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(57) ABSTRACT

A data storage system and a method of operating the same are
provided. The method includes performing a program opera-
tion on a first page of the pages of a memory block, deciding,
when power is switched on after a sudden power-off is gen-
erated while the program operation is performed, whether to
skip the program operation on a first erase page of the pages
based on a second page on which the program operation is
performed subsequent to the first page, and performing the
program operation on the second page.
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DATA STORAGE SYSTEM AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority of Korean
patent application number 10-2013-0108568, filed on Sep.
10,2013, in the Korean Intellectual Property Office, the entire
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND
[0002] 1. Field of Invention
[0003] Various embodiments of the present invention relate

to an electronic device. More specifically, the present inven-
tionrelates to a data storage system and a method of operating
the same.

[0004] 2. Description of Related Art

[0005] Among data storage devices, semiconductor
memory devices are largely classified as volatile memory
devices and non-volatile memory devices.

[0006] A volatile memory device has a high write and read
speed, but when a power supply is cut off, stored data disap-
pears. A non-volatile memory device has a relatively low
write and read speed but maintains stored data even when the
power supply is cut off. Accordingly, regardless of the power
supply, the non-volatile memory device is used in order to
maintain the stored data. Non-volatile memory devices
include a read-only memory (ROM), a mask ROM (MROM),
a programmable ROM (PROM), an erasable programmable
ROM (EPROM), an electrically erasable programmable
ROM (EEPROM), a flash memory, a phase-change random
access memory (PRAM), amagnetic RAM (MRAM), aresis-
tive RAM (RRAM), a ferroelectric RAM (FRAM), and so on.
Flash memories are classified as NOR-type and NAND-type.
[0007] The flash memories have an advantage of a RAM in
that programming and erasure of data are free, and an advan-
tage of a ROM in that stored data is maintained. Flash memo-
ries are widely used as a storage medium of portable elec-
tronic devices such as a digital camera, a PDA (personal
digital assistant), and an MP3 player.

[0008] Itis desirable for semiconductor memory devices to
have high data reliability.

BRIEF SUMMARY

[0009] The present invention is directed to a data storage
system and a method of operating the same having high data
reliability.

[0010] One aspect of the present invention provides a
method of operating a data storage system including: per-
forming a program operation on a first page of pages of a
memory block; deciding, when power is switched on after a
sudden power-off is generated while the program operation is
performed, whether to skip the program operation on a first
erase page of the pages based on a second page on which the
program operation is performed subsequent to the first page;
and performing the program operation on the second page.
[0011] The decision whether to skip the program operation
on the first erase page may include skipping the program
operation on the first erase page, if the second page is an LSB
page.

[0012] Ifitis decided to skip the program operation on the
first erase page, the method may further include skipping the
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program operation on the second page, and performing the
program operation on a third page on which the program
operation is performed subsequent to the second page of the
pages.

[0013] Another aspect of the present invention provides a
data storage system, comprising: a semiconductor device
suitable for performing a program operation on a first page of
pages of a memory block in response to a command and an
address; a controller suitable for outputting the command and
the address to detect a second page on which the program
operation is performed subsequent to the first page when
power is switched on after a sudden power-off is generated
while the program operation is performed, and a first erase
page among the pages, wherein the controller decides
whether to skip the program operation on the first erase page
based on the detected second page.

[0014] If the second page is an L.SB page, the controller
may decide to skip the program operation on the first erase
page.

[0015] Ifthe controller decides to skip the program opera-

tion on the first erase page, the controller may skip the pro-
gram operation on the second page and perform the program
operation on a third page on which the program operation is
performed subsequent to the second page of the pages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail exemplary
embodiments thereof with reference to the attached drawings
in which:

[0017] FIG. 1 is a block diagram illustrating a data storage
system according to an exemplary embodiment of the present
invention;

[0018] FIG. 2 is a block diagram illustrating the details of
the controller shown in FIG. 1;

[0019] FIG. 3 is a block diagram illustrating the details of
the semiconductor device shown in FIG. 1;

[0020] FIG. 4 is a circuit diagram illustrating the details of
the memory block shown in FIG. 3;

[0021] FIG. 5 is a flowchart illustrating a method of oper-
ating a data storage system according to an exemplary
embodiment of the present invention;

