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1. v
.1 HE

RVERE LT hRiE NAND INAE I, T2 R GLe it 7 FiE, DSR2 19 NAND A7 o

FE N ATE RGBS M AAZAE BT NAND 38384t 7 — P i &
TS ) B AR AR AR
o CRFZ R B AT AR KB I K e
o HEA A NAND [NAFBETE, $24E R ONFI A Fr i I
o HEFFHESH page T4 A FAIER, KA T EAE Host H A i# 2wt (hard-coded) ] chip ID .
o N7 B PEI L ERAEE, AT ZE Host BB, LA REHT Flash ¥ 4%
o E X T — MBI NAND [AA742 F1 I8 S ) NAND 42 1
o RVFMASLINZ Ly (VCC) A 1/O (VCCQ) HLYEHL
o S HFK NAND lithography i € I ZHRERIE Rl B v, FEKs 42 28 57E NAND $43% +1(EZ NAND).

1.2 EZ NAND %%

%

EZ NAND 1% A1 NAND 35 25& 75 2 FH T #4047 lithography 5 (101 ECC)F¥ NAND & FE I (¥ k3B 48, 7] {3 B
NAND Y Z5#) . EZ NAND $24L T & /N8 4 A1/ s B 2B 40 7 1 2 (offload) iR /7 . 275 X FF EZ NAND 231541

page k€
1.3 &%

AFE 22 DL AR -
e JEDEC SL 18 bp#fE. Fn#ERZE http://www. jedec. org 3815,

1.4 EX, HEMLE

1.4.1 B XN%EE
FEASKIE H S8 FH BIARTE B R R AT U, AR 78 HAR R P ) 5E s
1.4.1.1 #ihk(address)

Mok G FEAT A Z Mkl o 47 Mk B SRR A AD V5 19 page, 3 (block) PA S LUN. #iidik F SRR AT ] page A

(#1745 (byte) BUF (word) o fE NV-DDR, NV-DDR2 A1 NV-DDR3 ##g#: 17, Fsthhik (M R AL AR A 0,
1.4.1.2 BF
SR IEIERE, ESHRETEIE VE_n 5 S8F, EIREAE TR RE_n 5 587
1.4.1.3 H(block)
M2 AT, IF BB A il ShE T,
1.4.1.4 3
£ page FFAF a1 74T (x8) BT (x16) AL E
1.4.1.5 BIERK (data burst)

s R e — ISR BCE (I B A SRR . — ROk, B 81 A TS KT A e

AL [A]
1.4.1.5.1 BUERRER
Host 7E18 H R A MG R H— A HT a4 BORHE H NAND A%t 2R 45 AR Rk
1.4.1.5.2 BIEREEH

Host 7R 98 # Bl 24% CE_n, ALE 8% CLE $i 5. MIEBHVIRE (exit state) B ODT #5CH] (Ao AdGE) , R

FEIR 5 B0t SRR AR ERHEAT, W E T A% warmup J 3] (U R BE)
1.4.1.5.3 BHEREEHE

Host £ %#f 58 A 111452 11 DQS (i ARk iof) B RE Cii th k) o ODT (R RAEfE) 72 B 2 B PR Fp A e, K

R MNE DRSS, warmup B IS T A%,
1.4.1.6 DDR
Double data rate I FR4E5E.
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1.4. 1.7 BRPEIXIH

S X ek A E R A R IS B . S0 3. 3.

1.4.1.8 HUHESE (ODT RE)

M{FH on—die termination (ODT) B}, LUN AJREALT-HUIHESE, & BN Sniff IRZS, HPATEAAH BRI #AE .

Z L 4. 16,

1.4.1.9 2834 (device)

BIHEH) NAND B0 — A aeff i — e 4> NAND X R A

1.4.1.10 ZH55

ZAHE S A BAME S A A T8 B . 5 A I HE AR RS 5. B4 RE n F1 DQS 15 5 #A BAMS
DI Eie s Re ). 20 4. 10. 2,

1.4.1.11 Dword

Dword J& 32bit H#E, ATLAHR RN 32bits P MAHAR T (word) , B3 DUAMAH B 75 (byte) o HEIRN

£ (bit) B, HARAIAE bit0, i bitdl, FmEfELN. JE R NFER, word 0 NEAK, word 1 NiE. 4
FKORNTN, BIKFTIN byte 0, Fim TN byte 3. WK 1 byte, word, Dword 2 [H] 5% R ik .

1.4.1.12 FHXF K (Host target)

—2H NAND X} AL FHAH A1) host CE n {55 . WIHRAEH CE n reduction, M| Host XG55 44T NAND X 4.
1. 4. 1. 13 BFF4#5 (latching edge)

BUEIAUT IR T R EORE S 2 N A1 CLK, RE n, WE n B DQS 15 5 I

i NV-DDR, 45 & 3 () B AI 2 DQS 15 5 1 FH AL R B3, iy & R0 ki 5 3R BB 2 CLK A5 5 1 LT
%F NV-DDR2 1 NV-DDR3, H# & HA A7 2 DQS 15 5 1 TR R R B, iy & Atk B IR 87 U & WE n

&7 BT

1.4.1.14 LUN(logical unit number)

AT IAT i 2 AR SRS B/ N R TG B NAND X R A — AN > LUNs.

1.4.1.15 na

“not applicable” . #3N na FIFERRAF .

1.4.1.16 NAND Xf% (NAND Target)

FE—> NAND 3L ] —> CE_n {55194 LUNs.

1.4.1.17 O/M

Optional/Mandatory—nJi%k/5HHl .

1.4.1.18 on-die termination(ODT)

1 NAND 3 iL i — Mg 280, 20 4. 16,

1.4.1.19 T (Page)

F T g E A g A4 VR 0 de /N AT Sk R T

1.4.1.20 WHEFER

T B BN AF FEFIL S AR R Z A e o N TR i, BOR AL B N RS R IE Za fa .
JSCFF EZ NAND, JUJ EZ NAND #5648 = F — 247 H T [F1#5 (copyback) #:4E. 2L 5. 18 EZ NAND {5 B 11 [H1 45
BAE.

1. 4.1.21 #4H (partial page, EiTE)

Page (] —#B4r, WIRSETTER M NAND X R TR 2 T — DAt E, W gedmps. 238 1ET, host 7]
PLIZE 3 I\ DL 27 A7 Hh R s G 7 s, 3 o AR i 3 0

1.4.1.22 $&FR
BEIERAE host WRAG— MRS A, ik, KM device f&4E host. Z ML 4. 3 Hcdfwtath .
1.4.1.23 4T

B A R ERANTT
1.4.1.24 %% (ODTRZE)
2{§F on—die termination (ODT) i}, LUN WJGEALT-HUIHIERE, e Sniff IRAS, FEHATEA BRI HRAE

Z 4. 16,

1.4.1.25 BE¥{=5 (Single—ended signaling, ODT JRZ)
I E TR ARG TR RmE R . SN ARREMES.



1. 4.1.26 Sniff (ODT JRZ)

{1 on-die termination (ODT) ¥, LUN AT REAL THOH MR, LEE B Sniff R3S, FFPATE M RBRAIERAE .
Z I, 4. 16,

1.4.1.27 JEFP (Source synchronous)

PRI TR, ekl (DQS) FIE s — i k1L, FRIG mEER T 87 . il k{55 DQS FIH%A =2 b
IR Es S 4.

1.4.1.28 SR[]

SR #&48 LUN RS A 4735 SRIxTFRAHIC LUN HURASFFAER M x 2. S, 5. 13RS T T HIALE Lo

1.4.1.29 ¥F% (target)

ZARIEEEZT NAND %P %R .. 24 Host target fl NAND target A<VRIERT, fFH “target”.

1. 4.1.30 AE[4IEHIREZ (UBER-Uncorrectable Bit Error Rate, or Ratio)

BAmaR KRR, STHREER N EE R LR (bits) o FHBLN AEIR:

UBER = REARHET A EE/ RS L rs 3k

VER: U RALURR S, B 2 S O R At . RN 22 LUARF S R R A D) 5 M device 2[RI FTA
Kodf LR BT, —AN 100GB [ device #7EREL 10 ¥k, NLEILE 1TB(8x10"bits) Hdm g . RAMIHT IR AL
i ST device JiZik [ IERHEAR P EE pages 5.

W 1% E SN T SCRF BZ NAND f) device. EZ NAND #2{f 7 —Ff ECC offload IR T % XT host
Fefit ECC 775147 NAND J5 %8, UBER HUiRT host #HI 25 HIThRE, XAHEL N ) UBER ANEAMIEH YFIA .

1.4.1. 31 Volume

Volume #&— 48 7] NAND SF % ik Volume A volume Zmbikf¥)—3Bsrk4FEH, =MW 2. 20,

1.4.1.32 VREFQ

WMANSEHEL,

1.4.1.33 Vtt

Termination HiJ&

1.4.1. 34 = (word)

— AN 16 ALFEHE (16 bits) o —NFERTLME ] 16 bits BLE BAMAHAEHI 7T (bytes) KFik . BN bits
TR F KA A bit0, fmfise bitlh, mEffEALd. M byte KRR, HAKF 1172 byte0, fimF 192 bytels
Z WL 1T, A R R A

1.4.2 458

L E RS TS 54N, N RE (Bltn, CE n). “ n” RolCAMES. H ERIZL, REHT
(\) BHES AR “ n” RERMEME S BRI UERZM. “ t7 FREBEEGES, “ ” Ror—NENESHEA
=5 (540 RE_n 8% DQS) «

R 1bit BIFEREEMN “name” PLMAE “name” FE .

1.4.2.1 fhéesk
RS B CIRESHL TR LR G M, AR ENZRIREN, PR, £, B, &5 T.
1.4.2.2 by

A LA R R X 43 AN R 225K

1.4.2.2.1 9&#) (mandatory)

TR NAZAZ ARG E ST R H -

1.4.2.2.2 T]§E (may)

TR RIENE, BARES IR

1.4.2.2.3 7k (optional)

ANTEA RN 3 e

1.4.2.2.4 138 (reserved)

TR, 7. 7 B LA T AR HERERAER (Ap ) o« IXELOREE N 2500 AR R ] e > AE A
JEECHARIE AR B i . —MREWIAL, 775, 7, FERIEIE 0. #Ffom AR %k X SR B 1AL, 7
ENEE S

1.4.2.2.5 Ji%(shall)



FOR—AURER . BREOTHE BT R TE X PR ZR,  DAORUEFARRT & ARG i 7= i 0 B 1
1.4.2.2.6 JNi% (should)

PeHERR I EER

1.4.2.3 Fi (Byte) , F (word) FINF (Dword) FI< £

Bl 1R 770, TR RIRR.

7 6 5 4 3 2 10

Byte
1T 1 1 1 11
5 4 3 2 1 0 9 87 6 5 4 3 2 10
Word
Byte 1 Byte 0
332 2 2 2 2 2222211111111 11
109 8 7 6 5 4 3 210858 87 6 54 3 21098768543 210
Drword
Word 1 Word 0
Byte 3 Byte 2 Byte 1 Byte 0
Figure 1 Byte, word and Dword relationships

1.4.2.4 17 AREHE
FEATIREARAT — MRS HURFR P81 BEANTIREAT ) URUIRZER SE R B bm o B ASIES t— AN RS R
Kfiliid. TER 1R T EMIRERMEARATR, IRERGEIPIIRER) —4LIRE

State name Action list
Transition condition 0 — | Next state 0
Transition condition 1 — | Next state 1
Table 1 State Table Cell Description

TSRS thME— PR B AR IR RS AR IRES IR 3 B AR M R 223 . Action list HLAHMHIR 1R
[ P 32 R AT

TN FH I — D EAARZEAN NIRRT RN SRR F i) S sk PR RO TR A FE . e ok
PHEARS DI HES, ANZRGA KA Z B LA 25— AN E IR 2T

BN RGN, AZIRE I FHRE A BT, MRS 5 B R NZARES T, a1k ik
PeAT -

fBE — MRS A I P SRR RAT, IF EIRZS 18] (R 2 462 Ik 1] 52 R«

2. MO

ARFE 2. 1-2.6 AR KT EEILALGI DB, 3 BATZ5 530



2.7 f35HR

BS54

Ji A

iR

R/B x n

Ready/Busy
TR GRS : BN, RR—ANBEA LUN EEIEELEH (busy) s 55 N,
RN ready. ZfE SRRSO RE L, BUICEM@A T Ed, =02, 18

RE x n
(RE x t)

Read Enable (True)
s 5 H T Re AT B ;. 7E NV-DDR 2 0H, 1Z{E55 W/R x n EHAMIFE 5.

RE x ¢

Read Enable Complement

ZA55 5 RE_x_n(RE_x_t) NEAME 5, £ NV-DDR2 B NV-DDR3 £ HH N FEE 5. 24
CE_n Nf&HY, ZESHMES RE_x_n(RE_x_t) MEARR, #lan, % RE x_t AE, W
RE x ¢ Mi&; WHRRE x t MK, WRE x ¢ A&

W/R x n

Write/Read Direction
%45 5278 NV-DDR #2 [1+ DQ S 28 A1 DQS 155 WM 3 . 7E SDR, NV-DDR2 Fl NV-DDR3
PO, ZESMRE x n 558 HAMRS] .

CE x n

Chip Enable
FZETHTEENSR . %G5 NE, BX RN ready RSB, SR ESHENKIIFESRF
LR (Tow-power standby) » 1Zf5 5 NIKES, X Rpkikd. 20, 2.8,

Vee

Power

Device M HYE(E 5

VeeQ

1/0 Power
BN/ FHESIHEEMEES, 202.10.1

Vss

Ground

HL RS

VssQ

1/0 Ground
BN/ FHESRR, 2021001

VREFQ x

Voltage Reference
24 NV-DDR2 B NV-DDR3 £z [ # ik H ik, %45 5 HIEMAR 1/0 55N BHES% .
4 SDR B NV-DDR £ ik HH iy, A5 S AHEH .

VDDi

Na

ASIC Voltage Control
VA5 Tl I A AR S B e YR PO FLYE A T ) NAND % il 8% ASTC (1)
11 EZ NAND) fitHa .

Vpp

High Voltage Power
A T nEH T device fEHL A4 s FRYE(E 5 o 1% R F I T T 3G 5 5 R AN
YR FEHERAE (B, $EE R IECR)

CLE x

Command Latch Enable
Host 552 —, HULRISZLEIAMRM (dr s, B, b . 204.3

ALE x

Address Latch Enable
Host 552 —, HULRISZLEIAMRM (dr s, B, b)) . 204.3

WE x n

Write Enable

HAEREE S, FT7E SDR 2 L h sl 4, Mhhb A AN B 877, BL7E NV-DDR2 5k
NV-DDR3 2 1 i il iy S AL AF . Hdf, dp S AIHIEAE WE x n EFRUSREBIAE. 1%
55 7E NV-DDR 2 /R Al CLK x 55 & FAH A 51 il

CLK x

Clock
NV-DDR $% H H R 45 5 .
S HARF T

1%/E 51F SDR, NV-DDR2 A1 NV-DDR3 = [HFIWE x nfE5

WP x n

Write Protect

HRYET, disable NFFFEFIRIZIEMERRIRIE, S 2. 19,




100_0-107_0 1/0 | 1/0 Port0, bits 0-7

(DQO_0-DQ7 0) 1/0 3 & —AN 8 ALwE ISR 1, FT 1 device A device fEikihl, #Ar4F1%L
#&. 7E NV-DDR, NV-DDR2 £l NV-DDR3 $% 1>} DQO 0-DQ7 0.
DQS 1/0 | Data Strobe(True)
(DQS_x t) B EIEA5 S, % NV-DDR A NV-DDR2 # [ th #dfs A 2k & 1
DQRS x c 1/0 | Data Strobe Complement

A% HAMS S, 7F NV-DDR2 B¢ NV-DDR3 2 [ hafi%k. 4 CE n AMRIITHER T, %5
S HEAFDQS (DQS_x_c) 5 T MME, Fln, @S DQS x_t A, W DAS x ¢ FK;
WS DQS_x_t AL, M DQS_x_c M.

108-1015 1/0 1/0 Port0, bits 8-15
T 16 Mrve I HASEC B « %4558 16 LLXUA) S D H & 8 AL, % 16 A2 X [\ i 1+ M
device B{[A] device fEEE G . %15 SAUHLE SDR # O,

100 1-107 1 1/0 | 1/0 Portl, bits 0-7

(DQO_1-DQ7 1) T M device Bila] device feiktidil, 4 MIEHEM 8 A 5 XL Ao H o 1%5] AT A
FAAE SRR XU 8 26 1) device b, 1ENEIAMA 8 4L T8 XA %4 1. £ NV-DDR,
NV-DDR2 #11 NV-DDR3 # [+ >4 DQ0_1-DQ7_1.

ENo 0 Enumeration output
kR A S, T CE_n /b izs, 20 2. 20
Eni I Enumeration input
g S, FT CE n g MEs, S0 2. 20
VSP_x Vendor Specific

A5 ThAE R NAND #1138 55 R 2 o Device MAZAEIX LU(5 5 %4 i _Lfr o R
HUBH, DAMEZAE 51 B Host 4 fe 2775 ONFT BT 9. NAND i i v A A H
(ATAA] VSP {5 S # AN ZMEIES] device. [ RKE VSP 155 M 1E NU A 5 % £F .

R Reserved
ZH A BERE host 4%
RET Reserved for Test
25| HIASRERE Host 4%
NU Not Usable
TEIEH R EA W B0 5 . 25| JmT DAERRT LA i
NC No (internal) connection
B N HERE 5 .
7Q x na Reference pin for ZQ calibration

%2 FEHA
2 3% 5 IR T RSO b 5 B/ SRR 928 T 5 SRR

2.8 CE n{E8ER

AR —ANELZ A LIN 22 active (Y H host W& CE n Jy 1, NILAEAEAREARAT EH 2 NAND X St AFFHURAS .
£ CE n BN 1 2 J5, host 2xWkah 53— MAFR CE n {5530, FFEZN—A NAND MR IH#EAE. s, XXk
X8 05 (41 BGA-100), USFI AR IAL I CE_n {3 5 M BB 8 RSB 2E L, FBABRMESTE 2 4 CE n 55
EIATHAT

24—/ LUN 1) SRI61#EE S, I H A NAND XF R %) CE n {5 5 4hif%, W Host Al R 23 K1k Reset, [F]
Reset, Reset LUN, BRIRZAS, MIRAIEDIRASELH Volume ka4 F)iX 4> LUN,

2.8.1 CLK ZE3R (NV-DDR)
244 NV-DDR 2 L1, SR Edm s N 18] device A2 1k CLK, NN & DL FESKR .
1. {024 CE n A&, CLK A w#5fE a5 3.



2 fdF NV-DDR #2110, Qi SRR 4 A 1A device SCHFF(E 1L CLK, WU RIRF & DL 2R
1. CLKANAE LU F PR T A #4515 20 -

a. CE n M@, oi#E

b. CE_n NI H SRS ML A

i NV-DDR #2210}, DL R B2 46 20t i /2 «
1. CLK N4V AE CE n Yt 4 Be A8 i
2. 4 CE n JYKIF, CLK {4376 A0 [ fr 4%
3. CE n MZAXAE CLK e, HEA AR B 788 1 4854 0 (CLK A R B2k T P Uik 4%) -
4. M CE n MEMCER, HORKAT idle RE (S 4.3) o CE n REYUAE LT 25 N E I 372
a. ALE Al CLE ##%7% 0, JFH
b. METEAE BN, DQ/DQS 155 LA Bkt 4.

2.9 DCEHEZMLENBRAE

W R E RT3 6 By HIME, WE5HE device K AN, 1ZR HIEBESEH . NMEFEPATHEEBEER T
a4, WA BB R 11 F13% 12 T8I DC AIERVERAE. B 2. 11 A e XAk, # Pl B4 i &
2m device MR 5EME,

#£6 TN T device LI Vss/VssQ HRMIZET Vee Al VeeQ S HL A 5] BT T o

Parameter Symbol Rating Units
VPP Supply Voltage Vep -0.6 to +16 V
Vee = 3.3V and VeeQ = 3.3V nominal
Vce Supply Voltage Vee -0.6 to +4.6
Voltage Input Vin -0.6 to +4.6 V
VeeQ Supply Voltage Veca -06to +4.6
Vee = 3.3V and VeeQ = 1.8V nominal
Vce Supply Voltage Vee -0.6 to +4.6
Voltage Input Vin -0.45t0 +2.4 V
VeeQ Supply Voltage Veco -045t0+2.4
Vee = 3.3V and VeeQ = 1.2V nominal
Vece Supply Voltage Vee -06to +4.6
Voltage Input Vin -0.4to+1.5 V
VeeQ Supply Voltage Veca -0.4to+1.5
Vce = 1.8V and VeeQ = 1.8V nominal
Vce Supply Voltage Vee -045t0+2.4
Voltage Input Vin -045t0+2.4 \'
VeeQ Supply Voltage Veea -045t0 +2.4
Table 6 Absolute maximum DC ratings

2.10 #EF M DC BAERA

3.3V 8% 1. 8V VeeQ M 4644 mT F-T- SDR B¢ NV-DDR #2111, 1. 8V VeeQ HIERVE 245 Nk T NV-DDR2 4% 11, 1.2V
VeeQ FIERIE S F B T NV-DDR3 42



Parameter Symbol Min Typ Max Units

Supply voltage for 3.3V devices Vee 2.7 3.3 3.6 V
Supply voltage for 1.8V devices Vee 1.7 1.8 1.95 V
Supply voltage for 3.3V /O

. .1 Veea 2.7 3.3 3.6 \
signaling
supplg voltage for 1.8V 1/O Veea 1.7 18 195 Vv
signaling
Supplyr voltage for 1.2V /O Veea 114 12 126 Vv
signaling
Ground voltage supply Vss 0 0 0 V
Ground voltage supply for I/O
signaling Vssa 0 0 0 v
External voltage supply” Ver 10.8 12.0 132 v
NOTE:
1. 3.3V VeeQ is not supported for NV-DDR2.
2. 3.3V and 1.8V VccQ are not supported for NV-DDR3.
3. The maximum external voltage supply current (leg) is 5 mA per LUN.

Table 7 Recommended DC operating conditions

2.10.1 I/0 EYR (VecQ) F 1/0 Hi (VssQ)
VeeQ fl Vee R RME—1E. VeeQ B2Y/NFE5ET Vee, BFESE power—on ramp Hi[H]. Device BZZHFLL T —#f

VeeQ/Veceo
e Vecec = 3.3V, VceQ = 3.3V
e Vecc = 3.3V, VcecQ = 1.8V

e Vcc = 3.3V, VeceQ = 1.2V

e Vcc = 1.8V, VceQ = 1.8V

A ZH R, DL R # AN SCRF I R H & K

WIER—A device HAFHFER Vee Fl VeeQ HLE, W VeeQ AT VssQ ANESRYE A HFEHEE] device. Device AR
FHME—[1) Vee F Vss /ER 1/0 Al core FHLYE

2.11 AC k3 (Overshoot) / T (Undershoot) E3R
B

2.12 DC FI#fEiei:
B

2.13 GFIHBEAITHE
W

2. 14

W

2.15 FIFEAER
W

2.16 ML EIEHE DL

TE—4% ONFT $5 25 ] e WAL 8 A7 & s 2L 28 (5140 LGA A1 100-ball F) BGA) o XF T BESCEFPIAN ML £ B
2R, WSCRFERANR B RS, CEO n Al CE2 n N8 A AR R0 5| BIE 56 — MR S 2819 CE_n 51 (BRid A
CEO O nAICEL 0 n),CEL nAICE3 n N Ad FHAH R M) BIVE R — AN BERE R CE n 3| (b CEO0 1 nFICEL 1 n).



FEE, WS device ALEMATIEIE M4, AB4 CEO n, CEl n, CE2 n 1 CE3 n A] LAENE B 45— N 4 i —
YH¥EH(ES (REO n, CLEO n, ALEO n, WEO n LA WPO n) .

7F 152-ball BGAH, H 8 CE nfES, RE4ANR/B nfE%. £ ISHIHAR 7 XFEMN T CE n 1 R/B n
EReiol e

Signal Name CE_n
R/BO_0_n CEO_0_n,CE2_0_n
R/BO_1_n CEO_1_n,CE2_1_n
R/B1_0_n CE1_0_n,CE3_0_n
R/B1_1_n CE1_1_n,CE3_1_n

Table 18 R/B_n Signal Use Per CE_n

2.17 RERTWEER

A device IIFTA NAND X G112 A5 FAH [F] 58 B2 10 B8 2. BT 6 RAR RO BE AT DL — > 8 i B8 1 A 2R,
WA LAH —A 16 fr o mg . 75, SCFF NV-DDR, NV-DDR2 B{ NV-DDR3 #2 I device Mi%E A 8 for %5 [ M 45

1 Host SCFF 16 A7 BE A LRI, N EEE nTLATE 16 07 %6 1a 28 F A4 . B sk Ry & 1A% S e 8 F 258
LK 8 L. fEmAEHIIE], host MIRESZEIR S 281 & 8 R T —AMA. 7EHbEAEHIHIN, host MW HE T
e 2RI = 8 A 00h,

2. 18 Ready/Busy (R/B_n) ER

2.18.1 RHIER

—H Vee Fl VeeQ 18213 7 iy (s /ME, FFHABEREE, R/B n{E5MI%7E RB_valid Vee ZJEHR, FFH
1 RB device ready AN iZ#E 4~ 1 (Ready) , W1F% 19 fi7~.R/B n HH| Vee FF4h ramp 22 )5 50us A X .R/B n
ERCRE R S T s S S

Parameter Raw NAND EZ NAND
RB_valid_Vcc 10 us 250 ps
RB_device_ready 1ms 2 ms

Table 19 R/B_n Power-on Requirements

7E_E AR, A% VeeQ #IRNT-805E T Veeo B 26 I T Vee 2 )5 VeeQ 1) ramping, (HSEPR b, XP{E
5 M iZ[FEI ramp.

Ready/Busy #&— MW Lk, PRIAE 2 s 48 — A BridfH . ERi A BHA R/B n HLER A A&
YE 1 R/B_n () EFHISTA]



S50 s

(min)
-‘"’!j
VeeQ /
B RB_valid_Vcc
min) > %
Vcﬁ ramp VeeQ = RB_device_ready
starts | VeeQ_min Be:set (FFh)
: is issued
Veo= e .
Vec_min :ﬁ:ﬁ Undefined

Figure 26 R/B_n Power-On Behavior

2.18.2 R/B_n M SRI6]IHI<E&
R/B_n 1% A& XN NAND F R 8% Volume A LUNs [#) SR[6] CIRZS 21728 bit6) MMEIKEH 5. 0, R/B3_n
A CE3_n I LUNs ] SRI6 A 245 . K3k, R/B_n W) /245 8 NAND X % _E (PR LUN J& &4k T busy IRZ

2.19 B4

HWP n {558 0K, 2ZEIENAERES ISR . 208 5T device RI&AH M 2HATIN A e A2
FEWP n FMEFEAZ )G, host MU /DAE tWW ZER 54 RE ) device KIEHT 2.

Kl 27 LLgmAE A2 A, HER T tWW N ) EESR . 76 NV-DDR #2191, WP_n {5 5 MRS SHTAT CLK #5251,
FIAFEAT] CLK R E KR . EWP n {55 M 04N 1 )5, Host KIEHMIMA i (RFEGFE) , SZRRAARRE tWW A
idle IR&. WP nfE5 M 1N 0 )5, host KIEFarL 20T, ELLMLREE tWW I [ idleo

As defined for
Page Program

Cycle Type { CJMD H ADDR | ADDR }{ ADDR }{ ADDR H{ ADDR }——
Rl b L
DQx {aon H ct H c2 H rt H R H R )
SR[6]
WP_n
Bus shall
be idle

Figure 27 Write Protect timing requirements, example



2.20 CE_n 5| Reduction L

ERmA MBI RS AR Z RN CE n 511, XFEIHSESHIRE NAND B3, G HKEE 2884
CE_n 5| f#l. CE_n 5l reduction HL#IAT LAik host HIEAN CE_n 51 BIBE £ A NAND Xt R EH, [RIULAT LAF Host 75 2
1) CE_n 5| % H KRS . CE n 51 reduction AL AT LA 7E #dE 4% 1 (SDR, NV-DDR, NV-DDR2 & NV-DDR3) H,

CE n 5| reduction HLEILERILE T FE S, AFEAS NAND X238 E —4 Volume Hubik. ¥Rk 5¢R)S, host A
DU Volume #eF5y 4 K F-HEEF 2 1K Volume (541, NAND XF %)

Bl 28 JEoR T —AMEF CE_n 51 reduction HLAIIHHINIFI T B4 NAND £H2E #8360 7 ENi A1 ENo 5| Bdl, 1M
7E NAND 352 2 []4 —> daisy chain. Chain Hv&5—> NAND $136E (K] ENi B #%ERE, 1 H & 1A NAND 3525 /) Eni
51 BEAZE B 57— AN 241K ENo SR

Bl 29 eoR T — AN EIRMIETN . 3BT, 24 NAND X Gn] DA H B — AN AN host X5 (140, CE n
f59).

NC
ENi_0
NAMND
e 0 Volume HONO
Host ENo_0
CE U_I'I Target O \L Channel 0
ENi_1
NAND
2o Volume HON1
ENo_1
ENi_2
NAND
29elZ . Volume HON2
ENo_2
ENi_3
NAMND
Target 3| Volume HON3
ENo_3
NC

Figure 28 CE_n Pin Reduction Topology, example 1



NC

L

ENi O
MNAND
Host 29e | Volume HONO .
Target O
CEU_I’I NAND Channel 0
r =2 Volume HINT = = |~
| |
vost | ENo_0 :
CE1_n="Z' L I
' ENi_1 '
| NAND |
I =290 2 Volume HON2 I
| NAND I—Ghaiheu
L _ 293 | oumeHING o — =
ENo_1
NC

Figure 29 CE_n Pin Reduction Topology, example 2

AFEFTE AR SCRF CE n 5l reduction L. 4nS—> NAND F2% s P/~ NAND X Gt == 7 [R]— AN Hidfs &
2k, FBAAEAS NAND X B 7E NAND 557N %A H AL CE n 511, X FHEDL R, host MAZXF4EAS NAND X G i
AT host $F% (CE nfE5) -

ENi ¥R5E T NAND $J 255 5 Af DLiE A2 iy 4. ENi f1 NAND 352 P 3R . G 58 NAND 4 %1% ENi 5| A, JFE
CE_n ik, U NAND Xf R n] A2 4 Wi NAND X6 % i ENi MG, DU NAND W ANRedez 4. ER: FHER
B A AR RS OL, S 3. 5. 2 WItRtk T4 .

4 CE_n NI H NAND X G A #i 46 5€ Volume HilibET, ENo #% device XK. 245 NAND X} G oCH ) CE_n
LI HiZ NAND Xt %4452 7 —4> Volume Hulikif, ENo #f device KB A =4, H¥ILZE A ENo E5HIFTH Hin
NAND [#] CE_n {55 NHT, ENo # device BREN N =25, VER, 7 Volume Muhb#iiRE)s, WG —AE2EM ENi Bk
ENo B2 (BA ERH N —AE2%) , ] ENo # 5 —/ 25 B 251 ENi B ENo 37 /.

Y —A Volume bk 8 245 — 4> NAND Xt % )5, 1% Volume Hilib &R HELTE L BOIRE (deselected), 32 HE ENi
Sl E 2R —AN F R A B

N T W IE RIS, — A Volume JEFE Ay & NOZH RIEE] host X4, % Volume iEFay 4 fH H 2wl
fJ Volume il #E CE n {55 #¢dim tCEH B8] )5, Volume LFT# LUNs iR A1 Z BTHPIRAS (B0 3. 2. 4) .

2.20.1 4 AFFFCE n Reduction B Volume K38 5E
B 30 BHL T — A H CE nreduction HIFAFM . 25 CE n reduction A#fH A (49114 ENi F1 ENo V& B #YiZER:) ,
I H host BAEETER 2L A — A2 (terminator) , 1A FILE 5 1) NAND Xf R IL= CE n, HEA %A NAND X 4D
AIE % (terminator) , 54 NAND 5 A L% AE T AG B 4 48 78 — > Vo lume, 1% Volume (145 2 &8 #H Volume
Be B RFMER Set Features #g 2 2K 78



BN CE_n #NZ % B AR, FEBEEE —ME—11 Volume kb, — HLFTA NAND X L #5456 %2 T Volume Hutik,
N Volume HuhbmT 4% B F o0 1F %4 (termination selection) .

FEFRAEIAME], X Tk i) Volume, LRI E ) Volume HUEATHE /3 HCAEN terminator ) NAND XF 4, H: CE n
5T e PR, AR BE ) Volume [ CE n & SHCHLAC, X TIEER] Volume, HrA A/ BLEN
terminator ] LUNs #&#E iR FR1IEHE (deselected) o 24 Volume Huhib#% 45 i, NAEH Volume EFEAT 2.

NC
ENi_0
Host NAND
CEO_I‘I Target 0 Target 0 Volume HONO -
Host NAND
CE1_n—oget] = Volume H1N1
ENo_0
v
NC
/T\
ENi_1
Host NAND
CE2_n-L2eet? =97 VolumeH2N2 =
Host NAND
CE3 n M Volume H3N3
ENo_1
NC

Figure 30 Discrete CE_n per package topology

Channel 0

Channel 1



3. FE4 M (Memory Organization)

Kl 31 N—NX 4 memory L5 R T B, AWNZERIG, BMEH R ITEWE (plane-NAND H 7 fif [
B, FABETIEE AT Block) o

0 Jun [ed1boT
| un [edlboT

Plane Plane Plane Plane
Address0 Address1 Address0 Address 1

Figure 31 Target Memory Organization

—A device BEHE—AWMEANT R (target) » — M LRHEH—A CE_n {556, — MR TN MEEH
JGH (LUN-Logical Unit).

—ANZHR I (LUN) A2 A HOL P T 6 2 I F RS RS /Nt FRilAg, 2 LUN /T DR TIZ TR R i 4
5. B, FVFTE LUN 0 FJF4h—/ Page JifetfE, SRS TEZIRAE AT, A CAFE LUN 1 EIFURHAT — ANy
%o 20 3. 1.3 2 LUN #AERUU . —/> LUN 25 —A page TA7 2 f—ANALERES] . TU27 A7 2 B B T LUN
XHFZ Z (multi-plane) AR E. NAFEHEFI & T blocks.,

—> block 7& LUN [ A7 RE ) F ] #5255 1 fie /N B HE B 76 LUN 5 block O EBAE BRI IR, —> block £
T4 pages.

