USOORE41019E

(19) United States
a2) Reissued Patent (10) Patent Number: US RE41,019 E

Tanaka et al. 45) Date of Reissued Patent: Dec. 1, 2009
(54) MULTI-STATE EEPROM HAVING 5,218,569 A 6/1993 Banks
WRITE-VERIFY CONTROL CIRCUIT 5,321,699 A 6/1994 Endoh et al.
5,323,351 A * 6/1994 Challa ........................ 365/218
(75) Inventors: Tomoharu Tanaka, Yokohama (JP); 5,394,362 A 2/1995 Banks
Gertian Hemink, Kawasaki (JP) 5,521,865 A 5/1996 Ohuchi et al.

5,652,719 A 7/1997 Tanaka et al.

(73) Assignee: Kabushil;i Kaisha Toshiba, (Continued)
Kawasaki-shi (JP)

FOREIGN PATENT DOCUMENTS
(21)  Appl. No.: 11/451,589

DE 42 32 025 4/1993
(22) Filed: Jun. 13, 2006 (Continued)
Related U.S. Patent Documents OTHER PUBI ICATIONS
Reissue of:
(64) Patent No.: 5,570,315 F. Masuoka, Kabushiki-Kaisha Science Forum, pp.
Issued. Oct. 29, 1996 186190, “Flash Memory Technology Handbook™ Aug. 15,
Appl. No.: 08/308,534 1993,
Filed: Sep. 21, 1994

C e Primary Examiner—Andrew Q Tran
U.S. Applications: (74) Attorney, Agent, or Firm—Oblon, Spivak, McClelland,

Maier & Neustadt, LLP
(62) Division of application No. 09/134,897, filed on Aug. 17,

1998. (57) ABSTRACT
(30) Foreign Application Priority Data An EFPROM having a memory cell array in which electri-
Sep. 21, 1993 (TP) oo, 5.234767  cally programmable memory cells are arranged 1n a matrix
Dec. 13, 1993 (P) oo, 5-311732  and each of the memory cells has three storage states,
includes a plurality of data circuits for temporarily storing

(31) Int. Cl. data for controlling write operation states of the plurality of

GI1IC 16/26 (2006.01) memory cells, a write circuit for performing a write opera-

tion 1n accordance with the contents of the data circuits

(52) US.CL ... 365/185.03; 365/185.22; respectively corresponding to the memory cells, a write
365/185.21; 365/185.18; 365/185.12; 365/185.17 verily circuit for confirming states of the memory cells set

(58) Field of Classification Search ............. 365/185.21, upon the write operation, and a data updating circuit for
365/185.03, 185.22, 185.23, 185.17, 185.12, updating the contents of the data circuits such that a rewrite

365/185.18 operation 1s performed to only a memory cell, in which data

See application file for complete search history. 1s not suiliciently written, on the basis of the contents of the

data circuits and the states of the memory cells set upon the

(56) References Cited write operation. A write operation, a write verily operation,
and a data circuit content updating operation based on the

U.S. PATENT DOCUMENTS contents of the data circuits are repeatedly performed until

4.279.024 A 711981 Schrenk the memory cells are set 1n predetermined written states.

5,168,465 A 12/1992 Harari

[ [
5,172,338 A 12/1992 Mehrotra et al. 8 Claims, 29 Drawing Sheets
VLK
104 108
03 Jlmm .
y VRFY{ ona o 2 ‘i
A PR 'I.\_ Qnig
VREY?2 Qns TG = ,
ot LATI 1
Errg CORTROL STGHAL il ane na
_. E_.'h 3 T ane VeLw ©n L omis
?:‘:':*Hnnﬁ S?IIEFJAL i S‘EEE s JFiM oni3 PENDB |
GENERATION CIRCUST MEMOR'Y ,.-Lim'i;n Al row . =T Hﬂﬁ ont6_ |
10 CELL ARRRY  R~l6rivE  [\-|neconer Mt 90 e K HATe Vee | |CSLR
TE CIRCUIT ¢ $EN2Z L
CONTROL SIGNAL  f——t anis iR
GENERATION CIRCUIT 74 ‘ I3 T
!
4 H @ T j oni2 J-Fiu
2) )
* INFUT /OUTPUT VoLt
DATA WRITEEND 32— BIT LINE
CALLLIUE S o VA S et DAIA, FONVERSION Yoy
1
s 11 3 s
S DATA INPUT/ : -
DECODER QUTPUT BUFTER Ve YREY: f{ SACH
= |
LAT! T | IC5Liw
BLC 5 Vaa Vg, =3
FHE-E oL ‘HHFTEq] @_‘3 SEN{ %
SR i VaLy -
$ACZ FFim PENDS
L
[ |
r v;c LATS \.'m:l:r CSL2i+
A SENZ A
'i 1 ™1
FF13 B
1



US RE41,019 E

Page 2
U.S. PATENT DOCUMENTS JP 2-2602938 10/1990
P 3-59886 3/1991
5,781,478 A 7/1998 Takeuchi et al. P 3-237692 10/1991
5,920,507 A 7/1999 Takeuchi et al. TP 3-286497 12/1991
6,046,933 A * 4/2000 Nobukata etal. ...... 365/185.03  1p 4-88671 3/1992
6,069,823 A 5/2000 Takeuchi et al. TP 4-119594 4/1992
6,147,911 A 11/2000 Takeuchi et al. TP 4-254994 9/1992
6,359,822 Bl * 3/2002 Zinketal. ................. 365/221 P 4-507320 12/1992
JP 5-6681 1/1993
FOREIGN PATENT DOCUMENTS JP 5-144277 6/1993
) P 5-182476 7/1993
JP 58-86777 5/1983 P 5_60199 9/1993
JP 62-257699 L1/1987 JP 2007-184102 7/2007
JP 1-23878 5/1989 JP 2007-184103 7/2007
JP 1-46949 10/1989
JP 2-232900 9/1990 * cited by examiner



U.S. Patent Dec. 1, 2009 Sheet 1 of 29 US RE41,019 E

GENERATION CIRCUIT
9

WRITE VERIFY

Tt R
10 CELL ARRAY C— |l)-|l|!"|‘$E - DEROW

DATA UPDATE

CODER
CONTROL SIGNAL CIRCUIT
GENERATION CIRCUT

WRITE CONTROL SIGNAL

7
a {4
8
~ INPUT /OUTPUT
DATA WRITE END
DETECT 1ON CIRCUIT DATA CONVERSION

CIRCUIT

k! t & ‘ 5
DATA INPUT/
F l G { COLUMN DECODER OCUTPUT BUFFER

S61 CGI CGB SG2 Vs
o
| !

—
Si M1 Ml
BLI+H —---
. —
l
I
|

.
F 16 2

PR
s = el G



U.S. Patent Dec. 1, 2009 Sheet 2 of 29 US RE41,019 E

VLH
on3 10A 108
N
|

SAC| I
VRFYi 40 |
4 on4 N C12

A VPR
®

: Qnis |
- L -
on9 HFim oni3 PENDB | |
Cl14 QN6
QN7 CSL2i
ant i 5
QniT
oni2 }-FIH
OVaLL
YeLH
®
!
Vor VRFY i - E#’H:i
(O,
CSLi+{
PRE BLC Vs.a \/
Lo Eﬁl
o O VeLm
~FIM PENDB
- - : CSL2)+1
g e EEI
F1G 3 ~FIY 3
-

© VBLL



US RE41,019 E

Tt
l

Sheet 3 of 29

Dec. 1, 2009

U.S. Patent

310A3 Qv3y GNOJI3S | .M.G»Q aQviy 15813
NO!1yH3d0 NOILYN4d0
dv3y vivad-o, av3y viva-t/0
T AN
vy3do NOILYYH 340 _
cd@@_ bw._.wm.ﬂm\ b, dv3y viva-2,

i
1

AD

118

8¢ 1V
¢ 1v1

BZ N3S
¢N3S

2 VS

g} 1V}
} 1V7

8l N35
I N3S

P VS

Jyd
ddp

P92

8~G '¢~i99
2'198

b 91 4



U.S. Patent Dec. 1, 2009 Sheet 4 of 29 US RE41,019 E

10V
VCC
i o~ \__
{0V ' |
VCC
' CG{~3,5~8 0V
20V
CG 4
PRE
L
BLC
10V
VCC
VRFY 1

VRFY 2 —
FIM Y A
FIH /.

8V
Vee
VBLH
VBLM oV 1V
VBLL - %
0V
VEC
VSA Ny
0-DATA WRI
8V ° OPLRATIONC
IZDATA WRITE
BLI oV JV \OPERATION

- -

T
F1G 5 ‘




US RE41,019 E

Sheet 5 of 29

Dec. 1, 2009

U.S. Patent

37040 V34 AJ143A ONOD3S_, 310AD QV3H AJI¥IA 1SHIS
(14}

e
S

(Ot)

100

|
|

1E'=

L

\

Il'li
5]
e

: T'

AGO

A NOILvH43d0 v
JLIYM YiV(a-2,

118

ﬁ NOI LY H3d0 v
3119M viva -},

118
(;Nolaveado )
3119M Viv0-0,
118
HI 4

¢ AdUA

I AJHA
gt 1V ]

b1V

Bt N3S
t NdS

t QVS

¥ d

m_n:/

b 9D

8~G ‘€~19)
21 9S




£3
= 39vd }
=
— \ll.\lll\l.\lll\(.i\l\l!l)
A .
: — e [ ew ] 8 9
7P,
- N f=N--= === U U === 2+ 0 SS3400V V21907
S31IAD
LNdLNO Y1V HEE_
Q .l.l.l_aaa§§ 1N0 @
3 R ———
7 X X X A, X X X X/ 801/ vol
) (LA)
24 mmmauz ty 43151934

= (CA) (FA} 1y m.“._wm_wm_m 24 wiltloay
= 14 M3151938 24 ¥3LS193M
= (2A) FA)
3 24 ¥315193H 14 4315193y
- |

........_ _..'...'_ S S, 801/ 01
- T
5 - e T3 6 S /777
= FREE
N 1NdNI VIVQ FIYHL
-

g, 914

V. 91



U.S. Patent Dec. 1, 2009 Sheet 7 of 29 US RE41,019 E

START OF DATA
WRITE OPERATION

LLOAD DATA

WRITE
PERFORM VERIFY
READ OPERATION

NO END OF
WRITE OE';ERATION

__'____..—-—

-
—A-
m
v

Lo - — —

F

START OF ADDITIONAL .
DATA WRITE OPERATION

|LOAD DATA

PERFORM VERIFY
READ OPERAT ION

Y
[NO

| WRITE +

_
| I
| |
} I
1 1
! l

|
i END OF ES
a WRITE OPERATION ;
: ! :
| l
| !
| :
I |
"




£

&N .

= ot 91 4

:

” . _ I

~ 1739 NILLI¥M-VLVO-0/ 7

NOILVHIJO 3L1i¥Mm 3NC s

ININYOJH3d H04 )
03HIN03Y 3IWIL 7

3NIL F1IHM
d334S 1SiMO01 1V zm:._m_;

Si.t,V1lVQ3 HIHM NI T132 wm T

033dS 1S3HOIH Lv NILLIUM B
Si.t, VIVQ HOIHM NI 113D

Sheet 8 of 29

03345 LS3MO1 LV N311ludm

St.2,Y1vd HOIHM NI 1139 033dS LSIHOIH LV NILLINM
Sl ,2.\viva HOHM NI 1139

Dec. 1, 2009

U.S. Patent

N O
ol e

-
0\

06

THRESHOLD VOLTAGE

OF MEMORY CELL (V)



US RE41,019 E

14127152
Q
- 1411152
2
i
7).
&N
4 1271592
g |
p CeUD _
2 810 wisdrcaut OIN
; N18pd  Jeoup £SO
0gud | T
aoN3do | 2200lM9M 938 J13ud
2eU0 61D le2ud [ 1 g1uo
1 up  Hdy
1$716D } A4HA
0ZUD

U.S. Patent

»

1 e

1 118

Z -~

91 4



US RE41,019 E

Sheet 10 of 29

Dec. 1, 2009

U.S. Patent

379A0 GV3Y LSHId

.-III.-I.IIIIII.lI..IIIIIII...IIiI - melSiSaie
]

37240 Gv3Y QNODJ3S

u e S - gy oy g uyp- gl = ik ASmly skl
S g g - AR " i v gy————r it

NOILvHdd0 NOILVH3dO
Qv 3y viva-e/}, Qv 3 viva-2,

—® = 118

N
' l NOILvd3d0 QV34 vivO;H/0,
g1Vl
B
— B s
¢ JVS
I a1 N3

} VS
Y TM

¢ |

91 4



U.S. Patent Dec. 1, 2009 Sheet 11 of 29 US RE41,019 E

WL 0
N\ T

OV
Ve
BLC v
| .
VRFY | fﬁ*\—\_\
10V
vee
' VRFY2 OV
OV
| Vee
Fim OV
1OV
Vee |
FIL oV
8V
VCC
; VBLH
__vee — T
—
VBLM
10V
Tole
Vsa

| ‘2-DATA WRITE
8V (OPERATION

. TV  “Ny“DATA WRITE
L BLI OV OV OPERATION
\\
'0-DATA WRITE
OPERATION



US RE41,019 E

Sheet 12 of 29

Dec. 1, 2009

U.S. Patent

31949 QV3Y A4I43A ONOD3S ., 379AD GU3H AJI¥3A LSHIS

_zo.._.qmwn_o V
1118M Y1V(-2.

T~ 118
A NOI1lY¥3d0 v

LM VivQ3- |

_ 118

zo:éun_o v
\3JiMM YIV3-0.

118

¢ AdHA
t AJHA

gt 1v

P LV
T NS
I TN

>.o..N TM

91 4



=
=
— . |
= , 9|
M NOILvH3d0 FLI¥M 3NO
ONINYO ¥ id 40

Z Q3HIND3IY 3NIL

JNIL LIHM iy — L - o

033d4S LSIHOIH LV NILL1IUM
S1.2.VLvQ HOIHM NI 1130

« 033dS L1S3IMOT 4V NILLIMM S — 02
3 S|.2.Vivd HOIHM NI 71307
e ~
7 ~

033dS LS3HOIH LV N3LL1I4M )

Si 1. viva HIIHM NI 1130

z ‘ _ - 0'b
z., 033d4S LSIMOT LV NILLIIHM .
- St b, VAVA HOHM NI 113D NN
a A 0'G

7132 N3111gmM-vivd-,0.

U.S. Patent

THRESHOLD VOLTAGE

OF MEMORY CELL (V)



U.S. Patent Dec. 1, 2009 Sheet 14 of 29 US RE41,019 E

I0A 108

QN9 1F-FIM

anio
onT |
y CSL2i
onit .
|
Qni2 —FIH
©VgLL
F1G.
PENDB
QN30
y SAC] =~ ¢ I10AI0B
VRFYZ ®
Qni8 s \ / .
PREA[  BLC VRFYi 1 /\ Y Vsp +—-CsLii
" ano Y |
L " anig opa[ QVeLn CI5 ns2
ap5 J-FILB
CI8  qn33

CSL2]
B

C17 Qn34
aps J}-FIMB

OVg L M



U.S. Patent Dec. 1, 2009 Sheet 15 of 29 US RE41,019 E

LOGICAL

ADDRESS 0 | 2 -~ -=--—-~ }I2—~mm mmee e B mee=N=F| — e
e | wea | e
22 MEMORY CELLS -

D _ch"i...[-——ca LAT 18)

OuUT

F1G {98



U.S. Patent Dec. 1, 2009 Sheet 16 of 29 US RE41,019 E

1~ ..-.
SG |

s ]“-]
CG 1

CG2

M8 | '
CG8
o | J 1
i 1
BLO BL{ V§S BLM

F1G 20



U.S. Patent Dec. 1, 2009 Sheet 17 of 29 US RE41,019 E

BL

S{~—— |}—SGi=6V
Mi— ||} cGi=6V
M2— ||l c62=2v

M3— ||l c63=6v

SG1,562
M4~ || c6a=6V

CG 1,CG3~8
M5— |||~ C65=6V

G2

6V
s — Tl cos=s1 "o |-
R

M7— ||~ ceT=6v

BL
M8—— |||- CGB8=6V i R A

52— ||—s62=6V 2v-vi
¢ FI1G 218
VS=06V
FI1G 21{A
o
—
Q.
= w 6V
oL ~J
) = -
=g S
—" 2V IS
m :
oV =
-4V oV 2V

THRESHOLD VOLTAGE
FIG 22 OF MEMORY CELL



U.S. Patent Dec. 1, 2009 Sheet 18 of 29 US RE41,019 E

WHEN SOURCE

av VOLTAGE 1S 6V

VOLTAGE
X
<

WHEN SOURCE
VOLTAGE IS 3V

WRITE TIME (LOGARITHMIC SCALE)

BIT LINE OUTPUT

oV

FI1G 23

(AMENDED)

(ERASED STATE)

THE NUMBER OF
MEMORY CELLS

é

2V 3V 4V

BIT LINE OUTPUT
16 24 VOLTAGE

THE NUMBER OF
MEMORY CELLS

T "O0"(ERASED STATE)

!

.oV 2.5V 3V 45V

%
N
X

S
,:\ ":"\:- -~

T
RN S S S

-
<
) _ -

FIG 25

0.5V

BIT LINE OUTPUT
VOLTAGE



U.S. Patent Dec. 1, 2009 Sheet 19 of 29 US RE41,019 E

|
WL ol |
e T

FI1G 26 L
BLO

!
!
}

BLi™ + BLM

BL 6V

M~Jlk- WL = 6 " mh
- V§ —.
VS=0bV . 8L _— 1 -

F 16 27A - ev-vt
F1G 278
-
& 6V
26
wi— 4V
=5
—d
— =2V
@
oV X
0 iV 2v 3V 4y sV 6V

THRESHOLD VOLTAGE
OF MEMORY CELL

F1G 28



U.S. Patent Dec. 1, 2009 Sheet 20 of 29 US RE41,019 E

= WHEN SOURCE
= 6y VOLTAGE IS 6V
= Ly
=T
Lwie<x 4V
= P
=3
== 2V WHEN SOURCE
@ o VOLTAGE IS 3V
WRITE TIME (LOGARITHMIC SCALE)
F 1 G 29
(AMENDED)
-
s i)
&
=
TS
oV
FI1G6G. 30 BIT LINE OUTPUT
VOLTAGE
THE NUMBER OF
MEMORY CELLS
'0"'
(ERASED STATE) ..
' /7
b /
277
v
[
%72
F | G 3 { O 05V {5V 25v 35V 45v

BIT LINE OUTPUT
VOLTAGE



U.S. Patent Dec. 1, 2009 Sheet 21 of 29 US RE41,019 E

WRITE CONTROL SIGNA
GENERATION CIRQUIT

9
WRITE VERIFY

| CONTROL SIGNAL
GENERATION CIRCUIT

7 \ 10
DATA UPDATE
CONTROL SIGNAL
.~ GENERATION CIRCUIT
WORD
L INE MEAORY
DRIVE |-  CELL ARRAY
CIRCUIT (@)

g

'k 5
BIT LINE INPUT/0UTPUT DATA
COLUMN DECODER [— X coNTROL CIRCUIT K—"1 CONVERSION CIRCUIT

DATA INPUT/
OUTPUT BUFFER

6

WORD
LINE MEMORY

DRIVE [  CELL ARRAY
CIRCUIT (b)

FIG 32 (AMENDED)



¢ce 914

US RE41,019 E

Q& ._

3 I

gl

E DSA

§ ) D18
Hu0

S e caﬂ. [ ) ) )

