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This invention discloses a nonvolatile semiconductor memory device which contains at least a string of
SONOS cells with an independent double-gate (IDG) configuration. One of the double gates in one of the
cells in the string with a storage ONO gate dielectric 1s isolated from the gates of other cells. The other gate
in one of the cells in the string with an oxide gate dielectric is common and shared with other cells in the
string. Such a scheme can retain the inherent merits associated with the IDG configuration, such as good
control over the short-channel effects, improved P/E efficiency, and suppressed read disturb. Furthermore,
the implementation of the common back-gate and junction-free features can greatly simplify the device
fabrication, and thus advancing the feasibility of poly-Si NW devices for 3D nonvolatile memory

manufacturing.
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This invention discloses a nonvolatile semiconductor memory device which
contaihs at least a string of SONOS cells with an independent double-gate (IDG)
‘ configuration. One of the double gates in one of the cells in the string with a
storage ONO gate dielectric is isolated from the gates of other cells. The other
gate in one of the cells in the string with an oxide gate dielectric is common and
shared with other cells in the string. Such a scheme can retain the inherent
merits associated with the IDG configuration, such as good control over the
short-channel effects, improved P/E -efficiency, and suppressed read disturb.
Furthermore, the implementation of the common back-gate and junction-free

features can greatly simplify the device fabrication, and thus advancing the

feasibility of poly-Si NW devices for.3D nonvolatile memory manufacturing.



1455138

M~ fEENRKEE
(M)AEHERKEAEL: % (2) 8-
() AREBZ A4 HEGERS

20 F-¥EHEER

22 F—%k@
24 F—_k @\
26 F—N@k
28 &Adew

30 fAb#

32 fdbw

34 %
36 H-n@k

%

38

B REFARICEXG  FETRAEBTEAFBAHLEEN



1455138

75 ~ B8R 38A -
[ 3 0A PR B 2 BHT AR 4 ]

ABGHAGAEM SRS F SR BELE  HHRE—HEFH
AAMEGERMEZ FEAMF SRR BEE -
CHIE TP
MEFRAETY  REEBXTTFARCERLEFRT R L
B B ERAAEHAREERRESRPITEE M m—EBRRE
RXBEHESECREER SRR THARAESEENME
‘ HRABEXRERGEREHEN MREZSHEZABAURERZ KA A
ey TR BB KA JE4E R e g4 (Non Volatile Memory, NVM )
#5 A58 (Read Only Memory) F - shfaie BB AT R P EIZ EH
143 A EARAT 0 Pl RAN RS BRI ER  URARK (NAND)
BHEAE o LB - WE ATREREER  ERMRALFRERSR
Beyefedd s LEEZRERANET EHEUAREBRAESLT

‘ a2 -

BT 10 244 MR 12 8BR/REZ L EHE 14 REZMAHEAE —EN

W | BT %R RlEEalsi g A A B AR R

W7 160 HRE » £ RAGHRREA © B T 56h0 38 BIBE I B
B (cell) #93ZHIM#E 12 £ BAKFLEMR » LA —18E KR
BRi@i@ TR (Vread-pass) W E—F|HREIZIEHBE T 10 43E I FE 125 4o
b— & HEAREHERTIE (read disturb) - 4t #HILE]R - H AR B IH
SEMAHEERUAEE  wB AT N FERE 1425 —REAEH

B —iEH AR 12 9B AR 18 I3 MR 12 A RE 18 A —#—



1455138

BB S R T ARG RN REZRE T (cell) a9 &Mz 12
Lo B BTSSR BGABE Bkt A HE 69 F AR 18 b i@ R IR T4 -
e HOEESERHEAE S OERELIMBRFEMP T LAY
RO R LORBE  EXKREAHEEE HER > LA%AE
EHHE -
AN AERAFHH LR AT RT ik B —EIFEHFHF
U BBE T UAMLREEZRERA -
[#3EnE]
AEAZELZBNAERB—BFELMFERARBEE > LAMK
%4338 % % & (Short Channel Effect)  # #I# 7 694545 » IR T A 2 &4 04
4 3E B F4& (read-pass disturb) &) =8 o
AFAZREEGARB—RBEELHF SR EBEE > THER
BB AHHAREF X G EE  TERETHER  BREEERF
&
ABAZF—BHARB—EIFEFHFEREBBLE > THEK
MEANRBKRERERNLAN  TUAXRAETH IR ETHHERE &
HE - EMRAFEFHCBRGBAN/BRELE -
AERAZB-—BHERE—BEEHFHFEREBRBEEZT EAMKE
% & EB TR (poly-Si TFT) ¥  TAMBANZHEELES
(monolithic 3-D integration ) Z E T R R A FEHF M BB AHEE
ABEAZRX-—BUARB—HFEFEF SRR RBER  FRAXA
HARRGBILERME  TARAALABIEMBEAGLEEBRTHER §H R



