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MULTIPLE GATE-INDUCED DRAIN LEAKAGE CURRENT GENERATOR

Priority Application

[8001] This application claims the benefit of priority to U.S. Application Serial
No. 15/416,870, filed 26 January 2017, which is incorporated herein by

reference in its entirety.

Background

[0002] Memory devices are widely used in computers and many electronic
iterms to store information. A memory device usually has numerous memory
cells. The memory device performs a write operation to store information in
the memory cells, a read operation to retrieve the stored information, and an
erase operation to clear information {e.g., ohsolete information) from some or
all of the memory cells. The reliability of these operations highly depends on
the structure of the memory device and the technigues used to operate it
Some conventional memary devices have structures and operations that are

reliable for some applications but unsuitable for other applications.

Brief Description of the Drawings

[8003] FIG. 1 shows a block diagram of an apparatus in the form of a
memory device, according to some embadiments described herein.

[6004] FIG. 2A shows a block diagram of a portion of a memory device
including a memory array having top and bottom gate-induced drain leakage
{GIDL) current generator circuits, according to some embodiments described
herein.

[6005] FIG. 2B shows a schematic diagram of the memory device of FIG.

2A, according to some embodiments described herein.
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[8006] FiG. 2C shows a schematic diagram of a portion of the memory
device of FIG. 2B, according to some embodiments described herein.

[8007] FIG. 20 shows example waveforms of some of the signals of the
memory device of FIG. 2A through FIG. 2C during example erase, write, and
read operations, according to some embodiments described herein.

[G0O08] FIG. 3 shows a side view of a structure of a portion of the
memory device of FIG. 2A through FIG. 2C, according to some embodiments
described herein.

[6003] FIG. 4 is a graph showing an example relationship between the
location of an interface in a pillar of the memory device of FIG. 3 and an erase
GIDL current generated during an erase operation of the memory device,
according to some embodiments described herein.

[8010] FIG. 5A shows a block diagram of a portion of 3 memory device,
which can be a variation of the memory device of FIG. 24, according to some
embodiments described herein.

[6011] FIG. 5B shows a schematic diagram of the memory device of FIG.
5A, according to some embodiments described herein.

[6012] FIG. 5C shows a schematic diagram of a portion of the memory
device of FiG. 5B, accarding to some embodiments described herein.

[6013] FIG. 5D shows example waveforms of some of the signals of the
memory device of FIG. 5A through FIG. 5C during example erase, write, and
read operations, according to some embodiments described herein.

[6014] FIG. 6 shows a side view of a structure of a portion of the
memory device of FIG. 5A through FIG. 5C, according to some embodiments
described herein.

[6015] FIG. 7 is a graph showing an example relationship between the
location of an interface in a pillar of the memory device of FIG. 6 and erase GIDL
current generated during an erase operation and of the memory device,

according to some embodiments described herein.
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{8018l FIG. BA shows a block diagram of a portion of a memory device,
which can be a variation of the memuory device of FIG. 24 and the memaory
device of FiG. 54, according to some embodiments described herein.

[0017] FIG. 8B shows a schematic diagram of the memory device of FIG.
8A, according to some embodiments described herein.

[a018] FIG. 8Cshows a schematic diagram of a portion of the memory
device of FIG. 8B, according to some embodiments described herein.

jaoig] FIG. 8D shows example waveforms of some of the signals of the
memory device of FIG. 8A through FIG. 8C during example erase, write, and
read operations, according to some embodiments described herein.

[8020] FIG. 9 shows a side view of a structure of a portion of the
memory device of FIG. 8A through FIG. 8C, according to some embodiments
described herein.

[o021] FIG. 10, FiG. 11, and FIG. 12 show sequential stages in example
processes of forming a memory device, according some embodiments

described herein.

Detailed Description

6o22] FIG. 1 shows a block diagram of an apparatus in the form of a
memory device 100, according to some embodiments described herein.
Memory device 100 can include a memory array {or multiple memory arrays)
101 containing memory cells 102 arranged in blocks {memory cell blocks), such
as blocks 103p and 1034, inthe physical structure of memory device 100,
memory cells 102 can be arranged vertically {e.g., stacked over each other) over
a substrate {e.g., a semiconductor substrate} of memory device 100. FIG. 1
shows memory device 100 having two blocks 103, and 1034 as an example.
Memory device 100 can have more than two blocks {e.g., up to thousands or
more blocks).

[6023] As shown in FIG. 1, memory device 100 can include access lines

{which can include word lines) 150 and data lines {which can include bit lines}

a3
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170. Access lines 150 can carry signals {e.g., word line signals) WLO through
Whm. Data lines 170 can carry signals {e.g., bit line signals) BLO through Bln.
Memory device 100 can use access lines 150 to selectively access memory cells
102 of blocks 103, and 1031 and data lines 170 to selectively exchange
information {e.g., data) with memory cells 102 of blocks 103 and 1034.

[a024] Memory device 100 can include an address register 107 1o
receive address information {e.g., address signals) ARDR on lines {e.g., address
lines) 103. Memory device 100 can include row access circuitry 108 and column
access circuitry 109 that can decode address information from address register
167. Based on decoded address information, memory device 100 can
determine which memory cells 102 of which of blocks 1030 and 1031 are 1o be
accessed during a memory operation. Memory device 100 can perform a read
operation to read {e.g., sense)} information {e.g., previously stored information)
in memory cells 102 of blocks 103 and 1034, or a write {e.g., programming)
operation to store {e.g., program} information in memory cells 102 of blocks
1030 and 1031, Memory device 100 can use data lines 170 associated with
signals BLO through BLn to provide information to be stored in memory cells
102 or obtain information read {e.g., sensed) from memory cells 102. Memory
device 100 can also perform an erase operation to erase information from
some or all of memory cells 102 of blocks 103¢ and 103..

[8025] Memory device 100 can include a control unit 118 that can be
configured to control memory operations of memory device 100 based on
control signals on lines 104. Examples of the control signals on lines 104
include one or more clock signals and other signals {e.g., a chip enable signal
CE#, a write enable signal WE#) to indicate which operation {e.g., read, write, or
erase operation) memory device 100 can perform.

[0026] Memory device 100 can include sense and buffer circuitry 120
that can include components such as sense amplifiers and page buffer circuits
{e.g., data latches). Sense and buffer circuitry 120 can respond to signals

BL_SELO through BL_SELn from column access circuitry 109. Sense and buffer
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circuitry 120 can be configured to determine {e.g., by sensing) the value of
information read from memory cells 102 {e.g., during a read operation) of
blocks 1030 and 1031 and provide the value of the information to lines {e.g.,
global data lines) 175. Sense and buffer circuitry 120 can also can be configured
5 to use signals on lines 175 to determine the value of information to be stored
{e.g., programmed) in memory cells 102 of blocks 1030 and 1031 {e.g., during a
write operation) based on the values {e.g., voltage values) of signals on lines
175 {e.g., during a write operation}.
[6027] Memary device 100 can include input/output {I/0) circuitry 117
10 toexchange information between memory cells 102 of blocks 1030 and 1034
and lines {e.g., I/O lines) 105. Signals DQO through DON on lines 105 can
represent information read from or stored in memory cells 102 of blocks 103,
and 1031, 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
15 external to memory device 100 {e.g., a memory controlier or a processor) can
communicate with memory device 100 through lines 103, 104, and 105.
[oo28] Memory device 100 can receive a supply voltage, including
supply voltages Veo and Vss. Supply voltage Vss can operate at a ground
potential {e.g., having a value of approximately zero volts). Supply voltage Vce
20 caninclude an external voltage supplied to memaory device 100 from an
external power source such as a battery or alternating current to direct current
{AC-DC) converter circuitry.
[6028] Each of memory cells 102 can be programmed to store
information representing a value of at most one bit {e.g., a single bit) or a value
25  of multiple bits such as two, three, four, or another number of bits. For
example, each of memory cells 102 can be programmed to store information
representing a binary value "0" or "1" of a single bit. The single bit per cellis
saometimes called a single-level cell. In another example, each of memory cells
102 can be programmed to store information representing a value for multiple

30 bits, such as one of four possible values "007, "01”, "10", and "11" of two bits,
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one of eight possible values "000”, 0017, "010”, "G117, "10607, "101”, "1107,
and "111" of three bits, or one of other values of ancther 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).

[8034] Memory device 100 can include a non-volatile memory device,
and memory cells 102 can include non-volatile memory cells, such that memory
celis 102 can retain information stored thereon when power {e.g., voltage Ve,
Vss, or both) is disconnected from memory device 100. For example, memory
device 100 can be a flash memeory device, such as a NAND flash {e.g., 3-
dimensional {3-D} NAND} or a NOR flash memory device, or another kind of
memory device, such as a variable resistance memory device {e.g., a phase
change memory device or a resistive RAM (Random Access Memory) device).
[8031] One of ordinary skill in the art may recognize that memory
device 100 may include other components, several of which are not shown in
FIG. 1 50 as not to obscure the example embodiments described herein. At
least a portion of memory device 100 can include structures and perform
operations similar to or identical to the structures and aperations of any of the
memory devices described below with reference to FIG. 2 through FIG. 12.
[6032] FIG. 2A shows a block diagram of a portion of a memory device
200 including a memory array 201 having circuits 285 1, 285 2,285 3,285 4,
287 1,287 2,287 3,287 4, memory cell strings 231 through 240, 291, and
292, select circuits 241 through 252 and 241" through 2527, according to some
embodiments described herein. Memaory device 200 can correspond to
memory device 100 of FIG. 1. Forexample, memory array 201 can form part of
memory array 101 of FiG. 1.

[8033] As described in more detailed with reference to FIG. 2B, FIG. 2,
and FIG. 2D, circuits 285_1, 285 2, 285 3, and 285_4 and circuits 287_1, 287 _2,
287 3,287 4 can be used to generate GIDL current to help improve an erase
operation of memory device 200. Thus, circuits 285 1, 285 2,285 3, and

285 4 can be called current generator circuits {e.g., top GILD current generator



WO 2018/140084

10

15

20

30

PCT/US2017/046561

circuits} and circuits 287 1, 287 2,287 3, 287 4 can also be called current
generator circuits {e.g., bottom GIDL current generator circuits). In FIG. 24,
“C.G. Circuit” stands for “current generator circuit”.

[0034] As shown in FIG. 2A, memory device 200 can include blocks
{blocks of memory cells} 2030 and 2031. Two blocks are shown as an example.
Memaory device 200 can include many blocks {e.g., up to thousands or more
blocks). Each of blocks 203 and 2035 has its own memory cell strings and
associated select circuits and GIDL current generator circuits. For example,
block 2030 has memary cell strings 231 through 236, select circuits 241 through
246 and 241" through 240°, circuits 285 1 and 285 2, and circuits 287 _1 and
287 2. Block 2031 has memory cell strings 237 through 240, 291, and 292,
select circuits 247 through 252 and 247’ through 252', circuits 285 _3 and
285 4, and circuits 287 3 and 287 4.

[8035] Each of memory cell strings 231 through 240, 291, and 292 has
memory cells (shown in FIG. 2B) arranged in a string {e.g., coupled in series
amaong each other) to store information. During an operation {e.g., write or
read} of memary device 200, memaory cell strings 231 through 240, 291, and
292 can be individually selected to access the memory cells in the selected
memory cell string in order to store information in or retrieve information from
the selected memory cell strings. Thus, in a write operation, the selected
memory cell strings are memory cell strings {among memory cell strings 231
through 240, 291, and 292} selected to store information in selected memory
celis of the selected memory cell strings. In a read operation, the selected
memory cell strings are memory cell strings {among memaory cell strings 231
through 240, 291, and 292} selected to read information from selected memory
celis of the selected memory cell strings. During an erase operation, some or all
of the memory cell strings in a particular block can be selected {e.g.,
concurrently selected) to erase information from them.

