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than does a conventional circular contact plug. In one
embodiment, a standard conductive material such as carbon
or titanium nitride 1s used to form the contact. In an alterna-
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FIG. 16
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MEMORY ELEMENTS AND METHODS FOR
MAKING SAMEL

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

This application is a continuation-in-part of U.S. appli-

cation Ser. No. 09/617,297, filed on Jul. 14, 2000, whickh
issued as U.S. Pat. No. 6,440,837 on Aug. 27, 2002,

CROSS-REFERENCE TO RELATED
APPLICATIONS

The following commonly owned and co-pending U.S.
patent applications may be related to the present application
and are hereby incorporated by reference:

U.S. patent application Ser. No. 08/486,639, filed Jun. 6,

1993, entitled “Memory Array Having A Multi-state
Element And Method For Forming Such Array Or Cells
Thereof™:

U.S. patent application Ser. No. 08/486,373, filed Jun. 7,
1993, entitled “Chalcogenide Memory Cell With A Plu-
rality Of Chalcogenide Flectrodes™;

U.S. patent application Ser. No. 08/697,341, filed Aug. 22,
1996, entitled “Memory Cell Incorporating A Chalco-
genide Element And Method Of Making Same”; and

U.S. patent application Ser. No. 08/486,635, filed Jun. 7,
1993, 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 mvention relates generally to the field 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 1s mtended to imtroduce 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 1s believed to be helpiul 1n 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 1s well
known, microprocessors are essentially generic devices that
perform specific functions under the control of a software
program. This program 1s stored 1n 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 1n one or more memory devices.

There are a variety of different memory devices available
for use 1n microprocessor-based systems. The type of
memory device chosen for a specific 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 1n 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 10'* 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 1s both random access and non-
volatile using structure changing memory elements, as
opposed to the charge storage memory elements used 1n
most commercial memory devices. The use of electrically
writable and erasable phase change materials, 1.e., materials
which can be electrically switched between generally amor-
phous and generally crystalline states or between different
resistive states while 1n crystalline form, 1n memory applica-
tions 1s known in the art and 1s disclosed, for example, in
U.S. Pat. No. 5,296,716 to Ovshinsky et al., the disclosure of
which 1s incorporated herein by reference. The Ovshinsky
patent 1s 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 1n the Ovshinsky patent, such phase change
materials can be electrically switched between a first struc-
tural state, in which the matenal 1s generally amorphous, and
a second structural state, in which the matenal 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 1s not required to take
place 1 a binary fashion between completely amorphous
and completely crystalline states. Rather, the material may
be switched 1n incremental steps reflecting 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, N1, and Ge. This chalcogenide mate-
rial exhibits different electrical characteristics depending
upon 1ts state. For instance, 1n its amorphous state the mate-
rial exhibits a higher resistivity than 1t does 1n 1ts crystalline
state. Such chalcogenide materials may be switched between
numerous electrically detectable conditions of varying resis-
tivity 1n nanosecond time periods with the mput of pico-
joules of energy. The resulting memory element 1s 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 1s not lost when power 1s
removed from the device. The memory material 1s also
directly overwritable so that the memory cells need not be
crased, 1.¢., set to a specified starting point, 1n order to
change information stored within the memory cells. Finally,
the large dynamic range oifered by the memory material
theoretically provides for the gray scale storage of multiple
bits of binary imnformation 1n 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 1n a single cell.
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The operation of chalcogenide memory cells requires that
a region ol the chalcogenide memory matenal, 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
10° and 107 amperes/cm” is needed. To obtain this current
density 1n 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
suificient. Currently, chalcogenide memory cells are fabri-
cated by first creating a diode 1n a semiconductor substrate.
A lower electrode 1s created over the diode, and a layer of
dielectric material 1s deposited onto the lower electrode. A
small opening 1s created in the dielectric layer. A second
dielectric layer, typically of silicon nitride, 1s then deposited
onto the dielectric layer and into the opening. The second
dielectric layer 1s typically about 40 Angstroms thick. The
chalcogenide material 1s then deposited over the second
dielectric material and 1nto the opening. An upper electrode
material 1s then deposited over the chalcogenide material.

A conductive path 1s then provided from the chalcogenide
material to the lower electrode maternial 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 mitride layer 1s 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-
cogemde films, e.g., about 4000 Angstroms, result 1n higher
programming voltage requirements, e.g., about 15-25 volts,
while relatively thin chalcogenide layers, e.g., about 500
Angstroms, result 1n lower programming voltage
requirements, e.g., about 1-7 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 f1lm, where the pore width 1s on the same order as the
thickness of the chalcogenide film, the current has little
room to spread, and, thus, keeps the active region small.

The present mmvention 1s directed to overcoming, or at
least reducing the atfects of, one or more of the problems set
forth above.

SUMMARY OF THE INVENTION

Certain aspects commensurate 1n scope with the originally
filed 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 briel summary of certain forms the invention might take
and that these aspects are not intended to limit the scope of
the 1nvention. 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 1nvention,
there 1s 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 corner; forming a conformal 1nsulative 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 1s provided a method of forming a memory
structure 1n 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 first conductive material and a first 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 corner 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 1f
the structure comprises the first memory material, and the at
least one layer of material comprising a second memory
matenal 1f the structure comprises the first conductive mate-
rial; and forming a conductive layer over the at least one
layer of material 1f the at least one layer of material com-
prises the second memory matenal.

