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LOW STANDBY POWER WITH FAST TURN ON FOR NON-VOLATILE
MEMORY DEVICES

RELATED APPLICATIONS

[0001] This application is an International Application of U.S. Patent Application No.
14/966,990, filed on December 11, 2015, which claims the benetit of U.S. Provisional
Application No. 62/212,296, filed on August 31, 2015, both of which are incorporated by
reference herein in their entirety.

BACKGROUND

{00021 Non-volatile memory devices are used in electronic components that require
the retention of information when electrical power 1s unavailable. 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 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

{30031 The present disclosure ts illustrated by way of example, and not of limitation,
in the figures of the accompanying drawings in which:

{0004} Figure 1 is a block diagram illustrating a computing system including a non-
volatile memory sysiem, according to an embodiment.

{0005] Figure 2 is a block diagram illustrating standby conirol circuitry of a non-
volatile memory system, according to an embodiment.

{0006] Figure 3A 1s a block diagram illustrating circuitry of a standby generator,
according to an cmbodirment.

{00071 Figure 3B is a iming diagram illustrating operation of a standby generator,

according to an embodiment.

{00081 Figure 4 is a block diagram illustrating bias control circuitry, according to an
cmbodiment.
{0009] Figure 5 is a block diagram illustrating circuitry of an analog driver,

according to an embodiment.

100106] Figure & is a block diagram illustrating another embodiment of standby
control circuitry of a non-volatile memory system, according to an embodiment.

{0011} Figure 7 is a block diagram illustrating circuitry of voltage booster, according
to an embodiment.

{0012} Figure 8 is a flow diagram of processes of transitioning into and out of a

standby mode, according to an embodiment



WO 2017/040071 PCT/US2016/047817

DPETAILED DESCRIPTION

{0013} Read operations for non-volatile memory (NVMs) devices may use analog
circuits to provide biasing for sensing circuits, to generate boosting voltages for word-
line and column drivers, as well as protection voltages for level shifters in a read path of
the NVM device. In some umplementations, a NVM device may have an active operating
condition and a standby operating condition. For example, a NVM device may enter a
standby operating condition when no read or write instructions have been received by the
NVM device for a set length of time. The standby operating condition may draw less
power than an active operating condition, however, the lower current slows the operation
of circuits in the NVM device and results in lower performance when performing read
commands.

{0014} In order to transition {rom a standby operating condition to an active operating
condition, analog circuits charge various capacitors and other circuit elements in the read
path of the memory system. To avoid delays in a high speed read operation, the analog
circuits in the read path may consume high standby currents such that few circuit
clements will be charged when transitioning into an active mode.

10015} On the other hand, providing large standby currents in standby operation of a
memory system may consuine too much power for certain applications. For example,
lower power system-on-chip circuits may be used in applications having himited energy
capacity to provide standby currents and sufficient life between charging or replacing
batteries. Such applications may include wearable devices and Internet of Things
applications where low power consumption cxtends the usefulness of the product or

device. Devices with low power consumption may also benefit from fast powering up
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and waking up from a sleep state and fast transition (o an active state from a standby
state. A transition time from standby mode to active mode may be substantially
instantaneous and may be similar to the propagation time of control signals in the
merory systerm. For example, a fast transition from a standby state may be
approximately 1ns or less. Such a transition muay be one or more orders of magnitudes
faster than the read cycle time for the memory system {for example, 0.01-0.1 times the
length of a read cycle time). Waking from a sleep state or powering up a device may be
considered fast if accomplished on the order of microseconds {for example, 1-10us)
because certain circuit elements may be charged {rom an inactive state. In some
alternative embodiments, other lengths of time may be used to indicale a fast transition
from standby mode to active mode and waking from a sleep state.

{3016} In some embodiments, control circuits operate at a low current in a standby
operating condition, but provide substantially immediate transitions {rom the standby
operating condition to an active operating condition, 1n particular when a read instruction
is received. In one embodiment, the control circuits include a standby state detector and
a start-up generator. A standby state detector may operate to determine when to enter or
exit a standby state based on receiving read operations at the memory system. The
standby state detector may operate in conjunction with a start-up generator that provides
additional power when the memory system s turned on or wakes from a sleep state to
control the circuits generating analog signals for read operations. The system may
operate at low standby current when not in an active state.

{0017} Figure 1 is a block diagram illustrating a non-volatile memory system,

according to an embodiment. Computing systern 100 may include a processing device
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104 coupled to non-volatile memory system 102 via address bus 106, data bus 108, and
control bus 110, In some embodiments, the computing system 100 may be a
programmable system on a chip (PSoC) device or similar programmable system. The
components of the computing system 100 have been simplified for the purpose of
illustration, and not intended to be a complete description. In particular, details of the
processing device 104, address decoders 114, address drivers 116, control circuits 120,
write control circuits 136, data read circuits 118, and read control circuitry 124, are not
described in detail herein. In some embodiments, the computing system 100 may include
fewer or additional components than illustrated in Figure 1. For example, computing
system 100 may include one or more additional memory components such as RAM or
ROM, may inclade various input or output ports or devices, or may include other
components used by the computing system 100.

