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APPARATUS AND METHODS INCLUDING A BIPOLAR JUNCTION
TRANSISTOR COUPLED TO A STRING OF MEMORY CELLS

5
Priority Application
[0001] This application claims priority benefit from U.S. Application No.
13/115,786, filed 25 May 2011, which is incorporated herein by reference in its
entirety.
10

Background

[0002] Memory devices, such as flash memory, are widely used in computers
and many electronic products. Such memory devices have numerous memory
cells. Information can be stored into the memory cells in a programming

15  operation. The stored information can be retrieved in a read operation or can be
cleared in an erase operation. As memory cell density increases for a given

device area, controlling operations in these devices may pose a challenge.

Brief Description of the Drawings

20 [0003] FIG. 1 shows a block diagram of a memory device having a
memory array with memory cells, according to an embodiment of the invention.
[0004] FIG. 2 shows a schematic diagram of a portion of a memory
device including memory cells and NPN bipolar junction transistors (BJTs),
according to an embodiment of the invention.

25  [0005] FIG. 3 shows a block diagram of a memory device having groups
of memory cells and NPN bipolar junction transistors, according to an
embodiment of the invention.

[0006] FIG. 4 shows a schematic diagram of a portion of a memory
device including stacked memory cells and NPN bipolar junction transistors,

30  according to an embodiment of the invention.

[0007] FIG. 5 shows a schematic diagram of a portion of a memory
device including memory cells and PNP bipolar junction transistors, according

to an embodiment of the invention.
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[0008] FIG. 6 shows a block diagram of a memory device having groups
of memory cells and PNP bipolar junction transistors, according to an
embodiment of the invention.

[0009] FIG. 7 shows a schematic diagram of a portion of a memory
device including stacked memory cells and PNP bipolar junction transistors,
according to an embodiment of the invention.

[0010] FIG. 8 shows a structure of a portion of a memory device,
according to an embodiment of the invention.

[0011] FIG. 9 shows a plane view of a cross section taken along line 9-9
of FIG. 8, according to an embodiment of the invention.

[0012] FIG. 10 shows a plane view of a cross section taken along line
10-10 of FIG. 8, according to an embodiment of the invention.

[0013] FIG. 11 shows a plane view of a cross section taken along line

11-11 of FIG. 8, according to an embodiment of the invention.

Detailed Description

[0014] FIG. 1 shows a block diagram of a memory device 100 having a
memory array 102 with memory cells 103, according to an embodiment of the
invention. Memory cells 110 can be arranged in rows and columns along with
lines 104 and lines 106. Lines 104 can carry signals WL0O through WLm and can
form part of access (e.g., word) lines of memory device 100. Lines 106 can
carry signals BLO through BLn and can form part of data lines (e.g., bit lines) of
memory device 100.

[0015] Memory device 100 may use lines 104 to access memory cells
103 and lines 106 to exchange information (e.g., transfer signals) with memory
cells 103. A row decoder 107 and a column decoder 108 decode address signals
AQ through AX on lines 109 (e.g., address lines) to determine which memory
cells 103 are to be accessed in a memory operation.

[0016] Memory device 100 can perform memory operations such as a
read operation to read information from memory cells 103 and a write (e.g.,
programming) operation to write (e.g., program) information into memory cells
103. Memory device 100 can also perform an erase operation to clear

information from some or all of memory cells 103.
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[0017] A memory control unit 118 controls memory operations of
memory device 100 based on control signals on lines 120. Examples of the
control signals on lines 120 can include one or more clock signals and other
signals to indicate which operation (e.g., read, programming, or erase operation)
memory device 100 can perform.

[0018] Other devices external to memory device 100 (e.g., a memory
access device, such as a processor or a memory controller) can control the values
of the control signals on lines 120. Specific values of a combination of the
signals on lines 120 can produce a command (e.g., read, programming, or erase
command) that can cause memory device 100 to perform a corresponding
memory operation (e.g., read, programming, Or erase operation).

[0019] Memory device 100 can include a sense amplifier circuit 110 that
operates to determine the value of information sensed (e.g., read) from memory
cells 103 in a memory operation, such as a read operation, and provides the
information in the form of signals to lines 106. Sense amplifier circuit 110 can
also use the signals on lines 106 to determine the value of information to be
written (e.g., programmed) into memory cells 103.

[0020] Memory device 100 can include circuitry 112 to transfer
information between memory array 102 and lines (e.g., data lines) 105. Signals
DQO through DOQN on lines 105 can represent information read from or written
into memory cells 103. Lines 105 can include nodes within memory device 100
or pins (or solder balls) on a package where memory device 100 can reside.
Other devices external to memory device 100 (e.g., a memory controller or a
processor) can communicate with memory device 100 through lines 105, 109,
and 120.

[0021] Each of memory cells 103 can be programmed to store
information representing a value of a fraction of a bit, a value of a single bit or a
value of multiple bits such as two, three, four, or another number of bits. For
example, each of memory cells 103 can be programmed to store information
representing a binary value "0" or "1" of a single bit. The single bit per cell is
sometimes called a single level cell. In another example, each of memory cells
103 can be programmed to store information representing a value representing

multiple bits, such as one of four possible values "00", "01", "10", and "11" of
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two bits, one of eight possible values "000", "001", "010", "011", "100", "101",
"110", and "111" of three bits, or one of other values of another number of
multiple bits. A cell that has the ability to store multiple bits is sometimes called
a multi-level cell (or multi-state cell).

[0022] Memory device 100 can receive a supply voltage, including
supply voltages Vcc and Vss, on lines 130 and 132, respectively. Supply voltage
Vss can operate at a ground potential (e.g., having a value of approximately zero
volts). Supply voltage Vce can include an external voltage supplied to memory
device 100 from an external power source such as a battery or an alternating-
current to direct-current (AC-DC) converter circuitry.

[0023] Circuitry 112 of memory device 100 can include a select circuit
115 and an input/output (I/0) circuit 116. Select circuit 115 can respond to
signals SEL1 through SELn to select the signals on lines 106 and 113 that can
represent the information read from or programmed into memory cells 103.
Column decoder 108 can selectively activate the SEL1 through SELn signals
based on the AQ through AX address signals on lines 109. Select circuit 115 can
select the signals on lines 106 and 113 to provide communication between
memory array 102 and I/O circuit 116 during read and programming operations.
[0024] Memory device 100 can include a non-volatile memory device
and memory cells 103 can include non-volatile memory cells, such that memory
cells 103 can retain information stored thereon when power (e.g., Vcc, Vss, or
both) is disconnected from memory device 100. For example, memory device
100 can be a flash memory device, such as a NAND flash or a NOR flash
memory device, or another kind of memory device.

[0025] Memory device 100 can include a memory device where memory
cells 103 can be physically located in multiple levels on the same device, such
that some of memory cells 103 can be stacked over some other memory cells
103 in multiple levels over a substrate (e.g., a semiconductor substrate) of
memory device 100.

