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(57) ABSTRACT 

A field effect device includes a source electrode, a drain 
electrode, a channel formed between the source electrode and 
the drain electrode, and a gate electrode formed directly on 
the channel and arranged in a gap between the Source elec 
trode and the drain electrode. The channel includes a switch 
ing material that is reversibly switchable between a lower 
conductivity state and a higher conductivity state. The first 
conductivity state has an electrical conductivity which is 
lower than an electrical conductivity of the second conduc 
tivity state. Each of the conductivity states is persistent with 
out the need for a Sustaining excitation signal including an 
electrical field, heat and/or light applied to the device. 
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FIELD EFFECT DEVICE WITH A CHANNEL 
WITH ASWITCHABLE CONDUCTIVITY 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application is a continuation of pending U.S. 
application Ser. No. 1 1/513,862, filed on Aug. 31, 2006, the 
disclosure of which is incorporated by reference herein. U.S. 
application Ser. No. 1 1/513,862 is a continuation of U.S. 
application Ser. No. 10/987,749, filed on Nov. 12, 2004, now 
issued as U.S. Pat. No. 7,130,212, the disclosure of which is 
incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention refers to a field effect device 
with a channel with a switchable conductivity and to a non 
Volatile memory device using the same. 

BACKGROUND OF THE INVENTION 

0003 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 dif 
ferent 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. 
0004 An important example for such a bistable device is a 
capacitor with a ferroelectric layer between its electrodes. 
The ferroelectric layer shows hysteresis polarization. The 
application of an electrostatic field causes a polarization of 
the ferroelectric material which persists after switching off 
the electrostatic field. The persistent remanence-polarization 
is deleted or erased or even inverted by an electrostatic field of 
opposite sign and Sufficient strength. 
0005. When the ferroelectric layer is arranged between a 
gate and a channel of a field effect transistor, the polarization 
state of the ferroelectric layer influences the number of charge 
carriers induced in the channel. In particular, the permittivity 
of the ferroelectric layer depends on its polarization state. 
Therefore, for the same device bias condition, the drain cur 
rent depends on the polarization State of the ferroelectric gate 
dielectric layer. 
0006 When the ferroelectric layer is arranged between the 
electrodes of a capacitor, the polarization state influences the 
capacity of the capacitor. In both devices, the polarization 
state of the ferroelectric layer is switched by applying suffi 
ciently high Voltages between the capacitor electrodes or the 
gate and the channel, respectively. 
0007. A further 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. 
0008 U.S. Pat. No. 5,448,098 describes a superconduc 
tive photoelectric device with a superconductive thin film 
between two electrodes, the superconductive thin film having 
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a photo-conductive effect and converting from a normally 
conducting state to a Super-conductive state in response to 
light irradiation. 
0009 U.S. Pat. No. 6,204,139 describes a method for 
Switching properties of perovskite materials used in thin film 
resistors. The properties, in particular the conductivity, are 
switched reversibly by short electrical pulses. Application of 
the method for non volatile memory units and sensors with 
changeable sensitivity is proposed. 
(0010 U.S. 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. 
(0011 US 2003.0156445 A1 describes a method of chang 
ing the resistance of a perovskite metal oxide thin film device 
by means of a Voltage pulse. 
0012. Other materials are described in the three articles 
and the international application publication mentioned Sub 
sequently. 
0013 The articles “Reproducible switching effect in thin 
oxide films for memory applications” (A. Becket al., Applied 
Physics Letters, Vol. 77, No. 1, July 2000) “Current-driven 
insulator-conductor transition and nonvolatile memory in 
chromium-doped SrTiO single crystals” (Y. Watanabe et al., 
Applied Physics Letters, Vol. 78, No. 23, June 2001) and 
"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) and the 
international application publication WO 00/49659 A1 
describe materials and classes of materials with hysteretically 
Switchable electro static resistance, and simple resistor 
devices made from these materials. 
(0014) The article “Field effect transistor on SrTiO, with 
sputtered Al-O gate insulator’ (K. Ueno et al., Applied Phys 
ics Letters, Vol. 83, No. 9, September 2003) describes a field 
effect transistor with a channel at a surface of undoped 
SrTiO, 
0015 The above-mentioned devices provide switching 
speeds, power consumption and manufacturing costs which 
are still unsatisfactory for many applications. 

