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SENSE OPERATION IN A STACKED MEMORY ARRAY DEVICE

TECHNICAL FIELD
[0001] The present embodiments relate generally to memory and a particular embodiment

relates to sense operations in a stacked memory array device.

BACKGROUND
[0002] Flash memory devices have developed into a popular source of non-volatile
memory for a wide range of electronic applications. Flash memory devices typically use a
one-transistor memory cell that allows for high memory densities, high reliability, and low
power consumption. Common uses for flash memory include personal computers, flash
drives, digital cameras, and cellular telephones. 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.

[0003] A typical flash memory device is a type of memory in which the array of memory
cells is typically organized into memory blocks that can be erased and reprogrammed on
block-by-block basis instead of one byte at a time. Changes in a threshold voltage of each of
the memory cells, through erasing or programming of a charge storage structure (e.g.,
floating gate or charge trap) or other physical phenomena (e.g., phase change or polarization),
determine the data value of each cell. The data in a cell of this type is determined by the

presence or absence of the charge in the charge storage structure.

[0004] A three dimensional memory device uses stacked memory arrays on a single die.
Such a memory architecture allows higher memory density in substantially the same die
footprint. Figure 1 illustrates one example of the architecture of a typical prior art stacked

NAND flash memory array.

[0005] The embodiment of Figure 1 shows a two layer 100, 101 stacked architecture. Both
layers 100, 101 share the same source line 103, access lines (e.g., word lines) 105 — 107, and
select gate source lines 110. Each layer 100, 101 is selected by the data line (e.g., bit line)
120, 121 bias. In the illustrated example, the bottom layer array 101 is coupled to bit line BLO
120 and the top layer array 100 is coupled to bit line BL1 121.
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[0006] Figure 2 shows a diagram of voltages for typical prior art memory operations (¢.g.,
programming, sense, and erase) that can be executed in a stacked memory array architecture.

To better illustrate the operations, a four layer architecture is assumed.

[0007] The programming operation includes applying a programming voltage (e.g., 20V) to
the selected word lines 201 being programmed. Since a word line is shared by all layers, bit
line biasing (e.g., applying a bit line voltage) is used to inhibit layers that are not selected for
programming. In the illustrated example, the first and third layers are selected to be
programmed so their respective bit lines are biased at an enable voltage (e.g., 0V) while the
unselected bit lines are biased at an inhibit voltage (e.g., 2V). Thus, the first and third layers

are selected while the second and fourth layers are unselected.

[0008] For erase and sense operations, all of the layers can be selected substantially
simultaneously while, in the sense operation, only one row of each layer is selected. For
example, during a sense operation, all of the bit lines are biased at a lower voltage (e.g.,
0.5V) while the read voltage (V;) is applied to the common word line 202. The unselected
word lines are biased at some pass voltage Vs (€.8., 6V), the select gate lines are turned on

(e.g., SV).

[0009] During an erase operation, all of the bit lines are biased at a relatively large erase
voltage (e.g., 20V) while all of the word lines are biased at a reference voltage (e.g., 0V). The
select gate drain lines and common select gate source lines are biased with a relatively large

voltage (e.g., 20V).

[0010] One problem with programming in a stacked memory array architecture is the
programming disturb that can occur due to a programming rate offset between layers. For
example, referring to Figure 2, if the first layer programs at a slower rate than the fourth
layer, the relatively large voltages applied to the slower first layer in order to continue
programming the first layer for a longer time than the faster fourth layer can cause
programming stress to the fourth layer. Such disturb can cause errors during sense operations
since the memory cell threshold voltages on the disturbed layer can be increased from the

originally programmed voltage levels.

[0011] For the reasons stated above and for other reasons that will become apparent to
those skilled in the art upon reading and understanding the present specification, there is a

need in the art for reducing the effects of program disturb.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 shows a schematic diagram of a typical prior art two layer stacked NAND

memory array.

[0013] Figure 2 shows a diagram of typical prior art biasing for program, sense, and erase

operations in a four layer stacked NAND memory array.

[0014] Figure 3 shows a schematic diagram of one embodiment of a portion of a NAND

architecture memory array.

[0015] Figure 4 shows a diagram of one embodiment of biasing for providing a sense offset
by layer.

