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FIG. 4
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MEMORY DEVICE, MEMORY SYSTEM, AND
OPERATING METHODS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(a) from U.S. Provisional Patent Application No.
61/646,410 filed on May 14, 2012, and Korean Patent Appli-
cation No. 10-2012-0093113 filed on Aug. 24, 2012, the
disclosures of each of which are hereby incorporated by ref-
erence in their entirety.

BACKGROUND

[0002] Some example embodiments of inventive concepts
relate to amemory device, and more particularly, to a memory
device and/or memory system configured to reduce deterio-
ration of a dynamic refresh characteristic caused by a distur-
bance occurring during access to a memory cell by control-
ling a refresh operation and/or operating methods thereof.

[0003] A high voltage is applied to a word line of a semi-
conductor memory device, such as a dynamic random access
memory (DRAM), to enable a transistor to access a memory
cell. However, an electric field generated by the high voltage
may decrease a threshold voltage of an access transistor in an
adjacent cell. As a result, leakage current of a cell increases,
which is called a pass gate effect. In order to prevent data loss
due to the leakage current, DRAM requires a refresh opera-
tion of reading data from a cell and rewriting the data to the
cell before the data stored in the cell is completely lost The
refresh operation may be periodically performed in DRAM or
may be performed at the request of a system.

[0004] Refresh characteristics include a static refresh char-
acteristic and a dynamic refresh characteristic. A time gap
between a first refresh operation on a cell in a memory cell
array and a second refresh operation on the cell is referred to
as a refresh interval.

[0005] The static refresh characteristic is the refresh char-
acteristic of a cell when there are a small number of accesses
or no accesses to DRAM during the refresh interval. The
dynamic refresh characteristic is the refresh characteristic of
a cell when there are relatively more accesses to DRAM than
in the case of the static refresh characteristic.

[0006] A cell is less influenced by an adjacent cell or line
and less influenced by power noise occurring when another
cell is accessed in a static refresh than in a dynamic refresh.
On the contrary, since there are frequent accesses to DRAM
in the dynamic refresh, the influence on an adjacent cell varies
according to an access frequency. A degree of influence of an
access to a cell on each of the other cells in DRAM is referred
to as disturbance. When there is a wide gap between cells in
a DRAM memory cell array, disturbance is low. However,
when the gap between cells is reduced, for example due to
scaling, then interference, such as disturbance by an adjacent
cell or line, increases.

[0007] AsforRAM (e.g., DRAM), an access to a particular
address cannot be restricted, and therefore, a particular cell
may be accessed repeatedly. With the repeated access, the
refresh characteristics of the cell rapidly deteriorate due to
disturbance.

[0008] Therefore, it is beneficial to refresh a cell in which
disturbance is concentrated more often in order to improve
the refresh characteristics.

Nov. 14,2013

SUMMARY

[0009] According to some example embodiments of inven-
tive concepts, there is provided a method of operating a
memory device including a plurality of memory cells, the
plurality of memory cells including a first memory cell and a
second memory cell neighboring the first memory cell. The
method includes counting a disturbance value of the second
memory cell each time the first memory cell is accessed,
updating a disturbance count value of the second memory cell
based on the counting, adjusting a refresh schedule based on
the disturbance count value of the second memory cell, a
desired threshold and a maximum disturbance count value,
and resetting the disturbance count value of the second
memory cell and the maximum disturbance count value when
the second memory cell is refreshed according to the adjusted
refresh schedule.

[0010] The disturbance value may be a cumulative access
time of the first memory cell divided by a unit time.

[0011] The updating includes adding a disturbance count
value stored at a previous access time to a value periodically
counted during a current access time of the first memory cell
each time the first memory cell is accessed.

[0012] The adjusting the refresh schedule may include
advancing a refresh operation on the second memory cell in
the refresh schedule if the disturbance count value of the
second memory cell is at least the desired threshold and is
greater than the maximum disturbance count value; and
updating the maximum disturbance count value with the dis-
turbance count value of the second memory cell.

[0013] The resetting the disturbance count value may
include enabling an irregular refresh flag after the memory
device is powered up to control the memory device to perform
a refresh operation according to the refresh schedule; and
disabling the irregular refresh flag if the memory device is in
a test mode to stop the refresh operation.

[0014] The irregular refresh flag may be reset when the
second memory cell is refreshed.

[0015] Themethod may include initializing the disturbance
count value when the memory device is powered up.

[0016] According to other example embodiments of inven-
tive concepts, there is provided a memory device including a
memory cell array including a plurality of memory cells, the
plurality of memory cells including a first memory cell and a
second memory cell neighboring the first memory cell; con-
trol logic configured to read a current disturbance count value
of'the second memory cell if the first memory cell is accessed,
the control logic configured to compare the current distur-
bance count value with a desired threshold and a maximum
disturbance count value, the control logic configured to count
a disturbance value of the second memory during a current
access time of the first memory cell, and configured to update
the disturbance count value based on the counting; and a
refresh unit configured to calculate a word line address of the
second memory cell, configured to adjust a current refresh
schedule for the second memory cell according to a result of
the comparison of the disturbance count value, configured to
perform a refresh operation on the second memory cell, and
configured to control initialization of the refresh operation
based on a power up signal.

[0017] The memory cell array may include a normal cell
array including a plurality of data memory cells configured to
store data, the data memory cells including the first and sec-
ond memory cells, and a disturbance count cell array includ-
ing a plurality of disturbance count cells configured to store
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the disturbance count value. At least one of the disturbance
count cells may be connected to the same word line as the first
memory cell.

[0018] The control logic may include an address command
decoder configured to receive a clock signal, an active com-
mand, and an address from a host, and the address command
decoder configured to decode the active command and the
address based on the clock signal to generate control signals
corresponding to the active command and to generate a row
address and a column address for accessing the first memory
cell; a count value comparator configured to compare the
current disturbance count value with the desired threshold
and the maximum disturbance count value; a count value
updater configured to update the disturbance count value by
adding a disturbance count value stored at a previous access
time to a value periodically counted during a current access
time of the first memory cell each time the first memory cell
is accessed; and a maximum count value storage configured
to store a maximum disturbance count value among distur-
bance count values of the second memory cell from a time of
initialization of the memory device to a current operating time
and to update the maximum disturbance count value with the
updated disturbance count value if the updated disturbance
count value is greater than the maximum disturbance count
value.

[0019] The refresh unit may include an adjacent address
calculator configured to calculate an address of the second
memory cell based on an address of the first memory cell,
which is received from the control logic; a next irregular
refresh address and irregular refresh flag storage configured
to store the address of the second memory cell as a next
irregular refresh address if the current disturbance count
value of the second memory cell is at least the desired thresh-
old and is greater than the maximum disturbance count value
and configured to store an irregular refresh flag indicating if
anirregular refresh operation will be performed on the second
memory cell; and a refresh controller configured to adjust the
refresh schedule so that the irregular refresh operation on the
second memory cell is performed first according to the irregu-
lar refresh flag.

[0020] Therefreshunit may further include a periodic inter-
nal refresh command generator configured to entirely refresh
the memory cell array based on the power up signal and to
output an internal refresh signal for controlling the distur-
bance count value to be initialized. The control logic may
include a count valid flag unit configured to enable a count
valid flag according to the internal refresh signal to reset the
count value updater, the count value comparator, and the
maximum count value storage.

[0021] The count value updater may be configured to reset
the disturbance count value of the second memory cell after
an irregular refresh operation is performed on the second
memory cell.

[0022] The refresh controller may be configured to insert
the irregular refresh operation on the second memory cell into
the refresh schedule so that the irregular refresh operation on
the second memory cell is performed by priority if the current
disturbance count value of the second memory cell is at least
the desired threshold and is greater than the maximum dis-
turbance count value.

[0023] The refresh controller may be configured to adjust
the refresh schedule so that the irregular refresh operation on
the second memory cell is performed to keep pace with the
refresh schedule if the current disturbance count value of the
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second memory cell is at least the desired threshold and is
greater than the maximum disturbance count value.

[0024] The count valid flag unit may be configured to dis-
able the count valid flag when the memory device is in a test
mode so that the irregular refresh operation on the second
memory cell is not performed.

[0025] The memory device may further include a count
write/read block configured to read the current disturbance
count value of the second memory cell from the disturbance
count cell and configured to write the updated disturbance
count value to the disturbance count cell.

[0026] According to further example embodiments of
inventive concepts, there is provided a method of operating a
memory system including a plurality of memory cells, the
plurality of memory cells including at least one first memory
cell and a second memory cell neighboring a word line of the
at least one first memory cell. The method includes counting
a disturbance value of the second memory cell each time the
at least one first memory cell is accessed; updating a distur-
bance count value of the second memory cell based on the
counting; adjusting a sequence of a refresh operation on the
second memory cell based on the updated disturbance count
value, a maximum disturbance count value and a desired
threshold; and resetting the disturbance count value of the
second memory cell when the refresh operation on the second
memory cell is performed according to the sequence. The
disturbance value may be obtained by periodically increasing
a counter during a cumulative access time of the first memory
cell.

[0027] The adjusting the sequence may include scheduling
the refresh operation on the second memory cell to come first
if the disturbance count value of the second memory cell is at
least the desired threshold and is greater than the maximum
disturbance count value; updating the maximum disturbance
count value with the disturbance count value of the second
memory cell; and updating an irregular refresh flag indicating
whether to perform a refresh operation on the second memory
cell. If the irregular refresh flag is enabled, the method may
include performing a refresh operation on the second memory
cell; and resetting the irregular refresh flag after resetting the
maximum disturbance count value of the second memory cell
and the disturbance count value of the second memory cell.
[0028] The method may further include resetting all distur-
bance count values by enabling all word lines in the memory
system when the memory system is powered up.

[0029] According to other example embodiments of inven-
tive concepts, there is provided a method of operating a
memory device comprising a plurality of memory cells, the
plurality of memory cells including at least one target
memory cell and remaining memory cells. The method
includes counting a disturbance count value for each of the
remaining memory cells while the at least one target memory
cellis accessed, changing a sequence of a refresh operation on
each of the remaining memory cell based on the disturbance
count value, and resetting the disturbance count value of a
memory cell on which the refresh operation has been per-
formed according to the sequence. The counting the distur-
bance count value may include accumulating a value result-
ing from counting an access time of the target memory cell
since a previous refresh operation on the remaining memory
cell.

[0030] The changing the sequence of the refresh operation
may include, if one of the disturbance count values is equal to
a desired threshold and is greater than a maximum distur-
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bance count value, scheduling a refresh operation on a
memory cell corresponding to the disturbance count value to
be performed by priority; updating the maximum disturbance
count value with the disturbance count value; and updating an
irregular refresh flag for the memory cell.

