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MEMORY DEVICE HAVING IMPROVED PROGRAMMING
OPERATION

Related Application

This patent application claims priority benefit from U.S. Application No.
12/402,158 filed 11 March 2009 which is incorporated herein by reference.

Background

Memory devices are widely used in computers and other electronic
devices to store data and other information. Some memory devices, such as a
flash memory device, do not need power to maintain the information stored in
the device.

A flash memory device usually has a programming operation to store
information, a read operation to retrieve the stored information, and an erase
operation to clear some or all of the information in the device. Programming,
read, and erase operations in a flash memory device usually involve applying
different voltages to various components of the device.

A conventional flash memory device goes through many programming,
read, and erase operations during its life. Therefore, improper control of the
voltages applied during these operations may lead to inferior device performance,

reliability, or both.

Brief Description of the Drawings

FIG. 1 shows a block diagram of a memory device having a memory
array with memory cells, according to an embodiment of the invention.

FIG. 2 shows a partial schematic diagram of a memory device, according
to an embodiment of the invention.

FIG. 3 shows a partial cross-section of the memory device of FIG. 2,
according to an embodiment of the invention.

FIG. 4 shows a partial schematic diagram of a memory device including
a memory cell selected to be programmed during an example programming

operation, according to an embodiment of the invention.
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FIG. 5 is an example timing diagram of various signals for FIG. 4 during
a programming operation, according to an embodiment of the invention.

FIG. 6 shows a cross-section of a portion of the memory device of FIG. 4
depicting a portion of a well and a portion of a region of a string of memory cells

5 with capacitive and diode modeling, according to an embodiment of the

invention.

FIG. 7 shows a partial cross-section of a memory device depicting
various voltage levels of some components of the memory device during a
programming operation of the memory device, according to an embodiment of

10  the invention.

Detailed Description

FIG. 1 shows a block diagram of a memory device 100, according to an
embodiment of the invention. Memory device 100 includes a memory array 102
15  with memory cells 104 arranged in rows and columns. Row decoder 106 and
column decoder 108 respond to an address register 112 and access memory cells
104 based on row address and column address signals on lines 110. A data
input/output circuit 114 transfers data between memory cells 104 and lines 110.
A control circuit 116 controls operations of memory device 100 based on signals
20  onlines 110 and 111. Memory device 100 can be a non-volatile memory device.
For example, memory device 100 can be a NAND flash memory device where
memory cells 104 include flash memory cells arranged in a NAND flash
memory arrangement. One skilled in the art will readily recognize that memory
device 100 includes other parts, which are omitted from FIG. 1 to focus on the
25  various embodiments described herein.

Memory device 100 includes lines 130 and 132 to receive voltages Vcc
and Vss. Vcc can be the supply voltage for memory device 100, Vss can be
ground. Memory device 100 also includes a voltage generator 140. Voltage
generator 140 and control circuit 116 may act separately or together as a module

30  oras apart of a module to provide different voltages to memory array 102 (e.g.,
to cause memory array 102 to have different voltages) during various operations
of memory device 100. The operations include a programming operation to

transfer (e.g., write) data from lines 110 to memory cells 104, a read operation to
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transfer (e.g., read) data from memory cells 104 to lines 110, and an erase
operation to erase (e.g., clear) data from all or a portion of memory cells 104.
Memory device 100 includes embodiments of the devices described below with
reference to PIG. 2 through FIG. 7.

FIG. 2 shows a partial schematic diagram of a memory device 200,
according to an embodiment of the invention. Memory device 200 includes
memory cells 210, 211, 212, and 213 arranged in rows 220, 221, 222, and 223,
and columns 224, 225, and 226. The memory cells in the same column are
connected in a string of memory cells, such as strings 230, 231, and 232. FIG. 2
shows an example of three strings and each string has four memory cells.
However, the number of strings and memory cells in each string may vary.

Memory device 200 also includes select transistors 215 and 216. Fach
select transistor 215 is coupled between one of strings 230, 231, and 232 and a
source line 243 associated with a source line signal SL. Each select transistor
215 includes a gate 217 coupled to a select line 255. A select signal SGS on
select line 255 is used to activate (turn on) select transistors 215 to electrically
couple strings 230, 231, and 232 to source line 243. Each transistor 216 is
coupled between one of strings 230, 231, and 232 and one of bit lines 240, 241,
and 242 associated with bit line signals BLO, BLL1, and BL2, respectively. Each
select transistor 216 includes a gate 218 coupled to a select line 256. A select
signal SGD on select line 256 is used to activate select transistors 216 to
electrically couple strings 230, 231, and 232 to bit lines 240, 241, and 242. FIG.
2 shows select transistors 215 and 216 being outside strings 230, 231, and 232.
However, transistors 215 and 216 can also be viewed as part of these strings,
such that each of strings 230, 231, 232 can also include a corresponding select
transistor 215 and a corresponding select transistor 216. For example, string 231
also includes a select transistor 215 and a select transistor 216 that are coupled
between bit line 241 and source line 255, respectively.

