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(57) Abstract: A method of erasing, during an erase operation, a non-volatile memory (NVM) cell of a memory device is disclosed.
The erasing includes applying a first HV signal (VPOS) to a common source line (CSL). The CSL is shared among NVM cells of a
sector of NVM cells. The first HV signal is above a highest voltage of a power supply. The erasing also includes applying the first
HYV signal to a local bit line (BL).
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HIGH VOLTAGE ARCHITECTURE FOR NON-VOLATILE
MEMORY

RELATED APPLICATIONS

{6601 ] This application is an International Application of U.S Application No.
14/858.886, filed September 18, 2015, which claims the benefit of U.S. Provisional
Application No. 62/175,917, filed on June 15, 2015, all of which are hereby incorporated
by reference.

BACKGROUND

{6002] Non-volatile memory devices are currently in widespread use in electronic
components that require the retention of information when electrical power 1s
unavailable. Non-volatile memory devices may include read-only-memory (ROM),
programimable-read-only memory (PROM), erasable-programmable-read-only memory
(EPROM), and clectrically-erasable-programmable-read-only-memory (EEPROM)
devices. Some memory arrays utilize transistors and gate structures which may include a
charge trapping layer. The charge trapping layer may be programmed to store data based

on voltages applied to or received by the memory array.
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BRIEF DESCRIPTION OF THE DRAWINGS

{6603] The present disclosure is tllustrated by way of example, and not by way of
Himitation, in the figures of the accompanying drawings.

{6004] Figure 1 is a block diagram illustrating a non-volatile memory system,
according to an embodiment.

{G605] Figure 2A illustrates a selected sector of a non-volatile memory array
during an erase operation, according to one embodiment.

Y Figure 2B illustrates a deselected sector of a non-volatile memory array
during an crase operation, according to onc embodiment.

16007] Figure 3A illustrates a selected sector of a non-volatile mernory array
during a program operation, according to one embodiment.

{0008] Figure 3B illustrates a deselected sector of a non-volatile memory array
during a program operation, according to another embodiment.

{600Y] Figure 4A illustrates a selected sector of a non-volatile memory array
during a read operation, according to one embodiment.

{6018] Figure 4B illustrates a deselected sector of a non-volatile memory array
during a read operation, according to another embodiment.

{0011 Figure 8 are tables illustrating voltage biases for erase, program, and read
operations performed on a non-volatile memory device , according to one embodiment.
{6012] Figure 6 1s a flow diagram illustrating different operations performed on
an non-volatile memory cell, according to an embodiment.

{0613} Figure 7 is a circuit schematic of common source line driver, according to

an embodiment.
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0014 Figure 8 is a circuit schematic of a word line driver, according to an
embodiment.
{6015] Figure 9 is a s circuit schematic of a high voltage page latch, according to

an cmbodiment.

{6016] Figure 10A is a circuit schematic of high voltage page latch, according (o
one embodiment.

{6017] Figure 10B is a circnit schematic of high voltage page latch, according to
another embodiment.

{0618] Figure 11 tllustrates a circuit schematic of a high voltage page latch,
according to another embodiment.

{8819 Figure 12 illustrates a circuit schematic of a sector select circuit,
according to another embodiment.

16028] Figure 13 is a block diagram illustrating a non-volatile memory system,

according to another embodiment.
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DETAILED DESCRIPTION

{0021 High voltage (HV) signals may be used in the operation of non-volatile
memory (NVM) devices, such as flash memory or phase change 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, HY
signals of 8.3 volts (V) may be required to program a NVM cell while the power supply
of the NVM device ranges from 0V (e.g., lowest voltage} to 1.2V{e.g., highest voltage).
HYV signals applied to some transistors in a NVM device may cause those transisiors {o
operate outside a safe operating area (SOA) which, in turn, may result in damage to the
transistors and the NVM device. Sale 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 {o meet lifetime reliability
specifications, and/or the set of voltage differentials between different terminals of a
transistor within which the transistor may be biased withouat 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 conirol the application
of HV signals in a NVM device to keep the transistors in the SOA and avoid transistor
damage.

86221 Some NVM arrays may use dedicated source line (DSL) architectare. DSL
architecture may include dedicated source lines for cach column of NVM cells in an
NVM array (or each column of NVM cells in an NVM sector of an NVM array).
Common source line (CSL) architecture allows for shared source lines between multiple

rows and/or columns of NVM cells. For example, CSL architecture may share a CSL
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between substantially all the NVM cells in a sector of NVM cells. In other examples,
CSL architectare may share a CSL between substantially all the NVM cells in an NVM
array, Ot one or more rows and/or two or more columns of NVM cells in an NVM sector
or array. The implementation of CSL architecture allows for a reduction of silicon area
used for each memory cell. Designers implementing CSL architecture in a2 memory device
may need to take additional care to control the application of high voltage signals and to
maintain the SOA of the transistors.

