F1G. 1

90
/
STORAGE DEVICE
200 100
) /
MEMORY = MEMORY DEVICE

CONTROLLER

1/27




100
122 on 121 1/10
e A
; BLKz
VOLTAGE | Vop |
GENERATOR RL
DEgggER B
___________________ . | BLK2
130 | |
0PSIG| 13 | | BLK1
b | Bt B2 [BL3 BLm
PBSIGNALS ) pi] pe] [PB3 Pm] {123
CONTROL | |
CROUTT [ o SENSING | VPB /DL :
! CIRCUIT 1 |
PASS/FAIL ! 125 |
; —|_DATA INPUT/QUTPUT CIRCUIT [7-124
- Y |
CMD ADDR DATA

2127



F1G. 3

BLK2
BLK1

+1

3/27

BIKz

+Y

+X



F1G. 4

BLKa

BL1

DSL2

5oL

Wln
Za"y
WiR

WLn-1

PL

=
2 W |\
=
2
/ =
i e NIF o O e i R e e N I
Y| N /V(. |
N—] =3 — |./". //
m /u -l||||| ] |”|M m —H I||||Mm 3y Fr_———T—T/] .I||||M -l||||||l. | — ||||||/L
[ 0 < IR
o /
© //”u. — — ||/” \
SRR TS N rlm/(
=t (= = = '
2z BN =197 N | e S O O e S
(]

(521

R R T
“al 12 =
- ) 3 ) W
H\)J. N =

.
/
+Z

Y
+X

4/27



FIG. o

BLKb

BLm

BLI

DSL2

Ly
////“::fﬁLn—l

iz

Pasml [UNIP

$311

CSL

|||||

+1

Y

+X

5/27



el TN 1y

o] | —
H- H- H- H- H- H-
T owddy, B
puiddy
puddp
T-uwddy ¥ a8ej0
uwsdp
deyg [deyg| deyg |deyg| | | deyg [deyg| deyg |deig| deyg |deyg| deyg |deg
Ayuap | WO | Ajuep | KD Ayuap | WOd | Ajuep | WD | £juaep | WD | Ajutsp | KD
d J-U]d ¥1d ¢1d 21d 1d

9 VM

6/27



wreadold-ay

dexjap s81ey)

ured

Y
S[[90 Jo #

T
|
\
/ \
N\ d

\ /
\ /

- /

\
o1d-ay \_~

LI

—~———

SASAVTH
HNIL

Y
S[[80 Jo #

\
S[[@9 Jo

f

7127



dexjop adrey)

8/27

uredgodd-ay
d R
(<)) NS
SASVTH 9
Y Y |
S[[20 Jo # S[[22 Jo # S[[20 Jo #
Eﬁmo.zﬁém dexjap MHEEU
_/ H’.q_/ m \\
Weadotd—ay \_- STSVTE ® N4
| | Y
S[[ad Jo # ST[a% Jo #

S[[20 Jo #

g VI



uredgotd-ay

ured

Y
[0 jo #

—~————

desjop adey)

goad-ay .

6 Il

—~——————

AIVLTOA
dvdldd ATddy

Y
ST[a0 jo #

Y
[0 jo #

9/27



U dooy uresgoud

»++ | 71 doof uresod

u doof weadod | ---

1 dooy ures8oxd

days uressoad puodas

uorjetado denjap

dajs wresdoud ysa1

uorjesado wesgoid

01 D

10/27



puy)  Gw)  w)  m)  fm) (o)
| guA GiA A A A A
oo\ el e el e
NG N NG N NG
. | A
| o o | | o 1 S[eEajo
(£850) (£85oj) (£850j) (£850j) (£850j) (£880j) (£880j)
LOIA 90JA GOJA VOIA EOJA COIA JOJA

11Ol

i

11/27



FI1G. 12

CSL

_'_“:.r____

e

IIIIIIIIIIII

IIIII

Page Zx{_ﬁz_

— 4+

|

Bln

BL3

BLR

BL1

12/27



FIG. 13

DST

PERFORMANCE

}

OF DETRAP
OPERATION

?

