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NON-VOLATILE MEMORY WITH ASYMMETRICAL DOPING PROFILE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a non-volatile memory cell with

asymmetrical doping profile for source and drain regions.

10
Description of the Related Art

[0002] Semiconductor memory devices have become more popular for
use in various electronic devices. For example, non-volatile semiconductor
memory is used in cellular telephones, digital cameras, personal digital
15  assistants, mobile computing devices, non-mobile computing devices and other
devices. Electrical Erasable Programmable Read Only Memory (EEPROM)
and flash memory are among the most popular non-volatile semiconductor

memotries.

[0003] Many types of EEPROM and flash memories utilize a floating gate
20  that is positioned above and insulated from a channel region in a
semiconductor substrate. The floating gate is positionéd between source and
drain regions. A control gate is provided over and insulated from the floating
gate. The threshold voltage of the transistor is controlled by the amount of
charge that is retained on the floating gate. That is, the minimum amount of
25  voltage that must be applied to the control gate before the transistor is turned
on to permit conduction between its source and drain is controlled by the level

. of charge on the floating gate.

[0004] One example of a flash memory system uses the NAND structure,

which includes arranging multiple transistors in series, sandwiched between
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two select gates. The transistors in series and the select gates are referred to as
a NAND string. Figure 1 is a top view showing one NAND string. Figure 2 is
an equivalent circuit thereof. The NAND string depicted in Figures 1 and 2
includes four transistors 100, 102, 104 and 106 in series and sandwiched
between a first select gate 120 and a second select gate 122, Select gate 120
connects the NAND. string to a bit line via bit line contact 126. Select gate 122
connects the NAND string to source line 128. Select gate 120 is controlled by
applying the appropriate voltages to select line SGD. Select gate 122 is
controlled by applying the appropriate voltages to select line SGS. Each of the
transistors 100, 102, 104 and 106 has a control gate and a floating gate. For
example, transistor 100 has control gate 100CG and floating gate 100FG.
Transistor 102 includes control gate 102CG and a floating gate 102FG.
Transistor 104 includes control gate 104CG and floating gate 104FG.
Transistor 106 includes a control gate 106CG and a floating gate 106FG.
Control gate 100CG is connected to word line WL3, control gate 102CG is
connected to word line WL2, control gate 104CG is connected to word line
WL1, and control gate 106CG is connected-to word line WLO.

[0005] Note that although Figures 1 and 2 shows four memory cells ih the
NAND string, the use of four transistors is only provided as an example. A
NAND string can have less than four memory cells or more than four memory
cells. For example, some NAND strings will include eight memory cells, 16
memory cells, 32 memory cells, etc. The discussion herein is not limited to

any particular number of memory cells in a NAND string.

[0006] A typical architecture for a flash memory system using a NAND
structure will include several NAND stringé. For example, Figure 3 shows
three NAND strings 202, 204 and 206 of a memory array having mé.ny more
NAND strings. Each of the NAND strings of Figure 3 includes two select
transistors and four memory cells. For example, NAND string 202 includes
sel_ect transistors 220 and 230, and memory cells 222, 224, 226 and 228.
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NAND string 204 includes select transistors 240 and 250, and memory cells
242, 244, 246 and 248. Each NAND string is connected to the source line by
its select transistor (e.g. select transistor 230 and select transistor 250). A
selection line SGS is used to control the source side select gates (e.g., 230 and
250). The various NAND strings are connected to respective bit lines by select
transistors 220, 240, etc., which are controlled by select line SGD. Word line
WL3 is connected to the control gates for memory cell 222 and memory cell
242. Word line WL2 is connected to the control gates for memory cell 224
and memory cell 244. Word line WL1 is connected to the control gates for
memory cell 226 and memory cell 246. Word line WLO is connected to the
control gates for memory cell 228 and memory cell 248. Each bit line and the
respective NAND string(s) that are connected to that bit line via a bit line
contact comprise the columns of the array of memory cells. The word lines
(WL3, WL2, WL1 and WLO0) comprise the rows of the array. Each word line
connects the control gates of the memory cells in the row. For example, word
line WL2 is connected to the control gates for memory cells 224, 244 and 250.
The NAND strings connect to the bit lines via bit line contacts. Bit lines are
shared with multiple NAND strings. Typically, the bit line runs on top of the
NAND strings in a direction perpendicular to the word lines and is connected

to sense amplifiers.

[0007] Each memory cell can store data (analog or digital). When storing
one bit of digital data, the range of possible threshold voltages of the memory
cell is divided into two ranges which are assigned logical data “1” and “0.” In
one example of a NAND type flash memory, the voltage threshold is negative
after the memory cell is erased, and defined as logic “1.” The threshold
voltage after a program operation is positive and defined as logic “0.” When
the threshold voltage is negative and a read is attempted by applying 0 volts to
the coﬁtrol gate, the memory cell will turn on to indicate logic one is being

stored. When the threshold voltage is positive and a read operation is



WO 2006/036453 PCT/US2005/031279

10

15

20

25

-

attempted, the memory cell will not turn on, which indicates that logic zero is

stored.

[0008] A memory cell can also store multiple levels of information, for
example, multiple bits of digital data. In the case of storing multiple levels of
data, the range of possible threshold voltages is divided into the number of
levels of data. For example, if four levels of information is stored, there will
be four threshold voltage ranges assigned to the data values “11”, “10”, “01”,
and “00.” In one example of a NAND type memory, the threshold voltage
after an erase operation is negative and defined as “11”. Positive threshold

voltages are used for the states of “10”, “01”, and “00.”

[0009] Relevant examples of NAND type flash memories and their
operation are provided in the following U.S. Patents/Patent Applications, all of
which are incorporated herein by reference: U.S. Pat. No. 5,570,315; U.S. Pat.
No. 5,774,397; U.S. Pat. No. 6,046,935; U.S. Pat. No. 6,456,528; U.S. Pat.
Application. Ser. No. 09/893,277 (Publication No. US2003/0002348); and U.S.
Pat. Application. Ser. No. 10/379,608.

[0010] When programming a flash memory cell, a program voltage is
applied to the control gate and the bit line is grounded. FElectrons from the
channel area under the floating gate are injected into the floating gate. When
electrons accumulate in the floating gate, the floating gate becomes négatively
charged and the threshold voltage of the memory cell is raised. To apply the
program voltage to the control gate of the cell being programmed, that program
voltage is applied on the appropriate word line. As discussed above, that word
line is also connected to one memory cell in each of the other NAND strings
that utilize the same word line. For example, when programming memory cell
224 of Figure 3, the program voltage will also be applied to the control gate of
memory cell 244 because both memory cells share the same word line. A

problem arises when it’s desired to program one cell on a word line without



WO 2006/036453 PCT/US2005/031279

10

15

20

25

programming other cells connected to the same word line, for example, when
it’s desired to program memory cell 224 and not memory céll 244, Because
the program voltage is applied to all memory cells connected to a word line, an
unselected memory cell (a memory cell that is not to be programmed) on the
same word line may become inadvertently programmed. For example, cell 244
is adjacent to cell 224. When programming cell 224, there is a concern that
cell 244 might unintentionally be programmed. The unintentional
programming of the unselected cell on the selected word line is referred to as
“program disturb.” In some flash memory systems, a programming process
will simultaneously program memory cells sharing a common word line that
are on every other NAND string; therefore, the memory cells connected to that
word line but on the unselected NAND strings can be subjected to program
disturb. ‘

[0011] Several techniques can be employed to prevent program disturb.
In one method known as “self boosting,” the unselected NAND strings are
electrically isolated from the corresponding bit lines and a pass voltage (e.g. 7-
10 volts, but not limited to this range) is applied to the unselected word lines
during programming. The unselected word lines couple to the channel area of
the unselected NAND strings, causing a voltage (e.g., 6-10 volts) to exist in
the channel of the unselected NAND strings, thereby reducing program
disturb. Self boosting causes a boosted voltage to exist in the channel which
lowers the voltage differential across the tunnel oxide and hence reduces
program disturb. Note that the boosted channel voltage can vary largely since
the boqsted channel voltage depends on the value of the pass voltage and also

on the state of the memory cells, with boosting being most efficient (highest

channel voltage) when all memory cells in the NAND string are in the erased

state.

[0012] Figs. 4A and 4B depict NAND strings that are being programmed -
and inhibited using the self-boosting method. Fig. 4A depicts a NAND string
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being programmed. The NAND string of Fig. 4A includes eight memory cells
304, 306, 308, 310, 312, 314, 316 and 318. Each of those eight memory cells
includes a ﬂoéting gate (FG) and a control gate (CG). Between each of the
floating gates are source/drain regions 330. At one end of the NAND string is |
a drain side select gate 324. The drain side select gate 324 connects the
NAND string to the corresponding bit line via bit line contact 334. At another
end of the NAND string is a source side select gate 322. Source side select
gate 322 connects the NAND string to common source line 332. During
programming, the memory cell selected for programming (e.g., memory cell
312) receives a program voltage Vpgm on its associated word line. The
program voltage Vpgm can typically vary between 12 to 24 volts. In one
embodiment, the program voltage signal is a set of pulses which increase in
magnitude with each new pulse. A pass voltage Vpass of approximately 8
volts is applied to the control gates of the memory cells that are not selected for
programming. Source side select gate 322 is in an isolating state, receiving a
zero gate (G) voltage. A low voltage is applied to the common source line
332. This low voltage can be zero volts. However, the source voltage can also
be slightly higher than zero volts to provide better isolation characteristics of
the source side select gate. A voltage Vsgd, which is typically in the range of
the power supply voltage Vdd (e.g., 2.5 volts), is applied to drain side select
gate 324. Zero volts is applied to bit line contact 334 via the corresponding bit
line to enable programming of the selected memory cell 312 string. Channel
340 is at or close to zero volts. Because of the voltage differential between the
channel and the floating gate, electrons tunnel through the gate oxide (also
commonly referred to as tunnel oxide) into the floating gate by Fowler-

Nordheim tunneling.

