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NONVOLATILE MEMORY DEVICE AND
METHOD OF WRITING DATA IN
NONVOLATILE MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] A claim for priority under35 U.S.C. §119is made to
Korean Patent Application No. 10-2013-0149494, filed on
Dec. 3, 2013, in the Korean Intellectual Property Office, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

[0002] Embodiments of the inventive concept relate to a
nonvolatile memory device and a method of writing data in a
nonvolatile memory system including the nonvolatile
memory device, and more particularly, to a nonvolatile
memory device including a nonvolatile memory cell and a
method of writing data in a nonvolatile memory system
including the nonvolatile memory device.

[0003] A nonvolatile memory device is able to retain stored
data even when no power is provided by a power supply. Flash
memory, which is an example of a nonvolatile memory
device, may include a nonvolatile memory cell that is capable
of electrically writing or erasing data, and the nonvolatile
memory cell may include a floating-gate transistor. The non-
volatile memory cell may store data by controlling a threshold
voltage of the floating-gate transistor.

[0004] The amount of data that may be stored in the non-
volatile memory cell may be increased by precisely control-
ling the threshold voltage of the floating-gate transistor. For
example, when the threshold voltage of the floating-gate tran-
sistor is controlled to have two different values, one nonvola-
tile memory cell may store one bit. However, when the thresh-
old voltage of the floating-gate transistor is controlled to have
four different values, the one nonvolatile memory cell may
store two bits.

SUMMARY

[0005] The inventive concept provides a nonvolatile
memory device and a method of writing data in a nonvolatile
memory system including the nonvolatile memory device.
According to the method of writing data of the nonvolatile
memory system, a nonvolatile memory cell is programmed
based on data to write.

[0006] According to an aspect of the inventive concept,
there is provided a method of writing data in a nonvolatile
memory device including a first latch unit and a nonvolatile
memory cell. The method includes receiving a first writing
command or a second writing command from outside of the
nonvolatile memory device; and writing first data stored in the
first latch unit in the nonvolatile memory cell in response to
the first or second writing command. The first data is retained
in the first latch unit until the writing of the first data stored in
the first latch unit in the nonvolatile memory cell is com-
pleted.

[0007] The nonvolatile memory device may further include
a second latch unit that stores second data. The writing of the
first data may include selectively programming the nonvola-
tile memory cell according to the second data; verifying the
nonvolatile memory cell based on the first data; and changing
the second data according to a verification result. The writing
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of'the first data may be repeated one or more times by incre-
mental step pulse programming (ISPP).

[0008] The method may further include setting the second
data according to the first data in response to the first or
second writing command prior to the writing of the first data
stored in the first latch unit in the nonvolatile memory cell.
[0009] The receiving of the first or second writing com-
mand may include retaining the first data stored in the first
latch unit upon receiving the first writing command, and
changing the first data stored in the first latch unit to data
received, in response to the second writing command, from
outside of the nonvolatile memory device, upon receiving the
second writing command.

[0010] The nonvolatile memory cell may stores a plurality
of bits, and the first latch unit may include a plurality of
latches equal in number to the plurality of bits.

[0011] The nonvolatile memory device may further include
a plurality of the nonvolatile memory cells; and a plurality of
the first latch units each corresponding to a nonvolatile
memory cell connected to a word line among the plurality of
the nonvolatile memory cells.

[0012] Themethod may further include receiving data from
outside of the nonvolatile memory device; encoding the
received data according to an error correction code (ECC);
and storing the encoded data in the first latch unit as the first
data.

[0013] The method may further include providing a state
machine for controlling the writing of data in the nonvolatile
memory device.

[0014] According to another aspect of the inventive con-
cept, there is provided a method of writing data in a nonvola-
tile memory system including a nonvolatile memory device
and a memory controller communicating with the nonvolatile
memory device, where the nonvolatile memory device
includes a first latch unit and a nonvolatile memory cell in a
cell array. The method includes receiving a first or second
writing command from the memory controller, and writing
first data stored in the first latch unit in the nonvolatile
memory cell, in response to the first or second writing com-
mand. The first data is retained in the first latch unit until the
writing of the first data in the nonvolatile memory cell is
completed.

[0015] The receiving of the first or second writing com-
mand may include retaining the first data stored in the first
latch unit upon receiving the first writing command, and
changing the first data stored in the first latch unit to data
received, in response to the second writing command, from
outside of the nonvolatile memory device upon receiving the
second writing command.

[0016] The method may further include transmitting the
first writing command to the nonvolatile memory device via
the memory controller when the writing of the first data fails.
[0017] The method may further include storing data to be
written in the nonvolatile memory device in a buffer region of
a buffer in the memory controller, transmitting the second
writing command and the data stored in the buffer region to
the nonvolatile memory device via the memory controller,
and setting the buffer region to an available state after trans-
mitting the second writing command to the nonvolatile
memory device.

[0018] The nonvolatile memory device may further include
a second latch unit that stores second data. The writing of the
first data may then include selectively programming the non-
volatile memory cell according to the second data, verifying
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the nonvolatile memory cell based on the first data, and
changing the second data according to a verification result.

[0019] The nonvolatile memory system may be a multime-
dia card (MMC), a secure digital (SD) card, or a solid state
drive (SSD).

[0020] The first latch unit may include a data latch unit for
storing the first data, and the second latch unit may include an
inhibit latch unit for storing the second data indicating
whether the nonvolatile memory cell is program-inhibited.

[0021] According to another aspect of the inventive con-
cept, there is provided a nonvolatile memory device including
a cell array, a control unit and a page buffer. The cell array
includes a plurality of nonvolatile memory cells in a page cell
group corresponding to a word line, each nonvolatile memory
cell being accessible by the word line and a bit line, and
capable of transitioning between a plurality of states corre-
sponding to respective data. The control unit is configured to
receive a first writing command and a second writing com-
mand. The page buffer includes a logic unit connected to the
control unit and the cell array to enable control of the page
buffer and the cell array; a data latch set including at least a
first data latch storing first data for writing in a nonvolatile
memory cell of the plurality of nonvolatile memory cells in
response to the first or second writing command under control
of the control unit; and an inhibit latch set including an latch
for storing data indicating whether a corresponding nonvola-
tile memory cell is in a program inhibited state. The first data
is retained in the first latch unit until writing the first data in
the nonvolatile memory cell is completed.

[0022] When data to be stored in a nonvolatile memory cell
corresponds to an erased state, the corresponding inhibit latch
may indicate that the nonvolatile memory cell is program-
inhibited.

[0023] The pagebuffer may further included a sensing latch
set configured to store data to be written to or read from the
cell array, such that the logic unit applies voltage to a bit line
according to the data stored in the sensing latch or sets the
data stored in the sensing latch set according to the voltage of
the bit line.

[0024] The nonvolatile memory device may further include
an error correction code (ECC) engine configured to encode
data received from outside of the non-volatile memory device
and transmit the encoded data to the data latch set, and to
decode encoded data received from the data latch set and
output the decoded data to the outside of the nonvolatile
memory device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Exemplary embodiments of the inventive concept
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings, in which:

[0026] FIG.1isaflowchart and a functional block diagram
illustrating a method of writing data in a nonvolatile memory
device, according to an exemplary embodiment of the inven-
tive concept;

[0027] FIG.2isablock diagram illustrating a structure of a
nonvolatile memory device, according to an exemplary
embodiment of the inventive concept;

[0028] FIG. 3 is a view illustrating an operation of pro-
gramming a nonvolatile memory cell, according to an exem-
plary embodiment of the inventive concept;
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[0029] FIG. 4 is a logic diagram illustrating latches corre-
sponding to a bit line, according to an exemplary embodiment
of the inventive concept;

[0030] FIG. 5 is a view illustrating states of a data latch unit
and an inhibit latch unit before and after a data writing opera-
tion, according to an exemplary embodiment of the inventive
concept;

