NM9A02G08 NAND Flash
Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification

NM9A02G08 NAND Flash

Memory Datasheet
3.3V, x8 2G-BIT NAND Flash

DS009 (v1.0) Oct 28, 2020 1 https://neumem .com/
Product Specification



NM9A02G08 NAND Flash

Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification
Table of Contents

NM9A02G08 NAND Flash Memory Datasheet 3.3V, x8 2G-BIT NAND Flash........ccccoovvvvinincinnenceeeese e, 1

TADIE OF CONTENTS ...ttt ettt h e bt a e bt E et et e bt e bt e b e e eme e bt e b e e e e eb e eb e eb e b eneebeeb e b et enesbesbeneens 2

1= U RRST 5

TADIES ...ttt h bttt h b et h bt E £ R Rt R e e e a e R h R e £ e R e bt AR e R e e e Rt h e b e e en e e bt eb et et e bt b e b e nenes 7

L. FRALUIES ..ttt sttt r e s bt R Rt b e Rt SRR e Rt R SRR e Rt R e e R e R e Rt Rt e R Rt e Re e e e re Rt e e e renres 8

P 1o a1 = T D TSty o] 1o o RSP 9

2.1. PrOTUCT LIST ..ttt ettt ettt et et e et e et et e bt e m b e e s a b e e e b ee e st e e ameeesabeeeareeesnneesnbeesnreeeanes 9

2.2. PN DB S O I P O L. s 9

2.3. (2110 N DI = = Vs SR 10

2.4, V[T e g oY RV A @ 4= o 12= ) A (o] o OO PP UPP U UPPTPPPPPPR: 10

2.5. F N LV [o T =YY T V-SSR 11

2.6. COMMEANG SEE ...ttt ettt e et e e e b et e sae e e s a bt e s bt e e beeaabe e e ameeeanbeeeateeeabeeaaneeeanbeesmteeenbeeenneeennneas 11

2.7. (O 0 I o 1= TSP PP PPPPPPPP 13

2.8. (=T o= Lol A @ I I o 0] 5 Vo =T T LSS 13

2.9. DEVICE FEATUIE TabI@ ... et ettt ettt e b e e sae e e st e e bt e e ebee e sabeesabeeeabeeebeeesnneesaneeas 13

2.9.1. Feature Address OLh: TimiNg MOGE....cccuiiii et ee e s e e e st te e e s sntee e e s nteeeesaneeeeesnnees 14

2.9.2. Feature Address 80h: Programmable 1/O Drive Strength .........ccccoeoveiiiiiiciecececeeeee e 14

2.9.3. Feature Address 81h: Programmable R/B# Pull-Down Strength...........cccceeveeiiiiieniecicceeeeee e, 15

2.9.4. Feature Address 90h: Array Operation MOGE ......cuuiiiiiiieiciiee e e e e e e et ee e e s e e e sneees 15

2.10. DTV ol 1 b PP O PP STTPRTII 15

00 015t R | 0 O Vo [ [ =113 00 o PO UUUROUPRUR 16

2.10.2. ID: Address 200 (ONFI SIZNATUIE)....ccueeiciieeieeerteeiteeesteeesteeesteesteesteeesteeessseessseesntesanseeessseessseesssessnsesanses 16

2.11. PN O T P . s 17

2.12. UNTGUE ID etteieiiieeittee ettt e sttt e e e e e s sttt e e e e e e e s aae et e eee e e e s saseaaeeeeeesaansseaaeeeeesaassbeaaeeeeessnnssstsaneesensnnses 18

2.13. ) LU Y <4 ] (= OSSP P PPPPPPPP 19

2.14. BIOCK LOCK FEALUIE ..ttt ettt ettt e b e e s at e e s at e e e abeeebee e baeesmbeesabeeenbeeenneesaneans 19

2.14. 1. WPH @Nd BIOCK LOCK ...ttt ettt ettt ettt et e st e et e e ae e e meeesabeeebeeesaeeesabeesnbeesareeennes 20

2.14.2. Boundary Block Address Registers And INVert Area Bit.........cccvevcieeiiiiieee e 20

2.14.3.  BlOCK LOCK AQGIrESSING ... .ueieieeeiiee et e ectiee e ertte e st ee e e st e e e et e e e e nteeeesntaeeesnseeeeesnseeeeenseeeesssneesansnneennnsens 21

S 11 Yol Mo Yol Y = {8l 2 (=T = 1 o T S 21

2,145, BIOCK LOCK FIOW ...ttt ettt ettt et et e st e et e e be e e mb e e s abe e e abeeeabeeesabeesabeesareeennes 22

o T = TV SR @ 01T =i o) SRS 22

3.1. Asynchronous Interface Mode SEIECHION .......cocuiiii i e e e e e e e s e e e e eneaeeeeaes 22

3.2. 1) 7 [ 0o | o1 ST 23

3.3. Asynchronous COMMANG INPUL......eiiiiiie e e e e e e e e s et e e e s rateeeesasaeeeesntaeeeensaeeessensesnnseneennns 23

3.4. YNV 0 Tel oo Y a e TR Ao [ oY 3N [ LU USRS 23

3.5. YNV 0 Tel oo a e TR T = TN 1 Y LU | SRS 24

3.6. Asynchronous Data OULPUL (NOFMAI) c...ecciiiiiieciie ettt ettt e et e e rate e et e e st e e e teeetaeeenbeesateeensaeenses 24

3.7. Asynchronous Data OULPUL (EDO) ....cccveeeiieiiiieeciie et e et e eteeestte e stte e s te s e teeestaeesatessateesateaentaeessaeeentessatesansasenses 25

3.8. LR o o] (= ot f PSP PU PP PPUPTRUPPRRNt 25

3.9. REAAY/BUSYH .....ceteeeteeete et et et et e ete et e et e e te e beebeeebeeabeebeeateeabeeabeeateeabeebeebaebeenseebaessebeessebeenbeestaessaessaestaans 26

R B 1oAY Tt @ o= = 1110 o RO 26

DS009 (v1.0) Oct 28, 2020 2 https://neumem.com/

Product Specification



NM9A02G08 NAND Flash

Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification
4.1. RS ettt et e e b et e s et e e R b et e e e R e e e e e s n e et e s e r e et e e anreeeeanrnee s 26
4.1.1. RESEE (FFR) oottt et e et e e e etb e e e e e tbe e e eeabaeeeesabaeeeabbeeeeeabbeseeasbaeseasbaeeessreeennarees 26

4.2, REAA ID (FOR) ettt ettt ettt e et e e et e e e e eab e e e eebbeeeesabaeeeeasbaeeeassbeeeeasbaeeeaasbaseeanssesesastaesesanbanesansreeens 27
4.3, Read Parameter PAZE (ECH) ...uuviiicieei ettt ettt ettt ee e e et e e e e ttee e e stb e e e eeabaeeesabeeeesnsbeeesentaeeesasbaneeesreeens 28
44, REAA UNIQUE 1D (ED)....uvieieeitiee ettt ettt eere e et e e e s tae e e esabaeeeeeabaeeesabseeeesabaeeesasbaeeessbeeesenbaesesasbaeeeansreeens 28
4.5, FEATUNE O PIATIONS .. s 29
45.1. GEE FEATUIES (EEN) 1eeiiireeieeieee ettt ettt ee ettt e ettt e e e st e e eeabeeeesabaeeeeesbaeeesbbeeeesabaeseeaabaeeesasbeseennbeeeennns 29
45.2. SEE FEATUIES (EFN) wrviiiiirieeeeiiee ettt ettee et e et e e eete e e e estte e e eetbeeeesabeeeeeesbaeeessbeeeesbseseeasbaeeeansbeseeanbeneennns 29

4.6. ) =LA E L@ 01T = ¥ (o o [Pt 30
4.6.1. REAM STATUS (7ORN) . eireiieeirie ettt ettt ettt e et e e e stb e e e e e tb e e e esabaeeeesabaeeeasbeeeesbbesesaabaeeeeasbaeeessreeenanrens 30
4.6.2. Read Status ENNANCEA (78N) ....vveiieireee ettt ettt ettt ettt e et e e e etbe e e e ebae e e esabaeeeesbaeeesbbeeesenrees 31

4.7. (070 (U] g Vo TN Fo [T @] o T=T = 1 [ LSS 31
4.7.1. Random Data REad (05N-EOR) ......ccovuiiiiiieieeirie ettt ettt ettt eeate e e str e e e ebbe e e e sabaeeeebbaeeesarbeeesnarees 32
4.7.2. Random Data Read TWO-Plane (06h-EON) ..........ccoiiuuiiiiiieieeeitiee ettt eeiree e ettt erae e e eeabae e e sar e e e e earees 32
4.7.3. (2 Te Lol a WD ] 7= I [T o LU A 2= o ) PR 33
4.7.4. Program For Internal Data INPUL (85N).....uiiiuiiiiiiiiieeciee ettt erre et stne e e e snte e s teeenreeenens 33

4.8. (20T @ o T=T - 1 4 o] o TSR 34
4.8.1. 3 0=T=To MV, FoTe LN (010 o) EPS USSR PTRRP 34
4.8.2. (RO Lo Tl (010] o e 0 ) PR 34
4.8.3. Read Page Cache Sequential (31N) ...t rre e te e e te e et e e rn e e ate e enreeenees 36
4.8.4. Read Page Cache Random (00N-31h) ....ccecoiiiiiiiiiiee et e rre e e e e et e e rre e s nte e s nee e enrneenens 37
4.8.5. [T Lo Tl O Vol V=T = T 1o o PR 39

4.9. oL T N O] 01T - | £ o] |- PP PP PPPPPPPPPPR 40
4.9.1. Program Page (8O0N-10N) ......cciiieiiieeiie ettt e et e e tae e tte e s e e et eeta e e sateesateesataeetaeesseeesnteesnteeenteeenres 40
4.9.2. Program Page Cache (80N-15N) ......ccciieiiiiiieeciee e eceeeste e e et e et e et e e s ate e s e e e teeestaeenteesateesnreeensns 41
4.9.3. Program Page TWO-Plane (80N-11N) .....ccceiiiiiiiieiiieeiie et et e et e e sate e te e et eesta e e sra e e snteesateeenreeenens 43
4.10. S =N 0] 01T | 1 o] o[- PP P PP PPPTPPPPPPN: 43
O O = =YYW = o Yol (10 o T D10 ) OO 44
4.10.2. Erase Block Two-Plane (60h-D1h) OPeration ........cccceeiiieiieeeiieeieeerreesieessteeesieeesaeeseteeeseeesraeessneesnseeens 44
4.11. Internal Data MOVE OPEIatiONS .......cciicuiiiiiiiieeeeiite e e esee e e st te e e e stee e e s seteeeesnteeeesstaeeesanseeeesnseeeeasnseeeessnseneeanssneens 45
4.11.1. Read For Internal Data Move (00N-35h) .....ccoiuiiiiiiiieiceiiee ettt eeree e e esttee e e ebae e e seabee e e ebreeeeenrees 45
4.11.2. Program For Internal Data Move (85h-10R).........ccciiiiiiiiiiiieie et e e et e stae e srre e sareeens 46
4.11.3. ECC Concernsin Internal Data MoVe OpPerations........ccccueieecireeeiiieeeeiieeeerieeeessneeeeesseeeessnsneessnnsnesssnsens 47
4.12. BIOCK LOCK FEALUIE ...ttt ettt ettt e b e e sat e e e ab e e et e e e bee e eaeeesubeesabeeebeeeanneesabeanas 47
81200 UNIOCK (231, 28R oot e e e et e e e eeeeeeeeeeseseeseeeeeseeeeseeeeeseseaeeeseeeeeeeeeseeeeeeeeeeeenns 47
B.12.2. LOCK (2AAR) ceeeeeeeee et e e ee et eeeeee e s e e eeeeeeeeeeseeeeeeeseeeeee e e e eeeeee e e et e eeeee e e e e e eeeeeeeee e eeeeeeereeenns 48
412.2.1. Effect On Program OF Erase OPerationS.........c.coerirveririeerieeninienisiee sttt 48

£.12.3. LOCK THGITE (2CN) worerreeeeeeeeeeeeeeeeseeseeseeeeeesesessessessseeseeseesessessessaseseeseesaesessessasesseseeseesessessessesesseseeseesesseseasenns 48
4.12.3.1. Effect On Program And Erase OPErations ..........ccocoererueerieeninienisiee st 49

4.12.3.2. Disabling LOCK TIGNT ..ot e 49

4.12.4. BlOCk LOCK REAA STALUS (ZARN) c.uuveiiiiiiiei ettt ettt et e e e e et e e e etta e e e e bt e e s eeabaeesesbaeeeebreeeennrees 49
4.13. One-Time Programmable (OTP) OPEratioNsS........ccccieieiieerieeiieeeiteeesteeesiteesteesteeeteeestaeesareesabessasesesaeessseesssens 49
0 G 70 S I =T- = Yoy V@ I o 0o T2 ] ' =1 o -3 50
4.13.2.  OTP Data Program (80N-10N) ......ccccuieiiieiiiieiieeeiieesteeste e steeesteeestaeesateesabeesbeeestaeessaeesstessnsesessasesssessnsenans 50
DS009 (v1.0) Oct 28, 2020 3 https://neumem.com/

Product Specification



NM9A02G08 NAND Flash
Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification
4.13.3.  RaNdom Data INPUL (85N) ..veiieiriieieieee ettt ettt et etb e e e str e e e e tba e e e ebaee e e abaeeesesbaeeeesreeeennrees 51

4.13.4.  OTP Data ProteCt.. ..o cueiiiiiiie ettt ettt et e e s e e s s s e e e s e n e e e s e b e e e e snre e e s s nnneesannees 51

4.13.5. OTP Page Read (00N-30N)......ccciuiiieirieeiiirieeeeiteeeeeitreeeesteeeeesbaeeeesabeeeessaeseessraeeeeassessessssesesasbaeessnsresesansens 52

LT (o T o F= T TSI @ o 1T = 110 LTS 53
5.1. TWO-PlaNe AQAIESSING ..eeeieieeeiciiiieee e e eecccciee e e e e e es e e e e e e e e sertttaaeeeeeeesssastaaaeeeeeeaaassssaaeeeeeesaasstaeaesaesssnnnsteneneenennn 53

5.2. TWO-PIaNe PAgE REAM ....cciiiieeiiiiiie ettt e e et te e e e e e e e ettt e e e e e e e e e s s aattaeeeeeeee s ssstaaeeeeeeeaansssaaaeeeeessannstrnneeaneann 53

5.3. Two-Plane Page Read with RaNdom Data REAM .........eeviieiiiiiiiiiiee et et e e e e e e e sanrraeeeeeeean 54

5.4. TWO-PIane Program PAZE ........uuuiiiiiiiiiiiiiiiiee s e ettt e e e e e e e ettt e e e e e e e e s s st taeeeeeeessnsttaaeeeeeesaannstaeeeeeesssannstraeeeeaeann 54

5.5. Two-Plane Program Page with Random Data INPUL........coeciiiiiie et e e e e e rre e e e e 54

5.6. Two-Plane Program Page Cache MO .......eeii ittt e e e et e e e e e e st ae e e e e e e e s nanntraeeeaeeean 55

5.7. TWO-Plane INternal DAata IMIOVE ......ccuei ittt ettt et et e st e e be e e saeeesabeesabeeebaeesnreesaneeas 55

5.8. Two-Plane Internal Data Move with Two-Plane Random Data Read..........ccoeceeriiiiiiiieiieenieeeee e 56

5.9. Two-Plane Internal Data Move with Random Data INPUL......cceiiiier i 56
5.10. TWO-Plane BIOCK EFa@S@ .....ueeiiiiiieeeiee ettt ettt ettt e ettt eat e e st e e st e e e bt e e sabeesabeeeabeesbaeesnneesaneenns 57
5.11. Two-Plane/Multiple-Die Read Status CYCIE.......ccviiiiiiiieieeie ettt ettt ettt s e s e e re e steesteesreesreestaesreens 57

6. Interleaved Die (MUItI-LUN) OPEIALIONS .......c.eciiiiiiieieesieseees et ste e ste e eee e e s eesaessessesseessessessesseessessessesseessessens 57
6.1. Interleaved Die (Multi-LUN) Operation CoOmMPIEtion ........cccciieiiieeeiie e eieeeste e ste et eesere e seneesnneeens 57

6.2. Cache Operations in Interleaved Die (Multi-LUN) Operations.........ccceevveerieeiiieeesieeerireenereesreeseeessseeensneesnnes 57

6.3. Program and Read in Interleaved Die (Multi-LUN) Operations.........cccccueerveeriieeeseeerneesieesieesseneeseneeseneesnneenns 58

A =31 (o] g\ F= T g T=To T<T 0 1= o PSS SSRRRRIN 58
7.1. B BIOCK.... ettt ettt e h et e et e bt e a et e e a bt e et et e b et e beeeante e e beeebeeeenneenareenas 58

7.2. Yot o] AV 7= T I 2] o Yol <SPS 58

7.3. 2ol 21 Lo Yol AV, = T === o 0 V=T o SR 58

8. Internal ECC and Spare Area Mapping fOr ECC ..ottt st e s nnas 59
9.  ElECtriCal SPECITICALIONS.......eiuieieiesiieieterte st et e e et e et et e s tesse et e tesseeseessesseeseessessesseaseessessestesseensasessenseensensens 59
9.1. DC Characters and Operating CoNIitioNS.........cccciieiiiiieeiciiee e e e e s e e e saee e e esaee e e snteeeesnenees 60

9.2. AC CAACEEIISTICS ..eeeuueeeuteeetee ettt et e e et e ettt e a et e st e e e beeebeeeaseeeaabeesabeeeabeeeaseeanbeeaabeesabeeaabeeeneeeanseesnbeeennes 62
9.2.1. Command, Data and Address INPUL ......cccciiee e see et e e e stee e e s nte e e e s nre e e esnseeeesnseneeanns 62

9.2.2. N ToT 0 =1 @ o 1=T - 1 [o] oIS 63

9.3. Program/Erase CharaCteriStiCS .. ...ciuiiiieitieiieeitecete et et et e e e esteeete e teeete e te e beeste e teesbeesteesbeesseenteesseesseesseessaesseans 64

