a2 United States Patent

Lee et al.

US011956974B2

ao) Patent No.: US 11,956,974 B2
45) Date of Patent: Apr. 9, 2024

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(30)

DATA STORAGE CELL, MEMORY, AND
MEMORY FABRICATION METHOD
THEREOF

Applicant: UNITED MICROELECTRONICS
CORP., Hsin-Chu (TW)

Inventors: Kuo-Hsing Lee, Hsinchu County (TW);
Sheng-Yuan Hsueh, Tainan (TW)

Assignee: UNITED MICROELECTRONICS
CORP., Hsin-Chu (TW)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 207 days.

Appl. No.: 17/074,584
Filed:  Oct. 19, 2020

Prior Publication Data

US 2022/0059616 Al Feb. 24, 2022

Foreign Application Priority Data

Aug. 19,2020 (CN) oo 202010835714.X

(1)

(52)

(58)

Int. CI.

HOIL 29/06 (2006.01)

HI0B 61/00 (2023.01)

HI0B 63/00 (2023.01)

HION 50/01 (2023.01)

HION 70/00 (2023.01)

U.S. CL

CPC oo HI0B 63/30 (2023.02); HI0B 61/22
(2023.02); HI0B 63/80 (2023.02); HION
50/01 (2023.02); HION 70/011 (2023.02)

Field of Classification Search

27/2463; HO1L 43/12; HO1L 45/16; HO1L
27/0207; HO1L 27/11509; HO1L 27/2427,
G11C 8/14; G11C 11/1657; G11C

11/1659
USPC ittt seneneaes 257/5
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,174,874 B2 5/2012 Inaba
2003/0155607 Al* 82003 Kamigaki .......... G11C 11/5671
257/E21.679

(Continued)

FOREIGN PATENT DOCUMENTS

EP 3944 248 Al 1/2022

OTHER PUBLICATIONS

Chien-Yu Lu et al., A 0325 V, 600-kHz, 40-nm 72-kb 9T Sub-
threshold SRAM with Aligned Boosted Write Wordline and Nega-
tive Write Bitline Write-Assist, Transactions Briefs, IEEE Transac-
tions on Very Large Scale Integration(VLSI) Systems, vol. 23, No.
5, May 2015, 2014 IEEE, pp. 958-962, XP011579390, May 2015.

Primary Examiner — Ismail A Muse
(74) Attorney, Agent, or Firm — Winston Hsu

(57) ABSTRACT

The invention discloses a memory fabrication method. The
memory fabrication method includes forming a plurality of
gate electrode lines to respectively form a plurality of gates
of a plurality of data storage cells, and forming a plurality of
conductive lines. The plurality of data storage cells are
arranged in an array. Each of the plurality of conductive lines
is coupled to two of the plurality of gate electrode lines.
Each of the plurality of conductive lines at least partially
overlaps the two gate electrode lines of the plurality of gate
electrode lines.

CPC ... HO1L 27/2436; HO1L 27/228; HO1L 18 Claims, 23 Drawing Sheets
P
WL1(MS) WL2(MS) WL3(MS)
pLI\PL2 V4
o)

V4
M4

MO~

BLIS

SL1 €

BL2 ;

CT21 (CT)—

—CT22 (CT)

CT31L (CT)—

——CT32 (CT)

BL3 %

SL2 €

BL4 ( g

MO~




US 11,956,974 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

2004/0089913 Al* 5/2004 Yano ............. HOIL 21/76838
257/E21.582
2005/0219900 Al* 10/2005 Kamigaki .......... G11C 16/0425
365/185.14
2006/0228859 Al* 10/2006 Willer ............... HOLL 27/11526
438/257
2006/0289945 Al* 12/2006 Nii ..cccoovvvrrvrnnenene. Gl1C 11/412
257/E27.099
2009/0212340 Al* 82009 Lee .............. HOLL 27/11568
257/315
2011/0069534 A1* 3/2011 Inaba ................ Gl1C 11/16
365/158
2011/0110148 Al*  5/2011 Liu .cocoovevrnenneen HOLL 27/2409
257/E47.001

2016/0225818 Al 8/2016 Toh
2018/0190180 Al* 7/2018 Shang ............... G11C 19/28
2019/0355788 Al* 11/2019 Chang ............... HOLL 21/76877
2020/0043941 Al*  2/2020 Kim ...ccoevveiecnnnne HI10B 43/20
2020/0098931 Al* 3/2020 Sharma . HOLL 27/0688
2020/0202956 Al* 6/2020 Deguchi ... GIIC16/32
2020/0411523 A1* 12/2020 Shin ...... ... HI0B 12/02
2020/0411553 Al1* 12/2020 Zhang ... . HO1L 27/1159
2021/0036056 Al* 2/2021 Park ... . HOLL 27/2463
2021/0183861 Al™* 6/2021 Lee .ccoovevvevecnnne HI10B 12/03

* cited by examiner



U.S. Patent Apr. 9, 2024 Sheet 1 of 23 US 11,956,974 B2

10\\

Vel s
g
BL
+dV1 - S1
Rpll
RmS Gl DI Rt
Pnte—AAA— M0 ——9
G2 D2
Rpl2
Rt) +dV2 - S2 !
DI
S1+TT1 Vg2
Gl
D2 ~DSC
S2+TT2
G2
Rpll
Rpl2)

FIG. 1



U.S. Patent Apr. 9, 2024 Sheet 2 of 23 US 11,956,974 B2

20 PLI PL2 PL3 PL4 PLS PL(2m-1) PLom
\\ BL1 % % % .
MO~ Rt
T+ T4 | 14 G 4o
T 4 R .
"SR NP I [ P N I [ WPy L _L—uSJl_ B—IwD—fZ— 5
SL1 - ST[DL,D[S2
i el e el e e i i ey o Ty
) s Gl G2
BL2 . % - - % . . ) - % . . %
BL@k&'%"%'.“"%.'%
®
Ml e Tl g ML ¢ Mlg ML ... TL ¢ Mlg Ml 4 ML
SL(k-1)
ottt e e
BL(2k-2) % % % %
BL(2k-1) é é é §
Tl e T L gl Tl gl ... L g Lo L o M1
SLk
g T i e o o i T et o ot oy B Ty
»
BL2k - % - . % . . o - % - . %
BL(zn_D.g..é..m.g..é
L 2
L Mlg ML 4 Mg ML ... L ¢ ML g ML ML
Skn
. i ani i H o el el i s st ol oy ol Ty
Sl}TTl 1
Gl : : : :




U.S. Patent

WLIMS5)  WL2(M5)  WL3M5)  WLAMS5)
PL1(PL2 PL3SPL4 PLS%PL6 PL7( PL8
[7A 11773 177

AWD]

Apr. 9,2024

Sheet 3 of 23

US 11,956,974 B2

WLm(M5)
PL(2m-1)) PL2m
7

BL(2k-5)

SL(k-2)

/
4
X

o
2
- 4
7 e

BL(2k-4)

JRRNY U /4 i
1
t4

O I S |

MOk-D1 MO)z

L

BL(2k-3)

7 e

SLk-1)

NN

BL(2k-2)
DSC(k-1)1

(DSO)

Dt(k-1) /
Dtk —~
Pntkl (Pnt)—X

MOk1 (MO)

BL(2k-1)

7

3

SLK

- o | [l ]

BL2k
DSCk1 (DSO)y&=

Ll - -

\l‘

MOk+1)2 (MO

BL(Z2k+1)

0y

SL(k+1)

A

== == = =

BL(2k+2)

= e i~ |

DSCk+D)1_JS

(DSCO)
MOK+2)1 (MO) A lgﬂ

fr]lﬁl EII

GTH3

=
PTH3 PTHI FIG 3




U.S. Patent Apr. 9, 2024 Sheet 4 of 23 US 11,956,974 B2

PL1 PL2 PL3 PL4 PL5 PL6
uliZ i )
MO~ // // | | // // |
/ /
g (DR (/& & =
048
& DIER |8/ B |8
1/ — /
Bl /MO0 [ /]}B
myoE (R B
5] 5 2
/ / % / j’r /
/i /R /R i i

FIG. 4



U.S. Patent Apr. 9, 2024 Sheet 5 of 23 US 11,956,974 B2

<
= RO MO
[~
nS
Ul
3]
Ay
\
= RO N
2| NS g
= | 3 ©
~ —{
[T,
8
= IO N
[~
Nl =
Ej\ =
\
= RO X




U.S. Patent Apr. 9, 2024 Sheet 6 of 23 US 11,956,974 B2

n
\
[~
»n
Ual
[ ]
Ay
\
\
a T,
= 8| &
N Ne
(3 :
& e
\
~ U_<
-
=
\
[~
s
L O
[ ]
Ay
\
\




