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Description

BACKGROUND

Field

[0001] The present invention relates to technology for
data storage.

Description of the Related Art

[0002] Non-volatile memory is widely used in various
electronic devices such as cellular telephones, digital
cameras, personal digital assistants, mobile computing
devices, and non-mobile computing devices. Non-vola-
tile memory allows information to be stored and retained
even when an electronic device is not connected to a
source of power (e.g., a battery). Three characteristics
of a non-volatile memory device include its cost, energy
consumption, and performance. The performance char-
acteristic of a non-volatile memory device includes the
time necessary to write information to the memory device
and the time necessary to read information from the
memory device.
[0003] Many commercially available non-volatile
memory devices (e.g., NAND flash memory cards) con-
tain two-dimensional arrays of non-volatile memory cells.
The memory cells within a two-dimensional array form a
single layer of memory cells and are selected via control
lines in the X and Y directions. Two-dimensional arrays
are typically formed on top of a silicon substrate. In con-
trast, the memory cells within a monolithic three-dimen-
sional array form multiple "vertically aligned" layers of
memory cells and are selected via control lines in the X,
Y, and Z directions. A monolithic three-dimensional array
is one in which multiple layers of memory cells are formed
above a single substrate with no intervening substrates.
Three-dimensional arrays of memory cells may be
cheaper to fabricate than two-dimensional arrays of
memory cells if the additional cost of forming multiple
"vertically aligned" layers of memory cells is less than the
cost of forming either wider or a greater number of two-
dimensional arrays (i.e., if the cost of building memory
layers vertically is less than the cost of building memory
layers horizontally).
[0004] Three-dimensional memory arrays having
more than one layer of memory cells have been formed
by vertically aligning two-dimensional cross-point mem-
ory arrays. A cross-point memory array is one in which
memory cells are placed at the intersection of a first set
of control lines and a perpendicular second set of control
lines. Exemplary three-dimensional memory arrays are
described in U.S. Pat. No. 6,034,882 to Johnson, entitled
"Vertically Stacked Field Programmable Nonvolatile
Memory and Method of Fabrication," and in U.S. Pat. No.
5,835,396 to Zhang, entitled "Three-Dimensional Read-
Only Memory Array."
[0005] US 2008/0159032, over which the independent

claim 8 is characterised, discloses a memory device and
a method of operating it, wherein residual charge is trans-
ferred from a first set of selected bit lines to corresponding
members of a second set of selected bit lines. US
2004/0264281 discloses a charge recycling decoder.
The articles by Byung-Do Yang et al. "A low-power
charge recycling ROM architecture", IEEE Transactions
on Very Large Scale Integration Systems, vol, 11, no. 4
and "A low-power ROM using charge recycling and
charge sharing techniques", IEEE Journal of Solid-State
Circuits, vol. 38, no. 4, disclose low-power ROMs using
charge recycling.
[0006] According to an aspect of the present invention,
there is provided a method as claimed in claim 1. Accord-
ing to another aspect of the present invention, there is
provided a non-volatile storage system, as claimed in
claim 8.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 is a block diagram of one embodiment of a
memory system.

Figure 2A is a logical view of one embodiment of a
memory core.

Figure 2B is a logical view of one embodiment of a
memory bay.

Figure 2C is a logical view of one embodiment of a
memory block.

Figure 3A is a logical view of one embodiment of a
memory bay including shared and split decoders.

Figure 3B is a simplified schematic diagram of one
embodiment where word lines are shared between
memory arrays.

Figure 3C is a simplified schematic diagram of one
embodiment where word lines and bit lines are
shared between memory arrays.

Figure 4A is a simplified perspective view of a portion
of a three-dimensional memory array.

Figure 4B depicts a subset of the layers of one em-
bodiment of a three-dimensional memory.

Figure 5 depicts a circuit that can read or write the
state of a memory cell.

Figure 6 depicts one embodiment of a memory bay
including a memory block in an active state.

Figure 7A is a flow chart describing one embodiment
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of a process for implementing a memory block
switching technique during a read operation.

Figure 7B is a flow chart describing one embodiment
of a process for implementing a memory block
switching technique during a write operation.

Figure 8 depicts one embodiment of a portion of a
memory bay for implementing a memory block
switching technique.

Figure 9A is a simplified schematic diagram of one
embodiment of a circuit for generating a memory
block enable signal.

Figure 9B is a timing diagram depicting one embod-
iment of a process for operating the circuits depicted
in Figures 8 and 9A.

Figure 10 depicts one embodiment of a portion of a
memory bay for implementing a memory block
switching technique.

DETAILED DESCRIPTION

[0008] One example of a non-volatile memory device
comprises one or more memory bays (or other group-
ings). Each memory bay (or other grouping) comprises
one or more memory blocks that include a grouping of
non-volatile storage elements. Structures other than
blocks can also be used. In one embodiment, memory
blocks in a particular memory bay share a group of
read/write circuits. During a memory operation, memory
blocks are transitioned into active and inactive states.
The process of transitioning blocks from an inactive state
to an active state includes enabling charge sharing be-
tween a memory block entering the active state and an-
other memory block that was previously in the active
state. This charge sharing improves performance and/or
reduces energy consumption for the memory system.
[0009] Figure 1 is a block diagram that depicts one
embodiment of a memory system 100 that can implement
the memory block switching technique described herein.
Memory system 100 includes a host 106 (e.g., a personal
computer or cellular telephone) and a memory card 101.
The memory card 101 includes a memory chip controller
105 and a memory chip 102. The memory chip controller
105, which may include one or more state machines,
page registers, SRAM, or other control logic for control-
ling the operation of memory chip 102, receives data and
commands from host 106 and provides data to host 106.
In one embodiment, the memory chip controller 105 and
memory chip 102 are arranged on a single integrated
circuit. In other embodiments, memory chip controller
105 and memory chip 102 are arranged on different in-
tegrated circuits. The memory chip 102 includes memory
core control circuits 104 and a memory core 103. Memory
core control circuits 104 may include logic for controlling

the selection of memory blocks, controlling the regulation
of voltage references when biasing a particular memory
block into a read or write state, or generating row and
column addresses. The memory core 103 may include
a two-dimensional or three-dimensional array of memory
cells. In one embodiment, the memory core control cir-
cuits 104 and memory core 103 are arranged on a single
integrated circuit. In other embodiments, the memory
core control circuits 104 and memory core 103 are ar-
ranged on different integrated circuits.
[0010] Referring to Figure 1, a memory card operation
is initiated when host 106 sends instructions to memory
chip controller 105 indicating that it would like to read
data from memory card 101 or write data to memory card
101. In the event of a write operation, host 106 will send
to memory chip controller 105 both a write command and
the data to be written. The data to be written may be
buffered by memory chip controller 105 and error cor-
recting code (ECC) data may be generated correspond-
ing with the data to be written. The ECC data, which al-
lows data errors that occur during transmission or storage
to be detected and/or corrected, may be written to mem-
ory core 103 or stored in non-volatile memory within
memory chip controller 105. In one embodiment, the ECC
data is generated and data errors corrected by circuitry
within memory chip controller 105.
[0011] Referring again to Figure 1, after decoding in-
structions from host 106, memory chip controller 105 will
control the operation of memory chip 102. For example,
before issuing a write operation to memory chip 102,
memory chip controller 105 may check a status register
to make sure that memory chip 102 is able to accept the
data to be written. In another example, before issuing a
read operation to memory chip 102, memory chip con-
troller 105 may pre-read overhead information associat-
ed with the data to be read. The overhead information
may include ECC data or a redirection pointer to a new
memory location. Once a read or write operation is initi-
ated by memory chip controller 105, memory core control
circuits 104 will generate bias voltages for word lines and
bit lines within memory core 103, as well as generate the
appropriate memory block, row, and column addresses.
[0012] Figure 2A depicts a logical block diagram of
memory core 103 having two memory bays 330. The
number of memory bays per memory core can be differ-
ent for different implementations. Some embodiments
may use only one memory bay per memory core. In one
embodiment of a memory core, there are 16 memory
bays.
[0013] Figure 2B depicts a logical block diagram of one
example of a memory bay 330 including memory blocks
310 and read/write circuits 306. Although Figure 2B
shows three memory blocks in the memory bay, more or
less than three memory blocks can be used. In one em-
bodiment, there are 32 memory blocks per memory bay
330. While read/write circuits 306 are depicted in Figure
2B as being below three memory blocks 310, this does
not indicate physical placement. Read/write circuits 306
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include circuitry for reading and writing memory cells
within a memory block 310. As depicted in Figure 2B, the
read/write circuits 306 may be shared across multiple
memory blocks within a memory bay. This allows chip
area to be reduced since a single group of read/write
circuits 306 can support multiple memory blocks. How-
ever, in some embodiments, only a single memory block
should be electrically coupled to read/write circuits 306
at a particular time to avoid signal conflicts.
[0014] Figure 2C depicts a logical block diagram of one
example of a memory block 310 that includes a memory
array 301, row decoder 304, and column decoder 302.
Memory array 301 comprises a contiguous group of non-
volatile memory cells having contiguous word and bit
lines generally unbroken by circuits such as those for
decoding word lines or bit lines. Memory array 301 may
comprise one or more layers of memory cells (e.g., 4
memory layers). The row decoder 304 decodes a row
address and selects a particular word line in memory
array 301 when appropriate (e.g., when reading or writing
memory cells in memory array 301). The column decoder
302 decodes a column address and selects a particular
group of bit lines in memory array 301 to be electrically
coupled to read/write circuits. In one embodiment, the
number of word lines is 4K per memory layer, the number
of bit lines is 1K per memory layer, and the number of
memory layers is 4, providing a memory array 301 con-
taining 16M memory cells.
[0015] Figures 2A-2C depict one embodiment of a
memory core organization that includes a memory core
having multiple memory bays, and each memory bay
having multiple memory blocks. Although a memory core
organization is disclosed where memory bays comprise
memory blocks, and memory blocks comprise a group
of non-volatile memory cells, other organizations or
groupings can also be used with the technology de-
scribed herein.
[0016] In some embodiments, row decoder 304 and/or
column decoder 302 can be split or shared between
memory arrays. One embodiment of a memory bay 332,
depicted in Figure 3A, includes a shared row decoder
349 and two memory arrays 352 and 354. As compared
to memory bay 330 depicted in Figure 2B, memory bay
332 has two groupings of read/write circuits, 340 and
342, and the two memory arrays 352 and 354 share row
decoder 349. Row decoder 349 controls word lines in
both memory arrays 352 and 354 (i.e., the word lines
driven by row decoder 349 are shared). Row decoders
348 and 349 are split such that even word lines are driven
by row decoder 348 and odd word lines are driven by
row decoder 349. Column decoders 344 and 346 are split
such that even bit lines are controlled by column decoder
346 and odd bit lines are driven by column decoder 344.
The selected bit lines controlled by column decoder 344
can be electrically coupled to read/write circuits 340. The
selected bit lines controlled by column decoder 346 can
be electrically coupled to read/write circuits 342. Splitting
the read/write circuits when the column decoders are split

