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Memory arrays and methods of operating Such memory 
(21) Appl. No.: 13/186,172 arrays are described as having a memory cell operated as a 

single level cell interposed between and coupled to a select 
(22) Filed: Jul.19, 2011 gate and a memory cell operated as a multiple level memory 

cell. In some embodiments, a memory array is described as 
Related U.S. Application Data including a number of select gates coupled in series to a 

AV number of memory cells operated as single level memory 
(63) Continuation of application No. 12/838,646, filed on cells and a number of memory cells operated as multiple level 

Jul. 19, 2010, now Pat. No. 8,000,136, which is a 
continuation of application No. 12/329,932, filed on 
Dec. 8, 2008, now Pat. No. 7,773,418, which is a 
continuation of application No. 1 1/507,408, filed on 
Aug. 21, 2006, now Pat. No. 7,474,560. 

memory cells, where a first select gate is directly coupled to a 
first memory cell operated as a single level memory cell 
interposed between and coupled to the first select gate and a 
continuous number of memory cells operated as multiple 
level memory cells. 
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NON-VOLATILE MEMORY WITH BOTH 
SINGLE AND MULTIPLE LEVEL CELLS 

PRIORITY INFORMATION 

0001. This application is a Continuation of U.S. patent 
application Ser. No. 12/838,646 filed Jul. 19, 2010, which is 
a Continuation of U.S. patent application Ser. No. 12/329,932 
filed Dec. 8, 2008 issued as U.S. Pat. No. 7,773,418 on Aug. 
10, 2010, which is a Continuation of U.S. patent application 
Ser. No. 1 1/507,408 filed on Aug. 21, 2006 issued as U.S. Pat. 
No. 7,474.560 on Jan. 6, 2009, the specification of which is 
incorporated by reference herein. 

TECHNICAL FIELD 

0002 The present invention relates generally to memory 
devices and, in particular, the present invention relates to 
non-volatile memory architecture. 

BACKGROUND 

0003 Memory devices are typically provided as internal, 
semiconductor, integrated circuits in computers or other elec 
tronic devices. There are many different types of memory 
including random-access memory (RAM), read only memory 
(ROM), dynamic random access memory (DRAM), synchro 
nous dynamic random access memory (SDRAM), and flash 
memory. 
0004 Flash memory devices have developed into a popu 
lar source of non-volatile memory for a wide range of elec 
tronic applications. Flash memory devices typically use a 
one-transistor memory cell that allows for high memory den 
sities, high reliability, and low power consumption. Common 
uses for flash memory include personal computers, personal 
digital assistants (PDAs), digital cameras, and cellular tele 
phones. Program code and system data Such as a basic input/ 
output system (BIOS) are typically stored in flash memory 
devices for use in personal computer systems. 
0005. As the performance and complexity of electronic 
systems increase, the requirement for additional memory in a 
system also increases. However, in order to continue to 
reduce costs of the system, the parts count must be kept to a 
minimum. This can be accomplished by increasing the 
memory density of an integrated circuit by utilizing technolo 
gies such as using a multiple level cell (MLC) in place of one 
or more single level cell (SLC). For example, MLC NAND 
flash memory is a cost-effective non-volatile memory. 
0006 MLCs take advantage of the analog nature of a tra 
ditional flash cell by assigning a bit pattern to a specific 
threshold voltage (Vt) range stored on the cell. This technol 
ogy permits the storage of two or more bits per cell, in com 
parison to the one bit per cell stored on a SLC, the storage 
capability depending on the quantity of Voltage ranges 
assigned to the cell and the stability of the assigned Voltage 
ranges during the lifetime operation of the MLC. 
0007 For example, a MLC may be assigned four different 
Voltage ranges of 200 mV for each range. A dead space of 
margin of 200 mV to 400 mV can be placed between each 
range to prevent the Vit distributions from overlapping. If the 
voltage stored on the cell is within the first range, the cell is 
storing a logical 11 state and can be considered the erased, or 
unprogrammed, state of the cell. 
0008 If a programming voltage exceeds a first potential 
threshold of a MLC and elevates the stored voltage in the cell 
Such that it is within the second range, a lower page of the cell 
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is storing a logical 10 state, which correlates with a one bit 
SLC going from a 1 erased State to a 0 programmed State. This 
can continue for as many ranges as the MLC has capacity for 
storing. For example, a two bit MLC can store elevated volt 
ages in upper page ranges Such that exceeding a second poten 
tial threshold can cause the cell to store a logical 00 pro 
grammed State and exceeding a third potential threshold can 
cause the cell to store a logical 01 programmed State. Hypo 
thetically, as many levels as desired can be added to a MLC, 
So long as they remain stable during the operational lifetime 
of the non-volatile memory cell. 
0009. A current limitation on including additional levels 
on MLCs, however, is a coupling between gates along the 
same bit line. Such coupling can be induced by marked poten 
tial differences between adjacent gates. For example, a two bit 
MLC having Stored Voltage in a range sufficient to result in an 
upper page 01 logical state can couple with an adjacent select 
gate having a lower potential (e.g., at ground level). Such 
coupling can cause current leakage that results in lowering 
Voltage stored in a MLC into a range of a different logical 
state and consequent errors in reading the stored data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a threshold voltage distribution for a single 
level non-volatile memory cell and a result of a single level 
cell page programming. 
(0011 FIGS. 2A-2B are threshold voltage distributions for 
multiple level non-volatile memory cells and results of lower 
and upper page programming. 
0012 FIG.3 illustrates a portion of a non-volatile memory 
array architecture in accordance with an embodiment of the 
present disclosure. 
0013 FIG. 4 illustrates a portion of a non-volatile memory 
array architecture illustrating a number of Strings of non 
Volatile memory cells in accordance with an embodiment of 
the present disclosure. 
0014 FIG. 5 is a flowchart for programming single level 
and multiple level non-volatile memory cells in accordance 
with an embodiment of the present disclosure. 
(0015 FIGS. 6A-6B illustrate operational tables for pro 
gramming sequences that can be implemented with the non 
Volatile memory array architecture in accordance with 
embodiments of the present disclosure. 
0016 FIG. 7 is a functional block diagram of an electronic 
memory system having at least one memory device in accor 
dance with an embodiment of the present disclosure. 
0017 FIG. 8 is a functional block diagram of a memory 
module having at least one memory device in accordance 
with an embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0018. The present disclosure includes various arrays, 
devices, systems, and methods for non-volatile memory with 
both single and multiple level cells. In one embodiment a 
memory array is provided having a number of single level 
non-volatile memory cells (SLCs) and a number of multiple 
level non-volatile memory cells (MLCs). A number of select 
gates are coupled in series to the number of single level 
non-volatile memory cells and the number of multiple level 
non-volatile memory cells. A first select gate is coupled to a 
first single level non-volatile memory cell interposed between 
and coupled to the first select gate and a first multiple level 
non-volatile memory cell. The first multiple level non-vola 