[0016] Figure 5 shows a diagram of one embodiment of threshold voltage distributions for

both slow and fast programming layers in accordance with the embodiment of Figure 4.

[0017] Figure 6 shows a flowchart of one embodiment of a method for performing a sense

operation on a memory array in accordance with the embodiment of Figure 4.

[0018] Figure 7 shows a schematic diagram of an alternate embodiment of a stacked

memory array device architecture.

[0019] Figure 8 shows a diagram of one embodiment for bit line and source line biasing in

accordance with the embodiment of Figure 7.

[0020] Figure 9 shows a schematic diagram of another embodiment of a stacked memory

array architecture.

[0021] Figure 10 shows a diagram of one embodiment of bit line and source line biasing in

accordance with the embodiment of Figure 9.

[0022] Figure 11 shows a diagram of yet another embodiment of a stacked memory array

architecture.

[0023] Figure 12 shows a diagram of layer selection and word line offset by layer in

accordance with the embodiment of Figure 11.

[0024] Figure 13 shows a block diagram of one embodiment of a memory system that can
incorporate a stacked memory array architecture using the described methods for sense

operations.
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DETAILED DESCRIPTION
[0025] In the following detailed description, reference is made to the accompanying
drawings that form a part hereof and in which is shown, by way of illustration, specific
embodiments. In the drawings, like numerals describe substantially similar components
throughout the several views. Other embodiments may be utilized and structural, logical, and
electrical changes may be made without departing from the scope of the present disclosure.

The following detailed description is, therefore, not to be taken in a limiting sense.

[0026] Figure 3 illustrates a schematic diagram of one-embodiment of a portion of a single
layer of a NAND architecture memory array 301 comprising series strings of non-volatile
memory cells. As discussed subsequently, the stacked array architecture can include multiple
layers of the embodiment of Figure 3. The schematic diagram of Figure 3 is for purposes of
illustration only as the memory array architecture is not limited to the illustrated NAND

architecture. Alternate embodiments can use NOR or other architectures as well.

[0027] The memory array 301 comprises an array of non-volatile memory cells (e.g.,
floating gate) arranged in columns such as series strings 304, 305. Each of the cells is coupled
drain to source in each series string 304, 305. An access line (e.g. word line) WL0 — WL31
that spans across multiple series strings 304, 305 is coupled to the control gates of each
memory cell in a row in order to bias the control gates of the memory cells in the row. Data
lines, such as even/odd bit lines BL_E, BL_O, are coupled to the series strings and eventually
each bit line is coupled to a page buffer with sense circuitry that detects the state of each cell

by sensing current or voltage on a selected bit line.

[0028] Each series string 304, 305 of memory cells is coupled to a source line 306 by a
source select gate 316, 317 (e.g., transistor) and to an individual bit line BL_E, BL O by a
drain select gate 312, 313 (e.g., transistor). The source select gates 316, 317 are controlled by
a source select gate control line SG(S) 318 coupled to their control gates. The drain select

gates 312, 313 are controlled by a drain select gate control line SG(D) 314.

[0029] Each memory cell can be programmed as a single level cell (SLC) or a multiple
level cell (MLC). Each cell’s threshold voltage (V) is indicative of the data that is stored in
the cell. For example, in an SLC, a V; of 2.5V might indicate a programmed cell while a V, of
—0.5V might indicate an erased cell. An MLC uses multiple V; ranges that each indicates a

different state. Multilevel cells can take advantage of the analog nature of a traditional flash
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cell by assigning a bit pattern to a specific V; range. This technology permits the storage of
data values representing two or more bits per cell, depending on the quantity of V; ranges

assigned to the cell.

[0030] A sense operation on a stacked memory array architecture senses multiple layers
simultaneously. In order to reduce the errors experienced during a sense operation on
memory cells that have experienced a program disturb condition, for example, a sense offset
can be used on a per layer basis. For instance, the sense conditions for each layer are changed
responsive (e.g., according) to the programming rate of that particular layer in relation to the
other layers. The programming rate can, for example, be determined at manufacture or

predetermined.