[0031] FIG. 6 is a flowchart schematically illustrating a
method of writing data in a nonvolatile memory device,
according to an exemplary embodiment of the inventive con-
cept;

[0032] FIG. 7 is a flowchart illustrating in detail an opera-
tion for receiving a writing command of FIG. 6, according to
an exemplary embodiment of the inventive concept;

[0033] FIG. 8 is a flowchart illustrating in detail a initial-
ization operation of FIG. 6, according to an exemplary
embodiment of the inventive concept;

[0034] FIG. 9 is a view illustrating a selective program
operation of FIG. 6, according to an exemplary embodiment
of the inventive concept;

[0035] FIG. 10 is a flowchart illustrating in detail a verifi-
cation operation of FIG. 6, according to an exemplary
embodiment of the inventive concept;

[0036] FIG. 11 is a flowchart illustrating in detail an opera-
tion for determining an end of the writing operation of FIG. 6,
according to an exemplary embodiment of the inventive con-
cept;

[0037] FIG. 12 is a block diagram illustrating a structure of
a nonvolatile memory system, according to an exemplary
embodiment of the inventive concept;

[0038] FIG. 13 is a functional block diagram illustrating a
data writing operation of a nonvolatile memory system,
according to an exemplary embodiment of the inventive con-
cept;

[0039] FIG. 14 is a block diagram illustrating a structure of
a nonvolatile memory device, according to an exemplary
embodiment of the inventive concept;

[0040] FIG. 15 is a block diagram illustrating a computing
system including a nonvolatile memory system, according to
an embodiment of the inventive concept; and

[0041] FIG.161s a view illustrating a memory card, accord-
ing to an exemplary embodiment of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0042] Embodiments will be described in detail with refer-
ence to the following description and accompanying draw-
ings. The inventive concept, however, may be embodied in
various different forms, and should not be construed as being
limited only to the illustrated embodiments. Rather, these
embodiments are provided as examples so that this disclosure
will be thorough and complete, and will fully convey the
concept of the inventive concept to one of ordinary skill in the
art. Accordingly, known processes, elements, and techniques
are not described with respect to some of the embodiments.
Unless otherwise noted, like reference numerals denote like
elements throughout the attached drawings and written
description, and thus descriptions may be repeated. In the
drawings, sizes and relative sizes of layers and regions may be
exaggerated for clarity.

[0043] The terminology used herein is for describing par-
ticular embodiments and is not intended to be limiting of
exemplary embodiments. As used herein, the singular forms
“a,” “an,” and “the,” are intended to include the plural forms
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as well, unless the context clearly displays otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes,” and/or “including,” when used herein,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0044] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ings as commonly understood in the art to which the exem-
plary embodiments belong. It will be further understood that
the terms such as those defined in commonly used dictionar-
ies should be interpreted as having meanings consistent with
their meanings in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0045] In this specification, “write” is understood to mean
“store data in a memory device or a memory system,” and
“program/programmed/programming” is understood to
mean “change of a state in which a memory cell included in
the memory device is erased to other states in order to write
data.” Also, “erase” is understood to mean “change of a state
to the state in which the memory cell is erased.” In other
words, “writing” data in the memory device may be under-
stood as selectively “programming” the memory cells
included in the memory device, which are erased, according
to data. The term “exemplary” is intended to refer to an
example or illustration.

[0046] FIG.1 is a flowchart and block diagram illustrating
a method of writing data in a nonvolatile memory device,
according to an exemplary embodiment of the inventive con-
cept. Referring to FIG. 1, the nonvolatile memory device
includes a first data latch unit 311 and a second data latch unit
(not shown). The first data latch unit 311 is for storing first
data DATA 1 in order to write the first data DATA 1ina
nonvolatile memory cell of the nonvolatile memory device.
The first data latch unit 311 may be referred to as a data latch
unit 311 in FIG. 2 described below. The second data latch unit
is for storing second data DATA_ 2 including information
about program inhibit of the nonvolatile memory cell. The
second data latch unit may be referred to as an inhibit latch
unit 321 in FIG. 2 described below. Hereinafter, the first data
latch unit 311 and the data latch unit 311 are the same ele-
ments, and the second latch unit and the inhibit latch unit 321
are the same elements.

[0047] Asshown inthe flowchart of FIG. 1, the data writing
method according to the exemplary embodiment may include
receiving a writing command from outside the nonvolatile
memory device (S10) (which may be referred to as an external
writing command), and writing the first data DATA 1 stored
in the first data latch unit 311 of the nonvolatile memory
device in the nonvolatile memory cell (S20) in response to the
writing command. Also, as shown in FIG. 1, the first data
DATA_1 is stored in the first data latch unit 311 while the
data writing method is being performed. As shown in FIG. 1,
the first data latch unit 311 may store old first data DATA_ 1
(old) before receiving the writing command from outside of
the nonvolatile memory device. The old first data DATA 1
(old) may be data corresponding to a writing command that
the nonvolatile memory device previously received. Accord-
ing to a writing command that the nonvolatile memory device
receives from outside, the first data latch unit 311 may retain
the old first data DATA 1 (old) or store new first data
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DATA__ 1 (new). The new first data DATA_ 1 (new) may be
data received from outside of the nonvolatile memory device
corresponding to the received writing command.

[0048] While writing the first data DATA 1 stored in the
first data latch unit 311 in the nonvolatile memory cell (S20)
is being performed, the first data latch unit 311 may retain the
stored data. For example, the first data latch unit 311 may
store the first data DATA_1 written in the nonvolatile
memory cell, that is, the old first data DATA 1 (old) or the
new first data DATA_ 1 (new).

[0049] The same data may be repeatedly written in the
nonvolatile memory device. For example, when data fails to
be written in the nonvolatile memory device, writing of the
data in the nonvolatile memory device may be performed
again. Also, when the nonvolatile memory device is flash
memory, the data may be written again to narrow a distribu-
tion range of a threshold voltage of a floating-gate transistor.
[0050] When the same data is repeatedly written in the
nonvolatile memory device, the first data DATA 1 may be
re-used since the first data latch unit 311 according to the
present exemplary embodiment retains the first data DATA
1. Accordingly, the nonvolatile memory device does not need
to receive the first data DATA 1 again from the outside.
[0051] FIG. 2 is a block diagram of a structure of a non-
volatile memory device 10, according to an exemplary
embodiment of the inventive concept. The nonvolatile
memory device 10 receive a command CMD and an address
ADDR from the outside, and receives and transmits data
DATA. For example, when the command CMD that the non-
volatile memory device 10 receives from the outside is a
reading command, the nonvolatile memory device 10 may
output data DATA stored in a nonvolatile memory cell 101
corresponding to the received address ADDR.

[0052] As shownin FIG. 2, the nonvolatile memory device
10 includes a cell array 100, a control unit 200, a data latch set
310, an inhibit latch set 320, a sensing latch set 330, and a
logic unit 340. In particular, the data latch set 310, the inhibit
latch set 320, the sensing latch set 330, and the logic unit 340
form a page bufter 300.

[0053] The cell array 100 may include a plurality of non-
volatile memory cells 101. Each nonvolatile memory cell 101
may be accessed by a word line WL and a bit line BL. The
nonvolatile memory cells 101 connected to the same word
line WL are referred to as a page cell group (e.g., page cell
group 110). The nonvolatile memory cell 101 is a memory
unit capable of transitioning between a plurality of states,
each of states corresponding to data. Also, the nonvolatile
memory cell 101 may retain a previous state even when power
supply stopped, and thus data may be retained. For example,
the nonvolatile memory cell 101 may be flash memory cell,
and accordingly, may include a floating-gate transistor as
shown in FIG. 2. Hereinafter, the nonvolatile memory device
10 is assumed to be flash memory. However, other types of
memories may be incorporated without departing from the
scope of the present teachings.

