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(57) ABSTRACT 

Provides a resistor with improved switchable resistance and 
non-volatile memory device. An example resistor includes a 
?rst electrode, a second electrode facing the ?rst electrode 
and a resistance structure between the ?rst electrode and the 
second electrode. The resistance structure includes an insu 
lating dielectric material in which a con?ned switchable 
conductive region is formed between the ?rst and second 
electrode. The resistor further includes a perturbation ele 
ment, locally exerting mechanical stress on the resistance 
structure in the vicinity of the perturbation element at least 
during a forming process in which the con?ned switchable 
conductive region is formed. 
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RESISTOR WITH IMPROVED SWITCHABLE 
RESISTANCE AND NON-VOLATILE MEMORY 

DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a resistor With 
bistable switchable resistance, to a non-volatile memory cell 
and a non-volatile memory device With the resistor, and to 
a method for fabricating an insulating dielectric structure 
With a con?ned conductive region. 

BACKGROUND OF THE INVENTION 

[0002] For memory devices and for numerous other appli 
cations, bistable devices or circuits are used. For example, 
for storing one bit of information in a memory, a bistable 
device can be used Which is sWitchable betWeen (at least) 
tWo different and persistent states. When Writing a logical 
“1” into the device, it is driven into one of the tWo persistent 
states and When Writing a logical “0”, or erasing the logical 
“1”, the device is driven into the other of the tWo different 
states. Each of the states persists until a next step of Writing 
information into the device or erasing information in the 
device proceeds. A huge number of such bistable devices 
arranged in one or more arrays may form an EEPROM 
(EEPROM stands for electrically erasable programmable 
read-only memory) as a separate memory device or as part 
of an even more complex device. 

[0003] An example for such a bistable device is a resistor 
With tWo (or more) reversibly sWitchable and persistent 
resistance-states. The resistor is made of a material With 
respective reversibly sWitchable and persistent conductivity 
states. The conductivity states of the resistor are changed by 
applying short voltage or current pulses to the resistor. These 
pulses should be larger than a given threshold VT. The 
conductivity state of the resistor can be read or analysed by 
applying other pulses Which are non-destructive to the 
conductivity state if they are much smaller than VT. 

[0004] US. Pat. No. 6,204,139 describes a method for 
sWitching properties of perovskite materials used in thin ?lm 
resistors. The properties, in particular the conductivity, are 
sWitched reversibly by short electrical pulses. Application of 
the method for non volatile memory units and for sensors 
With changeable sensitivity is proposed. 

[0005] US. Pat. No. 6,531,371 describes an electrically 
programmable resistance cross point memory. At cross 
points of bit lines and Word lines, perovskite material acts as 
variable resistors the resistance values of Which can be 
changed reversibly and With hysteresis. 

[0006] US. 20030156445 A1 describes a method of 
changing the resistance of a perovskite metal oxide thin ?lm 
device by means of a resistance change producing pulse. 

[0007] The articles “Reproducible sWitching effect in thin 
oxide ?lms for memory applications” (A. Beck et al., 
Applied Physics letters, Vol. 77, No. 1, July 2000) and 
“Current-driven insulatorconductor transition and non-vola 

tile memory in chromium-doped SrTiO3 single crystals” Watanabe et al., Applied Physics Letters, Vol. 78, No. 23, 

June 2001) and the international application publication WO 
00/49659 A1 describe materials and classes of materials 
With hysteretically sWitchable electrostatic resistance, and 
simple resistor devices made from these materials. 
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[0008] The article “Electrical current distribution across a 
metal-insulator-metal structure during bistable sWitching” 
(C. Rossel et al., Journal of applied Physics, Vol. 90, No. 6, 
September 2001) provides evidence that bistable sWitching 
is localiZed to ?laments. 

[0009] In thin ?lms, clear evidence Was given that one or 
several current ?laments can occur. The high or loW resis 
tance state of the thin ?lm or a memory cell comprising the 
thin ?lm is correlated With the number of ?laments and With 
the intensity of each ?lament. 

[0010] The ?laments do not exist in recently fabricated 
materials. Rather, after fabrication of a device, one or several 
?laments are generated in a forming process before the 
device or, to be more speci?c, the ?lament, can be sWitched 
betWeen tWo or more resistant conductivity states. 

[0011] The forming process is voltage controlled. Its suc 
cess or duration depends on several parameters of the 
insulator or dielectric material (stoichiometry, doping, and 
thickness) and of the electrodes and on ambient conditions 
such as the temperature. In a large number of devices, for 
example in a large number of storage cells in an integrated 
memory device, the number, intensity and position of the 
?laments in each cell are more or less randomly distributed. 
As a consequence, the electronic and electrical properties of 
the single storage cells are randomly distributed, as Well. 
The time-consuming and hardly reproducible forming pro 
cess and the variability of the properties of the memory cells 
are severe drawbacks of conventional resistors With bistable 
sWitchable resistance and of devices comprising such a 
resistor. 

SUMMARY OF THE INVENTION 

[0012] Therefore, it is an aspect of the present invention to 
provide resistors With bistable sWitchable resistance, meth 
ods for fabricating a resistor With bistable sWitchable resis 
tance, and methods for forming a sWitching resistance 
?lament in a dielectric material Which facilitate a ?lament 
forming. This is faster and easier to perform and produces 
more reproducible results. 

[0013] Thus, an aspect of the present invention provides a 
resistor including a ?rst electrode, a second electrode facing 
the ?rst electrode and a resistance structure betWeen the ?rst 
electrode and the second electrode. The resistance structure 
comprises an insulating dielectric material in Which a con 
?ned conductive region is formed betWeen the ?rst and 
second electrode. A perturbation element locally exerts 
mechanical stress on the resistance structure in the vicinity 
of the perturbation element at least during a forming process 
in Which the con?ned conductive region is formed. The 
perturbation element is also referred to as stressing or 
straining element. In general, the perturbation element 
causes a local stress in order to induce a local strain ?eld. 

[0014] Furthermore, there is provided a method for fab 
ricating an insulating dielectric structure With a con?ned 
conductive region through the insulating dielectric structure, 
Wherein a con?ned strain ?eld is generated at a predeter 
mined position, thereby providing a predetermined position 
for the con?ned conductive region. 

[0015] According to another aspect of the invention there 
is provided a method for forming a con?ned conductive 
region in an insulating dielectric material. 
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[0016] According to a further aspect of the present inven 
tion there is provided a non-volatile memory cell including 
a resistor as mentioned above. 

[0017] According to yet another aspect of the invention 
there is provided a non-volatile memory device including a 
non-volatile memory cell and a controller for Writing and 
reading the memory cell. 

[0018] According to another particular aspect of the inven 
tion there is provided a method for fabricating a resistor With 
bistable sWitchable resistance. 

[0019] The present invention provides the advantage that 
the conductive ?lament is localiZed to the con?ned strain 
?eld Which in term is generated at a predetermined position. 
As a consequence of the localiZation, there is a high prob 
ability that only one ?lament is generated. Furthermore, the 
localiZation of the ?lament results in a high reproducibility 
of the electronic and electric properties of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and other objects and features of the present 
invention Will become clear from the folloWing description 
taken in conjunction With the accompanying draWings in 
Which: 

[0021] FIGS. 1 to 7 are schematic cross-sections of several 
preferred embodiments; 
[0022] FIG. 8 is a schematic perspective vieW of another 
preferred embodiment; 
[0023] FIGS. 9 to 14 are schematic cross-sections of one 
preferred embodiment in different states during fabrication; 

[0024] FIGS. 15 to 20 are schematic cross-sections of 
another preferred embodiment in different states during 
fabrication; 
[0025] FIG. 21 is a schematic perspective vieW of a 
preferred embodiment; and 

[0026] FIG. 22 is a How chart of a method according to the 
present invention. 

