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CELL-BASED REFERENCE VOLTAGE GENERATION

CROSS REFERENCES

[0001] The present Application for Patent claims priotayPCT Application No.
PCT/US2017/014922 by Applicant Micron Technology;.] entitled “Cell-Based Reference
Voltage Generation,” filed January 25, 2017, whitdims the benefit of U.S. Patent
Application No. 15/012,566 by Derner et al., ertiti'Cell-Based Reference Voltage
Generation,” filed February 1, 2016, assigned &assignee hereof, and which is expressly

incorporated by reference herein in its entirety.

BACKGROUND
[0002] The following relates generally to memory deviced enore specifically to cell-based

reference voltage generation.

[0003] Memory devices are widely used to store informatronarious 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 accestdhed 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 sitatidne memory device.

[0004] Various types of memory devices exist, includingd@am 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 fomeldd periods of time even in the absence
of an external power source. Volatile memory desj®.g., DRAM, may lose their stored
state over time unless they are periodically réfeesoy an external power source. A binary
memory device may, for example, include a chargetistharged capacitor. A charged
capacitor may become discharged over time throegkelge currents, resulting in the loss of
the stored information. Certain aspects of vaatiemory may offer performance



10

15

20

25

advantages, such as faster read or write speeds,agpects of non-volatile, such as the

ability to store data without periodic refreshingay be advantageous.

[0005] FeERAM may use similar device architectures as utelatemory but may have non-
volatile properties due to the use of a ferroeledapacitor as a storage device. FeERAM
devices may thus have improved performance comparether non-volatile and volatile
memory devices. A device using FeERAM may use dgisgmined reference voltage for
sensing the states stored by the FeRAM memory. cBllg this predetermined reference
voltage may not be tailored to the device. Addilty, this reference voltage may vary with
cell characteristics over time, causing furtheciipancy between a preferable reference
voltage value and the actual reference voltageevallsing an incorrect reference voltage
may corrupt the sensing operations of the devesjlting in inaccurate reads and decreased

performance.

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

[0007] FIG. 1 illustrates an example memory array thapsug cell-based reference voltage

generation in accordance with various embodimeintiseopresent disclosure;

[0008] FIG. 2 illustrates an example circuit of a memaelt that supports cell-based
reference voltage generation in accordance witlomarembodiments of the present

disclosure;

[0009] FIG. 3 illustrates example hysteresis plots forrapeg a ferroelectric memory cell
that supports cell-based reference voltage geperatiaccordance with various

embodiments of the present disclosure;

[0010] FIG. 4 illustrates an example circuit that suppogk-based reference voltage

generation in accordance with various embodimeintiseopresent disclosure;

[0011] FIG. 5 illustrates an example timing diagram thagports cell-based reference

voltage generation in accordance with various ermbents of the present disclosure;

[0012] FIG. 6 illustrates an example circuit that suppodk-based reference voltage

generation in accordance with various embodimeintiseopresent disclosure;
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[0013] FIG. 7 illustrates an example timing diagram thagports cell-based reference

voltage generation in accordance with various ermbents of the present disclosure;

[0014] FIG. 8 illustrates an example ferroelectric memamay that supports cell-based
reference voltage generation in accordance witlouarembodiments of the present

disclosure;

[0015] FIG. 9 illustrates a device, including a memoryagrthat supports cell-based
reference voltage generation in accordance witlouarembodiments of the present

disclosure; and

[0016] FIGs. 10 and 11 are flowcharts that illustrate ahme or methods for cell-based
reference voltage generation in accordance witltouarembodiments of the present

disclosure.

DETAILED DESCRIPTION
[0017] A device-specific or array-specific reference vgitanay be generated and
maintained by using memory cells of the devicer éxample, the memory cells of an array
may be set to alternating states to facilitate g&aharing between the memory cell digit
lines, providing a reference voltage midway betwienalternating states.

[0018] Memory cells, including ferroelectric memory cellgthin a memory array may be
accessed by a word line and a digit line. Accesludes writing to a cell (e.g., storing a

logic state) or reading a cell (e.g., reading aestdogic state). Each cell may have a storage
component, for example a ferroelectric capacitmat ts used to store a logic value of the cell.
For example, each cell may store either a logic@®logic 1. Each stored logic value may
correspond to a respective state of the cell andpraduce a signal on a digit line of the cell.
For example, a stored logic 1 may correspond tshdigit line voltage and a stored logic 0
may correspond to a second digit line voltage. digé line may connect multiple memory
cells and may be connected to a sense amplifierwheen activated during a read operation,
is used to determine the stored logic state of mang cell. For example, an activated sense
amplifier may compare the signal (e.g., voltagdjaoted from the cell to a reference signal.

[0019] The reference signal may be a voltage that hatua Walfway (or nearly halfway)

between the respective digit line voltages forgad® and a logic 1. But the digit line
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voltages for each cell state (e.g., stored logic tbgic 0) may vary from device to device.
So there may be a discrepancy between a predetiferg., factory-set) voltage reference
and a more accurate reference voltage for an akdgitionally, the reference voltage for an
array may fluctuate over time due to variationseil use and cell characteristics. Thus, an
array may use a set of cells in its memory arragyttamically generate and maintain a

reference voltage that is specific to the deviad/@nthe operating conditions.

[0020] As described herein, cells from a ferroelectric mgnarray may be initialized to
alternating states. For example, alternating cedly be used to store logic 1s and logic Os.
The cells may be accessed so that digit lineseotétis charge to voltages that correspond to
each respective stored state. The digit lines tinery be shorted together, allowing charge-
sharing between digit lines to occur. The chatgmiag may result in a voltage with a value
midway between the digit line voltages correspogdmeach stored state. This voltage may
be processed by the device (e.g., in a memoryaerrand used as a reference voltage for

other operations (e.g., sense operations) of tag.ar

[0021] Embodiments of the disclosure introduced abovduatker described below in the
context of a memory array. Specific examples laee described for cell-based reference
voltage generation. These and other embodimentedlisclosure are further illustrated by
and described with reference to apparatus diagrsystem diagrams, and flowcharts that
relate to cell-based reference voltage generation.

[0022] FIG. 1illustrates an example memory array 100 that stppell-based reference
voltage generation in accordance with various enments of the present disclosure.
Memory array 100 may also be referred to as arireldc memory apparatus. Memory array
100 includes memory cells 105 that are programmiabd¢ore different states. Each memory
cell 105 may be programmable to store two stasoidd as a logic 0 and a logic 1. In
some cases, a memory cell 105 is configured te stare than two logic states. Each state
may produce a corresponding voltage across a meoatrg05 when the memory cell 105 is
accessed. A memory cell 105 may include a capdaitstore a charge representative of the
programmable states; for example, a charged antboged capacitor may represent two
logic states. DRAM architectures may commonly siseh a design, and the capacitor

employed may include a dielectric material withelin electric polarization properties. By
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contrast, a ferroelectric memory cell may includmpacitor that has a ferroelectric as the
dielectric material. Different levels of chargeaoferroelectric capacitor may represent
different logic states. Ferroelectric materialgédnaon-linear polarization properties, and

some details and advantages of a ferroelectric meoadl 105 are discussed below.

[0023] Operations such as reading and writing may be padd on memory cells 105 by
activating or selecting the appropriate word lid® &nd digit line 115. Activating or
selecting a word line 110 or a digit line 115 maglude applying a voltage potential to the
respective line. In some cases, a digit line 14y be referred to as a bit line. Word lines
110 and digit lines 115 are made of conductive ma$e In some examples, word lines 110
and digit lines 115 are made of elemental metats,(eopper, aluminum, gold, tungsten), an
alloy of two or more elemental metals, a conducthetal compound, a conductively-doped
semi-conductor material, or mixtures thereof. Egkas of materials may include TiN,
TiCN, TiA1N, TiIAL1CN, Ru-TiN, and RuCN. According the example of FIG. 1, each row
of memory cells 105 are connected to a single woed110, and each column of memory
cells 105 are connected to a single digit line 1B§.activating one word line 110 and one
digit line 115, a single memory cell 105 may beessed at their intersection. The
intersection of a word line 110 and digit line Ih&y be referred to as an address of a

memory cell.

[0024] In some architectures, the logic storing devica oéll, e.g., a capacitor, may be
electrically isolated from the digit line by a setien device. The word line 110 may be
connected to and may control the selection deviie®.example, the selection device may be
a transistor and the word line 110 may be connecidite gate of the transistor. Activating
the word line 110 results in an electrical conratbetween the capacitor of a memory cell
105 and its corresponding digit line 115. Thetdige may then be accessed to either read or
write the memory cell 105. In other architectutes, logic storing device of a cell may be
electrically isolated from the word line by a se¢iec device, such as a transistor whose gate
may be connected to the digit line.

[0025] Accessing memory cells 105 may be controlled thihoaigow decoder 120 and a
column decoder 130. For example, a row decodemni®0receive a row address from the
memory controller 140 and activate the appropmaied line 110 based on the received row
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address. Similarly, a column decoder 130 recaveslumn address from the memory
controller 140 and activates the appropriate dilgit 115. Thus, by activating a word line

110 and a digit line 115, a memory cell 105 mapbeessed.

[0026] Upon accessing, a memory cell 105 may be reackrnsesl, by sense component 125.
When a cell 105 is read, the stored state may pmdicorresponding signal across a
capacitor of the cell, and thus at the digit lid®1 The sense component 125 may compare
the signal (e.g., a voltage) of the relevant diga 115 to a reference signal (not shown) in
order to determine the stored state of the memalfyl05. The reference signal may have a
value that is the average of the voltages prodbyetie two different logic states. If digit
line 115 has a higher voltage than the referenttag®, then sense component 125 may
determine that the stored state in memory cell\vi@% a logic 1 and vice versa. Sense
component 125 may include various transistors gliéiers in order to detect and amplify a
difference in the signals, which may be referredgdatching. The detected logic state of

memory cell 105 may then be output through colueroder 130 as output 135.

[0027] Memory array 100 may use at least two memory d€lsto produce a reference
voltage that is midway between logic 1 and logdidit line voltages. The memory cells
may store opposite states and may be accessedhrasuay that charge-sharing occurs
between their respective digit lines 115 and aresfee voltage is produced. The memory
cells 105 used to generate the reference voltageoemaonfigured so that logic states are
stored irrespective of user inputs. That is, theesl logic 1s and Os written to the memory

cells may be unassociated with user data.