[0054] Meanwhile, the number of states that the nonvolatile
memory cell 101 is capable of transitioning between may be
two or more. For example, when the nonvolatile memory cell
101 is capable of transitioning between is two states, the
nonvolatile memory cell 101 may store one bit. When the
nonvolatile memory cell 101 is capable of transitioning
between is four states, the nonvolatile memory cell 101 may
store two bits. In particular, as the nonvolatile memory cells
101 are flash memory cells, the nonvolatile memory cells 101
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that may store one, two, three, and four bits are respectively
referred to as a single level cell SLC, a multi level cell MLC,
a triple level cell TLC, and a quadruple level cell QLC.
Hereinafter, the nonvolatile memory cell 101 is assumed to be
an MLC for purposes of illustration. However, embodiments
of the present inventive concept are not limited thereto.
[0055] Inthe flash memory, a unit of data writing and a unit
of'data erasing may be different from each other. For example,
data writing may be performed in page units while data eras-
ing may be performed in block units, which are larger than
page units. When the nonvolatile memory cell 101 is pro-
grammed, an electron may be injected into a floating gate. In
contrast, when the nonvolatile memory cell 101 is erased, the
previously injected electron may be extracted from the float-
ing gate. A high voltage may be applied to a gate of the
floating-gate transistor to inject an electron into the floating
gate. Since gates of the nonvolatile memory cells 101
included in page cell group 110 are connected to the same
word line WL, the high voltage may be commonly applied to
the nonvolatile memory cells 101 of the word line WL during
programming.

[0056] A voltage applied to a bit line BL. may be controlled
to selectively program the nonvolatile memory cells 101
included in the page cell group 110 according to data to be
written. The nonvolatile memory cells 101 included in the
page cell group 110 may be connected to different bit lines
BL. For example, OV or 1V may be applied to the bit line BL.
connected to the nonvolatile memory cell 101 that is to inject
an electron to the floating gate, while a power voltage VDD
may be applied to the bit line BL connected to the nonvolatile
memory cell 101 that is to prevent the electron from being
injected to the floating gate. The nonvolatile memory cell 101
connected to the bit line BL. to which a voltage of OV or 1V is
applied is referred to as being programmed, and the nonvola-
tile memory cell 101 connected to the bit line BL to which the
power voltage VDD is applied is referred to as being pro-
gram-inhibited.

[0057] The logic unit 340 is connected to the control unit
200 and the bit line BL. The control unit 200 may set data in
a latch included in the sensing latch set 330 or read the data
stored in the latch via the logic unit 340. The logic unit 340
may apply a voltage to the bit line BL according to the data
stored in the latch of the sensing latch set 330 or set the data
stored in the latch of the sensing latch set 330 according to the
voltage of the bit line BL. The data latch set 310 stores data to
write in the page cell group 110. The data latch set 310
includes a plurality of latches. Data stored by the plurality of
latches store may be data DATA received from outside of the
nonvolatile memory device 10. The control unit 200 controls
the logic unit 340 so that the data DATA is stored in the data
latch set 310.

[0058] The inhibit latch set 320 stores data indicating
whether the nonvolatile memory cells 101 included in the
page cell group 110 are programmed or not. For example,
when data to be stored in a nonvolatile memory cell 101
corresponds to an erased state E of the nonvolatile memory
cell 101, the nonvolatile memory cell 101 may be program-
inhibited and a latch included in the inhibit latch set 320 and
corresponding to the nonvolatile memory cell 101 may store
data indicating this information. Also, in an incremental step
pulse programming (ISPP) technique, data stored in the
inhibit latch set 320 may indicate whether or not the nonvola-
tile memory cell 101 is program-inhibited in a following
programming process.
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[0059] The control unit 200 controls the data latch set 310,
the inhibit latch set 320, and the sensing latch set 330 via the
logic unit 340. Also, the control unit 200 receives a command
CMD and an address ADDR from outside of the nonvolatile
memory device 10. Based on this, the control unit 200 enables
the nonvolatile memory device 10 to perform the method of
writing data according to an exemplary embodiment. For
example, the control unit 200 may be a logic circuit that
provides a state machine. FIG. 2 illustrates only a portion of
components that may be included in the nonvolatile memory
device 10 according to the present exemplary embodiment.
For example, the control unit 200 may control not only the
components included in the nonvolatile memory device 10 as
illustrated in FIG. 2, but also other components, such as a row
decoder that provides a word line WL.

[0060] The command CMD received by the control unit
200 may include a first writing command CMD__1 or a sec-
ond writing command CMD__2 requesting storage of data in
the cell array 100. The control unit 200 may change or retain
data stored in the data latch set 310 in response to the first
writing command CMD__1 or the second writing command
CMD__2. The control unit 200 may write the data changed or
retained in the nonvolatile memory cells 101 included in the
cell array 100.

[0061] For example, the control unit 200 may receive an
address ADDR corresponding to the first writing command
CMD__1. The control unit 200 controls the logic unit 340, the
data latch set 310, and the inhibit latch set 320 so that the data
stored in the data latch set 310 is stored in the nonvolatile
memory cell 101 corresponding to the address ADDR, in
response to the first writing command CMD__1. Meanwhile,
the control unit 200 may receive an address ADDR and data
DATA corresponding to the second writing command CMD__
2. The control unit 200 may store the received data DATA in
the data latch set 310 in response to the second writing com-
mand CMD__ 2. The control unit 200 controls the logic unit
340, the data latch set 310, and the inhibit latch set 320 so that
the data stored in the data latch set 310 is stored in the
nonvolatile memory cell 101 corresponding to the address
ADDR.

[0062] According to the present exemplary embodiment,
the control unit 200 enables the data latch set 310 to retain the
data even after writing the data in the nonvolatile memory
cells 101 in response to the first writing command CMD__1 or
the second writing command CMD__2 is completed. That is,
when the control unit 200 receives the first writing command
CMD__1 and completes writing the data in the nonvolatile
memory, the data retained in the data latch set 310 may
correspond to a writing command (the first or second writing
command CMD__1 or CMD _ 2 or other writing commands)
received prior to the first writing command CMD__1. Mean-
while, when the control unit 200 receives the second writing
command CMD_ 2 and completes writing the data in the
nonvolatile memory, the data retained in the data latch set 310
may be data DATA received with the second writing com-
mand CMD_ 2.

[0063] FIG. 3 is a view illustrating an operation of pro-
gramming the nonvolatile memory cell 101, according to an
exemplary embodiment of the inventive concept. As
described above, the nonvolatile memory cell 101 may store
data (one or more bits) by controlling threshold voltage dis-
tribution of the floating-gate transistor. FIG. 3 illustrates the
operation of programming the nonvolatile memory cell 101
that stores two bits, that is, an ML.C. The nonvolatile memory
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cell 101 is capable of transition between four states E, P1, P2,
and P3 to store two bits. As illustrated in FIG. 3, the two bits
in the erased state E may indicate “11,” and the program states
P1, P2, and P3 may respectively indicate “10,” “00,” and “01.”
Mapping of states and bit values is not limited to the illustra-
tion of FIG. 3.

[0064] As mentioned above, the nonvolatile memory cell
101 may be programmed by using ISPP. Programming the
nonvolatile memory cell 101 may be understood as changing
a threshold voltage of the nonvolatile memory cell 101 in the
erased state E to a value corresponding to a desired state.
When the data to be stored in the nonvolatile memory cell 101
is “11,” the nonvolatile memory cell 101 may not be pro-
grammed and remain in the erased state E.

[0065] According to ISPP, an operation of applying a volt-
age pulse (a programming operation) having a predetermined
magnitude and width to the gate of the floating-gate transistor
and an operation of verifying (a verifying operation) whether
the changed threshold voltage is changed to a desired value
may be repeatedly performed. When verification succeeds,
the transition of the nonvolatile memory cell 101 to the
desired state is determined to be successful, and accordingly,
the nonvolatile memory cell 101 is excluded in a following
programming process that is performed by applying the volt-
age pulse. When the verification fails, the transition of the
nonvolatile memory cell 101 to the desired state is determined
to have failed, and accordingly, the nonvolatile memory cell
101 may be additionally programmed by applying the voltage
pulse.

