
23 March 2006 WO 03/038864 PCTIUS02/34914 MAGNETO-RESISTIVE BIT STRUCTURE
AND METHOD OF MANUFACTURE THEREFOR BACKGROUND  The present invention
relates to magneto-resistive memories, and more particularly to
magneto-resistive bit structures and method of manufacture therefor,
Magneto-resistive memories are non-volatile. That is, the data stored in
the  memory are maintained even if power is lost or otherwise interrupted.
Typical magneto- resistive memories use variations in the magnetization
direction of a thin film of  ferromagnetic material to represent and to
store a binary state. Each thin film of  ferromagnetic material can be
referred to as a magneto-resistive bit. During a write  operation, the
magnetization direction of a selected bit structure is set by passing an
appropriate current near the selected bit structure, often using a word
line and/or digital  line and/or sense current. The current produces a
magnetic field that sets the  magnetization direction of at least one of
the layers in the ferromagnetic film in a desired  direction. The
magnetization directions dictate the magneto-resistance of the film,
During a subsequent read operation, the magneto-resistance of the film can
be read by  passing a sense current through the bit structure via a sense
Be or the like. Some prior art magneto-resistive bit structures are shown
and described in U.S.  Patent No. 4,731,757 to Daughton et al. and U.S.
Patent No. 4,7$0,543 to Daughton et al.,  both of which are assigned to the
assignee of the present invention and both of which are  incorporated
herein by reference. Illustrative processes for forming such magnetic bit
structures are shown and described in U.S. Patent No. 5,569,617 to Yeh et
al. and U.S.  Patent No. 5,496,759 to Yue et al., both of which are
assigned to the assignee of the  



present invention, and both of which are incorporated herein by reference.
23 March 2006 WO 03/038864 PCTIUS02/34914 Such magneto-resistive memories
are often conveniently provided on the surface  of a monolithic integrated
circuit to provide easy electrical interconnection between the  bit
structures and the memory operating circuitry on the monolithic integrated
circuit. To  provide a sense current through the bit structure, for
example, the ends of the bit structure  are typically connected to adjacent
bit structures through a metal interconnect layer. The  string of bit
structures then forms a sense line, which is often controlled by operating
circuitry located elsewhere on the monolithic integrated circuit. For many
magneto-resistive memories, it is desirable to reduce the size of the
ferromagnetic thin film bit structures to achieve significant density of
stored digital bits.  Because of the desire to reduce the size of the bit
structures, the width of the bit structures  is often smaller than the
minimum allowed width of the contact and/or vias that are used  to form the
connection to the bit structure. As a result, the contact or via holes
typically  overlap the lateral edges of the bit structure as shown in, for
example, U.S. Patent No.  4,731,757 to Daughton et al. and U.S. Patent No.
4,780,848 to Daughton et al, A limitation of such an approach is that
conventional integrated circuit processes  often cannot be used to form the
contact and/or via holes to the bit structure. For  example, in a
conventional integrated circuit process, the contact and via holes are
often  formed by first providing a patterned photoresist layer over the
integrated circuit. The  patterned photoresist layer defines the location
and size of the contact and/or via holes  that are used, to make contact to
the bit structure. Once the photoresist layer is in place,  an etching
process is used to etch the contact or via holes down to the bit structure.
As  indicated above, however, the contact and/or via holes often overlap
the edge of a bit 



