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(57) ABSTRACT

Example embodiments provide a semiconductor memory
device and a method of verifying the same. The semiconduc-
tor memory device may include: a memory including a plu-
rality of memory cells; a verifier determining a program state
of'the memory cell in the memory; and/or an address/program
controller controlling the memory and the verifier. Example
embodiments include making the memory start a suspend
operation during an operation of the memory cell, and/or
starting a verify operation when the suspend operation termi-
nates. The address/program controller may start the operation
on the memory cell if it is determined that a repeat operation
is necessary, and may start the program operation on the next
memory cell if it is determined that a repeat operation is
unnecessary. The memory operation mode may be one in
which a verify operation is not performed before program-
ming.
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SEMICONDUCTOR MEMORY DEVICE AND
METHOD OF VERIFYING THE SAME

PRIORITY STATEMENT

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. § 119 of Japanese Patent Application
No. 2006-175500, filed on Jun. 26, 2006, the entire contents
of which are hereby incorporated by reference.

BACKGROUND

[0002] Example embodiments relate to a semiconductor
memory device, for example, to a flash memory device and a
method of verifying the same.

[0003] FIGS.4aand 45 aretiming diagrams illustrating one
suspend during a program operation of a conventional
memory, for example, flash memory. FIG. 4a illustrates a case
where a verify operation is not performed after programming.
FIG. 45 illustrates a case where a verify operation is per-
formed after programming. FIGS. 4a and 45 are based on an
operation mode in which a verify operation is not performed
before programming. Referring to FIG. 4a, program opera-
tions for memory cells corresponding to addresses A0 to A3
sequentially proceed. However, when a suspend occurs dur-
ing a program operation ofa memory cell corresponding to an
address A4, the program operation terminates. The program
operation starts again from the point of when the program
operation terminated, and the program operation is per-
formed on the memory cell of the address A4. Then, program
operation proceeds to an address A5, and a program operation
is performed on a memory cell of the address AS.

[0004] Referring to FIG. 4b, program operations for
memory cells corresponding to addresses A0 to A3 are
sequentially performed and then respective verify operations
are performed. When a suspend occurs during a program
operation for a memory cell corresponding to an address A4,
the program operation terminates. The program operation
starts again from the point of when the program operation
terminated, and then a verify operation is performed on the
memory cell of the address A4. Ifit is determined that rewrite
is unnecessary by using the verify operation, program opera-
tion proceeds to an address A5, and then a program operation
is performed on a memory cell corresponding to the address
AS.

[0005] According to the above description, a voltage stress
is again applied to a memory cell of the same address by a
program operation after resuming the program operation like
all cases of FIGS. 4a and 4b.

[0006] FIGS. 5a and 554 are timing diagrams illustrating a
plurality of suspends during a program operation of a con-
ventional memory, for example, flash memory. FIG. 54 illus-
trates a case where a verify operation is not performed after
programming. FIG. 554 illustrates a case where a verify opera-
tion is performed after programming. FIGS. 5a and 56 are
based on an operation mode in which a verify operation is not
performed before programming. Referring to FIG. 5a, a pro-
gram operation for memory cells corresponding to addresses
A0 to A3 sequentially proceeds. However, when a suspend
occurs during a program operation for a memory cell corre-
sponding to an address A4, the program operation terminates.
The program operation starts again from the point of when the
program operation terminated, and the program operation is
again performed on the memory cell of the address A4. How-
ever, a suspend occurs again in the memory cell correspond-
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ing to the address A4 during the resumed program operation,
such that these operations repeat several times. When the
suspend terminates finally, a program operation is performed
on a memory cell corresponding to the address A4 again, and
then program operation proceeds to an address A5. Then, a
program operation is performed on a memory cell of the
address AS.