[0022] FIGS. 6 to 8 are flowcharts illustrating detailed
operations for the method of operating the data storage sys-
tem shown in FIG. 5;

[0023] FIG. 9 is a flowchart illustrating an operation for
detecting a page shown in FIG. 8;

[0024] FIG. 10 is a diagram for illustrating threshold volt-
age distribution in a program operation after a sudden power-
off;

[0025] FIGS. 11 to 14 are diagrams illustrating application
of'a method of operating the data storage system according to
an exemplary embodiment of the present invention in a two-
bit multi-level cell;

[0026] FIG. 15 is a block diagram illustrating the details of
the controller shown in FIG. 1;

[0027] FIG. 16 is a simplified block diagram illustrating a
fusion memory device or a fusion memory system performing
a program operation according to various aforementioned
embodiments; and

[0028] FIG. 17 is a block diagram illustrating a computing
system including the semiconductor device according to an
exemplary embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0029] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in different forms
and should not be construed as limited to the embodiments set
forth herein. Throughout the disclosure, reference numerals
correspond directly to the like numbered parts in the various
figures and embodiments of the present invention. It is also
noted that in this specification, “connected/coupled” refers to
one component not only directly coupling another component
but also indirectly coupling another component through an
intermediate component. In addition, a singular form may
include a plural form as long as it is not specifically men-
tioned in a sentence.

[0030] FIG.1 is a block diagram illustrating a data storage
system according to an exemplary embodiment of the present
invention. FIG. 2 is a block diagram illustrating the details of
the controller shown in FIG. 1.

[0031] Referring to FIG. 1, the data storage system 100
includes a semiconductor device 110, and a controller 120 for
controlling the operation of the semiconductor device 110
according to a request from a host.

[0032] The semiconductor device 110 performs a program
operation or a read operation on memory cells of pages
included in a memory block in response to a command CMD
and an address ADD input from the controller 120. The semi-
conductor device 110 programs data DATA input from the
controller 120 in memory cells of a program target page, and
outputs the data DATA read from the memory cells to the
controller 120.

[0033] Referring to FIG. 2, the controller 120 includes a
sudden power-off detection unit 121, a command and address
generation unit 122, a page detection unit 123, and a program
skip decision unit 124.

[0034] The sudden power-off detection unit 121 detects
that a sudden power-off is generated in the data storage sys-
tem 100, and generates a detection signal when power of the
data storage system 100 is on.

[0035] The command and address generation unit 122 gen-
erates a command CMD and an address ADD to perform a
read operation (read scan operation) on a memory block in
which a program operation is suspended by the sudden
power-off in response to the detection signal input from the
sudden power-off detection unit 121.

[0036] The page detection unit 123 detects a first erase
page, and a program target page on which a next program
operation is performed subsequent to the sudden power-off
among pages of a memory block in which the program opera-
tion is suspended by the sudden power-off, based on the data
read from the semiconductor device 110 in the read operation.
The page detection unit 123 detects a first page on which no
data is stored among the pages of the memory block in which
the program operation is suspended due to the sudden power-
off, as the first erase page.

[0037] The program skip decision unit 124 decides whether
to skip the program operation on the first erase page based on
the program target page detected by the page detection unit
123.

[0038] Inone embodiment, the program skip decision unit
124 decides to skip the program operation on the first erase
page, when the program target page detected by the page
detectionunit 123 is a least significant bit (LSB) page, and not
to skip the program operation on the first erase page, when the
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program target page detected by the page detection unit 123 is
not an LSB page (is a most significant bit (MSB) page).
[0039] When the program skip decision unit 124 decides to
skip the program operation on the first erase page, the com-
mand and address generation unit 122 generates the com-
mand CMD and the address ADD such that the semiconduc-
tor device 110 skips the program operation on the program
target page and performs the program operation on the
memory cells of a page on which a next program operation is
performed subsequent to the program target page.

[0040] In another embodiment, when the program target
page detected by the page detection unit 123 is the first erase
page, the program skip decision unit 124 decides to skip the
program operation on the first erase page. On the other hand,
when the program target page detected by the page detection
unit 123 is not the first erase page, the program skip decision
unit 124 decides not to skip the program operation on the first
erase page.