160231 The present disclosure addresses the above-mentioned and other
deficiencies controlling the high voltage signals applied to a NVM device implementing
CSL architecture.

F8G24] In one embodiment, an NVM cell is coupled to a USL shared with NVM
cells of a sector. An NVM cell may be a unit of memory capable of storing a single data
value {e.2. a single bit, such as a logical *” or logical “17). A sector or NVM sector may
be a block of a NVM array containing multiple of NVM cells (i.c., multiple rows of NVM
cells and multiple columns of NVM cells). A memory array may include one or more
sectors. A high voltage control circuit controls multiple voltage signals, including HY
signals and low voltage (L.V) signals, for operation {e.g., pre-program operation, erase
operation, program operation, or read operation) of the NVM cell while maintaining the
SOA of transistors of the NVM device.

{0025] 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
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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,
sense amplifiers 122, and command and control circuitry 124, are not described in detail
herein. It should be appreciated that NVM system 100 may nclade all, some, or more
components than illustrated in Figure 1.

{6026] 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 generale HV signals that are above
the highest voltage of the external power supply 150 or below a lowest voltage of the
external power supply 150 (e.g., ground voltage). For example, external power supply
150 may supply voltages from 0V to 1.2V. The HV signals may be below 0V or above
1.2V. For purpose of illustration, and not imutation, the following figures will be
described as having an external power supply voltage of 0V to 1.2V, unless otherwise
stated. It should be appreciated that different power supply voltage ranges may also be
provided, for example OV to 3V.

§8027] Processing device 104 may reside on a common carrier substrate such as,
for example, an integrated circuit (“IC”) die substrale, 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 1s 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
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controller, special-purpose processor, digital signal processor (“DSP”), an application
specific integrated circuit (“ASIC”), a field programmable gate array ("FPGA™), or the
like.

16028] 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. Meroory 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). It will be appreciated that CSLs may be implemented as part of the multiple select
lines and read lines and/or the multiple bit lines. 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 {o
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
HYV signals applied to memory array 112. Command and control circuttry 124 includes
high voltage control circuitry 126 to generate and control the HY 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 pre-program, erase, program, and read

operations.



WO 2016/204819 PCT/US2016/014581

{6029] 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 {irst 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 may
be further configured to control column decoder 118 to select a memory cell in the first
row for programming by applying a voliage to a first bit hine in a {irst coluron, and to
inhibit an unselected memory cell in the first row from programming by applying another
voliage to a second bit line 10 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 1ncluded 1n
memory cell array 112 as described below.

{6030] 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.

{6631] Memory array 112 may include one or more NVM sectors, such as sector

A 131 though sector N 132, Each sector may bave any number of rows and colurmns of
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NVM cells, for example 4096 columns and 256 rows. Rows may include multiple NVM
cells arranged horizontally. Colamns may include multiple NVM cells arranged
vertically. Memory array 112 may use a global bit line (GBL) shared by all the sectors of
memory array 112. Bach 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 0 of all the sectors.
The GBL is configured {o provide HV signals to the sectors of memory array 112 during
program operations and erase operation, but not during read operations.

{6032] Memory array 112 may use sector select circuit140 to couple GBL 1o an
associated bit line (BL) of a colamn of a particular sector. Hach column in a seclor 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 0 of sector A 131 during erase operations and program
operations.

{0833} Memory array 112 may also use sector select circuit 140 to couple a
column of NVM cells in a sector to sense amplifiers 122 during a read operation. For
example, a sector select circuit 140 {for column O of sector A 131 may be used as a switch
to couple the NVM cells of column 0 of sector A to sense amplifiers 122 during a read
operation.

{6634] It should be appreciated that terms “rows” and “columns” of a memory

array are used for purposes of iHlustration, rather than limntation. In one embodiment,
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rows arc conventionally arranged horizontally and columns are conventionally arranged
vertically. In another emabodiment, rows and columns of memory array 112 may be
arranged in any oricntation.

16035] 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 imnplementations the NVM cell may include
another number of transistors, such as a single memory transistor (17). NVM cells, such
as NVM cell 201 and 204 of Figure 24, will be discussed below in regards to at least
Figure ZA-4B.

{0036] 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 arvanged in rows and
columns, and each NVM cell may be capable of storing at least onc data value {e.g., bit).
Voltages may be applied to each of the NVM cells to program the NVM cell (e.g.,
program operation — store a logic “17), erase the NVM cell (e.g., erase operation — store a
logic “0"), or read the NVM cell (e.g., read operation).

