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HIGH SPEED, HIGH VOLTAGE TOLERANT CIRCUITS IN FLASH
PATH

RELATED APPLICATIONS

[0001] This application is an International Application of U.S. Patent Application
No. 14/859,134, filed September 18, 2015, which claims the benefit of U.S. Provisional
Application No. 62/175,974, filed on June 15, 2015, both of which are incorporated by

reference herein in their entirety.

BACKGROUND

[0002] Non-volatile memory devices are currently in widespread use in electronic
components that require the retention of information when electrical power is not
available. Non-volatile memory devices may include read-only-memory (ROM),
programmable-read-only memory (PROM), erasable-programmable-read-only memory
(EPROM), and electrically-erasable-programmable-read-only-memory (EEPROM)
devices. Some memory arrays utilize transistors and gate structures which may include a
memory element or charge storage layer. The charge storage layer may be programmed
to store data based on voltages applied to or received by the memory array.

[0003] Some memory systems use Silicon-Oxide-Nitride-Oxide-Silicon (SONOS)

devices as Non-Volatile (NV) storage elements in the NV EEPROM or Flash Memories.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present disclosure is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings.

[0005] Figure 1 is a block diagram illustrating a first non-volatile memory
system, according to an embodiment.

[0006] Figure 2 is a block diagram illustrating a second non-volatile memory

system, according to an embodiment.

[0007] Figure 3 illustrates non-volatile memory array, according to one
embodiment.

[0008] Figure 4 illustrates a global word line driver, according to one
embodiment.

[0009] Figure 5 illustrates a distributed word line driver, according to one
embodiment.

[0010] Figure 6 is a flow diagram illustrating a high voltage signal path that is

embedded within a low voltage signal path, according to one embodiment.

[0011] Figure7A illustrates a selected sector of a non-volatile memory array
during an erase operation, according to one embodiment.

[0012] Figure 7B illustrates a deselected sector of a non-volatile memory array
during an erase operation, according to one embodiment.

[0013] Figure 8A illustrates a selected sector of a non-volatile memory array
during a program operation, according to one embodiment.

[0014] Figure 8B illustrates a deselected sector of a non-volatile memory array

during a program operation, according to another embodiment.



WO 2016/204826 PCT/US2016/018525

[0015] Figure 9A illustrates a selected sector of a non-volatile memory array
during a read operation, according to one embodiment.

[0016] Figure 9B illustrates a deselected sector of a non-volatile memory array
during a read operation, according to another embodiment.

[0017] Figure 10 are tables illustrating voltage biases for erase, program, and
read operations performed on a non-volatile memory device , according to one
embodiment.

[0018] Figure 11 are tables illustrating voltage biases for positive margin read,
negative margin read, and read operations performed on a non-volatile memory device ,
according to one embodiment.

[0019] Figure 12 is a circuit schematic of common source line driver, according
to an embodiment.

[0020] Figure 13 is a circuit schematic of a column driver circuit, according to
one embodiment.

[0021] Figure 14 is a circuit schematic of an NS distributed driver and a signal
source, according to another embodiment.

[0022] Figure 15 is a circuit schematic for an SSEL biasing block, according to

another embodiment.
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DETAILED DESCRIPTION

[0023] High voltage (HV) signals and low voltage (LV) signals may be used in
the operation of non-volatile memory (NVM) devices, such as flash memory. HV signals
may be voltage signals that are above a highest voltage of a power supply of a NVM
device or below a lowest voltage of a ground supply of a NVM device. For example, HV
signals of 8.3 volts (V) may be required to program a NVM cell while the power supply
of the NVM device is around 1.2V(e.g., highest voltage). LV signals may be voltage
signals that are at or below a highest voltage of the power supply of the NVM device and
at or above a lowest voltage of the ground supply of the NVM device. In other words,
LV signals may be within a range of the power supply and all signals out of the range of
the power supply may be HV signals.

[0024] Some NVM arrays may use dedicated source line (DSL) architecture.
DSL architecture may include dedicated source lines for each column of NVM cells in an
NVM array (or each column of NVM cells in an NVM sector of an NVM array). DSL
architecture may dedicate a first path to HV signals and a second path to LV signals. The
paths are separate from one another and HV signals traverse a separate path than LV
signals. As separate, non-overlapping components may be dedicated to HV signals and
LV signals, the components may take up a large amount of space on the NVM device.
[0025] Common source line (CSL) architecture allows for shared source lines
between a plurality of rows and/or columns of NVM cells. For example, CSL
architecture may share a CSL between substantially all the NVM cells in a sector of NVM
cells. In other examples, CSL architecture may share a CSL between substantially all the

NVM cells in an NVM array, or one or more rows and/or two or more columns of NVM
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cells in an NVM sector or array. The implementation of CSL architecture allows for a
reduction of silicon area used for each memory cell.

[0026] CSL architecture allows for HV signals and LV signals to share at least a
portion of components. The HV signals traverse a path that is at least partially embedded
in a path that LV signals traverse. Thus, HV and LV signals may not traverse completely
separate paths and the sharing of at least some components between the overlapping HV
and LV signal paths may provide a further reduction in silicon area space for NVM.
[0027] Designers implementing CSL architecture in a memory device may need
to take additional care to control the application of high voltage signals and to maintain
the safe operation area (SOA) of the transistors.

[0028] The present disclosure addresses the above-mentioned and other
deficiencies of separate HV and LV signal paths that may utilize extra silicon area in an
NVM device.

[0029] In one embodiment, an NVM cell is coupled to a CSL shared with NVM cells of a
sector. An NVM cell may be a unit of memory capable of storing a single data value (e.g.
a single bit, such as a logical “0” or logical “17). A sector or NVM sector may be a block
of a NVM array containing a plurality of NVM cells (i.e., a plurality of rows of NVM
cells and a plurality of columns of NVM cells). A memory array may include one or
more sectors. A word line may be coupled to an NVM cell. The word line is propagated
based on an operation to be performed on the NVM cell. Examples of operation include
a read operation, a program operation, or an erase operation. A word line driver for rows
of the NVM cell includes two paths—one for fast-LV signals and another for slow-HV

signals. The first path, which is coupled to receive a first input voltage signal (e.g., fast-
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LV signal for a read operation), includes various components including transistors. One
of the transistors is coupled to the word line. The second path, which is coupled to
receive a second input voltage signal (e.g., fast HV signal for a program operation), also
includes various components including transistors. The second path includes at least the
one transistor that is coupled to the word line. Thus, at least a portion of the second path
is embedded within the first path.

[0030] HYV signals applied to some transistors in a NVM device may cause those
transistors to operate outside a safe operating area (SOA) which, in turn, may result in
damage to the transistors and the NVM device. Safe operating area may be defined by a
set of voltage differentials between the different terminals (e.g., gate to drain, gate to
source, gate to bulk, or source to drain) of a transistor that allow the transistor to meet
lifetime reliability specifications, and/or the set of voltage differentials between different
terminals of a transistor within which the transistor may be biased without damaging the
transistor. For example, in order to stay in the SOA, the gate-to-drain voltage of some
transistors may not exceed 3.6V. Great care must be taken by circuit designers to control
the application of HV signals in a NVM device to keep the transistors in the SOA and
avoid transistor damage.

[0031] Figure 1 is a block diagram illustrating a non-volatile memory system,
according to an embodiment. NVM system 100 may include a processing device 104
coupled to NVM device 102 via address bus 106, data bus 108, and control bus 110. It
will be appreciated by those skilled in the art that the NVM system 100 has been
simplified for the purpose of illustration, and not intended to be a complete description.

In particular, details of the processing device 104, row decoder 114, column decoder 118,
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sense amplifiers 122, and command and control circuitry 124, are not described in detail
herein. It should be appreciated that NVM system 100 may include all, some, or more
components than illustrated in Figure 1.

[0032] External power supply 150, also referred to as power supply, is coupled to
NVM device 102. External power supply 150 may be a power supply external to NVM
device 102 and may be used by NVM device 102 to generate HV signals that are above
the highest voltage of the external power supply 150 or below a lowest voltage of the
external ground supply 150. For example, external power supply 150 may supply
voltages around 1.2V. The HV signals may be below OV or above 1.2V. For purpose of
illustration, and not limitation, the following figures, with respect to HV signals, will be
described as having an external power supply voltage of 1.2V and an external ground
supply of OV, unless otherwise stated. It should be appreciated that different power
supply voltage ranges may also be provided, for example OV to 3V.

[0033] Processing device 104 may reside on a common carrier substrate such as,
for example, an integrated circuit (“IC”) die substrate, a multi-chip module substrate, or
the like. Alternatively, the components of processing device 104 may be one or more
separate integrated circuits and/or discrete components. In one exemplary embodiment,
processing device 104 is the Programmable System on a Chip (PSoC®) processing
device, developed by Cypress Semiconductor Corporation, San Jose, California.
Alternatively, processing device 104 may be one or more other processing devices known
by those of ordinary skill in the art, such as a microprocessor or central processing unit, a

controller, special-purpose processor, digital signal processor (“DSP”), an application
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specific integrated circuit (“ASIC”), a field programmable gate array (“FPGA”), or the
like.

[0034] NVM device 102 includes memory array 112, such as NVM array,
organized as rows and columns of non-volatile memory cells (not shown in this figure) as
described below. Memory array 112 is coupled to row decoder 114 and/or command and
control circuitry 124 via multiple select lines and read lines (at least one select line and
one read line for each row of the memory array). Memory array 112 is further coupled to
column decoder 118 via multiple bit lines 120 (one each for each column of the memory
array). Memory array 112 may be coupled to multiple sense amplifiers 122, via column
decoder 118, to read multi-bit words therefrom. NVM device 102 further includes
command and control circuitry 124 to receive signals from processing device 104 and
sends signals to row decoder 114, control column decoder 118, sense amplifiers 122,
control sector select circuit 140, and control HV signals applied to memory array 112.
Command and control circuitry 124 includes high voltage control circuitry 126 to
generate and control the HV signals for operation of NVM device 102, which may be
routed through high voltage control circuitry 126 to column decoder 118, sense amplifiers
122, and/or sector selector circuit 140. High voltage control circuitry 126 operates to
apply appropriate voltages, including HV signals and LV signals, to the memory cells
during read, erase, pre-program, and program operations.

[0035] Command and control circuitry 124 may be configured to select a first row
of memory array 112 for a program operation by applying a voltage to a first select line in
the first row and to deselect a second row of the memory array by applying another

voltage to a second select line in the second row. Command and control circuitry 124
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may be further configured to control column decoder 118 to select a memory cell in the
first row for programming by applying a voltage to a first bit line in a first column, and to
inhibit another memory cell in the first row from programming by applying another
voltage to a second bit line in a second column. Command and control circuitry 124, in
particular high voltage control circuitry 126, may be further configured to apply a voltage
to one or more common source lines that may be coupled to memory cells included in
memory cell array 112 as described below.

[0036] NVM device 102 may be a storage device configured to store data values
in various low-power and non-volatile contexts. For example, NVM device 102 may be
included in a small area flash memory which may be implemented in devices or systems
such as smart cards or bank cards. Accordingly, memory devices as disclosed herein,
such as NVM device 102, may be implemented to have a relatively small area which may
be fabricated using advanced processing nodes, such as a 65 nm node or lower.
Moreover, as discussed in greater detail below, NVM device 102 may include various
memory cells (not shown) configured to store data values. The memory cells may be
implemented with a common source line to reduce the overall footprint of each memory
cell. Each memory cell may also be compatible with Fowler-Nordheim programming
techniques.

