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ROW ADDRESS CODE SELECTION BASED
ON LOCATIONS OF SUBSTANDARD
MEMORY CELLS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. non-provisional patent application claims
priority under 35 U.S.C. §119 to Korean Patent Application
No. 10-2009-0088368 filed Sep. 18, 2009, the subject matter
of which is hereby incorporated by reference.

BACKGROUND

[0002] Volatile memories such as dynamic random access
memory (DRAM) continue to play a major role in modern
electronics due to their high integration density and operating
speed. These memories are commonly used, for instance, as
the main memories, caches, and data buffers of personal
computers, workstations, gaming-consoles, and handheld
devices, to name but a few.

[0003] One major drawback of volatile memories is that
their memory cells lose stored data in the absence of applied
power. This data loss typically occurs because stored electri-
cal charges tend to diffuse away from the constituent memory
cells, allowing stored data to fade over time. DRAM cells, for
instance, store data by placing electrical charge on capacitors,
and the stored information fades as the charge dissipates or
leaks away from the capacitors.

[0004] To prevent stored information from being lost
entirely, volatile memory cells may be periodically refreshed
(or recharged) during a refresh operation. A typical refresh
operation comprises a sensing step for detecting the logic
state (e.g., ‘0’ or ‘1°) of stored data, and a refresh step for
applying additional charge to the cells in accordance with the
detected logic state.

[0005] Unfortunately, different volatile memory cells tend
to have different charge retention characteristics due to vari-
ances in memory fabrication processes. As a result, some
memory cells may need to be recharged more frequently than
others. In other words, due to the different charge retention
characteristics, some memory cells lose data more quickly
than other memory cells and require the application of a
refresh operation having a shorter period.

[0006] The presence of memory cells with different refresh
requirements creates a number of potential problems for the
overall design and timing of volatile memory devices. For
instance, if all memory cells are required to be refreshed with
the same period, the period must be short enough so that data
is not lost from the memory cells having the poorest charge
retention characteristics. This, however, results in inefficient
power consumption. On the other hand, if different refresh
timing is used for different memory cells, the memory device
may require complex additional circuitry and logic, resulting
in inefficient use of chip area.

[0007] Insum, there is a tradeoff between the specificity of
refresh timing and the complexity of refresh circuitry. As
refresh timing becomes more specific to the requirements of
individual memory cells, the complexity of refresh circuitry
tends to increase, and vice versa.

SUMMARY

[0008] Recognizing a need to account for the different
charge retention characteristics of different memory cells
while limiting the complexity of refresh circuitry in a memory
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device, the inventive concept provides methods, systems and
devices in which multiple memory blocks are refreshed
simultaneously in groups, taking into account whether the
multiple memory blocks include substandard memory cells
requiring frequent refreshing. Groups of memory blocks that
include substandard memory cells are refreshed with a first
refresh period, and groups of memory blocks that do not
include substandard memory cells are refreshed with a sec-
ond refresh period longer than the first refresh period. The
groups of memory cells are generally organized in a manner
that limits the number of memory blocks requiring frequent
refreshing while also limiting the complexity of refresh cir-
cuitry.

[0009] According to one embodiment of the inventive con-
cept, a method of operating a memory device is provided. The
method identifies a first plurality of memory blocks each
comprising at least one substandard memory cell, and further
identifies a second plurality of memory blocks each compris-
ing no substandard memory cells. The method generates a
row address code with a first value corresponding to two or
more memory blocks, where at least one of the two or more
memory blocks is from the first plurality of memory blocks,
and further generates a row address code with a second value
corresponding to at least two memory blocks from the second
plurality of memory blocks. Thereafter, the method performs
a first refresh operation on the memory blocks corresponding
to the first row address code value using a first refresh period,
and performs a second refresh operation on the memory
blocks corresponding to the second row address code value
with a second refresh period longer than the first refresh
period.

[0010] According to another embodiment of the inventive
concept, another method of operating a memory device is
provided. The method comprises identifying a row address
code corresponding to a plurality of memory blocks, wherein
different values of the row address code identify different
ones of the plurality of memory blocks, determining whether
each of the plurality of memory blocks comprises at least one
substandard memory cell, generating an abbreviated row
address code by omitting one or more bits of the row address
code based on which of the memory blocks comprises at least
one substandard memory cell, and performing a refresh
operation by simultaneously refreshing memory blocks hav-
ing the same value of the abbreviated row address code.
[0011] According to still another embodiment of the inven-
tive concept, yet another method of performing a refresh
operation is provided. The method comprises refreshing a
first group of memory blocks using a first refresh period, and
refreshing a second group of memory blocks using a second
refresh period longer than the first refresh period. The first
group comprises memory blocks with substandard memory
cells and the second group comprises no memory blocks with
substandard memory cells, and the grouping of the memory
blocks into the first and second groups minimizes the total
number of memory blocks using the first refresh period while
allowing memory cells with the same value of an abbreviated
row address code to be refreshed simultaneously.

[0012] According to another embodiment of the inventive
concept, a memory device is provided. the memory device
comprises a memory cell array comprising a plurality of
memory blocks each corresponding to a different value of a
row address code, wherein a subset of the memory blocks
each comprise at least one substandard memory cell, and a
controller configured to perform a refresh operation on the
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plurality of memory blocks using an abbreviated row address
code formed of a subset of row address bits from the row
address code, wherein each value of the abbreviated row
address code corresponds to a group of at least two of the
plurality of memory blocks. The memory device further com-
prises a selection circuit configured to select the abbreviated
row address code from among a plurality of candidate abbre-
viated row address codes so as to minimize the number of
groups having a memory block with at least one substandard
memory cell.

[0013] According to yet another embodiment of the inven-
tive concept, a memory system is provided. The memory
system comprises a memory cell array comprising a plurality
of memory blocks each corresponding to a different value of
a row address code, wherein a subset of the memory blocks
each comprise at least one substandard memory cell. The
system further comprises a substandard memory cell detector
configured to detect memory blocks having substandard
memory cells, a controller configured to perform a refresh
operation on the plurality of memory blocks using an abbre-
viated row address code formed of a subset of row address bits
from the row address code, wherein each value of the abbre-
viated row address code corresponds to a group of at least two
of the plurality of memory blocks, and a selection circuit
configured to select the abbreviated row address code from
among a plurality of candidate abbreviated row address codes
s0 as to minimize the number of groups having a memory
block with at least one substandard memory cell.

