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(57) Abstract: Apparatuses and methods for segmented SGS lines are described. An example apparatus may include first and second
pluralities of memory subblocks of a memory block. The apparatus may include a first select gate control line associated with the
first plurality of memory subblocks and a second select gate control line associated with the second plurality of memory subblocks.
The first select gate control line may be coupled to a first plurality of select gate switches of the first plurality of memory subblocks.
The second select gate control line may be coupled to a second plurality of select gate switches of the second plurality of memory
subblocks. The first and second pluralities of select gate switches may be coupled to a source. The apparatus may include a plurality
of memory access lines associated with each the first and second pluralities of memory subblocks.
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APPARATUSES AND METHODS FOR SEGMENTED SGS LINES

CROSS-REFERENCE

[001] This application claims priority to U.S. Non-Provisional Application No.
14/518,807 filed October 20, 2014, which application is incorporated hercin by

reference, in its entirety, for any purpose.

BACKGROUND

[002] Memory cell density, such as that of non-volatile memory, has been improved
significantly in an effort to achieve greater storage capacity, while not significantly
mcreasing cost or memory footprint. One widely adopted solution has been to
implement memory cells in three-dimensions, for instance, using vertically oriented
NAND strings.

[003] Implementing memories in this manner has presented challenges, however. By
way of example, as a result of three-dimensional implementation, block sizes have
increased, and as a corollary, capacitive and resistive loads generated during operation

have increased as well.

SUMMARY

[004] Example apparatuses are disclosed herein. An example apparatus may include a
first plurality of memory subblocks of a memory block, a second plurality of memory
subblocks of the memory block, and a first select gate control line associated with the
first plurality of memory subblocks. The first select gate control line may be coupled to
a first plurality of select gate switches of the first plurality of memory subblocks, and
the first plurality of select gate switches may be coupled to a source. The example
apparatus may further include a second select gate control line associated with the
second plurality of memory subblocks. The second select gate control line may be
coupled to a second plurality of select gate switches of the second plurality of memory
subblocks, and the second plurality of select gate switches may be coupled to the
source. The example apparatus my further include a plurality of memory access lines,

each memory access line of the plurality of memory access lines associated with each
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memory subblock of the first plurality of memory subblocks and each memory
subblock of the second plurality of memory subblocks.

[005] Another example apparatus may include a first select gate source control line
associated with a first plurality of memory subblocks and a second select gate source
conirol line associated with a second plurality of memory subblocks. The example
apparatus may further include a memory subblock of the first plurality of memory
subblocks including a first plurality of select gate source switches. Each select gate
source switch of the first plurality of select gate source switches may be coupled to the
first select gate source control line and configured to be enabled responsive to receipt of
an asserted select gate control signal. The example apparatus may further include a
memory subblock of the second plurality of memory subblocks including a second
plurality of select gate source switches. Each select gate source switch of the second
plurality of select gate source switches may be coupled to the second select gate source
control line and configured to be enabled responsive to receipt of the asserted select
gate source control signal. The example apparatus may further include a control unit
coupled to the first and second select gate source control lines and configured to
provide the select gate source control signal to each select gate source switch of the
first plurality of select gate source switches using the first select gate source control line
responsive to a read operation associated with the memory subblock of the first
plurality of memory subblocks, and to provide the select gate source control signal to
each select gate source switch of the second phurality of select gate source switches
using the second select gate source control line responsive to a read operation
associated with the memory subblock of the second plurality of memory subblocks.

[006] Another example apparatus may include a plurality of select gate source control
lines. Each select gate source control line of the plurality of select gate source control
lines may be associated with a respective plurality of memory subblocks of a block.
The another example apparatus may further include a memory access line associated
with each memory subblock of the block. The memory access line may be substantially
paraliel to each select gate source control line of the plurality of select gate source
control lines.

[007] Example methods are disclosed herein. An example method may include

providing, during a read operation, a first control signal on a first select gate source
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control line to enable select gate source switches of a first plurality of memory
subblocks of a block. The example method may further include providing, during the
read operation, a second control signal on a second select gate source control line to
disable select gate source switches of a second plurality of memory subblocks of the
block.

[008] Another example method may include selectively providing a respective control
signal on each select gate source control line of a plurality of select gate source control
lines to enable select gate source switches of a plurality of memory subblocks of a
block during a read operation. Each select gate source control line of the plurality of
select gate source controf lines may be parallel to at least one memory access line of the
block.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] Fig. 1 is a schematic block diagram of an apparatus including a memory block
according to an embodiment of the present invention.

1010] Fig. 2 is a block diagram of a three-dimensional memory array according to an
embodiment of the present invention.

[011] Fig. 3a is a schematic diagram of a NAND string of a selected subblock during
a program operation according to an embodiment of the present invention.

