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MEMORY CELL IMPRINT AVOIDANCE

CROSS-REFERENCES

[0001] The present Application for Patent claims priotayPCT Application No.
PCT/US2017/035758, entitled “Memory Cell Imprintégance,” filed June 2, 2017, which
claims priority to U.S. Patent Application No. 1881886 by Calderoni et al., entitled “Memory
Cell Imprint Avoidance,” filed June 21, 2016; eaxftwhich is assigned to the assignee hereof

and each of which is expressly incorporated byregfee in its entirety herein.

BACKGROUND

[0002] The following relates generally to memory deviced enore specifically to
maintaining the performance of ferroelectric memaelfs that store logic values for

extended periods of time.

[0003] Memory devices are widely used to store informatiowarious electronic devices
such as computers, wireless communication devoegseras, digital displays, and the like.
Information is stored by programing different stabé a memory device. For example,
binary devices have two states, often denotedlbgia “1” or a logic “0.” In other systems,
more than two states may be stored. To accesstdhed information, the electronic device
may read, or sense, the stored state in the medesige. To store information, the

electronic device may write, or program, the statidne memory device.

[0004] Various types of memory devices exist, includingd@m access memory (RAM),
read only memory (ROM), dynamic RAM (DRAM), synchous dynamic RAM (SDRAM),
ferroelectric RAM (FeERAM), magnetic RAM (MRAM), restive RAM (RRAM), flash
memory, and others. Memory devices may be volatileon-volatile. Non-volatile memory
(e.g., flash memory) can store data for extendedge of time even in the absence of an
external power source. Volatile memory deviceg.(®RAM) may lose their stored state
over time unless they are periodically refreshedigxternal power source. A binary
memory device may, for example, include a chargetistharged capacitor. A charged
capacitor may, however, become discharged overthnoeigh leakage currents, resulting in
the loss of the stored information. Certain feagusf volatile memory may offer
performance advantages, such as faster read @ spéieds, while features of non-volatile

memory, such as the ability to store data withautqalic refreshing, may be advantageous.
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[0005] FeRAM may use similar device architectures as itelatiemory but may have non-
volatile properties due to the use of a ferroeledapacitor as a storage device. FERAM
devices may thus have improved performance comparether non-volatile and volatile
memory devices. A ferroelectric memory cell of FeRAM device may store a logic state
(e.g., logic 1) for an extended period of time (ehgurs, days, months, etc.). Over this
period of time, ferroelectric domains within a feglectric capacitor of the ferroelectric
memory cell may shift, the magnitude and effecta/biich may increase with time. As a
result of this shifting, the ferroelectric memosilanay experience degraded performance

during subsequent write or read operations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The disclosure herein refers to and includes theviing figures:

[0007] FIG. 1 illustrates an example memory array thapsug avoiding imprint of a

memory cell in accordance with various embodimentke present disclosure;

[0008] FIG. 2 illustrates an example circuit that includesiemory cell and that supports
avoiding imprint of a memory cell in accordancehamarious embodiments of the present

disclosure;

[0009] FIG. 3 illustrates example hysteresis plots foeradelectric memory cell that is

operated in accordance with various embodimentiseopresent disclosure;

[0010] FIG. 4 illustrates an example circuit that suppaxsiding imprint of a memory cell
in accordance with various embodiments of the prtedisclosure;

[0011] FIG. 5 shows an example diagram illustrating openadf the example circuit in

accordance with various embodiments of the predisnlosure;

[0012] FIGs. 6A through 6C shows an example subsecti@imémory array that operates

in accordance with various embodiments of the prtedisclosure;

[0013] FIG. 7 illustrates a block diagram of an exampledelectric memory array that
supports avoiding imprint of a memory cell in actarce with various embodiments of the

present disclosure;
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{8014} FIG. 8 illustrates a system, including a memory array, that supports avoiding
imprint of a memory cell in accordance with various embodiments of the present disclosure;

and

{0015] FIG. 91s a flowchart that iHustrates a method or methods for avoiding imprint of a

memory cell in accordance with various embodiments of the present disclosure.

DETAILED DESCRIPTION
18016] A ferrcelectric memory cell may be written with a value that is intended to convey a
different logic state than may typically be associated with the value to mitigate the effects of
shifting ferroelectric domains. For instance, a cell that has stored a charge associated with
one logic state for a time period may be re-written to store a different charge, and the re-
written cell may still be read to have the originally stored logic state. A cell may, for
example, be re-written with an opposite value periodically, based on the occurrence of an
event, or based on a determination that the cell has stored one value (or charge) for a certain
time period. An indicator may be stored {(e.g., in a latch), which may indicate whether the

logic state currently stored by the cell is the intended logic state of the cell.

{80171 By way of example, an initial logic state (e.g., a logic “17) may be written to and
stored by a memory cell. Subsequent access operations {e.g., read or write operations) may
not be scheduled for the memory cell for an extended period of time {e.g., hours, days,
months, etc.} after storage of the initial logic state; or the same logic value may be
consecutively written to the memory cell for the extended period. As a result, ferroelectric
domains within a ferroelectric capacitor of the memory cell may shift. This phenomenon

may be referred to as “imprint.”

{0018} To mitigate the effects of imprint, a determination may be made that the memory
cell has stored the initial logic state for a certain amount of time, that an event has occurred,
or that the cell has been consecutively written with the same value for some time period, and
an opposite value may be written to the cell. The intended logic state of the cell may
nevertheless remain unchanged. So if the 1utial logic state of the cell 15 “1)” and if after a
determined time period, the cell is re-written with a logic “0,” the intended state of the cell

may be, and the cell may be read as storing, a logic “1.7
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{0019] In some cases, a timer may be initiated when the initial logic state is stored, and a
current value of the timer may be compared with a pre-determined or dynamically configured
value that corresponds to a configured time period. The configured time period may be
shorter than a time period expected to result in imprinting of a cell, and in some examples
may be on the order of seconds or minutes. In some cases, the value corresponding to the
time period may be determined based on internal characteristics of the memory cell, a
temperature of the memory cell, an age of the memory cell, a sensing window resulting from

reading the memory cell, and the like.

{06020] Upon determining the time period has elapsed, a different logic state {e.g., the

opposite logic O state)—relative to the tmtially stored logic state—may be written to the
memaory cell. Concurrently, an indicator stored in a latch (e.g., a non-volatile memory cell)
may be updated from one value (e.g., “07) to another value (e.g., “17). The value of the
indicator may be indicative of whether the logic state currently stored by the memory cell s
the logic state intended to be read from the memory cell or 15 different than the logic state
intended to be read from the memory cell. For instance, an indicator value of 0 may be used
to indicate that the intended logic state of the memory cell s the same as the logic state
currently stored by the memory cell, while an indicator value of 1 may be used to indicate the
intended logic state of the memory cell is the opposite of the logic state stored by the memory

cell. In some examples, logic 0 may be considered as the opposite of logic 1.

{0021] In another example, the different logic state may be written to the memory cell and
the indicator updated in response to a certain event. For instance, the different logic state
may be written after a certain number of read/write errors have been detected. In another
case, the different logic state may be written in response to a device returning from a low
power state or a powered down state, in response 1o the device being plugged into an external

power source, of in response 1o an input from a user operating the device.

180221 In some cases, the value of the indicator may be provided to a sense component, and
the sense component may sense the logic state currently stored at the memory cell {e.g, logic
0). The sense component may use the sensed logic state and the value of the indicator {e.g.,
1} to determine that the opposite state of the sensed logic state 1s the logic state intended to be
read from the memory cell (e.g., the inittally stored logic 1 state}. In other examples, the

value of the indicator may be provided to an error correction code (ECC) component and
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used in identifying a codeword from a read operation of a memory array including the
memory cell, and the value of the codeword may be used to determine the intended logic
state. Although discussed in the context of a single memory cell, features of the above
discussion may be implemented across multiple memory cells, as will be described in more

detail below,

{8023} Features of the disciosure introduced above are further described below in the
context of a memory array. Specific examples are then described for an example circuit with
a corresponding diagram for avoiding imprint of a memory cell. These and other features of
the disclosure are further illustrated by and described with reference to apparatus diagrams,

system diagrams, and flowcharts that relate to avoiding imprint of a memory cell.

{0024] ¥FIG. 1 illustrates an example memory array 100 that supports avoiding imprint of a
memaory cell in accordance with various embodiments of the present disclosure. Memory
array 100 may also be referred to as an electronic memory apparatus. Memory array 100
includes memory cells 105 that are programmable to store different states. Each memory cell
105 may be programamable to store two states, denoted as a fogic 0 and alogic 1. Tu some
cases, memory cell 105 is configured to store more than two logic states. A memory cell 105
may include a capacitor to store a charge representative of the programmable states; for

exampie, a charged and uncharged capacitor may represent two logic states, respectively.

{06025] DRAM architectures may commonly use such a design, and the capacitor employed
may include a dielectric material with linear electric polarization properties. By contrast, a
ferroelectric memory cell may include a capacitor that has a ferroelectric as the dielectric
material. Different levels of charge of a ferroelectric capacitor may represent different logic
states. Ferroelectric materials have non-linear polarization properties; some details and

advantages of a ferroelectric memory cell 105 are discussed below.

{0026} Operations such as reading and writing may be performed on memory cells 105 by
activating or selecting the appropriate access line 110 and digit line 115, Access lines 110
may also be referred to as word lines 110 and digit lines 115 may also be referred to as bit
lines 115, Activating or selecting a word line 110 or a digit hine 115 may include applying a
voltage to the respective line. Word lines 110 and digit lines 115 are made of conductive

materials. For example, word lines 110 and digit lines 115 may be made of metals (such as
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copper, aluminum, gold, tungsten, etc.}, metal alioys, other conductive materials, or the like.
According to the example of FIG. 1, each row of memory cells 105 1s connected to a single
word line 110, and each column of memory cells 105 is connected to a single digit line 115,

By activating one word line 110 and one digit line 115 (e.g., applying a voltage to the word

W

fine 110 or digit line 115}, a single memory cell 105 may be accessed at their intersection.
Accessing the memory cell 105 may include reading or writing the memory cell 105, The
intersection of a word line 110 and digit line 115 roay be referred to as an address of a

memory cell.

{60271 In some architectures, the logic storing device of a cell (e.g., a capacitor) may be
10 electrically 1solated from the digit line by a selection component. The word line 110 may be
connected to and may control the selection component. For example, the selection
component may be a transistor and the word line 110 may be connected to the gate of the
transistor. Activating the word line 110 results in an electrical connection or closed circuit
between the capacitor of a memory cell 105 and its corresponding digit line 115, The digit

15 hne may then be accessed to either read or write the memory cell 105,

{6028] Accessing memory cells 105 may be controlled through a row decoder 120 and a
column decoder 130, In some examples, a row decoder 120 receives a row address from the
memory controller 140 and activates the appropriate word line 110 based on the received row
address. Similarly, a column decoder 130 receives a column address trom the memory

20 controller 140 and activates the appropriate digit line 115, For example, memory array 100
may include multiple word lines 110, labeled WL 1 through WL M, and multiple digit lines
115, labeled DL 1 through DL N, where M and N depend on the array size. Thus, by
activating a word line 110 and a digit line 115, e.g., WL _Z and DL 3, the memory cell 105 at

their intersection may be accessed.

25 [8029] Upon accessing, a memory cell 105 may be read, or sensed, by sense coraponent
125 to determine the stored state of the memory cell 105, For example, aftter accessing the
memory cell 105, the ferroelectric capacitor of memory cell 105 may discharge onto its
corresponding digit line 115, Discharging the ferroelectric capacitor may be based on
biasing, or applying a voltage, to the ferroelectric capacitor. The discharging may induce a

30 change in the voltage of the digit line 115, which sense component 125 may compare to a

reference voltage {(not shown) in order to determine the stored state of the memory cell 10S.
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For example, if digit line 115 has a higher voltaigen the reference voltage, then sense
component 125 may determine that the stored stateemory cell 105 was a logic 1 and vice
versa. The reliability of a sensing operation rhaydependent on a sensing window that
results from reading the memory cell 105. Foransg, a larger sensing window may be
associated with fewer bit errors than a smallesisgnwindow. The sensing window may be
determined as the difference between a voltagedgjiline 115 resulting from reading a
memory cell 105 when storing a logic 1 and theagstof the digit line 115 resulting from
reading the memory cell when storing a logic Onseecomponent 125 may include various
transistors or amplifiers in order to detect angbiiyna difference in the signals, which may
be referred to as latching. The detected logite sthmemory cell 105 may then be output
through column decoder 130 as output 135.