As shown in FIG. 2, each of memory cells 210, 211, 212, and 213
includes a floating gate 208 and a control gate 209. Control gates 209 of
memory cells (e.g., memory cells 210) in the same row (e.g., row 220) are

coupled to the same word line, such as word line 250, 251, 252, or 253. Word
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lines signals WLO, WL1, WL2, and WL3 on word lines 250, 251, 252, and 253
are used to access memory cells 210, 211, 212, and 213.

To program, read, or erase memory cells 210, 211, 212, and 213,
memory device 200 applies various voltages to select lines 255 and 256, word
lines 250, 251, 252, and 253, bit lines 240, 241, and 242, and source line 243.
To focus on the embodiments herein, this description omits details of read and
erase operations of memory device 200.

In a programming operation, in addition to various voltages that memory
device 200 applies to select lines 255 and 256, word lines 250, 251, 252, and 253,
bit lines 240, 241, and 242, and source line 243, as mentioned above, memory
device 200 also applies a voltage to a semiconductor substrate where memory
cells 210, 211, 212, and 213 are formed. FIG. 3 shows an example of a
semiconductor substrate of memory device 200.

FIG. 3 shows a partial cross-section of memory device 200 of FIG. 2,
according to an embodiment of the invention. As show in FIG. 3, memory
device 200 includes a substrate 301 with substrate portions that can be called
wells 303, 305, and 307. Well 305 and well 307 of substrate 301 are coupled to
anode 399. Memory device 200 applies a well voltage Vwerr to wells 305 and
307 through node 399 during a programming operation. Designations "P" and
"N" in FIG. 3 indicate materials of different conductivity types in various
portions of substrate 301. For example, the P-type material can be silicon doped
with first impurities and the N-type material can be silicon doped with second
impurities different from the first impurities. The impurities in the P-type
material can include material such as boron. The impurities in the N-type
material can include material such as phosphorus or arsenic.

As shown in FIG. 3, in each of memory cells 210, 211, 212, and 213,
floating gate 208 are isolated from each other by an insulating material 311 and
are formed above regions 360 and regions 363. Regions 360 include an N-type
material different from the P-type material of well 307. Each of regions 360
corresponds to sources and drains of transistors 215 and 216 and sources and
drains of transistors of memory cells 210, 211, 212, and 213. Each of regions

363 correspond to a channel between two regions 360. Regions 360 and regions
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363 can form a continuous conductive path between bit line 240 and source line
243 to conduct current during various operations of memory device 200.

Regions 360 and regions 363 are collectively called S-D region. In this
description, an S-D region refers to a region that includes sources and drains
(e.g., 360) and the channels (e.g., 363) between the sources and drains of select
transistors (e.g., 215 and 216) and memory cells (e.g., 210, 211, 212, and 213).

FIG. 3 shows a partial cross-section of only one string of memory cells
(e.g., string 230) of memory device 200. Other strings of memory cells (e.g.,
strings 231 and 232 in FIG. 2) have a structure similar to or identical to the
structure shown in FIG. 3.

In a programming operation, memory device 200 selects one or more
memory cells to program information into the selected memory cell (or cells). In
this description, a selected memory cell is the memory cell that is selected to be
programmed during a particular programming operation. A selected string is the
string that includes a selected memory cell during a particular programming
operation. An unselected (or inhibited) string is the string that does not include a
selected memory cell during a particular programming. An unselected memory
cell is a memory cell that is not selected to be programmed during a particular
programming operation. Thus, a selected string may include both selected and
unselected memory cells, and an unselected string may include only unselected
memory cells.

During a programming operation, one or more unselected strings in
memory device 200 may be disturbed during a programming operation because
of the effect of different voltage levels applied to different components of the
selected and unselected strings. Electrons in regions 360 and 363 of unselected
strings may contribute to the programming disturbance of the unselected strings.
To decrease or suppress programming disturbance that may happen to the
unselected strings, memory device 200 reduces an amount of electrons in regions
360 and 363 (S-D region) of the unselected strings.

In an embodiment, memory device 200 reduces an amount of electrons
from regions 360 and 363 by partially or completely removing free electrons
from regions 360 and 363. For example, during a programming operation,

memory device 200 applies a voltage from regions 360 and 363 to well 307 and
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stay therein or move out through node 399, thereby partially or completely
removing free electrons from regions 360 and 363.