{0018} Power supply 150, is coupled to non-volatile memory system 102, also
referred to simply as “memory systern.” Power supply 150 may be a power supply
external to memory system 102 and may be used by memory system 102 to generate bias
currents and voltages for providing power to a memory array 112 to read and write {o the
non-volatile memory. Power supply 150 may further provide power to processing device
104 or other components of the computing system 100.

[6019] Processing device 104 may reside on a common carrier subsirate such as, for
example, an integrated circuit (“IC7) die substrate, 2 multi-chip module substrate, or the
like. Alternatively, the components of processing device 104 may be one or more
scparate integrated circuits and/or discrete components. In one exemplary embodiment,

processing device 104 is the Programmable System on a Chip (PSoC®) processing
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device, developed by Cypress Semiconductor Corporation, San Jose, California.
Alternatively, processing device 104 may be one or more other processing devices such
as a microprocessor or central processing unit, a controlier, special-purpose processor,
digital signal processor (“DSP”), an application specific integrated circuit ("ASIC”), a
field programmable gate array (“FPGA™), or the like.

{6026] Memory system 102 inchudes memory array 112, which may be organized as
rows and columns of non-volatile memory cells. Memory array 112 may be coupled to
address drivers 116 via multiple select lines and read lines. For example, there may be
one select line and one read line for cach row of the memory array. The address drivers
116 may drive memory locations corresponding to addresses received over address bus
106. For example, the address decoders 114 may include a row decoder, a column
decoder, and a sector decoder to decode addresses received from the processing device
104.

10021} Address drivers 116 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 {irst row and
to deselect a second row of the memory array by applying another voltage to a second
select line in the second row. Address drivers 116 may be further configured 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 fo inhibit an unselected memory cell in the first row from programming
by applying another voltage to a second bit line in a second column. Read control
circuitry 124, in particular standby control circuitry 126, may be configured to apply a
bias current to analog read circuits to control current provided by the address drivers 116

during read operations and during standby operation.
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10022} Memory array 112 may be lurther coupled to data read circuits 118 via
multiple bit lines. Data read circuits 118 may include colamn multiplexers and sense
amplifiers. Column multiplexers may select the memory columns to be accessed by
scnse amplifiers during a read operation. For example, the column multiplexers may
provide access to multiple column lines in memory array 112 to enable sense amplifiers
to read multi-bit words therefrom. Memory system 102 may further include control
circuitry 120 to receive signals from processing device 104 and sends signals to read
control circuitry 124 and write control circuitry 136. The read control circuitry 124 and
write control circuitry 136 may then provide control for read and write operations of
memory array 112, For example, the write control circuitry 136 may provide control of
data write circuits 140, and the read control circuitry 124 may provide control of analog
read circuits 128. Write control circuitry 136 may provide currents and voltage supplies
to drivers of write path circuits of the memory array 112, For example, the write control
circuitry 136 may comprise analog and digital circuils to provide high voltage to data
write circuits 140 for writing data to memory array 112, Analog vead circuits 128
provide bias currents and voltage supplies to drivers of read path circuits of the memory
array 112, and control signals to data read circuits 118. Read circuitry 124 includes
standby control circuitry 126 to generate and control standby and active operations of the
memory sysiern 102, The standby control circuitry 126 may provide bias currents to
word-line and column drivers, as well as protection voltages for level shifters in the read
path of the memory circuit.

{0023} Data written to the memory array 112 or read from the memory array 112 may

be passed from the processing device 104 to the memory systern 102 through a data bus
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108. The memory system 102 may include data in/out circuits 130 that process the data
passed to or from the processing device 104 from the memory system 102. For example,
the data in/out circuits may include one or more data buffers for controlling
communications between the processing device and the memory array 112,

{0024} Memory system 102 may be a storage device configored to store data values
in various low-power and non-volatile contexts. Accordingly, memory systems as
disclosed herein, such as memory system 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. memory systermn 102 may
tnclude varions memory cells to store data values. The memory cells may be
implemented with a common source line to reduce the overall footprint of each memory
cell.

{00251 Memory array 112 may include one or more memory sectors, such as sector A
131 though sector N 132. Each sector may have any number of rows and colummns of
memory cells, for example 4096 columns and 256 rows. Rows may include multiple
memory cells arranged horizontally. Columns may include multiple memory cells
arranged vertically.

10026] Memory array 112 may also use data read circuits 118 to couple a columm of
memory cells in a sector to sense amplifiers during a read operations. For example, data
read circuits 118 for column O of sector A 131 may be used as a switch to couple the
memory cells of column O of sector A to sense amplifiers during a read operation.
100271 It should be appreciated that terms “rows” and “columns” of a memory array

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

{0028} In one embodiment, a memory cell may be a two transistor (2T) memory cell.
Io a 2T memory cell, one transistor may be a memory transistor, while another transistor
may be a pass transistor. In other implementations the memory cell may include another
number of transistors, such as a single memory transistor (1T).

