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(7) ABSTRACT

A fuse for use in a semiconductor device includes spaced-
apart terminals with at least two layers of conductive mate-
rial and a single-layer conductive link joining the spaced-
apart terminals and including a single layer of conductive
material. A first, lower layer of the terminals of each fuse
may be formed from conductively doped polysilicon. The
second, upper layer of each fuse terminal may be formed
from a polycide, a metal silicide, a metal, or a conductive
alloy. The conductive link of each fuse may be formed from
either the material of the first layer or the material of the
second layer. Methods for fabricating the fuse include form-
ing the first and second layers and patterning the first and
second layers so as to form a fuse with the desired structure.
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SEMICONDUCTOR FUSES, SEMICONDUCTOR
DEVICES CONTAINING THE SAME, AND
METHODS OF MAKING AND USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is related to application Ser. No.
09/277,893, filed Mar. 29, 1999, pending.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention: The present invention
relates generally to fusible elements, or fuses of semicon-
ductor device structures, to semiconductor device structures
that include fuses, and to methods of fabricating and using
the fuses. In particular, the present invention relates to fuses
that include metal silicide fuse layers and to methods for
fabricating such fuses.

[0003] Background of Related Art: Computers typically
include various types of memory devices. One type of
memory device that is typically included in a computer is a
read-only memory (“ROM”) device in which data is per-
manently stored. The programming of a ROM device typi-
cally cannot be overwritten or otherwise altered. Thus, ROM
devices are useful whenever unalterable data or instructions
are desired or required. ROM devices are also nonvolatile
devices, meaning that the data stored therein is not destroyed
when power to these devices is shut off.

[0004] ROM devices are typically designed to execute a
specific program and, thus, programmed during fabrication
thereof. Typically, the programming of a ROM device is
effected by forming permanent electrical connections at
selected locations of the memory device, or by “wiring” the
memory device in a specific way. As a result, the program-
ming of ROM devices, somewhat undesirably, typically
cannot be changed. If a new program is desired, the ROM
must be configured or “wired” with the new program.

[0005] Another type of memory device that may be used
in a computer is the so-called programmable read-only
memory (“PROM”) device. Unlike ROM devices, a PROM
device may be programmed following fabrication. Some
PROM devices are provided with an electrical connection in
the form of a fusible link, which is also known in the art to
render them programmable as a fuse.

[0006] U.S. Pat. No. 5,264,725; 4,670,970, 5,661,323,
5,652,175; 5,618,750, 5,578,517, and 3,783,506 disclose
exemplary types of fuses that may be used in PROM
devices. One type of conventional fuse includes a conduc-
tive, metal or polysilicon layer with a narrowed or “necked
down” region that forms a conductive link between two
wider or otherwise more massive regions of the fuse. This
type of fuse may be rendered discontinuous to an electrical
current, or “blown” by forcing or driving a relatively high
current through the conductive, metal or polysilicon layer.
Due to the electrical resistance inherent in the narrowed
region, the driving current heats the metal or polysilicon that
forms the narrowed region to a temperature above the
melting point of the metal or polysilicon, thereby breaking
the conductive link of the fuse. Fuses usually blow at the
narrowed regions thereof since the current densities and
temperatures are highest in that less massive region. Each
fuse of a PROM device is thus programmed to one of a pair
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of conductivity or voltage patterns (i.e., blown or unblown),
which corresponds to a bit designated as either a “1” or a
“0”, which is the data stored in a particular cell of the
memory device associated with the fuse. A PROM device is
programmed by selectively blowing fuses along a predeter-
mined sequence, or path.

[0007] Fuses may also be used in other types of semicon-
ductor devices, such as static random access memory
(“SRAM”) devices and dynamic random access memory
(“DRAM”) devices. For example, fuses are useful in SRAM
and DRAM devices to select memory circuits that will be
used in the finished device (e.g., if a primary circuit is not
useful or does not meet quality requirements, that circuit
may be deselected and a redundant circuit activated by
blowing one or more fuses). The use of fuses in this manner
thus improves the fabrication yield of high-density memory
devices.

[0008] As an alternative to blowing fuses with an electri-
cal current, a laser can be used to blow selected fuses. As
memory devices decrease in size and the degree or density
of integration increases, the critical dimensions (e.g., fuse
pitch) of memory cells become smaller. The availability of
lasers suitable to blow fuses is limited since the diameter of
the laser beam should not be larger than the fuse pitch. Thus,
when lasers are the desired means of programming fuses, the
fuse pitch and, therefore, the size of the memory device are
dictated by the minimum diameter of laser beams obtainable
by current laser technology. Currently, the lower limit of
beam diameters for some laser beams is about 5 microns.
Using electrical currents instead to blow fuses, therefore, has
a greater potential for high-degree integration and decreased
size of memory devices. The use of lasers to blow fuses is,
therefore, becoming increasingly difficult. Programmable
fuses may also be used to address a variety of applications
in numerous other types of semiconductor devices.

[0009] The metal and polysilicon fuses that are currently
used in semiconductor devices are typically “blown” with a
laser rather than with an electrical current. The amount of
current or laser beam intensity that may be required to
“blow” conventional metal or polysilicon fuses may damage
regions and structures of the semiconductor device that are
proximate to the fuse.

[0010] Accordingly, there is a need for semiconductor
device fuses that may be programmed, or blown, to impart
the fuse with a significantly different conductivity than that
of an intact fuse without significantly affecting surrounding
structures.