[0030] A memory cell 105 may be set, or written, by adtnvgthe relevant word line 110
and digit line 115. As discussed above, activasingord line 110 electrically connects the
corresponding row of memory cells 105 to their extiye digit lines 115. By controlling the
relevant digit line 115 while the word line 110aistivated, a memory cell 105 may be
written—i.e., a logic value may be stored in themoey cell 105. Column decoder 130 may
accept data, for example input 135, to be writtethe memory cells 105. A ferroelectric
memory cell 105 may be written by applying a vodtagross the ferroelectric capacitor.

This process is discussed in more detail below.

[0031] In some memory architectures, accessing the meosdrf05 may degrade or
destroy the stored logic state and re-write oredfroperations may be performed to return
the original logic state to memory cell 105. In BRR, for example, the capacitor may be
partially or completely discharged during a senseration, corrupting the stored logic state.
So the logic state may be re-written after a sepseation. Additionally, activating a single
word line 110 may result in the discharge of alhmoey cells in the row; thus, several or all

memory cells 105 in the row may need to be re-amitt

[0032] Some memory architectures, including DRAM, may litesr stored state over time
unless they are periodically refreshed by an eatgrawer source. For example, a charged
capacitor may become discharged over time throegkelge currents, resulting in the loss of
the stored information. The refresh rate of tresealled volatile memory devices may be
relatively high, e.g., tens of refresh operatioas gecond for DRAM arrays, which may
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result in significant power consumption. With increasingly larger memory arrays, tncreased
power consumption may inhibit the deployment or operation of memory arrays {e.g., power
supplies, heat generation, material limiis, etc.), espectally for mobile devices that rely on a
finite power source, such as a battery. As discussed below, tferroelectric memory cells 105
may have beneficial properties that may result in improved performance relative to other

memaory architectures.

{0033] For instance, terroelectric memory cells 105 may retain a stored state for longer
periods of time relative to a DRAM memory cell (e.g., days), which may reduce or eliminate
the need for refresh operations. Over time however, a ferroelectric memory cell 105 storing a
fogic state for an extended period (e.g., hours, days, months, etc ) may experience a shifling
of ferroelectric domains within an associated ferroelectric capacitor. This imprint may
negatively affect subsequent read and write operations from and to the ferroelectric memory
cell 105, For instance, writing a logic state to the ferroelectric memory cell 105 that is
opposite to a logic state stored for an extended period of time, may result in a “soft write”
condition as will be described in more detail below. A soft write may result in a degraded
read operation, which may be characterized by a decreased sensing window for the
ferroelectric memory cell. In some cases, the extended period of time discussed above may
not necessarily be associated with a period of time such as a day, month, or longer, but may
instead be associated with the time between storing a logic value and a subsequent point in

time at which increased read/write errors may occur or are expected to occur.

18034] Accordingly, memory cells 105 of memory array 100 may be written with different

logic states to maintain reliability of the ferroelectric memory cell

e.g., reducing a bit error
rate, write errors, etc. In some examples, memory array 100 may periodically write each
ferroelectric roemory cell 105 of the memory array 100 or of a subsection of the memory
array 100 with a value opposite the currently stored value. For instance, the memory array
100 may identify a time period (e.g., a time period that corresponds to a point in time at
which the expected sensing window falls below a threshold value after storing an inttial
value) and may update one or more ferroelectric memory cells 105 of the memory array 100
at a periodic interval spanning the identified period of time. This time period may be
determined to be shorter than the extended time period discussed above. In some cases, the

time period may be determined based on internal characteristics of the ferroelectric memory
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cells 105, a temperature of the memory array 100, an age of the ferroelectric memory cells
105, a sensing window resulting from reading the ferroelectric memory cells 105, and the

like.

{0035]  In ancther example, one or more ferroelectric memory cells 105 that have not been
accessed for the time period may be identified and the opposite logic state may be written to
those ferroelectric memory cells 105, In another example, which may reduce the load on a
processor of the memory array 100, subsections of memory array 100 that include one or
more ferroelectric memory cells 105 that have not been accessed for the time period may be
identified and rewritten with the opposite logic state to each of the ferroelectric memory cells
105 within the subsection. In yet another example, each ferroelectric memory cell 105 of a
subsection of the memory array 100 may be written with the opposite logic state each time
the subsection is activated. The memory array 100 may employ an indicator that uses one
value to indicate that the logic state stored by the memory cell 105 is the intended logic state
{(1.e., the logic value that is initially stored and expected to be read by an application) and
another value to indicate that the logic state stored by the memory cell 105 is the logic state

opposite of the intended logic state.

{0036] The memory controller 140 may control the operation {e.g, read, write, re-write,
refresh, etc.) of memory cells 105 through the various components, such as row decoder 120,
column decoder 130, and sense component 125, Memory controller 140 may generate row
and column address signals in order to activate the desired word line 110 and digit line 115,
Memory controller 140 may also generate and control various voltage potentials used during
the operation of memory array 100, In general, the amplitude, shape, or duration of an
applied voltage discussed herein may be adjusted or varied and may be different for the
various operations for operating memory array 100, Furthermore, one, multiple, or ali
memory cells 105 within memory array 100 may be accessed simultaneously; for example,
multiple or all cells of memory array 100 may be accessed simultaneously during a reset
operation in which all memory cells 105, or a group of memory cells 105, are set to a single

logic state.

{6037} In some cases, the memory controller 140 may be used to maintain the performance
of a ferroelectric memory cell 105, For example, memory controller 140 may write a logic

state different than the logic state currently stored by a ferroelectric memory cell 105 after
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determining a first time period has elapsed. In some examples, the memory controller 140
may determine the ferroelectric memory cell 105 has stored a logic state for the first time
period and may write an opposite logic state to the ferroelectric memory cell 103 based on
deternuning that the ferroelectric memory cell 105 has stored a logic state for the first time
period. The memory controller 140 may include other components (e.g., a timing
component) in determining that the first time period has elapsed. Furthermore, the memory
controller 140 may be used to update an indicator stored in a non-volatile latch, the indicator
indicating whether a logic state currently stored by the ferroelectric memory cell 105 is the
logic state intended to be read or is different than (e.g., opposite) the logic state intended to be

read during a read operation.

{0038] FIG. 2 illustrates an example circuit 200 that supports avoiding imprint of a
memory cell in accordance with various embodiments of the present disclosure. Circunt 200
includes a memory cell 105-a, word line 110-a, digit line 115-a, and sense component 125-a,
which may be examples of a memory cell 105, word line 110, digit line 115, and sense
component 123, respectively, as described with reference to FIG. 1. Memory cell 105-a may
include a logic storage component, such as capacitor 205 that has a first plate, cell plate 230,
and a second plate, cell bottorn 215, Cell plate 230 and cell bottorn 215 may be capacitively
coupled through a ferroelectric material positioned between them. The orientation of cell
plate 230 and cell bottom 215 may be flipped without changing the operation of memory cell
105-a. Circuit 200 also includes selection component 220 and reference line 225, In the
example of FIG. 2, cell plate 230 may be accessed via plate line 210 and cell bottom 215 may
be accessed via digit line 115-a. As described above, various states may be stored by

charging or discharging capacitor 205.

{0039} The stored state of capacitor 205 may be read or sensed by operating various
elements represented in circuit 200. Capacitor 205 may be in electronic communication with
digit line 115-a. For example, capacitor 205 can be isolated from digit line 115-a when
selection component 220 is deactivated, and capacitor 205 can be connected to digit line
115-a when selection component 220 1s activated. Activating selection component 220 may
be referred to as selecting memory cell 105-a. In some cases, selection component 220 is a

transistor and its operation is controlied by applying a voltage to the transistor gate, where the

voltage magnitude is greater than the threshold magnitude of the transistor. Word line 110-a
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may activate selection component 220; for example, a voltage applied to word line 110-a 1s
applied to the transistor gate, connecting capacitor 205 with digit line 115-a. In an alternative
embodiment, the positions of selection component 220 and capacitor 205 may be switched,
such that selection component 220 is connected between plate line 210 and cell plate 230 and
such that capacitor 205 is between digit line 115-a and the other terminal of selection
component 220. In this embodiment, selection component 220 may remain in electronic

communication with digit line 115-a through capacitor 20S. This configuration may be

associated with alternative timing and biasing for read and write operations.

{06040] Due to the ferroelectric material between the plates of capacitor 205, and as
discussed in more detall below, capacitor 205 may not discharge upon connection to digit line
115-a. In one scheme, to sense the logic state stored by ferroelectric capacitor 205, word line
110-a may be biased to select memory cell 105-a and a voltage may be applied to plate line
210, In some cases, digit line 115-a 1s virtually grounded and then isolated from the virtual
ground {i.e., “floating”} prior to biasing plate line 210 and word line 110-a. Biasing plate line
210 may result in a voltage difference (e.g., plate line 210 voltage minus digit line 115-a
voltage) across capacitor 205, The voltage difference may yield a change in the stored charge
on capacitor 205, where the magnitude of the change in stored charge may depend on the
initial state of capacitor 205—e.g., whether the initial state stored a logic 1 or alogic 0. This
may cause a change in the voltage of digit line 115-a based on the charge stored on capacitor
205. Operation of memory cell 105-a by varving the voltage to cell plate 230 may be referred

to as “moving cell plate.”

{0041] The change in voltage of digit line 115-a may depend on its intrinsic capacitance.
That is, as charge flows through digit line 115-3, some finite charge may be stored in digit
fine 115-a and the resulting voltage depends on the intrinsic capacitance. The intrinsic
capacitance may depend on physical characteristics, including the dimensions, of digit line
115-a. Digit line 115-a may connect many memory cells 105 so digit line 115-a may have a
jfength that results in a non-negligible capacitance (e.g., on the order of picofarads (pF}}). The
resulting voltage of digit line 115-a may then be compared to a reference (e.g., a voltage of
reference line 225} by sense component 125-a in order to determine the stored logic state in

memory cell 105-a. Other sensing processes may be used.
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{0042] Sense component 125-a may include vartous transistors or amplifiers to detect and
amplify a difterence in signals, which may be referred to as latching. Sense component 125-a
may include a sense amplifier that receives and compares the voltage of digit line 115-a and
reference line 225, which may be a reference voltage. The sense amplifier output may be
driven to the higher (e.g., a positive) or lower (e.g., negative or ground) supply voltage based
on the comparison. For instance, if digit line 115-a has a higher voltage than reference line
225, then the sense amplifier output may be driven to a positive supply voltage. In some
cases, the sense amplifier may additionally drive digit line 115-a to the supply voltage. Sense
component 125-a may then latch the output of the sense amplifier and/or the voltage of digit
line 115-a, which may be used to determine the stored state in memory cell 105-a, e.g., logic
1. Alternatively, if digit line 115-a has a lower voltage than reference line 225, the sense
amplifier output may be driven to a negative or ground voltage. Sense component 125-a may
similarly latch the sense amplifier output to determine the stored state in memory cell 105-a,
e.g., logic 0. The latched logic state of memory cell 105-a may then be output, for example,

through column decoder 130 as output 135 with reference to FIG. 1.

{0043} To write memory cell 105-a, a voltage may be applied across capacitor 205.
Vartous methods may be used. In one example, selection component 220 may be activated
through word line 110-a in order to electrically connect capacitor 205 to digit line 115-a. A
voltage may be applied across capacitor 205 by controlling the voltage of cell plate 230
(through plate line 210) and cell bottom 215 (through digit line 115-a). To write a logic 0,
cell plate 230 may be taken high, that 1s, a positive voltage may be applied to plate line 210,
and cell bottom 215 may be taken low, e.g., virtually grounding or applving a negative
voltage to digit line 115-a. The opposite process is performed to write a logic 1, where cell

plate 230 is taken low and cell bottom 215 1s taken high.