SUMMARY OF THE INVENTION 

0016. The present invention relates to a field effect device 
having a source electrode, a drain electrode, a channel formed 
between the source electrode and the drain electrode, and a 
gate electrode separated from the channel by an insulating 
layer. The channel comprises a Switching material that is 
reversibly switchable between a lower conductivity state and 
a higher conductivity state. Each of the conductivity states is 
persistent, i.e., non-volatile. 
0017. In a preferred embodiment of the invention the 
switching material is reversibly switchable between an insu 
lating state and at least one conducting state. 
0018. According to another aspect of the present inven 
tion, a field effect transistor comprises the field effect device. 
0019. The present invention further relates to a sensor 
circuit with switchable sensitivity, the sensor circuit compris 
ing a field effect device according to the present invention. 
0020. Furthermore, the present invention relates to a 
memory device with a plurality of storage cells, each of the 
storage cells of the plurality of storage cells comprising a field 
effect device according to the present invention. 
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0021. Furthermore, the present invention relates to an 
amplifier circuit with switchable gain, the amplifier circuit 
comprising a field effect device according to the present 
invention. 

0022. Furthermore, the present invention relates to a con 
trol device for a display device with a plurality of pixel control 
cells, each of the pixel control cells of the plurality of pixel 
control cells comprising a field effect device according to the 
present invention. 
0023. According to a preferred embodiment, the switch 
ing material is switchable from the lower conductivity state to 
the higher conductivity state or vice versa by applying an 
electrostatic field, electrical current, heat or light, and exhibits 
hysteresis. 
0024. According to another embodiment, the switching 
material is switchable from the lower conductivity state to the 
higher conductivity State or vice versa by applying a prede 
termined voltage between the source electrode and the drain 
electrode or between the gate electrode and one or both of the 
source electrode and the drain electrode. 

0025 Preferably, a switching material is switchable from 
the lower conductivity state to the higher conductivity state or 
Vice versa by injection or extraction of charge carriers. Fur 
ther, the switching material at least forms a filament within 
the channel or forms a part of the channel. 
0026. The basic idea underlying the present invention is to 
form the channel of a field effect transistor from a switching 
material reversibly switchable between (at least two differ 
ent) persistent conductivity states. For a predetermined 
Source-drain Voltage, the drain current depends on the con 
ductivity state of the Switching material of the channel and on 
the voltage applied to the gate of the field effect transistor. The 
Switching material of the channel can be driven into one of (at 
least) two different conductivity states by applying an elec 
trostatic field, electrical current, heat, light, etc. The switch 
ing material may be crystalline, polycrystalline or amor 
phous, may be organic, inorganic, an organic-inorganic 
matrix or composite or a combination thereof and it may have 
a thickness ranging from several millimeters downto a few or 
1 nm. 

0027. The present invention refers to all kinds of field 
effect devices and transistors comprising a channel between 
two electrodes or a channel layer in which a channel can be 
generated by application of an appropriate Voltage to a gate 
electrode, wherein the gate electrode is separated and electri 
cally insulated from the channel by an insulating layer or by 
a Schottky barrier. According to the present invention, the 
conductivity state can be switched reversibly between persis 
tent conductivity states. Preferentially, within each of the 
conductivity states, the conductivity can be altered, or modi 
fied, by application of a Voltage to the gate electrode. 
0028. These and other objects, features and advantages of 
the present invention will become apparent from the follow 
ing detailed description of illustrative embodiments thereof, 
which is to be read in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029. These and other objects and features of the present 
invention will become apparent from the following descrip 
tion taken in conjunction with the accompanying drawings, in 
which: 