[0066] FIG. 3 is an example of ISPP and illustrates a full
sequence programming operation. As illustrated in FIG. 3, a
first voltage V__1, a second voltage V__2, or a third voltage
V_3 for determining threshold voltages corresponding to
each state of the nonvolatile memory cell 101 may be used in
the verifying operation of the nonvolatile memory cell 101.
Referring to the lower graph of FIG. 3, a programming sec-
tion A and a verification section B is repeated during ISPP.
Due to a voltage pulse (a programming pulse) applied during
the programming section A, the threshold voltage of the non-
volatile memory cell 101 may move from a value correspond-
ing to the erased state E to values corresponding to each of the
states P1, P2, and P3. During the verification section B, the
first, second, and third voltagesV_1,V_ 2,andV_ 3 may be
sequentially applied, and whether the threshold voltage of the
nonvolatile memory cell 101 moves to a value corresponding
to a desired state due to the voltage pulse applied during the
programming section A may be determined.

[0067] As described above, writing data in the nonvolatile
memory cell 101 may be performed units of the page cell
group 110 connected to the same word line among the non-
volatile memory cells 101 included in the cell array 100. That
is, as illustrated in F1G. 3, the voltage pulse applied during the
programming section A and the verification section B may be
identically applied to the nonvolatile memory cells 101
included in the page cell group 110. According to data to write
in the page cell group 110, bits to store in each of the non-
volatile memory cells 101 included in the page cell group 110
may be different from each other. Thus, while performing
ISPP, according to the bits to be stored, a certain nonvolatile
memory cell 101 may be prevented from being programmed
by the voltage pulse applied during the programming section
A. For example, when first and second nonvolatile memory
cells included in the page cell group 110 are to be pro-
grammed to the erased state E and the state P1 respectively in
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correspondence to data to be written, the first nonvolatile
memory cell may be controlled so that it is not programmed in
ISPP. Also, the second nonvolatile memory cell may be con-
trolled so that it is not programmed during the programming
section A after the threshold voltage moves to a value corre-
sponding to state P1 due to ISPP.

[0068] A voltage applied to the bit line BL connected to the
nonvolatile memory cell 101 may be controlled to control
whether each of the nonvolatile memory cells 101 included in
the page cell group 110 is programmed. Since the floating-
gate transistor may inject an electron to the floating gate
according to the voltage difference between a gate and a
source or a drain, programming of the nonvolatile memory
cell 101 may be controlled by controlling the voltage of the
source or the drain. For example, a voltage of OV or 1V may
be applied through the bit line BL to the nonvolatile memory
cell 101 that requires programming due to the voltage pulse
applied during the program section A. Meanwhile, a power
voltage VDD may be applied through the bit line BL to the
nonvolatile memory cell 101 that is to be program-inhibited
due to the voltage pulse applied during the programming
section A.

[0069] FIG. 4 is a logic diagram illustrating latches corre-
sponding to a bit line, according to an exemplary embodiment
of the inventive concept. Referring again to FIG. 2, the non-
volatile memory device 10 includes the data latch set 310, the
inhibit latch set 320, the sensing latch set 330, and the logic
unit 340 connected to the sensing latch set 330. As illustrated
in FIG. 4, the data latch set 310, the inhibit latch set 320, and
the sensing latch set 330 may respectively include a data latch
unit311, an inhibit latch unit 321, and a sensing latch unit 331
corresponding to bit line BL.

[0070] The data latch unit 311 may store data D to be
written in a nonvolatile memory cell 101 included in the page
cell group 110. The number of latches included in the data
latch unit 311 may be determined according the amount of
data (i.e., the number of bits), stored in the nonvolatile
memory cell 101. For example, according to the present
exemplary embodiment, since the nonvolatile memory cell
101 is an MLC that may store two bits, the data latch unit 311
includes two latches, as illustrated in FIG. 4. The latches
included in the data latch unit 311 store a most significant bit
MSB and a least significant bit LSB, respectively.

[0071] The inhibit latch unit 321 may store data I indicating
whether the nonvolatile memory cell 101 included in the page
cell group 110 is program-inhibited. As described with refer-
enceto FIG. 3, when the nonvolatile memory cell 101 remains
in the erased state E or the transition to any of the states P1,
P2, and P3 is completed, the nonvolatile memory cell 101
may be program-inhibited by the voltage pulse during the
following program section A. Accordingly, the inhibit latch
unit 321 stores the data I as to whether the nonvolatile
memory cell 101 is program-inhibited, and thus the control
unit 200 is able to determine whether the nonvolatile memory
cell 101 is programmed by referring to the data 1. Accord-
ingly, the control unit 200 controls voltage applied to the bit
line BL connected to the nonvolatile memory cell 101. The
value of the data I stored in the inhibit latch unit 321 may be
determined according to data stored in the data latch unit 311
oraccordingto a verification result of the nonvolatile memory
cell 101, as further described below.

[0072] Inaprocess of programming and verifying the non-
volatile memory cell 101, according to the present exemplary
embodiment, by changing the data I stored in the inhibit latch



US 2015/0155046 Al

unit 321 according to a verification result of the nonvolatile
memory cell 101, the data D stored in the data latch unit 311
is retained until writing of the data D in the nonvolatile
memory cell 101 is completed. That is, by not changing the
data D stored in the data latch unit 311 to a specific value (for
example, “11” corresponding to the erased state E) according
to the verification result of the nonvolatile memory cell 101,
the data D stored in the data latch unit 311 is retained. The
data D retained in the data latch unit 311 may be written in a
nonvolatile memory cell included in a page cell group differ-
ent from the page cell group 110 included in the nonvolatile
memory cell 101 in which the data D is already written.
[0073] The sensing latch unit 331 may be used to control
the voltage applied to the bit line BL or to detect the voltage
of the bit line BL. For example, the sensing latch unit 331 is
connected to the logic unit 340, and the control unit 200 may
control the logic unit 340 to change a value of data S stored in
the sensing latch unit 331. The logic unit 340 may apply a
voltage to the bit line BL according to the data S stored in the
sensing latch unit 331. Accordingly, when the nonvolatile
memory cell 101 connected to the bit line BL is programmed
or program-inhibited, the control unit 200 may change the
data S stored in the sensing latch unit 331.

[0074] Also, the value of the data S of the sensing latch unit
331 may be changed according to the voltage of the bit line
BL, and the control unit 200 may recognize a state (voltage)
of'the bit line BL by detecting the data S of the sensing latch
unit 331 via the logic unit 340. Accordingly, when the non-
volatile memory cell 101 is verified or the data stored in the
nonvolatile memory cell 101 is read, the control unit 200
detects the data S stored in the sensing latch unit 331.
[0075] FIG. 5 is a view illustrating a state of the data latch
unit 311 and the inhibit latch unit 321 before and after a data
writing operation, according to an exemplary embodiment of
the inventive concept. Referring to FIGS. 3 through 5, the
nonvolatile memory cell 101 is capable of transition to any of
the four states E, P1, P2, and P3, according to data to be
written. FIG. 5 illustrates a change of the data D stored in the
data latch unit 311 and the data I stored in the inhibit latch unit
321, according to the data to write and a final state of the
nonvolatile memory cell 101 according to the data to be
written.

[0076] Upon starting the writing of data, the data latch unit
311 stores the data D to write, and the data D may correspond
to a state of the nonvolatile memory cell 101. Also, the data |
stored in the inhibit latch unit 321 may be determined accord-
ing to the data D stored in the data latch unit 311. For example,
asillustrated in FIG. 5, the data I stored in the inhibit latch unit
321 may have a value “1” when the data D stored in the data
latch unit 311 is “11,” while the data I stored in the inhibit
latch unit 321 may have a value “0” for the other values of the
data D. That is, when the value of the data D stored in the data
latch unit 311 is “11,” and accordingly the final state of the
nonvolatile memory cell 101 is the erased state E, the non-
volatile memory cell 101 is program-inhibited. Thus, the
inhibit latch unit 321 indicates that the nonvolatile memory
cell 101 remains in the erased state E by storing the data I
having the value “1.”