1455138

2 -

B bz By AGEARGE - BIEEFHFERCNBEE B
PEEEAEBLERMBORAR (NAND) #-A4bs -84 -Aaies -5
( Silicon-Oxide-Nitride-Oxide Silicon, SONOS ) Z1&88 T4 KR & W4 /B -
AALE - AL -FLB -5 (Metal Oxide Nitride Oxide Silicon, MONOS) 22
AL FEER SR BREEO S —FEBAERE
astaftz— S —kBR—F_Ak@ NE—RBELARK—BAHETH
HE—NER BAEEE —MEMRRENE - NBE L BRFAAT
HHBRZ—E N EBRERENE_AGL S _HMBANE N BE
PohrdE MBI ARAM RAFEXREGE Mty
fﬁﬁfﬁﬁ%m%’XﬁW%ﬁiﬁﬁﬁﬁm:%?*Lmﬁﬁ%&
N—BRRGRAOKRE -

ABARES —HFEFMFER e BBEE  AANEEZ4EH
ZHREFHFEHEBRBELEER O 2F R F—FERRER - LE
‘ SN E—RBRAMGE A& REARGFENEAZ—F -8

RUuBIHE—REL  —F-_NEBEGERNE—RBLE  BTHA—F
TH G BEREAREE -MBGHRRENE-NTER L EEF —H
BAN T ZHAMY 0 —F _MBGANE T ER L HE M an
PR RNR o AR —REZEARAN wib— R BPTHMAEL=
BBz FERENF SRR REE -

BETHOEBTHGFNRA §ELHHARTAZALY - KA

B ASBREAERZK -



1455138

[F4#F5 A ]

WER - RS MRSz b iR B A EREERA L iy
BOABRCRBRMESLZ  RAFKELEN  HFREE - BREARR/EKS
BAAHHDREEE BETELE SO ERTTH - Mg F48
MEH BN ETFASALBTRELEEFENLRIL BHRAHTHE
AeER EXBATFEFHEREAURD A LR EAARZIBEE -
Bt AEARBE-—HEMENEEEFRFERCRBUELE RTTEHET
BEL XTLRAN A LA -

Wi 2 BT ARABRAZE KRG ER 0 JEEARFERRE
BEBOR P F4HBER 200 I ERYERSLWE  &cial
24— R@RAR—F ARG 2UNE—RB2RLEE-FE-N®E 26
B—fH@B 26 Th—ALw 28 —fKAw 30 — Az 32
(Oxide-Nitride-Oxide, ONO) & F3# B MR Z EHEEN TR » AN AL
WERBRR NGRS > MEFTRACE BB TRNE  HAH
WA REARE RS aalsk  BbREFHAEROE—TER 26
U ONO EHHENER ABIRA EX T THEAG — AL — 5 &%~
— §.4tsy (Oxide-Poly Silcon-Oxide) &k A B MM Z EMEENER - &
$EE—RMAE3GHRERENE—NTEE 260 L - NE—FERBER 20
2H k@2 BXE—F @R 36 Bl E > BARNE N @R 36
BRE—F-ME38 ALEHEE MBI ZEAR -

Eb > HE—F—ME3M4TEHI—BE  F_ME 38 2HBITR

iRt s b B —FR 34 2 L RSB ER - BHIRN > NEARKIRE > 5



1455138

10348 A | Bf5E#4aE

ho B B EEBARKR G F — R4 34 Lo b A — AR 34 4%
FEHRARERKE  Bom—BEAHEBERNE K438 L e
BRFGHBER 20 PHOEMAETFRMAHNTEARLLY 30 - ™AL
27 2832 T T O BENRALE 30 F o ko b Bp T & AR AL LB AR AE o 12
TXABARERNBARKRTAERNE _MEI8(£AM) Hho
LA BB B AARRE RS ONO 2B ENER » L THK
RATTFHREESFREGAE  EMRAFFEM RO FARK
® R E o B > TTie A BB EIEEERE F — R4 34 £ sLeF
W5 — MR 34 RRFFHRAAEEKRE > Bk FT@BERENE MR 38
P HAbAEERTROMELEREMN - Bk T EBEMIRIELR
T Z 3R BT 2 R AR
HEd o 55 WA 2 > A B Ee9 48 s A (34 MR8 5
Fie) e et BAMYS IR A AN LORAERE
AEREAFMERHER > LBEEBESHE  mASPRLE LA
@ CAAMEFRESIAEE  LHARIE-EREE _MEIBEAMK
8% — AR 34 £ AR > o dbBp ] B AR RS A R 2 RIS - 4t
gh o JEIEHEMFE M BREET2/EIE T T ERAFALHE =
38 oA @B 36 B FEEEERE 20 BN @R 26 RAHEE
— K4 34 M LESERGAT  ARRHFETREBEER EITHH
(doping) 88 feREAFE THRZFERAER B ED — Kt
BERE G RETPIT— BT BRHERTHEIHEE - BEE 7o

