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METHOD FORACTIVE PINCH OFF OF AN 
OVONIC UNIFIED MEMORY ELEMENT 

BACKGROUND 

0001 1. Technical Field 
0002 The present disclosure relates generally to phase 
change memories. 
0003 2. Description of the Related Art 
0004 Phase change memory (PCM) devices, also known 
as ovonic unified memory (OUM) devices, use phase change 
materials, i.e., materials that may be electrically Switched 
between a generally amorphous and a generally crystalline 
state or between different detectable states of local order 
across the entire spectrum between completely amorphous 
and completely crystalline states, for electronic memory 
application. The state of the phase change materials is also 
non-volatile in that, when set in either a crystalline, semi 
crystalline, amorphous, or semi-amorphous state represent 
ing a resistance value, that value is retained until changed by 
another programming event, as that value represents a phase 
or physical State of the material (e.g., crystalline or amor 
phous). The state is unaffected by removing electrical power. 
0005. A phase change memory device includes an array of 
memory cells, each memory cell comprising a memory ele 
ment and a selection element. Both the memory element and 
the selection element may be made of a chalcogenide mate 
rial. The memory element and the selection element may be 
sandwiched between a lower electrode and an upper elec 
trode. Select devices may also be referred to as an access 
device, an isolation device, or a Switch. 
0006 Programming of the phase change material to alter 

its state or phase may be accomplished by applying Voltage 
potentials across the electrodes, thereby generating a Voltage 
potential across the select device and the memory element. 
When the voltage potential is greater than the threshold volt 
ages of the select device and the memory element, an electri 
cal current may flow through the phase change material in 
response to the applied Voltage potentials, and may result in 
heating of the phase change material. 
0007. This heating may alter the memory state orphase of 
the phase change material, thus altering the electrical charac 
teristic of the memory material, e.g., the resistance. Thus, the 
memory material may also be referred to as a programmable 
resistance material. 

0008. The amorphous or semi-amorphous state may be 
associated with a “reset' state or a logic “0” value, while a 
crystalline or semi-crystalline state may be associated with a 
“set' state, or a logic “1” value. The resistance of memory 
material in the amorphous or semi-amorphous state is gener 
ally greater than the resistance of memory material in the 
crystalline or semi-crystalline state. It is to be appreciated that 
the association of reset and set with amorphousand crystal 
line states, respectively, is a convention and that at least an 
opposite convention may be adopted. 
0009. Using an electrical current, the memory material 
may be heated to a relatively higher temperature to amorphize 
memory material and “reset’ memory material (e.g., program 
memory material to “0”). Heating the volume of memory 
material to a relatively lower crystallization temperature may 
crystallize memory material and “set’ memory material (e.g., 
program memory material to '1'). Various resistances of 
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memory material may be achieved to store information by 
varying the amount of current flow and duration through the 
Volume of memory material. 

BRIEF SUMMARY 

0010. In accordance with one embodiment of the present 
disclosure, a method of forming a phase change memory cell 
is provided. The forming includes forming a first phase 
change layer, forming first and second electrodes at opposite 
first and second ends of the first phase change layer, forming 
a first dielectric layer on a side of the first phase change layer, 
and forming a conductive layer separated from the first phase 
change layer by the first dielectric layer, the conductive layer 
being configured to produce a carrier depletion region in the 
first phase change layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0011 FIG. 1 shows an enlarged cross-sectional view of a 
phase change memory cell in a reset state according to one 
embodiment of the present disclosure; 
0012 FIG. 2 shows an enlarged cross-sectional view of a 
phase change memory cell in a partial reset state; 
0013 FIG. 3 shows an enlarged cross-sectional view of a 
phase change memory cell in a fully set state; 
0014 FIG. 4 shows an enlarged cross-sectional view of a 
phase change memory cell with an OTS; 
(0015 FIGS. 5-10 are enlarged, cross-sectional views of a 
method of manufacturing a phase change memory device 
according to one embodiment of the present disclosure; 
0016 FIG. 11 is an enlarged top view of an alternative 
embodiment in accordance with the present disclosure; 
0017 FIG. 12 is an enlarged cross-sectional view of FIG. 
11, taken through A-A. in accordance with one embodiment 
of the present disclosure; 
0018 FIG. 13 is an enlarged cross-sectional view of FIG. 
11, taken through B-B', in accordance with the embodiment 
of FIG. 12; 
0019 FIG. 14 is an enlarged cross-sectional view of FIG. 
11, taken through A-A. in accordance with another embodi 
ment of the present disclosure; 
0020 FIG. 15 is an enlarged cross-sectional view of FIG. 
11, taken through B-B', in accordance with the embodiment 
of FIG. 14; and 
0021 FIG. 16 is a block diagram of a system that includes 
a phase change memory. 