U.S. Patent

Apr. 9, 2024

Sheet 7 of 23

M1

PLO

M1

T

X X
7

/PLS

IMD1

ILD

M1

PLA

M1

KE=Y
KO

PLY

DF

PW

Cl

FIG. 7

US 11,956,974 B2



U.S. Patent Apr. 9, 2024 Sheet 8§ of 23 US 11,956,974 B2

Dl

CT
DF

M1

ILD

STI
FIG. 8

CT
DF
PW




U.S. Patent Apr. 9, 2024 Sheet 9 of 23 US 11,956,974 B2

m
= KO A
@)
alE | E |
2|H |7 &
[T,
a
=
—_ L
SRERA| £




US 11,956,974 B2

Sheet 10 of 23

Apr. 9,2024

U.S. Patent

PL3 PL4 PL5 PL6

PL2

PL1

C e ] =] [—e— Mee——" ] =] [~
. _ _
LN T2 7K 7 75
B RN 07 i S T vy 577 S ) 7 e A R A
N\A \@mp = X\ \@ -
[ I~ /VIVA R YV_A il g B V,VA S
B NN b AT N N A <2 ///A
4\/\ — 77 -} 77 —
= B3 / & W & /
> N Nﬁ ¢ Vﬁ/ ™ \r \f/
[y /»V\\.Vw VA V\\Vﬁx ///v,\.J\N,Vw VA/// vV\\ § L
V] (R
=y L L T ™ ‘ B
B NS Vs L/ 74 N/ T~ A Z
S = L |
=, B
= S _\@ Ei o) | & @-MP
[a) A
~N T/ 7N /] /s
B RARNG 022 772 R S S 2 MM A
N L 7H 3 S
™ NN A A N VA/ A //A
= 3 O3 9 9 09 3 =
M w2 m M w2 M

FIG. 10



US 11,956,974 B2

Sheet 11 of 23

Apr. 9,2024

U.S. Patent

[T DId
WV
Md
(@ (@ (@ (@
¢1d y1d c1d
5o IS o VA = VA
a1l
[N [N [AINT [N [N
HA CAINI LA
NI ANNR NN ZARN IR
M M
BedINI
N |
EA YAINI CA
NV 1d




US 11,956,974 B2

Sheet 12 of 23

Apr. 9,2024

U.S. Patent

¢l DI

Md

4d

[/ 513/

A

[/ A3/

[TAINI

CANT

BeINI

yAINT




U.S. Patent Apr. 9, 2024 Sheet 13 of 23 US 11,956,974 B2

Cl

/,
N | NN — = o R
=25 E 5 | 2 s
<
=,
MMC\]C\]—#‘_*FX\WEB
> > =] > | = o -
- oM
— —
Al 2| alala ,
= 2 | 2 |&|F &
a —
[T,
mm(‘\]('\]v—iv—in\\ﬁ'
=== (27 | = Koy
.
<
=,
{\]/ \qu—i
DD QY] =S kET A
v
F




U.S. Patent Apr. 9, 2024 Sheet 14 of 23 US 11,956,974 B2

Dl

fan
= S35
3
m Sl o
N | 2
= | &
<
M ’vv—i‘_‘Q; .
= =l et B O
2 —
[T,
=
= cd | =
[an]




US 11,956,974 B2

Sheet 15 of 23

Apr. 9,2024

U.S. Patent

Gl 'DIH
q

Md
1 1L 1
o) —ow— a1 )
TN TAINT TN

LA LN A
NN A ANCANNRNN

M M

RECTINT
N N
A QT A
GIETG GG




U.S. Patent Apr. 9, 2024 Sheet 16 of 23 US 11,956,974 B2

WL1(M5) WL2(M5) WL3(M5)
PLliPLz V4 PL3iPL4 PLSSAPL6
TN
V4 / M4\§ \1\7\/1?1 ;Z/ V4
Y | NN 1\ (Ol
M4~ 4 g
/ 7 CT_ / Al 7I\C'
MO // / | > »;»\lfvm
/I i /I/ /I i /I = /I : A 7 // ” LTH
K e et ERESE
BL1 g 2‘\\\% DE 2‘&\\% @ 2‘&\\%
/ / / / / /
SL1 § INNIVA MORNDSA SN EEONEY |
7 7 7
B
BL2 A Ry R, A Ry KN A Ry KN
7@){ DS SN B 7@%/
/ . /// d /’
A Y T/ ~wmo [ /BBY
BL3g WIS TSN IS TRINSE S g
El
/ // _/'ﬁ2 // / //
SL2 SSSIPARTEA NOANMEAN SN CLON €4 |
7 / 7 / 7 /
BLA\ RN SONS SUONS
g ? /@/>< i @ Vi i i /%y i g
: | ; A
MO~ // // A GTH3| // S '

: /
7]
Gr 114 "2

TEL
LE;_
O
=

PTHI =

FIG. 16



US 11,956,974 B2

Sheet 17 of 23

Apr. 9,2024

U.S. Patent

LT D4
1L
( A A
S 0 a
/ / /
/ / M
Ad Ja " Ad Ad
1 71d ¢1d
% S1d/ % /p1d/ o /£1d/ 2
at
i T T T i
A 1 QR A
NN AN ZANNRNNNRINNY
M M
BECTINT
IN| NI
A CINT A
GNP
SN
(SIS TM ST TM




US 11,956,974 B2

Sheet 18 of 23

Apr. 9,2024

U.S. Patent

g1 DI

Md

4d

[/ 513/

A

[/ A3/

[PLL

O

§ L

[TAINI

CANT

BeINI

yAINT

(CINDETM

GAINI

(CINTTM




US 11,956,974 B2

Sheet 19 of 23

Apr. 9,2024

U.S. Patent

61 DI
D
Md
1a Tam
91d 1d/ Ad A1 AJTIL
I o fD I
TN W | tamr | TN
IA M LA I
N CNL AL AN N O
A A A A
QNI
cIN N N N
eA en | vamr Jea eA
I I
A A
SCINT
(STDETM (SIDTTM eYIL
- Cam i




US 11,956,974 B2

Sheet 20 of 23

Apr. 9,2024

U.S. Patent

0¢ DIH
Md
1 1L 1
o) aT )
TN
i IA
NS,
fe—>]
S
RECTINT M
QT
GG GG
- [aam
ST




US 11,956,974 B2

Sheet 21 of 23

Apr. 9, 2024

U.S. Patent

¢ DOIH
q q
Md
1 1L 1
%RE%
........... o) TR R 4 fo) USRI e ST Vol
............................ O TR
TN TAINT TN
A AT A
NN N NONIARONRNNN
M M
BN
N NI
A PN A
IS G
SN
CINTTIM




U.S. Patent

P

Apr. 9,2024

=
=

-
-

1(M5)

i

Sheet 22 of 23

WL2(M5)

WL3(M5)
PL5

‘&‘PL(S

va

US 11,956,974 B2

//'80

MOG-1)1 (MO)—,
| 1

4

F~MO

Dt(-1)

M4 r

/
A

T

S/

=—Pnt

4

.

v (71

l'_Ll

il ~M4

Pntil (Pnt) |

X
M4
1

1/
/
//

7= MO0i2 (MO)

~MO

MOi1 (MO)~—=

BL(21-1)

NN B Y

7L

SLi ©

AN

\7(\\

1z

\><,\'"1‘ =

|

I
BLZig i

|

7 Z

DSCil (DSC)—

Pl

MOG+D)1 (MO)—~

P N

BLQ2i+1) g

K7
X

SLG+1) \X

DN

2

\Z\:\.

BL(214+2) g

N

ARG
I

R
~LESL TS
\\

BL(214+3) g

BN
Z.

2t

14 AR [
LT TR AL
?><\/ \P\ '\,( N

AN

N\
N

SL(+2) ©

L7 A

T

7k
g = = =
A

N

N

-

\\%\\ ’. ~

BL(21+4) g

MO~

a\)\\ ; *?27‘* L




U.S. Patent Apr. 9, 2024 Sheet 23 of 23 US 11,956,974 B2

90
e

WLI1(MS5) WL2(M5) WL3(M5)
PL]SAPLQ V4 PL3§APL4 PLSSAPL6
w_ PR oA PR v
Mé~= ﬁ r—l] /?&J
/1 1/ i
/

I | /

/
MO~~~ // .