[0013] The NAND string of Fig. 4B depicts a NAND string being
inhibited from programming. The NAND string includes eight memory cells
350, 352, 354, 356, 358, 360, 362 and 364. The NAND string also includes
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drain side select gate 366 connecting the NAND string to the corresponding bit -
line via bit line contact 374, and source side select gate for 368 connecting the
NAND string to common source line 332. Between each of the floating gate
stacks are source/drain regions 370. The NAND string of Fig. 4B has Vsgd
applied to the gate of the drain side select gate 366, zero volts applied to the
gate of the source siﬁe select gate 368 and zero volts (or a slightly higher
voltage) at the common source line 332. Bit line contactv 374 receives the
power supply voltage Vdd via the corresponding bit line in order to inhibit the

programming of memory cell 358.

[0014] When Vdd is applied, the drain side select transistor 366 will
initially be in a conducting state; therefore, the channel area under the NAND
string will partly be charged up to a higher potential (higher than zero volts,
but less than Vdd). This charging is commonly referred to as pre-charging.
The pre-charging will stop automatically when the channel potential has
reached a certain 1eve1 given by Vsgd-Vt, where Vt equals the threshold
voltage of the drain side select gate 366. After the channel has reached that
potential, the select gate transistor is non-conducting. The voltages Vpass and
Vpgm are ramped up from zero volts to their respective final values (not
necessarily at the same time), and because the drain side select gate transistor
366 is in a non-conducting state, the channel potential will start to rise because
of the capacitive coupiing between the word lines and the channel area. This
phenomenon is called self boosting. It can be seen from Fig. 4B that channel

380 is boosted, more or less uniformly, to a boosting voltage. Because the

- voltage differential between the floating gate of memory cell 358 and channel

380 has been reduced, programming is inhibited..

[0015] More information about programming NAND flash memory,
including self boosting techniques, can be found in U.S. Patent Application
10/379,608, titled “Self Boosting Technique,” filed on March 5, 2003; and in
U.S. Patent Application 10/629,068, titled “Detecting Over Programmed
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Memory,” filed on July 29, 2003, both applications are incorporated herein by

reference in their entirety.

[0016] A NAND string is typically (but not always) programmed from the
source side to the drain side, for example, from memory cell 304 to memory
cell 318 (see Fig. 4A). When the programming process is ready to program the
last (or near the last) memory cell of the NAND string, if all or most of the
previously programmed cells on the string being inhibited were programmed,
then there is negative charge in the floating gates of the previously
programmed cells. Because of this negative charge on the floating gates, the
boosting potential is reduced and there still may be program disturb on the last
few word lines. This problem is exacerbated for multi-level memory cells
since the programmed threshold voltage can be higher for multi-level memory
cells, resulting in less boosting. One attempt to address this problem is Erased
Area Self Boosting (“EASB”). EASB attempts to isolate the channel of

previously programmed cells from the channel of the cell being inhibited.

[0017] In the EASB method, the channel area of the selected NAND
string is divided into two areas. An area at the source side of the selected word
line that can contain a number of programmed (or erased cells) memory cells
and an area at the drain side of the selected word line in which the cells are still
in the erased state. The two areas are separated by a word line that is biased to
a low voltage, typically zero volts. Because of this separation, the two areas
can be boosted to different potentials. In almost all cases, the area at the drain
side of the selected word line will be boosted to a higher potential than the area

at the source side. Since the highest boosted area is the area with the erased

. cells, this boosting method is referred to as Erased Area Self Boosting (EASB).

Figs. 5A and 5B depict the operation of EASB.

[0018] Fig. 5A shows a NAND string being programmed. The NAND
string includes eight memory cells 404, 406, 408, 410, 412, 414, 416 and 418.
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Each of the eight memory cells includes a control gate (CG) and a floating gate
(FG). The NAND string also includes a drain side select gate 424 connecting
the NAND string to the corresponding bit line via bit line contact 444, and a
source side select gate 422 connecting the NAND string to common source
line 442. Between each of the floating gates are source/drain regions 440.
Memory cell 412, selected for programming, will receive programming voltage
Vpgm at its control gate. The source side neighbor, memory cell 410, will
receive zero volts (or a potential close to zero) at its control gate. The
remaining non-selected memory cells will receive Vpass at their control gates.
The source side select gate is in an isolating state, typically receiving a zero
volt gate voltage. A low voltage can also be applied to the common source
line 442; however, it can also slightly higher to improve the isolation
characteristics of source side select gate 422. A voltage Vsgd, which is
typically in a similar range to supply voltage Vdd is applied to the gate of the
drain side select gate 424. Zero volts is applied to the bit line contact via the
corresponding bit line. Because the bit line is at zero volts, channel 446 will be
at approximately zero volts. Because of the large differential voltage between
the channel voltage and the floating gate voltage of memory cell 412, electrons
will tunnel into the floating gate of memory cell 412, thereby, programming
memory cell 412,

[0019] Fig. 5B depicts a NAND string being inhibited using EASB. The
NAND string of Fig. 5B includeé eight memory cells 450, 452, 454, 456, 458,
460, 462, and 464. Between each of the floating gate stacks are source/drain
region 466. Drain side select gate 446 connects the NAND string to bit line
contact 472. Source side select gate 448 connects the NAND string to the
source line 442. Drain side select gate 446 receives Vsgd, which is at or near
the power supply voltage Vdd. To inhibit memory cell 458, bit line contact
472 receives the power supply voltage Vdd (or another suitable inhibit voltage)

via the corresponding bit line. As discussed above with respect to Fig. 4B,
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select gate 424 will cut off when the NAND string voltage gets high enough,
therefore, allowing channel 470 to become highly boosted. Similarly, because
memory cell 456 is receiving zero volts at its control gate, it also will cut off
allowing channel 468 to become boosted. However, because some of the
memory cells 450, 452 or 454 may be programmed, the boosting in channel
468 is likely to be lower than the boosting in channel in 470.

[0020] Although the two channel areas are separated by the word line
connected to zero volts, this does not mean that the isolation between the two
areas is perfect. The isolation properties of memory cell 456, referred to as the

isolation cell, depend on the data that is programmed in that memory cell.

[0021] When the isolation cell is in the erased state, the threshold voltage
is negative. As a result, some boosted charge can be transferred from the
higher boosted range side to the lower boosted source side (e.g., from highly
boosted channel 470 to lower boosted channel 468). So, when the threshold
voltage of memory cell 456 is negative, the transistor may not turn off even
when zero volts is applied to the word line. If the memory cell is on, the
NAND string is not initially operating in EASB mode. Rather the string is
operating in a mode that is similar to self boosting, which has the problems
discussed above. Once the source side boosted potential reaches a certain
level, the isolation cell will automatically be cut-off. This occurs when the
source side boosted potential becomes higher than the absolute value of the
threshold voltage of the cell. The probability that this type of leakage occurs
can be decreased by using two or more isolation word lines instead of only
one. For example, a technique called Revised Erased Area Self | Boost
(REASB) uses two or more isolation word lines that can all be biased
differently. For example, the immediate source side neighbor word line (e.g.
word line for memory cell 456) is at a low voltage (e.g. a similar voltage as

Vdd). Two word lines over from the word line being programmed (e.g. word

line for memory cell 454) is set at zero volts. For example, looking at Fig. 5B,
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memory cell 456 would receive Vdd at its word line and memory 454 would
receive zero volts at its word line. For more information, see U.S. Patent
Application Serial No. 10/774,014, “Self-Boosting System For Flash Memory
Cells,” filed on February 6, 2004, incorporated herein by reference in its

entirety.

[0022] When the isolation cell (e.g., memory cell 456) is programmed to a
high threshold voltage state, such as around three volts, the isolation will be
very good since the transistor is in the off state at all times during the
operation. However, even in that state, some leakage from the drain side
boosted area 470 to the lower boosted source side area 468 may still occur due
to punch-through between the drain and source of memory cell 456. This will
become especially more severe for future generation NAND devices since the
channel lengths will become shorter and, thus, punch-through can occur at
lower voltage differences. To avoid punch-through, the P-type doping
concentration in the channel area under the memory cell should be increased or
two or more word lines should be biased to zero volts or near zero volts (as per
the REASB method discussed above).

[0023] Another effect that can occur when the isolation cell is in a high
threshold voltage state is Gate Induced Drain Leakage (GIDL), which is also
referred to as Band-To-Band-Tunneling. When the isolation cells are in the
high threshold voltage state, the floating gate potential of that cell is lower than
zero volts and the drain side of the isolation cell is boosted to a high potential.
As a result, a very high vertical electric field is present near the drain area of
the isolation cell. This high electric field may cause Band-To-Band-Tunneling
as depicted in Fig. 6. Note, however, that GIDL or Band-To-Band tunneling
may not be the only breakdown or leakage mechanism that can occur on the
drain side of the isolation cell. Breakdown or leakage at the side of the drain
area due to a strong lateral electric field, possibly further enhanced by the

strong vertical electric field due to the negatively biased gate, may also occur.
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Furthermore, breakdown or leakage at the bottom of the drain junction (drain
to P-well) may occur as well. All these breakdown and/or leakage mechanisms

will from hereon be referred to as boosting induced drain leakage (BIDL).

[0024] Fig. 6 shows a portion of the NAND string of Fig. 5B, with a
zooming-in on the drain and a portion of the channel for isolation cell 456.
Due to the vertical electric field discussed above, or due to the combination of
a strong lateral and vertical field, there is a breakdown causing leakage. Holes
are injected into the P-well at the channel from drain 466, and electrons leak
into boosted channel 470. The leakage of electrons to boosted channel 470 can
cause the boosted voltage to leak away prematurely, resulting in program
disturb. Besides leakage of the boosted channel, the holes and electrons that
were generated by the GIDL maybe accelerated in the high electric fields that
are present in the device near the isolation cell. Hot holes and electrons maybe
generated and injected in the gate oxides of the selected memory cell or other
memory cells in the neighborhood of the selected memory cell. For example,
hot hole injection may occur in the isolation cell since the gate of that cell is
negatively biased which is favorable for hot hole injection. The injection of hot
holes or electrons may cause undesired threshold voltage shifts in the memory
cells, thus, causing program disturb or the gate oxides of the memory cells
maybe degraded by the hot carriers causing other reliability problems.
Boosting induced drain leakage should be reduced/suppressed as much as
possible since it may degrade program disturb and other reliability

characteristics of the memory cells.