—A page AEPATEE MM FEEAE M BN T bk T, —A page A TN E k. M4 page 1 H 7 £
FHREE, AERE&HEUEX (spare data area), % 2 B . B> block [ page &M% 32 HIHEEL
.

A LUN NAZZE AT A page ZiA7 a8 . Page A7 A7 de (L AR P AL BIINAZFESIH— A page Z AT, BRI



INAERES K — A page HRSHRZ G, FIREIFEACEHE . i R3CKF BZ NAND, F4 EZ NAND (4% 85 sh &5 — /4%
17 (buffer), FIRIGHS 77k MBS LUN 11 page 25 77830 H BUEAE A HOHLHE

Page B 7% HH 1 T B IO B AR 1 o

XEXALEHY, PR T LA ST B B 0. R T DL 2 AN A RSB R EIG LUNs. A 7 78—
A LUN A B 3B IO AT HAE, AT 2 )2 (nulti-plane) #AE AT IFATIIBISL dependent H1E .

3.1 33k (Addressing)

A PRHIESER: FUMBhEANAT ek SR R Y5 19— page HHAY T, £ NV-DDR, NV-DDR2 Al NV-DDR3
O, FUHHERBACAL GG 40N 0. 17k T4k page, block B LUN.

2L AT ML H R, FUHBIEAG 2% 5 SEAE — A 8 Rrst bk A W sh AR, AT HIE AR T R — A
R 8 frHhhl A Wbl ik . —eThRER] e A R EAT L, RYUEER (Block Erase), IXAMEIL A RIZSIHE
hk.

X T A G AT F 0L, SRR SR A AR b A, TR S — Nk A S R S kA . R
AT MR AN ML R e i LB A T, IR SR 3 R A 0,

AT b SR A 32, A E AT, T S b LA 7

MSB LSB

- Block Address -

Figure 32 Row Address Layout
Block HI%E LA A block H page FIBEANE R 2 IR . R —FEEA L 2 IR, IAX M
b B 205 A N B — AN EEH AT (integral number of bits), Mk, HFHEJEETTLGERE] S —A 2 RFENIE . Host
ANZYT AN SCRFVE A sk B0an, ansEES block A 96 (1100000b, 7bits) 4~ page, HB-4 page HIHbIEN Z 4
4= NF Thits, XFE, HATEE 0-127 BITEE N T4k page. FEXFHEM T, host ANREVTRIJEH 96-127, K ALE

WA pages.
Page HibiEdR £l AT Mk IR AL. Block Hubibfs AT bk g wh (B 42, 10 LUN bk A A7 bk 1 ez

3.1.1 ZE3FH (multi-plane addressing)
% E A ] 33 i) block Hudik IBARAT o 247E LUN E3AT— D2 2G4 A, DLUREN N H T2

JEHhE
o JEHWHEAT (plane address bit(s)) N [X 5T 2 Zar4 74+ 0 HABAR A 2 2484 .

o Page HUHENIIZANZ )2 A& 7 51 AR K AR AR AT 22 SR ERAE AR D
MSB LSB

Ciimtsam | o] i

l_Y_}

Plane
Address bit(s)

Figure 33 Plane Address Location

3.1.1.1 %J)2Block Hili-#4)3R
Device AJ &ML 2 block Ml IZIR . FEARTE AT -
o TRHH: WEHHEZ M FTA 1 block HubibAr #HAAHIR
o SEELLYT. WiEHHEZ AT block HibbAr (5 T plane HihbAr) #RAH ]
o fIRALFEELAE (XNOR) 295 :  4n 5Ly JZ s kb i e (R JZ Hu kA7 (bit0) [ XNOR 4 1, AR IX i JZ sk [alF — A



FERELIH, AR = L SR AR S HBHE A7 ) XNOR 2 0, FE A X P )= bk [ TE 413K
R 20 Jeon T NURERAER 3 TR AR,

Restriction Type | Plane Address | Plane Address | Plane Address | Plane Address
0 1 2 3
No restriction Block A Block B Block C Block D
XNOR restriction Block A Block B Block A+2 Block B+2
Full restriction Block A Block A+1 Block A+2 Block A+3
Table 20 Four plane address restriction

R 21 58 T W EHNE A F B 2 (A2 AL XNOR 295 W SR A IRAL XNOR £93K, A8-4 % Z itk A #1 B [ block
Hodik (7 R HuEA) B iZ AR E .

Multi-plane Multi-plane Lower Bit XNOR XNOR Restriction
Address bits A | Address bits B Between A and B

00b 01b 0XNOR1=0 No

00b 10b 0 XNOR O =1 Yes

00b 11b 0XNOR1=0 No

01b 10b 1XNORO=0 No

01b 11b 1 XNOR1=1 Yes

10b 11b 0XNOR1=0 No

Table 21 4-way lower bit XNOR restriction

3.1.2 BHEHTTERE

245 570 (LUN) J& T NAND X RE5H I — 47, 5 host LR T — AN FUHEE M2k . 1) host #ir AR, host
MARUEFEATART I (8] R —AS LUN #adeHr, DL b 2o

Host JEit[A]— LUN KIiEFDRA 5474 (Read Status Enhanced command) 3R#EH1% LUN, LMERY S % %
P o PRSI R Ay 2 MAZIUH IE R A #dn 2 TR FTA LUN %0 H B8 2. LUN W H -5 H 1 page 277 a8 HZ R A
X[ Read (Cache) g 21, I HASZAXIARA Y v oy 2 1 520

3.1.3 £WHEHEIE (multiple LUN) BIELR

LUN 2SS SR . 22 LUN #RAERHFR IS DAL LUN JR47 /b B Ap 4. 22 LUN #/EIE], 5§40 LON AT e o4k T
busy B¢ ready AR H AR .

24—/ page i 4 (80h) KL FF(T—~ LUN, HiZ LUN Z ii&A #0 11h dr 40, WH program page
register clear enhancement AN CFFEIE A HEALRE, MIATE idle 19 LUN £i5F% H O page 7 f7as. L, X4—
A~ LUN H152 page BRAE IEFESHTEE O 56, (HEHRIEEA M —A LUN #3520, 84 host AR LUN _EFF
Ui page A2 4, N page AA7as FHTEEAE A AT RES B K. 2 page JifE IETEEE AN LUN FiiAT A AT
2R, W —AM3E page a4 Al AKIER|EE —> LUN e Wi page register clear enhancement f¢ffifg, WAV
FARZH.

2Rk — page JifEdr 4 (80h) I, host FETE BEHHHI NI H—A> 10h 5L 15h fp 24 KIEHT, AREikE
[@—/> Volume H1[) 55 —A> LUN. ZJZH#AE, ROZIENA Z 2k K8 N el J5, s —4 LN,

YMRIFZGSEZA LUN B, host M ikyEEEG F A HlE corruption 5| KB AL, Host NiZAE U MFT ik
€ F) LUN 132 H i 2 /7 & i% —> Change Read Column fip4>.

WMRCERKE T —N2 LN EBAEmS, AN —NREFIRE LM 1% & Read Status Enhanced 74 . Read
Status Enhanced fig 223 3G % 1) LUN B4 H 2272 01, DALRIUE R G 4% Read Status Enhanced g4 111
LUN Mm% |~ —/MNEdafm it B . 78 Read Status Enhanced i 245K 5, &K% Read Status in¥ HE| F—1%
LUN #fE 24 R H .

1 host [FIFf 12 AN LUN KI% T 13 page 7% (Read Page) J& , host N.AEMAE A LUN 15244 2 1 /1% Read Status
Enhanced 74>, VAPRIEIEIE 00h fy & F o HdR b2 J5, RA# Read Status Enhanced iy 4% H ) LUN 4



R S S cH A, AN e S i R PO . S TAEAT R T2 LUN 207 81 1)) LUN, 4R 2 546 ik page (Read Page)
2 K A% LUN PALM1Z LUN A& 8045, 384 1% LUN MiZiE K —> Change Read Column(Enhanced)fi4 o DA R2—
AP H -

1) i page (Read Page) fir 2 & iZ %] LUNO.

2) 3% page (Read Page) A K i%xF| LUNL,

3) Read Status Enhanced fiy4-i% 1 LUNO,

4) Change Read Column(Enhanced) 4 & i% %] LUNO,

5) HidfE M LUNO f& gt K

6) Read Status Enhanced fiz4-i%™ LUN1.

7) Change Read Column (Enhanced) 4 & i% %] LUN1.

8) s M\ LUNI f&4am kK

MEZANAPIRE KIEBNZA LN, 35—/ LN, ZwfEs—A LUN), HBAfEKI%E Read Status Enhanced
MARIEER LN 2 J5, MNKIE—A Change Read Column B{# Change Read Column Enhanced 74>, #R/J5 Mk
SE A LUN i o8

TEPTAH scenarios B, WIHFTA B LUN #ANZ busy, M) host A LA Change Read Column Enhanced #y2fXE
Read Status Enhanced/Change Read Column 54

3.2 Volume F-Ht (Volume Addressing)
3.2.1 85 Volume Hiht

N THEE —A Volume Huhik, 758 1% — Set Feature %, %2 A Volume At & (Volume Configuration)
HIHFfEbE (Feature Address), Z ML 5. 30. 5. Volume bl 7F HYEE B G AR RE, R EATA Volume Huililk,
MBRR b 2 JE R EEE e e itk 2 J5 7 &V 1A NAND devices

3.2.2 #EFE—/ Volume

7E Volume M4y iR 2 J5, 24 CE n BRI, FLXF R NAND X % (BL R AR L) LUN) e o Host KiE—A>

Volume Select 245 T BEHATHE FKedn 2 1) Volume (1 NAND % %) , 2 5. 24,
3.2.3 %/ Volume BIEMIZIR

Volume &MALHISEAR . —A2 Volume #AERIREMAN LA ) Volume FFATHIAL B Ar 4. fE[A]—MA Hik
[ Volume KIX 4 Z Hll, CE n NAZMHL i JFOR 47 d5c /M) tCEH IS 8], 22 J5 B & I% Volume Select 4 2Kikd% Volume.
L4 (352 LUN #:4E) IEAEIEE [ Volume EHATHFABEIE R Volume Select 4.

AZFEFE [ 2 A Volume IEAHE A4 .

T LUN g4 (Wi, 4afE), host AT LATEEHE fan N\ B8 s Hn 1R A IRDE £ — AN HAm ) Volume $44T LUN
Ppin 2, RIGE BN Z G (LUN fr 2 5E a7 ) B R B s MG it . S EBE S Volume AAHIGH) LUN 2K 58
RS A O\ B i RN, TR DL R A

o HEHIN: host TEMK R EHE M AAT N A 1% Change Row Address fii%. WIRAFrZmL, WAL
NAZAEIRPERT I Volume Z HI#% A& 5T .

o FIEHIH: host fEVKE HIETH 2 BN &% Change Read Column Enhanced 8% Random Data Out x4
WA X A AR, A A B ROZEESEHT Volume Z HIBE L4 .

$HFXTR (Target) 22 (W0 Get Features, Set Features), host MiZfEEFEFH Volume Z B, 58/i1%dn
A %5 B [ BT B i N BRI R

FELLR B, gife, BEERLALZ 814 (Copyback) #AE A A GEAIA Volume Select 74
o I (fUFE[E#%iE-Copyback Read)

<CMD:00h> <ADDR:Column & Row> <CMD:30h>

<CMD:00h> <ADDR:Column & Row> <CMD:31h>

<CMD:00h> <ADDR:Column & Row> <CMD:32h>

<CMD:00h> <ADDR:Column & Row> <CMD:35h>

o O O O



o iR (FERI S FE-Copyback Program) JER: IR Volume [ F—4Mir4 /& Change Row Address, NI
Bk Volume Select fiv4, ZJGfF A& 10h, 11h, 8% 15h fiy4 .

o <CMD:80h> <ADDR:Column & Row> <DIN:Data Input> <CMD:10h>
o <CMD:80h> <ADDR:Column & Row> <DIN:Data Input> <CMD:11h>
o <CMD:80h> <ADDR:Column & Row> <DIN:Data Input> <CMD:15h>
o <CMD:81h> <ADDR:Column & Row> <DIN:Data Input> <CMD:10h>
o <CMD:81h> <ADDR:Column & Row> <DIN:Data Input> <CMD:11h>
o <CMD:81h> <ADDR:Column & Row> <DIN:Data Input> <CMD:15h>
o <CMD:85h> <ADDR:Column & Row> <DIN:Data Input> <CMD:10h>
o <CMD:85h> <ADDR:Column & Row> <DIN:Data Input> <CMD:11h>
o <CMD:85h> <ADDR:Column & Row> <DIN:Data Input> <CMD:15h>
o R

o <CMD:60h> <ADDR:Row> <CMD:DOh>
<{CMD:60h> <ADDR:Row> <CMD:D1h>
o <CMD:60h> <ADDR:Row> <CMD:60h> <ADDR:Row> <CMD:D1h>

3.2.4 Volume PX& (Volume Reversion)

FEAEH] Volume FHERT, LUN MiZSCRF Volume MIPKE . Fedil /g, Wk CE_n fm2 8K, I H Volume Select
AREE A4, 4 LUN MR Al & g — A48 2 1 Volume Hubikff) (Selected), Sniff, PLAEUHEFE (Deselected)
IRAS (EFR 71 e ). R )2 NV-DDR2 5§ NV-DDR3 # 71 H on-die termination #ffifE, AL =HH
SMIAT N, TE 4. 16 HHIR

K] 34 7€ T4 CE_n B2 KA Volume PR IR

R

1. 4 CE_n MEZ &R, REMWFENETDH.

2. R ANiERER) Volume F LUN ) ODT ZHEEAER 49 e Lo X —MBCA#AEF ) Volume - LUN [ ODT Zhfé
7EE 50 HE o



CE_n transitions

from low to hig hl

CE_n does not transition Address cycle or
from high to low Data input cycle or
Data output cycle

/

CE_n transitions
from high to low

Idle cycle

Previously selected
Volume is re-selected.
Previously assigned
terminators are placed
in zniff state.

on selected
Volume

l

Volume specified as
part of Volume Select
command is selected.

Terminators for
selected Volume
placed in sniff state.

LUM is in
sniff state and on
unselected Volume

LUN deselects,
inactive until next
CE_n high to low

LUN proceeds to execute
command if applicable. I
00T is enabled, proceed

unselected Volume.

LUN proceeds to ODT
actions for LUNs on

2

transition to ODT actions for LUNs
on selected Volume.
Figure 34 Volume Reversion Behavioral Flow

3.3 ) GRPEHUT

B INAF RS AN SE IR, 2 I N TSGR, IX LB BRI AT B2 AR EE block ANATHT . BURLEE (Block

granularity) ¢ FORIS T8k, ORI ESHRIE A) e 2 ORI ER DI RE .

3.3.1 Device E3R

IR ABRATEREER), IF B 8-bit BetR Uy 75 20, U3 R 208 1 5 AT SRR A B 26— A Bl A
Ja—A> page ", HRIE XA HS — > Byte 4 00h, RARICAT SREE AGHL, Q1A 35, W2k —NHURATSIE 1+ HAEH] 16-bit
Heym v Jr 38, W v B R B 2R — A Bl Ja — A page 1, SREE XIS —> word J9 0000h, SKERCAT HRIE

IR




# of data # of data # of data bytes +

bytes - 1 / bytes # of spare bytes - 1
V[V \
Byte |pl1|2 . .
Area n/a Defect Area

Figure 35 Area marked in factory defect mapping

3.3.2 Host EXR
Host AN REEzELE g bt BRIA I, AT I SR 2 A AN € (1) 25
P 36 RAEF IR 7k P 1) WS B R B9k o i SN Y host $RAT , UMEZE T 5B BATAT TR BR ol S FE B 1 2 AT
B — N 5UR bad block table. fE—/NEAEFANKIELA, A page MAIAHIRAS & FFh (8 FFFFh-16bit U517]) ,
OB ST L@ ECC B IE AL iR BRI R . — MAERFARI ST 3. 3. 1 A bR id >k . Host ROZPAT#E
H B ERAE AT, R BB 3 — NSRS — 1 page IIBREA X I 28— byte/word IMHE, SKAEHIANPUZ L.

FER: £ NAND device M FHIHPY, SREGEHRIGERIE XTI e R B THE, 8 AE ARt . il i RS R b
ORI EE ST device [ AN B2, FHHHEE host SEUZAE R AERT VR fd B I G148 bad block table.

for (i=0; isNumLUNSs; i++)

for (j=0; j<BlocksPerLUN; j++)

{
Defective=FALSE;
ReadPage(lun=i; block=j; page=0; DestBuff=Buff);
if (Buff[PageSize] == 00h) // Value checked for is 0000h for 16-bit access
Defective=TRUE;
ReadPage(lun=i; block=j; page=PagesPerBlock-1; DestBuff=Buff);
if (Buff[PageSize] == 00h) // Value checked for is 0000h for 16-bit access
Defective=TRUE;
if (Defective)
MarkBlockDefective(lun=i; block=j);
}

Figure 36 Factory defect scanning algorithm

3.4 ¥ BHK ECC{EEBIR% (ECC Information Reporting)

Device FJATEY JE S K1 (extended parameter page) 42§ JEH) ECC 5 B . BRA) ECC nJ& IEME 5 HiAth
device ZHURHA R, WA Rk Tk H)) HIECE, PALSCR RO AR /45 B8 R 8 7 & B ECC 15 B R0 ¥F device
i€ 2 FG ROTIE R device.

22 & LT BCC A5 B



Byte Definition
0 Number of bits ECC correctability
1 Codeword size
2-3 Bad blocks maximum per LUN
4-5 Block endurance
6-7 Reserved
Table 22 Extended ECC Information Block Definition

FEA T B E SR N ORE TR -

3.4.1 Byte0: ECC HJ[fEIEH] bit ¥ (Number of bits ECC correctability)

ZF BRI EIF (codeword) 1 host AILMEIER] bit #. B[ size 1E bytel H#t%. Host i€ T 1R
EWEE, MRNMIEFH bytesd—5 i 5E FIERA A PE (Block endurance) » 45 HIAH 118 IEEEWY host ff I H.
PR R A MERAS BT, device A BRI MIBEE A GEH T i byte 2-3 7€ 1) bad block [ K% . Page H
BB A5 FH I by te #BRIIZAME host #Hil#sfR Y, fLHE spare byte (W15 ECC 42 1) byte0 H KT 0) o

% {E (byte0) #EiERRA 0 B, W5 ECC 15 BHEA RN (R size IE 0), XS R BLIR B A B85 o

3.4.2 Bytel: F size(Codeword size)

1 byte0 Hi5E (1) ECC AIMEIEM Bit $U2 3 TH5 E 1 BCC AYF size. ECC YT size FEA TR X, N2 1
U NAZME AR IR /IME S 512 bytes (59 9)

WIRAE AN 0 $eikE, IRAi% ECC 15 BHGRARER), ANRerfE .

3.4.3 Byte2-3: &> LUN & KRR (bad block) %

2 B AL 138 T AN devi ce {5 FH A P 434S LUN A m] BEAT SRR 10 B 1) e K B0 - W e KB A3 VPl 2 R 13 Hos t

AFLEIX AN BCC 15 B3 A4 5 (1) BB A1 2R AT ECC ZE3K
3.4.4 Byte4-5: it AN (Block endurance)

BRG] FHEW) page/block HgmAR /45 5 IR SR IR A& host {1/ byte0 #& 1) ECC nJ
BIEH

B AVER PR — MNUERM— IR, 12DV AT AR -

M x 10 ™
Byted £ & #{f, Byted W &S, Hlln, — ANt AMER 75,000 FIH, bk A—80E 75 Fi—A ¥

3(75x10°) . Ml BN %R AT RERL N, Hit, 100, 000 SEZ%HEHR L Hy— AN EUE 1 R385 5 (1x107) .

3.5 Discovery M54 (Discovery and Initialization)

3.5.1 ¥ CE_n 5| reduction HJ Discovery
AEAVHIRAEH CE_n 5| D HA (2. 20 HiHi8) (1) CE_n discovery. WIERAFH CE_n 5|l reduction, NI
WIUEALT B N IBAE 3. 5. 2 IR
— M ERTREA £ chip enable (CE n) 5%, ®ANEZ ML FHN RV N T e CHEREN R, 4
AFEI CE n AS S #F SO A & HR 58 . CE n {5 57E device FNIZIFEH; CEO n iA%44%%EH:, CE nf3%5
N AZ IR G T %2 . Host MZ RS 25E R T host CE_n {5 S I 4.
SCRFMOT AR B2k )3, H discovery ISR S AAM P IR IR E 0 GUEFE BB HHE 28 . ONFI
XU MR (B A 8-bit s AKX LGA, 100-ball BGA LA 152-ball BGA 135, 8-bit 41l f¥) BGA-316
FTBGA-272 52 ONFI A B A DU #s S 2 ) 4%

3.5.1.1 EHIFEEL Discovery

BLEA CE_n A2 28— M host R, DUEREX R (U0 A% IEHE) , 7EMLAE, B HAh ) CE n {5 5 &84 L
B. FH)5 host MiZHI N % k1% Reset (FFh) f4 . Reset 2 )5, host M[AFT R KiE—E ID . WK ONFI & 44
bl 20h B2 1D ay 2R B, AR XS S O 8% . W3 ONFI 222 B #R A, BCE A2 AR D R R A
wEl timeout, W| CE n WAMER, HHZ CE n {55 F HARERMEA 28 58 k.



3.5.1.2  XU/DU¥IE M2k Discovery

ZEMAAHT CE n 85 —M host Ffik, DMEREX R (WM& , {ELLHIE AR CE n {5 #Him . BiJS host
6] % R A& Reset (FFh) i 4. Reset ZJ&, host B[ RA&i&— itk )y 20h (8L ID dir-4. WER ONFI 2544 Bk
ID A& iR ml,  JUAHR (6 R O IESE .

WIS ONFI 2544 3% A Ak ] (B F2 AP BR R AR B R B timeout) , IS4 SE AN 8-bit i S 2k NAZ ML IE -
Host MiZA# FH 28—/ 8-bit [MIX R Ki% Reset (FFh) iy 2. Reset 2 )5, host NMATHEE =4~ 8-bit FdE.m £ m b 4
Rk Hhly 20h (L 1D fy4. WIS ONFI 28244552 1D A Ak B, MIAHRIFIN R EMIER, I Haz RS A
8-bit B L. Discovering ZJa, MEZHHE A 8-bit B L4k, FrabEKEIZN R4, WBiNs
1 page (Read Parameter Page) #EMNfH FH &5 — 4R 8-bit IR 24k, W ONFI B4 G ESE =4 8-bit FIE L L
R, LA A 8-bit HE k) discovery I FEMNIZAE S =AM VIAS 8-bit HE D28 L HE A .

WRAE VL FPIRIE, ARt ONFL 222 AR IA ORI, B KA HARE =, 84 CE n WA BOERE, FEHT
HMHH1Z CE n 55 MERAEAA S TR

3.5.2 EZFA CE n reduction K Discovery

£ L2 S, host ] LAFHAT KIE Reset (FFh) 5 #3111 Host XF & LRI FT A NAND Xf 5, 83 host AJ LAIF A&
1% Reset (FFh) 251642 2FF5E Host X RIFAEAS NAND Xf & BA B EE BRI T host ZRI KL A T IFAT
reset AT NAND %14, host & i% Reset (FFh) {ENEE—/NRIiEZ NAND device B4 . N TR reset NAND %14,
host KIEZA#EIE ) Host X} 5 _E A NAND X G )58 — > im 22 Reas Status (70h) .

ISR — A BT 2 NAND X5, UK 4 NAND S S L2 [/ AN ENo 55, XFHELL T, host AREACHEAIE
FIRAEE Volume HiliL) Set Feature fir G Z RN AT KIX) o 4R Set Feature iy ¥ AN A%,
M) host BIIZSERFHT—~ NAND Xf R[] Volume $&E#AETE L, ZJGFHKIE T —A Set Feature a4, KigEH RN
FL= ENo /55 1) N —> NAND Xf R i) Volume btk o

TERi% 5848 5% Volume Hulikff) Set Feature fi4 )5, host ANE[AICHELH host Xt % I R (A] NAND X % ik HiAth
i (BARIREm L), BRI tFEAT IR 2 )5, PMER IR GG R NAND X RN K — 4, FoVF A& ENo/ENi
T PR AT (to be reflected) o

MfFH CE_n 51 reduction ML FILHAFFI40 T

1. JF41 NAND device fitHE,

2. CE_n(Host % 4) #fifik.

3. WHRFEIFAT reset FTAHI NAND %f 5%, M host Ki% Reset (FFh) fip4 . 1Zan 2 #ZEH:2] CE n(Host Hf %)
(1T NAND X 845252,

4. WREFF reset KA NAND XF 5, M
a. host KIAEARE (Read Status—70h) d74. FEAEMTHA fr & 2 AT AIEEARES (T0h) A & FoR M
Reset (FFh) £/~ NAND X} %,

b. host &% Reset(FFh)fir 4. 24 ENi {5 5 NE, %4 H reset 55 CE_n(Host XJ 5 )ZE 421 NAND X} %,

5. Host RIXBRE (Read Status—70h) 74, ZJ5%fr, HH| SRI6IHBN 1.

6. Host At E NAND X} % .host K% ID (Read ID), 12Z% page (Read Parameter Page), B HAB FEE K d5 2,
KL E NAND X %

7. Ri% Set Feature fin%, Zn4 EA Volume e B FIRFIEHILE (Feature Address), HISR$E7E ENi (55 A&
1) NAND 5 5 ) Volume Hitik: . 75 Fr A3 NAND XJ G /1, B M4 22 B9 Volume bk B 1% A& ME— ) . Set Feature
)5, ENo {5 S #hisE, Volume BEHUHIERE, BEHIKIX T Volume Select x4 . Host AREMK
HKH host X 5 _Ef) NAND Xf RAIE HAb &, ELRIZId tFEAT IR 2 )5

8. X T iEHE| Host XT R EEEA NAND X 5, FEUF VG A, SERBR 4-7, MAAEIATHIHNT
h, EEPER T,

9. Y%A I AD NAND X R ERE] Host AR BB, 228 F—A> Host Xf RE K DIR 2-8 (40, host
CE nf&5).

10. N7 EBWIEEERE, 7E CE n B 5 NmBNKE, FEKE A Volume Select #g4, Kik#E F—

NEPAT AT Volume,

Volume itk #548 € 2 J5 , host A BEEL5E B — ANEAN IR GG AT 55 (151140, 25 NV-DDR2 % NV-DDR3 FiL & on-die



termination), Z J& FaaH MAERAE.
TE PR 2-7 1, host [ CE n 15 5 RO R EF MK WNRAEL TR 2-7 i HifIKHY host CE n 55, fEAIR 7T 2 )5,
WG AL FE 58 B2 BT AT AT IR ()R 4 s, TS24 H SDR timing modeO [ tCS (41, CE n setup B H]) .
K 37 Box T — TR 29 FAMAIGT Reset IGaAk I FF &

tENi VOL HONO

Appointment

CE_O.n k

o)

VOL HONZ
Appointment

CE_i_n W

ENi_0is pulled high from NAND

45
W

|
|
|
|
|
ENi_0 |
ENa_0 will be |
tENo pulled high by ENi_1 |
during tFEAT time I
ENo_D | w
|
|
ENi_1 N / I
EN ENo_1 will flaat if NC, |
! it will be pulled high by |
next package ENi
if connected
ENo_1 . I @
|
w7 tFEAT bl tFEAT |
%_n Q f Q I




tEMI VoL HIN1 VOLH1N3

|
| || " Appaintment M Appointment
1 -‘:; N

Cycle type ; 70h H FFh |[ |: \ al Appt ) 70h H FFh 1( \;Ol Appt r
|

wor ) @ @
|

T R\ A
|
I ENi_0 is pulled high from NAND
[

EMI_O I

EMo_0 will be
I 1ENoD pulled high by ENi_1
during tFEAT time:

ENo_0 A
|
|
, \

ENI_1 I 3
I EMo_1 will float if NC,

tENo It will be pulled high by

| next package EMi
if conmected
EMo_1

i
I tRST tFEAT tRST tFEAT

s ! Ay )

1

P

Figure 37 Example of Sequential Reset Initialization of Figure 29 Topology

3.5.3 XRHIEHL

R T WA — O discovered BIXT SR, VLT BIRBAZHEIAT . BMOEREN CE n 55 #ROZPATHI UL
TR, AfFERE PRSI (Read Parameter Page—ECh) 4. > chip enable XN —NME—FIXT & .

Host B Zi% Read Parameter Page (ECh) g4, %2 IRIFRE device HE. FHEUUNEESTGEE, X4
ZfE BN device TEAUSE, host BOZAEXHME BEIEHATHAEZ AT, K& CRC, DABALREUS I B8 2 IER Y . 3%
BRI

IR EH) 5 — NSO (parameter page) FJ CRC 2R (B 5.7. 1. 26) , host MELHUTRKISE T %
#» (redundant parameter page copies). Host A PLUEIEME S —> 4 bytes 2B AFED 2 bytes KIS T4,
KeifsE & KA (present) EANMTURIISHIT . WIRSH WAL PR (present) , #FK host BIEZHUX A 724
FITURSHL, 25 host MAEEIXNTUARZSE IR CRC. a5 CRC A& IEAAI, W host Al LR XA TUARZSEILH
W Wi CRC ZHEM, W host M#% L EAHFIRIPER, 2l — NURBFISHIL,

Host ROZFFELL LR ZE UL, HE| host REM IEMHISRIG S ET I N2 . X Gk Bl ) BT A 2800 vl ge A
R CRC1H; {HSE, bit-wise majority BiIAt ECC H AR LLHRBESE TN E . Host 7] LIMEH bit-wise
majority B HAt ECC SR NS A/ M HEESHITHINE . WHE host FIEFENSE UM LA RA, Wi
WA 2501

L ID (Read ID) fll Read Parameter Page fiz4 Hid AR S 2 UMK 8 fir. Host fEIEIE ST HE device CHF
16-bit Fll B R % BT, ANRERIATE x16 device BAHH—ANFREMTTS .

FEMINSAF SN )G, host B 7 5260 SRl 5 P f& B TE 15 B WH host WA Tl BT 12060 5 1 ik
PR BB R, WK, host BiBRGS AT R BIFTAEREE . 2 )5, host Birl AFAAMEHXNT & T, CFEE AR
FREERAE .

L W



4. FIEE O P
4.1 FEEOREMKE

ONFI 375 4 rhOR[E R %dE 2 1 26%4: SDR, NV-DDR, NV-DDR2 1 NV-DDR3. SDR fZA£45 () NAND $1, {#H RE_n
BUEELEAE, WE n B EEER, WA SN, NV-DDR 2 XUEHE % (Double Data Rate-DDR) 4%, &4 HKBifFdrd
Akl A — A R SR B EE (O BUE BB 5 5 . NV-DDR2 2 WUEHE 242 11, SHFAMAY R (scaling
speed) (ITHAE, 1% on—die termination LA K 257055 -NV-DDR3 22 140, A5 NV-DDR2 45 , (H 3 /EZE VeeQ=1. 2V,
Hethe e AL R E AN SR 23 P

Data Interface
Feature

SDR NV-DDR NV-DDR2 NV-DDR3
Protocol Single datarate | Double data rate Double data rate Double data rate

(SDR) (DDR) (DDR) (DDR)
Maximum Speed 200 MT/s 800 MT/s 800 MT/s
CE_n Pin Reduction support Yes Yes Yes Yes
Volume Addressing support Yes Yes Yes Yes
On-die termination support No No Yes Yes

. . . No No Yes, optional for Yes, optional for
Differential signaling DQS andlor RE.n | DQS andlor RE.n
VeeQ support 33Vor18V 33Vor18V 1.8V 1.2V
External Vpp support Yes Yes Yes Yes
External VREFQ support No No Yes Yes
ZQ Calibration No No Yes, optional Yes, optional
Previous name in older ONFI | Asynchronous Source n/a n/a
specifications Synchronous
Table 23 Data Interface Comparison

B FEE VeeQ=1. 8V 8k 3. 3V, M| device MiZ#EAFLE SDR #2100 timing mode 0. 1R Host ZEZ%( page FH
7€ NV-DDR I NV-DDR2 #B# %5, M host 7] LLif#id Feature Address N 0lh [f] Set Feature fg4, FiLFEHF—14
BODL R S FHR timing mode. = W, 5. 30. 1,

W I VeeQ=1. 2V, M device MAgAEZE NV-DDR3 #% 1 timing mode 0. M1 host fEZ% page HHI T %
FFIf NV-DDR3 timing mode, M| host AJLUEIEH CE n # 4m RAL R SCRFI timing mode, 4% I B o
HH[P) timing mode. 4 host ¥ CE n $ifik/5, #rf timing mode &4k, £ 5. 30. 1.

NV-DDR, NV-DDR2 Al NV-DDR3 % 11 Ff] DDR #pis. PRI, A&%i%ds a2 % byte (K. 2444/ DDR Wi,
FIHLhE BB ARAL N AZ AR 28 00 W FAH A DDR B, FUHLhE SRS B BN T 1, S R AT E 1

4.2 E5THEESAEC

FAE SRR MO P IR A RN XA FEREARZ T IHA.
%}F NV-DDR, NV-DDR2 B¢ NV-DDR3 %1, 5 SDR AL, HILFRIALE
o I/0 MZRHE MmN DQ MLk
o HINT—/%9DAS(DQ strobe) [ DQ £di S 2B EIE(E 5. DQS XSS, HTHdEfE4. DQS Afe
T A Bk A B XM host B device FIEIR AL (5) , DQS MIBUFIR AT 55 204G R & H i al;
XFF M device £ host FIEHE L (152) , DQS BIBIAFHTN 52 DQ B 2R B FE ey . 43 /E7E SDR $2 L1,
DQS MiZA host $iE, #% device ZHE,

%FF NV-DDR %11, 5 SDR#EIVAALL, FEALEA:
o WE n ZBRUEN{E 5 (CLK) o CLK SO AE REIH: H B A G R Bh B, A1 ar 4 3, Hoik 8 A AN S
Wt A R A o AE CE n J9RIANE], CLK M ARFRAHF B, S0, 2.8. 1.
e RE n W5 /EJ7A{ES (W/R n). %5 5RRUENA DQ LZA DQS /55 . Host MiIZ{UAE ALE F1 CLE %
BRI 0 A BEREH W/R no W, 4.19.2.6 W/R nERK,



%t-F NV-DDR2 11 NV-DDR3 #£111, 5 SDR #ELIAHEL, FEAMLA:

e RE n A{E NG S (single—ended) B EEA— A EAME 54 (RE_t, RE_c) f#iH
o AN T 4N DQS(DQ strobe) 1) DQ Hid B LR iEIHAS 5. DQS AIE N B (5 5 B E E N — N EAME S5 X

(DQS_t,DQS )i H.

