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PCT/US97/21447 A SILICIDE AGGLOMERATION FUSE DEVICE WITH NOTCHES TO ENHANCE
PROGRAMMABILITY RELATED APPLICATONS This application is a
continuation-in-part of U.S. Patent Application Serial No. 081537,283
entitled, "A Silicide Agglomeration Fuse Device," filed September 29, 1995
(Attorney's Docket No. 42390.P3064). FIELD OF THE INVENTION The invention
relates to the field of integrated circuit devices and more particularly,
to fusible link devices in semiconductor integrated circuits. BACKGROUND OF
THE INVENTION In integrated circuits including CMOS integrated circuits, it
is often desirable to be able to permanently store information, or to form
permanent connections on the integrated circuit after it is manufactured.
Fuses or devices forming fusible links are frequently used for this
purpose. Fuses can be used to program redundant elements to replace
identical defective elements, for example. Fuses can also be used to store
die identification or other such information, or to adjust the speed of a
circuit by adjusting the resistance of the current path. In some cases,
electrically erasable programmable read only memory (EEPROM) devices are
used to perform the discretionary connection function of a fuse device.
Semiconductor process technologies continue to provide for smaller device
geometries and operate at lower voltages. As the device geometries are
reduced, so is the thickness of the gate oxide layer. EEPROM memory devices
require a minimum gate oxide thickness to prevent high leakage currents and
sustain a charge on the floating node. Thus, EEPROM memory devices are not
viable for use on many of the latest semiconductor process technologies.
Other fuse devices require an extra semiconductor processing step to form
or program the discretionary connections. For example, one type of fuse
device is "programmed" using a laser to open a link after the semiconductor
device is processed. This type of fuse device not only requires an extra
processing step to   



WO 98/27595
PCT/US97/21447 program or "blow" the fuse devices where desired, but also
requires precise alignment of the laser on the fuse device to avoid
destroying neighboring devices. This and other similar approaches can
result in damage to the device passivation layer, and thus, lead to
reliability concerns. In some approaches, the passivation layer must
actually be removed before programming the fuse device to provide space for
the fuse material when the connection is destroyed. In other approaches,
where the passivation layer is not intentionally removed, the process of
blowing the fuse can cause a hole in the passivation layer when the fuse
material is displaced. Another type of memory device, referred to as an
"oxide antifuse" device, is programmed using high voltages compared to the
circuit's normal operating voltage supply. Therefore, the peripheral
circuitry for these devices generally requires higher junction breakdown
voltages than those normally available on the integrated circuit. This is
an issue for newer process technologies and those in development for the
same reasons described above in reference to EEPROM memory devices. The
reduced gate oxide thicknesses require higher well doping which results in
lower junction breakdown voltages, and thus, oxide antifuse devices may
also not be viable for use with many of the latest process technologies.
The invention provides a small fuse device which can be manufactured
without additional processing steps, and which can be reliably used with
lower voltage, thinner gate oxide process technologies in use today and in
development for the future. Further, the fuse device of the invention can
be programmed using relatively low voltages without damage to overlying
dielectric layers. SUMMARY OF THE INVENTION A fusible link device disposed
on a semiconductor substrate for providing discretionary changes in
resistance is described. The fusible link device of the invention includes
a polysilicon layer having a first resistance and a silicide layer formed
on the polysilicon layer having a second, lower resistance. The silicide
layer includes a fuse region having a first notched region narrower than
the center 