= on 1L

= DI9S D29) DZHS

2 D192 DB9)

2 <@

qadp 149 |sdo " {bvdo| 10¢ d}-pad

6dD vmac
otdoy 1dgp cdo 1o
qQHEA \ Win DHEA

EE

U.S. Patent



U.S. Patent Dec. 1, 2009 Sheet 23 of 29 US RE41,019 E

620 cv eV
~ CG80
$610,5620 -
épa
?pb
vh 1.0V

Bb2

B2

N2 : —
. 3.0V OR MORE WHEN CELL DATA IS DATA"0

1.5 TO 2.5V WHEN 0.5V OR LESS WHEN
CELL DATA 1S DATA i’ CELL DATA IS DATA 2’

S0V 0V
I N,

FIRST READ CYCLE SECOND READ CYCLE

r G 34




U.S. Patent Dec. 1, 2009 Sheet 24 of 29 US RE41,019 E

20V
oV
VCC
CG2a OV

10V

Vee

| CGi0,C630~CG8a OV \

oV

VCC

SGia OV

¢ pa A 2
PBQ \ /
VRFYQ / \

s Y TEEm-- g W

VYBLO oV
VeMQO iV '
M—_
BY
| VBHO VCC ' \
8V
VIW VCC

8V WHEN DATA “0° IS WRITTEN

BLO

A e A iy~ - oy, o ey e S 4. - =

OV WHEN DATA "2° IS WRITTEN
1V WHEN DATA 1" IS WRITTEN

F1G 35



U.S. Patent Dec. 1, 2009 Sheet 25 of 29 US RE41,019 E

CG20 Al
CGiQ,CG3a oV
~ CGBO [~ — gy
5610,5620 —
$paO | ~ '
¢pb J:_—-—\————————-—-———-/_
2.5V
vDh 5V
VsaQ —_—
VRFYQ i
VRFYD i M\
* 25V
vBLD oy
vBMbD — 0
®a i |
$b | | )\
PP

o *-
PBa 3.5V OR MORE_WHEN

vee CELL DATA IS DATA 0 15 T0 2.5V WHEM

UPON  [BLa =X CELL DATA IS DATA'Y
G TR
CELL S
OPERATION |BLD 2.0V 25V OR LESS WHEN
THAN 25V WHEN CELL REACHES
CELL DOES NOT REACH ‘J-DATA-WRITTEN STATE
UPON  {g( g [1-DATA-WRITTEN STATATE
i,
25V 2 5V
OPERATION | BLb —
MORE THAN 0.5V WHEN CELL DOES NOT REACH
UPON  (BLa | 2-DATA-WRITTEN STATE
" - T
OPERATION (BLb | —2:2Y 0.5V

DATA INVERTING
OPERATION

F1G. 36



US RE41,019 E

Sheet 26 of 29

Dec. 1, 2009

U.S. Patent

DWHA l¢ 914

62UD
=S |D +ido

¢eud

l 0 DSA

D14

qsA

e A A Sl

qie

- DM



U.S. Patent Dec. 1, 2009 Sheet 27 of 29 US RE41,019 E

9 6
o B~
NN

3.9V OR MORE WHEN CELL DATA IS DATA'2’

1.5 T0 2.5V WHEN CELL CATA IS DATA{"

BLG —————7 \ P ——T

0.5V OR LESS WHEN
CELL DATA IS DATAO"

30V
~ FIRST READ CYCLE | SECOND READ CYCLE

F1G 38



U.S. Patent Dec. 1, 2009 Sheet 28 of 29 US RE41,019 E

wLa oV

¢ pa \ /
Pa / \

VRFYBG —\ —
_ 8V
VBH@ __VWCC

veMg _veec TV

8BV _
VIW vc_

8V WHEN DATA'2° IS WRITTEN

BLG
> 7V WHEN DATA'!* IS WRITTEN
O V WHEN DATA “0°1S WRITTEN
I0Al IOA2

an37 |

O Y
B
g:ig l o | ADDRESS SIGNAL
C | CENB

an4o FI1G 41

I0Bi IoB2



U.S. Patent Dec. 1, 2009 Sheet 29 of 29 US RE41,019 E

BV

25V '
vb '
6V
VSQ ‘ N
VRFYBQ
VBHD
omb |
$al .
.
@ p
\
Pa L i
3.5V OR MORE_WHEN CZLL DATA IS DATA 2°
o | 570 o
- 5T0 2.5V WHEN 7 ¢
HEN . 0.5V CR LESS WHEN
OPERATION |1 1 2.5y “ELL DATA IS DRIA CE.L DATA IS DATA 0"
1.5V OR MORE WHEN CELL REACHES, ‘1"~ DATA-WRITTEN STATE
..l..UP%'%A BLG .
FRITE , & \LESS THAN 1.5V WHEN CELL DOES NOT REACH
3.5V OR MORE WHEN CELL REACHES, 2 -DATA-WRITTEN STATE
UPON  (BLa e\
'2"-DATA ;
WRITE LESS, THAN 35V WHEN CELL DOES NOT REACH
OPERATION |gLb 25y "2~ DATA-WRITTEN STATE _ 35V ~—

DATA INVERTING

OPERATION F | G 40



US RE41,019 E

1

MULTI-STATE EEPROM HAVING
WRITE-VERIFY CONTROL CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Notice: More than one reissue application has been filed

for the reissue of U.S. Pat. No. 5,570,315. The reissue appli-
cations that have been filed for the veissue of U.S. Pat. No.
5,570,315 include parent rveissue application Ser. No.
09/134,897 filed on Aug. 17, 1998, now abandoned, and this
reissue application Ser. No. 11/451,589 which is a division
of this parvent reissue application. In addition, reissue appli-

cations Ser. No. 11/451 584; Ser. No. 11/451,585; Ser. No.
11/451,586; Ser. No. 11/451,587; Ser. No. 11/451,588; Ser.
No. 11/451,590; Ser. No. 11/451,591; Ser. No. 11/451,592;
and Ser. No. 11/451,593 have been filed as additional divi-

sion reissue applications of the above-noted parent reissue
application so as to be comnsistent with the Restriction
Requivement mailed in the above-noted parent veissue appli-

cation on Apr. 20, 2006.
BACKGROUND OF THE

1. Field of the Invention

The present mvention relates to an electrically program-
mable nonvolatile semiconductor memory device
(EEPROM) and, more particularly, to an EEPROM {or per-
forming a multivalue storing operation for storing informa-
tion of two or more bits 1n one memory cell.

2. Description of the Related Art

As one of EEPROMs, a NAND EEPROM which can be
integrated at a high density 1s known. In this NAND
EEPROM, a plurality of memory cells are connected 1n
series with each other as one unit such that adjacent memory
cells have a source and a drain in common, and these
memory cells are connected to a bit line. A memory cell
generally has an FETMOS structure in which a charge accu-
mulation layer and a control gate are stacked. A memory cell
array 1s integrated and formed 1n a p-type well formed 1n a p-
or n-type substrate. The drain side of a NAND cell i1s con-
nected to a bit line through a selection gate, and the source
side 1s connected to a common source line through a selec-
tion gate. The control gates of memory cells are continu-
ously arranged 1n a row direction to form a word line.

The operation of this NAND-cell EEPROM 1s as follows.
A data write operation 1s sequentially performed from a
memory cell at a position farthest from the bit line. A high
voltage Vpp (=about 20 V) 1s applied to the control gate of a
selected memory cell, an intermediate voltage Vppm
(=about 10 V) 1s applied to the control gate and selection
gate of a memory cell closer to the bit line than the selected
memory cell, and a voltage of OV or an intermediate voltage
Vm (=about 8 V) 1s applied to the bit line 1n accordance with
data. When the voltage of OV 1s applied to the bit line, the
potential of the bit line 1s transferred to the drain of the
selected memory cell, and electrons are injected into the
charge accumulation layer of the selected memory cell. In
this case, the threshold voltage of the selected memory cell 1s
positively shifted. This state 1s represented by, e.g., “17.
When the voltage Vm 1s applied to the bit line, electrons are
not effectively mjected into the charge accumulation layer of
the selected memory cell, and, therefore, the threshold volt-
age of the selected memory cell 1s kept negative without
being changed. This state 1s an erased state, and is repre-
sented by “0”. A data write operation 1s performed to
memory cells which share a control gate at once.

INVENTION
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A data erase operation 1s performed to all the memory
cells in a NAND cell at once. More specifically, all the con-
trol gates are set to be 0V, and the p-type well 1s set to be 20
V. At this time, the selection gate, the bit line, and the source
line are set to be 20 V. In this manner, electrons are dis-
charged from the charge accumulation layers of all the
memory cells 1into the p-type well, and the threshold voltages
of the memory cells are negatively shifted.

A data read operation 1s performed as follows. That is, the
control gate of a selected memory cell 1s set to be 0V, the
control gates and selection gates of the remaiming memory

cells are set to be a power supply potential Vce (e.g., 5 V),
and 1t 1s detected whether a current flows in the selected
memory cell. Due to restrictions of the read operation, a
threshold voltage set upon a “1”-data write operation must
be controlled to fall within a range of 0 V to Vcc. For this
purpose, a write verily operation 1s performed to detect only
a memory cell in which data *“1” 1s not suiliciently written,
and rewritten data 1s set such that a rewrite operation 1s per-
formed to only the memory cell in which data “1” 1s not
sulficiently written (bit-by-bit verily operation). The
memory cell 1n which data “1” 1s not suiliciently written 1s
detected by performing a read operation (verily read
operation) such that a selected control gate 1s set to be, e.g.,
0.5V (verily voltage).

More specifically, when the threshold voltage of the
memory cell has a margin with respect to 0V and 1s not set to
be 0.5 V or more, a current flows 1n the selected memory
cell, and the selected memory cell 1s detected as a memory
cell in which data “1” 1s not suificiently written. Since a
current flows 1 a memory cell set to be a “0”-data-written
state, a circuit called a verily circuit for compensating the
current flowing 1n the memory cell 1s arranged to prevent the
memory cell from being erroneously recognized as a
memory cell 1n which data “1” i1s not sulificiently written.
This verify circuit executes a write verily operation at a high
speed. When a data write operation 1s performed while a
write operation and a write verily operation are repeated, a
write time for each memory cell 1s made optimum, and the
threshold voltage of each memory cell set upon a “1”’-data
write operation 1s controlled to fall within a range of O V to

Vcc.

In this NAND-cell EEPROM, 1n order to realize a multi-
value storing operation, for example, 1t 1s considered that
states set upon a write operation are set to be three states
represented by <07, “17, and “2”. A “0”-data-written state 1s
defined as a state wherein the threshold voltage 1s negative, a
“1”-data-written state 1s defined as a state wherein the
threshold voltage ranges from 0 V to 2 Vcc, and a “2”-data-
written state 1s defined as a state wherein the threshold volt-
age ranges from Y2 Vcc to Vec. In a conventional verily
circuit, a memory cell set to be a “0”-data written state can
be prevented from being erronecously recognized as a
memory cell i which data “1” or “2” 1s not sufliciently
written.

However, the conventional verify circuit 1s not designed
for a multivalue storing operation. For this reason, assuming
that a memory cell set to be a data “2”-written state has a
threshold voltage equal to or higher than a verity voltage for
detecting whether data “1” 1s not suill

iciently written and
equal to or lower than 2 Vcc, when 1t 1s to be detected
whether data “1” 1s not sufliciently written, no current flows
in the memory cell, and the memory cell 1s erroneously rec-
ognized as a memory cell in which data “2” 1s suificiently
written.

In addition, 1n order to prevent erroneous recognition of a
memory cell in which data 1s not sufliciently written and to
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perform a multivalue write verily operation, a verily write
operation 1s performed to set a memory cell, in which data
“1” 1s sufficiently written, 1n a “2”-data-written state, by
detecting whether the memory cell 1s a memory cell 1n which
data “2” 1s not sufficiently written. However, 1n this case, a
memory cell set to be a “2”-data-written state 1s set 1n a
“1”-data-written state at first and 1s then set 1n a “2”-data-
written state. For this reason, a longer time 1s required for the
write operation, and the write operation cannot be performed

at a high speed.

As described above, when a conventional NAND-cell
EEPROM 1s used for performing a multivalue storing
operation, and a bit-by-bit verily operation 1s performed by a
conventional verily circuit, an erroneous verily operation 1s
disadvantageously performed.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
EEPROM capable of storing multivalue information and
performing a write verily operation at high speed without
causing an erroneous verily operation.

According to a first aspect of the present invention, there
1s provided a nonvolatile semiconductor memory device
capable of storing multivalue data, characterized by com-
prising a memory cell array 1n which memory cells which
can be electrically programmed and each of which has at
least three storage states are arranged 1n a matrix, a plurality
of write data circuits for temporarily storing data for control-
ling write operation states of the plurality of memory cells 1n
the memory cell array, write means for simultaneously per-
forming a write operation to the plurality of memory cells 1n
accordance with contents of the data circuits respectively
corresponding to the plurality of memory cells, verily means
for simultaneously checking states of the plurality of
memory cells set upon the write operation, and means for
updating the contents of the write data circuits such that a
rewrite operation 1s performed to only a memory cell, in
which data 1s not sufliciently written, on the basis of the
contents of the data circuits and the states of the memory
cells set upon the write operation, wherein the write opera-
tion based on the contents of the data circuits, a write verily
operation, and an operation for updating the contents of the
write data circuits are repeatedly performed until the plural-
ity of memory cells are set in predetermined written states,
thereby electrically performing a data write operation.

According to a second aspect of the present mvention,
there 1s provided a nonvolatile semiconductor memory
device having a memory cell array constituted by a plurality
of memory cells which are arranged 1n a matrix and each of
which can be electrically programmed, each of the memory
cells having arbitrary data *“1” (1=0, 1, . . . , n—-1: n=3) as at
least three storage states, and a storage state corresponding
to data “0” being an erasure state, characterized by compris-
ing a plurality of data circuits each serving as a sense ampli-
fier and having a function of storing sensed information as
data for controlling a write operation state of a correspond-
ing memory cell, write means for simultaneously performs-
ing a write operation to the plurality of memory cells 1n
accordance with contents of the data circuits respectively
corresponding to the plurality of memory cells, 1th (1=1,
2, ...,n-1)write verify means for simultaneously checking
whether the storage state of each of the plurality of memory
cells set upon the write operation becomes a storage state of
data “1”, 1ith (1=1, . . . , n—1) data circuit content simultaneous
updating means for simultaneously updating the contents of
data circuits corresponding to a memory cell 1n which data
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1s to be stored, such that a rewrite operation 1s performed
to only a memory cell, 1n which data 1s not suificiently
written, on the basis of the contents of the data circuits and
the storage states of the memory cells after the write
operation, and data circuit content updating means for per-
forming a storage checking operation performed by the 1th
write verily means and a simultaneous updating operation
performed by the 1th data circuit content simultaneous
updating means, from data “1” to data “n-1"n-1 times so as
to update the contents of all the plurality of data circuits,
wherein the ith data circuit content simultaneous updating
means, of bit line potentials at which the storage states of the
memory cells set upon a write operation are output by the 1th
write verily means, a bit line potential corresponding to a
memory cell in which data “1” (1=1) 1s to be stored 1s sensed/
stored as rewrite data, and for bit lines corresponding to
memory cells 1n which data except for data “1” are to be
stored the bit line potential at which the state of the memory
cell set upon the write operation 1s output 1s corrected 1n
accordance with the contents of the data circuits so as to
sense/store to hold the contents of data circuit, holding the
data storage states of the data circuits until the bit line poten-
tials are corrected, operating the data circuits as sense ampli-
fiers while the corrected bit line potentials are held, and
simultaneously updating the contents of the data circuit cor-
responding to the memory cell in which data “1” 1s to be
stored, and a write operation and a data circuit content
updating operation based on the contents of the data circuits
are repeatedly performed until the memory cells are set 1n
predetermined written states, thereby electrically perform-
ing a data write operation.

Preferred embodiments of the present mvention will be
described below.

(1) The data circuits control write operation states of the
memory cells 1n accordance with data stored 1n the data
circuits 1n a write operation to perform control such that
the states of the memory cells are changed into prede-
termined written states or the states of the memory cells
are held 1n states set prior to the write operation.

(2) For a data circuit corresponding to a memory cell to be
set 1n an “1’-data-written state, an i1th data circuit con-
tent stmultaneous updating means changes data of the
data circuit into data for controlling the state of the
memory cell to hold the state of the memory cell 1n a
state set prior to the write operation when memory cells
corresponding to a data circuit 1n which data for chang-
ing a memory cell into an ““1”’-data-written state 1s
stored reach an “1”’-data-written state, sets data for con-
trolling the state of the memory cell to change the state
of the memory cell into the “1”-data-written state 1n the
data circuit when the memory cell corresponding to the
data circuit 1n which data for changing a memory cell
into an “1’-data-written state 1s stored does not reach
the “1”’-data-written state, and sets data for controlling
the state of the memory cell to hold the state of the
memory cell set prior to the write operation when the
data circuit stores data for controlling the state of the
memory cell to hold the state of the memory cell 1n the
state set prior to the write operation, and the 1th data
circuit content simultaneous updating means does not
change contents of the data circuits corresponding to
the memory cells 1n which data except for data “1” are
to be stored.

(3) Each of the memory cells 1s constituted by stacking
and forming a charge accumulation layer and a control
gate on a semiconductor layer and stores arbitrary data
“” 1=0, 1, . . ., n—-1; n=3) as at least three storage
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states and as multivalue data using magnitudes of
threshold voltages, and the ith write verily means
applies a predetermined 1th verify potential to the con-
trol gate to verily whether a threshold voltage of a
memory cell set to be the “1”-data-written state 1s a
desired threshold voltage.

(4) A storage state corresponding to data “0” 1s an erased

state, a difference between the threshold voltage corre-
sponding to the data “n—1"" state and the threshold volt-
age corresponding to a data “0” state 1s a maximuim,
and threshold voltages corresponding to data “17,
“27, ..., %17, ..., “n=-2" states range from the threshold
voltage corresponding to the data “0” state to the
threshold voltage corresponding to the data “n-1"’ state,
and the threshold voltages corresponding to the data
“17,°27, ..., 1, ..., “n-2" states are ordered from the
threshold voltage corresponding to the data “0” state.
The nonvolatile semiconductor memory device com-
prises a first bit line potential setting circuit for, of a
plurality of bit line potentials at which states of
memory cells set upon a write operation are output by
the 1th write verity means, when the data circuits sense
a bit line potential corresponding to a data circuit
whose contents are data for controlling the states of the
memory cells to hold the states of the memory cells 1n
states set prior to the write operation, setting the bit line
potential to be a first correction bit line potential which
becomes data for controlling the states of the memory
cells to hold states of the memory cells 1n states set
prior to the write operation, and a jth bit line potential
setting circuit for, of bit line potentials corresponding to
memory cells set to be data “)”-written states (1+1=)
among bit line potentials at which states of the memory
cells set upon a write operation are output by the ith
(1=1=n-2) write verily means, when a data circuit
senses only a bit line potential corresponding to a data
circuit whose contents are data for controlling states of
memory cells to set the states of the memory cells 1n
data “1”-written states, setting the bit line potential in a
second correction bit line potential which becomes data
for controlling the states of the memory cells to change
the states of the memory cells into the data *“y”-written
states, wherein, to update the contents of the data
circuits, a bit line potential at which states of the
memory cells set upon a write operation are output by
an 1th write verify operation 1s corrected by the first,

(1+1)th, (1+2)th, . . ., (n—-1)th bit line potential setting
circuits.
Each of the data circuits 1s constituted by a first data

storage unit for storing information indicating whether
a state ol a memory cell 1s held 1n a state set prior to a
write operation and a second data storage unit for, when
the information of the first data storage unit 1s not infor-
mation for controlling the state of the memory cell to
hold the state of the memory cell 1n a state set prior to
the write operation, storing information indicating a
written state “1” (1=1, 2, . . ., n—1) to be stored 1n the
memory cell, the first data storage unit having a func-
tion of sensing/storing bit line potentials which are cor-
rected by the first, (1+1)th, (1+2)th, . . ., (n—1)th bit line
potential setting circuits 1n accordance with the con-
tents of the data circuits to perform the data circuit
content updating operation and at which the storage
states of the memory cells set upon the write operation

are output by the 1th write verily operation.

(6) The nonvolatile semiconductor memory device com-
prises a write prevention bit line voltage output circuit

10

15

20

25

30

35

40

45

50

55

60

65

6

for, when the information of the first data storage unit 1s
information for controlling the state of the memory
cells to hold the state of the memory cells 1n states set
prior to a write operation, outputting a write prevention
bit line voltage to a bit line 1n the write operation, and
an 1th (1=1, 2, . . ., n—1) bit line voltage output circuit
for, when the information of the first data storage unit is
not information for controlling the states of the memory
cells to hold the states of the memory cells 1n the states
set prior to the write operation, outputting a bit line
voltage 1in an 1th write operation in accordance with
information indicating a written state “1”” to be stored 1n
a memory cell of the second data storage unit.

(7) The first bit line potential setting circuit and the write
prevention bit line voltage output circuit are common
first bit line voltage control circuits. The 1nput voltage
of each of the common first bit line voltage control
circuits has an input voltage whose output 1s to be a
write prevention bit line voltage in a write operation
and a first correction bit line potential 1n a data circuit
content updating operation. The jth (=2, 3, . . ., n-1)
bit line potential setting circuit and the jth write bit line
voltage output circuit are common jth bit line voltage
control circuits. Each of the common jth bit line voltage
control circuits has an input whose output 1s to be a jth
write bit line voltage in the write operation and a sec-
ond correction bit line potential 1n a data circuit content
updating operation.

