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CONDUCTIVE OXIDE RANDOM ACCESS MEMORY (CORAM) CELL AND
METHOD OF FABRICATING SAME

TECHNICAL FIELD
Embodiments of the invention are in the field of memory devices and, in particular,
conductive oxide random access memory (CORAM) cells and methods of fabricating CORAM

cells.
BACKGROUND

For the past several decades, the scaling of features in integrated circuits has been a
driving force behind an ever-growing semiconductor industry. Scaling to smaller and smaller
features enables increased densities of functional units on the limited real estate of
semiconductor chips. For example, shrinking transistor size allows for the incorporation of an
increased number of memory devices on a chip, lending to the fabrication of products with
increased capacity. The drive for ever-more capacity, however, is not without issue. The

necessity to optimize the performance of each device becomes increasingly significant.

Embedded SRAM and DRAM have problems with non-volatility and soft error rates,
while embedded FLASH memories require additional masking layers or processing steps during
manufacture, require high-voltage for programming, and have issues with endurance and
reliability. Nonvolatile memory based on resistance change, known as RRAM/ReRAM,
typically operates at voltages greater than 1V, typically requires a high voltage (>1V) forming
step to form a filament. For low voltage non-volatile embedded applications, operating voltages

less than 1V and compatible with CMOS logic processes may be desirable.

Thus, significant improvements are still needed in the area of nonvolatile memory device

manufacture and operation.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a metal-conductive oxide-metal (MCOM) memory element, in

accordance with an embodiment of the present invention.

Figure 2 illustrates an operational schematic representing a changing of states (“0” and
“1””) for the memory element of Figure 1, in accordance with an embodiment of the present

invention.
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Figure 3 illustrates operation of a device having an MCOM element, in accordance with

an embodiment of the present invention.

Figure 4 is a plot of current (in mA) as a function of voltage (in V) for a conductive oxide
random access memory (CORAM) element versus that for a conventional ReRAM, in

accordance with an embodiment of the present invention.

Figure 5 includes a plot demonstrating write “0” and write “1” voltage pulses along with
a corresponding plot of final device resistance (in Ohms), corresponding to memory states “1”
and “0”, as a function of cycle numbers, in accordance with an embodiment of the present

invention.

Figures 6A-6E illustrate cross-sectional views representing various operations in a
method of fabricating a CORAM element, in accordance with an embodiment of the present

invention.

Figure 7 illustrates schematic views of several options for positioning a CORAM element

in an integrated circuit, in accordance with an embodiment of the present invention.

Figure 8 illustrates a schematic of a memory bit cell which includes a metal-conductive
oxide-metal (MCOM) memory element, in accordance with an embodiment of the present

invention.

Figure 9 illustrates a block diagram of an electronic system, in accordance with an

embodiment of the present invention.

Figure 10 illustrates a computing device in accordance with one implementation of the

invention.

DESCRIPTION OF THE EMBODIMENTS

Conductive oxide random access memory (CORAM) cells and methods of fabricating
CORAM cells are described. In the following description, numerous specific details are set
forth, such as specific conductive oxide material regimes, in order to provide a thorough
understanding of embodiments of the present invention. It will be apparent to one skilled in the
art that embodiments of the present invention may be practiced without these specific details. In
other instances, well-known features, such as integrated circuit design layouts, are not described
in detail in order to not unnecessarily obscure embodiments of the present invention.
Furthermore, it is to be understood that the various embodiments shown in the Figures are

illustrative representations and are not necessarily drawn to scale.
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One or more embodiments of described herein are directed to low voltage embedded
memory having conductive oxide and electrode stacks. Such embedded memory designs may

have applications for logic and/or system-on-chip (SoC) semiconductor products.

To provide context, nonvolatile memory based on resistance change, known as
RRAM/ReRAM, initializes and operates at V>1V. For low voltage non-volatile embedded
applications, however, operating voltages of less than 1V may be need for compatibility with
CMOS logic processes. In an embodiment, a metal-conductive oxide-metal (MCOM) structure
is implemented to fabricate a resistance change memory based architecture, e.g., instead of a
metal-dielectric (insulating) oxide-metal (MIM) based structure. The latter type is
conventionally used for state of the art RRAM devices. For example, a conventional RRAM

device may be based on a metal-HfOy-metal structure.