In accordance with still another aspect of the present
invention, there 1s 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 1s disposed over the structure 1n a manner that leaves the
at least one corner of the structure exposed.

In accordance with yet another aspect of the present
invention, there 1s provided a memory cell. The memory cell
includes a substrate. A structure protrudes from the
substrate, and the structure has at least one corner. The struc-
ture comprises one of a first conductive material and a first
memory material. A layer of insulating material 1s disposed
over the structure 1n 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 matenal 1s disposed over the at
least one point contact. The at least one layer of material
comprises a second conductive material 11 the structure com-
prises the first memory material, and the at least one layer of
material comprises a second memory material if the struc-
ture comprises the first conductive material. A conductive
layer 1s disposed over the at least one layer of material 11 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:

FI1G. 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 1llustrate the formation of a
spacer and a small pore for the exemplary memory element;

FI1G. 9 1llustrates the small pore of the memory element;

FIG. 10 and FIG. 11 illustrate the formation of an elec-
trode 1n the small pore;

FI1G. 12 1llustrates the deposition of memory material over
the lower electrode;

FI1G. 13 illustrates the deposition of the upper electrode of
the memory cell;

FI1G. 14 illustrates the deposition of an 1nsulative 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 flow chart depicting an illustrative
method of fabricating an annular contact;

FI1G. 17 1llustrates a conductive layer over a substrate;

FI1G. 18 1l
FIG. 17,

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

FI1G. 20 illustrates a conductive or chalcogemde layer on
the structure of FI1G. 19;

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

FI1G. 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;

FI1G. 24 1llustrates 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
clectrodes using processes similar to those used 1n reference

to FIGS. 16 through 25;

FIGS. 34 through 38 1llustrate the formation of electrodes
using facet etch processes;

FIGS. 39 through 41 illustrate the formation of a first
clectrode embodiment using facet etch processes; and

FIGS. 4246 1llustrate the formation of a second electrode
embodiment using facet etch processes.

lustrates a dielectric layer on the structure of

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Specific embodiments of memory elements and methods
of making such memory elements are described below as
they might be implemented for use 1n semiconductor
memory circuits. In the interest of clarity, not all features of
an actual implementation are described in this specification.
It should be appreciated that 1n the development of any such
actual implementation (as in any semiconductor engineering
project), numerous implementation-specific decisions must
be made to achieve the developers” specific goals, such as
compliance with system-related and business-related
constraints, which may vary from one implementation to
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another. Moreover, 1t 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 benefit of this disclosure.

Turming now to the drawings, and referring initially to
FIG. 1, a memory device 1s illustrated and generally desig-
nated by a reference numeral 10. The memory device 10 1s
an mtegrated circuit memory that 1s 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 1s 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 1n 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 1s
illustrated 1n FIG. 2. As can be seen, the memory matrix 14
includes a plurality of memory cells 20 that are arranged 1n
generally perpendicular rows and columns. The memory
cells 20 1n each row are coupled together by a respective
word line 22, and the memory cells 20 1n each column are
coupled together by a respective digit line 24. Specifically,
cach memory cell 20 includes a word line node 26 that i1s
coupled to a respective word line 22, and each memory cell
20 includes a digit line node 28 that 1s 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 1n the memory matrix 14. The memory cell 20
includes a memory element 30 which 1s coupled to an access
device 32. In this embodiment, the memory element 30 1s
illustrated as a programmable resistive element, and the
access device 32 1s 1illustrated as a diode. Advantageously,
the programmable resistive element may be made of a chal-
cogenmide 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 1s operated 1n a forward
biased mode or a reverse biased mode. As illustrated in FIG.
3, the memory element 30 1s coupled to a word line 22, and
the access device 32 1s coupled to a digit line 24. However, 1t
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 1s a
structure changing memory element because 1ts 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 1s made of a state
changeable materlal 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 reflectivity, or a combmation of these
properties. In the case of a chalcogenide resistor specifically,
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 1s 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 1s 1n 1ts amorphous state, its resistance 1s
relatively high. As the chalcogenide resistor changes to its
crystalline state, 1ts resistance decreases.

As discussed 1n 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, 1.€., to place the chalcogenide resistor 1n a
selected physical or resistive state, a selected voltage 1n the
range of higher voltages 1s applied across the chalcogenide
resistor, 1.e., between the word line 22 and the digit line 24.
Once the state of the chalcogemde resistor has been set by
the appropriate programming voltage, the state does not
change until another programming voltage 1s applied to the
chalcogenide resistor. Therefore, once the chalcogenide
resistor has been programmed, a low voltage may be applied
to the chalcogenide resistor, 1.e., between the word line 22
and the digit line 24, to determine 1ts resistance without
changing 1ts physical state. As mentioned previously, the
addressing, programming, and reading ol the memory ele-
ments 20 and, thus, the application of particular voltages
across the word lines 22 and digit lines 24, 1s facilitated by
the periphery circuitry 16.