(8) Each of the memory cells 1s constituted by stacking
and forming a charge accumulation layer and a control
gate on a semiconductor layer, and the memory cells
are connected in series with each other as units each

constituted by a plurality of memory cells to form
NAND-cell structures.

9) -

Each of the memory cells 1s constituted by stacking,
and forming a charge accumulation layer and a control
gate on a semiconductor layer, thereby forming a NOR -
cell structure.

A multivalue (n-value) storage type EEPROM according
to the first and second aspects of the present mmvention 1s
constituted such that a verily read operation 1s performed
through n-1 basic operation cycles. An erased state 1s repre-
sented by data “0””, and multivalue levels are represented by
“07, “17, . ..,“9”, ..., “n=-1"7 1n an order from a small
threshold voltage. In this case, an 1th cycle 1s constituted to
verily whether an “1”’-data write operation 1s suilficiently per-
formed. For this reason, the EEPROM comprises a verily
potential generation circuit for applying a predetermined
verily voltage at an level 1n the 1th cycle such that a current
flows 1n a memory cell having a selected control gate when
an “1”’-data write operation 1s suiliciently performed, and a
sense amplifier for detecting a bit line voltage to determine
whether a write operation 1s sufficiently performed. In the 1th
cycle, the bit line of a memory cell in which data “07, . . .,
“1—1" are written has a first verify circuit such that the cur-
rent of the memory cell 1s compensated for when 1t 1s
detected that the data are sulficiently written 1n the memory
cell and the current of the memory cell 1s not compensated
for when 1t 1s detected that the data are not suiliciently writ-
ten 1n the memory cell. In the 1th cycle, for the bit line of a
memory cell in which data “1+17, . . ., “n—-1"" are written, the
current of the memory cell 1s compensated for by the first
verily circuit when 1t 1s detected that the data are suiliciently
written 1n the memory cell in advance and a second verily
circuit for setting a bit line voltage is 1nstalled such that the
current of the memory cell flows when it 1s detected that the

data are not sufliciently written 1n the memory cell.
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The EEPROM comprises a first data storage unit for stor-
ing data indicating whether data 1s sufficiently written and a
second data storage unit for storing whether a multivalue
level to be written 1s any one of data “17, . . ., “n-1". The
first data storage unit also has the function of a sense ampli-
fier for detecting whether data 1s sufliciently written. In
addition, the EEPROM 1s characterized by comprising a bit
line write voltage output circuit for outputting a bit line volt-
age 1n a write operation 1n accordance with a desired written
state such that, when there 1s memory cell which does not
reach a predetermined written state, a rewrite operation 1s
performed to only this memory cell.

According to the present invention, after a multivalue data
write operation 1s performed, 1t 1s detected whether the writ-
ten states of memory cells reach their desired multivalue
level states. When there 1s a memory cell which does not
reach 1ts desired multivalue level state, a bit line voltage 1n a
write operation 1s output in accordance with a desired writ-
ten state such that a rewrite operation 1s performed to only
this memory cell. The write operation and the verily read
operation are repeated, and a data write operation 1s ended
when all the memory cells reach their desired written states,
respectively.

As described above, according to the present invention, a
time for performing one write cycle 1s shortened, and a write
operation 1s repeated many times within a short time while
the degree of progress of a written state 1s checked, so that
the range of the threshold voltage distribution of a memory
cell im which a data write operation 1s finally ended can be
narrowed at a high speed.

According to a third aspect of the present invention, a bit
line potential 1n a read operation 1s controlled to exhibit the
threshold voltage of a memory cell. A common source line 1s
set to be 6 'V, a voltage of 2 V 15 applied to a selected control
gate, and the potential of the common source line 1s trans-
terred to the bit line. When the bit line potential reaches a
certain value, a current flowing in the memory cell 1s
stopped, and the bit line potential 1s given as a value obtained
by subtracting the threshold voltage of the memory cell from
the control gate voltage of 2 V. When the bit line potential 1s
3 V, the threshold voltage of the memory cell 1s -1 V. A
non-selected control gate and a selection gate are set to be 6
V such that the bit line potential 1s not determined by the
potential of the non-selected memory cell or a selection tran-
s1stor.

An erased state 1s represented by data “0”, multivalue
levels are represented by <07, “17, ..., 1", ..., “n-1" 1 an
order from a small threshold voltage. In this case, since a
verily read operation simultaneously verifies whether all
data “1” are suiliciency written, a reference potential used
when a bit line voltage 1s sensed 1s set 1n accordance with the
written data. In addition, as 1n “0”’-data write operation, a
verily circuit 1s arranged such that the current of the memory
cell 1s compensated for when it 1s detected that the data are
suificiently written 1n the memory cell and the current of the
memory cell 1s not compensated for when 1t 1s detected that
the data are not sufliciently written in the memory cell. A
first data storage unit for storing data indicating whether data
1s sulliciently written and a second data storage unit for stor-
ing whether a multivalue level to be written 1s any one of
data “17, ..., “n-1" are arranged. The first data storage unit
also serves as a sense amplifier for detecting whether data 1s
suificiently written. In addition, a multivalue (n-value) stor-
age type NAND-cell EEPROm according to a nonvolatile
semiconductor memory device 1s characterized by compris-
ing a bit line write voltage output circuit for outputting a bit
line voltage 1n a write operation 1n accordance with a desired
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written state such that, when there 1s memory cell which
does not reach a predetermined written state, a rewrite
operation 1s performed to only this memory cell.

More specifically, a nonvolatile semiconductor memory
device according to the third aspect of the present invention
includes, as a basic arrangement, a nonvolatile semiconduc-
tor memory device comprising a memory cell array 1n which
the memory cells, each of which 1s constituted by stacking a
charge accumulation layer and a control gate on a semicon-
ductor layer and can be electrically programmed to store at
least three data as multivalue data of threshold voltages of
the memory cell, are arranged 1n a matrix, threshold voltage
detection means for charging a bit line connected to the
memory cells so that charging 1s made through the memory
cells and outputting the multivalue data of the memory cell
as multivalue level potentials to the bit line, and a sense
amplifier for sensing potentials of the bit line charged by the
threshold voltage detection means, and the nonvolatile semi-

conductor memory device 1s characterized by the following
embodiments.

(1) The nonvolatile semiconductor memory device 1is
characterized 1in that the memory cells are connected 1n
series with each other as units each constituted by
memory cells to form a plurality of NAND-cell struc-
tures each having one terminal connected to the bit line
through a first selection gate and the other terminal con-
nected to a source line through a second selection gate,
the threshold voltage detection means transiers a source
line voltage to the bit line through a corresponding
NAND cell to charge the bit line, and non-selected con-
trol gate voltages and first and second selection gate
voltages are controlled such that voltage transfer capa-
bilities of non-selected memory cells and first and sec-
ond selection transistors are sufliciently increased to
determine a bit line voltage at a threshold voltage of a
selected memory cell.

(2) The nonvolatile semiconductor memory device com-
prises the plurality of data circuits each functioning as
the sense amplifier and having a function of storing
sensed information as data for controlling write opera-
tion states of the memory cells, the write means for
performing a write operation 1n accordance with con-
tents of the data circuits respectively corresponding to
the plurality of memory cells in the memory cell array,
the write verily means which uses the threshold voltage
detection means to check whether states of the plurality
of memory cells set upon the write operation are stor-
age states of desired data, and the data circuit content
simultaneous updating means for simultaneously
updating the contents of the data circuits such that a
rewrite operation 1s performed to only a memory cell,
in which data 1s not suiliciently written, on the basis of
the contents of the data circuits and the states of the
memory cells after a write operation, wherein the data
circuit content simultaneous updating means corrects a
bit line potential at which the storage states of the
memory cells set upon the write operation are output 1n
accordance with the contents of the data circuits to
sense/store the bit line potential as rewrite data, holds
the data storage states of the data circuits until the bat
line potential 1s corrected, operates the data circuits as
sense amplifiers while the corrected bit line potential 1s
held, and simultaneously updates the contents of the
data circuits, and a write operation and a data circuit
content simultaneous updating operation based on the
contents of the data circuits are repeatedly performed
until the memory cells are set 1n predetermined written
states, thereby electrically performing a write opera-
tion.
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(3) The data circuits control write operation states of the

memory cells 1n accordance with data stored 1n the data
circuits 1n a write operation to perform control such that
the states of the memory cells are changed 1nto prede-
termined written states or the states of the memory cells
are held 1n states set prior to the write operation, and the
data circuit content simultaneous updating means
changes data of the data circuits into data for holding
the states of the memory cells 1n states set prior to the
write operation when a memory cell corresponding to a
data circuit 1n which data for controlling the memory
cells to change the memory cells to have predetermined
written states 1s stored reaches a predetermined written
state, sets data for controlling the memory cells to
change the memory cells to have predetermined written
states 1n the data circuits when the memory cell corre-
sponding to the data circuit in which data for control-
ling the memory cells to change the memory cells to
have predetermined written states 1s stored does not
reach the predetermined written state, and sets data for
controlling the states of the memory cells to hold the
states of the memory cells 1n the states set prior to the
write operation 1n the data circuits, when data for con-
trolling the states of the memory cells to hold the states
of the memory cells 1n the states set prior to the write
operation 1s stored 1n the data circuits.

(4) The nonvolatile semiconductor memory device com-

prises a bit line potential setting circuit for, of bit line
potentials at which states of the memory cells set upon
the write operation are output by the threshold voltage
detection means, when only a bit line potential corre-
sponding to the data circuits whose contents are data
for controlling the states of the memory cells to hold the
states of the memory cells 1n the states set prior to the
write operation 1s sensed by the data circuits, setting a
correction bit line potential at which data for control-
ling the states of the memory cells to hold the states of
the memory cells in the states set prior to the write
operation 1s obtained, and wherein, to perform the data
circuit content simultaneous updating operation, a bit
line potential at which the states of the memory cells set
upon the write operation are output with the threshold
voltage detection means 1s corrected by the bit line
potential setting circuit 1n accordance with the contents
of the data circuaits.

(5) For the nonvolatile semiconductor memory device 1n

which one of the memory cells has at least three storage
data “1” (1=0, 1, . . . , n-1) to perform a multivalue
storing operation, a storage state corresponding to data
“0” being an erased state, each of the data circuits 1s
constituted by a first data storage unit for storing infor-
mation indicating whether a state of a memory cell 1s
held 1n a state set prior to a write operation and a second
data storage unit for, when the information of the first
data storage unit 1s not information for controlling the
state of the memory cell such that the state of the
memory cell 1s held 1n a state set prior to the write
operation, storing information indicating a written state
“1” (1=1, 2, . . ., n-1) to be stored 1n the memory cell,
and the first data storage unit having a function of
sensing/storing bit line potentials which are corrected
by the bit line potential setting circuits 1n accordance
with the contents of the data circuits to perform the data
circuit content updating operation and at which the
storage states of the memory cells set upon the write
operation are output with the threshold voltage detec-
tion means.
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(6) The first data storage unit has a function of comparing
a reference voltage with a bit line voltage to sense a bit
line potential and a function of sensing/storing a bit line
potential which 1s corrected by the bit line potential
setting circuit 1n accordance with the contents of the
data circuits using a reference voltage corresponding to
the contents of the data circuits and at which states of
the memory cells set upon the write operation are out-
put by the threshold voltage detection means.

(7) The nonvolatile semiconductor memory device com-
prises a write prevention bit line voltage output circuit
for outputting a write prevention bit line voltage to a bit
line 1n a write operation when the information of the
first data storage unit 1s information for controlling the
states of the memory cells to hold the states of the
memory cells 1n states before the write operation, and
an 1th write bit line voltage output circuit for outputting,
a bit line voltage 1n an 1th write operation in accordance
with information of the second data storage unit indi-
cating data “1” (1=1, 2, . . . , n—1) to be stored in the
memory cell when the information of the first data stor-
age unit 1s not information for controlling the states of
the memory cells to hold the states of the memory cells

in states set prior to the write operation.

(8) The nonvolatile semiconductor memory device com-
prises data inverting means for inverting data of the first
data storage unit for activating the bit line potential
setting circuit before the activation of bit line potential
setting circuit, when the data of the first data storage
unit for activating the bit line potential setting circuit
has been 1nverted to the data of the first data storage
unit for activating the write prevention bit line voltage
output circuit.

In the third aspect of the present invention, after a multi-
value data write operation 1s performed, it 1s simultaneously
detected whether the written states of the memory cells
reach their multivalue level states, respectively. When there
1s a memory cell which does not reach its desired multivalue
level, a bit line voltage 1n a write operation 1s output 1n
accordance with a desired written state such that a rewrite

operation 1s performed only to this memory cell. The write
operation and a verily read operation are repeated, and a data

write operation 1s ended when 1t 1s confirmed that all the
memory cells reach their desired written states, respectively.

As described above, according to the present invention, a
time for performing one write cycle 1s shortened, and a write
operation 1s repeated many times within a short time while
the degree of progress of a written state 1s checked, so that
the range of the threshold voltage distribution of a memory
cell in which a data write operation 1s finally ended can be
narrowed at a high speed.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcorporated 1n
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion ol the preferred embodiments given below, serve to
explain the principles of the mnvention.

FIG. 1 1s a block diagram showing the schematic arrange-
ment of an EEPROM according to the first and second
embodiments of the present invention;
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FIG. 2 1s a circuit diagram showing the detailed arrange-
ment of a memory cell array 1n the first embodiment;

FIG. 3 1s a circuit diagram showing the detailed arrange-
ment of a bit line control circuit 1n the first embodiment;

FIG. 4 1s a timing chart showing a read operation in the
first embodiment;

FIG. 5 1s a timing chart showing a write operation in the
first embodiment;

FIG. 6 1s a timing chart showing a verily read operation in
the first embodiment;

FIGS. 7A and 7B are timing charts showing data input/
output operations in the first and second embodiments;

FIG. 8 1s a view showing the concept of a page serving as
a write/read unit 1n the first and second embodiments:

FIGS. 9A and 9B are flow charts showing a data write
algorithm and an additional data write algorithm 1n the first
and second embodiments, respectively;

FIG. 10 1s a graph showing the write characteristics of the
memory cell 1in the first embodiment;

FIG. 11 1s a circuit diagram showing the arrangements of
a memory cell array and a bit line control circuit in the
second embodiment;

FIG. 12 1s a timing chart showing a read operation 1n the
second embodiment;

FIG. 13 1s a timing chart showing a write operation in the
second embodiment;

FIG. 14 1s a timing chart showing a verity read operation
in the second embodiment;

FIG. 15 15 a graph showing the write characteristics of the
memory cell 1 the second embodiment;

FIG. 16 1s a circuit diagram showing a modification of the
bit line control circuit 1n the first embodiment;

FI1G. 17 1s a circuit diagram showing a modification of the
bit line control circuit 1n the second embodiment;

FIG. 18 1s a view showing a unit for an additional data
write operation 1n the first and second embodiments;

FIGS. 19A and 19B are circuit diagrams showing the
detailed arrangement of an 1inverter portion shown in FIG. 3;

FIG. 20 1s a circuit diagram showing the arrangement of a
NAND cell array according to the third embodiment of the
present invention;

FIGS. 21A and 21B are a circuit diagram and a chart,
respectively, showing the read operation of the NAND cell in
the third embodiment;

FIG. 22 1s a graph showing the relationship between a bit
line output voltage in a read operation and the threshold
voltage of a memory cell 1n the third embodiment;

FI1G. 23 1s a graph showing the relationship between a bit
line output voltage in a read operation and a write time 1n the
third embodiment;

FIG. 24 1s a graph showing the relationship between data
and a bit line output voltage in a read operation when a
binary storing operation 1s performed to one memory cell in
the third embodiment;

FI1G. 25 15 a graph showing the relationship between data
and a bit line output voltage in a read operation when a
ternary storing operation 1s performed to one memory cell in
the third embodiment;

FIG. 26 1s a circuit diagram showing the arrangement of a
NOR cell array according to the fourth embodiment of the
present invention;

FIGS. 27A and 27B are a circuit diagram and a chart,
respectively, showing the read operation of a NOR cell 1n the
fourth embodiment;
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FIG. 28 1s a graph showing the relationship between a bit
line output voltage in a read operation and the threshold
voltage of a memory cell in the fourth embodiment;

FIG. 29 1s a graph showing the relationship between the
bit line output voltage 1n a read operation and a write time 1n
the fourth embodiment;

FIG. 30 1s a graph showing the relationship between data
and a bit line output voltage in a read operation when a
binary storing operation 1s performed to one memory cell in
the fourth embodiment;

FIG. 31 1s a graph showing the relationship between data
and a bit line output voltage in a read operation when a
ternary storing operation 1s performed to one memory cell in
the fourth embodiment;

FIG. 32 15 a block diagram showing the arrangement of an
EEPROM according to the third and fourth embodiments;

FIG. 33 15 a circuit diagram showing the arrangements of
a memory cell array and a bit line control circuit 1n the third
embodiment;

FIG. 34 1s a timing chart showing a read operation 1n the
third embodiment;

FIG. 35 1s a timing chart showing a write operation in the
third embodiment;

FIG. 36 1s a timing chart showing a verify read operation
in the third embodiment;

FIG. 37 1s a circuit diagram showing the arrangements of
a memory cell array and a bit line control circuit in the fourth
embodiment;

FIG. 38 1s a timing chart showing a read operation 1n the
fourth embodiment;

FIG. 39 1s a timing chart showing a write operation in the
fourth embodiment;

FIG. 40 1s a timing chart showing a verify read operation
in the fourth embodiment; and

FIG. 41 1s a circuit diagram showing the arrangement of a
column decoder in the third and fourth embodiments.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present mvention will be described
below with reference to the accompanying drawings.

FIG. 1 1s a block diagram showing the schematic arrange-
ment of a NAND-cell EEPROM according to the first
embodiment of the present invention.

A bit line control circuit 2 for controlling a bit line 1n a
read/write operation and a word line drive circuit 7 for con-
trolling a word line potential are arranged for a memory cell
array 1. The bit line control circuit 2 and the word line drive
circuit 7 are selected by a column decoder 3 and a row
decoder 8, respectively. The bit line control circuit 2 recerves
and outputs read/write data from/to an input/output data con-
version circuit 5 through a data input/output line (10 line).
The 1put/output data conversion circuit 5 converts readout
multivalue information of a memory cell into binary infor-
mation to externally output the multivalue information, and
converts the binary information of externally iput write
data 1nto the multivalue information of a memory cell. The
input/output data conversion circuit 3 1s connected to a data
input/output buifer 6 for controlling a data input/output
operation with an external circuit. A data write end detection
circuit 4 detects whether a data write operation 1s ended. A
write control signal generation circuit 9 supplies a write con-
trol signal to the bit line control circuit 2 and the word line
drive circuit 7. A write verily control signal generation cir-
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cuit 10 supplies a write verily control signal to the bit line
control circuit 2 and the word line drive circuit 7. A data
update control signal generation circuit 11 supplies a data
update control signal to the bit line control circuit 2.

FIGS. 2 and 3 show the detailed arrangements of the
memory cell array 1 and the bit line control circuit 2.
Memory cells M1 to M8 and selection transistors S1 and S2
constitute a NAND cell. One terminal of the NAND cell 1s
connected to a bit line BL, and the other terminal 1s con-
nected to a common source line Vs. Selection gates SG1 and
SG2 and control gates CG1 to CG8 are shared by a plurality
of NAND cells, and memory cells which share one control
gate constitute a page. Each memory cell stores data at a
threshold voltage Vt thereof. The memory cell stores data
“0” indicating that the threshold voltage Vt s lower than 0V,
stores data “1” indicating that the threshold voltage Vt 1s
greater than O V and lower than 1.5 V, and stores data “2”
indicating that the threshold voltage Vt 1s greater than 1.5V
and lower than a power supply voltage. One memory cell
can have three states, and nine combinations can be obtained
by two memory cells. Of these nine combinations, eight
combinations are used, and data of three bits are stored in the
two memory cells. In this embodiment, data of three bits are
stored 1 a pair of adjacent memory cells which share a
control gate. In addition, the memory cell array 1 1s formed
on a dedicated p-type well.