[012] Fig. 3b is a schematic diagram of a NAND string of an unselected subblock
during a program operation according to an embodiment of the present invention.

[013] Fig. 3¢ is a schematic diagram of a NAND string of a selected subblock during
a read operation according to an embodiment of the present invention,

[014] Fig. 3d is a schematic diagram of a NAND string of an unselected subblock
during a read operation according to an embodiment of the present invention.

[015] Fig. 3¢ is a schematic diagram of a NAND string of an unselected subblock
during a read operation accordmg to an embodiment of the present mvention.

[016] Fig. 4 is a block diagram of a memory according to an embodiment of the

present invention.
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DETAILED DESCRIPTION

[017] Apparatuses and methods for segmented SGS lines are described herein. Certain
details are set forth below to provide a sufficient understanding of embodiments of the
mvention. However, it will be clear to one having skill in the art that embodiments of
the invention may be practiced without these particular details. Moreover, the
particular embodiments of the present invention described herein are provided by way
of example and should not be used to limit the scope of the invention to these particular
embodiments. In other instances, well-known circuits, control signals, timing
protocols, and software operations have not been shown in detail in order to avoid
unnecessarily obscuring the invention.

[018] Figure 1 1s a block diagram of an apparatus that includes a memory block 100
according to an embodiment of the present invention. As used herein, apparatus may
refer to, for example, an integrated circuit, a memory device, a memory system, an
clectronic device or system, a smart phone, a tablet, a computer, a server, etc. The
memory block 100 includes a plurality of memory subblocks 102, a plurality of
memory access lines 104, a plurality of select gate drain {(SGD) control lines 106, a
plurality of select gate source (SGS) control lines 120, and control unit 150. Each of the
SGD control lines 106 may be associated with a respective memory subblock 102 and
each of the SGS control lines 120 may be associated with a respective plurality of
memory subblocks 102.

[019] In some examples, each of the memory subblocks 102 may include a plurality
of memory cells, such as non-volatile memory cells (e.g., NAND memory cells) that
may be arranged in rows and/or columns. In some examples, each of the memory cells
may be a single-level cell (SLC) and/or may be a multi-level cell (MLC). In this
manner, each memory cell may be programmed to distinct voltage states, each of which
may correspond to a particular representation of binary data (e.g., single bit data 0, 1,
multi-bit data 06, 01, 10, 11). Because each plurality of memory cells may include
NAND memory cells, each plurality of memory cells may be implemented using one or
more NAND sirings within each memory subblock 102. Each string may, for instance,
include 32 non-volatile memory cells, or may include a greater or lesser number of
memory cells, and memory cells of each string may share a common channel. Each
memory subblock 102 may include any number of strings.

4
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1020] With reference to Figs. 3a-3e, each string may include a select gate drain (SGD)
switch located at a first end of the string and a select gate source (SGS) switch located
at a second end of the string opposite the first end. The SGD switch and the SGS
switch may be implemented as transistors, as shown in the embodiments of Figs. 3a-3e.
The memory cells of the string may be coupled in a series configuration between the
SGD switch and the SGS switch. Each of the memory cells of the string may be
coupled to a respective memory access line WL that may be used to access the memory
cell. Memory access line drivers may provide various voltages to the memory access
lines during memory operations, for example, during program operations, read
operations, erase operations, as well as other memory operations.

[021] In some examples, an SGD switch may be configured to selectively couple a
string to a signal line VBL and an SGS switch may be configured to selectively couple
a string to a source {e.g., source ling) SRC. By way of example, an SGD switch of a
string included in a memory subblock 102 may be coupled to a respective SGD control
line 106 associated with the memory subblock 102. Providing (e.g., asserting) a control
signal (e.g., active control signal) on the SGD control line 106 may enable the
respective SGD switch, thereby coupling the associated string to the signal tine VBL.
An SGD control line 106 providing a control signal to enable the SGD switch in this
manner is described herein as an “active” SGD control line 106. Similarly, an SGS
switch of a memory subblock 102 may be coupled to an SGS line 120 associated with
the memory subblock 102. Providing a control signal on the SGS line 120 may enable
the SGS switch, thereby coupling the respective string to the source. An SGS control
line 120 providing a control signal to enable the SGS switch i this manner is described
herein as an “active” SGS control line 120. Providing {e.g., deasserting) a control
signal (e.g., inactive control signal) on the SGD control line 106 may disable the
respective SGD switch, thereby decoupling the associated string from the signal line
VBL. An SGD control line 106 providing a control signal to disable the SGD switch in
this manner is described herein as an “inactive” SGD control line 106. Similarly, an
SGS switch of a memory subblock 102 may be decoupled from an SGS line 120
associated with the memory subblock 102. Providing a control signal on the SGS line

120 may disable the SGS switch, thereby decoupling the respective string to the source.
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An SGS control line 120 providing a control signal to disable the SGS switch in this
manner is described herein as an “inactive” SGS control tine 120.