SUMMARY OF THE INVENTION

[0011] The present invention includes a fuse that is useful
in a semiconductor device, as well as semiconductor devices
that include the fuse. The fuse of the present invention may
be disposed over an insulative structure, such as an oxide
layer (e.g., a field oxide or other field isolation region) of a
semiconductor device. The fuse of the present invention may
comprise an elongated structure that includes two terminal
regions disposed on either side of a less massive or narrower
conductive central region, which is also referred to herein as
a “conductive link.” The terminal regions of the fuse may
include two conductive layers, which may communicate
with conductive structures or conductively doped regions of
the substrate of the semiconductor device. The central region
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of the fuse may include a thinner (e.g., single) layer of
conductive material. Thus, the central region of the fuse may
exhibit a smaller transverse cross-sectional area taken along
at least a portion of the length thereof and, thus, have a lesser
conductive material mass or volume than either of the
terminal ends.

[0012] By way of example only, a fuse according to the
present invention may be formed on an insulative layer or
structure, such as a field isolation region (e.g., a field oxide)
formed between active device regions of a semiconductor
substrate.

[0013] The lowermost conductive layer of the fuse may be
formed from polysilicon, which may be disposed on a
semiconductor device structure in discrete regions thereof.
The inventive fuse may be employed in a circuit of a
semiconductor device, either alone or in association with a
gate structure of a transistor. An upper conductive layer of
the fuse may be fabricated from a metal silicide (e.g.,
tungsten silicide, titanium silicide, tantalum silicide, molyb-
denum silicide, cobalt silicide, nickel silicide, platinum
silicide, lead silicide, etc.) or a polycide (a deposited metal
silicide).

[0014] The present invention also includes methods for
fabricating fuses for use in semiconductor devices. Fuses
incorporating teachings of the present invention may be
fabricated substantially concurrently with the fabrication of
a transistor gate structure of the semiconductor device.

[0015] In an exemplary embodiment of a method for
fabricating a fuse of the present invention, a first layer that
includes conductive material (e.g., conductively doped poly-
silicon) is formed over a semiconductor device structure. At
regions where fuses are to be located, the first layer of
conductive material may be patterned to define at least two
discrete, spaced-apart regions. Accordingly, underlying por-
tions of the semiconductor device structure upon which the
fuse is being fabricated are exposed between the at least two
spaced-apart regions of the layer of conductive material.

[0016] A second conductive layer, which may comprise a
metal silicide, a polycide, or a metal if the first layer
comprises polysilicon, may be formed over the semicon-
ductor device structure, including over the remaining por-
tions of the patterned first conductive layer. If the second
layer comprises metal, at least a portion of the metal layer
may be annealed to underlying polysilicon, as known in the
art, to form a metal silicide or polycide.

[0017] The second conductive layer may be patterned to
define, at each fuse location, terminal regions over the
spaced-apart regions of the first conductive layer and a
preferably narrower central region, or “conductive link,”
that joins the terminal regions. Preferably, the combined
conductive material volume of each terminal region of the
fuse exceeds the conductive material volume of the central
region of the fuse.

[0018] An outer periphery of the fuse may be defined by
patterning the first and second conductive layers with a
single mask. Optionally, the conductive layers of a transistor
gate may be patterned using the same mask.

[0019] Another exemplary embodiment of a fuse includes
a lower layer of conductive material, such as polysilicon,
and an upper layer comprising metal silicide. The fuse
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includes a central region, or conductive link, that has a
smaller mass than the terminal regions at either end thereof.
The conductive link is formed from the lower layer of
conductive material, while each terminal includes both the
lower and upper layers of conductive material.

[0020] A method for fabricating such a fuse in accordance
with teachings of the present invention includes forming a
first layer including conductive material over the semicon-
ductor device structure, forming a second layer that includes
conductive material over the first layer, and patterning the
first and second layers to form the fuse. The first and second
layers may also be patterned to form the conductive layers
of a transistor gate stack.

[0021] The first layer may be formed by depositing a
conductive material onto an exposed surface of a semicon-
ductor device structure. For example, the first layer may be
formed by depositing polysilicon onto the surface of the
semiconductor device structure. A conductive dopant may
be deposited concurrently with the polysilicon or the dopant
may be implanted into a previously formed layer including
polysilicon, thus rendering the polysilicon conductive.

[0022] The second layer may be formed by depositing a
layer comprising a conductive material, such as a metal
silicide, a polycide, or, if the first layer comprises polysili-
con, a metal, over the first layer. If the first and second layers
respectively comprise polysilicon and metal, these layers
may be at least partially annealed, as known in the art, to
form a metal silicide or polycide.

[0023] Once the first and second layers have been formed,
the second layer may be patterned, as known in the art (e.g.,
by use of a mask and suitable etchant or combination of
etchants), to reduce the thickness thereof at the area where
the central region is to be located. The etchant or combina-
tion of etchants that removes the material or materials of the
second layer may do so with selectivity over the material or
materials of the first layer. The use of a selective etchant or
etchant combination prevents the undesired removal of
conductive material of the first layer from the location at
which the conductive link of each fuse will be subsequently
defined.

[0024] Additionally, the first and second layers may be
patterned by known processes (e.g., by use of a mask and a
suitable etchant or etchants) to define the outer periphery of
each fuse, including the terminal regions and the central
region thereof. Of course, since the second layer of conduc-
tive material does not extend across the central region, or
conductive link, of the fuse, the second layer may be
separately patterned either before or after the first and
second layers are patterned to form the outer periphery of the
fuse. In either case, such patterning of the second layer may
be effected to form discrete, spaced-apart regions of the
second layer.

[0025] By providing a fuse with terminal regions of
greater mass or volume than the central region of the fuse,
the fuse may “blow” at the central region thereof when a
programming current is applied to the fuse, thereby yielding
an open circuit across the length of the fuse. The open circuit
results as the central region of the fuse melts or otherwise
becomes discontinuous and will, therefore, no longer con-
duct a significant electrical current between the terminal
regions of the fuse.
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[0026] Other features and advantages of the present inven-
tion will become apparent to those of ordinary skill in the art
through a consideration of the ensuing description, the
accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0027] The figures presented in conjunction with this
description are not actual views of any particular portion of
an actual semiconductor device or component, but are
merely schematic representations employed to more clearly
and fully depict exemplary embodiments of the present
invention.