[0014] According to still another embodiment of the inven-
tive concept, a memory device is provided. The memory
device comprises a first plurality of memory blocks each
comprising at least one substandard memory cell, a second
plurality of memory blocks each comprising no substandard
memory cells, and a control circuit configured to generate a
row address code with a first value corresponding to two or
more memory blocks, where at least one of the two or more
memory blocks is from the first plurality of memory blocks,
and further configured to generate a row address code with a
second value corresponding to at least two memory blocks
from the second plurality of memory blocks. The memory
device further comprises a refresh circuit configured to per-
form a first refresh operation on the memory blocks corre-
sponding to the first row address code value using a first
refresh period, and further configured to perform a second
refresh operation on the memory blocks corresponding to the
second row address code value with a second refresh period
longer than the first refresh period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Embodiments of the inventive concept will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings. In the
drawings, like reference numbers denote like features.
[0016] FIG.1isablock diagram illustrating a system com-
prising a memory device in accordance with an embodiment
of the inventive concept.

[0017] FIG. 2 is a block diagram illustrating an example of
the memory device shown in FIG. 1.

[0018] FIG. 3 is a block diagram illustrating an alternative
configuration of the memory device illustrated in FIG. 2.
[0019] FIG. 4 is a block diagram illustrating a memory
device and corresponding row address codes in accordance
with an embodiment of the inventive concept.
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[0020] FIG.5isablock diagram illustrating the locations of
substandard memory cells within memory blocks of the
memory device illustrated in FIG. 4.

[0021] FIG. 6 is atable illustrating row address code values
corresponding to the memory blocks of FIG. 5.

[0022] FIGS. 7A through 7D are tables illustrating abbre-
viated row address codes and corresponding memory blocks.
[0023] FIG. 8 is a flowchart illustrating a method of oper-
ating a memory device to refresh stored data in accordance
with an embodiment of the inventive concept.

[0024] FIG. 9is a block diagram illustrating a selector unit
for selecting abbreviated row address codes to be used for
refresh operations of a memory device in accordance with an
embodiment of the inventive concept.

[0025] FIG. 10 is a block diagram illustrating a control
circuit for controlling the timing of refresh operations in
accordance with an embodiment of the inventive concept.
[0026] FIG. 11 is a waveform timing diagram illustrating
signals used to perform a refresh operation in accordance
with an embodiment of the inventive concept.

[0027] FIG. 12 is a block diagram illustrating a memory
block selection signal generator in accordance with an
embodiment of the inventive concept.

[0028] FIG. 13 is a block diagram illustrating a refresh
period signal generator in accordance with an embodiment of
the inventive concept.

[0029] FIG. 14A is a block diagram illustrating a refresh
cycle controller in accordance with an embodiment of the
inventive concept.

[0030] FIG. 14B is a circuit diagram illustrating a fuse unit
within the refresh cycle controller of FIG. 14A.

[0031] FIG. 14C is a table illustrating a relationship
between different states of the fuse unit of FIG. 14B and the
operation of the refresh cycle controller.

[0032] FIG. 14D is a table further illustrating a relationship
between different states of the fuse unit of FIG. 14B and the
operation of the refresh cycle controller.

[0033] FIG. 15A is a circuit diagram illustrating an alter-
native fuse unit within the refresh cycle controller of FIG.
14A.

[0034] FIG. 15B is a table illustrating a relationship
between different states of the fuse unit of FIG. 15A and the
operation of the refresh cycle controller.

[0035] FIG. 16 is a block diagram illustrating another alter-
native configuration of the memory device illustrated in FI1G.
1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0036] Selected embodiments of the inventive concept are
described below with reference to the corresponding draw-
ings. These embodiments are presented as teaching examples
and should not be interpreted to limit the scope of the inven-
tive concept.

[0037] In general, embodiments of the inventive concept
relate to memory devices, systems, and methods designed to
reduce the amount of power required to execute refresh
operations. For instance, some embodiments reduce the
power consumption of refresh operations by identifying
memory blocks containing memory cells with poor charge
retention characteristics, and refreshing those memory blocks
as a group while refreshing other memory blocks separately.
Groups that do not contain any memory cells with poor
charge retention characteristics can be refreshed less fre-



US 2011/0069572 Al

quently than the groups that do contain such memory cells,
reducing the overall power required to refresh all of the
memory blocks.

[0038] Memory cells that require a refresh operation more
frequently than others because they fall below a predeter-
mined quality standard are termed “substandard” cells. The
quality standard may be defined, for instance, by how long the
memory cells retain stored data in the absence of power. As an
example, memory cells that retain stored information longer
than a predetermined interval (e.g., 256 ms) may be desig-
nated as normal memory cells, while memory cells that do not
retain stored information longer than the predetermined inter-
val may be designated as substandard memory cells.

[0039] To determine whether memory cells are normal or
substandard, a detection procedure may be performed on the
memory cells following manufacture. Such a detection pro-
cedure may involve, for instance, programming all of the
memory cells to a particular value and then measuring their
values as time passes. Cells that maintain their initial values
after the predetermined interval may be designated as normal,
while those that do not may be designated as substandard.
[0040] Insomeembodiments, the process of detecting sub-
standard memory cells may be performed using one or more
components external to the memory device. For instance, the
process may be performed by reading stored data into a cache
and using a central processing unit (CPU) to evaluate and
record the locations of the substandard memory cells. In other
embodiments, the process could be performed by elements
forming part of the memory device.

[0041] Once memory cells have been designated as normal
or substandard, a memory chip or other device including the
memory cells may be configured so that memory blocks
including the substandard memory cells are refreshed in sepa-
rate groups from memory blocks not including sub-standard
cells. Such configuration may be performed, for instance, by
cutting selected fuses to alter refresh circuitry based on the
locations of the substandard memory cells, or by employing
software or various alternative forms of reconfigurable hard-
ware.

[0042] FIG. 1 shows a basic example of a system 10 in
which selected embodiments of the inventive concept may be
implemented. System 10 comprises a CPU 20, a user inter-
face 30, a power supply 50, a memory device 40, and a
memory controller 60, all connected to each other by a bus
and/or network architecture 70.

[0043] System 10 may take any of several different forms,
such as a personal computer, workstation, networking device,
gaming-console, handheld device, or embedded system, to
name but a few. Additionally, system 10 and its components
may be distributed or divided into many sub-components,
such as multiple CPU cores, distributed memories, a distrib-
uted bus or network architecture, remote user interfaces, and
SO O1.