[0026] One of ordinary skill in the art may recognize that memory device
100 may include other elements, several of which are not shown in FIG. 1, so as

not to obscure the embodiments described herein.
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[0027] Memory device 100 may include devices and memory cells, and
operate using memory operations (e.g., read, programming, and erase
operations) similar to or identical to those described below with reference to
FIG. 2 through FIG. 11.

[0028] FIG. 2 shows a schematic diagram of a portion of a memory
device 200 including memory cells 210, 211, and 212 and NPN bipolar junction
transistors 281, according to an embodiment of the invention. Memory device
200 can be associated with memory device 100 of FIG. 1, such as forming a
portion of memory array 102 of memory device 100. As shown in FIG. 2,
memory cells 210, 211, and 212 can be arranged in rows 240, 241, 242, and 243,
and columns 244, 245, and 246. Each of memory cells 210, 211, and 212 can
include only a single transistor memory cell. FIG. 2 shows an example of four
rows and three columns with four memory cells in each column. The number of
rows, columns, and memory cells may vary.

[0029] Memory cells in the same column can be coupled in series, for
example in strings, such as memory cell strings 221, 222, and 223 in columns
244,245, and 246, respectively. Each of memory cell strings 221, 222, and 223
can include memory cells in the same column. As shown in FIG. 2, memory cell
string 221 includes memory cells 210. Memory cell string 222 includes memory
cells 211. Memory cell string 223 includes memory cells 212. FIG. 2 shows an
example of three memory cell strings with each string having for memory cells.
The number of memory cell strings and memory cells in each group may vary.
[0030] Memory device 200 can include lines 260, 261, 262, and 263,
which can form part of conductive word lines of memory device 200 that can
carry signals WLO, WL1, WL2, and WL3, respectively. As shown in FIG. 2,
memory cells 210, 211, and 212 in the same row can share the same line 260,
261, 262, or 263. Memory device 200 can use lines 260, 261, 262, and 263 to
control access to memory cells 210, 211, and 212 during a read operation to
sense (e.g., read) information stored in memory cells 210, 211, and 212, and
during a programming operation to store information into memory cells 210, 211,
and 212.

[0031] Memory device 200 can include lines 270, 271, and 272, which

can include conductive lines and can form part of data lines of memory device
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200 to carry signals BLO, BL1, and BL2, respectively. Memory device 200 can
use lines 270, 271, and 272 to exchange information with memory cells 210, 211,
and 212. For example, during a read operation, memory device 200 can use
lines 270, 271, and 272 to transfer information sensed from memory cells 210,
211, and 212.

[0032] Memory device 200 can include transistors 251 (e.g., select
transistors), each being located between one of lines 270, 271, and 272 and
memory cells 210, 211, or 212 in a corresponding column. Transistors 251 can
include field effect transistors (e.g., metal-oxide semiconductor field effect
transistors (MOSFETSs)), each having a gate 253. Gate 253 of each of transistors
251 can form part of a line 250 (e.g., control line), which can carry a signal
SGD. Line 250 can form part of a control line (e.g., drain select line) of memory
device 200. Each of transistors 251 can couple (e.g., when it turns on) a
corresponding memory cell string 221, 222, or 223 to an associated line 270,
271, or 272. Each of transistors 251 can decouple (e.g., when it turns off) the
corresponding memory cell string 221, 222, or 223 from the associated line 270,
271, or 272. Memory device 200 may use signal SGD on line 250 to turn on or
turn off transistors 251. For example, each of transistors 251 may turn on when
signal SGD has one value (e.g., voltage value) and turn off when signal SGD has
another value (e.g., voltage value).

[0033] Each of transistors 281 is located between a line 290 (which can
carry a signal SL) and a corresponding memory cell string 221, 222, or 223.
Each of transistors 281 can couple (e.g., when it turns on) a corresponding
memory cell string 221, 222, or 223 to line 290. Each of transistors 281 can
decouple (e.g., when it turns off) the corresponding memory cell string 221, 222,
or 223 from line 290. Line 290 includes a conductive line that can be a source
line of memory device 200. Line 290 can be coupled to, for example, a ground
potential or to a voltage having a positive value. For example, during read and
programming operations, line 290 can be coupled to a ground potential. In
another example, during an erase operation, line 290 can be coupled to a positive
voltage (e.g., a voltage of approximately 20 volts).

[0034] As shown in FIG. 2, each of transistors 281 can include an NPN

bipolar junction transistor having a base 283, a collector 284, and an emitter 285.
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Base 283 of each of transistors 281 is coupled to a line 280, which can carry
signal SB. Line 280 can form part of another control line (e.g., source select
line) of memory device 200. Collector 284 of each of transistors 281 is coupled
to memory cells in a corresponding memory cell string 221, 222, or 223.

Emitter 285 of each of transistors 281 is coupled to line 290. Each of transistors
281 can operate as a switch that can turn on or turn off based on the value (e.g.,
voltage value) of signal SB on line 280. For example, transistors 281 may turn
on when signal SB has one value (e.g., voltage value) and turn off when signal
SB has another value (e.g., voltage value).

[0035] FIG. 2 shows an example where memory cell 211 (in the dashed
circle) in memory cell string 222 is selected to be accessed during a memory
operation, such as a read operation or programming operation. Other memory
cells in memory cell string 222 are considered to be unselected memory cells.
All memory cells in memory cell strings 221 and 223 are also considered to be
unselected memory cells in the example associated with FIG. 2.

[0036] In the description herein, a selected memory cell refers to the
memory cell that is selected to be accessed in a memory operation (e.g., read,
programming, or erase operation), so that memory device 200 can sense
information stored in the selected memory cell (e.g., in a read operation) or write
information into the selected memory cell (e.g., in a programming operation).
An unselected memory cell refers to a memory cell that is not selected to be
accessed during a memory operation. A selected memory cell string refers to the
string that has a selected memory cell. For example, memory cell string 222 is a
selected memory cell string in the example associated with FIG. 2. An
unselected memory cell string refers to the string that has all of its memory cells
being unselected memory cells. For example, memory cell strings 221 and 223
are unselected memory cell strings in the example associated with FIG. 2.
[0037] Table 1 shows example values for signals BL.O, BL1, BL2, SGD,
WLO, WL1, WL2, WL3, SL, and SB of memory device 200 in FIG. 2 during

read, programming, and erase operations.
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Table 1
Read Programming Erase
memory cell 211 | memory cell 211 strings 221, 222,
in string 222 in string 222 and 223
is selected is selected are selected strings
BLO 0 V1 (e.g., Vco) float
BL1 Vbl 0 float
BL2 0 V1 (e.g., Vco) float
WLO Vpass Vpass 0
WLI1 Vread Vpgm 0
WL2 Vpass Vpass 0
WL3 Vpass Vpass 0
SGD | Vsgd (e.g., Vcc) | Vsgd (e.g., Vo) float
SL 0 0 Verase
SB V2 0 (or float) V3
(e.g., V2>Vpgon) (e.g., V3=Verase +
VBEon)
[0038] In Table 1, voltage Vbl can have a value of approximately one

5 voltor can have a value approximately equal to the value of the supply voltage
(e.g., Vcc) of memory device 200. During an initial time interval (e.g.,
precharge time interval) of a read operation, line 271 (FIG. 2) can be coupled to
voltage Vbl in order to charge (e.g., precharge) line 271 to a voltage
approximately equal to the value of voltage Vbl (e.g., one volt or alternatively

10 Vcce). Then, during another time interval after the initial time interval when the
selected memory (e.g., cell 211 of string 222) is accessed, line 271 can be
decoupled from voltage Vbl. In this example, after line 271 is decoupled from
voltage Vbl, memory device 200 can sense the signal (e.g., BL1) on line 271 to
determine the value of information stored in selected memory cell 211 of string

15 222
[0039] Voltage Vpass in Table 1 can have a value that can enable
unselected memory cells of the selected memory cell string (string 222 in this

example) to operate as pass elements to form a conductive path through each of
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the unselected memory cells. For example, voltage Vpass can have a value of
approximately six volts to enable unselected memory cells 211 of string 222 to
operate as pass elements.