[0037] Memory array 112 may include one or more NVM sectors, such as sector
A 131 though sector N 132. Each sector may have any number of rows and columns of
NVM cells, for example 4096 columns and 256 rows. Rows may include multiple NVM
cells arranged horizontally. Columns may include multiple NVM cells arranged

vertically. Memory array 112 may use a global bit line (GBL) shared by all the sectors of



WO 2016/204826 PCT/US2016/018525

memory array 112. Each column of memory array 112 may have a GBL. For example, a
particular GBL for column O shared by all of the sectors (e.g., sector A 131 through sector
N 132) will be coupled to each row of memory array 112 in column O of the selected
sector through the sector select circuit. The GBL is configured to provide HV signals to
the sectors of memory array 112 during program operations and erase operation, while
during read operations, the GBL is configured to provide LV signals.

[0038] Memory array 112 may use sector select circuit 140 to couple GBL to an
associated bit line (BL) of a column of a particular sector. Each column in a sector may
have an associated BL particular to that sector that is not shared by other sectors. Each
column in a sector may have a sector select circuit 140 to selectively couple the GBL to
the associated BL. For example, a sector select circuit 140 for column O of sector A 131
may be used as a switch to couple the voltage signal on GBL of column 0 of memory
array 112 to the BL for column O of sector A 131 during erase operations and program
operations. There may be a sector select circuit 140 for each of the Sector A 131 to
Sector N 132.

[0039] Memory array 112 may also use column decoder 118 to couple a column
of NVM cells in a sector to sense amplifiers 122 during a read operation. For example, a
column decoder 118 for column O of sector A 131 may be used as a switch to couple the
NVM cells of column O of sector A to sense amplifiers 122 during a read operation.
Sense amplifiers 122 may be attached to every sector or, in order to save area, they may
be shared by two adjacent sectors.

[0040] It should be appreciated that terms “rows” and “columns” of a memory

array are used for purposes of illustration, rather than limitation. In one embodiment,
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rows are conventionally arranged horizontally and columns are conventionally arranged
vertically. In another embodiment, rows and columns of memory array 112 may be
arranged in any orientation.

[0041] In one embodiment, a NVM cell may be a two transistor (2T) memory
cell. In a 2T memory cell, one transistor may be a memory transistor, while another
transistor may be a pass transistor. In other implementations the NVM cell may include
another number of transistors, such as a single memory transistor (1T). NVM cells, such
as NVM cell 701 and 704 of Figure 7A, will be discussed below in regards to at least
Figures 7A-9B.

[0042] Memory array 112 may be implemented using charge trapping memory
transistors. Charge trapping memory transistors may be implemented to utilize transistors
and gate structures that include a charge trapping layer. The charge trapping layer may be
an insulator that is used to trap charge. The charge trapping layer may be programmed to
store data based on voltages applied to or received by the memory array 112. In this way,
a memory array 112 may include various different NVM cells arranged in rows and
columns, and each NVM cell may be capable of storing at least one data value (e.g., bit).
Voltages may be applied to each of the NVM cells to program the NVM cell (e.g.,
program operation), erase the NVM cell (e.g., erase operation), or read the NVM cell
(e.g., read operation).

[0043] In one embodiment, the charge trapping memory transistors may be
implemented using different materials. One example of a charge trapping memory
transistor is a silicon-oxide-nitride-oxide-silicon (SONOS) type transistor. In a SONOS

type transistor, the charge trapping layer of the memory transistor may be a nitride layer,

11
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such as a layer of silicon nitride. Moreover, the charge trapping layer may also include
other charge trapping materials such as silicon oxy-nitride, aluminum oxide, hafnium
oxide, hafnium aluminum oxide, zirconium oxide, hafnium silicate, zirconium silicate,
hafnium oxy-nitride, hafnium zirconium oxide, lanthanum oxide, or a high-K layer. The
charge trapping layer may be configured to reversibly trap or retain carriers or holes
injected from a channel of the memory transistor, and may have one or more electrical
characteristics reversibly changed, modified, or altered based on voltages applied to
NVM cell. In another embodiment, different types of charge trapping memory transistors
may be used. For purposes of illustration, and not limitation, the operation of NVM cells
in the disclosure will be described with respect to a SONOS type transistor. It should be
appreciated that other types of NVM transistors may be implemented using the disclosure
herein.

[0044] Figure 2 is a block diagram illustrating a non-volatile memory system,
according to another embodiment. Circuit 200 is another NVM system in which the
current disclosure may operate.

[0045] Figure 3 illustrates non-volatile memory array, according to one
embodiment. The non-volatile memory array 300 includes various functional blocks and
respective (physical) locations of the functional blocks. A first sector 301-A includes a
Global Word Line Driver (GWLDRYV) 302, eight 256 x 512 arrays 304, four distributed
word line driver (WLDRVs) 306, and a high voltage row driver (HVRDRYV) 308. Each
of the array 304’s size is 256 rows by 512 columns. The array size provided is for
exemplary purposes and other array sizes may be used. For the first sector 301-A, the

total arrays combined have a total of 4096 columns. For each sector, one GWLDRYV 302

12
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provides signals to all other components. Each WLDRYV 306 performs operations for
adjacent 256 x 512 arrays 304. In an implementation, by performing operations for
adjacent arrays, each of the WLDRVs 306 may reduce their load instead of one WLDRV
306 performing operations for all arrays. The load of each of the WLDRYV 306 may be
reduced and thus, signals may propagate faster (as the arrays may be segmented). Each of
the WLDRYV 306 may have common inputs, however, the outputs of each WLDRV 306
are independent of each other. The GWLDRYV 302 is thus coupled to each of the
WLDRYV 306 in a sector and control each WLDRYV 306.

[0046] A first spine 303-A includes a set of sector select controls (SSCONTSs) 314 and
314. The first spine 303-A also includes a total of eight sector selects (SSEL 312), four
sense amplifiers (SAs) 318, two column drivers (CDRV) 310, and a SEC2CON 316. The
SEC2CON 316 is a sector X2 control. The SEC2CON 316 may be common for two
adjacent sectors, as shown in Figure 3. Controlling signals for the memory array may be
located in SEC2CON 316. The signal source in Figure 14 (described below) may be
located in SEC2CON 316. Additionally, the LV logic 408 block which generates the
RNG 414 signal and VNEG_C_S 514 (in Figures 4 and 5) are placed in SEC2CON 316.
The SSCONT 314 generates and provides control signals to SSEL 312.

[0047] Additional sectors 301-B, 301-C, ..., 301-N and spine 303-N are included
in the memory array 300. In an implementation, a total of eight sectors may be included
in the memory array 300. However, additional or fewer sectors and/or spines may be
included in the memory array 300. In the memory array 300, a spine separates a set of

sectors. In this embodiment, SA 318 can be shared between a pair of sectors 301.

13



WO 2016/204826 PCT/US2016/018525

[0048] In an implementation, HV signals are transmitted by an HV controller (not
shown). The HV controller receives the HV signals from Vpositive and Vnegative charge
pumps (not shown) and the HV controller distributes the HV signals. The HV controller
may be located on the topmost, rightmost corner of the non-volatile memory array 300.
The HV controller may communicate HV signals to HVRDRYV 308 in sector 301-A. The
HYV signals are transmitted from HVRDRYV 308 in sector 301-A to SSCONT 314 in spine
303A. The signal then propagates from SSCONT 314 to SSEL 312 in spine 303-A and
continues to propagate from the right to left within the array.

[0049] LV signals are transmitted by a LV controller (not shown). The LV
controller may be located at the bottommost, leftmost corner of the non-volatile memory
array 300. The LV controller may communicate LV signals to GWLDRYV 302 and to
CDRYV 310 in sectors 301-A, 301-B, ..., 301-N. The LV signals are transmitted from
GWLDRYV 302 in sector 301-A to WLDRYV 306 in sector 301A. Other LV signals are
transmitted from CDRYV 310 to SSEL 312 in spine 303-A and continue to propagate from
the left to right within the array. In an implementation spine 303 is also referred to as a
sector spine.

[0050] In an implementation, GWLDRYV 302 and one or more of WLDRYV 306
when combined together may form a word line driver for a pass transistor.

[0051] In an implementation, a maximum of 128 sense amplifiers in Figure 3 be
read at the same time.

[0052] Details regarding the GWLDRYV 302 are described in Figure 4. Details
regarding WLDRYV 306 are described in Figure 5. Details regarding SSEL 312 are

described in Figures 7A-9B. Details regarding CDRV 310 are described in Figure 13.
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[0053] Figure 4 illustrates a global word line driver, according to one
embodiment. GWLDRYV 302 may be one of the global word line drivers (GWLDRV)
302 depicted in Figure 3.

[0054] GWLDRY 302 includes a row logic decoder 402, a level shifter 404, high
voltage signal control circuitry 406, low voltage (LV) logic 408, and high voltage (HV)
logic 410. LV logic 408 generates a signal called GWLB 412. HV logic 410 generates a
signal called row N-gate control signal (RNG) 414. Each of signals GWLB 412 and
RNG 414 may be transmitted to Figure 5, as depicted. The double-lines in Figure 4
indicate that other components may be physically located in between GWLDRYV 302 and
WLDRYV 306 shown in Figure 5. Referring back to Figure 3, one or more components
such as array 304 or WLDRYV 306 may be physically located between GWLDRYV 302 in
Figure 4 and WLDRYV 306 in Figure 5. Even though other components may be placed in
between Figure 4 and Figure 5, signals GWLB 412 and RNG 414 are output by
GWLDRYV 302 and input into WLDRYV 306.

[0055] LV signals are input into the row logic decoder 402 and LV and HV
signals are input into the high voltage signal control circuitry 406. Command and control
circuitry 124 and high voltage control circuitry 126 in Figure 1 provides the LV signals
as input(s) to the row logic decoder 402 in Figure 4 if a L'V path is active. If an HV path
is active, the command and control circuitry 124 and high voltage control circuitry 126 in
Figure 1 provides the HV signals as input(s) to the high voltage signal control circuitry
406 in Figure 4. For the LV signal path, the signals travel through the row logic decoder
402, the level shifter 404, and the LV logic 408 before outputting to the circuitry in

Figure 5. The level shifter 404 is coupled to the LV logic 408 and the row logic decoder
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402. For an HV signal path, the signals travel through the high-voltage signal control
circuitry 406 and the HV logic 410 before outputting to the circuitry in Figure S. The
high-voltage signal control circuitry 406 is coupled to the HV logic 410. The row logic
decoder 402 is configured to output LV signals to the LV logic 408, via the level shifter
404. The high-voltage signal control circuitry 406 is configured to output HV signals to
the HV logic 410. In an implementation, a common line is shown between the row logic
decoder 402 and the high voltage control circuitry 406. The common line may be
optional, in an implementation. The inputs of the row logic decoder 402 and the high
voltage signal control circuitry 406 may have a commonality, but the commonality may
be at the inputs. The input at the common line will either propagate through a LV signal
path or a HV signal path. The input may have two different states and when the LV
signal state is active, the signal propagates the LV signal path and when the HV signal
state is active, the signal propagates the HV signal path. The command and control
circuitry 124 and high voltage control circuitry 126 in Figure 1 determines which path is
active (either a HV path or an LV path based on the signals transmitted to the row logic
decoder 402 or the high voltage control circuitry 406). The status of the inputs of either
the row logic decoder 402 or the high voltage control circuitry 406 may determine
whether a HV path or a LV path is active.

