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NON-VOLATILE MEMORY DEVICES FOR
OUTPUTTING DATA USING DOUBLE DATA RATE
(DDR) OPERATIONS AND METHODS OF
OPERATING THE SAME

RELATED APPLICATION

[0001] This application claims the benefit of and priority
to Korean Patent Application No. 2004-58798, filed Jul. 27,
2004, the disclosure of which is hereby incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to inte-
grated circuit devices and methods of operating the same
and, more particularly, to double data rate (DDR) integrated
circuit memory devices and methods of operating the same.

BACKGROUND OF THE INVENTION

[0003] A non-volatile memory device may receive or
output data through an input/output pin in synchronization
with rising edges and/or falling edges of a read control signal
and/or write control signal when reading or writing data.
FIG. 14 is a timing diagram showing an ideal data output of
a conventional non-volatile memory device. SCLK repre-
sents a system clock and REB is a read control signal for
controlling the output of data. The non-volatile memory
device outputs data through an input/output pin IOP in
response to falling edges of the read control signal REB.

[0004] 1t will be understood by those of ordinary skill in
the art that the recitation “in response to” is not limited to
cases in which the read control signal REB is directly
applied to the non-volatile memory device, and includes
cases in which the read control signal REB is input to the
non-volatile memory device via different components or
cases in which the read control signal REB generates a
different signal to allow the nonvolatile memory device to
perform a data read operation.

[0005] A controller (not shown) for controlling the non-
volatile memory device applies a read control signal REB to
the non-volatile memory device to receive data during a read
operation. Generally, the non-volatile memory device Out-
puts data through an input/output pin for each period of the
read control signal REB. If the data read operation is
terminated, the read control signal REB is fixed to a logic
high level or logic low level and the input/output pin is
maintained in a high-impedance state.

[0006] Referring now to FIG. 1A, a read operation is
performed in response to falling edges of a read control
signal REB and the read data is output through an input/
output pin (IOP) to an external source in synchronization
with rising edges of the read control signal REB. In an ideal
case with no signal delays due to various causes, as shown
in FIG. 1a, data is read at the falling edges of the read
control signal REB and output at the rising edges of the read
control signal REB through the input/output pin IOP.

[0007] FIG. 1B is a timing diagram showing an actual
data output of a conventional non-volatile memory device.
Referring now to FIG. 1B, the data read in response to the
falling edges of the read control signal REB is delayed by a
predetermined time from the falling edges of the read
control signal REB and then output to the input/output pin
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IOP. tOH represents a time consumed from a rising edge of
the read control signal REB to a time when the input/output
pin IOP changes to the high-impedance state.

[0008] As shown in FIG. 1B, data that are output in
response to the read control signal REB has a non-negligible
time delay. Also, because data are output in response to
rising edges or falling edges of the read control signal REB,
the speed of a read operation may be limited.

SUMMARY OF THE INVENTION

[0009] According to some embodiments of the present
invention, a non-volatile memory device is operated by
outputting data in response to an alternating sequence of first
and second edges of a read control signal, respectively. A
determination is made whether the read control signal and a
write control signal are in synchronization at one of the first
edges. Output of the data is stopped at the second edge that
follows the one of the first edges of the read control signal
if the read control signal and the write control signal are in
synchronization at the one of the first edges.

[0010] In other embodiments of the present invention,
outputting of the data comprises generating a sub read
control signal with a frequency double that of the read
control signal in response to the read control signal. A
corresponding address value is increased for each first edge
of the sub read control signal. And data are output corre-
sponding to the increased address value.

[0011] In still other embodiments of the present invention,
a data strobe signal is generated by delaying the read control
signal by a predetermined delay time. The data strobe signal
is output with the data concurrently to an external source.

[0012] Instill other embodiments of the present invention,
the predetermined delay time is a time period from a time
when the read control signal is input to the non-volatile
memory device to a time when the data is output from the
non-volatile memory device.

[0013] In further embodiments of the present invention, a
non-volatile memory device is operated by counting first
edges of a flash clock signal that comprises an alternating
sequence of first and second edges responsive to a read
recognition signal. Data are output responsive to the first and
second edges of the flash clock signal from a time beginning
at the (n+1)-th first edge of the flash clock signal if a count
of the first edges of the flash clock signal reaches n. Output
of the data is stopped if a number of the output data reaches
m (m is a natural number).

[0014] In still further embodiments of the present inven-
tion, the read recognition signal is received from an external
controller of the non-volatile memory device.

