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CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Application No.
12/364,055, filed February 2, 2009, and, U.S. Provisional Application No.
61/026,220, filed February 5, 2008. The disclosures of the above applications

are incorporated herein by reference in its entirety.

FIELD
[0002] The present disclosure relates to memory systems, and more
particularly to writing data to memory and reading data stored in memory.

BACKGROUND

[0003] The background description provided herein is for the purpose
of generally presenting the context of the disclosure. Work of the presently
named inventors, to the extent the work is described in this background section,
as well as aspects of the description that may not otherwise qualify as prior art at
the time of filing, are neither expressly nor impliedly admitted as prior art against
the present disclosure.

[0004] Memory devices include an array of memory cells that store
information. Memory devices may be volatile or non-volatile. Non-volatile
memory devices can retain stored information even when not powered, whereas
volatile memory devices typically do not retain stored information when not
powered. Examples of memory devices include read-only memory (ROM),
random access memory (RAM) and flash memory.

[0005] FIG. 1 illustrates a conventional memory system 100. The
memory system 100 includes an array 102 of memory cells 104-1,1, 104-1,2 ...,
and 104-M,N (referred to herein as memory cells 104), a word line decoder 1086,
word line drivers 108, a bit line decoder 109, and sense amplifiers 110. The
word line decoder 106 may select one of M rows of memory cells 104 for reading
and writing operations via word lines 112-1, 112-2, ..., and 112-M (referred to
herein as word lines 112). The word line drivers 108 may apply a voltage to the

selected word line 112 to activate the memory cells 104 in communication with
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the selected word line 112. The sense amplifiers 110 may detect the presence
or absence of data stored in the memory cells 104 via global bit lines 114-1, 114-
2, ..., and 114-N (referred to herein as global bit lines 114). The bit line decoder
109 may select one of N columns of memory cells 104 for reading and writing
operations via the global bit lines 114.

[0006] Each of the memory cells 104 may include diodes 105-1,1, 105-
1,2..., and 105-M,N (referred to herein as diodes 105) and a data storage
element 107-1,1, ..., and 107-M,N (referred to herein as data storage element
107). Alternatively, each of the memory cells 104 may include transistors (not
shown) and a data storage element 107. Each diode 105 may communicate
with a corresponding word line 112and a corresponding data storage element
107. Other configurations are possible for the memory cells 104.

[0007] Referring now to FIGs. 2A-2B, the array 102 of memory cells
104 may be arranged in blocks 116-1, 116-2, ..., and 116-Q (referred to herein
as blocks 116). A block 116 may include local word lines 118-1,1, 118-2,1, ...,
and 118-V,Q (referred to herein as local word lines 118) and local bit lines 120-
1,1,1, 120-2,1,1, ..., and 120-W,L,Q (referred to herein as local bit lines 120).
Memory cells 104 may be formed at the intersection of the local word lines 118
and the local bit lines 120. The local word lines 118 may communicate with
respective word line decoders 106-1, 106-2, ..., and 106-Q (referred to herein as
word line decoders 106) and word line drivers 108-1, 108-2, ..., and 108-Q
(referred to herein as word line drivers 108).

[0008] The local bit lines 120 may be arranged in groups. A group of
local bit lines 120 may communicate with multiplexers 122-1,1, 122-2,1, ..., and
122-L,Q (referred to herein as multiplexers 122). Each multiplexer 122 may
include a control input 123 that selectively controls which input to the multiplexer
will be output from the multiplexer. A read/write (R/W) control module (not
shown) may provide the control inputs. A block 116 may communicate with L
multiplexers 122, which may select respective local bit lines 120 for reading and
writing operations. The multiplexers 122 may communicate with respective

global bit lines 114. The global bit lines 114 may communicate with each block
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116 in the memory array 102. Bit line decoders 109 and sense amplifiers 110
(shown in FIG. 1) may communicate with the global bit lines 114.

