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VOLTAGE SUPPLY STRUCTURE, SEMICONDUCTOR DEVICE, AND

OPERATING METHOD OF THE SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority under 35 U.S.C. §119 to Korean
Patent Application No. 10-2023-0000659 filed on January 3, 2023,

which is incorporated herein by reference in its entirety.

BACKGROUND
1. Technical Field
[0002] Embodiments of the present disclosure relate to an integrated
circuit technology, and more particularly, to a voltage supply structure
for a memory cell capable of securing an area margin in a peripheral
region, a semiconductor device including the same, and an operating

method of the semiconductor device.

2. Related Art
[0003] Recently, with the miniaturization, low power consumption, high
performance, and diversification of electronic devices, there is a
demand for semiconductor devices capable of storing information in
various electronic devices such as computers and portable
communication devices. Accordingly, research on semiconductor
devices capable of storing data by using characteristics of switching

between different resistance states according to an applied voltage or
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current is being conducted. Examples of such semiconductor devices
include a resistive random access memory (RRAM), a phase-change
random access memory (PRAM), a ferroelectric random access memory

(FRAM), a magnetic random access memory (MRAM), and an E-fuse.

SUMMARY

[0004] In an embodiment, a voltage supply structure may include a
first global switch that connects a global positive line and a local positive
line in response to a first common address signal, a first local column
switch that connects the local positive line and a bit line in response to
a first local column address signal, a first local row switch that connects
the local positive line and a word line in response to a first local row
address signal, and a memory cell connected between the bit line and
the word line.

[0005] In an embodiment, a semiconductor device may include a
current direction control circuit that outputs one of a global column
address signal and a global row address signal as a common address
signal based on a level of data, and a voltage supply structure including
a global switch that connects a global line and a local line in response
to the common address signal, a local column switch that connects the
local line and a bit line in response to a local column address signal, a
local row switch that connects the local line and a word line in response
to a local row address signal, and a memory cell connected between

the bit line and the word line.
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[0006] In an embodiment, an operating method of a semiconductor
device may include determining a level of data to be stored in a memory
cell, outputting one of a global column address signal and a global row
address signal as a common address signal according to a result of
determining the level of the data, connecting a global line and a local
line in response to the common address signal, and connecting one of
a bit line and a word line to the local line in response to a row address

signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIGS. 1A and 1B illustrate a semiconductor device in accordance
with an embodiment of the present disclosure.
[0008] FIG. 2 illustrates a voltage supply structure for a memory cell in
accordance with an embodiment of the present disclosure.
[0009] FIG. 3 and FIG. 4 illustrate an operation of the voltage supply
structure of FIG. 2 in accordance with an embodiment of the present
disclosure.
[0010] FIG. 5 is a flowchart for describing an operation of a
semiconductor device in accordance with an embodiment of the present

disclosure.

DETAILED DESCRIPTION
[0011] Various embodiments are directed to a voltage supply structure

that supplies a forward current and a reverse current to a memory cell
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while securing an area margin, a semiconductor device including the
same, and an operating method of the semiconductor device.

[0012] There is an effect capable of improving an area margin of a
semiconductor device.

[0013] Hereafter, embodiments in accordance with the technical spirit
of the present disclosure will be described with reference to the
accompanying drawings.

[0014] FIGS. 1A and 1B illustrate a semiconductor device 1000 in
accordance with an embodiment of the present disclosure.

[0015] Referring to FIGS. 1A and 1B, the semiconductor device 1000
may change a direction of a current (I_F or I_R) flowing through a
memory cell MC on the basis of data DATA to be stored in the memory
cell MC. In such a case, the semiconductor device 1000 may select
one of a plurality of memory cells based on row address signals and
column address signals. The semiconductor device 1000 may control
a forward current I_F or a reverse current I_R to flow through the
selected memory cell MC on the basis of the data DATA. Depending
on the direction of the current flowing through the memory cell MC, a
level of data DATA stored in the memory cell MC may be changed. In
such a case, the memory cell MC may be a self-selecting memory that
may include a chalcogenide alloy, and the memory cell MC may be
changed to a set state or a reset state according to the polarity of an
applied voltage. The polarity of the applied voltage is determined

according to the direction of the current.
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[0016] The row address signals may include global row address signals
ADD_GXa and ADD_GXb and local row address signals ADD_LXa and
ADD_LXb. The column address signals may include global column
address signals ADD_GYa and ADD_GYb and local column address
signals ADD_LYa and ADD_LYb.

[0017] The semiconductor device 1000 may include a current direction
control circuit 100 and a voltage supply structure 200.

[0018] Referring to FIG. 1A, the current direction control circuit 100
may select one of the global row address signals ADD_GXa and
ADD_GXb and one of the global column address signals ADD_GYa and
ADD_GYb on the basis of the data DATA, and output the selected
address signals as common address signals ADD_CP and ADD_CN,
respectively.

[0019] For example, the current direction control circuit 100 may select
one of a first global row address signal ADD_GXa and a first global
column address signal ADD_GYa on the basis of the level of the data
DATA, and output the selected address signal as a first common address
signal ADD_CP. The current direction control circuit 100 may also
select one of a second global row address signal ADD_GXb and a second
global column address signal ADD_GYb on the basis of the level of the
data DATA, and output the selected address signal as a second common
address signal ADD_CN.

