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(57) ABSTRACT 

A memory cell has a ?rst and second conductor. The ?rst 
conductor is oriented in a ?rst direction and the second 
conductor is oriented in a second direction. The ?rst con 
ductor has at least one edge. A state-change layer is disposed 
on the ?rst conductor and a control element is partially offset 
over the at least one edge of the ?rst conductor. The control 
element is disposed betWeen the ?rst and second conductors. 
Preferably the state-change layer is a direct-tunneling or 
dielectric rupture anti-fuse. A memory array can be formed 
from a plurality of the memory cells. Optionally, creating 
multiple layers of the memory cells can form a three 
dimensional memory array. 
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MEMORY CELL STRUCTURE 

BACKGROUND OF THE INVENTION 

[0001] As computer and other electrical equipment prices 
continue to drop in price, the manufacturers of storage 
devices, such as memory and hard drives, are forced to loWer 
the cost of their components. At the same time, the com 
puter, game, television and other electrical device markets 
are requiring larger amounts of memory to store images, 
pictures, movies, music, and other data intensive ?les. Thus, 
besides reducing cost, manufactures of storage devices must 
also increase the storage density of their devices. This trend 
of increasing memory storage While at the same time reduc 
ing the cost required to create the storage has been continu 
ous for over 20 years and Will continue into the future. 
HoWever, most conventional memory technologies such as 
magnetic disk storage, dynamic random-access memory, 
and even optical storage such as CD-ROMs, CD-R, CD 
R/W and DVD variants are being challenged by physical 
limitations and high slot costs. To further increase storage 
density While also decreasing the cost of fabrication, a need 
eXists to create neW memory cell structures that can over 
come the physical limitations imposed With conventional 
technology. 

SUMMARY OF THE INVENTION 

[0002] A memory cell has a ?rst and second conductor. 
The ?rst conductor is oriented in a ?rst direction and the 
second conductor is oriented in a second direction that is 
substantially orthogonal to the ?rst conductor. The ?rst 
conductor has at least one edge. A state-change layer is 
disposed over the ?rst conductor. A control element is 
partially offset over at least one edge of the second conduc 
tor. The control element is disposed betWeen the ?rst and 
second conductors. Preferably the state-change layer is a 
direct-tunneling junction, Lecomber tunneling junction, 
dielectric rupture anti-fuse sWitch, or phase-change sWitch. 
A memory array can be formed from a plurality of the 
memory cells. Optionally, creating multiple layers of the 
memory cells can form a three-dimensional memory array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The invention is better understood With reference 
to the folloWing draWings. The elements of the draWings are 
not necessarily to scale relative to each other. Rather, 
emphasis has instead been placed upon clearly illustrating 
the invention. Furthermore, like reference numerals desig 
nate corresponding similar parts through the several vieWs. 

[0004] FIG. 1A is a perspective vieW of a ?rst embodi 
ment of the invention. 

[0005] FIG. 1B is a top vieW of the ?rst embodiment 
illustrated in FIG. 1A. 

[0006] FIG. 2 is a cross-sectional vieW of the ?rst embodi 
ment illustrated in FIG. 1A demonstrating one feature of the 
invention. 

[0007] FIG. 3A is a perspective vieW of a second embodi 
ment of the invention. 

[0008] FIG. 3B is a top vieW of the second embodiment 
of the invention illustrated in FIG. 3A. 
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[0009] FIG. 4A is a perspective vieW of a third embodi 
ment of the invention. 

[0010] FIG. 4B is a top vieW of the third embodiment of 
the invention illustrated in FIG. 4A. 

[0011] FIG. 5A is a perspective vieW of a fourth embodi 
ment of the invention. 

[0012] FIG. 5B is a top vieW of the fourth embodiment of 
the invention illustrated in FIG. 5A. 

[0013] FIG. 6 is a top vieW of a memory array using the 
?rst embodiment of the invention. 

[0014] FIG. 7 is cross-sectional vieW of the memory array 
of FIG. 6. 

[0015] FIG. 8 is an electrical schematic of the memory 
array shoWn in FIG. 7. 

[0016] FIG. 9 is a process chart illustrating the steps used 
to create embodiments of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] The semiconductor devices of the present inven 
tion are applicable to a broad range of semiconductor 
devices technologies and can be fabricated from a variety of 
semiconductor materials. The folloWing description dis 
cusses several presently preferred embodiments of the semi 
conductor devices of the present invention as implemented 
in silicon substrates, since the majority of currently available 
semiconductor devices are fabricated in silicon substrates 
and the most commonly encountered applications of the 
present invention Will involve silicon substrates. Neverthe 
less, the present invention may also advantageously be 
employed in gallium arsenide, germanium, and other semi 
conductor materials. Accordingly, the present invention is 
not intended to be limited to those devices fabricated in 
silicon semiconductor materials, but Will include those 
devices fabricated in one or more of the available semicon 
ductor materials and technologies available to those skilled 
in the art, such as thin-?lm-transistor (TFT) technology 
using polysilicon on glass substrates or organic semicon 
ductors on cellulose ?lm. 