{0044] In some examples, if memory cell 105-a stores a logic state for an extended period

of time

e.g., stores an initial logic state for a period of time without being accessed—the
ferroelectric dipoles or domains within capacitor 205 may begin to reorder (“shift”™}. The
shift in ferroelectric domains may result in a failed write operation when the opposite logic
state ts written to the capacitor 205, This shifting may further result in a failed read operation
when sensing the logic state stored by capacitor 205, Accordingly, the logic state stored by

memory cell 105-a may be periodically written with the opposite logic state to mitigate the
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reordering of ferroelectric domains within capacitor 203; process may be referred 1o as
flipping or inverting the bit stored in memory cell 105-a. In the following discussion the
terms “flipping” {of “flipped”) and “inverting” {or “inverted”) may be used interchangeably.
In some cases, to write the opposite state, the sense component 125-a may be driven to apply
either a high or low voltage to digit line 115-a, a voltage may be concurrently applied to word
line 110-a, and the plate line 210 may be conversely driven low or high to apply a voltage
across capacttor 205, as discussed above. In some examples, the circuit 200 includes a non-
volatile latch to store a value for an indicator that indicates whether the logic state stored by
memory cell 105-a has been flipped. In this way, a device {e.g., a controller) may determine
whether the logic state sensed from memory cell 105-a is the logic state that was initially
stored and intended to be read or if the sensed logic state is the opposite of the iitially stored

state and that the opposite of the sensed logic value is intended to be read.

{0045] FIG. 3 dlusirates examples of non-linear properties with hysteresis curves 300-a
and 300-b for a ferroelectric memory cell that is operated in accordance with various
embodiments of the present disclosure. Hysteresis curves 300-a and 300-b illustrate an
example ferroelectric memory cell writing and reading process, respectively. Hysteresis
curves 300 depict the charge, Q, stored on a ferroelectric capacitor {e.g., capacitor 205 of

FIG. 2) as a function of a voltage difference, V.

{0046] A ferroelectric material is characterized by a spontaneous electric polarization, i.¢e.,
it maintains a non-zero electric polarization in the absence of an electric field. Example
ferroelectric materials include barium titanate (BaTi(s), lead titanate (PbTi0s), lead
zirconium titanate (PZT), and strontium bismuth tantalate (SBT). The ferroelectric capacitors
described herein may include these or other ferroelectric materials. Electric polarization
within a ferroelectric capacitor results in a net charge at the ferroelectric material’s surface
and attracts opposite charge through the capacitor terminals. Thus, charge is stored at the
interface of the ferroelectric material and the capacitor terminals. Because the electric
polarization may be maintained in the absence of an externally applied electric field for
relatively long times, even indefinitely, charge leakage may be significantly decreased as
compared with, for example, capacitors employed in DRAM arrays. This may reduce the

need to perform refresh operations as described above for some DRAM architectures.
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{8047] Hysteresis curves 300 may be understood from the perspective of a single terminal
of a capacitor. By way of example, if the ferroelectric material has a negative polarization,
positive charge accumulates at the terminal. Likewise, if the ferroelectric material has a
positive polarization, negative charge accumulates at the terminal. Additionally, it should be
understood that the voltages in hysteresis curves 300 represent a voltage difference across the
capacitor and are directional. For example, a positive voltage may be realized by applying a
positive voltage to the terminal in question (e.g., a cell plate 230) and maintaining the second
terminal (e.g., a cell bottom 215} at ground {(or approximately zero volts (0V)). A negative
voltage may be applied by maintaining the terminal in question at ground and applving a
positive voltage to the second terminal—i.e., positive voltages may be applied to negatively
polarize the terminal in question. Stmilarly, two positive voltages, two negative voltages, or
any combination of positive and negative voltages may be applied to the appropriate

capacitor terminals to generate the voltage difference shown in hysteresis curves 300

{0048} As depicted in hysteresis curve 300-a, the ferroelectric material may maintain a
positive or negative polarization with a zero voliage difference, resulting in two possible
charged states: charge state 305 and charge state 310, According to the example of FIG. 3,
charge state 305 represents a logic 0 and charge state 310 represents a logic 1. In some
examples, the logic values of the respective charge states may be reversed to accommodate

other schemes for operating a memory cell.

{00491 A logic 0 or I may be written to the memory cell by controlling the electric
polarization of the ferroelectric material, and thus the charge on the capacitor terminals, by
applying voltage. For example, applying a net positive voltage 315 across the capacitor
results in charge accumulation until charge state 305-a is reached. Upon removing voltage
315, charge state 305-a follows path 320 until it reaches charge state 305 at zero voltage
potential. Stmilarly, charge state 310 1s written by applying a net negative voltage 325,
which results in charge state 310-a. After removing negative voltage 325, charge state 310-a
follows path 330 until it reaches charge state 310 at zero voltage. Charge states 305-a and
310-a may also be referred to as the remnant polarization values, 1.¢, the polarization {(or
charge) that remains upon removing the external bias {e.g., voltage). The coercive voltage ts

the voltage at which the charge {or polarization) is zero.
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{0058] To read, or sense, the stored state of the ferroelectric capacitor, a voltage may be
applied to the capacitor. In response, the stored charge, Q, changes and the degree of the
change depends on the initial charge state— i.¢., the final stored charge ({3} may depend on
whether charge state 305-b or 310-b was initially stored. For example, hysteresis curve 300-b
ihustrates two possible stored charge states 305-b and 310-b. Voltage 335 may be applied to
a capacitor cell plate—e.g., cell plate 230 with reference to FIG. 2. Although depicted as a
positive voltage, voltage 335 may be negative. In response to voltage 335, charge state 305-b
may follow path 340. Likewise, if charge state 310-b was initially stored, then it follows path
345. The final position of charge state 305-c and charge state 310-c depend on a number of

factors, including the specific sensing scheme and circuitry.

i8051] In some cases, the final charge may depend on the intrinsic capacitance of the digit
line connected to the memory cell. For example, if the capacitor is electrically connected to
the digit line and voltage 335 is applied, the voltage of the digit line may rise due to its
intrinsic capacitance. So a voltage measured at a sense component may not equal voltage 335
and instead may depend on the voltage of the digit line. The position of final charge states
305-¢ and 310-c on hysteresis curve 300-b may thus depend on the capacitance of the digit
line and may be determined through a load-line analysis—i e, charge states 305-¢ and 310-¢
may be defined with respect to the digit line capacitance. As a result, the voltage of the
capacitor, voltage 350 or voltage 355, may be different and may depend on the initial state of

the capacitor.

{8052} By comparing the digit line voltage to a reference voltage, the initial state of the
capacitor may be determined. The digit line voltage may be the difference between voltage
335 and the final voltage across the capacitor, voltage 350 or voltage 355—i. ¢, {voltage 335
— voltage 350) or {voltage 335 — voltage 355). A reference voltage may be generated so that
its magnitude is between the two possible digit line voltages in order to determine the stored

logic state

i.¢., to determine whether the digit line voltage 1s higher or lower than the
reference voltage. For example, the reference voltage may be an average of the two
quantities, {(voltage 335 — voltage 350} and (voltage 335 — voltage 355). Upon comparison by
the sense component, the sensed digit line voltage may be determined to be higher or lower
than the reference voltage, and the stored logic value of the ferroelectric memory cell ie, a

logic O or 1) may be determined.
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{0053] As discussed above, reading a memory cell that does not use a ferroelectric
capacitor may degrade or destroy the stored logic state. A ferroelectric memory cell,
however, may maintain the inttial logic state after a read operation. For example, if charge
state 310-b 1s stored, the charge state may follow path 345 to charge state 310-¢ during a read
operation and, after rernoving voltage 350. In sorue cases, reading a ferroelectric memory
cell may disturb the logic state of the cell. For instance, charge state 310-b may no longer be
stored after reading the ferroelectric memory cell. Therefore, a write-back procedure may be
performed. In such cases, the write-back procedure may involve application of a voltage to

restore the charge of the cell to its initial charge state 310-b.

{0084] A ferroelectric capacitor operating with an imprint condition (i.e, an imprinted cell)
may follow an alternative path 345-a (e.g., if charge state 310-b is stored for an extended
period of time). The alternative path 345-a may be associated with a charge state 310-¢,
which is less than charge state 310-c, and a voltage 350-a across the capacitor, which is
greater than 350, Therefore, the resulting voltage of the digit line (voltage 335 — voltage
350-a) may be smaller than the voltage of the digit line 115 associated with voltage 350.
Additionally, the remnant polarization (e.g., as measured between charge state 305-d — and
charge state 310-d) may decrease with fatigue. As a result, the difference between the
resulting voltage of the digit line, (voltage 335 — voltage 350-a3) and (voltage 335 — voltage
355), may also be smaller, which may yield a smaller sensing window and increased number
of read errors. The change in the path followed by a ferroelectric capacitor may increase over
tirne and may be referred to as “drift.” Furthermore, writing an opposite logic state to an
imprinted ferroelectric capacitor may result in a soft write. A soft write may be associated
with a lower charge state being stored by the ferroelectric capacitor, such as charge state 305-
d

associated digit line. Accordingly, the sensing window of a subsequent read operation may

and as a result the ferroelectric capacitor may share a smaller amount of charge with an

2

also be reduced.

{60551 In some examples, a logic state opposite of the logic state currently being stored by
the ferroelectric capacitor may be written to the ferroelectric capacitor at configured intervals.
This may minimize the amount of drift that occurs between storing a logic value by a
ferroelectric capacitor and reading the logic state stored by the ferroelectric capacitor. In

some examples, if the ferroelectric capacitor stores a first charge state, such as charge state
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310-b, for a determined period of time without being accessed, the opposite charge state (e g,
charge state 305-b) may be written to the ferroelectric capacitor. Over time, if the
ferroelectric capactior is still not accessed while charge state 305-b is stored, the hysieresis
curve may shift in the opposite direction. The shift in the opposite direction may similarly
result in soft write conditions where a lower magnitude charge state than charge state 310-b
may be stored by the ferroelectric cell in subsequent write operations. As a result, the sensing
window may be reduced. Accordingly, after a second peniod of time, the initial charge state
310-b may be written back to and stored by the ferroelectric capacitor for another period of
time. In this way, the magnitude of drift may be decreased and the effects of imprint may be

mitigated.

i8056] FIG. 4 illustrates an example circuit 400 that supports avoiding imprint of a
memory cell in accordance with various embodiments of the present disclosure. Circunt 400
includes memory cell 105-b, word line 110-b (which may also be referred to as an access
line), digit line 115-b, and sense component 125-b, which may be examples of a memory cell
105, word line 110, digit ine 115, and sense component 125, respectively, described with
reference to FIG. 1 and 2. Memory cell 105 may include a ferroelectric capacitor that
operates with characteristics as described with reference to F1G. 3. Circuit 400 also includes
plate line 210-a and reference line 225-a, which may be examples of plate line 210 and
reference line 225, respectively, described with reference to FIG. 2. Circuit 400 also includes
voltage source 405, voltage source 410, equalization switches 420-a and 420-b, and isclation
components 425-a and 425-b. Equalization switches 420 and isolation components 425 may
also be generally referred to as switching components. Circuit 400 may also include non-

volatile latch 430, indicator line 435, and ECC component 440

{8087} Dagut line 115-b and reference line 225-a rmay have intrinsic capacitances 415-a and
415-b, respectively. Intrinstc capacitances 415-a and 415-b may not be electrical devices—
i.e., they may not be two-terminal capacitors. Instead, intrinsic capacitances 415-a and 415-b
may represent capacitance that resulting from physical characteristics, including the
dimensions, of digit line 115-b and reference line 225-a. In some cases, reference line 225-a
is an unused or inactive digit line. In some examples, digit line 115-b and reference ling
225-a may be connected to or separated from virtual ground through equalization switches

420-a and 420-b. A virtual ground may act as a common reference for circuit 400 and may
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also be referred to as ground or 0V, although, the virtual ground may float to a voltage that is

different than {(e.g., greater or less than) zero volts when compared with an earth ground.