[0031] The resetting the disturbance count value may
include performing the refresh operation on the memory cell
when the irregular refresh flag is enabled according to the
scheduling; and disabling the irregular refresh flag for the
memory cell after resetting the maximum disturbance count
value and the disturbance count value of the memory cell.
[0032] According to further example embodiments of
inventive concepts, there is provided a method of operating a
memory device including a plurality of memory cells, the
method including calculating a temporary disturbance value
of a memory cell neighboring a word line of one or more
memory cells, the temporary disturbance value indicating a
disturbance value of the memory cell due to an access of the
one or more memory cells; updating a permanent disturbance
value of the memory cell by adding the temporary disturbance
value to the permanent disturbance value each time the one or
more memory cells are accessed; and flagging the memory
cell as needing to be refreshed if the permanent disturbance
value is above a threshold.

[0033] The temporary disturbance value may be a cumula-
tive access time of the first memory cell divided by a unit time.
[0034] The flagging the memory cell may include flagging
the memory cell as needing to be refreshed if the permanent
disturbance value is above a maximum disturbance value; and
updating the maximum disturbance value with the permanent
disturbance value.

[0035] The method may include performing a refresh
operation on the memory cell if the memory cell is flagged;
resetting the permanent disturbance value of the memory cell
after performing the refresh operation on the memory cell;
and resetting the maximum disturbance value after perform-
ing the refresh operation on the memory cell if the maximum
disturbance value was updated with the permanent distur-
bance value.

[0036] The method may include adjusting a refresh sched-
ule for the plurality of memory cells to perform the refresh
operation on the memory cell prior to performing a regular
refresh operation if the memory cell is flagged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other features and advantages of
example embodiments of inventive concepts will become
more apparent by describing in detail example embodiments
thereof with reference to the attached drawings in which:
[0038] FIG. 1 is a schematic block diagram of a memory
device according to some example embodiments of inventive
concepts;

[0039] FIG. 2 is a detailed block diagram of a part of the
memory device illustrated in FIG. 1;

[0040] FIG. 3 is a flowchart of an operating method of a
memory device according to some example embodiments of
inventive concepts;

[0041] FIG. 4 is a flowchart of initialization in the method
illustrated in FIG. 3;

[0042] FIG. 5 is a flowchart of operations in an active state
in the method illustrated in FIG. 3;

[0043] FIG. 6 is a flowchart of operations in a refresh state
in the method illustrated in FIG. 3;
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[0044] FIG. 7 is a table for explaining an operation of
refreshing a memory cell according to some example
embodiments of inventive concepts;

[0045] FIGS. 8A and 8B are tables for explaining an opera-
tion of refreshing a memory cell according to other example
embodiments of inventive concepts;

[0046] FIGS.9A and 9B are tables for explaining an opera-
tion of refreshing a memory cell according to further example
embodiments of inventive concepts;

[0047] FIGS. 10A and 8B are tables for explaining an
operation of refreshing a memory cell according to other
example embodiments of inventive concepts;

[0048] FIGS. 11A through 11C are tables for explaining an
operation of refreshing a memory cell according to other
example embodiments of inventive concepts;

[0049] FIG. 12 is a block diagram of a computer system
including the memory device illustrated in FIG. 1 according
to some example embodiments of inventive concepts;
[0050] FIG. 13 is a block diagram of a computer system
including the memory device illustrated in FIG. 1 according
to other example embodiments of inventive concepts;
[0051] FIG. 14 is a block diagram of a computer system
including the memory device illustrated in FIG. 1 according
to other example embodiments of inventive concepts;
[0052] FIG. 15 is a block diagram of a computer system
including the memory device illustrated in FIG. 1 according
to other example embodiments of inventive concepts;
[0053] FIG. 16 is a block diagram of a memory system
including the memory device illustrated in FIG. 1 according
to further example embodiments of inventive concepts;
[0054] FIG. 17 is a block diagram of a data processing
system including the memory device illustrated in FIG. 1
according to some example embodiments of inventive con-
cepts;

[0055] FIG. 18 is a schematic conceptual diagram of a
multi-chip package including the semiconductor memory
device illustrated in FIG. 1; and

[0056] FIG. 19 is a three-dimensional conceptual diagram
of an example of the multi-chip package illustrated in FIG.
18.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0057] Example embodiments of inventive concepts will
now be described more fully hereinafter with reference to the
accompanying drawings, in which some example embodi-
ments are shown. This invention may, however, be embodied
in many different forms and should not be construed as lim-
ited to the example embodiments set forth herein. Rather,
these example embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the draw-
ings, the size and relative sizes of layers and regions may be
exaggerated for clarity. Like numbers refer to like elements
throughout.

[0058] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items and may be abbreviated as “/”.



US 2013/0304982 Al

[0059] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first signal could be termed a second signal,
and, similarly, a second signal could be termed a first signal
without departing from the teachings of the disclosure.
[0060] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” or “includes” and/or “includ-
ing,” when used in this specification, specify the presence of
stated features, regions, integers, steps, operations, eclements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.
[0061] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and/or the present application, and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

[0062] Inorder to prevent data loss due to leakage current,
dynamic random access memory (DRAM) requires a refresh
operation of reading data from a cell and rewriting the data to
the cell before the data stored in the cell is completely lost.
The refresh characteristics of a memory cell is decided not
only by the characteristics of the cell itself but is also influ-
enced by dynamic noise of voltages applied to the cell, poten-
tial of adjacent cells, or potential of adjacent lines.

[0063] Terms “regular refresh operation” and “irregular
refresh operation™ are used hereinafter to explain specific
example embodiments of inventive concepts, but they will not
be construed as restricting example embodiments of inventive
concepts. Itis assumed that a regular refresh operation means
that a memory device refreshes a normal cell by itself or
according to a control command of an external system regard-
less of disturbance and an irregular refresh operation means
that a refresh schedule is adjusted taking into account a dis-
turbance value of a memory cell so that a refresh operation on
a memory cell having a high disturbance value is performed
prior to or to keep pace with a regular refresh operation.
[0064] FIG. 1 is a schematic block diagram of a memory
device 100 according to some example embodiments of
inventive concepts. FIG. 2 is a detailed block diagram of a part
of the memory device 100 illustrated in FIG. 1.

[0065] The memory device 100 includes a plurality of cell
arrays 10, at least one row multiplexer (MUX) 31, at least one
row buffer 32, at least one row decoder 33, a bank control
logic 40, at least one column buffer 51, at least one column
decoder 52, a sense amplifier (S/A) 61, an output driver 65, an
input bufter 67, an input/output (I/O) control unit 70, a control
logic 200, and a refresh unit 250.

[0066] Each of the cell arrays 10 includes a normal cell
array 11 and a disturbance count cell array 20. The normal cell
array 11 includes a plurality of normal cells for storing data.
The disturbance count cell array 20 includes cells for storing
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a count value of disturbance given to a victim cell adjacent to
or neighboring an aggressor cell, on which memory access is
focused among the normal cells. The disturbance count cell
array 20 also includes cells for storing a count value of dis-
turbance given to each of other cells connected to a word line
(WL,) to which the victim cell (x=k) adjacent to or neighbor-
ing the aggressor cell is connected. The cell arrays 10 may be
implemented by DRAM but example embodiments of inven-
tive concepts are not restricted by the type of memory.
[0067] The control logic 200 controls the elements 250, 31,
40, 51, and 70 in response to a plurality of signals CK,
Command, and Add. The clock signal CK may be output by a
clock driver (not shown). A plurality of command/address
signals Command and Add may be output by a memory
controller (not shown) connected to the memory device 100.
[0068] The control logic 200 includes an address command
decoder 210 and a disturbance count (DC) unit 220. The
address command decoder 210 decodes the signals CK, Com-
mand, and Add and generates a command and/or an address
(e.g., Sel_WL) for controlling each of the elements 250, 31,
40, 51, and 70 according to a decoding result.

[0069] For example, the address command decoder 210
may output an active command and a read command to read
data from the cell array 10. The address command decoder
210 may also output an address Add of a cell that has stored
the data. The address command decoder 210 may also output
a refresh command to retain data in a particular cell together
with an address Add of a cell to be refreshed.

[0070] The bank control logic 40 schedules a refresh opera-
tion according to a command output from the control logic
200. Each ofbanks 10-1 through 10-N (N is a natural number)
may perform a refresh operation according to the schedule.
The bank control logic 40 selects each of the banks 10-1
through 10-N. The number of banks 10-1 through 10-N
including the cell arrays 10 may vary according to example
embodiments of inventive concepts.

[0071] The DC unit 220 calculates a disturbance value
given to a second memory cell (or a victim cell) adjacent to or
neighboring a first memory cell (or an aggressor cell) on
which memory access is focused. The DC unit 220 will be
described in detail with reference to FIG. 2 later.

[0072] The refresh unit 250 generates a row address in
response to a command output from the control logic 200 to
execute a refresh command. For example, the bank control
logic 40 counts rows in one of the banks 10-1 through 10-N in
response to a memory cell or bank refresh command before a
current refresh target bank is switched to another one. The
refresh unit 250 will also be described in detail with reference
to FIG. 2 later.

[0073] The row MUX 31 selects either a row address (or a
word line address) generated by the refresh unit 250 or a row
address output from the control logic 200 in response to a
selection signal (not shown). When a refresh operation is
performed, the row MUX 31 selects the row address output
from the refresh unit 250. When a write or read operation is
performed, the row MUX 31 selects the row address output
from the control logic 200.

[0074] The atleast one row buffer 32 temporarily stores the
row address output from the row MUX 31. The at least one
row decoder 33 operates corresponding to a bank switched by
the bank control logic 40. The row decoder 33 decodes the
row address output from the corresponding row buffer 32 and
selects one of a plurality of rows (or word lines) according to
a decoding result.



US 2013/0304982 Al

[0075] Each of the banks 10-1 through 10-N includes a
plurality of cell arrays labeled as Bank1 through BankN and
at least one S/A 61.

[0076] Each of the cell arrays 10 includes a plurality of
word lines (or rows), a plurality of bit lines (or columns), the
normal cell array 11 for storing data, and the disturbance
count cell array 20 for storing disturbance count values. The
S/A 61 senses and amplifies a voltage variance in each of the
bit lines according to whether data is stored in a cell.

[0077] The atleastone column buffer 51 temporarily stores
a column address output from the control logic 200. The at
least one column decoder 52 operates corresponding to a
bank switched by the bank control logic 40. The column
decoder 52 decodes the column address output from the cor-
responding column buffer 51 and selects one of a plurality of
columns (or bit lines) according to a decoding result.

[0078] The I/O control unit 70 transmits a plurality of sig-
nals, which have been sensed and amplified by the S/A 61, as
data to the output driver 65 or the input buffer 67 according to
a control signal output from the control logic 200. During a
write operation, the I/O control unit 70 transmits data DQi
(where “i” is a natural number) from the input buffer 67 to the
normal cell array 11 through a driver (not shown) according to
a control signal output from the control logic 200. During a
read operation, the /O control unit 70 transmits a plurality of
signals, which have been sensed and amplified by the S/A 61,
as data to the output driver 65 according to a control signal
output from the control logic 200. The output driver 65 out-
puts the data to a memory controller (not shown).