[0056] The command and control circuitry 124 and high voltage control circuitry
126 in Figure 1 may determine that a signal is HV if the signal is a voltage signal above a
highest voltage of a power supply of the NVM device 102 or below a lowest voltage of a
ground supply of the NVM device 102. The command and control circuitry 124 and high

voltage control circuitry 126 then provide the HV signal to the high voltage signal control
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circuitry 406 in Figure 4. HV logic 410 may propagate the HV signal on an appropriate
HYV signal path. If the signal is a voltage signal that is at or below a highest voltage of the
power supply of the NVM device 102 and at or above a lowest voltage of the power
supply of the NVM device 102, the command and control circuitry 124 and high voltage
control circuitry 126 may determine that the signal is LV. The command and control
circuitry 124 and high voltage control circuitry 126 then provide the LV signal to the row
logic decoder 402 in Figure 4. The level shifter 404, via LV logic 408, may propagate
the LV signal on an appropriate LV signal path.

[0057] If a LV signal is provided by the row logic decoder 402 to the level shifter
404, the level shifter boosts the LV signal from Vcc to Vboost range. The level shifter
404 then provides the boosted signal to LV logic 408. The output of the LV logic 408 is
the boosted signal, which is called GWLB. LV logic 408 prepares the GWLB signal for
submission to WLDRYV 306 in Figure 5.

[0058] If a HV signal is provided by the high voltage control circuitry 406 to the
HV logic 410, the HV logic 410 outputs the HV signal which is called RNG 414. HV
logic 410 prepares the RNG 414 signal for submission to the WLDRYV 306 in Figure 5.
[0059] Figure 5 illustrates a distributed word line driver, according to one
embodiment. Figure 5 includes transistors that may be 4-terminal transistors including a
gate, source, drain, and bulk. The transistors may be N-channel metal oxide
semiconductor field-effect transistors (nMOSFETSs or “NMOS”) or P-channel metal
oxide semiconductor field-effect transistors (pMOSFETs or PMOS”)

[0060] The distributed word line driver circuit in Figure 5 may be used in

conjunction with NVM device 102 implementing CSL architecture. In Figure 4, the LV
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logic 408 partly decodes low voltage (LV) signals (i.e., within the range of the ground
and power supply, e.g., 0V to 1.2V) and the HV logic 410 partly decodes high voltage
(HV) signals (out of range of the power supply).

[0061] The WLDRYV 306 receives at a fist input, the GWLB 412 signal and at a
second input, the RNG 414 signal. A first path (e.g., a fast-L'V path) is coupled to the
first input and a second path (e.g., a slow-HV path) is coupled to the second input. The
first input is configured to receive a fast-LV signal that propagates through the first path
to read a cell of NVM device 102. The second input is configured to receive a slow-HV
signal that propagates through the second path to program the cell.

[0062] In Figure 5, the WLDRYV 306 may be one of the distributed word line drivers
(WLDRYV) 306 depicted in Figure 3. The WLDRYV 306 includes an inverter 504, inverter
512, and an NMOS 1126. The WLDRYV 306 also includes an output word line (WL) 524.
Each of the inverters 504 and 512 include a complementary pair of MOSFETs. The
inverter 504 includes a PMOS 1127 and an NMOS 1120. The inverter 512 includes a
PMOS 1125 and an NMOS I121. In each of the inverters 504 and 512, the drains of each
set of NMOS and PMOS are coupled to each other. The drains of NMOS and PMOS in
the inverter 512 are also coupled to a source of the PMOS 1127 and a source of the
NMOS I126. The inverter 504 and the inverter 512 may also be referred to as
complementary metal-oxide semiconductors (CMOSs) having an NMOS and PMOS.
[0063] In the inverter 504, a source of the NMOS 1120 is coupled to vgnd 506. A
source of the PMOS 1127 is coupled to a VBST 510 signal. Thus, the inverter 504 is
biased by the VBST 510 signal and the vgnd 506 signal. A gate of the NMOS I120 as

well as a gate of the PMOS 1127 is coupled to the GWLB 412 signal. Both gates are also
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coupled to one another. A well of the NMOS 1120 is biased by vgnd 506. A well of the

PMOS 1127 is biased by the source of PMOS 1127, which is coupled to the VBST 510

signal.

[0064] In an implementation, the VBST 510 signal may be the internal power
supply.

[0065] In the inverter 512, a source of the NMOS 1121 is coupled to VNEG_C_S

514. A source of the PMOS 1125 is coupled to a node, ROW_OUT 522, which is also
coupled to the drain of the NMOS 1120, the drain of the PMOS 1127, and the drain of the
NMOS 1126. The inverter 512 is biased by VNEG_C_S 514 and ROW_OUT 522.
[0066] Both gates of the NMOS 1121 and PMOS 1125 are coupled to vgnd 506.
The gates may also be coupled to one another. A drain of the PMOS I125 may be
coupled to the WL 524. A drain of the NMOS 1121 is coupled to the WL 524. A source
of the NMOS 1121 is coupled to VNEG_C_S 514. A well of the NMOS 1121 is biased by
VNEG_C_S 514. A well of the PMOS I125 is biased by VBST 510.

[0067] A gate of NMOS 1126 is coupled to the RNG 414 signal. A source of
NMOS 1126 is coupled to WL 524. A well of the NMOS 1126 is biased by VNEG_C_S
514.

[0068] The WLDRYV 306 provides one driver (WLDRYV 306) for handling paths
taken by HV signals as well as LV signals.

[0069] In an implementation, a LV signal path includes the LV logic 408 in
Figure 4, and the inverter 504, the inverter 512, and the NMOS 1126 in Figure 5, where

an output is propagated on WL 524. A HV signal path includes the HV logic 410 in
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Figure 4, the inverter 512 and the NMOS 1126 in Figure 5, where an output is provided
on WL 524.

[0070] For the LV signal path, the GWLB 412 signal may be low for an operation
(such as a read operation) to be performed on a selected sector with an active word line.
No operation is performed on a deselected sector, or a selected sector where the word line
is not selected. Therefore, the GWLB 412 signal may be high. The RNG 414 signal may
be high for the operation performed on the selected sector, active word line or the
deselected sector or selected sector where the word line is not selected. The NMOS 1126
may also be on because the RNG 414 signal is high. However, for the operation
performed on the selected sector, active word line, VDS is at zero volts. For the
operation performed on the selected sector, active word line, PMOS 1127 is on, NMOS
1120 is off, PMOS 1125 is on and NMOS 1121 is off. For the operation performed on the
deselected sector or selected sector where the word line is not selected, PMOS 1127 is off,
NMOS 1120 is on, PMOS 1125 is off and NMOS 1121 is off. In both operations,
ROW_OUT 522 propagates to onto WL 524. Details regarding the propagation of
ROW_OUT 522 onto the WL 524 for the operation performed on the selected sector,
active word line and the operation performed on the deselected sector or selected sector
where the word line is not selected are described herein below.

[0071] The LV signal path in the WLDRYV 306 for LV signals is as follows. LV
signals propagate through the LV signal path which includes the inverter 504, the inverter
512, and the NMOS 1126. The output of the LV signal path is coupled to the WL 524.
[0072] For the HV signal path, the RNG 414 signal may be low for an operation

(such as a program operation) to be performed on a selected sector. For an operation to
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be performed on a deselected sector, the RNG 414 signal may be high. The GWLB 412
signal may be high for the operation performed on the selected sector or the deselected
sector. The NMOS 1126 for the operation performed on the selected sector is off while
the NMOS 1126 for the operation performed on the deselected sector is on. For the
program operation performed on the selected sector or the deselected sector, PMOS 1127
is off, NMOS 1120 is on, PMOS 1125 is off and NMOS 1121 is on. In the selected sector,
VNEG_C_S 514 propagates to onto WL 524. In the deselected sector, ROW_OUT 522
propagates to onto WL 524. Details regarding the propagation of ROW_OUT 522 or
VNEG_C_S 514 onto the WL 524 for the operation performed on the selected sector or
deselected sector are described herein below.

[0073] The HV signal path in the WLDRYV 306 for HV signals is as follows. HV
signals propagate through the HV signal path which includes at least the inverter 512 and
the NMOS I126. Therefore, the portion of the HV signal path that is embedded within
the LV signal path includes at least the inverter 512 and the NMOS 1126. However, when
HV signals propagate through the HV signal path, for both the operation on the selected
sector and deselected sector, ROW_OUT 522 (which is at the drain of both PMOS 1127
and NMOS 1120) is zero volts. The output of the HV signal path is coupled to the WL
524, via the NMOS 1121.

[0074] Described herein are details regarding operations received by the WLDRV
306 and outputs propagated on the WL 524 as a result of the operations. The operations
may be for LV signals for a selected sector with an active word line for a read operation,

LV signals for a deselected sector or selected sector where the word line is not selected
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for a read operations, HV signals for a selected sector for a program operation, and HV
signals for a deselected sector for a program operation.

[0075] In an example, if a read operation is to be implemented for a selected
sector with an active word line, the fast-LV signals may propagate on a fast-LV signal
path. LV signals may be input into the WLDRYV 306. The GWLB 412 signal, which is
low, is received by the WLDRYV 306 from the LV logic 408 in Figure 4. The RNG 414
signal is high. As the RNG 414 signal is high, the NMOS 1126 is on. The GWLB 412
signal is coupled to each of the gates of the PMOS 1127 and the NMOS 1120. The PMOS
1127 is on and the NMOS 1120 is off. Therefore, the VBST 510 signal, which is at the
source of the PMOS 1127, is coupled to the drain of the PMOS I127. Thus, the output of
the inverter 504 is the VBST 510 signal. ROW_OUT 522 is high/selected (and coupled
to the VBST 510 signal). In the inverter 512, the PMOS 1125 is on and the NMOS 1121
is off. Therefore, the drain of PMOS 1125 is coupled to ROW_OUT 522, which
propagates from the source of PMOS I125. Thus, the output of the inverter 512 is
ROW_OUT 522. Therefore, ROW_OUT 522 is propagated onto the WL 524 for the LV
signal path. Thus, the WL 524 is the VBST 510 signal. In an implementation, the VBST
510 signal may be 2.5V. Details regarding the outputs propagated onto the WL 524 are
described herein with respect to Figure 10, table 1001. The voltage ranges of signals are
described herein with respect to Figure 10, table 1003.

[0076] In an example, if a read operation is to be implemented for a deselected
sector or a selected sector where the word line is not selected, the fast-LV signals may
propagate on a fast-LV signal path as follows. LV signals may be input into the WLDRV

306. The GWLB 412 signal, which is high, is received by the WLDRYV 306 from the LV
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logic 408 in Figure 4. The GWLB 412 signal is coupled to the inverter 504. The RNG
414 signal is high and therefore both the GLWB 412 and the RNG 414 signals are high.
Thus, the PMOS 1127 is turned off and the NMOS 1120 in the inverter 504 is turned on.
Thus, the output of the inverter 504, which propagates to ROW_OUT 522, is zero volts.
Thus, ROW_OUT 522 is zero volts. In the inverter 512, VNEG_C_S 514 is at ground.
The PMOS 1125 is off and the NMOS 1121 is off. The PMOS 1125 is off because its gate
is zero volts and its source is also zero volts. The NMOS 1121 is off because its gate is
zero volts and its source is also zero volts. Thus, the output of the inverter 512 is tri-
stated. However, the NMOS 1126 is on because the RNG 414 signal at the gate of 1126 is
high. ROW_OUT 522 (which is zero volts as determined by the output of the inverter
504) is propagated onto WL 524 for the HV signal path for the deselected sector or
selected sector where a word line is not selected. Thus, the WL 524 is propagated by
ROW_OUT 522 which is zero volts.