[0028] Although the memory cells 105 store states thatinessociated with user data (e.g.,
states that are not associated with meaningfutimétion), the memory cells 105 may be
selected via user inputs. That is, a user maygiseleich memory cells 105 are used to
generate the reference voltage. In other casesngmory cells 105 are predetermined such
that they are selected at power-up of the devistifpthe memory array 100. In some
cases, the memory cells 105 are edge memory egalls €dge memory cells 145) whose digit
lines would either be floating or hard-wired todatage source (e.g., VCC/2) in a
conventional memory array 100 architecture (eaghar than connected to sense component
125). In other cases, the memory cells 105 magy st of cells that are exclusive of edge
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cells (e.g., the memory cells 105 may be memorng d€I5 that are internal to the edge cells,
such as internal memory cells 150). Using thenples described herein, a reference
voltage may be generated using two memory cells Hibwvever, any even number of
memory cells 105 may be used in the generatioheof@ference voltage. Memory cells 105
used to generate a reference voltage may be adljacseparated from one another. In some
cases, increasing the number of memory cells 168 tesproduce the reference voltage may

increase the accuracy and stability of the referesmitage.

[0029] Using the techniques described herein, a refereoitage may be generated using
two memory cells 105. However, any number of mgnoetls 105 may be used in the
generation of the reference voltage. The numbenarhory cells 105 may be even or odd.
When the number of memory cells 105 is even, theltiag reference voltage may be the
average of the voltage present on digit lines El§.(when two voltage values are used).
When the number of memory cells 105 is odd, tkalting reference voltage may have a
value that is closer to one of the voltages tharother (e.g., when two voltage values are
used). For example, the reference voltage maydsercto a first voltage value provided by
n memory cells 105 than a second voltage value geavbym memory cells 105, where

n > m. Thus, the reference voltage may be tailoredvtolimge value that is different than
the average of the voltages uses based on thavealaights of the voltages. In some cases,
the reference voltage may be generated using rharettvo voltage values.

[0030] The generated reference voltage may be procesgseddenverted from an analog
signal to a digital signal) and stored before beisgd by other components of the device that
hosts memory array 100. In some cases, the stefexdnce voltage may cease to be
midway between the two respective digit line vodimglue to changes in the use or condition
of memory array 100. For example, while the stoefdrence voltage may remain constant,
the digit line voltages may vary so that a voltagdway between the digit lines is no longer
equal to the stored reference voltage. In suchasaes, the reference voltage may be

refreshed or re-generated by performing the tectasglescribed herein.

[0031] The re-generation of the reference voltage mayiggered by certain conditions
detected by the memory controller 140 (or anotlenmonent of memory array 100). For

example, the reference voltage may be refreshedaimory array 100 has performed a
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threshold number of operations (e.g., read or vajterations). Alternatively, the refresh
may be triggered when a physical condition is elepeed by the memory array 100 (e.g.,
when the memory array 100 reaches a threshold ratope). In some cases, the reference
voltage may be refreshed periodically (e.g., atetk@ry of a timer). In other cases, the
reference voltage may be refreshed in response itgpat of a user. In other embodiments,
the reference voltage may be refreshed when an@&rcection criticality or event has been
detected. For instance, if the number of erroteaed (e.g., via error correction code
(ECQ)) is greater than a threshold number, the mgicantroller 140 may determine to
update the reference voltage. The memory contrdfl® may also update the reference

voltage when the number of correctable errors reaahmaximum.

[0032] A memory cell 105 may be set, or written or inidal to a state, by activating the
relevant word line 110 and digit line 115. As dissed above, activating a word line 110
electrically connects the corresponding row of mgnoells 105 to their respective digit lines
115. By controlling the relevant digit line 115 wehthe word line 110 is activated, a
memory cell 105 may be written—i.e., a logic vatoay be stored in the memory cell 105.
Column decoder 130 may accept data, for examplé 5, to be written to the memory
cells 105. In the case of a ferroelectric capac@anemory cell 105 is written by applying a

voltage across the ferroelectric capacitor. Thixess is discussed in more detail below.

[0033] In some memory architectures, accessing the meoatir$05 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

[0034] Some memory architectures, including DRAM, may lthesr stored state over time
unless they are periodically refreshed by an eatgyawer 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.qg., tens of refresh operationsggzond may be employed for DRAM—
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which may result in significant power consumptidVith increasingly larger memory arrays,
increased power consumption may inhibit the depkynor operation of memory arrays
(e.g., power supplies, heat generation, matenatdj etc.), especially for mobile devices that
rely on a finite power source, such as a batté&srroelectric memory cells may, however,
have beneficial properties that may result in immpbperformance relative to other memory
architectures. For example, because ferroelattgimory cells tend to be less susceptible to
degradation of stored charge, a memory array 180etimploys ferroelectric memory cells

105 may require fewer or no refresh operations,mag thus require less power to operate.

[0035] The memory controller 140 may control the opera{mqg., read, write, re-write,
refresh, etc.) of memory cells 105 through theataicomponents, for example, row decoder
120, column decoder 130, and sense componentNi2iory controller 140 may generate
row and column address signals in order to actitreealesired word line 110 and digit line
115. Memory controller 140 may also generate amdrol various voltage potentials used
during the operation of memory array 100. In gah¢he amplitude, shape, or duration of an
applied voltage discussed herein may be adjustedregd and may be different for the
various operations for operating memory array 1B0cthermore, one, multiple, or all
memory cells 105 within memory array 100 may beeased simultaneously; for example,
multiple or all cells of memory array 100 may beessed simultaneously during a reset
operation in which all memory cells 105, or a grafimemory cells 105, are set to a single
logic state.

[0036] As described herein, ferroelectric memory cells a2y be used to generate a
reference voltage that is midway between logic@lagic 1 digit line voltages. The
ferroelectric memory cells 105 may be placed iarakiting states such that every other cell
105 stores a logic 1 or a logic 0. After storafthe states, the ferroelectric memory cells
105 may be read in such a way that the respecigelides 115 charge-share. By
exchanging electrons via charge-sharing, the diggs 115 may reach an equilibrium voltage
that is the average between the initial digit iri& voltages. This equilibrium voltage may
be used as a reference voltage by other compoimetiits device that houses the memory
array 100. Different reference voltage values i@generated by changing the

configuration or pattern of states stored by thenowy cells 105.
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[0037] FIG. 2illustrates an example circuit 200 for cell-basef@rence voltage generation
in accordance with various embodiments of the mitedisclosure. Circuit 200 includes a
ferroelectric memory cell 105-a, word line 110-mjitdine 115-a, and sense component 125-
a, which may be examples of a memory cell 105, iosd110, digit line 115, and sense
component 125, respectively, as described withreafee to FIG. 1. Circuit 200 may include
a logic storage component, such as capacitor 2Bighwnay include conductive terminals,
including plate 210 and cell bottom 215. Thesmieals may be separated by an insulating
ferroelectric material. As described above, vagistates may be stored by charging or
discharging capacitor 205, i.e., polarizing thedelectric material of capacitor 205. The
total charge needed to polarize capacitor 205 neagterred to as the remnant polarization
(PR) value, and a voltage of capacitor 205 at whilfthe total charge of capacitor 205 is

reached may be referred to as the coercive vo(MGe

[0038] The stored state of capacitor 205 may be readnseskby operating various elements
represented in circuit 200. Capacitor 205 maynbalectronic communication with digit line
115-a. Capacitor 205 may thus be isolated frondipie line 115-a when selection
component 220 is deactivated, and capacitor 205baapnnected to digit line 115-a via
selection component 220 when selection componehi2activated to select the ferroelectric
memory cell 105-a. In other words, ferroelectriemory cell 105-a may be selected using
selection component 220 that is in electronic comigation with ferroelectric capacitor 205,
where ferroelectric memory cell 105-a includes g&a component 220 and ferroelectric
capacitor 205. In some cases, selection comp@éhinay be a transistor and its operation
may be controlled by applying a voltage to the drstor gate, where the voltage magnitude is
greater than the threshold magnitude of the treorsidVord line 110-a may activate
selection component 220; for example, a voltagdiegpo word line 110-a may be applied

to the transistor gate, connecting capacitor 2@ digit line 115-a.

[0039] In the example depicted in FIG. 2, capacitor 20& fisrroelectric capacitor. Due to
the ferroelectric material between the plates pacaor 205, and as discussed in more detalil
below, capacitor 205 may not discharge upon cororetd digit line 115-a. Instead, plate
210 may be biased by an external voltage, resuhirggchange in the stored charge on
capacitor 205. The change in stored charge depmntl® initial state of capacitor 205, i.e.,
whether the initial state stored a logic 1 or dddgj The change in stored charge may then
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be compared to a reference 225 (e.g., a referavitage) by sense component 125-a in order

to determine the stored logic state in memory 1eli-a.

[0040] The specific sensing scheme or process may takg foans. In one example, digit
line 115-a may have an intrinsic capacitance aneldp a non-zero voltage as capacitor 205
charges or discharges in response to the voltaggeedo plate 210. The intrinsic
capacitance may depend on physical characterigtsiding the dimensions, of digit line
115-a. Digit line 115-a may connect many memotis d®5 so digit line 115-a may have a
length that results in a non-negligible capacitafecg., on the order of pF). The subsequent
voltage of digit line 115-a may depend on the atilibgic state of capacitor 205, and sense
component 125-a may compare this voltage to agedervoltage generated by other
memory cells 105. For example, a voltage may Ipdiegpto plate 210 and a voltage at
capacitor bottom 215 may change in relation tostbeed charge. The voltage at capacitor
bottom 215 may be compared with a reference volsagense component 125-a, and a
comparison to the reference voltage may indicatieamge in the charge of capacitor 205
resulting from the applied voltage and thus indicatogic state stored in memory cell 105-a.
The relationship between charge and voltage inatga05 is described in further detalil

with reference to FIG. 3.

[0041] To write memory cell 105-a, a voltage may be apbieross capacitor 205. Various
methods may be used. In one example, selectiopaoemt 220 may be activated through
word line 110-a in order to electrically connegpaeaitor 205 to digit line 115-a. A voltage
may be applied across capacitor 205 by controtlgvoltage of plate 210 and cell bottom
215 through digit line 115-a. To write a logicilate 210 may be taken high, that is, a
positive voltage may be applied, and cell bottord @iy be taken low—i.e., connected to
ground, virtually grounded, or negative voltage rbayapplied. The opposite process is

performed to write a logic 1—i.e., plate 210 iseakow and cell bottom 215 is taken high.