{6837] In one embodiment, the charge trapping memory transistors may be
implemented using different materials. Ope example of a charge trapping memory
transistor is a silicon-oxide-nitride-oxide-silicon (SONOS) type transistor. In a SONOS

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

10
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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, alominum oxide, hafnium
oxide, hatnium aluminum oxide, zircontum oxide, hafnium silicate, zirconium silicate,
hafnium oxy-nitride, hafnium zirconinm oxide, lanthanam oxide, or a high-K layer. The
charge trapping laver may be configured to reversibly trap or refain carriers or holes
injected from a channel of the memory transistor, and may have one or mote 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.

{0038] Figure 2A illustrates a selected sector of a non-volatile memory array
during an erase operation, according to one embodirnent. NVM sector 200 1llustrates 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).

{88391 NVM sector 200 contains two rows, a first row containing NVM cell 201
and a second row containing NVM cell 204, NVM sector 200 contains one column. NVM

sector 200 also contains sector select circuit 140 for the colurmn. Each column of a muli-

11
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column NVM sector may have a sector select circuit. Sector select circuit 140 includes
three transistors 241, 242, 243, It should be appreciated that for purposes of iHustration,
and not for limitation, NVM sector 200 is shown with two rows and one column. An
NVM sector may include the same, more, or less rows and the same or more colamns
than dlustrated in Figure 2A. It should also be appreciated that for purposes of
tllustration, and not for limitation, sector select circuit 140 is shown as part of an NVM
sector 200. In another example, sector sclect circuit 140 may not be part of NVM sector
200.

{6046] NVM sector 200 illustrates multiple horizontal (row) signal lines and
multiple vertical (column) signal lines. Horizontal signal lines include lines 230 (PSB),
231 {WLS), 232 (WL}, 233 (WLS), 234 (WL), 235 (NS), 236 (CL), and 237 (Y ). Vertical
signal Hines include 238 (BL) and 239 (GBL). Another signal line, the common source
line (CSL) 240, is shared by all the NVM cells in NVM sector 200, including NVM cell
201 and NVM 204 and additional columns and rows of NVM cells (not shown) of the
NVYM sector 200. Substrate lines 270 (SPW), 271(5PW), 273 (ANW) and 274 (NPW)
may be coupled to a well, such as a P-well or an N-well. A well may be a material doped
with p-type and/or n-type ions. A well may be isolated from the substrate (also referred to
as the bulk). For exaraple, the substrate lines may be coupled to a P-well of a transistor.
In another embodiment, the substrate lines may be coupled to the substrate (which may be
a coupling to the substrate or a well). It should be appreciated that the voltages applied to
the signal lines, as illustrated in Figure 2ZA through Figure 5, may be electrically coupled
to, applied by, controlled by, and/or sourced by high voltage control circuitry 126 of

Figure 1.

12
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[0041] For purposes of iHustration, and not for limitation, the external power
supply of NVM sector 200 15 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 200 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 200 to perform the erase operation. For example, WLS 231 is at -3.6V, CSL
240 at 47V, BL is at 4.7V, SPW is at 4.7V, etc. It should be appreciated that high voltage
conirol circuitry 126 controls the application of the various HV signals (and LV signals)
50 as to keep the transistors of the NVM sector 200 in SOA.

{00421 NVM sector 200 inchides multiple transistors. The transistor of NVM
sector 200 may be 4-terminal transistors including a gate, source, drain, and bulk (or
well), NVM cell 201 and NVM cell 204 are 2T memory cells including a pass transistor
(i.e., 202 and 205) and a memory transistor (203 and 206). Pass transistors 202 and 205
may be N-channel metal oxide semiconductor ficld-effect transistors (nMOSFET) where
the source of the pass transistors is coupled to USL 240.

[0043] The memory transistors 203 and 206 may be NVM transistors, such as
charge trapping memory transistors. Memory transistors 203 and 206 are illustrated
having a shaded oxide layer as the gate. The drains of memory transistors 203 and 206 are
coupled to BL 238. In order to perlomm operations, such as erase and program, the SOA
of memory transistors is typically much higher than other transistors in 2 memory array
and are not often of great concern to designers. The pass transistors, sach as pass

transistors 202 and 205, and the transistors of sector select circuit 140 usually of a lower
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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.

