a2 United States Patent
Uchida

US012082418B2

US 12,082,418 B2
Sep. 3, 2024

(10) Patent No.:
45) Date of Patent:

(54) SEMICONDUCTOR MEMORY DEVICE
(71) Applicant: Kioxia Corporation, Tokyo (IP)

(72) Inventor: Keisuke Uchida, Yokkaichi (JP)

(73) Assignee: Kioxia Corporation, Tokyo (IP)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21) Appl. No.: 17/877,056

(22) Filed:  Jul. 29, 2022

(65) Prior Publication Data
US 2022/0367507 A1~ Nov. 17, 2022

Related U.S. Application Data

(63) Continuation of application No. 16/505,851, filed on
Jul. 9, 2019, now Pat. No. 11,437,394.

(30) Foreign Application Priority Data
Mar. 1, 2019 (IP) coeceveeverieccccinen 2019-037445

(51) Imt.CL

HOIL 27/11573 (2017.01)

HOIL 27/11582 (2017.01)

HI0B 43727 (2023.01)

HI0B 43/40 (2023.01)
(52) US. CL

CPC ....cccue. HI0B 43/40 (2023.02); H10B 43/27

(2023.02)
(58) Field of Classification Search
CPC ittt H10B 43/00-50
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,946,665 B2 2/2015 Shim et al.
9,165,938 B1  10/2015 Kim
9,601,502 B2 3/2017 Sano et al.
9,780,104 B2  10/2017 Nomachi et al.
10,115,681 B1  10/2018 Ariyoshi
2015/0325273 Al* 112015 Zhang ... G11C 5/02
365/51
2016/0071872 Al* 3/2016 Saito ................ HOIL 21/76224
257/314
(Continued)

FOREIGN PATENT DOCUMENTS

JP 2014-022729 2/2014
JP 2018-157096 10/2018
JP 2018-160616 10/2018

Primary Examiner — John A Bodnar
(74) Attorney, Agent, or Firm — Oblon, McClelland,
Maier & Neustadt, L.L.P.

(57) ABSTRACT

According to one embodiment, a semiconductor memory
device includes: a stacked structure including a plurality of
first layers stacked with a second layer therebetween above
a substrate having a memory region in which a plurality of
memory cells are arranged and an outer edge portion sur-
rounding the memory region, the stacked structure having a
stepped portion at which ends of the first layers form a
stepped shape at an end of the stacked structure in a first
direction within the memory region, wherein at least some
of the first layers among the plurality of first layers extend,
along a second direction perpendicular to the first direction,
from above the outer edge portion at a first end side of the
substrate through above the memory region over the sub-
strate to above the outer edge portion at a second end side
of the substrate.

14 Claims, 30 Drawing Sheets

Cs \{Q 5{) \4{0 5}1 C}H BﬂL
NN 777 U exomionsis s
NN i e

/r/////l///xlllm

z;/mw:///.wmw /y/af//zm///ﬂwmx//(m/{a/pﬂw”//y///a,w//z”m/wm

s
I//II/./IIII//IK)’//I” IIIIII///IIWIII/MI/I//////I/IW;/IIII/II St

TR AT

H

Il/ll//lll/lllll//ll/\ R R gt g o

CHIITEELAT WY /ﬂf//ﬂ//m/tim/ﬂ//mm/ﬂ/wﬂ//f/w”mm//ﬂ

59 55 <!
TR~ f | LMa
GE 2 S-FL o)

AR R S 3 : o oL
S R - o 12

......... ‘ bt 1 VoA H ] .
1 h Sioh St ] L 11
) 7 T t \10c
PER STRy LI 8T 13 MC PL




US 12,082,418 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2016/0163732 Al* 6/2016

2017/0358593 Al* 12/2017
2018/0269221 Al 9/2018
2018/0277564 Al 9/2018
2019/0319038 Al* 10/2019
2019/0333929 Al  10/2019
2020/0168701 Al 5/2020

* cited by examiner

H10B 43/27
257/314
H10B 43/27

HO1L 23/535



US 12,082,418 B2

Sheet 1 of 30

Sep. 3, 2024

U.S. Patent

MEM

NOLLOZNIA A

TN
R

-
e ™

A B P

0
4
55
0
i . o e . Yo, -E?I--P-&-’—L—?-

G I NN SN MO

Culc it aid

chaC i e

£y

-

.
*
3

>
.
)

-
.
-
.
B g e iy B o

-
«

*

*

-
.

L
4

- o

R
. s

* o %
k]

.
»
S o e e B

L -

>
»
0

B
B
-
e o o e e k. e S o B e . e S, o o

[ o

Ci et ek

R N N S N I I A
o0 S T T T e T
LY
» ﬂ“—!«.l.lﬂ!ﬂ.dlﬂ!.l«. WETEITEN e . * » ol
e AN NN
“ = - c Jomipciumipmeuel
D e R R R
L N R N M NN RN

.
e

A\

"}J—&
ol

e T T T T T T « s 0 4
T T L * LR i
T L L L o oe
SR I B N N I Y » )'0-)
o N S * » i
—— p— o e
w-J‘ﬂ!-‘d‘mld.-»llm.!u-‘oldl.(-n‘vt‘ . . . »
S N AN T

-

{
PER

{
PER

30

-

SA

-

SA

'
a)
4

X DIRECTION




US 12,082,418 B2

Sheet 2 of 30

Sep. 3, 2024

U.S. Patent

h NOILLOTHIO A ”
9 auB|d . o
e~ Waw UoYad ) oe
0} - m
18 1s 1s 1s W1 !
w d 1d w ._m_._m m .E._m_m w
EEE EEEET | o
i L e bt L Bl P et mm——— |
.» m = = = ' m
u\ " a. ¥ w
2 9z g4¢ 914
< >
y ouelq NOLLOZHIO X ouBld g
e~ WaW ad Waw o xmﬂ\ém
0L~ : tod
W ! m W1 :
d1d1d 1d 1d 1d d @ m 1d1d 1d 1d 1d 1d d ”
. N A T . A i
- g = !
- m -
- ! -
— m — —00
— ] “
T n 2 A AR A RAE _
| -




US 12,082,418 B2

Sheet 3 of 30

Sep. 3, 2024

U.S. Patent

d
OW J

1d

L
=

1d

——

¥
[
204 / “ .
] t ] H
.I/. ka 1 H I
ISR R O WA W AR SO S T RPN W WA U SO A A ST
FF%}{! w k N “ ﬂ IN i
L L e . T e LS 1 B L N e e T R L S T —— e o
1 7 | 3 i i ; 10
N —‘ ] .. n " ﬂ % “ )
il v rses STLLNT LTI FLIAS LTS TSSO AN A CEVI L ELALTIEYS PITIINES, S OLTAES yINILIS AJ gv 14
VAR AR AARE ARARRLN, AURATIRARNY AR VANANAY LAY AR AN R
EILIEIIS VIS | 277 FLIIIITS FIALIIS IS FEENPS IS OLITS VIO IOV LIV SIS | srservnirss gLIN ST
SLERARARANY RN KANN RUANNRNY DAY AN SNANENN ANANY, N g oS
EELLIEIVIS CILLTILITS IISTIELL, FILIILSY CIIIL LA ITIL VXTIV EVS o
AR AN AR AN CURANAY CANNNN RANANNNY AN AN .
1\ W covsrsas st CETILIINITS IS h HLELTIIES PILLIS LEIIPIY. bevrrrvees CIPLEONIY oI IF :
ANUARARLRY, DAY RN, DUUUARARNRY AR RN f DN S A S AN,
PLELITIE S grrIs s CRIIIIIES ISV pIIIIG TS PILTIIILY VAT IHSIS EIIIIS
AAUNRARARY RN ARRAAREAN COUVARANLY KARKENNY / ANRAANAARY AN S
EEILITIILNS EILES 7, OAIIIIL LS CESLLSLLLY, LIPILTINN LSS CIIIIIS SILLERLIE FLOLELY
CUARRANRY CRRRAAN RWANANAN AN NARERNORANA RN CCUURRANY AR
VLI IIINS PAINSAA CLRIANS VIASENENIS SLOSIVR NG ¢IIIIIY DOOILIITLIY S .\)ﬁl_ >>v |_ u_
- w\v AARANN ANSNRLARL AN v AN /“V// o V// NARRLY AR, SARRANY \/ "\
e~ 7000y W NRRY Nl
- & Z 4 (M) 14
2 NNSARARAKKN ACUAARLN AANNNN CRENVARARNY LRRREAARRN AR KRN AR P
JILLIIIIIIIY FIOLITIZL I FITTIVIIS | errsrsrssnss EII LI IS ELLTLIIIIS PI2Z222207 prEIITS
RENARRRRRNN VAR VCEARANANY RN AR VAR ARANANY AU AN
PILEIS TS SILLILLLT EIVLIIOLL PLISILTIL S LLTOLLL SIS WLISAEIID PP IA TSI Y SIALS
LAY A ARNNANNN SARANRNY ARARARAARYY, ARCRNN ALY AR .
FPINITS FISLEL NI FLTIITY CITVES TS FISSOEIIIIL SISINELL S | LRI LS IS S oISV .
QE..m < Baoms R DRRANUAN AR, BRI ARRARENAN CRNAAAN N RARARRY .
gIPIELTENII CESIIELES TN SELIITI NS EILVLI IS CEII IO INTS SEITILSIY 20 ESELI
ANCUNAWINAN ARUREARURAS 4 ARNRANNY ANRRARARY ) CEANRULNANNY AUNRRNRN ~ iy
PLLLELF VTS HELLAETLLEY SISO VILONLLE S PITTLOY. S D pIIIILY IIIS g£rd
SSRGS S AR AR ARAAAANAN CNLRNAN LRCURNUA ALY ANRERCNN CRAN AN LAY
CLLLL AT CIEEAIIT TS gL LSS oIIES EIIIIIS TEVS LIS AITD SOLSLOTTS SIS ﬁl_ >>v ..._ H_
AR XN CUARRN NN AARLRANN NANN AR // AR RARRRNY AU P
. 227 \\\ 7, \\ \ \ b \ ATTZEN, COLIIEIIEN EEIOESS L IIED SILLTLETEN \ILLSIS

G
PG~

D

Vi) N

73

DN 7 )\

\\

?

i)

D07
//\\N\x\\ -

Doy
2

NN

%

Q.
=]
.
o

R g

Q.
e ]
X
L]

\

W3NW

Ea"'*v
O -
S o]
T
(&

(

1d

(

g

T e 0

x
(&
o
O

-y
o 4 v

o
S

(&
=
(&
=

@B
T
o

LT
e o

O
=

2~

T e e

-~

1]
=

€old



US 12,082,418 B2

Sheet 4 of 30

Sep. 3, 2024

U.S. Patent

201+ d ON €} 1S 11 Rd1s ¥ad

=YY

30
Ll
25

(N) 14
10

:zv at

10

¥\\ el EOWTRXRLNELND T O EA ARG OLERNRIIRIHXSSOLS |
7' RN Ao BRI A A AN Y Lese o
AI—E JH— FACR AN e AR A AN A TAN B TER TN ET D ruwee)
| Aowa AW AN e e Y o
| v awaica VAT NS / r v EO AN DDA TIE LR ENL DTS s
ffffff Y Y ABNY WA R RS Y
._ e otk CRALNRL AL TLMA GG D XD E L NN RENL T
NEI_A » M RN S " " Y i s
N rors s v yra z AL DAL AN LT ANGR TS
LAY S, MR A R R AR Y |
ol 4 i WAL AN RH S bttt
RN R Y RN AR AR AR RN
AI—S J&l{f AN TN N LA e e b e ekl
\ R LAY AR R AR Y
8~y A 7 AN 2272202220
\ml—é -~ SAS, e S Wy
By 2 o
AN W "y o RN S Y A s,
el il / CHIDTERGNBLARGERRANKG BN LGHNRT DG HBRL TN E N T ST
. Y LS, WY A, AR AR AR SRR SRR
B e R VAT DA NI AT F DA TR TN DI TE LT DTTIEET N BTN DD
QEI_L 3 AN 9 PR " ESSES NN N AR N A AN N AR Y HON SR XA "y
. Dk F LT / bl P AT YT TS CEERETEREEEN TS TS
R AR R "~ "y RN N " .
RN el // AR GE LB AR W LA KGN NG NN TP i AN ES
AR Y D, MR it Shigi ok Pt
\{.ﬂ ORI A PN el bbbl
Jl S AN R R AR ebededeledpbededubedel dedcieleee ff
L JO!\&\\\ 24 F BTN / CER RO SIS bbb epoop ooy
e NN 2% NG
/ {
_\r../. lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
- I_OV“ T P AT ST TN CETIEG T TN SIS TELIE EEIIG TSR EEOEEH S
e AT IR WY o IR AR I
1M T e S A S S S B St S
B e AR AR AR LA AR SRR AR R AR LA AR RREEARY
| e | o wi oy \k\ e v /1
o "y Y IR AR o "
. F TSN T TGO G EEL G T TTS oooiincbnodndici
BINT< : el ool &
0 47 A A0 A A O WA I AT
L e e i e e e e e S e B3
VEGTWENE SR ENETTET it L ritodte ra //1& /.f /
N R A A A
AJE Jm)/r el L Lol oot va )
LW SN e i A e /

2,

a7 0000227 2N

4 Y N N S N L S A N
I ARE s 2 DI PIIIIIIIIIIIIIRIIIIRIN
il zaA%

L ff////
YT I TIII

NNNN
s 1 s N RN \
A< : m:ﬁ SRR UM /ﬁ /,,/ ﬁ N
(M) 14~ m,»« ezecegedd NN INNN NN N NINRNN
N\

0 AN

N

v

0 T
N7 \&\ G % INONG\ \\\\\\\\\\\§

NN~

7

s

5 ) \ ! )

oM T8 HO 0A 0A 29 é._.m ¥3d OA

Vv'Old



US 12,082,418 B2

Sheet 5 of 30

Sep. 3, 2024

U.S. Patent

llllllllll

lllllllll

SeNT

SBI

VG 'Old




US 12,082,418 B2

Sheet 6 of 30

Sep. 3, 2024

40

U.S. Patent
FIG.6

10s

b AR 1 oo % LR rassod
S o 1 Sk =
7] A...ee.‘.M:..ﬁ... SR 4 s
[ T WE 2B SRS 1 T 8 SORT o WS
KRSIANKRI ARG § e 8§ hRR Fpn
i eSS Katinn o Xoos % oy \*
(5] b L e 8 e,
R ROSKIIE 3 T e
Loaniaiu & SN BERBAX 3 REE) ¥ LR