REFERENCE NUMERALS 

[0027] 10 substrate 

[0028] 12 ?rst electrode 

[0029] 14 resistance structure or insulating dielectric 
material 

[0030] 16 second electrode 

[0031] 18 perturbation element 

[0032] 22 bottom electrode 

[0033] 24 backside of the substrate 

[0034] 

[0035] 

[0036] 

[0037] 

[0038] 

[0039] 

26 front surface of the substrate 

28 point of the ?rst electrode 

30 insulation layer 

42 pieZo element 

44 metal plug 

46 further insulation layer 
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[0040] 48 protrusion of the ?rst electrode 

[0041] 52 buried oXide layer 

[0042] 56 semiconductor membrane 

[0043] 58 conductor element 

[0044] 60 line 

[0045] 64 CMOS-layer 

[0046] 68 edge 

[0047] 72 cavity 

[0048] 74 mask 

[0049] 76 opening 

[0050] 78 layer 

[0051] 80 bistable sWitchable resistor 

[0052] 82 line 

[0053] 84 line 

[0054] 88 additional layer 

[0055] 92 ?rst step 

[0056] 94 second step 

[0057] 96 third step 

[0058] 98 fourth step 

DESCRIPTION OF THE INVENTION 

[0059] The present invention provides resistors With 
bistable sWitchable resistance, methods for fabricating a 
resistor With bistable sWitchable resistance, and methods for 
forming a sWitching resistance ?lament in a dielectric mate 
rial Which facilitate a ?lament forming process Which is 
faster and easier to perform and produces more reproducible 
results. 

[0060] In accordance With an eXample embodiment of the 
present invention provides a resistor. The resistor includes a 
?rst electrode, a second electrode facing the ?rst electrode 
and a resistance structure betWeen the ?rst electrode and the 
second electrode. The resistance structure comprises an 
insulating dielectric material in Which a con?ned conductive 
region is formed betWeen the ?rst and second electrode. A 
perturbation element locally eXerts mechanical stress on the 
resistance structure in the vicinity of the perturbation ele 
ment at least during a forming process in Which the con?ned 
conductive region is formed. The perturbation element is 
also referred to as stressing or straining element. In general, 
the perturbation element causes a local stress in order to 
induce a local strain ?eld. 

[0061] In accordance With an eXample embodiment of the 
present invention provides there is also provided a method 
for fabricating an insulating dielectric structure With a 
con?ned conductive region through the insulating dielectric 
structure, Wherein a con?ned strain ?eld is generated at a 
predetermined position, thereby providing a predetermined 
position for the con?ned conductive region. 

[0062] In accordance With an eXample embodiment of the 
present invention, there is provided a method for forming a 
con?ned conductive region in an insulating dielectric mate 
rial. The method included the step of applying a forming 
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signal to the insulating dielectric material, Wherein a pieZo 
electric element is activated in order to locally eXert 
mechanical stress to the insulating dielectric material during 
the application of the forming signal. 

[0063] In accordance With another example embodiment 
of the present invention, there is provided a non-volatile 
memory cell. The non-volatile memory cell includes a 
resistor as mentioned above, Wherein the con?ned conduc 
tive region provides a ?rst or loW resistance state and a 
second or high resistance state, Wherein the resistance state 
of the con?ned conductive region is sWitchable betWeen the 
?rst resistance state and the second resistance state by a 
control signal, and Wherein the resistance state of the con 
?ned conductive material indicates the information stored in 
the memory cell. 

[0064] In accordance With another eXample embodiment 
of the present invention, there is provided a non-volatile 
memory device including the non-volatile memory cell and 
a controller for Writing and reading the memory cell. 

[0065] In accordance With another eXample embodiment 
of the present invention, there is provided a method for 
fabricating a resistor With bistable sWitchable resistance. 
The method includes the steps of: producing a ?rst elec 
trode; producing an insulating dielectric structure according 
to the inventive method for fabricating an insulating dielec 
tric structure, the insulating dielectric structure being formed 
adjacent to the ?rst electrode, the con?ned conductive 
region providing a ?rst of loW resistance state and a second 
or high resistance state and the resistance state of the 
con?ned conductive region being sWitchable betWeen the 
?rst resistance state and the second resistance state by a 
control signal, and producing a second electrode adjacent to 
the insulating dielectric structure. 

[0066] The present invention is employs an idea to local 
iZe the generation of a con?ned conductive region and in 
particular of a conductive ?lament to a predetermined posi 
tion, thereby controlling the number of ?laments to be one 
and the electronic properties of this ?lament. Further, the 
present invention is based on the cognition that ?laments are 
predominantly generated in regions With enhanced concen 
tration of microscopic material defects and in regions With 
enhanced electrostatic ?elds. This cognition is utiliZed for 
the approach to generate a con?ned elastic strain ?eld at a 
predetermined position in the dielectric material, thereby 
providing a predetermined position for the ?lament. 

[0067] Microscopic material defects are generated con 
centrated in a strain ?eld or even attracted by a strain ?eld. 
Furthermore, the dielectric constant of the material is altered 
in the strain ?eld Which—depending on the conditions— 
results in an enhanced electrostatic ?eld. Presumably, both 
mechanisms are responsible for the localiZation of ?laments 
in strain ?elds. 

[0068] The strain ?eld localiZing the generation of a 
conducting ?lament may be generated in numerous Ways. A 
preferred Way of generating a strain ?eld is by temporal or 
continuous application of mechanical stress, e.g. compress 
ing, stretching, tWisting or shearing stress. This stress causes 
an elastic and/or plastic deformation Which is a kind of 
strain. Furthermore, almost any perturbation such as topo 
graphic, geometric and/or structural changes Within the 
dielectric material or in adjacent structures causes a local 
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strain ?eld. In particular, a thickness variation of the dielec 
tric material layer, a composition variation, induced defects 
such as dislocations, point defects or defect clusters or even 
columnar defects produced by ion irradiation or a combi 
nation of electrical stress, heat treatment and illumination 
are appropriate for producing a strain ?eld. For eXample, 
irradiation With particles causes an amorphiZation of the 
lattice of the dielectric material along the path of the 
incoming particles. As the opposite eXample, an amorphous 
material may be locally transformed to a crystalline struc 
ture. 

[0069] The strain ?eld needs not to be persistent. Rather, 
the strain ?eld may be temporarily generated during the 
forming process, for eXample by a pieZoelectric actor. In 
other Words, the strain ?eld may be plastic or elastic. After 
the formation process, the strain ?eld is no longer relevant. 

[0070] The present invention provides the advantage that 
the conductive ?lament is localiZed to the con?ned strain 
?eld Which in term is generated at a predetermined position. 
As a consequence of the localiZation, there is a high prob 
ability that only one ?lament is generated. Furthermore, the 
localiZation of the ?lament results in a high reproducibility 
of the electronic and electric properties of the device. 
According to the present invention, a non-volatile memory 
device including a huge number of memory cells in an array, 
provides a very loW statistical spread of the threshold 
voltages required for storing information in each memory 
cell and of the signals received from each memory cell When 
information is read there from. These bene?cial properties 
improve the operational reliability and facilitate miniatur 
iZation and loW poWer operation. 

[0071] Before the embodiments are described With refer 
ence to the Figures the terms stress and strain are addressed 
brie?y. Stress is contemplated as a constraining force, a 
force eXerted When one body or body part presses on, pulls 
on, pushes against, compress or tWists another body or body 
part, but also the deformation caused in a body by such a 
force. Strain is contemplated as a deformation of a material 
body under the action of applied forces. 

