wO 2018/044485 A1 | 0K 000 D 0 0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/044485 A1l

08 March 2018 (08.03.2018) WIPOI|PCT

(51) International Patent Classification:
G11C 11/22 (2006.01) HO11 27/11507 (2017.01)

(21) International Application Number:
PCT/US2017/045167

(22) International Filing Date:
02 August 2017 (02.08.2017)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/381,942 31 August 2016 (31.08.2016) Us

(71) Applicant: MICRON TECHNOLOGY, INC. [US/US];
8000 South Federal Way, Boise, Idaho 83716 (US).

(72) Imventors: DERNER, Scott J.; 5032 E. Sagewood Drive,
Boise, Idaho 83716 (US). KAWAMURA, Christopher J.;
1778 S. Toluka Way, Boise, Idaho 83712 (US).

(74) Agent: ENG, Kimton et al.; Dorsey & Whitney LLP, 701
5th Ave, Suite 6100, Seattle, Washington 98104 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(84)

KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: FERROELECTRIC MEMORY CELLS

20
A B
- SA ©
& 25 &
W)
ME(0)
™ 105
WL(T)
NC(1)
™ 105
Wiin)
MC(n}
™~ 105
cp

FIG. ZA

(57) Abstract: Apparatuses and methods are disclosed that include ferro-
electric memory cells. An example ferroelectric memory cell includes two
transistors and two capacitors. Another example ferroelectric memory cell
includes three transistors and two capacitors. Another example ferroelec-
tric memory cell includes four transistors and two capacitors.



WO 2018/044485 PCT/US2017/045167

FERROELECTRIC MEMORY CELLS

CROSS-REFERENCE TO RELATED APPLICATION

{001 This application claims the filing benefit of US. Provisional Application Ne.
62/381.942, filed Angust 31, 2016, This apphcation is mncorporated by refergace herein in

its entirety and for all purposss.

BACKGROUND
{802} Memory devices are widely used to store information m vasious electronic devices

such 8s computers, wirelass communication devices, vameras, digital displays, and the
fike.  Information is stoved by progranung different states of a memory device, For
example, binary devices have two states, often denoted by a logic "17 or & logic “07 In
other systems, more than two states may be stored. To geocess the stored mformation, the
electronic device may read, or sense, the stored state i the memory device. To store
mformation, the electronic device may write, or program, the state in the memory device.
LHIRY Various types of memory devices exist, inchuding random access memory {RAM),
read only memory (ROM), dynamic RAM (DRAM), synchronous dynanuc RAM
{SDRAM), forroelectnie RAM (FeRAM), magnetic RAM (MRAM), resistive RAM
{RRAM), flash memory, and others. Memory devices may be volatile or non-volatile.
Non-volatile memory, e.g., flash memory, can store data for extended periods of time even
i the absence of an external power source. Volatile memary devices, e.g., DRAM, may
fose their stored state over time wiless they are periodically refreshed by an exdernal power
source. A binary memory device may, for example, joclude a charged or discharged
capacitor. A charged capacitor may, however, become discharged over tme through
feskage currents, resulting in the loss of the stored mformation. Certamn teatures of volatile
memory may offer performance advantages, such as faster read or write speeds, wihile
featwres of nonwvolatile memory, such as the ability 1o store data withont periodic

refreshing, may be advantageous.
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{604}

FeRAM may use stmilar device architectures as volatile memory but may have
non-volatile properties doe to the use of a ferroelectrio capacror a8 a storage device,
FeRAM devices may thus have improved performance compared 1o other non-volatile and
volatile memory devices. It s desirable, however, to improve the operation of FeRAM
devices. For example, # may be deswable to have improved noise resistance during
memory cell sensing, more compact oircuits and redoced layout size, and improved turing

for operation of FeRAM devices.

SUMMARY
{005} Apparatuses including ferroelecttic memory cells and methods for accessing a

{606}

memaory cell are described.  An example apparatus inclddes first and second capacitors,
and first and second transistors.  The first capacsior includes a first plate, a second plate,
and a ferroelectric material disposed between the fivst and second plates, the fust plate
coupled to a plate line stracture. The second capacitor includes a first plate, a second plate,
and a ferroelectric material disposed betwesn the st and second plates, the first plate
coupled to the plate line structure. The first transistor 1s vertically displaced relative to the
first capacitor and coupled to the second plate of the first capacitor. The second transistor
18 vertically displaced velative to the second capacitor and coupled to the second plate of
the second capacitor.

An example method includes activating first and second transistors of the memory
cell and applying a voltage to a plate line coupled to first and second ferroglectric
capacitors. The first ferroelectric capacitor is coupled to the first wansistor and vettically
displacad relative to the first transistor. The second ferroelecinic capactior is coupled to the
second wansistor and vertically displaced refative 1o the second transistor. A first voltage
developed at a fust digit line coupled to the fiest ferroelectric capacitor 1 compared o a
second voltage developed at a second digit hne coupled to the second ferrcslectric

capacitor.

b
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BRIEF DESCRIPTION OF THE DRAWINGS

807} Figure 1 15 a block diagram of an example memory array that supports ferroelectiric
memory it accordance with various embodiments of the present discloswre.

008} Figore 2A 18 8 schematic diagram of an example cirawat that includes a column of
memory cells apcording to an embodiment of the present disclosure, Figure 2B is a
schematic disgram of & sense component sccording to an embodiment of the disclosure.

{0085 Frowre 34 and Figure 3B are diagrams of example non~linear electrical properties

for a ferroelectric memory cell in accordance with various embodiments of the present

disclosure.
{610} Frgore 4A 15 a schematic diagram of example memory cells mcluding two

transistors and fwo capacitors according to an embodiment of the disclosure.

jo1E} Figure 4B 15 a digrammatic crossssectional side view of a region of an exasmple
menory array showing example memory cells including fwo transistors and two capacitors
according to an smbodinent of the disclosare.

{12} Figwre 5A 8 a schematic diagram of example memory cells mchdimg two
transistors and two capacitors according to an embodiment of the disclosure.

{13 Figure 38 15 a diagrammatic cross-sectional side view of a region of an example
memory array showing example memory cells inclnding two trapsistors and two capacitors
according to an embodiment of the disclosurs.

814} Figure 6A 15 a schematic diggram of example miemory cells mcluding two
transistors and two capacitors according to an embodiment of the disclosure,

815} Figure 6B is a diagrammatic cross-sectional side view of g region of an example
memaory array showmyg example memory cells including two transistors and two capacitors
according to an embodiment of the disclosure.

{016} Figure 7A 1 a schemance disgram of example memory cells including two
transistors and two capacitors according to an embodiment of the disclosure.

{017} Figare 7B 15 a dingramumatio cross-sectional side view of a region of an example
memory array showing example memory cells including two transistors and two capacitors

according to an embodiment of the disclosure.
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[018] Figwre 8A is a schematic disgram of example memory cells including two
transistors and two capacitors according to an embodiment of the disclosure.

jo19] Figure 8B is a diagrammiatic cross-sectional side view of a region of an example
memory array showing example memory cells including two wansistors and two capacitors
according to an embodunent of the disclosure,

{626 Figare 94A 18 a schematic disgram of example memory cells ncluding three
transistors and two capacitors according to an embodiment of the disclosure.

{021} Figare 9B 15 a diggrammatic orgssssectional side view of 3 region of an example
memory array showing example memory cells including three fransistors and two
capacrtors according to an ewbodiment of the disclosure.

{0622} Figure 104 15 a schematic diagram of example mewmory cells including three
transistors and two capacitors according fo an embodiment of the disclosure.

{623 Figwre 108 15 a diagrammatic cross-sectional side view of a vegion of an example
memory array showmg example memory cells moluding three transistors and tweo
capaciors according to an embodiment of the disclosurs.

824} Figare 11A 1z a schematic diagram of example memory cells mcluding four
transistors and fwo capacitors according to an embodiment of the disclosare.

[825] Figure 11B 15 a dlagramnatic cross-sectional side view of a region of an example
memory aray showing example memory cells meluding four transistors and  two
capacitors according to an embodiment of the disclosure,

{826} Figure 12A is a schematic diagram of exanmple memory cells including four
transistors and two capacitors according to an embodiment of the disclosure.

{27 Figure 12B is a diagrammatic cross-sectional side view of a region of an example
memory armay showing example memory cells including fowr transistors and two
capacitors according to an embodiment of the disclosare.

028} Figure 13A 15 a schematic dipgram of example memory cells including fowr

transistors and two capacitors according to an embodiment of the disclosure.
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{629} Figwre 13B 5 a disgrammatic cross-sectional side view of a region of an example
memory arvay showing example memory cells mcluding four tansistors and two
capacitors according to an embodiment of the disclosure.

{630} Figure 14 is o block diagram of a memory array that supports a ferreelectric
memory m accordance with various embodiments of the prasent disclosure,

[831} Figare 13 15 a block diagram of g system that supports g ferreelectric memory in

accordance with varions embodiments of the present disclosure.

DETAILED BESCRIPTION

832§ Certain detatls are set forth below to provide a sufficient understanding of
embodiments of the disclosure. However, 1t will be clear 1o one skilled 1 the art that
embodiments of the disclosure may be practiced withowt these pardeular details,
Moreover, the particalar embodiments of the present disclosure described herem are
provided by way of example and should not be used 1o fimit the scope of the disclosure to
these particular embodiments.  In other mstances, well-known cirenits, control signals,
timing protocols, and software operations have not been shown i detail m order to avoid
wimecessarily obscuring the disclosure.

{0133} Frgure § illustrates an example memory array 10 that supports ferreelectric memoty
i accordance with varous embodiments of the present disclosure. Memory armay 10 may
also be referrad to as an electronic memory apparatus. Memory anray 10 includes memary
cells 105 that are programmable to store different states. Each state may vepressnt
differant logic values. For example, for a memory stoting two states, the logic values may
be denoted as a logic 0 and a logic 1. In some cases, memory cell 105 is configured to
store more than two logie values. A memory cell 103 may include a plarality of capacitors
to store a charge representative of the progranwnable states. For example, charged and
uncharged capacitors may represent two logic values, respectively.

834} A fervoelectric memory cell may include capacitors that have a fervoelectric as the
dielectric material. Different levels of charge of a ferroelectric capacitor may represent

different logic values, Ferroelectric memory cells 105 may have beneficual properties that
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may result in improved performance relative to other memory architectures, for example,
persistent storage of logic values without the need for periodic refresh operations.

LRES Ciperations such as reading and writing may be performed on memory cells 105 by
activating or selecting the appropriate access hines 12 and digit Bnes 15, Access hines 12
may also be referred to ay word hines 120 Activating or selecting a word tne 12 or a digtt
fme 15 may include applying a voltage to the respective hine. Word hines 12 and digrt lines
15 are made of conductive materials.. For example, word hines 12 and digit lines 15 may be
made of metals (sucly as copper, alomuam, gold, thngsten, ete), metal alloys, doped
semiconductors, other conductive matertals, or the bke. According to the example of
Figure 1, sach row of rpemory cells 105 1s coupled to 3 word hine 12 WL, and each colinn
of memory cells 105 is coupled to digit hoes 15 BL-T and BL-C. By sctivating the
respective word hnes 12 and digit lines 18 (s.g., applying a voltage to the word Hnes 12 or
digit lines 15}, a memory coll 105 may be accessed at their intersection. Accessing the
memory cell 105 may mclude reading or writing the memory cell 105, The miersection of
a word Iines 12 and digit ines 15 may be referved to as an address of a memory call.

[036] In some archuectures, the logic storing device of a cell, a.g., capacitors, may be
electrically isolated from the digit lines by selection components. A word line 12 may be
coupled 10 and may control the selection compuonents.  For example, the selection
components may be transistors and the word hng 12 may be coupled to the gates of the
transistors.  Activating the word ling 12 results iy an electrical coupling or closed circuit
between the capacitors of a memory cell 105 and corresponding digit line 15, The diext
tines may then be accessed to either read or write the memory cell 105

137 Accessing mamory cells 105 mav be contiolled through a row decoder 20 and a
colmun decoder 30, In some examples, a row decoder 20 recerves g row address from the
memory controlter 40 and achivates the appropriste word mes 12 based on the recened
row address. Similarly, 2 column decoder 30 receives a column address from the memory
controller 40 and sctivates the appropriate digit hines 15, For example, memory ariay 10

may include nultiple word lines 12, and wmobtiple digit hines 15, Thus, by activating word

&
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Iimes 12 WL and digit lines 15 BL-T and BL-C, the memory cell 105 at their intersection
may be accessed.

838} Upon accessing, a memory cell 105 may be read, or sensed, by sense component 25
to detenmine the stored state of the memory cell 103, For example, after sccessing the
mentory cell 108, the ferroelectric capacitors of memory cell 105 may discharge onto
corresponding digi lines 15, Dascharging the fervoelectrie capacitors may be based on
biasing, or applying a voltage, to the ferroelectnic capaciiors. The discharging may caose a
change i the voltage of the digit lines 15, which sense component 25 may compare to a
reference voltage {not shown) i order o determine the stoved state of the memory cell
105, Forexample, if a digit line 15 has a lngher voltage than the reference voliage, then
sense component 23 may deternune that the stored state in memory cell 103 is a logic 1
and vice versa. Sense component 25 muay include vartogs transistors or amplifiers 1 order
to detect {og., compare} and amphify a difference m the signals, which may mclude
jatching the amplified difference. A separate sense component 235 may be provided for
each paw of digit lmes BL-T and BL-C. The detected logic state of mamory cell 103 may
then be output through column decoder 30 as output 35,

{839 A memory cell 105 may be programmed, or wiitten, by activating the relevant
word lines 12 and digit lines 15, As discussed above, sctivating word lines 12 couplesthe
corresponding row of memory cells 105 1o thaw respective digit lines 15, By controlling
the relevant digit lines 15 while the word lines 12 are activated, a memaory cell 103 may be
written—e.g., & lopic value may be stored i the memory cell 103, Column decodsr 30
iy accept data, for example mput 33, to be wrilten 1o the memory cells 105, A
ferroelectric memory cell 103 may be written by applying a voliage across the ferroelectric
capacitor. This process is discussed i more detail befow.

j840} In some memory architectures, accessing the memaory cell 105 may degrade or
destroy the stored logic state, and re~write {e.z., restore) operations may be performed to
retarn the original logic state to wemory cell 105, For example, the capacitors may be
partially or completely discharged during a sense operation, corrupting the stored lopic

state. So the logic state may be re-written after a sense operation. Additionally, activating
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word lines 12 may result in the discharpe of all memory cells in the row, Thus, several or
all mersory cells 105 in the row may need © be re~written.

jad1} The memory controller 40 may control the operation {2.g., read, write, restore, etc)
of memory cells 108 through the vanous components, such as row decoder 20, column
decoder 33, and sense component 25, Memory controller 40 may generats row and
colammn address signals 1w order to activate the desired word lines 12 and digit hines 15,
Memory controller 40 may alse generate and control various voltage potentials used during
the gperation of memory array MY In general the amiphitade, shape, or doraton of an
applied voltage discussed herein may be adjusted or varied and may be ditferent for the
various operations for opemting merory array 1. Furthermore, one, multiple, or all
memary cells 105 wathin memory array 10 may be accessed simultaneonsly. For example,
musttiple or all cells of memory array 10 may be accessed simultanecusly during a reset
operation i which all memory cells 103, or a group of memory cells 105, are set to 4
single logic state.