[0009] The memory system 100 may include a read/write (R/W) control
module (mentioned above). The R/W control module may control R/W
operations of the memory cells 104 via the word line decoder 1086, the word line
drivers 108, the bit line decoder 109, and the sense amplifiers 110. The R/W
control module may execute a read cycle to access data stored in one or more
data storage elements 107 of the memory cells 104. The R/W control module
may also execute a write cycle to store data in one or more data storage
elements 107 of the memory cells 104. During each read and write cycle, the
R/W control module may access a given memory cell 104 by applying a voltage
to a local word line 118 of a block 116 in the memory array 102. During a read
cycle, the sense amplifiers 110 may detect the presence or absence of data in a
given data storage element 107 of a memory cell 104 in communication with a
local word line 118. During a write cycle, the bit line decoders 109 may select a
given memory cell 104 for storing data.

[0010] For example, as shown in FIG. 2B, local word line 118-1,Q is
active. In other words, the word line driver 108-Q may apply a voltage to local
word line 118-1,Q. Multiplexers 122-1,Q, 122-2,Q ..., and 122-L,Q may select
local bit lines 120-1,1,Q, 120-1,2,Q ..., and 120-1,L,Q for reading and writing
operations. Thus, memory cells 104-1,1, 104-1,2, ..., and 104-1,L may be
conducting. To read data, the sense amplifiers 110 may detect the presence or
absence of data in the memory cells 104 in communication with the selected
local word line 118 and the selected local bit lines 120. In the configuration
shown in FIG. 2B, L memory cells 104 may be read during a read cycle. To
write data, the bit line decoder 109 may select memory cells 104 for storing data

via global bit lines 114 and multiplexers 122.

SUMMARY
[0011] A memory system includes Q memory blocks that each include
M memory sub-blocks. The memory system also includes Q word line decoders
that each are associated with a different one of the Q memory blocks. The
memory system also includes a bit line decoder and Q x M switch modules.
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Each Q x M switch module selectively controls access to one of the M memory
sub-blocks of the Q memory blocks. The Q word line decoders and the bit line
decoder access less than M memory sub-blocks in at least two of the Q memory
blocks during one of a read and write operation. M and Q are integers greater
than 1.

[0012] In other features, a memory system includes a memory array.
The memory array includes a plurality of bit lines, a plurality of word lines and a
plurality of memory cells. Each memory cell is formed at a corresponding
intersection of a bit line and a word line in the memory array. The memory
system also includes a read/write module to control activation of at least two
memory cells in the memory array during a read operation or a write operation.
The at least two memory cells activated by the read/write control module are
located on a different word line and a different bit line in the memory array.

[0013] In other features, a method for accessing memory includes
selectively controlling access to one of M memory sub-blocks of Q memory
blocks by selectively controlling each of Q x M switch modules. The method also
includes accessing less than M memory sub-blocks in at least two of the Q
memory blocks by activating a bit line and word lines associated with the at least
two of the Q memory blocks during one of a read and write operation. M and Q
are integers greater than 1.

[0014] In other features, a method includes forming a plurality of
memory cells at a corresponding intersection of a bit line and a word line in a
memory array. The method also includes controlling activation of at least two
memory cells in the memory array during a read operation or a write operation.
The at least two memory cells are located on a different word line and a different
bit line in the memory array.

[0015] Further areas of applicability of the present disclosure will
become apparent from the detailed description, the claims and the drawings. It
should be understood that the detailed description and specific examples are
intended for purposes of illustration only and are not intended to limit the scope

of the disclosure.
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BRIEF DESCRIPTION OF DRAWINGS

[0016] The present disclosure will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0017] FIG. 1 is a schematic representation of a memory system
according to the prior art;

[0018] FIG. 2A is a schematic representation of a memory system
according to the prior art;

[0019] FIG. 2B is a schematic representation of a memory system
according to the prior art;

[0020] FIG. 3 is a block diagram of a memory system according to the
present disclosure;

[0021] FIG. 4 is a schematic representation of a memory system
according to the present disclosure;

[0022] FIG. 5A is a schematic representation of a portion of a memory
system according to the present disclosure;

[0023] FIG. 5B is a schematic representation of a portion of a memory
system according to the present disclosure;

[0024] FIG. 6A is a schematic representation of a portion of a memory
system according to the present disclosure;

[0025] FIG. 6B is a schematic representation of a switch module
according to the present disclosure;

[0026] FIG. 6C is a schematic representation of a portion of a memory
system according to the present disclosure; and

[0027] FIG. 7 is a schematic representation of a portion of a memory
system according to the present disclosure.