[0028] FIGS. 1-6 are cross-sectional schematic represen-
tations of an exemplary embodiment of a process for fab-
ricating a fuse that includes terminals with first and second
conductive layers and a less massive central region with a
single conductive layer; of these, FIGS. 2-6 illustrate the
substantially concurrent fabrication of the fuse and a tran-
sistor gate structure;

[0029] FIGS. 4B, 4C, 5B, and 6B depict a variation of the
embodiment shown in and described with reference to FIGS.
1-6;

[0030] FIG. 7 is a top view of a fuse fabricated by the
process depicted in FIGS. 1-6;

[0031] FIG. 8 is a cross-sectional representation of the
fuse depicted in FIG. 7;

[0032] FIGS. 9-12 are cross-sectional schematic represen-
tations of a semiconductor device structure, depicting
another exemplary embodiment of a process for fabricating
a fuse in accordance with the teachings of the present
invention;

[0033] FIGS. 10A, 11A, 12A, and 12B illustrate a varia-
tion of the method shown in and described with respect to
FIGS. 9-12;

[0034] FIG. 13 is a top view of a fuse fabricated by the
methods shown in FIGS. 9-12; and

[0035] FIG. 14 is a cross-sectional representation of the
fuse of FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The following description provides specific details
of preferred embodiments of the present invention in order
to provide the reader with a thorough understanding of the
present invention. The skilled artisan, however, will under-
stand that the present invention may be practiced without
employing these specific details. Indeed, the present inven-
tion can be practiced in conjunction with fabrication tech-
niques conventionally used in the industry.

[0037] The process steps and structures described below
do not form a complete process flow for fabricating semi-
conductor devices or for fabricating a completed device.
Only the processes and structures that are necessary to
provide one of ordinary skill in the art with an understanding
of the present invention are described herein.

[0038] FIGS. 7 and 8 illustrate an exemplary embodiment
of a fuse 22 according to the present invention. Terminal
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regions 24 and 25, or terminals, of fuse 22 each include a
lower, first conductive layer 14a and 154, respectively, and
an upper, second conductive layer 14b and 15b, respectively.
Terminal regions 24 and 25 are configured to accommodate
conductive contacts 30 of a type known in the art, which
facilitate the flow of current across fuse 22.

[0039] A central region 26, or conductive link, of fuse 22
is positioned between terminal regions 24 and 25 and, in the
depicted example, directly adjacent an insulative structure 4
or layer of semiconductor device structure 1. Central region
26 may have a lesser mass or volume of conductive material
(e.g., is narrower in width) than terminal regions 24 and 25.
As central region 26 has a lesser conductive material mass
or volume than terminal regions 24 and 25, when fuse 22 is
subjected to at least a programming electrical current, cen-
tral region 26 will likely “blow” before terminal regions 24
or 25. Central region 26 will likely “blow” before terminal
regions 24 and 25 because, while the same amount of current
runs through both terminal regions 24 and 25 and central
region 26 of fuse 22, there is less mass or volume of
conductive material in central region 26 than at each of
terminal regions 24 and 25. Consequently, the temperature
in central region 26 increases at a faster rate than the
temperature in terminal regions 24 and 25, leading to
quicker agglomeration, melting, or otherwise induced dis-
continuity of fuse 22 in central region 26. Moreover, if
central region 26 of fuse 22 is disposed directly adjacent an
insulative structure or layer (e.g., insulative structure 4), as
shown in FIGS. 7 and 8, or another structure that will
prevent electrical current from flowing along the length of
fuse 22, substantially no electrical current will be conducted
between terminal region 24 and terminal region 25, across
central region 26 of fuse 22 once central region 26 of fuse
22 is “blown” or otherwise rendered discontinuous.

[0040] FIGS. 1-8 illustrate an exemplary embodiment of a
method for fabricating a fuse 22 (FIGS. 7 and 8) upon a
semiconductor device structure. Fuse 22 may be fabricated
substantially simultaneously with the fabrication of a gate
structure of a field effect transistor and may be integrated
into the process of fabricating such a gate. It will be
understood by those skilled in the art that other fuses may
also be formed by slight modifications of the method
described in reference to FIGS. 1-8.

[0041] As shown in FIGS. 1 and 2, a semiconductor
device structure 1 is provided upon which a fuse is to be
fabricated. Semiconductor device structure 1 may include a
substrate 2 comprising a full or partial semiconductor wafer
(e.g., silicon, gallium arsenide, or indium phosphide) or bulk
semiconductor region of a substrate, such as a so-called
silicon-on-insulator (“SOI”) structure (e.g., silicon-on-glass
(“SOG”), silicon-on-ceramic (“SOC”), silicon-on-sapphire
(“SOS”), etc.). By way of example only, substrate 2 may
comprise a silicon wafer that has been lightly doped with a
p-type dopant.

[0042] An insulative structure 4, such as a field oxide
structure or other type of isolation structure, may be formed
on or extending at least partially into a surface of substrate
2 by any suitable process known in the art. While insulative
structures 4 are depicted as being so-called “LOCOS” (i.e.,
LOCal Oxidation of Silicon) structures, insulative structures
4 may alternatively comprise so-called “shallow trench
isolation” (STT) structures or other known types of insulative
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structures. Insulative structure 4 may comprise a silicon
oxide, a silicon nitride, a silicon oxynitride, or another
suitable electrically insulative material, which may be
formed or deposited at the surface of substrate 2, as known
in the art.

