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A flash memory storage management method includes: pr0V1d1ng a flash memory module including
single-level-cell (SLC) blocks and at least one multiple-level-cell block such as MLC block, TLC block, or
QLC block; classifying data to be programmed into groups of data; respectively executing SLC programming

>

and RAID-like error code encoding to generate corresponding parity check codes, to program the groups of
data and corresponding parity check codes to the SLC blocks; when completing program of the SLC blocks,
performing an internal copy to program the at least one multiple-level-cell block by sequentially reading
and writing the groups of data and corresponding parity check codes from the SLC blocks to the multiple-
level-cell block according to a storage order of the SLC blocks.
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A flash memory storage management method includes: providing a flash memory module

i

Wﬁ

including single-level-cell (SLC) blocks and at least one multiple-level-cell block such as
MLC block, TLC block, or QLC block; classifying data to be programmed into groups of
data; respectively executing SLC programming and RAID-like error code encoding to
generate corresponding parity check codes, to program the groups of data and
corresponding parity check codes to the SLC blocks; when completing program of the
SLC blocks, performing an internal copy to program the at least one multiple-level-cell
block by sequentially reading and writing the groups of data and corresponding parity
check codes from the SLC blocks to the multiple-level-cell block according to a storage

order of the SLC blocks.
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(0007 F2RFEIE - HGBEAEH-EY 2 HRISEEREERI00HVER
wEE - REELEREE 1008 & RPELIE R 105 K R PIEC B ER 45110 -
RETECIRASTAGH 105 B —(E BA 4T 2R eV TRIIRCIERS IR © A IIRAEE
HIPRE - RESECIERIEMA 0SB E S (ERIIRRER SR (ARG TIRELE ) -
—RESECIER S R B2 M E B E BRI (single-level cell (SLC) block ) K&
%(f 2% G BB L ERHE Y (multiple-lelve-cell block ) > BEf@ BE B RIE PRV —EE T
NIV R ZEETENERE— BT o G2 ioTiVER 0 NK
FRECE 2L R B R - DT EREEAOEFEAMLCER (mult-level cell
block ) 2 BTE AT EEFE2 i TCAYE RS ~ TLCEBE (triple-level cell block ) .~ BE 7T AT {5
F2TCHVERE ~ QLCESE (quad-level cell block ) - BETCRIEEFE2 L TCHYERE » %
FEARHE -
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F o RPGEC IR RS TR e | 0 RS — S e E RS 4R IR 1101 K — et (parity
check code) 4&fHras1102 » $E5R E EHERIGERE 1 101 H DA ERHETT L — 3R &
TEMS4REIRlE - PIAZE < B (] fufE EIE-Fr 48768 (Reed-solomon codes )
HI4mIETREE K /2 5 FREk (exclusive-OR » XOR ) #ERJ4RIBIEIE - DUEAAEEE
A Bt - P BmhiG4% (Eras 1 102 LARTF AT EE A A FERVI Bt - I REIRC IR
PEdES 110 A L — I E sE=(iR Y] (Redundant Array of Independent Disks,
RAID) WWERVEBRES] » H—EERE AREIRIRERS SR - FRED SR
AT A B 2 5 g B r B RHE B R [EI0G-5 e A [F 4R e (F R R St i B

HErE AR LB DN TLCE SRR AL B S EBAER 2 EE
BT E R SRS 0] B IR B 85 DL R 1% S TR PARC IR RS TR 4H 10578 28 [N BR 42 Y
(internal copy ) #2{F 1 Be Jeg B T @ PR B RHE RS 2 TLCE RHE BRI /R 0] B TF