DESCRIPTION
[0028] The following description is merely exemplary in nature and is
in no way intended to limit the disclosure, its application, or uses. For purposes
of clarity, the same reference numbers will be used in the drawings to identify
similar elements. As used herein, the phrase at least one of A, B, and C should

be construed to mean a logical (A or B or C), using a non-exclusive logical or. It
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should be understood that steps within a method may be executed in different
order without altering the principles of the present disclosure.

[0029] As used herein, the term module refers to an Application
Specific Integrated Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group) and memory that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable components that
provide the described functionality.

[0030] Memory cells may be arranged in arrays of rows and columns
of word lines and bit lines, respectively. Capacitive and/or leakage current may
cause a voltage drop along a selected word line due to distributed resistance
along the word line. The voltage drop may cause voltage conditions of memory
cells along the word line to vary. Thus, the voltage required to activate memory
cells may vary from memory cell to memory cell. The voltage drop may be
significant where a large number of memory cells along a selected word line are
activated during a read and/or write operation.

[0031] The voltage drop along the word line (Vw.) may be determined
according to the following equation:

Vi, =(Y XTI )XRy, ,

where Y is the number of activated memory cells in communication with a
selected word line, I¢ is the capacitive and/or leakage current of each memory
cell, and Rw_ is the distributed resistance of the selected word line. For
example, if Ic is 100uA, N is 1000 and Rw. is 100Q, the voltage drop along the
word line may be 10V. Conventionally, due to the voltage drop, word line drivers
are typically required to support a higher current and/or a total supply voltage is
increased.

[0032] The present disclosure describes systems and methods for
reading and writing memory cells by reducing the number of activated cells in
communication with a selected word line. One method includes segmenting
word lines and including multiple word line decoders along the word lines.
Another method includes selectively controlling sub-blocks within memory blocks
via switches. Using the proposed systems and methods, the voltage drop along
a selected word line may be reduced.
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[0033] FIG. 3 illustrates one implementation of a memory system 150
including a memory controller 152 in communication with a memory array 200.
The memory controller 152 includes a selector module 154 that may control a
read/write module 156 based on a memory map 158. The read/write module
156 selects memory cells of the memory array 200 during read and write
operations by selectively controlling word lines and bit lines and/or control
devices for word lines or bit lines. Control devices for word lines and bit lines
may include decoders, global bit lines and/or switch modules.

[0034] Referring now to FIG. 4, a first example of a memory array 200
is shown. The memory array 200 may include blocks 216-1, 216-2, ..., and 216-
Q (referred to herein as blocks 216). A block 216 may be further arranged in a
predetermined number of sub-blocks 224-1,1, 224-2,1..., and 224-Q,A (referred
to herein as sub-blocks 224). The number of sub-blocks 224 may be
proportional to the number of blocks 216. In one implementation, instead of
writing data only to memory locations along a word line in a single block, data
may be written to memory locations — e.g., multiple sub-blocks — of the same
block or among different blocks. A sub-block 224 may communicate with a
respective word line decoder 206-1,1, 206-1,2, ..., and 206-Q,A (referred to
herein as word line decoder 206) and word line drivers 208-1,1, 208-1,2, ..., and
208-Q,A (referred to herein as word line drivers 208) via local word lines 218-1,1,
218-1,2, ..., and 218-Q,V (referred to herein as local word lines 218).

[0035] In one implementation, the read/write module 156 may activate
memory cells in a sub-block 224 by controlling a respective word line decoder
206 and word line driver 208. Thus, memory cells may be selectively activated
in one or more sub-blocks 224 (of the same block 216 or among different blocks
216), while memory cells may remain deactivated in other sub-blocks 224 (of the
same block 216 or among different blocks 216). The read/write module 156 may
also control global bit lines 214-1, 214-2, ..., and 214-N (referred to herein as
global bit lines 214) that may communicate with multiple sub-blocks 224 within
different blocks 216.