allows for a more efficient layout.
[0017] A simplified schematic diagram including word
lines and bit lines and corresponding to memory bay 332
is depicted in Figure 3B. Word lines WL1, WL3, and WL5
are shared between memory arrays 352 and 354 and
controlled by row decoder 349 depicted in Figure 3A.
Word lines WL0, WL2, WL4, and WL6 are driven from
the left side of memory array 352 and controlled by row
decoder 348 depicted in Figure 3A. Word lines WL1,
WL3, and WL5 are driven from the right side of memory
array 352 and controlled by row decoder 349 depicted in
Figure 3A. Bit lines BL0, BL2, and BL4 are driven from
the bottom of memory array 352 and controlled by column
decoder 346 depicted in Figure 3A. Bit lines BL1, BL3,
and BL5 are driven from the top of memory array 352
and controlled by column decoder 344 depicted in Figure
3A.
[0018] Figure 3C depicts an arrangement of memory
arrays wherein word lines and bit lines are shared across
memory blocks and row decoders and column decoders
are split. Word lines WL1, WL3, and WL5 are shared
between memory arrays 406 and 408. Bit lines BL1, BL3,
and BL5 are shared between memory arrays 406 and
402. Sharing word lines and/or bit lines helps to reduce
layout area since a single row decoder and/or column
decoder can be used to support two memory arrays. Row
decoders are split such that word lines WL0, WL2, WL4,
and WL6 are driven from the left side of memory array
406 and word lines WL1, WL3, and WL5 are driven from
the right side of memory array 406. Column decoders
are split such that bit lines BL0, BL2, BL4, and BL6 are
driven from the bottom of memory array 406 and bit lines
BL1, BL3, and BL5 are driven from the top of memory
array 406. Splitting row and/or column decoders helps
to relieve layout constraints (e.g., the column decoder
pitch can be relieved by 2x since the split column decod-
ers need only drive every other bit line instead of every
bit line).
[0019] The memory block 310 depicted in Figure 2C
may comprise two-dimensional or three-dimensional
memory arrays. Figure 4A is a simplified perspective view
of a portion of a monolithic three-dimensional memory
array 201 that includes a first memory level 218 posi-
tioned below a second memory level 220. The bit lines
206 and 210 are arranged in a first direction and the word
lines 208 are arranged in a second direction perpendic-
ular to the bit lines. The upper conductors of first memory
level 218 may be used as the lower conductors of the
second memory level 220 that is positioned above the
first memory level. In a memory array with additional lay-
ers of memory cells, there would be additional layers of
bit lines and word lines. In some embodiments, the mem-
ory levels may be formed as described in U.S. Patent
No. 6,952,030, "High-Density Three-Dimensional Mem-
ory Cell". Information regarding suitable embodiments of
three-dimensional memories can be found in the follow-
ing United States Patents: U.S. Patent 6,879,505; U.S.
Patent 7,286,439; U.S. Patent 6,856,572; and U.S. Pat-
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ent 7,359,279.
[0020] Memory array 201 includes a plurality of mem-
ory cells 200. The memory cells 200 can be write-once
memory cells or re-writeable memory cells. With respect
to first memory level 218, memory cells 200 are between
and connect to a set of bit lines 206 and a set of word
lines 208. With respect to second memory level 220,
memory cells 200 are between and connect to a set of
bit lines 210 and word lines 208. In one embodiment,
each memory cell includes a steering element (e.g., a
diode) and a state change element. In one embodiment,
the diodes of the first memory level 218 may be upward
pointing diodes as indicated by arrow A1 (e.g., with p
regions at the bottom of the diodes), while the diodes of
the second memory level 220 may be downward pointing
diodes as indicated by arrow A2 (e.g., with n regions at
the bottom of the diodes), or vice versa. In another em-
bodiment, each memory cell includes only a state change
element. Many different types of memory cells can be
used.
[0021] In one embodiment, the memory cells 200 are
re-writable. For example, U.S. Patent Application Publi-
cation No. 2006/0250836 describes a rewriteable non-
volatile memory cell that includes a diode coupled in se-
ries with a reversible resistance-switching element. A re-
versible resistance-switching element includes reversi-
ble resistivity-switching material having a resistivity that
may be reversibly switched between two or more states.
In some embodiments, the reversible resistance-switch-
ing material may be formed from a metal oxide. Various
different metal oxides can be used. In one example, nick-
el oxide is used. Examples of various memory cells can
be found in U.S. Patent 6,034,882; U.S. Patent
6,525,953; U.S. Patent 6,952,043; U.S. Patent
6,420,215; U.S. Patent 6,951,780; and U.S. Patent
7,081,377. No particular type of memory cell is required
to implement the memory block switching technique dis-
closed herein.
[0022] In one embodiment of a read operation, the data
stored in one of the plurality of memory cells 200 is read
by biasing one of the set of word lines (i.e., the selected
word line) to the selected word line voltage in read mode
(e.g., 0V). A read circuit is used to bias the bit line con-
nected to the selected memory cell to the selected bit
line voltage in read mode (e.g., 2V). For purposes of this
document, a connection can be a direct connection or an
indirect connection (e.g., via another part). To avoid
sensing leakage current from the selected bit line to many
unselected word lines, the unselected word lines are bi-
ased to the same voltage as the selected bit lines (e.g.,
2V). To avoid leakage current from the unselected bit
lines to the selected word line, the unselected bit lines
can be biased to the same voltage as the selected word
line (e.g., 0V). The read circuit then senses the amount
of current through the selected memory cell (e.g., by com-
paring, over time, the voltage of a precharged node con-
nected to the selected memory cell with a reference volt-
age).