[60386] Each of the memory cell strings 231 through 240, 291, and 292,

can be associated with {e.g., coupled to} two select circuits and two current
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generator circuits. For example, memory cell string 231 is associated with
select circuit {e.g., top select circuit) 241, select circuit {e.g., bottom select
circuity 2417, circuit 285_1 {directly above select circuit 241), and circuit 287_1
{directly below select circuit 2417}, FIG. 2A shows an example of six memory
cell strings and their associated circuits {e.g., top and bottom select circuits and
top and bottom GIDL current generator circuits) in each of blocks 203, and
2031. The number of memaory cell strings and their associated select circuits
and current generator circuits in each of blocks 203, and 203 can vary.

18037} Memory device 200 can include lines 270, 271, and 272 that
carry signals BLGO, BL1, and BLZ, respectively. Lines 270, 271, and 272 can
correspond to data lines 170 of FIG. 1. In FIG. 2A, each of lines 270, 271, and
272 can be structured as a conductive line and can form part of a respective
data line {e.g., bit line) of memaory device 200. The memory cell strings of
blacks 2030 and 2031 can share lines 270, 271, and 272. For example, memory
cell strings 231, 232, 237, and 238 can share line 270. Memory cell strings 233,
234, 239, and 240 can share line 271. Memory cell strings 235, 236, 281, and
292 can share fine 272. FIG. 2A shows three lines {e.g., data lines) 270, 271, and
272 as an example. The number of data lines can vary.

[6038] Memory device 200 can include a line 299 that can carry a signal
SRC {e.g., source line signal). Line 289 can be structured as a conductive line
and can form part of a source {e.g., a source line) of memory device 200. Blocks
2030 and 2031 can share line 299,

[06038] Memaory device 200 can include separate control lines in blocks
2030 and 203, As shown in FIG. 2A, memory device 200 can include control
lines 2200, 2210, 2220, and 2230 that can carry corresponding signals {e.g., word
line signals} WL0o, WLio, WL2s, and WL3s. Memory device 200 can include
control lines 2204, 2214, 2224, and 2234 that can carry corresponding signals
{e.g., word line signals) WL01, WL11, WL25, and WL31. FIG. 2A shows four
control lines {220, through 2230 or 220 through 2234} in each of blocks 2030

and 2031 as an example. The number of control lines can vary.
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[8040] Control fines 2200 through 2230 and 2204 through 2231 can form
part of respective access lines {e.g., similar to access lines 150 of FIG. 1) of
memory device 200 to access memory cells in a respective block. For example,
during a read or write operation to store information in or retrieve information
from a memory cell {or memory cells} in block 2030, control lines 2200, 221,
2220, and 2230 can be activated (e.g., provided with positive voltages) to access
a selected memory cell {or memory celis) in block 2036, in memaory device 200,
blocks 2030 and 2031 {which share lines 270, 271, and 272} can be accessed
{e.g., accessed during a read or write operation) one block at a time. Thus, in
the example here, control lines 2204, 2214, 2224, and 223, of block 2031 can be
deactivated {e.g., provided with zero volts {e.g., ground}} when control lines
2200, 2210, 2220, and 223 of block 203, are activated.

[o041) As shown in FIG. 24, memory device 200 can include double
{e.g., upper and lower} drain select lines, including select lines 2814, 2824, 2834,
and 284, {e.g., upper drain select lines) and select lines 281g, 2825, 2833, and
284;, {e.g., lower drain select lines). Each of select lines 2814, 2824, 2834, and
284, can carry a separate {e.g., different]} signal {e.g., an upper select line signal)
SGDA. Each of select lines 2815, 2823, 283, and 284g can carry a separate signal
{e.g., a lower select line signal} 5GDs.

[0042] As shown in FIG. 24, select circuits 241, 243, and 245 can share
select lines 2814 and 281s. Select circuits 242, 244, and 246 can share select
line 282 and 282, Select circuits 247, 249, and 251 can share select line 2834
and 283;s. Select circuits 248, 250, and 252 can share select line 284, and 284;.
Each of select circuits 241 through 252 can include multiple select gates {e.g.,
multiple transistors, shown in FIG. 2B) that can be controlled {e.g., turned on or
turned off} by two respective select lines {e.g., 281 and 281z, 282, and 2823,
2834 and 2833, or 284, and 284s).

[6043] Memory device 200 can include double {e.g., lower and upper}
source select lines, including select lines 2817, and 2837, {e.g., lower source

select lines) and select lines 281"z and 2837s{e.g., upper source select lines).

9
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Each of select lines 281", and 283’acan carry a separate {e.g., different) signal
SGSa Fach of select fines 281 sand 283’5 can carry a separate {e.g., different}
sighal 5GSs. in an alternative arrangement of memory device 200, lines 281,
and 283" 4can carry the same signal, and lines 281z and 283’s can carry the
5  same signal.
[e044] Select circuits 2417 through 246’ can share select lines 281 s and
281, Select circuits 247 through 252" can share select lines 28% aand 283,
Each of select circuits 2417 through 252’ can include multiple select gates {e.g.,
multiple transistors, shown in FIG. 2B} that can be controlled {e.g., turned on or
10 turned off) by two respective select lines {e.g., 2812 and 281°s, or 283’4 and
283'g).
[8045] Each of circuits {e.g., top GIDL current generator circuits} 285_1,
285 2,285 3, and 285 4 can be coupled in series with a respective select
circuit {among select circuits 241 through 252) between a respective data line
15 {one oflines 270, 271, and 272} and a respective memory string {among
memory cell strings 231 through 240, 291, and 292}, Each of circuits 285 1,
285 2,285 3, and 285 4 can include multiple transistors {shown in FIG. 2B).
[e046] As shown in FIG. 24, memory device 200 can include lines
280 1, 280 2, 280 34, and 280 _4,, each of which can carry a separate {e.g.,
20 different) signal GGa. Memory device 200 also includes lines 280 _1;, 280 23,
280 3, and 280 _4;, each of which can carry a separate signal GGg. Lines
280 1, 280 25, 280_3a, 280_4,, 280_1s, 280_2g, 280 _3g, and 280_4z can be
coupled to the gates of respective transistors {shown in FIG. 2B} of circuits
285 1,285 2,285 3, and 285_4. Thus, lines 280 _1,4, 280_2,, 280_3,, 280_4,,
25 280 1g, 280 Zg, 280 3, and 280 _4s can be called transistor gate lines.
{6047} As shown in FIG. 24, circuits 285 _1 can share lines 280 _1a and
280 1g. Circuits 285 2 can share lines 280 2a and 280 2. Circuits 285 _3 can
share lines 280 3, and 280 3. Circuits 285 4 can share lines 280 4, and
280 4g. Each of circuits 285 1, 285 2, 285 3, and 285_4 can be controlled

30 {e.g., turned on or turned off} by two respective transistor gate lines {e.g.,

10
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28G_1aand 280 _1g, 280 24 and 280 25, 280_3aand 280_3s, or 280_4a and
280_4s).

[8048] Each of circuits {e.g., bottom GIDL current generator circuits)
287 1,287 2,287 3, and 287 4 can be coupled in serigs with a respective
select circuit {among select circuits 241" through 252’} between line 29% and a
respective memory string {among memory cell strings 231 through 240, 291,
and 292). Fach of circuits 287_1, 287 2, 287 3, and 287 4 can include a
transistor {shown in FIG. 2B)}.

[8049] As shown in FIG. 24, memory device 200 can include lines

289 1z and 289 3, each of which can carry a separate {e.g., different) signal
GG’y Lines 289 1s and 289 3gscan be coupled to the gates of respective
transistors (shown in FIG. 2B) of circuits 287 _1, 287 2, 287 3,and 287 4. Thus,
lines 289 1z and 289 3scan be called transistor gate lines.

[8050] As shown in FIG. 2A, circuits 287 _1 and 287_2 can share lines
289 1g. Circuits 287 _3 and 287_4 can share lines 289 _3g. Each of circuits
287 1,287 2,287 3, and 287 4 can be controlied {e.g., turned on or turned
off} by a respective transistor gate line {e.g., 289 15 and 289 3).

[6051] During an operation {e.g., read or write operation} of memory
device 200, signals GGa and GGy can be used to activate {e.g., turn on)
respective circuits 285 1, 285 2, 285 3, and 285_4, and signal GG's can be
used to activate {e.g., turn on} respective circuits 287 1,287 2, 287 3, and
287 4. Activating circuits 285 1, 285 2, 285 3, and 285 4 caninclude
providing {e.g., applying) voltages 1o signals GGa and GGp. Activating circuits
287 1,287 2,287 3, and 287 _4 can include providing {e.g., applying) voltages
to signal GG's.

[6052] The voltages provided to each of signal GGa, GGs, and GG’ can
have different values for different operations of memory device 200. For
example, the values of the voltages provided to signals GG, GGs, and GG's

during an erase operation can be much higher {e.g., two times or higher} than

11
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the values of the voltages provided to signals GGa, GGs, and GG’y during a read
ar write operation.

[8053] During an operation of memory device 200, one or both select
circuits associated with a selected memory cell string can be activated {e.g., by
turning on the transistors in the select circuits), depending on which operation
memory device 200 performs on the selected memory cell string. During an
operation of memory device 200, memaory device 200 can select a memory cell
of a particular memory cell string as a selected memaory cell in order to store
information in {e.g., during a write operation) or 1o retrieve information from
{e.g., during a read operation) the selected memory cell. During an erase
aperation, memaory device 200 can select a block as a selected block to erase
information from memory cells in a portion {e.g., a sub-block} of the selected
block or memory cells from the entire selected block.

[8054] Activating a particular select circuit among select circuits 247
through 252 during an operation of memory device 200 can include providing
{e.g., applying) voltages having certain values to signals SGD4 and SGD;
associated with that particular select circuit. Activating a particular select
circuit among select circuits 247 through 252" can include providing {e.g.,
applving} voltages having certain values to signals SG5a and SGSg associated
with that particular select circuit. When a particular select circuit among select
circuits 241 through 252 is activated during a particular operation, it can couple
{e.g., form a current path from) a selected memory cell string associated with
that particular select circuit to a respective data line {e.g., one of lines 270, 271,
or 272) through a respective circuit among circuits 285_1, 285 2, 285 3, and
285 4 {which is also activated during that particular operation). When a
particular select circuit among select circuits 241’ through 252’ is activated, it
can couple {e.g., form a current path from) a selected memory cell string
associated with that particular select circuit to a source {e.g., line 293} through
a respective circuit among circuits 287 _1, 287 2, 287 3, and 287 _4 {which is

also activated during that particular operation).

12



WO 2018/140084 PCT/US2017/046561

10

15

20

[8055] FIG. 2B shows a schematic diagram of memory device 200 of FIG.
24, according to some embodiments described herein. For simplicity, FIG. 2B
shows labels for only four memaory cell strings 231, 232, 237 and 238, eight
select circuits 241, 242, 247, 248, 2417, 242", 247, and 248, and labels for some
of the top GIDL current generator circuits {e.g., 285 _1, 285 2, 285 3, and
285 4) and some of the bottom GIDL current generator circuits {e.g., 287 _1,
287 2,287 3, and 287_4),

[80586] As shown in FIG, 2B, memory device 200 can include memory
cells 210, 211, 212, and 213, select gates {e.g., drain select gates} 261 and 262
and select gates {e.g., source select gates) 263 and 264 that can be physically
arranged in three dimensions {3-D}, such as x, vy, and z dimensions with respect
to the structure {shown in FIG. 3} of memory device 200.