SL1 ST

BL S ¥§ %@ﬁ , |

CT21 (CT)— ¢ AN

CT31 (CT) 77 5/171_ =

BL3 g §>§\\

B
o 2o
74
el
g
LT
&‘“

\\><\
AL L

B
4

1 2A;
b
e

>(‘f:r.i‘.’ X3 :‘ C

N~

&N

Ulrssm—1
ol

CT22 (CT)
7 CT32 (CD)

NN

[~
R
I~

+~M0O

7

~e 7N

WO

<]
VA
\\><\\
./
AT
44

B
O
a\\\

S SSSSRSK

S8
7
/ : // ,}-ﬁ;‘,‘; ;,
BL4 S éi\&\ﬁ
=
/
4

W 7ot ]
LA

R s )
*4,,(7‘; TS
N/ !
\._//\

Ui S

N/ 7 ™~
@// |
\4)(}‘\4

MO~

FIG. 23



US 11,956,974 B2

1

DATA STORAGE CELL, MEMORY, AND
MEMORY FABRICATION METHOD
THEREOF

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a data storage cell, a
memory, and a memory fabrication method thereof, and
more particularly, to a data storage cell, a memory and a
memory fabrication method thereof with higher reliability.

2. Description of the Prior Art

The field of semiconductor memory has recently received
increased attention. Semiconductor memory may be volatile
or nonvolatile. A nonvolatile semiconductor memory may
retain data even when not powered and therefore are widely
applied in cellular phones, digital cameras, personal digital
assistants, mobile computing devices, non-mobile comput-
ing devices and other electronic devices.

In a memory, the length of each word line may cause
non-negligible power consumption and affect the voltage(s)
provided by it to the corresponding data storage cell of the
memory, thereby leading to instability in writing or reading
operations. Moreover, a plurality of layers may be disposed
between the gate of one of the data storage cells and one of
the word lines, and thus make the electric potential of one
gate different from that of another. When manufacture
process defect(s) forms in one gate electrode line, signal
transmission abnormalities may occur. Therefore, how to
optimize the layout design of the word lines has become an
important issue.

SUMMARY OF THE INVENTION

Consequently, the present invention mainly provides a
data storage cell, a memory, and a memory fabrication
method thereof to improve reliability.

The present invention discloses a memory fabrication
method. The memory fabrication method comprises forming
a plurality of gate electrode lines to respectively form a
plurality of gates of a plurality of data storage cells, and
forming a plurality of conductive lines. The plurality of data
storage cells are arranged in an array. Each of the plurality
of conductive lines is coupled to two of the plurality of gate
electrode lines. Each of the plurality of conductive lines at
least partially overlaps the two gate electrode lines of the
plurality of gate electrode lines.

The present invention further discloses a memory. The
memory comprises a plurality of data storage cells arranged
in an array and a plurality of conductive lines. A plurality of
gates of the plurality of data storage cells respectively
constitute a plurality of gate electrode lines. Each of the
plurality of conductive lines is coupled to two of the
plurality of gate electrode lines, and each of the plurality of
conductive lines at least partially overlaps the two gate
electrode lines of the plurality of gate electrode lines.

The present invention further discloses a data storage cell.
The data storage cell comprises a storage structure, a first
transistor, and a second transistor. A first end of the storage
structure is electrically connected to a bit line. The first
transistor comprises a first gate, a first drain, and a first
source. The second transistor comprises a second gate, a
second drain, and a second source. The first gate is electri-
cally connected to the second gate. A second end of the
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storage structure is electrically connected to the first drain
and the second drain. The first source and the second source
are electrically connected to a source line.

In some embodiment, the first gate is electrically con-
nected to the second gate through a first conductive line.

In some embodiment, the data storage cell further com-
prises a first resistor and a second resistor. A first end of the
first resistor is electrically connected to the first gate and the
second gate. A first end of the second resistor is electrically
connected to the first gate and the second gate. A second end
of the first resistor and a second end of the second resistor
are electrically connected to a word line voltage input
terminal through a second conductive line.

In some embodiment, an electric potential of the first gate
is substantially equal to an electric potential of the second
gate, a first potential difference between the first gate and the
word line voltage input terminal is equal to a second
potential difference between the second gate and the word
line voltage input terminal.

In some embodiment, the first gate and the second gate are
coupled to a same word line.

In some embodiment, the storage structure is a variable
resistor to define internal data states, and a resistance of the
storage structure is changed according to an applied voltage
or current.

In some embodiment, a resistance of the second conduc-
tive line is in a range of 10 ohms to 1280 ohms.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 and FIG. 2 are schematic diagrams of an equivalent
circuit of a memory according to an embodiment of the
present invention respectively.

FIG. 3 is a schematic diagram of the memory shown in
FIG. 2.

FIGS. 4 to 21 are schematic diagrams illustrating a
memory fabrication method according to an embodiment of
the present invention.

FIG. 22 and FIG. 23 are schematic diagrams of part of a
memory according to an embodiment of the present inven-
tion respectively.

DETAILED DESCRIPTION

Please note that the figures are only for illustration and the
figures may not be to scale. The scale may be further
modified according to different design considerations. When
referring to the terms “up” or “down” that describe the
relationship between components in the text, it is well
known in the art and should be clearly understood that these
words refer to relative positions that may be inverted to
obtain a similar structure. The connection between compo-
nents may involve direct contact or indirect contact. All
these possibilities should therefore not be precluded from
the scope of the claims in the present invention.

In the following description and claims, the terms
“include” and “comprise” are used in an open-ended fash-
ion, and thus should be interpreted to mean “include, but not
limited to”. Use of ordinal terms such as “first” and “second”
does not by itself connote any priority, precedence, or order
of one element over another or the chronological sequence
in which acts of a method are performed, but are used merely
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as labels to distinguish one element having a certain name
from another element having the same name. Different
technical features described in the following embodiments
may be mixed or combined in various ways if they are not
conflict to each other.

Please refer to FIG. 1, which is a schematic diagram of an
equivalent circuit of a memory 10 according to an embodi-
ment of the present invention. The memory 10 may include
a data storage cell DSC, a source line SL, a bit line BL, a
conductive line M0 (also referred to as a first conductive
line), and a conductive line (for instance, the conductive line
MS shown in FIG. 3) (also referred to as a second conductive
line) corresponding to a resistance Rm5. The data storage
cell DSC may include a storage structure Rt, transistors TT1,
TT2, and resistors Rpll, Rpl2. The transistor TT1 (also
referred to as a first transistor) includes a gate G1 (also
referred to as a first gate), a drain D1 (also referred to as a
first drain), and a source S1 (also referred to as the first
source). The transistor TT2 (also referred to as a second
transistor) includes a gate G2 (also referred to as a second
gate), a drain D2 (also referred to as a second drain) and a
source S2 (also referred to as a second source).

Briefly, the second conductive line corresponding to the
resistor Rm5 may serve as a word line, which may cause
power consumption. Therefore, the resistance of the resistor
Rm5 is reduced in the present invention to reduce the
voltage (also referred to as cross-voltage) across the resistor
RmS5. In addition, a plurality of layers (for instance, con-
ductive layers M2 and M4 shown in FIG. 19) may be
disposed between the gate of one transistor (for instance, the
gate G1 of the transistor TT1 or the gate G2 of the transistor
TT2) and the corresponding word line. These layers may
make the electric potential of the gate G1 different from that
of the gate G2. Because the conductive line M0 may be
directly connected between/to the gates G1 and G2 in the
present invention, the electric potential of the gate G1 of the
transistor TT1 may equal the electric potential of the gate G2
of the transistor TT2, thereby improving reliability.

Specifically, the word line may have a word line voltage
input terminal Pnt, which is configured to receive word line
voltage (for instance, from a control circuit). The gate G1 is
electrically connected to the gate G2. For example, the gate
G1 is electrically connected to (for instance, being directly
connected to and contacting) the gate G2 through the
conductive line M0. Accordingly, a first (electric) potential
difference dV1 between the gate G1 and the word line
voltage input terminal Pnt is equal to a second potential
difference dV2 between the gate G2 and the word line
voltage input terminal Pnt. The gates G1 and G2 have
substantially the same electric potential; that is, the electric
potential Vg1 of the gate G1 is equal to the electric potential
Vg2 of the gate G2.

With the conductive line M0, the gates G1 and G2 of the
transistors TT1 and TT2 may be electrically connected to
(for instance, is directly connected to and contacts) a first
end of a resistor Rpl1 (also referred to as a first resistor), and
the gates G1 and G2 of the transistors TT1 and TT2 may be
electrically connected to (for instance, is directly connected
to and contacts) a first end of a resistor Rpl2 (also referred
to as a second resistor). A second end of the resistor Rpll and
a second end of the resistor Rpl2 are electrically connected
to the word line voltage input terminal Pnt through the
resistor Rm5 corresponding to the second conductive line.
Accordingly, the gates G1 and G2 of the transistors TT1 and
TT2 are coupled to the same word line. In some embodi-
ments, the transistors TT1 and TT2 may be connected in
parallel. The sources S1 and S2 of the transistors TT1 and

10

15

20

25

30

35

40

45

50

55

60

65

4

TT2 may be electrically connected to the source line SL. The
drain D1 and D2 may be electrically connected to a second
end of the storage structure Rt.

