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MT29F2GOS8ABAGAWP-IT:G, MT29F2G0OS8ABAGAH4-
IT:G,MT29F2G0S8ABBGAHA4-IT:G

Features

Open NAND Flash Interface (ONFI) 1.0-compliant!

¢ Single-level cell (SLC) technology
¢ Organization

- Page size x8: 2176 bytes (2048 + 128 bytes)

- Block size: 64 pages (128K + 8K bytes)

- Plane size: 2 planes x 1024 blocks per plane
- Device size: 2Gb: 2048 blocks

Asynchronous I/0 performance

- 'RC/'WC: 20ns/20ns (3.3V), 30ns/30ns (1.8V)
Array performance

- Read page: 25us

- Program page: 200us (TYP, 3.3V/1.8V)

- Erase block: 2ms (TYP)

e Command set: ONFI NAND Flash Protocol

Advanced command set

- Program page cache mode

- Read page cache mode

- Permanent block locking (blocks 47:0)

- One-time programmable (OTP) mode

- Block lock

- Programmable drive strength

- Two-plane commands (Available with ECC off
only)

- Read unique ID

- Internal data move

Operation status byte provides software method for

detecting

- Operation completion

- Pass/Fail condition

- Write-protect status

Ready/Busy# (R/B#) signal provides a hardware

method of detecting operation completion

WP# signal: Write protect entire device

ECC: 8-bit internal ECC is disabled at default?. It

can be toggled using the Set Feature command

Blocks 7-0 are valid when shipped from factory with

ECC

Block 0 requires 1-bit ECC if P/E cycles are less than

1000

RESET (FFh) required as first command after

power-on

Alternate method of device initialization after

power-up (contact factory)

Internal data move operations supported within the

plane from which data is read

Quality and reliability

- Endurance: 100,000 PROGRAM/ERASE cycles

- Data retention: JESD47G-compliant; see
qualification report

- Additional: Uncycled data retention: 10 years
24/7 @ 85°C

¢ Operating voltage range

- VCC: 2.7-3.6V
- VCC: 1.7-1.95V

¢ Operating temperature:

- Industrial (IT): —40°C to +85°C

¢ Package

- 48-pin TSOP type 1, CPL3
- 63-ball VFBGA

Notes: 1. The ONFI 1.0 specification is available at

www.onfi.org.

2. Refer to the Part Numbering Information to check
the status of the ECC.

3. CPL = Center parting line.
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Part Numbering Information

Micron NAND Flash devices are available in different configurations and densities. Verify valid part numbers by
using Micron’s part catalog search at www.micron.com. To compare features and specifications by device type,
visit www.micron.com/products. Contact the factory for devices not found.

Figure 1: Marketing Part Number Chart

MT 29F 4G 08 A B A F A H4- AAT ~ ES D
Micron Technology L Design Revision (shrink)
Product Family Production Status
29F = NAND Flash memory Blank = Production
. ES = Engineering sample
Density MS = Mechanical sample
1G =1Gb QS = Qualification sample
2G = 2Gb
4G = 4Gb L COMPONENT_REVISION
8G =8Gb 1 = Cu leadframe (L/F) material; if not
16G = 16Gb specified, material is standard alloy 42
Device Width Special Options
08 = 8-bit Blank
16 = 16-bit X = Product longevity program (PLP)
Level .
A=SLC Operating Temperature Range
. Blank = Commercial (0°C to +70°C)
Classification IT = Industrial (—40°C to +85°C)
Mark | Die | nCE | RnB | I/O Channel AIT = Automotive Industrial (-40°C to +85°C)
B 1 1 1 1 AAT = Automotive (—40°C to +105°C)
D 2 1 1 1
J 4 2 2 1 Speed Grade (synchronous mode)
. 12 = 166 MT/s
Operating Voltage Range Blank = A synchronous mode
A=3.3V (2.7-3.6V)
B =1.8V (1.7-1.95V)
_ . . . Package Code
€= Veei 33V (2.7-3.6V); Vegg: 18V (17-1.95V) SF = 16-pin SO (10.3mm x 10.3mm x 2.65mm)
Generation Feature Set WB = 8-p|n U-PDFN (8mm x 6mm x 0.65mm)
D = Feature set D W9 = 8-pin W-PDFN (8mm x 6mm)
E = Feature set E 12= 24—ba!| TBGA (6mm x 8mm x 1.2mm)
F = Feature set F WP = 48-pin TSOP Type 1
G = Feature set G HC = 63-ball VFBGA (10.5mm x 13mm x 1.0mm)
H4 = 63-ball VFBGA (9mm x 11mm x1.0mm)
Interface

A = Asynchronous only
B = Sync/Async

CCMTD-1725822587-4081 2 Micron Technology, Inc. reserves the right to change products or specifications without notice.
m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.


http://www.micron.com
http://www.micron.com/products

Micron Confidential and Proprietary

é‘ﬁ/’?I cron 2Gb: x8 NAND Flash Memory

Contents

Contents
FRALUTES. ...covviiiiiiiiiiiiiiiicctt ettt bbbt bbb e s ab e s aa e s ab e e b e bt e s as e s b s b s b e b s e bt e s b e s b e sabeeas 1
Part NUmMDbering INfOrmation.........cceiiirieriiiiinienteiere ettt ettt et st st et st et e be s st esbesbesas e besatensessesasensessasnsans 2
L0003 8 175) 0 1T P TP P TP PP PPPRRPTRRPTRROPORt 3
LIST Of FIGUIES...ccuvieuiiieieeieiteeieetete sttt ettt s ittt sat et et e st et e s bt e st et e saeesbesbesatast e besatensessaensabesatenbesbesabenbesssensensesssensansanns 5
LSt O TADLES. ...ttt ettt ettt et ettt b bt et et e bt e b e bt et et e st e b e e b e b e b et et e ae b e b e nenee 7
IMportant NOteS and WAITIIIIES. ......c.coerteriereriienieriteierestestesie et et st e teste st ebestesstessesasessensesssensessesssensesssensensesssensessasssens 8
GENETAL DESCIIPTION. ..c.veeuteteriieienieeiterteste et st et e ste et e teste et e tesutesbesbesssessesaesstesbesseessesesasensesheensansessaensesesssensesseensensessanns 9
SIGNAL DESCIIPTIONS. ..cutitiriieietirieteet ettt ettt et s e et et e st et e besat et e s bt e st esbasseesbensesseans e sesstensessasssensesasensensesssensessasssens 10
SIGNAL ASSIGIIMIEIITS. ..c..eeutirteeieiertieterte st erte st st et e st ett et e st et e besatesbesbesssensessasstessesasassesbesssensesseensensesseensensesssensessesnsensessasns 11
PACKAZE DIINEIISIONS. .. .cuvieiieieriieienierteteste et sit et e st st eteste et e tesue st e ses st esbessesssensesbesstensessaessassesstensessesnsensessesnsensessaensans 13
ATCRITECTUTE. c..ce ettt ettt ettt b e s bt et e et e bbb e e et et e st e b e s be s b e s et et emtebeebesbesbenteneeneeneas 15
Device and ArTay OTZaANTZAtION. .......cecveeterieriierierteiteniestesteseetest e st et este st etestesseesessesstessessesssessesssensessesssensessassensesaensens 16
Asynchronous INterface BUS OPETatiON........cccuicieriiriirieririterienteteieseesteseeteste st eteste st esesbesssessessesssessessesnsessesssensessens 17
Asynchronous ENable/Standby...........cociiiiiiininieieneetesestetese sttt ettt sbe st et sae e tesbe st esbesaesseenbessaensensesanan 17
ASYNCRIONOUS COMIMANAS. ... cecuiriirieriirteieriertertestetesteetestesteetessesueessessesstessesseessessesssensesseessensesssensessassensessessessasns 17
ASYNCNTONOUS AQAIESSES. ...c.ueeuvieieiieniirieiesiteteste st estesteetestesttestesbessaestessesatessesseensessesssensessesssessesseessensesssensessesnaensessans 19
ASYNCRIONOUS DAta INPUL....cuviriiiiiiiiieieieetetest ettt ettt st et e s te st et esbe st e besatessesbesssesbesseensensesasensessasssensessaensn 19
ASYNCRIONOUS DAt OULPUL.....eevtieiieieriieienierterteseetesteseestestestestessesstessessaessessesasensessesssensessesssessessensessasssensessasssensesss 20
WITEE PTOTECTH...c.oviniiiiiitiiictciectetttet ettt ettt e b e s bt et b s bbbt st e b e s bt s anenesatesnesnesanenne 21
REAAY/BUSTH.c..eeieriieieieeiteieeiee ettt st ettt st et s he et et e s ae et e s bt s st e be s bt e st e besstentesbe s st ensessaesbenbeeatentesbeeatenbesseentensesasensas 22
DeVICE INTHHALIZATION. ...ttt ettt ettt ettt b ettt e st b e b b et et et et e bt sb et esaenteneenesnens 25
POWET CYCIE REQUITEITIENTS. ....cetiiiriieieiieteiesiteteste ettt et este st etesteste e besae s st e tesueesbesbasssensessaensensesssensensesssensessesnsensessen 26
BIOCK LOCK FRATUTE.......cueuiiiieieieiieieeiertestet ettt et et ettt a s s ettt st b e s bt et et et et s bt st a et et et e st e bt b et et emeeneenesseee 27
WPH# aNd BIOCK LOCK.....cveieiiiiieiiriiectete ettt ettt ettt ettt b ettt et et b et et e e e st eneenes 27
UNLOCK (2310-241) ..ttt ettt ettt et et s b s s e sa et et e et s b e sa et et et et e st s b e besessentententenessessensens 27
LOCK (ZARN) ittt ettt ettt et ettt sttt et e st e b e b b et et et e st e b e s b e b et et emteneebeebenbententeneententas 30
LOCK TIGHT (2CH)..utetteititeniertenienitesteniestestesiesteste st estessessaessessesstessessesssessessssnsessesssensessessessesssensessesssensessasssessessaenses 30
BLOCK LOCK READ STATUS (7AR) ...ciittrtiteniietenieniteteniesteste st st etestestestessaessessesssessessesssensessesssensessssnsensesssensessasssenss 31
Command DefiNTtiONS.....cc.ceeeereriireirr ettt ettt s bbbttt s b e be b ettt b e b e bt et e e neers 34
RESEE OPETALIONS. ...ceuteruteeiiiiieeiteete et et ettt e e st e st e et e bt e s bt e satesatesuteeabeeabeesstesstesat e st esaseeseesstesatesatesasesaseensaesstesnnesasenas 37
RESET (FFR) ..ottt ettt ettt ettt st et sttt et st e et st e st e besht e st e besstenbesseentenbesatensenseessensesstensansesnsensessanns 37
TAeNtifiCatioN OPEIATIONS. ....ccvertiiirierieierieetente ettt ettt e et st et et e sue e beste s st ebesaeesbesbessaensessesstensesseensessesssensessesnsenses 38
READ ID (0R)...cuitiiiieteieieeeetetetetet ettt ettt ettt et et ettt sttt et s st et b e s et et e st e b e b e s b et et et e st e bessesenseneenteneane 38
READ ID Parameter TADIES........cccceeeuiriirieieiiinirent ettt ettt ettt ettt st a e st ee et et et be st et esaeneeneenesnens 39
READ PARAMETER PAGE (ECR)...c..tiitiriiitiiinitetesiistetesieet ettt ste st sit et stt st etesat st esbesaa et asbasssensessesssessessssnsessesssensensens 41
Parameter Page Data StrUCTUIE TaDLES.........coeiiirieririierienieiesiesteiese ettt ete st steste st stesbesatebessaensessesnsessessasssensessanns 42
READ UNIQUE ID (ED)...coottiteriirterienieeteniestestesestentestestestesasessessesssessesseessessesssensessesnsensessssnsessassensessesssessesssensessasssens 44
FEATUTIE OPETALIOTIS. ¢uuveeueertieiieiteeiieete ettt ettt st e bt et e bt e bt esatesat e s bt e bt e bt e st esateeaseease e bt e st esatesabeeaseeabeebeenstensaesasesaseen 45
SET FEATURES (EFRN)..c..ciitiiiiiiriiiieniestetesieet et sie st ste st esteste st esbe st sstesbesstessessesstensesasensansesssensessasssensesssensensesssensesseenes 46
GET FEATURES (EERN)..c..iititiitiiinitetesiestetesieet ettt et st et e s e st et e s bt st essessasstesbesutansensesssensessesssensesssensensesssensessasnsens 46
SLATUS OPETALIOTNIS. ¢ ueuveeeieiieeiteete et ettest et e bt et e bt e s bt esttesab e e b e e bt e bt e st e s st esase e se e st e st essteeabesaseease e stessaesateensaensasseenseenaes 49
READ STATUS (70R)..cuutiutetieieeienieetetesie ettt st et este st e tesue st ebesuesstessesteessesbasasensesbesnsansesseensensesssensessesssensessessensessensens 49
READ STATUS ENHANCED (78h).....cutititiinierenieieteteiteestestetete ettt st ettt st este e et e et b et saeee e emesnesnens 50
ColUMN AQATESS OPETATIONS. ... ceveruieierierieriertertesteetertesesteste st estessesstessessesstensesstessessesssensessesssensessesssensesssensessessaessesses 51
RANDOM DATA READ (05h-FE0R).....coiirtiitiniieieientetetesttetesie sttt s st estesteeteste st estesbesssessessasssensesusensensesssensessasnsens 51
RANDOM DATA READ TWO-PLANE (06R-EORN)......cctietiriiniirienienteienentetese ettt sie st ie st estestesseessessaessessesasenee 52
RANDOM DATA INPUT (851)...ccuttruteieiirienieneeteniestetesestestestestessesieesessesssensessesssessessesssessesssensessesssensessasssessesssenses 52
PROGRAM FOR INTERNAL DATA INPUT (850)...cuteitirirtenienitiienieniteniesiteteniesieetesiestestesaeessessesssessessssnsessesssessessanas 53
REAA OPETATIONS. ... eevuieuieiiniieteieetete st ettt ste et s bt st e st e s bt st et esbeesbesbesatestesbesatensesseentensesssensesseestensesssentensesasensensesssensessaensen 55
READ MODE (00R)....ccuetetetetiitnientententetetet st testesteeetest sttt te st et e st s ss et et et e st ssessessesse e et emessessessessensententesessensensen 57
READ PAGE (00R-30R)...c.cctitiiriiitirteteteteteeei sttt ettt et st b s b ss et et e et b e b be e et et e st s s e s e e e e eneemeenesbesaeneens 57
READ PAGE CACHE SEQUENTTIAL (31H)...eiuttterieeitiienieetenienitetesie st ete st stestesttetestesaaestessesneessesssensessesssensessasnsensesses 58
CCMTD-1725822587-4081 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

° 2Gb: x8 NAND Flash Memory
M C ro n Contents

READ PAGE CACHE RANDOM (00R-31H)...ccutiriietiienierienieneeiteniestestesiesteste st eteste st essessesssessesssessessesssensessaensessesssens 58
READ PAGE CACHE LAST (BFRN) ittt ettt ettt et ettt s e s sa e eae et s s se s s s e e et eneesesnessenee 59
READ PAGE TWO-PLANE 00h-000-30R......c.couetiteirieinieirteerteenteiesteest ettt ettt st sbe st e st et eb et be e seneene 60
PrOGram OPETAtIONIS. ....eeeutiriiiieiieetteete ettt ettt et e et e st e st e s bt s bt e bt e satesatesatesabesbe e see s st esaeesatesasesaseesseenstesatesabesasesnsennses 62
PROGRAM PAGE (B0R-T10K)..c..cetieteienitiitenieniteienieeteste st e stestestteteseesusessesueessessesssensessesnsensesssensessesssensesssensessesssensessanns 62
PROGRAM PAGE CACHE (B0R-151) ....cttuitiiitiieinieieieteiestsiestsie ettt sttt ettt et ettt st et se s st e st e b eaebensenen 63
PROGRAM PAGE TWO-PLANE (80h-11h)....ccctiiieiiiiiniinierienteienieetesie s etesie st eteste st estesteetessesssessesuesnsensessesnsensessaan 65
ET@SE OPETALIOINIS. c.uuveuieiiiieiteiteeiteete ettt ettt st e et et et e bt e sutesub e st e s bt e bt e st e s st esabeeas e e s bt e st e stesabeeasee st enstensaesseesasesaseensean 67
ERASE BLOCK (B0R-D0R)....c..ciitieiiieniirierienteteniestestesesteste st estessesasessesstsssessesssessessesssensessesssensessesssessassensessesssensessaes 67
ERASE BLOCK TWO-PLANE (B0N-D1H)..cc.ciiiiiiiiniieieniinteniesteteniestesie st stestesieestestesssessesueestessesssessessesnsensesssessessenas 67
Internal Data MOVE OPETAtIONS. .....ccueruirierierierteriertetesieeitesteseetestestestessesstessessesssessesssensessessensessessensesssessessessensessasnes 69
READ FOR INTERNAL DATA MOVE (00R-351)..c..00ittrterterientenieneniteniestestesiesitessessessessessesssessessesssessesssessessesssessessasns 69
PROGRAM FOR INTERNAL DATA MOVE (85h—10D)......cccctrctiriiniiniiiiniitenientesieniestesiesieestessesseessessessessessesnsessessanns 71
PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-111)...ccciiiiiiiiiieciecieceeeeeeee et 71
BIOCK LOCK FRATUTE.......cueuiiiieeeieiieieeiertestet ettt ettt ettt et ettt st b e bbb e et b et a et et et e st e b et et et emeeneenessenee 72
WP# QN BIOCK LOCK.....cveieiiiiieieiie ettt ettt ettt et et ettt b ettt et e be b b et et e e emeenennes 72
UNLOCK (2310-241) ..ttt ettt ettt et et s s e s b e sa ettt et s b e sa b et e st et e st s b e s b e se s et ententenessessensens 72
LOCK (ZARN) .ttt ettt ettt ettt et ettt st st b et et e et e bt e bt s b et et emt e st e se b e b et et et eatebesbe b ententeneenea 74
LOCK TIGHT (2ZCh)..uutitiitiieniieteiesiteteiesiteste st et esteste st estessaestesbe st essessasssessesssensessesnsensesssensessesssensessessensessaesessesnsenes 74
BLOCK LOCK READ STATUS (AR ....coitiitiieniietenieniteitesiestete st stestestestestessaetestesstessessesssensessasnsensesssensessesssensessasnsens 75
PROTECT COIMIMAIA. ..c.eeteteuieieeiniententeteteitesessestestestestesessessessessessestestssessessessessententesessessessensententenessessensensensentenessenses 77
PROTECTION Command DELails.........cc.ceeeueerererenieriererinienenententestetesesressessesteeestesessessessesseneeseenessessessensensenessessens 77
One-Time Programmable (OTP) OPETatiONs.........cecuevverieriereriieriereerteniesteniestesstesseseessessessessesasssessessasssessasssessessasssens 78
Legacy OTP COMIMANGS....ccccerveririirierienieritetentestertesiestestesteestessesstesessesssessessssssessesssessessesssessesssesessesssensessasssessessenes 78
OTP DATA PROGRAM (B0N-T0R)..c.eitiirieiinienteteteteteitei st ettt ettt estete et s sttt e ettt sesb et ee e e e esesnessenee 78
RANDOM DATA INPUT (85h)....cetiruiiieiirieiienititeniesitertesieetesiesieetessesteesessesssensessesssessessasssessesssensessesssessessaessessessenss 79
OTP DATA PROTECT (80R-10)....cutecteriirterienieeienienteriesiestestesieestestestensessesssessesssensessesssensessasssessesssessessasssensessasssessesses 79
OTP DATA READ (00R-30R)....cutetiuirierienteieteteeeiert ettt ettt seete et et s bt e et et et e s se s b st e e e e et esessessesseseneeneeneas 80
TWO-PLANE OPETAIONS. ... .erviruieieriieientirtertesitetestestestes bt stestestestessesstestessesstessesseessessesstantensesssensessesssensesseesessesssensessasnsen 82
TWO-PLANE AQATESSITNIG. ..c.veeuiiiiriiiierierteieet ettt e et st et et e ste et e besaeetesbesstesbesbessbenbesatentenbesasensensasssensessaensensenses 82
Interleaved Die (MUlti-LUN) OPEIAtIiONS....cc.cectererriirierieritenierterieniesitentesseetessesseessessessessessesssessessasssessesssessessasssessessasnes 90
ECC PIOTECHIOMN. ....cutiiiiiiitiiiitcteitctet ettt sb st b e st b e s bbbt s st e b e s bt s et e b e satemb e bt s st e b e bt ennenesneene 91
EITOT MANAZEIMEIIL. .. .eeiiiiiiiiiiiiie ettt ettt sttt st s et s e bt s et e e bt e s sb e e s bt e s meeeesbesenseesastesenatesanaesenseesnteeanseess 93
ELeCtriCal SPECITICAIONS. ..c..eiuteiiiieieieeteteste sttt ettt st et s et et esae et et e e st et e sba et e besueesbebasssenbessasnsensesseensansesaaan 94
Electrical Specifications —- DC Characteristics and Operating Conditions...........ccoceeceevterierieerienenieenenienseeneneessesesnees 96
Electrical Specifications — AC Characteristics and Operating Conditions...........ccoceeceervererieenienesiieneniensienessesseseens 98
Electrical Specifications — Program/Erase CharaCteriStiCS........coeetrrieririierieneriienieneenieniesitestessessessesesssessesssessessesses 101
Asynchronous Interface Timing DIa@IammS........ccecievierirrierierienienieritenieneestesteseestestesstestessesssessessesssessessessessesssessessasnes 104
REVISION HISTOTY . c...eittiiiieiteeieiieeitett ettt ettt ettt e e et e bt e bt e st e sa b e et e bt e bt e s st e s st e e b e e be e st e st esabesasesaseenseenntesneesaees 113
REVLJ m 04723ttt ettt st st s et e s et st e e bt s na e e e be e e bt e s b et s et e e nae e e bt e sne e e enree e 113
REVL T 08722ttt ettt st st e s bt e s e ab e s et e et e s sbe e e bt e s et e e s be e s se e e e sae s e bt e sneeeenree e 113
REV.H = 5/TIREV. G =2/ 18ttt sttt et st ettt s st s et s be e e e bt e s sbe e s bt e s et e snaesenseesanees 113
REVLE — 1718ttt ettt st e e sttt s be e et e e sae s s ab e e s se e s bt e s sae s e bt e s st e e e bt e s esaeeenneesnes 113
ROV E — 05/ 17ttt ettt sttt s ettt st e e bt e s st e e st e s et e e et s s bt e e st e e e bt s ne e e e nbeeeenneeenreesane 113
REV. D = L1/ 1Bttt ettt ettt st s e st st e s mb e e s st e e e bt sabe e s met e s sbe e eabte s be e e enbeesenae e enrte st e e enne 113
REVL € m 10/ 168ttt ettt ettt s et st s bt e s mbe e s st e s e bt e s se e s bt e s emb e e e ab e e s ne e e e bt e s nae e s bt e s nee e nne 113
ROV B 7/ 168ttt sttt ettt ettt st e st e et b e e et e et e e bt s bae e e bt e e ra e e e bt e s na e e nateenreean 113
REVL A = L/ 16ttt et sttt sttt s e e st e s e s ae e e et e s et st s bt e e bt e e e bt e st e e e bt e e na e e e bt e st e e sarae s 113
CCMTD-1725822587-4081 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

