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(57) Abstract: Described herein is a fuse incorporating a covering layer disposed on a conductive layer, which is disposed on a
polysilicon layer. The covering layer preferably comprises a relatively inert material, such as a nitride etchant barrier. The covering
layer preferably has a region of relatively less-inert filler material. Upon programming of the fuse, the conductive layer, which can
be a silicide, preferentially degrades in the region underlying the filler material of the covering layer. This preferential degradation
results in a predictable "blowing" of the fuse in the fuse region underlying the filler material. Since the "blow" area is predictable,

damage to adjacent structures can be minimized or eliminated.
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ENHANCED EFUSES BY THE LOCAL DEGRADATION
OF THE FUSE LINK

BACKGROUND OF THE INVENTION
The present invention relates generally to fuses on integrated circuit boards and

specifically to fuses with controlled and predictable areas of degradation.

Redundancy in integrated circuit memories is part of the current chip manufacturing
strategy to improve yield. By replacing defective cells with duplicate or redundant circuits on
chips, integrated circuit memory yields are significantly increased. The current practice is to
cut or blow conductive connections (fuses), thereby allowing the redundant memory cells to
be used in place of nonfunctional cells. In the manufacture of integrated circuits, it is also
common practice to provide for customization of chips and modules to adapt chips to specific
applications. By selectively blowing fuses within an integrated circuit having multiple
potential uses, a single integrated circuit design may be economically manufactured and
adapted to a variety of custom uses. Typically, fuses or fusible links are incorporated in the
infegrated circuit design, and these fuses are selectively blown, for example, by passing an
electrical current of sufficient magnitude to cause them to open. Alternatively, a current that
is weaker than the current required to entirely blow the fuse can be applied to the fuse in order
to degrade the fuse and increase the resistance through the fuse. The process of selectively
blowing or degrading fuses is often referred to as "programming.” An alternative to blowing
fuse links with a current is to open a window above each fuse to be broken, use a laser to |
blow the fuses, and then fill the windows with a passivation layer. .

Figures 1a through 1c show a conventional fuse generally at 10. Figures la and 1b
show a top plan view and a cross section, respectively, of a conventional fuse prior to
programming. Figure lc shows the same cross section shown in Figure 1b after the fuse has
been programed. The fuse comprises two contacts 16 in electrical contact with a conducting
silicide layer 14, which is disposed on a polysilicon layer 18. The fuse is generally covered
with an insulative passivation layer (not shown). The silicide layer 14 and the polysilicon
layer 18 are arranged in a stack, which is disposed on an insulative layer 12. The insulative
layer 12 is typically an oxide layer, which itself has been deposited or grown on a substrate
20. The substrate 20 is typically monocrystalline silicon.

Referring now to Figure 1b, current flowing through the fuse will generally proceed
from one contact 16, through the silicide layer 14, to the other contact 16. If the current is
increased to a level that exceeds the threshold current value of the fuse, the silicide layer 14
will melt, effectively opening the circuit. The resulting "blown" fuse is shown in Figure 1c.

1
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The melted silicide forms agglomerations 24 on either side of a discontinuity 22. The fuse
shown in Figures 1a through 1c can be modified by altering the characteristics of the
underlying polysilicon layer 18. If the polysilicon layer 18 is heavily doped, for example, it
can then serve as a higher resistance path through which current will flow after a discontinuity
22 is created in the silicide layer 14.

The fuse design described above, however, does not allow for reliable localization of
the discontinuity 22 in the silicide layer 14. Since the process of melting the silicide layer 14
generates significant and potentially damaging heat, it is desirable to reduce the area in which
the discontinuity 22 is potentially formed, to reduce the energy required to program the fuse,
or to otherwise reduce the potential for damage to adjacent components when the fuse is
programed. Attempts to localize the discontinuity 22 to a predefined region of the silicide
layer 14 have included narrowing regions of the silicide to form a narrowed region (forming a
“neck”). Alternatively, conventional attempts to minimize damage have included the
physical isolation or containment of the fuse within the integrated circuit.