[0018] It should be noted that the draWings are not true to 
scale. Further, various parts of the active elements have not 
been draWn to scale. Certain dimensions have been eXag 
gerated in relation to other dimensions in order to provide a 
clearer illustration and understanding of the present inven 
tion. 

[0019] In addition, although the embodiments illustrated 
herein are shoWn in tWo-dimensional vieWs With various 
regions having depth and Width, it should be clearly under 
stood that these regions are illustrations of only a portion of 
a device that is actually a three-dimensional structure. 
Accordingly, these regions Will have three dimensions, 
including length, Width, and depth, When fabricated on an 
actual device. Moreover, While the present invention is 
illustrated by preferred embodiments directed to active 
devices, it is not intended that these illustration be a limi 
tation on the scope or applicability of the present invention. 
It is not intended that the active devices of the present 
invention be limited to the physical structures illustrated. 



US 2003/0081446 A1 

These structures are included to demonstrate the utility and 
application of the present invention to presently preferred 
embodiments. 

[0020] The embodiments of the invention are directed to 
concentrating the amount of energy used to alter state 
change material used in memory cells. The memory cells 
may be one-time programmable cells (Write once) or read/ 
Write programmable depending on the state-change material 
used. For a one-time programmable cell, one preferable 
embodiment uses a diode control element and anti-fuse 
oXide junction in series. Another preferable embodiment 
uses a tunnel junction control element in place of the diode. 
The anti-fuse oXide junction is programmed by supplying 
sufficient energy to form a ?lament through the oXide for 
data retention. The ?lament changes the resistance of the 
memory cell that is sensed and detected by the memory read 
circuitry to determine the programmed state of the memory 
cell. The amount of energy required to create the ?lament 
through the oXide is related to the thermal characteristics of 
the structure. The embodiments of the invention each opti 
miZe the amount of energy directed to the state-change 
element by concentrating electrons at a speci?c location. 
This concentration of electrons provides localiZed heating. 
The localiZed heating provides for faster programming of 
the state-change element, such as ?lament formation With 
the anti-fuse oXide junction. Because prior solutions self 
align the control element and state-change element, thermal 
energy Was dispersed across the entire state-change element 
and not locally focused. Thus, prior solutions required more 
energy and longer programming times to change the state of 
the state-change element. Through use of the invention, less 
thermal energy is required to change the state of the state 
change element thereby increasing performance by decreas 
ing the amount of time required to Write information Within 
the memory cell. This change in performance is signi?cant 
When the memory cell is used in large memory arrays. 

[0021] The embodiments of the invention increase the 
electric ?eld formed during programming by utiliZing struc 
tures that offset the state-change element and the diode. This 
structure is particularly useful in forming high density 
vertical memory arrays. The memory arrays are preferably 
fabricated vertically in memory layers above a standard 
silicon substrate such as a processed CMOS Wafer. Other 
substrates are knoWn to those skilled in the art and can be 
substituted Without changing the spirit and scope of the 
invention. Preferably, the state-change element embodies 
semiconductor tunneling junctions and control elements 
such as PiN, PN junction diodes or tunnel junction devices. 
PiN diodes are preferable When requiring minimiZed reverse 
leakage currents that result in improved signal to noise ratios 
and ultimately simpler memory array sensing circuits. Any 
of a number of other current limiting devices are optional. 
The PiN diodes also provide a high series resistance in the 
memory cell, thereby reducing poWer requirements and 
alloWing for faster sensing due to the increased signal to 
noise ratios. Tunnel junction devices utiliZed as control 
elements generally provide for simpler processing and loWer 
manufacturing costs. 

[0022] Different state-change devices can be fabricated 
such as direct tunneling oXide layers, dielectric rupture 
devices, LeComber and silicide sWitches, and phase-change 
elements. The phase-change elements provide for read-Write 
capability. 
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[0023] More details of the invention and its resulting 
bene?ts Will become more apparent in the folloWing detailed 
description of the preferred and alternative embodiments of 
the invention. 

[0024] FIG. 1A is a perspective vieW of a ?rst embodi 
ment 10 of a memory cell that incorporates the invention. 
FIG. 11B is a top vieW of the ?rst embodiment 10 shoWn in 
FIG. 1A. A ?rst conductor 22 and a second conductor 20 
form a roW and column of a memory array. The second 
conductor 20, either designated as a column or roW line, is 
oriented in a ?rst direction. A ?rst conductor 22 is oriented 
in a second direction substantially orthogonal to the ?rst 
direction. The ?rst conductor 22 has at least one edge 36. A 
state-change layer 24 is disposed on the ?rst conductor 22 
over its entire eXposed surface including at least one edge 
36. Alternatively, the state-change layer 24 is partially offset 
from the top of the ?rst conductor 22 and overlaps the at 
least one edge 36. A control element 26A is disposed 
betWeen the ?rst and second conductors 20, 22 and partially 
offset over at least one edge 36. The control element is 
preferably a PiN diode comprised of an N layer 28, an 
intrinsic layer 30, and a P layer 32. Other control elements 
such as PN diodes, tunnel junction devices, resistors, or 
Schottky diodes eXist and can be substituted for the PiN 
diode and still meet the scope and spirit of the invention. For 
instance, control element 26A can be a tunnel junction 
device Wherein layer 28 is a metal layer, layer 30 is a thin 
oXide layer, and layer 32 is another metal layer. 

