US 20240251563A1

a9y United States

a2y Patent Application Publication

Karda et al.

(10) Pub. No.: US 2024/0251563 A1l
43) Pub. Date: Jul. 25, 2024

(54) MEMORY DEVICE HAVING 2-TRANSISTOR division of application No. 17/514,979, filed on Oct.
VERTICAL MEMORY CELL AND WRAPPED 29, 2021, now Pat. No. 11,616,073.
DATA LINE STRUCTURE Publication Classification
(71) Applicant: Micron Technology, Inc., Boise, ID (51) Imt. ClL
us) H10B 43/50 (2006.01)
] HOIL 29/10 (2006.01)
(72) Inventors: Kamal M. Karda, Boise, ID (US); HO1L 29/423 (2006.01)
Eric S. Carman, San Francisco, CA (52) US.CL
(US); Karthik Sarpatwari, Boise, ID CPC ........ HI0B 43/50 (2023.02); HOIL 29/1062
(US); Durai Vishak Nirmal (2013.01); HOIL 29/42396 (2013.01)
Ramaswamy, Boise, ID (US); Richard
E. Fackenthal, Carmichael, CA (US); 67 ABSTRACT
Haitao Liu, Boise, ID (US) Some embodiments include apparatuses and methods form-
ing the apparatuses. One of the apparatuses includes a first
(21) Appl. No.: 18/623,956 transistor including a first channel region, and a charge
storage structure separated from the first channel region; a
(22) Tiled: Apr. 1, 2024 second transistor including a second channel region formed
over the charge storage structure; and a data line formed
Related U.S. Application Data over and cqntacting the I.irst.chann.el region.and the second
channel region, the data line including a portion adjacent the
(60) Continuation of application No. 18/126,679, filed on first channel region and separated from the first channel
Mar. 27, 2023, now Pat. No. 11,950,426, which is a region by a dielectric material.
ity
§
120 1%% 3%}3 jhi%e A0
i W iirs
RASH . ~.
i W e SEE .
(Cr o CONIROL | > =30 ) :
S T W == w
CRE s CELL
—10
A Y
= SENSING CIRCUITRY
€3
&
W s e et et
KR RS L L =51 SFLECT CROLT 11
: i L
? ==
2
R 106 <5 ! 116 jAY?
Voo A LR . 000
am /0 :
V55— CROUTRY :
OGN




US 2024/0251563 Al

Jul. 25,2024 Sheet 1 of 32

Patent Application Publication

/4

MO
: RO 7 550
- 0/ 0 w
| w W m 7 JA
AR = %0 st
= o
it 1AM 0TS D e HDRK 0y
=5 == i
AN NSNS b
20—
(] - (73 - el 35
m W =t W y
: . Ex TOMINOD [ &)
iE RN g e
_ o w — YT R
W W i i
5
il



US 2024/0251563 Al
pav

Jul. 25,2024 Sheet 2 of 32

Patent Application Publication

EEEEEE -1 i ey i e
. m | R ; e |
m | | m
) ] m M / s} m m 4 o
[ m | [ | | =
= w 7
l«mﬁﬁm%&m | mlmﬁﬁw‘wm | mimmﬁ%
s | | w » o
m.& 4 m ] m By m | m :WW
555555 d | N | | IS S
§§§§§§ ™ |
| | j - w
j | ] m
d m M o o
HE L HE| e
& w 1
i = I e P e
p\ E - {3
m ! B, A m
- Ly | | 2 Ly | | 2- Iy
EEEEEE A I N I
== % Z-
3 . P
g e oo



US 2024/0251563 Al

Jul. 25, 2024 Sheet 3 of 32

W

\

?ﬁ 240

BLY
(¥3)

i
(3)

Vot

Patent Application Publication

[l
W0 OO O WO KOO WA 00D JFOPIRS. SR N m!&.!... §§§§§ MNMN'N
" " | " ¢
nimf_ nLﬂii_ nrll.m g
[ o -
[y L2
W 3 w3
I [ i
[ & & {7 =
g2 g2 oF .
27 27 27
el
sssssss m\..lliill...\l...ll...l!ill ml..\ilill.!ili!.li!.lll.l &
| m !
m m
- | : m
ok o
il = i
o m gl I M b B
o2 = M o2 =2 m o2 =
27 L ColeT TR S
§§§§§§§ ol T T W
e S My e
-=_ =, T



Jul. 25,2024 Sheet 4 of 32 US 2024/0251563 Al
2l

oo

My

Patent Application Publication

B2
v7)

[
§§§§§§§ covM q!:t!:u.{c:}g!;&;!w mﬁggg;ggﬂﬁ ﬁﬂi&w
. g | . | o | . .
M | m m m
F. MI!!L m w P: m M M 4 [a] m
- " | ] | | = |
e e e ]
P ] o 224 e 24
g2 i o2 &
=5 4 g | =5 4 i | 53 Syt |
§§§§§§§ ol R I I
5555555 =3 e e e e e e oy
§ m . | e | m
M ! i | w
s o § m ’ i | m ' g |
— " | — ! m L |
M mi m ML m
il w = M 2
e | i g
¢! . ¢ =3
o2 § M oz - { oz |
27 M2y P ET My R A
sssssss " T N b b e
T e N =
== = =,



US 2024/0251563 Al

Jul. 25, 2024 Sheet 5 of 32

Patent Application Publication




US 2024/0251563 Al

Jul. 25, 2024 Sheet 6 of 32

Patent Application Publication

e /A
£ :
. W JISENS
| g
1
— 18
B g 8 w1
! ¢ | |
! f ¢ §
L _ - g
¥ Y ¥ ~ 3
hw /
_ W N
| % 9% ||
G WG L0
m/ 3 y } j T .@‘N
K N o | i wﬁ s | | AR N i BT
¥ o) ||| P ) | W P e ai
T sy T sy A e o
i o 7 R e ;
2 W0 ® . W
%N R
J \ J \
A W W 0



Patent Application Publication  Jul. 25,2024 Sheet 7 of 32 US 2024/0251563 A1

P
& oot
z E
Py
(\i | 28 B
<R
&3 = 2y
o3 oo o 8D o &
Y el o :(."; [ faNs N
- X
[ O]
N
g — |
joser
=2
LR [T

PZAT
B



Patent Application Publication  Jul. 25,2024 Sheet 8 of 32 US 2024/0251563 A1




US 2024/0251563 Al

Jul. 25, 2024 Sheet 9 of 32

Patent Application Publication




US 2024/0251563 Al

Jul. 25, 2024 Sheet 10 of 32

Patent Application Publication

for e 0 TR TR R R R, R R VR R 3 KR 0 K1 W, TR, 6B 430 7 WK K. R O K9 K0 K, R KR TR 70 R TG CHA 0 W, N % I 0 W \im
R E
mw;;&!
2.1 ey
&z m.m o
> \%
%1}&1 e e s e e 3 it o S s ot i S 5 0 A e s e o \X.J“v&
Y g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T
d-g 2
M‘mé
o B
&3 & L2
o A 5
e R R N e AR 2

VA



Patent Application Publication  Jul. 25,2024 Sheet 11 of 32  US 2024/0251563 A1l

1M
\ W, W

AL 10 102

TN



Patent Application Publication  Jul. 25,2024 Sheet 12 of 32 US 2024/0251563 A1l

/!
\

g0 155
LR
<A 3
830
> L] Z
-

\
\




Patent Application Publication  Jul. 25,2024 Sheet 13 of 32  US 2024/0251563 A1l




Patent Application Publication  Jul. 25,2024 Sheet 14 of 32  US 2024/0251563 A1l




Patent Application Publication  Jul. 25,2024 Sheet 15 of 32  US 2024/0251563 A1l

B2
N \

R

16l
\

JUAY

w0
908 15987
W »«\\
%%%m\\

i\ \\3 s

i PRV -
N % "
Vel N




Patent Application Publication

Jul. 25,2024 Sheet 16 of 32 US 2024/0251563 A1

TR

it 108

108

126,y U3
108 4

Y

1

o

1n 1828

Ny

16
e

@31

w8

N .y
O eSS

A N am
’ a# V7
I Y}?‘@ : -

82
/Ao

S

A

#4

we

G758

/

//

-



Patent Application Publication  Jul. 25,2024 Sheet 17 of 32 US 2024/0251563 A1l

oy 2 W
SN R -
02\ 42 [ o
W Y 9% ] S 1 et
\\2&2\\\%‘ ST | UL )
W\ s+ AW e
sl i AT
(i S - ;
AL LR e
sl +-193




Patent Application Publication  Jul. 25,2024 Sheet 18 of 32  US 2024/0251563 A1l

A
¥
\

\

T




Patent Application Publication  Jul. 25,2024 Sheet 19 of 32  US 2024/0251563 A1l

82 208

2 mgm‘s
R e 2N
PR
{
Y\\T/- X

%8
1
%9

VI

- { 2B | \ ‘

ALY

AR
zm{ AT

e~ | F
WL~




US 2024/0251563 Al

Jul. 25, 2024 Sheet 20 of 32

Patent Application Publication

o




Patent Application Publication

Jul. 25,2024 Sheet 21 of 32

US 2024/0251563 Al

T
Wy \\&;///
a1
U
248 L
PAL i
) T
~ /
| / ~
f::\ T /
L / /) 95
~ {—f /

Vy/471/4



Patent Application Publication  Jul. 25,2024 Sheet 22 of 32  US 2024/0251563 A1l

WH [

PALY e -
PALYA] A
PALAL B
PAL Rt

V1A




US 2024/0251563 Al

Jul. 25, 2024 Sheet 23 of 32

Patent Application Publication

1
. Ty 1158NS
{
5
958
Y
e W ™
L3Nl Y L
, T G ,
f
\
i
X ] AW D | aw
o ez Y w || o L]
Bt N IR BN N AR ~4iTR
2| ﬁ | gy g e ﬁi, o
i g ’H |
5 4 5
e W yreed W
J J L L
e W it 0w



Patent Application Publication  Jul. 25,2024 Sheet 24 of 32  US 2024/0251563 A1l

10 085 oo ) A
N
«ﬁm" 1%2%’ Y?Z{ii 1032 \ =
NS o
- \ S A 00
e
93 | R IEmRT
) i Pk ol Z
=N
991 «\\,/’ - o
W S T -
\ / Vi1
o




Patent Application Publication  Jul. 25,2024 Sheet 25 of 32  US 2024/0251563 A1l

W
o g i
RS
==
w2l o
AME
WA _
1y

nay




Patent Application Publication

BW - %/

on <\ ”’J’/
NAZR BN
AZE - H
418 L
At M’"‘\\\

o
\\
Pt

Jul. 25, 2024 Sheet 26 of 32

US 2024/0251563 Al

S\




Patent Application Publication  Jul. 25,2024 Sheet 27 of 32  US 2024/0251563 A1l

B~ A
AR
AR T ]
AR
PAT T
S /«—%%@
) o / A
= /; S
< T -~
N / ”’:/// 99




Patent Application Publication  Jul. 25,2024 Sheet 28 of 32 US 2024/0251563 A1l

A TR0
PALY e Ih
PALYAY = i
PALSH "
PAL i e T
) /w%%%
R == W
L
< // ‘/,/‘//’
\\\\ / / ~-30%
\\r{: %/ /,/ / /

V)4



Patent Application Publication  Jul. 25,2024 Sheet 29 of 32  US 2024/0251563 A1l

2% <

<A T
2UB .
PALYA] e
21418 P
E‘l‘yﬁ\‘ N“”‘“\\\
Rl /ff%%%
- P /;/; T
<3 P - f
~L // T
s N T
P T
\::,/ " -
\\\,/ - e 7
P -
T ”
\\ f/ //

V774



200 <

Patent Application Publication  Jul. 25,2024 Sheet 30 of 32  US 2024/0251563 A1l
- - PAVALY
Z%‘&g Zﬁﬂg o 2%123 W
‘3%2%3 %%?ﬁ.g 2%223 - 2%233
A e e e : 2003
Ay &%&3 .7 @.&3“23 e Eﬁﬁ;@a E
| i |
> > 7 fAu AT
80 f/j 2%‘1‘1;3 - L7 W ; P R
?;%Z@g 2%2§2 Z%‘%’Q e 2%233
wwwwwwwwwwwwwwwwwwww ; e
By ‘&%312 . ’ Eﬁgﬁ&z L 3&3@ !
| ] |
- - . FANATY
paily / g\ Y ,”f paiva) K P R .
2%2% 2%?3. Pafe ’ 2%23
iy MME MM% ;B 2
A W e o
§ | |
> ; - Wy
?&%g A T / v , PR R i,
2%%;3 2%?;?;%
mmmmmmmmmm - 2000
g i&@ / 31;3;32%

A

V(8




US 2024/0251563 Al

Jul. 25, 2024 Sheet 31 of 32

Patent Application Publication

ot b
7 Z =
o] ot PV
nJu 5 3
) /
w w food
o2
rFom i o 7 | 7 P 7 %M
b § I i b { oo i A
e o e hF pinved oo e &=
B fon - I N e o S B R P [ 08 B B < s B T
P Peds gt (s | e g s &
| = O | = o | = o [ = o
4 . 4 | A4 - 4
R 7 F o N g 1 FmTm T g
. i i o ! o { o i
P oh LS e L S gt | S ed
| PR S & i &5 &g A E - R =
S & Tge & e E) T Ee &
S -, 4 S . 4 | 4 b v o e e d
[ ) Fr-—-=-=-"- 1 Fomm 1 | 2 1
P m oo m P | b i
e &7 farr o2 e e At o
e e b E3 7 e boEs Tl e bEs o e
EE 8, | ER &, | EE g | EE 8
E S L s O BT oM L =T S
| S, 4 | S, 4 |, J b e o e i
| 1 | 1 | 2 N r=====- B
e j (o i P i b oo i
Fy L e &2 fa b o &P
oot gt [ iom =t o & | o &
VEE S T as a8 | ERE e | a5 82
CEOSN D E T O, L ET T E Ty
b e v e e g L e e e e J |, d b e oo e e e d
,%L 5 5 -t
&= &= = %
&3 &5 £ &

Vi



US 2024/0251563 Al

Jul. 25, 2024 Sheet 32 of 32

Patent Application Publication

V..l
..1.\& .
2 2 ve Z
n‘..w MN nfw Mw
Fon 7]

g . g y g 7 pooo 7 M“mw
mm nnnnn i} ﬁam DWEIIIL. 2m mw nnnnn J ‘&m mﬁ nnnnn 3 Q“

boCo T w3 I G i B <1 B LI oS B - F R Lo B -

Wk mmT LSS EoL 1o mmmm Wk m.mmu
mﬁ.nﬁ_ MW.\?NM _W e MWW\Eu

b e e J b v o o 3 O 4 R, A

| . A | . 3 [ 3 oo e 3

b H o ; e } b H

[% i [ AT [ave oyl [ o2
2Nl es 8 e 8 | gd 8

LSO BB |1 Es g | s E | s B

jo—= i | = i | = ! | {

| J J A b e e e d

| 2 A | 3 | % froee e e e e 4

b H oo } I e § b {

Er o2 vy, 2 i ot o [
2ol e g g 8 | 20 8

Wik %T Wik mmwm i ks mlm_m Weika %_u

MM i “M i “HM i HHM {

| J J J | J

oy FM%L s ¥1

% & = =

g [V faV [

VA



US 2024/0251563 Al

MEMORY DEVICE HAVING 2-TRANSISTOR
VERTICAL MEMORY CELL AND WRAPPED
DATA LINE STRUCTURE

PRIORITY APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 18/126,679, filed Mar. 27, 2023, which is a
divisional of U.S. application Ser. No. 17/514,979, filed Oct.
29, 22021, now issued as U.S. Pat. No. 11,616,073, all of
which are incorporated herein by reference in their entirety.