[0020] More specifically, for example, when the current direction

control circuit 100 outputs the first global column address signal
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ADD_GYa as the first common address sighal ADD_CP on the basis of
the level of the data DATA, the current direction control circuit 100 may
output the second global row address signal ADD_GXb as the second
common address signal ADD_CN. On the other hand, when the current
direction control circuit 100 outputs the first global row address signal
ADD_GXa as the first common address signal ADD_CP on the basis of
the level of the data DATA, the current direction control circuit 100 may
output the second global column address signal ADD_GYb as the second
common address signal ADD_CN.

[0021] The current direction control circuit 100 may include a data
determination circuit 110, a first address selection circuit 120, and a
second address selection circuit 130.

[0022] The data determination circuit 110 may generate a selection
signal A_sel on the basis of the level of the data DATA.

[0023] For example, the data determination circuit 110 may generate
the selection signal A_sel that is enabled or disabled on the basis of the
level of the data DATA.

[0024] The first address selection circuit 120 may output one of the
first global row address signal ADD_GXa and the first global column
address signal ADD_GYa as the first common address signal ADD_CP
in response to the selection signal A_sel.

[0025] For example, when the selection signal A_sel is enabled, the
first address selection circuit 120 may output the first global column

address signal ADD_GYa as the first common address signal ADD_CP.
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On the other hand, when the selection signal A_sel is disabled, the first
address selection circuit 120 may output the first global row address
signal ADD_GXa as the first common address signal ADD_CP.

[0026] The second address selection circuit 130 may output one of the
second global row address signal ADD_GXb and the second global
column address signal ADD_GYb as the second common address signal
ADD_CN in response to the selection signal A_sel.

[0027] For example, when the selection signal A_sel is enabled, the
second address selection circuit 130 may output the second global row
address sighal ADD_GXb as the second common address signal
ADD_CN. On the other hand, when the selection signal A_sel is
disabled, the second address selection circuit 130 may output the
second global column address signal ADD_GYb as the second common
address signhal ADD_CN.

[0028] Each of the first and second address selection circuits 120 and
130 may include a multiplexer.

[0029] The current direction control circuit 100 may enable or disable
the selection signal A_sel on the basis of the level of the data DATA.
When the selection signal A_sel is enabled according to the level of the
data DATA, the current direction control circuit 100 may output the first
global column address signal ADD_GYa as the first common address
signal ADD_CP, and output the second global row address signal
ADD_GXb as the second common address signal ADD_CN. When the

selection signal A_sel is disabled according to the level of the data
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DATA, the current direction control circuit 100 may output the first
global row address sighal ADD_GXa as the first common address signal
ADD_CP, and output the second global column address signal ADD_GYb
as the second common address signal ADD_CN.

[0030] The operations of the data determination circuit 110, the first
address selection circuit 120, and the second address selection circuit

130 included in the current direction control circuit 100 may be shown

in Table 1.
Table 1
A_sel ADD_CP ADD_CN
DATA Enable ADD_GYa ADD_GXb
Disable ADD_GXa ADD_GYb

[0031] Referring to FIG. 1B, the voltage supply structure 200 may
supply voltages having different polarities to a bit line BL and a word
line WL connected to the selected memory cell MC. 1In such a case, the
voltage supply structure 200 may select the bit line BL and the word
line WL and change the polarity of a voltage supplied to each of the
selected bit line BL and the selected word line WL on the basis of the
first common address signal ADD_CP, the second common address
signal ADD_CN, a first local row address signal ADD_LXa, a second local
row address signal ADD_LXb, a first local column address signal
ADD_LYa, and a second local column address signal ADD_LYb.

[0032] The voltage supply structure 200 may include a first global

switch 210, a second global switch 220, a first local column switch 231,
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a second local column switch 232, a first local row switch 241, and a
second local row switch 242.

[0033] The first global switch 210 may electrically connect a global
positive line GPL and a local positive line LPL in response to the first
common address signal ADD_CP. In such a case, the global positive
line GPL may be a line that receives a positive bias voltage Positive
Bias, and the local positive line LPL may be a line that receives the
positive bias voltage Positive Bias from the global positive line GPL
through the first global switch 210 that is turned on by the first common
address signal ADD_CP.

[0034] For example, the first global switch 210 may include a first
transistor N1.

[0035] The first transistor N1 may receive the first common address
signal ADD_CP through a gate thereof, and the global positive line GPL
and the local positive line LPL may be connected to a drain and a source
of the first transistor N1, respectively.

[0036] The second global switch 220 may electrically connect a global
negative line GNL and a local negative line LNL in response to the
second common address signal ADD_CN. In such a case, the global
negative line GNL may be a line that receives a negative bias voltage
Negative Bias, and the local negative line LNL may be a line that
receives the negative bias voltage Negative Bias from the global
negative line GNL through the second global switch 220 that is turned

on by the second common address signal ADD_CN.
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[0037] For example, the second global switch 220 may include a second
transistor N2.

[0038] The second transistor N2 may receive the second common
address signal ADD_CN through a gate thereof, and the global negative
line GNL and the local negative line LNL may be connected to a drain
and a source of the second transistor N2, respectively.

[0039] The first local column switch 231 may electrically connect the
local positive line LPL and the bit line BL in response to the first local
column address signal ADD_LYa. In such a case, the bit line BL may
be a line connected to the memory cell MC.