[0077] Meanwhile, when the final state of the nonvolatile
memory cell 101 is any of the states P1, P2, and P3 other than
the erased state E, the inhibit latch unit 321 stores the data 1
having the value “0.” Accordingly, the nonvolatile memory
cell 101 may be programmed until the transition of the non-
volatile memory cell 101 to the final state due to the voltage
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pulse applied during the programming section A is com-
pleted. Referring to FIG. 3, the data [ stored in the inhibit latch
unit 321 may be changed by going through the verification
section B. For example, when a threshold value of the non-
volatile memory cell 101 is determined to have moved to a
value corresponding to the final state during the verification
section B, the data I stored in the inhibit latch unit 321 is
changed to the value “1.”

[0078] Asillustrated in FIG. 5, upon completing the writing
ofthe data, the data I stored in the inhibit latch unit 321 has the
value “1” regardless of the final state. That is, as the nonvola-
tile memory cell 101 goes through the repeated programming
sections A and verification sections B, the data I stored in the
inhibit latch unit 321 corresponding to the nonvolatile
memory cell 101 is changed to the value “1.” Also, as illus-
trated in FIG. 5, the data D stored in the data latch unit 311
may retain the same value upon completing the operation of
writing as upon starting the operation of writing. That is, the
data D stored in the data latch unit 311 may be retained until
the writing operation is completed by storing information
according to the verification result of the nonvolatile memory
cell 101 in an extra storage unit (for example, the inhibit latch
unit 321).

[0079] As described above, the same data may be stored in
different regions of the nonvolatile memory device 10. In this
case, when data corresponding to a previous writing opera-
tion is retained in the data latch unit 311, re-loading of the
same data in the data latch unit 311 in a sequential writing
operation becomes unnecessary. Also, the nonvolatile
memory device 10 may not need a component (for example,
amaster latch unit) for temporarily storing datato be stored in
the nonvolatile memory cell 101.

[0080] FIGS. 6 through 11 are flowcharts illustrating a
method of writing data in a nonvolatile memory device,
according to an exemplary embodiment of the inventive con-
cept. In detail, FIG. 6 is a flowchart schematically illustrating
the method of writing data from start to end, and FIGS. 7
through 11 are flowcharts illustrating in detail each operation
of FIG. 6.

[0081] FIG. 6 is the flowchart schematically illustrating the
method of writing data to the nonvolatile memory device,
according to an exemplary embodiment. Referring to FIGS. 2
through 4, the nonvolatile memory device 10 receives an
external writing command CMD in operation S100. The com-
mand CMD may include a first command CMD__1 or a sec-
ond command CMD__ 2. The nonvolatile memory device 10
also receives an address ADDR or data DATA together with
the command CMD. The address ADDR designates the non-
volatile memory cell 101 to which the data DATA is written,
and the data DATA is selectively received according to the
type of the command CMD.

[0082] The nonvolatile memory device 10 performs an ini-
tialization operation S200. That is, the nonvolatile memory
device 10 sets a value of data I stored in the inhibit latch unit
321 according to data D to write in the nonvolatile memory
cell 101. The nonvolatile memory device 10 selectively pro-
grams the nonvolatile memory cell 101 according to the data
1 stored in the inhibit latch unit 321 in operation S300. For
example, the nonvolatile memory cell 101 may not be pro-
grammed when the data I stored in the inhibit latch unit 321 is
“1,” and may be programmed when the data I stored in the
inhibit latch unit 321 is “0.”

[0083] After selectively programming the nonvolatile
memory cell 101 according to the data I stored in the inhibit
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latch unit 321, the nonvolatile memory device 10 verifies the
nonvolatile memory cell 101 in operation S400. The nonvola-
tile memory device 10 may determine the transition of a
current state of the nonvolatile memory cell 101 to afinal state
corresponding to data to be written by using the data D stored
in the data latch unit 311. For example, since the nonvolatile
memory cell 101 according to the present exemplary embodi-
ment is an MLC that may store two bits, the nonvolatile
memory device 10 may sequentially determine whether the
transitions of the nonvolatile memory cell 101 to the states P1,
P2, and P3 are completed in verification operations S410,
S420, and S430, respectively. The data I stored in the inhibit
latch unit 321 may be changed according to the verification
result. As described above, since writing data is performed in
the page units of the page cell group 110, the voltages V__1,
V_2,and V_ 3 according to the verifications corresponding
to the states P1, P2, and P3 may be applied to a gate of the
nonvolatile memory cells 101 included in the page cell group
110.

[0084] The nonvolatile memory device 10 determines
whether the writing operation according to the received writ-
ing command is completed in operation S500. When the page
cell group 110 including the nonvolatile memory cell 101 that
goes through an antecedent program stage and a verification
stage satisfies a predetermined condition, the nonvolatile
memory device 10 ends the writing operation. When the page
cell group 110 does not satisfy the predetermined condition,
the nonvolatile memory cell 101 is again selectively pro-
grammed in operation S300. Regardless of the determination
result of the nonvolatile memory device 10 as to whether the
writing operation is completed, the data latch unit 311 retains
the data D to write the DATA D in the nonvolatile memory cell
101, and only the value of the data I stored in the inhibit latch
unit 321 is changed by going through each of the operations.

[0085] FIG. 7 is a flowchart illustrating in detail receiving
the writing command in operation S100 of FIG. 6, according
to an exemplary embodiment of the inventive concept. The
nonvolatile memory device 10 determines whether the
received command CMD is the first writing command
CMD__1 or the second writing command CMD__2 in opera-
tion S101. The first writing command CMD __ 1 is a request to
write the data D stored in the data latch unit 311 in the
nonvolatile memory cell 101. For example, the first writing
command CMD__1 includes a command word of copy-back.
The second writing command CMD__2 is a request to write
data DATA that the nonvolatile memory device 10 receives
together with the second writing command CMD_ 2 in the
nonvolatile memory cell 101.

[0086] When it is determined in operation S101 that the
received command CMD is the first writing command
CMD__1, the nonvolatile memory device 10 ends receiving
the writing command in operation S100 and proceeds to the
initialization stage operation S200. That is, the nonvolatile
memory device 10 does not change the data D stored in the
data latch unit 311. However, when it is determined in opera-
tion S101 that the received command CMD is the second
writing command CMD__ 2, the nonvolatile memory device
10 stores the data DATA received together with the second
writing command CMD _ 2 in the data latch unit 311 in opera-
tion S102. That is, the nonvolatile memory device 10 may
change the data D stored in the data latch unit 311 to the data
DATA (D=DATA) received together with the second writing
command CMD_ 2.
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[0087] FIG. 8 is a flowchart illustrating in detail the initial-
ization operation S200 of FIG. 6, according to an exemplary
embodiment of the inventive concept. The nonvolatile
memory device 10 sets the data I stored in the inhibit latch unit
321 according to the data to write in the nonvolatile memory
cell 101. As illustrated in FIG. 8, the nonvolatile memory
device 10 may set the data [ stored in the inhibit latch unit 321
to have the value “1” in operation S201. Then, in operation
S202, the nonvolatile memory device 10 determines whether
the data D stored in the data latch unit 311 is “11,” which is the
value corresponding to the erased state E of the nonvolatile
memory cell 101. When it is determined that the data D stored
in the data latch unit 311 is “11,” the nonvolatile memory
device 10 proceeds to the selective program operation S300.
When it is determined that the data D stored in the data latch
unit 311 is not “11,” the nonvolatile memory device 10 sets
the data I stored in the inhibit latch unit 321 to the value “0”
(I=0) in operation S203.

