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CONTACT FOR MEMORY CELL 

FIELD OF THE INVENTION 

[0001] The invention relates to semiconductor devices. In 
particular, the invention relates to contacts for memory 
devices. 

BACKGROUND OF THE INVENTION 

[0002] Non-volatile memories are a desirable evolution in 
integrated circuit design due to their ability to maintain data 
absent a poWer supply. Phase-change materials, as Well as 
other resistance variable materials, have been investigated 
for use in non-volatile memory cells. Phase-change memory 
cells include phase-change materials, such as chalcogenide 
alloys, Which are capable of stably transitioning betWeen 
amorphous and crystalline phases. Each phase exhibits a 
particular resistance state and the resistance states distin 
guish the logic values of the memory cell. For example, a 
memory element in an amorphous state exhibits a relatively 
high resistance and a memory element in a crystalline state 
exhibits a relatively loW resistance, each of Which can be 
sensed as stored data. 

[0003] A typical phase-change memory cell has a layer of 
phase-change material betWeen ?rst and second electrodes. 
As an example, the phase-change material can be a chalco 
genide alloy, such as Ge2Sb2Te5 or AgInSbTe. When used in 
a memory device, a portion of the phase-change material is 
set to a particular resistance state according to the amount of 
current applied via the electrodes. To obtain an amorphous 
state, a relatively high Write current pulse (a reset pulse) is 
applied through the phase-change cell to melt a portion of 
the material for a ?rst period of time. The current is removed 
and the cell cools rapidly to a temperature beloW its crys 
talliZation temperature, Which results in a portion of the 
material having an amorphous phase. To obtain a crystalline 
state, a loWer current Write pulse (a set pulse) is applied to 
the phase-change cell for a second period of time (typically 
longer in duration than the ?rst period of time) to heat the 
material to a temperature beloW its melting point, but above 
its crystallization temperature. This causes the amorphous 
portion of the material to re-crystalliZe to a crystalline phase 
that is maintained once the current is removed and the cell 
is cooled. 

[0004] The typically large programming current of phase 
change memory devices is a limiting factor in reducing the 
memory cell siZe. The programmable volume of phase 
change memory cell and programming current requirement 
are dependent on the area of the bottom electrode in contact 
With the memory element of the cell. To reduce such current, 
it is desirable to reduce the effective bottom electrode area 
in contact With the cell. 

[0005] One issue effecting resistance-based memory, such 
as phase change memory, functionality is the non-uniformity 
of bottom electrode area. Non-uniformity in bottom elec 
trode siZe across a memory array leads to non-uniformity of 
programming current requirement for different memory 
cells of the array, Which makes it dif?cult to design a circuit 
that can accommodate the variation betWeen bits. Undesired 
variation in bottom electrode siZe causes set and reset 
resistance distribution overlap, Which, in the Worst case, 
makes establishing a sensing scheme for all bits of an array 
impossible. Reduction in bottom electrode siZe should be 
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combined With electrode siZe uniformity to achieve an ideal 
contact for a resistance memory device. 

[0006] One technique used to reduce bottom electrode siZe 
has been to employ anisotropically etched spacers in a via to 
make contacts smaller than the photolithographic limit. This 
technique gives rise to large variations in contact siZe since 
variations in chemical mechanical polishing (CMP) and via 
edge rounding cause the contacts to have different heights 
and cross-sections and thus different contact areas With 
respect to an overlying memory element. 

[0007] Another technique used to reduce bottom electrode 
siZe has been to use ring shaped contacts. FIGS. 1a-1d shoW 
tWo such ring shaped contacts 20 formed over the same 
substrate simultaneously, but having different dimensions 
due to processing variances. FIG. 1c shows the contact 20 
shoWn in cross section a-a' of FIG. 111 from above. FIG. 1d 
shoWs the contact 20 shoWn in cross section b-b' of FIG. 1b 
from above. Such contacts 20 have been formed simulta 
neously by etching a via 14 into a dielectric layer 12 to 
expose a conductive layer 10 (Which can be over a substrate 
1). A conductive liner 16 is deposited conformally Within the 
via 14, along its bottom, over the conductive layer 10, and 
along the via’s sideWalls. Another dielectric material 18, 
such as silicon oxide, is deposited over the conductive liner 
16 and Within the via 14. A CMP step removes both the 
conductive liner 14 and dielectric material 18, stopping in 
the dielectric layer 12, so that an exposed ring of conductive 
liner 16 remains as a contact 20 as shoWn in FIGS. 10 and 
1d. 

