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embodiment, a standard conductive material such as carbon 
or titanium nitride is used to form the contact. In an altema 
tive embodiment, a memory material itself is used to form 
the contact. These contact structures may be made by vari 
ous processes, including chemical mechanical planariZation 
and facet etching. 
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MEMORY ELEMENTS AND METHODS FOR 
MAKING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation-impart of US. appli 
cation Ser. No. 09/617,297, ?led on Jul. 14, 2000, which 
issued as US. Pat. No. 6,440,837 011 Aug. 27, 2002. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The following commonly owned and co-pending US. 
patent applications may be related to the present application 
and are hereby incorporated by reference: 
US. patent application Ser. No. 08/486,639, ?led Jun. 6, 

1995, entitled “Memory Array Having A Multi-state 
Element And Method For Forming Such Array Or Cells 
Thereof’; 

US. patent application Ser. No. 08/486,375, ?led Jun. 7, 
1995, entitled “Chalcogenide Memory Cell WithA Plu 
rality Of Chalcogenide Electrodes”; 

US. patent application Ser. No. 08/697,341, ?ledAug. 22, 
1996, entitled “Memory Cell Incorporating A Chalco 
genide Element And Method Of Making Same”; and 

US. patent application Ser. No. 08/486,635, ?led Jun. 7, 
1995, entitled “Method and Apparatus for Forming an 
Integrated Circuit Electrode Having a Reduced Contact 
Area”. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to the ?eld of semiconduc 

tor devices and fabrication and, more particularly, to 
memory elements and methods for making memory ele 
ments. 

2. Background of the Related Art 
This section is intended to introduce the reader to various 

aspects of art that may be related to various aspects of the 
present invention, which are described and/or claimed 
below. This discussion is believed to be helpful in providing 
the reader with background information to facilitate a better 
understanding of the various aspects of the present inven 
tion. Accordingly, it should be understood that these state 
ments are to be read in this light, and not as admissions of 
prior art. 

Microprocessor-controlled integrated circuits are used in 
a wide variety of applications. Such applications include 
personal computers, vehicle control systems, telephone 
networks, and a host of consumer products. As is well 
known, microprocessors are essentially generic devices that 
perform speci?c functions under the control of a software 
program. This program is stored in a memory device coupled 
to the microprocessor. Not only does the microprocessor 
access a memory device to retrieve the program instructions, 
it also stores and retrieves data created during execution of 
the program in one or more memory devices. 

There are a variety of different memory devices available 
for use in microprocessor-based systems. The type of 
memory device chosen for a speci?c function within a 
microprocessor-based system depends largely upon what 
features of the memory are best suited to perform the par 
ticular function. For instance, volatile memories, such as 
dynamic random access memories (DRAMs), must be con 
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2 
tinually powered in order to retain their contents, but they 
tend to provide greater storage capability and programming 
options and cycles than non-volatile memories, such as read 
only memories (ROMs). While non-volatile memories that 
permit limited reprogramming exist, such as electrically 
erasable and programmable “ROMs,” all true random access 
memories, i.e., those memories capable of 1014 program 
ming cycles are more, are volatile memories. Although one 
time programmable read only memories and moderately 
reprogrammable memories serve many useful applications, 
a true nonvolatile random access memory (NVRAM) would 
likely be needed to surpass volatile memories in usefulness. 

Efforts have been underway to create a commercially 
viable memory device that is both random access and non 
volatile using structure changing memory elements, as 
opposed to the charge storage memory elements used in 
most commercial memory devices. The use of electrically 
writable and erasable phase change materials, i.e., materials 
which can be electrically switched between generally amor 
phous and generally crystalline states or between different 
resistive states while in crystalline form, in memory applica 
tions is known in the art and is disclosed, for example, in 
US. Pat. No. 5,296,716 to Ovshinsky et al., the disclosure of 
which is incorporated herein by reference. The Ovshinsky 
patent is believed to indicate the general state of the art and 
to contain a discussion of the general theory of operation of 
chalcogenide materials, which are a particular type of struc 
ture changing material. 
As disclosed in the Ovshinsky patent, such phase change 