In some embodiments, part of the second conductive line
may constitute the resistance Rm5. In some embodiments,
the resistance of the resistor Rm5 corresponding to the
second conductive line may be one fifth of that in the
conventional technology. For example, the resistance of the
resistor Rm5 may be in a range of 10 ohms to 1280 ohms.
In terms of the 28 nm process technology, the resistance of
the resistor Rm5 may be in a range of 10 ohms to 640 ohms.
For example, when there are 64 bit lines BL between two
adjacent ones of the word line voltage input terminals Pnt,
the resistance of the resistor Rm5 may be 10 ohms. When
there are 4096 bit lines BL between two adjacent ones of the
word line voltage input terminals Pnt, the resistance of the
resistor Rm5 may be 640 ohms. In terms of the 14-nano-
meter manufacture process, the resistance of the resistor
Rm5 may be in a range of 20 ohms to 1280 ohms. For
example, when there are 64 bit lines BL between two
adjacent ones of the word line voltage input terminals Pnt,
the resistance of the resistor Rm5 may be 20 ohms. When
there are 4096 bit lines BL between two adjacent ones of the
word line voltage input terminals Pnt, the resistance of the
resistor Rm5 may be 1280 ohms. In some embodiments, the
resistance of the resistor Rm5 may be reduced by increasing
the cross-sectional area (or thickness, or width) of the
second conductive line or changing the material or trace
routing scheme of the second conductive line. The increased
cross-sectional area (or thickness, or width) may reduce
loads along the second conductive line, such that the voltage
drop along the second conductive line (or the voltage drop
between the gate G1 or G2 and the word line voltage input
terminal Pnt) is relatively lower.

A first end of the storage structure Rt is electrically
connected to the bit line BL. In some embodiments, the
storage structure Rt is configured to store a bit or bits of data.
In some embodiments, the storage structure Rt may be a
variable resistor to define internal data states. The resistance
of the storage structure Rt may be changed by applying
different voltages or currents to the storage structure Rt. The
bit value may be read by determining the resistance of the
storage structure Rt. For example, when the resistance of the
memory structure Rt is in a low resistance state or a high
resistance state, the bit value stored in the state may be
designated a binary “1” or “0”, but is not limited thereto. In
some embodiments, the storage structure Rt may include a
magnetic storage component, such as a magnetic tunnel
junction (MTJ) component. In some embodiments, the
memory 10 may be, for example, a resistive random-access
memory (RRAM), a magnetic random access memory
(MRAM), a ferroelectric random access memory (FeRAM),
or a phase-change memory (PRAM), but is not limited
thereto. In some embodiments, the memory 10 may be a
non-volatile memory (NVM).

In this embodiment, the data storage cell DSC may be, for
example, a two-transistor one-resistor (2T1R) bit cell to
increase driving current, thereby speeding up writing or
reading operation. In other embodiments, the data storage
cell DSC may be, for example, a one-transistor two-resistor
(1T1R) bit cell, a one-transistor one-capacitor (1T1C) bit
cell, or a two-transistor one-capacitor (2T1C) bit cell, but is
not limited thereto. In some embodiments, the transistors
TT1 and TT2 of the data storage cell DSC may be, for
example, metal-oxide-semiconductor field-effect transistor
(MOSFET), insulated-gate field effect transistor (IGFET) or
bipolar transistor, but is not limited thereto.
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More specifically, please refer to FIG. 2 and FIG. 3. FIG.
2 is a schematic diagram of an equivalent circuit of a
memory 20 according to an embodiment of the present
invention, and FIG. 3 is a schematic diagram of the memory
20 shown in FIG. 2. The structure of the memory 20 shown
in FIG. 2 is similar to that of the memory 10 shown in FIG.
1, and hence the same numerals and notations denote the
same components in the following description. The memory
20 may include a plurality of data storage cells DSC, source
lines SLL1 to SLn (corresponding to the source line S shown
in FIG. 1), bit lines BL.1 to BL.2% (corresponding to the bit
line BL. shown in FIG. 1), and gate electrode lines PL1 to
PL2m, and conductive lines M0, M5. The conductive lines
MS5 (also referred to as second conductive lines) may serve
as word lines WL1 to WLm, respectively.

As shown in FIG. 2, the data storage cells DSC are
arranged in an array. The gates G1 and G2 of the data storage
cells (namely, the data storage cell DSC shown in FIG. 1)
respectively form a part of the gate electrode lines PL.1 to
PL2m shown in FIG. 2. For example, the gate G1 of one of
the data storage cells DSC forms a part of the gate electrode
line PL(2m-1), the gate G2 of the data storage cell DSC
forms a part of the gate electrode line PL2m. The gate
electrode lines PL1 to PL.2m extend (for instance, vertically)
along the columns of the array. Similarly, the word lines
WL1 to WLm partially formed from the conductive lines M5
extend (for instance, vertically) along the columns of the
array, and are electrically connected to the data storage cells
DSC in the corresponding column. The gate electrode lines
PL1 to PL2m are parallel to the conductive lines M5 serving
as the word lines WL1 to WLm. The source lines SL1 to SLn
and the bit lines BL1 to BL.2» extend (for instance, hori-
zontally) along the rows of the array, and are electrically
connected to the data storage cells DSC in the corresponding
rows. In some embodiments, the word lines WL1 to WLm
facilitate selection of the data storage cells DSC on a
column-by-column basis, and the source lines SL.1 to SLn
and the bit lines BLL1 to BL.2z facilitate reading from and/or
writing to the selected data storage cell(s) DSC on a row-
by-row basis, but is not limited thereto.

In some embodiments, every two of the gate electrode
lines PL.1 to PL.2m are grouped into a set. The intersection
of any two sets is an empty set; that is, one gate electrode
line may not belong to different sets. One of the conductive
lines M5 is coupled to the gate electrode lines in the same
set. For example, the word line WLm is coupled to the gate
electrode lines PL(2m-1) and PL2m adjacent to each other.
In other words, each of the conductive lines M5 is coupled
to two of the gate electrode lines PL1 to PL2m. In some
embodiments, each of the conductive lines M5, which may
constitute one of the word lines WL1 to WLm, may at least
partially overlap two of the gate electrode lines PL1 to
PL2m. For example, one of the conductive lines M5 partially
overlaps the gate electrode lines PL(2m-1) and PL.2m adja-
cent to the conductive line M5. As shown in FIG. 3, the
conductive line M5 exposes, for example, the left side of the
gate electrode line PL(2m-1) and the right side of the gate
electrode line PL2m. Therefore, each of the conductive lines
MS5 does not completely overlap two of the gate electrode
lines PL.1 to PL.2m. In some embodiments, a second pitch
PTH3 between two adjacent ones of the conductive lines M5
is more than or equal to twice a first pitch PTH1 between two
adjacent ones of the gate electrode lines PL.1 to PL.2m. A gap
width GTH1 between two adjacent ones of the gate elec-
trode lines PL1 to PL2m is less than or equal to a second
width WD3 of one of the conductive lines M5. In some
embodiments, the second pitch PTH3 between two adjacent
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ones of the conductive lines M5 may be 260 nanometers
(nm), and a gap width GTH3 between two adjacent ones of
the conductive lines M5 may be 120 nanometers.

Since the memory 20 may include a large number of data
storage cells DSC, the length(s) of the word lines WL1 to
WLm may make themselves have high load(s), which may
cause non-negligible power consumption and affect the
voltage(s) provided by the word lines WL1 to WLm to the
data storage cells DSC. These in turn lead to instability in
writing or reading operations. The resistance of one of the
conductive lines M5 may be reduced by increasing the width
of the conductive line M5, and the voltage (cross-voltage)
across the conductive line M5 may be reduced by decreasing
the resistance of the conductive line M5, thereby reducing
line loading. In some embodiments, a first width WD1 of
one of the gate electrode lines PL1 to PL.2m is 0.2 to 0.5
times as large as the second width WD3 of one of the
conductive lines M5, but is not limited thereto. In some
embodiments, the second width WD3 of one of the conduc-
tive lines M5 may be 140 nanometers. In some embodi-
ments, the gate electrode lines PLL1 to PL2m may have
different thicknesses or widths; the conductive lines M5 may
have different thicknesses or widths.