FIG.6C

10s
40

% |

3

S 1 DA
B % e
3

QRS

e
-+

SR
Ecern
>

)

oRSuQsen 2oy M y
o RS R i, o
T T s, PabEREs,

Rl PoODERN L,

10s 71b
I

10s

FIG.6B

10s

e

ey

8
:
P B2 Y R
Ry e
PR e
] RN R
DA iRtk
fam B SRAR AN CE RS RN SRS
ProsoReiteae 1 SRtk O B
PO PN & 2K % BRI R
R e S 2 e 2
S POt N R
e .,.”‘x.x.nM B 2 2 0 =
BOSCASSIRNERONSIN & W §
RIS Y — N
oing ORISR ANNS (X B (NS RRER AN
Iy o S @ S e
A S0 8 XN RININS
§ 2000 1 e
i § S35 & oot e
] S PR 4 & e tntters! et
ettt ettty !
GRS H 5% SO SN,
SOSONDBEBEDEDOES N S05S ¥ BEAASSEOBBSONEON
NI NI ICICIEN IO
PR SBEATSLNION o B RO NG
WSS PO AR pREK o S
(R e ¢ AN
3

71a
)

FIG.6A

10s




US 12,082,418 B2

Sheet 7 of 30

Sep. 3, 2024

U.S. Patent

T——

g

eLl~

N NN

0l

4. 9l4

L
4
10
N

SENT< -

N
g~

WAL WAL BRI G LREG N RDG BT NL LD WE LR RELWE DB WNAGRD L LR DE R LWL RELGZRDGE DR DL LRGN DR BN D DL RN DY TLD NGO RNNOOROON
B s
ol obondonilnblantndoddodnbndndatodlndoindtnioiototiodnloiatobodttotodaboiodoiosaintatnintototodabobatntoddolnbnlndotodlatovitatntoitotndoloiatod oottt olatoiodoniotat ottt adoiobalatodniiotabinbt vttt oottt ot adododoindlalataid
B e
B aimonlniotntntiontntoiodolontototnloiobinlittndododotvimtodmiododniotmiloioviondododtololoiotoimirhviotoiotontoiodotoiototdmivbntolototniododolvimtodmiododniotminhioviondododtololoiotoniomivhvioioiotndoiodniointotodibintolobotmdododorimtodniododoniontd
B e B
L Lo dodeinioidnibobndoditonbaidbobododindiotboboiododadmiodninboboiodvinobnbudodbododntrboiotododuintdeinbodododtbrinkabubobobdintabododododoiobaivbabmiodoinobnbodibaboioiatviebrbniinintndniobobodoidnlotobobabobodontininbodoniodbntdaibboiodonlbntd
B
B indndodndntnbtontnbodoinbattobntototobotod bbbt rbaintobobododointboodointtniehobotododnbnintooboodoiatnibebmtoniontnbntominbotmioinlnlobbobdodntntoinlobmiohobtnimbotobofododndntmlokodndoodotnbobobndniminhntotobotdodinknhoiofnbond ol d
R e e e g
ol iinibindindbnbndubodonitntododnidndniatludoddninbrbotuiaiodiodoimbabodtoinbnbniadobadoiiolnndobadodabndotnintododintuliniodaiabidododnbrbabuioddndodoi vt aboddnindntndoinbadotoabubodobadodnbndintntnbobodoiodutinind bbbttt stttk
A A D T A o Dy L D B A D Y o B b O W U L T A D A A o o A S B S e ey I A S LU T TS F T T e S AU S P A R AT TSIV
Ll hoionbodonknbintobontntindontslmbtonbodododonlodebntotontntoiainobobodontntvintnioindotitlobmiohobodotnk vltobotoriodntlivdobodonbodnlodototoidinbbododododnioidotntododtlont e obmiofododnbnt oot obodoindtonloind lodonbotobntototondtoronkndodondondimid
R e s g

BLLd

NN N

V. Ol




US 12,082,418 B2

Sheet 8 of 30

Sep. 3, 2024

U.S. Patent

SEIN]

SeiN

0L

L
4
10
N

N
1g~]

7

Bl ~

N
g~

Bllnd

ARy

Vv8'9Old




US 12,082,418 B2

Sheet 9 of 30

Sep. 3, 2024

U.S. Patent

lllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

AN

V6'Old




US 12,082,418 B2

Sheet 10 of 30

Sep. 3, 2024

U.S. Patent

llllllllllllllllllllllllllllllllll

|||||||||||||||||||||||||

lllllllllll

da0l"9l4

7

.

V0L 'OId




US 12,082,418 B2

Sheet 11 of 30

Sep. 3, 2024

U.S. Patent

H
Kl
e e o ok

g~

oLl

LAY

d119l4

g~

Sdonddindoninbbnimbindntominbnbotdnontminbaimintotoimiointoindoiodoinbmboiodododototonintndondoiodibobaimiodndatomintobotdotontinbabaintonkoimioinboindododovinbmbotoodontotonbtadoiointoiimbaiiosindatmindebomtmdndtonibadabdomkonimindaddndododonioninkd
B
oL b doeminbnbototontndod vtolmtabodonttntodin rbotododoorbatodbniotnbodortot oot dindnbtobnintoriitntodotondintoddnbmiobodidnintotintobodododerlointodntotobond et ot ot ninkadvtrboindorinintnbodotntiniodderbrintdodntatotritobodododintoindod motodod ol
B S P S T UA AT AT VUL S S VAL 2D AT DA LA A T A LS VST LGRS TV Y U AT U AT ST SNV AT T S AT LI LA U S PU S DA DU ST A VS S B S VU A L5 2 4 U S U P ST R A ) ATV AT USSPl LTI LA AV T LIS SIS L EDT LAV A E U LSV EAI LG STV
o obonbndndontrbobnlodoindoniodubnimbnindonioitnbobodnbnlninbabobobofotodoboloiotododhoitmbtin obododnbbotololondoiodatnimboindoniobnbnbtodmbodoinbabobobotottintnlbotodokoboirbmbnobobododonlvdotodnodoimintnbohbmtodotnlnbbnbodobodoitanbbrbontnintntndd
b
B ioddontnnbovbbontododiotnbobotbndodnbelotobtodmbn bt o bni ot dinintatodmtnboirttotoiododnintnbototndododtolotototntodoidbctotobododmbntondobrbobniododdinindorboiotnbodtatobntododnintntotobodotiododebnioiatndmioidbclntobododbabntotibobodododonbnid
B e e ]
L okodionbtnbntombofndnioitnlontodlodot ittt aintnbmbohodndnlrdobotodtntalobaobohmbimtntindobobiotodoiintnlotododobodol bttt vlrhofonboboindonbdototntntaloboloboimtotoniirdnbmindonboinint ohminhobobobunbototodoofoduntnllotodododnld
B
L orinbodotrdododtcbebabatodntndotmbndondodediviabnlmlodomiodiodotobodododeniatolririndndodonidatoiotnbodoiovtolobobndoibtodod viuidniddototndbnbmtotndbodotnbiniod wbminlnboiinintuimintiniodototabniodntmintdodinbodaisditniabdodnintovintndoddniniod
WATLLILLITLLATI LTS EALILISTA LIV ELTEAPVEMG LA AV LEAVVLLVELIVELE VLA LS VLTSS LLATI LSV A LTLS VLGS IT LIS LIS ETL S

THEREAT MM IR LA LELAAEN NWAN AN AN REA WA WM

BRLLLILLIVLLIVSLLSLEVI LGS VLS LALSVLRISSEISELSVEES S DU LSS TILS LS SLEG YIS S EIVASI PSS DRLSISLLGV VS EA LSS (ISP LISVS 4SS 8

Hld

ANy

ViL'Old




US 12,082,418 B2

Sheet 12 of 30

Sep. 3, 2024

U.S. Patent

€l

lllllllllll

AR .

gcl old

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Z

A ..

V¢l Old




US 12,082,418 B2

Sheet 13 of 30

Sep. 3, 2024

U.S. Patent

SEN

SeN

m..hnm €l

== YV

L odenbibonkocbind
e e o o

B orrbniimburdoiomind A bmindonborbubadombotmbeboirslritrditmiobelaiotodominalotaimiodsiminbntobmisdamiminfianbmiingia
¥
RAAPTSIHEAIR L

VELLSTIISLRA LS LI, B e
Ve honidndntodimtrnbotnd btk bbb aodotnbiododoetsbotafosknbntabaioddd
q “

WRBA DAL L, ‘\\;‘\.\h\\m\.&\\,\\\,.\\.ﬁ.\..\\\\\L«h\\\\\ﬁ\.“\.\uﬂh\\hi\.\.\“\.\.‘.\\.\\\\,\vﬂ
i A A O 3 A 45 T S A S Ut LA T A I

B Corbribonforlnintindd B elonibobrbntntodnoniodotobrinfointntniobmtotintinbndtminkoododoskehnlnmbntontuiodtintobnfontoovhobodntomototl il
LTINS ELITLIVE, e e \
onbonondnbnled Lotttk rbmbnfodortinhoododosintninlntstiningntonetiptintonokstonnbotunbnbofontioonimtnintsbomtntoploindin

APREPIUTI LSRR AR IR LA A S IS RN BPF RN P G S DL LS PRV IS LI TL ISR LS ER LY

B iedosinonloniondind | Cootnbdanboioiafndintabotmioiodobniinboiioniosilbniododoininiababmiodosiodoiominlomiotnkoniotilaiudesinls

SULISLESVLAT LI, B e e A

| edntontnlatiodomiond L edobintndinintootiiodibnintaatutodmiasorbintufodebntonbuiobmtodutobuitdomifoiatotoiotniokd Y
SILILRIIRLER PV SRS I PP LS LSS FP PRGN RGP IS H LT R BT V5T LSS L IS I RSP VIV ELS //

—39
~dl
25

~sg

Y%
/
sdg AdLs

daelold

o
[*

Pt ed

-
4

4
ik

o
- R

=YY

WA MR AR
PRRIASLE S I}

AN NS NSNS AN AN A GLAN J A WA NN AN AN NN AR A AN
]
WA AN B ioiinilomirimdoniodovimiotrdiodiondoluintooimdnioioilvhaiadindosntobolrirdmbmbmitotbriainiorimimiohuimiadoddonlaiadald
CIAACATLLIIIRE, B T A L A A T A A T A VA AT S L TR TSI
ootk d m B hndndedloctinentmbnbslniogint b ndntiotntorploiisindododndbonbinbonntoniorheiotdomindntondnabntnd ikl

]

EARLHSTLAIR

TASSHLLSLAIIAII L,
U e ii]
THTLERITEAARILEE,

v

LSNP M LS IS VLN IS FA BN DA BRI MY LA S SIS SSV RIS SISO,
o ot i T T i i)
I SO FH AL VA TR TEL OO AT VTV LI TL T LR TSI IOV IRIVIEI VY

\Z

N
A
N
5
b
§
L]
/
N
»
L]
5
x
s
§
5
N
N
N
5
K]
N
1y
A
Iy
)
1)
N
5
5
N
N
N
K
N
L]
E)
N
L
X
\
)
\
N
A
bl
N
]
X
N
N

NN

—d9
"

28
limm

/

sdg

VEL Ol

$80



US 12,082,418 B2

Sheet 14 of 30

Sep. 3, 2024

U.S. Patent

oL~ Sdd sd €l Ad1s
L\ ) L
A ] ! e
A\ Frozzss v Ty
. 10~ B “ L i i
N 25
SBI< www
_IN
g ~sg
N
SANT1<
-0
. sSD
avl old
8dg ¢
N g STd T
b 1
N : e
el i o=
10~ [ — R
(N /@ -
SeN14 \ et
N\ 26
LN \ e
g
(N
SAN1<
LN
10

Vvl Old 0



US 12,082,418 B2

Sheet 15 of 30
S

10

Sep. 3, 2024
40

U.S. Patent
FIG.15

|

72¢c

RIITON 0 STh R 2 SAIOSRNG SOCi b s
Pt 8 Ol RRRIORG e BRI 8 it Kt b A
QUSRS & 0NN Ly e e s
BEANNR i Rl VH.KA.XE e X ) I Nl
XN & GO G ESAGO0 & S0 YRR
BoRns & S &...u‘”u.M R R € gt
LN & SOODE RV RO <8 LS RN
SANNN & ARMEN KX RXANA ROARKRE & SOSEHSN REJANT MNENKE % SRAXNE

| &

—

Os

)
10s

FIG.15C

1

ay

§ M RO 2 ..w.......,u.M B X0

4 PR oo & R0

§ LI el 38 i

5] : e 3 e B

o~ ¢ S g eten] i 2ok
$ 0 ¥ Wy %m-....vtv...ﬁ..é. g a0 Shcn - 4" [+ L)

)

SRS e, ™ Rt RS R
o R AL e SRR e
R e e BENEN o i o = KNS
O AT A, W S50 PR QROSKY ¥, Sk,
Skttt Wty attataket P 0%
Qe JESG ey s o 0
> 3 RO, LSRN DAL Mtk 2 s S
s % e AN 00K o] b3 RN
e 3 RS ¢-A~0«-...o~} oA KX % b3 AN
e R COOSIANs RN Lt et !
i i SN o S o o
LN MNRA % RN
RESITROROIORU § S0 LSRR S
S oo S R 2R n E R
SR SRSeRas ] v :
SRR S £ G e Bttt § :
™ R e & R RIS
; R & R s e
et

]

10s ? 10
N

RO Dy © DR & ORI SEOUOUEERICOOONE ¥ 2300 & @ SN
o 2 8 A 3 S S8
S 58 § e {8 (5 % NEA
ke OB R G & S % s
NN & 52 G ¥ S0 [ itesatets
AN & 2 & X D3 R RRA2N
e 1 BT St &K 500 9 i SSad
] £ e 3 e Seres X e X S
DRSO 24 ettt m e n O & SO O
BN H RS RRTERERCNECIR G & S S
KRR ] REBRK K, o RCRNIRES NI 3 BBy % AREa 7}

Sl -
SN ] IS 55 RONRONE % L0 i

o H

H

2% H A v

SR
IR, WS AR

72a

10s

FIG.15B

FIG.15A



US 12,082,418 B2

Sheet 16 of 30

Sep. 3, 2024

U.S. Patent

SEINT<

SAN <

SBN<

SANT<

sdg s
b

—39
~Y.L
iy

= g91'9ld

d

.-::..N

el o 0 ko e O e s O S A 0 ol O e S B s o e A i

—39
L

NN -~ CG

—8g

\ /
e = vo1'9l4



US 12,082,418 B2

Sheet 17 of 30

Sep. 3, 2024

U.S. Patent

SEIN 1<

SANT<

SEWI<

SANTS

L

“

[4

IN
10

4
i 'l !
o SO VO OO T R T
—
M _W- “ _Ln_ \.\; !f!:.rl...
—— \ ! -
[ it R oizader VY
Y J H T ey PR i
M i dendenmds i ] -

WSROI
WALV TATISIISE:

M ot Bontnionombindiminiinondontortanidodoliohntnbimdontodinintobanbofondntinbonlobototmintontlobot bttt
e Cobonlndogitmintnt “