(-6!7' cron 2Gb: x8 NAND Flash Memory

List of Figures

List of Figures

Figure 1: Marketing Part NUMDET CRATT........coccoiiiiiiiiriieeeteer ettt ettt sse ettt a s 2
Figure 2: 48-Pin TSOP —Type 1, CPL (TOP VIEW)...cc.crviiiiiriiiiiiniiiienitiieitnt ettt ene st enesne st ne s snenesneens 11
Figure 3: 63-Ball VFBGA, x8 (Balls DOWI, TOP VIEW)...c..ccuertririirieieieieerenienieteteeeeese st seee st ssessessesee e et et ssessensens 12
Figure 4: 48-Pin TSOP — TYPE 1, CPL (WP)....ciiiiiiiiitetietenteeteetteit ettt st e vt e veesatestesate st e s beesseesatesutesasesasesseenne 13
Figure 5: 63-Ball VFBGA (H4) 9MIM X 11NN .cutiiiriiniiiiteirenenentestetetetesessessesteseestesessessessessesseneenessessessessessenseneesessens 14
Figure 6: NAND Flash Die (LUN) Functional Block Diagram...........cocccuecererenenenenientneneneneeeeeeenesiesreseeseeeeessennens 15
Figure 7: ATTay OTZaANIZAtION.....cccovviriiriiiiiiiiciciecteert ettt sttt b st ae st e a e st be s bt st e sae s bt esnenesntens 16
Figure 8: Asynchronous Command LatCh CyCle.........cccoceviriiiiiriiniiininineecteteeneneneetee ettt saeees 18
Figure 9: Asynchronous Address LatCh CyCle........cooiereverienirininircctetecenreetete ettt 19
Figure 10: Asynchronous Data INPUL CYCLES.......cc.eoueruerieiririnieteetetnene ettt ettt sse ettt saeaen 20
Figure 11: Asynchronous Data QOUEPUL CYCLES......cc.coueuirieririrenenenieieteesiesteseestetetet et see sttt et sbe e seeaeeesessesnens 21
Figure 12: Asynchronous Data Output Cycles (EDO MOdE).........coeouevererirenenienienineninienieeesteneeeeesseseeseeseeeesessessenee 21
Figure 13: READ/BUSY# OPEN DI@IN......ccccooiiiiiriiriiiiiiiiciitnteentctesit ettt sae st ne st en e st snesae s 23
Figure 14: TFall and TRISE (3.3V VOr) curuerierererreerieirteisteesseessesessesessesessesessesessestssesessessssessssesessesessesessesessesessesssesessesenseses 23
Figure 15: Igp, VS. RP (VGG T 3.3V V) cuttruteriiniieiteitesteetee ettt ettt s ettt et s e s s e bt e bt e s bt e satesnseenseesseesaeesaeesases 24
FIGUTE 16: T(0 VS RP ettt sttt sttt e a e sttt s ab b s st e b e bt st enesne s b e nesnnennes 24
Figure 17: R/B# POWET-On BERAVIOT....c..ccuitiiiiriiieieieieceesesetete ettt ettt ettt s et ettt saeee 25
Figure 18: Flash Array Protected: INVETt AT€a Bit = 0.....ccccoeruerierierieiiiiiinerereetetetei ettt 28
Figure 19: Flash Array Protected: INVETt AT€a Bit = L.....ccccoirireriirieieieirereetetetete ettt 28
Figure 20: UNLOCK OPEIATION......cccuiriiriiiiiiiititenientetent ettt ettt sne st et ene st sae st st esae st aesnesatenesaesnnenesseesnessesns 29
Figure 21: LOCK OPEIATION...c..cictiiiiriiiieiiritiienititetesit ettt sttt sat b sae st saesat e aesaesaeesaesat st esaesstesnesnesssensesasennensesne 30
Figure 22: LOCK TIGHT OPEIALION.......ccivrtiiiiriiiiiiniiiterientetesitetestesit et et sae st et esesstesaesnt st e snesatenessesnnesesatennennenne 31
Figure 23: PROGRAM/ERASE Issued t0 Locked BIOCK........ccceiririirienieiiinineneicteceeeesest ettt 31
Figure 24: BLOCK LOCK READ STATUS.......cocociiiiiiiiiiniiieirctncenetnreiseese ettt sae s bt sbessssesssnenens 32
Figure 25: BLOCK LOCK FIOWCRATIT. ....cccotiiiiriirienieieteteierenestet ettt sttt et ae st et emt et sb s sae e se et st s b s esee s 33
Figure 26: RESET (FFh) OPETAtION.....c..ccucctertrirerertinteteteteieeiensestestestetestssessessessesee st esesressessesseneeneententssessensensenseneesessens 37
Figure 27: READ ID (90h) with 00h Address OPeIation.........ccceceeerieriereerierirenerienienteseeteesressessesteseeeesessessessenseneeeenens 38
Figure 28: READ ID (90h) with 20h Address OPeIation.........ccceceeiruerierueriererenerienienteseeeeessessessesteseeeesessessessenseeeeenens 38
Figure 29: READ PARAMETER (ECh) OPEIation.......cccevceueeteirerienienierieteteieniensesteteeeesstssessessesseeesessessessessenseneenesnene 41
Figure 30: READ UNIQUE ID (EDh) OPETatiOn.....cccccueererririenienieieieenieniententententesessessessenseeeeesessessessessensenteneesessessenses 44
Figure 31: SET FEATURES (EFD) OPEIatiON....c.ccccetruiriirierienieininerierteteeet st stete et ssessesaeseete e esessessessesseneeneesene 46
Figure 32: GET FEATURES (EEh) OPEIation.......ceevuivteeterueirirenienieietetetnsessessesteeeeeseesessessesseseseeneesessessessessenseneeneenes 47
Figure 33: READ STATUS (70h) OPEIatiON....cccceuirtirierieieiririirienteteteeeseesessestestenteseesessessessesteneenessessessessessententesessensensen 50
Figure 34: READ STATUS ENHANCED (78h) OPETatiOn.......ccceeerueriertereeininentenieniesteeenesiessessesseseeesessessessessenseneeessens 50
Figure 35: RANDOM DATA READ (05h-E0h) OPEIation........cecceuerierievuerieirerenienieteeeeeessensessesseeeeesessessessessenseneeneeses 51
Figure 36: RANDOM DATA READ TWO-PLANE (06h-EOQh) OPeration.........cccecuevereerienienienienensieneneeniesesssessessesseens 52
Figure 37: RANDOM DATA INPUT (85h) OPE@IatiON......ccceeeruirierieriririnenienieteeetnieneeseessesteeeeesessessesseseeeseesessessensenes 53
Figure 38: PROGRAM FOR INTERNAL DATA INPUT (85h) OPeration.........ccccecuevvererrieriereerienienieenienesseessesesssesessaens 54
Figure 39: READ PAGE (00h-300) OPEIation......cccccertrirerinieieteteeeienententetetestesessessessestetesessessessessessenseneenessessessensen 57
Figure 40: READ PAGE (00h-30h) Operation with Internal ECC Enabled..........cccccceverereniininnninenencnceeenenceeeene 58
Figure 41: READ PAGE CACHE SEQUENTIAL (31h) OPEIation......ccccecteverteruererienierieesieniesitesieseessessesssessessesssessesanns 58
Figure 42: READ PAGE CACHE RANDOM (00h-31h) OPeration........cccceecteriereriieriereenienienienieseeniesseseessesesssessessaessens 59
Figure 43: READ PAGE CACHE LAST (3Fh) OPEIation......ccccceeerueruerierieniririenieneenteteteiessessesseseeeesessessessesseseeneenessessenee 60
Figure 44: READ PAGE TWO-PLANE (00h-00h-30h) OPeration..........cccecevereriienerierrienienieniesessenieseeseesieseessessessaens 61
Figure 45: PROGRAM PAGE (80h-10h) OPETAtiON.....c.ccuevterererrerrenienieteteiteienientestestetetssesseseesseseeeesessessessesseneeneeseesenne 63
Figure 46: PROGRAM PAGE CACHE (80h—15h) Operation (Start).........ccoceoeeeereruereentnnerinienieeeneeeeeeesresseseeeesessessenses 65
Figure 47: PROGRAM PAGE CACHE (80h-15h) Operation (ENd).......cccccceverererienienienrinenenenienteeeeseseeseeseeseeeseenens 65
Figure 48: PROGRAM PAGE TWO-PLANE (80h—11h) OPeration.......ccccecueruererrienierienienieniteniesesstenseseessessesssensesaessenee 66
Figure 49: ERASE BLOCK (60h-D0h) OPEIation.......ccccueetrutrierierierieieieiniinietestetetetesessesseseeseeseesessessessesseseeneesessessenses 67
Figure 50: ERASE BLOCK TWO-PLANE (60h—D1h) OPEration........cccccceeueerererrenieneeneeinenienrenienteseeeesessessessesseneeseenens 68
Figure 51: READ FOR INTERNAL DATA MOVE (00h-35h) Operation.........ccccecceeververenenieneenieneenenenenieseeseeseeeeesnennes 70
Figure 52: READ FOR INTERNAL DATA MOVE (00h—35h) with RANDOM DATA READ (05h—EOQh) ......cccccceerveunen. 70
CCMTD-1725822587-4081 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

é‘ﬁ/’?I cron 2Gb: x8 NAND Flash Memory

List of Figures

Figure 53: INTERNAL DATA MOVE (85h-10h) with Internal ECC Enabled.........ccccccooeveniiieninninincncncneneneecne 70
Figure 54: INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT with Internal ECC Enabled................ 70
Figure 55: PROGRAM FOR INTERNAL DATA MOVE (85h—10h) Operation..........cceceeuerercierieneenienierieenienesssensesesnes 71
Figure 56: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT (85h) .....cccecevcveruenuenne 71
Figure 57: PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h) Operation..........cccceecvevenerrvenierennenn 71
Figure 58: Flash Array Protected: INVETt AT€a Bit = 0......ccceceruererierieniririnireerteteteeei ettt ettt 73
Figure 59: Flash Array Protected: INVETt AT€a Bit = L.....cccccoiriririerienieieirireetetetete ettt 73
Figure 60: UNLOCK OPEIATION......cccueoiiririiiiiiteteniintetentetere st etesre st eresne st saesae s s esne st enesnesatenesatsnnenesnsesnensesns 74
Figure 61: LOCK OPEIATION...c..coctiviiriiiieiiriiienititetcsit ettt sttt sse b sae st sae st e aesnesatesaesat s s esaesntesnesnesssensesasennensesne 74
Figure 62: LOCK TIGHT OPEIATION......ccciviiniiniiiiiiniiiieientetesit ettt et sae st et enesstesaesntstesnesseenessesnnesesatennensenne 75
Figure 63: PROGRAM/ERASE Issued to Locked BIOCK........ccceiririiieiieiiininenicicteeeteenest ettt 75
Figure 64: BLOCK LOCK READ STATUS.......ccciciiiiiiiniiiiiicinrcircinretnretsees et sae s bt bt ssesssnesenn 76
Figure 65: BLOCK LOCK FIOWCRATT. ....cccotitiiriiriinieteteteeeesestet ettt ettt se s st sttt sb s sae e e et ese s b s e e e 76
Figure 66: Address and COmMAand CYCLES.......c..ccueeririerererienirieinereteteteeee sttt ettt sre sttt sessesseseesee e eneene 77
Figure 67: OTP DATA PROGRAM (After Entering OTP Operation MOde)..........cceeeveerienierienienennienieneeneeseseensesessaens 79
Figure 68: OTP DATA PROGRAM Operation with RANDOM DATA INPUT (After Entering OTP Operation Mode)

............................................................................................................................................................................................ 79
Figure 69: OTP DATA PROTECT Operation (After Entering OTP Protect Mode).......c.ccceeevvevueneenernenenenencnecneeennennes 80
Figure 70: OTP DATA READ.....c.oouiiiniiiiiiiiiciicctentett ettt ettt st sttt s b et st sb et be st sbene s 81
Figure 71: OTP DATA READ with RANDOM DATA READ OPETIatiOn........ccccevterierienierirrieniesteniesiesssessesssessesesssessessanns 81
Figure 72: TWO-PLANE PAGE READ......c.coiciiiiiniiiiiiniinicitctcetc ettt sb et sa et sb e st ss s ae s 83
Figure 73: TWO-PLANE PAGE READ with RANDOM DATA READ.......coctritiriiniirienienteteniesitenieseesesieseesessessesaesaeenes 84
Figure 74: TWO-PLANE PROGRAM PAGE.........ccocecniiniiiiiiiiiiiicitctsctn sttt st sre st sne s 84
Figure 75: TWO-PLANE PROGRAM PAGE with RANDOM DATA INPUT.......coctiiiinirtiientetenesteiesieertesie e e sieseene 85
Figure 76: TWO-PLANE PROGRAM PAGE CACHE MODE.........cccoecimiiniiiniiiiiiicieiciinsissesenesses e snesene 85
Figure 77: TWO-PLANE INTERNAL DATA MOVE......ccccviiiiiiiiiiniiiniiinietnietnreisretsre et sne e esse s saessssessssenens 86
Figure 78: TWO-PLANE INTERNAL DATA MOVE with TWO-PLANE RANDOM DATA READ.......ccccecevvtivienieneennenne. 87
Figure 79: TWO-PLANE INTERNAL DATA MOVE with RANDOM DATA INPUT........cocvviirirteniinenteneneeienieeeenaeneeen 88
Figure 80: TWO-PLANE BLOCK ERASE.......cccccoviiiniiiiiiniiincitcctcctnt ettt sse bbbt sne s snenens 88
Figure 81: TWO-PLANE/MULTIPLE-DIE READ STATUS CYClE.....ccctectiriiriiiinienienienteteniestesiese st seetessesnsesaeseeens 89
Figure 82: RESET OPEIAtION.....cc.coctiiiiiiiiiiiriiieiititeiestetcsie ettt ettt ettt n e s s ne st e aesb e st ene bt smnesnesanennes 104
Figure 83: READ STATUS CYCLE......cuorieiriirieieieietetei ettt ettt et se sttt s bbbt et et e sbessesaeneeneeneenens 104
Figure 84: READ STATUS ENHANCED CYCIE......c.ccoviiriiniiiiiiiniiiniinicinicinctnennet e tsetsesesse s sse s s essenes 105
Figure 85: READ PARAMETER PAGE........c.ccooiiiniiiniiiniiiiiiiinincteeseen sttt st sb et s e sne e sa e 105
Figure 86: READ PAGE.......ccooiiiiiiiiiiiintcittectet ettt ettt r st a e s bbb s bt st b e s it esnesneenas 106
Figure 87: READ PAGE Operation with CE# “DOn’t Care”.........ccccceeeerirererieneerinenenesresteeeeeeeessessesseseeseesessessessens 106
Figure 88: RANDOM DATA READ......c.ooiiiiiniiiiiitcit ittt st ss et sb et b et sa et a et s b sae s nen 107
Figure 89: READ PAGE CACHE SEQUENTIAL.......ccccciniiiniiiiiiiiiicinct ettt sres st sbe s sbe s 107
Figure 90: READ PAGE CACHE RANDOM......c.coiiniiiniiiiniiiniiteiseenenseesss sttt st st ssessssesssnesssnesssnens 108
Figure 91: READ ID OPEIAtiON.....cccuiviriiiiiniiiiiiinitiieieetetesit ettt st et sr st ae st st sr e st ae bt st sae s st ssnesnesatennenesnas 109
Figure 92: PROGRAM PAGE OPEIAtiON......cccuivtivuiriiiiniiiiiiiniteienicetetest ettt ene st s saessessnesresseesnesnessnesnesnens 109
Figure 93: PROGRAM PAGE Operation with CE# “DOn’t Care”..........ccccevverererenieneenenineneneneeseeeeeeessessesseseeseesenne 110
Figure 94: PROGRAM PAGE Operation with RANDOM DATA INPUT.......ccccoiriririnnereteeeeeeeeseseeeeeeeesessennes 110
Figure 95: PROGRAM PAGE CACHE..........ccoiiiiiiiiiiiicitcictt ettt sttt sb et bt sa b 111
Figure 96: PROGRAM PAGE CACHE Ending 0n 15h......ccoceciiiiiniiniiiniiiiiinicincicinieinciecencenecsese e 111
Figure 97: INTERNAL DATA MOVE........ccoooiiiiiiiiiiniiniiniiiet ettt ese st ss et snes 111
Figure 98: ERASE BLOCK OPETAtION. ...cccuteriiriirriirieeitteetteeteste st eteesteesseesatestesatessesseessaesatesutesasessessseesseesssesnsesssenas 112
CCMTD-1725822587-4081 6 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23

© 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

° 2Gb: x8 NAND Flash Memory
M C ro n List of Tables

List of Tables

Table 1: SigNal DEfiNTtiONS. .....ccciiviiririerierieriereeteest ettt ettt et et s et et e sbe st et e sbessbesbessaestesbesnsensessesssensesssensensens 10
Table 2: AITAY AQATESSINIG. ..c..eetiriereieieniiiteiestert et et et e st et e te st e teste st e besteesbesbesasensesbesntessesseensessesssensesssensensesssensessasnsans 16
Table 3: Asynchronous Interface Mode SEIECION........cc.eicveririeriiririeestet ettt ettt s e st et st et e sbesasessesanennens 17
Table 4: POWeT CyCle REQUITEIMEIITS. ....c..couiiiiriirieitenieriteieseeteste st esteste st esteste st estesbeestesbesssensessesssensessesssensessasnsensesaensens 26
Table 5: Block Lock Address CyCle ASSIGNIMENTS. ......ccevterierieritenierierteniestentestestesseseestessessessessesssessessessessesssessessassaens 28
Table 6: Block Lock Status Register Bit Definitions.........cccevirvieriiriiiiininieieneeteest ettt st et esie s e essesaesanens 31
Table 7: COMIMANA SL....c..iouiiiiriirieeieietete ettt ettt ettt st et ettt s e s bttt et eae e bt ssesbesbe st et et entesessesens 34
Table 8: TWo-Plane COMIMANA SEL........c.ccevurriririrririenieieteteiere ettt ettt ettt b et e ee sttt se b b et e e e e eseesessenee 35
Table 9: READ ID Parameters for Address 00N.........ccccoevererieriinrinincceieteen ettt ettt sesae e e 39
Table 10: READ ID Parameters for AAdress 20N........ccco.eeevuerieriinnininccieieteeneneseeeteteses st ee st ressesseseeneenens 40
Table 11: Parameter Page Data SIIUCTUTE. ..........ceerieriereriterieneertentestestesteetestesseesessesssessessesssessessasnsessessensessasssessessaenes 42
Table 12: Feature Address DefiNitions. ......ccocvvirerierierieiriniresetetetecei ettt ettt et be e ettt se e ee 45
Table 13: Feature Address 90h — Array Operation MOAE.........ccccecueruerieriererrienientenienenteneeseestessesieessessesssensessesssessessens 45
Table 14: Feature Addresses 01h: Timing MOGE........cccuevereriinieriiirienenienienestesie st estesiesieestestestessesteessessesssessessesssensens 47
Table 15: Feature Addresses 80h: Programmable I/O Drive Strength..........cccoceveviriienieniriieneniieieneneesieseeeesieseenees 47
Table 16: Feature Addresses 81h: Programmable R/B# Pull-Down Strength...........ccccoceviniienieniniiineniennenenceneenenes 48
Table 17: Status RegiSter DefiNitioN. ... ...ccciviirieririiiierieieestet ettt ettt sttt e s b et sae et e sbe st ebesbesssensessasnsens 49
Table 18: Block Lock Address CyCle ASSIGNIMENTS. ......ccvevuereriieriereerieniententesestenseseestessessessessesssessesssessessesssessessasssens 73
Table 19: Block Lock Status Register Bit DefiNitions.........ccevverierieriiiiininienieneeteniestesteseseeseesessesiesieeseessesssessessesssens 75
Table 20: Spare Area MaAPPING (X8).....cceeerteriereritiriereerienieeterieseestessesseessessesssessessessessessesssessessensessesssessessasssessasssessesses 92
TADIE 212 ECC STALUS.....eoveveeeteieiteiteiestetetetetest ettt et et et et sse s s sbe e et e et s b e s s e s b et et et e st e st s b e be st et emteme e st sbessesensententeneenes 92
Table 22: Error Management DEtailS.........cccevueririieriniiienieniteieneetesieseteste st st estesteestessessaesesuesssessesssessessesssensessasssessanas 93
Table 23: Absolute MaximUIm RAtINGS. .....c.ceterieririerienieiteientesteseeteste st steste st etes bt st essesbesstessesseessessesssensessesssensessasnsen 94
Table 24: Recommended Operating CoNAItiONS..........ccevieriererienenienrienenteseseetese st estestestessesseesessesssessessesssessessanns 94
Table 25: Valid BIOCKS....c.ciiriiieieieiieeeesetetete ettt ettt ettt ettt et ettt et b e b et e e et e st enesnennen 94
Table 26: CAPACITANICE BGA.......cociiviiriiieieriteieneeterte sttt et e sttt et e st e tesbe st estesbesatesbesaaentesesatensessesssensesssensensessaensessassaens 94
Table 27: CAPACILANICE TSOP.......cccuiriiiiriirteriertetere ettt et et s e et e steste e beste st e se s st esbesbessaensesatentensesssensessesssensesseensensesses 95
Table 28: TESt CONMAITIONS. ....ccueoueieieieieriertertetetetet ettt ettt ettt et st et et et b et e et e st s st e bt st e st et et e st esesbessenseneeneenees 95
Table 29: DC Characteristics and Operating Conditions (3.3V)......ccccevvervieririeniienenitnienienteniesestesieseessesseseessessessaens 96
Table 30: DC Characteristics and Operating Conditions (1.8V).......cccccvevviereneriienenieerienieneeniesestesieseestesseseessessessaens 97
Table 31: AC Characteristics: Command, Data, and Address INPUt (3.3V)..c..cocvererirrieneniienenenieneneeneesieseesiesieseens 98
Table 32: AC Characteristics: Command, Data, and Address INput (1.8V)......ccoeevirvieneriieneneniienentereenieseeseeseseens 98
Table 33: AC Characteristics: Normal Operation (3.3V).....cccceciererierenenienienterteniesteniesesstessessessessesssessessasssessessaessens 98
Table 34: AC Characteristics: Normal Operation (1.8V)......ccecererieriereriienieniterieniestesiesesstessessessessessessesasssessessaessens 99
Table 35: Program/Erase CharaCteriStiCS. ... .cucuiriririieririterienierteniesieesteste st esteste st estesteeteste st esessesssessesssensessesssensessanas 101
CCMTD-1725822587-4081 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

(-6!7' cron 2Gb: x8 NAND Flash Memory

Important Notes and Warnings

Important Notes and Warnings

Micron Technology, Inc. ("Micron") reserves the right to make changes to information published in this
document, including without limitation specifications and product descriptions. This document supersedes and
replaces all information supplied prior to the publication hereof. You may not rely on any information set forth in
this document if you obtain the product described herein from any unauthorized distributor or other source not
authorized by Micron.