[0088] Consequently, when the initialization operation
S200 ends, data I having the value “0” indicates that the
nonvolatile memory cell 101 needs to be programmed for the
transition to any of the states P1, P2, and P3 other than the
erased state E. However, when the operation S200 ends, data
T having the value “1” indicates that the nonvolatile memory
cell 101 is program-inhibited to remain in the erased state E.
[0089] FIG. 9 is a view illustrating the selective program
operation S300 of FIG. 6, according to an exemplary embodi-
ment of the inventive concept. Following the initialization
operation S200, the nonvolatile memory device 10 determine
whether the nonvolatile memory cell 101 is programmed
based on the value of data I stored in the inhibit latch unit 321,
in operation S301. When it is determined that the value of data
I stored in the inhibit latch unit 321 is “0,” the nonvolatile
memory cell 101 needs to be programmed, and thus the
nonvolatile memory device 10 sets the data S stored in the
sensing latch unit 331 to have the value “0” in operation S302
(S=0). The logic unit 340 of the nonvolatile memory device
10 may apply OV or 1V to the bit line BL according to the
value “0” of the data S stored in the sensing latch unit 331 in
operation S303.

[0090] When it is determined that the value of the data I
stored in the inhibit latch unit 321 is “1,” the nonvolatile
memory cell 101 may be program-inhibited, and thus the
nonvolatile memory device 10 sets the data S stored in the
sensing latch unit 331 to “1,” in operation S304 (S=1). The
logic unit 340 of the nonvolatile memory device 10 applies a
power voltage VDD to the bit line BL according to the value
“1” of the data S stored in the sensing latch unit 331 in
operation S305.

[0091] When the voltage determined according to the value
of'the data I stored in the inhibit latch unit 321 is applied to the
bit line BL, a program pulse is applied to the nonvolatile
memory cell 101 (that is, the gate of the floating-gate transis-
tor) in operation S306. When the voltage applied to the bit line
BL is OV or 1V, the nonvolatile memory cell 101 is pro-
grammed by the program pulse, and when the voltage applied
to the bit line is not OV or 1V (e.g., when BL=VDD) the
nonvolatile memory cell 101 is program-inhibited by the
program pulse. Next, the nonvolatile memory device 10
moves to the verification operation S400 for verifying the
nonvolatile memory cell 101.

[0092] FIG. 10 is a flowchart illustrating in detail the veri-
fication in operation S400 of FIG. 6, according to an exem-
plary embodiment of the inventive concept. Referring to
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FIGS. 6 and 10, the verification stage of the nonvolatile
memory cell 101 includes a P1 verification operation S410, a
P2 verification operation S420, and a P3 verification opera-
tion S430. In each of the verification operations S410, S420,
and S430, the nonvolatile memory cell 101 may be verified
based on the data D stored in the data latch unit 311. The data
I stored in the inhibit latch unit 321 may be set (or changed)
according to the verification result.

[0093] Regarding the P1 verification operation S410, the
nonvolatile memory device 10 determines whether the non-
volatile memory cell 101 goes through the P1 verification
operation S410. For example, the nonvolatile memory device
10 determines whether the nonvolatile memory cell 101 goes
through the P1 verification operation S410 based on the value
of data I stored in the inhibit latch units 321 of the nonvolatile
memory cells 101 included in the page cell group 110 or by
data additionally stored according to a determination result of
an earlier performed P1 pass/fail determination in operation
S415.

[0094] When the P1 verification operation S410 was suc-
cessful, the nonvolatile memory device 10 moves to the P2
verification operation S420. When the P1 verification opera-
tion S410 was not successful, the nonvolatile memory device
10 sets the data S stored in the sensing latch unit 331 to “1”
and applies the first voltage V__1 to the gate of the floating-
gate transistor via the world line WL in order to verify
whether the nonvolatile memory cell 10 has a threshold volt-
age corresponding to the P1 state, in operation S412. When
the data S stored in the sensing latch unit 331 is set to the value
“1,” the logic unit 340 applies a constant voltage to the bit line
BL.

[0095] Next, the nonvolatile memory device 10 determines
in operation S413 whether the data D stored in the data latch
unit 311 has a value “10” corresponding to the P1 state and
whether the data S stored in the sensing latch unit 331 is
changed to “0”. For example, when the nonvolatile memory
cell 101 is programmed to correspond to the P1, P2, or P3
state, the threshold voltage of the floating-gate transistor may
be greater than the first voltage V__1. Thus, the floating-gate
transistor may be turned off. Meanwhile, when the nonvola-
tile memory cell 101 is in the erased state E, the floating-gate
transistor may be turned on because the threshold voltage of
the floating-gate transistor is less than the first voltage V__ 1.
The nonvolatile memory cell 101 including the turned-off
floating-gate transistor is referred to as an “off cell,” and the
nonvolatile memory cell 101 including the turned-on float-
ing-gate transistor is referred to as an “on cell.”

[0096] Forexample, when the nonvolatile memory cell 101
is an off cell, since the bit line BL is blocked from a ground
voltage OV due to the floating-gate transistor included in the
off cell, the voltage of the bit line BL. may be retained. The
voltage of the bit line BL. may be applied to the gate of the
transistor included in the logic unit 340, and accordingly, the
transistor included in the logic unit 340 may be turned on. The
sensing latch unit 311 connected to the transistor may change
the value of the stored data D to <“0.” Thus, when the data S
stored in the sensing latch unit 311 is changed to “0,” the
nonvolatile memory cell 101 may be determined to be the off
cell.

[0097] When the value of the data D stored in the data latch
unit 311 is “10,” and the data S stored in the sensing latch unit
331 is changed to “0,” the nonvolatile memory device 10 sets
the data [ stored in the inhibit latch unit 321 to “1” in operation
S414 (I=1). Meanwhile, when the value of the data D stored
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in the data latch unit 311 is not “10” and/or the data S stored
in the sensing latch unit 331 is retained as “1,” the nonvolatile
memory device 10 proceeds to operation S415 in which it is
determined whether the P1 state passed or failed without
changing the data I stored in the inhibit latch unit 321.

[0098] The nonvolatile memory device 10 may determine
whether the P1 state passed or failed in operation S415 by
determining whether the nonvolatile memory cell 101, in
which the data having the value “10” is to be written among
the nonvolatile memory cells 101 included in the page cell
group 110, is in the P1 state. For example, the nonvolatile
memory device 10 may apply a constant voltage to a common
node connected to the bit lines BL connected to the nonvola-
tile memory cell 101 in which the data having the value “10”
is to be written. Also, the nonvolatile memory device 10 may
apply the first voltage V__1 to the word line WL. When the
threshold voltage does not reach the first voltage V__1, and
thus, the nonvolatile memory cell 101 is an on-cell, the volt-
age of the common node may be changed, for example, to
ground voltage OV. Thus, the nonvolatile memory device 10
may determine whether the P1 state passed or failed by
detecting the voltage of the common node. Then, the nonvola-
tile memory device 10 may sequentially perform the P2 veri-
fication operation S420 and the P3 verification operation
S430.

[0099] The operations included in each of the P2 verifica-
tion operation S420 and the P3 verification operation S430
are similar to the operation included in the P1 verification
operation S410, and thus detailed descriptions thereof will
not be repeated. However, in the P2 verification operation
S420, the nonvolatile memory device 10 may apply the sec-
ond voltage V__2 to the word line WL in operation S422, and
may determine whether the value of the data D stored in the
data latch unit 311 is “00” corresponding to the P2 state in
operation S423. Also, in the P3 verification operation S430,
the nonvolatile memory device 10 may apply the third voltage
V__3 to the word line WL in operation S432, and may deter-
mine the value of the data D stored in the data latch unit 311
is “01” corresponding to the P3 state in operation S433. The
nonvolatile memory device 10 may end the P3 verification
operation S430 and proceed to operation S500 for determin-
ing whether the writing operation is completed.