[0025] The ?rst conductor 22 can be either a roW or 
column conductor. Preferably the ?rst conductor 22 has an 
oXide layer (alumina (A1203) in the case of an aluminum 
(Al) conductor) that is fabricated directly on the top eXposed 
surface of the entire ?rst conductor 22. Preferably the ?rst 
and second conductors 20, 22 are formed of aluminum, 
copper, or silicide and alloys thereof although other con 
ductive metals or semiconductors can be used. The oXide 
layer forms the state-change element 24. Preferably, the 
fabrication of the oXide layer is performed after the ?rst 
conductor 22 has been etched to alloW for coverage over the 
sideWalls of the ?rst conductor 22. Preferably, the PiN diode 
is fabricated using a ramped doped amorphous, microcrys 
talline silicon, or laser annealed process to place the PiN 
partially on the ?rst conductor 22 and partially on the 
substrate. A tunnel junction control element is typically 
formed by a metal/oXide/metal interface and for some 
embodiments may be the preferred control element. 

[0026] When formed as an oXide layer, the state-change 
element 24 preferably utiliZes electron tunneling or alterna 
tively dielectric rupture dynamics. Most preferably, the 
electron tunneling is direct tunneling thereby requiring that 
the oXide layer thickness be minimal, such as about 5 to 
about 50 Angstroms. Such a state-change element 24 creates 
an anti-fuse structure With preferable current/voltage char 
acteristics. At a loW voltage potential across the oXide layer, 
such as during reading of the memory cell, the current is in 
the loW microampere or high nanoampere range and is thus 
ef?cient for poWer. When the anti-fuse is programmed by 
creating ?laments through the oXide, the current is in the 
high microampere or loW milliamp range. This change in 
current levels creates a very good signal to noise ratio for 
sensing Whether the oXide is programmed as a logical 0 or 
1 state. At higher voltage potentials, such as during pro 
gramming, the oXide layer begins to have higher current 
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?oWs due to the tunneling current. This tunneling current 
creates a How of electrons that locally heats the state-change 
element 24, the oxide, and forms the conductive ?laments 
through the oxide. When suf?cient energy is forced across 
the oxide barrier to suf?ciently heat the fusing site, a 
conducting ?lament is formed through the oxide and the 
state of the oxide is changed permanently for a one-time 
programmable structure. 

[0027] Alternative state-change technologies can be used. 
For example, the state-change element 24 can be either a 
read only LeComber or silicide sWitch, or a read/Writeable 
phase-change material. One method of forming a LeComber 
sWitch is to deposit a thin layer of amorphous intrinsic 
silicon on the ?rst conductor 22, preferably a layer of metal 
such as Chromium (Cr). Then a separate metal, such as gold 
(Ag) is deposited on the amorphous intrinsic silicon. Before 
programming, the LeComber sWitch acts as a reversed 
biased tunnel diode. Creating an enhanced concentrated 
electric ?eld through the amorphous silicon With the inven 
tion Will cause a conductive path to form or alloW for 
hopping conduction, thus creating the anti-fuse. 

[0028] One preferable phase-change material for a read/ 
Writeable state-change element is germanium telluride 
(GeTe), Which can be reversibly changed from a semicon 
ducting (amorphous) to a metallic (crystalline) state by 
heating and cooling it at a proper rate. For example, if the 
GeTe is doped so that it is p-type When in its semiconducting 
state and is deposited on top of an n-type semiconductor 
layer, then a large contrast Will be seen in the number of 
carriers sWept across the junction if the GeTe is changed to 
its metallic state. By using GeTe or equivalent phase-change 
material, the memory cell is capable of being read-Writeable, 
e.g. being capable of Writing, erasing, Writing many times. 
This function increases the utility of the memory cell 
structure for some applications. Other phase-change mate 
rials can be substituted for GeTe and still meet the spirit and 
scope of the invention. Some examples of other preferable 
phase-change materials are chalcogenide alloys such as: 
GaSb, InSb, InSe, Sb2Te3, Ge2Sb2Te5, InSbTe, GaSeTe, 
SnSb2Te4, InSbGe, AgInSbTe, (GeSn)SbTe, GeSb(SeTe), 
Te81Ge15Sb2S2 and GeSbTe. 