RREAE—FER 094 B L Hl o RIBEIRAE - UFE 1G4 5%



1455138

103 &8 A 1 aﬁ%m*é#ﬁﬁ .

T TN o NI R e ﬁiﬁziyﬁv"’é‘ 2 0 #HAK
FOHRBRAEE T L A ERGRAREAGEENER Lt
fE Az o

AEARTEASEERHEMRGFRANZIIN BT AR EFE

HEBZEH BRF TR B TEAEL 64G 280 tE 0 R

( e

BiEzE ) —RBARSHRTENCEE TS BPTEHAEL 128G REML
A

BHEER  HEFRZENLEBHEEA - ROIRR > FRFLME 2 BA
3B Z3BAABTHAZIE_FEwpbl-ER  RELEFE &34 b
BREEV—FZNER 40 plo RALs B 0 B A A AL LA B
( Chemical-Mechanical Polishing, CMP) #4758 % = /& & 40 % &
RPmAANSRE 3 ateFiat - BEBRFE=NETR 40 L%k
BEV B HBBHEALI AP BB E LR LOSET
ELRAFABOFZMIE 44 Fun @ (Rl B ) 46~ H — ¥ 48
HE A8~ RN @mE (4o ONO a9 EFEGFNER) 50 REBH%XENF
NEB SO L2 A B RAES2 BB BB E TR 40 &
to BB A4 A AR S2 2 AR EFEENRE £
BB E A 2 A REBAT —Frpl 2B E) 0 B sbig4a R &) et
B Ly XA B PR REEGFEERFEHe
BEEE HMEARBATEZHEARZEHFES BB A4 OB
B RERAZ S HIFUARE -
BT LB pEsEREEX &Y 29 FREEAME 3

BEE AR FZABAREAIFE =ZFhmp ~EE > FFEHFMHF TR BR

=]



1455138

BEEPOIE—RIRSABRMNEIR S LZ—FEAXNERS6 RENNER
56 ERAZAABMBE Mz 34 F—N&@EF (3w ONO B4 EFNE
)26 % —FBaiEiER 20 BN &R 36 RE_FKiE 38 ANE=
Mite 38 LKA BRASFENTR (AW E) S8 F=FH4R:EERE 60
FANER (ko ONO 4B HEENER) 62 FRRENFEANNER 62
T2 BB EERRE 64 UEKIR 54 LR —F e B R E T 66 -
G EENR > BoMiE38 R1EA L E — MR 34 Bob Lk E A ME 64 2
‘ # A/ ’;éiiﬁ?%’:—%zﬁfﬁd T —RAARM FEAFAEEFXH
st lEE 0 XTE2 Bl sngs - - B8 i d
66 LT REREDF—F _nEiRpEE ﬁiﬁﬁzTﬁﬁ*ﬁ
sboh  RBERAP TR GUEBZEFE LS TR CBHEE  HF
H4ME2BRESE £ SEAFAEAIFORRGATER - RN
FEBR P BBEEOHE OGN ENKRFARE N @R (30 ONO & E ik s7
‘ NER)26 F—FEMBER 20 RE N @B 36 Hm—F EAR 68 4]
WEAR  BEHEE—MELRSEFFIALTRBRXEAE N @E 262
SRl AR 38 AT R 68 2R UM AR — S GBI E
BMEERr BT - AP BoMiE 38 RIAFALER —ME 34 2 H
AR BhTHREANRNEAELEMEBEAFSRRZERE  XTRA
ZHEBEEANTITE  HBEERESN -
s FArilE  EAABFAZBRMETHRGAME  BIEARREATH
Tzl - L AKRAFATHERMEZHBURBEFAHZIH TR



1455138

KRG RO ARFERAZTFEHNEEN -
(B X EHRA]