To illustrate concepts described herein, Figure 1 illustrates a metal-conductive oxide-
metal (MCOM) memory element, in accordance with an embodiment of the present invention.
Referring to Figure 1, a memory element 100 includes a first electrode 102, a conductive oxide
layer 104, and a second electrode 106. The memory element 100 may be included in a memory
architecture via nodes 108. For example, such a device may be placed between a bitline and a
selector element such as a 1T (MOS transistor), or 2-terminal thin film selector which is
connected to a wordline. In a particular embodiment, as indicated by the reference scheme in
Figure 1 to the right of memory element 100, the conductive oxide layer 104 is a conductive
oxide having a thickness approximately in the range of 2 — 15 nanometers, the first electrode 102
is composed of a noble metal, and the second electrode 106 is the same or dissimilar electrode

with high work function (WF) greater than approximately 4.2eV.

Figure 2 illustrates an operational schematic representing a changing of states for the
memory element of Figure 1, in accordance with an embodiment of the present invention.
Referring to Figure 2, memory element 100 may begin in a less conductive state (1), with
conductive oxide layer 104 being in a less conductive state 104A. An electrical pulse, such as a
duration of a positive bias (2) may be applied to provide memory element 100 in a more
conductive state (3), with conductive oxide layer 104 being in a more conductive state 104B. An
electrical pulse, such as a duration of a negative bias (4) may be applied to again provide memory
element 100 having the less conductive state (1). Thus, electrical pulsing may be used to change
resistance of the memory element 100. Furthermore, the transition is a reversible transition in
that the memory film is conductive and resistivity is modulated by the pulsing of low voltage of

opposite polarity. The actual reversible change can be faster than 100 nanoseconds.
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Figure 3 is a schematic illustration of resistance change in an amorphous oxide, where (a)
illustrates that current/charge passing through a conductive oxide in its low resistance state
(LRS) results in the change of configuration state of the amorphous oxide. The change blocks
the current conduction and resistance of the device increases to a high resistance state (b), where
the oxide does not conduct current as well as in (a). When opposite polarity voltage is applied to
the device the electric field across the conductive oxide in high resistance state (c) restores the

original configuration state of the conductive oxide (d).

Thus, in an embodiment, a memory element includes a conductive oxide layer
sandwiched between two electrodes. In one such embodiment, the memory element includes a
thin film of conductive oxide sandwiched between two conductive electrodes having high a work
function, e.g., greater than approximately 4.2eV. Resistivity of the conductive oxide layer in low
field (when device is read) is, in some embodiments, can be as low as typically found for of
conductive films of metal compounds, e.g. TIAIN. For example, in a specific embodiment, the
resistivity for such a layer is approximately in the range of 0.1 Ohm cm — 10 kOhm cm when
measured at low field. Resistivity of the film is tuned depending in the memory element size to
achieve final resistance value in the range compatible with faster read. Resistance change is
induced, in some embodiments, by Mott transition , charge induced metal insulator transitions,
or more generally by changes in the structural configuration of amorphous oxides caused by

application of electrical field and/or current.

In an aspect, memory elements described herein operate at less than approximately 1V.
For example, Figure 4 is a plot 400 of current (in mA) as a function of voltage (in V) for a
conductive oxide random access memory (CORAM) element versus that for a conventional
ReRAM, in accordance with an embodiment of the present invention. Referring to plot 400, the
upper curve of the CORAM element shows good conductivity for a just fabricated device up
until approximately 1V at which point the element switches to a resistive state. This is
contrasted against the lower curve which demonstrates a forming step for a prior art ReRAM
element. In the former CORAM case, in one embodiment, in order to avoid too high resistance
state, the switching is performed at less than 1V. The memory cell starts operation in low

resistance state and exhibits N-shape NDR at 1V.

Figure 5 includes a plot 500 demonstrating write “0” and write “1” voltage pulses along
with a corresponding plot 502 of resistance (in Ohms) as a function of cycle numbers, in

accordance with an embodiment of the present invention. Referring to plots 500 and 502,
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writing Os and 1s is performed with 1 V pulses and, accordingly, cell resistance is changed by

alternating +/- 1V pulses.

In accordance with an embodiment of the present invention, and as is applicable
throughout, a CORAM element includes conductive oxide memory layer having a thickness
approximately in the range of 2 — 15 nanometers. In another embodiment, conductive oxide
memory layer is composed of a material such as solid solution of transition metal oxides or
binary oxides in which one of the metals can form oxides of different valencies. One of the
oxides in the solid solution can be thought as a matrix while the other one as a dopant. In another
embodiment valencies of metals in solid solution can be different by 1. In accordance with an
embodiment of the present invention low resistivity oxide can be oxygen deficient sub-
stoichiometric oxide. In accordance with an embodiment of the present invention, the memory
layer of the CORAM element is amorphous, e.g., an amorphous oxide. In one such embodiment,
the amorphous oxide is composed of a solid solution of transition metal oxides or binary oxides
in which one of the metals can form oxides of different valencies or differ in valency from the

other metal by 1. In an embodiment, the electrode material need not be dissimilar.

