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1
VARIABLE RESISTANCE MEMORY DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCES TO RELATED
APPLICATION

This application claims priority under 35 U.S.C, 119(a) to
Korean application number 10-2012-0121123, filed on Oct.
30. 2012, 1n the Korean Patent Oflice, which 1s incorporated
by reference in its entirety.

BACKGROUND

1. Technical Field

The mmventive concept relates to a variable resistance
memory device, and, more particularly, to a 3-dimensional
(3D) stack type varniable resistance memory device,

2. Related Art

With the rapid development of mobile and digital infor-
mation communication and consumer-electronic industry,
studies on existing electronic charge controlled devices are
expected to encounter a limitation. Thus, new functional
memory devices of the new concept other than the existing,
clectronic charge devices need to be developed. In particu-
lar, next-generation memory devices with large capacity,
ultra-high speed, and ultra-low power need to be developed.

Currently, resistive memory devices using a resistance
clement as a memory medium have been suggested as the
next-generation memory devices. Typical resistive memory

devices include phase-change random access memories
(PCRAMSs), resistance RAMs (ReRAMSs), and magentore-

sistive RAMs (MRAMs),

The resistive memory devices may be basically config-
ured of a switching element and a resistance element. Also,
the resistive memory devices may store data “0” or “17
according to a state of the resistance element.

Even in the resistive memory devices, the first priorty 1s
to 1improve an integration density and to integrate as many
memory cells 1n a narrow area as possible. Further, 1 the
resistive memory devices, when the plurality of memory
cells 1s mtegrated 1n a limited area, switching performance
has to be ensured.

SUMMARY

According to one aspect of an exemplary embodiment of
the present invention, there 1s provided a variable resistance
memory device. The variable resistance memory device may
include a semiconductor substrate, a column selection
switch formed on the semiconductor substrate, a stacked
gate formed on the column selection switch, wherein the
stacked gate includes a plurality of conductive layers that 1s
stacked to be 1nsulated from one another, an ovonic thresh-
old switch (OTS) material layer formed on the stacked gate
and connected to the column selection switch, and a variable
resistance material layer formed on a surface of the OTS
material layer.

According to another aspect of an exemplary embodiment
of the present invention, there 1s provided a variable resis-
tance memory device. The variable resistance memory
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2

device may include a semiconductor substrate, and a plu-
rality of memory cells stacked on the semiconductor sub-
strate and connected to one another in series, Fach of the
plurality of the memory cells includes an ovonic threshold
switch (OTS) and a vaniable resistance layer,

According to still another aspect of an exemplary embodi-
ment of the present invention, there 1s provided a variable
resistance memory device. The vaniable resistance memory
device may include a plurality of column selection switches,
a plurality of variable resistance memory cells configured to
be stacked, and to be selected by the plurality of column
selection switches, and a bit line connected to the plurality
of variable resistance memory cells. Each of the plurality of
variable resistance memory cells includes an ovonic thresh-
old switch (OTS) element selectively driven by a plurality of
word lines that 1s stacked and a variable resistor connected
in parallel to the OTS element.

These and other features, aspects, and embodiments are
described below 1n the section entitled “DETAILED

DESCRIPTION.”

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
the subject matter of the present disclosure will be more
clearly understood from the following detailed description
taken 1n conjunction with the accompanying drawings in
which:

FIG. 1 1s a circuit diagram 1llustrating a variable resis-
tance memory device according to an exemplary embodi-
ment of the mventive concept;

FIG. 2 1s a graph illustrating current-voltage characteristic
of an ovonic threshold switch (OTS) applied to an exem-
plary embodiment of the inventive concept;

FIGS. 3 and 4 are views illustrating an operation of a
variable resistance memory device according to an exem-
plary embodiment of the inventive concept; and

FIGS. 5 to 9 are cross-sectional views illustrating a
method for manufacturing a variable resistance memory
device according to an exemplary embodiment of the inven-
tive concept.

DETAILED DESCRIPTION

Heremaftter, exemplary embodiments will be described 1n
greater detail with reference to the accompanying drawings.

