, and assures that
“healing” through underlying polysilicon cannot occur.

[0048] FIGS. 2A & 2B depict one embodiment of an
electrically programmable fuse structure, generally denoted
200, in accordance with an aspect of the present invention.
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As shown in FIG. 2A, fuse 200 again has a dog-bone shaped
planar configuration wherein a first terminal portion 210 is
connected to a second terminal portion 220 by a fuse
element 230. The fuse structure 200 is formed above an
insulating substrate 240, such as a shallow trench isolation
region in a silicon wafer 250 (see FIG. 2B). An insulator
260, such as a gate oxide separates isolation region 240 from
a first support 270 and a second support 280. Supports 270
& 280 are, in one embodiment, gate polysilicon pillars, at
least partially formed commensurate with formation of gate
stacks for the integrated circuit device regions of the wafer
(discussed further below). Further, by way of example, fuse
structure 200 is a silicide, which is surrounded by a ther-
mally insulating dielectric material 225 such as BPSG or
other planarizing glass. Contacts 275 and 285 can be made
from above the electrically programmable fuse 200 to the
first terminal portion and second terminal portion, respec-
tively. For reliability, the contacts are made in a region of the
terminal portions disposed over the first and second supports
270, 280.

[0049] FIGS. 3A & 3B depict conventional processing
employed to define an insulated region 300 in a substrate
310, such as a silicon substrate. In the embodiment illus-
trated, region 300 is a rectangular shaped, walled STI region
within which one or more electronic devices are to be
fabricated using conventional processing. FIGS. 4A & 4B
depict one embodiment of how the processing of FIGS. 3A
& 3B can be adapted for use with the present invention. In
these figures, a solid rectangular STI region 400 is defined
in a substrate 410, such as a silicon wafer. This region 400
is an insulating region above which the electrically program-
mable fuse structure is to be fabricated, in accordance with
aspects of the present invention.

[0050] Those skilled in the art should note that the pro-
cessing described herein is provided by way of example
only. The electrically programmable fuse structure and fab-
rication process is applicable to other substrates such as
silicon on insulator (SOI), as well as non-semiconductor
substrates. FIGS. 3A, 3B, 5A, 5B, 7A & 7B depict a
conventional process flow for fabrication of a device region
containing a standard semiconductor device, such as CMOS
transistor, while FIGS. 4A, 4B, 6A, 6B, 8A & 8B depict
formation of a fuse structure employing various similar
processing steps as used for formation of the device region.
Thus, the fuse fabrication method described herein readily
integrates with conventional device fabrication processings.

[0051] Following standard well implants, a gate dielectric
510 (such as gate oxide) is formed, and a gate conductor
polysilicon 500 is deposited and patterned, as shown in
FIGS. 5A & 5B.

[0052] The analogous processing steps can be employed
for the fuse fabrication processing of FIGS. 6A & 6B.
Specifically, a dog-bone shaped dielectric 610 (above iso-
lation region 400) and polysilicon region 600 can be formed
by deposition and patterning. As shown in this figure, since
the same processing steps are employed (only with different
patterning) the height of the polysilicon over isolation region
400 in FIG. 6B can be the same as the height of the gate
stack 500 in the device region illustrated in FIG. 5B.

[0053] As illustrated in FIGS. 7A & 7B, standard gate
sidewall spacers, including oxide sidewall spacer 710 and
nitride sidewall spacer 720 are formed. Additionally, halos,
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extensions and heavily doped source-drained regions are
implanted. A layer of metal is then conformly deposited, for
example, by chemical vapor deposition (CVD) over the
device region. The metal may comprise one of nickel,
cobalt, tungsten, titanium, tantalum, or other metal capable
of reacting with silicon to form a low resistivity thermally
stable silicide. The substrate is annealed to react the metal
with the silicon to form a silicide layer 700. Metal in contact
with insulating materials, such as STI region 300 and
sidewall spacers 710, 720 does not react, and is subsequently
removed with a selective etch leaving the silicided regions
700 shown in FIGS. 7A & 7B.