S e il e g
2 i dnindoiiintvimiiadntdodabstotioinduimintaiviadoiodoiriebodulotointiiobotodoniniiormiaintodminiatnbioietd
DETITAAIA A R B T A L s I AT AT T AT I RITLIN S
it 4
BLATRLESI TIPS
e ehondndninied —
DS SAS TSI
ookl
UL LELIT L,
TR RS,
VAL ISIRAIT LR
Dt iokodniloiodind
TTESLTLITISIS

R

.uﬂ\\\%.\\h\.ﬂm\\\\&
WAL TP,
ks e
ot it
DAL IEEIIITAL.
CHL IR OTH
Bl
WA AN
BLEISTRIT IS
B lmbtodiontnbiodndod
GRS LT AIILHSS
B hondionidonletindnd
b s
B kit b

40

N g1 9I4d

1d

b e e e L
bl ibobindbntonbkinbnbndinlnilntobdodininindotinboindosintat oy s nbindiod
1 R I 3 B A R ATV A TSI EITEITLHTD

B R o i i oontnbnbdoslontintakas ntobontmtinplpipdnbontntontintininbotidonimtioininid

B -

A\

T

A AL WA TN R A AN AT A AN NN AN AN I
B ]

B § Gl lobntidiovinindadntatobodindloiotmioimintlatadoiebaiodviatiniodontoiododaibbsindtanintoiibnid
e e e e e
b ednbentbintmtodindevimlotintinbntabononinnd ottt ottt odtnbnindd

N~
SN

N

rrf > 8

R e o ]
lonlodinbodininrsia ottt lvilyintntomntnbrbpietoboindotdtrdnioitnoibdsinimdodnioninlabmtndontoiniinb oottt onindodiosloelsinrt bt winborbiniing ottt oknbobmioddodod vttt il
B B e A B B A T O U e B A S T U T P AR D, SR ST A LIS VNI
TN AREIETD XTI ELTTOITD TN NGHEG TN TINTHEI RO TR REL WG NXGT TG NE TN ERG XD IL NG X ETNEIERTERTTDTNIEES TEEY ENOTEIITI R EEIIOI

L T R A e T R A R S IS IR L L AR O A9 TSN SN T LTI LSS P S ST I T U TEE LYY IS I TS EI OIS0
B B i ntdl bttt nfiotnintinlndbrmtimbntoominbotodoiainkolotontmbntodisirbtnbatodmbmbodiont cleinditloknbat oot nfmbiodosonbntadotminp afgetonimtodoobndodort et odibeintnbmiotmimiadoriotnbodontnh ittt oo olvlat rbodmitadiid
Bl B e R e ]
b olerbortdndidoniotntntodntntonietboiobmbmindnilabototdntofotladotriodnntsistbotoiodoisinintstndmdontrintnloirtnfontontebubolioddodrdnbnlototodddntntsmistondotodotntotnbmbododiniotabntoisiod ittt otododododoiol]
B S R A B R B T R O Y B o B B 3 o U D B S 0 R U IS HHS A s o VoSS B o a e VA VRIS T o
B o oloniadnbonnbsbontintinbndontiottiminbininmintobokatnbotntkbnibminintnkntokmintndbnintimiinbntminnbndnbndontntmiontnlabotmimininitbnintbmintiodnioboinltoinnbmintnioinkaitminkmintabniiinbndbintoioniaknindnmimibmbotdinok]

880

\
- 7
[

v i .\\ll...!.nlrl!!!
i oz WY
I S - I o
HI-H :

WHHREARD L,

)
SHHRHT IR S e e e e I e e R e e e g L
AT TTIL AL AL T TN TS TEETFETTTRITINGY ST EGTLS T EEF VR TTDTED T AEDTTH:
VARSI SR, b e
FHWHRIE S5 LR ioibeiondoihsinrlotinbniodntatndotnbotnt wlebnlntdieniodotritotaloindorlnbobnimtnbodiinbabnintodsnkokaiinid
Pt d S B B A T s S U T T I T LS T LIRS
n‘.\.\\\!“\k- B hodldnbontodiomtnfodrbabatntmiindntodbatstdondododrtorintodafsdnintodvildmtiod alniotoiniotointodorlodnindd

LI 1 SIS, o Tt L L TS TSIV SIS ISR

PRBTORINE bbbttt ekatrbolimtbodat ittt kiot ittt okl i d

N b R N e e R L i R

B b iiniont WA B LIE DL NN R LA LGN L AN D AL GG Nl RN

Y RIS, LI s iR P H LR ST EITE T PR TP ST APl

B lodondonionbonbiniiod 1 I WALAR NGB L TR TL DR AL G LN AN N NEL NN NN

I AAS 9 | | I I B TR 0. OB R LTV o S OIS EEII I AITEREINS

S e
bbbt todontomiontmltortriatmmiirtaiadodomindnomnti]
R N R e

P HEARLIA R
VL XN S S
WAL B
WU WA
RISIELE AP
D doinnididindod
BT LTS,
etttk d

AL NI AL LA AP LA AL A
Codonlonbontlntntntodod bbbtttk
S AT ST b PRI T YOI

HOITLI AT TR ST ORI ETTELY I
A Lbndododrelabntodiodiofnilotond
LTI AP TEAI TR TE

THETRAY G OIS
E iniadindofioiod
g s
i iidond

o

—39
—~HL
AN NN L~2S
L 8¢

]
—q

A Ye)

RO VLL'Ol



US 12,082,418 B2

Sheet 18 of 30

Sep. 3, 2024

U.S. Patent

L L
O O AT ge—
4 N - R R
x.mow:: T | e | T e i
N R R ~39
[ INA RO M P20 R0 e o
N % 59
i B
SAW < :
LN , N
.mw \ W72z 0070000200000/ / 7777774 ©
is dg819ld i
oy
MW. i R i T e o
N —
SeWN1< -l
LN
18 ~25
(N —S8
SANT<
LN
.mm T s e s g

K 7

V8L OId s



US 12,082,418 B2

Sheet 19 of 30

Sep. 3, 2024

U.S. Patent

Be 1<

Baw<

Bew1<

Baw<

Adls

<
=
T /
Muwi

10~

L

AN NN NENN .
e e D e \"
DB ANT N \",
R ﬂ |

=1t

S—— N
! 4

A

- L7z vi | | vrwwwwmrwa 22T IRTTIZ
| YW RO E DRI EIEN NS
TN | RGBT ON AL PTNLADHION
ONNED iz
S TETT avara o TR TIT T
e | rovrwerarnavrnsnsovmv sy 3
N, o A WA AT S
S
8~ N
~
sy | AT RO SETIRIRRRT LT RGO ETRAETERGTRITTETTNER P LTI RO
i y] | YOI I SO TSR INTIEE TSI RIS SRS A TIETIEI T I T IS
AN ANTIE NS e Tz Z
VAT v 3 4 2 ZIITEZ CHTHRAOTEGETIETG N EETTL NG T
VAT Y itid o T e s
g ] | v wweswrwwwewres VA A AN NI AN AN DTy

WA RM AW AN NN AN G WA TGN GA N WA NN RN N NN

2777022727222 0 7 e 2

18

d61 9Ol

$80

5S¢
N
10

N
10

0l 1d
_‘_‘/ m

RN

T T LA ATTOETE XSG TEOGEIT G TRETETTOREOTETE

WAL NN AT NGNS TGN AT LN TN

s

PN

e R e i D B e T T L A e
T

PPN AT

e e T R Ty T iz rrrry

s

v §

T
BHNATSTFONEOINES NS Aiioiminointmbninniddmbesk o edonininkinionicd

- z Lt p a4 A TGN |
pa s AR AT AT BRI

.

g~

”

v o
‘

EIASEI A
Y
rETIN

yw s we e

WA AL LN LG LR GGHRL WL NN |

KA AT RGN ORNDE NGNGB E RN \\“
el D B e P \\"
LT IREGEROTHONE DL \\\\“.
FTETS TS IETNED TS \".

A MDA \"

s

9
L

A
L —sg

L % > Z \
._mmun 7 §,§§\§\\\§\§§x\§\

V61 Ol4

XHLs $80



US 12,082,418 B2

Sheet 20 of 30

Sep. 3, 2024

U.S. Patent

BINT 4

W<

BINT<

qaT<

/N RERN

e

418

18

g40¢'0ld

)
H
"\ 1 J [— -
) ———
i ! ™y e AT
FAT S 0 iy S
Jf .3 S T—— 1 “..tL..IJ PR Soteal ol 1
i
10 S I — .
o Y Lid i YN £ WA WA AT AN TN RYA Ll E ) gl m
AW Y AN A R A A A AR SR R AR A BN <
AJE J.U* VAT I IT o AL TE TS LA EAE ERETEETEEEREEE ST HD r o)
AR R ALY SRR R AT TR AR RS SAY
4 A 7L 4 Z L LIt P £ VDN 2
" et Senine e e bttt oy
AN LD TR AT AT XTI o poT T
et bt AR AR AR bl
s PILITIY Y AN AT IHA S yars ../
ERARANY e ERE R R AR L TR TR AR SRR
o) DI AN NN AL A BDT NN ARG I S
el i - ekttt RN
ﬁi*gv l_m.)/.\ y o s s A AL A AL AT EIA AN IS /
W s SIS eSS LRI
\ o
IS T - \ U R A N AN
" S & Y AR O, R AR SN . S S N A M NI BTSSP D L LSS LIS AAS SIS NS SLS PR LA AL SAEERSALAASIS TIPS
7 14 v v va A A AT H A TN IR S A A R
AN SN NS RN RS SR A SH RS AR NS ARSI DSBS AR RS S AN S S AN S AN Y S e e i
WAL C s R e e e e S 3
b asseleiaiied iieichdnicteidarsbrldelatebricd R S I W R W NN W W A LA L A T T A TR VLI VR RTINS
s i AR DTN 5T ehped PR AN AT AN ALK TG AN T GG ST NS
ALY PAARARRY CERRLAAE AR LG RRLRRA A R ]
Na Sporlepepbarh v plepgheris a s R e A e  ar g S
el el Slvivicinminiininicicivieminic Slelvlinininicisiolainininle AR R )
s A Lol i i bkt olodnkn Bbnbnidnddodes ko oo erdontontniontindintntrintindoinnkmbottodiinlrt shat bt bionirlaiodoniontntotntaininioniointd
Skl shekd s Skelioind Rilehobeied elesiehed s NI N WM W A A IR SIS T ET O WL P BT I LTI
e via yara o N TN AN AL DA AU N I NANA NN ARG TNWA NN TSN AL AR WA T A EN IS
Iu J m e e RN e i et Y s NN A A i o i e i i M S i e e vl
W v hopioghooies ra hephauepip boiolerhhalutiyioubaiesiphstuspiepicpiiuliisie hporblegbgberbivg : 4
077 ) V7777777777777 777777
Z Y. \

830

g~

AR RN

il

LY

v
N
CEX NN ST O LN OHEO
R R SR AR A WY > "y
WA AN RN NEA v
ERRARR RS EARRR AR R AR RSN

BRI

A AN DD

(M) 147

_.J -~ A
xxxxxxx - [ - RN, .
L A ]
HIE :
Lol Loddotminbndotminboddinitoninton Lo Lol ioriintod Lniodon oo A m
O Y LN A N A A B A O T O N N
VA AN A v v yieuchred s y e
DAY Y R N AR RN NN
. L WA TNy WL IN NI v A 4
o AN bt it bbbl
& ra ol Lelondnindontninde I oy ' Lo niink oo
N R N AN R Y N N N Y A
v o y o AN e
e, e

~WW

—39
~Yl
€S

(IN) 14

10

(IN) 4
10

nnnnn .q\({

-39
;e

T4y
- 8Q

s
/ L0000 20
SN AR AR AR RN |
L L Wi A WA A BTN A A A 3
w8 RN BRI WA Y
o EA AN ETIA AR T TS
" S Y "y Y Y N AR A R
R A LN LA T TN EAA I ﬁ
AR R e
ra Lot £ VAN Ll Ll 2 g
S AR LY
PEA TV ya COT TR TN
KB LA | R /
o AN AR IS
e Ry
itk /.

v
s ok

Jzzzagpzisiizzizzzizz

7222

g2 2 2

oW

V02Ol

$80

xiLs



US 12,082,418 B2

Sheet 21 of 30

Sep. 3, 2024

U.S. Patent

BN} :

G4 :

W) 14
10
€5

i

Id OW €} 1S 11
i I

xmm.w

Jr.vu!:.!... ;:-v.i-!"y!. O g
ZL ._M. ; r r__
e e s o S e o e o o O O P O 7 O . 0 . 0 O 0 g
./ um .-'I...s - numi.!l
e bt
o V. VA A A A AT AN yia VAN AN |
RIS RN N, OABAARR LRI AR ARG |
s ke e i Rt e bkl 2
Y . ORI AR ARSI e W
s e i NIOCRLOREEPERO ST IO IV ol bl s
AR AL e e e s RO
AN Lt Y el NN LA AR LN TN
SRR Y > AR AR RS RS
il ind | s ra WA AR T RIN LN BN EN TN
e | | wrare BN R R L Y 7
vy el ek e it
RRERNR RN S ek AR b AR R
o A e e Db >
I/.ﬂ “ * P\ | feisrericnld oning
~ AN 2022202272202\
"y - "y - . - e T s
e Lol ikt / s lodloidoddonln b ednibdoniniodion s Attt Corbodonbnlinietldodndontnirimloinedodtonbont wisfnthoomintotodinioindioiniadntdmiodomionink]
AR L WY AR RN AN ORI Y e
yia 2A A I AR AR AN MWD 4 ya A A WA ALY AR AN SN AN A L AEK AT TSN I AL TR D TN
RN < SN S i RO et e e e AR AR i T e
e ya s NN el AN s e e R e e it i)
Y Ey / > = AR A - N e i i > N RNV A eI LA TS VS I LTI LIPS VEILN LTI AN LIS PETISSS
edhontdininln ool onendin ittt bttt o Linbon Lododaiiodin p v BN KD KT ONENY ENDTEEGES NI L WO T VXL ONTNN N
% Y Y Y R e e R R ey AR e e ]
v il il rwwa L o v Ldoun Cobinddonin koniniubond v Linbobmibintndniniotniiodutaofntmiuindoitobioadotoioniafotabobimbodmiblninfnbailntutnlnid
anione S AR R S il Y BRI R AR e e e e
kil it / Ll s ittt tntdin iy Kkndilonkatnninknbkniaintenbndndodhntntnbotodotodutontnlotoiloiniodibantntodmibnbntbekodbndnlorinlnimbmimionniadd
RS RN AN RN S ey RN e
..\V.AG\\\ e AN / T AU NS TG DGO SR VIR TD VTR BN T ED G SN LT it %
A2 N 7777277772247 7700 7720702 227024 0 7 272,
\\ ﬁ \