[0042] Read and write operations of capacitor 205 maywatdor the non-linear properties
associated with a ferroelectric devidel.G. 3 illustrates examples of such non-linear
properties with hysteresis curves 300-a and 30f)x-k ferroelectric memory cell that
supports cell-based reference voltage generatiandgardance with various embodiments of
the present disclosure. Hysteresis curves 30@&8@0-b illustrate an example ferroelectric
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memory cell writing and reading process, respelstivelysteresis curves 300 depict the
charge, Q, stored on a ferroelectric capacitor.,(eapacitors 205 of FIG. 2) as a function of a

voltage, V.

[0043] A ferroelectric material is characterized by a gporous electric polarization—i.e., it
maintains a non-zero electric polarization in theemce of an electric field. Example
ferroelectric materials include barium titanate TB2), lead titanate (PbTi£), lead

zirconium titanate (PZT), and strontium bismuthtadate (SBT). The ferroelectric capacitors
described herein may include these or other fezotet materials. Electric polarization
within a ferroelectric capacitor results in a nedige at the ferroelectric material’s surface
and attracts opposite charge through the capdeitiminals. Thus, charge is stored at the
interface of the ferroelectric material and theazaior terminals. Because the electric
polarization may be maintained in the absence @&xaernally applied electric field for
relatively long times, even indefinitely, chargakage may be significantly decreased as
compared with, for example, capacitors employeldRAM arrays. This may reduce the

need to perform refresh operations as describededioo some DRAM architectures.

[0044] Hysteresis curves 300 may be understood from theppetive of a single terminal of
a capacitor. By way of example, if the ferroelectnaterial has a negative polarization,
positive charge will accumulate at the terminalkelwise, if the ferroelectric material has a
positive polarization, negative charge will accuatelat the terminal. Additionally, it should
be understood that the voltages in hysteresis slB08 represent a voltage difference across
the capacitor and are directional. For exampfesitive voltage may be applied by applying
a positive voltage to the terminal in question araintaining the second terminal at ground.
A negative voltage may be applied by maintainirggtérminal in question at ground and
applying a positive voltage to the second terminad--positive voltages may be applied to
negatively polarize the terminal in question. $amy, two positive voltages, two negative
voltages, or any combination of positive and negatioltages may be applied to the
appropriate capacitor terminals to generate thageldifference shown in hysteresis curves
300.

[0045] As depicted in hysteresis curve 300-a, the feratetematerial may maintain a
positive or negative polarization with a zero vgétaifference, resulting in two possible
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charged states: charge state 305 and charge &tateA8cording to the example of FIG. 3,
charge state 305 represents a logic 0 and chaatge30 represents a logic 1. In some
examples, the logic values of the respective chsi@es may be reversed to accommodate

other schemes for operating a memory cell.

[0046] A logic 0 or 1 may be written to the memory celldontrolling the electric

polarization of the ferroelectric material, andghhe charge on the capacitor terminals, by
applying voltage. For example, applying a net fpgssivoltage 315 across the capacitor
results in charge accumulation until charge st@te&is reached. Upon removing voltage
315, charge state 305-a follows path 320 untédiches charge state 305 at zero voltage
potential. Similarly, charge state 310 is writtgnapplying a net negative voltage 325,
which results in charge state 310-a. After remgviagative voltage 325, charge state 310-a
follows path 330 until it reaches charge state &l1fero voltage.

[0047] To read, or sense, the stored state of the fenteleapacitor, a voltage may be
applied across the capacitor. In response, thiedsttharge changes, and the degree of the
change depends on the initial charge state—i.e dégree to which the stored charge of the
capacitor changes varies depending on whether elséate 305-b or 310-b was initially
stored. For example, hysteresis curve 300-b itbss two possible stored charge states 305-
b and 310-b. Net voltage 335 may be applied adhwssapacitor. Although depicted as a
positive voltage, voltage 335 may be negativereBponse to voltage 335, charge state 305-b
may follow path 340. Likewise, if charge state 31®as initially stored, then it follows path
345. The final position of charge state 305-c eimarge state 310-c depend on a number of
factors, including the specific sensing operatiod aircuitry.

[0048] In some cases, the final charge may depend omthiesic capacitance of the digit
line of a memory cell. For example, if the caparcis electrically connected to the digit line
and voltage 335 is applied, the voltage of thetdiigé may rise due to its intrinsic
capacitance. So a voltage measured at a sens@nentipnay not equal voltage 335 and
instead may depend on the voltage of the digit lifke position of final charge states 305-c
and 310-c on hysteresis curve 300-b may thus depemide capacitance of the digit line and
may be determined through a load-line analysis,dlerge states 305-c and 310-c may be

defined with respect to the digit line capacitanée. a result, the voltage of the capacitor,
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voltage 350 or voltage 355, may be different ang depend on the initial state of the

capacitor.

[0049] By using the voltage of the capacitor (e.g., vat&§0 or voltage 355) in a
comparison to a reference voltage, the initialestditthe capacitor may be determined. For
example, the reference voltage may be an averatle alum of the applied voltage 335 and
voltage 350 and the sum of the applied voltagea@®&bvoltage 355. Upon comparison, the
sensed voltage (e.g., the sum of the applied wI8% and voltage 350, or the sum of the
applied voltage 335 and voltage 355) may be detexdhio be higher or lower than the
reference voltage. A value of the ferroelectrilt ¢ee., a logic O or 1) may then be

determined based on the comparison.

[0050] The value of the reference voltage may affect toeii@acy of a read operation. For
example, if the value if too high, a logic statmay be misread as a logic state 0. If the
reference voltage value is too low, a logic stateady be misread as a logic state 1. Thus, a
reference voltage that is midway between two diffiétogic states may be used. Such a
reference voltage may be generated using the gobsidescribed herein. Because these
techniques use memory cells 105, in some casesjaiation in memory array 100
characteristics will be reflected in the generatddrence voltage; thus, the value of this
voltage relative to the digit lines may be maingainrrespective of changes to the memory
array 100.

[0051] As discussed above, reading a memory cell 105 ragyade or destroy the stored
logic state or value. But a ferroelectric memoell €05 may maintain the initial logic state
after a read operation. For example, if charge 65-b is stored and the read operation
performed, the charge state may return to initi@rge state 305-b after voltage 335 is

removed, for example, by following path 340 in tpgposite direction.

[0052] FIG. 4 illustrates an example circuit 400 for cell-basettage reference generation
in accordance with various embodiments of the mitedisclosure. Circuit 400 may output a
reference voltage VREF 435 that is created frommggraharing between two digit lines 115.
Each capacitor 205 and selection component 220shaiwn in circuit 400 may be an
example of a cell 105 described with referencel@. B. Although only two cells 105 are

shown, the techniques describe herein may be inmgiead using any number of cells 105.
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Using more cells 105 may decrease susceptibilityoiee, which in turn may increase the
accuracy of the generated reference voltage. €400 may include cells 105 at the edge of
an electronic memory array (e.g., a ferroelectrsmary array 100) or internal to the edge of

the array (e.g., the cells of example circuit 4@CGkclusive of edge cells).

[0053] Circuit 400 may include capacitor 205-a and capa@05-b, which may be examples
of a ferroelectric capacitor 205 described witterefhce to FIG. 2. Capacitor 205-a may be
in electronic communication with selection compar20-a so that activation of selection
component 220-a connects cell bottom 215-a to tiggt(DL) 115-b and deactivation of
selection component 220-a isolates cell bottom2 ffem digit line 115-b. Similarly,
capacitor 205-b may be in electronic communicatuith selection component 220-b such
that activation of selection component 220-b cotseell bottom 215-b to digit line 115-c
and deactivation of selection component 220-a igsleell bottom 215-b from digit line 115-
c. The selection components 220 may be activatepplying an activation voltage to the
word line 110-a. Each of the capacitors 205 maleectronic communication with a write

circuit 405 and a read circuit 410.

[0054] Write circuit 405 may include a number of switcho@mponents 415, such as
switching component 415-a and switching componé&btld. When activated, a switching
component 415 may enable the flow of electrons betwwo components; when
deactivated, the switching component 415 may pretenflow of electrons between the two
components. In the example depicted in FIG. 4sthiéching components 415 are transistors
(e.g., switching component 415-a is a PMOS tramsed switching component 415-b is an
NMOS transistor); however, other devices may beugecordingly, switching component
415-a may be activated by applying a voltage (e.ground reference voltage) to the gate of
switching component 415-a (e.g., via write line WA2D-a) and switching component 415-b
may be activated by applying a voltage (e.g., atipesvoltage) to the gate of switching
component 415-b (e.g., via write line WRO 420-bhe voltage applied at write line WR1
420-a and write line WRO0 420-b may satisfy theshodd voltage requirements to turn the
respective switching components 415 on and magfeered to as a write voltages or
activation voltages. In some cases, a controlky ooordinate the application of voltages to

the write lines 420.



10

15

20

25

30

16

[0055] Write circuit 405 may also include a number of &gkt sources 425, such as voltage
source 425-a and voltage source 425-b. In the pbeadepicted in FIG. 4, voltage source
425-a may be a positive rail voltage VCC and vatagurce 425-b may be a virtual ground
reference GND. Switching component 415-a may lomeoted to voltage source 425-a and
switching component 415-b may be connected to geltource 425-b. The connections
between the switching components 415 and the vmlagrces 425 may be indirect or direct
(e.g., hard-wired). Thus, when switching comporri-a is activated (e.g., by applying an
activation voltage to write line WR1 420-a), thdtage of digit line 115-b may change to be
that of voltage source 425-a. That is, the voltaiggigit line 115-b may become VCC.
When switching component 415-b is activated (&gapplying an activation voltage to
write line WRO 420-b), the voltage of digit line3-t may change to be that of voltage source
425-a. That is, the voltage at digit line 115-¢yrhacome OV. In the example depicted in
FIG. 4, voltage source 425-a is VCC and voltagea®d25-b is ground (GND); however,
voltage sources 425 with different values may ludn some examples, the voltage

sources 425 are external to write circuit 405.