of the fuse region, a first contact region coupled to one end of the fuse
region, and a second contact region coupled to an opposite end of the fuse
region. The silicide 2    WO 98/27595
PCT/US97/21447 layer agglomerates to form an electrical discontinuity in
the fuse region in response to a first current greater than or equal to a
predetermined programming current flowing through the fuse such that the
resistance of the fusible link device can be selectively increased. BRIEF
DESCRIPTION OF THE DRAWINGS The invention will be understood more fully
from the detailed description given below and from the accompanying
drawings of embodiments of the invention, which, however, should not be
taken to limit the invention to the specific embodiments, but are for
explanation and understanding only. Figure 1A illustrates a side view of
the fusible link device of one embodiment of the invention. Figure 1B
illustrates a top view of the fusible link device of one embodiment of the
invention. Figure 2A illustrates a side view of the fusible link device of
one embodiment of the invention after programming. Figure 2B illustrates a
side view of the fusible link device of an alternate embodiment of the
invention after programming. Figure 3 illustrates a top view of a fusible
link device of an alternate embodiment of the invention having a notched
region at one end of the fuse region. Figure 4 illustrates a top view of a
fusible link device of another alternate embodiment of the invention having
tapered transition regions and notched regions at either end of the fuse
region. Figure 5 illustrates a top view of a fusible link device of another
alternate embodiment of the invention having tapered transition regions and
a notched region at one end of the fuse region. 
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PCT/US97/21447 Figure 6 is a flow diagram illustrating the method of one
embodiment of the invention. DETAILED DESCRIPTION A silicide agglomeration
fuse device for providing discretionary changes in resistance is disclosed.
In the following description, numerous specific details are set forth, such
as particular materials, dimensions, numbers of contacts, programming
voltages and currents, in order to provide a thorough understanding of the
invention. However, it will be appreciated by one of ordinary skill in the
art that the invention may be practiced without these specific details. In
other instances, well-known structures, and circuits have not been
described in detail in order to avoid obscuring the invention. The fuse
device of the invention includes a silicide layer formed on a polysilicon
layer on a semiconductor substrate, wherein the polysilicon layer has a
first resistance. The silicide layer has a second, lower resistance (the
unprogrammed resistance of the fuse device) and includes a fuse region, a
first contact region coupled to one end of the fuse region and a second
contact region coupled to an opposite end of the fuse region. A current
which is greater than or equal to a predetermined programming current
flowing through the fuse causes the silicide layer to agglomerate and
create an electrical discontinuity in the fuse region such that the fuse
has a significantly higher programmed resistance. Various embodiments of
the fuse device of the invention are described below in reference to
Figures 1-6. Figure 1A illustrates a side view of one embodiment of the
silicide agglomeration fuse device 100 of the invention which is
alternately referred to herein simply as a fuse. The fuse device 100 is
disposed on a semiconductor substrate 107 which may be part of a larger
integrated circuit device. The semiconductor substrate 107 may include
various layers including active and or 



passive devices, metal layers, dielectric layers and other materials used
in the manufacture of integrated circuits. An oxide layer 106, has a
thickness 112 of about 3000 - 4000 A, and is formed between the fuse device
100 and the substrate 107. The fuse device 100 includes a polysilicon layer
105 which is formed on the 4    WO 98/27595
PCT/US97/21447 oxide layer 106 and a silicide layer 104 formed on the
polysilicon layer 105. In one embodiment, the silicide layer 104 and the
polysilicon layer 105 of the fuse device 100 are formed by the same
processing steps used to produce the polysilicon and silicide gate layers
of other devices on an integrated circuit device. In this manner, no
additional processing steps are required to manufacture the fuse device 100
when the fuse device is embodied on an integrated circuit. The polysilicon
layer 105 has a thickness 114 of about 2500 A. In one embodiment, the
polysilicon layer 105 is doped p-type, however other embodiments may
include other types of doping including n-type, as well as the formation of
p-n junctions in the polysilicon layer 105 as described below in more
detail in reference to Figure 2B, or the polysilicon layer 105 may be
undoped. The sheet resistance of the polysilicon layer 105 is greater than
500 ohm/sq. -- about 1000 ohm/sq. in one embodiment. The silicide layer 104
is a nickel silicide (NiSi2) film, although other silicides, such as
tungsten, titanium, tantalum or platinum silicides, may also be used in
accordance with the invention. The silicide layer 104, has a thickness 110
of about 225-250 A. The sheet resistance of the silicide layer 104 depends
on its exact composition, but is about 1-10 ohm/sq. The fuse device 100
also includes contacts 101 at either end of the fuse device 100 which are
substantially square in shape, but may be rectangular, round or another
shape in alternate embodiments. Multiple contacts 101 operating in parallel
may be used to ensure that the required programming current flows through
the fuse device 100 without overheating the contacts 101. The contacts 