Conventional fuse designs, however, have not eliminated the unwanted damage
caused by blowing a fuse, or have added cost or undesirable design qualities to the final
product. What is needed in the art is a fuse that is fabricated such that programming of the
fuse will result in reproducible degrading and melting of the silicide layer 14 at a defined
point between the contacts 16 using less energy than conventional techniques.

BRIEF SUMMARY OF THE INVENTION

The above-described and other disadvantages of the prior art are overcome or
alleviated by the fuse structure of the present invention, which comprises a polysilicon layer,
a conductive layer disposed on the polysilicon layer, and a covering layer disposed on the
conductive layer, wherein the covering layer comprises a first material and a region of filler
material comprising a filler r(haterial disposed in the first material, and wherein the filler
material is in contact with the conductive layer.

The present invention is also a method for making the above-described fuse. The
process entails forming a polysilicon layer, forming a conductive layer on the polysilicon
layer, forming a covering layer on the conductive layer, wherein the covering layer comprises
a first material, and masking with a first photoresist, patterning, and etching to define a stack
comprising the polysilicon layer, the conductive layer, and the covering layer. The stack is

then masked with a second photoresist, patterned, and etched to define a gap in the covering
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layer. Then, the gap is filled with a filler material to form a region of filler material, wherein
the region of filler material is in contact with the conductive layer.

The above-described and other featuresl and advantages of the present invention will
be appreciated and understood by those skilled in the art from the following detailed

description, drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The device and method of the present invention will now be described by way of
example only, with reference to the accompanying drawings, which are meant to be
exemplary, not limiting, and wherein like elements are numbered alike in several FIGURES,
in which:

Figure 1ais a plan view of a conventional fuse;

Figure 1b is cross section A-A' of the fuse of Figure 1a;

Figure 1c is the cross section shown in Figure 1b after the fuse has been programed,

Figure 2 is a cross section of one embodiment of the fuse of the present invention,
showing the incorporation of a filler material within a covering layer;

Figure 3a is a partial plan view of the fuse of Figure 2;

Figure 3b is a partial plan view showing an alternative embodiment of the filler
material of the covering layer;

Figure 4 is a plan view of one embodiment of the fuse of the present invention;

Figure 5ais a cross section of a fuse precursor showing the formation of a stack;

Figure 5b is a cross section of a fuse precursor showing the formation and patterning
of a mask layer;

Figure 5¢ is a cross section of a/fuse precursor showing the etching of a region of the
covering layer;

Figure 5d is a cross section of a fuse precursor showing the formation of the filler
material in the covering layer;

Figure 5e is a cross section of a fuse precursor showing the formation of a passivation
layer;

Figure 5f is a cross section of a fuse precursor showing the precursor after etching of

3
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the passivation layer and covering layer to provide a space for the formation of contacts;
Figure 5g is a cross section of one embodiment of the fuse of the present invention;
Figure 6 is a cross section of another embodiment of the fuse of the present invention,

wherein the filler material is formed during formation of a passivation layer.

DETAILED DESCRIPTION OF THE INVENTION

Described herein is a fuse for use in electronic circuits. The fuse comprises a
conductive layer disposed on a polysilicon layer, and a covering layer preferably comprising a
first, relatively inert material with a region of filler material comprising a filler material
disposed therein. Two contacts can be disposed in electrical contact with the conductive layer
of the fuse. When the fuse is programed by passing a sufficient current through the
conductive layer, the conductive layer preferentially degrades and melts in the region
underlying the region of filler material of the covering layer. This localized degradation
occurs both because the conductive layer has been physically stressed by selective removal of
the covering layer, and because the conductive layer degradation is enhanced under the filler
material, which, in a preferred embodiment, is less-inert than the first, relatively inert material
of the covering layer. The conductive layer is thereby degraded at a point directly below the
filler material of the covering layer.