[0079] The I/O control unit 70 may include a count write/
read block 75. The count write/read block 75 accesses the
disturbance count cell array 20 to read a current count value
from a disturbance count cell and writes an updated count
value to the disturbance count cell.

[0080] Referring to FIG. 2, the DC unit 220 includes a
count value updater 221, a count value comparator 222, a
maximum count value storage 223, and a count valid flag unit
224. The count value updater 221 updates a count value by
adding a current count value to a count value converted into a
minimum refresh time/number of cycles (tRC) during an
active period (while a first memory cell is accessed). For
example, a count value may be updated by adding a count
value stored in a previous access to a value resulting from
periodical counting in a current access to the first memory
cell.

[0081] The count value comparator 222 compares a current
count value for an adjacent or a neighboring cell, which is
received from the disturbance count cell array 20, with a
desired threshold or a maximum count value. The desired
threshold is set in the count value comparator 222 and the
maximum count value is received from the maximum count
value storage 223. The count value comparator 222 sends a
comparison result to a next irregular refresh address and
irregular refresh flag storage 252.

[0082] For example, when a current count value is equal to
or greater than the desired threshold and is greater than the
maximum count value, a current second memory cell is set to
be a target of a next irregular refresh operation. When the
second memory cell is set as the target of the next irregular
refresh operation, the count value comparator 222 informs the
next irregular refresh address and irregular refresh flag stor-
age 252 of'this fact. However, when the current count value is
less than the desired threshold or is equal to or less than the
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maximum count value, the second memory cell is not set as
the object of the next irregular refresh operation.

[0083] The maximum count value storage 223 stores a
maximum value among disturbance count values for the sec-
ond memory cell from a time of the initialization of the
memory device 100 to a current time. For example, when a
current count value for the second memory cell, which is
output from the disturbance count cell array 20 through the
count write/read block 75, is greater than a current maximum
count value that has been stored, the maximum count value
storage 223 stores the current count value as a new maximum
count value, thereby updating the maximum count value.
[0084] The count valid flag unit 224 controls a disturbance
counting operation according to a count valid flag that is
enabled or disabled. The count valid flag is disabled when a
count value is nondeterminable, for example, when the count
value is invalid. In addition, when the memory device 100
measures a dynamic refresh characteristic of amemory cell in
a test mode or the like, the count valid flag unit 224 disables
the count valid flag, thereby controlling a disturbance count-
ing operation or an irregular refresh operation. In other words,
when all disturbance count values are reset in the DC unit 220,
the count valid flag unit 224 enables the count valid flag to
activate the counting function of the DC unit 220.

[0085] When the memory device 100 is powered up, count
values may not be valid. Accordingly, the memory device 100
needs to be initialized. During initialization, each of word
lines WL of the disturbance count cell array 20 needs to be
enabled to be updated with a reset value. Initialization time
may be different depending on the characteristic of the
memory device 100. The disturbance count cell array 20 may
be reset by enabling the word lines WL and writing the same
data to the cells as if testing a memory device.

[0086] For example, when a periodic internal refresh com-
mand generator 254 is enabled in response to a power up
master signal, the periodic internal refresh command genera-
tor 254 sends a control signal to the count valid flag unit 224.
The count valid flag unit 224 is disabled in response to the
control signal, stopping the counting function. In other words,
values stored in the elements 221, 222, and 223 are reset.
When the periodic internal refresh command generator 254 is
disabled, the count valid flag unit 224 sends a count valid flag
Enable to the count value comparator 222, thereby activating
the counting function.

[0087] Therefresh unit 250 illustrated in FIG. 2 controls the
refresh operation of the elements 220 and 75 within the
memory device 100. The refresh unit 250 includes an adjacent
address calculator 251, the next irregular refresh address and
irregular refresh flag storage 252, arefresh controller 253, and
the periodic internal refresh command generator 254.

[0088] The adjacent address calculator 251 calculates an
address WL(xzk) (where “k” is a natural number) of second
memory cells of a word line adjacent to or neighboring a
current cell, i.e., a first memory cell WLx based on an address
of the first memory cell, which is received from the address
command decoder 210.

[0089] The next irregular refresh address and irregular
refresh flag storage 252 stores a irregular refresh flag and an
address of a cell that will be subjected to a next refresh
operation. The irregular refresh flag indicates whether the
next irregular refresh operation will be performed. In other
words, when a current count value for a second memory cell
is at least the desired threshold and is greater than the maxi-
mum count value, the address of the second memory cell is
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stored as a next irregular refresh address and whether to
perform a refresh operation on the second memory cell is
indicated by the irregular refresh flag.

[0090] The refresh controller 253 combines a regular
refresh operation and an irregular refresh operation to control
overall refresh operation of the memory device 100. For
example, the refresh controller 253 may schedule refresh
operations according to the irregular refresh flag. The refresh
controller 253 may insert an irregular refresh operation in a
current schedule so that the irregular refresh operation is
performed prior to or to keep pace with a current refresh
operation. The refresh controller 253 may reset a refresh
schedule according to the control of the periodic internal
refresh command generator 254.

[0091] The periodic internal refresh command generator
254 refreshes all word line addresses (or the entire normal
memory cell array 11) within the memory device 100 based
on the power up master signal and initializes disturbance
count values. For example, the periodic internal refresh com-
mand generator 254 sends an internal refresh signal to the
count valid flag unit 224 in response to the power up master
signal.

[0092] The count valid flag unit 224 controls the count
values that have been stored in the elements 221,222, and 223
to be reset in response to the internal refresh signal. At this
time, the power up master signal may be received from an
external system (not shown) or a memory controller (not
shown).

[0093] FIG. 3 is a flowchart of an operating method of the
memory device 100 according to some example embodi-
ments of inventive concepts. Referring to FI1G. 3, when power
is supplied to the memory device 100, power is on in opera-
tion S10 and the memory device 100 enables all word lines,
thereby initializing all disturbance count values in a distur-
bance count cell array 20 in operation S20. For example, the
memory device 100 may enable all word lines connected with
memory cells and reset the memory cells to the same data
value for the initialization.

[0094] After the initialization in operation S20, the
memory device 100 enters an idle state in operation S30. The
memory device 100 changes from the idle state to an active
state in which the memory device 100 operates according to a
command of a host (not shown) in operation S40 or to a
refresh state in which the memory device 100 internally
refreshes memory cells for data reliability in operation S50.
[0095] In the active state, while a target memory cell is
being accessed, the memory device 100 counts a disturbance
value for each of the remaining memory cells in operation
S40. Thereafter, the memory device 100 performs a read
operation, a write operation, an erase operation, or the like
according to a command of the host in operation S60 and
repeats the counting of a disturbance value in operation S40.
After completing the operation according to the command,
the memory device 100 precharges the target memory cell and
enters the idle state in operation S30.

[0096] In the refresh state, the memory device 100
refreshes all memory cells except for the target memory cell
in operation S50. At this time, the refresh includes a regular
refresh operation and an irregular refresh operation. The
memory device 100 may perform a regular refresh operation
on the memory cells according to a schedule set by a desired
(or, alternatively predetermined) rule. Meanwhile, the
memory device 100 may consider the disturbance value of
each of the memory cells to perform an irregular refresh
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operation on a memory cell having a maximum disturbance
value prior to or to keep pace with the schedule in operation
S50. After completing the refresh, the memory device 100
reenters the idle state.

[0097] FIG. 4 is a flowchart of initialization operation S20
in the method illustrated in FIG. 3. Referring to FIGS. 3 and
4, when the memory device 100 is powered on in operation
S10, the periodic internal refresh command generator 254 is
enabled in operation S21. Power-on is detected from a power
up master signal. When the periodic internal refresh com-
mand generator 254 is enabled, the refresh controller 253
controls a disturbance count value corresponding to a current
refresh address to be reset or cleared in operation S22. The
periodic internal refresh command generator 254 disables a
count valid flag to deactivate a counting function of the DC
unit220. The clearing the count value and the deactivating the
counting function are repeated until disturbance count values
of all memory cells are reset in operation S23.

[0098] FIG. 5 is a flowchart of operation S40 in the active
state in the method illustrated in FIG. 3. Referring to FIG. 5,
when the address command decoder 210 receives an active
command, the memory device 100 enables a word line of a
target address (referred to as a target memory cell) corre-
sponding to the active command in the normal cell array 11
and reads a disturbance count value from a disturbance count
cell connected to the word line of the target memory cell in
operation S41. The disturbance count value indicates the
disturbance value of all memory cells except for the target
memory cell, such as cells adjacent to (or neighboring) the
target memory cell.

[0099] The disturbance value may be expressed by an
access time of a word line WLx of the target memory cell “x”
divided by a unit time, such as a minimum enable cycle (i.e.,
minimum tRC or minimum tRAS). For example, a distur-
bance count value “Disturb Count(x)” may be divided into
disturbance count values “Disturb Count(x-k)” and “Disturb
Count(x+k)” of adjacent or neighboring cells (i.e., at least one
cell positioned in a word line on the left or right of the target
memory cell “x” and hereinafter, referred to as remaining
memory cells), where “k” is a natural number. When the
remaining memory cells (x—k or x+k) are refreshed, the dis-
turbance count value ofthe remaining memory cells is reset to
0 (or is cleared) after a refresh operation.

[0100] Since the memory device 100 accesses the target
memory cell “x”, the remaining memory cells “x-k” and
“x+k” are cumulatively disturbed. Therefore, unless initial-
ized, the disturbance value is counted and the counted value is
added to a disturbance count value, which has been stored in
the disturbance count cell connected to the word line WLx
connected with the target memory cell “x”, so that the distur-
bance count value is updated. The updated disturbance count
value is written to and stored in the disturbance count cell in
operation S42. In other words, the disturbance value may be
a cumulative access time divided by a unit time.

[0101] The updated disturbance count value is compared
with a desired (or, alternatively predetermined) value and
whether to perform a refresh operation is determined accord-
ing to acomparison result in operation S43. When the updated
disturbance count value is greater than a current maximum
disturbance count value stored in a previous stage or a desired
(or, alternatively predetermined) threshold, an address of the
remaining memory cells corresponding to the updated distur-
bance count value is stored as a next irregular refresh address
in operation S44. If the updated disturbance count value is
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greater than a current maximum disturbance count value
stored in a previous stage, the updated disturbance count
value is stored as a new maximum disturbance count value in
operation S45. On the contrary, when the updated disturbance
count value is less than the current maximum disturbance
count value stored in the previous stage and the desired (or,
alternatively predetermined) threshold, the memory device
100 does not perform a refresh operation and does not store a
next irregular refresh address and a new maximum distur-
bance count value in operation S43.