B :

AN«

{TW T~
; _msrm\ 7
(W) T TR

dl¢old

h o ——
M ” " s .,
————
18 by pmntl
el 1

e B et
e A A
AT AR LD IE S LA
BNt R S AN
| warwrwma ORGSR ARG UL CEEI RN RGY DS
| oo A AT T S A
A, AN LAWY Y,
I e e s
| AR A AL AN AN AL WA
 owasa LR LR AR R AR LEAR R AR AR
e ltodnk
RO AR e S
e
AR

7020222222

Z 2
B L T T
Laindn i AN WAN TN
R A NN S SN A e Y
rrvd L2 e Ll a4
O T Y Y
ol T xS
s KB S AR N
ailkodndladnd L i oin
P IT RIS ELTE BT EETIH IS Tl s
N S A X "9 B R A RN N S R
VARG AN SR AL GWE GGG BTG AT LSS
R e B S R L S G
AR AR AR A TR EAA R AL TR AR
PN WAL TN MWD NHED NN
R R A AR
PR E LTI v
LR SRR AR A SR
RTIY v s v
D N By B BN )
22N AN NN
LAY ¥
NN AN Ll i
LMK AR AR
RN i /
NN A N SR
S\

v

~— 39
1
28

- 56

(N} 14
10

(IN) 14
10

u\¢<

39
it

L~ 3G
- 56

T 000000000000 0z 27z

Vi¢Old

v \\\\\\\§§\§\x

X418 $80



US 12,082,418 B2

Sheet 22 of 30

Sep. 3, 2024

U.S. Patent

Ad1s

o o e

——
el .!!r_.:!:i
-
fien - A
M ] M

—39
¥l
A

() 14
10

(N} 14
10

e Sy AN AN AN I AT
{7 S llnbniatnminioiatats el Eolellafnguinintuisalatutin
I-— Am WY £ £ P RNV Ll Ll de
St T L R LTI f.ﬂkkb
ra ra o A v woa
W lribcbeindoibebnints SLELRTR LT LY % /////I
i WA A Iyt
BN1< e e
VA AR AP WA LLLL S L v
Y s oS N N RN AN A WY
s VA HE GG MG ELTEETS s
AN "y AR B O Ar Y
AI—E lum 22 o ol >
N\ = 8
I 7 \\\\\\\\\\\\\\ 70\
77 o it <
4 ‘um oot oo o inndindn WA N TN Liodon e \\\ v e Lol A Koottt ot
N AW AN LIRSS R ARRAARRRRARRRAACR RN,
Shepbapishegis v v holerhes ehalghaacieghablofohghapeplegiogha s e s
e % i /Jr.’/ -~ e e e S oS T Y e S e "y
. s T T LEAELET TS LT IET TG EGETZTET O ETIETEEOEETE LS S rarora
qNI< 4 rdbckeledes - ekchebebededesicheinic elhebehchodeicickoloirde —— " ke
: PP - PP e e et AR
e ee ke Y Nt / e WY i e oo i S e S S oathe Y
T N RA AT EE NI AT EELNETH LS R s il PP g v i
"y Febchchei elcieiicic o Rbchedrbohclobcbumbcledhcd s
il Rl \u\\ ks \\ \n r4 Lo lmnidodemlio ra \ Lobnionbodndininidon Lo Kl \\ L
|— ..um PR AR ATLLILLE AT I AR T TR L RO UL S
W o e DDT T TIT T ra 2L v e
Jgl7 N
N

d¢¢ ol

S

]

ALY

oo

Y

"

iAW OTDOBNPI TGN DTS ETIERESET D) \\\. \\ bt
L RN Y

PR AR

v

e e et el
* Lodonhndnontnbndonlonicain \ vé L\\\\«\\ Lo Lot Lo
BN : e < o,
M rd Lebontin Lok \ v pa \ ra Leborhaiondlin v
ey e bbb oot b RN /I/
i \ Ll el oo Ll v A e /
e Y BRI b RS
Adgv dm \ Lo Cndiniing o o ebimdondion \\ v \\ i /MA
e S dhae b et oo e oo borthe oo doc e e

N

N

v EElEeee %ﬁm \

Al«% l—&l\\. /\\\\V\.I/x b M‘r/frztt\ o~ \.r / //I /w
Sz N NINN

/.
N

Ll Ll
Ll L

- ]

Eolondonilom

Ll Ll

W

/

W

Véc Old

20

¥id

\\\\\w\\\\\\\\\\\\\k\\\%\ .
xS



US 12,082,418 B2

Sheet 23 of 30

Sep. 3, 2024

U.S. Patent

-~ Ao Ledansurilndonbndion i i Lododatondndiadodonintuniodiodninidotoodadaiodio A
A gv n\\ Y ket - RN - AN b it e f. f e RN "N
A REEg s vy TR Sy
R | oy AR =S RN oo o b €Y
I o> > DT IIIIII IO
e g e N
) i 4 Bt i Lo FXETETOTEVEITD s oo i mlﬁ.
NEJA * e kS F AL Y e T W M ke
. A v | wa Sl A A . ki A v r}Nm
Y Y N ke NIRRT A W ) %
s e > P IIIIIIIIIIIIIII SIS
i e has | SRR WY N TR Y BT T
A"gv JL‘( WA AT Lo v b Saioden e delordindonglaloniatnilon nieild
L% N Y Y - B T T i
00z o8

VIR VIV IRV

RIOP Y 'Y N e bW S A N R N et LY
() 14 e, : TET ; N 14
' N Y S AN S Y
a y v i s > v
Y Y N Y Jhe " N N Y N l—
pi i L v i AN A i Dl
QEI_.A < AR AR oy LN ~ LA AR AR
v . A var o s > ey va ra .
< < < i % < < <
> v Rwa v.d
S Y " Y 5 "y Dl
v £ 2 \ A v s
M) T~ e : - 2 N) 14
\ TP IR v YA LGSO L v

NN N
ve R 1NR/7/77/777/77777777 770077 7777777777777 77777777 2777

T HO SOAOS q¢z'914 0A SD

p—
o
J
T
1
ey = o

- NN BT LLLLT L. AR WML AN TN WAL N AV
< AR L NNKY RN AR RN
ﬂJS l_hm e ks iy bty eyl ol
RIS s R R AN RN NG ._I'mo
v YA AN NN AN A AN AN T A /
AR e b BAKRNAS RN ) Il..wi—l
. | woxoowran. | s e e Dt el e
“EI—A . D s AR AR ORISR RN S
. o g i bnnonontooiodoinoninnocooginiooeorlococoeonion e /.
LAY ~ AR S e
AN > dnninin NNy \\\\ L L /m /
LY MR AR AN Y RS A
Ai_gv |—m)‘ -. \ i \ otk \\ e ntontin Locteboebonbovin / /
\ LKA orindodadnrbieintodd //

L~ 25
e OF

Lo

qnN <

"

VT OO I

—~80

S L L

" §

O
N
N
o
Q
“

gy vy

17 NN 77777777 70
vent /¢ \\\\\\\\ (/4277777227777

5> | ) )

ON T8 HD 0A <®Nmu_ .n_ am> 09 XIS ¥3d  OA

e




US 12,082,418 B2

Sheet 24 of 30

Sep. 3, 2024

U.S. Patent

NOLLOZYIAO A

h
-~

A
3
3

A -
k'

h J

H¥3d Had

Hial
H

WaW

R S

N

E

W

Yy3id

|

::

HUH

%\ga\((

]
]

o LD

ave

oy

o4

H ‘.Y»Ma‘ql

4

N
S0}

Ve

a1

0l

e

oy

ol

oYz OI4

504




US 12,082,418 B2

Sheet 25 of 30

Sep. 3, 2024

U.S. Patent

CETR Y

BANTI<

H3d

ﬂ g<_< ¥l 39

w

20}
:M

42\

10brrrrrs
(M) 14 A

IN) 14
10

(IN) 14
og

A
—S0

d Lo \
) ) [ ] :
M
5 4 om0 O 0 O B 0 0 0 e 0 o e W; ;
»
/ ] T Y oy TIN i
‘M llllll [ 1" c.r
.ﬁ ¥ LI X ¥ S po ety
oo i M
o UL TELLEREEL AL EE A CREEE G yroa X
Tocoee CLETCLCECeEeEeetse et e £ ’
T OTA // AT TE T OHTE TG OTT XTI EEGTEGETII IS k , ) ‘\
D) RN | AR RIS AR AR AR R R AR AR R AR R
" wwwwws) A AT AN AN NN AN oy
.V/ S N i AR AR AR ERR RN AR SRR RN A e i A i ] \\\\\.\\\\\\.\\\.\\.\\.\m\\\
Lo W Lot / vd lohodbodododokn loldodobdntodon Bkl ootk N \ Lo Lolodnbinbnkatinbnbmdooitnbnlohoodotlobebnbokmdonboiodutolrbotmnioiniabeiond L lnindobodfindonloid
R RIS T S eSS R e . e
ya Ll el y4 Colondioniododindodn Loionlon Lololon Lobonloiododnilabotonioominton \ Lo Cobiodirioiiolniododadodionivlviobotododihatovintulododniovivboiatoioiodododonbnbondod L lonlnbubododoninlnid
ARG e koo .I/ I /. /! B A R A R S R 4!/ W VP L U SIS S TS LDV IMAVIAIV, Bl e
v e LoD TI XIS i e v bt e T T i N B )
S S T Y A. e S /. f ey i e i e / INNNLLAVLEDLLLIVLLLSLLLLARY DL DELSVLLLS LSV LABS LSRNV LS LV, i el
b " v / m L nloodenbnloddoidniodbobodiokodbodobobodionbkokolnbonbiodn \ e \ kbbbt lirboobmintoiointriobnintindiosiatlotodinboindabobointododitobohodnd ".\‘\w‘.‘\.“&
AR o R R aT Lasany e ALELILSILIITLEI LSS
.\‘\.\\\1
-\ \\\\\\\\\\\\\\\\\\\\ i N7
) '
AR AR // R R AR RS
AR v \ e
R AR NN AN N A SN A I..f/l././ /4' Y /
vy el
WY RN I/
Ll il 4 Ll i
N S S X //
o vaowewwrw Vi
.W WWI Y PR /
poNA it
RN AR
9 ra NN
YN Y RN e
T s
ITHANAANB A/ 0% 047 N

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\

8 HO LS OA 8 ﬁEm

b

GEL ]

b

L )
OA



U.S. Patent Sep. 3, 2024 Sheet 26 of 30 US 12,082,418 B2

START
+S101
STACK LOWER LAYERS OF Tier 1
8102

FORM STEPPED PORTIONS IN X DIRECTION
AND Y DIRECTION

FIG.26

5103

FORM PERIPHERAL CIRCUITS
8104

STACK UPPER LAYERS OF Tier 1 I
5105
FORM STEPPED PORTION IN X DIRECTION
+S108

FILL PILLAR OF Tier 1 WITH SACRIFICING
LAYER

+S107

STACK Tier 2
5108

FORM STEPPED PORTIONS IN X DIRECTION
AND Y DIRECTION

~S109

FORM PILLARS IN Tier 1 AND Tier 2
8110
REPLACE WITH WORD LINES
~S111

FORM CONTACTS AT STEPPED PORTIONS
AND ON PERIPHERAL CIRCUITS

+S112

FORM UPPER LAYER WIRING I

END
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FORM PERIPHERAL CIRCUITS
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STACK UPPER LAYERS OF Tier 1
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FORM STEPPED PORTION IN X DIRECTION
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FILL PILLAR OF Tier 1 WITH SACRIFICING
LAYER
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STACK Tier 2
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FORM STEPPED PORTION IN X DIRECTION
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S210
REPLACE WITH WORD LINES
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SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims benefit
under 35 U.S.C. § 120 to U.S. application Ser. No. 16/505,
851, filed on Jul. 9, 2019, which is based upon and claims
the benefit of priority under 35 U.S.C. § 119 from Japanese
Patent Application. No. 2019-037445, filed on Mar. 1, 2019,
the entire contents of each of which are incorporated herein
by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor memory device.

BACKGROUND

A three-dimensional nonvolatile memory includes
memory cells arranged three-dimensionally in a stacked
structure of a plurality of layers. In such a configuration, it
is desired that stress Generated by a difference in materials
between the stacked structure and peripheral parts surround-
ing the stacked structure be relaxed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view illustrating an example of arrange-
ment of respective components of a semiconductor memory
device according to a first embodiment;

FIGS. 2A and 2B are cross-sectional views illustrating an
example of the configuration of the semiconductor memory
device according to the first embodiment;

FIG. 3 is a cross-sectional view illustrating an example of
the configuration of a memory region of the semiconductor
memory device according to the first embodiment;

FIGS. 4A and 4B are cross-sectional views illustrating an
example of the configurations of stepped portions and a
peripheral circuit of the semiconductor memory device
according to the first embodiment;

FIGS. 5A and 5B are flow diagrams illustrating an
example of procedures of a process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIG. 6 and FIGS. 6A to 6C are diagrams illustrating an
example of arrangement of resist patterns in the process of
manufacturing the semiconductor memory device according
to the first embodiment;

FIGS. 7A and 7B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 8A and 8B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 9A and 9B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 10A and 10B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;
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2

FIGS. 11A and 11B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 12A and 12B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 13A and 13B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 14A and 14B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIG. 15 and FIGS. 15A to 15C are diagrams illustrating
an example of arrangement of resist patterns in the process
of manufacturing the semiconductor memory device accord-
ing to the first embodiment;

FIGS. 16A and 16B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 17A and 17B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 18A and 18B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 19A and 19B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 20A and 20B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 21A and 21B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 22A and 22B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 23A and 23B are flow diagrams illustrating an
example of procedures of the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIGS. 24 A to 24C are diagrams schematically illustrating
structures on a wafer in the process of manufacturing the
semiconductor memory device according to the first
embodiment;

FIG. 25 is a cross-sectional view illustrating an example
of configurations of stepped portions and a peripheral circuit
of a semiconductor memory device according to a first
modification of the first embodiment;

FIG. 26 is a flowchart illustrating an example of proce-
dures of a process of manufacturing the semiconductor
memory device according to the first modification of the first
embodiment;

FIG. 27 is a cross-sectional view illustrating an example
of configurations of stepped portions and a peripheral circuit
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of a semiconductor memory device according to a second
modification of the first embodiment;

FIG. 28 is a flowchart illustrating an example of proce-
dures of a process of manufacturing the semiconductor
memory device according to the second modification of the
first embodiment;

FIG. 29 is a diagram illustrating an example of a con-
figuration of a semiconductor memory device according to
a second embodiment; and

FIGS. 30A and 30B are cross-sectional views illustrating
the way of electrical separation of memory regions of the
semiconductor memory device according to the second
embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a semiconduc-
tor memory device includes a stacked structure including a
plurality of first layers stacked with a second layer therebe-
tween above a substrate having a memory region in which
a plurality of memory cells are arranged and an outer edge
portion surrounding the memory region, the stacked struc-
ture having a stepped portion at which ends of the first layers
form a stepped shape at an end of the stacked structure in a
first direction within the memory region, wherein at least
some of the first layers among the plurality of first layers
extend, along a second direction perpendicular to the first
direction, from above the outer edge portion at a first end
side of the substrate through above the memory region over
the substrate to above the outer edge portion at a second end
side of the substrate.