[0025] As devices become smaller, the channel length of the individual
memory cells become shorter. As channel lengths become shorter, it is harder
to turn off memory cells because there is less isolation. To compensate, a
higher concentration of P-type material can be used in the channel area. One
example is to dope the channel using Boron. The more P-type material added,

the greater the isolation between the source and drain regions. However, as
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more P-type material is introduced to the channel area, the electric field around
the drain area during boosting, as discussed above, will get stronger. As the
electric field increases, the chance that boosting induced drain leakage will
occur increases as well. Thus, if there is not enough P-type material, the
memory cell could 'experience punch-through and current can flow when it is
not desired. On the other hand, too much P-type material could cause boosting
induced drain leakage due to an increased electric field around or in the drain.
Note that the required concentration of P-type material in the channel area is
not only determined by punch-through during boosting, to maintain good or
sufficiently good short channel behavior during a read operation is important
as well. Too low of a concentration of P-type material in the channel will
result in a memory cell threshold voltage that depends strongly on the length of
the channel of the memory cell. This is undesired as certain variations in
channel length are expected due to variations in the production process. The P-
type doping concentration should be sufficiently high to ensure that a
sufficiently high and stable threshold voltage can be maintained even when the

channel length varies within a certain range.

[0026] Some prior art devices (i.e. MOS transistors used in logic devices)
have attempted to reduce the sensitivity to .channel length variations by doping
the portions of the channel closest to the source and drain regions with Boron
to create what is called a B-Halo type of doping profile (referred to as B-Halo

from hereon).

[0027] Figures 7A — 7D depict a summary of a process for making NAND
flash memory, that can include a B-Halo implantation. Figure 7A shows a P-
well area being created by ion implantation techniques. This P-well can be
formed by one implantation step or by a combination of multiple implantation
steps. Typically, Boron is used for the P-well implantation, however, other
materials or impurities can be used or added as well. The function of the P-

well is to isolate NAND strings from another and to isolate NAND strings
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from ‘neighboring devices such as peripheral transistors. The isolation of
devices is usually done in combination with Shallow Trench Isolation (not
depicted). During the P-well implantation, it is possible to define the doping
profile in the channel area at the same time. Sometimes, a low energy Boron

implantation is used to define the channel doping profile.

[0028] Subsequently, the stacked gate structures are formed. For a flash
memory device, the stacked gate structure can include a tunnel oxide layer,
floating gate, inter-poly isolation layer and control gate (and/or word line).
Figure 7B shows the device after the stacked gate structures are formed.
Figure 7B shows two NAND strings, referred to as even and odd strings. The
even NAND string includes memory cells 380, source side select gate 384 and
drain side select gate 386. The odd NAND string includes memory cells 382,

source side select gate 388 and drain side select gate 390.

[0029] After forming the stacked gate structures, the source/drain regions
are formed. Figure 7C depicts an n-type implantation (e.g., Arsenic and/or
Phosphorus) forming the source/drain regions. This implantation can be
performed perpendicular to the Silicon substrate or angled as depicted in Fig.
7C. As part of the process depicted in Fig. 7C, a B-Halo implantation maybe

added to reduce short channel effects.

[0030] Subsequently, if considered required, an additional implantation
can be performed in the select gate areas, as depicted in Figure 7D. In that
case, the memory cells and part of the select gates are covered with a mask to
prevent implantation of impurities in those regions. Only in the areas between
the select gates are the extra impurities implanted. In some cases, additional
Boron is implanted to increase the threshold voltage of the select gate
transistors. The implantation can also be angled (not depicted). As the select

gate transistors are used as isolation devices during read and write operations,
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their threshold voltage should be sufficiently high to achieve sufficient

isolation.

[0031] A disadvantage of using a B-Halo type of structure for the memory
cells, however, is that the transition from N-type to P-type material is steep
since both a P-type and N-type material are implanted in the same area with
relatively high doses. This steep doping profile may increase the boosting
induced drain leakage due to the increased electric field around and in the
drain, and therefore, result in degraded program disturb behavior. Even when
the B-Halo technique is not used, scaling devices requires a higher P-type
concentration in the channel area of the memory cells to avoid punch-through
during boosting or threshold voltage variations during read (short channel
effect), which will also result in increased electric field strengths around or in
the drain and therefore increase the probability of boosting induced drain
leakage. Thus, the requirements for scaling the memory cell and reducing
boosting induced drain leakage are conflicting. To scale the memory cell,
higher P-type concentrations are needed, while for boosting induced drain
leakage reduction lower P-type and N-type concentrations are beneficial. Asa
result, scaling the memory cells can result in an increase in boosting induced
drain leakage, and program disturb may deteriorate with each process

generation.

[0032] Thus, there is a need for a better mechanism to prevent program

disturb.

SUMMARY OF THE INVENTION

[0033] An asymmetrical memory cell doping profile in which the source
side and the drain side of the memory cells are doped differently optimizes a
balance between boosting induced drain leakage and the short channel effect.
To reduce the short channel effect, a B-Halo type of implantation with a-
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relatively high dose is used at the source side of the memory cell. At the drain
side of the cell, no B-Halo is implanted at all or only a relatively low B-Halo
dose is implanted. At the source side of the cell, a relatively high dose n-type
implantation is used to create the source since the n-type implantation should
result in a higher concentration than the B-Halo that is also implanted in the
same area. Furthermore, the n-type area can be created in such a way that the
floating gate overlaps the source n-type area to a certain extend to ensure that
electrons from the source area can flow to the channel area under the floating
gate without experiencing too large of a series resistance that could be caused
by insufficient overlap of the floating gate and source. At the drain side of the
cell, a lower dose n-type implantation can be used since because of the lower
Boron concentration at the drain side, a lower n-type dose is sufficient to create
an overlap of the floating gate with the drain area. It is even possible to reduce
the effective Boron concentration, or more accurately, reduce the effective p-
type concentration, at the drain side by implanting a low dose n-type counter
implantation that compensates part of the boron at the drain side. Such a
counter implantation could for example be done with Phosphorus but can also
be done with an Arsenic implantation having a higher energy (and lower dose)
than normally used ina drain/source type of implantation. The above memory
cell can have good short channel properties and a sufficiently high threshold
voltage, while at the same time have good boosting induced drain leakage
properties. The short channel characteristics are mainly determined by the B-
Halo implantation at the source side of the memory cell, while the boosting
induced drain leakage characteristics are mainly determined by the doping
profile at the drain side of the memory cell. The doping profile at the drain
side can be made less steep than at the source side because both the p-type and

n-type doping concentrations at the drain side can be lower.

[0034] It is also possible to create an asymmetric memory cell doping
profile without using a B-Halo type of implantation. In that case, a sufficiently
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high channel implantation, that is typically performed as part of the P-well
implantation, has to be used. The channel implantation is typically a Boron
implantation with a low implantation energy so that the Boron atoms are
implanted close to the silicon interface in the channel area of the memory cells.
To create the asymmetrical doping profile requires again two separate
implantations for the source and drain areas of the memory cells. At the source
side, only a relatively high dose n-type implantation is used to create the
source. At the drain side, a different n-type or a combination of two n-type
implantations should be used. One of the implantations should be done with an
appropriate material (such as Phosphorus) and implantation energy as to
compensate part of the p-type channel implantation. In this manner, & region
with a reduéed effective p-type concentration can be created at the drain side of
the memory cell. A second n-type implantation may be used that is shallower
(typically using Arsenic) and has a higher doping concentration to reduce the
resistance of the drain area and to improve the gate and drain overlap with the
aim of reducing the resistance as well. Note that the latter implantation may

not be needed in all cases.

[0035] One embodiment for making such a memory cell includes creating
the stacked gate structures of a NAND string, performing source implantation
and performing drain implantation. The source implantation is performed at a
first implantation angle to areas between the stacked gate structures. The drain
implantation is performed at a second implantation angle to areas between the
stacked gate structures. The second implantation angle is different than the
first implantation angle. For example, the two angles may have the same (or
similar) magnitude, but be different directions (e.g, +3degrees and -3 degrees).
This process will create a plurality of stacked gate structures positioned on the
substrate and asymmetrically doped source/drain regions in the substrate

between the stacked gate structures.
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[0036] One example of a memory cell includes a substrate for building a
NAND string and a stacked gate structure positioned on the substrate above a
channel area in the substrate. The stacked gate structure is part of the NAND
string. The apparatus further includes a first soﬁrce/drain region in the
substrate and a second source/drain region in the substrate, both of which are
adjacent to and on opposite sides of the channel area. The first source/drain
region and the second source drain/region include lower doped regions of a
first conductivity type on a drain side of the source/drain regions. The first
source/drain region and said second source/drain region further include higher
doped regions of the first conductivity type on a source side of the source/drain
regions. In some embodiments, the channel area next to the first source/drain
region and the second source/drain region includes a lower doped region of a
second conductivity type near the drain side of the channel. The channel area
next to the first source/drain region and the second source/drain region
includes a higher doped region of a second conductivity type near the source

side of the channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figure 1 is a top view of a NAND string.

[0038] Figure 2 is an equivalent circuit diagram of the NAND string.
[0039] Figure 3 is a schematic diagram depicting three NAND strings.
[0040] Figure 4A shows a NAND string being programmed.

[0041] Figure 4B shows a NAND string being inhibited, using a self

boosting method.

[0042] Figure SA shows a NAND string being programmed.
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[0043] Figure 5B shows a NAND string being inhibited, using an Erased
Area Self Boosting method.

[0044] Figure 6 depicts a portion of a NAND string.