In some embodiments, the conductive lines M0 may be
evenly spaced apart along the rows of the array and extend
in parallel (for instance, horizontally). The source lines SL.1
to SLn and the bit lines BL.1 to BL.2% are parallel to the
conductive lines M0. In some embodiments, at least one of
the conductive lines M0 is electrically connected between/to
(for instance, is directly connected between/to and contacts)
or electrically shorts the gate electrode lines of the same set
in the gate electrode lines PL.1 to PL2m. For example, at
least one of the conductive lines M0 is electrically connected
between/to the gate electrode lines PL(2m-1) and PL2m
adjacent to each other. In other words, each of the conduc-
tive lines M0 is coupled to two of the gate electrode lines
PL1 to PL2m. In some embodiments, one conductive line
MO is coupled to only one word line. For example, the
conductive line M041 is coupled to the word line WL1
alone. A plurality of layers (for instance, the conductive
layers M2 and M4 shown in FIG. 19) may be disposed
between the gate (for instance, the gate G1 or G2) of the data
storage cell DSC or its corresponding gate electrode line and
the word line (for instance, the word line WLm). The
plurality of layers may make the electric potential of the gate
(for instance, the gate G1) or its corresponding gate elec-
trode line different from that of another gate (for instance,
the gate G2) or its corresponding gate electrode line. Since
one conductive line M0 is directly connected between/to the
gates G1 and G2 or between their corresponding gate
electrode lines (for instance, the gate electrode lines PL(2m—
1) and PL.2m), the electric potential of the gate G1 may equal
the electric potential of the gate G2. In addition, when one
conductive line M0 is directly connected between/to the gate
electrode lines (for instance, the gate electrode lines PL(2m—
1) and PL2m), it may further avoid signal transmission
abnormalities (for instance, the voltage of the gate G1
located on the gate electrode line PL.2m cannot be adjusted
according to that of the word line WLm) caused by manu-
facture process defects in the gate electrode lines PL1 to
PL2m (for instance, the gate electrode line PL.2m is broken/
fractured).

In some embodiments, each of the conductive lines M0
may at least partially overlap two of the gate electrode lines
PL1 to PL2m so as to electrically connect between/to and
contact the gate electrode lines. For example, at least one of
the conductive lines M0 partially overlaps the gate electrode
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lines PL(2m-1) and PL.2m adjacent to each other. In some
embodiments, the first width WD1 of one of the gate
electrode lines PL1 to PL2m is 0.5 to 1 times as large as a
second width WD2 of one of the conductive lines M0, and
the first width WD1 of one of the gate electrode lines PL1
to PL2m is 0.1 to 0.2 times as large as a length L'TH of one
of the conductive lines M0, but is not limited thereto. In
some embodiments, the conductive lines M0 may have
different lengths or widths, and the gate electrode lines PL.1
to PL2m may have different lengths or widths. In some
embodiments, the conductive lines M0, each coupled to the
gate eclectrode lines of one set adjacent to another set,
alternate but are nonaligned. For example, the conductive
line M0£1 is coupled to the gate electrode lines PL.1 and PL.2
in one set, and the conductive lines M0(k+1)2 is coupled to
the gate electrode lines PL.3 and P14 in another adjacent set.
The conductive lines M0k1 and MO(4+1)2 interleave but do
not align with each other. In some embodiments, the con-
ductive lines M0 alternately arranged are electrically iso-
lated from each other and not coupled to each other. For
example, the conductive line M0A1 is electrically isolated
from the conductive line M0(%+1)2 without being coupled to
the conductive line MO(k+1)2.

In some embodiments, two adjacent ones of the conduc-
tive lines M0 in the same column may be separated by one
(or more) of the data storage cells DSC in the same column.
For example, the conductive lines M0O(k-1)1 and MO#1,
which are adjacent to each other and located in the same
column, may be separated by the data storage cell DSC(k-
11 (namely, one data storage cell DSC). Alternatively, the
conductive lines M041 and MO(%4+2)1, which are adjacent to
each other and located in the same column, may be separated
by the data storage cells DSCk1 and DSC(k+1)1 (namely,
two data storage cells DSC). In some embodiments, the
width of one of the data storage cells DSC may be 260
nanometers, and the height of one of the data storage cells
DSC may be 420 nanometers. In this case, the distance
between the conductive lines M0kl and M0O(4+2)1 may be
840 nanometers. In some embodiments, at least two adjacent
ones of the bit lines BL1 to BL2# are located between two
adjacent and aligned ones of the conductive lines M0. For
example, the bit lines BL.(2k-3) and BL(24-2) (namely, two
bit lines) are located between the conductive lines M0(4-1)1
and MOA1, which are adjacent to and aligned with each
other. Alternatively, the bit lines BL(24-1) to BL(2k+2)
(namely, four bit lines) are located between the conductive
lines M0A1 and MO(4+42)1, which are adjacent to and aligned
with each other. In some embodiments, two of the conduc-
tive lines M0, which are adjacent to the opposite sides of one
of the source lines SL.1 to SLn respectively, are staggered
and not aligned with each other. For example, the conductive
lines M0k1 and MO(4+1)2 are adjacent to the two sides of
the source lines SLk respectively and stagger without being
aligned with each other. In some embodiments, one of the
conductive lines M0 is perpendicular to or extends across
one of the conductive lines M5. In some embodiments, one
of the conductive lines M0, which overlaps one conductive
line M5, is staggered and nonaligned with another of the
conductive lines M0, which overlaps another conductive
line M5. For example, the conductive line M041 overlapping
the word line WL1 staggers and is not aligned with the
conductive line M0(k+1)2 overlapping the word line WL2.

In some embodiments, a plurality of word line voltage
input terminals Pnt may be configured on one word line (for
instance, the word line WLm) to receive word line voltage
(for instance, from the control circuit through the word line
voltage input terminals Pnt). In some embodiments, the
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word line voltage input terminals Pnt in the same row
constitute a logic region, and the data storage cells DSC are
(completely) absent from the logic region. There are a
plurality of bit lines disposed between two adjacent ones of
the logic regions; that is, a plurality of data storage cells
DSC are disposed between the two adjacent logic regions.
For example, there may be 64 bit lines disposed between two
adjacent ones of the logic regions. The larger the number of
bit lines between two adjacent logic regions, the smaller the
area of the memory 20. However, the voltage drop(s) of the
conductive lines M5 may increase. In some embodiments,
the word line voltage input terminals Pnt configured on the
word lines WL1 to WLm are evenly spaced apart and
arranged in an array, meaning that different logic regions are
evenly spaced apart from each other. In some embodiments,
each of the word lines WL1 to WLm extend continuously
without being disconnected or broken apart at any of the
word line voltage input terminals Pnt of the word line (or at
any of the logic regions). In some embodiments, one of the
word line voltage input terminals Pnt is separated from the
neighboring conductive lines M0 on both sides by different
distances. For example, there is a distance Dt(k-1) (also
referred to as first distance) between the word line voltage
input terminal Pntkl and the conductive line MO(k-1)
adjacent to one side of the word line voltage input terminal
Pntk1. There is a distance Dtk (also referred to as second
distance) between the word line voltage input terminal Pntk1
and the conductive line M0A1 adjacent to the opposite side
of the word line voltage input terminal Pntk1. The distances
Dt(k-1) and Dtk are unequal. In some embodiments, one (or
more) of the data storage cells DSC (for instance, the data
storage cells DSC(k-1)1) is disposed between one of the
word line voltage input terminals Pnt (for instance, the word
line voltage input terminals Pntk1) and the conductive line
MO (for instance, the conductive line M0(4-1)1) adjacent to
one side of the word line voltage input terminal Pnt, but no
data storage cell DSC is provided between the word line
voltage input terminal Pnt and the conductive line M0 (for
instance, the conductive line M041) adjacent to the opposite
side of the word line voltage input terminal Pnt.

Please refer to FIGS. 4 to 21, which are schematic
diagrams illustrating a memory fabrication method accord-
ing to an embodiment of the present invention. The memory
fabrication method may be utilized to fabricate the memory
10 shown in FIG. 1 or the memory 20 shown in FIG. 2.
FIGS. 4, 10, and 16 are top-view schematic diagrams. FIGS.
5, 11, and 17 may be regarded as cross-sectional view
diagrams taken along a cross-sectional line A-A' in FIGS. 4,
10, and 16. FIGS. 6, 12, and 18 may be regarded as
cross-sectional view diagrams taken along a cross-sectional
line B-B' in FIGS. 4, 10, and 16. FIGS. 7, 13, and 19 may
be regarded as cross-sectional view diagrams taken along a
cross-sectional line C-C'in FIGS. 4,10, and 16. FIGS. 8, 14,
and 20 may be regarded as cross-sectional view diagrams
taken along a cross-sectional line D-D' in FIGS. 4, 10, and
16. FIGS. 9, 15, and 21 may be regarded as cross-sectional
view diagrams taken along a cross-sectional line E-E' in
FIGS. 4, 10, and 16.