[0056] Capacitor 205-a may be initialized to a first stael capacitor 205-b may be
initialized a second state by activating write gitel05. Each state may be associated with a
voltage across the corresponding capacitor 20%oime cases, the first state is equivalent to
storing a logic 1 and the second state is equivabestoring a logic 0. Thus, when the cells
105 are read, digit line 115-b may have a firstage (corresponding to a stored logic 1) and
digit line 115-c may have a second voltage (cowadmg to a stored logic 0). These
voltages may be used to generate a reference edhagis midway between the two digit

line voltages. For example, read circuit 410 nfaysdigit line 115-b and digit line 115-c
together so that charge-sharing occurs. Digit1ih®-b and digit line 115-c may exchange
electrons until an equilibrium voltage is reachdthe voltage that results from charge-
sharing between the digit lines 115 may be outmnrhfthe read circuit 410 and used as a
reference voltage for other components of the dethiat contains circuit 400. In some cases,

a controller coordinates the operation of circi94

[0057] FIG. 5illustrates an example of a timing diagram 500dperating a ferroelectric
memory cell array that supports cell-based referemitage generation in accordance with
various embodiments of the present disclosure.ingrdiagram 500 includes voltage
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represented on axis 505 and time represented erbafi and timing diagram 500 depicts an
exemplary write operation of circuit 400. The wrdperation may initialize the capacitors
205 to alternating states. The voltages of varammsponents of circuit 400 are also
represented as a function of time on timing diags®®. For example, timing diagram 500
includes word line voltage 515, plate voltage 5&fte line voltage 525-a, write line voltage
525-b, digit line voltage 530-a, and digit line tagje 530-b.

[0058] Word line voltage 515 may be applied to selectiomponent 220-a and selection
component 220-b such that the selection compor®dttare activated and the capacitors 205
are selected (e.g., word line voltage 515 may beeased to the activation voltage 535).
Thus, the digit lines 115 may be connected to ttempective cell bottoms 215. Before the
application of word line voltage 515, the switchtwmponents 415 are inactive. After the
application of word line voltage 515, plate volt&g® may be applied to the plate of each
capacitor 205. Also, the write line voltages 52&yrbe applied so that the switching
components 415 are activated. Activating switcliomponent 415-b allows the voltage of
voltage source 425-b to be applied at digit linB-tIso that digit line voltage 530-a is pulled
to ground. By way of example, when selection congomb 220-b is activated, the voltage
seen at cell bottom 215-b is that of digit linetage 530-a. Accordingly, when write line
voltage 525-a is applied, the digit line voltag®&8becomes 0V. The voltage across
capacitor 205-a is effectively the difference bedwelate voltage 520 and digit line voltage
530-a. Because the plate voltage 520 is high laadligit line voltage 530-a is low, a
positive voltage is applied across capacitor 20&4b¢ch, according to the hysteresis of

capacitor 205-b, results in the generation of agi#atate corresponding to a logic 0.

[0059] To store a logic 1 at capacitor 205-a, plate va@tag0 may be reduced to a threshold
value (e.g., ground). The activation of switchamnponent 415-a, which occurs when write
line voltage 525-b is applied, allows the voltafeatage source 425-a to be applied at digit
line 115-b such that digit line voltage 530-b idlgd high (e.g., to VCC). Because selection
component 220-a is activated, the voltage seealldbattom 215-a is that seen by digit line
115-b (e.qg., digit line voltage 530-b). Thus, Wodtage across capacitor 205-a is effectively
the difference between plate voltage 520 and tigtvoltage 530-b. Because the plate
voltage 520 is low (e.g., grounded) and the dige boltage 530-b is high, a negative voltage
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is applied across capacitor 205-a, which, accortbrige hysteresis of capacitor 205-a,

results in the generation of a charge state casrefipg to a logic 1.

[0060] When plate voltage 520 is reduced to ground, thiege across capacitor 205-b
becomes zero and the logic O is stored. Similavhen digit line voltage 530-b is reduced to
ground (e.g., by reducing write line voltage 52&nal inactivating switching component 415-
a), the voltage across capacitor 205-a becomesanetrthe logic 1 is stored. Thus,
capacitors 205 may be initialized to altering logfiates. These logic states may be used
during a read operation to generate a referentcag®(e.g., by activating read circuit 410).

[0061] FIG. 6 illustrates an example circuit 600 for cell-basettage reference generation

in accordance with various embodiments of the prtedisclosure. Circuit 600 may be an
example of circuit 400. The capacitors 205 ofuwir600 may be initialized to alternating
states as described with reference to FIG. 5.ekample, capacitor 205-a may store a logic 1
and capacitor 205-b may store logic 0. Write aird@5 may be an example of write circuit
405 as described with reference to FIG. 4. Altevedy, write circuit 405 may be realized
using a different configuration of components cépalb performing the same operations as

write circuit 405.

[0062] Read circuit 410 may include switching componerg-&Gnd switching component
605-b. Each switching component 605 may be inteleic communication with the
selection components 220, capacitors 205, and wiritait 405. In the example of FIG. 6,
the switching components 605 are transistors (&gtching component 605-a may be a
PMOS transistor and switching component 605-b neagrbNMOS transistor); however,
other devices may be used. Accordingly, switcliognponent 605-a may be activated by
applying a voltage to the gate 610-a of switchiagmponent 605-a (e.g., via read line RDO
615-a) and switching component 605-b may be a&i/by applying a voltage to the gate
610-b of switching component 605-b (e.g., via rizael RD1 615-b). The voltage applied at
read line RDO 615-a and read line RD1 615-b masefmred to as a read voltage or
activation voltage. In some cases, a controlley omrdinate the application of voltage to
the read lines 615.

[0063] Activation the switching components 605 may effegliy short digit line 115-b and

digit line 115-c. That is, activating the switchinomponents 605 may allow an exchange of
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electrons between the two digit lines 115. Whendigit lines 115 have different voltages,
the electrons may flow between the two digit lidd% until an equilibrium state is reached in
which the voltage at common node 620 is midway betwthe respective voltages of the
digit lines 115. A common node may refer to a pdglgunction between two components at
which a single voltage may be measured. Thusyatain of read circuit 410 may generate a
reference voltage VREF 435 that is a function of-d-rerefore varies with—cell

characteristics. In some cases, a controller aydinate the operation of circuit 600.

[0064] Thus, circuit 600 is an example of an electroniermoey array that includes a first
ferroelectric cell 205-a which is in electronic comication with a first voltage source 425-a
and a second ferroelectric cell 205-b which isl@c®onic communication with a second
voltage source 425-b. In the example depicted® B, the first voltage source 425-ais a
positive voltage source and the second voltageceot25-b is a ground reference. Circuit
400 also includes a first switching component (@gwitching component 605 or read
circuit 410) in electronic communication with astidigit line 115-b of the first ferroelectric
cell 205-a and second digit line 115-c of the sedenroelectric cell 205-b. The circuit 600
may also include a second switching component 4thfdas in electronic communication
with the first ferroelectric capacitor 205-a anthisd switching component 415-b that is in
electronic communication with the second ferroelectapacitor 205-b. The second
switching component 415-a may be hard-wired tditsevoltage source 425-a and the third
switching component may be hard-wired to the secatichge source 425-b.

[0065] FIG. 7 illustrates an example of a timing diagram 700dperating a ferroelectric
memory cell array that supports cell-based referemitage generation in accordance with
various embodiments of the present disclosure.ingrdiagram 700 includes voltage on axis
705 and time on axis 710 and may represent a nea@ibon of circuit 600. The read
operation may produce a reference voltage VREF481g the digit line voltages for cells
that are initialized to different states. The agks of various components of circuit 600 are
also represented as a function of time on timirgyudim 700. For example, timing diagram
700 includes word line voltage 515, plate voltag8,Higit line voltage 530-a, and digit line
voltage 530-b. Timing diagram 700 may represeeh&s/that occur after events depicted by
timing diagram 500. Thus, timing diagram 700 mayrhplemented after capacitor 205-a
has stored a logic 1 and capacitor 205-b has stolegic O.
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[0066] To generate the reference voltage VREF 435, worlJbltage 515 may be increased
to a threshold value (e.g., activation voltage 53&h that the selection components 220 are
activated. Activating the selection components @@fnects the cell bottoms 215 to their
respective digit lines 115. Plate voltage 52Qpigli@d to the plate of each capacitor 205 so
that respective charge states of the capacitorsizf to their final position, as described
with reference to FIG. 3. Plate voltage 520 maypjmelied based at least in part on a periodic
timing schedule or on a temperature change ofifagy #hat includes circuit 600. Thus, a
first voltage (e.g., digit line voltage 530-b) miagy developed on digit line 115-b of capacitor
205-a which corresponds to the stored logic 1 aselcand voltage (e.g., digit line voltage
530-a) may be developed on digit line 115-c of capa205-b which corresponds to a stored
logic 0. The digit line voltages 530 may devel@séd at least in part on the application of
plate voltage 520. The cell bottom 215 for eagtacédor 205 may track the plate voltage
520 minus the voltage across the respective cap&d6. Because the digit lines 115 are
connected to the cell bottoms 215 via selectiongmments 220, digit line voltage 530-a may

reach threshold voltage 715-b and digit line vadta&§0-b may reach threshold voltage 715-a.

[0067] After the digit lines voltages 530 have stabilizezid circuit 410 may be activated
(e.g., read circuit activation 720 may occur).tHa example of FIG. 7, activation of read
circuit 410 may include applying activation voltage read line RDO 615-a and read line
RD1 615-b. Thus, digit line 115-b may be conneg¢eed., shorted) to digit line 115-c. This
connection may enable charge-sharing between gitdides 115 until an equilibrium charge
state is reached. That is, the digit lines 115 mahange electrons until a single voltage
(e.g., reference voltage VREF 435) is reachedeatttimmon node 620 shared between the
digit lines 115. Thus, reference voltage 435 magénerated from the voltage developed on
digit line 115-b (e.g., digit line voltage 530-b)chthe voltage developed on digit line 115-c
(e.g., digit line voltage 530-a). The referencage VREF 435 may be midway (or nearly
midway) between threshold voltage 715-a and thidskaltage 715-b; that is, the reference
voltage VREF 435 may be between the digit lineagdis 530. In some cases, the reference
voltage may be an average of the digit line volsas@0. Thus, a cell-based reference voltage
may be generated. In some cases the refereneg@dMREF 435 may be passed on to an

analog-to-digit converter before being stored (esgved) or used by other components (e.g.,
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sense component 125). The reference voltage matpobed (e.g., for a period of time) in

digit or analog form.