BACKGROUND

[0002] Memory devices are widely used in computers and
many other electronic items to store information. Memory
devices are generally categorized into two types: volatile
memory device and non-volatile memory device. A memory
device usually has numerous memory cells in which to store
information. In a volatile memory device, information stored
in the memory cells is lost if power supply is disconnected
from the memory device. In a non-volatile memory device,
information stored in the memory cells is retained even if
supply power is disconnected from the memory device.
[0003] The description herein involves volatile memory
devices. Most conventional volatile memory devices store
information in the form of charge in a capacitor structure
included in the memory cell. As demand for device storage
density increases, many conventional techniques provide
ways to shrink the size of the memory cell in order to
increase device storage density for a given device area.
However, physical limitations and fabrication constraints
may pose a challenge to such conventional techniques if the
memory cell size is to be shrunk to a certain dimension.
Further, increased device storage density for a given area
may cause excessive capacitive coupling between elements
of adjacent memory cells. Unlike some conventional
memory devices, the memory devices described herein
include features that can overcome challenges faced by
conventional techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows a block diagram of an apparatus in
the form of a memory device including memory cells,
according to some embodiments described herein.

[0005] FIG. 2 shows a schematic diagram of a portion of
amemory device including a memory array of two-transistor
(2T) memory cells, according to some embodiments
described herein.

[0006] FIG. 3 shows the memory device of FIG. 2, includ-
ing example voltages used during a read operation of the
memory device, according to some embodiments described
herein.

[0007] FIG. 4 shows the memory device of FIG. 2, includ-
ing example voltages used during a write operation of the
memory device, according to some embodiments described
herein.

[0008] FIG. 5, FIG. 6, FIG. 7A, FIG. 7B, and FIG. 7C
show different views of a structure of the memory device of
FIG. 2 including data lines having discontinuous wrapped
portions, according to some embodiments described herein.
[0009] FIG. 8A, FIG. 8B, FIG. 8C show different views of
a structure of the memory device including data lines having
continuous wrapped portions, according to some embodi-
ments described herein.
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[0010] FIG. 9 through FIG. 22D show processes of form-
ing a memory device, according to some embodiments
described herein.

[0011] FIG. 23 through FIG. 27B show processes of
forming another memory device, according to some embodi-
ments described herein.

[0012] FIG. 28A, FIG. 28B, and FIG. 28C show different
views of a structure of a memory device including multiple
decks of memory cells, according to some embodiments
described herein.

DETAILED DESCRIPTION

[0013] The memory device described herein includes
volatile memory cells in which each of the memory cells can
include two transistors (2T). One of the two transistors has
a charge storage structure, which can form a memory
element of the memory cell to store information. The
memory device described herein can have a structure (e.g.,
a 4F2 cell footprint) that allows the size (e.g., footprint) of
the memory device to be relatively smaller than the size
(e.g., footprint) of similar conventional memory devices.
The described memory device can include a single access
line (e.g., word line) to control two transistors of a corre-
sponding memory cell. This can lead to reduced power
dissipation and improved processing. Each of the memory
cells of the described memory device can include a cross-
point gain cell structure (and cross-point operation), such
that a memory cell can be accessed using a single access line
(e.g., word line) and single data line (e.g., bit line) during an
operation (e.g., a read or write operation) of the memory
device. The described memory device can include data lines
having respective wrapped portions that wrap around part of
a channel region of a transistor of a respective memory cell.
The wrapped portions of the data lines can improve opera-
tions of the memory device. In an example, the wrapped
portions can mitigate or prevent static power (e.g., current
leakage) that may occur in the memory cells. Other improve-
ments and benefits of the described memory device and its
variations are discussed below with reference to FIG. 1
through FIG. 28C.

[0014] FIG. 1 shows a block diagram of an apparatus in
the form of a memory device 100 including volatile memory
cells, according to some embodiments described herein.
Memory device 100 includes a memory array 101, which
can contain memory cells 102. Memory device 100 can
include a volatile memory device such that memory cells
102 can be volatile memory cells. An example of memory
device 100 includes a dynamic random-access memory
(DRAM) device. Information stored in memory cells 102 of
memory device 100 may be lost (e.g., invalid) if supply
power (e.g., supply voltage Vcc) is disconnected from
memory device 100. Hereinafter, supply voltage Vcc is
referred to as representing some voltage levels; however,
they are not limited to a supply voltage (e.g., Vec) of the
memory device (e.g., memory device 100). For example, if
the memory device (e.g., memory device 100) has an
internal voltage generator (not shown in FIG. 1) that gen-
erates an internal voltage based on supply voltage Vce, such
an internal voltage may be used instead of supply voltage
Vece.

[0015] In aphysical structure of memory device 100, each
of memory cells 102 can include transistors (e.g., two
transistors) formed vertically (e.g., stacked on different
layers) in different levels over a substrate (e.g., semicon-
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ductor substrate) of memory device 100. Memory device
100 can also include multiple levels (e.g., multiple decks) of
memory cells where one level (e.g., one deck) of memory
cells can be formed over (e.g., stacked on) another level
(e.g., another deck) of additional memory cells. The struc-
ture of memory array 101, including memory cells 102, can
include the structure of memory arrays and memory cells
described below with reference to FIG. 2 through FIG. 28C.
[0016] As shown in FIG. 1, memory device 100 can
include access lines 104 (e.g., “word lines”) and data lines
(e.g., bit lines) 105. Memory device 100 can use signals
(e.g., word line signals) on access lines 104 to access
memory cells 102 and data lines 105 to provide information
(e.g., data) to be stored in (e.g., written) or read (e.g., sensed)
from memory cells 102.

[0017] Memory device 100 can include an address register
106 to receive address information ADDR (e.g., row address
signals and column address signals) on lines 107 (e.g.,
address lines). Memory device 100 can include row access
circuitry 108 (e.g., X-decoder) and column access circuitry
109 (e.g., Y-decoder) that can operate to decode address
information ADDR from address register 106. Based on
decoded address information, memory device 100 can deter-
mine which memory cells 102 are to be accessed during a
memory operation. Memory device 100 can perform a write
operation to store information in memory cells 102, and a
read operation to read (e.g., sense) information (e.g., previ-
ously stored information) in memory cells 102. Memory
device 100 can also perform an operation (e.g., a refresh
operation) to refresh (e.g., to keep valid) the value of
information stored in memory cells 102. Each of memory
cells 102 can be configured to store information that can
represent at most one bit (e.g., a single bit having a binary
0 (“0”) or a binary 1 (“1”), or more than one bit (e.g.,
multiple bits having a combination of at least two binary
bits).

[0018] Memory device 100 can receive a supply voltage,
including supply voltages Vec and Vss, on lines 130 and
132, respectively. Supply voltage Vss can operate at a
ground potential (e.g., having a value of approximately zero
volts). Supply voltage Vce can include an external voltage
supplied to memory device 100 from an external power
source such as a battery or an alternating current to direct
current (AC-DC) converter circuitry.

[0019] As shown in FIG. 1, memory device 100 can
include a memory control unit 118, which includes circuitry
(e.g., hardware components) to control memory operations
(e.g., read and write operations) of memory device 100
based on control signals on lines (e.g., control lines) 120.
Examples of signals on lines 120 include a row access strobe
signal RAS*, a column access strobe signal CAS*, a write-
enable signal WE*, a chip select signal CS*, a clock signal
CK, and a clock-enable signal CKE. These signals can be
part of signals provided to a DRAM device.

[0020] As shown in FIG. 1, memory device 100 can
include lines (e.g., global data lines) 112 that can carry
signals DQO through DQN. In a read operation, the value
(e.g., “0” or “1”) of information (read from memory cells
102) provided to lines 112 (in the form of signals DQO
through DQN) can be based on the values of the signals on
data lines 105. In a write operation, the value (e.g., “0” or
“1”) of information provided to data lines 105 (to be stored
in memory cells 102) can be based on the values of signals
DQO through DQN on lines 112.
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[0021] Memory device 100 can include sensing circuitry
103, select circuitry 115, and input/output (I/O) circuitry
116. Column access circuitry 109 can selectively activate
signals on lines (e.g., select lines) based on address signals
ADDR. Select circuitry 115 can respond to the signals on
lines 114 to select signals on data lines 105. The signals on
data lines 105 can represent the values of information to be
stored in memory cells 102 (e.g., during a write operation)
or the values of information read (e.g., sensed) from memory
cells 102 (e.g., during a read operation).

[0022] 1/O circuitry 116 can operate to provide informa-
tion read from memory cells 102 to lines 112 (e.g., during a
read operation) and to provide information from lines 112
(e.g., provided by an external device) to data lines 105 to be
stored in memory cells 102 (e.g., during a write operation).
Lines 112 can include nodes within memory device 100 or
pins (or solder balls) on a package where memory device
100 can reside. Other devices external to memory device
100 (e.g., a hardware memory controller or a hardware
processor) can communicate with memory device 100
through lines 107, 112, and 120.

[0023] Memory device 100 may include other compo-
nents, which are not shown in FIG. 1 so as not to obscure the
example embodiments described herein. At least a portion of
memory device 100 (e.g., a portion of memory array 101)
can include structures and operations similar to or the same
as any of the memory devices described below with refer-
ence to FIG. 2 through FIG. 28C.

[0024] FIG. 2 shows a schematic diagram of a portion of
a memory device 200 including a memory array 201,
according to some embodiments described herein. Memory
device 200 can correspond to memory device 100 of FIG. 1.
For example, memory array 201 can form part of memory
array 101 of FIG. 1. As shown in FIG. 2, memory device 200
can include memory cells 210 through 215, which are
volatile memory cells (e.g., DRAM cells). For simplicity,
similar or identical elements among memory cells 210
through 215 are given the same labels.

[0025] Each of memory cells 210 through 215 can include
two transistors T1 and T2. Thus, each of memory cells 210
through 215 can be called a 2T memory cell (e.g., 2T gain
cell). Each of transistors T1 and T2 can include a field-effect
transistor (FET). As an example, transistor T1 can be a
p-channel FET (PFET), and transistor T2 can be an n-chan-
nel FET (NFET). Part of transistor T1 can include a structure
of a p-channel metal-oxide semiconductor (PMOS) transis-
tor. Thus, transistor T1 can include an operation similar to
that of a PMOS transistor. Part of transistor T2 can include
an n-channel metal-oxide semiconductor (NMOS). Thus,
transistor T2 can include an operation similar to that of a
NMOS transistor.

[0026] Transistor T1 of memory device 200 can include a
charge-storage based structure (e.g., a floating-gate based).
As shown in FIG. 2, each of memory cells 210 through 215
can include a charge storage structure 202, which can
include the floating gate of transistor T1. Charge storage
structure 202 can form the memory element of a respective
memory cell among memory cells 210 through 215. Charge
storage structure 202 can store charge. The value (e.g., “0”
or “1”) of information stored in a particular memory cell
among memory cells 210 through 215 can be based on the
amount of charge in charge storage structure 202 of that
particular memory cell. For example, the value of informa-
tion stored in a particular memory cell among memory cells
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210 through 215 can be “0” or “1” (if each memory cell is
configured as a single-bit memory cell) or “007, “01”, “10”,
“11” (or other multi-bit values) if each memory cell is
configured as a multi-bit memory cell.

[0027] As shown in FIG. 2, transistor T2 (e.g., the channel
region of transistor T2) of a particular memory cell among
memory cells 210 through 215 can be electrically coupled to
(e.g., directly coupled to (contact)) charge storage structure
202 of that particular memory cell. Thus, a circuit path (e.g.,
current path) can be formed directly between transistor T2 of
a particular memory cell and charge storage structure 202 of
that particular memory cell during an operation (e.g., a write
operation) of memory device 200. During a write operation
of memory device 200, a circuit path (e.g., current path) can
be formed between a respective data line (e.g., data line 221
or 222) and charge storage structure 202 of a particular
memory cell through transistor T2 (e.g., through the channel
region of transistor T2) of the particular memory cell.

[0028] Memory cells 210 through 215 can be arranged in
memory cell groups 201, and 201,. FIG. 2 shows two
memory cell groups (e.g., 201, and 201,) as an example.
However, memory device 200 can include more than two
memory cell groups. Memory cell groups 201, and 201, can
include the same number of memory cells. For example,
memory cell group 201, can include memory cells 210, 212,
and 214, and memory cell group 201, can include memory
cells 211, 213, and 215. FIG. 2 shows three memory cells in
each of memory cell groups 201, and 201, as an example.
The number of memory cells in memory cell groups 201,
and 201, can be different from three.

[0029] Memory device 200 can perform a write operation
to store information in memory cells 210 through 215, and
a read operation to read (e.g., sense) information from
memory cells 210 through 215. Memory device 200 can be
configured to operate as a DRAM device. However, unlike
some conventional DRAM devices that store information in
a structure such as a container for a capacitor, memory
device 200 can store information in the form of charge in
charge storage structure 202 (which can be a floating gate
structure). As mentioned above, charge storage structure 202
can be the floating gate of transistor T1. During an operation
(e.g., a read or write operation) of memory device 200, an
access line (e.g., a single access line) and a data line (e.g.,
a single data line) can be used to access a selected memory
cell (e.g., target memory cell).

[0030] As shown in FIG. 2, memory device 200 can
include access lines (e.g., word lines) 241, 242, and 243 that
can carry respective signals (e.g., word line signals) WL1,
WL2, and WLn. Access lines 241, 242, and 243 can be used
to access both memory cell groups 201, and 201,. In the
physical structure of memory device 200, each of access
lines 241, 242, and 243 can be structured as (can be formed
from) at least one conductive line (one conductive line or
multiple conductive lines where the multiple conductive
lines can be electrically coupled (e.g., shorted) to each
other).

[0031] Access lines 241, 242, and 243 can be selectively
activated (e.g., activated one at a time) during an operation
(e.g., read or write operation) of memory device 200 to
access a selected memory cell (or selected memory cells)
among memory cells 210 through 215. A selected memory
cell can be referred to as a target memory cell. In a read
operation, information can be read from a selected memory
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cell (or selected memory cells). In a write operation, infor-
mation can be stored in a selected memory cell (or selected
memory cells).

[0032] In memory device 200, a single access line (e.g., a
single word line) can be used to control (e.g., turn on or turn
off) transistors T1 and T2 of a respective memory cell during
either a read or write operation of memory device 200. Some
conventional memory devices may use multiple (e.g., two
separate) access lines to control access to a respective
memory cell during read and write operations. In compari-
son with such conventional memory devices (that use mul-
tiple access lines for the same memory cell), memory device
200 uses a single access line (e.g., shared access line) in
memory device 200 to control both transistors T1 and T2 of
a respective memory cell to access the respective memory
cell. This technique can save space and simplify operation of
memory device 200. Further, some conventional memory
devices may use multiple data lines to access a selected
memory cell (e.g., during a read operation) to read infor-
mation from the selected memory cell. In memory device
200, a single data line (e.g., data line 221 or 222) can be used
to access a selected memory cell (e.g., during a read opera-
tion) to read information from the selected memory cell.
This may also simplify the structure, operation, or both of
memory device 200 in comparison with conventional
memory devices that use multiple data lines to access a
selected memory cell.

[0033] In memory device 200, the gate (not labeled in
FIG. 2) of each of transistors T1 and T2 can be part of a
respective access line (e.g., a respective word line). As
shown in FIG. 2, the gate of each of transistors T1 and T2
of memory cell 210 can be part of access line 241. The gate
of each of transistors T1 and T2 of memory cell 211 can be
part of access line 241. For example, in the physical struc-
ture of memory device 200, four different portions of a
conductive material (e.g., four different portions of continu-
ous piece of metal or polysilicon) that forms access line 241
can form the gates (e.g., four gates) of transistors T1 and T2
of memory cell 210 and the gates of transistors T1 and T2
of memory cell 211, respectively.

[0034] The gate of each of transistors T1 and T2 of
memory cell 212 can be part of access line 242. The gate of
each of transistors T1 and T2 of memory cells 213 can be
part of access line 242. For example, in the structure of
memory device 200, four different portions of a conductive
material (e.g., four different portions of continuous piece of
metal or polysilicon) that form access line 242 can form the
gates (e.g., four gates) of transistors T1 and T2 of memory
cell 212 and the gates of transistors T1 and T2 of memory
cell 213, respectively.