[0008] As shoWn in the side-by-side comparisons of the 
contact 20 of FIGS. 1a and 1c and the contact 20 of FIGS. 
1b and 1d, ring shaped contacts 20 formed simultaneously 
over the same substrate 10 can have different cross sectional 
areas even When the conductive liner 16 is the same thick 
ness in both vias 14 due to process variations in CMP height 
in combination With via 14 sideWall slope variation and 
rounding of via 14 edges. 

[0009] There have been attempts to resolve the problems 
of the prior art relating to the rounded edge of via and CMP 
height variations. For example, a tWo-step CMP process, as 
shoWn in FIGS. 2a-2d, has been proposed Where a layer of 
silicon oxide 12b is formed over a layer of silicon oxynitride 
12a and the contact via 14a is formed through both to an 
underlying conductive layer 10a. FIG. 2c shows the contact 
2011 shoWn in cross section c-c' of FIG. 211 from above. FIG. 
2d shoWs the contact 20a shoWn in cross section d-d' of FIG. 
2b from above. After forming the conformal conductive 
liner 16b in the via 14a, With a conformal silicon nitride 
layer 1611 thereunder, and a silicon oxide plug 1811 over each, 
a ?rst CMP step is used to remove the conformal conductive 
liner 16b, the silicon oxide plug 18a, and part of the silicon 
oxide layer 12a, stopping part-Way through the silicon oxide 
layer 12b. An etch-back step removes the silicon oxide layer 
12b and exposes the silicon oxynitride layer 12a. A second 
CMP step ?attens the contacts 20a to a uniform height. 

[0010] The above proposed process does potentially 
resolve CMP height variation and via edge rounding issues. 
HoWever, due to via 14a slope variation, the contacts 20a 
formed simultaneously by such a technique Will still tend to 
vary in siZe and shape, as shoWn by the comparison betWeen 
the contact 2011 shoWn in FIGS. 2a and 2c and the contact 
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shown in FIGS. 2b and 2d, Which leads to the same 
programming problems as the other techniques discussed 
above. 

[0011] It is desirable to mitigate processing variability and 
provide more consistently shaped contacts for electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1a-1d shoW a contact of the prior art. 

[0013] FIGS. 2a-2d shoW a contact of the prior art. 

[0014] FIGS. 3-9 shoW a portion of a Wafer during the 
fabrication of a memory cell in accordance With the inven 
tion. 

[0015] FIG. 10 shoWs a processor system incorporating at 
least one contact constructed in accordance With an embodi 
ment of the invention. 

DETAILED DESCRIPTION 

[0016] The invention relates to electrodes for memory 
cells. The electrodes are formed, in part, by chemical 
mechanical polishing techniques and also, in part, by selec 
tive etching techniques to provide support mesas for ring 
shaped conductive layers. The electrodes formed in accor 
dance With the invention have more consistently siZed 
surface areas across an array of memory cells. Using dielec 
tric mesas as a support structure for the electrodes alloWs 
surface area variation due to CMP height and via siZe and 
curvature to be mitigated. These and other features of the 
invention Will be better understood from the folloWing 
detailed description, Which is provided in connection With 
the accompanying draWings. 

[0017] Although this invention Will be described in terms 
of certain exemplary embodiments, other embodiments Will 
be apparent to those of ordinary skill in the art, Which also 
are Within the scope of this invention. Accordingly, the scope 
of the invention is de?ned only by reference to the appended 
claims. 

[0018] The term “substrate” in the folloWing description 
refers to any supporting layer suitable for fabricating an 
integrated circuit, typically semiconductor based, but not 
necessarily so. A substrate may be silicon-based, may 
include epitaxial layers of silicon supported by a base 
semiconductor foundation, can be sapphire-based, silicon 
on-insulator (SOI), metal, polymer, or any other materials 
suitable for supporting an integrated circuit. When reference 
is made to a substrate or Wafer in the folloWing description, 
previous process steps may have been utiliZed to form 
regions or junctions in or over a base semiconductor or 
foundation. 

[0019] Although this invention Will be described primarily 
in relation to phase-change memories, the invention is not 
limited to such uses. The contacts and methods of forming 
contacts described herein are suitable for use in any inte 
grated circuit and Would be advantageous Wherever a reduc 
tion of siZe or increased uniformity in electrodes Would be 
desirable, particularly in memory cells. Although the inven 
tion is described in relation to a single memory cell and the 
forming thereof, it can be utiliZed in an array of such 
memory cells, Which can be formed simultaneously, or in 
parts of an integrated circuit not used for memory. 