{00291 Memory array 112 may be implemented using charge trapping memory
transistors. A memory array implemented using charge trapping memory transistors may
be referved to as a charge trapping memory device. 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, To this way, a memory array 112 may ioclode
various different memory cells arranged in rows and columns, and each memory cell may
be capable of storing at ieast one data value {(e.g., bit). Voltages may be applied to each
of the memory cells to program the memory cell (e.g., program operation — store a logic
“17), erase the memory cell {e.g., erase operation — store a logic “07). or rcad the memory
cell (e.g., read operation).

{00361 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. A memory

array implemented with SONOS type transistors may be referred to as a SONOS memory
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device. In a SONOS type transistor, the charge trapping layer of the memory transistor
may be a nitride layer, such as a layer of silicon nmitride. 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
siticate, zirconium silicate, hafniuom oxy-nitride, hafnivm zirconinm oxide, lanthanom
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 memory cell. In another embodiment, different types of charge
trapping roemory transistors may be used.

{6031} Figure 2 1s a block diagram Ulustrating standby control circuitry conpled to
read path circuits 290, according to one embodiment. Standby control circuitry may
include bias control circuitry 210 coupled to voltage drivers 270 (e.g., low voltage and
high voltage drivers), variable frequency oscillator 260 (o control voltage boost to read
path circuits 290, and one or more analog drivers 280. Standby control circuitry may also
include a standby generator 220, a wake-up generator 230, and logic element 235 for
determining if a standby condition, wake condition, or power-up condition is detected.
100321 The read path circuits 290 represent various circuits used to read from a
memory array. For exarople, the read path circuits may include data read circuits 118
inchading column multiplexes and sense amplifiers, as well as data in/out circuits 130,
address decoders 114, address drivers 116,, or other clements of a memory system as
described with reference to Figure 1 for reading {rom a memory location. The additional

clements shown in Figure 2 illustrate various control and driving circuits for the read path

10
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circuits 290, For example, voltage drivers 270, distributed analog drivers 280, and
voitage doubler 250 may be driving circuits of the read path circuits 290, and bias control
circuitry 210 may be control circuits for one or more of the driving circuits.

10033} Standby generator 220, may detect if a standby condition is met in the
memory system. For example, the standby generator may comprise a standby detection
circuit. The standby generator 220 may accept inputs of the clock, an enable nput, and a
read input. The read input may indicate when a read instruction is performed by the
memory system. The standby generator 220 may determine if there has been a lapse in
time since the last read request to the memory system. For example, the standby
generator 220 may comprise standby detection circuits for determining when the memory
system has entered a standby condition or when to enter a standby mode. If a threshold
amount of time has passed since the last read instruction, the standby generator may
produce an output indicating that a standby condition is met. For example, in somge
embodiments, the standby generator may generate a logical high value in response to
determining that no read instruction has been received for a set number of clock cycles
(3,4, 5, 10, or any other number of cycles, for exampie). In some embodiments, a logic
value of low may indicate a standby condition and a logic value of high may indicate an
active condition. Once a read instruction and an associated clock 1s received by the
control circuitry, the standby generator 220 will change its output to indicate that 1 is in
an active mode. An example embodiment of a standby generator is discussed further
below with respect to Figure 3.

{0034} Wake-up generator 230 may provide additional current to read path circuits

290 in response to waking from a sleep mode, or powering on of the memory system.

11
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Thus, the wake-up generator 230 may reduce the time for initially charging the capacitors
and other circuit elements in the read circuit path when the memory system is powered on
or wakes from a sleep mode. For example, during a sleep state, various circuit elements
of the memory systermn may not remain in a charged state. In order to wake-up from the
sleep state, an increased current may be provided by the wake-up generator 230 to read
path circuits 290. A similar process may be performed when the memory system is
powered on, as various elements of the memory system may not be charged to operating
conditions. Thus, the wake-up generator provides increased power to the read path
circuits of a memory system in response to waking up from a sleep state or powering on
of the memory system.

{0035] In addition to the wake-up generator, the bias control circuitry may also
provide higher current to reduce wake-up or power-up time for the memory systen.
Thus, a logical output of the wake-up generator is provided to logic element 235, The
output of the wake-up generator is thus used to ensure sufficient current is provided to
read path circuits 290 during wake-up in addition to active modes. In some
embodiments, the standby control circuiiry may not include a wake-up generator. For
example, certain embodiments of @ memory system may provide limited power during
standby and a fast transition for the time to transition to an active mode from a standby
mode, but may not have required {ast powering on or transitions {rom sleep mode. In
such applications, a standby generator 220 may be provided in the standby countrol
circuitry without the use of a wake-up generator 230. In some embodiments where that is
the case, the standby generator is coupled to the bias control circuitry and may not utilize

5]
o)

an intervening logic element 235.