Exemplary embodiments are described herein with refer-
ence to cross-sectional 1llustrations that are schematic 1llus-
trations of exemplary embodiments (and intermediate struc-
tures). As a result, variations of the shapes of the
illustrations, such as the manufacturing techniques and/or
tolerances, are to be expected. Thus, exemplary embodi-
ments should not be construed as limited to the particular
shapes of regions 1llustrated herein but should be understood
to 1nclude deviations in shapes that result from manufactur-
ing. Thus, 1n the drawings, lengths and sizes of layers and
regions may be exaggerated for clarnty. Throughout the
disclosure, reference numerals correspond directly to the
like numbered parts 1n the various figures and embodiments
of the present invention. It should be readily understood that
the meaning of “on” and “over” in the present disclosure
should be interpreted in the broadest manner such that “on”
means not only “directly on” but also “on” something with
an intermediate feature(s) or a layer(s) therebetween, and
that “over” means not only directly on top but also on top of
something with an intermediate feature(s) or a layer(s)
therebetween.
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Referring to FIG. 1, a variable resistance memory device
10 includes a plurality of memory cells mcl1, mc2, mc3, and
mc4 connected in series.

The plurality of memory cell’s mcl to mc4 may be
connected 1n series between a bit line BL and a common
source line CS. In other words, the plurality of memory cells
mcl to mc4 connected 1n series may be sequentially stacked
on a semiconductor substrate (not shown). In the exemplary
embodiment, the plurality of memory cells mcl to mc4,
which are stacked to be connected 1n series, 1s referred to and
will be described as column strings SS1 and SS2.

Each of memory cells mcl to mc4 may include each of
switching elements OTS1 to OTS 4 and each of variable
resistors R1 to R4. The switching element and the variable
resistor constituting each memory cell may be connected
parallel to each other. In the exemplary embodiment, an
ovonic threshold switch (OTS) element may be used as the
switching elements OTS1 to OTS 4. The OTS element for
the switching elements OTS1 to OTS 4 15 an element of

which a threshold voltage varies based on current or voltage.
This OTS element 1s disclosed 1n U.S. Pat. No. 5,694,146 1n

detail.

A channel layer (hereinafter, referred to as an OTS
material layer) applied to the exemplary embodiment may
include a chalcogenide material containing at least one
selected from the group that includes tellurium (Te), sele-
nium (Se), silicon (S1), arsenic (As), titanium (11) sulfur (S),
and antimony (Sb). The chalcogenide material used for the
OTS material layer may have superior conductivity and
current mobility to a vaniable resistance material used for the
variable resistors R1 to R4.

As shown 1n FIG. 2, the OTS element has the character-
istic that a current I 1s not generated 1n a period (a) when a
gate voltage of the OTS element 1s not supplied, and the
current I 1s increased 1n a period (b) when a constant gate
voltage 1s supplied. Therefore, 1n the exemplary embodi-
ment, the read/write from/in the variable resistor may be
performed using the current generated by the gate voltage of
the OTS element.

Switches SW1 and SW2 are column selection switches
configured to select the column strings SS1 and SS2, respec-
tively. Thus, the switches SW1 and SW2 are also referred to
as, for example, column selection transistors SW1 and SW2.

Hereinaliter, an operation of a variable resistance memory
device according to an exemplary embodiment will be
described.

In the exemplary embodiment, an example of data read-
ing/writing from/in the second memory cell mc2 of the first
column string SS1 of FIG. 1 will be described.

Referring to FIG. 3, a high voltage, as a gate voltage VC1
1s supplied to the first column selection transistor SW1 that
1s configured to select the first column string SS1.

Subsequently, the OTS elements OTS1, OTS3, and OTS4
of the first, third, and fourth memory cells mcl, mc3, and
mc4, other than the second memory cell mc2 from which
data 1s to be read, are enabled. In other words, high voltages,
as first, third, and fourth gate voltages VG1, VG3, and VG4,
are supplied to enable the first, third, and fourth OTS
clements OTS1, OTS3, and OTS4, and a low voltage, as a
second gate voltage VG2, 1s supplied to disable the second
OTS element OTS2. The high voltage may correspond to a
voltage 1n a range 1n which a current may be generated in the
OTS element, and the low voltage may mean a state 1n which
a voltage 1s not supplied.

