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METHODS AND APPARATUS TO READ MEMORY CELLS BASED ON CLOCK
PULSE COUNTS

FIELD OF THE DISCLOSURE
[0001] The present disclosure relates generally to memory devices and, more
particularly, to methods and apparatus to read memory cells based on clock pulse
counts.

BACKGROUND

[0002] Nonvolatile memory devices are capable of persisting data for extended
periods of time without needing to be powered to maintain such data storage. For
example, information is written to a nonvolatile flash memory device by changing the
electrical characteristics of transistor-based memory cells of the flash memory device to
change how such memory cells react to applied voltages. The electrical characteristics
of different memory cells in a semiconductor memory device are representative of
binary bits that can be read by sensing threshold voltages of the memory cells in
response to applied input voltages.
[0003] A threshold voltage of a memory cell is the gate-to-source voltage of the
memory cell’s transistor necessary to allow electrical current to conduct through the
source and drain terminals of the transistor. To sense the flow of electrical current and,
thus, the threshold voltages of memory cells in a flash memory device, the flash
memory device is provided with sense amplifiers in circuit with columns of the memory
cells. In this manner, the sense amplifiers can be used to latch logical values
corresponding to the electrical current flowing through the memory cells. The latched
logical values can then be processed to determine threshold voltages of memory cells.
In turn, the threshold voltages are indicative of different binary bit values stored in the
memory cells. Such sensing operations can be used to read programmed states of the
memory cells during program-verify operations used to confirm whether intended
information (e.g., data) is fully written to memory cells during write operations. Sensing

operations are also used during normal read operations of the memory cells that can be
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performed one or more times after information is successfully written to the memory

cells.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIG. 1 is an example memory controller that can be implemented in
accordance with the teachings of this disclosure to perform read operations on an
example flash memory based on clock pulse counts.
[0005] FIG. 2 is an example electrical current-voltage (I-V) characteristic curve of a
memory cell transistor of the example flash memory of FIG. 1 showing the electrical
current flow through the transistor relative to different wordline read-verify voltages
(Vwirv) applied at a gate terminal of the transistor.
[0006] FIG. 3 is a memory cell programmed states graph showing example memory
cell threshold voltage (V) programmed states distribution of memory cells of the flash
memory of FIG. 1.
[0007] FIG. 4 is a graph showing example first order linear approximations between
memory cell electrical current (IceLL) and mean threshold voltage distributions of
memory cells represented in the memory cell programmed states graph of FIG. 3.
[0008] FIG. 5 is an example electrical current-pulse count (I-N) characteristic curve
of a memory cell transistor of the example flash memory of FIG. 1 showing an example
first order linear relationship between memory cell electrical current flow (lceLL) and
different clock pulse counts indicative of elapsed time required for tripping a memory
cell sense amplifier.
[0009] FIG. 6 a block diagram of the example flash memory of FIG. 1 and an
example apparatus that may be implemented in the example memory controller of FIG.
1 in accordance with the teachings of this disclosure.
[0010] FIG. 7A is a programmed states graph showing observed programmed states
of target memory cells.
[0011] FIG. 7B depicts counter-based triggers to acquire the programmed states of

target memory cells shown in the programmed states graph of FIG. 7A.
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[0012] FIG. 7C is an example program pulse-type table showing types of program
pulses needed for programming corresponding target memory cells to reach a target
threshold voltage (V1) during a memory cell programming process.

[0013] FIG. 8 depicts different example pulse counts for acquiring programmed
states of memory cells based on the effects of a temperature coefficient (Tco) of a
dielectric material on memory cell electrical current (lceLL) over a temperature range in
the dielectric material.

[0014] FIG. 9 depicts different example pulse counts for acquiring programmed
states of memory cells based on the effects of a temperature coefficient (Tco) of a
dielectric material on memory cell electrical current (lceLL) over different memory cell
programmed states.

[00156] FIG. 10A shows the variation in electrical current through a memory cell array
(IarrAY) in the flash memory of FIG. 1 relative to locations of the memory cells in the
flash memory.

[0016] FIG. 10B depicts different example pulse counts for sensing programmed
states of memory cells based on the effects of memory cell array locations on array
current (larray) through the memory cells.

[0017] FIG. 11A depicts a programmed state distribution of memory cells of the flash
memory of FIG. 1 in connection with observed soft bit information of the memory cells.
[0018] FIG. 11B depicts pulse count-based triggers to acquire the soft bit information
of memory cells shown in connection with the programmed state distribution of FIG.
11A.

[0019] FIG. 12 is a flow diagram representative of example computer readable
instructions that may be executed to implement the example memory controller of FIG.
1 and/or the example apparatus of FIG. 6 to use pulse count-based triggers to read
programmed states of memory cells of the flash memory of FIG. 1.

[0020] FIG. 13 is a flow diagram representative of example computer readable
instructions that may be executed to implement the example memory controller of FIG.
1 and/or the example apparatus of FIG. 6 to use pulse count-based triggers based on
different pulse count criteria to read programmed states of memory cells of the flash

memory of FIG. 1.
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[0021] FIG. 14 is an example processor platform capable of executing the example
computer readable instructions represented by FIGS. 12 and 13 to implement the
example memory controller of FIG. 1 and/or the example apparatus of FIG. 6 to use
pulse count-based triggers to read programmed states of memory cells of the flash

memory of FIG. 1 in accordance with the teachings of this disclosure.

DETAILED DESCRIPTION
[0022] Examples disclosed herein may be used to read programmed states of
memory cells in semiconductor memory devices based on clock pulse counts.
Programmed states represent information stored in memory cells. Many semiconductor
memory devices store information based on changes to electrical properties of memory
cells. In some semiconductor memory devices, such changes to electrical properties
change electrical currents through memory cells to represent different stored
information. Examples disclosed herein sense programmed states of memory cells
based on relationships between time and electrical current flow through the memory
cells. For example, an integrating capacitor is used to develop a charge based on the
electrical current through a memory cell. Examples disclosed herein use clock pulse
counts to track an amount of capacitor integration time that elapses during the charging
of the capacitor. In this manner, the number of clock pulses that elapse can be used to
determine the programmed state of the memory cell.
[0023] Capacitor integration time refers to the storage of energy in a capacitor as the
capacitor builds charge over time based on the amount of electrical current that flows
through the capacitor. Capacitor integration time is directly proportional to electrical
current. For example, higher amounts of electrical current flowing through a capacitor
result in lower capacitor integration time because the larger electrical current will cause
the capacitor to develop a charge faster than if the electrical current were lower.
Examples disclosed herein use clock pulse counts as measures of time to determine
how fast electrical currents develop charges on integrating capacitors of corresponding
memory cells in semiconductor memory devices. In this manner, examples disclosed
herein can determine memory cell programmed states by observing electrical currents

flowing through memory cells based on clock pulse counts.
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[0024] Examples disclosed herein may be used in connection with any type of
memory device in which different amounts of electrical current that flow through memory
cells are representative of programmed states of those memory cells. For example, in a
flash memory device, memory cell transistors are programmed to different threshold
voltages to represent different programmed states. In a flash memory cell, a transistor
is the electronic component that stores information (e.g., one or more binary bits of
data). The memory cell may be programmed during a memory cell programming phase
to store data by using one or more programming pulses to change an electron charge
on a floating gate of the memory cell transistor. For example, changing the electron
charge on the floating gate changes the programmed threshold voltage (V) of the
memory cell transistor, which affects the amount of electrical current flow between the
drain and source terminals of the memory cell transistor when the gate terminal of the
memory cell transistor is under a fixed gate bias voltage. As such, the voltage
separation between the resulting programmed threshold voltage (V1) and the fixed gate
bias voltage during a read operation is directly proportional to the amount of electrical
current flow through the memory cell which is, in turn, representative of the programmed
state of that memory cell. Thus, different information can be stored in memory cells by
using one or more programming passes during a programming phase to change the
floating gate electron charge of memory cell transistors. Similar programming
techniques may be used to store information in other types of semiconductor memories.
For example, other memory types that use non-linear electronic components such as
transistors or linear electronic components such as resistance-based components may
also be programmed by changing the electrical properties of those components to store
different information. Examples disclosed herein may be used in connection with any
such memory types in which different amounts of electrical current that flow through
those components are representative of corresponding stored information. In some
examples, the teachings of this disclosure may be used to increase the programming
and/or reading speeds of NAND flash and/or 3D NAND flash, and/or to improve solid
state drive (SSD) performance.

[0025] To use clock pulse counts to sense programmed states of memory cells in

semiconductor memories, examples disclosed herein use pulse count-to-electrical
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current techniques to operate sense amplifiers. For example, clock pulse counts are
used to control the operations of sense amplifiers to extract threshold voltage
distributions at relatively higher speeds than prior threshold voltage distribution sensing
techniques without needing to manipulate wordline or bitline voltage biasing to read
stored information.

[0026] In flash memory devices, memory cells are addressed by activating wordlines
(e.g., rows) and bitlines (e.g., columns) such that a memory cell is activated when it is at
the intersection of an active wordline and an active bitline. The addressed memory cell
can then be read or written. Memory cell read operations that are based on cycling or
ramping through different wordline voltages to sense different threshold voltages (V) of
memory cells require a significant amount of time due to extensive resistance-
capacitance (RC) delay associated with cycling or ramping through the different
wordline voltages.

[0027] In addition, when threshold voltages (V1) of memory cells on
precharged/activated bitlines are much less than transistor gate-to-source voltages (Vr
<< Vgs) used to activate a corresponding wordline, electrical current injected into the
transistors of those memory cells discharges very quickly through their source (SRC)
terminals into a SRC plate of the flash memory die. This rapid discharge is due to the
significant voltage difference between the threshold voltages and the gate-to-source
voltages (V1 << Vgs) of the memory cells. The rapid discharge into the SRC plate
creates a SRC bounce which is the development of an undesired voltage bias on the
SRC plate that is applied to all SRC terminals of memory cell transistors. As such, the
undesired voltage bias affects subsequent threshold voltage readings of the memory
cells using prior techniques by making those threshold voltage levels appear larger than
what the electrical characteristics of the memory cells have been programmed to output.
[0028] Examples disclosed herein are useful to improve speeds and accuracies of
reading programmed states of memory cells. For example, because examples
disclosed herein trigger sense amplifiers based on clock pulse counts, a wordline
voltage of activated memory cells can remain fixed while sensing a threshold voltage
(V) distribution of the memory cells. Keeping such wordline voltages fixed increases

the speeds with which programmed states of memory cells can be read because
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keeping the wordline voltage fixed decreases a wordline settling time to near a
resistance-capacitance (RC) delay of the wordline for each discrete read/verify
threshold voltage (V) level. For example, each time a different voltage is applied to a
wordline to sense a different threshold voltage (V) using prior memory cell sensing
techniques, additional time is required to settle the wordline to a steady-state at which
threshold voltage (V1) of those memory cells on that wordline can be sensed. By
applying only a single fixed voltage to the wordline to sense a threshold voltages (V1)
distribution using clock pulse counts as disclosed herein, numerous lengthy settling
times of prior techniques are eliminated so that numerous threshold voltages (V) can
be sensed much quicker.

[0029] In some disclosed examples, programmed states of memory cells can be
read with increased accuracy using examples disclosed herein by changing a sense
time (tsen) Of a sense amplifier by selecting different pulse counts (N) at which to trigger
the sense amplifier and/or by selecting different clock periods (Tck) used to drive a
counter that generates the pulse counts (N). For example, the clock period (Tck) can be
decreased to achieve higher resolution readings of memory cell programmed states. In
addition, accuracy can be further increased by using second or third order linear
relationships between pulse counts (N) and memory cell electrical current (lceL) for
different voltage separations between gate-to-source voltage (Vgs) and threshold
voltage (V) (e.g., Vgs — V7).

[0030] FIG. 1 is an example memory controller 102 to perform program and read
operations on an example flash memory 104. For example, the flash memory 104
includes a plurality of memory cells that are generally referred to herein using reference
numeral 106. In the illustrated example, the memory cells 106 may be programmed to
store information during a programming phase and may be subsequently read one or
more times during read phases to read the stored information. During programming
and/or read phases of some examples, one or more different ones of the memory cells
106 may be selectively activated to program information only in desired ones of the
memory cells 106 and/or to read information from only desired ones of the memory cells

106. Selected ones of the memory cells 106 for programming and/or reading are
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referred to as target memory cells, and non-selected ones of the memory cells 106 are
referred to as non-target memory cells.

[0031] The flash memory 104 of the illustrated example is a single-level cell (SLC)
NAND flash memory that stores one binary bit value per memory cell 106. However,
examples disclosed herein may be implemented in connection with NAND flash
memories that store multiple bits per memory cell such as two-bit per cell (2bpc) NAND
flash memories (often referred to as multi-level cell (MLC) flash memories), 3bpc NAND
flash memories (often referred to as triple-level cell (TLC) flash memories), 4bpc NAND
flash memories (often referred to as quad-level cell (QLC) flash memories, or any other
suitable types of memories that store any number of bits per cell. For example,
examples disclosed herein may be used in connection with any type of memory in which
different levels of electrical current that flow through memory cells of those memories
are representative of corresponding information stored in the memory cells.

[0032] In the illustrated example, the memory controller 102 and the flash memory
104 may be integrated into a single flash memory integrated circuit (IC) package. For
example, the memory controller 102 and the flash memory 104 may be on the same die
and placed into the same IC package, or may be on separate die and bonded to one
another in the same IC package. Alternatively, the memory controller 102 may be in a
separate IC package from the flash memory 104.

[0033] In the illustrated example, the memory cells 106 are located in a same
wordline (WL(0)) 108 (e.g., a row). Also in the illustrated example, each of the memory
cells 106 is located on a corresponding bitline (BL) shown as BL(0) through BL(x) and
generally referred to using reference numeral 110. Each of the memory cells 106 of the
illustrated example is addressed by activating (e.g., applying a wordline read-verify
voltage (Vwirv) to) the wordline (WL(0)) 108 and precharging a corresponding one of
the bitlines BL(0) - BL(x). The flash memory 104 of the illustrated example is provided
with example sense amplifiers 112 to sense programmed states of the memory cells
106. For example, when the wordline (WL(0)) 108 and one or more bitlines BL(0)-BL(x)
110 are selected to activate one or more targeted ones of the memory cells 106,
electrical currents flow through the target ones of the memory cells 106 based on the

programmed threshold voltages (V1) of those memory cells 106. The sense amplifiers
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112 latch values based on those electrical currents to identify programmed states of the
target ones of the memory cells 106. The flash memory 104 of the illustrated example
is provided with example data caches including a secondary data cache (SDC) 114, a
first primary data cache (PDC1) 116, and a second primary data cache (PDC2) 118.
The data caches 114, 116, 118 are provided to store values latched by the sense
amplifiers 112 corresponding to information stored in the memory cells 106. Although
only three data caches 114, 116, 118 are shown in the illustrated example of FIG. 1,
fewer or more data caches may be used in connection with examples disclosed herein
to store binary values latched by the sense amplifiers 112 to determine programmed
states of the memory cells 106.

[0034] In the illustrated example, information stored in the memory cells 106 is
represented by an example programmed state distribution 122 showing that some of the
memory cells 106 are programmed in a first threshold voltage (V11) distribution (e.g.,
3.25 volts (V) +/-0.5V), some of the memory cells 106 are programmed in a second
threshold voltage (V12) distribution (e.g., 2V, +/-0.5V), and some of the memory cells
106 are programmed in a third threshold voltage distribution (Vr3) distribution (e.g.,
0.75V, +/-0.5V). Each of the threshold voltage distributions V11, V12, VT3 of the
illustrated example is shown as having lower and upper range boundaries (e.g., edges).
As such, the example programmed state distribution 122 shows a number of the
memory cells 106 that are programmed to be within the lower and upper voltage range
boundaries of those threshold voltage distributions V11, V12, V13. In the illustrated
example, each of the threshold voltage distributions V1, V12, V13 of the memory cells
106 is bound to a corresponding one of three programmed state zones Z1, Z2, Z3. For
example, a first programmed state zone Z1 is bound by a lower voltage range boundary
(e.g., 2.75V) and an upper voltage range boundary (e.g., 3.75V) of the first threshold
voltage distribution Vt1. The second programmed state zone Z2 of the illustrated
example is bound by a lower voltage range boundary (e.g., 1.5V) and an upper voltage
range boundary (2.5V) of the second threshold voltage distribution V12. The third
programmed state zone Z3 of the illustrated example is bound by a lower voltage range
boundary (e.g., 0.25V) and an upper voltage range boundary (e.g., 1.25V) of the third

threshold voltage distribution Vt3. The threshold voltage distributions V1, V12, V13 of
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the illustrated example are shown relative to a fixed gate bias voltage referred to as a
wordline read-verify voltage (VwLrv) (€.9., @a Vwiry 214 of FIG. 2). As such, each of the
example threshold voltage distributions V1, V12, VT3 is shown as having a different
voltage separation from, or voltage proximity to, the wordline read-verify voltage (VwLrv)
214,

[0035] The memory controller 102 of the illustrated example includes a duration
tracker in the form of an example counter 136. The example memory controller 102
also includes trigger values (e.g., duration-based trigger values) in the form of example
trigger count values 138, 140, 142. In the illustrated example, the trigger count values
138, 140, 142 are used to trigger the sense amplifiers 112 to latch values corresponding
to programmed states of one or more of the memory cells 106 based on electrical
current that flows through the one or more of the memory cells 106. For example, when
targeted ones of the memory cells 106 are activated, the counter 136 starts
accumulating a count value representative of an elapsed duration based on a clock
input. When the example counter 136 reaches one of the example trigger count values
138, 140, 142, the memory controller 102 triggers the sense amplifiers 112 to latch
values corresponding to the programmed states of the targeted ones of the memory
cells 106. Although three trigger count values 138, 140, 142 are shown in the illustrated
example, in other examples, fewer or more trigger count values may be used.

