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Forming Resistive Random Access Memories Together With Fuse Arrays 

Background 

This relates generally to resistive random access memories (ReRAMs). 

ReRAM relies on materials that can be electrically switched between a higher 

conductive state and a lower conductive state several times.  One type of ReRAM, a 5 

phase change memory, uses phase change materials, i.e., materials that may be 

electrically switched between a generally amorphous and a generally crystalline 

state.  One type of phase change memory element utilizes a phase change material 

that may be, in one application, electrically switched between a structural state of 

generally amorphous and generally crystalline local order or between different 10 

detectable states of local order across the entire spectrum between completely 

amorphous and completely crystalline states. 

 One time programmable fuses may be used in conjunction with a phase 

change memory array.  For example, fuses may be programmed permanently to 

store information which should not be changed.  This information may include 15 

trimming values set during manufacture, microcode, and redundancy addresses to 

replace defective memory elements with replacement memory elements, to mention 

a few examples. 

 The easiest solution to heat fuses in conjunction with the phase change 

memory array is to permanently blow a phase change storage element.  This can be 20 

done with high current pulses delivered to the phase change memory cell in reverse 

polarity. 

 Because it operates differently, the fuse array must include structural 

differences over the phase change memory elements.  In particular, the reverse 

polarity and the high current for blowing fuses results in specific drivers and layout.  25 

As a result, the fabrication complexity may be increased by the inclusion of a fuse 

array on the same die with a memory array. 

Brief Description of the Drawings 

Figure 1 is an enlarged, perspective view of a main array in accordance with 

one embodiment of the present invention; 30 
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relates generally to resistive random access memories (ReRAMs). ReRAM relies on materials that can
be electrically switched between a higher 5 conductive state and a lower conductive state several
times. One type of ReRAM, a phase change memory, uses phase change materials, i.e., materials
that may be electrically switched between a generally amorphous and a generally crystalline state.
One type of phase change memory element utilizes a phase change material that may be, in one
application, electrically switched between a structural state of 10 generally amorphous and generally
crystalline local order or between different detectable states of local order across the entire spectrum
between completely amorphous and completely crystalline states.        One time programmable fuses
may be used in conjunction with a phase change memory array. For example, fuses may be
programmed permanently to 15store information which should not be changed. This information may
include trimming values set during manufacture, microcode, and redundancy addresses to replace
defective memory elements with replacement memory elements, to mention a few examples. The
easiest solution to heat fuses in conjunction with the phase change 20 memory array is to permanently
blow a phase change storage element. This can be done with high current pulses delivered to the
phase change memory cell in reverse polarity. Because it operates differently, the fuse array must
include structural differences over the phase change memory elements. In particular, the reverse 25
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memory array. Brief Description of the Drawings              Figure 1 is an enlarged, perspective view of a
main array in accordance with 30one embodiment of the present invention;  
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Figure 2 is an enlarged, perspective view of a fuse array in accordance with 

one embodiment of the present invention; 

Figure 3 is a cross-section through the main array taken generally along the 

line 3-3 in Figure 1 taken along the row or wordline; 

Figure 4 is an enlarged, cross-sectional view taken generally along the line 4-5 

4 in Figure 1; 

Figure 5 is an enlarged, cross-sectional view at a subsequent stage to that 

shown in Figure 3 in accordance with one embodiment; 

Figure 6 is an enlarged, cross-sectional view corresponding to Figure 4 at a 

subsequent stage in accordance with one embodiment; 10 

Figure 7 is an enlarged, cross-sectional view at a subsequent stage 

corresponding to Figure 5 in accordance with one embodiment; 

Figure 8 is an enlarged, cross-sectional view at a subsequent stage 

corresponding to Figure 6 in accordance with one embodiment; 

Figure 9 is an enlarged, cross-sectional view at a subsequent stage to that 15 

shown in Figure 7 in accordance with one embodiment; 

Figure 10 is an enlarged, cross-sectional view at a subsequent stage to that 

shown in Figure 8 in accordance with one embodiment; 

Figure 11 is an enlarged, cross-sectional view at a subsequent stage to that 

shown in Figure 9 in one embodiment; 20 

Figure 12 is an enlarged, cross-sectional view at a subsequent stage to that 

shown in Figure 10 in one embodiment; 

Figure 13 is a perspective view at a subsequent stage to that shown in Figure 

1 in accordance with one embodiment; 

Figure 14 is an enlarged, perspective view at a subsequent stage to that 25 

shown in Figure 2 in accordance with one embodiment; 

Figure 15 is an enlarged, cross-sectional view at a stage subsequent to that 

shown in Figure 9 in accordance with one embodiment; 

Figure 16 is an enlarged, cross-sectional view at a stage subsequent to that 

shown in Figure 12 in accordance with one embodiment; 30 

Figure 17 is an enlarged, cross-sectional view at a stage subsequent to that 

shown in Figure 15 in accordance with one embodiment; 

- 2 -       Figure 2 is an enlarged, perspective view of a fuse array in accordance with one embodiment
of the present invention;       Figure 3 is a cross-section through the main array taken generally along
the line 3-3 in Figure 1 taken along the row or wordline; 5Figure 4 is an enlarged, cross-sectional view
taken generally along the line 4- 4 in Figure 1;       Figure 5 is an enlarged, cross-sectional view at a
subsequent stage to that shown in Figure 3 in accordance with one embodiment;            Figure 6 is an
enlarged, cross-sectional view corresponding to Figure 4 at a 10 subsequent stage in accordance with
one embodiment;       Figure 7 is an enlarged, cross-sectional view at a subsequent stage
corresponding to Figure 5 in accordance with one embodiment;       Figure 8 is an enlarged,
cross-sectional view at a subsequent stage corresponding to Figure 6 in accordance with one
embodiment; 15Figure 9 is an enlarged, cross-sectional view at a subsequent stage to that shown in
Figure 7 in accordance with one embodiment;       Figure 10 is an enlarged, cross-sectional view at a
subsequent stage to that shown in Figure 8 in accordance with one embodiment;            Figure 11 is
an enlarged, cross-sectional view at a subsequent stage to that 20 shown in Figure 9 in one
embodiment;       Figure 12 is an enlarged, cross-sectional view at a subsequent stage to that shown in
Figure 10 in one embodiment;       Figure 13 is a perspective view at a subsequent stage to that shown
in Figure 1 in accordance with one embodiment; 25Figure 14 is an enlarged, perspective view at a
subsequent stage to that shown in Figure 2 in accordance with one embodiment;       Figure 15 is an
enlarged, cross-sectional view at a stage subsequent to that shown in Figure 9 in accordance with one
embodiment;            Figure 16 is an enlarged, cross-sectional view at a stage subsequent to that 30
shown in Figure 12 in accordance with one embodiment;       Figure 17 is an enlarged, cross-sectional
view at a stage subsequent to that shown in Figure 15 in accordance with one embodiment; 
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Figure 18 is an enlarged, cross-sectional view corresponding to Figure 16 at a 

subsequent stage in accordance with one embodiment; 

Figure 19 is an enlarged, perspective view of the main array in accordance 

with one embodiment at a stage subsequent to that shown in Figure 14; 

Figure 20 is an enlarged, perspective view at a stage subsequent to that 5 

shown in Figure 14 in accordance with one embodiment; 