[0015] In still further embodiments of the present inven-
tion, outputting of the data comprises generating a sub flash
clock signal with a frequency double that of the flash clock
signal if the count of the first edges of the flash clock signal
reaches n. A corresponding address value is increased for
each first edge of the sub flash clock signal. Data corre-
sponding to the increased address value are output.

[0016] In still further embodiments of the present inven-
tion, a data strobe signal is generated by delaying the read
control signal by a predetermined delay time. The data
strobe signal is output with the data concurrently to an
external source.
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[0017] In still further embodiments of the present inven-
tion, the predetermined delay time is a time period from a
time when the flash clock signal is input to the non-volatile
memory device to a time when the data is output from the
nonvolatile memory device.

[0018] Although described above primarily with respect to
method embodiments of operating a non-volatile memory
device, it will be understood that the present invention is not
limited to such embodiments, but may also be embodied as
non-volatile memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Other features of the present invention will be more
readily understood from the following detailed description
of specific embodiments thereof when read in conjunction
with the accompanying drawings, in which:

[0020] FIG. 1A is a timing diagram that illustrates ideal
data output in a conventional nonvolatile memory device;

[0021] FIG. 1B, is a timing diagram that illustrates actual
data output in a conventional non-volatile memory device;

[0022] FIGS. 2 and 3 are flowcharts that illustrate data
output methods according to some embodiments of the
present invention;

[0023] FIG. 4A is a timing diagram showing data output
according to the data output method embodiments of FIGS.
2 and 3;

[0024] FIG. 4B illustrates a waveform of the read control
signal and a waveform of a sub read control signal according
to some embodiments of the present invention;

[0025] FIG. 5 is a block diagram of a non-volatile
memory device according to some embodiments of the
present invention;

[0026] FIG. 6 is a circuit diagram of a frequency control-
ler shown in FIG. § according to some embodiments of the
present invention;

[0027] FIG. 7 is a timing diagram that illustrates exem-
plary operations of the controller responsive to the data
strobe signal according to some embodiments of the present
invention;

[0028] FIGS. 8 and 9 are flowcharts that illustrate data
output methods according to further embodiments of the
present invention;

[0029] FIG. 10A is a timing diagram that illustrates data
output according to the data output method embodiments of
FIGS. 8 and 9;

[0030] FIG. 10B shows a waveform of a flash clock signal
and a waveform of a sub flash clock signal according to
some embodiments of the present invention;

[0031] FIG. 11 is a block diagram of a non-volatile
memory device according to some embodiments of the
present invention; and

[0032] FIG. 12 is a timing diagram that illustrates opera-
tions of the controller according to some embodiments of the
present invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0033] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and
will herein be described in detail. It should be understood,
however, that there is no intent to limit the invention to the
particular forms disclosed, but on the contrary, the invention
is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined
by the claims. Like reference numbers signify like elements
throughout the description of the figures.

[0034] As used herein, the singular forms “a,”*“an,” and
“the” are intended to include the plural forms as well, unless
expressly stated otherwise. It will be further understood that
the terms “includes,”™comprises,”“including,” and/or “com-
prising,” when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, 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. It
will be understood that when an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. Furthermore, “connected”
or “coupled” as used herein may include wirelessly con-
nected or coupled. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0035] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0036] Exemplary embodiments of the present invention
are described herein in the context of a NAND flash
memory. It will be understood, however, that the present
invention can be embodied in various nonvolatile memory
devices including, but not limited to, a NOR device, an AND
device, a DINOR (Divided bit-line NOR) device, a
OneNAND device, and a FRAM (Ferroelectric RAM).

[0037] FIGS. 2 and 3 are flowcharts that illustrate data
output methods according to some embodiments of the
present invention. Referring now to FIG. 2, methods 200 for
outputting data stored in a non-volatile memory device,
according to some embodiments of the present invention
begin by outputting the data in response to first edges and
second edges of a read control signal for controlling an
output of the data, respectively (block 210). A determination
is made whether the read control signal and a write control
signal for controlling a write of the data are at the first edge
at the same time (block 220). If the read control signal and
the write control signal are at the first edge at the same time,
then the output of the data is stopped at a following second
edge of the read control signal (block 230).

[0038] FIG. 4A is a timing diagram showing data output
according to the data output method embodiments of FIGS.
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2 and 3. FIG. 4B illustrates a waveform of the read control
signal and a waveform of a sub read control signal. Accord-
ing to the data output method embodiments of FIGS. 2 and
3, two datums can be output through an input/output pin
during a period of the read control signal. That is, data is
output in response to the first and second edges of the read
control signal (block 210).