[0041] When the program skip decision unit 124 decides to
skip the program operation on the first erase page, the com-
mand and address generation unit 122 generates the com-
mand CMD and the address ADD so that the semiconductor
device 110 skips the program operation on the program target
page and performs the program operation on the memory
cells of the page on which a next program operation is per-
formed subsequent to the program target page.

[0042] Accordingly, the data storage system 100 prevents
the program operation on the unstable erase page due to the
sudden power-off, and thus improves data reliability.

[0043] FIG. 3 is a block diagram illustrating the details of
the semiconductor device shown in FIG. 1. FIG. 4 is a circuit
diagram illustrating the details of the memory block shown in
FIG. 3.

[0044] Referring to FIG. 3, the semiconductor memory
device according to an exemplary embodiment of the present
invention includes a memory array 210 configured to include
first to m-th memory blocks MB1~MBm, and a peripheral
circuit PERI configured to perform a program operation and
a read operation on the memory cells included in a selected
page of the memory blocks MB1~MBm. The peripheral cir-
cuit PERI includes a control circuit 220, a voltage supply
circuit 230, a page buffer group 240, a column decoder 250,
and an input and output circuit 260.

[0045] Referring to FIG. 4, each memory block includes a
plurality of strings ST1~STk connected to bit lines BL1~BLk
and a common source line CSL. That is, the strings ST1~STk
are connected to the bit lines BL1~BLk, respectively, and are
commonly connected to the common source line CSL. Each
string ST1 Includes a source select transistor SST having a
source connected to the common source line CSL, a plurality
of memory cells C01~Cnl, and a drain select transistor DST
having a drain connected to the bit line BL1. The memory
cells C01~Cnl are serially connected between the source
select transistor SST and the drain select transistor DST. A
gate of the source select transistor SST is connected to the
source select line SSL, gates of the memory cells C01~Cnl
are connected to word lines WLO~WLn, respectively, and a
gate of the drain select transistor DST is connected to the
drain select line DSL.

[0046] The memory cells included in the memory block are
divided in units of physical pages or logical pages. For
example, the memory cells C01~C0% connected to one word
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line (for example, WL0) constitute one physical page PAGEO.
The page may be a basic unit of a program operation or a read
operation.

[0047] The control circuit 220 outputs a voltage control
signal VCON for generating a voltage required for the pro-
gram operation or the read operation in response to a com-
mand CMD input through the input and output circuit 260
from the outside, and outputs a page buffer control signal
PBCON for controlling page buffers PB1~PBk included in
the page buffer group 240 according to the type of an opera-
tion. Further, the control circuit 220 outputs a row address
RADD and a column address CADD in response to the
address signal ADD input through the input and output circuit
260 from the outside.

[0048] The voltage supply circuit 230 provides operating
voltages needed for a program operation, a read operation,
and an erase operation for memory cells in response to the
voltage control signal VCON of the control circuit 220 for
local lines including a drain select line DSL, word lines
WL0~WLn, and a source select line SSL of a selected
memory block. The voltage supply circuit 230 includes a
voltage generation circuit and a row decoder.

[0049] The voltage generation circuit outputs the operating
voltages needed for the program operation, the read opera-
tion, and the erase operation for the memory cells in response
to the voltage control signal VCON of the control circuit 220
to global lines.

[0050] The row decoder connects the global lines and the
local lines DSL, WLO~WLn, and SSL so that the operating
voltages output from the voltage generation circuit to the
global lines are transferred to the local lines DSL,
WLO0~WLn, and SSL of the selected memory block in the
memory array 210 in response to the row address RADD.
[0051] The page buffer group 240 includes the page buffers
PB1~PBk connected to the memory array 210 through the bit
lines BL1~BLk. The page buffers PB1~PBk of the page
buffer group 240 selectively precharge the bit lines BL1~BLk
according to data input to store data in the memory cells
C01~CO0k, or sense voltages of the bit lines BLL1~BLk to read
out data from the memory cells, in response to the page buffer
control signal PBCON of the control circuit 220.

[0052] The column decoder 250 selects the page buffers
PB1~PBk, which are included in the page buffer group 240,
in response to the column address CADD output from the
control circuit 220. That is, the column decoder 250 sequen-
tially transmits data stored in the memory cells to the page
buffers PB1~PBk in response to the column address signal
CADD. Further, the column decoder 250 sequentially selects
the page buffers PB1~PBk in response to the column address
signal CADD so that data from the memory cells latched in
the page buffers PB1~PBk is output to the outside by the read
operation.