[0007] Referring to FIG. 54, a program operation for
memory cells corresponding to addresses A0 to A3 is per-
formed and then a verify operation is performed. When a
suspend occurs during a program operation for a memory cell
corresponding to an address A4, the program operation ter-
minates. The program operation starts again from the point of
when the program operation terminates, and then a verify
operation is performed on the memory cell of the address A4.
If it is determined that rewrite is unnecessary through the
verify operation, program operation proceeds to an address
A5, and then a program operation is performed on a memory
cell corresponding to the address A5. A voltage stress is again
applied to a memory cell of the same address by means of a
plurality of program operations after resuming the program
operation like all cases of FIGS. 4a and 44.

[0008] Inacaseof FIGS. 5a and 54, a plurality of suspends
during program operations continuously occur without one
verify operation, such that voltage stresses of a plurality of
program operations accumulate in a memory cell. Accord-
ingly, this may cause voltage overstress in a memory cell. In
a case of FIGS. 4a and 4b, voltage stress by a program
operation, which is applied to a memory cell of the address
Ad, increases by one, but a plurality of voltage stresses accu-
mulates for a long time as illustrated in FIGS. 5a and 55.

SUMMARY

[0009] Example embodiments provide a method for veri-
fying a memory in order to prevent voltage overstress without
a verify operation before programming a memory, for
example, a flash memory device. The voltage overstress may
be caused through a program operation of a memory cellin a
memory operation mode. The voltage overstress may be also
be caused through an erase operation of a memory cell in a
memory operation mode.

[0010] Example embodiments provide semiconductor
memory devices including, but not limited to: a memory
including a plurality of memory cells; a verifier determining
a state of the memory cell in the memory; and/or an address/
program controller controlling the memory and the verifier.
Example embodiments include making the memory start a
suspend operation during an operation of the memory cell,
and/or starting a verify operation when the suspend operation
terminates. The address/program controller may start the
operation on the memory cell if it is determined that a repeat
operation is necessary, and may start the operation on the next
memory cell if it is determined that a repeat operation is
unnecessary. The memory operation mode may be a memory
operation mode in which a verify operation is not performed
before programming.

[0011] Other example embodiments include methods of
verifying a memory, the methods including: determining
whether a suspend operation may or may not start during an
operation on a memory cell; stopping the operation when the
suspend operation starts; starting a verify operation when the
operation is completed on the memory cell or the suspend
operation is terminated; resuming the operation if it is deter-
mined that a repeat operation may be necessary during the
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verify operation; performing the operation on a memory cell
of the next address if it is determined that a repeat operation
is unnecessary; and terminating the operation when an
address of the memory cell is final. The memory operation
mode may be a memory operation mode in which a verify
operation is not performed before programming.

[0012] In example embodiments, a memory operation
mode of the memory is a memory operation mode in which a
verify operation is not performed before programming.
[0013] In example embodiments, the state is a program
state, the operation is a program operation, and the repeat
operation is a rewrite operation.

[0014] Inexample embodiments, the state is an erase state,
the operation is an erase operation, and the repeat operation is
a re-erase operation.

BRIEF DESCRIPTION OF THE FIGURES

[0015] The accompanying figures are included to provide a
further understanding of example embodiments and are
incorporated in and constitute a part of this specification. The
drawings illustrate example embodiments and, together with
the description, serve to explain principles of example
embodiments. In the figures:

[0016] FIG. 1 is a block diagram of a semiconductor
memory device according to example embodiments;

[0017] FIG.2 is atiming diagram of a plurality of suspends
during a program operation according to example embodi-
ments;

[0018] FIG. 3 is a state transition diagram illustrating a
method of verifying a semiconductor memory device accord-
ing to example embodiments;

[0019] FIGS.4aand 45 are timing diagrams illustrating one
suspend during a program operation of a conventional flash
memory; and

[0020] FIGS. 5a and 554 are timing diagrams illustrating a
plurality of suspends during a program operation of a con-
ventional flash memory.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0021] Example embodiments will be more clearly under-
stood from the detailed description taken in conjunction with
the accompanying drawings.