12
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{0036} Logic element 235, determines if the memory system is currently in a wake-
up meode, start-up mode, or active mode and if the memory system is operating in one of
these modes produces an output to the bias control circuitry 210, frequency divider 265,
and regulator 240 (c.g. a low drop out, switching regulator, or the like) indicating that the
memeory system is {o operate in an active mode, which provides increased current to read
path circuits 290. As shown in Figure 2, the logic element 235 1s shown as a NAND gate
accepting an input from the standby generator 220 and the wake-up generator 230. The
input from the wake-up generator may be inverted, such that a logic high is associated
with the wake-up generator not operating and a logic low is associated with the wake-up
generator in operation. Thus, the logic element 235 will produce a logic low output il the
standby generator is a logic high and the inverse of the output from the wake-up
generator is a logic high. In other conditions the output of the logic element 235 will be a
logic high. As such, the logic clement 235 may generate a logic low output if the standby
generator 220 indicates that the memory system s in a standby condition and the wake-
up generator is not in operation. Therefore, a logic low output of the NAND gate will
indicate to the bias control circuitry 210, the frequency divider 265, and the voltage
regulator 240 to operate in standby mode and {o operate in active mode if the output of
the logic clement 235 is a logic high. In various embodiments, the logic element 235
may be implemented with a different logical element. For example, the logic element
may be an AND gate and a logic high output would indicate to the coupled circuits to
operate in a standby mode. Other implementations with AND, NAND, NOR, and OR,
gates may be implemented as well. In Figure 2, the logic output of wake-up generator

30 1s inveried before the circutt element 235, however, in some embodiments, the wake-

13
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up generator may produce a logic output separate from the driving output that is inverted.
In such embodiments, the inversion prior to logic element 235 is not required. In some
embodiments, the logic high and logic low of one or both of the standby generator and
wake-up generator 230 may be reversed and a different logic element 235 may be used to
determune if the memory system is in one of an active, wake-up, or start-up mode.

10037} Bias control circuitry 210 provides bias currents or control signal voltages to
bring the memory system {rom a standby state to an active state. For example, the bias
control circuitry 210 may provide a bias current to variable frequency osciliator 260 to
control the frequency of oscillations provided to a voltage doubler 250. The bias control
circuitry 210 may also provide a bitline limit voltage to oue or roore distributed analog
drivers 280. In some embodiments, the bias control circuitry 210 may also provide a
protection voltage to voltage drivers 270. In some embodiments, the bias control
circuitry may adjust bias currents and voltages to fewer or additional components than
shown in Figure 2. For example, in some embodiments, the bias control circuitry 210
may not provide a protection voltage to voltage drivers.

{0038] The bias control circuitry may comprise multiple current mirrors for providing
bias currents in different operating conditions. For example, the bias control circuitry
may provide a first set of current mirrors that provide standby bias currents and a second
set of current mirrors that provide active bias currents. An example embodiment of bias
control circuitry is illustrated 1o Figure 4 and is discussed further below.

10039] Voltage double 250 may operate to provide a boost voltage to read path
circuits 290. For example, the power supply for the memory system may operate at a low

voltage (e.g.. 1.2 Volts), but various operations of the memory syslem may operate at a

14
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higher voltage (e.g.. 2.4 Volts). Thus, a voltage doubling circuit ray be provided to
generate a higher voltage to read path circuits 290. In some embodiments, the boost
voltage is provided to address drivers to drive areas of the memory array corresponding
to an address received from a processing device. The voltage doubler may draw
significant corrent during active operation of the memory system, but may be drive read
path circuits with lower current during standby operation. For example, the lower current
may operate at a level to charge a filter capacitor to maintain the voltage level to read
path circuits 290, but not at a current to quickly drive the read path circuits 290 as in
active operation. The voltage doubler 250 may receive an input voltage from a voltage
regulator 240 and a control signal {or switching from variable frequency oscillator 260
and frequency divider 265.

{30401 The voltage doubler 250 may receive a lower oscillation {requency during
standby operation than in active operation of the memory system. The lower frequency
results in slower switching of the circuits in the voltage doubler 250 and therefore draws
less current than operating at higher frequencies. As an example, a variable frequency
osciliator 260 may operate in active mode with a frequency around 50MHz. During
active operation, the frequency divider 165 is not active and the voltage doubler 250 is
switched according to that frequency. In standby operation the bias current to variable
frequency oscillator 260 1s reduced and a lower frequency is output. Covntinuing from the
example above, the {requency may be reduced from 50MHz to approximately SMHz.
'The frequency may be further reduced by a {requency divider 265. For example, the
8MHz output may be reduced by a {actor of 8 to approximately 1MHz by the frequency

divider. In some embodiments, the control circuitry may not include a frequency divider

18
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2635, but may operate based only on the variable frequency oscillator 260. In some
embodiments, a fixed frequency oscillator may be used, and the frequency may be
reduced only be a frequency divider 265.