[0053] The input and output circuit 260 transmits data to
the column decoder 250 according to control of the control
circuit 220 in order to output data input from the outside to the
page buffer group 240 to store memory cells in the program
operation. When the column decoder 250 transmits the data
input from the input and output circuit 260 to the page buffers
PB1~PBk of the page buffer group 240, the page buffers
PB1~PBk store the input data in an inner latch circuit. Fur-
ther, the input and output circuit 260 outputs data transferred
from the page buffers PB1~PBk of the page bufter group 240
through the column decoder 250 to the outside in the read
operation.
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[0054] FIG. 5 is a flowchart illustrating a method of oper-
ating a data storage system according to an exemplary
embodiment of the present invention.

[0055] Referringto FIG. 5, the method of operating the data
storage system includes performing a program operation on
the pages of a memory block (S310). The program operation
may be sequentially performed from a start page to an end
page.

[0056] The method includes verifying whether a sudden
power-off of the data storage system is generated (S320).
When power of the data storage system is switched on after
the sudden power-off is generated, the method includes
deciding whether to skip a program operation on a first erase
page, based on a program target page on which a next pro-
gram operation is performed among the pages of a memory
block in which the program operation is suspended due to the
sudden power-off (S330).

[0057] The method includes performing the program
operation on the next program target page (S340).

[0058] FIGS. 6 to 8 are flowcharts illustrating detailed
operations for the method of operating the data storage sys-
tem shown in FIG. 5.

[0059] Referring to FIG. 6, the operation S330 of deciding
whether to skip the program operation on the first erase page
based on the program target page includes verifying whether
the program target page is an LSB page (5332).

[0060] When the program target page is an LSB page, the
operation S330 includes deciding to skip the program opera-
tion on the first erase page (S334). When the program target
page is not an LSB page, the operation S330 includes decid-
ing not to skip the program operation on the first erase page
(S336).

[0061] When it is decided to skip the program operation on
the first erase page in the operation S334, the method includes
skipping the program operation on the program target page
(S350), and performing the program operation on a page on
which the program operation is performed subsequent to the
program target page among the pages (S360).

[0062] When itis decided not to skip the program operation
on the first erase page in the operation S336, the method
includes performing the program operation on the program
target page (S340).

[0063] Referring to FIG. 7, the operation S330 of deciding
whether to skip the program operation on the first erase page
based on the program target page includes verifying that the
program target page is the first erase page (S333).

[0064] When the program target page is the first erase page,
the operation S330 includes deciding to skip the program
operation on the first erase page (S334). When the program
target page is not the first erase page, the operation S330
includes deciding not to skip the program operation on the
first erase page (S336).

[0065] When it is decided to skip the program operation on
the first erase page in the operation S334, the method includes
skipping the program operation on the first erase page (S350),
and performing the program operation on a page on which the
program operation is performed subsequent to the program
target page among the pages (S360).

[0066] When itis decided not to skip the program operation
on the first erase page in the operation S336, the method
includes performing the program operation on the program
target page (S340).

[0067] Referring to FIG. 8, the operation S330 of deciding
whether to skip the program operation on the first erase page
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based on the program target page includes detecting the first
erase page and the program target page on which the program
operation is performed subsequent to the sudden power-off
among pages of a memory block in which the program opera-
tion is suspended due to the sudden power-oft (S410). In one
embodiment, the operation S330 may include detecting a first
page in which no data is stored among the pages of the
memory block on which the program operation is suspended
due to the sudden power-off, as the first erase page.

[0068] After this, the operation 5330 includes deciding
whether to skip the program operation on the first erase page
based on the detected program target page (S420).

[0069] FIG. 9 is a flowchart illustrating an operation for
searching a page shown in FIG. 8.

[0070] Referring to FIG. 9, the operation S410 of detecting
the first erase page and the next program target page on which
the program operation is performed subsequent to the sudden
power-off among the pages of the memory block in which the
program operation is suspended due to the sudden power-off
includes performing a read operation (read scan operation) on
the memory block in which the program operation is sus-
pended due to the sudden power-off (S412).

[0071] Afterthis, the operation S410 includes detecting the
page target page and the first erase page based on the read data
(S414).

[0072] Accordingly, the method of operating the data stor-
age system can prevent a program operation on an unstable
erase page due to the sudden power-off, and thus improve data
reliability.