Automotive Applications. Products are not designed or intended for use in automotive applications unless
specifically designated by Micron as automotive-grade by their respective data sheets. Distributor and customer/
distributor shall assume the sole risk and liability for and shall indemnify and hold Micron harmless against all
claims, costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any
claim of product liability, personal injury, death, or property damage resulting directly or indirectly from any use
of non-automotive-grade products in automotive applications. Customer/distributor shall ensure that the terms
and conditions of sale between customer/distributor and any customer of distributor/customer (1) state that
Micron products are not designed or intended for use in automotive applications unless specifically designated
by Micron as automotive-grade by their respective data sheets and (2) require such customer of distributor/
customer to indemnify and hold Micron harmless against all claims, costs, damages, and expenses and
reasonable attorneys' fees arising out of, directly or indirectly, any claim of product liability, personal injury,
death, or property damage resulting from any use of non-automotive-grade products in automotive applications.

Critical Applications. Products are not authorized for use in applications in which failure of the Micron
component could result, directly or indirectly in death, personal injury, or severe property or environmental
damage ("Critical Applications"). Customer must protect against death, personal injury, and severe property and
environmental damage by incorporating safety design measures into customer's applications to ensure that
failure of the Micron component will not result in such harms. Should customer or distributor purchase, use, or
sell any Micron component for any critical application, customer and distributor shall indemnify and hold
harmless Micron and its subsidiaries, subcontractors, and affiliates and the directors, officers, and employees of
each against all claims, costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or
indirectly, any claim of product liability, personal injury, or death arising in any way out of such critical
application, whether or not Micron or its subsidiaries, subcontractors, or affiliates were negligent in the design,
manufacture, or warning of the Micron product.

Customer Responsibility. Customers are responsible for the design, manufacture, and operation of their systems,
applications, and products using Micron products. ALL SEMICONDUCTOR PRODUCTS HAVE INHERENT
FAILURE RATES AND LIMITED USEFUL LIVES. IT IS THE CUSTOMER'S SOLE RESPONSIBILITY TO
DETERMINE WHETHER THE MICRON PRODUCT IS SUITABLE AND FIT FOR THE CUSTOMER'S SYSTEM,
APPLICATION, OR PRODUCT. Customers must ensure that adequate design, manufacturing, and operating
safeguards are included in customer's applications and products to eliminate the risk that personal injury, death,
or severe property or environmental damages will result from failure of any semiconductor component.

Limited Warranty. In no event shall Micron be liable for any indirect, incidental, punitive, special or
consequential damages (including without limitation lost profits, lost savings, business interruption, costs
related to the removal or replacement of any products or rework charges) whether or not such damages are based
on tort, warranty, breach of contract or other legal theory, unless explicitly stated in a written agreement executed
by Micron's duly authorized representative.
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General Description

General Description

Micron NAND Flash devices include an asynchronous data interface for high-performance 1/0
operations. These devices use a highly multiplexed 8-bit bus (I/Ox) to transfer commands, address,
and data. There are five control signals used to implement the asynchronous data interface: CE#, CLE,
ALE, WE#, and RE#. Additional signals control hardware write protection and monitor device status
(R/B#).

This hardware interface creates a low pin-count device with a standard pinout that remains the same
from one density to another, enabling future upgrades to higher densities with no board redesign.

A target is the unit of memory accessed by a chip enable signal. A target contains one or more NAND
Flash die. A NAND Flash die is the minimum unit that can independently execute commands and
report status. A NAND Flash die, in the ONFI specification, is referred to as a logical unit (LUN). There
is at least one NAND Flash die per chip enable signal. For further details, see Device and Array
Organization.
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Signal Descriptions

Table 1: Signal Definitions

Signal’ Type Description?
ALE Input Address latch enable:Loads an address from 1/0[7:0] into the address register.
CE# Input Chip enable: Enables or disables one or more die (LUNs) in a target.
CLE Input Command latch enable: Loads a command from I/0[7:0] into the command register.
LOCK Input When LOCK is HIGH during power-up, the BLOCK LOCK function is enabled. To disable
the BLOCK LOCK, connect LOCK to Vssduring power-up, or leave it disconnected
(internal pull-down).
RE# Input Read enable: Transfers serial data from the NAND Flash to the host system.
WE# Input Write enable: Transfers commands, addresses, and serial data from the host system to
the NAND Flash.
WP# Input Write protect: Enables or disables array PROGRAM and ERASE operations.
1/0[15:0] (x16) 110 Data inputs/outputs: The bidirectional I/Os transfer address, data, and command
information.
R/B# Output | Ready/busy: An open-drain, active-low output that requires an external pull-up
resistor. This signal indicates target array activity.
Ve Supply | Vcc: Power supply
Vss Supply Vss: Ground connection
NC - No connect: NCs are not internally connected. They can be driven or left unconnected.
DNU - Do not use: DNUs must be left unconnected.

Notes: 1. See Device and Array Organization for detailed signal connections.

2. See Asynchronous Interface Bus Operation for detailed asynchronous interface signal descriptions.
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Signal Assignments

Signal Assignments

Figure 2: 48-Pin TSOP - Type 1, CPL (Top View)

x8 x8
NC CJ1e 48[ Vss!
NC 2 47— DNU
NC 3 461 NC
NC 4 4511 NC
NC 15 4411 1/07
NC 16 431 1/06
R/B# 7 42— 1/05
RE# 8 4111 /04
CE# 9 40— NC
NC 110 391 V!
NC 11 38— LOCK2
Vee 112 37— Vcc
Vss 13 36— Vss
NC 114 351 NC
NC 15 341 V!
CLE 16 33— NC
ALE 17 32— 1I/03
WE# [—]18 31 1102
WP# [119 30—/ o1
NC 20 29[ I/00
NC 21 28— NC
NC 122 27— NC
NC 123 261 NC
NC 24 251 Vss!

Notes: 1. These pins might not be bonded in the package; however, Micron recommends that the customer connect these
balls to the designated external sources for ONFI compatibility.
2. LOCK function is supported for both 3V/1.8V device in M79A; In M69A, for the 3V device, P38 changes to DNU
but for the 1.8V device, P38 is LOCK
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Signal Assignments
Figure 3: 63-Ball VFBGA, x8 (Balls Down, Top View)
1 2 3 4 5 6 7 8 9 10
s s /—\\ Lo~
A I NC ) ! NC), I'NC ; | NC
\ \ \
\4/ \4/ \4/ \4/
PN PENEEEN
{ NC ) { NC ' [ NC!
\»/ \‘// \»/
TN TN TS TS TS TS
C (WP#) [ALE) I Vg | | CE# , | WE#, | RIB#,
/ ss Ty \ \
\»/ \»/ \4/ \4/ \4/ \4/
/TN TN T T T T
D (Vee') (RE#V ICLE ) I NC j | NC j ! NC
<, \ \ \ \
\‘/ \‘/ \4/ \4/ \4/ \4/
RN RN RN RN RN RN
E ( NC' { NC) {NC'{NC'{NC'{NC'
/ /
\»/ \»/ \»/ \»/ \»/ \»/
PR PR PR SO TN o
F { NC ) { NC ' { NC ! {NC' (V"' ( NC
\»// \»/ \»/ \»// \»// \»//
TN ST TN ST o
G DNU' |V '' LOCK? | NC ) | NC ' (DNU!
\ \ c«, \ i \ ; \ ; \ ;
\»/ \»/ \»/ \»/ \»/ \»/
U T TS TS TS T,
H ¢ NCV (/o0 ) I NC j I NC ;I NC | ! Ve,
/ / \ \ \
\»/ \»/ \4/ \4/ \4/ \4/
R N N
J ¢ NC ' {1/O1) [ NC ) { V! (/05 {1/07 )
\»// \»// \»/ \»// \»// \»//
TN T TV ST AT T
K \ Vgg ' (W02 ) 1y03 | 11704 ; 11706 | | Vg
\»// \»// \\4/ \\4/ \\4/ \\4/
S TN TN
L I NC ;| NC) I'NC ) { NC!
\\ ) N // \\ ) N //
/'\\ s RN //«\
M ! NC ;! NC, I'NC ;) NC
-_7 \\4/ \ PN /

Notes: 1. These balls might not be bonded in the package; however, Micron recommends that the customer connect these
balls to the designated external sources for ONFI compatibility.

2. LOCK function is supported for both 3V/1.8V device in M79A; In M69A, for the 3V device, G5 changes to DNU
but for the 1.8V device, G5 is LOCK
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Package Dimensions

Figure 4: 48-Pin TSOP - Type 1, CPL (WP)

2Gb: x8 NAND Flash Memory
Package Dimensions

0.25

—— Mold compound:
for reference only

| 20.00 +0.25 | Epoxy novolac
0.50 TYP Plated lead finish:
\ 18.40 £0.08 ‘ for reference 100% Sn
‘ ‘ 48 only
; - .
g:: O ’:DE * Package width and length
p— — do not include mold
[ ] protrusion. Allowable
=== = protrusion is 0.25 per side.
[ =)
[ =)
== ==
[ =)
[ =)
12.00 +0.08 = =
[ =)
= o
[ =)
[ =)
== ==
| ] 0.27 MAX
o Fo r 0.17 MIN
== == —
[ =) *
= o
[ =)
24 25 N
/N4
b€ =
~ / .
0.15 +0.03
12 .0.02 See detail A J
1.20 MAX 0.10 *0-10
7 -0.05
0.50 +0.1
0.80
Detail A

Note: 1. All dimensions are in millimeters.
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Figure 5: 63-Ball VFBGA (H4) 9mm x 11mm

Seating
plane

(& ]o.1]A]

63X @0.45
Dimensions apply

to solder balls post-
reflow on @0.4 SMD
ball pads.

Solder ball material:

U U UyYU

)

10 9 8 7 6 5 4 3 2 1

2Gb: x8 NAND Flash Memory

Package Dimensions

Ball A1 1D

/_ (covered by SR)

Ball A1 1D
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SAC305 (96.5% Sn, ‘ I —T
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9% L 5o | 00 |a q O
00 | o e 4
OO0OO00O0O0 C q
000000 D d
(ON® O:O 0O E q
_____ 000000 [ L.
8.8 CTR OOO:OOO G 11 +0.1 q
000000 H q
000000 J q
+ OO0O00O0O0 K q
——-T®O0 : OO0 |t g
%—@ o | OO |m d
| L
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Note: 1. All dimensions are in millimeters.
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ﬁ C ro n Architecture

Architecture

These devices use NAND Flash electrical and command interfaces. Data, commands, and addresses
are multiplexed onto the same pins and received by I/O control circuits. The commands received at
the I/0 control circuits are latched by a command register and are transferred to control logic circuits
for generating internal signals to control device operations. The addresses are latched by an address
register and sent to a row decoder to select a row address, or to a column decoder to select a column
address.

Data is transferred to or from the NAND Flash memory array, byte by byte (x8), through a data register
and a cache register.

The NAND Flash memory array is programmed and read using page-based operations and is erased
using block-based operations. During normal page operations, the data and cache registers act as a
single register. During cache operations, the data and cache registers operate independently to
increase data throughput. The status register reports the status of die operations.

Figure 6: NAND Flash Die (LUN) Functional Block Diagram
Vee Vs

1/0x

]!

A
I/0 N )
control Address register |
Status register |

1l

| Command register |

|
CE# — N———— N 7
CLE —p — » Column decode
ALE —  Control °
WE# —»  logic 3 | NAND Flash
RE# —» 5 array
WP# __y) 4 (;3 (2 planes)
LOCK! — <
Data register
R/B# » Cache register
Ll \,—

Note: 1. The LOCK pin is not supported on 3V devices.
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Device and Array Organization

Figure 7: Array Organization
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2Gb: x8 NAND Flash Memory
Device and Array Organization

Logical Unit (LUN)

A

r

Al

<«— 2176 bytes —»<+— 2176 bytes —»

Cache Registers | 2048 : 128| 2048 :128 DGO
DataRegisters | 2043  |128] 2048  |128
— 1 page = (2K + 128) bytes
1024 blocks per plane }1 block = (2K + 128) bytes x 64 pages
1 Block 1 Block = (128K + 8K) bytes
2048 blocks per LUN<
1 plane= (128K + 8K) bytes x 1024 blocks
= 1088Mb
_ 1 LUN =1088Mb x 2 planes
L A J = 2176Mb
' a'a
Plane 0 Plane 1
(0,2,4,6..,2044, 2046) (1, 3,5, 7..., 2045, 2047)
Table 2: Array Addressing
Cycle 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO0
Second LOW LOW LOW LOW CA11 CA10 CA9 CA8
Third BA7 BA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth BA15 BA14 BA13 BA12 BA11 BA10 BA9 BAS8
Fifth LOW LOW LOW LOW LOW LOW LOW BA16

Notes: 1. Block address concatenated with page address = actual page address. CAx = column address; PAx = page
address; BAx = block address.

2. If CA11is 1, then CA[10:7] must be 0.
3. BA6 controls plane selection.
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Asynchronous Interface Bus Operation

Asynchronous Interface Bus Operation

The bus on the device is multiplexed. Data I/0, addresses, and commands all share the same pins. I/
O[15:8] are used only for data in the x16 configuration. Addresses and commands are always supplied
onI/0[7:0].

The command sequence typically consists of a COMMAND LATCH cycle, address input cycles, and
one or more data cycles, either READ or WRITE.

Table 3: Asynchronous Interface Mode Selection

Mode' CE# CLE ALE WE# RE# 1/0x WP#
Standby? H X X X X X OV/V¢c
Command input L H L 4 H X

Address input L L H 4 H X H
Data input L L L 4 H X H
Data output L L L H Ea X X
Write protect X X X X X X L

Notes: 1. Mode selection settings for this table: H = Logic level HIGH; L = Logic level LOW; X = V|, or V.
2. WP# should be biased to CMOS LOW or HIGH for standby.

Asynchronous Enable/Standby
When the device is not performing an operation, the CE# pin is typically driven HIGH and the device
enters standby mode. The memory will enter standby if CE# goes HIGH while data is being
transferred and the device is not busy. This helps reduce power consumption.

The CE# “Don’t Care” operation enables the NAND Flash to reside on the same asynchronous
memory bus as other Flash or SRAM devices. Other devices on the memory bus can then be accessed
while the NAND Flash is busy with internal operations. This capability is important for designs that
require multiple NAND Flash devices on the same bus.

A HIGH CLE signal indicates that a command cycle is taking place. A HIGH ALE signal signifies that
an ADDRESS INPUT cycle is occurring.

Asynchronous Commands

An asynchronous command is written from I/0[7:0] to the command register on the rising edge of
WE# when CE# is LOW, ALE is LOW, CLE is HIGH, and RE# is HIGH.

Commands are typically ignored by die (LUNs) that are busy (RDY = 0); however, some commands,
including READ STATUS (70h) and READ STATUS ENHANCED (78h), are accepted by die (LUNs) even
when they are busy.

For devices with a x16 interface, I/0[15:8] must be written with zeros when a command is issued.

CCMTD-1725822587-4081 17 Micron Technology, Inc. reserves the right to change products or specifications without notice.
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Asynchronous Interface Bus Operation

Figure 8: Asynchronous Command Latch Cycle

CLE N
tCLS  'CLH

e tCH

WE# \i\ //

tALS | TALH

S L

DS | tDH

Don't Care
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Asynchronous Addresses

An asynchronous address is written from I/0[7:0] to the address register on the rising edge of WE#
when CE# is LOW, ALE is HIGH, CLE is LOW, and RE# is HIGH.

Bits that are not part of the address space must be LOW (see Device and Array Organization). The
number of cycles required for each command varies. Refer to the command descriptions to
determine addressing requirements.

Addresses are typically ignored by die (LUNs) that are busy (RDY = 0); however, some addresses are
accepted by die (LUNs) even when they are busy; for example, like address cycles that follow the
READ STATUS ENHANCED (78h) command.

Figure 9: Asynchronous Address Latch Cycle

CLE %\
tcLs

tcs
CE# / )E
' twc
twe twH
taLS

m Don’t Care W Undefined

Asynchronous Data Input
Data is written from I/0[7:0] to the cache register of the selected die (LUN) on the rising edge of WE#
when CE# is LOW, ALE is LOW, CLE is LOW, and RE# is HIGH.

Data input is ignored by die (LUNs) that are not selected or are busy (RDY = 0). Data is written to the
data register on the rising edge of WE# when CE#, CLE, and ALE are LOW, and the device is not busy.

Data is input on I/0[7:0] on x8 devices and on I/0[15:0] on x16 devices.
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Figure 10: Asynchronous Data Input Cycles

) .
tCLH
CE# 2 2 //
TALS tCH
i /|
W
‘WP twp twp
WE# \ /I \ 7/j )x'; 7
tDS_|tDH DS DH

tDH DS
1/0x 5&'; Dy M ;l% ﬁ'; Dy M+1 Wﬁ}'é Dy N ;l%

Asynchronous Data Output
Data can be output from a die (LUN) if it is in a READY state. Data output is supported following a
READ operation from the NAND Flash array. Data is output from the cache register of the selected die
(LUN) to I/0[7:0] on the falling edge of RE# when CE# is LOW, ALE is LOW, CLE is LOW, and WE# is
HIGH.

Don't Care

If the host controller is using a ‘RC of 30ns or greater, the host can latch the data on the rising edge of
RE# (see the figure below for proper timing). If the host controller is using a ‘RC of less than 30ns, the
host can latch the data on the next falling edge of RE#.

Using the READ STATUS ENHANCED (78h) command prevents data contention following an
interleaved die (multi-LUN) operation. After issuing the READ STATUS ENHANCED (78h) command,
to enable data output, issue the READ MODE (00h) command.

Data output requests are typically ignored by a die (LUN) that is busy (RDY = 0); however, it is possible
to output data from the status register even when a die (LUN) is busy by first issuing the READ
STATUS or READ STATUS ENHANCED (78h) command.
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Asynchronous Interface Bus Operation

Figure 11: Asynchronous Data Output Cycles
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Figure 12: Asynchronous Data Output Cycles (EDO Mode)

Don't Care

ch b /| /
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_ |tcea tRLOH ~ 'RHOH _
1/Ox Dour Dour >_Z ( Dour
tRR

RDY Z Z

Don’t Care

Write Protect#
The write protect# (WP#) signal enables or disables PROGRAM and ERASE operations to a target.
When WP# is LOW, PROGRAM and ERASE operations are disabled. When WP# is HIGH, PROGRAM
and ERASE operations are enabled.

It is recommended that the host drive WP# LOW during power-on until V¢ is stable to prevent
inadvertent PROGRAM and ERASE operations (see Device Initialization for additional details).
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WP# must be transitioned only when the target is not busy and prior to beginning a command
sequence. After a command sequence is complete and the target is ready, WP# can be transitioned.
After WP# is transitioned, the host must wait ‘WW before issuing a new command.

The WP# signal is always an active input, even when CE# is HIGH. This signal should not be
multiplexed with other signals.

Ready/Busy#
The ready/busy# (R/B#) signal provides a hardware method of indicating whether a target is ready or
busy. A target is busy when one or more of its die (LUNs) are busy
(RDY = 0). A target is ready when all of its die (LUNSs) are ready (RDY = 1). Because each die (LUN)
contains a status register, it is possible to determine the independent status of each die (LUN) by
polling its status register instead of using the R/B# signal (see Status Operations for details regarding
die (LUN) status).

This signal requires a pull-up resistor, Rp, for proper operation. R/B# is HIGH when the target is ready,
and transitions LOW when the target is busy. The signal's open-drain driver enables multiple R/B#
outputs to be OR-tied. Typically, R/B# is connected to an interrupt pin on the system controller.

The combination of Rp and capacitive loading of the R/B# circuit determines the rise time of the R/B#
signal. The actual value used for Rp depends on the system timing requirements. Large values of Rp
cause R/B# to be delayed significantly. Between the 10% and 90% points on the R/B# waveform, the
rise time is approximately two time constants (T¢).

Tc=RxC
Where R = Rp (resistance of pull-up resistor), and C = total capacitive load.

The fall time of the R/B# signal is determined mainly by the output impedance of the
R/B# signal and the total load capacitance. Approximate Rp values using a circuit load of 100pF are
provided in Figure 16: TC vs. Rp on page 24.

The minimum value for Rp is determined by the output drive capability of the R/B# signal, the output
voltage swing, and V.

_ Ve (MAX) - Vo, (MAX)

ln +
ot 1
Where | is the sum of the input currents of all devices tied to the R/B# pin.

Rp
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Figure 13: READ/BUSY# Open Drain
+

: o

R/B#
Open drain output

Figure 14: tFall and *Rise (3.3V V()
3.50

3.00 r\
2.50
t tRi
2.00
v \ /
1.50 \ /
1.00

N )) 5
0.50 —
0.00 ‘ ‘ —! ‘ ‘ ‘
-1 0 2 4 0 2 4 6
Tc —— V33V
Notes: 1. tFall and 'Rise calculated at 10% and 90% points.
2. 'Rise dependent on external capacitance and resistive loading and output transistor impedance.
3. 'Rise primarily dependent on external pull-up resistor and external capacitive loading.
4. *Fall = 10ns at 3.3V.
5. See T¢ values in Figure 16: TC vs. Rp on page 24 for approximate Rp value and Te.
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Figure 15: lg, vs. Rp (V¢ = 3.3V V()
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Figure 16: Tc vs. Rp
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Device Initialization

Micron NAND Flash devices are designed to prevent data corruption during power transitions. V¢ is
internally monitored. (The WP# signal supports additional hardware protection during power
transitions.) When ramping V¢, use the following procedure to initialize the device:

1.
2.

6.

Ramp V.
The host must wait for R/B# to be valid and HIGH before issuing RESET (FFh) to any target. The

R/B# signal becomes valid when 50us has elapsed since the beginning the V¢ ramp, and 10pus has
elapsed since V¢ reaches Ve min.

. If not monitoring R/B#, the host must wait at least 100us after V¢ reaches Ve min. If monitoring

R/B#, the host must wait until R/B# is HIGH.

. The asynchronous interface is active by default for each target. Each LUN draws less than an

average of 10mA (Igy) measured over intervals of 1ms until the RESET (FFh) command is issued.

. The RESET (FFh) command must be the first command issued to all targets (CE#s) after the NAND

Flash device is powered on. Each target will be busy for 1ms after a RESET command is issued. The
RESET busy time can be monitored by polling R/B# or issuing the READ STATUS (70h) command
to poll the status register.

The device is now initialized and ready for normal operation.

Figure 17: R/B# Power-On Behavior

Vee

R/B#

. 50ps (MIN) .
| |
et ]
10us
(MAX)
| ' |
V¢ ramp 100us (MAX) Reset (FFh)

starts is issued

W Invalid
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Power Cycle Requirements

Upon power-down the NAND device requires a maximum voltage and minimum time that the host
must hold V¢ and Vg below the voltage prior to power-on.

Table 4: Power Cycle Requirements

Parameter Value Unit
Maximum VCCNCCQ 100 mV
Minimum time below maximum voltage 100 ns
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Block Lock Feature

The block lock feature protects either the entire device or ranges of blocks from being programmed
and erased. Using the block lock feature is preferable to using WP# to prevent PROGRAM and ERASE
operations.

Block lock is enabled and disabled at power-on through the LOCK pin. At power-on, if LOCK is LOW,
all BLOCK LOCK commands are disabled. However if LOCK is HIGH at power-on, the BLOCK LOCK
commands are enabled and, by default, all the blocks on the device are protected, or locked, from
PROGRAM and ERASE operations, even if WP# is HIGH.