The memory cell 20, as illustrated 1n FIG. 3, may offer
significant packaging advantages as compared with memory
cells used 1n traditional random access and read only memo-
ries. This advantage stems from the fact that the memory cell
20 1s 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 1s the same size as
the crossing area of the word line 22 and the digit line 24, as
illustrated 1n 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 1n view
of the theory that only a small portion of the chalcogenide
matenal, referred to as the “active region,” 1s structurally
altered by the programming current. However, 1t 1s believed
that the size of the active region of the chalcogenide memory
clement 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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arca 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 umiformity. Before dis-
cussing these improvements, however, 1t 1s 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 defined feature. This feature, a circular hole, 1s
reduced in circumierence by adding a non-conductive
material, such as a dielectric, to 1ts sidewalls. The resulting
smaller hole serves as a pattern for a pore that holds an
clectrode and/or the structure changing memory material. In
either case, the final contact area between the structure
changing memory material and the electrode 1s approxi-
mately equal to the circular area of the smaller hole.

The actual structure of an exemplary memory cell 20 1s
illustrated 1n FIG. 15, while a method for fabricating the
memory cell 20 1s described with reference to FIGS. 5-15. It
should be understood that while the fabrication of only a
single memory cell 20 1s discussed below, thousands of simi-
lar memory cells may be fabricated simultaneously.
Although not illustrated, each memory cell 1s electrically
1solated from other memory cells 1n the array 1n any suitable
manner, such as by the addition imbedded field oxide
regions between each memory cell.

In the interest of clanty, 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
first to FIG. 5, the digit lines 24 are formed 1n or on a sub-
strate 12. As illustrated in FIG. 5, the digit line 24 1s 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 1s formed on
top of the digit line 24. The 1illustrated access device 32 1s 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 1s 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 1n the dielectric layer 44 1s
illustrated with reference to FIGS. 5-9. First, a hard mask 46
1s deposited on top of the dielectric layer 44 and patterned to
form a window 48, as 1llustrated in FIG. 6. The window 48 1n
the hard mask 46 1s advantageously as small as possible. For
instance, the window 48 may be formed at the photolitho-
graphic limit by conventional photolithographic techniques.
The photolithographic limait, 1.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 1n the hard mask 46, a layer of spacer material
50, such as silicon dioxide, 1s deposited over the hard mask
46 1n a conformal fashion so that the upper surface of the
spacer material 50 1s recessed where the spacer material 50
covers the window 48.

The layer of spacer material 50 1s subjected to an anisotro-
pic etch using a suitable etchant, such as CHF ;. The rate and
time of the etch are controlled so that the layer of spacer
material 50 1s 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 1s approximately twice as great as the vertical
dimension of the spacer material 50 on the surface of the
hard mask 46 and 1n the recessed area of the window 48.

Once the spacers 52 have been formed, an etchant 1s
applied to the structure to form a pore 54 1n the dielectric
layer 44, as illustrated 1n FIG. 8. The etchant 1s an anisotro-

pic etchant that selectively removes the material of the
dielectric layer 44 bounded by the spacers 52 until the P+
layer 42 1s reached. As a result of the fabrication method to
this point, 1f the window 48 1s at the photolithographic limat,
the pore 54 1s smaller than the photolithographic limait, e.g.,
on the order of 0.06 micrometers. Atter the pore 54 has been
formed, the hard mask 46 and the spacers 52 may be
removed, as 1llustrated 1n FIG. 9. The hard mask 46 and the
spacers 32 may be removed by any suitable method, such as
by etching or by chemical mechanical planarization (CMP).

The pore 54 1s then filled to a desired level with a material
suitable to form the lower electrode of the chalcogenide
memory element 30. As illustrated 1n FIG. 10, a layer of
clectrode material 56 1s deposited using collimated physical
vapor deposition (PVD). By using collimated PVD, or
another suitable directional deposition technique, the layer
of electrode material 56 1s 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 1n 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 1n 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 FI1G. 12. If the
lower electrode 56 1s recessed within the pore 54, a portion
of the chalcogenide material 58 will fill the remainming 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, i the lower electrode 56 completely fills the
pore 54, the chalcogenide material 58 adjacent the pore 54
may remain, because the extremely small size of the lower
clectrode 56 still creates a relatively small active area 1n a
vertical direction through the chalcogenide material 58.
Because of this characteristic, even 1f the lower electrode 56
only partially fills the pore 54, as 1llustrated, 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 1s chosen, the upper elec-
trode 60 1s deposited on top of the chalcogenide material 58,
as 1llustrated 1n 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
1s deposited over the structure, as illustrated in FIG. 14. A
layer of oxide 64 1s then deposited over the isulative layer
62. Finally, the oxide layer 64 1s patterned and a contact hole
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66 1s formed through the oxide layer 64 and the 1nsulative
layer 62, as illustrated in FIG. 15. The contact hole 66 1s
filled 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 1n size
of the many circular pores 34 formed to create the memory
cell array. Lithographic variations during the formation of a
structure such as the one described above are typically 1n the
range ol £10% of the lithographic feature, 1.e., £10% of the
diameter ot the window 48. A variation in circular area (AA )
with respect to the intended circular area (AA/) 1s approxi-
mately equal to:

Equation 1

AA; ARi(QRi]
Ar Ry \R; )/

where R, represents the initial radius of the window 48, and
R -represents the final 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 1n pore formation can cause a variation in actual
contact area versus intended contact area that 1s approxi-
mately equal to the variation 1n 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 1n the range of £10% of
the deposited layer’s thickness. A variation in circular con-
tact area (AA,) with respect to the intended circular contact

area (A,) 1s approximately equal to:

AA;  Ah, (2
A:  h

Equation 2

IR, ]
R; )’

where h_ represents the thickness of the spacer 52, Ah_ rep-
resents the variation 1n the thickness of the spacer 52, and R,
and R are defined above. Deposition deviations in spacer
thickness can cause a variation 1n actual circular contact area
versus intended contact area that 1s approximately equal to
the variation in spacer thickness versus the desired spacer
thickness multiplied by a number greater than zero which 1s
dependent upon the 1nitial and final 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 1 a semiconductor circuit can suifer. To enhance the
uniformity and reproducibility of contacts between different
elements 1n 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 first be explained using
many of the terms defined above for clarity and comparison.
Area variation (AA/) for an annular contact which 1s thin
with respect to the intended contact area (A, 1s approxi-
mately equal to the ratio of the variation 1n the 1nitial contact
hole’s radius versus the desired 1nitial contact hole radius,

AA;

L

As

AR
R; ’

Equation 3

where R, represents the circular window’s initial radius
before an annular contact 1s formed, and AR, represents the
variation 1n the annular contact’s radius as a result of form-
ing the annulus.
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Similarly, deviations 1n deposition thickness of an annular
contact structure cause a variation in contact area (AA ) ver-
sus intended area (A, that 1s approximately equal to the
variation 1n annulus thickness versus the desired annulus

thickness,

AA;  Ah,

L

A T hy

Equation 4

where h , represents annulus thickness, and Ah , represents
the vaniation in annulus thickness.

Comparison of Equation 3 with Equation 1 demonstrates
that a thin annular contact structure exhibits less deviation
due to lithographic vanations than does a circular contact
structure having an equal area:

AA;

b

Ag

AR,
R;

AA
and S ~

As

AR [QRi ]
R; \ Ry )

Since R, 1s always greater than R,

AR, Py AR; [ Z2R; ] Equation 3
R; R; \ R¢ | |
Thus,
AAx y AAr Equation 6
A Ar |

Here, A, represents the final or desired contact area, AA
represents the variation in the annular contact area, AA .
represents the variation 1n the circular contact area, R, repre-
sents the contact hole’s initial radius, R represents the con-
tact hole’s final radius, AR, represents the variation in the
contact hole’s radius due to, for example, lithographic and
pattern transfer operations, and || represents an absolute
value operation.

Likewise, a comparison ol Equation 4 and Equation 2
demonstrates that a thin annular contact structure, which
would correspond 1n area to a circular contact with final
radius less than approximately two-thirds the 1mitial radius,
exhibits less deviation due to deposition variations than does
the corresponding circular contact structure:

AAr  Ahga 7 AA-~  Ah, [2 2Ri] Equation 7
A ha A R UTR
2
Where Ry < §Ri,
Ahp Ahs( QRi]
— | < 2 — :
hA hs Rf |

From fabrication experience it is observed that

Ah,  Ah,

hA whs

for a large variety ol materials over a large range of thick-
nesses. Thus,

AAa
As

AAc
Ar |

Equation 8

where all symbols retain their previous definitions.
Thus, as compared to small sublithographic circular
contacts, a contact structure having a thin annular geometry
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provides a more reproducible feature. That 1s, starting from
the same lithographic feature, 1.e., a contact hole or window,
and ending with the same contact area, a thin annular contact
should have less variation 1n contact area than a comparable
circular contact. Furthermore, due to the relatively wide con-
tact hole of the annular contact, 1t 1s easier to produce a
conformal annular contact that 1t 1s a void-free circular con-
tact. Also, the annular extent may be greater for less suscep-
tibility to being blocked by particles.

Turming again to the drawings, and referring to FIG. 16, a
flowchart 100 depicts one method for forming a thin annular
contact structure. By further referring to FIGS. 17-25, 1n
conjunction with the method set forth 1n the flowchart 100,
there 1s illustrated a semiconductor device, 1n various stages
of fabrication, 1n which a thin annular contact structure 1s
formed.

Referring first to block 102 and FIG. 17, a semiconductor
substrate 104 1s provided. The substrate 104 may contain
various device structures that have not been illustrated for
the sake of clarity. For instance, the substrate 104 may
include a digit line and an access device, such as the digit
line 24 and the access device 32 described above with refer-
ence to FIGS. 5-15. A conductive layer 106 1s deposited
onto the substrate 104. This conductive layer 106 may be
deposited 1in any suitable manner, such as by physical or
chemical vapor deposition. The conductive layer 106 may be
comprised of one or more layers, and 1t may include one or
more materials. For instance, if the conductive layer 106 1s to
be used as the bottom electrode for a chalcogenide memory
clement, the conductive layer 106 may include a layer of
titanium nitride deposited on the substrate 104, with a layer
of carbon deposited on the layer of titanium nitride to pre-
vent unwanted migration between the subsequently depos-
ited chalcogenide material and the substrate 104.