Oct. 16, 2008 

0030 FIG. 1 is a schematic sectional view of a field effect 
transistor according to a first embodiment of the present 
invention; 
0031 FIG. 2 is a schematic sectional view of a field effect 
transistor according to a second embodiment of the present 
invention; 
0032 FIG. 3 is a schematic sectional view of a field effect 
transistor according to a third embodiment of the present 
invention; 
0033 FIG. 4 is a schematic sectional view of a field effect 
transistor according to a fourth embodiment of the present 
invention; and 
0034 FIG. 5 is a schematic representation of a memory 
device according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0035 FIG. 1 is a schematic sectional view of a field effect 
device that here is a field effect transistor2. On a substrate 10, 
a channel layer 12 is formed, comprising SrTiO doped with 
Cr. On top of the channel layer 12, a source electrode 14 and 
a drain electrode 16 are formed which are laterally spaced 
apart from each other, such that a gap 18 is formed between 
the source electrode 14 and the drain electrode 16. An insu 
lating layer 20 is deposited in the gap 18 and partly over the 
source electrode 14 and the drain electrode 16. An electrically 
conductive layer is deposited over the insulating layer 20 and 
forms a gate electrode 22, which is separated and electrically 
isolated from the source electrode 14 and the drain electrode 
16 by the insulating layer 20. A channel 24 is formed or can be 
formed essentially underneath the gate electrode 22 within 
the channel layer 12 and connects the source electrode 14 and 
the drain electrode 16. The conductivity of the channel 24 can 
be modified by application of a Voltage to the gate electrode 
22. There can be a predetermined voltage or predetermined 
range of voltages which cause essentially Zero conductivity of 
the channel 24 when applied to the gate electrode 22. The 
channel layer 12 may be laterally restricted to the region of 
the channel 24 or may be laterally more extended. 
0036. The Cr-doped SrTiO comprised in the channel 
layer 12 is electrically conductive. Its conductivity can be 
changed or Switched or altered by applying an electrostatic 
field or a current, by applying heat or light. At least two of the 
conductivity states of the Switching material of the channel 
layer 12 are persistent, i.e., they persist after removal of the 
applied electrical field, heat, light, etc. Switching between the 
at least two persistent conductivity states is reversible, i.e., it 
can be reversed by applying a Sufficiently large bias Voltage of 
opposite polarity and/or proper thermal or optical stimula 
tion. 
0037. In the preferred embodiment shown in FIG. 1, the 
conductivity state of the switching material is switched by 
applying a predetermined Voltage between the Source elec 
trode 14 and the drain electrode 16, whereby a charge, or 
charge carriers, are injected into or extracted from the Switch 
ing material comprised in the channel layer 12, depending on 
the polarity and the strength of the electrostatic field. Alter 
natively, injection of charge carriers into the Switching mate 
rial or extraction of charge carriers from the Switching mate 
rial is caused by applying a predetermined Voltage between 
the gate electrode 22 and the source electrode 14 and/or the 
drain electrode 16. The application of said predetermined 
Voltages Switches the Switching material between conductiv 
ity states and thereby switches the conductivity of the switch 
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ing material between at least a persistent higher conductivity 
state and a persistent lower conductivity state. In the lower 
conductivity state and the higher conductivity state, the con 
ductivity of the switching material differs by up to a factor 
1000 or even more. 
0038. Within at least one of the higher conductivity state 
and the lower conductivity state of the switching material, the 
conductivity of the Switching material of the channel 24 can 
be further modified by applying a Voltage to the gate 22. 
Whereas the conductivity states are persistent, modification 
of the conductivity by a Voltage applied to the gate is not 
persistent. 
0039 For example, the switching material is driven into 
the higher conductivity state by applying a predetermined 
Voltage (with predetermined value and predetermined polar 
ity) to the gate electrode 22 relative to the source or the drain 
electrode 14, 16. This relatively high predetermined voltage 
causes an injection of charge carriers into the Switching mate 
rial, whereby at least a part of these charge carriers remain in 
the Switching material even after the predetermined Voltage is 
Switched off and, thus, cause the persistent higher conductiv 
ity state. 
0040. The application of another relatively high voltage of 
opposite sign to the gate electrode 22 relative to the source or 
the drain electrode 14, 16, causes an extraction of charge 
carriers from the Switching material and, consequently, a 
change to the lower conductivity state. 
0041. In each of the lower conductivity state and the 
higher conductivity state, application of a relatively low or 
moderate Voltage to the gate electrode 22 causes a non-per 
sistent change in conductivity, similar to a conventional field 
effect transistor. This non-persistent change in conductivity 
is, for example, due to a non-persistent accumulation or 
depletion of charge carriers in the channel layer 12 close to 
the interface of the channel layer 12 and the electrodes 14, 16 
and the insulating layer 18 or due to an analogous depletion, 
respectively. 
0042. In at least one of the conductivity states, the conduc 