[0022] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments are shown. In
the drawings, the thicknesses of layers and regions may be
exaggerated for clarity.

[0023] Detailed illustrative embodiments are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing example embodiments. This invention may, how-
ever, may be embodied in many alternate forms and should
not be construed as limited to only example embodiments set
forth herein.

[0024] Accordingly, while example embodiments are
capable of various modifications and alternative forms,
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 example
embodiments to the particular forms disclosed, but on the
contrary, example embodiments are to cover all modifica-
tions, equivalents, and alternatives falling within the scope of
the invention. Like numbers refer to like elements throughout
the description of the figures.
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[0025] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element, without departing from the scope of example
embodiments of the present invention. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0026] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like

fashion (e.g., “between” versus “directly between”, “adja-
cent” versus “directly adjacent”, etc.).

[0027] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments of the invention. As used
herein, the singular forms “a”, “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “‘comprises”, “comprising,”, “includes” and/or
“including”, when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0028] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of
the order noted in the FIGS. For example, two FIGS. shown in
succession may in fact be executed substantially concurrently
ormay sometimes be executed in the reverse order, depending
upon the functionality/acts involved.

[0029] Also, the use of the words “compound,” “com-
pounds,” or “compound(s),” refer to either a single compound
or to a plurality of compounds. These words are used to
denote one or more compounds but may also just indicate a
single compound.

[0030] Various example embodiments will be described in
detail with reference to the attached drawings. However, the
present invention is not limited to the example embodiments,
but may be embodied in various forms. In the figures, if a
layer is formed on another layer or a substrate, it means that
the layer is directly formed on another layer or a substrate, or
that a third layer is interposed therebetween. In the following
description, the same reference numerals denote the same
elements.

[0031] Although example embodiments have been dis-
closed for illustrative purposes, those skilled in the art will
appreciate that various modifications, additions and substitu-
tions are possible, without departing from the scope and spirit
of the invention as disclosed in the accompanying claims.
[0032] Example embodiments will be described below in
more detail with reference to the accompanying drawings.
Example embodiments may, however, be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these example embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the present
invention to those skilled in the art.
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[0033] Hereinafter, example embodiments will be
described in conjunction with the accompanying drawings.
[0034] FIG. 1 is a block diagram of a semiconductor
memory device according to example embodiments. Refer-
ring to FIG. 1, an address/program controller 30 may receive
various commands, addresses, and/or data from CPU (not
shown) that may control a memory 10 during a memory
operation mode in which a verify operation is not performed
before programming. The various commands may include a
program command, a suspend command, and/or a resume
command. The address/program controller 30 may provide a
control signal, an address, and/or data, which are generated
according to the various commands, to the memory 10. The
control signal may include a program operation signal, a
suspend operation signal, and/or a verify operation signal.
[0035] The memory 10 may include a memory cell array
having a plurality of memory cells. The memory cell array
may include a row decoder and/or a column decoder, which
may select memory cells. Additionally, various gates (not
shown) may respond to a control signal based on various
commands and may perform operations on selected memory
cells. The memory 10 may receive an operate signal, e.g., one
of control signals, an address, and/or data, and may program
data in a memory cell of the assigned address.

[0036] The address/program controller 30 may perform an
operation corresponding to a program command on the
memory 10, and may receive a suspend command during the
operation. At this point, the address and data may be recorded
simultaneously, a status signal notifying suspend may be
delivered to a verifier 20, and a suspend operation signal may
be delivered to the memory 10, thereby stopping a program
operation. The verifier 20 may record an address and data
identically when receiving a status signal corresponding to
suspend.