LRI -
[0000]  BEfEL » ARkl ARTRCRRIFIEH 2 o HRPAE AR ELE 1056
S R AR B RREE - (BIERE) & —EEsTE—ah e

(page) HYES AR » A BRA S5—BIEAET 5 — BRI HIE A - A REEFREZ
M F A PR R RS HIES 1 L0 A & BRI EilEs (sequencer) H
HaE TS ERNRERS R (KAEZERAA2ESF R - BIERE ) - #H5—
{38 38 B [F) B 3 2 (W PRPAIRC IR R i R T AR BRI EIE A > MAFESFEL
@& 5 o A BRARL RS R TR —ITERGT (folded) MEAF
SRR (E T E (plane ) > <—{EEAPIRCIERS & 7 AE BRI ARG AT [E]HF A1 F - [E Y
TH ERTHR(EEREEARIT A EEREREA - MAREEGEH P E—EE
BHESE © IS - PREJECIERSIREAH 105Ky — (B sk & &SR (super block) {AH1Z ([
BB R RIRC IR AR R B2 (AR E TRk - Ay ERPIRC IR RS2 H25 110
R E R IR E &R B EIKETEA » ST ENE A R ERER

F4H 423 HEVERAE)
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[0010] WEREARRENS  —E&ERE L RITECREEGIEE 11058 A
EMEEETERNERISIA05IC » PR ZEEEE TERER
1051A~1051CHE £ 2 B T LR E B 1052 » Fildn > FEAREHER] - AL TLCE T
BZEREIZ ARG RG] - TLCEITOfEF2 A CAVER > thpt@sh » =(HE
JEEITTERER (DU TF R ASLCERIER ) 1051A~05ICHTERIEHE A Z—
{ATLCERNEIRL1052 » it > FEFFEEILEHSLCERIEIR1051A~1051CHIE
AL TLCERHE SR 105209 55 A TR FIEAYIREE - IRESRCIERRIERIES 1104
H—EERT R =8 (group) AYERL > EXEMNE - WRGLAMLCEIT R
ZERER 2 BB RN A > FRAMLCEE TC o] 772 A TeAYE N > BT AREIRCIE RS
PElEs L0 ek EER 0 BRI ERFIVER » MR A LAIQLCE T A2y %
JEERHES B FHFYQLCEE L u fEfF2 (I AV E RN BT AP RE iR A AIER 110
GREZEER YR BIUERER ISR - hEbEsR B it EETE
RHEHR 10522 BT ol EFE B A2 THYE R  NARER 2 A5 EEgETE
FHE SRS B &aat BNESLCERHES » GG ABIEHIES L 0GR = E A
BRI BNEREYER - DU IR A ZENESLCERHESE

[0011] fEAFEHGIF » SRR 0B EE R A =EE
BhHE > FHEMTE - RERE A (SLC program) #EHE—HINEREA R
A —(ESLCERHE IR 1051 ALL R A1 F f5R T IE B4R S a8 1 10172 AE e n v b
B A 2 —(HSLCERHEIR1051AF » A0FL{HSE R —KSLCERERATE A
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He(E » R RIECIBASTERES | 1 0REETAT S RV ERIE A (SLC program) 7
F RV ERE A LSS T ESLCERNEIE 1051 BRI #h5R B IEHE 4R 5 B ES
11012 4 S ERTRRIB L B A 25 (FSLCERHEIR1051BH » MILFHTEREE
REYSLCERHEIRAVE ABRME - DU RIRC IR RS R e L L OREE TS = REVE
BIE A (SLC program ) K55 =BV ERIE A IS =(HSLCERHEBE1051CLUR
FIFH S5 58 S EAS AR IS EE RS 1101 22 28 B HERYR Bt Il 5 A 256 = (FSLCE RHE ]
1051CH > AIILESERREE = RAISLCERHEIRAY & AFR(E -

[0012)  EREUECIEAGHEMIES 1 108 TH—XKAVERE A (SLC program ) R
—BFHVE R R AR —(ESLCERHEIRNT » B NERE A 2% RIS IR AR
e | 10E R HE G I - WRERE @ Pl EE—SLCERNERE ANEA
JH (program fail ) ~ —FIC4RENES (one word line open) Fe/BCRHFIL4RHRE (two
word line short) HYfEMN - RETGCIEAGTERES 1 108 FI M §E35R B TEAS4RISEERE 1101
TR KA RS ARG A < Y HER SRS AR 1. F AR SHER -