In the bit line control circuit in FIG. 3, clocked synchro-
nous inverters CI1 and CI2 and clocked synchronous invert-
ers CI3 and CI4 constitute tlip-tlops, respectively, and these
tlip-flops latch write/read data. The flip-flops are also oper-
ated as sense amplifiers. The tlip-flop constituted by the
clocked synchronous inverters CI1 and CI2 latches write
data information indicating whether data “0” or data “1” or
“2” 1s to be written, and latches read data information indi-
cating whether a memory cell stores the information of data
“0” or the information of data “1” or “2”. The flip-tlop con-
stituted by the clocked synchronous mverters CI3 and CI4
latches write data information indicating whether data “1”” or
“2” 1s to be written, and latches read data information indi-
cating whether a memory cell stores the information of data
“2” or the information of data “0” or *“1”.

Of n-channel MOS transistors, an n-channel MOS transis-
tor Qnl transfers a voltage VPR to a bit line when a pre-
charge signal PRE goes to “H” level. When a bit line connec-
tion signal BLC goes to “H” level, an n-channel MOS
transistor Qn2 connects the bit line to a main bit line control
circuit. N-channel MOS transistors Qn3 to Qné and Qn9 to
Qnl2 selectively transfer voltages VBLH, VBLM, and
VBLL to the bit line 1n accordance with the data latched in
the above tlip-tlops. When signals SAC2 and SAC1 go to
“H” level, n-channel MOS transistors Qn7 and (Qn8 respec-
tively connect the flip-tlops to the bit line. An n-channel
MOS transistor Qnl3 is arranged to detect whether all the
data of one page latched 1n the flip-flops are 1dentical to each
other. When column selection signals CSL1 and CSL2 go to
“H” level, n-channel MOS transistors Qnl4 and QnlS selec-
tively connect a corresponding one of the flip-flops to data
input/output line IOA or IOB, and n-channel MOS transis-
tors Qnl6 and Qnl7 selectively connect a corresponding one
of the thip-tlops to the data input/output line IOA or

Although an inverter portion 1s roughly shown in FIG. 3 as
shown 1n FIG. 19(a), the inverter portion has the circuit
arrangement shown 1n FIG. 19(b).

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 4 to
6. FIG. 4 shows read operation timings, FIG. 5 shows write

10

15

20

25

30

35

40

45

50

55

60

65

14

operation timings, and FIG. 6 shows verily read operation
timings. Each of the FIGS. 4, 5, and 6 shows a case wherein
the control gate CG4 1s selected.

A read operation 1s executed by two basic cycles. In the
first read cycle, the voltage VPR becomes a power supply
voltage Vcc to precharge the bit line, and the precharge sig-
nal PRE goes to “L” level to cause the bit line to float.
Subsequently, the selection gates SG1 and SG2 and the con-
trol gates CG1 to CG3 and CGS to CG8 are set to be the
power supply voltage Vcc. At the same time, the control gate
CG4 15 set to be 1.5 V. Only when the threshold voltage of a
selected memory cell 1s set to be 1.5V or more, 1.¢., data “2”
1s written 1n this memory cell, the bit line 1s kept at “H™ level.

Thereatter, sense activation signals SEN2 and SEN2B go
to “L” level and “H” level, respectively, and latch activation
signals LAT2 and LAT2B go to “L” level and “H” level,
respectively, thereby resetting the thip-tflop constituted by the
clocked synchronous inverters CI3 and CI4. The signal
SAC2 goes to “H” level to connect the tlip-tflop constituted
by the clocked synchronous inverters CI3 and Cl4 to the bit
line. After the sense activation signals SEN2 and SEN2B go
to “H” level and “L” level, respectively, to sense a bit line
potential, the latch activation signals LAT2 and LAT2B go to
“H” level and “L” level, respectively, and the information of
data “2” or data “1” or *“0” 1s latched in the flip-flop consti-
tuted by the clocked synchronous mverters CI3 and CI4.

In the second read cycle, unlike the first read cycle, the
voltage of the selection control gate CG4 1s not set to be 1.5
V but 1s set to be 0V, and signals SEN1, SEN1B, LAT1,
LAT1B, and SAC1 are output in place of the signals SEN2,
SEN2B, LAT2, LAT2B, and SAC2. Therefore, 1n the second
read cycle, the information of data “0” or data “1” or “2” 1s
latched 1n the flip-flop constituted by the clocked synchro-
nous mnverters CI1 and CI2.

Data written 1n the memory cells are read out by the two
read cycles described above.

The data of the memory cells are erased prior to a data
write operation, and the threshold voltage Vt of each of the
memory cells 1s set to be less than 0 V. The p-type well, the
common source line Vs and, the selection gates SG1 and

S(G2 are set to be 20V, and the control gates CG1 to CG8 are
set to be 0V, thereby performing an erase operation.

In the write operation, the precharge signal PRE goes to
“L” level to cause the bit line to float. The selection gates
S(G1 and the control gates CG1 to CG8 are set to be Vece. The
selection gates SG2 1s set to be 0 V during the write opera-
tion. At the same time, signals VRFY1, VRFY2, FIM, and
FIH are set to be Vcc. In a “0”-data write operation, since the
tlip-tflop constituted by the clocked synchronous inverters
CI1 and CI2 latches data such that an output from the
clocked synchronous inverter CI1 1s set at “H” level, the bit
line 1s charged by the voltage Vcc. In the “17- or “2”-data
write operation, the bit line 1s set to be 0 V.

Subsequently, the selection gate SG1, the control gates
CG1 to CGS, the signals BLC and VRFY1, and a voltage

VSA are set to be 10V, the voltage VBLH 1s set to be 8 V,
and the voltage VBLM 1s set to be 1 V. In the “1”-data write
operation, since the tlip-tlop constituted by the clocked syn-
chronous inverters CI3 and CI4 latches data such that an
output from the clocked synchronous inverter CI3 goes to
“H” level, a voltage of 1V 1s applied to the bit line BL. In a
“27”-data write operation, the bit line 1s set to be O V. In a

“0”-data write operation, the bit line 1s set to be 8 V.
Thereatter, the selected control gate CG4 15 set to be 20V,

In a “17- or *“2”-data write operation, electrons are
injected into the charge accumulation layers of the memory
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cells by the potential difference between the bit line BL and
the control gate CG4. In the “17-data write operation,
amounts ol charges to be 1njected 1nto the charge accumula-
tion layers of the memory cells must be smaller than those in
the “2”-data write operation. For this reason, the bit line BL
1s set to be 1 V to relax the potential difference between the
bit line BL and the control gate CG4 to 19 V. However, even
when the potential difference 1s not relaxed, the same effect
as described above can be obtained by adjusting a write time.
In a “0”-data write operation, the threshold voltages of the

memory cells are not effectively changed by a bit line volt-
age 01 8 V.

Upon completion of the write operation, the selection gate
S(G1 and the control gates CG1 to CG8 are set to be 0V, and
then the voltage of the bit line BL set to be 8 V 1n the
“0”-data write operation 1s reset to 0 V with a time lag. This
1s because, when the order of the setting operations 1is
reversed a “27- or “1”-data-written state 1s temporarily set,
and erroneous data 1s written 1n the “0”-data write operation.

[l

After the write operation, a verily read operation 1s per-
formed to check the written state of the memory cell and
perform an additional write operation to only a memory cell
in which data 1s not sufficiently written. During the verity

read operation, the voltages VBLH, VBLL, and FIM are set
to be Vcc, 0V, and 0V, respectively.

The verily read operation 1s executed by two basic cycles.
Each of the basic cycles 1s almost 1dentical to the second
read cycle except that the voltage of the selected control gate
CG4 and signals VRFY1, VRFY2, and FIH are output (only
the signal VREFY1 1s output 1n the first verily read cycle).
The signals VREFY1, VRFY2, and FIH are output before the
signals SEN1, SEN1B, LAT1, and LAT1B go to “L” level,

“H” level, “L” level and “H” level, respectively, after the
selection gates SG1 and SG2 and the control gates CG1 to
CG8 are reset to 0 V. In other words, the signals VRFY1,
VRFY2, and FIH are output before the tlip-tlop constituted
by the clocked synchronous inverters CI1 and CI2 1s reset
aiter the potential of the bit line 1s determined by the thresh-
old voltages of the memory cells. The potential of the
selected control gate CG4 1s setto be 2V (first cycle) and 0.5
V (second cycle) 1n the verily read operation which are
higher than 1.5V (first cycle) and 0 V (second cycle) 1n the
read operation to assure a threshold voltage margin of 0.5V,

In this case, data (data 1) latched in the tlip-tflop consti-
tuted by the clocked synchronous inverters CI1 and CI2, data
(data 2) latched in the thip-flop constituted by the clocked
synchronous inverters CI3 and Cl4, and the voltage of the bit
line BL determined by the threshold voltage of a selected
memory cell will be described below. The data 1 controls a
“0”-data write operation or a “1”- or “2”-data write opera-
tion. The n-channel MOS transistor Qn3 1s set 1n an “ON”
state when the “0’-data write operation 1s performed, and the
n-channel MOS transistor Qné 1s set 1n an “ON” state when
“17- or “2”-data write operation 1s performed. The data 2
controls a “1”’-data write operation or a *“2”’-data write opera-
tion. The n-channel MOS transistor Qnl0 1s set 1n an “ON”
state when the *“17’-data write operation is performed, and the
n-channel MOS transistor Qnl1 1s set in an “ON” state when
the “2”-data write operation 1s performed.

In the first verily read cycle in the “0”-data write opera-
tion (initial write data 1s data “0’"), the data of the memory
cell 1s data “0”. For this reason, when the control gate CG4 1s

set to be 2 'V, the memory cell causes a bit line potential to go
to “L”" level. Therefore, when signal VRFY1 goes to “H”
level, the potential of the bit line BL goes to “H” level.

In the first verity read cycle in the “1”-data write opera-
tion (1nitial write data 1s data “1”), since the data of the
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memory cell 1s to be “17, the threshold voltage of the
memory cell 1s less than 1.5 V. When the control gate CG4 1s
set to be 2 'V, the memory cell causes the bit line potential to
g0 to “L” level. In this case, even when the mitial write data
1s data “1”, when data “1” 1s suificiently written in the
selected memory cell by the previously performed verily
read cycles, the data 1 1s set to be data “0”. In this case, when
the signal VREFY1 goes to “H” level later, the potential of the
bit line BL goes to “H” level ((1) 1n FIG. 6). In cases except

for the above case, the potential of the bit line BL goes to
“L” level ((2) 1n FIG. 6).

In the first verity read cycle 1n the “2”-data write opera-
tion (1nmitial write data 1s data “2”’), when the data of the
selected memory cell 1s not data (data “2” 1s not suificiency
written), and the control gate CG4 1s set to be 2 V, the
memory cell causes the bit line potential to go to “L” level
((5) 1in FIG. 6). When data “2” 1s suificiently written 1n the
selected memory cell, even when the control gate CG4 1s set
to be 2 'V, the bit line potential 1s kept at “H” level ((3) and
(4) 1n FIG. 6). (3) 1n FIG. 6 indicates a case wherein data “2”
1s sulliciently written in the memory cell in advance, and the
data 1 1s converted into data for controlling the “0”-data
write operation by the previously performed verily read
cycles. In this case, when the signal VRFY1 goes to “H”
level, the bit line BL 1s charged by the voltage VBLH again.

In the second verily read cycle in the “0”-data write
operation (1mitial write data 1s data “0), the data of the
memory cell 1s data “0”. For this reason, when the control
gate CG4 1s set to be 0.5 V, the memory cell causes the bit
line potential to go to “L”. Thereafter, when the signal
VRFEY1 goes to “H” level, the potential of the bit line BL
goes to “H” level.

In the second verily read cycle in the “1”-data write
operation (1mitial write data 1s data “17), the data of the
selected memory cell 1s not data “1” (data “1”” 1s not suili-
ciently written), and the control gate CG4 1s set to be 0.5V,
the memory cell causes the bit line potential to go to “L”
level ((8) in FIG. 6). When data “1” 1s sufficiently written 1n
the selected memory cell, even when the control gate CG4 1s
set to be 0.5V, the bit line potential 1s kept at “H” level ((6)
and (7) in FIG. 6). (6) in FIG. 6 indicates a case wherein data
“1” 1s suiliciently written in the memory cell in advance by
previous verily read cycles, and the data 1 1s converted into
data for controlling the “0”-data write operation. In this case,
when the signal VRFY1 goes to “H” level, the bit line BL 1s

charged by the voltage VBLH again.

In the second verily read cycle 1n the data “2” read opera-
tion (1nitial write data 1s data “2”°), the data of the memory
cell 1s to be data “2”. For this reason, assuming that the
threshold voltage of the memory cell 1s 0.5V or more, even
when data “2” 1s suiliciently written or 1s not suiliciently
written 1n the memory cell, and the control gate CG4 1s set to
be 0.5 V, the bit line potential 1s kept at “H” level ((9) and
(10) in FIG. 6). When data “2” 1s not sufliciently written 1n
the memory cell, and the threshold voltage of the memory
cell 1s 0.5V or less, the bit line potential goes to “L” level

(11) in FIG. 6).

Thereatter, when the signals VRFY1, VRFY2, and FIH go
to “H” level, data “2” 1s suiliciently written, and the data 1 1s
converted into data for controlling a “0”-data write
operation, the potential of the bit line BL goes to “H” level

((9) 1n FIG. 6). In other cases except for the above case, the
potential of the bit line BL goes to “L”" level ((10) and (11) in

FIG. 6).
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With the above verily read operation, rewrite data are set
as shown 1n the following table (Table 1) on the basis of the
write data and the written states of the memory cells.

TABLE 1
Write Data 0 0 0 1 1 2 2 2
Cell Data 0 1 2 0 1 0 1 2
Rewrite Data 0 0 0 1 0 2 2 0

As 1s apparent from Table 1, data *“1” 1s rewritten 1n only a
memory cell in which data 17 1s not sufficiently written, and
data “2” 1s rewritten 1n only a memory cell in which “2” 1s
not suificiently written. In addition, when data are sufli-
ciently written 1n all the memory cells, the n-channel MOS
transistors (Qnl3 of all the columns are set 1n an “OFF” state,
and data write operation end information i1s output by a sig-

nal PENDB.

FIGS. 7A and 7B show data mput/output operation tim-
ings. FI1G. 7A shows a data input timing, and FIG. 7B shows
a data output timing. After three external data mput cycles
are performed, data to be input to the bit line control circuit 2
1s generated and output from the input/output data conver-
sion circuit 5. External data (X,,X,,X;) of three bits are
converted 1nto data (Y,,Y,) for two memory cells. In the bit
line control circuit 2, the converted data are set in a register
R1 constituted by the clocked synchronous inverters CI1 and
CI2 and a register R2 constituted by the clocked synchro-
nous inverters CI3 and CI4. This setting 1s performed
through the data mput/output lines IOA and I0B. Readout
data latched in the registers R1 and R2 are transferred to the
input/output data conversion circuit S through the data mput/
output lines IOA and IOB, converted, and then output. Col-
umn selection signals CSL11 and CSL21 are set to be the
same signal, and the data mnput/output lines IOA and IOB are
divided 1nto two systems such that two registers of the same
column can be easily accessed at once. Therefore, an access
time can be effectively shortened.

The following table (Table 2) shows the relationships
between external data (X,,X,,X;) of three bits, two data (Y,
Y ,) of the memory cells, and the data of the registers R1 and
R2 respectively corresponding to the dataY,; and Y, in a data
input operation.

TABLE 2
IOA Line Data
Input Cell Cell Y, Cell Y2
Data Data Register Register Register Register
X X X3 Y R1 R2 R1 R2
0 0 0 0 0 H — H —
0 0 1 0 2 H — L L
0 1 0 0 1 H — L H
0 1 1 1 2 L H L L
] 0 0 1 0 L H H —
0 1 1 1 L H L H
1 0 2 0 L L H —
1 1 2 1 L L L H
Pointer 2 2 L L L L
write
instruction

Each register data 1s expressed by the voltage level of the
input/output line IOA 1n a data transfer operation. Since the
data input/output line I0B 1s obtained by inverting the data
input/output line IOA, the data input/output line 10B 1s not
illustrated. The following table (Table 3) shows the relation-
ships of Table 2 1n a data output operation.
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TABLE 3
IOA Line Data
Cell Y, Cell Y2 Cell Output
Register Register Register Register Data Data
R1 R2 R1 R2 Y, Y, X; X5 X;j
L L L L 0 0 0 0 0
L L H H 0 2 0 0 1
L L H L 0 1 0 1 0
H L H H 1 2 0 1 1
H L L L 1 0 ] 0 0
H L H L 1 1 0 1
H H L L 2 0 1 0
H H H L 2 1 1 1
H H H H 2 2 Pointer
flag
output

In this embodiment, the level of the data input/output line
IOA 1n an input operation and the level of the data mput/
output line IOA 1n an output operation are mmverted with
respect to the same data.

Of nine combinations of the two data (Y,,Y,) of the
memory cells, one combination 1s an extra combination. For
this reason, this extra combination can be used as file man-
agement information such as pointer information. In this
case, the pointer information corresponds to cell data (Y,
Y,)=(2,2).

FIG. 8 shows the concept of a page serving as a data write
unit when viewed from a microprocessor or the like for con-
trolling an EEPROM. In this case, one page 1s defined by N
bytes, and addresses (logical addresses) when viewed from a
microprocessor or the like are represented. For example,
when write data i1s input into only an area 1 (logical
addresses 0 to n), and n=3m+2 (m=0, 1, 2, . . . ) 1s satisfied,
data (X,,X,,X;) are always completed. For this reason, no
problem 1s posed. Since only data X, 1s input when n=3m,
data X,=0 and X ;=0 are generated inside the EEPROM, so
that data (X,,X,.X;) are mput to the input/output data con-
version circuit 5. When n=3m+1, data X;=0 1s generated
inside the EEPROM. When the address n 1s equal to the
address N, the same effect as described above can be
obtained.

After a data write operation 1s performed in the area 1 (all
write data in an area 2 are “0”), when a data write operation
1s additionally performed in an area 2, the data in the area 1
are read out, and the write data in the area 2 1s added to the
readout data and input them. Alternatively, the data in the
area 1 are read out. When the start address of the area 2 1s
n+1=3m, all the data i1n the area 1 may be set to be data “0”;
when the start address 1s n+1=3m+2, data at addresses n-1
and n may be added as data X, and X, to data X, at address
n+1, and all data at addresses up to address n—2 1n the area 1
may be set to be data “0”; and when the start address 1s
n+1=3m+1, data at address n may be added as data X, to
data X, and X, at addresses n+1 and n+2, and all data at
addresses up to address n—1 may be set to be data “0”. These
operations can be easily, automatically performed inside the
EEPROM. The combinations between the data (X,,X,.X;)
and data (Y,,Y,) are formed as shown 1n Tables 2 and 3 such
that the additional data write operation can be performed.
The relationships between the data (X,,X,,X;) and the data
(Y,,Y,) shown in Tables 2 and 3 are only examples, and the
relationships between the data (X,,X,,X;) and the data (Y,
Y ,) are not limited to the relationships shown 1n Tables 2 and
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3. In addition, even when the number of areas i1s three or
more, additional data can be written 1n the same manner as
described above.

FIG. 9A shows a data write algorithm. After a data load-
ing operation 1s performed, a write operation, a verily read
operation, and a write end detecting operation are repeatedly
performed. The operations enclosed by a dotted line are
automatically performed 1n the EEPROM.

FIG. 9B shows an additional data write algorithm. After a
read operation and a data loading operation are performed, a
verily read operation, a write end detecting operation, and a
write operation are repeatedly performed. The operations
enclosed by a dotted line are automatically performed 1n the
EEPROM. The verily read operation 1s performed after the
data loading operation 1s performed because data 1s pre-
vented from being written in a memory cell in which data
“1” or “2” 1s written 1n advance. If the verity read operation
1s not performed after the data loading operation 1s
performed, an excessive write operation may be performed.

FIG. 10 shows write characteristics with respect to the
threshold voltage of a memory cell in the EEPROM
described above. A write operation 1n a memory cell 1n
which data “1” 1s to be written and a write operation in a
memory cell in which data “2” 1s to be written are performed
at once, and write periods of time are independently set for
these memory cells.

The following table (Table 4) shows the potentials at sev-
eral positions of the memory cell array 1n an erase operation,
a write operation, and a verily read operation.
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have three states, and nine combinations can be obtained by
two memory cells. Of these nine combinations, eight combi-
nations are used, and data of three bits are stored 1n the two
memory cells. In this embodiment, data of three bits are
stored 1n a pair of adjacent memory cells which share a
control gate.