[0057] In FIG. 2B, each of the memory cell strings {e.g., strings 231, 232,
237 and 238} of memory device 200 can include one of memory cells 210, one
of memory cells 211, one of memory cells 212, and one of memory cells 213
coupled in series among each other. FIG. 2B shows an example where memory
device 200 has four levels {e.g., four tiers) of respective memory cells 210, 211,
212, and 213 and four memory cells in each of the memory cell strings. The
number of levels {e.g., tiers} of memory cells of memory device 200 can vary.
Thus, the number of memory cells in each memory cell string can also vary.
Further, one skilled in the art would recognize that some of the memory cells
among memory cells 210, 211, 212, and 213 of memory cell strings 231, 232,
237 and 238, may be dummy memory cells. Dummy memory cells are memory
cells that are not configured to store information. Dummy memory cells may
ke configured for purposes known to those skilied in the art. in some examples
of memory device 200, one or two {or more) of memory cells at the two ends of
each memory cell strings 231, 232, 237 and 238 {e.g., memory celis
immediately next to select gates 262, select gates 264, or both select gates 262

and 264} may be dummy memory cells.
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[o058] As shown in FIG. 2B, memory device 200 can include transistors
286 and 288. Each of circuits 285 _1, 285 2,285 3, and 285 4 can include two
of transistors 286. Each of circuits 287 _1, 287 2, 287 3, and 287 4 caninclude
one of transistors 288. Each of transistors 286 and 288 can operate as a swiich
during a read or write operation of memory device 200. During a read or write
operation, signals GGa, GG, and GG'p at particular current generator circuits
{among circuits 285_1, 285_2, 285 3,285 4,287 1,287 2,287 _3,and 287_4)
associated with selected memory cell strings of a selected block {e.g., block
2030 or 2034} can be provided with voltages, such that transistors 286 and 288
associated with those particular current generator circuits can be turned on.
During an erase operation, signal GGa, GGs, and GG's of a selected block can be
provided with voltages to cause transistors 286 and 288 of the selected block to
be in 3 condition such that GIDL current can be generated to help improve the
erase pperation of memory device 200.

[oosa] As shown in FIG. 2B, each of select circuits 241, 242, 247, and
248 can include two select gates {e.g., two drain select gates): one of select
gates 261 and one of select gates 262. Fach of select circuits 241", 2427, 247,
and 248" can include two select gates (e.g., two source select gates): one of
select gates 263 and one of select gates 264. Each of select gates 261, 262,
263, and 264 can operate as a transistor. FIG. 2B shows each of select gates
261, 262, 263, and 264 and transistors 286 and 288 as having the same
structure as memory cells 210, 211, 212, and 213 as an example. in some
examples of memory device 200, some or all of select gates 261, 262, 263, and
264 and transistors 286 and 288 can have a structure {e.g., a structure of a field
effect transistor {FET)} different from the structure of memory cells 210, 211,
212, and 213).

[6060] in memory device 200, a select line {e.g., a drain select line 2814,
2824, 2834, 284p, 2815, 2825, 2833, or 284, or a source select line 28174, 281';,
283", or 283’} can carry a signal {e.g., signal SGD4, SGDg, SGSa, or 5GSe} but a

select line does not operate like a switch {e.g., a transistor). A select gate {e.g.,
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a drain select gate 261 or 262 or a source select gate 263 and 264} can receive a
signal from a respective select line and can operate like a switch {e.g., a
transistor).

[oo61] In this description, a line {e.g., any of drain select lines 28154,

5 282, 283,, 2845, 281g, 2825, 2838, and 284, any of source select lines 2817,
2815, 283’s, and 283, any of transistor gate lines 280 14, 280 24, 280 _3,,
280_44, 280_1s, 280_2s, 280_3s, 280_4s, 289_14, 289 _34 (FIG. 5A), 289 _1p, and
289 3, and any of control fines 220 through 2235 and 2201 through 2234}
includes a piece of conductive material, a region of conductive material, a layer

16 of conductive material, or any shape of a structure that can carry an electrical
signal. Thus, in this description, a line includes a “line” shape structure and any
other structural shapes {e.g., a region of any shape, a layer shape, and other
shapes).

[8062] in order to focus on the embodiments discussed herein, the

15 description below with reference to FIG. 2C and FIG. 2D focuses on four
memory cell strings 231, 232, 237, and 238, select circuits 241, 242, 247, 248,
2407, 242, 247, and 248, some of the current generators circuits {e.g., circuits
285 1,285 2,285 3,285 4,287 1,287 2,287 3,and 287 _4). Other memory
cell strings, selact circuits, and current generator circuits of memory device 200

20 have similar structures and connections.

[0063] FIG. 2C shows a schematic diagram of a portion of memory
device 200 of FIG. 2B including line 270, circuits 285 _1, 285 2, 285 3, 285 4,
select circuits 241, 242, 247, and 248, memory cell strings 231, 232, 237, and
238, select circuits 2417, 2427, 247, and 248, circuits 287 _1, 287 2,287 3, and

25 287 4, andline 289, according to some embodiments described herein. As
shown in FIG. 2C, select gates 261 and 262 of each of select circuits 241, 242,
247, and 248 can be coupled in series with two of transistors 286 between line
276 and a respective memory cell string among memory cell strings 231, 232,
237, and 238. Select gates 263 and 264 of each of select circuits 2417, 242,

30 247, and 248 can be coupled in series with a transistor among transistors 288
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between line 299 and a respective memory cell string among memory cell
strings 2314, 232, 237, and 238

[8064] Select gate 261 of select circuit 241 has a terminal (e.g., a
transistor gate) that can be part of {e.g., formed by a portion of) select line
281, Select gate 262 of select circuit 241 has a terminal {e.g., a transistor gate}
that can be part of {e.g., formed by a portion of) select line 2815, Select gates
261 and 262 of select circuit 241 can be controlled {e.g., turned on or turned
off} by signals SGDa and SGDg provided to select lines 2814 and 281,
respectively.

[6065] Select gate 263 of select circuit 241" has a terminal {e.g., a
transistor gate) that can be part of {e.g., formed by a portion of) select line
281°4. Select gate 264 of select circuit 241° has a terminal {e.g., a transistor
gate) that can be part of {e.g., formed by a portion of) select line 281's. Select
gates 263 and 264 of select circuit 241" can be controlled {e.g., turned on or
turned off} by signals SGSx and SGSg provided to select lines 2817, and 2817,
respectively.

[6066] Similarly, as shown in FIG. 2C, select gates 261 and 262 of each
of select circuits 242, 247, and 248 also have terminals {transistor gates) that
can be paris of {e.g., formed by portions of} respective select lines among select
lines 2824, 2834, 2845, 2823, 2833, and 284g. Select gates 263 and 264 of each
of select circuits 2427, 247, and 248’ also have terminals {transistor gates) that
can be part of {e.g., formed by a portions of) respective select lines among
select lines 28174, 28374, 2817, and 283,

[8067] Each of transistors 286 and 288 has a terminal {e.g., a transistor
gate) that can be part of {e.g., formed by a portion of) a respective transistor
gate line. For example, transistor 286 of circuit 285_1 associated with signal
GGa has a transistor gate that can be part of line {e.g., transistor gate line)

280 1. Inanother example, transistor 286 of circuit 285 _1 associated with

signal 3Gp has a transistor gate that can be part of line {e.g., transistor gate
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line) 280 1s. In a further example, transistor 288 of circuit 287 1 hasa
transistor gate that can be part of line {e.g., transistor gate line} 289 1.

[o068] During an operation {e.g., a read or write operation} of memory
device 200, select gates 261, 262, 263, and 264 and transistors 286 and 288 of
particular select circuits associated with a selected memory cell string can be
selectively activated {e.g., turned on) 1o couple the selected memory cell string
1o a respective data line {e.g., line 270, 271, or 272} and the source {e.g., line
289). Forexample, in FIG. 2C, during a write operation of memory device 200,
if memory cell string 231 is a selected memory cell string, then select gates 261
and 262 of select circuit 241, transistors 286 of circuits 285_1, and transistor
288 of circuit 287 1 can be activated to couple memory cell string 231 to line
270; select gates 263 and 264 of select circuit 241" may not be activated in this
example.

[8069] in another example, in FIG. 2C, during a read operation of
memory device 200, if memory cell string 231 is a selected memory cell string,
then select gates 261 and 262 of select circuit 241 and transistors 286 of circuits
285 1, and transistor 288 of circuit 287 1 can be activated to couple memary
cell string 231 to line 270; select gates 263 and 264 of select circuit 241" can
also be activated in this example to couple memory cell string 231 1o line 299.
In these two examples here, while memory cell string 231 is selected, memory
cell strings 232, 237, and 238 can be deselected. Thus, select gates 261, 262,
263, and 264 in select circuits 242, 247, 248, 24, 247, and 248’ {associated
with memory cell strings 232, 237, and 238 that are deselected) and transistors
286 of circuits 285 2, 285 3, and 285 _4 can be deactivated {e.g., turned off} to
decouple memory cell strings 232, 237, and 238 from line 270 and line 299.
{6070} In an erase operation of memory device 200, signals SGDa, SGDg,
5GSa, and SGSg on respective drain and source select gates of a selected block
{a block selected to erase information from it} can be provided with voltages
having values much higher than the values of voltages provided to these signals

during a read or write operation {example values shown in FIG. 2D). As
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described above with reference to FIG. 24, signals GGa, GGg, and GG's on
respective transistor gate lines of a selected block can be provided with
voltages having values much higher than the values of voltages provided to the
these signals during a read or write operation {example values shown in FIG.
2D). In a deselected biock of memory device 200 during read, write, and erase
operations, the signals in the deselected block can be deactivated.

(6071} FIG. 2D shows example waveforms of signals BLO, BL1, BL2Z, GGa,
GGg, 5GDa, 5GD5, 5GSa, 5GSs, GG's, and SRC of memory device 200 {FIG. 2A
through FIG. 2C) during example erase, write, and read operations, according to
sagme embodiments described herein. Signals SGD,, SGDa, SGSs, and SGSs
shown in FIG. 2D are associated with a block {e.g., either block 203, or block
2034} of memory device 200 that is selected during the example erase, write,
and read operations. FIG. 2D omits other signals {e.g., some of signals shown in
FIG. 2C) of memory device 200 to help focus on the embodiments of the
memory device described herein. During erase, write, and read operations of
memory device 200, the omitted signals can be provided with voltages having
values known to those skilled in the art.

[0072] The specific values of the voliages associated with erase, write,
and read operations shown in FIG. 2D and in this description here are example
values. Other voltage values may be used.