R 24 IR T AT ik D RS T TR

Symbol
SDR NV-DDR NV-DDR2/NVDDR3 | /P° S
ALE ALE ALE Input Address latch enable
CE n CE n CE n Input Chip enable
CLE CLE CLE Input Command latch enable
I10O[7:0] DQ[7:0] DQ[7:0] I[®] Data inputs/outputs
— DQS DQS/DQS t /O Data strobe
— — DQS ¢ o Data strobe complement
RE n WIR_n RE n/RE t Input Read enable / (Write / Read_n direction)
— — RE ¢ Input Read enable complement
WE_n CLK WE n Input Write enable / Clock
WP _n WP _n WP_n Input Write protect
R/B n R/B n R/B n OQutput Ready / Busy n
— — ZQ NA ZQ calibration

Table 24

4.3 BRRE

FEFTAHEEHE O, ALE A1 CLE 4 B SR 24 i S 2R RS

Signal Assignment based on Data Interface Type

4,3.1 SDR
25 MR T SDR (RIS ZIRAS . TERE, £ SDR 1, {H A 11b (#) ALE/CLE A2 ¥AT 5 LI
CE_n ALE CLE WE_n RE_n SDR Bus State
1 X X X X Standby
0 0 0 1 1 Idle
0 0 1 0 1 Command cycle
0 1 0 0 1 Address cycle
0 0 0 0 1 Data input cycle
0 0 0 1 0 Data output cycle
0 1 1 X X Undefined
Table 25 Asynchronous Bus State
4.3.2 NV-DDR

% 26 FHR T NV-DDR 3 AERI M ZARAS . HA 11b [ ALE/CLE F T-HURE M. SMZRIRASTE CLK 19 EFHRTFE,
Fre—A5e M CLK A DRk, 3T A, AR ZORE S WS N B s A Eda B . Tdle
MRS TN A bk — AN IR R (stream of data) 2 J5 911k DQ s 28 FRHAE.

CE_n MMEA AT M AROIRZAS N idle (40, ALE Al CLE ##iE A 0) HLiZ b 109 4 5 A B A4 St o ek 2%




CEn | ALE | CLE | WR.n CLK e il
= = State
X X X X Standby
Rising edge to 1
0 0 0 1 rising edge Idle
Rising edge to L. 1
0 0 0 0 rising edge Bus Driving
Rising edge to
0 0 1 1 rising edge Command cycle
Rising edge to
0 1 0 1 rising edge Address cycle
Rising edge to ) 2
0 1 1 1 rising edge Data input cycle
Rising edge to 2
0 1 1 0 rising edge Data output cycle
Rising edge to
0 0 1 0 rising edge Reserved
Rising edge to
0 1 0 0 rising edge Reserved

NOTE:

1. When W/R_n is cleared to ‘0, the device is driving the DQ bus and DQS
signal. When W/R_n is set to ‘1’ then the DQ and DQS signals are not driven
by the device.

2. There are two data input/output cycles from the rising edge of CLK to the next
rising edge of CLK.

Table 26

4.3.3 NV-DDR2 F1 NV-DDR3
% 27 $53R 7 NV-DDR2 1 NV-DDR3 #4F [ 24 £0R 45 o

NV-DDR Bus State

RE_n DQs Data Input | Measurement
CE_n | ALE | CLE — WE_n Bus State
i RE_t) |@as_t) | =" | or Output’ Point
1 X X X X X X X Standby
0 0 0 1 1 1 None X Idle
0 0 1 1 - - None WE—U rising edge Command cycle
to rising edge
WE_n rising edge
0 1 0 1 - - None to rising edge Address cycle
DQS rising edge Data input
0 0 0 1 - 1 Input to rising edge Cyc|e2‘3
RE_n rising edge Data output
0 0 0 - a 1 Output to rising edge cyc|ez'3’4
NOTE:
1. The current state of the device is data input, data output, or neither based on the commands issued.
2. There are two data input/output cycles from the rising edge of DQS/RE_n to the next rising edge of
DQS/RE_n.
3. ODT may be enabled as part of the data input and data output cycles.
4. At the beginning of a data output burst, DQS shall be held high for tDQSRH after RE_n transitions low to
begin data output.

Table 27

NV-DDR2 and NV-DDR3 Bus State




4.3.4 HEHERA/AH

AR, Host A LUEITHEN idle TRA B 5508 i N sk B a4t

76 SDR 4% M, @I HEE WE n 5% RE n 4 1 3K 518 5 BEim N\ S8R

£ NV-DDR #2 HH, 1@l ALE F1 CLE #iE N 0 R HR m A i fm it . 20d &3& 1) tCAD I [A]f5, host
AT LE IR ALE AT CLE #B BN 1 SR gk a5 &% -

£ NV-DDR2 B NV-DDR3 £z [ /1, @b a2 BN idle RIS KBS Hh i NSl far il . B Eda i bt mT oL
I T RE n(RE t/RE c) FRXAE 5 ORI N S B BL 24 R K (data burst) EVKE RS B 45 Ed fi A\t ]
DL I B 15 DQS (DQS_t/DQS_c) FHARFFIZAE 5 4 iy s B 250 5 R K R RS . WE_n 7EAICHR S\ sER a0 i HH 2R
RAEAT IR ROZ 0 B . ODT (U SRAE ) FE BN A R BN ON,  SBIR R K WNEHFIRES AR, A2 E
BriE warmup (CWHERAERE) A MEFIFUERT, WIRE disable ODT, BUEHI A% warmup J& ], MIRIEK host
BHEIERK . 4B EFIFEEIR RN, warmup FIABHER, 5% 4. 15 HH KL warmup F . 105F host
A HEERBIRR K, WAERHEIR TG, Bt n] DRk

4.4 NV-DDR/NV-DDR2/NV-DDR3 FlE £ %35 (Repeat Bytes)

NV-DDR, NV-DDR2 LA A&z NV-DDR3 4% 144 F DDR 4 A& 4B AR KIS B — ML A B s A 5 . AR, — S8R
FA RO BC B R 52 B Ay 2 AN ER m R R . 74k, 1R By A A it TR AL S K 2R (pipel ine) BT

XX ey 4, EH RN T R BB AR, A SR — B Sk A T HR A . A, AHIF
B byte #EEE MK, 1M H N ZFFS NV-DDR. NV-DDR2 LA K NV-DDR3 4% [ (I 5K o iX fis il R, 25 (data
pattern)#& Do Do Di Di Do D% #Uithi (host BY device) N R B/E RN byte 1—> copy. %2 BRI E 4
N B AR . RVORAEF R N R E 2 1T, AR HE IR byte.

7£ NV-DDR. NV-DDR2 I NV-DDR3 % 1}, HE &R byte Mk fr LA : Set Feature, Read ID, Get
Feature, Read Status, Read Status Enhanced, LA ODT Configure. SDR #x20] LUMEH device I mHdE1%
LTRSS

4.5 FEEEO/FFER (Tining mode) ¥ #t

DA & SRR B30 42 1 1) 1) 3 4
e SDR % NV-DDR

e SDR % NV-DDR2

e NV-DDR %] SDR

e NV-DDR2 % SDR

ANSCRR N NV-DDR B 4354 £ NV-DDR2 (Je Z JRER) o IXFME L, host NAGHE 3 SDR 42 11, SR )5 PR #5122 1) NV-DDR
8¢ NV-DDR2 #%11 .

AR O, PR (timing mode) 2 8] %% e i fe SRR

N T #ARHEE 9 NV-DDR 8% NV-DDR2, Bi3E HAAT{r i P AE s, 2{F %A Timing Mode feature HJ Set Feature
T4 . Set Feature fiy% (EFh), Feature Address, A PYANSEUEH 2 Ak e BE A, HH - FiE A i i e 488 2Rk
1T. MKk Set Feature fiy &K, host RI7EEEA AT AR (RLFES40 K30 DQS 15 5 Ay mr (WHERFE O 30K, Wk
1% Set Feature fi4) » (L VUNSE PA #AT)E, B RZ t1TC BB Z AT, host ANREM] device KIZ(FM A4 .
1E /K i% Set Feature i85, CE n {3 SHAS NEZ AT, host MAE— idle IR AMINGFRE S, I H DQS Mk
1. H4b, 4{FH NV-DDR # K, CLK HAEFE CE n Ay 4,

ASSZFE N NV-DDR3 %% 51 Ho £ 42 111 (SDR, NV-DDR B¢ NV-DDR2) . 4% VeeQ=1. 2V, M A S24F NV-DDR3 #:H. N Tk
A% NV-DDR3 [0S 74K, host NoKF CE _n A8 gy, #4542 1138 B8 i 40 oy BT B8 I P A5 24 host ¥ CE_n M5,
I FERE R AL 244548 NV-DDR3 (I FE A TN, CE n A8 N2 B, host RifE—A idle MR TRIFE S,
I H DQS Rigk 1A 1o

M) device KIEALATHn 2 2 Hl, host N4 CE n ¥ N . 24 host 4 CE_n FiflR)5, BT AHE L B PR A R



4.5.1 NV-DDR Bk NV-DDR2 ¥£%| SDR
5T M NV-DDR &% NV-DDR2 #4755 SDR, host J%i{§ F] SDR B /5 #i 0 NI Reset 74 (FFh) o« B TAEATH FHE R
M —A device i EREEDS IR A M SDR B P 0 N & 15 M) Reset fir4d (FFh) . Reset Ki%J5, host FEFFZE t1TC
[BJRTANGE ] device KIEFM[ 4. R, &L tITCH[A]Z J5, 7F Reset £53 AT, host REEKIERASM S . ERIE
Reset (FFh) 2 J&, CE n# NmZ i, host BAE—A idle FHPREHRFFE S, HH DQS RN 1.
£ CE n B&Mhi 5, REHRZBLZ)E, host N KI% Set Feature g RiEFEE@E ) SDR B A,

4.5.2 NV-DDR2 W%
FEHEFE NV-DDR2 #2112 i, 44 NV-DDR2 [(HEFE I B LA &, R 2
o MNAfH Set Feature fix2KHLE NV-DDR2 [ Configuration feature.
o % on-die termination #¢ff FI7E— N E @S ZAHIhA, NN K&IEEER ODT Configure fin4.
IX SRR N IZAERE RS NV-DDR2 % AT 5. W15 NV-DDR2 # O C.&pik b 5, XU EW S T, N host M
PRUEFH — M & @ TR E G a i E,  DABE S 5 58 B (1) 1)

4.5.3 NV-DDR3 FI#E#
1E 8 NV-DDR3 42 15 g HHEE (1) i 452 5K 2 /1T, 6 2524 NV-DDR3 HEZ£ (1 15 B RAZAE N P 0 N ARG E., Fr a2
o NMN/FH Set Feature #iy2KHL B NV-DDR3 H) Configuration feature.
o I on-die termination #YfF A —NFEEHERIFEINT, NN KIEESEH ODT Configure fr% .

XA NOZAE L RERR I P B2 0 AN E NV-DDR3 I P 22 A 56 Ao

4.6 JRAFKMH
W%

4.7 7ZQRHE(ZQ Calibration)

7Q BEHERTIIER, (HXEIE 400MT/s 3 5 (1) NV-DDR3 42 LR HEFF 1. ZQ B XS NV-DDR2 45 12 Al i M) .

%t ZQCL (ZQ long calibration) , ZQ & 238 s % 1% FOh #ir AR HAT (19, 14T ZQCS (ZQ short calibration),
7Q RHE RIS K 1% DOh A A HAT I ZQ e v I SRkA TE NAND Ron&ODT FEIME . ZERTAE AL B 75 B2 bb A K 1 N 1] SR s 1F
M HRBHI on—die termination FEE%, AHXTHE, AT BIRE IE B A [A] 2900 .

ZQCL FRAE E I 2 JEPATHIAE RS « ZQCL [ a4 7] DL HH A% S 2 EAR AT I i ik, BGR T R . ZQCL
fili /< NAND NSRS S0 51 2, — BRI SE R, I AR50 (B WA EE: 51 B8 A% 325 1) NAND 10, FH >R 58 % H Bk B0 1 on—die
termination I .

ZQCL FaVF—~> tZQCL (I [a] i S RPAT T8 B B AL 3 FF AL A 3 A

7ZQCS 4 FH AT 1 SRS I DA o e R R B2 (A8 4k o F IR TR] 23880 £ ZQCS 58 U AN 1R e 18] 7 11 FH SRk

TR FAE L IR AE . — A ZQCS A2 REMEAE ZQCS B 8] N A B IE— AN /R 1. 5% (ZQ Correction) [ Roy T Rtt

FHTET IR, %ISR AT E X A speed bins, (R KNBURE NE 54— SRS EUREE & L, AR 70 h——
ODT Ho, R 5 BRUBREE o ZQCS i 4 22 1) 5 3 AT Ji) ) 9 P DA Pl X e 3 DA R I FH R 8 S 800 72 4576 1 NAND 7E
I FH A IR BE (Tdriftrate) ATHLE (Vdriftrate) A5, AT DA g —ANUH5E ZQCS iy & [ @i a1 777, Al
DL I DL R 2 ok sE S Ta] (8] B -

ZQCorrection/[ (TSens X Tdriftrate) + (VSens X Vdriftrate)]
TSens=max (dRTTdT, dRONdTM), VSens=max (dRTTdV, dRONAVM) % X 7" NAND [1)3 1 Al e s S50 o
a0, sk TSens = 0. 5%/0C, VSens = 0. 2%/mV, Tdriftrate = 1oC/sec, Vdriftrate = 15mV/sec, H4 ZQCS
it A R =R
1L.5/[0.5X1) + (0.2 X 15)] = 0.429 = 429ms



£ tZQCL B tZQCS Hila], M #8ANRELE NAND @i I (i, s 2 22) PATEUIRE (read status) S5 #fE. NAND
IIE FH quiet time BT DUREfRL RS H BRZN AN on—die termination P{H. X T Z@iEME S, 7 2Q KHEHA I BT
AEIE EHAREA Bl AL, BIAE device AFIHAT ZQ MCHER LUN HL= 7] —M@IE . — H NAND K 5e /i, NAND
SISy S H ZQ HLmTEFE M) 4% LAY/ TFE - NAND 1 (R4 PT e AN 2 R A28 IEPAT ZQCS B ZQCL [ device b, 7]
R RAAEAEf 5 IEAE AT ZQCS B ji 7QCL ) device 3LH 7Q HFHAT device L. EAZIEFEH, FrfEREE DQ B2k
] device #EN1ZAE mPHPIRES , (55 R/BEHE device HAIK, (H 2 MR H A device IEAELRAN— LA 1) R/BENAK,
A4 host RLAZAE K IEATA 2 @Jiﬁﬁ B HT SRR OK tWB+tZQCS I A (LK 113) «

WIRAE 7Q K IEWIE] & 3% 7 —> RESET #i74-, W NAND device (% IR B 50 E AT ODT (PR ZAHAE N, host
o AT RSB . U0 SRAE ZQCL #RAEIIA] & 3% T — > RESET 44 (FFh, Fah, FCh) , | RESET $#/E 44447, NAND
device (1% HBRZN5REEFN ODT FME 2R B H W B AR IAT ZQ KEIERT—HF) o« WIRAE ZQCS K i% T —A RESET
fi4> (FFh, Fah, FCh), | RESET #4E x4 04T, NAND device Ff%dy i BREN58 8 A1 ODT (B 2Pk 2 AL R 45 2 I B
(Vendor specific settings). 34 ZQCL 8% ZQCS #% RESET fr 2 Wi /5, reset Bf[a]<=/NTF 10us (tRST < 10us) .

7E NAND device [A]FEH ZQ HIBHII R SGiH, #2618 A1 0V device [A]) tZQCL B tZQCS A H S .

4.7.1 ZQ MR FEAE, REDLEAHEAR
s

4.8 1/0WKzhEEE
W

4.9 HHERER(BEEEHER-Slew Rate)
3

4.10 BHE
W

4.11 B%
4.12 B%
4.13 %

4.14 4555 (NV-DDR2/NV-DDR3)

— M T EEERER TV, 8 RE n A1 DQS MIZE43E 5. — AN HAME RE_n FUE M DQS 15 5 AT LLA SR
EFEE X (RE_t/RE_¢ M DQS_t/DQS_c) o |l 1 2735 51, RE n #EJy RE_t,DQS 124 DQS_t, #iltn{E 5 i« 57,
ZEor 55 o] B I 3 5P (enhanced noise immunity) SRI2m{E5 588 M. A NV-DDR2 F1 NV-DDR3 #2113
R

—/~ device AIRESCHFZES RE n MI/ 82257 DAS (55, & SHF 206 5 R EESH page Ho BRINTHOL T,
a5 &W disable B, Host BJ Li#IL NV-DDR2/NV-DDR3 HIFC B 47 (Configuration feature) KELE device
PMERZMES, S0 5.30.2, EAMY RE_n (41 RE_c) A EAMP) DQS (W1 DQS_c) 1557 F Ak g it & /f 5E ) .

416 7€ H4% 11 /& NV-DDR2 B, NV-DDR3 I, Z270{5 54 % £ NV-DDR2/NV-DDR3 fJHc B HF4E (Configuration
feature) FEREZ M 5. FEEAE NV-DDR2 4% IR, HE {4 H] SDR 4% 1 KT & NV-DDR2/NV-DDR3 ) ic B 4541k
(Configuration feature). NV-DDR2/NV-DDR3 Configuration feature HIZENE S i% BEAIRSH A 5, host M
FERIEFE TR G2 200, ¥ CE n ¥ ym, LB AR5 5 58 B 1 i) @

WIS BAT T RESET (FFh) #:4F, ME/ME 524 disable. [F]#F Reset (FCh) Fll Reset LUN (FAh) Xt ZE 45 526
Qi

ZE5r AC NS H e AER 63 . 4 AC K S8 AR 64 .



Parameter Symbol Min Max Unit

. - NV-DDR2: NV-DDR2:
AC differential input cross- 0.50 x VecQ - 175 | 0.50 x VeeQ + 175
point voltage relative to VIX(AC) mv
VeeQ / 2 NV-DDR3: NV-DDR3:
0.50 x VecQ =120 | 0.50 xVeeQ + 120
Table 63 Differential AC Input Parameters
Parameter Symbol Min Max Unit
Without ZQ cal: Without ZQ cal:
AC differential output cross- 0.50 x VecQ - 200 0.50 x VecQ + 200
. VOX(AC
point voltage (AC) With ZQ cal: With ZQ cal: my
0.50 x VeeQ - 150 0.50 x VecQ + 150

Table 64 Differential AC Output Parameters

4. 15 Warmup J&# (NV-DDR2/NV-DDR3)

N T SR EE R, AR AR AN 5L T warmup i #. Warmup J& BI{ /£ N-DDR2 Al NV-DDR3 4% 1
HCHE

st 1 warmup J&HATE— NGRS burst FFAARTHRAE T RE_n DL R DQS AL (extra) FAF . 1X A
AN RE n/DQS FAR JAIR AN 2 A AR T HicH A& 4. #0057 h 8 311K % H 3 NV-DDR2/NV-DDR3 )T B A Hh ik
(Configuration feature address) Ri%E, S 5.30.2. FIAK©E A E—A 52 8540 H 1 (RE_n A1 DQS
() EFHR B B o

AR warmup Ji HIZE — DN BRI burst FFAEHRAL T RSN DQS 3548 . IXANEISLT) DQS F AR M A F
ATART Bt A o %040 B 3 5 BG83 NV-DDR2/NV-DDR3 [HIHC B 4 fiE 1k (Configuration feature address) SKi% &,
Z: 01, 5. 30. 2. JAHAER E SCEL S — AN SE BRSO (DQS 1 B AR R -

o A N B R G, warmup S BA#IGR RIIERT, WAL T warmup B, AN RE B B AR A
warmup J& & T ATE a4, 45 SOR 4 (B30 4. 4) o HEFEIEALRTUERE T warmup A, M warmup J&
BN AZAE SR P RN OE ORI UEIT F 4G . G0 host B T Hddintetn, <o HEBrkE 1 &4, TErasf
B IFEFHEASIER K, FEXMEIT, host ANREFHRKIE warmup A HH . 38 H AN E T E NS00 98 R i i
Prr ALE. CLE 8% CE_n KT OREH WE n RBIF) o 40 S 25 B A — BU 18] f5 VKR AL it 5 B0 R %
warmup JA B, W host /N CoilE G5 5 58 BV n] f

Warmup J& #7515 A NV-DDR2 B, NV-DDR3 4% 11 J5H %L, Ffi#id NV-DDR2/NV-DDR3 f#] Configuration feature
fdi % . % T NV-DDR2, FE#% 4 JTJ SDR % I 3k ¥ B NV-DDR2/NV-DDR3 Configuration feature. il 5 7E NV-DDR2 B NV-DDR3
A RIS RE 7 warmup A, WITE Set Feature iz 258/, warmup AW LA T4 R R A 4

Kl A7 o 7 — MRS H N warmup FBBHE] T, %60 warmup JABIECN 2. WEATR, BIERE—A byte
1E DQS (28 =4 EFHEF UG 1) host.

RE_n [ S S S
DQ[7:0] { Do ' D1 )} D2 | D3 | D4

Das [ W S

Figure 47 Warmup Cycles for Data Output




4.16 On—die Termination(NV-DDR2/NV-DDR3)

YeE T 2G40 FN 0 B s B () B R 58 on—die termination (ODT) . A 5iFiA DQ7:0]1,DQS t, RE t LAK
RE ¢ {55 Ll on-die termination #Liil. On-die termination f&—F7E HLAY 1) Fh HbHh FH SHes 2 B sk B 75 =R 1
AETNRE . W B M NI IhRE, M REREEE disable on—die termination, T#i$hA]AEEIEITIERL
{EHIEE R A NV-DDR2 M1 NV-DDR3 4% 114 #¢ 3 #F on—die termination.

On—die termination ZEAJUEALHATEIECE . Host Ol fE2I4 on—die termination BCE N self—termination, 5
" HEFIFISEFE termination #f on—die termination fig & 5 RIGHIHE .

LR NS, 2 WS SRy .
4.17 BFZS# (Tining Parameters)

MR B BN RERCR S P AN 2R, device BIAT ARAE I .
4,17.1 —E%
AREATYR T A 5 DR B P 24
X% —~ Read Parameter Page fir 2 MIHAT, FEWILEALTERCHT, MizfEH—AME N 200ms 1) tR F1—"MEA
500ns ] tCCS. XT page MIi#AE, BIEIEVIUGILTERMSGHATHI Read Parameter Page 4>, MAHHZSE page #
f) tR AT £CCS M -
£ SDR. NV-DDR. NV-DDR2 DA Jz NV-DDR3 # HH, 4 =Flg K tRST. fEMIEAEERREEAES, MR AT EK
BN reset ITE] . B KAEFT A
o XTGCUHTEA PAT HERR B AR A
o MR IEAEPAT gt B AF
o R RIEAEPAT HERRERAT

% 75 5% X 7 SDR. NV-DDR. NV-DDR2 DL & NV-DDR3 3t it /5 5 %5

Parameter Description

tADL2 Address cycle to data loading time

tCCSz Change Column setup time, value specified in parameter page

tCEH CE_n high hold time

tCH CE_n hold time

tCS CE_n setup time

tDH Data hold time

tD3 Data setup time

tFE,e:\T.l Busy time for Set Features and Get Features

utc’ Interface and Timing Mode Change time

tRR Ready to data output cycle (data only)

tRST Device reset time, measured from the falling edge of R/IB_n to the rising edge of R/B _n.

g (WE_n high or CLK rising edge) to SR[6] low

tWH Rz Command, address, or data input cycle to data output cycle

tWw WP_n transition to command cycle

NOTE:

1. Measured from the falling edge of SR[6] to the rising edge of SR[E].

2. tADL is used for Program operations. tWHR is used for Read ID, Read Status, and Read Status Enhanced
commands. tCCS is used for commands that modify the column address and thus impact the data pipeline;
these commands include Change Read Column and Change Write Column.

3. For Set Features when using NV-DDR2 or NV-DDR3, tWB starts on the rising edge of DQS for parameter P4.

4. Commands (including Read Status / Read Status Enhanced) shall not be issued until after tWB is complete.

Table 75 General Timing Parameters

% 76 T X T FEYIB P24 (array timing parameters) . FEFIR 7S HUERE W] LM ZEL page Iz [F]
(tR, tPROG, tBERS, Fl1 tCCS), ] LLZFR 77 & I E1H



Parameter Description
{BERS ' Block erase time
tCCS Change Column setup time
tPLEBSY1 Busy time for multi-plane erase operation
tPLPBSY ' Busy time for multi-plane program operation
tPLFlBE;Y1 Busy time for multi-plane read operation
tPCBSY Program cache busy time
tPRCJIG1 Page program time
R Page read time
{RCBSY Read cache busy time
NOTE:
1. Measured from the falling edge of SR[6] to the rising edge of SR[G].

Table 76 Array Timing Parameter Descriptions

LA “short” busy Al cache #ff (tRCBSY, tPCBSY) LA K % /241 (tPLEBSY, tPLPBSY, Fl tPLRBSY) 5%
Hko JX2E busy i A B SE AN ECRESIER 77

Parameter Typical Maximum
tPLEBSY 500 ns tBERS
tPLPBSY 500 ns tPROG
tPLRBSY 500 ns tR
tPCBSY 3us tPROG
tRCBSY 3 s tR

NOTE:
1. Typical times for tPCBSY and tRCBSY are the recommended interval at which the host
should consider polling status. Device busy time may be longer than the typical value.

Table 77 Cache and Multi-plane Short Busy Times
CE n 5| /S HLEITT Gebl F TARA4 0 . 5. VeeQ=3. 3V 8% 1. 8V, M| CE n 3] reduction fIHCE N iZfd
FH SDR 42 11 58 o AR VeeQ=1. 2V, CE_n 5] i reduction [HHC B M %14 F NV-DDR3 4% 171 58 ikl - £ 35 25 8] ] daisy chain
i ) enumeration {5 5 W 5 LA A Volume F-hEHIE S5k 78 fias.

Parameter Description Minimum Maximum
tVDLY Delay prior to issuing the next command after a new
Volume is selected using the Volume Select 50 ns -
command.
tCEVDLY Delay prior to bringing CE_n high after a new
Volume is selected using the Volume Select 50 ns -
command.
tENi ENi low until any issued command is ignored (ENo - 15
L. . . : . ns
driving low from previous package in daisy chain)
tENo CE_n low until ENo low - 50 ns
Table 78 CE_n Pin Reduction Enumeration and Volume Addressing Times
Parameter Description Maximum
tZQCL MNormal operation Long calibration time 1us
tZQCS MNormal operation Short calibration time 0.3us
NOTE:
Increased tZQCL and tZQCS values beyond minimum specified value may result when greater than 8
LUNs share a ZQ resistor

Table 79 ZQ Calibration Timing parameters

4.17.2 SDR
2280 XY SDR # O HE TG -S4, 3 83 FI%£ 84 @ X T F#=0 0, 1, 2, 3, 4 I 5 [FER,
P 0 RG24 S He, HAE LS device HAFE M. X THERIN TN, RAESE page HHIE device
Y FFZAE RS host A REFFARME .
2 host LLZNT 30ns f) tRCIE AT, A FH EDO #icdis 4 & #ARS 7 (EDO data output cycle timings), #14.19. 1.5



Frig.

Parameter Description
tALH ALE hold time
tALS ALE setup time
tAR ALE to RE n delay
tCEA CE_n access time
{CHZ CE_n high to output hi-Z
tCLH CLE hold time
tCLR CLE to RE_n delay
tCLS CLE setup time
tCOH CE_n high to output hold
tCR CE_nto RE_n low
tCR2 CE_n to RE_n low after CE_n has been high for greater than 1us
R Output hi-Z to RE_n low
tRC RE_n cycle time
tREA RE n access time
tREH RE_n high hold time
tRHOH RE_n high to output hold
tRHW RE_n high to WE_n low
RHZ RE_n high to output hi-Z
tRLOH RE_n low to output hold
tRP RE_n pulse width
tWwcC WE_n cycle time
tWH WE_n high hold time
tWP WE_n pulse width
NOTE:
1. Refer to Appendix E for measurement technique.

Table 80 SDR Timing Parameter Descriptions

4.17.3 NV-DDR
P NV-DDR 5 11O F 52 B CLK f ETHIERA DQS ISR O e, ERG, R/B n A WP n B R 5245
5.
KT B P92 1DSH) . S50 B CLK 5 DAS (0BT R



Parameter Description

tAC Access window of DQ[7:0] from CLK

Command, Address, Data delay
tCADf, tCADs (command to command, address to address,

command to address, address to command, command/address to start of data)
tCAH Command/address DQ hold time
tCALH W/R_n, CLE and ALE hold time
tCALS W/R_n, CLE and ALE setup time
tCAS Command/address DQ setup time
tCK(avg)1 Average clock cycle time, also known as tCK
tCK(abs) Absolute clock period, measured from rising edge to the next consecutive rising edge
tCKH(abs) 2 Clock cycle high
tCKL(abs) z Clock cycle low
tCKWR Data output end to W/R_n high
tDPZ Data input pause setup time
tDQSCK Access window of DQS from CLK
tnqsgs W/R_n low to DQS/DQ driven by device
tDQSH DQ@S input high pulse width
tDQSH7_3 WI/R_n high to DQS/DQ tri-state by device
tDQSL DQS input low pulse width
tDAQSQ DQS-DQ skew, DQS to last DQ valid, per access
tDQSS Data input to first DQS latching transition
tDSC DQS cycle time
tDSH DQS falling edge to CLK rising — hold time
tDSS DQS falling edge to CLK rising — setup time
tDVW Qutput data valid window
tHP Half-clock period
tJIT(per) The deviation of a given tCK(abs) from tCK(avg)
tQH DQ-DQAS hold, DQS to first DQ to go non-valid, per access
tQHS Data hold skew factor
tRHW Data output cycle to command, address, or data input cycle
tWPRE DQS write preamble
tWPST DQS write postamble
tWRCK W/R_n low to data output cycle
NOTE:
1. tCK(avg) is the average clock period over any consecutive 200 cycle window.
2. tCKH(abs) and tCKL(abs) include static offset and duty cycle jitter.
3. Refer to Appendix E for measurement technigque.

Table 81 NV-DDR Timing Parameter Descriptions

4.17.4 NV-DDR2/NV-DDR3
%% 82 % X7 NV-DDR2 A1 NV-DDR3 4% 1 I - 2 %4



P

Parameter Description
tAC Access window of DQ[7:0] from RE_n (RE_Y/RE_¢ crosspaint)
tAR ALE to (RE_n low or RE_VRE ¢ crosspoint)
tCAH Command/address DQ hold time
tCALH CLE and ALE hold time
tCALS CLE and ALE setup time
tCALS2 CLE and ALE setup time when ODT is enabled
tCAS Command/address DO setup time
tCHE1 CE_n high to output Hi-Z
{CLHZ CLE high to output Hi-Z
tCLR CLE to (RE_n low or RE_VRE_c crosspaint)
tCR CE nto (RE nlowor RE WRE c crosspaoint)
tCR2 CE_n to (RE_n low or RE_VRE_c crosspoint) after CE_n has been high for greater than 1us
tCS1 CE _n setup time for data burst with ODT disabled
tCE2 CE_n setup time with DQS/DAQ[7:0] ODT enabled
oS0 ALE, CLE, WE n hold time from CE_n high
tCDOSS DS setup time for data input start
tDBS DQS (DQS_t) high and RE_n (RE_t) high setup to ALE, CLE and CE_n low during data burst
tDH_relaxed Data DQ hold time relaxed timing
tDH_tight Data DQ hold time tight timing
tDIPW DQ input pulse width
tDQs0D (RE_n low or RE_VRE_c crosspoint) to DQS/DO driven by device
tDASH DQS high level width
tDOSL DS low level width
tDQSa DS-D0 skew, DOS to last DO valid, per access
tDASRE Access window of DQS from RE_n (RE_VRE_c)
tDOSRH DS hold time after (RE _n low or RE_tRE ¢ crosspoint)
DS relaxed Data DQ setup time relaxed timing
tDS _tight Data DQ setup time tight timing
tDSC{avyg) Average DQAS cycle time
tDSC(abs) Absolute write cycle period, measured from rising edge to the next consecutive rising edge
tDVW Output data valid window
tITper The deviation of a given tRC(abs)tDSC(abs) from tRC{avgtDSC{avg)
t)Tee Cycle-to-cycle jitter
taH DQ-DAS hold, DAS to first DA to go non-valid, per access
tQSH DS output high time (if differential, DQS tis high)
tasL DS output low time (if differential, DQS _tis low)
tRC{avg) Average read cycle time, also known as tRC
tRC{abs) Absolute read cycle period, measured from rising edge to the next consecutive rising edge
tREH(abs) Absolute RE_n/RE_t high level width
tREH(avg) Average RE_n/RE_t high level width
tRHW RE_n high to WE_n low
tRP{abs) Absplute RE_n/RE_t low level width
tRP(avg) Average RE_n/RE_t low level width
tRPRE Read preamble
tRPREZ Read preamble with ODT enabled
tRPST Read postamble
tRPSTH Read postamble hold time
WG Wiite cycle time
tWH WE_n high pulse width
WP WE_n low pulse width
tWPRE DS write preamble
tWPRE2 DOS write preamble when ODT enabled
tWPST DQS write postamble
WPSTH DS write postamble hold time
NOTE:

1. Refer to Appendix E for measurement technigue.

% 82 NV-DDR2/NV-DDR3 B} fFE ¥R




4. 18 BIFER

4.18.1 SDR
Parameter Mode 0 Mode 1 Mode 2 Unit
100 50 a5 ns
Min Max Min Max Min Max
tADL 400 — 400 — 400 — ns
tALH 20 — 10 — 10 — ns
ALS 50 - 25 - 15 - ns
LAR 25 - 10 —_ 10 - ns
tCEA — 100 — 45 — 30 ns
ICEH 20 — 20 — 20 — ns
ICH 20 — 10 — 10 — ns
tCHZ — 100 — 50 - 50 ns
tCLH 20 — 10 — 10 — ns
tCLR 20 — 10 — 10 — ns
tCLS 50 —_ 25 - 15 - ns
tCOH 0 —_ 15 - 15 - ns
ICR 10 — 10 — 10 - ns
tCR2 100 — 100 — 100 - ns
ICS 70 — 35 — 25 — ns
tOH 20 — 10 — 5 — ns
s 40 — 20 — 15 — ns
IFEAT — 1 — 1 — 1 us
R 10 — 1] —_— 1] —_— s
tiTeC — 1 — i — 1 us
tRC 100 —_ 50 —_ 35 —_ ns
tREA — 40 — 30 — 25 ns
IREH 30 — 15 — 15 — ns
tRHOH 0 — 15 — 15 — ns
tRHW 200 — 100 — 100 — ns
tRHZ — 200 — 100 — 100 ns
tRLOH i} — i} — 0 — ns
IRP 50 — 25 — 17 — ns
tRR 40 — 20 — 20 — ns
tRST {raw NAND) _ 5000 _ 1?&“’ _ 1ggﬂf us
IRST* — | 20000 | — b — 150/ s
(EZ NAND) =00 =00 g
twWe —_ 200 —_ 100 - 100 ns
tWC 100 — 45 — 35 — ns
tWH 30 —_ 15 —_ 15 —_ ns
WHR 120 — B0 — 80 — ns
WP 50 — 25 — 17 — ns
AW 100 — 100 — 100 — ns
MOTE:
1. To easily support EDO capable devices, tCHZ and tRHZ maximums are higher in
modes 1, 2, and 3 than typically necessary for a non-EDO capable device.
2. If the reset is invoked using a Reset (FFh) command then the EZ NAND device has
250 ms to complete the reset operation regardless of the timing mode. If the reset is
invaked using Reset LUN (FAh) command then the values are as shown.