[0023] In another embodiment of a read operation, the
selected word line is biased to -1.6V, the selected bit
lines are biased to 0V, the unselected word lines are bi-
ased to 0V, and the unselected bit lines are biased to
-1.6V. The read circuit then senses the amount of current
conducted by the selected memory cell.
[0024] In one embodiment of a write operation, the
process of switching the resistance of a memory cell el-
ement from a high-resistivity state to a low-resistivity
state is referred to as SETTING the reversible resistance-
switching element. The process of switching the resist-
ance from the low-resistivity state to the high-resistivity
state is referred to as RESETTING the reversible resist-
ance-switching element. The high-resistivity state is as-
sociated with binary data "0" and the low-resistivity state
is associated with binary data "1." In other embodiments,
SETTING and RESETTING and/or the data encoding
can be reversed. In some embodiments, the first time a
resistance-switching element is SET requires a higher
than normal voltage and is referred to as a FORMING
operation.
[0025] In one embodiment of a write operation, the re-
versible resistance-switching material may be in an initial
high-resistivity state upon fabrication that is switchable
to a low-resistivity state upon application of a first voltage
and/or current. Application of a second voltage and/or
current may return the reversible resistance-switching
material back to the high-resistivity state. Alternatively,
the reversible resistance-switching material may be in an
initial low-resistance state upon fabrication that is revers-
ibly switchable to a high-resistance state upon applica-
tion of the appropriate voltage(s) and/or current(s). When
used in a memory cell, one resistance state may repre-
sent a binary data "0" while another resistance state may
represent a binary data "1." However, more than two da-
ta/resistance states may be used.
[0026] In one embodiment of a write operation, the re-
sistance-switching element of one of a plurality of mem-
ory cells 200 is SET by biasing the selected word line to
the selected word line voltage in SET mode (e.g., -0.6V).
A write circuit is used to bias the bit line connected to the
selected memory cell to the selected bit line voltage in
SET mode (e.g., 7.4V). Therefore, the selected memory
cell in SET mode is forward biased, similar to a read
operation except with a larger voltage range. The unse-
lected word lines are biased to 6.8V and the unselected
bit lines are biased to 0V. Placing a voltage of 6.8V across
the unselected memory cells associated with the inter-
section of unselected word lines and unselected bit lines
reduces the amount of leakage current through the un-
selected memory cells, as compared to placing the 8V
found across the selected memory cell. Other SET bias-
ing schemes can also be used (e.g., placing a voltage of
5V across the selected memory cell, rather than 8V).
[0027] In one embodiment of a write operation, the re-
sistance-switching element of one of a plurality of mem-
ory cells 200 is SET by biasing the selected word line to
-8V, the selected bit lines to 0V, the unselected word
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lines to 0V, and the unselected bit lines to -8V.
[0028] In one embodiment of a write operation, the re-
sistance-switching element of one of a plurality of mem-
ory cells 200 is RESET by biasing the selected word line
to the selected word line voltage in RESET mode (e.g.,
7V). A write circuit is used to bias the bit line connected
to the selected memory cell to the selected bit line voltage
in RESET mode (e.g., -7V). Therefore, the selected
memory cell in RESET mode is reverse biased. The un-
selected word lines are biased to 0V and the unselected
bit lines are biased to 0V. Biasing the unselected word
lines and the unselected bit lines to the same voltage
during a RESET operation reduces the amount of leak-
age current through the unselected memory cells, as
compared to the SET operation described above.
[0029] Figure 4B depicts a subset of the memory array
and routing layers of one embodiment of a three-dimen-
sional memory. The Memory Array layers are positioned
above the Substrate. The Memory Array layers include
bit line layers BL0, BL1 and BL2, and word line layers
WL0 and WL1. In other embodiments, additional bit line
and word line layers can also be implemented. Support-
ing circuitry (e.g., row decoders, column decoders, and
read/write circuits) is arranged on the surface of the Sub-
strate with the Memory Array layers fabricated above the
supporting circuitry. An integrated circuit implementing a
three-dimensional memory may also include multiple
metal layers for routing signals between different com-
ponents of the supporting circuitry, and between the sup-
porting circuitry and the bit lines and word lines of the
memory array. These routing layers can be arranged
above the supporting circuitry that is implemented on the
surface of the Substrate and below the Memory Array
layers.
[0030] Figure 4B depicts two metal layers R1 and R2
used for routing; however, other embodiments can in-
clude more or less than two metal layers. In one example,
these metal layers R1 and R2 are formed of tungsten
(about 1 ohm/square). Positioned above the Memory Ar-
ray layers can be one or more metal layers used for rout-
ing signals between different components of the integrat-
ed circuit. Figure 4B depicts one such metal layer above
the memory array, labeled as the Top Metal layer. In one
example, the Top Metal layer is formed of copper or alu-
minum (about 0.05 ohms/square), which may provide a
smaller resistance per unit area than layers R1 and R2.
Metals layers R1 and R2 may not be implemented using
the same materials as those used for the Top Metal layers
because the metal used for R1 and R2 needs to withstand
the processing steps for fabricating the memory array on
top of R1 and R2.
[0031] In one embodiment, a memory core 103, as de-
picted in Figure 1, contains local data lines implemented
in one or more lower metal layers below the Memory
Array layers. The lower metal layers have a relatively
higher resistance and capacitance per unit area. Global
data lines are implemented in one or more Top Metal
layers, which have relatively lower resistance and capac-

itance per unit area than the lower metal layers.
[0032] Vias can be used to make connections between
adjacent routing layers. Multi-layer vias can be used to
make connections between more than 2 layers. Informa-
tion regarding multi-layer vias using less than one mask-
ing step per layer can be found in U.S. Patent 6,034,882.
[0033] Though larger memory arrays are more area
efficient, their size may be limited for a variety of reasons.
For example, the signal delays traversing down word
lines and bit lines which arise from the resistance and
the capacitance of such lines (i.e., the RC delays) may
be very significant in a large array. These RC delays may
be reduced by subdividing the larger array into a group
of smaller sub-arrays so that the length of each word line
and/or each bit line is reduced. As another example, the
power associated with accessing a group of memory cells
may dictate an upper limit to the number of memory cells
which may be accessed simultaneously during a given
memory operation. Consequently, a large memory array
may be subdivided into smaller sub-arrays to decrease
the number of memory cells which are simultaneously
accessed.
[0034] Figure 5 depicts one example of a read/write
circuit 502 being operated in a read mode along with a
portion of a memory array. Read/write circuit 502 corre-
sponds to one of a group of read/write circuits 306 de-
picted in Figure 2B. Read/write circuit 502 also corre-
sponds to one of a group of read/write circuits 340 and
342 depicted in Figure 3A. The portion of a memory array
includes two of the many bit lines (one selected bit line
labeled "Selected BL" and one unselected bit line labeled
"Unselected BL") and two of the many word lines (one
selected word line labeled "Selected WL" and one unse-
lected word line labeled "Unselected WL"). The selected
bit line and unselected word line are biased to 2V. The
selected word line and unselected bit line are biased to
0V. Selected memory cell 550 is forward biased by 2V.
Unselected memory cell 556 is reverse biased by 2V.
Half-selected memory cells 552 and 554 are neither for-
ward nor reverse biased since they each have the same
voltage applied to both ends of the memory cell.
[0035] Referring to the read/write circuit depicted in
Figure 5, the SELB node of read/write circuit 502 is elec-
trically coupled to the selected bit line via column decoder
504. Column decoder 504 corresponds to column decod-
er 302 depicted in Figure 2C. Transistor 562 couples
node SELB to the Vsense node. Clamp control circuit
564 controls transistor 562. The Vsense node is connect-
ed to reference current Iref and one input of sense am-
plifier 566. The other input of sense amplifier 566 receives
Vref-read, which is the voltage level used for comparing
the Vsense node voltage in read mode. The output of
sense amplifier 566 is connected to the data out terminal
and to data latch 568. Write circuit 560 is connected to
node SELB, the data in terminal, and data latch 568.
[0036] During the read operation, read/write circuit 502
biases the selected bit line to 2V (i.e., the selected bit
line voltage in read mode). Prior to sensing data,
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read/write circuit 502 will precharge the Vsense node to
4V. When sensing data, read/write circuit 502 attempts
to regulate the SELB node to 2V via clamp control circuit
564 and transistor 562 in a source-follower configuration.
If the current through the selected memory cell 550 is
greater than the read current limit, Iref, then, over time,
the Vsense node will fall below Vref-read (e.g., set to 3V)
and the sense amplifier 566 will read out a data "0." Out-
putting a data "0" represents that the selected memory
cell 550 is in a low resistance state (e.g., a SET state).
If the current through the selected memory cell 550 is
less than Iref, then the Vsense node will stay above Vref-
read and the sense amplifier 566 will read out a data "1."
Outputting a data "1" represents that the selected mem-
ory cell 550 is in a high resistance state
[0037] (e.g., a RESET state). Data latch 568 will latch
the output of sense amplifier 566 after a time period of
sensing the current through the selected memory cell
(e.g., 400ns).
[0038] In one embodiment, during a write operation, if
the data in terminal requests a data "0" to be written to
a selected memory cell, then read/write circuit 502 biases
SELB to the selected bit line voltage in write mode (e.g.,
7.4V for a SET operation) via write circuit 560. The du-
ration of programming the memory cell can be a fixed
time period (e.g., using a fixed-width programming pulse)
or variable (e.g., using a write circuit 560 that senses
whether a memory cell has been programmed while pro-
gramming). Information regarding write circuits that can
sense while programming data can be found in U.S. Pat-
ent 6,574,145. If the data in terminal requests a data "1"
to be written, then write circuit 560 biases SELB to the
unselected bit line voltage in write mode (e.g., 0V for a
SET operation).
[0039] Figure 6 depicts a memory bay 600 including a
memory block in an active state. Memory bay 600 in-
cludes read/write circuits 606 and memory block 601
comprising memory array 602, row decoder 608, and col-
umn decoder 604. Memory array 602 includes word lines
694-696, bit lines 691-693, and memory cells 620 which
can either be one-time or many-time programmable
memory cells. Row decoder 608 connects to a set of
word lines including one selected word line 695 and two
unselected word lines 694 and 696 of memory array 602.
Column decoder 604 connects to a set of bit lines includ-
ing one selected bit line 692 and two unselected bit lines
691 and 693 of memory array 602. The selected bit line
692 connects to a bit line decoder formed by transistors
646 and 648 and controlled by node XCS[2]. The left
unselected bit line 691 connects to a bit line decoder
formed by transistors 642 and 644 and controlled by node
XCS[1]. The right unselected bit line 693 connects to a
bit line decoder formed by transistors 652 and 654 and
controlled by node XCS[3]. The PMOS transistors 644,
648, and 654 connect to node SELB[1], which is con-
nected to read/write circuits 606. The NMOS transistors
642, 646, and 652 connect to node VUB.
[0040] In one embodiment, when memory array 602 is