As shown in FIG. 5, a substrate PW is provided. In some
embodiments, the substrate PW may be, for example, a
P-type semiconductor substrate or an N-type semiconductor
substrate. In some embodiments, the material of the sub-
strate PW may include, for example, silicon, silicon germa-
nium (SiGe), silicon carbide (SiC), gallium arsenide (GaAs),
gallium phosphide (GaP), indium phosphide (InP), indium
arsenide (InAs), indium antimonide (InSb), other semicon-
ductor materials, compounds or combinations thereof, but is
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not limited thereto. In some embodiments, the substrate PW
may be, for example, a semiconductor on insulator (SOI). In
some embodiments, the substrate PW may include doped
regions DF such as a p-well or an n-well.

Next, as shown in FIGS. 5 and 17, transistors TT are
formed on the substrate PW. Each transistor TT is located in
an active area of the substrate PW, and approximately
disposed in an inter-layer dielectric ILD. Each transistor TT
may include a gate a gate insulating layer (not shown), a
source S and a drain D. The source S and the drain D are
formed in the doped regions DF respectively. As shown in
FIG. 17, the drain D is electrically connected to one of the
storage structures Rt. There are a contact structure CT, a
conductive layer M1, a conductive via V1, a conductive
layer M2 and a carrying layer W stacked in spatial sequence/
order between the drain D and the storage structure Rt. The
storage structure Rt is electrically connected to a conductive
layer M4 serving as a bit line (for instance, the bit line BL.4)
through a conductive via V3. In some embodiments, the
storage structure Rt may include a bottom electrode, a fixed
layer, an insulating layer, a free layer, or an upper electrode,
but is not limited thereto.

As shown in FIGS. 17 and 20, the source S is electrically
connected to the conductive layer M1 through the contact
structure CT, and is electrically connected to the conductive
layer M2 serving as the source line (for instance, the source
line SL.1) through the conductive layer As shown in FIG. 20,
the conductive layer M2 serving as a source line (for
instance, the source line SL.1) and the conductive layer M4
serving as the bit line (for instance, the bit line BL.2 or BL.3)
are located in different layers, such that the source line (for
instance, source line SI.1) and the bit line (for instance, the
bit line BL2 or BL3) are electrically isolated from each
other. In some embodiments, a width WDsl of one of the
source lines (for instance, the source line SI.1) and a width
WDbl of one of the bit lines (for instance, the bit line BL.2
or BL3) may be adjusted according to different require-
ments. For example, the widths WDsl and WDbl may be
increased so that the source line (for instance, the source line
SL.1) overlaps the bit line (for instance, the bit line BL.2 or
BL3).

The gate G is utilized to form a gate electrode line (for
instance, the gate electrode line PL4). In some embodi-
ments, the material of the gate G may include, for example,
polysilicon or metal, but is not limited thereto. In some
embodiments, sidewalls of the gate G may be covered by
spacer(s). As shown in FIG. 19, the gate electrode line(s)
(for instance, the gate electrode line PL.3 or PL4) formed by
the gate(s) G is/are electrically connected to one of the
conductive lines M5 serving as a word line (for instance, the
word line WL2). There are the contact structure CT, the
conductive layer M1, the conductive via V1, the conductive
layer M2, a conductive via V2, a conductive layer M3, a
conductive via V3, the conductive layer M4, and a conduc-
tive via V4 stacked in spatial sequence/order between the
gate electrode line (for instance, the gate electrode line PL.3
or PL4) and the conductive line M5. As set forth above, there
may be a plurality of layers (namely, the contact structure
CT, the conductive layer M1, the conductive via V1, the
conductive layer M2, the conductive via V2, the conductive
layer M3, the conductive via V3, the conductive layer M4,
and the conductive via V4) disposed between the gate G of
the transistor TT and the conductive line M5 serving as a
word line (for instance, the word line WL2). These layers
may make the electric potential of one of the gates G or its
corresponding gate electrode line different from that of
another of the gates G or its corresponding gate electrode
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line. As shown in FIGS. 18 and 19, the conductive line M0
contacts and is directly connected between/to the gate elec-
trode lines (for instance, the gate electrode lines PL3 and
PL4). Accordingly, the electric potential of the gate G
corresponding to the gate electrode line PL.3 may equal the
electric potential of the gate G corresponding to the gate
electrode line PL4. In addition, the conductive line M0 may
be utilized to further prevent signal transmission abnormali-
ties (for instance, the voltage of the gate G located on the
gate electrode line PL3 does not change according to that of
the word line WL.2) caused by manufacture process defects
within the gate electrode line(s) (for instance, the gate
electrode line PL3 or PL4 is broken/fractured or even
fragmented into several pieces) or within wiring trace(s) (for
instance, the conductive via V1 or the conductive layer M2
is broken/fractured) connected to the word line voltage input
terminal(s) Pnt. Even if certain gate electrode line(s) or
wiring trace(s) connected to the word line voltage input
terminal(s) Pnt is broken/fractured to form an open circuit,
the gate G may be connected to another word line voltage
input terminal Pnt through the network formed by the
conductive lines M0 to receive word line voltage (for
instance, from the control circuit).

In some embodiments, the conductive lines MO are
located in a layer different from the layer in which the gate
electrode lines PL1 to PL2m are located; alternatively, the
conductive line M0 and the gate electrode line (for instance,
the gate electrode lines PL1 to PL2m) are formed from
different unpatterned material layers by different manufac-
ture processes respectively. In some embodiments, the con-
ductive line MO is located in the same layer as the gate
electrode lines PL1 to PL2m; alternatively, the conductive
lines M0 and the gate electrode lines PL.1 to PL.2m are made
from the same unpatterned material layer in the same
manufacture process/processes. In some embodiments, a
first thickness TK1 of one of the gate electrode lines PL1 to
PL2m is 0.5 to 2 times as large as a second thickness TK2
of one of the conductive lines M0. In some embodiments,
the conductive lines M0 may have different thicknesses, and
the gate electrode lines PL1 to PL2m may have different
thicknesses.

As shown in FIG. 19, each of the conductive lines M5 is
electrically connected to at least one of the gate electrode
lines PL.1 to PL2m, and there is no other conductive layer
arranged between two adjacent ones of the conductive lines
MS5. As shown in FIG. 19, the cross-sectional area (or
thickness, or width) of one of the conductive lines M5
serving as a word line (for instance, the word line WL2 or
WL3) may be appropriately increased to reduce the resis-
tance of the conductive line M5. The increased cross-
sectional area (or thickness, or width) may reduce loads of
the conductive line M5, such that the voltage drop along the
conductive line M5 is lower to moderate power consump-
tion. In some embodiments, the first thickness TK1 of one of
the gate electrode lines (for instance, the gate electrode line
PL3)is 0.1 to 0.5 as large as a second thickness TK3 of one
of the conductive lines M5, but is not limited thereto. In
some embodiments, the first width WD1 of one of the gate
electrode lines (for instance, the gate electrode line PL3) is
smaller than the second width WD3 of one of the conductive
lines M5, but is not limited thereto. In some embodiments,
the conductive lines M5 may have different thicknesses or
widths. As shown in FIG. 17, the conductive line M5 serving
as a word line (for instance, the word line WL2) and the
conductive layer M4 serving as a bit line (for instance, the
bit line BL4) are located in different layers, such that the
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word line (for instance, the word line WL2) and the bit line
(for instance, the bit lines BL.4) are electrically isolated from
each other.