[0035] The gate of each of transistors T1 and T2 of
memory cell 214 can be part of access line 243. The gate of
each of transistors T1 and T2 of memory cell 215 can be part
of'access line 243. For example, in the structure of memory
device 200, four different portions of a conductive material
(e.g., four different portions of continuous piece of metal or
polysilicon) that form access line 243 can form the gates
(e.g., four gates) of transistors T1 and T2 of memory cell 214
and the gates of transistors T1 and T2 of memory cell 215,
respectively.

[0036] In this description, a material can include a single
material or a combination of multiple materials. A conduc-
tive material can include a single conductive material or
combination multiple conductive materials.
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[0037] Memory device 200 can include data lines (e.g., bit
lines) 221 and 222 that can carry respective signals (e.g., bit
line signals) BL1 and BL2. During a read operation,
memory device 200 can use data line 221 to obtain infor-
mation read (e.g., sensed) from a selected memory cell of
memory cell group 201, and data line 222 to read infor-
mation from a selected memory cell of memory cell group
201,. During a write operation, memory device 200 can use
data line 221 to provide information to be stored in a
selected memory cell of memory cell group 201, and data
line 222 to provide information to be stored in a selected
memory cell of memory cell group 201,.

[0038] Memory device 200 can include a ground connec-
tion (e.g., ground plate) 297 coupled to each of memory cells
210 through 215. Ground connection 297 can be structured
from a conductive plate (e.g., a layer of conductive material)
that can be coupled to a ground terminal of memory device
200.

[0039] As an example, ground connection 297 can be part
of'a common conductive structure (e.g., a common conduc-
tive plate) that can be formed on a level of memory device
200 that is under the memory cells (e.g., memory cells 210
through 215) of memory device 200. In this example, the
elements (e.g., part of transistors T1 and T2 or the entire
transistors T1 and T2) of each of the memory cells (e.g.,
memory cells 210 through 215) of memory device 200 can
be formed (e.g., formed vertically) over the common con-
ductive structure (e.g., a common conductive plate) and
electrically coupled to the common conductive structure.
[0040] In another example, ground connection 297 can be
part of separate conductive structures (e.g., separate con-
ductive strips) that can be formed on a level of memory
device 200 that is under the memory cells (e.g., memory
cells 210 through 215) of memory device 200. In this
example, the elements (e.g., part of transistors T1 and T2) of
each of the memory cells (e.g., memory cells 210 through
215) of memory device 200 can be formed over (e.g.,
formed vertically) respective conductive structures (e.g.,
respective conductive strips) among the separate conductive
structures (e.g., separate conductive strips) and electrically
coupled to the respective conductive structures.

[0041] As shown in FIG. 2, transistor T1 (e.g., the channel
region of transistor T1) of a particular memory cell among
memory cells 210 through 215 can be electrically coupled to
(e.g., directly coupled to) ground connection 297 and elec-
trically coupled to (e.g., directly coupled to) a respective
data line (e.g., data line 221 or 222). Thus, a circuit path
(e.g., current path) can be formed between a respective data
line (e.g., data line 221 or 222) and ground connection 297
through transistor T1 of a selected memory cell during an
operation (e.g., a read operation) performed on the selected
memory cell.

[0042] Memory device 200 can include read paths (e.g.,
circuit paths). Information read from a selected memory cell
during a read operation can be obtained through a read path
coupled to the selected memory cell. In memory cell group
201,, a read path of a particular memory cell (e.g., memory
cell 210, 212, or 214) can include a current path (e.g., read
current path) through a channel region of transistor T1 of
that particular memory cell, data line 221, and ground
connection 297. In memory cell group 201, a read path of
aparticular memory cell (e.g., memory cell 211, 213, or 215)
can include a current path (e.g., read current path) through
a channel region of transistor T1 of that particular memory
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cell, data line 222, and ground connection 297. In the
example where transistor T1 is a PFET (e.g., a PMOS), the
current in the read path (e.g., during a read operation) can
include a hole conduction (e.g., hole conduction in the
direction from data line 221 to ground connection 297
through the channel region (e.g., p-channel region) of tran-
sistor T1). Since transistor T1 can be used in a read path to
read information from the respective memory cell during a
read operation, transistor T1 can be called a read transistor
and the channel region of transistor T1 can be called a read
channel region.

[0043] Memory device 200 can include write paths (e.g.,
circuit paths). Information to be stored in a selected memory
cell during a write operation can be provided to the selected
memory cell through a write path coupled to the selected
memory cell. In memory cell group 201,, a write path of a
particular memory cell can include transistor T2 (e.g., can
include a write current path through a channel region of
transistor T2) of that particular memory cell and data line
221. In memory cell group 201, a write path of a particular
memory cell (e.g., memory cell 211, 213, or 215) can
include transistor T2 (e.g., can include a write current path
through a channel region of transistor T2) of that particular
memory cell and data line 222. In the example where
transistor T2 is an NFET (e.g., NMOS), the current in a write
path (e.g., during a write operation) can include an electron
conduction (e.g., electron conduction in the direction from
data line 221 to charge storage structure 202) through the
channel region (e.g., n-channel region) of transistor T2.
Since transistor T2 can be used in a write path to store
information in a respective memory cell during a write
operation, transistor T2 can be called a write transistor and
the channel region of transistor T2 can be called a write
channel region.

[0044] Each of transistors T1 and T2 can have a threshold
voltage (Vt). Transistor T1 has a threshold voltage Vtl.
Transistor T2 has a threshold voltage Vt2. The values of
threshold voltages Vtl and Vt2 can be different (unequal
values). For example, the value of threshold voltage V12 can
be greater than the value of threshold voltage Vtl. The
difference in values of threshold voltages Vt1 and Vi2
allows reading (e.g., sensing) of information stored in charge
storage structure 202 in transistor T1 on the read path during
a read operation without affecting (e.g., without turning on)
transistor T2 on the write path (e.g., path through transistor
T2). This can prevent leaking of charge (e.g., during a read
operation) from charge storage structure 202 through tran-
sistor T2 of the write path.

[0045] In a structure of memory device 200, transistors T1
and T2 can be formed (e.g., engineered) such that threshold
voltage Vtl of transistor T1 can be less than zero volts (e.g.,
Vt1<0V) regardless of the value (e.g., “0” or “1”) of
information stored in charge storage structure 202 of tran-
sistor T1, and Vt1<Vt2. Charge storage structure 202 can be
in state “0” when information having a value of “0” is stored
in charge storage structure 202. Charge storage structure 202
can be in state “1” when information having a value of “1”
is stored in charge storage structure 202. Thus, in this
structure, the relationship between the values of threshold
voltages Vtl and Vt2 can be expressed as follows: Vi1 for
state “0”<V1tl for state “1”<0V, and Vt2=0V (or alterna-
tively V2>0V).

[0046] In an alternative structure of memory device 200,
transistors T1 and T2 can be formed (e.g., engineered) such
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that Vt1 for state “0”<Vtl for state “1”, where Vtl for state
“0”<0V (or alternatively V11 for state “0”=0V), V1 for state
“1”>0V, and Vt1<V12.

[0047] In another alternative structure, transistors T1 and
T2 can be formed (e.g., engineered) such that Vtl for state
“0”<Vtl for state “1”, where Vtl for state “0”=0V (or
alternatively Vt1 for state “0”>0V), and Vt1<Vt2.

[0048] During a read operation of memory device 200,
only one memory cell of the same memory cell group can be
selected one at a time to read information from the selected
memory cell. For example, memory cells 210, 212, and 214
of memory cell group 201, can be selected one at a time
during a read operation to read information from the selected
memory cell (e.g., one of memory cells 210, 212, and 214
in this example). In another example, memory cells 211,
213, and 215 of memory cell group 201, can be selected one
at a time during a read operation to read information from
the selected memory cell (e.g., one of memory cells 211,
213, and 215 in this example).

[0049] During a read operation, memory cells of different
memory cell groups (e.g., memory cell groups 201, and
201,) that share the same access line (e.g., access line 241,
242, or 243) can be concurrently selected (or alternatively
can be sequentially selected). For example, memory cells
210 and 211 can be concurrently selected during a read
operation to read (e.g., concurrently read) information from
memory cells 210 and 211. Memory cells 212 and 213 can
be concurrently selected during a read operation to read
(e.g., concurrently read) information from memory cells 212
and 213. Memory cells 214 and 215 can be concurrently
selected during a read operation to read (e.g., concurrently
read) information from memory cells 214 and 215.

[0050] The value of information read from the selected
memory cell of memory cell group 201, during a read
operation can be determined based on the value of a current
detected (e.g., sensed) from a read path (described above)
that includes data line 221, transistor T1 of the selected
memory cell (e.g., memory cell 210, 212, or 214), and
ground connection 297. The value of information read from
the selected memory cell of memory cell group 201, during
a read operation can be determined based on the value of a
current detected (e.g., sensed) from a read path that includes
data line 222, transistor T1 of the selected memory cell (e.g.,
memory cell 211, 213, or 215), and ground connection 297.

[0051] Memory device 200 can include detection circuitry
(not shown) that can operate during a read operation to
detect (e.g., sense) a current (e.g., current 11, not shown) on
a read path that includes data line 221, and detect a current
(e.g., current 12, not shown) on a read path that includes data
line 222. The value of the detected current can be based on
the value of information stored in the selected memory cell.
For example, depending on the value of information stored
in the selected memory cell of memory cell group 201,, the
value of the detected current (e.g., the value of current I1) on
data line 221 can be zero or greater than zero. Similarly,
depending on the value of information stored in the selected
memory cell of memory cell group 201,, the value of the
detected current (e.g., the value of current 12) on data line
222 can be zero or greater than zero. Memory device 200 can
include circuitry (not shown) to translate the value of a
detected current into the value (e.g., “0”, “1”, or a combi-
nation of multi-bit values) of information stored in the
selected memory cell.
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[0052] During a write operation of memory device 200,
only one memory cell of the same memory cell group can be
selected at a time to store information in the selected
memory cell. For example, memory cells 210, 212, and 214
of memory cell group 201, can be selected one at a time
during a write operation to store information in the selected
memory cell (e.g., one of memory cell 210, 212, and 214 in
this example). In another example, memory cells 211, 213,
and 215 of memory cell group 201, can be selected one at
a time during a write operation to store information in the
selected memory cell (e.g., one of memory cell 211, 213, and
215 in this example).

[0053] During a write operation, memory cells of different
memory cell groups (e.g., memory cell groups 201, and
201,) that share the same access line (e.g., access line 241,
242, or 243) can be concurrently selected. For example,
memory cells 210 and 211 can be concurrently selected
during a write operation to store (e.g., concurrently store)
information in memory cells 210 and 211. Memory cells 212
and 213 can be concurrently selected during a write opera-
tion to store (e.g., concurrently store) information in
memory cells 212 and 213. Memory cells 214 and 215 can
be concurrently selected during a write operation to store
(e.g., concurrently store) information in memory cells 214
and 215.

[0054] Information to be stored in a selected memory cell
of memory cell group 201, during a write operation can be
provided through a write path (described above) that
includes data line 221 and transistor T2 of the selected
memory cell (e.g., memory cell 210, 212, or 214). Informa-
tion to be stored in a selected memory cell of memory cell
group 201, during a write operation can be provided through
a write path (described above) that includes data line 222
and transistor T2 of the selected memory cell (e.g., memory
cell 211, 213, or 215). As described above, the value (e.g.,
binary value) of information stored in a particular memory
cell among memory cells 210 through 215 can be based on
the amount of charge in the charge storage structure 202 of
that particular memory cell.

[0055] In a write operation, the amount of charge in the
charge storage structure 202 of a selected memory cell can
be changed (to reflect the value of information stored in the
selected memory cell) by applying a voltage on a write path
that includes transistor T2 of that particular memory cell and
the data line (e.g., data line 221 or 222) coupled to that
particular memory cell. For example, a voltage having one
value (e.g., 0V) can be applied on data line 221 (e.g., provide
0V to signal BL1) if information to be stored in a selected
memory cell among memory cells 210, 212, and 214 has one
value (e.g., “0”). In another example, a voltage having
another value (e.g., a positive voltage) can be applied on
data line 221 (e.g., provide a positive voltage to signal BL.1)
if information to be stored in a selected memory cell among
memory cells 210, 212, and 214 has another value (e.g.,
“17). Thus, information can be stored (e.g., directly stored)
in the charge storage structure 202 of a particular memory
cell by providing the information to be stored (e.g., in the
form of a voltage) on a write path (that includes transistor
T2) of that particular memory cell.

[0056] FIG. 3 shows memory device 200 of FIG. 2 includ-
ing example voltages V1, V2, and V3 used during a read
operation of memory device 200, according to some
embodiments described herein. The example of FIG. 3
assumes that memory cells 210 and 211 are selected memory
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cells (e.g., target memory cells) during a read operation to
read (e.g., to sense) information stored (e.g., previously
stored) in memory cells 210 and 211. Memory cells 212
through 215 are assumed to be unselected memory cells.
This means that memory cells 212 through 215 are not
accessed, and information stored in memory cells 212
through 215 is not read while information is read from
memory cells 210 and 211 in the example of FIG. 3. In this
example, access line 241 can be called a selected access line
(e.g., selected word line), which is the access line associated
with (e.g., coupled to) selected memory cells (e.g., memory
cells 210 and 211 in this example). In this example, access
lines 242 and 243 can be called unselected access lines (e.g.,
unselected word line), which are the access lines associated
with (e.g., coupled to) unselected memory cells (e.g.,
memory cells 212, 213, 214, and 215 in this example).
[0057] In FIG. 3, voltages V1, V2, and V3 can represent
different voltages applied to respective access lines 241,
242, and 243 and data lines 221 and 222 during a read
operation of memory device 200. Voltage V1 can be applied
to the selected access line (e.g., access line 241). In a read
operation, Voltage V2 can be applied to the unselected
access lines (e.g., access lines 242 and 243).

[0058] Voltages V1, V2, and V3 can have different values.
As an example, voltages V1, V2, and V3 can have values
-1V, 0V, and 0.5V, respectively. The specific values of
voltages used in this description are only example values.
Different values may be used. For example, voltage V1 can
have a negative value range (e.g., the value of voltage V1
can be from -3V to -1V).

[0059] In the read operation shown in FIG. 3, voltage V1
can have a value (voltage value) to turn on transistor T1 of
each of memory cells 210 and 211 (selected memory cells in
this example) and turn off (or keep off) transistor T2 of each
of memory cells 210 and 211. This allows information to be
read from memory cells 210 and 211. Voltage V2 can have
a value, such that transistors T1 and T2 of each of memory
cells 212 through 215 (unselected memory cells in this
example) are turned off (e.g., kept off). Voltage V3 can have
a value, such that a current (e.g., read current) may be
formed on a read path that includes data line 221 and
transistor T1 of memory cell 210, and a read path (a separate
read path) that includes data line 222 and transistor T1 of
memory cell 212. This allows a detection of current on the
read paths (e.g., on respective data lines 221 and 222)
coupled to memory cells 210 and 211, respectively. A
detection circuitry (not shown) of memory device 200 can
operate to translate the value of the detected current (during
reading of information from the selected memory cells) into
the value (e.g., “0”, “1”, or a combination of multi-bit
values) of information read from the selected memory cell.
In the example of FIG. 3, the value of the detected currents
on data lines 221 and 222 can be translated into the values
of information read from memory cells 210 and 211, respec-
tively.