The operation of memory device 200 of FIG. 2 and FIG. 3 is similar to or
identical to that of a memory device described below with reference to FIG. 4
through FIG. 7.

FIG. 4 shows a partial schematic diagram of memory device 400
including a memory cell 411 selected to be programmed during an example
programming operation, according to an embodiment of the invention. Memory
device 400 includes strings 430 and 431, each having memory cells 410, 411,
412, and 413 with control gates 409 and floating gates 408. Fach of strings 430
and 431 is coupled to a corresponding bit line 440 or 441 via a select transistor
416 and to a source line 457 via a select transistor 415. Bit lines 440 and 441 are
associated with bit line signals BLO and BL1, respectively.

Control gates 409 of memory cells 410, 411, 412, and 413 are coupled to
respective word lines 450, 451, 452, and 453 associated with word lines signals
WLO, WL1, WL2, and WL3. Word lines 450, 451, 452, and 453 are conductive
lines used to access memory cells 410, 411, 412, and 413. Each select transistor
415 includes a gate 417 coupled to a select line 455 associated with a select
signal SGS. Fach select transistor 416 includes a gate 418 coupled to a select
line 456 associated with a select signal SGD.

Memory cells 410, 411, 412, and 413 of both strings 430 and 431 and
select transistors 415 and 416 are coupled to lines 407. Lines 407 represent a
portion of a semiconductor substrate, for example, a well in the substrate, of
memory device 400. Thus, lines 407 are also referred to as a portion (e.g., well
407) of memory device 400. Well 407 can have a structure that is similar or
identical to one or more of well 305 and well 307 of substrate 301 of FIG. 3.
Thus, each of strings 430 and 431 can also have an S-D region similar to the S-D
region (regions 360 and 363) of FIG. 3.

As shown in FIG. 4, memory device 400 also includes a gate voltage
control circuit 420 to control the voltage levels of WLO, WL1, WL2, and WL3.
A select transistor voltage control circuit 433 controls the voltage levels of SGS
and SGD. A well voltage control circuit 442 controls the voltage level of well

407. During a time interval of programming operation, such as a time interval
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before a selected memory cell is programmed, well voltage control circuit 442
applies voltage Vwrry to well 407 to charge well 407 to a voltage level greater
than the voltage levels at of WL0O, WL1, WL2, and WL3 to cause electrons to
move from the S-D region of strings 430 and 431 to well 407. During another
time interval of the programming operation, such as a time interval after well
407 is charged, well voltage control circuit 442 disconnects voltage Vwgry from
well 407 to discharge well 407, using a discharge unit 444, so that one or more
selected memory cells can be programmed.

FIG. 4 shows an example where memory device 400 includes three
separate circuits 420, 434, and 442. These circuits, however, can be separated
into more than three circuits, combined into fewer circuits or into a single circuit,
or may be at least a part of one or both of a voltage generator and a control
circuit, such as voltage generator 140 and control circuit 116 of FIG. 1.

FIG. 4 shows memory device 400 with two strings 430 and 431 to focus
on the embodiments described herein. Memory device 400, however, includes
numerous strings similar to or identical to strings 430 and 431 shown in FIG. 4.

During a programming operation, memory device 400 may select one or
more of memory cells 410, 411, 412, and 413 in string 430 or string 431 to be
selected memory cell or cells. FIG. 4 shows a dashed circle around memory cell
411 of string 430 to indicate that, in a particular example programming operation,
memory cell 411 of string 430 is a selected memory cell and memory cells 410,
412, and 413 of string 430 are unselected memory cell. Thus, string 430 is a
selected string. Memory cells 410, 411, 412, and 413 of string 431 are
unselected memory cells. Thus, string 431 is an unselected string. A
programming operation of memory device 400 is described below with reference
to both FIG. 4 and FIG. 5.

In the description herein, when Vwpy 1. is mentioned in the text or in the
drawings, it may refer to a voltage signal that is applied to a well or refer to the
voltage level of the well. When BLO and BL1 are mentioned the text or in the
drawings, they may refer to the signals on two corresponding bit lines, the
voltage levels on the bits lines, or the bit lines themselves. When WLO, WL1,
WL2, and WL3 are mentioned the text or in the drawings, they may refer to the

signals on corresponding word lines, the voltage levels on the corresponding
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word lines, the word lines themselves, the voltage levels on the gates of the
memory cells associated with WL0O, WL1, WL2, and WL3, or the gates of the
memory cells associated with WL0O, WL1, WL2, and WL3. Further, when SGS
(or SGD) is mentioned the text or in the drawings, it may refer to the signal on a
select line, a voltage level of the select line, or the select line itself. Moreover,
when SL is mentioned the text or in the drawings, it may refer to the signal on a
source line, a voltage level of the source line, or the source line itself.