As a result, the fourth, third, and first OTS elements
OTS4, OTS3, and OTS1 of the fourth, third, and first

memory cells mc4, mc3, and mcl are turned on to form
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4

current paths. The second OTS element OTS2 of the second
memory cell mc2 1s disabled, so a current path 1s formed
through the second variable resistor R2.

Therefore, a write current Iwrite provided from the bit line
BL flows to the common source line CS through the fourth
and third OTS elements OTS4 and OTS3, the second
variable resistor R2, and the first OTS element OTS1, and
thus the data 1s written 1n the second variable resistor R2.

Referring FIG. 4, in the same switching on/ofl state as 1n
the write operation described above, a read current Iread 1s
provided from the bit line BL to the selected column string
SS1. The read current Tread reaches the common source line
CS connected to a ground terminal through the correspond-
ing current path. The data that 1s written 1n the second
variable resistor R2 may be varied based on measurement of
the value of the current reaching the common source line
CS. The read current Tread may have a level that may not
aflect a crystalline state of a vanable resistor R2. In other
words, the read current Iread may have a lower value than
that of a write current Iwrite.

FIGS. § to 9 are cross-sectional views illustrating a
method for manufacturing a variable resistance memory
device according to an exemplary embodiment of the inven-
tive concept.

Referring to FIG. 5, a common source region 1035 1s
formed on a semiconductor substrate 100. The common
source region 105 may include, for example, an 1mpurity
region or a conductive layer.

A conductive layer having a constant thickness 1s formed
on the common source region 105 and then patterned to form
a channel pillar 110. An 1impurity 1s implanted into an upper
portion of the channel pillar 110 to form a drain region 115.
Thus, a channel formation region 1s defined 1n the channel
pillar 110.

The channel pillar 110 may be formed 1n each of regions
defined as the column strings 351 and SS2. A gate insulating
layer 120 1s deposited on the semiconductor substrate 100 on
which the channel pillar 110 1s formed. A gate 1235 1s formed
to surround the channel pillar 110. The gate 125 may be
formed to have a height for a thickness) corresponding to the
channel formation region. Therefore, each of the vertical
column selection transistors SW1 and SW2 1s formed.

An 1interlayer insulating layer 130 1s formed on the
semiconductor substrate 100 in which the column selection
transistors SW1 and SW2 are formed. The interlayer 1nsu-
lating layer 130 may be formed to have a thickness so that
the column selection transistors SW1 and SW2 are buried
therein. Then, the interlayer insulating layer 130 1s pla-
narized to expose the drain region 1135. Subsequently, an
ohmic layer 135 may be formed 1n the exposed drain region
115 through a conventional method. In the exemplary
embodiment, for example, a silicide layer may be used as the
ohmic layer 135.

Retferring to FIG. 6, a stacked gate pattern 1s formed by
alternately depositing an insulating layer 140a, 140b, 140c,
and 140d and a conductive layer 145a, 145b 145c, and 145d
at least one or more times on the interlayer isulating layer
130. In the exemplary embodiment, the stacked gate pattern
may be formed so that an insulating layer 140¢ 1s disposed
as the uppermost layer and the mnsulating layer 140a, 140b,
140c, 140d, and 140¢ and the conductive layer 145a 145b,

145¢, and 143d are alternately stacked four times in respec-
tive order.

The conductive layers 1435a, 145b, 145c, and 145d may be
a gate material of an OTS ftransistor and may include, for
example, one or more materials selected from the group that
includes doped polysilicon, tungsten (W), copper (Cu),
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titanium nitride (TiN), tantalum nitride (TaN), tungsten
nitride (WN), molybdenum nitride (MoN), miobium nitride
(NbN), titantum silicon mitride (T1S1N), titanium aluminum
nitride (T1AIN), titantum boron nitride (TiBN), zirconium
silicon nitride (ZrSiN), tungsten silicon mitride (WSIN),
tungsten boron nitride (WBN), zirconium aluminum nitride

(ZrAIN), molybdenum silicon nitride (MoSiN), molybde-

num aluminum nitride (WAIN), tantalum silicon nitride
(TaSiN), tantalum aluminum nitride (TaAIN), titantum (11),
tungsten (W), molybdenum (Mo), tantalum (Ta), titanium
silicide (11S1), tantalum silicide (TaS1), titanium tungsten
(T1W), titamium oxynitride (TiON), titanium aluminum
oxynitride (T1AION), tungsten oxymitride (WON), and tan-
talum oxynitride (TaON).

