
STATIC RAM MEMORY CELL WITH DNR CHALCOGENIDE DEVICES
AND METHOD OF FORMING FIELD OF THE INVENTION [0001]
The present invention relates to memory circuits, in
particular, to improved static random access memory
cells using differential negative resistance (DNR)
devices. BACKGROUND OF THE INVENTION [0002] There are
a variety of different memory devices available for
use in electronic systems. The type of memory device
chosen for a specific application depends largely upon
what features of the memory are best suited to perform
the particular function. For instance, dynamic random
access memories (DRAMs) and static random access
memories (SRAMs) are used to temporarily store program
information and data "actively" being used by a
microprocessor or other control device. [0003] Random
access memories tend to provide greater storage
capability and programming options and cycles than
read only memories, but they must be continually
powered in order to retain their content. Most dynamic
random access memories store data in the form of
charged and discharged capacitors contained in an
array of memory cells. Such memory cells, however, are
volatile in that the stored charges will dissipate
after a relatively short period of time because of the
natural tendency of an electrical charge to distribute
itself into a lower energy state. For this reason,
most dynamic random access memories must be
periodically refreshed, that is, the stored value must
be rewritten to the cells, for example, every 100
milliseconds in 



order to retain the stored data in the memory cells.
Even SRAMs, which do not require refreshing, will only
retain stored data as long as power is supplied to the
memory device. When the power supply to the memory
device is turned off, the data is lost.[0004] Efforts
have been underway to create a commercially viable
memory device that is programmable, randomly accessed,
and nonvolatile. To this end, various implementations
of such nonvolatile random access memory devices are
presently being developed which store data in a
plurality of memory cells by structurally, chemically,
or magnetically changing the resistance across the
memory cells in response to predetermined voltages
respectively applied to the memory cells. Examples of
such variable resistance memory devices include those
based on polymers, perovskites, doped amorphous
silicon, magnetic devices, and chalcogenide glass.
[0005] In many variable resistance memory cells, a
first value may be written thereto by applying a
voltage having a predetermined level to the memory
cell, which changes the electrical resistance through
the memory cell relative to the condition of the
memory cell prior to the application of the voltage. A
second value, or the default value, may be written to
or restored in the memory cell by applying a second
reverse polarity voltage to the memory cell, to
thereby change the resistance through the memory cell
back to the original level. The second voltage may or
may not have the same magnitude as the first voltage.
Each resistance state is stable, so that the memory
cells are capable of retaining their stored values
without being frequentiy refreshed. [0006] Memory cell
structures employing chalcogenide materials as the
resistance switching backbone may also be suitably
conditioned to exhibit a differential negative 



resistance (DNR) property. DNR chalcogenide devices
have a larger peak-to-valley current-voltage ratio
than chalcogenide devices used as memory cells as well
as other properties which make them exhibit a
differential negative resistance. As a result, DNR
chalcogenide devices have greater stability, and hence
less power consumption and faster switching speed than
conventional devices. The properties and methods of
making DNR chalcogenide devices are described in
greater detail in U.S. Patent application no.
10/410,567, filed April 10, 2003 to Campbell (Pub. No.
US 2004/0202016) and U.S. Patent application no.
10/193,529, filed July 10, 2002, toCampbell (Pub. No.
U.S. 2004/0007749), the entirety of which are
incorporated herein by reference. [0007] BAM cell
densities have increased dramatically with each
generation of new designs and have served as one of
the principal technology drivers for ultra large scale
integration in integrated circuit manufacturing.
Typically, SRAM devices consist of at least four
transistors. For example, Figure I a illustrates a
basic six transistor cell with NMOS load devices and
Figure I b illustrates a four transistor cell with
resistor load pull-up devices. With four or six
transistor cells, SRAM cell density is limited. [0008]
One attempt to reduce the circuit components and thus
die size of an SRAM is shown in Fig. 2. A pair of
Esaki diodes or resonant tunneling diodes are
connected in series; however, tiieir peak-to-valley
current-voltage ratio is typically less than 9, thus
sacrificing circuit stability for a smaller chip size.
Thus, an SRAM circuit having improved stability,
non-volatility and decreased power consumption is
desirable. BRIEF SUMMARY OF THE INVENTION [0009] The
invention relates to static random access memory
(SRAM) cells and 