[0073] The following description refers to FIG. 2B, FIG. 2C, and FIG. 2D.
In FIG. 2D, each of voltages Verase can have a value greater than the value of
each of voltages V1 through V12, Vereon, Va1, and V0. Voltage VO can be OV {e.g.,
ground potential, such as Vss). Each of voltages V1 through V12 can have a
positive value {e.g., a value greater than the value of voltage V0). Voltage Verase
can have a value of approximately 20V. Voltage V1 can be either voltage Vcc
{e.g., a supply voltage of memory device 200) or voltage Vpass. Voltage Vo can
have a value of approximately between 1V and 3V {or other values). Voltage
Vpass can have a value that can cause unselected memory celis of a selected

memory cell string to operate as an active conductive path {e.g., to conduct
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current} during a read or write operation. Voltage Vpass can have a value of
approximately 3V to 5V {or other values). Voltage Virach can have a value
between 0.5V up to the value of voltage Vcc. Each of voltages V2 through V7
can have a value equal to the value of voltage Ve or other values to turn on
respective drain select gates {e.g., 261 and 262 in FIG. 2C) and source select
gates {e.g., 263 and 264 in FIG. 2C) during write and read operations. Voltages
V8, V9, and V10 can have the same value. Voltages V11 and V12 can have the
same value. As an example, when voltage Verase has a value of approximately
20V, each of voltages V8§, V9, and V10 can have a value of approximately 10V,
and each of voltages V11 and V12 can have a value of approximately 15V.
[0074] During the write operation, voltage Va can have a value that
depends on the value {e.g., value of a bit) of information to be stored in a
selected memory cell. During the read operation, voltage Ve can have a value
that depends on the value {e.g., value of a bit) of information sensed from a
seiected memory cell,

[6075] As shown in FIG. 2D, during the erase operation, signals BLG,
BL1, and BL2 and SRC can be provided with a voltage Verase 10 erase information
stored in memory cells 210, 211, 212, and 213 of the memory strings of a
selected block {e.g., block 203 or block 203 in FIG. 2C). Transistors 286 and
288 {FIG. 2C) can operate to generate GIDL current {e.g., operate as GiDL
current generators) to help the erase operation. For example, the GIDL current
generated by transistors 286 and 288 during the erase operation may speed up
the charging of the body of the memory cell strings in the selected block.
{0078} As shown in FIG. 2D, the write operation of memory device 200
can have different stages, such as a write precharge stage {shown as “PreCh”
during the write operation in FIG. 2D) and a program stage {shown as “Prgm” in
FIG. 20} after the write precharge stage. During the write precharge stage,
signals BLO, BL1, and BL2 can be provided with precharge voltage Veeon. During
the program stage, signals BLO, BL1, and BL2 can have voliage Ve, V0, or a

voltage having a value between the values of voltages V0 and Ve, depending on
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the value of information to be stored in a selected memory celi of a memaory
cell string coupled to a respective line among lines 270, 271, and 272
{associated with signals BLO, BL1, and BL2). During the write operation, signals
GGa, GGs, and GG's can be provided with voltage V1, such that transistors 286
and 288 {FIG. 2C) can be activated {e.g., turned on); and signal SRC can be
provided with voltage V1 {e.g., Vcc). During the write operation, signals SGDa
and SGDg can be provided with voitages V2 and V3, respectively, and signals
5G5S, and 5GSe can be provided with voltage VO.

[6077] The read operation of memory device 200, as shown in FiG. 2D,
can have different stages, such as a read precharge stage (shown as “PreCh”
during a read operation in FIG. 2D} and a sense stage {shown as “Sense” in FIG.
2D} after the read precharge stage. During the read precharge stage, signals
BLO, BL1, and BL2 can be provided with precharge voltage Verech. During the
sense stage, signals BLO, BL1, and BL2 can have voltage Ve or V0, depending on
the value of information sensed from a selected memory cell of a memory cell
string coupled to a respective line among lines 270, 271, and 272 {associated
with signals BLG, BL1, and BL2). During the read operation, signals GGa, GGa,
and GG’y can be provided with voltage V1, such that transistors 286 and 288
{FIG. 2C) can be activated {e.g., turned on); and signal SRC can be provided with
voltage V0. During the read operation, signals SGDa and SGD3 can be provided
with voltages V4 and V5, respectively; and signals 5GSa and SGSg can be
provided with voltages V6 and V7, respectively.

[0078] FIG. 3 shows a side view of a structure of a portion of memory
device 200, according to some embodiments described herein. The structure of
memory device 200 in FIG. 3 corresponds to part of the schematic diagram of
memory device 200 shown in FIG. 2C. For simplicity, FIG. 3 shows the structure
of memory device 200 that includes line 270 {and associated signal BLO}, circuit
{e.g., current generator circuit) 285 _1, select circuit 241, memory cell string
231, control lines 220¢, 2210, 2220, and 223, select circuit 241, and circuit {e.g.,

current generator circuit) 287_1. Other similar elements of memory device 200
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in FIG. 24, FIG. 2B, and FIG. 2C can have structures such as the ones shown in
FIG. 3.

[8079] As shown in FIG. 3, memory device 200 can include a substrate
390 over which memory cells 210, 211, 212, and 213 of memory cell string 231
can be formed {e.g., formed vertically with respect to substrate 390). Memory
device 200 includes different levels 307 through 317 with respecttoa z-
dimension. Levels 307 through 317 are internal device levels between
subsirate 320 and line 270 of memory device 200.

[0080] As shown in FIG. 3, memory cells 210, 211, 212, and 213 can be
located in levels 310, 311, 312, and 313, respectively. Control lines 2200, 2210,
2220, and 223 {associated with memory cells 210, 211, 212, and 213,
respectively} can also be located in levels 310, 311, 312, and 313, respectively.
[oo81) Select lines 2814 and 2813 can be located in different levels (e.g.,
levels 315 and 314, respectively}, such that memory cell string 231 is between
select lines 281, and 2813 and substrate 390. Select lines 2817, and 281'g can
be located in different levels {e.g., levels 308 and 309, respectively} between
substrate 390 and memory cell string 231.

[0082] Lines {e.g., transistor gate lines) 280 1, and 280_1g can be
located in different levels {e.g., levels 317 and 316, respectively), such that
select lines 281, and 281; are between lines 280 _1a and 280 _1g and memory
cell string 231. Line {e.g., transistor gate line} 289 _1scan be located in level
307, such that line 289 _1sis between select lines 28174 and 281’ and substrate
390.

[8083] Substrate 390 of memory device 200 can include
manocrystalline {also referred to as single-crystal) semiconductor material. For
example, substrate 390 can include monocrystalline silicon {(alsc referred to as
single-crystal silicon). The monacrystaliine semiconductor material of substrate
396 can include impurities, such that substrate 390 can have a specific
conductivity type {e.g., n-type or p-type). Although not shown in FIG. 3,

substrate 390 can include circuitry that can be located under memory array 201
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{FIG. 24), such as located directly under line 299 in FIG. 3. Such circuitry can
include sense amplifiers, buffers {e.g., page buffers), decoders, and other circuit
compoenents of memory device 200.

[o084] As shown in FIG. 3, line 270 can have a length extending in the
direction of an x-dimension, which is perpendicular to the z-dimension and
perpendicular to the y-dimension. Line 270 can include a conductive material
{e.g., conductively doped polycrystalline silicon {doped polysilicon}, metals, or
other conductive materials). Line 299 can include a conductive material. FIG. 3
shows an example where line 299 {e.g., scurce} can be formed over a portion of
substrate 390 {e.g., by depositing a conductive material over substrate 390).
Alternatively, line 299 can be formed in or formed on a portion of substrate 390
{e.g., by doping a portion of substrate 390).

[0085] As shown in FIG. 3, memory device 200 can include a pillar 331
having a length extending outwardly {e.g., vertically in the direction of the z-
dimension of memory device 200} from a conductive material region of line
295, Pillar 331 can include portions 343, 344, 345, and 346.

[60886] Portion 343 {conductive portion} of pillar 331 has length
extending in the direction {in the z-dimension} of the length of pillar 331 and
can be coupled {e.g., directly coupled) to line 270. For example, the material of
portion 343 can directly contact a conductive material region {a portion of) line
270. Portion 343 can be called a plug {e.g., a conductive plug) of pillar 331, As
described in more detail below, including portion 343 and circuit 285 _1 {which
includes transistors 286) may improve aperations {e.g., erase operation} of
memory device 200 over some conventional memory devices.

[0087] Portion 346 {conductive portion} of pillar 331 {FIG. 3} can be
coupled {e.g., directly coupled) to line 299. For example, the material of
portion 346 can directly contact a conductive material region {a portion of) of
line 299.

[0088] Portion 344 of pillar 331 has length extending in the direction {in

the z-dimension) of the length of pillar 331 and can be between {e.g., vertically
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between) portions 343 and 346. Portion 344 and at least part of each of
portions 343 and 346 can form a conductive channel {e.g., part of the body of
memory cell string 231} in pillar 331, The conductive channel {formed at least
by portion 344} has length extending in the direction {in the z-dimension} of the
5 length of pillar 331 and can carry current {e.g., current between line 270 and
line 299 {e.g., source)) during an operation {e.g., read, write, or erase) of
memory device 200.
[a08s] Portion 345 {dielectric portion} of pillar 331 can be surrounded
{e.g., horizontally surrounded) by portions 344 and 346. During a process of

10 forming pillar 331 of memory device 200, pillar 331 can have a hollow core
{e.g., an empty core) before portion 345 is formed. Portion 345 in FIG. 3 can
include a dielectric material {e.g., silicon dioxide} that occupies {e.g., fills} the
hollow core {as shown in FIG. 3}, such that portion 344 can surround at least
part of portion 345,

15 {0090 Each of portions 343, 344, and 346 can include conductive
material {e.g., doped polycrystalline silicon). Portions 343, 346, and 344 can
include materials of the same conductivity type but different doping
concentrations. For example, portions 343, 346, and 344 can include a
semiconductor material of n-type {e.g., n-type polycrystalline silicon), but each

20 of portions 343 and 346 can have a doping concentration {n-type impurities
{e.g., arsenic or phosphorous}} higher than the doping concentration {n-type
impurities {e.g., arsenic or phosphorous)) of portion 344.

[o091] Alternatively, portions 343 and 346 can include materials of the
same conductivity type, and portion 344 can include a material having a

25  different conductivity type from that of portions 343 and 346. For example,
portions 343 and 346 can include a semiconductor material of n-type {e.g., n-
type polycrystalline silicon), and portion 344 can include a semiconductor
material of p-type {e.g., p-type polycrystalline silicon). Each of portions 343 and

346 can have a doping concentration {n-type impurities {e.g., arsenic or
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phosphorous)}) higher than the doping concentration {e.g., p-type impurities
{e.g., boron}) of portion 344,
[8092] As shown in FIG. 3, memory device 200 includes an interface 348
in pillar 331, Interface 348 is the location where portion 343 {e.g., the bottom
5 of the material of portion 343} contacts portion 345 {e.g., contact the top of the
material of portion 345). FIG. 3 shows an example where interface 348 {e.g.,
the bottom of portion 343} is located {e.g., positioned) at approximately level
316. However, interface 348 can be located {e.g., positioned} at another
location in pillar 331 {e.g., at a location between level 315 and 317). As
10 described below with reference to FIG. 4, the structure of memaory device 200
can allow its operations {e.g., erase operation) to be less susceptible to process
variations {process of forming memory device 200}, thereby suppressing the
effect of process variations on operations of memory device 200. This allows
memory device 200 to maintain its operations even if the location of interface
15 348 may deviate from its intended location {e.g., due to process variations).
The structure of memory device 200 can also allow it to generate a relatively
higher amount of erase GIDL current that further helps erase operations of
memory device 200.
[6093] As shown in FIG. 3, memory cells 210, 211, 212, and 213 of
20 memory cell string 231 can be located along a segment of pillar 331 {e.g., the
segment of pillar 331 extending from level 310 to level 313}, Control lines 220,
2210, 2220, 2230 {associated with respective memory cells 210, 211, 212, and
213} can also be located along a segment {e.g., the segment extending from
level 310 to level 313) of pillar 331, The materials of control lines 220, 2215,
25 2220, 2230 can include a conductive material {e.g., conductively doped
polycrystalline silicon of n-type, metals, or other conductive materials).
[6094] Transistor 286 associated with line {e.g., transistor gate line}
280 1acan be located in level 317 along a segment {(segment at level 317} of
pillar 331, Line 280 1, can also be located in level 317 along a segment

30 (segment at level 317} of pillar 331,
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[6095] Transistor 286 associated with line {e.g., transistor gate line)

280 1pcan be located in level 316 along a segment {segment at level 316} of
pillar 331. Line 280_1s can also be located in level 316 along a segment
{segment at level 316} of pillar 331.