[0060] In the read operation shown in FIG. 3, the voltages
applied to respective access lines 241, 242, and 243 can
cause transistors T1 and T2 of each of memory cells 212
through 215, except transistor T1 of each of memory cells
210 and 211 (selected memory cells), to turn off (or to
remain turned off). Transistor T1 of memory cell 210
(selected memory cell) may or may not turn on, depending
on the value of the threshold voltage Vt1 of transistor T1 of
memory cell 210. Transistor T1 of memory cell 211 (se-
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lected memory cell) may or may not turn on, depending on
the value of the threshold voltage Vt1 of transistor T1 of
memory cell 211. For example, if transistor T1 of each of
memory cells (e.g., 210 through 215) of memory device 200
is configured (e.g., structured) such that the threshold volt-
age of transistor T1 is less than zero (e.g., Vtl<-1V)
regardless of the value (e.g., the state) of information stored
in a respective memory cell 210, then transistor T1 of
memory cell 210, in this example, can turn on and conduct
a current on data line 221 (through transistor T1 of memory
cell 210). In this example, transistor T1 of memory cell 211
can also turn on and conduct a current on data line 222
(through transistor T1 of memory cell 211). Memory device
200 can determine the value of information stored in
memory cells 210 and 211 based on the value of the currents
on data lines 221 and 222, respectively. As described above,
memory device 200 can include detection circuitry to mea-
sure the value of currents on data lines 221 and 222 during
a read operation.

[0061] FIG. 4 shows memory device 200 of FIG. 2 includ-
ing example voltages V4, V5, V6, and V7 used during a
write operation of memory device 200, according to some
embodiments described herein. The example of FIG. 4
assumes that memory cells 210 and 211 are selected memory
cells (e.g., target memory cells) during a write operation to
store information in memory cells 210 and 211. Memory
cells 212 through 215 are assumed to be unselected memory
cells. This means that memory cells 212 through 215 are not
accessed and information is not to be stored in memory cells
212 through 215 while information is stored in memory cells
210 and 211 in the example of FIG. 4.

[0062] In FIG. 4, voltages V4, V5, V6, and V7 can
represent different voltages applied to respective access lines
241, 242, and 243 and data lines 221 and 222 during a write
operation of memory device 200. In a write operation,
voltage V4 can be applied to the selected access line (e.g.,
access line 241). Voltage V5 can be applied to the unselected
access lines (e.g., access lines 242 and 243).

[0063] Voltages V4, V5, V6, and V7 can have different
values. As an example, voltages V4 and V5 can have values
of' 3V and 0V, respectively. These values are example values.
Different values may be used.

[0064] The values of voltages V6 and V7 can be the same
or different depending on the value (e.g., “0” or “1”) of
information to be stored in memory cells 210 and 211. For
example, the values of voltages V6 and V7 can be the same
(e.g., V6=V7) if the memory cells 210 and 211 are to store
information having the same value. As an example,
V6=V7=0V if information to be stored in each memory cell
210 and 211 is “0”. In another example, V6=V7=V+ (e.g.,
V+is a positive voltage (e.g., from 1V to 3V)) if information
to be stored in each memory cell 210 and 211 is “1”.
[0065] In another example, the values of voltages V6 and
V7 can be different (e.g., V6/V7) if the memory cells 210
and 211 are to store information having different values. As
an example, V6=0V if “0” is to be stored in memory cell
210, and V7=V+ (e.g., V+ is a positive voltage (e.g., from
1V to 3V)) if “1” is to be stored in memory cell 211. As
another example, V6=V+ (e.g., V+ is a positive voltage (e.g.,
from 1V to 3V)) if “1” is to be stored in memory cell 210,
and V7=0V if “0” is to be stored in memory cell 211.
[0066] The range of voltage of 1V to 3V is used here as an
example. A different range of voltages can be used. Further,
instead of applying OV (e.g.,, V6=0V or V7=0V) to a
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particular write data line (e.g., data line 221 or 222) for
storing information having a value of “0” to the memory cell
(e.g., memory cell 210 or 211) coupled to that particular
write data line, a positive voltage (e.g., V6>0V or V7>0V)
may be applied to that particular data line.

[0067] In a write operation of memory device 200 of FIG.
4, voltage V5 can have a value (e.g., V5=0V or V5<0V),
such that transistors T1 and T2 of each of memory cells 212
through 215 (unselected memory cells, in this example) are
turned off (e.g., kept off). Voltage V4 can have a value (e.g.,
V4>0V) to turn on transistor T2 of each of memory cells 210
and 211 (selected memory cells in this example) and form a
write path between charge storage structure 202 of memory
cell 210 and data line 221, and a write path between charge
storage structure 202 of memory cell 211 and data line 222.
A current (e.g., write current) may be formed between
charge storage structure 202 of memory cell 210 (selected
memory cell) and data line 221. This current can affect (e.g.,
change) the amount of charge on charge storage structure
202 of memory cell 210 to reflect the value of information
to be stored in memory cell 210. A current (e.g., another
write current) may be formed between charge storage struc-
ture 202 of memory cell 211 (selected memory cell) and data
line 222. This current can affect (e.g., change) the amount of
charge on charge storage structure 202 of memory cell 211
to reflect the value of information to be stored in memory
cell 211.

[0068] In the example write operation of FIG. 4, the value
of voltage V6 may cause charge storage structure 202 of
memory cell 210 to discharge or to be charged, such that the
resulting charge (e.g., charge remaining after the discharge
or charge action) on charge storage structure 202 of memory
cell 210 can reflect the value of information stored in
memory cell 210. Similarly, the value of voltage V7 in this
example may cause charge storage structure 202 of memory
cell 211 to discharge or to be charged, such that the resulting
charge (e.g., charge remaining after the discharge or charge
action) on charge storage structure 202 of memory cell 211
can reflect the value of information stored in memory cell
211.

[0069] FIG. 5, FIG. 6, FIG. 7A, FIG. 7B, and FIG. 7C
show different views of a structure of memory device 200 of
FIG. 2 with respect to the X, Y, and Z directions, according
to some embodiments described herein. For simplicity,
cross-sectional lines (e.g., hatch lines) are omitted from
most of the elements shown in FIG. 5, FIG. 6, FIG. 7A, FIG.
7B, and FIG. 7C and other figures (e.g., FIG. 8A through
FIG. 28C) in the drawings described herein. Some elements
of memory device 200 (and other memory devices described
herein) may be omitted from a particular figure of the
drawings so as to not obscure the description of the element
(or elements) being described in that particular figure. The
dimensions (e.g., physical structures) of the elements shown
in the drawings described herein are not scaled.

[0070] FIG. 5 and FIG. 6 show different 3-dimensional
views (e.g., isometric views) of memory device 200 includ-
ing memory cell 210 with respect to the X, Y, and Z
directions. FIG. 7A shows a side view (e.g., cross-sectional
view) of memory device 200 including memory cells 210,
211, 216, and 217 with respect to the X-Z direction taken
along line 7A in FIG. 5 and FIG. 6. FIG. 7B shows a view
(e.g., cross-sectional view) taken along line 7B of FIG. 7A.
FIG. 7C shows a top view (e.g., plan view) of memory
device 200 of FIG. 7A including relative locations of data
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lines 221, 222, 223, and 224 (and associated signals BL.1,
BL2, BL3, and BL4), and access lines 241, 242, and 243
(associated signals WL1, WL2, WL3, and WL4). For sim-
plicity, other elements of memory device 200 are omitted
from FIG. 7C.

[0071] The following description refers to FIG. 5, FIG. 6,
FIG. 7A, FIG. 7B, and FIG. 7C. FIG. 5 and FIG. 6 show the
structure of one memory cell (e.g., memory cell 210) of
memory device 200. The structures of other memory cells
(e.g., memory cells 211 through 215 in FIG. 2) of memory
device 200 can be similar to or the same as the structure of
memory cell 210 in FIG. 5 through FIG. 7C. In FIG. 2
through FIG. 7C, the same elements are given the same
reference numbers. Some portions (e.g., gate oxide and cell
isolation structures) of memory device 200 are omitted from
FIG. 5 through FIG. 7C so as to not obscure the elements of
memory device 200 in the embodiments described herein.

[0072] As shown in FIG. 5, memory device 200 can
include a substrate 599 over which memory cell 210 (and
other memory cells (not shown) of memory device 200) can
be formed. Transistors T1 and T2 of memory cell 210 can be
formed vertically with respect to substrate 599. Substrate
599 can be a semiconductor substrate (e.g., silicon-based
substrate) or other type of substrate. The Z-direction (e.g.,
vertical direction) is a direction perpendicular to (e.g.,
outward from) substrate 599. The Z-direction is also per-
pendicular to (e.g., extended vertically from) the X-direction
and the Y-direction. The X-direction and Y-direction are
perpendicular to each other.

[0073] As shown in FIG. 5 and FIG. 6, ground connection
297 can include a structure (e.g., a piece (e.g., a layer)) of
conductive material (e.g., conductive region) located over
(formed over) substrate 599. Example materials for ground
connection 297 include a piece of metal, conductively doped
polysilicon, or other conductive materials. Ground connec-
tion 297 can be coupled to a ground terminal (not shown) of
memory device 200. FIG. 5 and FIG. 6 show ground
connection 297 contacting (e.g., directly coupled to) sub-
strate 599 as an example. In an alternative structure, memory
device 200 can include a dielectric (e.g., a layer of dielectric
material, not shown) between ground connection 297 and
substrate 599.

[0074] Asshown in FIG. 5, FIG. 6, FIG. 7A, and FIG. 7B,
memory device 200 can include a semiconductor material
596 formed over ground connection 297. Semiconductor
material 596 can include a structure (e.g., a piece (e.g., a
layer)) of silicon, polysilicon, or other semiconductor mate-
rial, and can include a doped region (e.g., p-type doped
region), or other conductive materials.

[0075] FIG. 7A shows memory cells 216 and 217 and
associated data lines 223 and 224 that are not shown in FIG.
2. However, as shown in FIG. 7A and FIG. 7C, memory cells
216 and 217 can share access line 241 with memory cells
210 and 211.

[0076] As shown in FIG. 5, FIG. 6, and FIG. 7A, access
line 241 can be structured by (can include) a combination of
portions 541F and 541B (e.g., front and back conductive
portions) that can be opposite from each other in respect to
(looking from) the Y-direction. Each of portions 541F and
541B can include a conductive material (or a combination of
materials) that can be structured as a conductive line (e.g.,
conductive region) having a length extending continuously
in the X-direction. Thus, portions 541F and 541B can be part
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of conductive lines that are opposite from each other (e.g.,
opposite from each other in the Y-direction).

[0077] Each of portions 541F and 541B can include a
structure (e.g., a piece (e.g., a layer)) of conductive material
(e.g., metal, conductively doped polysilicon, or other con-
ductive materials). Each of portions 541F and 541B can
have a length (shown in FIG. 5) in the X-direction, a width
(shown in FIG. 5) in the Z-direction, and a thickness (shown
in FIG. 8A) in the Y-direction.

[0078] Portions 541F and 541B can be electrically coupled
to each other. For example, memory device 200 can include
a conductive material (e.g., not shown) that can contact (e.g.,
electrically couple to) portions 541F and 541B, such that
portions 541F and 541B (which are part of a single access
line 241) can be concurrently applied by the same signal
(e.g., signal WL1).

[0079] In an alternative structure of memory device 200,
one of the two portions (e.g., portions 541F and 541B) of
each of the access lines of memory device 200 can be
omitted. For example, either portion 541F or portion 541B
be omitted, such that access line 241 can include only either
portion 541F or portion 541B. In the structure shown in FIG.
5, FIG. 6, FIG. 7A, and FIG. 7B, including two portions
(e.g., portions 541F and 541B) in each access line and can
help better control transistor T1 (e.g., transistor T1, shown
schematically in FIG. 2) of each of the memory cells of
memory device 200 during a read operation.

[0080] Charge storage structure 202 (FIG. 5 through FIG.
7B) of each memory cell of memory device 200 can include
a charge storage material (or a combination of materials),
which can include a piece (e.g., a layer) of semiconductor
material (e.g., polysilicon), a piece (e.g., a layer) of metal, or
a piece of material (or materials) that can trap charge. The
materials for charge storage structure 202 and the portions
(e.g., portions 541F and 541B in FIG. 5) of the access lines
(e.g., access line 241) of memory device 200 can be the same
or can be different. As shown in FIG. 5, charge storage
structure 202 can include a portion (e.g., bottom portion)
that is closer (e.g., extends in the Z-direction closer) to
substrate 599 than the bottom portion of each of portions
541F and 541B of access line 241.

[0081] As shown in FIG. 7A, each charge storage structure
202 can include an edge (e.g., top edge) 202", and portions
541F and 541B of access line 241 can include respective
edges (e.g., bottom edges) 541'. FIG. 7A shows an example
where edge 202' is at a specific distance (e.g., distance
shown in FIG. 7A) from edges 541'. However, the distance
between edge 202' of charge storage structure 202 and edges
541' of portions 541F and 541B may vary. For example,
FIG. 7A shows edges 541' being below edge 202' with
respect to the Z-direction, such that portions 541F and 541B
can overlap (in the Z-direction) charge storage structure 202.
However, edges 541' can alternatively be above edge 202'
with respect to the Z-direction, such that portions 541F and
541B may not overlap (in the Z-direction) charge storage
structure 202.

[0082] As shown in FIG. 5, FIG. 6, FIG. 7A, FIG. 7B,
memory device 200 can include material 520 located
between data line 221 and charge storage structure 202.
Material 520 can be electrically coupled to (e.g., directly
coupled to (contact)) data line 221. Material 520 can also be
electrically coupled to (e.g., directly coupled to (contact))
charge storage structure 202 of memory cell 210. As
described above, charge storage structure 202 of memory
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cell 210 can form the memory element of memory cell 210.
Thus, memory cell 210 can include a memory element
(which is charge storage structure 202) located between
substrate 599 and material 520 with respect to the Z-direc-
tion, and the memory element contacts (e.g., directly
coupled to) material 520.

[0083] Material 520 can form a source (e.g., source ter-
minal), a drain (e.g., drain terminal), and a channel region
(e.g., write channel region) between the source and the drain
of transistor T2 of memory cell 210. Thus, as shown in FIG.
5, FIG. 6, and FIG. 7A, the source, channel region, and the
drain of transistor T2 of memory cell 210 can be formed
from a single piece of the same material (or alternatively, a
single piece of the same combination of materials), such as
material 520. Therefore, the source, the drain, and the
channel region of transistor T2 of memory cell 210 can be
formed from the same material (e.g., material 520) of the
same conductivity type (e.g., either n-type or p-type). Other
memory cells of memory device 200 can also include
material 520 like memory cell 210.

[0084] Material 520 can include a structure (e.g., a piece
(e.g., a layer)) of semiconductor material. In the example
where transistor T2 is an NFET (as described above),
material 520 can include n-type semiconductor material
(e.g., n-type silicon).

[0085] In another example, the semiconductor material
that forms material 520 can include a structure (e.g., a piece)
of oxide material. Examples of the oxide material used for
material 520 include semiconducting oxide materials, trans-
parent conductive oxide materials, and other oxide materi-
als.

[0086] As an example, material 520 can include at least
one of zinc tin oxide (ZTO), indium zinc oxide (IZ0), zinc
oxide (ZnQO,), indium gallium zinc oxide (IGZO), indium
gallium silicon oxide (IGSO), indium oxide (InO,, In,0;),
tin oxide (SnO,), titanium oxide (TiO,), zinc oxide nitride
(Zn, O N,), magnesium zinc oxide (Mg, Zn 0,), indium zinc
oxide (In,Zn O,), indium gallium zinc oxide (In,Ga,Zn,0O,),
zirconium indium zinc oxide (Zr,In,Zn0,), hafnium
indium zinc oxide (Hf,In,Zn,0,), tin indium zinc oxide
(SnIn,Zn,0,), aluminum tin indium zinc oxide (Al Sn In-
.Zn,0,), silicon indium zinc oxide (Si,In,Zn,0,), zinc tin
oxide (Zn,Sn 0,), aluminum zinc tin oxide (Al,Zn Sn O,),
gallium zinc tin oxide (Ga,Zn,Sn,0,), zirconium zinc tin
oxide (Zr,Zn Sn 0,), indium gallium silicon oxide (InGa-
Si0), and gallium phosphide (GaP).