[0031] In one embodiment, changing the sense conditions on a per layer basis can include
shifting the target V; range of slower programming layers to a lower V, range relative to a V;
of a faster programming layer. This can be accomplished by sensing a higher sense current
for the slower programming layers, precharging the bit lines of the slower programming
layers to a higher pre-charge voltage, sensing the bit lines of slower programming layers with
a higher bit line voltage than faster programming layers, and/or using a shorter bit line
discharge time for the slower programming layers, relative to faster programming layers,
during the sense operation. Alternate embodiments can use other ways to change the sense

conditions on a per layer basis.

[0032] Figure 4 illustrates one embodiment of biasing for providing a sense offset
according to layer. The diagram of Figure 4 shows four layers that are respectively selected
by their respective bit line BLO — BL3. Physical connections are denoted by a dot on
intersections of signal lines. For example, the source line SRC is connected to each of the

four layers while each bit line BLO — BL3 is only connected to its respective layer.

[0033] The diagram of Figure 4 further shows a select gate source SG(S), a select gate

drain SG(D), the source line SRC, and five word lines 400 — 402 that include the word line
WLn 400 selected for reading. Even though the illustrated embodiment is shown with only
five word lines for purposes of clarity, alternate embodiments are not limited to any certain

number of word lines.

[0034] The sense operation is also not limited to only those voltages shown in Figure 4.

The illustrated sense operation turns on the SG(S) and SG(D) lines with 5V and applies 0V to
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the source line. The selected word line WLn 400 is biased with a read voltage V; of
approximately 0 - 5V and unselected word lines are biased at a pass voltage Vpass (€.g.,
approximately 6V or greater). In one embodiment, V; is a ramped voltage (e.g., 0 — 5V). In

another embodiment, V. is a fixed voltage in that range.

[0035] The condition (e.g., condition A — D) applied to each bit line BLO — BL3 is
responsive to (e.g., depends upon) the programming rate of that particular layer. In one
example, BL3 is shown to be coupled to a slow programming layer as compared to the other
layers while BLO is shown to be coupled to a faster programming layer when compared to the

other layers. Thus, condition A would include a sense offset as discussed previously.

[0036] Figure 5 illustrates one embodiment of threshold voltage distributions 500 — 503 for
both slow and fast programming layers of a stacked memory array architecture. One
distribution 500 represents an erased state. The other distributions 501 — 503 represent
programmed states. The different sense voltages V,; — V3 for the various programmed states

are also indicated.

[0037] The slower programming cells are located in the distributions 520 — 523 that have a
lower V; than the distributions 510 — 513 of the faster programming cells. The slower
programming cells would then apply the substantially lower threshold voltages V- — Vi5- to

the common selected word line during a sense operation.

[0038] Figure 6 illustrates a flowchart of one embodiment of a method for performing a
sense operation on a stacked memory array architecture. The memory cells of different layers
of the stacked memory array architecture are programmed 601. This can be accomplished by
applying a programming pulse (e.g., 15V) to the common word line of the different layers
selected for programming. Applying the programming pulse to the common word line applies
the programming pulse to all of the control gates of memory cells coupled that particular
word line. A particular layer can be selected for programming by an enable voltage being

applied to a bit line coupled to select the particular layer.

[0039] A programming rate is determined for each of the just programmed layers of the
stacked memory array architecture 603. Determining the programming rate can be
accomplished by sensing the just programmed memory cells to determine which have
programmed faster than others. Determining the programming rate might also be

accomplished by reading a known programming rate for particular layers that is stored in a
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register associated with that particular layer, or in the particular memory array layer itself,

that indicates a programming rate for that particular layer.

[0040] Once a programming rate is determined for each programmed layer, a sense
operation (e.g., program verify operation) can be performed on the layers that were just
programmed using changed sense conditions 605 (e.g., shifting the V; distribution of the
slower programming layer(s) to a lower voltage range) as explained previously. For example,
these changed sense conditions can include a higher sense current, a higher pre-charge bit

line voltage, a higher sense bit line voltage, or shorter bit line discharge time at sensing.

[0041] Figure 7 illustrates a schematic diagram of an alternate embodiment of a stacked
memory array device architecture in accordance with a sense method. The illustrated
embodiment shows a stacked memory array with four layers 700 — 703. The bottom, first
layer 700 is coupled to bit line BLO, the second layer 701 is coupled to bit line BL1, the third
layer 702 is coupled to bit line BL2, and the top, fourth layer 703 is coupled to bit line BL3.