2 23 March 2006 WO 03/038864 PCT/US02/34914 structure, In some conventional
etching processes, the solvents used to perform the etch may damage the
edges of the bit structure. Once the contact or via holes are etched, a
conventional oxygen ashen photoresist  removal step would typically be used
to remove the photoresist layer. However, because  the contact and/or via
holes overlap the edge of the bit structure, the oxygen asher  photoresist
removal step may oxidize the sidewalls of the ferromagnetic bit structure,
and  can significantly damage the edges of the bit structure. Because of
the potential damage to the bit structure, many magnetic memory  processes
do not use conventional etch and photoresist removal steps when forming the
contacts and/or via holes to the magnetic bit structures. Instead,
specialized process  techniques are often incorporated into the
manufacturing process. For example, and  continuing with the above example,
the oxygen asher photoresist removal step may be  replaced with other
process steps that are less likely to oxidize the side wall of the
magnetic film material, such as using a "wet" photoresist removal strip.
Other techniques  may also be used include providing spacers adjacent the
exposed edges of the bit  structure in an attempt to protect the edges from
subsequent process steps. While these  specialized techniques may reduce
the risk of oxidization of the bit edges, such processes  often cause
higher defect densities than conventional photoresist steps, and may have
other negative effects on the operation of the magneto-resistive bit
structures. What would be desirable, therefore, is a magneto-resistive bit
structure that does  not require special processing steps when forming the
contacts or via holes to the bit  structure. More specifically, what would
be desirable is a magneto-resistive bit structure  



that can be formed without directly exposing the bit edges of the bit
structure to the etch 3 23 March 2006 WO 03/038864 PCTIUS02/34914 and/or
removal steps. This may allow more efficient and reliable back-end
processing,  which in turn, may reduce the defect density and increase the
yield of the devices. SUMMARY  The present invention overcomes many of the
disadvantages of the prior art by  providing a magnetic bit structure that
can be produced using conventional contact and or  via processing steps.
This is preferably accomplished by providing a magnetic bit  structure that
has bit ends that are sufficiently large to accommodate a minimum size
contact or via hole. As such, the contact or via holes may remain inside of
the bit edges,  thereby protecting the edges of the bit from later process
steps that would otherwise cause  oxidation or damage the bit structure. In
one illustrative embodiment, the magneto-resistive bit of the present
invention  includes a first bit end with a first contact structure. The
first bit end is preferably  dimensioned to extend laterally around the
perimeter of the first contact structure. This  arrangement may allow the
first contact structure to contact only the top surface of the
magneto-resistive bit, while protecting the side walls of the bit. The
magneto-resistive bit  may also include a second bit end with a
corresponding second contact structure. Like  the first bit end, the second
bit end is preferably dimensioned to extend laterally around  the perimeter
of the second contact structure. To retain many of the magnetic properties
of a narrow magneto-resistive bit, it is  contemplated that the
magneto-resistive bit may include an elongate central section  having a
width that is narrower than the width of the first and second bit ends. In
this  



configuration, the data is preferably stored in the elongated central
section, rather than in  the first or second bit ends. Several performance
advantages result. First, one and/or 23 March 2006 WO 03/038864
PCTIUS02/34914 both bit ends are not subjected to current flow between the
two contacts. By not  subjecting the bit ends to fields from currents Rom
-the contacts, undesired switching of  the bit ends is reduced, Second,
because the current path for the bit is restricted to the  region between
the contacts, current does not flow near the bit ends. The net result is to
reduce electrical bit resistance and to increase the figure-of-meat of the
ratio of the  magnetoresistive change-in-resistance to the bit resistance.
In an illustrative method of the present invention, the magneto-resistive
bit is  preferably formed on a relatively planar surface of an integrated
circuit. The magneto- resistive bit is then formed to have a first bit end,
a second bit end, and an elongated  central section therebetween. The
elongated central section preferably has a width that is  less than the
width of either the first or second bit ends. A dielectric layer is then
deposited or otherwise formed at least adjacent the first and second bit
ends. Thereafter,  a portion of the first dielectric layer is selectively
removed to form a hole through the  dielectric layer down to each bit end.
The holes preferably have a perimeter that is  spaced laterally inward from
the perimeter of the bit ends. When selectively removing the dielectric
layer, a photoresist layer may first be  provided over the dielectric
layer. Light may then be selectively applied to the  photoresist layer,
where the exposed areas are subsequently removed via a photoresist  removal
step. The exposed portions of the dielectric layer are then removed using
an  etching step to form the holes. Preferably, a protective layer is
provided adjacent the magneto-resistive bit before  