[0068] FIG. 8 shows a block diagram 800 of a memory array 1@xasupports cell-based
reference voltage generation in accordance witlouarembodiments of the present
disclosure. In some cases, memory array 100-abmagferred to as an electronic memory
apparatus. Memory array 100-a may contain memamjraller 140-a and memory cells
105-b, which may be examples of memory control#& and memory cells 105 described
with reference to FIGs. 1 and 2. Memory array &0@ay include a write circuit 405-a and a
read circuit 410-a, which may be examples of aeagitcuit 405 and a read circuit 410
described with reference to FIGs. 4 and 6. The FR&ntroller805 may be in electronic
communication with (and control the operationsvafife circuit 405-a and read circuit 410-a.
In some cases, VREF controller 805 may also coctrdhin operations of memory array
100-a. Although shown separate from memory coetrd40-a, VREF controller 805 may

be integrated or co-located with memory contrallé®-a.

[0069] Memory cells 105-b includes a number of memorysc&ll5, some or all of which are
used to generate a cell-based reference voltageexample, and as described with reference
to FIGs. 2 and 4, memory cells 105-b may includiesaferroelectric memory cell and a
second ferroelectric memory cell. The first fefeatric memory cell may be in electronic
communication with a first voltage source (e.gppaitive voltage source such VCC) and
include a first ferroelectric capacitor and atfgslection component. The second
ferroelectric memory cell may be in electronic coomication with a second voltage source
(e.g., a ground reference) and include a secomddiectric capacitor and a second selection

component.

[0070] The memory cells 105-b may be located at the efigeemory array 100-a or an
internal portion of memory array 100-a. In somaragles, the respective digit lines (not
shown) of the cells 105-b are in electronic commation with write circuit 405-a and read
circuit 410-a. In some examples, a first switchtoghponent of write circuit 405-a may be
connected to the first voltage source and a sesaitdhing component of write circuit 405-a
may be connected to the second voltage source cdrreections between the switching
components and the voltage sources may be indireatitect (e.g., hard-wired). The first
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switching components may be in electronic commurnawith the first ferroelectric
capacitor and the second switching component mary bkectronic communication with the

second ferroelectric capacitor.

[0071] The VREF controller 805 may be in electronic comration with selection
components and may be operable to activate thesétection component and the second
selection component. The VREF controller 805 mag determine a first voltage of the first
ferroelectric capacitor (e.g., a logic 1 voltage{l @ second voltage of the second ferroelectric
capacitor (e.g., a logic 0 voltage). The detertmamamay be based at least in part on the
activation of the first and second selection congms. The VREF controller 805 may
generate a reference voltage from developed folshge and the developed second voltage.
The reference voltage may have a value betweedeteloped first voltage and the
developed second voltage.

[0072] In some cases, the VREF controller 805 may be bjeeta detect a condition for
triggering activation of the first selection compohand the second selection component.
Thus, activation of the selection components malpdsed at least in part on a detected
trigger condition. In some cases, the trigger doomlis a temperature change (e.g., a
temperature change of the memory array 100-a artecplar component of memory array
100-a). In other examples, the trigger condit®a timer expiration. In some cases, the
trigger condition may be when an operation thresimbexceeded. For example, the
selection components may be selected after a wideslmber of read operations have
occurred for other cells 105 of memory array 10drasome cases, the selection components
may be selected upon detection that ECC is unaliertect a detected error, or upon
determining that the number of detected errorsedsa threshold. The activation of the
selection components may start the write and readations described with reference to

FIGs. 5 and 7, which may refresh the value of #iference voltage VREF.

[0073] In some cases, the VREF controller 805 is in eb&dtrcommunication with a first
switching component and a second switching comptasfenread circuit 410-a. The VREF
controller 805 may activate the switching composesat that charge-sharing occurs between
the two digit lines 115 of the selection componéhtd are in electronic communication with
the switching components. The charge-sharing raswlitrin, or generate, a reference
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voltage; thus, the reference voltage may be stoaséd at least in part on the activation of
the first and second switching components. In soases, the reference voltage may be
passed on to an analog-to-digital (A/D) convert®® Before being stored (e.g., saved) or
used by another component of memory array 100kee oltput of the A/D converter 830
may be passed to reference component 820 to beassedeference for sense component

125-a. In some cases, the reference voltage matobed, or used, in its analog form.

[0074] Memory controller 140-a may include biasing compur&L0 and timing module 815
and may operate memory array 100-a as describélsisr 1-7. Memory controller 140-a
may be in electronic communication with word lirfl01b, digit line 115-d, sense component
125-a, and plate 210-a, which may be examples aofl Vuze 110, digit line 115, sense
component 125, and plate 210 described with reéerém FIGs. 1 or 2. Memory array 100-a
may also include reference component 820 and E28h The components of memory array
100-a may be in electronic communication with eaitter and may perform the functions
described with reference to FIGs. 1-7. In somesa®ference component 820, sense

component 125-a and latch 825 may be componemi®ofory controller 140-a.

[0075] Memory controller 140-a may be configured to advwaord line 110-b, plate 210-a,
or digit line 115-d by applying voltages (e.g.,iaation voltages) to those various nodes. For
example, biasing component 810 may be configureghpdy a voltage to operate memory
cells 105-b to read or write memory cells 105-blascribed above. In some cases, memory
controller 140-b may include a row decoder, colutenoder, or both, as described with
reference to FIG. 1. This may enable memory cdietr@40-a to access one or more
memory cells 105. Biasing component 810 may pmvialtages for the operation of sense
component 125-a.

[0076] In some cases, memory controller 140-a may perftgimperations using timing
module 815. For example, timing module 815 maytrobthe timing of the various word

line selections or plate biasing, including timiiog switching and voltage application to
perform the memory functions, such as reading anitthgy, discussed herein. In some cases,

timing module 815 may control the operations otlrig component 810.

[0077] In some examples, some or all of the respons#mslitif biasing component 810 and
timing module 815 may be performed by VREF congmo805. For example, VREF
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controller 805 may be responsible for the timing application of biasing voltages used for
write circuit 405-a, read circuit 410-a, and memoelis 105-b. VREF controller 805 may
facilitate the application of a first voltage tdirst ferroelectric capacitor of the memory array
100-a and a second voltage to a second capacitbe shemory array 100-a. In some cases,
the reference component 820 may store a referesitage that is generated from a first
voltage developed on a digit line of a first fetemtric capacitor and a second voltage
developed on a digit line of a second ferroeleaapacitor. The value of the reference
voltage may be between the voltages developedeoditfit lines of the two ferroelectric
capacitors. For instance, the value of the referemttage may be an average of the first
voltage and the second voltage. In some casesgfiBr@nce voltage is converted from an

analog signal to a digital signal.

[0078] In some exampleshe VREF controller 805 may activate a first swibghcomponent
that is in electronic communication with the fifstroelectric capacitor. The VREF
controller 805 may also activating a second switgldiomponent that is in electronic
communication with the second ferroelectric capeiciln such cases, the first voltage may
be applied to the first ferroelectric capacitor &mel second voltage may be applied to the
second ferroelectric capacitor based at leastiingmeactivating the first switching
component and the second switching component. VRieF controller 805 may also
activate one or more additional switching composémat are in electronic communication
with the first digit line and the second digit linén such cases, the reference voltage is

detected based at least in part on activating tieeoo more additional switching components.

[0079] In some examples, the VREF controller 805 may atdia first selection component
that is in electronic communication with the fifstroelectric capacitor to select the first
ferroelectric capacitor. The VREF controller 80&ynalso activate a second selection
component that is in electronic communication itk second ferroelectric capacitor to
select the second ferroelectric capacitor. In soases, the first ferroelectric capacitor and
the second ferroelectric capacitor are selecteddasleast in part on a power-up operation
of the memory array 100. That is, the cells 10&ctvilare used to generate the voltage
reference may be predetermined. In other casedirsgh ferroelectric capacitor and the
second ferroelectric capacitor are selected inoespto a user input. That is, the user may
choose which cells 105 are used to generate thageoteference.
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[0080] The reference voltage may deteriorate after a suratf time or after a number of
operations (e.g., read operations of other cellsidl@nemory array 100-a). Therefore, the
reference voltage may be refreshed by repeatingetiee and write operations described with
reference to FIGs. 5 and 7. Accordingly, the VRIBRtroller maye-apply the first voltage

to the first ferroelectric capacitor and the secwaoltihige to the second ferroelectric capacitor.
This re-application may restore a first state (éagiic 1) of the first ferroelectric capacitor
and a second state (e.g., logic 0) of the secamdeiiectric capacitor. In some examples, the
re-application may be based at least in part oar@gic timing schedule. In other cases, the
re-application may be based at least in part @amgoerature change of the array to restore a
first state of the first ferroelectric capacitodaansecond state of the second ferroelectric

capacitor.

[0081] In some cases, the VREF controller 805 may apfilssupply voltage to a first
ferroelectric capacitor of the memory array 100fae VREF controller 805 may also apply

a first write voltage to a first switching compondémat is in electronic communication with a
first selection component. The first supply vokagay thus be applied based at least in part
on applying the first write voltage. The VREF aatier 805 may apply a second supply
voltage to a second ferroelectric capacitor ofrttenory array 100-a. The second supply
voltage may be different from the first supply agé. In some cases, the VREF controller
805 applies a second write voltage to a seconatking component that is in electron
communication with a second selection componamsuth cases, the second supply voltage

is applied based at least in part on applying doesd write voltage.

[0082] The VREF controller 805 may determine a refereraitage at a common node of the
first selection component and the second selectomponent. The first selection component
may be in electronic communication with the firstrbelectric capacitor and the second
selection component may be in electronic commuigicatith the second ferroelectric
capacitor. The VREF controller 805 may use therasfce voltage at the common node as a
reference for an operation of the memory array 400a some cases, the VREF controller
805 applies an activation voltage to one or moréceimg components that are in electronic
communication with a first digit line 115 of thedi selection component and a second digit

line 115 of the second selection component. Tieation may enable charge-sharing
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between the two digit lines 115; thus, determirtimgreference voltage at the common node

may be based at least in part on the applicatidheoctivation voltage.

[0083] As described above, the VREF controller 805 mayrobrertain operations of
memory array 100-a. For example, the VREF cotr@dD5 may coordinate the application
of activation voltages to write circuit 405-a, re@ctuit 410-a, and memory cells 105-b. The
application of activation voltages may enable #sdrand write operations described with
reference to FIGs. 5 and 7. The VREF controlléy 8@y facilitate some or all steps of these
operations by communicating with other componeritgwapply the activation voltages.
Alternatively, the VREF controller 805 may itselnform the application of the activation
voltages. In some cases, the VREF controller BO&ombination with memory controller
140-a, implements the operations described herBEmus, in certain examples, the operations
described herein are performed or facilitated by onmore of the biasing component 810,
the timing module 815, and the VREF controller 805.