{42} Figure 24 tlustrates an example circuit 20 that inchudes a column of memory cells
according to an embodiment of the present disclosure. Figurg 2 illustrates an sxample
crreyit 20 that includes memory cells 105 i accordance with various embodiments of the
present disclosure.  Circuit 20 mcludes memory cells 105 MOI-MC(n), where “a"
depends on the armay size. The circuit 20 further includes word lines WL{DRWL{n), digit
fmes BL-T and BL-C, and sense component 25, The digit lme BL-T is coupled to a sense
node A of the sense component 25 and the digit line BL-C is coupled 10 a sense node B of
the sense cowmponent 23, The word lines, digit lnes, and sense component may be
examples of memory cells 105, word lines 12, digy Hes 15, and sense component 25,
respectively, as desenbed with reference to Figuwee 1 While one colummn and n rows of
wemaory cells 105 ave shown w Figure 2A, a memory srray may wchede many columms
and rows of memory cells as those shown.

{043} Memory cells 105 may wclude a logic storage component, such as capacitors and
selection components {not shown in Figure 2A). The capacitors of the memory cells 105

may be ferroelectric capacitors. The ferroelectric capacitors may not discharge upon

o0
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coupling to digit lines BL-T and BL-C, As previously described, various states may be
stored by charging or discharging the capasettors of the memory cell 105, The selection
components of memory cell 105 may be activated by a respective word line WL, Each of
the memory cells 108 16 coupled to a plate hine CP that may be used during access of the
memory cells 105,

{044} The stored state of a wemory cell 105 may be read or sensed by operating various
elements represented in circant 28, Memory cell 105 may be in electronic communication
with digit bines BL-T and BL-C. For example, as will be described m more detail below,
capacttors of the memory cell 108 can be solated from dight Hnes BL-T and BL-C when
selection components of the memory cell 105 are deactivated, and the capacitors can be
coupled to digit lines BL-T and BL-C when selection components are activated.
Activating selection components of the mesmory cells 105 may be referred 1o as selecting
memory cell 103, In soms cases, selection components are transistors and the operation is
controlled by applying voltages to the transistor gates, where the voltage magnitude 13
greater than the threshold voltage of the wansistors. Word line WL may activate the
selection components. For example, a voltage applied 0 word ling WL is applied 10 the
transistoy gate of the selection components of the memory cell 105, Ax a result, the
capacitors of the selected memory cell 108 are coupled to digit lines BL-T and BL-C,
respectively. Word hines WL{O-WL{n) are m electronic commumication with sefection
components of memory cells 105 MO{0)-MC{(n), respectively, Thus, activating the word
ting WL of a respective memory cell 103 may sctivate the memory cell 105, For example,
activating WL{0) activates memory cell MC{0), activating WL{1} activates memory cell
MC(L), andd s0 on,

{045} To sense the logic value stored by a memory cell 105, the word line WL may be
brased to select a respective memory cell 103, and a voltage wmay be applied to the plate
line CF. Bigsing the plate line CP may result in a voltage difference across the capacitors
of a memory cell 105, which may vield a chaoge i the stoved charge on the capacitors.
The magnitude of the change m stored charpge may depend on the initial state of each

capacitor—e.g., whether the initial state stored corresponded to a logic 1 or a logic 0.
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When the selection components of the memory cells 105 are activated by the word line
WL, the change m stored charge due to buasing the plate hne CP may cause a change in the
voltages of digit Huoes BL-T and BL-C based on the charge stored on the capacitors of the
memory cell 105, The change in the voltage of digit hines BL-T and BL-C may cause 8
change on sense nodes A and B of the sense component 28, respectively. The resulting
voltage of digit lines BL-T and BL-C may be compared to one another by the sense
component 25 in order to determine the logic value represented by the stored state of each
memory cell 108,

L Sense compoenent 25 may inchude vavious transistors or amphifiers o detect and
amphify a difference w signals, which may including latching the amplified difference.
Sense component 23 may include a sense amplifier that recerves and compares the voltage
of 1ts sense nodes {e.u., sense nodes A and B}, The voltages of the sense nodes A and B
may be affected by the voltages of the digit lines BL-T and BL-C, respectively. The sense
amplifier ouiput {e.g., sense node A} may be driven to a higher {e.g., a positive) or lower
{e.g., negative or ground) supply voltage based on the comparison. The other sense node
{e.g., sense node B) may be driven to a complementary voltage {2.g., the positive supply
voltage is complementary to the negative or ground voltage, and the negative or ground
voliage s complementary to the postiive supply voltage). For instance, if the sense node A
has a higher voltage than sense node B, then the sense amplifier may drive the sense node
A 1o a posttive supply voltage and diive the sense node B to 3 negative or ground voltage.
Sense component 23 may latch the state of the sense amplifier (.g., voltages of sense node
A andlor sense node B gndfor the voltages of digit hines BL-T and BL-C), which may be
used to determine the stored state and logic value of memory cell 105, eg., logic L
Alternatively, if the sense node A has a lower voltage than sense node B, the sense
amplifier may drive the sense node A 1o a negative or ground voltage and drive the sense
node B 1o a positive supply voltage.  Sense component 25 mav also latch the sense
amplifier state for determinmng the stored state and the logic value of memorny cell 105,

e, logic 0.

10
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[047] The stored state may represent a logic value of memory cell 105, which may then
be output, for example, through columm decoder 30 as output 35 with reference to Figure
1. In embodiments where the sense component 25 also drives the digit lines BL-T and BL-
C to complementary voltages, the complementary voltages-may be applied to-the memory
cell 103 to restore the original data state read. By restoring the data, a separate restore
OPEration 18 UNNECesSary.

{648} Frgure 2B Hustrates a seose component 25 accordimg 1o sn embodiment of the
disclosure. The sense component 25 mcludes paaype field effect wansistors 232 and 236
and n-type field effect transistors 262 and 266. Gates of the transistor 252 and fransistor
262 arve coupled to sense node A, Gates of the mansistor 256 and transistor 266 are
coupled to sense node B, The transistors 232 and 256, and the transistors 262 and 266
represent a sense amplifier. A ptype field effect transistor 258 is configured to be coupled
to a power supply {e.g.. VREAD voltage power supply) and i3 coupled to 8 common node
of the transistors 252 and 256, The transistor 238 15 activated by an active PSA mignal
{e.g., active low logic). An n-type fleld effect transistor 268 is configured to be coupled 1o
a sense amplifier reference vohage {e.2., ground) and is coupled to 8 commaon node of the
transistors 262 and 266, The transistor 268 15 activated by an active NSA signal {e.g,,
active high logie).

049} In operation, the senze amplifier 11 activated by activating the PSA and NSA
signals to couple the sense amphfier 1o the voltage of the power supply and the sense
amplifier reference voltage. When activated, the sense amplifier compares the voltages of
sense nodes A and B, and amplifies 8 voltage diffevence by deving the sense nodes A and
B to complementary voltage levels (e.g., dirving sense node A to VREAD and sense node
B o ground, or driving sense node A to ground and sense node B to VREAD), When the
sense nodes A and B have been driven to the complementary voltage levels, the vohages of
sense nodes A and B are latched by the sense amplifier and remam latched ontil the sense
amplifier s deactivated.

850} With reference to Figure 2A, 1o write memory cell 105, a voltage may be applied

across the capacitors of the memory cell 105, Various methods may be used. In some

It
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examples, selection components may be activated through word lines WL, respectively, n

order to couple the capacitors to digit hnes BL-T and BL-C, For ferroelectrie capacitors, a

voltage may be gpphed across capacitors of the memory cell 105 hy controlling the voltage

of digtt tines BL-T and BL-C 1o apply a positive or negative voltage across the capacitors.
In some embodiments, a complementary voltage 15 apphied to the capactiors of the memory
cell 105 to wrie the memory cell 105, for example, vsing the digit Hnes BL-T and BL-C,
and plate line CP. As a non-limiting example, i some embodiments, to winte a first logic
value to the memory cell 105 a first voltage 15 apphed to one plate of the capaciors and 8
second voltage complementary to the first voltage s applied to the other plate of the
capacitors, and o write a second logic value to the memory cell 108 the second voltage 1
apphied to the one plate of the capacttors and the first voliage 15 applied to the other plate of
the capacitors.

[851 In some examples, a resiove operation may be performed after senmsing. As
previously discussed, the sense operation may degrade or destroy the origimally stored state
of the memory cell 103, After sensing, the state may be written back to the memory csll
103, For example, sense componsat 23 may deternune the stored state of mamory cell 103
and may then write the same state back, for example, through the digit lines BL~T and BL~
C.

{852} Ferroslecttic materials have non-hnear polanization properties,  Flgne 3A and
Figure 3B illustrate examples of non-linear electrical properties with hysteresis curves 300-
a (Figure 3A) and 300-b {Figure 3B) for a memory cell for ferroelectric memory in
gccordance with vartous embodiments of the present disclosure,  Hysteresss curves 300-g
and 300-b illustrate an example ferroelectric memory cell writing and reading process,
respectively. Hysteresis curves 300 depiot the charge, Q, stored on a ferrpelectric capacitor
{e.g., capactior 205 of Figwre 2) ag a funcion of a voltage difference, V.

883} A fervoelectric material 15 characterized by & spontaneous electric polanization, for
example, it mamtams a nozero electric polateation 1 the absence of an elecinic field
Example ferroelectric matertals include bartum titanate {BaTiQ3), lead titanste (PhT103),

fead zircontom titanate {PZT), and strontium bismuth tantalate (SBT). The ferroelectric
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capacitors described herem may include these or other ferroelectric materials. Electric
polartzation within a ferroelectric capacttor results i a net charge at the Rrroelectrie
material’s surface and attracts oppostie charge through the capacitor terminals.  Thus,
charge s stored at the imtecface of the ferroslectric material and the capacitor terminals,
Because the electric polarization may be maratained m the sbsence of an externally applied
clectric field for relattvely long times, even indefinitely, charge leakage way be
sigmficantly decreased as compared wath, for example, capacttors employed m volatile
menmory arrays.  This may reduce the need to perform refresh operations as described
above for some volatile memory architectures.

jos4} Hysteresis curves 300 may be understood from the perspective of a single termmal
of a capacitor. By way of example, if the ferroelectric muaterial has a negative polarization,
positive charge accurmulates at the termunal,  Likewise, if the ferrcelectric material has a
positive polanization, negative charge accumulates at the termunal. Additionally, it should
be anderstood that the voltages in hysterssis curves 300 represent a voltage difference
across the capacitor and are directional, For example, a positive voltage may be realized
by applving a posttive voltage to the termunal m guestion and nwintaiung the sscond
termunal at ground {or approxmmately rero volts (DV)). A negative voltage may be applied
by mamiaining the tenminal m question at ground and applying a positive voltage to the
second terminal, for example, positive voltages may be applied 1w negatively polanize the
termingl i guestion.  Smalarly, two positive voltages, two negative voltages, or any
combination of positive and negative voltages may be applied to the appropriste capacifor
tenimingls o generate the voltage difference shown 1o hysteresis curves 300,

{55} As depicted in hysteresis curve 300-a, the ferrcelecinic matenial may maintain a
positive or negative polarization with a zero voltage difference, resulting 1 two possible
charged states: charge state 305 and charge state 310, According to the example of Figuie
3, charge state 305 represents a logic O and charge state 310 represents a logic 1. In some
examples, the Togic values of the respective charge states may be reversed withouot loss of

understandmg.

s
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[056] A logic 0 or | may be written to the memory cell by countrolling the electric
polartzation of the ferroelectiie material, and thus the charge on the capacitor termnals, by
applying voltage. For example, applving a net positive voltage 315 across the capacitor
results m charge acowmulation uanl charge state 305-a 15 reached. Upon remioving voltage
315, charge state 305-a follows path 320 unit i reaches charge state 303 at zero voltage
potential.  Sunularly, charge state 310 1¢ waitten by applving g net negative voltage 325,
which results o charge state 310-a.  After removing negative voltage 323, charge state
310-a tollows path 338 unti] 1t reaches charge state 310 at zero voltage. Charge states 303
and 310 may also be reforred to as the vemnant polarzation {Pr) values, which i the
polarization {or charge) that remams apon removing the external biss (e, voltage).

{8587} To read, or sense, the stored state of the fervoelectric capacitor, a voltage may be
apphied across the capacitor. In response, the stored charge, Q, changes, and the degree of
the change depends on the mitial charge state, and as a result, the final stored charge ()
depends on whether charge state 305b or 310-b was mitially stored  For example,
hysteresiz curve 300-b illustrates two possible stored charge states 305-b and 310-b.
Voltage 335 may be apphed across the capacitor as previously discussed.  Although
depicted as a positive voltage, voltage 335 may be negative. In response to voltage 335,
charge state 305-b may follow path 340, Likewise, i charge state 310-b was mitially
stowed, then it follows path 343, The final position of charge state 305-¢ and charge state
310-¢ depend on a number of factoss, including the specific sensing scheme and cirguiiry.

58} In some cases, the final charge may depend on the mtrinsic capacitance of the digit
tine coupled to the memory cell, For example, if the capactior is coupled to the digit hine
and voltage 335 15 apphed, the voliage of the digit line may rise due to its rmsic
capacitance. So g voltage measured at g sense componeant may not equal voltage 335 and
wstead may depend on the voltage of the digit line. The position of final charge states
305-¢ and 310~¢ on hysteresis curve 300-b may thus depend on the capacitance of the digit
fine and may be determined through a load-hine analysis. Charge states 305-c and 310-¢

may be defined with respect to the diptt hne capacitance.  As a result, the voltape of the

&
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capacitor, veltage 350 or voltage 355, may be different and may depend on the initial state
of the capacitor,

859} By comparing the digit hine voltage to a reference voltage, the initial state of the
capacitor may be determined. The dign hne voltage may be the difference between
voliage 333 and the final voltage acvoss the capaciior, voltage 330 or voltsge 355 {e.g.,
voltage 335 — voltage 330) or {e.g., vohage 335 - voltage 355). A reference voltage may
be generated such that its magnitude is between the two possible digit Hne voltages
order to determine the stored logic state, for example, if the digit hine voltage 18 higher or
lower than the reference voltage. For example, the reference voltage may be an average of’
the two quantities {voltage 335 — voltage 350} and {voltage 335 - voltage 3551 In another
example, the reference voltage may be provided by selating a voltage on fust sense node
of a sense component, then causiig a voltage change on a second sense node of the sense
component through a dight line, and comparing the resulting voltage of the second sense
node with the solated voltage of the fust sense node. Upon comparison by the sense
component, the sensed digit line voltage may be deternuned to be igher or lower thay the
reference voltage, and the stored logic value of the ferroelectric memory cell {e.g., a logic
€ or 1) may be determuned.

{060} Figure 4A is a schematic disgram of two memory cells 1080} and 105{1)
aceording to an ambodiment of the disclosure. A dashed line demarcates so approximate
boundary of the memory gell 103, Each of the memory cells 105 mcludes two selection
components T1 and T2 and two capacitors C1 and C2. The capactiors C1 and €2 may be
ferroelectric capacitors,  The selection components T1 and T2 may be transistors, for
example, n-type feld effect ransistors. In such an example, each of the memory cells 105
includes two transistors and two capacitors {e.g., 2T2C).

j86l} Qperation of the selection components T and T2 18 conwolled by applying
voltages to the transistor pates. A respective word Hine WL may activate the selection
cotponents {e.g., WLO may activate the selection componeats T and T2 of memory cell
105(0). and WL may activate the selection componenis T1 and T2 of memory cell
10S{1.
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{862} The capacitor C1 has a first plate coupled to a plate line CP and has a second plate.
The capsoitor C2 has a first plate coupled to the plate hine CP aund has a second plate. The
second plate of the capacitor C1 is coupled 1o the selection component T1 and the second
plate of the capacitor {2 is coupled to the selection component T2, The selection
component T1 15 further coupled to a digit ine BL-T and the selection component T2 15
further coupled to a digit line BL-C. When activated, such as by respective word line WL,
the second plate of the capacitor C1 and the second plate of the capacitor C2 are coupled to
the digst imes BL-T and BL-C, respectively. Az previously discussed, when coupled to the
digit nes BL-T and BL-C, the memory cells 105 may be accessed. For example, a stored
state of the meemory cells 105 may be read andfor the memory cells 1035 may be written o
store @ new siate or the same state.  Vanwous voltages, for example, complementary
voltages m some embodiments, may be apphed to the plates of the capacitor C1 and 2
over the digit lines BL-T and BL-C and the plate line CP 1o aveess {e.g., read andfon write)
the memory cells 105.