[0087] Using the materials listed above in memory device
200 provides improvement and benefits for memory device
200. For example, during a read operation, to read informa-
tion from a selected memory cell (e.g., memory cell 210),
charge from charge storage structure 202 of the selected
memory cell may leak to transistor T2 of the selected
memory cell. Using the material listed above for the channel
region (e.g., material 520) of transistor T2 can reduce or
prevent such a leakage. This improves the accuracy of
information read from the selected memory cell and
improves the retention of information stored in the memory
cells of the memory device (e.g., memory device 200)
described herein.

[0088] The materials listed above are examples of material
520. However, other materials (e.g., a relatively high band-
gap material) different from the above-listed materials can
be used.
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[0089] As shown in FIG. 5, FIG. 6, and FIG. 7A, material
520 and charge storage structure 202 of memory cell 210 can
be electrically coupled (e.g., directly coupled) to each other,
such that material 520 can contact charge storage structure
202 of memory cell 210 without an intermediate material
(e.g., without a conductive material) between charge storage
structure 202 of memory cell 210 and material 520. In an
alternative structure (not shown), material 520 can be elec-
trically coupled to charge storage structure 202 of memory
cell 210, such that material 520 is not directly coupled to
(not contacting) charge storage structure 202 of memory cell
210, but material 520 is coupled to (e.g., indirectly contact-
ing) charge storage structure 202 of memory cell 210
through an intermediate material (e.g., a conductive mate-
rial) between charge storage structure 202 of memory cell
210 and material 520.

[0090] As shown in FIG. 5, FIG. 6, and FIG. 7A, memory
cell 210 can include a material 510, which can include a
structure (e.g., a piece (e.g., a layer)) of semiconductor
material. Example materials for material 510 can include
silicon, polysilicon (e.g., undoped or doped polysilicon),
germanium, silicon-germanium, or other semiconductor
materials and semiconducting oxide materials (oxide semi-
conductors, e.g., SnO or other oxide semiconductors).
[0091] As described above with reference to FIG. 2,
transistor T1 of memory cell 210 includes a channel region
(e.g., read channel region). In FIG. 5, FIG. 6, and FIG. 7A,
the channel region of transistor T1 of memory cell 210 can
include (e.g., can be formed from) material 510. Material
510 can be electrically coupled to (e.g., directly coupled to
(contact) data line 221. As described above with reference to
FIG. 2, memory cell 210 can include a read path. In FIG. 5,
FIG. 6, and FIG. 7A, material 510 (e.g., the read channel
region of transistor T1 of memory cell 210) can be part of
the read path of memory cell 210 that can carry a current
(e.g., read current) during a read operation of reading
information from memory cell 210. For example, during a
read operation, to read information from memory cell 210,
material 510 can conduct a current (e.g., read current (e.g.,
holes)) between data line 221 and ground connection 297
(through part of semiconductor material 596). The direction
of the read current can be from data line 221 to ground
connection 297 (through material 510 and part of semicon-
ductor material 596). In the example where transistor T1 is
a PFET and transistor T2 is an NFET, the material that forms
material 510 can have a different conductivity type from
material 520. For example, material 510 can include p-type
semiconductor material (e.g., p-type silicon) regions, and
material 520 can include n-type semiconductor material
(e.g., n-type gallium phosphide (GaP)) regions.

[0092] As shown in FIG. 5, FIG. 6, and FIG. 7A, memory
cell 210 can include dielectric materials 515A and 515B.
Dielectric materials 515A and 515B can be gate oxide
regions that electrically separate each of charge storage
structure 202 and material 520 from material 510 (e.g., the
channel region of transistor T1). Dielectric materials 515A
and 515B can also electrically separate charge storage
structure 202 from semiconductor material 596.

[0093] Example materials for dielectric materials 515A
and 515B include silicon dioxide, hafhium oxide (e.g.,
HfO,), aluminum oxide (e.g., Al,O;), or other dielectric
materials. In an example structure of memory device 200,
dielectric materials 515A and 515B include a high-k dielec-
tric material (e.g., a dielectric material having a dielectric
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constant greater than the dielectric constant of silicon diox-
ide). Using such a high-k dielectric material (instead of
silicon dioxide) can improve the performance (e.g., reduce
current leakage, increase drive capability of transistor T1, or
both) of memory device 200.

[0094] As shown in FIG. 7A, the memory cells (e.g.,
memory cells 210, 211, 216, and 217) of memory device 200
can share (e.g., can electrically couple to) semiconductor
material 596. For example, the read channel regions of the
memory cells (e.g., material 510 of each of memory cells
210, 211, 216, and 217) of memory device 200 can contact
(e.g., can be electrically coupled to) semiconductor material
596.

[0095] As shown in FIG. 5, FIG. 6, and FIG. 7A, memory
device 200 can include a conductive region 597 (e.g., a
common conductive plate) under the memory cells (e.g.,
memory cells 210, 211, 216, and 217 in FIG. 7A) of memory
device 200. Conductive region 597 can include at least one
of the materials (e.g., doped polysilicon) of semiconductor
material 596 and the material (e.g., metal or doped polysili-
con) of ground connection 297. For example, conductive
region 597 can include the material of semiconductor mate-
rial 596, the material of ground connection 297, or the
combination of the materials of semiconductor material 596
and ground connection 297. Thus, as shown FIG. 7A, the
memory cells (e.g., memory cells 210, 211, 216, and 217) of
memory device 200 can share conductive region 597 (which
can include any combination of semiconductor material 596
and ground connection 297).

[0096] As shown in FIG. 5 and FIG. 6, part of portion
541F can be adjacent part of material 510 and part of
material 520 and can span across (e.g., overlap in the
X-direction) part of material 510 and part of material 520.
As described above, material 510 can form part of a read
channel region of transistor T1 and material 520 can form
part of a write channel region of transistor T2. Thus, as
shown in FIG. 5 and FIG. 6, part of portion 541F can span
across (e.g., overlap) part of (e.g., on a side (e.g., front side)
in the Y-direction) both read and write channel regions of
transistors T1 and T2, respectively. Similarly, part of portion
541B can be adjacent material 510 and a part of material
520, and can span across (e.g., overlap in the X-direction)
part of (e.g., on another side (e.g., back side opposite from
the front side) in the Y-direction) material 510 and a part of
material 520. As shown in FIG. 7A, each of portions 541F
and 541B of access line 241 can also span across (e.g.,
overlap in the X-direction) part of material 510 (e.g., a
portion of the read channel region of transistor T1) and part
of material 520 (e.g., a portion of write channel region of
transistor T2) of other memory cells (e.g., memory cells 211,
216, and 217) of memory device 200. The spanning (e.g.,
overlapping) of access line 241 across material 510 and
material 520 allows access line 241 (a single access line) to
control (e.g., to turn on or turn off) both transistors T1 and
T2 of memory cells 210, 211, 216, and 217.

[0097] As shown in FIG. 7A, memory device 200 can
include dielectric material (e.g., silicon dioxide) 526 that can
form a structure (e.g., a dielectric) to electrically separate
(e.g., isolate) parts of two adjacent (in the X-direction)
memory cells of memory device 200. For example, dielec-
tric material 526 between memory cells 210 and 211 can
electrically separate material 520 (e.g., write channel region
of transistor T2) of memory cell 210 from material 520 (e.g.,
write channel region of transistor T2) of memory cell 211,
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and electrically separate charge storage structure 202 of
memory cell 210 from charge storage structure 202 of
memory cell 211.

[0098] As shown in FIG. 7A, memory device 200 can
include dielectric portions 555. Material (e.g., read channel
region) 510 of two adjacent memory cells (e.g., memory
cells 211 and 216) can be electrically separated from each
other by one of dielectric portions 555. Some of portions
(e.g., materials) of the memory cells of memory device 200
can be formed adjacent (e.g., formed on) a side wall (e.g.,
vertical portion with respect to the Z-direction) of a respec-
tive dielectric portion among dielectric portions 555. For
example, as shown in FIG. 7A, material 510 (e.g., semicon-
ductor material portion) of memory cell 210 can be formed
adjacent (e.g., formed on) a side wall (not labeled) of
dielectric portion 555 (on the left of memory cell 210). In
another example, material 510 (e.g., semiconductor material
portion) of memory cell 211 can be formed adjacent (e.g.,
formed on) a side wall (not labeled) of dielectric portion 555
between memory cells 211 and 216.

[0099] As shown in FIG. 7B, memory device 200 can
include dielectric materials 518F and 518B (e.g., gate oxide
regions) to electrically separate portions 541F and 541B of
access line 241 from other elements (e.g., from material
510), charge storage structure 202, and material 520 of
memory cell 210. The material (or materials) for dielectric
materials 518F and 518B can be the same as (or alterna-
tively, different from) the material (or materials) of dielectric
materials 515A and 515B. Example materials for dielectric
materials 518F and 518B can include silicon dioxide, haf-
nium oxide (e.g., HfO,), aluminum oxide (e.g., Al,O;), or
other dielectric materials.

[0100] As shown in FIG. 7B, portions 541F and 541B can
be adjacent respective sides of material 520 and charge
storage structure 202 of memory cell 210. For example,
portion 541F can be adjacent a side (e.g., right side (or front
side) in the X-direction in the view of FIG. 7B) of a portion
of each of material 520 and charge storage structure 202. In
another example, portion 541B can be adjacent another side
(e.g., left side or back side (opposite from the right side) in
the X-direction in the view of FIG. 7B) of a portion of each
of material 520 and charge storage structure 202.

[0101] The above description focuses on the structure of
memory cell 210. Other memory cells (e.g., memory cells
211, 216, and 217 in FIG. 7A) of memory device 200 can
include elements structured in ways similar or the same as
the elements of memory cell 210, described above. For
example, as shown in FIG. 7A, memory cell 211 can include
charge storage structure 202, material (e.g., write channel
region) 520, material 510 (e.g., read channel region), and
dielectric materials 525A and 525B. The material (or mate-
rials) for dielectric materials 525A and 525B can the same
as the material (or materials) for dielectric materials 515A
and 515B. Memory cells 216 and 217 can include elements
structured in ways similar or the same as the elements of
memory cells 210 and 211, respectively.

[0102] As described above, FIG. 7C shows a top view
(e.g., plan view) of a portion of memory device 200 of FIG.
2 and FIG. 7A. FIG. 7C also shows relative locations of
portions (e.g., wrapped portions) 221P, 222P, 223P, and
224P of data lines 221, 222, 223, and 224, respectively.
[0103] The following description describes data line 221.
Other data lines (e.g., data lines 222, 223, and 224) of
memory device 200 have similar structure and material as
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data line 221. As shown in FIG. 5 through FIG. 7C, data line
221 (associated with signal BL.1) can have a length in the
Y-direction, a width in the X-direction, and a thickness in the
Z-direction. Data line 221 can include a conductive material
(or a combination of materials) that can be structured as a
conductive line (e.g., conductive region) having a length in
the Y-direction. Example materials for data line 221 include
metal, conductively doped polysilicon, or other conductive
materials. Other data lines 222, 223, and 224 (associated
with signals BL2, BL3, and BL4, respectively) can have a
length, a width, a thickness, and a material similar to or the
same as data line 221.

[0104] As shown in FIG. 5 through FIG. 7C, data line 221
can have portions 221P adjacent respective materials 510
(e.g., read channel regions) of respective memory cells 212
and 214 (FIG. 7C). Portions 221P of data line 221 can have
the same material (e.g., conductive material) as the rest (e.g.,
as top portion) of data line 221. Portion 221P can be part
(e.g., side part) of data line 221 that joins a top part of data
line 221 and forms 90 degrees with the top part (e.g., portion
221P can be part of data line 221 that is perpendicular to the
top part of data line 221).

[0105] As shownin FIG. 7A, portion 221P of data line 221
can partially wrap around a side (e.g., left side in FIG. 7A)
of part (e.g., top part) of material 510 (e.g., a read channel
region) of memory cell 210. Thus, portion 221P can be
called a wrapped portion of data line 221. The wrapped
portion (e.g., portion 221P) can also be called an overhang
portion, which overhangs the side (e.g., left side in FIG. 7A)
of part (e.g., top part) of material 510 (e.g., a read channel
region) and extends toward substrate 599.

[0106] As shown in FIG. 7C, data line 221 can include a
continuous top portion contacting material 510 (e.g., read
channel region) and material 520 (e.g., write channel region)
of respective memory cells 210, 212, and 214. Portions 221P
are discontinuous (e.g., patterned) portions of data line 221,
such that a gap void of the material of data line 221 is
between vertical sides (sides parallel to the Z-direction) of
two adjacent portions 221P. In an alternative structure (FIG.
8A, FIG. 8B, and FIG. 8C) of memory device 200, there is
no gap between vertical sides of adjacent portions 221P
(e.g., no void in the material of data line 221 between
vertical sides of adjacent portions 221P).

[0107] As shown in FIG. 7A, material 510 includes oppo-
site sides in the X-direction, such as a side (e.g., left side)
adjacent portion 221P and another side (e.g., right side)
adjacent material 520. Data line 221 can contact material
510 and material 520 at an interface 221i. Portion 221P can
have a length L1 in the Z-direction and can extend (toward
substrate 599) to a level below the level of interface 221:.
[0108] Portion 221P (FIG. 7A and FIG. 7C) can be located
(e.g., can be formed) in a trench (not labeled) adjacent
material 510. The trench is separated from material 510 by
dielectric material 565. Portion 221P is separated from
material 510 by dielectric material 565, such that dielectric
material 565 is between and contacts portion 221P and
material 510.

[0109] As shown in FIG. 7A and FIG. 7C, other data lines
221, 223, and 224 can have similar wrapped portions (e.g.,
portions 222P, 223P, and 224P) adjacent respective materials
510 of other memory cells. For simplicity, details of portions
222P, 223P, and 224P are not described here.

[0110] The structure of memory device 200 allows it to
have a relatively smaller size (e.g., smaller footprint) and
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improved (e.g., reduced) power consumption (as result of
using a single access line (e.g., word line) to control two
transistors of a corresponding memory cell). Further, the
structure of data lines (e.g., data lines 221, 222, 223, and
224) of memory device 200 also allows memory device 200
to have an improved operation (e.g., improved write opera-
tion) that can further provide power reduction in which static
power (in write operation) can be mitigated or prevented, as
discussed below with reference to FIG. 4 and FIG. 7C.
[0111] As shown in FIG. 7A, portion 221P can have a
length [.1 (in the Z-direction), which can be less than the
length (not labeled) of material 510 (e.g., read channel
region) and less than the length (not labeled) of material 520
(e.g., write channel region) of memory cell 210. The length
of material 510 can be measured in the Z-direction from
interface 221/ to a surface (not labeled) of semiconductor
material 596. As shown in FIG. 7A, the Z-direction is also
a direction from material 520 (e.g., write channel region) to
charge storage structure 202. The length of material 520 can
be measured in the Z-direction from interface 221/ to edge
202' of charge storage structure 202.

[0112] The length (e.g., length [.1) of portion 221P can be
selected such that power consumption in operations (e.g.,
write operations) of memory device 200 can be improved
(e.g., reduced) without incurring too much coupling capaci-
tance between data line 221 and other elements. For
example, as shown in FIG. 7A, portion 221P can be formed
such that length .1 can be less than the length (in the
Z-direction) of material 510 and less than the length (in the
Z-direction) of material 520. The relationship between the
length (e.g., length L.1) of portion 221P and the length of
each of material 510 and material 520 as described here and
as shown in FIG. 7A can provide improvement in memory
device 200, as discussed in detail below.