% 83 SDR A F#E 0, 1, 2



Paramelse Made 3 {ED::::::I:IE} {Eﬂgnn:::ble] —
30 25 20 ns
Min Max Min Max Min Max
tADL 400 —_ 400 —_ 400 —_ ns
tALH ] —_ 5 —_ 5 —_ ns
tALS 10 —_ 10 —_ 10 —_ ns
tAR 10 — 10 —_ 10 — ns
tCEA — 25 — 25 —_ 25 ns
tCEH 20 — 20 —_ 20 — ns
tCH 5 - 5 —_ 5 —_ ns
tCHZ - 50 - 30 —_ 30 ns
tCLH 5 —_ ] —_ 5 — ns
tCLR 10 — 10 —_ 10 —_ ns
tCLS 10 — 10 —_ 10 —_ ns
tCOH 15 — 15 —_ 15 — ns
tCR 10 —_ 10 —_— 10 —_ ns
tCR2 100 — 100 —_ 100 — ns
ICS 25 - 20 —_ 15 —_ ns
tOH 5 — 5 —_ 5 — ns
tDS 10 — 10 —_ 7 —_ ns
tFEAT — i — 1 — 1 Us
tIR 0 —_ 1] —_— 0 — ns
tITe — 1 — 1 — 1 us
tRC 30 — 25 —_ 20 —_ ns
tREA — 20 — 20 —_ 16 ns
tREH 10 — 10 —_ 7 — ns
tRHOH 15 — 15 — 15 — ns
t(RHW 100 — 100 —_ 100 — ns
tRHZ — 100 — 100 —_ 100 ns
tRLOH 0 —_ 5 —_— 5 —_ ns
tRP 15 — 12 —_ 10 — ns
tRR 20 —_ 20 —_ 20 —_ ns
10430/ 10030/ 1030/
IRST (raw NAND) |  — S0 — 200 _ v us
RST® S A I 2 R U R
(EZ HAND) /500 500 500
tWB — 100 — 100 — 100 ns
twc 30 - 25 —_ 20 —_ ns
tWH 10 — 10 —_ 7 —_ ns
tWHR 80 — 80 —_ 80 —_ ns
tWe 15 — 12 —_ 10 — ns
B 100 —_ 100 —_ 100 —_ ns
NOTE:

1. To easily support EDO capable devices, tCHZ and tRHZ maximums are higher in
modes 1, 2, and 3 than typically necessary for a non-EDO capable device.
2. If the reset is invoked using a Reset (FFh) command then the EZ NAND device has

250 ms to complete the reset operation regardless of the timing mode. If the reset is
invoked using Reset LUN (FAh) command then the values are as shown.

Table 84

SDR Timing Modes 3,4, and 5




4.18.2 NV-DDR
85 ik 1 ARMER NV-DDR 42 1IN PP o AN EESK host (R S i S5 Am v IR P A5 =Ry i e ) SRS A UL T« Host

S B AR 0 setup AT hold time. IR host J@id Set Feature fy4ikE T AR n, A4 host AR
B NZ G P ARG n—1 OIS pfe, T EGIERAEC n (OIS B g B AHAE . BN, QSR host &€ TIPSR 2, B4 M
fFa AN AR
30ns > host B8P EH] >= 20ns
SR PG 0 kA, T host AR &4 & BAR A2 T 100ns (BIZNT- 100ns) o % ZESRME— 11412 2 host DA
SDR I} #4530 0 438 1 — 4> Reset (FFh), 2L 4. 5.
FoRB R N . Bt HohkEay 4 B2 BT AE R I PS4, ELEIR (ns Z) i 5 AT A Bl BRI .
Al LM LR AR T 0] B8 R AR AR IR 5 — N
=Roundup {[tParam + tCK]/tCK}
B P AR N 6 38 29 58 AR &5 14 o



Parameter Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Unit
50 30 20 15 12 10 ns
20 ~33 50 ~66 ~83 100 MHz
Min Max Min Max Min Max Min Max Min Max Min Max
tAC 3 25 3 25 3 25 3 25 3 25 3 25 ns
tADL 400 — 400 — 400 — 400 — 400 — 400 — ns
tCADf 25 — 25 — 25 — 25 — 25 — 25 — ns
tCADs 45 — 45 — 45 — 45 — 45 — 45 — ns
tCAH 10 — 5 — 4 — 3 — 2.5 — 2 — ns
tCALH 10 — 5 — 4 — 3 — 25 — 2 — ns
tCALS 10 — 5 — 4 — 3 — 25 —_ 2 —_ ns
tCAS 10 — 5 — 4 — 3 — 25 — 2 — ns
tCEH 20 — 20 — 20 — 20 — 20 — 20 — ns
tCH 10 — 5 — 4 — 3 — 25 — 2 — ns
tCK(avg) or 12 10
tcé‘ 50 — 30 — 20 — 15 — — — ns
Minimum: tCKi{avg) + tJIT{per) min ns
1K (abs) Maximum: tCKEaugg + tJl TEperi max
iCKH{abs) 0.43 0.57 0.43 0.57 0.43 0.57 0.43 0.57 0.43 0.57 043 0.57 tCK
ICKL{abs) 0.43 0.57 0.43 0.57 0.43 0.57 0.43 0.57 0.43 0.57 0.43 0.57 tCK
Minimum: RoundUp{tDQSCK({max) + tCK] / t1CK
tLKWR Mi{imu m: — } | : K
tCs 35 — 25 — 15 — 15 - 15 — 15 — ns
tDH 5 — 2.5 — 1.7 — 1.3 — 1.1 — 0.9 —_ ns
tDPZ 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — tDSC
tDQSCK 3 25 3 25 3 25 3 25 3 25 3 25 ns
tDQSD 0 18 0 18 0 18 #] 18 0 18 0 18 ns
tCK or
tDQsSH 04 0.6 04 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tDSC4
tDQSHZ — 20 — 20 — 20 — 20 — 20 — 20 ns
tCK or
tDQSL 04 0.6 04 0.6 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tDSC4
iDQsS0 o 5 — 2.5 — 1.7 — 1.3 — 1.0 — 0.85 ns
tDOss 0.75 1.25 0.75 1.25 0.75 1.25 0.75 1.25 0.75 1.25 0.75 1.25 tCK
tDS 5 — 3 — 2 — 1.5 — 1.1 — 0.9 — ns
tDSC 50 — 30 — 20 — 15 — 12 — 10 — ns
tDSH 0.2 — 0.2 — 0.2 — 0.2 — 0.2 —_ 0.2 —_ tCHK
D55 0.2 — 0.2 — 0.2 — 0.2 — 0.2 — 0.2 — tCK




tDVW tDVW = tQH — tDQSQ ns
tFEAT — 1 — 1 — 1 | = | 1 — 1 — 1 s
tHP tHP = min(tCKL, 1CKH) ns
HTC — 1 — 1 — 1 — 1 — 1 — 1 us
tJIT{per) -0.7 0.7 0.7 0.7 -0.7 0.7 -0.6 0.6 -0.6 0.6 05 05 ns
tQH tQH = tHP — 1QHS ns
tQHS — 3 — 3 — 2 — 15 — 12 — 1.0 ns
tRHW 100 — 100 — 100 — 100 — 100 — 100 — ns
tRR 20 — 20 — 20 — 20 — 20 — 20 - ns
tRST (raw 10/30/ 10/30/ 10/30/ 10/30/f 10/30/ 10/30/
NAND) _ 500 _ 500 _ 500 — 500 — 500 — 500 HS
2 150/ 150/ 150/ 150/ 150/ 150/
tRST — 150/ — 150/ — 150/ — 150/ — 150/ — 150/ us
(EZ NANDY) 500 500 500 500 500 500
tWB — 100 — 100 — 100 — 100 — 100 — 100 ns
tWHR 80 — 80 — 80 — 80 — 80 — 80 — ns
tWPRE 15 — 15 — 1.5 — 1.5 — 1.5 — 1.5 — tCK
tWPST 15 — 15 — 1.5 — 15 — 1.5 — 1.5 — tCK
tWRCK 20 — 20 — 20 — 20 — 20 — 20 — ns
mw 100 — 100 — 100 — 100 — 100 — 100 — ns

N

1 tDQSHE is not referenced to a specific voltage level, but specifies when the device output is no longer driving.

2. tCK{avg) is the average clock period over any consacutive 200 cycle window.

3. tCKH(abs) and tCKL(abs) include static offset and duty cycle jitter.

4. tDOQSL and tDOQSH are relative to tCK when CLK is running. If CLK is stopped during data input, then tDQSL and tDOQSH are relative to tDSC.

5. If the reset is invoked using a Reset (FFh) command then the EZ NAND device has 250 ms to complete the reset operation regardless of the timing mode. If
the reset is invoked using Synchronous Reset (FCh) or a Reset LUN (FAh) command then the values are as shown.

Table 85 NV-DDR Timing Modes




4.18.3 NV-DDR2/NV-DDR3
% 86, # 87, K 88 I 89 & 7 NV-DDR2 A1 NV-DDR3 4% L (I e . AREK host R4 W1 S hruEnt 5
BEF A tDSC B8 tRC {E RS T UCHED . Host N B 1% 52 I E AR 1 setup Al hold time. W15 host i Set Feature
ik 7 P n, W host (1) tDSC AT tRC fE R ELIS 545 n—1 1) tDSC A1 tRC {E 2R (BP/NT) , i Eu i X
n 1) tDSC A1 tRC {HEA8 (B R T) Bl A4 o
RN 36 29 8 SR 261tk %155 T 200MT/s [P, {4iFH 25 Ohm WIIKENEREE, Z/HES
RE_n(RE_t/RE_c) #1 DQS (DQS_t/DQS_c), LA AN VREFQ KIS UER 7240, KT 533MT/s Mid B, it $hAT Z2Q 1%
TESRISERS ¥ 24, X @T 200MT/s (I EE, JF A ST n AR IR A B, s 5, Al/BLAHS VREFQ; 1X
PR L I 7 S SAIE R O o QiR e 0 ke, Tl tRC AT tDSC A HHRIAME T 100ns (RN T
45 100ns) o
1T NAND B FH AR AR MG 2 e, NAND device RJLASEFEANIEI tDS A tDH {E H HATY BEIE BIHH [F] (1) 504 N\
W T AR FE FHZE ALK NAND device, NV-DDR2 1 NV-DDR3 422 LIZE IS Azt 4-10 o, AR H SR m A
tDS A1 tDH {H, XWR(EMEE XN tDS tight, tDH tight, tDS relaxed LLA tDH relaxed, W13 88 ffizm.
I 7 S HE RO 2 LR ZESR (DU S BB AS R ARUERf,  DASESCORONHE)
1. tCHZ Al tCLHZ HAN 2 B —/N A B R, T2 Y4 device fiy HHASFEA SRS A 52
2. 2% tRC(avg) F tDSC (avg) AL EMIIES: 200 A JE I F351E, tRC(avg) /tDSC (avg) J& VT M /N LA,
HA AR tJ1Tper 5IRRIRZE.
3. FNEBEYE VR, (A RREE R
4. tREH (avg) F PR (avg) /AT RIESE 200 ANHEPJE HISPIE 1 —F, FF B2 vr-f A Am —2F, nf LUA I #hE}
AEIEENRZE . BB AR RV, (AR I R e
5. JAIAEIE) (tJITper) /& tRC B¢ tDSC JA AR I RiR 2, RZE R AIEREZSRE fURE.
6. AHABFEEAELS) (cycle—to—cycle jitter—tJITce) B8l A —ANJE BAZ] T —AN BRI 22
2 BBl (duty cycle jitter) F T BSP Bk RMIG HE P Rkok, (HPAN I BRFVMEAREELE tJTTper. %)
/N JEBH tRP (abd) , tREH (abs), tDQSH 8% tDQSL AS/NT-F34) cycle ) 43%.
8. 4 device [FIRVEEEMIN RE n(RE t/RE c) ¥}ZhINF, tQSL, tQSH HI tQH 75 Eil T 92 fr A T 0. 45%tRC (avg)
{H/NTF 0. 43%tRC (avg) I 5 2 EL Rl ks b -
9. K5 HRBI PRI T2 B I 45%2 S ECE R tQH, BEM R — AN KB A & . device
F) b S A GE 1%, 22085 0. 5% B A & 1. B4, host FJ tREH (abs) A 0. 49%tRC (avg), ATA
device iIEF|f) tQH /24 0. 369%tRC (avg) «
10. FrP A DS A tDH 3 T4 N2 (slew rate) 1V/ns. WIHREINJEIERAE 1V/ns, AL
%771 (derating methodology) »
11. Y DIPW 58 SCNH NS 5 Ik 58 B, X AN NS 5/ T35 — A VREFQ (DC) A4 T K ¥ VREFQ (DC) -



Constant Timing Parameter Values

iin Max Unit
tAR 10 —_ ns
tCAH 5 —_ ns
tCAS 5 —_ ns
tCaLH 5 —_ ns
tCALS 15 —_ ns
toALS2 25 —_ ns
tCEH 20 —_ ns
tCH 5 —_ ns
tCS 20 —_ ns
tCS1 30 —_ ns
oS 40 —_ ns
oS0 10 —_ ns
tCHZ —_ 30 ns
tCLHE — 30 ns
tCLR 10 —_ ns
tCR 10 —_ ns
tCR2Z 100 —_ ns
tDBS 5 —_ ns
tRHW 100 —_ ns
wWe 25 —_ ns
fWH 11 — ns
e 11 —_ ns
tWHR BO —_ ns
AW 100 —_ ns
tFEAT — 1 us
HTC —_ 1 us
tRST — 104300500 us
tRR 20 —_ ns
tWE —_ 100 ns
Timing Mode Specific Values (Modes 0-3)
Mode 0 Mode 1 Mode 2 Mode 3 Unit
30 25 15 12 ns
- 33 40 ~ BB ~ 83 MHz
Min Max hin Max Min Max iin Max
tADL 400 —_— 400 o 400 —_— 400 _— ns
Timing Mode Specific Values (Modes 4-7)
Mode 4 Mode 5 Mode 6 Mode 7 Unit
10 7.5 ] 5 ns
100 ~133 ~166 200 MHz
Min Max hin Max Mlin Max lin Max
tADL 400 —_— 400 —_— 400 —_— 400 —_— ns
Timing Mode Specific Values (Modes 8-10)
Mode 8 Mode 9 Mode 10 Unit
3.75 3 2.5 ns
~267 ~333 400 MHz
Min Max Min Max Min Max
tanL 400 —_ 400 —_ 400 _ ns
Table B6 NV-DDR2 /| NV-DDR3 Timing Parameter Values: Command and Address




Timing Mode Specific Values (Modes 0-3)

Mode 0 Mode 1 Mode 2 Mode 3 Unit
30 25 15 12 ns
~33 40 ~ 66 ~83 MHz
Min Max Min Max Min Max Min Max
tJITper (DQS) -2.4 2.4 -2.0 2.0 -1.2 1.2 -1.0 1.0 ns
tJITper (RE_n) -1.8 1.8 -1.5 1.5 -0.9 0.9 0.75 0.75 ns
tJITce (DQS) 4.8 — 4.0 — 2.4 — 2.0 — ns
tJITce (RE_n) 3.6 — 3.0 — 1.8 — 1.5 — ns
Timing Mode Specific Values (Modes 4-7)
Mode 4 Mode 5 Mode 6 Mode 7 Unit
10 7.5 6 5 ns
100 ~133 ~166 200 MHz
Min Max Min Max Min Max Min Max
tJITper(DQS) -0.80 0.80 -0.60 0.60 -0.48 0.48 -0.40 0.40 ns
tJITper(RE_n) -0.60 0.60 -0.45 0.45 -0.36 0.36 -0.30 0.30 ns
tJITce(DAS) 1.6 — 1.2 — 0.96 — 0.80 — ns
tJITce(RE _n) 1.2 —_ 0.90 —_ 0.72 — 0.60 —_ ns
Timing Mode Specific Values (Modes 8-10)
Mode 8 Mode 9 Mode 10 Unit
3.75 3 25 ns
~267 ~333 400 MHz
Min Max Min Max Min Max
tJITper(DQS) -0.30 0.30 -0.24 0.24 -0.2 0.2 ns
tJITper(RE_n) -0.225 | 0.225 -0.18 0.18 -0.15 0.15 ns
tJITce(DAS) 0.6 —_ 0.48 —_— 0.4 — ns
tJITcc(RE_n) 0.45 — 0.36 — 0.3 — ns
Table 87 NV-DDR2 / NV-DDR3 Timing Parameter Values: Jitter
Constant Timing Parameter Values
Min Max Unit
tCDQASS 30 —_ ns
tDIPW 0.31 — tDSC(avg)
tDQSH 0.43 — tDSC(avg)
tDQSL 0.43 — tDSC(avg)
tDSC(abs) tDSC(avg) + tJITper(DQS) min tDSC(avg) + tJITper(DQS) max ns
tWPRE 15 — ns
tWPRE2 25 — ns
tWPST 6.5 — ns
tWPSTH 15 — ns
Timing Mode Specific Values (Modes 0-3)
Mode 0 Mode 1 Mode 2 Mode 3 Unit
30 25 15 12 ns
~33 40 ~ 66 ~ 83 MHz
Min Max Min Max Min Max Min Max
tDH 4 —_ 3.3 —_ 2.0 — 1.1 —_ ns
tDS 4 —_ 3.3 —_ 2.0 — 1.1 —_ ns
tDSC(avg) or
{DSC 30 — 25 — 15 — 12 — ns
Timing Mode Specific Values (Modes 4-7)
Mode 4 Mode 5 Mode 6 Mode 7 Unit
10 7.5 5] 5 ns
100 ~133 ~166 200 MHz
Min Max Min Max Min Max Min Max
tDH_tight 0.7 — 0.5 — 04 — 0.35 — ns
tDS tight 0.7 — 0.5 — 04 — 0.35 — ns
tDH_relaxed 0.9 — 075 — 0.55 — 0.40 — ns
tDS relaxed 0.9 —_ 0.75 —_ 0.55 — 0.40 —_ ns
tDSC(avg) or
{DSC 10 — 7.5 — 6 — 5 — ns
Timing Mode Specific Values (Modes 8-10)
Mode 8 Mode 9 Mode 10 Unit
3.75 3 2.5 ns
~267 ~333 400 MHz
Min Max Min Max Min Max
tDH_tight 0.3 — 0.24 — 0.2 — ns
tDS_tight 0.3 — 0.24 — 0.2 — ns
tDH_relaxed 0.35 —_ 0.31 —_ 0.26 — ns
tDS relaxed 0.35 —_ 0.31 —_ 0.26 — ns
tDSC(avg) or
tDSC( 9) 375 | — 3 — 25 — ns

Table 88

NV-DDR2 / NV-DDR3 Timing Parameter Values: Data Input




Constant Timing Parameter Values

Min Max Unit
tAC 3 25 ns
tDQsS0D 5 18 ns
tDOSRE 3 25 ns
DAY DV = tQH —tDQSQ ns
iaH 0.37 —_ tRC{avg)
tSH 0.37 —_ tRC{avg)
HQSL 0.37 _— tRC{avg)
tRC{abs) tRC{avg) + tJITper{RE_n) min tRC{avg) + tJITperRE_n) max ns
tREH(abs) 0.43 —_ tRC{avg)
tRP{abs) 0.43 —_ tRC{avg)
tREH(avg) 0.45 0.55 tRC{avg)
tRP(avg) 0.45 0.55 tRC{avg)
tRPRE 15 —_ ns
tRPREZ2 25 —_ ns
tRPST tDASRE + 0.5%RC —_ ns
tRPSTH 15 _— ns
tDQSRH 5 —_ ns

Timing Mode Specific Values (Modes 0-3)
Mode 0 Mode 1 Mode 2 Mode 3 Unit
30 25 15 12 ns
~ 33 40 ~ G ~ 83 MHz
hiin hlan hdin Max Min Max Min Max
tDOS0 —_ 2.5 —_ 2.0 —_ 1.4 —_ 1.0 ns
tRC{ava) or
mc‘[ va) 30 - 25 - 15 - 12 - ns
Timing Mode Specific Values (Modes 4-7)
Mode 4 Mode 5 Mode 6 Mode 7 Unit
10 75 6 5 ns
100 ~133 ~166 200 MHz
Min Max Min Max Min Max Min Max
tDQSQ —_ 0.8 —_ 0.6 o 0.5 — 0.4 ns
tgg{a"gj or 10 - 7.5 - 6 - 5 - ns
Timing Mode Specific Values (Modes B-10)
Mode 8 Mode 9 Mode 10 Unit
3.75 3 25 ns
~267 ~333 400 MHz
Min Max Min Max Min Max
iDQsSQ —_ 0.350 —_ 0.3 —_ 0.25 ns
tRC{ava) or
mc'[ vg) 3.75 - 3 - 25 - ns
Table 89 NV-DDR2 /| NV-DDR3 Timing Parameter Values: Data Output
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Figure 55 Data input cycle timings
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Figure 56 Data output cycle timings
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Figure 57 EDO data output cycle timings



4.19.1.6 32IRE (Read Status) B F

CLE / \q— lerg ———»

toes —m

CE_n °

— tur
' [
WE_n \i / P .

\
RE_n \ A tenz |

107-0

lir IrEs

Figure 58 Read Status timings
4.19.1.7 Read Status Enhanced i} f#

CLE {__ . tm\

CE_n

! f— e —»
— loe | twe | |

| | N fon|

b tam tas law g ™—®

ALE / . =

RE_n N \'L _/ truz

107-0

Y Status

Figure 59 Read Status Enhanced timings



4.19.2 NV-DDR
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Figure 60 Command cycle timings
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Figure 61 Address cycle timings
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Figure 64 Data input cycle timing, CLK stopped with data pause
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4.19.2.7 WRNFEXR

FECHEILE, N RECHT, A2 NN SR 2. #1W0, 7E Change Write Column i 4 %K
g T 4B 2 BT, tDQSD A1 tCCS #B R 1% 4% 3 /2 chost F device NARIE FTA HII 6 S50 B0k 0 2 o 40 5 tADL . tCSS.
tRHW 8% tWHR #%223k, NX LSRG 220 (governing parameters) (R, iXEEZEHNE B A [HMED -

Kl 67 flIE 68 JEHL T —> Read Status fr & MBI 7, &6 FEE T oA MEFREREN TGN TS5 LA
tWHR & Bd A 4 T 6 2 1T 14541 244 (governing parameter) . EH [ LLFEH, Read Status ap 2 HIEHE S, HIH
(% byte #ifE 4 7 # X (DO, DO)

4]

CE.n | o§ 10— S
' o ICALS
[ * —
CLE : {1CALS | 1CALH | g\)—
R tWHR
ICALS b
-4 » 1CAD e ICAD "
ALE | N " - S
WCKL | tCKH
_H
CLk [\ /9§ S S
_ ek
WJ"R_H ficaLs li.‘..}!«LH_j".It SS_
1DOSHZ |
AT A TR A Th A Th e O i M
DQS B N B §
ICAS | ICAH
DQ[7:0] i 7on i( S
Figure 67 Read Status including tWHR and tCAD timing requirements

R
1. 3 CE nM 17N O0K, ALE Fl CLE MALTHROIRES. EH, XMNERBCREZERT tCS Al tCALS Fon RS
8] {HA& tCS A tCALS KSRl 2 ANFEIY, B FrSHEE XAER 85 .
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| |
CE_n Lg : <y

| |
I |

CLE JI—S ! f ICALS |
: BVHR - :

ALE :L§ fm: \
|

r_

[ S 7 B AW

Y

cLk [§

_—— e — — | — -
e
———

1
i
Y

HALS 1DQSD «1DOSCK_

I
WfR_n [::()S \: A - 1DQsCK > -'Irtf.‘Al_E {DOSHZ
| o
DQS [I;SS \
I
I
DQ[7:0] [

Figure 68 Read Status including tWHR and tCAD timing requirements, continued

4.19.3 NV-DDR2 #1 NV-DDR3
NV-DDR2 1 NV-DDR3 I ¥l h o 1 2243 (BAM 5 5 A (RE_t/RE ¢ A1 DQS t/DQS c¢) « 535 T Ak K.
RE nMIRE t & [F—AME T UZE G 5 h disable I AEH RE ¢.DQSHIDQS t A& [F]—/ME T 1% /35 5 disable
AN DQS_c.

4.19.3.1 &R



WE_n Eﬁ' \ Y

‘WP
RE_t |
1 S, . S ———
DQs_t'
DQS_¢ / /,
'CAS _|'CAH

— — — — Optional complementary signaling % Don't Care

Figure 69 Command cycle timings

VEE: YRS HER N SR BN, W8 ALE, CLE #1 CE n #21 (1 idle IRA&), M host MR
7 DQS(DQS t) A, LABGIE device fHHE ODT. #1H ODT % disable, WIZE idle JRZ AN A %0 DAS.

4.19.3.2 Hh-EAMNF



'CS 'CH

'CALS 'CALH
-

- -
e Y
WP
RE_t |
1 S . T —
DQs._t'
DQS_c i /
'CAS _|'CAH

DQ[7:0] fﬂ.’ﬂﬂﬂfiﬂﬁfﬁﬂfﬂﬂﬂﬁﬂﬁﬁﬁfﬁfﬁéﬁ/ﬂﬁ@l; Address W

— — — — Optional complementary signaling V/A Don’t Care

Figure 70 Address cycle timings

VEE: URDIRESA SRS N EEE M I, 5 ALE. CLE F1 CE n #B M (1, idle dR7), M host Siff
7 DQS(DQS t) A, LABGIE device fHE ODT. #1H ODT #% disable, WIZE idle JRZHANEAH %0 DAS.

4.19.3.3 HEHN AN

a5 N A BN P RER T E N host ££4i ) device (A0, HdES) FIN P, @i {21k DQS (DQS_t/DAS_c) #4EkK
FHIRRIN .

XFF Set Feature 1 ODT Ft & dn 2 fEf%, AHFEIFIEHE byte BREE IR, XFMIEMN T, i (pattern) A
DO DO D1 D1 D2 D2 &, device HEEBAFREANEIR byte II—"N4& 10 (copy) -

HE S NAS LR AL ODT . Wi R JE i Set Feature #E#543 A ODT, U ODT 7 B 71 Fion (4 B 2 (B 4 fEM disable.

R
1. tDBS 2% CLE. ALE B{ CE n if)5 — A FREIE.
2. host % H CE n. ALE 8% CLE & 1 SRiB H#dE = & (data burst) .



00T disabled

tcs1 / tes2 - = .
R — " B
| oDT enjhled YCALS or tCALS2 - teamw 7 I"'tcsu 7‘7_
ce ’7////////%”/////////////////////?la !*| :
LCALS or tCALS2 e

WE_n

RE_t
RE ¢

ooss A

— — — — Optional complementary signaling Dn:m't Care

Figure 71 Data input cycle timing

4.19.3.4 HaEHHE BN F
O i B R R IR T B device £ 5 E] host (4, 1) BB T . @id4F 1k RE_n (RE_t/RE_c) M AR vl DL 1= £ din A& 4
XtF Read ID, Get Feature, Read Status Fl Read Status Enhanced fix4>, HMFRIFIEHE byte #iEE IR XMER T, FHEE (pattern) N Do Do Di Dy D D %%,
host W REEIAFEE N E byte BI— 44 (copy)
et th AN ZORAEA ODT. anLid@id Set Feature i%#% /] ODT, | ODT 7£ &l 72 oA B I E i (E §EF disable.
JER: 1.tDBS % CLE. ALE B CE n /g — N FFEIG.
2. host W& CE_n. ALE B{ CLE 4 I RIB BT A . A CE n I, tCHZ AR, IZSEUNRE B R K -



tcsh /es2

DQS/DQ{7:0] RE_YRE_c ODT disabled I

DQS/DQ|7:0) RE_/RE_c ODT enabled

- -—‘CSD
17/7777”/

RE_t
RE_¢

DQS_t
DQS ¢

DQI7:0]

——————————— — -

- — - — - ————

N

— = = — Optional complementary signaling MUndeﬁned (driven by NAND) Don‘t Care Oata Transitioning

Figure 72

Data output cycle timing



5. & E X
5.1 mA4RE

90 7R T ONFI & & .

H— A2 FIRUE R R R EPATHI 2. AL A B M, Wk 90 s, BAHE

W A A .

Command OM | 17 Cycle | 2™ Acceptable | Acceptable | Target
Cycle while while level
Accessed Other commands
LUN is LUNs are
Busy Busy
Read M [ 00h 30h Y
Multi-plane O [ 00h 32h Y
Copyback Read O | 00h 35h Y
Change Read Column M | 05h EOh Y
Change Read Column O | 06h EOh Y
Enhanced
Read Cache Random O | 00h 31h Y
Read Cache O | 31h Y
Sequential
Read Cache End O | 3Fh Y
Elock Erase M | 60h Dah hd
Multi-plane O | 60h D1h Y
Read Status M [ 70h Y Y
Read Status Enhanced | O | 78h ¥ hi
Page Program M | 8Oh 10h Y
Multi-plane O | 80h 11h Y
Page Cache Program O | 80h 15h Y
Copyback Program O | 85h 10h Y
Multi-plane O | 85h 11h Y
Small Data Mmrez O | 85h 11h Y
Change Write Column' | M |85h Y
Change Row Address’ O | 8s5h Y
Read ID M [ 90h Y
Volume Selectﬂ O |Eth Y Y
oDT IIZ:czlr'n‘“lgure3 O | E2n Y
Read Parameter Page M | ECh Y
Read Unigue 1D O | EDh Y
Get Features O | EEh Y
Set Features O | EFh Y
LUN Get Features O | D4h Y
LUN Set Features O | D5h Y
ZQ Calibration Short O | D%h Y
ZQ Calibration Long O | F9h ¥
Reset LUN O | FAh Y Y
Synchronous Reset O | FCh Y Y Y
Reset M [ FFh Y Y Y

=

1.
2.

Move HIEIECES — AN 2

[J &k

Change Write Column R fg

IS A
ifSe

device % FF matrix termination, WM ZHF ODT B E (ODT Configure) .
£ 90 wASRE

il

2

ffie -kt . Change Row Address RIffi /T Hulb AN ookt . 2 W EAR G2 € Yo
I R E N AR I B A R 1, W) Small Data Move [R5 — M 4ERY (opcode) A B 80h.Small Data
10h, HRHINGRFEEL [ #% (Copyback) #E1E

15 device Bl % CE n 5| reduction, X ¥ ¥Fmatrix termination, MM 7 F: Volume Select. T



device ANREAEFH IR EE FUHRAERY, ROMIXSLOR B IR ERS AT R FH T ONFT ASRIRA I RITE . i3 7 e SCERAERY
ANRELE ONFT H 5 5E UAEH -
Type Opcode
Standard Command Set 00h, 05h — 06h, 10h — 11h, 15h, 30h — 32h, 35h, 3Fh, 60h, 70h,
78h, 80h — 81h, 85h, 90h, DOh — D1h, D4h — D5h, D9h, EOh —
E2h, ECh — EFh, F1h — F2h, F9h, FAh, FCh, FFh
Vendor Specific 01h — 04h, 07h — 0Ah, OCh — OFh, 13h, 16h — 17h, 19h — 1Ah,
1Dh — 2Fh, 33h — 34h, 36h — 3Eh, 40h — 5Fh, 61h, 65h — 6Fh,
71h — 75h, 77h, 79h — 7Fh, 84h, 87h — 8Dh, 8Fh, 91h — CFh,
D2h — D3h, D6h — D8h, DAh — DFh, E3h — EBh, FOh, F3h — F8h,

FBh, FD — FEh
Reserved 0Bh, 12h, 14h, 18h, 1Bh — 1Ch, 62h — 64h, 76h, 82h — 83h, 86h,
8Eh
Table 91 Opcode Reservations

5.2 &R

55 5 T 1) A A A DL —Fh 2 BT ST 4 1 2R3 (w2 TR A TR AT ) oy OR300, B 73—
A, I T LA AR ) Change Write Column fi4>. [ 73 fr &Ik (4] 1 LA N —ANRE e 46 O (1 f
AR, B 74 R T AE SDR $: 0 A1) Change Write Column fiy 24k . /& 75 JE7x 7 4E NV-DDR 4% 1 FF ] Change Write
Column fy&-ffiiR. & 76 &7~ T 7E NV-DDR2/3 $ [ tf Change Write Column fF&-fiid. J¥=, 6 4 EE XK P
ZHAT LAAERE i A B A B bz H ok (40, NV-DDR 422 1A () tCAD I P 240 «

| I
Cycle Type —{ cmp ) ADDR }{ ADDR }——{ DIN }{ DN }—

tCCS
P

DQx —{ 8sh ) ci }-{ c|2 — le H Dkt }—

SRI[6]
Figure 73 Agnostic command description
CE.n '\ [
CLE |/ \

ALE / \

WEn \ |/ \ \ ces———»f \

RE_n

10x 85h c2 { DO }_{ D1 }_

Figure 74 SDR data interface command description




D1

Figure 75 NV-DDR data interface command description

CE_n |\ [
CLE [\
ALE L\

|.- 0 B T
C

) 4

parro]—(m (& (&) DG
sy [y e

Figure 76 NV-DDR2 and NV-DDR3 data interface command description

VEE: YREIREN IR NSCEIRK BT, 15 ALE. CLE F1 CE n #:AME (1, idle dR#A), M host Wi {f
FFDQS(DQS t) N, LAPFjiL device f#fE ODT. 1R ODT #% disable, W idle JRASHIE A <0 DQS.