[0036] For example, the selector module 154 may control word line
decoders 206-Q,1, 206-2,2, and 206-1,A via control inputs 223 to allow



Attotw o 2009/100108°059-1890POA PCT/US2009/033040
Client Het. No. MP2421. WO

10

15

20

25

30

read/write operations to corresponding sub-blocks 224-Q,1, 224-2,2, and 224-
1,A. Each sub-block 224 may communicate with a predetermined number of
global bit lines 214. For example, when Q=3, so that there are three memory
blocks 216 communicating with nine global bit lines 214, each memory block 216
may include three sub-blocks 224 of equal length. Each of the three sub-blocks
224 may communicate with three of the global bit lines 214.

[0037] Using conventional techniques, a word line decoder would have
been selected, and a memory block corresponding to the word line decoder
would have been written to. In contrast, techniques described in the present
disclosure permit the selection of multiple word line decoders/word lines for
storing data in multiple sub-blocks 224 (associated with one or more blocks 216),
rather than a single memory decoder storing data only in a single block 216.

[0038] In one implementation, a read/write operation to a particular
word line is distributed based on word line decoder selection. In one
implementation, both data and access to data in cells of a particular word line is
distributed among multiple word lines. The memory map 158 may include data
relating to word line decoder selection. For example, the read/write module 156
may determine a number of sub-blocks 224 in a block 216. The read/write
module 156 may activate a number of word lines in different blocks
corresponding to the number of sub-blocks 224 in the block 216. The read/write
module 156 may then selectively activate global bit lines 214 and selectively
activate sub-blocks 224 along the global bit lines 214.

[0039] The memory array 200 may be further described with reference
to an exemplary block 216 as shown in FIGs. 5A-5B. As shown, a sub-block 224
may include local bit lines 225-1,1,1, 225-1,2,1, ..., and 225-W,K,A (referred to
herein as local bit lines 225). The local bit lines 225 may be arranged in groups,
with each group in communication with a respective multiplexer 222-1,1, 222-
K,1, ..., and 222-K,A (referred to herein as multiplexers 222). The multiplexers
222 may select a local bit line 225 from the local bit lines 225 for reading and
writing data. Control inputs 227 to the multiplexers 222 may control multiplexer
selection of local bit lines 225. The read/write module 156 may provide the
control signals to the control inputs 227. The output of the multiplexers 222 may
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communicate with global bit lines. The global bit lines may communicate with
sub-blocks 224 in each block 216 and with a bit line decoder and/or sense
amplifiers. Memory cells 226 may be formed at the intersection of the local word
lines 218 and the local bit lines 225. The memory array 200 may reduce the
voltage drop along a selected word line 218 by reducing the number of activated
memory cells 226 in communication with a selected word line 218.

[0040] For example, as shown in FIG. 5B, local word line 218-1,1 may
be active based on control of word line decoder 206-1,1. Multiplexers 222 may
select local bit lines 225-W,1,1, 225-W,1,2..., and 225-W,1,K for reading and
writing operations. Thus, memory cells 226-1, 226-2, ..., and 226-K may be
conducting. Memory cells 226 within other sub-blocks 224 may remain
deactivated and thus may not be conducting. The selected word line 218 and bit
lines 225 in FIG. 5B are exemplary, and other word lines 218 and bit lines 225
may be selected to activate other memory cells 226. Further, memory cells 226
from one or more sub-blocks 224 may be activated for reading and writing
operations.

[0041] According to one implementation of the present disclosure, the
number of activated memory cells 226 along the selected word line 218-1,1 may

oo (i)
A
where L is the number of multiplexers 222 in a block 216, A is the number of

sub-blocks 224 per block 216, and Z is the number of sub-blocks 224 with

activated memory cells 226. In a conventional memory array, there may have

be given by:

been L activated memory cells 226 along the selected word line 218-1,1. The
voltage drop along the selected word line 218-1,1 may be directly proportional to
the number of activated memory cells 226 in communication with the selected
word line 218-1,1. Therefore, the voltage drop along the selected word line 218-
1,1 may be reduced by a factor of Z/A. For example, if Z is equal to one, as in
FIG. 5B, the voltage drop along the activated word line 218-1,1 is reduced by a
factor of 1/A.