[0020] The invention Will noW be explained With reference 
to the accompanying ?gures Wherein like reference numbers 
are used consistently for like features throughout the draW 
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ings. FIG. 9 shoWs a completed memory cell 122, Which is 
typically one of many like cells of a memory array, sup 
ported by a substrate 100. The memory cell 122 is preferably 
a phase-change memory having a memory element 118 
made of a material that changes betWeen an amorphous and 
crystalline state in response to applied current. The memory 
cell 122 can also be other memory types as Well, such as a 
non-phase change variable resistance chalcogenide-based 
memory or other variable resistance memories. In the pre 
ferred phase-change memory cell 122, the memory element 
118 includes a chalcogenide alloy, such as GexSbyTeZ 
(Where x is about 2, y is about 2, and Z is about 5) or 
AgInSbTe. Other phase-change materials can be used also. 

[0021] The memory cell 122 also includes a bottom elec 
trode layer 114, Which is preferably shaped like a ring, but 
not necessarily so, supported by a dielectric material mesa 
112. The mesa 112 structure is preferably substantially 
circular shaped in top vieW such that it has a single, 
continuous sideWall; hoWever, this is not necessarily so and 
the mesa 112 can be other shapes as Well, e.g., rectangular. 
The bottom electrode layer 114 is preferably titanium nitride 
(TiN), but can also be other conductive materials that can be 
selectively removed from horiZontally planar surfaces by 
etching, such as titanium aluminum nitride (TiAlN) or 
tantalum nitride (TaN), for example. The bottom electrode 
layer 114 is con?gured so that it has a surface area 11411 in 
contact With the memory element 118 of the memory cell 
122. The surface area 11411 of the bottom electrode layer 114 
is determined by the thickness of the layer 114, Which is 
preferably about 100 A, and the interior radius “r” of the 
electrode ring (FIG. 8), based on the formula J'c(r+t)2—J'cr2 (t 
being the layer 114 thickness), if the electrode 114 is ring 
shaped. In accordance With the invention, the surface area 
11411 of the bottom electrode layer 114 in contact With the 
memory element 118 is consistent throughout the similar 
memory cells (e.g., 122) of a memory array, formed in the 
same processing sequence. 

[0022] The ring-shaped bottom electrode layer 114 has a 
surface area 114a consistent With respective surface areas of 
other bottom electrode layers of a memory array formed 
during the same processing acts because CMP variations 
during processing are mitigated and CMP height is con 
trolled, and the overall surface area 114a depends primarily 
on the thickness of the bottom electrode layer 114, not on 
any via formation shape (FIGS. 1a-2d). Mesa 112 siZe (as 
characterized by r; FIG. 8) is consistent across the array 
because it is determined by standard photolithographic tech 
niques. This consistency in electrode surface area 114a 
mitigates undesirable inconsistency in set and reset resis 
tance distributions in the operation of the memory cell 122, 
as compared to conventional phase-change memory devices. 

[0023] The memory cell 122 shoWn in FIG. 9 also has a 
top electrode layer 120, Which can be any conductive 
material knoWn in the art as suitable for an electrode, such 
as titanium nitride, for example. The bottom electrode layer 
114 is over a conductive region 104, Which can be a 
conductive interconnect line or a plug to an active area of the 
substrate 100, for example. The conductive region 104 is in 
electrical communication With a voltage source for gener 
ating the current required to operate the memory cell 122. 

[0024] The memory element 118 and top electrode layer 
120 provided over the bottom electrode layer 114 and mesa 
112 can be electrically isolated from other memory cells of 
an array, as Well as from other parts of the same integrated 
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circuit, by another dielectric layer 124. This dielectric layer 
124 can be any insulating material, such as an oxide, nitride 
or BPSG, for example. 