[6058]  In some examples, control signals {e.g., a linear equalization signal) may be used to
activate or deactivate equalization switches 420-a or 420-b by increasing or decreasing a
linear equalization voltage applied to the switching component, respectively. In some cases,
equalization switch 420-a may be used to prevent the voliage of digit line 115-b from floating
while digit line 115-b is not being used. Equalization switches 420-a and 420-b and isolation
component 425-a and 425-b may be implemented as transistors (e.g., field effect transistors

{FETs)).

{6089] A voltage may be applied to reference line 225-a to provide a reference for
comparing with the voltage of digit line 115-b. The voltage of reference line 225-a may be
used by sense component 125-b as a reference for comparison against the voltage of digit line
115-b. As depicted, merory cell 105-b is in electronic communication with digit line 115-b.
Memory cell 105-b may include a selection component in electronic communication with a
ferroelectric capacitor via word line 110-b, as described with reference to F1G. 2. The
selection component may be activated by applving a voliage to word line 110-b and may be
used to provide a conductive path between the ferroelectric capacitor and the digit line 115-b.
In one example, memory cell 105-b may be selected, using the selection component, for a

read operation to determine a state stored by the ferroelectric capacitor.

{0060} Plate line 210-a may also be in electronic communication with the ferroelectric
capacitor. In some cases, a plate of the ferroelectric capacitor may be biased via plate line
210-a {e.g, for a read operation). Applying a non-zero voltage across the capacitor in
combination with applying a voltage to word line 110-b may result in the ferroelectric
capacitor charging digit line 115-b. That is, upon accessing memory cell 105-b, the
ferroelectric capacitor may share charge with digit line 115-b via intrinsic capacitance 415-a.
In some examples, the digit line 115-b may be driven to a ground reference or a supply
voltage, and a voltage may be applied at plate line 210-a to apply a voltage across the
ferroelectric capacitor. For example, the voltage applied to plate line 210-a may be ramped
from a first to a second voltage. In some examples, a constant voltage may be applied to
plate line 210-a and the voltage of digit line 115-b may be driven to a virtual ground or a

supply voltage to apply a voltage across the ferroelectric capacitor.
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{60611 Isolation component 425-3 may be in electronic communication with sense
component 125-b and digit hine 115-b, and isolation component 425-b may be in electronic
communication with sense component 125-b and reference line 225-a. Isolation components
425-a and 425-b may be used to isolate digit line 115-b and reference line 225-a from sense
component 125-b. Sense component 125-b may be used to determine the stored state of
memory cell 105-b. In some cases, sense component 125-b is or includes a sense amplifier.
Sense component 125-b ruay be operated by voltage source 405 and voltage source 410, In
some examples, voltage source 405 is a positive supply voltage, while voltage source 410 s a

negative supply voltage or a virtual ground.
{00621 Sense component 125-b may be used to determine a logic value of the memory cell

105-b based on the voltage of digit line 115-b and the voltage of the reference line 225-a. In

to

¢.g., by a controlier

some examples, sense component 125-b 1s activated or “fired”
trigger a comparison between the voltage of digit line 115-b and the voltage of reference line
225-a. Sense component 125-b may latch the output of a sense amplifier to the voltage
provided by either voltage source 405 or voltage source 410. For tnstance, if the voltage of
the digit line 115-b is greater than the voltage of the reference line 225-a, then sense
component 125-b may latch the output of the sense amplifier at a positive voltage supplied
from voltage source 405. Sense component 125-b may also be used to write a logic value to
memory cell 105-b. For instance, during a write operation, sense component 125-b may be
triggered to apply a voltage that is greater than a voltage applied at plate line 210-a to write a
logic state 1 to memory cell 105-b. In some examples, the voltage applied by sense
component 125-b is dependent on voltage source 405 and 410. For instance, voltage source

405 may provide the voltage that is greater than the voltage applied at plate line 210-a.

{8063] Non-volatile latch 430 may be used to store a value for an indicator that indicates
whether the logic state sensed by sense component 125-b is the logic state that is intended to
be read from memory cell 105-b—e¢ g, the logic state stored at memory cell 105-b by a user
application. In some exampies, a value of the indicator {e.g., 1) provided to sense component
125-b may cause the sense component 125-b to output the logic state opposite to the logic
state sensed at digit ine 115-b. In some examples, non-volatile latch 430 may be
implemented by an unused ferroelectric memory cell—e.g., a ferroelectric memory cell that

is not used by user applications to store mernory. Non-volatile latch 430 may provide the
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indicator to sense component 125-b and/or ECC component 440 via indicator line 435, I
non-volatile latch 430 is implemented as an unused ferroelectric memory cell in the memory

array, indicator line 435 may be implemented using an associated digit line.

{6064] In some examples, a memory array simultaneously accesses a set of memory cells,
or a “page” that includes memory cell 105-b. Each memory cell of the page may be
associated with a corresponding non-volatile latch, such as non-volatile tatch 430, In some
cases, additional logic may be implemented that receives indicators, including the indicator
stored in non-volatile latch 430, from each of the memory cells in the page. The additional
fogic may be used to determine a value that is shared by a majority of the indicators. The
identified value may be input to the sense components, including sense component 125-b,
corresponding to the memory cells in the page, and the sense components may output a logic
state accordingly. For instance, if a majority of the indicators share the value 1, this value
may be input to the corresponding sense components, and the sense components may output
the opposite of the sensed logic states. In some cases, the page itself may be associated with
a single corresponding non-volatile latch 430, and the value of the non-volatile latch may be

provided to the sense components.

{0065] ECC component 440 may be used to identify a codeword derived from reading a
page that includes memory cell 105-b. In some examples, ECC component 440 may
implement ECC logic to determine an intended state of the memory cells in the page in place
of providing indicators to the corresponding sense components. ln some cases, the indicators
for each of the memory cells included in the page may be provided to ECC component 440
via indicator lines, such as indicator line 435. ECC component 440 may also be in electronic
communication with multiple sense components, including sense component 125-b, that
output a voltage corresponding to a logic state sensed when reading the corresponding
memory cells. ECC component 440 may use the output voltages received from sense
components in addition to the indicators to deternune the intended logic state of each of the
memory cells in the page. For example, ECC component 440 may be used to identity a
codeword derived from reading the page including memory cell 105-b. ECC component 440
may use the value of the identified codeword to determine whether the intended logic states
of the memory cells are the same or different than the logic states sensed and output by the

corresponding sense components, as will be described 1n more detail below. In some
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examples, ECC component 440 may be implemented asphturality of memory cells that
store a codeword used to validate data storedgdbyrality of memory cells (e.g., a page). In
other examples, ECC component 440 may be indepenfldle memory array and may be

implemented as a standalone component.

[0066] In some examples, a controller may be used to gpenzuit 400 to maintain the
performance of memory cell 105-b. For instance,dbntroller may be used to trigger sense
component 125-b to perform a sensing operation apply a voltage to digit line 115-b
and/or reference line 225-a. The controller map &le used to activate/deactivate
equalization switches 420 and isolation componé2fsand to select memory cell 105-b via
word line 110-b. In some examples, the contratiay be used to access memory cell 105-b
using word line 110-b and to read/write to memagly £05-b using plate line 210-a and digit
line 115-b. The controller may include one or mooenponents (e.g., a timing component)
to aid in determining that the memory cell 105-khat a ferroelectric memory cell within a
subsection of a memory array has stored a logie &taa time period. After identifying the
time period has elapsed, the controller may useavtire line 110-b, plate line 210-a, digit
line 115-b, and/or sense component 125-b to whigeopposite logic state to memory cell
105-a.

[0067] The controller may determine a time period usetigger the writing of the

opposite logic state based on a model of the mewwwhd05-b. For instance, the controller
may determine the time period based on characterist memory cell 105-b, an expected
temperature, life of operation, and resulting segmsvindows. In some examples, the
controller may periodically update the memory afsaged on the determined time period. In
some cases, the controller may dynamically modiétime period based on a temperature
measured during operation or a number of accegssinmes performed on the memory cell,
or both. In other cases, the controller may tigge writing of the opposite logic state based
on alternative criteria or supplemental criteridhe time period. For instance, the controller
may trigger writing the opposite logic state inpesse to an event, such as a transitioning of
a device comprising the memory cell 105-b to apalver mode, the powering-up of the
device, a number of errors being detected, recéigh input from a user of the device, or the
like.



W

10

30

WO 2017/222786 PCT/US2017/035758

{6068] ¥IG. 8 shows an example diagram 500 illustrating operation of the example circuit
in accordance with various embodiments of the present disclosure. Timing diagram 500-a
depicts voltage on axis 505 and time on axis 510. Thus, the sensing voltage resulting from
reading a memory cell, such as memory cell 105-b may be represented as a logarithmic

function of time.

{006%9] As discussed with reference to FIG. 4, a logic state different than a logic state
currently stored by a memory cell may be written to a memory cell at certain points in time
{e.g., at configured intervals the bit stored by a memory cell may be flipped). In addition, an
indicator may be provided to indicate whether the logic state currently stored by a memory
cell 105-b is an intended logic state. In the example of FIG 5, a memory cell, such as
memory cell 105-b, may store one of two logic states, fogic 0 or logic 1. Sensing window
voltage 515-a represents the sensing window voltage resulting from reading a memory cell
storing a logic 0, and sensing window voltage 515-b represents the sensing window voltage
515 resulting from reading a memory cell storing a logic 1. As depicted, the decrease in
sensing window voltage 515-b over time may be markedly larger than the decrease in sensing
window voltage 515-a. Accordingly, the logic state stored by the memory cell 105-b may be
flipped periodically to counter the decrease in the sensing window voltage that occurs as a
result of one of the two logic states. In some cases, the value of the indicator 520-a may be
initially set as 0, and may be used to convey that the logic state currently stored by memory

cell 105-b is the intended logic state.

I8070] At the start of first time period 525-2, logic 0 may be written to and stored by
memory cell 105-b, and the sensing window that is expected to result from a read operation
of the memory cell 105-b may be represented over first time period 525-3 by sensing window
voltage S15-a. Concurrently, the indicator 520-a may be inutialized with the value 0. As
shown, the sensing window voltage 515-a resulting from reading memory cell 105-b may
decrease over first time period 525-a. If memory cell 105-b is read during first time period
525-a, the sense component 125-b may sense that memory cell 105-b is storing a logic 0.

The sense component 125-b may additionally take indicator 520-a into account when sensing
the stored logic value and may output that the intended logic state stored of memory cell 105-

b is indeed a logic O based on the value of indicator 520-a being 0.
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{0071] At the start of subsequent second time period 525-b, the opposite logic state, logic 1,
may be written to memory cell 105-b. In some cases, a controller may be used to determine
whether first time period 525-a has elapsed prior to writing the opposite logic state. If
memory cell 105-b 1s read during second time period 525-b, the sense component 125-b may
sense that memory cell 105-b is storing a logic 1. As above, the sense component 125-b may
additionally take indicator 520-b into account when sensing the stored logic value. However,
in this case, sense component 125-b may output that the intended logic state stored by
memory cell 105-b is actually a logic 0 in place of the sensed logic 1 based on the value of
indicator 520-b being 1. Table 1, which is provided below, illustrates an example logic table
for determining whether the logic staie sensed by sense component 125-b is the intended

output state or the opposite of the intended output state based on the indicated value.