101 are formed on and electrically coupled to the silicide layer 104 to
provide an electrical connection between the fuse device and an external
device or other components in the same integrated circuit. In one
embodiment, the contacts 101 are coupled to metal interconnect lines (not
shown) such that the fuse device 100 may be accessed for programming,
sensing or other uses. The contacts 101 are tungsten plugs in one
embodiment, but may be formed of other materials. In alternate embodiments,
metal interconnect lines of the integrated circuit in which the fuse device
100 is formed are coupled directly to the silicide layer 104 to provide the
same functionality.    WO 98/27595
PCT/US97/21447 Figure 1B illustrates a top view of one embodiment of the
fuse device 100. The fuse device 100 includes a fuse region 122, also
referred to herein as a fuse element. A first contact region 120 is
electrically coupled to one end of the fuse region 122 and a second contact
region 121 is electrically coupled to an opposite end of the fuse region
122. The contacts 101 are formed in the contact regions 120 and 121 on the
fuse device 100. The size of the fuse region 122 can vary with different
processing technologies, space considerations, and other fuse requirements.
In one embodiment, the width 117 of the center of the fuse region from the
top view shown in Figure 1B is about .3 microns in one embodiment, and the
length 118 is about seven times the width 117 of the fuse region 122, but
may be larger or smaller in other embodiments. The width 117 of the center
of the fuse region 122 is maintained above a predetermined minimum width as
fuse devices having very narrow fuse regions can be difficult to reliably
manufacture and may result in a higher percentage of imperfect fuses. The
predetermined minimum width depends on the particular process used to
manufacture the fuse devices but is about .3 microns in one embodiment.
While the center of the fuse device 100 is maintained above a predetermined
minimum width, notched regions 130 are provided at either end of 



the fuse region 122 where the silicide layer typically agglomerates in
response to a programming current flowing between the contact regions 120
and 121. The manner in which the silicide layer agglomerates is described
in more detail below. The notched regions 130 are narrower than the width
117 of the center of the fuse region, about .24 microns in one embodiment,
such that the silicide layer 104 agglomerates more easily in either of the
notched regions 130 to provide for ease of programming. In this manner, the
programming voltage of the fuse device 100 is low, about 2 volts in one
embodiment, while maintaining the manufacturability of the fuse device in
order to achieve a high yield. The notched regions 130 are provided at
either end of the fuse region 122 in this embodiment such that the fuse can
be programmed with an equally low programming voltage regardless of the
direction of current flow through the fuse device 100 during programming. 6
WO 98/27595
PCT/US97/21447 The contact regions 120 and 121 are rectangular in shape in
one embodiment and transition abruptly at approximately a 90 degree angle
to the fuse region 122. In this manner, a large thermal gradient is
provided during programming to further contribute to ease of programming.
In one embodiment, the contact regions 120 and 121 are 5 micron by 5 micron
squares. The size of these areas modulates the thermal gradient during
fusing such that fuses with smaller contact areas have reduced programming
success. The number of contacts 101 on the fuse device 100 may vary.
Although nine contacts 101 are shown at either end of the fuse device 100
in Figure 1 B, a larger or smaller number of contacts may also be used in
accordance with the invention. In operation, the fuse device 100 has a
first resistance before it is programmed or "blown," and a significantly
higher second resistance after programming. Before the fuse device 100 is
programmed, its resistance is determined by the resistance of the silicide
layer 104. During programming, a discontinuity is formed in the silicide
layer 104 such that current must flow 



through the underlying polysilicon layer. The resistance of the fuse device
thus increases significantly with the amount of the increase being
determined by the ratio of the resistance of the polysilicon layer 105 to
that of the silicide layer 104. The effects of programming the fuse device
100 are described in more detail in reference to Figures 2A and 2B. Figure
2A illustrates a side view of the fuse device 100 of the invention after
being programmed. A potential applied across the contact regions 120 and
121 causes current to flow from one end of the fuse device 100 to the
other, through the silicide film layer 104. The current causes the silicide
layer 104 to heat up, and, if the current is greater than or equal to a
predetermined minimum programming current, causes the silicide itself to
agglomerate as indicated by silicide agglomeration region 204. A
discontinuity 206 is thus formed in the silicide layer 104 capping the
polysilicon layer 105. Although the discontinuity 206 is illustrated in
Figure 2A and also in Figure 2B below as being located midway between the
contact regions including the contacts 101, it will be appreciated by those
of skill in the art that the discontinuity 206 (and 226 in Figure 2B)
usually occurs in silicide layer 104 at the notched region 130 (shown in
Figure 1B).    WO 98/27595
PCT/US97/21447 Because the silicide layer 104 has a much lower resistance
than the polysilicon layer 105, the resistance of the fuse device 100
increases accordingly. Using the sample sheet resistances provided above
(1-10 ohms/sq for the silicide layer 104 and >500 ohms/sq for the
polysilicon layer), the resistance of the fuse device increases at least
ten times after programming. In some embodiments, such as the embodiment
described with reference to Figure 2B, the increase in resistance is much
greater. This change in resistance is then detected by a sensing circuit to
determine whether the fuse device 100 has been programmed. A programming
circuit which may be used to program the fuse device of the invention, and
a sensing circuit which may be used to sense the state of the fuse device
of the invention are described in copending U.S. patent application, serial
number 