[0025] A sequence of processing steps for forming a 
ring-shaped electrode 114 and memory cell 122 as shoWn in 
FIG. 9 is shoWn in FIGS. 3-8. FIG. 3 shoWs a substrate 100, 
Which can be semiconductor based or other materials suit 
able to support an integrated circuit. A layer of dielectric 
material 102 is formed over the substrate 100. The dielectric 
material can be silicon oxide or another insulating material. 
A via is formed in the dielectric layer 102 and a conductive 
layer 104 is formed over the dielectric layer 102 and the 
exposed substrate 100. The conductive layer 104 can be 
polysilicon, metal, metal alloy, or other materials suitable for 
use as a conductive line or plug. The conductive layer 104 
and dielectric layer 102 are planariZed, for example, by 
CMP, using the dielectric layer 102 as a stop. The conductive 
layer 104 can be a plug to contact an underlying active 
region of the substrate 100 or can be an electrical intercon 
nect line of an integrated circuit. 

[0026] Another dielectric layer 106 is formed over the 
conductive layer 104 and dielectric layer 102. This dielectric 
layer 106 can be many materials, as discussed above in 
relation to FIG. 9, but should be a material Which can be 
removed or retained selectively With respect to other dielec 
tric materials, for instance in a stop-on-nitride (SON) CMP 
procedure. For example, the dielectric layer 106 is prefer 
ably silicon nitride (SiXNy) and is formed to be about 1,000 
Athick. Other suitable materials for layer 106 include oxides 
(if a stop on oxide CMP is used in later processing), such as 
tantalum oxide, aluminum oxide, titanium dioxide, magne 
sium oxide. Layer 106 may also include silicon carbide, 
Zirconia, and strontium titanate, for examples. This layer 106 
Will be formed into mesas 112 in later processing (FIG. 4). 

[0027] A layer of hard mask material 108 is formed over 
the dielectric layer 106. If the dielectric layer 106 is silicon 
nitride, the hard mask layer 108 is preferably silicon oxide 
so that the dielectric layer 106 can be selectively etched 
relative to the hard mask 108 and also so the hard mask 108 
can be selectively removed by CMP relative to the dielectric 
layer 106. Silicon oxide and silicon nitride are materials 
having such characteristics for this selectivity. It is also 
possible to use these materials in the reverse order, i.e., an 
oxide for the dielectric layer 106 and a nitride for the hard 
mask 108. Other such combinations of materials are also 
possible, so long as the selective etch and selective CMP can 
be used. 

[0028] A layer of photoresist 110 is formed over the hard 
mask layer 108. The photoresist layer 110 is patterned (see 
solid portion), for example, by knoWn photolithographic 
techniques, to leave a mask to de?ne the area Where a mesa 
112 is to be formed (FIG. 4). A dry etch step transfers the 
pattern into the hard mask layer 108 and the photoresist 110 
is stripped. Another etching step removes the dielectric layer 
106 that is not protected by the hard mask layer 108, 
stopping at the conductive layer 104 and dielectric layer 102. 
This Will leave a mesa 112 With the hard mask layer 108 
there over, as shoWn in FIG. 4. The mesa 112 can be any 
shape, With round or substantially round in top vieW being 
preferred. 

[0029] A layer of conductive material 114 is formed over 
the mesa 112, conductive layer 104, and dielectric layer 102. 
This layer 114 Will eventually become the bottom electrode 
layer 114 shoWn in FIG. 9. Titanium nitride is preferred for 
layer 114 and it is preferably about 100 A thick. The 
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conductive layer 114 can be other materials also, for 
example, titanium aluminum nitride (TiAlN) or tantalum 
nitride (TaN). The conductive material of layer 114 can be 
different and the thickness varied to suit performance 
demands. 

[0030] NoW referring to FIG. 5, a dry etch removes the 
conductive material of layer 114 from horizontal surfaces of 
the Wafer. The conductive material of layer 114 is removed 
from over the dielectric layer 102, from over a portion of the 
conductive layer 104, and from over the hard mask layer 
108. The conductive layer 114 is left on the sides of the mesa 
112 so as to become a ring shaped bottom electrode (FIG. 8). 
The dry etch can be a CF4, Cl2 or Cl2/CF4 plasma etch, for 
example. 

[0031] FIG. 6 shoWs that another dielectric layer 116 is 
formed over the mesa 112, the bottom electrode layer 114, 
and hard mask layer 108. When the mesa 112 is a nitride and 
the hard mask layer 108 is an oxide, the dielectric layer 116 
should be an oxide. The dielectric layer 116 should have 
CMP selectivity characteristics similar to the hard mask 
layer 108, regardless of the speci?c materials used for any 
layers. The dielectric layer 116 can be deposited by high 
density plasma (HDP), Which is a chemical vapor deposition 
(CVD) process, so as to provide a good gap ?ll. Other CVD 
processes can be used as Well, such as PECVD (plasma 
enhanced), LPCVD (loW pressure), and ALD (atomic layer 
deposition). The dielectric layer 116 is preferred to be at 
least 500 A thicker than the mesa 112 above the substrate 
100, so When the mesa 112 is about 1,000 A thick, the 
dielectric layer should be about 1,500 A thick, measured 
from over the dielectric layer 102. 