¥ 1BALNBMTZ R RREERER -
2B ARERAZE —BEHPIZEHRTER -
FIBAABRAZIE —EHplzEBTER -
YARAABRZE =Rl 28 TER -
%S EARHZ BE R Z Z WA ER -
[ 2R RNA]

10 HPjzefeE L

12 ¥4 K&

14 FERE

16 EieEaR

18 # M=

20 B—FHRBBER

22 F—%®@

24 H-—_%k&

26 F—Nr@k

28 Adtwm

30 RAbw

32 AAe®

34 F—HMiE

36 R_r@mk

10



10348 A1 B EHLA

5.5
ToN

)

2
o

it

Fél A
A A&

# v9 Fe 4

%~

%
#AR

38
42
52
54

1455138

e
)

8
5
i
&

11

# h AR

64
68



1455138

m3¢8ﬁ18@l§ﬁ§h

+ ~ FHEAEE

l.

e

—FEJEAEA M F M EMEE 0 ol
—F—FERRER oA EHZ—F—ABR—F —&KE®
—F @k HaNRFE—LKk@L;
HEEE & GERRENZE-—NEE L
—F_NEE BN ZF_EABL A
— B AR ARSI | AT E — AR LR -
WRIB | PR IEEE M E M EREE RV S —3%F —M&ET
B seho—1RE > %F —ME T RERGRMZET — R #H
BhE R -
HRE RIS MR E AP RS- FEHRER

%’ﬁa‘%gy}%’ﬁ" Eﬁﬁ;{

HRE | AN S RRRBEE  H YRR N DR Gd —
fAew ~ —RALR ~ — BB R R MR Z BN ER

HRA AN SRR E Ky F @b fhd -
fALR ~ — % By~ — BRI KRR MR Z BTN ER -

ot RIE | PRl R M F SRR BEE HPSFE N ahkh—=A
ey k&
FHRE | 2R EEMF R EREE AP E—HiBLEE
BREEV—BENER O HL%EBEED - EALY L
Lo KRB TR ISR SR EP M g

Bt b TELRAABHE-ME - Fu @ - F_F 8523



1455138

10348 A1 B4 L4448

B  BRAMETHNRENZERAN R RAYE T wpiE  %E = Fis
BBUENEE -
9. kit KB | prifiz JE4E M F E e LR ot —ARRMLNE

B E2—FXNER 38— MEaNi %
ITRFBRAE-FEENER  —FFEERER - —EANERARER
MNUEANTR LZAHBEELERE  RAZARIR—F 2

EAERET -

RE

m

® 104035 K18 9 PR 2 JEAESE M F SR BHE T - AP F —wEiln s
BALREEVS —HF e EEL -
1. —fE IR F TR BEEE o
—EERZE - FEMRER OIS E R BANMGE —R®;
— SN @R GENRE—&KkE@L
HAEEE—ME GHRRENZSE - NTEE L
—F @R HanRf_kat R
‘ —F M BN E N aR L A BEE M LA -
124035 K08 11 pRati SR M F SR RBREAE LY B —%% —FiET
B h—1BRE > BE M2 T RAETRAREZLEF —Fiax LA
BT -
13403 KB 1] i JE4E 4 M F SR BBEE AP E—F SR adR
B-BRHRR—FZEHE -
14,4035 K38 1] prafi R4 M F S RBA B LI E N @R Lhd—

f4bsy ~ — Aty ~ — ARG RmARZIENEENER

[+]



1455138

1038 A 1 BISEMIEE

15403k RO 1 PR JRAE M Sl mE B R P2 F — N0 A fhd —
AMbe ~ — % && -~ — R RFERDRZENHFNTESE

>

B

16,4025 KA |l PRl JEAE M F SR eBREE AP 2F - NEE AR

Ly &

14



1455138

A~ B

Y,

|-
8l
/

-

\

N\

I
g

N

\

91
0

N\

T
/

6

Y,

s\\

!

\

LN
[/ |

6




1455138

34 34 34

A
U RN | AL 1.,

/;;/ﬁ//55::Z5;:555/5/555;/:;:/;// TITTTTETTTRRTTIITITITTINNNNN Y \l..\\} Nm

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.

38

22
24

_— 36

&
DO



1455138

2+

D O

::/::::/::/::::::,:/:://:::::::::Z::::::Zﬁ:::: il wo

B

:::::::::/::::/::/:/:;::::ﬁ/:::::/ﬁ::::5::/::::ZA\ Nm

—20

11— 36

I e

# 3 H



1455138

$

I OO
N e
T e,




1455138

% o H