[0045] Figures 7A-7D depict a portion of a process for fabricating flash

memory.
[0046] Figures 8A-E depicts examples of flash memory cells.

[0047] Figure 9 is a block diagram of one example of a memory system

that can be used to implement the present invention.

[0048] Figure 10 illustrates an example of an organization of a memory

array.

[0049] Figures 11A-11F depict a portion of a ﬁrocess for fabricating flash

memory.

[0050] Figures 12A and 12B depict alternatives for fabricating flash

memory.

[0051] Figures 13A-13F depict a portion of a process for fabricating flash

memory.

[0052] Figures 14A-14B depict a portion of a process for fabricating flash

memory.

DETAILED DESCRIPTION

[0053] Scaling of the memory cell dimensions is possible: while not
necessarily degrading'the boosting induced drain leakage behavior of the

memory cell by using an asymmetrical memory cell doping profile in which
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the source side and the drain side of the memory cells are doped differently,
and/or the channel is doped asymmetrical. Figures 8A-E provide a number of

embodiments of such a memory cell.

[0054]  The structure of Figures 8A-E includes a P-type substrate (e.g.,
Silicon), an N-well within the substrate and a P-well within the N-well (all of
which are not depicted to make the drawings more readable). Note that the P- -
well may contain a so called channel implantation that is usually a P-type
implantation that determines or helps to determine the threshold voltage and
other characteristics of the memory cells. Figures 8A-E show three stacked
gate structures 480A, 480B and 480C that are formed on the top surface of the
P-well. The stacked gate structures are part of a NAND string. The stacked
gate structures includes a floating gate FG, a control gate CG, an interpoly
dielectric layer (made of, for example, an oxide/nitride/oxide like structure)
between the control gate CG and the floating gate FG, and a tunnel dielectric
layer (typically made of SiO,) positioned on the top surface of the P-well
(between the P-well and the floating gate FG). The floating gate FG and the
control gate CG can be made of polysilicon or another suitable material. In
one embodiment, the control gate is part of a word line. In the P-well, on
either side of stacked gate structures, are source/drain regions. For example,
Figure 8A shows source/drain regions 490 and 492. With respect to stacked
gate structure 480B, region 490 acts as a drain and region 492 acts as a source.
Similarly, region 490 is a source region for stacked gate structure 480C and
region 492 is a drain region for stacked gate structure 480A. In other
embodiments, the source and drain can be switched. Below the stacked gate

structures, in the substrate, are channel regions.

[0055] In one embodiment, the source/drain regions 490 and 492 are
asymmetrical, as depicted in Figure 8A. The asymmetrical structure optimizes
both boosting induced drain leakage and the short channel effect at the same

time. To reduce the short channel effect, a high dose B-Halo type of
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implantation 494 is formed in the substrate (P-well) at the source side of the
memory cell. The B-halo can be considered an additional channel
implantation. At the drain side of the channel, no B-Halo is implanted at all or
only a relatively low B-Halo dose is implanted at the drain side. At the source
side of the cell, a relatively high dose n-type (N+) implantation 496 is used to
create the source since the n-type implantation should be a higher
concentration than the B-Halo that is also implanted in the same area.
Furthermore, the n-type area is created in such a way that floating gate FG
overlaps the source n-type area 496 to ensure that electrons from the source
area can flow to the channel area under floating gate FG without experiencing
too large a series resistance that could be caused by insufficient overlap of the
floating gate and source. At the drain side of the cell, a lower dose n-type (N-)
implantation 498 can be used because of the lower Boron concentration at the
drain side. A lower n-type dose is sufficient to create an overlap of floating
gate FG with | the region 498 of the drain area. Note that the B-Halo
implantation 494 typically (but not always) extends deeper into the substrate
than the n-type implantations 496 and 498 so that the Boron implantation
forms a Halo around or at least partially around the n-type implantation 496
and in some cases even around n-type implantation 498. Also note that in
some embodiments (but not all embodiments) the relatively high dose n-type
(N+) implantation 496 extends deeper into the substrate than lower dose n-type
(N-) implantation 498.

[0056] It is possible to reduce the effective Boron concentration at the
drain side by implanting a low dose n-type counter implantation in the
substrate (P-well) that partly compensates the Boron at the drain side. Such a
situation is depicted in Figure 8B where the region 500 corresponds with a low
dose n-type counter implantation. Such a counter implantation could, for
example, be implemented with Phosphorus, but can also be done with an

Arsenic implantation with a higher energy (and lower dose) than normally used



WO 2006/036453 PCT/US2005/031279

10

15

20

25

22

for a drain/source type of implantation. The n-type counter implantation can
result in a region that is n-type (e.g. N-) or p-type (P-) depending on the
original channel doping profile and the dose and energy of the counter implant.
That is, a lower doped region of a second conductivity type (the lower channel
doping at the drain region) can be realized by counter doping techniques where
a low dose impurity of a first conductivity type is implanted to reduce the
effective concentration in the second conductivity type region. In one
embodiment, region 500 is an effectively lower doped p-type (P-) region.
Thus, the counter implantation reduces the effective concentration of p-type
material, rather than reversing the type for region 500. As a result of using a
B-Halo and/or the counter implantation, the channel region is asymmetrically
doped. Throughout this text, a source/drain area is considered to be an area that
is effectively an area of a first conductivity type while a channel area is defined
as an area that is effectively an area of a second conductivity type in between
two drain/source areas. In both the channel and drain/source areas, both n- and
p-type impurities can be present, however, in the channel area, the effective or
net doping is p-type while in the drain/source areas, the effective or net doping

is n-type.

[0057] In some cases, it maybe possible to skip implantation 498 as is
depicted in Figure 8C. Figure 8C shows a high dose n-type (N+) implantation
496, B-halo 494 and counter implantation region 500, without implantation
498 . In this case, implantation 500 acts both as a counter implantation,
reducing the effective channel doping in the channel near the drain side, and as
the drain side implantation to create an area where the floating gate partially

overlaps the drain area.

[0058] In some embodiments that use counter implantation 500, it may be
possible to skip the B-Halo implantation 494 and solely use the normal channel
implantation to define the threshold voltage and other characteristics of the

memory cell. Such a situation is depicted in Figure 8D and Figure 8E. Figure
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8D shows the source/drain regions including high dose n-type (N+)
implantation 496, lower dose n-type (N+) implantation 498 and implantation
500, without B-halo 494. Figure 8E shows the source/drain regions including
high dose n-type (N+) implantation 496 and low dose n-type counter
implantation 500, without B-halo 494. The asymmetric memory cell doping
profiles are in this case created by implanting the above mentioned low dose n-
type counter implantation at the drain side of the cell to create both an
asymmetrical channel and asymmetrical source/drain doping profile. The
difference between Figure 8D and 8E is that in Figure 8D both a counter
implantation 500 and a drain implantation 498 are used, while in Figure 8E
only one drain implantation 500 is used that acts both as the counter
implantation and the drain implantation to define the overlap of the floating
gate over the drain area. Instead of using drain implantation 500 as a counter
implantation to reduce the effective channel doping concentration, the doping
concentration can be increased to create a lightly doped n-type area. Thus
effectively creating a lightly doped n-type area (drain area) under the floating
gate.

[0059] It can be asserted that when trying to make an asymmetrical
channel, by for example adding a B-Halo, the source/drain region will also
become asymmetrical to a certain extent since the B-Halo will partly
compensate the source/drain implantation in at least a part of the drain/source
region, thereby modifying the effective doping profile of the drain/source
region. For the same reasons, when making asymmetric drain/source regions,

the channel region will also become asymmetrical to a certain extent.

[0060] The above memory cells can have good short channel properties
and a sufficiently high threshold voltage, and at the same time have good
GIDL and/or boosting induced drain leakage properties. The short channel
characteristics (e.g., avoiding punch-through) are mainly determined by the B-

Halo implantation and/or the channel implantation at the source side of the



WO 2006/036453 PCT/US2005/031279

10

15

20

25

24

memory cell. The boosting induced drain leakage characteristics are mainly
determined by the doping profile at the drain side of the memory cell. The
doping profile at the drain side can be made less steep than at the source side
because both the p-type and n-type doping concentrations at the drain side can

be lower.

[0061] In alternative embodiments, the memory cells can be made in an
N-well, possibly in combination with the use of an N-type substrate. One
skilled in the art would know how to reverse the use of n-type and p-type
materials for memory cells that are created in an N-well. The use of
asymmetric drain/source doping profiles and/or asymmetric channel doping
profiles as mentioned above, can also be used on NAND strings that are made

on other substrate types, such as Silicon-On-Insulator.

[0062] The use of the asymmetric doping profiles is not limited to floating
gate type of memories but may also be applicable in memory cells that use
other types of material for the charge storage. For example, the asymmetric
doping profiles can be used with memory devices that uses some kind of
charge storage regions/layer(s) in between the control gate (or wordline) and
the substrate, such as a nitride layer or small silicon islands, better known as

nano-crystals.

[0063] Fig. 9 is a block diagram of one embodiment of a flash memory
system that can be used with the memory cell of Figure 8. Memory cell array
502 is controlled by column control circuit 504, row control circuit 506, c-
source control circuit 510 and p-well control circuit 508. Column control
circuit 504 is connected to the bit lines of memory cell array 502 for reading
data stored in the memory cells, for determining a state of the memory cells
during a program operation, and for controlling potential levels of the bit lines
to promote the programming or to inhibit the programming. Row control

circuit 506 is connected to the word lines to select one of the word lines, to
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apply read voltages, fo apply program voltages and to apply an erase voltage.
C-source control circuit 510 controls a common source line (labeled as "C-
source" in Fig. 10) connected to the memory cells. P-well control circuit 508
controls the p-wéll voltage during erase operations to, for example, apply
positive voltages to the P-well while the word lines of a block that is selected

for an erase operation are grounded.