[0032] FIG. 7 shoWs the Wafer after an SON CMP (stop on 
nitride CMP). The dielectric layer 116, hard mask 110, and 
possibly some of the bottom electrode layer 114 are removed 
to planariZe the Wafer, stopping once the mesa 112 material 
is reached. If the mesa 112 is some material other than a 
nitride, a different selective CMP can be used to planariZe 
the Wafer, but still stopping at the mesa 112. FIG. 8 shoWs 
the Wafer of FIG. 7 from above (FIG. 7 shoWs the Wafer 
through cross section e-e' of FIG. 8). As shoWn in FIG. 8, the 
planariZation by CMP leaves the bottom electrode layer 114 
as a ring-shaped structure surrounding the mesa 112 (dielec 
tric material 106) and the electrode layer 114 is surrounded 
by the dielectric layer 116. FIG. 8 shoWs the ring-shaped 
bottom electrode layer 114 and mesa 112 being substantially 
round in shape, hoWever, such is not necessary and any 
shape can be used. 

[0033] FIG. 9 shoWs the formation of a completed 
memory cell 122, as discussed above. A memory element 
118 is formed over the bottom electrode layer 114 and mesa 
112. If the memory cell 122 is to be a phase-change memory, 
a chalcogenide based material, such as, for example, Ge S 
byTeZ or AgalnbSbcTed, is deposited as a layer over the Wafer 
and physically de?ned to form memory element 118. The 
memory element 118 layer can be deposited by sputtering, 
evaporation, or other techniques. Over the memory element 
118 layer, a top electrode layer 120 is deposited. The top 
electrode layer 120 is a conductive material, but is not 
limited to any speci?c material; it can be titanium nitride, 
polysilicon, tungsten, TiW, gold, or aluminum, for example. 
The memory element 118 layer and top electrode layer 120 
can be blanket deposited, patterned and etched together to 
leave a stack structure over the bottom electrode layer 114 
and mesa 112. The memory element 118 is in contact With 
the bottom electrode layer 114 at the electrode’s surface area 
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114a. An insulating and protective dielectric layer 124 can 
then be formed over the memory cell 122. 

[0034] FIG. 10 illustrates a simpli?ed processor system 
400 Which includes a memory circuit 448, e.g., a phase 
change memory device, Which employs resistance variable 
memory devices (e.g., memory cell 122) fabricated in accor 
dance With the invention, having ring-shaped electrode 
contacts 114 (FIG. 7-9). A processor system, such as a 
computer system, generally comprises a central processing 
unit (CPU) 444, such as a microprocessor, a digital signal 
processor, or other programmable digital logic devices, 
Which communicates With an input/output (l/O) device 446 
over one or more bus and/or bridge structures 452. The 
memory circuit 448 communicates With the CPU 444 over 
bus/bridge 452 typically through a memory controller. 

[0035] In the case of a computer system, the processor 
system may include peripheral devices such as a hard disk 
drive 454 and a compact disc (CD) ROM drive 456, Which 
also communicate With CPU 444 over the bus 452. Memory 
circuit 448 is preferably constructed as an integrated circuit, 
Which includes one or more resistance variable memory 
devices, e.g., device 122. If desired, the memory circuit 448 
may be combined With the processor, for example CPU 444, 
in a single integrated circuit. 

[0036] Various embodiments of the invention have been 
described above. Although this invention has been described 
With reference to these speci?c embodiments, the descrip 
tions are intended to be illustrative of the invention and are 
not intended to be limiting. Various modi?cations and appli 
cations may occur to those skilled in the art Without depart 
ing from the spirit and scope of the invention as de?ned in 
the appended claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A contact for an integrated circuit, comprising: 

a mesa structure having at least one sideWall surface and 

an upper planar surface; and 

a conductive layer at least partially surrounding said mesa 
structure on said at least one sideWall surface and 
having an upper surface substantially planar With the 
upper planar surface of said mesa structure. 