DETAILED DESCRIPTION 

0022 Reference throughout this specification to “one 
embodiment' or “an embodiment’ means that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment. 
Thus, the appearances of the phrases “in one embodiment” or 
“in an embodiment' in various places throughout this speci 
fication are not necessarily all referring to the same embodi 
ment. Furthermore, the particular features, structures, or 
characteristics may be combined in any suitable manner in 
one or more embodiments. 
0023. In the drawings, identical reference numbers iden 
tify similar features or elements. The size and relative posi 
tions of features in the drawings are not necessarily drawn to 
scale. For example, the shapes of various features are not 
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drawn to scale, and some of these features are arbitrarily 
enlarged and positioned to improve drawing legibility. 
0024 FIG. 1 illustrates a vertically integrated phase 
change memory (PCM) cell 10 in accordance with one 
embodiment of the present disclosure. The PCM cell 10 is 
coupled between a conductive bitline 12 and a conductive 
wordline 14 formed at opposite ends of a PCM layer 16. A 
conductive top electrode 18 separates the bitline 12 from the 
PCM layer 16 and a conductive bottom electrode 20 separates 
the wordline 14 from the PCM layer 16. 
0025. The PCM cell 10 also includes a pinch plate layer 22 
formed transversely to the PCM layer 16. In FIG. 1, the pinch 
plate layer 22 completely laterally Surrounds a mid-portion of 
the PCM layer 16. Alternatively, separate pinch plate layers 
could be positioned on opposite sides of the PCM layer 16. 
The pinch plate layer 22 is positioned between two dielectric 
layers 26 and 28. The lower dielectric layer 26 encases the 
wordline 14, the lower electrode 20, and a lower portion of the 
PCM layer 16. The upper dielectric layer 28 encases the 
bitline 12, top electrode 18, and an upper portion of the PCM 
layer 16. 
0026. A dielectric spacer 24 completely laterally sur 
rounds the PCM layer 16 and separates the pinch plate layer 
22 and dielectric layers 26, 28 from the PCM layer 16. In the 
embodiment of FIG. 1, the dielectric spacer 24 extends fully 
from the bitline 12 to the bottom electrode 20. Alternatively, 
the dielectric spacer could extend less than fully from the 
bitline 12 to the bottom electrode 20 and still insulate the 
PCM layer 16 from the pinch plate layer 22. Also, in embodi 
ments in which the pinch plate layer 22 does not fully laterally 
surround the PCM layer 16, the dielectric spacer 24 could also 
extendless than fully around the PCM layer 16. The dielectric 
spacer 24 may be silicon nitride, silicon oxide, or any other 
Suitable insulating material. 
0027. The PCM layer 16 is typically formed with one or 
more chalcogenide elements, i.e., Group VI elements from 
the periodic table, Such as tellurium, Sulfur, or selenium. 
Chalcogenide materials can form non-volatile memory mate 
rials that store and retain information even after removal of 
electrical power. One common chalcogenide combination is 
GST (germanium-antimony-tellurium). However, any known 
Suitable phase change material may be used. 
0028. In a preferred embodiment, the pinch plate layer 22 
comprises a material composition that is electrically conduc 
tive with a low thermal conductivity. The pinch plate layer 22 
does not need to be highly conductive since no current flows 
through the pinch plate layer 22. For example, the pinch plate 
layer 22 may be carbon, or a conductive alloy such as TiAlN. 
MoN, TiSiN, TaSiN, CoSiN, a conductive oxide, such as 
RuSio, oran alloy where the transition metal does not forman 
oxide, such as PdSiO. Alternatively, the pinch plate layer 22 
may be a chalcogenide material Such as bismuth-telluride 
which has poor thermal conductivity and a high crystalliza 
tion temperature. 
0029 Programming of the PCM cell 10 occurs by pulses 
of current applied between the bitline 12 and the wordline 14. 
The programming current rises to a “reset current value and 
holds the “reset current value for a period of time sufficient 
to melt the PCM layer 16. The cooling stage determines if the 
PCM layer 16 solidifies in a high or low resistance state. A 
faster cooling process arranges the PCM layer 16 in the high 
resistance State, the “reset' state (amorphous). A slower cool 
ing process arranges the PCM layer 16 in the low resistance 
state, the 'set' state (crystalline). Certain cooling conditions 
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can cause a partial “reset' or a partial “set' state to occur with 
intermediate resistance values. 
0030. When the PCM layer 16 solidifies in the high resis 
tance reset state at least a portion of the PCM layer 16 is in an 
amorphous state, amorphous region 32. A crystalline region 
34 of the PCM layer 16 surrounds the amorphous region 32. 
The width of the amorphous region32 is unpredictable. If the 
pinch plate 22 were not used and the amorphous region 32 
does not extend to the boundaries of the PCM layer 16 (i.e., to 
the dielectric spacer 24), some of the read current would shunt 
around the amorphous region 32 and the PCM cell 10 could 
be misread as a partial reset or a set state. To prevent such a 
problem, prior art devices would require more programming 
current to adequately melt the PCM layer 16 and form the 
amorphous 32 entirely across the PCM layer. 
0031. Instead, the pinch plate layer 22 of FIG. 1 enables a 
lower programming current during programming and a lower 
read current during reading. During a read of the PCM cell 10 
in a full reset state, as shown in FIG. 1, electrically biasing the 
pinch plate layer 22 forms an electric field that causes a 
majority carrier depletion region 30 to be formed in the PCM 
layer 16. In one embodiment, majority carrier depletion 
causes the depletion region 30 to overlap the amorphous 
region 32 and prevents the read current from bypassing the 
amorphous region 32. As a result, the resistance is greatly 
increased, which enables a lower read current to be used to 
read the PCM cell 10. In addition, a lower programming 
current can be employed during programming because the 
amorphous region 32 does not need to extendentirely to the 
outside walls of the PCM layer 16 in order to obtain a full reset 
State. 