[0029] Other antifuse structures are possible such as sili 
cide sWitches. Silicide sWitches are formed With alterna 
tively stacked silicon and transition metal thin ?lms that 
change resistance When programmed. Generally, the pro 
gramming process for a silicide fuse is irreversible. Before 
Writing, the stack of transaction metal and silicon layers has 
a ?rst resistance. Appropriate roW and column lines are 
selected to force a current through a selected memory cell. 
The current passing through the selected memory cell cre 
ates Joule heat that triggers and completes the silicidation 
reaction. By using the concentrated electric ?eld created by 
the invention current is focused and thus the Joule heat is 
concentrated in a smaller area thereby alloWing the pro 
gramming to be completed in less time than Without the 
invention. The silicidation reaction causes the resistance of 
the selected memory cell to change to a much loWer value. 
To read the programmed memory cell, a small sense current 
is supplied to a selected memory cell and the voltage drop 
across the selected memory cell is sensed. Some preferable 
silicide compounds are NiZSi, NiSi, NiSi2, PdZSi, PdSi, and 
PtZSi, and PtSi. Other possible transition metals in various 
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compounds With silicon include Ti, V, Cr, Mn, Fe, Co, Zr, 
Nb, Mo, Rh, Hf, Ta, W, and Ir. 
[0030] FIG. 2 illustrates one feature of the invention used 
in the ?rst embodiment of a memory cell 40. First conductor 
22 has a state-change element 24 disposed on its exposed 
surface including at least one edge 36. The state-change 
element 24 is preferably formed by groWth or deposition of 
one or more layers of material that is responsive to electric 
?elds or thermal energy. By applying a voltage to the ?rst 
conductor 22, at least one edge 36 causes the electric ?eld 
generated to be increased as shoWn by the equipotential lines 
of electric ?eld 34. By localiZing the intensity of the electric 
?eld 34 using the at least one edge 36, electrons are focused 
across a smaller area than Without the edge(s) thus reducing 
or loWering the amount of energy required to change the 
state of the state-change element 24 to program a logic 0 or 
1. 

[0031] The memory cell 40 has a second conductor 20 and 
a ?rst conductor 22 disposed normal to the second conductor 
20. A state-change element 24 is disposed betWeen the 
second conductor 20 and the ?rst conductor 22 and is 
substantially aligned With the ?rst conductor 22. A control 
element 26A, here a PiN diode is partially disposed betWeen 
the second conductor 20 and the state-change element 24. 
The control element 26A is partially offset over the state 
change element 24. The control element 26A is preferably an 
amorphous or microcrystalline material formed in one pro 
cess step With doping ramped of an N-doped material 28, an 
intrinsic silicon (substantially no dopant or minimal P or N 
doping) material 30, and a P-doped material 32. Preferably 
the state-change element 26A is a layer formed by oxidiZing 
the ?rst conductor 22 for a Write-once cell or a depositing a 
phase-change material for a read/Write cell. Alternatively, a 
thin layer of material is deposited on the ?rst conductor 22 
then completely oxidiZed to form the state-change element 
26A. In either approach, the thickness of the layer oxidiZed 
determines Whether the state-change layer is a direct-tun 
neling anti-fuse or a dielectric rupture anti-fuse. Athin layer 
of about 5 to about 50 Angstroms provides for direct 
tunneling. A thickness of greater than about 50-100 Ang 
stroms creates a dielectric rupture anti-fuse that requires a 
large electric ?eld to create a dielectric breakdoWn of the 
oxide layer. An array of memory is formed by combining a 
plurality of memory cells 40 into a matrix of roWs and 
columns. Further density can be created by vertically stack 
ing the memory cells 40 in a three dimensional array. 

[0032] Alternatively, the memory cell 40 can be described 
as including a ?rst conductor 22 having a ?rst Width and a 
second conductor 20 having a second Width. The control 
element 26A has a ?rst end surface With ?rst opposite edges 
spaced apart by a distance about equal to the second Width 
and second opposite edges spaced apart by a distance 
approximately equal to the ?rst Width. The ?rst end surface 
is in contiguous contact With the second conductor. The 
control element 26A has a second end surface opposite the 
?rst end surface. The state-change element 24 is connected 
in series With the control element 26A. The state-change 
element 24 is disposed over the ?rst conductor and partially 
contacts the second end surface of the control element 26A. 
This results in the control element 26A and the state-change 
element 24 being offset in vertical alignment. 

[0033] The memory cell 40 has a ?rst conductor 22 
capable of creating an electric ?eld. The control element 
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26A provides a method of controlling current to the second 
conductor 20. The memory cell 20 has a method of storing 
a state-change using the electric ?eld of the ?rst conductor 
22. The method of storing the state-change is disposed 
betWeen the method of controlling current and the ?rst 
conductor 22. The memory cell 40 provides a method of 
enhancing the electric ?eld of the ?rst conductor 22. This 
method of enhancing the electric ?eld is preferably per 
formed by using at least one edge of the ?rst conductor 22 
and by offsetting the method for controlling current over at 
least one edge to concentrate the current in a portion of the 
state-change element 24. 