08/580,839, entitled, "A Static, Low Current, Low Voltage Sensing Circuit
for Sensing the State of a Fuse Device," filed December 29, 1995
(Attorney's Docket No. 42390.P3411X). Figure 2B illustrates a side view of
a programmed fuse device 200 in accordance with another embodiment of the
invention. The fuse device 200 includes contacts 201, a silicide layer 234,
an oxide layer 236 and a substrate 237 which are similar in composition,
placement and functionality to identically named components of the fuse
device 100 described above. The polysilicon layer 205 of the fuse device
200, however, differs from the polysilicon layer 105 of the fuse device
100. The polysilicon layer 205 of the fuse device 200 is doped n-type and
includes one or more regions 208 which are doped p-type. The regions 208
which are doped p-type form p-n junctions, such as p-n junction 210, with
the n-type regions of the polysilicon layer. The fuse device 200 is
programmed in the same manner as the fuse device 100 using a low
programming voltage and current. Programming the fuse causes the silicide
layer 234 to agglomerate (as illustrated by silicide agglomeration 224) to
form a discontinuity 226. If the discontinuity 226 is formed over a p-n
junction such as the p-n junction 210, current flow between the contacts
201 is diverted from the silicide layer 234 at the discontinuity 226,
through the polysilicon layer 205, and in this case, through the p-n
junction 210. In this manner, the ratio of the resistance of the programmed
fuse 200 to an unprogrammed fuse identical to fuse 8    WO 98/27595
PCT/US97/21447 200, is significantly increased in the case where the
discontinuity 226 is formed over a p-n junction 210 during programming.
Although the p-n junction 210 is illustrated in Figure 2B as being located
about halfway between the contacts 201, it will be appreciated by those of
skill in the art that the p-n junction 210 may be located anywhere in the
polysilicon layer 205. The programming current, and thus, the voltage
required to program the 



fuse device 100 is relatively low as indicated above. It is to be
understood that the fuse device 100 is referred to herein for purposes of
illustration. Other similar fuse devices, such as the fuse device 200 are
programmed, sensed, and operate in a similar manner. In one embodiment, the
fuse device 100 may be blown using a programming current of about 10mA
corresponding to a potential difference of about 2.0 volts across the fuse
device during programming. Other embodiments have different programming
currents which depend on the thickness of the silicide layer and other
geometries of the fuse device 100. Figure 3 illustrates an alternate
embodiment of the fuse device of the invention. The fuse 300 shown in
Figure 3 is similar to the fuse 100 illustrated and described in reference
to Figures 1A, 1B and 2. The fuse device 300 of Figure 3 includes only one
notched region 305 at one end of the fuse region 310. In this manner, the
fuse 300 is somewhat more easily programmed since with only one notched
region, more of the thermal energy is concentrated at that notched region.
Figure 4 illustrates another embodiment of the fuse of the invention. The
fuse device 400 includes transition regions 405 and 410 between the fuse
region 415 and the contact regions 420 and 425. In this embodiment, each of
the transition regions 405 and 410 forms approximately a 45[err] angle
between the respective contact region 420 or 425 and the fuse region 415.
Similar to the fuse device 100 illustrated in Figure 1B, the fuse device
400 includes notched regions 430 at either end of the fuse region 415
providing the same advantages as discussed in reference to Figure 1B.
However, under similar currents, in this embodiment, the temperature
gradient at the notch is reduced due to the existence of the tapered region
while the magnitude of temperature at the notched region is increased. 9
WO 98/27595
PCT/US97/21447 Figure 5 illustrates a fuse device 500 in accordance with
another 