As shown in FIGS. 17 to 21, there are inter-metallic
dielectric layers IMD1, IMD2, IMD3a, IMD354, IMD4, and
IMDS5 stacked on the dielectric layer ILD. The conductive
layer M1 is located in the dielectric layer IMD1. The
conductive layer M2 and the conductive via V1 are located
in the same layer (namely, the dielectric layer IMD2). The
carrying layer W and the storage structure Rt are located in
the same layer (namely, the dielectric layer IMD3a). The
conductive layer M3 and the conductive via V2 are located
in the same layer (namely, the dielectric layer IMD354). The
conductive layer M4 and the conductive via V3 are located
in the same layer (namely, the dielectric layer IMD4). The
conductive line M5 and the conductive via V4 are located in
the same layer (namely, the dielectric layer IMDS5). As
shown in FIG. 21, the dielectric layer ILD may have a
multilayer stacked structure, and the conductive line M0 is
located in the multilayer stacked structure of the dielectric
layer ILD. For example, the conductive line M0 is located in
the dielectric layer ILD2 and thus sandwiched between the
dielectric layers ILD1 and ILD3. As shown in FIG. 21, the
conductive lines M0 and the contact structures CT are both
located in the dielectric layer ILD; however, the conductive
lines M0 and the contact structures CT are spaced (far) apart
by a distance and hence electrically isolated. Similarly, the
conductive line M0 and the conductive layer M1 are located
in different layers. The conductive line M0 and the conduc-
tive layer M1 are spaced (far) apart by a distance and hence
electrically isolated. For example, as shown in FIG. 21, the
conductive line M0 is separated from the conductive layer
M1 by a distance, and they are electrically isolated by the
dielectric layer ILD3. As shown in FIG. 16, the conductive
line M0 does not overlap the contact structure CT, the metal
layer M1, or the source line (for instance, the source line
SL1 or SL.2). Since the conductive line M0 does not overlap
the conductive layer M1, coupling capacitors may be elimi-
nated. In order to further prevent the conductive line M0
from overlapping the conductive layer M1, the conductive
line M0 does not overlap any of the bit lines BL1 to BL.2#,
nor is it disposed in/within any of the data storage cells DSC.

As shown in FIG. 21, the center of one of the conductive
lines MO is aligned with the geometric center of a shallow
trench isolation layer STI. As shown in FIGS. 19 and 20, the
contact structures CT are respectively disposed on the doped
regions DF or the gate electrode lines PL.1 to PL2m. The
shallow trench isolation layer STI is formed in the substrate
PW and is located between the doped regions DF. The
shallow trench isolation layer STI is used to define and
electrically isolate adjacent ones of the transistors TT. In
some embodiments, the material of the shallow trench
insulation layer STI may have a high dielectric constant or
be a high kappa (high-K) dielectric, which is a material with
higher dielectric constant than that of silicon dioxide (SiO,),
wherein K may be greater than or equal to 8. In some
embodiments, the material of the shallow trench isolation
layer STI may have a low dielectric constant or be a low-K
dielectric, and K may be less than or equal to 4. In some
embodiments, the material of the shallow trench isolation
layer STI may include, for example, oxide (for instance,
germanium (Ge) oxide, titanium oxide (Ti,0,), tantalum
oxide (Ta,0,), or Si0,), oxynitride (for instance, gallium
phosphide (GaP) oxynitride or silicon oxynitride (Si,O,N,)),
barium strontium titanate (BST, BaTiO,/SrTiO;), or other
dielectric materials, but is not limited thereto.
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In some embodiments, the materials of the contact struc-
tures CT, the conductive layers M1, M2, M3, M4, the
conductive vias V1, V2, V3, and the conductive lines MO0,
MS5 may include, for example, copper, aluminum copper,
aluminum, gold, other metals, or alloys thereof, but is not
limited thereto. In some embodiments, the material of the
contact structures CT may include, for example, nickel
silicide (NiSi), nickel-platinum silicide (NiPtSi), nickel-
platinum-germanium silicide, NiPtGeSi), nickel-germanium
silicide (NiGeSi), erbium silicide (ErSi), cobalt silicide
(CoSi), ytterbium silicide (YbSi), platinum silicide (PtSi),
iridium silicide (IrSi), other silicides, or other conductive
materials, but is not limited thereto. In some embodiments,
the material of the conductive layers M1 to M4 may include,
for example, single polysilicon (poly), but is not limited
thereto. In some embodiments, the contact structures CT, the
conductive layers M1 to M4, the conductive vias V1 to V3,
and the conductive lines M0, M5 may be formed by a single
damascene operation, a dual damascene operation, and
electroplating, low-pressure chemical vapor deposition
(LPCVD), plasma-enhanced chemical vapor deposition
(PECVD), sputtering, evaporation, high-density inductively
coupled plasma (ICP) deposition, high-density ionized metal
plasma (IMP) deposition, other chemical or physical vapor
deposition, but is not limited thereto. In some embodiments,
the carrying layer W may be formed by the material(s) or
manufacture process/processes for the conductive vias V1 to
V3, but is not limited thereto.

In some embodiments, the material of the dielectric layer

ILD may include, for example, oxide (for instance, Ge
oxide, Ti,0,, Ta,0,, or 8i0,), oxynitride (for instance, GaP

oxynitride or Si,O,N,), BST), or other dielectric materials,
but is not limited thereto. In some embodiments, the dielec-
tric layer ILD may be formed by chemical vapor deposition
(CVD) such as LPCVD or PECVD, or physical vapor
deposition (PVD) such as sputtering or evaporation, but is
not limited thereto. In some embodiments, the materials of
the dielectric layers IMD1, IMD2, IMD3a, IMD3b, IMDA4,
IMD5 may have a low dielectric constant or be a low-K
dielectric, and K may be less than or equal to 3.8. In some
embodiments, the materials of the dielectric layers IMD1 to
IMDS5 may include dielectric materials such as silicate glass
(USG), fluorinated silicate glass (FSG), but is not limited
thereto. In some embodiments, the memory fabrication
method may appropriately adopt planarization process/pro-
cesses such as a chemical-mechanical planarization (CMP)
operation.

The memory 10 shown in FIG. 1 or the memory 20 shown
in FIG. 2 is an exemplary embodiment of the present
invention, and those skilled in the art may readily make
different substitutions and modifications. For example,
please refer to FIG. 22, which is a schematic diagram of part
of' a memory 80 according to an embodiment of the present
invention. The structure of the memory 80 shown in FIG. 22
is similar to that of the memory 20 shown in FIG. 2, and
hence the same numerals and notations denote the same
components in the following description. Unlike the
memory 20 shown in FIG. 2, the number of the conductive
lines M0 of the memory 80 shown in FIG. 22 is larger. The
conductive lines M0 are more densely arranged in the
memory 80, which requires more delicate patterning. In
some embodiments, the conductive lines M0 coupled to the
gate electrode lines of the neighboring sets are aligned with
each other instead of being staggered. For example, the
conductive line M0i1 is coupled to the gate electrode lines
PL1 and PL2 in one set, and the conductive line M0:2 is
coupled to the gate electrode lines PL.3 and PL4 in another
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adjacent set. The conductive lines M0il and M0i2 are
aligned and do not stagger. In some embodiments, two of the
conductive lines M0, which are adjacent to the opposite
sides of one of the source lines SL.1 to SLn respectively, are
aligned with each other but not staggered. For example, the
conductive lines M0il and MO(i+1)1 are adjacent to the two
sides of the source lines SLi respectively and are aligned
without being staggered. In some embodiments, one of the
conductive lines M0, which overlaps one conductive line
MS, is non-staggered and aligned with another of the con-
ductive lines M0, which overlaps another conductive line
MS. For example, the conductive line M0il overlapping the
word line WL1 do not stagger but is aligned with the
conductive line M0i2 overlapping the word line WL2.

In some embodiments, the conductive lines M0 are elec-
trically isolated from each other and not coupled to each
other. For example, the conductive line M0il is electrically
isolated from the conductive line M0i2 without being
coupled to the conductive line M0i2. In some embodiments,
two adjacent ones of the conductive lines M0 in the same
column may be separated by one (or more) of the data
storage cells DSC in the same column. For example, the
conductive lines M0il and M0(i+1)1, which are adjacent to
each other and located in the same column, may be separated
by the data storage cell DSCil. Alternatively, the conductive
lines M0/l and MO(i+1)1, which are adjacent to each other
and located in the same column, may be separated by more
than one of the data storage cells DSC. In some embodi-
ments, at least two adjacent ones of the bit lines BL1 to
BL2# are located between two adjacent and aligned ones of
the conductive lines M0. For example, the bit lines BL.(2i-1)
and BL2i are located between the conductive lines M0i1 and
MO(i+1)1, which are adjacent to and aligned with each other.
Alternatively, more than two of the bit lines BL.1 to BL.2» are
located between the conductive lines M0il and MO(i+1)1,
which are adjacent to and aligned with each other. In some
embodiments, one of the word line voltage input terminals
Pnt is separated from the neighboring conductive lines M0
on both sides by the same distance. For example, there is a
distance Dt(i-1) between the word line voltage input termi-
nal Pntil and the conductive line M0(i-1) adjacent to one
side of the word line voltage input terminal Pntil. There is
a distance Dti between the word line voltage input terminal
Pntil and the conductive line M0i1 adjacent to the opposite
side of the word line voltage input terminal Pntil. The
distances Dt(i-1) and Dti are equal. In some embodiments,
none of the data storage cells DSC is disposed between one
of the word line voltage input terminals Pnt and the con-
ductive line M0 (for instance, the conductive line MO0(i-1)
or M0i1) adjacent to either side of the word line voltage
input terminal Pnt (for instance, the word line voltage input
terminal Pntil).