[0113] In an alternative structure of memory device 200,
each data line can have an alternative wrapped portion (e.g.,
a mirror of portion 221P in the X-direction) formed adjacent
a write channel region (e.g., adjacent material 520 in FIG.
7A) of a respective memory cell instead of adjacent the read
channel region (e.g., material 510). In another alternative
structure of memory device 200, each data line can have two
wrapped portions, such that each data line can have an
additional wrapped portion (e.g., besides the wrapped por-
tion shown in FIG. 7A) formed adjacent a write channel
region (e.g., adjacent material 520 in FIG. 7A). However,
both alternative structures mentioned here may provide less
improvement and benefit in comparison with the structure
shown in FIG. 7A for some conditions during some opera-
tions of memory device 200, as discussed below.

[0114] As shown in FIG. 4 and FIG. 7C, memory cells
210, 212, and 214 are associated with different access lines
241, 242, and 243 and share data line 221. In a write
operation as described above with reference to FIG. 4,
voltage V4 (e.g., V4>0V) can be applied to access line 241
(selected access line) to turn on transistor T2 of memory cell
210 (selected memory cell) to access memory cell 210. In
this write operation, voltage V5 (e.g., V5=0V or V5<0V)
can be applied to access lines 242 and 243 to turn off
transistor T1 and T2 of memory cells 212 and 214 (unse-
lected memory cells). However, static power (e.g., leakage
current) may occur in the unselected memory cells. For
example, in FIG. 4, if voltage V6 applied to data line 221 (as
part of storing information (e.g., “1”) in selected memory
cell 210) is greater than voltage V5 (e.g., V6>V5) applied to
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access lines 242 and 243, then static power (e.g., leakage
current) may occur in the read channel region (e.g., in
material 510 in FIG. 7A) of transistor T1 of the unselected
memory cell (memory cell 212 or 214). Portion 221P (FIG.
5, FIG. 7A, and FIG. 7C) is formed to mitigate or prevent
such a static power. For example, as shown in FIG. 7C, since
portion 221P is adjacent a side (in the X-direction) of
material 510 (e.g., read channel region) of memory cell 212,
portion 221P can impede a static power from occurring in
the unselected memory cell (e.g., occurring in material 510
of the unselected memory cell) or to mitigate such a static
power. This can improve the write operation of memory
device 200 and reduce power consumption associated with
the write operation.

[0115] As described above, portion 221P of data line 221
in FIG. 7A can be alternatively formed adjacent material 520
(instead of adjacent material 510). However, at some value
of voltage V6 (e.g., V6=0V) applied on data line 221 as part
of'storing information (e.g., “0”) in the selected memory cell
210 during a write operation, portion 221P (if formed
adjacent material 520 (e.g., write channel region) of memory
cell 210) of data line 221 can impede current provided
(through material 520) to the selected memory cell 210. This
can reduce the efficiency to the write operation compared
with the write operation described above with reference to
FIG. 4. Thus, a wrapped portion (e.g., portion 221P) of a
data line can be formed adjacent material 510 (e.g., read
channel region), adjacent material 520 (e.g., write channel
region), or two wrapped portions can be formed adjacent
material 510 and material 520, respectively, of a respective
memory cell. However, forming portion 221P as shown in
FIG. 7A can be more beneficial than forming portion 221P
in the alternative structures, as discussed above. Therefore,
in some structures of memory device 200, data line 271 does
not have a portion (e.g., a wrapped portion) horizontally
adjacent material (e.g., write channel region) 520. For
example, in some structures of memory device, data line 271
does not have a portion adjacent material 520 that is opposite
from portion 221P in the X-direction (e.g., horizontal direc-
tion).

[0116] FIG. 8A, FIG. 8B, and FIG. 8C show different
views of a structure of memory device 800, according to
some embodiments described herein. Memory device 800
includes elements similar to or the same as those of memory
device 200 described above. Differences between memory
devices 200 and 800 include the continuous structure of the
wrapped portions of each of data lines 221, 222, 223, and
224 of memory device 800.

[0117] As shown in FIG. 8A, FIG. 8B, and FIG. 8C, data
line 221 includes portion 221P". Like portion 221P (FIG. 7A
and FIG. 7C), portion 221P' (FIG. 8A and FIG. 8B) can
extend (toward substrate 599) in the Z-direction below a
level (e.g., at interface 221/ in FIG. 7A) where the top
portion of data line 221 contacts material 510 and material
520 of respective memory cells 210, 212, and 214. However,
unlike portion 221P (FIG. 7A and FIG. 7C), portion 221P'
(FIG. 8A, FIG. 8B, and FIG. 8C) can extend continuously in
the Y-direction along the length of data line 221. In FIG. 7A
and FIG. 7C, a gap void of the material of data line 221 is
between vertical sides (sides parallel to the Z-direction) of
two adjacent portions 221P. However, in FIG. 8A, FIG. 8B,
and FIG. 8C, portion 221P' is a continuous portion along the
entire length of data line 221.



US 2024/0251563 Al

[0118] As shown in FIG. 8C, data line 221 can include a
top part extending the entire length of data line 221 and
another part (e.g., a side part, which includes portion 211P")
perpendicular to the top part (e.g., joining the top part and
forming 90 degrees with the top part) also extending the
entire length of data line 221. Thus, as shown in FIG. 8C, a
top part of data line 221 can extend from one memory cell
to the next (e.g., from memory cell 210 to memory cell 212
and to memory cell 214), and another part (e.g., which
includes portion 211P") perpendicular to the top part and also
extending from one memory cell to the next (e.g., from
memory cell 210 to memory cell 212 and to memory cell
214).

[0119] As described above, portion 221P (FIG. 7C) of data
line 221 is adjacent a respective read channel (e.g., adjacent
only one material 510) of a respective memory cell (e.g.,
memory cell 210). In FIG. 8C, since portion 221P' can
extend continuously in the Y-direction along the length of
data line 221, portion 221P' can be adjacent multiple read
channel regions (e.g., adjacent multiple materials 510) of
respective memory cells (e.g., memory cells 210, 212, and
214) coupled to data line 221. Similarly, each of data lines
222, 223, and 224 (FIG. 8C) can have a wrapped portion
(e.g., portion 222P', 223P', or 224P") that extends continu-
ously in the Y-direction along the length of a respective data
line and adjacent multiple respective read channel regions
(e.g., adjacent multiple portions of material 510). Memory
device 800 can have improvements and benefits similar to
those of memory device 700 described above, for example,
relatively smaller footprint, reduced power consumption,
and improved operation (e.g., static power mitigation or
prevention during write operation).

[0120] FIG. 9 through FIG. 22D show different views of
elements during processes of forming a memory device 900,
according to some embodiments described herein. Some or
all of the processes used to form memory device 900 can be
used to form memory devices 200 and 800 described above
with reference to FIG. 2 through FIG. 8.

[0121] FIG. 9 shows memory device 900 after different
levels (e.g., layers) of materials are formed in respective
levels (e.g., layers) of memory device 900 in the Z-direction
over a substrate 999. The different levels of materials
include a dielectric material 930, a semiconductor material
996, and a conductive material 997. Dielectric material 930,
semiconductor material 996, and conductive material 997
can be formed in a sequential fashion one material after
another over substrate 999. For example, the processes used
in FIG. 9 can include forming (e.g., depositing) conductive
material 997 over substrate 999, forming (e.g., depositing)
semiconductor material 996 over conductive material 997,
and forming (e.g., depositing) dielectric material 930 over
semiconductor material 996.

[0122] Substrate 999 can be similar to or the same as
substrate 599 of FIG. 5. Conductive material 997 can
include a material (or materials) similar to or the same as
that of the material for ground connection 297 of memory
devices 200 and 800 (FIG. 5 through FIG. 7C). For example,
conductive material 997 can include metal, conductively
doped polysilicon, or other conductive materials.

[0123] Semiconductor material 996 includes a material (or
materials) similar to or the same as that of the material for
semiconductor material 596 of memory devices 200 and 800
(FIG. 5 through FIG. 7C). For example, semiconductor
material 996 can include silicon, polysilicon, or other semi-
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conductor material, and can include a doped region (e.g.,
p-type doped region). As described below in subsequent
processes of forming memory device 900, semiconductor
material 996 can be structured to form part of a channel
region (e.g., read channel region) for a respective memory
cell of memory device 900.

[0124] Dielectric materials 930 of FIG. 9 can include a
nitride material (e.g., silicon nitride (e.g., Si;N,)), oxide
material (e.g., SiO,), or other dielectric materials. As
described below in subsequent processes of forming
memory device 900, dielectric material 930 can be pro-
cessed into dielectric portions to form part of cell isolation
structures to electrically isolate one memory cell from
another memory cell of memory device 900.

[0125] FIG. 10A shows memory device 900 after trenches
(e.g., openings) 1001 and 1002 are formed. Forming
trenches 1001 and 1002 can include removing (e.g., by
patterning) part of dielectric material 930 (FIG. 9) at the
locations of trenches 1001 and 1002 and leaving portions
(e.g., dielectric portions) 1031, 1032, and 1033 (which are
remaining portions of dielectric material 930) as shown in
FIG. 10A. Each of trenches 1001 and 1002 can have a length
in the Y-direction, a width (shorter than the length) in the
X-direction, and a bottom (not labeled) resting on (e.g.,
bounded by) a respective portion of semiconductor material
996. Each of trenches 1001 and 1002 can include opposing
side walls (e.g., vertical side walls) formed by respective
portions 1031, 1032, and 1033. For example, trench 1001
can include a side wall 1011 (formed by portion 1031) and
a side wall 1012 (formed by portion 1032). Trench 1002 can
include a side wall 1013 (formed by portion 1032) and a side
wall 1014 (formed by portion 1033).

[0126] FIG. 10B shows memory device 900 after dielec-
tric materials 1065 are formed (e.g., deposited) on respective
side wall 1011, 1012, 1013, and 1014 (labeled in FIG. 10A)
of trenches 1001 and 1002, respectively. Dielectric materials
1022 include silicon dioxide, silicon nitride, or other dielec-
tric materials. In subsequent process (FIG. 18B) of forming
memory device 900, a portion (e.g., top portion) of dielectric
materials 1022 can be removed to form trenches (e.g.,
trenches 1822 in FIG. 18B) in respective dielectric materials
1022. A conductive material (e.g., metal) can be formed
(e.g., filled) in the shallow trenches (formed in dielectric
materials 1022) to create wrapped portions (e.g., portions
221P, 222P, 223P, and 225P in FIG. 7A) of respective data
lines of memory device 900.

[0127] FIG. 11 shows memory device 900 after a material
1110' and a material 1110" are formed (e.g., deposited) in
trenches 1001 and 1002, respectively. As shown in FIG. 11,
material 1110' can be formed on respective side walls (not
labeled) of dielectric material 1065 and the bottom (e.g., on
a portion of semiconductor material 996) of trench 1001.
Material 1110" can be formed on respective side walls (not
labeled) of dielectric material 1065 and the bottom (e.g., on
another portion of semiconductor material 996) of trench of
trench 1002.

[0128] Materials 1110" and 1110" can be the same material.
An example of material 1110' a material 1110" includes a
semiconductor material. Materials 1110' and 1110" can have
the same properties as the materials that form portions 510
(e.g., read channel regions) of transistors T1 of respective
memory cells of memory device 200 of FIG. 5 through FIG.
7C. As described below in subsequent processes (e.g., FIG.
19A) of forming memory device 900, materials 1110' and
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1110" can be structured to form channel regions (e.g., read
channel regions) of transistors (e.g., transistors T1) of
respective memory cells of memory device 900. Thus, each
of materials 1110' and 1110" can conduct a current (e.g.,
conduct holes) during an operation (e.g., a read operation) of
memory device 900.

[0129] The process of forming materials 1110' and 1110"
can include a doping process. Such a doping process can
include introducing dopants into materials 1110' and 1110"
to allow a transistor (e.g., transistor T1) of a respective
memory cell of memory device 900 to include a specific
structure. For example, the doping process used in FIG. 9
can include introducing dopants (e.g., using a laser anneal
process) with different dopant concentrations for different
parts of materials 1110' and 1110", such that the transistor
that includes material 1110' (or material 1110") can have a
PFET structure. In such a PFET structure, part of material
1110' (or material 1110") can form a channel region (e.g.,
read channel region of P-type conductivity) to conduct
currents (e.g., holes) during an operation (e.g., read opera-
tion) of memory device 900.

[0130] FIG. 12 shows memory device 900 after dielectric
materials (e.g., oxide materials) 1215' and 1215" are formed
(e.g., deposited) on materials 1110" and 1110", respectively.
Dielectric materials 1215' and 1215" can be deposited, such
that dielectric materials 1215' and 1215" can be conformal
to materials 1110' and 1110", respectively. Dielectric mate-
rials 1215' and 1215" can have the same properties as the
materials that form dielectric materials (gate oxide regions)
515A, 515B, 525 A, and 525B of memory device 200 of FIG.
5 through FIG. 7C.

[0131] FIG. 13 shows memory device 900 after materials
(e.g., charge storage materials) 1302', 1302", 1302, and
1302"" are formed on respective side walls of dielectric
materials 1215' and 1215". Materials 1302', 1302", 1302"",
and 1302"" are electrically separated from each other. As
described below in subsequent processes (FIG. 19A) of
forming memory device 900, each of materials 1302',1302",
1302™, and 1302"" can be structured to form a charge
storage structure of a respective memory cell of memory
device 900. Materials 1302, 1302", 1302"", and 1302"" can
include material (e.g., polysilicon) similar or the same as the
material of charge storage structure 202 of the memory cells
(e.g., memory cell 210 or 211) of memory device 200 (FIG.
5 through FIG. 7C).

[0132] FIG. 14 shows memory device 900 after dielectric
materials 1426' and 1426" are formed (e.g., filled) in opened
spaces in trenches 1001 and 1002, respectively. Dielectric
materials 1426' and 1426" can include an oxide material. As
described below in subsequent processes of forming
memory device 900, dielectric materials 1426' and 1426"
can form part of an isolation structure that can electrically
isolate parts of (e.g., charge storage structures) two adjacent
(in the X-direction) memory cells of memory device 900.
[0133] FIG. 15 shows memory device 900 after dielectric
materials 1526' and 1526" are formed at locations 1501 and
1502, respectively. Forming dielectric materials 1526' and
1526" can include removing (e.g., by using an etch process)
part (e.g., top part) of each of dielectric materials 1426' and
1426" (FIG. 14), such that the remaining parts of dielectric
materials 1426' and 1426" are dielectric materials 1526' and
1526" (FIG. 15), respectively.

[0134] FIG. 16 shows memory device 900 after materials
1602', 1602", 1602™, and 1602"" are formed at locations
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1611 and 1612, respectively. Forming materials 1602',
1602", 1602™, and 1602"" can include removing (e.g., by
using an etch process) part (e.g., top part) of each of
materials (e.g., charge storage materials) 1302', 1302",
1302", and 1302"" (FIG. 13), such that the remaining parts
of materials 1302', 1302", 1302", and 1302" are materials
1602', 1602", 1602™, and 1602"" (FIG. 16), respectively.
[0135] In FIG. 15 and FIG. 16, top part of dielectric
materials 1426' and 1426" (labeled in FIG. 14) and top part
of materials 1302', 1302", 1302", 1302"" (labeled in FIG.
13) were removed in separate processes (e.g., multiple steps
one after another) as described with reference to FIG. 15 and
FIG. 16. However, from FIG. 14, a single process (e.g.,
single step) can be used to remove part of dielectric mate-
rials 1426' and 1426" and part of materials 1302', 1302",
1302, 1302"" (FIG. 13).

[0136] FIG. 17 shows memory device 900 after materials
1720', 1721', 1720", and 1721" are formed. Forming mate-
rials 1720', 1721', 1720", and 1721" can include depositing
an initial material (or materials) on dielectric materials 1526’
and 1526" and materials 1602', 1602", 1602", and 1602"".
Then, the process used in FIG. 17 can include removing
(e.g., by using an etch process) a portion of the initial
material at locations 1701 and 1702. Materials 1720', 1721',
1720", and 1721" are the remaining portions of the initial
material. As shown in FIG. 17, materials 1720', 1721,
1720", and 1721" are electrically separated from each other.
However, materials 1720', 1721', 1720", and 1721" are
electrically coupled to (e.g., directly coupled to) materials
1602', 1602", 1602", and 1602""", respectively.