[0064] The data stored in the memory cells are read out by the column
control circuit 504 and are output to external I/O lines via data input/output
buffer 512. Program data to be stored in the memory cells are input to the data
input/output buffer 512 via the external I/O lines, and transferred to the column

control circuit 504. The external I/O lines are connected to controller 518.

[0065] Command data for controlling the flash memory device is input to
controller 518. The command data informs the flash memory of what
operation is requested. The input command is transferred to state machine 516,
which controls column control circuit 504, row control circuit 506, c-source
control 510, p-well control circuit 508 and data input/output buffer 512. State
machine 516 can also output status data of the flash memory such as
READY/BUSY or PASS/FAIL.

[0066] Controller 518 is connected or connectable with a host system such
as a personal computer, a digital camera, personal digital assistant, etc.
Controller 518 communicates with the host in order to receive commands from
the host, receive data from the host, provide data to the host and provide status
information to the host. Controller 518 converts commands from the host ihto
command signals that can be interpreted and executed by command circuits
514, which is in communication with state machine 516. Controller 518
typically contains buffer memory for the user data being written to or read

from the memory array.
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[0067] One exemplar memory system comprises one integrated circuit
that includes controller 518, and one or more integrated circuit chips that each
contain a memory'array and associated control, input/output and state machine
circuits. One embodiment includes integrating the memory arrays and
controller circuits of a system together on one or more integrated circuit chips.
The memory system may be embedded as part of the host system, or may be
included in a memory card (or other package) that is removably inserted into
the host systems. Such a removable card may include the entire memory
system (e.g. including the controller) or just the memory chip(s) and associated
peripheral circuits (with the Controller being embedded in the host). Thus, the
controller can be embedded in the host or included within a removable

memory system.

[0068] In some implementations, some of the components of Figure 9 can
be combined. In various designs, all or some of the components of Fig 9, other
than memory cell array 502, can be thought of as control circuits or a control

circuit.

[0069] Figure 10 depicts an example of an organization of memory cell
array 502, using NAND memory cells. Memory cell array 502 is partitioned
into 1,024 blocks block 0, block 1, ..., block 1023). The NAND strings form
columns of NAND strings connected together by bit lines and source lines. In
one embodiment, each NAND string along the column is in a different block
and every other NAND string is at a different orientation. That is, the NAND
strings in even blocks (e.g., block 0, block 2, block 4, ..., block 1022) are at
one orientation and the NAND strings in odd blocks (e.g., block 1, block 3,
block 5, ..., block 1023) are at an opposite orientation. This is because a
particular NAND string in a given even block will border a first neighboring
NAND string via a source line and will border a second neighboring NAND
striﬁg via a bit line contact. This concept will be better explained below with

respect to Figures 11-13.
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[0070] In each block, in this example, there are 8,512 columns that are
divided into even columns and odd columns. The bit lines ére also divided into
even bit lines (BLe) and odd bit lines (BLo). Figure 10 shows four memory
cells connected in series to form a NAND string. Although four cells are
depicted to be included in each NAND string, more or less than four memory
cells can be used. One terminal of the NAND string is connected to the
corresponding bit line via a first select transistor SGD and.a bit line contact,
and another terminal is connected to c-source via a second select transistor
SGS.

[0071] The data stored in each block is simultaneously erased. In one
embodiment, the block is the minimum unit of cells that are simultaneously
erased. Memory cells are erased in one embodiment by raising the p-well to an
erase voltage (e.g. 20 volts) and grounding the word lines of a selected block
while the source and bit lines are floating. Due to papacitive coupling, the
unselected word lines, bit lines, select lines, and c-source are also raised to a
high voltage. A strongA electric field is thus applied to the tunnel oxide layers
of selected memory cells and the data of the selected memory cells are erased
as electrons of the floating gates are emitted to the substrate side. As electrons
are transferred from the floating gate to the p-well region, the threshold voltage
of a selected cell becomes negative. Erasing can be performed on the entire

memory array, separate blocks, or another unit of cells.

[0072] During read and programming operations, 4,256 memory cells are
simultaneously selected. The memory cells selected share the same word line
and the same kind of bit line (e.g. even bit lines or odd bit lines). Therefore,
532 bytes of data can be read or programmed simultaneously. In one
embodiment, these 532 bytes of data that are simultaneously read or
programmed form a logical page. Therefore, one block can store at least eight
logical pages (four word lines, each with odd and even pages). When each

memory cell stores two bits of data (e.g. a multi-level cell), one block stores 16
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logical pages. Other sized blocks and pages can also be used with the present
invention. Additionally, architectures other than that of Figs. 9 and 10 can also

be used to implement the present invention.

[0073] Programming is performed as discussed above, using EASB,
REASB or other boosting schemes.

[0074] In the read and verify operations, the select gates (SGD and SGS)
and the unselected word lines (e.g., WL0, WL1 and WL3) are raised to a read
pasé voltage (e.g. 4.5 volts) to make the transistors operate as pass gates. The
selected word line (e.g. WL2) is connected to a voltage, a level of which is
specified for each read and verify operation in order to determine whether a
threshold voltage of the concerned memory cell has reached such level. For
example, in a read operation for a two level memory cell, the selected word
line WL2 may be grounded so that it is detected whether the threshold voltage
is higher than OV: In a verify operation for a two level memory cell, the
selected word line WL2 is connected to 0.8V, for example, so that it is verified
whether the threshold voltage has reached at least 0.8V. The source and p-well
are at zero volts. The selected bit lines (BLe) are pre-charged to a level of, for
example, 0.7V. If the threshold voltage is higher than the read or verify level
on the word line, the potential level of the concerned bit line (BLe) maintains
the high level because of the non-conductive memory cell. On the other hand,
if the threshold voltage is lower than the read or verify level, the potential level
of the concerned bit line (BLe) decreases to a lower level by the end of sensing
integration time, for example less than 0.3V, because of the conductive
memory cell. Thg state of the memory cell is, thereby, detected by a sense

amplifier that is connected to the bit line.

[0075] The erase, read and verify operations described above are

performed according to techniques known in the art. Thus, many of the details
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explained can be varied by one skilled in the art. Other erase, read and verify

techniques known in the art can also be used.

[0076] Figs. 11A-11F provide an example of a process for manufacturing
the memory cell of Fig. 8, for use in the system described above with respect to
Figs. 9 and 10 (or in other systems). In some of the prior art systems, memory
cell doping profiles for the source and drain are symmetrical. This is because
both the memory cells in the even and odd blocks are defined at the same time.
By using separate mask steps for even and odd blocks, it is possible to create
asymmetrical memory cell doping profiles for both the even and odd blocks.
Such a sequence is depicted in Figs. 11A-11F.

[0077] Figs. 11A-11F show two NAND strings, including an even NAND
string and an odd NAND string. The even NAND string includes memory
cells 600. The odd NAND string includes memory cells 602. Note that only
four memory cells are shown in each of the two NAND strings. Four memory
cells are depicted for example purposes only. Typical NAND strings are likely
to have more than four memory cells, but could have less. For example, in
some embodiments, NAND string may have 16, 32 or another amount of
memory cells in the NAND string. However, the\ present invention is not
limited to any particular number of memory cells in a NAND string. The even
NAND string includes a drain side select gate 606 and a source side select gate
604. The odd NAND string includes a drain side select gate 608 and a source
side select gate 610. A bit line contact is positioned between select gate 608
and select gate 606. A portion of an additional odd NAND string is depicted in
Figs. 11A-11F, including memory cell 614 and source side select gate 612.
There will be a source line positioned between select gates 612 and 604.
Similarly, a portion of an additional even NAND string is depicted, including
memory cell 618 and source side select gafe 616. A source line will be
positioned between select gate 610 and select gate 616. As can be seen, the

even NAND string has the source on the left and the drain on the right, while
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the odd NAND string has the drain on the left and source on the right;
therefore, the odd and even NAND strings are at opposite orientations. Fig.
11A shows the NAND strings during the manufacturing process after the
stacked gate structures have been formed on the P-well. Many different
methods for forming the stacked gate structures can be used with the current

invention.

[0078] Fig. 11B depicts the process of providing the source implantation
for the even blocks. In one embodiment, the source implantation will include a
B-Halo type implantation that provides a B-Halo type of doping profile (see
e.g., B-Halo 494 of Fig. 8), which defines the threshold voltage and isolation
properties of the memory cell. Additionally, the source implantation will
include an n-type implantation. One example of a suitable n-type implantation
includes using Arsenic to define the n-type source area (e.g., region 496 of Fig.
8). In one embodiment, the source implantation is provided at an angle, as
depicted by the arrows in Fig. 11B. In one implementation, the implantation is
at an angle in the range of 3-4 degrees. Other angles less than or more than
that range can also be used. The angle should be small enough so that the
dopants will reach the P-well through the gaps between the stack gate
structures. The resulting source regions 652 are formed between the stacked
gate structures of the even block. In addition, during the step of Fig. 11B,
regions 654 are formed between the select gates. No source regions are

formed on the odd NAND string because mask 650 blocks the implantation.

[0079] After the source implantation is performed for the even block, the
drain implantation is done for the even block, as depicted in Fig. 11C. The
process of Fig. 11C may include a lighter B-Halo, no B-Halo, a low dose n-
type implantation (for example, phosphorous) to compensate for part of the B-
halo source implantation or to compensate part of the channel implantation in
case no B-Halo source implantation is used, or to create a lightly doped n-type

area, and/or a higher dose n-type implantation such as Arsenic to form the
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drain side (e.g. region 498 of Fig. 8) of the memory cell. The resulting
source/drain regions 656 are depicted in Fig. 11C for the NAND string in the
even block. The region 658 between the select gates also receives the source
implantation depicted in Fig. 11C. At this point, the asymmetrical source drain
regions and/or asymmetrical channel regions are formed for NAND strings in
the even blocks. The drain implantation of Fig. 11C is performed at an angle,
similar (but not required to be the same) in magnitude but opposite in direction
(different angular orientation) to the source implantation discussed above with
respect to Fig. 11B. For example, if the source implantation is performed at +3
degrees from vertical, the drain implantation may be performed at -3 degrees
from vertical. Note that the implantations can be performed at one or more
angles, such that the one or more angles are at or near +3 or -3 degrees (or

another suitable angle).