5.3 Reset iR

Reset DHREWEXT S BONBLIAR L HUORES, Wi R G4 0C & /i NV-DDR B¢ NV-DDR2 2 15230, N reset 2 JGXf 4
M3 280 SDR #2111 . Reset Z J&, R/B n MIMEZARFIMI; Reset ZJE4id tWB BF[AlJS, R/B n & MK,

TR, Reset AUJE, F-UekptEitE (feature settings) & PRFFAAR (5. 30 1 4fiik) . Frf LUN #[HIH Reset 14>
L. Reset ay A A TEX RAMEFLRESHAT, BT LHMANE, R/B n BN 1 Z 54 #eKi% Reset. ] 77 & L T Reset
FIAT RAIS o

5% R AL B N NV-DDR3 43 LIS & 3% T Reset, X %W 4EHF NV-DDR3 42 IR .



[0)'4 FFh

L

DQS

tWB

tRST

Figure 77 Reset timing diagram

5.4 [ Reset X
[0 Reset iy & RALXN R KL FTAE M LUN. 1Zdr & 0] ITEXT R EMPIRAS K% . B 78 8 LT A Reset fr
AT RAIET T . M [F2D Reset KiEJG, R/B_n MMERRAN; AP Reset KiXJG4ud tWB B [a], R/B_n #E Nk,
S #F NV-DDR. NV-DDR2 &} NV-DDR3 #£ I 11] device #BN. S FF[FIZP Reset a4 Z%an 24X 4# A NV-DDR. NV-DDR2
B¢ NV-DDR3 #3204 244552 . 24 device #ifc B A SDR #2100} host NRERIEIZ M L. A2 )h, M RMYEREE
NV-DDR. NV-DDR2 % NV-DDR3 $% 4552

CLK/ A\ f S S S

A A A ) tRST
R/B n R AR R RN >

Figure 78 Synchronous Reset timing diagram



5.5 Reset LUN X

Reset LUN fiy & F R A —MREER) LIN. %y & HAEHdr & o FUbA) LN %520 fir &AL LUN FHEAPIRES T
HAT. 1879 58 LT Reset LUN A4 MI4T AFINTF. 24 Reset LUN A1 Ki%J5, SRI6]MIMEEARAIN; Reset LUN #y
RRIEJEL WB I 25, SRI6IPEE AR, Zdr & AR R IRE.

Reset LUN H FLRIUE IEAESAT 1y 2 #R0E 00 GOHBLIR I, illn, HotIRAs, M Reset (FFh) B[R

Reset (FCh) #54»

Cycle Type —{ cMp } Abbr ) ADDR | ADDR )

DQ[7:0] —{ Fan { rt Y Rz R3 }

o s
SRI[6] BRREEEEEEESS

Figure 79 Reset LUN timing diagram

5.6 Read ID 5E X

Read ID g4 FHRIR A SCHR ONFT MUVEHINT B o WG RSCRF ONFT U, IR [B] ONFI 2544 . ONFI 2544 72—
AN ASCIT #wbGff) ‘ONFI7, Hrfr ‘07 =4Fh, ‘N’ =4Eh, ‘F’ =46h, ‘I’ =49h. % T ONFI 4.0 RAZ Fi(¥) device,
BLHGEE 4 bytes 2B AHER{E. B 80 %E X 1 Read ID A& HIAT NI 7o

ONFI4. 0 H3iE X T Read ID s A %5 5 F1%5 6 byte. 5 5 byte FHRIRS device J& 75 7E NV-DDR3 22 1 | #,

7£ NV-DDR. NV-DDR2 B{ NV-DDR3 2 [t & 1% Read ID A&, FAMEUE byte BB K. host REIEEA
B byte F—A2 40 (copy) , UL 4.4 %,

Xf T Read 1D #r4, A ML 00h A1 20h 247 XK. A 7 KA ONFI 2544, NpEAMihk 20h (140, #E Ak 00h
FFEEEL 36 bytes KFAF ONFI 2544 2 AEVEHD) o

ydetype {Gomemend) (D) — D DD D) D D &

- WHR
DQ[7:0] ( 90h >< 20h >—< 4Fh >< 4Eh >< 46h >< 49h }( D >< RSV }
| [

Figure 80 Read ID timing diagram for ONFI signature
IID Power on Interface ID, 01h for NV-DDR3, 00h for SDR

RSV 6™ byte is reserved for future use

RN ID AR HR A R E — O EA S R A . R device #£ SDR 8¢ NV-DDR3 4% H AT
Reset (FFh), H4 Reset 2 )G Ki% Set Feature (EFh) iy 43R A8 22 O A U A 2202 11D {8

Read ID g4t A] LU i kit 00h SRR 7145 & NAND [#) JEDEC ili& s ID 1 device ID. & 81 %€ X | Read ID f
7 JEDEC #liti i ID Ml device ID BAT AN 7o SZHGEIL S —1 2 bytes 231 Hilidh B & L IMH



Cycle Type —{ cmp HAI:lllDR — DC:UT H pout }——

WHR
P

DQ[7:0] —{ son H ooh }—— mD H DD }—
| |

R/B_n
Figure 81 Read ID timing diagram for manufacturer 1D
MID Manufacturer 1D for manufacturer of the part, assigned by JEDEC.
DID Device ID for the part, assigned by the manufacturer.

Read ID 74 AT LI{#F SDR. NV-DDR. NV-DDR2 B3% NV-DDR3 ¥ M3k %1% . MM O FS5mE 82, H 83
FIE 84 s

Icg
CE_n

CLE /T \

ALE / ‘F

IRC

'R
pa7:0) — 90h X Address )—.EEE (o )———m1 —

R/IB_n

Figure 82 Read ID command using SDR data interface



CE_n ‘l;

cte |/ N\ / \

ALE / Y / \

YWHR

e \ TR T\ /S
WIR_n \

Daso 'DaSCK

oas —HZ L)
paf7:0) —————_90h_)—(address)————— KRR B Do

m Undefined (driven by NAND) Data Transitioning

Figure 83 Read ID command using NV-DDR data interface



- W L N
L N
ol S/, S
o o UL N
[7/] Don't Care
@ Driven
Transitioning

Figure 84 Read ID command using NV-DDR2 or NV-DDR3 data interface

7E 1. 83 FIl 84 WA byte EE TR (DQS I LTHEFI RBEI) o B84, M ZRREANSEIE M AR LI, a0 ALE. CLE Al CE_n #AMAK (W, idle
IRZS), T host MARFEFE DQS(DQS_t) M, LABAIL device f#fg ODT. 15 ODT #% disable, WITE idle MRZHEIAH 300 DQS.,



5.7 2% page (Read Parameter Page) 5E X

LS4 page A TR REIEEN, ZHARLSWIHIAR T X RGN Kotk B L RHAT ASE. A
SH =M RIS H page HUSIAZIAMNIEE . B 85 5 L T Read Parameter Page FI4T 4.

Z4Y page P IEUE HR A2 B € AR A YR E B S (power management events) AEK host $5:Z4] page.

EHJE, host B —IRHAT Read Parameter Page fir& N A I F AL 0o WS host A6 I B0 R SCHFBE = )
IR, IR LS RE I P BT T )5 AT 1 Read Parameter Page 4.

TEAT5E Read Parameter Page 2 )5, 7] LAKi% Change Read Column iy 2 HKiLENSH page I8 EHBT o

Read Status fiy2 7] LATE Read Parameter Page & #AT AR HRIG & HIRZS . 7F Read Status & 5EG
host MN7E Ay 4 iEIE I & i% 00h RAKZE Read Parameter Page fiy 4 M dE i iR FE .

AT Read Parameter Page & #[A]ANGE{# ] Read Status Enhanced #l Change Read Column Enhanced 74,

[A]
Cycle Type —{ cmp }-{ADDR ) { pout }{ pout }{ pout }{ pout }-{ pout }{ DOUT )|

DQI7:0] —( ECh H Otllh ) Pos H P1o H{ .. H{po WP -

PRI PN

R/B_n <

(A]
Cycle Type —H pout }{ pout }{ pouT }{ DOUT H{ DOUT H{ POUT }{ DOUT }{ DOUT H DOUT )

pQpz:0] —H Po. M P W - Hew e W Heo Hen W ——

R/B_n

Figure 85 Read Parameter Page command timing

POk-Pnk  Z%{ page FIHLEMIAIZE k N0 (copy) o Z WL 5. 7. 1. BB 5 — 5% page %10 KB byte
(BE B RGBS page K h——WRTFHIE) SR EIREL

EOk-Enk  $"JE@S# page BRSNS k N4y, S 5. 7.2, SEGE G — N BB page KM KRN
byte £ IR[FEIRHAME. ZFBACE SR BSH page B A HIL, BE SR B SH page 1E54L
page [] Features X FFF Bt HHrR -

5.7.1 5% page FIEFEH & X
% 9258 LT % page HIEHR S5 T 24 by tes IS4, HBKH % byte X M —byte, Z L 1. 4. 2. 3,
20 R BN SEAR VI size MSCHI (Bbln, 7€ 8-bit VMM device H1) item B, Z%{ page o HIE LA
byte N¥AL. Hltn, X5k [E page 1 2 /DHHE bytes. KT —NHEr 16-bit IRV M #) device, FR host
byte {EF4 word (KA .
Fe A 5 BN 2% FRG 535 N 0,



Byte O/M | Description
Revision information and features block
0-3 M Parameter page signature
Byte 0: 4Fh, “"O"
Byte 1: 4Eh, “N"
Byte 2: 46h, “F"
Byte 3: 49h, "I
4-5 M Revision number
10-15 Reserved (0)
9 1 = supports ONFI version 4.0
8 1 = supports ONFI version 3.2
7 1 = supports ONFI version 3.1
6 1 = supports ONFI version 3.0
5 1 = supports ONFI version 2.3
4 1 = supports ONFI version 2.2
3 1 = supports ONFI version 2.1
2 1 = supports ONFI version 2.0
1 1 = supports ONFI version 1.0
0 Reserved (0)
B-7 M Features supported
15 1 = supports Package Electrical Specification
14 1 = supports ZQ calibration
13 1 = supports NV-DDR3
12 1 = supports external Vpp
11 1 = supports Volume addressing
10 1 = supports NV-DDR2
9 1 = supports EZ NAND
8 1 = supports program page register clear
enhancement
7 1 = supports extended parameter page
6 1 = supports multi-plane read operations
5 1 = supports NV-DDR
4 1 = supports odd to even page Copyback
3 1 = supports multi-plane program and erase
operations
1 = supports non-sequential page programming
1 1 = supports multiple LUN operations
0 1 = supports 16-bit data bus width
8-9 M Optional commands supported

14-15 Reserved (0)




Byte oM Description
13 1 = supports ZQ calibration (Long and Short)
12 1 = supports LUN Get and LUN Set Features
11 1 = supports ODT Configure
10 1 = supports Volume Select
9 1 = supports Reset LUN
a 1 = supports Small Data Move
7 1 = supports Change Row Address
6 1 = supports Change Read Column Enhanced
5 1 = supports Read Unique ID
4 1 = supports Copyback
3 1 = supports Read Status Enhanced
2 1 = supports Get Features and Set Features
1 1 = supports Read Cache commands
0 1 = supports Page Cache Program command
10 8] OMFI-JEDEC JTG primary advanced command support
4-7 Reserved (0}
3 1 = supports Multi-plane Block Erase
2 1 = supports Multi-plane Copyback Program
1 1 = supports Multi-plane Page Program
0 1 = supports Random Data Out
11 Reserved (0)
12-13 8] Extended parameter page length
14 O Mumber of parameter pages
15-31 Reserved (0)
Manufacturer information block
32-43 M Device manufacturer (12 ASCII characters)
44-63 M Device model (20 ASCII characters)
64 M JEDEC manufacturer ID
65-66 8] Date code
B7-79 Reserved (0)
Memeory organization block
80-83 M Mumber of data bytes per page
84-85 M Mumber of spare bytes per page
86-89 Obsolete — Number of data bytes per partial page
90-91 Obsolete — Number of spare bytes per partial page
92-95 M NMumber of pages per block
96-99 M NMumber of blocks per logical unit (LUN)
100 M NMumber of logical units (LUNs)
101 M Mumber of address cycles
4-7 Column address cycles
0-3 Row address cycles
102 M Mumber of bits per cell
103-104 M Bad blocks maximum per LUN
105-106 M Block endurance
107 M Guaranteed valid blocks at beginning of target
108-109 M Block endurance for guaranteed valid blocks
110 M NMumber of programs per page
111 Obsolete — Partial programming attributes
112 M Mumber of bits ECC correctability




Byte oM Description
113 M Number of plane address bits
4-7 Reserved (0)
0-3 Number of plane address bits
114 @] Multi-plane operation attributes
6-7 Reserved (0)
5 1 = lower bit XNOR block address restriction
4 1 = read cache supported
3 Address restrictions for cache operations
2 1 = program cache supported
1 1 = no block address restrictions
0 Dverapped / concurrent multi-plane support
115 @] EZ NAND support
3-7 Reserved (0)
2 1 = Requires Copyback Adjacency
1 1 = supports Copyback for other planes & LUNs
0 1 = supports enable/disable of automatic retries
116-127 Reserved (0)
Electrical parameters block
128 M I/O pin capacitance, maximum
129-130 M SDR timing mode support
6-15 Reserved (0)
5 1 = supports timing mode 5
4 1 = supports timing mode 4
3 1 = supports timing mode 3
2 1 = supports timing mode 2
1 1 = supports timing mode 1
0 1 = supports timing mode 0, shall be 1
131-132 Obsolete — SDR program cache timing mode support
133-134 M tpros Maximum page program time (us)
135-136 M tsers Maximum block erase time (ps)
137-138 M tr Maximum page read time (ps)
139-140 M tccs Minimum change column setup time (ns)
141 @] NV-DDR timing mode support
7 Reserved (0)
6 Obsolete
5 1 = supports NV-DDR timing mode 5
4 1 = supports NV-DDR timing mode 4
3 1 = supports NV-DDR timing mode 3
2 1 = supports NV-DDR timing mode 2
1 1 = supports NV-DDR timing mode 1
0 1 = supports NV-DDR. timing mode 0
142 O MV-DDR2 timing mode support
7 1 = supports timing mode 7
6 1 = supports timing mode 6
5 1 = supports timing mode 5
4 1 = supports timing mode 4
3 1 = supports timing mode 3
2 1 = supports timing mode 2
1 1 = supports timing mode 1
0 1 = supports timing mode 0
143 8] NV-DDR. / NV-DDR2 features

47  Reserved (0)




Byte oM Description
3 1 = device requires Vpp enablement sequence
2 1 = device supports CLK stopped for data input
1 1 = typical capacitance values present
0 tCAD value to use
144-145 O CLK input pin capacitance, typical
146-147 @] I/O pin capacitance, typical
148-149 @] Input pin capacitance, typical
150 M Input pin capacitance, maximum
151 M Driver strength support
3-7 Reserved (0)
2 1 = supports 18 Ohm drive strength
1 1 = supports 25 Ohm drive strength
0 1 = supports driver strength settings
152-153 0O tr Maximum multi-plane page read time (ps)
154-155 8] tan. Program page register clear enhancement tADL value (ns)
156-157 O tr Typical page read time for EZ NAND (ps)
158 @] NV-DDR2/3 features
6-7 Reserved (0)
5 1 = external VREFQ required for == 200 MT/s
4 1 = supports differential signaling for DQS
3 1 = supports differential signaling for RE_n
2 1 = supports ODT value of 30 Ohms
1 1 = supports matrix termination ODT
0 1 = supports self-termination ODT
159 MV-DDR2/3 warmup cycles
4-7 Data Input warmup cycles support
0-3 Data Qutput warmup cycles support
160-161 @] NV-DDR3 timing mode support
8-15 Reserved (0)
7 1 = supports timing mode 10
6 1 = supports timing mode 9
5 1 = supports timing mode 8
4 1 = supports timing mode 7
3 1 = supports timing mode 6
2 1 = supports timing mode 5
1 1 = supports timing mode 4
0 1 = supports timing modes 0-3
162 @] NV-DDR2 timing mode support
3-7 Reserved (0)
2 1 = supports NV-DDR2 timing mode 10
1 1 = supports NV-DDR2 timing mode 9
0 1 = supports NV-DDR2 timing mode 8
163 Reserved (0)
Vendor block
164-165 M Vendor specific Revision number
166-253 Vendor specific
254-255 M Integrity CRC
Byte | oM | Description
Redundant Parameter Pages
256-511 M Value of bytes 0-255
512-767 M Value of bytes 0-255
768+ 8] Additional redundant parameter pages

Table 92 Parameter page definitions




5.7.1.1 Byte 0-3: S¥H K4 (Parameter page signature)
ZTBAY T SHEL . LA TR L byte HRUN, RINESEITH .
Byte 0 Mi% A 4Fh
Byte 1 W%~ 4Eh
Byte 2 W i% N 46h
Byte 3 MW i% N 49h

5.7.1.2 Byte 4-5: JRAE
%P TN RSCRF) ONFT FIVOIRA S . AR ATRER SCHRF 2 AN ONFIT FUVGARA . X2 bit B, HdiE
SCHY bt R — AN G SRR I 5 ARV R AS

Bit 0 RNAEIEN O

Bit 1 N1 FRXFTRCEE ONFI V1.
Bit 2 N 1 FIRXTRCEF ONFL V2.
Bit 3 N 1 FRXFTRIEF ONFI V2.
Bit 4 N 1 FKRXFTRCEF ONFL V2.
Bit 5 N 1 F/RXFTRCEF ONFL V2.
Bit 6 N 1 FK/RXTRIEF ONFL V3.
Bit 7 N 1 FK/RXTREF ONFL V3.
Bit 8 N 1 F/RXTREF ONFI V3.
Bit 9 N 1 F/RXFTREF ONFI V4.
Bits 10-15 N{REALSL, MiiFEH 0.

N = OO
TH T T T
= = ==

o = O W
Rl
s s

o
T
=

5.7.1.3 Byte 6-7: X FFIJfE (Feature supported)

2T BUR TN R SR IR AT R

Bit0 Ay 1 FoRAt RN B 5N 16-bits; Bit0 Ry 0 KXt RIEE M2 T FEN 8-bits. host 1% Bit
FIT %7 B 6 2 B8 FE SRAE S T AT ONFT 2 X4 (x8 8K x16) » V£, H4bdr4, 1% Read 1D, 1A HAEML 4 8-bit
HedE . U0 S5 FEF NV-DDR. NV-DDR2 B, NV-DDR3 £ 11, I HdE 51 2% 55 FF i i% 2 8-bits.

Bitl Ny 1 FRX RECHFZ LUN #4E (WL 3. 1.3) s Wi Bitl #4354 0, W host AFelA—4> LUN Kixdn 4, HE
St % EHABFTA LUN #24 idle (B4, R/B nh 1),

Bit2 Jy 1 Rkt RCHFAERF 51 (non—sequential) page HifEHAE, Bl host A LLX — MR KT page MERE
HIF9mAE. Bit2 #E N 0 R X ZA L FEAEF %) (non-sequential) page JnFEdElE. WR Bit2 #%i% 0, host Bii%
XF— NN FTA page M page0 JFUR4ZII 79w AE .

Bit3 N 1 £axt £ )2 (multi—plane) FfEAERRERIE, S0 5.7. 1. 29,

Bit4 4 1 FR[EI#% (Copyback) BAE A 41 /18 page MIBRMI, Holn, — NSRRI LLYT M —AN 434 page, SRJ5MH
H Copyback ¥ H A A e R — MERL page. M, —MNEERAERTLAYS H—ME%L page, /5 Copyback K
WA e R — 474 page. Bit4 & A 0 IR host NAfifR Copyback HTL AR /& M AT page F#FHL page,
BUNHEL page EIE%K page.

Bith A 1 skt I HE NV-DDR #2111 4R Bith # ¥ A 1, SR NV-DDR B RS 5 7 B b IS R T
NV-DDR i i s ok . Bith i 0 Fotd SRS KF NV-DDR $1,

Bit6 1 XAt R L2 (multi-—plane) HAfE, 20 5.7. 1. 29,

Bit7 N 1 RN R EH — M RSE, %Y RS ITUHETESRG — NS E &0 2 J5 I REHE bytes o 0l
BBItT #iE 0, WIASZHY RSET. XT38 BZ NAND (] device, ZALAZMIE N 0, B 5.7.2. EE: %M
7E BA NAND AT 415 52 F R R /& 75 345 BA NAND. 42R device SCHF BA NAND, JUZH0iHh 3R ECCBIE bit 4
) bytel12 FIZHIE A 0.

Bit8 g 1 Ferms it G 1 Ui B (80h) 54 LK) LUN i) page %747 85 1R bi t8 iy 0, M4 (80h)
A2k G4 LN [ page Zi/78%. 78 LHI, device 235Xt R h A LUN i page Zi78%, 2 5. 30. 1
KT BAfERE R

Bit9 Ay 1 FRxt R Hr EZ NAND. 1% Bit9 B 0, WX RASER BZ NAND, %t S B N raw NAND.



Bit10 4 1 FRnAF R 3CHFE NV-DDR2 £2 1. Wit Bit10 #5150 1, XF R N0KE NV-DDR2 B 88 2 S 3 B R BT S HRF 1
T NV-DDR2 I} A6 b ok . Bit10 #iE M 0 Rt R A S H: NV-DDR2 4 11,

Bitll A 1 o~ NAND % % % #F Volume 4k (Volume addressing), 13.2 &5 Y. W Bitll #% 0, M4
AFHFE Volume Fhk.

Bit12 N 1 Konxt G FAMA Vop. W1SR Bitl2 #E 0, MIXF RASCFEANEE Vpps

Bit13 N 1 FosA R3CHF NV-DDR3 #2211 2R Bit13 ik 1, X G S0KE NV-DDR3 I 482 20 S RF 7 B BT SR I
Fif5 NV-DDR3 I R zUbR s k. Bit13 #iFE 0 Fanst R A FF NV-DDR3 #£11.

Bitl4 Jy 1 FoRbf %304 7Q K IE (ZQ calibration) . Bitl4 #0f 0 Fomd RA L H 7Q &L 1E.

Bit15 N 1 TS H Kb 3l A e (Package Electrical Specification) fll Pad HE% (Pad Capacitance) ,
Z W, 4.10. 3. W Bitl5 #F 0, MR A HF UL EFRTE.

5.7.1.4 Byte 8-9: TI¥hdrd s

%P BRI GSCRFI T Ik a2 o

Bit0 N 1 F{IRM % 7 Ff Page Cache Program fiy 4. W15 Bit0 #%J& 0, host ANGE[ N % K& i% Page Cache Program
Ao KT 3CHF EZ NAND (I 5, A ROE#H 0, RARAT RASCRF Page Cache Program iz 4.

Bitl N 1 X% T Read Cache Random, Read Cache Sequential DA Read Cache End fiy4. I Bitl
5 0, host NEEFIX R AILELL L 3 M. XT38 BZ NAND X %, ZALNAZMIE AN 0, BRI A RIX 3

T4

Bit2 N 1 /RI R T Hr Get Feature Ml Set Feature a4, U1 Bit2 #7E 0, host ARERINT R KILIX 2 4 A
Lo

Bit3 N 1 F/IRF HR T FF Read Status Enhanced fiy4. WM Bit3 #iE 0, host AREMIXT R AKILZT L. WX}
REFL LN 8 YL )ZE (multi—plane) #EE, NN % #F Read Status Enhanced #74.

Bit4d N 1 TSR I Fr A1 #E 4 FE (Copyback Program) F1[H #4135 (Copyback Read) fiy 4. W15 Bit4 #4iE 0, N host
ABEX RRIEIX AN . WRTHFZZ (multi-plane) Ba/EH HAZAI BN 1, WIN L FEZ 2 RIHEEAE
(multi-plane copyback) »

Bith A 1 FIRX B HF Read Unique ID g4 ISR Bith #i% 0, host ANREMIXT RAIK Z T2

Bit6 N 1 F’IRFH T Fr Change Read Column Enhanced w74 . U5 Bit6 #4% 0, M) host ANEERINT R KikiZ

o

Bit7 N 1 TR R Change Row Address A2 IS Bit7 #3% 0, ) host ANBE R X R & 3% Change Row Address

IS A
Tifee

é\

Bit8 Jy 1 FRopotf BRI Jm e Al [a] # #5 /E AR S HF Small Data Move fig%r. AN Bit8 #%iE 0, TGS SR S e B [ % 45
YEASCHF Small Data Move 4. Small Data Move fir % SEZMZE2HFH, Z W 5.19. HBit8 &y 1 i,
device N SZHFE 11h iy 2 KM AL A B B & 18 (flush any internal data pipeline) , NE & & XL )2 #1E.

Bit9 Jy 1 Fomxf B34 Reset LUN #ir4. 15 Bit9 #i# 0, host AREMIN R KL% 2.

Bitl0 N 1 FRA R % HF Volume Select i74. W15 Bit10 % 0, host AEERIEIZ A4S . device W HF CE n
5| reduction B matrix termination ZhfEE, JNIHLN T Fr Volume Select #7%-

Bitll Jy 1 T RN %3 HE ODT Configure fird - A Bitll #43 0, host ANRER IXi% AT 4 N H device X matrix
termination DJRE, IR SZHFHZAT 2.

Bitl12 N 1 RRXT R I HF LUN Get Feature 1 LUN Set Feature fizd. IS Bitl12 #4i& 0, host ANREKILIXH
Mo

Bitl13 A 1 FRAt &30 7Q Calibration Long (ZQCL) Al ZQ Calibration Short (ZQCS) #x4>. f54: Bit13 #i 0,
host ANREAIEX A2 -

Bit 14-15 NLREENL, NAIHE 0.

5.7.1.5 Byte 10: ONFI-JEDEC JTG primary advanced (EEFHZR) v XFF

ZF BRI R CFF . B ONFI-JEDEC & L R B m P2 X TiXam 4, mgem BB RAFARET
fESH) ONFTo XFJE T2 45 ONFT ) 2 B g dim & B SO R E U S 40 page Ho

Bit0 Jy 1 Xt %34 ONFI-JEDEC JTG primary Random Data Out #iy4. W1 Bit0 #%i% 0, host ANREHIXT 4
R i%ki% A4 . ONFI-JEDEC JTG primary Random Data Out iy J&/F%1: 00h 5-Addr 05h 2-Addr EOh.



Bitl N 1 F/IRM % 7 F ONFI-JEDEC JTG primary Multi—plane Page Program #y4 . WIS Bitl #%i& 0, host
ANBEIX R IKZ A4S - ONFI-JEDEC JTG primary Multi-plane Page Program fiy & {EHI 4G4 FE (initial program)
P A2 Ja 15— mAe e 41 J 48 A 81h AX % 80h.

Bit2 N 1 F{IRM % 7 F; ONFI-JEDEC JTG primary Multi—plane Copyback Program #54. U5 Bit2 #%j& 0, host
ANFE IR R K i%i1% 4 . ONFI-JEDEC JTG primary Multi-plane Copyback Program fiv & fEHIUALRALIFH 2 5 HI5H:
— gL S A WL AT 81h AC# 85h.

Bit3 Ay 1 RN RS HF ONFI-JEDEC JTG primary Multi-plane Block Erase fir4. Wi Bit3 #i& 0, host
AR R R IE1ZA 4 . ONFI-JEDEC JTG primary Multi-plane Block Erase 7ZEHtisi 2 [A]AM# A D1h 74

Bit4-7 NEREAHL, NI 0.

5.7.1.6 Byte 12-13: ¥ BSHEHRKE
WIHRTEX I D RE S FE (Feature supported) P H R IAXT R F— MY R SEL, WizrBH kY RS
TR (16 bytes [FREERE) o KL, HUE 2 RIR 32bytes, A 3 FIx 48bytes. m/MKEN 3, X 48bytes.

5.7.1.7 Byte 14: SHRRIHE
ULRAERT R D RESCRF 7 BUH RN RS — A RS HOL, Wiz B R € SRR . B, Hdd 3
T 3ANSHOL LY RRSHTUN byteT68 JHiG. ¥ RSHITHIER MIZ M S HOT IR A .

5.7.1.8 Byte 32-43: Device Hli&w

LT BRI device HIHIERT . ZTBRIINEA—A 12bytes I ASCIT Jifl i 775 . WA LERIE, device
I AZ AT 23 (20h) KA B 77 e, DMRIUE TR B NS E K L .

KTHE R B AFH ASCIT KRR A QA FIEARERAUE . Wik host ZERAT A FRAERIHIIER 1D, Wn]
DA A JEDEC #i3& 7 ID, 20, 5.7. 1. 10,

5.7.1.9 Byte 44-63: Device Bifl
T BERIR device BIEMEE . ZFBRINHNAEAN—A 20bytes [ ASCIT FfFH . WA NE, device NAFH
ZE4% (20h) SR PR TR, DMRIEFRF R AR ERKE .

5.7.1.10 Byte 64: JEDEC & ID
2T BRR device i3 R Y JEDEC #1i& i 1D.

5.7.1.11 Byte 65-66: ##EF% (Data Code)
ZF B E A device HilIE I (8] 20 HE D . By te65 M AL S 4F FIIR AL E0 7 (191, 0{E 05h &7 2005 4F) By te66
MAS T/ERE, thtn, ${E 00h Fox 1 A HISE—HM.

5.7.1.12 Byte 80-83: 4T HIBUIE byte 3
2T B S BT R EE byte 8. ZFBIEUEN Z 2 2 IR, &/MEN 512 bytes.

5.7.1.13 Byte 84-85: T [ spare byte %
LT B AL &R spare byte #l. HUEE A TRH.
B B B 72T page size BURET bytes BUIHEREME, LA device ECC AIMEIE bit EifHEFE

5.7.1.14 Byte 86-89: JRFEAI (Obsolete) —ANEIIT - HIZHE byte 2
ZFBOHE S

5.7.1.15 Byte 90-91: EHFK—FAN T P K spare byte
ZFBOHE S

5.7.1.16 Byte 92-95: 4F¥H) page 3
%P B AR ) page B. BB NAZE 32 HIEBHUE. S0 3.1 FHEER.



5.7.1.17 Byte 96-99: S /AMZHEETHKHREER
BRGNP R PSR, BERERS, S0 3.1 FHEER,

5.7.1.18 Byte 100: #Z3EH 75 (LUN) K&
BRI BRI R TR . R TR ES . M LUN Huhk 0 FRUEHT . 1Z BN KT 0.

5.7.1.19 Byte 101: HshtFE3H (Address Cycles) %k

%P BN AT U AN B ik () ok S A 1% B R I R, host 8 FHAE ZESRAT AN/ 508 -k 1
BefErp (0, T4mfE——Page Program) .

Bits 0-3 F/xH TATHUbE A bk B 338k, &2 A0 RK T 0,

Bits 4-7 Ry~ H T H bk i ok 5 898, A0 RKT 0.

HR: HFEARPNEH BT EREH 2-byte FIHIHERT 3-byte AT LML, HZ, host 1 SIERATH R fit
T BAB A AT AN Z b ik 1) B

5.7.1.20 Byte 102: £/ cell ¥ bit %

% BB RINAERES TR cell Hbit $l. ZFEN KT 0.

XL device, & 3CHF EZ NAND i 1t, device FIREAANFSEBY I INAERES IR . B FFh RRBA™ cell
H1 bit BORAHE .

5.7.1.21 Byte 103-104: %/ LUN F&5: KIFHE
ZT BAE R LUN s KRR 8 &, XSRS device £ Ml i FE vp a7 7= B 3 N 7= AR I SR fe e
128 NAR FOH 5E 72 2 TR host FFA S50 00 bl e i) B A PR SR DA ECC 23K,

5.7.1.22 Byte 105-106: it A% (Block endurance)

FF B RN A AT R T/ B 5 R gm AR /48 R R I X AN B R 1 host 18 FH S 80T 1% € 1) ECC e fik T 12
EHE.

—~ page ] ATESI M A E bl gt IX SCPRAE 0GR T g g Boh e WME . (A2, WRAER— page A
IR B, MIASICNZEET —K N ANERE, WRAE—A page Wl gfe, i BT EAR, WS
% page FHRFE T LK, REZEIDHRE—BER A RWEE page, #RIL N,

Bt AR N A — N EUE N — AR, XA EUEIZ R LN AR

HifH x 107
Bytel05 Z%{ii, Bytel06 ;2TeH. Hlan, —AN AN 75, 000 KXt %, MiZAEZTF B PR RN Bl 75 Figf
¥ 3(75x10°)) . T KB device, MBEFZTENERN: ¥l | AT 0. AT Hi%i device, X EHi%T

BRI 37 AR 0 FIIRRH 0. U1 T B SEESOE/NER AT, 1101 100, 000 B2 e Al 1| FIaRH 5(1x10°) .

5.7.1.23 Byte 107: XTRFTIHALE FFEhKARIER bk
2 BER R WA R H L 0 TFA RIA RO R . 1% P B ME N 1he 24 host B ILE IATEIE bit %
I, 1% B E B RIE O R, X SO AT AMEESK, S 5. 7. 1. 24,

5.7.1.24 Byte 108-109: {FEA SHIBRAITH A

ZF BN SR X IR (S0 6. 7. 1. 23) 1, AN FHE T/ B il s N R / 4 Bk R A X A Hf 2
>R host fif FI S HU AL 1 ECC AR rIME IEVE . ZBUEA SIS . W HH N 0000h, WA AL /A Wi, R
BT AL 2



5.7.1.25 Byte 110: P HIGmEL

ZF BN R B BERR , — AN TR 2 TR R I R 7R R IR R R AE 58 S , host BAAESZ 2 Y page
PATRE SRR E 2 A, R — MR SRZH T . 1ZFBR KT 0. XF—A page MIAH RIS 43T gm 2 110
B AT BB 2 S BUR 2 1) page WFY o

5.7.1.26 Byte 111: FEFK——5 et
Z TR OERTT .

5.7.1.27 Byte 112: ECC AJ4EIEM) bit %

ZF B E R 512bytes B host A LMEE K bit 3. #id host BEMEEREME R, X FRkFSH0TH#E
(PN A . MRIE M HE RS IEECR Y host N FH BRI AV BERBGEAE, Wi KRR A GEEI device HlE
A . N R fk ECC ZRHIEUE R T 0, A4 page THrHHAELHK bytes, 4% spare bytes, #RMIZAH host
B ECC {37

U RAEFEN ECC iS5 21 size A& 512bytes, HEAZF BN BN FFh. host RIZ MY ES T ity & ECC
E8, DMEMLEIZ device 1) ECC E3R,

T BUEBAE N 0, W RSR B 88 . T 3CRF EZ NAND [0, 2 BNAIE N 0, Fomx RiREME
IERE S host.