Referring next to block 108 and FIG. 18, a first insulating,
layer 110 1s formed on top of the conductive layer 106. The
insulating layer 110 may be formed 1n any suitable manner,
such as by CVD. The material used for the first insulating
layer 110 can be, for example, a relatively thick layer of
boron and phosphorous doped silicon dioxide glass (BPSG),
which may be advantageous for deep contacts, e.g., contact
holes having a depth greater than their diameter.
Alternatively, the material used for the first insulating layer
110 could be undoped silicon dioxide or silicon mitride,
which may be advantageous for shallow contacts, e.g., con-
tact holes having a depth less than their diameter. As will be
discussed below, using silicon nitride as the material for the
first insulating layer 110 may provide a further benefit 1n that
it can serve as a CMP stop material.

Referring now to block 112 and FIG. 19, a contact hole or
window 114 1s formed through the insulating layer 110 to
expose a portion of the underlying conductive layer 106.
Again, any suitable method of forming the window 114 may
be used. For instance, using standard photolithographic
techniques, a hard mask (not shown) may be deposited on
top of the msulating layer 110 and patterned 1n the size and
shape of the resulting window 114, advantageously at the
photolithographic limit. An etchant may then be applied to
remove the insulating material under the patterned hard
mask to form the window 114. After etching, the hard mask
1s removed. However, the window 114 may also be fabri-
cated to be smaller than the photolithographic limit by using
spacer technology, as described previously with reference to

FIGS. 6-9.

As can be seen 1n block 116 and FIG. 20, a thin film 118 1s
disposed over the insulating layer 110 and the window 114.
The thickness of the film 118 1s small compared to the radius
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of the window 114. The film 118 may be a conductive
material, 11 an annular electrode 1s to be formed, or the film
118 may be a structure changing memory materal, such as
chalcogenide, if an annular memory element 1s to be formed.
For the purpose of clarity, the formation of an annular elec-
trode will first be discussed, followed by a discussion of the
formation of an annular memory element.

Generally speaking, any conductive material that 1s con-
formal to the window 114 and which has good adhesion
properties for a subsequently formed nsulating layer may be
suitable for form the film 118. Exemplary conductive mate-
rials may include titanium nitride, carbon, aluminum,
titanium, tungsten, tungsten silicide, and copper, along with
combinations and alloys of these materials. A benefit of
using carbon as the conductive material 1s that 1t can serve as
a mechanical stop for a subsequent CMP process described
below.

Referring next to block 120 and FIG. 21, a second 1nsulat-
ing layer 122 1s formed over the structure. In general, the
thickness of the second insulating layer 122 1s one to two
times the depth of the contact hole 114 for shallow contact
holes. The same materials used to form the first insulating,
layer 110 may also be used to form the second insulating
layer 122.

The second insulating layer 122 and the conductive film
118 are removed from the surface of the first insulating layer
110 to form an annular electrode 124, as may be seen from a
study of block 126 and FIGS. 22 and 23. One technique for
removing the second 1nsulating layer 122 and the conductive
film 118 on top of the layer 110 1s the CMP process. The
CMP process may be performed 1n one or more steps. For
instance, 1f a CMP stop material, such as carbon, 1s used as
the conductive film 118, or if a layer of carbon 1s disposed on
top of the layer 110, the CMP step may be followed by an
etch, such as a plasma-oxygen etch, for example, to remove
any horizontally extending carbon that may be leit 1n tact by
the CMP operation. Alternatively, the layer 110 may be used
as a CMP stop, so the conductive film 118 would not act as a
CMP stop. Typical conducting materials that may be used
that are not natural CMP stops include titanium nitride and
tungsten silicide. Accordingly, in this example, an additional
etching step would not be used.

If the annular electrode 124 1s to be used as a bottom
clectrode of a chalcogenide memory element, the remainder
of the memory cell 1s created, as set forth 1 block 134. To
create a memory cell, a layer of chalcogenide 130 may be
deposited over the annular electrode 124, and another con-
ductive layer or line 132 may be deposited over the layer of
chalcogenide 130, as illustrated in FIG. 24. In this example,
the thickness of the layer of chalcogenide 130 1s controlled,
but the volume of the layer of chalcogenide 130 1s not con-
trolled. In fact, the layer of chalcogenmide 130 may be a blan-
ket layer or a linear layer formed over other annular elec-
trodes 1n the array. However, the contact area between the
annular electrode 124 and the layer of chalcogemde 130 1s
controlled well, which 1n turn controls the chalcogenide
active region. Thus, an array of such memory cells should
contain a plurality of reproducible memory elements with
uniform active regions. In view of current theory, such
memory cells should operate 1n a uniform manner suitable
for a modem high density semiconductor memory.

Now, referring back to FIG. 20 and to block 140 of FIG.
16, the formation of an annular memory element will be
discussed using the same reference numerals occasionally to
refer to different materials than those discussed above for
purposes of clarity. For instance, instead of the film 118
being composed of a conductive material, as discussed
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above, the film 118 may be composed of a structure chang-
ing memory material. Such memory material may be chalco-
genide or any other suitable memory material. Such memory
material should also be suitable for conformal deposition in
the window 114 and demonstrate good adhesion properties
for a subsequently formed 1nsulating layer.