[0040] For example, the first local column switch 231 may be turned
on by the first local column address signal ADD_LYa, and the turned-
on first local column switch 231 may electrically connect the local
positive line LPL and the bit line BL. In such a case, when the positive
bias voltage Positive Bias is provided to the local positive line LPL, the
bit line BL may receive the positive bias voltage Positive Bias through
the turned-on first local column switch 231.

[0041] The first local column switch 231 may include a third transistor
N3.

[0042] The third transistor N3 may receive the first local column
address signal ADD_LYa through a gate thereof, and the local positive
line LPL and the bit line BL may be connected to a drain and a source
of the third transistor N3, respectively.

[0043] The second local column switch 232 may electrically connect the

10
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local negative line LNL and the bit line BL in response to the second
local column address signal ADD_LYb.

[0044] For example, the second local column switch 232 may be turned
on by the second local column address signal ADD_LYb, and the turned-
on second local column switch 232 may electrically connect the local
negative line LNL and the bit line BL. In such a case, when the
negative bias voltage Negative Bias is provided to the local negative
line LNL, the bit line BL may receive the negative bias voltage Negative
Bias through the turned-on second local column switch 232.

[0045] The second local column switch 232 may include a fourth
transistor N4.

[0046] The fourth transistor N4 may receive the second local column
address signal ADD_LYb through a gate thereof, and the local negative
line LNL and the bit line BL may be connected to a drain and a source
of the fourth transistor N4, respectively.

[0047] The first local row switch 241 may electrically connect the local
positive line LPL and the word line WL in response to the first local row
address signal ADD_LXa. In such a case, the word line WL may be a
line connected to the memory cell MC.

[0048] For example, the first local row switch 241 may be turned on by
the first local row address sighal ADD_LXa, and the turned-on first local
row switch 241 may electrically connect the local positive line LPL and
the word line WL. In such a case, when the positive bias voltage

Positive Bias is provided to the local positive line LPL, the word line WL

11
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may receive the positive bias voltage Positive Bias through the turned-
on first local row switch 241.

[0049] The first local row switch 241 may include a fifth transistor N5.
[0050] The fifth transistor N5 may receive the first local row address
signal ADD_LXa through a gate thereof, and the local positive line LPL
and the word line WL may be connected to a drain and a source of the
fifth transistor N5, respectively.

[0051] The second local row switch 242 may electrically connect the
local negative line LNL and the word line WL in response to the second
local row address signal ADD_LXb.

[0052] For example, the second local row switch 242 may be turned on
by the second local row address signal ADD_LXb, and the turned-on
second local row switch 242 may electrically connect the local negative
line LNL and the word line WL. In such a case, when the negative bias
voltage Negative Bias is provided to the local negative line LNL, the
word line WL may receive the negative bias voltage Negative Bias
through the turned-on second local row switch 242.

[0053] The second local row switch 242 may include a sixth transistor
N6.

[0054] The sixth transistor N6 may receive the second local row
address signal ADD_LXb through a gate thereof, and the local negative
line LNL and the word line WL may be connected to a drain and a source
of the sixth transistor N6, respectively.

[0055] An operation of the semiconductor device 1000 configured in

12
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this way will be described hereinafter.

[0056] First, it is assumed that when the data DATA having a first level
is input to the semiconductor device, the forward current I_F flows from
the bit line BL to the word line WL through the memory cell MC.

[0057] In this case, the data determination circuit 110 may enable the
selection signal A_sel on the basis of the first level of the data DATA.
[0058] The first address selection circuit 120 may output the first global
column address signal ADD_GYa as the first common address signal
ADD_CP.

[0059] The second address selection circuit 130 may output the second
global row address signal ADD_GXb as the second common address
signal ADD_CN.

[0060] That is, when the data DATA incurring the forward current I_F
is input, the current direction control circuit 100 including the data
determination circuit 110, the first address selection circuit 120, and
the second address selection circuit 130 may output the first global
column address signal ADD_GYa as the first common address signal
ADD_CP, and output the second global row address signal ADD_GXb as
the second common address signal ADD_CN.

[0061] The first global switch 210 may be turned on under the control
of the first common address signal ADD_CP (that is, ADD_GYa) to
electrically connect the global positive line GPL and the local positive
line LPL. In such a case, the positive bias voltage Positive Bias applied

to the global positive line GPL may be provided to the local positive line
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LPL.

[0062] The second global switch 220 may be turned on under the
control of the second common address signal ADD_CN (that is,
ADD_GXb) to electrically connect the global negative line GNL and the
local negative line LNL. In such a case, the negative bias voltage
Negative Bias applied to the global negative line GNL may be provided
to the local negative line LNL.

[0063] The first local column switch 231 may be turned on under the
control of the first local column address signal ADD_LYa, which
corresponds to the first global column address signal ADD_GYa that is
determined as the first common address signal ADD_CP, to electrically
connect the local positive line LPL to the bit line BL. In such a case,
the bit line BL may receive the positive bias voltage Positive Bias from
the local positive line LPL.

[0064] The second local row switch 242 may be turned on under the
control of the second local row address signal ADD_LXb, which
corresponds to the second global row address signal ADD_GXb that is
determined as the second common address signal ADD_CN, to
electrically connect the local negative line LNL to the word line WL. In
such a case, the word line WL may receive the negative bias voltage
Negative Bias from the local negative line LNL.