2. The contact of claim 1, Wherein the at least one sideWall 
surface of said mesa structure is substantially circular and 
de?nes a perimeter of said mesa structure. 

3. The contact of claim 1, Wherein said conductive layer 
is substantially circular. 

4. The contact of claim 1, Wherein said conductive layer 
surrounds said mesa structure along said at least one side 
Wall surface. 

5. The contact of claim 1, Wherein said conductive layer 
is surrounded by a dielectric layer. 

6. The contact of claim 1, Wherein said mesa structure 
comprises a nitride. 

7. The contact of claim 1, Wherein said mesa structure 
comprises an oxide. 

8. The contact of claim 1, Wherein said mesa structure 
comprises a material selected from the group consisting of 
silicon nitride, tantalum oxide, aluminum oxide, titanium 
dioxide, magnesium oxide, silicon carbide, Zirconia, and 
strontium titanate. 

9. The contact of claim 1, Wherein said conductive layer 
comprises at least one of titanium nitride, titanium alumi 
num nitride, and tantalum nitride. 
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10. The contact of claim 1, Wherein said contact is an 
electrode for a memory cell. 

11. The contact of claim 10, Wherein said memory cell is 
a phase-change memory cell. 

12. A phase-change memory device, comprising: 

a phase-change memory element positioned betWeen a 
?rst electrode and a second electrode; and 

said ?rst electrode comprising a conductive layer on a 
sideWall of a mesa structure, at least partially surround 
ing said mesa structure, and having a surface in contact 
With said memory element. 

13. The memory device of claim 12, Wherein the sideWall 
of said mesa structure is substantially circular and the 
conductive layer is also substantially circular. 

14. The memory device of claim 12, Wherein said con 
ductive layer surrounds said mesa structure along said 
sideWall. 

15. The memory device of claim 14, Wherein said con 
ductive layer is surrounded by a dielectric layer. 

16. The memory device of claim 12, Wherein said mesa 
structure comprises a nitride. 

17. The memory device of claim 12, Wherein said mesa 
structure comprises a material selected from the group 
consisting of silicon nitride, tantalum oxide, aluminum 
oxide, titanium dioxide, magnesium oxide, silicon carbide, 
Zirconia, and strontium titanate. 

18. The memory device of claim 12, Wherein said con 
ductive layer comprises at least one of titanium nitride, 
titanium aluminum nitride, and tantalum nitride. 

19. The memory device of claim 12, Wherein said memory 
element comprises a phase-change material. 

20. A processor system, comprising: 

a processor and a memory circuit, Wherein said memory 
circuit comprises a memory device, Which comprises: 

a memory element positioned betWeen a ?rst electrode 
and a second electrode; and 

said ?rst electrode comprising a conductive layer on a 
sideWall of a mesa structure, at least partially surround 
ing said mesa structure, and having a surface in contact 
With said memory element. 

21. The processor system of claim 20, Wherein the side 
Wall of said mesa structure is substantially circular and the 
conductive layer is also substantially circular. 

22. The processor system of claim 20, Wherein said 
conductive layer surrounds said mesa structure along said 
sideWall. 

23. The processor system of claim 22, Wherein said 
conductive layer is surrounded by a dielectric layer. 

24. The processor system of claim 20, Wherein said mesa 
structure comprises a nitride. 

25. The processor system of claim 20, Wherein said mesa 
structure comprises a material selected from the group 
consisting of silicon nitride, tantalum oxide, aluminum 
oxide, titanium dioxide, magnesium oxide, silicon carbide, 
Zirconia, and strontium titanate. 

26. The processor system of claim 20, Wherein said 
conductive layer comprises at least one of titanium nitride, 
titanium aluminum nitride, and tantalum nitride. 

27. The processor system of claim 20, Wherein said 
memory element comprises a phase-change material. 

28. A method of forming a contact for an integrated 
circuit, comprising: 
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forming a mesa structure over a substrate, said mesa 
structure having at least one sidewall; 

forming a conductive layer over said mesa structure and 
said substrate; and 

removing said conductive layer from surfaces of said 
mesa structure and said substrate to leave said conduc 
tive layer at least partially surrounding said mesa on 
said sideWall. 

29. The method of claim 28, further comprising forming 
a dielectric layer over said mesa structure and said conduc 
tive layer and planariZing said dielectric layer using said 
mesa structure as a stop. 