[0054] FIGS. 8A & 8B depict analogous processing steps
for formation of the fuse structure in accordance with the
present invention. That is, an oxide sidewall spacer 810 and
a nitride sidewall spacer 820 are formed surrounding the
dog-bone shaped polysilicon structure 600. This is followed
by conformal deposition of a metal, again (for example) by
CVD, and the subsequent annealing of the substrate to react
the metal with the silicon and polysilicon to form a silicide
layer 800. The depth of silicide layer 800 may be the same
as the depth of silicide layer 700 in the device region of the
wafer, since the two silicides may be formed at the same
time. Again, the metal employed in formation of the silicide
may be nickel, cobalt, tungsten, titanium, tantalum or any
other metal capable of reacting with silicon/polysilicon to
form a low resistivity thermally stable silicide.

[0055] FIGS. 9A & 9B depict the device region structure
of FIGS. 7A & 7B after a layer of photoresist is applied and
patterned as a block mask 900 so that the device region,
including silicide 700, remains protected by the resist. This
photoresist is patterned so that the fuse region (e.g., depicted
in FIGS. 10A and 10B) remains open, with the silicide layer
800 over polysilicon 600 exposed, along with sidewall
spacers 810, 820. The photoresist mask employed in the
device region and illustrated in FIGS. 9A & 9B is used to
protect the device region during subsequent processing of
the fuse structure in the fuse region. This blocking mask is
a non-critical mask, and may be relatively inexpensive.

[0056] With the resist block mask in place over the device
region, isotropic etching is used to remove sidewall spacers
810, 820 (see FIG. 10B) from the polysilicon 600 in the fuse
region. Divots 1000 (see FIG. 10C) that may form in STI
400 are of no concern, since they result from the short oxide
etch required to remove the thin oxide spacer. As shown in
FIG. 10C, silicide 800 remains exposed, as well as the
sidewalls of polysilicon 600. With the block mask 900 (see
FIG. 9B) still in place in the device region, an isotropic
silicon etch is then used to undercut silicide layer 800 as
shown in FIG. 10D. This etch continues until the polysilicon
is completely etched out from directly below the fuse
element region, forming void 1010 underneath the fuse
element region. In one embodiment, the fuse element may
be a minimum photolithographic feature size or less. The
width of the fuse element may be narrowed by application
of appropriate etch bias during polysilicon patterning, or by
use of sidewall image transfer techniques. Since the terminal
portions (i.e., fuse contact regions) are designed to be much
wider than the fuse element, the silicide in the contact
regions remain well supported by polysilicon 600. Only a
relative narrow border is etched out, resulting in the under-
cutting of the silicide as illustrated in FIG. 10D.
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[0057] FIGS. 11A & 11B depict the structure of FIG. 10D,
wherein FIG. 11B is a cross-section of the plan view of the
intermediate structure of FIG. 11A, taken along line 11B-
11B. In FIG. 11B, a cross section taken transverse the
elongate fuse element 830.

[0058] As a next processing step, the masking photoresist
900 (see FIG. 9B) is stripped out of the device regions and
soft CVD oxide, such as BPSG, is deposited. The CVD
oxide process is a gentle process that does not compromise
the mechanical integrity of the fuse element. This dielectric
encapsulates the fuse element, providing additional
mechanical support and thermal insulation. FIGS. 12A, 12B
& 12C are cross-sectional elevational views of the fuse
structure of FIG. 12, taken along lines A-A, B-B & C-C,
respectively. As shown, fuse 800 is supported by first and
second polysilicon supports and the thermally insulating
dielectric material 1200 substantially surrounds the fuse
element 830 portion of fuse 800.

[0059] Standard wafer processing then resumes, with for-
mation of contact via metallurgy, BEOL wiring, interlevel
dielectrics and interconnects.

[0060] Those skilled in the art will note from the above
description, that the fuse structure presented herein advan-
tageously has a controllable geometry without depending on
mask alignment processing. Thus, the fuse structure and
method of fabrication result in excellent reproducibility of
the open-fuse characteristics. Additionally, the top surface of
the fuse element in the fuse structure presented is coplanar
with the upper surfaces of the terminal portions containing
the contact regions. The silicide fuse element bridges
straight across polysilicon pillars. In the structure presented,
the highest current density consistently occurs within the
thin silicide fuse element bridging the terminal portions.