in an active state, row decoder 608 selects a single word
line and column decoder 604 selects a single bit line (i.e.,
XCS[2] is low, while XCS[1] and XCS[3] are high). When
memory array 602 is active, column decoder 604 elec-
trically couples the selected bit line 692 to the SELB[1]
node, which is connected to read/write circuits 606. Col-
umn decoder 604 also biases the unselected bit lines
691 and 693 to VUB, the unselected voltage for bit lines.
Though the depicted portion of column decoder 604 only
selects one bit line per memory block 601, more than one
bit line per memory block 601 may be selected. In one
embodiment, column decoder 604 selects 32 bit lines per
memory block. For example, column decoder 604 con-
trols 32 subsets of bit lines and electrically couples one
bit line from each of the 32 subsets of bit lines to a SELB
node (i.e., to one of SELB[31:0]). In one embodiment,
unselected bit lines may be biased to one or more unse-
lected bit line voltages (e.g., in a read operation, the one
or more unselected bit line voltages may include -1.6V,
-1.5V, and -1.7V). In another embodiment, unselected
word lines may be biased to one or more unselected word
line voltages (e.g., in a SET operation, the one or more
unselected word line voltages may include 6.8V, 6.7V,
and 6.9V).
[0041] In one embodiment, when memory array 602 is
in an inactive state, row decoder 608 biases all word lines
(i.e., there is no selected word line) to an unselected word
line voltage. Column decoder 604 biases all bit lines (i.e.,
there is no selected bit line) to an unselected bit line volt-
age. In another embodiment, row decoder 608 floats all
word lines and column decoder 604 floats all bit lines. In
one embodiment, memory bay 600 includes 16 memory
blocks, one of the 16 memory blocks is in an active state
and the other 15 memory blocks are in an inactive state.
[0042] Figure 7A is a flow chart of one embodiment of
a process for implementing a memory block switching
technique during a read operation. The process of Figure
7A can be performed on one memory bay or on multiple
memory bays concurrently. In step 701, a read command
from the host is decoded by the memory chip controller
105 depicted in Figure 1. In step 702, a memory bay and
set of memory blocks within the memory bay are identi-
fied that contain the requested data to be read. Besides
identifying the set of memory blocks associated with the
data to be read, memory chip controller 105 may also
determine the order of memory block activation. In step
703, within the memory bay, a first memory block is set
into a read state and a second memory block is set into
an inactive state. In step 704, data is read from the first
memory block and stored in a page register. In one em-
bodiment, the page register is physically located under
the Memory Array layers depicted in Figure 4B. In another
embodiment, the page register is physically located out-
side the memory core 103 depicted in Figure 1. In step
705, the second memory block begins transitioning from
the inactive state to the read state and the first memory
block begins transitioning from the read state to the in-
active state. In step 706, charge sharing is enabled be-
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tween the first and second memory blocks. During this
step, one set of control lines (e.g., bit lines or word lines)
associated with the first memory block are electrically
coupled with a second set of control lines associated with
the second memory block. In step 707, the second mem-
ory block finishes transitioning from the inactive state to
the read state and the first memory block finishes tran-
sitioning from the read state to the inactive state. In step
708, data is read from the second memory block and
stored in the page register. In step 709, the data read
from the first and second memory blocks is output to the
host by memory chip controller 105. Note that other or-
ders of steps, in addition to what is depicted in Figure
7A, can also be used.
[0043] Figure 7B is a flow chart of one embodiment of
a process for implementing a memory block switching
technique during a write operation. The process of Figure
7B can be performed on one memory bay or on multiple
memory bays concurrently. In step 751, a write command
and data to be written are received from a host. The write
command from the host is decoded by the memory chip
controller 105 depicted in Figure 1. In step 752, a memory
bay and set of memory blocks within the memory bay are
identified for which the received data is to be written. In
step 753, within the memory bay, a first memory block is
set into a write state (e.g., a write state for performing a
SET or RESET operation) and a second memory block
is set into an inactive state. In step 754, a subset of the
data to be written is written to the first memory block. In
step 755, the second memory block begins transitioning
from the inactive state to the write state and the first mem-
ory block begins transitioning from the write state to the
inactive state. In step 756, charge sharing is enabled
between the first and second memory blocks. During this
step, one set of control lines (e.g., bit lines or word lines)
associated with the first memory block are electrically
coupled with a second set of control lines associated with
the second memory block. In step 757, the second mem-
ory block finishes transitioning from the inactive state to
the write state and the first memory block finishes tran-
sitioning from the write state to the inactive state. Note
that other orders of steps, in addition to what is depicted
in Figure 7B, can also be used.
[0044] Figure 8 depicts one embodiment of a portion
of memory bay 800 for implementing a memory block
switching technique. Portion of memory bay 800 includes
a portion of a first block 880, a portion of a second block
882, and a charge transfer circuit 840. Portion of a first
block 880 includes a portion of first memory array 802
and a portion of a first column decoder 806. The first
memory array 802 includes two unselected word lines
891 and 893, a selected word line 892, an unselected bit
line 894, and memory cells 820 which can either be one-
time or many-time programmable memory cells. As de-
picted in Figure 8, memory cells 820 are placed at the
intersection of word lines 891-893 and the unselected bit
line 894 in first memory array 802. Portion of a first column
decoder 806 includes a bit line decoder formed by tran-

sistors 842 and 844 and controlled by node XCS[1]. A
full column decoder comprises a plurality of bit line de-
coders. The unselected bit line 894 in first memory array
802 connects to the bit line decoder formed by transistors
842 and 844. The PMOS transistor 844 couples node
SELB[1] to the unselected bit line 894 in first memory
array 802. The NMOS transistor 842 couples node
NVUB[1] to the unselected bit line 894 in first memory
array 802.
[0045] Portion of a second block 882 includes a portion
of second memory array 804 and a portion of a second
column decoder 808. The second memory array 804 in-
cludes word lines 896-898, a bit line 895, and memory
cells 820 which can either be one-time or many-time pro-
grammable memory cells. As depicted in Figure 8, mem-
ory cells 820 are placed at the intersection of word lines
896-898 and bit line 895 in second memory array 804.
Bit line 895 is floated when second memory array 804 is
in an inactive state. Portion of a second column decoder
808 includes a bit line decoder formed by transistors 852
and 854 and controlled by node XCS[18]. The bit line 895
in second memory array 804 connects to the bit line de-
coder formed by transistors 852 and 854. The PMOS
transistor 854 couples node SELB[2] to bit line 895 in
second memory array 804. The NMOS transistor 852
couples node NVUB[2] to bit line 895 in second memory
array 804.
[0046] In one embodiment, first memory array 802 and
second memory array 804 include a plurality of word lines
and a plurality of bit lines. In another embodiment, portion
of a first column decoder 806 and portion of a second
column decoder 808 comprise a plurality of bit line de-
coders. The word lines 896-898 of second memory array
804 may be biased to an unselected word line voltage or
floated. The bit line 895 of second memory array 804
may be biased to an inactive unselected voltage (e.g.,
0V) or floated. Referring to Figure 3C, since WL3 is
shared between memory arrays 406 and 408, if memory
array 406 is in an active state and memory array 408 is
in an inactive state, then WL3 may be biased to the un-
selected word line voltage. Similarly, unselected word
lines 891 and 893 may be shared by both first memory
array 802 and second memory array 804.
[0047] Charge transfer circuit 840 includes NMOS
transistors 866, 862, and 864. NMOS transistor 866 cou-
ples node VUB, biased to the unselected bit line voltage,
to node VUB_TRI, which is a node that can either be
biased to a particular voltage or floated. NMOS transistor
862 couples node NVUB[1] to VUB_TRI and is controlled
by BLKEN[1]. NMOS transistor 864 couples node
NVUB[2] to VUB_TRI and is controlled by BLKEN[2].
NMOS transistor 866 couples node VUB to VUB_TRI
and is controlled by XBLKSW.
[0048] During a memory operation, first memory array
802 is initially in an active state with its unselected bit
lines biased to an unselected bit line voltage. Second
memory array 804 is initially in an inactive state with its
bit lines floating. The process of transitioning the second
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memory array 804 into the active state includes turning
off transistor 866 and turning on transistors 862 and 864
at the same time. Turning on transistors 862 and 864 at
the same time creates a conductive path between nodes
NVUB[1] and NVUB[2]. Along with portion of column de-
coder 806 selecting NVUB[1] for its unselected bit lines
and portion of column decoder 808 selecting NVUB[2]
for its unselected bit lines, a conductive path between
the unselected bit lines in first memory array 802 and the
unselected bit lines in second memory array 804 is
formed and charge sharing occurs. After charge sharing
occurs, first memory array 802 is placed into the inactive
state and second memory array 804 is placed into the
active state.
[0049] Figure 9A depicts one embodiment of a BLKEN
latching circuit 900 for generating the block enable sig-
nals (e.g., BLKEN[1] and BLKEN[2]) used as inputs to
charge transfer circuit 840 depicted in Figure 8. Block
decoder 902, including a NAND gate, takes block ad-
dress BLKADD[4:0] as an input and its output is coupled
to one input of latch 904. Latch 904, formed by a pair of
cross-coupled NAND gates, outputs a block enable sig-
nal, BLKEN, and includes a second input coupled to
BLKSW. If BLKSW is raised before the memory block
address BLKADD[4:0] changes, then BLKEN will be held
high until BLKSW is lowered. In the embodiment of Figure
9A, the BLKEN latching circuit 900 will cause BLKEN to
go high when BLKADD[4:0] = 11111. In other embodi-
ments, the block decoder 902 is configured such that
BLKEN is driven high when a particular block address is
given (e.g., BLKADD[4:0] = 00010).
[0050] The timing diagram shown in Figure 9B depicts
one embodiment of a process for operating portion of
memory bay 800 (See Figure 8) and BLKEN latching
circuit 900 (See Figure 9). BLKADD[4:0] represents a
given block address and is an input to the BLKEN latching
circuit 900. BLKSW is an active-high block switch signal
and is an input to the BLKEN latching circuit 900.
XBLKSW is an active-low block switch signal and is an
input to charge transfer circuit 840 depicted in Figure 8.
BLKEN[1] is the block enable for the first block, with block
address BLK[1], and corresponds to portion of first block
880 depicted in Figure 8. BLKEN[2] is the block enable
signal for the second block, with block address BLK[2],
and corresponds to portion of second block 882 depicted
in Figure 8. NVUB[1], as shown in Figure 8, is the NVUB
node for the first block. NVUB[2], as shown in Figure 8,
is the NVUB node for the second block. VUB_TRI is the
tri-stateable node that is connected to transistors 862,
864, and 866 in Figure 8.
[0051] In one embodiment, the capacitance between
unselected bit lines and unselected word lines in a first
memory block in an active state is several nanofarads.
Referring to Figure 3C, if memory array 406 is part of the
first memory block that is in the active state, then the
energy stored in the capacitances connected to the un-
selected bit lines further includes those capacitances re-
lated to sharing bit lines with memory array 402 (e.g., bit