[0043] Regions of substrate 2 that are exposed through
insulative structure 4 are referred to as active regions 8.
Various structures of a semiconductor device, such as dif-
fusion regions (e.g., the active-device regions, or source and
drain regions of a transistor) and conductive elements (e.g.,
the gate of a transistor), may be fabricated within or upon
active regions 8. Conductive elements, gate structures and
other structures may be fabricated over insulative structures
4 and active regions 8.

[0044] As depicted in FIG. 3, a layer 12 of dielectric
material may be disposed over substrate 2 and, optionally,
over insulative structure 4. Any dielectric material that may
be employed as a gate dielectric, such as a silicon oxide, a
silicon nitride, a silicon oxynitride, an organic dielectric
material, another suitable dielectric material, or any combi-
nation of these materials, may be used to form layer 12. By
way of example, layer 12 may be fabricated by known
tetraethylorthosilicate (“TEOS”) deposition processes.
Layer 12 may be formed substantially over the exposed,
active regions 8 of substrate 2. Layer 12 may also extend at
least partially over insulative structure 4 (e.g., if layer 12 is
deposited).

[0045] A layer 14 of conductive material, such as conduc-
tively doped polysilicon, is disposed over layer 12 of dielec-
tric material and over insulative structure 4, as is known in
the art. For example, if the conductive material of layer 14
comprises doped polysilicon, layer 14 may be formed by
chemical vapor deposition of polysilicon, then conductively
doped with any suitable dopant and by any suitable ion
implantation process known in the art. Alternatively, the
polysilicon of layer 14 can be in situ-doped during deposi-
tion, as known in the art, by including a gas containing the
desired dopant in the deposition atmosphere.

[0046] As shown in FIGS. 4 and 4A, layer 14 may be
patterned to form laterally discrete, spaced-apart regions.
For example, layer 14 may be patterned so as to begin
forming fuses 22 (FIGS. 7 and 8) adjacent insulative
structure 4. Any suitable method known in the art may be
used to pattern layer 14. For example, layer 14 may be
patterned by disposing or forming a mask 17 (e.g., a
photomask) thereover and patterning layer 14 through the
mask. In an exemplary patterning process, a layer of pho-
toresist is disposed over layer 14, exposed and developed,
and unpolymerized portions thereof removed to define a
mask 17 (shown by the dotted line) adjacent layer 14. The
regions of layer 14 that are exposed through mask 17 may
be removed by known processes, such as by using any
suitable etching process and etchant or combination of
etchants that will remove the material or materials of layer
14 to expose a portion of underlying layer 12 or insulative
structure 4 without substantially affecting the same or a gate
dielectric which is formed at substantially the same fabri-
cation level as layer 12. An isotropic etchant may be
employed to remove the exposed portions of layer 14 to
define first conductive layers 14a and 15a of terminals 24
and 25, respectively.
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[0047] Mask 17 may then be removed by known pro-
cesses.

[0048] Referring now to FIG. 5, a layer 16 of a conductive
material, such as a metal silicide (e.g., tungsten silicide or
titanium silicide), an alloy of a metal and a conductive metal
nitride (e.g., tungsten-tungsten nitride (W—WN)), a metal
(e.g., tantalum Ta)), conductively doped polysilicon, or a
polysilicide, or polycide may be disposed over first conduc-
tive layers 14a and 154 of terminals 24 and 25 (FIG. 8),
respectively, as well as over the other structures or layers
that are exposed at the surface of semiconductor device
structure 1. Layer 16 may comprise any conductive material
known in the art. The conductive material of layer 16
preferably has both a lower resistance and a lower melting
point than the material or materials of layers 14a and 15a.

[0049] Layer 16 may be formed by any suitable, known
process. For example, when tungsten silicide is employed as
layer 16, the tungsten silicide may be disposed upon the
semiconductor device by any process known in the art to
yield the desired physical and chemical characteristics, such
as chemical vapor deposition or physical vapor deposition
(“PVD”) (e.g., cosputtering). An exemplary tungsten suicide
deposition process that may be employed in the method of
the present invention is disclosed in U.S. Pat. No. 5,231,056,
which issued to Gurtej S. Sandhu on Jul. 27, 1993, the
disclosure of which is hereby incorporated herein in its
entirety by this reference. If titanium suicide is employed as
the metal silicide of layer 16, known titanium silicide
deposition processes, such as those disclosed in U.S. Pat.
Nos. 5,240,739, 5,278,100, and 5,376,405, each of which
issued to Trung T. Doan et al. on Aug. 31, 1993, Jan. 11,
1994, and Dec. 27, 1994, respectively, the disclosures of
each of which are hereby incorporated herein in their entire-
ties by this reference, may be used. As another example, a
layer of metal may be disposed adjacent a layer or structure
comprising silicon or polysilicon. The metal may then be
annealed, by known processes, to the adjacent silicon or
polysilicon to form layer 16.

[0050] As depicted in FIG. 6, layer 16 and remaining
portions of layer 14 may be patterned by any suitable
process known in the art to define fuse 22 and, optionally,
the conductive gate stack of a transistor gate 20. The
respective portions of transistor gate 20 and fuse 22 may be
defined from layers 16 and 14 at substantially the same time
or at different times. While patterning layers 16 and 14 and,
more specifically, while defining portions of fuse 22 there-
from, regions of layer 16 may be configured as second
conductive layers 14b and 15b of terminals 24 and 25,
respectively. A portion of layer 16 disposed laterally
between the remaining portions of layer 14 is patterned to
form a central region 26 of fuse 22. Central region 26 may
be narrower in width or be otherwise of reduced cross-
sectional area, taken transverse to the length thereof, and,
thus, have a lesser material mass or volume than either of
terminal regions 24 and 25.