[0073] FIG. 10 is a diagram illustrating threshold voltage
distribution in a program operation after a sudden power-off.
FIGS. 11 to 14 are diagrams illustrating application of a
method of operating the data storage system according to an
exemplary embodiment of the present invention in a two-bit
multi-level cell.

[0074] Referring to FIGS. 10 to 14, an example in which
even memory cells and odd memory cells among the memory
cells connected to one word line are separately operated, and
2-bit data is stored in each memory cell, will be explained.
That is, there is an even page, an odd page, an LSB page, and
an MSB page, in one word line. This is for convenience of
explanation, and the method of operating the data storage
system according to an exemplary embodiment of the present
invention can be applied to another example in which both the
even memory cells and the odd memory cells are simulta-
neously operated, or 3-bit data is stored in each memory cell.
[0075] When the program operation is performed on the
memory cell, the method includes controlling an operating
sequence of the program operation in units of word lines to
reduce movement of threshold voltage distribution due to
interference. The numerals shown in FIGS. 10 to 14 illustrate
the operating sequence of the program operation. For conve-
nience, 0 to 21st pages are illustrated.

[0076] Referring to FIG. 10, the O page to the 13th page are
program pages on which the program operation is performed,
and the 14th, 15th, 20th, and 21st are erase pages on which the
program is not performed (although MSB data is not stored,
since the MSB program operation is not performed on the
16th and 17th pages, the 16th and 17th pages are not erase
pages since the program operation is performed on the 10th
and 11th pages which are L.SB pages). Since a sudden power-
offis generated, while the program operation is performed on
the 13th page, a first erase page on which no data is stored in
the memory cells, is the 14th page.
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[0077] A program target page on which the program opera-
tion is sequentially performed after the sudden power-off is
generated, is the 14th page, which is the LSB page. The 14th
page is unstable since the threshold voltage distribution shifts
to the right due to an effect of the sudden power-oft generated,
while the program operation is performed on the 13th page.
Accordingly, it is desirable to skip the program operation on
the unstable page in order to improve data reliability.

[0078] Referring to FIG. 11, the 0 to 9th pages are program
pages on which the program operation is performed, and the
10th, 11th, 14th, 15th, and 16th to 19th are erase pages on
which the program is not performed. Since the sudden power-
off is generated, while the program operation is performed on
the 9th page, a first erase page on which no data is stored in the
memory cells is the 10th page.

[0079] A program target page on which the program opera-
tion is sequentially performed subsequent to the sudden
power-off, is the 10th page that is the LSB page. Since the
10th page is unstable due to an effect of the sudden power-oft
generated, while the program operation is performed on the
9th page, it is desirable to skip the program operation on the
10th page, which is the first erase page.

[0080] Referring to FIG. 12, the 0 to 10th pages are pro-
gram pages on which the program operation is performed,
and the 11th, 14th, 15th, and 17th to 19th are erase pages on
which the program is not performed. Since the sudden power-
off is generated, while the program operation is performed on
the 10th page, a first erase page on which no data is stored in
the memory cells is the 11th page.

[0081] A program target page on which the program opera-
tion is sequentially performed subsequent to the sudden
power-offis the 11th page that is the LSB page. Since the 11th
page is unstable due to an effect of the sudden power-off
generated, while the program operation is performed on the
10th page, it is desirable to skip the program operation on the
11th page, which is the first erase page.

[0082] Referring to FIG. 13, the 0 to 11th pages are pro-
gram pages on which the program operation is performed,
and the 14th, 15th, 20th and 21st are erase pages on which the
program is not performed. Since the sudden power-off is
generated, while the program operation is performed on the
11th page, a first erase page on which no data is stored in
memory cells is the 14th page.

[0083] A program target page on which the program opera-
tion is sequentially performed subsequent to the sudden
power-off is the 12th page, which is the MSB page. Since the
14th page is not unstable due to an effect of the sudden
power-off generated, while the program operation is per-
formed on the 11th page (each of the 11th and 14th pages
corresponds to different word lines), it is desirable not to skip
the program operation on the 14th page, which is the first
erase page.