[0044] System 10 may be implemented as a portable or
non-portable device. Accordingly, power supply 50 may
comprise a portable source of power, such as a battery, or a
stationary source of power, such as an alternating current
(AC) outlet. Moreover, power supply 50 may comprise more
than one source of power for powering different elements of
system 10.

[0045] Memory device 40 typically comprises at least one
volatile memory such as a DRAM. Moreover, memory device
40 may comprise more than one memory chip, which may
include multiple types and sizes of memories, as well as
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memories using different protocols. For instance, memory
device 40 may comprise a volatile memory such as a DRAM
in combination with other forms of memory such as a non-
volatile memory.

[0046] Memory device 40 and any constituent chips may be
organized in any of several different architectures. For
instance, memory device 40 may be organized in any number
of chips, banks, memory blocks, sectors, and so on. Such
elements may be arranged in hierarchies (e.g., .2, L3 caches,
etc.), in parallel, or in a combination of hierarchical, parallel,
or other configuration.

[0047] Memory device 40 may be packaged or integrated
with other devices to form any of several different products or
components. For instance, memory device 40 may be pack-
aged in a memory card or other standalone memory product,
or it may form part of a system-on-a-chip having numerous
additional elements.

[0048] FIG. 2 illustrates an example configuration of
memory device 40 in accordance with one embodiment of the
inventive concept. In this example, memory device 40 com-
prises a memory cell array 100, an address decoder 200, an
input/output (10) circuit 300, a control circuit 400, an address
register 500, and a timing register 550.

[0049] Memory cell array 100 comprises a plurality of
memory cells arranged in rows and columns, where each row
is connected to a corresponding word line and each column is
connected to a corresponding bit line. In certain embodi-
ments, the memory cells comprise DRAM cells. The memory
cells are typically divided into memory blocks, where each
memory block is refreshed as a unit, and all of the memory
blocks are refreshed in succession during a refresh cycle of
memory cell array.

[0050] The memory blocks of memory cell array 100 are
typically designated by a portion of a row address. For
instance, assuming memory cell array 100 comprises 2™ rows
of memory cells addressable by an m-bit row address, a
sub-portion of the m-bit row address may designate rows
belonging to the same memory block. As a more concrete
example, assume memory cells of memory cell array 100 are
addressable by a 13-bit row address designated RA[12:0],
where RA12 denotes a first bit, RA11 denotes a second bit,
etc.; the bits RA[12:9] may be used to designate different
memory blocks. In other words, memory cells having the
same row address bits RA[12:9] form part of the same
memory block, and therefore the bits RA[12:9] may be used
as a row address (RA) code for selecting a memory block for
different operations such as a refresh operation. Because row
address code RA[12:9] has four bits, it can be used to divide
memory cell array 100 into sixteen memory blocks corre-
sponding to the sixteen possible values of RA[12:9]: “0000,”
“0001,” “00107, ..., “1111>

[0051] Address decoder 200 comprises a row address
decoder 210 and a column address decoder 220. Address
decoder 200 receives an address ADDR from control circuit
400 indicating a location of memory cells to be programmed
in memory cell array 100. Address decoder 200 further
receives refresh cycle information indicating an order in
which to refresh memory blocks during a refresh operation,
and the duration of a refresh operation to be performed on
each memory block. As an example, the refresh cycle infor-
mation may indicate a refresh period tREF or provide a
refresh enable signal REF_EN for each refresh operation. It
may also indicate that certain memory blocks will be
refreshed at the same time as each other.
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[0052] For read and write operations, row address decoder
210 and column address decoder 220 decode address ADDR
to generate a row address RA[12:0] and a column address
CA[12:0] of selected memory cells. For refresh operations,
row address decoder 210 and column address decoder 220 use
the refresh cycle information to control the order and duration
of refresh signals applied to the memory blocks of memory
cell array 100.

[0053] IO circuit 300 comprises a data buffer for receiving
and storing input data DATA to be written to memory cell
array 100 in a write operation, and output data DATA to be
read from memory cell array 100 in a read operation.

[0054] Control circuit 400 comprises various elements for
determining the timing for refresh operations to be performed
on memory cell array 100. Control circuit 400 receives
address ADDR, a row address code selection signal S_RA,
and an indication of the number of memory blocks in memory
cell array 100. Based on this information, control circuit 400
generates a refresh enable signal REF_EN to control refresh
periods of different memory blocks and/or groups of memory
blocks.

[0055] Address register 500 comprises storage clements
and data for receiving a logical address ADDL and converting
logical address ADDL into address ADDR. In other words,
address register 500 implements a mapping scheme for map-
ping between a logical address and a physical address of
memory cell array 100. Address register 500 receives logical
address ADDL and a clock signal CLK from an external
source and outputs address ADDR to control signal 400.

[0056] Timing register 550 comprises timing elements for
controlling the operation of other elements of memory device
40. In particular, timing register 550 comprises registers for
storing and outputting clock signal CLK, a chip select signal
CSB, a row address strobe signal RASB, a column address
strobe signal CASB, a write enable signal WEB, and a clock
enable signal CKE. Timing register 550 outputs these various
signals to address decoder 200, control circuit 400, address
register 500, and IO data circuit 300 to control the timing of
various operations including the transfer of information to
other elements.

[0057] FIG. 3 is a block diagram illustrating an alternative
configuration of memory cell array 100 and row and column
decoders 210 and 220. In this configuration, memory cell
array 100 is divided into a plurality of banks 100A through
100X, row decoder 210 is divided into a plurality of row
decoders 210A through 210X, and column decoder 220 is
divided into a plurality of column decoders 220A through
220X. Column decoders 220A through 220X each receive a
column address CA[12:0] derived from address ADDR.
Similarly, row decoders 210A through 210X receive a row
address RA[12:0] derived from address ADDR. Each of
memory banks 100A through 100X comprises a plurality of
memory blocks that can be refreshed in groups based on the
locations of substandard memory cells, similar to the configu-
ration of FIG. 2.