[0051] Portions of layer 14 that overlie insulative structure
4 may then be patterned in the same or a separate process to
define first conductive layers 14a and 154 that correspond to
respective terminal regions 24 and 25 of fuse 22. Upon
removing selected regions of layer 14, portions of the
underlying structures, such as insulative structure 4 or layer
12 of dielectric material from which a gate dielectric is to be
subsequently defined, are exposed.
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[0052] Known processes, such as the disposal of a mask
21 over layer 16 and the removal of portions of layer 16 that
are exposed through mask 21, may be employed to pattern
layers 16 and 14. For example, mask 21 may be disposed
adjacent layer 16 by disposing a quantity of a photoresist
material adjacent layer 16 (e.g., by spin-on processes) and
by exposing and developing selected regions of the photo-
resist material. The portions of layer 16 that are exposed
through mask 21 may be removed by any suitable etching
process and with any etchant or etchants suitable for remov-
ing the materials of layers 16 and 14 to define the respective
portions of fuse 22 and, optionally, transistor gate 20 there-
from. If patterning of layers 16 and 14 without disrupting
any structures or layers that underlie either of these layers 16
and 14 is desired, an etchant or etchant mixture may be used
which removes material of one or both of layers 16 and 14
with selectivity over the material or materials of the under-
lying structures or layers. While anisotropic etchants and
etching processes are currently preferably used to pattern
layer 16, any known, suitable etchants and processes may be
used.

[0053] Once fuse 22 and the stacked dielectric and con-
ductive portions of transistor gate 20 have been fabricated,
further processing of the desired semiconductor device may
proceed. For example, diffusion regions, such as source and
drain regions of a transistor, may be formed by implanting
selected regions of substrate 2, preferably those regions
adjacent each side of transistor gate 20, with a desired
dopant. Contacts 30 (see FIG. 7) may also be fabricated in
communication with terminal regions 24 and 25 of fuse 22,
as well as above the source and drain regions of substrate 2,
by known processes. Other structures or layers may also be
fabricated on semiconductor device structure 1, as known in
the art.

[0054] A method for using fuse 22 is described with
reference again to FIGS. 7 and 8. An electrical current is
applied across fuse 22 through contacts 30 or other conduc-
tive elements that communicate with terminals 24 and 25 of
fuse 22. Since terminals 24 and 25 each include two layers
144, 14b and 154, 15b, respectively, that comprise conduc-
tive material, terminals 24 and 25 have greater conductive
material masses and volumes than the single-layered central
region 26 of fuse 22. Upon application of an electrical
current, such as the programming current appropriate for
fuse 22, the current density will be much greater in central
region 26 than at terminals 24 and 25. Consequently, upon
application of an electrical current to fuse 22, the tempera-
ture of central region 26 increases more quickly than the
temperature of either terminal 24 or 25. Thus, central region
26 of fuse 22 will likely become discontinuous, or “blow,”
before terminals 24 and 25. As central region 26 becomes
discontinuous, current flow across fuse 22 is interrupted.

[0055] In a variation of this method, as depicted in FIGS.
4B, 4C, layer 14 may be patterned to form at least first
conductive layers 14a and 15a of terminals 24 and 25,
respectively, therefrom prior to the formation of layer 16
over the remaining portions of layer 14. This process may be
effected, by way of example only, by forming a photomask
117 over layer 14 so as to shield first conductive layers 14a
and 15a of terminals 24 and 25, respectively (FIGS. 6B, 7,
and 8), from an etchant that will remove desired regions of
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layer 14. First conductive layers 14a and 154 that are formed
in this way are laterally discrete and spaced apart from one
another.

[0056] Once laterally discrete, spaced-apart first conduc-
tive layers 14a and 15a have been formed from layer 14,
layer 16 may be formed thereover, as shown in FIG. 5B.
Layer 16 may then be patterned (e.g., by exposure to an
etchant suitable for removing the material of layer 16), as
depicted in FIG. 6B and described with reference to FIG. 6,
through a mask 121 (e.g., a photomask) to define the
remaining portions of fuse 22, including upper conductive
layers 14b and 15b of terminals 24 and 25, respectively, and
central region 26 thereof.

[0057] FIGS. 9-14 depict another embodiment of a
method for fabricating a fuse 22' (FIGS. 13 and 14) in
accordance with teachings of the present invention.

[0058] Once a semiconductor device structure 1, such as
that depicted in FIGS. 1 and 2, has been provided, a layer
12' of dielectric material may be formed over exposed
regions of a substrate 2 and insulative structures 4, such as
isolation regions, of semiconductor device structure 1, as
shown in FIG. 9.

[0059] As is also illustrated in FIG. 9, a layer 14' that
includes conductive material is formed over an exposed
surface of semiconductor device structure 1. It is currently
preferred that layer 14' include polysilicon and a conduc-
tivity dopant, which may be either an N-type conductivity
dopant or a P-type conductivity dopant. When layer 14
includes conductively doped polysilicon, known processes
for depositing conductively doped polysilicon may be used
to form layer 14'. For example, layer 14' may be formed by
depositing polysilicon over semiconductor device structure
1, then implanting the deposited layer 14' of polysilicon with
a suitable N-type or P-type conductivity dopant, as known in
the art. Alternatively, layer 14' may be formed by in situ
doping of, or introduction of dopant into the polysilicon as
it is deposited (e.g., by cosputtering or concurrent chemical
vapor deposition (CVD)), polysilicon and a suitable N-type
or P-type conductivity dopant.