[0013] ERTA={EEFHVERHIIE A £ =ESLCERHE BT 1051A~1051CEL
EXE—ESLCERERAVER B AT - RETGLIERIEA 105FE TN EE
B ek SLCERHE B 1051A~1051CE H—{H SLCERHE IR H s = (FRF RV E R
B — RV ERHE RIS K = (EE Y E R s TE R = A (TLC program )
Z—{ETLCERNEBE1052 (FREIATHAYE AR E &SR ) - TLCERHESR1052/5 A~
B E YR E R PIECIE AR & R BV TR n B R AR - 140 - TLCERHER
10528 —Fre4Ray— BRI HEEA FERE (upper page) ~ FRIERHE (middle
page) AR TNERIE (lower page ) » HRETECIRASEAR 105HY N BRE B A ARIE 7 Fia
K —SLCERHEBRHVENRF TR ER S (EER E RS A 2TLCEREIE10522 —
FILEHIHAE FERE - K SLCERNEMRAVEN+ IR Tt LIS EEREE
AZTLCERNEIR1052 2 Fl—Fruépi 2 AR EERE - DR ZSLCE R EER
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AVEEN+2MRFTL4R FHVSEERIE B AR TLCERESR1052.2 B —F T4 2
TERE - FATA ZEAHNERIE AR TLCERER 1052 » WL HETERK T %8
RERHESAYE ARRAE

[0014] JEXEHVE K TSNEEEGINER - FFETLCEREI 105267
ZiE T8 (randomizer seed ) FRANFK ~ LUK [FIHG5 EHHaR 5 IE4RHSAE 1) LARE(K
PSR » s N EE R A LR RE R & RIS 2 TLCERHERR 10528
SRFEILEN F - - TERENUE > RIS IEREZERI 2 L0 E AR E
PRV R R B E A 2 B 22 5% B SLCE IR BR1051A~1051CHF - [EIRF (ki
TLCERHE SRAY Bl 3o 8o RIZ SR DA e % 2 88 558 B IR 4RI 2 AR BBy B A G
IR SH R T PRI ERE 1 101HYsE R B E4RIBAE 1 TR T —RSLCE R
IRV E ARRVERF B IESLCERHESEHY R AKRRL ~ —F e 4REnES K /BT FIT.47
TR TSR SRR > AR AT AT T2 B AR A RHE IR N B AR (RIS S IETLCE R &
BR10528E A SRR ~ —FIn4RBRIS S /B0 FIT 4R MBS FTiE A SEER

(0015  BE4h - AR ERPOGCIEAS R 4H 105 TR AR B i [ U ( garbage
collection ) » TREJRC IR ASFEM 25 110 (5 2B AP BN SE HL » 1¢ 8% L SLCE R & 3R
1051A~1051CH S H L B bl Bl 4 T S i B IR AR AR TE R R A (SLC
program ) S /EETLCERNEBR 1052 58 U H B RN B T 5h a5 B IERY 4RGSR
BITERE A (SLC program ) « Jt4h - SR EAER (SLC program ) £2—SLCE
HE SR H 22283 A BRTREG - TREGECIEASTER 85 1 L0(R{EZ SLCE & SLaE R &
A BT TR T (FAY4RES ~ 55 AB R SLC program ) 25— HiHISLCE R R -
FEAN - anRE AER (TLC program ) ETLCERHEBE 1052 H 28 7R85 A Bl ik - 1
PORC IR B4 105 A MEE A TLCERIESR 10527 B RIETEE(F 2 Bk A% 56SLC
ERHER1051A~1051C - 2B A B R BLE Fk T ERY B RIETTLCE RFE A (TLC
program ) ZEZTLCERNEFE1052 ©
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[0016] EBE2HREE2ME - 2@ A IHE—EHME BT~ RIS
#3110 TSLCERIES A (SLC program ) fGH—FE. BRIE A £ IS EasfH
401054 2 —SLCERHE B AT — X SLCERHE SR B A SRIERT R E R - HRPIE1E
BEPe 22110, SR B IEHEARTE R IR 10 A BRI T DL — 3 25 35 SRR 51
Y E{E-FTEEFT (Reed Solomon » RS ) 4RHGHR(E » EAEMEEATRSERNS > ik
4% Eies 1 102 DLRTFERTZE A 2 MH S HERT IS Bt -