embodiment of the invention. The fuse device 500 is similar to the fuse
device 400 of Figure 4 except that the fuse device 500 includes only one
notched region 505 at one end of the fuse region 510. The fuse device 500
therefore has more energy concentrated at the notched region than the fuse
device 400 under identical current This is similar to the comparison made
between fuse devices 300 and 200 described in reference to Figure 3.
Although particular fuse device configurations have been described in
reference to Figures 1-5, it will be appreciated by those of skill in the
art that other configurations and variations are also within the scope of
the invention. For example, in alternate embodiments, the thicknesses and
other dimensions of the various layers may be larger or smaller, and
regions such as the contact regions may be shaped differently than the
contact regions described and illustrated in the Figures. Further, the
sheet resistance of the polysilicon and silicide layers may be larger or
smaller although the resistance of the silicide layer in all embodiments is
significantly lower than the resistance of the polysilicon layer. Each of
the fuse embodiments described above provides several advantages over
existing fuses. The low programming current and thus, voltage, of the fuse
device of the invention makes it ideal for use in integrated circuit
devices manufactured on the latest process technologies having thin gate
oxides, and thus, low junction breakdown voltages. The fuse device of the
invention provides the additional advantage of being small and thus,
inexpensive in terms of silicon space. Further, the formation of fuse
devices in accordance with the invention, does not require additional
processing steps. The fuse device of the invention may be formed using
standard processing steps already performed to create other features of an
integrated circuit device on which the silicide agglomeration fuse device
is embodied contributing to a low cost of manufacturing. In addition to
being inexpensive to implement and viable for use on low voltage process
technologies, the silicide agglomeration fuse device of the invention can
be programmed without damaging overlying dielectric layers. Further, the
fuse device of the invention does not have to be exposed to the air to be
programmed, and the programming step itself does not create holes in the 10



WO 98/7595
PCT/US97/21447 passivation or other layers surrounding the fuse device as
with some prior art fuse devices. One embodiment of the method of the
invention is described in reference to Figure 6 and begins at step 600. In
step 605, a polysilicon layer is formed on a semiconductor substrate. In
step 610, a silicide layer is formed on the polysilicon layer. The silicide
layer of the invention includes a fuse region, and a contact region coupled
to either end of the fuse region. In step 615, contacts are formed in the
contact regions of the silicide layer. Step 615 is optional as electrical
connections can be made directly to the contact regions of the fuse device
of the invention without the presence of contacts. The fuse formation
method of the invention ends at step 620. Thus a silicide agglomeration
fuse device and method for forming a silicide agglomeration fuse device are
described. Whereas many alterations and modifications of the invention may
occur to one of ordinary skill in the art after having read the foregoing
description, it is to be understood that the particular embodiments shown
and described by way of illustration are in no way intended to be
considered limiting. Therefore, references to details of various
embodiments are not intended to limit the scope of the claims which in
themselves recite only those features regarded as essential to the
invention.    WO 98/27595
PCT/US97/21447 CLAIMS: We claim: 1.    A fusible link device disposed on a
semiconductor substrate for providing discretionary changes in resistance,
the fusible link device comprising: a polysilicon layer having a first
resistance; and 



a silicide layer formed on the polysilicon layer including a fuse region
having a first notched region at one end of the fuse region, the first
notched region being narrower than the center of the fuse region, a first
contact region electrically coupled to one end of the fuse region, and a
second contact region electrically coupled to an opposite end of the fuse
region, the silicide layer having a second resistance lower than the first
resistance, the silicide layer agglomerating to form an electrical
discontinuity in the fuse region in response to a first current greater
than or equal to a predetermined programming current flowing between the
contact regions, such that the resistance of the fusible link device can be
selectively increased. 2.    The fusible link device as set forth in claim
1 further including a contact formed on and electrically coupled to each of
the first and second contact regions to receive a potential. 3.    The
fusible link device as set forth in claim 1 further including nine contacts
formed on and electrically coupled to each of the first and second contact
regions to receive a potential. 4.    The fusible link device as set forth
in claim 1 wherein the predetermined programming current is approximately
10mA. 5.    The fusible link device as set forth in claim 1 wherein the
silicide layer comprises nickel silicide (NiSi2). 12    WO 98/27595
PCT/US97/21447 6.    The fusible link device as set forth in claim 1
wherein a sheet resistance of the polysilicon layer is greater than 500
ohms per square, and a sheet resistance of the silicide layer is 1-10 ohms
per square. 7.    The fusible link device as set forth in claim 1 wherein
the first and second contact regions are substantially rectangular in
shape. 8.    The fusible link device as set forth in claim 7 wherein the
fuse region includes a second notched region at an opposite end of the fuse
region, the 