[0084] Reference component 820 may include various compsne generate a reference
signal for sense component 125-a. In some casfesence component 820 receives a
version of the reference voltage generated by meiwalls 105-b. The reference voltage
may be in analog form or digital form. Referenoenponent 820 may include circuitry
specifically configured to produce a reference algrsing the reference voltage from
memory cells 105-b. In some examples, referenogooent 820 may be configured to
output a voltage with a value between the two senkages, as described with reference to
FIG. 3.

[0085] Sense component 125-a may use the reference sigoaiform certain operations.
For example, sense component 125-a may compagaa §iom memory cells 105-b
(through digit line 115-d) with a reference sigfraim reference component 820. Upon
determining the logic state, sense component 1i@Byathen store the output in latch 825,
where it may be used in accordance with the opmraif an electronic device using the

memory device of which memory array 100-a is a.part

[0086] FIG. 9illustrates a system 900 that supports cell-bastence voltage generation
in accordance with various embodiments of the prtedisclosure. System 900 includes a

device 905, which may be or include a printed ¢irbaard to connect or physically support
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various components. Device 905 includes a memway d00-b, which may be an example
of memory array 100 described with reference to.Al@nd FIG. 8. Memory array 100-b
may contain memory controller 140-b and memory(sell05-c, which may be examples of
memory controller 140 described with referenceltésd=1 and 8 and memory cells 105
described with reference to FIG. 1, 2, 4, 6, and8vice 905 may also include a processor
910, BIOS component 915, peripheral component(8) 8ad input/output control
component 925. The components of device 905 mayy electronic communication with

one another through bus 930.

[0087] Processor 910 may be configured to operate menmay &00-a through memory
controller 140-b. Controller 140-b may be an exkngb the memory controller 140, the
memory controller 140-a, the VREF controller 806¢combination thereof. In some cases,
processor 910 may perform the functions of memontroller 140 described with reference
to FIGs. 1 and 8 or the VREF controller 805 desutitvith reference to FIG. 8. In other
cases, memory controller 140-b may be integratedgrocessor 910. Processor 910 may be
a general-purpose processor, a digital signal psmrgDSP), an application-specific
integrated circuit (ASIC), a field-programmableaatray (FPGA) or other programmable
logic device, discrete gate or transistor logiscdete hardware components, or it may be a
combination of these types of components, and pemred10 may perform various functions
described herein, including cell-based referend@age generation. Processor 910 may, for
example, be configured to execute computer-readasiictions stored in memory array

100-b to cause device 905 perform various functmrasks.

[0088] BIOS component 915 may be a software componentriblatdes a basic input/output
system (BIOS) operated as firmware, which mayah#e and run various hardware
components of system 900. BIOS component 915 nsaynaanage data flow between
processor 910 and the various components, e.gpheeal components 920, input/output
control component 925, etc. BIOS component 915 imelyde a program or software stored
in read-only memory (ROM), flash memory, or anyesthon-volatile memory.

[0089] Peripheral component(s) 920 may be any input grudwudevice, or an interface for
such devices, that is integrated into device 9%amples may include disk controllers,
sound controller, graphics controller, Ethernettoater, modem, USB controller, a serial or
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parallel port, or peripheral card slots, such agpperal component interconnect (PCI) or

accelerated graphics port (AGP) slots.

[0090] Input/output control component 925 may manage datamunication between
processor 910 and peripheral component(s) 920t ohguices 935, or output devices 940.
Input/output control component 925 may also marmaggherals not integrated into device
905. In some cases, input/output control compofi2itmay represent a physical connection

or port to the external peripheral.

[0091] Input 935 may represent a device or signal extamdévice 905 that provides input
to device 905 or its components. This may incladeser interface or interface with or
between other devices. In some cases, input 9§Dma peripheral that interfaces with
device 905 via peripheral component(s) 920 or nmegnanaged by input/output control

component 925.

[0092] Output device 940 may represent a device or sigxtarnal to device 905 configured
to receive output from device 905 or any of its poments. Examples of output device 940
may include a display, audio speakers, a printiengag, another processor or printed circuit
board, etc. In some cases, output 940 may bephpeal that interfaces with device 905 via

peripheral component(s) 920 or may be managedpw/wutput control component 925.

[0093] The components of memory controller 140-b, devid®, @nd memory array 100-b
may be made up of circuitry designed to carry batrtfunctions. This may include various
circuit elements, for example, conductive lineansistors, capacitors, inductors, resistors,
amplifiers, or other active or inactive elementsmfegured to carry out the functions

described herein.

[0094] FIG. 10 shows a flowchatrt illustrating a method 1000 felf-based reference voltage
generation in accordance with various embodimeintiseopresent disclosure. The operations
of method 1000 may be implemented by a memory d@8y as described with reference to
FIGs. 1, 8, and 9. For example, the operatiomaathod 1000 may be performed by a
memory controller 140, as described with referédodelGs. 1, 8, and 9. In some examples, a
memory controller 140 may execute a set of codesmdrol the functional elements of the

memory array 100 to perform the functions describeldw. Additionally or alternatively,
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the memory controller 140 may perform aspects tinetfons described below using special-

purpose hardware.

[0095] At block 1005, the method may include developirfgst voltage on a digit line of a
first ferroelectric capacitor of the array. In sogases, the method includes applying a
voltage to a plate of the first ferroelectric cap@c In such cases, the first voltage is
developed based at least in part on the applicatiorertain examples, the operations of
block 1005 may be performed or facilitated by tHeEF controller 805, or the biasing
component 810, as described with reference to &IG.

[0096] At block 1010, the method may include developirsgeond voltage on a digit line of
a second ferroelectric capacitor of the array. déweloped second voltage may be different
from the developed first voltage. In some casesntethod includes applying a voltage to a
plate of the second ferroelectric capacitor. lchscases, the second voltage is developed

based at least in part on the application.

[0097] In some examples, the method includes activatifigtaselection component that is
in electronic communication with the first ferroetiéc capacitor to select the first
ferroelectric capacitor and activating a secondc&n component that is in electronic
communication with the second ferroelectric camadid select the second ferroelectric
capacitor. The first ferroelectric capacitor and second ferroelectric capacitor may be
selected based at least in part on a power-up opeaf the array of ferroelectric memory
cells. Alternatively, the first ferroelectric capr and the second ferroelectric capacitor
may be selected in response to a user input. rtaineexamples, the operations of block
1010 may be performed or facilitated by the VRERtaaler 805, or the biasing component

810, as described with reference to FIG. 8.

[0098] At block 1015, the method may include generatimgfarence voltage from the
developed first voltage and the developed secoftdgam The reference voltage may have a
value between the developed first voltage and éveldped second voltage. The value of
the reference voltage may be an average of thevbttage and the second voltage. In some
cases, storing the reference voltage includesattity a first selection component that is in
electronic communication with the first ferroelécttapacitor, activating a second selection

component that is in electronic communication Witk second ferroelectric capacitor, and
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detecting the reference voltage at a node thatemsrm first digit line of the first selection

component and a second digit line of the secoretgeh component.

[0099] The method may further include activating one oreraxditional switching
components that are in electronic communicatioh wie first digit line and the second digit
line. The reference voltage may be detected baiskegst in part on activating the one or
more additional switching components. In some gxas) the reference voltage is converted
from an analog signal to a digital signal. In satases, the method includes applying a
voltage to a plate of the first ferroelectric cap@acand a voltage to a plate of the second
ferroelectric capacitor to restore a first stat¢heffirst ferroelectric capacitor and a second
state of the second ferroelectric capacitor. Tgmieation of the voltages may be based at
least in part on a periodic timing schedule. Tpgliaation of the voltages may be based at
least in part on a temperature change of the ardragertain examples, the operations of
block 1015 may be performed or facilitated by tHeBF controller 805, or the biasing

component 810, as described with reference to &IG.

[0100] FIG. 11 shows a flowchart illustrating a method 1100 felt-based reference voltage
generation in accordance with various embodimeintiseopresent disclosure. The operations
of method 1100 may be implemented by a memory d@8y as described with reference to
FIGs. 1, 8, and 9. For example, the operatiomaathod 1100 may be performed by a
memory controller 140, as described with referédndelGs. 1, 8, and 9. In some examples, a
memory controller 140 may execute a set of codesmirol the functional elements of the
memory array 100 to perform the functions describeldw. Additionally or alternatively,

the memory controller 140 may perform aspects tinetfons described below using special-
purpose hardware.

[0101] At block 1105, the method may include applyingratfsupply voltage to a first
ferroelectric capacitor of the memory array. Imsocases, the method includes applying a
first write voltage to a first switching componehat is in electronic communication with the
first selection component. In such cases, thedupply voltage is applied based at least in
part on applying the first write voltage. In camtaxamples, the operations of block 1105
may be performed or facilitated by the VREF coméo805, or the biasing component 810,
as described with reference to FIG. 8.
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[0102] At block 1110, the method may include applying eosel supply voltage to a
second ferroelectric capacitor of the array. Téwoad supply voltage may be different from
the first supply voltage. In some cases, the miethdudes applying a second write voltage
to a second switching component that is in eleatroommunication with the second
selection component. In such cases, the secompdysugtage is applied based at least in
part on applying the second write voltage. Inaarexamples, the operations of block 1110
may be performed or facilitated by the VREF coméroB05, or the biasing component 810,

as described with reference to FIG. 8.

[0103] At block 1115, the method may include determinirrgfarence voltage at a
common node of a first selection component andrsgselection component. The first
selection component may be in electronic commuigatith the first ferroelectric capacitor
and the second selection component may be in etectcommunication with the second
ferroelectric capacitor. In some cases, the meithdddes applying an activation voltage to
one or more switching components that are in edeatrcommunication with a first digit line
of the first selection component and a second tiggtof the second selection component. In
such cases, determining the reference voltageeatdimmon node is based at least in part on
the application of the activation voltage. In eartexamples, the operations of block 1115
may be performed or facilitated by the VREF coméroB05, or the biasing component 810,

as described with reference to FIG. 8.