Before the contents of the device can be modified, the device must first be unlocked. Either a range of
blocks or the entire device may be unlocked. PROGRAM and ERASE operations complete successfully
only in the block ranges that have been unlocked. Blocks, once unlocked, can be locked again to
protect them from further PROGRAM and ERASE operations.

Blocks that are locked can be protected further, or locked tight. When locked tight, the device’s blocks
can no longer be locked or unlocked.

WP# and Block Lock

The following is true when the block lock feature is enabled:

* Holding WP# LOW locks all blocks, provided the blocks are not locked tight.

o If WP# is held LOW to lock blocks, then returned to HIGH, a new UNLOCK command must be
issued to unlock blocks.

UNLOCK (23h-24h)
By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from PROGRAM and
ERASE operations. The UNLOCK (23h) command is used to unlock a range of blocks. Unlocked blocks
have no protection and can be programmed or erased.

The UNLOCK command uses two registers, a lower boundary block address register and an upper
boundary block address register, and the invert area bit to determine what range of blocks are
unlocked. When the invert area bit = 0, the range of blocks within the lower and upper boundary
address registers are unlocked. When the invert area bit = 1, the range of blocks outside the
boundaries of the lower and upper boundary address registers are unlocked. The lower boundary
block address must be less than the upper boundary block address. The figures below show examples
of how the lower and upper boundary address registers work with the invert area bit.

To unlock a range of blocks, issue the UNLOCK (23h) command followed by the appropriate address
cycles that indicate the lower boundary block address. Then issue the 24h command followed by the
appropriate address cycles that indicate the upper boundary block address. The least significant page
address bit, PAO, should be set to 1 if setting the invert area bit; otherwise, it should be 0. The other
page address bits should be 0.

Only one range of blocks can be specified in the lower and upper boundary block address registers. If
after unlocking a range of blocks the UNLOCK command is again issued, the new block address range
determines which blocks are unlocked. The previous unlocked block address range is not retained.
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Figure 18: Flash Array Protected: Invert Area Bit = 0

Protected
Block 2047 area
Block 2046
Block 2045
Block 2044  7FCh  Upper block boundary | Unprotected
Block 2043 area
Block 2042
Block 2041 <
Block 2040 7F8h Lower block boundary
Block 2039
: Protected
area
Block 0002 e
Block 0001
Block 0000
Figure 19: Flash Array Protected: Invert Area Bit = 1
Unprotected
Block 2047 Area
Block 2046
Block 2045
Block 2044  7FCh  Upper block boundary Protected
Block 2043 area
Block 2042
Block 2041
Block 2040 7F8h Lower block boundary
Block 2039
Unprotected
area
Block 0002 J
Block 0001
Block 0000
Table 5: Block Lock Address Cycle Assignments
ALE Cycle 1/0[15:8]" 1107 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First LOW BA7 BAG6 LOW LOW LOW LOw LOW Invert area bit2
Second LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 BAS
Third LOW LOW LOW LOW LOW LOW LOW BA17 BA16
Notes: 1. I/0[15:8] is applicable only for x16 devices.
2. Invert area bit is applicable for 24h command; it may be LOW or HIGH for 23h command.
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Figure 20: UNLOCK Operation

WP#
CLE
CE#
WE#
ALE
RE#
Block \/ Block \/ Block \ [ \ [ Block /" Block \/ Block
VOx 23h add 1 A\ add 2 X add 3 L24h {ladd 1 A\ add 2 X add 3
Unlock Lower boundary Upper boundary
R/B#
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LOCK (2Ah)
By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from PROGRAM and
ERASE operations. If portions of the device are unlocked using the UNLOCK (23h) command, they
can be locked again using the LOCK (2Ah) command. The LOCK command locks all of the blocks in
the device. Locked blocks are write-protected from PROGRAM and ERASE operations.

To lock all of the blocks in the device, issue the LOCK (2Ah) command.

When a PROGRAM or ERASE operation is issued to a locked block, R/B# goes LOW for '‘LBSY. The
PROGRAM or ERASE operation does not complete. Any READ STATUS command reports bit 7 as 0,
indicating that the block is protected.

The LOCK (2Ah) command is disabled if LOCK is LOW at power-on or if the device is locked tight.

Figure 21: LOCK Operation

ae [\
CE# _\

wes O\ /

1/0x 2Ah

LOCK command

LOCK TIGHT (2Ch)
The LOCK TIGHT (2Ch) command prevents locked blocks from being unlocked and also prevents
unlocked blocks from being locked. When this command is issued, the UNLOCK (23h) and LOCK
(2Ah) commands are disabled. This provides an additional level of protection against inadvertent
PROGRAM and ERASE operations to locked blocks.

To implement LOCK TIGHT in all of the locked blocks in the device, verify that WP# is HIGH and then
issue the LOCK TIGHT (2Ch) command.

When a PROGRAM or ERASE operation is issued to a locked block that has also been locked tight,
R/B# goes LOW for 'LBSY. The PROGRAM or ERASE operation does not complete. The READ STATUS
(70h) command reports bit 7 as 0, indicating that the block is protected. PROGRAM and ERASE
operations complete successfully to blocks that were not locked at the time the LOCK TIGHT
command was issued.

After the LOCK TIGHT command is issued, the command cannot be disabled via a software
command. Lock tight status can be disabled only by power cycling the device or toggling WP#. When
the lock tight status is disabled, all of the blocks become locked, the same as if the LOCK (2Ah)
command had been issued.

The LOCK TIGHT (2Ch) command is disabled if LOCK is LOW at power-on.
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Figure 22: LOCK TIGHT Operation

LOCK

WP#

e 1\
wer \_/
vox —( 2ch

LOCK TIGHT
command
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Figure 23: PROGRAM/ERASE Issued to Locked Block

LBSY

R/B#

/Ox —( PROGRAM or ERASE )—( Address/data input )—( CONFIRM 70h 60h
Locked block READ STATUS

BLOCK LOCK READ STATUS (7Ah)
The BLOCK LOCK READ STATUS (7Ah) command is used to determine the protection status of
individual blocks. The address cycles have the same format, as shown below, and the invert area bit
should be set LOW. On the falling edge of RE# the I/0 pins output the block lock status register, which
contains the information on the protection status of the block.

Table 6: Block Lock Status Register Bit Definitions

Block Lock Status Register Definitions 1/0[7:3] 1/02 (Lock#) 1/01 (LT#) 1/00 (LT)
Block is locked tight X 0 0 1
Block is locked X 0 1 0
Block is unlocked, and device is locked tight X 1 0 1
Block is unlocked, and device is not locked tight X 1 1 0

Note: 1. X = VlH or V||_.
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Figure 24: BLOCK LOCK READ STATUS
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Figure 25: BLOCK LOCK Flowchart
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2Gb: x8 NAND Flash Memory
Command Definitions

Number of
Valid Data Valid While | Valid While
Command Address Input Command Selected Other LUNs
Command Cycle #1 Cycles Cycles Cycle #2 | LUN is Busy' | are Busy' | Notes
Reset Operations
RESET FFh 0 - - Yes Yes -
Identification Operation
READ ID 90h 1 - - No No -
READ PARAMETER PAGE ECh 1 - - No No -
READ UNIQUE ID EDh 1 - - No No -
Feature Operations
GET FEATURES EEh 1 - - No No -
SET FEATURES EFh 1 4 - No No -
Status Operations
READ STATUS 70h - - Yes -
READ STATUS 78h - - Yes Yes 2
ENHANCED
Column Address Operations
RANDOM DATA READ 05h - EOh No Yes -
RANDOM DATA INPUT 85h Optional - No Yes -
PROGRAM FOR 85h Optional - No Yes 3
INTERNAL DATA MOVE
READ Operations
READ MODE 00h 0 - - No Yes -
READ PAGE 00h - 30h No Yes -
READ PAGE CACHE 31h 0 - - No Yes 4
SEQUENTIAL
READ PAGE CACHE 00h 5 - 31h No Yes 4
RANDOM
READ PAGE CACHE LAST 3Fh 0 - - No Yes 4
Program Operations
PROGRAM PAGE 80h 5 Yes 10h No Yes 2
PROGRAM PAGE CACHE 80h 5 Yes 15h No Yes 2,5
Erase Operations
ERASE BLOCK 60h 3 - DOh No Yes -
Internal Data Move Operations
READ FOR INTERNAL 00h 5 - 35h No Yes 3
DATA MOVE
PROGRAM FOR 85h 5 Optional 10h No Yes -
INTERNAL DATA MOVE
Block Lock Operations
BLOCK UNLOCK LOW 23h 3 - - No Yes -
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Table 7: Command Set (Continued)

Number of
Valid Data Valid While | Valid While

Command Address Input Command Selected Other LUNs
Command Cycle #1 Cycles Cycles Cycle #2 | LUN is Busy! | are Busy' | Notes
BLOCK UNLOCK HIGH 24h 3 - - No Yes -
BLOCK LOCK 2Ah - - - No Yes -
BLOCK LOCK-TIGHT 2Ch - - - No Yes -
BLOCK LOCK READ 7Ah 3 - - No Yes -
STATUS
BOOT BLOCK PROTECT - - - - No Yes
BOOT BLOCK PROTECT 83h 5 - 10h No Yes
One-Time Programmable (OTP) Operations
OTP DATA LOCK BY 80h 5 No 10h No No 6
BLOCK (ONFI)
OTP DATA PROGRAM 80h 5 Yes 10h No No 6
(ONFI)
OTP DATA READ (ONFI) 00h 5 No 30h No No 6

Notes: 1. Busy means RDY = 0.
2. These commands can be used for interleaved die (multi-LUN) operations (see Interleaved Die Multi-LUN
Operations).
3. Do not cross plane address boundaries when using READ for INTERNAL DATA MOVE and PROGRAM for
INTERNAL DATA MOVE.

4. Issuing a READ PAGE CACHE series (31h, 00h-31h, 00h-32h, 3Fh) command when the array is busy (RDY =1,
ARDY = 0) is supported if the previous command was a READ PAGE (00h-30h) or READ PAGE CACHE series

command; otherwise, it is prohibited.

5. Issuing a PROGRAM PAGE CACHE (80h-15h) command when the array is busy (RDY = 1, ARDY = 0) is supported

if the previous command was a PROGRAM PAGE CACHE (80h-15h) command; otherwise, it is prohibited.
6. OTP commands can be entered only after issuing the SET FEATURES command with the feature address.

Table 8: Two-Plane Command Set

Number of Number of
Comman Valid Comma Valid Comman | Valid While | Valid While
d Address nd Address d Selected | Other LUNs | Note

Command Cycle #1 Cycles Cycle #2 Cycles Cycle #3 |LUN is Busy | are Busy s
READ PAGE TWO- 00h 5 00h 5 30h No Yes

PLANE

READ FOR TWO- 00h 5 00h 5 35h No Yes 1
PLANE INTERNAL

DATA MOVE

RANDOM DATA 06h 5 EOh - - No Yes 2
READ TWO-PLANE

PROGRAM PAGE 80h 5 11h-80h 5 10h No Yes
TWO-PLANE

PROGRAM PAGE 80h 5 11h-80h 5 15h No Yes

CACHE MODE

TWO-PLANE
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2Gb: x8 NAND Flash Memory

Command Definitions

PLANE

Number of Number of
Comman Valid Comma Valid Comman | Valid While | Valid While
d Address nd Address d Selected | Other LUNs | Note
Command Cycle #1 Cycles Cycle #2 Cycles Cycle #3 |LUN is Busy | are Busy s
PROGRAM FOR 85h 5 11h-85h 5 10h No Yes 1
TWO-PLANE
INTERNAL DATA
MOVE
BLOCK ERASE TWO- 60h 3 D1h-60h 3 DOh No Yes 3

Notes: 1. Do not cross plane boundaries when using READ FOR INTERNAL DATA MOVE TWO-PLANE or PROGRAM FOR
TWO-PLANE INTERNAL DATA MOVE.

2. The RANDOM DATA READ TWO-PLANE command is limited to use with the PAGE READ TWO-PLANE command.
3. D1h command can be omitted.
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Reset Operations
RESET (FFh)

The RESET command is used to put the memory device into a known condition and to abort the
command sequence in progress.

READ, PROGRAM, and ERASE commands can be aborted while the device is in the busy state. The
contents of the memory location being programmed or the block being erased are no longer valid.
The data may be partially erased or programmed, and is invalid. The command register is cleared and
is ready for the next command. The data register and cache register contents are marked invalid.

The status register contains the value EOh when WP# is HIGH; otherwise it is written with a 60h value.
R/B# goes LOW for 'RST after the RESET command is written to the command register.

The RESET command must be issued to all CE#s as the first command after power-on. The device will
be busy for a maximum of 1ms.

Figure 26: RESET (FFh) Operation

Cycle type Command

1/0[7:0] \ FF >

e M
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Identification Operations

READ ID (90h)

The READ ID (90h) command is used to read identifier codes programmed into the target. This
command is accepted by the target only when all die (LUNSs) on the target are idle.

Writing 90h to the command register puts the target in read ID mode. The target stays in this mode
until another valid command is issued.

When the 90h command is followed by an 00h address cycle, the target returns a 5-byte identifier
code that includes the manufacturer ID, device configuration, and part-specific information.

When the 90h command is followed by a 20h address cycle, the target returns the 4-byte ONFI
identifier code.

Figure 27: READ ID (90h) with 00h Address Operation

Cycle type Address ) i Dour >< Dour >‘< Dour >‘< Dour >‘< Dour >_

YWHR

|/0[7:0]M\ Byte0 )} Byte 1 X Byte2 X Byte3 )X Byte4
Y K Byte 1 ) Byte2 X Byte3 ) By

Note: 1. See READ ID Parameter tables for byte definitions.

Figure 28: READ ID (90h) with 20h Address Operation

|
Cycle type ress | Dourt >< Dourt >< Dourt >< Bl >—
twHR
1/0[7:0] 20h | 4Fh >< 4Eh >< 46h >< 49h >—

I
Note: 1. See READ ID Parameter tables for byte definitions.
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Table 9: READ ID Parameters for Address 00h

2Gb: x8 NAND Flash Memory
READ ID Parameter Tables

| options | wo7 | woe | wo5 | voa | w03 | V02 | KO1 | 10O | Value'
Byte 0 - Manufacturer ID
Manufacturer | Micron | 0 | 0 | 1 | 0 | 1 | 1 | 0 | 0 | 2Ch
Byte 1 - Device ID
MT29F2GO8ABAGA 2Gb, x8, 3.3V 1 0 1 1 0 1 0 DAh
MT29F2GO8ABBGA 2Gb, x8, 1.8V 1 0 0 1 0 1 0 AAh
Byte 2
Number of die per CE |1 0 0 00b
Cell type SLC 0 0 00b
Number of 2 0 1 01b
simultaneously
programmed pages
Interleaved Not supported 0 0b
operations
between multiple die
Cache programming | Supported 1 1b
Byte value MT29F2GOSABAGA 1 1 0 0 0 0 90h

MT29F2G08ABBGA 1 1 0 0 0 0 90h
Byte 3
Page size 2KB 0 1 01b
Spare area size (bytes) | 128B 1 1b
Block size (without 128KB 0 1 01b
spare)
Organization x8 0 0b
Serial access 1.8V |30ns 1 0 1xxx0b
Serial access 3.3V | 20ns
(MIN)
Byte value MT29F2GO8ABAGA 1 0 1 0 1 95h

MT29F2GO8ABBGA 0 1 0 1 0 1 15h
Byte 4
Internal ECC level 8-bit ECC/512B (main) 1 0 10b

+16B (Spare) + 16B

(parity)
Planes per CE# 2 0 1 01b
Plane size 1Gb 0 0 0 000b
Internal ECC ECC Disabled 0 0Ob
Internal ECC ECC Enabled 1 1b
Byte value MT29F2GOSABAGA 0 1 1 0 06h

MT29F2GO8ABBGA 0 1 1 0 06h

Note: 1. b = binary; h = hexadecimal.
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Table 10: READ ID Parameters for Address 20h

Byte Options 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00 Value
0 “o" 0 1 0 0 1 1 1 1 4Fh
1 “N" 0 1 0 0 1 1 1 0 4Eh
2 “F" 0 1 0 0 0 1 1 0 46h
3 “ 0 1 0 0 1 0 0 1 49h
4 Undefined X X X X X X X X XXh

Note: 1. h = hexadecimal
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READ PARAMETER PAGE (ECh)

The READ PARAMETER PAGE (ECh) command is used to read the ONFI parameter page programmed
into the target. This command is accepted by the target only when all die (LUNs) on the target are
idle.

Writing ECh to the command register puts the target in read parameter page mode. The target stays in
this mode until another valid command is issued.

When the ECh command is followed by an 00h address cycle, the target goes busy for ‘R. If the READ
STATUS (70h) command is used to monitor for command completion, the READ MODE (00h)
command must be used to re-enable data output mode. Use of the READ STATUS ENHANCED (78h)
command is prohibited while the target is busy and during data output.

A minimum of three copies of the parameter page are stored in the device. Each parameter page is 256
bytes. If desired, the RANDOM DATA READ (05h-EOh) command can be used to change the location
of data output.

Figure 29: READ PARAMETER (ECh) Operation

Cycle type Addfess \__Pour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >_
1/0[7:0] ECh 00h PO, X Pl X .. X poy W Pty X —

R/B# X‘: 7~Z
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Parameter Page Data Structure Tables

Table 11: Parameter Page Data Structure

Va'ue#unique_181
unique_18_Connect_42_note_3B304A5D85BE49FA8F0641CD1
Byte Description 451F741 on page 43
0-3 Parameter page signature 4Fh, 4Eh, 46h, 49h
4-5 Revision number 02h, 00h
6-7 Features supported MT29F2GO8ABAGAH4 18h, 00h
MT29F2G0OSABAGAWP 18h, 00h
8-9 Optional commands supported 3Fh, 00h
10-31 Reserved 00h
32-43 Device manufacturer 4Dh, 49h, 43h, 52h, 4Fh, 4Eh, 20h, 20h, 20h, 20h,
20h, 20h
44-63 | Device model MT29F2GO8ABAGAH4 4Dh, 54h, 32h, 39h, 46h, 32h, 47h, 30h, 38h, 41h,
42h, 41h, 47h, 41h, 48h, 34h, 20h, 20h, 20h, 20h
MT29F2G0O8ABAGAWP 4Dh, 54h, 32h, 39h, 46h, 32h, 47h, 30h, 38h, 41h,
42h, 41h, 47h, 41h, 57h, 50h, 20h, 20h, 20h, 20h
MT29F2G0O8ABBGAH4 4Dh, 54h, 32h, 39h, 46h, 32h, 47h, 30h, 38h, 41h,
42h, 42h, 47h, 41h, 48h, 34h, 20h, 20h, 20h, 20h
64 Manufacturer ID 2Ch
65-66 | Date code 00h, 00h
67-79 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h
80-83 Number of data bytes per page 00h, 08h, 00h, 00h
84-85 | Number of spare bytes per page 80h, 00h
86-89 | Number of data bytes per partial page 00h, 02h, 00h, 00h
90-91 Number of spare bytes per partial page 20h, 00h
92-95 Number of pages per block 40h, 00h, 00h, 00h
96-99 | Number of blocks per unit 00h, 08h, 00h, 00h
100 Number of logical units 01h
101 Number of address cycles 23h
102 Number of bits per cell 01h
103-104 | Bad blocks maximum per unit 28h, 00h
105-106 |Block endurance 01h, 05h
107 Guaranteed valid blocks at beginning of target 08h
108-109 |Block endurance for guaranteed valid blocks 00h, 00h
110 Number of programs per page 04h
111 Partial programming attributes 00h
112 Number of bits ECC bits 08h
113 Number of interleaved address bits 01h
114 Interleaved operation attributes OEh
115-127 | Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h
128 I/0O pin capacitance 08h
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Table 11: Parameter Page Data Structure (Continued)

Val ue#unique_1 8/
unique_18_Connect 42 note 3B304A5D85BE49FA8F0641CD1

Byte Description 451F741 on page 43
129-130 | Timing mode support MT29F2G0SABAGA 3Fh, 00h
MT29F2G0O8SABBGA OFh, 00h
131-132 | Program cache timing MT29F2GO8SABAGA 3Fh, 00h
mode support MT29F2G0O8ABBGA OFh, 00h
133-134 |*PROG (MAX) page program time 58h, 02h
135-136 | 'BERS (MAX) block erase time 10h, 27h
137-138 | 'R (MAX) page read time 19h, 00h
139-140 |'CCS (MIN) 64h, 00h
141-163 | Reserved 00h
164-165 | Vendor-specific revision number 01h, 00h
166-253 | Vendor-specific 01h, 00h, 00h, 02h, 04h, 80h, 01h, 81h, 04h, 03h,

02h, 01h,1Eh, 90h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h,00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h,00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h,00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h,00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h,00h, 00h, 00h, 00h

254-255 | Integrity CRC Set at test
256-511 | Value of bytes 0-255
512-767 |Value of bytes 0-255

768+ Additional redundant parameter pages

Note: 1. h = hexadecimal.
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READ UNIQUE ID (EDh)

The READ UNIQUE ID (EDh) command is used to read a unique identifier programmed into the
target. This command is accepted by the target only when all die (LUNSs) on the target are idle.

Writing EDh to the command register puts the target in read unique ID mode. The target stays in this
mode until another valid command is issued.

When the EDh command is followed by an 00h address cycle, the target goes busy for ‘R. If the READ
STATUS (70h) command is used to monitor for command completion, the READ MODE (00h)
command must be used to re-enable data output mode.

After ‘R completes, the host enables data output mode to read the unique ID. When the asynchronous
interface is active, one data byte is output per RE# toggle.

Sixteen copies of the unique ID data are stored in the device. Each copy is 32 bytes. The first 16 bytes
of a 32-byte copy are unique data, and the second 16 bytes are the complement of the first 16 bytes.
The host should XOR the first 16 bytes with the second 16 bytes. If the result is 16 bytes of FFh, then
that copy of the unique ID data is correct. In the event that a non-FFh result is returned, the host can
repeat the XOR operation on a subsequent copy of the unique ID data. If desired, the RANDOM DATA
READ (05h-E0h) command can be used to change the data output location.

The upper eight I/0s on a x16 device are not used and are a “Don’t Care” for x16 devices.
Figure 30: READ UNIQUE ID (EDh) Operation

Cycle type Addfess \_Pour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >_
I/O[7:0] o0n U, W Utg K .. X w0, W outy WL —
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Feature Operations

The SET FEATURES (EFh) and GET FEATURES (EEh) commands are used to modify the target's
default power-on behavior. These commands use a one-byte feature address to determine which
subfeature parameters will be read or modified. Each feature address (in the 00h to FFh range) is
defined below. The SET FEATURES (EFh) command writes subfeature parameters (P1-P4) to the
specified feature address. The GET FEATURES command reads the subfeature parameters (P1-P4) at
the specified feature address.

When a feature is set, by default it remains active until the device is power-cycled. It is volatile. Unless
otherwise specified in the features table, once a device is set it remains set, even if a RESET (FFh)
command is issued. GET/SET FEATURES commands can be used after a required RESET to enable
features before a system BOOT ROM process.

Internal ECC can be enabled/disabled using the SET FEATURES (EFh) command, followed by address
90h and four data bytes (only the first data byte is used).

The sequence to enable internal ECC is EFh (cmd) - 90h (addr) - 08h (data) - 00h (data) - 00h (data) -
00h (data) - wait (‘FEAT).