The present invention will be explained below in detail
with reference to the accompanying drawings. The present
invention is not limited to the following embodiments. In
addition, components in the embodiment below may include
those which are easily conceivable to those skilled in the art
or those which are substantially the same.

First Embodiment

A semiconductor memory device according to a first
embodiment will be explained with reference to FIGS. 1 to
28.

(Example of Configuration of Semiconductor Memory
Device)

FIG. 1 is a plan view illustrating an example of arrange-
ment of respective components of a semiconductor memory
device 1 according to the first embodiment; As illustrated in
FIG. 1, the semiconductor memory device 1 includes a
substrate 10c obtained by cutting a wafer such as a semi-
conductor wafer into chips.

Patterns are formed on the entire surface of the substrate
10c. Among the patterns, an element region 20 is a region in
which a pattern being a semiconductor element is formed. A
kerf region 30 as an outer edge portion is a region in which
patterns such as alignment marks used in a process of
manufacturing the semiconductor memory device 1 are
formed. The element region 20 is located at the center of the
substrate 10c¢, and the kerf region 30 is located at end portion
of the substrate 10¢ in such a manner that the kerf region 30
surrounds the element region 20.

The element region 20 includes a memory regions MEM
in which memory cells, which are storage elements, are
arranged, and peripheral circuits PER that contribute to
operation of the memory cells. More specifically, the periph-
eral circuits PER include row decoders RD arranged on both
sides in the X direction of the respective memory regions
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4

MEM, for example, and sense amplifiers SA arranged on
one side in the Y direction of the respective memory regions
MEM, for example. The row decoders RD specity regions in
which memory cells to be operated are included. The sense
amplifiers SA sense data held by the memory cells.

A pair of memory region MEM and peripheral circuit
PER constitutes one plane. In the example of FIG. 1, two
pairs of memory region MEM and peripheral circuit PER are
included in the element region 20. In other words, one
substrate 10c¢ includes two planes in the example of FIG. 1.
Each of the memory regions MEM is associated with a
peripheral circuit PER, which enables the memory regions
MEM of a plurality of planes to operate independently of
each other.

FIGS. 2A and 2B are cross-sectional view in the X
direction and in the 1 direction, respectively, of the semi-
conductor memory device 1 according to the first embodi-
ment.

As illustrated in the cross-sectional view in the X direc-
tion in FIG. 2A, each memory region MEM includes a
stacked structure LM, in which a plurality of layers are
stacked, provided on the substrate 10c. In the stacked
structure LM, a plurality of pillars PL extending through the
stacked structure LM are arranged. A plurality or memory
cells are arranged on the side faces of the individual pillars
PL along the height direction of the pillars PL. The layers in
the stacked structure LM in each memory region MEM
function as word lines for applying voltage to the memory
cells.

At the respective ends in the X direction of each memory
region MEM, the ends of the layers in the stacked structure
LM are arranged in a stepped manner. This enables the ends
of the word lines which are connected with individual
memory cells to be drawn A contact CC for connecting an
individual drawn word line with upper wiring or the like is
connected with the vicinity of the end of the word line, that
is, a terrace portion drawn out in the X direction relative to
the word lines of upper layers.

Transistors TR and the like included in the peripheral
circuits PER such as the row decoders RD, for example, are
arranged outside of the memory regions MEM.

As illustrated in the cross-sectional view in the Y direction
in FIG. 2B, at least some of the layers in the stacked
structure LM extend from one end of the substrate 10¢ to the
other end thereof through the memory regions MEM. In
addition, in each memory regions MEM, the stacked struc-
ture LM is divided into a plurality of parts arranged in the
Y direction by a plurality of slits ST as band-like portions
extending through the stacked structure LM.

Transistors TR and the like included in the peripheral
circuits PER such as the sense amplifiers SA, for example,
are arranged on one side outside of the memory regions
MEM. Only some of the layers in the stacked structure LM
extend on the side on which the transistors TR are arranged;
these layers extending into the regions of the peripheral
circuits PER pass above the transistors TR. This allows
space for the transistors TR.

The layers in the stacked structure LM are made of
different materials in different regions on the substrate 10c,
and thus include conducting regions 61 and insulating
regions 62. In the memory regions MEM, the conducting
regions 61 constituted by the aforementioned word lines are
arranged. The insulating regions 62 constituted by insulating
layers are arranged in the regions of the peripheral circuits
PER and the kerf regions 30 on the side of the peripheral
circuits PER. This suppresses short-circuits between the
wires or the like constituting the peripheral circuits PER and
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the layers. Insulating regions 62 are also preferably arranged
in the kerf regions 30 on the side opposite to the side on
which the peripheral circuits PER are arranged.

FIG. 3 is a cross-sectional view illustrating an example of
the configuration of a memory region MEM of the semi-
conductor memory device 1 according to the first embodi-
ment. FIG. 3 illustrates a cross-sectional view in the X
direction.

As illustrated in FIG. 3, the semiconductor memory
device 1 includes the substrate 10¢ made of silicon or the
like, for example. The substrate 10c¢ includes an n-well 11 at
the surface layer, and a p-well 12 in the n-well 11.

A stacked structure L Ma in which a plurality of first layers
FL and a plurality of insulating layers CL as second layers
are alternately stacked is provided on the substrate 10c. A
stacked structure LMb in which a plurality of first layers FL.
and a plurality of insulating layers OL as second layers are
alternately stacked is provided on the stacked structure LMa
with a bonding layer Bi therebetween. The first layers FL are
constituted by conducting layers such as tungsten layers or
molybdenum layers in the memory regions MEM. In other
words, the conducting regions 61 (see FIGS. 2A and 2B)
arranged in the memory regions MEM are constituted by the
conducting layers. Thus, the first layers FL function as word
lines WL in the memory regions MEM. The insulating layer
OL and the bonding layer Bi are SiO, layers or the like, for
example.

While the stacked structures LMa and LMb each include
seven layers of word lines WL in the example of FIG. 3, the
number of layers of the word lines WL, may be any number.
In addition, the stacked structure LMa may include a select
gate line (not illustrated) below the word line WL of the
lowest layer, and the stacked structure LMb may include a
select Gate line (not illustrated) above the word line WL of
the top layer.

A plurality of pillars PL. are arranged in the stacked
structures [LMa and LMb. The pillars Pt each extend through
the stacked structures LMa and LMb and the bonding layer
Bi, and are arranged in a matrix in the memory regions
MEM including the stacked structures LMa and LMb. The
pillars PL, each has a bonding portion Bp in the bonding
layer Bi. The pillars PL each includes a memory layer ME,
a channel layer CN, and a core layer CR in this order from
the outer side of the pillar PL. The channel layer CM is also
present at the bottom of each of the pillars PL. The memory
layer ME is a layer in which SiO,SiN/SiO, layers are
stacked, for example, the channel layer CN is an amorphous
silicon layer, a polysilicon layer or the like, for example, and
the core layer CR is an SiO, layer or the like, for example.
Because the pillars PL each include a memory layer ME and
a channel layer CN, a plurality of memory cells MC are
formed at the respective intersections of the pillars PL. and
the word lines WL.

As described above, the semiconductor memory device 1
is configured as a three-dimensional nonvolatile memory in
which the memory cells MC are arranged three-dimension-
ally in the memory regions MEM, for example.

An insulating layer 53 is provided on the stacked structure
LMb. An insulating layer 54 is provided on the insulating
layer 53. The channel layer CN of each pillar PL is con-
nected with a bit line BL provided in the insulating layer 54,
for example, by a plug CH extending through the insulating
layers 53 and 54.

FIGS. 4A and 4B are cross-sectional views illustrating an
example of the configurations of stepped portions STRx and
STRy and a peripheral circuit PER of the semiconductor
memory device 1 according to the first embodiment.
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FIG. 4A is a cross-sectional view in the X direction of the
stepped portion STRx located at ends of the stacked struc-
tures LMa and LMb in the X direction and the peripheral
circuit PER located at the outer side of the stepped portion
STRx. As illustrated in FIG. 4A, the stacked structures LMa
and LMb of the semiconductor memory device 1 have the
stepped portions STRx, where the ends of the first layers FL.
and the insulating layers OL as second layers are arranged in
a stepped manner, at both ends in the X direction Each of the
steps of the stepped portions STRx is constituted by one first
layer FL and one insulating layer OL on this first layer FL,
for example. At the stepped portions STRx as well, the first
layers FL are conducting regions 61 (see FIGS. 2A and 2B)
that function as word lines WL. Note that, in a case where
select gate lines are provided above and below the stacked
structures LMa and LMb, the select gate lines may also be
included in the stepped portions STRx.

The respective steps of the stepped portions STRx are
covered with the insulating layer 52 having a top surface at
a height substantially equal to that of the top surface of the
stacked structure LMb, for example. The insulating layer 53
is provided on the insulating layer 52 covering the stepped
portions STRx. The insulating layer 54 is provided on the
insulating layer 53.

The word line WL of each of the steps of the stepped
portions STRx is connected with a contact CC extending
through the insulating layers 53 and 52 covering the stepped
portions STRx and the insulating layer OL, that is an upper
layer of the connected word line WL. The upper end of each
of the contacts CC is connected with a plug V0 extending
through the insulating layer 54. The plugs V0 are connected
with upper wiring or the like, for example.

The pillars PL are provided on the inner side of the
stepped portions STRx as described above.

Peripheral circuits PER including transistors TR, for
example, are provided in peripheral regions of the stepped
portions STRx. A transistor TR includes a gate electrode GE
provided on the substrate 10c, and active areas AA formed
on the surface layer of the substrate 10¢ on the respective
sides of the gate electrode GE. The gate electrode GE is
connected with a contact CS extending through the insulat-
ing layers 53 and 52 covering the peripheral circuits PER to
the gate electrode GE. The contact CS has a bonding portion
Bc at a position at the same height as the bonding layer Bi
between the stacked structures LMa and LMb. The contact
CS is connected with a plug V0 extending through the
insulating layer 54. The plug V0 is connected with upper
wiring or the like, for example. In the peripheral circuits
PER, contacts (not illustrated) extending through the insu-
lating layers 53 and 52 to the active areas AA may be further
formed.

In addition, in the Y direction, at least part of the stacked
structures LMa and LMb of the semiconductor memory
device 1 extends from one end of the substrate 10¢ through
the memory regions MEM to the other end of the substrate
10c as described above. More specifically, the stacked
structure LMb among the stacked structures LMa and LMb
extends from one end to the other of the substrate 10c. The
ends of the stacked structure LMb on both sides in the Y
direction are not stepped at the ends of the memory regions
MEM, but are sheer and substantially perpendicular to the
surface of the substrate 10c at the ends of the substrate 10c.
In contrast, the stacked structure LMa, among the stacked
structures LMa and LMb, does not extend to the peripheral
circuit PER but ends at the end of the memory region MEM
and forms the stepped portion STRy on the side on which the
peripheral circuit PER is provided in the Y direction, and the
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stacked structure L Ma extends to the end of the substrate 10¢
and ends in a sheer manner with the stacked structure LMb
on the side opposite to the side on which the peripheral
circuit PER is provided in the Y direction.

FIG. 4B is a cross-sectional view in the Y direction of the
stepped portion STRy located at the ends of the memory
region MEM of the stacked structure LMa in the Y direction
and the peripheral circuit PER located at the outer side of the
stepped portion STRy. As illustrated in FIG. 4B, the stacked
structure [.LMa has the stepped portion STRy, where the first
layers FL and the insulating layers OL as second layers are
arranged an a stepped manner at the end of the memory
region MEM on the side on which the peripheral circuit PER
is provided in the Y direction Each of the steps of the stepped
portion STRy is constituted by one first layer FL. and one
insulating layer OL on this first layer FL, for example. At the
stepped portions STRy as well, the first layers FL are
conducting regions 61 (see FIGS. 2A and 2B) that function
as word lines WL. Note that, in a case where a select gate
line is provided below the stacked structure LMa, the select
gate line may also be included in the stepped portion STRy.

The pillars Pt are provided on the inner side of the stepped
portion STRy as described above. In addition, a plurality of
slits ST are provided in the region in which the pillars PL are
provided. The slits ST each have a band-like structure
extending in the X direction through the insulating layer 53
covering the stacked structures LMa and LMb and the
stacked structures LMa and LMb, and divides the stacked
structures LMa and LMb in the Y direction Each of the slits
ST is filled with a conducting layer 50 such as tungsten, with
an insulating layer 51 such as an SiO, layer serving as a
liner, for example, and functions as a source line contact LI.
Each or the source line contacts LI is provided in an n*
diffusion region 13 provided on the substrate 10c¢, and has an
upper end connected with a plug V0 extending through the
insulating layer 54 covering the insulating layer 53. The plug
V0 is connected with upper wiring or the like. Note that the
slits ST need not function as the source line contacts LI, and
in this case, each of the slits ST may be filled with an SiO,
layer, an SiN layer, or the like.

A peripheral circuit PER including a transistor TR, for
example, is provided in a peripheral region of the stepped
portion STRy. The transistor TR includes a gate electrode
GE provided on the substrate 10¢, and active areas AA
formed on the surface layer of the substrate 10c¢ on the
respective sides of the gate electrode GE. The gate electrode
GE is connected with a contact CS. The contact CS has a
bonding portion Bc at a position at the same height as the
bonding layer Bi between the stacked structures [.LMa and
LMb. The contact CS is connected with a plug V0 extending
through the insulating layer 54 that is an upper layer of the
contact CS. The plugs V0 are connected with upper wiring
or the like, for example. In the peripheral circuit PER in the
peripheral region of the stepped portion STRy as well,
contacts (not illustrated) connected with the active areas AA
may be further formed.

The stepped portion STRy and the transistor TR and the
like of the peripheral circuit PER are covered with the
insulating layer 52 having a top surface at a height substan-
tially equal to that of the top surface of the bonding layer Bi
between the stacked structures LMa and LMb, for example.
The stacked structure LMb in which the first layers FL. and
the insulating layers CL as second layers are stacked is
provided on the insulating layer 52. The insulating layer 53
is provided on the stacked structure LMb, and the insulating
layer 54 is provided on the insulating layer 53.
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The first layers FL in the stacked structures LMb above
the stepped portions STRy provided in the memory regions
MEM are also conducting regions 61 (see FIGS. 2A and 2B).
The stepped portion STRy located at the end of the stacked
structure [LMa in the Y direction is constituted by dummy
steps that do not have the function of drawing word lines
WL, and the word lines WI at the respective steps of the
stepped portion STRy are not connected with contacts CC
and the like. Thus, even when the conducting region 61 of
the first layers FL is provided on the stepped portion STRy,
the stacked structure LMb does not become electrically
connected with the contacts CC. The stepped portion STRy
constituted by the dummy steps is provided at the end of the
stacked structure LMa in the Y direction, which allows space
for the peripheral circuit PER including the transistor TR.