[0036] In the illustrated example, the trigger count values 138, 140, 142 are used to
determine the distribution of memory cells across the three programmed state zones
Z1, Z2, Z3 shown in the programmed state distribution 122. For example, the first
trigger count value 138 can be used to detect ones of the memory cells 106 in the third
programmed state Z3, the second trigger count value 140 can be used to detect ones of
the memory cells 106 in the second programmed state Z2, and the third trigger count
value 142 can be used to detect ones of the memory cells 106 in the third programmed
state Z3. That is, in the illustrated example, the different trigger count values 138, 140,
142 cause triggering of the sense amplifiers 112 at different times. Such different
trigger times allow electrical currents that flow through the memory cells 106 to develop
charges on corresponding integrating capacitors (e.g., the integrating capacitor (Cint)

602 of FIG. 6) in the sense amplifiers 112. The example sense amplifiers 112 then
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latch binary values for different ones of the memory cells 106 depending on when
corresponding integrating capacitors develop sufficient charge to exceed a trip voltage
level of the sense amplifiers 112. In the illustrated example, the amounts of energy
stored in the integrating capacitors create voltages across the integrating capacitors of
similarly or identically programmed ones of the memory cells 106 (e.g., ones of the
memory cells having the same programmed threshold voltage (V1)) to trip
corresponding ones of the sense amplifiers 112 after a same duration of time that is
based on a same programmed threshold voltages (V) of the ones of the memory cells
106. That is, the similarly or identically programmed ones of the memory cells 106
exceed the trip voltage levels of the corresponding ones of the sense amplifiers 112 at
the same time because they are programmed to the same threshold voltage (Vr). Also
in the illustrated example, for ones of the memory cells 106 programmed to different
threshold voltages (VT), the amounts of energy stored in the integrating capacitors
create voltages across the integrating capacitors of those differently programmed
memory cells 106 (e.g., ones of the memory cells having different programmed
threshold voltages (V)) to trip corresponding ones of the sense amplifiers 112 after
different durations of time based on their corresponding ones of the different
programmed threshold voltages (V7). That is, differently programmed ones of the
memory cells 106 exceed the trip voltage levels of the corresponding ones of the sense
amplifiers 112 at different times because they are programmed to the different threshold
voltages (V7). In the illustrated example, the sense amplifiers 112 latch a binary ‘1’ for
programmed threshold voltage levels (VT) above the sense amplifier trip voltage level,
and latch a binary ‘O’ for programmed threshold voltage levels (VT) below the sense
amplifier trip voltage level.

[0037] In the illustrated example, the sense ampilifier trip timing range is set to a time
range that is more than enough for voltages developed across integrating capacitors to
trip the sense amplifiers 112 for the highest threshold voltage (V) to be measured. For
example, in the programmed state distribution 122, the highest threshold voltage (V)
being measured is the first threshold voltage (V11). In addition, a wordline read-verify
voltage (Vwirv) applied to the wordline 108 during a read operation is slightly more

(e.g., 100~500 mV more) than the highest threshold voltage (V1) to be measured (e.g.,
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the first threshold voltage level (V1) in the programmed state distribution 122). As
such, when the wordline 108 is activated using the wordline read-verify voltage (Vwirv),
ones of the memory cells 106 having relatively lower threshold voltages (e.g., the third
threshold voltage (V13)) will have the largest electrical current flow due to the relatively
large separation between the low threshold voltages of those memory cells 106 and the
relatively larger wordline read-verify voltage (VwLrv) applied to the wordline 108. In
addition, ones of the memory cell 106 having the largest threshold voltages (e.g., the
first threshold voltage (V11)) will have the smallest electrical current flow due to the
relatively small separation between the large threshold voltages of those memory cells
106 and the wordline read-verify voltage (Vwirv) applied to the wordline 108.

[0038] The different amounts of electrical current through different ones of the
memory cells 106 under a fixed wordline read-verify voltage (VWLRV) (e.g., a fixed gate
bias voltage) cause charges on corresponding integrating capacitors of the sense
amplifiers 112 to develop at different rates. Such different rates of charge development
on the integrating capacitors create time-based relationships between electrical current
and programmed states of the memory cells 106. Examples disclosed herein use such
time-based relationships to sense the programmed states of the memory cells 106. For
example, the different trigger count values 138, 140, 142 represent different amounts of
time during which electrical currents flow through the bitlines (BL(x)) 110 between the
memory cells 106 and corresponding integrating capacitors in the sense amplifiers 112.
As such, the example memory controller 102 uses the different trigger count values 138,
140, 142 to trigger the sense amplifiers 112 to latch binary values for corresponding
ones of the memory cells 106 at different times such that binary ones will be latched in
the sense amplifiers 112 when sufficient time has elapsed for corresponding electrical
currents to develop sufficient voltage on the integrating capacitors to exceed the trip
voltage level of the sense amplifiers 112. In the illustrated example, outputs of the
sense amplifiers 112 after different time intervals could be transferred to corresponding
ones of the PDCO 118, the PDC1 116, or the SDC 114. In this manner, suitable logic
operations could be performed on the sense amplifier output values after sensing

operations to extract or determine the programmed states of the memory cells 106.
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[0039] Using the time-based relationships between electrical current and
programmed states of the memory cells 106, the memory controller 102 triggers the
sense amplifiers 112 at a first time based on the counter 136 reaching the first trigger
count value 138. This causes the sense amplifiers 112 to latch values corresponding to
ones of the memory cells 106 having threshold voltages (V) in the third programmed
state Z3 and to store the third programmed state Z3 latched values in the SDC 114.
Also, the memory controller 102 triggers the sense amplifiers 112 at a second time
based on the counter 136 reaching the second trigger count value 140. This causes the
sense amplifiers 112 to latch values corresponding to ones of the memory cells 106
having threshold voltages (V) in the second programmed state Z2 and to latch the
previous values of the ones of the memory cells 106 in the third programmed state Z3,
and to store the second programmed state Z2 and third programmed state Z3 latched
values in the PDC1 116. In addition, the memory controller 102 triggers the sense
amplifiers 112 at a third time based on when the counter 136 reaches the third trigger
count value 142. This causes the sense amplifiers 112 to latch values corresponding to
ones of the memory cells 106 having threshold voltages (V1) in the first programmed
state Z1 and to latch the previous values of the ones of the memory cells 106 in the
second and third programmed state Z2, Z3, and to store the first programmed state Z1,
the second programmed state Z2, and the third programmed state Z3 latched values in
the PDCO 118. In this manner, with logic circuits or functions to perform logic
operations on the values stored in the SDC 114, the PDC1 116, and the PDCO0 118, the
memory controller 102 can determine the programmed states of the memory cells 106
based on the values latched by the sense amplifiers 112 at the different times
corresponding to the trigger count values 138, 140, 142.

[0040] Although the illustrated example of FIG. 1 shows a duration tracker in the
form of the counter 136 and although examples disclosed herein are described in
connection with the counter 136, any type of duration tracker to track amounts of
elapsed time may be used to cause the memory controller 102 to trigger the sense
amplifiers 112 at different elapsed times based on different trigger values (e.g.,
duration-based trigger values) to sense programmed states of the memory cells 106.

For example, if a duration tracker in the form of a timer is used instead of the counter
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136, the trigger counter values 138, 140, 142 used to track elapsed time may instead be
implemented using timer-based trigger values in the form of time values. In such
examples, the memory controller 102 triggers the sense amplifiers 112 when amounts
of elapsed time tracked by the timer satisfy the time values of the timer-based triggers.
In yet other examples, any other type of duration tracker may be used to trigger the
sense amplifiers 112. For example, the duration tracker may begin tracking elapsed
time from a time at which memory cells 106 are activated to allow integrating capacitors
to develop voltages corresponding to respective ones of the activated memory cells
106. In this manner, the memory controller 102 may use the elapsed time tracked by
the duration tracker to trigger the sense amplifiers 112 at different elapsed times or
durations.

[0041] FIG. 2 is an example electrical current-voltage (I-V) characteristic curve 202
of a memory cell transistor 204 of a memory cell 106 of the example flash memory 104
of FIG. 1. The |-V characteristic curve 202 shows an example memory cell electrical
current (IceLL) 206 through the transistor 204 relative to different wordline read-verify
voltages (Vwirv) 214 applied at a gate terminal 208 of the transistor 204. As shown in
the illustrated example, the memory cell electrical current (lceLL) 206 flows along the
bitline (BL(x)) 110 between a drain terminal 210 and a source terminal 212 of the
transistor 204. The |-V characteristic curve 202 of the illustrated example is based on a
source voltage (Vsrc) applied to a source terminal 212 of the transistor 204 being equal
to zero (e.g., Vsrc = OV). In the illustrated example, the |-V characteristic curve 202
shows that the memory cell current (IceLL) 206 (e.g., a drain-to-source current (las))
through the memory cell 106 is zero (e.g., las = IceLL = O micro-amperes (UA)) when a
wordline read-verify voltages (Vwirv) 214 is less than or equal to a threshold voltage
(V1) 216 (e.g., Vwirv <= V) of the transistor 204. The memory cell current (IceLL) 206
through the memory cell 106 increases as the wordline read-verify voltage (Vwirv) 214
applied to the gate terminal 208 of the transistor 204 increases farther away from the
threshold voltage (V1) 216 of the transistor 204.

[0042] The illustrated example of FIG. 2 also shows a linear range of a first order
linear relationship 222 between the memory cell current (lceLL) 206 and the wordline

read-verify voltage (Vwirv) 214. The first order linear relationship 222 shows that the
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amount of memory cell current (lceL) 206 through the memory cell 106 increases
linearly with higher the wordline read-verify voltages (Vwirv) 214 on the gate terminal
208 of the memory cell transistor 204. That is, the first order linear relationship 222
shows that a larger voltage separation (e.g., less voltage proximity) between the applied
wordline read-verify voltage (Vwirv) 214 and the programmed threshold voltage (V)
216 of the memory cell 106 results in a larger memory cell current (lceLL) 206 through
the memory cell 106. In addition, a smaller voltage separation (e.g., closer voltage
proximity) between the applied wordline read-verify voltage (VwLrv) 214 and the
programmed threshold voltage (V) 216 of the memory cell 106 results in a smaller
memory cell current (lceLL) 206 through the memory cell 106. As such, by knowing the
wordline read-verify voltage (VwLrv) 214 applied to the gate terminal 208, examples
disclosed herein determine the programmed threshold voltage within the linear range of
the memory cell 106 by detecting the amount of the memory cell current (IceLL) 206
based on one or more trigger count values (e.g., the trigger count values 138, 140, 142
of FIG. 1) and capacitor integration time of an integrating capacitor of a sense amplifier
(e.g., the integrating capacitor (Cint) 602 of the sense amplifier 112 of FIG. 6). That is,
since the amount of the memory cell current (IceLL) 206 affects the amount of time
needed to develop a voltage on an integrating capacitor, sensing the voltage of the
integrating capacitor at one or more times (e.g., based on the trigger count values 138,
140, 142) allows determining a programmed state of the memory cells 106. For
example, if the voltage on the integrating capacitor develops quickly (e.g., due to a large
memory cell current (IceLL) 206), examples disclosed herein determine that the
programmed state of the memory cell 106 is one in which there is a large voltage
separation (e.g., less voltage proximity) between the applied wordline read-verify
voltage (Vwirv) 214 and the programmed threshold voltage (V1) 216 of the memory cell
106. If the voltage on the integrating capacitor develops slowly (e.g., due to a large
memory cell current (IceLL) 206), examples disclosed herein determine that the
programmed state of the memory cell 106 is one in which there is a small voltage
separation (e.g., close voltage proximity) between the applied wordline read-verify
voltage (Vwirv) 214 and the programmed threshold voltage (V1) 216 of the memory cell
106.
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[0043] If the applied wordline read-verify voltage (Vwirv) 214 is large enough, and
the voltage on an integrating capacitor exceeds the boundary of linear range of the |-V
characteristic curve 202, the |-V characteristic curve 202 of the memory cell 106 enters
into the non-linear range of the |-V characteristic curve 202. In such instances, the
trigger count values 138, 140, 142 (FIG. 1) can still be set based upon characterized
values of memory cell electrical current (IceLL) to threshold voltage (V) in the non-linear
range. That is, programmed threshold voltages (V1) of memory cells 106 can still be
extracted or determined based on the pulse count techniques disclosed herein even
when voltages on integrating capacitors are in the non-linear range of the |-V
characteristic curve 202.

[0044] The memory cell electrical current (lceLL) 206 of the memory cell 106 is a
drain-to-source current (las) that flows between the drain terminal 210 and the source
terminal 212. The drain-to-source current (lss) is dependent on properties of the
memory cell transistor 204 and voltages applied to the memory cell transistor 204 as

shown in example Equations 1 and 2 below.

Equation 1 1, = unCox%( o V1 Vs
: w
Equat|0n 2 ]ds = /’lncox Z(lerv _I/src _VT )(I/bitline _I/src)

[0045] In example Equation 1 above, an electron mobility ( «,) constant of the

transistor 204 is multiplied by a gate capacitance per unit area (C ) constant of the

transistor 204 to determine a product ( 1,C, ) that is multiplied by a quotient (%) of a
width () of the transistor 204 divided by a length () of the transistor 204 to determine
a transistor properties expression ( z, Ux% ). Also in example Equation 1, the

difference between a gate-to-source voltage (V) and the threshold voltage (1) of the
transistor 204 is multiplied by a drain-to-source voltage (V) of the transistor 204 to

determine a transistor voltages expression ((Vgs -V, V. ). The drain-to-source current
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(lss) (and, thus, the memory cell electrical current (IceLL) 206) is then expressed as the

product of the transistor properties expression ( i C %) and the transistor voltages

expression (( Ve Vs )-
[0046] In example Equation 2 above, the gate-to-source voltage (7, ) is expressed

as the difference between the wordline read-verify voltage (V,, ) 214 and a source

voltage (V... ) of the transistor 204. Also in Equation 2 above, the drain-to-source

Sre

voltage (V,

A}

) is expressed as the difference between the bitline read-verify voltage

(V,.ime ) @nd the source voltage (V) of the transistor 204. In examples disclosed

Sre

herein, the source voltage (V) is the bias that is at source terminal 212, which is the

Sre

sum of the applied bias voltage on a source plate of the flash memory 104 plus the
supply rail IR (current-resistance) drop of the conducting material that is connected
between the source terminal 212 of the memory cell 106 and the source plate of the
flash memory 104. That is, the source plate of the flash memory 104 develops a SRC
bounce voltage bias based on rapid discharges of electrical current from the gate-to-

source voltages (V) to the source plate of the flash memory 104 when wordline read-

verify voltages (VwiLrv) applied to gate terminals of the memory cells 106 are much
higher than the threshold voltages (V1) of the memory cells 106.

[0047] Although the illustrated example of FIG. 2 shows the first order linear
relationship 222, examples disclosed herein may additionally or alternatively be
implemented based on second and/or third order linear relationships between the
memory cell current (IceLL) 206 and the wordline read-verify voltage (Vwirv) 214. In
such examples, the second and/or third order relationships can be used to increase the
accuracy with which the programmed threshold voltage (V1) 216 of the memory cell 106
can be determined.

[0048] FIGS. 3-5 depict graphs showing relationships between threshold voltages
(V1) (e.g., the threshold voltage (V1) 216 of FIG. 2), memory cell current (IcewL) (e.g., the
memory cell current (Ice) 206 of FIG. 2), and pulse counts (e.g., the trigger count
values 138, 140, 142 of FIG. 1). FIG. 3 is a memory cell programmed states graph 300

showing example memory cell threshold voltage programmed states of memory cells
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106 of the flash memory 104 of FIG. 1. FIG. 4 is a graph 400 showing example first
order linear approximations between memory cell current (lceLL) and mean threshold
voltage distributions of memory cells represented in the memory cell programmed
states graph of FIG. 3. FIG. 5 is an example electrical current-pulse count (I-N)
characteristic curve of a memory cell transistor of the example flash memory of FIG. 1
showing an example first order linear relationship between the memory cell electrical
current flow (lceL) and different clock pulse counts indicative of elapsed time to trip a
sense amplifier 112.

[0049] Turningto FIG. 3, the example memory cell programmed states graph 300
shows relationships of mean threshold voltage distributions V1, V12, V13, V14 Of the
memory cells 106 relative to a wordline read-verify voltage (Vwirv) 214. In the
illustrated example, the wordline read-verify voltage (VwLrv) 214 is the desired wordline
read-verify voltage (VwLrv) for the memory cells 106 that are in operation (e.g., memory
cells 106 that are activated or precharged for sensing), and the threshold voltage
distributions V11, V12, VT3, V14 @re actual programmed states of different ones of the
memory cells 106. Examples disclosed herein can be used to determine distributions of
the memory cells 106 into the programmed state zones Z1, Z2, Z3, Z4 to identify the
voltage proximities between the programmed threshold voltages (V1) (e.g., the threshold
voltage (VT) 216 of FIG. 2) of the memory cells 106 and the wordline read-verify voltage
(Vwirv) 214.

[0050] The example threshold voltage distributions V1, V12, V13, V14 @re observed
based on a fixed wordline read-verify voltage (Vwirv) 214 at gate terminals of the
memory cells 106 (e.g., the wordline read-verify voltage (Vwirv) 214 shown at the gate
terminal 208 of the memory cell 106 of FIG. 2), based on a fixed source terminal voltage
(Vsrc) at source terminals of the memory cells 106 (e.g., the source terminal 212 of the
memory cell 106 of FIG. 2), and based on a fixed drain terminal voltage (Vsrc) at bitlines
of the memory cells 106 (e.g., the bitline terminal 110 of the memory cell 106 of FIG. 2).
In the illustrated example, the wordline read-verify voltage (Vwirv) 214 is selected to be
slightly more (e.g., 100~500 mV more) than the target threshold voltage distribution to
be extracted. In this manner, ones of the memory cells 106 having greater voltage

separations between their programmed threshold voltages (V1) and the wordline read-
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verify voltage (VwLrv) 214 will be closer to or in the fourth programmed state zone Z4,
and ones of the memory cells 106 having a closer voltage proximity between their
programmed threshold voltages (V1) and the wordline read-verify voltage (Vwirv) 214
will be closer to or in the first programmed state zone Z1. The voltage separations or
voltage proximities between the wordline read-verify voltage (Vwirv) 214 and
programmed threshold voltages (V1) of the memory cells are shown using example

Equations 3 and 4 below.