022} In some examples, control signals provided on respective SGD control lines 106
and SGS control lines 120, respectively, may be provided by control unit 150. The
conirol unit 150 may be coupled to each of the SGD control lines 106 and the SGS
control lines 120 and further may be configured to provide control signals to perform
respective memory operations, described herein. The control unit 150 may be
miplemented in software and/or hardware, and may include any circuitry and/or logic
required to perform operations. In some examples, the control unit 150 may be included
in the block 100 and in other examples, the control unit 150 may be located outside of
the block 100, for instance, in a row decoder, an address decoder, control logic coupled
to the block 100 and/or a controller (not shown in Fig. 1). In this manner, one or more
portions of the circuitry and/or logic of the control unit 150 may be employed in a
distributed configuration.

[023] Each SGD control line 106 may be associated with a respective memory
subblock 102 of the block 100, each memory access line 104 may be associated with all
memory subblocks 102 of the block 106, and/or each SGS control line 120 may be
associated with a respective plurality of memory subblocks 102 of the block 100.
Accordingly, each SGD control line 106 may be included, at least in part, in a
respective memory subblock 102 and may be coupled to the SGD switch of the
corresponding memory subblock 102, In this manner, each active SGD control line
106 may couple the string or strings of a respective memory subblock 102 to a set of
signal lines shared, for instance, by each memory subblock 102. A memory access line
104 may be coupled to a memory cell of a string in each memory subblock 102 of the
block 100. As a result, a memory access line 104 may span across all memory
subblocks 102 of the block 100 and may be coupled to each memory cell of a particular
row of memory cells. Each SGS control line 120 may span across an associated
plurality of memory subblocks 102 and may be coupled to the SGS switches of the
associated memory subblocks 102. In this manner, an active SGS control line 120 may
couple strings of the associated plurality of memory subblocks 102 to a source SRC. In
some examples, SGD controf lines 106 and/or SGS control lines 120 may span memory

subblocks 102 in a same direction as memory access lines 104 such that the SGD
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control lines 106, memory access lines 104, and/or SGS control lines 120 are
substantially parallel. In other examples, SGD control lines 106, and/or SGS control
lines 120 may span memory subblocks in an orthogonal direction or other non-paraliel
directions relative to memory access lines 104, SGD and SGS control lines 106, 120
may, for instance, be substantially parallel to one or more signal lines.

[024] Because each SGS control line 120 may be associated with a respective
plurality of memory subblocks 102, SGS switches coupled to an active SGS control
line 120 may be enabled while SGS switches coupled to an inactive SGS control line
120 may be disabled. As will be explained in more detail below, by selectively
enabling SGS switches in this manner, capacitive loading during one or more memory
operations (e.g., read operations) may be reduced.

[025] In some examples, any ratio of SGD control lines 106 to SGS control lines 120
and/or any ratio of memory access lines 104 to SGS control lines 120 may be achieved.
By way of example, the block 100 may include 32 memory subblocks 102 and each
SGS control line 120 may be coupled to the SGS switches of strings for 4 memory
subblocks 102 of the block 100. Accordingly, a 4:1 ratio of SGD control lines 106 to
SGS control lines 120 and a 1:8 ratio of memory access lines 104 to SGS control lines
120 may be achieved. In other examples, each SGS control line 120 may be coupled to
the SGS switches of strings for 2, 8, 16, 32, 64, or any other number of memory
subblocks 102, It will be appreciated that in some examples, each SGS control line 120
may be coupled to the SGS switches of strings for a same number of memory
subblocks 102, and that in other examples, SGS control lines 120 may be coupled to the
SGS switches of strings for differing numbers of memory subblocks 102. A first SGS
control line 120, for instance, may be coupled to the SGS switches of strings for §
memory subblocks and a second SGS control line 120 may be coupled to the SGS
switches of strings for 16 memory subblocks 120.

1026] Generally, memory operations (e.g., read operations, program operations, erase
operations) may be performed on one or more selected memory subblocks 102 while all
other memory subblocks 102 may be unselected. Performing a memory operation on
one or more selected memory subblocks 102 may include selectively enabling SGD
switches, SGS switches, and/or memory cells. Description of memory operations is

made herein with respect to individual memory subblocks 102, It will be appreciated,
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however, that in some examples, one or more described operations may be applied
simultaneously to any number of memory subblocks 102. Moreover, reference is made
herein to selectively enabling SGD and SGS switches to perform memory operations.
As described, SGD and SGS switches may be enabled by providing control signal on
SGD control lines 106 or SGS control lines 120, respectively, and control signals
provided in this manner may be provided by the control unit 150.