The first layers FLL of the stacked structure LMb are
constituted by insulating layers NL such as SiN layers within
the region in which the peripheral circuit PER is provided.
In other words, the insulating regions 62 (see FIGS. 2A and
2B) provided in the regions of the peripheral circuits PER
are constituted by the insulating layers NL. The contact CS
of the peripheral circuit PER described above extends
through the stacked structure LMb and is connected with the
gate electrode GE of the transistor TR. Because it is the
insulating region 62 of the first layers FL that is provided on
the transistor TR, the stacked structure LMb does not
become electrically connected with the contact CS.

The boundary between the conducting region 61 provided
in the memory region MEM and the insulating region 62
provided in the region of the peripheral circuit PER, that is,
the boundary at which the materials of the first layers FL are
switched is present at a position from immediately above the
leading end of the stepped portion STRy of the stacked
structure LMa in the Y direction to the inside of the region
of the peripheral circuit PER.

The first layers FL of the stacked structure LMb also form
insulating region 62 in the kerf region 30 (see FIGS. 2A and
2B) on the further outer side of the peripheral circuit PER in
the Y direction. The first layers FL of the stacked structure
LMb also preferably form insulating region 62 in the kerf
region 30 on the side opposite to the side on which the
peripheral circuit PER is provided.

(Example of Process of Manufacturing Semiconductor
Memory Device)

Next, an example of a process of manufacturing the
semiconductor memory device 1 of the first embodiment
will be explained with reference to FIGS. 5A to 24C. FIGS.
5A to 24C are flow diagrams illustrating an example of
procedures of the process of manufacturing the semicon-
ductor memory device 1 according to the first embodiment.
A and B of the same figure number excluding FIG. 6 and
FIGS. 6A to 6C, FIG. 15 and FIGS. 15A to 15C, and FIGS.
24A to 24C illustrate different parts in the same processing
step. A and B of each of such figures correspond to the part
illustrated in FIG. 4A and the part illustrated in FIG. 4B,
respectively.

As illustrated in FIGS. 5A and 5B, the n-well 11, the
p-well 12, the n* diffusion region 13, and the like are formed
on a wafer 10 that is a semiconductor wafer or the like before
being cut into the substrate 10c. A stacked structure L.Mas in
which a plurality of insulating layers NL and OL are
alternately stacked is formed on the wafer 10. The insulating
layers ML are sacrificing layers such as SiN layers that can
be replaced with conducting layers such as tungsten layers
or molybdenum layers that partly constitute the conducting



US 12,082,418 B2

9

region 61 of the first layers FL a later process. A bonding
layer Bi such as an SiO, layer is formed on the stacked
structure LMas.

Thereafter, the stacked structure LMas and the bonding
layer Bi formed on the wafer 10 are partly covered with
resist patterns. This process is illustrated in FIG. 6. FIG. 6
is a diagram illustrating an example of arrangement of resist
patterns 71a to 71c¢ in the process of manufacturing the
semiconductor memory device 1 according to the first
embodiment.

As illustrated in FIG. 6, after at least some predetermined
process, a plurality of chip areas 10s are arranged with scribe
lines 40 therebetween on the wafer 10. The scribe lines 40
are regions included in the kerf region 30, and are to be
scraped off and eliminated while the wafer 10 is subjected to
dicing and cut into substrates 10c in a later process. The chip
areas 10s are areas in which patterns are formed in the
process of manufacturing the semiconductor memory device
1, that is, areas each including an element region 20 includ-
ing memory regions MEM and peripheral circuits PER, and
a kerf region 30, and substantially corresponding to the
substrates 10c¢ into which the wafer 10 is diced and cut.

The chip areas 10s are arranged in such a manner that the
positions of the memory regions MEM and the peripheral
circuits PER in the respective chip areas 10s are alternately
reversed in the Y direction, for example. Thus, the memory
regions MEM in each of the chip areas 10s on a first row in
the Y direction on the side opposite to a notch N of the wafer
10 and the memory regions MEM in each of the chip areas
10s on a second row adjacent to the first row are arranged
away from each other on the outer side within the respective
chip areas 10s, for example. In contrast, the memory regions
MEM in each of the chip areas 10s on the second row and
the memory regions MEM in each of the chip areas 10s on
a third row adjacent to the second row are arranged close to
each other on the inner side within the respective chip areas
10s, for example. FIGS. 6A to 6C illustrate enlarged views
of two chip areas 10s in which memory regions MEM are
arranged close to each other.

Although the chip areas 10s are illustrated as being on the
wafer 10 in FIG. 6 for convenience of explanation, this does
not mean that the chip areas 10s are formed to a visible
degree at the stage of the process in FIG. 6.

As illustrated in FIG. 6A, resist patterns 71a covering the
memory regions MEM included in the respective chip areas
10s and the regions between the memory regions MEM
adjacent to each other in the Y direction are formed. The
bonding layer Bi and the layers of the stacked structure
L.Mas are then partly removed with use of the resist patterns
71a as masks.

As illustrated in FIG. 6B, the resist patterns 71la are
slimmed in the X direction and in the Y direction, so that
resist patterns 715 are formed. Specifically, in the X direc-
tion, both ends of each of the resist patterns 71a on the side
of'the row decoders RD are slimmed in the Y direction, only
one end of each of the resist patterns 71a on the side of the
sense amplifier SA is slimmed. The layers of the stacked
structure LMas are then further partly removed with use of
the resist patterns 715 as masks.

As illustrated in FIG. 6C, the resist patterns 715 are
slimmed in the X direction and in the Y direction, so that
resist patterns 71c¢ are formed Both ends of each of the resist
patterns 715 are slimmed in the X direction, and one end of
each of the resist patterns 715 on the side of the sense
amplifier SA is slimmed in the Y direction. The layers of the
stacked structure L Mas are then further partly removed with
use of the resist patterns 71¢ as masks.
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The slimming of the resist patterns and the removal of the
insulating layers OL and NL corresponding to one step of the
stepped portions STRx and STRy are repeated as described
above, and a lower part of the stepped portion STRx and the
stepped portion STRy are thus formed. Details thereof are
illustrated in subsequent cross-sectional views.

As illustrated in FIGS. 7A and 7B, resist patterns 71a are
formed on the stacked structure .LMas and the bonding layer
Bi. In FIG. 7A, an end of a resist pattern 71a is positioned
at a position substantially corresponding to a leading end of
the stepped portion STRx in the X direction to be formed
later. In FIG. 7B, an end of the resist pattern 71la is
positioned at a position substantially corresponding to a
leading end of the stepped portion STRy in the Y direction
to be formed later.

As illustrated in FIGS. 8A and 8B, the bonding layer Bi
and the uppermost insulating layer NE are removed with use
of the resist pattern 71a as a mask. As a result, the stacked
structure L Mas has a stepped shape including one step.

As illustrated in FIGS. 9A and 9B, the resist pattern 71a
is slimmed to form a resist pattern 7156. In FIG. 9A, the resist
pattern 71a is set back by a distance substantially equal to
the width in the X direction of a terrace portion of the
stepped portion STRx in the X direction to be formed later.
In FIG. 9B, the resist pattern 71a is set back by a distance
substantially equal to the width in the Y direction of a terrace
portion of the stepped portion STRy in the Y direction to be
formed later.

As illustrated in FIGS. 10A and 10B, the portions of the
bonding layer Bi and the uppermost insulating layer NE that
are newly exposed by the slimming are removed with use of
the resist pattern 715 as a mask. In addition, at the portions
where the bonding layer Bi and the uppermost insulating
layer NL are already removed, one insulating layer OL and
one insulating layer NL under the uppermost insulating layer
NL are removed. As a result, the stacked structure LMas has
a stepped shape including two steps.

As illustrate in FIGS. 11A and 11B, the resist pattern 716
is slimmed to form a resist pattern 71c. In a manner similar
to the above, the distance by which the resist pattern 715 is
set back is about the same as the width of one terrace portion
of the stepped portions STRx and STRy.

As illustrated in FIGS. 12A and 12B, the portions of the
bonding layer Bi and the uppermost insulating layer NL that
are newly exposed by the slimming are removed with use of
the resist pattern 71¢ as a mask. In addition, at the portions
where the bonding layer Bi and the uppermost insulating
layer NL are already removed, one insulating layer OL and
one insulating layer NL under the uppermost insulating layer
NL are removed. At the portions where one insulating layer
OL and one insulating layer NL under the uppermost insu-
lating layer NL have been removed, one insulating layer OL
and one insulating layer NL thereunder are further removed.
As a result, the stacked structure LMas has a stepped shape
including three steps.

As illustrated in FIGS. 13 A and 13B, the slimming of the
resist patterns and the removal of the insulating layers OL
and NIL corresponding to one step of the stepped portions
STRx and STRy are repeated, so that a stepped portion
STRa, which is a lower part of the stepped portion STRx,
and the stepped portion STRy are formed.

A gate electrode GE is formed in a peripheral area of the
stepped portions STRa and STRy, and active areas AA are
formed in a self-aligning manner, for example, on the wafer
10 on both sides of the gate electrode GE. As a result, a
transistor TR is formed.
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An insulating layer 52 covering the stepped portions
STRa and STRy and the transistor TR is formed up to a
height substantially equal to the top surface of the bonding
layer Bi on the stacked structure LMas.

A contact CSs filled with a sacrificing layer that extends
through the insulating layer 52 and reaches the gate elec-
trode GE is formed, and a bonding portion Bs constituted by
the sacrificing layer or the like is formed on the contact CSs.
The sacrificing layer constituting the contact CSs and the
bonding portion Bs is an amorphous silicon layer or the like
that can be replaced with a conducting layer such as a
tungsten layer in a later process.

A pillar PLs filled with the sacrificing layer is formed in
a lower structure of the pillar PL in the stacked structure
LMas on the inner side of the stepped portions STRa and
STRy. Specifically, a memory hole extending through the
bonding layer Bi and the stacked structure L. Mas is formed,
and the inside of the memory hole is filled with the sacri-
ficing layer that is an amorphous silicon layer. As a result,
the pillar Pts having a bonding portion Bps at an upper end
portion is formed.

As illustrated in FIGS. 14A and 14B, a stacked structure
LMbs covering the insulating layer 52 on the stepped
portions STRa and STRy and on the transistor TR, and the
stacked structure L Mas is formed on the wafer 10.

Thereafter, the stacked structure LMbs formed on the
wafer 10 is partly covered with a resist pattern. This process
is illustrated in FIG. 15. FIG. 15 is a diagram illustrating an
example of arrangement of resist patterns 72a to 72¢ in the
process of manufacturing the semiconductor memory device
1 according to the first embodiment.

As illustrated in FIG. 15, resist patterns 72a to 72c¢
covering, in an elongated manner, memory regions MEM in
a plurality of chip areas 10s arranged in the Y direction are
formed FIGS. 15A to 15C illustrate enlarged views of two
chip areas 10s in which memory regions MEM are arranged
close to each other.

As illustrated in FIG. 15A, resist patterns 72a including
the memory regions MEM included in the respective chip
areas 10s and extending in the Y direction in an elongated
manner are formed. The layers of the stacked structure
LMbs in the X direction are then partly removed with use of
the resist patterns 72a as masks. In this process, the stacked
structure LMbs is not removed in the Y direction.

As illustrated in FIG. 15B, the resist patterns 72a are
slimmed in the X direction to form resist patterns 72b.
Specifically, in the X direction, both ends of each of the
resist patterns 72a on the side of the row decoders RD are
slimmed. In the Y direction, the resist patterns 72a are not
slimmed. The layers of the stacked structure LMbs in the X
direction are then further partly removed with use of the
resist patterns 725 as masks. In this process, the stacked
structure LMbs is not removed in the Y direction.

As illustrated in FIG. 15C, the resist patterns 726 are
slimmed in the X direction to form resist patterns 72¢. Both
ends of each of the resist patterns 724 are slimmed only in
the X direction. The layers of the stacked structure LMbs in
the X direction are then further partly removed with use of
the resist patterns 72¢ as masks. In this process, the stacked
structure LMbs is not removed in the Y direction.

The slimming of the resist patterns and the removal of the
insulating layers CL. and NL in the X direction are repeated
as described above, so that the stacked structure LMbs in the
X direction is also processed in a stepped shape and the
stepped portion STRx is thus formed.

As illustrated in the cross-sectional view in the X direc-
tion of FIG. 16A, the stacked structure LMbs is also pro-
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cessed in the stepped shape in the X direction, and a stepped
portion STRx is formed at ends in the X direction of the
stacked structure LMas and the stacked structure LMbs. The
insulating layer 52 is further increased in thickness to have
a top surface at a height substantially equal to the height of
the top surface of the stacked structure LMbs.

As illustrated in the cross-sectional view in the Y direction
of FIG. 16B, the stacked structure LMbs is not removed in
the Y direction, and remains extending over a plurality of
chip areas 10s including the memory regions MEM, the
peripheral circuits PER, and the kerf region 30 including the
scribe lines 40.

As illustrated in FIGS. 17A and 17B, a pillar Pt is formed
through the stacked structures [LMas and [.LMbs at a position
on an inner side of the stepped portions STRx and STRy.
Specifically, a memory hole extending through the stacked
structure LMbs and reaching the bonding portion Bps is
formed, and the sacrificing layer in the pillar PLs is removed
via the memory hole. A memory layer ME such as SiO,/
SiN/SiO, layers, a channel layer CN such as an amorphous
silicon layer or a polysilicon layer, and a core layer CR such
as an SiO, layer are formed in this order from the inner wall
of'the memory hole extending through the stacked structures
[LMas and LMbs and being open. The channel layer CN is
also formed at the bottom of the memory hole. As a result,
a pillar PL having a bonding portion Bp at a position at a
height about the center is formed.

As illustrated in FIGS. 18A and 18B, an insulating layer
53 covering the top surface of the stacked structure LMbs
and the top surface of the insulating layer 52 is formed.

As illustrated in FIG. 18B, a slit ST is formed through the
stacked structures [LMas and [LMbs at a position on an inner
side of the stepped portion STRy. Specifically, a slit ST
extending through the insulating layer 53 and the stacked
structures LMas and L.Mbs, reaching the n* diffusion region
13, and extending in the X direction is formed. At this point,
the slit ST is not filled with anything.

As illustrated in FIGS. 19A and 19B, the insulating layers
NL in the stacked structures Mas and LMbs are removed via
the slit ST.