[0034] FIG. 3A is a perspective vieW of a second embodi 
ment 12 of the invention and FIG. 3B is a top vieW of FIG. 
3A Where a control element 26B is offset over at least tWo 
edges of ?rst conductor 22. Second conductor 20 is disposed 
orthogonal to ?rst conductor 22. State-change element 24 is 
disposed on and surrounds the eXposed surface of ?rst 
conductor 22. A control element 26B is disposed betWeen 
the second conductor 20 and the state-change element 24. 
The control element 26B is partially offset over edges 36. 
The control element 26B is formed of an amorphous or 
microcrystalline semiconductor that is preferably formed in 
a single controlled ramped doping process. This ramped 
doping process creates a ?rst polarity layer, such as N doped 
layer 28, a substantially non or minimally doped intrinsic 
layer 30, and a second polarity layer, such as P doped layer 
32. One advantage of this embodiment is that more area of 
the state-change element 24 is exposed to a concentrated 
enhanced electric ?eld by providing for more than one edge. 
A disadvantage is that the memory cell spacing in a memory 
array is potentially increased. 

[0035] FIG. 4A is a perspective vieW of a third embodi 
ment 14 of a memory cell. The top vieW of the memory cell 
is illustrated in FIG. 4B. In this embodiment, ?rst conductor 
22 is formed of tWo segments 22A and 22B that create a 
90-degree corner 38. This 90-degree corner is preferably 
disposed beneath the second conductor 20. The state-change 
element 24 is disposed on the eXternal surface of ?rst 
conductor 22. Disposed betWeen the second conductor 20 
and the state-change element 24 is a control element 26C 
that is partially disposed over the 90-degree corner and 
partially over the substrate. Again, preferably the control 
element 26C is a PiN diode formed With an N layer 28, an 
intrinsic layer 30 and a P-layer 32. When applying a voltage 
to ?rst conductor 22 and by using a 90-degree corner 38, the 
electric ?eld generated is enhanced even further than With 
using a single edge. This enhancement is due to the inter 
section of the three eXposed surfaces of ?rst conductor 22 to 
form the 90-degree corner 38. Each segment of the second 
conductor, 22A and 22B, are disposed orthogonal to second 
conductor 20. 

[0036] FIGS. 5A and 5B illustrate a fourth embodiment 
16 of a memory cell that incorporates aspects of the inven 
tion. In this embodiment, the control element 26D is dis 
posed over an inner corner of the intersection of ?rst 
conductor segments 22A and 22B. The second conductor 20 
is disposed substantially orthogonal to the ?rst conductor 
segments 22A and 22B. The state-change element 24 is 
disposed on the eXposed surfaces of ?rst conductor 22A/ 
22B. The control element 26D is disposed betWeen the 

May 1, 2003 

second conductor 20 and the state-change element 24. This 
embodiment has similar advantages and disadvantages as 
the third embodiment 14. 

[0037] FIG. 6 is an illustration of a memory array 18 made 
up of roWs and columns of a plurality of memory cells 40 
distributed in a grid pattern. RoW lines 44A-C are oriented 
in a ?rst direction and parallel to each other. Column lines 
46A-C are disposed orthogonal to roW lines 44A-C. At a 
corner of the intersection of the roW and columns, a memory 
cell 40 is disposed such that a portion of the memory cell 
overlaps an edge of a roW line. Also shoWn is another 
memory cell 41 that is disposed at an adjacent corner of the 
intersection of the roW and column lines. The memory cell 
41 is disposed such that a portion of the memory cell 
overlaps an edge of a column line. This layout pattern alloWs 
for three-dimensional stacking of memory cells by alter 
nately placing the memory cells 40 and 41 on opposite 
corners. A clearer understanding of the three dimensional 
construction is illustrated in FIG. 7. 

[0038] FIG. 7 is a cross sectional vieW of FIG. 6 along the 
VII-VII perspective for a three-dimensional memory array 
having ?ve layers of memory cells 40 and 41. Asubstrate 70, 
such as a silicon Wafer or a processed CMOS circuit, forms 
a base on Which to build a three dimensional memory array 
using a dual memory cell structure that takes advantage of 
the memory cells structure of the invention. On the substrate 
70 is a ?rst set of one or more conductors 46A1/46B1/46C1 
Which are oriented in a ?rst direction and has an eXposed 
?rst surface that includes a set of edges 36A. A set of 
state-change elements 24A is disposed over the eXposed ?rst 
surface and set of edges 36A. A set of control elements or 
devices 26A are disposed on the set of state-change elements 
24A over the set of edges 36A by being partially offset in 
alignment. A second set of one or more conductors 44B1 is 
disposed substantially orthogonal to the ?rst set of conduc 
tors 46A1/46B1/46C1. The second set of conductors 44B 1 
have an eXposed second surface With a set of edges 36B (not 
shoWn) on Which a second state-change element 24B1/ 
24B2/24B3 is disposed thereon. A set of second control 
elements 26B is disposed on the set of second state-change 
elements 24B1/24B2/24B3. A third set of one or more 
conductors 46A2/46B2/46C2 that are essentially parallel to 
the ?rst set of conductors 46A1/46B1/46C1 are connected to 
the set of second control elements 26B. Any number of 
vertical layers used to form the control and state change 
elements is contemplated Within the scope and spirit of the 
invention. Although the embodiment of the memory array 
illustrated in FIG. 7 incorporates the embodiment of the 
memory cell shoWn in FIGS. 1A-B, the other embodiments 
shoWn and described and their equivalents may be substi 
tuted and still meet the spirit and scope of the invention. 
BetWeen the memory cells, an interlayer dielectric (ILD) 
such as silicon dioXide, silicon nitride, or TEOS (tetraethy 
lorthosilicate) to name only a feW, provides isolation and 
support betWeen memory cells. 