[0058] FIG. 4 is a block diagram illustrating memory cell
array 100 and corresponding row address code values in
accordance with an embodiment of the inventive concept. In
this embodiment, memory cell array 100 is divided into six-
teen memory blocks 111, 112, 121, 122, 131, 132, 141, 142,
151, 152, 161, 162, 171, 172, 181, and 182. Each of these
memory blocks corresponds to several rows of memory cells
having row addresses RA[12:0]. More specifically, each
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memory block corresponds to a set of memory cells having
the same row address bits RA[12:9].

[0059] For instance, as illustrated in FIG. 4, memory block
111 comprises memory cells having row address bits RA[12:
9]=0000”, memory block 112 comprises memory cells hav-
ing row address bits RA[12:9]=0001", and so on. During
refresh operations, rows of memory cells having the same
value of row address bits RA[12:9] (i.e., row address code
RA[12:9]) are refreshed at the same time. Moreover, as
described in further detail below, rows of memory cells hav-
ing a common abbreviated row address code may be
refreshed at the same time to reduce the complexity of
required refresh circuitry while limiting the overall frequency
with which the memory blocks are refreshed.

[0060] FIG.5isablock diagram illustrating the locations of
substandard memory cells within memory blocks of memory
cell array 100 illustrated in FIG. 4. The location of each
substandard memory cell is illustrated by the letter “X”.
Accordingly, substandard memory cells can be identified in
memory blocks 111, 121,132, 151,161, 171, and 181. Thus,
memory cell array 100 comprises seven memory blocks with
at least one substandard memory cell and nine memory
blocks with no substandard memory cell.

[0061] Because each of memory blocks 111,121, 132,151,
161,171, and 181 comprises at least one substandard memory
cell, each of these memory blocks must be refreshed more
frequently (i.e., with a shorter refresh period) than the other
memory blocks in order to ensure that the substandard
memory cells do not lose stored data. Thus, if all of the
memory blocks in memory cell array 100 were refreshed
using the shorter refresh cycle, the resulting power consump-
tion would be inefficient because the nine memory blocks
with no substandard memory cells require less frequent
refreshing. On the other hand, if all of the memory blocks in
memory cell array 100 were refreshed individually to ensure
more frequent refreshing of each memory block with a sub-
standard memory cell, and less frequent refreshing of each
memory block without a substandard memory cell, the result-
ing circuit configuration would be relatively complex.
Accordingly, in selected embodiments of the inventive con-
cept described below, a compromise is made so that memory
blocks are refreshed in groups to limit the required circuitry,
and the groups are chosen so that memory blocks having
substandard memory cells are refreshed simultaneously with
other memory blocks having substandard memory cells in
order to limit inefficient power consumption.

[0062] FIG. 6is atable illustrating row address code values
corresponding to the memory blocks of FIG. 5. In particular,
each row of the table illustrates the row address bits RA12,
RA11, RA10 and RA09 associated with a particular one of
memory blocks 111 through 182. Arrows on the left side of
FIG. 6 indicate memory blocks that include at least one sub-
standard memory cell.

[0063] FIGS. 7A through 7D are tables illustrating abbre-
viated row address codes and values derived from the row
address code RA[12:9] and corresponding values illustrated
in FIG. 6. In particular, FIG. 7A illustrates an abbreviated row
address code RA[12,11,10], which is generated by omitting
row address bit RA09 from row address code RA[12:9].
Similarly, FIG. 7B illustrates an abbreviated row address
code RA[12,11,09], which is generated by omitting row
address bit RA10 from row address code RA[12:9]. FIG. 7C
illustrates an abbreviated row address code RA[12,10,09],
which is generated by omitting row address bit RA11 from
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row address code RA[12:9]. FIG. 7D illustrates an abbrevi-
ated row address code RA[11,10,09], which is generated by
omitting row address bit RA12 from row address code
RA[12:9]. In each of FIGS. 7A through 7D, arrows on the left
side indicate memory blocks that contain at least one substan-
dard memory cell.

[0064] The abbreviated row address codes illustrated in
FIGS. 7A through 7D are candidate codes that may poten-
tially be used to group together different memory blocks for
refresh operations. Each candidate abbreviated row address
code defines a distinct grouping of memory blocks into
groups labeled “a,” through “h,” where the members of each
group have the same value of the abbreviated row address
code. For instance, in FIG. 7A, group “a” comprises memory
blocks 111 and 112, which have the same value “000” of
abbreviated row address code RA[12,11,10]. Similarly, group
“b”in FIG. 7A comprises memory blocks 121 and 122 having
the same value “001” of abbreviated row address code
RA[12,11,10]. The candidate code that produces the mini-
mum number of groups having at least one substandard
memory cell will be used as the grouping for refresh opera-
tions.

[0065] In FIG. 7A, group “a” comprises memory blocks
111 and 112, which correspond to abbreviated row address
code RA[12,11,10] value “000”. Group “b” comprises
memory blocks 121 and 122, which correspond to abbrevi-
ated row address code RA[12,11,10] value “001.” Group “c”
comprises memory blocks 131 and 132, which correspond to
abbreviated row address code RA[12,11,10] value “010.”
Group “d” comprises memory blocks 141 and 142, which
correspond to abbreviated row address code RA[12,11,10]
value “011.” Group “e” comprises memory blocks 151 and
152, which correspond to abbreviated row address code
RAJ12,11,10] value “100.” Group “f” comprises memory
blocks 161 and 162, which correspond to abbreviated row
address code RA[12,11,10] value “101”” Group “g” com-
prises memory blocks 171 and 172, which correspond to
abbreviated row address code RA[12,11,10] value “110.”
Group “h” comprises memory blocks 181 and 182, which
correspond to abbreviated row address code RA[12,11,10]
value “111

[0066] In the grouping of FIG. 7A, seven out of the eight
groups include at least one substandard memory cell. In par-
ticular, there is at least one substandard memory cell in groups
“a,” b, “c,”“e,” “f)” “g,” and “h”. Thus, if the memory blocks
in each group are refreshed together, seven out of the eight
groups will require a relatively shorter refresh period due to
the presence of the substandard memory cells. As aresult, the
groupings of FIG. 7A result in only minimal reduction of the
power consumption compared with a scenario where all of the
memory blocks are refreshed with the relatively shorter
refresh period.