[0072] FIG. 1 is a schematic vieW of a vertical cross 
section of a resistor according to a ?rst preferred embodi 
ment. On a substrate 10, a ?rst electrode 12 is provided. A 
layer of an insulating dielectric material 14 is deposited over 
the ?rst electrode 12. The insulating dielectric material 14 is 
also referred to as resistance structure 14. Asecond electrode 
16 is deposited on the insulating dielectric material 14 in 
such a Way that the insulating dielectric material 14 is at 
least partially sandWiched betWeen the ?rst electrode 12 and 
the second electrode 16. The insulating dielectric material 14 
is a material in Which conductive ?laments With bistable 
sWitchable resistance can be formed by applying a forming 
signal in the form of a suf?ciently strong electric pulse to the 
material 14. Alternatively, the insulating dielectric material 
is a material in Which conductive ?laments can be formed by 
applying a heat pulse, a pressure pulse or any other forming 
signal. 

[0073] As an additional feature, the resistor shoWn in FIG. 
1 comprises a perturbation element 18 Which is positioned at 
the border face betWeen the ?rst electrode 12 and the 
insulating dielectric material 14. The perturbation element 
18 advantageously abuts to the ?rst electrode 12 and pro 
trudes into the insulating dielectric material 14 toWards the 
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second electrode 16. The perturbation element 18 generates 
a mechanical strain ?eld in the insulating dielectric material 
14. 

[0074] Stress generated by the perturbation element 18, 
hereafter also referred to as stressing or straining element 18, 
can produce a density mismatch, a lattice mismatch or local 
defects. The stress can relaX in several Ways to minimiZe the 
strain energy, eg by creating atom dislocations, interstitial 
atoms or by reconstruction. Reconstruction and relaxation 
normally alter the topology of any continuous netWork, or 
crystal lattice. 

[0075] The strength of the strain ?eld produced by the 
mechanical strain depends on numerous parameters, in par 
ticular on the properties of the insulating dielectric material 
14 and its crystal lattice, and on the surface of the straining 
element 18, on the geometry etc. HoWever, the strain ?eld is 
in any case con?ned to the vicinity of the straining element 
18. At a distance large compared to the dimensions of the 
straining element 18 and to the thickness of the insulating 
dielectric material 14, the strain generated by the straining 
element 18 vanishes. 

[0076] The straining element 18 is a perturbation of the 
otherWise “perfect” geometry of the resistor consisting of 
?at layers With parallel surfaces each. In particular, the 
straining element 18 locally perturbates the insulating 
dielectric material 14. Whereas otherWise there Would be no 
strain or a homogeneous strain ?eld in the insulating dielec 
tric material 14, the straining element 18 adds a local strain 
?eld. 

[0077] A further effect of the straining element 18 is a 
local enhancement of the electrical ?eld in the insulating 
dielectric material. This enhancement contributes to the 
localiZation of the ?lament in the ?rst embodiment, too. 

[0078] The straining element 18 has the shape of a 
microtip or dot Which is groWn, deposited or etched on the 
?rst electrode 12. Its shape may be the shape of a semi 
spherical hillock as shoWn in FIG. 1. The straining element 
18 is made of a metal, such as Pt, M0 or W, a metallic oXide, 
such as SrRuO3 or RuO2, a silicide, such as CoSi2, a nitride, 
such as TaN, WZN, or a combination thereof. According to 
preferred embodiments the straining element 18 can be 
groWn epitaXially or not, can be monocrystalline, polycrys 
talline or amorphous and can be integral With the ?rst 
electrode 12. Preferentially, the straining element 18 can be 
integral With the ?rst electrode 12 and made of a highly 
doped Si region. Advantageously, the siZe and shape of the 
straining element 18 and the ?lm thickness of the insulating 
dielectric material 14 are optimiZed to generate the maXi 
mum local strain and to optimiZe the localiZation of the 
?lament to be formed and the electronic and electrical 
properties of the ?lament. 

[0079] The insulating dielectric material 14 is advanta 
geously a doped or undoped oXide such as SrZrO3, SrTiO3, 
BaSrTiO3 or any other perovskite or any binary, ternary or 
multinary compounds as already described in the above 
mentioned international application publication WO 
00/49659 A1. The insulating dielectric material 14 can be 
amorphous, polycrystalline or epitaXial. It can be groWn by 
means of multiple techniques such as MBE, MOCVD, 
CVD, ALD, CSD, sol-gel, PLD, sputtering etc. 
[0080] After fabricating the resistor shoWn in FIG. 1 
initially no conducting ?lament eXists in the insulating 
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dielectric material 14. The ?lament is generated in a forming 
process. The forming process is preferably caused by apply 
ing a predetermined voltage to the insulating dielectric 
material 14 via the electrodes 12, 16. This predetermined 
voltage and the duration of its application are set or tuned 
such that no local melting of the insulating dielectric mate 
rial 14 and no other kind of irreversible destructive break 
doWn occurs. This condition supplies upper limits for the 
siZe of the forming signal, in particular for the duration and 
the voltage of the forming signal. 

[0081] On the other hand, the forming process depends on 
the properties of the insulating dielectric material 14 (sto 
ichiometry, doping, thickness, presence and density of lat 
tice defects etc.), on the material, the surface properties and 
the shape of the electrodes 12, 16, on the temperature and on 
other ambient parameters. Therefore, the forming process 
needs to be strong enough to make sure that a ?lament is 
formed. 

[0082] It is an eminent advantage of the present invention 
to make the forming process far more reliable and to render 
the tuning of the forming signal far less critical and thus 
much easier. The reason for this Will be eXplained subse 
quently. 
[0083] The region Where the local strain ?eld is generated 
by the straining element 18 is by far the most probable place 
Where a ?lament forms. Therefore, the position of the 
?lament is effectively prede?ned to be a position in the strain 
?eld. Most probably, the ?lament forms at the place of 
maXimum strain ?eld. Thus, the position of the ?lament is 
prede?ned to a high degree. 

[0084] A particular parameter Which is Well-controlled 
and rather sharply de?ned if the ?lament position is pre 
de?ned is the period of time betWeen the start of the forming 
signal and the moment of ?lament forming. Therefore, the 
duration of the forming signal required for a secure ?lament 
forming process is considerably shortened by the present 
invention. 

[0085] Another advantageous aspect is that the forming of 
tWo or more parallel ?laments is very unlikely. One reason 
is the prede?nition of the position of the ?lament and is 
described above. The other reason is that the forming signal 
can be made much shorter or smaller than conventionally as 
Was also described above. 

[0086] Both the Well-de?ned number of ?laments (to be 
one) and the Well-de?ned position of the ?lament results in 
Well-de?ned properties of the resistor Which are reproduc 
ible to a high degree. 

[0087] First tests shoWed that the single ?lament is rather 
stable and—With the above described materials—eXhibits 
tWo levels or multilevel sWitching. The separation of these 
levels can be controlled easily by the amplitude and duration 
of a Writing pulse Which is a control signal controlling the 
resistance state of the ?lament. 

[0088] In the folloWing the same references or reference 
numerals are used to denote the same elements, parts, or the 
like. 