[0077] In an example, if a program operation is to be implemented for a selected
sector, the slow-HV signals may propagate on a slow-HV signal path as follows. HV
signals may be input into the WLDRYV 306. The RNG 414 signal, which is low, is
received by WLDRYV 306 from the HV logic 410 in Figure 4. In the HV signal path, the
GLWB 412 signal is high and therefore, not selected and the RNG 414 signal is low. The
RNG 414 signal is coupled to the gate of the NMOS 1126. The PMOS 1127 is off and the
NMOS 1120 is on. Therefore, vgnd 506, which is at the source of NMOS 1120, is
coupled to the drain of NMOS 1120. Thus, the output of the inverter 504 is vgnd 506 or
ground (i.e., zero volts). The output of the inverter 504, ROW_OUT 522, is low (and

coupled to vgnd 506 or is at zero volts). Thus, ROW_OUT 522 is zero volts. In the
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inverter 512, the PMOS 1125 is off and the NMOS 1121 is on. The PMOS 1125 is off
because its gate to source is zero volts. The NMOS 1121 is on because its gate is zero
volts and its source is a negative value. For example, the source, VNEG_C_S 514, may
be -3.6V. Thus, the output of the inverter 512 is VNEG_C_S 514. Therefore, the drain
of the NMOS I121 is coupled to VNEG_C_S 514, which is at the source of the NMOS
I121. VNEG_C_S 514 will propagate on the WL 524. The NMOS 1126 is off because
the RNG 414 signal at the gate of 1126 is at -3.6V (i.e., is at VNEG_C_S 514).
VNEG_C_S 514, which is at the source of the NMOS 1126, is coupled to the drain of
NMOS I126. Therefore, VNEG_C_S 514 is propagated onto WL 524 for the HV signal
path for the selected sector. In an implementation, VNEG_C_S 514 may be -3.6V.
[0078] In an implementation of an NVM device using CSL architecture,
VNEG_C_S 514 is approximately at VNEG levels (e.g., -3.6V to -2.4V) during the
program operation of the selected sector, which may help eliminate the leakage through a
pass transistor. An example of a pass transistor 702 is described herein with respect to
Figures 7A-9B.

[0079] In an implementation, during program, the source of PMOS 1125 is pulled
to ground, as ROW_OUT 522 from the previous inverter 504 is pulled to ground. This
may provide protection during program from SOA, so the HV signal path may be SOA
error free. The transistors in the first and second path comply with the SOA requirements
for the transistors.

[0080] In an example, if a program operation is to be implemented for a
deselected sector, the slow-HV signals may propagate on a slow-HV signal path as

follows. HV signals may be input into the WLDRYV 306. The RNG 414 signal, which is
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high, is received by WLDRYV 306 from the HV logic 410 in Figure 4. In the HV signal
path, the GLWB 412 signal is also high and therefore, not selected and the RNG 414
signal is also high. The RNG 414 signal is coupled to the gate of the NMOS 1126. As
the GLWB 412 signal is high and therefore, not selected, the PMOS 1127 is turned off
and the NMOS 1120 in the inverter 504 is turned on. Thus, the output of the inverter 504
is zero volts. Thus, ROW_OUT 522 is zero volts. In the inverter 512, VNEG _C_S 514
is at ground voltage in a deselected sector. The PMOS 1125 is off and the NMOS 1121 is
off. The PMOS I125 is off because its gate is zero volts and its source is zero volts. The
drain of the NMOS 1121 is at vgnd level or zero volts. Thus, the output of the inverter
512 is tri-stated. The NMOS 1126 is on because the RNG 414 signal at the gate of 1126 is
high. ROW_OUT 522 (which is zero volts as determined by the output of the inverter
504) is propagated onto WL 524 for the HV signal path for the deselected sector. In an
implementation, ROW_OUT 522 may be zero volts.

[0081] In an implementation, when a signal is referred to as being “high”, the
signal may have a value of logic “1”. When a signal is referred to as being “low”, the
signal may have a value of logic “0”. For example, the GWLB 412 signal and the RNG
414 signal may be referred to as being “high” or “low.” A “high” signal and a “low”
signal may be represented as a binary number and differ from a high voltage (HV) signal
and a low (LV) signal, as defined above.

[0082] In an implementation, by embedding at least a portion of the path of the
HYV signals unto the path of the LV signals in the WLDRYV 306, the WLDRYV 306 may
achieve a speed that is optimal for both read and program paths. For example, the

WLDRYV 306 may achieve a speed of less than two nanoseconds during read. In the LV
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path, the WLDRYV 306 may include properly sized devices to toggle the GWLB 412
signal between the VBST 510 signal and the vgnd 506 signal, in the inverter 504. The
toggling may be less than two nanoseconds during read. Therefore, the fast-LV signal
reads the NVM cell, the slow-HV signal programs the NVM cell.

[0083] In an implementation, for the HV signal path, during a program operation,
the WLDRYV 306 propagates on the WL 524, VNEG_C_S 514, so that for a selected
sector, leakage from the pass transistor may be reduced or eliminated.

[0084] During an erase operation, for the selected sector, selected row and
deselected row and for the deselected sector, the vpwr is propagated to the WL 524.
Details regarding various operations and voltages propagated for WL 524 are shown
herein with respect to Figure 10.

[0085] As described above with respect to Figure 3, GWLDRYV 302 controls
multiple WLDRYV 306. In the depicted embodiment, GWLDRYV 302 controls four
WLDRYV 306. Each of the WLDRYV 306 may have common inputs, however, the outputs
of each WLDRYV 306 are independent of each other. The GWLDRYV 302 is thus coupled
to a first WLDRY 306, a second WLDRYV 306, a third WLDRY 306, and a fourth
WLDRYV 306 for each sector and the GWLDRYV 302 controls each (first, second, third,
and fourth) WLDRYV 306. In Figure 5, one WLDRYV 306 is shown. However, a second
WLDRYV 306 may include similar components as the first WLDRV 306 depicted in
Figure S.

[0086] Figure 6 is a flow diagram illustrating a high voltage (HV) signal path that
is embedded within a low voltage (LV) signal path, according to one embodiment. Each

of the HV or LV signals may be generated (by LV logic 408 or HV logic 410 in Figure 4)
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to perform an operation. The operations may include, for example, an erase operation, a
program operation, or a read operation. It should be appreciated that only some of the
voltage signals are described for a read and program operation. Additional voltage
signals for each operation are described in regards to Figures 10 and 11. Method 600
may be performed by the WLDRYV 306 in memory array 112, as shown in Figures 1, 2, 3,
and/or 5 and WLDRYV 306 may perform some or all the operations described herein.
[0087] Method 600 begins at block 610 where the WLDRYV 306 receives a first
input signal for a first path and a second input signal for as second path, where the first
and second input signals are to perform an operation on a NVM cell of a NVM device
102. The operation may be one of an erase operation, program operation, or read
operation.

[0088] Method 600 continues to block 620, where the WLDRYV 306 propagates
the first input signal to the first path. The WLDRYV 306 may propagate the first input
signal (GWLB 412) to the first path (LV path).

[0089] Method 600 continues to block 630, where the WLDRYV 306 propagates
the second input signal to the second path, where at least a portion of the second path is
embedded within the first path. The WLDRYV 306 may propagate the second input signal
(RNG 414) to the second path (HV path).

[0090] The first path (e.g., the LV path) includes the inverter 504, the inverter 512
and NMOS 1126. The second path (e.g., the HV path) includes the inverter 512. At least
the portion of the second path that is embedded within the first path includes the NMOS

1126 and/or the inverter 512.
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[0091] Method 600 continues to block 640, where the WLDRYV 306 outputs to a
word line a first output signal generated in view of the first input signal propagated on the
first path. The WLDRYV 306 outputs to WL 524, ROW_OUT 522 generated in view of
the GWLB 412 signal propagated on the LV path.

[0092] Method 600 continues to block 650, where the WLDRYV 306 outputs to the
word line, a second output signal generated in view of the second input signal propagated
on the second path. The WLDRYV 306 outputs to WL 524, VNEG_C_S 514 generated in
view of the RNG 414 signal propagated on the HV path.

[0093] In an implementation, transistors in the first path and in the second path
comply with safe operating area (SOA) requirements for transistors.

[0094] Figure 7A illustrates a selected sector of a non-volatile memory array
during an erase operation, according to one embodiment. NVM sector 700 illustrates the
various bias voltage levels applied to a selected sector during an erase operation. A
selected sector may be a sector of a memory array selected for a particular operation, in
this case for an erase operation. During an erase operation, one or more rows of NVM
cells of a sector may be erased to read a logical “0”. Also during an erase operation, one
or more rows of NVM cells of a selected sector may not be erased (e.g., deselected row of
selected sector).

[0095] NVM sector 700 contains two rows, a first row containing NVM cell 701
and a second row containing NVM cell 704. NVM sector 700 contains one column.
NVM sector 700 also contains sector select circuit 140 for the column. Each column of a
multi-column NVM sector may have a sector select circuit. Sector select circuit 140

includes three transistors 741, 742, 743. 1t should be appreciated that for purposes of
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illustration, and not for limitation, NVM sector 700 is shown with two rows and one
column. An NVM sector may include the same, more, or less rows and the same or more
columns than illustrated in Figure 7A. It should also be appreciated that for purposes of
illustration, and not for limitation, sector select circuit 140 is shown as part of an NVM
sector 700. In another example, sector select circuit 140 may not be part of NVM sector
700.

[0096] NVM sector 700 illustrates multiple horizontal (row) signal lines and
multiple vertical (column) signal lines. Horizontal signal lines include lines 730 (PSB),
731 (WLS), 732 (WL), 733 (WLS), 734 (WL), 735 (NS), 736 (CL), and 737 (Y).
Vertical signal lines include 738 (BL) and 739 (GBL). Another signal line, the common
source line (CSL) 740, is shared by all the NVM cells in NVM sector 700, including
NVM cell 701 and NVM 704 and additional columns and rows of NVM cells (not
shown) of the NVM sector 700. It should be appreciated that the voltages applied to the
signal lines, as illustrated in Figure 7A through Figure 9B, may be electrically coupled
to, applied by, controlled by, and/or sourced by high voltage control circuitry 126 of
Figure 1.

[0097] For purposes of illustration, and not for limitation, the external power
supply of NVM sector 700 1s OV to 1.2V. The high voltage rail (i.e., 1.2V) may vary
from 0.9V to 1.32V under certain conditions. It should be appreciated that the external
power supply 150 of the NVM sector 700 may be any voltage range or may be dependent
on the particular technology node. Also as illustrated, multiple HV signals may be
applied to NVM sector 700 to perform the erase operation. For example, WLS 731 is at

-3.6V, CSL 740 at 4.7V, BL is at 4.7V, SPW is at 4.7V, etc. It should be appreciated that
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high voltage control circuitry 126 controls the application of the various HV signals (and
LV signals) so as to keep the transistors of the NVM sector 700 in SOA.