A tlip-flop 1s constituted by clocked synchronous inverters
CIS and CI6, and a flip-flop 1s constituted by clocked syn-
chronous 1verters CI7 and CI8. These tlip-flops latch write/
read data. The tlip-tlops are also operated as sense amplifi-
ers. The flip-flop constituted by the clocked synchronous
inverters CIS and CI6 latches write data information indicat-
ing whether data “0” or data “1”” or *2” 1s to be written, and
latches read data information indicating whether a memory
cell stores the information of data “0” or the information of
data “1” or “2”. The fthp-flop constituted by the clocked
synchronous mverters CI7 and CI8 latches write data infor-
mation indicating whether data “1” or “2” 1s to be written,
and latches read data imformation indicating whether a
memory cell stores the information of data “2” or the infor-
mation of data “0” or “1”.

Of n-channel MOS transistors, an n-channel MOS transis-
tor Qnl8 transiers a voltage VPR to a bit line when a pre-
charge signal PRE goes to “H” level. When a bit line connec-
tion signal BLC goes to “H” level, an n-channel MOS
transistor Qnl9 connects the bit line to a main bit line con-
trol circuit. N-channel MOS transistors Qn20 to Qn23 and
Qn23 to Qn28 selectively transier voltages VBLH, VBLM,
and a voltage of 0 V to the bit line 1n accordance with the
data latched 1n the above flip-flops, when signals SAC2 and

Verity
Read Operation

TABLE 4
Write
Erase Operation Read Operation
Operation  “0”  “1” =27 First Cycle Second Cycle

BL 20V 8V 1V 0V “H”onlywhen “L” only when

data “2”° 1s read data “0” 1s read
SG1 20V 10V 5V
CGl 1A% 10V 5V
CG2 IAY 10V 5V
CG3 1A% 10V 5V
CG4 Y% 20V 1.5V Y%
CG5 1A% 10V 5V
CG6 Y% 10V 5V
CG7 1A% 10V 5V
CG8 Y 10V 5V
SG2 20V OV 5V
Vs 20V OV Y%
P 20V OV Y%
well

FIG. 11 shows the detailed arrangements of a memory cell
array 1 and a bit line control circuit 2 in a NOR-cell
EEPROM according to the second embodiment of the
present 1nvention. A NOR cell 1s constituted by only a
memory cell M10. One terminal of the NOR cell 1s con-
nected to a bit line BL., and the other terminal 1s connected to
a common ground line. Memory cells M which share one
control gate WL constitute a page. Each of the memory cells
M stores data at a threshold voltage Vt thereof. The memory
cell stores data “0”” indicating that the threshold voltage Vt is
not less than Vcc, stores data “1” indicating that the thresh-
old voltage Vt 1s lower than Vcc and not less than 2.5V, and
stores data “2” indicating that the threshold voltage Vt 1s
lower than 2.5 V and not less than 0 V. One memory cell can

First

Cycle

Second

Cycle

See FIG. 6
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65

SV
5V
SV
5V
0.5V
5V
5V
5V
5V
5V
0OV
0OV

SAC1 go to “H” level, n-channel MOS transistors Qn24 and

Qn29 respectively connect the flip-tlops to the bit line. An
n-channel MOS transistor Qn30 1s arranged to detect

whether all the data of one page latched 1n the flip-flops are
identical to each other. When column selection signals CSL1
and CSL2 go to “H” level, n-channel MOS transistors Qn31
and Qn32 selectively connect a corresponding one of the
flip-flops to a data input/output line IOA or I0B, and
n-channel MOS transistors Qn33 and (Qn34 selectively con-
nect a corresponding one of the flip-tlops to the data input/

output line IOA or I0B.

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 12 to
14. FIG. 12 shows read operation timings, FIG. 13 shows
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write operation timings, and FIG. 14 shows verily read
operation timings.

A read operation 1s executed by two basic cycles. In the
first read cycle, the voltage VPR becomes a power supply
voltage Vcc to precharge a bit line, and the precharge signal
PRE goes to “L” level to cause the bit line to float.
Subsequently, the control gate WL 1s set to be 2.5 V. Only
when the threshold voltage Vt of a selected memory cell 1s

set to be 2.5V or less, 1.¢., data “2” 1s written 1n this memory
cell, the bit line goes to “L” level.

Thereafter, sense activation signals SEN2 and SEN2B go
to “L” level and “H” level, respectively, and latch activation
signals LAT2 and LAT2B go to “L” level and “H” level,
respectively, thereby resetting the tlip-tflop constituted by the
clocked synchronous mverters CI7 and CI8. The signal
SAC2 goes to “H” level to connect the flip-flop constituted
by the clocked synchronous mverters CI7 and CI8 to the bit
line. After the sense activation signals SEN2 and SEN2B go
to “H” level and “L” level, respectively, to sense a bit line
potential, the latch activation signals LAT2 and LAT2B go to
“H” level and “L” level, respectively, and the information of
data “2” or “1” or data “0” 1s latched in the flip-flop consti-
tuted by the clocked synchronous mverters CI7 and CI8.

In the second read cycle, unlike the first read cycle, the
voltage of the selection control gate WL 1s not settobe 2.5V
but 1s set to be Vcc, and signals SEN1, SEN1B, LATI,
LLAT1B, and SAC1 are output in place of the signals SEN2,
SEN2B, LAT2, LAT2B, and SAC2. Therefore, 1in the second
read cycle, the information of data “0” or data “1” or “2” 1s
latched 1n the thip-tlop constituted by the clocked synchro-
nous inverters CIS and CI6.

Data written 1n the memory cells are read out by the two
read cycles described above.

The data of the memory cells are erased prior to a data
write operation, and the threshold voltage Vt of each of the
memory cells 1s set to be Vce or more. The control gate WL
1s set to be 20 V, and the bit line 1s set to be 0 V, thereby
performing an erase operation.

In the write operation, the precharge signal PRE goes to
“L” level to cause the bit line to tloat. Signals VRFY1,
VREY?2, FIM, and FIL are set to be Vcc. In a “0’-data write
operation, since the flip-tlop constituted by the clocked syn-
chronous inverters CIS and CI6 latches data such that an
output from the clocked synchronous mverter CIS goes to
“H” level, the bit line 1s set to be O V. In the “1”’- or “2”’-data

write operation, the bit line 1s set to be Vcc.

Subsequently, the signals BLC, VRFY2, FIM, and FIL
and a voltage VSA are set to be 10V, the voltage VBLH 15 set
to be 8 V, and the voltage VBLM 1s set to be 7 V. In the
“17-data write operation, since the flip-tlop constituted by
the clocked synchronous inverters CI7 and CI8 latches data
such that an output from the clocked synchronous inverter
CI7 goes to “H” level, a voltage of 7 V 1s applied to the bit
line BL. In a “2”-data write operation, the bit line 1s set to be
8 V. In a “0”-data write operation, the bit line 1s set to be 0 V.
Thereatter, the selected control gate WL 1s set to be =12 V.

In a “17- or “2”-data write operation, electrons are dis-
charged from the charge accumulation layers of the memory
cells by the potential difference between the bit line BL and
the control gate WL, and the threshold voltages of the
memory cells decrease. In the “1”-data write operation, a
total amount of charge to be removed from the charge accu-
mulation layers of the memory cells must be smaller than
that in the “2”-data write operation. For this reason, the bit
line BL 1s set to be 7 V to relax the potential difference
between the bit line BL and the control gate WL to 19V. In a
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“0”-data write operation, the threshold voltages of the
memory cells are not effectively changed by a bit line volt-
age o1 0V,

After the write operation, a verily read operation 1s per-
formed to check the written states of the memory cells and
perform an additional write operation to only a memory cell
in which data 1s not suificiently written. During the verity
read operation, the voltages VBLH and FIM are set to be Vcc
and 0V, respectively. The verily read operation 1s executed
through two basic cycles. Each of the basic cycles 1s almost
identical to the second read cycle except that the voltage of
the selected control gate WL and signals VRFY1, VRFY2,
and FIL are output (only the signal VRFY1 1s output 1n the
first verily read cycle). The signals VRFY1, VRFY2, and
FIL are output before the signals SEN1, SEN1B, LAT1, and
LAT1B go to “L” level, “H” level, “L” level and “H” level,
respectively, after the control gate WL 1s reset to O V. In other
words, the signals VRFY1, VRFY2, and FIL are output
betfore the flip-flop constituted by the clocked synchronous
inverters CIS and CI6 1s reset after the potential of the bit line
1s determined by the threshold voltages of the memory cells.
The potential of the selected control gate WL 1s settobe 2V
(first cycle) and 4 V (second cycle) which are respectively
lower than 2.5 V (first cycle) and Vcc (second cycle) 1n the
read operation to assure a threshold voltage margin.

In this case, data (data 1) latched in the tlip-tflop consti-
tuted by the clocked synchronous inverters CIS and CI6, data
(data 2) latched in the flip-flop constituted by the clocked
synchronous mverters CI7 and CI8, and the voltage of the bit
line BL determined by the threshold voltage of a selected
memory cell will be described below. The data 1 controls a
“0”-data write operation or a “1”- or “2”-data write opera-
tion. The n-channel MOS transistor Qn20 is set 1n an “ON”
state when the “0”’-data write operation 1s performed, and the
n-channel MOS transistor Qn23 1s set 1n an “ON”” state when
the “17°- or *“2”-data write operation 1s performed. The data 2
controls a “1”-data write operation or “2”-data write opera-
tion. The n-channel MOS transistor Qn26 1s set in an “ON”
state when the “1”-data write operation 1s performed, and the
n-channel MOS transistor Qn27 1s set in an “ON” state when
the “2”-data write operation 1s performed.

In the first verity read cycle 1n the “0”-data write opera-
tion (1nitial write data 1s data “0”’), the data of the memory
cell 1s data “0”. For this reason, when the control gate WL 1s
set to be 2 V, the bit line potential 1s kept at “H” level.
Therefore, when signal VREFY1 goes to “H” level, the poten-
t1al of the bit line BL goes to “L” level.

In the first verity read cycle 1n the “17-data write opera-
tion (1mitial write data 1s data “1”), since the data of the
memory cell 1s to be data “17, the threshold voltage of the
memory cell 1s 2.5 V or more. When the control gate WL 1s
set to be 2 V, the bit line potential 1s kept at “H” level.
Thereaftter, the signal VREFY1 goes to “H” level. In this case,
when data “1” 1s sufliciently written by the previous verily
read cycles 1n advance, and the data 1 1s converted into data

for controlling the “0”-data write operation, the potential of
the bit line BL goes to “L” level ((2) 1n FI1G. 14); otherwise,

“H” level ((1) in FIG. 14).

In the first verily read cycle 1n the “2”-data write opera-
tion (1nitial write data 1s data “2”"), when the data of the
selected memory cell 1s not data “2” (data “2” 1s not suili-
ciency written), even when the control gate WL 1s set to be 2
V, the bit line potential 1s kept at “H” level ((3) in FIG. 14).
When data “2” 1s suiliciently written 1n the selected memory
cell, and the control gate WL 1s set to be 2V, the memory cell
causes the bit line potential to go to “L” level ((4) and (5) 1n
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FIG. 14). (5) 1n FIG. 14 indicates a case wherein data “2” 1s FIG. 15 shows write characteristics with respect to the
suificiently written 1n the memory cell by the previous verily threshold voltages of memory cells in the EEPROM
read cycles 1n advance, and the data 1 i1s converted into data described above. A write operation in a memory cell in

for controlling the “0”-data write operation by the previous
verily read cycle. In this case, when the signal VREFY1 goes 53
to “H” level, the bit line BL 1s grounded.

In the second verily read cycle in the “0”-data write
operation (initial write data 1s data “0”), assume the data of
the memory cells 1s data “0”. For this reason, even when the
control gate WL 1s set to be 4 V, the bit line potential 1s kept 10
at “H” level. Thereafter, when the signal VRFY1 goes to “H”

which data “1” 1s to be written and a write operation 1 a
memory cell in which data “2” 1s to be written are performed
at once, and write periods of time are independently set for
these memory cells.

level, the potential of the bit line BL. goes to “L” level. The following table (Table 5) shows the potentials at BL
In the second verify read cycle in the “1”-data write and WL of the memory cell array 1n an erase operation, a
operation (initial write data 1s data *“17"), 1f the data of the write operation, and a verily read operation.
TABLE 5
Verity
Write Read Operation
Erase Operation Read Operation First Second
Operation  “0”  “17 27 First Cycle Second Cycle Cycle Cycle
BL Y oV 7V 8V “L”onlywhen “H”onlywhen  See FIG. 14
data “2” 1s read data “0” is read
WL 20V -12V 25V 5V 20V 40V
selected memory cell 1s not data “1” (data “1”” 1s not suili- The circuits shown in FIGS. 3 and 11 can be modified

ciently written), even when the control gate WL 1s set to be 4 3¢ 1nto, e.g., the circuits shown in FIGS. 16 and 17, respec-
V, the bit line potential “H” 1s kept at “H” level ((6) 1n FIG. tively. Referring to FIG. 16, the n-channel MOS transistors
14). When data “1” 1s sufficiently written in the selected Qn3 and Qnd are replaced with p-channel MOS transistor
memory cell, when the voltage of the control gate WL Qpl and Qp2, respectively. Referring to FIG. 17, the
becomes 4V, the bit line potential goes to “L” level ((7) and n-channel MOS transistors (Qn22 and (Qn23 and the
(8) in F1G. 14). (8) in FIG. 14 indicates a case wherein data . p-channel MOS transistors Qn25 to Qn28 are replaced with
“1” 1s sulliciently written in the memory cell by the previous p-channel MOS transistors Qp3 to Qp8. With the above
verily read cycles 1n advance, and the data 1 1s converted 1nto arrangement, a voltage which can be transferred through

dt‘iﬁa fOi coptrollli{l/% ?;i‘O”-data ‘fg’[?lopelmtlilon];'m] j[hisgis_eﬂ transistors can be prevented from dropping according to the
when the signa goes to evel, the bit line 15 threshold voltage of the n-channel MOS transistor. In this

grounded. . o . .
In th d verif d le in the “27-d .40 embodiment, since it 1s required only to increase the voltage
n fhe second verily read cycle i the -data wrile VSA to 8V, the breakdown voltage of the transistors consti-

Operation (111}‘[1:-511 write ({?t‘?, 15 dat:.:} 27), the data. of the tuting the above circuit can be decreased. A signal VRFY 1B

nﬁemhorry lfelliils ulj be da;fah 2”. For this rlel,a.soil,,\/a}ssull Ing that in FIG. 16 1s the mnverted signal of the VREFY1 in FIGS. 2

the threshold voltage ol the memory cell 1S or less, even . o :
and 3. Signals VRFY2B, FILB, and FIMB are inverted sig-

when data “2” 1s suificiently written or i1s not suificiently . .
written 1n the memory cell, and the control gate WL 1s set to 45 nals of the signals VREY2, FIL, and FIM 1 FIG. 11, respec-

be 4 V, the bit line potential goes to “I.” level ((10) and (11)  tvely.

in FIG. 14), when data “2” is not sufficiently written in the The additional data write operation 1s described 1n FIG. 8.
memory cell, and the threshold Vo]tage ol the memory cell 1s For example, as shown 1n FIG. 18, 1t 1s one effective method
4 'V or more, the bit line potential goes to “H” level ((9) in that one page 1s divided into areas to easily perform an addi-
FIG. 14). 50 tional data write operation. In this embodiment, one area 1s

Thereatter, when the signals VRFY1, VRFY2, and FIL go constituted by 22 memory cells set every 32 logical
to “H” level, data “2” 1s suiliciently written, and the data 1 1s addresses. In this manner, an additional data write operation
converted into data for controlling a “0”-data write opera- in units of areas can be easily performed. More specifically,
tion. In this case, the potential of the bit line BL goes to “L.” when additional data is to be written in the area 2, the write
level ((11) in FIG. 14); otherwise, “H” level ((9) and (10) in 55 data in all areas except for the area 2 are set to be data “0”,
FIG. 14). and the additional data may be written in the area 2 accord-

With the above verily read operation, rewrite data are set ing to the data write algorithm shown in FIG. 9A. Each area
as shown 1n the following Table 1 on the basis of the write may have a size except for the size of each of the areas
data and the written states of the memory cells, as 1n the first shown 1n FIG. 18.

embodiment. In addition, when data are sufficiently written 60  FIG. 20 shows a memory cell array 1 of a NAND-cell
in all the memory cells, the n-channel MOS transistors Qn3( EEPROM according to the third embodiment of the present

of all columns are set in an “OFF” state, and data write mvention. The memory cell array 1 1s formed on a p-type
operation end information 1s output by a signal PENDB. well ora p-type substrate, and eigh‘[ memory cells M1 to M8

Data input/output operation timings, a data write are connected in series between a selection transistor S1
algorithm, and an additional data write algorithm in the sec- 65 connected to a bit line BL and a selection transistor S2 con-
ond embodiments are the same as those of the first embodi- nected to a common source line Vs, thereby constituting one

ment as shown 1 FIGS. 7 to 9 and Tables 2 and 3. NAND cell. The selection transistors S (S1 and S2) have
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selection gates SG (SG1 and SG2), respectively. The
memory cells have floating gates (charge accumulation
layers) and control gates CG (CG1 to CGS) which are
stacked and formed on each other. The memory cells store
information by using amounts of charges accumulated 1n the
floating gates of the memory cells. The amounts of accumus-
lated charges can be read out as the threshold voltages of the
corresponding memory cells.

In the present invention, such a threshold voltage 1s read
out as shown in FIGS. 21A and 21B. In this case, the
memory cell M2 having the control gate CG2 1s selected. As

shown 1n FIG. 21A, a voltage 1s applied to each portion, and
the bit line BL 1s set 1n a floating state. When the bit line BL
1s reset to 0 V 1n advance, the bit line BL 1s charged by the
common source line Vs through the NAND cell. The selec-
tion gate voltages and control gate voltages are controlled
such that the potential of the charged bit line BL 1s deter-

mined by the threshold voltage of the selected memory cell
M2.

In this embodiment, the selection gates SG1 and SG2, the
control gates CG1 and CG3 to CG8 are set to be 6 V, the
selected control gate CG2 1s set to be 2 V, and the common
source line Vs 1s set to be 6 V. The voltage wavetorms of
these parts are shown 1 FIG. 21B. In this case, a threshold
voltage of 2 V or less can be read out. When the threshold
voltage of each non-selected memory cell 1s controlled to be
2.5V or less, a threshold voltage of —1.5 V or more can be
read out. When the potential of the bit line BL 1s 0 V, a
threshold voltage of 2 V or more can be read out; when the
bit line potential 1s 3.5 V, a threshold voltage of -1.5 V or
less can be read out. When the voltages of the selection gates
SG1 and SG2 and the non-selected control gates CG1 and
CG3 to CG8 are made sufliciently high, a threshold voltage
of up to —4 V can also be read out.

The relationship between the threshold voltage of the
memory cell and a bit line output voltage 1n this case 1s
shown 1n FIG. 22. When calculation 1s performed on the
basis of a threshold voltage obtained when a back bias volt-
age 1s 0V, a solid line 1n FI1G. 22 1s obtained. However, the
bit line voltage becomes equal to the back bias voltage in
practice, and the bit line output voltage decreases as indi-
cated by a chain line 1n FIG. 22. For the sake of descriptive
convenience, a threshold voltage 1s obtained in consideration
of a back bias voltage hereinafter, unless otherwise speci-

fied.

After electrons are discharged from the floating gate of the
memory cell by an erase operation, electrons are imjected
into the floating gate by a write operation performed accord-
ing to write data. FIG. 23 shows the relationship between a
write time and a bit line output voltage in a read operation
when a bit line output voltage 1n the read operation 1s not
limited to the threshold voltage of each non-selected
memory cell. For example, when the voltage of the common
source line 1n the read operation 1s 3 V, the bit line output
voltage does not change unless the threshold voltage
becomes —1 V or more, as a result of electron 1mjection nto
the floating gate. Even when the voltage of the common
source line 1s 6 V, when the threshold voltage of each non-
selected memory cell 1s positive, the bit line output voltage
in the read operation 1s limited.