materials can be electrically switched between a ?rst struc 
tural state, in which the material is generally amorphous, and 
a second structural state, in which the material has a gener 
ally crystalline local order. The material may also be electri 
cally switched between different detectable states of local 
order across the entire spectrum between the completely 
amorphous and the completely crystalline states. In other 
words, the switching of such materials is not required to take 
place in a binary fashion between completely amorphous 
and completely crystalline states. Rather, the material may 
be switched in incremental steps re?ecting changes of local 
order to provide a “gray scale” represented by a multiplicity 
of conditions of local order spanning the spectrum from the 
completely amorphous state to the completely crystalline 
state. 

These memory elements are monolithic, homogeneous, 
and formed of chalcogenide material typically selected from 
the group of Te, Se, Sb, Ni, and Ge. This chalcogenide mate 
rial exhibits different electrical characteristics depending 
upon its state. For instance, in its amorphous state the mate 
rial exhibits a higher resistivity than it does in its crystalline 
state. Such chalcogenide materials may be switched between 
numerous electrically detectable conditions of varying resis 
tivity in nanosecond time periods with the input of pico 
joules of energy. The resulting memory element is truly non 
volatile. It will maintain the integrity of the information 
stored by the memory cell without the need for periodic 
refresh signals, and the data integrity of the information 
stored by these memory cells is not lost when power is 
removed from the device. The memory material is also 
directly overwritable so that the memory cells need not be 
erased, i.e., set to a speci?ed starting point, in order to 
change information stored within the memory cells. Finally, 
the large dynamic range offered by the memory material 
theoretically provides for the gray scale storage of multiple 
bits of binary information in a single cell by mimicking the 
binary encoded information in analog form and, thereby, 
storing multiple bits of binary encoded information as a 
single resistance value in a single cell. 
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The operation of chalcogenide memory cells requires that 
a region of the chalcogenide memory material, called the 
“active region,” be subjected to a current pulse to change the 
crystalline state of the chalcogenide material Within the 
active region. Typically, a current density of betWeen about 
105 and 107 amperes/cm2 is needed. To obtain this current 
density in a commercially viable device having at least one 
million memory cells, for instance, one theory suggests that 
the active region of each memory cell should be made as 
small as possible to minimiZe the total current draWn by the 
memory device. 

HoWever, known fabrication techniques have not proven 
suf?cient. Currently, chalcogenide memory cells are fabri 
cated by ?rst creating a diode in a semiconductor substrate. 
A loWer electrode is created over the diode, and a layer of 
dielectric material is deposited onto the loWer electrode. A 
small opening is created in the dielectric layer. A second 
dielectric layer, typically of silicon nitride, is then deposited 
onto the dielectric layer and into the opening. The second 
dielectric layer is typically about 40 Angstroms thick. The 
chalcogenide material is then deposited over the second 
dielectric material and into the opening. An upper electrode 
material is then deposited over the chalcogenide material. 
A conductive path is then provided from the chalcogenide 

material to the loWer electrode material by forming a pore in 
the second dielectric layer by a process knoWn as “popping.” 
Popping involves passing an initial high current pulse 
through the structure to cause the second dielectric layer to 
breakdown. This dielectric breakdoWn produces a conduc 
tive path through the memory cell. Unfortunately, electri 
cally popping the thin silicon nitride layer is not desirable for 
a high density memory product due to the high current and 
the large amount of testing time required. Furthermore, this 
technique may produce memory cells With differing opera 
tional characteristics, because the amount of dielectric 
breakdoWn may vary from cell to cell. 