[027] In an erase operation, for example, SGD and SGS switches may be disabled.
For each row, a low voltage, such as ground potential (e.g., O0V), may be applied to the
memory access line 104 associated with the row, thereby erasing the voltage state of
each memory cell. In some examples, erase operations may be implemented at a block
level and accordingly one or more memory subblocks 102 may be erased
simultancously. As a result, all SGD lines 106 and all SGS lines 120 may have a low
voltage during an erase operation to disable the SGD and SGS switches.

[028] Typically, program operations are performed on erased memory cells, and as a
result, only memory cells of a memory subblock 102 intended to be adjusted from an
erased voltage state to a different voltage state need be programmed. In an example
programming operation, one or more selected rows of a memory subblock 102 may be
programmed sequentially. By way of example, for each selected row, signal lines
associated with a cell to be programmed may be precharged to a first voltage (e.g., 0-
1V) and signal lines associated with a cell not to be programmed may be precharged to
a second voltage (2-3V) that may for instance, be higher than the first precharge
voltage. A relatively high voltage (e.g., 15V) may be applied to a memory access line
104 corresponding to the row being programmed, while an intermediate voltage (e.g.,
8V) may be applied to all other memory access lines 104. A magnitude of the
intermediate voltage may be greater than a voltage of the voltage state having a highest
magnitude to ensure that all memory cells of the memory subblock 102 are conductive.
Thereafter, an SGD control line 106 associated with the selected memory subblock 102
may become active and SGD switches associated with strings to be programmed may
be selectively enabled (while SGS switches may remain disabled) to program cells of
the row. Because signal lines associated with cells not to be programmed have a higher
precharge voltage, SGD switches associated with those signal lines may remain

disabled and prevent programming of respective cells. In some examples, the relatively
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high voltage applied to the memory access line 104 may be incrementally increased
until each selected cell of the target row achieves a desired voltage level. During the
programming operation, SGD and SGS switches of unselected memory subblocks 102
may be disabled.

1029] In an example read operation, selected signal lines may be precharged to a
voltage (e.g., 0.3V), and both the SGD and SGS switches of a memory subblock 102
may be enabled. Because each SGS control line 120 may be associated with a
respective plurality of memory subblocks 102, SGS switches of one or more other
memory subblocks 102 associated with the same SGS control line 120 may be enabled
as well. Thereafter, a relatively low voltage (e.g., 0-2V) may be applied to a memory
access line 104 associated with the row to be read, while an intermediate voltage {(e.g.,
8V) may be applied to all other memory access lines 104. In some examples, the
relatively low voltage may be a voltage having a magnitude between voltage levels of
particular voltage states. Further, as described, a magnitude of the intermediate voltage
may be greater than a voltage of the voltage state having a highest magnitude to ensure
that all memory cells of the memory subblock 102 are conductive. The SGD switches
may be disabled (e.g., to electrically isolate selected signal lines), and the voltage of
each selected signal line may be used to determine the voltage state of selected memory
cells of the row. In some examples, the voltage of cach selected signal line may be
sensed to determine the voltage state of selected memory cells of the row prior to
disabling the SGD switches. During the read operation, SGD switches of unselected
memory subblocks 102 may be disabled, and SGS switches of all memory subblocks
102 not associated with the active SGS line 120 of the read operation may be disabled.
In this manner, only the respective plurality of memory subblocks 102 associated with
an active SGS line 120 may have enabled SGS switches. All other memory subblocks
102 may be associated with an inactive SGS line 120 and accordingly may have
disabled SGS switches.

{030] In some examples, the block 100 may be implemented in a three-dimensional
arrangement. Fig. 2 is a block diagram of a three-dimensional memory array 200
according to an embodiment of the present invention. The three-dimensional memory
array 200 may include any number of blocks 202, one or more of which may be

tmplemented using the block 100 of Fig 1. By way of example, the three-dimensional
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memory array 200 may include 32 blocks 202, or may include 64 blocks 202. In some
examples, memory cells of each block 2062 may be accessed concurently,
simultancously, and/or in an otherwise overlapping manner such that data may be read
from, programmed to, and/or erased from multiple blocks 202 in accordance with one
or more memory operations. In other examples, the blocks 202 may be configured to
share one or more components, such as signal lines and/or control lines.

[031] Figs. 3a-3b illustrate schematic diagrams of NAND strings 300-310 during a
program operation and Figs. 3¢-3e illustrate schematic diagrams of NAND strings 320-
340 during a read operation. The NAND strings 300-340 may include respective SGD
switches 302-342, respective SGS switches 304-344, and respective memory cells 306-
346. As described, each SGD switch may be located at a first end of a NAND string
and may be configured to selectively couple the NAND string to a signal line VBL
responsive to assertion of a control signal provided to an SGD switch. The control
signal may be provided, for instance, on an SGD control line coupled to an SGD switch
302, such as an SGD control line 106 of Fig. 1. Similarly, each SGS switch may be
located at a second end of the NAND string and may be configured to selectively
couple the NAND siring to a source SRC responsive to assertion of a control signal
provided to an SGS switch. The control signal may be provided, for instance, on an
SGS control line coupled to a SGS switch, such as an SGS control line 120 of Fig. 1.
Each of the memory cells may be coupled in a series configuration between respective
SGD and SGS switches.