(00441 Sector select circuit 140 includes three transistors. Transistor 241 is P-
channel metal oxide semiconductor field-etfect transistor (pMOSFET) where the drain is
coupled to GBL 239 and the source is coupled to BL 238. Transistor 242 is an nMOSFET
where the drain is coupled to GBL 239 and where the source is coupled to BL 238.
Transistor 243 is an nMOSFET where the drain is coupled to BL 238, the gate is coupled
to Y 237, and where the source 18 coupled to CL 236. During an erase operation of a
selected sector, transistor 241 of sector select circuit 140 is switched to on so that the
voltage signal on GBL 239 1s coupled to BL 238.

F8045] 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 tMOSFET 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 2A. 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 3V 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 202 and 205,
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

14
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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).
18046 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
tor 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.

{0047] During an crasc operation to crase a memory cell of a row of a sclected
sector, an HV signal of 4.7V is applied to CSL 240 by high voltage control circuitry 126.
The HY 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 203 is
coupled to WLS and a voltage potential of -3.6V, which is below the 0V low-rail of the
power supply. The voltage differential between the gate velative the bulk of memory
transistor 203 is at a -8.3V, which causes holes to be injected from the channel into the
charge trapping laver of memory transistor 203. The erase of memory transistor 203
causes memory cell 201 to read a logical “0.” During the crase operation, NVM cell 204
is not erased as the row has been deselected and the voltage between the gate and bulk of
mermory transistor 206 is OV,

{0048] It should be appreciated that some of the different voltage levels and
clectrical connections illustrated in Figures 2A through 4B may not be described herein.

A person of reasonable skill in the art would be able to determine the different voltage

15
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levels and electrical connections in view of the Figures herein, in particular Figure 2A
through Figure 5. Fuarther, it should also be appreciated that, apart from the relative
voltage levels of different signal lincs, the description with respect to Figure 2A applies to
Figures 2B through 4B, unless otherwise described.

{6049] Figure 2B 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
illustrated, the voltage dilferential between the gate to bulk, gate to drain and gate to
source for memory transistor 203 and 206 are at 0V, which does not materially alter the
charge distribution in the charge trapping layer of the memory transistor 203 and 206.
{6058] Figure 3A illustrates a selected sector of a non-volatile memory array
during a program operation, according to one ecmbodiment. During a program operation
on a selected sector 300, one or more NVM cells of a selected row may be programed to a
togical “1” while the remaining NVM cells on the selected row may be inhibited from
being programimed 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.

[0651] In NVM sector 300, NVM cell 201 is illustrated as being a selected row
and being programmed ot inhibited doring a program operation. During programing
mode, to program NVM cell 201, sector select circuit 140 controls the voltage on BL 238
to be -3.6V. During programming mode, to inhibit NVM cell 201, sector select circuit
140 controls the voliage of BL 238 to be 1.2V. Inhibit refers to preventing an erased

NVM cell (e.g., logical “07) from becoming programmed {(¢.g., logical “17) during a
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program operation. NVM cell 204 is iliustrated as being a deselected row during a
program operation.

{6652] During a program operation to program NVM cell 201, an HV signal of
4.7V is apphed to WLS 231 which is coupled to the gate of memory transistor 203, GBL
39 is coupled to HV signal of -3.6V and transistor 242 of sector select circuit 140 turns
on (o couple the -3.6V on the GLB 239 to BL 238. The voltage across the gate relative the

bulk and drain of memory transistor 203 is 8.3V. The 8.3V differential injects electrons
from the channel of memory transistor 203 into the charge trapping layer which causes
memory transistor 203 to be programmed to a logical “1.” Also during the program
operation to program NVM cell 201, an HV signal of -3.6V 15 applied to WL 232 which
is coupled to the gate of pass transistor 202. An HV signal of -2.4V is apphied to CSL 240
which 1s coupled to the source of pass transistor 202.

{0053} During the program operation, NVM cell 201 may be inhibited rather than
programmed. To inhibit NVM cell 201 during a program operation, sector select circuit
140 opens (i.e., transistor 241 is turned on) which couples a voltage signal of 1.2V {rom
GBL 239 to BL 238. It should be appreciated that high voltage control circuitry 126
applies the either -3.6V or 1.2V to GBL 239 dependent on the determination of whether
to program or inhibit NVM cell 201.

[0054] Figure 3B illostrates a deselected sector of a non-volatile memory array
during a program operation, according to ancther 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 203 and 206 are at OV,
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which does not materially alter the charge distribution in the charge trapping layer of the
memory transistor 203 and 206.

{G635] Figure 4A illustrates a selected sector of a non-volatile memory array
during a read operation, according to one embodiment. Duoring 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 203 and 206 may be
grounded. An erased memory transistor may have a current flow during the read
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 cel and register a logical “1” for the particular NVM cell.