the dielectric layer is provided. The protective layer preferably performs
two primary  functions. First, the protective layer acts as an etch stop
during the dielectric etching step 5 23 March 2006 WO 03/038864
PCT/US02134914 that is used to form the contact or via holes. Second, the
protective layer may help  protect the magneto-resistive bit from solvents,
oxygen or other potentially destructive  materials or elements that are
used during subsequent processing steps, such as the  photoresist removal
step. In a preferred embodiment, the holes are etched through the  first
dielectric layer down to the protective layer. Once formed, the holes arc
preferably filled with a conductive material. The  conductive material
preferably is a metal interconnect layer which is commonly used in
conventional integrated circuit processes. The result is a contact or via
structure that  extends from the top of the dielectric layer down to the
protective layer on the bit  structure. The contact or via structures may
then be used to electrically connect the bit  structure to other components
or elements of the magneto-resistive memory as required. BRIFF DESCRIPTI N
OF THE DRAWINGS Figure 1 is a top view of one illustrative embodiment of
the present invention;  Figure 2 is a cross-sectional side view of an
illustrative integrated circuit having  ferromagnetic layers formed
thereon; Figure 3 is a cross-sectional side view of the illustrative
integrated circuit of  Figure 2 with an ion mill mask positioned over the
ferromagnetic layers; Figure 4 is a cross-sectional side view of the
illustrative integrated circuit of  Figure 3 after the magneto-resistive
bit is patterned, and after an oxide layer has been  provided over the top
surface thereof; 



Figure 5 is a cross-sectional side view of the illustrative integrated
circuit of  Figure 4 with a contact or via hole cut through the oxide layer
down to the magneto- resistive bit; and 23 March 2006 WO 03/038864
PCT/US02/34914 Figure 6 is a top view of another illustrative embodiment of
the present invention.  DETAILED DESCRIPTION Figure 1 is a top view of an
illustrative embodiment of the present invention. The  magnetic bit
structure is generally shown at 2, and includes a first bit end 4a, a
second bit  end 4b, and an elongated central section 8. The first bit end
4a and the second bit end 4b  are shown having a square or rectangular
shape, but other shapes are contemplated including circular shaped, oval
shaped, etc. The first bit end 4a and the second bit end 4b  are preferably
sufficiently large to accommodate a minimum size contact or via, such as
contact or via 5a and contact or via 5b as shown. That is, the first bit
end 4a and the  second bit end 4b are preferably dimensioned to extend
laterally around the perimeter of  contact or via 5a and contact or via 5b,
respectively. As such, the contact or via holes 5a  and 5b are spaced
inward from the bit edges, as shown at 7. This protects the edges of  the
bit from later processing steps that could cause oxidation or otherwise
damage the bit  structure 2. To retain many of the magnetic properties of a
narrow magneto-resistive bit, it is  contemplated that the elongate central
section 8 may have a width 10 that is narrower  than the width 12 of the
first bit end 4a and second bit end 4b. In this configuration, the  data is
preferably stored in the elongated central section 8, rather than in the
first bit end  4a or the second bit end 4b. It has been found, however,
that the magnetic properties of  the elongated central section 8 may be
improved relative to a pointed or tapered end  



configuration of, for example, U.S. Patent No, 4,731,757 to Daughton et
al., by providing  the larger bit ends 4a and 4b. 7 23 March 2006 WO
03/038864 PCTIUS02134914 Figures 2-5 show an illustrative method for
forming the bit structure of Figure 1.  Figure 2 is a cross-sectional side
view of an illustrative integrated circuit having  ferromagnetic layers
formed thereon. The integrated circuit 14 is preferably formed  using a
conventional integrated circuit front-end process and may include various
devices  or components including transistors, capacitors, metal
interconnect layers, etc.  Illustrative conventional integrated circuit
processes may include CMOS, Bipolar,  BICMOS, GaAs, etc. Preferably, word
lines are formed using one of the metal  interconnect layers of the
integrated circuit 14. The word lines are preferably provided  directly
below each bit structure. The integrated circuit 14 is preferably covered
with an insulating layer 16, such as  silicon nitride (SiN), The top
surface of the insulating layer 16 is then preferably  planarized. This can
be accomplished by using a conventional Chemical Mechanical  Polishing
(CMP) process, or any other planarizing method. Once planarized, a magneto-
resistive stack 18 is formed. The magneto-resistive stack 18 may be formed
in  accordance with, for example, U.S. Patent 5,496,759 to Yue et al. Once
the magneto- resistive stack 18 is formed, a cap or protective layer 19 is
provided. The protective layer  19 is preferably chromium silicon (CrSi),
which is partially conductive and acts as an  etch stop for subsequent
etching steps that are further described below. The protective  layer 19
also preferably protects the magneto-resistive stack 18 from damage from
subsequent processing steps, such as an oxygen asher photoresist removal
step, as further  