{0041} Distributed analog drivers 280A-280n operate to provide driving voltages and
currents o read path circuits 290. In some embodiments, the read path circuits 290 may
receive driving voltages and cuarrents from a single analog driver instead of multiple
distribute drivers as shown in Figure 2. The distributed analog drivers 280A-280n may
reduce the current output to the read path circuits 290 in response to bias currents and
voltage received from bias control circuity 210, For example, bias control circuitry may
provide a lower current to the bitline limit voliage to the analog drivers in standby
operation. Thus, the distributed analog drivers 280A-280n may provide enough current
to maintain charge on one or more capacitors or other elements o provide fast switching
to active operation {rom standby, but not providing additional power to the read path
circuits 290,

{00421 Similarly, the protection voltage provided to voltage drivers 270 may be
provided at a lower current to reduce power consumption by the drivers feeding the read
path circuits 290. Voltage drivers 270 may operate as voltage level shifters to shift from
a low voltage control signal to a higher voltage for driving memory cells in the memory
array during a read operation. The protection voltage provided to the voltage drivers 270
may prevent certain over-voltage conditions from damaging one or more circuits in the
memory system. During standby operation, the protection voltage may be provided at a

low current to maintain the protection voltage level supplied to the voltage drivers 270.
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The current of the protection voltage may be increased during active operation of the
memory system to protect the voltage drivers 270 during potential over-voltage events.
10043] Figure 3A depicts a block diagram of standby detection circuitry for a standby
generator, For example, the circuitry may be implemented as a standby generator 220 as
used in the example emboditoent of Figure 2. As discussed above, the standby generator
generates a signal to indicate a standby condition of the memory system. In some
embodiments, the standby generator determines that the memory system is in a standby
condition in response to a lapse in time since the previouns read instruction. The standby
generator may include two parallel paths for both rising and falling edges of the clock
signal. The standby generator may begin with an input of a read signal and a clock signal
to {lip flop 310. A logic high read signal may be provided to the standby generator when
the memory system is not performing a read operation. For example, when the memory
system is performing write operations, the read signal may be a logic low value. When
the standby generator receives a logic low read sigoal, it may provide a logic low output
value indicating an active condition. This enables the circuits to operate at an active
current level as may be required by other operations performed by the memory system.
For example, the oscillator may operate at an active current level during write operations,
so the standby gencrator provides an indication to operate in active mode when read
operations are not performed. A high read signal may precede an active clock signal in
response to a read instroction to the memory system. The countrol circuitry may transition
the memory system to operating in an active mode in response to pulses on the clock
signal. In some embodiments the flip flop 310 may be a d-type {lip flop. The tlip flop

310 outputs a signal from the rising edge and the falling edge of the input signal to a
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series of circuit components for conditioning the signal. In particular, the signal passes
through triggers 330A-330-B and latches 340A-3408B. The triggers 330 may be Schmitt
triggers in some embodiments. The triggers remove noise from the signal to produce
steady high and low logic levels. The latches 340 hold the output of the triggers for use
by logic circuits 350, The logic circnits 350 determine if the signals indicate that the
memory system 1s in a standby condition and produce a logic output on latch 360 that is
distributed as discussed with reference to Figure 2 above.

{80441 In some embodiments, the logic circuits 350 determine if there has been a
predetermined gap since the last read instruction executed by the memory system. For
example, the logic circuit may maintain the most recent set of signals and determine that
the memory system is in an active condition if any of the signals are logic high. In some
embodiments, this may be implemented by passing the signals received from latches 340
through a serics of cascaded flip flops on each clock cycle and performing a logical OR
on the outputs of the flip {lops. This operates sirmlar to a shift register to maintain a
memory of the most recent signals received by the standby generator. Thus, if any of the
recent values of the read input indicated logic high, the standby generator will output an
indication that the memory systerm is in an active condition, but otherwise will indicate
that it is in a standby condition. For example, to determine if there has been a read
operation 1n the previous three clock cycles, the red signal may be input into three
cascaded flip flops. In such a configuration, the most recent signal is on a first flip flop,
the signal before is on the second flip flop, and the signal from two clock cycles ago is on
the third flip flop. The output of the three tlip flops may be passed to an OR gate to

determune if any of the outputs indicate a read instruction. If none of the flip flops
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indicate a logic high value representing a read instruction, then there has not been a read
instruction for three clock cycles. In such circumstances, the logic may return an
indication to enter or remain in standby mode. In other situations, the logic may return an
indication to enter or reaming in active mode.