10. Part NUMDEIING ..o.eeeiieiiieee ettt ettt e st e et e te st e e seen s e sesseeseensessesseensensessesseensessessenseensensens 66
11. Package INFOMMALION........ceeii ettt e et et e e se et e tesseesaest e tesseessessessesseensesessenssensensens 66
11.1. YT P LI Y3 o4 T 1= S 67

T O < T ] SRS 67

11.1.2. B3-Ball VFBGA, X8....veeteeiieieeieeieesieesteeteesteesseenteenteenseesseasseesseesseesseenseensesssesssesssessseessesssesssesssesssesssesssenns 68

11.1.3. B3-Ball VFBGA, XLB...eeeeeiieiieieeieeiteesieeste et esteesteesteesteesseeteenteeseeseenseanseenseenseensesssesssesssesssessseessenssenssenns 69

11.2. (1ol Y od= 1T 01T 0 o SR 70
T S < 1 T 1] SRR 70

11.2.2.  63-Ball VFBGA (10.5MM X 13MIM)..utiiitiiitieiiienieenieenieenieesieesteesseesseesseessesssesssesssesssesssesssesssesssesssesssesssesssanns 71

11.2.3.  63-Ball VFBGA (9MM X L1MIM)ttiuttiitiiitiiiiienieenieenieesieesteesieesseesseesseesseessesssesssesssesssesssesssesssesssesssesssesssesssanns 72

12. LRSS o] T 111 (o] Y TSP 72
13. TngT o=V o] B NN o [t RSSO 72
DS009 (v1.0) Oct 28, 2020 4 https://neumem.com/

Product Specification



NM9A02G08 NAND Flash
Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification
Figures
[ o TO =T Al o T T o D IT= T | = o o RSSO 9
Figure 2: NAND FIash BIOCK DIGQIaIM ......cccociiiririeereieeese sttt ste e saesae e sseessessessesseensessessesnsensenses 10
FIgUIe 3: Array OFQaANIZALION .....ccveeeeerieseeeetese st et e te et ete e s e sseestestesseeseesessesseensensessesseensessessesseensessessesnsensesses 11
Figure 4: Flash Array Protected: INVert Area Bil = O.....cccvviviiieeiseeeerese ettt 20
Figure 5: Flash Array Protected: INVert Area Bit = L.t 21
Figure 6: BIOCK LOCK FIOWCRAIT ......coiiiiicieees ettt sttt st esbesbesseensestesseennenseneas 22
Figure 7: Asynchronous Command Input Cycle Timing Diagram ........cccoceveevereneneenenieseeeeseneseeseeseeneas 23
Figure 8: Asynchronous Address Input Cycle Timing DIiagram .......cccccooevereerieneneseenieneseeeenieseseeeseeseesees 24
Figure 9: Asynchronous Data Input Cycle Timing DIiagram ........ccccccveeeriniiniecenese e seeseseseeeseesee s 24
Figure 10: Asynchronous Data Output Cycle (Normal) Timing Diagram ........cccccocvveeevevinneneennsinseeseeneenens 25
Figure 11: Asynchronous Data Output Cycle (EDO) Timing Diagram.......cc.cceccevvrvreeseereseseenieseseeseeseenens 25
Figure 12: R/B# Open-Drain OULPUL ......cccecieiirisieeeseseeeetese e etes e steeseessessesseesaessessessesssessessessesssessessesssensesses 26
Figure 13: Reset (FFh) TIMIiNgG DIGQram .......cccovieieieiiieeeseseeeetes sttt aeste e sseessessessesseensessessesnsensesees 27
Figure 14: Read ID Operation: ManUFACTUIE ID ........cccvoeeieieiieeeeseseeeese ettt neas 27
Figure 15: Read ID Operation: ONFI SIgNatUIe .......ccccoveeeieiiieeeeieseseeeesese st eesie e sae st sseeaesseseas 27
Figure 16: Read ID TimMiNg DIBQIAM ....cocveieriiriseeeesese st etesie e eetes e sseeseestessesseessessessessesssessessesseessessessesssensesses 27
Figure 17: Read Parameter Page OPEration .......ccccccvviieeiienereeeeeseseeeestestesteeeesse e sseessessessesseessessesssssensesses 28
Figure 18 Read Parameter Page Timing DIAgram ......ccccecevereeeerienireeeesiesieseeeeestesesseese e ssesseessessessesssesseses 28
Figure 19: Read UNIQUE ID OPEIAtiON ....cccieiicieeeeeerrseeteseste e etes e ste e e stestesseeseestestesseessessessesseessessessesnsensesses 29
Figure 20: Get FEAtUIe OPEIALION ......cciveeeeeces ettt et et e e et este st e e e estestesseessestesaeeseensessesseensenseses 29
Figure 21: Set FEatUres OPEIALION .....cccvciceeieriseeees ettt e et e et te et e te st e e e e tessesseessestesseaseessessessennsensesses 30
Figure 22: Read StatUS OPEIALION ......ccvciieieieriseetes et etese st et e e teese e teste st e esaestessesseessessessesseessessessennsensenses 30
Figure 23: Read Status TimiNg DIAQTAIM ......ccciviieiierereeeetesese et etes e se e e e ste e steeaestestesseessessessesseessessessessensesses 30
Figure 24: Read Status ENhanced OPEratioN .......ccccciiieieririeeees ettt se et esse e sreennensesnas 31
Figure 25: Read Status Enhanced Timing Diagram ........cccciiieeeiieninieeeseseseeeese e ste s ste e sse e sseseas 31
Figure 26: Random Data Read OPEratiON ........ccccveveviriiiieieriseeeetes et e ste e ste s e ste e sseessessessesseessessesseensessesses 32
Figure 27 Random Data Read Timing DIaglaM ........ccccvoeeieriiineeieseseeeestese st saesie e esse e ssessaessessessesnsesseses 32
Figure 28: Random Data Read TWO-Plane OPEratioN ........ccccceeveverireeieriiseseeeeesiese e eeese e ae e e sseensessesnas 33
Figure 29: Random Data INPUt OPEIatiON .......ceceeierericeetesese ettt a et stesse e s e sesseenseseneas 33
Figure 30: Program for Internal Data INpUt OPEration .........ccecvevevinieieseseseeesere e 34
Figure 31: Program Page with Random Data Input Timing Diiagram ..........cccccevevvreeverieseeceeneseseeseesieeens 34
Figure 32: Read Page OPEIratiON ......cccociiieieieriseeiesteste st eteste sttt et e e te e e e teste st e essetestesseessessesseessessessessesssensenses 35
Figure 33: Read Page (00h-30h) Operation with Internal ECC Enabled .........c.cccoovvievevivieceveneceeeee, 35
Figure 34 Read Page TimMiNg DIAQQIam .......c.cceciiieiiereeieeeiese st etetes e steeseeste e staesaestestesseessessessessaessessessesssensenses 35
Figure 35 Read Page With CE# "Don't Care" Timing Diagram........cccccceviiririevieneseseesese e e see e see s 36
Figure 36: Read Page Cache Sequential Operation.........ccoceiieeevieniriieiesiseseeeeste st stesee et sae e ae e e 36
Figure 37 Read Page Cache Sequential Timing Diagram.........ccccceviieeiesenisieiesese e eseese e seesse e e ssesaesnas 37
Figure 38: Read Page Cache RandOm OPEratioN........cccceviiieeeiieriseceesese sttt sae e 38
Figure 39: Read Page Cache Random Timing Diagram.........cccceveiiiieieneniseeiesieseseeeese et seeene s e 39
Figure 40: Read Page Cache Last (3Fh) OPeration........ccccoceiieieveniseeeesese et 40
Figure 41: Program Page OPEIraAtiON ......cccceeceiiiieiesese et eteste sttt e tes e ste e e e stestesteesaessestessaessessessessaessessessssnsensenses 40
Figure 42: Program Page Timing DIAgram .......cccceiiiiiieeseseeeestese et ste et ae e testaessessessessaessessesseensessessas 41
DS009 (v1.0) Oct 28, 2020 5 https://neumem.com/

Product Specification



NM9A02G08 NAND Flash
Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification
Figure 43: Program Page with CE# "Don't Care” Timing Diagram ........cccccceceevereneneeneneseeeesieseseeseeneenees 41
Figure 44: Program Page Cache (80h-15h) Operation (STart).......cccoceeererienierieneneseeeseseseesiesieseesseeneesees 42
Figure 45: Program Page Cache (80h-15h) Operation (ENd) ......cccccvveeiereriinieieneseseeiesie e eeeiesie e 42
Figure 46: Program Page Cache Timing DIAgram .......ccccceriiieeeeiieninieeieniesieseeeseestesiesseessessessesseessessessesssessesees 42
Figure 47: Program Page Cache ENding 0N L15N.......coo it s 43
Figure 48: Program Page Two-Plane (80h-11h) OPeration ........ccceviieeiererieseeiesieseseeiesiesieseesae e seeenee e sees 43
Figure 49: Erase BIOCK OPEIALION ......ccvvieieieriseeiesiese st ete e ste s te e ste s estestesteesaessestesseensessessasseensessessesnsensesses 44

Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61.:
Figure 62:
Figure 63:
Figure 64:
Figure 65:

Erase BIOCK TimMiNg DIQQIam ......cccceiiiieierereeieiesie st eteste et stesteste e stessesseesaessessesseensensessesnsensenses 44
Erase Block Two-Plane (60h-D1h) OPEration .......cccccecererereeniereneeiesiesieseeeesieseeseeesse e seesseesseneas 45
Read For Internal Data Move (00h-35h) OPeration.........ccccoceevereneeieneneseeiesese e e e e 45
Read For Internal Data Move (00h-35h) with Random Data Read (05h-EOh)...........c.ccccen.ee. 46
Program for Internal Data Move (85h-10h) OPeration ..........cccoovveeeevennneeiese e 46
Internal Data Move TimiNg Diagram........cccvieiereriereeiesese e sae e eeee e ssesseessesseseeessesessens 46
Program for Internal Data Move (85h-10h) with Random Data Input (85h).......ccccceevvvecvennee. 47
Internal Data Move (85h-10h) with Internal ECC Enabled .........cccceveviiieieneseceeceseeeeene 47
Internal Data Move (85h-10h) with Random Data Input with Internal ECC Enabled.............. 47
L0 0] o Tod 1Q@ ] o 1=T = 1110} IS 48
0 Tod Q@ 1= > o 1 o IS 48
Program/Erase Command Issued to Locked BIOCK.......cccoveevivicieceniceeeeseeee e 48
o Tod QN Lo LA @] =T =1 AT o IS 49
BIOCK LOCK REAA SEALUS ....ceeeiieiieiiieiee ettt bbbttt st s 49
OTP Data Program Operation (After Entering OTP Operation Mode) .........cccecvevvevvvvreeceennnnne. 50
OTP Data Program Operation with Random Data Input (After Entering OTP Operation Mode)

................................................................................................................................................................................. 51
Figure 66: OTP Data Protect Operation (After Entering OTP Operation Mode).........cccccevvvvevervrveceesnenne. 51
Figure 67: OTP Data Read OPEratiON........cccciiiiieierierieeeteseste et etesteseeseestessesseeaessestesseessessessesseessessessesssensesses 52
Figure 68: OTP Data Read with Random Data Read Operation ...........cccovvvveeveneneseeseseseeeesese e 52
Figure 69: TWO-Plane Page REAU ..........cocveieiiiiciceeeres ettt ettt e ste e s e testeesaesestesseensenseneas 53
Figure 70: Two-Plane Page Read with Random Data Read ..........cccocveveviviiiecierese e 54
Figure 71: TWO-Plane Program PaAge ...ttt ete et ste sttt e st e tesse e s e sessesseesessassesnsensenes 54
Figure 72: Two-Plane Program Page with Random Data INPUL..........cceviririecenineceeeesee e 54
Figure 73: Two-Plane Program Page Cache MOE..........ccoiiiiieieiieccee ettt 55
Figure 74: Two-Plane INternal DAta MOVE .........ccvoveiiiceeee ettt ettt et ste s e saessesseensensesnas 55
Figure 75: Two-Plane Internal Data Move with Two-Plane Random Data Read...........ccccoceecvevevvieeiennenne. 56
Figure 76: Two-Plane Internal Data Move with Random Data INpUt.........cccocvecieviri e, 56
Figure 77: TWO-Plane BIOCK EFASE......cuoi oottt ettt ettt a et teesaebestesseenaetesnas 57
Figure 78: Two-Plane / Multiple-Die Read StatUS CYCIE ...t 57
Figure 79: Part NUmMbering INfOrMatioN .......c.oceoeeieeeceees ettt e et e 66
Figure 80: 48-Pin TSOP — TyPe 1, CPL (TOP VIEW)...uiiiiieieiesiesteteteste ettt sttt te et sta e b e te e nnesesnas 67
Figure 81: 63-Ball VFBGA, X8 (Balls DOWN, TOP VIEW) ...ccuiiiiiieieieiisieeeesteste sttt ste e sae s seeene s snas 68
Figure 82: 63-Ball VFBGA, X16 (Balls DOWN, TOP VIEW)....coiiiieeieieiesieetestese sttt ssee e ae e ne e e 69
Figure 83: 48-Pin TSOP — TYPE L, CPL ..ottt st ettt et et e sa e b e tesae e e eaeneas 70
Figure 84: 63-Ball VFBGA (L10.5MM X L3MIM ) ...iiiiiiiiiiiiiieieseseseetes et eeee e ste st eaeste e ssaesessessesssessessessssssessenses 71
Figure 85: 63-Ball VFBGA (9MM X LLMIM) oottt te st e et eesaeste e ssaessessessesssessassessssnsessenses 72

DS009 (v1.0) Oct 28, 2020 6 https://neumem.com/

Product Specification



NM9A02G08 NAND Flash
Datasheet

DS009 (v1.0) Oct 28, 2020 Product Specification
Tables
TADIE L PrOQUCT LISt .ttt b et b e bbb et e bt st et et e bt e b e st e st et ebesbeneeeenis 9
TaDIE 2: PiN DEIINITIONS ..ottt b et b bbb e e bt s b et et e bt s b e st et e st ebesbenbennens 9
Table 3: MemMOTrY Array AGAIESSING ..ottt et ettt st et e s e st e esaestestesseensensestesseensessessesneensensens 11
TaDIE 4: COMMEANT SEL....oiiiiieiiee ettt bbbt b et et e bt sb et e e eneebe st et et eneebesbenteneas 11
Table 5: TWO-Plane COMMEANT Sl ..ottt sttt s b e st e e be b e 12
Table 6: Feature ADdress DEefiNITIONS ..ottt b e st b e e et be b e 13
Table 7: Feature Address 01h: TimMiNG MOGE .....couoiiiiieieereceeere ettt sttt s resbesneesesaea 14
Table 8: Feature Address 80h: 1/O Drive Strength ...ttt 14
Table 9: Feature Address 81h: Programmable R/B# Pull-Down Strength........cccccoveevevieviviceveneceeeeeene 15
Table 10: Feature AAdress 90N — OTP MOGE ..ottt s be e 15
Table 11: Device ID: Manufacturer ID (AddreSs = 00RN).....ccccieiereririeieereseeeesese sttt se e nee e 16
Table 12: Device ID: ONFI Signature (AdAreSs = 20N)....c.cccviieiererireeeeieseseeeese e e see e e e e sreseessesneas 16
Table 13: Parameter Page DefiNitiON .......ccc.ooiiiiieieeresee ettt tesneesessessesnnensenneas 17
Table 14: Unique ID and 1tS COMPIEMENT ...ttt ettt tesse e e e sesseeneenseneeas 19
Table 15: Status RegiSter DefiNITION .......cccviiiiceeeees ettt e et et e tesseeeessesseeneenseneeas 19
Table 16: BIOCK LOCK AQUIESSING ..ooveriiiiieieiisiisteeieese st eteste e st etes e stesse e sestesseessessessesseessensessesseessessessesseensessens 21
Table 17: Block Lock Status Register Bit DefinitioN .......ccocvviieeierireseeereseeees et 21
Table 18: Asynchronous Interface Mode SEIECTION .....ccveciiicieeeceee e sne e 22
Table 19: Error Management DELAIS .......cccveviiiieeeeses ettt et tesne et e sessesnnensenneas 58
Table 20: Spare Area MapPiNg (X8) ...cii e ieerisieeerese st ete e e et e e e e et e testesteesaestestesseessessessesseensessessesssensensens 59
Table 21: Absolute Maximum RALINGS ....ccciiiieeereseeese ettt st e testesseeaessessesseenseneeas 59
Table 22: Recommended Operating CONAITIONS ......cccvceeieiiriceeee ettt re e eae e 60
TaDIE 23: VAIIT BIOCKS ..ottt b e bbbttt e e bt b e st e b et e b e st et et e st ebesbeneeneas 60
=] (SR S O o T ol | = o = R PRSRP 60
TaDIE 25: TEST CONTITIONS .neeeiieieee ettt b ettt b e st e st et e bt s b e st e e e st ebesbe st e e ebesbesbenbeneas 60
Table 26: DC Characteristics and Operating ConditioNs (3.3V)..ccicveievieriineeierere ettt 60
Table 27: DC Characteristics and Operating Conditions (1.8V)...ccvcveeeveiiiieierere e 61
Table 28: AC Characteristics: Command, Data and Address INput (3.3V) ..o 62
Table 29: AC Characteristics: Command, Data and Address INput (1.8V) ....ccocvvveeeceveneceeeseceeeeseseens 62
Table 30: AC Characteristics: Normal Operation (3.3V) ...ttt ste e sne 63
Table 31: AC Characteristics: Normal Operation (L.8V) ..ottt sne 63
Table 32: Program/Erase CharaCteriStiCS ...ttt st te sttt e e s re s e sesreesnenseneeas 64
DS009 (v1.0) Oct 28, 2020 7 https://neumem.com/

Product Specification



NM9A02G08 NAND Flash

Datasheet

DS009 (v1.0) Oct 28, 2020

Product Specification

1. Features

Command Set

= ONFI 1.0 Compliant

X8 1/0 Bus

= NAND Interface

= SLC Technology

= Address / Data Multiplexing

Power Supply Voltage

=Vcc:  27V~3.6V

Memory Cell Array Organization (with spare)
2112 bytes (2048 + 64 bytes)

64 pages (128K + 4K bytes)

2 planes X 1024 blocks per plane
2048 blocks = 2Gbit

I/O Performance

= Page size:
= Block size:
= Plane size:
= Device size:

25us Max without internal ECC
70us Max with internal ECC
600us Max (with or without
internal ECC)

Internal Data Move

= Page Read:

= Page Program:

= Fast data copy without external buffering

Cache Program

= Improves program throughput with internal
buffer

Read Cache

= Improves read throughput

Fast Block Erase

= Block erase time: 0.7ms Typ, 3ms Max

Electronic Signature

= ONFI Signature

= Unique ID

Status Register

Data Integrity

= Data retention: 10 years

= Endurance: 100K Program / Erase cycles

Operating Temperature Range

=-40TC to85C

Package

= FBGA63
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2. General Description

The NeuMem NM9A02GO08 is a 2Gbit Parallel NAND Flash device with internal ECC that complies with ONFI
1.0 specification. The device includes industry-standard features, which provides cost-effective solution for
applications requiring high-density, solid-sate storage. The device is a single-die package. It employs a
multiplexed 8-bit bus (IO[7:0]) to convey command, address and data, and the bus interface protocol is
controlled by signals: ALE, CE#, CLE, RE# and WE#. Additional signals implementing block lock (LOCK),
hardware write protection (WP#) and device status monitor (R/B#) are also available.
The device has a traditional NAND interface that does not include a clock signal. It uses RE# to latch data read,
and WE# to latch data written. Commands, Addresses and Data are asynchronously introduced using the
control pins.
Program operation is done on a page basis; each page of data can be programmed in tPROG (internal ECC
disabled) or tPROG_ECC (internal ECC enabled). Erase operation is done on each block, and a block is erased in
tBERS. An on-chip controller

Vce automates program and erase
‘ operations by performing
CE# o required internal tasks.
WE#—(Q @10[7:0]
RE#+—C(Q Figure 1: Logic Diagram
ALE— O—R/B# .
CLE 2.1. Product List
WP#——Q Table 1: Product List
LOCK
Vss
Part Number Device Interface Vce Package
NM9A02G08AFI x8 bit 3.3V FBGA63

2.2. Pin Description

A full description of all pins of the device is offered in the following table.
Table 2: Pin Definitions

Signal Direction Description
ALE Input Address Latch Enable
When ALE is High, it indicates an address bus cycle.
CE# Input Chip Enable

The CE# active-low input selects the device. When CE# is high and the device
is in Ready state, the device goes into standby mode.