[0104] At block 1120, the method may include using themafice voltage at the common
node as a reference for an operation of the meaoay. In certain examples, the operations
of block 1120 may be performed or facilitated bg ¥YREF controller 805, or the biasing
component 810, as described with reference to &IG.

[0105] Thus, methods 1000 and 1100 may provide for cedetaeference voltage
generation. It should be noted that methods 18@01400 describe possible
implementations, and the operations and steps magdsranged or otherwise modified such
that other implementations are possible. In soxaengles, aspects from two or more of the
methods 1000 and 1100 may be combined.

[0106] A method of for operating an array of ferroelectriemory cells is described. The

method may include developing a first voltage atigit line of a first ferroelectric capacitor
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of the array, developing a second voltage on 4 tingg of a second ferroelectric capacitor of
the array, wherein the developed second voltagdfesent from the developed first voltage,
and generating a reference voltage from the deeeldipst voltage and the developed second
voltage, wherein the reference voltage has a \asdieen the developed first voltage and
the developed second voltage.

[0107] Some examples of the method and apparatus dedatitwee may further include
processes, features, means, or instructions fdyiagpa voltage to a plate of the first
ferroelectric capacitor, wherein the first voltageleveloped based at least in part on the
application, and applying a voltage to a plateheft$econd ferroelectric capacitor, wherein

the second voltage is developed based at leastrirop the application.

[0108] Some examples of the method and apparatus dedaiftore may further include
processes, features, means, or instructions fowadicly a first selection component that is in
electronic communication with the first ferroelécttapacitor, activating a second selection
component that is in electronic communication it second ferroelectric capacitor, and
detecting the reference voltage at a node thatemsrma first digit line of the first selection

component and a second digit line of the secoretgeh component.

[0109] Some examples of the method and apparatus ded@aftore may further include
processes, features, means, or instructions fowadiclg one or more additional switching
components that are in electronic communicatioh wie first digit line and the second digit
line, wherein the reference voltage is detecteédbas least in part on activating the one or
more additional switching components. Some examydlése method and apparatus
described above may further include processesyriegtmeans, or instructions for converting

the reference voltage from an analog signal tayaalisignal.

[0110] Some examples of the method and apparatus ded@aftore may further include
processes, features, means, or instructions fosadicly a first selection component that is in
electronic communication with the first ferroelécttapacitor to select the first ferroelectric
capacitor, and activating a second selection compiothat is in electronic communication

with the second ferroelectric capacitor to seleetsecond ferroelectric capacitor.

[0111] In some examples of the method described abogdirt ferroelectric capacitor

and the second ferroelectric capacitor are seldiedd at least in part on a power-up
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operation of the array of ferroelectric memory €ellh some examples of the method
described above, the first ferroelectric capaatmt the second ferroelectric capacitor are
selected in response to a user input. In some drampthe method described above, the
value of the reference voltage comprises an avesatie developed first voltage and the
developed second voltage.

[0112] Some examples of the method and apparatus dedatitomee may further include
processes, features, means, or instructions fdyiagpa voltage to a plate of the first
ferroelectric capacitor and a voltage to a platthefsecond ferroelectric capacitor based at
least in part on a periodic timing schedule tooesh first state of the first ferroelectric
capacitor and a second state of the second fectdeleapacitor. Some examples of the
method and apparatus described above may furtbkeidie processes, features, means, or
instructions for applying a voltage to a platetd first ferroelectric capacitor and a voltage
to a plate of the second ferroelectric capacitsedaat least in part on a temperature change
of the array to restore a first state of the fiestoelectric capacitor and a second state of the

second ferroelectric capacitor.

[0113] A method of for operating an array of ferroelactriemory cells is described. The
method may include applying a first supply voltage first ferroelectric capacitor of the
array, applying a second supply voltage to a sebemdelectric capacitor of the array,
wherein the second supply voltage is different fitbmnfirst supply voltage, determining a
reference voltage at a common node of a first §elecomponent and second selection
component, wherein the first selection componeit eectronic communication with the
first ferroelectric capacitor and the second selaatomponent is in electronic
communication with the second ferroelectric capeicand using the reference voltage at the

common node as a reference for an operation cirttasy.

[0114] Some examples of the method and apparatus dedaitliove may further include
processes, features, means, or instructions fdyiagpa first write voltage to a first
switching component that is in electronic commutigcawith the first selection component,
wherein the first supply voltage is applied baselg@ast in part on applying the first write
voltage, and applying a second write voltage te@sd switching component that is in
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electron communication with the second selectianmanent, wherein the second supply

voltage is applied based at least in part on apglihe second write voltage.

[0115] Some examples of the method and apparatus dedaitliove may further include
processes, features, means, or instructions fdyiagpan activation voltage to one or more
switching components that are in electronic commation with a first digit line of the first
selection component and a second digit line oks#wnd selection component, wherein
determining the reference voltage at the commore theded at least in part on the
application of the activation voltage.

[0116] An electronic memory array is described. The tetggéc memory array may
include a first ferroelectric cell comprising astiferroelectric capacitor and a first selection
component, the first ferroelectric cell in elecimoommunication with a first voltage source,
a second ferroelectric cell comprising a seconabéectric capacitor and a second selection
component, the second ferroelectric cell in elestraommunication with a second voltage
source, and a first switching means in electronimmunication with a first digit line of the

first ferroelectric cell and second digit line bktsecond ferroelectric cell.

[0117] In some examples of the electronic memory arescdbed above, the first

voltage source comprises a positive voltage scamdethe second voltage source comprises a
ground reference. In some examples of the electrmemory array described above, a
second switching component that is in electronimmmnication with the first ferroelectric
capacitor is hard-wired to the first voltage soumod a third switching component that is in
electronic communication with the second ferroeledapacitor is hard-wired to the second
voltage source. In some examples of the electnmeimory array described above, the first

ferroelectric cell is adjacent to the second fdecieic cell.

[0118] Some examples of the electronic memory arrayrdest above may also include

a first set of cells at an edge of the array asdand set of cells exclusive of the first set of
cells, wherein the first set of cells comprisesftrst ferroelectric cell and the second
ferroelectric cell. Some examples of the electranemory array described above may also
include a first set of cells at an edge of theyaaad a second set of cells exclusive of the first
set of cells, wherein the second set of cells casapithe first ferroelectric cell and the

second ferroelectric cell.
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[0119] An electronic memory apparatus is described. dleetronic memory apparatus
may include a first ferroelectric capacitor, a setéerroelectric capacitor, a first selection
component in electronic communication with thetfiesroelectric capacitor and a first

voltage source, a second selection component atreféec communication with the second
ferroelectric capacitor and a second voltage sotlnateis different from the first voltage
source, and a controller in electronic communicatidth the first selection component and
the second selection component, wherein the cdertiisloperable to activate the first
selection component and the second selection coempodietermine a first voltage of the first
ferroelectric capacitor and a second voltage os#wond ferroelectric capacitor based at least
in part on activating the first and second selectiomponents, and store a reference voltage

that is based at least in part on a difference éetwhe first voltage and the second voltage.

[0120] An apparatus is described. The apparatus maydeaneans for activating a first
selection component and a second selection compdherfirst selection component in
electronic communication with a first ferroelectc&pacitor and a first voltage source, and
the second selection component in electronic conicatian with a second ferroelectric
capacitor and a second voltage source that isreiftdrom the first voltage source, means for
determining a first voltage of the first ferroelécicapacitor and a second voltage of the
second ferroelectric capacitor based at leastringoeactivating the first and second selection
components, and means for storing a referencegettaat is based at least in part on a
difference between the first voltage and the secmtidge.

[0121] Some examples of the apparatus described aboyals@include a first
switching component in electronic communicationvihie first ferroelectric capacitor, the
second ferroelectric capacitor, and the controflad a second switching component in
electronic communication with the first ferroelécttapacitor, the second ferroelectric
capacitor, and the controller. Some examples oafparatus described above may further
include processes, features, means, or instructowrectivating the first switching
component and the second switching component, whtre reference voltage is stored

based at least in part on the activation of thet ind second switching components.

[0122] Some examples of the apparatus described aboydurtber include processes,
features, means, or instructions for detectingg@gér condition, wherein the activation of the
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first selection component and the second selectomponent is based at least in part on the

trigger condition.

[0123] In some examples of the apparatus described abioeérigger condition
comprises at least one of a temperature changegaéxpiration, an operation threshold, or

an error correction code (ECC) event.

[0124] Some examples of the apparatus described aboyeals@include an analog-to-
digital converter in electronic communication waliirst digit line of the first ferroelectric
capacitor and a second digit line of the secon@&ectric capacitor. Some examples of the
apparatus described above may further include psesg features, means, or instructions for

storing an output of the analog-to-digital convesds the reference voltage.

[0125] The description herein provides examples, andtisimding of the scope,
applicability, or examples set forth in the clain@@hanges may be made in the function and
arrangement of elements discussed without depdrang the scope of the disclosure.
Various examples may omit, substitute, or add werjerocedures or components as
appropriate. Also, features described with resflesbme examples may be combined in

other examples.

[0126] The description set forth herein, in connectiornwiite appended drawings, describes
example configurations and does not represenh@lékamples that may be implemented or
that are within the scope of the claims. The tefemample” and “exemplary,” as used
herein, mean “serving as an example, instancdlustration,” and not “preferred” or
“advantageous over other examples.” The detaesdription includes specific details for
the purpose of providing an understanding of theedieed techniques. These techniques,
however, may be practiced without these specifiailde In some instances, well-known
structures and devices are shown in block diagam fn order to avoid obscuring the

concepts of the described examples.

[0127] In the appended figures, similar components oufeatmay have the same reference
label. Further, various components of the same typy be distinguished by following the
reference label by a dash and a second label i$tatglishes among the similar components.

When the first reference label is used in the sjation, the description is applicable to any
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one of the similar components having the samerfsrence label irrespective of the second

reference label.

[0128] Information and signals described herein may beeggmted using any of a variety of
different technologies and techniques. For exanga&, instructions, commands,
information, signals, bits, symbols, and chips thaly be referenced throughout the above
description may be represented by voltages, cugrefgctromagnetic waves, magnetic fields
or particles, optical fields or particles, or amyrbination thereof. Some drawings may
illustrate signals as a single signal; howevewilitbe understood by a person of ordinary

skill in the art that the signal may represent s tiusignals, where the bus may have a variety
of bit widths.