{0045} Figure 3B is an example embodiment of a timing diagram of signals input inlo
a standby generator and the output of the standby generator. In the example of Figure
3B, the “Read” input indicates that a read operation may be performed as soon as a clock
signal 1s present. The standby generate may provide a “standby” output with a logic high
value when the memory system is in a standby mode and a logic low value when the
memory system is in an active mode. At the beginning of the timming diagram, the read
input has not been active, and the standby generator is outputting a logic low value
indicating that the memory system is in an active condition. For example, the standby
output may be provided as a logic low value to enable circuits to operate in active
condition for other operations of the memory device. At time A, the read input is
transitioned from a logic low value to a logic high value indicating that the memory
system is activated for a read instruction. Because the standby generator has not received
a clock input, the standby generator immediately changes the standby output to a logic
high value to indicate a standby condition. At time B, the clock is activated for a read
instraction of the memory system. The standby generator immediately changes the
standby output to a logic low value to indicate an active condition. During the time
period when the read instruction is processing, the clock cycles and the standby generator
maintains an output indicating the active condition. At time C, the clock 1s deactivated

and no read instruction occurs, but the standby generator maintains the active condition,
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Atuame D, the standby generator determines that a read has not occurred for a
predetermined amount of time and outputs a signal indicating the memory systemisina
standby condition. The standby condition is ended at time E when the clock signal is
applied to the standby generator. The standby generator provides a standby output with a
logic low value indicating that the memory system is in an active mode.

{3046} In the example of Figure 3B, the time between € and D may be determined
based on the system’s clock. For example, the time may be based on a set number of
clock cycles that run indicating no read operation before entering a standby mode. In
some embodiments, the standby generator may wait three clock cycles indicating that
there has not beeun a read operation before outputting a standby condition. For example,
if a clock cycle 1s approximately 30ns, the time between C and D on the timing diagram
may be approximately 100ns. In some embodiments, the time may be shorter or longer
than shown in Figure 3B. In addition, Figure 3B is not necessarily drawn to scale.
10047} Figure 4 is a block diagram of bias control cirenitry as used in an
embodiment. The bias control circuitry may inclade a standby mode current mirror 410,
an active mode current mirror 420, a Viim generator 430 to generate a bitline limit
voltage and a voltage generator 440 (labeled Vprot generator) to generate a protection
voltage for one or more voltage drivers. The standby mode current mirror 410 and active
mode current mirror 420 may receive an input of the standby generator’s output. The
active mode current mirror 420 may use the inverse of the standby input to determine its
operating mode.

{00458} Standby mode current mirror 410 and active mode current mirror 420 may

provide ountputs to the same circuils at different corrents. For example, the current

20



WO 2017/040071 PCT/US2016/047817

mitrors may provide a current for the bitline livoit voltage (Jlim), a protection voltage
{Iprot), a bias current for the variable oscillator (Ibias}, and a current for reference
voltages (Iref). In some embodiments, the currents from the standby mode current mirror
410 may be significantly smaller than those generated by active mode current mirror 420.
For example, the standby corrents may be 10 times or more smaller than those of the
active currents. In some embodiments, the bias current during active mode may be
approximately 3uA, while the bias currents during standby mode may be approximately
300nA. In some embodiments, the standby mode current mirror 410 or the active mode
current mirror 420 may generate different currents for each of the outputs. For example,
the bitline liroit current, the protection current, and the bias current may oot be the same
value.

{30491 The Viim generator 430 and the protection voltage generator 440 generate
voltages for use in the memory system. The output of the Viim generator 430 may be a
drive bias voltage and a voltage limit output as shown for use by the distributed avalog
drivers. Thus, the current supplied by the current mirrors determines the current of the
voltages provide to the analog drivers. The protection current generated by the Vprot
generator 440 may be used by the high voltage and low voltage drivers operating the read
path circuitry of the memory system. Similar to the Viim generator 430, the output of the
Vprot generator 440 may be a consisient voltage, but the current level provided at that
voltage may increase based on whether the standby mode current mirror 410 or the active
mode current mirror 420 is operating. In some embodiments, the standby mode current

mirror 410 operates in active operating mode and standby operating mode and the active
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mode corrent mirror 420 1s the only used when in an active condition as determived by
the standby generator.

{0050] Figures 5 is a block diagram showing the operation of distributed analog
drivers, as used in an embodiment. The distributed analog drivers may be connected to
various sectors of the memory system. For example, there may be a driver {or each
sector, or cach driver may be coupled to a subset of sector of the memory system. In
some embodiments, there may be more than one analog driver associated with particular
memory sectors. Figure 5 shows a PMOS controlled current sonrce 510 and a PMOS
follower 520. The PMOS controlled current source 510 receives a drive bias input and
the PMOS follower 520 receives a bithine himit input voltage. For example, these
voltages may be generated as described in Figure 4. The output voltage Viim may be
substantially constant in active and standby operation of the memory system. The current
of Viim, however, may be higher during an active condition of the memory system
compared {o the standby condition of the memory system. For example, in standby
operation of the memory system, the current may be adjusted such that it maintains the
charge of a filter capacitor 530. Thus, the transition to active mode from standby mode is
fast as the capacitors in the circuit are charged and increasing current provided by the
bias control circuits provides the current to the memory system immediately.