[0100] FIG. 11 is a flowchart illustrating in detail operation
S500 of FIG. 6, determining whether the writing operation is
completed, according to an exemplary embodiment of the
inventive concept. The nonvolatile memory device 10 pro-
ceeds to operation S500 of determining whether the writing
operation is completed, following the verification operation
S400. The nonvolatile memory device 10 determines whether
all states (e.g., states E, P1, P2, and P3 in the present example)
are passed with respect to the nonvolatile memory cells 101
included in the page cell group 110 in operation S501. When
all of the states are passed, the nonvolatile memory device 10
determines that the data writing operation is passed in opera-
tion S502, and the writing operation ends. However, when not
all of the states are passed, the nonvolatile memory device 10
determines in operation S503 whether the number of times
(loop times) that the nonvolatile memory device 10 performs
the selective program operation S300 and the verification
operation S400 is greater than a predetermined upper limit
According to the determination result, the nonvolatile
memory device 10 returns the process to the selective pro-
gram operation S300 when the loop times are not greater than
the predetermined upper limit, and determines that the data
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writing operation has failed in operation S504 when the loop
times are greater than the predetermined upper limit, ending
the writing operation.

[0101] FIG.12is ablock diagram of a nonvolatile memory
system, according to an exemplary embodiment of the inven-
tive concept. The nonvolatile memory system 1 may commu-
nicate with a host 2 via a predetermined protocol. For
example, the nonvolatile memory system 1 may be a memory
card, a Universal Serial Bus (USB) memory stick, or a solid
state drive (SSD). The nonvolatile memory system 1 may
perform an operation in response to a request received from
the host 2. For example, the host 2 may request data storage,
and the nonvolatile memory system 1 may store the data.
[0102] As illustrated in FIG. 12, the nonvolatile memory
system 1 includes the nonvolatile memory device 10 and a
memory controller 20. The memory controller 20 may trans-
mit the command CMD and the address ADDR to the non-
volatile memory device 10, and may receive and transmit the
data DATA. The nonvolatile memory device 10 is similar to
that illustrated in FIG. 2, and thus, description of the nonvola-
tile memory device 10 will not be repeated.

[0103] Referring to FIGS. 11 and 12, in the nonvolatile
memory device 10, the data writing operation may fail, and
the nonvolatile memory device 10 may determine whether the
writing operation passed or failed. When the writing opera-
tion of the nonvolatile memory device 10 fails, the memory
controller 20 may write data with respect to the page cell
group 110 corresponding to an address other than the previ-
ously tried address. As described above, according to the
exemplary embodiment, since the data latch unit 311 of the
nonvolatile memory device 10 retains the data D stored in the
data latch unit 311, the memory controller 20 may transmit
the first command CMD 1 and the new address ADDR to the
nonvolatile memory device 10. The control unit 200 of the
nonvolatile memory device 10 may control the logic unit 340
so that data stored in the latch set 310 including the data latch
unit 311 is written in the page cell group 110 corresponding to
the received address ADDR.

[0104] As illustrated in FIG. 12, the memory controller 20
may include a buffer 21 that stores the data to be written in the
nonvolatile memory device 10. The data stored in the buffer
21 may be user data received from the host 2 or meta-data
generated by the memory controller 20, for example. Also,
the buffer 21 may store data that is read from the nonvolatile
memory device 10.

[0105] FIG. 13 is a functional block diagram illustrating a
data writing operation of the nonvolatile memory system 1,
according to an exemplary embodiment of the inventive con-
cept. As illustrated in FIG. 13, the memory system 1, which
communicates with the host 2, includes the memory control-
ler 20 and the nonvolatile memory device 10. The memory
controller 20 includes the buffer 21, and the nonvolatile
memory device 10 includes the data latch unit 311. For pur-
poses of illustration, buffer 21 is represented over time as
buffers 21a-21d, and data latch unit 311 is represented over
time as data latch units 3114-3114.

[0106] As illustrated in FIG. 13, in an early stage, buffer
21a of the memory controller 20 stores data DATA 1 to be
written in the nonvolatile memory device 10, while data latch
unit 311a of the nonvolatile memory device 10 store data
DATA_X corresponding to a previous writing operation. The
memory controller 20 transmits a second writing command
CMD__2, an address ADDR_A, and the data DATA__1 to the
nonvolatile memory device 10 to write the data DATA 1, as
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discussed below. Next, the memory controller 20 sets a region
of buffer 2154, in which the data DATA__1 had been stored, to
an available state. Thus, as illustrated in FIG. 13, even while
the nonvolatile memory device 10 performs the writing
operation of the data DATA_ 1, data DATA_NEW received
from the host 2 may be stored in the available region as shown
in buffer 21c.

[0107] Meanwhile, the nonvolatile memory device 10
stores the data DATA 1 in data latch unit 3115 according to
the second writing command CMD__2, the address ADDR_
A, and the data DATA 1 received from the memory control-
ler 20. The nonvolatile memory device 10 performs the writ-
ing operation of the data DATA 1, and during the writing
operation, the data DATA 1 is retained in data latch unit
311c. When the writing operation is completed, the data
DATA_ 1isretained in data latch unit 3114. If it is determined
that the writing operation of the data DATA_ 1 fails, the
memory controller 20 transmits a first writing command
CMD__1 and an address ADDR_B to the nonvolatile memory
device 10 to re-write the data DATA_ 1 retained in the data
latch unit 3114d.

[0108] Consequently, in preparation for a failure of the
writing operation, the memory controller 20 does not need to
retain the data DATA 1 in the buffer 21 transmitted together
with the second writing command CMD__ 2 to the nonvolatile
memory device 10, and may use the region of the buffer 21, in
which the data DATA__1 is stored, for the new data DATA_
NEW to be written. Thus, the memory controller 20 uses the
buffer 21 more effectively and improves the response speed
with respect to a writing request of the host 2.

[0109] FIG. 14 is a block diagram illustrating a structure of
the nonvolatile memory device 10, according to an exemplary
embodiment of the inventive concept. Referring to FIG. 14,
the nonvolatile memory device 10 further includes an error
correction code (ECC) engine 400. When the nonvolatile
memory device 10 performs a data writing or reading func-
tion according to an application, an error may occur due to
various factors when data read from the cell array 100 is not
consistent with the written data. Accordingly, the nonvolatile
memory device 10 encodes data to be written in order to
restore the data from the error, and writes the encoded data in
the cell array 100. In addition, the nonvolatile memory device
10 reads the encoded data stored in the cell array 100, decodes
the encoded data and outputs the decoded data to outside of
the nonvolatile memory device 10.

[0110] The ECC engine 400 included in the nonvolatile
memory device 10 is configured to encode and/or decode
data. For example, the ECC engine 400 may encode the data
DATA to write by including additional information and trans-
mit the encoded data eDATA to the data latch set 310. Also,
the ECC engine 400 may decode the encoded data eDATA
received from the data latch set 310 and output the decoded
data DATA to the outside of the nonvolatile memory device
10.

[0111] As described above, the data latch set 310 may
retain the encoded data eDATA while the writing operation by
ISPP is being performed. When the command received by the
control unit 200 is the first writing command CMD__1, the
encoded data eDATA retained in the data latch set 310 may be
written in the cell array 100. Accordingly, the encoding opera-
tion by the ECC engine 400 may be omitted, and thus power
consumption of the nonvolatile memory device 10 and a
response time with respect to the writing operation may be
reduced. Descriptions of the inhibit latch set 320, the sensing
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latch set 330, and the logic unit 340 are the same as described
above with respect to FIG. 2, and therefore will not be
repeated.

[0112] FIG. 15 is a block diagram of a computing system
1000 including a nonvolatile memory system, according to an
exemplary embodiment of the inventive concept. A nonvola-
tile memory system according to exemplary embodiments of
the inventive concept may be mounted in the computing sys-
tem 1000, such as a mobile device or a desk top computer, as
a nonvolatile storage device 1400.