Figure 2 shows a cross section of one embodiment of the fuse of the present invention
located on a substrate and insulator and encased in a passivation layer generally at 100. The
relative thicknesses of the layers shown in Figure 2 and subsequent figures are not necessarily
drawn to scale, and are for illustrative purposes only. The fuse structure can be formed on
any conventional device substrate, and preferably is formed on an oxide layer 112 which has
been formed on a substrate layer 114. The oxide layer 112, which can be silicon dioxide or
other conventional oxides and insulators known in the art, has a thickness sufficient to
electrically insulate the fuse. The oxide layer 112 has a thickness "t1"of about 2500 to about
4500 angstroms (A) in one embodiment, and can be formed via thermal oxidation of the
underlying substrate layer 114, or other techniques well know in the art. The substrate layer
114 can be,-among other conventional substrates, monocrystalline silicon. The fuse structure,
with the exception of the contacts 106, is encased in an insulative passivation layer 116,

which can be, among other conventional materials, silicon dioxide. The passivation layer 116
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is formed with a thickness "t5" sufficient to encapsulate a polysilicon layer 102, a conductive
layer 104, and a covering layer 110, and to protect the fuse from electrical or mechanical
damage.

The fuse itself comprises the polysilicon layer 102, which is disposed on the oxide
layer 112, a conductive layer 104, which is disposed on the polysilicon layer 102, and a
covering layer 110, which is disposed on the conductive layer 104. A region of filler
material 111 is disposed within the covering layer 110. Two contacts 106 are preferably
disposed in electrical communication with the conductive layer 104 of the fuse to provide
direct external electrical access to the fuse if such access is desired. Figure 3a shows a plan
view of the fuse of Figure 2 with the passivation layer 116, oxide layer 112, and the substrate
layer 114 removed for clarity. As shown in Figures 2 and 3a, the polysilicon layer102, the
conductive layer 104, and the covering layer 110 are formed in a stack, and therefore, in one
embodiment, have the same width "w" and length "I" as each other.

In one embodiment in which the polysilicon layer 102, the conductive layer 104, and
the covering layer 110 each have approximately the same width "w" and length "1", a width
"w'" as small as the lower limit of the process technology is preferred. For example, the
polysilicon layer 102, the conductive layer 104, and the covering layer 110 can have a width
"w" of less than 0.50 microns, with a width "w" of less than 0.20 microns preferred. The
length "1" of the polysilicon layer 102, the conductive layer 104, and the covering layer 110 is,
in one embodiment, between three and fifty times the width "w," with a length "1" between
about five to about ten times the width "w" preferred, although the length "1" can be increased
significantly more, depending on the application.

The shape of the polysilicon layer 102, the conductive layer 104, and the covering
layer 110, as seen in the overhead view shown in Figure 3a, can be any shape suitable for
providing the desired electrical connections through the contacts 106, while at the same time
providing sufficient space for the region of filler material 111 in the covering layer 110.
Examples include, but are not limited to, shapes having enlarged areas around the contacfs
106, and shapes that taper from the areas around the contacts 106 to the area between the
contacts 106. Those with skill in the art will realize that many more shapes are possible and
are within the spirit and scope of this invention.

The polysilicon layer 102 is formed on the oxide layer 112 and can have any thickness

5
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suitable to support the conductive layer 104, depending upon the application, with a thickness
"2" of about 2,000 A (angstroms) to about 3,000 A preferred, and a thickness of about 2,300
A to about 2,700 A especially preferred. The polysilicon layer 102 can have p-type doping, n-
type doping, or no doping, with a sheet resistance sufficient to prevent unwanted current flow
after programming of the fuse. A resistance of greater than about 100 ohms per square is
preferred, with greater than about 500 ohms per square especially preferred.

The conductive layer 104 is formed on the polysilicon layer 102. The conductive
layer 104 can be any material that has sufficiently low resistance, that is compatible with the
fuse environment, and that can be formed on the polysilicon layer 102 during processing. The
conductive layer 104 can be a metal silicide, such as cobalt silicide, titanium silicide, tungsten
silicide, tantalum silicide, and platinum silicide, including material comprising at least one of
the foregoing, and the like, among others, with cobalt silicide, tungsten silicide, and titanium
silicide preferred. The conductive layer 104 has a thickness "t3" sufficient to provide a
conductive pathway, while not requiring an excessive current to program. In one
embodiment, the conductive layer 104 is metal silicide, such as cobalt silicide, having a
thickness "t3" of about 200 A to about 300 A, with a thickness of about 225 A to about 275 A
preferred, and a sheet resistance of less than about 15 ohms per square, with a sheet resistance
of less than about 10 ohms per square preferred.