[0017]  BRPGECIEASHRAR10SN EFEA W (EEE - A A fEw E R PIRC R & A
K — R B AH A W R [EFH » BsRE AR - REIR IR AR 23 11014
AR 3 (8 28 A B 2 PRPTRC IR AR AR 10S Y A (B PR PTRC R RS & 1 BY Y &
VR - 055208 < Bt AR —SLCER @B AR Fl20 128148 (43 RlH
WLOZEWLI27FR2 ) » #%SLCERHE S AT LR —ESLCE R BB E —4HSLC
FERHEHRATAARL > HISLCERHERAVE R TS - Ry (Ei - (L E (%
FE 28I FIL4R S R —(EASLCERIEIRAY AV N » HrhE—RF o4 EfEA Blins(H
EiftHE » #ZSLCERHESRAVE —FRFEITHEWLO AP - TRESECIEAS TR e 1 1048
rh /78 CHO 38 &1 HPLNO ~ PLNIRFERIEP] ~ P25 A R TRESELIERS & 7 CEO -
P [E— iR ECHO R 388 P IEPLNO ~ PLNIEGERIEP3 ~ P4 A E 5 —H4
sLIERG S A CEL » #EE& th 55— ECH1 K382 T-HPLNO ~ PLNLK &R EPS ~ P6
B AR RS R CE0 » S #siimECHI R 38 FHEPLNO ~ PLNI#E R
HP7 - PRE A 2 RAECIERS S R CEL - HARAIMRILIRHE

[0018] TRPGECIRASIEHIES 110(54% —ESLCERHE AT 2 EF T4 WL ZE
WLI2THIEFF MG T T 48— MR SCE 20T IE RS MBI B
3 PN F e 4R WLO~WL2 Ry 55 —4&H » T4 WL3~WLS Ryse —4H » Foré WLo~WLS
Ry =41 FIrEWLO~WLI1 & 25Puh - » Sonéf WL120~WL122 By 1855 =41 -

FILEFWLI23~WLI25 BR800 40 » ez —4HF T4 BWL126 ~ WL127 » Hrf
58 H 323 HEHRAE)
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F—F= - FHHE - FENTILEHFTEET TS > ME_ - FV - ERE--
FHITT TR BEEEH T LS o RPRLERIEHIES LI ERE AT ra s &
kB (BFE=RTFITE Bk » GF iR RS ARISER | 101 1 Z4H T4
BRI T IR T (E 4R » IR AE 2 B IE > B0 43 AR BR RS partial parity code )
i SR EREAE ATER 1102 » ARSI EREE o

[0019]  fEarS4RE RS 11025 B 730 4 B s i (ke 2 B T 4R B R T
HHE Sy 0IRRE I  — E — R EE 11024 > BB T TR ERATHIE
H AR BB AR — 5 BRI 1102B » BHI5KER » B8 AFILEWLO~WL2
BRI EPI~P24RE - SRR T IEHEARAGERRS 1 101 A B BRI EP1~P24 TEE R F IE
4RHE > WA AE A 2 S > B A AR R i HE B BB AR 1 25 1102 - B ER S —
EEIEI102A © PR EE AT ILGWLI~WLS BRI EHP1~P24 »  $5:R 5 IEHELRHE
BEC 10U B R PL-PUBNI TR FIE4RIS W P4 2 BHE 2 E 09k
St 2 AR Ees 1102 - IENE _EHEE1102B s HERRER ATIT
GFWLO~WLS 2 BRI P25~P48 » $55 F IEWEARIGERRS | 1015 E A &R P25~P48
WIT P8 ER R 4RI o G AT AR 2 BHHE 2 B0y IR il A B S 4R T 8
1102 > EFERE—HEEII02A  BEVEH EE AFHREEIRIEG IS
2% BERAFILEWLI20~-WLI22 2 BRI - s8R H IEHE4RIE RS 1 101{ZE )
FILEFWLI20~WL122 2 Bt H B TE4RIE - A6 FTEE 4 2 HHHE 2 307 AU B
HERERIEEE RS 1102 BIFE IR E—EEE1102A ¢