0032. In one embodiment, a positive bias is applied to the 
pinch plate layer 22, which forms a depletion region 30 where 
the amorphous region 32 is geometrically thinnest in the 
vertical direction. Advantageously, the depletion region 30 
causes the reset resistance through the PCM layer 16 to dra 
matically increase during a read. Furthermore, during pro 
gramming, the PCM layer 16 reaches the melting temperature 
more quickly with the depletion region 30 in place. Advanta 
geously, lower programming currents also translate into 
smaller PCM array size. 
0033 Biasing the pinch plate layer 22 electrically pinches 
the device during memory operation. More particularly, the 
actively charged pinch plate layer aids in pinching off elec 
tron flow through the cross-sectional area of the PCM layer 
16. The bias may be applied constantly while the memory is 
on. In a preferred embodiment, the pinch plate layer 22 is 
biased with a positive voltage in the range of 1 Volt and 4 
Volts. However, different electrical conditions for reading 
and for programming may be applied to the pinch plate layer 
22 for higher accuracy or higher Voltages. 
0034 FIG. 2 illustrates a read of PCM cell 10 in a partial 
reset state, i.e., a smaller amorphous region 36 forms in the 
PCM layer 16. In the partial reset state, the amorphous region 
36 may not fully extend to the dielectric spacer 24. Without 
the biased pinch plate layer 22, the PCM cell 10 would only 
have an intermediate resistance during the read because of the 
crystalline region 34 between the amorphous region 36 and 
the dielectric spacer 24. As discussed above, the depletion 
region 30 dramatically increases the resistance of the PCM 
layer 16 by cooperating with the amorphous region 36 and 
thereby reduces the programming current. Reducing the pro 
gramming current advantageously reduces power consump 
tion and improves device reliability. 
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0035 FIG.3 illustrates a read of PCM cell 10 in a fully set 
state, i.e., the crystalline region 34 spans the entire length of 
the PCM layer 16. The extension of the depletion region 30 
partially into the crystalline region 34 slightly increases the 
resistance of the set State, but not enough to be read as a partial 
reset or a reset state. Preferably, the bias placed on the pinch 
plate layer 22 is at a level where the depletion region 30 does 
not completely obstruct the crystalline region 34. 
0036. In one embodiment, the PCM cell 10 is one of many 
PCM cells in a memory array. Each PCM cell is formed with 
a select device. The select device may be an ovonic threshold 
switch (OTS), a PN diode, a MOS transistor, or any other 
Suitable select device. If the bias is applied during a program 
ming operation, the threshold Voltage may increase signifi 
cantly when biasing the pinch plate layer 22, which may be 
advantageous if the select device is an OTS. 
0037 Shown in FIG. 4 is a PCM cell 10A that includes an 
OTS 38 formed between the top electrode 18 and a middle 
electrode 39. The OTS38 could be used to read the threshold 
voltage of the PCM cell 10A rather than reading the resistance 
of the PCM layer 16. A larger amorphous region in the PCM 
layer 16 creates a higher threshold voltage. A read of the 
threshold voltage may determine the PCM cell 10A is in the 
“reset' state if the voltage potential across the PCM layer 16 
is below the threshold voltage. On the other hand, if the 
voltage potential across the PCM cell 10A is higher than the 
threshold voltage, the PCM cell 10A would be in the “set” 
State. 