As exemplified above, in an embodiment, one electrode in a memory element including a
conductive oxide layer is a noble metal based electrode. In an embodiment, examples of suitable
noble metals include, but are not limited to Pd or Pt. More generally, in an embodiment, the

electrode is one of V, Cr, W, Pd, Ir or Pt, which may be preferable over Hf, Mn, Zr, or Ta.

In other embodiments, one or both of the electrodes is fabricated from a second, different
conductive oxide material, i.e. different from the switchable conductive oxide layer. In an
embodiment, examples of suitable conductive oxides for an electrode layer include, but are not
limited to: ITO (In,O3,Sn0 ). In other embodiments, an electrode is fabricated from a similar
conductive oxide material as the switchable layer. It is to be understood that, in either case, for
embodiments using a conductive oxide material for an electrode layer, the change of resistance of

such electrode during programming can contribute to the total resistance change.

In an aspect, a CORAM element is fabricated in a damascene-like fabrication scheme.
As an example, Figures 6A-6E illustrate cross-sectional views representing various operations in
a method of fabricating a CORAM element, in accordance with an embodiment of the present

invention.

Referring to Figure 6A, a bottom electrode 602 of a CORAM element is provided having
a patterned isolation layer 604 thereon. The isolation layer has an opening 606 with sloped

sidewalls 607 formed therein. In one embodiment, the sidewalls are sloped as much as
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approximately 50 degrees from normal of the surface of the bottom electrode 602. A plan view
perspective is also provided for the stack shown in Figure 6A. Additionally, in an embodiment,
the bottom electrode 602 is shown as disposed above a metal line or via 620. The metal line or
via 620 may be a copper feature such as a back end of line (BEOL) M2 line or M3 line or a via.
In one such embodiment, the bottom electrode 602 is formed above a bitline or, alternatively, a

wordline.

Referring to Figure 6B, CORAM memory layer 608 (e.g., a conductive metal oxide layer)
is formed on the structure of Figure 6A. In one such embodiment, the CORAM memory layer
608 1s amorphous and is formed conformal with the tapered or sloped sidewalls 607 of the
opening 606. In an embodiment, use of a large slope avoids cusping of the CORAM memory
layer 608 within the opening 606. Accordingly, a CORAM device can be fabricated in a contact
area by deposing an amorphous oxide film that has topography. As illustrated in Figures 6C-6E,
the resulting device includes a memory layer that is concave and is fabricated with no sidewall

etch.

Referring to Figure 6C, material of a top electrode 610 is formed by deposition on the
CORAM memory layer 608. The material of a top electrode 610 and the CORAM memory layer
608 are then planarized, e.g., by a chemical mechanical planarization or polishing (CMP)
process. The planarizing confines the CORAM memory layer 608 and the tope electrode 610 to
the opening in the patterned isolation layer 604, as depicted in Figure 6D. Referring to Figure
6E, in an embodiment, an upper conductive line 630, such as a wordline or, alternatively, a
bitline, is formed above the upper electrode 610. In one such embodiment, the resulting metal
line or via 620, bottom electrode 602, CORAM memory layer 608, top electrode 610 and

conductive line 630 are used to form a cross-point in a cross-point memory array.

Referring again to Figure 6A, in an embodiment, isolation layer 604 is composed of an
oxide or nitride insulator layer. In one such embodiment, opening 606 is formed by an etch
process selective to the underlying bottom electrode 602 material. In a specific such
embodiment, opening 606 is formed using an etch process based on C<Fy or CiHyF,/Ar/O,
chemistry for selectivity to the bottom electrode 602. It is noted that while O, may be desirable
for selectivity to metal, O, may cause a present resist layer to erode and, thus, the etch may be
performed oxygen-free or with very little O,. By contrast to the above described etching of the
isolation layer 604, as described above, the CORAM memory layer and top electrode material are

polished (e.g., by using a chemical mechanical planarization (CMP) process) and are not etched.
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Overall, referring again to the Figures 6A-6E, fabrication of top and bottom electrodes of
a CORAM element involves isolation between formed layers by a thick (e.g., about 50
nanometer) isolation dielectric. As such the above described process can be robust against
shorting. Also, in an embodiment, a memory element including a conductive oxide layer is
fabricated by a process flow including a capacitor flow for which CORAM and top electrode are
deposited in situ to eliminate contamination related effects. Memory operation of the resulting
CORAM element can be performed at voltages at or below DC 1V. In one embodiment, the
fabricated device does not require application of initial high voltage DC sweep, e.g., as is known

as first fire for conventional devices.

In another aspect, a CORAM element may be included in an integrated circuit in regions
typically referred to as back end or back end of line (BEOL) layers of the integrated circuit. As
examples, Figure 7 illustrates schematic views of several options for positioning a CORAM

element in an integrated circuit, in accordance with an embodiment of the present invention.