[0089] FIG. 2 is a schematic vertical cross-section of a 
resistor according to a second preferred embodiment. In this 
embodiment, the ?rst electrode 12 is a metal plug in a 
through-hole in a substrate 10. The ?rst electrode 12 is in 
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electrically conductive contact With a bottom electrode 22 
on the backside 24 of the substrate 10. The ?rst electrode 12 
protrudes from a front surface 26 of the substrate 10 in the 
form of a cone or a pyramid. Thereby, it forms a tip or point 
28 directed toWards the second electrode 16. The second 
electrode 16 comprises a negative shape corresponding to 
the shape of the ?rst electrode 12. An insulating dielectric 
material 14 is sandWiched by the ?rst electrode 12 and the 
second electrode 16. It is deposited more or less uniformly 
over the ?rst electrode 12 before the second electrode 16 is 
deposited. 
[0090] In the vicinity of the point 28 formed by the ?rst 
electrode 12, the insulating dielectric material 14 is provided 
in a geometric shape Which strongly deviates from a ?at 
layer With parallel surfaces. As an automatic consequence of 
this shape, a strain ?eld exists in the insulating dielectric 
material 14 Which is concentrated in the vicinity of the point 
28 of the ?rst electrode 12. Therefore, during a forming 
process a ?lament is (most probably) formed betWeen the 
point 28 of the ?rst electrode 12 and the second electrode 16. 

[0091] Thus, the tip 28 is a straining element the effect of 
Which is similar to that of the straining element 18 of the 
embodiment shoWn in FIG. 1. 

[0092] The point 28 is also a place of an enhanced 
electrical ?eld if a voltage is applied to the ?rst electrode 12 
and the second electrode 16. This local enhancement of the 
electrical ?eld further assists the forming of the ?lament at 
the prede?ned position of the point 28 and alloWs for the 
same results at a loWer voltage. 

[0093] An insulation layer 30 on top of the insulating 
dielectric material 14 provides only a small hole in the 
vicinity of the point 28 of the ?rst electrode 12 through 
Which the second electrode 16 is in contact With the insu 
lating dielectric material 14. Thereby, the insulation layer 30 
assists in the focalisation of the electric ?eld and prevents 
the ?lament from forming in other places in the insulating 
dielectric material 14. 

[0094] FIG. 3 is a schematic vieW of a vertical cross 
section through a resistor according to a third preferred 
embodiment. A pieZo-element 42 made of a pieZoelectric 
material protrudes from the front surface 26 of the substrate 
10 in the form of a cone or a pyramid or a prism or in any 
other conveX form. Ametal plug 44 or any other electrically 
conductive structure connects the pieZo-element 42 to a 
bottom electrode 22 on the backside 24 of the substrate 10. 

[0095] The ?rst electrode 12 at least partially covers the 
surfaces of the pieZo-element 42 protruding from the front 
surface 26 of the substrate 10. Thereby, the ?rst electrode 12 
of the third embodiment is an eXample for an electrode 
including a protrusion, or conveX feature, Which is caused by 
an element positioned betWeen the electrode and the sub 
strate. 

[0096] The insulating dielectric material 14 is deposited 
on top of the ?rst electrode 12 in a more or less uniform 
manner. In the vicinity of the point 28 of the ?rst electrode 
12, the insulating dielectric material 14 is sandWiched 
betWeen the ?rst electrode 12 and a second electrode 16. The 
insulating layer 30 covers most of the insulating dielectric 
material 14. The insulating layer 30 has a small hole in the 
vicinity of the point 28 through Which the second electrode 
16 is in contact With the insulating dielectric material 14. A 
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further insulation layer 46 provides secure electrical insu 
lation of the ?rst electrode 12 from the substrate 10. 

[0097] The geometry or shape of the ?rst electrode 12, the 
second electrode 16, the insulating dielectric material 14 and 
the insulating layer 30 are rather similar to the embodiment 
shoWn in FIG. 2. Again, the point 28 of the ?rst electrode 
12 is a straining element exerting mechanical strain and 
generating a strain ?eld in the insulating dielectric material 
14 in the vicinity of the point 28. 

[0098] HoWever, the third embodiment shoWn in FIG. 3 
differs from the second embodiment shoWn in FIG. 2 in that 
additional mechanical strain can be produced by activating 
the pieZo-element 42. This is done by applying an appro 
priate voltage betWeen the ?rst electrode 12 and the bottom 
electrode 22. The resulting deformation of the pieZo-element 
42 eXerts a force on the insulating dielectric material 14 via 
the thin ?rst electrode 12. In this manner, the deformation of 
the pieZo-element 42 modi?es the strain ?eld in the insu 
lating dielectric material 14. 

[0099] Thus, the third embodiment can be referred to as an 
active tip or active hillock embodiment since the tip or 
hillock formed by the ?rst electrode 12 protruding into the 
insulating dielectric material 14 is actively distorted by the 
pieZo-element 42. This active feature may serve to compen 
sate for possible variations in the fabrication in the resistor 
and thereby to further improve the reproducibility in the 
forming process and thus in the sWitching of the resistor. 
This is particularly advantageous if the resistor is part of a 
memory cell of a non-volatile memory device as it Will be 
described beloW With respect to FIG. 21. 

[0100] According to a variation of the third embodiment 
shoWn in Figure 3, the pieZo-element 42 is arranged such 
that the ?rst electrode 12 and the second electrode 16 are ?at 
and sandWich a ?at layer of the insulating dielectric material 
14 With laterally homogeneous thickness. This means that 
the pieZo-element 42 does not protrude from the front 
surface 26 of the substrate 10. In this case, there is no strain 
or only a laterally homogeneous strain ?eld in the insulating 
dielectric material 14. AlocaliZed strain ?eld With the effects 
described above With respect to the ?rst to third embodiment 
is generated temporarily When the pieZo-element 42 is 
active. 

[0101] Whereas in the third embodiment shoWn in FIG. 3, 
the point 28 of the ?rst electrode 12 as Well as the pieZo 
element 42 are straining elements eXerting strain on the 
insulating dielectric material 14, in the latter variation of the 
third embodiment, there is only one straining element, 
namely the pieZo-element 42. Whereas in the third embodi 
ment, a (Weaker) strain ?eld permanently eXists in the 
insulating dielectric material 14 in the latter variation of the 
third embodiment, a strain ?eld is generated only as long as 
the pieZo-element 42 is activated by a voltage during the 
formation process. After the formation of a ?lament, a strain 
?eld is not required anymore. Therefore, the pieZo-element 
42 can be decommissioned. 

[0102] FIG. 4 is a schematic vieW of a vertical cross 
section of a resistor according to a fourth embodiment. 
Again, on top of the substrate 10 the insulating dielectric 
material 14 is sandWiched betWeen the ?rst electrode 12 and 
the second electrode 16. The ?rst electrode 12 comprises a 
protrusion 48 directed toWards the second electrode 16. The 
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protrusion 48 causes a deviation of the shape of the layer of 
the insulating dielectric material 14 from the ?at form With 
parallel plane surfaces and a laterally constant thickness. 
Thereby, the protrusion 48 of the ?rst electrode 12 generates 
a local strain ?eld in the insulating dielectric material 14. 
The effect of this strain ?eld is the same as in the above 
described embodiments 1 to 3. 

[0103] FIG. 5 is a schematic vieW of a vertical cross 
section of a resistor according to a ?fth preferred embodi 
ment. An SOI Wafer (SOI=silicon on isolator) comprises a 
bulk silicon substrate 10, a buried oXide layer (BOX-layer) 
52 (isolator) and a highly doped semiconductor membrane 
56 (silicon). The upper semiconductor membrane 56 is 
locally thickened or vertically expanded to form a conductor 
element 58. The ?rst electrode 12 in the form of a cone or 
pyramid or prism is integral With the conductor element 58. 
The insulating dielectric material 14 is deposited over the 
?rst electrode 12 in the form of a more or less uniform layer. 
The second electrode 16 is opposite to the ?rst electrode 12 
such that the insulating dielectric material 14 is sandWiched 
by the ?rst electrode 12 and the second electrode 16. The 
?rst electrode 12 comprises the point 28. Similar to the 
preceding embodiments described above With reference to 
FIGS. 1 to 4, there is a strain ?eld in the insulating dielectric 
material 14 in the vicinity of the point 28. Therefore, the 
point 28 is a straining element in this embodiment. 