Equation 3 voltage proximity = (Vgs — V1)

Equation 4 voltage proximity = (VwLrv — Vsic — V1),

where Vgs = (VWLRV - Vsrc)

[0051] In example Equation 3 above, the voltage proximity is the voltage proximity
(or voltage separation) between the wordline read-verify voltage (Vwirv) 214 and the
programmed threshold voltage (V) 216 of a memory cell 106. The voltage proximity of
Equation 3 is determined as the difference between a gate-to-source voltage (Vgs) of a
memory cell transistor (e.g., the memory cell transistor 204 of FIG. 2) and the
programmed threshold voltage (V) 216 of the memory cell 106. In example Equation 4
above, the voltage proximity is shown in terms of the wordline read-verify voltage
(Vwirv) 214 and the source terminal voltage (Vsrc) in which the voltage proximity is
determined as the programmed threshold voltage (VT) 216 of the memory cell 106, the
source terminal voltage (Vsrc) of the memory cell 106, and the wordline read-verify
voltage (Vwirv) 214 of the memory cell 106.

[0052] In the illustrated example of FIG. 4, the graph 400 shows example first order
linear approximations between memory cell current (lceLL) through the memory cells 106
and the mean distributions of the threshold voltages V11, V12, V13, V14 Of FIG. 3. The
mean threshold voltage distributions V11, V12, VT3, V14 @re shown in FIG. 4 as a first
zone Z1 first order linear approximation 402, a second zone Z2 first order linear

approximation 404, a third zone Z3 first order linear approximation 406, and a fourth
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zone Z4 first order linear approximation 408. In the illustrated example, a fixed drain-to-
source voltage (Vas) 412 is shown. The fixed drain-to-source voltage (Vas) 412 refers to
the voltage across drain terminals and source terminals of the memory cells (e.g., the
drain terminal 210 and the source terminal 212 of the memory cell 106 of FIG. 2). The
fixed drain-to-source voltage (Vas) 412 is represented according to example Equation 5

below.

Equation 5 Vds = Vbl - Vsrc

[0053] In example Equation 5 above, the drain-to-source voltage (Vas) 412 is
represented as the difference between a bitline voltage (Vb)) and a source voltage (Vsrc).
The bitline voltage (Vu) is the voltage (e.g., ~0.4V) applied to a corresponding bitline
(BL(x)) 110 (FIG. 1) of a memory cell 106 when the memory cell 106 is activated or
precharged to enable reading the memory cell 106.

[0064] The example graph 400 of FIG. 4 shows that the first zone Z1 first order linear
approximation 402, the second zone Z2 first order linear approximation 404, the third
zone Z3 first order linear approximation 406, and the fourth zone Z4 first order linear
approximation 408 reach the drain-to-source voltage (Vas) 412 at corresponding
memory cell electrical currents (IceLL) shown as a first drain-to-source current (las1), a
second drain-to-source current (las2), a third drain-to-source current (lasz), and a fourth
drain-to-source current (las4). As such, the example graph 300 of FIG. 3 and the
example graph 400 of FIG. 4 show how memory cell electrical current (IceLL) is an
indicator of the threshold voltage (V1) of a memory cell. More specifically, the memory
cell electrical current (lceLL) is inversely proportional to the threshold voltage (V) of a
memory cell. For example, for the fourth programmed state zone Z4 shown furthest
from the wordline read-verify voltage (Vwirv) 214 in FIG. 3, the fourth zone Z4 first order
linear approximation 408 of FIG. 4 corresponds to the highest drain-to-source current
(Ids4) for ones of the memory cells 106 having threshold voltages (V1) equal to the fixed
drain-to-source voltage (Vas) 412.

[0055] The memory cell electrical current (lceLL) can represented as the drain-to-

source electrical current (las) of example Equation 6 below.
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Equation 6 las o« C + KVT

[0056] According to example Equation 6 above, a drain-to-source electrical current
(las) represents a memory cell electrical current (lceLL) that is proportional to (o« ) the
sum of a drain-to-source electrical current constant (C) and the product of a threshold
voltage (V1) and a rate-of-change constant value (K). In example Equation 4 above, the
drain-to-source electrical current (las) of @ memory cell 106 is equal to the drain-to-
source electrical current constant (C) when the threshold voltage (V) of the memory
cell 106 is zero. Also in example Equation 6 above, the rate-of-change constant value
(K) represents the rate of change of the drain-to-source electrical current (las) relative to
different memory cell threshold voltages (V) fixed at the drain-to-source voltage (Vas)
412.

[0067] FIG. 5 is an example electrical current-pulse count (I-P) characteristic curve
500 of a memory cell transistor (e.g., the transistor 204 of FIG. 2) of the example flash
memory 104 of FIG. 1. The example I-P characteristic curve 500 shows an example
first order linear relationship 502 between the memory cell electrical current flow (IceLL)
and time, represented by incremented/accumulated pulse counts. For example, the I-P
characteristic curve 500 shows that a fourth drain-to-source current (lgs4) of a memory
cell 106 can be sensed in less time (e.g., less pulse counts) than a second drain-to-
source current (las2). In addition, the amount of electrical current between the fourth
drain-to-source current (las4) and the second drain-to-source current (las2) decreases
linearly relative to an increase in pulse counts (e.g., an increase in elapsed time).
[0068] The example of FIG. 5 also shows how the I-P characteristic curve 500 can
be used to determine threshold voltages (V1) of memory cells. For example, as shown
in FIG. 5, when the fourth drain-to-source current (las4) flows through a memory cell 106,
the memory cell 106 is programmed to a fourth threshold voltage (Vr4). In addition,
when the second drain-to-source current (las2) flows through a memory cell 106, the
memory cell 106 is programmed to a second threshold voltage (VT2). As such, the I-P

characteristic curve 500 shows that the fourth threshold voltage (Vt4) can be sensed
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using a smaller pulse count than a pulse count used to sense the second threshold
voltage (VT2).

[0059] FIG. 6 a block diagram of the example flash memory 104 of FIG. 1 and an
example apparatus 600 implemented in accordance with the teachings of this
disclosure. The apparatus 600 of the illustrated example is configured to read
programmed states of the memory cells 106 (FIGS. 1 and 2) in semiconductor memory
devices (e.g., the flash memory 104) based on clock pulse counts (e.g., the trigger
count values 138, 140, 142 of FIG. 1) as disclosed herein. The example apparatus 600
may be implemented in the example memory controller 102 of FIG. 1 or separate from
the memory controller 102. In some examples, some portions of the apparatus 600
may be implemented in the memory controller 102 and other portions of the apparatus
600 may be implemented separate from the memory controller 102.

[0060] The illustrated example of FIG. 6 shows the transistor 204 of the memory cell
106 in the flash memory 104. The illustrated example of FIG. 6 also shows how the
memory cell 106 is in circuit with a corresponding one of the sense amplifiers 112. In
the illustrated example, the sense amplifier 112 includes an integrating capacitor (Cint)
602 connected in parallel with the memory cell transistor 204 of the flash memory 104.
In the illustrated example, when the memory cell 106 is activated with the wordline read-
verify voltage (Vwirv) 214 (FIG. 2) on the wordline (WL(0)) 108 and with a bitline
precharge voltage (Vu) 604 (e.g., ~0.4V) on the corresponding bitline (BL(x)) 110, the
memory cell electrical current (IceLL) 206 starts to flow through the memory cells 106
and to develop a voltage on the integrating capacitor (Cint) 602. Since the integrating
capacitor (Cint) 602 is in parallel with the memory cell transistor 204, the integrating
capacitor (Cint) 602 will develop a voltage over time relative to the programmed
threshold voltage (VT) 216 of the transistor 204. If the voltage separation between the
wordline read-verify voltage (Vwirv) 214 and the programmed threshold voltage (V)
216 is large, the memory cell electrical current (lceLL) 206 is proportionally high (e.g.,
see Equations 1 and 2 above). If the voltage separation between the wordline read-
verify voltage (VwLrv) 214 and the programmed threshold voltage (V1) 216 is small, the
memory cell electrical current (IceLL) 206 is proportionally low (e.g., see Equations 1 and

2 above). In the illustrated example, a high memory cell electrical current (IceLL) 206 will
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cause the integrating capacitor (Cint) 602 to develop a sensing voltage to trip the sense
amplifier 112 relatively faster than if the memory cell electrical current (IceLL) 206 were
lower. Although one integrating capacitor (Cint) 602 is shown in FIG. 6, the sense
amplifiers 112 of FIG. 1 include a plurality of integrating capacitors such that each bitline
(BL) 110 is in circuit with a corresponding integrating capacitor in the sense amplifiers
112.

[0061] By controlling the sense amplifier 112 to sense the voltage across the
integrating capacitor (Cint) 602 at different times based on different pulse counts (e.g.,
the trigger count values 138, 140, 142 of FIG. 1), the apparatus 600 can determine the
programmed threshold voltage (V) 216 of the memory cell 106. Example Equation 7
below shows the relationship between sense time (tsen) and capacitor integration (Cint)
relative to a threshold voltage (Vtr) of a PMOS transistor 606 in the sense amplifier 112

and the memory cell electrical current (lceLL) 206.

Equation 7 tsen = (Cint X V1P) / lcELL

[0062] In example Equation 7 above, the sense time (tsen) is a duration needed by
the integrating capacitor (Cint) 602 to develop sufficient voltage to trip the PMOS
transistor 606 in the sense amplifier 112. In the illustrated examples of Equation 7 and
FIG. 6, the threshold voltage (V) of the PMOS transistor 606 is the trip voltage of the
sense amplifier 112. According to example Equation 7, the sense time (tsen) Needed to
sense the programmed threshold voltage (V) 216 is expressed as the product of a
capacitor integration (Cint) constant of the integrating capacitor (Cint) 602 and the
threshold voltage (Vtp) of the PMOS transistor 606 in the sense amplifier 112 divided by
the memory cell electrical current (lceL) 206. Using example Equation 7, different
sense times for different ones of the drain-to-source electrical currents (last - las4) of

FIGS. 4 and 5 can be expressed as shown in example Equations 8 and 9 below.

Equation 8 t1 = (Cint X VTP) / last

Equation 9 tn = (Cint X VTP) / lasn
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[0063] Example Equation 8 above shows a first sense time (t1) for controlling the
sense amplifier 112 to sense first programmed threshold voltages (V1) (FIG. 3)
corresponding to a first drain-to-source electrical current (las1). Example Equation 9
above shows an n" sense time (tn) for controlling the sense amplifier 112 to sense an
n" programmed threshold voltages (Vn) corresponding to an n drain-to-source
electrical current (lasn).

[0064] Examples disclosed herein track sense time (tsen) using clock signal pulse
counts (N) such as the trigger count values 138, 140, 142 of FIG. 1. Example Equation
10 below expresses the relationship between sense time (tsen) and pulse count (N) of a

clock period (Tck) of an input clock signal.

Equation 10 tsen = N X Teik

[0065] Example Equation 11 below is an algebraic rearrangement of example
Equation 10 above and expresses the relationship between pulse counts (N) and
example Equations 6 and 7 above. As shown in example Equation 10 above, the sense
time (tsen) is directly proportional to the pulse count (N) and to the clock period (Tck). As
such, increasing the pulse count (N) increases the sense time (tsen). In addition,
increasing the clock period (Tck) also increases the sense time (tsen). As such, the
sense time (tsen) can be changed by selecting different pulse counts (N) and/or selecting
different clock periods (Tck). For example, for a fixed sensing time, the clock period
(Tek) can be decreased to achieve higher resolution readings of memory cell
programmed states (e.g., finer granularity to differentiate between threshold voltages

(V) that are closer to one another in voltage proximity).

Equation 11 N = tsen/Tck = ((Cint X VTP) / Taik)(1/ (C + KVT))

[0066] As shown in example Equation 11 above, a pulse count (N) for controlling a
time at which the sense amplifier 112 senses the programmed threshold voltages (V)

216 based on a sensing voltage developed on the integrating capacitor 602 is
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expressed as the product of the capacitor integration (Cint) constant of the integrating
capacitor (Cint) 602 and the threshold voltage (Vr) of the PMOS transistor 606 in the
sense amplifier 112 divided by the clock period (Tck) of an input clock signal, (((Cint X V1)
/ Tek)), multiplied by the inverse of the expression shown in Equation 6 above.

[0067] The example apparatus 600 of FIG. 6 uses pulse counts (N) to control the
sense amplifier 112 to sense the threshold voltage (V1) 216 programmed state of the
memory cell 106. In the illustrated example, the apparatus is provided with the example
counter 136 (FIG. 1) (e.g., a duration tracker), one or more example trigger register(s)
614, an example comparator 616, an example trigger value store 618, an example
trigger value retriever 620, an example voltage controller 622, an example criterion
condition detector 624, an example programmed state detector 626, an example output
analyzer 628, an example I/O buffer interface 630, an example micro-controller 632,
and an example instruction memory 634. Also shown in the illustrated example is an
example clock 636 that drives the counter 136. For example, the clock 636 may be a
high-frequency clock (e.g., 500 megahertz (MHz) — 1 gigahertz (GHz)) or a clock of any
other suitable speed. In some examples, the clock 636 is provided in the apparatus
600. In other examples, the clock 636 is separate from the apparatus 600 and provides
a clock signal to the apparatus 600 for driving the counter 136. In some examples, the
clock 636 is implemented using a clock of the memory controller 102 that is used in the
memory controller 102 for other purposes such as controlling the timing of read and/or
write operations.

[0068] In the example apparatus 600, the counter 136 receives an input clock signal
from the clock 636 having a clock period (Tck) and generates pulse counts (N) 638 over
time based on the clock period (Tak) of the clock 636. The example trigger register(s)
614 store(s) trigger count values (NT) 642, such as the trigger count values 138, 140,
142 of FIG. 1, to indicate when the sense amplifier 112 is to latch a value corresponding
to a sensed voltage across the integrating capacitor (Cint) 602. For example, the trigger
value store 618 may include a data structure 640 (e.g., a look-up table, a mapping table,
an association table, etc.) to store numerous trigger count values (Nm) 642 (e.g., the
trigger count values 138, 140, 142 of FIG. 1) in association with corresponding different

threshold voltages (Vn) 644 of memory cells 106. The numerous trigger count values
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(Nn) 642 of the illustrated example correspond to different sense times for sensing
corresponding ones of the threshold voltages (V) 644. When the apparatus 600 is to
sense a particular threshold voltage (V) 644, the example trigger value retriever 620
can obtain a corresponding trigger count value (Ntn) 642 from the trigger value store
618, and load or store the obtained trigger count value (Nn) 642 in a trigger register
614. The example comparator 616 can then compare the trigger count value (Nn) 642
to pulse counts (N) 638 generated by the counter 136 to toggle a SENB signal 646
when the pulse count (N) 638 matches the trigger count value (Ntn) 642 loaded in the
trigger register 614. In the illustrated example, the SENB signal 646 asserts a strobe
(STB) line 646 of the sense amplifier 112 which triggers the sense amplifier 112 to latch
a binary value corresponding to the sensed voltage across the integrating capacitor
(CinT) 802. In the illustrated example, the apparatus 600 can use the binary value to
determine the programmed threshold voltage (V) 216 of the memory cell 106.

[0069] In some examples in which numerous trigger count registers 614 are
provided, the example trigger value retriever 620 can obtain numerous trigger count
values (Ntn) 642 from the trigger value store 618 and load the numerous trigger count
values (Nmn) 642 in different ones of the trigger count registers 614 for use by the
comparator 616. In yet other examples, numerous trigger count registers 614 may be
provided with static trigger count values (Ntn) 642 that do not change. In such
examples, the comparator 616 toggles its SENB signal 644 based on the same static
trigger count values (Ntn) 642 whenever reads of the flash memory 104 are performed.
[0070] The example voltage controller 622 is provided to control voltage levels
applied to the memory flash 104. For example, the voltage controller 622 controls
activating the wordline (WL(0)) 108 with, for example, the wordline read-verify voltage
(Vwirv) 214 (FIG. 2), and controls the precharging of the bitlines (BL(x)) 110 with, for
example, the bitline precharge voltage Vo 604.

[0071] The example criterion condition detector 624 is provided for example
implementations in which the trigger count values (Ntn) 642 are selected from the
trigger value store 618 based on criteria corresponding to different characteristics of the
flash memory 104. Example criteria may be temperature of a memory cell array of the

flash memory 104, locations of memory cells 106 within a memory cell array of the flash
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memory 104, and/or values of threshold voltages (V) intended to be read from the
memory cells 106. Examples of using such criteria are described in connection with
FIGS. 7A, 7B, 8, and 9 below. To use characteristics of the flash memory 104 as
criteria for selecting the trigger count values (Ntn) 642, the data structure 640 of the
trigger value store 618 stores characteristic values CRm 650 (e.g., temperature
coefficient values, location values, target threshold voltage (V1T) values, etc.) in
association with different corresponding trigger count values (Ntn) 642 so that different
trigger count values (Ntn) 642 can be used to dynamically update the trigger register(s)
614 based on the characteristics of the flash memory 104. In this manner, when the
example criterion condition detector 624 measures a criterion condition of the flash
memory 104, the trigger value retriever 620 can use the measured criterion condition as
feedback to dynamically retrieve one or more corresponding trigger count value(s) (Nn)
642 from the trigger value store 618 based on the criterion characteristic measured by
the example criterion condition detector 624 and load the retrieved trigger count
value(s) (Nmn) 642 in the trigger register(s) 614 for use by the comparator 616.