0038. The OTS 38 may be a chalcogenide alloy that may 
be in a Substantially amorphous state positioned between two 
electrodes that may be repeatedly and reversibly switched 
between a higher resistance “off” state and a relatively lower 
resistance “on” state by application of a predetermined elec 
trical current or Voltage potential. In this embodiment, each 
select device may be a two-terminal device that may have a 
current-Voltage (I-V) characteristic similar to a phase change 
memory element that is in the amorphous state. However, 
unlike a PCM element, the switching material of select 
devices may not change phase. That is, the Switching material 
of select devices may not be a programmable material, and, as 
a result, select devices may not be capable of storing infor 
mation. For example, the Switching material of select devices 
may remain permanently amorphous and the I-V character 
istic may remain the same throughout the operating life of the 
device. 

0039 FIGS. 5-10 illustrate a fabrication process for mak 
ing a phase change memory (PCM) 40 according to one 
embodiment the present disclosure. The process described 
with respect to FIGS. 5-10 discusses the fabrication of two 
PCM cells 42, but those skilled in the art would instantly 
recognize that the process can be implemented to make many 
more PCM cells in the PCM 40. One skilled in the art will 
recognize that other sequences and other steps could be 
employed to make the phase change memories described 
herein. 
0040. Initially, the process forms bottom electrodes 44 on 
a wordline 45 and in a first dielectric layer 46. The wordline 
45 may be formed of tungsten, aluminum, copper, or any 
other suitable conductive material. Only one wordline 45 is 
shown in FIGS. 5-10, but the PCM40 includes many parallel 
wordlines in a typical embodiment. 
0041. The process then forms a pinch plate layer 48 over 
the first dielectric layer 46 and second dielectric layer 50 over 
the pinch plate layer 48. As discussed above, the pinch plate 
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layer 48 may be any number of conductive materials includ 
ing, but not limited to TiAIN, TiSiN, and MoN. 
0042. In one embodiment, the bottom electrodes 44 and 
wordline 45 are deposited as layers on a semiconductor sub 
strate and then etched using a mask to form the desired con 
figuration. Alternatively, a damascene process could be used 
to form the bottom electrodes 44, where the dielectric layer 46 
is deposited first on the semiconductor substrate and etched to 
form openings, such as pores. Then Successive deposition and 
etch-back steps fill the openings with the bottom electrodes 
44. After the bottom electrodes 44 form, another dielectric 
layer (not shown) forms on the bottom electrode 44 and the 
first dielectric layer 46. 
0043. Thereafter, as shown in FIG. 6, pores 52 are formed 
in the first dielectric layer 46, the pinch plate layer 48, and the 
second dielectric layer 50, and over the bottom electrodes 44. 
The pore may be patterned and etched using high aspect ratio 
openings with a dry etch sequence. Alternatively, a conven 
tional via formation technique may be used to form the pores 
52. Ideally, the pores 52 align over a center axis of each 
bottom electrode 44 and do not extend past the boundaries of 
the bottom electrode 44. 
0044 As shown in FIG. 7, the process deposits and aniso 
tropically etches a dielectric layer to form dielectric spacers 
54 in the pores 52, respectively. The dielectric spacers 54 can 
be formed of silicon nitride, silicon oxide, or any other non 
conductive material. Preferably, the entire width of each 
dielectric spacer 54 is within the boundary of the respective 
bottom electrode 44, i.e., the entire bottom surface of the 
dielectric spacer 54 is in contact with the bottom electrode 44. 
0045. After formation of the spacers 54, the pores 52 are 
filled with a PCM layer 56, which is deposited conformally 
over the second dielectric layer 50 and in the pores 52, as 
shown in FIG. 8. In one embodiment, the PCM layer 56 is 