émé Indicator Value ,Entenc%ed Logic
Logic State State
O 0 0
1 0 I
O 1 1
1 1 0
Table 1

{6072} Aspects of the above discussion may also be extended to multiple memory cells
{e.g., a page) that includes memory cell 105-b. For example, at the beginning of first time
period 525-a, either a logic O or a logic | may be written to each of the memory cellsin a
page. Fach memory cell of the page may be associated with a corresponding non-volatile
fatch, such as a non-volatile latch 430, and a corresponding sense component. Concurrently,
each non-volatile latch may be set with a value of 0 to indicate that the logic state currently
stored by the memory cells is the intended logic state. After first time period 525-a has
elapsed, each memory cell of the page may be written with an opposite logic state than the
iitially stored logic state. Accordingly, each non-volatile latch may be updated with a value
of 1 to indicate that the intended logic is different than (e.g., opposite) the currently stored
logic state. Additionally or alternatively, a single non-volatile latch 430 may be used to

indicate whether the page itself has been written with opposite logic states.
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{60731 In some examples, each of the non-volatile latches may be coupled with a
corresponding sense component and/or memory cell. And if the page is read during second
time period 525-b, each of the sense components may output an intended logic in place of the
currently stored logic state based on indicators received from the corresponding non-volatile
fatches. In other examples, each of the indicators 1s first input to additional logic which may
be used to determine a value that is shared by a majority of the indicators. The determined
value may then be input to each of the sense components and used for determining the
intended logic states for the page. In this way, a small number of corrupted indicators may be
prevented from corrupting an entire page. For example, the additional logic may identify that
the majority of received indicators have a value of 1, and the identified value 1 may be input
to the sense components. Accordingly, the sense components that sense a logic O may
instead cutput a logic 1, whereas the sense components that sense a logic 1 may output a

logic 0.

{0074} In an alternative example, ECC logic may be used to determine whether the logic
states received from a page are the intended logic states or the opposite of the intended logic
states. For example, ECC component 440 may validate logic states received from a number
of sense components and may 1nvert or pass the received logic state based on the value of an
indicator received from non-volatile latch 430. In another example, ECC component 440
may generate and store two codewords, a first codeword corresponding to the stored logic
states being the same as the intended logic state and a second codeword corresponding to the
stored logic state being different (e.g., opposite) than the stored logic states. ECC component
440 may receive indicators, including indicator 520-a, associated with each of the memory
cells in the page, and may use the recetved indicators in identifying a codeword derived from
reading the page. For instance, the indicators received by ECC component 440 may be used
to select the first or the second codeword for comparison with a codeword derived from the
fogic states received from sense components. In some cases, additional logic may be used fo
identify a value that is shared by a majority of the received indicators, and the identified
value may be used by the ECC component 440 to select one of the codewords. For instance,
if the majority of indicators share a value of 1, the ECC component 440 may select the
second codeword and determine the received logic states are opposite the logic states that are

intended io be read.
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{60751 In some examples, ECC component 440 may be used independently of the
indicators and non-volatile latches. For example, ECC component 440 may compare the first
codeword and the second codeword to a codeword derived from the logic states received
from the page to determine the intended logic states based on which codeword matches the
derived codeword. In other examples, ECC component 440 may use a codeword that has
been selected to be symmetric to flipping the logic states of the memory cells in the page.
That is, ECC component 440 may select codewords so that a codeword denved from a page

that has been flipped and a codeword dertved from the page not being flipped are the same.

{6076} Once a page has been flipped, one or more memory cells may be written based on
the value of non-volatile latch 430, For instance, if an application requests storage of a logic
state {e.g., logic state 1) in one or more memory cells {e g, a word in the page) included in
the flipped page, then the opposite logic state (e.g., logic state 0) may be written to the
memory cell. In this way, the logic states stored throughout the page may consistently be
flipped. In one example for the flipped page, the memory controller may provide the
received logic state to sense component 125, and sense component 125 may flip the logic
state when writing to memory cell 105-b based on a value of the indicator provided by non-
volatile latch 430, Tn another example for the flipped page, ECC component 440 may flip the
received logic states—e.g., based on the value of non-volatile latch 430—and may pass the
flipped logic states to the associated sensing components, which roay then write the flipped

logic states to the corresponding memory cells,

180771 In some examples, first time period 525-a and second time period 525-b are of
different lengths, and the process of writing different logic states may be repeated over a
periodic cycle. Accordingly, at the beginning of third time period 525-c the initial logic state,
fogic 0, may be written back to memory cell 105-b and the value of indicator 520-¢ may be
returned to 0. In some cases, the length of the time periods 525 may be based on known or
modelled characteristics of memory cells included in the memory array. For instance, the
jength of the time periods 525 may also be based on environmental and operational factors
for all or a part of a memory array including: temperature, age, average delay between access
operations, a resulting sensing window, or any combination thereof. In some examples, the

fength of first time period 525-a and second time period 525-b may be different.
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{6078] In some examples, the length of the time periods 525 may be dynamically updated
based on observed environmental or operational factors. For instance, the temperature of the
memory array or a subsection of the array may be measured and a length of the time periods
525 may be modified (e g, increase or decrease) based on the measured temperature. In
some examples, a number of access operations performed on the ferroelectric memory cell
may be counted and the length of the time periods 525 may be modified based on the
monitored number of access operations. In some cases, a combination of the measured
temperature and monitored number of access operations may be used to modity the length of

the time periods 525,

{6079} Other factors may be taken into account in determining whether to write the
opposite state to a memory cell. For instance, writing the opposite logic state to memory cell
105-b may be based on determining that memory cell 105-b has stored the first logic state for
first time period 525-a without being accessed. In vet another example, writing the opposite
logic state to memory cell 105-b may be based on identifying that a subsection of the memory

array including memory cell 105-b has not been accessed for the first time period 525-a.

{6080] In some cases, writing the opposite logic state to memory cell 105-b may be
independent of a time period 525 and may instead be based on the occurrence of an event.
For instance, the opposite logic state may be written to memory cell 105-b tn response to
determining that a number of read/write errors exceeds a threshold value. In some examples,
the opposite logic state may be written in response to determining that that a device including
memory cell 105-b has entered an activated state from a low-power or powered down state.
In some cases, the opposite logic states may be written to each memory cell of the device
based on identifying that the subsection has entered an activated state. Additionally or
alternatively, the opposite logic state may be written based on receiving a command from a
user to write the opposite logic state regardless of how long memory cell 105-b has stored a
togic state. Furthermore, although memory cell 105-b 1s discussed as storing one of two logic

states; in some examples, memory cell 105-b may store more than two logic states.

{0081] FIG. 6A shows an example subsection 600-a of a2 memory array that operates in
accordance with various embodiments of the present disclosure. Subsection 600-a includes
memory cells 105-¢ and sense component 125-¢, which may be an example of a memory cell

105 and a sense component, as described with reference to FIGs. 1, 2, and 4, and non-volatile
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fatches 430-a, which may be an example of non-volatile latch 430 as described with reference
to FIG. 4. In some examples, aspects of the circuit 400, as described with reference to FIG.

4, may be included in subsection 600-a.

{6082] Memory cells 105-c may each be associated with a latch and may store a logic state.
In the example of FIG. 6A, memory cells 105-¢ may store the logic states {0, 0, ..., 1}
Non-volatile latches 430-a may each correspond to a respective memory cell and may store a
value indicating whether a logic state stored by the respective memory cell is the intended
logic state. Tn some examples, a single value 1s used to wndicate the intended logic state for
the group of memory cells 105-c. For instance, if the majority of the non-volatile latches
430-a store a value {0}, then a single output of the latch may also be zero. In the exarmple of
FiG. 6A, each latch may store a value {0}. During a read operation, sense component 125-¢
may sense memory cells 105-¢, and based on the latch providing the {0} value may
determine that the intended logic states of memory cells 105-¢ is the same as the current logic
states (e.g., {0, 0, ..., 1}). In other examples, a single non-volatile latch 430-a stores a
single value used to indicate whether a page containing the memory cell 105-¢ has been
written with an intended or inverted logic state. This value may similarly be provided to

sense component 125-¢.

{0083] FIG. 6B shows an example subsection 600-b of a memory array that operates in
accordance with various embodiments of the present disclosure. Subsection 600-b includes
sense component 125-¢, in addition to memory cells 105-¢ and non-volatile latches 430-a.
Sense component 125-c may be an example of a sense component 125 as described with
reference to FIGs. 1, 2, and 4. In some examples, aspects of the circuit 400, as described with

reference to FIG. 4, may be included in subsection 600-b.

{06084] In the example of FIG. 6B, the logic state stored by each of memory cells 105-¢
may be tlipped with respect to an oniginally stored state. Accordingly, memory cells 105-¢
may store the logic states {1, 1, .. ., 0}. Additionally, the value stored by each of the non-
volatile latches 430-a may also be flipped, and each latch or a roajority of the latches may
store a {1}. The value of the majority of non-volatile latches 430-a may then be provided to
sense component 125-¢. During a read operation, sense component 125-¢ may sense memory
cells 105-c, and based on the latch providing the {1} value may determine that the intended

togic states of memory cells 105-¢ is the opposite as the current logic states {e.g., {0, 0, . . .,
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14}, In this way, the logic states originally stored in FIG. 6A may be read from sense
component 125-¢c. In some examples, each non-volatile latch 430-a may be associated with
an individual sense component, and the value provided by each latch may be used by the

sense component to deternune whether to invert a logic state recetved from a memory cell.

W

In other examples, a single non-volatile latch 430-a stores a single value used to indicate
whether a page containing the memory cell 105-¢ has been written with an intended or

inverted logic state. This value may similarly be provided to sense coraponent 125-c.

{0085] FIG. 6C shows an example subsection 600-¢ of a memory array that operates in
accordance with various embodiments of the present disclosure. Subsection 600-b includes
10 sense component 125-¢, in addition to memory cells 105-¢ and non-volatile latches 430-a.
Subsection 600-c also includes ECC component 440-a, which may be an example of ECC
component 440 as described with reference to FIG. 4. Subsection 600-¢ may depict an
alternative techuique for reading memory cells 105-c with respect to the technique discussed
with reference to FIG. 6B. In some examples, aspects of the circuit 400, as described with

15 reference to FIG. 4, may be included in subsection 600-c.

{6086] In the example of FIG. 6C, the logic state stored by each of memory cells 105-¢
may be flipped with respect to the logic states originally stored in FIG. 6A {0,0, .. [ 1}
Accordingly, memory cells 105-¢ may store the logic states {1, 1, ..., 0}. Additionally, the
value stored by each of the non-volatile latches 430-a may also be flipped, and each latch or a
20 majority of the latches may store a {1}. However, in FIG. 6C the value(s) derived from non-
volatile latches 430-a may not be provided to sense component 125-¢, but instead may be
provided to ECC component 440-a. To this way sense component 125-¢ may sense the logic
state currently stored by memory cells 105-c without considering whether to invert the sensed
fogic state—e. g., sense component 125-¢ may output the fhpped logic states {1, 1, .. ., 0}
25 The output of sense component 125-¢ may be passed to ECC component 440-a. ECC
component 440-a may use the received output to determine a codeword, which may be used
to determine whether the data received from memory cells 105-¢ s valid. ECC component
440-a may then use the value provided by non-volatile latches 430-a to determine whether the
logic state stored by memory cells 105-¢ ts the intended logic state. In the example of FIG.
30 6C, ECC component 440-a determines that the logic states output by sense component 125-¢

are valid by deriving a codeword matching a stored codeword. Then ECC component 440-a
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inverts the logic states based on determining the value received from non-volatile latches
430-ais a {1}, and accordingly outputs the originally stored/intended logic states {0, 0, . . |
1}. In other examples, a single non-volatile latch 430-a stores a single value used to indicate
whether a page containing the memory cell 105-¢ has been written with an intended or

inverted fogie state. This value may simifarly be provided to ECC component 440-a.

{60871 In some examples, subsection 600-c does not use non-volatile latches 430-a. In
such an example, ECC component 440-a may store two codewords based on the data stored
in memory cells 105-c—e g., a codeword derived for the onginally stored logic states (e.g.,
10,0, ..., 1})—and a codeword derived for the opposite logic states of the originally stored
fogic states {e.g., {1, 1, ..., 0} ECC component 440-a may then check a codeword derived
from an output of sense component 125-c with both codewords to determine whether the data
stored by memory cells 105-¢ 13 valid and to determine whether the output logic state 1s valid.
That is, if the codeword associated with the opposite logic states is used to validate the data
currently stored by memory cells 105-¢, ECC component 440-a may determine that the
originally stored/intended logic states {0, 0, . . ., 1}) of memory cells 105-¢ is opposite the
currently stored logic states {1, 1, ..., 0}). In other examples, ECC component 440-a may
determine a codeword for the data stored by memory cells 105-¢ that 1s symmetric for an

intended logic state and for the opposite of the intended logic state.