The sequence to disable internal ECC is EFh (cmd) - 90h (addr) - 00h (data) - 00h (data) - 00h (data) -
00h (data) - wait (‘FEAT).

Table 12: Feature Address Definitions

Feature Address Definition
00h Reserved
01h Timing mode
02h-7Fh Reserved
80h Vendor-specific parameter: Programmable I/O drive strength
81h Vendor-specific parameter: Programmable R/B# pull-down strength
82h-FFh Reserved
90h Array operation mode

Table 13: Feature Address 90h - Array Operation Mode

Subfeature
Parameter Options 1/07 1/06 1/05 /04 1/03 1/02 1/01 1/00 Value | Notes
P1
Operation Normal Reserved (0) 0 00h 1
mode option OTP Reserved (0) 1 01h
operation
OTP Reserved (0) 1 1 03h
protectio
n
Disable Reserved (0) 0 0 0 0 00h 1
ECC
Enable Reserved (0) 1 0 0 0 08h 1
ECC
P2
Reserved | | Reserved (0) | 00h |
P3
Reserved | | Reserved (0) | 00h |
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Table 13: Feature Address 90h - Array Operation Mode (Continued)

Subfeature
Parameter Options 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00 Value | Notes

P4
Reserved | | Reserved (0) | 00h |

Note: 1. These bits are reset to 00h on power cycle.

SET FEATURES (EFh)
The SET FEATURES (EFh) command writes the subfeature parameters (P1-P4) to the specified feature
address to enable or disable target-specific features. This command is accepted by the target only
when all die (LUNs) on the target are idle.

Writing EFh to the command register puts the target in the set features mode. The target stays in this
mode until another command is issued.

The EFh command is followed by a valid feature address as specified in Table 13: Feature Address 90h
- Array Operation Mode on page 45. The host waits for 'ADL before the subfeature parameters are
input. When the asynchronous interface is active, one subfeature parameter is latched per rising edge
of WE#.

After all four subfeature parameters are input, the target goes busy for 'FEAT. The READ STATUS (70h)
command can be used to monitor for command completion.

Feature address 01h (timing mode) operation is unique. If SET FEATURES is used to modify the
interface type, the target will be busy for ITC.

Figure 31: SET FEATURES (EFh) Operation

|
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GET FEATURES (EEh)
The GET FEATURES (EEh) command reads the subfeature parameters (P1-P4) from the specified

feature address. This command is accepted by the target only when all die (LUNSs) on the target are
idle.

Writing EEh to the command register puts the target in get features mode. The target stays in this
mode until another valid command is issued.

When the EEh command is followed by a feature address, the target goes busy for 'FEAT. If the READ
STATUS (70h) command is used to monitor for command completion, the READ MODE (00h)
command must be used to re-enable data output mode. During and prior to data output, use of the
READ STATUS ENHANCED (78h) command is prohibited.

After 'FEAT completes, the host enables data output mode to read the subfeature parameters.
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Figure 32: GET FEATURES (EEh) Operation
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Table 14: Feature Addresses 01h: Timing Mode

R/B#

Subfeature
Parameter Options 1/07 1/06 1/05 /04 1/03 1/02 1/01 1/00 | Value | Notes
P1
Timing mode Mode 0 Reserved (0) 0 0 0 00h 1
(default)
Mode 1 Reserved (0) 0 0 1 01h
Mode 2 Reserved (0) 0 1 0 01h
Mode 3 Reserved (0) 0 1 1 01h
Mode 4 Reserved (0) 1 0 0 01h
Mode 5 Reserved (0) 1 0 1 01h 2
P2
| | Reserved (0) | | | | 00h |
P3
| | Reserved (0) | | | | 00h |
P4
| | Reserved (0) | | | | 00h |

Notes: 1. The timing mode feature address is used to change the default timing mode. The timing mode should be
selected to indicate the maximum speed at which the device will receive commands, addresses, and data cycles.
The five supported settings for the timing mode are shown. The default timing mode is mode 0. The device
returns to mode 0 when the device is power cycled. Supported timing modes are reported in the parameter
page.
2. Supported for 3.3V only.

Table 15: Feature Addresses 80h: Programmable I/0 Drive Strength

Subfeature
Parameter Options 1107 1/06 /05 /04 1/03 1/02 1/01 1/00 | Value | Notes
P1
I/0 drive strength | Full (default) Reserved (0) 0 0 00h 1
Three-quarters Reserved (0) 0 1 01h
One-half Reserved (0) 1 0 02h
One-quarter Reserved (0) 1 1 03h
P2
| Reserved (0) | | | 00h |
P3
| Reserved (0) | | | 00h |
P4
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Table 15: Feature Addresses 80h: Programmable 1/0 Drive Strength (Continued)

Subfeature
Parameter Options 1107 1/06 1/05 1/04 1/03 1/02 1/01 1/00 | Value | Notes

Reserved (0) 00h

Note: 1. The programmable drive strength feature address is used to change the default I/O drive strength. Drive
strength should be selected based on expected loading of the memory bus. This table shows the four supported
output drive strength settings. The default drive strength is full strength. The device returns to the default drive
strength mode when the device is power cycled. AC timing parameters may need to be relaxed if I/0 drive
strength is not set to full.

Table 16: Feature Addresses 81h: Programmable R/B# Pull-Down Strength

Subfeature
Parameter Options 1107 1/06 /05 /04 1/03 1/02 1/01 /00 | Value | Notes
P1
R/B# pull-down Full (default) 0 0 00h 1
strength Three-quarters 0 1 01h
One-half 1 0 02h
One-quarter 1 1 03h
P2
| | Reserved (0) | 00h |
P3
| | Reserved (0) | 00h |
P4
| | Reserved (0) | 00h |

Note: 1. This feature address is used to change the default R/B# pull-down strength. Its strength should be selected based
on the expected loading of R/B#. Full strength is the default, power-on value.
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Status Operations

Each die (LUN) provides its status independently of other die (LUNs) on the same target through its 8-
bit status register.

When a READ STATUS (70h) or READ STATUS ENHANCED (78h) command is issued, status register
output is enabled. Status register contents are returned on I/O[7:0] for each data output request.

When the asynchronous interface is active and status register output is enabled, changes in the status
register are seen on I/0[7:0] when CE# and RE# are LOW; it is not necessary to toggle RE# to see the
status register update.

While monitoring the status register for completion of a data transfer from the Flash array to the data
register (‘R), the host must issue the READ MODE (00h) command to disable the status register and
enable data output (see Read Operations).

The READ STATUS (70h) command returns the status of the most recently selected die (LUN). To
prevent data contention during or following an interleaved die (multi-LUN) operation, the host must
enable only one die (LUN) for status output by using the READ STATUS ENHANCED (78h) command
(see Interleaved Die (Multi-LUN) Operations).

Table 17: Status Register Definition

Program Page
Page Read
SR | Program Cache Page Cache Block
Bit Page Mode Read Mode Erase |Description
7 Write Write Write Write Write |0 = Protected
protect protect protect protect protect |1 = Not protected
6 RDY RDY RDY RDY RDY 0 = Busy (PROGRAM operation in progress)
cache cache 1 = Ready (Cache can accept data; R/B# follows)
5 ARDY ARDY ARDY ARDY ARDY |0 =Busy (PROGRAM operation in progress)
1 = Ready (Internal operations completed, if cache
mode is used)
ECC ECC 0 00 = Normal or uncorrectable
3 status’ status 0 01=4-6
(N-1)1 10=1~3
11 = 7~8 (Rewrite recommended)
2 - - - - - Don't Care
1 FAILC FAILC Reserved - - 0 = Pass
(N-1) (N-1) 1 = Fail This bit is valid only when RDY (SR bit 6) is 1.
This bit retains the status of the previous valid
program operation when the most recent program
operation is complete.
0 FAIL FAIL (N) FAIL? FAIL (N-1) FAIL 0 = Pass
1 = Fail This bit is set if the most recent finished
operation on the selected die (LUN) failed. This bit is
valid only when ARDY (SR bit 5) is 1.
Notes: 1. Bit = 11 when a rewrite is recommended because the page includes READ errors per sector (512-Byte [main] +
16-Byte [spare] + 16-Byte [parity]). When ECC is enabled, up to 7~8-bit error is corrected automatically.
2. A status register bit defined as FAIL signifies that an uncorrectable READ error has occurred.
READ STATUS (70h)

The READ STATUS (70h) command returns the status of the last-selected die (LUN) on a target. This
command is accepted by the last-selected die (LUN) even when it is busy (RDY = 0).

CCMTD-1725822587-4081 49 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23

© 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

(-6!7' cron 2Gb: x8 NAND Flash Memory

Status Operations

If there is only one die (LUN) per target, the READ STATUS (70h) command can be used to return
status following any NAND command.

In devices that have more than one die (LUN) per target, during and following interleaved die (multi-
LUN) operations, the READ STATUS ENHANCED (78h) command must be used to select the die
(LUN) that should report status. In this situation, using the READ STATUS (70h) command will result
in bus contention, as two or more die (LUNs) could respond until the next operation is issued. The
READ STATUS (70h) command can be used following all single die (LUN) operations.

Figure 33: READ STATUS (70h) Operation

Cycle type —Eormandy———

"WHR ‘

v

READ STATUS ENHANCED (78h)
The READ STATUS ENHANCED (78h) command returns the status of the addressed die (LUN) on a
target even when it is busy (RDY = 0). This command is accepted by all die (LUNs), even when they are
BUSY (RDY =0).

Writing 78h to the command register, followed by row address cycles containing the page, block, and
LUN addresses, puts the selected die (LUN) into read status mode. The selected die (LUN) stays in this
mode until another valid command is issued. Die (LUNs) that are not addressed are deselected to
avoid bus contention.

The selected LUN's status is returned when the host requests data output. The RDY and ARDY bits of
the status register are shared for all planes on the selected die (LUN). The FAILC and FAIL bits are
specific to the plane specified in the row address.

The READ STATUS ENHANCED (78h) command also enables the selected die (LUN) for data output.
To begin data output following a READ-series operation after the selected die (LUN) is ready (RDY =
1), issue the READ MODE (00h) command, then begin data output.

Use of the READ STATUS ENHANCED (78h) command is prohibited during the power-on RESET
(FFh) command and when OTP mode is enabled. It is also prohibited following some of the other
reset, identification, and configuration operations. See individual operations for specific details.

Figure 34: READ STATUS ENHANCED (78h) Operation

|
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Column Address Operations

The column address operations affect how data is input to and output from the cache registers within
the selected die (LUNs). These features provide host flexibility for managing data, especially when the
host internal buffer is smaller than the number of data bytes or words in the cache register.

When the asynchronous interface is active, column address operations can address any byte in the
selected cache register.

RANDOM DATA READ (05h-EOh)
The RANDOM DATA READ (05h-E0h) command changes the column address of the selected cache
register and enables data output from the last selected die (LUN). This command is accepted by the
selected die (LUN) when it is ready (RDY = 1; ARDY = 1). It is also accepted by the selected die (LUN)
during CACHE READ operations
(RDY = 1; ARDY =0).

Writing 05h to the command register, followed by two column address cycles containing the column
address, followed by the EOh command, puts the selected die (LUN) into data output mode. After the
EOh command cycle is issued, the host must wait at least 'WHR before requesting data output. The
selected die (LUN) stays in data output mode until another valid command is issued.

In devices with more than one die (LUN) per target, during and following interleaved die (multi-LUN)
operations, the READ STATUS ENHANCED (78h) command must be issued prior to issuing the
RANDOM DATA READ (05h-EOh). In this situation, using the RANDOM DATA READ (05h-EOh)
command without the READ STATUS ENHANCED (78h) command will result in bus contention
because two or more die (LUNs) could output data.

Figure 35: RANDOM DATA READ (05h-EOh) Operation
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RANDOM DATA READ TWO-PLANE (06h-EOh)
The RANDOM DATA READ TWO-PLANE (06h-E0h) command enables data output on the addressed
die’s (LUN’s) cache register at the specified column address. This command is accepted by a die
(LUN) when it is ready (RDY = 1; ARDY = 1).

Writing 06h to the command register, followed by two column address cycles and three row address
cycles, followed by EOh, enables data output mode on the address LUN’s cache register at the
specified column address. After the EOh command cycle is issued, the host must wait at least WHR
before requesting data output. The selected die (LUN) stays in data output mode until another valid
command is issued.

Following a two-plane read page operation, the RANDOM DATA READ TWO-PLANE (06h-EOh)
command is used to select the cache register to be enabled for data output. After data output is
complete on the selected plane, the command can be issued again to begin data output on another
plane.

In devices with more than one die (LUN) per target, after all of the die (LUNSs) on the target are ready
(RDY = 1), the RANDOM DATA READ TWO-PLANE (06h-E0h) command can be used following an
interleaved die (multi-LUN) read operation. Die (LUNs) that are not addressed are deselected to avoid
bus contention.

In devices with more than one die (LUN) per target, during interleaved die (multi-LUN) operations
where more than one or more die (LUNSs) are busy (RDY = 1; ARDY = 0 or RDY = 0; ARDY = 0), the
READ STATUS ENHANCED (78h) command must be issued to the die (LUN) to be selected prior to
issuing the RANDOM DATA READ TWO-PLANE (06h-E0h). In this situation, using the RANDOM
DATA READ TWO-PLANE (06h-EOh) command without the READ STATUS ENHANCED (78h)
command will result in bus contention, as two or more die (LUNs) could output data.

If there is a need to update the column address without selecting a new cache register or LUN, the
RANDOM DATA READ (05h-EOh) command can be used instead.

Figure 36: RANDOM DATA READ TWO-PLANE (06h-EOh) Operation
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RANDOM DATA INPUT (85h)
The RANDOM DATA INPUT (85h) command changes the column address of the selected cache
register and enables data input on the last-selected die (LUN). This command is accepted by the
selected die (LUN) when it is ready (RDY = 1; ARDY = 1). It is also accepted by the selected die (LUN)
during cache program operations
(RDY = 1; ARDY = 0).

Writing 85h to the command register, followed by two column address cycles containing the column
address, puts the selected die (LUN) into data input mode. After the second address cycle is issued,
the host must wait at least 'ADL before inputting data. The selected die (LUN) stays in data input
mode until another valid command is issued. Though data input mode is enabled, data input from
the host is optional. Data input begins at the column address specified.

The RANDOM DATA INPUT (85h) command is allowed after the required address cycles are specified,
but prior to the final command cycle (10h, 11h, 15h) of the following commands while data input is
permitted: PROGRAM PAGE (80h-10h), PROGRAM PAGE CACHE (80h-15h), PROGRAM FOR
INTERNAL DATA MOVE (85h-10h), and PROGRAM FOR TWO-PLANE INTERNAL DATA MOVE
(85h-11h).
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In devices that have more than one die (LUN) per target, the RANDOM DATA INPUT (85h) command
can be used with other commands that support interleaved die (multi-LUN) operations.

Figure 37: RANDOM DATA INPUT (85h) Operation
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PROGRAM FOR INTERNAL DATA INPUT (85h)
The PROGRAM FOR INTERNAL DATA INPUT (85h) command changes the row address (block and
page) where the cache register contents will be programmed in the NAND Flash array. It also changes
the column address of the selected cache register and enables data input on the specified die (LUN).
This command is accepted by the selected die (LUN) when it is ready (RDY = 1; ARDY = 1). It is also
accepted by the selected die (LUN) during cache programming operations (RDY = 1; ARDY = 0).

Write 85h to the command register. Then write two column address cycles and three row address
cycles. This updates the page and block destination of the selected device for the addressed LUN and
puts the cache register into data input mode. After the fifth address cycle is issued the host must wait
at least "ADL before inputting data. The selected LUN stays in data input mode until another valid
command is issued. Though data input mode is enabled, data input from the host is optional. Data
input begins at the column address specified.

The PROGRAM FOR INTERNAL DATA INPUT (85h) command is allowed after the required address
cycles are specified, but prior to the final command cycle (10h, 11h, 15h) of the following commands
while data input is permitted: PROGRAM PAGE (80h-10h), PROGRAM PAGE TWO-PLANE (80h-11h),
PROGRAM PAGE CACHE (80h-15h), PROGRAM FOR INTERNAL DATA MOVE (85h-10h), and
PROGRAM FOR TWO-PLANE INTERNAL DATA MOVE (85h-11h). When used with these commands,
the LUN address and plane select bits are required to be identical to the LUN address and plane select
bits originally specified.

The PROGRAM FOR INTERNAL DATA INPUT (85h) command enables the host to modify the original
page and block address for the data in the cache register to a new page and block address.

In devices that have more than one die (LUN) per target, the PROGRAM FOR INTERNAL DATA INPUT
(85h) command can be used with other commands that support interleaved die (multi-LUN)
operations.

The PROGRAM FOR INTERNAL DATA INPUT (85h) command can be used with the RANDOM DATA
READ (05h-EOh) or RANDOM DATA READ TWO-PLANE (06h-EOh) commands to read and modify
cache register contents in small sections prior to programming cache register contents to the NAND
Flash array. This capability can reduce the amount of buffer memory used in the host controller.

The RANDOM DATA INPUT (85h) command can be used during the PROGRAM FOR INTERNAL
DATA MOVE command sequence to modify one or more bytes of the original data. First, data is
copied into the cache register using the 00h-35h command sequence, then the RANDOM DATA
INPUT (85h) command is written along with the address of the data to be modified next. New data is
input on the external data pins. This copies the new data into the cache register.
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Figure 38: PROGRAM FOR INTERNAL DATA INPUT (85h) Operation
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Read Operations

The READ PAGE (00h-30h) command, when issued by itself, reads one page from the NAND Flash
array to its cache register and enables data output for that cache register.

During data output the following commands can be used to read and modify the data in the cache
registers: RANDOM DATA READ (05h-E0h) and RANDOM DATA INPUT (85h).

Read Cache Operations

To increase data throughput, the READ PAGE CACHE series (31h, 00h-31h) commands can be used to
output data from the cache register while concurrently copying a page from the NAND Flash array to
the data register.

To begin a read page cache sequence, begin by reading a page from the NAND Flash array to its
corresponding cache register using the READ PAGE (00h-30h) command.

R/B# goes LOW during 'R and the selected die (LUN) is busy (RDY = 0, ARDY = 0). After 'R (R/B# is
HIGH and RDY =1, ARDY = 1), issue either of these commands:

* READ PAGE CACHE SEQUENTIAL (31h) - copies the next sequential page from the NAND Flash
array to the data register

e READ PAGE CACHE RANDOM (00h-31h) - copies the page specified in this command from the
NAND Flash array to its corresponding data register

After the READ PAGE CACHE series (31h, 00h-31h) command has been issued, R/B# goes LOW on the
target, and RDY = 0 and ARDY = 0 on the die (LUN) for ‘RCBSY while the next page begins copying
data from the array to the data register. After ‘RCBSY,

R/B# goes HIGH and the die’s (LUN’s) status register bits indicate the device is busy with a cache
operation (RDY = 1, ARDY = 0). The cache register becomes available and the page requested in the
READ PAGE CACHE operation is transferred to the data register. At this point, data can be output from
the cache register, beginning at column address 0. The RANDOM DATA READ (05h-E0h) command
can be used to change the column address of the data output by the die (LUN).

After outputting the desired number of bytes from the cache register, either an additional READ PAGE
CACHE series (31h, 00h-31h) operation can be started or the READ PAGE CACHE LAST (3Fh)
command can be issued.

If the READ PAGE CACHE LAST (3Fh) command is issued, R/B# goes LOW on the target, and RDY = 0
and ARDY = 0 on the die (LUN) for 'RCBSY while the data register is copied into the cache register.
After 'RCBSY, R/B# goes HIGH and RDY =1 and

ARDY = 1, indicating that the cache register is available and that the die (LUN) is ready. Data can then
be output from the cache register, beginning at column address 0. The RANDOM DATA READ (05h-
EOh) command can be used to change the column address of the data being output.

For READ PAGE CACHE series (31h, 00h-31h, 3Fh), during the die (LUN) busy time, ‘RCBSY, when
RDY = 0 and ARDY = 0, the only valid commands are status operations (70h, 78h) and RESET (FFh).
When RDY =1 and ARDY = 0, the only valid commands during READ PAGE CACHE series (31h,
00h-31h) operations are status operations (70h, 78h), READ MODE (00h), READ PAGE CACHE series
(31h, 00h-31h), RANDOM DATA READ (05h-EOh), and RESET (FFh).
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Two-Plane Read Operations

Two-plane read page operations improve data throughput by copying data from more than one plane
simultaneously to the specified cache registers. This is done by prepending one or more READ PAGE
TWO-PLANE (00h-00h-30h) commands in front of the READ PAGE (00h-30h) command.

When the die (LUN) is ready, the RANDOM DATA READ TWO-PLANE (06h-EOh) command
determines which plane outputs data. During data output, the following commands can be used to
read and modify the data in the cache registers: RANDOM DATA READ (05h-EOh) and RANDOM
DATA INPUT (85h).

Two-Plane Read Cache Operations

Two-plane read cache operations can be used to output data from more than one cache register while
concurrently copying one or more pages from the NAND Flash array to the data register. This is done
by prepending READ PAGE TWO-PLANE (00h-00h-30h) commands in front of the PAGE READ TWO-
PLANE CACHE (00h-00h-31h) command.

To begin a two-plane read page cache sequence, begin by issuing a READ PAGE TWO-PLANE
operation using the READ PAGE TWO-PLANE (00h-00h-30h) and READ PAGE (00h-30h) commands.
R/B# goes LOW during ‘R and the selected die (LUN) is busy (RDY = 0, ARDY = 0). After 'R (R/B# is
HIGH and RDY =1, ARDY = 1), issue either of these commands:

* READ PAGE CACHE SEQUENTIAL (31h) — copies the next sequential pages from the previously
addressed planes from the NAND Flash array to the data registers.

e READ PAGE TWO-PLANE (00h-00h-30h) [in some cases, followed by READ PAGE TWO-PLANE
CACHE (00h-00h-31h)] — copies the pages specified from the NAND Flash array to the
corresponding data registers.

After the READ PAGE CACHE series (31h, 00h-00h-31h) command has been issued, R/B# goes LOW
on the target, and RDY = 0 and ARDY = 0 on the die (LUN) for 'RCBSY while the next pages begin
copying data from the array to the data registers. After ‘RCBSY,

R/B# goes HIGH and the LUN’s status register bits indicate the device is busy with a cache operation
(RDY =1, ARDY = 0). The cache registers become available and the pages requested in the READ PAGE
CACHE operation are transferred to the data registers. Issue the RANDOM DATA READ TWO-PLANE
(06h-EOh) command to determine which cache register will output data. After data is output, the
RANDOM DATA READ TWO-PLANE (06h-EOh) command can be used to output data from other
cache registers. After a cache register has been selected, the RANDOM DATA READ (05h-EOh)
command can be used to change the column address of the data output.

After outputting data from the cache registers, either an additional TWO-PLANE READ CACHE series
(31h, 00h-00h-31h) operation can be started or the READ PAGE CACHE LAST (3Fh) command can be
issued.

If the READ PAGE CACHE LAST (3Fh) command is issued, R/B# goes LOW on the target, and RDY = 0
and ARDY = 0 on the die (LUN) for ‘RCBSY while the data registers are copied into the cache registers.
After ‘RCBSY, R/B# goes HIGH and RDY = 1 and ARDY = 1, indicating that the cache registers are
available and that the die (LUN) is ready. Issue the RANDOM DATA READ TWO-PLANE (06h-EOh)
command to determine which cache register will output data. After data is output, the RANDOM
DATA READ TWO-PLANE (06h-EOh) command can be used to output data from other cache registers.
After a cache register has been selected, the RANDOM DATA READ (05h-EOh) command can be used
to change the column address of the data output.