[0067] In FIG. 7B, group “a” comprises memory blocks
111 and 121, which correspond to abbreviated row address
code RA[12,11,09] value “000”. Group “b” comprises
memory blocks 112 and 122, which correspond to abbrevi-
ated row address code RA[12,11,09] value “001.” Group “c”
comprises memory blocks 131 and 141, which correspond to
abbreviated row address code RA[12,11,09] value “010.”
Group “d” comprises memory blocks 132 and 142, which
correspond to abbreviated row address code RA[12,11,09]
value “011.” Group “e” comprises memory blocks 151 and
161, which correspond to abbreviated row address code
RAJ12,11,09] value “100.” Group “f” comprises memory
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blocks 152 and 162, which correspond to abbreviated row
address code RA[12,11,09] value “101”” Group “g” com-
prises memory blocks 171 and 181, which correspond to
abbreviated row address code RA[12,11,09] value “110.”
Group “h” comprises memory blocks 172 and 182, which
correspond to abbreviated row address code RA[12,11,09]
value “111.”

[0068] Inthe grouping of FIG. 7B, only four out of the eight
groups include at least one substandard memory cell. In par-
ticular, the only groups with at least one substandard memory
cell are groups “a,” “d,” “e,” and “g”. Thus, if the memory
blocks in each group are refreshed together, only four out of
the eight groups will require a relatively shorter refresh period
due to the presence of the substandard memory cells. As a
result, the groupings of FIG. 7B produce more efficient power
consumption compared with the grouping of FIG. 7A. As a
result, the abbreviated row address code RA[12,11,09] used
to produce the grouping of FIG. 7B is considered to be a better
candidate code than the abbreviated row address code RA[12,
11,10] used to produce the groupings of FIG. 7A.

[0069] In FIG. 7C, group “a” comprises memory blocks
111 and 131, which correspond to abbreviated row address
code RA[12,10,09] value “000”. Group “b” comprises
memory blocks 112 and 132, which correspond to abbrevi-
ated row address code RA[12,10,09] value “001.” Group “c”
comprises memory blocks 121 and 141, which correspond to
abbreviated row address code RA[12,10,09] value “010.”
Group “d” comprises memory blocks 121 and 142, which
correspond to abbreviated row address code RA[12,10,09]
value “011.” Group “e” comprises memory blocks 151 and
171, which correspond to abbreviated row address code
RA[12,10,09] value “100.” Group “f” comprises memory
blocks 152 and 172, which correspond to abbreviated row
address code RA[12,10,09] value “101”” Group “g” com-
prises memory blocks 161 and 181, which correspond to
abbreviated row address code RA[12,10,09] value “110.”
Group “h” comprises memory blocks 162 and 182, which
correspond to abbreviated row address code RA[12,10,09]
value “111”

[0070] In the grouping of FIG. 7C, five out of the eight
groups include at least one substandard memory cell. In par-
ticular, there is at least one substandard memory cell in groups
“a,”“b,” “c,” “e” and “g”. Thus, if the memory blocks in each
group are refreshed together, five out of the eight groups will
require a relatively shorter refresh period due to the presence
of'the substandard memory cells. As a result, the grouping of
FIG. 7C results in more efficient power consumption than the
grouping of FIG. 7A, but less efficient power consumption
than the grouping of FIG. 7B.

[0071] In FIG. 7D, group “a” comprises memory blocks
111 and 151, which correspond to abbreviated row address
code RA[11,10,09] value “000”. Group “b” comprises
memory blocks 112 and 132, which correspond to abbrevi-
ated row address code RA[11,10,09] value “001.” Group “c”
comprises memory blocks 121 and 141, which correspond to
abbreviated row address code RA[11,10,09] value “010.”
Group “d” comprises memory blocks 121 and 142, which
correspond to abbreviated row address code RA[11,10,09]
value “011.” Group “e” comprises memory blocks 151 and
171, which correspond to abbreviated row address code
RA[11,10,09] value “100.” Group “f” comprises memory
blocks 152 and 172, which correspond to abbreviated row
address code RA[11,10,09] value “101”” Group “g” com-
prises memory blocks 161 and 181, which correspond to



US 2011/0069572 Al

abbreviated row address code RA[11,10,09] value “110.”
Group “h” comprises memory blocks 162 and 182, which
correspond to abbreviated row address code RA[11,10,09]
value “111

[0072] In the grouping of FIG. 7D, five out of the eight
groups include at least one substandard memory cell. In par-
ticular, there is at least one substandard memory cell in groups
“a,” “c,” “f)” “e” and “g”. Thus, if the memory blocks in each
group are refreshed together, five out of the eight groups will
require a relatively shorter refresh period due to the presence
of'the substandard memory cells. As a result, the grouping of
FIG. 7D results in more efficient power consumption than the
grouping of FIG. 7A, but less efficient power consumption
than the grouping of FIG. 7B.

[0073] Because the grouping of FIG. 7B results in fewer
groups having at least one substandard memory cell, the
abbreviated row address code of FIG. 7B will be used to
perform refresh operations instead of the other candidate
abbreviated row address codes in FIGS. 7A, 7C, and 7D.
[0074] FIG. 8 is a flowchart illustrating a method 800 for
operating a memory device to refresh stored data in accor-
dance with an embodiment of the inventive concept. In the
description that follows, example method steps are indicated
by parentheses (xxx).

[0075] In the method of FIG. 8, a memory device is tested
to determine the locations of substandard memory cells (805).
Such a test may comprise, for instance, programming
memory cells of multiple memory blocks to a predetermined
logic state and then detecting the ability of each programmed
memory cell to retain the predetermined logic state over time.
The detection of each memory cell’s ability to retain the
predetermined logic state may be performed, for instance, by
reading stored information from the memory device follow-
ing a brief delay after the memory cells are programmed, such
as 256 ns. If the stored information read from a memory cell
after the brief delay does not correspond to the programmed
logic state, the memory cell may be deemed a substandard
memory cell. Otherwise, the memory cell may be deemed a
normal memory cell.

[0076] The analysis of stored information to determine the
locations of substandard memory cells may be performed by
a device either internal or external to the memory device. As
an example, an external device such as a CPU could read data
out of the memory blocks and determine whether any of the
data indicates a substandard memory cell.

[0077] After the memory device has been tested to deter-
mine the locations of substandard memory cells, an abbrevi-
ated row address code is then generated to create groupings of
memory blocks that limit the number of memory blocks
requiring frequent refreshing (810). In one embodiment, the
abbreviated row address code is generated by considering a
number of candidate codes each omitting a different row
address bit from a row address code, and then identifying the
candidate with the fewest number of groups having at least
one substandard memory cell as the abbreviated row address
code to be used for refresh operations.