[oog6] Select line 281, can be located in level 315 along a segment
{segment at level 315} of pillar 331. Select line 2815 can be located in level 314
along a segment {segment at level 314} of pillar 331,

[60g7] Select line 28175 can be located in level 309 along a segment
{segment at level 309} of pillar 331, Select iine 281'4 can be located in level 308
along a segment {(segment at level 308} of pillar 331.

[8098] Transistor 288 associated with line {e.g., transistor gate line)
289 1 can be located in level 307 along a segment {segment at level 307} of
pitlar 331, Line 289 15 can also be located in level 307 along a segment
{segment at level 307} of pillar 331.

[agag] The materials of lines 280 _1,, 280_1s, and 289_1;5 and select
lines 2815, 2815, 28174, and 2815 can include conductively doped polycerystalline
silicon, metals, or other conductive materials. The materials of lines 280 _1,,
280 1g, and 289 1 and select lines 2814, 281g, 28174, and 281’s can be the
same as the conductive material of control lines 2200, 2210, 2220, 2230.

[60100] As shown in FIG. 3, memory device 200 can include a structure
330, which includes portions 301, 302, and 303 between pillar 331 and control
lines 2200, 2210, 2220, 2230, Each of memory cells 210, 211, 212, and 213 of
memory cell string 231 can include part of structure 330 {part of portions 301,
302, and 303 at respective levels 310, 311, 312, and 313). For example, part of
portion 302 at a particular memory cell among memory cells 210, 211, 212, and
213 can be a charge storage structure {e.g., a memory portion) of that
particular memory cell and can be configured to store information in that
particular memory cell,

[60101] Structure 330 can be part of a TANOS {TaN, Al:O3, SiaNg, 5i03, Si)

structure. For example, portion 301 {e.g., interpoly dielectrics) can include a
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charge blocking material or materials {e.g., a dielectric material such as TaN and
Al0Os) that are capable of blocking a tunneling of a charge. Portion 302 can
include a charge storage element {e.g., charge storage material or materials,
such as SisNa or other dielectric materials) that can provide a charge storage
function {e.g., trap charge) to represent a value of information stored in
memory cells 210, 211, 212, or 213. Thus, in this example, the charge storage
structure {part of portion 302) in each of memory cells 210, 211, 212, and 213
that is configured to store information is a dielectric structure, which can
include a dielectric material {e.g., SizNs). Portion 303 can include a tunnel
dielectric material or materials {e.g., 5i02) that are capable of allowing
tunneling of a charge {e.g,, electrons). As an example, portion 303 can aliow
tunneling of electrons from portion 344 to portion 302 during a write operation
and tunneling of electrons from portion 302 to portion 344 during an erase
operation of memory device 200,

[00102] It an alternative arrangement of memory device 200, structure
330 can be part of a SONGS {Si, 5i0;, SisNg, Si0;, Si) structure. In this alternative
arrangement, in each of memory cells 210, 211, 212, and 213, the memory
portion {part of portion 302} can be a dielectric material {2.g., SisN4) portion.
(60103} in another alternative arrangement of memory device 200,
structure 330 can be part of a floating gate structure. in this alternative
arrangement, the charge storage structure {part of portion 302) in each of
memory cells 210, 211, 212, and 213 that is configured to store information can
ke a polycrystalline silicon structure.

[60104] As shown in FIG. 3, a select line {e.g., 2814, 281s, 28174, or 28175)
is a piece {e.g., a single layer) of conductive material {e.g., polycrystalline
silicon, metal, or other conductive materials). As described above, a select line
can carry a signal {e.g., signal SGDa, SGDg, 5GSa, or 5GSgin FIG. 2C) but it does
not operate like a switch {e.g., a transistor}. A select gate {e.g., each of select
gates 261, 262, 263, and 264} can include a portion of a respective select line

{e.g., a portion of the piece of the conductive material that forms the respective
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select line} and additional structures to perform a function {e.g., function of a
transistor). Forexample, in FIG. 3, select gate 261 can include a portion of
select line 281, and a portion of structure 330, select gate 262 can include a
portion of select line 2815 and a portion of structure 330, select gate 263 can
include a portion of select line 2814 and a portion of structure 330, and select
gate 264 can include a portion of select line 281’5 and portion of structure 330.
i60165] Similarly, as shown in FIG. 3, a transistor gate line {e.g., 280 _1,,
280 15, or 289 1s)is a piece {e.g., a single layer) of conductive material {e.g.,
polycrystalline silicon, metal, or other conductive materials). A transistor gate
line can carry a signal {e.g., signal GGy, GGs, or GG'sin FIG. 2C) but a transistor
gate line does not operate like a switch {e.g., a transistor). A transistor {e.g.,
each of transistors 286 and 288} associated with a transistor gate line {e.g.,
280 1, 280 1, or 289 1) can include a portion of a respective transistor gate
line {e.g., a portion of the piece of the conductive material that forms the
respective transistor gate line} and additional structures to perform a function
of a transistor. For example, in FIG. 3, transistors 286 can include respective
portions of lines 280 1 and 280_1s and respective portions of structure 330,
and transistor 288 can include a portion of line 289_1s and a portion of
structure 330,

[60106] FIG. 3 shows an example where transistors 286 and 288 and
select gates 261, 262, 263, and 264 have the same structure {e.g., TANOS
structure) as memory cells 210, 211, 212, and 213. Alternatively, some or all of
transistors 286 and 288 and select gates 261, 262, 263, and 264 can have a
different structure, such as an FET structure. An example of an FET includes a
metal-oxide semiconductor {MOS) transistor structure. As is known to those
skilled in the art, an FET usually includes a transistor gate, a transistor body
channel, and a gate oxide between the transistor gate and the transistor body
channel that can be in direct contact with the transistor gate and the transistor

hody channel
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(00107} As shown in FIG. 3, two adjacent control lines {two control lines
located immediately vertically next to each other in the direction of the z-
dimension} among control lines 2200, 2210, 2220, and 223y are vertically
separated from each other by a distance {e.g., spacing} D1. Select lines 2814
and 2813 are vertically separated from each other by a distance {e.g., spacing)
D2. Select lines 281'4 and 281" are vertically separated from each other by a
distance {e.g., spacing) D2’. Distances DZ and D2’ can be the same {e.g.,
substantially equal). Each of distances D2 and D2’ can be the same as distance
D1

[80108] Lines 280 1. and 280 _15 are vertically separated from each
ather by a distance {e.g., spacing) D3. Line 280 15 can be vertically separated
from select line 2814 by a distance {e.g., spacing) D4. Line 289_1scan be
vertically separated from select line 2814 by a distance {e.g., spacing) D4’. Each
of distances D3, D4, and D4’ can be the same as distance D1, Thus, as
described above, distances {e.g., vertical distances) D1, D2, D2’, D3, D4, and D4’
can be the same.

[80109] As shown in FIG. 3, distance D1 is a vertical distance {e.g., vertical
spacing} measured from the nearest top or bottom edge (surfaces directly
facing each other with respect to the z-dimension) of any of two vertically
adjacent control lines. As described above, each of control lines 2200, 221,
2220, and 2230 can be formed from a conductive material {e.g., metal or
another conductive material}. Thus, distance D1 can be measured between
two nearest edges of the materials that form two adjacent conirol lines. For
example, distance D1 can be measured from the nearest edges of the materials
that form control fines 2200 and 2210, the nearest edges of the materials that
form control lines 221q and 2220, or the nearest edges of the materials that
form control lines 222y and 223,.

[60110] Distance D2 is a vertical distance {e.g., vertical spacing}
measured from the nearest top or bottom edge {surfaces directly facing each

other with respect to the z-dimension) of select lines 281aand 2815, As
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described above, select lines 281, and 2815 can be formed from a conductive
material {e.g., metal or another conductive material). Thus, distance D2 can be
measured between two nearest edges of the materials that form select lines
281 and 281s.

5 [poi11] Distance D2’ is a vertical distance {e.g., vertical spacing)
measured from the nearest top or bottom edge {edges with respected to the z-
dimension sides directly facing each other with respect to the z-dimension) of
select lines 28174 and 281":. As described above, select lines 281 aand 28173
can be formed from a conductive material {e.g., metal or another conductive

10 material}. Thus, distance D2’ can be measured between two nearest edges of
the materials that form select lines 2814 and 2817s.

(80112} FIG. 3 also shows distance D1’ and D1” between elements in
memory device 200. Distance D1’ is a vertical distance {e.g., vertical spacing)
between the select line {e.g., select line 281z in this example) that is nearest to

15 control lines 2200, 2210, 2220, and 2230, and the control line {e.g., 2230} that is
nearest 1o select lines 2814 and 2813 (nearest to select line 2815 in this
example). Thus, distance D1’ can be measured between two nearest edges of
the materials that form select line 2813 and control line 223, Distance D17 is a
vertical distance {e.g., vertical spacing) between the select line {e.g., select line

20 281'nin this example) that is nearest to contirol lines 2200, 221, 2220, and 223
and the control line {e.g., 2200} that is nearest to select lines 281°4, and 2817
{nearest to select line 2817: in this example). Thus, distance D17 can be
measured between two nearest edges of the materials that form select line
281’5 and control line 220,.

25 [80113] Distance D3 is a vertical distance {e.g., vertical spacing)
measured from the nearest top or bottom edge {surfaces directly facing each
gther with respect to the z-dimension) of lines 280 1xand 280 _1s. As
described above, select lines 280_1a and 280 _1g can be formed from a

conductive material {e.g., metal or another conductive material). Thus,
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distance 53 can be measured between two nearest edges of the materials that
form lines 280 _1aand 280 1a.

[80114] Distance D4 is a vertical distance {e.g., vertical spacing}
measured from the nearest top or bottom edge {surfaces directly facing each
other with respect to the z-dimension) of lines 281,and 280_1s. Thus, distance
D4 can be measured between two nearest edges of the materials that form
lines 281a and 280 1s.

[80115] Distance D4’ is a vertical distance {e.g., vertical spacing)
measured from the nearest top or bottom edge {surfaces directly facing each
other with respect to the z-dimension) of lines 281'aand 289 _1s. Thus, distance
D4’ can be measured between two nearest edges of the materials that form
lines 281°4 and 289 _1s.

[60116] As shown in FIG. 3, control lines 2200, 2210, 2220, and 223,
select lines 2814, 2815, 2814, and 28175, and lines 280 1,, 280 13, and 289 13
are separated from portion 344 {e.g., a conductive channel) of pillar 331 by the
same distance Dx {e.g., a horizontal distance with respect to the x-dimension).
Distance Dx can be the thickness of structure 330 with respect to the x-
dimension.

[60117] As shown in FIG. 3, each of control lines 220q, 2210, 2220, and
2230 has a thickness T1 in the z-dimension. Thickness T1 is a vertical thickness
of the material of a respective control line among control lines 220g, 2210, 222,
and 2230, Each of selectlines 281, and 2813 has a thickness T2 in the z-
dimension. Thickness T2 is a vertical thickness of the material of each of select
lines 2814 and 2815, Each of select lines 28174 and 281’ has a thickness T2  in
the z-dimension. Thickness T2' is a vertical thickness of the material of each of
select lines 281'4 and 281's.

[00118] Each of lines 280 14 and 280_13 has a thickness T3 in the z-
dimension. Thickness T3 is a vertical thickness of the material of each of lines
280 1, and 280 1. Line 289_1ghas a thickness T3 in the z-dimension.