[0040] Voltage Vread can have a value based on the range of the states
(e.g., threshold voltage value range) of memory cells 210, 211, and 212. Thus,
voltage Vread depends on the state (e.g., threshold voltage value) of the selected
memory cell. As an example, voltage Vread can have a value from zero to
approximately five volts when the range of the states of memory cells 210, 211,
and 212 is between zero (or below zero) and five volts.

[0041] Voltage Vpgm can have a value that can enable the state (e.g.,
threshold voltage value) of the selected memory cell to change in order to reflect
the value of information stored in the selected memory cell. For example,
voltage Vpgm can have a value of approximately 15 volts to 18 volts.

[0042] Voltage Vsgd can have a value that can enable each of transistors
251 associated with a selected memory cell string to turn on in order to couple
the selected memory cell string to a corresponding line 270, 271, or 272. For
example, voltage Vsgd can have a value approximately equal to the value of the
supply voltage of memory device 200 (e.g., Vcc).

[0043] Voltage V1 can have a value that can prevent programming of
memory cells in unselected memory cell strings (e.g., strings 221 and 223 in the
example associated with FIG. 2). For example, voltage V1 can have a value
approximately equal to the value of the supply voltage (e.g., Vcc) of memory
device 200.

[0044] Voltage V2 can have a value that can enable each of transistors
281 associated a selected memory cell string to turn on in order to couple the
selected memory cell string to line 290. For example, voltage V2 can have a
value greater than the base-emitter junction voltage Vo, of transistors 2381.
Voltage Vpgon can have a value of approximately 0.7 volts or higher, as an
example.

[0045] Voltage Verase can have a value that can clear information stored
in memory cells 210, 211, and 212. For example, voltage Verase can have a

value of approximately 20 volts.
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[0046] Voltage V3 can have a value that can enable each of transistors
281 (FIG. 2) to turn on in an erase operation, such that voltage Verase can be
passed from line 290 through transistors 281 to memory cells 210, 211, and 212
of strings 221, 222, and 223 in order to clear information stored in memory cells
210, 211, and 212. For example, if voltage Verase is applied to line 290 during
an erase operation to clear information stored in memory cells 210, 211, and 212
in memory cell strings 221, 222, and 223, then voltage V3 (associated with
signal SB) applied to line 280 can have a value greater than the value of voltage
Verase by an amount of at least equal to the value of voltage Vgpon (€.2., V3 =
Verase + Vpgon, as shown in Table 1).

[0047] In the description herein, “float” refers to a situation where a
particular line can be uncoupled to any voltage (e.g., not coupled to ground, to a
negative voltage, or to a positive voltage). In such a situation, that particular line
can be considered as being in a “float” condition.

[0048] Thus, in Table 1, “float™ associated with signal BLO, BLL1, or BL.2
in an erase operation refers to a situation where line 270, 271, or 272 (FIG. 2)
associated with signal BLO, BLL1, or BL2 can be uncoupled to ground, to a
negative voltage, or to a positive voltage in the erase operation. In this situation,
line 270, 271, or 272 can be considered as being in a “float” condition.

[0049] FIG. 3 shows a block diagram of a memory device 300 having
groups 301 and 302 of memory cells, according to an embodiment of the
invention. Fach of groups 301 and 302 can include memory cells and their
associated connections to other elements similar to memory cells 210, 211, 212
(FIG. 2) and their associated connections. For simplicity, FIG. 3 omits the
memory cells of memory device 300 and their associated connections. Each of
groups 301 and 302 can correspond to a block of memory cells of memory
device 300. FIG. 3 shows an example of two groups of memory cells in memory
device 300. The number of groups may vary.

[0050] Memory device 300 can include lines 370, 371, and 372, which
can correspond to lines 270, 272, and 273 of FIG. 2. Lines 370, 371, and 372
can carry signals BLO, BL1, and BL2, respectively.

[0051] Memory device 300 can include memory cell strings, such as

strings 321 and 325. The memory cell strings in each of groups 301 and 302 can
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be similar to memory cell strings 221, 222, and 223 of FIG. 2. For simplicity,
FIG. 3 omits other memory cell strings of memory device 300 and their
associated connections to lines 371, 372, and 390.

[0052] As shown in FIG. 3, memory cell strings 321 and 325 in groups
301 and 302, respectively, can be coupled to the same line 370 via transistors
(e.g., select transistors) 351 and to line 390 via transistors 381. Line 390 can
carry signal SL and correspond to line 290 of FIG. 2. Transistors 351 and 381 in
FIG. 3 can correspond to transistors 251 and 281, respectively, of FIG. 2.

[0053] Signals SGDa, WLOas, WL1 A, WL24, WL34, SBa , and SL in
group 301 can be associated with other elements of memory device 300, such as
memory cells and transistors, in a fashion similar to that of signals SGD, WLO,
WL1, WL2, WL3, SB, and SL, respectively, of FIG. 2.

[0054] Signals SGDg, W1.0g, WL 13, W12, WL3g, and SBy in group
302 can be associated with other elements of memory device 300, such as
memory cells and transistor, in a fashion similar to that of signals SGD, WLO,
WL1, WL2, WL3, and SB, respectively, of FIG. 2.

[0055] Memory device 300 can include memory operations, such as read,
programming, and erase operations, similar to those of memory device 200 of
FIG. 2. The values (e.g., voltage values) of signals shown in FIG. 3 during these
memory operations can be similar to or identical to those shown in Table 1
described above.

[0056] For example, when at least one memory cell in group 301 is
selected during a memory operation, signals BLO, BL.1, BL2, SGD4, WL04,
WL14, WL2,4, WL34, SB4, and SL can have values (e.g., voltage values)
corresponding to signals BLO, BL.1, BL2, SGD, WLO, WL1, WL2, WL3, SB,
and SL, respectively, in Table 1.

[0057] In another example, when at least one memory cell in group 302
is selected during a memory operation, signals BL.O, BL1, BL.2, SGDg, WLOg,
WLI1g, WL2g, WL35, SBg, and SL can have values (e.g., voltage values)
corresponding to signals BLO, BLL1, BL2, SGD, WL0O, WL1, WL2, WL3, SB,
and SL, respectively, in Table 1.