[0104] The conductor element 58 is connected to a line or 
trace 60. The rather thick insulating layer 30 essentially 
encases the conductor element 58, the ?rst electrode 12, the 
insulating dielectric material 14, the second electrode 16 and 
the line 60. 

[0105] FIG. 6 is a schematic vieW of a vertical cross 
section of a resistor according to a siXth preferred embodi 
ment. The substrate 10 comprises at or beloW its front 
surface 26 a CMOS-layer 64. CMOS-circuits may be 
formed in the CMOS-layer 64, but are not displayed in FIG. 
6. On the front surface 26 of the substrate 10, the conductor 
element 58 is positioned Which might also provide a contact 
to the last via plug. The ?rst electrode 12 is integral With the 
conductor element 58 and has the shape of a cone, pyramid, 
prism or the like With the point or edge 28 protruding aWay 
from the substrate 10. The conductor element 58 is embed 
ded in then insulating layer 30 Whereby the thickness of the 
insulation layer 30 is about equal to the thickness of a 
layer-like part of the conductor element 58. The insulating 
dielectric material 14 is deposited over the ?rst electrode 12 
in a more or less conform manner, ie with essentially 
constant thickness. The second electrode 16 is deposited 
over the insulating dielectric material 14 Whereby the insu 
lating dielectric material 14 is sandWiched betWeen the ?rst 
electrode 12 and the second electrode 16. 

[0106] Like in the other embodiments, the second elec 
trode 16 comprises a corresponding negative shape to the 
form of the ?rst electrode 12. The insulating dielectric 
material 14 comprises a face that is arranged on the ?rst 
electrode 12 negative shape of the ?rst electrode 12. The 
face of the insulating dielectric material 14 that is arranged 
at the second electrode 16 has essentially the same shape as 
the ?rst electrode 12. 

[0107] Similar to the embodiments described above With 
reference to FIGS. 1 to 5, the point 28 of the ?rst electrode 
12 is a straining element forcing the insulating dielectric 
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material 14 into a shape strongly deviating from a ?at layer 
With parallel surfaces and thereby generating a strain ?eld 
localiZed in the vicinity of the point 28. Again, the effect of 
the local strain ?eld in the insulating dielectric material 14 
in the vicinity of the point 28 is a strong localiZation of the 
position Where a conducting ?lament is formed in the 
insulating dielectric material 14 during a forming process. 

[0108] FIG. 7 is schematic vieW of a vertical cross-section 
of a pair of resistors according to a seventh preferred 
embodiment. At or beloW the front surface 26 of the sub 
strate 10 the CMOS-layer 64 is formed. CMOS-circuits may 
be formed in the CMOS-layer 64, but are not displayed in 
FIG. 7. At the surface 26, ?rst electrodes 12 are provided. 
Advantageously, each of the ?rst electrodes 12 is part of a 
line or trace parallel to the surface 26 and vertical to the 
cross-section displayed in Figure 7. BetWeen the ?rst elec 
trodes 12, the thickness of the CMOS-layer 64 is larger than 
at other locations. Thereby, steps With edges 68 are formed, 
the edges 68 being edges of the ?rst electrodes 12. The 
insulating dielectric material 14 is deposited over the 
CMOS-layer 64 and the ?rst electrodes 12 in a more or less 
conformal manner. The second electrode 16 is deposited 
over the insulating dielectric material 14. Thereby, the 
insulating dielectric material 14 is sandWiched betWeen the 
?rst electrode 12 and the second electrode 16. 

[0109] The edges 68 of the ?rst electrodes 12 force a 
deviation of the shape of the insulating dielectric material 14 
from a ?at layer, thereby generating a strain ?eld in the 
vicinity of the edges 68 similar to the embodiments 
described above With reference to FIGS. 1 to 6. Thereby, the 
edges 68 are straining elements. Very similar to the embodi 
ments 1 to 6 described above, the strain ?elds generated by 
the edges 68 cause a rather strong localiZation of ?laments 
during a forming process. 

[0110] FIG. 8 is a schematic perspective vieW of a resistor 
according to an eighth preferred embodiment. Lines or 
traces are arranged in the shape of a cross and form the ?rst 
electrode 12 and the second electrode 16. At the cross point, 
the insulating dielectric material 14 is placed betWeen the 
?rst electrode 12 and the second electrode 16. Edges 68 of 
the ?rst electrode 12 force a shape of the insulating electric 
material 14 deviating from a ?at layer and thereby generate 
strain ?elds in the insulating dielectric material 14 in the 
vicinity of the edges 68. As in the embodiments described 
above With reference to FIGS. 1 to 7, these strain ?elds 
localiZe the forming of ?laments to the vicinity of the edges 
68. Therefore, the edges 68 are straining elements. 

[0111] First experimental results have been achieved With 
the eighth embodiments With ?rst electrodes 12 and second 
electrodes 16 made from Pt and With TaOX as insulating 
dielectric material 14. 

[0112] The embodiments 1 to 8 described above With 
reference to the FIGS. 1 to 8 have in common that a straining 
element forces a groWth anisotropy of the insulating dielec 
tric material 14 during its deposition over the ?rst electrode 
12. This groWth anisotropy in turn results in a strain ?eld 
localiZed in the vicinity of the straining element. In the 
embodiments 1 to 8 described above (but not in the variation 
of the third embodiment), the straining elements are geo 
metric features of the ?rst electrode 12, such as points or 
edges or other asperities. More generally speaking, any 
conveX or concave features of the ?rst electrode 12 or the 
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second electrode 16 may serve as a straining element 
causing growth anisotropy and thereby the generation of a 
strain ?eld. The stronger the deviation of the shape of the 
insulating dielectric material 14 from a ?at layer With 
parallel surfaces, the stronger the groWth anisotropy, the 
stronger the strain ?eld and the stronger the localiZation of 
the ?lament forming. This means that the radius of curvature 
of the convex feature should be as small as possible. 

[0113] Further, the loWer the dimension of the geometric 
feature, the stronger the localiZation. Whereas an edge 
(Which is a onedimensional feature) causes a strain ?eld 
extended in one direction perpendicular to the ?lament to be 
formed, a point Which is a Zero-dimensional feature, causes 
a strain ?eld localiZed in all three dimensions. Therefore, for 
many applications a point is more preferred than an edge 
since it results in a better localiZation of the strain ?eld and 
the position of ?lament forming. 
[0114] In the embodiments 1 to 8 described above With 
reference to FIGS. 1 to 8, the straining elements are convex 
geometrical features protruding into the insulating dielectric 
material 14. HoWever, the straining element can be concave 
geometrical feature of the ?rst electrode 12 and the second 
electrode 16, as Well. HoWever, it is clear that a convex 
feature of the ?rst electrode 12 or the second electrode 16 
causes an additional local enhancement of the electrical ?eld 
Which further improves the localiZation of the ?lament 
forming process. 
[0115] According to a group of embodiments, nano or 
micro dots are produced Which generate a controlled and 
reproducible material stress in a thin dielectric ?lm on a 
metal layer Which is integrated in or on a Si Wafer or any 
other semiconductor substrate or any other type of suitable 
substrate. Thereby a line of localiZed traps With controlled 
lateral extension is produced. One approach is to create 
nanoscale metal islands in a regular array on the surface of 
a metallic substrate or a metallic ?lm on any kind of 
substrate. These islands may be produced by evaporation 
through a mask or by any other pattern transfer method. One 
example for such a transfer method is the preparation of 
nanoscale Au islands in patterned arrays as it Was described 
by M. V. Meli et al. in Langmuir letters 19, 9098 (2003). A 
further alternative is the deposition of ex-situ prepared 
nanoparticles using self assembly techniques (bloc copoly 
mer self-assembly). 