The active regions of the chalcogenide memory material 
Within the pores of the dielectric material created by the 
popping technique are believed to change crystalline struc 
ture in response to applied voltage pulses of a Wide range of 
magnitudes and pulse durations. These changes in crystal 
line structure alter the bulk resistance of the chalcogenide 
active region. Factors such as pore dimensions (e.g., 
diameter, thickness, and volume), chalcogenide 
composition, signal pulse duration, and signal pulse Wave 
form shape may affect the magnitude of the dynamic range 
of resistances, the absolute endpoint resistances of the 
dynamic range, and the voltages required to set the memory 
cells at these resistances. For example, relatively thick chal 
cogenide ?lms, e.g., about 4000 Angstroms, result in higher 
programming voltage requirements, e.g., about l5i25 volts, 
While relatively thin chalcogenide layers, e.g., about 500 
Angstroms, result in loWer programming voltage 
requirements, e.g., about li7 volts. Thus, to reduce the 
required programming voltage, one theory suggests reduc 
ing the volume of the active region. Another theory suggests 
that the cross-sectional area of the pore should be reduced to 
reduce the siZe of the chalcogenide element. In a thin chalco 
genide ?lm, Where the pore Width is on the same order as the 
thickness of the chalcogenide ?lm, the current has little 
room to spread, and, thus, keeps the active region small. 

The present invention is directed to overcoming, or at 
least reducing the affects of, one or more of the problems set 
forth above. 

SUMMARY OF THE INVENTION 

Certain aspects commensurate in scope With the originally 
?led claims are set forth beloW. It should be understood that 
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4 
these aspects are presented merely to provide the reader With 
a brief summary of certain forms the invention might take 
and that these aspects are not intended to limit the scope of 
the invention. Indeed, the invention may encompass a vari 
ety of aspects that may not be set forth beloW. 

In accordance With one aspect of the present invention, 
there is provided a method of forming a contact structure in a 
semiconductor device. The method includes the acts of: pro 
viding a substrate; forming a structure on the substrate, the 
structure protruding from the substrate and having at least 
one comer; forming a conformal insulative layer over the 
structure; and selectively etching aWay a portion of the con 
formal insulative material to expose the at least one corner of 
the structure to form at least one point contact. 

In accordance With another aspect of the present 
invention, there is provided a method of forming a memory 
structure in a semiconductor device. The method includes 
the acts of: providing a substrate; forming a structure on the 
substrate, the structure protruding from the substrate and 
having at least one corner, and the structure comprising one 
of a ?rst conductive material and a ?rst memory material; 
forming a conformal insulative layer over the structure; 
selectively etching aWay a portion of the conformal insula 
tive material to expose the at least one comer of the structure 
to form at least one point contact; forming at least one layer 
of material over the at least one point contact, the at least one 
layer of material comprising a second conductive material if 
the structure comprises the ?rst memory material, and the at 
least one layer of material comprising a second memory 
material if the structure comprises the ?rst conductive mate 
rial; and forming a conductive layer over the at least one 
layer of material if the at least one layer of material com 
prises the second memory material. 

In accordance With still another aspect of the present 
invention, there is provided a contact. The contact includes a 
substrate. A structure protrudes from the substrate, and the 
structure has at least one corner. A layer of insulating mate 
rial is disposed over the structure in a manner that leaves the 
at least one comer of the structure exposed. 

In accordance With yet another aspect of the present 
invention, there is provided a memory cell. The memory cell 
includes a substrate. A structure protrudes from the 
substrate, and the structure has at least one comer. The struc 
ture comprises one of a ?rst conductive material and a ?rst 
memory material. A layer of insulating material is disposed 
over the structure in a manner that leaves the at least one 
corner of the structure exposed to form at least one point 
contact. At least one layer of material is disposed over the at 
least one point contact. The at least one layer of material 
comprises a second conductive material if the structure com 
prises the ?rst memory material, and the at least one layer of 
material comprises a second memory material if the struc 
ture comprises the ?rst conductive material. A conductive 
layer is disposed over the at least one layer of material if the 
at least one layer of material comprises the second memory 
material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention may 
become apparent upon reading the folloWing detailed 
description and upon reference to the draWings in Which: 

FIG. 1 illustrates a schematic depiction of a substrate con 
taining a memory device Which includes a memory matrix 
and peripheral circuitry; 