As illustrated in the cross-sectional view in the X direc-
tion of FIG. 19A, all the insulating layers NL in the X
direction of the stacked structures LMas and LMbs are
removed, so that stacked structures LMag and LMbg in
which gaps are provided between the insulating layers are
formed.

As illustrated in the cross-sectional view in the Y direction
of FIG. 19B, at least all the insulating layers NL in the
stacked structures [LMas and LMbs arranged in the memory
regions MEM, and the stacked structures LMag and LMbg
in which gaps are provided between the insulating layers OL
are formed. More preferably, in the stacked structure LMbs,
the insulating layers NL within a predetermined range on the
side of the peripheral circuits PER along the Y direction
from immediately above the stepped portion STRy are
further removed.

The range in which the insulating layers NL are removed
is, however, at least a range before reaching the peripheral
circuits PER. Thus, at least the insulating layers NL in the
stacked structure LMbg above the peripheral circuits PER
remain unremoved.

In addition, the insulating layers NL also remain unre-
moved in the kerf region 30 and scribe lines 40 on the side
on which the peripheral circuits PER are arranged. Further-
more, the insulating layers NL also remain unremoved in at
least the scribe lines 40 on the side opposite to the side on
which the peripheral circuits PER are arranged. More pref-
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erably, the insulating layers NI also remain unremoved in the
kerf region 30 on the side opposite to the side on which the
peripheral circuits PER are arranged.

The range in which the insulating layers NL are removed
is within a predetermined range from the slit ST. The range
in which the insulating layers NL are removed can be set as
described above by adjustment of the position at which the
slit ST is formed in the stacked structures LMas and LMbs.

As illustrated in FIGS. 20A and 20B, the gaps in the
stacked structures [LMag and LMbg resulting from the
removal of the insulating layers NL are filled with a con-
ducting material such as tungsten or molybdenum via the slit
ST.

As illustrated in the cross-sectional view in the X direc-
tion of FIG. 20A, stacked structures LMa and LMb in which
word lines WL are stacked between the insulating layers OL
are formed.

As illustrated in the cross-sectional view in the Y direction
of FIG. 20B, stacked structures LMa and LMb in which the
word lines WL are stacked at least between the insulating
layers OL arranged in the memory regions MEM, and in
which the insulating layers NI are present between the
insulating layers OL above the peripheral circuits PER, the
kerf region 30 on the side of the peripheral circuits PER, and
the scribe lines 40 on the side of the peripheral circuits PER
are formed. In addition, in the stacked structures LMa and
LMb, the insulating layers NL remain between the insulating
layers OL above the scribe lines 40 on the side opposite to
the tide on which the peripheral circuits PER are arranged,
and more preferably above the kerf region 30.

In other words, in the stacked structure LMb, the first
layers FL in which the conducting regions 61 (see FIGS. 2A
and 2B) constituted by the word lines WL are arranged in the
memory regions MEM, and in which the insulating regions
62 (see FIGS. 2A and 2B) constituted by the insulating
layers NL are arranged in the regions of the peripheral
circuits PER and the kerf region 30 on the side of the
peripheral circuits PER are formed.

As described above, the insulating layers NL in the
memory regions MEM are removed and replaced with the
conducting layers, so that the word lines WL to be connected
with memory cells MC arranged in the memory regions
MEM are formed. In addition, the insulating layers NL in the
regions of the peripheral circuits PER remain without being
replaced with conducting layers, so that short-circuits of
contacts CS to be formed through the stacked structure LMb
above the transistors TR in a later process can be prevented.

Note that the process of forming the stacked structures
LMa and LMb by replacing at least some of the insulating
layers NL in the stacked structures LMas and LMbs with
conducting layers (word lines WL) as illustrated in FIGS.
18A to 20E may be called a replacing process or the like.

As illustrated in the cross-sectional view in the Y direction
of FIG. 21B, the slit ST is filled with the insulating layer 51
and the conducting layer 50, for example, in this order from
the inner wall of the slit ST, so that a source line contact LI
is formed. In a case where the slit ST is not to function as
a source line contact LI, the slit ST may be filled with an
insulating layer such as an SiO, layer or an SiN layer.

As illustrated in the cross-sectional view in the X direc-
tion of FIG. 22A, a contact CS extending through the
insulating layers 53 and 52 and reaching the gate electrode
GE is formed. Specifically, a contact hole extending through
the insulating layers 53 and 52 and reaching the bonding
portion Bs is formed above the transistor TR. The sacrificing
layer in the bonding portion Bs and the contact CSs is
removed via the contact hole, and the contact CSs, the
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bonding portion Bs, and the contact hole above the bonding
portion Bs are filled with a conducting material, so that a
contact CS having a bonding portion Be is formed.

In addition, contacts CC extending through the insulating
layers 53 and 52 and each reaching the word line WL on an
associated one step of the stepped portion STRx are formed.
Specifically, contact holes extending through the insulating
layers 53 and 52 and each further extending through the
insulating layers OL that are upper layers of the associated
one of steps of the stepped portion STRx are formed. The
contact holes are filled with a conducting material, so that
the contacts CC each connected with the word line WL on
the associated step of the stepped portion STRx are formed.

As illustrated in the cross-sectional view in the Y direction
of FIG. 22B, a contact CS extending through the insulating
layer 53, the insulating layers OL and NL in the stacked
structure LMb, and the insulating layer 52 and reaching the
gate electrode GE is formed. Specifically, a contact hole
extending through the insulating layer 53 and the stacked
structure LMb and reaching the bonding portion Bs is
formed above the transistor TR. The sacrificing layer in the
bonding portion Bs and the contact CSs is removed via the
contact hole, and the contact CSs, the bonding portion Bs,
and the contact hole above the bonding portion Bs are filled
with a conducting material, so that a contact CS having a
bonding portion Bc is formed.

As illustrated in FIGS. 23 A and 23B, an insulating layer
54 covering the insulating layer 53 is formed. In the memory
regions MEM, a plug CH extending through the insulating
layers 54 and 53 and connected with the channel layer CN
of the pillar PL is formed, and a bit line BE connected with
the upper end of the plug CH is formed in the insulating
layer 54. In the peripheral circuit PER, a plug V0 extending
through. The insulating layer 54 and connected with the
upper end of the contact CS is formed.

As illustrated in the cross-sectional view in the X direc-
tion of FIG. 23A, at the stepped portion STRx, plugs VO
extending through the insulating layer 54 and each con-
nected with the upper end of the associated one of the
contacts CC are formed.

As illustrated in the cross-sectional view in the Y direction
of FIG. 23B, in the memory regions MEM, a plug V0
extending through the insulating layer 54 and connected
with the conducting layer 50 of the source line contact LI is
formed.

As described above, a structure in which at least part of
the stacked structures LMa and LMb extends in the Y
direction is formed on the wafer 10. This structures are
illustrated in FIGS. 24A to 24C. FIGS. 24A to 24C are
diagrams schematically illustrating structures on the wafer
10 in the process of manufacturing the semiconductor
memory device 1 according to the first embodiment.

FIG. 24A is a plan view illustrating arrangement of the
stacked structures LMa formed on the wafer 10. As illus-
trated in FIG. 24A, in the X direction, the stacked structures
LMa are arranged in the respective memory regions MEM.
On the side of the peripheral circuits PER in the Y direction,
the stacked structures [LMa are arranged in the respective
memory regions MEM. On the side opposite to the periph-
eral circuits PER in the Y direction, the stacked structures
LMa are each arranged over two memory regions MEM
adjacent to each other.

FIG. 24B is a plan view illustrating arrangement of the
stacked structures LMb formed on the wafer 10. As illus-
trated in FIG. 24B, in the X direction, the stacked structures
LMb are arranged in the respective memory regions MEM.
In the Y direction, the stacked structures LMb are each
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arranged over the memory regions MEM in the respective
chip areas 10s arranged in the Y direction.

FIG. 24C is a cross-sectional view in the Y direction of the
structures formed on the wafer 10. As illustrated in FIG.
24C, in the Y direction, a stacked structure LMa extends
from an end, on the side of a peripheral circuit PER, of one
memory region MEM through a kerf region 30 including
scribe lines 40 on the side opposite to the peripheral circuit
PER to an end, on the side of a peripheral circuit PER, of
another adjacent memory region RPM. In the Y direction, a
stacked structure LMb extends also over the peripheral
circuits PER and a kerf region 30 including scribe lines 40
on the side on which the peripheral circuits PER are
arranged.

The wafer 10 on which the structures as described above
are formed is diced along the scribe lines 40, and semicon-
ductor memory devices 1 on substrates 10c¢ resulting from
cutting are thus obtained. As described above, at least the
first layers FL. arranged on the scribe lines 40 are insulating
layers ML without being replaced with word lines WL, and
more preferably, the first layers FL arranged on the kerf
region 30 are insulating layers NI without being replaced
with word lines ML, which enables dicing to be performed
while suppressing contamination and generation of particles.
Thereafter, the semiconductor memory devices 1 obtained
by cutting are packaged.

The process of manufacturing the semiconductor memory
device 1 according to the first embodiment is terminated
here.

A three-dimensional nonvolatile memory is formed by
arranging memory cells three-dimensionally in a stacked
structure in which a plurality of wiring layers are stacked via
insulating layers, for example. A stacked structure formed on
a wafer is divided in four directions, so that individual
memory regions are electrically separated and each function
as one plane.

The memory regions having the stacked structure and the
peripheries of the memory regions in which insulating layers
are arranged substantially in blocks are, however, greatly
different in materials from each other. Thus, the stacked
structures of the memory regions may be distorted by stress
such as expansion and contraction, and the pillars may be
misaligned while being formed in a matrix in the memory
regions.

According to the wafer 10 of the first embodiment, at least
some of the layers FL. and OL in the stacked structures L. Mas
and LMbs extend over chip areas 10s adjacent to each other
in the Y direction. As a result, the difference in materials
between the memory regions MEM and the peripheral
regions thereof is reduced, and stress is thus reduced.
Furthermore, the stacked structures LMas and LMbs are
fixed in the Y direction, which makes distortion due to
expansion, contraction or the like less likely to occur.
Misalignment of the pillars PL in the memory regions MEM
is therefore suppressed, for example.

According to the wafer 10 of the first embodiment, the
positions of slits ST extending through the stacked structures
[L.Mas and LMbs in the X direction are adjusted. This enables
the conducting regions 61 to be arranged in the memory
regions MEM and function as word lines WL, and enables
the insulating regions 62 to be arranged in the regions of the
peripheral circuits PER to prevent short-circuits with the
contacts CS connected with the transistors TR, for example.
In addition, the insulating regions 62 are arranged at least on
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the scribe lines 40 and more preferably in the kerf region 30,
which suppresses contamination and particles during dicing.

First Modification

Next, a semiconductor memory device 1a according to a
first modification of the first embodiment will be described
with reference to FIGS. 25 and 26. The semiconductor
memory device la according to the first modification is
different from the first embodiment described above in that
part of a stacked structure LMaa, which is a lower structure,
instead of a stacked structure LMba, which is an upper
structure, extends to the side of the peripheral circuit PER.
The other components will be represented by the same
reference symbols as those in the first embodiment described
above, and description thereof will not be repeated.

FIG. 25 is a cross-sectional view illustrating an example
of the configurations of stepped portions STRya and STRyb
and a peripheral circuit PER of the semiconductor memory
device 1a according to the first modification of the first
embodiment. As illustrated in the cross-sectional view in the
Y direction of FIG. 25, the semiconductor memory device is
includes the stacked structure LMaa on the substrate 10c,
and the stacked structure LMba above the stacked structure
[LMaa with a bonding layer Bi therebetween. The stacked
structures LMaa and LMba also have a structure in which a
plurality of first layers FL. and a plurality of insulating layer
OL as second layers are stacked.

The stacked structure LMaa includes a stepped portion
STRya as dummy steps. The number of steps and the height
of the stepped portion STRya are adjusted so as to allow
minimum space for a peripheral circuit PER. The stepped
portion STRya is covered with the insulating layer 52. In the
stacked structure L. Maa, the first layers FL, the insulating
layers CL, and the bonding layer Bi above the stepped
portion STRya extend to above the peripheral circuit PER
and reach the end of the substrate 10c on the side of the
peripheral circuit PER.

The first layers FL in the stacked structure [.LMaa form the
conducting region constituted by conducting layers such as
tungsten layers or molybdenum layers in the memory region
MEN including the stepped portion STRya. The first layers
FL in the stacked structure LMaa form the insulating region
constituted by insulating layers NL such as SiN layers in an
area from a predetermined position outside of the memory
region MEM toward the peripheral circuit PER, over the
peripheral circuit PER, to an end of the substrate 10c.

The stacked structure LMba includes a stepped portion
STRyb as dummy steps. All the first layers FL. and insulating
layers CL included in the stacked structure LMba constitute
the stepped portion STRyb, and the stacked structure LMba
does not extend over the peripheral circuit PER but is within
the memory region MEM on the side on which the periph-
eral circuit PER is provided. The stepped portion STRyb is
covered with the insulating layer 52 up to a position at
substantially the same height as the stacked structure LMba,
for example. The insulating layer 53 is provided on the
insulating layer 52, and the insulating layer 54 is provided
on the insulating layer 53. The contact CS of the peripheral
circuit PER extends through the insulating layers 53 and 52,
the bonding layer Bi, and the stacked structure LMaa, and is
connected with the gate electrode GE of the transistor TR.

Procedures of a process of manufacturing the semicon-
ductor memory device la of the first modification are
different from those in the first embodiment. An example of
the process of manufacturing the semiconductor memory
device 1a of the first modification will be explained with
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reference to FIG. 26. FIG. 26 is a flowchart illustrating an
example of the procedures of the process of manufacturing
the semiconductor memory device 1a according to the first
modification of the first embodiment. Note that, in the
explanation below, the stacked structures LMaa and [LMba
be referred to as stacked structures LMaa and LMba both
before and after replacement without being distinguished
from each other.

As illustrated in FIG. 26, only lower layers that constitute
the stepped portion STRya, in particular, of the stacked
structure . Maa, which is a first tier (Tier 1) of the stacked
structures LMaa and LMba formed in two tiers (step S101).

Lower layer portions of the stepped portion STRx to be
formed on the stacked structure LMaa are formed on both
sides in the X direction of the stacked structure LMaa, and
the stepped portion STRya is formed on one side in the Y
direction (step S102).

Peripheral circuits PER are formed on both sides in the X
direction and one side in the Y direction of the stacked
structure L Maa (step S103).

Upper layers of the stacked structure . Maa, which is the
first tier (Tier 1), are stacked (step S104).

Upper layer portions of the stepped portion STRx to be
formed on the stacked structure LMaa are formed on both
sides in the X direction of the stacked structure LMaa (step
S105).