[0116] Furthermore, it is noted again that a straining 
element does not need to be a geometrical feature of the ?rst 
electrode 12 or the second electrode 16. As it has already 
been described above With reference to the variation of the 
third embodiment, the straining element can be any other 
element locally exerting mechanical strain on the insulating 
electric material temporarily during a ?lament forming 
process or permanently. 

[0117] Another example for a non-geometric straining 
element causing mechanical strain in the insulating dielec 
tric material is a non-geometric inhomogeneity of the ?rst 
electrode 12 or the second electrode 16. For example, a 
con?ned crystalline region Within an otherWise amorphous 
electrode or a con?ned amorphous region Within an other 
Wise crystalline electrode causes a groWth anisotropy and 
thereby a strain ?eld in the insulating dielectric material 14. 

[0118] In the case of a thin epitaxial ?lm, a suf?ciently 
large lattice mismatch Will generate enough strain energy to 
create local defects such as mis?t dislocations. 
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[0119] Furthermore, a small particle embedded Within the 
insulating dielectric material 14 or a structural inhomoge 
neity Within the insulating dielectric material 14 may cause 
a strain ?eld Within the insulating dielectric material 14. For 
example, a con?ned crystalline region Within an otherWise 
amorphous insulating dielectric material 14 or a con?ned 
amorphous region Within an otherWise crystalline insulating 
dielectric material 14 causes a strain ?eld (for example via 
the resulting density inhomogeneity). Acon?ned amorphous 
region Within a crystal is created by irradiation, for example. 

[0120] A con?ned crystalline region Within an otherWise 
amorphous insulating dielectric material can be generated by 
metal induced lateral crystalliZation (MILC) of amorphous 
Si, for example. Amorphous Si is deposited as the insulating 
dielectric material. A small metal dot including Al, Cu, Ag, 
Au or Ni is deposited on the amorphous Si layer. This causes 
a local crystalliZation to polycrystalline Si in the vicinity of 
the metal dot. This process is facilitated by implanted Ni 
ions in the amorphous Si and heating Whereby NiSi2 is 
created precipitating the crystalliZation as nucleation sites 
(see eg the laid-open Japanese application JP 825865 from 
1997). Gilmer et al. describe a star-light groWth by epitaxial 
groWth of Si on HfSix nucleus (Applied Physics Letters 81, 
1288 (2002)). An analysis by means of transmission electron 
microscopy indicates accelerated grain groWth of polycrys 
talline Si on top of HfO2. These give bright spots of star light 
in dark ?eld optical microscope display. Other geometries 
and scenarios of MILC of amorphous material are possible 
and advantageous, as Well. 

[0121] The microscopic understanding of the conducting 
?lament is that the conductance stems from a local enhance 
ment of the density of ioniZed defects. The strain or stress 
exerted on the insulating dielectric material according to the 
present invention can relay either by creation interstitials or 
by reconstruction of the lattice. Both the relaxation and the 
reconstruction alter the topology of the continuous netWork 
of the crystal. By these mechanisms, the strain ?eld pro 
duces or attracts all kinds of defects. These can be ionised to 
provide free charge carriers and, thereby, electrical conduc 
tivity. 

[0122] Even if the forming process is left out of consid 
eration, there is a qualitative difference betWeen a conven 
tionally doped region in a semiconductor and the conductive 
?lament or con?ned conductive region according to the 
present invention. In the conventionally doped semiconduc 
tor region the free charge carriers are electrons or holes from 
ioniZed doping atoms, Whereas in a con?ned conductive 
region according to the present invention, the free charge 
carriers stem from all kinds of ioniZed defects of the crystal. 
These defects comprise atoms With higher or loWer valence 
than the atoms of the regular crystal (like doping atoms) and 
atoms Which do not ?t into the regularity of the crystal in 
other Ways. HoWever, in contrast to a conventionally doped 
material, these “doping atoms” are not introduced into the 
crystal by implantation or any other doping process but 
produced or attracted and concentrated by the local strain 
?eld. Attraction may take place by migration or diffusion 
from adjacent regions. 

[0123] FIGS. 9 to 14 are schematic vieWs of vertical 
cross-sections of the substrate 10 in different stages of 
production of the resistor according to the sixth embodiment 
described above With reference to FIG. 6. In a ?rst step, the 



US 2006/0006471 A1 

CMOS-layer 64 is formed at the front surface 26 of the 
substrate 10 (FIG. 9). The insulation layer 30 is deposited on 
the CMOS-layer 64 and laterally structured to form a cavity 
72 (FIG. 10). This cavity 72 is ?lled With the material of the 
conductor element 58 (FIG. 11). 

[0124] A mask 74 With an opening 76 over the conductor 
element 58 is deposited on the insulation layer 30. A 
conducting material Which might be the same as the material 
of the conductor element 58 is deposited over the mask 74 
and through the opening 76 on the conductor element 58. 
While a layer 78 on the mask 74 is groWing, it increasingly 
closes the opening 76. Therefore, the lateral extension of the 
area on the conductor element 58 on Which the conducting 
material is deposited is increasingly reduced. In this manner, 
the ?rst electrode 12 is formed in the shape of a pyramid or 
a cone (FIG. 12). 

[0125] The mask 74 and the layer 78 are removed by a 
lift-off process (FIG. 13). The insulating dielectric material 
14 is deposited over the ?rst electrode 12 in a more or less 
conforming Way resulting in an essentially constant layer 
thickness (FIG. 14). The second electrode 16 is deposited 
over the insulating dielectric material 14 to result in the 
structure of the siXth embodiment described above With 
reference to FIG. 6. 

[0126] FIGS. 15 to 20 are schematic vieWs of a substrate 
during different steps in a process of producing the resistor 
according to a ninth embodiment similar to the seventh 
embodiment described above With reference to FIG. 7. The 
CMOS-layer 64 is formed at the surface 26 of the substrate 
10 (FIG. 15). The insulation layer 30 is deposited on the 
surface 26 and laterally structured to form cavities 72 (FIG. 
16). These cavities 72 are ?lled With a conducting material 
to form the ?rst electrodes 12. This is done by a deposition 
With subsequent chemical-mechanical polishing, for 
eXample (FIG. 17). The mask 74 is advantageously depos 
ited by a self-aligning method and completely covers that 
part of the insulation layer 30 arranged betWeen the ?rst 
electrodes 12. The thickness of other parts of the insulation 
layer 30 is reduced by an etching process or the like. This 
results in steps at edges 68 of the ?rst electrodes 12 (FIG. 
18). 
[0127] The insulating dielectric material 14 is deposited 
over the ?rst electrode 12 and the insulation layer 30 in a 
more or less conformal manner (FIG. 19). The second 
electrode 16 is deposited over the insulating dielectric 
material 14 (FIG. 20). The effect of the edges 68 of the ?rst 
electrodes 12 on the ?lament forming process is the same as 
in the seventh embodiment described above With reference 
to FIG. 7. 

[0128] FIG. 21 is a schematic perspective vieW of a 
rectangular array of resistors 80 according to the present 
invention as they have been described above in the embodi 
ments 1 to 8. A ?rst set of parallel electrically conductive 
traces or lines 82 eXtend along a ?rst direction in a plane 
located on one side of the resistor array. Another set of 
parallel electrically conductive traces or lines 84 are 
arranged in another plane on the opposite side of the 
resistors 80 and are perpendicular to the ?rst set of lines 82. 