{0088] In some examples, ECC component 440-a is implemented as a part of a page
including memory cells 105-c. That 1s, ECC bits may be stored in certain memory cells 105-
¢ and are read during a sensing operation of the page. The stored ECC bits may be used to
determine whether the data stored by the page is valid or corrupted. In other examples, ECC
component 440-a is implemented separate from the memory cells 105-¢. That is, ECC bits
for a page may be stored in a different section of the raemory array and may be used to
determine whether the data read from the page is valid or corrupted after reading the logic

states of memory cells 105-¢.

{0089] FIG. 7 shows a block diagram 700 of a memory array 100-a that supports avoiding
imprint in accordance with various embodiments of the present disclosure. Memory array
100-a may be referred to as an electronic memory apparatus and includes memory controlier
140-a, and a memory cell 105-d, which may be examples of memory controller 140 and a

memory cell 105 as described with reference to FIGs. 1, 2, and 4. In some cases, memory
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cell 105-d may be associated with multiple memory cells 105 as described with reference to
FIG 1. Memory controller 140-a may include biasing component 710, iming component
715, and imprint identification component 745 and may operate memory array 100-a as

described in FIG. 1. Memory controtler 140-a may also include a non-volatile latch 430-b

W

and an ECC compounent 440-b, which may be examples of a non-volatile latch 430 and ECC

component 440 as described with reference to FIG. 4.

{00907 Memory controlier 140-a may be in electronic communication with word line 110-c,
digit line 115-¢, sense component 125~d, and plate line 210-b, which may be exaruples of
word line 110, digit line 115, sense component 125, and plate line 210 described with

10 reference to FIGs. 1, 2, and 4. Memory array 100-a may also include reference component
720 and latch 725. The components of memory array 100-a may be in electronic
communication with each other and may perforro the functions described with reference to
FiGs. 1-5. In some cases, reference component 720, sense component 125-d, and latch 725

may be components of memory controller 140-a.

o
W

{0091} In some examples, digit line 115-c is 10 electronic communication with sense
component 125-d and a ferroelectric capacitor of ferrcelectric memory cell 105-d.
Ferroelectric memory cell 105-d may be writable with a logic state {e.g., a first or second
jogic state}. Word line 110-c may be in electronic communication with memory controller
140-a and a selection component of ferroelectric memory cell 105-d. Plate line 210-a may be
20 in electronic communication with memory controller 140-a and a plate of the ferroelectric
capacitor of ferroelectric memory cell 105-d. Sense component 125-d may be in electronic
communication with memory controller 140-a, reference hine 225-b, digit line 115-¢, and
fatch 725. Reference component 720 may be in electronic communication with memory
controller 140-a and reference hine 225-b. Sense control line 740 may be in electronic

25  communication with sense component 125-d and memory controller 140-a.

180921 Latch control line 750 may be in electronic communication with non-volatile latch
430-b and memory controller 140-a. Non-volatile latch 430-b may be in electronic
communication with ECC component 440-b and/or sense component 125-d. ECC component
440-b may be in electronic communication with sense component 125-d. These components

30 may also be in electronic communication with other components, both inside and outside of
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memory array 100-a, in addition to components not listed above, via other components,

connections, or busses.

[6093] Memory controller 140-a may be configured to activate word line 110-¢, plate line
210-b, or digit line 115-c by applying voltages to those various nodes. For example, biasing
component 710 may be configured to apply a voltage to operate memory cell 105-d to read or
write memory cell 105-d as deseribed above. In some cases, memory controller 140-a may
include a row decoder, column decoder, or both, as described with reference to FIG. 1. This
may enable memory controller 140-a to access oune or more memory cells 105, Biasing
component 710 may also provide voltage potentials to reference component 720 in order to
generate a reference signal for sense component 125-d. Additionally, biasing cormaponent 710

may provide voltage potentials for the operation of sense component 125-d.

{8094} In some cases, memory controller 140-a may perform its operations using timing
component 715. For example, timing compeonent 715 may control the timing of the various
word line selections or plate biasing, including timing for switching and voltage application
to perform the memory functions, such as reading and writing, discussed herein. o some
cases, fiming component 715 may control the operations of biasing component 710.
Reference component 720 may include various components to generate a reference signal for
sense component 125-d. Reference component 720 may include circuitry configured to
produce a reference signal. In some cases, reference component 720 may be implemented
using other ferroelectric memory cells 105, Sense component 125-d may compare a signal
from memory cell 105-d (through digit line 115-c} with a reference signal from reference
component 720. Upon determining the logic state, the sense coraponent may then store the
output in latch 725, where it may be used in accordance with the operations of an electronic
device that memory array 100-ais a part. Sense component 125-d may include a sense

amplifier in electronic communication with the latch and the ferroelectric memory cell.

180951 Non-volatile latch 430-b may include a non-volatile memory cell to store an
indication of whether the first logic state or the second logic state represents an intended logic
state of the ferroelectric memory cell 105-d. In some cases, non-volatile latch 430-b is
implemented as a second ferroelectric memory cell different than ferroelectric memory cell

105-d (e.g., an unused ferroelectric memory cell).
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{6096} Imprint identification component 745, in combination with timing component 715
and biasing component 710 may be used to write a first logic state to ferroelectric memory
cell 105-d; determine that the ferroelectric memory cell 105-d has stored the first logic state
for a first time period; and write a second logic state to the ferroelectric memory cell105-d
based at least in part oo the determination that the ferroelectric memory cell105-d has stored
the first logic state for the first time period, wherein the second logic state is different from
the first logic state. For instance, imprint identification component 745 may be used to
determine a length of the first time period based at least in part on at least one of a
temperature of the ferroelectric memory cell 105-d, an age of the ferroelectric memory cell
105-d, an average delay between access operations of the ferroelectric memory cell 105-d, or
a sensing window resulting from reading the ferroelectric memory cell 105-d, or any

combination thereof.

{6097}  In some examples, memory controller 140-a may be used to operate components of
memory array 100-a to maintain the performance of memory cell 105-d. For example,
memory controller 140-a may use biasing component 710 to write a first logic state to
ferroelectric memory cell 105-d; timing component 715 to determine that the ferroelectric
memory cell has stored the first logic state for a first time period; and biasing component 710
to write a second logic state to ferroelectric memory cell 105-d based at least in part on the
determination that ferroelectric memory cell 105-d has stored the first logic state for the first
time period, wherein the second logic state is difterent from the first logic state. In some
examples, an additional factor for writing the first logic state is identifying that ferroelectric
memory cell 105-d has stored the first logic state for the first time period without being
accessed. In some cases, the first time period 1s based at least in part on at least one of a
temperanure of the ferroelectric memory cell 105-d, an age of the ferroelectric memory cell
105-d, an average delay between access operations of the ferroelectric memory cell 105-d, or
a sensing window resulting from reading the ferroelectric memory cell 105-d, or any

combination thereof

{6098} In some cases, non-volatile latch 430-b is used to store an indicator that indicates
whether an intended logic state stored by ferroelectric memory cell 105-d is the first logic
state or the second logic state. For instance, the value of the indicator stored at non-volatile

latch 430-b may be updated (e.g., to a value of 1) based on writing the second value to
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ferroelectric memory cell 105-d indicate that the intended logic state of ferrcelectric memory
cell 105-d 1s the first logic state. The value of the indicator may be provided to sense
component 125-d, and sense component 125-d may output the logic state of ferroelectric
memory cell 105-d as the first logic state, despite ferroelectric memory cell 105-d storing the

second logic state, as a result of the value of the indicator stored by non-volatile fatch 430-b.

{6099] In another example, the value of the indicator may not be provided to sense
component 125-d and ECC component 440-b may be used to determine the intended logic
state of ferroelectric memory cell 105-d. For tnstance, ECC coraponent 440-b may identify a
codeword from a read operation of a page of the memory array, and a value of the codeword
is based at least in part on the value of the indicator. ECC component 440-b may then
determining that the intended logic state of the ferroelectric memory cell 105-d is the first

logic state based at least in part on the identified codeword.

{0160]  In some cases, memory controtler 140-a may receive a request to store the first logic
state in ferroelectric memory cell 105-d. Memory controlier 140-a may use biasing
component 710 in combination with the value of non-volatile latch 430-b in writing to
ferroelectric memory cell 105-d. For instance, it the value stored by non-volatile latch 430-b
is a |, memory controller may determine that the logic state stored by ferroelectric memory
cell 105-d been flipped, and may write the second logic state to ferroelectric memory cell
105-d 1n place of the first logic state. Sinularly, memory controlier 140-a may receive a
request to store a page of data, and may write a flipped version of the page of data based on

the value of non-volatile latch 430-b.

{0161} In some cases, memory controller 140-a may use timing component 715 to
determine that ferroelectric memory cell 105-d has stored the second (e.g., tlipped) logic state
for a second time period, and may write back the first logic state to the ferrcelectric memory
cell 105-d based at least in part on determining that the ferroelectrnic memory cell 105-d has
stored the second lfogic state for the second time period. Imprint identification component
745 may then trigger non~volatile latch 430-b to update the value of the indicator so that the
indicator indicates that the intended logic state of ferroelectric memory cell 105-d is the logic
state stored by ferroelectric memory cell 105-d, which in this case 1s the first logic state. In

some cases, the first time period comprises a first interval of a ¢ycle and the second time
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pertod comprises a second interval of the cycle, a period of the cycle comprising a time

between writing the first logic state and writing back the first logic state.

{0162] In some cases, each ferroelectric memory cell of memory array 100-a 13 associated
with a non-volatile latch, and the intended logic states of a subsection of memory array 100-a
is based at least in part on the majority of the plurality of latches storing the same value. In
some examples, memory controller 140-a uses imprint identification component 745, in
combination with timing component 715, to identify a subsection of the mermory array that
includes the ferroelectric memory cell 105-d; and write different logic states to each
ferroelectric memory cell of the subsection based at least in part on determining that one or
more ferroelectric memory cells of the subsection has stored the first logic state for the first
time period. An additional factor for writing the different logic states may be identifving that
a ferroelectric memory cell of the ferroelectric memory cells has stored a logic state for the

first ttime period without betng accessed.

{6163} In some examples, memory controller 140-a writes the second logic state to
ferroelectric roemory cell 105-d independent of the first time period. For instance, memory
controller 140-a may write the second logic state to ferroelectric memory cell 105-d based on
at least one of determining that a number of errors has exceeded a threshold number;
determining that the memory array has operated in a low power mode; determining that the
memory array has operated in a powered down mode; or determining that a command from a
user has been received, or any combination thereof In another example memory controller
140-a may writing different logic states to each ferroelectric memory cell of the subsection
based at least in part on activating a subsection of the memory array that includes

ferroelectric memory cell 105-d.

{0184] Memory controlier 140-a may also be used to measure a temperature of a memory
array that includes the ferroelectric memory cell 105-d, wherein the first time period is based
at least in part on the temperature, or monitor a number of access operations performed on the
ferroelectric memory cell 105-d, wherein the first time period is based at least in part on the
number of access operations of the ferroelectric memory cell 105-d, or both; and modify a
value of the first time period based at least in part on the measured temperature or the
monitored number of access operations, or both. Additionally, memory controlier 140-a may

be used to initiate a timer after the first logic state is written, a value of the timer used to
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determine that the ferrcelectric memory cell 105-d has stored the first logic state for the first

time period.