For READ PAGE CACHE series (31h, 00h-31h, 3Fh), during the die (LUN) busy time, 'RCBSY, when
RDY = 0 and ARDY = 0, the only valid commands are status operations (70h, 78h) and RESET (FFh).
When RDY = 1 and ARDY = 0, the only valid commands during READ PAGE CACHE series (31h,
00h-31h) operations are status operations (70h, 78h), READ MODE (00h), two-plane read cache series
(31h, 00h-00h-30h, 00h-00h-31h), RANDOM DATA READ (06h-EOh, 05h-EOh), and RESET (FFh).
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READ MODE (00h)
The READ MODE (00h) command disables status output and enables data output for the last-selected
die (LUN) and cache register after a READ operation (00h-30h, 00h-3Ah, 00h-35h) has been
monitored with a status operation (70h, 78h). This command is accepted by the die (LUN) when it is
ready (RDY = 1, ARDY = 1). It is also accepted by the die (LUN) during READ PAGE CACHE (31h,
00h-31h) operations
(RDY =1 and ARDY = 0).

In devices that have more than one die (LUN) per target, during and following interleaved die (multi-
LUN) operations, the READ STATUS ENHANCED (78h) command must be used to select only one die
(LUN) prior to issuing the READ MODE (00h) command. This prevents bus contention.

READ PAGE (00h-30h)
The READ PAGE (00h—30h) command copies a page from the NAND Flash array to its respective cache
register and enables data output. This command is accepted by the die (LUN) when it is ready (RDY =
1, ARDY =1).

To read a page from the NAND Flash array, write the 00h command to the command register, then
write n address cycles to the address registers, and conclude with the 30h command. The selected die
(LUN) will go busy (RDY = 0, ARDY = 0) for 'R as data is transferred.

To determine the progress of the data transfer, the host can monitor the target's R/B# signal or,
alternatively, the status operations (70h, 78h) can be used. If the status operations are used to monitor
the LUN's status, when the die (LUN) is ready

(RDY =1, ARDY = 1), the host disables status output and enables data output by issuing the READ
MODE (00h) command. When the host requests data output, output begins at the column address
specified.

During data output the RANDOM DATA READ (05h-EOh) command can be issued.

When internal ECC is enabled, the READ STATUS (70h) command is required after the completion of
the data transfer (‘fR_ECC) to determine whether an uncorrectable read error occured. (‘fR_ECC is the
data transferred with internal ECC enabled.)

In devices that have more than one die (LUN) per target, during and following interleaved die (multi-
LUN) operations the READ STATUS ENHANCED (78h) command must be used to select only one die
(LUN) prior to the issue of the READ MODE (00h) command. This prevents bus contention.

The READ PAGE (00h-30h) command is used as the final command of a two-plane read operation. It
is preceded by one or more READ PAGE TWO-PLANE (00h-00h-30h) commands. Data is transferred
from the NAND Flash array for all of the addressed planes to their respective cache registers. When
the die (LUN) is ready

(RDY =1, ARDY = 1), data output is enabled for the cache register linked to the plane addressed in the
READ PAGE (00h-30h) command. When the host requests data output, output begins at the column
address last specified in the READ PAGE (00h-30h) command. The RANDOM DATA READ TWO-
PLANE (06h-EOh) command is used to enable data output in the other cache registers.

Figure 39: READ PAGE (00h-30h) Operation
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Figure 40: READ PAGE (00h-30h) Operation with Internal ECC Enabled
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READ PAGE CACHE SEQUENTIAL (31h)
The READ PAGE CACHE SEQUENTIAL (31h) command reads the next sequential page within a block
into the data register while the previous page is output from the cache register. This command is
accepted by the die (LUN) when it is ready
(RDY =1, ARDY = 1). It is also accepted by the die (LUN) during READ PAGE CACHE (31h, 00h-31h)
operations (RDY = 1 and ARDY = 0).

To issue this command, write 31h to the command register. After this command is issued, R/B# goes
LOW and the die (LUN) is busy (RDY = 0, ARDY = 0) for ‘RCBSY. After ‘RCBSY, R/B# goes HIGH and the
die (LUN) is busy with a cache operation

(RDY =1, ARDY = 0), indicating that the cache register is available and that the specified page is
copying from the NAND Flash array to the data register. At this point, data can be output from the
cache register beginning at column address 0. The RANDOM DATA READ (05h-EOh) command can be
used to change the column address of the data being output from the cache register.

The READ PAGE CACHE SEQUENTIAL (31h) command can be used to cross block boundaries. If the
READ PAGE CACHE SEQUENTIAL (31h) command is issued after the last page of a block is read into
the data register, the next page read will be the next logical block in which the 31h command was
issued. Do not issue the READ PAGE CACHE SEQUENTIAL (31h) to cross die (LUN) boundaries.
Instead, issue the READ PAGE CACHE LAST (3Fh) command.

Figure 41: READ PAGE CACHE SEQUENTIAL (31h) Operation
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READ PAGE CACHE RANDOM (00h-31h)
The READ PAGE CACHE RANDOM (00h-31h) command reads the specified block and page into the
data register while the previous page is output from the cache register. This command is accepted by
the die (LUN) when it is ready (RDY = 1, ARDY = 1). It is also accepted by the die (LUN) during READ
PAGE CACHE (31h, 00h-31h) operations (RDY = 1 and ARDY = 0).

To issue this command, write 00h to the command register, then write n address cycles to the address
register, and conclude by writing 31h to the command register. The column address in the address
specified is ignored. The die (LUN) address must match the same die (LUN) address as the previous
READ PAGE (00h-30h) command or, if applicable, the previous READ PAGE CACHE RANDOM
(00h-31h) command.

After this command is issued, R/B# goes LOW and the die (LUN) is busy
(RDY = 0, ARDY = 0) for 'RCBSY. After '‘RCBSY, R/B# goes HIGH and the die (LUN) is busy with a cache
operation (RDY = 1, ARDY = 0), indicating that the cache register is available and that the specified
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page is copying from the NAND Flash array to the data register. At this point, data can be output from
the cache register beginning at column address 0. The RANDOM DATA READ (05h-EOh) command
can be used to change the column address of the data being output from the cache register.

In devices that have more than one die (LUN) per target, during and following interleaved die (multi-
LUN) operations the READ STATUS ENHANCED (78h) command followed by the READ MODE (00h)
command must be used to select only one die (LUN) and prevent bus contention.

Figure 42: READ PAGE CACHE RANDOM (00h-31h) Operation
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READ PAGE CACHE LAST (3Fh)
The READ PAGE CACHE LAST (3Fh) command ends the read page cache sequence and copies a page
from the data register to the cache register. This command is accepted by the die (LUN) when it is
ready (RDY = 1, ARDY = 1). It is also accepted by the die (LUN) during READ PAGE CACHE (31h,
00h-31h) operations (RDY = 1 and ARDY = 0).

To issue the READ PAGE CACHE LAST (3Fh) command, write 3Fh to the command register. After this
command is issued, R/B# goes LOW and the die (LUN) is busy

(RDY = 0, ARDY = 0) for 'RCBSY. After '‘RCBSY, R/B# goes HIGH and the die (LUN) is ready (RDY =1,
ARDY = 1). At this point, data can be output from the cache register, beginning at column address 0.
The RANDOM DATA READ (05h-E0Oh) command can be used to change the column address of the
data being output from the cache register.

In devices that have more than one LUN per target, during and following interleaved die (multi-LUN)
operations the READ STATUS ENHANCED (78h) command followed by the READ MODE (00h)
command must be used to select only one die (LUN) and prevent bus contention.
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Figure 43: READ PAGE CACHE LAST (3Fh) Operation
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READ PAGE TWO-PLANE 00h-00h-30h
The READ PAGE TWO-PLANE (00h-00h-30h) operation is similar to the PAGE READ (00h-30h)
operation. It transfers two pages of data from the NAND Flash array to the data registers. Each page
must be from a different plane on the same die.

To enter the READ PAGE TWO-PLANE mode, write the 00h command to the command register, and
then write five address cycles for plane 0 (BA6 = 0). Next, write the 00h command to the command
register, and five address cycles for plane 1 (BA6 = 1). Finally, issue the 30h command. The first-plane
and second-plane addresses must meet the two-plane addressing requirements, and, in addition,
they must have identical column addresses.

After the 30h command is written, page data is transferred from both planes to their respective data
registers in 'R. During these transfers, R/B# goes LOW. When the transfers are complete, R/B# goes
HIGH. To read out the data from the plane 0 data register, pulse RE# repeatedly. After the data cycle
from the plane 0 address completes, issue a RANDOM DATA READ TWO-PLANE (06h-EOh) command
to select the plane 1 address, then repeatedly pulse RE# to read out the data from the plane 1 data
register.

Alternatively, the READ STATUS (70h) command can monitor data transfers. When the transfers are
complete, status register bit 6 is set to 1. To read data from the first of the two planes, the user must
first issue the RANDOM DATA READ TWO-PLANE (06h-E0h) command and pulse RE# repeatedly.

When the data cycle is complete, issue a RANDOM DATA READ TWO-PLANE (06h-E0Oh) command to
select the other plane. To output the data beginning at the specified column address, pulse RE#
repeatedly.

Use of the READ STATUS ENHANCED (78h) command is prohibited during and following a PAGE
READ TWO-PLANE operation.
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Figure 44: READ PAGE TWO-PLANE (00h-00h-30h) Operation
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Program Operations

Program operations are used to move data from the cache or data registers to the NAND array. During
a program operation the contents of the cache and/or data registers are modified by the internal
control logic.

Within a block, pages must be programmed sequentially from the least significant page address to the
most significant page address (0, 1, 2, ....., 63). During a program operation, the contents of the cache
and/or data registers are modified by the internal control logic.

Program Operations

The PROGRAM PAGE (80h-10h) command, when not preceded by the PROGRAM PAGE TWO-PLANE
(80h-11h) command, programs one page from the cache register to the NAND Flash array. When the
die (LUN) is ready (RDY = 1, ARDY = 1), the host should check the FAIL bit to verify that the operation
has completed successfully.

Program Cache Operations

The PROGRAM PAGE CACHE (80h-15h) command can be used to improve program operation system
performance. When this command is issued, the die (LUN) goes busy (RDY = 0, ARDY = 0) while the
cache register contents are copied to the data register, and the die (LUN) is busy with a program cache
operation (RDY = 1, ARDY = 0. While the contents of the data register are moved to the NAND Flash
array, the cache register is available for an additional PROGRAM PAGE CACHE (80h-15h) or
PROGRAM PAGE (80h-10h) command.

For PROGRAM PAGE CACHE series (80h-15h) operations, during the die (LUN) busy times, 'CBSY and
‘LPROG, when RDY = 0 and ARDY = 0, the only valid commands are status operations (70h, 78h) and
reset (FFh). When RDY = 1 and ARDY = 0, the only valid commands during PROGRAM PAGE CACHE
series (80h-15h) operations are status operations (70h, 78h), PROGRAM PAGE CACHE (80h-15h),
PROGRAM PAGE (80h-10h), RANDOM DATA INPUT (85h), PROGRAM FOR INTERNAL DATA INPUT
(85h), and RESET (FFh).

Two-Plane Program Operations

The PROGRAM PAGE TWO-PLANE (80h-11h) command can be used to improve program operation
system performance by enabling multiple pages to be moved from the cache registers to different
planes of the NAND Flash array. This is done by prepending one or more PROGRAM PAGE TWO-
PLANE (80h-11h) commands in front of the PROGRAM PAGE (80h-10h) command.

Two-Plane Program Cache Operations

The PROGRAM PAGE TWO-PLANE (80h-11h) command can be used to improve program cache
operation system performance by enabling multiple pages to be moved from the cache registers to
the data registers and, while the pages are being transferred from the data registers to different planes
of the NAND Flash array, free the cache registers to receive data input from the host. This is done by
prepending one or more PROGRAM PAGE TWO-PLANE (80h-11h) commands in front of the
PROGRAM PAGE CACHE (80h-15h) command.

PROGRAM PAGE (80h-10h)
The PROGRAM PAGE (80h-10h) command enables the host to input data to a cache register, and
moves the data from the cache register to the specified block and page address in the array of the
selected die (LUN). This command is accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1).
It is also accepted by the die (LUN) when it is busy with a PROGRAM PAGE CACHE (80h-15h)
operation (RDY =1, ARDY = 0).
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To input a page to the cache register and move it to the NAND array at the block and page address
specified, write 80h to the command register. Unless this command has been preceded by a
PROGRAM PAGE TWO-PLANE (80h-11h) command, issuing the 80h to the command register clears
all of the cache registers' contents on the selected target. Then write n address cycles containing the
column address and row address. Data input cycles follow. Serial data is input beginning at the
column address specified. At any time during the data input cycle the RANDOM DATA INPUT (85h)
and PROGRAM FOR INTERNAL DATA INPUT (85h) commands may be issued. When data input is
complete, write 10h to the command register. The selected LUN will go busy

(RDY = 0, ARDY = 0) for 'PROG as data is transferred.

To determine the progress of the data transfer, the host can monitor the target's R/B# signal or,
alternatively, the status operations (70h, 78h) may be used. When the die (LUN) is ready (RDY =1,
ARDY = 1), the host should check the status of the FAIL bit.

In devices that have more than one die (LUN) per target, during and following interleaved die (multi-
LUN) operations, the READ STATUS ENHANCED (78h) command must be used to select only one die
(LUN) for status output. Use of the READ STATUS (70h) command could cause more than one die
(LUN) to respond, resulting in bus contention.

The PROGRAM PAGE (80h-10h) command is used as the final command of a two-plane program
operation. It is preceded by one or more PROGRAM PAGE TWO-PLANE (80h-11h) commands. Data is
transferred from the cache registers for all of the addressed planes to the NAND array. The host
should check the status of the operation by using the status operations (70h, 78h).

When internal ECC is enabled, the duration of array programming time is '‘PROG_ECC. During
PROG_ECC, the internal ECC generates parity bits when error detection is complete.

Figure 45: PROGRAM PAGE (80h-10h) Operation
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PROGRAM PAGE CACHE (80h-15h)
The PROGRAM PAGE CACHE (80h-15h) command enables the host to input data to a cache register;
copies the data from the cache register to the data register; then moves the data register contents to
the specified block and page address in the array of the selected die (LUN). After the data is copied to
the data register, the cache register is available for additional PROGRAM PAGE CACHE (80h-15h) or
PROGRAM PAGE (80h-10h) commands. The PROGRAM PAGE CACHE (80h-15h) command is
accepted by the die (LUN) when it is ready (RDY =1, ARDY = 1). It is also accepted by the die (LUN)
when busy with a PROGRAM PAGE CACHE (80h-15h) operation (RDY = 1, ARDY = 0).

To input a page to the cache register to move it to the NAND array at the block and page address
specified, write 80h to the command register. Unless this command has been preceded by a
PROGRAM PAGE TWO-PLANE (80h-11h) command, issuing the 80h to the command register clears
all of the cache registers' contents on the selected target. Then write n address cycles containing the
column address and row address. Data input cycles follow. Serial data is input beginning at the
column address specified. At any time during the data input cycle the RANDOM DATA INPUT (85h)
and PROGRAM FOR INTERNAL DATA INPUT (85h) commands may be issued. When data input is
complete, write 15h to the command register. The selected LUN will go busy

(RDY = 0, ARDY = 0) for 'CBSY to allow the data register to become available from a previous program
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cache operation, to copy data from the cache register to the data register, and then to begin moving
the data register contents to the specified page and block address.

To determine the progress of 'CBSY, the host can monitor the target's R/B# signal or, alternatively, the
status operations (70h, 78h) can be used. When the LUN’s status shows that it is busy with a
PROGRAM CACHE operation (RDY = 1, ARDY = 0), the host should check the status of the FAILC bit to
see if a previous cache operation was successful.

If, after 'CBSY, the host wants to wait for the program cache operation to complete, without issuing
the PROGRAM PAGE (80h-10h) command, the host should monitor ARDY until it is 1. The host should
then check the status of the FAIL and FAILC bits.

In devices with more than one die (LUN) per target, during and following interleaved die (multi-LUN)
operations, the READ STATUS ENHANCED (78h) command must be used to select only one die
(LUN) for status output. Use of the READ STATUS (70h) command could cause more than one die
(LUN) to respond, resulting in bus contention.

The PROGRAM PAGE CACHE (80h-15h) command is used as the final command of a two-plane
program cache operation. It is preceded by one or more PROGRAM PAGE TWO-PLANE (80h-11h)
commands. Data for all of the addressed planes is transferred from the cache registers to the
corresponding data registers, then moved to the NAND Flash array. The host should check the status
of the operation by using the status operations (70h, 78h).
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Figure 46: PROGRAM PAGE CACHE (80h-15h) Operation (Start)
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Figure 47: PROGRAM PAGE CACHE (80h-15h) Operation (End)
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PROGRAM PAGE TWO-PLANE (80h-11h)
The PROGRAM PAGE TWO-PLANE (80h-11h) command enables the host to input data to the
addressed plane's cache register and queue the cache register to ultimately be moved to the NAND
Flash array. This command can be issued one or more times. Each time a new plane address is
specified that plane is also queued for data transfer. To input data for the final plane and to begin the
program operation for all previously queued planes, issue either the PROGRAM PAGE (80h-10h)
command or the PROGRAM PAGE CACHE (80h-15h) command. All of the queued planes will move
the data to the NAND Flash array. This command is accepted by the die (LUN) when it is ready
(RDY=1).

tws tLPROG

To input a page to the cache register and queue it to be moved to the NAND Flash array at the block
and page address specified, write 80h to the command register. Unless this command has been
preceded by a PROGRAM PAGE TWO-PLANE (80h-11h) command, issuing the 80h to the command
register clears all of the cache registers' contents on the selected target. Write five address cycles
containing the column address and row address; data input cycles follow. Serial data is input
beginning at the column address specified. At any time during the data input cycle, the RANDOM
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DATA INPUT (85h) and PROGRAM FOR INTERNAL DATA INPUT (85h) commands can be issued.
When data input is complete, write 11h to the command register. The selected die (LUN) will go busy
(RDY = 0, ARDY = 0) for ‘DBSY.

To determine the progress of 'DBSY, the host can monitor the target's R/B# signal or, alternatively, the
status operations (70h, 78h) can be used. When the LUN's status shows that it is ready (RDY = 1),
additional PROGRAM PAGE TWO-PLANE (80h-11h) commands can be issued to queue additional
planes for data transfer. Alternatively, the PROGRAM PAGE (80h-10h) or PROGRAM PAGE CACHE
(80h-15h) commands can be issued.

When the PROGRAM PAGE (80h-10h) command is used as the final command of a two-plane
program operation, data is transferred from the cache registers to the NAND Flash array for all of the
addressed planes during ‘PROG. When the die (LUN) is ready (RDY = 1, ARDY = 1), the host should
check the status of the FAIL bit for each of the planes to verify that programming completed
successfully.

When the PROGRAM PAGE CACHE (80h-15h) command is used as the final command of a program
cache two-plane operation, data is transferred from the cache registers to the data registers after the
previous array operations finish. The data is then moved from the data registers to the NAND Flash
array for all of the addressed planes. This occurs during ‘CBSY. After 'CBSY, the host should check the
status of the FAILC bit for each of the planes from the previous program cache operation, if any, to
verify that programming completed successfully.

For the PROGRAM PAGE TWO-PLANE (80h-11h), PROGRAM PAGE (80h-10h), and PROGRAM PAGE
CACHE (80h-15h) commands, see Two-Plane Operations for two-plane addressing requirements.

Figure 48: PROGRAM PAGE TWO-PLANE (80h-11h) Operation
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Erase Operations

Erase operations are used to clear the contents of a block in the NAND Flash array to prepare its pages
for program operations.

Erase Operations

The ERASE BLOCK (60h-D0h) command, when not preceded by the ERASE BLOCK TWO-PLANE
(60h-D1h) command, erases one block in the NAND Flash array. When the die (LUN) is ready (RDY =
1, ARDY = 1), the host should check the FAIL bit to verify that this operation completed successfully.

TWO-PLANE ERASE Operations

The ERASE BLOCK TWO-PLANE (60h-D1h) command can be used to further system performance of
erase operations by allowing more than one block to be erased in the NAND array. This is done by
prepending one or more ERASE BLOCK TWO-PLANE (60h-D1h) commands in front of the ERASE
BLOCK (60h-D0h) command. See Two-Plane Operations for details.

ERASE BLOCK (60h-DOh)
The ERASE BLOCK (60h-D0h) command erases the specified block in the NAND Flash array. This
command is accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1).

To erase a block, write 60h to the command register. Then write three address cycles containing the
row address; the page address is ignored. Conclude by writing DOh to the command register. The
selected die (LUN) will go busy (RDY = 0, ARDY = 0) for ‘BERS while the block is erased.

To determine the progress of an ERASE operation, the host can monitor the target's
R/B# signal, or alternatively, the status operations (70h, 78h) can be used. When the die (LUN) is
ready (RDY =1, ARDY = 1) the host should check the status of the FAIL bit.

In devices that have more than one die (LUN) per target, during and following interleaved die (multi-
LUN) operations, the READ STATUS ENHANCED (78h) command must be used to select only one die
(LUN) for status output. Use of the READ STATUS (70h) command could cause more than one die
(LUN) to respond, resulting in bus contention.

The ERASE BLOCK (60h-D0Oh) command is used as the final command of an erase two-plane
operation. It is preceded by one or more ERASE BLOCK TWO-PLANE (60h-D1h) commands. All
blocks in the addressed planes are erased. The host should check the status of the operation by using
the status operations (70h, 78h). See Two-Plane Operations for two-plane addressing requirements.

Figure 49: ERASE BLOCK (60h-D0Oh) Operation

|
Cycle type —<Command>—< Address >—<Address >—<Address >—<Command
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ERASE BLOCK TWO-PLANE (60h-D1h)
The ERASE BLOCK TWO-PLANE (60h-D1h) command queues a block in the specified plane to be
erased in the NAND Flash array. This command can be issued one or more times. Each time a new
plane address is specified, that plane is also queued for a block to be erased. To specify the final block
to be erased and to begin the ERASE operation for all previously queued planes, issue the ERASE
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BLOCK (60h-D0h) command. This command is accepted by the die (LUN) when it is ready (RDY =1,
ARDY =1).

To queue a block to be erased, write 60h to the command register, then write three address cycles
containing the row address; the page address is ignored. Conclude by writing D1h to the command
register. The selected die (LUN) will go busy (RDY = 0, ARDY = 0) for ‘DBSY.

To determine the progress of 'DBSY, the host can monitor the target's R/B# signal, or alternatively, the
status operations (70h, 78h) can be used. When the LUN's status shows that it is ready (RDY = 1, ARDY
=1), additional ERASE BLOCK TWO-PLANE (60h-D1h) commands can be issued to queue additional
planes for erase. Alternatively, the ERASE BLOCK (60h-D0h) command can be issued to erase all of
the queued blocks.

For two-plane addressing requirements for the ERASE BLOCK TWO-PLANE (60h-D1h) and ERASE
BLOCK (60h-D0h) commands, see Two-Plane Operations.