[0078] Once the abbreviated row address code has been
identified, a refresh operation is performed simultaneously on
memory blocks having the same value of the abbreviated row
address code (815). Moreover, using the abbreviated row
address code to cycle through memory blocks, a refresh
operation is performed sequentially on groups of memory
cells such as those illustrated in FIG. 7 to complete a refresh
cycle.
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[0079] FIG. 9is a block diagram illustrating a selector unit
900 for selecting row address codes to be used for refresh
operations of a memory device in accordance with an
embodiment of the inventive concept. Selector unit 900 com-
prises a plurality of RA selectors 905 each receiving an enable
signal corresponding to a bit of row address RA[12:0] and
selectively outputting the corresponding bit based on an
abbreviated row address code to be used for refresh opera-
tions. For instance, where the abbreviated row address code
RA[12,11,09], illustrated in FIG. 7B, is used to perform
refresh operations, selector 900 receives the corresponding
enable signals RA12_EN, RA11_EN, and RA09_EN and
generates row address code selection signal S_RA based on
the values of row address bits RA12, RA11, and RA09.

[0080] FIG. 10 is a block diagram illustrating an embodi-
ment of control circuit 400. In this embodiment, control cir-
cuit 400 comprises a counter 410, a memory block selection
signal generator 420, a refresh cycle controller 430, a refresh
period signal generator 440, and a reset circuit 450.

[0081] Counter 410 receives a number of memory block
groups to be refreshed during a refresh cycle. In the example
of FIG. 7, for instance, the number of groups is eight, includ-
ing groups “a”-“h”. Based on the number of groups received,
counter 410 generates a counter signal CNTS to control the
timing of refresh operations.

[0082] Memory block selection signal generator 420
receives counter signal CNTS and a reset signal RST and
generates block selection signals BLK[1:8] in synchroniza-
tion with counter signal CNTS. Block selection signals BLK
[1:8] are successively asserted during a refresh cycle so that
refresh operations are performed in succession on memory
block groups “a”-“h”, which correspond to indices 1 through
8. Reset signal RST resets index memory block selection
signal generator 420 and refresh period signal generator 440
to initial values when control circuit 400 is initialized. Block
selection signal BLK1 and refresh period signal PRD1 are
asserted before other signals following initialization of ele-
ments 420 and 440.

[0083] Refresh cycle controller 430 receives block selec-
tion signals BLK[1:8], row address code selection signal
S_RA, and a refresh period signals PRD[1:4], and generates
refresh enable signal REF_EN based on the received signals.
Block selection signals BLK[1:8] indicate a group of memory
blocks to be refreshed at the current stage of a refresh cycle,
and refresh period signals PRD[ 1:4] indicate a current refresh
period. Row address code S_RA indicates which row address
bits define the grouping of memory blocks and therefore the
order in which the memory blocks are to be refreshed.
Together, block selection signals BLK[1:8], refresh period
signals PRD[1:4], and row address code selection signal
S_RA determine which memory blocks are to be refreshed
during a particular time interval. Accordingly, the value of
refresh enable signal REF_EN is determined by the combi-
nation of these signals.

[0084] Refresh cycle controller 430 may further store or
receive information indicating which groups of memory
blocks use a relatively shorter refresh period and which
groups use a relatively longer refresh period. Memory blocks
using a relatively shorter refresh period may be refreshed, for
instance, during each of refresh periods PRD1 through PRDA4,
while memory blocks using a relatively longer refresh period
may be refreshed during only one or two of refresh periods
PRD1 through PRDA4.
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[0085] To illustrate the operation of refresh cycle controller
430, suppose row address code selection signal indicates that
abbreviated row address code RA[12,11,09] of FIG. 7B des-
ignates groups of memory blocks to be refreshed together and
block selection signals BLK[1:8] and refresh period signals
PRDJ[1:4] indicate which of the groups may be refreshed

6%

currently. In this case, since group “a” includes substandard
memory cells, group “a” may be refreshed each time block
selection signal BLK1 is asserted during a refresh cycle. On
the other hand, since group “b” does not include any substan-
dard memory cells, group “b” may be refreshed only when
both block selection signal BLK2 is asserted and refresh
period signal PRD1 is asserted. Where group “a” is refreshed
regardless of the value of refresh period signals PRD[1:4] and
group “b” is refreshed only when refresh period PRD1 is
asserted, the memory blocks of group “b” will be refreshed
four times less frequently than the memory blocks of group

[Tt}

a
[0086] Refresh period signal generator 440 receives block
selection signals BLK[1:8] and reset signal RST and gener-
ates refresh period signals PRD[1:4] in synchronization with
block selection signals BLK[1:8]. Refresh period signals
PRD[1:4] are asserted in succession, with each successive
signal remaining asserted for a complete cycle of block selec-
tion signals BLK[1:8].

[0087] Resetcircuit 450 generates reset signal RST to reset
memory block selection signal generator 420 and refresh
period signal generator 440. Such reset operations may occur,
for instance, when control circuit 400 is initialized, or in
response to another event.

[0088] FIG. 11 is a waveform timing diagram illustrating
the operation of control circuit 400 in accordance with one
embodiment of the inventive concept. In the example of FIG.
11, control circuit 400 performs refresh operations in four
periods P1, P2, P3, and P4, which correspond to refresh
period signals PRD1, PRD2, PRD3, and PRD4, respectively.
[0089] During each period, counter signal CNTS passes
through eight cycles, during which block selection signals
BLK][1:8] are successively asserted. Meanwhile, refresh
period signals PRD1, PRD2, PRD3, and PRD4 are asserted in
succession during periods P1, P2, P3, and P4. In order to
provide a longer refresh period to some groups of memory
blocks while providing a shorter refresh period to other
groups of memory blocks, some groups of memory blocks are
refreshed during each of periods P1-P4, while others are
refreshed only during a subset of periods P1-P4. In this way,
refresh period signals PRD[1:4] can be used to control the
refresh rate of different groups of memory blocks.

[0090] FIG. 12 is a block diagram illustrating an embodi-
ment of memory block selection signal generator 420. In this
embodiment, memory block selection signal generator 420
comprises a shift register comprising eight data flip flops DFF
421 through DFF 428. These flip flops transfer a single bit of
data in synchronization with counter signal CNTS to generate
the pattern of block selection signals BLK][1:8] illustrated in
FIG. 11.

