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# Tutorial: Why NAND Flash Breaks Down #

RB5|—TF MR E/RI—L NAND Flash B94F = -

NAND Flash £/ floating gate R E B FRFRF
THEIBEE, WXL Cell HIEEY (Read) . BA
(Programming) . #% (Erase) HV#%fE, BE
EY P/E cycleo
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Single Level Cell (SLC) B97ZfiEH o BRI
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REBEARER 4KiB HEFBARRZEIR (block) =&
& (cluster) K/, AILHNE|—NAEDIE. #XI%
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Animation: wear leveling on SSD drives

Logical FAT Free

Physical
segments

Writing to a free segment

BRENBAEXNNEMTR, B/BERERLEA
128KiB BEGEFENIRE , HEAZREHENR—RD BN
FELDR[ORRIRIE B /)N ; TR E KAIERFRER AT LURL,
DITBIREMMULBRI I H, MBRERHIANXE, B
ZFinE fimAFN ERAEFRNER, LAEA SSD A
BELL U 270 SD FIERE/NBIEERER A/

NEFEE LR — BB E IR Y IR ER st 3 E Y BRET
B, WiXEmETE (Flash Translation Layer) o &%
BE— P EMBHMEEFT D EE— 1R, BERG7EMETRE
ICREYIEMNE, BRETFRFASRTE ANt it 3%, PR
LGt R EEREFENEELHIZZ09 RAM /1, EITtE
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7, el AEYIERA LLBERERITE. R
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o Write: 7 RAM FERERIEREMBAMLE, JASHR
I 5 S #TBY DIHE.

o Close: &RigHcRIERFFEGE U ERITIE, H X
HEEER, AEERMRETIR,

MREERABATILNZE, Xz
B, BEBEERXALSRREA GFeBRsE T
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5, ERMNRVIZIETUEMMALRL YR DUE AL, R — TRy
IMEARIE DT E RS H a1 B AL E LR B ) IR ER
EREVIER, BRIZRAMBZENER, BEERER
B ARFYIEE:, EYIERMBIRTIAREE, PR
HERTF RAM AT BRES B A 7F o EE+,

SMEMACRENTLZ 58RI —REAFHNEA, #
BERNIT—RIRE, B EABRK (Write

........................

—LESTRY AR, X At i i A 457 3K (11 5 2 ALHE
FERBREY (Segment Mapping) 1 , HAMFTL2BE¥E
BRHEIP T IRBEERRMHEIRET X 3.
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Animations: block remapping

X BERENELFEAREEE, A LAER AR
Sfo BV RIRI BIIRE KIS 4EIF — Sk ER At
UEBRAYSR, (RERMBUE—IF, @I ERIEERYI R DTEM
fiko

e Open: PEE—RFHEL, B DE— D HERN
BRET R,

o Write: EEA—T1, TN RICEIUENER
ER SR 94 EE stk

o Close: & HIZBERPREWEBESEE AR,
HFHICREERANMERP, RERREERNENERRA
BREY TR,

WL [F Y 4P PR A [E AR IRFZEE], —3R
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HIF—EMER RN R, SRIREERNEE
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BRANNE, BERAUEFAATEZSEAFE (EEEA
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FIFFBVER F e R ERBY X 118 Fo
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REHERRET R TR ToIE RS (Page
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=, BT TTEAhIERET,
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Animations: data logging


http://localhost:8000/zhs/flash-storage-ftl-layer.html#id21
https://lwn.net/Articles/428831/

LLLLLLL
sssssss

|||||||||||||||||
55555555555555

fRT XREMBIE AMKEELE AXRMR RS
, REBAXGRFENEAFNAIREER B R HIEZE
8] T —ERESERVRENE A, PARRLIKES B R B,
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EERH RBERESHNE 8 FI1R5R eI RAY
HEEH,
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LEIFTUEBR S, PILUR BENEARMIZE L5E TR
ERMHE ALV R.
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Performance measurements on a class 10 SDHC
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REOEERIESUENZEMIE, AMEEXHRAFTRRBMN
b, XBEREXHRAETERIS FAT32 Fl exFAT XF
FAT RX RS, FAT AXHFRFERFRET, ks
s —IRZE B AR INE X4 B23R (File Allocation

tH FAT RGRAX/), XRRAZEEIFBRMEMHIRE,
Xt FTL EERI7TEdE, A FAT REVZiEMNEZEE], FE
£ TERNHNEIRSY) RRIESMABENIRE, Xtk
[EREHEZEIRIER MEiEEARL] AIRER,