[0042] Referring now to FIGs. 6A-6C, a second example of a memory
array 300 is shown. The memory array 300 may include blocks 316-1, 316-2,
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..., and 316-Q (referred to herein as blocks 316). A block 316 may communicate
with a respective word line decoder 306-1, 306-2, ..., and 306-Q (referred to
herein as word line decoder 306) and word line drivers 308-1, 308-2, ..., and
308-Q (referred to herein as word line drivers 308) via local word lines 318-1,1,
318-2,1, ..., and 318 Q,V (referred to herein as local word lines 318). Each
block may include a plurality of sub-blocks 317-1,1, 317-2,1, ..., and 317A,Q
(referred to herein as sub-blocks 317).

[0043] A block 316 may also communicate with switch modules 319-
1,1, 319-2,1..., and 319-A,Q (referred to herein as switch modules 319) via
global bit lines 314-1, 314-2, ..., and 314-N (referred to herein as global bit lines
314) and local bit lines 320-1,1, 320-2,1, ..., and 320-W K (referred to herein as
local bit lines 320). Each switch module 319 may communicate with a respective
sub-block 317. A bit line decoder 309 may select memory cells 321 for reading
and/or writing operations via the global bit lines 314. Sense amplifiers 310 may
detect the presence or absence of data in the memory cells 321.

[0044] Referring now to FIG. 6B, the switch modules 319 may include
multiplexers 322-1, 322-2, ..., and 322-K (referred to herein as multiplexers 322).
The read/write control module 156 may provide control signals to control inputs
327 of the multiplexers 322 to control local word line selection. The switch
modules 319 may also include switches 326-1, 326-2, ..., and 326-K (referred to
herein as switches 326) that may be controlled by select signals from the
selector module 154. The switches 326 within a switch module 319 may be
controlled by the same select signal.

For example, each switch 326 in a first switch module 319 may be controlled by
a first select signal (so), each switch 326 in a second switch module 319 may be
controlled by a second select signal (s¢), etc. Thus, each switch 326 within a
switch module 319 may be on or off at the same time. Additionally, multiple
switch modules 319 may be controlled by the same select signal. For example,
a wordline in each K out of Q blocks 316 may be used to turn on K groups of
sub-blocks 317 based on control of K x M of the Q x M switches 326 by a
corresponding select signal. K may be less than or equal to Q. In one
embodiment, the sub-blocks 317 may be grouped into groups of O elements,

10
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where O=M/K. The groups may each be controlled by one or more select
signals that control, for example, the K x M of the Q x M switches 326. One or
more of M/K memory sub-blocks 317 in each of the K out of Q blocks 316 may
thus be accessed during a read or write operation.

[0045] A block 316 may have Q switch modules 319, with each switch
module 319 having L/Q switches, where L is the number of multiplexers 322 per
block 316. The memory array 300 may reduce the voltage drop along a selected
word line 318 by reducing the number of activated memory cells in
communication with the selected word line 318.

[0046] In one implementation, within a block 316, each switch module
319 may be controlled by a different select signal (so-sa), as shown in FIG. 6C.
Thus, switches 326 within a switch module 319 may be controlled by the same
select signal. The select signals may be arranged so that two or more switch
modules 319 in communication with a global bit line 314 may not be selected at
the same time. The selector module 154 may provide the select signals based
on a memory map 158.

[0047] For example, the select signals may be cascaded within the
memory array 300 based on the memory map 158. In block 316-Q, switch
module 319-1,Q may have a first select signal (so), switch module 319-2,Q may
have a second select signal (s1), ..., and switch module 319-A,Q may have an
Ath select signal (sa). In block 316-3, switch module 316-1,3 may have the Ath
select signal (sa), switch module 319-2,3 may have the first select signal (so), ...,
and switch module 319-A,3 may have an Ath-1 select signal (sa1). The select
signals may be similarly distributed throughout the memory array 300. Thus, by
activating the first select signal and activating a word line 318 within each block
316, memory cell activation may be distributed among the blocks 316.

[0048] As shown in FIG. 6C, each block 316 may have one activated
word line 318. Further, each block 316 may have one activated switch module
319. Thus, there may be K activated memory cells 321 in communication with
the activated word line 318 and the activated switch module 319. The memory
cells 321 are included to graphically represent memory cells that correspond to
local bit lines 320 that are controlled based on global bit lines 314 and are not

11
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intended to show memory cells at intersections of global bit lines 314 and word
lines 218. Where there are K activated memory cells 321 per activated switch
module 319 and A activated switch modules 319, there may be KA = L
activated memory cells 321 per memory array 300. Thus, a total of L memory
cells 321 may be read in a read cycle. In a conventional memory array, L
memory cells 321 are typically read from a single block 316. In the memory
array 300 according to one implementation of the present disclosure, the L
memory cells 321 may be read from multiple different blocks 316.