[0129] As used herein, the term “virtual ground” refer@atoode of an electrical circuit that
is held at a voltage of approximately zero voltg)(But that is not directly connected with
ground. Accordingly, the voltage of a virtual gnaumay temporarily fluctuate and return to
approximately OV at steady state. A virtual groumaly be implemented using various
electronic circuit elements, such as a voltagedéivconsisting of operational amplifiers and

resistors. Other implementations are also possible

[0130] The term “electronic communication” refers to atnship between components
that supports electron flow between the componenitss may include a direct connection
between components or may include intermediate coemts. Components in electronic
communication may be actively exchanging electarsignals (e.g., in an energized circuit)
or may not be actively exchanging electrons orag(e.g., in a de-energized circuit) but
may be configured and operable to exchange electiosignals upon a circuit being
energized. By way of example, two components aylsi connected via a switch (e.g., a
transistor) are in electronic communication regesdlof the state of the switch (i.e., open or
closed). The term “isolated” refers to a relatlapsbetween components in which electrons
are not presently flowing between the componeRts. example, two components physically
connected by a switch may be isolated from eacératthen the switch is open. The term
“hard-wired” refers to a relationship between comgrats in which the components are

directly connected without any intermediary compuaadetween them.
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[0131] The devices discussed herein, including memoryd©®8, may be formed on a
semiconductor substrate, such as silicon, germarsiicon-germanium alloy, gallium
arsenide, gallium nitride, etc. In some casessthistrate is a semiconductor wafer. In other
cases, the substrate may be a silicon-on-insul8tl) substrate, such as silicon-on-glass
(SOQG) or silicon-on-sapphire (SOP), or epitaxigkls of semiconductor materials on
another substrate. The conductivity of the substi@ sub-regions of the substrate, may be
controlled through doping using various chemicacsgs including, but not limited to,
phosphorous, boron, or arsenic. Doping may beopedd during the initial formation or
growth of the substrate, by ion-implantation, ordmy other doping means.

[0132] A transistor or transistors discussed herein mpesent a field-effect transistor
(FET) and comprise a three terminal device inclgdirsource, drain, and gate. The
terminals may be connected to other electronic etgsithrough conductive materials, e.g.,
metals. The source and drain may be conductiveraydcomprise a heavily-doped, e.g.,
degenerate, semiconductor region. The source raml mwhay be separated by a lightly-doped
semiconductor region or channel. If the channaligpe (i.e., majority carriers are
electrons), then the FET may be referred to asyp@+ET. If the channel is p-type (i.e.,
majority carriers are holes), then the FET maydberred to as a p-type FET. The channel
may be capped by an insulating gate oxide. Thardlaonductivity may be controlled by
applying a voltage to the gate. For example, apglg positive voltage or negative voltage
to an n-type FET or a p-type FET, respectively, mesylt in the channel becoming
conductive. A transistor may be “on” or “activatedhen a voltage greater than or equal to
the transistor’s threshold voltage is applied @tifansistor gate. The transistor may be “off”
or “deactivated” when a voltage less than the tsoiss threshold voltage is applied to the
transistor gate.

[0133] The various illustrative blocks, components, andiules described in connection
with the disclosure herein may be implemented oiopmed with a general-purpose
processor, a DSP, an ASIC, an FPGA or other progyanlie logic device, discrete gate or
transistor logic, discrete hardware componentangrcombination thereof designed to
perform the functions described herein. A genptapose processor may be a
microprocessor, but in the alternative, the promessy be any conventional processor,
controller, microcontroller, or state machine. ®gessor may also be implemented as a
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combination of computing devices (e.g., a combaratf a DSP and a microprocessor,
multiple microprocessors, one or more microprocessoconjunction with a DSP core, or

any other such configuration).

[0134] The functions described herein may be implememntdardware, software executed
by a processor, firmware, or any combination thierédfiamplemented in software executed
by a processor, the functions may be stored oranosinitted over as one or more instructions
or code on a computer-readable medium. Other ebesnamd implementations are within the
scope of the disclosure and appended claims. ¥angle, due to the nature of software,
functions described above can be implemented siftgyare executed by a processor,
hardware, firmware, hardwiring, or combinationsanl of these. Features implementing
functions may also be physically located at varipasitions, including being distributed

such that portions of functions are implementedifé¢rent physical locations. Also, as used
herein, including in the claims, “or” as used ilishof items (for example, a list of items
prefaced by a phrase such as “at least one ofde ‘or more of”) indicates an inclusive list
such that, for example, a list of at least one oBAor C means A or B or C or AB or AC or
BC or ABC (i.e., Aand B and C).

[0135] Computer-readable media includes both non-tranysgdomputer storage media and
communication media including any medium that featiés transfer of a computer program
from one place to another. A non-transitory steragedium may be any available medium
that can be accessed by a general purpose or lspepase computer. By way of example,
and not limitation, non-transitory computer-readailedia can comprise RAM, ROM,
electrically erasable programmable read only menieBEPROM), compact disk (CD) ROM
or other optical disk storage, magnetic disk steragother magnetic storage devices, or any
other non-transitory medium that can be used trycarstore desired program code means in
the form of instructions or data structures and thha be accessed by a general-purpose or

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

[0136] Also, any connection is properly termed a compuadable medium. For example,
if the software is transmitted from a website, seror other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital sabber line (DSL), or wireless technologies

such as infrared, radio, and microwave, then tlaieb cable, fiber optic cable, twisted pair,
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digital subscriber line (DSL), or wireless techrgés such as infrared, radio, and microwave
are included in the definition of medium. Disk atidc, as used herein, include CD, laser
disc, optical disc, digital versatile disc (DVDIpppy disk, and Blu-ray disc where disks
usually reproduce data magnetically, while disggaduce data optically with lasers.
Combinations of the above are also included withenscope of computer-readable media.

[0137] The description herein is provided to enable agreskilled in the art to make or use
the disclosure. Various modifications to the disdre will be readily apparent to those
skilled in the art, and the generic principles dedfl herein may be applied to other variations
without departing from the scope of the disclosuraus, the disclosure is not to be limited
to the examples and designs described herein batis accorded the broadest scope

consistent with the principles and novel featuiiesldsed herein.
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CLAIMS

1. A method of operating an array of ferroelectnemory cells, comprising:

developing a first voltage on a digit line of asfiferroelectric capacitor of the
array;

developing a second voltage on a digit line of@ad ferroelectric capacitor of
the array, wherein the developed second voltagéfesent from the developed first voltage;

activating, using an activation voltage, a firdesg@on component and a second
selection component, the first selection compobeitg in electronic communication with the
first ferroelectric capacitor, and the second selaccomponent being in electronic
communication with the second ferroelectric caeicand

generating a reference voltage based at leastiirpen the developed first
voltage, the developed second voltage, and theadictn voltage, wherein the reference voltage

has a value between the developed first voltagefadeveloped second voltage.

2. The method of claim 1, further comprising:

applying a voltage to a plate of the first ferratlie capacitor, wherein the first
voltage is developed based at least in part oapipécation; and

applying a voltage to a plate of the second feetelc capacitor, wherein the

second voltage is developed based at least iropdtte application.

3. The method of claim 1, wherein generating #ference voltage
comprises:
detecting the reference voltage at a node thateztgarm first digit line of the first

selection component and a second digit line osgwnd selection component.
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4. The method of claim 3, further comprising:
activating one or more additional switching compugeehat are in electronic
communication with the first digit line and the ead digit line, wherein the reference voltage is

detected based at least in part on activating mieeoo more additional switching components.

5. The method of claim 1, further comprising:

converting the reference voltage from an analogaditp a digital signal.

6. The method of claim 1, further comprising:

activating the first selection component to setbetfirst ferroelectric capacitor;
and

activating the second selection component to séhectecond ferroelectric
capacitor.

7. The method of claim 6, wherein the first feteatric capacitor and the
second ferroelectric capacitor are selected basedst in part on a power-up operation of the

array of ferroelectric memory cells.

8. The method of claim 6, wherein the first feteatric capacitor and the

second ferroelectric capacitor are selected ino@spto a user input.

9. The method of claim 1, further comprising:

applying a voltage to a plate of the first ferratlie capacitor and a voltage to a
plate of the second ferroelectric capacitor baséebat in part on a periodic timing schedule to
restore a first state of the first ferroelectripaeitor and a second state of the second

ferroelectric capacitor.
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10. The method of claim 1, further comprising:

applying a voltage to a plate of the first ferratlie capacitor and a voltage to a
plate of the second ferroelectric capacitor basdebat in part on a temperature change of the
array to restore a first state of the first ferem#dic capacitor and a second state of the second

ferroelectric capacitor.

11. The method of claim 1, wherein the value efriéference voltage

comprises an average of the developed first voléegkethe developed second voltage.

12. A method of operating an array of ferroeleatnemory cells, comprising:

applying a first supply voltage to a first ferroetléc capacitor of the array;

applying a second supply voltage to a second fixcté capacitor of the array,
wherein the second supply voltage is different ftbmfirst supply voltage;

determining a reference voltage at a common nogefiodt selection component
and second selection component, wherein the ftst8on component is in electronic
communication with the first ferroelectric capacitmd the second selection component is in
electronic communication with the second ferroelecapacitor;

applying an activation voltage to one or more shitg components that are in
electronic communication with a first digit line tfe first selection component and a second
digit line of the second selection component, wimedletermining the reference voltage at the
common node is based at least in part on the apjglicof the activation voltage; and

using the reference voltage at the common nodereference for an operation of

the array.

13. The method of claim 12, wherein the first dymoltage and the second
supply voltage are applied based at least in paé periodic timing schedule to restore a first

state of the first ferroelectric capacitor and eosel state of the second ferroelectric capacitor.
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14. A method of operating an array of ferroeleatnemory cells, comprising:

applying a first supply voltage to a first ferroeléc capacitor of the array;

applying a second supply voltage to a second flxcte capacitor of the array,
wherein the second supply voltage is different ftbmfirst supply voltage;

determining a reference voltage at a common noaefiodt selection component
and second selection component, wherein the tst8on component is in electronic
communication with the first ferroelectric capacitmd the second selection component is in
electronic communication with the second ferroelecapacitor;

applying a first write voltage to a first switchiesgmponent that is in electronic
communication with the first selection componenrtgevein the first supply voltage is applied
based at least in part on applying the first wrdt#age; and

applying a second write voltage to a second switglsbmponent that is in
electronic communication with the second seleatimmponent, wherein the second supply

voltage is applied based at least in part on apglihe second write voltage.