US 2011/0273932 A1 

tile memory cell is directly coupled to a continuous number of 
additional multiple level non-volatile memory cells. 
0019. According to various embodiments, non-volatile 
memory block uniformity is maintained by adding one or 
more additional word lines (WLS) to account for the SLCs 
separating the MLCs from the select gates. In one example 
embodiment, one SLC separates a continuous string of two 
(2)-bit MLCs from a source select gate (SGS) and another 
SLC separates the continuous string of MLCs from a drain 
select gate (SGD) and one additional word line is provided to 
maintain uniformity to a particular memory block size. 
0020 For example, uniformity to a particular memory 
block size of 128 pages may be desired. In this instance, thirty 
three (33) word lines are provided, e.g., WL-0 through 
WL-32, with WL-0 being coupled to the SLC separating the 
SGS from the string of MLCs on one end of the string and 
WL-32 being coupled to the SLC separating the SGD from 
the string of MLCs on the other end of the string. In this 
example embodiment, thirty one (31) MILCs, associated with 
WL-1 through WL 31, are connected in series between the 
two SLCs. As such, each string provides a selection of 128 
logical programmed States, corresponding to 64bits of Stor 
able memory on each String. A selection between two or more 
logical programmed States can constitute a bit of storable 
memory (including an erase state), which can be termed a 
page when stored in a non-volatile memory array architecture 
in accordance with embodiments of the present disclosure. In 
various embodiments, to provide a memory block size of 128 
pages, an even string and an odd String, each having 33 cells 
as described above, can be arrayed in association with WL-0 
through WL-32. Embodiments inaccordance with the present 
disclosure, however, are not limited to this example. 
0021. In the following detailed description the terms wafer 
and Substrate used in the following description include any 
base semiconductor structure. Both are to be understood as 
including silicon-on-Sapphire (SOS) technology, silicon-on 
insulator (SOI) technology, thin film transistor (TFT) tech 
nology, doped and undoped semiconductors, epitaxial layers 
of silicon Supported by a base semiconductor, as well as other 
semiconductor structures known to one skilled in the art. 
Furthermore, when reference is made to a wafer or substrate 
in the following description, previous process steps may have 
been utilized to form regions/junctions in the base semicon 
ductor structure. The following detailed description is, there 
fore, not to be taken in a limiting sense, and the scope of the 
present invention is defined only by the appended claims and 
equivalents thereof. 
0022. As used herein the term “electrically connected” is 
intended to imply an ability to directly connect an electrical 
current between at least two electrically conducting materi 
als. And, as used herein, "electrically conducting material(s) 
and/or layer(s) is intended to include doped and un-doped 
semiconductor materials. Further, as used herein, "electri 
cally coupled' or “coupled are intended to refer to at least 
one electrically conductive or conducting material and/or 
layer's ability to electrically influence (e.g., influencing the 
electrical state or behavior of) a neighboring electrically con 
ducting material through capacitive coupling or otherwise, 
whether or not the two electrically conducting materials and/ 
or layers are separated by an insulator or dielectric material. 
As one of ordinary skill in the art will appreciate, a “dielectric 
material and/or layer is a material and/or layer that does not 
directly conduct electrical current. 
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0023 FIG. 1 is a threshold voltage distribution for a single 
level non-volatile memory cell and a result of a single level 
cell page programming. FIG. 1 illustrates the threshold Volt 
age (Vt) distribution 100 movement resulting from a selected 
SLC programming. In SLC programming, a cell is either in a 
logical “1” state 101 or, through use of a SLC page program 
103, or algorithm, can be programmed to a logical “0” state 
105. In some embodiments, the logical “1” state can be 
defined as an unprogrammed or erased state. As such, using 
the SLC page program 103 to increase the threshold voltage 
Vt sufficiently to cause the SLC to store a programmed 
threshold voltage 105 can result in the SLC converting from 
an erased logical 1 state to a programmed logical 0 state. 
0024 FIG. 2A is a threshold voltage distribution for a 
multiple level non-volatile memory cell and results of lower 
and upper page programming. FIG. 2A illustrates the Vt 
distribution 200 movements resulting from a selected MLC 
programming. A MLC algorithm can have three or more 
possible Vt movements resulting from Supplied program data 
input. The embodiment illustrated in FIG. 2A can experience 
three possible Vt movements from a logical “11” erased state 
201. A first movement (1) can use a lower page program 203, 
similar to SLC programming, to raise the stored threshold 
voltage from the logical “11” erased state 201 to a logical 
“10 programmed state 205. 
0025. In the MLC embodiment of FIG. 2A, an upper page 
program 207 has two possible Vt movements based on stor 
age of elevated threshold Voltage in distinct ranges. A second 
movement (2) is from the lower page “10 programmed state 
205 to an upper page “00 programmed state 209. A third 
movement (3) is from the lower page “11” erased state 201 to 
an upper page “01 programmed state 211. In the embodi 
ment of FIG. 2A, the “10” state means the upper page is in the 
unprogrammed logic state 1 and the lower page is in the 
programmed logic state 0. Each of the three Vt movements 
just described for the cell distribution 200 in FIG. 2A, can 
result from progressively elevated levels of threshold voltage 
causing progressively elevated Stored Voltages in the MLC 
storage ranges 205, 209, and 211. 
0026. The threshold voltage distribution shown in FIG. 2A 

is only one embodiment of cell State assignments. Alternate 
embodiments can assign cell states to different threshold 
voltage distributions. The embodiments of the combined SLC 
and MLC programming method of the present disclosure can 
be utilized with various possible cell state arrangements. 
(0027 FIG. 2B is another threshold voltage distribution for 
a multiple level non-volatile memory cell and results of lower 
and upper page programming. FIG. 2B illustrates the Vit dis 
tribution 202 movements resulting from a selected MLC pro 
gramming. The embodiment illustrated in FIG. 2B can expe 
rience three possible Vt movements from a logical “11” 
erased state 201. The first movement (1) can use a lower page 
program 203, similar to SLC programming, to raise the stored 
threshold voltage from the logical “11” erased state 201 to a 
logical “10 programmed state 205. 
0028. In the MLC embodiment of FIG. 2B, an upper page 
program 207 has two possible Vt movements based on stor 
age of elevated threshold Voltage in distinct ranges. The sec 
ond movement (2) is from the lower page “10 programmed 
state 205 to an upper page “00 programmed state 209, as 
shown in FIG. 2A. In the embodiment illustrated in FIG. 2B, 
a fourth movement (4) differs from the third movement (3) 
illustrated in FIG. 2A. The fourth movement (4) of the upper 
page program 207 is from the lower page “10 programmed 
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state 205 to an upper page “01’ programmed state 211 result 
ing from providing a threshold voltage to lower page “10 
programmed state 205 with higher potential than that used to 
reach the upper page “00 programmed state 209. Each of the 
three Vt movements just described for the cell distribution 
202 in FIG. 2B, can result from progressively elevated levels 
of threshold Voltage causing progressively elevated Stored 
voltages in the MLC storage ranges 205, 209, and 211. 
0029. The threshold voltage distribution shown in FIG.2B 

is only one embodiment of cell State assignments. Alternate 
embodiments can assign cell states to different threshold 
voltage distributions. The embodiments of the combined SLC 
and MLC programming method of the present disclosure can 
be utilized with various possible cell state arrangements. 
0030 FIG. 3 is a top view of a portion of a non-volatile 
memory array architecture 300 in accordance with an 
embodiment of the present disclosure. The embodiment of 
FIG. 3 illustrates a string 300 of non-volatile memory cells in 
a NAND architecture memory array. Embodiments, however, 
are not limited to NAND architecture. As shown in FIG. 3, a 
first potential, e.g., source potential, 301 is coupled to one end 
of the string of non-volatile memory cells by a first select gate 
transistor, e.g., source select gate (SGS), 509-1. In the 
embodiment of FIG. 3 the string of non-volatile memory 
cells, e.g., 313-0, 313-1, 313-2,..., 313-N, 313-(N+1), are 
each associated with a respective word line, e.g., WL-0. 
WL-1, WL-2, ..., WL-N, WL-(N+1). The designator “N” 
intends that the string can include a number of non-volatile 
memory cells and associated word lines according to various 
embodiments. 
0031. As shown in FIG. 3, a second select gate transistor, 