[0137] Materials 1720', 1721', 1720", and 1721" can
include materials similar or the same as material (e.g., write
channel region) 520 (FIG. 5) of transistor T2 of memory
device 200 of FIG. 5A and FIG. 6A. As described below in
subsequent processes (FIG. 19A) of forming memory device
900, each of materials 1720', 1721', 1720", and 1721" can
form a channel region (e.g., write channel region) of a
transistor (e.g., transistor T2) of a respective memory cell of
memory device 900. Thus, each of materials 1720, 1721,
1720", and 1721" can conduct a current (e.g., conduct
electrons) during an operation (e.g., a write operation) of
memory device 900.

[0138] FIG. 18A shows memory device 900 after dielec-
tric materials 1826' and 1826" are formed at (e.g., filled in)
locations 1701 and 1702. Dielectric materials 1826' and
1826" can be the same as dielectric materials 1426' and
1426". As described below in subsequent processes of
forming memory device 900, dielectric materials 1826' and
1826" can form part of an isolation structure that can
electrically isolate parts of (e.g., write channel regions) two
adjacent (in the X-direction) memory cells of memory
device 900. In subsequent processes, shallow trenches will
be formed in dielectric materials 1065 (which were formed
in FIG. 10A).

[0139] FIG. 18B shows memory device 900 after trenches
(e.g., shallow trenches) 1822 are formed in dielectric mate-
rials 1065. Each trench 1822 can include a depth D1. As
described above and shown in FIG. 7A, length L1 of portion
221P can be less than the length of material 510 (e.g., read
channel region) and less than the length of material 520
(e.g., write channel region) of memory cell 210. Length L1
(FIG. 7A) of portion 221P is based on depth D1 (FIG. 18B).
For example, length [.1 is the same as depth D1. Thus, in
FIG. 18B, depth D1 can be less than the length of material
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510 (FIG. 7A) of memory cell 210 and less than the length
of material 520 (FIG. 7A) of memory cell 210. In subsequent
processes (FI1G. 22C), a conductive material (e.g., metal) can
be formed (e.g., filled) in trenches 1822 to create wrapped
portions (e.g., portions 221P, 222P, 223P, and 225P in FIG.
7A) of respective data lines of memory device 900.

[0140] FIG. 19A shows memory device 900 after trenches
1911, 1912, and 1913 are formed (in the X-direction) across
the materials of memory device 900. Each of trenches 1911,
1912, and 1913 can have a length in the X-direction, a width
(shorter than the length) in the Y-direction, and a bottom (not
labeled) resting on (e.g., bounded by) a respective portion of
semiconductor material 996. In the structure of FIG. 19A,
memory device 900 can include a common conductive
structure (e.g., a common conductive plate) formed on a
level of memory device 900 that is under the memory cells
of memory device 900. In an alternative structure (not
shown in FIG. 19A) of memory device 900, each of trenches
1911, 1912, and 1913 can have a bottom (not labeled) resting
on (e.g., bounded by) a respective portion of conductive
material 997 (instead of semiconductor material 996).
[0141] In the FIG. 19A, forming trenches 1911, 1912, and
1913 can include removing (e.g., by cutting (e.g., etching) in
the Z-direction) part of the materials of memory device 900
at locations of trenches 1911, 1912, and 1913 and leaving
portions (e.g., slices) of the structure of memory device 900
shown in FIG. 19A. After portions (at the locations of
trenches 1911, 1912, and 1913) of memory device 900 are
removed (e.g., cut), the remaining portions can form parts of
memory cells of memory device 900. For example, memory
device 900, as shown in FIG. 19A, can include memory cells
210', 211", 210", and 211" in one row along the X-direction,
and memory cells 212, 213", 212", and 213" in another row
along the X-direction. Memory cells 210, 211', 210", and
211" can correspond to memory cells 210, 211, 216, and
217, respectively, of memory device 200 of FIG. 7A.
[0142] For simplicity, only some of similar elements (e.g.,
portions) of memory device 900 in FIG. 19A are labeled. For
example, memory device 900 can include dielectric portions
(e.g., cell isolation structures) 1931, 1932, 1933, 1934, 1935,
and 1936, and dielectric materials 1926A and 1926B.
Dielectric portions 1931 and 1932 can correspond to two
respective dielectric portions 555 of memory device 200 of
FIG. 7A.

[0143] FIG. 19B shows an enlarged portion of memory
device 900 of FIG. 19A. As shown in FIG. 19B, memory cell
210' can include portions 1910A and 1910B (which can be
part of the read channel region of memory cell 210"),
dielectric materials 1915A and 1915B, material (e.g., write
channel region) 1920, and charge storage structure 1902
(directly below material 1920). Memory cell 211' can
include portions 1911 A and 1911B (which can be part of the
read channel region of memory cell 211'), dielectric mate-
rials 1925A and 1925B, material (e.g., write channel region)
1921, and charge storage structure 1902 (directly below
material 1921).

[0144] As described above with reference to FIG. 9
through FIG. 19B, part of each of the memory cells of
memory device 900 can be formed from a self-aligned
process, which can include formation of trenches 1001 and
1002 (FIG. 10A) in the Y-direction and trenches 1911, 1912,
and 1913 (FIG. 19A) in the X-direction. The self-aligned
process can improve (e.g., increase) memory cell density,
improve process (e.g., provide a higher process margin), or
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both. The self-aligned process, as described above, includes
a reduced number of critical masks that can allow forming
of multiple decks of memory cells in the same memory
device. An example of a multi-deck memory device is
described below with reference to FIG. 28A through FIG.
28C.

[0145] FIG. 20 shows memory device 900 after dielectric
materials 2018F, 2018B, 2018F', and 2018B' (e.g., gate
oxide regions) are formed. The material (or materials) for
dielectric materials 2018F, 2018B, 2018F", and 2018B' can
be the same as (or alternatively, different from) the material
(or materials) of dielectric materials 515A, 515B, 525A, and
525B (FIG. 7A). Example materials for dielectric materials
2018F, 20188, 2018F', and 2018B' can include silicon
dioxide, hafnium oxide (e.g., HfO,), aluminum oxide (e.g.,
Al,O,), or other dielectric materials (e.g., other high-k
dielectric materials).

[0146] FIG. 21 shows memory device 900 after conduc-
tive lines (e.g., conductive regions) 2141F, 2141B, 2142F,
and 2142B are formed. Each of conductive lines 2141F,
2141B, 2142F, and 2142B can include metal, conductively
doped polysilicon, or other conductive materials. As shown
in FIG. 21, conductive lines 2141F, 2141B, 2142F, and
2142B are electrically separated from other elements of
memory device 900 by dielectric materials 2018F, 2018B,
2018F', and 2018B', respectively.

[0147] Conductive lines 2141F and 2141B can form part
of an access line (e.g., word line) 2141 to control the read
and write transistors (e.g., transistor T1 and T2, respectively)
of respective memory cells 210", 211', 210", and 211"
(labeled in FIG. 19A) of memory device 900. For example,
conductive lines 2141F and 2141B can form front and back
conductive portions, respectively, of access line 2141. Con-
ductive lines 2142F and 2142B can form part of an access
line (e.g., word line) 2142 to access memory cells 212', 213",
212", and 213" (labeled in FIG. 19A) of memory device 900.
For example, conductive lines 2142F and 2142B can form
front and back conductive portions, respectively, of access
line 2142. Access lines 2141 and 2412 can correspond to
access lines 241 and 242, respectively, of memory device
200 of FIG. 2.

[0148] The processes of forming memory device 900 in
FIG. 21 can include forming a conductive connection 2141'
(which can include a conductive material (e.g., metal)) to
electrically couple conductive lines 2141F and 2141B to
each other. This allows conductive lines 2141F and 2141B
to form part of a single access line (e.g., access line 2141).
Similarly, the processes of forming memory device 900 can
include forming a conductive connection 2142' to electri-
cally couple conductive lines 2142F and 2142B to each
other. This allows conductive lines 2142F and 2142B to
form part of a single access line (e.g., access line 2142).

[0149] FIG. 22A shows memory device 900 after a dielec-
tric material 2235 is formed. Dielectric material 2235 can fill
the structure of memory device 900 as shown in FIG. 22A.
As shown in FIG. 22A, trenches 1822 (formed in FIG. 18A)
are not filled with dielectric material 2235. Portion 1910A
and material 1920 (e.g., read channel region and write
channel region, respectively) of memory cell 210' are
exposed. Portion 1911 A and material 1921 (e.g., read chan-
nel region and write channel region, respectively) of
memory cell 211' are exposed. Read and write channel
regions (not labeled) of other memory cells are also exposed.
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[0150] FIG. 22B shows memory device 900 after a con-
ductive material 2220 is formed. Conductive material 2220
can be formed (e.g., deposited) in trenches 1822 (FIG. 22A)
and over exposed portion 1910A, material 1920, portion
1911A, and material 1921 (labeled in FIG. 22A) and other
elements of memory device 900.

[0151] FIG. 22C shows memory device 900 after data
lines 2221, 2222, 2223, and 2224 and respective portions
(e.g., wrapped portions) 2221P, 2222P, 2223P, and 2224P are
formed. FIG. 22D shows a side view of memory device 900
taken along line 22D of FIG. 22C. Data lines 2221, 2222,
2223, and 2224 and respective portions 2221P, 2222P,
2223P, and 2224P can be concurrently formed. For example,
a process (e.g., patterning process) can be performed to
remove a portion of conductive material 2200 (FIG. 22B). In
FIG. 22C, data lines 2221, 2222, 2223, and 2224 and
respective portions 2221P, 2222P, 2223P, and 2224P are the
remaining portion of conductive material 2200.

[0152] As shown in FIG. 22C, data lines 2221, 2222,
2223, and 2224 are electrically separated from each other.
Each of data lines 2221, 2222, 2223, and 2224 can have a
length in the Y-direction, a width in the X-direction, and a
thickness in the Z-direction. Data lines data lines 2221,
2222,2223, and 2224 can correspond to data lines data lines
221, 222, 223, and 224, respectively, of memory device 200
of FIG. 7A. Portions 2221P, 2222P, 2223P, and 2224P can
correspond to portions (e.g., wrapped portions) 221P, 222P,
223P, and 224P, respectively, of memory device 200 of FIG.
7A.

[0153] As shown in FIG. 22D, portions 2221P, 2222P,
2223P, and 2224P of respective data lines 2221, 2222, 2223,
and 2224 can be adjacent respective read channel regions
(e.g., portions 1910A and 1911A) of respective memory
cells. Portions 2221P, 2222P, 2223P, and 2224P of also
separated from respective read channel regions by respective
dielectric materials 1065. Dielectric materials 1065 shown
in FIG. 22D are the remaining portions of dielectric mate-
rials 1065 formed in FIG. 10A and etched in FIG. 18A.
[0154] The description of forming memory device 900
with reference to FIG. 9 through FIG. 22D can include other
processes to form a complete memory device. Such pro-
cesses are omitted from the above description so as to not
obscure the subject matter described herein.

[0155] The process of forming memory device 900 as
described above can have a relatively reduced number of
masks (e.g., reduced number of critical masks) in compari-
son with some conventional processes. For example, by
forming trenches 1001 and 1002 in the process associated
with FIG. 10A, and forming trenches 1911, 1912, and 1913
in the process of FIG. 19A, the number of critical masks
used to form the memory cells of memory device 900 can be
reduced. The reduced number of masks can simplify the
process, reduce cost, or both, of forming memory device
900. Further, forming data lines 2221, 2222, 2223, and 2224
that have respective portions 2221P, 2222P, 2223P, and
2224P allows memory device 900 to have improvements and
benefits (e.g., reduce leakage current and other improve-
ments) similar to those of memory device 200 (FIG. 2
through FIG. 7C).

[0156] FIG. 23 through FIG. 28C show processes of
forming a memory device 2300 including data lines having
continuous wrapped portions, according to some embodi-
ments described herein. The processes of forming memory
device 2300 can be a variation of the processes of forming
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memory device 900 (FIG. 9 through FIG. 22D). Thus,
similar elements (which have the same labels) between the
processes of forming memory devices 900 and 2300 are not
repeated.

[0157] FIG. 23 shows the elements of memory device
2300 that can be formed using similar or identical processes
used to form the elements of memory device 900 of FIG. 9
through FIG. 18A. However, unlike memory device 900 of
FIG. 19A, dielectric materials 1065 (formed in FIG. 10A)
can be omitted (not formed) in the processes of forming
memory device 2300. Thus, in memory device 2300, mate-
rial 1110" and material 1110" can be formed (e.g., deposited)
on side walls of trenches 1001 and 1002 (FIG. 10A) and on
semiconductor material 996 in trenches 1001 and 1002
(FIG. 10A).

[0158] FIG. 24 shows memory device 2300 after dielectric
materials (e.g., gate oxide regions) 2018F, 2018B, 2018F",
and 2018B', conductive lines (e.g., conductive regions)
2141F, 2141B, 2142F, and 2142B, and conductive connec-
tions 2141' and 2142' are formed.

[0159] FIG. 25 shows memory device 2300 after dielectric
material 2235 is formed. Dielectric material 2235 can fill the
structure of memory device 230 as shown in FIG. 25.
[0160] FIG. 26 shows memory device 2300 after trenches
2622 are formed. Forming trenches 2622 can include remov-
ing (e.g., etching) materials at the locations of trenches
2622. Each trench 2622 can have depth (e.g., D1) similar to
or the same as the depth (e.g., D1) of trench 1822 (FIG.
18A).

[0161] FIG. 27A shows memory device 2300 after a
conductive material 2200' is formed. Conductive material
2200' can be formed (e.g., deposited) in trenches 2622 (FIG.
22A) and over other exposed portions 1910 A, material 1920,
1911A, and material 1921 (shown in FIG. 26).

[0162] FIG. 27B shows memory device 2300 after data
lines 2221, 2222, 2223, and 2224 and respective portions
(e.g., wrapped portions) 2221P', 2222P", 2223P', and 2224P"
are formed. Data lines 2221, 2222, 2223, and 2224 and
respective portions 2221P', 2222P", 2223P", and 2224P' can
be concurrently formed. For example, an initial conductive
material can be formed (e.g., deposited) in trenches 2622
(FIG. 26) and over other exposed portion 1910A, material
1920, portion 1911 A, and material 1921 (shown in FIG. 26).
Then, a process (e.g., patterning process) can be performed
to remove a portion of the initial conductive material. In
FIG. 27B, data lines 2221, 2222, 2223, and 2224 and
respective portions 2221P', 2222P', 2223P', and 2224P' are
the remaining portion of the initial conductive material.
[0163] As shown in FIG. 27B, data lines 2221, 2222,
2223, and 2224 are electrically separated from each other.
Each of data lines 2221, 2222, 2223, and 2224 can have a
length in the Y-direction, a width in the X-direction, and a
thickness in the Z-direction. Data lines 2221, 2222, 2223,
and 2224 and respective portions 2221P', 2222P", 2223P",
and 2224P' can be concurrently formed. For example, a
process (e.g., patterning process) can be performed to
remove a portion of conductive material 2200' (FIG. 27A).
In FIG. 27B, data lines 2221, 2222, 2223, and 2224 and
respective portions 2221P', 2222P', 2223P', and 2224P' are
the remaining portion of conductive material 2200'.

[0164] As shown in FIG. 27B, each of portions 2221P",
2222P', 2223P', and 2224P' can be a continuous structure
(e.g., a continuous piece) of conductive material along the
length of a respective data line. Each of portions 2221P",



US 2024/0251563 Al

2222P', 2223P', and 2224P' can be adjacent multiple read
channel regions of respective memory cells. Each of por-
tions 2221P', 2222P', 2223P', and 2224P' can be separated
from respective read channel regions by a respective dielec-
tric material between trench 2622 (FIG. 26) and respective
read channel regions. The description of forming memory
device 2300 with reference to FIG. 23 through FIG. 27B can
include other processes to form a complete memory device.
Such processes are omitted from the above description so as
to not obscure the subject matter described herein. Memory
device 2300 can include improvements and benefits similar
to those of memory devices 200, 800, and 900.