[0102] When executing the active command, the memory
device 100 can access only the word line WLx connected with
the target memory cell “x” corresponding to the active com-
mand, and therefore, the disturbance count value of the adja-
cent or neighboring cells (i.e., remaining memory cells) x+k
is stored in a disturbance count cell connected with the word
line WLx in the disturbance count cell array 20.

[0103] For example, when the target memory cell “x” on
each ofboth sides (i.e., the left and right sides) of one remain-
ing memory cell x+k or x-k is multi-accessed, that is, when
word lines of at least two respective target memory cells are
repeatedly accessed, disturbance given to the remaining
memory cell is the sum of disturbance values respectively
given by both target memory cells. At this time, the distur-
bance value for the remaining memory cells stored in a dis-
turbance count cell connected to the word line of each target
memory cell corresponds to disturbance given by only one
target memory cell, and therefore, an accurate disturbance
value cannot be obtained, which may lead an error. However,
when execution of the active command is continued, the
disturbance count value of the target memory cell on each side
increases and the remaining memory cell may finally be set as
a target cell of an irregular refresh operation. Accordingly,
when this fact is considered when the maximum disturbance
count value is set, the error can be reduced. This will be
described in detail with reference to FIGS. 9A through 11C
later.

[0104] FIG. 6 is a flowchart of operation S50 in the refresh
state in the method illustrated in FIG. 3. Referring to FIG. 6,
when the address command decoder 210 receives a refresh
command, the memory device 100 performs a refresh opera-
tion. The refresh operation includes a regular refresh opera-
tion and an irregular refresh operation. According to the
refresh command, the memory device 100 determines
whether to perform an irregular refresh operation in operation
S51. When the memory device 100 determines not to perform
the irregular refresh operation, the memory device 100 dis-
ables (i.e., turns off) an irregular refresh flag and performs a
refresh operation according to an existing refresh schedule in
operation S52.

[0105] However, when an irregular refresh operation is nec-
essary, the memory device 100 enables (i.e., turns on) the
irregular refresh flag and adjusts the refresh schedule so that
the irregular refresh operation on a remaining memory cell is
performed to keep pace with the regular refresh operation or
is inserted between regular refresh operations in operation
S53.

[0106] After completing the irregular refresh operation on
the remaining memory cell, the memory device 100 clears or
resets the address of the remaining memory cell that has been
stored for the irregular refresh in operation S54. The memory
device 100 also clears or resets the current maximum distur-
bance count value in operation S55. The memory device 100
accesses the word line of the target memory cell “x” and
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clears (or resets) the disturbance count value of the remaining
memory cell in operation S56.

[0107] Accordingly, during a memory cell access opera-
tion, the refresh schedule is adjusted so that a memory cell
most vulnerable to disturbance, i.e., a memory cell having a
highest disturbance value, is first refreshed. As a result, a
disturbance value within a refresh interval time of the
memory cell is restricted, so that the data reliability of the
memory device 100 increases, which increases the perfor-
mance of the memory device 100.

[0108] FIG. 7 is a table for explaining an operation of
refreshing a memory cell according to some example
embodiments of inventive concepts. The memory device 100
repeats an access to a target memory cell, i.e., a first memory
cell based on an active command and monitors a disturbance
value of remaining memory cells, i.e., second memory cells
adjacent to or neighboring the first memory cell. The memory
device 100 performs an irregular refresh operation on a sec-
ond memory cell thathas a highest disturbance value and thus
has a most vulnerable refresh characteristic prior to perform-
ing a refresh operation on any other memory cells. Since a
maximum disturbance count value in a refresh interval is reset
every time the irregular refresh operation is performed, it does
not increase continuously and is restricted to a certain level.
[0109] Referring to FIG. 7, it is assumed that the memory
device 100 repeatedly accesses a first memory cell “X” in
ROW=3 and a threshold is 159. Before a first access to the first
memory cell “x”, i.e., at T=0, the memory device 100 is
powered up, and therefore, disturbance count values of sec-
ond memory cells (ROW 2, ROW 4), which have been stored
in the memory device 100, are initialized. In other words, a
value (Disturb(x-1), Disturb(x+1)) stored in a disturbance
count cell connected to ROW=3 is initialized. For example
(ROW 2, ROW 4)=(0, 0).

[0110] After the initialization, the memory device 100
accesses the first memory cell “x” in order to perform an
operation according to a command of a host. When the first
memory cell “x” is repeatedly accessed, i.e., when T=1~159,
the memory device 100 cumulatively counts a disturbance
value during an access time of the word line (i.e., ROW=3) of
the first memory cell “x”. For example, a disturbance count
value (1, 1) of the second memory cells ROW=2(left) and
ROW=4(right) at T=1 increases to a disturbance count value
(2, 2) of the second memory cells ROW=2 and ROW=4 at
T=2. The disturbance count value of the second memory cells
is stored and updated in a disturbance count cell connected to
ROW=3 in the disturbance count cell array 20 at each count-
ing.

[0111] The gray part, i.e., ROW=3 of the table illustrated in
FIG. 7 shows disturbance count values of the second memory
cells, which are stored in a disturbance count cell connected
to the word line connected with the first memory cell “x” in
the disturbance count cell array 20. In other words, since only
a first address, i.e., ROW=3 of the first memory cell “x” on
which the active command is executed is accessible; distur-
bance count cells are positioned on the same word line as the
first memory cell. A disturbance count value is a result of
counting disturbance values of the second memory cells
(ROW=2, 4) adjacent to or neighboring the first memory cell
“x” during an enable time (or accessed time) of the word line
of the first memory cell “x”.

[0112] When an active command is repeatedly executed on
the first memory cell “x”, the disturbance count value of each
of the second memory cells at two adjacent sides (ROW=2,
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Left and ROW=4, Right) increases and at least one of the
second memory cells finally becomes an object of an irregular
refresh.

[0113] In determining whether to perform an irregular
refresh operation, an irregular refresh operation on a second
memory cell connected to a word line ROW=2 is scheduled to
be performed first when a current disturbance count value
stored in the disturbance count cell is greater than the thresh-
old (=159) at T=160. When it is the turn of the second
memory cell to be subjected to the irregular refresh operation
according to the refresh schedule, the irregular refresh opera-
tion is performed (Refresh 2) and the disturbance count value
of the second memory cell is reset (ROW=2, disturbance
count value=0).

[0114] Thereafter, when the first memory cell (ROW=3) is
continuously accessed (T=161~319), the disturbance count
value of the second memory cells continuously increases
from 0 for ROW=2 and from 160 for ROW=4. Since the cell
corresponding to ROW=4 among the second memory cells
has not been refreshed while the cell corresponding to
ROW=2 has been refreshed, disturbance given to the cell
ROW=4 gradually increases.

[0115] With the repeated and continuous access to the first
memory cell in ROW=3 (T=161~319), the second memory
cell in ROW=4 has disturbance greater than a maximum
disturbance count value (T=320), and therefore, an irregular
refresh operation on the second memory cell in ROW=4 is
scheduled to be performed first. According to the refresh
schedule, the irregular refresh operation on the second
memory cell in ROW=4 is performed (Refresh 4). The word
line of the first memory cell “x” is enabled to reset the distur-
bance count value of the second memory cell in ROW=4,
which has been stored in the disturbance count cell.

[0116] Thereafter, every time the first memory cell “x” in
ROW=3 is accessed, the disturbance count value of the sec-
ond memory cells is increased. The memory device 100 per-
forms an irregular refresh operation on the second memory
cells based on the disturbance count value compared with the
threshold or the maximum disturbance count value.

[0117] A maximum disturbance count value MaxDisturb
when at least one memory cell in a memory cell array is
repeatedly accessed is defined by Equation 1:

MaxDisturb=(2#-1)xtREFI/tRC/n+(Threshold+1), (€8]

[Tt}

wherein “n” is the number of word lines connected with
repeatedly accessed cells.

[0118] A disturbance value is a total enable time of a word
line. To make the disturbance value into an integer, an enable
time is accumulated and then divided by a unit time (i.e., a
word line access time in case of tRASmin or tRCmin) For
example, when a first memory is repeatedly accessed at a
tREF of 64 ms and a refresh cycle time of 8K and an access
time tRCmin of a word line connected with the first memory
cell is 50 ns, tREFI is 8 ps, and therefore, the maximum
disturbance MaxDisturb during tREFT is 8 ps/50 ns=160
according to Equation 1.

[0119] FIGS. 8A and 8B are tables for explaining an opera-
tion of refreshing a memory cell according to other example
embodiments of inventive concepts. While one word line is
repeatedly accessed in the example embodiments illustrated
in FIG. 7, two word lines are repeatedly accessed in the
example embodiments illustrated in FIGS. 8A and 8B.
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[0120] Itisassumed thatthe memory device 100 repeatedly
accesses first memory cells in at least two respective word
lines, e.g., ROW=3 and ROW=6, and a threshold is 159.

[0121] Referring to FIG. 8A, the memory device 100 is
powered up before a first access (T=0), and therefore, distur-
bance count values of second memory cells (ROW=2,
ROW=4, ROW=5, ROW=7), which have been stored in the
memory device 100, are initialized. In other words, a value
(Disturb(x-1), Disturb(x+1)) stored in a disturbance count
cell connected to each of ROW=3 and ROW=6 is initialized
(i.e., (ROW 2, ROW 4)=(0, 0) and (ROW 5, ROW 7)=(0, 0)).
[0122] After the initialization, the memory device 100
accesses the first memory cells (x=3, 6) respectively posi-
tioned in ROW=3 and ROW=6. When the first memory cells
are repeatedly accessed (T=1159), the memory device 100
counts a disturbance value of each of the second memory cells
(ROW=2, 4, 5, 7) every time the first memory cells are
accessed.

[0123] The disturbance count values (ROW 2, ROW 4) and
(ROW 5, ROW 7) of the second memory cells are respectively
stored in disturbance count cells of the first memory cells
(ROW=3, 6) that are accessed. This is because the memory
device 100 enables and accesses only first memory cells
corresponding to a first address ROW=3, 6 on which an active
command is executed and does not enable word lines corre-
sponding to ROW=2, 4, 5, 7 connected with the second
memory cells.

[0124] When a current disturbance count value 160 of the
second memory cells (ROW=2, 4, 5, 7) read from the distur-
bance count cells is greater than the threshold of 159 (T=320),
the memory device 100 refreshes the second memory cell in
ROW=2 (Refresh 2) and resets the disturbance count value of
the second memory cell (ROW=2) that has been refreshed
(i.e., (ROW 2, ROW 4)=(0, 160) in ROW=3).

[0125] Thereafter, when the first memory cells (ROW=3, 6)
are continuously accessed (T=321~479), the disturbance
count values of the second memory cells continuously
increase from 0 for ROW=2 and from 160 for ROW=4, 5, 7.
Since the cells corresponding to ROW=4, 5, 7 among the
second memory cells have not been refreshed while the cell
corresponding to ROW=2 has been refreshed, the disturbance
count values for ROW=4, 5, 7 continuously increase.