deposited using chemical vapor deposition (CVD). The PCM 
layer 56 may then be etched back, to remove the portions of 
the PCM layer 56 on the second dielectric layer 50 and on the 
pores 52, and form PCM portions 58 in the pores 52. The 
PCM layer 56 may be over-etched to leave recesses above the 
PCM portions 58 in the pores 52. 
0046. In FIG. 9, top electrodes 60 are deposited over the 
PCM portions 58 in the recesses of the pores 52 and between 
the walls of the dielectric spacers 54, respectively. Alterna 
tive, the top electrodes 60 may be formed over the dielectric 
spacers 54 either within the boundaries of the pores 52 or 
above the pores. The PCM layer 58 and dielectric spacers 54 
may be etched to form a smooth surface onto which the top 
electrodes 60 can form. The top and bottom electrodes 60, 44 
may be formed of a thin film material Such as titanium, 
titanium nitride, titanium tungsten, carbon, silicon carbide, 
titanium aluminum nitride, titanium silicon nitride, polycrys 
talline silicon, tantalum nitride, some combination of these 
films, or other Suitable conductors or resistive conductors. 
0047. After forming the top electrodes 60, a third dielec 

tric layer 62 and bitlines 64 are formed. The dielectric layer 62 
and bitlines 64 can be formed by a damascene process as 
illustrated in FIGS. 9-10. In FIG.9, the third dielectric layer 
62 is deposited over the second dielectric layer 50, the dielec 
tric spacers 54, and the top electrodes 60. The third dielectric 
layer 62 is then etched to form pores (not shown) over the top 
electrodes 60, the dielectric spacers 54, and portions of the 
second dielectric 50. Then, the pores are filled with the con 
ductive bitlines 64. As with the wordline 45, the bitlines 64 
can be formed using additive or subtractive processes. For 
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example, in one embodiment the bitlines 64 are deposited as 
sheets on the entire structure, including the dielectric spacers 
54, the second dielectric layer 50, and the top electrodes 60. 
The sheets are then etched back using a mask to form the 
separate bitlines 64, and then the third dielectric layer 62 is 
formed between the bitlines 64. 
0048. The embodiments discussed above significantly 
reduce programming currents by improving the read margin 
during a read of the PCM cell. A reduction in programming 
current results in a reduction in the heat dissipation and there 
fore increases the reliability of the memory device. In addi 
tion, inclusion of the pinch plate layer may increase the 
threshold Voltage, which is especially advantageous if an 
OTS is the select device. 
0049 Advantageously, the pinch plate layer 22, 48 is 
simple to fabricate and incorporates easily into current pro 
cess techniques. In addition, inclusion of the pinch plate layer 
does not affect the minimum cell size. Control of the device 
through the pinch plate is expected to increase as device 
dimensions scale downward, since the depletion region 
becomes proportionally larger with respect to the physical 
size of the phase change memory element. 
0050. The active pinch plate layer may be applied across a 
plurality of memory cells. In the vertically integrated memory 
array, the pinch plate layer 22, 48 may be formed as one layer 
with pores formed for each PCM cell, i.e., a “Swiss cheese' 
pattern between all memory elements. The dielectric spacer 
always separates the PCM layer from the pinch plate layer. 
0051 FIG. 11 illustrates a top view of a PCM device 100 
with a laterally integrated PCM cell 102 in an alternative 
embodiment in accordance with the present disclosure. A 
pinch plate layer 103 is positioned in a dielectric layer 104 
and extends longitudinally in a first direction along axis BB'. 
The pinch plate layer 103 is placed above a PCM layer 106 
that extends longitudinally in a second direction along axis 
AA' that is transverse to the axis BB'. The PCM layer 106 
extends over and contacts first and second electrodes 108, 
110. 