[0049] Using the memory array 300 according to the present
disclosure, the number of activated memory cells 321 along the selected word

4

where L is the number of multiplexers 322 in a block 316 and Q is the number of

line 318 may be given by:

blocks 316. Previously, there may have been L activated memory cells 321
along the selected word line 318. Since the voltage drop along the selected
word line 318 is directly proportional to the number of activated memory cells
321 in communication with the selected word line 318, the voltage drop along the
selected word line 318 is reduced by a factor of 1/Q.

[0050] Referring now to FIG. 7 the memory array 300 may be further
described. FIG. 7 illustrates an exemplary memory array 300 where Q=4 and L
= 4. In other words, there are four blocks 316 and four multiplexers 322 per
block 316. Where there are four blocks 316, there may be four switch modules
319 per block 316. Each switch module 319 may have L/Q switches 326. In the
case shown in FIG. 7, where Q = 4 and L = 4, there is one switch 326 per switch
module 319.

[0051] During a read and/or write cycle, one local word line 318 may
be activated per block 316. For example, the word line drivers 308 may apply a
voltage to local word line 318-1,1, 318-1,2, 318-1,3, and 318-1,4 in each block
316. One select signal may be activated to turn on a set of switches 326. For
example, select signal so may be activated, thus turning on switches 326-1,4,
326-2,3, 326-3,2, and 326-4,1. As shown in FIG. 7, there may be four activated

12
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memory cells 321-1,4, 321-2,3, 321-3,2, and 321-4,1. The remaining select
signals (s1-s3) may remain deactivated. Thus there may not be capacitive and/or
leakage current flowing through unselected memory cells 329 controlled by
select signals s¢-s3 and multiplexors because the closed switches 326 prevent
current flow.

[0052] Thus, the number of activated memory cells 321 along the

selected word line 318-1,1 may be given by:

o

In a conventional memory array, there may have been four activated memory
cells 321 along the selected word line. Since the voltage drop along the selected
word lines 318 is directly proportional to the number of activated memory cells
321 in communication with the selected word lines 318, the voltage drop along
the selected word lines 318 is reduced by a factor of 1/4.

[0053] The broad teachings of this disclosure can be implemented in a
variety of forms. Therefore, while this disclosure includes particular examples,
the true scope of the disclosure should not be so limited since other
modifications will become apparent upon a study of the drawings, the
specification, and the following claims.

13
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CLAIMS
What is claimed is:

1. A memory system comprising:

Q memory blocks, each of the Q memory blocks including M
memory sub-blocks;

Q word line decoders, each of the Q word line decoders being
associated with a different one of the Q memory blocks;

a bit line decoder; and

Q x M switch modules, each Q x M switch module selectively
controlling access to one of the M memory sub-blocks of the Q memory blocks,
wherein the Q word line decoders and the bit line decoder access less than M
memory sub-blocks in at least two of the Q memory blocks during one of a read
and write operation,

wherein M and Q are integers greater than 1.

2. The memory system of claim 1, further comprising a memory
control module that selectively controls the Q x M switch modules based on a

memory map.

3. The memory system of claim 1, further comprising M global bit
lines, wherein each of the M global bit lines corresponds to a respective one of

the M memory sub-blocks.

4. The memory system of claim 3, wherein:
each of the M memory sub-blocks of the Q memory blocks includes
one or more local bit lines;
each of the Q x M switch modules includes a switching device that
selectively connects one of the M global bit lines to one or more of the local bit
lines of the M memory sub-blocks of the Q memory blocks.

14
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5. The memory system of claim 4, wherein the Q x M switch modules
further include one of a multiplexer and a demultiplexer that also selectively
connect the one of the M global bit lines to the one or more local bit lines of the
M memory sub-blocks of the Q memory blocks.