[0039] For convenience, it is assumed that the first edge is
a rising edge and the second edge is a falling edge. The
assumption for the first and second edges can be changed,
however.

[0040] The write control signal is used for indicating that
a data read operation is terminated. In a conventional
technique, the read control signal is fixed to a high level or
a low level to indicate that the data read operation is
terminated. Because data is output at all the rising and
falling edges of the read control signal, according to some
embodiments of the present invention, indicating the termi-
nation of the data read operation using the read control
signal may not be possible. For this reason, the write control
signal is used. If both a write control signal and a read
control signal are at the first edge at the same time, that is,
at a rising edge (block 220), the output of data is stopped
(step 230). This state is shown in FIG. 4a.

[0041] FIG. 5 is a block diagram of a nonvolatile memory
device according to some embodiments of the present inven-
tion. FIG. 6 is a circuit diagram of a frequency controller
shown in FIG. 5.

[0042] Referring now to FIG. 5, a nonvolatile memory
device 500 comprises a page buffer 510, a selector 520, an
output unit 530, an address signal generator 540, and a data
read controller 550. The page buffer 510 stores a portion of
data stored in a non-volatile memory array (not shown). The
selector 520 outputs data corresponding to an address value
of an address signal YA among data DATA [2047:0] stored
in the page buffer 510.

[0043] The output unit 530 is activated in response to an
enable signal CEB, outputs data DATA[7:0] received from
the selector 520 through an input/output pin, and is deacti-
vated in response to a disable signal DIS.

[0044] The address signal generator 540 decodes an initial
address IADD, generates an address signal YA, and changes
the address value of the address signal YA in response to a
sub read control signal S_REB.

[0045] The data read controller 550 generates a sub read
control signal S_REB with a frequency double of that of the
read control signal REB in response to the read control
signal REB and generates a disable signal DIS in response
to a write control signal WEB.

[0046] Data output methods and operations of the non-
volatile memory device, according to some embodiments of
the present invention, will be described in detail with
reference to FIGS. 2 through 6. The page buffer 510 of the
non-volatile memory device 500 receives and stores data
from a non-volatile memory array (not shown). The page
buffer 510 may be a register in accordance with some
embodiments of the present invention. The size of the page
buffer 510 may be 512 bytes, 1 KBytes, 2 KBytes, or larger.

[0047] In FIG. 5, it is assumed that the size of the page
buffer 510 is 2 KBytes. Because a conventional nonvolatile
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memory device outputs data for each byte, 2000 periods of
a read control signal REB would be consumed to output all
data stored in the page buffer 510. In the non-volatile
memory device 500 according to some embodiments of the
present invention, only 1000 periods of the read control
signal REB may be consumed.

[0048] The data is output in response to the first and
second edges of the read control signal REB for controlling
the output of the data, respectively (block 210). At block
210, a sub read control signal S_REB with a frequency
double that of the read control signal REB is generated ill
response to the read control signal REB (block 310).

[0049] The operations of block 310 may be performed by
the data read controller 550. The data read controller 550
includes a frequency controller 553 and a final data detector
555. The frequency controller 553 doubles the frequency of
the read control signal REB and generates the sub read
control signal S_REB.

[0050] That is, the frequency controller 553 acts as a
frequency doubler, which increases the frequency of an
input signal to a desired ratio. An example of the frequency
controller 553, according to some embodiments of the
present invention, is shown in FIG. 6. It will be understood
that the frequency controller 553 can be implemented in
various ways and is not limited to the structure of FIG. 6.

[0051] The frequency controller 553 detects rising and
falling edges of the read control signal REB and generates
the sub read control signal S_REB. A waveform of the sub
read control signal S_REB is shown in FIG. 4b. Because the
frequency of the read control signal REB is doubled, a
period of the sub read control signal S-REB corresponds to
half that of the read control signal REB.

[0052] The frequency controller 553 includes inverters I1
through 16, an AND device Al, a NOR device N1, and an
OR device OR1. The number of inverters I1 through 16,
which is an odd number, may be a predetermined number to
create a desired pulse width. Operations of the frequency
controller 553 for increasing the frequency are generally
known by those of ordinary skill in the art and, therefore,
detailed descriptions thereof are omitted.

[0053] Returning to FIG. 3, a corresponding address value
is increased for every first edge of the sub read control signal
S-REB (block 320). The operations of block 320 may be
performed by the address signal generator 540.