e.g., drain select gate (SGD), 309-2 couples a bit line (BL) 
317 to the other end of the string of non-volatile memory 
cells, e.g., 313-0, 313-1, 313-2, . . . , 313-N, 313-(N+1). 
According to various embodiments, more that one select gate 
can be provided to each end of the string of non-volatile 
memory cells, e.g., 313-0, 313-1, 313-2, ... , 313-N, 313 
(N+1). Several examples of providing more than one select 
gate to each end of a string of non-volatile memory cells, e.g., 
313-0, 313-1,313-2,...,313-N, 313-(N+1) are described in 
copending, commonly assigned U.S. patent application Ser. 
No. 1 1/216,755, entitled “Multiple Select Gate Architec 
ture', filed on Aug. 31, 2005: Ser. No. 1 1/218,848, entitled 
“Operation of Multiple Select Gate Architecture', filed on 
Sep. 01, 2005: Ser. No. 11/411,376, entitled “Multiple Select 
Gates With Non-Volatile Memory Cells', filed on Apr. 26, 
2006, all three by the same inventor as the present disclosure, 
and which are incorporated herein by reference. 
0032. According to various embodiments, the string of 
non-volatile memory cells 300 includes a number of non 
volatile memory cells, e.g., 313-0,313-1,313-2,..., 313-N, 
313-(N-1), some of which are single level non-volatile 
memory cells (SLCs) and some of which are multiple level 
non-volatile memory cells (MLCs). Various examples of 
series string of non-volatile memory cells having SLCs and 
MLCs are described in copending, commonly assigned U.S. 
patent application Ser. No. 1 1/500,153, entitled “Non-Vola 
tile Memory Device with Both Single and Multiple Level 
Cells', filed on Aug. 07, 2006, by inventor Jin-Man Han, 
which is incorporated herein by reference. 
0033. However, the embodiments described herein differ 
from the above referenced application in that a first select 
gate, e.g., SGS 309-1, is coupled to a first SLC, e.g., 313-0, 
which is interposed between and coupled to the first select 
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gate, SGS309-1, and a first MLC, e.g., 313-1. The first MLC 
313-1 is directly coupled to a continuous number of addi 
tional multiple level non-volatile memory cells, e.g., 313-2, . 
... , 313-N. The MLCs are comprised of a lower page and at 
least one upper page of data and the SLCs are comprised of a 
single page of data. As the reader will appreciate, a memory 
cell capable of storing two alternative data input selections on 
a single page can be termed a “1-bit memory cell' or, as 
described in the present disclosure, a SLC. A memory cell 
capable of storing two alternative data input selections on a 
lower page and two alternative data input selections on one or 
more upper pages can be termed a “2-bit memory cell' or, as 
described in the present disclosure, a MLC. Embodiments, 
however, are not limited to 2-bit MLCs. 
0034. According to various embodiments of the present 
disclosure the first SLC313-0 has a programmed voltage that 
is intermediate between a higher programmed Voltage for the 
upper page of the first MLC313-1 and a lower resting voltage, 
e.g., 0.0 V or ground, of the first select gate SGS 309-1. 
0035. In FIG. 3, the portion of the memory array 300 
includes a second select gate, e.g., SGD 309-2, coupled in 
series to an opposite end of the number of non-volatile 
memory cells relative to the first select gate SGS 309-1. 
According to various embodiments the string of non-volatile 
memory cells includes a second SLC 313-(N-1) interposed 
between and coupled to the second select gate SGD309-2 and 
a second MLC, e.g., 313-N. In various embodiments, the 
second SLC 313-(N-1) has a programmed voltage that is 
intermediate between a higher programmed Voltage for the 
upper page of the second MLC 313-N and a lower resting 
voltage, e.g., 0.0V or ground, of the second select gate 309-2. 
0036. As mentioned in the background, MLCs take advan 
tage of the analog nature of a traditional flash cell by assign 
ing a bit pattern to a specific threshold Voltage (Vt) range 
stored on the cell. This technology permits the storage of two 
or more bits per cell, depending on the quality of Voltage 
ranges assigned to the cell and the stability of the assigned 
Voltage ranges during the lifetime operation of the memory 
cell. For example, as illustrated in FIGS. 2A and 2B, a cell 
may be assigned four different voltage ranges of 200 milli 
volts (mV) for each range. A margin of 0.2V to 0.4V may be 
provided between each range to keep the Vit distributions 
from overlapping. If the threshold voltage stored on a cell is 
within the first range, the cell is storing a logical 11 State 
which can be considered the erased state of the cell. If the 
Voltage is within the second range, the cell is storing a logical 
01 state. This continues for as many ranges that are used for 
the cell provided these Voltage ranges remain stable during 
the lifetime operation of the memory cell. 
0037. One issue with MLC devices is the floating gate to 
floating gate coupling that occurs along the same bit line. This 
coupling can cause the already Small margins between states 
to be reduced, i.e., narrowed, or even disappear, and the Vt 
distributions to overlap, thus causing errors in reading data. 
As illustrated in connection with FIG. 1, the unprogrammed 
logic state, e.g., state 1, of a SLC can be lower than the stored 
threshold Voltage of the programmed logic state, e.g., state 0. 
For example, the unprogrammed logic state, state 1, may have 
a threshold voltage of -0.5V while the programmed logic 
state, state 0, may have a stored threshold Voltage in the range 
+0.8V to +1.0 V. As illustrated in connection with FIGS. 2A 
and 2B, the unprogrammed logic state, e.g., state 11, of a 
MLC can be lower than the stored threshold voltage of a 
programmed logic state, e.g., State 01. For example, the 
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unprogrammed logic State, state 11, may have a threshold 
voltage of -0.5V while the programmed logic state, state 01. 
may have a stored threshold voltage in the range of +3.0V to 
+3.2V. 

0.038. During a programming operation, a selected word 
line (WL) for a flash non-volatile memory cell to be pro 
grammed is biased with a series of programming pulses that 
might start at approximately 16.0V and increase incremen 
tally to 20.0V for an SLC and even higher, e.g. to 22.0V. for 
a MLC. Thus, as the reader will appreciate, the programmed 
logic state of an upper page in a MLC, e.g., logic state 01, can 
have a stored potential relative to the unprogrammed State, 
e.g., logic state 11, that is Substantially higher (approximately 
3.0V) than that of the programmed threshold voltage of the 
SLC, e.g., logic 0, (approximately 0.8V) relative to its unpro 
grammed State, e.g., logic 1, (approximately 0.0V). The pro 
grammed threshold Voltage of the SLC, e.g., logic 0, may be 
similar (+0.8V to 1.OV) to the lower page programming of an 
MLC. That is the logic state 10 in FIGS. 2A and 2B means the 
upper page of the MLC is logic 1, "erased', and the lower 
page of the MLC is logic 0, “programmed'. 
0039. In some programming scenarios, a potential of a 
select gate can be as low as, or lower than, the potential of an 
adjacent SLC or an adjacent MLC. The higher the potential 
differential of a programmed memory cell relative to its adja 
cent select gate, the higher the probability that the select gate 
and the memory cell will undergo coupling Such that current 
leakage from the memory cell reduces the stored potential 
enough to fall into a range of a different logical state so as to 
result in errors in reading the stored data. 
0040 Since the highest programming Voltages placed on a 
selected WL to program a MLC occur only during program 
ming the upper page of the MLC, the present embodiments 
implement an non-volatile memory cell architecture whereby 
only SLC are used adjacent to select gates. In other words, the 
edge word lines on either end of the string of non-volatile 
memory cells, e.g., WL-0 and WL-(N+1) in FIG.3, will only 
have lower page programming applied thereto. As such, the 
voltage difference between the edge word line and the adja 
cent select gate, e.g., WL-0 and SGS, can be reduced from 
upper page Vt peak 211 in FIGS. 2A and 2B (e.g., 3.0V) to 
lower page Vt peak 205 in FIGS. 2A and 2B (e.g., 0.8V). In 
various embodiments, this Voltage difference reduction may 
reduce the voltage difference between the edge word line and 
the adjacent select gate, e.g., WL-0 and SGS, by approxi 
mately 2.0V (e.g., 3.0V-0.8V). According to the embodi 
ments, this Voltage difference reduction may significantly 
reduce charge leakage and select gate to word line break 
down, thus reducing the occurrence of errors in reading data. 
0041. The embodiments described herein, in effect, use a 