[0098] NVM sector 700 includes multiple transistors. The transistor of NVM
sector 700 may be 4-terminal transistors including a gate, source, drain, and bulk. NVM
cell 701 and NVM cell 704 are 2T memory cells including a pass transistor (i.e., 702 and
705) and a memory transistor (703 and 706). Pass transistors 702 and 705 may be N-
channel metal oxide semiconductor field-effect transistors (nMOSFET) where the source
of the pass transistors is coupled to CSL 740.

[0099] The memory transistors 703 and 706 may be NVM transistors, such as
charge trapping memory transistors. Memory transistors 703 and 706 are illustrated
having a shaded oxide layer as the gate. The drains of memory transistors 703 and 706
are coupled to BL 738. The pass transistors, such as pass transistors 702 and 705, and the
transistors of sector select circuit 140 usually of a lower SOA than the memory
transistors. The HV signals used for the operation of the memory transistors may exceed
the SOA for at least the aforementioned transistors.

[00100] Sector select circuit 140 includes three transistors. Transistor 741 is P-
channel metal oxide semiconductor field-effect transistor (pMOSFET) where the drain is
coupled to GBL 739 and the source is coupled to BL 738. Transistor 742 is an
nMOSFET where the drain is coupled to GBL 739 and where the source is coupled to B
738. Transistor 743 is an nMOSFET where the drain is coupled to BL 738, the gate is
coupled to Y 737, and where the source is coupled to CL 736. During an erase operation
of a selected sector, transistor 741 of sector select circuit 140 is switched to on so that the

voltage signal on GBL 739 is coupled to BL 738.
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[00101] In one embodiment, the transistors of sector select circuit 140 are extended
drain transistors. Extended drain transistors have an additional implant (either an N-type
dopant for an nMOSFET or a P-type dopant for pMOSFET) in the drain making the drain
longer and the transistor no longer symmetrical. Extended drain transistors may be
illustrated by having a rectangle located in the drain of the transistor, as illustrated in
Figure 7A. An extended drain transistor may be able to withstand a higher voltage
differential (than a non-extended drain transistor) between the terminals of extended drain
transistor, when the transistor is off. For example, an extended drain 5V transistor (DES)
or an extended drain 9V transistor (DE9) may withstand voltages of 5V or 9V,
respectively, between the drain and source, the gate and drain, but not between the gate
and source. A MOSFET without an extended drain, such as pass transistor 702 and 705,
may only be able to withstand a voltage differential of roughly 3.6V between any of the
transistor’s terminals, for example. An extended drain transistor may have a higher SOA
when off because the extended drain transistor may be able to withstand higher voltage
differentials across particular terminals, as described above. However when turned on,
the extended drain transistor may have an SOA with lower voltage differentials (e.g.,
3.6V).

[00102] In another embodiment, one or more of the transistors of sector select
circuit 140 may be implemented using cascoded transistors biased to protect the circuit
for overvoltage stress while maintaining SOA. In still another embodiment, the
transistors of sector select circuit 140 may be implemented using transistors using a
thicker gate oxide capable of supporting high direct voltages, such as 4.7V. Transistors

using a thicker gate oxide may be implemented with a process using a third gate oxide.
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However this would require a more complicated technology which would allow a third
gate oxide layer.

[00103] During an erase operation to erase a memory cell of a row of a selected
sector, an HV signal of 4.7V is applied to CSL 740 by high voltage control circuitry 126.
The HV signal of 4.7V is above the 1.2V high-rail of the power supply, such as external
power supply 150. Also during the erase operation, the gate of memory transistor 703 is
coupled to WLS and a voltage potential of -3.6V, which is below the OV low-rail of the
ground supply. The voltage differential between the gate relative the bulk of memory
transistor 703 is at a -8.3V, which causes holes to be injected from the channel into the
charge trapping layer of memory transistor 703. The erase of memory transistor 703
causes memory cell 701 to read a logical “0.” During the erase operation, NVM cell 704
is not erased as the row has been deselected and the voltage between the gate and bulk of
memory transistor 706 is OV.

[00104] It should be appreciated that some of the different voltage levels and
electrical connections illustrated in Figures 7A through 9B may not be described herein.
A person of reasonable skill in the art would be able to determine the different voltage
levels and electrical connections in view of the Figures herein, in particular Figures 7A
through 9B. Further, it should also be appreciated that, apart from the relative voltage
levels of different signal lines, the description with respect to Figure 7A applies to
Figures 7B through 9B, unless otherwise described.

[00105] Figure 7B illustrates a deselected sector of a non-volatile memory array
during an erase operation, according to one embodiment. During an erase operation on a

deselected sector, the NVM memory cells of the deselected sector are not erased. As
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illustrated, the voltage differential between the gate to bulk, gate to drain and gate to
source for memory transistor 703 and 706 are at OV, which does not materially alter the
charge distribution in the charge trapping layer of the memory transistor 703 and 706.
[00106] Figure 8A illustrates a selected sector of a non-volatile memory array
during a program operation, according to one embodiment. During a program operation
on a selected sector 800, one or more NVM cells of a selected row may be programed to a
logical “1” while the remaining NVM cells on the selected row may be inhibited from
being programmed and remain erased. The NVM cells of deselected rows may be
prevented from changing previously stored data values. A write operation may include
both an erase operation and a program operation.

[00107] In NVM sector 800, NVM cell 701 is illustrated as being a selected row
and being programmed or inhibited during a program operation. During programing
mode, to program NVM cell 701, sector select circuit 140 controls the voltage on BL 738
to be -3.6V. During programming mode, to inhibit NVM cell 701, sector select circuit
140 controls the voltage of BL 738 to be 1.2V. Inhibit refers to preventing an erased
NVM cell (e.g., logical “0”) from becoming programmed (e.g., logical “1”) during a
program operation. NVM cell 704 is illustrated as being a deselected row during a
program operation.

[00108] During a program operation to program NVM cell 701, an HV signal of
4.7V is applied to WLS 731 which is coupled to the gate of memory transistor 703. GBL
739 is coupled to HV signal of -3.6V and transistor 742 of sector select circuit 140 turns
on to couple the -3.6V on the GLB 739 to BL 738. The voltage across the gate relative

the bulk and drain of memory transistor 703 is 8.3V. The 8.3V differential injects
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electrons from the channel of memory transistor 703 into the charge trapping layer which
causes memory transistor 703 to be programmed to a logical “1.” Also during the
program operation to program NVM cell 701, an HV signal of -3.6V is applied to WL
732 which is coupled to the gate of pass transistor 702. An HV signal of -2.4V is applied
to CSL 740 which is coupled to the source of pass transistor 702.

[00109] During the program operation, NVM cell 701 may be inhibited rather than
programmed. To inhibit NVM cell 701 during a program operation, sector select circuit
140 opens (i.e., transistor 741 is turned on) which couples a voltage signal of 1.2V from
GBL 739 to BL 738. It should be appreciated that high voltage control circuitry 126
applies the either -3.6V or 1.2V to GBL 739 dependent on the determination of whether
to program or inhibit NVM cell 701.

[00110] Figure 8B illustrates a deselected sector of a non-volatile memory array
during a program operation, according to another embodiment. During program
operation on a deselected sector, the NMV memory cells of the deselected sector are not
programmed and the data values remain unchanged. As illustrated, the voltage
differentials between the gate and bulk of memory transistor 703 and 706 are at zero
volts, which does not materially alter the charge distribution in the charge trapping layer
of the memory transistor 703 and 706.

[00111] Figure 9A illustrates a selected sector of a non-volatile memory array
during a read operation, according to one embodiment. During a read operation of a
selected sector, the logical values of one or more NVM cells may be read. During a read
operation of a selected sector, the gates of the memory transistors 703 and 706 may be

grounded. An erased memory transistor may have a current flow during the read
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operation. The current is sensed by sense amplifiers 122, which registers a logical “0” for
the particular NVM cell. A programmed transistor has substantially no current flowing
during a read operation. Sense amplifiers 122 will sense substantially no current from the
programmed NVM cell and register a logical “1” for the particular NVM cell.

[00112] During the read operation of NVM cell 701, an HV signal of 2.5V may be
applied to WL 732 and coupled to the gate of pass transistor 702, while OV may be
applied to CSL 740. OV may also be applied to WLS 731 coupled to the gate of memory
transistor 703. Sector select circuit 140 turns on transistor 743, by applying an HV signal
of 2.5V to signal line Y 737. Transistor 743 opens which allows current to flow to CL
736 and be sensed by sense amplifiers 122. Voltage on BL 738 may fluctuate from OV to
0.6V, depending on whether the read NVM cell is a logical “0” or “1.”

[00113] Figure 9B illustrates a deselected sector of a non-volatile memory array
during a read operation, according to another embodiment. No NVM cells are read from
a deselected sector during a read operation.

[00114] Figure 10 are tables illustrating voltage biases for erase, program, and
read operations performed on a non-volatile memory device , according to one
embodiment. Table 1001 illustrates the row-based voltage signals and the associated
signal lines for memory array 112 using CSL architecture. Table 1001 provides the
voltage signals for different operations, such as an erase operation, program operation,
and read operation, to be provided to a selected row of a selected sector, a deselected row
of a deselected sector, and the rows of a deselected sector. Table 1002 illustrates column-
based voltage signals and the associated signal lines for memory array 112 using CSL

architecture. Table 1002 provides the voltage signals for different operations, such as an
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erase operation, program operation, and read operation. In regards to an erase operation,
table 1002 proves voltage signals for columns of a selected sector and deselected sector.
In regards to a program operation, table 1002 provides voltage signals for a column of a
selected sector that is to be programmed or inhibited, and a column of a deselected sector.
In regards to a read operation, table 1002 provides voltage signals for a selected column
of a selected sector, a deselected column of a selected sector, and columns of a deselected
sector. Table 1003 illustrates the various voltage ranges of the voltage signals provided
in the preceding tables. It should be appreciated that the voltage ranges are provided for
illustration, rather than limitation, and that different voltage ranges be used. In addition,
tables 1001, 1002, 1003 illustrate a table form of at least some of the voltage signals
illustrated with respect Figures 7A through 9B.

[00115] Figure 11 are tables illustrating voltage biases for positive margin read,
negative margin read, and read operations performed on a non-volatile memory device ,
according to one embodiment.

[00116] Table 1101 illustrates the row-based voltage signals and the associated
signal lines for memory array 112 using CSL architecture. Table 1101 provides the
voltage signals for different operations, such as a positive margin read operation, negative
margin read operation, and read operation, to be provided to a selected row of a selected
sector, a deselected row of a selected sector, and the rows of a deselected sector. Margin
mode read (e.g., positive or negative) may be a read operation during which a VMARG
value is applied on a gate of a transistor (e.g., a SONOS transistor) in order to measure
the VTe or VTp of the transistor device. Table 1102 illustrates column-based voltage

signals and the associated signal lines for memory array 112 using CSL architecture.
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Table 1102 provides the voltage signals for different operations, such as a positive margin
read, negative margin read, and read operation, to be provided to a selected column of a
selected sector, a deselected column of a selected sector, and the columns of a deselected
sector. Table 1103 illustrates the various voltage ranges of the voltage signals provided
in the preceding tables. It should be appreciated that the voltage ranges are provided for
illustration, rather than limitation, and that different voltage ranges be used. In addition,
tables 1101, 1102, and 1103 illustrate a table form of at least some of the voltage signals
illustrated with respect Figure 5.