[0054] The address signal generator 540 increases the
address value of the address signal YA sequentially when-
ever the first edges of the sub read control signal S_REB are
detected. The address signal generator 540 includes a
decoder 543 and a counter 545.

[0055] The decoder 543 decodes an initial address IADD
and generates an address signal YA. The initial address
IADD is an address of data to be first selected and output
among data stored in the page buffer 510. The initial address
IADD can be set by a designer through an external source.
The decoder 453 is set or reset by a set signal SET or a reset
signal RESET.

[0056] The counter 545 counts the first edges of the sub
read control signal S_REB and increases the address value
of the address signal YA sequentially. As illustrated in FIG.
4b, counting the first edges of the sub read control signal
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S_REB is the same as counting the rising edges and falling
edges of the read control signal REB.

[0057] That is, increasing the address value of the address
signal YA for every first edge of the sub read control signal
S_REB using the decoder 543 is the same as increasing the
address value of the address signal YA for every rising edge
and every falling edge of the read control signal REB. If the
address value of the address signal YA increases, data
corresponding to the increased address value is output
(block 330).

[0058] The address signal YA is used as a control signal of
the selector 520 for selecting eight data DATA[7:0] among
the data output from the page buffer 510. The data DATA
[7:0] output from the selector 520 is transferred to an
external source through the output unit 530.

[0059] The output unit 530, which is activated in response
to an enable signal CEB, outputs the data DATAP[7:0] from
the selector 520 through the input/output pin, and is deac-
tivated in response to a disable signal DIS.

[0060] The output unit 530 includes an input/output buffer
533 and an output driver 535. The input/output buffer 533
outputs or blocks the data DATA[7:0] in response to the
enable signal CEB or the disable signal DIS. The output
driver 535 outputs the data DATA[7:0] from the input/output
buffer 533 to the external source through the input/output
pin.

[0061] The enable signal CEB, which is a signal for
activating the input/output buffer 533, allows the input/
output buffer 533 to output the data DATA[7:0]. The disable
signal DIS is output from a final data detector 555 of the data
read controller 550. The final data detector 555 determines
whether both the write control signal WEB and the read
control signal REB are at the first edge at the same time
(block 220), and generates a disable signal DIS if the write
control signal WEB and the read control signal REB are at
the first edge at the same time. The disable signal DIS stops
the operation of the input/output buffet 553 and also blocks
the output of the data DATA[7:0] (block 230)

[0062] In a conventional non-volatile memory device,
when the read control signal REB is fixed to a logic high
level or logic low level, the input/output pin IOP is typically
driven to a high-impedance state and data is no longer
output. According to some embodiments of the present
invention, however, it is not possible to determine using the
read control signal REB the time when the output of the data
DATA[7:0] is stopped. The time when the output of data is
stopped is determined using the write control signal WEB.

[0063] If both the read control signal REB and the write
control signal WEB are at the first edge and are applied to
the final data detector 555, then the final data detector 555
outputs a disable signal DIS. The structure of the final data
detector 555 for determining whether or not both the signals
are at the first edge at the same time is generally known to
those of ordinary skill in the art; therefore, detailed descrip-
tions thereof are omitted. Also, it is possible to generate the
disable signal DIS when both of the signals are at the second
edge at the same time.

[0064] According to further embodiments of the data
output method 200, a data strobe signal D_STRB may
created by delaying the read control signal REB by a
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predetermined delay time and output at the same time with
the data DATA[7:0] to the external source. Generation of the
data strobe signal D_STRB is performed by the delay unit
560 of the non-volatile memory device 500. The data
DATA[7:0] output from the non-volatile memory device 500
is applied to an external controller (not shown). When the
data DATA[7:0] is transferred from the non-volatile memory
device 500 to the external controller (not shown), a time
difference exists due to the flight time and the clock skew.

[0065] Also, as the operation speed of the non-volatile
memory device 500 increases, deciding a time when the
controller fetches the data DATA[7:0] output from the
non-volatile memory device 500 may become more difficult.
To solve such a problem, the non-volatile memory device
500 outputs a data strobe signal D_STRB for indicating the
time when the controller fetches the data DATA[7:0] at the
same time with the data DATA[7:0].

[0066] FIG. 7 is a timing diagram that illustrates exem-
plary operations of the controller responsive to the data
strobe signal D_STRB according to some embodiments of
the present invention. WEB_CTRL is a write control signal
generated from the controller (not shown) and is applied to
the nonvolatile memory device 500. REB_CTRL is a read
control signal generated from the controller (not shown) and
is applied to the nonvolatile memory device 500.