first SLC 313-0 interposed between and coupled to the first 
select gate, SGS 309-1, and a first MLC 313-1 and can use a 
second SLC 313-(N+1) interposed between and coupled to 
the second select gate SGD309-2 and a second MLC313-N 
to shield a high potential 2-bit MLC from current leakage to 
an adjacent low potential select gate. In other words, a 1-bit 
SLC with an intermediate potential can be interposed 
between the MLC and the select gate. For example, having a 
1-bit SLC that is programmed to a 0 logic state, and storing 
1.0 V potential, interposed between a 2-bit MLC that is pro 
grammed to a 01 logic state, and storing 3.0 V potential, and 
a select gate with ground potential (e.g., 0 V) can prevent 
current leakage to the select gate. Further, in various embodi 
ments, when the first MLC 313-1 and/or the second MLC 
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313-N is programmed the first SLC313-0 and/or second SLC 
313 is also programmed such that the potential difference 
between the MLC and the SLC is reduced to approximately 
2.0 V or less, which can reduce the probability of current 
leakage relative to a 3.0 V potential difference between the 
MLC and the select gate. 
0042. Moreover, as described in connection with the 
embodiment of FIG. 3, the first non-volatile memory cell 
313-1 is directly coupled to a continuous number of addi 
tional multiple level non-volatile memory cells, e.g., 313-2, . 
... , 313-N. The MLCs are comprised of a lower page and at 
least one upper page of data and the SLCs are comprised of a 
single page of data. As such, the memory string architecture 
can provide a Substantially increased bit density relative to a 
string of alternating MLC/SLCs (e.g., as described in copend 
ing, commonly assigned U.S. patent application Ser. No. 
1 1/500,153, entitled “Non-Volatile Memory Device with 
Both Single and Multiple Level Cells', filed on Aug. 07. 
2006, by inventor Jin-Man Han, which is incorporated herein 
by reference) and relative to a string of strictly SLCs while 
also maintaining and/or improving memory stability (e.g., 
reducing read errors) by reducing a source of charge leakage. 
0043. In various embodiments, as will be discussed in 
more detail in connection with FIG.4, non-volatile memory 
block uniformity can be maintained by adding one or more 
additional word lines (WLS) to account for the SLCs separat 
ing the MLCs from the select gates. For example, the embodi 
ment of FIG. 3 illustrates one SLC separating a string of two 
(2)-bit MLCs from a source select gate (SGS) and another 
SLC separating the string of MLCs from a drain select gate 
(SGD). In this example embodiment, if the previous non 
volatile memory block were to include 'N' MLCs, associated 
with “N’ word lines (WLS) in each block, then the embodi 
ment of FIG.3 illustrates the inclusion of one additional word 
line, e.g., WL-(N-1) is provided to maintain uniformity to 
previous memory block size. That is, if the previous memory 
block size was 64 bits then thirty-two (32) MILCs could have 
been provided in each string and associated with 32 WLS 
(e.g., N=32). Each of the 32 MLCs would have provided for 
four (4) logical programmed States—that is, two (2) bits or 
pages of information—for a total of 128 logical programmed 
states (e.g., 32x4=128). In the embodiment of FIG. 3, word 
lines WL-0 and WL-(N-1) are associated only with SLCs 
capable of providing one (1) page of information, and word 
lines WL-1, . . . , WL-N, are associated with MLCs each 
providing two (2) pages of information. 
0044) If N were previously thirty-two (32) to achieve 64 
pages per block, then in this embodiment thirty-three (33) 
word lines are provided, e.g., WL-0 through WL-(N-1). 
WL-0 is coupled to the SLC313-0 separating the SGS 309-1 
from the string of MLCs on one end of the string. WL-(N-1) 
is coupled to the SLC313-(N+1) separating the SGD 309-2 
from the string of MLCs on the other end of the string. That is, 
in this example embodiment thirty one (31) MILCs, associated 
with WL-1 through WL-N, are connected in series between 
the two SLCs associated with WL-0 and WL-(N+1). This 
example embodiment illustrates an implementation for add 
ing one additional word line, e.g., WL-(N-1), to achieve a 
string of thirty-one (31) MLCs (313-1,..., 313-31) providing 
124 logical programmed States (31X4=124) and another two 
(2) SLCs (313-0 and 313-(N-1)) in the string provide another 
4 logical programmed States (2x2=4) to maintain the total of 
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128 logical programmed States—that is, 64 pages of informa 
tion in the block. Embodiments, however, are not limited to 
this example. 
0045 FIG. 4 illustrates a portion of a non-volatile memory 
array 400 architecture illustrating a number of strings of 
non-volatile memory cells in accordance with an embodi 
ment of the present disclosure. For ease of illustration, the 
portion of non-volatile memory array 400 does not show all of 
the elements associated with a memory array. For example, 
only two bit lines are shown, e.g., BL1 at 427 and BL2 at 431. 
The number of bit lines implemented in an actual memory 
array can depend upon intended memory capacity and/or 
density. 
0046. The non-volatile memory array 400 embodiment of 
FIG. 4 illustrates an array of floating gate non-volatile 
memory cells arranged from a source line (SL) at 401 in two 
series strings 403, 405. The embodiment of FIG. 4 shows a 
NAND architecture for the non-volatile memory cells. That 
is, each of the floating gate memory cells is series coupled 
source to drain in each NAND string 403,405. Embodiments, 
however, are not limited to this example. Word lines WL-0 
through WL-32 span across both series strings 403, 405 to 
couple the control gates of each memory cell in a row, e.g., 
413-0 and 415-0 on WL-0, to control operation of the memory 
cells. The embodiment of FIG. 4 shows 33 word lines per 
memory block, although alternative embodiments could have 
different numbers of word lines. 