[0061] As a further enhancement, after undercutting the
silicide to form the void beneath the fuse element (see FIGS.
10D, 11A & 11B), a conformal layer of CVD compressive
nitride could be deposited to induce a tensile stress in the
fuse element, which can accelerate programming of the fuse.
A conformal compressive nitride layer on the fuse element
can be formed by first stripping photoresist blocking mask
900 (see FIG. 9B), and then conformally depositing the
compressive nitride layer. A second blocking mask (e.g.,
photoresist) may then be optionally used to protect the fuse
region. The second blocking mask is patterned such that it is
opened in selected device regions to expose the deposited
compressive nitride layer. The exposed compressive nitride
layer in the selected device regions is then removed by
etching. Finally, the second blocking mask photoresist is
stripped and standard processing continues. Application of a
compressive nitride film has several advantages. For
example, the thermal resistance between the fuse element
and the underlying substrate is increased, making electromi-
gration easier, and the compressive nitride film will act to
mechanically separate the fuse element as the element is
heated during programming, thus requiring less electro-
chemical energy during programming.

[0062] Although preferred embodiments have been
depicted and described in detail herein, it will be apparent to
those skilled in the relevant art that various modifications,
additions, substitutions and the like can be made without
departing from the spirit of the invention and these are
therefore considered to be within the scope of the invention
as defined in the following claims.

Jan. 17, 2008

What is claimed is:

1. A method of fabricating a fuse for an integrated circuit,
the method comprising:

forming a fuse above a support structure, the fuse com-
prising a first terminal portion, a second terminal por-
tion and a fuse element connecting the first terminal
portion and the second terminal portion; and

etching the support structure to form a void underneath
the fuse element interconnecting the first terminal por-
tion and the second terminal portion, with the fuse and
etched support structure defining a m-shaped structure
in elevational cross-section through the fuse element.

2. The method of claim 1, wherein forming of the fuse
comprises forming the first terminal portion, second termi-
nal portion and fuse element to be coplanar.

3. The method of claim 1, wherein the support structure
comprises polysilicon, and wherein the forming comprises
siliciding the polysilicon in a desired fuse pattern.

4. The method of claim 1, further comprising filing the
void and at least partially surrounding the fuse element with
a thermally insulating dielectric material, wherein the sup-
port structure comprises a different material than the ther-
mally insulating dielectric material.

5. The method of claim 1, wherein the etching further
comprises defining a first support and a second support from
the support structure, wherein the first terminal portion
resides over the first support and the second terminal portion
resides over the second support, and wherein the etching
further comprises undercutting the first support and the
second support so that the first terminal portion overhangs
the first support and the second terminal portion overhangs
the second support.

6. The method of claim 1, wherein the fuse is an electri-
cally programmable fuse, and wherein the forming com-
prises sizing the fuse element so that the fuse is program-
mable at an operating voltage of the integrated circuit less
than or equal to three volts.

7. A method of fabricating a fuse for an integrated circuit,
the method comprising:

forming a polysilicon gate stack with a desired fuse shape
in plan view;

forming at least one gate sidewall spacer around the
polysilicon gate stack in the desired fuse shape;

siliciding exposed polysilicon of the polysilicon gate
stack to form a fuse comprising a first terminal portion,
a second terminal portion and a fuse element connect-
ing the first terminal portion and the second terminal
portion;

removing the at least one sidewall spacer from the poly-
silicon gate stack, and isotropically etching the poly-
silicon to undercut the silicide and form a void under-
neath the fuse element, wherein the fuse and etched
polysilicon gate stack define a m-shaped structure in
elevational cross-section through the fuse element; and

encapsulating the fuse and polysilicon gate stack in a
thermally insulating dielectric material which fills the
void underneath the fuse element and at least partially
surrounds the fuse element.
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8. The method of claim 7, wherein the desired fuse pattern
is a dog-boned shaped fuse pattern, and wherein the first
terminal portion, the second terminal portion and the fuse
element are co-planar, and have a common thickness.

9. The method of claim 7, further comprising forming the
polysilicon gate stack above a shallow trench isolation
region of a semiconductor substrate, wherein the shallow
trench isolation region comprises a solid rectangular isola-
tion region formed within the semiconductor substrate.
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10. The method of claim 7, wherein the thermally isolat-
ing dielectric material comprises a planarizing glass mate-
rial.

11. The method of claim 7, wherein forming the polysili-
con gate stack with the desired fuse pattern, and siliciding
the polysilicon gate stack, result in a fuse element sized to
facilitate electrical programming of the fuse at an operating
voltage of the integrated circuit less than or equal to three
volts.