6. The memory system of claim 5, wherein the switching device
includes:
one of a diode and a transistor having a control terminal that
receives a switch control signal;
a first terminal that communicates with the one of the M global bit
lines; and
a second terminal that communicates with one of the multiplexer

and the demultiplexer.

7. The memory system of claim 1, further comprising memory cells
that correspond to intersections of word lines and bit lines that traverse the Q
memory blocks.

8. The memory system of claim 7, wherein K of the Q word line
decoders activate a plurality of the word lines during the one of the read and
write operation, wherein each of the plurality of the word lines traverses a
different one of the K of the Q memory blocks, wherein K is less than Q.

9. The memory system of claim 8, wherein one or more of M/K of the
M memory sub-blocks in each of the K of the Q memory blocks is accessed
during the one of the read and write operation based on control of K x M of the Q

X M switch modules.

10.  The memory system of claim 9, wherein one group of the Q x M
switch modules allows access to one group of the M memory sub-blocks for
each one of the K of the Q memory blocks during the one of the read and write
operation.

15
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11. A memory system comprising:
a memory array, the memory array including,
a plurality of bit lines;
a plurality of word lines; and
a plurality of memory cells, each memory cell being formed
at a corresponding intersection of a bit line and a word line in the memory
array; and
a read/write module to control activation of at least two memory
cells in the memory array during a read operation or a write operation,
wherein the at least two memory cells activated by the read/write
control module are located on a different word line and a different bit line in the

memory array.

12. A method for accessing memory comprising:
selectively controlling access to one of M memory sub-blocks of Q
memory blocks by selectively controlling each of Q x M switch modules; and
accessing less than M memory sub-blocks in at least two of the Q
memory blocks by activating a bit line and word lines associated with the at least
two of the Q memory blocks during one of a read and write operation,
wherein M and Q are integers greater than 1.

13.  The method of claim 12, further comprising selectively controlling

the Q x M switch modules based on a memory map.

14.  The method of claim 12, further comprising selectively connecting
one of M global bit lines to one or more of local bit lines of the M memory sub-
blocks of the Q memory blocks by controlling a switching device in each of the Q

X M switch modules.

15.  The method of claim 14, further comprising selectively connecting

the one of the M global bit lines to the one or more local bit lines of the M

16
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memory sub-blocks of the Q memory blocks via one of a multiplexer and a

demultiplexer.

16. The method of claim 15, further comprising receiving a switch
control signal;
communicating through a switching device with the one of the M
global bit lines; and
communicating through the switching device with one of the

multiplexer and the demultiplexer.

17.  The method of claim 12, further comprising storing data in memory
cells that correspond to intersections of word lines and bit lines that traverse the

Q memory blocks.

18.  The method of claim 17, further comprising activating a plurality of
the word lines during the one of the read and write operation, wherein each of
the plurality of the word lines traverses a different one of K of the Q memory

blocks, wherein K is less than Q.

19.  The method of claim 18, further comprising accessing one or more
of M/K of the M memory sub-blocks in each of the K of the Q memory blocks
during the one of the read and write operation based on control of K x M of the Q

X M switch modules.

20. A method comprising:
forming a plurality of memory cells at a corresponding intersection
of a bit line and a word line in a memory array; and
controlling activation of at least two memory cells in the memory
array during a read operation or a write operation,
wherein the at least two memory cells are located on a different

word line and a different bit line in the memory array.
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AMENDED CLAIMS
received by the International Bureau on 15 July 2009 (15.07.2009)

What is claimed is:

1. A memory systern comprising:
Q memory blocks, each of the Q memory blocks including M

memory sub-blocks;

Q word line decoders, each of the Q word line decoders being
associated with a different one of the Q memory blocks;

a bit line decoder; and

Q x M switch modules, each Q x M switch module selectively

controlling access to one of the M memory sub-blocks of the Q memory blocks,
wherein the Q word line decoders and the bit line decoder access less than M
memory sub-blocks in at least two of the Q memory blocks during one of a read
and write opeération,

wherein M and Q are integers greater than 1.

2. The memory system of claim 1, further comprising a memory
control module that selectively controls the Q x M switch modules based on a

memory map.

3. The memory system of claim 1, further comprising M global bit
lines, wherein each of the M global bit lines corresponds to a respective one of

the M memory sub-blocks.