Figure 21 is an enlarged, top plan view of the isolation structures for the main 

array (on the left) and the fuse array (on the right) in accordance with one 

embodiment; 

Figure 22 is an enlarged, cross-sectional view showing the heater deposition 10 

according to one embodiment; 

Figure 23 is an enlarged, cross-sectional view showing the heater etching 

according to one embodiment; 

Figure 24 is a more enlarged, partial top plan view at the main array in 

accordance with one embodiment at an early stage of manufacture; 15 

Figure 25 is a more enlarged, top plan view showing strips that may be 

patterned to ultimately form heaters of the main array in accordance with one 

embodiment, at a subsequent stage to that shown in Figure 24; 

Figure 26 is an enlarged, top plan view of the fuse array at the stage of 

manufacture also shown in Figure 25, in accordance with one embodiment; 20 

Figure 27 is a greatly enlarged, perspective view of the main array at a 

subsequent stage in accordance with one embodiment; 

Figure 28 is a greatly enlarged, perspective view of the fuse array in 

accordance with some embodiments of the present invention; and 

Figure 29 is a schematic depiction for one embodiment of the present 25 

invention. 

Detailed Description 

 A main resistive random access memory array (Figure 1) and a fuse array 

(Figure 2) may be formed using the same or substantially the same steps on the 

same semiconductor substrate.  Referring to Figure 1, the semiconductor substrate 30 

70 may have a P-type collector 72 in one embodiment.  Over the P-type collector 72 

may be an N-type base or wordline 74 in one embodiment.  Thus, the wordlines run 

- 3 -       Figure 18 is an enlarged, cross-sectional view corresponding to Figure 16 at a subsequent
stage in accordance with one embodiment;       Figure 19 is an enlarged, perspective view of the main
array in accordance with one embodiment at a stage subsequent to that shown in Figure 14; 5Figure
20 is an enlarged, perspective view at a stage subsequent to that shown in Figure 14 in accordance
with one embodiment;       Figure 21 is an enlarged, top plan view of the isolation structures for the
main array (on the left) and the fuse array (on the right) in accordance with one embodiment; 10Figure
22 is an enlarged, cross-sectional view showing the heater deposition according to one embodiment;
Figure 23 is an enlarged, cross-sectional view showing the heater etching according to one
embodiment; Figure 24 is a more enlarged, partial top plan view at the main array in 15 accordance
with one embodiment at an early stage of manufacture;       Figure 25 is a more enlarged, top plan
view showing strips that may be patterned to ultimately form heaters of the main array in accordance
with one embodiment, at a subsequent stage to that shown in Figure 24; Figure 26 is an enlarged, top
plan view of the fuse array at the stage of 20 manufacture also shown in Figure 25, in accordance with
one embodiment; Figure 27 is a greatly enlarged, perspective view of the main array at a subsequent
stage in accordance with one embodiment;       Figure 28 is a greatly enlarged, perspective view of the
fuse array in accordance with some embodiments of the present invention; and 25Figure 29 is a
schematic depiction for one embodiment of the present invention. Detailed Description  
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from left to right in the figure.  The bitlines run into the page and include a plurality of 

P-type emitters 80.  Base contacts 78 separate sets of four emitters in the row 

direction in one embodiment.  Thus, deeper trench isolations 82 extend in the row 

direction, while shallower trench isolations 84 extend in the bitline direction.  While 

not depicted in Figure 1, the deeper and shallower trench isolations 82 and 84 may 5 

be filled with a dielectric, such as silicon dioxide. 

 The emitters 80 and base contacts 78 may be formed by ion implantation with 

appropriate masking in one embodiment.  The mask may be opened to form the 

appropriate conductivity type at the appropriate locations.  Conductivity types other 

than those described herein may be used.  Other trench depths and orientations are 10 

possible in other embodiments. 

 Referring to Figure 2, the fuse array may have the same arrangement of 

trench isolations 82 and 84 that are formed at the same time, using the same 

sequence of semiconductor processing operations, as used to form the 

corresponding trenches for the main array shown in Figure 1, in one embodiment.  15 

As in the main array, the fuse array may also include base contacts 78.  However, 

the fuse array may include fuse contacts 86 instead of emitters.  In one embodiment, 

the base contacts 78 and fuse contacts 86 are N+ doped and may be formed at the 

same process step. 

 Figures 3-12 and 15-18 show the fabrication of the main array, with the odd 20 

numbered figures being row direction cross-sections and the even numbered figures 

being cross-sections in the bitline direction.  In the illustrated embodiment, the main 

array is a phase change memory, but other resistive random access memories may 

also be used. 

 In Figures 3 and 4, a dielectric 88 fills the deeper and shallower trenches 82 25 

and 84.  A silicon nitride layer 90 may be formed under a silicon oxide layer 92.  

However, other dielectrics may also be used.  In one embodiment, silicide plus 

tungsten plugs 94 may be formed above the silicon regions 78, 80 and 86 and under 

the silicon nitride layer 90.  Note that the same plugs may be used in the main array 

and the fuse array.  Thus, while the dielectric layers 90 and 92 are continuous in the 30 

row direction, they are trenched, as seen in the bitline direction in Figure 4 in one 

A main resistive random access memory array (Figure 1) and a fuse array (Figure 2) may be formed
using the same or substantially the same steps on the  30 same semiconductor substrate. Referring to
Figure 1, the semiconductor substrate 70 may have a P-type collector 72 in one embodiment. Over the
P-type collector 72 may be an N-type base or wordline 74 in one embodiment. Thus, the wordlines run
- 4 - from left to right in the figure. The bitlines run into the page and include a plurality of P-type
emitters 80. Base contacts 78 separate sets of four emitters in the row direction in one embodiment.
Thus, deeper trench isolations 82 extend in the row direction, while shallower trench isolations 84
extend in the bitline direction. While 5not depicted in Figure 1, the deeper and shallower trench
isolations 82 and 84 may be filled with a dielectric, such as silicon dioxide. The emitters 80 and base
contacts 78 may be formed by ion implantation with appropriate masking in one embodiment. The
mask may be opened to form the appropriate conductivity type at the appropriate locations.
Conductivity types other 10 than those described herein may be used. Other trench depths and
orientations are possible in other embodiments.        Referring to Figure 2, the fuse array may have the
same arrangement of trench isolations 82 and 84 that are formed at the same time, using the same
sequence of semiconductor processing operations, as used to form the 15corresponding trenches for
the main array shown in Figure 1, in one embodiment. As in the main array, the fuse array may also
include base contacts 78. However, the fuse array may include fuse contacts 86 instead of emitters. In
one embodiment, the base contacts 78 and fuse contacts 86 are N+ doped and may be formed at the
same process step. 20Figures 3-12 and 15-18 show the fabrication of the main array, with the odd
numbered figures being row direction cross-sections and the even numbered figures being
cross-sections in the bitline direction. In the illustrated embodiment, the main array is a phase change
memory, but other resistive random access memories may also be used. 25In Figures 3 and 4, a
dielectric 88 fills the deeper and shallower trenches 82 and 84. A silicon nitride layer 90 may be
formed under a silicon oxide layer 92. However, other dielectrics may also be used. In one
embodiment, silicide plus tungsten plugs 94 may be formed above the silicon regions 78, 80 and 86
and under the silicon nitride layer 90. Note that the same plugs may be used in the main array 30and
the fuse array. Thus, while the dielectric layers 90 and 92 are continuous in the 
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embodiment.  Namely, the trenches 96 may run in the row direction, leaving a 

dielectric layer spanning each pair of two emitters 80. 