CLE Input Command Latch Enable
When CLE is High, it indicates a command bus cycle.
LOCK Input Block Lock.

The Block Lock function is enabled if LOCK pin is 1 while the device is power
up. The function is disabled if LOCK is 0 or unconnected during power up.
This pin has internal pull-down resistor.

RE# Input Read Enable True
The falling edge of RE# drives internal data to the IO[7:0] bus.
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WE# Input Write Enable
Data, command and address are latched on the rising edge of WE#.

WP# Input Write Protect
The WP# active-low input disables Flash array PROGRAM and ERASE
operations.

10[7:0] I/O Data Inputs/Outputs

The 8-bit-wide bidirectional I/O bus conveys command, address and data to
and from the device.

R/B# Output Ready/Busy

The R/B# pin is an open drain output that requires an external pull-up. This
signal indicates the device status. When R/B# is low, it indicates that one or
more LUN operations are in progress.

Vce Supply Power Supply
Power supply for the device.
Vss Supply Ground
Power supply ground.
NC - No Internal Connection
A NC pin has no internal connection; it can be either unconnected or driven.
DNU - Do Not Use

A DNU pin should be unconnected.

2.3. Block Diagram

The device uses NAND Flash cell array to store data. Device operations are implemented through a series of

internal registers. A block diagram of the device is shown below.

I0[7:0] «—> |, [—>| Address Register |
control : Y
<—| Status Register |<—
9 —>» Y (Column) Decoder |y
—— Command Register |
g
CE#—— > &
CLE— » NAND Flash Array %
ALE ——» < g
WE# > <
RE#——» Control
WP#——» Logic 2 A
LOCK ——— > Y
»  DataRegister |
R/B# t
ﬁ I <« > ECC [«  Cache Register  |&—

Figure 2: NAND Flash Block Diagram

2.4. Memory Organization

The device memory array is organized in descending hierarchical order: plane, block, page and column. Data is
programmed and read in page-based operations, and erase operations shall occur in a block-based manner.
The devices are erased upon delivery. Due to device physics limitations, any programmed page address in the
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device is not eligible for another program operation and it has to be explicitly erased to make it available for

upcoming program operations.
The memory organization is shown in the following figure.

2112 bytes 2112 bytes

a4 / 10[7]
Cache Register | 2048 [ 64 |4 2048 | 64 10[0]
Z 4 /7 4
Data Register | 2048 [ 64 | 2048 | 64
s v _
& 1 page = (2048 + 64) bytes
= 2112 bytes
1024 Blocks
Per PIane< 4 1block = 64 pages
2048 Blocks | BP———————<sseee——— 04— —eeees _
Per Device 1 plane = 1024 blocks
1 device = 2 planes
NS
N AN J
Y Y
Plane of Plane of
Even-Numbered Blocks Odd-Numbered Blocks
(0,2,4,86, ......) 1,3,57,....)

Figure 3: Array Organization

2.5. Array Addressing

The device memory array addressing is defined as follows.
Table 3: Memory Array Addressing

Bus Cycle 10171 10[6] 10I5] 10[4] 10I3] 1012] I10[1] 10I[0]
1t Cycle CA[7] CAJ6] CAJ5] CA[4] CAJ3] CAJ[2] CAJ1] CAJ0]
2nd Cycle Low Low Low Low CAJ11] CAJ10] CAJ9] CAJ8]
3rd Cycle BA[7] BAJ6] PA[5] PAJ4] PA[3] PA[2] PA[1] PAJ0]
4t Cycle BAJ[15] BA[14] BAJ[13] BAJ[12] BAJ[11] BAJ[10] BAJ[9] BA[8]
5t Cycle Low Low Low Low Low Low Low BA[16]
Notes:
1. BA=Block Address, PA =Page Address, CA = Column Address.
2. Actual page address = BA + PA.
3. If CA[11]=1, then CAJ[10:6] should be all Os.
4. BA[6] is for plane selection.
2.6. Command Set
All commands supported by the device are defined in the following table.
Table 4: Command Set
1 Cmd Address Data ond Cond Valid When | Valid When
Command Input Selected Other LUN
Cycle Cycles Cycle
Cycles LUN Busy Busy
Reset FFh 0 - - Yes Yes
Read ID 90h 1 - - No No
Read Parameter Page ECh 1 - - No No
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Read Unique ID EDh 1 - - No No
Get Features EEh 1 - - No No
Set Features EFh 1 4 - No No
Read Status 70h 0 - - Yes

Read Status Enhanced 78h 3 - - Yes Yes
Random Data Read 05h 2 - EOh No Yes
Random Data Input 85h 2 Optional - No Yes
Program For Internal Data Move 85h 5 Optional - No Yes
Read Mode 00h 0 - - No Yes
Read Page 00h 5 - 30h No Yes
Read Page Cache Sequential 31h 0 - - No Yes
Read Page Cache Random 00h 5 - 31h No Yes
Read Page Cache Last 3Fh 0 - - No Yes
Program Page 80h 5 Yes 10h No Yes
Program Page Cache 80h 5 Yes 15h No Yes
Erase Block 60h 3 - DOh No Yes
Read For Internal Data Move 00h 5 - 35h No Yes
Program For Internal Data Move 85h 5 Optional 10h No Yes
Block Unlock Low 23h 3 - - No Yes
Block Unlock High 24h 3 - - No Yes
Block Lock 2Ah - - - No Yes
Block Lock-Tight 2Ch - - - No Yes
Block Lock Read Status 7Ah 3 - - No Yes
OTP Data Lock By Page (ONFI) 80h 5 No 10h No No
OTP Data Program (ONFI) 80h 5 Yes 10h No No
OTP Data Read (ONFI) 00h 5 No 30h No No
Notes:

1. Busy is denoted by RDY bit in Status Register being 0.

2. If a command is valid when other LUNSs are busy, it means the command is used in interleaved die
operations.

3. For Read For internal Data Move and Program For Internal Data Move commands, the operation should
stay within plane address boundaries.

4. Read Page Cache Sequential, Read Page Cache Random, Read Page Cache Last and Program Page Cache
commands are available only when internal ECC is disabled.

5. If the previous command is Read Page (00h-30h) or Read Page Cache series command, then a Read Page
Cache series command (31h, 00h-31h, 3Fh) while the array is busy (RDY=1, ARDY=0) is supported.
Otherwise, it is prohibited.

6. If the previous command is Program Page Cache (80h-15h) command, then a Program Page Cavhe (80h-15h)
command while the array is busy (RDY=1, ARDY=0) is supported. Otherwise, it is prohibited.

7. OTP commands must be placed behind Set Features command with appropriate feature address.

Table 5: Two-Plane Command Set

Valid Wh Valid Wh
1tCmd | Address | 2d Cmd | Address | 3" Cmd at en a en
Command Selected Other LUN
Cycle Cycles Cycle Cycles Cycle

LUN Busy Busy
Read Page Two-Plane 00h 5 00h 5 30h No Yes
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Read For Two-Plane 00h 5 00h 5 35h No Yes
Internal Data Move

Random Data Read 06h 5 EOh - - No Yes
Two-Plane

Program Page 80h 5 11h-80h 5 10h No Yes
Two-Plane

Program Page Cache 80h 5 11h-80h 5 15h No Yes
Mode Two-Plane

Program For Two-Plane 85h 5 11h-85h 5 10h No Yes
Internal Data Move

Block Erase Two-Plane 60h 3 D1h-60h - DOh No Yes
Notes:

1. Read For Internal Data Move Two-Plane and Program For Two-Plane Internal Data Move commands should
stay within plane boundaries.

2. Random Data Read Two-Plane command can only be used with Page Read Two-Plane command.

3. For Block Erase Two-Plane command, D1h is not necessary and can be omitted.

4. Two-Plane commands are available only when internal ECC is disabled.

2.7.OTP Pages

This NAND Flash device contains a one-time-programmable (OTP) area in the LUN, which totally has 30 pages
with 2112 bytes in each page. The page address of OTP area ranges from 02h, 03h, 04h through to 1Fh. All OTP
pages are guaranteed to be good.

The device is shipped from the factory with all OTP bits being 1. Programming and partial-page programming
operations can convert OTP bits from 1 to 0, but once it becomes 0 it can never return to 1. Erase operations have
no effect in OTP area, regardless of its protect status. The user may also choose to protect the OTP area to
prevent any further programming operations.

OTP operations can be accomplished only when the device is in OTP mode. By setting specific feature bits using
Set Features (EFh) commands, the user can enter or exit OTP mode. The user may also acquire OTP status using
Get Features (EEh) commands.

2.8.Legacy OTP Commands

For compatibility reasons, the device supports OTP Data Program (AOh-10h), OTP Data Protect (A5h-10h) and
OTP Data Read (AFh-30h) commands.

2.9. Device Feature Table

Devices are shipped with a feature table inside of the memory array, which is available for the host to determine
the current settings of the device. The feature table can be read or modified via the Get Feature or Set Feature
commands. Feature information is stored into multiple addresses, as is defined in the following table.

Table 6: Feature Address Definitions

Feature Address Definition

00h Reserved

01h Timing Mode

02h - 7Fh Reserved

80h Programmable I/O Drive Strength

81h Programmable R/B# Pull Down Strength

82h - FFh Reserved
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| 90h

‘ Array Operation Mode

2.9.1.Feature Address 01h: Timing Mode

The definition of Timing Mode feature at address 01h is given below.
Table 7: Feature Address 01h: Timing Mode

Subfeature
Parameter

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit1 Bit 0

P1

Reserved (0)

Timing Mode Number

P2

Reserved (00h)

P3

Reserved (00h)

P4

Reserved (00h)

Notes:

1.

2.
3.
4

5.
6.

2.9.2.Feature Address 80h: Programmable 1/O Drive Strength

The device I/O drive strength setting can be selected at Feature Address 80h.

Reserved: Reserved values are zero by default.

This feature address determines the maximum speed of the device.

The device is in the default Mode 0 upon power-up.

Timing Mode Number:
Mode 0 =000 (default)

Mode 1 =001
Mode 2 =010
Mode 3 =011
Mode 4 =100
Mode 5 =101

Modes 0 through 4 apply to 1.8V and 3.3V operations.

Mode 5 only applies to 3.3V operations.

Table 8: Feature Address 80h: I/O Drive Strength

Subfeature
Parameter

Bit 7

Bit6

Bit 5

Bit4

Bit 3

Bit 2

Bit1 Bit 0

P1

Reserved (0)

I/O Drive Strength

P2

Reserved (00h)

P3

Reserved (00h)

P4

Reserved (00h)

Notes:

1.
2.

Reserved: Reserved values are zero by default.

This feature address determines the device I/O drive strength, which should be selected based on the bus

loading.

The device is in full strength upon power-up.

I/O Drive Strength:
= 00b (default)

Full

Three-quarters

One-half
One-quarter
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2.9.3.Feature Address 81h: Programmable R/B# Pull-Down Strength

The pull-down strength at R/B# pin of the device can be selected at Feature Address 81h.
Table 9: Feature Address 81h: Programmable R/B# Pull-Down Strength

Subfeature . ) ] ; ] . . .
Bit7 Bit6 Bit 5 Bit4 Bit 3 Bit 2 Bit1 Bit 0
Parameter
R/B# Pull-Down
P1 Reserved (0)
Strength
P2 Reserved (00h)
P3 Reserved (00h)
P4 Reserved (00h)
Notes:

1. Reserved: Reserved values are zero by default.

2. This feature address determines the R/B# pull-down strength, which should be selected based on the loading
of R/B# pin.

3. The device is in full strength upon power-up.

4. R/B# Pull-Down Strength:

Full = (00b (default)
Three-quarters  =01b
One-half =10b
One-quarter =11b

2.9.4.Feature Address 90h: Array Operation Mode

Feature address 90h determines the operation mode of the device.
Table 10: Feature Address 90h — OTP Mode

Subfeature . . . ) . ) . .
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Parameter
P1 Reserved (0) Operation Mode
P2 Reserved (00h)
P3 Reserved (00h)
P4 Reserved (00h)
Notes:

1. Reserved: Reserved values are zero by default.
2. The operation mode bits are reset to 0Os upon power-up.
3. Operation Mode in terms of OTP operation:
Normal = 0000b
OTP operation ~ =0001b
OTP protection  =0011b
4. Operation Mode in terms of internal ECC:
Disable ECC = 0000b
Enable ECC =1000b

2.10. Device ID

The NAND Flash devices are shipped with identification codes to provide information on device type,
manufacturer ID, device configurations, etc.
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2.10.1.

ID: Address 00h

Device ID at address 00h provides device specific information including manufacturer code, device identifier,

flash array cell type, page size, among many other device configurations.
Table 11: Device ID: Manufacturer ID (Address = 00h)

# Parameter Options 107 | 106 | 105 | 104 | 103 | 102 | IO1 | IO0 | Value
Byte 0 | JEDEC Manufacturer ID | NeuMem 0 |0 1 0 1 1 0 0 2Ch
Byte 1 | Device ID NMO9A02GOSAFI 1 1 0 1 1 0 1 DAh
Byte 2 | Number of die per CE 1 0 00b

Cell type SLC 0 0 00b
Number of | 2 0 1 01b
simultaneously
programmed pages
Interleaved operations | Not Supported 0 Ob
between multiple die
Cache programming Supported 1 1b
Byte Value NM9A02GOSAFI 1 0 0 1 0 0 0 90h
Byte 3 | Page size 2KB 1 01b
Spare area size (bytes) 64B 1 1b
Block size (without | 128KB 0 1 01b
spare)
Organization x8 0 Ob
x16 1 1b
Serial access (MIN) 1.8V: 25ns 0 0 0xxx0b
3.3V: 20ns 1 0 1xxx0b
Byte Value NM9A02GOSAFI 1 0 0 1 0 1 0 95h
Byte 4 | ECC level 4-bit ECC / 512 1 0 10b
(main)
+4 (spare)
+ 8 (parity) bytes
Planes per CE# 2 0 1 01b
Plane size 1Gb 0 0 0 000b
Internal ECC ECC disabled 0 Ob
ECC enabled 1 1b
Byte Value NM9AO02GOSAFI | 0 0 0 0 0 1 1 0 06h
2.10.2. ID: Address 20h (ONFI Signature)

Command 90h in combination with an address of 20h retrieves ONFI signature from the device, indicating that

the device supports ONFI specification.
The ONFI signature is the ASCII encoding of "ONFI" where 'O' = 4Fh, 'N' =4Eh, 'F' =46h, and T' = 49h.
Table 12: Device ID: ONFI Signature (Address = 20h)

# Description | 107 106 105 104 103 102 101 100 Value
Byte 0 "o" 0 0 0 1 1 1 4Fh
Byte 1 "N" 0 0 0 1 1 0 4Eh
Byte 2 "F" 0 0 0 0 1 0 46h
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# Description | 107 106 105 104 103 102 101 100 Value
Byte 3 T 0 1 0 0 1 0 0 1 49h
Byte 4 Undefined X X X X X X X X XXh

2.11. Parameter Page

Parameter page is a data structure that describes the device's organization, features, timings and other

behavioral parameters, offering a means to provide the host with sufficient information necessary to successfully
communicate with the NAND Flash device.
The following table defines the parameter page data structure. To ensure the reliability of parameter data storage,

x8 devices contain at least eight copies of the parameter page, and x16 devices contain at least four copies. If CRC

checking indicates an incorrect copy is retrieved by the initial Read Parameter Page (ECh) command, the

command can be resent to the device until a valid copy is available.