When one memory cell has two states (data “0” and data
“17), for example, as shown 1n FIG. 24, a state 1n which the
bit line output voltage 1n a read operation becomes 3 to 4 V
(threshold voltage of about -2 V to —1 V) may be set as data
“0” (erased state), and a state 1n which the bit line output
voltage becomes 1 to 2 V (threshold voltage of about O to 1
V) may be set as data 17,
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When one memory cell has three states (data “07, data
“17”, and data “27), for example, as shown 1n FIG. 235, a state
in which the bit line output voltage 1n a read operation
becomes 3.5 to 4.5 V (threshold voltage of about -2.5 V to
—-1.5V) may be set as data “0” (erased state), a state 1n which
the bit line output voltage becomes 1.5 to 2.5 V (threshold
voltage of about —0.5 to 0.5 V) may be set as data *“1”, and a
state 1n which the bit line output voltage becomes 0 to 0.5V
(threshold voltage of about 1.5 to 2.5 V) may be set as data
“27.

FIG. 26 shows a memory cell array 1 of a NOR-cell
EEPROM according to the fourth embodiment of the present
invention. The memory cell array 1 1s formed on a p-type
well or a p-type substrate, and each memory cell M 1s
arranged between a bit line BLL and a common source line
Vs. Each memory cell has a floating gate and a word line WL
which are stacked and formed on each other.

The threshold voltages of the memory cells are read out as
shown 1n FIGS. 27A and 27B. Voltages are applied as shown
in FIG. 27A, and the bit line BL 1s set 1n a floating state.
When the bit line BL 1s reset to O V 1n advance, the bit line
BL 1s charged by the common source line Vs through the
memory cell. The potential of the charged bit line BL 1s

determined by the threshold voltage of selected memory cell
M.

In this embodiment, the word line WL 1s set to be 6 V, and
the common source line Vs 1s set to be 6 V. The voltage
wavelorms of these parts are shown i FIG. 27B. In this
manner, a threshold voltage of O to 6 V can be read out.
When the potential of the bit line BL 1s 0 V, a threshold
voltage of 6 V or more can be read out; when the bit line
potential 1s 6 V, a threshold voltage of 0 V or less can be read
out. The relationship between the threshold voltage of the
memory cell and a bit line output voltage 1n this case 1s
shown 1 FIG. 28. When a calculation 1s performed on the
basis of a threshold voltage at a back bias voltage o1 0V, a
solid line 1n FIG. 28 1s obtained. However, as 1n FIG. 22, the
bit line voltage becomes equal to the back bias voltage in

practice, and the bit line output voltage decreases as indi-
cated by a chain line 1n FIG. 28.

After electrons are injected into the floating gate of the
memory cell by an erase operation, the electrons are dis-
charged from the floating gate by a write operation per-
formed according to write data. FIG. 29 shows the relation-
ship between a write time and a bit line output voltage in a
read operation. For example, 1n the case of the voltage of the
common source line in the read operation 1s 3 V, when the
threshold voltage becomes 3 V or less according to electron
discharge from the floating gate, the bit line output voltage
does not change. Even when the voltage of the common
source line 1s 6 V, the bit line output voltage 1n the read
operation does not change at the threshold voltage of OV or
less.

When one memory cell has two states (data “0” and data
“17), for example, as shown 1n FIG. 30, a state in which the
bit line output voltage in a read operation becomes 1 to 2V
(threshold voltage of about 4 V to 5 V) may be set as data “0”
(erased state), and a state 1n which the bit line output voltage
becomes 3 to 4 V (threshold voltage of about 2 to 3 V) may
be set as data “1”.

When one memory cell has three states (data “0”, data
“17”, and data “2”"), for example, as shown 1n FIG. 31, a state
in which the bit line output voltage 1n a read operation
becomes 0 to 0.5 V (threshold voltage of about 5.5 V or
more) may be set as data “0” (erased state), a state 1n which
the bit line output voltage becomes 1.5 to 2.5 V (threshold
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voltage of about 3.5 to 4.5 V) may be set as data “1”, and a
state 1n which the bit line output voltage becomes 3.5 to 4.5
V (threshold voltage of about 1.5 to 2.5 V) may be set as data
“27.

FI1G. 32 shows the arrangement of a ternary storage type °
EEPROM according to the third and fourth embodiments of
the present invention. For memory cell arrays 1 ((a) and (b)),

a bit line control circuit 2 for controlling a bit line 1n read/
write operations and a word line drive circuit 7 for control-
ling a word line potential are arranged. The bit line control 10
circuit 2 1s selected by a column decoder 3. The bit line
control circuit 2 recerves and outputs read/write data from/to

an put/output data conversion circuit 3 through a data
input/output line (10 line). The input/output data conl0 ver-
sion circuit 5 converts multivalue information of a readout 15
memory cell into binary information to externally output the
multivalue information, and converts the binary information

ol external input write data into the multivalue information

of a memory cell. The mput/output data conversion circuit 3

is connected to a data input/output buffer 6 for controlling a 2¢
data mput/output operation with an external circuit.

FI1G. 33 shows the detailed arrangements of a memory cell
array 1 and a bit line control circuit 2 1n a NAND-cell
EEPROM according to the third embodiment of the present
invention. One terminal of the NAND cell 1s connected to a
bit line BL, and the other terminal 1s connected to a common
source line Vs. Selection gates SG1 and SG2 and control
gates CG1 to CG8 are shared by a plurality of NAND cells,
and memory cells M which share one control gate constitute
a page. Each of the memory cells M stores data at a threshold
voltage Vt thereol. As shown in FIG. 25, the memory cell
stores data “0”, data “1”°, and data “2””. One memory cell has
three states, and nine combinations can be obtained by two
memory cells. Of these nine combinations, eight combina-
tions are used, and data of three bits are stored in the two
memory cells.

25

30

35

In this embodiment, data of three bits are stored in a pair
of adjacent memory cells which share a control gate. In
addition, the memory cell arrays 1 ((a) and (b)) are formed
on dedicated p-type wells, respectively.

N-channel MOS ftransistors (n-ch Trs.) Qn8 to Qnl10 and
p-channel MOS transistors (p-ch Trs.) Qp3 to Qp3 constitute
a flip-flop FF1, and n-ch Trs. Qnll to Qnl3 and p-ch Trs.
Qp6 to Qp8 constitute a flip-tlop FF2. These flip-flops latch 45
write/read data. The flip-flops are also operated as sense
amplifiers. The flip-flop FF1 latches write data information
indicating whether data “0” or data “1” or “2” 1s to be
written, and latches read data information indicating
whether a memory cell stores the information of data “0” or 4
the information of data “1” or “2”. The flip-flop FF2 latches
write data information indicating whether data “1” or *“2” 1s
to be written, and latches read data information indicating
whether a memory cell stores the information of data “2” or
the information of data “0” or “17. 55

An n-ch Tr. Qnl transfers a voltage Va to a bit line BlLa
when a precharge signal ¢pa goes to “H” level. An n-ch Tr.
Qn20 transfers a voltage Vb to a bit line BLb when a pre-
charge signal ¢pb goes to “H” level. N-ch Trs. Qnd to Qn7
and p-ch Trs. Qpl and Qp2 selectively transier voltages 60
VBHa, VBMa, and VBLa to the bit line BLa 1n accordance
with the data latched 1n the flip-flops FF1 and FF2. N-ch Trs.
Qnt4 to Qnl7 and p-ch Trs. Qp9 and Qpl10 selectively trans-
ter voltages VBHb, VBMb, and VBLDb to the bit line BLb 1n
accordance with the data latched in the thip-tflops FF1 and 65
FF2. An n-ch Tr. Qn2 connects the thp-flop FF1 to the bat

line BLa when a signal ¢al goes to “H” level. An n-ch Tr

40
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n3 connects the flip-tlop FF2 to the bit line BLa when a
signal ¢a2 goes to “H”. An n-ch Tr. Qnl19 connects the tlip-
flop FF1 to the bit line BLb when a signal ¢bl goes to “H”

level. An n-ch Tr. Qnl8 connects the flip-flop FF2 to the bit
line BLb when a signal ¢b2 goes to “H” level.

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 34 to
36. FIG. 34 shows read operation timings, FIG. 35 shows
write operation timings, and FIG. 36 shows verily read
operation timings. FIGS. 34 to 36 show timings obtained
when a control gate CG2a 1s selected.

The read operation 1s executed by two basic cycles. In the
first read cycle, the voltage Vb 1s set to be 3 V, and the bit line
BLb serving as a dummy bit line 1s precharged. The pre-
charge signal ¢pa goes to “L” level to cause the bit line BLa
to float, and a common source line Vsa 1s set to be 6 V.
Subsequently, selection gates SGla and SG2a and control
gates CGla and CG3a to CG8a are set to be 6 V. At the same
time, the selected control gate CG2a 1s set to be 2 V. Only
when data “0” 1s written 1n the selected memory cell, the
voltage of the bit line BLa 1s set to be 3 V or more.

Thereatter, tlip-tlop activation signals ¢nl and ¢pl go to
“L” level and “H” level, respectively, to reset the thp-tlop
FF1. The signals ¢al and ¢bl go to “H” level to connect the
tlip-tflop FF1 to the bit lines BLa and BLb. The signals ¢nl
and ¢pl go to “H” level and “L” level, respectively, to sense
a bit line potential, and the tlip-tflop FF1 latches the informa-
tion of data “0” or the information of data *“1”” or *“2”.

In the second read cycle, unlike the first read cycle, the
voltage of the dummy bit line BLb is not 3 V butis 1 V, and
signals ¢a2, ¢b2, ¢n2, and ¢p2 are output 1 place of the
signals ¢al, ¢bl, ¢nl, and ¢pl. Therefore, 1n the second read
cycle, the thp-tlop FF2 latches the information of data “2” or
the information of data “1” or “0”.

With the two read cycles described above, the data written
in the memory cells are read out.

Data 1n the memory cells are erased prior to a data write
operation, and the threshold voltages Vt of the memory cells
are setto be —1.5V or less. The common source line Vsa and
the selection gates SGla and SG2a are set to be 20V, and the
control gates CGla to CG8a are set to be 0V, thereby per-
forming an erase operation.

In the write operation, the precharge signal ¢pa goes to
“L” level to cause the bit line BLa to float. The selection gate
S(Gla 1s set to be Vec, and the control gates CGla to CG8a
are set to be Vcc. The selection gate SG2a 1s set to be 0 V
during the write operation. At the same time, a signal VRFYa
goes to “H” level, and a signal PBa goes to “L” level. In a
“0”-data write operation, since the flip-flop FF1 latches data
such that the potential of a node N1 goes to “L” level, the bit
line BLa 1s charged to Vcc by the voltage VBHa. In a “1”- or
“27”-data write operation, the bit line BLa 1s set to be 0V,

Subsequently, the selection gate SGla and the control
gates C(Gla to CG8a are set to be 10 V, the voltage VBHa
and a voltage vrw are set to be 8 V, and the voltage VBMa 1s
set to be 1 V. In the “17-data write operation, since the tlip-
flop FF2 latches data such that the potential of a node N3
goes to “L” level, a voltage of 1 V 1s applied to the bit line
BLa by the voltage VBMa. The bit line BLa1s setto be OV
in the “2”-data write operation, and bit line BLa 1s set to be 8

V 1 the “0”-data write operation. Thereafter, the selected
control grate CG2a 1s set to be 20 V.

In the “17- or “2”-data write operation, electrons are
injected into the charge accumulation layers of the memory
cells by the potential difference between the bit line BLa and
the control gate CG2a, and the threshold voltages of the
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memory cells mcrease. In a “1”-data write operation, since
amounts ol charges to be 1njected 1nto the charge accumula-
tion layers of the memory cells 1n the “1”-data write opera-
tion must be smaller than those i1n the “2”-data write
operation, the bit line BLa 1s set to be 1 V to relax the
potential difference between the bit line BLa and the control
gate CG2a to 19 V. In the “0”-data write operation, the
threshold voltages of the memory cells do not effectively
change according to the bit line voltage of 8 V.

Upon completion of the write operation, the selection gate
S(Gla and the control gates CGla to CG8a are set to be 0V,
and then the voltage of the bit line BLa set to be 8 V 1n the
“07”-data write operation 1s reset to 0V with a time lag. This
1s because, when the order of the resetting operations 1is
reversed, a “2”-data write operation state 1s temporarily set,

and erroneous data 1s written 1n the “0”-data write operation.

After the write operation, a verily read operation 1s per-
formed to check the written state of the memory cell and
perform an additional write operation to only a memory cell
in which data 1s not suificiently written.

The verity read operation 1s similar to the first read cycle
except that the data of the flip-flop FF1 1s inverted, the volt-
age Vb 1s set to be Vcc, the signal VRFYa and a signal
VRFEYb are output, and at this time, the voltages VBLb and
VBMb are set to be 2.5V and 0.5V, respectively. The volt-
age of the bit line BLb 1s determined by the voltages Vb,
VBLb, and VBMb and the data of the thp-flops FF1 and
FF2. The signals VRFYa and VRFYb are output before the
signals ¢nl and ¢pl go to “L” level and “H” level,
respectively, after the selection gates SG1a and SG2a and the
control gates CGla to CG8a are reset to 0 V. In other words,
the signals VRFYa and VRFYb are output belore the flip-
flop FF1 1s reset after the potential of the bit line BLa 1s
determined by the threshold voltage of the memory cell.

The inverting operation of the data of the flip-tlop FF1
will be described below. The voltage Vb 1s set to be 2.5 V to
precharge the bit line BLb serving as a dummy bit line. In
addition, the precharge signals ¢ppa and ¢pb go to “L” level
to cause the bit lines BLa and BLb to float. Subsequently, the
signal PBa goes to “L” level, and the bit line BLa 1s charged
to 2.5 V or more only when the potential of the node N1 1s
set at “L” level. Thereatfter, the flip-tlop activation signals
¢nl and ¢ppl go to “L” level and “H” level, respectively, to
reset the tlip-tlop FF1. The signals ¢nl and ¢bl go to “H”
level to connect the flip-flop FF1 to the bit lines BLa and
BLb, and the signals ¢nl and ¢pl go to “H” level and “L”
level, respectively, to sense a bit line potential. By this
operation, the data of the tlip-tlop FF1 1s inverted.

The data (data 1) latched in the thip-tflop FF1, the data
(data 2) latched 1n the flip-flop FF2, and the voltages of the
bit lines BLa and BLb determined by the threshold voltage
of a selected memory cell and obtained after the data invert-
ing operation will be described below. The data 1 controls
“0”-data write operation or “17’- or *“2”-data write operation.
In the “0”-data write operation, the potential of the node N1
goes to “H” level set upon the data inverting operation. In the
“17”- or *“2”-data write operation, the potential of the node N1
goes to “L” level set upon the data inverting operation. The
data 2 controls “1”-data write operation or “2”-data write
operation. The potential of the node N3 goes to “L” level 1n
the “1”-data write operation, and the potential of the node
N3 goes to “H” level 1n the “2”-data write operation.
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In the verity read operation performed after the “0”-data
write operation, regardless of the states of the memory cells,
when the signal VREFYa goes to “H” level, the voltage VBLa
or VBMa causes the potential of the bit line BLa to go to “L”
level. Theretore, the bit line BLa 1s sensed by the tlip-tlop
FF1 such that the node N1 goes to “L” level, and rewrite data
to be latched 1s data “0”.

In the verity read operation set upon the “1” data write
operation, the signal VRFYb goes to “H” level, and the
dummy bit line BLb 1s set to be 2.5 V. When the memory cell
1s not set 1n a “1”-data-written state, the voltage of the bit
line BLa 1s 2.5 V or more, and the bit line BLa 1s sensed by
the flip-flop FF1 such that the potential of the node N1 goes
to “H” level, and rewrite data to be latched 1s data ““1”. When
the memory cell reaches the “1”-data-written state, the bit
line BLa 1s 2.5 V or less, the bit line BLa 1s sensed by the
tlip-flop FF1 such that the potential of the node N1 goes to
“L”” level, and rewrite data to be latched 1s data “0”.

In the verity read operation performed after the “2”-data
write operation, the signal VREFYb goes to “H” level to set
the dummy bit line BLb to be 0.5 V. When the memory cell
does not reach a “2”-data-written state, the voltages of the bat
line BLa 1s 0.5 or more, the bit line BLa 1s sensed by the
tlip-tflop FF1 such that the potential of the node N1 goes to
“H” level, and rewrite data to be latched 1s data “2”, when
the memory cell reaches the “2”-data-written state, the volt-
age of the bit line BLa 1s 0.5 V or less, the bit line BLa 1s
sensed by the tlip-tflop FF1 such that the potential of the node

N1 goes to “L” level, and rewrite data to be latched 1s data
GGO?E‘

With this verily read operation, rewrite data 1s set as
described 1n the following table (Table 6) on the basis of
write data and the written state of the memory cell.

TABLE 6
Write Data 0 0 0 1 1 2 2 2
Memory Cell Data 0 1 2 0 1 0 1 2
Rewrite Data 0 0 0 1 0 2 2 0

As 15 apparent from the table (Table 6), although the “17’-
data-written state 1s to be set, data *“1” 1s written again 1n
only a memory cell in which data “1” 1s not suificiently
written. Although the “2”-data-written state 1s to be set, data
“2” 1s written again 1n only a memory cell 1n which data “2”
1s not suiliciently written.

The write operation and the verily read operation are
repeatedly performed, thereby performing a data write
operation.

The following table (Table 7) shows the potentials at the
several points of the memory cell array 1n an erase operation,
a write operation, a read operation, and a verily read opera-
tion.



US RE41,019 E

31

TABLE 7
Write
Erase Operation Read Operation
Operation  “0”  “1” =27 First Cycle Second Cycle

Bla 20V 8V 1V 0V “H”onlywhen “L”only when

data 0’ 1s read data *“2” 1s read
SGla 20V 10V 6V 6V
CGla 1A% 10V 6V 6V
CQG2a OV 20V 2V 2V
CQ@G3a 1A% 10V 6V 6V
CG4a Y 20V 6V 6V
C@G5a 1A% 10V 6V 6V
CGba Y 10V 6V 6V
CG7a 1A% 10V 6V 6V
CGRa 1A% 10V 6V 6V
SG2a 20V OV 6V 6V
Vsa 20V OV 6V 6V
P 20V OV Y% oV
well

FIG. 37 shows the detailed arrangement of a memory cell
array and a bit line control circuit 2 in a NOR-cell EEPROM
according to the fourth embodiment of the present invention.
One terminal of a NOR cell 1s connected to a bit line BL, and
the other terminal 1s connected to a common source line Vs.

A word line WL 1s shared by a plurality of NOR cells, and
memory cells M which share one word line constitute a

page. Each memory cell stores data by using a threshold
voltage Vt of the corresponding memory cell, and as shown
in FIG. 31, stores data “0”, data “1”, and data “2”. One
memory cell has three states, and nine combinations can be
obtained by two memory cells. Of these nine combinations,
cight combinations are used, and data of three bits are stored
in the two memory cells. In this embodiment, data of three
bits are stored 1n a pair of adjacent memory cells which share
a word line. In addition, the memory cell arrays 1 ((a) and
(b)) are formed on a p-type substrate.

N-ch Trs. Qn26 to Qn28 and p-ch Trs. Qpl5 to Qpl7
constitute a tlip-flop FF3, and n-ch Trs. Qn29 to Qn31 and
p-ch Trs. Qpl8 to Qp20 constitute a flip-tlop FF4. These
tlip-flops latch write/read data. The flip-flops are also oper-
ated as sense amplifiers. The flip-flop FF3 latches write data
information indicating whether data “0”” or data “1” or “2” 1s
to be written, and latches read data information indicating,
whether a memory cell stores the information of data “0” or
the information of data “1” or “2”. The flip-flop FF4 latches
write data information indicating whether data “1” or *“2” 1s
to be written, and latches read data information indicating

whether a memory cell stores the information of data “2” or
the information of data “0” or “1”’.

An n-ch Tr. Qn21 transiers a voltage Va to a bit line BLa
when a precharge signal ¢pa goes to “H” level. An n-ch Tr.
Qn36 transiers a voltage Vb to a bit line BLb when a pre-
charge signal ¢pb goes to “H” level. N-ch Trs. Qn24 and
Qn25 and p-ch Trs. Qpll to Qpl4 selectively transier volt-
ages VBHa and VBMa and a voltage of 0 V to the bit line
BLa 1n accordance with the data latched 1n the flip-tflops FF3
and FF4. N-ch Trs. Qnt32 to Qn33 and p-ch Trs. Qp21 to
Qp24 selectively transier voltages VBHb and VBMb and a
voltage of 0V to the bit line BLb 1n accordance with the data
latched 1n the thip-flops FF3 and FF4. An n-ch Tr. (Qn22
connects the flip-tflop FF3 to the bit line BLa when a signal
dal goes to “H” level. An n-ch Tr (Qn23 connects the flip-
flop FF4 to the bit line BLa when a signal ¢a2 goes to “H”
level. An n-ch Tr. Qn33 connects the tlip-tlop FF3 to the bat
line BLb when a signal ¢bl goes to “H” level. An n-ch Tr.
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(n34 connects the tlip-flop FF4 to the bit line BLb when a
signal ¢pb2 goes to “H” level.