FIG. 2 illustrates an exemplary schematic depiction of the 
memory matrix or array of FIG. 1; 
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FIG. 3 illustrates an exemplary memory cell having a 
memory element, such as a resistor, and an access device, 
such as a diode; 

FIG. 4 illustrates a top vieW of a portion of a semiconduc 
tor memory array; 

FIG. 5 illustrates a cross-sectional vieW of an exemplary 
memory cell at an early stage of fabrication; 

FIG. 6, FIG. 7, and FIG. 8 illustrate the formation of a 
spacer and a small pore for the exemplary memory element; 

FIG. 9 illustrates the small pore of the memory element; 
FIG. 10 and FIG. 11 illustrate the formation of an elec 

trode in the small pore; 

FIG. 12 illustrates the deposition of memory material over 
the loWer electrode; 

FIG. 13 illustrates the deposition of the upper electrode of 
the memory cell; 

FIG. 14 illustrates the deposition of an insulative layer and 
an oxide layer over the upper electrode of the memory cell; 

FIG. 15 illustrates the formation of a contact extending 
through the oxide and insulative layer to contact the upper 
electrode; 

FIG. 16 illustrates a How chart depicting an illustrative 
method of fabricating an annular contact; 

FIG. 17 illustrates a conductive layer over a substrate; 

FIG. 18 illustrates a dielectric layer on the structure of 
FIG. 17; 

FIG. 19 illustrates a WindoW or trench in the dielectric 
layer of FIG. 18; 

FIG. 20 illustrates a conductive or chalcogenide layer on 
the structure of FIG. 19; 

FIG. 21 illustrates a dielectric layer on the structure of 
FIG. 20; 

FIG. 22 illustrates the formation of a contact by removal 
of the dielectric layer from the surface of the structure of 
FIG. 21; 

FIG. 23 illustrates a top vieW of the structure of FIG. 22; 

FIG. 24 illustrates a chalcogenide layer and a conductive 
layer on the structure of FIG. 22; 

FIG. 25 illustrates an alternative embodiment; 

FIGS. 26 through 33 illustrate the formation of linear 
electrodes using processes similar to those used in reference 
to FIGS. 16 through 25; 

FIGS. 34 through 38 illustrate the formation of electrodes 
using facet etch processes; 

FIGS. 39 through 41 illustrate the formation of a ?rst 
electrode embodiment using facet etch processes; and 

FIGS. 42*46 illustrate the formation of a second electrode 
embodiment using facet etch processes. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Speci?c embodiments of memory elements and methods 
of making such memory elements are described beloW as 
they might be implemented for use in semiconductor 
memory circuits. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It should be appreciated that in the development of any such 
actual implementation (as in any semiconductor engineering 
project), numerous implementation-speci?c decisions must 
be made to achieve the developers’ speci?c goals, such as 
compliance With system-related and business-related 
constraints, Which may vary from one implementation to 
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6 
another. Moreover, it should be appreciated that such a 
development effort might be complex and time-consuming, 
but Would nevertheless be a routine undertaking of semicon 
ductor design and fabrication for those of ordinary skill hav 
ing the bene?t of this disclosure. 

Turning noW to the draWings, and referring initially to 
FIG. 1, a memory device is illustrated and generally desig 
nated by a reference numeral 10. The memory device 10 is 
an integrated circuit memory that is advantageously formed 
on a semiconductor substrate 12. The memory device 10 
includes a memory matrix or array 14 that includes a plural 
ity of memory cells for storing data, as described beloW. The 
memory matrix 14 is coupled to periphery circuitry 16 by the 
plurality of control lines 18. The periphery circuitry 16 may 
include circuitry for addressing the memory cells contained 
Within the memory matrix 14, along With circuitry for stor 
ing data in and retrieving data from the memory cells. The 
periphery circuitry 16 may also include other circuitry used 
for controlling or otherWise insuring the proper functioning 
of the memory device 10. 
A more detailed description of the memory matrix 14 is 