[0065] In this case, the second local column switch 232 and the first
local row switch 241 may be turned off.

[0066] Accordingly, in the memory cell MC connected between the bit

14
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line BL receiving the positive bias voltage Positive Bias and the word
line WL receiving the negative bias voltage Negative Bias, the forward
current I_F may flow from the bit line BL to the word line WL.

[0067] Next, it is assumed that when the data DATA having a second
level is input to the semiconductor device, the reverse current I_R flows
from the word line WL to the bit line BL through the memory cell MC.
[0068] In this case, the data determination circuit 110 may disable the
selection signal A_sel on the basis of the second level of the data DATA.
[0069] The first address selection circuit 120 may output the first global
row address signal ADD_GXa as the first common address signal
ADD_CP.

[0070] The second address selection circuit 130 may output the second
global column address signal ADD_GYb as the second common address
signal ADD_CN.

[0071] That is, when the data DATA incurring the reverse current I_R
is input, the current direction control circuit 100 including the data
determination circuit 110, the first address selection circuit 120, and
the second address selection circuit 130 may output the first global row
address signal ADD_GXa as the first common address signal ADD_CP,
and output the second global column address signal ADD_GYb as the
second common address signal ADD_CN.

[0072] The first global switch 210 may be turned on under the control
of the first common address signal ADD_CP (that is, ADD_GXa) to

electrically connect the global positive line GPL and the local positive
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line LPL. In such a case, the positive bias voltage Positive Bias applied
to the global positive line GPL may be provided to the local positive line
LPL.

[0073] The second global switch 220 may be turned on under the
control of the second common address signal ADD_CN (that is,
ADD_GYDb) to electrically connect the global negative line GNL and the
local negative line LNL. In such a case, the negative bias voltage
Negative Bias applied to the global negative line GNL may be provided
to the local negative line LNL.

[0074] The first local row switch 241 may be turned on under the
control of the first local row address signal ADD_LXa, which corresponds
to the first global row address signal ADD_GXa that is determined as
the first common address signal ADD_CP, to electrically connect the
local positive line LPL to the word line WL. In such a case, the word
line WL may receive the positive bias voltage Positive Bias from the
local positive line LPL.

[0075] The second local column switch 232 may be turned on under
the control of the second local column address signal ADD_LYb, which
corresponds to the second global column address signal ADD_GYb that
is determined as the second common address signal ADD_CN, to
electrically connect the local negative line LNL to the bit line BL. In
such a case, the bit line BL may receive the negative bias voltage
Negative Bias from the local negative line LNL.

[0076] In this case, the first local column switch 231 and the second

16
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local row switch 242 may be turned off.

[0077] Accordingly, in the memory cell MC connected between the word
line WL receiving the positive bias voltage Positive Bias and the bit line
BL receiving the negative bias voltage Negative Bias, the reverse
current I_R may flow from the word line WL to the bit line BL.

[0078] Table 2 shows turn-on and turn-off states of the first to sixth
transistors N1 to N6 when the voltage supply structure 200 allows the
forward current I_F or the reverse current I_R to flow through the

memory cell MC.

Table 2
N1 N2 N3 N4 N5 N6
I F ON ON ON OFF OFF ON
IR ON ON OFF ON ON OFF

[0079] A semiconductor device is generally configured to select one of
a plurality of memory cells, in which data is to be stored, on the basis
of row address signals and column address signals, and to allow a
forward current or a reverse current to flow through the selected
memory cell according to a level of the data to be stored in the selected
memory cell. In such a case, the row address signals are signals for
selecting one word line connected to the selected memory cell among
a plurality of word lines, and the column address signals are signals for
selecting one bit line connected to the selected memory cell among a

plurality of bit lines.

[0080] The semiconductor device is configured such that a positive bias
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voltage is applied to the selected bit line and a negative bias voltage is
applied to the selected word line so that a forward current may flow
from the selected bit line to the selected word line through the selected
memory cell. The semiconductor device is also configured such that
the positive bias voltage is applied to the selected word line and the
negative bias voltage is applied to the selected bit line so that a reverse
current may flow from the selected word line to the selected bit line
through the selected memory cell.

[0081] A general voltage supply structure includes two global switches
operating in response to row address signals in order to apply a positive
bias voltage Positive Bias and a negative bias voltage Negative Bias to
a selected word line, respectively. The general voltage supply
structure also includes two global switches operating in response to
column address signals in order to apply the positive bias voltage
Positive Bias and the negative bias voltage Negative Bias to a selected
bit line, respectively. Accordingly, the general voltage supply structure
includes the four global switches.

[0082] However, the voltage supply structure 200 in accordance with
the embodiment of the present disclosure may include the local positive
line LPL and the local negative line LNL that may be electrically
connected to the bit line BL and the word line WL, or the word line WL
and the bit line BL, and include the first global switch 210 that provides
the positive bias voltage Positive Bias to the local positive line LPL under

the control of row address signals and column address signals and the
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second global switch 220 that provides the negative bias voltage
Negative Bias to the local negative line LNL under the control of the row
address signals and the column address signals.