associated formation techniques. Various exemplary
emobdiments employ differential negative resistance
(DNR) chalcogenide devices. [0010] Exemplary
embodiments of the present invention provide an SRAM
which includes two DNR chalcogenide devices; one DNR
chalcogenide device serves as die load of the other.
The memory cell is fabricated by serially connecting
the two DNR chalcogenide devices which may be vertical
stacked to create a small footprint design.
Alternatively, the cell may be fabricated by placing
die two serially connected DNR chalcogenide devices in
a side-by-side layout. In anodier exemplary
embodiment, the SRAM includes one DNR chalcogenide
serially connected to a reversely biased diode.BRIEF
DESCRIPTION OF THE DRAWINGS [0011] FIG. I a is a
circuit diagram of a conventional RAM memory cell
employing six transistors; [0012] FIG. I b is a
circuit diagram of a conventional SRAM memory cell
employing four transistors and resistor load pull-up
devices; [0013] FIG. 2 is a circuit diagram of a
conventional memory cell employing resonance tunneling
diodes; [0014] FIG. 3 is a circuit diagram of a memory
cell according to an exemplary embodiment of the
present invention; [0015] FIG. 4 is a current- voltage
graph showing operation of the invention; [0016] FIG.
5 is a circuit diagram of a memory cell according to
another exemplary embodiment of the invention; [0017]
FIG. 6 is a circuit diagram of a memory cell according
to another 



exemplary embodiment of the invention; [0018] FIG. 7
is a current- voltage graph showing operation of the
embodiment of the invention of FIG. 6; [0019] FIG. 8
is a cross-section of a memory cell according to an
exemplary fabrication embodiment of the invention;
[0020] FIG. 9 is a cross-section of a memory cell
according to another exemplary fabrication embodiment
of the invention; and [0021] FIG. 10 is a processing
system having a memory device according to the
invention.DETAILED DESCRIPTION OF THE INVENTION [0022]
Although this invention will be described in terms of
certain exemplary embodiments, other embodiments that
are apparent to those of ordinary skill in the art are
also within the scope of this invention. Accordingly,
the scope of die invention is defined only by
reference to the appended claims. [0023] The term
"substrate" used in the following description may
include any supporting structure including but not
limited to a semiconductor substrate that has an
exposed substrate surface. A semiconductor substrate
should be understood to include silicon-on-insulator
(SOI), silicon-on-sapphire (SOS), doped and undoped
semiconductors, epitaxial layers of silicon supported
by a base semiconductor foundation, and other
semiconductor structures; however, materials other
than semiconductors can be used as well so long as
they are suitable to support an integrated circuit.
When reference is made to a substrate or wafer in the
following description, previous process steps may have
been utilized to form regions or junctions in or over
a 



base semiconductor or foundation. [0024] The term
"chalcogenide glass" is intended to include glasses
that comprise an element from group VIA (or group 16)
of the periodic table. Group VIA elements, also
referred to as chalcogens, include sulfur (S),
selenium (Se), tellurium (Te), polonium (Po), and
oxygen (O). [0025] The invention provides an SRAM
memory cell, and an array of such cells, each cell
includes two serially connected DNR chalcogenide
devices having a common input/output node between
them; one DNR chalcogenide device serves as the load
of the other. Each DNR chalcogenide device comprises a
top and bottom electrode and a chalcogenide layer
having a resistance variable region. When the
appropriate bias is applied to the cell, diree
operating points exist. One of die points is unstable,
while two of the operating points are stable, with one
of them provided at low-voltage and the otiier at
high- voltage at the input/output node. The memory
cell can be switchedbetween the low-voltage and the
high-voltage states by pulsing the middle input/output
node wkh either a low voltage or high voltage. [0026]
As explained in co-pending application serial no.
10/410,567, chalcogenide devices can be made to
exhibit DNR operational mode at negative bias when the
devices are annealed, when silver layers are added to
the resistance variable region thereof, and when a
negative voltage pulse is applied to the structure at
its top electrode. The DNR mode stays stable at room
temperature, maintaining a peak-tovalley
current-voltage ratio of about 130, but can tolerate
temperatures over 200 C without losing functionality.
As a result of the high peak-to-valley ratio, the
DNRbased static RAM can operate stably with minimum
power and faster switching speed 