Referring to Figure 7, five examples (A)-(E) of a CORAM cell situated above a second
metal logic layer (M2) or higher are provided. In each case, a memory region 700 and a logic
region 702 of an integrated circuit are depicted schematically. Each memory region 700 and
logic region 702 is associated with a corresponding transistor (or group of transistors) 704 or
706, respectively. Stacks of metallization layers (shown without encompassing dielectric layers)
includes metal lines 708 and vias 710 that are generally alternating. Thus, all arrangements
depicted include a CORAM element disposed above a second metal line (M2) in the stack. The
CORAM element typically includes a conductive oxide memory layer sandwiched between a
bottom electrode and a top electrode, and may be formed in an opening of an insulating layer,
examples of which are described above. The described arrangements can enable integration of

both logic and memory on a same die versus stand-alone memory.

Referring again to Figure 7, in a first example (A), a CORAM element is fabricated on
top of a unique via 750 intended for memory devices. In a second example (B), a CORAM
element is fabricated first and an upper unique via 760 contacts the CORAM from above. In a
third example (C), a CORAM element has a top electrode with an increased thickness such that
the CORAM element occupies a full via depth, between metal lines. In a fourth example (D), a
CORAM element has a top electrode with an increased thickness such that the CORAM element
occupies a full metal line height. In a fifth example (E), a CORAM element has a top electrode
with an increased thickness such that the CORAM element occupies a full interconnect level (via

plus metal line).
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One of the differences of one or more embodiments described herein with respect to state
of the art resistive devices is that all layers in the stack of the memory element are composed of
conducting thin films. As a result, the device structure for the resulting resistive memory
element is different from the state of the art devices where at least one of the films is an insulator
and/or dielectric film. For such films in the conventional devices in the as fabricated state, the
resistivity is many orders of magnitude higher than that of metal compounds and is essentially
non measurable at low field until the device is formed. However, in embodiments described
herein, since all layers in the memory element are conductors, the arrangement enables one or
more of the following: (1) low voltage operation, e.g., less than 1 Volt operation; (2) elimination
of the need for a one time high voltage, commonly called forming voltage, required for state of
the art RRAM; and (3) low resistances (e.g., since all components are conductors) which can

provide for fast read in operation of a memory device having the MCOM structure.

Referring again to the description associated with Figures 1-7 above, a stack of
conductive layers including a conductive metal oxide layer may be used to fabricate as memory
bit cell. For example, Figure 8 illustrates a schematic of a memory bit cell 800 which includes a
metal-conductive oxide-metal (MCOM) memory element 8§10, in accordance with an

embodiment of the present invention.

Referring to Figure 8, the CORAM memory element 810 may include a first conductive
electrode 812 with a conductive metal oxide layer 8§14 adjacent the first conductive electrode
812. A second conductive electrode 816 is adjacent the conductive metal oxide layer 814. The
second conductive electrode 816 may be electrically connected to a bit line 832. The first
conductive electrode 812 may be coupled with a transistor 834. The transistor 834 may be
coupled with a word line 836 and a source line 8§38 in a manner that will be understood to those
skilled in the art. The memory bit cell 800 may further include additional read and write circuitry
(not shown), a sense amplifier (not shown), a bit line reference (not shown), and the like, as will
be understood by those skilled in the art, for the operation of the memory bit cell 800. It is to be
understood that a plurality of the memory bit cells 800 may be operably connected to one another
to form a memory array (not shown), wherein the memory array can be incorporated into a non-
volatile memory device. It is to be understood that the transistor 834 may be connected to the
second conductive electrode 816 or the first conductive electrode 8§12, although only the latter is

shown.

Figure 9 illustrates a block diagram of an electronic system 900, in accordance with an

embodiment of the present invention. The electronic system 900 can correspond to, for example,
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a portable system, a computer system, a process control system, or any other system that utilizes
a processor and an associated memory. The electronic system 900 may include a microprocessor
902 (having a processor 904 and control unit 906), a memory device 908, and an input/output
device 910 (it is to be understood that the electronic system 900 may have a plurality of
processors, control units, memory device units and/or input/output devices in various
embodiments). In one embodiment, the electronic system 900 has a set of instructions that
define operations which are to be performed on data by the processor 904, as well as, other
transactions between the processor 904, the memory device 908, and the input/output device 910.
The control unit 906 coordinates the operations of the processor 904, the memory device 908 and
the input/output device 910 by cycling through a set of operations that cause instructions to be
retrieved from the memory device 908 and executed. The memory device 908 can include a
memory element having a conductive oxide and electrode stack as described in the present
description. In an embodiment, the memory device 908 is embedded in the microprocessor 902,

as depicted in Figure 9.