11
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[0058] During a memory operation of memory device 300, one group
(e.g., group 301) of memory cells can be a selected group and the other group
(e.g., group 302) can be an unselected group.

[0059] In the description herein, a selected group of memory cells refers
to the group that has at least one selected memory cell during a memory
operation. An unselected group of memory cells refers to the group that has no
selected memory cells during a memory operation.

[0060] For example, in a particular memory operation, group 301 can be
a selected group and group 302 can be an unselected group. In another example,
in a particular memory operation, group 302 can be a selected group and group
301 can be an unselected group.

[0061] Table 2 shows example values for signals BL.O, BL1, BL2, SGDg,
WLOg, WL1g, WL25, WL35g, SL,, and SBy associated with group 302 when
group 302 is an unselected group (e.g., all memory cells in group 302 are
unselected memory cells) during read, programming, and erase operations of

memory device 300.

Table 2
Read Programming Erase
group 302 is group 302 is group 302 is
unselected unselected unselected

BLO 0 (or 1 volt) Oor V1 (e.g., Vco) float
BL1 0 (or 1 volt) Oor V1 (e.g., Vco) float
BL2 0 (or 1 volt) Oor V1 (e.g., Vco) float
WLOg float float Verase
WLI1g float float Verase
WL23g float float Verase
WL3g float float Verase
SGDg 0 0 float
SL 0 0 Verase
SBg 0 0O (or float) float

12
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[0062] In Table 2, voltages V1 and Verase can have values
corresponding to those of Table 1.
[0063] FIG. 4 shows a schematic diagram of a portion of a memory
device 400 including stacked memory cells 410, 411, and 412 and NPN bipolar
5 junction transistors 481, according to an embodiment of the invention. Memory
device 400 can include lines 470, 471, and 472, which can correspond to lines
270,271, and 272 of FIG. 2. Lines 470, 471, and 472 can carry signals BLO,
BL1, and BL2, respectively.
[0064] Memory device 400 can include lines 460 through 467 that can
10 carry corresponding signals WLO,, WL1 A, WL24, WL34, WLOg, WL1g, WL25,
and WL3g. These signals can correspond to those of FIG. 3.
[0065] Memory device 400 can include lines 450, 452, 454, and 456,
separated from each other, that can carry signals SGD04, SGD1,4, SGDOg,
SGD1g, respectively. Each of signals SGD04 and SGD1 4 can correspond to
15 signal SGDy of FIG. 3. Each of signals SGDOg and SGD15 can correspond to
signal SGDg of FIG. 3.
[0066] Memory device 400 can include transistors (e.g., select
transistors) 451, 453, 455, and 457. Transistors 451, 453, 455, and 457 can
include field effect transistors (e.g., MOSFETSs). These transistors can be
20  coupled to lines 450, 452, 454, and 456, respectively, and can be controlled (e.g.,
turned on or turned off) by corresponding signals SGD0,, SGD1,4, SGDOg,
SGD1y on these lines. Each of transistors 451, 453, 455, and 457 can
correspond to one of transistors 251 of FIG. 2.
[0067] As shown in FIG. 4, each of transistors 451 can have a gate that
25  can form part of line 450. Each of transistors 453 can have a gate that can form
part of line 452. Fach of transistors 455 can have a gate that can form part of
line 454. Each of transistors 457 can have a gate that can form part of line 456.
Since lines 450, 452, 454, and 456 are separated from each other, the gates of
transistors 451, 453, 455, and 457 associated with these lines can be uncoupled
30  to each other.
[0068] Memory device 400 of FIG. 4 can include lines 480 and 482,

separated from each other, that can carry signals SB4 and SBg, respectively.
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Each of lines 480 and 482 can correspond to line 280 of FIG. 2 and lines that
carry signals SB and SBp in FIG. 3.

[0069] Memory device 400 can include a line 490 that can carry signals
SL. Line 490 can correspond to line 290 of FIG. 2 and line 390 of FIG. 3. For
example, line 490 can be a source line of memory device 400.

[0070] Memory cells 410, 411, and 412 can be physically located in
multiple levels of memory device 400, such that some of memory cells 410, 411,
and 412 can be stacked over some other memory cells 410, 411, and 412 in
multiple levels of memory device 100. As shown in FIG. 4, memory cells 410,
411, and 412 can be arranged in groups (e.g., blocks) such as groups 401 and
402. Each of memory cells 410, 411, and 412 can include only a single
transistor memory cell. FIG. 4 shows an example of two groups of memory cells
in memory device 400. The number of groups may vary.

[0071] Memory cells 410, 411, and 412 can be arranged in memory cell
strings. or example, memory cells 410 coupled to line 470 via one of
transistors 451 to form one memory cell string. Memory cells 411 coupled to
line 471 via one of transistors 451 can form another memory cell string.
Memory cells 412 coupled to line 472 via one of transistors 451 can form
another memory cell string. Similarly, memory cells 410, 411, and 412 (in
group 401) coupled to lines 470, 471, and 472, respectively, via transistors 453
to form three different memory cell strings. Memory cells 410, 411, and 412 (in
group 402) coupled to lines 470, 471, and 472, respectively, via transistors 455
and 457 can form six different memory cell strings. FIG. 4 shows an example of
12 memory cell strings in two groups, with each string having four memory cells.
The number of memory cell strings and memory cells in each string may vary.
[0072] As shown in FIG. 4, each of transistors 481 in group 401 can
have a base coupled to the same line 480. Fach of transistors 481 in group 402
can have base coupled to the same line 482. Since lines 480 and 482 are
separated from each other, the bases of transistors 481 in group 401 are
uncoupled to the bases of transistors 481 in group 402.

[0073] Each of transistors 481 can operate as a switch that can turn on or
turn off based on the values (e.g., voltage values) of signals SB, and SBg on

lines 480 and 482, respectively. Each of transistors 481 can couple (e.g., when it
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turns on) a corresponding memory cell string (e.g., memory cells 410, 411, or
412) to line 490. Each of transistors 481 can decouple (e.g., when it turns off) a
corresponding memory cell string from line 490.

[0074] Memory device 400 can include memory operations (e.g., read,
programming, and erase operations) similar to or identical to those of memory
device 200 of FIG. 2 and memory device 300 of FIG. 3.

[0075] For example, when group 401 is selected in a memory operation
and group 402 is unselected, signals BLO, BLL1, BL2, WLO,, WL1,, WL2,4,
WL34, SBa, and SL associated with group 401 can have values (e.g., voltage
values) corresponding to those of signals BLO, BL1, BL2, WLO, WL1, WL2,
WL3, SB, and SL, respectively, in Table 1. In this example, if a selected
memory cell is included in a memory cell string that is coupled to one of
transistors 451, signals SGD04 associated with group 401 can have values
corresponding to those of signal SGD in Table 1 and signal SGD1 4 associated
with group 401 can have a value of zero. In this example, if the selected
memory cell is included in a memory cell string that is coupled to one of
transistors 453, signals SGD14 can have values corresponding to those of signal
SGD in Table 1 and signal SGDO, can have a value of zero. In an erase
operation, both signals SGD0,4 and SGD14 can have values corresponding to
those of signal SGD in Table 1 (e.g., “float” in an erase operation).