[0126] With the repeated and continuous access to the first
memory cells in ROW=3, 6 (T=321~480), the disturbance
count value of the second memory cell in ROW=4 reaches a
maximum disturbance count value of 240 (T=480), and there-
fore, the memory device 100 adjusts a refresh schedule so that
an irregular refresh operation on the second memory cell in
ROW=4 is performed first. According to the refresh schedule,
the memory device 100 performs the irregular refresh opera-
tion on the second memory cell in ROW=4 (Refresh 4) and
resets the disturbance count value for ROW=4 (i.e., (ROW 2,
ROW 4)=(80, 0) in ROW=3).

[0127] Thereafter, the memory device 100 continuously
increases the disturbance count values of the second memory
cells every time the first memory cells (ROW=3, 6) are
accessed. When the first memory cells (ROW=3, 6) are
repeatedly and continuously accessed, a disturbance count
value of the second memory cell in ROW=S5 influenced by the
first memory cell in ROW=6 exceeds the threshold of 159 and
maximum disturbance count value of 240 at T=640, as shown
in the disturbance count value (ROW 5, ROW 7)=(320, 320).
At this time, the memory device 100 performs an irregular
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refresh operation on the second memory cell in ROW=4 and
resets the disturbance count value (ROW 5, ROW 7) to (0,
320).

[0128] Similarly, in the example embodiments illustrated
in FIG. 8B, the disturbance count value of second memory
cells is updated every time a first memory cell is accessed, the
schedule ofirregular refresh operations is determined accord-
ing to a result of comparing the disturbance count value with
a threshold or a maximum disturbance count value. In other
words, the memory device 100 adjusts the schedule of opera-
tions so that an irregular refresh operation can be performed
even during a regular refresh operation based on the distur-
bance count value of the second memory cells.

[0129] As a result, as compared to the example embodi-
ments illustrated in FIG. 7 in which a single word line is
repeatedly accessed, the maximum disturbance count value is
greater in the example embodiments illustrated in FIGS. 8A
and 8B. However, even considering that the maximum dis-
turbance count value is greater, since the memory device 100
adjusts the refresh schedule based on a current disturbance
count value, the maximum disturbance count value is even-
tually restricted (to 400 in FIG. 8B) even though the first
memory cell is repeatedly accessed.

[0130] As described above, when the memory device 100
repeatedly accesses at least two memory cells, at least one
adjacent/neighboring memory cell of each of the two memory
cells is disturbed. At this time, a maximum disturbance count
value MaxDisturb is defined by Equation 2:

MaxDisturb=(2#-1)xtREFI/tRC/n+(Threshold+1), 2)

[Tt}

wherein “n” is the number of word lines connected with
repeatedly accessed cells.

[0131] A disturbance value is a total enable time of a word
line. To make the disturbance value into an integer, an enable
time is accumulated and then divided by a unit time (i.e., a
word line access time in case of tRASmin or tRCmin). Since
Equation 2 is an increasing function, the maximum distur-
bance count value converges to 480 when “n” is infinite.
480xtRC=24 pus (tRC=50 ns at this time) which is the worst
case when at least one of the second memory cells is not
concurrently disturbed by first memory cells.

[0132] FIGS. 9A and 9B are tables for explaining an opera-
tion of refreshing a memory cell according to further example
embodiments of inventive concepts. While two word lines
that are not adjacent to each other are repeatedly accessed in
the example embodiments illustrated in FIGS. 8A and 8B,
two adjacent word lines are repeatedly accessed in the
example embodiments illustrated in FIGS. 9A and 9B.
[0133] Itisassumed that the memory device 100 repeatedly
accesses first memory cells in at least two respective word
lines, e.g., ROW=3 and ROW=5, and a threshold is 159.
[0134] Referring to FIG. 9A, the memory device 100 is
powered up before a first access (T=0), and therefore, distur-
bance count values of second memory cells (ROW=2,
ROW=4, ROW=6), which have been stored in the memory
device 100, are initialized. In other words, a value (Disturb
(x-1), Disturb(x+1)) stored in a disturbance count cell con-
nected to each of ROW=3 and ROW=5 is initialized (i.e.,
(ROW 2, ROW 4)=(0, 0) and (ROW 4, ROW 6)=(0, 0)).
[0135] After the initialization, the memory device 100
accesses the first memory cell positioned in ROW=3. When
the first memory cells are repeatedly accessed (T=1-159), the
memory device 100 counts a disturbance value of each of the
second memory cells (ROW=2, 4, 6) each time the first
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memory cells are accessed. Unlike the example embodiments
illustrated in FIG. 7, among the second memory cells con-
nected to word lines neighboring the repeatedly accessed
word lines, a second memory cell in ROW=4 is concurrently
disturbed by ROW=3 and ROW=S5 in the example embodi-
ments illustrated in FIGS. 9A and 9B.

[0136] The disturbance count values (ROW 2, ROW 4) and
(ROW 4, ROW 6) of the second memory cells are respectively
stored in disturbance count cells of the first memory cells
(ROW=3, 5) that are accessed. This is because the memory
device 100 can access only first memory cells corresponding
to a first address ROW=3, 5 on which an active command is
executed. At this time, since the second memory cell in
ROW=4 is concurrently disturbed, the sum of disturbance
count values respectively stored for the second memory cell
in ROW=4 in the disturbance count cells of the respective first
memory cells (ROW=3, 5) is an actual disturbance value
(Effective 4 in FIG. 9A).

[0137] When a current disturbance count value (160) read
from the disturbance count cells is greater than the threshold
ot 159 (T=320), the memory device 100 refreshes the second
memory cell in ROW=2 (Refresh 2) and resets the distur-
bance count value of the second memory cell (ROW=2) that
has been refreshed (i.e., ROW=2, disturbance count value=0).

[0138] Thereafter, when the first memory cells (ROW=3, 5)
are continuously accessed (T=321~479), the disturbance
count values of the second memory cells continuously
increase from 0 for ROW=2 and from 160 for ROW=4, 6.
Since the cells corresponding to ROW=4, 6 among the second
memory cells have not been refreshed while the cell corre-
sponding to ROW=2 has been refreshed, the disturbance
count values for ROW=4, 6 continuously increase.

[0139] With the repeated and continuous access to the first
memory cells in ROW=3, 5 (T=321~480), the actual distur-
bance count value of the second memory cell in ROW=4
reaches a maximum disturbance count value of 480 (T=480),
and therefore, the memory device 100 adjusts a refresh sched-
ule so that an irregular refresh operation on the second
memory cell in ROW=4 is performed first. According to the
refresh schedule, the memory device 100 performs the irregu-
lar refresh operation on the second memory cell in ROW=4
(Refresh 4) and resets the disturbance count value for
ROW=4 (i.e., (ROW 2, ROW 4)=(80, 0) in ROW=3).

[0140] Thereafter, the memory device 100 continuously
increases the disturbance count values of the second memory
cells every time the first memory cells (ROW=3, 5) are
accessed. When the first memory cells (ROW=3, 5) are
repeatedly and continuously accessed, an actual disturbance
count value (Effective 4=160) of the second memory cell in
ROW=4 influenced by the first memory cell in ROW=5
exceeds the threshold of 159. At this time, the memory device
100 performs an irregular refresh operation on the second
memory cell in ROW=4.

[0141] Similarly, in the example embodiments illustrated
in FIG. 9B, the disturbance count value of second memory
cells is updated every time a first memory cell is accessed, the
schedule ofirregular refresh operations is determined accord-
ing to a result of comparing the disturbance count value with
a threshold or a maximum disturbance count value. In other
words, the memory device 100 adjusts the schedule of opera-
tions so that an irregular refresh operation can be performed
even during a regular refresh operation based on the distur-
bance count value of the second memory cells.
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[0142] As a result, as compared to the example embodi-
ments illustrated in FIG. 7 in which at least one word line is
not concurrently accessed, the maximum disturbance count
value is greater in the example embodiments illustrated in
FIGS. 9A and 9B. However, even considering a second
memory cell is concurrently disturbed, since the memory
device 100 adjusts the refresh schedule based on a current
disturbance count value, the maximum disturbance count
value is eventually restricted even when the first memory cell
is repeatedly and continuously accessed.

[0143] As described above, when the memory device 100
repeatedly accesses at least two memory cells, at least one
adjacent/neighboring memory cell is disturbed concurrently.
Atthis time, amaximum disturbance count value MaxDisturb
is defined by Equation 3:

MaxDisturb=(2#-3)xtREFI/2tRC/n+(Threshold+1)x2 3)

[Tt}

wherein “n” is the number of word lines connected with
repeatedly accessed cells.

[0144] FIGS. 10A and 10B are tables for explaining an
operation of refreshing a memory cell according to other
example embodiments of inventive concepts. While one word
line is repeatedly accessed in the example embodiments illus-
trated in FIG. 7, three word lines are repeatedly accessed in
the example embodiments illustrated in FIGS. 10A and 10B.
[0145] Itisassumed that the memory device 100 repeatedly
accesses first memory cells in at least two respective word
lines, e.g., ROW=1, ROW=4, and ROW=7, and a threshold is
159.

[0146] Referring to FIG. 10A, the memory device 100 is
powered up before a first access (T=0), and therefore, distur-
bance count values of second memory cells (ROW=0, 2,3, 5,
6, 8), which have been stored in the memory device 100, are
initialized. In other words, a value (Disturb(x-1), Disturb(x+
1)) stored in a disturbance count cell connected to each of
ROW=1, ROW=4, and ROW=7 is initialized (i.e., (ROW 0,
ROW 2)=(0, 0), (ROW 3, ROW 5)=(0, 0), and (ROW 6, ROW
8)=(0, 0)).

[0147] After the initialization, the memory device 100
accesses the first memory cells (or target memory cells)
respectively positioned in ROW=1, ROW 4, and ROW=7.
When the first memory cells are repeatedly accessed
(T=1480), the memory device 100 counts a disturbance value
of each of the second memory cells (ROW=0, 2, 3, 5, 6, 8)
each time the first memory cells are accessed. For conve-
nience’ sake in the description, it is assumed that each second
memory cell is not concurrently disturbed by first memory
cells other than a first memory cell connected to a word line
closest to the second memory cell. For example, the second
memory cell in ROW=2 is not concurrently disturbed by
ROW=4 or ROW=7 but is disturbed only by ROW=I.
[0148] The disturbance count values (ROW 0, ROW 2),
(ROW 3, ROW 5), and (ROW 6, ROW 8) of the second
memory cells are respectively stored in disturbance count
cells of the first memory cells (ROW=1, 4, 7) that are
accessed. This is because the memory device 100 enables and
accesses only first memory cells corresponding to a first
address ROW=1, 4, 7 on which an active command is
executed and does not enable ROW=0, 2, 3, 5, 6, 8 connected
with the second memory cells.