The operation of the EEPROM arranged as described
above will be described below with reference to FIGS. 38 to
40. FIG. 38 shows read operation timings, FIG. 39 shows
write operation timings, and FIG. 40 shows verily read
operation timings. FIGS. 38 to 40 show timings obtained
when a word line WLa 1s selected.

The read operation 1s executed by two basic cycles. In the
first read cycle, the voltage Vb becomes 1 V to precharge the
bit line BLb serving as a dummy bit line. The precharge
signal ¢ppa goes to “L” level to cause the bit line BLa to float,
and a common source line Vsa 1s set to be 6 V. Subsequently,
the word line WLa 1s set to be 6 V. Only when data “0” 1s
written 1n the selected memory cell, the voltage of the bit
line BLa 1s set to be 0.5V or less.

Thereatter, thp-flop activation signals ¢nl and ¢pl go to
“L” level and “H” level, respectively, to reset the thp-tlop
FF3. The signal ¢al and ¢bl go to “H” level to connect the
tlip-tflop FF3 to the bit lines BLa and BLb. The signals ¢nl
and ¢pl go to “H” level and “L” level, respectively, to sense
a bit line potential, and the tlip-tflop FF3 latches the informa-
tion of data “0” or the information of data *“1”” or *2”.

In the second read cycle, unlike the first read cycle, the
voltage of the dummy bit line BLbisnot 1 V but1s 3 V, and
signals ¢a2, ¢b2, ¢n2, and ¢p2 are output 1n place of the
signals ¢pal, ¢bl, pnl, and ¢pl. Therefore, 1n the second read
cycle, the thp-flop FF4 latches the information of data “2” or
the information of data “1” or “0”.

With the two read cycles described above, the data written
in the memory cells are read out.

Data 1n the memory cells are erased prior to a data write
operation, and the threshold voltages Vt of the memory cells
are set to be 5.5V or more. The word line WLa 1s set to be 20
V, and the bit line BLa 1s set to be 0 V, thereby performing
the erase operation. In the write operation, the precharge
signal ¢ppa goes to “L”" level to cause the bit line BLa to float.
Subsequently, a signal VRFYBa goes to “L” level, and a
signal Pa goes to “H” level. In a “0”-data write operation,
since the tlip-tlop FF3 latches data such that the potential of
a node N5 goes to “H” level, the bit line BLa 1s setto be OV,

In a “1”- or “2”-data write operation, the bit line BLa 1s set to
be Vcc by the voltage VBHa or VBMa.

Subsequently, each of the voltage VBHa and a voltage
Vrw becomes 8 V, and the voltage VBMa becomes 7 V. In
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the “1”°-data write operation, since the flip-flop FF4 latches
data such that the potential of node N7 goes to “H” level, a
voltage of 7V 1s applied to the bit line BLa by the voltage

VBMa. The bit line BLa 1s set to be 8 V 1n the “2”-data write
operation, and bit line BLa 1s set to be 0 V 1n the “0”-data

write operation. Thereatter, the selected word line WlLa 1s set
to be -12 V.

In the “17- or “2”-data write operation, electrons are dis-
charged from the charge accumulation layers of the memory
cells by the potential difference between the bit line BLa and
the word line WLa, and the threshold voltages of the
memory cells decrease. In a “1”-data write operation, since
amounts of charges to be discharged from the charge accu-
mulation layers of the memory cells 1n the “1”-data write
operation must be smaller than those in the “2”-data write
operation, the bit line BLa 1s set to be 7 V to relax the
potential difference between the word line WLa and the bit
line BLa to 19 V. In the “0’-data write operation, the thresh-
old voltage of the memory cell does not effectively change
according to the bit line voltage of O V.

After the write operation, a verily read operation 1s per-
formed to check the written state of the memory cells and
perform an additional write operation to only a memory cell
in which data 1s not suificiently written.

The verity read operation 1s similar to the first read cycle
except that the data of the flip-flop FF3 1s mverted, the volt-
age Vb 1s 0V, the signal VRFYBa and a signal VRFYBDb are
output, and at this time, the voltages VBHb and VBMb
become 1.5V and 3.3V, respectively. The voltage of the bit
line BLb 1s determined by the voltages Vb, VBHb, and
VBMb and the data of the flip-flops FF3 and FF4. The sig-
nals VRFYBa and VRFYBb are output before the signals
¢nl and ¢pp1 go to “L” level and “H” level, respectively, after
the word line WLa 1s reset to 0 V. In other words, the signals
VRFYBa and VRFYBDb are output betore the flip-flop FF3 1s
reset after the potential of the bit line BLa 1s determined by
the threshold voltages of the memory cells.

The inverting operation of the data of the flip-tlop FF3
will be described below. The voltages Va and Vb become
Vcc and 2.5V, respectively, to precharge the bit line BLa and
BLb. In addition, the precharge signals ¢pa and ¢pb go to
“L” level to cause the bit lines BLa and BLb to float.
Subsequently, the signal Pa goes to “H” level, and the bit line
BLa 1s discharged to 2.5V or less only when the potential of
the node N5 1s set at “H” level. Thereatter, the tlip-tlop acti-
vation signals ¢nl and ¢pl go to “L” level and “H” level,
respectively, to reset the thip-tlop FF3, the signals ¢al and
¢bl go to “H” level to connect the flip-tlop FF3 to the bat
lines BLa and BLb, and the signals ¢nl and ¢pl go to “H”
level and “L” level, respectively, to sense a bit line potential.
With this operation, the data of the tlip-tlop FF3 1s imnverted.

The data (data 1) latched in the flip-flop FF3, the data
(data 2) latched 1n the flip-flop FF4, and the voltages of the
bit lines BLa and BLb determined by the threshold voltage
ol a selected memory cell and obtained after the data invert-
ing operation will be described below. The data 1 controls
“07”-data write operation or “1”’- or *“2”-data write operation.
In the “0”-data write operation, the potential of the node N3
goes to “L” level set upon the data inverting operation. In the
“17- or “2”-data write operation, the potential of the node N3
goes to “H” level set upon the data inverting operation. The
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data 2 controls “17-data write operation or “2”-data write
operation. The potential of the node N7 goes to “H” level 1n
the “1”-data write operation, and the potential of the node
N7 goes to “L” level 1n the “2”-data write operation.

In the verity read operation performed after the “0”-data
write operation, regardless of the states of the memory cells,
when the signal VRFYBa goes to “L” level, the voltage
VBHa or VBMa causes the potential of the bit line BLa to go
to “H” level. Therelfore, the bit line BLa 1s sensed by the
tlip-flop FF3 such that the node N5 goes to “H” level, and
rewrite data to be latched 1s data “0”.

In the verily read operation after the “1” data write

operation, the signal VRFYBb goes to “L” level to set the
dummy bit line BLb to be 1.5 V. Therefore, when the
memory cell does not reach a “1”-data-written state, the bit
line BLa 1s set to be 1.5V or less, the bit line BLa 1s sensed
by the tlip-tlop FF3 such that the potential of the node N3
goes to “L” level, and rewrite data to be latched 1s data “1”.

When the memory cell reaches the “1”-data-written state,
the bit line BLa 1s set to be 1.5V or more, the bit line BlLa 1s
sensed by the tlip-tflop FF3 such that the potential of the node
N3 goes to “H” level, and rewrite data to be latched 1s data
“0”.

In the verily read operation performed after the “2”-data

write operation, the signal VRFYBb goes to “L” level to set
the dummy bit line BLb to be 3.5 V. Therefore, when the
memory cell does not reach a “2”-data-written state, the bit

line BLa 1s set to be 3.5 or less, the bit line BLa 1s sensed by
the flip-flop FF3 such that the potential of the node N3 goes
to “L”” level, and rewrite data to be latched 1s data “2”. When
the memory cell reaches the “2”-data-written state, the bit

line BlLa 1s set to be 3.5 V or more, the bit line Bl.a 1s sensed
by the flip-tlop FF3 such that the potential of the node NS5
goes to “H” level, and rewrite data to be latched 1s data “0”.

With this verily read operation, rewrite data 1s set as

described 1n the above Table 6 on the basis of write data and

the written state of the memory cells. As 1s apparent from the
Table 6, although the “1”-data-written state 1s to be set, data
“1” 1s written again in only a memory cell in which data “1”

1s not suificiently written. Although the “2”-data-written
state 1s to be set, data “2” 1s written again 1n only a memory
cell in which data “2” 1s not sufficiently written.

The write operation and the verily read operation are
repeatedly performed, thereby performing a data write
operation.

The following table (Tale 8) shows the potentials at BLa,
WLa and Vsa of the memory cell array 1n an erase operation,
a write operation, a read operation, and a verily read opera-
tion.
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TABLE 8
Write
Erase Operation Read Operation
Operation  “0”  “1” =27 First Cycle Second Cycle

RLa Y oV 7V 8V “L”onlywhen “H” onlywhen

data 0’ 1s read data *“2” 1s read
Wla 20V -12V 6V 6V
Vsa 1A% 1A% 6V 6V

FIG. 41 shows a circuit for controlling data input/output
operations between the flip-flops FF1 and FF2 shown 1n
FIG. 33 or the thip-tlops FF3 and FF4 shown i FIG. 37 and
the input/output data conversion circuit shown i FIG. 32.
An 1nverter I, and a NAND circuit G, constitute a column
decoder 3. When a column activation signal CENB goes to
“H” level, a decoder output selected by an address signal
goes to “H” level, and nodes A, B, C, and D are connected to
input/output lines I0A1, I0B1, IOA2, and IOB2, respec-
tively. The nodes A, B, C, and D correspond to the nodes N1,
N2, N3, and N4 1n FIG. 33, respectively, and correspond to
the nodes N6, N5, N8, and N7 1n FIG. 37, respectively. The
relationships between read/write data and the mput/output
lines I0A1, IOB1, IOA2, and 10B2 are summarized 1n the
following table (Table 9).

TABLE O
IOA1 I0B1 IOA2 I0OB2
Write Data
0 L H — —
1 H L. L. H
2 H L H L.
(a)
Read Data
0 H L. H L.
1 L H H L
2 L H L. H

(b)

As has been described above, according to the present
invention, while an increase in circuit area 1s suppressed,
three written states are set 1n one memory cell, and write
times required for setting written states 1n memory cells are
independently made optimum by write verily control,
thereby obtaining an EEPROM capable of controlling the
threshold voltage distribution of each memory cell 1n which
data 1s finally written to fall within a small range at a high
speed. In addition, when two, four, or more written states are
set 1n one memory cell, the same effect as described above
can be obtained according to the purport and scope of the
present invention.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details, and
representative devices shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general mventive

concept as defined by the appended claims and their equiva-
lents.
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What 1s claimed 1s:

[1. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit
lines:

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n—1)th and nth (n=3) predetermined
storage levels;

a plurality of programming control circuits coupled to
said memory cell array for storing data of first,
second, . . ., (n—1)th and nth predetermined logic levels
in data storage portions which define write voltages to
be applied to respective of said memory cells, for
applying said write voltages to said respective of said
memory cells according to the data stored 1n said data
storage portions, for determining actual written states
of said memory cells, for modifying stored data from
said 1th (1=2, 3, . . ., n—1, n) predetermined logic level
to said first predetermined logic level 1n the data storage
portions storing the data of said 1th (respectively, 1=2,
3, ..., n-1, n) predetermined logic level and corre-
sponding to the memory cells 1n which successtul writ-
ing of said 1th (respectively, 1=2, 3, . . ., n—-1, n) prede-
termined storage level has been determined, for
maintaining said stored data at said 1th 1=2, 3, ..., n-1,
n) predetermined logic level 1n the data storage portions
storing the data of said 1th (respectively, 1=2, 3, . . .,
n-1, n) predetermined logic level and corresponding to
the memory cells 1n which 1t has been determined that
said 1th (respectively, 1=2, 3, . . ., n—1, n) predetermined
storage level has not been successiully written, and for
maintaining said stored data at said first predetermined
logic level 1n the data storage portions storing the data
of said first predetermined logic level.}

[2. The device according to claim 1, wherein said data
stored 1n said data storage portions are initially set to initial
data, and then said i1mtial data stored in said data storage
portions are modified.}

[3. The device according to claim 2, wherein said initial
data are located from at least one input line coupled to said
data storage portions.]

[4. The device according to claim 1, wherein said actual
written states of said memory cells corresponding to the data

storage portions storing the data of said 1th (1=2, 3, . . ., n-1,
n) predetermined logic level are simultaneously deter-
mined.]

[5. The device according to claim 1, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said second, thurd, . . .,
(n—1)th and nth predetermined logic levels are simulta-
neously determined.]
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[6. The device according to claim 1, wherein said data of
said 1th (1=2, 3, . . ., n-1, n) predetermined logic level stored
in the data storage portions corresponding to the memory
cells 1n which successiul writing has been determined are
simultaneously modified to the data of said first predeter-
mined logic level.]

[7. The device according to claim 1, wherein said data of
said second, third, . . . , (n—1)th and nth predetermined logic
levels stored in the data storage portions corresponding to
the memory cells 1n which successiul writing has been deter-
mined are simultancously modified to the data of said first
predetermined logic level ]

[8. The device according to claim 1, further comprising a
plurality of data write end detection circuits coupled to said
data storage portions for simultaneously detecting whether
or not all of said data storage portions store the data of said
first predetermined logic level ]

[9. The device according to claim 8, wherein each of said
data write end detection circuits 1s provided for each of said
data storage portions.]

[10. The device according to claim 9, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data storage portion stores the data of
said first predetermined logic level ]

[11. The device according to claim 10, wherein said
applying, determining and modifying are continued until
said data write end detection circuits output said program-
ming completion signal.}

[12. The device according to claim 1, wherein said
applying, determining and modifying are continued until
each memory cell is sufficiently written.]

[13. The device according to claim 1, wherein said write
voltages are simultaneously applied to said respective of said
memory cells.}

[14. The device according to claim 13, wherein said write
voltages defined by said data stored 1n said data storage por-
tions and applied to said respective of said memory cells
differ according to said data stored 1n said data storage por-
tions.]

[15. The device according to claim 1, wherein said pro-
gramming control circuits are arranged adjacent to said
memory cell array.]

[16. The device according to claim 1, wherein each of said
programming control circuits 1s connected to a respective
one of said bit lines.]

[17. The device according to claim 1, wherein said pro-
gramming control circuits include bit line voltage regulators
for selectively changing voltages of said bit lines according
to said data stored in said data storage portions.}

[18. The device according to claim 17, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[19. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines isulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of programming control circuits coupled to
said memory cell array for storing data of first,
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second, . . ., (n—-1)th and nth predetermined logic levels
in data storage portions which define write voltages to
be applied to respective of said memory cells, said data
being 1nitially set to initial data which are loaded from
at least one mput line coupled to said data storage
portions, for applying said write voltages to said
respective of said memory cells according to the data
stored 1n said data storage portions, for determining
actual written states of said memory cells, for modity-
ing stored data from said ith (1=2, 3, . . ., n-1, n)
predetermined logic level to said first predetermined
logic level 1n the data storage portions storing the data
of said i1th (respectively, 1=2, 3, . . ., n—1, n) predeter-
mined logic level and corresponding to the memory
cells 1in which successful writing of said ith

(respectively, 1=2, 3, .. ., n—1, n) predetermined storage
level has been determined, for maintaining said stored
data at said 1th (1=2, 3, . .., n-1, n) predetermined logic

level 1n the data storage portions storing the data of said
ith (respectively, 1=2, 3, . . . , n—1, n) predetermined
logic level and corresponding to the memory cells 1n
which 1t has been determined that said 1th (respectively,
1=2, 3, ..., n-1, n) predetermined storage level has not
been successtully written, and for maintaining said
stored data at said first predetermined logic level in the
data storage portions storing the data of said first prede-
termined logic level ]
[20. The device according to claim 19, wherein said actual
written states of said memory cells corresponding to the data

storage portions storing the data of said 1th (1=2, 3, . . ., n-1,
n) predetermined logic level are simultaneously deter-
mined. ]

[21. The device according to claim 19, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said second, thurd, . . .,
(n—1)th and nth predetermined logic levels are simulta-
neously determined.]

[22. The device according to claim 19, wherein said data
of said 1ith (1=2, 3, . . . , n—-1, n) predetermined logic level
stored 1n the data storage portions corresponding to the
memory cells in which successiul writing has been deter-
mined are simultaneously modified to the data of said first
predetermined logic level ]

[23. The device according to claim 19, wherein said data
of said second, third, . . . , (n—1)th and nth predetermined
logic levels stored in the data storage portions corresponding
to the memory cells 1n which successiul writing has been
determined are simultaneously modified to the data of said
first predetermined logic level.}

[24. The device according to claim 19, further comprising
a plurality of data write end detection circuits coupled to said
data storage portions for simultaneously detecting whether
or not all of said data storage portions store the data of said
first predetermined logic level.}

[25. The device according to claim 24, wherein each of
said data write end detection circuits 1s provided for each of
said data storage portions. ]

[26. The device according to claim 25, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data storage portion stores the data of
said first predetermined logic level }

[27. The device according to claim 26, wherein said
applying, determining and modifying are continued until
said data write end detection circuits output said program-
ming completion signal. ]
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[28. The device according to claim 19, wherein said
applying, determining and modifying are continued until
each memory cell is sufficiently written.]

[29. The device according to claim 19, wherein said write
voltages are simultaneously applied to said respective of said
memory cells.]

[30. The device according to claim 29, wherein said write
voltages defined by said data stored 1n said data storage por-
tions and applied to said respective of said memory cells
differ according to said data stored in said data storage por-

tions.]

[31. The device according to claim 19, wherein said pro-
gramming control circuits are arranged adjacent to said
memory cell array.]

[32. The device according to claim 19, wherein each of
said programming control circuits 1s connected to a respec-
tive one of said bit lines.]

[33. The device according to claim 19, wherein said pro-
gramming control circuits include bit line voltage regulators
for selectively changing voltages of said bit lines according
to said data stored in said data storage portions.}

[34. The device according to claim 33, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[35. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines msulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of programming control circuits coupled to
said memory cell array for storing data of first,
second, . . ., (n—1)th and nth predetermined logic levels
in data storage portions which define write voltages to
be applied to respective of said memory cells, said data
being 1nitially set to initial data which are loaded from
at least one mput line coupled to said data storage
portions, for applying said write voltages to said
respective of said memory cells according to the data
stored 1n said data storage portions, for determining
actual written states of said memory cells, for maintain-
ing stored data at said first predetermined logic level 1n
the data storage portions storing the data of said first
predetermined logic level, and for selectively modify-
ing said stored data to the data of said first predeter-
mined logic level in only data storage portions initially
storing the 1mitial data of said 1th (1=2, 3, . . . , n—-1, n)
predetermined logic level and corresponding to the
memory cells in which successiul writing of said 1th
(respectively, 1=2, 3, ..., n—1, n) predetermined storage
level has been determined, such that only memory cells
which are not suiliciently written have write voltages
applied thereto which achieve the written state prede-
termined by the initial data 1n the respective memory
cell upon application of the write voltages to the respec-
tive memory cell.]

[36. The device according to claim 35, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said 1th (1=2, 3, . . ., n—1,
n) predetermined logic level are simultaneously deter-
mined.]
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[37. The device according to claim 35, wherein said actual
written states of said memory cells corresponding to the data
storage portions storing the data of said second, third, . . .,
(n—1)th and nth predetermined logic levels are simulta-
neously determined.]

[38. The device according to claim 35, wherein said data
of said 1ith (1=2, 3, . . . , n—-1, n) predetermined logic level
stored 1n the data storage portions corresponding to the
memory cells 1n which successiul writing has been deter-
mined are simultaneously and selectively modified to the
data of said first predetermined logic level.]

[39. The device according to claim 35, wherein said data
of said second, third, . . . , (n—1)th and nth predetermined
logic levels stored in the data storage portions corresponding
to the memory cells 1n which successiul writing has been
determined are simultaneously and selectively modified to
the data of said first predetermined logic level.}

[40. The device according to claim 35, further comprising
a plurality of data write end detection circuits coupled to said
data storage portions for simultaneously detecting whether
or not all of said data storage portions store the data of said
first predetermined logic level .}

[41. The device according to claim 40, wherein each of
said data write end detection circuits 1s provided for each of
said data storage portions. }

[42. The device according to claim 41, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data storage portion stores the data of
said first predetermined logic level }

[43. The device according to claim 42, wherein said
applying, determining and selective modifying are contin-
ued until said data write end detection circuits output said
programming completion signal.]