[0076] In the above example, group 402 can be an unselected group in
the read and programming operations. Thus, in the above example, both of
signals SGDOg and SGD15 associated with group 402 can have values
corresponding to those of signal SGDg in Table 2. Signals W1.0g, W13,
WL2g, WL3g, SBg, and SL associated with group 402 can have values
corresponding to those of signals WLOg, WL15, WL25, WL3g, SBg, and SL in
Table 2.

[0077] FIG. 5 shows a schematic diagram of a portion of a memory
device 500 including memory cells 210, 211, and 212 and PNP bipolar junction
transistors 581, according to an embodiment of the invention. Memory device
500 can be associated with memory device 100 of FIG. 1, such as forming a
portion of memory array 102 of memory device 100. As shown in FIG. 5,

memory device 500 can include similar elements to those of memory device 200
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of FIG. 2, except for the transistor types of transistors 581 of FIG. 5. Transistors
581 include PNP bipolar junction transistors. In FIG. 2, transistors 281 include
NPN bipolar junction transistors. Memory device 500 can include memory cell
strings 521, 522, and 523, which can correspond to memory cell strings 221, 222,
and 223, respectively, of FIG. 2. For simplicity, similar elements in FIG. 2 and
FIG. 5 are given the same designation labels. The description of the similar
elements is also not repeated in the description of FIG. 5.

[0078] Each of transistors 581 is located between line 290 and a
corresponding memory cell string 521, 522, or 523. Each of transistors 581 can
couple (e.g., when it turns on) a corresponding memory cell string 521, 522, or
523 to line 290. Each of transistors 581 can decouple (e.g., when it turns off) the
corresponding memory cell string 521, 522, or 523 from line 290.

[0079] As shown in FIG. 5, each of transistors 581 can include a PNP
bipolar junction transistor having a base 583, a collector 584, and an emitter 585.
Base 583 of each of transistors 581 is coupled to a line 280, which can carry
signal SB. Collector 584 of each of transistors 581 is coupled to memory cells in
a corresponding memory cell string 521, 522, or 523. Emitter 585 of each of
transistors 581 is coupled to line 290. Each of transistors 581 can operate as a
switch that can turn on or turn off based on the value (e.g., voltage value) of
signal SB on line 280. For example, transistors 581 may turn on when signal SB
has one value (e.g., voltage value) and turn off when signal SB has another value
(e.g., voltage value). Table 3 shows example values for signals BLO, BLL1, BL.2,
SGD, WLO, WL1, WL2, WL3, SL, and SB of memory device 500 in FIG. 5

during read, programming, and erase operations.

Table 3
Read Programming Erase
memory cell 211 | memory cell 211 strings 521, 522,
in string 522 in string 522 and 523
is selected is selected are selected strings

BLO 0 V1 (e.g., Vco) float
BL1 Vbl 0 float
BL2 0 V1 (e.g., Vco) float
WLO Vpass Vpass 0
WLI1 Vread Vpgm 0
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WL2 Vpass Vpass 0
WL3 Vpass Vpass 0
SGD | Vsgd (e.g., Vee) | Vsgd (e.g., Veo) float
SL 0 0 Verase
SB 0 float V4
(e.g., V4=Verase -
VBEon)
[0080] In Table 3, voltages, V1, Vbl, Vpass, Vread, Vpgm, Vsgd, and
Verase can have values corresponding to those of Table 1.
[0081] Voltage V4 in Table 3 can have a value sufficiently to turn on

each of transistors 581 (FIG. 5) in an erase operation, such that voltage Verase
can be passed from line 290 through transistors 581 to memory cells 210, 211,
and 212 of strings 521, 522, and 523 in order to clear information stored in
memory cells 210, 211, and 212. For example, if voltage Verase is applied to
line 290 during an erase operation to clear information stored in memory cells
210, 211, and 212 in memory cell strings 521, 522, and 523, then voltage V4
(associated with signal SB) applied to line 280 of FIG. 5 can have a value less
than the value of voltage Verase by an amount of at least equal to the value of
voltage Vipon (€.2., V4 = Verase - Vpon, as shown in Table 3)

[0082] FIG. 6 shows a block diagram of a memory device 600 having
groups 601 and 602 of memory cells, according to an embodiment of the
invention. Memory device 600 can be the same as memory device 300 (FIG. 3)
except for the transistor types of transistors 681 of FIG. 6. Transistors 681 can
include PNP bipolar junction transistors. In FIG. 3, transistors 381 can include
NPN bipolar junction transistors. For simplicity, similar elements in FIG. 3 and
FIG. 6 are given the same designation labels. The description of the similar
elements is also not repeated in the description of FIG. 6.

[0083] Each of groups 601 and 602 can include memory cells similar to
memory cells 210, 211, 212 of FIG. 5 and similar to the memory cells in groups
301 and 302 of FIG. 3. Each of groups 601 and 602 can correspond to a block of
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memory cells in memory device 600. FIG. 6 shows an example of two groups of
memory cells in memory device 600. The number of groups may vary.

[0084] Memory device 600 can include memory operations, such as read,
programming, and erase operations, similar to those of memory device 500 of
FIG. 5. The values (e.g., voltage values) of signals shown in FIG. 6 during these
memory operations can be similar to or identical to those shown in Table 3
described above.

[0085] For example, when at least one memory cell in group 601 is
selected during a memory operation, signals BLO, BLL1, BL2, SGD 4, WLO4,
WL14, WL2,4, WL34, SB4, and SL can have values corresponding to those of
signals BLO, BL.1, BL2, SGD, WL0, WL1, WL2, WL3, SB, and SL,
respectively, in Table 3.

[0086] In another example, when at least one memory cell in group 602
is selected during a memory operation, signals BL.O, BL.1, BL2, SGDgy, WLOg,
WLI1g, WL25, WL35, SBg, and SL can have values corresponding to those of
signals BL.O, BL1, BL2, SGD, WL0O, WL1, WL2, WL3, SB, and SL,
respectively, in Table 3.

[0087] During a memory operation of memory device 600, one group of
memory cells can be a selected group and the other group can be an unselected
group. For example, in a particular memory operation, group 601 can be a
selected group and group 602 can be an unselected group. In another example,
in a particular memory operation, group 602 can be a selected group and group
601 can be an unselected group.

[0088] Table 4 shows example values for signals BL.O, BL.1, BL2, SGDg,
WLOg, WL1g, WL2g, WL3g, SL, and SBg associated with group 602 when
group 602 is an unselected group (e.g., all memory cells in group 602 are
unselected memory cells) during read, programming, and erase operations of

memory device 600.