63| Figure 48 shows a region of a memory array [ including example memory cells
103(0) and 103(1}) of Figure 4A according to an embodunent of the disclosure. In the
entbodiment of Figure 4B, the memory cells 105(0) and 105{1) are laterally displaced
relative fo one another. A dashed line desbarcates an approxmmate boundary of & memory
cell 105, In some embodiments the configuration of the memory cells 103 may be
considered to comprise memory cells within a 4F2 architecture, where ¥ indicates a
i featurs size of a given technology .

804} The illustrated portion of memory array 10 is supported by a base {(not shown), The
base may comprise semiconductor material; and may, for example, comprise, consist
essentially of, or consist of mouocrysialline silicon. The base may be referred to as a
senconductor substrate. The term "senmconductor substrate” means any construction
comprising sentconductive material, meluding, but not linuted to, bulk semiconductive
materials such as a8 senuconductive water {esther alove or in assemblies comprising other
materials), and semiconductive matenal layers {etther alone or i assemblies comprising

other materials). The term "substrate” refers to any supportinig structare, including, but not
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limited to, the semiconductor substrates described above. In some applications the base
may corvespond 1o a semiconductor substrate contaming one ov wore matertals assoctated
with inteprated circuit fabricgtion. Sach materials may mchude, for example, one or more
of refractory metal materials, barrier matertals, diffuston materials, insulator matenals, etc.

{865] The adjacent memory cells 105(0) and 105(1) are w1 a common columy as one
another within the memory array.  The memory cells 1T0MO0) and 105(1Y are shown along
digit hines BL-T and BL-C. The digit limes BL-T and BLAT may be coupled sath a sense
component 25 of the type described above with reference to Figores and 2.

L The memory cell 105{0) comprises fisst and second transistors T and T2, and
comprises first and second capaciors O and €2 between the first and second transistors.
The first capacitor €1 comprises a first plate 114, a second plate 116, and a ferroelectric
material 118 between the fwst and second plates 14 and 116, Simularly, the second
capacitor C2 comprises a fivst plate 120, a second plate 122, and a ferroslecinic material
124 between the first and second plates 120 and 122,

{67} 1n the shown embodiment the second plates 116 and 122 are contamer-shaped outer
plates, and the furst plates 114 and 120 arve inner plates which extend into the container-
shaped ounter plates. In other embodiments the second plates 116 and 122 may have other
configurations, and the first plates 114 and 120 may also have other configurations.

068} The first plates 114 and 120 are coupled with a plate line structure CR. In the
ilustrated embodiment the fust plates 114 and 120 share a conymon composition with the
plate fine stracture CP. In other embodiments the plate Hne structure P may comprise a
different composition as compared fo the first plates 114 and 120.

1869} The first and second capacitors, C1 and C2, ave vertically displaced relative to one
another, with the second capacitor €2 being sbove the first capacitor C1. The first
transistor T s between the first capacitor C1 and the digtt bue BLAT and s vertieally
displaced relative to the first capscitor €1, and the second wansistor T2 is berween the
second capacitor {2 and the digit e BL-C and s vertically displaced relative to the

second capacttor C2.
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[070] In the shown embodiment a first semiconductor pillar 128 exiends upwardly from
the digst hine BL-T to the second plate 116 of the first capacitor T, and the Srst transistor
T1 15 along such first semiconductor pallar. The first transistor T1 has a conductive
transistor gate 130 which is spaced from the semiconductor pillar 128 by gate dielectric
material 132, The first transistor T1 has a channel region within semiconductor pillar 128
and along the pate dielectric material 132, and has source/drain regions 136 and 138 within
the semiconductor pillar and on opposing sides of the channel region. The source/drain
region 136 s coupled with the second plate 16 of the first capacior Cl, and the
sowrce/drain region 138 1s coupled with the digit hne BL-T. In the shown embodiment the
source/drain region 136 extends io the second plate 116 of the first capacitor C1. in other
embodiments the source/drain region 136 may extend 1o an electnical mterconnect which in
turn extends to the second plate 116 of the first capacttor €1 Alse, w0 the shown
embodiment the source/drain 138 extends to the digit line BL-T. In other embodiments the
source/dram region 138 may extend to an elecircal interconnect which 1 tum extends to
the digat line BL-T,

{071} A second semiconductor pillar 140 extends downwardly from the digit hae BL-C
to the second plate 122 of the second capacitor €2, and the second wansistor T2 15 along
such second senuconductor pillar,  The second transistor T2 has a second conductive
fransistor gate 142 which 1z spaced from the semiconductor pillar 140 by gate dielectric
material 144, The second transistor T2 has 8 second channel region within the
semconductor pillar 140 and along the gate dielectric material 144, and has source/drain
regions 148 and 150 within the senuconductor pillar and on opposing sides of the channel
region. The source/dram regson 148 18 coupled with the second plate 122 of second
capacitor €2, and the souwrce/drain region 150 15 coupled with the digit hne BL-C. In the
shown embodiment the source/drain region 148 extends to the secoud plate 122 of the
second capacitor C2. In other embodiments the sowrce/dramn region 148 may extend to an
electrical interconnect which m turn extends to the second plae 122 of the second

capacitor C2. Also, m the shown embodiment the source/dram region 150 extends to the
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digit line BL-C. In other embodiments the source/dram region 150 may extend to an
electrical interconnect which i turn extends to the digit hoe BL-C.

1872} The conductive gates 130 and 142 of the first and second ransistors T1 and T2 are
coupled with a first word Boe WLO. Such first word Line may extend in and out of the
page relative to the cross-section section of Figure 48,

{873} The memory cells 105(0) and 165(1) are substantially 1dentical to one another, with
the term “substantially dentical” megning that the memory cells are rdentical to within
reasonable tolerances of fabrication and measurement. The memory cell 1031} comprises
first and second capacitors C1 and C2 together with first and second transistors T1 and T2,
The first and second sransistors T and T2 comprise conductive gates 130 and 142 which
are coupled with a second word lime WL1. Accordingly, the second memaory cell 103(1) s
along a different row (L.e. word line) than the memory cell 103(0) within the memory array
1.

{074} In the slustrated embodinent of Figure 48 the plate hine structure CP 15 a rail
extending hortzontally along the column defined by the digat hines BL-T and BL-C. Such
rail is shared by the memory cells 105(0) and 103(1), as well as by all other memory calls
along such column.  In other embodiments the plate hine structure CP maay be subdivided
o a plurality of separate structures,

{075} I the ilustrated embodimants of Figure 4B the first and second transistors T and
T2 of the memory cell 105{0}) are vertically displaced relative to one another, as are the
first and second capacitors C1 and C2. Further, the first aud second capacitors C1 and €2,
and first and second tansistors T1 and T2, ave in g commaon vertical plave as one another
{1.2.. are vertically stacked one atop another). In other embodiments the first and second
capacitors C1 and C2, andfor first and second transistors T1 and T2, may be provided in
different configurations.

[876} Figure 5A is a schematic diagram of bwo memory cells 1080) and 105(D)
according to sn ernbodiment of the discloswre. A dashed hine dewarcates an approximate
boundary of the memory cell 105, Each of the memory cells 103 includes two selection

components T1 and T2 and two capacitors C1 and C2. The capacitors C1 and C2 may be
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ferroelectric capacitors. The selection components T1 and T2 may be transistors, for
example, n-type Hield effect transistors. In such an example, each of the mewory cells 108

includes two transistors and two capacitors {e.g,, 2T2C).

{077} Operation of the selection components T1 and T2 18 controlled by applving
voliages to the iransistor gates. A respective word line WL may activate the selection

components (&g, WL may activate the selection components T1 and T2 of memory cel
TS, and WL may activate the selection components T1 and T2 of memory cell
1OS(1)).

{878} The capacttor C1 has a fivst plate coupled to a plate line CP and has a second plate.
The capacitor C2 has a fust plate 120 coupled to the plate Iime CP and a second plate. The
second plate of the capacitor C1 15 coupled to the selection comaponent 11 and the second
plate of the capacitor {2 is coupled to the selection component T2, The selection
component T1 is father coupled to a digit line BL-T and the selection component T2 s
fusther coupled to a digit lne BL-C. When activated, such as by respective word lme WL,
the second plate of the capagcitor C1 and the second plate of the capacitor C2 ave coupled to
the digit ines BL-T and BL-C, respectively. As previously discussed, when coupled to the
digit bnes BL-T and BL-C, the memory cells 105 may be accessed. For example, 8 stored
state of the memory cells 1035 may be read andfor the memory cells 105 may be written to
store 4 new state or the same state.  Vanous voltages, for example, complementary
voltages mn some embodiments, may be applied to the plates of the capacitor €1 and (2
over the digit ines BL-T and BL~C and the plate line CP to access {e.g., read and/or write}
the memory cells 1035

1879} Figure 5B shows a portion of a memory array 10 including example memory cells
TOS0Y and 1031} of Figute SA according to an embodiment of the disclosure. In the
embodunent of Figure 3B, the memory cell 1050} is vertically stacked over the memory
cell 105(11 A dashed line demavcates an approximate boundary of the memory cells
1OS(0) and 1O5{1). In contrast to the memory cells 1050 and 105011 of Figure 44, which
in some embodiments comprise memory cells within a 4F2 archuecture, in some

embodiments the memory cells 105 of Figure SA may be considered to comprise memory
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cells within an 8F2 architecture, where F indicates a numimum features size of a given
technology .

080} The lusirated portion of memory array 10 mayv be supported by a base (not shown)
analopous 1o the base of Figure 4B, The memory cells 105(0) and 108(1) are m a commen
coluimn as one another wathun the memory array, Diga ines BL-T and BL-C are between
the roemory cells 103{0) and 105(1). and extend m and out of the page relative to the cross-
section of Figure 3B, The digtt lines BL-T snd BL-C may be conpled with a sense
component 23 of the type previousty described with refevence to Thiguves 1 and 20 The
digit hines BL-T and BL~C are shaved by the memory cells 105(0) and 105(1).

[081} The memory cell 105(0) comprises first and second transistors T1 and T2 which are
laterally displaced relative to one another. The memory cell 105(0) comprises the first
capacitor C1 above the first transistor T1, and comprises the second capacitor C2 above the
second transistor T2, The first transistor T1 iy vertically displaced relative to the fist
capacitor U1 and the second transistor T2 1s vertically displaced relative to the second
capacitor C2. The first capacitor C1 comprises a first plate 114, a second plate 116, and
ferroslecttic material 118 between the first and second plates 114 and 116, The sgcond
capacitor U2 comprises a first plate 120, a second plate 122, and ferroelectnic matenial 124
between the first and second plates 120 and 122.

{082} In the shown ambodiment the second plates 116 and 122 are container-shaped outer
plates, and the first plates 114 and 120 are inner plates which extend into the container-
shaped outer plates, In other smbodiments the second plates 116 and 122 may have other
configurations, and the first plates 114 and 120 may also have other configurations.

{083} The first plates 114 and 120 are coupled with a plate ling structure CP provided
ahove the first and second tapacitors C1 and C2 of the memory cell 105{0). In the
lustrated embodiment the firgt plates 114 and 120 share a common composition with the
plate hine structure CP. In other embodiments the plate line structuwre CF may comprise a
differemt composition as compared to the fivst plates 114 and 120

084} The first and second capacitors Cl and €2 are laterally displaced relative 1o one

another, and in the shown embodiment are m a same horizontal plane as one another (e,
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are horizontally aligned with one another). The first transistor Tl is between the first
capacitor U1 and the digit tine BL-T, and the second transistor T2 1¢ between the second
capacitor 2 and the digtt me BL-C. In the shown embodiment the first and second
transistors T1 and T2 are in a common hortzontal plane as one another, and the word line
WLO extends along such horizontal plane and comprises the pates 130 and 142 of the first
and second transistors T1 and T2,

{085 A first sertconductor pillar 128 extends upwardly from the digit hne BLAT 1o the
second plate 116 of the first capacitor C1, and the first ransistor T 1 along soch first
senconductor prllar. A second semiconductor pillar 140 extends vpwardly from the digat
fine BL-C 10 the second plate 122 of the second capacitor C2, and the second fransistor T2
1s along the second semiconductor pillar 140,

{086} The first transistor T1 mclades the gate dielectric material 132, and firther inclades
the first channel region within the senviconductor pallar 128 and along the gate diglectric
material 132, and source/dram regions 136 and 138 within the semsconductor pillar and on
opposing sides of the channel region. The sowrce/drain region 136 s coupled with the
second plate 116 of first capacitor C1, and the source/drain region 138 1s coupled with the
digit hine BL-T. The second transistor T2 mcludes the gate dielectric material 144, and
further meludes the second channel region within the sermiconductor pillar 140 and along
the gate dielectric material 144, and source/deain remions 48 and 150 within the
semiconductar pillar and on opposing sides of the channel region. The sowrce/drain region
148 is coupled with the second plate 122 of second capacitor €2, and the source/drain
region 130 is coupled with the digit bine BL-C.

{087} The memory cell 105(1} sunilar to memory cell 105{03, and comprises frst and
second capacttors C1 and €2 together with fivst and second transistors T1 and T2, The
first and second tranststors T1 and T2 comprise conductive gates 130 and 142 which are
capacitors Cl and €2 are coupled with the plate hine structwre OF provided beneath the

capacitors €l and C2.
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[088] The memory cell 105(1) comprises first and second transistors T1 and T2 which are
faterally displaced relative to one another. The memory cell 105(1) compnises the fust
capacitor U1 below the first transistor T1, and comprises the second capacitor €2 below
the second transistor T2, The first capacitor C1 comprises a fivst plate 114, a second plate
116, and ferroelacivic matertal 118 between the first and second plates 114 and 116, The
second capacttor €2 comprises a furst plate 120, a second plate 122, and ferroelecirie
material 124 between the first snd second plates 120 and 122.

{688} In the illustrated embodiment the digit hine BL-T and BL-C are i 8 common
horizontal plane as one another. An ags 1539 extending throwgh the digit lines BL-T and
BL-C may be considered to define a nuwror plane. The wemory cell 151 may be
considerad to be a substantially mirror image of the memory cell 105(0) across the mirror
plane. The term “substantially mirror image”™ 18 otihlized to indicate that the memory cell
10501 mayv be & mirror image of the memory cell 103(0) to within reasonable tolerances of
fabrication and measurement.

{90} In the ilhustrated embodunent of Figure 3B the digit Hoes BL-T and BL-C are
shared by the memory cells 105{0) and 103(1). In other embodiments a plate lne structure
CP may be shared by memory cells 105¢0) and 105(1) which are vertically displaced on
opposing sides of the plate ling spructure CP from one another.  Figures 6A and 6B
lustrate an example of such other smbodiments,

691} Figure 6A s a schematic diagram of two memory cells 1080} and 105(1)
according to an embodiment of the disclosure. A dashed hine demarcates an approximate
boundary of the memory cell 103, Fach of the memory cells 105 includes two selection
components T1 and T2 and two capacitors C1 and C2. The capacitors C1 and C2 may be
ferroelectric capacitors.  The selection components T1 and T2 may be transistors, for
example, n-type Neld effect transistors. In sach an example, each of the memory cells 103
includes two transistors and two capacitors (e, IT2C). The memory cells 105(0) and
105(1) of Figwe 6A share a plate line structure CF and are coupled to different dight lines

BL-T and differemt digit hines BL-C. In contrast, the memory cells 1030} and 105(1) of
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Figure 5A share digit lines BL-T and share digit Iines BL-C and are coupled to different
plate hnes TP,

j092} Ciperation of the mewmory cells 105(0) and 105(1) of Figure 6A 15 stmular to the
operation of the memory cells 105{0} and 105(1) of Figwe SA previowsly described, and
will not be repeated 1 the interest of brevity.