Table 13: Parameter Page Definition

Byte Description Value
0-3 Parameter page signature: 4Fh, 4Eh, 46h, 49h
4Fh is ASCII for "O";
4Eh is ASCII for "N";
46h is ASCII for "F";
49h is ASCII for "T".
4-5 Revision number 02h, 00h
6-7 Features supported NM9A02G08AFI 18h, 00h
8-9 Optional commands supported 3Fh, 00h
10-31 Reserved. 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00k,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h
32-43 Device manufacturer 4Dh, 49h, 43h, 52h, 4Fh, 4Eh, 20h, 20h,
20h, 20h, 20h, 20h
44-63 Device model NM9A02GO8AFI 4Dh, 54h, 32h, 39h, 46h, 32h, 47h, 30h,
38h, 41h, 42h, 41h, 45h, 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, O0h, O0h,
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. 40h, 00h
86-89 Number of data bytes per partial page. 00h, 02h, 00h, 00h
90-91 Number of spare bytes per partial page. 10h, 00h
92-95 Number of pages per block. 40h, 00h, 00h, 00h
96-99 Number of blocks per logical unit. 00h, 08h, 00h, O0h
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, O5h
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Byte Description Value
107 Guaranteed valid blocks at beginning of target. 01h
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 correctability. 04h
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/O pin capacitance. 0Ah
129-130 | Timing mode support NM9A02GO8AFI 3Fh, 00h
131-132 | Program cache timing mode | NM9A02GO8AFI 3Fh, 00h
support.
133-134 | tPROG Maximum page program time. 58h, 02h
135-136 | tBERS Maximum block erase time. B8h, 0Bh
137-138 | tR Maximum page read time. 19h, 00h
139-140 | tCCS Minimum. 64h, 00h

141-163 | Reserved

00h, 00h, 00h, 00h, 00h, 00h, 00h, 00k,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00k,
00h, 00h, 00h, 00h, 00h, 00h, 00h

164-165 | Vendor-specific revision number.

01h, O0h

166-253 | Vendor-specific.

01h, 00h, 00h, 02h, 04h, 80h, O1h, 81h,
04h, 01h, 02h, 01h,0Ah, 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, 00,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00,
00h, 00h, 00h, 00h,00h, 00h, 00h, O0h(

254-255 | Integrity CRC.

Set during test.

256-511 | Value of bytes 0-255.

512-767 | Value of bytes 0-255.

768+ Additional redundant parameter pages.

2.12. Unique ID

The device comes with a Unique ID feature to allow for the implementation of serial number mechanisms which

the user may leverage for security considerations. A combination of Unique ID and device manufacturer is truly

unique.

The device has sixteen copies of unique ID in its internal memory array, each copy being 32 bytes in length.

Within each copy, the first 16 bytes are the unique data, with the second 16 bytes being its complement, which
enables the host designer to utilize XOR operation to check data integrity. Should the XOR data check fail, the
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host can repeat the XOR operations on subsequent copies until a correct copy is detected.
Table 14: Unique ID and Its Complement

Bytes Value
0-15 Unique ID
16-31 Unique ID's bit-wise complement

2.13. Status Register

The Status Register offers a means for the host to poll the status of the previous operation. The host can launch

either Read Status or Read Status Enhanced operations to retrieve Status Register value from the device.

The status register is defined as below.
Table 15: Status Register Definition

SR | Program | Program Page | Page Read Page Read Block Erase Description
Bit Page Cache Mode Cache Mode
7 Write Write Protect | Write Protect | Write Protect | Write Protect | 0= Protected
Protect 1 =Not protected
6 RDY RDY cache RDY RDY cache RDY 0 =Busy
1=Ready
5 ARDY ARDY ARDY ARDY ARDY Don't Care
- - - - - Don't Care
- - Rewrite - - 0 = Normal or uncorrectable
recommended 1 = Rewrite recommended
- - - - - Don't Care
1 FAILC FAILC (N-1) Reserved - - Don't Care
(N-1)
0 FAIL FAIL (N) FAIL - FAIL 0 = Successful PROGRAM /
ERASE /READ
1 = Error in PROGRAM /
ERASE / READ
Notes:
1. For simplicity, the acronym "SR" is used throughout the document to denote Status Register.
2. SR[6] is 1 when the cache is ready to accept new data.
3. R/B# follows the value of SR[6].
4. SR[5]is 0 during program operation. In cache mode, this bit is 1 when all internal operations are complete.
5. SR[0] being FAIL signifies that an uncorrectable error has occurred.
6. SR[6] and SR[5] are shared by all planes on the die (LUN) selected by Read Status Enhanced 78h command.
7. SR[1] and SR[0] are specific to the plane specified by the row address, which comes with the Read Status

Enhanced 78h command.

2.14. Block Lock Feature

The device has block lock feature which protects a specified range of blocks against program and erase
operations. It is preferable to using WP# pin for memory protection.

This feature is determined by the status of LOCK pin at power-up. LOCK being Low at power-up will disable all
Block Lock commands. LOCK being High at power-up will enable Block Lock commands, and all blocks are
protected by default, regardless of the value of WP# pin. Locked blocks can be locked tight, which disables any
locking or unlocking operations on the devices blocks.

In order to modify the content of the memory array of the NAND Flash, unlock operation should be performed.
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Program and erase operations take effect only in unlocked address space.

2.14.1. WP# and Block Lock

The rules of WP# and Block Lock mechanism is listed as follows.

1. If the blocks are not locked tight, then holding WP# Low locks all blocks.

2. If WP# goes Low and High again, then a new Unlock command is needed to unlock blocks if program or
erase operations are desired.

2.14.2. Boundary Block Address Registers And Invert Area Bit

The range of unlocked blocks is defined by two registers and one control bit:

1. Upper boundary block address register;

2. Lower boundary block address register (must be less than the upper boundary block address register);

3. Invert area bit.

If invert area bit is 0, then the address range between the two registers are unlocked. Otherwise if invert area bit
is 1, then the address range outside the two registers are unlocked. See the figures below for demonstration for
this mechanism.

Protected Area

Block 2047
Block 2046 Unprotected Area
Block 2045
Block 2044 7FCh Upper Block Boundary
Block 2043
Block 2042
Block 2041
Block 2040 7F8h Lower Block Boundary
Block 2039

- Protected Area

Block 0002
Block 0001
Block 0000

Figure 4: Flash Array Protected: Invert Area Bit =0
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Unprotected Area

Block 2047
Block 2046 Protected Area
Block 2045
Block 2044  7FCh Upper Block Boundary
Block 2043
Block 2042
Block 2041
Block 2040 7F8h Lower Block Boundary
Block 2039

>-Unprotected Area

Block 0002
Block 0001
Block 0000

Figure 5: Flash Array Protected: Invert Area Bit =1

2.14.3. Block Lock Addressing

The address cycles that accesses the boundary block address registers are defined in the following table. Address
cycles following Unlock 23h and 24h commands indicate the lower and upper boundary block address registers,
respectively. The LSB of page address corresponds to the invert area bit.
The device allows only one range to be specified by the boundary block address registers. After 23h and 24h
unlock commands has taken effect, if more 23h or 24h commands are issued, then these registers will be updated
with new values.

Table 16: Block Lock Addressing

Bus Cycle 10171 I0[e6l] 10I5] 101[4] 10I3] I0[2] I0[1] I0[0]
1st Cycle BA[7] BA[6] Low Low Low Low Low Invert

Area Bit
2nd Cycle BA[15] BA[14] BA[13] BA[12] BA[11] BA[10] BA[9] BA[8]
3rd Cycle Low Low Low Low Low Low BA[17] BAJ[16]
Notes:

1. The Invert Area Bit is valid in 24h command. It may be Low or High in 23h command.

2.14.4. Block Lock Status Register

Block lock status register contains detailed information of the lock or unlock status of a block. The host can poll
this register to learn the protection status of a specific block.
Table 17: Block Lock Status Register Bit Definition

Block Lock Status Register Definition 10[7:3] IO[2] (Lock#) | IOI[1] (LT#) I0[0] (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
Notes:
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1. LT is acronym for Lock Tight.
2.14.5. Block Lock Flow

The control flow of block lock mechanism is summarized in the following figure.

Power-Up
Power-up with LOCK pin High Power-up with LOCK pin Low(default)
Entire NAND Flash Block Lock function
array is Locked is disabled
Lock Tight command
with WP# and LOCK
pins High
Entire NAND Flash
array is Locked Tight
Unlock command with Unlock command with
invert area bit=1 invert area bit =0
Unlock emd with WP# Low > 100ns Unlock command with
invert area bit=1 or Lock emd invert area bit=0
WP# Low > 100ns Unlocked Range Locked Range
or Lock emd Locked Range Unlocked Range
Unlock ecmd with invert area bit =1
Unlocked Range Locked Range
Unlock emd with invert area bit =0
Lock Tight command with Lock Tight command with
WP# and LOCK pins High WP# and LOCK pins High
Unlocked Range Locked Tight Range
Locked Tight Range Unlocked Range
Unlocked Range Locked Tight Range

Figure 6: Block Lock Flowchart

3. Bus Operations

3.1. Asynchronous Interface Mode Selection

The mode selection of the bus interface is summarized in the following table.
Table 18: Asynchronous Interface Mode Selection

Mode CE# CLE ALE WE# RE# (@)% WP#
Standby H X X X X X 0V/Vcc
Command Input L H L " H X H
Address Input L L H &) H X H
Data Input L L L " H X H
Data Output L L L H ki) X X
Write Protect X X X X X X L
Notes:

1. H=Logiclevel HIGH; L = Logic level LOW; X = Logic level HIGH or LOW.

DS009 (v1.0) Oct 28, 2020 22 https://neumem.com/
Product Specification



NAND Flash Memory NM9AO2GO8AFI

2. WP# should be biased to CMOS Low or High for standby.
The mode selection table is graphically interpreted in the following figures in order to aid understanding.
Detailed timing diagrams for the various bus modes will be presented in later section.

3.2. Standby

It is a typical practice to drive CE# pin to HIGH when the device is not performing an operation, which puts the
devices in standby mode. In standby mode the device is deselected, outputs are disabled, and the device
operates at reduced power consumption.

The device has CE# "Don't Care" capability that allows the NAND Flash to share the asynchronous bus with
other memory devices: While the current NAND Flash is busy in its internal operations, other devices on the
same bus can be accessed. This feature enables the designer to place multiple NAND Flash devices on one
asynchronous bus.

3.3. Asynchronous Command Input

Asynchronous command input cycle issues a command to the device, instructing it to perform a certain action.
Commands are loaded from IO[7:0] to internal command register by WE# rising edge when CE# is low, CLE is
high, ALE is low and RE# is high.

While the device is busy (RDY=0), only Read Status and Read Status Enhanced commands are accepted, while
other commands are typically ignored. For commands that modifies (write or erase) any contents in the memory,

WP# pin must be high.
CLE tCLS tCLH
_ e Y N——
tCS tCH
CE# /\ N /
tWP
WE# # /
’ tALS | tALH
ALE /\ X /
tDS | tDH
10]7:0] /)t CMD j( /
R/B# tWB

Figure 7: Asynchronous Command Input Cycle Timing Diagram

3.4. Asynchronous Address Input

Asynchronous address input cycle allows the host to feed the address of a read, program or erase operation to
the device. Addresses are loaded from IO[7:0] to internal address register on the rising edge of WE# when CE# is
low, ALE is high, CLE is low and RE# is high.

Bits that do not belong to valid address space must be set to low. The number of address cycles is dependent on
the command it belongs to; refer to command descriptions for detailed requirements of address cycles.

While the device is busy (RDY=0), only the address of Read Status Enhanced command is accepted, while the
address cycles of other commands are typically ignored.
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cLe 7777\

ALE % X // /
tps tou
10[7:0] / )F ADDR % /
\

Figure 8: Asynchronous Address Input Cycle Timing Diagram

3.5. Asynchronous Data Input

The asynchronous bus feeds data to the device on WE# rising edge when CE# is low, ALE is low, CLE is low and
RE# is high. Input data may be used to program the device memory array, or to modify device configurations. If
Program operation is to be performed, WP# pin should be high during data input cycles.

While the device is busy (RDY=0), data input is ignored by the device.

tcLu

CLE Ny S

~ tcu -
CE# /

~ twp L twa p twp - twp
—\ — —
WE# /[ e —/ D
~ taLs -

ALE /\ Ny

tos | tou tos | ton tos | ton
10[7:0] /)F D0 */ /)F Dl )FZ A(DINN %/
\ \ 7 \
Figure 9: Asynchronous Data Input Cycle Timing Diagram

3.6. Asynchronous Data Output (Normal)

Data output operation transfers data, Status register, among other configuration information, from the device to
the host. Data bytes can be shifted out of the device in a serial manner on RE# falling edge when CE# is low, ALE
is low, CLE is low, and WE# is high.

If the host drives RE# high so that trc >= 30ns, then the host can latch the data on RE# rising edge, see the timing
diagram below, which illustrates normal output mode.
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P tcea
CEf ///\ . /
tcaz
tre <
< > tcon
‘tRP o trREH trp P trp <>
RE# \ / \ / >? \ /
n—/ trHZ | S— truz N/ truz
L Sa— <
trHOH trHOH trHOH
trREA < » | | trEA < » trREA < »
10[7:0] /)( Dout0 ; L Dourl ’ ; + DourN <ZZ
J

R/B# ,k ”
t

RR

Figure 10: Asynchronous Data Output Cycle (Normal) Timing Diagram

3.7. Asynchronous Data Output (EDO)

During read operations, if RE# is driven in such a way that trc < 30ns, then the host can latch data on the next
falling edge of RE# (Extended Data Output, EDO mode).

It should be noted that the device gives no indication whether it is in normal or EDO mode, nor does it indicate
when output data is valid or when it is not. It is up to the host designer to sample output data at correct time.

B tcnz R
CE# /\ i /[
tcon
‘tRP‘LtREH‘ <
RE# \\_1/_\ / ;S—\_/
trc
trr < >
R/B# 4
E— . tREA‘ trEA . trHZ
. tcea : trLOH trRHOH
10[70] /)( Dour0 Dourl XZ—Az /X DourN (

Figure 11: Asynchronous Data Output Cycle (EDO) Timing Diagram
3.8. Write Protect

Hardware Write Protection is enabled when WP# is low. While the device is protected, all Program and Erase

commands are ignored and the content of the memory array is protected against any modification. It is

recommended to drive WP# low during power-up to protect the device against inadvertent Program and Erase

operations.

If WP# is low or toggled low during Read operations, read is not interrupted and will behave as normal.

If WP# is toggled during Program or Erase operations (R/B# is low):

1. The Program or Erase operation is aborted.

2. The data being programmed or erased becomes invalid.

3. The SR becomes 60h until a Reset command, a new operation or power-cycling is applied to the device.

4. In asynchronous mode, toggling WP# low during Program or Erase operations is equivalent to a Reset (FFh)
command; in synchronous mode, it is equivalent to Synchronous Reset (FCh) command.
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3.9. Ready/Busy#

The ready/busy# (R/B#) pin indicates whether a target is ready or busy. When R/B# is Low, the target is "busy"
(RDY=0), which is defined as one or more of LUNs being busy with internal operations; when R/B# is High, the
target is "ready", which is defined as all LUNs being ready (RDY=1). Besides, the status of each LUN can also be
determined by polling the Status Register of the corresponding LUN.
R/B# is an open-drain signal that allows the R/B# pins of multiple devices to be tied together and create
wired-OR logic. R/B# requires an external pull-up resistor to pull it high when the device releases the pin to high
impedance state. The rise time of R/B# when it is pulled high is determined by RC constant Tc:

Te=ReXC
Where Rr is the resistance of the pull-up resistor, and C is the capacitive loading of R/B#.

NAND Flash
Device Rp
——@ Ve
R/B#
L
Open-Drain output
—@ Vss

Figure 12: R/B# Open-Drain Output

The value of Rr can be calculated using the following equation:
VCC ( MAX) -VOL ( MAX)
IOL +Z I

Where ) I is the sum of all input currents to the R/B# pin.

R,=

4. Device Operations
4.1. Reset

4.1.1.Reset (FFh)

Writing FFh command performs Reset operation on the device, which aborts all operations in progress and puts
the device into a known status.

After Reset command, the command register is cleared and is available to accept the next incoming command. If
Reset command is sent while the device is in Program or Erase operations, then the contents of the targeted flash
memory location may be invalid due to partially terminated operations.

Following FFh command, the device drives R/B# low for trst. After device power-up, the Reset command must
be the first command issued to all CE#s, after which the device will be in busy state for Ims max.
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CLE / \
CE# \ /

e ‘\—JL\
10[7:0] FFh

n___/
Reset Command

tws trsT
R/B# F 1’

Figure 13: Reset (FFh) Timing Diagram

4.2.Read ID (90h)

The Read ID 90h command reads ID information which is preprogrammed into the device. The command is
accepted only when all LUNS of the target are idle.

A combination of 90h command and 00h address outputs 5-byte ID code that includes device Manufacturer ID,
device configuration, and part-specific information.

A combination of 90h command and 20h address outputs 4-byte ID code that corresponds to ONFI Signature.
|

Dour X Dour X Dour X Dour )—
\
Byte 0 X Byte 1 X Byte 2 X Byte 3 }—

Cycle Type

10[7:0]

twHR

R/B#

Figure 14: Read ID Operation: Manufacture ID

Dour X Dour X Dour X Dour )—
\
4Fh X 4Eh X 46h X 4%h »—

»

Cycle Type

10[7:0]

twHR

R/B#

Figure 15: Read ID Operation: ONFI Signature

CLE / \
CE#  \

WEt \ [/ \ /

tar
ALE / WL

twHR

<€ >

RE# /S S S

Address, 1 Cycle trEA
10[7:0] 90h Byte) )—— Bytel }——( Byte2 }—— Byte3 }—— Byted )}————
Figure 16: Read ID Timing Diagram

DS009 (v1.0) Oct 28, 2020 27 https://neumem.com/
Product Specification



NAND Flash Memory NM9AO2GO8AFI

4.3. Read Parameter Page (ECh)

The Read Parameter Page ECh command reads the ONFI parameter page preprogrammed into the device. The
command is acceptable only when all LUNSs of the target are idle.