[0067] The data DATA[7:0] is output through the input/
output pin IOP in response to the rising and falling edges of
the read control signal REB and simultaneously the data
strobe signal D_STRB is output. The data strobe signal
D_STRB is a signal that is created by delaying the read
control signal REB by a predetermined delay time tD1.
Here, the delay time tD1 is a time period from a time when
the read control signal REB is input to the non-volatile
memory device 500 to a time when the data DATA[7:0] is
output from the nonvolatile memory device 500.

[0068] The delay unit 560 may be designed to have a
constant delay time tD1 regardless of PVT (Process, Volt-
age, and Temperature) variation. The delay unit 560 can be
designed such that its delay time tD1 is adjusted using
resistors or capacitors. Also, the delay unit 560 can be
designed such that its delay time tD1 is adjusted in a digital
format using internal registers in accordance with various
embodiments of the present invention.

[0069] D_STRB_CTRL represents the data strobe signal
D_STRB transmitted from the non-volatile memory device
500 to the controller (not shown). tD2 represents a propa-
gation delay time from the non-volatile memory device 500
to the controller (not shown). An input/output pin IOP_C-
TRL of the controller fetches data in response to the data
strobe signal D_STRB_CTRL.

[0070] In the data output method 200 and non-volatile
memory device 500 according to some embodiments of the
present invention, because data is output in response to all
of the rising and falling edges of the read control signal
REB, it may be possible to increase the amount of data
transmission per a unit time and synchronize data output by
the data strobe signal D_STRB with the controller.

[0071] FIGS. 8 and 9 arc flowcharts that illustrate data
output methods according to further embodiments of the
present invention. Referring now to FIG. 8, methods 800 for
outputting data stored in a nonvolatile memory device,
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according to some embodiments of the present invention
begin by counting the number of first edges of a flash clock
signal if a read recognition signal is activated (block 810).
If the number of the first edges of the flash clock signal is n
(n is a natural number), the data from a (n+1)-th first edge
is output in response to first edges and second edges of the
flash clock signal, respectively (block 820). If the number of
output data is m (m is a natural number), then output of the
data is stopped (blocks 830 and 840).

[0072] FIG. 10A is a timing diagram showing data output
according to the data output method embodiments of FIGS.
8 and 9. FIG. 10B shows a waveform of a flash clock signal
and a waveform of a sub flash clock signal. According to the
data output method 800 embodiments, a read recognition
signal is activated in advance to output data. The read
recognition signal, as a signal received from an external
controller of the non-volatile memory device, is a signal for
indicating the beginning of a data read operation. A signal
for controlling a read of data is the flash clock signal. Data
may be output through an input/output pin in response to
both the rising and falling edges of a flash clock signal, as
in the data output method 200 embodiments of FIG. 2.

[0073] Referring now to FIG. 9, block 820 for outputting
data, in accordance with some embodiments of the present
invention, comprises counting the number n of the first
edges of the flash clock signal (block 910). If the number n
of the first edges of the flash clock signal is n, then a sub
flash clock signal with a frequency double that of the flash
clock signal is generated in response to the flash clock signal
(block 920). A corresponding address value is increased for
each first edge of the sub flash clock signal (block 930). Data
corresponding to the increased address value it output (block
940).

[0074] For convenience, it is assumed that the first edge is
a rising edge and the second edge is a falling edge. The
assumption for the first and second edges can be changed,
however.

[0075] According to the data output method embodiments
800, to that the data read operation is terminated, a write
control signal as in the data output method embodiments 200
of FIG. 2 is not used. Instead, the number of output data is
counted and the output of the data is stopped when the
number of output data reaches a predetermined number.

[0076] FIG. 11 is a block diagram of a non-volatile
memory device in accordance with some embodiments of
the present invention. Data output method embodiments 800
will be described in more detail in connection with a
non-volatile memory device of FIG. 11. Referring now to
FIG. 11, a non-volatile memory device 1100 comprises a
page buffer 1110, a selector 1120, an output unit 1130, a first
counter 1160, an address signal generator 1140, and a data
read controller 1150.

[0077] The page buffer 1110 receives and stores a portion
of data stored in a non-volatile memory array (not shown).
The selector 1120 outputs data corresponding to an address
value of an address signal YA among data DATA[2047:0]
stored in the page buffer 110.