[44. The device according to claim 35, wherein said
applying, determining and selective modilying are contin-
ued until each memory cell is sufficiently written.]

[45. The device according to claim 35, wherein said write
voltages are simultaneously applied to said respective of said
memory cells.]

[46. The device according to claim 45, wherein said write
voltages defined by said data stored 1n said data storage por-
tions and applied to said respective of said memory cells
differ according to said data stored 1in said data storage por-
tions.]

[47. The device according to claim 45, wherein said pro-
gramming control circuits are arranged adjacent to said
memory cell array.]

[48. The device according to claim 35, wherein each of
said programming control circuits 1s connected to a respec-
tive one of said bit lines.}

[49. The device according to claim 35, wherein said pro-
gramming control circuits include bit line voltage regulators
for selectively changing voltages of said bit lines according
to said data stored in said data storage portions.}

[50. The device according to claim 49, wherein said volt-
ages ol said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[51. A multi-level non-volatile semiconductor memory
device comprising;

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory

cells coupled to said word lines and bit lines, each
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memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, , (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, .
(n—1)th, and nth predetermined logic levels Wthh
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, said write control data being initially set to
initial write control data which are loaded from at least
one mput line coupled to said data circuits, for applying
said write control voltages to said respective of said
memory cells, for selectively sensing actual written
states of only those of said respective memory cells
corresponding to the data circuits 1 which the write
control data of said second, third, . . ., (n-1)th and nth
predetermined logic levels are stored, for maintaining
stored write control data at said first predetermined
logic level 1n the data circuits storing the write control
data of said first predetermined logic level, and for
selectively modilying said stored write control data to
the write control data of said first predetermined logic
level 1n only data circuits initially storing the initial
write control data of said 1th (1=2, 3, ., n—1, n)
predetermined logic level and corresponding to the
memory cells 1n which successiul writing of said 1th
(respectively, 1=2, 3, ..., n-1, n) predetermined storage
level has been sensed, such that only memory cells
which are not sufliciently written have write control
voltages applied thereto which achieve the written state
predetermined by the mnitial write control data in the
respective memory cell upon application of the write
control voltages to the respective memory cell.]

[52. The device according to claim 51, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said 1th (1=2, 3, .. .,
n—-1, n) predetermined logic level are simultaneously
sensed. ]

[53. The device according to claim 51, wherein said actual
written states of said memory cells corresponding to the data

circuits storing the write control data of said second,
third, . . . , (n—-1)th and nth predetermined logic levels are
simultaneously sensed.}

[54. The device according to claim 51, wherein said write
control data of said 1th (1=2, 3, . . ., n-1, n) predetermined
logic level stored in the data circuits corresponding to the
memory cells 1n which successiul writing has been sensed
are simultaneously and selectively modified to the write con-
trol data of said first predetermined logic level ]

[S5. The device according to claim 51, wherein said write
control data of said second, third, , (n—-1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells 1n which successtul writing
has been sensed are simultaneously and selectively modified
to the write control data of said first predetermined logic
level ]

[56. The device according to claim 51, further comprising
a plurality of data write end detection circuits coupled to said
data circuits for simultaneously detecting whether or not all
of said data circuits store the write control data of said first
predetermined logic level ]

[S7. The device according to claim 56, wherein each of
said data write end detection circuits 1s provided for each of
said data circuits.}
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[58. The device according to claim 57, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data circuit stores the write control
data of said first predetermined logic level.]

[59. The device according to claim 58, wherein said
applying, selective sensing and selective modifying are con-
tinued until said data write end detection circuits output said
programming completion signal.]

[60. The device according to claim 51, wherein said
applying, selective sensing and selective modilying are con-
tinued until each memory cell is sufficiently written.]

[61. The device according to claim 51, wherein said write
control voltages are simultaneously applied to said respec-
tive of said memory cells.}

[62. The device according to claim 61, wherein said write
control voltages defined by said write control data stored 1n
said data circuits and applied to said respective of said
memory cells differ according to said write control data
stored in said data circuits.]

[63. The device according to claim 51, wherein said data
circuits are arranged adjacent to said memory cell array.]

[64. The device according to claim 51, wherein each of
said data circuits 1s connected to a respective one of said bit
lines.]

[65. The device according to claim 51, wherein said data
circuits include bit line voltage regulators for selectively
changing voltages of said bit lines according to said write
control data stored in said data circuits.]

[66. The device according to claim 65, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[67. A multi-level non-volatile semiconductor memory
device comprising:

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines:

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, , (n-1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .,
(n—-1)th and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, for applying said write control voltages to said
respective of said memory cells, for selectively sensing
actual written states of only those of said respective
memory cells corresponding to the data circuits 1n
which the write control data of said second, third, . . .,
(n—1)th and nth predetermined logic levels are stored,
for moditying stored write control data from said 1th
(1=2, 3, . .., n-1, n) predetermined logic level to said
first predetermined logic level 1n the data circuits stor-
ing the write control data of said 1th (respectively, 1=2,
3, ..., n-1, n) predetermined logic level and corre-
sponding to the memory cells 1n which successtul writ-
ing of said 1th (respectively, 1=2, 3, . . ., n—-1, n) prede-
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termined storage level has been sensed, for maintaining
said stored write control data at said 1th (1=2, 3, . . .,
n-1, n) predetermined logic level in the data circuits
storing the write control data of said ith (respectively,
1=2, 3, . . ., n-1, n) predetermined logic level and
corresponding to the memory cells 1n which 1t has been
sensed that said ith (respectively, 1=2, 3, . . ., n-1, n)
predetermined storage level has not been successtully
written, and for maintaiming said stored write control
data at said first predetermined logic level in the data
circuits storing the write control data of said first prede-
termined logic level ]

[68. The device according to claim 67, wherein said write
control data stored 1n said data circuits are initially set to
initial write control data, and then said initial write control
data stored in said data circuits are modified.}

[69. The device according to claim 68, wherein said initial
write control data are loaded from at least one iput line
coupled to said data circuits.]

[70. The device according to claim 67, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said 1th (1=2, 3, .. .,
n—-1, n) predetermined logic level are simultaneously
sensed.]

[71. The device according to claim 67, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said second,
third, . . . , (n—1)th and nth predetermined logic levels are
simultaneously sensed.}

[72. The device according to claim 67, wherein said write
control data of said 1th (1=2, 3, . . ., n-1, n) predetermined
logic level stored in the data circuits corresponding to the
memory cells 1n which successiul writing has been sensed
are simultaneously modified to the write control data of said
first predetermined logic level ]

[73. The device according to claim 67, wherein said write
control data of said second, third, . . . , (n—-1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells 1n which successiul writing
has been sensed are simultancously modified to the write
control data of said first predetermined logic level ]

[74. The device according to claim 67, further comprising
a plurality of data write end detection circuits coupled to said
data circuits for simultaneously detecting whether or not all
ol said data circuits store the write control data of said first
predetermined logic level ]

[75. The device according to claim 74, wherein each of
said data write end detection circuits 1s provided for each of
said data circuits.}

[76. The device according to claim 75, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data circuit stores the write control
data of said first predetermined logic level.}

[77. The device according to claim 76, wherein said
applying, selective sensing and modifying are continued
until said data write end detection circuits output said pro-
gramming completion signal.]

[78. The device according to claim 67, wherein said
applying, selective sensing and modifying are continued
until each memory cell is sufficiently written. ]

[79. The device according to claim 67, wherein said write
control voltages are simultaneously applied to said respec-
tive of said memory cells.}

[80. The device according to claim 79, wherein said write
control voltages defined by said write control data stored 1n
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said data circuits and applied to said respective of said
memory cells differ according to said write control data
stored in said data circuits.]

[81. The device according to claim 67, wherein said data
circuits are arranged adjacent to said memory cell array.]

[82. The device according to claim 67, wherein each of
said data circuits 1s connected to a respective one of said bit
lines.]

[83. The device according to claim 67, wherein said data
circuits 1nclude bit line voltage regulators for selectively
changing voltages of said bit lines according to said write
control data stored in said data circuits.]

[84. The device according to claim 83, wherein said volt-
ages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[85. A multi-level non-volatile semiconductor memory
device comprising;

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory
cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-
age portion and having written states of first,
second, . . ., (n—1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .,
(n—1)th, and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, for applying said write control voltages to said
respective of said memory cells, for sensing actual writ-
ten states ol only those of said respective memory cells
corresponding to the data circuits 1n which the write
control data of said second, third, . . ., (n—1)th and nth
predetermined logic levels are stored, for modifying
stored write control data from said ith (1=2, 3, .. ., n-1,
n) predetermined logic level to said first predetermined
logic level 1n the data circuits storing the write control
data of said 1th (respectively, 1=2, 3, ..., n-1, n) prede-
termined logic level and corresponding to the memory
cells 1in which successful writing of said ith
(respectively, 1=2, 3, ..., n-1, n) predetermined storage
level has been sensed, for maintaining said stored write
control data at said 1th (1=2, 3, . . ., n—1, n) predeter-
mined logic level 1n the data circuits storing the write
control data of said ith (respectively, 1=2, 3, ..., n-1, n)
predetermined logic level and corresponding to the
memory cells 1n which it has been sensed that said 1th
(respectively, 1=2, 3, ..., n-1, n) predetermined storage
level has not been successiully written, and for main-
taining said stored write control data at said first prede-
termined logic level 1n the data circuits storing the write
control data of said first predetermined logic level;

wherein results of said sensing of said actual written states
by the data circuits storing the write control data of said
ith (1=2, 3, . . ., n—-1, n) predetermined logic level are
determined on the basis of only whether or not the writ-
ten state ol the respective memory cell 1s said ith
(respectively, 1=2, 3, ..., n-1, n) predetermined storage
level ]
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[86. The device according to claim 85, wherein said write
control data stored 1n said data circuits are initially set to
initial write control data, and then said 1nitial write control
data stored in said data circuits are modified.}

[87. The device according to claim 85, wherein said initial
write control data are loaded from at least one mput line
coupled to said data circuits.]

[88. The device according to claim 85, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said 1th (1=2, 3, .. .,
n—-1, n) predetermined logic level are simultaneously
sensed.]

[89. The device according to claim 85, wherein said actual
written states of said memory cells corresponding to the data
circuits storing the write control data of said second,
third, . . . , (n—1)th and nth predetermined logic levels are
simultaneously sensed.}

[90. The device according to claim 85, wherein said write
control data of said 1th (1=2, 3, . . ., n-1, n) predetermined
logic level stored in the data circuits corresponding to the
memory cells 1n which successiul writing has been sensed
are simultaneously modified to the write control data of said
first predetermined logic level ]

[91. The device according to claim 85, wherein said write
control data of said second, third, . . . , (n—-1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells 1n which successtul writing
has been sensed are simultancously modified to the write
control data of said first predetermined logic level.]

[92. The device according to claim 85, further comprising
a plurality of data write end detection circuits coupled to said
data circuits for simultaneously detecting whether or not all
ol said data circuits store the write control data of said first
predetermined logic level ]

[93. The device according to claim 92, wherein each of
said data write end detection circuits 1s provided for each of
said data circuits.}

[94. The device according to claim 93, wherein said data
write end detection circuits are coupled to at least one com-
mon output line, and said data write end detection circuits
output a programming completion signal on said common
output line when each data circuit stores the write control
data of said first predetermined logic level.]

[95. The device according to claim 94, wherein said
applying, sensing and modifying are continued until said
data write end detection circuits output said programming
completion signal.}

[96. The device according to claim 85, wherein said
applying, sensing and moditying are continued until each
memory cell is sufficiently written. ]

[97. The device according to claim 85, wherein said write
control voltages are simultaneously applied to said respec-
tive of said memory cells.}

[98. The device according to claim 97, wherein said write
control voltages defined by said write control data stored 1n
said data circuits and applied to said respective of said
memory cells differ according to said write control data
stored in said data circuits.]

[99. The device according to claim 85, wherein said data
circuits are arranged adjacent to said memory cell array.]

[100. The device according to claim 85, wherein each of
said data circuits 1s connected to a respective one of said bit
lines.]

[101. The device according to claim 85, wherein said data
circuits 1nclude bit line voltage regulators for selectively
changing voltages of said bit lines according to said write
control data stored in said data circuits.]
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[102. The device according to claim 101, wherein said
voltages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[103. The device according to claim 85, wherein each of
said results 1s stored in the respective data circuit and used at
latest write control data.]

[104. A multi-level non-volatile semiconductor memory
device comprising;

a semiconductor substrate;

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array comprising a plurality of memory

cells coupled to said word lines and bit lines, each
memory cell including a transistor with a charge stor-

age portion and having written states of first,
second, . . ., (n—1)th and nth (n=3) predetermined
storage levels;

a plurality of cell selection circuits coupled to said
memory cell array for controlling selection of memory
cells and application of write voltages to the selected
memory cells;

a plurality of data circuits coupled to said memory cell
array for storing write control data of first, second, . . .,
(n—1)th, and nth predetermined logic levels which
define write control voltages to be applied to respective
of said memory cells selected by said cell selection
circuits, for applying said write control voltages to said
respective of said memory cells, for sensing actual writ-
ten states of only those of said respective memory cells
corresponding to the data circuits 1n which the write
control data of said second, third, . . ., (n-1)th and nth
predetermined logic levels are stored, for modifying
stored write control data from said 1th (1=2, 3, .. ., n-1,
n) predetermined logic level to said first predetermined
logic level 1n the data circuits storing the write control
data of said ith (respectively, 1=2, 3, ..., n-1, n) prede-
termined logic level and corresponding to the memory
cells in which successful writing of said 1th
(respectively, 1=2, 3, ..., n-1, n) predetermined storage
level has been sensed, for maintaining said stored write
control data at said 1th (1=2, 3, . . ., n—-1, n) predeter-
mined logic level 1n the data circuits storing the write
control data of said 1th (respectively,1=2,3, ... ,n-1,n)
predetermined logic level and corresponding to the
memory cells in which 1t has been sensed that said 1th
(respectively, 1=2, 3, .. ., n—1, n) predetermined storage
level has not been successtully written, and for main-
taining said stored write control data at said first prede-
termined logic level in the data circuits storing the write
control data of said first predetermined logic level,

wherein with respect to said sensing of said actual written
states, the data circuits storing the write control data of
said 1th (1=2, 3, . . ., n—-1, n) predetermined logic level
sense only whether or not the written state of the
respective memory cell 1s said 1th (respectively, 1=2, 3,
n-1, n) predetermined storage level.]

[105. The device according to claim 104, wherein said
write control data stored 1n said data circuits are mitially set
to 1nitial write control data, and then said 1nitial write control
data stored in said data circuits are modified.}

[106. The device according to claim 105, wherein said
initial write control data are loaded from at least one 1mnput
line coupled to said data circuits. }

[107. The device according to claim 104, wherein each of
said data circuits 1s connected to a respective one of said bit
lines, and the data circuits storing the write control data of



US RE41,019 E

47

said 1th (1=2, 3, . . ., n—1, n) predetermined logic level sense
voltage levels of the respective bit lines by comparing with
ith (respectively, i=2, 3 . . ., n—1, n) reference voltage.]

[108. The device according to claim 104, wherein said
actual written states of said memory cells corresponding to
the data circuits storing the write control data of said 1th (1=2,
3,...,n-1, n) predetermined logic level are simultaneously
sensed.]

[109. The device according to claim 104, wherein said
actual written states of said memory cells corresponding to
the data circuits storing the write control data of said second,
third, . . . , (n—-1)th and nth predetermined logic levels are
simultaneously sensed.}

[110. The device according to claim 104, wherein said
write control data of said 1th (1=2, 3, .. ., n—1, n) predeter-
mined logic level stored 1n the data circuits corresponding to
the memory cells in which successiul writing has been
sensed are simultaneously modified to the write control data
of said first predetermined logic level ]

[111. The device according to claim 104, wherein said
write control data of said second, third, . . ., (n—1)th and nth
predetermined logic levels stored in the data circuits corre-
sponding to the memory cells 1n which successiul writing
has been sensed are simultaneously modified to the write
control data of said first predetermined logic level.]

[112. The device according to claim 104, wherein said
applying, sensing and moditying are continued until each
memory cell is sufficiently written. ]

[113. The device according to claim 104, wherein said
write control voltages are simultaneously applied to said
respective of said memory cells.]

[114. The device according to claim 113, wherein said
write control voltages defined by said write control data
stored 1n said data circuits and applied to said respective of
said memory cells differ according to said write control data
stored in said data circuits.]

[115. The device according to claim 104, wherein said
data circuits are arranged adjacent to said memory cell
array.]

[116. The device according to claim 104, wherein each of
said data circuits 1s connected to a respective one of said bit
lines.]

[117. The device according to claim 104, wherein said
data circuits include bit line voltage regulators for selec-
tively changing voltages of said bit lines according to said
write control data stored in said data circuits.]

[118. The device according to claim 117, wherein said
voltages of said bit lines are selectively and simultaneously
changed by said bit line voltage regulators.]

[119. The device according to claim 104, wherein each of
results of said sensing 1s stored in the respective data circuit
and used as latest write control data.]

120. A multi-level nonvolatile semiconductor memory
device comprising:

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array coupled to said bit lines and said
word lines, said memory cell array comprising a plu-
rality of electrically programmable memory cells, each
of said memory cells having at least three storage
states;

a plurality of data latch circuits, each of said data latch
circuits including plural binary data latch circuits and
being coupled to a respective one of said bit lines, for
storing write data in the form of a combination of plu-
ral write binary data in a write operation, said write
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data being written into said memory cells, and for stor-
ing read data in the form of a combination of plural
read binary data in a read operation, said read data
being read from said memory cells.

[21. The device according to claim 120, wherein a prede-
termined number of said memory cells ave connected in
series to form a NAND cell unit.

122. A multi-level nonvolatile semiconductor memory
device comprising:

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit

lines;

a memory cell array coupled to said bit lines and said
word lines, said memory cell array comprising a plu-
rality of electrically programmable memory cells, each
of said memory cells having at least three storage
states;

a data conversion circuit coupled to a plurality of data
latch circuits, for converting plural binary input data
into plural internal write binary data,; and

said plurality of data latch civcuits, each including plural
binary data latch circuits and being coupled to a
vespective one of said bit lines, for storing internal
write data in the form of a combination of said plural
internal write binary data in a write operation, said
write data being written into rvespective memory cells.

123. The device according to claim 122, wherein a prede-

termined number of said memory cells are connected in
series to form a NAND cell unit.

124. A multi-level nonvolatile semiconductor memory

device comprising:

a plurality of bit lines;

a plurality of word lines insulatively intersecting said bit
[ines;

a memory cell array coupled to said bit lines and said
word lines, said memory cell array comprising a plu-
rality of electrically programmable memory cells, each
of said memory cells having at least three storage
states;

a data conversion circuit, coupled to a plurality of data
latch circuits, for converting plural internal vread binary
data into plural binary output data; and

said plurality of data latch civcuits, each including plural
binary data latch circuits and being coupled to a
respective one of said bit lines, for storing internal read
data in the form of a combination of said plural internal
read binary data in a read operation, said read data
being read from respective memory cells.

125. The device according to claim 124, wherein a prede-
termined number of said memory cells are connected in
series to form a NAND cell unit.

126. A multi-level nonvolatile semiconductor memory
device comprising:

a plurality of bit lines,

a plurality of word lines insulatively intersecting said bit

[ines;

a memory cell array coupled to said bit lines and said
word lines, said memory cell array comprising a plu-
rality of electrically programmable memory cells, each
of said memory cells having at least three storage
states;

a data conversion circuit, coupled to a plurality of data
latch circuits, for converting plural binary input data
into plural internal write binary data, and for convert-
ing plural internal read binary data into plural binary
output data; and
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said plurality of data latch cirvcuits, each including plural read operation, said read data being read from respec-
binary data latch circuits and being coupled to a tive memory cells.
respective one of said bit lines, for storing internal
write data in the form of a combination of said plural

internal write binary data in a write operation, said
write data being written into respective memory cells, series to form a NAND cell unit.

and for storing internal vead data in the form of a com-
bination of said plural internal read binary data in a I I

[27. The device according to claim 126, wherein a prede-
termined number of said memory cells are connected in
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