Writing ECh command and 00h address puts the device in Read Parameter Page mode, with R/B# pulsed low for
a duration of tr, which indicates that the device is busy retrieving the internal data structure. After R/B# goes
high again, parameter page information is ready to be shifted out of the device on consecutive RE# falling edges.
The target stays in the Read Parameter Page mode until another valid command is input to the device.

While the device is busy during tr, the Read Status (70h) command can be used to poll the device and check the
status for command completion, after which the Read Mode (00h) command must be issued to place the device
back into data output mode. However, the Read Status Enhanced (78h) command should not be used during the
execution of ECh command.

To guarantee data storage reliability, the device has many copies of the parameter page. If the device returns
incorrect parameter page data in response to an initial ECh command, the command can be reissued to read the
next parameter page. The process can be repeated until a correct copy is retrieved.

During read operations, the Random Data Read (05h-EOh) command can be issued to move to a different column
address for data output.

Cycle Type

10[7:0]

R/B#

Cycle Type Dour X Dour X Dour X Dour X Dour X Dour X Dour X Dour X Dour )7
I0[7:0]{ P0» X Pln X - X Eoo X Elo X oo X Eoi X EL X o —

R/B# ‘

Figure 17: Read Parameter Page Operation
CLE_ /\ (
ALE /T \ ﬂﬂ

17 177

{L {

wet \___/ s »

trc

trRrR trp

. { \ { \
10[7:0] — ECh }——— 00h ) (P00 — Pl ) QD (P255 }— P0: ) QD
{L

tr Or tr_ECC
>

S ¥ )

Figure 18 Read Parameter Page Timing Diagram

4.4. Read Unique ID (EDh)

The Read Unique ID (EDh) command retries a series of 16 byte Unique IDs from the device. The command is
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acceptable only when all LUNS of the target are idle.

Writing ECh command and 00h address places the device into busy state with R/B# being low for a duration of t.
After R/B# goes high again, data is shifted out of the device for every RE# toggle.

While the device is busy, the Read Status (70h) command can be used to check the device for command
completion status. After 70h is finished, Read Mode (00h) command should be issued to allow the device to

continue with data output.

( Dour X Dour X Dour X Dour X Dour X Dour )—
( U0 X Ule X - X vo: X vt X —

Figure 19: Read Unique ID Operation

4.5. Feature Operations

Get feature and set feature commands enables the host to access the feature table in the device.

4.5.1.Get Features (EEh)

Command EEh combined with a feature address byte reads the specified subfeature parameters (P1 through P4)
from the address. The device goes busy for a minimum of trear, after which feature data bytes are ready to be
retrieved from the device. The Read Status (70h) command can be used to monitor the device for command
completion; after 70h command is complete a Read Mode (00h) command should be issued to place the device

back into data output mode.

Dour X Dour X Dour X Dour )—
P1 X P2 X P3 X P4 }——

Cycle Type

10[7:0] FA )

tws | trEAT | trRrR
»ld »ld
» < »<

R/B# L +

Figure 20: Get Feature Operation

4.5.2.Set Features (EFh)

Writing EFh command in combination with one of the feature addresses puts the device in Set Features mode;
after a minimum delay of tapi, subfeature parameters P1 through P4 can be input to the device. After all
parameter data are input, the target becomes busy for trear. The Read Status (70h) command can be issued to poll
the device for command completion status.

Subfeature parameter information is volatile; by default, the feature value written to the device remains valid
until the device is power cycled. Once set, the feature value remains valid even if a Reset (FFh) command is
issued, unless the feature table specifies otherwise.

The EFh command and address 90h can be used to enable or disable the internal ECC of the device.

Among available feature addresses, 01h (timing mode) is unique: If EFh is used to modify the interface type, the
target will be busy for tirc.
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| |
Din X Div X Din X Dy
\ \

P1 X P2 X P3 X P4

tabL tws trFEAT

< >

N N

Figure 21: Set Features Operation

4.6. Status Operations

4.6.1.Read Status (70h)

Each die (LUN) of the device has its own 8-bit status register. The Read Status 70h command accesses the status
value of the last-selected die (LUN) of the target. If the current target has only one die (LUN), then 70h can be
used to retrieve the device status after any NAND command. The command is accepted by the addressed die
(LUN), and can be issued even when the device is busy (RDY=0).

The 70h command outputs the contents of the Status Register of the most recently selected LUN. During
interleaved die (multi-LUN) operations, only one die (LUN) can be enabled for SR output to prevent data
contention. To select a specific die for SR output, Read Status Enhanced (78h) command can be used.

When 70h command is used to check the status of a read operation during execution, the device remains in SR
output mode until another valid command is received; in such case, a read mode command 00h should be issued
to bring the device back to read operation and continue with the data output flow.

When internal ECC is enabled, 70h command is required after tr ecc of data transfer to detect whether an

uncorrectable read error is encountered.

Cycle Type CMD
10[7:0] 70h ) @_

twHR

< >

Figure 22: Read Status Operation
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Figure 23: Read Status Timing Diagram
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4.6.2.Read Status Enhanced (78h)

The Read Status Enhanced 78h command is used with three row address cycles including page, block and LUN
addresses to select the specified die (LUN) and put it in read status mode; unselected dies (LUNSs) are disabled to
avoid bus contention. The addressed die remains in this mode until another valid command is accepted.
For a multi-LUN device, the 78h command outputs the contents of the Status Register of the addressed LUN,
and the host may also use this command for LUN selection. This command is accepted by all dies (LUNSs), even
when the device is busy (RDY=0).
The 78h command also enables the addressed die (LUN) for data output. During a Read-series operation, after
the addressed die (LUN) is ready (RDY=1), issuing Read Mode 00h command places the device back in data
output mode.
The 78h command is prohibited in the following situations:
1. During power-on Reset FFh command.
2. When OTP mode is enabled.
3. After some other reset, ID and configuration commands; see command descriptions for detail.

|

Cycle Type —— CMD X ADDRYADDRYADDRy—————— Dovr }——
|
10[7:0]—— 78h X Rl X R2 X R3 }——

twHR

>

Figure 24: Read Status Enhanced Operation
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Figure 25: Read Status Enhanced Timing Diagram

4.7. Column Address Operations

The column address operations allows access to the data from the cache register in the select die (LUN), which
enables the host greater flexibility in data manipulation, and allows the host to take advantage of the NAND
Flash internal cache register if the host buffer is small.

With asynchronous interface active, any byte in the selected cache register can be accessed via column address

operations.
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4.7.1.Random Data Read (05h-EOh)

While data is shifted out of the cache register, the host can change the column address to be output by issuing
05h-EOh commands. The two column address cycles specify the column address to read. This command is
accepted by the selected die (LUN) when it is ready (RDY=1, ARDY=1), or during Cache Read oeprations (Rdy=1,
ARDY=0).

After EOh command, the host should wait for at least twur before driving output data. The selected die (LUN)
remains in data output mode until another valid command is received.

If the target has more than one die (LUN), then for interleaved die (multi-LUN) operations the Read Status
Enhanced (78h) command should be issued prior to 05h-EOh to avoid bus contention.

The behavior of Random Data Read command is shown below.

| | |

Cycle Type — Dour X Dour }— CMD XADDRXADDRX CMD }———= Dour X Dour X Dour }—
| | |

10[7:0]— Dn X Dn+1 — 05h X €1 X C2 X Eoh ———= Dk X Dk+l X Dk+2 }—

R/B#

€ » <& »

trREW twHr

Figure 26: Random Data Read Operation
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Figure 27 Random Data Read Timing Diagram

4.7.2.Random Data Read Two-Plane (06h-EOh)

The Random Data Read Two-Plane command 06h-EOh changes the LUN, plane and column addresses of a Read
command operation. Two column and three row address cycles enables data output at the specified column
address. This command is accepted by a die (LUN) when it is ready (RDY=1, ARDY=1).

After EOh command, the host should wait for at least twur before driving output data. The selected die (LUN)
remains in data output mode until another valid command is received.

If the target has more than one die (LUN), the 06h-EOh command can be used after an interleaved die
(multi-LUN) read operation when all dies (LUNSs) are ready (RDY=1). Dies (LUNs) not accessed are deselected to
avoid bus contention.

If the target has more than one die (LUN), then for interleaved die (multi-LUN) operations with more than one
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dies (LUNSs) being busy (RDY=1, ARDY=0 or RDY=0, ARDY=0), the Read Status Enhanced 78h command should
be issued to select a certain die (LUN) before the 06h-EOh command, otherwise bus contention may occur.
This command is not applicable for single-LUN devices.

Cycle Type — Dour X Dour »— CMD X ADDRXADDRX ADDRXADDRXADDRX CMD »———— Dour X Dour X Dour }—
\ \ \
10[7:0]— Dn X Dn+1 }— 06h X €1 X c2 X Rl X R2 X R3 X E0h }——— Dk X Dk+1 X Dk+2 }—

R/B#

< » < »

tRHW twHRr

Figure 28: Random Data Read Two-Plane Operation

4.7.3.Random Data Input (85h)

During data input cycles, the host can change the destination column address by issuing the 85h command
followed by two address bytes, which is interpreted as the column address for upcoming data stream. This
command is accepted by a die (LUN) when it is ready (RDY=1, ARDY=1), or during cache program operations
(RDY=1, ARDY=0).

After the last byte of the new address is input, the host must wait for at least tapL before feeding input data bytes.
The selected die (LUN) remains in data input mode until another valid command is received.

For 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) commands, the Random Data Input 85h command is
acceptable during data input cycles.

As defined for Page As defined for Page

(Cache) Program | (Cache) Program

|
CMD XADDRXADDR}——— Dn X D X Dn »—

gsh X C1 X éz — D‘k X Dk+1 X Dk+2 }—

tabL

Cycle Type

10[7:0]

R/B#
Figure 29: Random Data Input Operation

4.7.4.Program For Internal Data Input (85h)

The Program For Internal Data Input command 85h changes both row and column address during the current
program command sequence, and enables data input on the specified die (LUN). This command is accepted by a
die (LUN) when it is ready (RDY=1, ARDY=1), or during cache program operations (RDY=1, ARDY=0).

After the last byte of the new address is input, the host must wait for at least tapL before feeding input data bytes.
The selected die (LUN) remains in data input mode until another valid command is received.

For 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) commands, the 85h
command is acceptable between these commands' address cycles and the final command cycle (10h, 11h, 15h).
The 85h command allows the host to change the original address of the data in the cache register and reroute it
to a new address.

If the target has more than one die (LUN), the 85h command should be used with commands that support
interleaved die (multi-LUN) operations.

When used in conjunction with Random Data Read 05h-EOh or Random Data Read Two-Plane 06h-EOh
commands, the 85h command allows the host to read and modify the cache register contents prior to program
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operations, reducing the buffer size required in the host controller.

As defined for Page As defined for Page
(Cache) Program (Cache) Program

| |

Cycle Type Dv X D }——— CMD XADDRXADDRXADDRXADDRXADDRX CMD »——— D X Dnv X D
\ \

10[7:0] Dn X Dn+l }—— 850 X C1 X €2 X R1 X R2 X R3 X 10h }—— Dk X Dk+1 X Dk+2 }+—

tapL

R/B#
Figure 30: Program for Internal Data Input Operation
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Figure 31: Program Page with Random Data Input Timing Diiagram

4.8. Read Operations

The host uses read commands to acquire data stored in the flash memory array. The Read Page (00h-30h)
command reads one page from the device to the cache register, and allows data in cache register to be output.
While data is output, Random Data Read (05h-EOh) and Random Data Input (85h) commands can be issued to
read and modify the data in cache registers.

Read operations fall into several categories, which will be explained in further detail in the following sections.

4.8.1.Read Mode (00h)

If a Read operation (00h-30h, 00h-3Ah, 00h-35h) is polled with status register by 70h or 78h commands, then the
Read Mode (00h) command can be issued to disable the status output and enable the device to output data from
the last-select die (LUN). This command is accepted by the die (LUN) when it is ready (RDY=1, ARDY=1) or
during Read Page Cache (31h, 00h-31h) commands (RDY=1 and ARDY=0).

While doing interleaved die (multi-LUN) operations for a target with more than one dies (LUNs), the Read
Mode (00h) command should be preceded by Read Status Enhanced (78h) command which selects only one die
(LUN) and thus prevents bus contention.

4.8.2.Read Page (00h-30h)

The Read Page (00h-30h) command launches a read operation: it first copies a page from the array to the cache
register, and then enables data output from the cache register. This command is accepted by the die (LUN) when
itis ready (RDY=1, ARDY=1).

The 00h and 30h commands are issued with address cycles between them. After the command sequence, R/B# of
the selected die (LUN) is pulsed low for tr while the device is busy with internal operations. When R/B# is
pulsed high again, the host may output cache data by toggling RE# repetitively. The Random Data Read
(05h-EOh) command can be issued to modify the read address during data output.
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Alternatively, the host may also poll the status register (70h, 78h) to determine when the device is ready to
output data. When status register indicates the device is ready (RDY=1, ARDY=1), a Read Mode (00h) command
should be issued to disable status output and place the device back in data output mode.

If internal ECC is enabled, the Read Status (70h) command should be used after tr ecc data transfer to detect
whether an uncorrectable read error is encountered.

|
Cycle Type—{ CMD X ADDR X ADDRX ADDR X ADDR X ADDRX CMD ) Dour X Dour X Dour y—
|

10[7:0]— 00h X C1 X €2 X Rl X R2 X R3 X 30h ) DO X DI X D2 »—

tws L tr L trrR

R/B# \

Figure 32: Read Page Operation

10[7:0]— 00h X C1 X C2 X R1 X R2 X R3 X 30h }—— 70h XStatusX 30h }—— D0 X D1 X D2 }—

R/B# \ /

SR[0] = 0: READ successful
SR[1] =0: READ error

Figure 33: Read Page (00h-30h) Operation with Internal ECC Enabled
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Figure 34 Read Page Timing Diagram
DS009 (v1.0) Oct 28, 2020 35 https://neumem.com/

Product Specification



NAND Flash Memory NM9AO2GO8AFI

STz o N S R N RRN B &
CEr NI\ LN LN N N LITTTTTIN L7T7N [T\ LTI
R T % % % % % [0 1 N N2 N U/ N
w_ T TN 1 (
; ; ; ; ; ; tr Or tr_ECC |
L. — §
we T\ N\ N\ : §
IO[7:O]—< Oah )—( ‘ ‘Address Input‘(5 cycles) ‘ ‘ )—( 30h )—( } Data Output gl )—
N
i tcea ‘}
e 777 i
i trREA }
i RE# :—/4—» tchz i
} tcom (€| i
' 10[7:0] ———— Output }—— i

Figure 35 Read Page With CE# "Don't Care" Timing Diagram
4.8.3.Read Page Cache Sequential (31h)

The Read Page Cache Sequential (31h) command allows the next sequential page within a block to be read into
the data register, while the previous page is being output from the cache register. This command is accepted by
the die (LUN) when it is ready (RDY=1, ARDY=1) or during Read Page Cache (31h, 00h-31h) operations (RDY=1,
ARDY=0).

After the 31h command is issued, R/B# goes low for tressy and the die (LUN) is busy (RDY=0, ARDY=0). After
R/B# goes high, the status of the die (LUN) becomes busy with cache operation (RDY=1, ARDY=0), which
indicates the cache register is available for data output, and the next page is being copied from the memory array
to the data register. The Random Data Read (05h-EOh) command can be used to change the read address from
the cache register.

The 31h command can read across block boundaries, but not across die (LUN) boundaries. When approaching
die (LUN) boundaries, the Read Page Cache Last (3Fh) command should be used.

\ \
Cycle Type —(Cde Addr X5 XCmd> Cmd DOUTXDOUTXDOUT Cmd>7-
‘ \or ‘
10[7:0]— 00h X Page Addr M X 30h ) 31h ) DO X ... X Dn Y« 3th }————"D0 X ...... )

tws tr tRR tws | treesy | tRR tws | treesy | trRrR
P
e

Page M Page M+1
Figure 36: Read Page Cache Sequential Operation
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Figure 37 Read Page Cache Sequential Timing Diagram
4.8.4.Read Page Cache Random (00h-31h)

The Read Page Cache Random (00h-31h) command allows the specified page within a block to be read into the
data register, while the previous page is being output from the cache register. This command is accepted by the
die (LUN) when it is ready (RDY=1, ARDY=1) or during Read Page Cache (31h, 00h-31h) operations (RDY=1,
ARDY=0).

The 00h-30h command comes with five address cycles, but the column address is ignored because the command
only accesses a page address. This command cannot read across die (LUN) boundaries, so a series of 00h-30h,
00h-31h commands must access the same die (LUN) address.

After the 00h-30h command is issued, R/B# goes low for trcssy and the die (LUN) is busy (RDY=0, ARDY=0).
After R/B# goes high, the status of the die (LUN) becomes busy with cache operation (RDY=1, ARDY=0), which
indicates the cache register is available for data output, and the next page is being copied from the memory array
to the data register. The Random Data Read (05h-EOh) command can be used to change the read address from
the cache register.
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Figure 38: Read Page Cache Random Operation
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Figure 39: Read Page Cache Random Timing Diagram
4.8.5.Read Page Cache Last (3Fh)

|
|
|
|
| Column Column
|
|
|
L
|
|
|

R/B#

The Read Page Cache Last (3Fh) command terminates the read page cache process and copies the page data from
data register to cache register. This command is accepted by the die (LUN) when it is ready (RDY=1, ARDY=1) or
during Read Page Cache (31h, 00h-31h) operations (RDY=1, ARDY=0).