[0039] By using multiple layers, a three dimensional dual 
memory cell is formed With a set of three conductors; a ?rst 
conductor at a ?rst height, a second conductor at a second 
height and parallel to the ?rst conductor, and a third con 
ductor at a third height and oriented substantially orthogonal 
to both the ?rst and second conductor and disposed betWeen 
the ?rst and second heights. A ?rst state-change element is 
disposed on the ?rst conductor, preferably an oXide coating 
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formed on the ?rst conductor. A second state-change ele 
ment is disposed on the third conductor, also preferably an 
oxide coating formed on the third conductor. A ?rst control 
element, such as a PiN or PN diode is connected to the ?rst 
state-change element and the third conductor. A second 
control element is connected to the second state-change 
element and the second conductor. By adding additional 
layers, a multiple cell three-dimensional structure is 
obtained. By patterning the conductors into a matrix of roWs 
and columns a large memory array is formed of alternating 
roWs and columns as illustrated in FIG. 7 

[0040] FIG. 8 is an electrical schematic draWing of the 
cross-section of the memory array (see FIG. 7) shoWn in 
FIG. 6 having 3 levels of roWs and 3 levels of a set of 3 
columns. A set of roW lines 44B1, 44B2, and 44B3 are 
oriented orthogonal to the set of column lines, 46A1/46A2/ 
46A3, 46B1/46B2/46B3, and 46C1/46C2/46C3. A memory 
cell 40 is made up of a state-change element 24 and a control 
element 26. For this embodiment, the control elements 26 
are shoWn as diodes oriented in one direction. Those skilled 

in the art Will appreciate that the diodes shoWn could be 
oriented in the opposite direction and the appropriate roWs 
and columns sWapped and still meet the spirit and scope of 
the invention. Adual memory cell 72 includes a memory cell 
40 and an alternate memory cell 41. A dual cell is preferably 
the result of sharing roW and column connections. 

[0041] FIG. 9 is a ?oWchart of an exemplary process 50 
used to create the memory cells, dual memory cells, and 
memory arrays previously shoWn and described. In block 
52, ?rst a set of one or more electrodes made of conductive 
material are created on a substrate oriented in a ?rst direc 
tion. In block 54, the state-change element is created on the 
electrode (conductors) are preferably oxidiZed using one of 
several conventional processes knoWn to those skilled in the 
art to create either a direct tunneling state-change layer or a 
dielectric rupture type layer over exposed portions of the 
electrodes including edges. Alternatively, the state-change 
layer is deposited over the exposed portion of the electrode 
including the edges to create the state change elements. 
When using phase-change material such as GeTe, deposition 
is the preferred method. Next in step 56, a control element 
is created such that it is partially disposed over the elec 
trodes, including an edge of the electrode and partially 
beyond the edge of the electrode. In step 58, an interlayer 
dielectric (ILD) is deposited over the substrate to isolate and 
support the previously fabricated devices. Next in step 60, 
the inner layer dielectric is planariZed to remove topography 
features and to ensure a substantially ?at surface on Which 
to build the next layer of memory cells. Depending on the 
type of planariZation used, a hard material such as tungsten 
or tantalum is optionally disposed on the set of electrodes 
before depositing the dielectric layer. For instance, if alu 
minum Were used to create the electrodes and chemical 
mechanical polishing (CMP) planariZation Were used, the 
soft aluminum might be damaged Without a hard stop layer 
disposed on it that is resistant to the planariZation step. To 
create multiple layers, in step 62 the steps of 52 to 60 are 
repeated for each layer of memory cells in the memory array. 
To create the dual memory cell structure using multiple 
layers of memory cells, each alternating layer of electrodes 
is oriented substantially orthogonal to the previous layer of 
electrodes. 
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[0042] By using the embodiments of the invention, a 
memory cell that includes a state-change element can pro 
gram data by using an increased electric ?eld created by a 
physical feature of the conductive traces (electrodes) used 
for the roW and column signals. Preferably, the physical 
feature is at least one edge of the electrode. By using this 
method of programming to program data into the memory 
cell, the thermal energy presented to the state-change ele 
ment is increased due to the concentration of the electric 
?eld caused by offsetting the control element in relation to 
the state-change element. The offsetting further causes the 
thermal conduction to be limited by not having the entire 
surface area of the control element disposed on the conduc 
tive roW and column traces. The concentration of the electric 
?eld and the associated electron croWding enables more 
ef?cient localiZed tunneling, heating, and a resultant junc 
tion fusing With less energy than conventional designs. The 
time required to program information or data into the 
memory is reduced because of the need for less energy 
thereby improving Write speed Which becomes ever more 
important as the amount of memory increases. Additionally, 
by using multiple layers, the cost of creating large arrays of 
memory decreases. 