second notched region being narrower than the center of the fuse region. 9.
The fusible link device as set forth in claim 7 further including a tapered
transition region coupled between each rectangular contact region and the
fuse region, the tapered transition region tapering from each rectangular
contact region to the fuse region. 10.   The fusible link device as set
forth in claim 9 wherein the fuse region includes a second notched region
at an opposite end of the fuse region, the second notched region being
narrower than the center of the fuse region. 11.   The fusible link device
as set forth in claim 1 further including a tapered transition region
coupled between each contact region and the fuse region, the tapered
transition region tapering from each contact region to the fuse region. 12.
The fusible link device as set forth in claim 1 wherein the fuse region has
a length four to 25 times as long as a width of the fuse region. 13.   The
fusible link device as set forth in claim 1 wherein the width of the fuse
region is approximately .3 microns in the center of the fuse region. 13
WO 98/27595                                            PCT/US97/21447 14.
The fusible link device as set forth in claim 1 wherein the polysilicon
layer includes a first region doped n-type and at least a second region
doped p-type to form at least one p-n junction in the polysilicon layer.
15.   A fuse disposed on a semiconductor substrate, and having a first
unprogrammed resistance, the fuse comprising: a polysilicon layer, and a
silicide layer formed on the polysilicon layer including a fuse region
having a first notched region, the first notched region being narrower than
the center of the fuse region, a first contact region electrically coupled
to one end of the fuse region and a second contact region electrically
coupled to an opposite end of the fuse region, the silicide layer
agglomerating to form an electrical discontinuity in the fuse region in
response to a first current greater than or equal to a 



predetermined minimum programming current flowing through the silicide
layer, such that the resistance of the fuse can be selectively increased to
a second programmed resistance. 16.   The fuse as set forth in claim 15
further including a contact formed on and electrically coupled to each of
the first and second contact regions to receive a potential. 17.   The fuse
as set forth in claim 15 further including nine contacts formed on and
electrically coupled to each of the first and second contact regions to
receive a potential. 18.   The fuse as set forth in claim 15 wherein the
predetermined minimum programming current is approximately 10mA. 19.   The
fuse as set forth in claim 15 wherein the silicide layer comprises nickel
silicide (NiSi2). 14    WO 98/27595
PCT/US97/21447 20.   The fuse as set forth in claim 15 wherein the second
programmed resistance is at least 10 times the first unprogrammed
resistance. 21.   The fuse as set forth in claim 15 wherein the polysilicon
layer includes a first region doped n-type and at least a second region
doped p-type to form at least one p-n junction in the polysilicon layer.
22.   The fuse as set forth in claim 15 wherein a sheet resistance of the
polysilicon layer is greater than 500 ohms per square, and a sheet
resistance of the silicide layer is 1-10 ohms per square. 23.   The fuse as
set forth in claim 15 wherein the first and second contact regions are
substantially square in shape and about 5 microns by 5 microns in size. 24.
The fuse as set forth in claim 23 wherein the fuse region includes a second
notched region at an opposite end of the fuse region, the second notched
region being narrower than the center of the fuse region. 



25.   The fuse as set forth in claim 23 further including a tapered
transition region coupled between each contact region and the fuse region,
the tapered transition region tapering from each rectangular contact region
to the fuse region. 26.   The fusible link device as set forth in claim 25
wherein the fuse region includes a second notched region at an opposite end
of the fuse region, the second notched region being narrower than the
center of the fuse region. 27.   The fuse as set forth in claim 16 wherein
the fuse region has a length four to 25 times as long as a width of the
fuse region. 15    WO 98/27595
PCT/US97/21447 28.   The fuse as set forth in claim 15 wherein the width of
the fuse region is approximately .3 microns in the center of the fuse
region and wherein the notched region is approximately .24 microns wide.
29.   A method for forming a fuse comprising the steps of: forming a
polysilicon layer on a semiconductor substrate; forming a silicide layer on
the polysilicon layer, the silicide layer including a fuse region having a
first notched region, the notched region being narrower than the center of
the fuse region, a first contact region electrically coupled to one end of
the fuse region and a second contact region electrically coupled to an
opposite end of the fuse region; and forming contacts in each of the first
and second contact regions, the contacts being electrically coupled to the
silicide layer such the fuse is programmed when a current greater than or
equal to a predetermined programming current flows between the first and
second contacts. 16    