tivity of the channel 24 formed in the channel layer 12 
between the source electrode 14 and the drain electrode 16 
may range from that of an insulator to that of a Superconduc 
tor in extreme cases. 
0.043 FIG. 2 is a schematic sectional view of a field effect 
transistor 2 according to a second embodiment of the present 
invention. Again, a channel layer 12 comprising Cr-doped 
SrTiO, is deposited on a substrate 10. On top of the channel 
layer 12, the source electrode 14 and the drain electrode 16 are 
formed spaced apart from each other. The gate electrode 22 is 
arranged in a gap 18 between the source electrode 14 and the 
drain electrode 16 and is deposited directly on the channel 
layer 12. 
0044 Thus, the embodiment shown in FIG. 2 differs from 
the embodiment shown in FIG. 1 in that there is no insulating 
layer 20 between the gate electrode 22 and the channel layer 
12. The gate electrode 22 shown in FIG. 2 is a Schottky-gate 
electrically insulated from the channel layer 12 by a Schottky 
barrier resulting from the respective electronic properties of 
the materials and the majority charge carriers of the channel 
layer 12 and the gate electrode 22 and from the polarity of the 
voltage applied to the gate electrode 22 relative to the channel 
layer 12. 
004.5 FIG. 3 is a schematic sectional view of a field effect 
transistor according to a third embodiment of the present 
invention. In this embodiment, on a Substrate 10, an insulating 
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layer 20 is formed on top of which the channel layer 12 is 
deposited. On top of the channel layer 12 a source electrode 
14 and a drain electrode 16 are formed laterally spaced apart 
from each other. A gate 22 is formed between the substrate 10 
and the insulating layer 20 and is arranged opposed to a gap 
18 between the source electrode 14 and the drain electrode 16. 
0046. Thus, the embodiment shown in FIG. 3 differs from 
the embodiment shown in FIG. 1 in that the stack channel 
layer 12 insulating layer 20 gate electrode 22 is inverted. 
0047 FIG. 4 is a schematic sectional view of a field effect 
transistor 2 according to a fourth embodiment of the present 
invention. This embodiment is a combination of the embodi 
ments shown in FIGS. 1 and 3. It comprises a source electrode 
14 and a drain electrode 16 on top of a channel layer 12 and 
two gate electrodes 22a, 22b, each separated from the channel 
layer 12 by an insulating layer 20a, 20b. One gate electrode 
22a is arranged between the substrate 10 and the insulating 
layer 20a, whereby the insulating layer 20a insulates the gate 
22a from the channel layer 12. The other gate 22b is separated 
and electrically insulated from the channel layer 12 and the 
source and drain electrodes 14, 16 by the insulating layer 20b. 
0048 Thus, the embodiment shown in FIG. 4 comprises 
both the front side gate electrode of the embodiment shown in 
FIG. 1 and the back side gate electrode of the embodiment 
shown in FIG. 3. 
0049. As shown in FIGS. 1 to 4, a broad variety of device 
structures can be used advantageously for the field effect 
transistor according to the present invention. In particular, 
staggered, co-planar, staggered-inverted or co-planar-in 
Verted structures with single and/or multiple gate electrodes 
may be used, wherein each gate electrode may be insulated by 
an insulating layer as shown in FIGS. 1, 3 and 4, or by a 
Schottky barrier (Schottky gate), as shown in FIG. 2. 
0050 A variety of materials can be used advantageously 
for the inventive field effect transistor and particularly for its 
channel layer 12 or its channel 24, respectively. Good results 
have particularly been achieved with strontium titanate 
SrTiO, doped with (up to about 20%) chromium Cr as 
described above. 
0051. When the switching material of the channel layer 12 
is Cr-doped SrTiO, it is preferred and advantageous to use 
undoped SrTiO as the insulating dielectric material of the 
insulating layer 14. In this case, the Cr-doped SrTiO, Switch 
ing material can be epitaxially grown or deposited on top of 
the undoped SrTiO dielectric layer 14 or vice versa. This 
provides the additional benefit of a perfect epitaxial structure 
without crystal defects at the interface of the switching layer 
and the insulating layer. 
0052. Numerous other materials can be used as well, such 
as chalcogenide. Chalcogenide compounds are compounds 
which comprise Sulfur, selenium or tellurium. 
0053 Good results have been achieved in particular with 
SrZrO, BaSrTiO, Ta-Os, Ca2NbO, (Pr. Ca) MnO, and 
other materials with perovskite or perovskite-like crystal 
structure, each material doped preferentially with Cr, V or 
Mn. Further, the materials described in the above mentioned 
articles “Reproducible switching effect in thin oxide films for 
memory applications” (A. Beck et al., Applied Physics let 
ters, Vol. 77, No. 1, July 2000), “Current-driven insulator 
conductor transition and nonvolatile memory in chromium 
doped SrTiO single crystals” (Y. Watanabe et al., Applied 
Physics Letters, Vol. 78, No. 23, June 2001) and “Electrical 
current distribution across a metal-insulator-metal structure 
during bistable switching' (C. Rossel et al., Journal of 
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applied Physics, Vol. 90, No. 6, September 2001) and in the 
international application publication WO 00/49659 A1 are 
advantageously usable in field effect devices according to the 
present invention. 
0054 The persistence of the effect, i.e., the time duration 
of the change in conductivity, depends on several factors 
including: device temperature, electrical fields applied to the 
Switching material, density or number of injected charge car 
riers, and pulse length and sequence. This means that the 
persistence of the conductivity states can be influenced by 