Figure 10 illustrates a computing device 1000 in accordance with one implementation of
the invention. The computing device 1000 houses a board 1002. The board 1002 may include a
number of components, including but not limited to a processor 1004 and at least one
communication chip 1006. The processor 1004 is physically and electrically coupled to the
board 1002. In some implementations the at least one communication chip 1006 is also
physically and electrically coupled to the board 1002. In further implementations, the

communication chip 1006 is part of the processor 1004.

Depending on its applications, computing device 1000 may include other components
that may or may not be physically and electrically coupled to the board 1002. These other
components include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory
(e.g., ROM), flash memory, a graphics processor, a digital signal processor, a crypto processor, a
chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a battery, an audio
codec, a video codec, a power amplifier, a global positioning system (GPS) device, a compass,
an accelerometer, a gyroscope, a speaker, a camera, and a mass storage device (such as hard disk

drive, compact disk (CD), digital versatile disk (DVD), and so forth).

The communication chip 1006 enables wireless communications for the transfer of data
to and from the computing device 1000. The term “wireless” and its derivatives may be used to
describe circuits, devices, systems, methods, techniques, communications channels, etc., that

may communicate data through the use of modulated electromagnetic radiation through a non-
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solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 1006 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G, and
beyond. The computing device 1000 may include a plurality of communication chips 1006. For
instance, a first communication chip 1006 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second communication chip 1006 may be
dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WiMAX, LTE, Ev-DO, and others.

The processor 1004 of the computing device 1000 includes an integrated circuit die
packaged within the processor 1004. In some implementations of the invention, the integrated
circuit die of the processor includes, or is electrically coupled with, one or more devices low
voltage embedded memory having conductive oxide and electrode stacks in accordance with
implementations of the invention. The term “processor” may refer to any device or portion of a
device that processes electronic data from registers and/or memory to transform that electronic

data into other electronic data that may be stored in registers and/or memory.

The communication chip 1006 also includes an integrated circuit die packaged within the
communication chip 1006. In accordance with another implementation of the invention, the
integrated circuit die of the communication chip includes, or is electrically coupled with, one or
more devices low voltage embedded memory having conductive oxide and electrode stacks in

accordance with implementations of the invention.

In further implementations, another component housed within the computing device 1000
may contain an integrated circuit die that includes, or is electrically coupled with, one or more
devices low voltage embedded memory having conductive oxide and electrode stacks in

accordance with implementations of the invention.

In various implementations, the computing device 1000 may be a laptop, a netbook, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra mobile
PC, a mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-top box,
an entertainment control unit, a digital camera, a portable music player, or a digital video
recorder. In further implementations, the computing device 1000 may be any other electronic

device that processes data.

10
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Thus, structures for and approaches to using low voltage embedded memory have been
disclosed. The memory is based on conductive oxide and electrode stacks. Applications of such
memory may include, but are not limited to, back end memory, embedded memory, resistive
memory, RRAM. In one or more embodiments, the structural architecture of the memory is
based on a junction-free arrangement, in that a non-conducting layer is not used in the functional

element of the memory stack.

Accordingly, one or more embodiments of the present invention relate generally to the
fabrication of microelectronic memory. The microelectronic memory may be non-volatile,
wherein the memory can retain stored information even when not powered. One or more
embodiments of the present invention relate to the fabrication of a memory element having a
conductive oxide and electrode stack for non-volatile microelectronic memory devices. Such an
element may be used in an embedded non-volatile memory, either for its non-volatility, or as a
replacement for embedded dynamic random access memory (e€DRAM). For example, such an
element may be used for, or in place of, 1T-1X memory (X = capacitor or resistor) at competitive

cell sizes within a given technology node.

Thus, embodiments of the present invention include conductive oxide random access

memory (CORAM) cells and methods of fabricating CORAM cells.

In an embodiment, a material layer stack for a memory element includes a first
conductive electrode. An insulating layer is disposed on the first conductive oxide and has an
opening with sidewalls therein that exposes a portion of the first conductive electrode. A
conductive oxide layer is disposed in the opening, on the first conductive electrode and along the
sidewalls of the opening. A second electrode is disposed in the opening, on the conductive oxide

layer.

In one embodiment, the sidewalls of the opening are each tapered at an angle that reduces
the size of the opening from a top surface of the insulating layer to a top surface of the first

conductive electrode.
In one embodiment, the angle is approximately 50 degrees.
In one embodiment, the insulating layer is a silicon nitride or silicon oxide layer.

In one embodiment, the conductive oxide layer has a thickness approximately in the range

of 2-15 nanometers and is an oxygen deficient sub-stoichiometric oxide.