[00117] Figure 12 is a circuit schematic of common source line driver, according
to an embodiment. Circuit 1200 is described herein with respect to the tables in Figure
10. Based on the bias levels shown in table 1001 in Figure 10, the signal CSL needs to
be at VPOS during erase (up to 4.7V). Device N2 in circuit 1200 may be a DES device to
meet the SOA requirements. In an implementation, if device N2 is to be driven by a
Vpwr based signal (e.g., 0.9-1.32V), its width may be ten times larger in order to achieve
less than 20mV VDS drop under a 0.5mA current. Therefore, the N2 device may be
driven by a VDD signal. The gate of the N2 device, the signal labeled NG2, may be at
VDD levels (e.g., 1.6-3.6V) during read operation, at vgnd during erase, or at CSL (e.g.,
around -2.4V) during program.

[00118] Other positive HV level shifters may take the Vpwr based control signal
(e.g., in the 0/1.2V range) to vlo/VPOS (e.g., in the 1.2/4.7V range). The positive HV
level shifter may take the Vpwr based control signal (e.g., in the 0/1.2V range) either to a
first voltage (e.g., in the 0/1.6-3.6V range) during read or to vgnd (e.g., OV) during erase

and CSL=VNEG3 (-2.8V -2.1V) during program operation.
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[00119] Figure 13 is a circuit schematic of a column driver circuit, according to
one embodiment. In circuit 1300, a column select signal Y may need to switch quickly
(fast) during read operation in order to select/deselect the proper columns. By changing
the polarity of the column select signal to Y, the need for a negative boosting circuit may
be eliminated. The column select may use the same positive boost level as the wordline
driver: VBST, therefore the NGATE and PGATE signals which may drive the inverter
plra/I8 are level shifted at VBST level for fast access (<2ns) during read.

[00120] In an implementation, a secondary access path may realized through I7 for
which the signal ngy biased at vhi levels, allowing to pass VNEG_C_S during program.
[00121] In an implementation, during an erase operation, for deselected sectors, the
signal VPLUS_S gets VPOS levels and may allow the required VPOS (in table 1001 in
Figure 10) to be brought on the Y lines.

[00122] In an implementation, the HV Level shifters may use a latch structure and
the two branches of the latch can be made asymmetrical in order to increase the speed
while keeping the area small. The right branches driving PGATE and NGATE used to
further drive signal Y are three times larger than the left branches. In an implementation,
the circuit on the left and the middle may be referred to as level shifters. In the
implementation of Figure 13, a distributed driver may not be needed.

[00123] Figure 14 is a circuit schematic of an NS distributed driver and a signal
source, according to another embodiment. In circuit 1400, the NS distributed driver (on
the right) is another cell for which a HV path was embedded into a LV path. The devices

biased by signal NS are ON for the deselected sectors in order to keep BL at vgnd level
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via the GBL signal. When accessing the sector for read, NS needs to be deselected so the
memory cell can be connected to the Bitline (see table 1102 in Figure 11).

[00124] For NS, a split architecture is depicted in which a source section partly
decodes LV and HV signals followed by a distributed driver to achieve a particular speed
(<2ns from ssel switch to NS at the cell).

[00125] In an implementation, the LV path may use properly sized devices in order
to be able to toggle the ns_in, where the NS signal may be between vcc and vgnd levels in
less than 2ns. Three different signals (ns_in_vsp, VDN and NS_NG1) may be needed to
provide the biases for the HV path (slow): VHI or VNEG during a program operation and
VLO during an erase operation.

[00126] The ns_in, ns_in_vsp, VDN and NS_NG1 signals may drive a distributed
NS driver placed within the memory array on the same pitch with WLDRYV block 306 (in
Figure 2). In an implementation, by reducing the load driven by each distributed driver,
a speed improvement may be achieved when compared to a single point placed driver.
[00127] Figure 15 is a circuit schematic for an SSEL biasing block, according to
another embodiment. Circuit 1500 may use a larger equivalent device, as compared to
other devices, to connect between BL and CL to improve the read time and a longer
equivalent device to reduce the GBL-BL leakage for the unselected blocks. This may
help minimize the current which may be delivered by the negative pump (VNEG),
leading to a smaller area for the flash macro. In an implementation, a larger width

provides for more drive capabilities and less voltage drop.
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[00128] In an implementation, the circuit 1500 can share the same positive boosted
signal used by WL (VBST). The mix of the HV (slow) paths into the read (fast) paths
may be used in other HV applications. Thus, the paths not tied to the NV type memories.
[00129] In an implementation, by embedding the HV (slow) path within the LV
(fast) read path, while maintaining the SOA reliability requirements, a CSL SONOS
memory cell may be used. The CSL SONOS memory cell is 32% smaller than the DSL
version for a same or similar technology node.

[00130] Embodiments of the present invention include various operations
described herein. These operations may be performed by hardware components,
software, firmware, or a combination thereof.

[00131] Certain embodiments may be implemented as a computer program product
that may include instructions stored on a non-transitory machine-readable medium.

These instructions may be used to program a general-purpose or special-purpose
processor to perform the described operations. A machine-readable medium includes any
mechanism for storing or transmitting information in a form (e.g., software, processing
application) readable by a machine (e.g., a computer). The machine-readable medium
may include, but is not limited to, magnetic storage medium (e.g., floppy diskette);
optical storage medium (e.g., CD-ROM); magneto-optical storage medium; read-only
memory (ROM); random-access memory (RAM); erasable programmable memory (e.g.,
EPROM and EEPROM); flash memory; or another type of medium suitable for storing
electronic instructions.

[00132] Additionally, some embodiments may be practiced in distributed

computing environments where the machine-readable medium is stored on and/or
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executed by more than one computer system. In addition, the information transferred
between computer systems may either be pulled or pushed across the communication
medium connecting the computer systems.

[00133] Although the operations of the methods herein are shown and described in
a particular order, the order of the operations of each method may be altered so that
certain operations may be performed in an inverse order or so that certain operation may
be performed, at least in part, concurrently with other operations. In another
embodiment, instructions or sub-operations of distinct operations may be in an
intermittent and/or alternating manner. The terms "first," "second," "third,"” "fourth," etc.
as used herein are meant as labels to distinguish among different elements and may not
necessarily have an ordinal meaning according to their numerical designation.

[00134] The above description sets forth numerous specific details such as
examples of specific systems, components, methods, and so forth, in order to provide an
understanding of several embodiments of the present invention. It may be apparent to
one skilled in the art, however, that at least some embodiments of the present invention
may be practiced without these specific details. In other instances, well-known
components or methods are not described in detail or are presented in simple block
diagram format in order to avoid unnecessarily obscuring the present invention. Thus, the
specific details set forth are merely exemplary. Particular implementations may vary
from these exemplary details and still be contemplated to be within the scope of the

present invention.
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CLAIMS

What is claimed is:
1. A circuit comprising:
a word line coupled to a non-volatile memory (NVM) cell;
a first path comprising a first inverter and a transistor, the transistor coupled to
the word line, the first path coupled to receive a first input voltage signal; and
a second path comprising at least the transistor coupled to the word line,
wherein at least a portion of the second path is embedded within the first path, the second

path coupled to receive a second input voltage signal.

2. The circuit of claim 1, wherein the portion of the second path embedded

within the first path further comprises a second inverter.

3. The circuit of claim 2, wherein each of the first inverter and the second
inverter comprises a respective pair of metal-oxide-semiconductor field-effect transistors

(MOSFETS).

4. The circuit of claim 2, wherein:
the transistor comprises a first metal-oxide-semiconductor field-effect
transistor (MOSFET) comprising a first gate, a first well, a first source, and a first drain;

the first inverter comprises:

42



WO 2016/204826 PCT/US2016/018525

a second MOSFET comprising a second gate, a second well, a
second source, and a second drain coupled to the first drain, and

a third MOSFET comprising a third gate coupled to the second
gate, a third well, a third source, and a third drain coupled to the second
drain and the first drain;

the second inverter comprises:

a fourth MOSFET comprising a fourth gate, a fourth well, a fourth
source, and a fourth drain coupled to the first source and to the word line,
and

a fifth MOSFET comprising a fifth gate, a fifth well, a fifth source
coupled to the first drain, the second drain, and the third drain, and a fifth

drain coupled to the first source and to the word line;

wherein the first, second, and fourth MOSFETSs each comprises an N-channel
MOSFET (NMOS), and wherein the third and fifth MOSFETSs each comprises a P-

channel MOSFET (PMOS).

5. The circuit of claim 1, wherein the first input voltage signal is a fast-low-
voltage signal that reads the NVM cell, and wherein the second input voltage signal is a

slow-high-voltage signal that programs the NVM cell.

6. The circuit of claim 1, further comprising:
a global word line driver (GWLDRYV) coupled to, and controlling the word

line, the first path, the second path, a second word line, a third path and a fourth path;
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the second word line coupled to a second non-volatile memory (NVM) cell;

the third path comprising a second inverter and a second transistor, the second
transistor coupled to the second word line, the third path coupled to receive the first input
voltage signal; and

the fourth path comprising at least the second transistor coupled to the second
word line, wherein at least a portion of the fourth path is embedded within the third path,

the fourth path coupled to receive the second input voltage signal.

7. A non-volatile memory (NVM) device comprising:

a plurality of cells;

a global word line driver (GWLDRV);

a plurality of distributed word line drivers coupled to GWLDRYV, the plurality
of distributed word line drivers comprising at least a first distributed word line driver
coupled to a word line that is coupled to a first cell of the plurality of cells, wherein the
first distributed word line driver comprises:

a first input;

a second input;

a first path, coupled to the first input, the first path comprising a
first inverter, wherein an output of the first path is coupled to the word
line; and

a second path, coupled to the second input, the second path
comprising a transistor coupled to the word line, wherein at least a portion

of the second path is embedded within the first path.
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8. The NVM device of claim 7, wherein the portion of the second path
embedded within the first path comprises at least one of the transistor or a second

inverter.

9. The NVM device of claim 7, wherein the GWLDRYV further comprises
low-voltage (LV) logic coupled to the first input of the first distributed word line driver
and high-voltage (HV) logic coupled to the second input of the first distributed word line

driver.

10. The NVM device of claim 9, wherein the GWLDRYV further comprises a
row logic decoder, a level shifter coupled to the LV logic and the row logic decoder, and
a high-voltage signal control circuitry coupled to the HV logic, wherein the row logic
decoder is configured to output LV signals to the LV logic, via the level shifter and
wherein the high voltage signal control circuitry is configured to output HV signals to the

HV logic.

11. The NVM device of claim 10, wherein a gate of the transistor is coupled to
the HV logic via the second input, wherein the first inverter comprises a pair of
transistors, a gate of each of the pair of transistors coupled to the LV logic via the first
input, wherein a source of a first of the pair of transistors is coupled to a first voltage
potential (VBST) and a second of the pair of transistors is coupled to a second voltage

potential (vgnd), and wherein a drain of each of the pair of transistors is coupled to a node
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(ROW_OUT), the node being coupled to a drain of the transistor, wherein a source of the
transistor is coupled to the word line, and wherein the source of the transistor is also
coupled to drains of a second pair of transistors of a second inverter, a source of a first of
the second pair of transistors being coupled to the node and a source of a second of the

second pair of transistors being coupled to a third voltage potential (VNEG_C_S).