[0080] Fig. 11D depicts the odd block source implantation, which may
include a B-Halo implantation. Mask 660 is used to block implantation for the
even blocks. Source regions 662 are formed between the stacked gate
structures of the odd blocks. In one embodiment, the source implantation of
Fig. 11D is done at an angle, similar to the angle described above for the even
block drain impléntation of Fig. 11C. Thus, the angle depicted in Fig. 11D is
the same magnitude but opposite in direction to the angle of the even block
source implantation of Fig. 11B. As discussed above with respect to Fig. 11B,
the odd block source implantation may include a B-Halo type implantation and

an n-type implantation, (e.g., Arsenic) to define the source area.

[0081] Fig. 11E depicts the odd block drain implantation.  The
implantation is carried out at an angle similar to the angles discussed above,
however, opposite in direction to the source implantation of Fig. 11D. Thus,
while the angle of Fig. 11D is depicted from right to left, the angle depicted in
Fig. 11E is left to right. The odd block drain implantation of Fig. 11E may

contain a lighter B-Halo, no B-Halo, a low dose n-type implantation, and/or a
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higher dose n-type implantation to form the drain side of the memory cell. In
one embodiment, the processes of Fig. 11D and 11E are similar to the
processes of Fig. 11A and 11B but for the odd blocks with the angles being in
the reverse direction/orientation than for the even blocks. For example, the
angle of implantation for Figs. 11B and 11E may be approximately +3 degrees
while the angle of implantation for Figs. 11C and 11D maybe .approximately -3
degrees. The source/drain regions 666 resulting from the process of Fig. 11E
are similar to source drain region 656 of the even block, but are in an opposite

orientation.

[0082] The source and bit line contact regions (label 668 in Fig. 11E)
received both the odd block and even block source and drain implantations.
The full dose of those implantations may be sufficient to keep good isolation
propetrties for those select transistors. However, if that is not the case, an
additional implantation can be done to tune the threshold voltages of the select
gates. This can be done with the mask 660 still in place (since that mask will
also mask out peripheral transistor areas), but by applying a larger implantation
angle (e.g. 15 degrees) that additional implantation can be prevented from
entering the memory cell areas. The spacing between the select gates (e.g.
select gate 606 and select gate 608) is larger than that of the spacing between
the memory cells 602 because the contact areas need to be formed in between
those select gates. The larger space allows for larger implantation angles. For
example, Fig. 11F shows an additional implantation step with a larger
implantation angle so that implantation occurs between the select gates into
areas 670 and not in the source/drain regions between the memory cells 602.
Note that in one embodiment, the implantation of Figure 11F can be performed
at one or more angles, such that the one or more angles are near +15 and -15
degrees (or other suitable angles). In one example, the process of Fig. 11F also
includes adding a B-Halo implantation at an implantation angle of 15 degrees

(or other suitable value larger than the angle used in the steps of Figs. 11B-E).
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In various embodiments, the additional implantation step of Fig. 11F can
include n-type and/or p-type implantations. Additionally, note that the source
implantation and/or the drain implantation can include multiple implantations
of n-type and/or p-type materials that can be implanted using common or
different angles (including 0 degrees), impurity types (i.e. Arsenic or

Phosphorus), doses and energies.

[0083] Note that it is also possible to do the steps depicted in Figs. 11A-
11F in different orders than described above. For example, the steps depicted
in Fig. 11F can be performed after the odd block implantation, after the even
block implantation or after both odd and even block implantations.
Additionally, the odd block, in some embodiments, can be implanted prior to
the even block being implanted. It may also be possible to perform some or
all of the above-discussed implantations before completing the stacked gate

structures. Various other orders of steps can also be used.

[0084] Although the figures described above show that the implantations
are carried out as angled implantations, this is not necessary for all of the
implantations. For example, it is possible to use perpendicular implantation for
the source implantation while the drain implantation is performed at the angle
described above. Fig. 12A provides such an example where the even block
source implantation is provided perpendicular to the substrate. The same
perpendicular source implants can be provided for the odd blocks. Subsequent
to the perpendicular implantations of Fig. 12A, the implantation for the drain

side would be at the angle discussed above with respect to Fig. 11C.

[0085] Another possibility is that the source implantation (Figs. 11B and
11D) is provided at an angle as described above and the drain implantation
(Figs. 11C and 11E) is provided perpendicular to the substrate. Fig. 12B
provides an example of the even block drain side implants being performed in

a perpendicular fashion.
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[0086] Figs. 13A-13F depict another embodiment of a method to create
asymmetrical memory cell doping profiles. In principal, this additional
embodiment is similar to the embodiments described above. However, the
masks are defined differently. That is, during the source and drain
implantations, the areas between the drain side select gates are covered with
the same mask as used to cover the memory cells in the relevant even or odd
blocks. As a result, the areas between the two drain side select gates
(including the bit line contact areas) are not implanted during the source and
drain implantations. The areas between the source side select gates have,
however, received the same implantation as the memory cells. During a
subsequent step, an additional mask is applied and a dedicated implantation is
performed for the area in between the drain side select gates. This dedicated
implantation can include n-type and p-type implantations. If this implantation
is limited to an n-type implantation, then this implantation will not result in an
increase in the threshold voltage of the drain side select gate. It is more of a
concefn to have good isolation properties for the source side select gate. In
some embodiments, this may not be as critical for the drain side select gate. In
some implementations, a lower threshold voltage for the drain side select gate
may even be beneficial. This may especially be the case at lower power supply

voltages such as 1.8 volts where the lower Vsgd voltages need to be used.

[0087] Figs. 13A shows the even block source implantation that may
include a B-Halo implantation. The process of Fig. 13A is similar to the
process of Fig. 11B. However, mask 680 is different than mask 650 of Fig.
11B. That is, mask 680 covers the area between drain side select gates 606 and
608; therefore, the area between those select gates 606 and 606 does not
receive the implantation during the process of Fig. 13A while it does during
the process of Fig. 11B. The process of Fig. 13B, even block drain
implantation, is similar to the process of Fig. 11C. However, mask 680 of Fig.

13B is different than mask 650 of Fig. 11C, as described above.
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[0088] The process of Fig. 13C, odd block source implantation, is similar
to the process of Fig. 11D. However, mask 690 is different than that of mask
660. That is, mask 690 covers the region between drain side select gates 606
and 608 so that region does not receive implantation in the process of Fig. 13C.
Similarly, the process of Fig. 13D, odd block drain implantation, is similar to
the process of Fig. 11E. The process of Fig. 13D differs from the process of
Fig. 11E in that the mask 690 covers the region between the drain side select
gates, as discussed above. After the process of Fig. 13D, the region between

the drain side select gates 606 and 608 has not been implanted.

[0089] The process of Fig. 13E, source line implantation, is similar to the
process of Fig. 11F. The difference between Fig. 13E and Fig. 11F is that
mask 690 covers the region between the drain side select gates 606 and 608.
After the process of Fig. 13E, the region in the P-well between select gates 606
and 608 has not been implanted.

[0090] Fig. 13F depicts a process for performing the bit line contact
implantation in the region between drain side select gates. Mask 700 is used to
cover the NAND chains, except for the area between the drain side select
gates, such as the area between drain side select gates 606 and 608. The
implantation can consist of two angled implantations (same or similar
magnitude, opposite direction), similar to the angles used for the process of
Fig. 11F, however, it is not essential to angle the implantations so one or more
or the bit line contact implantations may also be perpendicular to the substrate
or the angles may be smaller. Furthermore, in some cases, this mask step and
implantation may be combined with other mask steps that are needed for other

devices, such as peripheral transistors.

[0091] Other embodiments can use different masks. For example, in one
variation on the embodiment of Figs. 13A-13F, during the source and drain

implantations, the areas between the source side select gates can be covered
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with the same mask as used to cover the memory cells in the relevant even or
odd blocks. As a result, the areas between the two source side select gates are
not implanted during the source and drain implantations. The areas between
the drain side select gates , however, receive the same implantations (both odd
and even block implantations) as the memory cells. For example, Figure 14
shows a process of providing the source implantation for the even blocks using
a mask 720 that covers the odd blocks and covers the areas between the source
side select gates. The same mask can be used for the drain implantation. An
analogous mask can be used to cover the even blocks and the areas between
the source side select gates during the odd block source and drain

implantations.

[0092] During a subsequent step (after even and odd block implantations
for the embodiment of Fig. 14A), an additional mask is applied and a dedicated
implantation is performed for the area in between the source side select gates.
In some cases, this mask step and implantation maybe combined with other
mask steps that are needed for other devices, such as peripheral transistors. For
example, Fig. 14B shows mask 740 covering the even blocks, odd blocks, and
areas between t‘he drain side select gates; however, mask 740 does not cover
the area between the source side select gates. This implanfation may have both
n- and p-type implantations. The n-type implantation is required to form an n-
type source region in between the two source side select gates. The p-type
implantation, which maybe of B-Halo type, may be added to increase the
threshold voltage of the source side select gates in order to ensure proper
isolation properties of the source side select gates. This embodiment may
especially be attractive when no B-Halo source implantation is used in the cell
areas. In that case, an n-type counter implantation can be used at the drain side
of the memory cells to create the asymmetrical memory cell doping proﬁles;.
Then, it is beneficial to prevent these n-type counter implantations (by masking

the area in between the source side select gates) from entering the source side
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of the source side select gates as these implantations will reduce the threshold
voltage of the source side select gates which may be undesired. A B-Halo type
of implantation can additionally be done in the source side select gate area by
an additional mask step that is also needed to implant an n-type source area in
between the source side select gates, while the drain side select gates do not get
any additional B-Halo type of implantation. As a result, the threshold voltage
of the drain side select gates can be lower as those of the source side select
gates, which can be beneficial for the operation of the memory array as

described above.