[0149] When a current disturbance count value (160) of the
second memory cells (ROW=0, 2, 3, 5, 6, 8) read from the
disturbance count cells is greater than the threshold of 159
(T=480), the memory device 100 refreshes the second
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memory cell in ROW=0 (Refresh 0) and resets the distur-
bance count value of the second memory cell (ROW=0) that
has been refreshed (i.e., (ROW 0, ROW 2)=(0, 160) in
ROW=1).

[0150] Thereafter, when the first memory cells (ROW=1, 4,
7) are continuously accessed (T=381~639), the disturbance
count values of the second memory cells continuously
increase from 0 for ROW=0 and from 160 for ROW=2, 3, 5,
6, 8. Since the cells corresponding to ROW=2, 3, 5, 6, 8
among the second memory cells have not been refreshed
while the cell corresponding to ROW=0 has been refreshed,
the disturbance count values for ROW=2, 3, 5, 6, 8 continu-
ously increase.

[0151] With the repeated and continuous access to the first
memory cells in ROW=1, 4, 7 (T=481~640), the disturbance
count value of the second memory cell in ROW=2 reaches a
maximum disturbance count value of 214 (T=640), and there-
fore, the memory device 100 adjusts a refresh schedule so that
an irregular refresh operation on the second memory cell in
ROW=2 is performed first. According to the refresh schedule,
the memory device 100 performs the irregular refresh opera-
tion on the second memory cell in ROW=2 (Refresh 2) and
resets the disturbance count value for ROW=2 (i.e., (ROW 0,
ROW 2)=(54, 0) in ROW=1).

[0152] Thereafter, referring to FIGS. 10A and 10B, the
memory device 100 continuously increases the disturbance
count values of the second memory cells every time the first
memory cells (ROW=1, 4, 7) are accessed. When the first
memory cells (ROW=1, 4, 7) are repeatedly and continuously
accessed, disturbance count values of the second memory
cells exceed the threshold of 159 or a maximum disturbance
count value of 426 at T=800, 960, 1120, 1280. At this time,
the memory device 100 performs an irregular refresh opera-
tion on the second memory cells (Refresh 3, 5, 6, 8).

[0153] Similarly, the disturbance count value of the second
memory cells is updated every time each of the first memory
cellis accessed, the schedule of irregular refresh operations is
determined according to a result of comparing the distur-
bance count value with a threshold or a maximum disturbance
count value. In other words, the memory device 100 adjusts
the schedule of operations so that an irregular refresh opera-
tion can be performed even during a regular refresh operation
based on the disturbance count value of the second memory
cells.

[0154] As a result, as compared to the example embodi-
ments illustrated in FIG. 7 in which a single word line is
repeatedly accessed, the maximum disturbance count value is
greater in the example embodiments illustrated in FIGS. 10A
and 10B. However, even considering that the maximum dis-
turbance count value is greater, since the memory device 100
adjusts the refresh schedule based on a current disturbance
count value, the maximum disturbance count value is even-
tually restricted (to 426 in FIG. 10B) even though the first
memory cell is repeatedly accessed.

[0155] As described above, when the memory device 100
repeatedly accesses at least two memory cells, at least one
adjacent/neighboring memory cell of each of the two memory
cells is disturbed. At this time, a maximum disturbance count
value MaxDisturb, which is restricted, is defined by Equation
4

MaxDisturb=(2#-1)xtREFI/tRC/n+(Threshold+1), 4

9

wherein “n” is the number of word lines connected with
repeatedly accessed cells.
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[0156] A disturbance value is a total enable time of a word
line. To make the disturbance value into an integer, an enable
time is accumulated and then divided by a unit time (i.e., a
word line access time in case of tRASmin or tRCmin).
[0157] FIGS. 11A through 11C are tables for explaining an
operation of refreshing a memory cell according to yet other
example embodiments of inventive concepts. While only one
word line is repeatedly accessed in the example embodiments
illustrated in FIG. 7, four adjacent word lines are repeatedly
accessed and memory cells positioned in at least three word
lines among remaining memory cells are concurrently dis-
turbed in the example embodiments illustrated in FIGS. 11A
through 11C.

[0158] Itisassumed that the memory device 100 repeatedly
accesses first memory cells in four respective word lines, e.g.,
ROW=1, 3, 5, 7, and a threshold is 159.

[0159] Referring to FIG. 11A, the memory device 100 is
powered up before a first access (T=0), and therefore, distur-
bance count values of second memory cells (ROW=0, 2, 4, 6,
8), which have been stored in the memory device 100, are
initialized.

[0160] After the initialization, the memory device 100
accesses the first memory cells (or target memory cells) posi-
tioned in ROW=1, 3, 5, 7. When the first memory cells are
repeatedly accessed, the memory device 100 counts a distur-
bance value of each of the second memory cells (ROW=0, 2,
4, 6, 8) every time each of the first memory cells (ROW=1, 3,
5, 7) is accessed. At this time, ROW=2, 4, 6 is disposed
between first memory cells and thus concurrently disturbed
from both sides.

[0161] The disturbance count values of the second memory
cells are respectively stored in disturbance count cells of the
first memory cells (ROW=1, 3, 5, 7) that are accessed. Since
the disturbance count value of each of the second memory
cells in ROW=2, 4, 6 stored one of ROW=1, ROW=3,
ROW=5, and ROW=7 corresponds to disturbance by
ROW=1, ROW=3, ROW=5; or ROW=7 at only one side of
each second memory cell, an actual disturbance given to
ROW=2, 4, 6 is the sum of disturbances given by ROW=1, 3,
5, 7 (e.g., at T=640, a disturbance count value of ROW=2
influenced by ROW=1 is 160 and a disturbance count value of
ROW=2 influenced by ROW=3 is 160, and therefore, an
actual disturbance count value E2 of ROW=2 is
160+160=320).

[0162] Whena current disturbance count value of any of the
second memory cells (ROW=0, 2, 4, 6, 8) read from the
disturbance count cells is greater than the threshold of 159,
the memory device 100 refreshes the second memory cell in
ROW=0 (Refresh 0 at T=640) and resets the disturbance
count value of the second memory cell (ROW=0) that has
been refreshed.

[0163] Referring to FIGS. 11 A through 11C, every time
accessing the first memory cells (ROW=1, 3, 5, 7), the
memory device 100 continuously increases the disturbance
count value of the second memory cells and adjusts the sched-
ule of irregular refresh operations based on a result of com-
paring the disturbance count value with a threshold or a
maximum disturbance count value. When the first memory
cells (ROW=1, 3, 5, 7) are repeatedly and continuously
accessed, the disturbance count values of the second memory
cells exceed the threshold of 159 or a maximum disturbance
count value of 720 at T=800, 960, 1120, 1280, 1440, 1600,
1760; and the memory device 100 performs an irregular
refresh operation on the second memory cells (Refresh 2, 2, 4,
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4, 6, 6, 8 at T=800, 960, 1120, 1280, 1440, 1600, 1760,
respectively). In other words, concurrently disturbed second
memory cells are refreshed concurrently considering distur-
bance count values from respective word lines at both sides.

[0164] As a result, as compared to the example embodi-
ments illustrated in FIG. 7 in which a single word line is
repeatedly accessed or the example embodiments illustrated
in FIGS. 10A and 10B in which at least two word lines are not
concurrently accessed, the maximum disturbance count value
is greater in the example embodiments illustrated in FIGS.
11A through 11C. However, even considering that the maxi-
mum disturbance count value is greater, since the memory
device 100 adjusts the refresh schedule based on a current
disturbance count value, the maximum disturbance count
value is eventually restricted (to 720 in FIG. 11B and to 560
in a repeated loop) even though the first memory cell is
repeatedly accessed.

[0165] As described above, when the memory device 100
repeatedly accesses at least two memory cells, at least one
adjacent/neighboring memory cell of each of the two memory
cells is disturbed. At this time, a maximum disturbance count
value MaxDisturb, which is restricted, is defined by Equation
5:

MaxDisturb=(2#-3)xtREFI/2tRC/n+(Threshold+1)x2 (5)
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wherein “n” is the number of word lines connected with
repeatedly accessed cells.

[0166] A disturbance value is a total enable time of a word
line. To make the disturbance value into an integer, an enable
time is accumulated and then divided by a unit time (i.e., a
word line access time in case of tRASmin or tRCmin). Since
Equation 5 is an increasing function in an entire range of “n”,
the maximum disturbance count value converges to 960 when
“n” is infinite. When tRC=50 ns, n*tRC=960*50 ns=48
which is the worst case.

[0167] FIG.12isablock diagram of a computer system 300
including the memory device 100 illustrated in FIG. 1 accord-
ing to some example embodiments of inventive concepts.
Referring to F1G. 12, the computer system 300 may be imple-
mented as a cellular phone, a smart phone, a tablet personal
computer (PC), a personal digital assistant (PDA) or a radio
communication system.

[0168] The computer system 300 includes the memory
device 100 and a memory controller 320 controlling the
operations of the memory device 100. The memory controller
320 may control the data access operations, e.g., a program
operation, an erase operation, and a read operation, of the
memory device 100 according to the control of a host 310.

[0169] The data in the memory device 100 may be dis-
played through a display 330 according to the control of the
host 310 and the memory controller 320.

[0170] A radio transceiver 340 transmits or receives radio
signals through an antenna ANT. The radio transceiver 340
may convert radio signals received through the antenna ANT
into signals that can be processed by the host 310. Accord-
ingly, the host 310 may process the signals output from the
radio transceiver 340 and transmit the processed signals to the
memory controller 320 or the display 330. The memory con-
troller 320 may program the signals processed by the host 310
to the memory device 100. The radio transceiver 340 may also
convert signals output from the host 310 into radio signals and
outputs the radio signals to an external device through the
antenna ANT.
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[0171] Aninput device 350 enables control signals for con-
trolling the operation of the host 310 or data to be processed
by the host 310 to be input to the computer system 300. The
input device 350 may be implemented by a pointing device
such as a touch pad or a computer mouse, a keypad, or a
keyboard.

[0172] The host 310 may control the operation of the dis-
play 330 to display data output from the memory controller
320, data output from the radio transceiver 340, or data output
from the input device 350. The memory controller 320, which
controls the operations of the memory device 100, may be
implemented as a part of the host 310 or as a separate chip.
[0173] FIG.13isablock diagram of a computer system 400
including the memory device 100 illustrated in FIG. 1 accord-
ing to other example embodiments of inventive concepts. The
computer system 400 may be implemented as a personal
computer (PC), atablet PC, a netbook, an e-reader, a personal
digital assistant (PDA), a portable multimedia player (PMP),
an MP3 player, or an MP4 player.