[0084] Referring to FIG. 14, the 0 to 12th pages are pro-
gram pages on which the program operation is performed,
and the 14th, 15th, 20th and 21st are erase pages on which the
program operation is not performed. Since the sudden power-
off is generated, while the program operation is performed on
the 12th page, a first erase page on which no data is stored in
memory cells is the 14th page.

[0085] A program target page on which the program opera-
tion is sequentially performed subsequent to the sudden
power-off is the 13th page, which is the MSB page. Since the
14th page is not unstable due to an effect of the sudden
power-off generated, while the program operation is per-
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formed on the 12th page (each of the 12th and 14th pages
corresponds to different word lines), it is desirable not to skip
the program operation on the 14th page, which is the first
erase page.

[0086] Accordingly, the method of operating the data stor-
age system can improve data reliability by preventing the
program operation on the unstable erase page due to the
sudden power-off.

[0087] FIG. 15 is a block diagram illustrating the details of
the controller shown in FIG. 1.

[0088] Thedatastorage system 100 shown in FIG. 1 may be
provided as a memory card or a solid state disk (SSD) by
combining the semiconductor device 110 and the controller
120.

[0089] Referring to FIG. 15, the controller 120 includes a
static random access memory (SRAM) 125, a central process-
ing unit (CPU) 126, a host interface 127, an error correcting
block (ECC) 128, and a memory interface 129. The SRAM
125 may be used as an operational memory for the CPU 126.
The host interface 127 may include a data exchange protocol
of'a host connected to the data storage system 100. The ECC
128 may detect and correct an error included in a data read out
from the semiconductor device 110. The memory interface
129 may interface with the semiconductor device 110 of the
present invention. The CPU 126 may perform various control
operations for data exchange of the controller 120.

[0090] Although not shown, the data storage system 100
further includes a ROM or the like for storing code data for
interfacing with the host. The semiconductor device 110 may
be a multi-chip package configured as a plurality of flash
memory chips. The data storage system 100 of the present
invention may lower an error generation probability and be
provided as a storage medium with high reliability. Particu-
larly, the semiconductor device of the present invention may
be included in a memory system such as an SSD, which has
been actively studied recently. Here, the controller 120 may
be configured to communicate with the outside (for example,
a host) through one of various interface protocols such as a
Universal Serial Bus (USB), a Multi-Media Card (MMC), a
Peripheral Component Interconnect-Express (PCI-E), a
Serial Advance Technology Attachment (SATA), a Parallel
Advance Technology Attachment (PATA), a Small Computer
System Interface (SCSI), an Enhanced Small Device Inter-
face (ESDI), an Integrated Drive Electronics (IDE), etc.

[0091] FIG. 16 is a block diagram illustrating a fusion
memory device or a fusion memory system performing a
program operation according to the various aforementioned
embodiments. For example, the present invention may be
applied to a NAND flash memory device 700, as a fusion
memory device.

[0092] The one NAND flash memory device 700 may
include a host interface 710 for exchanging various informa-
tion with an apparatus using a different protocol, a buffer
RAM 720 for embedding codes to drive a memory device and
temporarily storing data, a controller 730 for controlling a
read operation, a program operation and every operation in
response to a control signal and a command which are input
from the outside, a register 740 for storing data such as a
command, an address, a configuration for defining system
operational environments of the inside of the memory device,
and a NAND flash cell array 750 configured by an operational
circuit including a non-volatile memory cell and a page
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buffer. The one NAND flash memory device may be pro-
grammed, as described above, in response to a write request
from the host.
[0093] FIG. 17 is a block diagram illustrating a computing
system including the semiconductor device according to an
exemplary embodiment of the present invention.
[0094] The computing system 800 according to the present
invention may include a CPU 820, a RAM 830, a user inter-
face 840, a modem 850 such as a baseband chipset, and a data
storage system 810 including a controller 811 and a semicon-
ductor device 812, which are connected to a system bus 860.
If the computing system 800 of the present invention is a
mobile apparatus, the computing system 800 may further
include a battery (not shown) for providing operational volt-
age thereto. Although not shown, the computing system 800
may further include an application chipset, a camera image
processor (CIS), a mobile DRAM, or the like. For example,
the data storage system 810 may be configured as an SSD
using a non-volatile memory for storing data. The data stor-
age system 810 may also be provided as a fusion flash
memory (for example, a NAND flash memory).
[0095] The embodiments of the present invention
described above are implemented by not only an apparatus or
method, but also a program executing functions correspond-
ing to the configuration of the embodiments of the present
invention or a recording medium on which the program is
recorded. The embodiments of the present invention may be
easily implemented by those of ordinary skill in the art.
[0096] The data storage system and the method of operat-
ing the same can prevent the program operation on unstable
erase pages due to a sudden power-off, and thus improve data
reliability.
[0097] In the drawings and specification, there have been
disclosed typical exemplary embodiments of the invention,
and although specific terms are employed, they are used in a
generic and descriptive sense only and not for purposes of
limitation. As for the scope of the invention, itis to be set forth
by the following claims. Therefore, it will be understood by
those of ordinary skill in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the present invention as defined by the
following claims.
What is claimed is:
1. A method of operating a data storage system, compris-
ing:
performing a program operation on a first page of pages of
a memory block;