{0036] During the read operation of NVM cell 201, an HY signal of 2.5V may be
applied to WL 232 and coupled to the gate of pass transistor 202, while 0V may be
applied to CSL 240. 0V may also be applied to WLS 231 coupled to the gate of memory
transistor 203. Sector select circuit 140 turns on transistor 243, by applying an HV signal
of 2.5V to signal line Y 237. Transistor 243 opens which allows current to flow to CL
236 and be sensed by sense amplifiers 122. Voltage on BL 238 may {lactuate from 0V to
0.6V, depending on whether the read NVM cell is a logical “0” or “1.7

16057] Figure 4B illustraies 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.

{G058] Figure 5§ are tables illustrating voltage biases for erase, program, and read

operations performed on a non-volatile memory device , according to one embodiment.
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Table 501 illustrates the row-based voltage signals and the associated signal lines for
memory array 112 using CSL architecture. Table 501 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 selected sector,
and the rows of a deselected sector. Table 502 illustrates column-based voltage signals
and the associated signal lines {or memory array 112 using CSL architecture. Table 502
provides the voltage signals for different operations, such as an erase operation, program
operation, and read operation. In regards to an erase operation, table 502 proves voltage
signals for columns of a selected sector and desclected sector. In regards to a program
operation, table 502 provides voltage signals for a column of a selected sector that is to be
programracd or inhibited, and a column of a deselected sector. In regards to a read
operation, table 502 provides voltage signals for a selected column of a selected sector, a
deselected column of a selected sector, and columms of a deselected sector. Table 503
tlustrates the various voltage ranges of the voltage signals provided in the preceding
tables. Vpwr represents the voltage of the power supply. such as the positive rail of
external power supply 150. VLO may swing {from OV to Vpwr when another voltage
signal, such as VPOS exceeds a threshold voltage, such as 3V. VHI may swing from
Vpwr to OV when another voltage signal, such as VNEG, is decreases to below a
threshold voltage, such as -2V. The shifting of VLO and/or VHI, also referred to as two
rail level shifting, may help keep the transistors of NVM device 102 in SOA. Ht should be
appreciated that the voltage ranges are provided for iHustration, rather than limitation, and

that different voltage ranges be used. In addition, tables 501, 502, 503 lustrate a table
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form of at least some of the voltage signals illustrated with respect Figures 2ZA through
4A.

{0639] Figure 6 is a flow diagram illustrating different operations performed on
an non-volatile memory cell, according to an embodiment. The operations may include a
pre-program, an erase operation, a program operation, and a read operation. It should be
appreciated that only some of the voltage signals are described {or each operation.
Additional voltage signals for each operation are described in regards to Figures ZA
through Figure 5. Method 600 may be performed by processing logic that comprises
hardware {(e.g., circuitry, dedicated logic, programmable logic, microcode), software {(e.g.,
instructions run on a processing device to perform hardware simulation), or a
combination thereof. In one embodiment, processing device 104 and/or part or all of non-
volatile memory device 102, such as /high voltage control circuitry 126, as shown in
Figure I may perform some or all the operations described herein.

{0060] Method 600 begins at block 605 where processing logic performing the
method programs, during a pre-program operation, the NVM cell 201. A pre-
programming operation programs all the NVM cells in a row to a logical “1.”
Programming, during a programing operation may program some NVM cellsinarow toa
logical “1,” while inhibiting other NVM cells in the same row from changing value. The
programiming during a pre-program operation {also referred to as soft-programming) uses
the same HY and LV voltage signals as a program during a program operation as
tlustrated in Figures 3A, 3B, and 5. The duration of a soft-program (e.g., the duration of
the application of HV and LV signals) may be significantly less than the duration of a

program during a program operation. For example, a soft-program may be roughly .3ms
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while a program may be 2Zms. Although both a soft-program and a program increase the
threshold voltage (V1) of the memory transistor of a NVM cell, a soft-program changes
the threshold voltage (Vi) of a memory transistor less than a program of a program
operation. In some embodiments, a pre-program operation prior to an erase operation
enhances the reliability of NVM cells.

{0061 ] Method 600 continues to block 610 where processing logic erases, during
an erase operation, the NVM cell 201 by applying a first HVY signal (VPOS) to the CSL
240. Processing logic also applies the {irst HY signal (VPOS) to the BL238. The fitst HV
signal is above a highest voltage of the power supply 150. CSL 240 may be biased at
4.7V.

{6062] Method 600 continues to block 615 where processing logic erases, during
an erase operation, the NVM cell 201 by applying a second HV signal (VNEG) o a first
horizontal word hine (WLS 231) coupled to the NVM cell 201. WLS 231 may be biased
at -3.6V. Processing logic also applies the first HV signal (VPOS) to the substrate line
(SPW). SPW may be biased with an HV signal of 4.7V.