[0078] The output unit 1130 is activated in response to an
enable signal CEB, outputs data DATA[7:0] received from
the selector 1120 through an input/output pin, and is deac-
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tivated in response to a disable signal DIS. The output unit
1130 includes an input/output buffer 1133 and an output
driver 1135.

[0079] The first counter 1160 generates a disable signal
DIS if the number of the output data DATA[7:0] is m. The
address signal generator 1140 decodes an initial address
IADD, generates an address signal YA, and changes the
address value of the address signal YA in response to a sub
flash clock signal S_REB.

[0080] The data read controller 1150 receives a read
recognition signal AVDB and a flash clock signal F_CLK
and generates a sub flash clock signal S_REB with a
frequency double that of the flash clock signal F_CLK if the
number of the first edges of the flash clock signal F_CLK is
n (n is a natural number).

[0081] The structures and operations of the page buffer
1110, the selector 1120, the output unit 1130, and the address
generator 140 are the same as the respective corresponding
components of the nonvolatile memory device 500 of FIG.
5. Therefore, detailed descriptions thereof are omitted.

[0082] Referring to FIGS. 8 through 11, data output
methods and operations of non-volatile memory devices,
according to some embodiments of the present invention,
will now be described.

[0083] 1If a read recognition signal AVDB is activated, the
number of first edges of a flash clock signal F_CLK is
counted. As shown in FIG. 104, the read recognition signal
AVDB is activated at a low level. The read recognition
signal AVDB may be activated at a high level in accordance
with other embodiments of the present invention. The non-
volatile memory device 1100 of FIG. 11 counts the number
of first edges of the flash clock signal F_CLK after the read
recognition signal AVDB is activated, and outputs data when
the counted number of first edges reaches a predetermined
number.

[0084] The predetermined number is n and n is a natural
number. For convenience of description, it is assumed that n
is 3. The operation of counting the first edges of the flash
clock signal F_CLK is performed by a second counter 1153
of the data read controller 1150. The second counter 1153
counts the first edges of the flash clock signal F_CLK from
the time when the read recognition signal AVDB is acti-
vated. The second counter 1153 outputs an activation signal
ENS for operating the frequency controller 1155 when the
number of the first edges of the flash clock signal F_CLK
reaches n.

[0085] The second controller 1153 and the frequency
controller 11155 receive the flash clock signal F_CLK at the
same time, but, the second counter 1153 first operates in
response to the read recognition signal AVDB and the
frequency controller 1155 operates after receiving the acti-
vation signal ENS.

[0086] 1If the frequency controller 1155 receives the acti-
vation signal ENS, the frequency controller 1155 doubles
the frequency of the flash clock signal F-CLK and generates
a sub flash clock signal S-REB. A waveform of the sub flash
clock signal S-REB is shown in FIG. 10b. Because the
frequency of the flash clock signal F-CLK is doubled, a
period of the sub flash clock signal S_REB becomes half of
that of the read control signal REB.
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[0087] As shown in FIG. 10b, the sub-flash clock signal
S-REB has rising edges in synchronization to every rising
and falling edge of the flash clock signal F_CLK. A third
counter 1145 of the address signal generator 1140 counts the
rising edges of the sub flash clock signal S-REB and
increases the address value of the address signal YA.

[0088] Increasing the address value of the address signal
YA per every rising edge of the sub flash clock signal
S_REB is the same as increasing the address value of the
address signal YA per every rising and falling edge of the
flash clock signal F_CLK. The operation of increasing the
address value of the address signal YA to output data is
described above and therefore detailed descriptions thereof
are omitted.

[0089] 1t is then determined whether the number of the
output data DATA[7:0] is m. If the number of the output data
DATA[7:0] is m, then the output of the data DATA[7:0] is
stopped (block 840). The operations of block 840 are
performed by the first counter 1160. Here, m is a natural
number.

[0090] If the number of the output data DATA[7:0] is in,
then the first counter 1160 applies a disable signal DIS to the
input/output buffer 1133 of the output unit 1130. Thus, the
operation of the input/output buffer 1133 is stopped and the
output of the data DATA[7:0] is also stopped.

[0091] Data output method embodiments 800 of FIG. 8, in
accordance with further embodiments of the present inven-
tion, comprise generating a data strobe signal D_STRB,
which is created by delaying the flash clock signal F_CLK
by a predetermined time and output at the same time with the
data DATA[7:0] to an external source.