{0105] FIG. 8 illustrates a system 800 that supports avoiding imprint of a memory cell 1o
accordance with various embodiments of the present disclosure. System 800 includes a
device 805, which may be or include a printed circuit board to connect or physically support
various components. Device 805 may be a computer, laptop computer, notebook computer,
tablet computer, mobile phone, or the like, in some examples. Device 805 includes a
memory array 100-b, which may be an example of mernory array 100 described with
reference to FIGs. 1 and 7. Memory array 100-b may contain memory controller 140-b and
memory cell(s) 105-d, which may be examples of memory controller 140 described with
reference to FIGs. 1 and 7 and memory cells 105 described with reference to FIG. 1, 2, 4, and
7. Device 805 may also include a processor 810, BIOS component 815, peripheral
component(s) 820, and input/output control component 825, The components of device 805

may be in electronic communication with one another through bus 830,

{0106} Processor 810 may be configured to operate memory array 100-a through memory
controtler 140-b. In some cases, processor 810 may perform the functions of memory
controller 140 described with reference to FIGs. 1 and 7. In other cases, memory controller
140-b may be integrated into processor 810, Processor 810 may be a general-purpose
processor, a digital signal processor (DSP), an application-specific integrated circuit (ASIC),
a field-programmable gate array (FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or it may be a combination of these types of
components, and processor 810 may perform various functions described herein, including
recovery of a memory cell using fast cycling. Processor 810 may, for example, be configured
to execute computer-readable instructions stored 1o memory array 100-a to cause device 805

perform various functions or tasks.

i8167] BIOS component 815 may be a software component that includes a basic
input/output systern (BIOS) operated as firmware, which may initialize and run various
hardware components of system 800. BIOS component 815 may also manage data flow
between processor 810 and the various components, e.g., peripheral components 820,

input/output control component 825, etc. BIOS component 815 may include a program or
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software stored tn read-only memory (ROM), flash memory, or any other non-volatile

memory.

{0108} Peripheral coruponent(s) 820 may be any input or output device, or an interface for
such devices, that is integrated into device 805, Examples may include disk controllers,
sound controlier, graphics controller, Ethernet controller, modem, universal serial bus (USB)
controtler, a serial or paraliel port, or peripheral card slots, such as peripheral component

interconnect {PCI) or accelerated graphics port (AGP) slots.

1016%] Input/output control component 825 may manage data communication between
processor 810 and peripheral component(s) 820, input devices &35, or cutput devices 840,
Input/output control component 825 may also manage peripherals not integrated into device
305. In some cases, input/output control component 825 may represent a physical connection

or port to the external peripheral.

{0116} Input 835 may represent a device or signal external to device 805 that provides
input to device 805 or tts components. This may include a user interface or interface with or
between other devices. In some cases, input 835 may be a peripheral that interfaces with
device 805 via peripheral component(s) 820 or may be managed by input/output control

component 8235,

8111} Output 840 may represent a device or signal external to device 805 configured to
recetve output from device 805 or any of its components. Examples of output 840 may
include a display, audio speakers, a printing device, another processor or printed circuit
board, etc. In some cases, output 840 may be a peripheral that interfaces with device 805 via

peripheral component{(s) 820 or may be managed by input/cutput control component 825.

{8112} The components of memory controller 140-b, device 805, and memory array 100-b
may be made up of circuitry designed to carry out their functions. This may include various
circuit elements, for example, conductive lines, transistors, capacitors, inductors, resistors,
amplifiers, or other active or inactive elements, configured to carry out the tunctions

described herein.
{8113} In some examples, the memory array 100-b may include means for determining that
a ferroelectric memory cell has stored a first logic state for a first time period. In some

examples, the memory array 100-b may include means for writing a second logic state to the
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ferroelectric memory cell based at least in part on the determining that the ferrcelectric
memory cell has stored the first logic state for the first time period, wherein the second logic

state is different from the first logic state.

{0114} In some examples, the memory array 100-b may include means for updating a value
of an indicator based at least in part on writing the second logic state to the ferroelectric
memory cell, wherein the updated value of the indicator indicates that an intended logic state
of the ferroelectric memory cell is the first logic state. In some examples, the memory array
100-b may include means for storing an indicator in a latch that comprises a non-~volatile
memory cell, wherein a value of the indicator indicates whether an intended logic state of the

ferroelectric memory cell 1s the first logic state or the second logic state.

{6115] In some examples, the memory array 100-b may include means for measuring a
temperature of a memory array that includes the ferroelectric memory cell, wherein the first
tirne period is based at least in part on the temperature or means for measuring a number of
access operations performed on the ferroelectric memory cell, wherein the first time period is
based at least in part on the number of access operations of the ferroelectric memory cell. In
some examples, the memory array 100-b may include means for moditying a value of the
first time period based at least in part on a measured temperature or the number of access
operations, or both. In some examples, the memory array 100-b may include means for
initiating a timer after the first logic state is written, wherein a value of the timer indicates

whether the ferroelectric memory cell has stored the first logic state for the first time period.

{0116] ¥FI(. 9 shows a flowchart tllustrating a method 900 for avoiding imprint of a
memory cell in accordance with various embodiments of the present disclosure. The
operations of method 900 may be implemented by a memory array 100, as described with
reference to FIGs. 1, 7, and & For example, the operations of method 900 may be performed
by a memory controller 140 as described with reference to FIGs. 1, 7, and 8. In some
examples, a memory controller 140 may execute a set of codes to control the functional
elements of the memory array 100 to perform the functions described below. Additionally or
alternatively, the memory controller 140 may perform features the functions described below

using special-purpose hardware.



(¥,

10

o
W

20

30

WO 2017/222786 PCT/US2017/035758

38

{81171 At block 905, the method may include writing a first logic state to a ferroelectric
memory cell, as described with reference to FIGs. 1-5. In certain examples, the operations of
block 905 may be performed or facilitated by the biasing component 710, as described with

reference to FIG. 7.

{0118} At block 910, the method may include determining that the ferroelectric memory
cell has stored the first logic state for a first time period, as described with reference to FIGs.
1-5. In certain examples, the operations of block 910 may be performed or facilitated by the
imprint identification component 745, as described with reference to FIG. 7. In some cases,
the first time period is based at least in part on at least one of a temperature of the
ferroelectric ruemory cell, an age of the ferroelectric memory cell, an average delay between
access operations of the ferroelectric memory cell, or a sensing window resulting from

reading the ferroelectric memory cell, or any combination thereof

{0119}  In some cases, the determining may include wdentifying that the ferroelectric
memory cell has stored the first logic state for the first time period without being accessed,
wherein writing the second logic state 1s based at least 1o part on the identifying. Tn other
cases, determining that the first time period has elapsed may not be associated with a value of
a timer, but instead may be determined based on determining that a number of errors has
exceeded a threshold number; determining that the memory array has operated in a low
power mode; determining that the memory array has operated in a powered down mode; or

determining that a command from a user has been received, or any corabination thereof.

{01281 At block 915, the method may include writing a second logic state to the
ferroelectric memory cell based at least in part on the determination that the ferroelectric
memory cell has stored the first logic state for the first time period, wherein the second logic
state is different from the first logic state, as described with reference to FiGs. 1-5. In certain
examples, the operations of block 915 may be performed or facilitated by the biasing
component 710, as described with reference to FIG. 7. In some cases, the second logic state
is opposite the first logic state. In some examples, the method may nclude storing an
indicator in a latch, wherein a value of the indicator indicates whether an intended logic state
of the ferroelectric memory cell is the first logic state or the second logic state. In some
examples, the latch comprises one laich of a plurality of latches, and wherein the intended

logic state of the ferroelectric memory cell is based at least in part on the value being stored
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by a majority of the plurality of latches. In another example, the second logic state may be
written based on activating a subsection of the memory array that includes the ferroelectric
memory cell. In some cases, the method may include updating the value of the indicator
based at least in part on writing the second logic state to the ferroelectric memory cell,
wherein the updated value of the indicator indicates that the intended logic state of the

ferroelectric memory cell is the first logic state.

{0121} In some examples, the method may include sensing the second logic state of the
ferroelectric memory cell with a sense component that is in electronic communication with
the ferroelectric memory cell, and determining that the intended logic state of the ferroelectric
memory cell 18 the first logic state based at least in part on sensing the second logic state and
the value of the indicator. Additionally or alternatively, the method may include identifying a
codeword trom a read operation of the memory array, wherein a value of the codeword 1s
based at least in part on the value of the indicator; and determining that the intended logic
state of the ferroelectric memory cell is the first logic state based at least in part on the

codeword.

{6122} In some cases, the method may include determining that the ferrcelectric memory
cell has stored the second logic state for a second time period, and writing back the first logic
state to the ferroelectric memory cell based at least in part on determining that the
ferroelectric memory cell has stored the second logic state for the second time period. The
value of the indicator may be updated based at least in part on writing the first logic state to
the ferroelectric memory cell, wherein the updated value of the indicator indicates that the
intended logic state of the ferroelectric memory cell is the first logic state. In some cases, the
first time period comprises a first interval of a cycle and the second time period comprises a
second interval of the cycle, a period of the cycle comprising a timne between writing the first

logic state and writing back the first logic state.

81231 In some examples, the method may include, identifying a subsection of the memory
array that includes the ferroelectric memory cell, and writing different logic states to each
ferroelectric memory cell of the subsection based at least in part on determining that one or
more ferroelectric memory cells of the subsection has stored the first logic state for the first
time period. In some examples, the method may include receiving the first logic state for

storage in the ferroelectric memory cell, and writing the second logic state to the ferroelectric
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memory cell based at least in part on the value of the indicator. In this way, the logic state of

the ferroelectric memory cell may retain proper polarity within a flipped page.

{0124] Thus, method 900 may be a method of operating a memory array. For example, it
may provide for avoiding imprint of a memory cell. It should be noted that method 900
describes possible implementations, and the operations and steps may be rearranged or

otherwise modified such that other implementations are possible.

{8125] The description herein provides examples, and is not limiting of the scope,
applicability, or examples set forth in the claims. Changes may be made in the function and
arrangement of elements discussed without departing from the scope of the disclosure.
Various examples may omit, substitute, or add various procedures or components as
appropriate. Also, features described with respect to some examples may be combined in

other examples.

i0126] The description set forth herein, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
implemented or that are within the scope of the claims. The terms “example,” “exemplary,”
and “embodiment,” as used herein, mean “serving as an example, instance, or tustration,”
and not “preferred” or “advantageous over other examples.” The detailed description
includes specific details for the purpose of providing an understanding of the described
techniques. These techniques, however, may be practiced without these specific details. In
some instances, well-known structures and devices are shown in block diagram form in order

to avoid obscuring the concepts of the described examples.

81271 In the appended figures, similar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. When the first reference label 1s used in the specification, the
description is applicable to any one of the similar components having the same first reference

label irrespective of the second reference label.
i0128] Information and signals described herein may be represented using any of a variety
of different technologies and techniques. For example, data, instructions, commands,

information, signals, bits, symbols, and chips that may be referenced throughout the above
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description may be represented by voltages, currents, electromagnetic waves, magnetic fields
or particles, optical fields or particles, or any combination thereof. Some drawings may
iltustrate signals as a single signal; however, it will be understood by a person of ordinary
skill in the art that the signal may represent a bus of signals, where the bus may have a variety

of bit widths.

{01291  As used herein, the term “virtual ground” refers to a node of an electrical circuit that
is held at a voltage of approximately zero volts (O0V) but that 1s not directly connected with
ground. Accordingly, the voltage of a virtual ground may temporarily fluctuate and return to
approximately OV at steady state. A virtual ground may be implemented using various
electronic circuit elements, such as a voltage divider consisting of operational amplifiers and
resistors. Other implementations are also possible. “Virtual grounding” or “virtually

grounded” means connected to approximately 0V,

{01306] The term “electronic commumcation” refers to a relationship between components
that supports electron flow between the components. This may include a direct connection
between components or may include intermediate components. Components in electronic
communication may be actively exchanging electrons or signals (e g., in an energized circuit)
or may not be actively exchanging electrons or signals {e.g., in a de-energized circuit) but
may be configured and operable to exchange electrons or signals upon a circuit being
energized. By way of example, two components physically connected via a switch {(e.g, a
transistor) are in electronic communication regardiess of the state of the swiich (i.e., open or

closed}.