12. The NVM device of claim 11, wherein, for a read operation on a selected
sector of a row of the NVM device, the row logic decoder is configured to output a
signal to the first distributed word line driver, via the level shifter and the LV logic,
wherein the first path is configured to receive the signal, and wherein the first path is

configured to output a ROW_OUT signal on the word line.

13. The NVM device of claim 11, wherein for a program operation on a
selected sector of a row of the NVM device, the high voltage signal control circuitry is
configured to output a signal to the first distributed word line driver, via the HV logic,
wherein the second path is configured to receive the signal, and wherein the second path

is configured to output a VNEG_C_S signal on the word line.

14. The NVM device of claim 7, wherein:
the transistor comprises a first metal-oxide-semiconductor field-effect
transistor (MOSFET) comprising a first gate, a first well, a first source, and a first drain;

the first inverter comprises:

46



WO 2016/204826 PCT/US2016/018525

a second MOSFET comprising a second gate, a second well, a
second source, and a second drain coupled to the first drain, and

a third MOSFET comprising a third gate coupled to the second
gate, a third well, a third source, and a third drain coupled to the second
drain and the first drain;

the NVM device further comprising:

a second inverter comprising:

a fourth MOSFET comprising a fourth gate, a fourth well, a fourth
source, and a fourth drain coupled to the first source and to the word line,
and

a fifth MOSFET comprising a fifth gate, a fifth well, a fifth source
coupled to the first drain, the second drain, and the third drain, and a fifth

drain coupled to the first source and to the word line;

wherein the first, second, and fourth MOSFETSs each comprises an N-channel
MOSFET (NMOS), and wherein the third and fifth MOSFETSs each comprises a P-

channel MOSFET (PMOS).

15. The NVM device of claim 7, wherein the plurality of distributed word line
drivers further comprises:
a second distributed word line driver coupled to a second word line that is
coupled to a second cell of the plurality of cells, wherein the second word line driver

comprises:

47



WO 2016/204826 PCT/US2016/018525

a third path, coupled to the first input, the third path comprising a
second inverter, wherein an output of the third path is coupled to the
second word line; and

a fourth path, coupled to the second input, the fourth path
comprising a second transistor coupled to the second word line, wherein at

least a portion of the fourth path is embedded within the third path.

16. A method comprising:

receiving, at a first distributed word line driver, a first input signal for a first
path and a second input signal for a second path, the first and second input signals to
perform an operation on a non-volatile memory (NVM) cell of an NVM device;

propagating, by the first distributed word line driver, the first input signal to
the first path;

propagating, by the first distributed word line driver, the second input signal to
the second path, wherein at least a portion of the second path is embedded within the first
path;

outputting, by the first distributed word line driver, to a word line, a first
output signal generated in view of the first input signal propagated on the first path; and

outputting, by the first distributed word line driver, to the word line, a second

output signal generated in view of the second input signal propagated on the second path.

17. The method of claim 16, wherein the portion of the second path embedded

within the first path comprises at least one of a transistor or an inverter.
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18. The method of claim 16, wherein the first path comprises a first inverter, a
second inverter, and a transistor and the second path comprises the second inverter, and
wherein the portion of the second path embedded within the first path comprises at least

the second inverter.

19. The method of claim 16, wherein the first input signal comprises a voltage
below a highest voltage of an external power supply and at or above a lowest voltage of

the external power supply.

20. The method of claim 16, wherein the first distributed word line driver is
coupled to a global word line driver (GWLDRYV) and wherein the GWLDRV
is also coupled to a second distributed word line driver, the GWLDRV
controlling the first distributed word line driver and the second distributed
word line driver, the method further comprising:
receiving, at the second distributed word line driver, the first input signal for a
third path and the second input signal for a fourth path, the first and second input signals
to perform an operation on a second NVM cell of the NVM device;

propagating, by the second distributed word line driver, the first input signal to
the third path;

propagating, by the second distributed word line driver, the second input
signal to the fourth path, where at least a portion of the fourth path is embedded within

the third path;
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outputting, by the second distributed word line driver, to a second word line, a
third output signal generated in view of the first input signal propagated on the third path;
and

outputting, by the second distributed word line driver, to the second word line,
a fourth output signal generated in view of the second input signal propagated on the

fourth path.

50



PCT/US2016/018525

WO 2016/204826

1/15

L Old

[
SHIAATHINY ISNIS

e @ 2«  ® |

giT
H3000IA NWRTOD

m@mwmmaw

SMOY 067
Ag suwINoD 960V
ZET N MOLD3S

A

L]
®

SMOY 8G¢
Ag sUwnNioT 9604
TEL V¥ HOLD3S

45
AVHHY AHOWIN

gct
AHLINOHIO
TOHINOGD
FOVLTOA
HOUH

el
AALINOHIO
TOHINOD ANV
ONVYININOD

%@@@@a@@@@%

ﬁ@@%&@@

-

OtT
(DDA AddNS
HIMO
TYNYILXT

¥t
HAG0030 AMOY

(1134
LHOX0O
L03138
HOLOES

I

A0INFA AHOWEW ZNLVIOA-NON

20t

e

ot B
TOINODS

T —

Ot

oL

80T IDIAZA

N AR E DNISSID0OHC

SSHHAAY

a6t

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

2/18

LNOa
HLVd ISNIS g E—— 7 mmh
THED T/ HaaY 1AGaT Bl
N _
e EIIRS! oiate JbY
FAN LD D38 AH LD HaaY e W
AVEHY AHOWEW % =
& THLD AH & = =
+ © sng ol J <
- 3 4 > 0
SIHOLYT IOV AH THAD LHA / NIG . <
! &!!ll!nll! - ! Anm \\\ m M\WW
QUOVIN HSVTd | 10 Wia v & il
!Em
47D .mm
STUCIBIDH o)1 4] duy didy 19A 1]
Bujug i rosusg wiBepy BT g pEay By Bodg ,A;tz\ti
ovG ‘N3
94 LVLOA bod-1¢] duing AR duing pesy .
i deBpueg 185 aaeboy IAH BAISOd 4 93
DOTVNY HSV 4 e
140V 380 &m w\myw m}mu
305d
FIYSNgXNNY

002

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

3/15

a5 FOE mge  POE | FOC o POC FOE  mmr FOC FOE goz  FOE -
AN ZLS | A AR ZIS | A rAR ZIG A 2l ZIS A ZLS
A X |ua X X Ha X X ®a X X M0 X ARG
9gz W ooz ggz ™M ogz ggz WA ogz ogz W ogz ARG
- PR A% AR xS oLe
13s8s 1388 1388 1388 AMAD
LNOODSS 81c 8ie gic §ie 31¢
— v v v Vs NODZOTES
rit AR PAKS AR AKX ore
LNOOSS 1388 RERES BESD 1388 AMCD
L VO g5 FOE | BOF mpg  FOE YO gge POC 0% o5gr POT o
80C ZLS A zi5 25 A ZLs ZLS A ZLS ZLS A rARS c0t
AN ¥ pSTy W X NG % X uad ¥ X MG ¥ Add
AH agz W goz ogz W ggz agz M gcz ogz ™M goz AMD
o Y0t e FOE 08 sar VOE Y08 @ag V0T Y08 sme  POE -
1o} ZLS | A PR ZLS A FARS 21s A ZLS ZLs A FARS <0t
AHOY ¥ Ha Y X ua % X G X ¥ Mg X Add
AH ggz W ooz ogz ™M gggz ggz WA ggeg ggz W gor AMD
pre FA%S FA%S AR XS XS
13ss 1385 1388 139 AHOD
LNOOSS BT BT gie 8ie §i¢
e VS Vs Vs VS NODZOTS
vit ZiE A% XS AR oYK
ANODSS 198S 1388 1988 ISE ASOD
— ..m‘.qm w.m.ws ..‘w.\.@wm ﬂ.@wm, a0% ﬁ.@.ﬂa ﬂ.@wﬂ GO ..md.m .‘_mwm.u.m w@.mm ..md.m I
80t ZLS A Zis 215 A FARS 21 A ZLS ZLS A rARS 4013
AN X ua ¥ X NG X X da X X uHa X AU
AH ggz (W goz ogz MW ggz ggz M gcz gcz W goz TAAD

-~ 00€

SUBSTITUTE SHEET (RULE 26)



WO 2016/204826

4/15

(TO FIG. 5)

PCT/US2016/018525

906 90 %5 90 VY 90 WO 90 KX 2 B 00 00 O

n &

wd N

N
=5

GW

HV LOGIC
410

<%
<F

QL
it

LEVEL SHIFTER
0

ROW LOGIC
DECODER
402

HIGH VOLTAGE SIGNAL
CONTROL CIRCUITRY
Q

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

5/18

S old

T2
T

I pllhesetiesnls s ey

RS
ERCTIEIANL

HAGG/M _iwni

piG - Tiigdl

- |
SToINA— 908
L puba

UAET AP

_FE
S O DINA

7051
HILMIANI

2z
1N0 MOY

G1% I
LSEA

(4%
41D

RO RO RD DO DRI RO RO RBRO RO DR T DDA DI RTIRDTRIRNOREIDRO RO RNODO DR DADRDOIROITDIRBRD

{v ©id
NOHA)

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

6/15

S 'Old

{ NE )

1

0g

O

HLIVd GNOO3S 3HL NO d31v9DvdOodd
TYNDIS LNdNIANODIS 3HL 40 MIA NEILVHINID TYNDIS LNdLNO ANODAS ¥V INIT QHOM 3HL O1 LNd1NO

1

-
=TI
(&

HIVd 1544 3HL NO d31vavdodd
IVNOIS LNANE LSHIL FHL J0 MI3IA NEQILVHINID TYNDIS LNdLIN0 188 v 3N QHOM VY OL 1NdLNO

!

-
Y
<o

HLVd LSdid 3HL NIHLIM Q3ad38W3 91 HiIVd ONODI3S
AHL 40 NOLHOd ¥V LSVET LY FHIHM HLVd ONOD3S IHL OL TVNDIS LNdNI GNODES IHL 3LYDVdOH

i

-
Cd
<o)

HIVd 18464 3HL OL TVNDIS LNdNT LSHIH 3HL 31vVOvdOdd

1

L
£O!

i
ATAIA WAN NV 40O
TIED (NAN) AHOWIW LY TOA-NON ¥ NO NOILLYHIdO NY WHOH4HId OL STYNDIS LNdNE ONODIS ONY 1SHid

AHL 'HIVd ONOOIAS V HO-4 TYNDIS 1NdNI ONCOIS V NV HLVd LSHIH V HOH TYNDIS LNdN] 18HIH V IAIE0EY

( Ew(_,m D, N 009

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

7/15

ALY

84 Iy
@ == A ALY 8 - A AZL
' = o AT i < 1D AZL
ges ges
D ﬂu: NG T [
MaN m; s N T2,
2 | i
W ; vy | B <
W gHG b
N%N@% vaM%
® : e :
&SN AZLOTA SN AZTEOTA
ggs gel
M 04 . $0/
L 18 WAN L 135 AN
m”ﬁmwmlm\’} ”Twllwllml S lﬁ‘llm .Wue%mhm“
AZL s M AT
2L £ol
& ~==~STM AZL =S ALY
TTTTTTTREL T T e | AL
199 AZE T MdS | TISD AZL ALY IED ALY d ED ALY
ki | LOL » - LOL
| = ! 180 INAN BB WAN
X L , A
XT4% NOMMW e o sL |
& <P AZL SS9 AZL
& SRT : ® “o-
e Mlmw AZL %Mk.w..m?) ASE
MNY Lass Nase
] OFL WNSHD 1. OvL unoaD
9] 108jag 101083 108(8% IGI08S
bR 1
2 c g g L O
SESd ALY SSESd AZLOTA
0EL . 0eL N
ORLOFTESIAA HOLOES - ISYH3 084 AALDFIES HOL03S - 38vHd 004