[0072] The example programmed state detector 626 is in circuit with the SDC 114
and the PDCs 116, 118. The example programmed state detector 626 determines the
programmed threshold voltage (V) 216 of the memory cell 106 based on the binary
value(s) latched by the sense amplifier 112 into one or more of the SDC 114, the PDC1
116, and/or the PDC2 118. For example, the programmed state detector 626 can
receive a threshold voltage (Vn) 644 value from the trigger value retriever 620
corresponding to the trigger count value (Ntn) 642 loaded in the trigger register 614.
The example programmed state detector 626 can then determine that for each binary
one ‘1’ stored in a data cache (e.g., the SDC 114, the PDC1 116, the PDC2 118), the
programmed state of a corresponding memory cell 106 is the threshold voltage (Vn)
644 value corresponding to the trigger count value (Nm) 642 used by the comparator
616 to assert the STB line 646 of the sense amplifier 112.

[0073] The example output analyzer 628 is provided to analyze the programmed
states determined by the programmed state detector 626. For example, when
examples disclosed herein are used during program-verify processes, the output

analyzer 628 can analyze the programmed states from the programmed state detector
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626 to determine whether memory cells 106 are programmed to a target threshold
voltage (V1r). In some examples, the output analyzer 628 determines soft bit
information from memory cells 106. For example, the output analyzer 628 may analyze
programmed states from the programmed state detector 626 to analyze the threshold
voltage (V) distributions of the memory cells 106 to determine whether to shift
threshold voltage (V1) range boundaries (e.g., reference voltages) to represent stored
data. For example, over time the flash memory 104 may degrade or otherwise undergo
changes to its electrical properties. Under such circumstances, ranges of threshold
voltages (V) that represent stored information may shift such that a threshold voltage
(V) distribution of the flash memory 104 loses its accuracy in representing the stored
information. To avoid losing such stored information, reference voltages defining the
range boundaries of the threshold voltages (V1) may be changed to align the threshold
voltage (V) distribution of the flash memory 104 to accurately correspond to the stored
information. Examples for extracting soft bit information from the flash memory using
techniques disclosed herein are described below in connection with FIGS. 11A and
11B.

[0074] The example I/O buffer interface 630 is provided to output data stored in the
flash memory 104 to a memory data bus. For example, when a host processor (e.g.,
the processor 1412 of FIG. 14) requests data to be read from the flash memory 104, the
apparatus 600 may read data from the flash memory 104 using examples disclosed
herein and the I/O buffer interface 630 may load the read data to a memory data bus
that is accessible by the host processor.

[0075] The example micro-controller 632 is provided to execute machine readable
instructions to implement one or more components of the example apparatus 600. The
example instruction memory 634 is provided to store machine readable instructions
executable by the micro-controller 632 to implement one or more components of the
apparatus 600. In some examples, the micro-controller 632 and the instruction memory
634 are omitted, and the components of the apparatus 600 are implemented in logic
circuits and/or other suitable hardware. In some examples, some components of the

apparatus 600 are implemented using machine readable instructions stored in the
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instruction memory 634 and executed by the micro-controller 632 and others of the
components of the apparatus 600 are implemented in hardware.

[0076] \While an example manner of implementing the example apparatus 600 is
illustrated in FIG. 6, one or more of the elements, processes and/or devices illustrated in
FIG. 6 may be combined, divided, re-arranged, omitted, eliminated and/or implemented
in any other way. Further, the example counter 136, the example trigger register 614,
the example comparator 616, the example trigger value store 618, the example trigger
value retriever 620, the example voltage controller 622, the example criterion condition
detector 624, the example programmed state detector 626, the example output analyzer
628, the example I/O buffer interface 630, and/or, more generally, the example
apparatus 600 of FIG. 6 may be implemented by hardware, software, firmware and/or
any combination of hardware, software and/or firmware. Thus, for example, any of the
example counter 136, the example trigger register 614, the example comparator 616,
the example trigger value store 618, the example trigger value retriever 620, the
example voltage controller 622, the example criterion condition detector 624, the
example programmed state detector 626, the example output analyzer 628, the
example I/O buffer interface 630, and/or, more generally, the example apparatus 600
could be implemented by one or more analog or digital circuit(s), logic circuits,
programmable processor(s), application specific integrated circuit(s) (ASIC(s)),
programmable logic device(s) (PLD(s)) and/or field programmable logic device(s)
(FPLD(s)). When reading any of the apparatus or system claims of this patent to cover
a purely software and/or firmware implementation, at least one of the example counter
136, the example trigger register 614, the example comparator 616, the example trigger
value store 618, the example trigger value retriever 620, the example voltage controller
622, the example criterion condition detector 624, the example programmed state
detector 626, the example output analyzer 628, and/or the example 1/O buffer interface
630 is/are hereby expressly defined to include a tangible computer readable storage
device or storage disk such as a memory, a digital versatile disk (DVD), a compact disk
(CD), a Blu-ray disk, etc. storing the software and/or firmware. Further still, the example

apparatus 600 of FIG. 6 may include one or more elements, processes and/or devices
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in addition to, or instead of, those illustrated in FIG. 6, and/or may include more than
one of any or all of the illustrated elements, processes and devices.

[0077] FIG. 7A is a programmed states graph 700 showing observed programmed
states 702 of target memory cells (e.g., ones of the memory cells 106 of FIG. 1). In the
illustrated example, the programmed states 702 are a distribution of programmed
threshold voltages (V) of ones of the memory cells 106 that are targeted for
programming to a target threshold voltage (V1) 706. In the illustrated example, the
observed programmed states 702 are sensed during a program-verify process of a
programming phase during which data is written to the flash memory 104. For example,
during the programming phase, the memory controller 102 (FIG. 1) writes data to target
memory cells by performing one or more programming passes on the target memory
cells in which electrical programming pulses are used to change the electron charges
on gate terminals (e.g., the gate terminal 208 of FIG. 2) of the target memory cells. In
this manner, the electron charge characteristics of the gate terminals result in the target
memory cells having programmed threshold voltage (V1) equal to a target threshold
voltage (V1r) 706 representative of binary data intended for storage in those target
memory cells. In some instances in which the electron charges on the gate terminals
need to be changed significantly, multiple programming passes must be performed
without over-programming the target memory cells so that programmed threshold
voltages (V) of the memory cells do not exceed the target threshold voltage (V) 706.
[0078] After each programming pass, the memory controller 102 performs a
program-verify process to determine programmed threshold voltages (V1) of the target
memory cells. In this manner, the memory controller 102 can determine when the
target memory cells have reached the intended target threshold voltage (V1) 706
corresponding to the data intended to be written. In addition, the memory controller 102
can determine voltage separations between programmed threshold voltages (V) of the
target memory cells and the intended target threshold voltage (V11) 706. By
determining the voltage separations of target memory cells and when target memory
cells have reached the intended target threshold voltage (V1) 706, the memory
controller 102 can determine which target memory cells no longer require electrical

programming pulses to further change the electron charges on their corresponding gate
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terminals, which target memory cells are relatively close to the intended target threshold
voltage (V1) 706 such that they require only a partial programming pulse (e.g., a SSPC
(Selective Slow Program Convergence) programming pulse) (e.g., by biasing a bitlines
of corresponding memory cells to 1V instead of OV to slow down the programming rate
of those corresponding memory cells) to reach the intended target threshold voltage
(V17) 706, and which target memory cells are still relatively far from the intended target
threshold voltage (V1) 706 such that they require full programming pulses (PGM) (e.g.,
by biasing bitlines of corresponding memory cells to 0V to enable programming those
corresponding memory cells at a full programming rate) to reach the intended target
threshold voltage (V1) 706.

[0079] The illustrated example of FIG. 7A shows an example target threshold voltage
(VtT) 706 (e.g., a program-verify voltage (Vev)) relative to three programmed state
zones Z1, Z2, Z3 across the threshold voltage (V) distribution of the programmed
states 702 of target memory cells. In the illustrated example, target memory cells in the
third programmed state zone Z3 have the largest voltage separation between their
programmed threshold voltages (V1) and the target threshold voltage (Vrr) 706, which in
turn, results in the largest memory cell electrical current (lceLL) through those target
memory cells. The second programmed state zone Z2 includes target memory cells
having programmed threshold voltages (V) with relatively closer voltage proximities to
the target threshold voltage (Vr) 706, which in turn, results in smaller memory cell
electrical current (IceLL) through those target memory cells. The first programmed state
zone Z1 includes target memory cells having programmed threshold voltages (V) that
satisfy the target threshold voltage (V1r) and, thus, have the smallest memory cell
electrical current (IceLL) or no cell current. The example programmed state zones Z1,
Z2, Z3 of the illustrated example may be used to determine which target memory cells
still require one or more programming passes and the type of electrical programming
pulse (e.g., a partial SSPC programming pulse, or a full PGM programming pulse) to
apply. For example, in the illustrated example of FIG. 7, target memory cells in the third
programmed state zone Z3 require at least another programming pass using a full PGM
programming pulse, target memory cells in the second programmed state zone Z2

require at least another programming pass using a partial SSPC programming pulse,
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and target memory cells in the first programmed state zone Z1 do not require any
further programming pulse.

[0080] FIG. 7B depicts trigger count values Nt1 714 and N2 716 to acquire the
programmed states 702 of target memory cells shown in the programmed states graph
700 of FIG. 7A. FIG. 7B also shows an example clock signal 720 provided by, for
example, the clock 636 of FIG. 6. The example clock signal 720 drives the example
counter 136 to generate the pulse counts (N) 638 of FIG. 6. FIG. 7B also shows an
example trigger (SENB) signal 722 (e.g., the SENB signal 644 of FIG. 6) that may be
provided by the example comparator 616 of FIG. 6 to assert the strobe (STB) line 646 of
the sense amplifier 112 of FIG. 6. In the illustrated example, the sense amplifier 112 is a
NAND memory sense amplifier, and the strobe (STB) line 646 of the sense amplifier
112 is a level-triggered line. In the illustrated example, a low level on the example
trigger (SENB) signal 722 asserts the strobe (STB) line 646 to cause the sense amplifier
112 to latch values.

[0081] In the illustrated example, the pulse count (N) 638 starts at zero (N=0) and
the first trigger count value N11 714 is loaded into the trigger register 614. When the
voltage controller 622 (FIG. 6) activates the target memory cells for reading/sensing
their programmed threshold voltages (VT), the counter 136 starts
incrementing/accumulating the pulse count (N) 638. When the target memory cells are
activated by the voltage controller 622 by applying the wordline read-verify voltage
(Vwirv) 214 (FIG. 2) to a corresponding wordline (WL) and by precharging
corresponding bitlines (BL) with the bitline precharge voltage (Vu) 604 (FIG. 6), memory
cell electrical currents (IceLL) begin to flow through the target memory cells, which
causes sensing voltages to develop at corresponding integrating capacitors (e.g., the
integrating capacitor (Cint) 602 of FIG. 6). As integrating capacitor sensing voltages
develop over time, the comparator 616 (FIG. 6) compares the pulse count (N) 638 from
the counter 136 to the first trigger count value Nt1 714 loaded into the trigger register
614. When the comparator 616 determines that the pulse count (N) 638 matches the
first trigger count value Nt1 714, the comparator 616 toggles the trigger (SENB) signal
722 to assert the strobe (STB) line 646 of the sense amplifiers 112 (FIG. 1) to cause the

sense amplifiers 112 to latch binary values corresponding to the voltages across
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corresponding integrating capacitors (e.g., the integrating capacitor Cint 602). For
example, a binary value of one ‘1’ is latched for voltages across integrating capacitors
Cint that exceed a trip voltage level of the sense amplifiers 112, and a binary value of
zero ‘0’ is latched for voltages across integrating capacitors Cint that do not exceed a
trip voltage level of the sense amplifiers 112. In the illustrated example, the logical
values latched by the sense amplifiers 112 based on the first trigger count value N1
714 are stored in the first primary data cache (PDC1) 116 (FIGS. 1 and 6).

[0082] After latching binary values based on the first trigger count value Nt1 714, the
second trigger count value N12 716 is loaded into the trigger register 614. As integrating
capacitor charges continue to develop over time, the comparator 616 compares the
pulse count (N) 638 from the counter 136 to the second trigger count value Nt2 716
loaded into the trigger register 614. When the comparator 616 determines that the
pulse count (N) 638 matches the second trigger count value Nt2 716, the comparator
616 toggles the trigger (SENB) signal 722 to assert the strobe (STB) line 646 of the
sense amplifiers 112 (FIG. 1) to cause the sense amplifiers 112 to latch binary values
corresponding to the voltage across corresponding integrating capacitors (e.g., the
integrating capacitor Cint 602). For example, a binary value of one ‘1’ is latched for
voltages across integrating capacitors Cint that exceed a trip voltage level of the sense
amplifiers 112, and a binary value of zero ‘O’ is latched for voltages across integrating
capacitors Cint that do not exceed a trip voltage level of the sense amplifiers 112. In
the illustrated example, the logical values latched by the sense amplifiers 112 based on
the second trigger count value Nt2 716 are stored in the second primary data cache
(PDC2) 118 (FIGS. 1 and 6).

[0083] After latching binary values based on the second trigger count value N12 716,
the example programmed state detector 626 obtains the latched binary values from the
first and second primary data caches 116, 118 to determine programmed states of the
target memory cells. For example, the programmed state detector 626 determines that
binary ones ‘1’ in the first primary data cache (PDC1) 116 correspond to target memory
cells with programmed threshold voltages (V) in the third programmed state zone Z3.
For example, the target memory cells with programmed threshold voltages (V1) in the

third programmed state zone Z3 have a relatively high memory cell electrical current
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(IceLL) to charge corresponding integrating capacitors (Cint) above the trip voltage level
of the sense amplifiers 112 before the pulse count (N) 638 reaches the first trigger count
value Nt1 714.

[0084] The programmed state detector 626 performs logical comparison operations
(e.g., logical XOR operations) between bits in the primary and secondary data caches
116, 118 to determine target memory cells having programmed threshold voltages (V1)
in the second programmed state zone Z2. For example, the programmed state detector
626 determines that bit locations having binary zeros ‘O’ in the first primary data cache
(PDC1) 116 and binary ones ‘1’ in the second primary data cache (PDC2) 118
correspond to target memory cells with programmed threshold voltages (V) in the
second programmed state zone Z2. For example, the target memory cells with
programmed threshold voltages (V) in the second programmed state zone Z2 have a
relatively smaller memory cell electrical current (IceLL) that requires more time to charge
corresponding integrating capacitors (Cint) such that the voltages on the integrating
capacitors (Cint) do not exceed the trip voltage level of the sense amplifiers 112 until
after the pulse count (N) 638 exceeds the first trigger count value Nt1 714 and before
the pulse count (N) 638 reaches the second trigger count value Nt2 716.

[0085] Based on the logical comparison operations, the example programmed state
detector 626 also determines that bit locations having binary zeros ‘0’ in the first primary
data cache (PDC1) 116 and binary zeros ‘0’ in the second primary data cache (PDC2)
118 correspond to target memory cells with programmed threshold voltages (V1) in the
first programmed state zone Z1. For example, the target memory cells with
programmed threshold voltages (V) in the first programmed state zone Z1 have a
relatively small memory cell electrical current (IceLL) that requires more time to charge
corresponding integrating capacitors (Cint) such that the voltages on the integrating
capacitors (Cint) do not exceed the trip voltage level of the sense amplifiers 112 until
after the pulse count (N) 638 exceeds the second trigger count value Ntz 716.

[0086] FIG. 7C is an example program pulse-type table 730 showing types of
program pulses needed for corresponding target memory cells to reach a target
threshold voltage (V1) during a memory cell programming phase. After the example

programmed state detector 626 determines the programmed state zones Z1, Z2, Z3 of
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the target memory cells based on binary values latched by the sense amplifiers 112 as
discussed above in connection with FIG. 7B, the output analyzer 628 (FIG. 6) uses the
program pulse-type table 730 in connection with the identified programmed state zones
Z1, Z2, Z3 of the target memory cells to determine program pulse-types for the target
memory cells. For example, the output analyzer 628 determines that target memory
cells in the third programmed state zone Z3 need a full PGM program pulse during a
next programming pass to move the programmed threshold voltages (V) of those target
memory cells closer to the target threshold voltage (V1) 706. The example output
analyzer 628 determines that target memory cells in the second programmed state zone
Z2 need a partial SSPC program pulse during a next programming pass to move the
programmed threshold voltages (V1) of those target memory cells closer to the target
threshold voltage (V1) 706. In addition, the example output analyzer 628 determines
that target memory cells in the first programmed state zone Z1 are to be inhibited INH
from receiving any further programming pulse during a next programming pass because
those target memory cells are already at the target threshold voltage (V1r1) 706. Based
on the program pulse-types determined by the output analyzer using the program pulse-
type table 730, the voltage controller 622 can control voltage levels of the programming
pulses used to perform further programming passes on the target memory cells.

[0087] FIG. 8 depicts different example pulse counts for acquiring programmed
states of memory cells 106 (FIG. 1) based on the effects of a temperature coefficient
(Tco) of a dielectric material on memory cell electrical current (lceLL) over temperature in
the dielectric material. For example, as the dielectric material of the memory cell
transistor 204 (FIGS. 2 and 6) undergoes temperatures changes, a temperature
coefficient (Tco) of the transistor 204 affects the electrical current through the memory
cell transistor 204. For example, the memory cell electrical current (lcer) 206 (FIGS. 2
and 6) of the transistor 204 is affected by the temperature changes. In some examples,
the flash memory 104 may undergo significant temperature changes depending on the
memory access load on the flash memory 204 (e.g., the flash memory 104 may
dissipate significant heat during heavy data access), on temperatures of nearby
components on the same circuit board, and/or on environmental temperatures. In some

instances, significant temperature changes may cause inaccurate readings of memory
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cell programmed states due to the temperature’s effects on the memory cell electrical
current (IceLL) 206. To substantially reduce or eliminate the likelihood of temperature
changes causing inaccurate memory cell readings, examples disclosed herein may use
temperature as a criterion for selecting trigger count values (Nt) 642 (FIG. 6) for
detecting programmed states of the memory cells 106.