than conventional devices. This memory technology is
also compatible with dominant silicon-based CMOS
technology. [0027] The invention will now be explained
with reference to the accompanying figures. Fig. 3
illustrates an exemplary embodiment of the present
invention. A first DNR chalcogenide device 10, the
construction of which is described below, is connected
in series to a second DNR chalcogenide device 20.
Second DNR chalcogenide device 20 acts as the load for
first DNR chalcogenide device 10. A transistor switch
5 controlled by a signal on a word line applies a
voltage from a voltage on a bit line to a node A
between the two devices 10, 20 to switch the memory.
Node A also outputs the stored state of the memory
back to the bit line when the word line is activated
by a signal. [0028] The manner of constructing and
operating a DNR chalcogenide device, e.g., 10, 20, and
its operating characteristics are described in detail
in application nos. 10/410,567 and 10/193,529. [0029]
Fig. 4 illustrates a load-line current- voltage
characteristic of the circuit of Fig. 3. The two
curves respectively represent the current/voltage
relationships of the DNR chalcogenide devices 10 and
20. The horizontal axis shows the voltage on thenode A
while the vertical axis shows the current. Three
operating points exist for the circuit. Points 100,
200 are stable operating points. Point 300 is
unstable. This condition occurs when both DNR
chalcogenide devices 10, 20 have the same current and
voltage and are therefore biased at the same operating
point 300. [0030] In operation, a low voltage state
may be programmed to the device when a positive
voltage is provided to the word line to turn on the
transistor switch 5. A 



voltage pulse of zero is applied to the bit line. This
voltage pulse will force the node A to be at a low
voltage, or point 100 on Fig. 4 , which is a stable
point. Because it is at a stable point, node A will
stay at a low voltage with only a very small current
flowing. [0031] To program the device to a high
voltage state, the voltage pulse applied to the bit
line while the word line receives a positive voltage,
turning on transistor switch 5, is at a voltage Vdd,
shown as an exemplary negative voltage of 0.6 volts in
Fig. 4 . This voltage pulse will force the node A to
be at close to Vdd, or point 200 on Fig. 4 , which is
a stable point. Because it is at a stable point, node
A will stay at Vdd with only a very small current
flowing. [0032] To read out the voltage at node A, a
positive voltage is pulsed to the word line to turn on
the transistor switch 5. The state of node A is read
through the transistor switch 5 by a peripheral
circuit (not shown). Due to the high stability of the
device, node A will stay at the current state, as long
as the peripheral circuit does not pose a large enough
disturbance to switch the state. A parasitic capacitor
35, as shown in Fig. 5, may also be located at node A.
[0033] Thus, the input voltage at the center point
between the series-connected devices switches between
Vdd and Vground under the control of the switching
transistor 5 and the voltage applied to the bit line
and the circuit output is stable at close to Vdd or
Vground. Anywhere between Vdd and Vground, the SRAM
circuit is unstable and spurious noise will shift the
circuit in one direction or the other, to Vdd or
Vground . However, once the circuit is in one of the
two logic states, it is stable and has the ability
towithstand noise up to the peak voltages, Vpcalcl and
Vpcak2, as shown in FIG. 4 . It should be noted that
the orientation/polarity of the devices may also be
reversed such that Vdd 