The covering layer 110 comprises a first material that can be any conventional
material that can support the underlying conductive layer 104, and that will create localized
stress concentrations in the underlying conductive layer 104 when sufficiently etched during
processing. The first material of the covering layer 110 is preferably supportive, because the
removal of the support from the conductive layer 110 in a localized area of the covering layer
110 creates the stress concentrations in the underlying conductive layer 104. The stress
concentrations thereby created lead to a preferential degradation of the conductive layer 104
at the stress concentrations.

Further, the covering layer 110 preferably comprises a relatively inert material as the
first material. The first material used for the covering layer 110 is preferably relatively inert
because, if a relatively less-inert material is later used in the region of filler material 111, then
the relatively less-inert filler material will increase the rate of degradation in the region of the

conductive layer 110 underlying the region of filler material 111 relative to the rate of
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degradation of the remainder of the conductive layer 104, which underlies the relatively inert,
first material of the covering layer 110. The covering layer 110 first material can comprise a
nitride, such as is normally deposited as an etchant barrier during conventional chip
fabrication.

The region of filler material 111 of the covering layer 110 can comprise any
conventional material that can fill an etched gap in the covering layer 110 and cover the
conductive layer 104. Preferably, as discussed above, the region of filler material 111
comprises a filler material that is less-inert than the relatively inert first material used to form
the covering layer 110. For example, the filler material can comprise Silicon Low K
("SILK"), a material comprising relatively loosely bound oxygen or nitrogen, silicon dioxide,
silicon oxynitride, spin on glass materials, silicates, and flourosilicates among others, and
combinations including at least one of the foregoing.

The covering layer 110 has a thickness "t4" that is sufficient to allow the region of
filler material 111 to differentially alter the resistance of the underlying conductive layer 104
during programing. For example, in one embodiment the covering layer 110 comprises a
nitride etchant barrier as the first material, and the covering layer 110 has a thickness of about
200 A to about 400 A, with a thickness "t4" of about 250 A to about 350 A preferred. The
region of filler material 111 of the covering layer 110 can have a thickness that is different
from the remainder of the covering layer 110, with, in one embodiment, substantially similar
thicknesses preferred. Further, the region of filler material 111 can extend across the width
"w" of the covering layer 110 as shown in Figure 3a, or it can be disposed within the covering
layer, as shown in Figure 3b. The region of filler material 111 can be formed in any shape,
two of which are seen in Figures 3a and 3b, with a substantially rectangular shape preferred.
Further, the region of filler material 111 can be formed at any location along the length “1” of
the covering layer 110 between the contacts, with a location approximately central to the layer
(as shown in Figures 3a and 3b) preferred.

The contacts 106 are disposed at opposite ends of the fuse, and are coupled to the
conductive layer 104 in order to provide an electrical connection between the fuse and an
external device, or between the fuse and other components in the same integrated circuit. The
contacts 106 can be connected to metal interconnect lines so that the fuse can be accessed for

programming. The contacts 106 can be formed from any conventional conducting material
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suitable for use in integrated circuits, such as tungsten. Alternatively, interconnect lines can
be formed to directly contact the conductive layer 104, in which case the portions of the
interconnect lines beneath the surface of the passivation layer 116 are the contacts 106.

Although Figures 2, 3a, and 3b depict an embociiment of the fuse of the present
invention in which two contacts 106 are provided, any number of contacts 106 can be
provided at either end of the fuse in order to facilitate functionality or programing. Figure 4
shows an alternative embodiment in which a plurality of contacts 118 are provided on a fuse.
As shown in Figure 4, the width "w2" has been increased at either end of the fuse to
accommodate the plurality of contacts 118. The actual dimensions of the contact regions are
not critical to the proper functioning of the fuse, and many alternatives can be implemented to
meet the needs of any particular application.