Each bit line is used to select the respective layer 700 — 703 for programming.

[0042] Unlike the embodiment of Figure 4 that has a common source line between all
layers, the embodiment of Figure 7 has a different source line for each layer. Thus, Figure 7
shows the first layer 700 coupled to source line SRCO. The second layer 701 is coupled to
source line SRC1. The third layer 702 is coupled to source line SRC2. The fourth layer 703 is

coupled to source line SRC3.

[0043] In this embodiment, a particular word line is common to all layers 700 — 703. In
other words, a signal applied to word line WLn is applied to the control gates of all of the
memory cells on all layers 700 — 703 that are coupled to the word line WLn. Similarly, the
SG(S) lines are common to all of the layers 700 — 703.

[0044] The SG(D) lines are common to all of the layers 700 — 703 but only between a
particular SG(D) transistor for each layer. For example, SG(D)n-1 is only coupled to all
SG(D)n-1 transistors for all the layers 700 — 703. SG(D)n is only coupled to all SG(D)n
transistors for all of the layers 700 — 703. SG(D)n+1 is only coupled to all SG(D)n+1
transistors for all of the layers 700 — 703.

[0045] Figure 8 illustrates one embodiment of sense operation biasing using the structure of
Figure 7. The voltages shown in Figure 8 and described subsequently are for purposes of

illustration only since other voltages can be used. For the purposes of this example, it is
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assumed that the top layer 803 is the slowest programming layer while the bottom layer 800
is the fastest programming layer. The middle two layers 802, 801 have progressively faster
programming rates from top to bottom. It is also assumed that, during the sense operation, the
selected word line WLn for all of the layers is biased at V; and the unselected word lines 810,
811 are biased at a pass voltage Vpass (e.g., 6V). The select gate lines SG(S) and SG(D) are
biased at an enable voltage (e.g., 5.0V).

[0046] A voltage is applied to each individual source line SRC1 — SRC3 depending on the
programming rate of the selected layer 800 — 803. The slower programming layers having a
higher source line voltage and the faster programming layers have a lower source line
voltage. In the illustrated example, SRCO is biased at 0V, SRC1 is biased at 0.2V, SRC2 is
biased at 0.4V, and SRC3 is biased at 0.6V.

[0047] The difference between the source line voltage and the read voltage (V,) applied to
the selected word line WLn determines the actual voltage applied to the control gates of the
memory cells of the selected layer. Since the selected word line WLn is common to all of the
layers, this enables each individual layer to have a different voltage selectively applied to the
control gates of the selected layer. This has the effect of shifting the V, sense voltage range to

compensate for the programming disturb encountered by the sensed layer.

[0048] Thus, assuming a V. of 1.0V for the purposes of illustration, a word line voltage of
Vr—SRCO (e.g., 1V -0V = 1V) is effectively applied to the selected control gates of the
bottom, first layer 800. A word line voltage of Vr— SRC1 (e.g., IV —-0.2V =0.8V) is
effectively applied to the selected control gates of the second layer 801. A word line voltage
of Vr—SRC2 (e.g., 1V - 0.4V = 0.6V) is effectively applied to the selected control gates of
the second layer 802. A word line voltage of V. — SRC3 (e.g., 1V- 0.6V = 0.4V) is effectively
applied to the selected control gates of the top, fourth layer 803.

[0049] The embodiment of Figure 8 also shows that the bit line voltage can be different for
each layer, depending on the programming rate of that particular layer. The bit line voltages
are different in order to maintain the same voltage delta between the bit line and the source
line for each layer. Thus, assuming the voltages of Figure 8 are used, the bit line BL3 for the
top, slowest layer 703 is biased at 1.1V. The bit line BL2 for the next fastest layer 702 is
biased at 0.9V. The bit line BL1 for the next fastest layer 701 is biased at 0.7V. The bit line
BLO for the fastest layer 700 is biased at 0.5V. These different bit line voltages maintain the
same voltage delta (e.g., 0.5V) for each of the layers. In the illustrated embodiment, the
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slower the programming of the layer 700 — 703 to which the bit line is coupled, the higher the

bit line voltage.