is positive and Vgroupd is relatively negative or Vdd
is negative and Vground is relatively positive. [0034]
Another embodiment of the present invention is
illustrated in Fig. 6. The circuit of Fig. 6 uses one
DNR chalcogenide device 10 and one reversely biased
diode 60. The reversely biased diode 60 serves as a
constant current source for the DNR chalcogenide
device 50. Similar to the load-line curve in Fig. 4,
the embodiment illustrated in Fig. 6 also has two
stable operating points 101 and 401, where die
loadline curve 51 of the DNR chalcogenide device 50
intersects with the load-line curve 61 of the
reversely biased diode 60, as shown in Fig. 7. An
input node is provided at a node B between the DNR
chalcogenide device 50 and the reversely biased diode
60 to apply a voltage pulse to switch the memory and
to output the state of the memory cell. The switching
of the memory state is manifested in die output
voltage at die output node B. It should be noted that
die reversely biased diode 60 operates at a very low
current, which provides the circuit with the
additional advantage of low current consumption. The
fabrication of a reversely biased diode may be
performed according to any method known in die art.
[0035] In the FIGs. 3 and 5 exemplary embodiments, two
DNR chalcogenide devices are connected in series. An
SRAM memory cell fabricated by stacking two DNR
chalcogenide devices 208, 209 vertically to create a
4f2 design is shown in FIG. 8. The first DNR
chalcogenide device 208 is coupled with a power supply
Vdd, (not shown for simplicity) on a substrate 201.
The first DNR chalcogenide device 208 comprises a
first electrode 202 coupled to Vdd, a chalcogenide
cell 203 having DNR 



characteristics, and a second electrode 204. The
second electrode 204 of first DNR chalcogenide device
208, which is the connection node between the devices,
is in electrical communication with the second DNR
chalcogenide device 209, which comprises second
electrode 204, a chalcogenide cell 205 having DNR
characteristics,and a third electrode 206. Layers 203
and 205 may be multilayered devices, comprising, for
example, a first chalcogenide glass layer, a
metal-chalcogenide layer, and a second chalcogenide
glass layer. The second DNR chalcogenide device 209 is
coupled with Vground (not shown for simplicity) via
third electrode 206. The switching voltage from die
bit line as applied by the switch 5 of FIGS. 3, 5, and
6 is connected to second electrode 204, which acts as
the second electrode of the first DNR chalcogenide
device 208 and die first electrode of die second DNR
chalcogenide device 209. Of course, die structure may
also be inverted widi electrode 20 being coupled to
Vdd and electrode 202 coupled to ground. It should be
noted that Vground may also be a low voltage relative
to a higher voltage Vdd to switch die device. [0036]
Alternatively, die cell may be fabricated by placing
two DNR chalcogenide devices 308, 309 side-by-side
over a substrate 301, as shown in FIG. 9. The first
DNR chalcogenide device 308 is coupled widi a power
supply Vdd, (not shown for simplicity) at electrode
302. The first DNR chalcogenide device 308 comprises a
first electrode 302, a chalcogenide cell 303, and a
second electrode 304. The second electrode 304 of
first DNR chalcogenide device 308 is in electrical
communication widi die second DNR chalcogenide device
309, which comprises die second electrode 304, a
chalcogenide cell 305, and a diird electrode 306.
Layers 303 and 305 may be multilayered devices,
comprising, for example, a first chalcogenide glass
layer, a metalchalcogenide 