Figure 50: ERASE BLOCK TWO-PLANE (60h-D1h) Operation

Cycle type —<Command><Address>—<Address>—<Address>—<Command\ /Command><Address>-
1
|/O[7:0]—< 60h >< R1 >< R2 >< R3 >< Dih ) { 60h >< >
twe tDBSY
RDY
CCMTD-1725822587-4081 68 Micron Technology, Inc. reserves the right to change products or specifications without notice.

m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

(-6!7' cron 2Gb: x8 NAND Flash Memory

Internal Data Move Operations

Internal Data Move Operations

Internal data move operations make it possible to transfer data within a device from one page to
another using the cache register. This is particularly useful for block management and wear leveling.

The INTERNAL DATA MOVE operation is a two-step process consisting of a READ FOR INTERNAL
DATA MOVE (00h-35h) and a PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command. To move
data from one page to another on the same plane, first issue the READ FOR INTERNAL DATA MOVE
(00h-35h) command. When the die (LUN) is ready (RDY = 1, ARDY = 1), the host can transfer the data
to a new page by issuing the PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command. When the
die (LUN) is again ready (RDY = 1, ARDY = 1), the host should check the FAIL bit to verify that this
operation completed successfully.

To prevent bit errors from accumulating over multiple INTERNAL DATA MOVE operations, it is
recommended that the host read the data out of the cache register after the READ FOR INTERNAL
DATA MOVE (00h-35h) completes and prior to issuing the PROGRAM FOR INTERNAL DATA MOVE
(85h-10h) command. The RANDOM DATA READ (05h-EOh) command can be used to change the
column address. The host should check the data for ECC errors and correct them. When the
PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command is issued, any corrected data can be
input. The PROGRAM FOR INTERNAL DATA INPUT (85h) command can be used to change the
column address.

It is not possible to use the READ FOR INTERNAL DATA MOVE operation to move data from one
plane to another or from one die (LUN) to another. Instead, use a READ PAGE (00h-30h) or READ FOR
INTERNAL DATA MOVE (00h-35h) command to read the data out of the NAND, and then use a
PROGRAM PAGE (80h-10h) command with data input to program the data to a new plane or die
(LUN).

Between the READ FOR INTERNAL DATA MOVE (00h-35h) and PROGRAM FOR INTERNAL DATA
MOVE (85h-10h) commands, the following commands are supported: status operations (70h, 78h)
and column address operations (05h-EOh, 06h-EOh, 85h). The RESET operation (FFh) can be issued
after READ FOR INTERNAL DATA MOVE (00h-35h), but the contents of the cache registers on the
target are not valid.

In devices that have more than one die (LUN) per target, once the READ FOR INTERNAL DATA MOVE
(00h-35h) is issued, interleaved die (multi-LUN) operations are prohibited until after the PROGRAM
FOR INTERNAL DATA MOVE (85h-10h) command is issued.

Two-Plane Read for Internal Data Move Operations

Two-plane internal data move read operations improve read data throughput by copying data
simultaneously from more than one plane to the specified cache registers. This is done by issuing the
READ PAGE TWO-PLANE (00h-00h-30h) command or the READ FOR INTERNAL DATA MOVE
(00h-00h-35h) command.

The INTERNAL DATA MOVE PROGRAM TWO-PLANE (85h-11h) command can be used to further
system performance of PROGRAM FOR INTERNAL DATA MOVE operations by enabling movement of
multiple pages from the cache registers to different planes of the NAND Flash array. This is done by
prepending one or more PROGRAM FOR INTERNAL DATA MOVE (85h-11h) commands in front of the
PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command. See Two-Plane Operations for details.

READ FOR INTERNAL DATA MOVE (00h-35h)
The READ FOR INTERNAL DATA MOVE (00h-35h) command is functionally identical to the READ
PAGE (00h-30h) command, except that 35h is written to the command register instead of 30h.

Though it is not required, it is recommended that the host read the data out of the device to verify the
data prior to issuing the PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command to prevent the
propagation of data errors.
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If internal ECC is enabled, the data does not need to be toggled out by the host to be corrected and
moving data can then be written to a new page without data reloading, which improves system

performance.

Figure 51: READ FOR INTERNAL DATA MOVE (00h-35h) Operation
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Figure 52: READ FOR INTERNAL DATA MOVE (00h-35h) with RANDOM DATA READ (05h-EOh)
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Figure 53: INTERNAL DATA MOVE (85h-10h) with Internal ECC Enabled
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Figure 54: INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT with Internal ECC Enabled
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(Unlimitted repetitions are possible)
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PROGRAM FOR INTERNAL DATA MOVE (85h-10h)
The PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command is functionally identical to the
PROGRAM PAGE (80h-10h) command, except that when 85h is written to the command register,
cache register contents are not cleared.

Figure 55: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) Operation
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Figure 56: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT (85h)
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PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h)
The PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h) command is functionally
identical to the PROGRAM PAGE TWO-PLANE (85h-11h) command, except that when 85h is written
to the command register, cache register contents are not cleared. See Program Operations for further
details.

Figure 57: PROGRAM FOR INTERNAL DATA MOVE TWO-PLANE (85h-11h) Operation
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Block Lock Feature

The block lock feature protects either the entire device or ranges of blocks from being programmed
and erased. Using the block lock feature is preferable to using WP# to prevent PROGRAM and ERASE
operations.

Block lock is enabled and disabled at power-on through the LOCK pin. At power-on, if LOCK is LOW,
all BLOCK LOCK commands are disabled. However if LOCK is HIGH at power-on, the BLOCK LOCK
commands are enabled and, by default, all the blocks on the device are protected, or locked, from
PROGRAM and ERASE operations, even if WP# is HIGH.

Before the contents of the device can be modified, the device must first be unlocked. Either a range of
blocks or the entire device may be unlocked. PROGRAM and ERASE operations complete successfully
only in the block ranges that have been unlocked. Blocks, once unlocked, can be locked again to
protect them from further PROGRAM and ERASE operations.

Blocks that are locked can be protected further, or locked tight. When locked tight, the device’s blocks
can no longer be locked or unlocked.

WP# and Block Lock

The following is true when the block lock feature is enabled:

* Holding WP# LOW locks all blocks, provided the blocks are not locked tight.

o If WP# is held LOW to lock blocks, then returned to HIGH, a new UNLOCK command must be
issued to unlock blocks.

UNLOCK (23h-24h)
By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from PROGRAM and
ERASE operations. The UNLOCK (23h) command is used to unlock a range of blocks. Unlocked blocks
have no protection and can be programmed or erased.

The UNLOCK command uses two registers, a lower boundary block address register and an upper
boundary block address register, and the invert area bit to determine what range of blocks are
unlocked. When the invert area bit = 0, the range of blocks within the lower and upper boundary
address registers are unlocked. When the invert area bit = 1, the range of blocks outside the
boundaries of the lower and upper boundary address registers are unlocked. The lower boundary
block address must be less than the upper boundary block address. The figures below show examples
of how the lower and upper boundary address registers work with the invert area bit.

To unlock a range of blocks, issue the UNLOCK (23h) command followed by the appropriate address
cycles that indicate the lower boundary block address. Then issue the 24h command followed by the
appropriate address cycles that indicate the upper boundary block address. The least significant page
address bit, PAO, should be set to 1 if setting the invert area bit; otherwise, it should be 0. The other
page address bits should be 0.

Only one range of blocks can be specified in the lower and upper boundary block address registers. If
after unlocking a range of blocks the UNLOCK command is again issued, the new block address range
determines which blocks are unlocked. The previous unlocked block address range is not retained.
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Figure 58: Flash Array Protected: Invert Area Bit = 0
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Figure 59: Flash Array Protected: Invert Area Bit = 1
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Table 18: Block Lock Address Cycle Assignments
ALE Cycle | 1/0[15:8]" 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First LOW BA7 BA6 LOW LOW LOW Low Low Invert area bit?2
Second LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 BAS8
Third LOW Low LOow LOW LOW LOW Low BA17 BA16

Notes: 1. I/0[15:8] is applicable only for x16 devices.
2. Invert area bit is applicable for 24h command; it may be LOW or HIGH for 23h command.
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Figure 60: UNLOCK Operation
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By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from PROGRAM and
ERASE operations. If portions of the device are unlocked using the UNLOCK (23h) command, they
can be locked again using the LOCK (2Ah) command. The LOCK command locks all of the blocks in
the device. Locked blocks are write-protected from PROGRAM and ERASE operations.

To lock all of the blocks in the device, issue the LOCK (2Ah) command.

When a PROGRAM or ERASE operation is issued to a locked block, R/B# goes LOW for 'LBSY. The
PROGRAM or ERASE operation does not complete. Any READ STATUS command reports bit 7 as 0,
indicating that the block is protected.

The LOCK (2Ah) command is disabled if LOCK is LOW at power-on or if the device is locked tight.
Figure 61: LOCK Operation
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LOCK TIGHT (2Ch)
The LOCK TIGHT (2Ch) command prevents locked blocks from being unlocked and also prevents
unlocked blocks from being locked. When this command is issued, the UNLOCK (23h) and LOCK
(2Ah) commands are disabled. This provides an additional level of protection against inadvertent
PROGRAM and ERASE operations to locked blocks.

To implement LOCK TIGHT in all of the locked blocks in the device, verify that WP# is HIGH and then
issue the LOCK TIGHT (2Ch) command.

When a PROGRAM or ERASE operation is issued to a locked block that has also been locked tight,
R/B# goes LOW for 'LBSY. The PROGRAM or ERASE operation does not complete. The READ STATUS
(70h) command reports bit 7 as 0, indicating that the block is protected. PROGRAM and ERASE
operations complete successfully to blocks that were not locked at the time the LOCK TIGHT
command was issued.
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After the LOCK TIGHT command is issued, the command cannot be disabled via a software
command. Lock tight status can be disabled only by power cycling the device or toggling WP#. When
the lock tight status is disabled, all of the blocks become locked, the same as if the LOCK (2Ah)
command had been issued.

The LOCK TIGHT (2Ch) command is disabled if LOCK is LOW at power-on.
Figure 62: LOCK TIGHT Operation
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Figure 63: PROGRAM/ERASE Issued to Locked Block
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BLOCK LOCK READ STATUS (7Ah)
The BLOCK LOCK READ STATUS (7Ah) command is used to determine the protection status of
individual blocks. The address cycles have the same format, as shown below, and the invert area bit
should be set LOW. On the falling edge of RE# the I/0 pins output the block lock status register, which
contains the information on the protection status of the block.

Table 19: Block Lock Status Register Bit Definitions

Block Lock Status Register Definitions 1/0[7:3] 1/02 (Lock#) 1101 (LT#) 1/00 (LT)
Block is locked tight X 0 0 1
Block is locked X 0 1 0
Block is unlocked and device is locked tight X 1 0 1
Block is unlocked and device is not locked tight X 1 1 0
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Figure 65: BLOCK LOCK Flowchart
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PROTECT Command
Blocks 00h-07h are guaranteed valid with ECC when shipped from the factory. The PROTECT
command provides nonvolatile, irreversible protection of up to 12 groups (48 blocks total).
Implementation of the protection is group-based, which means that a minimum of one group (four
blocks) is protected when the PROTECT command is issued.

Because block protection is nonvolatile, a power-on or power-off sequence does not affect the block
status after the PROTECT command is issued. The device ships from the factory with no blocks
protected so that users can program or erase the blocks before issuing the PROTECT command. Block
protection is also irreversible in that when protection is enabled by the issuing PROTECT command,
the protected blocks can no longer be programmed or erased.

The PROTECT command includes the steps detailed below.

Figure 66: Address and Command Cycles

Cycle type Command><Command><Command><Command><Command>< Address >< Address } --

1/0[7:0] 4Ch 03h 1Dh 41h 80h 00h 00h
| tPROG V—}
Cycle type - { Address >< Address >< Address ><Command Command;
1/0[7:0] 00h 0Yh 00h 10h FFh

Note: 1. In the fourth address cycle, 0YH is the last four bits and represents the group of blocks to be protected. There
are always 12 groups, so Y = 0000b-1011b: Y = 0000 protects Group0 = blks 0, 1, 2, 3; Y = 0001 protects Group1 =
blks 4, 5, 6, 7; Y = 1011 protects Group11 = blks 44, 45, 46, 47.

PROTECTION Command Details
To enable protection, four bus WRITE cycles set up the 4Ch, 03h, 1Dh, and 41h commands. Next, one
bus WRITE cycle sets up the PAGE PROGRAM command (80h).

Then, five bus WRITE cycles are required to input the targeted block group information: 00h, 00h,
00h, 0Yh, 00h. In this 4th address cycle, 0YH is the last 4 bits and represents the group of blocks to be
protected. There are always 12 groups, so Y = 0000b-1011b:

* Y = 0000 protects Group0 = blks 0, 1, 2, 3.
* Y =0001 protects Groupl = blks 4, 5, 6, 7.
* Y=1011 protects Group11 = blks 44, 45, 46, 47.

One bus cycle is required to issue the PAGE PROGRAM CONFIRM command. After ‘PROG, the
targeted block groups are protected. The EXIT PROTECTION command (FFh) is issued to ensure the
device exits protection mode.

(4Ch-03h-1Dh-41h)-80h-addr(00h-00h-00h-0Yh-00h)-10h-"PROG-FFh

The enable protection step is four bytes wide to prevent implementing involuntary protection. In
addition, any spurious command/address/data cycles between each byte invalidates the entire
process and the next PROGRAM command does not affect the block protection status. Likewise, any
spurious command/address/data cycle between enable protection and setting up the PAGE
PROGRAM command invalidates the entire protection command process.

If enable protection is followed by an operation other than the PROGRAM operation, such as a PAGE
READ or BLOCK ERASE operation, this other operation is executed without affecting block protection
status. Therefore, the PROTECT operation must still be executed to protect the block. The PROTECT
operation is inhibited if WP# is LOW. Upon PROTECT operation failure, the status register reports a
value of E1h. Upon PROTECT operation success, the status register reports value of EOh.

The following is an example of boot block protection:

Protect group 5 (blks20-23): (4Ch-03h-1Dh-41h)-80h-addr(00h-00h-00h-05h-00h)-10h-‘PROG-FFh

CCMTD-1725822587-4081 77 Micron Technology, Inc. reserves the right to change products or specifications without notice.
m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

é‘ﬁ/’?l cron 2Gb: x8 NAND Flash Memory

One-Time Programmable (OTP) Operations

One-Time Programmable (OTP) Operations

This Micron NAND Flash device offers a protected, one-time programmable NAND Flash memory
area. Thirty full pages of OTP data are available on the device, and the entire range is guaranteed to be
good. The OTP area is accessible only through the OTP commands. Customers can use the OTP area
any way they choose; typical uses include programming serial numbers or other data for permanent
storage.

The OTP area leaves the factory in an unwritten state (all bits are 1s). Programming or partial-page
programming enables the user to program only 0 bits in the OTP area. The OTP area cannot be erased,
whether it is protected or not. Protecting the OTP area prevents further programming of that area.

Micron provides a unique way to program and verify data before permanently protecting it and
preventing future changes. The OTP area is only accessible while in OTP operation mode. To set the
device to OTP operation mode, issue the SET FEATURE (EFh) command to feature address 90h and
write 01h to P1, followed by three cycles of 00h to P2-P4. For parameters to enter OTP mode, see
Features Operations.

When the device is in OTP operation mode, all subsequent PAGE READ (00h-30h) and PROGRAM
PAGE (80h-10h) commands are applied to the OTP area. The OTP area is assigned to page addresses
02h-1Fh. To program an OTP page, issue the PROGRAM PAGE (80h-10h) command. The pages must
be programmed in the ascending order. Similarly, to read an OTP page, issue the PAGE READ
(00h-30h) command.

Protecting the OTP is done by entering OTP protect mode. To set the device to OTP protect mode,
issue the SET FEATURE (EFh) command to feature address 90h and write 03h to P1, followed by three
cycles of 00h to P2-P4.

To determine whether the device is busy during an OTP operation, either monitor R/B# or use the
READ STATUS (70h) command.

To exit OTP operation or protect mode, write 00h to P1 at feature address 90h.

Legacy OTP Commands
For legacy OTP commands, OTP DATA PROGRAM (AOh-10h), OTP DATA PROTECT (A5h-10h), and
OTP DATA READ (AFh-30h), refer to the MT29F4GxxAxC data sheet.

OTP DATA PROGRAM (80h-10h)
The OTP DATA PROGRAM (80h-10h) command is used to write data to the pages within the OTP area.
An OTP page allows only four partial-page programs. There is no ERASE operation for OTP pages.

PROGRAM PAGE enables programming into an offset of an OTP page using two bytes of the column
address (CA[12:0]). The command is compatible with the RANDOM DATA INPUT (85h) command.
The PROGRAM PAGE command will not execute if the OTP area has been protected.

To use the PROGRAM PAGE command, issue the 80h command. Issue naddress cycles. The first two
address cycles are the column address. For the remaining cycles, select a page in the range of 02h-00h
through 1Fh-00h. Next, write n bytes of data. After data input is complete, issue the 10h command.
The internal control logic automatically executes the proper programming algorithm and controls the
necessary timing for programming and verification.

R/B# goes LOW for the duration of the array programming time (‘PROG). The READ STATUS (70h)
command is the only valid command for reading status in OTP operation mode. Bit 5 of the status
register reflects the state of R/B#. When the device is ready, read bit 0 of the status register to
determine whether the operation passed or failed (see Status Operations). Each OTP page can be
programmed to 4 partial-page programming.
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RANDOM DATA INPUT (85h)
After the initial OTP data set is input, additional data can be written to a new column address with the
RANDOM DATA INPUT (85h) command. The RANDOM DATA INPUT command can be used any
number of times in the same page prior to the OTP PAGE WRITE (10h) command being issued.

Figure 67: OTP DATA PROGRAM (After Entering OTP Operation Mode)
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\ Y
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x16 device: m = 1088 bytes OTP data written
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Note: 1. The OTP page must be within the 02h-1Fh range.

Figure 68: OTP DATA PROGRAM Operation with RANDOM DATA INPUT (After Entering OTP
Operation Mode)
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OTP DATA PROTECT (80h-10)
The OTP area is protected on a block basis. To protect a block, set the device to OTP protect mode,
then issue the PROGRAM PAGE (80h-10h) command and write OTP address 00h, 00h, 00h, 00h. To set
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the device to OTP protect mode, issue the SET FEATURE (EFh) command to 90h (feature address) and
write 03h to P1, followed by three cycles of 00h to P2-P4.

After the data is protected, it cannot be programmed further. When the OTP area is protected, the
pages within the area are no longer programmable and cannot be unprotected.

To use the PROGRAM PAGE command to protect the OTP area, issue the 80h command, followed by n
address cycles, write 00h data, data cycle of 00h, followed by the 10h command. (An example of the
address sequence is shown in the following figure.) If an OTP DATA PROGRAM command is issued
after the OTP area has been protected, R/B# will go LOW for ‘OBSY.

The READ STATUS (70h) command is the only valid command for reading status in OTP operation
mode. Bit 5 of the status register reflects the state of R/B#.

When the device is ready, read bit 0 of the status register to determine whether the operation passed
or failed (see Status Operations).

Figure 69: OTP DATA PROTECT Operation (After Entering OTP Protect Mode)
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N Y
R/B# OTP data protected’

V/A Don’t Care

Note: 1. OTP data is protected following a good status confirmation.

OTP DATA READ (00h-30h)
To read data from the OTP area, set the device to OTP operation mode, then issue the PAGE READ
(00h-30h) command. Data can be read from OTP pages within the OTP area whether the area is
protected or not.

To use the PAGE READ command for reading data from the OTP area, issue the 00h command, and
then issue five address cycles: for the first two cycles, the column address; and for the remaining
address cycles, select a page in the range of 02h-00h-00h through 1Fh-00h-00h. Lastly, issue the 30h
command. The PAGE READ CACHE MODE command is not supported on OTP pages.

R/B# goes LOW ('R) while the data is moved from the OTP page to the data register. The READ
STATUS (70h) command is the only valid command for reading status in OTP operation mode. Bit 5 of
the status register reflects the state of R/B# (see Status Operations).

Normal READ operation timings apply to OTP read accesses. Additional pages within the OTP area
can be selected by repeating the OTP DATA READ command.

CCMTD-1725822587-4081 80 Micron Technology, Inc. reserves the right to change products or specifications without notice.
m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

}lcro n 2Gb: x8 NAND Flash Memory
One-Time Programmable (OTP) Operations

The PAGE READ command is compatible with the RANDOM DATA OUTPUT (05h-EOh) command.

Only data on the current page can be read. Pulsing RE# outputs data sequentially.

Figure 70: OTP DATA READ
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Note: 1. The OTP page must be within the 02h—1Fh range.
Figure 71: OTP DATA READ with RANDOM DATA READ Operation
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Two-Plane Operations

Each NAND Flash logical unit (LUN) is divided into multiple physical planes. Each plane contains a
cache register and a data register independent of the other planes. The planes are addressed via the
low-order block address bits. Specific details are provided in Device and Array Organization.

Two-plane operations make better use of the NAND Flash arrays on these physical planes by
performing concurrent READ, PROGRAM, or ERASE operations on multiple planes, significantly
improving system performance. Two-plane operations must be of the same type across the planes; for
example, it is not possible to perform a PROGRAM operation on one plane with an ERASE operation
on another.

When issuing two-plane program or erase operations, use the READ STATUS (70h) command and
check whether the previous operation(s) failed. If the READ STATUS (70h) command indicates that an
error occurred (FAIL = 1 and/or FAILC = 1), use the READ STATUS ENHANCED (78h) command to
determine which plane operation failed.

Two-Plane Addressing
Two-plane commands require multiple, five-cycle addresses, one address per operational plane. For a
given two-plane operation, these addresses are subject to the following requirements:
e The LUN address bit(s) must be identical for all of the issued addresses.
¢ The plane select bit, BA[6], must be different for each issued address.
* The page address bits, PA[5:0], must be identical for each issued address.

The READ STATUS (70h) command should be used following two-plane program page and erase
block operations on a single die (LUN).
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Figure 72: TWO-PLANE PAGE READ
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Figure 73: TWO-PLANE PAGE READ with RANDOM DATA READ
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Figure 74: TWO-PLANE PROGRAM PAGE

tDBSY tPROG

R/B#

10 07 Gt 17— A s iey{Ga) Lm0

1st-plane address 2nd-plane address

CCMTD-1725822587-4081 84 Micron Technology, Inc. reserves the right to change products or specifications without notice.
m79a_2gb_ecc_off_embedded_nand.pdf Rev. J 04/23 © 2023 Micron Technology, Inc.. All rights reserved.



Micron Confidential and Proprietary

(.6!7' Cron 2Gb: x8 NAND Flash Memory

Two-Plane Operations

Figure 75: TWO-PLANE PROGRAM PAGE with RANDOM DATA INPUT
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Figure 76: TWO-PLANE PROGRAM PAGE CACHE MODE
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Figure 77: TWO-PLANE INTERNAL DATA MOVE
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Figure 78: TWO-PLANE INTERNAL DATA MOVE with TWO-PLANE RANDOM DATA READ
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Figure 79: TWO-PLANE INTERNAL DATA MOVE with RANDOM DATA INPUT
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Figure 80: TWO-PLANE BLOCK ERASE
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Figure 81: TWO-PLANE/MULTIPLE-DIE READ STATUS Cycle
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Interleaved Die (Multi-LUN) Operations

In devices that have more than one die (LUN) per target, it is possible to improve performance by
interleaving operations between the die (LUNs). An interleaved die (multi-LUN) operation is one that
isissued to an idle die (LUN) (RDY = 1) while another die (LUN) is busy (RDY = 0).