Thickness T3' is a vertical thickness of the material of each of line 289_1s.
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[60119] Thicknesses T1, T2, T2', T3, and T3’ can be the same {e.g.,
substantially egual). Alternatively, thicknesses T2 and T2’ can be the same
{e.g., substantially equal), thicknesses T3 and T3’ can be the same {e.g.,
substantially equal), and each of thicknesses T2, T2', T3, and T3 can be
different from thickness T1.

[80120] As shown in FIG. 3, memory device 200 can include a dielectric
{e.g., an oxide of silicon} 355 located between elements of memory device 200.
For example, dielectric 355 can be located {e.g., occupy the space) between
two adjacent control lines amang control lines 220q, 2210, 2220, and 223.
Thus, distance D1 can be the thickness of the material {e.g., an oxide of silicon}
of a respective dielectric {e.g., dielectric 355} between two adjacent control
lines among control lines 220¢, 2210, 2220, and 223¢. Similarly, each of
distances D1’, D17, 02, D2’ D3, D4, and D4’ can be the thickness of the material
of a respective dielectric {e.g., dielectric 355} between two adjacent elements
as shown in FIG. 3.

[60121] Providing the structure of memory device 200 {e.g., transistor
gate {ines 280 1,4, 280 1s, and 289 1z and associated transistors 286 and 288)
as shown in FIG. 3 and operating it in ways as described above (e.g., FIG. 2D}
allows memory device 200 to improve its aperations. For example, GIDL
current generated during an erase operation of memory device 200 may be
improved {e.g., increased) with the inclusion of line 280_14 and transistors 286
in memaory device 200 in comparison with memory device 200 without the
inclusion of line 280 1, and transistors 286.

(80122} Further, by making thicknesses T1, 72, T2’, T3, and T3 of the
components {shown in FIG. 3} of memory device 200 the same, a simplified
process of making memory device 200 can be achieved. For example, memory
device 200 can be formed {e.g., fabricated) to provide improved GIDL current
for its erase operations without modifying the thickness {e.g., T3 or T3") of one
or more of lines 280_1,, 280 1g, and 288 1 {e.g., transistor gate lines in FIG. 3)

to be different from {e.g., greater than) the thickness {e.g., T1} of control lines
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222Gy, 2240, 2220, and 2230, In an alternative structure of memory device 200,
the thickness of one or more of lines 280 14, 280 1, and 283 _1a can be made
greater than the thickness of control lines 220y, 2210, 2220, and 223;. However,
such an alternative structure may cause forming memory device 200 to be
more complicated than forming the structure of memory device 200 of FIG. 3
{where thicknesses T1, T2, T2, T3, and T3’ are the same}.

(601231 Moreover, as is known to those skilled in the art, process
variations can affect {e.g., degrade) the operations of a memory device.
However, the structure of memory device 200 {FIG. 3} can allow its operations
{e.g., erase operation) to be less susceptible to process variations {process of
forming memory device 200). This means that memory device 200 can have a
relatively higher tolerance for process variations in comparison with memory
device 200 without some of its components {e.g., without the inclusion of line
280 1aand transistors 286 associated with line 280 _1,). Additionally, the
inclusion of line 28014 and transistors 286 associated with line 28014 allows
aperations {e.g., erase operations} of memory device 200 to be less susceptible
to variations in doping concentration of dopants {e.g., n-type impurities} used
to form portion 343, portion 346, or both.

(60124} FIG. 4 is a graph showing an example relationship between the
location {e.g., position} of interface 348 and erase GIDL current generated
during an erase operation and of memory device 200 of FIG. 3, according to
some embodiments described herein. The following description refers to FIG. 3
and FIG. 4. InFIG. 4, a reference location Lger can represent an intended {e.g.,
desired) location for interface 348 in memory device 200 at which erase GIDL
current is expected {e.g., based on design simulation) to be at an intended
amount {e.g., a desired amount) for an erase operation of memuory device 200
As an example, reference location Leer of interface 348 can be the location in
pitlar 331 at level 316 as shown in FiG. 3.

[00125] in FIG. 4, the arrow showing a direction “away from line 270"

indicates that the location of interface 348 in memory device 200 may deviate
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{e.g., due to process variations) from reference location Lger {€.8., an intended
location) in a direction away from line 270. This means that the length of
portion 343 in the z-dimension {after memory device 200 is formed) would be
greater than the intended length of portion 343 if interface 348 moves {e.g.,
shifts} from reference location Leer in a direction way from line 270. The length
of portion 343 can be the length of a conductive plug {e.g., an n-type material)
that forms portion 343, The intended length of portion 343 can be measured
from line 270 to the location of interface 348 at reference location Leer{e.g., an
intended location).

[00126] in FIG. 4, the arrow showing a direction “toward line 2707
indicates that the location of interface 348 in memory device 200 may deviate
{e.g., due to process variations) from reference location Lger (8.8, an intended
location) in a direction toward line 270. This means that the length of portion
343 in the z-dimension {after memory device 200 is formed) would be less than
the intended length of portion 343 if interface 348 moves {e.g., shifts} from
reference location Lrer in a direction toward line 270.

{60127} in FIG. 4, curves 401 and 402 represent two example situations
showing the effect of deviation {e.g., due to process variations) in the location
of interface 348 on the amount of erase GIDL current in memaory device 200,
Curve 401 shows a situation where line 280 14 and transistor 286 {FiG. 3} are
rernoved from memory device 200 {e.g., memory device 200 without line

280 1, and transistor 286). Curve 402 shows a situation where line 280 1, and
transistor 286 are included in memory device 200 as shown in FIG. 2A through
FIG. 3.

[60128] As shown by curve 401 {without line 2801, and transistor 286 in
memory device 200}, the amount of erase GIDL current is lower if the location
of interface 348 varies and moves from reference location Lyer toward line 270
{moves closer to line 270). A lower amount of erase GIDL may degrade the

erase operations of memory device 200.
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[80129] In contrast, as shown by curve 402 {with line 280 14 and
transistor 286 in memory device 200}, the amount of erase GIDL current can
remain relatively unchanged (e.g., remain stable) if the location of interface 348
varies and moves from reference location Lrer in a direction either away from
{farther from) line 270 or toward {closer to} line 270. Further, curve 402 also
shows a higher amount of erase GIDL current than curve 401, meaning that that
memory device 200 having line 280 1, and transistor 286 can generate more
erase GIDL current than memory device 200 without line 280 _1a and transistor
288.

(801301 in sum, with the inclusion of line 280 _1. and transistors 286 in
memory device 200, a relatively higher amount of erase current can be
generated in memory device 200 in comparison with a situation where line
280 1, and transistors 286 are not included in memory device 200. Thus, the
inclusion of line 2801, and transistors 286 in memory device 200 can improve
the erase operations of memory device 200. Moreover, since the inclusion of
line 280 _1a and transistors 286 in memory device 200 allows the amount of
erase GIDL current to remain relatively unchanged in memaory device 200, the
aperations {e.g., erase operations) of memory device 200 can be less
susceptible to variations in the location of interface 348. This can improve the
reliahility of memory device 200.

[00131] FIG. 5A shows a block diagram of a portion of a memory device
500, which can be a variation of memory device 200 of FIG. 24, according to
some embodiments described herein. Memory device 500 includes elements
similar to or identical to those of memory device 200. For simplicity, the
description of similar or identical elements between memory device 500 (FIG.
5A through FIG. 8} and memory device 200 {FIG. 2A through FIG. 3} is not
repeated.

(60132} Differances between memory devices 200 and 500 include
differences between transistor gate lines coupled to circuits {e.g., top GIDL

current generator circuits) 285_1, 285 2, 285 3, and 285_4 and circuits {e.g., to
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bottom GIDL current generator circuits) 287 1,287 2,287 3,and 287 4 of
devices 200 and 500. As shown in FIG. 84, memory device 500 lacks lines {e.g.,
transistor gate lines) 280 14, 280 24, 280 3,4, and 280_4, and associated
transistors 286. However, memaory device 500 includes the addition of lines
{e.g., transistor gate lines) 289 _1, and 289 _3a associated transistors 288,
[00133] FIG. 58 shows schematic diagram of memory device 500 of FIG.
54, according to some embodiments described herein. Memory device 500
includes elements similar to or identical to those of memory device 200 of FIG.
28. As shown in FIG. 58, gach of circuits {top GILD current generator circuits)
285 1,285 2,285 3, and 285 4 can include one of transistors 286. For
simplicity, fewer than all of circuits 285_1, 285 2, 285 3, 285 4 are labeled in
FIG. 58. Each of circuits {bottom GILD current generator circuits) 287 _1, 287 2,
287 3, and 287 4 caninclude two of transistors 288. For simplicity, fewer than
all of circuits 287 _1, 287 2, 287 3, and 287 4 are labeled in FIG. 5B, Lines

289 1. and 289 3acan be coupled to the gates of respective transistors among
transistors 288.

[60134] FIG. 5C shows a schematic diagram of a portion of memory
device 500 of FIG. 5B including line 270, circuits 285_1, 285_2, 285 3, 285 4,
select circuits 241, 242, 247, and 248, memory cell strings 231, 232, 237, and
238, select circuits 2417, 2427, 247, and 248, circuits 287 1,287 2,287 3, and
287 4, and line 299, according to some embodiments described herein. As
shown in FIG. 5C, select gates 263 and 264 of each of select circuits 2417, 247,
247, and 248 can be coupled in series with two transistors among transistors
288 between line 299 and a respective memory cell string among memory cell
strings 2314, 232, 237, and 238

[80135] FIG. 50 shows example waveforms of signals BLG, BL1, BL2, GGs,
SGDa, SGDs, SGSa, SGSs, GG'p, and GG, and SRC of memory device 500 {FiG. 5A
through FIG. 5C) during example erase, write, and read operations, according to
some embodiments described herein. FIG. 5D omits other signals of memory

device 500 {e.g., signals shown in FiG. 5C) to help focus on the embodiments of
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the memory device described herein. During erase, write, and read operations,
the omitted signals can be provided with voltages having values known to those
skilled in the art.

[00136] The waveforms of FIG. 5D are similar to the waveforms of FIG.
2D except for the omission of signal GGa and for addition of signal GG’a. As
shown in FIG. 5D, the waveforms of signal GG'a can be the same as the
waveforms of signal GG (FIG. 2D}, During the erase operation of memory
device 500, transistors 286 and 288 in respective circuits 285 1, 285 2, 285 3,
285 4,287 1,287 2,287 3,and 287 4 can operate to generate GIDL current
1o heip the erase operation. For exampie, the GIDL current generated by
transistors 286 and 288 during the erase operation may speed up the charging
of the body of the memory cell strings in the selected block in preparation for
information in memory cells of the memory cell strings of the selected block to
be erased.

(00137} FIG. 6 shows a side view of a structure of a portion of memory
device 500, according to some emboediments described herein. The structure of
memory device 500 in FIG. 6 corresponds to part of the schematic diagram of
memory device 500 shown in FIG. 5C. The portion of memory device 500
shown in FIG. 6 includes elements similar to or identical to those of memaory
device 200 of FIG. 3. Differences between memory device 200 (FIG. 3) and
memory device 500 {FIG. 6} include the omission of line 280_1sand an
associated transistor 286 in circuit 2851, and the addition of line 289 _14 and
an associated transistor 288 in circuit 287 1. As shown in FIG. 6, transisior 288
associated with line {e.g., transistor gate line) 282 _1a can be located in level
606 along a segment {segment at level 606) of pillar 331. Line 289 1. can also
be located in level 606 along a segment {segment at level 606) of pillar 331.
[60138] As shown in FIG. 6, memory device 500 includes an interface 648
in pillar 331, Interface 648 is the location where portion 346 {e.g., the material
of portion 346 {e.g., an n-type doped region that forms portion 346}} contacts

portion 344 {e.g., contacts the material of portion 344). FIG. 6 shows an
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example where interface 648 is located {e.g., positioned) at approximately level
606. However, interface 648 can be located {e.g., positioned) at another
location in piliar 331 {e.g., at a location between levels 307 and 606). As
described below with reference to FIG. 7, the structure of memory device 500
can allow its operations {e.g., erase operation) it to be less susceptible to
process variations {process of forming memory device 500). This allows
memory device 500 to maintain its operations even if the location of interface
648 may deviate from its intended location {e.g., due to process variations).
[60133] FIG. 7 is a graph showing an example relationship between the
location {e.g., position) of interface 648 and erase GIDL current generated
during an erase operation of memory device 500 of FIG. 6, according to some
embodiments described herein. The following description refers to FiG. 6 and
FIG. 7. In FIG. 7, a reference location Lger can represent an intended {e.g.,
desired) location for interface 648 at which erase GIDL current is expected {e.g.,
based on design simulation) to be at an intended amount {e.g., a desired
amaount) for an erase operation of memory device 500, As an example,
reference location Lrer of interface 648 can be the location in pillar 331 at level
606 as shown in FIG. 6.