lines BL1, BL3, and BL5 may capacitively couple to word
lines WL7-WL13 and/or bit lines BL14, BL16, BL18, and
BL20). Therefore, a significant amount of energy is stored
by the first memory block in the active state. Since a
significant amount of energy is required to charge up the
unselected bit lines in a second memory block when tran-
sitioning from an inactive state to an active state, the
energy stored by the first memory block can used to help
charge up the second memory block. A memory block
switching technique that allows charge sharing between
the unselected bit lines in a first memory block and the
unselected bit lines in a second memory block, which is
transitioning from an inactive state to an active state, may
be used to reduce energy consumption. The memory
block switching technique may also improve perform-
ance and/or reduce power during the switching of one
active memory block to another.
[0052] During a memory operation, first memory array
802, corresponding to portion of first block 880, is initially
in an active state (e.g., in a read state or a write state)
and its unselected bit lines are biased to the unselected
voltage for bit lines. Second memory array 804, corre-
sponding to portion of second block 882, is initially in an
inactive state. As depicted in Figure 9B, when the first
block with block address BLK[1] is active prior to T1,
BLKSW is low, XBLKSW is high, and BLKEN[1] is high.
The unselected bit line shown in Figure 8 is, therefore,
biased to VUB since XCS[1], BLKEN[1], and XBLKSW
are all high. At T1, the transitioning of the first block to
the second block starts by setting BLKSW high which
allows the latching of BLKEN[1] prior to the change in
memory block address BLKADD[4:0] at T2. At T2, along
with the change in memory block address, XBLKSW is
set low, thereby floating VUB_TRI and preventing VUB
from being electrically coupled to unselected bit lines. At
T3, BLKEN[2] rises and the memory block enable signals
BLKEN[1] and BLKEN[2] are overlapped. Along with por-
tion of column decoder 806 selecting NVUB[1] for its un-
selected bit lines and portion of column decoder 808 se-
lecting NVUB[2] for its unselected bit lines, a conducting
path between the unselected bit lines in the first block
and the unselected bit lines in the second block is formed
and charge sharing occurs. The charge sharing enabled
by the electrical coupling of unselected control lines in
the first block and unselected control lines in the second
block corresponds to step 706 in Figure 7. The charge
sharing sends the voltage at node NVUB[1] lower and
the voltage at node NVUB[2] higher. At time T4, BLKSW
falls causing BLKEN[1] to fall at T5, thereby preventing
charge sharing between the first and second blocks. At
time T6, XBLKSW rises causing NVUB[2] to be biased
to VUB. NVUB[1] is pulled lower through a discharge
path not shown in Figure 8.
[0053] Referring to Figure 9B, BLKSW is raised at T1,
a time prior to the change in memory block address at
T2. After the change in memory block address, BLKEN[2]
goes high at T3 due to delay through the BLKEN latching
circuit. Since BLKSW was raised prior to the change in
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block address, both BLKEN[1] and BLKEN[2] are high
creating a charge sharing path between the unselected
bit lines in the first and second memory blocks. To prevent
any signal conflicts from occurring, XBLKSW falls at T2
prior to BLKEN[2] rising at T3, thereby floating VUB_TRI
prior to charge sharing. Similarly, BLKEN[1] falls at T5
prior to XBLKSW rising.
[0054] Figure 10 depicts a portion of memory bay 1000
for implementing a memory block switching technique.
Portion of memory bay 1000 includes a portion of a first
block 1080, a portion of a second block 1082, and a
charge transfer circuit 1040. Portion of a first block 1080
includes a first memory array 1002 and a portion of a first
row decoder 1006. The first memory array 1002 includes
bit lines 1091-1093, an unselected word line 1094, and
memory cells 1020 which can either be one-time or many-
time programmable memory cells. Portion of a first row
decoder 1006 includes a word line decoder formed by
transistors 1042 and 1044 and controlled by node
RSEL[1]. A full row decoder comprises a plurality of word
line decoders. The NMOS transistor 1044 couples node
XSELW[1] to unselected word line 1094 in first memory
array 1002. The PMOS transistor 1042 couples node
NVUW[1] to unselected word line 1094 in first memory
array 1002.
[0055] Portion of a second block 1082 includes a sec-
ond memory array 1004 and a portion of a second row
decoder 1008. The second memory array 1004 includes
bit lines 1096-1098, a word line 1095, and memory cells
1020 which can either be one-time or many-time pro-
grammable memory cells. Word line 1095 is floated when
second memory array 1004 is in an inactive state. Portion
of a second row decoder 1008 includes a word line de-
coder formed by transistors 1052 and 1054 and control-
led by node RSEL[17]. The NMOS transistor 1054 cou-
ples node XSELW[2] to word line 1095 in second memory
array 1004. The PMOS transistor 1052 couples node
NVUW[2] to word line 1095 in second memory array
1004. In one embodiment, first memory array 1002 and
second memory array 1004 include a plurality of word
lines and a plurality of bit lines. In another embodiment,
portion of a first row decoder 1006 and portion of a second
row decoder 1008 comprise a plurality of word line de-
coders. The bit lines 1096-1098 of second memory array
1004 may be biased to an unselected bit line voltage or
floated. The word line 1095 of second memory array 1004
may be biased to an inactive unselected voltage or float-
ed. Referring to Figure 3C, since BL3 is shared between
memory arrays 406 and 402, if memory array 406 is in
an active state and memory array 402 is in an inactive
state, then BL3 may be biased to the unselected bit line
voltage. Similarly, unselected bit lines 1091 and 1093
may be shared by both first memory array 1002 and sec-
ond memory array 1004.
[0056] Charge transfer circuit 1040 includes PMOS
transistors 1066, 1062, and 1064. PMOS transistor 1066
couples node VUW, biased to the unselected word line
voltage, to node VUW_TRI, which is a node that can ei-

ther be biased to a particular voltage or floated. PMOS
transistor 1062 couples node NVUW[1] to VUW_TRI and
is controlled by XBLKEN[1]. PMOS transistor 1064 cou-
ples node NVUW[2] to VUW_TRI and is controlled by
XBLKEN[2]. PMOS transistor 1066 couples node VUW
to VUW_TRI and is controlled by BLKSW.
[0057] During a memory operation, first memory array
1002, corresponding to portion of a first block 1080, is
initially in an active state (e.g., in a read state or a write
state) and its unselected word lines are biased to the
unselected voltage for word lines. Second memory array
1004, corresponding to portion of a second block 1082,
is initially in an inactive state. Charge transfer circuit 1040
can be operated in a fashion similar to that of charge
transfer circuit 840 in Figure 8 (described above) in order
to allow charge sharing to occur between the consecutive
activation of memory blocks. When BLKSW is high,
VUW, the unselected voltage for word lines, is prevented
from biasing VUW_TRI. Once both XBLKEN[1] and
XBLKEN[2] are overlapped low, charge sharing will occur
between the unselected word lines in memory arrays
1002 and 1004. Subsequently, XBLKEN[1] is raised and
the electrical coupling of the unselected word lines in
memory arrays 1002 and 1004 is prevented.
[0058] In one embodiment, memory arrays 1002 and
1004 depicted in Figure 10 correspond to memory arrays
406 and 408 depicted in Figure 3C, respectively. If mem-
ory array 406 is in an active state, then due to interleaving,
roughly half of the word lines are already biased to the
unselected word line voltage in memory array 408 since
word lines WL1, WL3, and WL5 are shared by both mem-
ory arrays 406 and 408.
[0059] The method of the present invention includes
setting a first group of non-volatile storage elements into
an active state, setting a second group of non-volatile
storage elements into an inactive state, each non-volatile
storage element of a subset of the second group of non-
volatile storage elements is coupled to one of a plurality
of second control lines and transitioning the second
group of non-volatile storage elements from the inactive
state to the active state. The setting a first group of non-
volatile storage elements into the active state includes
biasing a plurality of first control lines to one or more
unselected voltages. Each first control line is coupled to
a subset of the first group of non-volatile storage ele-
ments. The transitioning includes sharing charge be-
tween the plurality of first control lines and the plurality
of second control lines.
[0060] One embodiment includes decoding a read
command from a host, identifying a set of memory blocks
that contain the requested data to be read, setting a first
memory block into a read state, setting a second memory
block into an inactive state, and reading data from the
first memory block. The embodiment further includes
transitioning the first memory block into the inactive state
and the second memory block into the read state, reading
data from the second memory block, and outputting the
data read to the host. The transitioning includes sharing
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charge between the first memory block and the second
memory block.
[0061] One embodiment includes biasing a plurality of
first control lines, each first control line is coupled to a
respective subset of a first plurality of non-volatile storage
elements, floating a plurality of second control lines, each
second control line is coupled to a respective subset of
a second plurality of non-volatile storage elements, and
setting up read conditions for the second plurality of non-
volatile storage elements. The setting up read conditions
includes sharing charge between the plurality of first con-
trol lines and the plurality of second control lines.
[0062] The system of the present invention includes
non-volatile storage elements including a first set of the
non-volatile storage elements and a second set of the
non-volatile storage elements, a plurality of first control
lines, each first control line is coupled to a respective
subset of the first set of non-volatile storage elements, a
plurality of second control lines, each second control line
is coupled to a respective subset of the second set of
non-volatile storage elements, and a charge transfer cir-
cuit. The charge transfer circuit is coupled to both the
plurality of first control lines and the plurality of second
control lines. The charge transfer circuit comprises a first
switch, the first switch controls charge sharing between
the plurality of first control lines and the plurality of second
control lines while setting up read conditions for the sec-
ond set of non-volatile storage elements.
[0063] One embodiment includes a first memory block
comprising a plurality of first control lines, the first mem-
ory block set into a read state, a second memory block
comprising a plurality of second control lines, the second
memory block set into an inactive state, and a charge
transfer circuit coupled to both the plurality of first control
lines and the plurality of second control lines. The charge
transfer circuit controls charge sharing between the plu-
rality of first control lines and the plurality of second con-
trol lines during a transitioning of the second memory
block from the inactive state into the read state.
[0064] The foregoing detailed description of the inven-
tion has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. Many modi-
fications and variations are possible in light of the above
teaching. The described embodiments were chosen in
order to best explain the principles of the invention and
its practical application to thereby enable others skilled
in the art to best utilize the invention in various embodi-
ments and with various modifications as are suited to the
particular use contemplated. It is intended that the scope
of the invention be defined by the claims appended here-
to.