Figures 5a through 5g illustrate one embodiment of the method by which the fuse
described above can be fabricated. Figure 5a is a cross section of a precursor of the fuse of
one embodiment of the present invention after several preliminary fabrication steps have been
performed. Specifically, the following steps or their equivalent have been perforrhed using
techniques well known in the art: the polysilicon layer 102 has been deposited on the oxide
layer 112, the conductive layer 104 has been deposited on the polysilicon layer 102, the first
material of the covering layer 110 has been deposited on the conductive layer 102, the
resulting three layer stack has been covered with a first layer of photoresist (not shown), the
photoresist patterned, the three layer stack etched, and the photoresist removed to result in the
structure shown in Figure 5a.

Figure 5b shows the fuse precursor of Figure Sa after a second layer of photoresist 122
has been formed and patterned to reveal a region of the covering layer 110 through a window
124 in the photoresist 122. Figure 5¢ shows the fuse precursor of figure 5b undergoing an
etching process, which can be any conventional etching technique, such as a reactive ion etch,
to remove the exposed portion of the covering layer 110. After etching, a gap 120 is defined
in the covering layer 110. Since the local support of the conductive layer104 by the covering
layer 110 has been removed in the region of the gap 120, the areas of the conductive layer 104
underlying the edges of the gap 120 have a stress concentration (shown by the circles labeled
"C" in figure 5c).

As discussed above, the gap 120 can be filled with any suitable material, and

8
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preferably is filled with a filler material that is relatively less-inert than the first material
previously deposited to form the covering layer 110. The gap 120 can be filled before or after
the photoresist 122 is removed. Any application technique that does not damage the
underlying conductive layer 104 can be used to form the region of filler material 111 in the
gap 120. For example, SILK can be deposited though the window 124 of the photoresist 122
into the gap 120 in the covering layer 110 to form the region of filler material 111. Ina
preferred embodiment, the photoresist 122 is removed, and SILK is applied via methods well
known in the art, such as spin-on techniques, to form the region of filler material 111.

Figure 5d shows the fuse precursor after formation of the region of filler material 111
and removal of the second layer of photoresist 122. Figure 5e shows the precursor of Figure
5d after formation of a passivation layer 116. Figure 5f shows the fuse precursor after
application and patterning of a third layer of photoresist 128 and etching of the passivation
layer 116 and the covering layer 110 in the exposed regions to form contact areas 130.
Formation of contacts 106 in the contact areas 130 is done using conventional techniques, and
the third layer of photoresist 128 is removed to yield the final fuse embodiment as shown in
Figure 5g. When a sufficient programing current is passed through the conductive layer 104,
the conductive layer 104 will degrade preferentially below the region of filler material 111,
both because the support of the covering layer 110 was removed during the covering layer
110 etching step, and because the conductive layer 104 degrades more rapidly under the
relatively less-inert filler material.

In another embodiment of the fuse, the gap 120 formed in the covering layer 110
during etching can be left unfilled after etching, and, as shown in Figure 6, filled in later with
the material used to form the passivation layer 116 during formation of the passivation layer
116. In this case, the region of filler material 111' can be any conventional passivation
material such as, silicon njtride, silicon dioxide, or combinations comprising at least one of
the foregoing. In this embodiment, localization of the fuse blow region is achieved through
the introduction of stress concentrations in the conductive layer 104 during etching of the
covering layer, without the added effect of differential inert character between the covering
layer 110 first material and the filler material in the region of filler material 111". The
fabrication and dimensions of this embodiment are as those given above for the prior

embodiments.
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The fuse of the present invention allows the incorporation into integrated circuits of
fuses that "blow" in a predicable region using less energy, and thus are less likely to cause
damage to adjacent structures and devices than conventional fuses. Further, the need to
isolate the fuse structure is eliminated, and programming is more reliable, predictable, and
efficient.

While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiments
disclosed for carrying out this invention, but that the invention will include all embodiments

falling within the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A fuse structure comprising:
a polysilicon layer;
a conductive layer disposed on said polysilicon layer; and,
a covering layer disposed on said conductive layer, wherein said covering layer
comprises a first material and a region of filler material comprising a filler material disposed

in said first material, and wherein said filler material is in contact with said conductive layer.