[0092] The data strobe signal D_STRB may be generated
by a delay unit 1170 of the non-volatile memory device 100.
The data DATA[7:0] output from the non-volatile memory
device 1100 is applied to an external controller (not shown).
When the data DATA[7:0] is transmitted from the non-
volatile memory device 1100 to the external controller (not
shown), a time difference exists due to the flight time and
clock skew

[0093] Also, as the operation speed of the non-volatile
memory device 1100 becomes faster, deciding a time when
the controller fetches the data DATA[7:0] output from the
nonvolatile memory device 1100 may become more diffi-
cult. To solve such a problem, the non-volatile memory
device 1100 outputs a data strobe signal D_STRB for
indicating the time when the controller fetches the data
DATA[7:0] concurrently with the data DATA[7:0].

[0094] FIG. 12 is a timing diagram that illustrates opera-
tions of the controller according to some embodiments of the
present invention. Referring now to FIG. 12, the data strobe
signal D-STRB is output at the same time when data is
output through the input/output pin in response to the rising
and falling edges of the flash clock signal F_CLK. The data
strobe signal D_STRB is a signal that is created by delaying
the flash clock signal F_CLK by a predetermined time. A
delay time tD1 is a time period from a time when the flash
clock signal F_CLK is input to the non-volatile memory
device 1100 to a time when the data DATA[7:0] is output
from the non-volatile memory device 1100.

[0095] The delay unit 1170 operates in the same manner as
the delay unit 560 of FIG. 5; therefore, detailed descriptions
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thereof are omitted. D_STRB_CTRL represents the data
strobe signal D_STRB transmitted from the non-volatile
memory device 1100 to the controller (not shown). tD2
represents a propagation delay time from the non-volatile
memory device 1100 to the controller (not shown). An
input/output pin IOP_CTRL of the controller fetches data in
response to the data strobe signal D_STRB_CTRL when the
data strobe signal D_STRB_CTRL reaches the controller.

[0096] As described above, according to data output
method embodiments and the non-volatile memory device
embodiments of the present invention, by outputting data in
response to all of the rising and falling edges of a read
control signal, it is possible to increase the amount of data
transmission per unit of time.

[0097] In concluding the detailed description, it should be
noted that many variations and modifications can be made to
the preferred embodiments without substantially departing
from the principles of the present invention. All such varia-
tions and modifications are intended to be included herein
within the scope of the present invention, as set forth in the
following claims.

That which is claimed:
1. A method of operating a non-volatile memory device,
comprising:

outputting data in response to an alternating sequence of
first and second edges of a read control signal, respec-
tively;

determining whether the read control signal and a write
control signal are in synchronization at one of the first
edges; and

stopping an output of the data at the second edge that

follows the one of the first edges of the read control

signal if the read control signal and the write control

signal are in synchronization at the one of the first
edges.

2. The method of claim 1, wherein outputting of the data
comprises:

generating a sub read control signal with a frequency
double that of the read control signal in response to the
read control signal;

increasing a corresponding address value for each first
edge of the sub read control signal; and

outputting data corresponding to the increased address
value.
3. The method of claim 1, further comprising:

generating a data strobe signal by delaying the read
control signal by a predetermined delay time; and

outputting the data strobe signal with the data concur-

rently to an external source.

4. The method of claim 3, wherein the predetermined
delay time is a time period from a time when the read control
signal is input to the non-volatile memory device to a time
when the data is output from the non-volatile memory
device.

5. A non-volatile memory device, comprising:

a page buffer that is configured to store a portion of data
stored in a non-volatile memory array;
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a selector that is configured to output data stored in the
page buffer corresponding to an address value of an
address signal;

an output unit that is configured to be activated and
deactivated responsive to an enable signal and a disable
signal, respectively, and is further configured to output
data from the selector through an input/output pin;

an address signal generator that is configured to decode an
initial address, generate the address signal, and change
an address value of the address signal responsive to a
sub read control signal; and

a data read controller that is configured to generate the sub
read control signal with a frequency double that of the
read control signal responsive to the read control sig-
nal, and to generate the disable signal responsive to the
write control signal.

6. The non-volatile memory device of claim 5, wherein

the data read controller comprises:

a frequency controller that is configured to double the
frequency of the read control signal to generate the sub
read control signal; and

a final data detector that is configured to generate the
disable signal if the read control signal and the write
control signal are in synchronization at a first edge of
the read control signal.

7. The non-volatile memory device of claim 5, wherein
the sub read control signal comprises a sequence of alter-
nating first and second edges, and wherein the address signal
generator increases an address value of the address signal
sequentially whenever first edges of the sub read control
signal are detected.