Table 4
Read Programming Erase
group 602 is group 602 is group 602 is
unselected unselected unselected
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BLO 0 (or 1 volt) Oor V1 (e.g., Vco) float
BL1 0 (or 1 volt) Oor V1 (e.g., Vco) float
BL2 0 (or 1 volt) Oor V1 (e.g., Vco) float
WLOg float float Verase
WLI1g float float Verase
WL23g float float Verase
WL35 float float Verase
SGDg 0 0 float
SL 0 0 Verase
SBg 0 float float
[0089] In Table 4, voltages V1, Vbl, and Verase can have values

corresponding to those of Table 2.

[0090] FIG. 7 shows a schematic diagram of a portion of a memory
device 700 including stacked memory cells 410, 411, and 412 and PNP bipolar
junction transistors 781, according to an embodiment of the invention. As
shown in FIG. 7, memory device 700 can include similar elements to those of
memory device 400 of FIG. 4, except for the transistor types of transistors 781 of
FIG. 7. Transistors 781 include PNP bipolar junction transistors. In FIG. 4,
transistors 481 include NPN bipolar junction transistors. For simplicity, similar
elements in FIG. 4 and FIG. 7 are given the same designation labels. The
description of the similar elements is also not repeated in the description of FIG.
7.

[0091] Memory device 700 can include groups 701 and 702 of memory
cells 410, 411, and 412. Each of groups 701 and 702 can correspond to a block
of memory cells in memory device 700. FIG. 7 shows an example of two groups
of memory cells in memory device 700. The number of groups may vary.
[0092] As shown in FIG. 4, each of transistors 781 in group 701 can
have a base coupled to the same line 480. Fach of transistors 781 in group 402
can have a base coupled to the same line 482. Since lines 480 and 482 are
separated from each other, the bases of transistors 781 in group 701 are
uncoupled to the bases of transistors 781 in group 402.

[0093] Each of transistors 781 can operate as a switch that can turn on or
turn off based on the values (e.g., voltage values) of signals SB, and SBg on

lines 480 and 482, respectively. Each of transistors 781 can couple (e.g., when it
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turns on) a corresponding memory cell string (e.g., memory cells 410, 411, or
412) to line 490. Each of transistors 781 can decouple (e.g., when it turns off) a
corresponding memory cell string from line 490.

[0094] Memory device 700 can include memory operations (e.g., read,
programming, and erase operations) similar to or identical to those of memory
device 500 of FIG. 5 and memory device 600 of FIG. 6.

[0095] For example, when group 701 is selected in a memory operation
and group 702 is unselected, signals BLO, BLL1, BL2, WLO,, WL1,, WL2,4,
WL34, SB4, and SL associated with group 701 can have values (e.g., voltage
values) corresponding to those of signals BLO, BL1, BL2, WLO, WL1, WL2,
WL3, SB, and SL, respectively, in Table 3. In this example, if a selected
memory cell is included in a memory cell string that is coupled to one of
transistors 451, signals SGD04 associated with group 701 can have values
corresponding to those of signal SGD in Table 3, and signal SGD14 associated
with group 701 can have a value of zero. In this example, if the selected
memory cell is included in a memory cell string that is coupled to one of
transistors 453, signals SGD14 can have values corresponding to those of signal
SGD in Table 3, and signal SGDO4 can have a value of zero. In an erase
operation, both signals SGD04 and SGD14 can have values corresponding to
those of signal SGD in Table 3 (e.g., “float” in an erase operation).

[0096] In the above example, group 702 can be an unselected group in
the read and programming operations. Thus, in the above example, both signals
SGDOg and SGD1y associated with group 702 can have values corresponding to
those of signal SGDg in Table 4. Signals W1.0p, WL1g, WL25, WL35, SBy, and
SL associated with group 702 can have values corresponding to those of signals
WLOg, WL1g, WL25, WL3g, SBg, and SL in Table 4.

[0097] FIG. 8 shows a structure of a portion of a memory device 800,
according to an embodiment of the invention. Memory device 800 can include a
line 890 overlying (e.g., formed on) a substrate 891 or formed in substrate 891.
For example, line 890 can be a layer of material formed on substrate 891 after
substrate 891 is formed. In another example, line 890 can be a doped region of
substrate 891. Line 890 and substrate 891 can have different materials. For

example, substrate 891 can include semiconductor material, such as silicon. The

20



WO 2012/162494

10

15

20

25

30

silicon material of substrate 891 can be doped silicon (e.g., either n-type or p-
type silicon). Line 890 can be a conductive line. Line 890 can include
conductive material, such as metal, doped silicon, or other conductive materials,
such as those formed on or in substrate 891. For example, line 890 can be an n-
doped region over p-doped substrate 891. In another example, line 890 can be a
conductive layer (e.g., n-doped polysilicon) over insulator in which the insulator
is over silicon substrate 891.

[0098] Memory device 800 can include memory cells 810 overlying
substrate 891. As shown in FIG. 8, memory cells 810 can be arranged in a stack,
such that some of memory cells 810 can be stacked over some other memory
cells 810 in different device levels of memory device 800 overlying substrate
891. Memory device 800 can also include memory cells 811 and 812 located
behind memory cells 810. Relative locations of memory cells 810, 811 and 812
are shown in FIG. 10. A schematic representation for memory cells 810, 811,
and 812 of FIG. 8 can be similar to that of memory cell 410, 411, and 412,
respectively, of FIG. 4 and FIG. 7.

[0099] Memory device 800 of FIG. 8 can include lines 860, 861, 862,
and 863 located along a length of a region 815, and lines 864, 865, 865, and 867
located along a length of anther region 815. Lines 860 through 867 can include
conductive material, such as metal, doped silicon, or other conductive materials.
At least a portion of each of lines 860 through 867 can form a gate (e.g., control
gate) associated with one of memory cells 810, 811, and 812. Thus, in FIG. 8§,
gates associated with lines 860 through 867 can also be located along the length
of respective region 815. A schematic representation for lines 860 through 867
can be similar to that of lines 460 through 467, respectively, of FIG. 4 and FIG.
7.

[00100] Memory device 800 can include line 870, contacts 879, and lines
850, 852, 854, and 856 associated transistors 851, 853, 855, and 857. Line 870
can form part of data line of memory device 800. Line 870 can include
conductive material (e.g., metal or doped silicon). Contacts 879 can include
conductive material (e.g., metal or doped silicon). Lines 850, 852, 854, and 856
can include conductive material, such as metal, doped silicon, or other

conductive materials. A schematic representation for lines 870, 850, 852, 854,
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and 856 can be similar to that of lines 470, 450, 452, 454, and 456, respectively,
of FIG. 4 and FIG. 7. A schematic representation for transistors 851, 853, 855,
and 857 can be similar to that of transistors 451, 453, 455, and 457, respectively,
of FIG. 4 and FIG. 7.

[00101] Memory device 800 of FIG. 8 can include regions 883, 884, and
885, which can form bipolar junction transistors 8§1. For example, in each of
bipolar junction transistors 881, regions 883, 884, and 885 can form the base, the
collector, and the emitter, respectively, of the bipolar junction transistor.
Memory device 800 can also include line (e.g., conductive line) 880 coupled to
regions 883. Line 880 can correspond to line 280 (FIG. 2 and FIG. 5) and line
480 (FIG. 4 and FIG. 7). Line 880 can include conductive material, such as
metal, doped silicon, or other conductive materials.