[0060] As depicted in FIG. 10, once layer 14' has been
formed from a suitable conductive material, another layer
16' which also comprises a conductive material is formed
over layer 14'. The conductive material of layer 16' may
include, but is not limited to, a metal silicide (e.g., tungsten
silicide or titanium silicide), an alloy of a metal and a
conductive metal nitride (e.g., tungsten-tungsten nitride
(W—WN)), a metal (e.g., tantalum (Ta)), conductively
doped polysilicon, and a polysilicide, or polycide. A metal
silicide layer 16' may be formed as described previously
herein with reference to FIG. 5. When metal or a conductive
alloy is used to form layer 16, the metal or conductive alloy
may be formed by known processes, including, without
limitation, known physical vapor deposition (PVD) (e.g.,
sputtering) and CVD techniques. Subsequently, a metal
silicide or polycide may be formed, as known in the art, by
annealing the metal or conductive alloy and material of layer
14.

[0061] Turning now to FIG. 11, known processes may be
used to pattern layer 16', removing at least some material
thereof from above areas where a conductive link 26' of each
fuse 22' is to be located. For example and as illustrated, a
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mask 17', such as a photomask, may be formed over layer
16'. As shown, mask 17' shields regions of layer 16/,
including regions 145’ and 155’ of layer 16', which will form
upper layers of respective spaced-apart terminals 24' and 25/,
but does not shield regions of layer 14' over the area where
a conductive link 26' (FIG. 13) is to be formed from
exposure to etchants. Layer 16' may be patterned through
mask 17', as known in the art, such as by use of wet etch or
dry etch techniques. Patterning of layer 16' through mask 17'
results in the definition of discrete, spaced-apart regions 145’
and 15b" of conductive material, which comprise upper
layers of finished terminals 24' and 25' (FIGS. 13 and 14),
respectively. An etchant or etchant system that etches the
material or materials of layer 16' with selectivity over the
material or materials of layer 14' may be employed. In the
event that a gate stack is to be patterned through the same
mask as fuse 22', the regions of layers 16' and 14' from
which the gate stack is to be formed remain shielded by
mask 17'.

[0062] Following the patterning of layer 16' to form lat-
erally discrete, spaced-apart regions 14b' and 15b' there-
from, layers 16' and 14' may be patterned, as shown in FIG.
12, to define the remaining features of fuse 22'. Of course,
one or more intervening process steps, such as transistor gate
fabrication process steps, may be effected before layer 14' is
patterned. In patterning layers 16' and 14', a mask 18' may
be formed over regions of the semiconductor device struc-
ture 1 and, in particular, over regions of layers 16' and 14
that are to be shielded from material removal processes.
Mask 18' is formed so as to shield regions of layers 14' and
16' from which terminals 24' and 25' are to be formed from
exposure to etchants, as well as the region of layer 14' that
will form a conductive link 26', or central region, of fuse 22/,
which connects terminals 24' and 25'. Regions of layers 16'
and, subsequently, 14' are then exposed to one or more
etchants or combination(s) of etchants through mask 18' and,
thus, removed from semiconductor device structure 1. As a
result, terminals 24' and 25' and conductive link 26' ther-
ebetween are formed, as illustrated in FIGS. 13 and 14.
Mask 18' may also be used to pattern a gate stack 20' from
layers 16' and 14'.

[0063] As an alternative to the process order depicted in
FIGS. 10 and 11, the order in which these mask and etch
processes are conducted may be reversed. Stated another
way, layers 16' and 14' and may be patterned through mask
18' to form the outer periphery of fuse 22' and, optionally,
the conductive layers of a gate stack, as shown in FIG. 11,
before layer 16' is patterned through mask 17' to form
laterally discrete, spaced-apart regions 145" and 15b' there-
from, as illustrated in FIG. 10.

[0064] As another variation of this method, FIGS. 10A,
11A, 12A, and 12B depict patterning of layer 14' prior to the
formation of layer 16' thereover. FIG. 10A shows a mask
117', such as a photomask, over regions of layer 14' that are
to be shielded from an etchant which is suitable for remov-
ing the material of layer 14'. In FIG. 11A, material which
was exposed through mask 117' has been removed to form
a lower layer 22a’ of a fuse 22' (FIGS. 13 and 14).

[0065] As can be seen in FIG. 12A, mask 117' has also
been removed so that layer 16' may be disposed over and
physically contact lower layer 22a’. Next, as shown in FIG.
12B, another mask 121', such as a photomask, is formed
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over layer 16' to exposed selected regions thereof. When
layer 16' has been exposed through mask 121' to an etchant
(not shown) suitable for removing the material of layer 16'
through mask 121', an upper layer 225’ (FIG. 14) of fuse 22'
(FIGS. 13 and 14) is formed therefrom. As shown in FIG.
14, upper layer 225" includes laterally discrete, spaced apart,
upper conductive layers 14b" and 15b' of terminals 24' and
25', respectively.

[0066] Of course, as is well known and may be readily
determined by those of ordinary skill in the art, the relative
dimensions of each region of fuse 22, 22', the material or
materials of fuse 22, 22', the dimensions of terminals 24, 24"
and 25, 25, as well as the respective layers 14a, 14b; 144/,
14b’ and 154, 15b; 154, 15b' and other factors dictate the
amount of current that is required to cause central portion
26, 26' to “blow” or otherwise become discontinuous before
either of terminal regions 24, 24' or 25, 25“blows” or
becomes discontinuous. With current no longer flowing
across fuse 22, 22', an open circuit is created.

[0067] Further enhancements could be made to the above-
disclosed method. For example, the fuse of the present
invention could be fabricated either independently or con-
currently with the fabrication of semiconductor devices
other than a transistor gate.

[0068] Having thus described in detail preferred embodi-
ments of the present invention, it is to be understood that the
invention defined by the appended claims is not to be limited
by particular details set forth in the above description, as
many apparent variations thereof are possible without
departing from the spirit or scope thereof.