 Then, referring to Figures 5 and 6, the structures may be covered by a 

material used to form heaters 98.  For example, titanium nitride composites may be 

utilized for this purpose.  The heaters 98 may cover the dielectric material and the 5 

trenches between the dielectric material, as shown in Figures 5 and 6. 

 Then, as shown in Figures 7 and 8, the heater 98 material is removed from 

the tops of the dielectric layers 90 and 92 so that only the upstanding vertical 

portions remain, as indicated at 98 in Figure 8.  Thus, the L-shaped remnants 98 run 

in the row direction.  A nitride material 100 may be deposited over the resulting 10 

structure and then trenched, as indicated, to form sidewall spacers shown in Figure 

8. 

 Then, the structure shown in Figure 8 may be covered by still another 

dielectric layer 102 which, in one embodiment, may be silicon dioxide, as shown in 

Figures 9 and 10. 15 

 Moving to Figure 11, the structure may be planarized to remove the upper 

part of the dielectric layer 102, creating the planar structure shown in Figure 12.  The 

planarization may go all the way down to the nitride layer 90 in one embodiment. 

 Referring to Figure 13, the resulting heaters 98 may be L-shaped and may run 

in the row direction.  Adjacent rows may have L-shaped heaters 98 that face in 20 

opposite directions.  The heaters 98 are further defined as a result of an ensuing 

self-aligned etch of a chalcogenide bitline which actually occurs subsequently in the 

process flow, but the heaters are shown here to illustrate the L-shape in advance of 

the chalcogenide bitline etching step.  The heaters 98 are positioned in the main 

array on the emitters 80. 25 

 Figure 14 shows the heaters 98 for the fuse array.  In this case, the heaters 

98 are positioned on top of the fuse contacts 86 with no difference with respect to the 

steps employed for the heater formation in the main array as described in Figures 3-

12.  In this case no bipolar transistor is present below the heater and the bottom of 

the heater element is in direct electrical contact with the N-doped silicon pillars of the 30 

base 74. 

row direction, they are trenched, as seen in the bitline direction in Figure 4 in one  - 5 - embodiment.
Namely, the trenches 96 may run in the row direction, leaving a dielectric layer spanning each pair of
two emitters 80. Then, referring to Figures 5 and 6, the structures may be covered by a material used
to form heaters 98. For example, titanium nitride composites may be 5utilized for this purpose. The
heaters 98 may cover the dielectric material and the trenches between the dielectric material, as
shown in Figures 5 and 6.        Then, as shown in Figures 7 and 8, the heater 98 material is removed
from the tops of the dielectric layers 90 and 92 so that only the upstanding vertical portions remain, as
indicated at 98 in Figure 8. Thus, the L-shaped remnants 98 run 10in the row direction. A nitride
material 100 may be deposited over the resulting structure and then trenched, as indicated, to form
sidewall spacers shown in Figure 8.          Then, the structure shown in Figure 8 may be covered by
still another dielectric layer 102 which, in one embodiment, may be silicon dioxide, as shown in
15Figures 9 and 10.        Moving to Figure 11, the structure may be planarized to remove the upper
part of the dielectric layer 102, creating the planar structure shown in Figure 12. The planarization may
go all the way down to the nitride layer 90 in one embodiment. Referring to Figure 13, the resulting
heaters 98 may be L-shaped and may run 20 in the row direction. Adjacent rows may have L-shaped
heaters 98 that face in opposite directions. The heaters 98 are further defined as a result of an ensuing
self-aligned etch of a chalcogenide bitline which actually occurs subsequently in the process flow, but
the heaters are shown here to illustrate the L-shape in advance of the chalcogenide bitline etching
step. The heaters 98 are positioned in the main 25array on the emitters 80. 
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 Continuing with Figure 15, a series of layers are added including a 

chalcogenide layer 104 in the case of a phase change memory embodiment.  The 

chalcogenide layer 104 may be any material suitable for forming a phase change 

memory including the so-called GST (germanium, antimony, tellurium) material.  In 

some embodiments, over the phase change or chalcogenide layer 104 may be a 5 

metallic cap 106 which, in one embodiment, may be titanium nitride.  Next, still 

another metal layer may be deposited, as indicated at 108.  The layer 108, in one 

embodiment, may be tungsten to increase bitline conductivity. 

 Referring to Figure 16, the chalcogenide layer 104 makes contact with the 

heaters 98 at their upper ends. 10 

 The bitline definition step involves etching to define the bitlines, as shown in 

the wordline direction of Figure 17.  The resulting trenches 110 run in the bitline 

direction and define bitlines 112 running into the page in Figure 17 and across the 

page in Figure 18, which is the bitline direction.  This is the self-aligned etch of the 

bitline down to the tungsten plugs 94.  A larger opening 114 is formed over the base 15 

contacts 78. 

 Referring to Figure 19, overlying layers have been removed in the perspective 

depiction to show the arrangement of the chalcogenide layers 104.  As shown there, 

the chalcogenide layers extend only over the emitters 80 and make contact with the 

now singulated heaters 98.  Note that the heaters were singulated during the self-20 

aligned bitline etch.  Thus, the chalcogenide layers run in the bitline direction, as 

indicated in Figure 19. 

 Figure 20 shows the corresponding structure in the fuse array.  Note that in 

the fuse array, there is a partial self-aligned bitline etch which leaves only portions of 

the chalcogenide layer 104 along a first wordline at the edge of the array. 25 

Thereafter, conventional steps may be utilized to form copper damascene 

lines in the row and bitline directions on the fuse and main arrays in some 

embodiments. 

 In accordance with another embodiment, a resistive random access memory 

(ReRAM) main array and fuse array may be made on the same silicon substrate.  In 30 

some embodiments, process complexity may be reduced and efficiencies may be 

achieved by using similar processing techniques for both the fuse array and the main 