After the 3Fh command is issued, R/B# goes low for tressy and the die (LUN) is busy (RDY=0, ARDY=0). After
R/B# goes high, the status of the die (LUN) becomes ready (RDY=1, ARDY=1), which indicates the cache register
is available for data output. The Random Data Read (05h-EOh) command can be used to change the read address
from the cache register.
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As defined for Read Cache
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\
Cyde Type CMD Dour X Dour X Dour X CMD) Dour X Dour X Dour )
\
10[7:0] 31h ) DO X - X Dn X 3Fh ) DO X - X Dn )
P tws J‘tRCBSYJ‘tRE P tws J‘tRCBSYJ‘tRE
R/B# w F ](
N )
e
Page Address N Page N

Figure 40: Read Page Cache Last (3Fh) Operation

4.9. Program Operations

Program operations loads data into the device, and moves data from cache register or data register to NAND
Flash array via non-volatile programming process. The device is typically programmed in units of pages.

The host can monitor the device's R/B# pin to detect completion of the Program process, and Status Register
should be polled to check the status of FAIL bit after Program completes.

Pages within a block should be sequentially programmed, starting from the least significant page address.

4.9.1.Program Page (80h-10h)

The Program Page (80h-10h) command accepts input data to the cache register, and writes data to the array page
address specified in address cycles. This command is accepted by the die (LUN) when it is ready (RDY=I,
ARDY=1) or during Program Page Cache (80h-15h) operations (RDY=1, ARDY=0).

The Program Page operation begins with 80h command and 5 address cycles, followed by data input cycles.
After input data sequence is complete, 10h command initiates the program operation.

After the 10h command is issued, R/B# is driven low and the selected LUN goes busy (RDY=0, ARDY=0) for trroc
(without internal ECC) or trroc_ecc (with internal ECC). The host can poll R/B# or status register (70h, 78h) for the
completion of the process. After the die (LUN) returns to ready (RDY=1, ARDY=1) state, the host should check
the FAIL bit in SR.

| | |
Cycle Type —{ CMD X ADDRX ADDRX ADDR X ADDRX ADDR}—( D X Dn X D X D X CMD
| | |
10[7:001— 80h X C1 X €2 X Rl X R2 X R3 < D0 X D1 X -~ X Dn X 10h -
PROG OI'

tapL

tws | tPROG_ECC
R/B# 4—@/

Figure 41: Program Page Operation
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Figure 43: Program Page with CE# "Don't Care" Timing Diagram

4.9.2.Program Page Cache (80h-15h)

The Program Page Cache (80h-15h) command accepts input data to the cache register, copies it to the data
register, and finally moves it to the memory array at the specified address of the selected die (LUN). After the
data is copied to data register, the cache register is available for new data from Program Page Cache (80h-15h) or
Program Page (80h-10h) commands. This command is accepted by the die (LUN) when it is ready (RDY=1,
ARDY=1) or during Program Page Cache (80h-15h) operations (RDY=1, ARDY=0).

The Program Page Cache operation begins with a 80h command and 5 address cycles, followed by data input
cycles and 15h command.

After the 15h command is issued, R/B# is driven low and the selected LUN goes busy (RDY=0, ARDY=0) for tcssy
to perform internal operations. The host can poll R/B# or status register (70h, 78h) for the completion of the
process. After the die (LUN) returns to busy with Program Cache operation (RDY=1, ARDY=0), the host should
check the FAILC bit in SR.

Multiple 80h-15h commands can be cascaded in a series of commands; the host may use Program Page Cache
(80h-10h) as the final command cycle. However, it is also acceptable to use 80h-15h without 80h-10h at the end;
in such case, after tcssy the host should first poll the SR until ARDY=1, and then check FAIL and FAILC bits.
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Figure 44: Program Page Cache (80h-15h) Operation (Start)

| |
Cycle Type —{ CMD X ADDRXADDRXADDRXADDRXADDR— D X D X Dwn X Dw X CMD )}

10[7:0]— 80h X Cc1 X €2 X Rt X R2 X % —

R/B#

| | |
Cycle Type = CMD XADDR X ADDRX ADDR X ADDRXADDR}—( Dw X D X Dn X D X CMD )

IO[7:0]—3~( goh X c1 X €2 X Rl X R2 X R‘3 — D‘O X b1 X

tabL

R/B#

Figure 45: Program Page Cache (80h-15h) Operation (End)
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Figure 46: Program Page Cache Timing Diagram
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Figure 47: Program Page Cache Ending on 15h
4.9.3.Program Page Two-Plane (80h-11h)

The Program Page Two-Plane (80h-11h) command addresses a specific plane, accepts input data to its cache
register, and queues it to be later programmed into the memory array. This command can be repeated to input
data to specific planes and queue them for program operations. The Program Page (80h-10h) or Program Page
Cache (80h-15h) command feeds data into the last plane and initiates the program operation of all queued planes.
This commanded is accepted by the die (LUN) when it is ready (RDY=1).

The Program Page Two-Plane (80h-11h) command begins with an 80h command and 5 address cycles, followed
by data input cycles and 11h command.

After the 11h command is issued, R/B# is driven low and the selected LUN goes busy (RDY=0, ARDY=0) for tcssy
to perform internal operations. The host can poll R/B# or status register (70h, 78h) for the completion of the
process. After the die (LUN) returns to ready (RDY=1), additional 80h-11h, 80h-10h or 80h-15h commands can be
issued.

If Program Page (80h-10h) is used as the final command, the die (LUN) will go busy for trroc. After it returns to
ready (RDY=1, ARDY=1), the host should check the SR for FAIL bit of all planes to confirm the status of program
operation.

If Program Page Cache (80h-15h) is used as the final command, the die (LUN) will go busy for tcssy. After it
returns to ready, the host should check the SR for FAILC bit of all planes to confirm the status of program

operation.

| | |

Cycle Type — CMD X ADDRX ADDRXADDRXADDRX ADDR}—( D X Dn X D X D X CMD
! ! !

10[7:001— 80h X C1 X €2 X Rl X R2 X R3 < D0 X D1 X - X Dn X 11h ( soh X ... )

tapL tws toBsy
R/B# 4—@

Figure 48: Program Page Two-Plane (80h-11h) Operation

4.10. Erase Operations

NAND Flash devices are erased on a block basis. All data bytes in the block are cleared to FFh by erase operation.

An erased block is ready for program operations.
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4.10.1. Erase Block (60h-D0h)

The Erase Block (60h-DOh) command erases the addressed block. This command is accepted by the die (LUN)
when it is ready (RDY=1, ARDY=1).

The Erase Block operation begins with a 60h command and three address cycles, followed by DOh command
which starts the erase process.

After the DOh command is issued, R/B# is driven low and the selected LUN goes busy (RDY=0, ARDY=0) for tsers
while erase operation is in progress. The host can poll R/B# or status register (70h, 78h) for the completion of the
process. After the die (LUN) returns to ready (RDY=1, ARDY=1) state, the host should check the FAIL bit in SR.

|
Cycle Type— CMD X ADDRX ADDRXADDRX CMD )

|
10[7:0]— 60h X R1 X R2 X R3 X DOh )

tws tBERS

R/B#

Figure 49: Erase Block Operation
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Figure 50: Erase Block Timing Diagram

4.10.2. Erase Block Two-Plane (60h-D1h) Operation

The Erase Block Two-Plane (60h-D1h) command addresses a specific block and queues it to be later erased. This
command can be repeated to queue specific blocks for erase operations. The Erase Block (60h-D0Oh) command
feeds the address of the final block and initiates the Erase operation for all blocks in the queue. This command is
accepted by the die (LUN) when it is ready (RDY=1, ARDY=1).

The operation begins with a 60h command and three row address cycles, followed by D1h command. The page
address is ignored.

After D1h command is issued, R/B# is driven low and the selected LUN goes busy (RDY=0, ARDY=0) for tossy to
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perform internal operations. The host can poll R/B# or status register (70h, 78h) for the completion of the process.
After the die (LUN) returns to ready (RDY=1, ARDY=1) state, additional 60h-D1h or 60h-D0Oh commands can be
issued.

Cycle Type — CMD X ADDRXADDRXADDR X CMD
|
10[7:01— 60h X R1 X R2 X R3 X Dih (6oh X ... )

tws toBsy

R/B#

Figure 51: Erase Block Two-Plane (60h-D1h) Operation

4.11. Internal Data Move Operations

Internal data move operations take advantage of cache register and internally transfers data from one page to
another page in the memory array, without the use of an external memory. This mechanism simplifies host
operations when moving data between the pages is required, and is especially useful when performing bad
block management and wear leveling.

To implement internal data move, first use the Read For Internal Data Move (00h-35h) command to copy the
address page from memory array to the cache register, and then issue the Program For Internal Data Move
(85h-10h) command to write the data to a new address in the memory array.

Following commands are accepted between 00h-35h and 85h-10h commands: status operations (70h, 78h),
column address operations (05h-EOh, 06h-EOh, 85h). Interleaved die (multi-LUN) operations are prohibited
between 00h-35h and 85h-10h.

Internal data move operations cannot cross plane or die (LUN) boundaries. To move data to a new plane or a
new die (LUN), it is up to the host to first read the data out of the device, and then program it back to the

expected address.

4.11.1. Read For Internal Data Move (00h-35h)

The Read For Internal Data Move (00h-35h) command is functionally equivalent to the Read Page (00h-30h)
command. It copies a page from the array to the cache register and enables data output.

After 00h-35h command, R/B# of the selected die (LUN) is pulsed low for tr during internal operations. When
the device is ready (RDY=1, ARDY=1) again, upcoming commands can be issued.

|
Cycle Type— CMD X ADDRX ADDRX ADDR X ADDR X ADDRX CMD ) Dour X Dour X Dour y—
|
10[7:0]— ooh X €1 X c2 X R1 X R2 X R3 X 35h ) Dn X Dn+l X Dn+2 y—
_twe o R tRR

R/B# :_/

Figure 52: Read For Internal Data Move (00h-35h) Operation
During internal data move operations, after 00h-35h moves page data to cache register and the device returns to
ready state, the host can output data using Random Data Read (05h-EOh) command.
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|
|
R/B# |
|

Figure 53: Read For Internal Data Move (00h-35h) with Random Data Read (05h-EOh)

4.11.2. Program For Internal Data Move (85h-10h)

The Program For Internal Data Move (85h-10h) command is functionally equivalent to the Program Page
(80h-10h) command, except that the cache register is not cleared. This command programs a page to the
designated memory array address.

After 85h-10h command, R/B# of the selected die (LUN) is pulsed low for trroc during internal operations. When
the device is ready (RDY=1, ARDY=1) again, the host should check the FAIL bit in SR.

|
Cycle Type— CMD X ADDRXADDR X ADDRXADDRXADDRX CMD )

|
10[7:01— 85h X €1 X €2 X Rl X R2 X R3 X 10h )

tws trroOG

R/B#
Figure 54: Program for Internal Data Move (85h-10h) Operation
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Figure 55: Internal Data Move Timing Diagram
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While the 85h-10h command is in progress, the Program For Internal Data Input (85h) command can be issued to

change the program address.
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Figure 56: Program for Internal Data Move (85h-10h) with Random Data Input (85h)

4.11.3. ECC Concerns in Internal Data Move Operations

To ensure data integrity, it is recommended to read data out of the device and check for ECC errors after the
00h-35h command, so that corrected data can be used with 85h-10h command. However, if internal ECC is
enabled, then chip internal logic can handle ECC verification and data correction without host intervention, thus

improving system performance.
%’fgg —(Cmd X AddrX5 X Cmd }————Cmd X Dour XCmd)—(DOUT)Gb—(Cde AddrX5 X Cmd }——Cmd X Dour XCmd }—
10[7:0] — 00h X Address X 35h }———— 70h XStatusX 00h }— )(39—( 85h X Address X 10h }—————(70h XStatusX 00h }—

Source Address SR[0] = 0: Read successful  Dour is Destination Address SR[0] = 0: Read successful
SR[1] = 0: Read error optional SR[1] = 0: Read error

tr ECC tPrROG_ECC
& -

Figure 57: Internal Data Move (85h-10h) with Internal ECC Enabled

%’gi —(Cmd X AddrX5 X Cmd }—————Cmd X Dour X Cmd }—— Dour ﬂD—(Cde AddrX5 X Div XCmd X AddrX2 X Dv XCmd Cmd
7
10[7:0] — 00h X Address X 35h }——— 70h XStatus¥ 00h }— QD—( 85h X Address X Data X 85h X Address X Data X 10h 70h
Source Address SR[0] = 0: Read successful  Dour is, Destination Address
SR[1] = 0: Read error optional

Column Address Cycles 1, 2.

trR_ECC Number of repetitions is unlimited. tPROG_ECC

Figure 58: Internal Data Move (85h-10h) with Random Data Input with Internal ECC Enabled
4.12. Block Lock Feature

Block lock feature allows a specific range of blocks of the device to be protected against program and erase

operations.

4.12.1. Unlock (23h, 24h)

The Unlock (23h, 24h) commands select a range of blocks for program or erase operations. The 23h command
specifies the lower boundary block address register, while 24h specifies the upper boundary block address. The
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LSB of the page address corresponds to the invert area bit.
The device allows only one range of blocks to be specified. If Unlock (23h, 24h) commands are issued many
times, then previous address values are lost and only the latest command takes effect.

WP#

CLE___ / \ / N\
CE#  \

e N\ S\ SN\
AE_ /  / A

RE#
Block \/ Block \/ Block Block \/ Block \/ Block
10[7:0] ——_23h }— adar 1 XAddr2 Xaddr3)—_23h ) adir1 X Addr2 X Addr3
Unlock Lower Boundary Upper Boundary
R/B#

Figure 59: Unlock Operations

4.12.2. Lock (2Ah)

The Lock (2Ah) command locks all blocks of the device. If there are blocks previously unlocked by 23h and 24h
commands, then the Lock (2Ah) command will lock them, protecting these blocks against program and erase
operations.

If Lock pin is Low at power-up, or if the device is locked tight, then the Lock (2Ah) command will not take effect.

CLE___ / '\
CE¢  \

WE# \_/

ALE

10[7:0] —@

Lock Command

Figure 60: Lock Operation
4.12.2.1. Effect On Program Or Erase Operations

If Program or Erase operation is attempted on a locked block address, then R/B# goes Low for tissy and the
program or erase operation is not executed. Polling status register will return SR[7] = 0, indicating the protect
status of the block.

10[7:0] —( Program or Erase )—( Address/Data input )—( Confirm) { 70h —— 60h )
Locked Block Read Status

R/B# ‘ﬁ j’
t

LBSY

Figure 61: Program/Erase Command Issued to Locked Block

4.12.3. Lock Tight (2Ch)

The Lock Tight (2Ch) command prevents the block lock/unlock status to be changed. When WP# pin is High and
Lock Tight (2Ch) command is issued, all Unlock (23h) and Lock (2Ah) commands are disabled, offering an extra
level of protection mechanism that prevents programming or erasing operations on locked blocks.
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CLE /\
CE# \
WE# \_/

10[7:0] { 2Ch )
Lock Tight command
R/B#

Figure 62: Lock Tight Operation
4.12.3.1. Effect On Program And Erase Operations
If Program or Erase operation is attempted on a locked block address that is also locked tight, then R/B# goes
Low for tissy and the program or erase operation is not executed. Polling status register will return SR[7] = 0,
indicating the protect status of the block.

If Program or Erase is performed on unlocked blocks after Lock Tight command is issued, then the program or

erase operation can be successfully completed.
4.12.3.2. Disabling Lock Tight

After the Lock Tight command is issued, it cannot be disabled using software command. It can be disabled by:

1. Power cycling the device;

2. Toggling WP# pin.

After the lock tight status is disabled, all blocks will become locked. It has the same effect as Lock (2Ah)
command.

The execution of Lock Tight (2Ch) command is disabled if LOCK pin is Low at device power-up.
4.12.4. Block Lock Read Status (7Ah)

The Block Lock Read Status (7Ah) command accesses the Block Lock Status Register and returns the protection
status of a specified block.

CLE___ /\
CE#  \

wes T\ / %

ALE / \
RE# \ /
10[7:0] Ara X A 2 X A s
Block Lock Read Status Block Address

Figure 63: Block Lock Read Status

4.13. One-Time Programmable (OTP) Operations
The device has a built-in one-time-programmable (OTP) address space with 30 pages (2112 bytes for each page)
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for non-erasable storage purposes. The page address space of OTP area is 02h - 1Fh.

OTP area is accessible to the user only when the device is in OTP operation mode. To enable OTP operation
mode, the Set Feature (EFh) command should be issued to feature address 90h, and write 01h, 00h, 00h, 00h to P1,
P2, P3, P4, respectively. For more OTP-related settings, see "2.9 Device Feature Table" for details.

While the device is in OTP operation mode, Page Read (00h-30h) and Program Page (80h-10h) commands can be
issued to OTP area for read or program operations. OTP area allows up to eight partial-page program operations
for a given page, while other blocks allow only four partial-page program operations.

OTP area cannot be erased, regardless of its protection status.

4.13.1. Legacy OTP Commands

For compatibility considerations, refer to appropriate datasheet for the definitions of OTP Data Program
(AOh-10h), OTP Data Protect (A5h-10h) and OTP Data Read (AFh-30h) commands.

4.13.2. OTP Data Program (80h-10h)

The OTP Data Program (80h-10h) command writes data to a specified page in OTP area. A page in OTP area can
either be programmed in one time, or partially programmed for up to eight times. The OTP pages should be
programmed in ascending order.

This command is compatible with the Random Data Input (85h) command, and it allows to program to an offset
of the OTP page with two bytes of column address (CA[12:0]). This command takes no effect if the OTP area is
protected.

To program an OTP page, the Program Page command begins with 80h command, followed by two cycles of
column address and address cycles that select a specific page within a range of 02h-00h through 1Fh-00h. Data
input cycles may contain 1 to 2112 bytes. After input data sequence is complete, 10h command initiates the
program operation.

After the 10h command is issued, R/B# is driven Low and the device goes busy for teroc. To access the status
register while the device is in OTP mode, only Read Status (70h) command is applicable. The state of R/B# pin is
reflected by SR[5]. After the device is ready, the host should check the FAIL bit of SR.

e/ \ i\ / N \

17

CEf T\ ( / /N

17

twe
RV an VAV AV e

N \S
tws
ALE / \ S, /
{L
RE# ) X/ 7 \__/
1017:0] ——( 800 Y~ XX T X 00n X 00— Dom )QD Do —( 107 ) (700 Y——(Status y—
OTP Data Input RN Y Proéram Read Status
Command oTP R{j dress 1to l\\/I/ bytes Command trrOG Command
R/B# SS A:

OTP data written (Following
good status confirmation)

Figure 64: OTP Data Program Operation (After Entering OTP Operation Mode)
Notes:
1. The OTP Page address cycle must fall within the range of 02h-1Fh.
2. For x8 device, M=2112 bytes;
for x16 device, M=1056 words.