[0037] The address/program controller 30 may transmit a
status signal notifying the verifier 20 when receiving a resume
command followed by a suspend command, and may also
transmit a verify operation signal and/or a recorded address
into the memory 10. The memory 10 may read data from a
memory cell of the received address and may transmit the
data into verifier 20. The verifier 20 may combine the previ-
ously recorded address and data with an address that the
address/program controller 30 may transmit to the memory
10 and received data from the memory 10 when receiving a
status signal corresponding to verify. A pass signal may be
generated by the verifier 20 when the combination is identi-
cal, or a fail signal may be generated by the verifier 20 when
the combination is not identical and transmitted to the
address/program controller 30.

[0038] The address/program controller 30 may transmit a
program operation signal and previously recorded address
and/or data into the memory 10 by determining that rewrite is
necessary in the memory cell when receiving a fail signal.
This operation may repeat until the address/program control-
ler 30 receives a pass signal. If the address/program controller
30 determines that rewrite may be unnecessary when receiv-
ing a pass signal, the address/program controller 30 may
transmit an address, data, and/or program operation signal of
the next memory cell into the memory 10 in order to perform
aprogram operation of the next memory cell. A portion or all
functions of the address/program controller 30 and the veri-
fier 20 may be performed by the CPU that controls the entire
memory 10.

[0039] FIGS. 24 and 2b are timing diagrams of a plurality
of suspends during a program operation. FI1G. 2a illustrates a
case where a verify operation is not performed after program-
ming. FIG. 25 illustrates a case where a verify operation is
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performed after programming. Referring to FIG. 2a, program
operations for memory cells corresponding to addresses A0 to
A3 sequentially proceed. When a suspend occurs during a
program operation for a memory cell corresponding to an
address A4, the program operation may terminate. A verify
operation may start again from the point of when the program
operation terminated, and a rewrite operation may again be
performed on the memory cell of the address A4 if a combi-
nation result is a fail signal. However, a suspend may occur
again in the memory cell corresponding to the address A4
during the rewrite operation, such that these operations may
repeat several times. When a verify operation is performed at
a point of when suspend terminates and a pass signal is
outputted if the combination result is a pass signal during the
verify operation, the program operation may proceed to the
next address AS.

[0040] Referring to FIG. 2b, program operations for
memory cells corresponding to addresses A0 to A3 may be
sequentially performed and then respective verify operations
may be performed. When a suspend occurs during a program
operation for a memory cell corresponding to an address A4,
the program operation may terminate. A verify operation may
start again from the point of when the program operation
terminates, and a rewrite operation may be performed on the
memory cell of the address A4 if the combination result is a
fail signal. However, a suspend may occur again in the
memory cell corresponding to the address A4 during the
rewrite operation, such that these operations may repeat sev-
eral times. When a verify operation is performed at a point of
when the suspend terminates and a fail signal may be output-
ted because the combination result is still a fail signal during
the verify operation, a rewrite function may be performed on
the memory cell of the address A4. If the combination is the
same during the verify operation, a pass signal may be out-
putted and the program operation may proceed to the next
address AS.

[0041] According to FIGS. 24 and 26, when the combina-
tion is the same according to the verify operation after an
initial suspend operation, the program operation may proceed
to an address AS. When the combination result is the same
according to the verify operation after a second suspend
operation, the program operation may proceed to the address
AS5. In either case, the next suspend operation may be per-
formed on a memory cell followed by the address A5, and the
memory cell of the address A4 may prevent a voltage over-
stress by reducing or minimizing a voltage stress of the
memory cell in the address A4.