A pillar filled with a sacrificing layer is formed in a lower
structure of the pillar Pt in the stacked structure LMaa of the
first tier (Tier 1) (step S106).

The stacked structure L Mba, which is the second tier (Tier
2) is stacked (step S107).

The stepped portion STRx is further formed on both sides
in the X direction of the stacked structure LMba, and the
stepped portion STRyb is formed on one side in the Y
direction thereof (step S108).

Pillars Pt are formed in the stacked structures . Maa and
LMba (step S109).

At least some insulating layers NL in the stacked struc-
tures L Maa and LMba are replaced with conducting layers
(word lines WL) (step S110).

Contacts CC are formed at the stepped portions STRx,
and contacts CS are formed on the peripheral circuits PER
(step S111).

Plugs V0 are formed on the contacts CC at the stepped
portions STRx and on the contacts CS on the peripheral
circuits PER, and further connected with upper layer wiring.
Plugs CH are formed on the pillars PL. of the memory
regions MEM, and further connected with bit lines BL (step
S112).

The process of manufacturing the semiconductor memory
device 1a according to the first modification is terminated
here.

The semiconductor memory device 1a of the first modi-
fication produces effects similar to those of the semiconduc-
tor memory device 1 of the first embodiment.

Second Modification

Next, a semiconductor memory device 15 according to a
second modification of the first embodiment will be
described with reference to FIGS. 27 and 28. The semicon-
ductor memory device 15 according to the second modifi-
cation is different from the first embodiment described
above in that part of the stacked structure LMaa, which is a
lower structure, in addition to the stacked structure LMb,
which is an upper structure, extends to the side of the
peripheral circuit PER.

10

20

25

30

35

40

45

50

55

60

65

18

FIG. 27 is a cross-sectional view illustrating an example
of the configurations of a stepped portion STRya and a
peripheral circuit PER of the semiconductor memory device
15 according to the second modification of the first embodi-
ment. As illustrated in the cross-sectional view in the Y
direction of FIG. 27, the semiconductor memory device 15
includes the stacked structure LMaa on the substrate 10c,
and the stacked structure LMb above the stacked structure
[.Maa with a bonding layer Bi therebetween. In other words,
the semiconductor memory device 15 has a shape combining
the stacked structure LMaa of the semiconductor memory
device 1a according to the first modification and the stacked
structure LMb of the semiconductor memory device 1
according to the first embodiment.

FIG. 28 is a flowchart illustrating an example or the
procedures of a process of manufacturing the semiconductor
memory device 15 according to the second modification of
the first embodiment. As illustrated in FIG. 28, the semi-
conductor memory device 15 is manufactured by processing
the stacked structure LMaa in the same manner as steps
S101 to S106 of the process of manufacturing the semicon-
ductor memory device 1a of the first modification, process-
ing the stacked structure 1145 in the same manner as the
processes in FIGS. 14A to 17B (steps S207 to S209) in the
process of manufacturing the semiconductor memory device
1 of the first embodiment, performing replacement with
word lines WL (step S210), forming contacts CC, CS and the
like (step S211), and forming upper layer wiring (step S212).
In other words, the process of manufacturing the semicon-
ductor memory device 15 is different from the process of
manufacturing the semiconductor memory device 1a of the
first modification described above only in that no stepped
portion STRyb in the Y direction is formed in step S208.

The semiconductor memory device 15 of the second
modification also produces effects similar to those of the
semiconductor memory device 1 of the first embodiment.

Second Embodiment

A semiconductor memory device 2 according to a second
embodiment will be explained with reference to FIGS. 29,
30A and 30B. The semiconductor memory device 2 of the
second embodiment is different from the first embodiment
described above in the number of planes included in the
semiconductor memory device 2.

FIG. 29 is a diagram illustrating an example of the
configuration of the semiconductor memory device 2
according to the second embodiment. As illustrated in the
plan view on the left of FIG. 29, the semiconductor memory
device 2 includes 4x4 planes in (X direction)x(y direction),
that is, a total of 16 planes within one substrate 210c¢. Thus,
an element region 220 located at the central part of the
substrate 210¢ includes 16 sets of memory regions MEM
and peripheral circuits PER.

In planes located on the outermost column of the substrate
210c¢ in the Y direction, the memory regions MEM are
arranged on the outer side of the substrate 210¢ (close to a
kerf region 230), and the peripheral circuits PER such as
sense amplifiers SA are arranged on the inner side of the
substrate 210c.

In planes located on two columns on the inner side of the
substrate 210¢ in the Y direction, the memory regions MEM
are arranged on the inner side of the substrate 210c¢ and the
planes in adjacent to each other in the Y direction are close
to each other. The peripheral circuits PER such as sense
amplifiers SA are arranged on the outer side of the substrate
210c. In addition, peripheral circuits PER such as row
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decoders RD are arranged on both sides in the X direction
of each of the memory regions MEM.

As illustrated in the cross-sectional view in the Y direction
on the right of FIG. 29, in a plane on the outermost column
and a plane adjacent thereto on the inner side thereof, the
memory regions MEM are arranged with two peripheral
circuits PER therebetween. In contrast, in two adjacent
planes on the inner side, two memory regions MEM are in
contact with each other with no peripheral circuits PER and
the like therebetween. These memory regions MEM belong-
ing to different planes are each associated with peripheral
circuits PER and operate independently of each other. Thus,
these memory regions MEM are electrically separated from
each other.

The way in which these memory regions MEM are
electrically separated from each other is illustrated in FIGS.
30A and 30B. FIGS. 30A and 30B are cross-sectional views
illustrating the way of electrical separation of the memory
regions MEM of the semiconductor memory device 2
according to the second embodiment.

As illustrated in FIG. 30A, electrical separation between
the memory regions MEM in the plane on the outermost
column and the plane adjacent thereto on the inner side
thereof is achieved by suppressing replacement of the insu-
lating layers of the first layers arranged above the peripheral
circuits PER with conducting layers, in a manner similar to
the first embodiment, etc. described above. Thus, the
arrangement can be such that a conducting region 261 of the
first layers is arranged in each of the two memory regions
MEM, and an insulating region 262 of the first layers is
arranged in the region of the peripheral circuits PER
between the two memory regions MEM.

As illustrated in FIG. 30B, electrical separation between
the memory regions MEM in two adjacent planes on the
inner side is also achieved by suppressing replacement of the
insulating layers of the first layers arranged at the boundary
of the memory regions MEM with conducting layers. More
specifically, in each of the memory regions MEM, the
position of the innermost slit STc on the substrate 210c¢, that
is, a slit STc that is closest to the other memory region MEM
is adjusted, so that the slits STc are arranged away from each
other by a predetermined distance at which not all the
insulating layers at the boundary between the memory
regions MEM are removed but some of the insulating layers
remain in the process of replacement with word lines WL.
As a result, the arrangement can be such that a conducting
region 261 of the first layers is arranged in each of the two
memory regions MEM, and an insulating region 262 of the
first layers is arranged at the boundary between the two
memory regions MEM.

The semiconductor memory device 2 of the second
embodiment also produces effects similar to those of the
semiconductor memory device 1 of the first embodiment.

OTHER EMBODIMENTS

While the semiconductor memory device 1 includes the
stacked structures LMa and LMb having a structure of two
tiers in the first embodiment, etc. described above, the
semiconductor memory device is not limited thereto. A
semiconductor memory device may have a stacked structure
of only one tier, or a stacked structure of three or more tiers.

The number of planes included in a semiconductor
memory device is not limited to that in the first and second
embodiments, etc. described above, and may be any number.

The arrangement of the peripheral circuits is not limited
to that in the first and second embodiments, etc. described

10

15

20

25

30

35

40

45

50

55

60

65

20

above, and may be arranged below the memory regions, that
is, between the memory regions and the substrate.

A semiconductor memory device may include an edge
seal (crack stopper) on the kerf region, for example, in
addition to the structures of the first and second embodi-
ments, etc. described above. The edge seal has a structure of
a groove that extends through the stacked structures and in
which an insulating layer or the like is embedded. The edge
seal prevents a crack, if any, occurring on an edge of a
substrate in the direction along the layers of a stacked
structure during dicing or the like from extending deeper to
an element region.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to the scope of the inventions. Indeed,
the novel embodiments described herein may be embodied
in a variety of other forms; furthermore, various omissions,
substitutions and changes in the form of the embodiments
described herein may be made without departing from the
spirit of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modifica-
tions as would fall within the scope and spirit of the
inventions.

What is claimed is:

1. A semiconductor memory device comprising:

a lower layer structure including a peripheral circuit
provided on a substrate, the substrate including a first
region and a second region arranged in a first direction,
the first region including first and second sub-regions
and an intermediate region arranged between the first
and second sub-regions in the first direction;

a stacked structure which is provided above the lower
layer structure and in which a plurality of first insulat-
ing layers and a plurality of conducting layers are
alternately stacked in a second direction perpendicular
to the first direction within the first and second sub-
regions, and the plurality of first insulating layers and
a plurality of second insulating layers different in
material from the first insulating layers are alternately
stacked in the second direction within the intermediate
region and the second region; and

a first pillar which includes a first memory layer and a first
channel layer adjacently arranged sequentially from an
outer surface of the first pillar, extends in the second
direction through the stacked structure within one of
the first and second sub-regions, and has an end reach-
ing a layer of a semiconductor doped with impurities,
and in which a bottom surface of the first channel layer
is connected with the layer of the semiconductor, and
first memory cells are formed at intersections with at
least some of the plurality of conducting layers within
the one of the first and second sub-regions, wherein

the plurality of first insulating layers in the stacked
structure is provided across the first region and the
second region in the first direction so as not to be
isolated within the intermediate region,

the plurality of conducting layers and the plurality of
second insulating layers in the stacked structure are
coupled with each other in the first direction, and

the plurality of second insulating layers within the second
region is provided in the first direction from a coupling
portion with the plurality of conducting layers within
the one of the first and second sub-regions to a device
end surface corresponding to a cut position of the
substrate that forms a chip.

2. The semiconductor memory device according to claim

1, further comprising:
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a second pillar which includes a second memory layer and
a second channel layer adjacently arranged sequentially
from an outer surface of the second pillar, extends in
the second direction through the stacked structure
within the other of the first and second sub-regions, and 5
has an end reaching the layer of the semiconductor, and
in which a bottom surface of the second channel layer
is connected with the layer of the semiconductor, and
second memory cells are formed at intersections with at
least some of the plurality of conducting layers within
the other of the first and second sub-regions.

3. The semiconductor memory device according to claim

10

1, wherein the stacked structure includes, at an end in a third
direction perpendicular to the first direction and the second
direction, a stepped portion in which an end of the plurality
of conducting layers in the third direction forms a stepped
shape.

15

4. The semiconductor memory device according to claim

1, wherein the plurality of conducting layers includes tung-
sten or molybdenum respectively, and the plurality of second
insulating layers includes silicon nitride respectively.

20

5. The semiconductor memory device according to claim

4, wherein the plurality of first insulating layers includes
silicon oxide respectively.

6. The semiconductor memory device according to claim 25

1, wherein the stacked structure includes a slit portion
provided in the one of the first and second sub-regions, the
slit portion extending in the second direction through the
stacked structure and dividing the plurality of conducting
layers in the stacked structure into a plurality of parts in the
first direction.

30

7. The semiconductor memory device according to claim

1, wherein the first and second sub-regions correspond to
first and second memory regions respectively disposed in
first and second planes and are independently operable from
each other.

35

8. The semiconductor memory device according to claim

1, wherein the stacked structure includes an edge seal
structure extending through the stacked structure within the
second region.

40

9. A semiconductor memory device comprising:

a lower layer structure including a peripheral circuit
provided on a first substrate region of a substrate, the
first substrate region corresponding to a chip area and
including first, second and third sub-regions arranged
in a first direction, a first intermediate region arranged
between the first and second sub-regions in the first
direction and a second intermediate region arranged
between the second and third sub-regions in the first
direction;

a stacked structure which is provided above the lower
layer structure and in which a plurality of first insulat-
ing layers and a plurality of conducting layers are
alternately stacked in a second direction perpendicular
to the first direction within the first, second and third
sub-regions, and the plurality of first insulating layers
and a plurality of second insulating layers different in
material from the first insulating layers are alternately
stacked in the second direction within the first and
second intermediate regions;

a first pillar which includes a first memory layer and a first
channel layer adjacently arranged sequentially from an
outer surface of the first pillar, extends in the second
direction through the stacked structure within the first
sub-region, and has an end reaching a layer of a
semiconductor doped with impurities, and in which a
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bottom surface of the first channel layer is connected
with the layer of the semiconductor, and first memory
cells are formed at intersections with at least some of
the plurality of conducting layers within the first sub-
region;
a second pillar which includes a second memory layer and
a second channel layer adjacently arranged sequentially
from an outer surface of the second pillar, extends in
the second direction through the stacked structure
within the second sub-region, and has an end reaching
the layer of the semiconductor, and in which a bottom
surface of the second channel layer is connected with
the layer of the semiconductor, and second memory
cells are formed at intersections with at least some of
the plurality of conducting layers within the second
sub-region; and
a third pillar which includes a third memory layer and a
third channel layer adjacently arranged sequentially
from an outer surface of the third pillar, extends in the
second direction through the stacked structure within
the third sub-region, and has an end reaching the layer
of the semiconductor, and in which a bottom surface of
the third channel layer is connected with the layer of the
semiconductor, and third memory cells are formed at
intersections with at least some of the plurality of
conducting layers within the third sub-region, wherein

the plurality of first insulating layers in the stacked
structure is provided across the first, second and third
sub-regions and the first and second intermediate
regions in the first direction,

the plurality of conducting layers and the plurality of

second insulating layers in the stacked structure are
coupled with each other in the first direction, and

the stacked structure includes a first slit portion provided

in the first sub-region, a second slit portion provided in
the second sub-region, and a third slit portion provided
in the third sub-region, the first to third slit portions
extending in the second direction through the stacked
structure and dividing the plurality of conducting layers
in the stacked structure within the first to third sub-
regions into a plurality of parts in the first direction
respectively.

10. The semiconductor memory device according to claim
9, wherein a length of the second intermediate region in the
first direction is shorter than a length of the first intermediate
region in the first direction.

11. The semiconductor memory device according to claim
10, wherein the stacked structure includes, at an end in a
third direction perpendicular to the first direction and the
second direction, a stepped portion in which an end of the
plurality of conducting layers in the third direction forms a
stepped shape.

12. The semiconductor memory device according to claim
10, wherein the plurality of conducting layers includes
tungsten or molybdenum respectively, and the plurality of
second insulating layers includes silicon nitride respectively.

13. The semiconductor memory device according to claim
12, wherein the plurality of first insulating layers includes
silicon oxide respectively.

14. The semiconductor memory device according to claim
10, wherein the first and second sub-regions correspond to
first and second memory regions respectively disposed in
first and second planes and are independently operable from
each other.