What is claimed is:

1. A method for fabricating a fuse on a semiconductor
device structure, comprising:

forming a conductive layer comprising polysilicon over at
least a field isolation region of the semiconductor
device structure;

forming another conductive layer over said conductive
layer; and

patterning said conductive layer and said another conduc-
tive layer to form the fuse, the fuse including spaced-
apart terminals and a conductive link joining said
spaced-apart terminals, said spaced-apart terminals
being formed by said conductive layer and said another
conductive layer, said conductive link being formed by
only one of said conductive layer and said another
conductive layer.

2. The method of claim 1, wherein said forming said
another conductive layer comprises forming said another
conductive layer to comprise at least one of a metal silicide,
a polycide, and a metal.

3. The method of claim 1, wherein said forming said
another conductive layer comprises forming said another
conductive layer from tungsten.

4. The method of claim 1, wherein said forming said
another conductive layer comprises forming a metal silicide
layer.

5. The method of claim 4, wherein said forming said metal
silicide layer comprises forming one of a tungsten silicide
layer, a titanium silicide layer, and a cobalt suicide layer.
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6. The method of claim 4, wherein said forming said metal
silicide layer comprises depositing metal silicide onto said
conductive layer.

7. The method of claim 4, wherein said forming said metal
silicide layer comprises:

depositing metal onto said conductive layer; and

annealing said metal to at least said polysilicon of said

conductive layer.

8. The method of claim 7, wherein said annealing com-
prises reacting said metal with said polysilicon to form said
metal suicide.

9. The method of claim 1, wherein said patterning also
comprises patterning at least a portion of a transistor gate
conductor.

10. The method of claim 1, wherein said patterning said
conductive layer precedes said forming another conductive
layer.

11. The method of claim 10, wherein said patterning said
conductive layer comprises forming portions of said spaced-
apart terminals and said conductive link from said conduc-
tive layer.

12. The method of claim 1, wherein said patterning said
another conductive layer precedes said patterning said con-
ductive layer.

13. The method of claim 1, wherein said patterning said
another conductive layer comprises removing material of
said another conductive layer with selectivity over said
polysilicon of said conductive layer.

14. The method of claim 1, wherein said patterning said
conductive layer and said another conductive layer com-
prises forming said conductive link to be less massive than
said spaced-apart terminals.

15. The method of claim 14, wherein at least one of said
patterning said conductive layer and said patterning said
another conductive layer comprises forming said conductive
link to have a smaller cross-sectional area taken transverse
to a length of the fuse than a cross-sectional area of each of
said spaced-apart terminals taken transverse to the length of
the fuse.

16. The method of claim 14, wherein forming said con-
ductive link is effected substantially simultaneously with
said patterning said conductive layer.

17. A fuse for a semiconductor device structure, compris-
ing:

a first layer comprising a first conductive material;

a second layer comprising a second conductive material,
said second layer being at least partially superimposed
over and in contact with said first layer, said first and
second layers forming spaced-apart terminals of the
fuse, one of said first and second layers forming a
conductive link of the fuse, said conductive link joining
at least two terminals of said spaced-apart terminals.

18. The fuse of claim 17, wherein said first conductive
material comprises conductively doped polysilicon.

19. The fuse of claim 18, wherein said first conductive
material further comprises one of an N-type conductivity
dopant and a P-type conductivity dopant.

20. The fuse of claim 17, wherein said second conductive
material comprises at least one of a metal silicide, a poly-
cide, and a metal.

21. The fuse of claim 20, wherein said second conductive
material comprises a metal silicide.
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22. The fuse of claim 17, wherein said second conductive
material comprises tungsten or tungsten silicide.

23. The fuse of claim 17, wherein said second conductive
material is selectively etchable with respect to said first
conductive material.

24. The fuse of claim 23, wherein said first conductive
material comprises conductive polysilicon and said second
conductive material comprises a metal silicide.

25. The fuse of claim 17, wherein said conductive link has
a smaller volume of conductive material than either of said
at least two terminals.

26. The fuse of claim 17, wherein said conductive link has
a smaller cross-sectional area taken transverse to a length of
the fuse than a cross-sectional area of each of said spaced-
apart terminals taken transverse to the length of the fuse.

27. A fuse for use in a semiconductor device structure,
comprising:

a central region including a single layer comprising
conductive material; and

two terminals spaced apart from one another, each of said
two terminals in contact with said central region and
including a first layer comprising a first conductive
material and a second layer comprising a second con-
ductive material, said first layer being continuous and
substantially coplanar with said central region.

28. The fuse of claim 27, wherein said conductive mate-
rial of said single layer of said central region comprises said
first conductive material.

29. The fuse of claim 27, wherein said first conductive
material comprises conductively doped polysilicon.

30. The fuse of claim 29, wherein said second conductive
material comprises at least one of a metal silicide, a poly-
cide, and a metal.

31. The fuse of claim 29, wherein said second conductive
material comprises tungsten or tungsten silicide.

32. The fuse of claim 27, wherein said central region is
narrower than each of said two terminals.

33. The fuse of claim 27, wherein said central region has
a smaller volume of conductive material than either of said
two terminals.

34. The fuse of claim 27, wherein said central region has
a smaller cross-sectional area taken transverse to a length of
the fuse than a cross-sectional area of each of said two
terminals taken transverse to the length of the fuse.

35. The fuse of claim 27, wherein said central region is
thinner than either of said two terminals.

36. A semiconductor device structure, comprising:

a semiconductor substrate; and

a fuse formed over said semiconductor substrate and
including:

a first layer comprising a first conductive material; and

a second layer comprising a second conductive mate-
rial, said first and second layers together forming
spaced-apart terminals, said first layer forming a
conductive link between said spaced-apart terminals.

37. The semiconductor device structure of claim 36,
wherein said conductive link has a smaller volume of
conductive material than any of said spaced-apart terminals.