FIG. 5 is an example timing diagram of various signals for FIG. 4 during
a programming operation, according to an embodiment of the invention. As
shown in FIG. 5, a programming operation of memory device 400 includes two
different time intervals: a time interval 501 between times T0 and T1 and a time
interval 502 between times T1 and T3. Voltage levels VO through V11 represent
different voltage levels of various components of memory device 400 at different
times. The following description refers to both FIG. 4 and FIG. 5.

In operation, during time interval 501, memory device 400 applies Vwerr
to well 407 to raise the voltage at well 407 from a voltage level VO to a higher
voltage level V1. Memory device 400 holds WL0O, WL1, WL2, and WL3 at
voltage level V2, such that V1 is greater than V2. The higher voltage level V1 at
well 407 relative to the voltage level V2 at WLO, WL1, WL2, and WL3 causes
electrons to move from the S-D region of strings 430 and 431 to well 407. V2
can be equal to VO. V0 and V2 can be zero volts (e.g., ground potential). V2
can have another value that is different from zero. For example, V2 can have a
negative value.

During time interval 501, memory device 400 allows BLO, BL1, SL, and
the S-D regions of both selected and unselected strings 430 and 431 to "float",
such that the voltage levels at these regions also rise in the same direction with
the voltage level at well 407. In this description, “to float” or “floating” a
component means not holding that component at a fixed voltage level but
allowing the voltage level at that component to rise and fall to different voltage
levels. As shown in FIG. 5, during time interval 501, the voltage level at each of
BLO, BL1, SL, and S-D regions of strings 430 and 431 rises from voltage level
VO to voltage level V3 in response to the voltage level of well 407 rising from

VO to V1. V3 can be less than V1. For example, V3 can be equal to V1 minus
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Vpiope (V1-Vpiopr), where Vpiopg is a voltage across a p-n junction diode
between well 407 and the S-D regions of string 430 or 431. FIG. 6 below shows
a p-n junction diode (Dpx) between well 407 and the S-D region of string 431.
V1 can be greater than zero and less than the supply voltage (e.g., Vec) of
memory device 400. V1 can also be equal to or greater than the supply voltage
of memory device 400. Thus, if V1 is greater than the supply voltage of memory
device 400 (e.g., greater than Vcc minus Vpopg), V3 can also be greater than the
supply voltage memory device 400.

In FIG. 5, during time intervals 501 and 502, memory device 400 raises
the voltage levels of SGS and SGD and hold them at voltage levels V4 and V5,
respectively. Each of V4 and V5 can have a value equal to a supply voltage of
memory device 400 or other value greater than the threshold voltage of each of
transistors 415 and 416.

With the voltage levels shown in FIG. 5 during time interval 501,
electrons from the S-D regions of strings 430 and 431 move to well 407 and stay
therein. Thus, electrons are removed from the S-D regions of strings 430 and
431. As electrons are removed, the amount of electrons in these S-D regions is
reduced. Depending on the value of V1 at well 407, the electrons in these S-D
regions can be partially removed or completely removed. The amount of
electrons moving from these S-D regions is proportional to the difference
between V1 and V2. Thus, if V2 is fixed (e.g., fixed at V2 as shown in FIG. 5
during time interval 501), the amount of electrons moving from these S-D
regions is proportional to the value of V1, such that the higher the value of
voltage level V1, the more electrons are removed from these S-D regions.
Reducing the amount of electrons in these S-D regions may leave no free
electrons or leave fewer electrons in these S-D regions that may be insufficient
to cause programming disturbance. Thus, reducing the amount of electrons in
these S-D regions can decrease or suppress programming disturbance that may
happen to the unselected strings of memory device 400, such as string 431, when
one or more memory cells of one or more selected strings, such as string 430, is
programmed (e.g., during time interval 502).

During time interval 502, memory device 400 decouples Vwgr 1. from well

407 to decrease the voltage at well 407 from V1 to VO. Memory device 400 may
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decouple well 407 from Vwgrr by stopping the charging of well 407 and then
discharging well 407 to decrease its voltage level.

During time interval 502, memory device 400 causes the voltage level at
BLO (bit line coupled to selected string) to fall from V3 to a lower voltage level

5 such as VO. Memory device 400 may cause the voltage level at BLO to fall by
coupling BLO to ground potential. The voltage level of the S-D region of string
430 also falls to VO when BLO falls to V0.

During time interval 502, memory device 400 causes the voltage level
BL1 (bit line coupled to unselected string) to fall from V3 to a lower voltage

10 level V6. Memory device 400 may cause the voltage level at BL1 to fall by
coupling BL.1 to the supply voltage of memory device 400. Thus, V6 can be
equal to the supply voltage of memory device 400.