illustrated in FIG. 2. As can be seen, the memory matrix 14 
includes a plurality of memory cells 20 that are arranged in 
generally perpendicular roWs and columns. The memory 
cells 20 in each roW are coupled together by a respective 
Word line 22, and the memory cells 20 in each column are 
coupled together by a respective digit line 24. Speci?cally, 
each memory cell 20 includes a Word line node 26 that is 
coupled to a respective Word line 22, and each memory cell 
20 includes a digit line node 28 that is coupled to a respec 
tive digit line 24. The conductive Word lines 22 and digit 
lines 24 are collectively referred to as address lines. These 
address lines are electrically coupled to the periphery cir 
cuitry 16 so that each of the memory cells 20 can be accessed 
for the storage and retrieval of information. 

FIG. 3 illustrates an exemplary memory cell 20 that may 
be used in the memory matrix 14. The memory cell 20 
includes a memory element 30 Which is coupled to an access 
device 32. In this embodiment, the memory element 30 is 
illustrated as a programmable resistive element, and the 
access device 32 is illustrated as a diode. Advantageously, 
the programmable resistive element may be made of a chal 
cogenide material, as Will be more fully explained beloW. 
Also, the diode 32 may be a conventional diode, a Zener 
diode, or an avalanche diode, depending upon Whether the 
diode array of the memory matrix 14 is operated in a forWard 
biased mode or a reverse biased mode. As illustrated in FIG. 
3, the memory element 30 is coupled to a Word line 22, and 
the access device 32 is coupled to a digit line 24. HoWever, it 
should be understood that connections of the memory ele 
ment 20 may be reversed Without adversely affecting the 
operation of the memory matrix 14. 
As mentioned previously, a chalcogenide resistor may be 

used as the memory element 30. A chalcogenide resistor is a 
structure changing memory element because its molecular 
order may be changed betWeen an amorphous state and a 
crystalline state by the application of electrical current. In 
other Words, a chalcogenide resistor is made of a state 
changeable material that can be sWitched from one detect 
able state to another detectable state or states. In state 
changeable materials, the detectable states may differ in 
their morphology, surface typography, relative degree of 
order, relative degree of disorder, electrical properties, opti 
cal properties, or combinations of one or more of these prop 
erties. The state of a state changeable material may be 
detected by measuring the electrical conductivity, electrical 
resistivity, optical transmissivity, optical absorption, optical 
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refraction, optical re?ectivity, or a combination of these 
properties. In the case of a chalcogenide resistor speci?cally, 
it may be switched betWeen different structural states of 
local order across the entire spectrum betWeen the com 
pletely amorphous state and the completely crystalline state. 

The previously mentioned Ovshinsky patent contains a 
graphical representation of the resistance of an exemplary 
chalcogenide resistor as a function of voltage applied across 
the resistor. It is not unusual for a chalcogenide resistor to 
demonstrate a Wide dynamic range of attainable resistance 
values of about tWo orders of magnitude. When the chalco 
genide resistor is in its amorphous state, its resistance is 
relatively high. As the chalcogenide resistor changes to its 
crystalline state, its resistance decreases. 
As discussed in the Ovshinsky patent, loW voltages do not 

alter the structure of a chalcogenide resistor, While higher 
voltages may alter its structure. Thus, to “program” a chalco 
genide resistor, i.e., to place the chalcogenide resistor in a 
selected physical or resistive state, a selected voltage in the 
range of higher voltages is applied across the chalcogenide 
resistor, i.e., betWeen the Word line 22 and the digit line 24. 
Once the state of the chalcogenide resistor has been set by 
the appropriate programming voltage, the state does not 
change until another programming voltage is applied to the 
chalcogenide resistor. Therefore, once the chalcogenide 
resistor has been programmed, a loW voltage may be applied 
to the chalcogenide resistor, i.e., betWeen the Word line 22 
and the digit line 24, to determine its resistance Without 
changing its physical state. As mentioned previously, the 
addressing, programming, and reading of the memory ele 
ments 20 and, thus, the application of particular voltages 
across the Word lines 22 and digit lines 24, is facilitated by 
the periphery circuitry 16. 