[0050] Figure 9 illustrates another alternate embodiment of a stacked memory array
architecture. The illustrated embodiment shows a stack memory array with four layers 900 —
903. The bottom, first layer 900 is coupled to bit line BLO, the second layer 901 is coupled to
bit line BL1, the third layer 902 is coupled to bit line BL2, and the top, fourth layer 903 is
coupled to bit line BL3. Each bit line is used to select its respective layer 900 — 903 for

programming.

[0051] The embodiment of Figure 9 has a different source line for each group of X layers.
In the embodiment of Figure 9, the first layer 900 and the second layer 901 are coupled to
one source line SRCO. The third layer 902 and the fourth layer 903 are coupled to another
source line SRC1. While the embodiment of Figure 9 shows each two layers coupled to a
different source line, alternate embodiments can have X equal to some other number than

two.

[0052] In yet another embodiment, each different source line might be coupled to different
quantities of layers than other source lines. For example, three of the faster programming
layers might be coupled to one source line while four of the slower programming layers

might be coupled to a different source line.

[0053] In this embodiment, a particular word line is common to all layers 900 — 903. In
other words, a signal applied to word line WLn is applied to the control gates of all of the
memory cells on all layers 900 — 903 that are coupled to the word line WLn. Similarly, the
SG(S) lines are common to all of the layers 900 — 903.

[0054] The SG(D) lines are common to all of the layers 900 — 903 but only between a
particular SG(D) transistor for each layer. For example, SG(D)n-1 is only coupled to all
SG(D)n-1 transistors for all the layers 900 — 903. SG(D)n is only coupled to all SG(D)n
transistors for all of the layers 900 — 903. SG(D)n+1 is only coupled to all SG(D)n+1
transistors for all of the layers 900 — 903.

[0055] Figure 10 illustrates one embodiment of sense operation biasing using the structure
of Figure 9. The voltages shown in Figure 10 and described subsequently are for purposes of
illustration only since other voltages can be used. For the purposes of this example, it is

assumed that the top layer 1003 is the slowest programming layer while the bottom layer
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1000 is the fastest programming layer. The middle two layers 1002, 1001 have progressively
faster programming rates from top to bottom. It is also assumed that, during the sense
operation, the selected word line WLn for all of the layers is biased at V, and the unselected
word lines 1010, 1011 are biased at a pass voltage Vpass (€.g., 6V). The select gate lines
SG(S) and SG(D) are biased at an enable voltage (e.g., 5.0V).

[0056] A source line voltage is applied to each source line SRC0, SRC1 depending on the
programming rate of the layers to which the source lines are coupled. Since it is assumed in
this example that the top-most layers 1002, 1003 are the slower programming layers, SRC1 is
biased at a higher voltage than SCRO that is coupled to the faster programming layers 1000,
1001. In the illustrated example, SRCO is biased at 0V and SRCI1 is biased at 0.4V,

[0057] The bit lines BLO — BL3 are organized in the same groups of X layers as the source
lines and are biased to maintain the same voltage delta between the bit line and the source
line for each group of X layers. In the illustrated example, bit lines BL2 and BL3 are biased
at 0.9V while bit lines BLO and BL1 are biased at 0.5V. This maintains a 0.5V voltage delta
between the bit lines and the source lines for their respective group. In other words, the
slower programming layers 1002, 1003 have the higher bit line voltages as compared to the

faster programming layers 1000, 1001.

[0058] Figure 11 illustrates yet another alternate embodiment of a stacked memory array
architecture. This embodiment includes two layers 1100, 1101. Each series string 1105 —
1107, 1108 - 1110 in each layer 1100, 1101 is coupled to a common bit line BLn-1, BLn,
BLn+1. For example, a first series string 1105 in the bottom layer 1100 shares the same bit
line BLn+1 with the first series string 1108 in the top layer 1101. The second series string
1106 in the bottom layer 1100 shares the same bit line BLn with the second series string 1109
in the top layer 1101. The third series string 1107 in the bottom layer 1100 shares the same
bit line BLn-1 with the third series string 1110 in the top layer 1101. This pattern repeats for

any number of series strings in any number of layers.