[00102] As shown in FIG. 8, region 884 can be part of region 815. Thus,
regions 884 and 815 can include the same material.

[00103] Regions 883, 884, and 885 can include semiconductor materials
of different conductivity types, such that these regions can operate as a bipolar
junction transistor (e.g., operate as an NPN bipolar junction transistor or a PNP
bipolar junction transistor). For example, region 883 can include a
semiconductor material of one type and both regions 884 and 885 can include a
semiconductor material of another type.

[00104] As an example, region 883 can include p-type silicon (e.g.,
polysilicon) material and both regions 884 and 885 can include n-type silicon
(e.g., polysilicon) material. In this example, regions 883, 884, and 885 form an
NPN bipolar junction transistor. In this example, region 815 can also include n-
type silicon material, which is the same material as that of regions 884 and 885.
[00105] As another example, region 883 can include n-type silicon
material and both regions 884 and 885 can include p-type silicon material. In
this example, regions 883, 884, and 885 form a PNP bipolar junction transistor.
In this example, region 815 can also include p-type silicon material, which is the
same material as that of regions 884 and 885.

[00106] The doping concentration of region 885 can be higher than that of
region 815. For example, when the silicon material of region 885 and the silicon

material of region 8§15 are doped with the same doping material (e.g.,
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phosphorous) to form n-type silicon material, the concentration of the doping
material in region 885 can be higher than the concentration of the doping
material in region 815. In another example, when the silicon material of region
885 and the silicon material of region 815 are doped with the same doping
material (e.g., boron) to form p-type silicon material, the concentration of the
doping material in region 885 can be higher than the concentration of the doping
material in region 815.

[00107] As shown in FIG. 8, transistors 881 and memory cells 810 can be
located in different levels overlying substrate 891 of the same memory device
800. For example, each of transistors 881 can be located between substrate 891
and one of memory cells 810 associated with lines 863, in which one of memory
cells 810 associated with lines 863 is located between one of transistors 881 and
one of memory cells 810 associated with line 862. Each of memory cells 810
can be located between one of transistors 881 and transistor 851 or between one
of transistors 881 and transistor 853.

[00108] Memory device 800 can include memory operations (e.g., read,
programming, and erase operations) similar to those described above with
memory devices 100, 200, 300, 400, 500, 600, and 700. For example, in a
memory operation of memory device 800, a voltage can be applied to line 880 to
turn on transistors 881. Another voltage can also be applied to line 890 during a
memory operation of memory device 800. The values of the voltages on lines
880 and 890 during a memory operation of memory device 800 can correspond
to those of signals SL and SB, respectively, in Table 1 and Table 3, or to those of
signals SLL and SBy, respectively, in Table 2 and Table 4.

[00109] FIG. 9 shows a plane view of a cross section of line 880 and
transistors 881 taken along line 9-9 of FIG. 8, according to an embodiment of the
invention. FIG. 9 also shows signals BL.O, BL.1, and BL2 of memory device
800. Signals BLO, BL.1, and BL2 in FIG. 9 can correspond to signals BLO, BL.1,
and BL2 associated with lines 470, 471, and 472 in FIG. 4 and FIG. 7. In FIG.
9, signal BLO can be associated with line 870 of memory device 800 of FIG. 8.
Signals BL.1 and BL.2 in FIG. 9 can be associated with additional lines (e.g., data

lines) of memory device 800 of FIG. 8. Such additional lines are not shown in
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FIG. 8 but they can correspond to lines 471 (signal BLL1) and 472 (signal BL.2) in
FIG. 4 and FIG. 7.

[00110] As shown in FIG. 9, transistors 881 can share the same line 880.
Regions 883 and line 880 can be directly coupled to each other (e.g., directly
contact each other) at contact locations 999. Since regions 883 and line 880 can
be directly coupled to each other, no additional material (e.g., dielectric material)
is present at contact locations 999, besides the materials of regions 883 and line
880. Since line 880 can be directly coupled to region 883, a voltage can be
applied from line 880 directly to region 883 during a memory operation (e.g.,
read, programming, or erase operation) of memory device 800.

[00111] FIG. 10 shows a plane view of a cross section of line 862 and
memory cell 810 taken along line 10-10 of FIG. §, according to an embodiment
of the invention. FIG. 10 also shows signals BLO, BLL1, and BL2, which are the
same as signals BLO, BLL1, and BL2 in FIG. 9. FIG. 10 also shows the relative
locations of memory cells 810, 811, and 812 of memory device 800. As shown
in FIG. 10, memory cells 810, 811, and 812 can share the same line 862.
[00112] Each of memory cells 810, 811, and 812 can include a portion of
regions 815 and a structure 1017 between line 862 and a corresponding portion
of regions 815. Structure 1017 can include a charge storage structure capable of
holding a charge to represent a state (e.g., threshold voltage value) in each of
memory cells 810, 811, and 812. For example, structure 1017 can include a
combination of a tunnel dielectric layer, a polysilicon layer, and a charge
blocking layer; a combination of a nitride layer, an oxide (e.g., oxide of silicon)
layer, and a nitride layer; or any other layer or combination of layers that can
provide a charge storage function. Thus, structure 1017 can include one or more
of dielectric material, polysilicon material, charge blocking material, nitride
material, oxide (e.g., oxide of silicon) material, or other materials that can hold a
charge in memory cells, such as memory cells 810, 811, and 812.

[00113] FIG. 11 shows a plane view of a cross section of lines 850 and
852 and transistors 851 and 853 taken along line 11-11 of FIG. 8, according to
an embodiment of the invention. FIG. 11 also shows signals BL.O, BL.1, and
BL2, which are the same as signals BL.O, BL.1, and BL.2 in FIG. 9 and FIG. 10.

As shown in FIG. 11, each of transistors 851 and 853 can include a portion of
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regions 815 and a gate dielectric 1158. Gate dielectric 1158 can include a
material such as an oxide of silicon or other dielectric material. As shown in
FIG. 11, gate dielectric 1158 of each of transistors 851 is between line 850 and a
corresponding portion of regions 815. Gate dielectric 1158 of each of transistors
853 is between line 852 and a corresponding portion of regions 815.

[00114] The illustrations of apparatus (e.g., memory device 100, 200, 300,
400, 500, 600, 700, and 800) are intended to provide a general understanding of
the structure of various embodiments and are not intended to provide a complete
description of all the elements and features of apparatus that might make use of
the structures described herein.

[00115] Any of the components described above with reference to FIG. 1
through FIG. 11 can be implemented in a number of ways, including simulation
via software. Thus, apparatus (e.g., memory device 100, 200, 300, 400, 500, 600,
700, and 800) described above may all be characterized as “modules” (or
“module”) herein. Such modules may include hardware circuitry, single and/or
multi-processor circuits, memory circuits, software program modules and objects
and/or firmware, and combinations thereof, as desired by the architect of the
apparatus (e.g., memory device 100, 200, 300, 400, 500, 600, 700, and 800) and
as appropriate for particular implementations of various embodiments. For
example, such modules may be included in a system operation simulation
package, such as a software electrical signal simulation package, a power usage
and ranges simulation package, a capacitance-inductance simulation package, a
power/heat dissipation simulation package, a signal transmission-reception
simulation package, and/or a combination of software and hardware used to
operate or simulate the operation of various potential embodiments.