[0083] Accordingly, the voltage supply structure 200 in accordance
with the embodiment of the present disclosure includes a smaller
number of global switches while performing substantially the same
operation as the general voltage supply structure, thereby reducing an
area where the global switches are disposed. As a result, it is possible
to secure an area margin in a peripheral region of the semiconductor
device.

[0084] FIGS. 1A and 1B illustrate the configuration and operation of
one memory cell in order to conceptually describe the semiconductor
device 1000 in accordance with the embodiment of the present
disclosure. FIG. 2 illustrates configurations and operations of a
plurality of memory cells in order to more specifically describe the
semiconductor device 1000 in accordance with an embodiment of the
present disclosure.

[0085] FIG. 2 illustrates a voltage supply structure 200-1 for a plurality
of memory cells in accordance with an embodiment of the present
disclosure. FIG. 2 illustrates four memory cells for illustrative
convenience. However, embodiments are not limited to the four
memory cells.

[0086] Referring to FIG. 2, the voltage supply structure 200-1 may

include a first-first global switch 211, a first-second global switch 212,
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a second-first global switch 221, a second-second global switch 222, a
first-first local column switch 231-1, a first-second local column switch
231-2, a second-first local column switch 232-1, a second-second local
column switch 232-2, a first-first local row switch 241-1, a first-second
local row switch 241-2, a second-first local row switch 242-1, and a
second-second local row switch 242-2.

[0087] The first-first global switch 211 may be configured to electrically
connect a global positive line GPL and a first local positive line LPLa in
response to a first-first common address signal ADD_CP<0>.

[0088] The first-second global switch 212 may be configured to
electrically connect the global positive line GPL and a second local
positive line LPLb in response to a first-second common address signal
ADD_CP<1>.

[0089] The second-first global switch 221 may be configured to
electrically connect a global negative line GNL and a first local negative
line LNLa in response to a second-first common address signal
ADD_CN<O0>.

[0090] The second-second global switch 222 may be configured to
electrically connect the global negative line GNL and a second local
negative line LNLb in response to a second-second common address
signal ADD_CN<1>.

[0091] The first-first local column switch 231-1 may be configured to
electrically connect the first local positive line LPLa and a first bit line

BL<O0> in response to a first-first local column address signal
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ADD_LYa<0>.

[0092] The first-second local column switch 231-2 may be configured
to electrically connect the second local positive line LPLb and a second
bit line BL<1> in response to a first-second local column address signal
ADD_LYa<1>,

[0093] The second-first local column switch 232-1 may be configured
to electrically connect the first local negative line LNLa and the first bit
line BL<O> in response to a second-first local column address signal
ADD_LYb<0>.

[0094] The second-second local column switch 232-2 may electrically
connect the second local negative line LNLb and the second bit line
BL<1> in response to a second-second local column address
ADD_LYb<1>.

[0095] The first-first local row switch 241-1 may electrically connect
the first local positive line LPLa and a first word line WL<0> in response
to a first-first local row address signal ADD_LXa<0>.

[0096] The first-second local row switch 241-2 may electrically connect
the second local positive line LPLb and a second word line WL<1> in
response to a first-second local row address signal ADD_LXa<1>.
[0097] The second-first local row switch 242-1 may electrically connect
the first local negative line LNLa and the first word line WL<0> in
response to a second-first local row address signal ADD_LXb<0>.
[0098] The second-second local row switch 242-2 may electrically

connect the second local negative line LNLb and the second word line

21



10

15

20

WL<1> in response to a second-second local row address signal
ADD_LXb<1>,

[0099] A first memory cell MCO may be connected between the first bit
line BL<0> and the first word line WL<0>.

[00100] A second memory cell MC1 may be connected between the first
bit line BL<0> and the second word line WL<1>.

[00101] A third memory cell MC2 may be connected between the second
bit line BL<1> and the first word line WL<0>.

[00102] A fourth memory cell MC3 may be connected between the
second bit line BL<1> and the second word line WL<1>.

[00103] The voltage supply structure 200-1 may have the same
configuration principle as the voltage supply structure 200 illustrated in
FIG. 1B.

[00104] More specifically, as in the voltage supply structure 200
illustrated in FIG. 1B, the voltage supply structure 200-1 illustrated in
FIG. 2 may include one global switch 211 or 212 for electrically
connecting one local positive line LPLa or LPLb and the global positive
line GPL, one local column switch 231-1 or 231-2 for connecting one
local positive line LPLa or LPLb and one bit line BL<0> or BL<1>, and
one local row switch 241-1 or 241-2 for connecting one local positive
line LPLa or LPLb and one word line WL<0> or WL<1>. The voltage
supply structure 200-1 illustrated in FIG. 2 may also include one global
switch 221 or 222 for connecting one local negative line LNLa or LNLb

and the global negative line GNL, one local column switch 232-1 or 232-
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2 for connecting one local negative line LNLa or LNLb and one bit line
BL<0> or BL<1>, and one local row switch 242-1 or 242-2 for
connecting one local negative line LNLa or LNLb and one word line
WL<0> or WL<1>.