160140} in FIG. 7, the arrow showing a direction “away from line 299"
indicates that the location of interface 648 in memory device 500 may deviate
{e.g., due to process variations) from reference location Larr {e.8., an intended
location} in a direction away from line 299. This means that the length of
portion 346 in the z-dimension {after memaory device 500 is formed) would be
greater than the intended length of portion 346 if interface 648 moves {e.g.,
shifts) from reference location Leer in a direction way from line 299. The length
of portion 346 can be the length of a diffusion region {e.g., an n-type doped
region} that forms portion 346. The intended length of portion 346 can be
measured from line 299 to the location of interface 648 at reference location

Lrer{e.g., an intended location).
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[00141] in FIG. 7, the arrow showing a direction “toward line 2997
indicates that the location of interface 648 in memory device 500 may deviate
{e.g., due to process variations) from reference location Lger {8.8., an intended
location) in a direction toward line 299. This means that the length of portion
346 in the z-dimension (after memory device 200 is formed) would be less than
the intended length of portion 346 if interface 648 moves {e.g., shifts} from
reference location Lrer in a direction toward line 299,

[60142] fn FIG. 7, curves 701 and 702 represent two example situations
showing the effect of deviation {e.g., due to process variations} in the location
of interface 648 on the amount of erase GiDL current in memaory device 500.
Curve 701 shows a situation where line 2838 1. and transistor 288 {FiG. &} are
removed from memory device 500 {e.g., memory device 500 without line

289 1. and transistor 288). Curve 702 shows a situation where line 289 1, and
transistor 288 are included in memory device 500 as shown in FIG. 5A through
FIG. 6.

(601431 As shown by curve 701 {without line 289 1, and transistor 288 in
memory device 500}, the amount of erase GIDL current is lower if the location
of interface 648 varies and moves from reference location Laer toward line 299
{moves closer to line 299). A lower amount of erase GIDL may degrade the
erase operations of memory device 500.

[80144] In contrast, as shown by curve 702 {with line 289 _1 and
transistor 288 in memory device 500), the amount of erase GIDL current can
remain relatively unchanged {e.g., remain stable} if the location of interface 648
varies and moves from reference location Leer in a direction either away from
{farther from) line 299 or toward {closer 1o} line 299,

[60145] fn sum, the inclusion of line 289 1, and transistor 288 in
memory device 500 allows the amount of erase GIDL current to remain
relatively unchanged in memory device 500. Thus, the operations {e.g., erase

aperations) of memory device 500 can be less susceptible to variations in the
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location of interface 648, This can improve the reliability of memory device
500.
[60146] FIG. 8A shows a block diagram of a portion of a memory device
800, which can be a variation of memory device 200 of FIG. 2A and memory

5 device 500 of FIG. 5A, according to some embodiments described herein.
Memory device 800 includes elements similar to or identical to those of
memory devices 200 and 500. For simplicity, the description of similar or
identical elements between memory devices 800 and memory devices 200 and
500 is not repeated.

10 [80147] Memory device 800 can include 3 combination of memory
devices 200 and 500. For example, circuits {e.g., top GIDL current generator
circuits) 285 1, 285 2, 285 3, and 285 _4 of memaory device 800 can be the
same as those of memory device 200 (FIG. 2A}, and circuits {e.g., bottom GIDL
current generator circuits) 287_1, 287 _2, 287 3, and 287_4 of memory device

15 800 can be the same as those of memory device 500 (FIG. 5A).

[60148] FIG. 8B shows a schematic diagram of memory device 800 of FIG.
8A, according to some embodiments described herein. Memuory device 800
includes elements similar to or identical to those of memory device 200 of FIG.
28 and memory device 500 of FIG. 5B. As shown in FIG. 88, each of circuits

20 285 1,285 2,285 3, and 285 _4 can include two of transistors 286 {which are
the same as those of memory device 200 of FIG. 2B}, and each of circuits 287 1,
287 2,287 3,and 287_4 can include two of transistors 288 {which are the
same as those of memory device 500 of FIG. 58},

[00148] FIG. 8C shows a schematic diagram of a portion of memory

25  device 800 of FiG. 8B including line 270, circuits 285 _1, 285 2, 285 3, 285 4,
select circuits 241, 242, 247, and 248, memory cell strings 231, 232, 237, and
238, select circuits 2417, 2427, 247, and 248, circuits 287 1,287 2,287 3, and
287 4, and line 299, according to some embodiments described herein.
(6015081 FIG. 8D shows example waveforms of signals BLO, BL1, BL2, GG,,

30 GGg, SGDa, SGDg, SGSp, SGSs, GG'4, GG's, and SRC of memory device 800 (FIG.
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BA through FIG. 8C) during example erase, write, and read operations,
according to some embodiments described hergin. FIG. 8D omits other signals
of memory device 800 {e.g., signals shown in FIG. 8C)} to help focus on the
embodiments of the memory device described herein. During erase, write, and
read operations, the omitted signals can he provided with voltages having
values known to those skilled in the art. The waveforms of FIG. 80 are the
same as the waveforms of portions of FIG. 2D and FIG. 5D. For example, the
waveforms of signals GGa and GGg in FIG. 8D are the same as the waveforms of
signals GGa and GG of FIG. 2D. The waveforms of signals GG'» and GG’s in FIG.
8D are the same as the waveforms of signals GG and GG's of FIG. 5D.

[00151] FIG. 9 shows a side view of a structure of a portion of memory
device 800, according to some embodiments described herein. The structure of
memory device 800 in FIG. 9 corresponds to part of the schematic diagram of
memory device 800 shown in FIG. 8C. The portion of memory device 800
shown in FIG. 8 includes elements similar to or identical to those of memory
device 200 of FIG. 3 and memory device 500 of FIG. 6. For example, as shown
in FIG. 9, lines 280 _1aand 280 1 and transistors 286 are the same as lines

280 1, and 280 1s and transistors 286 of FIG. 3, and lines 289 1. and 289 1p
and transistors 288 in FIG. 9 are the same as lines 289 1,and 289 1y and
transistors 288 of FIG. 6. Memory device 800 {FIG. 8A through FiG. 9} can have
improvements similar to those of memory devices 200 and 500 described
ahove with reference to FIG. 2A though FIG. 7.

[00152] FIG. 10, FIG. 11, and FIG. 12 show sequential stages in example
processes of forming a memory device 1000, according to some embodiments
described herein. The processes described with reference to FiG. 10 through
FIG. 12 can be used to form memory device 200 {FIG. 3}, memory device 500
{FIG, 6}, and memory device 800 {FIG. 9} described above with reference to FIG.
1 through FiG. 9. Some of the processes of forming memory device 1000 and
some of the elements of memory device 1000 may be readily known to those

skilied in the art. Thus, to help focus on the embodiments described herein,
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sagme of the processes of forming memory device 1000 shown FiG. 10 through
FIG. 12 and additional processes to complete memory device 1000 are omitted.
Further, for simplicity, similar or identical elements among the memory devices
in FIG. 2A through FIG. 12 are given the same labels.

[80153] FIG. 10 shows memory device 1000 after materials 355 and
1002 are formed over line {e.g., source} 299 and substrate 390. Forming
materials 355" and 1002 can include depositing alternating dielectric materials
{e.g., alternating layers of materials 355" and lavers of materials 1002} over line
299 and substrate 390. Materials 355 can include an oxide of silicon {e.g.,
silicon dioxide 5i02). Materials 1002 can include a combination of silicon and
nitrogen {e.g., silicon nitrite SiNG4). Materials 1002 can be formed in each of
levels 606 and 307 through 317 of memory device 1000 {e.g., each layer of
materials 1002 can be formed in a respective level among levels 606 and 307
through 317).

[e0154] As shown in FIG. 10, materials 355" can be formed to have
respective thicknesses that are defined by {e.g., equal to) respective distances
{vertical distances) D1, D1, D17, D2, D2’, D3, D4, and D4’. Distances D1, D1,
D17, D2, B2, D3, D4, and D4’ are the same as those of FIG. 3, FIG. 6, and FIG. 8.
As described above with reference to FIG. 3, FIG. 6, and FIG. 8, distances D1,
DY, D17, D2, 02, D3, D4, and D4’ can be the same {e.g., substantially equal).
Thus, in FIG. 10, the thicknesses of materials 355’ can be the same {e.g.,
substantially equal).

[60155] Materials 1002 can be formed to have respective thicknesses T1,
T2, T2, T3, and T3, which can be same {e.g., substantially equal). Thicknesses
TL, 72,72, 73, and T3 are the same as those shown in FIG. 3, FIG. 6, and FIG. 9.
In FIG. 10, a location 1031 {(between two dashed lines) indicates a location at
which portions of materials 335" and 1002 will be removed to form a hole in
materials 335" and 1002 {described below).

[60156] FIG. 11 shows memory device 1000 after some elements of

memory device 1000 are formed. Such memory elements include a portion of
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pitiar 331, memory cell string 231, control lines 2200, 2210, 2220, and 223, lines
{e.g., transistor gate lines} 280 _1aand 280 _1s, select lines 2814 and 281,
281°4, and 281’5, and lines {e.g., transistor gate lines) 289 1, and 289 1,
structure 330, and other elements {as shown in FIG. 11) that can be similar to
those of memory device 200 {FIG. 3}, memory device 500 (FIG, 6}, and memory
device 800 (FIG. 9).

[60157] Forming the elements of memory device 1000 in FIG. 11 can
include using a process such as a damascene process or other processes, For
example, after the materials 355’ and 1002 {(FIG. 10} are formed, a hole {a
vertical opening, not shown in FIG. 11} can be formed in materials 355" and
1002 at location 1031 {FIG. 10}). The hole can be formed by removing {e.g., by
etching) parts of materials 355" and 1002 at the location 1031 {FIG. 10} and
leaving a remaining part of materials 355" {which are the materials of dielectrics
355 in FIG. 11 where the hole was not formed) and leaving a remaining part of
materials 1002 {not shown in FIG. 11} at respective levels 606 and 307 through
317. The bottom of the hole can be at line 289 {e.g., at a top surface of line
293}, After the hole is formed, as shown in FIG. 11, memory cell string 231
{including structure 330} can be formed at the location of the hole. Other
structures {e.g., portions 344, 345, 346, and parts of portions 343 of pillar 331)
of memory device 1000 can also be formed at the location of the hole.