[0020] % > RSB IEAIES L IO B A BB T T RE —HTF T4
(WL123~WL125) B » Br T TERE A (SLC program ) B ERTFEIR B IE4R
BRAN > IS 4R T 1 102BRTEI 17 < PR B EEE 74 2 B RS A i etsaa
[B] > W E BT T4 2 BRI IE 2 FTA RIS S A £ &t —HEEEE T T
G Bk —IRTFILAWLISIVERE » flm @3 EERiE (BERLR205) » DA

FOH > H£23 HEHAHD
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FEEGHF LR < BRI TS ERY B R -Prag PRt

[0021] 5=4h - VB ARt — T BT THEIEE —RFITHEWLI2T
I - PRPSECIEAGTERIES 1 10FR 7B TERIE A (SLC program ) B ERY$ERR B IE
BN G R —4REE LI02AFTE 7 2 BT A S BRI Lét < BRIV ER 7 P Bt
sEE] o AR R B H AR BRI E C P A TS A R (g —4H E BT
TLRZ B —IRFILEWLI2IRVERIE > Pl &3EERE (FERCR210) > LA
A E BEA T eR < SR AT S Ry - A 2R IR 5 - L5k —KSLCE
FHEIRAYE A - HIE > 5B E-FZEMREIREN S » B  ERATEH
HE I BBt (R I i 1% — S T B F T 4R < I8 — R F 4R WLI2THY I 1% 18
FERER ENALE - MEEEEF T < BRI T BT S AT &t —4H
(BT T4 R — R F I WLI2SH S A H EEE B R EAVALE -

[0022]  Bb4h > SEERE ENS4RISER 1 101{EE 2E T~ EHAIFTE T 2 B
E-F2E T 4RISIRIE - THRIESALSLCERER 2 EE =EE 2 BRI EATH
85 BRHIKER > SR F IEREARISERS 1101 B F TR WLO~WL2HY =R FIT47HY
BRPA T8 i B IR 4Rl AR AH RV B o Bt A0SR (A —iE AV AR [E] & A
AE—fBE- T EY =[EER E s - FI0EREPL - PO ~ PITHI$E - $HR 5 E6
RS EERS 1101 v R AT EE 4 S A B HERV BT o et - K% = (M E R HAVsERE
IE o

[0023] R R0 1T% KSLCE R & B AV 5 A B A Hl 2] 48 4B 5 A K BL

(program fail ) BYTENC » BIA0LASE AR RRSRAGESR - Blfs I Z &R PO A SRR -
ban B (EG 4RI EERS 1 101 v IR FTEE A4 < AR T HERY ER 70 Bt - i &t L PORY3H
PR IE -
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EiRtE (R0 R4024) » 156 _(8EFH 2 ERIHVIEEAH FITER RV HE 2 1t (%
EEFEPERIER . F TR WL i = A UL MSBEY i 1% = (M E R H (IR
402B) 5 55 =(#EE4H 2 ERY R BAHF LAV E 2 RS (R G AR &I 2
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=B A — R TR YMIE S o R B i 5% (B B H /Bl Fon & T i (& M
FRFILR 2 it —IRER H - B AT 4 E B BB &S — R T4 aIM{E
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WLIAYE R E PR S » DARFIFASE = 4RHE5 [ RIS — 40 F TR I T 4R
WL2B iy 2 A 2 A 3 FE Y B0 7 A B8 Sz [5]— 7 L 48 WL2HY HoAh IR RV B
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PIHVSHR « NI » fEmEC P TSLCERHEIA R AR 24 AR - —FIréEr
BRI T AR R AT IS R AT H SR - S aR S RS4RI EE R 110139 o] Bt 5
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