[032] Fig. 3a is a schematic diagram of a NAND string 300 of a selected memory
subblock during a program operation according to an embodiment of the present
invention. As described, during the program operation, the SGD switch 302 may be
enabled and the SGS switch 304 may be disabled. As a result, during a program
operation, each cell 306 may provide (e.g., generate) a capacitive load between a gate
of the cell 306 and the signal line VBL.

[033] Fig. 3b is a schematic diagram of a NAND string 310 of an unselected memory
subblock during a program operation according to an embodiment of the present
invention. As described, during the program operation, the SGD switch 312 and the
SGS switch 314 may be disabled. In this manner, voltage levels of the string may float.

As a result, during the program operation, each cell 316 may provide a capacitive load
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between a gate of the cell 316 and the source SRC. The capacitive load, however, may
be in series with a junction capacitance of the SGS switch 314. Because the capacitive
load provided by cells 316 of the NAND string 310 may be in series with junction
capacitance of the SGS switch 314, the capacitive load provided by the NAND string
300 may exceed the capacitive load provided by the NAND string 310 during program
operations.

[034] Fig. 3¢ is a schematic diagram of a NAND string 320 of a selected memory
subblock during a read operation according to an embodiment of the present invention.
As described, during the read operation, both the SGD switch 322 and the SGS switch
324 may be enabled simultancously. As a result, each of the cells 326 may provide a
load between a gate of the cell 326 and the source SRC. The load may include a
capacitive load and a resistive load. The resistive load may include a channel
resistance of the NAND string 320.

[035] Fig. 3d is a schematic diagram of a NAND string 330 of an unselected memory
subblock during a read operation according to an embodiment of the present invention.
The NAND string 330, while included in an unselected memory subblock, may, for
instance, be associated with a same SGS control line 120 as the NAND string 320 of
Fig. 3¢. Accordingly, during a read operation, the NAND string 330 may be associated
with an active SGS control line 120 and have an enabled SGS switch 334. As a result,
during the read operation, each cell 336 may provide a capacitive load between a gate
of the cell 306 and the source SRC.

[036] Fig. 3¢ is a schematic diagram of a NAND string 340 of an unselected memory
subblock during a read operation according to an embodiment of the present invention.
In contrast to the NAND string 330 of Fig. 3d, the NAND string 340 may not be
associated with a same SGS control line as the selected NAND string 320 of Fig. 3c.
Accordingly, during the read operation, the NAND string 340 may be associated with
an inactive SGS control line 120 and the SGS switch 344 may be disabled. As a result,
each cell 316 may provide a capacitive load between a gate of the cell 346 and the
source SRC. The capacitive load, however, may be in series with a junction
capacitance of the SGS switch 344. Because the capacitive load provided by cells 346

of the NAND string 340 may be in series with junction capacitance of the SGS switch
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344, the capacitive load provided by the NAND string 330 may exceed the capacitive
load provided by the NAND string 340 during read operations.

[037] With reference to Fig. 1, by reducing the number of memory subblocks 102
having enabled SGS switches during a read operation (e.g., less than all memory
subblocks 102 of the block 100), the overall capacitive load of the block 100 may be
reduced during the read operation. In this manner, design constraints may be relaxed
and/or performance may be improved. By way of example, capacitive loads driven by
memory access line drivers {not shown), may be reduced such that a smaller charge
pump may be required for operation and/or memory access line voltages transition
more quickly during operation.

[038] Fig. 4 illustrates a memory 400 according to an embodiment of the present
mvention. The memory 400 includes a memory array 430 with a plurality of memory
cells. The memory cells may be non-volatile memory cells, such as NAND flash cells,
or may generally be any type of memory cells. In some examples, the memory array
430 may include one or more memory blocks, such as a memory block 100 of Fig. 1.
Moreover, the memory array 430 may be implemented as a three-dimensional memory
array, such as the three-dimensional memory array 200 of Fig. 2.