[0093] Other embodiments can use different masks. For example, in one
variation on the embodiment of Figs. 13A-13F, during the source and drain
implantations, the areas between both the source side select gates and the drain
side select gates can be covered with the same mask as used to cover the
memory cells in the relevant even or odd blocks. As a result, the areas between
the two source side select gates and the two drain side select gates are not
implanted during the source and drain implantations. An additional
implantation in between the source side select gates and drain side select gates
may be needed. If that is the case, additional mask and implantation steps are
required to implant those regions. In some cases, these mask steps and
implantations may be combined with other mask steps that are needed for other

devices, such as peripheral transistors.

[0094] The foregoing detailed description of the invention has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Many
modifications and variations are possible in light of the above teaching. The
described embodiments were chosen in order to best explain the principles of
the invention and its practical application to thereby enable others skilled in the

art to best utilize the invention in various embodiments and with various
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modifications as are suited to the particular use contemplated. It is intended

that the scope of the invention be defined by the claims appended hereto.
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CLAIMS

We claim:

L. A NAND flash memory device, comprising:
a substrate for a NAND string;
a plurality of stacked gate structures positioned on said substrate, said
stacked gate structures are part of said NAND string; and
asymmetrically doped source/drain regions in said substrate

between said stacked gate structures.

2. A NAND flash memory device according to claim 1, wherein:
said asymmetrically doped source/drain regions include a lower doped
region of a first conductivity type on a drain side and a higher doped region of

said first conductivity type on a source side, .

3. A NAND flash memory device according to claim 2, wherein:
said substrate includes a B-Halo at least partially around said higher
doped region of said first conductivity type for at least one of said

asymmetrically doped source/drain regions.

4. A NAND flash memory device according to claim 2, wherein:
said substrate includes higher doped regions of a second conductivity
type in proximity to said higher doped region of said first conductivity type of

said asymmetrically doped source/drain regions.

5. A NAND flash memory device according to claim 4, wherein:
said substrate includes a channel between two asymmetrically doped

source/drain regions, said channel is asymmetrically doped.
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6. A NAND flash memory device agcording to claim 4, wherein:
said substrate includes lower doped regions of said second conductivity
type in proximity to said lower doped region of said first conductivity type of

said asymmetrically doped source/drain regions.

7. A NAND flash memory device according to claim 2, wherein:
said substrate includes low doped regions of a second conductivity type
adjacent to lower doped region of said first conductivity type of said

asymmetrically doped source/drain regions.

8. A NAND flash memory device according to claim 2, wherein:
said lower doped region of said first conductivity type is doped with

Phosphorus.

9. A NAND flash memory device according to claim 2, wherein:
said lower doped region of said first conductivity type is doped with

Arsenic.

10. A NAND flash memory device according to claim 2, wherein:
said higher doped region of said first conductivity type is doped with

Arsenic.

11. A NAND flash memory device according to claim 1, wherein:

said asymmetrically doped source/drain regions include a high doped
region of said first conductivity type on a source side;

said substrate includes higher doped regions of a second conductivity
type in proximity to said source sides of said asymmetrically doped source/drain
regions; and

said substrate further includes lower doped regions of said second

conductivity type in proximity to drain sides of said asymmetrically doped
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source/drain regions.

12. A NAND flash memory device according to claim 1, wherein:

said asymmetrically doped source/drain regions include a high doped
region of said first conductivity type on a source side; and

said substrate includes low doped regions of a second conductivity type

adjacent to drain sides of said asymmetrically doped source/drain regions.

13. A NAND flash memory device according to claim 1, wherein:
said substrate includes an N-well and a P-well in said N-well; and “

said asymmetrically doped source/drain regions are in said P-well.

14. A NAND flash memory device according to claim 1, wherein:
said stacked gate structures include a tunnel dielectric adjacent said
substrate, a floating gate adjacent said tunnel dielectric, an inter-gate dielectric

adjacent said floating gate, and a control gate adjacent said inter-gate dielectric.

15. A NAND flash memory device according to claim 1, further
comprising: A '

a controller;

a state machine in communication with said controller;

a row control circuit in communication with said state machine and said
NAND string; and

a column control circuit in communication with said state machine and

said NAND string.

16. A NAND flash memory device according to claim 1, wherein:
said higher doped region of said first conductivity type extends deeper

into said substrate than said lower doped region of said first conductivity type.
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17. A NAND flash memory device according to claim 1, wherein:
said substrate includes asymmetrically doped channel regions between

said stacked gate structures.

5 18. A NAND flash memory device according to claim 17, wherein:
said asymmetrically doped source/drain regions include a higher doped
region of said first conductivity type on a source side; and
said asymmetrically doped channel regions include a lower doped region
of a second conductivity type, said lower doped region of said second
10  conductivity type is created from a counter implantation of using a material of

said first conductivity type.

19. A NAND flash memory device, comprising:
a substrate for a NAND string;
15 a plurality of stacked gate structures positioned on said substrate, said
stacked gate structures are part of said NAND string;
source/drain regions in said substrate between said stacked gate
structures; and
asymmetrically doped channel regions in said substrate, said channel

20 regions are between source/drain regions.

20. A NAND flash memory device according to claim 19, wherein:
said asymmetrically doped channel regions include a lower doped region
of a particular conductivity type and a higher doped region of said particular
25 conductivity type.

21. A NAND flash memory device according to claim 19, wherein:
said asyfnmetrically doped channel regions include a lower doped region
of a particular conductivity type on drain sides of said channel regions and a

30 higher doped region of said particular conductivity type on source sides of said
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channel regions.

22. A NAND flash memory device according to claim 21, wherein:
said higher doped region of said particular conductivity type includes a
B-Halo.

23. A NAND flash memory device according to claim 19, wherein:
said asymmetrically doped channel regions include a lower doped region

of a particular conductivity type on drain sides of said channel regions.

24. A NAND flash memory device according to claim 23, wherein:

said source/drain regions include material of a different conductivity
type than said particular conductivity type; and

said lower doped region of said particular conductivity type is formed by

counter doping using a low dose of a material of said different conductivity

type.

25. A NAND flash memory device, comprising:

a substrate for a NAND string; V

a plurality of stacked gate structures positioned on said substrate, said
stacked gate structures are part of said NAND string; and

said substrate includes source/drain regions between said stacked gate
structures and channel between said source/drain regions, said substrate

includes an asymmetrical doping profile.

26. A NAND flash memory device according to claim 25, wherein:

said channel regions include an asymmetrical doping profile.

27.  ANAND flash memory device according to claim 25, wherein:

said source/drain regions include an asymmetrical doping profile.
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28. A NAND flash memory device according to claim 25, wherein:
said channel regions and said source/drain regions include an

asymmetrical doping profile.

29.  ANAND flash memory device, comprising:

a substrate for a NAND string;

a set of control gates for said NAND string;

a set of charge storage regions between said control gates and said
substrate; and '

asymmetrically doped source/drain regions in said substrate.

30. A NAND flash memory device according to claim 29, wherein:
said asymmetrically doped source/drain regions include a lower doped
region of a first conductivity type on a drain side and a higher doped region of

said first conductivity type on a source side.

31. A NAND flash memory device according to claim 30, wherein:
said substrate includes higher doped regions of a second conductivity
type in proximity to said higher doped region of said first conductivity type of

said asymmetrically doped source/drain regions.

32. A NAND flash memory device according to claim 31, wherein:
said substrate includes a channel between two asymmetrically doped

source/drain regions, said channel is asymmetrically doped.

33.  ANAND flash inemory device according to claim 31, wherein:
said substrate includes lower doped regions of said second conductivity
type in proximity to said lower doped region of said first conductivity type of

said asymmetrically doped source/drain regions.
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34. A NAND flash memory device according to claim 30, wherein:
said substrate includes low doped regions of a second conductivity type
adjacent to lower doped region of said first conductivity type of said

asymmetrically doped source/drain regions.

35.  ANAND flash memory device according to claim 29, wherein:

said asymmetrically doped source/drain regions include a high doped
region of said first conductivity type on a source side; ‘

said substrate includes higher doioed regions of a second conductivity
type in prokimity to said source sides of said asymmetrically doped source/drain
regions; and

said substrate further includes lower doped regions of said second
conductivity type in proximity to drain sides of said asymmetrically doped

source/drain regions.

36. A NAND flash memory device according to claim 29, wherein:

said asymmetrically doped source/drain regions include a high doped
region of said first conductivity type on a source side; and

said substrate includes low doped regions of a second conductivity type

adjacent to drain sides of said asymmetrically doped source/drain regions.

37. A NAND flash memory device, comprising:

a substrate for a NAND string;

a set of control gates for said NAND string;

a set of charge storage regions between said control gates and said
substrate;

source/drain regions in said substrate; and

asymmetrically doped channel regions in said substrate, said channel

regions are between source/drain regions.



WO 2006/036453 PCT/US2005/031279

-46-

38. A NAND flash memory device according to claim 37, wherein:
said asymmetrically doped channel regions include a lower doped region
of a particular conductivity type and a higher doped region of said particular
5 conductivity type. ‘

39. A NAND flash memory device according to claim 37, wherein:
said asymmetrically doped channel regions include a lower doped region
of a particular conductivity type on drain sides of said channel regions and a ‘
10  higher doped region of said particular conductivity type on source sides of said

channel regions.

40. A NAND flash memory device according to claim 39, wherein:
said higher doped region of said particular conductivity type includes a
15 B-Halo.

41. A NAND flash memory device according to claim 37, wherein:
said asymmetrically doped channel regions include a lower doped region
of a particular conductivity type on drain sides of said channel regions.
20
42. A NAND flash memory device according to claim 41, wherein:
said channel )regions include material of a different conductivity type;
and
said lower doped region of said particular conductivity type is formed by

25 counter doping using a low dose of a material of said different conductivity

type.