[0042] FIG. 3 is a state transition diagram illustrating a
method of verifying a semiconductor memory device accord-
ing to example embodiments. In operations S1 and S2, a
program operation of a memory cell may start in a memory
operation mode in which a verify operation is not performed
before programming, and it is determined whether a suspend
operation may or may not start during the program operation.
In operation S3, when the suspend operation starts, a program
operation may terminate. In operation S4, when a program
operation for a memory cell is completed or a suspend opera-
tion is terminated, a fail signal may be outputted. If it is
determined that rewrite may be necessary in a memory cell, a
program operation for a memory cell may resume in opera-
tion S2. If a rewrite is unnecessary, it is determined whether
the address is final or not in operation S5. When the address is
not final, the address may be updated, and then a program
operation is performed on a memory cell of the next address
in operations S6 and S2, and when an address is final, a
program operation may terminate in operation S7.
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[0043] As described above, according to a method of veri-
fying a memory of example embodiments, a voltage stress of
a memory cell, which may be applied during a program
operation, may be reduced or minimized, such that increase
of cell erasing time, deterioration of data maintenance prop-
erty, and/or memory cell damage due to a voltage overstress
may be reduced or prevented. Moreover, if it is determined
that rewrite is unnecessary, a program operation may proceed
to the next address without unnecessary operations, thereby
reducing programming time.
[0044] According to the above example embodiments, a
voltage overstress due to a program operation of a memory
cell may be reduced or prevented in a memory operation
mode in which a verify operation is not performed before
programming. Therefore, an increase of cell erasing time,
deterioration of data maintenance property, and/or memory
cell damage due to a voltage overstress may be reduced or
prevented. Moreover, if it is determined that rewrite is unnec-
essary, a program operation may proceed to the next address
without unnecessary operations, thereby reducing program-
ming time.
[0045] Although example embodiments are described in
conjunction with a program operation, teachings of example
embodiments may be applied to other operations, for
example, an erase operation. Japanese Pat. No. 2004-348808
discloses a semiconductor memory device capable of stop-
ping an erase operation for a memory cell array having a
memory, and resuming the erase operation and the entire
contents thereof are hereby incorporated by reference.
[0046] The above-disclosed subject matter is to be consid-
ered illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other example embodiments, which fall within the true
spirit and scope of example embodiments. Thus, to the maxi-
mum extent allowed by law, the scope of example embodi-
ments are to be determined by the broadest permissible inter-
pretation of the following claims and their equivalents, and
shall not be restricted or limited by the foregoing detailed
description.

What is claimed is:

1. A semiconductor memory device comprising:

a memory including a plurality of memory cells;

a verifier determining a state of the memory cell in the

memory; and
an address/program controller controlling the memory and
the verifier, making the memory start a suspend opera-

May 29, 2008

tion during an operation of the memory cell, and starting
a verify operation when the suspend operation termi-
nates,

wherein the address/program controller starts the operation

on the memory cell if it is determined that a repeat
operation is necessary, and starts the program operation
on the next memory cell if it is determined that the repeat
operation is unnecessary.

2. The semiconductor memory device of claim 1, wherein
a memory operation mode of the semiconductor memory
device is a memory operation mode in which a verify opera-
tion is not performed before programming.

3. The semiconductor memory device of claim 1, wherein
the state is a program state, the operation is a program opera-
tion, and the repeat operation is a rewrite operation.

4. The semiconductor memory device of claim 1, wherein
the state is an erase state, the operation is an erase operation,
and the repeat operation is a re-erase operation.

5. A method of verifying a memory, the method compris-
ing:

determining whether a suspend operation starts or not dur-

ing an operation on a memory cell;

stopping the program operation when the suspend opera-

tion starts;

starting a verify operation when the operation is completed

on the memory cell or the suspend operation is termi-
nated;
resuming the operation if it is determined that a repeat
operation is necessary during the verify operation;

performing the operation on a memory cell of the next
address if it is determined that the repeat operation is
unnecessary; and

terminating the program operation when a last address of

the memory is reached.

6. The method of claim 5, wherein a memory operation
mode of the memory is a memory operation mode in which a
verify operation is not performed before programming.

7. The method of claim 5, wherein the state is a program
state, the operation is a program operation, and the repeat
operation is a rewrite operation.

8. The method of claim 5, wherein the state is an erase state,
the operation is an erase operation, and the repeat operation is
a re-erase operation.