[0174] The computer system 400 includes a host 410, the
memory device 100, a memory controller 420 controlling the
data processing operations of the memory device 100, a dis-
play 430 and an input device 440.

[0175] Thehost410 may display data stored in the memory
device 100 through the display 430 according to data input
through the input device 440. The input device 440 may be
implemented by a pointing device such as a touch pad or a
computer mouse, a keypad, or a keyboard.

[0176] The host 410 may control the overall operation of
the computer system 400 and the operations of the memory
controller 420. The memory controller 420, which may con-
trol the operations of the memory device 100, may be imple-
mented as a part of the host 410 or as a separate chip.
[0177] FIG.14isablock diagram of a computer system 500
including the memory device 100 illustrated in FIG. 1 accord-
ing to other example embodiments of inventive concepts. The
computer system 500 may be implemented as an image pro-
cessor like a digital camera, a cellular phone equipped with a
digital camera, a smart phone equipped with a digital camera,
or a tablet PC equipped with a digital camera.

[0178] The computer system 500 includes a host 510, the
memory device 100 and a memory controller 520 controlling
the data processing operations, such as a program operation,
an erase operation, and a read operation, of the memory
device 100. The computer system 500 further includes an
image sensor 530 and a display 540. The image sensor 530
included in the computer system 500 converts optical images
into digital signals and outputs the digital signals to a host 510
or the memory controller 520. The digital signals may be
controlled by the host 510 to be displayed through a display
540 or stored in the memory device 100 through the memory
controller 520.

[0179] Data stored in the memory device 100 may be dis-
played through the display 540 according to the control of the
host 510 or the memory controller 520. The memory control-
ler 520, which may control the operations of the memory
device 100, may be implemented as a part of the host 510 or
as a separate chip.

[0180] FIG.151sablock diagram ofa computer system 600
including the memory device 100 illustrated in FIG. 1 accord-
ing to yet other example embodiments of inventive concepts.
The computer system 600 includes the memory device 100
and a host 610 controlling the operations of the memory
device 100. The memory device 100 may be implemented by
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anon-volatile memory like flash memory. The computer sys-
tem 600 also includes a system memory 620, a memory
interface 630, an error correction code (ECC) block 640 and
a host interface 650.

[0181] The system memory 620 may be used as an opera-
tion memory of'the host 610. The system memory 620 may be
implemented by a non-volatile memory like read-only
memory (ROM) or a volatile memory like static random
access memory (SRAM). A host connected with the computer
system 600 may perform data communication with the
memory device 100 through the memory interface 630 and
the host interface 650.

[0182] The ECC block 640 is controlled by the host 610 to
detect an error bit included in data output from the memory
device 100 through the memory interface 630, correct the
error bit, and transmit the error-corrected data to the host
through the host interface 650. The host 610 may control data
communication among the memory interface 630, the ECC
block 640, the host interface 650, and the system memory 620
through a bus 670. The computer system 600 may be imple-
mented as a flash memory drive, a USB memory drive, an
IC-USB memory drive, or a memory stick.

[0183] FIG. 16 is a block diagram of a memory system 700
including the memory device 100 illustrated in FIG. 1 accord-
ing to further example embodiments of inventive concepts.
The memory system 700 may be implemented as a memory
card or a smart card.

[0184] The memory system 700 includes a host computer
710 and a memory card 730. The host computer 710 includes
a host 740 and a host interface 720. The memory card 730
includes the memory device 100, a memory controller 750,
and a card interface 760.

[0185] The memory controller 750 may control data
exchange between the memory device 100 and the card inter-
face 760. The card interface 760 may be a secure digital (SD)
card interface or a multi-media card (MMC) interface, but
example embodiments of inventive concepts are not restricted
to the current example embodiments.

[0186] When the memory card 730 is connected with the
host computer 710, the card interface 760 may interface the
host 740 and the memory controller 750 for data exchange
according to a protocol of the host 740. The card interface 760
may support a universal serial bus (USB) protocol and an
interchip (IC)-USB protocol. Here, the card interface 760
may indicate a hardware supporting a protocol used by the
host 740, a software installed in the hardware, or a signal
transmission mode.

[0187] When the memory system 700 is connected with the
host 740 such as a PC, a tablet PC, a digital camera, a digital
audio player, a cellular phone, a console video game hard-
ware, or a digital set-top box, the host interface 720 may
perform data communication with the memory device 100
through the card interface 760 and the memory controller 750
according to the host 740.

[0188] FIG. 17 is a block diagram of a data processing
system 800 including the memory device illustrated in FIG. 1
according to some example embodiments of inventive con-
cepts. In FIG. 17, MOD(E/O) denotes an optical modulator
used as an E/O converter which converts electronic signal to
optical signal, and DEM(O/E) denotes an optical demodula-
tor used as an O/E converter which converts optical signal to
electronic signal.
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[0189] Referring to FIG. 17, the data processing system
800 includes a central processing unit (CPU) 810, a plurality
of data buses 801-1, 801-2, and 801-3, and a plurality of
memory modules 840.

[0190] Thememory modules 840 transmit and receive opti-
cal signals with a de-emphasis waveform through a plurality
of'couplers 811-1, 811-2, and 811-3 respectively connected to
the data buses 801-1 through 801-3. Each of the couplers
811-1 through 811-3 may be implemented by an electrical
coupler or an optical coupler.

[0191] The CPU 810 includes a first optical transceiver
816, which includes at least one optical modulator MOD(E/0)
and at least one optical demodulator DEM(O/E), and a
memory controller 812. The optical demodulator DEM(O/E)
is used as an O/E converter. The memory controller 812 is
controlled by the CPU 810 to control the operations, e.g., the
transmitting operation and the receiving operation, of the first
optical transceiver 816.

[0192] For example, during a write operation, a first optical
modulator MOD(E/O) of the first optical transceiver 816
generates a modulated optical signal ADD/CTRL with a de-
emphasis waveform from addresses and control signals and
transmits the optical signal ADD/CTRL to the data bus 801-3
in compliance with the memory controller 812. After the first
optical transceiver 816 transmits the optical signal ADD/
CTRL to the data bus 801-3, a second optical modulator
MOD(E/O) of the first optical transceiver 816 generates
modulated optical write data WDATA having a de-emphasis
waveform and transmits the optical write data WDATA to the
data bus 801-2.

[0193] Each ofthe memory modules 840 includes a second
optical transceiver 830 and a plurality of memory devices
100. Each memory module 840 may be implemented by an
optical dual in-line memory module (DIMM), an optical fully
buffered DIMM, an optical small outline dual in-line memory
module (SO-DIMM), an optical registered DIMM
(RDIMM), an optical load reduced DIMM (LRDIMM), an
optical unbuffered DIMM (UDIMM), an optical micro
DIMM, or an optical single in-line memory module (SIMM).
[0194] Referring to FIG. 17, an optical demodulator DEM
(O/E) included in the second optical transceiver 830 demodu-
lates the optical write data WDATA received through the data
bus 801-2 and transmits a demodulated electrical signal to at
least one of the memory devices 100.

[0195] Each memory module 840 may also include an elec-
trical buffer 833 which buffers an electrical signal output
from an optical demodulator DEM(O/E). For example, the
electrical buffer 833 may buffer a demodulated electrical
signal and transmits the buffered electrical signal to at least
one of the memory devices 100.

[0196] During a read operation, an electrical signal output
from the memory device 100 is modulated into optical read
data RDATA having a de-emphasis waveform by an optical
modulator MOD(E/O) included in the second optical trans-
ceiver 830. The optical read data RDATA is transmitted to a
first optical demodulator DEM(O/E) included in the CPU 810
through the data bus 801-1. The first optical demodulator
DEM(O/E) demodulates the optical read data RDATA and
transmits a demodulated electrical signal to the memory con-
troller 812.

[0197] FIG. 18 is a schematic conceptual diagram of a
multi-chip package 900 including the semiconductor
memory device 100 illustrated in FIG. 1. Referring to FIG.
18, the multi-chip package 900 may include a plurality of
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semiconductor devices, i.e., first through third chips 930, 940,
and 950 which are sequentially stacked on a package sub-
strate 910. Each of the semiconductor devices 930 through
950 may include the semiconductor memory device 100. A
memory controller (not shown) for controlling the operations
of the semiconductor devices 930 through 950 may be
included within at least one of the semiconductor devices 930
through 950 or may be implemented on the package substrate
910. A through-silicon via (TSV) (not shown), abonding wire
(not shown), a bump (not shown), or a solder ball 920 may be
used to electrically connect the semiconductor devices 930
through 950 with one other.

[0198] The first semiconductor device 930 may be a logic
die including an input/output interface and a memory con-
troller and the second and third semiconductor devices 940
and 950 may be a die, on which a plurality of memory devices
are stacked, and may include a memory cell array. A memory
device of the second semiconductor device 940 and a memory
device of the third semiconductor device 950 may be the same
or different types of memory.

[0199] Alternatively, each of the first through third semi-
conductor devices 930 through 950 may include a memory
controller. The memory controller may be on the same die as
a memory cell array or may be on a different die than the
memory cell array.

[0200] As another alternative, the first semiconductor
device 930 may include an optical interface. A memory con-
troller may be positioned in the first or second semiconductor
device 930 or 940 and a memory device may be positioned in
the second or third semiconductor device 940 or 950. The
memory device may be connected with the memory control-
ler through a TSV.

[0201] The multi-chip package 900 may be implemented
using hybrid memory cube (HMC) in which a memory con-
troller and a memory cell array die are stacked. When the
HMC is used, the performance of memory devices increases
due to the increase of bandwidth and the area of the memory
devices is reduced or minimized. As a result, power consump-
tion and manufacturing cost can be reduced.

[0202] FIG. 19 is a three-dimensional conceptual diagram
of an example of the multi-chip package 900 illustrated in
FIG. 18. Referring to FIG. 19, the multi-chip package 900’
includes a plurality of the dies 930 through 950 connected
with one another through TSVs 960 in a stack structure. Each
of'the dies 930 through 950 may include a plurality of circuit
blocks (not shown) and a periphery circuit to realize the
functions of the semiconductor memory device 100. The dies
930 through 950 may be referred to as a cell array. The
plurality of circuit blocks may be implemented by memory
blocks.

[0203] TheTSVs 960 may be formed of a conductive mate-
rial including a metal such as copper (Cu). The TSVs 960 are
arranged at the center of a silicon substrate. The silicon sub-
strate surrounds the TSVs 960. An insulating region (not
shown) may be disposed between the TSVs 960 and the
silicon substrate.

[0204] The present example embodiments of inventive
concepts can also be embodied as computer-readable codes
on a computer-readable medium. The computer-readable
recording medium is any data storage device that can store
data as a program which can be thereafter read by a computer
system. Examples of the computer-readable recording
medium include read-only memory (ROM), random-access
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memory (RAM), CD-ROMs, magnetic tapes, floppy disks,
and optical data storage devices.