[0113] The computing system 1000 according to the exem-
plary embodiment may include a central processing unit
(CPU) 1100, random access memory (RAM) 1200, a user
interface 1300, and the nonvolatile storage device 1400. Each
ofthe CPU 1100, the RAM 1200, the user interface 1300, and
the nonvolatile storage device 1400 may be electrically con-
nected to a bus 1500. A nonvolatile memory device included
in the nonvolatile storage device 1400 may be, for example,
NAND flash memory, NOR flash memory, magnetic random
access memory (MRAM), resistance RAM (RRAM), ferro-
electric RAM (FRAM), or phase change memory (PCM).

[0114] The nonvolatile storage device 1400 may include a
memory controller and a nonvolatile memory device accord-
ing to exemplary embodiments of the inventive concept. The
nonvolatile memory device may retain data corresponding to
a writing operation in a data latch unit (or a data latch set
including the data latch unit) even when the data writing
operation is completed. The memory controller may transmit
a command to the nonvolatile memory device, and the non-
volatile memory device may write again the data stored in the
data latch unit in response to the command.

[0115] FIG. 16 is a view illustrating a memory card 2000,
according to an exemplary embodiment of the inventive con-
cept. A nonvolatile memory system according to exemplary
embodiments may be realized as a memory card. The
memory card 2000 may be a portable storage device that may
be connected to an electronic apparatus, such as a mobile
device or a desk top computer, for example. As illustrated in
FIG. 16, the memory card 2000 may include a memory con-
troller 2100, a nonvolatile memory device 2200, and a port
portion 2300. The memory card 2000 may be a multimedia
card (MMC), an embedded multimedia card (eMMC), or a
secure digital (SD) card, for example.

[0116] The memory controller 2100 may communicate
with an external host via the port portion 2300, and may
control the nonvolatile memory device 2200. As in the exem-
plary embodiments described above, the nonvolatile memory
device 2200 may include a data unit, a data latch set, an inhibit
latch set, a sensing latch set, and a logic unit. The nonvolatile
memory device 2200 may retain data corresponding to a
writing operation in the data latch set even when the data
writing operation is completed. The memory controller may
transmit a command to the nonvolatile memory device, and
the nonvolatile memory device may write again the data
stored in the data latch set in response to the command.

[0117] While the inventive concept has been described with
reference to exemplary embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the inventive concept. Therefore, it should be understood that
the above embodiments are not limiting, but illustrative.
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What is claimed is:

1. A method of writing data in a nonvolatile memory device
comprising a first latch unit and a nonvolatile memory cell,
the method comprising:

receiving a first writing command or a second writing

command from outside of the nonvolatile memory
device; and

writing first data stored in the first latch unit in the non-

volatile memory cell in response to the first or second
writing command,

wherein the first data is retained in the first latch unit until

the writing of the first data stored in the first latch unit in
the nonvolatile memory cell is completed.

2. The method of claim 1, wherein the nonvolatile memory
device further comprises a second latch unit that stores sec-
ond data, and

wherein the writing of the first data comprises:

selectively programming the nonvolatile memory cell
according to the second data;

verifying the nonvolatile memory cell based on the first
data; and

changing the second data according to a verification
result.

3. The method of claim 2, wherein the writing of the first
data is repeated one or more times by incremental step pulse
programming (ISPP).

4. The method of claim 2, further comprising:

setting the second data according to the first data in

response to the first or second writing command prior to
the writing of the first data stored in the first latch unit in
the nonvolatile memory cell.

5. The method of claim 1, wherein the receiving of the first
or second writing command comprises:

retaining the first data stored in the first latch unit upon

receiving the first writing command; and

changing the first data stored in the first latch unit to data

received, in response to the second writing command,
from outside of the nonvolatile memory device, upon
receiving the second writing command.

6. The method of claim 1, wherein the nonvolatile memory
cell stores a plurality of bits, and the first latch unit comprises
a plurality of latches equal in number to the plurality of bits.

7. The method of claim 1, wherein the nonvolatile memory
device further comprises:

a plurality of the nonvolatile memory cells; and

a plurality of the first latch units each corresponding to a

nonvolatile memory cell connected to a word line among
the plurality of the nonvolatile memory cells.

8. The method of claim 1, further comprising:

receiving data from outside of the nonvolatile memory

device;

encoding the received data according to an error correction

code (ECC); and

storing the encoded data in the first latch unit as the first

data.

9. The method of claim 1, further comprising:

providing a state machine for controlling the writing of

data in the nonvolatile memory device.

10. A method of writing data in a nonvolatile memory
system comprising a nonvolatile memory device and a
memory controller communicating with the nonvolatile
memory device, the nonvolatile memory device comprising a
first latch unit and a nonvolatile memory cell in a cell array,
the method comprising:
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receiving a first or second writing command from the

memory controller; and

writing first data stored in the first latch unit in the non-

volatile memory cell, in response to the first or second
writing command,

wherein the first data is retained in the first latch unit until

the writing of the first data in the nonvolatile memory
cell is completed.

11. The method of claim 10, wherein the receiving of the
first or second writing command comprises:

retaining the first data stored in the first latch unit upon

receiving the first writing command; and

changing the first data stored in the first latch unit to data

received, in response to the second writing command,
from outside of the nonvolatile memory device upon
receiving the second writing command.

12. The method of claim 11, further comprising:

transmitting the first writing command to the nonvolatile

memory device via the memory controller when the
writing of the first data fails.
13. The method of claim 11, further comprising:
storing data to be written in the nonvolatile memory device
in a buffer region of a buffer in the memory controller;

transmitting the second writing command and the data
stored in the buffer region to the nonvolatile memory
device via the memory controller; and

setting the buffer region to an available state after transmit-

ting the second writing command to the nonvolatile
memory device.

14. The method of claim 10, wherein the nonvolatile
memory device further comprises a second latch unit that
stores second data, and

wherein the writing of the first data comprises:

selectively programming the nonvolatile memory cell
according to the second data;

verifying the nonvolatile memory cell based on the first
data; and

changing the second data according to a verification
result.

15. The method of claim 10, wherein the nonvolatile
memory system is a multimedia card (MMC), a secure digital
(SD) card, or a solid state drive (SSD).

16. The method of claim 14, wherein the first latch unit
comprises a data latch unit for storing the first data, and the
second latch unit comprises an inhibit latch unit for storing
the second data indicating whether the nonvolatile memory
cell is program-inhibited.

Jun. 4, 2015

17. A nonvolatile memory device comprising:

a cell array comprising a plurality of nonvolatile memory
cells in a page cell group corresponding to a word line,
each nonvolatile memory cell being accessible by the
word line and a bit line, and capable of transitioning
between a plurality of states corresponding to respective
data;

a control unit configured to receive a first writing command
and a second writing command; and

a page buffer comprising:

a logic unit connected to the control unit and the cell
array to enable control of the page bufter and the cell
array by the control unit;

a data latch set comprising at least a first data latch
storing first data for writing in a nonvolatile memory
cell of the plurality of nonvolatile memory cells in
responseto the first or second writing command under
control of the control unit; and

an inhibit latch set comprising an inhibit latch for storing
data indicating whether a corresponding nonvolatile
memory cell is in a program inhibited state,

wherein the first data is retained in the first latch unit until
writing the first data in the nonvolatile memory cell is
completed.

18. The nonvolatile memory device of claim 17, wherein
when data to be stored in a nonvolatile memory cell corre-
sponds to an erased state, the corresponding inhibit latch
indicates that the nonvolatile memory cell is program-inhib-
ited.

19. The nonvolatile memory device of claim 17, wherein
the page buffer further comprises:

a sensing latch set configured to store data to be written to
or read form the cell array, such that the logic unit applies
voltage to a bit line according to the data stored in the
sensing latch or sets the data stored in the sensing latch
set according to the voltage of the bit line.

20. The nonvolatile memory device of claim 17, further

comprising:

an error correction code (ECC) engine configured to
encode data received from outside of the non-volatile
memory device and transmit the encoded data to the data
latch set, and to decode encoded data received from the
data latch set and output the decoded data to the outside
of the nonvolatile memory device.
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