{0051} Figure 6 is a block diagram iHustrating standby condrol circuitry coupled to
read path circuits 290, according to one embodiment. The embodiment in Figure 6
operates similar to that in Figure 2, however, instead of a voltage doubler, the control
circuitry uses a voltage booster 630 to generate a boost voltage for the read path circuits

290.
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{0052} Figure 7 1s a block diagram showing a voltage booster 700 as used in an
embodiment. The voltage booster contains a comparator 730 that determines i the
supply voltage is greater than a reference voltage. I the supply voltage is greater than
reference voltage, the voltage booster will provide the supply voltage to the read path
circuits. If the voltage supply 1s less than the reference voltage, the voltage booster will
provide a voltage from a charge pump 720. For example, the output of comparator 730
as shown in Figure 7 is provided to a multiplexer that provides Vsupply as Vboost if the
output of comparator 730 indicates that Vsupply is greater than the reference voltage, and
provides the output of charge pump 720 otherwise.

{0053} The charge pump 720 may add the supply voliage to a core vollage received
from a core voltage buffer 710. The clock to the charge pump is connected to the core
voitage. 'This generates the voltage of supply voltage plus core voltage, which is
provided to a multiplexer 740 from the charge pump 720. The charge pump thercfore
generates at least a minimum sufficient voltage to supply to the memory system {or
proper {unctioning. For example, in some embodiments, the reference voltage for
comparison is 2.5V. Thus, the multiplexer will provide the supply voltage if it is over
2.5V, or the supply voltage plus the core voltage if the supply voltage is less than 2.5V,
In addition, the charge pump provides a maximum voltage of core voltage plus supply
voltage. Limiting the maximum voltage may prevent damage to memory circuits from
potential over voltage effects. Similar to the operation of the voltage doubler described
with reference to Figure 2, the current used by the charge pump during 720 during
standby mode may be reduced by lowering the frequency provided by the variable

frequency generator and the frequency divider. In some embodiments, instead of a
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voltage doubler or a charge pump, the control circuitry may use a pulsed voliage supply
for the boost voltage, or may use a single voltage level across the memory system such
that a boost voltage is not used by the circuitry.

{0054} Although generally described herein with reference to detecting a standby
state of a memory system, the standby control circuitry may be used in other applications.
For example, any circuit with low power standby requirements and {ast transitioning to
active mode may utilize similar circuits. For example, a System Resources Sub-System
{SRSS) controlling operations of a system on a chip may benefit from a low power
standby mode of control circuits during periods of inactivity, but may start up fast when
the chip is used again. For example, the start-up time may be substantially instantancous,
{(055] Figure 8 is a flow diagram of processes of transifioning into and out of a
standby mode, according to an embodiment. Beginning in block 810, standby control
circuitry detects a standby condition of a non-volatile memory system. For example, the
control circuttry may detect the condition with the standby generator as described with
reference to Figures 2, 3A, and 3B. Detecting a standby condition in block 810 may also
include determining that the memory system is not in a wake-up condition from a sleep
state or a start-up condition from powering on the device.

{0056] Moving on to block 820, the standby control circuitry reduces a bias current to
driving circuits of the non-volatile memory system. For example, currents may be
reduced to variable oscillators, analog drive circuits, and voltage drivers from the bias
control circuitry as described with reference to Figures 2 and 4. After the bias currents
have been reduced, the memory systermn may be considered to be in a standby mode. The

power cousumed by the mnemory system is lower in standby mode than 1o an active mode
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where the memory is being accessed. When 1o standby mode the current o the read path
circuits may be minimal and result in maintain charging of capacitors in the read path and
filter capacitor to maintain voltage levels.

{00571 When in standby mode, the standby generator maintains an indication of
standby mode until a read 1nstruction is detected. In block 830, a read 1nstruction to the
non-volatile memory system is detected. For example, the control circuitry may detect
the condition with the standby generator as described with reference to Figures 2, 34, and
3B. When the read instruction is detected, the standby generator may change the output
to indicate to bias control circuitry to increase bias currents and provide additional
current to the read paths of the memory system.

[0058] In block 840, the current control circuitry increases the bias currents to driving
circuits of the non-volatile memory system. The bias currents may be increased by
operating additional current mirrors to output additional current to driving circuits of the
memory sysiem. In some ernbodirnents, the processes described in Figure 8§ may be
performed in a different order. In addition, the control of current and power consumption
by the memory system may include fewer or additional processes than shown in the flow
diagram of Figure 8.

{00591 Embodiments of the present invention include various operations described
herein. These operations may be performed by hardware coroponents, software,
firmware, or a combination thereof,

10060] 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
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performed, at least in part, concurrently with other operations. In another erobodiment,
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.

{6061} The above description sets forth namerous 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 coraponents 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
torth 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. An apparatus comprising:
a non-volatile memory systern comprising a plurality of drivers; and
a standby control circuit coupled to the non-volatile memory system, the standby
control circuit comprising:

a standby detection circuit to detect a standby condition;

a wake-up detection circuit to detect a wake condition; and

a bias control circuit coupled to the plurality of drivers, the standby
detection circuit, and the wake-up detection circuit, the bias control circuit to
control bias currents supplied to the plurality of drivers in view of the standby

condition, the wake condition, or both.