heating the device, by application of a bias Voltage to the 
Switching material and by the density or number of charge 
carriers initially injected into the switching material. On the 
other hand, at least one conductivity state, namely the higher 
conductivity state, can be terminated at an arbitrary moment 
by applying a sufficient amount of heat or a sufficient Voltage 
to the channel layer 12. 
0055 FIG. 5 schematically displays a memory device 40. 
The memory device 40 comprises a plurality of storage cells 
arranged at cross points of word lines 42 and bit lines 44. Only 
one of the storage cells is displayed in FIG. 5 in a schematic 
and exemplary way and circumscribed by a dotted line 46. 
Like the exemplary storage cell 46, each of the plurality of 
storage cells comprises a field effect transistor 2 according to 
one of the above-described embodiments. 
0056. In the memory device 40 shown in FIG. 5 one bit of 
information can be stored in each storage cell, the lower 
conductivity state of the switching material of the channel 
layer 12 being assigned to a logical “0” and the higher con 
ductivity state of the switching material of the channel layer 
12 being assigned to a logical 1 or vice versa. Alternatively, 
more than two distinct conductivity states of the Switching 
material corresponding to and resulting in a respective num 
ber of different conductivity values of the channel of the field 
effect transistor can be used to store more than one bit of 
information in each storage cell 46. 
0057. Further parts of the memory device 40, for example 
multiplexers and demultiplexers, sense amplifiers and other 
circuits for writing, reading and other operations of the 
memory device 40 are Subsumed schematically in a control 
circuit 48. 
0058 Another application for the field effect device or 
transistor according to the present invention is a pixel control 
device for an emissive or reflective display device. This pixel 
control device may be an integral part of the display device or 
a separate device. In a preferred embodiment, the pixel con 
trol device comprises an array of field effect transistors 2, 
eachfield effect transistor 2 being associated with one pixel of 
the display device and persistently storing information about 
the grey-scale, the brightness or the color of the pixel. 
0059. Furthermore, the field effect device or transistor 
according to the present invention can be used advanta 
geously as a circuit element in application-specific integrated 
circuits (ASICs). 
0060. Furthermore, the field effect device or transistor 
according to the present invention can be used advanta 
geously as circuit element in an amplifier circuit, the conduc 
tivity states of the Switching material corresponding to or 
resulting in associated gain levels of the amplifier circuit. 
0061 Furthermore, the field effect device or transistor 
according to the present invention can be used advanta 
geously as a sensor element or as part of a sensor circuit. The 
field effect transistor may be part of a circuit influencing the 
sensitivity or the effective sensitivity of the sensor, for 
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example a power Supply circuit or a circuit pre-amplifying a 
primary sensor signal. In this case, the conductivity states of 
the Switching material correspond to or result in associated 
sensitivity levels of the sensor circuit. Alternatively, the field 
effect transistor or its channel may be the primary sensor. 
0062. In all the embodiments and for all the applications 
described above, the conductivity states of the switching 
material may form only a part of the channel layer 12, in 
particular the channel 24 between the source electrode 14 and 
the drain electrode 16 underneath or above the gate electrode 
22, or the whole channel layer 12 may be formed of the 
Switching material. The conductivity States of the Switching 
material may range from insulating states to highly conduc 
tive states or even to Superconducting states whereby the 
conductivities in the lower conductivity state and in the higher 
conductivity state may differ by several percents or, prefer 
ably, by a factor of 2 to 10 or even up to 1000 or more. 
0063 As an alternative to the electrical switching of the 
conductivity state of the switching material of the channel 24, 
the same is done by applying heat or light, both of which may 
for example be applied by means of a laser beam of appro 
priate wavelength and intensity. 
0064. For all mechanisms of Switching the conductivity 
state of the switching material of the channel 24, it should be 
mentioned that the same shows hysteresis, i.e., even after the 
end of an application of an electrostatic field, electrical cur 
rent, heat, light, etc., the conductivity state into which the 
Switching material is driven at least partly remains for some 
time. 
0065 Preferably and most advantageously, the conductiv 
ity states persist for an infinite time (“forever'). Typically, the 
conductivity states persist for several years (at room tempera 
ture). Even if the conductivity states of the switching material 
of the channel layer 12 merely persist for days, hours or 
seconds and should be refreshed like the storage cells in a 
DRAM device, the present invention is advantageous as the 
refresh period will still be much longer than in a conventional 
DRAM device. 
0066. The substrate 10 may be a monocrystalline, poly 
crystalline or amorphous semiconductor or isolator, ceramic, 
plastic, etc. 
0067. Although illustrative embodiments of the present 
invention have been described herein with reference to the 
accompanying drawings, it is to be understood that the inven 
tion is not limited to those precise embodiments, and that 
various other changes and modifications may be made by one 
skilled in the art without departing from the scope or spirit of 
the invention. 