layer, and a second chalcogenide glass layer. The
second DNR chalcogenide device 309 is coupled with
Vground at die electrode 306. The switching voltage as
applied by die switch 5 of FIGS. 3, 5, and 6 is
connected to second electrode 304, which is the node
between die devices and which acts as die second
electrode of die first DNR chalcogenide device 308 and
die first electrode of die second DNR chalcogenide
device 309. In diis case, there is die added benefit
of being able to produce bodi of first and second DNR
chalcogenide devices 308 and 309 simultaneously.[0037]
It is worth noting that the current-voltage curve
obtained by using such a DNR chalcogenide device has a
peak-to-valley ratio of approximately 130 at room
temperature. This peak-to-valley ratio is
significantly higher than that of known devices such
as Esaki diodes or resonant tunneling diodes which
have a peak-to-valley ratio of less than about 125,
providing the device of the present invention greater
stability over devices of prior art. Thus the voltage
states of all devices remain intact, even in the
presence of levels of spurious noise which would
interfere with SRAM cells constructed from other
devices. [0038] Advantageously, the device disclosed
herein is highly stable with high switching speed and
minimum power consumption. Further advantageously, the
device disclosed herein occupies less chip space,
compared with conventional SRAM technology, which
requires four to six transistors. This memory
technology is also compatible with dominant
silicon-based CMOS technology. [0039] Figure 10 is a
simplified block diagram of a computer system 150,
which includes a memory circuit 158, for example, an
SRAM employing devices as illustrated 



in FIGs. 3, 5, and 6, in accordance with the
invention. A processor system such as computer system,
generally comprises a central processing unit (CPU)
154, such as a microprocessor, a digital signal
processor, or other programmable digital logic device.
Such devices communicate with an input/output (I/O)
device 156 over a bus 152. The memory 158 communicates
with the system over the bus 152, typically by a
memory controller. In the case of a computer system,
the processor may include peripheral devices such as a
disk drive 155 and a CD-ROM drive 157, which also
communicate with the CPU 154 over the bus 152. Memory
158 is preferably constructed as an integrated
circuit, which includes one or more memory devices. If
desired the memory 158 may be combined with the
processor, for example CPU 154, in a single integrated
circuit. [0040] Various exemplary embodiments of the
invention have been described above. Although this
invention has been described with reference to these
specificembodiments, the descriptions are intended to
be illustrative of the invention and are not intended
to be limiting. Various modifications and applications
may occur to those skilled in die art witiiout
departing from die true spirit and scope of die
invention as defined in die appended claims.CLAIMS
[0041] What is claimed is: 1. A random access memory
device, comprising: a first differential negative
resistance chalcogenide device; a second device
electrically connected in series with said first
differential negative resistance device, said series
connection of said first differential negative
resistance chalcogenide device and said second device
forming a 



connection node which provides a voltage representing
the stage state of said memory device; and a switch
coupled to said node for coupling a voltage to said
connection node and switching the memory state of said
memory device. 2. The device of claim 1, wherein said
second device is a second differential negative
resistance chalcogenide device. 3. The device of claim
1, wherein said second device is a reversely biased
diode. 4 . The device of claim 1, wherein said first
differential negative resistance chalcogenide device
and said second device are stacked on top of each
other and share a common electrode. 5. The device of
claim 1, wherein at least said first differential
negative resistance chalcogenide device comprises: a
first electrode and a second electrode; anda
chalcogenide structure separating said first and
second electrodes and in electrical communication
therewith, said chalcogenide structure exhibiting
differential negative resistance characteristics. 6.
The device of claim 5, wherein said chalcogenide layer
comprises a first chalcogenide glass layer, a
metal-chalcogenide layer in contact with said first
chalcogenide glass layer, and a second chalcogenide
glass layer in contact with said metal-chalcogenide
layer. 7. The device of claim 1, wherein at least one
of said first and second differential negative
resistance chalcogenide devices has a current-voltage
curve with a peak-to-valley ratio of at least 130 at
room temperature. 



8. The device of claim 1, wherein said switch applies
either a relatively low- or high- voltage. 9. The
device of claim 8, wherein said node outputs a
respective relatively lowor high- voltage. 10. The
device of claim 1, wherein said first and second
differential negative resistance chalcogenide devices
are provided in side-by-side configuration. 11. The
device of claim 1, further comprising a parasitic
capacitance electrically connected to said node. 12. A
random access memory device, comprising: a
differential negative resistance chalcogenide device;
a reversely biased diode electrically connected in
series with said differential negative resistance
chalcogenide device, said series connection of
saiddifferential negative resistance chalcogenide
device and said reversely biased diode forming a
connection node; and a switch coupled to said
connection node for switching the memory state of said
memory device. 13. The device of claim 12, wherein
said differential negative resistance chalcogenide
device comprises: a first electrode and a second
electrode; and a resistance variable region separating
said first and second electrodes and in electrical
communication therewith, said resistance variable
region exhibiting differential negative resistance
memory behavior and storing at least one memory state
in response to applied voltage. 