[039] Command signals, address signals, and write data signals may be provided to
the memory 400 as sets of sequential input/output (“1/0”) signals transmitted through
an [/O bus 428. Similarly, read data signals may be provided from the memory 400
through the /O bus 428. The /O bus 428 is connected to an /O control unit 420 that
routes the signals between the /O bus 428 and an internal data bus 422, an internal
address bus 424, and an internal command bus 426. The memory 400 also includes a
control logic unit 410 that receives a number of control signals either externally or
through the internal command bus 426 to control the operation of the memory 400,

[040] The internal address bus 424 applies block-row and/or subblock-row address
signals to a row decoder 440 and column address signals to a column decoder 450. The
row decoder 440 and column decoder 450 may be used to select blocks of memory or
memory cells for memory operations, for example, read, program, and erase operations.
The column decoder 450 may enable write data signals to be applied to columns of
memory corresponding to the column address signals and allow read data signals to be

coupled from columns corresponding to the column address signals.
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[041] In response to the memory commands decoded by the control logic unit 410, the
memory cells in the memory array 430 are read, programmed, and/or erased. Read,
program, erase circuits 468 coupled to the memory array 430 receive control signals
from the control logic unit 410 and include volitage generators (e.g., charge pumps) for
generating various pumped voltages for read, program and erase operations.

[042] After the row address signals have been applied to the internal address bus 424,
the 17O control unit 420 routes write data signals to a cache register 470, The write data
signals are stored in the cache register 470 in successive sets each having a size
corresponding to the width of the 17O bus 428. The cache register 470 sequentially
stores the sets of write data signals for an entire row or page of memory cells in the
memory array 430. All of the stored write data signals are then used to program a row
or page of memory cells in the memory array 430 selected by the block-row address or
subblock-row address coupled through the internal address bus 424. In a similar
manner, during a read operation, data signals from a row or block of memory cells
selected by the block-row address coupled through the internal address bus 424 are
stored in a data register 480. Sets of data signals corresponding in size to the width of
the 1/0 bus 428 are then sequentially transferred through the 1/O control unit 420 from
the data register 480 to the I/O bus 428.

[043] From the foregoing it will be appreciated that, although specific embodiments
of the invention have been described herein for purposes of illustration, various
modifications may be made without deviating from the spirit and scope of the

mvention. Accordingly, the invention is not limited except as by the appended claims.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:

a first plurality of memory subblocks of a memory block;

a second plurality of memory subblocks of the memory block;

a first select gate control line associated with the first plurality of memory
subblocks, the first select gate control line coupled to a first plurality of select gate
switches of the first plurality of memory subblocks, the first plurality of select gate
switches coupled to a source;

a second select gate control line associated with the second plurality of memory
subblocks, the second select gate control line coupled to a second plurality of select
gate switches of the second plurality of memory subblocks, the second plurality of
select gate switches coupled to the source; and

a plurality of memory access lines, each memory access line of the plurality of
memory access lines associated with each memory subblock of the first plurality of
memory subblocks and each memory subblock of the second plurality of memory

subblocks.

2. The apparatus of claim 1, wherein each memory subblock of the first
plurality of memory subblocks includes a plurality of strings, each string of the
plurality of strings including a first select gate switch coupled to a signal line and a

second select gate switch included in the first plurality of select gate switches.
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3 The apparatus of claim 2, further comprising:
a control unit configured to selectively enable the first plurality of select gate

switches.

4. The apparatus of claim 1, further comprising:
a plurality of select gate control lines, each select gate control line of the
plurality of select gate control lines associated with a respective one of the first

plurality of memory subblocks.

5. The apparatus of claim 1, wherein the first select gate control line is
configured to be active responsive to a read operation being performed on a memory
subblock of the first plurality of memory subblocks and the second gate control line is
configured to be inactive responsive to the read operation being performed on the

memory subblock of the first plurality of memory subblocks.

6. The apparatus of claim 1, wherein the first plurality of memory
subblocks and the second plurality of memory subblocks include a same number of

memory subblocks.

7. The apparatus of claim 1, wherein the apparatus is included in a
memory.
8. An apparatus, comprising:

a first select gate source control line associated with a first plurality of memory
subblocks;

a second select gate source control line associated with a second plurality of
memory subblocks;

a memory subblock of the first plurality of memory subblocks including a first
plurality of select gate source switches, each select gate source switch of the first

plurality of select gate source switches coupled to the first select gate source control



WO 2016/064579 PCT/US2015/054412

line and configured to be enabled responsive to receipt of an asserted select gate control
signal;

a memory subblock of the second plurality of memory subblocks including a
second plurality of select gate source switches, each select gate source switch of the
second plurality of select gate source switches coupled to the second select gate source
control line and configured to be enabled responsive to receipt of the asserted select
gate source control signal; and

a control unit coupled to the first and second select gate source control lines and
configured to provide the select gate source control signal to each select gate source
switch of the first plurality of select gate source switches using the first select gate
source control line responsive to a read operation associated with the memory subblock
of the first plurality of memory subblocks, and to provide the select gate source control
signal to each select gate source switch of the second plurality of select gate source
switches using the second select gate source control line responsive to a read operation

associated with the memory subblock of the second plurality of memory subblocks.