5.7.1.28 Byte 113: %2 (Multi-plane)3-it
ZTBMR T 2 )ZF S
Bit0-3 #/nZ EFHAEAM bit $. UL FLZEEMENZAMER KT Ohe KT EHIMEER, 03,1, 1,

5.7.1.29 Byte 114: ZE#RIERH

ZTBR T ZZERERNENE . UESCRDIR T BN RS 2 JZ AR, 2 B OZ R R 1 .

Bit0 Kna M X FFESHNZ EZHME. WRBit0 N 1, NFFESKZ ZHME: WL Bit0 #0550, WSLFIFK
2 2.

Bitl RnZ EHAE B WA IR . QiR w1, RoRArEHUbE bit £ 2 EHEZ TR WAiER
0, FonBebbbA RSl 20 bith Stk R 6l HE .

Bit2 XnZ JEZ I FR B 15 3 KF program cache. WIEREN 1, W2 R#AESCHF program cache. WHIEN 0,
M2 A EANSCHF program cache. VER, fEZ =BT AR program cache. W, bit3 £ JZFHEHIIR
il o

Bit3 Fnkr % 2 U 2 E b 2 A R HbEALAE LR PRS2 B2 a) . — M EM4 15h Z[H )
program cache J#%); B b). —/NEM2 31h Z A H] read cache F¥). W ZArw N 1 - H bit2 #1% N 1, M) host
1E program cache [ 51 {1 ] G 22 U8 2 J2 FhE I R A 67 E (Fr T 2 ZHbEAL) o SRz %o 1 9F H bitd
B 1, M host 7E read cache JEAIH A A48 2 2 F- 0k fBRE AT E b BEAL (04E (Br 7 2 E b6 o dn Sz s
el 0 FF Hobit2 %8 1, WIXETF 84> program cache #4E, 1% 2| LUN fyd b hbAz (B 1 Z bk ——plane address
bits) M2 2 FHE B N AZAH R (N NBEAE, SRR program cache #/E 2 A R IEAZ AHTE]) o 4 SR A7 4537 0
JEH bitd # N 1, WXFRA read cache $#E, KIEE] LUN fysthhl A7 (B 1 2 E kA7) A1 2 2 30k A 3 B
ZARE .

Bit4 RRZ E AR E R HF read cache. WIHIZAIEA 1, W Z Z RS read cache. WIHIZALIE 0,
M2 JZ BB EASCRE read cache. %5, ZJZFRIEIEEIEAGEM A read cache.

Bits FRZ EHRAEEOR P PR IS8R . Wz B0 1, B2 E bk (AR 2 2 Ul AL XNOR Jy 1
i, B s hfr (B T 2 Z A0 #R N AR iz A S 0, ANE AN E ML 1) 2 BB A R AR, BT
BBt hEAr (5 7 2 23060 #NZA R . 20 3. 1. 1.1 K FA4 bt BRUE I VEGR E Yo %7 BER R 1 IR 1) iE
MT AN Z Z8E G, s, BEERLLRZ R

Bit6-7 JIREANL .



5.7.1.1 Byte 115: EZ NAND 3t #%

T BHEIR T W R SR EZ NAND JE b . % BU SN RS EE BZ NAND B A s

Bit0 F/RX B2 & L Frilid host Set Features i & fefll disable HahEIRINAE . WHEAZLIHEBEA 1, N host
ATLUETT Set Feature iy & KAAAEM disable HB)EIRTIEE; WFZALHEN 0, W) EZ NAND $2 il % U i A2 B AT
—ANEIK, MATEE host St A\ W EZ NAND 5 284047 T BBV EK, JILALK page BRI H] (tR) W RE 2 I

Bitl FnA A SR AR 2 H A5 Z 5k LUN K [R5 EAE  an FaZh o 1, W 18 84 2 WA [R5 31 B A5 JZ 8% LUN.
WEAZAIREE S 0, T [0 45 #4152 VA R B9 21 H A5 JZ 8L LUN.

Bit2 FonAt GIE 15 EE R BIHE S B $E a R ay B AHAR I s WAL A 1, Ak (R [R5 13 iy 2T B 1%
KIRE—AREREG LS G, KWL ERE KL, AREAWAHEEIG A AE (b, —N RIS a2 25440
A—NEIFE AR —X) o WFZLHIE N 0, WILERE R RfEar & 201, IRt A 2 My &4 0% .
XFF ONFI2. 3, ZEREIFEEAHAE, PHIZAROZEERN 1.

Bit3-7 AR

5.7.1.2 Byte 128: I/0 B|IE KHEA

T BRI RN IR 1/0 51, AN pFo 1P BT RERE host FRITEHER 241 113k, 20 2. 13,
Nof T 3 R 8 A VE AT Pad R FIVE (B M 5. 7. 1. 3, ZH01 Byte6-7, bitls) ] device, % FBFKn~i K pad 1/0
B2, 2L 4.10.3.

5.7.1.3 Byte 129-130: 3Z##A SDR RFFHER

Zr B R SCRFI SDR AR . 0 R B AR S HF SDR I R 0.
Bit0 MAZAE N 1, Fastt R SDR i FHE 0.

Bitl Jy 1 Fonf R3CHF SDR I il 1.

Bit2 Jy 1 o RICHF SDR I il 2.

Bit3 Jy 1 b R3CHF SDR I il 3.

Bit4 Jy 1 oot RICHF SDR I il 4.

Bith Jy 1 b R3CHF SDR I el 5.

Bit6-15 NIREANL, BN 0.

5.7.1.4 Byte 131-132: RFHI—FFH SDR program cache B FRLE
2T B OWR T .

5.7.1.5 Byte 133-134: BtK page 4if&i[H]

2B IRN K page gaFERT[H] (tPROG) , BLA7 N ms.

5.7.1.6 Byte 135-136: B A HLIEERHTH

Z T BER N K YL BRI 1E] (tBERS) »  FRLAZ A ms.

5.7.1.7 Byte 137-138: HK page BLH[H

2T BRI EOK page BERT[E] (tR), PAAZ ms. XFF3CHF EZ NAND | device, %5 device FIATEE FIH IR EL
FERA Ko

5.7.1.8 Byte 139-140: H/M3IZE setup F[H]

G F BRI N/ EAE setup B[R] (tCCS), B4 ns. F&KIE T — Change Read Column #5422 J&, host fE—
Brige/ tCCS A2 J5 A RE TG « ERIE T —MEEA A Ik I Change Write Column #7422 J5, host
TS — B/ tCCS I IA] G A BE S ¥dE . 24574 NV-DDR. NV-DDR2 B¢ NV-DDR3 #2111, tCCS FRIME R 1% 4R 4% KT 55
ZEF tWHR 11 tADL,

5.7.1.9 Byte 141: >SZHF#HJ NV-DDR B FPAR

2 BRI SCFRR) NV-DDR B e n S 9 4E NV-DDR #5211, W87 43/ 3 FF—Fh NV-DDR i PR X G
SCHRFIESEA) NV-DDR B FPAR X (1, 0 SR SRR AR n-1 R P AR nt 1, MUHB %SRRI AR n) o

Bit0 Ay 1 FoR%t %5 NV-DDR B 545 0.



Bitl A 1 KR R 3 KF NV-DDR B 545 1.
Bit2 Ay 1 FRoRXF R I KFE NV-DDR B J7 A 2.
Bit3 A 1 KR R KF NV-DDR B J7 A0 3.
Bit4 A 1 /X G SCHF NV-DDR I P st 4.
Bit5 A 1 /X G SCHF NV-DDR I P st 5.
Bit6-7 ZIREAAL, RiHEN 0.

5.7.1.10 Byte 142: SZH¥ff) NV-DDR2 B} 5
27 B R I FF) NV-DDR2 i st I S % 5 S 4% NV-DDR2 42 1, U &/ 87 37 55— Fft NV-DDR2 i izl %if
G SCRFEESEI) NV-DDR2 B A5 (g, G SR SR A8 n-1 A nt 1, UM R SCRE P AR ) o

Bit0 A 1 /X G SCHF NV-DDR2 I AR 0.

Bitl A 1 /X G SCHF NV-DDR2 I AR 1.

Bit2 A 1 /X G SCHF NV-DDR2 I P AR 2.

Bit3 A 1 /X G SCHF NV-DDR2 I P AR 3.

Bit4 A 1 FRInxf R 3CKF NV-DDR2 B [ 4.

Bith 9 1 /% R HF NV-DDR2 B} JPA K 5.

Bit6 A 1 7kt R ICKF NV-DDR2 i [ 5 6.

Bit7 1 HR/Rxf R HF NV-DDR2 B} P 7.

5.7.1.11 Byte 143: NV-DDR/NV-DDR2/NV-DDR3 %

ZF B AR T NV-DDR, NV-DDR2 1 NV-DDR3 ¥ ERFAE A @ 4 . 43 FF NV-DDR B NV-DDR2 # [} 1% byte J25ik
il

Bit0 7% host i FH i) tCAD FME . 5 Bit0 24 1, il host £F NV-DDR f¥) i 4 Huhik A B4 4% 4 o B A B tCADs (s1ow)
o W% Bit0 N 0, N host 7E NV-DDR {4 Ml I A& 46 b N3 A tCADSE (fast) fH. ZALAUE AT NV-DDR
B,

Bitl RN CLK « 1/0 AN G AR Bk S S0 . Az ik 1, MSA CLK. 1/0
Flga N 51 AR S E SR . A% S 0, DA A S 70 () e 28 7 B

Bit2 IR device A& 75 SCHRFTEAR N WA 18 CLK, W/ 63 Fiom. WA & A 1, W host N T4 H, wJ
DATE R S N A TE] 457 18 CLK, 301 45 B AL . an SRz 2 93 0, T host 7EECHE S N W IH] B AR KF CLK IE #1817 .
ZALANE T NV-DDR $£11.

Bit3 i~ device 7E Vpp Z i K L HPFIRIB AR NI Vee, ZJGTEIRH Vee Z ATl KRBT LT 513K % Vpp.

Bit4-7 MR,

5.7.1.12 Byte 144-145: HLAfK) CLK #i A\ 5| IR 2

ZF B AR N R CLK SN 51 B F s . X/ MEIE T CLK (545« % BUE AT NV-DDR £z 1. %7 B
BTN 0. 1pF. filfm, BE 31 %R 3. 1pF. %57 B 24 NV-DDR/NV-DDR2/NV-DDR3 ] B B h 3 W S e 704 ey 7%
R A 2. CLK fa N\ 5| B 25 AN 2 R E 7 4. 10 F

5.7.1.13 Byte 146-147: $.% 1/0 5|85

BRI T/0 51 BIEEZS, BAA2y 0. 1pF, Biltn, $ul 31 FoR 3. 1pF. X MEUEA Y
NV-DDR/NV-DDR2/NV-DDR3 [ Jj G- Bt 71 3 B SCRF S FL S I A 20 1/0 51 A ARSI N 2T R RIE 7E 4. 10 Fir,
ZAEGEHTHTA R 1/0 5110 a0 3CRF ODT, MHZEHEH T RE n(RE_t/RE ¢) FIW/R n. X 3RS 3 S MR
Pad HRAMIE (W, 5.7.1.3, ZH T Byte6-7, bitl5) ) device, ZFEFERMM pad 1/0 HZ, &0 4.10.3.

5.7.1.14 Bytel48-149: HAV A B|IHRZ

ZF B RN R M S B2 . I EIEH AT N (W0, ALE, CLE, WE n), BR7T: CLK, CE n f1WP n
55 I RAS S FR ODT, MZ{E & T RE n(RE_t/RE c) M1 W/R n.iZFBLL 0. 1pF &AL, 4, #0131 %5 3. 1pF.
ZAAAN 4 NV-DDR/NV-DDR2/NV-DDR3 [ Th 8 7 B 2 W S RF SRS R 2B I A 8 SN 5| B0 L 25 (R 89 20 RO 5 7
4.10 FEH1,



5.7.1.15 Byte 150: B KNG HEBEE
ZFBIR G sREN G A, AN pF. ZEEH THrEMA, &3 CLK, CE n fIWR n. WIRSZKE
ODT, MNZEAEH T RE n(RE_t/RE_¢) M1 W/R no ZFBAI#E host HRTHEEIE B &gk, &0 2. 13,

5.7.1.16 Byte 151: SZHRFHIIRZHZRE

ZF B R NN G 15 SCRERT C 1 SR Bl e P DL R A SR 1 T B

Bit0 A 1 FRnx RCKRF B B IR 5R LB E, W5k 30 Fion. WARZALH N 1, W device M3 #F 35 Ohm
H150 Ohm [ E, device 7E b HUBT NAE AR 30 & MUK 585 35 Ohme AT BETE 0, W) b HE A A BK B 50 3 7%
A g . XFF 34 NV-DDR. NV-DDR2 BY, NV-DDR3 4% 1] device, iZAIMAEA 1.

Bitl A 1 xR 1/0 IR 58 15 B S HFR 30 H1#) 25 Ohme

Bit2 A 1 xR 1/0 B8 15 B S HFR 30 H11#) 18 Ohm.

Bit3-7 N{REANL.

5.7.1.17 Byte 152-153: KNI 2 LR [E]
ZT BN L Z TR page B2 E] (tR), BN mso 2 J2 TSI 1R v] B K T HE 2 2 T 1a) . G SR S0 FF
DR T BRI R FF 2 R0, M7 BN SR -

5.7.1.18 Byte 154-155: #iEINH 7 AIBEFRIER tADL 15

Z T BRSNS A7 285 R 5E (program page register clear enhancement) #%ffRERS, M ALE 2%
loading I [a] (tADL) , BAA74 nso GNSRRAE TUAF A7 an i BRI 9% diasble, | tADL Jyife € I VAR EU5E HIME -
XANG SR tADL fEAGEH T4 A2 (80h) s 2 81, ASBEFH T Set Feature. [Hl#% (Copyback) Bt H At dr 2.

5.7.1.19 Byte 156—157: EZ NAND {887 7 3526 E]
Z T BRI SCHE BZ NAND [ device [ #LBY T2 8] (tR) , FAA7A mso AN SCFEE EZ NAND ) device AME H1Z 7B
XFF NAND HEES cell 5% bit f device, 1ZMH L page FY tR SLRE AT (bban, JEJEZF _LJZH page) o

5.7.1.20 Byte 158: NV-DDR2/3 #FfiF

%7 BEIA T NV-DDR2 F1 NV-DDR3 {3 EASAE A @M . 2457 FF NV-DDR2 B NV-DDR3 4 I[1i, % 7B sl .

Bit0 Ensg 3 FF self-termination ODT. WIRIZAIN 1, WISCKE self-termination ODT. WIRZALHLIF O,
MIASZFF self-termination ODT, JfH host ANREffiRE ODT, =W 4. 16,

Bitl RN L FEF matrix termination ODT. 1ZAIN 1 FKIRSZFF matrix termination ODT. GISZAIHEIE N O,
MPASSZFE matrix termination ODT, JfH. host ANEKIE ODT BLE 2. WIHRZEF matrix termination ODT (%A%
N 1), M device WM iZ X Fr self-termination ODT, & W, 4. 16,

Bit2 Fna LAl R{E A 30 Ohms [¥] on—die termination. MNSiZAIA 1, W EF{E N 30 Ohms ] on-die
termination. WIHAZAIHEE 0, WAL EE 30 Ohms HJ on—die termination, FfH host ANEEIEFE.

Bit3 KRR R EMZEDES RE_ne WIHZAIN 1, WISCRFZESES RE_n. WIERZAHEE 0, WA REZ
54E% RE n, 0 4. 10. 2.

Bitd R XRFIEMNZEDE S DAS. WIHIZALA 1, WFRRIFZEDES DQS. WHILALHE 0, RRASL
FEZ 5055 DAS. S, 4. 10. 2,

Bith Rkt Tl E>=200MT/s, J& 77 EAMA VERFQ. WiAizfry 1, WIFEZEAMEE VREFQ, JF H =448 F i AR
I FE>=200MT /s i, host ¥ VEN B8 1 (2L 5. 30. 2) o WSRAZAHIE 0, 248 FH e e A s BE >=200MT /s
I, host AI LAIE#EAE A VREFQ (1 2 W T AH) .

Bit6-7 ATREAL

5.7.1.21 Byte 159: NV-DDR2/3 warmup J&EH

Z T Bk 7 NV-DDR2 B NV-DDR3 44 Hh%f warmup JAJHEISCRE . warmup JEIHE XAE 4. 15, 53 +F NV-DDR2 5L
NV-DDR3 $% 1 I} 25K 9 1 3 #5 1% 7 B o

Bit0-3 F/nHd i R SCRF A warmup A BA%. W SZ~ Bealis v Oh,  DUDKF SR ) 858 it B E AN SCHF warmup
Ji o host [mIX AL B 1) warmup Ji HIECAS B K THEAEAE IS HERIME ? ). 2 WL 5. 30. 2 ¢ T e B 204 % H 1 warmup



A VELR AR o
Bit4-7 o El i NIRAE SR warmup . AR BOE  Oh, T 2 (A B0 o N 3V EAS S HE warmup
JA¥H. host ML & A%t R 1) warmup JE B RE R FHEMEAME. 2 I 5. 30. 2 ST & Hdai A\ 1 warmup & .

5.7.1.22 Byte 160-161: SZFFf¥ NV-DDR3 i Pt

%7 BER R FF ) NV-DDR3 I A5 2. 2 X % S FF NV-DDR3 #2210, JUJ &8 /b 3 57 % —Ff NV-DDR3 i . %ot
G L SCRFEESEI) NV-DDR3 I A (il r, G SR SCHFI P n—1 Al nt 1, U RESCRE P AR )«

Bit0 Jy 1 o R 3CHF NV-DDR3 I P =X 0-3.

Bitl A 1 /X G SCHF NV-DDR3 2k P A 4.

Bit2 A 1 /X G SCHF NV-DDR3 I P AR 5.

Bit3 A 1 /X G SCHF NV-DDR3 I 7 A 6.

Bit4 A 1 /X G SCHF NV-DDR3 I P AR 7.

Bit5 A 1 /X G SCHF NV-DDR3 I 7 AR 8.

Bit6 A 1 /X G SCHF NV-DDR3 I 7 A 9.

Bit7 Ay 1 R4 R 3 KF NV-DDR3 I #5210

Bit8-15 N{REEAL, NAEHHN 0.

5.7.1.23 Byte 162: SZFpfj NV-DDR2 i FPAR

B Byteld2 MI4RSE, FRIRSCRF NV-DDR2 I AR e 2R G SCHRE NV-DDR2 452 111, T &8 70 o7 S 4 —
NV-DDR2 I P ae X GBS HFIESE ) NV-DDR2 I A= (5l an,  an S SCHRe I AR n—1 Al nt 1, T SRR NS 45
An)o

Bit0 A 1 /X G SCHF NV-DDR2 I [P A 8.

Bitl A 1 /X G SCHF NV-DDR2 I P A 9.

Bit2 Ay 1 RoRX G 3 FF NV-DDR2 i A 10,

Bit3-7 NIREAAL, RigkiF 0.

5.7.1.24 Byte 164-165: HliERAEKIRAS
BT BN ARG I E AR S, LA ]38 7 PH DR SR ARl 325 7o 1 25 B30T DX sk 140 47 JRy LA i 3 e A
SE MRAE AL o 3277 BEAOHS 3 G A RLE -

5.7.1.25 Byte 166-253: #HIi&RIHE
2% BOR ) 3 A R

5.7.1.26 Byte 254-255: SEEEHEARI (Integrity CRC)

SEREMERLEE CRC(Cyclic Redundancy Check——fEINTURKILD) T BRI IUEFLIEE] host IS TN R IEH
P ZHU CRC N— A7 (16-bit) BB, CRC HITHRE T T S8 UM byte0 3 byte253 HIZELE A K .

CRC R M ZE T byte0 FFUGHF 1 (byte—8-bit) THE &> byte HH bit &4k MEif (bit7) BUEAL (bit0)
(OB T

CRC Riff FHLL R 16-bit fIA4E R 2 W T8 1) :

G(X) = Xig + Xi5 + Xo + 1

XA Z A AT AR RN 16 dE i1 [1) 8005h,
TEFFUETT4E CRC 2 B, CRC {H 1% A8 F WI4G 1 AF4Eh. CRC 1522 5, &M CRC A FI i XOR. R byte
a5t 85 [ CRC AN FH s .

5.7.1.27 Byte 256-511: TLRSHH 1

% F BN AL B HT byte0-255 FIME . Byte256 42 byte0 HI{H.

2 CRC 2502 B byte0-255 H HHBUAFR IS IR SE . TURSH N AARFEIE S RERIN T S RARE
IR A 256bytes HIME R A IZ TR SH0T AR .



5.7.1.28 Byte 512-767: TLRSH K 2

ZFBAESHT byte0-255 FIEH. Byte512 J2& byte0 HI{H.

4 CRC £ 52 B byte0-255 AIEE — MU RS H R & H PR RIHME FiZ T RS . TURSHANRAAEES
KRN T, W BRAREE L K5 256bytes FIMERAIEZ T &S BT EHE .

5.7.1.29 Byte 768+: HIMNKITLLSE R

768 UL L bytes ] ML & SEIUEE AN TR &7 X R AT LLAITEE 1T R S B0 Hls 2 A PR .
St G ] AR A7 M ) 46 43 R G T A7 = AN BRI ) 45 13 (S TR — A 256by tes+ N TUAR S HITEHR) #k 2E CRC 44
BRI .

host 7] DU I AG 75 55 — AN (Dword——WF HLI 25— Dword? ) SRR E & 75 75 Z AR GSMISHIT. R
dbytes FE/DH 2 4 bytes LRSI 44, W TR EQ BB ET .

5.7.2 ¥ RBENBIELEHE X

¥ RS RAALENE, 1 host $24t THUMAUG R, XUE(E B R ANSEIH A S I RAAE, Rk
HEAEUAEY RIS H T . BV SB0T= LB (in section) MR, EIIKE R 16bytes MBS MG, Brisknl
SENAEZR 93 .

Section Type | Section Definition
0 Unused section marker. No section present.
1 Section type and length specifiers.
2 Extended ECC information.
3-255 Reserved
Table 93 Section Type Definitions

BRI (section type) ROZIZNT & AEY R SH I+ (B 7 BRAUE 0) o B, GniRB SRR 12 FIZEAY 15 #f
Bore AEY RSH TR, BEAKEL 12 ROz e 16 ZRiE Lo B N Ge —Fhsepl. B AR Bl v
ERERRIC N —AMEN 0 MBERAL. YRR R —MEN 0 BRI, RN A BB R,

94 LT B 1. MY RSHIUR A 8 ME, MIBRA 1 8 L THAMNE . B 1 K ERIZA
16bytes [IEEHf .

Byte
0

Description

Section 8 type

Section 8 length

Section 9 type

Section 9 length

Section 10 type

Section 10 length

Section 11 — n type & lengths

ooooozzg

1
2
3
4
5
6 —

(end)

Table 94 Section Type 1: Additional Section Type and Length Specifiers

95 T B 2 Mgk . BRI 2 MU TR ECCEE . AR ECC 5 BHRIK AT 8bytes.
USRI ECC A5 BHUEATHIE G, WA A E AR Z IR 9 0. BERMY 2 (K EDY 16bytes MHBEHf .

Byte O/M Description

0-7 M Extended ECC information block 0

8-15 0 Extended ECC information block 1

16 — (end) 0 Extended ECC information block 2 — n (if present)
Table 95 Section Type 2: Extended ECC Information

5 JRIG BCC {5 BHesE XA 3. 4 Brlie
96 5% SUT R SHTURBAR LS % FE A bytes KB40, BHIBT by te X byte, 211, 4.2. 3
e T AN A



2 R G5 s U 0] B FEAR G (10, 7E 8-bit BRI M) device H1), ¥ RSHITHBUEHZ L byte
NEAL, B, 7E—A page HXTREIR[EIZ D byte M. X328 16-bit BHEVI A1) device, R host ¥
byte B4 word {8 KA .

HAF 7 BB 1Z X 37 N Oho

Byte O/M | Description
Revision information and features block
0-1 M Integrity CRC
2-5 M Extended parameter page signature
Byte 0: 45h, “E”
Byte 1: 50h, “P"
Byte 2: 50h, “P"
Byte 3: 53h, “S”
6-15 Reserved (0)
16 M Section 0 type
17 M Section 0 length
18 M Section 1 type
19 M Section 1 length
20 ) Section 2 type
21 0] Section 2 length
22-31 0] Section 3 — 7 types & lengths
32 — (end) M Section information

Table 96 Extended Parameter Page definition

5.7.2.1 Byte 0-1: CRC 7BEEtARL

SEREVERZIS: CRC B SRESAIERL 7] host YT RSB I N A R 1EH . ¥ RS HITH CRC & —A> 16-bit [1F
Bo CRCWITHEZE S T R SHIH M byte2 B )5 A 1ELLHUAE .

CRC WY ST H 1) byte2 JF4fT% byte (8-bit) it H—EHEIH&/G. T4 8-bit H AL AL EAL (bit7?) R
A7 (bit0) MR F 5

CRC AT 16-bit AR 2 Wizlit 5.

G(X) = X6 + Xi5s + Xo + 1

XA Z TR LRI 16 i [¥) 8005h.,
FEITURTHS CRC 220, CRC AE MNAZ {8 HIWJ4AME 4F4Eh. 2 CRC fEAHI i XOR. %4 byte B CRC TH5EAH]
BEAT S He o

5.7.2.2 Byte 2-5: ' ESETESL

ZTBRASYT ERSHOUNEL . UL EN L E byte ARUN, TRy RSEITZAE M.
Byte2 M1 A 45h.

Byte3 M 1A 50h.

Byted M1 A 50h.

Byteb M 1A 53h.

5.7.2.3 Byte 16: Bt 0 K%
B0 Ry ESHTNE B, Mbyte g 32 TG, Z7FEBINE 7B 0 KRA, BRA e AR 93 .,

5.7.2.4 Byte 17: RO ¥E
B0 2 BSETINE —EB, M byte Iwfe 32 FFUG. % BHE 7B 0 IKEE. KDL 16byte REUE &
X, Ht, $UE 1 %R 16bytes, HUH 2 %R 32bytes.



5.7.2.5 Byte 18: Bt 128#&
B 1 Y RSHITNE —ABL BEER 0 MR, 12 7BOE 7B 1 R, BERAE AER 93 . iR
ABCL WZy BNAZAET N 0.

5.7.2.6 Byte 19: Bt 1KE
Bl 29 RSHOUUNER B, REER 0 TG 7 BOWE TR K. KDL 16bytes FREEUE & X,
Plt, #fE 1 %R 16byte, KU 2 Fr 32bytes. WERBABL 1, WHZFBUNVBHEN 0.

5.7.2.7 Byte 20: Bt 22K#
B2 R BSHOUE =B BEEBL A, % 7BOE 7B 2 MM, BERRLE AR 93 . Wik
ABL2, Whzy BNAIR AN 0.

5.7.2.8 Byte 21: Bt2 K&
B2 2y RSHOUUNEE B, RIEER LG 7 BOWE TR 2 K. KELL 16bytes FIREEUE E X,
PRIk, i 1 %R 16bytes, HfH 2 Rox 32bytes. WIRKABL 2, MZTBNHIHA 0.

5.7.2.9 Byte 22-31: Bt 3-7 KEIfK B
Bytes22-31 #4[8 B 0 FIBL 1 KA & LRIk, FIF e ST Bt 3-7 S BUAK . dn SR BUATEAE,
D FH W A S Y R B 7 B N A 00

5.7.2.10 Byte 32-(&H): BRER
BL O M byte f# 32 JF4h, KA 16bytes HIMEfs . MR AHIMIB (BL 1, 2, 3%5), WEEREEE L
BOFUs, HAEKEWMARZ 16bytes HIEEUAS.

5.8 Read Unique ID X

Read Unique ID fir4 FHSRAZE: device f) 16byte ME— ID (Unique ID——UID). ME— ID X3 device #i&r,
FEME—I (%08 SORIRBAR, A—#Eifh, AR AME) .

UTD 4 ORAFAEINAFRE S . 2 T ik host HIWr UID 2 A £ 1% (bit error), UID 1AM (complement)
—iEHOR R, 1 97, i UID /) XOR BA K IGZEAL (bit-wise) #MiT[#) XOR &Ry 1, W UID 24 2.

Bytes IR
0-15 UID
16-31 UID #M5 GEAL—bit-wise)

2 97 UID M5
N TAEUID A5 bit error FIfE LU UID FREEG B 7855, BOXAEXS G A7 Ml — A 16 AL UID 2843 S0 R MG
Bl4n, Bk bytes32-63 £x[n] host iR [A]—/N UID FIFLAML ) &4 -
1£ Read Unique ID fy2FATHATRIANGE & 1% Read Status Enhanced f4 -
K] 86 & X T Read Unique ID AT A. host B LU FHXT G SCRFIATAT IS 7 kA 56 UTD #5040

Cycle Type —( CMD )—{ ADDR } { DOUT )-{ DOUT H DOUT H DOUT )-{ DOUT H DOUT >—

DQ[7:0] 4{ EDh )_( 00h } U0, H Ute H )_( uo, H Ui, H )7

B iRR
R/B_n b "
Figure 86 Read Unique ID command timing

UOk-Unk  UTD A HLAMSPIES K A4y SelGE 512byte 2R [ AR KA .



5.9 H#EpE (Block Erase) X

P bR 2 F R FR B LUN ARtk 2500 OBt . — AN EEBRIREE 4 S, Q2R SRIOTIR[E] 0, T
BB ERE RS T . 24 SRI6]1H 0458 1 i, %4 SRIOTARL, BEF N SRI6]4E N 0. 1K 87 & X T B
BRAEAE AT AN e

IR host WREIERE— T Fric ARERIEEY, device N2 BNZREAE, device 20K iZ BN FAIL AL B N

Cycle Type —{ cMD }{ ADDR }{ ADDR }-{ ADDR }-{ cMD )

DQ[7:0] —{ 60n H Rt H RrRe H R M DLh )

tWB
tBERS
SR[6] 1‘:,”(

Figure 87 Block Erase timing
R1-R3 TLEEBR AL AT R L . R1 J2AT HbkE A by te.

5.10 IRZ (Read Status) EE X

FEARZ R, BES a2 FRA E B MEIERPIRSE . WRZBAZ)RHAF LA single LIN EREAT,
AR i & 2 N AIRAS B A7 4R 0] A ) (composite) IRAE, 1R RHUAE FPIREH A B AR IMOLA . 2,
BERES A 2R B3R 98 Fos I MAL A7 a A B SRS E. 2 5. 13 IREFAFAALE Lo

Status Register bit Composite status value
Bit 0, FAIL OR
Bit 1, FAILC OR
Bit 3, CSP OR
Table 98 Composite Status Value

4 7E NV-DDR. NV-DDR2 B, NV-DDR3 % [T AR IEWCRAS fn A0, BN E byte #BEEIHIR . host RBIE R
el byte HAF— M. S0 4. 4.
B 88 52 ST BRARA AT RN T o

Cyole Type —{avo }—(z0ir)—

 IWHR |
ar7:0) —{Fon }—{ 5 }—
Figure 88 Read Status timing

SR CIREME, W 5. 13 EX

BRIRAAr 4 A LA A SDR. NV-DDR. NV-DDR2 B¥ NV-DDR3 % 1 & i% . A D RIE S50 & 89, K 90, K
91 FizR



tIcs tcH ICEA

CE_n * 7 K ;{
ICLR
CLE *
tcLs ['oLH
ALE
wp
WE_n "; F tcHz
. WHR L we | (0 oM
RE_n % F
RHZ
tps |'DH . YR 'REA 'RHOH
DQ[7:0] 70h * Status |
R/B_n
]:‘ Don't Care
Figure 89 Read Status command using SDR data interface
tcs
CE n

CLE NN

ALE / \

WIR_n \ /]
'basp 'basc tDQsSHZ

pas Hi-Z z
RN

R/B_n

mUndeﬁned (driven by NAND) Data Transitioning [ ] Don't Care

Figure 90 Read Status command using NV-DDR data interface



PWHR _|

FEEEVEEY ey { ,-__,-.-_-:,_..'_g,r;'.‘, O OO OO OO0 OO K W

R X el R LR R L

Transitioning

Figure 91 Read Status command using NV-DDR2/3 data interface



¥ 1: 55T SDR #%2 1, Jd3d RE n ki ¥ RE n FuAK AT DLW 32 IRES - % NV-DDR 422 11, o] LU i ALE/CLE
BN 11b RAWHERZAS . XFF NV-DDR2/3 $ 1, 7£ RE n {545 KA, device R LLIEFETE WRRAS (A] H il ASTE
B, HIBEE R B SCHR) o W device IRFFE RE n SREF NI EHRA, W host AT LAIE IS DQL7: 0] ZE{E 1)
FEHOR R AL B i (FPIRAS o EAE, DQS HAEMRYE RE n (A RELAS . NS device ASCHFAE RE_n (-5 MK ]
FOBOIRAS, WPIRZASARYE RE n MFARKE B, 7R 91, 4 2RIRAEA S B fan N\ a8 b B AR, dnSft ALE.
CLE PA K CE_n #BAME (b, idle JRZ), M host N DQS (DQS_t) B MK, PABGIL device f#/E ODT. W15 ODT 4
disable, WMI{E idle MRZEHEIAH 300 DQS.

5.11 Read Status Enhanced & X

Read Status Enhanced fir4 FRAG % (BEH0) Bk g 1FF € LUN FZ IR BRI E—NMRIERPIRAS (. Bl 92
X T Read Status Enhanced fir 4 AT AR 7. ﬁﬂ%ﬁﬂﬁﬁtm%xﬁlﬁﬁ, D3 BT FRPIRZAS (B N AR HNME . host ] Read
Status Enhanced fir&3iEF LUN(Z W 3. 1. 2) . R, W5 LUN i S Ak d 1 T 8dEH 4, N Read Status
Enhanced iy & %A RH

M 4E NV-DDR. NV-DDR2 B¢ NV-DDR3 411 % 1% Read Status Enhanced iz &0, FANEAE byte SR IR,
host A &R byte I —A% 0, . 4. 4,

|
Cycle Type —{ cmp }{ ADDR }{ ADDR }{ ADDR )—@E—

L, tWHR -

) il

DQ[7:0 SR
71— H o (o —

Figure 92 Read Status Enhanced timing

R1-R3 A& LUN FflZHhb 4T b, FSREEZORE. 5 LUN fUZ TR AT HUE AN S8« R1 2 A
byte,
SR RS, 5. 13 EdsE X

5.12 BEIRA (Read Status) fl Read Status Enhanced HJf# B E R

FERERFSIH, host R — MRS 4. ARFERIA 7 ARG T ERA AR E RS m 2.