Al EEBK 4 eErZE, ME T — class 10 SDHC
£, REIRERANES, NFIRE. RFEEA. BEH
BEA. X FAT KIEHBEAZENMEER. TEBNZE
BIREREEIR, AIMUEH FAT i MEN EAMERIZIE
sk FBEAE ARG EERM.

NBRNEBIRIERGILITRT eMMC F0 SSD LA
NHRGRIREIRT, FIREREEAE 8 ZpYithiiRET
MUBR[ERERER, LIl —FRBREEAZRZRINFEA,
XA T&EML) AR SREAFEAR, HRTpE
It TEERNE AL NANIERE AU IR ;
X AERET, BRIEREZBAGITEEEYIET, FIRERHCRAY
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AJBERIF DU PRET AL RS TERAIMIIEARSY | AUZR
B&o


https://zh.wikipedia.org/wiki/FAT
http://localhost:8000/zhs/flash-storage-ftl-layer.html#id24

5.2 FJH NAND Flash #1843 4%

ikynld

EZ[E NAND Flash p947I843 M, E MLC ERHER
FESZHEMBEA, MLCHEALLSLCIE—L, B2
BJ A3 MLC Flash 18 SLC XWE A, FTL #HI28t8]
BEAAX—a, ILPAEFNEALTF SLCEK, BRI X
A BE ER T 3R (B B AR RS SLC B EEREIURAE MLC ER
BFKiIBRE. —EMIXMHEAIMRIME TSLC &
71 EEZAEYE, EEEREXBEHRZARIMM
SLC Flash i F i writeback 872, EARZEHAA RAM %
%17, ATF SLCEANEARBERIFAEMEN,

5.3 [AIESFTHEREX

stk Bk G AN IR [C U SR K &R 0 BBV T FF

(open) « BEA (write) . X (close) BIRYIR(E,
NEEEEDIFRNITAZSNE, PIUAX=MRERE
IR #1THY, FE—BZIATRERIAYA 2N ERMIEFT AR
T, BEEREA. AE—1FE (Plane) @ REE#HTT
—MIR(E (R, B, BR) , FAUTAEARE, FTL
SREIBEADBEARNEE L, RAGEEERENX
RIS LA Device. Chip. Die %%, RAIREXMINTER
NERRY RAID B4R,
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INEEEERNITHRNRACZ FE EFEMEERL
PR, EZIEHIZZTARNEFE (RAM) RHlZEN. B
FAT MIRFEBE ALY FTL , BIRERRT FAT XiZiz 4%,
RAaFdE 2~8) MHABEAR, BETEMER
X ELIT AR A X F1R(E (close) , HITHIRIE]
WOREE A RRET, HMBEZHHNEA. ESiHM SSDBY
FTL IR KA BERN ISR MUAE, FEIFTHREREF]
BEEABEBERTIRRNERS, ELSHMEIE A TRES
SN AU BINES, 7EZERES & FIRZE 8]
ENTF k& Bk (o],

5.4 Firgzlik

FTL AJRe A RM ARG BEARIVEMAL, BT
SR RGTRESH FTL V—LBASE (LLaniRE:
R BETIAN FENEAMCXE) , ABAFREE
prith L BEELE, M FTLAEERCS, F2FS #l exFAT
XEX ARG TR RN GRS ENRET T —LE
X1, IERXLENENRRYIESE, RNEFEEHH,
AIEEFAARIB AL BV ARG E TV, HAEARXE
RESH

5.5 TRIM #1 discard
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F—MXHRFEN FTL ABHEERSHINEIRZ TRIM 15
To TRIM BXHRZAH, SFREEREFRZ (&R
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