0052 FIGS. 12 and 13 are cross-sectional views of the 
laterally integrated PCM cell 100 of FIG. 11 taken through 
A-A and B-B', respectively, in accordance with one embodi 
ment of the present disclosure. The electrodes 108, 110 are 
formed in a first dielectric layer 112, as seen in FIG. 12. In 
FIGS. 12 and 13, the PCM layer 106 is deposited onto a planar 
surface of the electrodes 108,110 and first dielectric layer 112 
and subtractively etched. A second dielectric layer 114 is 
conformally deposited on the PCM layer 106 and the first 
dielectric layer 112. The second dielectric layer 114 separates 
the PCM layer 106 from the pinch plate layer 103. The PCM 
layer 106 has a significantly smaller cross-section than the 
pinch plate layer 103, as seen in FIG. 12. The dielectric layer 
104 is deposited over the second dielectric layer 114 and 
laterally surrounding the pinch plate layer 103. 
0053 FIGS. 14 and 15 illustrate an alternative process 
flow for forming the PCM cell 100 in FIG. 11, taken through 
the cross-section A-A and B-B', respectively. The first and 
second electrodes 108, 110 and the first dielectric layer 112 
are formed as described above by either an additive or a 
subtractive process. The first and second electrodes 108, 110 
and the first dielectric layer 112 are etched to form a recess 
116. The PCM layer 106 is deposited into the recess 116 and 
the PCM layer 106 is planarized, such as by CMP. The dielec 
tric spacer 114 is then deposited on the PCM layer 106 and the 
first dielectric layer 112. As discussed above, the dielectric 
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layer 114 separates the PCM layer 106 from the pinch plate 
layer 103 formed in the dielectric layer 104. 
0054 Although only a single PCM cell 102 of the PCM 
device 100 is shown in FIGS. 11-15, it will be understood that 
the PCM device can include many such PCM cells 102 in one 
embodiment. The pinch plate layer 103 could extend as a strip 
above an entire row or column of PCM cells 102 formed with 
respective PCM layers 106 extending between respective first 
and second electrodes 108, 110 and respective first dielectric 
layers 114 insulating the respective PCM layers from the 
pinch plate layer 103. Of course, the PCM device 100 could 
also include many Such rows or columns with respective 
strip-shaped pinch plate layers 103. 
0055 Turning to FIG. 16, a portion of a system 500 in 
accordance with an embodiment of the present disclosure is 
described. System 500 may be used in wireless devices such 
as, for example, a personal digital assistant (PDA), a laptop or 
portable computer with wireless capability, a web tablet, a 
wireless telephone, a pager, an instant messaging device, a 
digital music player, a digital camera, or other devices that 
may be adapted to transmit and/or receive information wire 
lessly. System 500 may be used in any of the following 
systems: a wireless local area network (WLAN) system, a 
wireless personal area network (WPAN) system, a cellular 
network, although the scope of the present invention is not 
limited in this respect. 
0056 System 500 may include a controller 510, an input/ 
output (I/O) device 520 (e.g., a keypad, display), static ran 
dom access memory (SRAM) 560, a memory 530, and a 
wireless interface 540 coupled to each other via a bus 550. A 
battery 580 may be used in some embodiments. It should be 
noted that the scope of the present invention is not limited to 
embodiments having any or all of these components. 
0057 Controller 510 may comprise, for example, one or 
more microprocessors, digital signal processors, microcon 
trollers, or the like. Memory 530 may be used to store mes 
sages transmitted to or by system 500. Memory 530 may also 
optionally be used to store instructions that are executed by 
controller 510 during the operation of system 500, and may be 
used to store user data. Memory 530 may be provided by one 
or more different types of memory. For example, memory 530 
may comprise any type of random access memory, a volatile 
memory, a non-volatile memory Such as a flash memory 
and/or a memory discussed herein. 
0058 I/O device 520 may be used by a user to generate a 
message. System 500 may use wireless interface 540 to trans 
mit and receive messages to and from a wireless communi 
cation network with a radio frequency (RF) signal. Examples 
of wireless interface 540 may include an antenna or a wireless 
transceiver, although the scope of the present invention is not 
limited in this respect. 
0059. The various embodiments described above can be 
combined to provide further embodiments. These and other 
changes can be made to the embodiments in light of the 
above-detailed description. In general, in the following 
claims, the terms used should not be construed to limit the 
claims to the specific embodiments disclosed in the specifi 
cation and the claims, but should be construed to include all 
possible embodiments along with the full scope of equiva 
lents to which such claims are entitled. Accordingly, the 
claims are not limited by the disclosure. 
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What is claimed is: 
1. A method, comprising: 
forming a first phase change memory cell, the forming 