{893} Figure 6B shows a portion of a memory array 10 comprising a pair of memory cells
TS and 103(1) of Figiwe 6A accordmg to an embodiment of the disclosure. In the
embodiment of Figure 6B, the memory cell 105(0) 15 vertically stacked over the memory
cell 105{1). A dashed line demarcates an approximate boundary of the wemory cells
105(0) and 105(1). In some embodiments the memory cells 108 of Figwre 6B may be
considered to comprise memory cells within a 8F2 archutecturg, where F indicates a
mindinan features siee of a given technology. In contrast to the memory cells of Figure
58, the memory cells 1050} and 105(1) of Figure 6B share a plate line structure UP and
are coupled to different digst lines BL-T and different digit bines BL-C.

{194} The illustrated portion of memory array 10 may be supported by a base {not shown}
analogous to the base of Figure 4B, The memory cells 105(0) and 103(1} are in a conumon
cohunn as one another within the memory aivav. A horzontally-extending rail 1s between
the memory cells 103(0) and 108(1), and extends along the cross=section of Figure 6B,
The rail is a plate lne structure TP that i shared by the memory cells 105(0) and 105(1).
Digit hnes BL-T and BL-C are between the memory cells 105(0) and 105(1), and extend in
and out of the pags relative to the cross-section of Figure 5B, The digit lines BL-T and
BL-C may be coupled with a sense component 25 of the type previously described with
reference to Figures | and 2.

095} The memory cell 105{0) comprises first and second transistors T and T2 which are
faterally displaced relative to ome another.  The memory cell 105(0) comprises a fust
gapacitor C1 below the first transistor T1, and comprises a second capacitor €2 below the
second trausistor T2, The first capaostor C1 comprises a first plate 114, a second plate 116,

and tervoelectric matenial 118 between the first and second plates Hd and 116, The second
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capacitor C2 comprises a first plate 120, a second plate 122, and ferroelectric material 124
between the first and second plates 120 and 122,

8906} The first plates 114 and 120 gre coupled with the plate hine strochwre CP. In the
Hlustrated embodiment the first plates 114 and 120 share a common compesition with the
plate bine stractiwe CP. In other embodiments the plate line structure P may comprise a
different composition as compared to the first plates 114 and 120

{0897} The first and second capactiors €1 and C2 are laterally displaced relative 1o one
another, with the second capactior €2 being i a same bonzontal plane as the first
capacttor 1. The first transistor T1 15 between the first capacitor €1 and a digit line BL-
T, and the second transistor T2 1s between the second capacior C2 and a digit hine BL-C.
The digit lines BL-T and BL-C extend in and out of the page relative o the cross-section
of Figure 6B, In the shown embodiment the first and second transistors THand T2 arem g
common honzomal plane as one another, and the word line WLO extends along such
horizontal plane and comprises the gates 130 and 142 of the first and second fransistors 11
and T2,

{698} A first semiconductor pillar 128 extends downwardly from the digit line BL-T to
the second plate 116 of the first capacitor C1, and the first transistor T1 1y along such first
semiconductor ptlar. A second semuconductor pillar 140 extends downwardly from the
digit Iine BL-C to the second plate 122 of the second capacitor €2, and the second
transsistor T2 13 along such second semuconductor pillar,

{99} The first transistor T1 includes the gate dielectric matenial 132, and further meludes
the first channel region within the semiconductor pillar 128 and along the gate dielectiic
material 132, and the sowrce/drain regions 136 and 138 within the semconductor pillar and
on opposing sides of the channel region. The source/drain region 136 15 coupled with the
second plate 116 of first capacttor Cl, and the source/dram region 138 is coupled wath the
digit hine BL-T. The second wansistor T2 includes the gate dielectric material 144, the
second chamnel region, and the souwrce/drain regions 148 and 156, The souwrce/drain region
148 15 coupled with the second plate 122 of second capacior €2, and the source/drain

region 150 1s coupled with the digit hine BL-C.



WO 2018/044485 PCT/US2017/045167

[0100} The memory cell 105(1) is similar to memory cell 105(0), and comprises first and
second capacitors C1 and €2 together with first and second transistors T1 and T2, The
first gnd second transistors T1 and T2 comprise conductive gates 130 and 142 whuch are
coupled with a second word hine WL, The first plates 114 and 120 of the first and second
capacttors C1 and C2 are coupled with the plate hne structure CP provided beneath the
capagcitors C1 and C2.

{11} An axis 161 extending along the plste line stroctwe CP may be considered 1o
define a muror plane. The memory cell 103{1) may be considered to be d substantially
mirror image of the memory cell 105{0) across the wirror plane. The tenn Ysubstantially
mirror image” 15 uhilized to mdicate that the memory cell 1058(1) may be a mirror image of
the memory cell 1H05(0) to within reasonable tolerances of fabrication and measuremeant, In
comparsson fo the memory cells 105(0}) and 108(1) previously discussed with reference to
Figure 5B, the memory cells 105{0) and 105(1) of the illustrated embodiments of Figure
A8 are murrored with respect to the plate hine structure CP whereas the memory cells
105(0) and 105(1) of Figure 3B are nutroved with respect to the dig#t lines BL-T and BL-
.

{02} In the dlustrated ewbodiment of Figure 6B the digit e BL-T of memaory cell
105(0) (e, the digit hoe BL-T above word line WLO) and the digst line BL-T of memory
cell 105¢1) (1.e., the digit ling BL-T below word line WL are coupled to one another.
The digit line BL-C of memory cell 103(0} (1.8, the digit line BL-L above word line WLO)
and the digit line 105(1) (1.e., the digit line BL-C below word ling WL1} ars coupled to one
another, Electrical properties of the coupled digit hines BL-T are compared with those of
the coupled digit lines BL-C with the sense component 25 of the type described above with
reference to Figures  and 2.

{8103} Figare 7A 18 a schematic diagram of two memory cells 105(9) and 105(1)
according 10 an embodiment of the disclosure. A dashed line demarcates an approximate
boundary of the memory cell 105, Each of the memory cells 105 includes two selection
components T1 and T2 and two capacitors C1 and C2. The capacitors O and C2 roay be

ferroelectric capacttors. The selection components T1 and T2 may be transistors, for
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example, n-type field effect transistors. In such an example, each of the memory cells 105
wcludes two transistors and two capaciors {e.g., 2T2C)

j0104] A respective word line WL may activate the selection components {e.p, WLO may
activate the selection components T1 and T2 of mewmory cell 103(0) and WL may activate
the selection components T and T2 of memory cell 105(1)). The capaciior €1 has g first
plate coupled to a plate bine CP and has a second plate. The capacitor €2 has a first plate
coupled to the plate line CP and has a second plate. The second plate of the capacitor C1 1s
coupled to the selection component T1 and the second plate of the capacitor €2 15 coupled
to the selection component T2, The selection component T1 15 further coupled fo a digat
fine BL-T and the selection component T2 1 further coupled to o diget line BL-C. The
memory calls 105(0) and 105(1}) are coupled o a shared dight line BL-T and coupled 1o
ditferent digat fines BE-C. When activated, such ay by respective word hne WL, the
second plate of the capaciior C1 and the second plale of the capacitor C2 are coupled 1o the
digit tines BL-T and BL-C, respectively. As previously discussed, when coupled to the
state of the memory cells 103 may be read andfor the memory cells 105 may be written to
store & nmew state or the same state.  Vanous voltages, for example, complementary
voltages m some embodiments, may be applied o the plates of the capatitor €1 and (2
over the digit lines BL-T and BL-C and the plate line CP 1o access {e.g., vead andior write}
the memory cells 105,

{0105] Figure 78 shows g region of a mamory array 10 including example memory cells
1050} and 103(1) of Figure 7A according to sn embodiment of the disclosuze.  In the
embodiment of Figure 7B, the mamory cells 103(0) 1s vertically stacked over the memory
cell 105{1) A dashed line demarcates an approximate boundary of the memory cells
105(0) and 105{1). In some embodiments the configuration of the memory cells 108 wmay
be considered to comprise memory cells within a 4F2 architecture, where F indicates a
mninnon featores size of a given technology.

{8106} The memory cells 1030} and 1081} are similar to the memory cells 105{0) and
10S{1) of the embodiment of Fipure 4B, however, the memory cells 105(0) and 105(1) are
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vertically stacked in the embodiment of Figure 7B rather than laterally displaced as in the
embodiment of Figure 4B, The memory cells 1050} and 105(1) of the embodiment of
Figure 7B include the same elements as the memory cells 105(0) and 105(1} of the
embodiment of Figure 4B, Where applicable, the reference numbers of the memory cells
10O3(0) and 105(1) of the embodiment of Figure 4B are used for the memory cells 103(0)
and 105(1) of the embodiment of Figure TB. The memory cells 105(0) and 103(1) share a
digit line BL-T.

{6107} The memory cell 1030 includes first and second capacitors, C1 and C2, which are
vertically displaced relative fo one another, with the second capacitor €2 being above the
first capacttor €. A fivst gansistor T1 1« between the fivst capaciior €1 and the digit e
BL-T, and the second transistor T2 is between the second capacitor 2 and the digit line
BL-C. In the iHustrated smbodiments of Figore 78 the tirst and second transistors T1 and
T2 of the memory cell 105(0) are vertically displaced relative to one another, as are the
first and second capacttors C1 and C2. Further, the first and second capacitors C1 and C2,
and first and second trapsistors TT and T2, are in a common vertical plane as one another
{1.e., are vertically stacked ong atop another). In other emabodiments the first and second
capacitors C1 and €2, andior first and second transistors T and T2, may be provided m
different confipurations.

{0108} The memory cells 105(0) and 105(1) are substantially identical to one another, with
the term “substantially identical” meaning that the memory cells are identical to within
reasonable tolerances of fabrication and measurement. The memory cell 105(1) comprises
first and second capactiors CI and C2 together with first snd second transistors T1 and T2,
An asis 163 extending through the digit Hne BL-T may be considerad to defing a marror
plane. The memeory cell 105(1) may be considered to be a substantially mirror mmage of
the memory cell 105(0) across the nurror plane. The term Vsobstantially murror image™ is
utitized to indicate that the memory cell 1031} may be a murror image of the memory cell
105(0) to within reasonable tolerances of fabrication and measurement. In comparison to
the memory cells 105(0) and 105{1) previously discussed with reference to Figore 4B, the

memory cells 105(0) and 105(1) of the illustrated embodiments of Figure 7B are similar to
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in structure to the memory cells of Figure 4B, but are vertically stacked and nurrored with
respect to the digit hine BL-T, whereas the memory cells 103(0) and 103(1) of Figure 4B
are laterally displaced.

{0109} Figure BA s a schematie diagram of four memory cells 105(03-103(3) according to
an embodiment of the disclosurg. A dashed bine demarcates an approximate boundary of
the memory cell 105, Easch of the memory cells 105 mcloudes two selection components T1
and T2 and two capacitors C1 and C2. The capacitors U1 and €2 may be ferrpelectric
capacitors. The selection components T1 and T2 may be tansistors, for example, n-type
field effect transistors. I such an example, each of the memory cells 105 mcludes two
transistors and two capacitors {e.g., 2T2C). The memory cells 105(0) and 1051}, stmdardy
to vells of Figure 6A, share a plate line structure CP and are coupled to different digit hnss
BL-T and different digit lines BL-C. The memory cells 1082) and 105(3) also share a
plate line structure OP and ate coupled to different digit lines BL-T and different digat lings
BL-C. The memory cells 105(1) and 1052} share the digst lines BL-T and share the digit
lines BL-C, smularly to cells 1030 and 105(1) wm Figere SA. As previously discussed,
when coupled to the digit lines BL-T and BL-C, the memory cells 105 may be accessed.
For example, a stored state of the memory cells 108 may be read andfor the memory cells
105 may be writieh to store a new staté or the same state. Variocus voltages, for example,
complementary voltages in some embodiments, may be applied to the plates of the
gapacitor €1 and C2 over the digit hines BL-T and BL-C and the plate Hae CP to access
{e.g., read and/or write} the memory ¢ells 105,

[a110} Figure 88 shows a portion of s memory givay 11 comprising example memory cells
105(03-105(3) of Figure 8A according to an embodiment of the disclosure. In the
embodiment of Figure 8B, the memory cells 10M0)-105(3) are vertically stacked. A
dashed line demarcates an approxinuate boundary of the memory cells 1050} and 105(1)
In some embodiments the memory cells 195(0)-105(3) of Figure 8B may be considered to
comprise memory cells within an 8F2 archutecture, where F mdicates a minnnom features

size of & given technology.
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[0111} The memory cells 105(0) and 105{1} have a stnular confipuration as the memory
cells 105{0) and 105(1) of the embodinent of Figare 6B, The memory cells 105{2) and
T03(3) also have a similar configuration as the memory cells 105(0) and 105(1) of the
embodiment of Figare 6B, In comparison with the memory cells 105{(0) and 108(1} of
Figure 8B, however, two vertically stacked memory cells 108 (oo, memory cells 105
and 105(1) of Figure 8B) sre stacked on two other vertically stacked memaory cells 103
{e.g., memory cells 10502) and 1053) of Figure 8B). The memory celly 105(0) and
105(1), and the memory cells 105(2) and 108(3) of the embodiment of Figure 88 include
the same elements as the memory cells 105(0) and 105(1) of the embodiment of Figure 4B,
Where applicable, the reference nombers of the memory cells 105{0) and 1051 of the
embodiment of Fizure 48 are used for the memory calls 105(0) and 105(1), and memory
calls 105{2) and 10543} of the embodmment of Figare 7B, The memory cells 103(1) and
105(2) share a digit line BL-T and share a digit line BL-C.

{0112} The memory cell 105{0) comprises first and second transistors T1 and T2 which are
laterally displaced relative to one another. The memory cell 105{0) comprises a first
capacitor C1 below the first transuistor T1, and comprises a sevond capacitor O2 below the
second transistor T2, The first and second capscttors €1 and €2 ave laterally displaced
relative to one another, with the second capactor C2 beiny i 8 same horizontal plane as
the first capacitor C1. The fest transistor T1 iz betwean the first capacior €1 and a digit
tine BL-T, and the second transistor T2 is between the second capacitor €2 and a digit hne
BL-C, The digit hnes BL-T and BL-C extend 1 and out of the page relative to the cross-
section of Figure 6B, In the shown embodiment the fivst and second transistors T and T2
are in 8 common horzontal plane as ong another, and the word Ime WLO extends along
such horizontal plane and comprises the gates 30 and 42 of the first and second transistors
Tiand T2,

j0113] The memory cell 108(1) is stmlar to memory cell 105(0), and comprises first and
second capscitors C1 and €2 together with first and second tansistors T1 and T2, The
first and second transistors T! and T2 comyprise conductive gates 30 and 42 which are

coupled with a second word hine WL1. The first plates 114 and 120 of the first and second
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capacitors €1 and C2 are coupled with the plate line structre CP. The memory cell
105(2) and 105(3) are slso stmmtlar to memory cedl 1050, and each comprise first and
second capacttors C1 and €2 together with first and second transistors T1 and T2, The
first and second transistors T and T2 of the memory cell 105(2) are coupled with thid
word Hne WL2 and the first and second transistors T1 and T2 of the memory cell 1033}
are coupled with a foarth word line WL3,

[0114] In the illustrated embodiment the digit hine BL-T and BL-C are m a common
horizontad plane as one another. An axis 165 extending through the digat tines BL-T and
BL-~C shared by the memovry cells 105(1) and 105(2) may be considered to define a mirvor
plane. The memory cells 105(3) and 10582} may be constdered 1o be a substantially wirror
image of the memory cell 105(0) and 105(1) across the mirror plane. The temm
“substanttally mirror image” 18 uttlized to mdicate that the memory cells 105(3) and 105(2)
may be a nurror mnage of the memory cell 105(0) and 103(1) to within feasonable
tolerances of fabrication and measarement,

{115] Figure 9A 1z a schematic diagram of two memory cells HINO) and 108(1}
according to an embodiment of the disclosure. A dashed line demarcates an approximate
boundary of the memory cell 105, Each of the memory cells 105 nclades three selection
components T1, T2, and T3 and two capacitors Cand C2. The capaciors C1 and O may
be ferroelectric capacitors. The selection components T1, T2, and T3 may be transistors,
for example, n-type field effect transistors. In such an example, each of the mamory cells
105 mcludes theee transistors and two capacttors {e.g., 3T2C)

[a11o] Operation of the selection components T, T2, and T3 s controlled by applving
voliages to the transistor gates. A respective word Hne WL mayv activate the selection
gomponents (e.g., WLO may activate the selection conponents T1, T2, and T3 of mermory
cell 105(0) and WL may activate the selection components T, T2, and T3 of memory
cell 1058(1}). The capacitor C1 has a first plate coupled 1o the selection component T3 and
has a second plate. The capacitor C2 has a fust plate coupled to the selection component
T3 and a second plate. The selection component T3 1s fuvther coupled fo the plate hine CP.