[0059] The word lines WLO — WLn are common for each layer 1100, 1101. In other words,
the control gates of a first row of memory cells in both the bottom layer 1100 and the top
layer 1101 share the same word line WLn. The select gate source SG(S) line is also common
between layers. The source line SRC is common to all layers. The select gate drain SG(D)
line is only common between select gate drain transistors of each layer 1100, 1101. For

example, the select gate drain transistors of the bottom layer 1100 share SG(D)0. The select
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gate drain transistors of the top layer 1101 share SG(D)1. In the embodiment of Figure 11,
the select gate drain lines SG(D)0 — SG(D)1 are used to select and deselect each layer 1100,
1101.

[0060] Figures 12A and 12B illustrate diagrams of layer selection and word line offset by
layer in accordance with the embodiment of Figure 11. Figure 12A illustrates word line
biasing for slower programming layers. Figure 12B illustrates word line biasing that includes
an offset voltage for faster programming layers. The embodiments of Figures 12A and 12B
assume that the top layer 1201 is the slower programming layer and the bottom layer 1200 is
the faster programming layer. The word line biasing offset voltage changes the sense

condition during a sense operation to shift the V; voltage range.

[0061] Referring to Figure 12A, the top layer 1201 is selected by an enable voltage (e.g.,
5V) on the SG(D)I line. The bottom layer 1200 is deselected by a disable voltage (e.g., 0V)
on the SG(D)O0 line. The common source line is biased at a reference voltage (e.g., 0V) and

the common select gate source SG(S) line is biased at an enable voltage (e.g., 5V).

[0062] Since the top layer 1201 is assumed to be the slower programming layer, the
common selected word line WLn is biased at a sense voltage of V; without an offset voltage.
This produces a sense Condition A on the bit line. Even though the same row of the lower
layer(s) experience the same V, on their control gates, those layers are deselected by the

disable voltage on the select gate drain lines.

[0063] Referring to Figure 12B, the top layer 1201 is deselected by a disable voltage (e.g.,
0V) on the SG(D)1 line. The bottom layer 1200 is selected by an enable voltage (e.g., 5V) on
the SG(D)0 line. The common source line is biased at a reference voltage (e.g., 0V) and the

common select gate source SG(S) line is biased at an enable voltage (e.g., 5V).

[0064] Since the bottom layer 1200 is assumed to be the faster programming layer, the
common selected word line WLn is biased at a sense voltage of V+a where ‘a’ is the offset
voltage that shifts the V; voltage range during the sense operation to take into account the
memory cells with the increased threshold voltage. The offset voltage is added to the sense
voltage when the faster programming layer is selected. This produces the changed Condition

B on the bit line that can compensate for the program disturb condition.

[0065] Figure 13 illustrates a functional block diagram of a memory device 1300 that can

comprise a stacked memory array architecture. The memory device 1300 is coupled to an
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external processor 1310. The processor 1310 may be a microprocessor or some other type of
controller. The memory device 1300 and the processor 1310 form part of a memory system

1320.

[0066] The memory device 1300 includes an array 1330 of memory cells (e.g., non-volatile
memory cells). The memory array 1330 is arranged in banks of word line rows and bit line
columns. In one embodiment, the columns of the memory array 1330 comprise series strings

of memory cells.

[0067] Address buffer circuitry 1340 is provided to latch address signals provided through
1/O circuitry 1360. Address signals are received and decoded by a row decoder 1344 and a

column decoder 1346 to access the memory array 1330.

[0068] The memory device 1300 reads data in the memory array 1330 by sensing voltage
or current changes in the memory array columns using sense amplifier circuitry 1350. The
page buffers 1350, in one embodiment, are coupled to read and latch a row of data from the
memory array 1330. The page buffers 1350, as previously described, include the sense
circuitry as well as other circuits for performing a program verify operation. Data are input
and output through the I/O circuitry 1360 for bidirectional data communication as well as the
address communication over a plurality of data connections 1362 with the controller 1310.

Write circuitry 1355 is provided to write data to the memory array.