38. The semiconductor device structure of claim 36,
wherein said conductive link is narrower than any of said
spaced-apart terminals.
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39. The semiconductor device structure of claim 36,
wherein said conductive link has a smaller cross-sectional
area taken transverse to a length of said fuse than a cross-
sectional area of each of said spaced-apart terminals taken
transverse to said length of said fuse.

40. The semiconductor device structure of claim 36,
wherein said conductive link is thinner than each of said
spaced-apart terminals.

41. The semiconductor device structure of claim 36,
wherein said first conductive material comprises polysilicon.

42. The semiconductor device structure of claim 41,
wherein said first conductive material further comprises at
least one of an N-type conductivity dopant and a P-type
conductivity dopant.

43. The semiconductor device structure of claim 41,
wherein said second conductive material comprises at least
one of a metal suicide, a polycide, and a metal.

44. The semiconductor device structure of claim 41,
wherein said second conductive material comprises tungsten
or tungsten silicide.

45. A semiconductor device structure, comprising:

a semiconductor substrate;

a first material layer formed over said semiconductor
substrate and comprising a first conductive material;

a second material layer formed over said first material
layer and comprising a second conductive material;

fuse terminals formed by said first and second material
layers; and

conductive links formed by said first material layer, each
conductive link being positioned between and in con-
tact with at least two of said fuse terminals.

46. The semiconductor device structure of claim 45,
wherein said first conductive material comprises polysilicon.

47. The semiconductor device structure of claim 46,
wherein said first conductive material further comprises at
least one of an N-type conductivity dopant and a P-type
conductivity dopant.

48. The semiconductor device structure of claim 45,
wherein said second conductive material comprises at least
one of a metal silicide, a polycide, a metal, and a conductive
alloy.

49. The semiconductor device structure of claim 45,
wherein substantially no contact resistance exists between
said first material layer and said second material layer.

50. The semiconductor device structure of claim 45,
further comprising a dielectric layer disposed beneath at
least portions of said first material layer.

51. The semiconductor device structure of claim 50,
further comprising a transistor gate conductor formed from
at least one of said first conductive material in said first
material layer and said second conductive material in said
second material layer, said transistor gate conductor being
located over said dielectric layer.

52. The semiconductor device structure of claim 51,
wherein said transistor gate conductor includes both said
first conductive material in said first material layer and said
second conductive material in said second material layer.

53. The semiconductor device structure of claim 45,
further comprising another structure formed by at least one
of said first conductive material in said first material layer
and said second conductive material in said second material
layer.
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54. A method for fabricating a fuse and another structure
of a semiconductor device structure, comprising:

forming a dielectric layer over a semiconductor substrate;

forming a first layer comprising a first conductive material
over said semiconductor substrate;

forming a second layer comprising a second conductive
material over said first layer; and

following said forming said dielectric, first, and second
layers, patterning said second layer and said first layer
to form the fuse and the another structure.

55. The method of claim 54, wherein said patterning
comprises patterning said first and second layers so as to
form the fuse and a conductive element of a transistor gate.

56. The method of claim 54, wherein said patterning
comprises patterning said first layer so as to form portions of
spaced-apart terminals of the fuse and a conductive link
connecting said spaced-apart terminals.

57. The method of claim 56, wherein said patterning
comprises patterning said first and second layers so as to
form additional portions of said spaced-apart terminals
without forming a portion of said conductive link.

58. The method of claim 54, wherein said patterning
comprises patterning said first layer so as to form spaced-
apart terminals of the fuse.

59. The method of claim 58, wherein said patterning
comprises patterning said second layer so as to increase a
volume of said spaced-apart terminals and to form a con-
ductive link between said spaced-apart terminals.

60. The method of claim 54, wherein said forming said
first layer comprises depositing polysilicon over said semi-
conductor substrate.

61. The method of claim 60, wherein said forming said
second layer comprises forming a layer comprising at least
one of a metal silicide, a polycide, a metal, and a conductive
alloy.

62. The method of claim 54, wherein said forming said
second layer comprises forming said second layer having
substantially no contact resistance with said first layer.

63. A method for forming a fuse comprising a link
between two terminals, said method comprising:

providing polysilicon and metal over said polysilicon;

patterning said link, comprising etching a portion of said
metal located next to a site for said link;

patterning said link and said two terminals, comprising:

etching a portion of said polysilicon located next to
sites for said terminals and next to said site for said
link; and

etching a portion of said metal located next to said sites
for said terminals.

64. The method of claim 63, wherein said act of patterning
said link occurs before said act of patterning said link and
said two terminals.

65. The method of claim 63, wherein said act of patterning
said link occurs after said act of patterning said fuse link and
said two terminals.

66. The method of claim 63, wherein said act of providing
comprises:

depositing said polysilicon over a support surface; and

deposting said metal over said polysilicon.
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67. A method for forming a fuse, comprising:
forming a layer comprising polysilicon;

forming another layer comprising conductive material
over said layer comprising polysilicon;

removing conductive material of said another layer at a
region to be located over a conductive link of the fuse;
and

removing material of said layer and said another layer to
define said conductive link and terminals positioned at
different sides of said conductive link.

68. The method of claim 67, wherein said removing
material of said layer and said another layer is effected after
said removing conductive material.

69. The method of claim 67, wherein said removing
material of said layer and said another layer is effected
before said removing conductive material.
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70. The method of claim 67, wherein said forming said
another layer comprises forming said another layer to
include a metal.

71. The method of claim 67, wherein said forming said
another layer comprises forming said another layer to
include a metal silicide.

72. The method of claim 71, wherein said forming said
another layer comprises depositing said metal silicide.

73. The method of claim 71, wherein said forming said
another layer comprises:

depositing a layer comprising metal; and

annealing metal of said layer comprising metal to poly-
silicon of said layer comprising polysilicon.