In one embodiment, the conductive oxide layer is an oxygen vacancy doped low

resistance oxide layer having a thickness approximately in the range of 1 — 10 nanometers.

11
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In one embodiment, the conductive oxide layer is amorphous.

In one embodiment, the resistivity of the conductive oxide layer is approximately in the

range of 100mOhm cm — 10 kOhm cm when measured at a low field of approximately 0.1V.

In one embodiments, an initialization or forming operation is not required for

conductivity of the conductive oxide layer.

In an embodiment, a non-volatile memory device includes a first conductive electrode.
An insulating layer is disposed on the first conductive oxide and has an opening with sidewalls
therein that exposes a portion of the first conductive electrode. A conductive oxide layer is
disposed in the opening, on the first conductive electrode and along the sidewalls of the opening.
A second conductive electrode is disposed in the opening, on the conductive oxide layer. A
transistor is electrically connected to the first or the second electrode, a source line, and a word

line. A bit line is electrically coupled with the other of the first or the second electrode.

In one embodiment, the first conductive electrode is disposed above the word line, and

the bit line is disposed above the second conductive electrode.

In one embodiment, the first conductive electrode is disposed above the bit line, and the

word line is disposed above the second conductive electrode.

In one embodiment, the sidewalls of the opening are each tapered at an angle that reduces
the size of the opening from a top surface of the insulating layer to a top surface of the first

conductive electrode.
In one embodiment, the angle is approximately 50 degrees.
In one embodiment, the insulating layer is a silicon nitride or silicon oxide layer.

In one embodiment, the conductive oxide layer has a thickness approximately in the range

of 2-15 nanometers and is an oxygen deficient sub-stoichiometric oxide.
In one embodiment, the conductive oxide is amorphous.

In one embodiment, the resistivity of the conductive oxide layer is approximately in the

range of 100mOhm cm — 10 kOhm cm when measured at a low field of approximately 0.1V.

In an embodiment, an integrated circuit includes a plurality of transistors disposed above
a substrate having memory and logic regions. A plurality of alternating vias and conductive
metal lines is disposed above and coupled with the plurality of transistors. A conductive oxide
random access memory (CORAM) cell is disposed above a vertically second metal line, in the

plurality of alternating vias and conductive metal lines.

12
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In one embodiment, the CORAM cell is disposed on a partial via, and a conductive metal
line is disposed on the CORAM cell. The partial via and conductive metal line included in the

plurality of alternating vias and conductive metal lines.

In one embodiment, the CORAM cell is disposed on a conductive metal line, and a partial
via is disposed on the CORAM cell. The partial via and conductive metal line included in the

plurality of alternating vias and conductive metal lines.

In one embodiment, the CORAM cell occupies a full via depth, between conductive

metal lines.
In one embodiment, the CORAM cell occupies a full conductive metal line height.

In one embodiment, the CORAM cell occupies a full conductive metal line height plus a

full via depth.

In one embodiment, the CORAM cell is included in a lateral or vertical cross-point array.

13
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CLAIMS
What is claimed is:
1. A material layer stack for a memory element, the material layer stack comprising:
a first conductive electrode;

an insulating layer disposed on the first conductive oxide and having an opening with

sidewalls therein that exposes a portion of the first conductive electrode;

a conductive oxide layer disposed in the opening, on the first conductive electrode and along

the sidewalls of the opening; and

a second conductive electrode disposed in the opening, on the conductive oxide layer.

2. The material layer stack of claim 1, wherein the sidewalls of the opening are each tapered at
an angle that reduces the size of the opening from a top surface of the insulating layer to a top

surface of the first conductive electrode.

3. The material layer stack of claim 2, wherein the angle is approximately 50 degrees.

4. The material layer stack of claim 1, wherein the insulating layer is a silicon nitride or silicon

oxide layer.

5. The material layer stack of claim 1, wherein the conductive oxide layer has a thickness
approximately in the range of 2-15 nanometers and is an oxygen deficient sub-stoichiometric

oxide.

6. The material layer stack of claim 1, wherein the conductive oxide layer is amorphous.

7. The material layer stack of claim 1, wherein the resistivity of the conductive oxide layer is
approximately in the range of 100mOhm cm — 10 kOhm cm when measured at a low field of

approximately 0.1V.

14
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8. The material layer stack of claim 1, wherein an initialization or forming operation is not

required for conductivity of the conductive oxide layer.

9. A non-volatile memory device, comprising:
5 a first conductive electrode;

an insulating layer disposed on the first conductive oxide and having an opening with

sidewalls therein that exposes a portion of the first conductive electrode;

a conductive oxide layer disposed in the opening, on the first conductive electrode and along

the sidewalls of the opening;
10 a second conductive electrode disposed in the opening, on the conductive oxide layer;

a transistor electrically connected to the first or the second electrode, a source line, and a

word line; and

a bit line electrically coupled with the other of the first or the second electrode.