The second plate of the capacitor Cl 15 coupled to the selection component T1 and the
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second plate of the capacitor C2 is coupled to the selection component T2. The selection
component T1 s forther coupled {o a digt hine BL-T and the selection component T2 18
further coupled 1o a digit line BL~-C. When the selection components T1, T2, and T3 are
activated, such as by respective word hine WL, the sscond plate of the capacitor Cl and the
second plate of the capactior €2 are coupled 1o the dignt hnes BL-T and BL-C,
respectively, and the first plate of the capacitor C1 and the first plate of the capacitor €2
are coupled to the plate bine CP. As previously discussed, when coupled to the digit lines
BL-T and BL-C, the memory cells 108 may be dccessed. For example, a stored state of the
memory cells 105 may be read andior the memory cells 103 may be written to store 8 new
state or the same state. Vanous voltages, for example, complementary voltages m some
embodiments, may be applied to the plates of the capacttor € and C2 over the digit hinss
BL-T and BL-C and the plate line €F to access {e.g., read andfor write} the memory cells
105,

{0117} Figure 98 shows a portion of a memory array 10 including example memory cells
105(M) and 105(1) of Figure 9A according 1o an embodiment of the discloswe. In the
embodiment of Figure 9B, the memory cell 1050} is vertically stacked over the mamory
cell 105(1). A dashed line demarcates an approximate boundary of the wmemory cells
105(0) and 103(1), In some emboduments the memory cells 105 of Figure 9B may be
considered to comprise memory cells within an 8F2 acchitecturg, where F indicates a
nunimun fegtures size of a given technology.

{0118] The llustrated portion of memory arrgy 10 may be supported by a base {not shown)
analogous to the base of Figure 4B, The memory cells 105{0) and 103(1} are in g conunon
column as one another within the memory arvay. Digit ines BL-T and BL-C are between
the memory cells 105(0) and 10801}, and extend i and out of the page relative to the oross-
section of Figure 9B, The digit hines BL-T and BL-C may be coupled with a sense
component 25 of the tvpe previously described with reference to Figures 1 and 2. The
digit ines BL-T and BL~C ave shared by the memory cells T08{0) and 105(1).

j0119} The memory cell 1050) comprises first and second transistors T1 and T2 which are

{aterally displaced relative to one another. The memory cell 105(0) comprises the first
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capacitor C1 above the first transistor T1, and comprises the second capacitor C2 gbove the
second transistor T2, The first capacitor C comprises a first plate 114, a second plate 116,
and fervoelectric material 118 between the first and second plates 14 and 116, The second
capacttor C2 comprises 8 fivst plate 120 and a second plate 122, and fervoelectric material
124 between the first and second plates 120 and 122,

{6126} In the shown embodiment the second plates 116 and 122 are contamer-shaped outer
plates, and the first plates 114 and 120 are mmner plates which extend into the container-
shaped outer plates. In other embodiments the second plates 116 and 122 may have other

configurations, and the first plates 114 and 120 may also have other configurations,

[0121} The first plates 14 and 120 are coupled wath a third wansistor T3 which s
vertically displaced relative to the transistors T1 and T2, The third transistor T3 may be

vertically displaced relative fo the capacitors (1 and €2, The transistor T3 is coupled to g
plate line structure CP provided above the transistor T3 and above fust and second
capacitors C1 and 2. In the iHustrated embodiment the fivet plates 114 and 120 share &
CORMTION composition,

{0122} The first and second capacitors C1 and C2 are laterally displaced relative to one
another, and in the shown embodiment are In a same horizontal plane as one another (e,
are horizontally aligned with one another). The fust transistor T1 15 between the first
capacitor T and the digit hng BL-T, and the second transistor T2 15 between the second
capacitor C2 and the digit line BL-C. In the shown embodiment the first and second
transistors T1 and T2 are v 2 common horizontal plane as one another, and the word line
WLO extends along such horizontal plane and comprises the gates 130 and 142 of the fiest
and second fransistors T1 and T2, The third transistor T3 i3 between the first and second
horizontal plave and comprises a gate 160 of the third transistor T3, The WLO of the thud
transistor T3 extends slong a hovizontal plane that is vertically displaced from the conumon
hovizontal plane of the first and second transistors T and T2, and of the word Hue WLO of

the Brst and second frapsistors T and T2,

Let
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{8123} A first semiconductor pillar 128 extends upwardly from the digit line BL-T o the
second plate 116 of the first capaator €1, and the first transistor T s along soch fust
semiconductor pillar. A second semiconductor pillar 140 extends upwardly from the dignt
hine BL-C 10 the second plate 122 of the second capacitor C2, and the second transistor T2
1s along the second semiconductor pillar 140,

{0124} The first ranststor T inclodes the gate dielectrie roaterial 132, and further nclodes
the first channel region within the semiconductor pillar 128 and along the gate dielectric
material 132, and sowrceddrain regions 136 and 138 within the sermiconduoctor pillar and on
opposing sides of the channel region. The source/dramn region 136 18 coupled with the
second plate 116 of first capacitor U1, and the souwrce/dratn region 133 18 coupled with the
digit fine BL~-T. The sgcond transistor T2 meludes the gate dielectric material 144, and
further inchudes the second channel region, and source/drain regions 148 and 150 within
the semuconducior pillar and on opposing sides of the channel région. The source/drain
region 148 1s coupled with the second plate 122 of second capaciior €2, and the
source/drain vegion 150 is coupled with the digat Hine BL-C.

[0125] A third senvconductor pillar 170 extends upwardly from the first plates 114 and
120 to the plate line structure CP. The third wransistor T3 is along the third semiconduactor
pillar 170, The third transistor T3 includes a gate dielectric material 172, a third channel
region, and source/drain regions 174 and 176, The sowrced/drain region 174 is coupled wath
the first plates 114 and 120 of the fust and second capacitors €1 and €2, and the
source/drain region 176 is coupled with the plate line structure CP. In some embodiments,
the third semiconductor pillar 170 may have different dimensions {e.g., channel length
and/or width) from the first and second semiconductor pillars 128 and 140, as is shown
Figure 98B, In other embodiments, the third pillar 170 may have sinular dimensions (e.g.,
channel length andfor widih) as the first and second semicondoctor pillars 128 and 140.

[8120] The memory cell 10X1) stnular to memory cell 1050), and comprises first and
second capacitors C1 and €2 together with wansistors T, T2, and T3, The transistors T1
and T2 comprise conductive pates 130 and 142 which are coupled with a second word line

WL, and the transistor T3 comprises conductive gate 160 which s coupled with the
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second word line WL1 that extends along a horizontal plane that is verticslly displaced
from the coramon horizootal plane of the fest and second ransistors T and T2

j8127} The memory cell 105(1) comprises first and second transistors T1 and T2 which are
faterally displaced relative to one another. The memory ‘cell 1051} compnises the first
capacttor C1 below the first tansistor T1, and comprises the second capacitor 2 below
the second transistor T2, The first capacttor C1 comprises a first plate 114, a second plate
116, and ferroelectric material 118 between the first and second plates 114 and 116. The
second capacttor €2 comprises a first plate 120, & second plate 122, and ferroelettric
matertal 124 between the first and second plates 120 and 122, A thud transistor T3 15
vertically displaced from the ficst and second transistors T1 and T2 and between the
capacitors C1 and C2 and the plate line structure CP.

jO128} In the ilustrated embodnnent the digit line BL-T and BL-C are m 8 common
horizontal plane as one another. An axis 167 extending through the digit bnes BL-T and
BL-C may be considered to define a murror plane. The memory cell 105(1) may be
consideved to be a substantially mitror tnage of the memory cell 105(0) across the murcor
plase. The term “substantially mirror image” is ulihized to mdicate that the mamory cell
HOS(1Y may be a mirror image of the memory cell 105(0) to wathin reasonable tolerances of
tabrication and measurement.

{8129} In the illustrated embodiment of Figwe 9B the dwtt Hoes BL-T and BL-C are
shared by the memory cells 105{0) and 103{1}. In other embodiments a plate line structyre
CP may be shared by memory cells OS50} and 105(1), which are verpcally displaced on
opposing sides of the plate line structure CP from ove avother. Figures 10A and 10B
slustrate an example of such other smboduments.

0130} Figwe 10A 15 a schematic diagram of two memory cells 105(0) and 105(1)
accordig to an embodiment of the discloswre. A dashed hne demarcates an approximate
boundary of the memory cell 105, Each of the memory cells 103 includes three selection
cotmponents T, T2, and T3 and two capacitors C1 and €2, The capacitors T and C2 may

be ferrcelectric capacitors. The selection components T1, T2, and T3 may be transistors,
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for example, n-type field effect transistors. In such an example, each of the memory cells
105 inchudes three transistors and two capacitors (e.g., 3T20).

j0131} The memory cells 105(0) and 105(1) of Figure 10A share a plate line structure CP
and are coupled to different dignt hines BL-T and different digit bines BL-C. In contrast,
the memory cells 1080} and 105(1) of Figure 9A share digit lines BL-T and share digit
tmes BL-C and are coupled to different plate lines CP.

{0132} Operation of the memory cells 1030) and 105(1) of Figwwre 1A 13 samular to the
operation of the memory cells 105(0) and 105801} of Figure 8A, and will not be repeated in
the mierest of brevity.

{0133} The capacitor C1 has a first plate coupled to the selection component T3 and has a
second plate. The capacitor €2 has a first plate coupled to the selection conponent T3 and
a second plate. The selection component T3 15 further coupled to the plate hine CP. The
second plate of the capacitor €1 13 coupled to the selection component T1 and the second
plate of the capacitor 2 is coupled to the selection component T2. The selection
component T1 1s further coupled to a digit Une BL-T and the selection component T2 1s
further coupled 1o a digit Hine BL-C. When the selection components T1, T2, and T3 are
activated, such as by respective word hine WL, the second plate of the capacitor U1 and the
second plate of the capacitor €2 are coupled to the digit lues BL-T and BL-C
respectively, and the first plate of the capacitor C1 and the fust plate of the capacitor C2
are coupled to the plate line CP,

{0134} Figure 108 shows a portion of & memory array 10 comprising 8 patr of memory
cells 105(0) and 105(1) of Figure 10A gecording to an embodiment of the disclosure, In
the ambodiment of Figure 10B, the memory cell 1050} 15 vertically stacked over the
memory cell 105(1). A dashed line demarcates an approximate boundary of the memory
cells 105(0) and 10501}, In some embodiments the memory cells 105 of Figore 98B may be
considered to comprise memory cells within an 8F2 architectwre, where F indicates a
mninnun featares size of a given technology.

8135} The tlustrated portion of memory array 10 may be supported by a base (not shown}

analogous to the base of Figure 4B. The memory cells 105(0) and 105(1) are in a common
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column as ong another within the memory siray. A horizontally-extending rail 1s between
the memory cells 103(0) and 108(1), and extends along the cross~section of Figwee 108,
The rail is a plate Hne structure CP that 15 shared by the memory cells 105(0) and 105{1}
The memory cell 103{0) comprises first and second wansistors T and T2 which are
laterally displaced relative 1o one another. The memory cell 105{0) comprises g first
capacitor C1 below the first transistor T, and comprises g second capacitor €2 below the
second transistor T2. In contrast to the memory cells of Figure 98, the memory cells
105(0) and 105{1) of Tigure 10B share a plate line structure CP and are coupled to
different digit lines BL-T and different digit lines BL-C.

{8136} The first capacttor €1 comprises a fust plate 114, a second plate 116, and
ferroelectric material 118 between the firyt and second plates 114 and 116, The second
capacitor €2 comprises a first plate 120 and a second plate 122, and ferroslectric material
124 between the first and sscond plates 120 and 122,

{0137} In the shown embodiment the second plates 116 and 122 are contamer-shaped outer
plates, and the first plates 114 and 120 are mner plates which extend indo the contamer-
shaped outer plates. In other embodiments the second plates 116 and 122 may have other
configurations, and the Hirst plates 114 and 120 may also have other configurations.

[0138] The first plates 114 and 120 are coupled with the third wansistor T3, which 1
vertically displaced relative to the transistors TT and T2, and capacitors Tl and C2. The
third wransistor T3 15 coupled 10 a plate line structure CP. In the tllusirated embodiment the
first plates 114 and 120 share a common composition.

[a139] The first and second capaciiors C1 and C2 are laterally displaced relative 1o one
another, with the second capacitor €2 being m a same hotizontal plane as the fist
capacitor C1. The first transistor T1 is between the first capagitor C1 and a digst hine BL-
T, and the secoud transistor T2 15 between the second capacior €2 and a diget line BL-C.
The digit hines BL-T and BL-C extend in and out of the page relative 1o the cross-section
of Figure 1080 In the shown embodiment the first and second transistors T and T2 wre in
a common horizontal plane as one another, and the word line WLO extends along such

horizontal plane and comprises the gates 130 and 142 of the first and second transistors T1
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and T2. The third transistor T3 1s between the first and second capacitors C1 and C2 and
the plate hine strocture TP A word lme WLO extends along a horizontal plane and
along a horizontal plane that s vertically displaced from the common horizontal plane of
the first and second transistors T1 and T2, and of the word Huoe WLO of the first and second
transistors T1and T2,

{140} A first semconductor pillar 128 extends downwardly from the digat hne BL-T 1o
the second plate 116 of the first capacitor Cl| and the first transistor T s along such first
semiconchector pillar. A second semconductor pillar 140 extends downwardly fom the
digit hine BL-C to the second plate 122 of the second capacitor €2, and the second
transistor T2 18 along such second semiconductor pittar 140,

[6141} The first transistor T1 mclades the gate dielectric material 132, and firther inclades
the first channel region within the senviconductor pallar 128 and along the gate diglectric
material 132, and the source/drain regions 136 and 138 The sowece/drain region 136 13
conpled with the second plate 116 of furst capactior Cl, and the source/drain region 138 is
coupled with the digit hwe BL-T. The second ransistor T2 ncludes the gate dielsetric
material 144, and further includes the second channel region, and the source/drain regions
148 and 150 within the semiconductor pillar and ou opposing sides of the channel region,
The sowce/diain regon 148 15 coupled with the second plate 122 of second capacitor €2,
and the source/dram region 130 is coupled with the digit line BL-C.