[0088] As shown in FIG. 8, a temperature coefficient (Tco) of a dielectric material can
be linear 802 or non-linear 804. Suitable trigger count values (Ntn) 642 can be
determined in advance for different temperatures in the temperature operating ranges of
memories having linear temperature coefficients (Tco) 802 or non-linear temperature
coefficients (Tco) 804 and stored in the memories or associated memory controllers for
selecting during read operations of those memories. For example, the trigger value
store 618 of FIG. 6 may store temperature values in the characteristic values CRm 650
in association with corresponding ones of the trigger count values (Ntn) 642. In this
manner, during a read operation, the criterion condition detector 624 can detect a
temperature (e.g., using an in-die or on-board thermocouple) of the flash memory 104
and/or a memory cell array in the flash memory 104, and the trigger value retriever 620
can use the observed temperature to retrieve a trigger count value (Ntn) 642. By using
temperature as a criterion characteristic of the flash memory 104, readings of the flash
memory 104 can be made with substantially the same accuracy over temperature
changes.

[0089] In the illustrated example of FIG. 8, a low temperature (LT) trigger count 806
is shown as having a sense time (tsen) of 200 nanoseconds (ns) that is tracked with 200
pulses of a 1 gigahertz (1GHz) clock (e.g., N = 200, Tck = 1ns). Also in the example of
FIG. 8, a high temperature (HT) trigger count 808 is shown as having a sense time of
400ns that is tracked with 400 pulses of the 1GHz clock (e.g., N = 400, Tck = 1ns). As
such, the illustrated example of FIG. 8 shows that as temperature of a memory device
increases, the temperature coefficients (Tco) depicted in FIG. 8 cause a decrease in the
memory cell electrical current (IceLL) 206 in those memory devices. The decreased
memory cell electrical current (lceLL) 206 as temperature increases causes integrating
capacitors (e.g., the integrating capacitor (Cint) 602 of FIG. 6) to develop sensing

voltages at a slower rate. As such, during higher operating temperatures, more time
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(e.g., more pulse counts (N)) is needed to sense programmed states of the same
memory cells. Higher memory cell electrical current (IcerL) 206 for lower temperatures
causes integrating capacitors (e.g., the integrating capacitor (Cint) 602 of FIG. 6) to
develop sensing voltages at a faster rate. As such, during lower operating
temperatures, less time (e.g., less pulse counts (N)) is needed to sense programmed
states of the same memory cells.

[0090] FIG. 9 depicts different example pulse counts for acquiring programmed
states of memory cells 106 based on the effects of memory cell programmed states
(e.g., memory cell threshold voltages (V1)) on a temperature coefficient (Tco) (e.g., a
programmed state-dependent temperature coefficient (Tco)) of a dielectric material of
the memory cells 106. The illustrated example of FIG. 9 shows different threshold
voltage levels V1o, V1, V12, V13, V14, V15, V18, @nd V17. In the illustrated example, as a
threshold voltage (VT) of a memory cell 106 increases (e.g., from threshold voltage level
Vo to threshold voltage level V17), the temperature coefficient (Tco) of the memory cell
106 also increases. For example, different temperature coefficients (Tco) 902a-h are
shown for different threshold voltage levels Vto-V17. Each of the temperature
coefficients (Tco) 902a-h causes different changes in the memory cell electrical current
(IceLL) over a temperature range. For example, when a memory cell 106 is programmed
to one of the threshold voltage levels V1o-V17, a corresponding one of the temperature
coefficients (Tco) 902a-h of the programmed threshold voltage level causes the memory
cell electrical current (lceLL) through the programmed memory cell 106 to change over a
temperature range in a different manner and at different electrical current levels than if
the memory cell 106 were programmed to another one of the threshold voltage levels
VT10-V17 corresponding to a different one of the temperature coefficients (Tco) 902a-h.
[0091] Examples of different changes in memory cell electrical current (IceLL) over a
temperature range based on the temperature coefficient (Tco) 902a corresponding to
the zeroeth threshold voltage Vo is shown in a memory cell electrical current (lceLL) vs.
temperature graph 904. Examples of different changes in memory cell electrical current
(lceLL) over a temperature range based on the temperature coefficient (Tco) 902h
corresponding to the seventh threshold voltage V17 is shown in a memory cell electrical

current (IceLL) vs. temperature graph 906. As shown in the illustrated examples of the
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current vs. temperature graphs 904, 906, memory cell electrical current (lceLL) is higher
for lower temperature coefficients (Tco) corresponding to lower threshold voltages (V),
and the memory cell electrical current (IceLL) decreases as the temperature coefficient
(Tco) increases for higher threshold voltages (V1). Because higher levels of memory
cell electrical current (IceLL) cause sensing voltages to develop faster on integrating
capacitors (e.g., the integrating capacitor Cint 602 of FIG. 6) than lower levels of
memory cell electrical current (IceLL), less time is needed for the sensing voltages on the
integrating capacitors to exceed trip voltages of the sense amplifiers 112 when memory
cells are programmed to lower threshold voltages (V1) corresponding to lower
temperature coefficients (Tco). Also, more time is needed for the sensing voltages on
the integrating capacitors to exceed trip voltages of the sense amplifiers 112 when
memory cells are programmed to higher threshold voltages (V) corresponding to higher
temperature coefficients (Tco). Example Table 1 below shows an example data
structure storing different ranges of trigger count values (Nt ) for the threshold
voltage levels V1o-V17 over a temperature range (To-T3).

[0092]

V1o V11 V12 V13 V14 Vs Vs V17
(Tcoo) (Tcor) (Tco2) (Tcos) (Tcos) (Tcos) (Tcos) (Tcor)

TempO | No.o) No,1) No,2) No.3) No.4) Noo,5) No.6) No,7)
(TO)

Temp1 | N¢.0) Na 1 N¢,2) Na 3) N 4 N 5 Na 6) Na,7
(T1)

Temp2 | Neo) Ne,1 Ne.2) Ne,3) Ne.4) N5 Ne.s) Ne,7
(T2)

Temp3 | N@.o) N@. 1 N@.2) N@.3) N@.4) Ng@,5) N@.6) N@a,7)
(T3)

Table 1 — Trigger Count Values (N) over Temperature (T) for Different Threshold

Voltages (V1) and corresponding Temperature Coefficients (Tco)

[0093] In the illustrated example of Table 1 above, a different range of trigger count

values (N, 1) is used over the temperature range (TO-T3) for each threshold voltage
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VT10-V17 and corresponding temperature coefficient (Tco) 902a-h. In example Table 1,
the zeroeth threshold voltage Vo is a lower voltage level than the seventh threshold
voltage V77, a zeroeth temperature TO is lower than a third temperature T3, and trigger
count values (N,0), N¢1,0y, N2.0y, N3,0)) corresponding to the zeroeth threshold voltage
V1o are in a lower count range (e.g., less durations for developing a sense voltage on
the integrating capacitor (Cint) 604 of FIG. 6) than trigger count values (N,7), N¢.7),
Ne,n, N@,7y) corresponding to the seventh threshold voltage V7. For example, for the
zeroeth threshold voltage V1o (e.g., corresponding to the memory cell electrical current
(IceLL) vs. temperature graph 904 of FIG. 9), the different trigger count values (N0,
Nu.0, N0y, N@,0)) are used as memory cell temperature increases from the zeroeth
temperature (TO) to the third temperature (T3). In addition, for the seventh threshold
voltage V17 (e.g., corresponding to the memory cell electrical current (lceLL) vs.
temperature graph 906 of FIG. 9), the different trigger count values (Nq,7), N@,7, N2,7),
N@.7)) are used as memory cell temperature increases from the zeroeth temperature
(TO) to the third temperature (T3). As such, memory cells programmed to lower
threshold voltages (V1) can be read over a range of operating temperatures using lower
ranges of pulse counts (N), and higher threshold voltages (Vt) can be read over a range
of operating temperatures using higher ranges of pulse counts (N).

[0094] Suitable trigger count values (Ntn) 642 of FIG. 6 can be determined in
advance for different threshold voltages (V) (e.g., the threshold voltages Vro-Vr7 of FIG.
9 and Table 1 above) of memories based on their temperature coefficients (Tco) (e.g.,
the temperature coefficients 9-2a-h of FIG. 9 shown as Tcoo-Tcor7 in Table 1 above).
The trigger count values (Ntn) 642 can be stored in the memories or associated memory
controllers for selecting during read operations of those memories. For example, for
each threshold voltage (V) 644 (FIG. 6), the trigger value store 618 of FIG. 6 may
store ranges of trigger count values (Ntn) 642 (e.g., the trigger count values N,0) ...
N@,7) of Table 1 above) in association with different temperatures (e.g., temperatures
TO-T3 of Table 1 above stored as the characteristic values CRth 650). In this manner,
during a read operation, the criterion condition detector 624 can detect a temperature
(e.g., using an in-die or on-board thermocouple) of the flash memory 104 and/or a

memory cell array in the flash memory 104, and the trigger value retriever 620 can
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retrieve a corresponding trigger count value (Ntn) 642 for a corresponding threshold
voltage (V) 644 at a particular temperature. By using different trigger count values
(Nn) 642 for different threshold voltages (V) 644 and temperatures based on
temperature coefficients (Tco) of memories, readings of the flash memory 104 can be
made with substantially the same accuracy over different temperatures in an operating
temperature range for different programmed threshold voltages (V) of the memory cells
106.

[0095] In the illustrated example of FIG. 9, an example temperature-dependent
trigger count range 910 for a low threshold voltage level (Vo) is shown as having a
sense time (tsen) range of 100~200 nanoseconds (ns) that is tracked with 100~200
pulses of a 1 gigahertz (1GHz) clock (e.g., N = 100~200, Tck = 1ns). Also in the
example of FIG. 9, an example temperature-dependent trigger count 912 for a high
threshold voltage level (V17) is shown as having a sense time (tsen) range of 400~500ns
that is tracked with 400~500 pulses of the 1GHz clock (e.g., N = 400~500, Tck = 1ns).
As such, the illustrated example of FIG. 9 shows that for lower threshold voltage levels
(VT), the temperature coefficients (Tco) depicted in FIG. 9 cause overall higher ranges
of memory cell electrical current (IceLL) 206 over an operating temperature range. The
higher memory cell electrical current (IceLL) 206 for lower threshold voltages (V1) causes
integrating capacitors (e.g., the integrating capacitor (Cint) 602 of FIG. 6) to develop
sensing voltages at a faster rate. As such, when sensing lower threshold voltages (Vr1),
less time (e.g., less pulse counts (N)) is needed to sense programmed states of
memory cells. Lower memory cell electrical current (IceLL) 206 for higher threshold
voltages (V) causes integrating capacitors (e.g., the integrating capacitor (Cint) 602 of
FIG. 6) to develop sensing voltages at a slower rate. As such, when sensing higher
threshold voltages (VT), more time (e.g., more pulse counts (N)) is needed to sense
programmed states of memory cells.

[0096] FIG. 10A shows the variation in electrical current through a memory cell array
(IarraY) 1002 in the flash memory 104 of FIG. 1 relative to memory cell array locations
of tiles that include the memory cells 106 in the flash memory 104. In the illustrated
example, the memory cell array locations of the memory cells 106 range between a far-

side (FS) location 1004 and a near-side (NS) location 1006 relative to a voltage driver
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1008 that applies voltages to the wordlines (WL(y)), bitlines (BL(y)), and source line
(src) of the flash memory 104. FIG. 10B depicts different example pulse counts for
sensing programmed states of the memory cells 106 based on the effects of memory
cell array locations on the array current (larray) 1002 through the memory cells 106.
The illustrated examples of FIGS. 10A and 10B show that the array current (Iarray)
1002 through memory cells 106 is lower for memory cells 106 farther from the voltage
driver 1008 (e.g., memory cells 106 located at or closer to the FS location 1004). The
array current (larray) 1002 through memory cells 106 is higher for memory cells 106
closer to the voltage driver 1008 (e.g., memory cells 106 located at or closer to the NS
location 1006).

[0097] In the illustrated examples of FIGS. 10A and 10B, the array current (IarrAY)
1002 is representative of memory cell electrical currents (lcerL) through the memory
cells 106 that charge integrating capacitors (Cint) (e.g., the integrating capacitor (Cinr)
602 of FIG. 6) in the sense amplifiers 112 to sense the programmed states of the
memory cells. Suitable trigger count values (Ntn) 642 can be determined in advance for
different memory cell array locations of memories and stored in the memories or
associated memory controllers for selecting during read operations of those memories.
For example, the trigger value store 618 of FIG. 6 may store array location values in the
characteristic values CRm 650 in association with corresponding ones of the trigger
count values (Ntn) 642. In this manner, during a read operation, the criterion condition
detector 624 can detect a memory array location of a row (e.g., a wordline) of memory
cells 106 of the flash memory 104 (e.g., using a wordline address decoder), and the
trigger value retriever 620 can use the observed array location to retrieve one or more
corresponding trigger count value(s) (Ntn) 642. By using memory cell array location as
a criterion characteristic of the flash memory 104, readings of the flash memory 104 can
be made with substantially the same accuracy regardless of memory cell array locations
in the flash memory 104.

[0098] In the illustrated example of FIG. 10B, an example trigger count 1010 for the
NS location 1006 is shown as having a sense time (tsen) of 200 nanoseconds (ns) that is
tracked with 200 pulses of a 1 gigahertz (1GHz) clock (e.g., N = 200, Tok = 1ns). Also in
the example of FIG. 10B, an example trigger count 1012 for a FS location 1004 is
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shown as having a sense time of 400ns that is tracked with 400 pulses of the 1GHz
clock (e.g., N =400, Tek = 1ns). As such, the illustrated example of FIG. 10B shows
that memory cells 106 located closer to the voltage driver 1008 have higher memory cell
electrical current (lcerL) 206 (FIGS. 2 and 6). The higher memory cell electrical current
(lceLL) 206 for memory cells 106 located closer to the voltage driver 1008 causes
integrating capacitors (e.g., the integrating capacitor (Cint) 602 of FIG. 6) to develop
sensing voltage at a faster rate than memory cell electrical current (lcew) 206 of
memory cells 106 located farther from the voltage driver 1008. As such, when sensing
programmed states of memory cells 106 closer to the voltage driver 1008, less time
(e.g., less pulse counts (N)) is needed to sense the programmed states. Lower memory
cell electrical current (lceLL) 206 for memory cells 106 further from the voltage driver
1008 causes integrating capacitors (e.g., the integrating capacitor (Cint) 602 of FIG. 6)
to develop sensing voltage at a slower rate than memory cell electrical current (lceLL)
206 of memory cells 106 located closer to the voltage driver 1008. As such, when
sensing programmed states of memory cells 106 farther from the sense amplifiers 112,
more time (e.g., more pulse counts (N)) is needed to sense the programmed states.
[0099] FIG. 11A depicts a programmed state distribution 1100 of memory cells 106
of the flash memory 104 of FIG. 1 in connection with observed soft bit information of the
memory cells 106. The programmed state distribution 1100 of FIG. 11A represents a
threshold voltage (V) distribution of the memory cells 106. FIG. 11B depicts pulse
count-based triggers to acquire the soft bit information of the memory cells 106 shown
in connection with the programmed state distribution 1100 of FIG. 11A. The soft bit
information represented in FIG. 11A corresponds to ones of the memory cells 106
having programmed states that are not clearly within a particular threshold voltage (V)
range to accurately identify data stored in those memory cells 106. For example, a
threshold voltage (V) range corresponding to a stored binary zero ‘0’ may be between
a first lower boundary reference voltage (RO) (FIG. 11A) of 0.5 volts and a first upper
boundary reference voltage (R1) (FIG. 11A) of 1.5 volts, and a threshold voltage (V)
range corresponding to a stored binary one ‘1’ may be between a second lower
boundary reference voltage (R2) (FIG. 11A) of 2.0 volts and a second upper boundary
reference voltage (R3) (FIG. 11A) of 3.5 volts. (In the example of FIG. 11A, the voltage
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separation between the first upper boundary reference voltage (R1) and the second
lower boundary reference voltage (R3) is shown out of scale to more clearly see the
detail of the threshold voltage distribution between those two boundary reference
voltages.)

[00100] Over time the flash memory 104 may degrade or otherwise undergo changes
to its electrical properties. Under such circumstances, ranges of threshold voltages (V)
that represent stored information may shift such that a threshold voltage (V) distribution
of the flash memory 104 loses its accuracy in representing the stored information. For
example, as shown in FIG. 11A, programmed threshold voltages (Vt) of memory cells
are between the first upper boundary reference voltage (R1) corresponding to a stored
binary zero ‘0O’ and the second lower boundary reference voltage (R2) corresponding to
a stored binary one ‘1. As such, memory cells 106 having programmed threshold
voltages (V) in a soft bit range 1102 that is between the first upper boundary reference
voltage (R1) and the second lower boundary reference voltage (R2) are referred to as
storing soft bits because their programmed threshold voltages (V1) do not accurately
represent information intended to be stored therein. To avoid losing such stored
information, reference voltages (e.g., RO, R1, R2, R3) defining the range boundaries of
threshold voltage (VT) ranges may be changed to align the threshold voltage (V)
distribution of the flash memory 104 to accurately correspond to the stored information.
[00101] The soft bit information of FIG. 11A is used to group threshold voltages (V) of
memory cells 106 into different regions shown as Regions 1-6. In the illustrated
example, each of the Regions 1-6 is identified using a two-bit binary code (e.g., binary
codes 00, 01, 11, 10). If a different number of regions are used for grouping soft bit
information, binary codes with fewer or more bits may be used to identify those regions.
In the illustrated example of FIG. 11A, memory cells 106 having programmed threshold
voltages (V) in Region 1 accurately represent a stored binary zero ‘0’, and memory
cells having programmed threshold voltages (V) in Region 6 accurately represent a
stored binary one ‘1’. Memory cells 106 having programmed threshold voltages (V7) in
Regions 2-5 are in the soft bit range 1102 and do not accurately store a binary zero ‘O’
or a binary one ‘1. To determine where larger concentrations of memory cells 106

reside in the soft bit range 1102, examples disclosed herein can be used to sense
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programmed threshold voltages (V1) based on pulse count triggers (N7) (e.g., the pulse
count triggers (Ntn) 642 of FIG. 6) as described below in connection with FIG. 11B.
[00102] FIG. 11B depicts trigger count values N11 1112, N2 1114, Nt3 1116, N4
1118, and N5 1120 to acquire the programmed states of target memory cells 106
shown in the programmed state distribution 1100 of FIG. 11A. FIG. 11B also shows an
example clock signal 1122 provided by, for example, the clock 636 of FIG. 6. The
example clock signal 1122 drives the example counter 136 (FIGS. 1 and 6) to generate
the pulse counts (N) 638 of FIG. 6. FIG. 11B also shows an example trigger (SENB)
signal 1126 (e.g., the SENB signal 644 of FIG. 6) that may be provided by the example
comparator 616 of FIG. 6 to assert the strobe (STB) line 646 of the sense amplifier 112
of FIG. 6. In the illustrated example, the strobe (STB) line 646 of the sense amplifier 112
is a level-triggered line for which a low level (e.g., as shown on the example trigger
(SENB) signal 722 of FIG. 7) asserts the strobe (STB) line 646 to cause the sense
amplifier 112 to latch values.