0047. In operation, the word lines WL-0 through WL-32 
select the individual floating gate memory cells in the series 
string 403, 405 to be written to or read from and operate the 
remaining floating gate memory cells in each series string 
403, 405 in a pass through mode. Examples of reading, writ 
ing, and programming non-volatile memory cells are pro 
vided in the above referenced, copending, commonly 
assigned references which are incorporated herein by refer 
ence. Each series string 403, 405 is coupled to the source line 
401 by a source select gate SGS, e.g., 409-1 and 4.11-1, and to 
an individual bit line, e.g., BL1 at 427 and BL2 at 431, by a 
drain select gate SGD, e.g.,409-2 and 411-2. The SGSs 409-1 
and 4.11-1 are controlled by coupling to a source select gate 
controlline 407. The SGDs 409-2 and 411-2 are controlled by 
coupling to a drain select gate control line 429. 
0048. According to various embodiments, at least one 
string, e.g., 403 and/or 405, includes a non-volatile memory 
cell string according to the embodiments described in con 
nection with FIG. 3. Hence, using string 403 as an example, 
non-volatile memory cells 413-0 and 413-32 are operated as 
a SLCs while non-volatile memory cells 413-1, ... , 413-31 
are operated as MLCs. String 405 can have an analogous 
structure. For example, in the embodiment shown in FIG. 4, 
WL-0 adjacent SGSs 409-1 and 4.11-1 is coupled to SLCs 
413-0 and 415-0 interposed between the SGSs 409-1 and 
4.11-1 and MLCs 413-1 and 415-1 associated with WL-1. 
MLCs 413-1 and 415-1 on WL-1 are then adjacent to MLCs 
413-2 and 415-2 on WL-2. As shown in the embodiment, the 
strings, 403 and 405 continue, repeating MLCs up until 
MILCs 413-31 and 415-31 associated with WL-31. The 
strings, 403 and 405, then end with SLCs 413-32 and 415-32 
interposed between MLCs 413-31 and 415-31 and the SGDs 
409-2 and 411-2 respectively. Embodiments, however, are 
not limited to this example number of non-volatile memory 
cells and can contain an alternative number and/or arrange 
ment of non-volatile memory cells and word lines. The 
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advantages attained and presented in the discussion of 
embodiments in FIG. 3 can similarly be realized in the 
memory array of FIG. 4. 
0049. The embodiment of FIG. 4 is further useful for 
illustrating another example embodiment of the present dis 
closure. That is, the embodiment of FIG. 4 is useful for 
illustrating that non-volatile memory block uniformity can be 
maintained by adding one or more additional word lines 
(WLS) to account for the SLCs separating the MLCs from the 
select gates. For example, the embodiments of FIGS. 3 and 4 
illustrate one SLC separating a string of two (2)-bit MLCs 
from a source select gate (SGS) and another SLC separating 
the string of MLCs from a drain select gate (SGD). In the 
example embodiment of FIG. 3, if a previous non-volatile 
memory block were to include 'N' MLCs, associated with 
“N' total word lines (WLS) in each block, then the embodi 
ment of FIG.3 illustrates the inclusion of one additional word 
line, e.g., WL-(N-1) is provided to maintain uniformity to 
previous memory block size. For example, if the previous 
memory block size was 64 pages, then thirty-two (32) MILCs 
could have been provided in each string and associated with 
32 WLS (e.g., N=32). Each of the 32 MLCs would have 
provided two (2) pages of information for a total of 64 pages 
of information (e.g., 32x2=64). In contrast, in the embodi 
ment of FIG. 3, word lines WL-0 and WL-(N+1) are associ 
ated only with SLCs capable of providing one (1) page of 
information, and word lines WL-1,..., WL-N, are associated 
with MLCs providing two (2) pages of information. 
0050. Thus, if N were previously thirty-two (32) to 
achieve 64 pages per block, then in the embodiment of FIG.3 
thirty-three (33) word lines are provided, e.g., WL-0 through 
WL-(N+1). In FIG. 3, WL-0 is coupled to the SLC 313-0 
separating the SGS309-1 from the string of MLCs on one end 
of the string and WL-(N-1) is coupled to the SLC313-(N-1) 
separating the SGD 309-2 from the string of MLCs on the 
other end of the string. 
0051 FIG. 4 similarly illustrates such an embodiment. 
That is, in the embodiment of FIG. 4 thirty one (31) MLCs 
(413-1,..., 413-31), associated with WL-1 through WL-31, 
are connected in series between the two SLCs (413-0 and 
413-32) associated with WL-0 and WL-32. Hence, the 
example embodiment of FIG. 4 illustrates an implementation 
for adding one additional word line, e.g., WL-32, to achieve a 
string of thirty-one (31) MLCs (413-1,..., 413-31) providing 
124 logical programmed States (31X4=124) and another two 
(2) SLCs (413-0 and 413-32) in the string provide another 4 
logical programmed States (2x2=4) to maintain the total of 
128 logical programmed States, or 64 pages, in the block. 
Embodiments, however, are not limited to this example. In 
Some embodiments, all the non-volatile memory cells on a 
string can be comprised of MLCs. For example, WL-0 and 
WL-32 can have two (2) bits per memory cell and WL-1 
through WL-31 can have four (4) bits per cell, which can 
result in a string including 128 bits, or pages. 
0.052 FIG. 5 is a flowchart for programming single level 
and multiple level non-volatile memory cells in accordance 
with an embodiment of the present disclosure. The program 
ming process 500 can have a program start 501 that checks a 
user supplied page address 503 to determine whether pro 
gramming of one or more of the SLCs and/or one or more of 
the MLCs in the memory array is required. For example, 
referring to FIG. 3, if programming of either SLC 313-0 or 
313-(N+1) is selected, a SLC algorithm 505 illustrated in 
FIG. 5 is employed. Referring to again to FIG. 3, if program 
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ming of MLCs 313-1, . . . , 313-N is selected, a MLC algo 
rithm 507 illustrated in FIG. 5 is employed. When program 
ming of each of the required memory cells is accomplished, 
the program can end 509. 
0053 Programming as illustrated in FIG. 5 can be per 
formed using a memory array that, in various embodiments, 
includes a number of NAND strings of non-volatile memory 
cells, a number of Source select gates on a source side of a 
string, and a number of drain select gates on a drain side of a 
string. The number of Source select gates includes a number 
of source select gates individually coupled to a SLC, and the 
number of drain select gates includes a number of drain select 
gates individually coupled to another SLC. Additionally, in 
various embodiments the SLC individually coupled to the 
source select gates and the SLC individually coupled to the 
drain select gates are coupled to and separated by a continu 
ous series of multiple level non-volatile memory cells. 
0054) A variety of programming modes affecting the 
architecture of strings of non-volatile memory cells can be 
used to mitigate the occurrence and/or the effects of current 
leakage. Related examples are described in the above refer 
enced copending, commonly-assigned U.S. Patent Applica 
tions. 
0055 FIG. 6A illustrates an operational table for a pro 
gramming sequence that can be implemented with the non 
Volatile memory array architecture in accordance with an 
embodiment of the present disclosure. The operational table 
600 in FIG. 6A illustrates a sequence of programming 
whereby one page (0) is programmed on a first SLC coupled 
to WL-0 in an even string 602 of 33 non-volatile memory cells 
followed by programming one page (1) on a second SLC 
coupled to WL-0 in an odd string 604 of 33 non-volatile 
memory cells. 
0056. After programming the one page on each of the two 
SLCs associated with WL-0, programming of the two MLCs 
associated with each of word lines WL-1 through WL-31 can 
begin. In the embodiment of operational table 600, the lower 
page (2) of the first MLC associated with WL-1 on the even 
string 602 is programmed following programming of the two 
SLCs associated with WL-0. Next, the upper page (3) of the 
same MLC associated with WL-1 on the even string 602 is 
programmed before programming of the second MLC asso 
ciated with WL-1, which is on the odd string 604 of 33 
non-volatile memory cells. The lower page (4) of the second 
MLC associated with WL-1 is programmed in this embodi 
ment before the upper page (5) of the second MLC is pro 
grammed. 
0057. After the pair of MLCs associated with WL-1 is 
programmed, programming of the pair of MLCs associated 
with WL-2 can be performed in a similar manner. That is, the 
lower page (6) of the MLC on the even string 602 is pro 
grammed before the upper page (7) is programmed, which is 
followed by programming the lower page (8) on the odd string 
604 before programming the upper page (9). A sequential 
progression through each of the MLCs associated with WL-3 
through WL-31 on the even string 602 and the odd string 604 
can be similarly programmed. 
0058. In the embodiment shown in operational table 600, 
after all the pages in the MLCs have been programmed, the 
page (126) of the third SLC, which is associated with WL-32 
on the even string 602, can be programmed. After the one 
page (126) of the third SLC is programmed, the last page 
(127) can be programmed on the fourth SLC, which is asso 
ciated with WL-32 on the odd string 604. By enabling sequen 
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tial programming of pages 0-127 as shown in the operational 
table 600, the non-volatile memory array architecture with 
even and odd pages each having 33 non-volatile memory cells 
can provide 128 pages of storable memory. 
0059 FIG. 6B illustrates an operational table for another 
programming sequence that can be implemented with the 
non-volatile memory array architecture inaccordance with an 
embodiment of the present disclosure. The operational table 
601 in FIG. 6B illustrates a sequence of programming 
whereby one page (0) is programmed on a first SLC coupled 
to WL-0 in an even string 603 of 33 non-volatile memory cells 
followed by programming one page (1) on a second SLC 
coupled to WL-0 in an odd string 605 of 33 non-volatile 
memory cells. 
0060. After programming the one page on each of the two 
SLCs associated with WL-0, programming of the non-vola 
tile memory cells associated with each of word lines WL-1 
through WL-32 can begin. In the embodiment of operational 
table 601, the lower page (2) of the first MLC associated with 
WL-1 on the even string 603 is programmed following pro 
gramming of the two SLCs associated with WL-0. Next, the 
lower page (3) of the second MLC associated with WL-1, 
which is located on the odd string 605, is programmed, fol 
lowed by programming of the lower page (4) of a third MLC, 
which is associated with WL-2 on the even string 603 of 33 
non-volatile memory cells. The lower page (5) of a fourth 
MLC associated with WL-2 on the odd string 605 is pro 
grammed in this embodiment before the upper page (6) is 
programmed on the first MLC associated with WL-1 on the 
even string 603. After the upper page (6) on the first MLC 
associated with WL-1 on the even string 603 is programmed, 
the upper page (7) of the second MLC associated with WL-1 
on the odd string 605 can be programmed. 
0061 The programming sequence embodiment just 
described with regard to operational table 601, is formulated 
such that the stored potential (e.g., 0.8 V) of the two SLC 
pages (0,1) of WL-0 is elevated relative to an unprogrammed 
state (e.g., 0.0 V) before the lower pages (2, 3) and, in par 
ticular, the upper pages (6, 7) of the two MLCs associated 
with WL-1 are programmed so as to have elevated stored 
potentials (e.g., 3.0 V). Moreover, the programming sequence 
embodiment illustrated in operational table 601 allows the 
lower pages (4, 5) of the two MLCs associated with WL-2 to 
be programmed so as to have elevated Stored potentials (e.g., 
0.8-1.0 V instead of 0.0V) before the upper pages (6, 7) of the 
two MLCs associated with WL-1 are programmed so as to 
have elevated stored potentials (e.g., 3.0 V). 
0062 Hence, the programming sequence embodiment 
shown in operational table 601 can reduce the probability of 
coupling of one or more programmed MLCs in a word line 
adjacent a select gate (e.g., the SGS) and also can reduce the 
probability of coupling with an unprogrammed MLC on a 
word line located more distal on the string. As such, the 
probability of current drainage resulting in erroneous reading 
of stored data can be reduced. 

0063. After the upper pages (6, 7) of the pair of MLCs 
associated with WL-1 are programmed, programming of the 
pair of lower pages (8, 9) of the MLCs associated with WL-3 
can be performed. That is, the upper page (6) of the MLC 
associated with WL-1 on the even string 603 is programmed 
before the upper page (7) is programmed on the MLC asso 
ciated with WL-1 of the odd string 605, which is followed by 
programming the lower page (8) of the MLC associated with 
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WL-3 on the even string 603 before programming the lower 
page (9) of the MLC associated with WL-3 on the odd string 
605. 