Figure 14 shows the heaters 98 for the fuse array. In this case, the heaters 98 are positioned on top of
the fuse contacts 86 with no difference with respect to the steps employed for the heater formation in
the main array as described in Figures 3- 12. In this case no bipolar transistor is present below the
heater and the bottom of 30the heater element is in direct electrical contact with the N-doped silicon
pillars of the base 74.  - 6 -        Continuing with Figure 15, a series of layers are added including a
chalcogenide layer 104 in the case of a phase change memory embodiment. The chalcogenide layer
104 may be any material suitable for forming a phase change memory including the so-called GST
(germanium, antimony, tellurium) material. In 5 some embodiments, over the phase change or
chalcogenide layer 104 may be a metallic cap 106 which, in one embodiment, may be titanium nitride.
Next, still another metal layer may be deposited, as indicated at 108. The layer 108, in one
embodiment, may be tungsten to increase bitline conductivity.             Referring to Figure 16, the
chalcogenide layer 104 makes contact with the 10heaters 98 at their upper ends. The bitline definition
step involves etching to define the bitlines, as shown in the wordline direction of Figure 17. The
resulting trenches 110 run in the bitline direction and define bitlines 112 running into the page in Figure
17 and across the page in Figure 18, which is the bitline direction. This is the self-aligned etch of the
15bitline down to the tungsten plugs 94. A larger opening 114 is formed over the base contacts 78.
Referring to Figure 19, overlying layers have been removed in the perspective depiction to show the
arrangement of the chalcogenide layers 104. As shown there, the chalcogenide layers extend only
over the emitters 80 and make contact with the 20now singulated heaters 98. Note that the heaters
were singulated during the self- aligned bitline etch. Thus, the chalcogenide layers run in the bitline
direction, as indicated in Figure 19.        Figure 20 shows the corresponding structure in the fuse array.
Note that in the fuse array, there is a partial self-aligned bitline etch which leaves only portions of
25the chalcogenide layer 104 along a first wordline at the edge of the array.        Thereafter,
conventional steps may be utilized to form copper damascene lines in the row and bitline directions on
the fuse and main arrays in some embodiments. In accordance with another embodiment, a resistive
random access memory 
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array, despite the structural differences between the two arrays.  In addition, it is 

advantageous to form only one fuse per bitline in accordance with some 

embodiments where the selecting transistor is realized at the array edge.  The 

missing fuses on each bitline then provide spacing between adjacent fuses, which 

may reduce shorts or damage when fuses are blown, in some embodiments. 5 

 In some cases, the word lines may be tied together.  A vector arrangement 

may use common word lines, with fuses driven by drivers along the edge of the fuse 

array rather than drivers under the fuses.  As a result, the row parasitic resistance of 

each fuse may be reduced, improving performance in some embodiments. 

 Referring to Figure 21, the main array, including the ReRAM cells, may 10 

include spaced, parallel, shallower trench isolations 14 and perpendicular spaced, 

parallel, deeper isolations 16a.  The isolations 14 or 16a may be in the form of 

trenches in a semiconductor substrate, those trenches being filled with a dielectric.  

A cell active area 23 may be defined at the intersection between two adjacent 

deeper trench isolations 16a and between two adjacent shallower trench isolations 15 

14.  Below each cell active area 23 may be a select transistor (not shown in Figure 

21) in the form of a bipolar junction transistor in one embodiment.  A resistive 

random access memory element may be formed directly over the select transistor, in 

some embodiments.  That is, in some embodiments, each ReRAM cell includes its 

own underlying select transistor.  Other main array configurations may also be used. 20 

 In the fuse array 12, shown on the right side in Figure 21, there is only one set 

of spaced, parallel trench isolations 16b.  The trench isolations 16b correspond to 

the shallower trench isolations 16a in the main array.  However, the perpendicular 

trench isolations 14 may be omitted in the fuse array and, instead, the fuse array 

may include word lines 18 that extend continuously between adjacent trench 25 

isolations 16b.  Thus, in contrast to the main array, the fuse array uses continuous 

word lines that simultaneously drive many fuse cells along a row for example, while 

the main array includes a series of individual bipolar junction transistors that drive 

each cell, in some embodiments. 

Advantageously, in some embodiments, the use of continuous, low resistance 30 

word lines may reduce the parasitic resistance of the fuse array.  The resistance may 

be important in the fuse array because of the need for relatively high currents to 

30 (ReRAM) main array and fuse array may be made on the same silicon substrate. In some
embodiments, process complexity may be reduced and efficiencies may be achieved by using similar
processing techniques for both the fuse array and the main  - 7 - array, despite the structural
differences between the two arrays. In addition, it is advantageous to form only one fuse per bitline in
accordance with some embodiments where the selecting transistor is realized at the array edge. The
missing fuses on each bitline then provide spacing between adjacent fuses, which 5 may reduce
shorts or damage when fuses are blown, in some embodiments.        In some cases, the word lines
may be tied together. A vector arrangement may use common word lines, with fuses driven by drivers
along the edge of the fuse array rather than drivers under the fuses. As a result, the row parasitic
resistance of each fuse may be reduced, improving performance in some embodiments. 10Referring
to Figure 21, the main array, including the ReRAM cells, may include spaced, parallel, shallower
trench isolations 14 and perpendicular spaced, parallel, deeper isolations 16a. The isolations 14 or
16a may be in the form of trenches in a semiconductor substrate, those trenches being filled with a
dielectric. A cell active area 23 may be defined at the intersection between two adjacent 15deeper
trench isolations 16a and between two adjacent shallower trench isolations 14. Below each cell active
area 23 may be a select transistor (not shown in Figure 21) in the form of a bipolar junction transistor
in one embodiment. A resistive random access memory element may be formed directly over the
select transistor, in some embodiments. That is, in some embodiments, each ReRAM cell includes its
20own underlying select transistor. Other main array configurations may also be used.        In the fuse
array 12, shown on the right side in Figure 21, there is only one set of spaced, parallel trench
isolations 16b. The trench isolations 16b correspond to the shallower trench isolations 16a in the main
array. However, the perpendicular trench isolations 14 may be omitted in the fuse array and, instead,
the fuse array 25may include word lines 18 that extend continuously between adjacent trench
isolations 16b. Thus, in contrast to the main array, the fuse array uses continuous word lines that
simultaneously drive many fuse cells along a row for example, while the main array includes a series
of individual bipolar junction transistors that drive each cell, in some embodiments. 30Advantageously,
in some embodiments, the use of continuous, low resistance word lines may reduce the parasitic
resistance of the fuse array. The resistance may be important in the fuse array because of the need for
relatively high currents to 
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destructively program the fuses in the fuse array.  In some embodiments, the fuses 

may be programmed by passing a reverse biased high current through them, 

causing destructive failure.  As a result, the fuses are either unprogrammed or 

programmed by causing the fuses to fail by the passage of relatively high current.  In 

one embodiment, the word lines 14 may be formed of silicide such as cobalt silicide, 5 

formed on top of the same semiconductor substrate in which the trenches were 

formed. 

Then, in Figure 22, a heater layer 20 and, optionally, a dielectric sheath layer 

126, both having sublithographic thickness, are conformally deposited on the wafer 

100.  The heater layer 20 may constitute a plurality of parallel, spaced strips running 10 

in the bitline direction indicated as "Y" in Figure 22.  In a phase change memory 

embodiment, the strips 20 may be formed of a heater material.  For example, the 

heater material may produce Joule heat in response to current flow.  In embodiments 

using non-phase change resistive random access memories and, in some phase 

change memory embodiments, the heater material may be replaced by 15 

corresponding strips of conductive material and, in some cases, no heater may be 

used.  The same masks may be used to produce the strips 20 in the fuse array and 

the main array.  The thickness of the heater layer 20 may be in the range of 5-20 nm 

in some embodiments.  The heater layer 20 may be formed over a dielectric layer 18 

in which are formed contacts 24 which, in some embodiments, may be either base 20 

contacts or emitter contacts of a bipolar select transistor.  The trench 124 in 

overlying dielectric layers 121 and 122 enables heaters to make an electrical 

connection to the contacts 24. 