During time interval 502, memory device 400 causes SL to fall from V3
to a lower voltage level V8. Memory device 400 may cause the voltage level at

15  SL to fall by coupling SL to the supply voltage of memory device 400. Thus,
V8 can be equal to the supply voltage of memory device 400.

Between times T1 and T2, since the S-D region of string 431 is coupled
to well 407, voltage level V3 of the S-D region of string 431 also falls to a lower
voltage level V7. V7 is greater than VO.

20 At time T2, memory device 400 raises the voltage level at WL2 (selected
word line) from VO to a higher voltage level V9. V9 can be a programming
voltage used to program selected memory cell 411. Since gate 409 of memory
cell 411 is coupled to WL2, by raising WL2 to V9, memory device 400
effectively applies V9 to gate 409 of memory cell 411 to change the threshold

25  voltage of memory cell 411 to a value that reflects the value of information
stored thereon.

At time T2, memory device 400 also raises the voltage level at WLO0,
WL1, and WL3 (unselected word line) from VO to a higher voltage level V10.
V10 is less than V9. Since gates 409 of memory cells 410, 412, and 413 are

30  coupled to corresponding WLO, WL1, and WL3, by raising WLO, WL1, and
WL3 to V10, memory device 400 effectively applies V10 to gates 409 of
memory cells 410, 412, and 413.

10
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Attime T2, the voltage level of the S-D region of string 431 also rises
from V7 to a higher voltage level V11. Memory cell 411 of string 431 is not
programmed because the voltage difference between V9 and V11 of the S-D
region of string 431 and is not enough to change the threshold voltage of
memory cell 411. Also, memory cells 410, 412 and 413 of string 431 are not
programmed because the voltage difference between V10 and V11 of the S-D
region of string 431 is not enough to change the threshold voltage of memory
cells 410, 412 and 413 of string 431.

After time T3, memory device 400 may reset its components to the levels
before time TO.

V11 can be called a boosted voltage level because the voltage level of the
S-D region of string 431 (unselected string) during time interval 502 is
“boosted” from a relatively lower voltage level V3 or V7. A higher V3 or V10,
or both, results in a higher V11. The higher V11, the less programming
disturbance can affect unselected strings (e.g., string 431) of memory device 400
when a memory cell in a selected string (e.g., string 430) is programmed. Thus,
by increasing the V3 or V10, or both, V11 is also increased, thereby decreasing
programming disturbance that may happen to unselected strings of memory
device 400. As described above, V3 can be obtained by applying Vwgr greater
than V2 to well 407 to reduce the amount of electrons in the S-D regions. Thus,
V11 can be controlled by controlling the value of Vwgry. For example, a higher
V11 can be obtained by applying Vwgr 1 with a higher value.

As described above, V1 and V3 can be equal to or greater than the supply
voltage (e.g., Vcc) of memory device 400. Therefore, in memory device 400,
higher V11 (to decrease programming disturbance) can be obtained by applying
Vwrrr to well 407 during time interval 501 of the programming operation.

Some conventional memory devices may include region similar to the S-
D region of FIG. 3. For the purposed of this description, the region of the
conventional memory device similar to the S-D region of FIG. 3 is referred to as
a selected substrate region. During a programming operation, a voltage level at
the selected substrate region of an unselected string of the convention memory
device is obtained by applying a voltage Vg1 to a bit line (unselected bit line)

associated with the unselected string. Then, a select transistor (e.g., transistor
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coupled to SGD) is turned on and a voltage Vwy greater than zero is applied to
word lines associated with the unselected string to turn on the transistors of the
memory cells of the unselected string. The turned on transistors pass Vpy at the
unselected bit line to the selected substrate region of the unselected string of the
conventional memory device, such that Vp; is also present at the selected
substrate region of the unselected string. Vg at the selected substrate region of
the unselected string of the conventional memory device can be referred to as a
seed voltage. Vyi at the unselected bit line of the conventional memory device,
however, is limited to (e.g., not greater than) the supply voltage (e.g., Vcc) of the
conventional memory device. Thus, in the conventional memory device, the
seed voltage (which is based on Vp;) at the selected substrate region is limited to
the supply voltage, and Vwy, greater than zero is applied to the word lines to pass
the seed voltage. As a result, in the conventional memory device, there is a
trade-off in the seed voltage and a voltage at the selected substrate region in
subsequent time interval of the programming operation (e.g., a boosted voltage
level) because a higher Vi at the word lines results in a lower voltage level
(e.g., lower boosted voltage level) at the selected substrate region in subsequent
time interval of the programming operation. A lower boosted voltage level may
be insufficient to decrease programming disturbance in the conventional memory
device.