deciding, when power is switched on after a sudden power-
off is generated while the program operation is per-
formed, whether to skip the program operation on a first
erase page of the pages based on a second page on which
the program operation is performed subsequent to the
first page; and

performing the program operation on the second page.

2. The method of claim 1, wherein the step of deciding
whether to skip the program operation on the first erase page
comprises skipping the program operation on the first erase
page, if the second page is an L.SB page.

3. The method of claim 2, wherein, if it is decided to skip
the program operation on the first erase page, the program
operation on the second page is skipped, and the program
operation of a third page, on which the program operation is
performed subsequent to the second page of the pages, is
performed.
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4. The method of claim 1, wherein the step of deciding
whether to skip the program operation on the first erase page
comprises skipping the program operation on the first erase
page, if the second page is the first erase page.

5. The method of claim 4, wherein, if it is decided to skip
the program operation on the first erase page, the program
operation on the second page is skipped, and the program
operation of a third page, on which the program operation is
performed subsequent to the second page of the pages, is
performed.

6. The method of claim 1, wherein the first erase page is the
first page on which no data is stored.

7. The method of claim 1, wherein the step of deciding
whether to skip the program operation on the first erase page,
comprises:

detecting a second page and the first erase page; and

deciding whether to skip the program operation on the first
erase page based on the detected second page.

8. The method of claim 7, wherein the step of detecting the

second page and the first erase page, comprises:

performing a read operation of the memory block includ-
ing the first page; and

detecting the second page and the first erase page based on
the read data.

9. The method of claim 1, wherein the step of deciding
whether to skip the program operation on the first erase page
comprises not skipping the program operation on the first
erase page, if the second page is an MSB page.

10. The method of claim 1, wherein the step of deciding
whether to skip the program operation on the first erase page
comprises not skipping the program operation on the first
page, if the second page is not the first erase page.

11. A data storage system, comprising:

a semiconductor device suitable for performing a program
operation on a first page of pages of a memory block in
response to a command and an address;

a controller suitable for outputting the command and the
address to detect a second page on which the program
operation is performed subsequent to the first page when
power is switched on after a sudden power-off is gener-
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ated while the program operation is performed, and a
first erase page among the pages,

wherein the controller decides whether to skip the program

operation on the first erase page based on the detected
second page.

12. The system of claim 11, wherein the controller decides
to skip the program operation on the first erase page, if the
second page is an LSB page.

13. The system of claim 12, wherein, if the controller
decides to skip the program operation on the first erase page,
the controller skips the program operation on the second page
and performs the program operation on a third page on which
the program operation is performed subsequent to the second
page of the pages.

14. The system of claim 11, wherein the controller decides
to skip the program operation on the first erase page, if the
second page is the first erase page.

15. The system of claim 14, wherein, if the controller
decides to skip the program operation on the first erase page,
the controller skips the program operation on the second page
and performs the program operation on a third page on which
the program operation is performed subsequent to the second
page of the pages.

16. The system of claim 11, wherein the semiconductor
device detects the first page on which no data is stored as the
first erase page.

17. The system of claim 11, wherein the controller outputs
the command and the address to perform a read operation of
the memory block including the first page, when the power is
switched on after the sudden power-off is generated, and
detects the second page and the first erase page based on the
read data.

18. The system of claim 11, wherein the controller decides
not to skip the program operation on the first erase page, if the
second page is an MSB page.

19. The system of claim 11, wherein the controller decides
not to skip the program operation on the first page, if the
second page is not the first erase page.
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