9. The apparatus of claim 8, wherein the memory subblock of the first
plurality of memory subblocks further includes a plurality of select gate drain switches,
each select gate drain switch of the plurality of select gate drain switches configured to
be enabled responsive to receipt of a select gate drain control signal and wherein the
control unit is configured to provide the select gate drain control signal to each select
gate drain switch of the plurality of select gate drain switches responsive to the read
operation associated with the memory subblock of the first plurality of memory

subblocks.

10.  The apparatus of claim 8§, wherein the memory subblock of the first
plurality of memory subblocks is a first memory subblock of the first plurality of
memory subblocks, the apparatus further comprising a second memory subblock of the
first plurality of memory subblocks, the second memory subblock of the first plurality
of memory subblocks including a third plurality of select gate source switches, each

select gate source switch of the third plurality of select gate source switches coupled to
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the first select gate source control line and configured to be enabled responsive to

receipt of the select gate source control signal.

11 The apparatus of claim 8, wherein the memory subblock of the first
plurality of memory subblocks is configured to provide a first capacitive load during
the read operation associated with the memory subblock of the first plurality of
memory subblocks and the memory subblock of the second plurality of memory
subblocks is configured to provide a second capacitive load during the read operation
associated with the memory subblock of the first plurality of memory subblocks, the

first capacitive load greater than the second capacitive load.

2. The apparatus of claim 8, further comprising;
a memory access line coupled to a plurality of memory cells of the memory
subblock of the first plurality of memory subblocks and a phurality of memory cells of

the memory subblock of the second plurality of memory subblocks.

13, The apparatus of claim 8, wherein the apparatus is included in a three-

dimensional memory array.

14 An apparatus, comprising:

a plurality of select gate source control lines, each select gate source control line
of the plurality of select gate source control lines associated with a respective plurality
of memory subblocks of a block; and

a memory access line associated with each memory subblock of the block, the
memory access line substantially parallel to cach select gate source control line of the

plurality of select gate source control lines.

15, The apparatus of claim 14, further comprising:

a control unit configured to selectively provide a select gate source control
signal on each select gate source control line of a plurality of select gate source control
lines during a read operation based on a memory subblock of the plurality of memory

subblocks associated with the read operation.
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16.  The apparatus of claim 15, wherein the control unit is further configured
to selectively provide a select gate drain conirol signal on each select gate drain control
line of a plurality of select gate drain control lines during the read operation based on
the memory subblock of the plurality of memory subblocks associated with the read

operation.

17.  The apparatus of claim 14, wherein each memory subblock of the block

is selectively coupled to a same set of signal lines.

I8. A method, comprising:

providing, during a read operation, a first control signal on a first select gate
source control line to enable select gate source switches of a first plurality of memory
subblocks of a block; and

providing, during the read operation, a second control signal on a second select
gate source control line to disable select gate source switches of a second plurality of

memory subblocks of the block.

19. The method of claim 18, wherein the control signal is a first control
signal, the method further comprising:

providing a third control signal on a first select gate drain control line to enable
select gate drain switches of a first memory subblock of the first plurality of memory
subblocks; and

providing a fourth control signal on a second select gate drain control line to
disable select gate drain switches of a second memory subblock of the first plurality of

memory subblocks.

20. The method of claim 18, wherein providing, during a read operation, the
first control signal on a first select gate source control line to enable select gate source
switches of a first plurality of memory subblocks of a block comprises:

for each memory subblock of the first plurality of memory subblocks of the

block, coupling a plurality of strings to a source.
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21 The method of claim 18, wherein providing, during the read operation,
the second control signal on a second select gate source control line to disable select
gate source switches of a second plurality of memory subblocks of the block causes
coupling of a capacitive load in series with a junction capacitance of a select gate

source switch.

22, The method of claim 18, further comprising:

applying a first voltage to a memory cell of each memory subblock of the first
plurality of memory subblocks associated with a row; and

applying a second voltage lower than the first voltage to a plurality of memory
cells of each memory subblock of the plurality of memory subblocks not associated

with the row.

23, The method of claim 18, wherein providing, during a read operation, the
first control signal on a first select gate source control line to enable select gate source
switches of a first plurality of memory subblocks of a block comprises:

providing the first control signal using a contro} unit, the control unit located in

the block.

24. The method of claim 18, wherein the first plurality of memory
subblocks includes a first mumber of memory subblocks and the second plurality of
memory subblocks includes a second number of memory subblocks greater than the

first number of memory subblocks.

25. A method, comprising:

selectively providing a respective control signal on each select gate source
control line of a plurality of select gate source control lines to enable select gate source
switches of a plurality of memory subblocks of a block during a read operation, each
select gate source control line of the plurality of select gate source control lines parallel

to at least one memory access line of the block.
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26, The method of claim 25, wherein selectively providing a respective
control signal on each select gate source control line of a plurality of select gate source
control lines to enable select gate source switches of a plurality of memory subblocks
of a block during a read operation comprises:

providing the respective control signal on at least one select gate source control
line of the plurality of select gate source control lines to disable select gate source
switches of memory subblocks of the plurality of memory subblocks associated with

the at least one select gate source control line.