[00103] In the illustrated example, the trigger count values Nt1 1112, N12 1114, N3
1116, N14 1118, and N5 1120 are loaded into the trigger registers 614 (FIG. 6), and the
pulse count (N) 638 starts at zero (N=0). When the voltage controller 622 (FIG. 6)
activates target memory cells for reading/sensing their programmed threshold voltages
(VT), the counter 136 starts incrementing/accumulating the pulse count (N) 638. When
the target memory cells are activated by the voltage controller 622 by applying the
wordline read-verify voltage (VwLrv) 214 (FIG. 2) to a corresponding wordline (WL) and
by precharging corresponding bitlines (BL) with the bitline precharge voltage (V) 604
(FIG. 6), memory cell electrical currents (lceLL) begin to flow through the target memory
cells, which causes sensing voltages to develop at corresponding integrating capacitors
(e.g., the integrating capacitor (Cint) 602 of FIG. 6). As integrating capacitor sensing
voltages develop over time, the comparator 616 (FIG. 6) compares the pulse count (N)
638 from the counter 136 to the first trigger count value Nt11 1112 loaded into the trigger
register 614. When the comparator 616 determines that the pulse count (N) 638
matches the first trigger count value Nt1 1112, the comparator 616 toggles the trigger
(SENB) signal 1126 to assert the strobe (STB) line 646 of the sense amplifiers 112

(FIG. 1) to cause the sense amplifiers 112 to latch binary values corresponding to the
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sensing voltage across corresponding integrating capacitors (e.g., the integrating
capacitor Cint 602). For example, a binary value of one ‘1’ is latched for sensing
voltages across integrating capacitors Cint that exceed a trip voltage level of the sense
amplifiers 112, and a binary value of zero ‘O’ is latched for sensing voltages across
integrating capacitors Cint that do not exceed a trip voltage level of the sense amplifiers
112. In the illustrated example, the logical values latched by the sense amplifiers 112
based on the first trigger count value Nt1 1112 are stored in a corresponding data cache
(e.g., one of the data caches 114, 116, 118 of FIGS. 1 and 6). Similarly, for each of the
trigger count values Nt1 1112, N12 1114, N13 1116, N14 1118, and N5 1120, the
comparator 616 toggles the trigger (SENB) signal 1126 to assert the strobe (STB) line
646 of the sense amplifiers 112 to cause the sense amplifiers 112 to latch binary values
corresponding to the sensing voltages across corresponding integrating capacitors
(e.g., the integrating capacitor Cint 602) as sensing voltages continue to develop in the
integrating capacitors over time. After each latch event of the sense amplifiers 112, the
sense amplifiers 112 store the latched values into a corresponding data cache.
Although only three data caches 114, 116, 118 are shown in FIGS. 1 and 6, more data
caches may be employed to separately store the binary values latched by the sense
amplifiers 112 after each of the trigger count values Nt1 1112, Nt2 1114, Nt3 1116, N14
1118, and N5 1120 is reached by the pulse count (N) 638.

[00104] In the illustrated example, after storing the binary values latched by the sense
amplifier 112, the example programmed state detector 626 obtains the latched binary
values from the data caches to determine programmed states of the target memory
cells. For example, the programmed state detector 626 performs logical comparison
operations (e.g., logical XOR operations) between bits latched at the first trigger count
value Nt1 1112 and bits latched at the second trigger count value Nt2 1114 to determine
target memory cells having programmed threshold voltages (V1) in Region 2 (FIG. 11A)
corresponding to binary region code ‘00’. Using such logical comparison operations,
the programmed state detector 626 determines that bit locations having binary zeros ‘0’
latched at the first trigger count value N11 1112 and binary ones ‘1’ latched at the
second trigger count value N12 1114 correspond to target memory cells with

programmed threshold voltages (V1) in Region 2 corresponding to binary region code
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‘00’. For example, the target memory cells with programmed threshold voltages (V) in
Region 2 have a memory cell electrical current (IceLL) that charges corresponding
integrating capacitors (Cint) at a rate that the sensing voltages on the integrating
capacitors (Cint) do not exceed the trip voltage level of the sense amplifiers 112 until
after the pulse count (N) 638 exceeds the first trigger count value Nt1 1112 and before
the pulse count (N) 638 reaches the second trigger count value N12 1114,

[00105] Based on the logical comparison operations associated with the soft bit
extraction of FIG. 11B, the example programmed state detector 626 also determines
that bit locations having binary zeros ‘O’ latched at the second trigger count value Ntz
1114 and binary ones ‘1’ latched at the third trigger count value Nt3 1116 correspond to
target memory cells with programmed threshold voltages (Vt) in Region 3
corresponding to binary region code ‘01’. For example, the target memory cells with
programmed threshold voltages (V1) in Region 3 have a memory cell electrical current
(IceLL) that charges corresponding integrating capacitors (Cint) at a rate that generates
sensing voltages on the integrating capacitors (Cint) that do not exceed the trip voltage
level of the sense amplifiers 112 until after the pulse count (N) 638 exceeds the second
trigger count value N12 1114 and before the pulse count (N) 638 reaches the third
trigger count value Nt3 1116.

[00106] Also based on the logical comparison operations associated with the soft bit
extraction of FIG. 11B, the example programmed state detector 626 determines that bit
locations having binary zeros ‘0’ latched at the third trigger count value Nt3 1116 and
binary ones ‘1’ latched at the fourth trigger count value Nt4 1118 correspond to target
memory cells with programmed threshold voltages (Vr) in Region 4 corresponding to
binary region code “11’. For example, the target memory cells with programmed
threshold voltages (V) in Region 4 have a memory cell electrical current (IceLL) that
charges corresponding integrating capacitors (Cint) at a rate that generates sensing
voltages on the integrating capacitors (Cint) that do not exceed the trip voltage level of
the sense amplifiers 112 until after the pulse count (N) 638 exceeds the third trigger
count value N3 1116 and before the pulse count (N) 638 reaches the fourth trigger

count value Nt4 1118.
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[00107] Also based on the logical comparison operations associated with the soft bit
extraction of FIG. 11B, the example programmed state detector 626 determines that bit
locations having binary zeros ‘0’ latched at the fourth trigger count value Nt4 1118
correspond to target memory cells with programmed threshold voltages (Vr) in Region 5
corresponding to binary region code ‘“10’. For example, the target memory cells with
programmed threshold voltages (V1) in Region 5 have a memory cell electrical current
(IceLL) that charges corresponding integrating capacitors (Cint) at a rate that generates
sensing voltages on the integrating capacitors (Cint) that do not exceed the trip voltage
level of the sense amplifiers 112 before the pulse count (N) 638 reaches the fourth
trigger count value Nt4 1118.

[00108] After the soft bit information is extracted and grouped into the different
Regions 2-5, the output analyzer 628 (FIG. 6) can analyze the soft bit information to
determine whether to redefine the boundary reference voltages (RO-R3 of FIG. 11A) of
threshold voltage (V) ranges to re-align the threshold voltage (V) distribution of the
flash memory 104 to more accurately represent information stored in the memory cells
104.

[00109] FIGS. 12 and 13 illustrate flowcharts representative of example machine
readable instructions for implementing the example apparatus 600 of FIG. 6 and/or the
example memory controller 102 of FIG. 1 to sense programmed states of memory cells
using pulse counts to trigger sense amplifiers (e.g., the sense amplifiers 112 of FIGS. 1
and 6). In these examples, the machine readable instructions include one or more
programs for execution by a processor or controller such as the micro-controller 632 of
FIG. 6 and/or the memory controller 102 of FIG. 1. The program(s) may be embodied in
software stored on a tangible computer readable storage medium such as a CD-ROM, a
floppy disk, a hard drive, a digital versatile disk (DVD), a Blu-ray disk, or a memory
(e.g., the instruction memory 634 of FIG. 6) associated with the micro-controller 632, but
the entirety of the program(s) and/or parts thereof could alternatively be executed by a
device other than the micro-controller 632 and/or embodied in firmware or dedicated
hardware. Further, although the example program(s) is/are described with reference to
the flowcharts illustrated in FIGS. 12 and 13, many other methods of implementing the

example apparatus 600 and/or the example memory controller 102 may alternatively be
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used. For example, the order of execution of the blocks may be changed, and/or some
of the blocks described may be changed, eliminated, or combined.

[00110] As mentioned above, the example processes of FIGS. 12 and 13 may be
implemented using coded instructions (e.g., computer and/or machine readable
instructions) stored on a tangible computer readable storage medium such as a hard
disk drive, a flash memory, a read-only memory (ROM), a compact disk (CD), a digital
versatile disk (DVD), a cache, a random-access memory (RAM) and/or any other
storage device or storage disk in which information is stored for any duration (e.qg., for
extended time periods, permanently, for brief instances, for temporarily buffering, and/or
for caching of the information). As used herein, the term tangible computer readable
storage medium is expressly defined to include any type of computer readable storage
device and/or storage disk and to exclude propagating signals and to exclude
transmission media. As used herein, "tangible computer readable storage medium" and
"tangible machine readable storage medium" are used interchangeably. Additionally or
alternatively, the example processes of FIGS. 12 and 13 may be implemented using
coded instructions (e.g., computer and/or machine readable instructions) stored on a
non-transitory computer and/or machine readable medium such as a hard disk drive, a
flash memory, a read-only memory, a compact disk, a digital versatile disk, a cache, a
random-access memory and/or any other storage device or storage disk in which
information is stored for any duration (e.g., for extended time periods, permanently, for
brief instances, for temporarily buffering, and/or for caching of the information). As used
herein, the term non-transitory computer readable medium is expressly defined to
include any type of computer readable storage device and/or storage disk and to
exclude propagating signals and to exclude transmission media. As used herein, when
the phrase "at least" is used as the transition term in a preamble of a claim, it is open-
ended in the same manner as the term "comprising" is open ended.

[00111] FIG. 12 is a flow diagram representative of example computer readable
instructions that may be executed to implement the example memory controller of FIG.

1 and/or the example apparatus 600 of FIG. 6 to use pulse count-based triggers to read
programmed states of the memory cells 106 of the flash memory 104 of FIG. 1. The

example process of FIG. 12 may be used to read/sense programmed states of the
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memory cells 106 of the flash memory 104. For example, the programmed states may
be read during read-verify processes between programming passes of the memory cells
106, may be read to extract soft bit information as described above in connection with
FIGS. 11A and 11B, and/or may be read during a read operation in which a host
processor (e.g., the processor 1412 of FIG. 14) requests data from the flash memory
104.

[00112] The example process of FIG. 12 begins at block 1202 at which the example
trigger value retriever 620 (FIG. 6) retrieves one or more trigger count values (Nm) 642
(FIG. 8). For example, trigger count value(s) (Ntn) 642 may correspond to reading
different programmed states (e.g., the threshold voltages (V) 644) of the memory cells
106. In the illustrated example of block 1202, the trigger value retriever 620 accesses
the one or more trigger count values (Nmn) 642 in the trigger value store 618 (FIG. 6),
and loads the one or more trigger count values (Ntn) 642 in the one or more trigger
register(s) 614 (FIG. 6).

[00113] The example voltage controller 622 (FIG. 6) activates one or more of the
memory cells 106 (block 1204). For example, the voltage controller 622 activates the
one or more memory cells 106 by applying the wordline verify-read voltage (Vwirv) 214
(FIG. 2) to the corresponding wordline (e.g., the wordline (WL(0)) 108 of FIGS. 1 and 6)
and the bitline precharge voltage (Vo) 604 (FIG. 6) to one or more corresponding
bitlines (e.g., one or more bitlines (BL(x)) 110 of FIGS. 1 and 6). In the illustrated
example, the one or more memory cells 106 are activated to enable reading/sensing
their programmed states (e.g., programmed threshold voltages (VT)).

[00114] In the illustrated example, when the voltage controller 622 activates the one
or more memory cells 106 at block 1204, the example micro-controller 632 (FIG. 6)
starts the example counter 136 (FIGS. 1 and 6) at block 1206. For example, the micro-
controller 632 enables the counter 136 to start incrementing/accumulating pulse counts
based on an input clock signal (e.g., the clock signal 720 of FIG. 7 and/or 1126 of FIG.
11) from the example clock 636 (FIG. 6). In the illustrated example, the micro-controller
632 starts the counter 136 to start counting from zero at the same time or substantially
the same time (e.g., within one and 10 clock periods (Tck) of the clock signal from the

clock 636) as the voltage controller 622 activates the one or more memory cells 106. In
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other examples, other suitable delay between the starting of the counter 136 and the
activating of the one or more cells 106 may be used as long as count trigger values
(Nn) 642 used to latch binary values from the sense amplifiers 112 sufficiently
correspond to amounts of elapsed time during which memory cell electrical currents
(IceLL) build charges on integrating capacitors (e.g., the integrating capacitor (Cint) 602
of FIG. 6).

[00115] The example comparator 616 determines whether a trigger count value (Ntn)
642 in the trigger register 614 has been reached (block 1208). For example, the
comparator 616 compares the pulse count (N) 638 from the counter 136 to the trigger
count value (Ntn) 642 in the trigger register 614. If the trigger count value (Ntn) 642 has
not been reached, the comparator 616 continues to compare the pulse count (N) 638 to
the trigger count value (Ntn) 642. When the comparator 616 detects a match at block
1208 between the pulse count (N) 638 and the trigger count value (Ntn) 642, one or
more binary value(s) is/are latched at the sense amplifiers 112 (block 1210). For
example, the comparator 616 outputs a trigger (SENB) signal 644 (FIG. 6) to assert the
strobe (STB) line of the sense amplifiers 112. In this manner, the sense amplifiers 112
are triggered to latch one or more binary zeros or ones at one or more bit location(s)
corresponding to the one or more activated memory cell(s) 106. For example, the
latched binary zero or one per memory cell 106 is indicative of whether the memory cell
106 has a memory cell electrical current (IceLL) to sufficiently develop a charge on a
corresponding integrating capacitor (Cint) (e.g., the integrating capacitor (Cint) 602 of
FIG. 6) to exceed a trip voltage level of the sense amplifiers 112.

[00116] The latched binary value(s) from the sense amplifiers 112 is/are stored in a
data cache (block 1212). For example, one of the data caches 114, 116, 118 (FIGS. 1
and 6) may store the latched binary value(s). The example micro-controller 632 then
determines whether to continue monitoring the pulse count (N) 638 from the counter
136 based on another trigger count value (Ntn) 642 (block 1214). If the micro-controller
632 determines at block 1214 to continue monitoring the pulse count (N) 638 based on
another trigger count value (Ntn) 642, control returns to block 1208. Otherwise, if the
micro-controller 632 determines that there is not another trigger count value (Nm) 642,

control advances to block 1216.
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[00117] At block 1216, the example programmed state detector 626 (FIG. 6)
determines programmed states of the one or more activated memory cells 106. For
example, the programmed state detector 626 can determine the programmed state(s)
(e.g., programmed threshold voltages (Vr)) of the one or more activated memory cell(s)
106 by using one or more logical comparison operations to analyze the latched binary
value(s) stored in one or more of the data caches 114, 116, 118.

[00118] At block 1218, the apparatus 600 then performs one or more memory
operation(s) based on the programmed states determined at block 1216. For example,
if the process of FIG. 12 is being performed during a program-verify operation, the
output analyzer 628 may determine whether a further programming pass is needed to
program the one or more activated memory cell(s) 106 to a target threshold voltage
(V7). If further programming pass is needed, the output analyzer 628 may also
determine program pulse-type(s) needed to reach the target threshold voltage (V) for
the one or more activated memory cell(s) 106 as described above in connection with
FIG. 7C. If the process of FIG. 12 is being performed to service a read request from a
host processor connected to the flash memory 104, a memory operation at block 1218
may involve the I/O buffer interface to write data represented by the programmed
memory states to a data bus of the flash memory 104 for access by the requesting host
processor.

[00119] If the process of FIG. 12 is being performed to extract and analyze soft bit
information as described above in connection with FIGS. 11A and 11B, the memory
operations of block 1218 may involve the programmed state detector 626 associating
memory cells 106 with different ones of the Regions 2-5 in the soft bit range as
described above in connection with FIGS. 11A and 11B. In addition, the output
analyzer 628 (FIG. 6) may analyze the distribution of the memory cells 106 over the
Regions 2-5 to determine whether to redefine the boundary reference voltages (RO-R3
of FIG. 11A) of threshold voltage (VT) ranges to re-align the threshold voltage (V1)
distribution of the flash memory 104 to more accurately represent information stored in
the memory cells 104. In such examples, the results of the output analyzer 628 can
then be used by the micro-controller 632 to redefine the boundary reference voltages
(RO-R3 of FIG. 11A) of threshold voltage (V) ranges.
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[00120] After performing the one or more memory operation(s) at block 1218, the
micro-controller 632 determines whether to perform another read (block 1220). If the
apparatus 600 is to perform another read, control returns to block 1202. Otherwise, the
example process of FIG. 12 ends.