{0142} A third semiconductor pillar 170 extends downwardly from the first plates 114 and
120 of the first and second capactiors Cl and €2 to the plate line stucture CF. The thied
transistor T3 15 along the third semiconductor pallar 170, The thurd transistor T3 meludes a
gate dislectric matenial 172, & third chaonel region, and source/drain regrons 174 and 176,
The sowrce/drasy regton 174 15 coupled wath the fivst plates 114 and 120 of the fust and
second capacitors Cl and C2, and the source/drain region 176 15 coupled with the plate line
structore CP. I sore embodients, the third semiconductor pillar 170 may have different
dimensions {e.g., channel length andfor widih) from the Hrst and second semconductor

pitlars 128 and 140, as 1s shown in Figure 10B. In other embodiments, the third pittar 170
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may have similar or the same dimensions (e.g., channel length and/or width) as the first
and second semiconductor pillars 128 and 140,

j8143] The memory cell 105(1} is stnular to memory cell 1030), and comprises first and
second capacitors C1 and C2 together with tansistors T1, T2, and T3, The first and
second transistors T and T2 comprise conductive gates 130 and 142 which are coupled
with 8 second word hoe WL, and the transistor T3 comprises conductive gate 160 which
15 coupled with the second weord line WL1 that extends along a horizontal plane that is
vertically displaced from the common horizontal plane of the first and second transistors
T1and T2

[0144} The memory cell 105(1) comprises first and second transistors T1 and T2 which are
laterally displaced relative to one another. The memory cell 105(1) comprises the first
capacitor C1 above the first transistor T1, and comprises the second capacitor C2 above the
second transistor T2, The first capacitor U comprises a fisst plate 114, a second plate 118,
and ferroelectric material 118 between the first and second plates 114 and 116. The second
capacitor 2 comprises a first plate 120, a second plate 122, and ferroelectnc material 124
between the first and second plates 120 and 122, A third trapsistor T3 i vertically
displaced from the first and second transistors T1 and T2 and between the capacitors Cl
and C2 and the plate line stracturs CP.

[0145] An axis 169 extending along the plate hine structure CP may be consudered o
define a mirror plane, The memory cell 105{1} may be considered to be a substantially
mirror image of the memory cell 105(0) across the myirror plane. The terny “substantially
nrrror image” s utilized to mdicate that the memory cell 103(1) may be a murror finage of
the memary cell 105(0) to within reasonable tolerances of fabrication and measurement. In
gomparison 0 the memory cells 105(0) and 103(1) previously discussed with reference 1o
Figure 9B, the memory cells 105(0) and 105(1) of the iHlustrated embodiments of Frgure
108 are murrored with respect to the plate line structure P whereas the memory cells
105(0) and 10501} of Figwre 9B ave purroved with respect to the digit hines BL-T and BL~

C.
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[0146} In the illustrated embodiment the digit hne BL-T of memory cell 105{0) (i.e., the
digit fine BL-T above word hine WLO) and the digtt lne BL-T of memory cell 105(1) (1.e.,
the digit line BL-T below word Hne WL1) are coupled to one another. The digit line BL-C
of memory cell 103{0} {i.¢, the dign hne BL-C above word hne WL and the digit hoe
105(1) (he, the digit lme BL-C below word line WL1) are coupled to one another,
Electrical properties of the coupled digit lmes BL-T are compared with those of the
coupled digit lines BL-C with 2 sense component 25 of the type described above with
reference to Figures 1 and 2.

{147} Figure 11A 15 a schematic disgram of two memory cells 105(0) and 1031
aceording to sn embodiment of the disclosure. A dashed hine demarcates an approximate
boundary of the memory cell 105, Each of the memory cells 105 mcludes four selection
components T1-T4 and two capacitors Cl and €2, The capsotors €1 and €2 may be
ferroelectric capaciiors. The selection components T1-T4 may be transistors, for example,
n-type field effect transistors. In sach an example, each of the memory cells 105 mchades
fow trapsistors and two capactors {e.g,, 4720

{0148} Operation of the selection components T1-T4 is controlled by applying voltages to
the transistor gates. A respective word e WL may activate the selection components
{e.g., WLO may activate the selection components T1-T4 of memory cell 105{{)) and WL1
may activate the selection components T1-T4 of memaory cell 10511,

{0149} The capacitors €1 and €2 each have a first plate coupled 1o a respective selection
component T2 and T3 and have a second plate coupled to a respective selection component
TV and T4, The second plate of the capacttor C1 is coupled to the selection component T1
and the second plate of the capacitor €2 18 coupled 1o the selection component T4, The
selection component T1 s fwther coupled to a dignt line BL-T and the selection
component T4 1¢ firther coupled to 8 digst lme BL-U. When activated, soch as by
respective word Tine WL, the second plates of the capacitors C1 and C2 are coupled 1o the
digit lines BL-T and BL~C respectively. The selection cowponents T2 and T3 are further
coupled to a plate line CP. When activated, such as by respective word hne WL, the first

plates of the capacitors C1 and C2 are coupled to the plate line TP, As previously
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discussed, when coupled to the digit lines BL-T and BL-C, the memory cells 105 may be
accessed. For example, a stoved state of the wemory cells 105 may be read andfor the
memory cells 103 ny be written to store a new state or the same state. Various voltages,
for example, complememtary voltages in some embodiments, may be apphied to the plates
of the capacitor T and C2 over the digit lnes BL-T and BL-C and the plate bne CP o
aceess {e.g., read and/or write) the memory cells 105,

0156} Frgure 118 shows a region of a memory arvay H inchuding example memory cells
105(0Y and 105{1) of Figare 11A according to an embodiment of the discloswe. In the
embodiment of Figure TIB, the memory cells 105{0) and 105(1) are laterally displaced
refative to one another. A dashed line demarcates an approximate boundary of a memory
cell 105, The memory cells 103(0) and 105(1) are substantially identical o one another,
with the term “substantially identical” meaning that the memory cells are identical to
within reasonable tolerances of fabrication and measurement. In some embodiments the
configuration of the memory cells 105 may be considered to comprise memory cells within
a 4F2 archutecture. , where F indicates a winmmum features size of 8 given techuology

{8151} The lustrated portion of memory array Himay be supported by a base (not shown)
analogous to the base of Figure 4B, The adjacent memory cells 1080} and 10581} arein a
conunon colunuy as one another within the memory afray, The memoty cells 108(0) and
1O5(1} are shown along digit lines BL-T and BL-C. The digit Tines BL-T and BL-C are
coupled with a sense component 25 of the type described above with reference to Figures 1
and 2.

[a152] The memory cell 105 comprises fivst, second, third, and fourth transistors T1-T4
and first and second capacitors C1 and C2. In the illustrated embodiments of Figure 118
the first, second, third, and fourth transistors T1-T4 of the mewmory cell 105(0) are
vertteally displaced relative 1o one another, as are the first and second capacttors C1 and
C2. Further, the first and second capacitors C1 and €2, and first, second, third, and fourth
transistors T1-T9 are in & conunon vertical plane as oue another (e, are vertreally stacked
one atop another). The first capacitor C1 comprises s first plate 114, a second plate 116,

and a ferroelectric material 118 between the first and second plates 114 and tl6.
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Similarly, the second capacitor C2 comprises a first plate 120, a second plate 122, and a
ferroelectric material 124 between the first and second plates 120 and 122,

j8153} The first transistor T1 1s between the first capacitor C1 and the dignt line BL-T, and
the fourth transistor T4 15 between the second capacttor U2 and the digit Tme BL-C. The
second transistor T2 1s between the fust capactor C1and tie plate hine strocture OF and
the fourth wansistor T3 1s between the second capacitor C2 and the plate Hoe structure CP.

154} In the showiy embodiment g first sermeonduoctor pillar 128 extends upwardly from
the digit hne BL-T 1o the second plate 116 of the first capacttor €1, and the Srst transistor
Tt s along such first semiconductor pdlar. The fust transistor T has a conductive
transistor gate 130 which s spaced from the semiconductor pillar 128 by gate dielectrie
material 132, The frst transistor T1 has a channel region within semiconductor pillar 128
and along the gate dielectric material 132, and has source/dramn regions 136 and 138 withm
the semuconducior pillar and on opposing sides of the channgl region. The source/drain
region 136 1 coupled with the second plate 116 of the first capacuor Cl, and the
soureedrain region 138 15 coupled with the digit ine BL-T, In the shown embodiment the
source/dram region 136 extends to the second plate 116 of the first capacitor C1. A spcond
semiconductor pillar 140 extends downwardly from the plate line structure CUP 1o the first
plate 114 of the first capacitor €1, and the second transistor T2 15 along such second pillar,
A third semiconductor pillar 170 extends vpwardly from the plate Hine structiue CP 1o the
first plate 120 of the second capacitor €2, and the third transistor T3 18 along the second
semconductor millar 170, A fourth senvconductor piflar 190 exiends downwardly from
the digit hne BL-C to the second plate 122 of the second capacitor €2, and the fourth
transistor T4 1s along the fourth senviconductor pillar 190

[0155] The first transistor T1 includes the gate dielectric material 132, the channel repion,
and sourceddrain regtons 136 and 138, The source/dramn region 136 15 coupled with the
second plate 116 of first capacitor C1, and the source/drain region 38 s coupled with the
digit lime BL-T. The fourth transistor T4 weludes the gate diclectric material 144, the

channe! region, and source/drain regions 194 and 196, The source/drain region 194 g
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coupled with the second plate 122 of second capacitor C2, and the socurce/drain region 196
18 conpled with the digit hoe BL-C.

ja156] The second transistor T2 includes the gate dielectric material 144, the channel
region, and source/drain regions 148 and 150, The source/drain region 148 is coupled with
the first plate 114 of first capacitor C1, and the source/drain region 130 15 coupled with the
plate lme stractiwe CP. The thurd tranaistor T3 includes the gate dielectric material 172,
the channel region, and source/drain regions 174 and 176, The sowceddram vegion 174 1
coupled with the first plate 120 of second capacitor €2, and the sowrceddramn region 176 15
coupled with the plate line structure CP. The conductive gates of the first, second, thud,
and fowrth transistors T1-T4 are coupled with a first word bne WLO. Such frstword e
may extend in and out of the page relative © the cross-section section of Figure 1B,

{01587} The memory cell 105(1) similar to memory cell 105(0), and comprises first and
second capacitors €1 and 2 together with first, second, third, and fourth tansistors T1,
T2, T3, and T4, The brst, second, third, and fourth transistors T1-T4 comprise conductive
gates that are coupled with a second word e WELI. The first plates 114 and 120 of the
first and second capacttors C1 and C2 are coupled with the second and third transistors 12
and T3 and the second plates 116 and 122 of the first and second capacitors €1 and 2 are
coupled with the first and fourth transistors T1 and T4

{0158} In the illustrated smbodiment of Figure 1B the plate Hoe structure CP 15 a il
gxtending horizontally along the columa defined by the digit hines BL-T and BL-C. Such
plate fine structure CP is sharsd by the memory cells 105(0) and 103(1), as well as by all
other memory cells along such columa,

{3159} Figure 12A 1s a schematic disgram of two memory cells 1030} and 1051}
according to an embodiment of the disclosure. A dashed line demarcates an approximate
boundary of the mersory cell 105, Each of the memory cells 103 includes four selection
compenents TIST4 gnd two capacitors T and €2, The capactiors €1 and €2 may be
ferroelectric capacitors. The selection compouents T1-T4 may be trausistors, 1or example,
n-type field effect transistors. In such an example, each of the memory cells 105 includes

four transistors and two capacitors {e.g., 4T2C).

o
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[0160} Operation of the selection components T1-T4 is controlled by applying voltages 1o
the transistor gates. A respective word lme WL may activate the selecton components
{e.g., WLO may activate the selection components T1-T4 of memory cell 105{0) and WL
may activate the selection components T1-T4 of memory cell 105(1}). The capacitors C1
and (2 each have a first plate coupled to a plate line CP through transistors T2 and T4
The capacitor C1 has a second plate coupled to a digit e BL-T through transistor Tt and
the capacitor C2 has a second plate coupled to a digit line BL~C thropgh transistor T3,
When the transistors T and T3 are activated, such as by respective word line WL, the
second plates of the capacitors €1 and €2 are coupled to the digt bnes BL-T and BL-C,
respectively. Ag previously discussed, when coupled o the digit bnes BL-T and BL-C, the
memory cells 103 may be accessed.  For example, a stored state of the memory cells 103
may be read andfor the memory cells 105 may be written to store a new state or the same
state. Various vollagss, for example, complementary voltages i some embodiments, may
be applied to the plates of the capactior CF and C2 over the digit hnes BL-T and BL-C and
the plate line CUP to access {e.g,, read andfor wiite} the memory celly 108

{8161 Figure 128 shows a portion of a memory artay 10 inchiding exanple memory cglls
105{0) and 10S(1) of Figure 12A according to an embodiment of the disclosure. In the
embodiment of Figure 128, the memory cell 1030} is vertically stacked over'the memory
cell 105(1). A dashed line demarcates an approximate boundary of the memwory cells
103(0) and 103(1). In some embodiments the memory cells 103 of Figure 128 may be
considered to comprise memaory cells within an 8F2 srchitecture, where F indicates a
nnimunm festures size of a given technology.

{3162} The ilustrated portion of memory array 10 may be supported by a base {not shown)
analogous to the base of Figure 4B, The memory cells 105{0) and Y05{1} are g common
column as one another within the memory array. Digit hines BL-T and BL-C are between
the memory cells 105(0) and 105(1), and extend in and out of the page relative 1o the cross-
section of Figuwee 12B. The digat lines BL-T and BL-C may be coupled with a senge
component 35 of the tvpe previously described with reference to Figures 1 and 2. The
digit lines BL-T and BL-C are shared by the memory cells 105(0) and 105(1).
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[0163} The memory cell 105(0) comprises first, second, third, and fourth transistors T1-
T4, The first and third fransistors T1 and T3 ave laterally displaced relative to one another,
and the second and fourth transistors T2 and T4 are laterally displaced relative o one
another. The wemory cell 103{0) comprises the first capacitor U1 between the first and
second transistors T1 and T2, and comprises the second capaciior C2 between the third and
fourth transistors T3 and T4, The first capacitor CF comprises & first plate 114, a second
plate 116, and ferroelectric matenial 118 between the first and second plates 114 and 116.
The second capacitor €2 comprises a first plate 120 and a second plate 122, and
ferreelectric material 124 between the first and second plates 120 and 122, The second
transistor T2 15 above the first capacitor 1 and the fourth transistor T4 1 above the second
capacitor (2,

[6164] In the shown embodiment the second plates 116 and 122 ave contamer-shaped outer
plates, and the first plates 114 and 120 are mmner plates which extend e the contamer-
shaped outer plates. In other embodiments the second plates 116 and 122 may have other
configurations, and the fivet plates 114 and 120 may also have other configarations,

[0165] The first plates 114 and 120 are coupled to the second transistor T2 and fourth
transistor T4, respectively. The second and fourth transistors T2 and T4 are coupled o a
plate ling structure CP provided sbove the second and fourth transistors T2 and T4,

{0166} The first and second capacitors Cl and €2 are laterally displaced relative to one
anather, and in the shown embodiment are in a same horizontal plane as one another {i.e.,
are horizontally aligned with one another).

[a167] The first transistor T1 1s between the fust capgoitor C1 and the digut line BL-T, and
the third transistor T3 1s between the second capacitor €2 and the digat hoe BL-C. In the
shown embodiment the first and third transistors T1 and T3 are in a common horizontal
plane as one another, and the word hine WLO extends along such horzontal plane and
comprises the pates 130 and 160 of the first and third twransistors T and T3, The second
transistor T2 15 between the fivst capacitor C1 and the plate Hne strocture OP and the fourth
transistor T4 13 between the second capacttor C2 and the plate hine struchwe CP. In the

shown embodiment the second and fourth transistors T2 and T4 are in a common
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horizontal plane as one another, and the word line WLO extends along such horizontal
plane and comprises the gates 144 and 180 of the second and founth transistors T2 and T4,
The first and third transistors T1 and T3 are m g common horizontal plane that is vertically
displaced from the common horizontal plane of the second and fath transistors T2 and
T4.