[0129] The ?rst set of lines 82 serves as Word lines of a 
non-volatile memory device. The second set of lines 84 
serves as bit lines of the non-volatile memory device. The 
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resistors 80 at each cross point of a Word line 82 and a bit 
line 84 serve as memory cells. A controller is provided for 
applying an electrical Writing signal to a selected one of the 
memory cells in order to Write information into the memory 
cell. Further, the controller is provided for applying an 
electrical reading signal to a selected one of the memory 
cells in order to read information from the memory cell. The 
information is read by sensing or analyZing the resistance of 
memory cell. 

[0130] Advantageously the Writing signal and the reading 
signal are each voltage or current pulses. The amplitude and 
the duration of the Writing signal are selected or set such that 
the resistance state of the resistor of the memory cell is 
altered by the signal. This condition is ful?lled if the 
amplitude exceeds a predetermined voltage or current 
threshold, for eXample. Advantageously the reading signal is 
considerably smaller than this threshold. Thus it does not 
alter the resistance state of the memory cell. 

[0131] The resistance state of each resistor 80 corresponds 
to the information stored in the memory cell. For eXample, 
a loW resistance state corresponds to a logical “0” and a high 
resistance state corresponds to a logical “1”. As described 
above, the logic state of each memory cell or resistor, 
respectively, is altered by a Writing signal or control signal 
and read by sensing or measuring its resistance state. If each 
of the resistors 80 provides more than tWo persistent resis 
tance states more than one bit of information can be stored 
in one resistor 80. 

[0132] FIG. 21 is a schematic representation of a memory 
device. In fact all the embodiments described above With 
reference to the FIGS. 1 to 8 are bene?cially used as memory 
cells or as parts of memory cells of the memory device. In 
these above-described embodiments, one of the ?rst elec 
trode 12 and the second electrode 16 is connected to a 
respective Word line and the other is connected to a respec 
tive bit line. As can be seen from the FIGS. 1 to 8, in each 
embodiment one of the electrodes 12, 16 is easily eXtended 
in the direction parallel to the cross section displayed and the 
other of the electrodes is easily eXtended in the direction 
perpendicular to the cross section displayed. 

[0133] It is an advantage of the present invention that each 
memory cell consists of only one sWitchable resistor. No 
additional transistor, diode or other sWitch is necessary to 
isolate the memory cells from each other. During Write or 
read operation, the selected memory cell can be isolated by 
applying an equal potential to the selected and other appro 
priate Word and bit lines. 

[0134] HoWever, a shorted (faulty) memory cell can cause 
column-Wide and roW-Wide errors. This problem can be 
overcome by introducing an additional stable resistor in 
series to the sWitchable resistor into each memory cell (EP 
1 271 546 This resistor can be fabricated as an 
additional layer 88 in the total stack of the memory element. 
This additional stable resistor in each memory cell is also 
called a ?nite series resistance element. With this ?nite 
series resistance element, a shortened sWitchable resistor in 
a memory cell produces only a randomiZed bit error during 
the read process Which can be corrected by ECC faster and 
easier than a column-Wide or roW-Wide failure. 

[0135] FIG. 22 is a schematic ?oW chart of a method of 
producing a bistable sWitchable resistor or a memory cell or 
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a memory device based on the bistable switchable resistor. 
In a ?rst step 92, the position for a conducting ?lament is 
predetermined. In a second step 94, a straining element is 
produced at the predetermined position. In a third step 96, an 
insulating dielectric structure is produced in the vicinity of 
the straining element. The straining element generates a 
strain ?eld in the insulating dielectric structure. In a fourth 
step 98, a forming signal is applied to the insulating dielec 
tric structure. This forming signal is e. g. a voltage or current 
pulse. It causes the conducting ?lament to form Whereby the 
position of the conducting ?lament is predetermined by the 
position of the strain ?eld generated by the straining ele 
ment. 

[0136] In the preceding embodiments, the invention is 
implemented in a resistor including the insulating dielectric 
material in Which the conducting ?lament is formed or is to 
be formed. The insulating dielectric material together With 
the conducting ?lament is called a resistance material With 
bistable sWitchable resistance although the conductance and 
the bistable sWitchable resistance material property of the 
material are in fact localiZed in the conducting ?lament. 

[0137] In the preceding embodiments, the insulating 
dielectric material is shaped as a non-?at layer With essen 
tially constant thickness. This results in a shape of the 
interface betWeen the second electrode and the insulating 
dielectric material Which is very similar to the shape of the 
interface betWeen the ?rst electrode and the insulating 
dielectric material. In other Words, the shape of the second 
electrode corresponds to the shape of the ?rst electrode. 
Alternatively, the second electrode is shaped differently 
from the ?rst electrode. If the insulating dielectric material 
is deposited in a less conform Way, the geometry of the 
second electrode is less pronounced than that of the ?rst 
electrode. If the insulating dielectric material is deposited 
completely non-conform, the second electrode is ?at. 

[0138] As a further alternative, the second electrode pro 
vides its oWn convex feature protruding toWards the ?rst 
electrode. This convex feature of the second electrode may 
serve as straining element exerting a strain on the insulating 
dielectric material. 

[0139] HoWever, the straining effect may be Weaker than 
for the convex feature of the ?rst electrode since it is 
deposited after the insulating dielectric material and does not 
in?uence its groWth. Nevertheless it is noted that the second 
electrode may comprise the convex feature instead of the 
?rst electrode. This means that the ?rst electrode and the 
second electrode are interchangeable. 

[0140] The term “?lament” also embraces implementa 
tions including a con?ned but more extended conductive 
region Within the insulating dielectric material. In other 
Words, although the bistable sWitching resistance property 
seems to be con?ned to thin ?laments in at least some of the 
“bistable sWitching resistance materials” knoWn and analy 
sed at present, the present invention is not limited to these 
thin ?lament cases. Rather, the present application is appli 
cable advantageously to all materials in Which a bistable 
sWitching resistance property is localised to a con?ned 
region even if this region is more extended than a thin 
?lament. 

[0141] It is noted that the term “bistable” does not exclude 
applications With more than tWo stable resistance states. 
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Rather, the present invention is also applicable advanta 
geously to materials With more than tWo persistent resistance 
states. 

[0142] Further, it is noted that the persistent resistance 
states described in the above embodiments may be perfectly 
stable for an in?nite period of time or may decay or vanish 
continuously or discontinuously Within a certain period of 
time. 

[0143] Further, it is noted that in the context of this 
application an insulating dielectric material is any material 
With a high speci?c resistance Which is in particular higher 
or much higher than the speci?c conductivity Within the 
con?ned electrically conductive region in its loW resistance 
state. 

[0144] In the embodiments described above, the conduc 
tive ?laments are formed by applying suf?ciently large 
voltage or current pulses to the material. HoWever, it is clear 
from the above description that the forming process is not 
necessarily started or caused by an electric signal. Alterna 
tively, an insulating dielectric material is used in Which a 
forming process is caused or at least started or facilitated by 
applying a light pulse, a heat pulse, a pressure pulse or any 
other forming signal or a combination of tWo or more 
physical actions. 

[0145] Further, the present invention is not limited to 
applications With a bistable sWitching resistance property. 
Rather, the present invention is advantageous for all appli 
cations in Which a con?ned electrically conductive region 
Within an insulating dielectric material is formed or is to be 
formed at a predetermined position. The position of the 
con?ned conductive region is self aligned to the position of 
the straining element. 

[0146] One example for an application of such an insu 
lating dielectric material With con?ned electrically conduc 
tive regions Without a bistable sWitchable property is a 
display device. In this display device, each single pixel is 
electrically connected to a control circuit via one of the 
con?ned electrically conductive regions or ?laments. The 
luminescence of each pixel may be controlled via the above 
described bistable sWitching resistance property of the con 
?ned electrically conductive region. Alternatively, the lumi 
nescence is controlled via another sWitching device associ 
ated With each pixel and connected to the pixel via the 
con?ned electrically conductive region. In the latter case, a 
bistable sWitching resistance property of the region is redun 
dant. Further, the position of each pixel in a laterally 
homogeneous electroluminescent layer may be de?ned 
solely by the position of the con?ned electrically conductive 
region. 