[00121] FIG. 13 is a flow diagram representative of example computer readable
instructions that may be executed to implement the example memory controller 102 of
FIG. 1 and/or the example apparatus 600 of FIG. 6 to use pulse count-based triggers to
read programmed states of memory cells 106 of the flash memory 104 of FIG. 1 based
on different pulse count criteria. Example criteria may be temperature of a memory cell
array of the flash memory 104, locations of memory cells 106 within a memory cell array
of the flash memory 104, and/or values of threshold voltages (V1) intended to be read
from programmed memory cells 106. The example process of FIG. 13 may be used to
read/sense programmed states of the memory cells 106 of the flash memory 104 using
trigger count values (Nn) 642 (FIG. 6) selected based on one or more example criteria.
For example, the programmed states may be read during read-verify processes
between programming passes of the memory cells 106, may be read to extract soft bit
information as described above in connection with FIGS. 11A and 11B, and/or may be
read during a read operation in which a host processor (e.g., the processor 1412 of FIG.
14) requests data from the flash memory 104.

[00122] The example process of FIG. 13 begins at block 1301 at which the example
criterion condition detector 624 obtains one or more criterion conditions of one or more
memory cells 106 to be read. For example, the criterion condition detector 624 may
measure a temperature (e.g., using an in-die or on-board thermocouple) of a memory
cell array in which the one or more memory cells 106 are located. The criterion
condition detector 624 may detect a memory array location of a row (e.g., a wordline) of
the one or more memory cells 106 of the flash memory 104 (e.g., using a wordline
address decoder). The criterion condition detector 624 may obtain threshold voltage
(V) levels intended to be read from the one or more memory cells 106. As such, the
one or more criterion conditions obtained by the criterion condition detector 624 can be
used by the apparatus 600 to read programmed states of the one or more memory cells
106 as described above in connection with FIGS. 8, 9, 10A, and 10B.
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[00123] At block 1302 the example trigger value retriever 620 (FIG. 6) retrieves one or
more trigger count values (Nn) 642 (FIG. 6) based on the criterion condition. For
example, the trigger value retriever 620 retrieves the one or more trigger count values
(NTn) 642 in the trigger value store 618 (FIG. 6) based on the criterion condition, and
loads the one or more trigger count values (Ntn) 642 in the one or more trigger
register(s) 614 (FIG. 6).

[00124] The example voltage controller 622 (FIG. 6) activates one or more of the
memory cells 106 (block 1304). For example, the voltage controller 622 activates the
one or more memory cells 106 by applying the wordline verify-read voltage (Vwirv) 214
(FIG. 2) to the corresponding wordline (e.g., the wordline (WL(0)) 108 of FIGS. 1 and 6)
and the bitline precharge voltage (Vo) 604 (FIG. 6) to one or more corresponding
bitlines (e.g., one or more bitlines (BL(x)) 110 of FIGS. 1 and 6). In the illustrated
example, the one or more memory cells 106 are activated to enable reading/sensing
their programmed states (e.g., programmed threshold voltages (VT)).

[00125] In the illustrated example, when the voltage controller 622 activates the one
or more memory cells 106 at block 1304, the example micro-controller 632 (FIG. 6)
starts the example counter 136 (FIGS. 1 and 6) at block 1306. For example, the micro-
controller 632 enables the counter 136 to start incrementing/accumulating pulse counts
based on an input clock signal (e.g., the clock signal 720 of FIG. 7 and/or 1126 of FIG.
11) from the example clock 636 (FIG. 6). In the illustrated example, the micro-controller
632 starts the counter 136 to start counting from zero at the same time or substantially
the same time (e.g., within one and 10 clock periods (Tck) of the clock signal from the
clock 636) as the voltage controller 622 activates the one or more memory cells 106. In
other examples, other suitable delay between the starting of the counter 136 and the
activating of the one or more cells 106 may be used as long as count trigger values
(Nn) 642 used to latch binary values from the sense amplifiers 112 sufficiently
correspond to amounts of elapsed time during which memory cell electrical currents
(IceLL) build charges on integrating capacitors (e.g., the integrating capacitor (Cint) 602
of FIG. 6).

[00126] The example comparator 616 determines whether a trigger count value (Ntn)

642 in the trigger register 614 has been reached (block 1308). For example, the
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comparator 616 compares the pulse count (N) 638 from the counter 136 to the trigger
count value (Ntn) 642 in the trigger register 614. If the trigger count value (Ntn) 642 has
not been reached, the comparator 616 continues to compare the pulse count (N) 638 to
the trigger count value (Ntn) 642. When the comparator 616 detects a match at block
1308 between the pulse count (N) 638 and the trigger count value (Ntn) 642, one or
more binary value(s) is/are latched at the sense amplifiers 112 (block 1310). For
example, the comparator 616 outputs a trigger (SENB) signal 644 (FIG. 6) to assert the
strobe (STB) line of the sense amplifiers 112. In this manner, the sense amplifiers 112
are triggered to latch one or more binary zeros or ones at one or more bit location(s)
corresponding to the one or more activated memory cell(s) 106. For example, the
latched binary zero or one per memory cell 106 is indicative of whether the memory cell
106 has a memory cell electrical current (IceLL) to sufficiently develop a charge on a
corresponding integrating capacitor (Cint) (e.g., the integrating capacitor (Cint) 602 of
FIG. 6) to exceed a trip voltage level of the sense amplifiers 112.

[00127] The latched binary value(s) from the sense amplifiers 112 is/are stored in a
data cache (block 1312). For example, one of the data caches 114, 116, 118 (FIGS. 1
and 6) may store the latched binary value(s). The example micro-controller 632 then
determines whether to continue monitoring the pulse count (N) 638 from the counter
136 based on another trigger count value (Ntn) 642 (block 1314). If the micro-controller
632 determines at block 1314 to continue monitoring the pulse count (N) 638 based on
another trigger count value (Ntn) 642, control returns to block 1308. Otherwise, if the
micro-controller 632 determines that there is not another trigger count value (Nm) 642,
control advances to block 1316.

[00128] At block 1316, the example programmed state detector 626 (FIG. 6)
determines programmed states of the one or more activated memory cells 106. For
example, the programmed state detector 626 can determine the programmed state(s)
(e.g., programmed threshold voltages (VT)) of the one or more activated memory cell(s)
106 by using one or more logical comparison operations to analyze the latched binary
value(s) stored in one or more of the data caches 114, 116, 118.

[00129] At block 1318, the apparatus 600 then performs one or more memory

operation(s) based on the programmed states determined at block 1316. For example,
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if the process of FIG. 13 is being performed during a program-verify operation, the
output analyzer 628 may determine whether a further programming pass is needed to
program the one or more activated memory cell(s) 106 to a target threshold voltage
(V7). If further programming pass is needed, the output analyzer 628 may also
determine program pulse-type(s) needed to reach the target threshold voltage (V) for
the one or more activated memory cell(s) 106 as described above in connection with
FIG. 7C. If the process of FIG. 13 is being performed to service a read request from a
host processor connected to the flash memory 104, a memory operation at block 1318
may involve the I/O buffer interface to write data represented by the programmed
memory states to a data bus of the flash memory 104 for access by the requesting host
processor.

[00130] If the process of FIG. 13 is being performed to extract and analyze soft bit
information as described above in connection with FIGS. 11A and 11B, the memory
operations of block 1318 may involve the programmed state detector 626 associating
memory cells 106 with different ones of the Regions 2-5 in the soft bit range as
described above in connection with FIGS. 11A and 11B. In addition, the output
analyzer 628 (FIG. 6) may analyze the distribution of the memory cells 106 over the
Regions 2-5 to determine whether to redefine the boundary reference voltages (RO-R3
of FIG. 11A) of threshold voltage (VT) ranges to re-align the threshold voltage (V1)
distribution of the flash memory 104 to more accurately represent information stored in
the memory cells 104. In such examples, the results of the output analyzer 628 can
then be used by the micro-controller 632 to redefine the boundary reference voltages
(RO-R3 of FIG. 11A) of threshold voltage (V) ranges.

[00131] After performing the one or more memory operation(s) at block 1318, the
micro-controller 632 determines whether to perform another read (block 1320). If the
apparatus 600 is to perform another read, control returns to block 1301. Otherwise, the
example process of FIG. 13 ends.

[00132] FIG. 14 is a block diagram of an example processor platform 1400 capable of
executing the instructions of FIGS. 12 and/or 13 to implement the example memory
controller 102 of FIG.1 and/or the example apparatus 600 of FIG. 6. The processor

platform 1400 can be, for example, a server, a personal computer, a mobile device
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(e.g., a cell phone, a smart phone, a tablet such as an iPad™), a personal digital
assistant (PDA), an Internet appliance, a DVD player, a CD player, a digital video
recorder, a Blu-ray player, a gaming console, a personal video recorder, a set top box,
or any other type of computing device.

[00133] The processor platform 1400 of the illustrated example includes a processor
1412. The processor 1412 of the illustrated example is hardware. For example, the
processor 1412 can be implemented by one or more integrated circuits, logic circuits,
microprocessors or controllers from any desired family or manufacturer.

[00134] The processor 1412 of the illustrated example includes a local memory 1413
(e.g., acache). The processor 1412 of the illustrated example is in communication with
a main memory including a volatile memory 1414 and a non-volatile memory 1416 via a
bus 1418. The volatile memory 1414 may be implemented by Synchronous Dynamic
Random Access Memory (SDRAM), Dynamic Random Access Memory (DRAM),
RAMBUS Dynamic Random Access Memory (RDRAM) and/or any other type of
random access memory device. The non-volatile memory 1416 may be implemented
by flash memory and/or any other desired type of memory device. Access to the main
memory 1414, 1416 is controlled by one or more memory controllers. In the illustrated
example of FIG. 14, the memory controller 102, the flash memory 104, and the
apparatus 600 are shown as being implemented in the non-volatile memory 1416.
Additionally or alternatively, the memory controller 102, the flash memory 104, and the
apparatus 600 may be implemented in the volatile memory 1414. In other examples,
the memory controller 102 and/or the apparatus 600 may be implemented separate
from the non-volatile memory 1416 (and/or the volatile memory 1414) and
communicatively coupled with the non-volatile memory 1416 to control the flash
memory 104 (and/or communicatively coupled to the volatile memory 1414 to control
the volatile memory 1414).

[00135] The processor platform 1400 of the illustrated example also includes an
interface circuit 1420. The interface circuit 1420 may be implemented by any type of
interface standard, such as an Ethernet interface, a universal serial bus (USB), and/or a

PCI express interface.
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[00136] In the illustrated example, one or more input devices 1422 are connected to
the interface circuit 1420. The input device(s) 1422 permit(s) a user to enter data and
commands into the processor 1412. The input device(s) can be implemented by, for
example, an audio sensor, a microphone, a camera (still or video), a keyboard, a button,
a mouse, a touchscreen, a track-pad, a trackball, isopoint and/or a voice recognition
system.

[00137] One or more output devices 1424 are also connected to the interface circuit
1420 of the illustrated example. The output devices 1424 can be implemented, for
example, by display devices (e.g., a light emitting diode (LED), an organic light emitting
diode (OLED), a liquid crystal display, a cathode ray tube display (CRT), a touchscreen,
a tactile output device, a printer and/or speakers). The interface circuit 1420 of the
illustrated example, thus, typically includes a graphics driver card, a graphics driver chip
or a graphics driver processor.

[00138] The interface circuit 1420 of the illustrated example also includes a
communication device such as a transmitter, a receiver, a transceiver, a modem and/or
network interface card to facilitate exchange of data with external machines (e.g.,
computing devices of any kind) via a network 1426 (e.g., an Ethernet connection, a
digital subscriber line (DSL), a telephone line, coaxial cable, a cellular telephone
system, etc.).

[00139] The processor platform 1400 of the illustrated example also includes one or
more mass storage devices 1428 for storing software and/or data. Examples of such
mass storage devices 1428 include floppy disk drives, hard drive disks, compact disk
drives, Blu-ray disk drives, RAID systems, and digital versatile disk (DVD) drives.
[00140] Coded instructions 1432 for use by the memory controller 102 and/or the
apparatus 600 to implement the example processes of FIG. 12 and/or FIG. 13 may be
stored in the non-volatile memory 1416, and/or on a removable tangible computer
readable storage medium such as a CD or DVD.

[00141] Examples disclosed herein are useful to determine programmed states of
memory cells in semiconductor memory devices based on tracking elapsed durations
(e.g., using clock pulse counts) to trigger sense amplifiers to sense programmed states

of memory cells. Although duration-based sense amplifier triggering is disclosed herein
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in connection with some examples, such duration-based sense amplifier triggering may
be implemented in connection with other example implementations. For example,
duration-based sense amplifier triggering may be used in accordance with the teachings
of this disclosure in connection with memory characteristics that affect memory cell
electrical current (IceLL) through a memory cell transistor in addition to or instead of
memory cell temperature coefficient (e.g., as described in connection with FIGS. 8 and
9) and memory cell location in a memory cell array (e.g., as described in connection
with FIGS. 10A and 10B). Another example memory characteristic that may be used to
select different duration-based triggers (e.g., the trigger count values 138, 140, 142 of
FIG. 1 and 642 of FIG. 6) for triggering sense amplifiers includes changes in memory
array current. For example, electrical current flowing through a memory array of
memory cells is affected by different data patterns stored in memory cells of the
memory array. As such, different suitable duration-based triggers may be selected
based on the example memory characteristic of changes in memory array currents
based on different stored data patterns. Yet another example memory characteristic
that may be used to select different duration-based triggers (e.g., the trigger count
values 138, 140, 142 of FIG. 1 and 642 of FIG. 6) for triggering sense amplifiers
includes changes in memory array tile source voltages. For example, electrical current
flowing through a memory array of memory cells is affected by changes in voltage bias
on a source plate of a memory. As such, different suitable duration-based triggers may
be selected based on the example memory characteristic of changes in voltage bias on
a source plate of a memory.

[00142] Examples disclosed herein are useful to improve the speeds of reading
programmed states of memory cells. For example, because examples disclosed herein
trigger sense amplifiers based on clock pulse counts, a wordline voltage of activated
memory cells can remain fixed while sensing a threshold voltage (V) distribution of the
memory cells. Keeping such wordline voltages fixed increases the speeds with which
programmed states of memory cells can be read because keeping the wordline voltage
fixed decreases a wordline settling time to near a resistance-capacitance (RC) delay of
the wordline for each discrete read/verify threshold voltage (V) level. For example,

each time a different voltage is applied to a wordline to sense a different threshold
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voltage (V) using prior memory cell sensing techniques, additional time is required to
settle the wordline to a steady-state at which memory cells on that wordline can be
sensed. By applying only a single fixed voltage to the wordline to sense a threshold
voltages (V) distribution using clock pulse counts as disclosed herein, numerous
lengthy settling times of prior techniques are eliminated so that numerous threshold
voltages (V1) can be sensed much quicker.

[00143] Examples disclosed herein are useful to improve the accuracies of reading
programmed states of memory cells. For example, a sense time (tsen) Of a sense
amplifier can be changed by selecting different pulse counts (N) at which to trigger the
sense amplifier and/or by selecting different clock periods (Tck) used to drive a counter
that generates the pulse counts (N). For example, the clock period (Tck) can be
decreased to achieve higher resolution readings of memory cell programmed states. In
addition, accuracy can be further increased by using second or third order linear
relationships between pulse counts (N) and memory cell electrical current (lceL) for
different voltage separations between gate-to-source voltage (Vgs) and threshold
voltage (V) (e.g., Vgs — V7).

[00144] The following pertain to further examples disclosed herein.

[00145] Example 1 is a method to sense programmed states of memory cells. The
method of Example 1 includes starting a counter at a time of activating a plurality of
memory cells; obtaining binary values based on sense amplifiers in circuit with the
memory cells in response to the counter reaching a trigger count value; and based on
the binary values, determining a programmed state of the memory cells.

[00146] In Example 2, the subject matter of Example 1 can optionally include that the
counter reaching the trigger count value causes the sense amplifiers to latch the binary
values.

[00147] In Example 3, the subject matter of any one of Examples 1-2 can optionally
include selecting the trigger count value from a plurality of different trigger count values
based on a measured characteristic of the memory cells.

[00148] In Example 4, the subject matter of any one of Examples 1-3 can optionally
include that the programmed state of the memory cells is a programmed threshold

voltage.
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[00149] In Example 5, the subject matter of any one of Examples 1-4 can optionally
include that the trigger count value corresponds to an amount of memory cell electrical
current flow between drain terminals and source terminals of transistors of the memory
cells when the memory cells are activated.

[00150] In Example 6, the subject matter of any one of Examples 1-5 can optionally
include obtaining the trigger count value based on a temperature of the memory cells.
[00151] In Example 7, the subject matter of any one of Examples 1-6 can optionally
include obtaining the trigger count value based on a location of the memory cells in a
memory cell array.

[00152] In Example 8, the subject matter of any one of Examples 1-7 can optionally
include obtaining the trigger count value based on a target threshold voltage and a
temperature of the memory cells.

[00153] In Example 9, the subject matter of any one of Examples 1-8 can optionally
include that the trigger count value is obtained based on a first temperature coefficient
of the memory cells, the first temperature coefficient corresponding to the programmed
state to be measured, the first temperature coefficient being different from a second
temperature coefficient of the memory cells when the memory cells are programmed to
a second programmed state, and the second temperature coefficient corresponding to a
second trigger count value to determine when the memory cells are programmed to the
second programmed state.

[00154] In Example 10, the subject matter of any one of Examples 1-9 can optionally
include that activating the memory cells includes applying voltages to bitlines and a
wordline corresponding to the memory cells.

[00155] In Example 11, the subject matter of any one of Examples 1-10 can optionally
include that starting the counter includes enabling the counter to start accumulating
count values based on an input clock signal.