Referring to FIG. 7, the insulating layers 140a, 140b,
140c, 140d, and 140¢ and the conductive layers 145a, 145b,
145c, and 145d are etched to form a hole H exposing the
ohmic layer 135 on each channel pillar 110. Next, a gate
insulating layer 150 1s deposited on a surface of the semi-
conductor substrate 100 including the hole H and aniso-
tropically etched so that the gate insulating layer 150 of the
OTS transistor 1s disposed on a sidewall portion of the hole
H.

Referring to FIG. 8, an OTS matenal layer 155 and a
variable resistance material layer 160 are sequentially
deposited on the surface of the semiconductor substrate 100
including the gate insulating layer 150 formed on the
sidewall portion of the hole H. The OTS material layer 155
may include at least one selected from the group of tellurium
(Te), selenium (Se), germanium (Ge), silicon (S1), arsenic
(As), titanium (11), sulfur (S) and antimony (Sb). Compo-
sition of the OTS material layer 155 may be controlled so
that the OTS matenal layer 155 has a negative diflerential
resistance (NDR) characteristic. The variable resistance
material layer 160 may include one selected from the group
that includes a PCMO layer that 1s a material for a ReRAM,
a chalcogenide layer that 1s a material for a PCRAM, a
magnetic layer that 1s a material for a MRAM, a magneti-
zation reversal device layer that 1s a material for a spin-
transier torque magnetoresistive RAM (STTMRAM), and a
polymer layer that 1s a material for a PoORAM. An adhesion
improving layer (not shown) may be interposed between the
OTS matenal layer 155 and the variable resistance material
layer 160, Further, the OTS material layer 155 may be
formed to be thicker than that of the variable resistance
material layer 160 so that when the OTS transistor 1s turned
on, current flow may be induced toward the OTS transistor
rather than the variable resistor. Further, since the write
current Iwrite varies based on a deposition thickness of the
variable resistance material layer 160, low current driving 1s
possible. In the exemplary embodiment, a resistor generated
at an interface between the OTS matenial layer 155 and the
variable resistance material layer 160 may serve as a heating,
clectrode.

Next, a burnied insulating layer 165 1s formed on the
semiconductor substrate 100 including the OTS material
layer 155 and the variable resistance material layer 160. The
buried nsulating layer 165, the variable resistance material
layer 160, and the OTS material layer 155 are planarnzed
until the uppermost insulating layer 140¢ 1s exposed, and
thus the buried insulating layer 165 1s filled within the hole
H.

Referring to FIG. 9, a bit line 170 1s formed on the
resulting structure, in which the buried 1nsulating layer 165
1s buried i the hole H disposed on the semiconductor
substrate 100.
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According to the exemplary embodiments, cell gates are
stacked and a plurality of memory cells 1s formed to be
stacked 1n a confined space. Therefore, a density of integra-
tion may be improved. Further, an OTS transistor almost
similar to a behavior of a vanable resistance memory 1s used
as a switching element, and thus switching characteristics
may be further improved.

The mmventive concept 1s not limited to the above-de-
scribed exemplary embodiments.

Although the column selection transistor i1s disposed
between the stacked gate and the semiconductor substrate in
the exemplary embodiment, the column selection transistor
may be disposed between the stacked gate and the bit line.

The above embodiments of the present invention are
illustrative and not limitative. Various alternatives and
equivalents are pssible. The invention 1s not limited by the
embodiment described herein nor 1s the invention limited to
any specific type of semiconductor device. Other additions,
subtractions, or modifications are obvious 1n view of the
present disclosure and are intended to fall within the scope
of the appended claims.