0064. A sequential progression through each of the MLCs 
associated with WL-3 through WL-30 on the even string 602 
and the odd string 604 can be programmed in accordance with 
the sequence just described, as illustrated in the embodiment 
of operational table 601. For example, before the upper page 
of one or more MLCs associated with a word line on one or 
more strings is programmed, the lower page of each MLC 
associated with adjacent word lines (e.g., WL-5 and WL-7 are 
adjacent WL-6) on the one or more strings is programmed. 
Programming of lower pages of multiple MLCs proximal to a 
MLC with a programmed upper page having an elevated 
stored potential can reduce the probability of coupling with, 
and current leakage to, MLCs located on the same String and 
also cross-coupling with, and current leakage to, MLCs 
located on different strings. 
0065. In the embodiment shown in operational table 601, 
after the upper pages (122, 123) have been programmed on 
the MLCs associated with WL-30, the page (124) of a third 
SLC, which is associated with WL-32 on the even string 603, 
is programmed. After the one page (124) of the third SLC is 
programmed, the one page (125) can be programmed on a 
fourth SLC, which is associated with WL-32 on the odd string 
605. When the stored potentials of both SLCs associated with 
WL-32, and adjacent the select gate (e.g., the SGD), have 
been elevated (e.g., from 0.0 to 0.8 V), the upper pages (126, 
127) of the MLCs associated with WL-31 on the even string 
603 and the odd string 605 can be programmed to elevate the 
stored potential (e.g., to 3.0 V). Consistent with the program 
ming sequence described above for the embodiment of opera 
tional table 601, the lower pages (120, 121) of the MLCs 
associated with WL-31 are programmed before the upper 
pages (122, 123) of the MLCs associated with of WL-30. 
0066 Hence, the probability can be reduced for coupling a 
proximal MLC with, and current leakage to, a second select 
gate (e.g., the SGD) at one end of a string relative to a first 
select gate (e.g., the SGS) at the other end of the string. In 
addition, the probability can be reduced for coupling of a last 
MLC on a string that has a programmed upper page with 
elevated Stored potential with a proximal unprogrammed 
MLC in the direction of the first select gate because the 
proximal MLCs have already elevated lower page potentials. 
By programming the lower pages of MLCs associated with 
word lines in the direction of the first select gate and located 
on other strings, the probability can be reduced for cross 
coupling of a last MLC on a string having an elevated upper 
page potential with proximal MLCs on other strings. As 
described above for the embodiment illustrated in operational 
table 600, by enabling sequential programming of pages 
0-127 as shown in operational table 601, the non-volatile 
memory array architecture with even and odd pages each 
having 33 non-volatile memory cells can provide 128 pages 
of storable memory. 
0067. In an embodiment of the present disclosure, forma 
tion of new memory blocks that maintain a previous memory 
block size can be accomplished by adding a number of word 
lines to a string having a number of single level non-volatile 
memory cells and a number of multiple level memory cells 
for maintaining a previous memory block size. In various 
embodiments, adding the number of word lines can include 
adding a number of non-volatile memory cells selected from 
single level non-volatile memory cells and multiple level 

Nov. 10, 2011 

memory cells. In some embodiments, forming the memory 
block can include using one or more strings having a number 
of single level non-volatile memory cells and a number of 
multiple level memory cells. 
0068. In some embodiments, maintaining the previous 
memory block size can include maintaining a particular num 
ber selected from data input selection choices, memory bits, 
and/or pages associated with the previous memory block size. 
Additionally, maintaining the previous memory block size in 
Some embodiments can include maintaining the number of 
data input selection choices on a string at around, or exactly, 
128, the number of memory bits on a string at around, or 
exactly, 64, and/or the number of pages in a memory block at 
around, or exactly, 128. 
0069 FIG. 7 is a functional block diagram of an electronic 
memory system having at least one memory device in accor 
dance with an embodiment of the present disclosure. Memory 
system 700 includes a processor 710 coupled to a non-volatile 
memory device 720 that includes a memory array 730 of 
non-volatile cells. The memory system 700 can include sepa 
rate integrated circuits or both the processor 710 and the 
memory device 720 can be on the same integrated circuit. The 
processor 710 can be a microprocessor or some other type of 
controlling circuitry Such as an application-specific inte 
grated circuit (ASIC). 
(0070 For clarity, the electronic memory system 700 has 
been simplified to focus on features with particular relevance 
to the present disclosure. The memory device 720 includes an 
array of non-volatile memory cells 730, which can be floating 
gate flash memory cells with a NAND architecture. The con 
trol gates of each row of memory cells are coupled with a 
word line, while the drain regions of the memory cells are 
coupled to bit lines. The source regions of the memory cells 
are coupled to source lines. As will be appreciated by those of 
ordinary skill in the art, the manner of connection of the 
memory cells to the bit lines and Source lines depends on 
whether the array is a NAND architecture, a NOR architec 
ture, and AND architecture, or some other memory array 
architecture. 

