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FIG. 1

(START )

PERFORM ERASE LOOP INCLUDING ERASE OPERATION
AND ERASE VERIFICATION OPERATION ONCE OR MORE
ON ENTIRE MEMORY BLOCK

——S5100

PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON ONE OR MORE GROUPS OF A PLURALITY OF GROUPS
IN THE MEMORY BLOCK

——5200

DETERMINE WHETHER SECOND PARTIAL VERIFICATION
OPERATION IS REQUIRED FOR A GROUP OF THE ONE
OR MORE GROUPS

——5300

PERFORM SECOND PARTIAL VERIFICATION OPERATION
ON ONE OR MORE SUBGROUPS OF A PLURALITY OF
SUBGROUPS [N A GROUP REQUIRING SECOND PARTIAL
VERIFICATION OPERATION

——35400

END
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FIG. 3
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FIG. GA
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FIG. 6C
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FIG. 7

(START )

PERFORM ERASE OPERATION BASED ON
ERASE VOLTAGE —— 35110

PERFORM ERASE VERIFICATION OPERATION

BASED ON ERASE VERIFICATION VOLTAGE [~—S120

5140

CHANGE AT LEAST ONE OF LEVEL OF ERASE
VOLTAGE AND LEVEL OF ERASE
VERIFICATION VOLTAGE

ERASE VERIFICATION

OPERATION 1S SUCCESSFUL? S130

YES
END
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FIG. 9
(START)

PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON FIRST GROUP —S210

ECOND PARTIAL

YES
3315 VERIFICATION OPERATION IS 3310
REQUIRED FOR FIRST
CHECK FIRST
GROUP NO
PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON SECOND GROUP 5220

VES ECOND PARTIAD

3325

VERIFICATION OPERATION IS
~BEQUIRED FOR SECOND

CHECK SECOND
GROUP

PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON X-TH GROUP 5230

VES ECOND PART AL

5335 VERIFICATION OPERATION IS $330
| REQUIRED FOR X-TH
CHECK X-TH QROUES

GROUP N

SEQUENTIALLY PERFORM SECOND PARTIAL
VERIFICATION OPERATION ON CHECKED GROUPS [ —S405

END
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FIG. 10

PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON FIRST GROUP —S210

1
PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON SECOND GROUP ——5220

i
PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON X-TH GROUP 5230

SECOND PARTIAL

YES
$315 VERIFICATION OPERATION IS 5310
REQUIRED FOR FIRST
CHECK FIRST GROUE
GROUP NO
YES SECOND PARTIAL
5325 VERIFICATION OPERATION IS

REQUIRED FOR SECOND

CHECK SECOND GROUP?
GROUP
NO
YES SECOND PARTIAL
S335 VERIFICATION OPERATION IS

S330

REQUIRED FOR X-TH

CHECK X-TH GROUPZ
GROUP N

SEQUENTIALLY PERFORM SECOND PARTIAL
VERIFICATION OPERATION ON CHECKED GROUPS [ 5405

END
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FIG. 11

PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON FIRST GROUP —S210

SECOND PARTIAL

VERIFICATION OPERATION IS

REQUIRED FOR FIRST

GROUP?

YES

PERFORM SECOND PARTIAL VERIFICATION
OPERATION ON FIRST GROUP ——5410

NO

PERFORM FIRST PARTIAL VERIFICATION OPERATION
ON SECOND GROUP ——S220

SECOND PARTIAL
VERIFICATION OPERATION IS
REQUIRED FOR SECOND

NO

PERFORM SECOND PARTIAL VERIFICATION
OPERATION ON SECOND GROUP ——5420

i
PERFORM FIRST PARTIAL VERIFICATION
OPERATION ON X-TH GROUP ——5230

SECOND PARTIAL

VERIFICATION OPERATION 1S

REQUIRED FOR X-TH

GROUP?

YES

PERFORM SECOND PARTIAL VERIFICATION
OPERATION ON X-TH GROUP ——5430

NO

END
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FIG. 12

(START )

DETECT FIRST CELL NUMBER OF FIRST
GROUP BASED ON ERASE STATE OF MEMORY
CELLS INCLUDED IN FIRST GROUP AND
SECOND VERIFICATION LEVEL

——S211

NO
N1 > C1?