[0069] Memory control circuitry 1370 decodes signals provided on control connections
1372 from the processor 1310. These signals are used to control the operations on the
memory array 1330, including data read, data write (program), and erase operations. The
memory control circuitry 1370 may be a state machine, a sequencer, or some other type of
controller to generate the memory control signals. In one embodiment, the memory control
circuitry 1370 is configured to control execution of the program verify embodiments of the

present disclosure.

[0070] The memory device illustrated in Figure 13 has been simplified to facilitate a basic
understanding of the features of the memory. A more detailed understanding of internal

circuitry and functions of flash memories are known to those skilled in the art.
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CONCLUSION

[0071] In summary, one or more embodiments of a sense operation can reduce the errors
resulting from sensing memory cells that have experienced a program disturb condition. This
can be accomplished by changing sense conditions in response to a programming rate of a

memory cell layer.

[0072] Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art. Accordingly,

this application is intended to cover any adaptations or variations of the invention.
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What is claimed is:

1. A method for sensing a plurality of layers of memory cells, the method comprising:
changing a sense condition of a particular layer of the plurality of layers of memory

cells responsive to a programming rate of the particular layer.

2. The method of claim 1 wherein the programming rate of the particular layer is

determined relative to programming rates of other layers of the plurality of layers.

3. The method of claim 1 and further including performing a programming operation on

each of the plurality of layers of memory cells.

4. The method of claim 1 wherein changing the sense condition comprises shifting a
target threshold voltage range of the particular layer to a lower threshold voltage

range relative to a threshold voltage range of a faster programming layer.

5. The method of claim 4 wherein shifting the target threshold voltage range comprises
sensing a higher current for the particular layer relative to the faster programming
layer, precharging a data line coupled to the particular layer to a higher voltage
relative to the faster programming layer, sensing the data line coupled to the particular
layer, and/or using a shorter data line discharge time during the sensing for the

particular layer relative to the faster programming layers.

6. The method of claim 1 and further comprising reading the programming rate for each

layer from memory.

7. The method of claim 6 wherein each layer stores its respective programming rate.

8. The method of claim 1 wherein changing the sense condition comprises adding an
offset voltage to a sense voltage that is applied to a selected access line during sensing
of a selected layer of memory cells having a faster programming rate than other layers

of memory cells.
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11.

12.

13.

14.

15.

16.
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The method of claim 8 wherein the selected layer of memory cells is selected

responsive to an enable voltage on a select gate drain line.

The method of claim 8 wherein the selected layer of memory cells is selected
responsive to biasing of data lines coupled to each layer of the plurality of layers of

memory cells.

The method of claim 1 wherein each of the plurality of layers comprises a separate
source line and wherein changing the sense condition comprises biasing each of the
separate source lines with a respective source line voltage responsive to a

programming rate of the respective layer.

The method of claim 11 wherein a source line coupled to a faster programming layer

has a lower source line voltage than a slower programming layer.

The method of claim 11 wherein a voltage applied to the memory cells of a particular
layer being sensed comprises a difference between a sense voltage applied to control

gates of the memory cells and the source line voltage for the particular layer.

The method of claim 11 wherein each of the plurality of layers comprises a separate
data line and wherein changing the sense condition comprises biasing each data line
with a respective data line voltage such that a difference between the respective data
line voltage and a respective source line voltage is substantially the same for each of

the plurality of layers.

A memory device comprising:
a plurality of layers of memory cell arrays, each layer comprising:
a plurality of strings of memory cells; and

a different source line coupled to each layer of the plurality of layers.

The memory device of claim 15 and further including an access line coupled to a
particular row of memory cells wherein the access line is common to the particular

row of each of the plurality of layers.
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18.

19.

20.
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The memory device of claim 15 and further including a different data line coupled to
each layer of the plurality of layers wherein the memory device is configured to select

a particular layer responsive to biasing of a respective one of the data lines.

The memory device of claim 15 and further including a select gate source line that is
common to a particular one of the select gate drain transistors for each of the plurality

of layers.

The memory device of claim 15 and further including a select gate drain line that is
common to a particular one of the select gate drain transistors for each of the plurality

of layers of memory cell arrays.

The memory device of claim 15 wherein the memory device is configured to bias
each different source line with a respective source line voltage responsive to a

programming rate for that respective layer.
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