{0063] Method 600 continues to block 620 where processing logic programs,
during a program operation, a non-volatile memory (NVM) cell 201 of a NVM device
102 by applying a second high voltage (HV) signal (VNEG) to a second horizontal word
hne (WL 232) and substrate line (SPW) coupled to the NVM cell 201. The second HV
signal (VNEG) is below a lowest voltage of a power supply 150 {e.g.. ground supply) of
the NVM device 102. WL 232 and SPW 270 may be biased at -3.6V while the power

supply 150 ranges from OV to 1.2V. Processing logic also applies a third BV signal
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(VNEG3) to the CSL 240. CSL 240 may be biased around -2.4V. The CSL 240 is shared
among NVM cells of a sector 300 of NVM cells.

{6064] Method 600 continues to block 625 were processing logic inhibits, during
the program operation, the NVM cell 201 of the sector 300 of NVM cells by applying a
voltage signal (VBL) to a local bit line (BL 238). The voltage signal {e.g., LV signal) is
withio a voltage range of the power supply 150 and may be approximately 1.2V, It should
be noted that if NVM cell 201 is to be programed during the program operation, BL 23¥
is biased with an HV signal of -3.6V and SPW is biased with an HV signal of -3.6V.
0065 Method 600 continues to block 630 where processing logic reads, during a
read operation, the NVM cell 201 by applying a fourth HV signal (VBST) to WL 232,
The fourth HV signal is above a highest voltage of the power supply 130 and may be
biased at 2.5V.

{00661 Figure 7 15 a circuit schematic of common source line driver, according to
an embodiment. Circuit 700 illustrates a CSL driver used to bias CSL 240 in memory
array 112 osing CSL architecture. In one embodiment when using the CSL architecture,
the CSL 240 is biased at a voltage higher than VNEG (e.g., -3.6V t0 -2.4V} to reduce the
subthreshold leakage through the pass transistor of inhibited cells during a program
operation. The inhibited cells during a program operation are coupled to signal lines with
the following voliages, BL=1.2V and WLS=4.7V. To address the alorementioned, 700
was designed to use VNEG as the negative supply. Based on the logical value {e.g.,
csldac<2:0>) setting, the output of the circuit CSEL,_BUF may be varied between -2.8V o

2.1V,
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{0067] The voltage signal at CSL_BUF may be coupled to an additional HY
multiplexor (oot shown) which sends the voltage signal at CSL_BUF (e.g., VNEG3)
during a program operation, VPOS during an erase operation, or Vgnd {(e.g., 0V) during
the read operation to the C5L 240 in the selecied memory sector.

{38681 Figure 8 is a circuit schematic of a word line driver, according to an
cmbodiment. Circuit 800 illustrates a word line (WL) driver circuit used in conjunction
with NVM device 102 implementing CSL architectare. Circuit 800 uses a source section
to partly decode low voltage (LV) (i.c., within the range of the power supply, e.g., OV to
1.2Vyand HV signals. The source section is followed by a distributed driver to achieve
the required speed (<2ns). In one embodiment of an NVM device using CSL architecture,
the voltage signal at the output of the circuit 800 (which may be coupled to WL 232) is
approximately at VNEG levels {e.g., -3.6V to -2.4V) during a program operation of the
selected sector, which helps eliminate the leakage through the pass transistor 202.

{0069] Figure 9 is a s circuit schematic of a high voltage page latch, according to
an embodiment. In some embodiments of NVM device, the VBL voltage 1s bound within
the range of power supply 150. For example, the minimum value for the positive-rail of
power supply 150 1s 1.08V, which is enough to protect against the bit line disturb
mechanism for the inhibited columns during a program operation. Changing to smaller
techonology nodes, the voliage supply values also get smaller. In the 55nm technology
node, the minimum high-rail of power supply 150 may get as low as 0.9V, which may not
be enough for VBL to protect against bit line disturb. Responsive to the reduction in the
high-rail power supply voltage, a new voltage range for VBL from 0.5V to 1.2V may be

used with a power supply ranging between 0.85-1.32V. Circutt 900 lustrates a high
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voltage page latch (HVPL) that allows the propagation of VBL which can be higher or
lower than the high-rail of power supply 150

{6678] In circuit 900, the VBL voltage signal may be delivered through the
NMOS transistor 950, the gate of which may be biased at VPOS level when VBL is
passed onio the GBLs. Such a configuration may simplify the HV circuitry and reduce the
nurnber of transistors and different wells biased at VBL signal levels. A second change
includes making the pre-program operation a regular program operation during which all
HVPLs are loaded with Data=1. Such a change may allow for the reduction of the two
branches needed for the negative voltage, to only one branch. Figure 10A and 10B are
circuit schematics of high voltage page laiches, according to one embodiment. Circuit
1000 is an HVPL with two branches, while circuit 1050 illustrates an HVPL with a single
branch. Figure 10B is a detailed illustration of the high voltage page latch of Figure 9.
{0071 Figure 11 illustrates a circuit schematic of a high voltage page latch,
according to another embodiment. Circuit 1100 illustrates an alternative implementation
of an HVPL.