Claims

1. A method for operating a non-volatile storage sys-
tem, comprising:

setting (703, 753) a first group of non-volatile
storage elements into an active state, said set-
ting a first group of non-volatile storage elements
into said active state includes unselecting a plu-
rality of first control lines by biasing said plurality
of first control lines to one or more unselected
control line voltages, each first control line is
coupled to a subset of said first group of non-
volatile storage elements;
setting (703, 753) a second group of non-volatile
storage elements into an inactive state, each
non-volatile storage element of a subset of said
second group of non-volatile storage elements
is coupled to one of a plurality of second control
lines; and
transitioning (705-707, 755-757) said second
group of non-volatile storage elements from said
inactive state to said active state, said transition-
ing includes sharing charge (706, 756) between
said plurality of first control lines and said plu-
rality of second control lines.

2. A method according to claim 1, further comprising:

floating said plurality of second control lines
when said second group of non-volatile storage
elements is in said inactive state;
reading (708) data from said second group of
non-volatile storage elements when said second
group of non-volatile storage elements is in said
active state; and
outputting (709) said data read to a host.

3. A method according to claims 1 or 2, wherein:

said active state is a read state.

4. A method according to claims 1, 2 or 3, wherein:

said transitioning includes controlling a charge
transfer circuit (840, 1040), said charge transfer
circuit is coupled to both said plurality of first
control lines and said plurality of second control
lines, said charge transfer circuit comprises a
switch (866, 1066), said transitioning includes
turning off said switch during charge sharing to
prevent the electrical coupling of said one or
more unselected control line voltages to said
plurality of first control lines.

5. A method according to any of claims 1-4, wherein:

said first group of non-volatile storage elements
is part of a first memory block (880, 1080);
said second group of non-volatile storage ele-
ments is part of a second memory block (882,
1082), said first memory block and said second
memory block are in a common memory bay
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(800, 1000);
said plurality of first control lines comprise a plu-
rality of bit lines: and
said non-volatile storage elements comprise
two-terminal non-volatile memory cells.

6. A method according to any of claims 1-5, wherein:

said transitioning includes latching a first block
enable signal, said first block enable signal is an
input to a charge transfer circuit (840, 1040),
said charge transfer circuit is coupled to said
plurality of first control lines and to said plurality
of second control lines, said first block enable
signal controls the electrical coupling of said plu-
rality of first control lines to said plurality of sec-
ond control lines during said transitioning; and
said transitioning includes changing said first
group of non-volatile storage elements from said
active state to said inactive state.

7. A method according to any of claims 1-5, wherein:

said transitioning includes latching a first block
enable signal, said first block enable signal con-
trols a first switch (862, 1062), said first switch
controls the electrical coupling of said plurality
of first control lines to an intermediate node; and
said transitioning includes generating a second
block enable signal, said second block enable
signal controls a second switch (864, 1064), said
second switch controls the electrical coupling of
said plurality of second control lines to said in-
termediate node, said transitioning includes said
first block enable signal turning on said first
switch at the same time said second block en-
able signal turns on said second switch.

8. A non-volatile storage system, comprising:

non-volatile storage elements (820, 1020) in-
cluding a first set of said non-volatile storage
elements and a second set of said non-volatile
storage elements;
a plurality of first control lines (894, 1094), each
first control line is coupled to a respective subset
of said first set of non-volatile storage elements;
and
a plurality of second control lines (895, 1095),
each second control line is coupled to a respec-
tive subset of said second set of non-volatile
storage elements;
characterised in that said system is adapted
to set said first set of non-volatile memory ele-
ments into an active state, including unselecting
plurality of first control lines by biasing said plu-
rality of first control lines to one or more unse-
lected control line voltages prior to setting up

read conditions for said second set of non-vol-
atile storage elements;
and in that said system further comprises a
charge transfer circuit (840, 1040) coupled to
both said plurality of first control lines and said
plurality of second control lines, said charge
transfer circuit comprises a first switch, said first
switch controls charge sharing between said
plurality of first control lines and said plurality of
second control lines while setting up said read
conditions for said second set of non-volatile
storage elements.

9. The non-volatile storage system of claim 8, wherein:

said plurality of first control lines comprise a plu-
rality of unselected bit lines (894). said plurality
of unselected bit lines are unselected by biasing
said plurality of unselected bit lines to said one
or more unselected bit line voltages prior to said
setting up read conditions.

10. The non-volatile storage system of claims 8 or 9,
wherein:

said charge transfer circuit (840, 1040) compris-
es a second switch (866, 1066), said second
switch is turned off during charge sharing to pre-
vent the electrical coupling of one or more un-
selected control line voltages to said plurality of
first control lines.

11. The non-volatile storage system of claims 8, 9 or 10,
wherein:

said first set of non-volatile storage elements is
part of a first memory block (880, 1080);
said second set of non- volatile storage ele-
ments is part of a second memory block (882,
1082). said first memory block and said second
memory block are part of a common memory
bay (800, 1000); and
said first set of non-volatile storage elements
comprise two-terminal memory cells.

12. The non-volatile storage system of any of claims
8-11, further comprising:

a latch (904), said latch latches a first block en-
able signal associated with said first memory
block (880, 1080) during said setting up read
conditions, said first block enable signal controls
said first switch.

13. The non-volatile storage system of any of claims
8-12, wherein:

said plurality of first control lines comprise a plu-
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rality of unselected word lines (1094);
said plurality of second control lines are not bi-
ased to any voltage prior to said setting up read
conditions;
said setting up read conditions includes latching
a first block enable signal, said first block enable
signal controls said first switch, said first switch
controls coupling of said plurality of first control
lines to an intermediate node; and
said setting up read conditions includes gener-
ating a second block enable signal, said second
block enable signal controls a second switch,
said second switch controls coupling of said plu-
rality of second control lines to said intermediate
node, said setting up read conditions includes
said first block enable signal turning on said first
switch at the same time said second block en-
able signal turns on said second switch.

14. The non-volatile storage system of any of claims
8-13, wherein:

the non-volatile storage elements are arranged
in a monolithic three-dimensional memory array.

Patentansprüche

1. Verfahren zum Betreiben eines nichtflüchtigen Spei-
chersystems, umfassend:

Versetzen (703, 753) einer ersten Gruppe von
nichtflüchtigen Speicherelementen in einen ak-
tiven Zustand, wobei das Versetzen einer ersten
Gruppe von nichtflüchtigen Speicherelementen
in den aktiven Zustand das Abwählen mehrerer
erster Steuerleitungen durch Vorspannen der
mehreren ersten Steuerleitungen auf eine oder
mehrere Spannungen von abgewählten Steuer-
leitungen beinhaltet, wobei jede erste Steuerlei-
tung an eine Untermenge der ersten Gruppe von
nichtflüchtigen Speicherelementen gekoppelt
ist ;
Versetzen (703, 753) einer zweiten Gruppe von
nichtflüchtigen Speicherelementen in einen in-
aktiven Zustand, wobei jedes nichtflüchtige
Speicherelement einer Untermenge der zweiten
Gruppe von nichtflüchtigen Speicherelementen
an eine mehrerer zweiter Steuerleitungen ge-
koppelt ist ; und
Überführen (705-707, 755-757) der zweiten
Gruppe von nichtflüchtigen Speicherelementen
vom inaktiven Zustand in den aktiven Zustand,
wobei das Überführen das Teilen von Ladung
(706, 756) zwischen den mehreren ersten Steu-
erleitungen und den mehreren zweiten Steuer-
leitungen beinhaltet.