Various types of chalcogenide materials may be used to
form the film 118. For example, chalcogenide alloys may be
formed from tellurium, antimony, germanium, selenium,
bismuth, lead, strontium, arsenic, sulfur, silicon,
phosphorous, and oxygen. Advantageously, the particular
alloy selected should be capable of assuming at least two
generally stable states in response to a stimulus, for a binary
memory, and capable of assuming multiple generally stable
states 1n response to a stimulus, for a higher order memory.
Generally speaking, the stimulus will be an electrical signal,
and the multiple states will be different states of crystallinity
having varying levels of electrical resistance. Alloys that
may be particularly advantageous include tellurium,
antimony, and germanium having approximately 35 to 85
percent tellurtum and 15 to 25 percent germanium, such as
Te..Ge,,Sb, .

Referring next to block 142 and FIG. 21, a second 1nsulat-
ing layer 122 1s formed over the structure. In general, the
thickness of the second insulating layer 122 1s one to two
times the depth of the contact hole 114 for shallow contact
holes. The same materials used to form the first mnsulating
layer 110 may also be used to form the second insulating
layer 122.

The second msulating layer 122 and the memory film 118
are removed from the surface of the first insulating layer 110
to form an annular memory element 124, as may be seen
from a study of block 144 and FIGS. 22 and 23. The second
insulating layer 122 and the memory film 118 may be
removed by any suitable process, such as an etching process,
CMP process, or combination thereof, to expose the annular
memory element 124.

In this case, the conductive layer 106 serves as the bottom
clectrode of the chalcogenide memory element. Therefore, a
second conductive layer or line 146 may be deposited over
the annular memory element 124, as illustrated in FIG. 25.
In this example, the volume of the memory film 118 1s con-
trolled well (possibly even better than in the prior
embodiment), as 1s the contact area between the annular
memory element 124 and the second conductive layer 146.
Thus, an array of such memory elements should contain a
plurality of reproducible memory cells with very uniform
active regions. In view of current theory, such memory cells
should operate 1n a uniform manner suitable for a modem
high density semiconductor memory.

To this point the discussion has centered around circular
and annular contact areas. However, many of the advantages
that annular contact areas have as compared with circular
contact areas may also be exhibited by contact areas having
different shapes. For instance, linear contact areas and hol-
low rectangular contact areas, as well as contact areas having
various other hollow geometric shapes, may be fabricated to
control the contact area and/or the volume of the memory
material more precisely than known methods. For example,
a hollow rectangular contact area may be formed 1n virtually
the same manner as described above with reference to FIGS.
1625, the only major difference being that the window 114
should be patterned 1n a rectangular rather than a circular
shape.

The formation of linear contact areas, on the other hand,
may benefit from the following additional discussion which

refers to FIGS. 26-33. In this discussion, i1t should be under-
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stood that the structures illustrated in FIGS. 26-33 may be
formed using the materials and fabrication techniques
described above. Therelore, these details will not be
repeated.

Rather than patterning a discrete window 1n an nsulating,

layer, as illustrated 1n FI1G. 19, a trench 150 may be patterned
in a first insulating layer 152. As in the earlier embodiment,
the first insulating layer 152 1s disposed over a conductive
layer 154 which 1s disposed on a substrate 156. As can be
seen 1n FI1G. 27, a thin film 158 1s disposed over the insulat-
ing layer 152 and the trench 150. As before, the thickness of
the film 158 1s advantageously small compared to the width
of the trench 150.

As 1n the previous embodiment, the film 158 may be a
conductive material, 1t a linear electrode 1s to be formed, or
the film 158 may be a structure changing memory material,

such as chalcogenide, 11 a linear memory element 1s to be
tformed. Again, for the purpose of clarity, the formation of a
linear electrode will first be discussed, followed by a discus-
sion of the formation of a linear memory element.

If the film 158 1s a conductive material, as described

previously, a second insulating layer 160 1s formed over the
structure. In general, the thickness of the second insulating
layer 160 1s one to two times the depth of the trench 150 for
shallow trenches. The second insulating layer 160 and the
conductive film 158 are removed from the surface of the first
isulating layer 152 to form two linear electrodes 162 and
164, as may be seen from a study of FIGS. 28 and 29.

If the linear electrodes 162 and 164 are to be used as the
bottom electrodes for chalcogemde memory elements, the
remainder of the memory cell 1s created. To create a memory
cell, a layer of chalcogenide 166 may be deposited over the
linear electrodes 162 and 164, and another conductive layer
168 may be deposited over the layer of chalcogenide 166.
Then, the layers 166 and 168 may be patterned to create
linear features that are perpendicular to the linear electrodes
162 and 164, as illustrated in FIGS. 30 and 31. These fea-
tures may have a width at or below the photolithographic
limat. It should be noted that the patterned conductive layers
168 form word lines (the digit lines being formed in the
substrate 156) which are perpendicular to the linear elec-
trodes 162 and 164 to create an array of addressable memory
cells. It should also be noted that the portions of the linear
clectrodes 162 and 164 between the patterned conductive
layers 168 may be removed, or otherwise processed, to make
cach cell electrically distinct.