{0131} The term “isolated” refers to a relationship between components in which electrons
are not presently capable of flowing between them; components are isolated from each other
if there 1s an open circuit between them. For example, two components physically connected

by a switch may be 1solated from each other when the switch is open.

{6132} The devices discussed herein, including memory array 100, may be formed on a
semiconductor substrate, such as silicon, germanium, silicon-germanium alloy, gallium
arsenide, galitum nitride, etc. In some cases, the substrate 15 a semiconductor water. In other
cases, the substrate may be a silicon-on-insulator (SOI) substrate, such as silicon-on-glass

(S0G) or silicon-on-sapphire (SOP), or epitaxial layers of semiconductor materials on
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another substrate. The conductivity of the substrate, or sub-regions of the substrate, may be
controlled through doping using various chemical species including, but not limited to,
phosphorous, boron, or arsenic. Doping may be performed during the initial formation or

erowth of the substrate, by ion-implantation, or by any other doping means.

{0133} A transistor or transistors discussed herein may represent a field-effect transistor
(FET) and comprise a three terminal device including a source, drain, and gate. The
terminals may be connected to other electronic elements through conductive materials, e g.,
metals. The source and drain may be conductive and may comprise a heavily-doped, ¢.g.,
degenerate, semiconductor region. The source and drain may be separated by a lightly-doped
semiconductor region or channel. If the channel is n-type (i.e., majority carriers are
electrons), then the FET may be referred to as a n-type FET. Hf the channel is p-type (1.e.,
majority carriers are holes), then the FET may be referred to as a p-type FET. The channel
may be capped by an insulating gate oxide. The channel conductivity may be controlied by
applying a voltage to the gate. For example, applying a positive voltage or negative voltage
to an n-type FET or a p-type FET, respectively, may result in the channel becoming
conductive. A transistor may be “on” or “activated” when a voltage greater than or equal to
the transistor’s threshold voltage is applied to the transistor gate. The transistor roay be “oft”
or “deactivated” when a voltage less than the transistor’s threshold voltage is applied to the

transistor gate.

{86134} The various illustrative blocks, components, and modules described in connection
with the disclosure herein may be implemented or performed with a general-purpose
processor, a DSP, an ASIC, an FPGA or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices (e.g., a combination of a BSP and a microprocessor,
multiple microprocessors, one or more microprocessors in cornjunction with a DSP core, or

any other such contiguration).

{8135] The functions described herein may be implemented 10 hardware, software executed

by a processor, firmware, or any combination thereof. If implemented in software executed
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by a processor, the functions may be stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other examples and implementations are within the
scope of the disclosure and appended claims. For example, due to the nature of software,
functions described above can be implemented using software executed by a processor,
hardware, firmware, hardwirting, or combinations of any of these. Features ioplementing
functions may also be physically located at various positions, including being distributed
such that portions of functions are implemented at different physical locations. Also, as used
herein, including in the claims, “or” as used in a list of items (for example, a list of items
prefaced by a phrase such as “at least one of” or “one or more of 7) indicates an inclusive list
such that, for example, a list of at leastone of A, B, or Cmeans AorBor C or AB or AC or

BC or ABC(ie, Aand B and C).

{6136] Computer-readable media includes both non-transitory computer storage media and
communication media inchuding any medium that factlitates transfer of a computer program
from one place to another. A non-transitory storage medium may be any available medium
that can be accessed by a general purpose or special purpose computer. By way of example,
and not limitation, non-transitory computer-readable media can comprise RAM, ROM,
electrically erasable programmable read only memory (EEPROM), compact disk (CD) ROM
or other optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other non-~transitory medium that can be used to carry or store desired program code means in
the form of instructions or data structures and that can be accessed by a general-purpose or

special-purpose computer, or a general-purpose or special-purpose processor.

{0137} Also, any connection is properly termed a coroputer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber line (BSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio,
and microwave are included in the definition of medium. Disk and disc, as used herein,
include CD, laser disc, optical disc, digital versatile disc (DVD), tloppy disk and Blu-ray disc
where disks usually reproduce data magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included within the scope of computer-readable

media.



W

WO 2017/222786 PCT/US2017/035758

44

{6138] The description herein is provided to enable a person skilled in the art to make or
use the disclosure. Various modifications to the disclosure will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to other variations
without departing from the scope of the disclosure. Thus, the disclosure 1s not to be limited
to the examples and designs described herein but is to be accorded the broadest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS

What isclaimed is:

1 A method of operating a memory array, comprising:

writing afirst logic state to a ferroelectric memory cell;

determining that the ferroelectric memory cell has stored the first logic state for afirst time
period;

writing a second logic state to the ferroelectric memory cell based at least in part on the
determining that the ferroelectric memory cell has stored the first logic state for the first time period, wherein
the second logic state is different from the first logic state; and

storing an indicator in alatch, wherein a value of the indicator indicates whether an intended

logic state of the ferroelectric memory cell isthe first logic state or the second logic state.

2. The method of claim 1, further comprising:

sensing the second logic state of the ferroelectric memory cell with a sense component that is
in electronic communication with the ferroelectric memory cell; and

determining that the freintended logic state of the ferroelectric memory cell isthefirst logic
state based at least in part on sensing the second logic state and the value of the indicator.

3. The method of claim 1, further comprising:

identifying a codeword from a read operation of the memory array, wherein [[a]] the value of
the codeword is based at least in part on the value of the indicator; and

determining that the intended logic state of the ferroelectric memory cell isthe first logic state
based at least in part on the codeword.

4, The method of claim 1, further comprising:
receiving thefirst logic state for storage in the ferroelectric memory cell; and
writing the second logic state to the ferroel ectric memory cell based at least in part on the

value of the indicator.

5. The method of claim 1, further comprising:
updating the value of the indicator based at least in part on writing the second logic state to the
ferroelectric memory cell, wherein the updated value of the indicator indicates that the intended logic state of

the ferroelectric memory cell isthefirst logic state.

6. The method of claim 5, further comprising:

determining that the ferroelectric memory cell has stored the second logic state for a second
time period; and

writing back the first logic state to the ferroelectric memory cell based at least in part on

determining that the ferroelectric memory cell has stored the second logic state for the second time period.
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7. The method of claim 6, further comprising:

updating the value of the indicator based at least in part on writing the first logic state to the
ferroelectric memory cell, wherein the updated value of the indicator indicates that the intended logic state of
the ferroelectric memory cell isthe first logic state.

8. The method of claim 6, wherein the first time period comprises afirst interval of a
cycle and the second time period comprises a second interval of the cycle, wherein aperiod of the cycle includes
atime between writing the first logic state and writing back the first logic state.

9. The method of claim 1, wherein the latch comprises one latch of a plurality of
latches, and wherein the intended logic state of the ferroelectric memory cell is based at least in part on the value

being stored by a majority of the plurality of latches.

10. The method of claim 1, further comprising:
identifying that the ferroelectric memory cell has stored the first logic state for the first time
period without being accessed, wherein writing the second logic state is based at least in part on the identifying.

11. The method of claim 1, further comprising:

identifying a subsection of the memory array that includes the ferroel ectric memory cell; and

writing different logic states to each ferroelectric memory cell of the subsection based at least
in part on determining that one or more ferroelectric memory cells of the subsection has stored the first logic
state for the first time period.

12. The method of claim 1, wherein determining the first time period has el apsed
comprises at least one of:

determining that a number of errors has exceeded a threshold number;
determining that the memory array has operated in alow power mode;
determining that the memory array has operated in a powered down mode; or

determining that a command from a user has been received.

13. The method of claim 1, further comprising:
activating a subsection of the memory array that includes the ferroel ectric memory
cell, wherein writing the ferroel ectric memory cell comprises writing different logic states to each

ferroelectric memory cell of the subsection based at least in part on activating the subsection.

14. The method of claim 1, wherein the second logic state is opposite the first
logic state.

15. The method of claim 1, wherein the first time period is based at least in part

on at least one of atemperature of the ferroel ectric memory cell, an age of the ferroel ectric memory
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cell, an average delay between access operations of the ferroelectric memory cell, or asensing
window resulting from reading the ferroel ectric memory cell, or any combination thereof.

16. An electronic memory apparatus, comprising:

aferroelectric memory cell writable with afirst logic state and writable with a second
logic state based at least in part on the first logic state being written for afirst time period; and

alatch coupled to the ferroelectric memory cell, wherein the latch comprises a non-
volatile memory cell to store an indication of whether the first logic state or the second logic state

represents an intended logic state of the ferroelectric memory cell.

17. The electronic memory apparatus of claim 16, further comprising:
a sense amplifier in electronic communication with the latch and the ferroel ectric

memory cell.

18. The electronic memory apparatus of claim 16, further comprising:
an error correction code (ECC) component in electronic communication with the latch and an

output of a sense amplifier.

19. The electronic memory apparatus of claim 16, wherein the latch comprises a second

ferroelectric memory cell.

20. An electronic memory apparatus, comprising:

aferroelectric memory cell; and

a controller in electronic communication with the ferroelectric memory cell, wherein the
controller is operable to:

determine that the ferroel ectric memory cell has stored afirst logic state for afirst time period;

write a second logic state to the ferroel ectric memory cell based at least in part on the
determining that the ferroel ectric memory cell has stored the first logic state for the first time period, wherein
the second logic state is different from the first logic state; and

update a value of an indicator based at least in part on writing the second logic state to the
ferroelectric memory cell, wherein the updated value of the indicator indicates that an intended logic state of the
ferroelectric memory cell isthefirst logic state.

21. An electronic memory apparatus, comprising:

alatch that comprises a non-volatile memory cell;

aferroelectric memory cell; and

acontroller in electronic communication with the ferroel ectric memory cell, wherein the
controller is operable to:

determine that the ferroelectric memory cell has stored afirst logic state for afirst time period;
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write a second logic state to the ferroel ectric memory cell based at least in part on the
determining that the ferroelectric memory cell has stored the first logic state for the first time period, wherein
the second logic state is different from the first logic state; and

store an indicator in the latch, wherein a value of the indicator indicates whether an intended

logic state of the ferroelectric memory cell isthe first logic state or the second logic state.

22, The electronic memory apparatus of claim 20, wherein the controller is operable to:

measure a temperature of a memory array that includes the ferroel ectric memory cell, wherein
the first time period is based at least in part on the temperature; or

measure a number of access operations performed on the ferroelectric memory cell, wherein
the first time period is based at least in part on the number of access operations of the ferroelectric memory cell;
and

modify avalue of the first time period based at least in part on a measured temperature or the

number of access operations, or both.

23. The electronic memory apparatus of claim 22, wherein the controller is operable to:
initiate atimer after the first logic state is written, wherein a value of the timer indicates

whether the ferroelectric memory cell has stored the first logic state for the first time period.

24, An electronic memory apparatus, comprising:

means for determining that a ferroelectric memory cell has stored afirst logic state for afirst
time period;

means for writing a second logic state to the ferroelectric memory cell based at least in part on
the determining that the ferroelectric memory cell has stored the first logic state for the first time period,
wherein the second logic state is different from the first logic state; and

means for updating a value of an indicator based at least in part on writing the second logic
state to the ferroel ectric memory cell, wherein the updated value of the indicator indicates that an intended logic
state of the ferroelectric memory cell isthe first logic state.

25. The electronic memory apparatus of claim 24, further comprising:
means for storing the indicator in alatch that comprises a non-volatile memory cell, wherein
the value of the indicator indicates whether the intended logic state of the ferroelectric memory cell isthe first

logic state or the second logic state.

26. The electronic memory apparatus of claim 24, further comprising:

means for measuring a temperature of a memory array that includes the ferroel ectric memory
cell, wherein the first time period is based at least in part on the temperature; or

means for measuring a number of access operations performed on the ferroel ectric memory
cell, wherein the first time period is based at least in part on the number of access operations of the ferroelectric

memory cell; and
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means for modifying a value of the first time period based at least in part on a measured

temperature or the number of access operations, or both.

27. The electronic memory apparatus of claim 26, further comprising:
means for initiating atimer after the first logic state is written, wherein avalue of the timer

indicates whether the ferroelectric memory cell has stored the first logic state for the first time period.
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