2. Verfahren nach Anspruch 1, ferner umfassend:

spannungsfrei Halten der mehreren zweiten
Steuerleitungen, wenn sich die zweite Gruppe
von nichtflüchtigen Speicherelementen im inak-
tiven Zustand befindet;
Lesen (708) von Daten von der zweiten Gruppe
von nichtflüchtigen Speicherelementen, wenn
sich die zweite Gruppe von nichtflüchtigen Spei-
cherelementen im aktiven Zustand befindet; und
Ausgeben (709) der gelesenen Daten an einen
Host.

3. Verfahren nach Anspruch 1 oder 2, wobei:

der aktive Zustand ein Lesezustand ist.

4. Verfahren nach Anspruch 1, 2 oder 3, wobei:

das Überführen das Steuern einer Ladungsü-
bertragungsschaltung (840, 1040) beinhaltet,
wobei die Ladungsübertragungsschaltung so-
wohl an die mehreren ersten Steuerleitungen
als auch die mehreren zweiten Steuerleitungen
gekoppelt ist, wobei die Ladungsübertragungs-
schaltung einen Schalter (866, 1066) umfasst,
wobei das Überführen das Abschalten des
Schalters während dem Teilen von Ladung be-
inhaltet, um das elektrische Koppeln der einen
oder mehreren Spannungen der abgewählten
Steuerleitungen an die mehreren ersten Steu-
erleitungen zu verhindern.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei:

die erste Gruppe von nichtflüchtigen Speicher-
elementen Teil eines ersten Speicherblocks
(880, 1080) ist;
die zweite Gruppe von nichtflüchtigen Speicher-
elementen Teil eines zweiten Speicherblocks
(882, 1082) ist, wobei der erste Speicherblock
und der zweite Speicherblock sich in einem ge-
meinsamen Speicherschacht (800, 1000) befin-
den;
die mehreren ersten Steuerleitungen mehrere
Bitleitungen umfassen; und
die nichtflüchtigen Speicherelemente zweipoli-
ge nichtflüchtige Speicherzellen umfassen.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei:

das Überführen das Zwischenspeichern eines
ersten Blockfreigabesignals beinhaltet, wobei
das erste Blockfreigabesignal eine Eingabe in
eine Ladungsübertragungsschaltung (840,
1040) ist, wobei die Ladungsübertragungs-
schaltung an die mehreren ersten Steuerleitun-
gen und die mehreren zweiten Steuerleitungen
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gekoppelt ist, wobei das erste Blockfreigabesi-
gnal das elektrische Koppeln der mehreren ers-
ten Steuerleitungen an die mehreren zweiten
Steuerleitungen während des Überführens
steuert; und
das Überführen das Ändern der ersten Gruppe
von nichtflüchtigen Speicherelementen vom ak-
tiven Zustand in den inaktiven Zustand beinhal-
tet.

7. Verfahren nach einem der Ansprüche 1 bis 5, wobei:

das Überführen das Zwischenspeichern eines
ersten Blockfreigabesignals beinhaltet, das ers-
te Blockfreigabesignal einen ersten Schalter
(862,1062) steuert, der erste Schalter das elek-
trische Koppeln der mehreren ersten Steuerlei-
tungen an einen Zwischenknoten steuert; und
das Überführen das Erzeugen eines zweiten
Blockfreigabesignals beinhaltet, wobei das
zweite Blockfreigabesignal einen zweiten
Schalter (864, 1064) steuert, wobei der zweite
Schalter das elektrische Koppeln der mehreren
zweiten Steuerleitungen an den Zwischenkno-
ten steuert, wobei das Überführen beinhaltet,
dass das erste Blockfreigabesignal den ersten
Schalter zu derselben Zeit einschaltet, zu der
das zweite Blockfreigabesignal den zweiten
Schalter einschaltet.

8. Nichtflüchtiges Speichersystem, umfassend:

nichtflüchtige Speicherelemente (820, 1020)
enthaltend eine erste Menge der nichtflüchtigen
Speicherelemente und eine zweite Menge der
nichtflüchtigen Speicherelemente;
mehrere erste Steuerleitungen (894, 1094), wo-
bei jede erste Steuerleitung an eine entspre-
chenden Untermenge der ersten Menge von
nichtflüchtigen Speicherelementen gekoppelt
ist; und
mehrere zweite Steuerleitungen (895, 1095),
wobei jede zweite Steuerleitung an eine ent-
sprechende Untermenge der zweiten Menge
von nichtflüchtigen Speicherelementen gekop-
pelt ist;
dadurch gekennzeichnet, dass das System
ausgelegt ist, die erste Menge von nichtflüchti-
gen Speicherelementen in einen aktiven Zu-
stand zu versetzen, einschließlich des Abwäh-
lens der mehreren ersten Steuerleitungen durch
Vorspannen der mehreren ersten Steuerleitun-
gen auf eine oder mehrere Spannungen der ab-
gewählten Steuerleitungen vor dem Einrichten
von Lesebedingungen für die zweiten Menge
von nichtflüchtigen Speicherelementen;
und dadurch, dass das System ferner eine La-
dungsübertragungsschaltung (840, 1040) um-

fasst, die sowohl an die mehreren ersten Steu-
erleitungen als auch die mehreren zweiten Steu-
erleitungen gekoppelt ist, wobei die Ladungsü-
bertragungsschaltung einen ersten Schalter
umfasst, wobei der erste Schalter das Teilen von
Ladung zwischen den mehreren ersten Steuer-
leitungen und den mehreren zweiten Steuerlei-
tungen während dem Einrichten von Lesebedin-
gungen für die zweite Menge von nichtflüchtigen
Speicherelementen steuert.

9. Nichtflüchtiges Speichersystem nach Anspruch 8,
wobei:

die mehreren ersten Steuerleitungen mehrere
abgewählte Bitleitungen (894) umfassen, wobei
die mehreren abgewählten Bitleitungen durch
Vorspannen der mehreren abgewählten Bitlei-
tungen auf eine oder mehrere Spannungen der
abgewählten Bitleitungen vor dem Einrichten
der Lesebedingungen abgewählt werden.

10. Nichtflüchtiges Speichersystem nach Anspruch 8
oder 9, wobei:

die Ladungsübertragungsschaltung (840, 1040)
einen zweiten Schalter (866, 1066) umfasst, wo-
bei der zweite Schalter während des Teilens von
Ladung abgeschaltet ist, um das elektrische
Koppeln einer oder mehrerer Spannungen der
abgewählten Steuerleitungen an die mehreren
ersten Steuerleitungen zu verhindern.

11. Nichtflüchtiges Speichersystem nach Anspruch 8, 9
oder 10, wobei:

die erste Menge von nichtflüchtigen Speichere-
lementen Teil eines ersten Speicherblocks ist
(880, 1080);
die zweite Menge von nichtflüchtigen Speicher-
elementen Teil eines zweiten Speicherblocks
(882, 1082) ist, wobei der erste Speicherblock
und der zweite Speicherblock Teil eines ge-
meinsamen Speicherschachts (800, 1000) sind;
und
die erste Menge von nichtflüchtigen Speichere-
lementen zweipolige Speicherzellen umfasst.

12. Nichtflüchtiges Speichersystem nach einem der An-
sprüche 8 bis 11, ferner umfassend:

einen Zwischenspeicher (904), wobei der Zwi-
schenspeicher ein mit dem ersten Speicher-
block (880, 1080) assoziiertes erstes Blockfrei-
gabesignal während des Einrichtens von Lese-
bedingungen zwischenspeichert, wobei das
erste Blockfreigabesignal den ersten Schalter
steuert.
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13. Nichtflüchtiges Speichersystem nach einem der An-
sprüche 8 bis 12, wobei:

die mehreren ersten Steuerleitungen mehrere
abgewählte Wortleitungen (1094) umfassen;
die mehreren zweiten Steuerleitungen vor dem
Einrichten von Lesebedingungen nicht auf eine
beliebige Spannung vorgespannt sind;
das Einrichten von Lesebedingungen das Zwi-
schenspeichern eines ersten Blockfreigabesig-
nals beinhaltet, wobei das erste Blockfreigabe-
signal den ersten Schalter steuert, wobei der
erste Schalter das Koppeln der mehreren ersten
Steuerleitungen an einen Zwischenknoten steu-
ert; und
das Einrichten von Lesebedingungen das Er-
zeugen eines zweiten Blockfreigabesignals be-
inhaltet, wobei das zweite Blockfreigabesignal
einen zweiten Schalter steuert, wobei der zweite
Schalter das Koppeln der mehreren zweiten
Steuerleitungen an den Zwischenknoten steu-
ert, wobei das Einrichten von Lesebedingungen
beinhaltet, dass das erste Blockfreigabesignal
den ersten Schalter zu derselben Zeit einschal-
tet, zu der das zweite Blockfreigabesignal den
zweiten Schalter einschaltet.

14. Nichtflüchtiges Speichersystem nach einem der An-
sprüche 8 bis 13, wobei:

die nichtflüchtigen Speicherelemente in einem
monolithischen dreidimensionalen Speicherar-
ray angeordnet sind.