15  10. The non-volatile memory device of claim 9, wherein the first conductive electrode is
disposed above the word line, and wherein the bit line is disposed above the second conductive

electrode.

11. The non-volatile memory device of claim 9, wherein the first conductive electrode is
20  disposed above the bit line, and wherein the word line is disposed above the second conductive

electrode.

12. The non-volatile memory device of claim 9, wherein the sidewalls of the opening are each
tapered at an angle that reduces the size of the opening from a top surface of the insulating layer

25  to a top surface of the first conductive electrode.

13. The non-volatile memory device of claim 12, wherein the angle is approximately 50 degrees.
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14. The non-volatile memory device of claim 9, wherein the insulating layer is a silicon nitride

or silicon oxide layer.

15. The non-volatile memory device of claim 9, wherein the conductive oxide layer is

amorphous.

16. The non-volatile memory device of claim 15, wherein the conductive oxide layer has a

thickness approximately in the range of 2 — 15 nanometers.

17. The non-volatile memory device of claim 9, wherein the conductive oxide layer comprises a
material selected from the group consisting of amorphous ITO (InyO3.4«SnO1.4), In, O3y,

amorphous solid solution of yttria and zirconia (Y,03xZrO,), and La;_,Sr,Ga;_yMg,0s.
X-0.5(x+y)-

18. The non-volatile memory device of claim 9, wherein the resistivity of the conductive oxide
layer is approximately in the range of 100mOhm cm — 10 kOhm cm when measured at a low

field of approximately 0.1V.

19. An integrated circuit, comprising:
a plurality of transistors disposed above a substrate having memory and logic regions;

a plurality of alternating vias and conductive metal lines disposed above and coupled with the

plurality of transistors; and

a conductive oxide random access memory (CORAM) cell disposed above a vertically

second metal line, in the plurality of alternating vias and conductive metal lines.

20. The integrated circuit of claim 19, wherein the CORAM cell is disposed on a partial via, and
a conductive metal line is disposed on the CORAM cell, the partial via and conductive metal line

included in the plurality of alternating vias and conductive metal lines.
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21. The integrated circuit of claim 19, wherein the CORAM cell is disposed on a conductive

metal line, and a partial via is disposed on the CORAM cell, the partial via and conductive metal

line included in the plurality of alternating vias and conductive metal lines.

22. The integrated circuit of claim 19, wherein the CORAM cell occupies a full via depth,

between conductive metal lines.

23. The integrated circuit of claim 19, wherein the CORAM cell occupies a full conductive
metal line height.

24. The integrated circuit of claim 19, wherein the CORAM cell occupies a full conductive
metal line height plus a full via depth.

25. The integrated circuit of claim 19, wherein the CORAM cell is included in a lateral or

vertical cross-point array.

17



19
WO 2014/209745 PCT/US2014/043156

S v Oxygen vacancy doped low resistance
106 N E@eﬁr@é\% oxide, 1-10nm
: HHH ]
jgi i/ sﬁiiﬁg% Electrode 1: noble metal
g} Elecirode 2 oxygen reservoir
g

Heogaa Heie
B T T
e, A s A

4

a5 ;ﬁé%

{1} {3}
LESS CONDUCTIVE w MORE CONDUCTIVE

E@et;/@ﬁefﬁ Va4




2/9

PCT/US2014/043156

WO 2014/209745

SOURISISS. S SOSERIIUI BDIXO
SNoUCIcWE SU} JO 2UMONAS |
abueyo paonpul waunoeiBiRYg

BIE1S BAIDNDUOD
ABiy Ul 8DIO BAIONPUCT

}

XBUL YBWA

4

%
P S—

Ad A4 44 A4

A 44

XBU HBUIA




3/9

WO 2014/209745 PCT/US2014/043156
400
3.E-02
/% Switching
2 E-02 fo HighR
’Q: x
< state
‘?g Forming step
= 1E-02 for ReRAM
& {prior art)j
0.E-00 —~a
0 0.5 1 15

Voltage, V




WO 2014/209745

Resistance (£}

4/9

500
1V
N -
S
Read = Read
V707 2722
&
L
= N
-1y
502

PCT/US2014/043156

RRatio = (RMi - Rio) [ Ryo = 150%




5/9

WO 2014/209745 PCT/US2014/043156
CROSS-SECTIONAL VIEW TOP PLAN VIEW

602

¢
{

808
607, f i

( 606
3 608
A\ ~ 807 . BO4

802

g

1820




8/9

WO 2014/209745 PCT/US2014/043156
510
) jeos
s I
i i N
§07 \_\i\\ VL’ L 604
A 602

/ A 830

( 7
\ ’\\Y/é 607 - 004
/\_,, 602

A 820




WO 2014/209745 PCT/US2014/043156

702

N
.
N
:I
N
l
< 702

&3
) w1, =1,

MR

fmjllm"f wa— 7 m§

CQD/
—
i\- ;:3 .