(88721 Figure 12 illustrates a circuit schematic of a sector select circuit,
according to another embodiment. Circuit 1200 illustrates an alternative implementation
of a sector select circuit. In circuit 1200, a larger equivalent transistor may be used to
connect between BL and CL. The larger equivalent transistor may improve read time.
NMOS device 1104 may be added to reduce BL to GBL leakage from unselected sectors.
Such an implementation may minimize current delivered by a negative charge pump,

which may result in a smaller silicon area.
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{0073] Figure 13 is a block diagram illustrating a non-volatile memory system,
according to another embodiment. Circutt 1300 15 another NVM system in which the
current disclosure may operate.

{0074] Embodiments of the present invention include various operations
described herein. These operations may be performed by hardware components, software,
firmware, or a combination thereof.

{6075] 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, maguoetic 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 prograromable memory (e.g.. EPROM and
EEPROM); flash memory; or another type of medium suitable for storing electronic
instructions.

{6076] Additionally, some embodiments may be practiced in distributed
computing environments where the machine-readable mediom is stored on and/or
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.
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{6877] Although the operations of the methods herein are shown and described in
a particular order, the order of the operations of cach method may be altered so that
certain operations may be performed in an inverse order or so that certain operation may
be perforroed, at least 1o part, concurrently with other operations. In another embodiment,
instructions or sub-operations of distinct operations may be in an intermittent and/or

o8

alternating manner. The terms "fivst,” "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.

{88781 The above description sets forth numerous specific details such as
cxamples of specific systems, components, methods, and so forth, in order to provide an
pnderstanding of several embodiments of the present invention. It may be apparent to one
skilied in the art, however, that at least some embodiments of the present invention may
be practiced without these specific details. In other 1nstances, 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 arc merely cxemplary. Particular implementations may vary from these exemplary

details and still be contemplated to be within the scope of the present invention.

26



WO 2016/204819 PCT/US2016/014581

CLAIMS
What is claimed 1s:
1. A method comprising
erasing, during an erase operation, a non-volatile memory (NVM) cell of a
mermory device, the erasing comprising:
applying a first HV signal (VPOS) to a comumon source line (CSL),
wherein the CSL 1s shared among NVM cells of a sector of NVM cells, and
wherein the first HV signal is above a highest voltage of a power supply; and

applying the first HV signal to a local bit line (BL).

2. The method of claim 1, wherein erasing, during the erase operation, the NVM cell
further comprises:

applying a second HV signal (VNEG) to a first word line (WLS) coupled to the
NVM cell, wherein the second HV signal is below a lowest voltage of a ground supply of
the memory device; and

applying the first HV signal to a substrate line (SPW) coupled to the NVM cell.

3. The method of claim 1, further comprising
programming, during 4 program operation, the NVM cell of the memory device,
the programming comprising:
applying a second HV signal (VNEG) to a second word line (WL) and to a
substrate line (SPW) coupled to the NVM cell, wherein the second HV signal is below a

lowest voltage of a ground supply of the memory device; and
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applying a third HV signal (VNEG3) to the CSL coupled to the NVM cell.

4. The method of claim 3, further comprising:
inhibiting, during the program operation, the NVM cell by applying a voltage
signal to the local bit line (BL), wherein the voltage signal is within a voltage range of the

power supply.

5. The method of claim 1, further comprising:
reading, during a rcad operation, the NVM ccll by applying a fourth HV signal
(VBST) to a second word line (WL}, wherein the fourth HV signal is above the highest

voltage of the power supply.

6. The method of claim 1, wherein the NVM cell is a charge trapping memory cell.
7. The method of claim 1, wherein the NVM cell is a silicon oxide nitride oxide

stlicon (SONOS) memory cell.