{0168} A first senrconductor pillar 128 extends vpwardly from the digit line BL-T 1o the
second plate 116 of the first capacttor C1, and the first transistor T1 is along such first
sermcondoctor pitlar 128, A second senviconductor pillar 140 extends downwardly from
the plate hine stracture CP 1o the first plate 114 of the st capacitor Cl, and the secound
transistor T2 is along such second pitlar. A thud semiconductor gillar 170 extends
upwardly from the digit hine BL-C 1o the sgcond plate 122 of the second capacitor €2, and
the third transistor T3 is along the third senticonductor pillar 170, A fourth semiconductor
pillar 190 extends downwardly from the plate line stracture CP o the fivst plate 120 of the
second capacitor €2, and the fourth transistor T4 i along the fourth semiconductor pillar
190,

[0169] The first transistor T1 includes the pate dielectric material 132, the first channel
region, and source/drain regions 136 and 138 The source/drain region 136 i coupled with
the second plate 116 of first capacitor Cl, and the source/dramn region 138 is coupled with
the digit Bue BL-T. The third wansistor T3 meludes the pate dielectiic material 172, the
third channel region, and source/drain regions 174 and 176, The source/drain region 174 is
coupled with the second plate 122 of second capacitor €2, and the source/drain region 176
15 coupled with the digit ine BL-C.  The second tansistor T2 includes the gate dielectric
material 142, the second channel regron, and source/dram regions 148 and 150, The
source’dram region 148 15 coupled with the first plate 114 of first capacitor C1, and the
source/deain region 1530 1¢ coupled with the plate hne stractwre UP. The fourth transistor
T4 includes the pate dielectric material 182, the second channel vepion, and source/drain
regions 194 and 196, The sowrce/drain region 194 38 coupled with the fust plate 120 of
second capacitor 2, and the sowce/drain vegion 196 15 coupled with the plate line

structure CP.
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[0170] The memory cell 105(1) similar fo memory cell 105(0), and comprises first and
second capacitors €1 and C2 together with first, second, third, and fourth transistors T1,
T2, T3, and T4, The first and third transisiors T1 and T3 conyprise conductive gates 130
and 160 which are coupled with a second word line WLI, The second and fourth
transistors T2 and T4 comprise conductive gates 144 and 180 which are coupled with a
second word line WLI. The frst plates 114 and 120 of the first and second capacitors C1
and C2 are coupled with the second and fourth transistors T2 and T4 and the second plates
116 and 122 of the first and second capacitors C1 and C2 are coupled with the first and
third tranststors T1and T3,

{0171} The memory cell 105(1) comprises first and second transistors T1 and T2 which are
laterally displaced relative to one another. The memory cell 105(1) comprises the first
capacitor U1 below the first fransistor T1, and comprises the second capacitor (2 below
the third transistor T3, The first capacitor €1 comprises a first plate 114, 2 second plate
116, and fervoglectric material 118 between the first and second plates 114 and 116 The
second capaciter €2 comprises a first plate 120, a second plate 122, and ferroelectric
material 124 between the first and second plates 120 and 122, The second and fourth
transistors T2 and T4 are vertically displaced from the first and third transistors T1 and T3,
respectively, and the second and fourth transistors T2 and T4 are between the capacitors
C1and €2 and the plate hine stracturg CP.

{8172} In the illustrated embodiment the dipit line BL-T and BL-<C are in a conunon
horizontal plane as one another. An axis 171 extending through the digit lines BL-T and
BL-C may be considered to define a minor plane. The memory cell 105(1) may be
considered to be a substannally marror mage of the memory cell 105(0) across the mirvor
plane. The term “substantially mirvor unage™ 1s utihzed to ndicate that the memory cell
1OS5(1) way be a nurror tmage of the memory cell 1050} to within reasongble tolerances of
fabrication and measurement.

{0173} In the dlustrated embodiment of Figure 12B the dight lines BL-T and BL-C are
shared by the memory cells 105(0) and 105(1). In other embodunents a plate line structure

CP may be shared by memory cells 105{0) and 103(1) which are vertically displaced on
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opposing sides of the plate line structure CP from one another. Figures 13A and 13B
lustrate an example of such other embodiments.

j8174} Figure 13A 15 a schematic diagram of two memory cells 103(0) and 105(1)
according to an embodiment of the discloswre. A dashed hine demarcates an approximate
boundary of the memory cell 108, Each of the memory cells 103 imcludes four selection
comnponents THT4 and twe capacttors €l and €2, The capaortors U1 and €2 mav be
ferroelectric capacitors. The selection components T1-T4 may be transistors, for example,
n-type field effect transistors. In such an example, each of the memory cells 103 mclhudes
four fransistors and two capacttors {eug., $120)

{8175} The memory cells 1030 and 105(1) of Figure 13A share a plate line structare CP
and are coupled to different dignt lings BL-T and different digut lines BL-C. In contrast,
the memory cells 105{0) and 105(1) of Figure 124 share digit line BL-T and share digit
line BL-C and are coupled to different plate lines UP.

{0176} Operation of the memory cells 105{(0) and H05{1} of Figore 13A s ssmilar to the
operation of the memaory cells 105(0) and 105(1) of Figure 124, and will not be repeated in
the wmterest of brevity.

{177} Figure 138 shows a portion of a memory array 10 comprising a pair of memory
cells 105(0) and 105(1) of Figure 12A socording 1o an embodiment of the disclosure, In
the amboditnent of Figure 12B, the memory cell 105{0) s vertically stacked over the
memory call 103(1), A dashed line demarcates an approximate houndary of the memory
cells 105(0) and 105{1). ln some embodiments the memaory cells 103 of Figurs 128 may
be considered to comprise memory cells within an 8F2 architecture, where ¥ indicates a
minimum features size of a given technolony.

{0178} The tlustrated portion of memory array 10 may be supported by g bhase (not shown)
amalogous to the base of Figure 4B, A honzontally-extending plate line structiwe OP 18
between the memory cells 1030} and 105(1), and extends slong the cross-section of
Figure 13B. The 60 15 a plate line strocture CF 15 shared by the memory cells 105(0) and
1051}, The memory cell 1030} comprises first, second, third, and tourth transistors Tl-

T4. The first and third transistors T1 and T3 ave laterally displaced relative to one another,
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and the second and fourth transistors T2 and T4 which are laterally displaced relative to
one another. The memory cell 1OXM0) comprises a Hrst capacitor C1 between the fivst and
second transistors T1 and T2, and comprises a second capacitor C2 between the third and
fourth transistors T3 and T4, In contrast to the memory cells of Figure 12B, the memory
cells 105(0) and 108(1} of Figure 13B share g plate Bue structure CP and are coupled to
different digit hnes BL-T and different digtt lnes BL-C.

{8179} The first capacitor C1 comprises g first plate 114, 2 second plate 116, and first
ferroelectric material 118, The second capacitor €2 comprises g first plate 120 and 8
second plate 122, and ferroelectric material 124 between the first and second plates 120
and 122, The second transistor T2 15 above the first capacitor C1 and the fourth transistor
T4 is above the second capacitor 2.

{6180} In the shown embodiment the second plates 116 and 122 ave contamer-shaped outer
plates, and the first plates 114 and 120 are mmner plates which extend e the contamer-
shaped outer plates. In other embodiments the second plates 116 and 122 may have other
configurations, and the fivet plates 114 and 120 may also have other configarations,

[8181] The first plates 114 and 120 are coupled to the second transistor T2 and fourth
transistor T4, respectively. The second and fourth transistors T2 and T4 are coupled o a
plate ling structure CP provided below the second and fourth transistors T2 and T4,

{0182} The first and second capacitors Cl and €2 are laterally displaced relative to one
another, with the second capacitor C2 bemng in a same horizontal plang as the first
capacitor C1.

[0183] The first transistor T1 1s between the fust capgoitor C1 and the digut line BL-T, and
the third transistor T3 1s between the second capacitor €2 and the digat hoe BL-C. In the
shown embodiment the first and third transistors T1 and T3 are in a common horizontal
plane as one another, and the word hine WLO extends along such horzontal plane and
comprises the pates 130 and 160 of the first and third twransistors T and T3, The second
transistor T2 15 between the fivst capacitor C1 and the plate Hne strocture OP and the fourth
transistor T4 13 between the second capacttor C2 and the plate hine struchwe CP. In the

shown embodiment the second and fourth transistors T2 and T4 are in a common
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horizontal plane as one another, and the word line WLO extends along such horizontal
plane and comprises the gates 144 and 180 of the second and founth transistors T2 and T4,
The first and third transistors T1 and T3 are m g common horizontal plane that is vertically
displaced from the common horizontal plane of the second and fath transistors T2 and
T4.

[0184] A first semiconductor pillar 128 extends downwardly from the digst line BL-T to
the second plate 116 of the first capacitor C1, and the first transistor T1 1s along such first
sermcondoctor pillar 1280 A second senuconductor pillar 1O extends upwardly from the
plate Iine structore CP to the first plate 114 of the Hrst capacitor €1, and the secound
transistor T2 is along such second pitlar. A thud semiconductor gillar 170 extends
downwardly from the digit line BL-C to the second plate 122 of the second capacitor (2,
and the thivd fransstor T3 15 along the second semucondsctor pillar 170, A fowth
semiconductor pillar 190 extends upwardly from the plate line structre CPF to the first
plate 120 of the second capacitor (2, and the fourth tansistor T4 1z along the fourth
ssanconductor pillar 190,

{6185 The first transistor T1 includes the pate dielectric material 132, the first channel
region, and source/drain regions 136 and 138 The source/drain region 136 i coupled with
the second plate 116 of first capacitor Cl, and the source/dramn region 138 is coupled with
the digit Bue BL-T. The third wansistor T3 meludes the pate dielectiic material 172, the
third channel region, and source/drain regions 174 and 176, The source/drain region 174 is
coupled with the second plate 122 of second capacitor €2, and the source/drain region 176
15 coupled with the digit line BL-C.

{0186} The second transsstor T2 mcludes the gate dielectric matenial 142, the second
channel region, and source/drain regions 148 and 130 The source/drain repion 148 s
coupled with the fivst plate 114 of first capacitor T, and the source/drain region 150 18
coupled with the plate hine structure TP, The fourth transistor T4 includes the gate
dielectric matetial 182, the second channel regon, and source/dram regions 194 and 196,
The sourceddrain region 194 is coupled with the first plate 120 of second capacnor C2, and

the source/drain region 196 is coupled with the dignt Iine BL-C.
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0187} The memory cell 105(1) sinular fo memory cell 1050}, and comprises first and
second capacitors €1 and C2 together with first, second, third, and fourth transistors T1,
T2, T3, and T4, The first and third transisiors T1 and T3 conyprise conductive gates 130
and 160 which are coupled with a second word line WLI. The second and fourth
transistors T2 and T4 comprise conductive gates 144 and 180 which are coupled with a
second word line WLI. The frst plates 114 and 120 of the first and second capacitors C1
and C2 are coupled with the second and fourth transistors T2 and T4 and the second plates
116 and 122 of the first and second capacitors C1 and C2 are coupled with the first and
third tranststors T1and T3,

{0188} The memory cell 105(1) comprises first and second transistors T1 and T2 which are
laterally displaced relative to one another. The memory cell 105(1) comprises the first
capacitor C1 above the first transistor T1, and comprises the second capacitor C2 above the
third transistor T3, The first capacitor U1 comprises a first plate 114, a second plate 118,
and ferroelectric material 118 between the first and second plates 114 and 116. The second
capacitor 2 comprises a first plate 120, a second plate 122, and ferroelectnc material 124
between the first and second plates 120 and 122, The second and fourth transistors T2 and
T4 ave vertically displaced from the first and third transistors T1 and T3 and the second
and fourth transistors T2 and T4 are bétween the capacitors €1 and €2 and the plae Hne
structure CP. In the illustrated embodiment the digit ine BL-T and BL-C e in & common
horizomial plane gs ong another. An aas 173 extending through the digit lines BL-T and
BL-C may be considered to define a mirvor plane. The memory cell 105{1) may be
considered to be a substantially mirror image of the memory cell 105(0) across the nureor
plane. The term “substantially miror image™ is utilized to mdicate that the memory cell
TOS(1) may be a mirror image of the memory cell 105(0} to within reasonable tolerances of
fabrication and measurement.

0189} In the idlustrated embodiment of Figure 10B the digit line BL-T of memory cell
105(0) (1., the dight line BL-T above word hine WLG) and the digit e BE-T of memory
cell 105(1) (1e., the digit lime BL-T below word line WL1) are coupled to one another,
The digit line BL-C of memory cell 105(0) (1.e., the digit ine BL-C above word line WL}
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and the digit line 105(1) (i.e., the digit hne BL-C below word line WL1)} are coupled to one
another. Electvical properties of the coupled digit lines BL-T are compared with those of
the coupled diptt Hies BL-C with a sense component 25 of the type described above with
reference to Figores 1 and 2.

{190} Various embodiments of memory cells having two, three, or four transistors and
two capacitors have been disclosed with reference to Figores 1-13. The transistors m some
embodiments of the memory cells may be vertical transistors each formed from a
respective semiconductor pillar. The conductive materials of the first and second plates of
the capacttors U1 and (2 may be any suttable conductive matertals, including, for
example, one or more of vanous metals (e.g., fungsten, titantom, e}, metal-contaming
compositions {e.g., metal nitride, metal carbide, metal silicide, ete.), conductively-doped
semiconductor  materials  (eg.,  conductively-doped  silicon,  conductively-doped
germamum, ete.), etc. Some or all of plates of the capacitors C and C2 may comprize the
same composition as one another, or may comyprise different compositions relative to one
another.

{8191 The capacttors €1 and €2 are ferroelectric capacitors. The ferroelectric materials
of the capacitors C1 and 2 may comprise any suttable composition or combination of
compositions.  In some embodments the capacitor dielectric matertals may comypyise
ferroelectric material. For instance, the capacitor dielectric materials may comprise, consist
gssentially of, or consist of gne or move materials selected from the group consisting of
transition metal oxide, zirconium, zircontum oxide, hafhium, hafhium oxide, lead
ziroonium titgnate, tantalum oxide, and barium strontium titanate; and having dopant
theremn which comprises ong or more of silicon, alununum, lanthanum, vitrium, erbum,
calcium, magnesiuny, piobiwn, strontinm, and a rare earth element. In some embodiments
the ferroelectne watenials may comprise a same composition as one another, and i other
gmbodiments may comprise different compositions relative to one another,

{0192} The plate line structwre CF may comprise any stitable conductive matensal,
mcluding, for example, one or more of vanous metals {e.g, tungsten, Manmm, etc.),

metal-containing compositions {e.g., metal mitride, metal carbide, metal sihcide, etc),
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conductively-doped semiconductor materials  (e.g., conductively-doped  silicon,
conductively~doped germamum, efe.}, ete.

j8193] The senuconductor pillars may comprise any suitable semiconductor materials
meluding, for example, ‘one or both of silicon and germanngn. The source/draim regions,
and channel region, may be doped with any sustable dopants.  In some embodiments the
source/drain regions may be n-type majorty doped, and in other embodiments nay be p-
type majority doped.

{0194} The word hnes {WLG and WL1) and digy lines (BL-T and BL-C) may comprise
any autable electnically conduchive materal, ncludimg, for example, one or move of
vations metals {eg., tuagsten, Stanium, elc), wetab-contaming composthions {e.g., metal
nitride, metal carbide, metal silicide, ete). conductivelv-doped semiconductor materials
{e.g.. conductively-doped silicon, conductively-doped germanium, ete), ste. The word
lines and digit ines may comprise the same composition as one another, or may comprise
different compositions relative to one another.