described below, The protective layer 19 should be at least partially
conductive because  a metal contact will engage or contact the protective
layer 19 from above. This metal  contact will not directly contact the
magneto-resistive stack 18, but rather must pass 8 23 March 2006 WO
03/038864 PCB'/US02/34914 current, such as a sense current, through the
protective layer 19 to the magneto-resistive  stack 18 to form a
connection. Next, the magneto-resistive stack 18 is cut into a desired
shape, such as the shape  shown in Figure I or Figure 6. This is preferably
accomplished by providing a patterned  layer above the portion of the
magneto-resistive stack 18 that is to be retained. Suitable processes for
cutting the magneto-resistive stack 18 are described in, for example, U.S.
Patent No. 5,496,759 to Yue et al. and U.S. Patent No, 5,569,617 to Yeh et
al., which  teach an ion milling process. However, it is contemplated that
other suitable etch  processes may be used to shape the bit, In Figure 3,
an ion mill mask 21 with the same top profile as the desired bit shape  is
deposited over the magneto-resistive stack 18 to define and protect the bit
structure that  is to remain in area 23. The ion mill mask may be made from
SiN or another suitable ion  mill mask material such as bias sputtered
quartz. Ion milling is then commenced to cut  the magneto-resistive stack
18 to the desired bit shape, and the remaining magneto- resistive stack 18
is removed in all areas other than those underlying the ion mill mask  21.
The ion mill mask is then removed through a suitable etch process. In an
alternate  method, an in-situ sputter etch process may be used, together
with a suitable etch mask, to form the desired bit shape. Figure 4 is a
cross-sectional side view of the illustrative integrated circuit of  



Figure 3 after the magneto-resistive bit is patterned, and after a
passivation or insulating  layer 25 has been provided over the top'surface
thereof. The passivation or insulating  layer 25 is preferably deposited
over the entire top surface of the integrated circuit. The  passivation or
insulating Iaver 25 helps prevent a metal interconnect layer that will. be
9 23 March 2006 10  placed over the magneto-resistive bit from contacting
the bit except in  designated regions at which holes are made in the
insulating layer 25. The  insulating layer 25 may be, for example, SiN,
bias sputtered quartz (BSW),: or  any other suitable material, Figure 5 is
a cross-sectional side view of the illustrative integrated circuit  of
Figure 4 with a contact or via hole 29 cut through the insulating layer 25
down to the magneto-, resistive bit, or more preferably down to the
protective  layer 19. The contact or via hole 29 is preferably placed
approximately in the  center of one of the bit ends 4a and 4b (see Figure
1) to establish an electrical  connection to the bit.. The contact or via
hole 29 preferably does not extend  down past the top of the protective
layer 19, or outside the perimeter edges of  the magneto-resistive bit, as
shown for example Figure 1. The side edges 27 of  the magneto-resistive bit
are thus not exposed to later processing, but rather  remain covered and
protected by the protective layer 19, and because the side  walls 27 of the
magneto-resistive bit are protected by the insulating layer 25,  the
contact or via holes 29 may be created using conventional processing steps
including, for example, an oxygen asher photoresist removal step. This may
significantly reduce the cost of producing the magneto-resistive memory and