DS009 (v1.0) Oct 28, 2020 50 https://neumem.com/
Product Specification



NAND Flash Memory NM9AO2GO8AFI

4.13.3. Random Data Input (85h)

While programming an OTP page, during the data input cycles of 80h-10h commands, Random Data Input (85h)
command allows the host to write additional data to a new column address. Within a specific page, the 85h
command can be issued any number of times before the 10h command.

ce__ T\ /™ « 7/ 7 \

CEf T\ QQ Q / /A
wm—vﬂtﬂﬂmmwwmwm S

(L — N A —— L7777\

) ) A

Serial Data Input Se‘:ri al Input Random Data Column Sa‘eri al In Program Read Status

10170 — S0 )~ RREX B X X T~ )X D~~~ XSD—%?“J ({700 }——(Status }—
I
put

Command Input Command  Adderss Command trrOG Command
‘¢ )
R ) ) -

Figure 65: OTP Data Program Operation with Random Data Input (After Entering OTP Operation Mode)

4.13.4. OTP Data Protect

The OTP Data Protect (80h-10h) command protects the OTP area and prevents further program operations in the
OTP area.

To protect the entire OTP area, first issue the 80h command, followed by column address fixed to 0, OTP protect
page address, and block address fixed to 0. Then, write 00h data and issue 10h command.

After the 10h command is issued, R/B# is driven Low and the device goes busy for trroc. To access the status
register while the device is in OTP mode, only Read Status (70h) command is applicable. The state of R/B# pin is
reflected by RDY bit. After the device is ready, the host should check the FAIL bit of SR.

If OTP Data Protect command is issued when the OTP area is already protected, then R/B# goes Low for tossy,
and the status register becomes 60h after the device returns to ready state.

After data protection has taken effect, the entire OTP area is protected against program operations, and cannot

be unprotected.
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Figure 66: OTP Data Protect Operation (After Entering OTP Operation Mode)
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4.13.5. OTP Page Read (00h-30h)

The OTP Page Read (00h-30h) command reads data in OTP area if the device is already in OTP operation mode.
The OTP area can always be read, regardless of its protection status.

The OTP Page Read command begins with 00h command in combination with appropriate address cycles: first
two cycles are the column address, while the latter three cycles specifies a page in the range of 02h-00h-00h and
1Fh-00h-00h. After address cycles are finished, issue the 30h command to launch the read operation. Only data
in the currently addressed page is output in the read process.

The R/B# pin will go Low for tr while the device is busy doing internal operations. To access the status register
while the device is in OTP mode, only Read Status (70h) command is applicable. The state of R/B# pin is reflected
by SR[5]. After the device is ready again, the host may drive data output by repetitively pulsing the RE# pin.

The host may select additional pages in the OTP area by issuing multiple OTP Data Read commands. Normal
Read operation timings also apply to the OTP read process.

The Page Read Cache Mode command is not applicable for OTP operations.

cLe___ /T \ /L /\
CE* ™\ / /A
/

/\

v\ U\ T
ALE / \ /

RE# \MM

10[7:0] ——_00h gt 1 Xaddr 2 X Page X_00h X_00h »——"30n ) oo —( 27 )
N J

OTP ,\A{ddress tr
{ L
R/B# 3

Figure 67: OTP Data Read Operation

L
:_/q \./—~ :_/q :_/q

Notes:

1. The OTP Page address cycle must fall within the range of 02h-1Fh.

The Page Read (00h-30h) command is compatible with the Random Data Output (05h-EOh) command. See the
figure below for details.

CLE /T 0\ / \ ///\ /T \ / 1
tcir
CE#  \ ///\
wee \/\S\SN\S NS S\ T w
ALE / \ [\ / \
N trREA
10[7:0] —— 00h X agdr 1 X adde 2 X };‘a‘;e X 00h X 00h » 30h }———{Doum }— 727" — 05h X oddr1 X adde2 X EOh Y—{Dourm»— o7
e tr
Column Address n Column Address m
R/B# 4 Ss L
Figure 68: OTP Data Read with Random Data Read Operation
Notes:
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1. The OTP Page address cycle must fall within the range of 02h-1Fh.

5. Two-Plane Operations

In the NAND Flash device, each LUN is further divided into multiple physical planes. A plane is addressed by
the low-order block address bits.

Each plain contain its own cache register and data register. Two-plane operations take advantage of the device
architecture and allow concurrent Read, Program or Erase operations on multiple planes, which significantly
improve system performance. The two concurrent operations on two planes must be of the same type. As an
example, programming one plane while erasing another is not possible.

After a Two-Plane Program Page or Erase Block operation is issued, the Read Status (70h) command should be
issued to access the status register which indicates whether the previous operation(s) failed or succeeded; if
FAIL=1 and/or FAILC=1, then the Read Status Enhanced (78h) command can be issued to further determine

which plane has the error.

5.1. Two-Plane Addressing

For two-plane commands, each operational plane requires its own five-cycle address. The addresses for a
two-plane operation should meet the following requirements:

1. The LUN address bit(s) should be identical for all addresses.

2. The BA[6] (plane selection) bit should be different for each address.

3. The PA[5:0] (page address) bits should be identical for each address.

5.2. Two-Plane Page Read
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Figure 69: Two-Plane Page Read

1. Column and page addresses should be identical for the two planes.
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2. BAG6 should be different for the two planes.

5.3. Two-Plane Page Read with Random Data Read

o §

| IAYA VAV, (VA VAV

|
10[7:0] Address (5 cycles) Address ( oydles) Y YD -
Plane 0 Address Plane 1 Address Plane 0 Data Plane 0 Data

" »
VA VAW, (VA \ VAV

Bt outpu y—(E- EE-E—( o oupu y—

Plane 1 Address Plane 1 Data Plane 1 Data

10[7:0]

Figure 70: Two-Plane Page Read with Random Data Read

5.4. Two-Plane Program Page

R/B#

tpBsy trrOG
H ) H
L
7

{
L
10[7:0] Address (5 cycles) )—d Data input Address (5 cycles) )—q Data input m @
7

1st Plane Address 2nd Plane Address

Figure 71: Two-Plane Program Page

5.5. Two-Plane Program Page with Random Data Input

toBSY
{ L { L {L 1
R/B# \
§ § - 53
L L
10[7:0] Address (5 cycles) )—(3\ Data input Address (5 cycles) \Data input :
7 7 |

15t Plane Address 2nd Plane Address
1t Plane, different

column address

Unlimited number of repetitions

trrOG
’ “ 7
R/B# |
| »
: Oh

10[7:0] Wm mpat (1
| \ 4

2nd Plane, different

column address

<€ >

[‘Unlimited number of 1repetitions1

Figure 72: Two-Plane Program Page with Random Data Input
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5.6. Two-Plane Program Page Cache Mode

toBsy

tcesy
|
R/B# # F !
\
\
10[7:0] Address input )—G Data input Address input )—G :
4 I
N J N ~ J
|
i
\
\
\
\

~
1% Plane 2" Plane
tessy

|

i

|

10[7:0] Address input )—6 Data input Address input )—6 :
I Y Y I

toBsy
- - g - \ /

1% Plane 2" Plane

toBsy tLrrROG
'3 H i H
L L
\ \ Data input }~(10h

10][7:0] Address input )—(3, Data input Address input )—6,
\ y N y
N

1% Plane Z”d\F’qane
Figure 73: Two-Plane Program Page Cache Mode

N

T ~—"T

N

T ~—~—"T

Data input 15h

7

N

— T ~"T

.

— T ~"T

R/B#

Data input 15h

R/B#

5.7. Two-Plane Internal Data Move

tr toBsy
|
N o
|
|
|
|
I

10[7:0] @ Address (5 cycles) @ Address (5 cycles) @ @ Address (5 cycles) 11h

st nd st 1 1
1st Plane Source 2nd Plane Source 1st Plane Destination

trrOG
|
-
|
|
|
|

& @ DY e
2nd Plane Destination

Figure 74: Two-Plane Internal Data Move

DS009 (v1.0) Oct 28, 2020 55 https://neumem.com/
Product Specification



NAND Flash Memory NM9AO2GO8AFI

5.8. Two-Plane Internal Data Move with Two-Plane Random Data Read

R/B# @ 3
\VAVAVAV;

10[7:0] @ Address (5 cycles) @ Address (5 cycles) @ - @ Address (5 cycles) @
2nd Plane Source

1st Plane Source 2nd Plane Source Data from 1st Plane Source
1

S
CARVAVAVA'Y, \VAVAVA'Y,

|
10170} ——Dapu ) (Do)
|

|
|
|
|
|
|
|
|
|
|
}
Data from 2 Plane Source 2nd Plane Source Data from 2nd Plane Source
Column Address New Column Address

e
Optional

toBsy trrOG

|
|
|
RE# i —/
\
\
i

R/B#

101701~ (i) =) ()
15t Plane Destination 2nd Plane Destination

Figure 75: Two-Plane Internal Data Move with Two-Plane Random Data Read

5.9. Two-Plane Internal Data Move with Random Data Input

tr
R/B# H

IO[7:0]Address (5 cycles) Address (5 cycles) @ @ '\E;Eé‘:‘ @ @ m

1st Plane Source 2nd Plane Source 1st Plane Destination }4

Optional Unlimited N}lmber of
Repetitions
toBsy trroG
|
w7 &

|

|
101701 — @ CONGD G~ )

, 2nd Plane Destination }4 #}

Onti Unlimited Number of
ptional "
Repetitions
Figure 76: Two-Plane Internal Data Move with Random Data Input
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5.10. Two-Plane Block Erase

CLE___ /T \ /\ / 0\ /\ / \ _
B N\__ I\ N N N LTI [T [N [N )\ / /\ /
wee N\ O\ S S S ANV VA N A \_/
ALE / \ / \
RE# \ /
10[7:0] —( 60h )—( Address Input (3 cycles) | Di1h )—i—( 60h )—( Address Input (3 cycles) )—( DOh ) {70/78h ) @—
1¢t Plane i i 2nd Plane
i toBSY i tBERS
— -
I I
I I
I P TUI—
! Optional !

Figure 77: Two-Plane Block Erase

5.11. Two-Plane/Multiple-Die Read Status Cycle
CE#  \

CLE__ /\
WE# / /S

tar
ALE / Wt

RE# \ /

twHR trEA
>l »

>

10[7:0] Address Input (3 cycles) ) Status Output

Figure 78: Two-Plane / Multiple-Die Read Status Cycle
6. Interleaved Die (Multi-LUN) Operations

For devices with more than one die (LUN) per target, system performance can be improved by interleaving
operations between the dies (LUNs), which issues command to an idle die (LUN) (RDY=1) while another die
(LUN) is still busy (RDY=0). Commands that allow interleaved die operation are summarized in "2.6 Command
Set". After Reset (FFh), Identification (90h, ECh, EDh) and Configuration (EEh, EFh) commands, interleaved die
(multi-LUN) operations are acceptable only after ARDY=1 for all LUNSs on the target.

A

6.1. Interleaved Die (Multi-LUN) Operation Completion

While an interleaved die (multi-LUN) operation is in progress, the host may determine the completion of the
operation by polling the R/B# pin, which is Low when any die (LUN) is busy and released to High when the
operation is complete and all LUNSs are idle.

Alternatively, the host may also use the Read Status Enhanced (78h) command to detect the status of a specific
die (LUN). All operations are complete on a die when SR[5] is 1. However, the Read Status (70h) command is not
prohibited during and following interleaved die (multi-LUN) operations.

6.2. Cache Operations in Interleaved Die (Multi-LUN) Operations
For cache operations like Program Page Cache (80h-15h), the die (LUN) can accept the data for another cache
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operation after SR[6] becomes 1.

6.3. Program and Read in Interleaved Die (Multi-LUN) Operations

For interleaved die (multi-LUN) operations that include Program series (80h-10h, 80h-15h) and Read commands,
the Program operation must be placed prior to the Read operation.

The 80h command clears the contents of the cache registers on all planes, so that the data output cycles of such
Read operation must be positioned before the next Program operation.

/. Error Management

7.1. Bad Block

An invalid block or bad block is one that contains at least one page with more bad bits beyond the correction
capability of the minimum required ECC. Bad blocks may develop over the lifetime of the device, but the total
number of valid blocks per die (LUN) will not fall below NVB during the endurance life of the device.

Inside the NAND Flash device, all blocks are isolated from each other by internal circuitry, so the presence of
bad blocks does not affect the operation of the rest of the memory array. With appropriate bad block
management and error correction algorithms, NAND Flash devices with bad blocks can provide reliable data
storage.

When shipped from the factory, the first block (physical block address 00h) of each CE# is guaranteed to be valid
with ECC.

7.2. Factory Bad Blocks

NAND Flash devices are shipped from factory with all locations inside valid blocks erased to FFh. The device
may contain invalid blocks upon delivery. These bad blocks are identified before shipping by attempting to
program bad block marks at every location in the first page of each bad block, and the first spare area location in
a bad block is guaranteed to contain the bad block mark. Blocks marked invalid by the factory should not be
erased or programed.
See the table below for details.

Table 19: 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

x16: word 1024
Bad-block mark x8: 00h

x16: 0000h
Minimum required ECC 4-bit ECC per 528 bytes
Minimum ECC with internal ECC enabled 4-bit ECC per 516 bytes (user data) + 8 bytes (parity data)
Minimum required ECC for block 0 if Program / 1-bit ECC per 528 bytes
Erase cycles are less than 1000

7.3. Bad Block Management

In order to guarantee reliable data storage, the following requirements should be observed:
1. Always check the status after Program or Erase operations.

2. Use minimum required ECC in typical applications.

3. Use appropriate bad block management and wear-leveling algorithms.
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8. Internal ECC and Spare Area Mapping for ECC

The NAND Flash has built-in ECC mechanism that enables 5-bit detection and 4-bit error correction in 512 bytes
(x8) or 256 words (x16) of the main area and 4 bytes (x8) or 2 words (x16) of metadata I in the spare area.

Metadata II which includes two bytes (x8) or one word (x16), is not protected by ECC.

For Program operations, internal ECC circuitry generates parity bits during the busy time. For Read operations,

internal ECC result is reflected in the status register; after Read operation is complete, the host should poll the

status register for SR[0] to determine whether an error beyond internal ECC capability is encountered.

After Read Status command, a 00h command should be issued to return the device back to read mode.

Limitations of internal ECC include spare area (see tables below) and ECC parity areas that cannot be written to.

Each ECC user area (referred to as main and spare) should be written within one partial-page program, so that

proper ECC parity can be calculated.

Table 20: Spare Area Mapping (x8)

Max Byte | Min Byte ECC
Address | Address | Protected | Area Description
1FFh 000h Yes Main 0 | User data
3FFh 200h Yes Main 1 | User data
5FFh 400h Yes Main 2 | User data
7FFh 600h Yes Main 3 | User data
801h 800h No Reserved 3
803h 802h No User metadata II
807h 804h Yes Spare 0 | User metadata I
80Fh 808h Yes Spare 0 | ECC for main/spare 0
811h 810h No Reserved
813h 812h No User metadata II
817h 814h Yes Spare 1 | User metadata I Bad Block ECC | User Data
81Fh 818h Yes Spare 1 | ECC for main/spare 1 Information | Parity | (Metadata)
821h 820h No Reserved 2 bytes 8bytes | 6 bytes
823h 822h No User metadata II
827h 824h Yes Spare 2 | User metadata I
82Fh 828h Yes Spare 2 | ECC for main/spare 2
831h 830h No User data
833h 832h No User metadata II
837h 834h Yes Spare 3 | User metadata I
83Fh 838h Yes Spare 3 | ECC for main/spare 3 | /
9. Electrical Specifications
Table 21: Absolute Maximum Ratings
Parameter / Condition Symbol Min Max Unit
Voltage input 1.8V Vin -0.6 2.4 \%
3.3V -0.6 4.6 A%
Vcc supply voltage 1.8V Vec -0.6 2.4 \%
3.3V -0.6 4.6 A%
Storage temperature Tstc -65 150 °C
Short circuit output current, I/Os - - 5 mA
Notes:
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1. Stresses greater than those listed in this table may cause permanent damage to the device.
2. This is stress rating only. Device functional operation at these conditions is not guaranteed.
3. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Table 22: Recommended Operating Conditions

Parameter / Condition Symbol Min Typ Max Unit
Operating temperature | Commercial Ta 0 - 70 °C
Industrial -40 - 85 °C
Automotive Industrial Grade -40 - 85 °C
Automotive Grade -40 - 105 °C
Vcc supply voltage 1.8V Ve 1.7 1.8 1.95 \%
3.3V 2.7 3.3 3.6 \Y
Ground supply voltage Vss 0 0 0 \4

Table 23: Valid Blocks

Parameter Symbol Device Min Max Unit
Valid block number NVB NM9A02G0O8AFI 2008 2048 Blocks
Notes:

1. The total number of valid blocks will not drop below NVB during the endurance of the device.
2. Block 00h is guaranteed to be valid with ECC when shipped from the factory.

Table 24: Capacitance

Description Symbol Max Unit
Input capacitance CN 10 pF
Input/output capacitance (I/O) Cio 10 pF
Notes:

1. These parameters are verified in device characterization and are not 100% tested.
2. Test condition: Tc =25°C; f=1MHz; Vin = 0V.

Table 25: Test Conditions

Parameter Value Notes
Input pulse levels 0.0V to Vcc
Input rise and fall times 1.8V 2.5ns
3.3V 5.0ns

Input and output timing levels Vec/2
Output load 1 TTL GATE and CL = 30pF (1.8V) 1

1 TTL GATE and CL = 50pF (3.3V)
Output load 1 TTL GATE and CL = 30pF (1.8V) 1

1 TTL GATE and CL = 50pF (3.3V)

Notes:
1. The parameter is verified in device characterization and is not 100% tested.