including: 
forming a first phase change layer, 
forming first and second electrodes at opposite first and 

second ends of the first phase change layer, and 
forming a first dielectric layer on a side of the first phase 

change layer, and 
forming a conductive layer separated from the first phase 

change layer by the first dielectric layer, the conductive 
layer being configured to produce a carrier depletion 
region in the first phase change layer. 

2. The method of claim 1, further comprising forming the 
depletion region by biasing the conductive layer. 

3. The method of claim 1 whereinforming the first phase 
change memory cell includes: 

forming a second dielectric layer Surrounding the first elec 
trode, wherein forming the conductive layer includes 
forming the conductive layer on the second dielectric 
layer; 

forming a third dielectric layer on the conductive layer; and 
forming a first pore that extends in the second and third 

dielectric layers, wherein the first dielectric layer is a 
spacer layer that lines a wall of the first pore and the first 
phase change layer is positioned in the pore. 

4. The method of claim 3 wherein: 
forming the first pore includes forming the first pore 

through the conductive layer; 
the first dielectric layer lines opposite sides of the first pore; 

and 
the conductive layer completely laterally surrounds mid 

portions of the first phase change layer and the first 
dielectric layer. 

5. The method of claim 4, further comprising: 
forming a second phase change memory cell, the forming 

including: 
forming a third electrode in the second dielectric layer, 

the third electrode being spaced apart from the first 
electrode of the first phase change memory cell; 

forming a second pore in the second and third dielectric 
layers, through the conductive layer, and on the third 
electrode: 

lining a sidewall of the second pore with a dielectric 
spacer; and 

forming a second phase change layer in the second pore 
and surrounded by the dielectric spacer, wherein 
forming the conductive layer includes forming the 
conductive layer immediately adjacent to the dielec 
tric spacer, the conductive layer being configured to 
produce a carrier depletion region in the second phase 
change layer. 

6. The method of claim 1, further comprising forming a 
second dielectric layer, the first and second electrodes being 
formed in the second dielectric layer and being spaced apart 
from one another; wherein: 

forming the first phase change layer includes forming the 
first phase change layer on, and extending between, the 
first and second electrodes; 

forming the first dielectric layer includes forming the first 
dielectric layer on the first phase change layer; and 

forming the conductive layer includes forming the conduc 
tive layer on the first dielectric layer. 
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7. The method of claim 6 wherein: 
forming the first phase change memory cell includes form 

ing a recess positioned over the first and second elec 
trodes and extending between the first and second elec 
trodes; and 

forming the first phase change layer includes depositing 
the first phase change layer in the recess. 

8. A phase change memory comprising: 
a first phase change memory cell that includes: 

a first phase change layer, 
first and second electrodes at opposite first and second 

ends of the first phase change layer, 
a first dielectric layer on a side of the first phase change 

layer, and 
a conductive layer separated from the first phase change 

layer by the first dielectric layer, the conductive layer 
being configured to produce a carrier depletion region in 
the first phase change layer. 

9. The phase change memory of claim 8 wherein the deple 
tion region in the first phase change layer forms by biasing the 
conductive layer. 