The heater layer 20 and the sheath layer 126 are etched back and flat 

portions thereof are removed from the bottom of the heater trench 124, as illustrated 25 

at 127 in Figure 3.  In practice, vertical portions of the heater layer 20 and of the 

sheath layer 126 adhering to sides of the heater trenches 124 are separated from 

each other and define heater strips 20' and sheath portions 126', respectively, 

extending in the row direction.  Therefore, the second dielectric layer 122 outside the 

heater trenches 124, and the first dielectric layer 18, the base contacts 24a and the 30 

emitter contacts 24b inside the heater trenches 124 are exposed again.  The heater 

strips 20' are in the form of rectilinear vertical walls, running perpendicular to the 

- 8 - destructively program the fuses in the fuse array. In some embodiments, the fuses may be
programmed by passing a reverse biased high current through them, causing destructive failure. As a
result, the fuses are either unprogrammed or programmed by causing the fuses to fail by the passage
of relatively high current. In 5one embodiment, the word lines 14 may be formed of silicide such as
cobalt silicide, formed on top of the same semiconductor substrate in which the trenches were formed.
Then, in Figure 22, a heater layer 20 and, optionally, a dielectric sheath layer 126, both having
sublithographic thickness, are conformally deposited on the wafer 10100. The heater layer 20 may
constitute a plurality of parallel, spaced strips running in the bitline direction indicated as "Y" in Figure
22. In a phase change memory embodiment, the strips 20 may be formed of a heater material. For
example, the heater material may produce Joule heat in response to current flow. In embodiments
using non-phase change resistive random access memories and, in some phase 15 change memory
embodiments, the heater material may be replaced by corresponding strips of conductive material and,
in some cases, no heater may be used. The same masks may be used to produce the strips 20 in the
fuse array and the main array. The thickness of the heater layer 20 may be in the range of 5-20 nm in
some embodiments. The heater layer 20 may be formed over a dielectric layer 18 20 in which are
formed contacts 24 which, in some embodiments, may be either base contacts or emitter contacts of a
bipolar select transistor. The trench 124 in overlying dielectric layers 121 and 122 enables heaters to
make an electrical connection to the contacts 24. The heater layer 20 and the sheath layer 126 are
etched back and flat 25portions thereof are removed from the bottom of the heater trench 124, as
illustrated at 127 in Figure 3. In practice, vertical portions of the heater layer 20 and of the sheath layer
126 adhering to sides of the heater trenches 124 are separated from each other and define heater
strips 20' and sheath portions 126', respectively, extending in the row direction. Therefore, the second
dielectric layer 122 outside the  30 heater trenches 124, and the first dielectric layer 18, the base
contacts 24a and the emitter contacts 24b inside the heater trenches 124 are exposed again. The
heater strips 20' are in the form of rectilinear vertical walls, running perpendicular to the  - 9 - column
direction Y and having small lateral protrusions at bottom. In practice, two separate heater strips 20'
are obtained from the heater layer 20 in each heater trench 124; each of the heater strips 20' extends
on a respective row of selection transistors and is isolated from any other heater strips 20' of the wafer
52. A filling 
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column direction Y and having small lateral protrusions at bottom.  In practice, two 

separate heater strips 20' are obtained from the heater layer 20 in each heater 

trench 124; each of the heater strips 20' extends on a respective row of selection 

transistors and is isolated from any other heater strips 20' of the wafer 52.  A filling 

layer (not shown) is deposited on the wafer 52 and removed from outside the heater 5 

trenches 124 by chemical mechanical planarization.  Hence, the heater trenches 124 

are filled by filling portions 127 of the filling layer, illustrated by a dashed line in 

Figure 23. 

 Referring next to Figure 24, a portion of the main or fuse array is shown at an 

early stage of fabrication.  In each array, an etch mask (not shown) extending in the 10 

same direction as the shallow trench isolations 16a forms a plurality of parallel, 

spaced heater strips 20'. 

 Next, a plurality of layers may be built up over the strips 20'.  For a phase 

change memory, a phase change material, such as GST, may be deposited as one 

of those layers, followed by other suitable layers, including a conductive cap and, in 15 

some embodiments, a metal line, such as a copper metal line.  In other resistive 

memories, a different switching material, such as nickel oxide, titanium dioxide, 

silicon dioxide, or MnOx may be used, to mention a few examples. 

Then, a mask (not shown) extending perpendicularly to the mask used to form 

the strips 20' (shown in Figure 24), may be used to form the parallel, spaced lines 22 20 

shown in Figure 25.  Thus, the stack of deposited layers, including a switching 

material, is etched, leaving the underlying or masked portions 20a of the strips 20' 

and also defining lines 22 that actually include the switching material for the fuse and 

main array cells.  The lines 22 extend perpendicularly to the original lengths of strips 

20', which now have been segmented into discrete heaters 20a, each coupled to an 25 

external select transistor (not shown in Figure 23), an underlying heater 20a in a 

phase change memory application, and an overlying ReRAM cell (not shown in 

Figure 23).  The main array cells 27 may include a chalcogenide in the case of a 

phase change memory or a resistive switching material in the case of a resistive 

random access memory other than a phase change memory.  Thus, in the main 30 

array, the regular matrix of cells 27 may be formed, each cell being equidistantly 

spaced from its adjacent cells in a grid pattern in some embodiments. 

5 layer (not shown) is deposited on the wafer 52 and removed from outside the heater trenches 124 by
chemical mechanical planarization. Hence, the heater trenches 124 are filled by filling portions 127 of
the filling layer, illustrated by a dashed line in Figure 23. Referring next to Figure 24, a portion of the
main or fuse array is shown at an 10early stage of fabrication. In each array, an etch mask (not shown)
extending in the same direction as the shallow trench isolations 16a forms a plurality of parallel,
spaced heater strips 20'.        Next, a plurality of layers may be built up over the strips 20'. For a phase
change memory, a phase change material, such as GST, may be deposited as one 15of those layers,
followed by other suitable layers, including a conductive cap and, in some embodiments, a metal line,
such as a copper metal line. In other resistive memories, a different switching material, such as nickel
oxide, titanium dioxide, silicon dioxide, or MnOx may be used, to mention a few examples. Then, a
mask (not shown) extending perpendicularly to the mask used to form 20the strips 20' (shown in
Figure 24), may be used to form the parallel, spaced lines 22 shown in Figure 25. Thus, the stack of
deposited layers, including a switching material, is etched, leaving the underlying or masked portions
20a of the strips 20' and also defining lines 22 that actually include the switching material for the fuse
and main array cells. The lines 22 extend perpendicularly to the original lengths of strips 25 20', which
now have been segmented into discrete heaters 20a, each coupled to an external select transistor (not
shown in Figure 23), an underlying heater 20a in a phase change memory application, and an
overlying ReRAM cell (not shown in Figure 23). The main array cells 27 may include a chalcogenide in
the case of a phase change memory or a resistive switching material in the case of a resistive 30
random access memory other than a phase change memory. Thus, in the main array, the regular
matrix of cells 27 may be formed, each cell being equidistantly spaced from its adjacent cells in a grid
pattern in some embodiments.  - 10 -        Referring to Figure 26, at the same time, using the same
masks used in Figure 23, a different structure is achieved in the fuse array. In the fuse array, the same
depositions are applied to form the same stack as in the main array, but the depositions are patterned
differently in a direction transverse to the length of the 5lines 22 shown in Figure 23. As a result, the
lines 22 have different lengths and are interrupted by a gap G in the vertical direction in Figure 26
That is, every other line 22a is longer in the vertical or bitline direction than the adjacent lines 22b on
top of the gap G. Below the gap G, the lines 22c continue the lines 22a and the lines 22d continue the
lines 22b. Thus, each longer line 22a on the 
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 Referring to Figure 26, at the same time, using the same masks used in 

Figure 23, a different structure is achieved in the fuse array.  In the fuse array, the 

same depositions are applied to form the same stack as in the main array, but the 

depositions are patterned differently in a direction transverse to the length of the 

lines 22 shown in Figure 23.  As a result, the lines 22 have different lengths and are 5 

interrupted by a gap G in the vertical direction in Figure 26. 