2. The apparatus of claim 1, wherein the bias control circuit comprises:

a first current mirror coupled to the standby detection circuit; and

a second current mirror coupled to the standby detection circuit,

wherein the second current mirror operates 1n response (o receiving an output
from the standby detection circuit indicating the non-volatile memory system is in an

active mode.

3. The apparatus of claim 1, wherein the standby control circuit further comprises:

a frequency oscillator coupled to an output of the bias control circuit; and
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a voltage doubler coupled to the frequency oscillator, the voltage doubler to
tncrease current to the non-volatile memory system in respouse to increased {requency

from the frequency oscillator.

4. The apparatos of claim 1, wherein the standby control circuit further comprises:

a first distributed analog driver coupled to a first sector the non-volatile memory
system; and

a second distributed analog driver coupled to a second sector the non-volatile
Memory syster,

wherein the {irst distributed analog driver and the second distributed analog driver

are coupled to the bias control circuit.

5. The apparatus of claim | wherein the standby detection circuit provides an

indication that the device is in a standby mode if there 1s no read request for at least three

clock cycles of the non-volatile memory system.

6. The apparatus of claim 1 wherein the non-volatile memory system comprises a

charge trapping memory device.

7. The apparatus of claim 1 wherein the non-volatile memory sysiem comprises a

silicon oxide nitride oxide silicon (SONOS) memory device.
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3. A method comprising:

detecting a standby operating condition of a non-volatile memory system;
detecting that the non-volatile memory system is not in a wake-up mode; and
reducing bias currents provided to drivers of the non-volatile memory system in

response to detecting the standby operating condition.

9. The method of claim 8, wherein reducing the bias currents provided to driving
circuits comprises:

reducing a first bias current provided to a frequency oscillator;

reducing a second bias current provided to distributed analog drivers; and

reducing a third bias current provided to voltage drivers of read path circuits of

the non-volatile memory system.

10. The method of claim 8, {urther comprising:

detecting a read instruction that accesses data {from the non-volatile memory
system; and

increasing the bias currents provided to drivers of the non-volatile memory

system in response to detecting the read instruction,

11. The method of claim 10, wherein increasing the bias currents provided to

drivers of the non-volatile memory system comprises increasing a frequency bias current

to a frequency oscillator to increase a frequency of an output of the frequency oscillator,

28



WO 2017/040071 PCT/US2016/047817

wherein increasing the frequency from the frequency oscillator increases the current

provided to read path circuits of the non-volatile memory system.

12. The method of claim 10 wherein increasing the bias currents to driving
circuits of the non-volatile memory system comprises increasing the current to an analog

driver of the non-volatile memory system.

13. The method of claim § further comprising:
detecting an instruction to wake-up from a sleep state; and
increasing the bias currents to driving circuils of the non-volatile memory systermn

in response to detecting the instruction to wake-up from the sleep state.

14. The method of claim § wherein the non-volatile memory system compriscs a

charge trapping memory device.

15. The method of claim § wherein the non-volatile memory system comprises a

silicon oxide nitride oxide silicon (SONOS) memory device.

16. A systemn comprising:
a non-volatile memory system comprising a plurality of drivers; and
a standby control circuit coupled to the non-volatile memory system, the standby

control circuit comprising:
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a standby detection circuit to detect that the non-volatile memory sysiern
is in a standby condition; and

a bias control circuit coupled to the standby detection circuit to provide
bias currents to the plurality of drivers of the non-volatile memory system in a
standby mode in response to a determination that the non-volatile rmemory system

is in a standby condition.

17. The system of claim 16, wherein the system further comprises a wake-up
detection circuit to detect that the non-volatile memory systerm s in a wake-up mode
wherein the bias control circuit provides bias currents to the plurality of drivers of the
non-volatile memory system in an active mode in response to detecting that the non-

volatile memory system is in a wake condition.

18. The systern of claim 16, wherein the system further comprises:

a first distributed analog driver coupled to a {irst sector the non-volatile memory
system; and

a second distributed analog driver coupled to a second sector the non-volatile
memory system,

wherein the first distributed analog driver and the second distribuied analog
system are coupled to the bias control eircuit.

19. The system of claim 16 wherein the non-volatile memory system comprises a

charge trapping memory device.
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20. The system of claim 16 wherein the non-volatile memory system comprises a

silicon oxide nitride oxide silicon (SONOS) memory device.
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DETECT A STANDBY CONDITION OF A NON-VOLATILE
MEMORY DEVICE

REDUCING A BIAS CURRENT TO DRIVING CIRCUITS OF THE. <. 830
NON-VOLATILE MEMORY DEVICE ?

DETECTING A READ INSTRUCTION TO THE NON-VOLATILE

MEMORY DEVICE = R40
INCREASING THE BIAS CURRENT TO DRIVING CIRCUITS OF 250

THE NON-VOLATILE MEMORY DEVICE IN RESPONSETO
THE READ INSTRUCTION
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