{1195} Insplative matertal may swround the various components of memory cells
disclosed herein. Such insulative material may comprise any suitable composition or
combination of compostiions; including, for example, one or more of silicon dioxide,
silicon mitride, borophosphosilicate glass, spin-on dieleciric, ete.  Although insulative
material may be a single homogeneous materdal i some embodiments, m other
embodiments the nsulative material may include two or more discrete insulative
compositions.

[a1906] Although the memory cells 105(0) and 105(1) are shown vertically stacked in
Figures 5B, 68, 9B, 10B, 12B, and 13B, in some gmbodiments of the mvention, a single
faver of memory cells 1s weluded 1 & memory array. For example, in some smbodiments
a memory array melodes a single layer of memory cells 105{1), without memory cells
1OS(0) stacked thereon,

{0197} Figore 14 lustrates a block disgram of & portion of menory 1400 that juclodes
memory array 10 that supports a ferroelectric memory m accordance with vanous

embodiments of the present disclosure. Memory array 10 may be referred to as an

Lh
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electronic memeory apparatus and includes memory controller 40 and memory cell 105,
which may be examples of memory controller 40 and memory cell 103 deseribed with
reference to Figures 1, 2, or 4-13.

j0198] Memory controller 40 may mclade nasing component 1403 and timing component
1410, and may operate memory arvay 10 as desertbed in Figure 1. Memory controlier 40
may be m electromic conmmumueation with word hnes 12, digit hmes 15, and sense
component 25, which may be examples of word hne 12, dighd line 15, and sense
component 28 descrtbed with reference to Figures 1,72, or 413, The components of
memory atay 10 may be in electronie communication with each other and may perform
the functions described with reference 1o Figwes 1-13,

{8199} Memory controller 40 may be configured to activate word hines 12 or digat lines 13
by applying voltages to the word and digit ines. For example, biasing component 14035
may be configured 1o apply a voltage 1o operate memory cell 103 1o read or wiite memuory
cell 105 as described above. In some cases, memory controller 40 may mclude a row
decoder, colamm decoder, or both, as described with reference to Fanwe 1 This may
enable memory controller 40 to access one or more memory cells 105, Biasing component
1403 may also provide voliage potentials for the operation of sense component 25,

{8200} Memory controller 40 may further determune g logie state of the ferroeletric
memary cell 105 based on activating sense component 25, and write the logie state of the
ferroelectric memory cell 105 back to the ferroelecttic memory cell 105,

[0201} In some cases, memory controller 40 may perform s operations using tuning
compenent 1410, For example, pming component 1410 may control the timing of the
vanous word line selections or plate hee hiasmg, including timing for swiching and
voltage application to perform the memory functions, such as reading and writing,
discussed berern. Int some cases, tmdng component 1410 may control the operatrons of
biasing component 1403, For example, the memory controlier 40 may control the hiasing
component 1405 1o provide s read voltage VREAD to the plate hne CP to change the
voltage of the memory cell, the digit lines BL-T and BL-C, and sense node A and sense

node B of sense component 25. Following the biasing of the plate line CP, the memory
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controlier 40 may control the sensing component 25 to compare the voliage of sense node
A to the voltage of sense node B.

j0202] Upon determiming and amphifying the voltage difference, the sense component 25
may latch the state, where it may be used i accordance with the operations of an
electronic device that memory array 1018 a part.

{6203} Figare 15 ilostrates a system 1500 that sapports @ ferroelecttic memory
accordance with vartons embodunents of the present disclosure. Systern 1500 moludes a
device 1305, which may be or melade a printed cwrcwtt board 1o connect ov physically
support varous components. Devige 1305 may be a computer, notebook compuder, laptop,
tablet computer, mobile phooe, or the hike. Device 1305 meludes a memory array 1,
which may be an example of memory array 10 as described with reference to Figures 1 and
4-13. Memory array 10 may contain memory controller 40 and memory cellls) 103, which
may be examples of memory controller 40 described with reference to Figures 1 and 14
and memory cells 105 described wath reference to FIG. 1, 2, and 413, Device 1505 may
also melude a processor 1310, BIOS component 1315, peripheral component{sy 1520, and
iput/output control component 15250 The components of device 15303 may be in
electronic comumunication with one another through bus 1530,

[0204] Processor 1510 may be configured o operate memory array 1) thvough memory
controller 40, In some cases, provessor 1510 may perform the functions of memory
gontroller 40 described with reference to Figures I and 8. In other cases, memory
controller 40 may be integrated into processor 15310, Provessor 1510 may be a pensral-
purpose processor, a digital stgnal processor (DSP), an application-specific integrated
cirguit {ASIC), a field-progranmumable gate arrav (FPGA) or other programmable logic
device, discrete pate or trausistor logie, discrete hardware components, or it may be a
combination of these types of components. The processor 1510 may perform various
functions and operate the memory arvay 10 as described herein. Processor 1510 wmay, for
example, be configured o execute computer-readable tnstructions stored in wemory army

10 to cause device 1503 perform various functions or tasks.

LA
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[0205] BIOS component 1515 may be a software component that includes a basic
wmputfoutput system (BIOS) opewssied as firmware, which may mutalize and run varous
hardware components of system 1500, BIOS component 1515 may also manage data flow
between processor 1310 and the vantions components, ey, peripheral components 1520,
mpotioutpot control component 1525, et BIOS component 1515 may mclude a program
or software stored m read-only memory {(ROM), flash memory, or any other non-volatile
memory.

{6206} Peripheral component{s) 1320 may be any input or output devige, or an mferface
for such devices, that is integrated into device 1505, Examples may inclade disk
controflers, sound controller, graphics controller, Fihernet controller, modem, universal
serial bus (USB) controller, a senial or parallel port, or peripheral caxd slots, such as
peripheral component intercomect (PO or accelerated graphics port {AGP) slots,

{62071 Input/output control component 1525 may manage dala communication between
processor 1510 and peripheral componeni(s) 1520, mput devices 1535, or output devices
1340, Inputiontput control component 1325 may also manage peripherals not imtegrated
into device 15303, In somwe cases, mputioutput control component 1525 may represent a
physical connection or port {0 the external peripheral.

{6208} Input 1335 may represent 3 device or signal external to device 1508 that provides
mput o device 1505 or its components. This mav melude 8 user interface or interface with
or between other devices. In some cases, mput 1535 may be a peripheral that interfaces
with device 1503 vig perpheral component{s} 1520 or may be managed by inputioutpat
control component 1525,

{8209} Quiput 1540 may represent a device or signal external to device 1305 configured to
receive output from device 1303 or any of 1ts components.  Examples of output 15340 miay
wchide a display, andio speakers, a prinhing device, another processor o primted ciroust
board, ete. In some vases, output 1540 may be a peripheral that wterfaces with device
1505 via peripheral componeni{s) 1520 or may be managed by nputioutput control

corponent 1525,
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[0210} The components of memory controller 40, device 1505, and memory array 10 may
be made vp of ctrowstry designed 1o carry out therr functions.  This may mclade various
circuat elements, for example, conductive hnes, transistors, capacitors, inductors, resistors,
amplifiers, or other active or mactive elements, configwred to carry out the fimctions
deseribed herein.

{8211} From the foregomng it will be appreciated that, although specific embodiments of
the disclosure have been described herein for purposes of illustration, various
modifications may be made without deviating from the spint and scope of the disclosure.

Accordimngly, the disclosure is not lnnted except as by the appended claims.
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CLAIMS

What 1s claimed is:

i An apparatus, comprising:

a first capactior inclading a first plate, a second plate. and a ferroglecinic matenal
disposed bhetween the first and second plates, the first plate coupled to a plate hne structure;

a second capacitor mcludmg a first plate, a second plate, and a ferroelectric
matertal disposed between the first and second plates, the first plate coupled to the plate
fine structure;

a first ransistor vertically displaced relative to the first capacitor and coupled to the
second plate of the first capacitor; and

a second transistor vertically displaced relative to the second capacitor and coupled

to the second plate of the second capacitor.

2. The apparatus of claim 1 wherein the first transistor includes a first
sennconductor pillar extending from the second plate of the first capacitor and the second
transistor includes a second semiconductor pillar extending from the second plate of the
second capacitor.

3. The apparatus of ¢laim 2 wherein the first transistor includes a channel
region within the first semiconductor pillar and source/drain regions included in the first

semuconductor pillar.

4. The apparatus of claim 1 wherein the first transistor includes a first
semiconductor pillar disposed between the second plate of the first capacitor and a dagit

fne.

5. The apparatus of claim 1 wherein the first transistor and the second

transistor are vertically displaced relative to one another.

LA
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6. The apparatus of claim 1 wherein the first plates of the first and second

capacitor share a common composition with the plate line structure.

7. The apparatus of claim 1 wherein the first transistor and the second

transistor are laterally displaced relative to one another.

8. The apparatus of ¢laim 1 wherein the first and second transistors are in a
commuon horizontal plane and the first and second transistors mclude respective gates

along a word Hine that extends along the horizontal plate.

9. The apparatus of ¢laim 1 wherein the first transistor and the first capacitor
are included i a first memory cell and the second transistor and the second capacitor are
mcluded ir 8 second memeory cell, and wherein the first and second capacitors are
vertically displaced relative to one another and wherein the plate hne siructure is shared by

the first and second memory cells.

10, An apparatus, comprismg;
a Hirst memory coll; and
a sgcond memory cell;
wheram gach memaory cell comprises:
a first transistor;
a first ferroelectric capacitor mcluding a ferroelectric material, coupled to
the first transistor and vertically displaced relative to the fivst transistor;
a second transistor; and
a sccomd ferroelectric capacitor coupled to the second transistor and

vertically displaced relative to the second transistor.

11, The apparatus of clatm 10, further comprising:

a plate line structure shared by the first and second memory cells.
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12, The apparatus of claim 11 wherein the first and second memory cells are

laterally displaced relative to one another.

13, The apparatus of claim 10 wherein the first and second memory cells are
vertically displaced on opposing sides of one of a plate line structwre shared by the first

and second memory cells or g digit line shaved by the first and second memory cells,

14, The apparatus of clam 10, further comprising;
a first digit ling shared by the first and second memory cells; and

a second digit hne shared by the first and second memory cells.

15,  The apparates of claim 10, fiwther comprising:
a first digit line shared by the first and second memory cells;
a second digit ine coupled to the first memory cell; and

a third digit line coupled to the second memory cell.

16, An apparatus, compismg;

a Brst ferroelectric capacitor including tirst and second plates;

a second ferccelectric capacitor nchuding first and second plates, whersin the first
and second ferroelectnic capacitors are vertically displaced relative o one another;

a first transistor including a tiest sewiconductor pillar coupled to the second plate of
the first ferroelectric capacitor and disposed between the first capacitor and a first digit
line; and

a second transistor including a second senuconductor mllar coupled to the second
plate of the second ferroelectric capacitor and disposed between the second capacitor and a

second digit hine.

17, The apparatus of claim 16 wherem the first and second digit hines are in g

commaon horizontal plane.

60
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18.  The apparatus of claim 16, further comprising:
a third tansistor ncludimg 8 third semaconductor pillar coupled to the first plates of
the first and second capaciiors and disposed between the first and second capacitors and a

plate bne strocture,

19, The apparatus of claim 18 wheremn the third senvconductor pillar has a

different dimension for of at least one of a channel length or a channel width.

20, The apparatus of claim 18 wherein the third fransistor is verbcally displaced

relative 1o the first and second transistors,

21, The apparatus of claim 20 wherein the third transistor is above the first and

second transistors.

22, The apparatus of clazm 20 wherein the third transistor is below the first and

second transistors.

23, The apparatus of clasm 16, further comprising:

a third transistor including a third semiconductor pillar coupled to the first plate of
the first capacitor and disposed between the fivst capacitor and a plate hae stracture; and

a fourth transistor including a fowth semiconductor pillar coupled to the first plate
of the second capaciior and disposed between the second capacitor and the plate hne

structure.

24, An apparatas, comprising:

a first capacitor mcluding first and second plates, and further includmg a
ferroelectric material disposed between the first and second plates;

a sevond capacitor inchuding frst and second plates, and further nchuding a

ferroclectric matenial disposed between the first and second plates;

61



WO 2018/044485 PCT/US2017/045167

a first vertical transistor disposed between the second plate of the first capacitor and
a fivst digit hine;

a second vertical transistor disposed between the second plate of the second
capacttor and a second digit line; and

a third vertical transistor disposed between the first plates of the first and second
capacitors and a plate line strocture, wherein the thard vertical fransistor is vertically

displaced from the first and second vertical transistors.

25, The apparatus of ¢latm 24 wherein the first and second transistors are in a

connmion horizontal plane,

26, The gpparatus of clamm 24, further comprising:
a first word hne inchuding gates of the first and second transistors; and

4 second word tine including a gate of the third transistor.

27, The apparvatas of claim 2¢ wherein the first word line exiends alonyg g first
horizontal plane and the second word hine axtends along a second horizontal plane that is

vertically displaced from the honizontal plang of the first word hine.

28, The apparatus of claim 24 wherein first and second capacitors, and the first,
second, and third vertical transistors are included i & first memory cell, and wherein the
first and second digit lines are shared with a second memory cell over which the first

memory cell is stacked.

29, The apparatis of ¢laim 24 wherein fivst and second capacitors, and the first,
second, and third vertical transistors are inchuded i 2 first memory cell, and wherein the
plate line structure 1§ shaved with a second memaory cell over which the first memuory cell 1s

stacked.
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30.  An apparatus, comprising:

a fust ferroelectrie capacitor inchidvng fivst and second plates:

a second ferroelectrie cgpacttor inchading first and second plates;

a first vertical transystor disposed between the second plate of the first ferroelectric
capacttor and 8 first digit line;

a second vertical transistor disposed between the first plate of the first ferreelectric
capacitor and a plate hne structure, wherein the first vertical transistor is vertically
displaced from the second vertical transistor;

a thard verbeal transsstor disposed between the second plate of the second
ferroelectric capacitor and a second digh line, and

a fourth vertical transistor disposed betwesn the first plate of the second
ferroelectric capacitor and the plate line structure, whersin the third vertical transistor 18

vertically displaced from the fowath vertical transistor.

31, The apparatus of clann 30 wherein the first, second, third, and fowrth

vertical transistors are in a common vertical plane.

32, The apparatus of claun 30 wherein first and third vertical transistors are i a
first common horizontal plave as one another and the second and fowrth vertical transistors

are wn a second common honzontal plane as one another,

33.  The apparatus of claim 32 wherem the first common hotizontal plane is

vertically displaced from the second common horizontal plane.
3. The apparatus of claim 32, further comprising & word line including gates of
the first and third transistors, wherem the word line extends along the first common

horizontal plane.

35 The apparatus of claim 30 wherein first and second ferroelectiic capacitors,

and the first, second, third, and fourth vertical fransistors are included n a first memory
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cell, and wherein the first and second digit lines are shared with a second memory cell over

which the first memory cell s stacked.

36.  The apparatus of claim 30 whersin first and second ferroelectric capaciiors,
and the first, second, third, and fourth vertical transistors gre incloded in g first memory
cell, and wherein the plate hoe structure 15 shared with a second memory cell over which

the first memory cell is stacked.

37, The apparatus of claim 30 wherein each of the first, second, third, and
fourth transistors comprises:

a sermconductor pitlar;

a pate dhelectric matenal;

a channel region in the semiconductor pillar; and

source/drain regions m the semiconductor pillar.

38, A method of sccessing a memory cell, comprising:

activating first and second transistors of the memory call

applving a voltage © a plate line coupled to first and second ferroelectric
capacitors, the first fervoelectric capactior coupled to the first wansistor and vertically
displaced relative to the first transistor and the second ferroelectiic capactior coupled to the
second transistor and vertically displaced relative to the second transistor; and

comparing a first vohage developed at a first digit hine coupled to the first
ferroelectric capactior to 8 second voltage developed at 8 second digit line coupled 1o the

second fervoelectric capacitor.
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