That is, every other line 22a is longer in the vertical or bitline direction than the 

adjacent lines 22b on top of the gap G.  Below the gap G, the lines 22c continue the 

lines 22a and the lines 22d continue the lines 22b.  Thus, each longer line 22a on the 

top is aligned with a shorter line 22c below the gap G.  Likewise, each shorter line 10 

22b on top is aligned with a longer line 22d below the gap G. 

As a result, cells 26 are only formed where the longer lines 22a or 22d overlap 

the heaters 20a.  A complete grid pattern of cells is not achieved in the fuse array 

because, on alternate lines 22b and 22c, fuse cells are not formed.  This provides 

some spacing between the adjacent fuses, which may improve reliability in some 15 

embodiments.  That is, the adjacent neighbors of each existing fuse are removed so 

that there is greater spacing from one fuse to the next. 

Moreover, for each line 22 extending in the vertical or bitline direction, only 

one fuse 26 is formed in some embodiments.  Particularly, as explained in greater 

detail hereafter, for each of the lines 22b or 22c no fuse is formed, but a fuse is 20 

formed on the opposite side of the gap G on the opposite side of the fuse array on 

the lines 22a and 22d.  As a result, only one fuse is formed per vertical line 22a/22c 

or 22b/22d in some embodiments.  Each line 22a/22c and 22b/22d may correspond 

to a bitline in some embodiments. 

 Moving to Figure 27, the main array includes the deeper isolations 16a 25 

running from the left side inwardly, while the shallower isolations 14 run from the 

right side into the page.  A plurality of pillar shaped contacts 24, which may be 

tungsten contacts, may connect to silicided regions 50, segmented by the shallower 

isolations 14. 

Above the contacts 24 may be the heaters 20a, in a phase change memory 30 

embodiment.  The switching material 26, in the case of a phase change memory 

embodiment, may be a chalcogenide plus an overlying conductive cap in some 

10top is aligned with a shorter line 22c below the gap G. Likewise, each shorter line 22b on top is
aligned with a longer line 22d below the gap G.        As a result, cells 26 are only formed where the
longer lines 22a or 22d overlap the heaters 20a. A complete grid pattern of cells is not achieved in the
fuse array because, on alternate lines 22b and 22c, fuse cells are not formed. This provides 15some
spacing between the adjacent fuses, which may improve reliability in some embodiments. That is, the
adjacent neighbors of each existing fuse are removed so that there is greater spacing from one fuse to
the next.        Moreover, for each line 22 extending in the vertical or bitline direction, only one fuse 26
is formed in some embodiments. Particularly, as explained in greater 20detail hereafter, for each of the
lines 22b or 22c no fuse is formed, but a fuse is formed on the opposite side of the gap G on the
opposite side of the fuse array on the lines 22a and 22d. As a result, only one fuse is formed per
vertical line 22a/22c or 22b/22d in some embodiments. Each line 22a/22c and 22b/22d may
correspond to a bitline in some embodiments. 25Moving to Figure 27, the main array includes the
deeper isolations 16a running from the left side inwardly, while the shallower isolations 14 run from the
right side into the page. A plurality of pillar shaped contacts 24, which may be tungsten contacts, may
connect to silicided regions 50, segmented by the shallower isolations 14. 30Above the contacts 24
may be the heaters 20a, in a phase change memory embodiment. The switching material 26, in the
case of a phase change memory embodiment, may be a chalcogenide plus an overlying conductive
cap in some  embodiments. Overlying the switching material 26 is the first metallization layer 30 that
may be copper, in some embodiments, that forms metal bitlines in some embodiments. As a result,
each main memory cell 27 may be selected by a select transistor, 5including a region 50, formed in the
substrate 52. This means that each memory cell 27 in the main array may be individually addressed
and accessed from below. However, the cells in each bitline are continuously formed so they are
unsegmented, while segmentation between adjacent cells occurs only in the word line direction. Straps
28, in the form of vertical vias, may connect the select transistors in the 10substrate 52 to the
metallization (M2) 32 in some embodiments. The M2 lines 32 
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embodiments.  Overlying the switching material 26 is the first metallization  layer 30 

that may be copper, in some embodiments, that forms metal bitlines in some 

embodiments. 

As a result, each main memory cell 27 may be selected by a select transistor, 

including a region 50, formed in the substrate 52.  This means that each memory cell 5 

27 in the main array may be individually addressed and accessed from below.  

However, the cells in each bitline are continuously formed so they are unsegmented, 

while segmentation between adjacent cells occurs only in the word line direction. 

Straps 28, in the form of vertical vias, may connect the select transistors in the 

substrate 52 to the metallization (M2) 32 in some embodiments.  The M2 lines 32 10 

are, therefore, removed from the array and, therefore, may be wider (or may be 

formed by multiple lines), reducing their resistance. 

The heaters 20a are self-aligned to each cell 27 since the heaters 20a are 

segmented by the same etch used to segment the bitlines, in some embodiments. 

 Below the contacts 24, the bipolar select transistors may be segmented by the 15 

perpendicular trenches 14 and 16a in the substrate 52.  The bipolar select transistors 

each include a region 50 which may be formed of silicide. 

 Referring to Figure 28, in the fuse array, fuse cells 26a and 26b are defined 

over heaters 20a.  Intermediate between the two cells 26a and 26b, as indicated by 

34, a heater and the overlying portion of the cell are missing.  That is, a fuse is 20 

missing between two adjacent fuses 26a and 26b.  This missing fuse and heater 

were removed by the etch that formed the shortened lines 22b and 22c shown in 

Figure 26.  The fuses 26a and 26b are formed where the longer lines 22a overlap 

the heaters 20a, as shown in Figures 24 and 26.  Similarly, another fuse is missing 

to the right of the fuse 26b in this embodiment, corresponding to the shortened line 25 

22b in Figure 26. 