In this example, the contact area between the linear elec-
trodes 162 and 164 and the layer of chalcogenide 166 1s
controlled well and can be smaller than an annular contact
arca. Furthermore, an active region 1n the layer of chalco-
genide 166 can have less volume than the blanket layer of
chalcogenide 130 discussed previously. Thus, an array of
such memory cells should contain a plurality of reproducible
memory elements with small, umiform active regions. In
view ol current theory, such memory cells should operate in
a uniform manner suitable for a modern high density semi-
conductor memory.

Now, referring back to FIG. 27, the formation of a linear
memory element will be discussed using the same reference
numerals occasionally to refer to different materials than
those discussed above for purposes of clarnty. For instance,
instead of the film 158 being composed of a conductive
material, as discussed above, the film 158 may be composed
of a structure changing memory material. Such memory
material may be chalcogenide or any other suitable memory
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material. Such memory material should also be suitable for
conformal deposition in the trench 150 and demonstrate
good adhesion properties for a subsequently formed insulat-
ing layer.

Referring next to FIGS. 28 and 29, a second insulating
layer 160 1s formed over the structure, and the second 1nsu-
lating layer 160 and the memory film 158 are removed from

the surface of the first insulating layer 152 to form two linear
memory elements 162 and 164. In this case, the conductive
layer 154 serves as the bottom electrode of the chalcogenide
memory element. Therefore, a second conductive layer 170
may be deposited over the linear memory elements 162 and
164 and etched to form conductive lines substantially per-
pendicular to the linear memory elements 162 and 164, as
illustrated 1n FIGS. 32 and 33. As 1n the previous
embodiment, the portions of the linear memory elements
162 and 164 between the conductive layers 170 may be
removed, or otherwise processed, to make each memory cell
clectrically distinct. In this example, the volume of the
memory film 1358 1s controlled well, as 1s the contact area
between the lincar memory elements 162 and 164 and the
second conductive layer 170. Thus, an array of such memory
clements should contain a plurality of reproducible memory
cells with small and very uniform active regions. In view of
current theory, such memory cells should operate 1n a uni-
form manner suitable for a modern high density semicon-
ductor memory.

It should be recognized that methods of fabricating con-
tact structures other than the methods described above may
be utilized to fabricate similar contact structures. For
instance, a “facet etch” process may be utilized to create
similar contact structures without using a CMP process
which may be damaging to the chalcogenide material or to
the small features of the contact structure. Indeed, a facet
etch process can create structures that are difficult, 11 not
impossible, to make using CMP. An example of a facet etch
process 1s described below with reference to FIGS. 34-41. In
this discussion, 1t should be understood that the structures
illustrated 1n FIGS. 34-41 may be formed using the materi-
als and fabrication techniques described above, except as
stated otherwise. Therefore, these details will not be
repeated.

As 1llustrated 1n FIG. 34, a structure similar to the initial
structure of the previous embodiments 1s formed.
Specifically, a conductive layer 180 1s deposited over a sub-
strate 182. A first insulating layer 184 1s deposited over the
conductive layer 180, and a window or trench 186 1s formed
in the first insulating layer 184. Then, a conformal second
conductive layer 188 1s deposited over the first imsulating
layer 184 and over the window or trench 186.

Unlike the previously described embodiments, a thin con-
formal second insulating layer 190 1s deposited over the con-
formal second conductive layer 188, as illustrated 1n FIG.
35. A facet etch 1s then performed to remove portions of the
second 1nsulating layer 190 at the edges 192 of the window
or trench 186, as shown in FIG. 36. A facet etch using an
argon etchant, for example, can remove the second nsulat-
ing layer 190 from the edges 192 at a rate up to four times
that which 1s removed at the planar surfaces. It should be
noted that this process leaves the second layer of insulating
material 190 on the vertical and horizontal surfaces of the
window or trench 186. Thus, the facet etch creates a geomet-
ric contact, such as an annular or rectangular contact, 11 the
feature 186 1s a window, and 1t creates a linear contact 1s the
feature 186 1s a trench.
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Once the second conductive layer 188 1s exposed at the
edges 192, subsequent layers may be deposited to complete
a circuit. For example, the window or trench 186 may be
filled with a layer of chalcogemde 194, as shown 1n FIG. 37.
Note that contact between the chalcogenide layer 194 and
the second conductive layer 188 occurs only at the edges
192. An upper electrode of conductive material 195 and

other features may be formed over the layer of chalcogenide
194 to complete the memory cell and memory array.

Alternatively, as with the previous embodiments, the layer
188 1llustrated 1n FIGS. 34-37 may be a layer of structure
changing material, such as chalcogenide. In this case, the
facet etch removes the edges of the second insulating layer
190 to expose the corners 192 of the chalcogenide layer 188.
Accordingly, rather than filling the window or trench 186
with a layer of chalcogenide matenal, a second conductive
layer 196 1s deposited, as illustrated in FIG. 38. As belore,
other features may be formed on the second conductive layer
196 to finish the circuit.