Moreover, in a conventional memory device, an increase in the Vy, at
the word lines beyond a certain value (in an attempt to increase the boosted
voltage level) may not result in an increase in a boosted voltage level of the
selected substrate region. The reason may be attributed to junction leakage
between the reverse bias between the selected substrate region and the
surrounding substrate in the conventional memory device, in which the junction
leakage may limit the boosted voltage level of the selected substrate region.
Therefore, the limitation in the boosted voltage level may also limit any attempt
to decrease in programming disturbance in the conventional memory device.

In FIG. 5, since V2 at WLO, WLI1, WL2, and WL3 memory device 400
can be zero, thus the level voltage, such as V11, at the unselected string during
time interval 502 can be as high as possible, thereby also enhancing the decrease

programming disturbance. Further, in FIG. 5, as explained above, a higher V3
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or V10, or both, results in a higher V11. Thus, increased V3 may allow
decreased V10 for the same V11, thereby reducing or preventing junction
leakage between the reverse biased S-D region of string 431 and well 407,
thereby leading to decreased programming disturbance.

FIG. 6 shows a cross-section of a portion of memory device 400 of FIG.
4 depicting a portion of well 407 and a portion of the S-D region of string 431
with capacitive and diode modeling, according to an embodiment of the
invention. Word line WL in FIG. 6 represents one of word lines WLO, WL1,
WL2, and WL1 of FIG. 4. The S-D region of string 431 includes source and
drains 660 and a channel 663. As shown in FIG. 6, source and drain 660 are
floating, and can be modeled using capacitor Ccg coupled to word line WL,
capacitor Cgg coupled to floating gate 408, capacitor Cw coupled to well 407,
and diode Dpy coupled between the S-D region and well 407.

The voltage level at the S-D region, Vg p, is determined based on Ccg,
Crg, Cw and any charge Qg p as shown in the equation below.

Vsp =((Cea * Vea) + (Cre * Via) + (Cw * Viwern) + Qsp)/( CogtCra+Cw)

In the above equation, voltages Vg, Vg, and Vwgry correspond to
voltages associated with capacitors Ccg, Crg, and Cy, respectively. Channel
663 may also include electrons when the memory cell associated with the
channel has a negative threshold voltage, for example, when the memory cell is
in an erased state. Channel 663 can also be modeled in a similar fashion as that
of source and drain 660 shown in FIG. 6.

In operation, when Vwpy 1 is greater than Vg p, diode Dpy turns on and
electrons move out of the S-D region into well 407. For example, during time
interval 501 in FIG. 5 when Vwgrr rises from VO to V1, diode Dpy turns on
when Vwpp is greater than Vg p. The loss of electrons in the S-D region raises
the voltage level of Vs p. When Vg is approximately equal to Vg minus a
voltage (e.g., Vpiopr) across diode Dpy, such as V3 in FIG. 5, the diode Dpy
turns off. The amount of electrons moving out of the S-D region is proportional
to Vwrrl.

Thus, during time interval 501 in FIG. 5, a different voltage difference
between the well 407 and word line WL is created, causing electrons from the S-

D region in FIG. 6 to move out of this region into well 407. Therefore, during
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time interval 501 in FIG. 5, the amount of electrons in the S-D region is reduced.
As described above, reducing the amount of electrons in the S-D regions may
decrease or suppress programming disturbance that may happen to the
unselected strings, such as string 431.

FIG. 7 shows a partial cross-section of memory device 700 depicting
various voltage levels of some components of memory device 700, including
string 731, during a programming operation of memory device 700, according to
an embodiment of the invention. Voltage levels V2, V3, and well 707 in FIG. 7
correspond to V2, V3, and well 407 of FIG. 4 and FIG. 5. String 731 of FIG. 7
can be an unselected string during a programming operation of memory device
700, such as string 431 described above with reference to FIG. 4, FIG. 5, and
FIG. 6. In FIG. 7, SL, BL,, SGD, and SGS correspond to similar components of
HIG. 3.

In FIG. 7, V3 is a positive voltage at the S-D region of string 731 that
results from electrons moving out of the S-D region into well 707 when V2 is
applied to word lines 750, 751, 752, and 753 and Vwgry greater than V2 is
applied to well 707 of substrate 701. The S-D region of string 731 includes
regions 760 and 763. Since well 707 surrounds the S-D region, an equal amount
of electrons from different locations of the S-D region may move to well 707
when Vwgrr greater than V2 is applied to well 707. Thus, the S-D region may
also have an equal voltage (or substantially uniform voltage level) V3 extending
through out the S-D region.