may increase the overall yield that can be achieved. After creation of the
contact or via holes 29, a metal layer is preferably  placed over the
insulating layer 25 and etched to form a desired metal pattern.  The metal
preferably extends down into the contact or via hole 29, allowing the
metal layer to fill contact or via hole 29 and contact the protective layer
19.  Because the protective layer 19 is preferably at least partially
conductive, an  electrical connection is made between the . 23 March 2006
WO 03/038864 PCT/US02/34914 metal layer and the magneto-resistive bit.
Alternatively, it is contemplated that the  contact or via hole 29 may
first be filled with a low resistance material such as tungsten  before
providing the metal layer. This may reduce the overall resistance of the
contact or  via hole 29. While the illustrative embodiment shown in Figure
1 has an elongated central  section 8 that is narrower than the bit ends 4a
and 4b, other embodiments are also  contemplated. One such alternative
embodiment is shown in Figure 6. In this illustrative  embodiment, the
elongated central section 30 has a width that is close to or equal to that
of the bit ends 36a and 36b. The first bit end 36a and the second bit end
36b of Figure 6  are still, however, preferably sufficiently large to
accommodate a minimum size contact  or via, such as contact or via 40a and
contact or via 40b, as shown. Having thus described the preferred
embodiments of the present invention, those  of skill in the art will
readily appreciate that yet other embodiments may be made and  used within
the scope of the claims hereto attached. Numerous advantages of the
invention covered by this document have been set forth in the foregoing
description. It  will be understood, however, that this disclosure is, in
many respects, only illustrative.  



Changes may be made in details, particularly in matters of shape, size, and
arrangement  of parts without exceeding the scope of the invention. 11 23
March 2006 WO 03/038864 12 PCT/US02/34914  AMENDED CLAIMS Received by the
International Bureau on 05 September 2003 (05.09.2003)  original claims
1-32 are replaced by amended claims 1-31 1. A magneto-resistive bit
comprising: a first bit end at one end of the magneto-resistive bit; a
first contact structure contacting the first bit end; and the first bit end
dimensioned to extend around the first contact structure,  wherein the
magneto-resistive bit further includes an elongate central  section having
width extending from the first bit end, said first bit end having a  width
that is greater than the width of the elongate central section. 2. A
magneto-resistive bit according to Claim 1, further comprising: an
insulating layer positioned adjacent the magneto-resistive bit, said
insulating layer defining a first hole having a perimeter, wherein the
first hole  extends through the insulating layer to the first bit end, the
first bit end having a  perimeter and being dimensioned such that the
perimeter of the first bit end  extends laterally beyond the perimeter of
the first hole. 3. A magneto-resistive bit according to Claim 2, wherein
the insulating layer comprises silicon nitride. 4. A magneto-resistive bit
according to Claim 2, further comprising a  metallic material that extends
down through the first hole and electrically contacts the  



first bit end. 5. A magneto-resistive bit according to Claim 4, wherein the
metallic  material comprises aluminum. AMENDED SHEET (ARTICLE 19) 23 March
2006  WO 03/038864 PCTIUS02/34914 6. 13  A magneto-resistive bit according
to Claim 4, wherein the metallic material includes copper. 7. A
magneto-resistive bit according to Claim 4, wherein the metallic material
comprises a titanium tungsten plug. 8. A. magneto-resistive bit according
to Claim 2, further comprising a  protective layer interposed between the
first bit end and the insulating layer at least in the  region of the first
hole. 9. A magneto-resistive bit according to Claim 8, wherein the
protective layer is at least partially conductive. 10. A magneto-resistive
bit according to Claim 8, wherein the protective layer is an etch stop
layer. 11. A magneto-resistive bit according to Claim 10, wherein the first
hole is formed using a selective chemical etch that stops at the etch stop
layer. 12. A magneto-resistive bit according to Claim 8, wherein the
protective layer comprises chrome-silicon. 13. A magneto-resistive bit
according to Claim 1, further comprising:  a second bit end at the other
end of said elongate central section; 



said second bit end having a second contact structure contacting the second
bit end; and said second bit end being dimensioned to extend around the
second contact  structure. AMENDED SHEET (ARTICLE 19) 23 March 2006 WO
031038864 PCTfUS02134914  14 14. A magneto-resistive bit according to Claim
13, wherein the second bit end has a width that is greater than the width
of the elongate central section. 15. A magneto-resistive bit comprising: an
elongated central section having a width; a first bit end at one end of the
elongated central section, the first bit end  having a width that is
greater than the width of the elongated central section; a second bit end
at the other end of the elongated central section, the  second bit end
having a width that is greater than the width of the elongated  central
section; first contact means having a perimeter for providing an electrical
contact to  the first bit end; second contact means having a perimeter for
providing an electrical  contact to the second bit end; the first bit end
dimensioned to extend around the perimeter of the first  contact means; and
the second bit end dimensioned to extend around the perimeter of the
second contact means. 