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

8/15

ATE

Q3103713830 JOL0ES - WvdDOdd

152
e = j AT
ﬁ = 0 MO
, geL
AGE~ HI:
A
)
o
L‘wﬂﬂ
$30 leei]
2
& g-
ﬂuvmz AQE
gl
i ¥4
L 130 AN
| SR - SN N A
| co; M N0
® = SIM AD
AD v
gz A0 18 MdS | |82 A0
9 c- b _u b0 FAvAR
5\ 1199 WAN
&< AD
® Sat
AZ'L ﬂww\,ﬁé, "
MNY Necs
@rll ““““
53q OvL WNaaD
@] 18leg 101088
VP8
® g8d  AZL
e
.
048

Q103148 HOLO3S - Wvdo0Hd

L84
® == 5 AGE-
® = O AD
, g4
AGEr ﬁ m
AN wgw J
o
T
8
vy N
NW&L
|
® SN ADIHA
o]
- y0.
L o0 AN
-
o e
® =2 SIM A2 ZOINA
U novL
89 §: 1180 AP'Z- £OINA
NS AZEATE o 102
N HOO AN
B¢ zel
<M Age-
® S AL
== ALY
AZL ves
ANV Arass
o3 N Ovi ¥nonD
e 1eeg Jowes
gmﬂ.
' S8Sd AT OdlA
ocL .
008

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

9/15

AD

FA%A

= A AD

en]

<ol
[op]
[N

?

ﬂ.:

Mb )
o

AL

oV

15 NS00

189 A0 T8
| LOL
1O AN
6821 .
i —— Y
e SIM
. = AD
AZ'L ves
MANY ass
ObL INDAD
10818 I0108%
AH.VMW& AZE
0eL v
1834151

G3.1L0373830 HOL03S - gv3ad

I\

== AG'Z

e TSR ARS R

; ges
po by
A m‘: N
ro
NEA\M
®
Ce = A AD
W i
& g A0
189 18
Ao ARG 104
" 130 WAN
St
& <> W\ AGT
& SIM
= A
AZL res
§z< ecs
“““ OFL WNSHD
m M \\m\\uommmw JOPBS
ﬁvmm& ATE
OEL .
006

GRL03TES HOLO03S - avad

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

10/15

Ol 9Ol

AOAAT AD T IMAAIAD AL Z- OIS - IAT - OIE- AP Z-CI PO C-IAZE L CIG0IA L L-OIgL-[AZ L0160, ACOIZ [ALPOIORINASOGIO
HA  BuBAl oA COIANA ZEOIANA OINA nda OdLA fn 188A SOdA WETA
sieudis jo afues sBeljon

<2001
pufin pulbA 1san amdp, SEANA SINA SOdA dad Inmd A A
pulin pulia puia TEAIDINA g SINA SOdA SOdA STdA gD
pubpa puba WA pubin TGA SENA adp SOdA SOdA g

UUINOD j[8sS8p | UWIN0D 188 UG iUy wieifold
}0as 983D 1S B8 130% [os 1088 [Osad 1098 @S 1308 [|©s 1088 [B8ap 1096 B8 1088 iBe
uopriady pesyy voneiady wesboid uonesado asaizg 2L

2inReNUse (I8 0) suUl 204N0S UCLLIIND BUisSh (JAANJAIOWISIL S|IRICA-UOLU J0) SiRUbIS pased-ULINIoD

ﬂdwwoa 2

dd A dmd A and el I [ SQdA SOdA SOdA ANY
amdpy dand A, andp o Tl OdLA S0OdA OIA OIA H25d
mad A puBa pubA OFNA HA [HA QTA OA oA SN
WA WA WA puBba pubia puin sad g A mda 1o
pubp pub A 188n puba SENA ENA Fnd A daed mda AR
pubp, puta puba puba SENA RE]NE I SOdA SOdA MBS
pubip pufi s puba puB A, SEIANA SHINA 1 A SOdA SO4A 18D
pulin pPUBA puin puBA, ZANA SOdA Sl SOdA DANA S1AA
MOY BS3PD MOJ 38 AMQO] 352D MO) B8 MO josal MOJ oS
109S [osap 1088 |88 109% |9S 1308 [OSoR 1085 [9s 108% |85 1088 [osap 1088 |©s 1798 |95
uonesedn pesy uopesado wesboag ucnesads sseug T
S4MIgsYyDIe (IS 3) BUl 804n0S UCURUOS3 Buisn (JAIAN] A0S SjIBj0A-UCU 10} Sjieubis paseg-moy
,\/VSE .

0004

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525

WO 2016/204826

11/15

m\ M\ @mm AQEOIOL Ag001I 0 | AooigE ASZOI0 | AZELOIG0 | AEDIZ [ADDOI0
aaa WITA N OUYNA | d OMVINA mdA 1san PITA
8:\/\ sjeubis jo sbuel 8BBlOA
puba puba 1LS8A puba puba LSEA puba puba 1LSEA A
pubA DUBDA puba pubA puUbA puba puba pubAa puba 185
puba pubA WITA puba puba WITA pubA pubA WA | 18
100 [@sep | uwnjoo j|es OO [BS8p | UINon |9S |03 [BSEp | LWnjon 198
1298 (988D 109¢ |88 BEENEEETS 10es |98 1098 |858D 1098 |98
DESHM pesy uibiziy sancban DEedy UIDIBI BAINSOd
SANIDSYDIR (IS D) DUl 92IN0S UCWIIOD DUISH (JAAN) JACUISLL S|IBIOA-UDU J0) SjBUDIS DSSEO-UWNIOD
A,Vwo:
Jmdp Jnadpa Jmda mmda amdp, amda JMdA Mmaa ammda MNY
Jaada JMAA JMAA JMOA IMAA Jmda Imda amdp IMAA 9S4
mdp puba puba M A puBa puba amda puba nuBa SN
NTTTA NTTA NTTIA WITA WA WA WA WITA WITA 10
puba pudba | 1SgA puba puba 1san puba pubA 1s8n | 1w
puba pUBbA puUBbA DUDA b pubA pUbA DUDA DuUbA MAS
pubA puba DUDA DLIBA pLIBA DUBA DUBA DUDA DUBA ISD
puba puUBA puBa pubA PpubAa  IN OMVYINA| puba puba  |d OMVYINA STA
MOJ [9S3P| MO |38 MO |289D! MOI |88 MO [283D| MOJ |88
1088 [988D 1088 |88 1088 j@ssp 1088 {98 1088 |95ap 1088 {88
DESY peay uibiew saneben peoy uibiely sAINSOd

ainioauyoale (1S9) sul 824n0s uowiwiod Buisn (JNARN) AJCWISW SINB|OA-UCU 10} SjEUDIS pasSEg-MmOoY

ou

.4//
0014

SUBSTITUTE SHEET (RULE 26)



WO 2016/204826

VPOS_G

pthick250d33 &
PGT |t

D5

1u/400n

NWELL |

1u/400n
Ipthick250d33

lvce

pthick25de9 vdd
ctrl_hv_ | < 54/1.03u

nthick25de9

NG2b NG

VCC

pthick250d33

P2y ofs
"

PCT/US2016/018525

VPOS_G

L50,/400n pthick250d33 50/400n
NWELL PG1 : VPOS_ G

o
VPLUS

pthick25des |

P

1.03u

CSL_SEC TOR
N

.

nthick25de5s
NGZ PW1

nthick25de5

NG

4
30n*20 N2 1 0u/530n*20

vgnd
PW1

nthickZSdeS

FIG. 12

5u/530n %z%zzmE

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525
13/15

WO 2016/204826

el Old

~DARNA % ;
rallgs A mﬂhmmm&f ] By ug AionR
44 Eee T.., rcmwof.m S %@ mc_.u,}

gbd il -

%?a R AR

Lt

%ﬁ R qH:R)

. E - .
By auBigu 3l frge | FERVI I MR 3oy
o o o
= P ¥
£ uEE/E Buagsing uppE/nC .
S an B . - G s
EEEH S - g | a5 Futipe i g5 | i
...... — 1 & s Feu e 2

CTROCTADIIN  ©OPOSTARILI COROSEARIUIL  CTPOSTYMDII

e
e

=2

R AN L5dh

83199
e o i U L VOO
diWad
n..J - T
—e ][ ,
Cal@ iU m&»& ﬁc G UEE G s v i
groposisid  oopasyonndy L gerpograonpd  oopogrymigydy

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/018525
14/15

WO 2016/204826

ABAI] PEINGILISIO

Sl

Lot

MolE - U0 AH

28 3
CEPSGTHIILL i
m,lp
MW? iiiiiiiiiiii AL iiiiiiiiiiiiiiii

3Eo — Lgod s

L L |
L

HP Y G

SUBSTITUTE SHEET (RULE 26)

TEL

il
i
4
|
E
]
m
1
IZ
3
fm}
[m
"

dsa™

pm el R

zmmx:m%w ‘“
ma sl
Cx

a2 e
T SDITRIIT



WO 2016/204826

Bl

H
H
H
1
7
LNy

o\

P

1500

15/15

m@

AN -

ugEsn|

PCT/US2016/018525

MINY

‘%%ﬂgﬁﬂfﬂh

SUBSTITUTE SHEET (RULE 26)

FIG. 15



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/018525

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - G11C 14/00 (2016.01)
CPC - G11C 14/0063 (2016.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

IPC(8) - G11C 11/00, G11C 13/00, G11C 14/00 (2016.01)

Minimum documentation searched (classification system followed by classification symbols)

CPC - G11C 11/16, G11C 11/412, G11C 13/0002, G11C 13/0069, G11C 14/0063 (2016.01)

USPC - 365/148, 365/158, 365/163, 365/185.08 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Orbit, Google Patents, Google Scholar, Google

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Search terms used: circuit, word line, non-volatile memory NVM cell, path, inverter, transistor, receive input voltage signal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/0204676 A1 (SAMSUNG ELECTRONICS CO., LTD.) 24 July 2014 (24.07.2014), 1,2,5,16-19
- entire document -

Y 3,4,6-15, 20

Y US 2014/0282377 A1 (BROADCOM CORPORATION) 02 October 2014 (02.10.2014), entire 3
document

Y US 2014/0062580 A1 (LEE et al) 06 March 2014 (06.03.2014), entire document 4,14

Y US 2014/0016400 A1 (PELLEY et al) 16 January 2014 (16.01.2014), entire document 6-15, 20

A US 2014/0112072 A1 (APLUS FLASH TECHNOLOGY, INC) 24 April 2014 (24.04.2014), entire |1-20
document

A US 2014/0119120 A1 (APLUS FLASH TECHNOLOGY, INC) 01 May 2014 (01.05.2014), entire | 1-20
document

A US 2014/0050012 A1 (GUILLEMENET et al) 20 February 2014 (20.02.2014), entire document  |1-20

A US 2012/0320658 A1 (WANG et al) 20 December 2012 (20.12.2012), entire document 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.

. Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E" earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T”  later document published afler the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention -
“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

02 April 2016

Date of mailing of the international search report

0 3 MAY 2016

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - wo-search-report