4. The memory system of claim 3, wherein:
each of the M memory sub-blocks of the Q memory blocks includes
one or more local bit lines;
each of the Q x M switch modules includes a swilching device that
selectlively connects one of the M global bit lines to one or more of the local bit
lines of the M memory sub-blocks of the Q memory blocks.
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5. The memory system of claim 4, wherein the Q x M switch modules
further include one of a multiplexer and a demultiplexer that also selectively
connect the one of the M global bit lines to the one or more local bit lines of the

M memory sub-blocks of the Q memory blocks.

6. The memory system of claim 5, wherein the switching device

includes:
one of a diode and a transistor having a control terminal that -

receives a switch control signal,

a first terminal that communicates with the one of the M global bit
lines; and ‘

a second terminal that communicates with one of the mulliplexer

and the demultiplexer.

7. The memory system of claim 1, further comprising memory cells
that correspond to intersections of word lines and bit lines that traverse the Q

memory blocks.

8. The memory system of claim 7, wherein K of the Q word line
decoders activate a plurality of the word lines during the one of the read and
write operation, wherein each of the plurality of the word lines traverses a
different one of the K of the Q mermory blocks, wherein K is less than Q.

9. The memory system of ¢laim 8, wherein one or more of M/K of the
M memory sub-blocks in each of the K of the Q memory blocks is accessed
during the one of the read and write operation based on control of K x M of the Q

x M switch modules.

10. The memory system of claim 9, wherein one group of the Q x M
switch modules allows access to one group of the M memory sub-blocks for
each one of the K of the Q memory blocks during the one of the read and write

operation.

19

AMENDED SHEET (ARTICLE 19)



10

15

20

25

30

WO 2009/100108 PCT/US2009/033040

11. A memory system comprising:
a memory array, the memory array including,
a plurality of bit lines;
a plurality of word lines; and
a plurality of memory cells, each memory cell being formed at
a corresponding intersection of a bit line and a word line in the memory array; and
a read/write module to control activation of at least two memory cells
in the memory array during a read operation or a write operation,
wherein the at least two memory cells activated by the read/wrile
control module are located on different word lines and different bit lines in the
memory array, wherein memory cells other than the at least two memory cells are
not activated along the different word lines and the different bit lines during the read

operation or the write operation.

12. A method for accessing memory comprising:
selectively controlling access to one of M memory sub-blocks of Q
memory blocks by selectively contralling each of Q x M switch modules; and
accessing less than M memory sub-blocks in at least two of the Q
memory blocks by activating a bit line and word lines associated with the at least
two of the Q memory blocks during one of a read and write operation,
wherein M and Q are integers greater than 1.

13.  The method of claim 12, further comprising selectively controlling the
Q x M switch modules based on a memory map.

14.  The method of claim 12, further comprising selectively connecting one
of M global bit lines to one or more of local bit lines of the M memory sub-blocks of
the Q memory blocks by controlling a switching device in each of the Q x M switch

modules.

15.  The method of claim 14, further comprising selectively connecting the
one of the M global bit lines to the one or more local bit lines of the M memory sub-
blocks of the Q memory blocks via one of a multiplexer and a demultiplexer.

20
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16. The method of claim 15, further comprising receiving a switch control

signal;
communicating through a switching device with the one of the M

global bit lines; and
communicating through the switching device wilth one of the

multiplexer and the demultiplexer.

17. The method of claim 12, further comprising storing data in memory
cells that correspond to intersections of word lines and bit lines that traverse thc Q

memory blocks.

18.  The method of claim 17, further comprising activating a plurality of the
word lines during the one of the read and write operation, wherein each of the
plurality of the word lines traverses a different one of K of the Q memory blocks,

wherein K is less than Q.

19. The method of claim 18, further comprising accessing one or more of
M/K of the M memory sub-blocks in each of the K of the Q memory blocks during
the one of the read and write operation based on control of K x M of the Q x M

switch modules.

20. A method comprising:
forming a plurality of memory cells at a corresponding intersection of a
bit line and a word line in a memory array; and
controlling activation of at least two memory cells in the memory array
during a read operation or a write operation,
wherein the at least two memory cells are located on a different

word line and a different bit line in the memory array.

14398853
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