[0043] It should be noted that it Would be obvious to those 
skilled in the art that many variations and modi?cations may 
be made to the disclosed embodiments Without substantially 
departing from the invention. All such variations and modi 
?cations are intended to be included herein Within the scope 
of the present invention, as set forth in the folloWing claims. 

What is claimed is: 
1. A memory cell, comprising: 

a ?rst conductor oriented in a ?rst direction and having at 
least one edge; 

a second conductor oriented in a second direction at a 

height different than the ?rst conductor; 

a state-change element disposed on the ?rst conductor; 
and 

a control element disposed betWeen the ?rst and second 
conductors Wherein the control element is partially 
offset over the at least one edge of the ?rst conductor. 

2. The memory cell of claim 1 Wherein the ?rst conductor 
has a plurality of edges and Wherein the control element is 
partially offset over the plurality of edges of the ?rst 
conductor. 

3. The memory cell of claim 1 Wherein the plurality of 
edges of the ?rst conductor intersect. 

4. The memory cell of claim 1 Wherein the ?rst conductor 
is a metal from the group consisting of aluminum, copper, 
silicide and alloys thereof. 

5. The memory cell of claim 1 Wherein the state-change 
layer is fabricated by either oxidiZing a portion of the ?rst 
conductor or depositing a thin layer on the ?rst conductor 
then oxidiZing the thin layer. 

6. The memory cell of claim 1 Wherein the state-change 
layer is fabricated by depositing state-change material. 

7. The memory cell of claim 1 Wherein the state-change 
layer is fabricated by depositing phase-change material. 

8. The memory cell of claim 1 Wherein the control 
element is comprised of amorphous or microcrystalline 
silicon. 



US 2003/0081446 A1 

9. The memory cell of claim 1 wherein the control 
element is fabricated in one process step With doping 
ramped to deposit a ?rst polarity dopant then a second 
polarity dopant. 

10. The memory cell of claim 1 Wherein the control 
element has been fabricated in one process step With doping 
ramped to deposit a ?rst polarity dopant, then substantially 
no dopant, then a second polarity dopant. 

11. The memory cell of claim 1 Wherein the control 
element is a tunnel junction device. 

12. The memory cell of claim 1 Wherein the state-change 
layer is a direct tunneling anti-fuse. 

13. The memory cell of claim 1 Wherein the state-change 
layer is a dielectric rupture anti-fuse. 

14. The memory cell of claim 1 Wherein the state-change 
layer is a LeComber or silicide sWitch. 

15. The memory cell of claim 1 Wherein the state-change 
layer is comprised of phase-change material. 

16. A memory array comprised of a plurality of memory 
cells as in claim 1. 

17. The memory array of claim 16 Wherein the plurality 
of memory cells are formed in a three dimensional array. 

18. A memory cell, comprising: 

state-change means for programming a memory state With 
an electric ?eld; and 

means for increasing the electric ?eld to loWer the energy 
required to program the state-change means. 

19. A memory cell, comprising: 

a ?rst conductor; 

a second conductor disposed at a second height to the ?rst 

conductor; 
an state-change element disposed betWeen the ?rst con 

ductor and the second conductor and substantially 
aligned With and disposed on the ?rst conductor; and 

a control element partially disposed betWeen the ?rst 
conductor and the state-change element and partially 
offsetting the state-change element. 

20. A memory cell, comprising: 

a ?rst conductor having a ?rst Width; 

a second conductor having a second Width; 

a control element having a ?rst end surface With ?rst 
opposite edges spaced-apart by a distance about equal 
to the ?rst Width and second opposite edges spaced 
apart by a distance equal to the second Width Where the 
?rst end surface is continuous contact With the second 
conductor, a second end surface; and 

a state-change element connected in series With the con 
trol element, the state-change element disposed over 
the ?rst conductor and partially contacting the second 
end surface of the control element Wherein the control 
element and the state-change element are offset in 
vertical alignment. 

21. A memory cell, comprising: 

a ?rst conductor having at least one edge; 

a second conductor; 

a control element disposed partially betWeen the ?rst and 
second conductor and offsetting over the at least one 
edge of the ?rst conductor; and 
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a state-change element disposed betWeen the ?rst con 
ductor and the control element and overlapping the at 
least one edge of the ?rst conductor. 

22. A memory cell, comprising: 

a ?rst conductor capable of creating an electric ?eld; 

a second conductor; 

means for controlling current connected to the second 
conductor; 

means for storing a state-change using the electric ?eld of 
the ?rst conductor, said means for storing disposed 
betWeen the means for controlling current and the ?rst 
conductor; and 

means for enhancing the electric ?eld of the ?rst conduc 
tor. 

23. The memory cell of claim 22 Wherein the ?rst 
conductor includes at least one edge and Wherein the means 
for enhancing the electric ?eld comprises offsetting the 
means for controlling current over the at least one edge the 
?rst conductor. 