What is claimed is: 
1. A field effect device, comprising: 
a source electrode; 
a drain electrode spaced laterally apart from the Source 

electrode: 
a channel formed between the source electrode and the 

drain electrode; and 
a gate electrode formed directly on the channel and 

arranged in a gap between the source electrode and the 
drain electrode, 

wherein the channel comprises a Switching material revers 
ibly switchable between a first conductivity state and at 
least a second conductivity state, the first conductivity 
state having an electrical conductivity which is lower 
than an electrical conductivity of the second conductiv 
ity state, each of the conductivity states being persistent. 
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2. The device according to claim 1, wherein the electrical 
conductivity of each of the first and second conductivity 
states is persistent without a need for a Sustaining excitation 
signal including at least one of an electrical field, heat and 
light applied to the device. 

3. The device of claim 1, wherein when in a given one of the 
persistent conductivity States, application of a Voltage having 
a magnitude which is less than or equal to a prescribed Voltage 
level to the gate electrode causes a non-persistent change in 
electrical conductivity of the given conductivity state, 
whereby varying Voltage applied to the gate electrode causes 
a modulation of the electrical conductivity of the given con 
ductivity state when the magnitude of the Voltage is less than 
or equal to the prescribed Voltage leveland causes a Switching 
of the conductivity state when the magnitude of the Voltage is 
greater than the prescribed Voltage level. 

4. The device according to claim 1, wherein the electrical 
conductivity of the first conductivity state and the electrical 
conductivity of the second conductivity state differs by a 
factor of at least about 1000. 

5. The device according to claim 1, wherein the switching 
material is switchable between the first conductivity state and 
the second conductivity state by application of at least one of 
heat and light, and wherein the Switching material exhibits 
hysteresis. 

6. The device according to claim 1, wherein the Switching 
material is switchable between the first conductivity state and 
the second conductivity state by application of a predeter 
mined voltage between the source electrode and the drain 
electrode or between the gate electrode and at least one of the 
source electrode and the drain electrode. 

7. The device according to claim 1, wherein the switching 
material at least forms one of a filament within the channel 
and a part of the channel. 

8. The device according to claim 1, wherein the switching 
material is switchable between the first conductivity state and 
the second conductivity state by at least one of injection and 
extraction of charge carriers in the device. 

9. The field effect device according to claim 1, wherein the 
switching material is switchable between the first conductiv 
ity state and the second conductivity state by application of a 
Voltage or a current to the Switching material in the channel. 

10. A field effect device, comprising: 
a source electrode: 
a drain electrode: 
a channel formed between the source electrode and the 

drain electrode; and 
a gate electrode separated from the channel by an insulat 

ing layer, 
wherein the channel comprises a Switching material revers 

ibly switchable between a first conductivity state and at 
least a second conductivity state, the first conductivity 
state having an electrical conductivity which is lower 
than an electrical conductivity of the second conductiv 
ity state, each of the conductivity states being persistent; 

wherein the switching material is switchable between the 
first conductivity state and the second conductivity state 
by application of at least one of an electrical field, heat 
and light, and wherein the respective electrical conduc 
tivities of the first and second conductivity states is 
maintained without a need for a Sustaining excitation 
signal including at least one of an electrical field, heat 
and light applied to the device. 
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11. A sensor circuit with switchable sensitivity, the sensor 
circuit comprising at least one field effect device, the field 
effect device comprising: 