[00116] The apparatus of various embodiments may include or be
included in electronic circuitry used in high-speed computers, communication
and signal processing circuitry, single or multi-processor modules, single or
multiple embedded processors, multi-core processors, message information
switches, and application-specific modules including multilayer, multi-chip
modules. Such apparatus may further be included as sub-components within a
variety of electronic systems, such as televisions, cellular telephones, personal

computers (e.g., laptop computers, desktop computers, handheld computers,
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tablet computers, etc.), workstations, radios, video players, audio players (e.g.,
MP3 (Motion Picture Experts Group, Audio Layer 3) players), vehicles, medical
devices (e.g., heart monitor, blood pressure monitor, etc.), set top boxes, and
others.

[00117] The embodiments described above with reference to FIG. 1
through FIG. 11 include apparatus and methods having a string of memory cells,
a conductive line and a bipolar junction transistor configured to selectively
couple the string of memory cells to the conductive line. Other embodiments
including additional apparatus and methods are described. Such apparatus and
methods described herein can improve memory operations (e.g., read,
programming, and erase operations) of a memory device, such as memory device
100, 200, 300, 400, 500, 600, 700, and 800.

[00118] The above description and the drawings illustrate some
embodiments of the invention to enable those skilled in the art to practice the
embodiments of the invention. Other embodiments may incorporate structural,
logical, electrical, process, and other changes. Examples merely typify possible
variations. Portions and features of some embodiments may be included in, or
substituted for, those of others. Many other embodiments will be apparent to

those of skill in the art upon reading and understanding the above description.
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What is claimed is:

1. A device comprising:
a string of memory cells;
a conductive line; and
a bipolar junction transistor configured to selectively couple the string of

memory cells to the conductive line.

2. The device of claim 1, further comprising a substrate, wherein the
conductive line overlies the substrate, and wherein the string of memory cells

overlies the conductive line.

3. The device of claim 1, wherein the bipolar junction transistor includes an

NPN bipolar junction transistor.

4. The device of claim 1, wherein the bipolar junction transistor includes a

PNP bipolar junction transistor.

5. A device comprising:
a substrate;
a bipolar junction transistor overlying the substrate;
a first memory cell coupled to the bipolar junction transistor, the bipolar
junction transistor located between the first memory cell and the substrate; and
a second memory cell coupled to the first memory cell, the first memory

cell located between the second memory cell and the bipolar junction transistor.

6. The device of claim 5, further comprising a conductive line, wherein the
bipolar junction transistor includes a collector coupled to the first memory cell

and an emitter coupled to the conductive line.

7. The device of claim 5, further comprising a data line and a select
transistor, wherein the select transistor is coupled between the data line and the

second memory cell.
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8. The device of claim 7, wherein the select transistor is located between the
data line and the second memory cell, and the select transistor comprises a field

effect transistor.

5
0. A device comprising:
a first conductive line and a second conductive line;
a first memory cell string coupled between the first conductive line and
the second conductive line;
10 a second memory cell string coupled between the first conductive line

and the second conductive line;

a first bipolar junction transistor coupled between the first memory cell
string and the second conductive line; and

a second bipolar junction transistor coupled between the second memory

15  cell string and the second conductive line.

10. The device of claim 9, wherein the first bipolar junction transistor
includes a first base, and the second bipolar junction transistor includes a second
base coupled to the first base.
20
11. The device of claim 10, further comprising:
a third memory cell string coupled between the first conductive line and
the second conductive line; and
a third bipolar junction transistor coupled between the third memory cell
25  string and the second conductive line, wherein the third bipolar junction

transistor includes a third base uncoupled to the first base and the second base.
12. The device of claim 11, wherein the first conductive line comprises a

data line of the device, and the second conductive line comprises a source line of

30  the device.
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13. The device of claim 9, further comprising:
a first select transistor coupled between the first conductive line and the
first memory cell string; and
a second select transistor coupled between the first conductive line and
5  the second memory cell string, wherein the first select transistor includes a gate

uncoupled to a gate of the second select transistor.

14. A device comprising:
a first region having a semiconductor material of a first type;
10 gates located along a length of the first region, each of the gates being
separated from the first region by a respective charge storage structure;
a second region having a semiconductor material of the first type;
a third region coupling the first region to the second region, the third

region having a semiconductor material of a second type; and

15 a conductive line directly coupled to the third region.

15. The device of claim 14, wherein the first type includes n-type silicon.

16. The device of claim 15, wherein the second type includes p-type silicon.
20

17. The device of claim 14, wherein the first type includes p-type silicon.

18. The device of claim 17, wherein the second type includes n-type silicon.
25 19. The device of claim 14, further comprising a source line directly coupled

to the second region.
20. The device of claim 14, wherein the first region, the second region, and

the third region are configured to form at least a part of a bipolar junction

30  transistor.
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21. The device of claim 14, wherein the first region forms a collector of a
bipolar junction transistor, the second region forms an emitter of the bipolar
junction transistor, and the third region forms a base of the bipolar junction

transistor.

22. The device of claim 19, further comprising a substrate, wherein the
second region line overlies the substrate, the third region overlies the second

region, and the first region overlies the third region.

23. The device of claim 22, further comprising a select transistor coupled to
and overlying the first region, wherein the select transistor comprises a field

effect transistor.

24, A method comprising:

applying a first voltage to a line of a device during a memory operation
performed on a plurality of memory cells of the device, wherein the plurality of
memory cells are coupled to the line through a base of a bipolar junction
transistor of the device; and

applying a second voltage to the base during the memory operation.

25. The method of claim 24, wherein the memory operation includes a read
operation.
26. The method of claim 24, wherein the memory operation includes a

programming operation.

27. The method of claim 24, wherein the memory operation includes an erase

operation.
28. A method comprising:

applying a first voltage to a first line of a device during an erase

operation performed on a plurality of memory cells of the device; and

30



WO 2012/162494 PCT/US2012/039331

10

15

20

applying a second voltage to a base of a bipolar junction transistor
coupled between the first line and the plurality of memory cells, wherein the first
voltage includes a first value, and the second voltage includes a second value

greater than the first value.

29. The method of claim 28, further comprising:
coupling the first line to a ground potential during a programming

operation performed on the plurality of memory cells.

30. The method of claim 29, further comprising:
coupling the base to a ground potential during the programming

operation performed on the plurality of memory cells.

31. The method of claim 28, further comprising:
uncoupling the base from a ground potential, from negative voltage, and
from a positive voltage during a programming operation performed on the

plurality of memory cells.
32. The method of claim 28, further comprising:

coupling the base to a ground potential during a read operation performed

on the plurality of memory cells.
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