Interleaved die (multi-LUN) operations are prohibited following RESET (FFh), identification (90h,
ECh, EDh), and configuration (EEh, EFh) operations until ARDY =1 for all of the die (LUNSs) on the
target.

During an interleaved die (multi-LUN) operation, there are two methods to determine operation
completion. The R/B# signal indicates when all of the die (LUNs) have finished their operations. R/B#
remains LOW while any die (LUN) is busy. When R/B# goes HIGH, all of the die (LUNs) are idle and
the operations are complete. Alternatively, the READ STATUS ENHANCED (78h) command can report
the status of each die (LUN) individually.

If a die (LUN) is performing a cache operation, like PROGRAM PAGE CACHE (80h-15h), then the die
(LUN) is able to accept the data for another cache operation when status register bit 6 is 1. All
operations, including cache operations, are complete on a die when status register bit 5 is 1.

During and following interleaved die (multi-LUN) operations, the READ STATUS (70h) command is
prohibited. Instead, use the READ STATUS ENHANCED (78h) command to monitor status. This
command selects which die (LUN) will report status. When two-plane commands are used with
interleaved die (multi-LUN) operations, the two-plane commands must also meet the requirements
in Two-Plane Operations.

See Command Definitions for the list of commands that can be issued while other die (LUNSs) are
busy.

During an interleaved die (multi-LUN) operation that involves a PROGRAM series (80h-10h, 80h-15h)
operation and a READ operation, the PROGRAM series operation must be issued before the READ
series operation. The data from the READ series operation must be output to the host before the next
PROGRAM series operation is issued. This is because the 80h command clears the cache register
contents of all cache registers on all planes.
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ECC Protection

Internal ECC enables 9-bit detection and 8-bit correction in 528 bytes (x8) of main area and 16 bytes
(x8) of spare area. READ and PROGRAM operations with internal ECC can be enabled or disabled by
using the SET FEATURE command. During the busy time for PROGRAM operations, internal ECC
generates parity bits when error detection is complete. During READ operations the device executes
the internal ECC engine (9-bit detection and 8-bit error correction). When the READ operation is
complete, read status bit 0 must be checked to determine whether errors larger than eight bits have
occurred.

Following the READ STATUS command, the device must be returned to read mode by issuing the 00h
command.

Limitations of internal ECC include the spare area, defined in the Spare Area Mapping (x8) table, and
ECC parity areas that cannot be written to. Each ECC user area (referred to as main and spare) must
be written within one partial-page program so that the NAND device can calculate the proper ECC
parity. The number of partial-page programs within a page cannot exceed four.

ECC is enabled/disabled as shown by the command sequence in the Feature Address 90h - Array
Operation Mode table. First, the SET FEATURES register write (EFh) operation is issued, followed by
the Array Operation Mode feature address (90h). Then, the ECC bit 3~0 is set as follows: Enable =
1000b; Disable = 0000b.

During a PROGRAM operation, the device calculates an ECC code on the 2k page in the cache register,
before the page is written to the NAND Flash array. The ECC code is stored in the spare area of the

page.

During a READ operation, the page data is read from the array to the cache register, where the ECC
code is calculated and compared with the ECC code value read from the array. If a 1- to 8-bit error is
detected, the error is corrected in the cache register. Only corrected data is output on the I/O bus. The
ECC status bit indicates whether the error correction was successful. The Spare Area Mapping (x8)
table that follows shows the ECC protection scheme used throughout a page.

With internal ECC, the user must accommodate the following:

* Spare area definitions provided in the ECC Protection table below.

¢ WRITEs to ECC are supported for main and spare areas 0, and 1. WRITEs to the ECC area are
prohibited (see the ECC Protection table below).

* When using partial-page programming, the following conditions must both be met: First, in the
main user area and in user meta data area I, single partial-page programming operations must be
used (see the ECC Protection table below). Second, within a page, the user can perform a maximum
of four partial-page programming operations.
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Table 20: Spare Area Mapping (x8)

Max Byte Min Byte ECC Area Description

Address Address Protected

User Data

1FFh 000h Yes Main 0 User data 0

3FFh 200h Yes Main 1 User data 1

5FFh 400h Yes Main 2 User data 2

7FFh 600h Yes Main 3 User data 3

User Meta Data

80Fh 800h Yes Spare 0 User meta data

81Fh 810h Yes Spare 1 User meta data

82Fh 820h Yes Spare 2 User meta data

83Fh 830h Yes Spare 3 User meta data

ECC Protection

84Fh 840h Yes Spare 0 ECC for main 0/spare 0
85Fh 850h Yes Spare 1 ECC for main 1/spare 1
86Fh 860h Yes Spare 2 ECC for main 2/spare 2
87Fh 870h Yes Spare 3 ECC for main 3/spare 3

Table 21: ECC Status

Bit 4 Bit 3 Bit 0 Description

0 0 0 No errors

0 0 1 Multiple bit errors were detected and not corrected.

0 1 0 4 to 6 bit errors were detected and corrected. Refresh is recommended.

0 1 1 Reserved

1 0 0 1 to 3 bit errors/page were detected and corrected.

1 0 1 Reserved

1 1 0 7 to 8 bit errors were detected and corrected. Refresh is required to
guarantee data retention.
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Error Management

Each NAND Flash die (LUN) is specified to have a minimum number of valid blocks (NVB) of the total
available blocks. This means the die (LUNs) could have blocks that are invalid when shipped from the
factory. An invalid block is one that contains at least one page that has more bad bits than can be
corrected by the minimum required ECC. Additional blocks can develop with use. However, the total
number of available blocks per die (LUN) will not fall below NVB during the endurance life of the

product.

Although NAND Flash memory devices could contain bad blocks, they can be used quite reliably in
systems that provide bad block management and error-correction algorithms. This type of software

environment ensures data integrity.

Internal circuitry isolates each block from other blocks, so the presence of a bad block does not affect

the operation of the rest of the NAND Flash array.

NAND Flash devices are shipped from the factory erased. The factory identifies invalid blocks before
shipping by attempting to program the bad block mark into every location in the first page of each
invalid block. It may not be possible to program every location with the bad block mark. However, the
first spare area location in each bad block is guaranteed to contain the bad block mark. This method
is compliant with ONFI Factory Defect Mapping requirements. See the following table for the first

spare area location and the bad block mark.

System software should check the first spare area location on the first page of each block prior to
performing any PROGRAM or ERASE operations on the NAND Flash device. A bad block table can
then be created, enabling system software to map around these areas. Factory testing is performed
under worst-case conditions. Because invalid blocks could be marginal, it may not be possible to

recover this information if the block is erased.

Over time, some memory locations may fail to program or erase properly. In order to ensure that data
is stored properly over the life of the NAND Flash device, the following precautions are required:

¢ Always check status after a PROGRAM or ERASE operation

* Under typical conditions, use the minimum required ECC (see table below)

* Use bad block management and wear-leveling algorithms
The first block (physical block address 00h) for each CE# is guaranteed to be valid with ECC when

shipped from the factory.

Table 22: Error Management Details

Description Requirement
Minimum number of valid blocks (NVB) per LUN 2008

Total available blocks per LUN 2048

First spare area location x8: byte 2048
Bad-block mark x8: 00h

Minimum required ECC

8-bit ECC per 544 bytes of data

Minimum ECC with internal ECC enabled

8-bit ECC per 528 bytes (user data) + 16 bytes (parity
data)
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Electrical Specifications

Stresses greater than those listed can cause permanent damage to the device. This is stress rating only,
and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this specification is not guaranteed. Exposure to absolute maximum rating
conditions for extended periods can affect reliability.

Table 23: Absolute Maximum Ratings

Parameter/Condition Symbol Min Max Unit
Voltage input 1.8V VN -0.6 +2.4 \Y,
3.3v -0.6 +4.6 \Y
Vcc supply voltage 1.8V Ve -0.6 +2.4 Y,
3.3V -0.6 +4.6 \Y,
Storage temperature Tstg -65 +150 °C
Short circuit output current, 1/0s - - 5 mA

Note: 1. Voltage on any pin relative to Vsg

Table 24: Recommended Operating Conditions

Parameter/Condition Symbol Min Typ Max Unit
Operating temperature Commercial Ta 0 - +70 °C
Extended -40 - +85 °C
V¢ supply voltage 1.8V Ve 1.7 1.8 1.95 Y,
3.3V 2.7 33 3.6 Y,
Ground supply voltage Vss 0 0 0 Y,

Table 25: Valid Blocks

Parameter Symbol Device Min Max Unit Notes
Valid block NVB MT29F2G 2008 2048 Blocks 2
number

Notes: 1. Invalid blocks are blocks that contain one or more bad bits. The device may contain bad blocks upon shipment.
Additional bad blocks may develop over time; however, the total number of available blocks will not drop
below NVB during the endurance life of the device. Do not erase or program blocks marked invalid by the
factory.

2. Block 00h (the first block) is guaranteed to be valid with ECC when shipped from the factory.
3. Note 1 applies to all

Table 26: Capacitance BGA

Description Symbol Max Unit Notes
Input/output capacitance (I/O) Co 8 pF 1,2
Input capacitance Cn 6 pF 1,2

Notes: 1. These parameters are verified in device characterization and are not 100% tested.
2. Test conditions: T¢ = 25°C; f = 1 MHz; Vin = OV.
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Electrical Specifications

Description Symbol Max Unit Notes
Input/output capacitance (I/O) Co 8 pF 1,2
Input capacitance Cin 8 pF 1,2

Notes: 1. These parameters are verified in device characterization and are not 100% tested.
2. Test conditions: T¢c = 25°C; f = 1 MHz; Vin = OV.

Table 28: Test Conditions

Parameter Value Notes
Input pulse levels 0.0V to V¢
Input rise and fall times 5ns
Input and output timing levels V2
Output load 1 TTL GATE and CL = 30pF (1.8V) 1
1 TTL GATE and CL = 50pF (3.3V)

Note: 1. Verified in device characterization, not 100% tested.
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2Gb: x8 NAND Flash Memory
Electrical Specifications — DC Characteristics and Operating Conditions

Conditions
Table 29: DC Characteristics and Operating Conditions (3.3V)
Parameter Conditions Symbol Min Typ Max Unit Notes
Sequential READ current tRC = tRC (MIN); CE# = lcc - 15 20 mA 1
ECC off Viu
IOUT =0mA
Sequential READ current tRC = 'RC (MIN); CE# = lcc - 25 35 mA
ECCon Vi
IOUT =0mA
PROGRAM current ECC - leca - 15 20 mA 1
off
PROGRAM current ECC - leca - 20 25 mA
on
ERASE current ECC off - e - 15 20 mA 1
ERASE current ECC on - lccs - 20 25 mA 1
Standby current (TTL) CE# =V, Isg1 - - 1 mA
WP# = OV/V ¢
Standby current (CMQS) CE# =V - 0.2V, Isg2 - 20 100 A
WP# = 0V/Vcc
Staggered power-up Rise time = 1ms lst - - 10 per mA 2
current Line capacitance = 0.1pF die
Input leakage current VN =0V to V¢c I - - +10 MA
Output leakage current Vout = 0V to V¢c lLo - - +10 MA
Input high voltage 1/0[7:0], 1/0[15:0], ViH 0.8 x V¢ - Vcc+0.3 \%
CE#, CLE, ALE, WE#, RE#,
WP#, R/B#
Input low voltage, all - Vi -0.3 - 0.2 x V¢c \Y
inputs
Output high voltage lon = —400pA VoH 0.67 x - - Vv 3
Ve
Output low voltage loL =-2.TmA VoL - - 0.4 \Y 3
Output low current VoL = 0.4V loL (R/B#) 8 10 - mA

Notes: 1. Typical and maximum values are for single-plane operation only. If the device supports dual-plane operation,
values are 25mA (TYP) and 35mA (Max).

2. Measurement is taken with 1ms averaging intervals and begins after V¢ reaches Vcc (MIN).
3. loL (R/B#) may need to be relaxed if R/B pull-down strength is not set to full.

4. oy and Vo may need to be relaxed if I/O drive strength is not set to full.
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Electrical Specifications — DC Characteristics and Operating Conditions

Table 30: DC Characteristics and Operating Conditions (1.8V)

Parameter Conditions Symbol Min Typ Max Unit Notes
Sequential READ current tRC = tRC (MIN); CE# = lcct - 13 20 mA 1,2
ECC off Viu
IOUT =0mA
Sequential READ current tRC = tRC (MIN); CE# = - - 25 35 mA
ECCon V||_; IOUT =0mA
PROGRAM current ECC - lcca - 13 20 mA 1,2
off
PROGRAM current ECC - lcc - 20 25 mA
on
ERASE current ECC off - e - 15 20 mA 1,
ERASE current ECC on - lccs - 20 25 mA 1,
Standby current (TTL) CE# =V, Isg1 - - 1 mA
LOCK = WP# = OV/V ¢
Standby current (CMQS) CE# =V - 0.2V, Isg2 - 15 50 A
LOCK = WP# = OV/V ¢
Staggered power-up Rise time = Tms lst - - 10 per mA 3
current Line capacitance = 0.1pF die
Input leakage current VN =0V to V¢c I - - +10 MA
Output leakage current Vout = 0V to V¢c Lo - - +10 MA
Input high voltage 1/0[7:0], 1/0[15:0], ViH 0.8 x V¢ - Vcc+0.3 \
CE#, CLE, ALE, WE#, RE#,
WP#, R/B#, LOCK
Input low voltage, all - Vi -0.3 - 0.2 x V¢c \Y
inputs
Output high voltage lon = -100pA VoH Vcc-0.2 - - Vv
Output low voltage lo.=-100pA VoL - - 0.2 Y
Output low current VoL = 0.2V loL (R/B#) 3 4 - mA

Notes: 1. Typical and maximum values are for single-plane operation only. Dual-plane operation values are 20mA (TYP)

and 40mA (MAX).
. Values are for single die operations. Values could be higher for interleaved die operations.
. Measurement is taken with 1ms averaging intervals and begins after V¢ reaches Vcc (MIN).
. Test conditions for Vgoy and Vg.
. DC characteristics may need to be relaxed if R/B# pull-down strength is not set to full.

u b~ WwN
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Electrical Specifications - AC Characteristics and Operating
Conditions

Table 31: AC Characteristics: Command, Data, and Address Input (3.3V)

Parameter Symbol Min Max Unit Notes
ALE to data start tADL 70 - ns 1
ALE hold time TALH 5 - ns

ALE setup time TALS 10 - ns

CE# hold time tCH 5 - ns

CLE hold time tCLH 5 - ns

CLE setup time tCLS 10 - ns

CE# setup time tcs 15 - ns

Data hold time DH 5 - ns

Data setup time DS 7 - ns

WRITE cycle time Qe 20 - ns 1
WE# pulse width HIGH WH 7 - ns 1
WE# pulse width twp 10 - ns 1
WP# transition to WE# LOW WwWw 100 - ns

Note: 1. Timing for tADL begins in the address cycle, on the final rising edge of WE#, and ends with the first rising edge
of WE# for data input.

Table 32: AC Characteristics: Command, Data, and Address Input (1.8V)

Parameter Symbol Min Max Unit Notes
ALE to data start tADL 100 - ns 1
ALE hold time tALH 5 - ns

ALE setup time TALS 10 - ns

CE# hold time tCH 5 - ns

CLE hold time tCLH 5 - ns

CLE setup time tCLS 10 - ns

CE# setup time tCs 25 - ns

Data hold time 'DH 5 - ns

Data setup time DS 10 - ns

WRITE cycle time W 30 - ns 1
WE# pulse width HIGH YWH 10 - ns 1
WE# pulse width WwWp 15 - ns 1
WP# transition to WE# LOW Www 100 - ns

Note: 1. Timing for 'ADL begins in the address cycle on the final rising edge of WE#, and ends with the first rising edge of
WE# for data input.

Table 33: AC Characteristics: Normal Operation (3.3V)

Parameter Symbol Min Max Unit Notes
ALE to RE# delay AR 10 - ns
CE# access time 'CEA - 25 ns
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Table 33: AC Characteristics: Normal Operation (3.3V) (Continued)

Parameter Symbol Min Max Unit Notes
CE# HIGH to output High-Z tCHZ - 30 ns 2
CLE to RE# delay tCLR 10 - ns

CE# HIGH to output hold tCOH 15 - ns

Output High-Z to RE# LOW YR 0 - ns

READ cycle time RC 20 - ns

RE# access time REA - 16 ns

RE# HIGH hold time ‘REH 7 - ns

RE# HIGH to output hold tRHOH 15 - ns

RE# HIGH to WE# LOW TRHW 100 - ns 2
RE# HIGH to output High-Z tRHZ - 100 ns

RE# LOW to output hold tRLOH 5 - ns

RE# pulse width RP 10 - ns

Ready to RE# LOW RR 20 - ns

Reset time (READ/PROGRAM/ERASE) tRST - 5/10/500 ys 3
WE# HIGH to busy "WB - 100 ns 4
WE# HIGH to RE# LOW YWHR 60 - ns

Notes: 1. AC characteristics may need to be relaxed if I/O drive strength is not set to “full.”
2. Transition is measured +200mV from steady-state voltage with load. This parameter is sampled and not 100%

tested.

3. The first time the RESET (FFh) command is issued while the device is idle, the device will go busy for a maximum
of 1ms. Thereafter, the device goes busy for a maximum of 5us.
4. Do not issue a new command during "WB, even if R/B# is ready.

5. Note 1 applies to all.

Table 34: AC Characteristics: Normal Operation (1.8V)

Parameter Symbol Min Max Unit Notes
ALE to RE# delay tAR 10 - ns

CE# access time tCEA - 30 ns

CE# HIGH to output High-Z tCHZ - 50 ns 2
CLE to RE# delay tCLR 10 - ns

CE# HIGH to output hold tCOH 15 - ns

Output High-Z to RE# LOW YR 0 - ns

READ cycle time tRC 30 - ns

RE# access time ‘REA - 25 ns

RE# HIGH hold time '‘REH 10 - ns

RE# HIGH to output hold ‘RHOH 15 - ns

RE# HIGH to WE# LOW tRHW 100 - ns

RE# HIGH to output High-Z tRHZ - 65 ns 2
RE# pulse width RP 15 - ns

Ready to RE# LOW RR 20 - ns

Reset time (READ/PROGRAM/ERASE) tRST - 7/13/600 ps 3
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Table 34: AC Characteristics: Normal Operation (1.8V) (Continued)

Parameter Symbol Min Max Unit Notes
WE# HIGH to busy WB - 100 ns 4
WE# HIGH to RE# LOW WHR 80 - ns

Notes: 1. AC characteristics may need to be relaxed if /0 drive strength is not set to full.
2. Transition is measured £200mV from steady-state voltage with load. This parameter is sampled and not 100%
tested.
3. The first time the RESET (FFh) command is issued while the device is idle, the device will be busy for a maximum
of 1ms. Thereafter, the device is busy for a maximum of 5ps.
4. Do not issue a new command during 'WB, even if R/B# is ready.
5. Note 1 applies to all.
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Electrical Specifications - Program/Erase Characteristics

Table 35: Program/Erase Characteristics

Parameter Symbol Typ Max Unit Notes

Number of partial-page programs NOP - 4 cycles | #unique
_36/
unique_
36_Conn
ect_42_n
ote_62C
07A93B9
7B44FEB
68ED719
9A5528
AD on
page
103
BLOCK ERASE operation time tBERS 2 10 ms #unique
_36/
unique_
36_Conn
ect_42_n
ote_1D7
9F9EB20
D24C33B
56EE8C6
51B632E
9on
page
103
Busy time for PROGRAM CACHE operation 1.8V V¢ tCBSY 7 600 ps #unique
_36/
unique_
36_Conn
ect. 42 n
ote_FBA
28F059A
5846EEA
8240763
725EAF6
A on
page
103
Busy time for PROGRAM CACHE operation 3.3V V¢ tCBSY 3 600 us #unique
_36/
unique_
36_Conn
ect 42 n
ote_FBA
28F059A
5846EEA
8240763
725EAF6
A on
page
103
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Table 35: Program/Erase Characteristics (Continued)

Parameter Symbol Typ Max Unit Notes
Busy time for TWO-PLANE PROGRAM PAGE or TWO-PLANE tDBSY 0.5 1 ps
BLOCK ERASE operation
Cache read busy time tRCBSY 5 25 us
Cache read busy time ECC enabled 3.3V V¢ tRCBSY_ECC 30 70 ys
Cache read busy time ECC enabled 1.8V V¢ tRCBSY_ECC 42 80 ps
Busy time for SET FEATURES and GET FEATURES operations tFEAT - 1 ps
LAST PAGE PROGRAM operation time 'LPROG - - - #unique
_36/
unique_
36_Conn
ect_42_n
ote_5C5
A63C7E5
274112B
5D25FC4
FO1D5F1
Aon
page
103
Busy time for OTP DATA PROGRAM operation if OTP is tOBSY - 50 us
protected
Busy time for PROGRAM/ERASE on locked blocks 1LBSY - 3 s
PROGRAM PAGE operation time tPROG 200 600 ps #unique
_36/
unique_
36_Conn
ect_42_n
ote_1D7
9F9EB20
D24C33B
56EE8C6
51B632E
9on
page
103
PROGRAM PAGE ECC ON operation time tPROG_ECC 220 600 ps #unique
_36/
unique_
36_Conn
ect_42_n
ote_1D7
9F9EB20
D24C33B
S56EE8C6
51B632E
9on
page
103
Power-on reset time POR - 1 ms
READ PAGE operation time R - 25 us
READ PAGE operation time ECC enabled 3.3V V¢ tR_ECC 45 70 ps
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Table 35: Program/Erase Characteristics (Continued)

Parameter

Symbol

Typ

Max

Unit Notes

READ PAGE operation time ECC enabled 1.8V V¢

tR_ECC

55

80

s

Notes: 1. Four total partial-page programs to the same page.

2. Typical tPROG and 'BERS time may increase for two-plane operations.
3. 'ICBSY MAX time depends on timing between internal program completion and data-in.

4. 'LPROG = 'PROG (last page) + tPROG (last - 1 page) - command load time (last page) - address load time (last

page) - data load time (last page).
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Asynchronous Interface Timing Diagrams

Figure 82: RESET Operation
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Figure 84: READ STATUS ENHANCED Cycle
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Figure 85: READ PARAMETER PAGE
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Figure 86: READ PAGE
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Figure 87: READ PAGE Operation with CE# “Don’t Care”
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Figure 88: RANDOM DATA READ
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Figure 91: READ ID Operation
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Figure 92: PROGRAM PAGE Operation
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Figure 93: PROGRAM PAGE Operation with CE# “Don’t Care”

as SN0 !\ !\ S\

N N N O N . 1 0 1)

CE#

CE# ﬁ& | Y

Figure 94: PROGRAM PAGE Operation with RANDOM DATA INPUT
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Figure 95: PROGRAM PAGE CACHE
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Figure 97: INTERNAL DATA MOVE
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Figure 98: ERASE BLOCK Operation
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