(0071. The embodiment of FIG. 7 includes address cir 
cuitry 740 to latch address signals provided over I/O connec 
tions 762 through I/O circuitry 760. Address signals are 
received and decoded by a row decoder 744 and a column 
decoder 746 to access the memory array 730. In light of the 
present disclosure, it will be appreciated by those skilled in 
the art that the number of address input connections depends 
on the density and architecture of the memory array 730 and 
that the number of addresses increases with both increased 
numbers of memory cells and increased numbers of memory 
blocks and arrays. 
(0072. The memory array 730 of non-volatile cells can 
have a NAND architecture as an embodiment of the present 
disclosure. The non-volatile memory cells (not shown in FIG. 
7) of the memory array 730 can be floating gate memory cells, 
NROM cells, or other types of one-transistor non-volatile 
memory cells. 
(0073. The memory device 720 reads data in the memory 
array 730 by sensing Voltage and/or current changes in the 
memory array columns using sense/buffer circuitry that in 
this embodiment can be read/latch circuitry 750. The read/ 
latch circuitry 750 can be coupled to read and latch a row of 
data from the memory array 730. I/O circuitry 760 is included 
for bi-directional data communication over the I/O connec 
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tions 762 with the processor 710. Write circuitry 755 is 
included to write data to the memory array 730. 
0074 Control circuitry 770 decodes signals provided by 
control connections 772 from the processor 710. These sig 
nals can include chip signals, write enable signals, and 
address latch signals that are used to control the operations on 
the memory array 730, including data read, data write, and 
data erase operations. In various embodiments, the control 
circuitry 770 is responsible for executing instructions from 
the processor 710 to perform the operating and programming 
methods of the present disclosure, as well as determining 
whether a particular memory cell is to be programmed using 
a SLC or a MLC algorithm. The control circuitry can be a 
state machine, a sequencer, or some other type of controller. 
It will be appreciated by those skilled in the art that additional 
circuitry and control signals can be provided, and that the 
memory device detail of FIG.7 has been reduced to facilitate 
ease of illustration. 
0075. In various embodiments, the processor 710 and/or 
the control circuitry 770 control operation of the memory 
system 700 by applying a first select line potential to a source 
select gate and second select line potential to a drain select 
gate. The processor 710 and/or the control circuitry 770 apply 
a first word line potential to a second non-volatile memory 
cell in a NAND string relative to a direction of the source gate 
or the drain gate that is closer, where the second non-volatile 
memory cell is a first multiple level non-volatile memory cell 
directly coupled to at least one additional multiple level non 
volatile memory cell. The processor 710 and/or the control 
circuitry 770 also apply a second word line potential to a first 
non-volatile memory cell in the NAND string, which is a 
single level non-volatile memory cell, where the second word 
line potential is lower than the first word line potential and 
greater than a potential of a directly coupled select gate. In 
Some embodiments, a third word line potential is applied to a 
number of unselected non-volatile memory cells in the 
NAND string. 
0076. By having the potential of the SLC lower than the 
potential of the MLC, a probability of current leakage to 
either an adjacent SGS or an adjacent SGD from a pro 
grammed SLC can be reduced relative to a probability of 
current leakage from a programmed MLC with a higher 
potential. In various embodiments, programming by the pro 
cessor 710 and/or the control circuitry 770 can contribute to 
reduction of current leakage when the memory array 730 has 
no SGS and no SGD adjacenta MLC in a NAND string, when 
each SGS and each SGD is adjacent a SLC in the NAND 
string, and where no MLC is adjacent more than one SLC in 
the NAND string. In some embodiments, programming can 
be performed using a memory array having a plurality of 
serial NAND strings each coupled to a bit line and a plurality 
of rows of non-volatile memory cells. 
0077. In various embodiments, programming a NAND 
flash memory device includes controlling memory operations 
using a memory control circuit. In some embodiments, con 
trolling memory operations includes using a state machine as 
the memory control circuit. 
0078. As described in particular embodiments above, pro 
gramming a memory array can be performed by program 
ming a single level memory cell adjacent a select gate to a 
programmed State before a next adjacent multiple level 
memory cell is in a programmed State. In another embodi 
ment of the present disclosure, programming a memory array 
can be performed by programming a single level memory cell 
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adjacent a select gate to a programmed State when a next 
adjacent multiple level memory cell is already in a pro 
grammed state in order to reduce the probability of current 
leakage from the programmed multiple level memory cell to 
the select gate adjacent the single level memory cell. 
007.9 FIG. 8 is a functional block diagram of a memory 
module having at least one memory device in accordance 
with an embodiment of the present disclosure. Memory mod 
ule 800 is illustrated as a memory card, although the concepts 
discussed with reference to memory module 800 are appli 
cable to other types of removable or portable memory (e.g., 
USB flash drives) and are intended to be within the scope of 
“memory module' as used herein. In addition, although one 
example form factor is depicted in FIG. 8, these concepts are 
applicable to other form factors as well. 
0080. In some embodiments, memory module 800 will 
include a housing 805 (as depicted) to enclose one or more 
memory devices 810, though Sucha housing is not essential to 
all devices or device applications. At least one memory device 
810 is a non-volatile memory having an architecture in accor 
dance with an embodiment of the invention. Where present, 
the housing 805 includes one or more contacts 815 for com 
munication with a host device. Examples of host devices 
include digital cameras, digital recording and playback 
devices, PDAs, personal computers, memory card readers, 
interface hubs and the like. For some embodiments, the con 
tacts 815 are in the form of a standardized interface. For 
example, with a USB flash drive, the contacts 815 might be in 
the form of a USB Type-A male connector. For some embodi 
ments, the contacts 815 are in the form of a semi-proprietary 
interface, such as might be found on CompactFlashTM 
memory cards licensed by SanDisk Corporation, Memory 
StickTM memory cards licensed by Sony Corporation, SD 
Secure DigitalTM memory cards licensed by Toshiba Corpo 
ration and the like. In general, however, contacts 815 provide 
an interface for passing control, address and/or data signals 
between the memory module 800 and a host having compat 
ible receptors for the contacts 815. 
I0081. The memory module 800 may optionally include 
additional circuitry 820, which may be one or more integrated 
circuits and/or discrete components. For some embodiments, 
the additional circuitry 820 may include a memory controller 
for controlling access across multiple memory devices 810 
and/or for providing a translation layer between an external 
host and a memory device 810. For example, there may not be 
a one-to-one correspondence between the number of contacts 
815 and a number of 810 connections to the one or more 
memory devices 810. Thus, a memory controller could selec 
tively couple an I/O connection (not shown in FIG. 8) of a 
memory device 810 to receive the appropriate signal at the 
appropriate I/O connection at the appropriate time or to pro 
vide the appropriate signal at the appropriate contact 815 at 
the appropriate time. Similarly, the communication protocol 
between a host and the memory module 800 may be different 
than what is required for access of a memory device 810. A 
memory controller could then translate the command 
sequences received from a hostinto the appropriate command 
sequences to achieve the desired access to the memory device 
810. Such translation may further include changes in signal 
Voltage levels in addition to command sequences. 
I0082. The additional circuitry 820 may further include 
functionality unrelated to control of a memory device 810 
Such as logic functions as might be performed by an ASIC. 
Also, the additional circuitry 820 may include circuitry to 
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restrict read or write access to the memory module 800, such 
as password protection, biometrics or the like. The additional 
circuitry 820 may include circuitry to indicate a status of the 
memory module 800. For example, the additional circuitry 
820 may include functionality to determine whether power is 
being supplied to the memory module 800 and whether the 
memory module 800 is currently being accessed, and to dis 
play an indication of its status, Such as a solid light while 
powered and a flashing light while being accessed. The addi 
tional circuitry 820 may further include passive devices, such 
as decoupling capacitors to help regulate power requirements 
within the memory module 800. 

CONCLUSION 

0083) Non-volatile memory devices have been described 
utilizing an architecture including an SLC interposed 
between a select gate and a MLC on the source arid/or drain 
ends of non-volatile memory cell Strings. By utilizing Such a 
architecture, memory density can be increased while simul 
taneously reducing the probability of current leakage. By 
increasing the density of memory storage, the footprint of the 
non-volatile memory cell Strings can be reduced, thereby 
facilitating Smaller memory device sizing. 
0084. Although specific embodiments have been illus 
trated and described herein, those of ordinary skill in the art 
will appreciate that an arrangement calculated to achieve the 
same results can be substituted for the specific embodiments 
shown. This disclosure is intended to cover adaptations or 
variations of various embodiments of the present disclosure. 
It is to be understood that the above description has been made 
in an illustrative fashion, and not a restrictive one. Combina 
tion of the above embodiments, and other embodiments not 
specifically described herein will be apparent to those of skill 
in the art upon reviewing the above description. The scope of 
the various embodiments of the present disclosure includes 
other applications in which the above structures and methods 
are used. Therefore, the scope of various embodiments of the 
present disclosure should be determined with reference to the 
appended claims, along with the full range of equivalents to 
which such claims are entitled. 
0085. In the foregoing Detailed Description, various fea 
tures are grouped together in a single embodiment for the 
purpose of streamlining the disclosure. This method of dis 
closure is not to be interpreted as reflecting an intention that 
the disclosed embodiments of the present disclosure have to 
use more features than are expressly recited in each claim. 
Rather, as the following claims reflect, inventive subject mat 
ter lies in less than all features of a single disclosed embodi 
ment. Thus, the following claims are hereby incorporated into 
the Detailed Description, with each claim standing on its own 
as a separate embodiment. 

What is claimed is: 
1. A memory array, comprising: 
a number of Strings of memory cells each including a 
number of memory cells coupled in series between a first 
Select gate at a first end of the string and a second select 
gate at a second end of the string; 

wherein for each of the strings of memory cells: 
the first select gate is directly coupled to a first memory 

cell operated as a single level cell; 
the second select gate is directly coupled to a second 
memory cell operated as a single level cell; 
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a continuous number of memory cells, interposed 
between and coupled to the first memory cell and the 
second memory cell, are operated as multiple level 
memory cells; 

wherein the number of memory cells operated as multiple 
level memory cells are configured to have a lower page 
programming process and an upper page programming 
process performed thereon; 

wherein the number of memory cells operated as multiple 
level memory cells are comprised of a lower page and at 
least one upper page of data and the first and second 
memory cells operated as single level memory cells are 
comprised of a single page of data; and 

wherein the first memory cell operated as a single level cell 
has a programmed Voltage that is less than a lowest 
programmed Voltage of the at least one upper page of 
data of the number of memory cells operated as multiple 
level memory cells and that is greater than a resting 
Voltage of the first select gate. 

2. A memory array, comprising: 
a number of Strings of memory cells each including a 
number of memory cells coupled in series between a first 
Select gate at a first end of the string and a second select 
gate at a second end of the string; 

wherein for each of the strings of memory cells: 
the first select gate is directly coupled to a first memory 

cell operated as a single level cell; 
the second select gate is directly coupled to a second 
memory cell operated as a single level cell; 

a continuous number of memory cells, interposed 
between and coupled to the first memory cell and the 
second memory cell, are operated as multiple level 
memory cells; 

wherein the number of memory cells operated as multiple 
level memory cells are configured to have a lower page 
programming process and an upper page programming 
process performed thereon; 

wherein the number of memory cells operated as multiple 
level memory cells are comprised of a lower page and at 
least one upper page of data and the first and second 
memory cells operated as single level memory cells are 
comprised of a single page of data; and 

wherein the second memory cell operated as a single level 
cell has a programmed Voltage that is less than a lowest 
programmed Voltage of the at least one upper page of 
data of the number of memory cells operated as multiple 
level memory cells and that is greater than a resting 
Voltage of the second select gate. 

3. A method of operating a memory array, comprising: 
programming a single page on a first memory cell located 

at a first end of a first string of memory cells; 
programming a lower page and an upper page on each of a 

number of memory cells coupled in series with the first 
memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; 

programming a single page on a first memory cell located 
at a first end of a second string of memory cells sequen 
tially Subsequent to programming the single page on the 
first memory cell located at the first end of the first string 
of memory cells; and 

programming the lower page and the upper page on a 
memory cell directly coupled to the first memory cell 
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located at the first end of the first string of memory cells 
sequentially Subsequent to programming the single page 
on the first memory cell located at the first end of the 
second string of memory cells. 