a source electrode; 
a drain electrode: 
a channel formed between the source electrode and the 

drain electrode; and 
a gate electrode separated from the channel by an insulat 

ing layer, 
wherein the channel comprises a Switching material revers 

ibly switchable between a first conductivity state and at 
least a second conductivity state, the first conductivity 
state having an electrical conductivity which is lower 
than an electrical conductivity of the second conductiv 
ity state, each of the conductivity states being persistent 
without a need for a Sustaining excitation signal includ 
ing at least one of an electrical field, heat and light 
applied to the device, and wherein the sensitivity of the 
sensor circuit varies as a function of the conductivity 
state of the Switching material. 

12. A memory device including a plurality of storage cells, 
at least a given one of the storage cells comprising a field 
effect device, the field effect device comprising: 

a source electrode; 
a drain electrode spaced laterally apart from the Source 

electrode: 
a channel formed between the source electrode and the 

drain electrode; and 
a gate electrode formed directly on the channel and 

arranged in a gap between the source electrode and the 
drain electrode, 

wherein the channel comprises a Switching material revers 
ibly switchable between a first conductivity state and a 
second conductivity state, the first conductivity state 
having an electrical conductivity which is lower than an 
electrical conductivity of the second conductivity state, 
each of the conductivity states being persistent without a 
need for a Sustaining excitation signal including at least 
one of an electrical field, heat and light applied to the 
device, the first and second conductivity States being 
indicative of first and second logical states, respectively, 
of the memory device. 

13. An amplifier circuit having a Switchable gain, the 
amplifier circuit comprising at least one field effect device, 
the field effect device comprising: 

a source electrode; 
a drain electrode: 
a channel formed between the source electrode and the 

drain electrode; and 
a gate electrode separated from the channel by an insulat 

ing layer, 
wherein the channel comprises a Switching material revers 

ibly switchable between a first conductivity state and a 
second conductivity state, the first conductivity state 
having an electrical conductivity which is lower than an 
electrical conductivity of the second conductivity state, 
each of the conductivity states being persistent without a 
need for a Sustaining excitation signal including at least 
one of an electrical field, heat and light applied to the 
device, and wherein the gain of the amplifier circuit 
varies as a function of the conductivity state of the 
Switching material. 

14. A control device for a display device, the display device 
including a plurality of pixel control cells, at least a given one 
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of the pixel control cells comprising a field effect device, the second conductivity state, the first conductivity state 
field effect device comprising: having an electrical conductivity which is lower than an 

a source electrode: electrical conductivity of the second conductivity state, 
a drain electrode: each of the conductivity states being persistent without a 
a channel formed between the source electrode and the need for a Sustaining excitation signal including at least 

drain electrode; and one of an electrical field, heat and light applied to the 
a gate sode separated from the channel by an insulat- device; 
whichannel comprises a Switching material revers- wherein the device is configured Such that (i) application 

ibly switchable between a first conductivity state and a of a voltage having a magnitude which is greater than a 
second conductivity state, the first conductivity state prescribed Voltage level to the gate electrode relative to 
having an electrical conductivity which is lower than an at least one of the SOUC electrode and drain electrode 
electrical conductivity of the second conductivity state, causes the switching material to switch between the first 
each of the conductivity states being persistent without a conductivity state and the second conductivity state or 
need for a Sustaining excitation signal including at least between the second conductivity state and the first con 
one of an electrical field, heat and light applied to the ductivity state as a function of a polarity of the Voltage 
device. applied to the gate electrode; and (ii) application of a 

15. A field effect device, comprising: Voltagehaving a magnitude which is less than or equal to 
a source electrode: the prescribed voltage level to the gate electrode relative 
a drain electrode spaced laterally apart from the Source to at least one of the source electrode and drain electrode 

electrode: causes a non-persistent change in the conductivity of the 
a channel formed between the source electrode and the Switching material, an amount of non-persistent change 

drain electrode; and in the conductivity being a function of at least one of the 
a gate electrode separated from the channel by an insulat- magnitude and the polarity of the Voltage applied to the 

ing layer, gate electrode. 
wherein the channel comprises a Switching material revers 

ibly switchable between a first conductivity state and a ck 