8. The method of claim 1, wherein the CSL is shared between a plarality of rows of

NVM cells and a plurality of columnns of NVM cells of the NVM sector,

9. A system, comprising:

a non-volatile memory (NVM) cell coupled to a common source line {(CSL),

wherein the CSL is shared among a plurality of NVM cells of a sector; and
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a voltage control circuit to control a plurality of high voltage (HV) signals for
operation of the NVM cell while maintaining a safe operating area (SOA), wherein the
plurality of HV signals are above a highest voltage of a power supply of a memory device

or below a lowest voltage of a ground supply.

10. The system of claim 9, further comprising:
a sector sclect circuit, coupled to a column of NVM cells of the sector, to control a
bit line voltage applied of a local bit line (BL}, the sector select circuit comprising three

metal oxide semiconductor field-effect transistors (MOSFET).

it The system of claim 9, further comprising:

a Jocal bit line (BL} coupled to the NVM cell; and

the voltage control circuit to apply a first HV signal (VPOS) to the CSL and BL
during an erase operation to erase the NVM cell, wherein the first HY signal is above the

highest voltage of the power supply.

12. The system of claim 11, further comprising:

a word Hne (WL) coupled to the NVM cell; and

the voltage control circuit to apply a second high voltage (HV) signal (VNEG) to
the WL and to a substrate line (SPW) during a program operation to program the NVM
cell, wherein the first HY signal is below the lowest voltage of the ground supply of the

memory device.
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13. The system of claim 10, wherein the sector select circuit comprises:

a first N-channel metal oxide semiconductor field-effect transistor (tMOSFET)
comprising a first gate, a first well, a {irst source, and first drain coupled to the BL;

a second ntMOSFET comprising a second gate, a second well, a second drain, and
second source coupled to the BL; and

a P-channel metal oxide semiconductor ficld-effect transistor (pMOSFET)

comprising a third gate, a third well, a third drain, and third source coupled to the BL.

14. The system of claim 9, wherein the SOA is a set of voltage differentials between
different terminals of a transistor within which the transistor may be biased without

damaging the transistor.

15. An apparatus, comprising:

a non-volatile memory (NVM) cell of a sector of a memory device;

a common source line (CSL) coupled to the NVM cell, wherein the CSL is shared
among a plurality of NVM cells of the sector;

a local bit line (BL) coupled to the NVM cell; and

a voltage control circuit to apply a first high voltage (HV) signal (VPOS) to the
CLS and the BL to crase the NVM cell during an erase operation, wherein the first HY

signal is above a highest voltage of a power supply of the memory device.
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16. The apparatus of claim 15, further comprising:

a first word line (WLS) coupled to the NVM cell;

a substrate line (SPW) coupled to the NVM cell; and

the voltage control circuit to apply the first HV signal to the substrate line (SPW)
and to apply a second HVY signal (VNEG) to the WLS to erase the NVM cell during an
erase operation, wherein the second HV signal is below a Jowest voltage of a ground

supply of the memory device.

17. The apparatus of claim 15, further comprising:

a second word line (WL) coupled to the NVM cell;

a substrate line (SPW) coupled to the NVM cell; and

the voltage control circuit to apply a second HV signal (VNEG) to the WL and the
SPW, and to apply a third HV signal (VNEG3) to the CSL to program the NVM cell

during a program operation.

18. The apparatus of claim 15, further comprising

a second word line (WL} coupled to the NVM cell; and

the voltage control circuit to apply a fourth HY signal (VBST) to the WL to read
the NVM cell during a read operation, wherein the fourth HV signal is above the highest

voltage of the power supply.

19. The apparatus of claim 13, wherein the NVM cell is a charge trapping memory

cell.
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20. The apparatus of claim 15, wherein the CSL is shared between a plurality of rows

of NVM cells and a plurality of columns of NVM cells of the NVM sector.
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C START ) / 600

program, during a pre-program operation, a non-volatile memory
(NVM) cell of a memory device

v

erase, during an erase operation, a non-volatile memory (NVM)
cell of a memory device by applying a first high voltage (HV)
signal (VPOS) to a common source line (CSL) and a local bit line
(BL) 610
erase, during the erase operation, the non-volatile memory (NVM)
cell of a memory device by applying a second HV signal (VNEG)
to a first horizontal word line (WLS) and apply the first HV signal
to a substrate line (SPW) 615
program, during the program operation, the NVM cell by applying
a second HV signal (VNEG) to a second horizontal word line (WL)

and to a substrate line (SPW) coupled to the NVM cell, and by
applying a third HV signal (VNEG3) to the CSL 620

605

4

inhibit, during the program operation, the NVM cell by applying a
voltage signal to a local bit line (BL) 625

read, during a read operation, the NVM cell by applying a fourth
HV signal (VBST) to a second horizontal word line (WL)
63

\ 4

( FINISH >
FIG. 6
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