What 1s claimed 1s:

1. A vaniable resistance memory device, comprising:

a semiconductor substrate;

a common source line formed on the semiconductor

substrate;

a column selection switch formed on the semiconductor

substrate;

an ohmic layer formed on the column selection switch;

stacked gates formed on the column selection switch,

wherein the stacked gates include a plurality of con-
ductive layers that are stacked to be insulated from one
another:;

an ovonic threshold switch (OTS) material layer formed

on a sidewall of a hole penetrating through the stacked
gates and connected to the column selection switch via
the ohmic layer; [and}

a variable resistance material layer formed on a surface of

the OTS matenal layer;

a buried insulating laver filling a rvemaining central

portion of the hole;

a gate insulating layer formed between the OTS material

laver and the sidewall of the stacked gates, and

a bit line formed on top of the stack gates to be in contact

with top respective surfaces of the OT1S material layer,
the variable resistance material layer and the buried
insulating layer,

wherein the OIS material layer overlaps with selected

stacked gates and has superior conductivity and cur-
rent mobility to the variable vesistance material layer,
and

wherein a curvent from the bit line to the common source

line flows along a portion of the OIS material layer
corresponding to selected gates and a portion of the
variable resistance layer corresponding to an unse-
lected gate.

2. The vanable resistance memory device of claim 1,
wherein the column selection switch includes a vertical
channel transistor,

wherein the vertical channel transistor includes:

a common source region formed on the semiconductor

substrate;

a channel pillar formed on the common source region;

a drain formed 1n an upper region of the channel pillar;

a gate surrounding an outer circumierence of the channel

pillar; and
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a first gate 1nsulating layer interposed between the chan-

nel pillar and the gate.

3. The vanable resistance memory device of claim 2,
wherein the stacked gates are formed to be disposed at either
side of the drain.

4. The variable resistance memory device of claim 2,
wherein the OTS material layer 1s formed on the drain of the
vertical channel transistor.

5. The varniable resistance memory device of claim 4,
wherein the OTS material layer includes at least one selected
from the group of tellurium (Te), selenium (Se), germanium
(Ge), silicon (S1), arsenic (As), titanium (11), sulfur (S), and
antimony (Sb), and wherein the OTS material layer has a
negative diflerential resistance (NDR) characteristic.

6. The vanable resistance memory device of claim 1,
wherein the variable resistance material layer includes a
PCMO (Pr, ,Ca, ;MnQO,) layer that 1s a material for a
ReRAM, a chalcogemde layer that 1s a material for a
PCRAM, a magnetic layer that 1s a material for a MRAM,
a magnetization reversal device layer that 1s a matenial for a

spin-transier torque magnetoresistive RAM (STTMRAM),
or a polymer layer that 1s a material for a PoORAM.
7. A variable resistance memory device, comprising:
a semiconductor substrate; and
a plurality of memory cells stacked on the semiconductor
substrate and connected to one another 1n series
between a bit line and a common source line, wherein
cach of the plurality of memory cells includes an
ovonic threshold switch (OTS) and a variable resis-
tance layer,
wherein the JOTS includes] OTSs include a plurality of
gates stacked to be mnsulated from each other and ar

OTS material layer formed to overlap the plurality of

gates, and the OTS 1s configured to be turned on based
on selection of the plurality of gates,

whevrein a current from the bit line to the common source
line flows along a portion of the OIS material layer
corresponding to selected gates and a portion of the
variable vesistance layver corresponding to an unse-
lected gate, and

wherein the OTS material layer overlaps with the selected
gates and has superior conductivity and current mobil-
ity to the variable resistance layer.

[8. The variable resistance memory device of claim 7,
wherein the OTS and the variable resistance layer are
connected in parallel to each other.]

[9. A variable resistance memory device, comprising:

a plurality of column selection switches connected to a

common source line;

a plurality of variable resistance memory cells configured
to be stacked, and to be selected by the plurality of
column selection switches; and

a bit line connected to the plurality of vaniable resistance
memory cells,

wherein each of the plurality of variable resistance
memory cells includes an ovonic threshold switch
(OTS) element selectively driven by a plurality of word
lines that 1s stacked and a variable resistor connected in
parallel to the OTS element.]