24. A dual memory cell, comprising: 

a ?rst conductor having a ?rst surface; 

a ?rst state-change element disposed on the ?rst surface; 

a ?rst control element disposed on the ?rst state-change 
element; 

a second conductor connected to the ?rst control element, 
the second conductor having a second surface; 

a second state-change element disposed on the second 
surface; 

a second control element disposed on the second state 
change element; and 

a third conductor parallel to the ?rst conductor connected 
to the second controlling device. 

25. A dual memory cell on a substrate, comprising: 

a ?rst conductor disposed on the substrate having an ?rst 
surface With at least one edge; 

a ?rst state-change element disposed over the ?rst surface; 

a ?rst control element disposed partially on the ?rst 
state-change element and partially on the substrate and 
further disposed over the at least one edge of the ?rst 
surface; 

a second conductor connected to the ?rst control element, 
the second conductor having a second surface With at 
least one edge; 

a second state-change element disposed over the second 
surface; 

a second control element disposed partially on the second 
state-change element and further disposed over the at 
least one edge of the second conductor; and 

a third conductor parallel to the ?rst conductor connected 
to the second controlling device. 

26. A dual memory cell on a substrate, comprising: 

a ?rst conductor disposed on the substrate having an 
exposed surface With at least one edge; 
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a ?rst state-change element disposed on the exposed 
surface of the ?rst conductor; 

a ?rst control element disposed partially on the ?rst 
state-change element and partially on the substrate and 
further disposed over the at least one edge of the ?rst 
conductor; 

a ?rst dielectric layer surrounding the ?rst control ele 
ment; 

a second conductor connected to the ?rst control element, 
the second conductor having an eXposed surface With at 
least one edge; 

a second state-change element disposed on the exposed 
surface of the second conductor; 

a second control element disposed partially on the second 
state-change element and partially on the ?rst dielectric 
layer and further disposed over the at least one edge of 
the second conductor; 

a second dielectric layer surrounding the second control 
element; and 

a third conductor parallel to the ?rst conductor connected 
to the second controlling device and disposed further 
on the second dielectric layer. 

27. A dual memory cell, comprising: 

a ?rst conductor having a ?rst edge and a second edge; 

a second conductor; 

a third conductor parallel to the second conductor; 

a state-change element disposed over the ?rst conductor 
including the ?rst and second edges; 

a ?rst control element disposed betWeen the ?rst edge and 
the second conductor and coupled to the state-change 
element; and 

a second control element disposed betWeen the second 
edge and the third conductor and coupled to the state 
change element. 

28. A dual memory cell, comprising: 

a ?rst conductor; 

a second conductor parallel to the ?rst conductor; 

a third conductor disposed betWeen the ?rst and second 
conductors; 

a ?rst state-change element disposed on the ?rst conduc 
tor; 

a second state-change element disposed on the third 
conductor; 

a ?rst control element connected to the ?rst state-change 
element and the second conductor; and 

a second control element connected to the second state 
change element and the third conductor. 

29. The dual memory cell of claim 28 Wherein the ?rst 
control element is disposed partially on the ?rst state-change 
element. 
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30. The dual memory cell of claim 28 Wherein the second 
control element is disposed partially on the second state 
change element. 

31. A method of making a memory cell on a substrate, 
comprising the steps of: 

creating a ?rst electrode having at least one edge on the 
substrate; 

creating a ?rst state-change layer; 

creating a ?rst control element that is disposed over the at 
least one edge of the ?rst electrode and partially over 
the ?rst electrode and offset partially beyond the at least 
one edge of the ?rst electrode; and 

depositing a ?rst dielectric layer over the processed 
substrate. 

32. The method of claim 31 Wherein the step of creating 
a ?rst state-change layer comprises the step of oXidiZing the 
?rst electrode. 

33. The method of claim 31 Wherein the step of creating 
a ?rst state-change layer comprises the step of depositing a 
phase-change material. 

34. The method of claim 31, further comprising the steps 
of: 

planariZing the deposited dielectric layer; and 

creating a second electrode having at least one edge, the 
second electrode orthogonal to the ?rst electrode. 

35. The method of claim 34, further comprising the steps 
of: 

creating a second state-change layer; 

creating a second control element that is disposed over the 
at least one edge of the second electrode and partially 
over the second electrode and offset partially beyond 
the at least one edge of the second electrode; and 

depositing a second dielectric layer over the processed 
substrate. 

36. The method of claim 35 Wherein the step of creating 
a second state-change layer comprises oXidiZing the second 
electrode. 

37. The method of claim 35 Wherein the step of creating 
a second state-change layer comprises depositing a phase 
change material. 

38. The method of claim 35, further comprising the steps 
of: 

planariZing the deposited dielectric layer; and 

creating a third electrode parallel to the ?rst electrode. 
39. A method of programming a memory cell having a 

state-change element, comprising the step of increasing an 
electric ?eld using a physical feature in a conductive trace 
contacting the state-change element. 

40. A method of programming a memory cell having a 
state-change element, comprising the step of increasing the 
thermal energy presented to the state-change element by 
partially offsetting a control element connected to the state 
change element thereby limiting thermal conduction. 

* * * * * 