10. The phase change memory of claim 8 wherein the first 
phase change memory cell further comprises: 

a second dielectric layer Surrounding the first electrode, 
wherein the conductive layer forms on the second 
dielectric layer; 

a third dielectric layer on the conductive layer; and 
a first pore that extends into the second and third dielectric 

layers, wherein the first dielectric layer is a spacer layer 
that lines a wall of the first pore and the first phase 
change layer is positioned in the pore. 

11. The phase change memory of claim 10 wherein the first 
pore is formed through the conductive layer, the first dielec 
tric layer lines opposite sides of the first pore, and the con 
ductive layer completely laterally surrounds mid-portions of 
the first phase change layer and the first dielectric layer. 

12. The phase change memory of claim 11, further com 
prising: 

a second phase change memory cell that includes: 
a third electrode in the second dielectric layer, the third 

electrode begins spaced apart from the first electrode 
of the first phase change memory cell; 

a second pore in the second and third dielectric layers, 
through the conductive layer, and on the third elec 
trode: 

a dielectric spacer lining a sidewall of the second pore; 
and 

a second phase change layer in the second pore Sur 
rounded by the dielectric spacer, wherein the conduc 
tive layer is immediately adjacent to the dielectric 
spacer, the conductive layer is configured to produce 
a carrier depletion region in the second phase change 
layer. 

13. The phase change memory of claim8, further compris 
1ng: 

a second dielectric layer, the first and second electrodes 
formed in the second dielectric layer and spaced apart 
from one another, wherein: 

the first phase change layer forms on, and extending 
between, the first and second electrodes; 

the first dielectric layer forms on the first phase change 
layer; and 

the conductive layer forms on the first dielectric layer. 
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14. The phase change memory of claim 13 wherein: 
the first phase change memory cell includes a recess posi 

tioned over the first and second electrodes and extending 
between the first and second electrodes; and 

the first phase change layer is deposited in the recess. 
15. A system, comprising: 
a processor; and 
a phase change memory including: 

a first phase change memory cell that includes: 
a first phase change layer; 
first and second electrodes at opposite first and second 

ends of the first phase change layer; 
a first dielectric layer on a side of the first phase 

change layer; and 
a conductive layer separated from the first phase change 

layer by the first dielectric layer, the conductive layer 
being configured to produce a carrier depletion region 
in the first phase change layer. 

16. The system of claim 15 wherein the depletion region in 
the first phase change layer forms by biasing the conductive 
layer. 

17. The system of claim 15 wherein the first phase change 
memory cell further comprises: 

a second dielectric layer Surrounding the first electrode, 
wherein the conductive layer forms on the second 
dielectric layer; 

a third dielectric layer on the conductive layer; and 
a first pore that extends into the second and third dielectric 

layers, wherein the first dielectric layer is a spacer layer 
that lines a wall of the first pore and the first phase 
change layer is positioned in the pore. 

18. The system of claim 17 wherein the first pore is formed 
through the conductive layer, the first dielectric layer lines 
opposite sides of the first pore, and the conductive layer 
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completely laterally Surrounds mid-portions of the first phase 
change layer and the first dielectric layer. 

19. The system of claim 18, further comprising: 
a second phase change memory cell that includes: 

a third electrode in the second dielectric layer, the third 
electrode begins spaced apart from the first electrode 
of the first phase change memory cell; 

a second pore in the second and third dielectric layers, 
through the conductive layer, and on the third elec 
trode: 

a dielectric spacer lining a sidewall of the second pore; 
and 

a second phase change layer in the second pore Sur 
rounded by the dielectric spacer, wherein the conduc 
tive layer is immediately adjacent to the dielectric 
spacer, the conductive layer is configured to produce 
a carrier depletion region in the second phase change 
layer. 

20. The system of claim 15, further comprising: 
a second dielectric layer, the first and second electrodes 

formed in the second dielectric layer and spaced apart 
from one another, wherein: 

the first phase change layer forms on, and extending 
between, the first and second electrodes; 

the first dielectric layer forms on the first phase change 
layer; and 

the conductive layer forms on the first dielectric layer. 
21. The system of claim 20 wherein: 
the first phase change memory cell includes a recess posi 

tioned over the first and second electrodes and extending 
between the first and second electrodes; and 

the first phase change layer is deposited in the recess. 
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