5215

YES

DETERMINE THAT FIRST PARTIAL
VERIFICATION OPERATION FOR FIRST
GROUP IS SUCCESSFUL

DETERMINE THAT FIRST PARTIAL
VERIFICATION OPERATION FOR FIRST
GROUP HAS FAILED

S213

—S5217

INDICATE MEMORY BLOCK AS BAD BLOCK

——5219

END
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FIG. 13
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FIG. 15

S315
2 YES

DETERMINE THAT SECOND PARTIAL
VERIFICATION OPERATION FOR FIRST
GROUP 1S UNNECESSARY
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GROUP 1S NECESSARY

——S5313
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FIG. 17

(START )

DETECT SECOND CELL NUMBER OF FIRST
SUBGROUP BASED ON ERASE STATE OF
MEMORY CELLS INCLUDED IN FIRST
SUBGROUP AND THIRD VERIFICATION LEVEL

——S411

NO
N2 > (37

5415
2 YES

DETERMINE THAT SECOND PARTIAL
VERIFICATION OPERATION FOR FIRST
SUBGROUP 1S SUCCESSFUL

DETERMINE THAT SECOND PARTIAL
VERIFICATION OPERATION FOR FIRST
SUBGROUP HAS FAILED

S413

—~—S417

INDICATE MEMORY BLOCK AS BAD BLOCK

—~—S5419

END
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FIG. 18A
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FIG. 19B
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FIG. 19D
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FIG. 21

(START )

PROVIDE ERASE COMMAND AND ADDRESS TO
NONVOLATILE MEMORY DEVICE

——S51100

PERFORM BLOCK ERASE OPERATION INCLUDING ERASE
LOOP, FIRST PARTIAL VERIFICATION OPERATION AND
SECOND PARTIAL VERIFICATION OPERATION

——51200

WHEN AT LEAST ONE OF FIRST PARTIAL
VERIFICATION OPERATION AND SECOND PARTIAL
VERIFICATION OPERATION HAS FAILED, RECEIVE BAD
BLOCK INDICATION SIGNAL FROM NONVOLATILE
MEMORY DEVICE

——351300

LOAD ADDRESS MAPPING TABLE

——S51400

UPDATE ADDRESS MAPPING TABLE BASED ON BAD
BLOCK INDICATION SIGNAL

——S51500

STORE UPDATED ADDRESS MAPPING TABLE

——S51600

END
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FIG. 22
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FIG. 23A
1 LA1 PA1 VA
2 LA2 PA2 VA
3 LA3 PA3 VA
4 LA4 PA4 VA

FIG. 23B
NS
1 LA1 PA1 [NVA
2 LA2 PA2 VA
3 LA3 PA3 VA
4 LA4 PA4 VA




24/25

owmr ommr ommr
"] WAN
I'HO
——
I WAN
€HO JOV4HILINI AHOW3N JOV4H3INI
.. WAN 4344n4 1SOH
| WAN
¢HO
P ————
"1 WAN
LHO
004} _ >
ddA
AL (S)H0SS3004d
0gcl Olel
H3T1041NOD




25/25

m@mm #@%N dovee Ld 2(
’ 0zlzz oovez . Oligz  90zze d0gcc / G0cc Bogee _
1022 o0zez \20£z2/91.22 az/2z \ £022 [ e0v2z B02Ze
wgumuwpwqgfumwm*uxxsﬁmamm»«mn»wyfyavambgzawgyxwzu ¥ \,\L ¢«;%y)
\ N [N T s N TR N s s T N e T e T [ N N _W_mm_
o _—e|/22
| _ez/ee
R —1~B¢€/d¢
02.€2 T ©2/62
qL€2 Bl /€2
q09ee 209¢¢
Ny R W 00662 &Y BOGES
el “ : 08€2
WMMM\/V:O, ax B T A B 3 \ .
—_—— AN H H H U|bM NAAN NN N
GCEC— N e NV , ; 1130
08€¢ pocz—Lhs = N N +—GLEC
mmmN\/.‘ A NAK [l AN I AR s VOV DA AN N K
Nmmm) AARAA [l AN B o B o I < 4*14;4\, N z(—/d\ .'\\.lllmomN
e — b ] == < <~ AANAS AANAAASANSAANS ) Sy 1 N f
02— e N AR AN AR AN ANAY ANV VAR A N VYT VATV ANV N VANV
orez—Ft T % R e e
108Z—E : : N \
| \ \
m ovez \ vrez \ zvee LA ez
| LVET SPee evee Y8
| ovee
vaig - vam Vd
0002

G¢ 9l4