It should be further appreciated that the facet etch process
just described may be used on protruding features, as well as
the window or trench 186. In contrast, the CMP process
probably cannot be used on protruding features with much
success, and the CMP process may also have problems with
trenches and other large shapes. As 1llustrated in FIG. 39, a
protruding feature 200 may be formed on a substrate 202. As
with the embodiments described above, the substrate 202
may contain features or circuitry, such as an access device.
In one example, the protruding feature 200 may be a conduc-
tive pillar or line, depending on whether a geometric or lin-
car contact 1s desired. A conformal insulating layer 204 1s
deposited over the conductive pillar or line 200, and a facet
etch 1s performed to remove the edges of the insulating layer
to expose the edges 206 of the conductive pillar or line 200,
as 1llustrated 1n FIG. 40. Once the edges 206 of the conduc-
tive pillar or line 200 have been exposed to form a contact, a
layer of chalcogemide 208 may be formed over the structure,
as illustrated in FIG. 41. To complete the memory cell, a
second layer of conductive material 210 may be formed over
the chalcogenide layer 208.

Of course, the protruding feature 200 may be a chalco-
genide pillar or line. In this example, the substrate 202 may
also include a conductive layer or layers which form the
bottom electrode of a chalcogenide memory cell.
Accordingly, after the insulating layer 204 has been depos-
ited and the edges removed to expose the edges 206 of the
chalcogenide pillar or line 200, the layer 208 may be formed
using a conductive material or materials to complete the
memory cell and the layer 210 of FIG. 41 may be omutted.

In addition to forming geometric or linear contacts, the
facet etch process may also be utilized to form point con-
tacts. As illustrated in FIGS. 42 and 43, a protruding feature
220 may be formed on a substrate 222. As with the embodi-
ments described above, the substrate 222 may contain fea-
tures or circuitry, such as an access device. In one example,
the protruding feature 220 may be a conductive pillar.
Advantageously, the conductive pillar has a shape with one
or more corners 223, such as a square or rectangular shape.
A conformal 1nsulating layer 224 1s deposited over the con-
ductive pillar 220, and a facet etch 1s performed to remove
the comers of the insulating layer to expose the corners 226
of the conductive pillar 220, as illustrated in FIGS. 44 and
45. I the conductive pillar 220 has a square or rectangular
shape, the exposed corners 226 of the conductive pillar 220
form four point contacts.
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It should be appreciated that one, two, or four memory
cells may be fabricated using the four contact points. As a
first example, each point contact may be utilized 1n an 1ndi-
vidual memory cell. In other words, chalcogenide material
(as described 1n conjunction with the previous
embodiments) may be formed over each of the four point
contacts to create four separate memory cells, each with 1ts

own set of bit lines. As a second example, 1f the four point
contacts are suificiently closed to one another, all four point
contacts may be covered with chalcogenide material and
used 1n a single memory cell. As illustrated 1n FIG. 46, a
layer of chalcogemide 228 may be formed over the structure,
and a second layver of conductive material 230 may be
formed over the chalcogenide layer 228 to complete the
memory cell. As a third example, two of the four point con-
tacts may be used 1n a first memory cell and the other two of
the four point contacts may be used in a second memory cell.
In this example, 1t may be particularly useful to use a rectan-
gular pillar 220 so that one pair of point contacts 1s suifi-
ciently spaced from the other pair of point contacts to facili-
tate chalcogenide coverage of each respective pair of point
contacts, as well as to facilitate the provision of separate sets
of bit lines for each pair of point contacts.

Of course, the protruding feature 220 may be a chalco-
genide pillar. In this example, the substrate 222 may also
include a conductive layer or layers which form the bottom
clectrode of a chalcogemide memory cell. Accordingly, after
the msulating layer 224 has been deposited and the corners
removed to expose the corners 226 of the chalcogenide pillar
220. As described above, for a chalcogenide pillar 220 that
yields four point contacts, one, two, or four memory cells
may be fabricated. Using the second example above in
which a single memory cell 1s fabricated using four point
contacts, the layer 228 may be formed using a conductive
material or materials to complete the memory cell and the
layer 230 of FIG. 46 may be omitted.

While the invention may be susceptible to various modifi-
cations and alternative forms, specific embodiments have
been shown by way of example 1n the drawings and have
been described in detail herein. However, 1t should be under-
stood that the mvention 1s not itended to be limited to the
particular forms disclosed. Rather, the invention is to cover
all modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the follow-
ing appended claims.

What 1s claimed 1s:

1. A memory cell comprising:

a substrate;

a structure protruding from the substrate, the structure
having at least one corner, the structure comprising one
of a first conductive material and a first memory mate-
rial;

a layer of msulating material disposed over the structure
in a manner that leaves the at least one comer of the
structure exposed to form at least one point contact;

at least one layer of material disposed over the at least one
point contact, the at least one layer of material compris-
ing a second conductive material 1f the structure com-
prises the first memory material, and the at least one
layer of material comprising a second memory material
if the structure comprises the first conductive material;
and

a conductive layer disposed over the at least one layer of
material if the at least one layer of material comprises
the second memory material.
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2. The memory cell of claim 1, wherein the substrate com- 5. The memory cell of claim 1, wherein the structure com-
prises a semiconductor substrate. prises a pillar. | | o
3. The memory cell of claim 1, wherein the first and sec- 6. The memory cell of claim 5, wherein the pillar 1s sub-

stantially square and comprises four corners.
5 7. The memory cell of claim 5, wherein the pillar contact
1s substantially rectangular and comprises four corners.

ond memory materials comprise a chalcogenide material.

4. The memory cell of claim 1, wherein the substrate com-

prises a conductive region 1n electrical contact with the
structure. £k ok ok ok
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