[00158] After the portions of pillar 331 and structure 330 are formed, the
remaining part of materials 1002 {where the hole was not formed) can be
removed {e.g., by etching). Remaoving materials 1002 can include forming slits
{e.g., not shown in FIG. 11} in the remaining part of materials 355" and in the
remaining part of materials 1002. Such slits {e.g., vertical openings) can be part
of a damascene process used to form memory device 1000, After the slits are
formed, material 1002 can be subsequently etched away through the slits,
thereby leaving vacancies {e.g., spaces) at the locations on each of levels 606
and 307 through 317 where materials 1002 were {before their removal}. Since

the thicknesses of materials 1002 {FIG. 10} can be the same {as discussed
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above), the spaces where materials 1002 were removed can also have the same
thickness {e.g., same vertical distance).

[80159] After the removal of materials 1002, conductive material {e.g.,
metal such as tungsten or other conductive materials) may be formed {e.g.,
filled} in the vacancies {e.g., the spaces on each of levels 606 and 307 through
317) where materials 1002 were removed. As shown in FIG. 11, the conductive
materials on levels 606 and 307 through 317 form the respective lines {e.g.,
transistor gate lines} 280 _1aand 280 1s, select lines 2814 and 2813, control
lines 220, 2210, 2220, and 223y, select lines 281", and 281, and lines {e.g.,
transistor gate lines) 289 1 and 288 1s of memory device 1000,

{00160} Thus, as described above, lines 280 14 and 28015, select lines
2814 and 2815, control lines 220¢, 2210, 2220, and 223, select lines 281", and
281", and lines 289 1, and 289 1p of memory device 1000 can be formed
concurrently {formed by the same process step {e.g., the same deposition
step}). Further, lines 280 1 and 280_1., select lines 281, and 2815, control
lines 2205, 2216, 2220, and 223, select lines 28174 and 281’5, and lines 288 1a
and 283 1 can also be formed from the same conductive material {e.g., metal
or other conductive materials).

[60161] FiG. 12 shows memory device 1000 after other elements of
memory device 1000 are formed. Such elements include additional conductive
materials at portions 343 to complete pillar 331, and other portions {e.g., line
270} of memory device 1000,

[60162] As shown in FIG. 12, memory device 1000 can include elements
that are similar to or identical to the elements of memory device 800 of FIG. 8.
Thus, the processes of forming a memory device 1000 can be used to form
memory device 800 of FIG. 8. One skilled in the art would readily recognize
that processes similar to the processes of forming a memaory device 1000
described above with reference to FIG 10 through FIG. 12 can also be used 1o

form memory device 200 (FIG. 6) and memory device 800 (FIG. 9).
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(8018631 The illustrations of apparatuses {e.g., memory devices 100, 200,
500, 800, and 1000} and methods {e.g., operating methods associated with
memory devices 100, 200, 500, and 800, and methods {e.g., processes) of
forming these memaory devices) 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 apparatuses
that might make use of the structures described herein. An apparatus herein
refers to, for example, either a device {e.g., any of memory devices 100, 200,
500, 800, and 1000} or a system {e.g., a computer, a cellular phone, ar other
electronic system} that includes a device such as any of memory devices 100,
200, 500, 800, and 1000.

[60164] Any of the compenents described above with reference to FIG. 1
through FIG. 12 can be implemented in a number of ways, including simulation
via software. Thus, apparatuses {e.g., memory devices 100, 200, 500, 800, and
1000 or part of each of these memaory devices, including a control unit in these
memory devices, such as controf unit 116 (FIG. 1)) 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 and/or 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.

[60165] Memory devices 100, 200, 500, 800, and 1000 may be included
in apparatuses {(e.g., electronic circuitry) such as high-speed computers,

communication and signal processing circuitry, single or multi-processor
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modules, single or multiple embedded processors, multicore processors,
message information switches, and application-specific modules including
multilayer, multichip modules. Such apparatuses may further be included as
subcomponents within a variety of other apparatuses {e.g., electronic systems),
such as televisions, cellular telephones, personal computers {e.g., laptop
computers, deskiop computers, handheld computers, 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
maonitor, blood pressure monitor, eic.}, set top boxes, and others.

[00166] The embodiments described above with reference to FIG. 1
through FIG. 12 include apparatuses and methods of using and forming such
apparatuses. An apparatus among the apparatuses includes first and second
conductive materials located in respective first and second levels of the
apparatus, a pillar including a length extending between the first and second
conductive materials, memory cells and control lines located along the pillar, a
first select gate and a first select line located along the pillar between the first
conductive material and the memory cells, a second select gate and a second
select line located along the pillar between the first conductive material and
the first select line, a first transistor and a first transistor gate line located along
the pillar between the first conductive material and the first select line, and a
second transistor and a second transistor gate line located along the pillar
between the first conductive material and the first transistor. Other
embodiments including additional apparatuses and methods are described.
[00167] 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
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be apparent to those of skill in the art upon reading and understanding the

above description.
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CLAIMS

1. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein the pillar includes a dielectric portion
having a length extending in a direction of the length of the pillar, and a conductive channel
having a length extending in the direction of the length of the pillar, and the conductive channel
surrounds at least part of the dielectric portion, and, wherein the pillar includes a conductive
portion between the dielectric portion and the first conductive material, the conductive portion
contacts the dielectric portion at an interface, and the interface is located at a level between

levels of the first and second transistor gate lines.

2. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
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conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein:

the control lines include a first control line and a second control line, each of the first and
second control lines having a first thickness;

each of the first and second select lines has a second thickness; and

each of the first and second transistor gate lines has a third thickness, wherein the first,
second, and third thicknesses are the same.

3. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein:

the control lines include a first control line and a second control line, the first control line
adjacent the second control line and separated from the second control line by a first distance in a

direction of the length of the pillar;
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the first select line is separated from the second control line by a second distance in the
direction of the length of the pillar;

the second select line is separated from the first select line by a third distance in the
direction of the length of the pillar;

the first transistor is separated from the second select line by a fourth distance in the
direction of the length of the pillar; and

the second transistor is separated from the first transistor by a fifth distance in the
direction of the length of the pillar, wherein the first, second, third, fourth, and fifth distances are

the same.

4. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein the first and second transistors are part

of a current generator circuit of the apparatus.

5. An apparatus comprising:
a first conductive material located in a first level of the apparatus;
a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
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the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein the control lines, the first and second

select lines, and first and second transistor gate lines include a same material.

6. The apparatus of claim 5, wherein the same material is metal.

7. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein the control lines, the first and second
select lines, and first and second transistor gate lines are separated from a conductive channel of

the pillar by a same distance.
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8. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor, wherein each of the memory cells includes a

structure configured to store information, and the structure is a dielectric structure.

9. An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line; and

a second transistor and a second transistor gate line located along the pillar between the
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first conductive material and the first transistor, wherein each of the memory cells includes a

structure configured to store information, and the structure is polycrystalline silicon structure.

10.  The apparatus of claim 4, further comprising a data line and a source, wherein the first

material is part of the data line, and the second material is part of the source.

11.  The apparatus of claim 4, further comprising a data line and a source, wherein the first
material is part of the source, and the second material is part of the data line.

12.  An apparatus comprising:

a first conductive material located in a first level of the apparatus;

a second conductive material located in a second level of the apparatus;

a pillar including a length extending between the first and second levels and contacting
the first and second conductive materials;

memory cells and control lines located along the pillar;

a first select gate and a first select line located along the pillar between the first
conductive material and the memory cells;

a second select gate and a second select line located along the pillar between the first
conductive material and the first select line;

a first transistor and a first transistor gate line located along the pillar between the first
conductive material and the first select line;

a second transistor and a second transistor gate line located along the pillar between the
first conductive material and the first transistor;

a third select line located along the pillar between the second conductive material and the
memory cells;

a fourth select line located along the pillar between the second conductive material and
the third select line; and

a third transistor and a third transistor gate line located along the pillar between the

second conductive material and the fourth select line.
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13.  The apparatus of claim 12, further comprising a fourth transistor and a fourth transistor

gate line located along the pillar between the second conductive material and the third transistor.

14.  Anapparatus comprising:

a first conductive line;

first and second transistors coupled in series with the first conductive line;

first and second select gates coupled in series with the first and second transistors, the
first and second transistors being between the first conductive line and the first and second select
gates;

memory cells coupled in series with the first and second select gates;

third and fourth select gates coupled in series with the memory cells, the memory cells
being between one of the first and second select gates and one of the third and fourth select
gates;

a third transistor coupled in series with the third and fourth select gates; and

a second conductive line coupled to the third transistor, the third transistor being
between the second conductive line and one of the third and fourth select gates.

15.  The apparatus of claim 14, wherein the memory cells, the first, second, and third

transistors, and the first, second, third, and fourth select gates have a same structure.

16.  The apparatus of claim 14, wherein the first conductive line includes a data line, and the

second conductive line includes a source.

17.  The apparatus of claim 14, wherein the first conductive line includes a source, and the

second conductive line includes a data line.

18.  The apparatus of claim 14, further comprising a fourth transistor coupled between the

third transistor and the second conductive line.
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19. A method comprising:

applying a first voltage during an operation of a memory device to a first transistor gate
line coupled to a first transistor of the memory device;

applying a second voltage during the operation of the memory device to a second
transistor gate line coupled to a second transistor of the memory device;

applying a third voltage during the operation of the memory device to a first select line
coupled to a first select gate of the memory device;

applying a fourth voltage during the operation of the memory device to a second select
line coupled to a second select gate of the memory device;

applying a fifth voltage during the operation of the memory device to a third select line
coupled to a third select gate of the memory device;

applying a sixth voltage during the operation of the memory device to fourth select line
coupled to a fourth select gate of the memory device; and

applying a seventh voltage during the operation of the memory device to a third transistor
gate line coupled to a third transistor of the memory device, wherein the first, second, and third
transistors and first, second, third, and fourth select gates are coupled in series between first and

second conductive lines of the memory device.

20.  The method of claim 19, further comprising:
applying an eighth voltage to at least one of the first and second conductive lines during
the operation of the memory device, wherein a value of the eighth voltage is greater than a value

of each of the first, second, third, fourth, fifth, sixth, and seventh voltages.

21. The method of claim 19, wherein a value of each of the first, second, and seventh

voltages is less than a value of each of the third, fourth, fifth, and sixth voltages.

22.  The method of claim 19, wherein the third, fourth, fifth, and sixth voltages have a same

value.
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23.  The method of claim 22, wherein the first, second, and seventh voltages have a same

value.

24. A method comprising:

forming a pillar extending outwardly from a substrate;

forming memory cells and control lines along the pillar;

forming first and second select gates and first and second select lines along the pillar;

forming first and second transistors and first and second transistor gate lines along the
pillar, such that the first and second select gates are between the memory cells and the first and
second transistors;

forming third and fourth select gates and third and fourth select lines along the pillar; and

forming a third transistor and a third transistor gate line along the pillar, such that the

third and fourth select gates are between the memory cells and the third transistor.

25.  The method of claim 24 wherein forming the pillar includes forming a conductive portion
of the pillar, such that a bottom of the conductive portion of the pillar is at a level between levels

of the first and second transistor gate lines.

26.  The method of claim 24, wherein the first, second, and third transistor gate lines and the

control lines have a same thickness.

27.  The method of claim 24, wherein the control lines, the first, second, and third transistor
gate lines, and the first, second, third, and fourth select lines are formed from a same deposition

process step.

28.  The method of claim 24, wherein forming the control lines, the first, second, and third
transistor gate lines, and the first, second, third, and fourth select lines includes:

forming spaces between dielectric materials, such that each of the spaces is between two
of the dielectric materials; and

filling the spaces with a conductive material, wherein a portion of the conductive material
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in one of the spaces between two of the dielectric materials forms part of one of the control lines,

the first, second, and third transistor gate lines, and the first, second, third, and fourth select lines.

29. The method of claim 28, wherein the conductive material is metal.
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