Some conventional memory devices may apply a voltage Vg to its bit
line and apply a word line voltage Vw, greater than zero to the control gate of
the memory cells of the unselected string to turn on transistors of the memory
cells of the unselected string, so that Vp;, from the bit line can be passed to a
selected substrate region (similar to the S-D region of FIG. 7) of the
conventional memory device. However, in some cases, Vwy used in the
conventional memory device may be insufficient to turn on a transistor of a
particular memory cell because the particular memory cell may be programmed
with a value (e.g., threshold voltage) greater than V. Thus, in the
conventional memory device, Vg from the bit line may reach only a portion of

the selected substrate region and stop at a location of the selected substrate
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region where a particular memory cell is programmed with a value greater V.
Thus, some locations of the selected substrate region of the unselected string in
the conventional memory device may have a voltage (e.g., 0 volts) that is lower
than Vypr (e.g., Vcc). Therefore, the voltage level (e.g., boosted voltage level) at
the selected substrate region of the unselected string of the conventional memory
device is dependent on the values of information stored in the memory cells of
the unselected string and may not be as high as possible, thereby decreasing
programming disturbance in the conventional memory device.

In memory device 700, however, since V3 results from application of
Vwrrr to well 707, the voltage level at the S-D region is independent of the
values stored in memory cells 710, 711, 712, and 713. Therefore, V3 in the S-D
region of string 731 and can reach all locations in the S-D region, thereby
allowing the voltage level (e.g., V11) at the S-D region to be as high as possible
during a time interval, such as time interval 502 of the programming operation.
When a voltage level (similar to V11 of FIG. 5) of memory device 700 can be as
high as possible during a programming operation, programming disturbance that
may happen to unselected string 731 may be decreased in ways similar to those
described above with reference to FIG. 4 and FIG. 5.

One or more embodiments described herein include methods and devices
having a module and memory cells. The module is configured to reduce the
amount of electrons in the sources and drains of the memory cells during a
programming operation to decrease programming disturbance to improve the
programming operation. Other embodiments including additional methods and
devices are described above with reference to FIG. 1 through FIG. 7.

The illustrations of apparatus such as memory devices 100, 200, 400, and
700 are intended to provide a general understanding of the structure of various
embodiments and not a complete description of all the elements and features of
the apparatus that might make use of the structures described herein.

The apparatus of various embodiments includes or can be included in
electronic circuitry used in high-speed computers, communication and signal
processing circuitry, memory modules, portable memory storage devices (e.g.,
thumb drives), single or multi-processor modules, single or multiple embedded

processors, multi-core processors, data switches, and application-specific
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modules including multilayer, multi-chip modules. Such apparatus may further
be included as sub-components within a variety of electronic systems, such as
televisions, memory cellular telephones, personal computers (e.g., laptop
computers, desktop 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
monitor, blood pressure monitor, etc.), set top boxes, and others.

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. In the drawings, like features or like numerals
describe substantially similar features throughout the several views. Portions
and features of some embodiments may be included in, or substituted for, those
of others. Many other embodiments will be apparent to those of skill in the art
upon reading and understanding the above description.

The Abstract is provided to comply with 37 C.F.R. §1.72(b) requiring an
abstract that will allow the reader to quickly ascertain the nature and gist of the
technical disclosure. The Abstract is submitted with the understanding that it

will not be used to interpret or limit the claims.
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What is claimed is:

1. A method comprising:

reducing an amount of electrons in sources and drains of memory cells of
a device during a first time interval of a programming operation of the device;
and

programming at least one of the memory cells during a second time

interval of the programming operation.

2. The method of claim 1, wherein reducing the amount of electrons

includes creating a voltage difference between gates of the memory cells and a
portion of the substrate of the device where the sources and drains are located,
such that a voltage level at the portion of the substrate is greater than a voltage

level at each of the gates during the first time interval.

3. The method of claim 2, wherein creating the voltage difference includes

holding the voltage level at the gates at zero volts during the first time interval.

4, The method of claim 1, wherein reducing the amount of electrons in the

sources and drains includes floating the sources and drains.

5. A method comprising:

raising a voltage at a portion of a substrate that is coupled to sources and
drains of memory cells of a memory device from a first voltage level to a second
voltage level during a first time interval of a programming operation of the
memory device; and

decreasing the second voltage level at the portion of the substrate during

a second time interval of the programming operation.

6. The method of claim 5, wherein the second voltage level is equal to a

supply voltage of the memory device.
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7. The method of claim 5, wherein the second voltage level is greater than a

supply voltage of the memory device.

8. The method of claim 5, wherein the second voltage level is greater than a

voltage level at the sources and drains during the first time interval.