8/9

WO 2014/209745 PCT/US2014/043156
832
SDGN\\¥ ( / (
g
J )
w#“""\
810
816 \
§36
- [
- 812
834
: <
wf\
) )
QGGN\\¥
MEMORY
MICROPROCESSOR DEVICE
902 908
R
PROCESSOR [¢| CORIRO-
904 S0
\\ i
INPUTIOUTPUT
DEVICE
910




/9
WO 2014/209745 PCT/US2014/043156

CAMERA

COMMUNICATION

PROCESSOR e

COMMUNICATION
CHIP
1006

CHIPSET
DRAM DRAM

GRAPRICS

ANTENNA

ROM

TOQUCHSCREEN
CONTROLLER

aps COMPASS

MOTHERBOARD

TOUCHSCREEN

SPEAKER DISPLAY

BATTERY

COMPUTING DEVICE




International application No.

PCT/US2014/043156

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 27/115(2006.01)i, HO1L 21/8247(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 27/115; HO1L 45/00; HO1L 21/02; HO1L 27/10; HO1L 21/06; HO1L 27/24; HO1L 21/8247

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: CORAM, conductive oxide, via, conductive metal line

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2004-342843 A (SONY CORP.) 02 December 2004 1-8
See paragraphs [0024]-[0070], claim 1 and figures 1-4.

Y 9-25

Y US 2012-0074375 Al (KAZUHIKO SHIMAKAWA et al.) 29 March 2012 9-25
See abstract, paragraphs [0316]-[0341] and figures 21-22.

Y US 2013-0112935 A1l (ATSUSHI HIMENO et al.) 09 May 2013 20
See abstract, paragraphs [0088]-[0165] and figures 1-12.

Y US 2012-0286231 A1l (YUKISHIGE SAITO et al.) 15 November 2012 21
See abstract, paragraph [0038] and figure 1.

Y US 2013-0075686 A1l (HIROHISA KAWASAKI) 28 March 2013 22,24-25
See abstract, paragraphs [0020]-[0023] and figures 1-2.

Y US 2011-0049460 A1 (MATTHEW J. BREITWISCH et al.) 03 March 2011 23
See abstract, paragraphs [0027]-[0040] and figures 2-15.

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search

20 October 2014 (20.10.2014)

Date of mailing of the international search report

21 October 2014 (21.10.2014)

Name and mailing address of the [ISA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer

N
S np NS
\\-,\“\‘\,A\\R N
SON, June Young sy
’ AR

e ey
\ﬁﬁsm&\\y

RN

Telephone No. +82-42-481-5720

Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/043156
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2004-342843 A 02/12/2004 CN 101145600 AO 19/03/2008
CN 101145600 B 04/01/2012
CN 1698203 A 16/11/2005
CN 1698203 CO 02/04/2008
JP 2004-288843 A 14/10/2004
JP 4465969 B2 26/05/2010
JP 4613478 B2 19/01/2011
KR 10-1058856 Bl 23/08/2011
US 2005-0226062 Al 13/10/2005
WO 2004-084306 Al 30/09/2004
US 2012-0074375 Al 29/03/2012 CN 101779287 A 14/07/2010
CN 101779287 B 21/12/2011
JP 2012-182493 A 20/09/2012
JP 2012-209569 A 25/10/2012
JP 5021029 B2 05/09/2012
JP 5475058 B2 16/04/2014
US 2010-0177555 Al 15/07/2010
US 2012-0281453 Al 08/11/2012
US 8094485 B2 10/01/2012
US 8233311 B2 31/07/2012
US 8472238 B2 25/06/2013
WO 2009-141857 Al 26/11/2009
US 2013-0112935 Al 09/05/2013 CN 103168359 A 19/06/2013
JP 5442876 B2 12/03/2014
WO 2012-073503 Al 07/06/2012
US 2012-0286231 Al 15/11/2012 WO 2011-090152 Al 28/07/2011
US 2013-0075686 Al 28/03/2013 JP 2013-069869 A 18/04/2013
JP 5537524 B2 02/07/2014
US 8809830 B2 19/08/2014
US 2011-0049460 Al 03/03/2011 US 2012-168709 Al 05/07/2012
US 8283202 B2 09/10/2012
US 8415653 B2 09/04/2013

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