9.1. DC Characters and Operating Conditions

Table 26: DC Characteristics and Operating Conditions (3.3V)

Parameter ‘ Conditions ‘ Symbol ’ Min ’ Typ ‘ Max ’ Unit ’ Notes ‘
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Sequential Read tRC = tRC (MIN); Ica - 25 35 mA
current CE# =V,
Iour =0mA
Program current - Icc2 - 25 35 mA
Erase current - Iccs - 25 35 mA
Standby current (TTL) | CE# = Vm; Iss1 - - 1 mA 1
WP#=0V/Vcc
Standby current CE#=Vcc-0.2V; Iss2 - 20 100 HA
(CMOS) WP# =0V/Vcc
Staggered power-up Rise time = 1ms Ist - - 10 per die | mA 2
current Line capacitance = 0.1uF
Input leakage current | Vin=0V to Vcc It - - +10 HA
Output leakage Vour =0V to Vcc Ito - - +10 A
current
Input high voltage 10[7:0], IO[15:0], CE#, Vi 0.8 x Vcc - Vet 0.3 A%
CLE, ALE, WE#, RE#,
WP#
Input low voltage, all - Vi -0.3 - 0.2 x Vcc A%
inputs
Output high voltage Tor = —400pA Vou 0.67 x Vcc - - \Y 3
Output low voltage oL =2.1mA VoL - - 0.4 \Y 3
Output low current VoL =04V IoL(R/B#) 8 10 - mA 4
Notes:
1. Ise1is 15mA at operating temperature 105°C.
2. Measurement is taken with 1ms averaging intervals and begins after Vcc reaches Vcc(MIN).
3. Von and VoL may need to be relaxed if I/O drive strength is not set to full.
4. IoL(R/B#) may need to be relaxed if R/B pull-down strength is not set to full.
Table 27: DC Characteristics and Operating Conditions (1.8V)
Parameter Conditions Symbol Min Typ Max Unit | Notes
Sequential Read tRC =tRC (MIN); Icar - 13 20 mA 1,2
current CE#=Vu,;
Iour =0mA
Program current - Icc2 - 10 20 mA 1,2
Erase current - Iccs - 10 20 mA 1,2
Standby current (TTL) | CE# =V Iss1 - - 1 mA
WP#=0V/Vcc
Standby current CE#=Vcc-0.2V; Iss2 - 10 50 HA
(CMOS) WP# =0V/Vcc
Staggered power-up Rise time = 1ms Ist - - 10 per die | mA 3
current Line capacitance = 0.1uF
Input leakage current | Vin=0V to Vcc I - - +10 HA
Output leakage Vour =0V to Vcc Ito - - +10 HA
current
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Input high voltage 10[7:0], IO[15:0], CE#, Vi 0.8 x Vcc Vet 0.3 \Y

CLE, ALE, WE#, RE#,

WP#
Input low voltage, all | - Vi -0.3 0.2x Vcc \Y
inputs
Output high voltage Ion = -100pA Vou Vee-0.1 - \Y 4
Output low voltage Io = +100pA Voo - 0.1 \Y 4
Output low current VoL =0.2V IoL(R/B#) 3 - mA 5
(R/B#)
Notes:

1. Typical and maximum values are for single-plane operation only. If device supports dual-plane operation,

values are 20mA (TYP) and 40mA (MAX).

- LN

Test conditions for Vou and Vor.

Values are for single-die operations. Values could be higher for interleaved-die operations.
Measurement is taken with 1ms averaging intervals and begins after Vcc reaches Vcc(MIN).

5. DC characteristics may need to be relaxed if R/B# pull-down strength is not set to full.

9.2. AC Characteristics

9.2.1.Command, Data and Address Input

Table 28: AC Characteristics: Command, Data and Address Input (3.3V)

Parameter Symbol Min Max Unit | Notes
ALE to data start tADL 70 - ns 1,2
ALE hold time tALH 5 - ns 1
ALE setup time tALS 10 - ns 1
CE# hold time tCH 5 - ns 1
CLE hold time tCLH 5 - ns 1
CLE setup time tCLS 10 - ns 1
CE# setup time tCS 15 - ns 1
Data hold time tDH 5 - ns 1
Data setup time tDS - ns 1
Write cycle time tWC 20 - ns 1,2
WE# pulse width High tWH 7 - ns 1,2
WE# pulse width tWP 10 - ns 1,2
WP# transition to WE# Low tWW 100 - ns 1

Notes:

1.  Operating mode timings meet ONFI timing mode 5 parameters.

2. Timing for tADL begins in the address cycle on the final rising edge of WE#, and ends at the first rising edge

of WE# in data input.
Table 29: AC Characteristics: Command, Data and Address Input (1.8V)

Parameter Symbol Min Max Unit | Notes
ALE to data start tADL 70 - ns 1,2
ALE hold time tALH 5 - ns 1
ALE setup time tALS 10 - ns 1
CE# hold time tCH 5 - ns 1
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CLE hold time tCLH 5 - ns 1
CLE setup time tCLS 10 - ns 1
CE# setup time tCS 20 - ns 1
Data hold time tDH 5 - ns 1
Data setup time tDS 10 - ns 1
Write cycle time tWC 25 - ns 1,2
WE# pulse width High tWH 10 - ns 1,2
WE# pulse width tWP 12 - ns 1,2
WP# transition to WE# Low tWW 100 - ns 1
Notes:

1. Operating mode timings meet ONFI timing mode 4 parameters.
2. Timing for tADL begins in the address cycle on the final rising edge of WE#, and ends at the first rising edge
of WE# in data input.

9.2.2.Normal Operation

Table 30: AC Characteristics: Normal Operation (3.3V)

Parameter Symbol Min Max Unit | Notes
ALE to RE# delay tAR 10 - ns 1
CE# access time tCEA - 25 ns 1
CE# High to output High-Z tCHZ - 50 ns 1,2
CLE to RE# delay tCLR 10 - ns 1
CE# HIGH to output hold tCOH 15 - ns 1
Output High-Z to RE# Low tIR 0 - ns 1
Read cycle time tRC 20 - ns 1
RE# access time tREA - 16 ns 1
RE# High hold time tREH 7 - ns 1
RE# High to output hold tRHOH 15 - ns 1
RE# High to WE# Low tRHW 100 - ns 1
RE# High to output High-Z tRHZ - 100 ns 1,2
RE# Low to output hold tRLOH 5 - ns 1
RE# pulse width tRP 10 - ns 1
Ready to RE# Low tRR 20 - ns

Reset time (Read/Program/Erase) tRST - 5/10/500 s 1,3
WE# High to busy tWB - 100 ns 1
WE# High to RE# Low tWHR 60 - ns 1
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. For the first time the Reset (FFh) command is issued while the device is idle, the device goes busy for a
maximum of 1ms. Thereafter, the device goes busy for a maximum of 5us.
Table 31: AC Characteristics: Normal Operation (1.8V)

Parameter Symbol Min Max Unit | Notes
ALE to RE# delay tAR 10 - ns 1

CE# access time tCEA - 25 ns 1
DS009 (v1.0) Oct 28, 2020 63 https://neumem.com/

Product Specification



NAND Flash Memory

NM9AO2GO8AFI

CE# High to output High-Z tCHZ - 50 ns 1,2
CLE to RE# delay tCLR 10 - ns 1
CE# HIGH to output hold tCOH 15 - ns 1
Output High-Z to RE# Low tIR 0 - ns 1
Read cycle time tRC 25 - ns 1
RE# access time tREA - 22 ns 1
RE# High hold time tREH 10 - ns 1
RE# High to output hold tRHOH 15 - ns 1
RE# High to WE# Low tRHW 100 - ns 1
RE# High to output High-Z tRHZ - 65 ns 1,2
RE# Low to output hold tRLOH 3 - ns 1
RE# pulse width tRP 12 - ns 1
Ready to RE# Low tRR 20 - ns 1
Reset time (Read/Program/Erase) tRST - 5/10/500 s 1,3
WE# High to busy tWB - 100 ns 1
WE# High to RE# Low tWHR 80 - ns 1
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. For the first time the Reset (FFh) command is issued while the device is idle, the device goes busy for a
maximum of 1ms. Thereafter, the device is busy for a maximum of 5ps.

9.3. Program/Erase Characteristics

Table 32: Program/Erase Characteristics

Parameter Symbol Typ Max Unit Notes
Number of partial-page programs NOP - 4 cycles 1
BLOCK ERASE operation time tBERS 0.7 3 ms

Busy time for Program Cache operation tCBSY 3 600 us 2
Cache read busy time tRCBSY 3 25 us

Busy time for Set Features and Get Features | tFEAT - 1 us
operations

Busy time for OTP Data Program operation if | tOBSY - 30 s

OTP is protected

Busy time for Program/Erase on locked blocks tLBSY - 3 us

Program Page operation time, internal ECC | tPROG 200 600 s 8
disabled

Program Page operation time, internal ECC | tPROG_ECC 220 600 s 3,8
enabled

Data transfer from Flash array to data register, | tR - 25 us 6,7
internal ECC disabled

Data transfer from Flash array to data register, | tR_ECC 45 70 us 3,5
internal ECC enabled

Busy time for OTP Data Program operation if | tOBSY_ECC - 50 us

OTP is protected, internal ECC enabled
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Busy time for Two-Plane Program Page or | tDBSY

Two-Plane Block Erase operation

0.5

1 us

Notes:

1.

® NS

Four total partial-page programs to the same page. If ECC is enabled, then the device is limited to one

partial-page program per ECC user area, not exceeding four partial-page programs per page.

tCBSY MAX time depends on timing between internal program completion and data-in.

Parameters are with internal ECC enabled.
Typical is nominal voltage and room temperature.

Typical tR_ECC is under typical process corner, nominal voltage, and at room temperature.

Data transfer from Flash array to data register with internal ECC disabled.

AC characteristics may need to be relaxed if I/O drive strength is not set to full.

Typical program time is defined as the time within which more than 50% of the pages are programmed at

nominal voltage and room temperature.
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10. Part Numbering

Manufacturer

NM 9A 02G 08 A F

NM: NeuMem
Product Family

5A: SPI NAND Flash with internal ECC
5F: SPI NAND Flash without internal ECC

9A: Parallel NAND Flash with internal ECC
9F: Parallel NAND Flash without internal ECC

Density

01G: 1Gbit
02G: 2Gbit

Organization

01: x1
08: x8
16: x16

Product Version

A: Version A
B: Version B
C: Version C

Package Type

B: FBGA-24

D: DIP8 300mil

F: FBGA-63

P: SOP16 300mil

Q: WSONS (6*5mm)

S: SOP8 208mil

U: USONS (4*4mm, 0.45mm thickness)
W: Wafer

Y: WSONS (8*6mm)

Z: TFBGA?24 (6*4 Ball Array)

Temperature Range

C:Commercial (0°C to +70°C)

I: Industrial (-40°C to +85°C)

J: Industrial Plus (-40°C to +105°C)
A: Automotive (-40°C to +125°C)

Green Code

G: Pb Free & Halogen Free Green Package

Packing Type

T or no mark: Tube
Y: Tray
R: Tape & Reel

Figure 79: Part Numbering Information

11. Package Information
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11.1. Signal Assignments

The NM9A02GO08 device is offered in a number of pin configurations.

11.1.1.

x16

NC
NC
NC
NC
NC
NC
R/B#
RE#
CE#
NC
NC
Ve

NC
NC
CLE
ALE
WE#
WP#
NC
NC
NC
NC
NC

Notes:

1. These pins might not be bonded in the package; however, NeuMem recommends that the customer connect

x8

48-Pin TSOP

x8

NC[J1e 48
NC 2 47
NC 3 46
NC 4 45
NC 5 44
NC []6 43
R/B# 7 42
RE# []8 41
CE# 9 40
NC 110 39
NC 11 38
Vee 12 37
Vss 13 36
NC 14 35
NC 15 34
CLE []16 33
ALE [17 32
WE# []18 31
WP# []19 30
NC 20 29
NC 21 28
NC []22 27
NC []23 26
NC []24 25

Vsl
DNU
NC
NC
10[7]
10]6]
10[5]
10[4]
NC
Vel
DNU?
Ve
Vss
NC
Ve
NC
10[3]
10]2]
I0[1]
10]0]
NC
NC
NC
Vsl

it oobiuoooootd

Figure 80: 48-Pin TSOP — Type 1, CPL (Top View)

these pins to the designated external sources for ONFI compatibility.
2. For 3V devices, pin 38 is DNU; for 1.8V devices, pin 38 is LOCK.

Ve
10[11]
10[3]
10]2]
10[1]
10][0]
10[10]
10[9]
10[8]
Vss
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11.1.2.

Notes:

63-Ball VFBGA, x8
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Figure 81: 63-Ball VFBGA, x8 (Balls Down, Top View)

1. For 3V devices, G5 changes to DNU. No LOCK function is available on 3.3V devices.

2. These pins might not be bonded in the package; however, NeuMem recommends that the customer connect

these pins to the designated external sources for ONFI compatibility.
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11.1.3. 63-Ball VFBGA, x16

Figure 82: 63-Ball VFBGA, x16 (Balls Down, Top View)
Notes:
1. For 3V devices, G5 changes to DNU. No LOCK function is available on 3.3V devices.
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11.2. Package Dimensions

11.2.1. 48-Pin TSOP

.25 Mold compound:

le 20.00 +0.25 N for reference only Epoxy novolac
.

0.50 TYP
for reference only

Plated lead finish:
f 100% Sn

}4 18.40 £0.08

Package width and length do not
include mold protrusion.
Allowable protrusion is 0.25 per
side.

12.00 £0.08 =—— 0.27 MAX

0.17 MIN
r

i

L e
E 0.15 +00'0023 A
' See detail A

)

120 MAX 0.50 +0.1
0.80
Detail A
Figure 83: 48-Pin TSOP - Type 1, CPL
Notes:
1. All dimensions are in millimeters.
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11.2.2.

Seating Plane 747”, —

63X 90.45

Solder ball material:
SAC305 (96.5% Sn, 3%
Ag, 0.5% Cu).

63-Ball VFBGA (10.5mm x 13mm)

I 0.65 +0.05

Ball A11ID

Dimensions apply to 109 8 7 6 5 4 3 21 ﬁ Ball A11ID
solder balls post-reflow EE K
on J0.4 SMD ball pads. ]%
® O O O A q
O O O B q
OO0OO0O00O0 C q
OO0OO0O00O0 D q
OO0OO0O0O0O0 E q
OO0OO0O00O0 F q
8.8 CTR 000000 G 13 +0.1 4
OO0OO0O00O0 H q
OO0OO0O00O0 J q
OO0OO0O00O0 K q
— ® O O O L q
0.8 TYP 5
® O ® 6 M q
= ‘ ] |
0.8 TYP M 0.25 MIN-» ¢
—— 72CTR ——>
— 10501 ———>| LOMAX
Bottom side saw fiducials may or may
not be covered with soldermask.
Figure 84: 63-Ball VFBGA (10.5mm x 13mm)
Notes:

1. All dimensions are in millimeters.
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11.2.3. 63-Ball VFBGA (9mm x 11mm)

Seating Plane 74 777777 —

(S[oi]A

63X J0.45

Solder ball material:
SAC305 (96.5% Sn, 3%
Ag, 0.5% Cu).

oy Ball A1 1D
1mensions apply to
solder balls post-reflow 10987 654321 f (covered by SK) Ball A11D
on 0.4 SMD ball pads.
1 4
\@ o 00 | A O
OO O B
(ONONONONONG C
(ONONONONONG D
OO0 O0OO0O0O0 E
OO0 O0OO0O0O0 F
8CTR 11201
s8¢ 000000 c "
OO0 O0OO00O0 H
OO0 O0OO0O0O0 J
(ONONONONONG K
1T ©0 (ON©] L
0.8 TYP
¢ ® O ® O M
| A
08 TYP L 0.25 MIN-»> &
«—— 72CTR ——» b MAX
«—— 901 —>

Figure 85: 63-Ball VFBGA (9mm x 11mm)
Notes:

1. All dimensions are in millimeters.

12. Revision History

The table below shows the revision history of this document.

Date Version | Revision

Oct 28, 2020 v1.0 NeuMem

13. Important Notice

This document is the property of NeuMem and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the "Product”), is owned by the Company under the
intellectual property laws and treaties of the People’s Republic of China and other jurisdictions worldwide. The
Company reserves all rights under such laws and treaties and does not grant any license under its patents,
copyrights, trademarks, or other intellectual property rights. The names and brands of third party referred
thereto (if any) are the property of their respective owner and referred to for identification purposes only.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product,

including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose. The
Company does not assume any liability arising out of the application or use of any Product described in this
document. Any information provided in this document is provided only for reference purposes. It is the
responsibility of the user of this document to properly design, program, and test the functionality and safety of
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any application made of this information and any resulting product. Except for customized products which have
been expressly identified in the applicable agreement, the Products are designed, developed, and/or
manufactured for ordinary business, industrial, personal, and/or household applications only. The Products are
not designed, intended, or authorized for use as components in systems designed or intended for the operation
of weapons, weapons systems, nuclear installations, atomic energy control instruments, combustion control
instruments, airplane or spaceship instruments, traffic signal instruments, life-support devices or systems, other
medical devices or systems (including resuscitation equipment and surgical implants), pollution control or
hazardous substances management, or other uses where the failure of the device or Product could cause
personal injury, death, property or environmental damage ("Unintended Uses"). Customers shall take any and
all actions to ensure using and selling the Products in accordance with the applicable laws and regulations. The
Company is not liable, in whole or in part, and customers shall and hereby do release the Company as well as it’s
suppliers and/or distributors from any claim, damage, or other liability arising from or related to all Unintended
Uses of the Products. Customers shall indemnify and hold the Company as well as it's suppliers and/or
distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for
personal injury or death, arising from or related to any Unintended Uses of the Products. Customers shall
discard the device according to the local environmental law.

Information in this document is provided solely in connection with the Products. The Company reserves the
right to make changes, corrections, modifications or improvements to this document and the Products and
services described herein at any time, without notice.
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