[0165] FIG. 28A, FIG. 28B, and FIG. 28C show different
views of a structure of a memory device 2800 including
multiple decks of memory cells, according to some embodi-
ments described herein. FIG. 28A shows an exploded view
(e.g., in the Z-direction) of memory device 2800. FIG. 28B
shows a side view (e.g., cross-sectional view) in the X-di-
rection and the Z-direction of memory device 2800. FIG.
28C shows a side view (e.g., cross-sectional view) in the
Y-direction and the Z-direction of memory device 2800.
[0166] As shown in FIG. 28A, FIG. 28B, and FIG. 28C,
memory device 2800 can include decks (decks of memory
cells) 2805, 2805,, 2805,, and 2805, that are shown sepa-
rately from each other in an exploded view to help ease of
viewing the deck structure of memory device 2800. In
reality, decks 2805, 2805,, 2805,, and 2805; can be
attached to each other in an arrangement where one deck can
be formed (e.g., stacked) over another deck over a substrate
(e.g., a semiconductor (e.g., silicon) substrate) 2899. For
example, as shown in FIG. 28A, decks 2805, 2805, 2805,
and 2805, can be formed in the Z-direction perpendicular to
substrate 2899 (e.g., formed vertically in the Z-direction
with respect to substrate 2899).

[0167] As shown in FIG. 28A, FIG. 28B, and FIG. 28C,
each of decks 2805,, 2805,, 2805,, and 2805, can have
memory cells arranged in the X-direction and the Y-direction
(e.g., arranged in rows in the X-direction and in columns in
the Y-direction). For example, deck 2805, can include
memory cells 2810, 2811, 2812, and 2813, (e.g., arranged
in a row), memory cells 2820,, 2821,, 2822,, and 2823,
(e.g., arranged in a row), and memory cells 2830, 2831,
2832, and 2833, (e.g., arranged in a row).

[0168] Deck 2805, can include memory cells 2810,,
2811, 2812, and 2813, (e.g., arranged in a row), memory
cells 2820, 2821,, 2822,, and 2823, (e.g., arranged in a
row), and memory cells 2830,, 2831,, 2832,, and 2833,
(e.g., arranged in a row).

[0169] Deck 2805, can include memory cells 2810,,
2811, 2812,, and 2813, (e.g., arranged in a row), memory
cells 2820,, 2821,, 2822,, and 2823, (e.g., arranged in a
row), and memory cells 2830,, 2831,, 2832,, and 2833,
(e.g., arranged in a row).

[0170] Deck 2805, can include memory cells 2810;,
2811,, 2812, and 2813, (e.g., arranged in a row), memory
cells 2820,, 2821, 2822,, and 2823, (e.g., arranged in a
row), and memory cells 2830,, 2831, 2832, and 2833,
(e.g., arranged in a row).

[0171] As shown in FIG. 28A, FIG. 28B, and FIG. 28C,
decks 2805, 2805, 2805, and 2805, can be located (e.g.,
formed vertically in the Z-direction) on levels (e.g., por-
tions) 2850, 2851, 2852, and 2853, respectively, of memory
device 2800. The arrangement of decks 2805, 2805,
2805,, and 2805, forms a 3-dimensional (3-D) structure of
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memory cells of memory device 2800 in that different levels
of the memory cells of memory device 2800 can be located
(e.g., formed) in different levels (e.g., different vertical
portions) 2850, 2851, 2852, and 2853 of memory device
2800.

[0172] Decks 2805, 2805,, 2805,, and 2805, can be
formed one deck at a time. For example, decks 2805, 2805,
2805,, and 2805, can be formed sequentially in the order of
decks 2805, 2805, 2805,, and 2805, (e.g., deck 2805, is
formed first and deck 2805, is formed last). In this example,
the memory cell of one deck (e.g., deck 2805,) can be
formed either after formation of the memory cells of another
deck (e.g., deck 2805,) or before formation of the memory
cells of another deck (e.g., deck 2805,). Alternatively, decks
2805, 2805, 2805,, and 2805, can be formed concurrently
(e.g., simultaneously), such that the memory cells of decks
2805, 2805,, 2805, and 2805, can be concurrently formed.
For example, the memory cells in levels 2850, 2851, 2852,
and 2853 of memory device 2800 can be concurrently
formed.

[0173] The structures decks 2805, 2805,, 2805,, and
2805, can include the structures of memory devices
described above with reference to FIG. 1 through FIG. 27B.
For example, memory device 2800 can include data lines
(e.g., bit lines) and access lines (e.g., word lines) to access
the memory cells of decks 2805, 2805, 2805, and 2805,.
For simplicity, data lines and access lines of memory cells
are omitted from FIG. 28A. However, the data lines and
access lines of memory device 2800 can be similar to the
data lines and access lines, respectively, of the memory
devices described above with reference to FIG. 1 through
FIG. 27B.

[0174] FIG. 28A, FIG. 28B, and FIG. 28C show memory
device 2800 including four decks (e.g., 2805, 2805, 2805,
and 2805;) as an example. However, the number of decks
can be different from four. FIG. 28A shows each of decks
2805, 2805,, 2805,, and 2805, including one level (e.g.,
layer) of memory cells as an example. However, at least one
of'the decks (e.g., one or more of decks 2805, 2805, 2805,
and 2805,) can have two (or more) levels of memory cells.
FIG. 28A shows an example where each of decks 2805,
2805, 2805,, and 2805, includes four memory cells (e.g., in
a row) in the X-direction and three memory cells (e.g., in a
column) in the Y-direction. However, the number of memory
cells in a row, in a column, or both, can vary. Since memory
device 2800 can include the structures of memory devices
200, 800, 900, and 2300, memory device 2800 can also have
improvements and benefits like memory devices 200, 800,
900, 2300, and 2300.

[0175] The illustrations of apparatuses (e.g., memory
devices 100, 200, 800, 900, 2300, and 2800) and methods
(e.g., methods of forming memory devices 900 and 2300)
are intended to provide a general understanding of the
structure of various embodiments and are not intended to
provide a complete description of all the elements and
features of apparatuses that might make use of the structures
described herein. An apparatus herein refers to, for example,
either a device (e.g., any of memory devices 100, 200, 800,
900, 2300, and 2800) or a system (e.g., an electronic item
that can include any of memory devices 100, 200, 800, 900,
2300 and 2800).

[0176] Any of the components described above with ref-
erence to FIG. 1 through FIG. 28C can be implemented in
a number of ways, including simulation via software. Thus,
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apparatuses (e.g., memory devices 100, 200, 800, 900, 2300,
and 2800) or part of each of these memory devices described
above, may all be characterized as “modules” (or “module”)
herein. Such modules may include hardware circuitry,
single- and/or multi-processor circuits, memory circuits,
software program modules and objects and/or firmware, and
combinations thereof, as desired and/or as appropriate for
particular implementations of various embodiments. For
example, such modules may be included in a system opera-
tion simulation package, such as a software electrical signal
simulation package, a power usage and ranges simulation
package, a capacitance-inductance simulation package, a
power/heat dissipation simulation package, a signal trans-
mission-reception simulation package, and/or a combination
of software and hardware used to operate or simulate the
operation of various potential embodiments.

[0177] The memory devices (e.g., memory devices 100,
200, 800, 900, 2300, and 2800) described herein may be
included in apparatuses (e.g., electronic circuitry) such as
high-speed computers, communication and signal process-
ing circuitry, single- or multi-processor modules, single or
multiple embedded processors, multicore processors, mes-
sage information switches, and application-specific modules
including multilayer, multichip modules. Such apparatuses
may further be included as subcomponents within a variety
of other apparatuses (e.g., electronic systems), such as
televisions, cellular telephones, personal computers (e.g.,
laptop computers, desktop computers, handheld computers,
tablet computers, etc.), workstations, radios, video players,
audio players (e.g., MP3 (Motion Picture Experts Group,
Audio Layer 3) players), vehicles, medical devices (e.g.,
heart monitor, blood pressure monitor, etc.), set top boxes,
and others.

[0178] The embodiments described above with reference
to FIG. 1 through FIG. 28C include apparatuses and meth-
ods of operating the apparatuses. One of the apparatuses
includes a first transistor including a first channel region, and
a charge storage structure separated from the first channel
region; a second transistor including a second channel
region formed over the charge storage structure; and a data
line formed over and contacting the first channel region and
the second channel region, the data line including a portion
adjacent the first channel region and separated from the first
channel region by a dielectric material. Other embodiments,

including additional apparatuses and methods, are
described.
[0179] In the detailed description and the claims, the term

“on” used with respect to two or more elements (e.g.,
materials), one “on” the other, means at least some contact
between the elements (e.g., between the materials). The term
“over” means the elements (e.g., materials) are in close
proximity, but possibly with one or more additional inter-
vening elements (e.g., materials) such that contact is pos-
sible but not required. Neither “on” nor “over” implies any
directionality as used herein unless stated as such.

[0180] In the detailed description and the claims, a list of
items joined by the term “at least one of” can mean any
combination of the listed items. For example, if items A and
B are listed, then the phrase “at least one of A and B” means
A only; B only; or A and B. In another example, if items A,
B, and C are listed, then the phrase “at least one of A, B, and
C” means A only; B only; C only; A and B (excluding C);
A and C (excluding B); B and C (excluding A); or all of A,
B, and C. Item A can include a single element or multiple
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elements. Item B can include a single element or multiple
elements. Item C can include a single element or multiple
elements.

[0181] In the detailed description and the claims, a list of
items joined by the term “one of” can mean only one of the
list items. For example, if items A and B are listed, then the
phrase “one of A and B” means A only (excluding B), or B
only (excluding A). In another example, if items A, B, and
C are listed, then the phrase “one of A, B, and C” means A
only; B only; or C only. Item A can include a single element
or multiple elements. Iltem B can include a single element or
multiple elements. Item C can include a single element or
multiple elements.

[0182] The above description and the drawings illustrate
some embodiments of the inventive subject matter to enable
those skilled in the art to practice the embodiments of the
inventive subject matter. Other embodiments may incorpo-
rate structural, logical, electrical, process, and other
changes. Examples merely typify possible variations. Por-
tions and features of some embodiments may be included in,
or substituted for, those of others. Many other embodiments
will be apparent to those of skill in the art upon reading and
understanding the above description.

1. An apparatus comprising:

a memory cell including:

a first transistor including a first channel region, and a
charge storage structure separated from the first chan-
nel region; and

a second transistor including a second channel region
coupled to the charge storage structure; and

a data line coupled to the first channel region and the
second channel region, the data line including a portion
adjacent the first channel region and separated from the
first channel region by a dielectric material.

2. The apparatus of claim 1, wherein the second channel
region is between the data line and the charge storage
structure.

3. The apparatus of claim 1, wherein the second channel
region includes semiconducting oxide material.

4. The apparatus of claim 1, wherein the first channel
region and the second channel region have different con-
ductivity types.

5. The apparatus of claim 1, further comprising a ground
connection coupled to the first channel region.

6. The apparatus of claim 1, further comprising a con-
ductive line separated from the first and second channel
regions, the conductive line spanning across part of the first
and second channel regions and forming a gate of the first
and second transistors.

7. The apparatus of claim 6, further comprising an addi-
tional conductive line separated from the first and second
channel regions and opposite from the conductive line, such
that the first and second channel regions are between the
conductive line and the additional conductive line, wherein:

the additional conductive line spans across an additional
part of the first and second channel regions and forms
the gates of the first and second transistors.

8. The apparatus of claim 7, wherein the conductive line
is coupled to the additional conductive line.

9. The apparatus of claim 1, wherein the data line does not
have a portion separate from the second channel region by
an additional dielectric material.

10. The apparatus of claim 1, wherein the second channel
region includes at least one of zinc tin oxide (ZTO), indium
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zinc oxide (IZO), zinc oxide (ZnO,), indium gallium zinc
oxide (IGZ0), indium gallium silicon oxide (IGSO), indium
oxide (InO,, In,0;), tin oxide (SnO,), titanium oxide (TiO ),
zinc oxide nitride (Zn,O,N)), magnesium zinc oxide
(Mg,Zn,0,), indium zinc oxide (In,Zn,0,), indium gallium
zinc oxide (In,Ga,ZnO,), zirconium indium zinc oxide
(Zr,In,Zn,0,), hatnium indium zinc oxide (HfIn,Zn,O,),
tin indium zinc oxide (Sn,In,Zn,0,), aluminum tin indium
zinc oxide (Al Sn In Zn,0O,), silicon indium zinc oxide
(Si,In,Zn,0,), zinc tin oxide (Zn,Sn,0,), aluminum zinc tin
oxide (Al Zn,Sn,0,), gallium zinc tin oxide (Ga,Zn,Sn,0,),
zirconium zinc tin oxide (Zr,Zn,Sn,0,), indium gallium
silicon oxide (InGaSiO), and gallium phosphide (GaP).

11. An apparatus comprising:

a memory cell including:

a semiconductor material including a first side and a
second side opposite from the first side, a charge
storage structure located on the first side of the semi-
conductor material, and a first dielectric material
between the semiconductor material and the charge
storage structure; and

a semiconducting oxide material adjacent the charge
storage structure and located on the first side of the
semiconductor material;

a data line coupled to the semiconductor material and the
semiconducting oxide material, wherein the data line
includes a portion adjacent the second side of the
semiconductor material; and

a second dielectric material between and contacting the
portion of the data line and the semiconductor material.

12. The apparatus of claim 11, wherein the data line

contacts the semiconducting oxide material at an interface,
and wherein:

the semiconducting oxide material has a length in a
direction from the interface to the charge storage struc-
ture; and

the portion of the data line has a length in the direction
from the interface to the charge storage structure, and
wherein the length of the portion of the data line is less
than the length of the semiconducting oxide material.

13. The apparatus of claim 11, wherein the semiconductor

material and the semiconducting oxide material have differ-
ent conductivity types.

14. The apparatus of claim 11, wherein the semiconductor

material is p-type conductivity and semiconducting oxide
material is n-type conductivity.
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15. An apparatus comprising:

a first memory cell including:

a first transistor including a first channel region, and a first
charge storage structure separated from the first chan-
nel region; and

a second transistor including a second channel region
coupled to the charge storage structure;

a second memory cell including:

a third transistor including a third channel region, and a
second charge storage structure separated from the
third channel region; and

a fourth transistor including a fourth channel region
coupled to the second charge storage structure; and

a data line coupled to the first, second, third, and fourth
channel regions, the data line including:

a first portion adjacent the first channel region and sepa-
rated from the first channel region by a first dielectric
material; and

a second portion adjacent the third channel region and
separated from the third channel region by a second
dielectric material.

16. The apparatus of claim 15, wherein a side of the first
portion of the data line is separated from a side of the second
portion of the data line by a gap, and wherein the gap is void
of a material of the data line.

17. The apparatus of claim 15, wherein the data line
includes a first part extending from the first memory cell to
the second memory cell, a second part perpendicular to the
first part and extending from the first memory cell to the
second memory cell, and wherein the first and second
portions of the data line are included in the second part of the
data line.

18. The apparatus of claim 15, wherein the first and third
channel regions have a first conductivity type; and the
second and fourth channel regions have a second conduc-
tivity type.

19. The apparatus of claim 17, further comprising a
conductive line separated from the first, second, third, and
fourth channel regions, the conductive line spanning across
part of the first, second, third, and fourth channel regions.

20. The apparatus of claim 19, further comprising an
additional conductive line separated from the first, second,
third, and fourth channel regions and opposite from the
conductive line, wherein the first, second, third, and fourth
channel regions are between the conductive line and the
additional conductive line, and the additional conductive
line spans across an additional part of the from the first,
second, third, and fourth channel regions.
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