The memory cell 20, as illustrated in FIG. 3, may offer 
signi?cant packaging advantages as compared With memory 
cells used in traditional random access and read only memo 
ries. This advantage stems from the fact that the memory cell 
20 is a vertically integrated device. In other Words, the 
memory element 30 may be fabricated on top of the access 
device 32. Therefore, using the memory cell 20, it may be 
possible to fabricate a cross-point cell that is the same siZe as 
the crossing area of the Word line 22 and the digit line 24, as 
illustrated in FIG. 4. HoWever, the siZe of the access device 
32 typically limits the area of the memory cell 20, because 
the access device 32 must be large enough to handle the 
programming current needed by the memory element 30. 
As discussed previously, to reduce the required program 

ming current, many efforts have been made to reduce the 
pore siZe of the chalcogenide material that forms the 
memory element 30. These efforts have been made in vieW 
of the theory that only a small portion of the chalcogenide 
material, referred to as the “active region,” is structurally 
altered by the programming current. HoWever, it is believed 
that the siZe of the active region of the chalcogenide memory 
element 30 may be reduced by reducing the siZe of an elec 
trode Which borders the chalcogenide material. By reducing 
the active region and, thus, the required programming 
current, the siZe of the access device may be reduced to 
create a cross-point cell memory. 

To make a commercially viable semiconductor memory 
array having a plurality of such memory cells, such memory 
cells should be reproducible so that all memory cells act 
substantially the same. As alluded to earlier, by controlling 
the active region of the chalcogenide material of each 
memory cell, a memory array of relatively uniform memory 
cells may be created. To control the active region, the contact 
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8 
area betWeen the chalcogenide and one or both of its elec 
trodes may be controlled, and/or the volume of the chalco 
genide material may be controlled. HoWever, as described 
next, one technique for creating a substantially circular 
memory element using chalcogenide material, Which pro 
duces good results, may nonetheless be improved upon to 
create memory cells having more uniformity. Before dis 
cussing these improvements, hoWever, it is important to 
understand the technique for creating a substantially circular 
memory element. 

This technique for creating a circular non-volatile 
memory element generally begins With a small photolitho 
graphically de?ned feature. This feature, a circular hole, is 
reduced in circumference by adding a non-conductive 
material, such as a dielectric, to its sideWalls. The resulting 
smaller hole serves as a pattern for a pore that holds an 
electrode and/ or the structure changing memory material. In 
either case, the ?nal contact area betWeen the structure 
changing memory material and the electrode is approxi 
mately equal to the circular area of the smaller hole. 

The actual structure of an exemplary memory cell 20 is 
illustrated in FIG. 15, While a method for fabricating the 
memory cell 20 is described With reference to FIGS. 5*15. It 
should be understood that While the fabrication of only a 
single memory cell 20 is discussed beloW, thousands of simi 
lar memory cells may be fabricated simultaneously. 
Although not illustrated, each memory cell is electrically 
isolated from other memory cells in the array in any suitable 
manner, such as by the addition imbedded ?eld oxide 
regions betWeen each memory cell. 

In the interest of clarity, the reference numerals designat 
ing the more general structures described in reference to 
FIGS. 1*4 Will be used to describe the more detailed struc 
tures illustrated in FIGS. 5*15, Where appropriate. Referring 
?rst to FIG. 5, the digit lines 24 are formed in or on a sub 
strate 12. As illustrated in FIG. 5, the digit line 24 is formed 
in the P-type substrate 12 as a heavily doped N+ type trench. 
This trench may be strapped With appropriate materials to 
enhance its conductivity. The access device 32 is formed on 
top of the digit line 24. The illustrated access device 32 is a 
diode formed by a layer of N doped polysilicon 40 and a 
layer of P+ doped polysilicon 42. Next, a layer of insulative 
or dielectric material 44 is disposed on top of the P+ layer 
42. The layer 44 may be formed from any suitable insulative 
or dielectric material, such as silicon nitride. 