0. A method comprising:

charging a portion of a substrate of a memory device during a first time
interval of a programming operation of the memory device;

discharging the portion of the substrate during a second time interval of
the programming operation;

applying a first gate voltage to a plurality of gates of a string of memory
cells of the memory device during the first time interval;

applying a second gate voltage to first and second gates of the plurality of
gates during the second time interval; and

applying a third gate voltage to a third gate of the plurality of gates

during the second time interval.

10. The method of claim 9, wherein the first gate voltage has a voltage level
less than a voltage level of the portion of the substrate when the portion of the

substrate is charged.

11. The method of claim 10, wherein the first gate voltage has a voltage level

equal to zero volts.

12. The method of claim 10, wherein the first gate voltage has a negative
value.
13. The method of claim 9 further comprising:

floating a bit line coupled to the string of memory cells.

14. The method of claim 13 further comprising:

decreasing a voltage at the bit line during the second time interval.
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15. The method of claim 9, wherein none of the memory cells of the string is

selected to be programmed during the programming operation.

5 16. The method of claim 9, wherein one of the memory cells of the string is

selected to be programmed during the programming operation.

17. A method comprising:
charging a substrate well coupled to sources and drains of memory cells
10 of a memory device during a first time interval of a programming operation of
the memory device;
allowing a voltage level at the sources and the drains to rise while the
substrate well is charged; and
discharging the substrate well during a second time interval of the

15  programming operation.

18. The method of claim 17, wherein the voltage level at the sources and
drains is allowed to rise to a level equal to a voltage level of substrate well minus
a diode voltage.

20
19. The method of claim 17, wherein a first group of the memory cells is
arranged in a first memory cell string and a second group of the memory cells is
arranged in a second memory cell string, and wherein the voltage level at the
sources and the drains of the first memory cell string is allowed to decrease

25  during a first portion of the second time interval when the substrate well is
discharged, and the voltage level at the sources and the drains of the first
memory cell string is allowed to increase during a second portion of the second

time interval when the substrate well is discharged.
30 20. A memory device comprising:

memory cells including sources and drains located in a portion of a

substrate; and
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a module configured to reduce an amount of electrons in the sources and

drains during a programming operation of the memory device.

21. The memory device of claim 20, wherein the module is configured to
charge the portion of the substrate during a time interval of the programming

operation.

22. The memory device of claim 21, wherein the module is configured to
discharge the portion of the substrate during an additional time interval of the

programming operation.

23. The memory device of claim 20, wherein the module is configured to
hold gates of the memory cells at a voltage level less than a voltage level of the

portion of the substrate during a time interval of the programming operation.

24. The memory device of claim 20, wherein the module is configured to
hold gates of the memory cells at zero volts during a time interval of the

programming operation.

25. The memory device of claim 20, wherein the portion of the substrate has
a material of a first conductivity type and the sources and drains have a material

of a second conductivity type.

26. The memory device of claim 25, wherein the portion of the substrate is a
first portion the substrate and the substrate includes a second portion having a
material of the second conductivity type, and wherein the first portion of the
substrate is between the second portion of the substrate and the sources and

drains.

27. The memory device of claim 20, wherein the module includes a voltage

generator.
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28. The memory device of claim 20, wherein the module includes a control
circuit.
29. The memory device of claim 20, wherein the module includes a voltage

generator and a control circuit.

30. A memory device comprising:

a first string of memory cells coupled between a first line and a source
line;

a second string of memory cells coupled between a second line and the
source line;

conductive lines shared by the first and second strings to access the
memory cells of the first and second strings during a programming operation of
the memory device, the memory cells of each of the first and second strings
including sources and drains located in a portion of a substrate; and

a module configured to raise a voltage at the portion of the substrate from
a first voltage level to a second voltage level during a programming operation of

the memory device.

31. The memory device of claim 30, wherein the module is configured to
hold the conductive lines at a voltage level less than the second voltage level at

the portion of the substrate during a time interval of the programming operation.

32. The memory device of claim 30, wherein the module is configured to
allow a voltage level of the first line to rise and fall during the programming

operation.

33. The memory device of claim 30, wherein the module is configured to

allow the first and second lines to float during the time interval.

34. The memory device of claim 30, wherein the module is configured to
allow a voltage level at the sources and drains of the first and second strings to

rise when the voltage at the portion of the substrate rises.
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35. The memory device of claim 30, wherein the module is configured to
decrease the voltage at the portion of the substrate after the voltage rises to the

second voltage level.

36. The memory device of claim 35, wherein the module is configured to
allow a voltage level at the sources and drains of the first string to rise when the
voltage at a portion of the substrate is decreased and the module is configured to
allow a voltage level at the sources and drains of the second string to decrease

when the voltage at the portion of the substrate is decreased.
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