30. The method of claim 28, further comprising utiliZing 
a hard mask and an etching step to form said mesa structure. 

31. The method of claim 30, Wherein said hard mask and 
said mesa structure are selectively etchable and planariZed 
by chemical mechanical polishing With respect to each other. 

32. The method of claim 31, Wherein one of said hard 
mask and said mesa structure comprises an oxide and the 
other comprises a nitride. 

33. The method of claim 28, Wherein said conductive 
layer is removed using a dry etch. 

34. The method of claim 28, Wherein after said removing 
of said conductive layer, the remaining conductive layer 
surrounds said mesa structure at a sideWall thereof. 

35. The method of claim 28, Wherein said mesa structure 
is formed to be substantially circular in shape. 

36. The method of claim 28, further comprising forming 
a memory cell over said contact. 

37. The method of claim 36, further comprising forming 
a phase-change memory element over said contact and an 
electrode layer over said phase-change memory element. 

38. The method of claim 28, Wherein said mesa structure 
comprises a material selected from the group consisting of 
silicon nitride, tantalum oxide, aluminum oxide, titanium 
dioxide, magnesium oxide, silicon carbide, Zirconia, and 
strontium titanate. 

39. The method of claim 28, Wherein said conductive 
layer comprises at least one of titanium nitride, titanium 
aluminum nitride, and tantalum nitride. 

40. A method of forming a memory cell, comprising: 

providing a substrate; 

providing an electrically conductive region supported by 
said substrate; 

forming a ?rst dielectric layer over said substrate and said 
electrically conductive region; 

forming a hard mask layer over said ?rst dielectric layer; 

removing a portion of said ?rst dielectric layer and said 
hard mask layer to form a mesa structure of said ?rst 
dielectric layer over said electrically conductive region, 
Wherein said hard mask layer remains over said mesa 
structure and said mesa structure has at least one 

sideWall; 
forming a conductive layer over said sideWall of said 
mesa structure and at least a portion of said electrically 
conductive region; 
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forming a second dielectric layer over said mesa structure, 
said conductive layer, and said electrically conductive 
region; 

planariZing said second dielectric layer to expose said 
conductive layer and remove said hard mask layer, 
using said mesa structure as a stop; and 

forming a memory element layer over said conductive 
layer and said mesa structure. 

41. The method of claim 40, Wherein said electrically 
conductive region is an active area of said substrate. 

42. The method of claim 40, Wherein said electrically 
conductive region is an interconnect line. 

43. The method of claim 40, Wherein said electrically 
conductive region is a contact plug. 

44. The method of claim 40, Wherein said ?rst dielectric 
layer comprises a nitride. 

45. The method of claim 40, Wherein said ?rst dielectric 
layer comprises an oxide. 

46. The method of claim 40, Wherein said ?rst dielectric 
layer comprises a material selected from the group consist 
ing of silicon nitride, tantalum oxide, aluminum oxide, 
titanium dioxide, magnesium oxide, silicon carbide, Zirco 
nia, and strontium titanate. 

47. The method of claim 40, Wherein said hard mask layer 
is an oxide. 

48. The method of claim 40, Wherein said hard mask is a 
nitride. 

49. The method of claim 40, Wherein said ?rst dielectric 
layer and said hard mask layer comprise materials that are 
selectively etchable and planariZed by chemical mechanical 
polishing With respect to each other. 

50. The method of claim 40, Wherein said conductive 
layer is removed from surfaces, other than the sideWall of 
said mesa structure, by a dry etch. 

51. The method of claim 40, Wherein said conductive 
layer comprises at least one of titanium nitride, titanium 
aluminum nitride, and tantalum nitride. 

52. The method of claim 40, Wherein said hard mask is 
removed after forming said conductive layer by chemical 
mechanical polishing. 

53. The method of claim 40, Wherein said second dielec 
tric layer comprises an oxide. 

54. The method of claim 40, Wherein said planaraiZing of 
said second dielectric layer comprises a stop on nitride 
chemical mechanical polishing step. 

55. The method of claim 40, Wherein said memory 
element layer comprises a phase-change material. 

56. The method of claim 40, further comprising forming 
an electrode layer over said memory element layer. 

57. The method of claim 40, further comprising forming 
a plurality of second memory cells during the same sequence 
of acts as used to form said memory cell. 

58. The method of claim 40, Wherein said plurality of 
second memory cells have respective second conductive 
layers of substantially the same shape and siZe as the 
conductive layer of said memory cell. 

* * * * * 