WRAE R/B n Jy 0 WIIA] ) LUN & T — A, AT RIPIRA fir & M i% 2 Read Status Enhanced 4,
%A 2 2 R K LUN ¢ P R 2247,  DLORIE R H 8% Read Status Enhanced #p4-3e H1 1) LUN A4 23 i 3. J5 T
RE n FI A5 FIEIH .

1 host V&M £/ LUN [FIl} &% T Read Page av 20, 76 MATAAT LUN SeHUEHE < 1, host 8K Ii% Read Status
Enhanced fir 4o 1% &2 ARME ) LUN SCH H A 2247, DAORIEAEZE 4 4% 00h fp2ikrh 2 J5, HAH Read
Status Enhanced #4191 ) LUN A 230 5 J5 18 RE n Sy N5 S8, Z0.3.1.3, KRTWREZ LUN SglEh il
FH 7 Change Read Column(Enhanced) 2 BIERIAMESK o

EN G SR M Z )5, host ANREKI% Read Status Enhanced 54 . FEIXFMENL T, host IR E M4
RIMZEARESAE « ZERME— BSR4, 7E Reset DA KIERITELL T, ﬁD%mg/\ LUN Kixfm4, PG oL T Al LS
FH Read Status Enhanced fiy23RF| €/ active 1) LUN /i 58 A% Reset .

5.13 REFEREN

BRI Read Status Enhanced iy 2 1R [BI PR A7 25 11 by te B (SR) HAS b an R . 40k RDY f74%35 0,
MPIRZS byte FFTA HAth AL (B WP_n #1) # /& ToALHT, host N 2 MG IX LE1E o

Value 7 6 5 4 3
Status Register WP n | RDY | ARDY | VSP | CSP R FAILC | FAIL

%]
-
o




FAIL R 1, WER E—DaA Rl W N0, FoR E— NS, X147 NAND #:4E, %407 R AES
FEEAERSRERER A 2. X T EZ NAND #:4F, iZA4EEE. gife DA #E A 2. {F program cache
FRVEIAMR], ZA7A Y ARDY 4 1 B ARG, 7E3CHF ZQ FRIERT device H, WIS 7Q & IEJRI,  MRZAL 15
N1,

FAILC Wil 1, W E— N0 — Sk (B EAGA) o Rz 0, 7 E— NS0 — ANy
L ZANAE program cache #1EH A % E Page Cache Program JF4IH, 1ZALEE|ZE /> 15h
A B 10h Ay QWRIE A A WARASCHF program cache #1E, MHZAASEM, AT 0.
XFT EZ NAND #:4E, AL AR AT (EZ NAND ASCHF cache 7 4) o

CSP Command Specific: ZNMEGmASERHES X? .

XFF EZ NAND #4E, @15 CSP (Threshold-IfgFt) S i% R 1, W E—Ms#fEd@E it 7 ECC AKAR, host
AT IE A ERAE (Blan, 1 —ANE S T R S 40) « 24 FAIL S 1 BN F 20 CSP (I 54) Az

T HA AR, 2R R AL

ARDY WA 1, MIFRIREA IR TRIBES B . o 0, FRoRFEAM A IEERHAT (RDY #5158 0), 8L
IEEAT — AN BEFIERAE . WIRASCFFE B 2 Z44E (overlapped multi—plane) 8¢ cache 4>, WHZAL
S

RDY 1SRN 1, FoR i — A4 LUN s Z bk C 2w 4, I HORZSE Py HARAZ #R A 2. A 0,
W RN RILEN) E— Ay A A HAT5E, FFH SRI5: 01072 TERLI, MiZ4 host ZME . A7 2540
R/B n (fE, ZIL2.18.2. 3 cache #RIFIEAEHATI, MRS F— &R B B, 17 ARDY
Ron LA ERAER S 5E.

WP n WAL, MEEKR device ARG 4R N0, KR device ZBF R ANl RDY A2 4 1H,
A EB UG LR U

R LREE
VSP Hill 185 7 o XY

5.14 a4 EX

LA LN LUN H (47 Ok A e 1 D0 s o D08 T DAL DA 7 2 v TR E [ 21 ik e . 1) 93 58
T R AT A o SRR H — N T S5 R 2 FEUA) host IR IR ANME .

2 E i Aar I BEARAS RHNE R O TN AF R F1 A% 4 31 DU a7 A7 %) AT A s SE S, host SN E T & IE—> 00h A4k
FHURTEEAR . 3% 00h i 223 3 LR [0 (1) 0 A% g 1) F1 bk T 46 4% i -

X+ 32 HF EZ NAND [ device, BiZTE tR 453K f5 K 1%—1 Read Status (Enhanced) iy %, PAFRIRTEZ I device
FE4 2 BT AR E R NI . WRIER EIRES Z AT SN device BiAEH R 1, TR [R5 A 7] e 20 1)
(corrupt data) .

Cycle Type —{ cvo HADDRHADDRHADDRHADDRHADDRH cmD ) { pout }-{ pout }{ bout }—

DQx—{ODhHmHCZHR‘IHREHRSHSLh} po H{ o1 H b2 }—

IRR
* - =-~1 Li -‘7—“
SR[6] * /

Figure 93 Read timing



C1-C2  ERRM T HIHIE. C1 BRI byte. ——HREIF-HE, AN AFE#E
RI-R3  ERRMITTAITHNE . R1 2K byte.
Dn MFHE R TT A2 B by te

5.15 Read Cache E®X

A 2 AN SCFF EZ NAND,

25— AN VL IETE [R) I AN AR 51 A e 5 7 LUN #i sz B 1E], Read Cache Sequential Al Read Cache Random fiy
A LAVFAT (permi t——Hb#E. VPRI ? ) — /NGBS AF S B 00 — AN 5. 14 F58 X2, B
1% — read cache J#%)H Read Cache Sequential B{ Read Cache Random iy %462 Bt & i%. Read Cache
Sequential B Read Cache Random it %MW i%{E & 1% Read Cache End (3Fh) fiy4 2 Btk Ki%.

Read Cache (Sequential B¢ Random) iy 4 1] LATE A 2 522 i (SRI61A 1) # Kk i%. Host AT LAE N INAERESh
W BRI R DOk . BRI AR 2 W F bk 00h FF4R. WIZR host WA BEA— AT AL, TR —NMAHAR Y
TP, 24 Read Cache (Sequential BY Random) iy 2 Ki% )5, SRI61HIEN 0 (busy) . #HAEFUESE, SRI61HE
B 1 (ready), 2 J5 host A AFFEE M — 1528 Read Cache (Sequential B Random) ERAEEENEIE . KiE— st
] Read Cache (Sequential BY Random) iy 4> 245 it i) M B 71152 B i 52 6 21 D0 27 A7 28 o PR DU B2
I, it &% 3Fh fr R EE — AN BRI B T2 . 24 SRI614 1 B (ready) , host ] LAFF4A ML a7 47 25 35 HUEL
o 24 31h A1 3Fh fr ARG, SRI6]BIZAHEE 0 (busy) , BRI T A R AFRE 51 1 78 B

MNP E AN EUS, host ANREF K% Read Cache Sequential (31h) fiy4>. R 244 [FII & 1%
#5% LUN, host fERIZE— Read Cache Sequential (31h) 8% Read Cache End(3Fh) iz 245 LUN 2 |, MN4EKkiE—
/> Read Status Enhanced (78h) fir 4 3ki% %1% LUN.

Kl 94 %€ X T Read Cache Sequential x4 HAT NFINT T, XAMdr4FRAHE T R A% BN RISy 2 A
1T cache #fE (2 LR AE B AT 2 Z AT E AT cache an 2 R E BB W F A ——DAFEE) . B 95 e T
Read Cache Random 17 AN 77, 12 [AIAE R SR NFE S R A2 B0 RIP S 2 UEHAT cache #:1E . BFHIEOLT,
SRI6] KR T A1k B T2 75 7] LA G EF A7 2 4 2 L

As defined for
Read

Cycle Type { cmo ) { cmp {pour ) bour ) bout " cmp
l
DQx { 20 } {_3th } po ' ¥ on Hah pb——{ Do
L w

IWB B R _WB [
| iR - _rRCBS\;“ - " | JIRCBS |
SRI[6] < ’
Figure 94 Read Cache Sequential timing, start of cache operations

DO-Dn FH B V] LB 2 BT cache #4E M T A 2B 28 by te/words.



As defined for
Read E

Cycle Type En.l@—( cmp ) aboR ) apor ) bR ) aDoR ) apdR | cmb }———————{ pout ) bouT § pouT -

DQxEmI)— mh}(m){cz}(m){ﬁzxm){a:h)i po ) . ¥ on }-

tRR IRR

| - w [ " _wensy [
SR[6] «

[A]
Cycle Type _.{ CMD }{ADDR){ADDRXADDR}{ADDR}(ADDR}{ cMD

DQx —{_oon { c1 | c2 f Rri ) RZ;I:RS}[:BLH b {00

IRR

WE |
- " | tRcBS
SR[6] ﬂ

Figure 95 Read Cache Random timing, start of cache operations
Cl-C2  TRRMFIHNE, CL ZHAK byte. FIHhhl# 20
RI-R3  ERRMAT L. R1 2R byte.
DO-Dn  HIERAIMEEEE Z AT cache #AE M TTHEIUHIEL bytes/words

KK 96 %€ X T cache ¥{EZLE KT Read Cache (Sequential % Random) x24T NFIN . 1%47 M%) Read Cache
Sequential Fl Read Cache Random fir2#Bi& . w46 3Fh SRt Mt 5 — ANk 1) VU 0 2 U2 748, AN
FHo6 7 — AN e .

As defined for
Read Cache
(Sequential or Random)

Cycle Type { cvp { pour ) pout ¥ pout K cmo ) { pout ) pout | bouT }—

|
pox (5 e ) e

tRR IRR
tWB _tWB
tRCBSY | h hal IRCBSY
_— -
SRI[6] 1
Figure 96 Read Cache timing, end of cache operations

DO-Dn A Z R cache #AE M T EEL I bytes/words

5.16 T Z4sFE (Page Program) 5E X

TG A 2R S hE T 5E (1 — > DTEHR 73 DT AR AR S 2 DU A7 3 o DU A7 4 1) A 2 Bl g A AT b hik i e
MIINAERES . E SRI6IN 0 &N 1 2 )5, a2 SRIOTA R, HH SRI6] F—RA&A 0. Kl 97 5 L1 gk dn
A BT RN o BRI DT A7 A7 45 45 R N S 3R A BT BE o



Cycle Type —( CMD HADDRHADDRHADDR HADDRHAE;DR}—{ DIIN }.( DIN H DIN H DIN H CMD}

DQx—(auhHm}-{m}-(m}-{ﬂz}-(ﬂlz}—(;lﬂ}{m)-(...}{DnHAh}

_ tWB

.

hd

SR[G] - tPROG

Figure 97 Page Program timing

C1-C2 EEANBHEMZEAA T IGAL B F k. C1 Z2&AK byte.
R1-R3  #gmAER vl 4T HulE . R1 2K byte.
DO-Dn EE AMF-HETLHIEIE bytes/words.

5.17 MEFYRFE (Page Cache Program) & X

EZ NAND AN3CHFiZ T4 .

HEIRIER) AT host B4 B VU A7 as IA), UG AF AR o W AVF AT (permi t——ibdE . VARSI ? )
BB S NN 2 LUN B — AT 5 TR EdE . a4 10h #kIEJG, 7E SRI6J#E N 1 (ready) 2 7, AT
B HEAR A SN BINAERESIH 24 SRIBI M 0 24 1 )5, %41 SRIOTAZ&H R, B2 SRI5]FRAN 0,24 SR[6]
MOAER 1 2 )G, a2 SRITIA K.

K] 98 A 99 5E L T TLRAF IR Ay 2 AT AR P o VER, 1ELRAT (caching) HAE 45 RIS tPROG T <> Lh
BUMEK, ORIXAN A T 5 R AT — AN TR R A o 0 T AR 38 R R I B AR I A B e Lo

U 7 ¥F program page register clear enhancement, {UNFIZmAE (80h) x4 Hf, host A LLiEHE R iEkERIE E
4 LUN B2 BRSO TT3 A7 A% o IXAMIE DR, tADL i8] ] B 2 Bk g i e A3 b i OB, 205, 7. 1. 18,
KT EAMRZIIGER4ET, 2 5. 30,

[A]

| |
Cycle Type 4{ CMD KADDHKADDH}(.&DDR}{ADDR:I:ADDR >—{ DIN }{ DIN }{ DIN H DIN }—( CMD }

tADL

-+ > |
DQxA{'anh](mKCz}{m :}{ Rz:l:R:S )—{nu}{m }-{ HDn ;l—{ﬁh}
| ] WE
_ il IPCESY
SR[6]
(A]
Cycle Type | cmo IA.DDRIADDR:I:ADDR}{ADDR}{ADIDR)—{ o NN ESDEDRE )
- DL > |
DQx——(auhIm}(Cz:l:m}(RzHRa)—{ DU}(m }{ )-(Dn}—('lﬁh}
! | B
- - IPCBSY
SRI6]

Figure 98 Page Cache Program timing, start of operations



As defined for Page
Cache Program

I
Cycle Type +{ cmp IABDRXADDRKAUDR){ADDR:IIABDR}—{ DIIN R EDRED S T

LADL

< > |
DQX——(anhIG1Xczj(R1HRz:(Hs}—{DU}(m}{...HDnHﬁh}.
[ |
“— PCBSY L
SR[6] *
(a]
|
Cycle Type ——{ CMD xADDR‘:(ADDR:I:ADDR}{PADDRXAE:DR}—{ DIN }{ DIN }-{ DIN H' DIN )_{ CMD}
™ tADL > |
DQx——{BUhxm}(CZXm}{szRa}—{m}{m}{___}{Dn)_{mh}
I I WE
- l IPROG
SR[6] *

Figure 99 Page Cache Program timing, end of operations
Cl-C2 HEGABIENZALEIMLA BRI FIHIE. C1 &K byte.
RI-R3 AR AT HbNE . R SZ2HRAK byte.
DO-Dn  E5 AHEF kT HIEHE bytes/words.

5. 18 [E]F## (Copyback) & X

(5] 48 iy 4 A B BT SR K S B ) Bt 72 30 380 (=] — A LUN H i 28 AN B o i SR R SCRF EZ NAND,
M E 5 7] A A% ) BIANF] JZ 8 LUN 28 =AM E . FTAS S E0ORAE KRR HAR O B . R — AN B 1
A AT A host B2HL, 4% H] Change Read Column. 7E1E H #d 45 R I A% [0 3% 4 7% (Copyback Program) ),
host A DAR#E 75 228 F] Change Write Column fy2HUTHIEIZIE (data modification) . B 100 & X T [RI¥EEAER
AT IS o

[ 5 R A ST FH SR D 5 A7 2 R A T I AN G AR A o SR B SCRF EZ NAND, U] EZ NAND 81 88 B 2247 F oK
AT AR, A LUN R T2 A7 a AN e U 1] o

UXFFZ E TR, RIS B P g AR I 2 2 ik RO AN EE 2 2 IR E A IR . W ZRSCRF EZ NAND, i PRH$IIA
EH: Z20SH0.

[ [FAE A A /B DU PRR G U AT BTSN, WA TR EW SN — N80 R, S MEE T,
N AT EREN—MERTL. ZH,5.7. 1. 3.

IXANKRCAS ) ONFT FIE 23R B A FF & #RE A (7145 454K (Copyback Ad jacency) IR . 7EARK ONFI hRAH, XfT
EZ NAND BJHFk, A Al Re A ER BIFE A 3 AR 2 AH AR . B, fE—DNEFEREZAT, "TReA 24 mIHE
Rike XAESRWFEIREG T 2 2 B RAE.



Cycle Type —{ cMp }{ ADor ) ADDR ) ADDR | ADDR | ADDR | cmD )

|
DQ;.(—( mh}(cu }( G2x | Ria ) R2a | Raa | 35h |

WB

—( CMD )( ADDR }{ADDH X ADDR XADDR ){ ADDR )( CMD }

H 8sn ) cta N c2 | Rta ) R2a ) R3a X ‘Hllh}

WB

IPROG

SR[6]
A]
Cycle Type -
DQx -
SR[6]
C1a=C2, FRL R I UL 1 ok
R1,-R3a TG BRI T AT
C13-C2 B AL T F1 Mk
R13-R3p B AL LT

Figure 100 Copyback timing

o ClyZF % byte.

o Rly 2K byte.

o Clg R (K byte.

o RlgZ&{K byte.

P 101 AT 102 5 3L 1 Kot Hh AN Bt A2 1R SR (BT 95




[A]

Cycle Type —( CMD }(ADDR }( ADDR ){ADDR X ADDR X hDDRX CMD } { DOUT }.{ DOUT}( DOUT )__

I
DQ}(—( 00h }( Cla }{ C24 }( Ria X RZ, :( R3, X 35h } [ o .. K Ditn }1—

 wB RR

SR —
[A]
1 |
Cycle Type +{ cmp ) ApoR ) AboR ) cmp ) DouT }{ DOUT ) { DOUT )

tCCS

DQx H osn ¥ cte Y c2e } Eon }—{ ok }{oke1 }{ok2 )}
I |

SRI[6]

Figure 101 Copyback Read with data output

Cla=C2y  ERREMITHIZIMAL. Cla 2/ byte.

RIN-R3y  EARRMTTAIAT HAE . R1 2R byte.

Dj—(Dj+n) A Cla=C24 i€ M FI M HE T 4R BB A ELE by te.

C1C-C2C  EEMN A B H A B (k) 5k, Cle 2 JAK byte.

Dk—Dk+n A Cle=C2c i 7€ M FI M HE TR BB A ELE by te.



Cycle Type —{ cvp )(ADDRXADDR}{ADDR}(ADDRXADltm pin | bIN b

- tADL

-
-

DQx—( 85h X Cls X C2 ){ R1g }( RZs )( R3s Di n
[

SR[6]
| l
Cycle Type - cmp }{ aoor ) aoor }——{ oiN }{ oin 1 oin Y cwo

tCCS

-

_ - |
DQx +{ &sh } cto Y €20 ——{ bj M bi+1 }{ bj=2 Y 10n )
| [

_ iWB

[

[

- - tPROG

Figure 102 Copyback Program with data modification
Cly=C2p  EZHREHITIRIZIHNE, Clp RARIK byte.
RIp—R3p  ZHAEMITUHIATHINE, RlpREAK byte.
Di-Di+n M C1-C2 H4RE I FIHIBL T 4G 1 overwrite B TUAF A7 # EHE byte.
Clp=C2p  WAFAFAPE overwrite BHEAVH A E (J) (FIHLE. Cly 2RI byte.

Dj-Dj+n M C1-C2p HH¥5 & R HLHE UG overwrite FIZHE byte.

5.19 Small Data Move

R ZHOTT R W SRR Small Data Move v, HSAXT T ml#5 5 (RG22 2 MM [ FERAE) , host
T LLLAN T device [ page size A ER Bl ML f 2 TUar 745 . 1%4R1E T host tHrl LA B4 . Wik Small Data
Move &5 Hodle i I g AR A, T35 — > J 00 nT A P B A A5 80h o 3547 Hcdle it 0 [l 9% R RE HR A
FEBE A 9 P B 4565 85h.

B 103 3 T — AN AT Small Data Move B4 A2 BRI P54 FE 1O K 02 1L A% s 1257 41 ) LUK 75 2R R AT
LSS RAE AL - 18] 104 5€ T fJm — DMRAEERAE, 23R AIREE AR small data move #RfF (2R BRI #5 S AE o
RAEAA R Z IR R 3 51 7 A ) G AR 12 BAT AR R AT ik (RIB-R3B) o — > small data move ¥RfE A<
1Lh FEPR Rt dan 8 2 A, FH ORISR AR AT P4 388 0 K i GEIE)



Cycle Type—{ cwo XADDRXADDRXADDR}{ADDRXADIDR)—( DIIN N omn Y on } cwo )

. tCcs o
Ll

- |
DQ;{—( PRG :1[ Cls X C2s X Ris ){ R2s X R3s }—( Dj }{ }.( Dj+n )—{ 11h }
| I

_ tWB

IPLPBSY L

SR[6] ':V_

[A]
| I
Cycle Type - cmp ) apor }{ aoor ) cmp }—{ pout }{ pouT }-{pouT ||

tCCS

DQx H osn ){ Cle ){ c2e ){ EOh )_( Dk H )_( Dk+p )__
[ |

SR[6]

Figure 103 Small data moves, data modification
PRG Gififin4, 80h B 85h. BEHAE MR fin th 1K) fir & RiiZ 2 85h.
C1-C2; TUEFAE A P S I k. Cls /&I bytes
R1-R3g BFERI UL IATHRE . R1p 2 A by tes

Dj-(Dj+n)  TLEAFAFH M C1-C25 78 7E I F M E T 46 85 58 B 2 dsE by te.
C1-C2c RSP ERG RN byte/word (%l . Cle A bytes

Dk—(Dk+p) M C1-C2c i 7€ M FIHE T 4R BB A HL S by te.

FE: WS FF Change Read Column Enhanced A54>, B 103 %54 (small data move) A% & # A Change
Read Column 74, %ifiFEH Change Read Column (Enhanced) 4> FHE FH DA A B0H i e & v 1) &R AT SR A
Y P2 B[P G FE AR A 1B 3 AL S SR

Cycle Type -{pout }—{ cmp XADDRXADDRXADDRXADDRXAE[DRH o  om ) oin ){ cmp )

tRHW
4
<

tCCS

=
L

"~
d

DQx Dk|+p }—4( PRGX Clo | C2 | Ris ) R2s | Rlﬁg }—( 'ril .. Y bk )_( 1[IJh )

L, tWB
tPROG

SR[6] ‘ |
Figure 104 Small data moves, end

PRG a4, 80h B 85h. wnALdr 4G A e fan th s R4S 85h fin 4.
C1-C2D WA ras P e S Mk, CI1D 2 &K byte.

RI-R3B  ZImAEM UL ()47 k. R1B 251K byte.

DI-(DI+q) TiHbdikrA A C1-C2D 458 5E F 51 kit 46 4 5587 A 250405 by tes




5.20 Change Read Column & X

Change Read Column fiy4 HSRCALFIE, DAELERE I & 1 LUN [ 00 25 77 25 HR A2 50 Pt k35 HOHSC 4 o
HA 2 LUN b F— N2 (read idle) RER, A fEki% Change Read Column #74. & 105 %€ X T Change Read
Column 4 IIAT NI 7 o

Host W AELE EOh iy & #l K I% ) LUN JEZ3E tCCS ns A2 J5 M LUN B2EEE, Wil 105 Fiow.

| | | |
Cycle Type —{ pout H{ bour }—{ cmp ¥ ADDR } ADDR }f CMD }——{ DOUT }{ DOUT }{ DOUT }—

tRHW tCCS
e BEEEE—

DQx —{ on HDn+1>—( 05h }( c1 ){ c2 }( Eoh )—( ok 1{ Dk+1 }{ Dke2 }—
| | | |

-l
-

SR[6]

Figure 105 Change Read Column timing

Dn F i hE A 2 TS HdfE by te
Cl-C2  EONEETORMAEE LA i B NF i sIht. C1 25K byte.
Dk MBI 45 5 B diE bytes

5.21 Change Read Column Enhanced & X

%A SRR LUN fibk, ShhbAgitibt, PUELLZ 5 2 BE I A — AN T I e o5 o i bl >R 15 HOEL
o AL LUN #/E 82 2 LUN BRERHAT IS 1% A & ok & e v i se B ik . &1 106 5€ 1 Change Read
Column Enhanced #2147 N AIES .

FrAEZE 00 h R B SCKF Change Read Column Enhanced 74, 5 WiZar & ANGEHE host Kk, X REEaH
H 474 (Read 1D, Read Parameter Page, Read Unique ID, Get Feature) IEFEFAT BT ANEE & 1% Change Read Column
Enhanced 74, BU# % & AN S A X G fn & L HIP AR IE .

Change Read Column Enhanced fir2J DAV AT #5008 H 1 5 PR ) LUN (SRI61 9 1) % A R 2247, DAORIE R A
#% Change Read Column Enhanced #y2-i%& 7] LUN A GEm N 32 N R E IR H . 24 Change Read Column Enhanced
A ORIE G, IR ARG ) LUN 22 active ) (SRL614 0), Ul host Rz AEHE T R 1M HE it 2 7T K 1% — > Read
Status Enhanced (78h) iy & ARIEFrA A& o (1) LUN #R5C A 1 i Hh 4247

ONFI-JEDEC HZC 4 ¢ L T —/ME LRI Change Read Column Enhanced #y4>, H T-BEALE R i i (Random Data
Output) » fE1%E XH, —A> 00h fiy4 F >k $a e B B s f947 bk (Bhelit) , Bl J5 KIE—ANIEH ) Change Read
Column fy4KFa e F k. 12w WA 107 Az, o] LU B S TR AE device J& 1 CFRZEIERRA o

Cycle Type %DOUT}—(DOlUTH CI\I."ID }(ADDRXADDRXADDRXADDRXADDRX CI‘Iu"ID )—{DC)lUT)—( DOUTH DOUT)—

tRHW _ tccs

DQx —{ on HDnH)—( DEhX ct f c2 ¥ Rt \ Re | R3 }(Euh)—< Dk }{ D+t }{ D2 }—
| [ | !

SRI[6]
Figure 106 Change Read Column Enhanced timing

Dn AT RIZ I 252 AR U B8 by te

C1-C2 N N REE LB B AH I Sk, C1 R HAK byte,
RI-R3 DA% N REE L5 B B A AT k. R1 R HAK byte
Dk NGB AT A I IE T 45 3 BRI 2 by tes



| | | ]
Cycle Type —{pout { bout }—{ cmp ) apor }{ ADDR ) aDDR ) ADDR ) ADDR }—{ cmMp ) ADDR }{ ADDR }{ cMD }——{ pouT { pouT { pouT J—

tRHW L, iccs

-
L

-
il

DQ;(—( Dn )—(Dn+1)—( 00h X Cla ){ cza)-( R1 )( R2 X R3 H osn}(C‘lg )( CZs ).( EOh )—( Dk )_(Dk+1)_(nk+2)_
[ | | [

SRI[6]
Figure 107 Change Read Column Enhanced timing, ONFI-JEDEC Joint Taskgroup primary definition
Dn A7 bk AN B b 2 BT R RS byte.
C1A-C2A 00h P HIFHE R SIMAL; AR M. CLA ZIRAK byte.
R1I-R3 NHE T REEAL B E AT AT A . R1 2R AK byte.
C1B-C2B NFET REEAL B E TS . C1B 2R A bytes
Dk NGB AT RIA L HE ST 4R BRI AL by te.

5. 22 Change Write Column & X

Change Write Column fiy4> F RS % A 1) LUN 1)1 25 A7 o P B4 5 NI AE . 1 108 5 X T Zan & AT
A FE
Host HBEAE E—ANFHbEgE 5 N3] LUN 5454 tCCS ns 2 J5 A R B 58] LUN, & 105 s

As defined for Page As defined for Page
(Cache) Program (Cache) Program
| I
Cycle Type —+{ oN }{ oin }—{ cmp ) Abor }{ ADDR }——{ DIN }{ DIN }{ DIN }+—

tCCS

- .

DQx —{ Dn )—( Dn+1 )—( 85h ){ c1 )( c2 )—( Dk H Dk+1 H Dk+2 F_
| |

SR[6]
Figure 108 Change Write Column timing
C1-C2 NFE T R AL s B BT AL . CL 2RI byte.
Dn BE N BIHT— M FHESHEhE byte.
Dk B 5 N EHT 5 Mk EE by te.

5.23 Change Row Address EX

Change Row Address fiy4 K ik & 1 LUN S84 5 NAT FIA il o 3X AL ] SRR IEFE AT I g
AR R Y L TUhE AR B HhE o IEFERAT R R A, LUN FZ bk ROz AR A . 8] 109 %€ X T Change Row
Address fir 4 BT AT T .

Host W AEFE_E—AMTHuUbERE 5 ANF) LUN J5 253 tCCS ns 2 J5 4 AglA LUN B %dE, 2 WK 109,



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

Cycle Type ——( DIN )—( DIN )—{ CMD )(ADDR}(ADDRXADDR}(ADDRXADIDR)—( DllN H DIN H DIN )__

tCCS

- .

DQx —{ on }{on+1 }—{8sn | c1 } c2 } ri ) re Flas — D[k H okt M pke2 }+—

SR[6]
Figure 109 Change Row Address timing
C1-C2 N R AL S B B k. C1 25K byte.
R1-R3 IEFER AR I U AT Ho bk . IEAEREAT I g A 1RV E Y LUN sk A Z bk R iZAH [R] . R1 2 BRAR
byte,
Dn AT ML hE OB AT IEPE S O BE by tes ZEIR R4S B 14T Htik
Dk MR F IR FF 46 1 5N HT BN T EE by tes

5. 24 Volume #E&#EE X

Volume Select fiy2 ik H—/HHubkis €8 E R Volume. H{FH CE n 5] reduction Bf matrix
termination B, ZERAHH Volume Select.

%A WA R IR € Host Target [ NAND X REEZ (S, 2. 20) o %A W] AR T, £E Volume
AT LUN #3047 . Volume Select 74 R BETE CE n # iR G1E NS — N &8 & i%; CE n BAZMRER N &
%/ tCEH, LUM#E Volumn Select #y41] LA#l BT 14458 Host Target [t NAND X4 IERAREIL .

R ILH A — > Host Target Y Volumn 4 1c & 948 FIAS [F] 854 11, ) hos t B4 FH SDR 4% SR & 3% Volume
Select 7%

* Volume Select AT #KIEZ )5, Volume HudikFIHE & HyhE ANV L ) AT NAND X G #8124 BT e ¢
(deselected) LLIAEI4 L H 1) GERCT CE n #h miATR) o WERARIEH ) Volumn H1A —A> LUN D& 5 & ik
1] Volume [ terminator, MiZ LUN J&HEN Sniff RAE, S WFE Tlon-die termination [ LUN IR&HIIA.

U R BEE 1Y Volumn Mok AN 255 B BIAF [ 45 %€ /¥ Volumn Huhik, JATH NAND X R AR g BOHIE £, BH2A%E
TN—/>Volume Select Ay . UTH Volume Select xS A& CE n #Hi K5 HIZE— 54, T NAND SRR E 3|2
ATRESRE, BUHIESE, BSniff IRES. KT Volum kBATH, W 3.2. 4.

Volume HihEfEZ LT A reset fin4 (046 Reset (FFh) ), RSB fRFF. B 110 %€ X T Volumn Select 4
HIAT AN o 32 99 58 X T Volume Mok FE:, HAE NI —H% .

: - {CEVDLY"
CE n Jr ?x < b% 7
Cycle Type {cmp }-{ADDR }————

WDLY

DQ[7:0] { Eth H A}
1
R/B n
Figure 110 Volume Select timing diagram

e
1. fE£4 it —B tVDLY B[22 |1, host ANREAMEST Volume FIEf] LUN AIEF a4 o % IEBH DR N T



—ANRIEW i &Ik A G Volume,
2. FEL 5 —EX tCEVDLY I [A] 2 B, host ASBEATE AT Volumn ) CE n $i7 5 o iX ZEIR FH LB 2 BT &% 1 Volume
Select mr2i&#E 7 IEHIM Volumn,

Volume Address 7 | 6 | 5 | 4 3 | 2 [ 1] o0
VA Reserved (0) Volume Address
Table 99 Volume Address
Volume Address Specifies the Volume to select.

5.25 ODT LB & X

ODT Bc & v 2 FRAE i FH matrix termination FfHCE on—die termination. ODT EC B iy &1 E — MFE M LUN
G Volume fll Rtt W E ] terminator. WIS LUN #%4#EVEN— L2 Volumn H)— terminator, 4%k
B 4 N BB R BHEAE N terminator B Volumn A HATHES, LUN WiZf#HE on—die termination.

2R ODT fic & w24k FH R AR AT LUN 45 5€ Rtt B, W% Ar & Nz A FH KN Volume ) LUN i€ Rtt &
FEXFIEHL T, ODT AL B fir & RAZ M A IE B A Volumn HYZE/D—A LUN. 24 ODT BL & fir & A% F]—> Volumn |
f & /b—A LUN B, JUi% Volumn B iZ 46 41% Volumn AT LUN /4 ODT Confituration Matrix. ODT Matrix
HIERIAE A& 0000h, Eb#, termination #f disables

*47E NV-DDR2 5l NV-DDR3 4% M H &% ODT BLE g 20, B8 byte BALMPN X, device RPifEaE M4k
byte B —AN& 0. 48 A NV-DDR #2 I AN BEAOE %A 2> o

%A 2B k1% H NV-DDR2 5 NV-DDR3 % 4 ffige, WIFEHid ) termination WE S LRIA M. HolRix Bk
B, host BiZ/N0 ABEGAEAATE 5 58 B4 0] . 24 NV-DDR2 4% CI 9 18 BE J5 1Z Ay S &%, W HEF7 5440 31] SDR #2111,
Xf termination W EHHTIEMIITELL, 2 JG7ER4 0] NV-DDR2 £z 1. 41 NV-DDR3 # 4 {f At 5 & 2k i%,
HEAF A B — NI AL, X termination W E AT IEMRI SR, )5 PR # [l B 1) NV-DDR3 I PR =

On-die termination ) EFENTA reset ird (B4 Reset (FFh) ) g - MHEH 2 LRIFAAL . Bl 111 € L [ ODT
Bie B A 2 AT AN o

| !
Cycle Type —{ cmp }{aoor}—{ on ) { ow }{ DN }{ DN )

tADL
—————»

DQ[7:0] —{ E2n }{ Lun b mo }{ M1 }(Rwt J{Re2 }
| |

R/B_n

Figure 111 ODT Configure timing diagram

LUN  #&E1EN terminator ) LUN. 1% 7B BUA% ORI &4 LUN bk 4T kb A& sCAHIE], 200 3.1 &
MO ODT configuration matrix HI{E byte.

M1 ODT configuration matrix HJ= byte.