8. The non-volatile memory device of claim 5, wherein
the sub read control signal comprises a sequence of alter-
nating first and second edges, and wherein the address signal
generator comprises:

a decoding unit that is configured to decode the initial
address and to generate the address signal; and

a counter that is configured to count first edges of the sub
read control signal and to increase an address value of
the address signal sequentially.

9. The non-volatile memory device of claim 5, wherein

the outputting unit comprises:

an input/output buffer that is configured to output the data
or stop output of the data responsive to the enable
signal and the disable signal, respectively; and

an output driver that is configured to output the data from
the input/output buffer to an external source through the
input/output pin.
10. The non-volatile memory device of claim 5, further
comprising:

a delay unit that is configured to generate a data strobe
signal by delaying the read control signal by a prede-
termined delay time and to output the data strobe signal
concurrently with the data output from the output unit
to an external source.

11. The non-volatile memory device of claim 10, wherein

the predetermined delay time is a time period from a time
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when the read control signal is input to the non-volatile
memory device to a time when the data is output from the
non-volatile memory device.

12. A method of operating a non-volatile memory device,
comprising:

counting first edges of a flash clock signal that comprises
an alternating sequence of first and second edges
responsive to a read recognition signal;

outputting data responsive to the first and second edges of
the flash clock signal from a time beginning at the
(n+1)-th first edge of the flash clock signal if a count of
the first edges of the flash clock signal reaches n; and

stopping an output of the data if a count the output data
reaches m.
13. The data output method of claim 12, further compris-
ing:

receiving the read recognition signal from an external
controller of the non-volatile memory device.
14. The data output method of claim 12, wherein output-
ting of the data comprises:

generating a sub flash clock signal with a frequency
double that of the flash clock signal if the count of the
first edges of the flash clock signal reaches n;

increasing a corresponding address value for each first
edge of the sub flash clock signal; and

outputting data corresponding to the increased address
value.
15. The data output method of claim 12, further compris-
ing:

generating a data strobe signal by delaying the read
control signal by a predetermined delay time; and

outputting the data strobe signal with the data concur-

rently to an external source.

16. The data output method of claim 15, wherein the
predetermined delay time is a time period from a time when
the flash clock signal is input to the non-volatile memory
device to a time when the data is output from the non-
volatile memory device.

17. A non-volatile memory device, comprising:

a page buffer that is configured to store a portion of data
stored in a non-volatile memory array;

a selector that is configured to output data stored in the
page buffer corresponding to an address value of an
address signal;

an output unit that is configured to be activated and
deactivated responsive to an enable signal and a disable
signal, respectively, and is further configured to output
data from the selector through an input/output pin;

a first counter that is configured to generate the disable
signal if a count of the output data reaches m;

an address signal generator that is configured to decode an
initial address, generate the address signal, and change
an address value of the address signal responsive to a
sub flash clock signal; and
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a data read controller that is configured to generate the sub
flash clock signal with a frequency double that of the
flash clock if a count of first edges of the flash clock
signal is n

18. The non-volatile memory device of claim 17, wherein

the data read controller comprises:

a second counter that is configured to count the first edges
of the flash clock signal responsive to a read recogni-
tion signal; and

a frequency controller that is configured to double the
frequency of the flash clock signal and to generate the
sub flash clock signal if the count of the first edges of
the flash clock signal is n.

19. The nonvolatile memory device of claim 17, wherein
the address signal generator is configured to increase an
address value of the address signal sequentially whenever a
first edge of the sub flash clock signal is detected.

20. The nonvolatile memory device of claim 17, wherein
the address signal generator comprises:

a decoding unit that is configured to decode the initial
address and to generate the address signal; and

a third counter that is configured to count first edges of the
sub flash clock signal and increase an address value of
the address signal sequentially.
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21. The non-volatile memory device of claim 17, wherein
the output unit comprises:

an input/output buffer that is configured to output the data
and to stop output of the data responsive to the enable
signal and the disable signal, respectively; and

an output driver that is configured to output the data from
the input/output buffer to an external source through the
input/output pin.
22. The non-volatile memory device of claim 17, further
comprising:

a delay unit that is configured to generate a data strobe
signal by delaying the flash clock signal by a prede-
termined delay time, and to output the data strobe
signal with the data output from the output unit con-
currently to an external source.

23. The non-volatile memory device of claim 22, wherein
the predetermined delay time is a time period from a time
when the flash clock signal is input to the non-volatile
memory device to a time when the data is output from the
input/output pin.





