FIG. 1

((START )

PERFORM A PATROL READ OPERATION REPEATEDLY
TO PROVIDE ERROR POSITION INFORMATION OF
ERRORS INCLUDED IN READ DATA FROM A
VOLATILE MEMORY DEVICE

——S5100

GENERATE ACCUMULATED ERROR INFORMATION BY
ACCUMULATING THE ERROR POSITION [NFORMATION
BASED ON THE PATROL READ OPERATION
PERFORMED REPEATEDLY

——S200

DETERMINE ERROR ATTRIBUTE BASED ON THE
ACCUMULATED ERROR INFORMATION, THE ERROR
ATTRIBUTE INDICATING CORRELATION BETWEEN

THE ERRORS AND A STRUCTURE OF THE VOLATILE
MEMORY DEVICE

——S5300

PERFORM A RUNTIME REPAIR OPERATION WITH
RESPECT TO THE VOLATILE MEMORY DEVICE
BASED ON THE ACCUMULATED ERROR INFORMATION
AND THE ERROR ATTRIBUTE

——S5400

END
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AETT AET2 AET3
PFRADD EN ATT
RAa 2 N/A
RAb 1 N/A
RAC 5 ATTH
RAd 4 ATT1
RAe 0 ATTH
RAf 2 N/A
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FIG. 8

((START )

UPDATE AE| ~—S11
NO
EN > RN1? S12
YES
PERFORM PPR ~—S13
NO
S14 POWER OFF?
YES
STORE AE| —~S$15

END
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FIG. 11

(START )

PERFORM FSR ——S21

PERFORM DSR MORE
FREQUENTLY THAN FSR ——S22

END

10/22



IL

14d0Ydd

UYSQ,  UHSdd

EUSQ,  euS4d

¢dSd,  cdS4dd 14Sa 14Sd4d

_—

-

—— —_——

—— —_— -

qav1s
}aavyd

1advd
¢dadvd

£davd

.
.
.

-udavd

aavad

SS34aav
MOY

11/22



X Haay Mod

A—®Z omﬁx

oip Uroll ams [iropi ] mw_,.o. ams 8 aws_ | irof|
: <mm vous | i[vs vS|i VONS |ilvs|i VNS |i[vS
% T N 5 [ O | S

e el I T | | - £ N
, vS[i  VOWS [ i|vS VS|i VWS m<m VOWS | {[¥S
%w T | < IO NS
, Vsl VoS <m” JWW VONS <mm ﬁs_m_ VS
dNo roli  ams _SW S 8% 8/ %W-\. ro
o B al Bl e o ks gl awkibn

€L Ol4

12/22



—3MN

1130 4009:O
HEARINER || vaixd _I_
00— —>——9 ‘
(VM) P TS w -
¥QIXd
|- edixd .»H_
T D D D P D S . Tl_
(evH)ETHS HI._ p—
£aixd
|- zaixd w Tl_
S — 0 —9—— - ‘
(evH)z NS M p—
2aixd
- 191xd ,»H_
T ———0—0—5— : 1
(1vd) LTS ( U p—
£
SmH Bma EmH Sm_a ﬁma :m_H ams 101Xd

13/22



AETb

AETa

FIG. 15
PFRADD EN ATT
RAT 3 N/A
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FIG. 17
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END
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FIG. 20
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FIG. 22
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FIG. 24

(START )

LOAD AE| Y
PERFORM PROPR | 350
UPDATE AE| | 553
DETERMINE ATT L 354
PEFORM PPR
BASED ON AE! & ATT 555
FLUSH AE| | 556

END
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