[00105] Summarizing the characteristics of the voltage supply structures
200 and 200-1 illustrated in FIGS. 1B and FIG. 2 in accordance with the
present disclosure, the voltage supply structure may include one global
switch for connecting one local line and one global line, and one of a bit
line and a word line may be configured to be selectively connected to
one local line. In such a case, the global switch of each of the voltage
supply structures 200 and 200-1 may be configured to be controlled by
the global column address signal or the global row address signal.
[00106] Furthermore, the first-first common address signal
ADD_CP<0>, the first-second common address signal ADD_CP<1>,
the second-first common address signal ADD_CN<0>, and the second-
second common address signal ADD_CN<1> of the voltage supply
structure 200-1 illustrated in FIG. 2 may be generated in the same
manner as the first common address signal ADD_CP and the second
common address signal ADD_CN shown in Table 1. These are

summarized in Table 3 and Table 4 as follows.

Table 3
A_sel ADD_CP<0> ADD_CN<O0>
DATA Enable ADD_GYa<0> ADD_GXb<0>
Disable ADD_GXa<0> | ADD_GYb<0>
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Table 4

A_sel ADD_CP<1> ADD_CN<1>
DATA Enable ADD_GYa<1> ADD_GXb<1>
Disable ADD_GXa<1> ADD_GYb<1>

[00107] FIG. 3 and FIG. 4 each illustrate an operation of a voltage supply
structure for a memory cell in accordance with an embodiment of the
present disclosure.

[00108] An operation of the voltage supply structure 200-1 shown in
FIG. 2 will be described with reference to FIG. 3 and FIG. 4.

[00109] FIG. 3 illustrates a case where the forward current I_F flows
through the third memory cell MC2 among the first to fourth memory
cells MCO to MC3.

[00110] Referring to FIG. 3, the first-second global switch 212 may be
turned on by the first-second common address signal ADD_CP<1>.
The turned-on first-second global switch 212 may connect the global
positive line GPL and the second local positive line LPLb. In such a
case, the first-second common address signal ADD_CP<1> may be the
first-second global column address signal ADD_GYa<1>.

[00111] In this case, the first-second local column switch 231-2 may be
turned on by the first-second local column address ADD_LYa<1>
corresponding to the first-second global column address signal
ADD_GYa<1> that is determined as the first-second common address
signal ADD_CP<1>. The turned-on first-second local column switch

231-2 may connect the second local positive line LPLb and the second
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bit line BL<1>.

[00112] As a consequence, the positive bias voltage Positive Bias may
be provided to the second bit line BL<1> under the control of the first-
second global column address signal ADD_GYa<1> and the first-second
local column address signal ADD_LYa<1>.

[00113] More specifically, the second bit line BL<1> may be selected by
the first-second global column address signal ADD_GYa<1> and the
first-second local column address signal ADD_LYa<1>, and the positive
bias voltage Positive Bias may be provided to the selected bit line
BL<1>.

[00114] The second-first global switch 221 may be turned on by the
second-first common address signal ADD_CN<O0>. The turned-on
second-first global switch 221 may connect the global negative line GNL
and the first local negative line LNLa. In such a case, the second-first
common address signal ADD_CN<0> may be the second-first global
row address signal ADD_GXb<0>.

[00115] The second-first local row switch 242-1 may be turned on by
the second-first local row address signal ADD_LXb<0> corresponding
to the second-first global row address signal ADD_GXb<0> that is
determined as the second-first common address signal ADD_CN<O0>.
The turned-on second-first local row switch 242-1 may connect the first
local negative line LNLa and the first word line WL<0>.

[00116] The voltage supply structure 200-1 may select the first word

line WL<0> under the control of the second-first global row address
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signal ADD_GXb<0> and the second-first local row address signal
ADD_LXb<0>, and provide the negative bias voltage Negative Bias to
the selected word line WL<0>.

[00117] As a consequence, the positive bias voltage Positive Bias may
be provided to the second bit line BL<1>, and the negative bias voltage
Negative Bias may be provided to the first word line WL<0>, so that
the forward current I_F may flow from the second bit line BL<1> to the
first word line WL<0> through the third memory cell MC2 among the
first to fourth memory cells MCO to MC3.

[00118] FIG. 4 illustrates a case where the reverse current I_R flows
through the fourth memory cell MC3 among the first to fourth memory
cells MCO to MC3.

[00119] Referring to FIG. 4, the first-second global switch 212 may be
turned on by the first-second common address signal ADD_CP<1>.
The turned-on first-second global switch 212 may connect the global
positive line GPL and the second local positive line LPLb. In such a
case, the first-second common address signal ADD_CP<1> may be the
first-second global row address signal ADD_GXa<1>.

[00120] The first-second local row switch 241-2 may be turned on by
the first-second local row address ADD_LXa<1> corresponding to the
first-second global row address signal ADD_GXa<1> that is determined
as the first-second common address signal ADD_CP<1>. The turned-
on first-second local row switch 241-2 may connect the second local

positive line LPLb and the second word line WL<1>.
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[00121] As a consequence, the positive bias voltage Positive Bias may
be provided to the second word line WL<1> under the control of the
first-second global row address signal ADD_GXa<1> and the first-
second local row address signal ADD_LXa<1>.

[00122] More specifically, the second word line WL<1> may be selected
under the control of the first-second global row address signal
ADD_GXa<1> and the first-second local row address signal
ADD_LXa<1>, and the positive bias voltage Positive Bias may be
provided to the selected word line WL<1>.