The formation of a small pore in the dielectric layer 44 is 
illustrated With reference to FIGS. 5*9. First, a hard mask 46 
is deposited on top of the dielectric layer 44 and patterned to 
form a WindoW 48, as illustrated in FIG. 6. The WindoW 48 in 
the hard mask 46 is advantageously as small as possible. For 
instance, the WindoW 48 may be formed at the photolitho 
graphic limit by conventional photolithographic techniques. 
The photolithographic limit, i.e., the smallest feature that 
can be patterned using photolithographic techniques, is cur 
rently about 0.18 micrometers. Once the WindoW 48 has 
been formed in the hard mask 46, a layer of spacer material 
50, such as silicon dioxide, is deposited over the hard mask 
46 in a conformal fashion so that the upper surface of the 
spacer material 50 is recessed Where the spacer material 50 
covers the WindoW 48. 

The layer of spacer material 50 is subjected to an anisotro 
pic etch using a suitable etchant, such as CHF3. The rate and 
time of the etch are controlled so that the layer of spacer 
material 50 is substantially removed from the upper surface 
of the hard mask 48 and from a portion of the upper surface 
of the dielectric layer 44 Within the WindoW 48, leaving side 
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Wall spacers 52 Within the WindoW 48. The sidewall spacers 
52 remain after a properly controlled etch because the verti 
cal dimension of the spacer material 50 near the sideWalls of 
the WindoW 48 is approximately tWice as great as the vertical 
dimension of the spacer material 50 on the surface of the 
hard mask 46 and in the recessed area of the WindoW 48. 

Once the spacers 52 have been formed, an etchant is 
applied to the structure to form a pore 54 in the dielectric 
layer 44, as illustrated in FIG. 8. The etchant is an anisotro 
pic etchant that selectively removes the material of the 
dielectric layer 44 bounded by the spacers 52 until the P+ 
layer 42 is reached. As a result of the fabrication method to 
this point, if the WindoW 48 is at the photolithographic limit, 
the pore 54 is smaller than the photolithographic limit, e.g., 
on the order of 0.06 micrometers. After the pore 54 has been 
formed, the hard mask 46 and the spacers 52 may be 
removed, as illustrated in FIG. 9. The hard mask 46 and the 
spacers 52 may be removed by any suitable method, such as 
by etching or by chemical mechanical planariZation (CMP). 

The pore 54 is then ?lled to a desired level With a material 
suitable to form the loWer electrode of the chalcogenide 
memory element 30. As illustrated in FIG. 10, a layer of 
electrode material 56 is deposited using collimated physical 
vapor deposition (PVD). By using collimated PVD, or 
another suitable directional deposition technique, the layer 
of electrode material 56 is formed on top of the dielectric 
layer 44 and Within the pore 54 With substantially no side 
Walls. Thus, the layer of electrode material 56 on top of the 
dielectric layer 44 may be removed, using CMP for instance, 
to leave the electrode 56 at the bottom of the pore 54, as 
illustrated in FIG. 11. It should be understood that the elec 
trode material 56 may be comprised of one or more 
materials, and it may be formed in one or more layers. For 
instance, a loWer layer of carbon may be used as a barrier 
layer to prevent unWanted migration betWeen the subse 
quently deposited chalcogenide material and the P+ type 
layer 42. A layer of titanium nitride (TiN) may then be 
deposited upon the layer of carbon to complete the forma 
tion of the electrode 56. 

After the loWer electrode 56 has been formed, a layer of 
chalcogenide material 58 may be deposited so that it con 
tacts the loWer electrode 56, as illustrated in FIG. 12. If the 
loWer electrode 56 is recessed Within the pore 54, a portion 
of the chalcogenide material 58 Will ?ll the remaining por 
tion of the pore 54. In this case, any chalcogenide material 
58 adjacent the pore 54 on the surface of the dielectric layer 
44 may be removed, using CMP for instance, to create a 
chalcogenide element of extremely small proportions. 
Alternatively, if the loWer electrode 56 completely ?lls the 
pore 54, the chalcogenide material 58 adjacent the pore 54 
may remain, because the extremely small siZe of the loWer 
electrode 56 still creates a relatively small active area in a 
vertical direction through the chalcogenide material 58. 
Because of this characteristic, even if the loWer electrode 56 
only partially ?lls the pore 54, as illustrated, the excess chal 
cogenide material 58 adjacent the pore 54 need not be 
removed to create a memory element 30 having an extremely 
small active area. 