10. A variable resistance memory device, comprising:

a plurality of gate structures stacked over insulating
layvers in an alternate manner;

a gate insulating layer formed on sidewalls of the plu-
rality of gate structures;

an ovonic threshold switch (OTS) material laver formed
on a surface of the gate insulating layer; and
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a rvesistance laver formed on a surface of an O1S material
layer,

wherein the OTS material layver overlaps with selected
gate structuves and has superior conductivity and cur-
rent mobility to the rvesistance layer, and

wherein a currvent from the bit line to the common source
line flows along a portion of the OIS material layer
corresponding to selected gate structures and a portion
of the variable vesistance layer corresponding to an
unselected gate structure.

11. The variable resistance memory device of claim 10,

wherein the OT1S material laver includes at least one
selected from the group of tellurium (1e), selenium (Se),
germanium (Ge), silicon (Si), arsenic (As), titanium
(17), sulfur (S), and antimony (Sb), and

wherein the O1S material laver has a negative differential
resistance (NDR) characteristic.

12. The variable vesistance memory device of claim 10,

wherein the vresistance laver includes a PCMO
(Pr, ,Ca, MnQO;) laver that is a material for a
ReRAM, a chalcogenide laver that is a material for a
PCRAM, a magnetic laver that is a material for a
MRAM, a magnetization veversal device layver that is a
material for a spin-transfer torque magnetoresistive

RAM (STTMRAM), or a polymer layer that is a mate-
rial for a PoRAM.

13. A variable resistance memory device, comprising:

a plurality of gate structures stacked over insulating

lavers in an alternate manner;

a gate insulating laver formed on sidewalls of the plu-

rality of gate structures;

a first chalcogenide laver formed on a surface of the gate

insulating laver; and

a second chalcogenide layer formed on a surface of the

first chalcogenide layer,

wherein the first chalcogenide layer overlaps with

selected gate structuves and has superior conductivity
and current mobility to the second chalcogenide layer,
and

wherein a current from the bit line to the common source

line flows along a portion of the first chalcogenide
layver corresponding to selected gate structurves and a
portion of the second chalcogenide layer correspond-
ing to an unselected gate structure.

14. The variable resistance memory device of claim 13,
wherein a rvesistance of the first chalcogenide layer corre-
sponding to a selected gate structure is changed by a voltage
of the selected gate structure.

15. The variable resistance memory device of claim 14,
wherein the first chalcogenide layer is an ovonic threshold
switch (O1S) material layer.

16. The variable resistance memory device of claim 14,

wherein the first chalcogenide layer contains at least one

selected from the group cowmsisting of tellurium (Ie),
selenium (Se), germanium (Ge), silicon (Si), arsenic
(As), titanium (11), sulfur (S), and antimony (Sb).

17. A method of fabricating a variable vesistance memory
device, the method comprising:

alternately forming a plurality of insulating layers and a

plurality of gate layers alternately one by one on a
semiconductor substrate having a conductive region, to
form a stack structure comprising a plurality of gate
structures connected in series;

etching the plurality of insulating layers and the plurality

of gate lavers to expose the conductive region theveby
forming a hole in the stack structure;

forming a gate insulating layer on a sidewall of the hole;
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Jorming an ovonic threshold switch (OTS) material laver
on a surface of the gate insulating layer;

forming a resistance layer on a surface of the OIS
material layer,

and filling a buried insulating layer in the hole in which
the resistance layer is formed,

wherein the O1S material laver overlaps with selected
gate layers and has superior conductivity and current
mobility to the resistance layer.

18. The method of claim 17, further comprising,

forming a common source line on a substrate;

forming a column selection transistor in contact with the
common source line and in contact with the OIS
material layer and the resistance layer;

planarizing the buried insulating layer, the vesistance
laver and the OTS material laver to expose an upper-
most insulating layer;

forming a bit line on the vesulting structure in contact with
the O1S material layer and the resistance layer,

wherein in operation a curvent flows from the bit line to
the common source line along a portion of the OIS
material layver corresponding to selected gate struc-
tures and a portion of the resistance layver correspond-
ing to an unselected gate structure.
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