[00123] The second-second global switch 222 may be turned on by the
second-second common address signal ADD_CN<1>. The turned-on
second-second global switch 222 may connect the global negative line
GNL and the second local negative line LNLb. In such a case, the
second-second common address signal ADD_CN<1> may be the
second-second global column address signal ADD_GYb<1>.

[00124] The second-second local column switch 232-2 may be turned on
by the second-second local column address signal ADD_LYb<1>
corresponding to the second-second global column address signal
ADD_GYb<1> that is determined as the second-second common
address signal ADD_CN<1>. The turned-on second-second local
column switch 232-2 may connect the second local negative line LNLb
and the second bit line BL<1>.

[00125] The voltage supply structure 200-1 may select the second bit

line BL<1> under the control of the second-second global column
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address signal ADD_GYb<1> and the second-second local column
address signal ADD_LYb<1>, and provide the negative bias voltage
Negative Bias to the selected bit line BL<1>.

[00126] As a consequence, the positive bias voltage Positive Bias may
be provided to the second word line WL<1>, and the negative bias
voltage Negative Bias may be provided to the second bit line BL<1>,
so that the reverse current I_R may flow from the second word line
WL<1> to the second bit line BL<1> through the fourth memory cell
MC3 among the first to fourth memory cells MCO to MC3.

[00127] FIG. 5 is a flowchart for describing an operation of a
semiconductor device in accordance with an embodiment of the present
disclosure. The operation described in FIG. 5 will be described with
reference to FIGS. 1A and 1B.

[00128] Referring to FIG. 5, the operating method of the semiconductor
device may include a data determination operation S10, a common
address selection operation S20, a global switch control operation S30,
and a local switch control operation S40.

[00129] The data determination operation S10 may be performed by the
data determination circuit 110, and may include an operation of
determining a level of data DATA to be stored in a selected memory
cell.

[00130] The common address selection operation S20 may be performed
by the address selection circuits 120 and 130, and may include an

operation of outputting one of a global column address signal and a
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global row address signal as a common address signal according to the
data determination result of the data determination operation S10.
[00131] For example, the common address selection operation S20 may
be performed by the first address selection circuit 120, and may include
an operation of outputting one of the first global column address signal
ADD_GYa and the first global row address signal ADD_GXa as the first
common address signal ADD_CP on the basis of a data determination
result, i.e., the selection signal A_sel. The common address selection
operation S20 may also be performed by the second address selection
circuit 130, and may further include an operation of outputting one of
the second global column address signal ADD_GYb and the second
global row address signal ADD_GXb as the second common address
signal ADD_CN on the basis of the selection signal A_sel.

[00132] The global switch control operation S30 may include an
operation of connecting a global line and a local line on the basis of
each of the first and second common address signals ADD_CP and
ADD_CN.

[00133] For example, the global switch control operation S30 may
include an operation in which the first global switch 210 is turned on by
the first common address ADD_CP and an operation in which the second
global switch 220 is turned on by the second common address ADD_CN.
In such a case, the positive bias voltage Positive Bias may be provided
from the global positive line GPL to the local positive line LPL by the

turned-on first global switch 210, and the negative bias voltage

29



10

15

20

Negative Bias may be provided from the global negative line GNL to the
local negative line LNL by the turned-on second global switch 220.
[00134] The local switch control operation S40 may include an operation
of connecting one of a bit line and a word line to the local line on the
basis of a local address signal.

[00135] For example, the local switch control operation S40 may include
an operation in which the first local column switch 231 is turned on by
the first local column address ADD_LYa to connect the local positive line
LPL and the bit line BL, or the first local row switch 241 is turned on by
the first local row address ADD_LXa to connect the local positive line
LPL and the word line WL. The local switch control operation S40 may
further include an operation in which the second local column switch
232 is turned on by the second local column address ADD_LYb to
connect the local negative line LNL and the bit line BL, or the second
local row switch 242 is turned on by the second local row address
ADD_LXb to connect the local negative line LNL and the word line WL.
In such a case, when the bit line BL is connected to the local positive
line LPL, the word line WL is connected to the local negative line LNL.
When the word line WL is connected to the local positive line LPL, the
bit line BL is connected to the local negative line LNL.

[00136] As described above, the semiconductor device in accordance
with the embodiment of the present disclosure uses a single global
switch connecting a global line and a local line in response to one of a

global column address signal and a global row address signal according
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to a level of data to be stored in a selected memory cell, thereby
decreasing the number of global switches.

[00137] Although embodiments according to the technical idea of the
present disclosure have been described above with reference to the
accompanying drawings, this is only for explaining the embodiments
according to the concept of the present disclosure, and the present
disclosure is not limited to the above embodiments. Various types of
substitutions, modifications, and changes for the embodiments may be
made by those skilled in the art, to which the present disclosure
pertains, without departing from the technical idea of the present
disclosure defined in the following claims, and it should be construed
that these substitutions, modifications, and changes belong to the

scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. A voltage supply structure, comprising:
a first global switch that connects a global positive line and a local
5 positive line in response to a first common address signal;
a first local column switch that connects the local positive line and
a bit line in response to a first local column address signal;
a first local row switch that connects the local positive line and a
word line in response to a first local row address signal; and

10 a memory cell connected between the bit line and the word line.

2. The voltage supply structure of claim 1, further comprising:
a second global switch that connects a global negative line and a
local negative line in response to a second common address signal;

15 a second local column switch that connects the local negative line
and the bit line in response to a second local column address signal;
and

a second local row switch that connects the local negative line
and the word line in response to a second local row address signal.