43, A NAND flash memory device, comprising:
a substrate for a NAND string;

30 a stacked gate structure positioned on said substrate adjacent a channel
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area in said substrate, said stacked gate structure is part of said NAND string;

a first source/drain region in said substrate adjacent to said channel area;
and

a second source/drain region in said substrate adjacent to said channel
area, said first source/drain region and said second source drain/region include
lower doped regions of a first conductivity type on a drain side of said first
source/drain region and said second source drain region, said first source/drain
region and said second source/drain region further include higher doped regions
of said first conductivity type on a source side of said first source/drain region

and said second source/drain region.

44, A NAND flash memory device according to claim 43, wherein:
said substrate includes B-Halos at said source side of said first

source/drain region and said second source/drain region.

45. A NAND flash memory device according to claim 43, wherein:
said substrate includes higher doped regions of a second conductivity
type at said source side of said first source/drain region and said second

source/drain region.

46. A NAND flash memory device according to claim 45, wherein:
said channel is asymmetrically doped.

47.  ANAND flash memory device according to claim 46, wherein:
said substrate further includes lower doped regions of said second
conductivity type at said drain sides of said first source/drain region and said

second source/drain region.

48. A NAND flash memory device according to claim 43, wherein:

said channel area is asymmetrically doped.
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49. A NAND flash memory device according to claim 48, wherein:
said channel area includes a lower doped region of a second
conductivity type, said lower doped region of said second conductivity type is

created from a counter implantation of using a material of said first conductivity

type.

50. A method for creating NAND flash memory, comprising:

creating stacked gate structures of a NAND string;

performing source implantation at a first implantation angle to areas
between said stacked gate structures; and

performing drain implantation at a second implantation angle between
said stacked gate structures of said NAND string, said second implantation

angle is different than said first implantation angle.

51. 4 A method according to claim 50, wherein:
said first implantation angle is +3 degrees; and

said second implantation angle is -3 degrees.

52. A method according to claim 50, wherein:
said stacked gate structures are formed on a substrate; and

said source implantation is performed perpendicular to said substrate.

53. A method according to claim 50, wherein:
said stacked gate structures are formed on a substrate; and

said drain implantation is performed perpendicular to said substrate.

54. A method according to claim 50, wherein:
said source implantation and said drain implantation include doping a

source line area and a bit line contact area for said NAND string; and
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said method further comprises performing an additional implantation for
said source line area and said bit line area for said NAND string using a wider

angle than said first implantation angle and said second implantation angle.

55. A method according to claim 50, wherein:
said source implantation and said drain implantation include doping a

source line area and a bit line contact area for said NAND string.

56. A method according to claim 50, wherein:

said source implantation and said drain implantation include doping a
source line area and not doping a bit line contact area for said NAND string;
and

said method further comprises performing additional implantation for
said bit line area.

57. A method according to claim 50, wherein:

said additional implantation includes n-type and p-type implantations.

58. A method according to claim 50, wherein:

said source implantation and said drain implantation include doping a bit
line contact area and not doping a source line area for said NAND string; and

said method further comprises performing an additional implantation for

said source line area.

59. A method according to claim 58, wherein:

said additional implantation includes n-type and p-type implantations.

60. A method according to claim 50, wherein:
said source implantation and said drain implantation do not include
doping a bit line contact area and do not include doping a source line area for

said NAND string; and
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said method further comprises performing an additional implantation for

said source line area and additional implantation for said bit line contact area.

61. A method according to claim 50, wherein:

said stacked gate structures are formed on a substrate;

said substrate includes a channel area between a source area and a drain
area for a particular stacked gate structure;

said source implantation inciude doping said source area; and

said drain implantation include doping said drain area.

62. A method according to claim 50, further comprising:
adding B-Halos for channel regions of said NAND string.

63. A method according to claim 50, wherein:
said drain implantation is performed after said source implantation; and
said source implantation is performed after creating said stacked gate

structures.

64. A method according to claim 50, wherein:

said stacked gate structures are formed on a substrate;

said drain implantation creates lower doped regions of a ﬁfst
conductivity type in said substrate on drain sides of said stacked gate structures;
and

said source implantation creates higher doped regions of a first
conductivity type in said substrate on source sides of said stacked gate
structures, said higher doped regions of said first conductivity type are deeper in
said substrate than said lower doped regions of said first conductivity type, said
higher doped regions of said first conductivity type and said lower doped

regions of said first conductivity type form combined source/drain regions.
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65. A method according to claim 50, wherein:

said source implantation includes n-type and p-type materials implanted
under different angles; and

said drain implantation includes n-type and p-type materials implanted

under different angles.

66. A method according to claim 50, wherein:

said source implantation includes multiple n-type implantations under
different angles; and |

said. drain implantation includes multiple n-type implantations under

different angles.

67. A method for creating NAND flash memory, comprising:

creating gate structures of one or more NAND strings;

performing source implantation to create higher doped regions of a first
conductivity type between areas for said gate structures; and

performing drain implantation to create lower doped regions of said first

conductivity type between said areas for said gate structures.

68. A method according to claim 67, wherein:

said source implantation is performed subsequent to creating said gate
structures; and A

said drain implantation is performed subsequent to said source

implantations.

69. A method according to claim 67, wherein:

said source implantation and said drain implantation include doping a
source line area and a bit line contact area for said one or more NAND strings;
and

said method further comprises performing additional implantation for
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said source line and said bit line area using a wider angle than an angle used for

said source and said drain implantation.

70. A method according to claim 67, wherein:

said source implantation and said drain implantation include doping a

source line area and not doping a bit line area for said one or more NAND

strings; and
said method further comprises performing an additional implantation for
said bit line area using one or more wider angles than used for said source

implantation.

71. A method according to claim 67, wherein:

said source implantation and said drain implantation include doping a bit
line contact area and not doping a source line area for said one or more NAND
strings; and

said method further comprises performing an additional implantation for

said source line area.

72. A method according to claim 67, wherein:

said source implantation and said drain implantation do not include
doping a bit line contact area and do not include doping a source line area for
said one or more NAND strings; and

said method further comprises perforrhing an additional implantation for

said source line area and additional implantation for said bit line contact area.

73. A method according to claim 67, wherein:

said gate structures are formed on a substrate;

said substrate includes channel areas between source areas and a drain -
areas;

said source implantation includes doping said source areas;
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said drain implantation includes doping said drain areas; and
said method further includes adding B-Halos for channel regions of said
one or more NAND strings.

74. A method according to claim 67, wherein:

said source implantation includes materials of said first conductivity
type and materials of a second conductivity type implanted under different
angles; and

said drain implantation includes materials of said first conductivity type

and materials of a second conductivity type implanted under different angles.

75. A method according to claim 67, wherein:

said source implantation includes materials of said first conductivity
type and materials of a second conductivity type implanted under different
angles; and

said drain implantation includes materials of said first conductivity type
and materials of a second conductivity type implanted under different angles,

impurity types, doses and energies.

76. A method for creating NAND flash memory, comprising:

éreating gate structures of one or more NAND strings, said NAND
strings include at least a first NAND string and a second NAND string, said first
NAND string and said second NAND string are connected to a common control
line;

masking source/drain regions of said second NAND string;

performing source implantation at a first angular orientation to create
source regions for said first NAND siring; and

performing drain implantation at a second angular orientation, different
from said first angular orientation, to create drain regions for said first NAND

string; .
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masking source/drain regions of said first NAND string;

performing source implantation at said second angular orientation to
create source regions for said second NAND string; and

performing drain implantation at said first angular orientation to create

5 drain regions for said second NAND string.

77. A method according to claim 76, wherein:
said first angular orientation includes one or more small angles in a first
direction; and '
10 said second angular orientation includes one or more small angles in an

opposite direction from said first direction.

78. A method according to claim 76, wherein:
said first angular orientation includes a doping angle perpendicular to a

15 substrate for said first NAND string.

79. A method according to claim 76, wherein:
said second angular orientation includes doping at an angle
perpendicular to a substrate for said first NAND string.
20
80.  method according to claim 76, wherein:
said source implantation and said drain implantation include doping a
source line area and a bit 1in¢ contact area; and
said method further comprises performing additional doping of said
25 source line area and said bit line area using an implantation angle larger than
with respect to said first angular orientation and said second angular orientation
so that said additional doping of said source line area and said bit line area does

not include doping of source/drain regions of said NAND string.

30 81. A method according to claim 76, wherein:
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said source implantation to create source regions for said first NAND
string and said drain implantation to create drain regions for said first NAND
string include doping a source line area while masking a bit line contact area for
said first NAND string; and

said method further comprises performing additional doping of said bit

line area.

82. A method according to claim 76, wherein:

said source implantation to create source regions for said first NAND
string and said drain implantation to create drain regions for said first NAND
string include doping a bit line area while masking a source line area for said
first NAND string; and

said method further comprises performing additional doping of said

source line area.

83. A method according to claim 76, wherein:

said source implantation to create source regions for said first NAND
string and said drain implantation to create drain regions for said first NAND
string do not include doping a bit line area and do not include doping a source
line area for said first NAND string; and

said method further comprises performing additional doping of said

source line area and bit line contact area for said first NAND string.

84. A method according to claim 76, wherein:

said stacked gate structures are formed on a substrate;

said substrate includes channel areas between source areas and drain
areas for said first NAND string and said second NAND string;

said source implantation for said first NAND string and said source
implantation for said second NAND string include doping said source areas;

said drain implantation for said first NAND string and said drain
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implantation for said second NAND string include doping said drain areas; and

said channel areas include B-Halos.

85. A method according to claim 76, further comprising:

adding higher doped B-Halos for channel areas between source areas
and drain areas for said first NAND string and said second NAND string; and

adding lower doped B-Halos for said channel areas, said higher doped

B-Halos are added at source sides of said channels and said lower doped B-

‘Halos are added at drain sides of said channels.

86. A method according to claim 76, wherein:

said common control line is a bit line.

87. A method according to claim 76, wherein:

said drain implantation for said first NAND string and said drain
implantation for said second NAND string include creating lower doped regions
of a first conductivity type; and 4

said source implantation for said first NAND string and said source
implantation for said second NAND string include creating higher doped

regions of said first conductivity type.
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