[0147] In all embodiments described above the ?rst elec 
trode, the insulating dielectric material and the second 
electrode are each extended in directions parallel to the 
surface of the substrate and are arranged in the form of a 
stack perpendicular to the surface of the substrate. Conse 
quently, the ?lament is oriented essentially perpendicular to 
the substrate and the surface of the substrate. Alternatively, 
the ?rst electrode, the insulating dielectric material and the 
second electrode are arranged laterally side by side at the 
surface of a substrate, and the ?lament is oriented parallel to 
the surface of the substrate. 

[0148] In the preceding embodiments, the conducting ?la 
ment is sandWiched betWeen tWo electrodes. Electrical 
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pulses are applied to the resistance material via these elec 
trodes. Although an electrode is typically a metallic member, 
every electrically conductive solid state member is an elec 
trode. HoWever, alternatively only one electrode abuts to the 
resistance material. The other side of the resistance material 
may be in direct contact to an electrolyte, plasma or any 
other electrically conductive ?uid. This may be advanta 
geous in the above described display, for example. Further, 
both sides of the resistance material may be in contact With 
any electrically conductive material Which is no electrode. 

[0149] Variations described for the present invention can 
be realiZed in any combination desirable for each particular 
application. Thus particular limitations, and/or embodiment 
enhancements described herein, Which may have particular 
advantages to the particular application need not be used for 
all applications. Also, not all limitations need be imple 
mented in methods, systems and/or apparatus including one 
or more concepts of the present invention. 

[0150] It is noted that the foregoing has outlined some of 
the more pertinent objects and embodiments of the present 
invention. This invention may be used for many applica 
tions. Thus, although the description is made for particular 
arrangements and methods, the intent and concept of the 
invention is suitable and applicable to other arrangements 
and applications. It Will be clear to those skilled in the art 
that modi?cations to the disclosed embodiments can be 
effected Without departing from the spirit and scope of the 
invention. The described embodiments ought to be con 
strued to be merely illustrative of some of the more promi 
nent features and applications of the invention. Other ben 
e?cial results can be realiZed by applying the disclosed 
invention in a different manner or modifying the invention 
in Ways knoWn to those familiar With the art. 

1. A resistor comprising: 

a ?rst electrode; 

a second electrode facing the ?rst electrode; 

a resistance structure betWeen the ?rst electrode and the 
second electrode, the resistance structure comprising an 
insulating dielectric material in Which a con?ned con 
ductive region is formed betWeen the ?rst and the 
second electrode; and 

a perturbation element locally exerting mechanical stress 
on the resistance structure in the vicinity of the pertur 
bation element at least during a forming process in 
Which the con?ned conductive region is formed. 

2. A resistor according to claim 1, Wherein the perturba 
tion element comprises one of an electrically conductive tip, 
point, and edge on the ?rst electrode’s surface directed 
toWards the second electrode. 

3. A resistor according to claim 1, Wherein the perturba 
tion element comprises a local change of the structure of the 
?rst electrode or of the resistance structure. 

4. A resistor according to claim 1, Wherein the perturba 
tion element comprises one of: 

a con?ned crystalline region in the ?rst electrode Whereas 
the ?rst electrode is amorphous, and 

a con?ned amorphous region in the ?rst electrode Whereas 
the ?rst electrode is crystalline. 

5. A resistor according to claim 1, Wherein the perturba 
tion element comprises one of: 

Jan. 12, 2006 

a con?ned crystalline region in the resistance structure 
Whereas the resistance structure is amorphous, and 

a con?ned amorphous region in the resistance structure 
Whereas the resistance structure is crystalline. 

6. A resistor according to claim 1, Wherein the perturba 
tion element comprises a local variation of the composition 
or topology of the resistance structure. 

7. A resistor according to claim 1, Wherein the perturba 
tion element comprises a pieZoelectric structure exerting 
mechanical stress on the resistance structure in the vicinity 
of the pieZoelectric structure When a voltage is applied to the 
pieZoelectric structure. 

8. A resistor according to claim 1, Wherein the perturba 
tion element comprises one of a particle, a precipitate of an 
other phase, an interstitial atom, and a microcrystallite 
embedded in the resistance structure. 

9. A resistor according to claim 1, Wherein the perturba 
tion element comprises a convex feature of, or on, the ?rst 
electrode’s surface adjacent to the resistance structure. 

10. A resistor according to claim 9, Wherein a convex or 
concave member betWeen the ?rst electrode and a substrate 
constitutes a convex or concave shape of the ?rst electrode 
toWards the second electrode. 

11. A resistor according to claim 1, Wherein the thickness 
of the resistance structure betWeen the ?rst electrode and the 
second electrode locally varies in the vicinity of the pertur 
bation element. 

12. A resistor according to claim 1, Wherein the con?ned 
conductive region provides a ?rst resistance state and a 
second resistance state, and Wherein the resistance state of 
the con?ned conductive region is sWitchable betWeen the 
?rst resistance state and the second resistance state by a 
control signal. 

13. A non-volatile memory cell comprising a resistor 
according to claim 12, Wherein the resistance state of the 
con?ned conducting region indicates the information stored 
in the memory cell. 

14. A non-volatile memory device comprising: 

a non-volatile memory cell according to claim 13; and 

a controller for Writing and reading the memory cell. 
15. A non-volatile memory device according to claim 14, 

Wherein the controller is provided for applying an electrical 
Writing signal to the memory cell in order to Write informa 
tion into the memory cell and for applying an electrical 
reading signal to the memory cell in order to read informa 
tion from the memory cell, Wherein the reading signal is 
smaller than the control signal. 

16. A non-volatile memory device according to claim 15, 
Wherein the control signal and the reading signal are voltage 
or current pulses. 

17. A method for fabricating an insulating dielectric 
structure With a con?ned conductive region through the 
insulating dielectric structure, Wherein a con?ned strain ?eld 
is generated at a predetermined position thereby providing a 
predetermined position for the con?ned conductive region. 

18. A method according to claim 17, Wherein a perturba 
tion element is produced Which generates the con?ned strain 
?eld in its vicinity. 

19. A method according to claim 18 Wherein the pertur 
bation element is produced by at least one of: groWing, 
depositing, etching a dot on the surface of a substrate, and 
etching a dot on a layer over the substrate over Which dot the 
insulating dielectric structure is deposited. 
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20. A method according to claim 18 wherein a metal 
region is provided adjacent to an electrode comprising 
doped amorphous silicon, the method further comprising a 
step of heating the electrode Whereby a local crystallization 
of its material is induced, the locally crystalliZed material 
forming the perturbation element. 

21. A method for fabricating a resistor With bistable or 
multistable sWitchable resistance, comprising: 

producing a ?rst electrode; 

producing an insulating dielectric structure according to 
claim 17 adjacent to the ?rst electrode, the con?ned 
conductive region providing a ?rst resistance state and 
a second resistance state and the resistance state of the 
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con?ned conductive region being sWitchable betWeen 
the ?rst resistance state and the second resistance state 
by a control signal, and 

producing a second electrode adjacent to the insulating 
dielectric structure. 

22. Amethod for forming a con?ned conductive region in 
an insulating dielectric material, comprising: 

applying a forming signal to the insulating dielectric 
material, and 

activating a pieZoelectric element in order to locally exert 
mechanical stress to the insulating dielectric material 
during the application of the forming signal. 

* * * * * 