 In some embodiments, the length of the switching material 26 and the bitline 

30 may be the same.  In another embodiment, the bitline 30 may be continuous 

(unlike what is shown in Figure 8), while the switching material is discontinuous, as 

shown in Figure 8. 30 

In some embodiments, the silicidation that forms the contacts 50 in the main 

array also forms the word lines 18 in the fuse array. 

are, therefore, removed from the array and, therefore, may be wider (or may be formed by multiple
lines), reducing their resistance.        The heaters 20a are self-aligned to each cell 27 since the heaters
20a are segmented by the same etch used to segment the bitlines, in some embodiments.  15 Below
the contacts 24, the bipolar select transistors may be segmented by the perpendicular trenches 14 and
16a in the substrate 52. The bipolar select transistors each include a region 50 which may be formed
of silicide.        Referring to Figure 28, in the fuse array, fuse cells 26a and 26b are defined over
heaters 20a. Intermediate between the two cells 26a and 26b, as indicated by 2034, a heater and the
overlying portion of the cell are missing. That is, a fuse is missing between two adjacent fuses 26a and
26b. This missing fuse and heater were removed by the etch that formed the shortened lines 22b and
22c shown in Figure 26. The fuses 26a and 26b are formed where the longer lines 22a overlap the
heaters 20a, as shown in Figures 24 and 26. Similarly, another fuse is missing 25to the right of the
fuse 26b in this embodiment, corresponding to the shortened line 22b in Figure 26. In some
embodiments, the length of the switching material 26 and the bitline 30 may be the same. In another
embodiment, the bitline 30 may be continuous (unlike what is shown in Figure 8), while the switching
material is discontinuous, as 30shown in Figure 8.        In some embodiments, the silicidation that
forms the contacts 50 in the main array also forms the word lines 18 in the fuse array.  - 12 -        An
alternating arrangement of fuses is shown in Figure 29, where only one fuse 26 is formed on each line
22. In some embodiments, a select transistor 40 is provided for each fuse along the edge of the fuse
array. This means that a select transistor 40 is provided for each line 22a or 22d on one or the other
side of the fuse 5 array. In general, a fuse and a transistor 40 for that fuse may be on the same side of
the fuse array in some embodiments. As a result, the resistance due to line length is reduced in some
embodiments. Each fuse cell 26 is coupled to one line 22 and each line 22 has only one fuse 26 per
line 22 in one embodiment. All of the word lines 18 in the fuse array are 10 connected to a common
bias and include no decoder in one embodiment. Each of the select transistors 40 may be a NMOS
transistor in one embodiment. The gates of the transistors 40 may be coupled to a decoder.        In
some embodiments, NMOS transistor selectors 40 can be formed in the fuse array along the edges of
the fuse array. This enables the use of NMOS 
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 An alternating arrangement of fuses is shown in Figure 29, where only one 

fuse 26 is formed on each line 22.  In some embodiments, a select transistor 40 is 

provided for each fuse along the edge of the fuse array.  This means that a select 

transistor 40 is provided for each line 22a or 22d on one or the other side of the fuse 

array.  In general, a fuse and a transistor 40 for that fuse may be on the same side of 5 

the fuse array in some embodiments.  As a result, the resistance due to line length is 

reduced in some embodiments. 

 Each fuse cell 26 is coupled to one line 22 and each line 22 has only one fuse 

26 per line 22 in one embodiment.  All of the word lines 18 in the fuse array are 

connected to a common bias and include no decoder in one embodiment.  Each of 10 

the select transistors 40 may be a NMOS transistor in one embodiment.  The gates 

of the transistors 40 may be coupled to a decoder. 

In some embodiments, NMOS transistor selectors 40 can be formed in the 

fuse array along the edges of the fuse array.  This enables the use of NMOS 

selectors 40 in the fuse array because they can be formed out from under the fuses.  15 

At the same time, bipolar junction select transistors can be formed under each main 

array cell. 

 In some embodiments, the fuse array is much smaller with respect to the main 

array even though the cell density of the fuse array is lower.  Enlarging the size of 

the fuse array may improve reproducibility in some embodiments. 20 

 Programming to alter the state or phase of the material may be accomplished 

by applying voltage potentials to bottom and top electrodes, thereby generating a 

voltage potential across a memory element including a resistive switching material.  

Considering the case of phase change memories, when the voltage potential is 

greater than the threshold voltages of any select device and memory element, then 25 

an electrical current may flow through a heater and the switching material in 

response to the applied voltage potentials, and may result in heating of the switching 

material. 

 This heating may alter the memory state or phase of the switching material, in 

one phase change memory embodiment.  Altering the phase or state of the material 30 

16 may alter the electrical characteristic of memory material, e.g., the resistance or 

15 selectors 40 in the fuse array because they can be formed out from under the fuses. At the same
time, bipolar junction select transistors can be formed under each main array cell.        In some
embodiments, the fuse array is much smaller with respect to the main array even though the cell
density of the fuse array is lower. Enlarging the size of 20 the fuse array may improve reproducibility in
some embodiments.        Programming to alter the state or phase of the material may be accomplished
by applying voltage potentials to bottom and top electrodes, thereby generating a voltage potential
across a memory element including a resistive switching material. Considering the case of phase
change memories, when the voltage potential is 25 greater than the threshold voltages of any select
device and memory element, then an electrical current may flow through a heater and the switching
material in response to the applied voltage potentials, and may result in heating of the switching
material.          This heating may alter the memory state or phase of the switching material, in 30 one
phase change memory embodiment. Altering the phase or state of the material 16 may alter the
electrical characteristic of memory material, e.g., the resistance or  - 13 - threshold voltage of the
material may be altered by altering the phase of the memory material.        In the "reset" state, memory
material may be in an amorphous or semi-amorphous state and in the "set" state, memory material
may be in a crystalline or 5semi-crystalline state. The resistance of memory material in the amorphous
or semi- amorphous state may be greater than the resistance of memory material in the crystalline or
semi-crystalline state. It is to be appreciated that the association of reset and set with amorphous and
crystalline states, respectively, is a convention and that at least an opposite convention may be
adopted. 10Using electrical current, memory material may be heated to a relatively higher temperature
to melt and then quenched to vitrify and "reset" memory material in an amorphous state (e.g., program
memory material to a logic "0" value). Heating the volume of memory material to a relatively lower
crystallization temperature may crystallize or devitrify memory material and "set" memory material
(e.g., program  15 memory material to a logic "1" value). Various resistances of memory material may
be achieved to store information by varying the amount of current flow and duration through the
volume of memory material. References throughout this specification to "one embodiment" or "an
embodiment" mean that a particular feature, structure, or characteristic described in 20connection with
the embodiment is included in at least one implementation 
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threshold voltage of the material may be altered by altering the phase of the memory 

material. 

 In the "reset" state, memory material may be in an amorphous or semi-

amorphous state and in the "set" state, memory material may be in a crystalline or 

semi-crystalline state.  The resistance of memory material in the amorphous or semi-5 

amorphous state may be greater than the resistance of memory material in the 

crystalline or semi-crystalline state.  It is to be appreciated that the association of 

reset and set with amorphous and crystalline states, respectively, is a convention 

and that at least an opposite convention may be adopted. 

 Using electrical current, memory material may be heated to a relatively higher 10 

temperature to melt and then quenched to vitrify and "reset" memory material in an 

amorphous state (e.g., program memory material to a logic "0" value).  Heating the 

volume of memory material to a relatively lower crystallization temperature may 

crystallize or devitrify memory material and "set" memory material (e.g., program 

memory material to a logic "1" value).  Various resistances of memory material may 15 

be achieved to store information by varying the amount of current flow and duration 

through the volume of memory material. 