20

3. The voltage supply structure of claim 2, wherein the first
common address signal is one of a first global column address signal
and a first global row address signal selected according to a level of

data to be stored in the memory cell, and
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the second common address signal is one of a second global
column address signal and a second global row address signal selected

according to the level of the data to be stored in the memory cell.

5 4, The voltage supply structure of claim 2, wherein the global
positive line receives a positive bias voltage, and

the global negative line receives a negative bias voltage.

5. A semiconductor device comprising:

10 a current direction control circuit that outputs one of a global
column address signal and a global row address signal as a common
address sighal based on a level of data; and

a voltage supply structure including a global switch that connects
a global line and a local line in response to the common address signal,

15 a local column switch that connects the local line and a bit line in
response to a local column address signal, a local row switch that
connects the local line and a word line in response to a local row address
signal, and a memory cell connected between the bit line and the word
line.

20

6. The semiconductor device of claim 5, wherein the global
column address signal includes a first global column address signal and
a second global column address signal,

the global row address signal includes a first global row address

33



10

15

20

signal and a second global row address signal, and
the common address signal includes a first common address

signal and a second common address signal.

7. The semiconductor device of claim 6, wherein the current
direction control circuit comprises:

a data determination circuit that generates a selection signal to
be enabled or disabled based on the level of the data;

a first address selection circuit that outputs one of the first global
column address signal and the first global row address signal as the
first common address signal based on the selection signal; and

a second address selection circuit that outputs one of the second
global column address signal and the second global row address signal

as the second common address signal based on the selection signal.

8. The semiconductor device of claim 7, wherein the first
address selection circuit outputs the first global column address signal
as the first common address sighal when the selection signal is enabled,
and

the second address selection circuit outputs the second global row
address signal as the second common address signal when the selection

signal is enabled.

9. The semiconductor device of claim 7, wherein the first
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address selection circuit outputs the first global row address signal as
the first common address signal when the selection signal is disabled,
and the second address selection circuit outputs the second global
column address signal as the second common address signal when the

selection signal is disabled.

10. The semiconductor device of claim 6, wherein the global
line includes a global positive line and a global negative line,

the local line includes a local positive line and a local negative
line,

the global switch includes a first global switch and a second global
switch,

the local column switch includes a first local column switch and a
second local column switch, and

the local row switch includes a first local row switch and a second

local row switch.

11. The semiconductor device of claim 10, wherein the voltage
supply structure comprises:

the first global switch that connects the global positive line and
the local positive line in response to the first common address signal;

the second global switch that connects the global negative line
and the local negative line in response to the second common address

signal;
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the first local column switch that connects the local positive line
and the bit line on the basis of the first local column address signal;

the second local column switch that connects the local negative
line and the bit line in response to the second local column address
signal;

the first local row switch that connects the local positive line and
the word line in response to the first local row address signal; and

the second local row switch that connects the local negative line

and the word line in response to the second local row address signal.

12. An operating method of a semiconductor device, the
operating method comprising:

determining a level of data to be stored in a memory cell;

outputting one of a global column address signal and a global row
address signal as a common address signal according to a result of
determining the level of the data;

connecting a global line and a local line in response to the
common address signal; and

connecting one of a bit line and a word line to the local line in

response to a local address signal.

13. The operating method of claim 12, wherein the global
column address signal includes a first global column address signal and

a second global column address signal,
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the global row address signal includes a first global row address
signal and a second global row address signal, and
the common address signal includes a first common address

signal and a second common address signal.

14. The operating method of claim 13, wherein outputting one
of the global column address signal and the global row address signal
as the common address signal comprises:

outputting the second global row address signal as the second
common address signal when the first global column address signal is
output as the first common address signhal according to the result of
determining the level of the data; and

outputting the second global column address signal as the second
common address signal when the first global row address signal is
output as the first common address signal according to the result of

determining the level of the data.

15. The operating method of claim 13, wherein the global line
includes a global positive line and a global negative line, and

the local line includes a local positive line and a local negative line,
and

wherein connecting the global line and the local line comprises:

connecting the global positive line and the local positive line when

the first global column address signal is output as the first common
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address signal or the first global row address signal is output as the
first common address signal; and

connecting the global negative line and the local negative line
when the second global column address signal is output as the second
common address signal or the second global row address signal is

output as the second common address signal.

16. The operating method of claim 15, wherein the local
address signal includes a first local column address signal, a second
local column address signal, a first local row address signal, and a
second local row address signal, and

wherein connecting one of the bit line and the word line to the
local line comprises:

when the first global column address signal is output as the first
common address sighal and the second global row address signal is
output as the second common address signal,

connecting the local positive line and the bit line in response to
the first local column address signal; and

connecting the local negative line and the word line in response

to the second local row address signal.

17. The operating method of claim 15, wherein the local
address signal includes a first local column address signal, a second

local column address signal, a first local row address signal, and a
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second local row address signal, and

connecting one of the bit line and the word line to the local line
comprises:

when the first global row address signal is output as the first
common address signal and the second global column address signal is
output as the second common address signal,

connecting the local positive line and the word line in response to
the first local row address signal; and

connecting the local negative line and the bit line in response to

the second local column address signal.
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