14. A method of forming a random access memory device,
comprising: forming a first differential negative
resistance chalcogenide device; forming a second
differential negative resistance chalcogenide device;
forming an electrode between said first and second
differential negative resistance chalcogenide devices;
and forming a switching element coupled to said
electrode. 15. The method of claim 14, further
comprising connecting said first differential negative
resistance chalcogenide device and said second
differential negative resistance chalcogenide device
in series to a pair of supply terminals, one for using
a first reference voltage and the other for using a
second reference voltage.16. The method of claim 15,
wherein said first reference voltage is negative
relative to said second reference voltage. 17. The
method of claim 14, wherein said step of forming said
first differential negative resistance chalcogenide
device is performed at the same time as said step of
forming said second differential negative resistance
chalcogenide device. 18. The method of claim 14,
wherein said step of forming said first differential
negative resistance chalcogenide device is performed
before said step of forming said second differential
negative resistance chalcogenide device. 19. The
method of claim 14, further comprising electrically
connecting a parasitic capacitor to said electrode.
20. A method of forming a static random access memory
device, comprising: 



forming a differential negative resistance
chalcogenide device; forming a reversely biased diode;
forming an electrode between said differential
negative resistance chalcogenide device and said
reversely biased diode; and forming a switching
element coupled to said electrode. 21. A processing
system comprising: a processor; a static random access
memory device comprising: a first differential
negative resistance chalcogenide device; a second
differential negative resistance chalcogenide device
electrically connected in series with said first
differential negative resistance device, saidfirst
differential negative resistance device serving as a
load of said second differential negative resistance
memory device, said series connection of said first
and second differential negative resistance
chalcogenide devices forming a connection node; and a
switch coupled to said node for switching the memory
state of said memory device. 22. The system of claim
21, wherein at least said first differential negative
resistance chalcogenide device comprises: a first
electrode and a second electrode; and a resistance
variable region separating said first and second
electrodes and in electrical communication therewith,
said resistance variable region exhibiting
differential negative resistance memory behavior and
storing at least one 



memory state as a read current amplitude in response
to applied voltage. 23. A processing system
comprising: a processor; a random access memory device
coupled to said processor and comprising: a
differential negative resistance chalcogenide device;
a reversely biased diode electrically connected in
series with said differential negative resistance
chalcogenide device, said series connection of said
differential negative resistance chalcogenide device
and said reversely biased diode forming a connection
node; anda switch coupled to said connection node for
switching the memory state of said memory device. 24.
The system of claim 23, wherein said differential
negative resistance chalcogenide device comprises: a
first electrode and a second electrode; and a
resistance variable region separating said first and
second electrodes and in electrical communication
therewith, said resistance variable region exhibiting
differential negative resistance memory behavior and
storing at least one memory state as a read current
amplitude in response to applied voltage. 25. A memory
array comprising: a plurality of random access memory
cells, each memory cell comprising: a first
differential negative resistance chalcogenide device;
a second device for storing a second charge
electrically connected in series with said first
differential negative resistance device, said series 



connection of said first differential negative
resistance chalcogenide device and said second device
forming a connection node for providing an output
voltage; and a switch coupled to said node for
switching the memory state of said memory device. 26.
The memory array of claim 25, wherein said second
device of at least one of said plurality of memory
cells is a second differential negative resistance
chalcogenide device.27. The memory array of claim 25,
wherein said second device of at least one of said
plurality of memory cells is a reversely biased diode.
28. The memory array of claim 25, wherein said random
access memory cells are static random access memory
cells. 