Revendications

1. Procédé pour mettre en oeuvre un système de stoc-
kage non volatil, comprenant:

la mise (703, 753) d’un premier groupe d’élé-
ments de stockage non volatils dans un état ac-
tif, ladite mise d’un premier groupe d’éléments
de stockage non volatils dans ledit état actif in-
clut la désélection d’une pluralité de premières
lignes de commande en polarisant ladite plura-
lité de premières lignes de commande à une ou
plusieurs tensions de ligne de commande non
sélectionnée, chaque première ligne de com-
mande est reliée à un sous-ensemble dudit pre-
mier groupe d’éléments de stockage non
volatils ;
la mise (703, 753) d’un second groupe d’élé-
ments de stockage non volatils dans un état
inactif, chaque élément de stockage non volatil
d’un sous-ensemble dudit second groupe d’élé-
ments de stockage non volatils est relié à une
d’une pluralité de secondes lignes de

commande ; et
la transition (705-707, 755-757) dudit second
groupe d’éléments de stockage non volatils du-
dit état inactif audit état actif, ladite transition in-
clut le partage de la charge (706, 756) entre la-
dite pluralité de premières lignes de commande
et ladite pluralité de secondes lignes de com-
mande.

2. Procédé selon la revendication 1, comprenant en
outre :

la mise à l’état flottant de ladite pluralité de se-
condes lignes de commande lorsque ledit se-
cond groupe d’éléments de stockage non vola-
tils est dans ledit état inactif ;
la lecture (708) de données en provenance dudit
second groupe d’éléments de stockage non vo-
latils lorsque ledit second groupe d’éléments de
stockage non volatils est dans ledit état actif ; et
la sortie (709) desdites données lues vers un
hôte.

3. Procédé selon les revendications 1 ou 2, dans
lequel :

ledit état actif est un état de lecture.

4. Procédé selon les revendications 1, 2 ou 3, dans
lequel :

ladite transition inclut la commande d’un circuit
de transfert de charge (840, 1040), ledit circuit
de transfert de charge est relié tant à ladite plu-
ralité de premières lignes de commande qu’à
ladite pluralité de secondes lignes de comman-
de, ledit circuit de transfert de charge comprend
un commutateur (866, 1066), ladite transition in-
clut la mise à l’état bloquant dudit commutateur
pendant le partage de charge pour empêcher le
couplage électrique de ladite une ou plusieurs
tensions de ligne de commande non sélection-
née à ladite pluralité de premières lignes de
commande.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel :

ledit premier groupe d’éléments de stockage
non volatils fait partie d’un premier bloc de mé-
moire (880, 1080) ;
ledit second groupe d’éléments de stockage non
volatils fait partie d’un second bloc de mémoire
(882, 1082), ledit premier bloc de mémoire et
ledit second bloc de mémoire sont dans une baie
de mémoire commune (800, 1000) ;
ladite pluralité de premières lignes de comman-
de comprend une pluralité de lignes de bit ; et
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lesdits éléments de stockage non volatils com-
prennent des cellules de mémoire non volatiles
à deux bornes.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel :

ladite transition inclut le verrouillage d’un pre-
mier signal de validation de bloc, ledit premier
signal de validation de bloc est une entrée dans
un circuit de transfert de charge (840, 1040),
ledit circuit de transfert de charge est relié à la-
dite pluralité de premières lignes de commande
et à ladite pluralité de secondes lignes de com-
mande, ledit premier signal de validation de bloc
commande le couplage électrique de ladite plu-
ralité de premières lignes de commande à ladite
pluralité de secondes lignes de commande pen-
dant ladite transition ; et
ladite transition inclut le changement dudit pre-
mier groupe d’éléments de stockage non volatils
dudit état actif audit état inactif.

7. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel :

ladite transition inclut le verrouillage d’un pre-
mier signal de validation de bloc, ledit premier
signal de validation de bloc commande un pre-
mier commutateur (862, 1062), ledit premier
commutateur commande le couplage électrique
de ladite pluralité de premières lignes de com-
mande à un noeud intermédiaire ; et
ladite transition inclut la production d’un second
signal de validation de bloc, ledit second signal
de validation de bloc commande un second
commutateur (864, 1064), ledit second commu-
tateur commande le couplage électrique de la-
dite pluralité de secondes lignes de commande
audit noeud intermédiaire, ladite transition inclut
ledit premier signal de validation de bloc rendant
passant ledit premier commutateur en même
temps que ledit second signal de validation de
bloc rend passant ledit second commutateur.

8. Système de stockage non volatil, comprenant :

des éléments de stockage non volatils (820,
1020) incluant un premier ensemble de dits élé-
ments de stockage non volatils et un second en-
semble de dits éléments de stockage non
volatils ;
une pluralité de premières lignes de commande
(894. 1094), chaque première ligne de comman-
de est reliée à un sous-ensemble respectif dudit
premier ensemble d’éléments de stockage non
volatils ; et
une pluralité de secondes lignes de commande

(895, 1095), chaque seconde ligne de comman-
de est reliée à un sous-ensemble respectif dudit
second ensemble d’éléments de stockage non
volatils ;
caractérisé en ce que ledit système est conçu
pour mettre ledit premier ensemble d’éléments
de mémoire non volatils dans un état actif, in-
cluant la désélection de ladite pluralité de pre-
mières lignes de commande en polarisant ladite
pluralité de premières lignes de commande à
une ou plusieurs tensions de ligne de comman-
de non sélectionnée avant de paramétrer des
conditions de lecture pour ledit second ensem-
ble d’éléments de stockage non volatils ;
et en ce que ledit système comprend en outre
un circuit de transfert de charge (840, 1040) relié
tant à ladite pluralité de premières lignes de
commande qu’à ladite pluralité de secondes li-
gnes de commande, ledit circuit de transfert de
charge comprend un premier commutateur, ledit
premier commutateur commande le partage de
charge entre ladite pluralité de premières lignes
de commande et ladite pluralité de secondes
lignes de commande tout en paramétrant lesdi-
tes conditions de lecture pour ledit second en-
semble d’éléments de stockage non volatils.

9. Système de stockage non volatil selon la revendica-
tion 8, dans lequel :

ladite pluralité de premières lignes de comman-
de comprend une pluralité de lignes de bit non
sélectionnées (894), ladite pluralité de lignes de
bit non sélectionnées est non sélectionnée en
polarisant ladite pluralité de lignes de bit non
sélectionnées à ladite une ou plusieurs tensions
de ligne de bit non sélectionnée avant ledit pa-
ramétrage de conditions de lecture.

10. Système de stockage non volatil selon les revendi-
cations 8 ou 9, dans lequel :

ledit circuit de transfert de charge (840, 1040)
comprend un second commutateur (866, 1066),
ledit second commutateur est rendu bloquant
pendant le partage de charge pour empêcher le
couplage électrique d’une ou plusieurs tensions
de ligne de commande non sélectionnée à ladite
pluralité de premières lignes de commande.

11. Système de stockage non volatil selon les revendi-
cations 8, 9 ou 10, dans lequel :

ledit premier ensemble d’éléments de stockage
non volatils fait partie d’un premier bloc de mé-
moire (880, 1080) ;
ledit second ensemble d’éléments de stockage
non volatils fait partie d’un second bloc de mé-
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moire (882, 1082), ledit premier bloc de mémoire
et ledit second bloc de mémoire font partie d’une
baie de mémoire commune (800, 1000) ; et
ledit premier ensemble d’éléments de stockage
non volatils comprend des cellules de mémoire
à deux bornes.

12. Système de stockage non volatil selon l’une quel-
conque des revendications 8 à 11, comprenant en
outre :

un circuit de verrouillage (904), ledit circuit de
verrouillage verrouille un premier signal de va-
lidation de bloc associé audit premier bloc de
mémoire (880, 1080) pendant ledit paramétrage
de conditions de lecture, ledit premier signal de
validation de bloc commande ledit premier com-
mutateur.

13. Système de stockage non volatil selon l’une quel-
conque des revendications 8 à 12, dans lequel :

ladite pluralité de premières lignes de comman-
de comprend une pluralité de lignes de mot non
sélectionnée (1094) ;
ladite pluralité de secondes lignes de comman-
de n’est polarisée à aucune tension avant ledit
paramétrage de conditions de lecture ;
ledit paramétrage de conditions de lecture inclut
le verrouillage d’un premier signal de validation
de bloc, ledit premier signal de validation de bloc
commande ledit premier commutateur, ledit pre-
mier commutateur commande le couplage de
ladite pluralité de premières lignes de comman-
de à un noeud intermédiaire ; et
ledit paramétrage de conditions de lecture inclut
la production d’un second signal de validation
de bloc, ledit second signal de validation de bloc
commande un second commutateur, ledit se-
cond commutateur commande le couplage de
ladite pluralité de secondes lignes de comman-
de audit noeud intermédiaire, ledit paramétrage
de conditions de lecture inclut ledit premier si-
gnal de validation de bloc rendant passant ledit
premier commutateur en même temps que ledit
second signal de validation de bloc rend passant
ledit second commutateur.

14. Système de stockage non volatil selon l’une quel-
conque des revendications 8 à 13, dans lequel :

les éléments de stockage non volatils sont agen-
cés dans une matrice de mémoire tridimension-
nelle monolithique.
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