4. The method of claim3, including programming a lower 
page and an upper page on each of a number of memory cells 
coupled in series with the first memory cell located at a first 
end of the second string of memory cells. 

5. The method of claim3, including programming a lower 
page and an upper page on a memory cell directly coupled to 
the first memory cell located at the first end of the second 
string of memory cells sequentially Subsequent to program 
ming the lower page and the upper page on the memory cell 
directly coupled to the first memory cell located at the first 
end of the first string of memory cells. 

6. The method of claim 5, including programming a lower 
page and an upper page on a memory cell directly coupled to 
the first memory cell located at the first end of the second 
string of memory cells sequentially Subsequent to program 
ming the lower page and the upper page on the memory cell 
directly coupled to the first memory cell located at the first 
end of the first string of memory cells. 

7. A method of operating a memory array, comprising: 
programming a single page on a first memory cell located 

at a first end of a first string of memory cells; 
programming a lower page and an upper page on each of a 
number of memory cells coupled in series with the first 
memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; 

programming a single page on a first memory cell located 
at a first end of a second string of memory cells sequen 
tially Subsequent to programming the single page on the 
first memory cell located at the first end of the first string 
of memory cells; 

programming a lower page and an upper page on each of a 
number of memory cells coupled in series with the first 
memory cell located at a first end of the second string of 
memory cells; and 

programming a single page on a second memory cell 
located at a second end of the second string of memory 
cells Subsequent to programming the lower page and the 
upper page on each of the number of memory cells 
coupled in series with the first memory cell located at the 
first end of the second string of memory cells. 

8. The method of claim 7, including programming the 
single page on the second memory cell Subsequent to pro 
gramming the lower page and the upper page on each of the 
number of memory cells coupled in series with the first 
memory cell, wherein the first memory cell, the second 
memory cell, and the number of memory cells coupled in 
series with the first memory cell form a string of memory 
cells, and wherein only the first and second memory cells are 
operated as single level cells. 

9. The method of claim 7, including programming the 
single page on the second memory cell prior to programming 
the upper page on at least one of the number of memory cells 
coupled in series with the first memory cell. 

10. A method of operating a memory array, comprising: 
programming a single page on a first memory cell located 

at a first end of a first string of memory cells; 
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programming a lower page and an upper page on each of a 
number of memory cells coupled in series with the first 
memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; 

programming a single page on a first memory cell located 
at a first end of a second string of memory cells sequen 
tially Subsequent to programming the single page on the 
first memory cell located at the first end of the first string 
of memory cells; 

programming the lower page on a memory cell directly 
coupled to the first memory cell located at the first end of 
the first string of memory cells and a lower page on a 
memory cell directly coupled to the first memory cell 
located at the first end of the second string of memory 
cells sequentially Subsequent to programming the single 
page on the first memory cell located at the first end of 
the second string of memory cells. 

11. The method of claim 10, including programming a 
lower page on a memory cell indirectly coupled to the first 
memory cell located at the first end of the first string of 
memory cells and a lower page on a memory cell indirectly 
coupled to the first memory cell located at the first end of the 
second string of memory cells sequentially Subsequent to 
programming the lower pages on the memory cells directly 
coupled to the first memory cells located at the first ends of the 
first and second strings of memory cells. 

12. The method of claim 11, including programming the 
upper page on a memory cell directly coupled to the first 
memory cell located at the first end of the first string of 
memory cells and an upper page on a memory cell directly 
coupled to the first memory cell located at the first end of the 
second string of memory cells sequentially Subsequent to 
programming the lower pages on the memory cells indirectly 
coupled to the first memory cells located at the first ends of the 
first and second strings of memory cells. 

13. The method of claim 12, including programming an 
upper page on the memory cell indirectly coupled to the first 
memory cell located at the first end of the first string of 
memory cells and an upper page on the memory cell indi 
rectly coupled to the first memory cell located at the first end 
of the second string of memory cells sequentially Subsequent 
to programming lower pages on memory cells indirectly 
coupled to the memory cells directly coupled to the first 
memory cells located at the first ends of the first and second 
strings of memory cells. 

14. A method of operating a memory array, comprising: 
programming a single page on a memory cell located at a 

first end of a first string of memory cells; 
programming a single page on a memory cell located at a 

first end of a second string of memory cells; 
Subsequent to at least programming the single page on the 
memory cell located at the first end of the first string of 
memory cells, programming a plurality of pages on each 
of a number of memory cells coupled in series with the 
memory cell; 

Subsequent to at least programming the single page on the 
memory cell located at the first end of the second string 
of memory cells, programming a plurality of pages on 
each of a number of memory cells coupled in series with 
the memory cell; 
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programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; and 

programming the single page on the memory cell located at 
the first end of the second string of memory cells subse 
quent to programming the single page on the second 
memory cell located at the second end of the first string 
of memory cells. 

15. The method of claim 14, including programming a 
single page on a second memory cell located at a second end 
of the second string of memory cells. 

16. A method of operating a memory array, comprising: 
programming a single page on a memory cell located at a 

first end of a first string of memory cells; 
programming a single page on a memory cell located at a 

first end of a second string of memory cells; 
Subsequent to at least programming the single page on the 
memory cell located at the first end of the first string of 
memory cells, programming a plurality of pages on each 
of a number of memory cells coupled in series with the 
memory cell; 

Subsequent to at least programming the single page on the 
memory cell located at the first end of the second string 
of memory cells, programming a plurality of pages on 
each of a number of memory cells coupled in series with 
the memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; and 

programming the single page on the memory cell located at 
the first end of the second string of memory cells subse 
quent to programming the plurality of pages on each of 
the number of memory cells coupled in series with the 
memory cell located at the first end of the first string of 
memory cells. 

17. A method of operating a memory array, comprising: 
programming a single page on a memory cell located at a 

first end of a first string of memory cells; 
programming a single page on a memory cell located at a 

first end of a second string of memory cells; 
Subsequent to at least programming the single page on the 
memory cell located at the first end of the first string of 
memory cells, programming a plurality of pages on each 
of a number of memory cells coupled in series with the 
memory cell; 

Subsequent to at least programming the single page on the 
memory cell located at the first end of the second string 
of memory cells, programming a plurality of pages on 
each of a number of memory cells coupled in series with 
the memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; and 

programming the single page on the memory cell located at 
the first end of the second string of memory cells prior to 
programming the plurality of pages on each of the num 
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ber of memory cells coupled in series with the memory 
cell located at the first end of the first string of memory 
cells. 

18. A method of operating a memory array, comprising: 
programming a single page on a memory cell located at a 

first end of a first string of memory cells; 
programming a single page on a memory cell located at a 

first end of a second string of memory cells; 
Subsequent to at least programming the single page on the 
memory cell located at the first end of the first string of 
memory cells, programming a plurality of pages on each 
of a number of memory cells coupled in series with the 
memory cell; 

Subsequent to at least programming the single page on the 
memory cell located at the first end of the second string 
of memory cells, programming a plurality of pages on 
each of a number of memory cells coupled in series with 
the memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; and 

programming the single page on the memory cell located at 
the second end of the first string of memory Subsequent 
to programming the plurality of pages on each of the 
number of memory cells coupled in series with the 
memory cell located at the first end of the first string of 
memory cells. 

19. A method of operating a memory array, comprising: 
programming a single page on a memory cell located at a 

first end of a first string of memory cells; 
programming a single page on a memory cell located at a 

first end of a second string of memory cells; 
Subsequent to at least programming the single page on the 
memory cell located at the first end of the first string of 
memory cells, programming a plurality of pages on each 
of a number of memory cells coupled in series with the 
memory cell; 

Subsequent to at least programming the single page on the 
memory cell located at the first end of the second string 
of memory cells, programming a plurality of pages on 
each of a number of memory cells coupled in series with 
the memory cell; 

programming a single page on a second memory cell that is 
located at a second end of the first string of memory 
cells; and 

programming the single page on the memory cell located at 
the second end of the first string of memory cells prior to 
programming the plurality of pages on each of the num 
ber of memory cells coupled in series with the memory 
cell located at the first end of the first string of memory 
cells. 

20. The method of claim 19, including programming a 
single page on a second memory cell located at a second end 
of the second string of memory cells. 
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