_|
e ]
-

CSL

-
i
N
T

miigl

Iglin

i
N
i

=

__‘:r____
T

N
]
N
II\_|

DSL
[ Win

WLn-1

=

. Wlm+1

ERASE AREAS

____\_:r____
]

Wim
(WLm-1

<

COM%LFETION
PROGRAMMING

Bln

BL3

BL2

BL1

13/27



FIG. 14

CSL / BLs

floating

—_—— e ——— e —— e —————

Verase-V1---

14/27



FIG. 15

PERFORMANCE
r OF DETRAP
OPERATION

IIIIIIIIIIIIIIIIIIIIIIIIIII

CSL

T T T T T T T
LS LR S e S R 1T I A T Y
Uy o uwy W
2 S e T T VIS

28 T EE 4 = =

||||||| = = = 5 \
=E E.=
7%

Bln

BL3

BL2

BL1

15/27



F1G. 16

Verase ————--

CSL / BLs

16/27



FI1G. 17

WLk+3

Wik+2

WLk+1

Wik

17/27



FIG. 18

>;

Verase
Verase - VI --—-

CSL / BLs

DSL / SSL
Selected string group

DSL / SSL
(Unselected string groups)

(

18/27



(g a3ed —g aded)
dos wdd pup <

uorjesado
denjpog 7

(g afed ¢ aded)

[ doys widd 157

(¥ aded -1 aded)
days wdd pup ¥

toneJado
dexjo(

-]

( aded -7 aded)
| doys wad 95

61 Ol

B2

M

19/27



0c Dl

6P} ! 8P} Py 9P &P} T 'L T ¢ 4'2 N
(¢ afed) < do duri (6 aded) < ( aied) < < (x offed) @1 (] ofed) - < (] aded)
dogs wid puy | o (el dats whd 957 | doys wid puy topjeaado dex dats whd 157 | deys wid puy topeado der days wdd 1]

TIK

20/27



le O

| 89) B 99) | o) R L €9l <y m 19} m
| noneiado |(2] ofed ¢ ofed) | | | | |
m denoq ] doys whd 1s m m m m m
(9 afed g aded) | torjesado (g aded g aied) m m
days wod puy | denaq <1 dags wdd 49 | |
(1 oded -7 oied) nonesado | ( afed — afd)

doys wdd puy denag " doys whd 15

cHAIM

[+1TM

I\

21/27



L L L
uoressdo) (9aied) | (g aded) m m uorjesado] (G aied) m m
deapaq | dogs wdd 157" | ders wSd puy i i dexppg” | dons wd g7 m m
%ssao (7 ofed) _} (1 a3ed) uotjesedg| (] a5ed)
%%o [ days wdd E [ days wid puy %%c days wdd 15

THHIM

M

22/27



F1G. 23

(_SIART )
!

PERFORM FIRST PROGRAM STEP ON
MEMORY CELLS COUPLED TO SELECTED WORD LINE

~ 32301

i
APPLY GROUND VOLTAGE TO SELECTED WORD LINE
AND APPLY PASS VOLTAGE TO UNSELECTED WORD LINES

~ 52303

/
APPLY DETRAP VOLTAGE TO PLURALITY OF
BIT LINES AND COMMON SOURCE LINE

~—32300

i
ALLOW DRAIN SELECT LINE AND SOURCE SELECT
LINE TO FLOAT WHEN POTENTIALS OF PLURALITY OF
BIT LINES AND POTENTIAL OF COMMON SOURCE LINE
INCREASE UP TO TARGET VOLTAGE

~32307

/

AFTER PREDEFINED TIME HAS ELAPSED SINCE
APPLICATION OF DETRAP VOLTAGE,
PERFORM SECOND PROGRAM STEP ON MEMORY CELLS
COUPLED TO SELECTED WORD LINE

~ 52309

END

23/27



F1G. ¢4

/Looo
1010 1020 1030
/ % /
ERROR
NENORY
PROCESSOR CORRECTION
BUFFER CIRCUIT
; ; ; 1370
A A A
A A A >
A A A
BUFFER
HOST MENORY
INTERFACE CONTROL INTERFACE
5 ) 5
1040 1050 1060

24/27



FIG. 29

2300

2000

/
ﬂgUIJIJIJIJIJIJIJHHHHHIJHHIJH

Memory Controller |~

Memory Device —]

- 2100

2200

25/27



F1G. 26

3000
3100 3200
/ /
SSD
Buffer memory -~ 3240
{ —_—
CHL | wyy _’\/3221
—_—
3222
SSD Controller [~~~ NVM ||
Host 2 3210 9
300t—"F |
CHn _| vy 322n
. Auxiliary power
supply —~ 3230
300"

26/27



FIG. 27

4000
4200
/
Memory
Module
4500 4100 4300
e e ~
User Application Network
Interface Processor Module
4400
/
Storage
Module

27127