Please refer to FIG. 23, which is a schematic diagram of
part of a memory 90 according to an embodiment of the
present invention. The structure of the memory 90 shown in
FIG. 23 is similar to that of the memory 20 shown in FIG.
2, and hence the same numerals and notations denote the
same components in the following description. Unlike the
memory 20 shown in FIG. 2, the distribution of the contact
structures CT of the memory 90 shown in FIG. 23 may be
adaptively adjusted because of the conductive lines M0. As
shown in FIG. 23, the contact structures CT along one row
of the array are not perfectly aligned with each other. When
there is one of the conductive lines M0 disposed between
two adjacent ones of the contact structures CT, the two
neighboring contact structures CT are separated by a dis-
tance Dt2. For example, there is the distance Dt2 between
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the contact structures CT22 and CT32 adjacent to each other.
When there is no conductive line M0 arranged between two
adjacent ones of the contact structures CT, the two adjacent
contact structures CT are separated by a distance Dtl. For
example, there is the distance Dtl between the contact
structures CT21 and CT31 adjacent to each other. The
distance D12 is greater than the distance Dtl. In this way, the
conductive line M0 is spaced (far) apart from the contact
structure CT by a sufficient distance to ensure electrically
isolation between the conductive lines M0 and the contact
structures CT.

Besides, each of the conductive lines M5 may completely
overlap two of the gate electrode lines PL1 to PL2m. For
example, one of the conductive lines M5 may entirely
overlap and completely cover the gate electrode lines PL1
and PL.2 adjacent to the conductive line M5. Distinct from
the memory 20 shown in FIG. 2, the conductive line M5
does not expose, for example, the left side of the gate
electrode line PL1 or the right side of the gate electrode line
PL2. Therefore, each of the conductive lines M5 completely
overlaps two of the gate electrode lines PL1 to PL2m.

In summary, the present invention optimizes the layout
design of word lines. The present invention reduces the
resistance of each of the word lines by increasing the
cross-sectional area of each of the word lines, thereby
reducing line loading. In addition, each of the conductive
lines is directly connected to the corresponding ones of the
gate electrode lines in the present invention. In this way,
even if there are a plurality of layers disposed between the
gate of one of the transistors and one of the word lines, the
electric potential of one gate may equal the electric potential
of another gate. Moreover, signal transmission abnormalities
caused by manufacture process defects of the gate electrode
lines may be averted in the present invention.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A memory fabrication method, comprising:

forming a plurality of gate electrode lines to respectively

form a plurality of gates of a plurality of data storage
cells, wherein the plurality of data storage cells are
arranged in an array; and

forming a plurality of conductive lines, wherein each of

the plurality of conductive lines is coupled to two of the
plurality of gate electrode lines, and each of the plu-
rality of conductive lines at least partially overlaps the
two gate electrode lines of the plurality of gate elec-
trode lines,

wherein the plurality of conductive lines comprise a

plurality of first conductive lines and a plurality of
second conductive lines, the plurality of first conduc-
tive lines are perpendicular to the plurality of second
conductive lines, one of the plurality of first conductive
lines overlapping one of the plurality of second con-
ductive lines are staggered and non-aligned with
another of the plurality of first conductive lines over-
lapping another of the plurality of second conductive
lines.

2. The memory fabrication method of claim 1, further
comprising:

forming a plurality of bit lines, wherein the plurality of bit

lines are parallel to the plurality of first conductive
lines, and at least four adjacent ones of the plurality of
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bit lines are located between two adjacent and aligned
ones of the plurality of first conductive lines.

3. The memory fabrication method of claim 1, further
comprising:

forming a plurality of source lines, wherein the plurality
of source lines are parallel to the plurality of first
conductive lines, and two of the plurality of first
conductive lines respectively adjacent to opposite sides
of one of the plurality of source lines are staggered and
non-aligned.

4. The memory fabrication method of claim 1, wherein
each of the plurality of first conductive lines is electrically
connected to and contacts two of the plurality of gate
electrode lines.

5. The memory fabrication method of claim 1, wherein a
first thickness of each of the plurality of gate electrode lines
is 0.5 to 2 times as large as a second thickness of each of the
plurality of first conductive lines, a first width of each of the
plurality of gate electrode lines is 0.5 to 1 times a second
width of each of the plurality of first conductive lines, and
the first width of each of the plurality of gate electrode lines
is 0.1 to 0.2 times as large as a length of each of the plurality
of first conductive lines.

6. The memory fabrication method of claim 1, wherein the
plurality of second conductive lines are respectively word
lines, and the plurality of second conductive lines are
parallel to the plurality of gate electrode lines.

7. The memory fabrication method of claim 1, wherein a
second pitch between two adjacent ones of the plurality of
second conductive lines is more than or equal to twice a first
pitch between two adjacent ones of the plurality of gate
electrode lines, and a gap width between two adjacent ones
of the plurality of gate electrode lines is less than or equal
to a second width of each of the plurality of second con-
ductive lines.

8. The memory fabrication method of claim 1, wherein a
first thickness of each of the plurality of gate electrode lines
is 0.1 to 0.5 as large as a second thickness of each of the
plurality of second conductive lines, and a first width of each
of the plurality of gate electrode lines is 0.2 to 0.5 times as
large as a second width of each of the plurality of second
conductive lines.

9. The memory fabrication method of claim 1, wherein
each of the plurality of second conductive lines completely
overlaps two of the plurality of gate electrode lines.

10. A memory, comprising:

a plurality of data storage cells, arranged in an array,
wherein a plurality of gates of the plurality of data
storage cells respectively constitute a plurality of gate
electrode lines; and

a plurality of conductive lines, wherein each of the
plurality of conductive lines is coupled to two of the
plurality of gate electrode lines, and each of the plu-
rality of conductive lines at least partially overlaps the
two gate electrode lines of the plurality of gate elec-
trode lines,
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wherein the plurality of conductive lines comprise a
plurality of first conductive lines and a plurality of
second conductive lines, the plurality of first conduc-
tive lines are perpendicular to the plurality of second
conductive lines, one of the plurality of first conductive
lines overlapping one of the plurality of second con-
ductive lines are staggered and non-aligned with
another of the plurality of first conductive lines over-
lapping another of the plurality of second conductive
lines.

11. The memory of claim 10, further comprising:

a plurality of bit lines, wherein the plurality of bit lines are
parallel to the plurality of first conductive lines, and at
least four adjacent ones of the plurality of bit lines are
located between two adjacent and aligned ones of the
plurality of first conductive lines.

12. The memory of claim 10, further comprising:

a plurality of source lines, wherein the plurality of source
lines are parallel to the plurality of first conductive
lines, and two of the plurality of first conductive lines
respectively adjacent to opposite sides of one of the
plurality of source lines are staggered and non-aligned.

13. The memory of claim 10, wherein each of the plurality
of first conductive lines is electrically connected to and
contacts two of the plurality of gate electrode lines.

14. The memory of claim 10, wherein a first thickness of
each of the plurality of gate electrode lines is 0.5 to 2 times
as large as a second thickness of each of the plurality of first
conductive lines, a first width of each of the plurality of gate
electrode lines is 0.5 to 1 times a second width of each of the
plurality of first conductive lines, and the first width of each
of the plurality of gate electrode lines is 0.1 to 0.2 times as
large as a length of each of the plurality of first conductive
lines.

15. The memory of claim 10, wherein the plurality of
second conductive lines are respectively word lines, and the
plurality of second conductive lines are parallel to the
plurality of gate electrode lines.

16. The memory of claim 10, wherein a second pitch
between two adjacent ones of the plurality of second con-
ductive lines is more than or equal to twice a first pitch
between two adjacent ones of the plurality of gate electrode
lines, and a gap width between two adjacent ones of the
plurality of gate electrode lines is less than or equal to a
second width of each of the plurality of second conductive
lines.

17. The memory of claim 10, wherein a first thickness of
each of the plurality of gate electrode lines is 0.1 to 0.5 as
large as a second thickness of each of the plurality of second
conductive lines, and a first width of each of the plurality of
gate electrode lines is 0.2 to 0.5 times as large as a second
width of each of the plurality of second conductive lines.

18. The memory of claim 10, wherein each of the plurality
of second conductive lines completely overlaps two of the
plurality of gate electrode lines.
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