16. A magneto-resistive bit according to Claim 15, wherein said first
contact  means comprises an insulating layer positioned adjacent the
magneto-resistive bit, said  insulating layer defining a first hole having
a perimeter, wherein the first hole extends  through the insulating layer
to the first bit end, the first bit end having a perimeter and AMENDED
SHEET (ARTICLE 19) 23 March 2006 WO 03/038864 PCT1US02134914  15
being-dimensioned such that the perimeter of the first bit end extends
laterally beyond the perimeter of the first hole. 17. A magneto-resistive
bit according to Claim 16, wherein said second  contact means comprises an
insulating layer positioned adjacent the magneto-resistive bit,  said
insulating layer defining a second hole having a perimeter, wherein the
second hole  extends through the insulating layer to the second bit end,
the second bit end having a  perimeter and being dimensioned such that the
perimeter of the second bit end extends  laterally beyond the perimeter of
the second hole. 18. A method for forming a magneto-resistive bit, the
method comprising steps of forming a magneto-resistive bit having an
elongate central section and a  first bit end, the first bit end having a
perimeter and a width, the elongated central  section having a width, the
width of the first bit end being greater than the width  of the elongate
central section; forming a dielectric layer adjacent to the first bit end;
and selectively removing a portion of the first dielectric layer to form a
hole  through the dielectric layer, the hole having a perimeter and
extending down to the  



magneto-resistive bit structure, and being dimensioned such that the
perimeter of  the hole is spaced laterally inward of the perimeter of the
first bit end. 19. A method as recited in Claim 18, wherein the first
dielectric layer  comprises silicon nitride. AMENDED SHEET (ARTICLE 19) 23
March 2006 WO 03/038864 PCT/US02/34914  16 20. A method as recited in Claim
18, wherein the selectively removing step removes the portion of the
dielectric layer using a preferential etch. 21. A method as recited in
Claim 18, wherein the selectively removing step removes the portion of the
dielectric layer using an anisotropic etch. 22. A method as recited in
Claim 18, wherein the selectively removing step removes the portion of the
dielectric layer using ion milling. 23. A method as recited in Claim 18,
wherein the selectively removing step removes the portion of the dielectric
layer using plasma etching. 24. A method as recited in Claim 18, wherein
the selectively removing step  includes the steps of: providing a
photoresist over the dielectric layer; selectively applying light to those
areas where the dielectric layer is to be  removed; removing the
photoresist that is not polymerized, thereby exposing the  portion of the
dielectric layer that is to be removed; and removing the exposed portions
of the dielectric layer to form the hole. 25. A method as recited in Claim
24, wherein the step of removing the 



photoresist is accomplished using an oxygen asher photoresist strip. 26. A
method as recited in Claim 24, wherein the selectively applying light step
is performed using electron beam photolithography. AMENDED SHEET (ARTICLE
19) 23 March 2006 WO 03/038864 PCr/US02/34914  17 27. A method as recited
in claim 24, wherein the selectively applying light step includes applying
ultraviolet (UV) light. 28. A method as recited in Claim 18, further
comprising steps of. forming a protective layer at least adjacent to the
first bit end, prior to  formation of the dielectric layer. 29. A method as
recited in Claim 28, wherein the selectively removing step  comprises
removing the dielectric layer to form the hole through the first dielectric
layer,  the hole extending down to the protective layer. 30. A method as
recited in Claim 28, wherein the protective layer is at least partially
conductive. 31. A method as recited in Claim 28, wherein the protective
layer comprises chrome-silicon. AMENDED SHEET (ARTICLE 19) 