27. The method of claim 26, wherein providing the respective control signal
on at least one select gate source control line of the plurality of select gate source
conirol lines to disable select gate source switches of memory subblocks of the plurality
of memory subblocks associated with the at least one select gate source control line
causes coupling of each capacitive load of a plurality of capacitive loads in series with

a junction capacitance.

28. The method of ¢laim 25, further comprising:

selectively providing a respective control signal on each select gate drain
control line of a plurality of select gate drain control lines to enable select gate drain
switches of a plurality of memory subblocks of the block during the read operation,
each select gate drain control lines of the plurality of select gate drain control lines

parallel to the at least one memory access line of the block.

20



|RGIR |

PCT/US2015/054412

1/5

051

a8
28 &
& & B

& B R
SRS
& 8§
@ & B

s,

&

30 L

i)
s

WO 2016/064579

X

s N

Ok
—

g O

555 |
&
& % 8 &
3
(66
) f
g {804 -

Ay

LN A

e

Lok

18A



WO 2016/064579 PCT/US2015/054412

2/5

2

A
24

-3
8
& =2
i N3
VAN
&
& x{ =
o Sk
& f N
M ’
&
®
&
et |
80
s‘smi

200



PCT/US2015/054412
3/5

WO 2016/064579

> ST

S8 M_ b

{340} MO}
UL A mam e~ (08
o’ T8t o 1B



PCT/US2015/054412

WO 2016/064579

4/5

a6l by

-

e~ Loy

@%mexi ST




PCT/US2015/054412
5/5

WO 2016/064579

DLy~

AZLSIOZ FHOYD

HALSIDAY VIV

N

4]
LIND

HIMINGO

By~

SUNOHIS J8vud Oy
WedS0ud Y3y

O‘“m 3
44
glp—

le. #0
o S,
LN e A
0113 0 1 T S
TOHINOD 30

B T
] g
e 2]

5
i3
71t
Ay g
RN =4
=%
g
¥3000I e
MATIO0 %
3 h !
05y
by



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/054412

A. CLASSIFICATION OF SUBJECT MATTER
G11C 16/04(2006.01)i, G11C 16/06(2006.01)i, G11C 16/26(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G11C 16/04, G11C 11/34; G11C 16/26; G11C 16/10; G11C 16/34; G11C 16/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: memory, subblock, block, select, gate, control, line, switch, source, access, string, array, read,
operation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014-0160850 A1 (ZENGTAO LIU) 12 June 2014 1-4,6-7,14-17
See paragraphs [0023]-[0024], [0029]; and figure 1. ,25-26,28
A 5,8-13,18-24,27
Y US 2013-0170299 A1 (AARON YIP) 04 July 2013 1-4,6-7,14-17
See paragraphs [0023]-[0024]; and figure 3. ,25-26,28
A US 2005-0265076 A1 (LEONARD FORBES) 01 December 2005 1-28

See paragraphs [0035]-[0036]; and figure 4B.

A US 2014-0063960 A1 (AKIRA GODA et al.) 06 March 2014 1-28
See paragraphs [0014]-[0015]; and figure 1.

A US 2014-0211563 A1 (KUO-PIN CHANG et al.) 31 July 2014 1-28
See paragraphs [0040]-[0046]; and figure 1.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
23 February 2016 (23.02.2016) 24 February 2016 (24.02.2016)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

¢ Korean Intellectual Property Office COMMISSIONER
> 189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

inb;imile No. +82-42-472-7140 Telephone No. +82-42-481-5916

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/054412
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0160850 Al 12/06/2014 TW 201236112 A 01/09/2012
TW 1479611 B 01/04/2015
US 2012-181596 Al 19/07/2012
US 8681555 B2 25/03/2014
US 9036421 B2 19/05/2015
WO 2012-096841 A2 19/07/2012
WO 2012-096841 A3 13/09/2012
US 2013-0170299 Al 04/07/2013 US 8947934 B2 03/02/2015
WO 2013-101459 Al 04/07/2013
US 2005-0265076 Al 01/12/2005 US 2005-0133851 Al 23/06/2005
US 2005-0269626 Al 08/12/2005
US 7148538 B2 12/12/2006
US 7369436 B2 06/05/2008
US 2014-0063960 Al 06/03/2014 US 2015-170756 Al 18/06/2015
US 8982625 B2 17/03/2015
US 2014-0211563 Al 31/07/2014 CN 103971743 A 06/08/2014
TW 201431049 A 01/08/2014
US 9171636 B2 27/10/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