[0091] FIG. 13 is a block diagram illustrating an embodi-
ment of refresh period signal generator 440. In this embodi-
ment, refresh period signal generator 440 comprises a shift
register comprising four data flip flops DFF 41 through DFF
444. These flip flops transfer a single bit of data in synchro-
nization with block selection signal BLK1 to generate the
pattern of refresh period signals PRD[1:4] illustrated in FIG.
11.
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[0092] FIG. 14A is a block diagram illustrating an embodi-
ment of refresh cycle controller 430. In this embodiment,
refresh cycle controller 430 comprises a fuse unit 460 and
refresh enable signal generator 480.

[0093] Fuseunit460 receives one of block selection signals
BLK][1:8], which will be referred to as block selection signal
BLK{, and generates a corresponding fuse signal FUSEi. The
value of fuse signal FUSEi depends on whether block selec-
tion signal BLKi corresponds to a group of memory blocks
including at least one substandard memory cell. In particular,
where block selection signal BLKi corresponds to a group of
memory blocks with at least one substandard memory cell,
fuse signal FUSEi assumes a logic state that causes a refresh
operation to be performed during each of periods P1 through
P4 in FIG. 11. Otherwise, where selection signal BLKi cor-
responds to a group of memory blocks without any substan-
dard memory cells, fuse signal FUSEi assumes a logic state
that causes a refresh operation to be performed during only a
subset of periods P1 through P4. To establish the logical
relationship between block selection signal BLKi and fuse
signal FUSE], a fuse may be cut within fuse unit 460 upon
determining the groups in which memory blocks are to be
refreshed. The manner of cutting the fuses will be described in
further detail with reference to FIGS. 14B through 14D
below.

[0094] Refresh enable signal generator 480 receives row
address code selection signal S_RA, refresh period signals
PRDJ[1:4], and fuse signal FUSEi, and generates refresh
enable signal REF_EN to refresh group “i” based on the
values of the received signals. For instance, using block selec-
tion signal BLK1, and row address code selection signal
S_RAssettoRA12,RA11,RA09 as in FIG. 7B, refresh enable
signal generator 480 controls refresh enable signal REF_EN
so that memory blocks 111 and 121 are refreshed together
during each of periods P1 through P4. In this case, the value
of'selection signal S_RA causes memory blocks 111 and 121
to be refreshed together, the value of FUSEi causes these
memory blocks to be refreshed during each of periods P1
through P4, and the refresh period signals PRD[1:4] indicate
the timing of the periods P1 through P4 to control the timing
so that refresh enable signal REF_EN is asserted during
appropriate intervals.

[0095] FIG. 14B is a circuit diagram illustrating a fuse
circuit 461 contained in an embodiment of fuse unit 460. F1G.
14C is a table illustrating a relationship between different
states of the fuse unit of FIG. 14B and the operation of the
refresh cycle controller. FIG. 14D is a table further illustrating
a relationship between different states of the fuse unit of FIG.
14B and the operation of the refresh cycle controller.

[0096] Fuse circuit 461 comprises a fuse 462, an inverter
463, a voltage source VDD, ground VSS, transistors M1 and
M2, and an input terminal receiving block selection signal
BLKi. Where block selection signal BLKi corresponds to a
group of memory blocks containing at least one substandard
memory cell, fuse 462 is not cut. As a result, fuse signal
FUSEFi assumes a logic state “0”, causing refresh operations
to be performed during each of the periods P1 through P4 on
the memory blocks corresponding to block selection signal
BLKi, as indicated in the table of FIG. 14C. On the other
hand, where block selection signal BLKi corresponds to a
group of memory blocks containing no substandard memory
cells, fuse 462 is cut. As a result, fuse signal FUSEi assumes
a logic state “1”, causing refresh operations to be performed
only during periods P1 and P3 on the memory blocks corre-
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sponding to block selection signal BLKi, as indicated in the
table of FIG. 14C. In other words, refresh operations are
performed twice as frequently when fuse signal FUSEi is in
logic state “0” as opposed to logic state “1”.

[0097] Asindicated by FIG. 14D, fuse 462 is not cut in fuse
circuits 461 corresponding to memory blocks with substan-
dard memory cells, and fuse 462 is cut in fuse circuits 461
corresponding to memory blocks with no substandard
memory cells. It should be recognized, however, that the
relationship in FIG. 14D between cut fuses and memory
blocks with substandard memory cells is a design choice and
could be reversed or modified in various ways.

[0098] FIG. 15A is a circuit diagram illustrating an alter-
native fuse circuit 465 within the refresh cycle controller of
FIG. 14A. FIG. 15B is a table illustrating a relationship
between different states of the fuse unit of FIG. 15A and the
operation of the refresh cycle controller.

[0099] Fuse circuit 465 functions similar to fuse circuit 461
except that fuse circuit 465 can assume four different con-
figurations allowing refresh operations to be performed dur-
ing different combinations of periods P1 through P4. The four
different configurations of fuse circuit 465 are obtained by
cutting or not cutting fuses 466 and 468. Where fuses 466 and
468 remain uncut, fuse signals FUSEil and FUSEi2 assume
a logic state “00,” resulting in a refresh operation during each
of periods P1 through P4 as indicated in FIG. 15B. Similarly,
where fuses 466 and 468 are cut or not cut in the remaining
alternative combinations, fuse signals FUSEil and FUSEi2
assume logic states “01”, “10”, and “11” to produce refresh
operations during various periods shown in FIG. 15B. By
using the different refresh patterns shown in FIG. 15B, dif-
ferent memory blocks can be refreshed with more than two
different intervals to accommodate substandard cells with
varying grades of charge retention characteristics.

[0100] FIG.16 is a block diagram illustrating another alter-
native configuration of memory device 40 illustrated in FIG.
1. This configuration is similar to that illustrated in FIG. 2,
except that the configuration of FIG. 16 comprises various
additional components for controlling memory access opera-
tions and refresh operations, and has a modified organization
of the elements in control circuit 400. For instance, the con-
figuration of FIG. 16 comprises a refresh state (SREF) con-
troller 540 for controlling a refresh state of memory device 40
and generating an oscillation signal OSC. Additionally, this
configuration incorporates elements 420, 430, 440, and 450
of control circuit 400 into a refresh control unit 510 and
incorporates element 410 into a refresh counter 530.