2. The fuse of claim 1, wherein said filler material is less inert than said first

material.
3. ‘The fuse of claim 2, wherein said conductive layer comprises a metal silicide,

said first material comprises silicon nitride, and said filler material comprises SILK, silicon

dioxide, silicon oxynitride, a spin on glass material, a silicate, or flourosilicate.

4. The fuse of claim 3, wherein said metal silicide comprises cobalt silicide,

tungsten silicide, or titanium silicide.

5. The fuse of claim 1, wherein said region of filler material is disposed centrally

in said covering layer.

6. The fuse of claim 1, wherein said covering layer has a thickness of about 200

to about 400 angstroms.

7. The fuse of claim 6, wherein said covering layer has a thickness of about 250

to about 350 angstroms.

8. The fuse of claim 1, wherein said region of filler material extends through the

entire thickness of said covering layer.

9. The fuse of claim 1, wherein said conductive layer has a thickness of about
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200 to about 300 angstroms and a sheet resistance of less than about 15 ohms per square.

10.  The fuse of claim 9, wherein said conductive layer has a thickness of about

225 to about 275 angstroms and a sheet resistance of less than about 10 ohms per square.

11.  The fuse of claim 1, wherein said polysilicon layer has a thickness of about

2,000 to about 3,000 angstroms and a sheet resistance of greater than about 100 ohms.

12.  The fuse of claim 11, wherein said polysilicon layer has a thickness of about

2,300 to about 2,700 angstroms and a sheet resistance of greater than about 500 ohms.

13. The fuse of claim 1, wherein said filler material is a material used for a

passivation layer.

14.  The fuse of claim 1, further comprising two contacts disposed in contact with

said conductive layer, wherein said region of filler material is disposed between said contacts.

15. A process for making a fuse, comprising:

forming a polysilicon layer;

forming a conductive layer on said polysilicon layer;

forming a covering layer on said conductive layer, wherein said covering layer
comprises a first material;

masking with a first photoresist, patterning, and etching to define a stack
comprising said polysilicon layer, said conductive layer, and said covering layer;

masking with a second photoresist, patterning, and etching to define a gap in
said covering layer; and,

filling said gap with a filler material to form a region of filler material, wherein

said region of filler material is in contact with said conductive layer.

16.  The process of claim 15, wherein said filler material is less inert than said first

material.

12
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17. The process of claim 16, wherein said conductive layer comprises a metal
silicide, said first material comprises silicon nitride, and said filler material comprises SILK,

silicon dioxide, silicon oxynitride, a spin on glass material, a silicate, or flourosilicate.

18.  The process of claim 17, wherein said metal silicide comprises cobalt silicide,

tungsten silicide, or titanium silicide.

19.  The process of claim 15, wherein said region of filler material is formed

centrally in said covering layer.

20.  The process of claim 15, wherein said covering layer has a thickness of about

200 to about 400 angstroms.

21.  The process of claim 20, wherein said covering layer has a thickness of about

250 to about 350 angstroms.

22.  The process of claim 15, wherein said region of filler material extends through

the entire thickness of said covering layer.

23.  The process of claim 15, wherein said conductive layer has a thickness of
about 200 to about 300 angstroms and a sheet resistance of less than about 15 ohms per

square.
24.  The process of claim 23, wherein said conductive layer has a thickness of
about 225 to about 275 angstroms and a sheet resistance of less than about 10 ohms per

square.

25.  The process of claim 15, wherein said polysilicon layer has a thickness of

about 2,000 to about 3,000 angstroms and a sheet resistance of greater than about 100 ohms.

13
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26.  The process of claim 25, wherein said polysilicon layer has a thickness of

about 2,300 to about 2,700 angstroms and a sheet resistance of greater than about 500 ohms.

27.  The process of claim 15, wherein said filler material is a material used for a

passivation layer.
28.  The process of claim 15, further comprising forming two contacts
disposed in contact with said conductive layer after said filling said gap, wherein said region

of filler material is disposed between said contacts.

29.  The process of claim 15, wherein said filling of said gap occurs during

formation of a passivation layer.

30. The process of claim 29, wherein said region of filler material comprises

silicon dioxide, silicon nitride, or combinations comprising at least one of the foregoing.
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Figure 5d
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Figure 5g
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