References throughout this specification to “one embodiment” or “an 

embodiment” mean that a particular feature, structure, or characteristic described in 

connection with the embodiment is included in at least one implementation 20 

encompassed within the present invention.  Thus, appearances of the phrase “one 

embodiment” or “in an embodiment” are not necessarily referring to the same 

embodiment.  Furthermore, the particular features, structures, or characteristics may 

be instituted in other suitable forms other than the particular embodiment illustrated 

and all such forms may be encompassed within the claims of the present application. 25 

While the present invention has been described with respect to a limited 

number of embodiments, those skilled in the art will appreciate numerous 

modifications and variations therefrom.  It is intended that the appended claims cover 

all such modifications and variations as fall within the true spirit and scope of this 

present invention. 30 

 

encompassed within the present invention. Thus, appearances of the phrase "one embodiment" or "in
an embodiment" are not necessarily referring to the same embodiment. Furthermore, the particular
features, structures, or characteristics may be instituted in other suitable forms other than the
particular embodiment illustrated 25and all such forms may be encompassed within the claims of the
present application.        While the present invention has been described with respect to a limited
number of embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all such modifications and variations as fall
within the true spirit and scope of this 30present invention.  -14- What is claimed is: 1 1.A method
comprising: 2forming a chalcogenide memory array and fuse array at the same time 3 on the same
substrate; and 4forming the fuse array using only steps needed for the memory array. 12.The method
of claim 1 including forming select devices in said memory 2array. 13.The method of claim 1 including
forming said fuse array of phase 2 change memory elements. 14.The method of claim 3 including
forming select devices by forming two 2sets of orthogonal trenches. 15.The method of claim 4
including only forming one set of said trenches 2in the fuse array to form conductive lines. 16.The
method of claim 5 including forming address lines transverse to 
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What is claimed is: 

 

 1. A method comprising: 1 

  forming a chalcogenide memory array and fuse array at the same time 2 

on the same substrate; and 3 

  forming the fuse array using only steps needed for the memory array. 4 

 

 2. The method of claim 1 including forming select devices in said memory 1 

array. 2 

 

 3. The method of claim 1 including forming said fuse array of phase 1 

change memory elements. 2 

 

 4. The method of claim 3 including forming select devices by forming two 1 

sets of orthogonal trenches. 2 

 

 5. The method of claim 4 including only forming one set of said trenches 1 

in the fuse array to form conductive lines. 2 

 

 6. The method of claim 5 including forming address lines transverse to 1 

said conductive lines, said address lines including only one fuse per line. 2 

 

 7. The method of claim 6 including forming interrupted address lines 1 

wherein said address lines include a gap, each address line including a first portion 2 

on one side of said gap and a second portion on the opposite side of the said gap. 3 

 

 8. The method of claim 7 including forming fuses only on one of said first 1 

or second portions of said address lines. 2 

 

 9. The method of claim 8 including forming fuses at the intersection of an 1 

address line and a conductive line and forming some of said address line portions to 2 

2said conductive lines, said address lines including only one fuse per line. 17.The method of claim 6
including forming interrupted address lines 2wherein said address lines include a gap, each address
line including a first portion 3 on one side of said gap and a second portion on the opposite side of the
said gap. 18.The method of claim 7 including forming fuses only on one of said first 2or second
portions of said address lines. 19.The method of claim 8 including forming fuses at the intersection of
an 2address line and a conductive line and forming some of said address line portions to  -15- 3 be
shorter than others so that some of said address line portions do not overlap a 4conductive line. 110.A
method comprising: 2forming a chalcogenide memory array with a first set of parallel 3trenches and a
second set of parallel trenches perpendicular to said first set of 4parallel trenches; and 5forming a fuse
array on the same substrate with said chalcogenide 6memory array and forming said first set of
parallel trenches to extend into said fuse 7array. 111.The method of claim 10 including forming
address lines including only 
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be shorter than others so that some of said address line portions do not overlap a 3 

conductive line. 4 

 

 10. A method comprising: 1 

  forming a chalcogenide memory array with a first set of parallel 2 

trenches and a second set of parallel trenches perpendicular to said first set of 3 

parallel trenches; and 4 

  forming a fuse array on the same substrate with said chalcogenide 5 

memory array and forming said first set of parallel trenches to extend into said fuse 6 

array. 7 

 

 11. The method of claim 10 including forming address lines including only 1 

one fuse per line. 2 

 

 12. The method of claim 11 including forming interrupted address lines 1 

wherein said address lines include a gap, each address line including a first portion 2 

on one side of said gap and a second portion on the opposite side of said gap. 3 

 

 13. The method of claim 12 including forming fuses only on one of said first 1 

or second portions of said address lines. 2 

 

 14. The method of claim 13 including forming fuses at an intersection of an 1 

address line and a conductive line and forming some of said address line portions 2 

shorter than others of said address lines so that some of said address line portions 3 

do not overlap a conductive line. 4 

 15. An integrated circuit comprising: 1 

  a semiconductor substrate; 2 

  a chalcogenide memory array formed on said substrate, said 3 

chalcogenide memory array including a first set of parallel trenches and a second set 4 

of parallel trenches perpendicular to said first set of parallel trenches; and 5 

  a fuse array on said substrate, said first set of parallel trenches 6 

extending into said fuse array. 7 

2one fuse per line. 112.The method of claim 11 including forming interrupted address lines 2wherein
said address lines include a gap, each address line including a first portion 3 on one side of said gap
and a second portion on the opposite side of said gap. 113.The method of claim 12 including forming
fuses only on one of said first 2or second portions of said address lines. 114.The method of claim 13
including forming fuses at an intersection of an 2address line and a conductive line and forming some
of said address line portions 3shorter than others of said address lines so that some of said address
line portions 4do not overlap a conductive line. 115.An integrated circuit comprising: 2a semiconductor
substrate; 3a chalcogenide memory array formed on said substrate, said 4chalcogenide memory array
including a first set of parallel trenches and a second set 5of parallel trenches perpendicular to said
first set of parallel trenches; and 6a fuse array on said substrate, said first set of parallel trenches
7extending into said fuse array.  -16- 1 16.The circuit of claim 15, said fuse array including address
lines and 
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 16. The circuit of claim 15, said fuse array including address lines and 1 

including only one fuse per address line. 2 

 

 17. The circuit of claim 16 including said address lines including gaps 1 

where said address lines include a first portion on one side of said gap and a second 2 

portion on the opposite side of said gap. 3 

 

 18. The circuit of claim 17 including said fuses only being positioned on 1 

one of said first or second portions of said address lines. 2 

 

 19. The circuit of claim 18 wherein said fuses are formed at the intersection 1 

of an address line and a conductive line and some of said address line portions 2 

being shorter than others so that some of said address line portions do not overlap a 3 

conductive line. 4 

 

 20. The circuit of claim 18 wherein said circuit is a phase change memory. 1 

 

2including only one fuse per address line. 117.The circuit of claim 16 including said address lines
including gaps 2 where said address lines include a first portion on one side of said gap and a second
3portion on the opposite side of said gap. 118.The circuit of claim 17 including said fuses only being
positioned on 2one of said first or second portions of said address lines. 119.The circuit of claim 18
wherein said fuses are formed at the intersection 2of an address line and a conductive line and some
of said address line portions 3being shorter than others so that some of said address line portions do
not overlap a 4conductive line. 120.The circuit of claim 18 wherein said circuit is a phase change
memory. 