[0205] The computer-readable recording medium can also
bedistributed over network coupled computer systems so that
the computer-readable code is stored and executed in a dis-
tributed fashion. Also, functional programs, codes, and code
segments to accomplish the present example embodiments of
inventive concepts can be easily construed by programmers.
[0206] As described above, according to some example
embodiments of inventive concepts, a refresh operation is
frequently performed on a cell with high disturbance in a
memory device and a memory system, thereby improving the
refresh characteristics of the memory cell and increasing the
data reliability of the memory device.

[0207] While example embodiments of inventive concepts
have been particularly shown and described with reference to
example embodiments thereof, it will be understood by those
of ordinary skill in the art that various changes in forms and
details may be made therein without departing from the spirit
and scope of example embodiments of inventive concepts as
defined by the following claims.

What is claimed is:

1. A method of operating a memory device including a
plurality of memory cells, the plurality of memory cells
including a first memory cell and a second memory cell
neighboring the first memory cell, the method comprising:

counting a disturbance value of the second memory cell

each time the first memory cell is accessed;

updating a disturbance count value of the second memory

cell based on the counting;
adjusting a refresh schedule based on the disturbance count
value of the second memory cell, a desired threshold and
a maximum disturbance count value; and

resetting the disturbance count value of the second memory
cell and the maximum disturbance count value when the
second memory cell is refreshed according to the
adjusted refresh schedule.

2. The method of claim 1, wherein the disturbance value is
a cumulative access time of the first memory cell divided by
a unit time.

3. The method of claim 1, wherein the updating includes
adding a disturbance count value stored at a previous access
time to a value periodically counted during a current access
time of the first memory cell each time the first memory cell
is accessed.

4. The method of claim 1, wherein the adjusting the refresh
schedule comprises:

advancing a refresh operation on the second memory cell in

the refresh schedule if the disturbance count value of the
second memory cell is at least the desired threshold and
is greater than the maximum disturbance count value;
and

updating the maximum disturbance count value with the

disturbance count value of the second memory cell.

5. The method of claim 1, wherein the resetting the distur-
bance count value comprises:

enabling an irregular refresh flag after the memory device

is powered up to control the memory device to perform
a refresh operation according to the refresh schedule;
and

disabling the irregular refresh flag if the memory device is

in a test mode to stop the refresh operation.

6. The method of claim 5, wherein the irregular refresh flag
is reset when the second memory cell is refreshed.
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7. The method of claim 1, further comprising:

initializing the disturbance count value when the memory
device is powered up.

8. A memory device comprising:

a memory cell array including a plurality of memory cells,
the plurality of memory cells including a first memory
cell and a second memory cell neighboring the first
memory cell;

control logic configured to read a current disturbance count
value of the second memory cell if the first memory cell
is accessed, the control logic configured to compare the
current disturbance count value with a desired threshold
and a maximum disturbance count value, the control
logic configured to count a disturbance value of the
second memory during a current access time of the first
memory cell, and configured to update the disturbance
count value based on the counting; and

a refresh unit configured to calculate a word line address of
the second memory cell, configured to adjust a current
refresh schedule for the second memory cell according
to a result of the comparison of the disturbance count
value, configured to perform a refresh operation on the
second memory cell, and configured to control initial-
ization of the refresh operation based on a power up
signal.

9. The memory device of claim 8, wherein the memory cell

array comprises:

a normal cell array comprising a plurality of data memory
cells configured to store data, the data memory cells
including the first and second memory cells; and

a disturbance count cell array comprising a plurality of
disturbance count cells configured to store the distur-
bance count value,

wherein at least one of the disturbance count cells is con-
nected to the same word line as the first memory cell.

10. The memory device of claim 8, wherein the control

logic comprises:

an address command decoder configured to receive a clock
signal, an active command, and an address from a host,
and the address command decoder configured to decode
the active command and the address based on the clock
signal to generate control signals corresponding to the
active command and to generate a row address and a
column address for accessing the first memory cell;

a count value comparator configured to compare the cur-
rent disturbance count value with the desired threshold
and the maximum disturbance count value;

a count value updater configured to update the disturbance
count value by adding a disturbance count value stored
at a previous access time to a value periodically counted
during a current access time of the first memory cell each
time the first memory cell is accessed; and

amaximum count value storage configured to store a maxi-
mum disturbance count value among disturbance count
values of the second memory cell from a time of initial-
ization of the memory device to a current operating time
and to update the maximum disturbance count value
with the updated disturbance count value if the updated
disturbance count value is greater than the maximum
disturbance count value.

11. The memory device of claim 8, wherein the refresh unit

comprises:
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an adjacent address calculator configured to calculate an
address of the second memory cell based on an address
of the first memory cell, which is received from the
control logic;

a next irregular refresh address and irregular refresh flag
storage configured to store the address of the second
memory cell as a next irregular refresh address if the
current disturbance count value of the second memory
cellis at least the desired threshold and is greater than the
maximum disturbance count value and configured to
store an irregular refresh flag indicating if an irregular
refresh operation will be performed on the second
memory cell; and

a refresh controller configured to adjust the refresh sched-
ule so that the irregular refresh operation on the second
memory cell is performed first according to the irregular
refresh flag.

12. The memory device of claim 11, wherein

the refresh unit further includes a periodic internal refresh
command generator configured to entirely refresh the
memory cell array based on the power up signal and to
output an internal refresh signal for controlling the dis-
turbance count value to be initialized, and

the control logic includes a count valid flag unit configured
to enable a count valid flag according to the internal
refresh signal to reset the count value updater, the count
value comparator, and the maximum count value stor-
age.

13. The memory device of claim 10, wherein the count
value updater is configured to reset the disturbance count
value of the second memory cell after an irregular refresh
operation is performed on the second memory cell.

14. The memory device of claim 11, wherein the refresh
controller is configured to insert the irregular refresh opera-
tion on the second memory cell into the refresh schedule so
that the irregular refresh operation on the second memory cell
is performed by priority ifthe current disturbance count value
of'the second memory cell is at least the desired threshold and
is greater than the maximum disturbance count value.

15. The memory device of claim 11, wherein the refresh
controller is configured to adjust the refresh schedule so that
the irregular refresh operation on the second memory cell is
performed to keep pace with the refresh schedule if the cur-
rent disturbance count value of the second memory cell is at
least the desired threshold and is greater than the maximum
disturbance count value.

16. The memory device of claim 12, wherein the count
valid flag unit is configured to disable the count valid flag
when the memory device is in a test mode so that the irregular
refresh operation on the second memory cell is not per-
formed.

17. The memory device of claim 9, further comprising:

a count write/read block configured to read the current
disturbance count value of the second memory cell from
the disturbance count cell and configured to write the
updated disturbance count value to the disturbance
count cell.

18. A method of operating a memory system including a
plurality of memory cells, the plurality of memory cells
including at least one first memory cell and a second memory
cell neighboring a word line of the at least one first memory
cell, the method comprising:

counting a disturbance value of the second memory cell
each time the at least one first memory cell is accessed;

15
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updating a disturbance count value of the second memory

cell based on the counting;

adjusting a sequence of a refresh operation on the second

memory cell based on the updated disturbance count
value, a maximum disturbance count value and a desired
threshold; and

resetting the disturbance count value of the second memory

cell when the refresh operation on the second memory
cell is performed according to the sequence,

wherein the disturbance value is obtained by periodically

increasing a counter during a cumulative access time of
the first memory cell.

19. The method of claim 18, wherein the adjusting the
sequence comprises:

scheduling the refresh operation on the second memory

cell to come first if the disturbance count value of the
second memory cell is at least the desired threshold and
is greater than the maximum disturbance count value;
updating the maximum disturbance count value with the
disturbance count value of the second memory cell; and
updating an irregular refresh flag indicating whether to
perform a refresh operation on the second memory cell.

20. The method of claim 19, further comprising, if the
irregular refresh flag is enabled:

performing a refresh operation on the second memory cell;

and

resetting the irregular refresh flag after resetting the maxi-

mum disturbance count value of the second memory cell
and the disturbance count value of the second memory
cell.

21. The method of claim 18, further comprising:

resetting all disturbance count values by enabling all word

lines in the memory system when the memory system is
powered up.

22. A method of operating a memory device including a
plurality of memory cells, the plurality of memory cells
including at least one target memory cell and remaining
memory cells, the method comprising:

counting a disturbance count value for each of the remain-

ing memory cells while the at least one target memory
cell is accessed;

changing a sequence of a refresh operation on each of the

remaining memory cells based on the disturbance count
value; and

resetting the disturbance count value of a memory cell on

which the refresh operation has been performed accord-
ing to the sequence.

23. The method of claim 22, wherein the counting the
disturbance count value comprises:

accumulating a value resulting from counting an access

time of the target memory cell since a previous refresh
operation on the remaining memory cell.

24. The method of claim 22, wherein the changing the
sequence of the refresh operation includes, if one of the
disturbance count values is equal to a desired threshold and is
greater than a maximum disturbance count value:

scheduling a refresh operation on a memory cell corre-

sponding to the disturbance count value to be performed
by priority;

updating the maximum disturbance count value with the

disturbance count value; and

updating an irregular refresh flag for the memory cell.

25. The method of claim 24, wherein the resetting the
disturbance count value comprises:
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performing the refresh operation on the memory cell when
the irregular refresh flag is enabled according to the
scheduling; and
disabling the irregular refresh flag for the memory cell after
resetting the maximum disturbance count value and the
disturbance count value of the memory cell.
26. A method of operating a memory device including a
plurality of memory cells, the method comprising:
calculating a temporary disturbance value ofa memory cell
neighboring a word line of one or more memory cells,
the temporary disturbance value indicating a distur-
bance value of the memory cell due to an access of the
one or more memory cells;
updating a permanent disturbance value of the memory cell
by adding the temporary disturbance value to the per-
manent disturbance value each time the one or more
memory cells are accessed; and
flagging the memory cell as needing to be refreshed if the
permanent disturbance value is above a threshold.
27. The method of claim 26, wherein the temporary distur-
bance value is a cumulative access time of the one and more
memory cells divided by a unit time.
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28. The method of claim 27, wherein the flagging the
memory cell further comprises:

flagging the memory cell as needing to be refreshed if the
permanent disturbance value is above a maximum dis-
turbance value; and

updating the maximum disturbance value with the perma-
nent disturbance value.

29. The method of claim 28, further comprising:

performing a refresh operation on the memory cell if the
memory cell is flagged;

resetting the permanent disturbance value of the memory
cell after performing the refresh operation on the
memory cell; and

resetting the maximum disturbance value after performing
the refresh operation on the memory cell if the maxi-
mum disturbance value was updated with the permanent
disturbance value.

30. The method of claim 29, further comprising:

adjusting a refresh schedule for the plurality of memory
cells to perform the refresh operation on the memory cell
prior to performing a regular refresh operation if the
memory cell is flagged.
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