[0101] As illustrated by the foregoing, the inventive con-
cept provides methods, devices, and systems in which
memory blocks having substandard memory cells are
refreshed together while memory blocks having no substan-
dard memory cells are refreshed together. As a result, these
methods, systems and devices tend to limit inefficient power
consumption while also limiting inefficient use of chip area.
[0102] Finally, the foregoing is illustrative of selected
embodiments and is not to be construed as limiting thereof.
Many modifications may be made to the embodiments with-
out materially departing from the novel teachings and advan-
tages of the inventive concept. Accordingly, all such modifi-
cations may be included within the scope of the inventive
concept as defined by the claims.

1. A method of operating a memory device, comprising:
identifying a first plurality of memory blocks each com-
prising at least one substandard memory cell;
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identifying a second plurality of memory blocks each com-

prising no substandard memory cells;

generating a row address code with a first value corre-

sponding to two or more memory blocks, where at least
one of the two or more memory blocks is from the first
plurality of memory blocks;

generating a row address code with a second value corre-

sponding to at least two memory blocks from the second
plurality of memory blocks;

performing a first refresh operation on the memory blocks

corresponding to the first row address code value using a
first refresh period; and

performing a second refresh operation on the memory

blocks corresponding to the second row address code
value with a second refresh period longer than the first
refresh period.

2. The method of claim 1, wherein identifying the first
plurality of memory blocks comprises:

programming memory cells of multiple memory blocks in

the memory device to a predetermined logic state; and
detecting the ability of each programmed memory cell to
retain the predetermined logic state over time.

3. The method of claim 2, further comprising:

upon determining that one or more memory cells within a

selected memory block fails to retain stored information
for the second refresh period, assigning the selected
memory block to the first plurality.

4. The method of claim 1, further comprising:

upon identifying the first plurality of memory blocks each

comprising at least one substandard memory cell, cut-
ting selected fuses of'a control circuit to adjust the timing
of refresh operations to be performed on the first plural-
ity of memory blocks to the first refresh period.

5. The method of claim 1, wherein generating the row
address code with the first value comprises:

identifying a plurality of unabbreviated row address code

values each having a bit-length “N” and corresponding
to a single memory block;

identifying a plurality of abbreviated row address code

values each having a bit-length less than “N” and corre-
sponding to more than one of the unabbreviated row
address code values and the corresponding memory
blocks; and
distinguishing one of the abbreviated row address code values
as the first value upon determining that the one of the abbre-
viated row address code values corresponds to at least one
memory block comprising a substandard memory cell.

6. The method of claim 5, further comprising:

determining a mapping between the unabbreviated row

address code values and abbreviated row address code
values by ignoring one or more bits of the unabbreviated
row address code values based on the locations of sub-
standard memory cells within the memory blocks cor-
responding to the unabbreviated row address code val-
ues.

7. The method of claim 6, wherein the mapping minimizes
the number of abbreviated row address code values corre-
sponding to at least one memory block having one or more
substandard memory cells.

8. The method of claim 1, wherein the memory device
comprises a dynamic random access memory.

9. The method of claim 1, wherein the second refresh
period is at least 256 ns.
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10. A method of operating a memory device, comprising:
identifying a row address code corresponding to a plurality
of memory blocks, wherein different values of the row
address code identify different ones of the plurality of
memory blocks;
determining whether each of the plurality of memory
blocks comprises at least one substandard memory
cell;
generating an abbreviated row address code by omitting
one or more bits of the row address code based on
which of the memory blocks comprises at least one
substandard memory cell; and
performing a refresh operation by simultaneously
refreshing memory blocks having the same value of
the abbreviated row address code.
11. The method of claim 10, further comprising:
refreshing all of the memory blocks corresponding to a
particular value of the abbreviated row address code
using a first refresh period if at least one of the memory
blocks corresponding to the particular value comprises a
substandard memory cell; and
refreshing all of the memory blocks corresponding to the
particular value using a second refresh period longer
than the first period if none of the memory blocks cor-
responding to the particular value comprises a substan-
dard memory cell.
12. The method of claim 11, wherein the second refresh
period is at least double the first refresh period.
13. The method of claim 10, wherein generating the abbre-
viated row address code comprises:
generating a first candidate abbreviated row address code
by omitting a first row address bit from the row address
code;
generating a second candidate abbreviated row address
code by omitting a second row address bit from the row
address code while retaining the first row address bit in
the row address code;
identifying a first set of groups of memory blocks, where
each group comprises at least two memory blocks hav-
ing same value of the first candidate abbreviated row
address code;
identifying a second set of groups of memory blocks, where
each group comprises at least two memory blocks having
same value of the second candidate abbreviated row address
code;
determining a first number indicating how many groups
within the first set have at least one memory block with a
substandard memory cell;
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determining a second number indicating how many groups
within the second set have at least one memory block
with a substandard cell; and

assigning the first or second candidate abbreviated row

address code as the abbreviated row address code based
on whether the first number is larger than the second
number or vice versa.

14. The method of claim 10, wherein the refresh operation
is performed with a first refresh period if one or more of the
simultaneously refreshed memory blocks has a substandard
memory cell, and otherwise, the refresh operation is per-
formed with a second refresh period longer than the first
refresh period.

15. A method of performing a refresh operation in a
memory device, comprising:

refreshing a first group of memory blocks using a first

refresh period; and
refreshing a second group of memory blocks using a second
refresh period longer than the first refresh period;

wherein the first group comprises memory blocks with

substandard memory cells and the second group com-
prises no memory blocks with substandard memory
cells; and
wherein the grouping of the memory blocks into the first and
second groups minimizes the total number of memory blocks
using the first refresh period while allowing memory cells
with the same value of an abbreviated row address code to be
refreshed simultaneously.

16. The method of claim 15, further comprising:

receiving an indication of the memory blocks having sub-

standard memory cells; and

generating the abbreviated row address code based on

which memory blocks have the substandard memory
cells.

17. The method of claim 15, wherein the memory device is
a dynamic random access memory.

18. The method of claim 15, wherein the second refresh
period is at least double the first refresh period.

19. The method of claim 15, further comprising:

cutting selected fuses of a control circuit to adjust the

timing of refresh operations to be performed on the first
group of memory blocks to the first refresh period.

20. The method of claim 15, further comprising:

refreshing a third group of memory blocks using a third

refresh period shorter than the first refresh period;
wherein the third group comprises memory blocks with
substandard memory cells.

21-40. (canceled)
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