Regardless of Which alternative is chosen, the upper elec 
trode 60 is deposited on top of the chalcogenide material 58, 
as illustrated in FIG. 13. After the upper electrode 60, the 
chalcogenide material 58, the dielectric layer 44, and the 
access device 32 have been patterned and etched to form an 
individual memory cell 20, a layer of insulative material 62 
is deposited over the structure, as illustrated in FIG. 14. A 
layer of oxide 64 is then deposited over the insulative layer 
62. Finally, the oxide layer 64 is patterned and a contact hole 
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66 is formed through the oxide layer 64 and the insulative 
layer 62, as illustrated in FIG. 15. The contact hole 66 is 
?lled With a conductive material to form the Word line 22. 

Although this technique, as previously mentioned, pro 
duces good results, there can be substantial variation in siZe 
of the many circular pores 54 formed to create the memory 
cell array. Lithographic variations during the formation of a 
structure such as the one described above are typically in the 
range of 110% of the lithographic feature, i.e., 110% of the 
diameter of the WindoW 48. A variation in circular area (AAf) 
With respect to the intended circular area (AA) is approxi 
mately equal to: 

AA ARi [ZRi ] Equation 1 
Ti 

Where R1- represents the initial radius of the WindoW 48, and 
Rfrepresents the ?nal radius of the pore 54, and AR,- repre 
sents the variation in the radius R,- due to, for example, pho 
tolithography and pattern transfer. Photolithographic devia 
tions in pore formation can cause a variation in actual 
contact area versus intended contact area that is approxi 
mately equal to the variation in actual radius of the WindoW 
48 versus the desired radius of the WindoW 48 multiplied by 
tWice the ratio of the variation in the actual radius versus 
desired radius. 

Similarly, deposition thickness deviations during forma 
tion of the spacers 52 are typically in the range of 110% of 
the deposited layer’s thickness. A variation in circular con 
tact area (AAf) With respect to the intended circular contact 
area (A) is approximately equal to: 

Equation 2 AA Ah, [2 
Where hs represents the thickness of the spacer 52, Ahs rep 
resents the variation in the thickness of the spacer 52, and R, 
and Rf are de?ned above. Deposition deviations in spacer 
thickness can cause a variation in actual circular contact area 

versus intended contact area that is approximately equal to 
the variation in spacer thickness versus the desired spacer 
thickness multiplied by a number greater than Zero Which is 
dependent upon the initial and ?nal contact hole radius. 

Because of photolithographic and deposition variations 
during processing, such as those discussed above, the repro 
ducibility of smaller circular contacts betWeen different ele 
ments in a semiconductor circuit can suffer. To enhance the 
uniformity and reproducibility of contacts betWeen different 
elements in a semiconductor circuit, an annular contact 
structure, Which exhibits a greatly reduced susceptibility to 
process variations, may be implemented. HoWever, before 
discussing an exemplary implementation, the reduced sus 
ceptibility to process variations Will ?rst be explained using 
many of the terms de?ned above for clarity and comparison. 

Area variation (AAf) for an annular contact Which is thin 
With respect to the intended contact area (A) is approxi 
mately equal to the ratio of the variation in the initial contact 
hole’s radius versus the desired initial contact hole radius, 

AAf 
I ~ 

ARi 
Ti’ 

Equation 3 

Where R1- represents the circular WindoW’s initial radius 
before an annular contact is formed, and AR,- represents the 
variation in the annular contact’s radius as a result of form 
ing the annulus. 