[00156] Example 12 is an apparatus to sense a programmed state of a memory cell.
The apparatus of Example 12 includes a counter to start generating count values in
response to activation of a memory cell. The apparatus of Example 12 also includes a
sense amplifier in circuit with the memory cell to obtain a binary value corresponding to

a programmed state of the memory cell in response to the counter reaching a trigger
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count value. The apparatus of Example 12 also includes a programmed state detector
to determine the programmed state of the memory cell based on the binary value
obtained by the sense amplifier.

[00157] In Example 13, the subject matter of Example 12 can optionally include a
comparator to trigger the sense amplifier to latch the binary value in response to the
counter reaching the trigger count value.

[00158] In Example 14, the subject matter of any one of Examples 12-13 can
optionally include a trigger value retriever to obtain the trigger count value from a
plurality of different trigger count values based on a measured characteristic of the
memory cells.

[00159] In Example 15, the subject matter of any one of Examples 12-14 can
optionally include that the programmed state of the memory cell is a programmed
threshold voltage.

[00160] In Example 16, the subject matter of any one of Examples 12-15 can
optionally include that the trigger count value corresponds to a memory cell electrical
current that flows between a drain terminal and a source terminal of the transistor of the
memory cell when the memory cell is activated.

[00161] In Example 17, the subject matter of any one of Examples 12-14 can
optionally include that the trigger count value is less than a second retrievable trigger
count value, a first memory cell electrical current corresponding to the trigger count
value being more than a second memory cell electrical current corresponding to the
second retrievable trigger count value, and the programmed state corresponding to the
trigger count value being less than a second programmed state corresponding to the
second retrievable trigger count value.

[00162] In Example 18, the subject matter of any one of Examples 12-17 can
optionally include a trigger value retriever to obtain the trigger count value based on a
first temperature coefficient of the memory cells, the first temperature coefficient
corresponding to the programmed state to be measured, the first temperature
coefficient being different from a second temperature coefficient of the memory cells

when the memory cells are programmed to a second programmed state, and the
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second temperature coefficient corresponding to a second trigger count value to
determine when the memory cells are programmed to the second programmed state.
[00163] In Example 19, the subject matter of any one of Examples 12-18 can
optionally include a characteristic detector to obtain a temperature of a memory cell
array in which the memory cell is located; and a trigger value retriever to obtain the
trigger count value based on the temperature of the memory cell array.

[00164] In Example 20, the subject matter of any one of Examples 12-19 can
optionally include a characteristic detector to obtain a location of the memory cell in a
memory cell array; and a trigger value retriever to obtain the trigger count value based
on the location of the memory cell in the memory cell array.

[00165] In Example 21, the subject matter of any one of Examples 12-20 can
optionally include a characteristic detector to obtain a temperature for the memory cell;
and a trigger value retriever to obtain the trigger count value based on the temperature
and a target threshold voltage.

[00166] In Example 22, the subject matter of any one of Examples 12-21 can
optionally include a voltage controller to activate the memory cell by applying voltages
to a bitline and a wordline corresponding to the memory cell.

[00167] In Example 23, the subject matter of any one of Examples 12-22 can
optionally include one or more processors; a network interface in communication with
the one or more processors; and a memory controller in communication with the one or
more processors, the memory controller including the duration tracker, the sense
amplifier, and the programmed state detector.

[00168] Example 24 is at least one article of manufacture including machine readable
instructions that, when executed, cause a memory controller to at least start a counter
at a time of activating a plurality of memory cells; obtain binary values based on sense
amplifiers in circuit with the memory cells in response to the counter reaching a trigger
count value; and based on the binary values, determine a programmed state of the
memory cells.

[00169] In Example 25, the subject matter of Example 24 can optionally include that
the binary values are latched by the sense amplifiers in response to the counter

reaching the trigger count value.
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[00170] In Example 26, the subject matter of any one of Examples 24-25 can
optionally include that the instructions are further to cause the memory controller to
select the trigger count value from a plurality of different trigger count values based on a
measured characteristic of the memory cells.

[00171] In Example 27, the subject matter of any one of Examples 24-26 can
optionally include that the programmed state of the memory cells is a programmed
threshold voltage.

[00172] In Example 28, the subject matter of any one of Examples 24-27 can
optionally include that the trigger count value corresponds to an amount of memory cell
electrical current flow between drain terminals and source terminals of transistors of the
memory cells when the memory cells are activated.

[00173] In Example 29, the subject matter of any one of Examples 24-28 can
optionally include that the instructions are further to cause the memory controller to
obtain the trigger count value based on a temperature of the memory cells.

[00174] In Example 30, the subject matter of any one of Examples 24-29 can
optionally include that the instructions are further to cause the memory controller to
obtain the trigger count value based on a location of the memory cells in a memory cell
array.

[00175] In Example 31, the subject matter of any one of Examples 24-30 can
optionally include that the instructions are further to cause the memory controller to
obtain the trigger count value based on a target threshold voltage and a temperature of
the memory cells.

[00176] In Example 32, the subject matter of any one of Examples 24-31 can
optionally include that the trigger count value is obtained based on a first temperature
coefficient of the memory cells, the first temperature coefficient corresponding to the
programmed state to be measured, the first temperature coefficient being different from
a second temperature coefficient of the memory cells when the memory cells are
programmed to a second programmed state, and the second temperature coefficient
corresponding to a second trigger count value to determine when the memory cells are

programmed to the second programmed state.
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[00177] In Example 33, the subject matter of any one of Examples 24-32 can
optionally include that the instructions are to cause the memory controller to activate the
memory cells by applying voltages to bitlines and a wordline corresponding to the
memory cells.

[00178] In Example 34, the subject matter of any one of Examples 24-33 can
optionally include that starting the counter includes enabling the counter to start
accumulating count values based on an input clock signal.

[00179] Example 35 is an apparatus to sense a programmed state of a memory cell.
The apparatus of Example 35 includes means for accumulating a count value in
response to activation of a memory cell. The apparatus of Example 35 also includes
means for obtaining a binary value corresponding to a programmed state of the memory
cell in response to the count value satisfying a trigger count value. The apparatus of
Example 35 also includes means for determining the programmed state of the memory
cell based on the binary value.

[00180] In Example 36, the subject matter of Example 35 can optionally include that
the means for obtaining the binary value is triggered to latch the binary value by a
means for comparing a counter value of the counter to the trigger count value.

[00181] In Example 37, the subject matter of any one of Examples 35-36 can
optionally include means for obtaining the trigger count value from a plurality of different
trigger count values based on a measured characteristic of the memory cells.

[00182] In Example 38, the subject matter of any one of Examples 35-37 can
optionally include that the programmed state of the memory cell is a programmed
threshold voltage.

[00183] In Example 39, the subject matter of any one of Examples 35-38 can
optionally include that the trigger count value corresponds to a memory cell electrical
current that flows between a drain terminal and a source terminal of the transistor of the
memory cell when the memory cell is activated.

[00184] In Example 40, the subject matter of any one of Examples 35-39 can
optionally include that the trigger count value is less than a second retrievable trigger
count value, a first memory cell electrical current corresponding to the trigger count

value being more than a second memory cell electrical current corresponding to the
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second retrievable trigger count value, and the programmed state corresponding to the
trigger count value being less than a second programmed state corresponding to the
second retrievable trigger count value.

[00185] In Example 41, the subject matter of any one of Examples 35-40 can
optionally include means for obtaining the trigger count value based on a first
temperature coefficient of the memory cells, the first temperature coefficient
corresponding to the programmed state to be measured, the first temperature
coefficient being different from a second temperature coefficient of the memory cells
when the memory cells are programmed to a second programmed state, and the
second temperature coefficient corresponding to a second trigger count value to
determine when the memory cells are programmed to the second programmed state.
[00186] In Example 42, the subject matter of any one of Examples 35-41 can
optionally include means for obtaining a temperature of a memory cell array in which the
memory cell is located; and means for obtaining the trigger count value based on the
temperature of the memory cell array.

[00187] In Example 43, the subject matter of any one of Examples 35-42 can
optionally include means for obtaining a location of the memory cell in a memory cell
array; and means for obtaining the trigger count value based on the location of the
memory cell in the memory cell array.

[00188] In Example 44, the subject matter of any one of Examples 35-43 can
optionally include means for obtaining a temperature for the memory cell; and means for
obtaining the trigger count value based on the temperature and a target threshold
voltage.

[00189] In Example 45, the subject matter of any one of Examples 35-44 can
optionally include means for activating the memory cell by applying voltages to a bitline
and a wordline corresponding to the memory cell.

[00190] In Example 46, the subject matter of any one of Examples 35-45 can
optionally include one or more processors; a network interface in communication with
the one or more processors; and a memory controller in communication with the one or

more processors, the memory controller including the means for accumulating the count
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value, the means for obtaining the binary value, and the means for determining the
programmed state of the memory cell.

[00191] Although certain example methods, apparatus and articles of manufacture
have been disclosed herein, the scope of coverage of this patent is not limited thereto.
On the contrary, this patent covers all methods, apparatus and articles of manufacture
fairly falling within the scope of the claims of this patent.
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What is Claimed is:

1. A method to sense programmed states of memory cells, the method comprising:
starting a counter at a time of activating a plurality of memory cells;
obtaining binary values based on sense amplifiers in circuit with the memory cells
in response to the counter reaching a trigger count value; and
based on the binary values, determining a programmed state of the memory

cells.

2. A method of claim 1, wherein the counter reaching the trigger count value causes

the sense amplifiers to latch the binary values.

3. A method of claim 1, further comprising selecting the trigger count value from a
plurality of different trigger count values based on a measured characteristic of the

memory cells.

4. A method of claim 1, wherein the programmed state of the memory cells is a

programmed threshold voltage.
. A method of claim 1, wherein the trigger count value corresponds to an amount
of memory cell electrical current flow between drain terminals and source terminals of

transistors of the memory cells when the memory cells are activated.

6. A method of claim 1, further comprising obtaining the trigger count value based

on a temperature of the memory cells.

7. A method of claim 1, further comprising obtaining the trigger count value based

on a location of the memory cells in a memory cell array.
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8. A method of claim 1, further comprising obtaining the trigger count value based

on a target threshold voltage and a temperature of the memory cells.

9. A method of claim 1, wherein the trigger count value is obtained based on a first
temperature coefficient of the memory cells, the first temperature coefficient
corresponding to the programmed state to be measured, the first temperature
coefficient being different from a second temperature coefficient of the memory cells
when the memory cells are programmed to a second programmed state, and the
second temperature coefficient corresponding to a second trigger count value to

determine when the memory cells are programmed to the second programmed state.

10. A method of claim 1, wherein activating the memory cells includes applying

voltages to bitlines and a wordline corresponding to the memory cells.

11. A method of claim 1, wherein starting the counter includes enabling the counter

to start accumulating count values based on an input clock signal.

12.  An apparatus to sense a programmed state of a memory cell, the apparatus
comprising:

a counter to start generating count values in response to activation of a memory
cell:

a sense amplifier in circuit with the memory cell to obtain a binary value
corresponding to a programmed state of the memory cell in response to the counter
reaching a trigger count value; and

a programmed state detector to determine the programmed state of the memory

cell based on the binary value obtained by the sense amplifier.
13.  An apparatus of claim 12, further comprising a comparator to trigger the sense

amplifier to latch the binary value in response to the counter reaching the trigger count

value.
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14.  An apparatus of claim 12, further comprising a trigger value retriever to obtain the
trigger count value from a plurality of different trigger count values based on a

measured characteristic of the memory cells.

15.  An apparatus of claim 12, wherein the programmed state of the memory cell is a

programmed threshold voltage.

16.  An apparatus of claim 12, wherein the trigger count value corresponds to a
memory cell electrical current that flows between a drain terminal and a source terminal

of the transistor of the memory cell when the memory cell is activated.

17.  An apparatus of claim 12, wherein the trigger count value is less than a second
retrievable trigger count value, a first memory cell electrical current corresponding to the
trigger count value being more than a second memory cell electrical current
corresponding to the second retrievable trigger count value, and the programmed state
corresponding to the trigger count value being less than a second programmed state

corresponding to the second retrievable trigger count value.

18.  An apparatus of claim 12, further comprising a trigger value retriever to obtain the
trigger count value based on a first temperature coefficient of the memory cells, the first
temperature coefficient corresponding to the programmed state to be measured, the
first temperature coefficient being different from a second temperature coefficient of the
memory cells when the memory cells are programmed to a second programmed state,
and the second temperature coefficient corresponding to a second trigger count value to

determine when the memory cells are programmed to the second programmed state.

19.  An apparatus of claim 12, further comprising:

a characteristic detector to obtain a temperature of a memory cell array in which
the memory cell is located; and

a trigger value retriever to obtain the trigger count value based on the

temperature of the memory cell array.
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20.  An apparatus of claim 12, further comprising:

a characteristic detector to obtain a location of the memory cell in a memory cell
array; and

a trigger value retriever to obtain the trigger count value based on the location of

the memory cell in the memory cell array.

21.  An apparatus of claim 12, further comprising:
a characteristic detector to obtain a temperature for the memory cell; and
a trigger value retriever to obtain the trigger count value based on the

temperature and a target threshold voltage.

22.  An apparatus of claim 12, further comprising a voltage controller to activate the
memory cell by applying voltages to a bitline and a wordline corresponding to the

memory cell.

23.  An apparatus of claim 12, further including:
one or more processors;
a network interface in communication with the one or more processors; and
a memory controller in communication with the one or more processors, the
memory controller including the duration tracker, the sense amplifier, and the

programmed state detector.

24. At least one article of manufacture comprising machine readable instructions
that, when executed, cause a memory controller to at least:

start a counter at a time of activating a plurality of memory cells;

obtain binary values based on sense amplifiers in circuit with the memory cells in
response to the counter reaching a trigger count value; and

based on the binary values, determine a programmed state of the memory cells.
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25. At least one article of manufacture of claim 24, wherein the binary values are
latched by the sense ampilifiers in response to the counter reaching the trigger count

value.

26. At least one article of manufacture of claim 24, wherein the instructions are
further to cause the memory controller to select the trigger count value from a plurality
of different trigger count values based on a measured characteristic of the memory

cells.

27. At least one article of manufacture of claim 24, wherein the programmed state of

the memory cells is a programmed threshold voltage.

28. At least one article of manufacture of claim 24, wherein the trigger count value
corresponds to an amount of memory cell electrical current flow between drain terminals
and source terminals of transistors of the memory cells when the memory cells are

activated.

29. At least one article of manufacture of claim 24, wherein the instructions are
further to cause the memory controller to obtain the trigger count value based on a

temperature of the memory cells.

30. At least one article of manufacture of claim 24, wherein the instructions are
further to cause the memory controller to obtain the trigger count value based on a

location of the memory cells in a memory cell array.

31. At least one article of manufacture of claim 24, wherein the instructions are
further to cause the memory controller to obtain the trigger count value based on a

target threshold voltage and a temperature of the memory cells.

32.  Atleast one article of manufacture of claim 24, wherein the trigger count value is

obtained based on a first temperature coefficient of the memory cells, the first
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temperature coefficient corresponding to the programmed state to be measured, the
first temperature coefficient being different from a second temperature coefficient of the
memory cells when the memory cells are programmed to a second programmed state,
and the second temperature coefficient corresponding to a second trigger count value to

determine when the memory cells are programmed to the second programmed state.

33. At least one article of manufacture of claim 24, wherein the instructions are to
cause the memory controller to activate the memory cells by applying voltages to

bitlines and a wordline corresponding to the memory cells.

34. At least one article of manufacture of claim 24, wherein starting the counter
includes enabling the counter to start accumulating count values based on an input

clock signal.

35.  An apparatus to sense a programmed state of a memory cell, the apparatus
comprising:

means for accumulating a count value in response to activation of a memory cell;

means for obtaining a binary value corresponding to a programmed state of the
memory cell in response to the count value satisfying a trigger count value; and

means for determining the programmed state of the memory cell based on the

binary value.

36.  An apparatus of claim 35, wherein the means for obtaining the binary value is
triggered to latch the binary value by a means for comparing a counter value of the

counter to the trigger count value.
37.  An apparatus of claim 35, further comprising means for obtaining the trigger

count value from a plurality of different trigger count values based on a measured

characteristic of the memory cells.
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38.  An apparatus of claim 35, wherein the programmed state of the memory cell is a

programmed threshold voltage.

39.  An apparatus of claim 35, wherein the trigger count value corresponds to a
memory cell electrical current that flows between a drain terminal and a source terminal

of the transistor of the memory cell when the memory cell is activated.

40.  An apparatus of claim 35, wherein the trigger count value is less than a second
retrievable trigger count value, a first memory cell electrical current corresponding to the
trigger count value being more than a second memory cell electrical current
corresponding to the second retrievable trigger count value, and the programmed state
corresponding to the trigger count value being less than a second programmed state

corresponding to the second retrievable trigger count value.

41.  An apparatus of claim 35, further comprising means for obtaining the trigger
count value based on a first temperature coefficient of the memory cells, the first
temperature coefficient corresponding to the programmed state to be measured, the
first temperature coefficient being different from a second temperature coefficient of the
memory cells when the memory cells are programmed to a second programmed state,
and the second temperature coefficient corresponding to a second trigger count value to

determine when the memory cells are programmed to the second programmed state.

42.  An apparatus of claim 35, further comprising:

means for obtaining a temperature of a memory cell array in which the memory
cell is located; and

means for obtaining the trigger count value based on the temperature of the

memory cell array.

43.  An apparatus of claim 35, further comprising:

means for obtaining a location of the memory cell in a memory cell array; and
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means for obtaining the trigger count value based on the location of the memory

cell in the memory cell array.

44, An apparatus of claim 35, further comprising:
means for obtaining a temperature for the memory cell; and
means for obtaining the trigger count value based on the temperature and a

target threshold voltage.

45.  An apparatus of claim 35, further comprising means for activating the memory

cell by applying voltages to a bitline and a wordline corresponding to the memory cell.

46.  An apparatus of claim 35, further including:

one or more processors;

a network interface in communication with the one or more processors; and

a memory controller in communication with the one or more processors, the
memory controller including the means for accumulating the count value, the means for
obtaining the binary value, and the means for determining the programmed state of the

memory cell.
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