Rttl DQ[7:0]/DQS [ termination & &

Rtt2 RE n ffJ termination &

R R (Oh)

F 100 & XL TAEN ODT FLE iy 42— 4319 ODT Configuration Matrix (ODT At B HFE) « WIH—A bit #i N 1,
NI LUN BAE A% Volumn (Vn) B terminator, n XfM T Volume Hihl .



Volume Address T 6 5 4 3 2 1 0
MO V7 V6 V5 V4 V3 V2 V1 VO
M1 V15 V14 V13 V12 V11 V10 V9 V8

Table 100 ODT Configuration Matrix

%101 B L THEN ODT BB v 2 — 3401 on—die termination % &, 035 DQL7:0],DQS t, DQS ¢, RE t FIRE ¢
M Rtt {H .

Rtt Settings 7 | 6 | 5 | 4 3 | 2 | 1] o
Rit1 DQ[7:0//DQS Rtt & ODT DQ[7:0)/DQS Rtt & ODT
Enable for Data Output Enable for Data Input
Ritt2 Reserved RE_n Rtt & ODT Enable
Table 101 On-die Termination Settings

DQ[7:0)/DQS Rtt & ODT Enable for Data Input
This field controls the on-die termination settings for the DQ[7:0],
DQS_t and DQS_c signals for data input operations (i.e. writes
to the device).
The values are:
Oh =  ODT disabled
1h = ODT enabled with Rtt of 150 Ohms
2h = ODT enabled with Rtt of 100 Ohms
3h=  ODT enabled with Rtt of 75 Ohms
4h=  ODT enabled with Rt of 50 Ohms
5h= ODT enabled with Rit of 30 Ohms (Optional)
6h-Fh Reserved

DQ[7:0)/DQS Rtt & ODT Enable for Data Output
This field controls the on-die termination settings for the DQ[7:0],
DQS_t and DQS_c signals for data output operations (i.e. reads
from the device).
The values are:
Oh=  ODT disabled
1Th= ODT enabled with Rtt of 150 Ohms
2h=  ODT enabled with Rt of 100 Ohms
3h=  ODT enabled with Rtt of 75 Ohms
4dh = ODT enabled with Rt of 50 Ohms
5h =  ODT enabled with Rtt of 30 Ohms (Optional)
6h-Fh Reserved

RE_n Rit & ODT Enable
This field controls the on-die termination settings for the RE_t
and RE_c signals.
The values are:
Oh = ODT disabled
1h = ODT enabled with Rtt of 150 Ohms
2h = ODT enabled with Rit of 100 Ohms
3h = ODT enabled with Rit of 75 Ohms
4h =  ODT enabled with Rtt of 50 Ohms
5h = ODT enabled with Rtt of 30 Ohms (Optional)
6h-Fh Reserved



5.26 ZQ Calibration Long(ZQCL)

ZQCL iy A 1E ST ER reset I FEH FHRBAT VAL IE . Ay & 5 /7485 Foh, Bl JEERAE — /&4 LUN Hubk
AT L JE A, 27 SRR B 1 die BT ZQCL. 12 & v FEAT AT Rl 428 il 4 Ak, BRT R, ZQCL
i A2l 3 JE ) NAND RIS IR 51 88 RIESEZ G, RBIEMEBE AR IE 51 A& 4 3 NAND 1/0, Sy sagnd (1)
RON F11 Rtt {H .

7E ZQCL #EAEWIA], IEAESAT ZQCL #:4E 1 NAND device EANREAAEMTFES A . 5 IELESAT ZQCL ERAE ) NAND
device 3L 7Q 155 HIE{a] HAth NAND device /& U HATFEFIEAER

NAND e ¥F—ANH1 tZQCL i [ 18] B R 0AT 58 BE AL IE FRAE AR B . 4 ZQCL # R0E 5, PS4 tZQCL
WO JE o

2 7QCL #E5E 5, host NIZAEDIRAS . WiR FATL 74 E S (SRI0]=1), WIR/RSFZIERIFRRI, FH P MAZAS
7 RZQ HIPHAIERE . Wik ZQCL #E R, device Rk B i UM . Q1 SRAE ZQCL #AFE MM HRAT T RESET
A, I NAND device FI%HIBXBNHEE A ODT [H 2 ) BB Gt i A $4T 2Q RIE—FF) .

Cycle Type —< CMD >—< ADDR }

DQx { Foh >—< LUN }
t

WB tzacL

R/B n

Figure 112 ZQ Calibration Long

5.27 ZQ Calibration Short (ZQCS)

ZQCS i 4 FHRFAAT R IR I AR WL AR L BN AL o Al 7 A7 4 5 DOh, BEJEERFE —~&A LUN Hh
BERAT b B, X AP HIFSRAEE B 1) die BHUT ZQCS. —ANHIETFZ4 tZQCS Hf e F R 1 A) B 1 F Sk AT
T BB IEJF AR A IE B, — > ZQCS i W] LALE tZQCS I [A] YA RUEIE— /Ny 1. 5% RON A1 Rtt HIFHFTEE IR,
B R R IR BE 3 55 AR 70 Wil E e

7E ZQCS FEAEWIE], TEZEHRAT ZQCS #EAE NAND device FANREAATATRESIERAE . 5IETESAT ZQCS #1E 1) NAND
device 3:H 7Q 155 AR H At NAND device #/2 fRVFRATRESIHRIEN .

2 7QCS ¥RAE5E MR, host NZAT EUIRZS . WA FATL A4 B (SR01=1) , M RELIEE AR R, F P i i
1 5038 P RE BB o 2R ZQCS AR RIEG T device 2SR 213 R € SCIIME -

Cycle Type —< CMD >—< ADDR >

DQx { Doh }( LUN }
t

WB tzqcs

R/B_n

Figure 113 ZQ Calibration Short



5.28 Set Feature X

Set Feature 74 F R HE o —ANEEE ThEE AU B E . B4, %4 nl R fE—AN1E L s Bl disable fd5E,
A SHURLAE R B HIME 8-bit A&, P 114 %2 LT Set Feature (4T NAIR

24 7£ NV-DDR. NV-DDR2 B, NV-DDR3 #% [ 1 /& i% Set Feature #r4 i, FANEHE byte #AEHIP K. Device H 4>
BIERA S byte MH P — &y, S0 4.4 5.

Set Feature HRECAR I PP R4z D288 o iy P s, device [#) busy 2 tITC AN & tFEAT. 7£ t1TC
BFHE N, host AEEEZIRE (poll for status).

LUN Set Feature (D5h) 52 HITHEERINT £ 2% Set Feature (EFh) f5 2 4HE], BT KA # Sk LUN 19% B 80k
A AREA R Z BIFE R Set Feature fr4 INAEARFI LUN Set Feature sy & #[A, BRIEA FHAMIH.

I |
Cycle Type —{ cmo Habor }——{ oin }{ oin ) bIN }{ DIN )

tADL

|-
»

< |
DQx—(EFhHFA)—(MHPZ}(PB}(M}
I |

tWB
tFEAT
R/B_n 1‘_ "

Figure 114 Set Features timing

* NOTE: Busy time is tITC when setting the timing mode.

FA Feature Address, FSRIRFIERGAR % E I feature
P1-P4  NIRER feature IHHIHT IR B KIS HL

P1 THRESH L

P2 THHEZ % 2

P3 THRESH3

P4 THRHEZ L 4

Z: W, 5. 30 BT HRAEATAHFE S HU) 2 Lo

| I
CycleType{ CMD ){ ADDR >< ADDR:} { DN >< DIN >’< DIN >-< DIN }

TADL
|
DQx~<D5h>—<LUN>~<FA> \P1>-<P2>-<P3><P4>
] ! twg UFEAT
R/B_n
Figure 115 LUN Set Features timing
* NOTE: Busy time is tITC when setting the timing mode.
LUN LUN #hhik. LAO=bit0, LA1=bitl, LA2=bit2, ({51 LUN 0 = Ooh, LUN 1 = 01h)
FA Feature Address, HFISRiRMENAR W E R feature
P1-P4 NTEEH] feature IRFHT X E IS
P1 FHRESH
P2 TRHESHL 2
P3 TS 3

P4 THRIES A 4



Z: W, 5. 30 KTRAER TR S 2 5E o

5.29 Get Feature X

Get Feature f&—F Host >R e e PE I 4 5 v B ML) 1%y 2 2 1R AR PE D 417 % B (U482 17 Set
Feature a2 IMEND) » %A 2 S HUGAAE B S IK 8-bit EA&HT. Host FEELIVEIRIEE —1 byte ZJ5,
11 & HAh dr 4 2 BT (BFE RS EL Read Status Enhanced) M58 BT A BAEEE0HE (113200 B 116 7€ X T Get Feature
i 2 AT RIS o

247F NV-DDR. NV-DDR2 B{ NV-DDR3 4% [ H /3% Get Feature fip& i, HNEE byte MBI K, host H 24
RN EAE byte HP—NE0, S W 4.4 5.

U R P SR A A A SRS EE tFEAT IR 453, ) host B &% A4 00h RITUAAE S $E (S5 P1 T
LaAE) o

LUN Get Feature (D4h) ax 2 I ThEEFINT R 2% Get Feature #H[E, BT RAHE TR LUN B ER IR . R
WA H 2 BT 2 Get Feature a2 HIDIREHFN LUN Get Feature AHIF], BRIEAFHIVLEH o

Cycle Type —{ cvp H ADDR ) { oUT }{ POUT I DOUT }{ DOUT )

|
DQx —{ Een H FA ) Pt W P2 M pa W P |

tRR

tWB PN
tFEAT
R/B_n b

Figure 116 Get Features timing

FA Feature address identifying feature to return parameters for.

P1-P4 Current settings/parameters for the feature identified by argument P1

P1 Sub feature parameter 1 setting
P2 Sub feature parameter 2 setting
P3 Sub feature parameter 3 setting
P4 Sub feature parameter 4 setting

Refer to section 5.30 for the definition of features and sub feature parameters.



CycleType —( <MD ){ ADDR ){ ADDR ) { pout }{ pour >< DOUT ){ DOUT )—

DQx——<D4h>-<LUN><FA> W p2 X s W P —

'we. TreAT  'RR

R/B n % \V

Figure 117 LUN Get Features timing

LUN  LUN Address. LAO = bit 0, LA1 = bit1, LA2 = bit 2. (i.e. LUN O =00h,LUN 1 =
01h, etc.)
FA Feature address identifying feature to return parameters for.

P1-P4 Current settings/parameters for the feature identified by argument P1

P1 Sub feature parameter 1 setting
P2 Sub feature parameter 2 setting
P3 Sub feature parameter 3 setting
P4 Sub feature parameter 4 setting

Refer to section 5.30 for the definition of features and sub feature parameters

5. 30 #¢tEZ3% (Feature Parameter) S X

WRXTRATHE Set Feature Al Get Feature i, MAWMANSTRRFESEL. R, R A CRHIEIER
ONFT #YE R A e LR 240

FEME TR BN AR A B 2 2R B, TR B, MR B AL S RE S M R EF A BRI 1A

R bk Eipa
(Feature Address)
00h N
0lh I PP AE X
02h NV-DDR2/NV-DDR3 At &
03h—-0Fh Nl
10h 1/0 BX3) 58
11h-2Fh Nl
30h AR Vpp FCE
31h-4Fh N
50h EZ NAND %4
51h-57h REE
58h Volume it &
59h-5Fh 1R
60h BA NAND: #5iR{5 8
61h BA NAND: fic &
62h-7Fh Nl
80h-FFh i3 7 o X




5.30.1 BFFPRESR
WIS R 454 ONFI HUTE V1. 0, A% B N A% S0 HF
4 SDR. NV-DDR 8% NV-DDR2 % Mg ffi e, AR FE O 1) % B A P AL 90 5 75 Reset (FFh) Ja A2 Bl AR ¥
Reset (FFh) 2 J&, ¥+ M RI1%&Z SDR, I PN 122 555 0. FrA HARI P 0 i BAE 40T Reset (FFh) | [A]
7 Reset (FCh) LA K Reset LUN(FAh) 2 J5 #RHARFF. 405 4% 4 1C B 24 NV-DDR B NV-DDR2 #z F i 3% T
Reset (FFh) fiv4, M host N SDR 432 1 K i Rkt 0, L2 3% DR/ B FR Al pl Set Feature iy &k .
Host H B B 75 S 5000 A B 38 B SCRE I P A X
Host f#i [ Set Feature fiy4- 342 1 A NV-DDR B NV-DDR2 #% 4 SDR, &5 B2 RENM, AT MX s 4%
#31 SDR #1, host BiiZA# F Reset (FFh) fir 4>
2 VeeQ=1. 2V I, NV-DDR3 4% LI BRI 8 AE . /N AE A NV-DDR3 $% 1 B #4540 3] SDR. NV-DDR B NV-DDR2 #22 [1,
W TS B PL TP bit[4:5] “BEH0 7 ¥rAs, device WBEAR4F7E NV-DDR3 £ AR . 015 244 111 /2 NV-DDR3
I 3% T Reset (FFh) fir 4, M PR B A B BDR 2 ORFFANAS, 17 HL host 234k 28 A NV-DDR3 2 1. Host K1k
Reset (FFh) s &2 )5, IR AL 0, B F host #f device T Hc B AN F A AR,

Sub Feature

Parameter 7 6 & 4 3 2 1 0
Data -

P1 R PC Interface Timing Mode Number

P2 Reserved (0)

P3 Reserved (0)

P4 Reserved (0)

Timing Mode Number W host AN P Gn 5 . BN EHY% 5N Oh.

Data Interface 00b=SDR (_I= L BRI 1)
01b=NV-DDR
10b=NV-DDR2
11b={R B (Fda4 A SZRF NV-DDR3)

PC T FEiE S (Program Clear)fir, #5#l program page register clear enhancement,
B T BB R SR (80h) i & I TG BR T A7 A 04T 8 . WRBHE N 0, W48 5
Zw1E (80h) aw I, X R AREAS LUN (T EFAF il i b . Wy 1, W A
gmFE (80h) Ay A& A1) LUN Al interleave address [T & an WG R, IF HamfE iy
4[] tADL I [B] 9 Z 4 i i 4A

Reserver/R TREME, B host I 0o X RAZNS (R B 7 BURME BURK

5.30.2 NV-DDR2 F1 NV-DDR3 A &

AR % S FF NV-DDR2 B NV-DDR3 #21, 1% B %S0 Fr . iR B R m AR ESES, AR
B on—die termination Ft &, VLK warmup E#H. %FF NV-DDR2 #: 1, DAL i%ETE Reset (FFh) G A 2wifris, A
FHAESTKE A 0. % T NV-DDR3 #2111, iXU4i% B 7F Reset (FFh) J5 2R A%, %FT NV-DDR2 F1 NV-DDR3 #1, iX
By BLE[F P Reset (FCh) # Reset LUN(FAh) JE 2 fRFEFAAL . LG ITA F-BERE R Oh.

NV-DDR2 $3 I7 N A% AF 1 B4 B A oA RS I P A e AR A IR A RE NV-DDR2 432 1 A S it B X AN Th g (R
FEFRAFE T IA 1) NV-DDR2 F1 NV-DDR3 [HECE)

i} A R P BE 20, NV-DDR2 B NV-DDR3 42 LI 4 s, T 58 et 1 15 B 2> 37 B AR 2% #E NV-DDR2 B} NV-DDR3
AL REHANA], 4 host B CKIX LR BT R /Cy, DABEGAT A5 5 58 B PR Inl /. G0 SR 7E NV-DDR2 44 i 11 (] & A2 Il
T A% 4 3] SDR 2101, 6 o A& A% C B (8 NV-DDR2/3 it &) , AR5 4% 8] NV-DDR2 42 1.t #E NV-DDR3 #{
R A A ZE )8, U R e B P AR 0, T e A& AL B (F8 NV-DDR2/3 AL &) , AR5 P4 16 (R A 22 () )
B WRIX L B, T host ME/haCy,  DABRER IEA A 50 B DUE 4 1) 7 sCB N, DA G5 5 SE B 1 1] R



Sub Feature 7 6 5 4 3 2 1 0
Parameter
P1 DQ/DQS/RE n ODT Enable R CMPR | CMPD | VEN
P2 Warmup DQS cycles for Warmup RE_n and DQS
Data Input cycles for Data Output
P3 Reserved
P4 Reserved
VEN WSBEN 1, MAE AN VREFQ /E NN 1/0 55155 . WREEN 0, WA A VREFQ
VEFAE S NS, CE n WP n J& CMOS 155 . ¥ it AI Ay WE n. ALE B, CLE {4 [
CMOS &% SSTL_18 (NV-DDR2) , &% NV-DDR3 ¥ A x-FHAMEES, €35 DQL7:0],DAS t
PLE RE t, f# ] SSTL 18 (NV-DDR2) &%, NV-DDR3 %t N 2% il , AN VREFQ /EA ML & . W1 % VEN=0,
MAE R VeeQ/2 (A4 VREFQ 1E NZ% ., JEm: 24 CMPD. CMPR #%3% 0 I, RE t A1 DQS t g
FH VREFQ.
CMPD WA 1, WHAME 5 DQS (DQS_c) # il fE . WiIRHIE N 0, WIAEFH B AME S DQS (DQS_c) »
CMPR R A 1, W EAME S RE_n(RE_c) #ifFgE . R 45 0, WIAERH E4ME5 RE n(RE_¢) »

DQ/DQS/RE n ODT Enable

Z BRI DQL7:0], DQS t,DQS ¢, RE t LA RE ¢ /2 511 on—die termination ¥ & . {H AN:
Oh = ODT disable

1h = ODT #fdifig, Rtt=150 Ohms

2h = ODT #fifE, Rtt=100 Ohms

3h = ODT #f#ifE, Rtt=75 Ohms

4h = ODT #f#ifE, Rtt=50 Ohms

5h = ODT #¢f#ifE, Rtt=30 Ohms (FJk)

ER: Rtt (W E AT LI DQL7:01/DQS PAK RE n {5543 HIFLAE . DQL7:01/DQS A] LA# 73 5K
E BRI NABE M R, 205,25 % ODT BB a4 o i B 438 5E oDT it B

LW, WHZFZBEABMH . Get Feature 2R [EIZTBLZ I BM{E, it oDT FLE
AR Rt WE.

eyt 1Y Warmup RE n A1 DQS & H#A

T BN T BE A RE n AT DQS [ warmup A 1%, X S6 {8 RIEGE S H T GG I RT 4G
“umny” RE_t/RE_c FIMIC. Host BiZZ15 “dunny” RE_t/RE c FNIREBIEY “dummy”
DQS_t/DQS_c FM. fEHE XUF:

Oh = 0 A1, FFME#E disable

1h = 1 warmup &}

2h = 2 warmup fi

3h = 4 warmup J&

Ah-FFh = [R5

H st N warmup DQS J& HA

% B T EAE RN DQS Y warmup JE AL X LeAE RO S AN AETT AR I R 46
“dummy” DQS_t/DQS_c JHHH. {HE XU F:

Oh = 0 M, %Ik disable

1h = 1 warmup &

2h = 2 warmup i #f

3h = 4 warmup J&

Ah-FFh = {7



Reserved REEME, MiZ#E host 1E 0. X RASNH R 7 B E HBUR .

5.30.3 I/0 IKBhERE
U SR X% S FF NV-DDR. NV-DDR2 8% NV-DDR3 #21, W% 5 B tH R %45 SR 1/0 BX5h 50 F i3 B 7F Reset (FFh) «

[F] 25 Reset (FCh) LAJZ Reset LUN(FAh) 4 G RMARFEAAE . Xf-F NV-DDR. NV-DDR2 Al NV-DDR3 #% 11, I Hi /5 BRINIK
Z5EFEAE A 35 Ohm (10b) .

Sub Feature 7 6 5 4 3 2 1 0
Parameter
P1 Reserved (0) Drive Strength
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)
Drive strength 00b: 18 Ohm (Optional, not supported for NV-DDR3)
01b: 25 Ohm (Optional)
10b: 35 Ohm (power-on default)
11b: 50 Ohm
Reserved Reserved values shall be cleared to zero by the host. Targets

shall not be sensitive to the value of reserved fields.

5.30.4 #4 Vpp IEE
USRS B0 e B RS RSN Vop, W% 60 B N A SR o 1% 8 BSR4 1 4N Vpp K AE, 7F Reset (FFh)
[0 Reset (FCh) LA Reset LUN(FAh) iy & J5 %% B SR FFAAE . Z B E P ATA 7B B BRINMEER A Oh.
Vpp AZRTE Set Feature 4 f#8E Vpp 2 B A 2L

Sub Feature
Parameter 7 6 5 4 3 2 1 0
P1 Reserved (0) Vpp
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)

Vpp Ob = External Vpp is disabled

1b = External Vpp is enabled

Reserved Reserved values shall be cleared to zero by the host. Targets
shall not be sensitive to the value of reserved fields.

5.30.5 Volume Bt B
ZWEHIRACE Volume Hidik, @SR SE TP R RCHF Volume Tk, W E NAZAECHFF. 7E Volume
HEWE AR E 2 5, KR Volume (1) ENo 5| JEI#E 4 1, ENi 5 JHI#: 20%, B2 N —ANH I 5, Volume 87 HUH LR,
B3 &KiZ 1 Volume Select #y&KiEFAH K Volume.
Host X434~ Volume FEFEAN FEYEE I H BEPAT — IR Volume ALE, &€ MHIEREEHE Select Volume #r4H K
Py IA)IXAS NAND XF 5. 1% ¥ B AE Reset (FFh) . [Al# Reset (FCh) LL K Reset LUN (FAh) fiv & J5 & (R FF AL . 1% BN
[ HERAE.

Sub Feature 7 6 5 4 3 2 1 0
Parameter

P1 Reserved Volume Address

P2 Reserved

P3 Reserved

P4 Reserved

Volume Address Specifies the Volume address to appoint



5.30.6 EZ NAND 4
MR device HF EZ NAND, NN 2 HRZ ¥ E . % IhRE k355 EZ NAND devicd R E .

Sub Feature

Parameter 7 6 6 4 3 2 1 0
P1 Reserved (0) RD
P2 Reserved (0)

P3 Reserved (0)

P4 Reserved (0)

Retry Disable (RD) WHRE A 1, M EZ NAND device ANEE HBNHATEIX. WRHHE 0, WIEHRFA KA
H1E] EZ NAND device A] PLEBIHATEIR . R B3 FEIRY disable, N device A HEHE
HRLE I UBER. A U S TIAR I S HF disable HANE RN, ZIIREA RERE disabe.,
WIER—/> EZ NAND 42 HI 8 AE AT — A A BN E K, LAY (1) DT ) (tR) v e bl .

Reserved/R 1REE{E, MiZ#E host &N 0o ST RANSITFBE 7 B WME 85U

6. 2 E¥4/E Multi-plane Operations)

— A LUN ATBASERF 2 R0 AE A BRI . 2 R1RIERTR, MRS Z A a8 2IF 4> LUN £
AR B 25, 7. 1. 29 KT ZREENFUIRG] . ZREEAWITE: R EZK (overlapped) .
MPATZ R AR, PATHIERAE/DIRERIZ R ISR . W] UL 2 R ERA T AT I T RE
o UiZfE
o [BIFETLAGRE
o HUERR

. i

6.1 ER

WIUR SR ZHE, WE bk 605 G 33 o Bt bk () S AR Ar . LUN A0tk B4R A . etk (5 7 )2 Hdik
fii-plane address bits) A FEEREAHFE, S0 5.7.1.29.

T Bl PR R, LRGN Z 2RI (B, B ERE A SEa SR 2t %2t
M2 Z g E R R E A R . B3R L2 R E 2 2 ki . WS RAEZ Z 0, MEEfEnT
R AR T IE . RS2 2 2, W RO A A (R DL .

Z JE A VAR R R (B E R R OE B R —AS LUN Bt o 22 8EEWR % JERMAERM.
IR Z R EAE VT R N RS 1, 2550, BRI A ZHk a4 bR # TG . =18 2 ZHREE
4 HUhE R T U6 5 S R IS AT FL B, 7RI AT DTG N — A2 B E a2 ik 230

Ak 2 Hibk 40 % (plane address component) # M iZAEA R . —MEAPZ 2 (cached) gt F a0 &
118 Ji7R o fE“Multi—plane Op 1 ”F1“Multi-plane Op n”Z [B]F) T AT JE M hE 4B B 1% & B ANAHE] ) o £ 10h B 15h (cached)
A A RIS G, 2 TR I JZE bk nT AR B E S T ) 2 )2 $AE

80h 11h 80h 11h 80h 10h
CMD <ADDR,> CMD CMD <ADDR,> cMD - CMD <ADDR,> . 151
CMD
Multi-plane Op 1 Multi-plane Op 2 Multi-plane Op n

Figure 118 Multi-plane Program (Cache)

Wt 2 JZ IR AR, AR E R A AN Z AN F R . — AN 2 E EEER R E R 119 FioR. 1E
“Multi-plane Op 1”7 il “Multi-plane Op n” Z[HWIFTE EHLEFTN Z B A 75 DOh iy & BARE ik )5, <
AR JZ bk v DA 7R R T 2 JZ # B .



60h
CMD

60h
CMD

60h
CMD

D1h
CMD

D1h

DO0Oh
oMD <ADDR, >

<ADDR,> " oMD

<ADDR,>

Multi-plane Op 1 Multi-plane Op 2 Multi-plane Op n

Figure 119

Y12 E e, R R b AN Z R A E . — AN RN 2 JZ 5L (cache) #AE W 120 Fos. 18

“Multi-plane Op 1”7 1 “Multi-plane Op n” ZI[AJ[IFTA EHbEERR iZ B AFHE . 7E 30h 8% 31h (cached) iy & &
EJG, ZHTREREREERT T R 2 2 g ET.

Multi-plane Erase

00h 32h 00h 32h 00h 30h
cmp APPR> cup | | emp APPR2> oy cmp “APDRn>6r 34h
CMD

Multi-plane Op 1 Multi-plane Op 2 Multi-plane Op n

Figure 120

6.2 REFHEBITH

FEIRS A AF A AT R bk 2 TR o HARASH A7 a A A2 A LUN LY.
15 S bk 2 TR SRS ) PR A7 e X T IF R AN B df, X2 5E SCAGR AR

X T2 R FIBERR AR, FAIL/FAILC AR Z RS . K 102 B T S A 88 B MAE 2 B4
FESRALIEFERTEA™ LUN 2SR

Multi-plane Read (Cache)

TR ST IR

Value 7 6 5 4 3 2 1 0
Status Register WP_n | RDY | ARDY | V8P R R FAILC | FAIL
Independent N N N N N N Y Y
Table 102 Independent Status Register bits
6.3 ZEMHmE

TR AL AR S ) — A TS T B A B TR 1728 2R, TUAFAT BRI Y A 8 7
A AT BEUE . FT2 RFT L 5 E dr & UARIN N busy 1] USR] LUN . 8 121 52
SUT WA TR & AT SR P

IR BT VAT G HHT (cache) $IE, M44017 % 2 TURALIRIERT 0T LAREFIZERT (cache) $RfE. 0L
5.7.1.28,



Cycle Type —{ cMp ) ADDR | ADDR ) ADDR ) ADDR :(At:l-nn}_( DI|N { on } o W oN - cmp )

LA |
e T

DQK—{ BﬂhXChXCh}:Rh}I{H&){Rlﬂg}—{mlh}{nu}{ }{Dm)_{ﬂh}

WE
PLPBSY i
SR[6] 1*—';’

A
| |
Cycle Type —+{ cmp | ADDR | ADDR ) ADDR ) ADDR | ADDR }——{ DIN } DIN }{ DIN 4 DN }{ cmD
" tADL |
DQx 4{Prc | C1s | 2 | R1s | R2s | R3%s }——{ 00s ¥ D1a Y .. Y one }{ 10n )
| |

IPROG

SR[6] |

Figure 121 Multi-plane Page Program timing

R
L AMWAIERZ Z 0048, ONFT 1. X F 2. X fRASSE T 2 2 U AR 1 BT 9wAs 7 51 0 55— JE391 (80h) « ONFI-JEDEC HEZE X | — 2 2 U gmisE T W1 4G om e 7 1)
ZJEHE T ORI A (81h) o« WIZESHIURHAIE device £ 153 HF 81h.

C1,-C2y LA 5 HibE. Cly S 5K byteo



R1,—R3s

DOA—DHA

PRG

Clg—C2p

R1B-R3g

DOp—Dnp

1A AT HIEE . R1p 2 HE bytes

A e AR 1 B
80h & 81h, ZIIEE 1.

B [AHihE, Clp &K byte.

U B (P47 HAE, Rlp 28K byte.

U B e (Y s

T A FATT B HAT UBEAE R AL h S Z A X 23T (SHRTFD

i 15h (A2 10h) iy @ RETH DB RMAEERAE, RN — DT (cache) i

e, Z0.5.7.1.28,

o WIRZ RIMFEBRAT SR MAELGEAT, W host

Hie

K& 15h A& RER 2 R GiAE



6.4 ZEEIFELMNHEE

[ 3% ThE I — AL B ST, RSB E R s B 58 — My B (2 )2 B A A DU [mI P8 g e i & AR
R busy BF[ABELE KX BN R K 122, B 123 DL 124 58 SCT AN RIS gnfR 4R AT RIS 1P o (0195 4 e (1 152
AULEZZ RN, AR, B 122 5@ L TIRZRIEFH1, Ml 123 € 30T 22351

(135 SR (A= 2 JR) M B EHUAERZ AN TR0 2 2 [ P gL 15 A F A6 H iR AR [] . AR SR BZ

NAND, WIANE R ZIRE; 2 IS8,

Cycle Type { cvp | Do | ADDR ) ADDR ) ADDR | ADDR ) CMD )

|
DQx—( 00h X Cla X C2a X Ria }( R2a X R3a X 35h }

SRI[6]

_ws_
1R L
Cycle Type —H cMD | ADDR J ADDR ) ADDR | ADDR | ADDR } cMD )
|
DQx —{ ooh ) cts } c2 ) R1s | Res f R3s ) 35h )
_IWB

-

Ll

SR[6]

tR

T

Figure 122 Non-multi-plane Copyback Read timing for multi-plane Copyback Program

C1A-C2A J5 pageA HIFIHbdE, CIA RFAK byte
R1A-R3A J5 pageA HIATHBAE, RIA RHAK byte
C1B-C2B J5 pageB KI5 HdE, CIB R HAK byte
R1B-R3B J5 pageB HIATHuYE, RIB A byte

JEHHEARL TR T YR page HOAT ML AR RLZANA o



Cycle Type o cMp | aoor | ApoR | ApDR ) ADDR | ADDR  cmD )

|
DQx o ooh [ cia | c2. J Rix f R2x | R3a | a2 )

—"2- | prresy |
SR[6]

[A]
Cycle Type —{ cMp [ ADDR ) ADDR ) ADDR ) ADDR ) ADDR ) cMD }—

DQx —-{ 00h X Cls X C2 X Ris X R2s X R3s X 3|5h }—

tWE

o .
.} ™

tR

SR —

Figure 123 Multi-plane Copyback Read timing for Multi-plane Copyback Program

C14-C24 Column address for source page A. C1, is the least significant byte.
R1a-R3s Row address for source page A. R14 is the least significant byte.
C1g-C2g Column address for source page B. C1g is the least significant byte.
R1g-R3g Row address for source page B. R1; is the least significant byte.

JEMIE T AR page RIAT UL AZ AR . X T2 )21, i page HUMUAERIZ A A .

Cycle Type - cmp ) AbDR | ADDR ) ADDR ) ADDR ) ADDR ) cMD )

|
DQx —(: 85h X Clc X C2¢ X Ric ){ R2c X R3¢ K 11h }

tWB
— | tPLPBSY |
SR[6] 4 .

[A]

Cycle Type | { cMD | ApoR | ADDR XADDR}[:ADDRXADDRX cMD )

|
DQx ——( F’RG:[: C1p :( C2; X R1p X R2p X Ro X 10h }

_ WB

P
- L

tPROG

SR[6]

F
=

Figure 124 Multi-plane Copyback Program



Motes:

1. There are two forms of Multi-plane Copyback Program. ONFI 1.x and 2.x revisions have
defined all first cycles for all program sequences in a Multi-plane Copyback Program as
85h. The ONFI-JEDEC Joint Taskgroup has defined the subsequent first cycles after the
initial Copyback Program sequence in a Multi-plane Copyback Program as 81h. Refer to
the parameter page to determine if the device supports subsequent first cycles in a Multi-
plane Copyback Program sequence as 81h.

C1e-C2¢
R1c-R3g
PRG

C1o-C2p

R1p-R3p

Column address for destination page C. C1. is the least significant byte.
Row address for destination page C. R1. is the least significant byte.
85h or 81h. Refer to Note 1.

Column address for destination page D. C1p is the least significant byte.

Row address for destination page D. R1p is the least significant byte.

The row addresses for all destination pages shall differ in their plane address bits. The page
address for all destination addresses for multi-plane copyback operations shall be identical.



6.5 ZEHER

B 125 52 LT — D2 R REERERAE AT AN 7. R T AR, (H2, fERZ M 60h/DOh F 512 [T LAAIE 53 40 60h/D1h FRal iO#EER A, IXEX P T LUN
BERENE 7= (BN

ONFI-JEDEC 452 X T —MEM I Z R ERERAE, MBS, $85E AN EEERR O H T —/MT LA B D1h Ar & 70 BT . 208 LURaRfER] 126 e AT
S ZHIORAE device 215 SCRFHUAEZ M)A D1h f4 .

Cycle Type —{ cMD }H ADDR H ADDR H ADDR H{ €MD }————{ cMD | ADDR K ADDR H{ ADDR H CMD )
| |
DQ[7:0] —{ son H Rix H{ Rea H Rax { oth ———{ eon H{ Rts H Res H Ras H Don }
WB

L tWB tWE
™ " tPLEBSY IBERS

SRI[6] *S{ T:jr

Figure 125 Multi-plane Block Erase timing

Cycle Type —{ cMD K ADDR H{ ADDR H{ ADDR H CMD K ADDR }{ ADDR - ADDR H cMD )

[

”l
-

|
DQ[7:0] —{ soh H Rtx H R2a H R3x H 6oh H Rt H Rz H R3s M Don )
tWE
tBERS
SR[6] 1‘—7_

Figure 126 Multi-plane Block Erase timing, ONFI-JEDEC Joint Taskgroup primary definition

R14-R3a Row address for erase block A. R1, is the least significant byte.

R1g-R3g Row address for erase block B. R1g is the least significant byte.



6.6 ZEit

LA A H RS EEE € 1 LUN A B AT HhikFi e 00— DO s - DU nT DAAAEE 52 1 51 kb 46 1 00 25 A7 s H sk
o AT — A2 B3 E 0T LK 24150 2 LA IR busy I 18] (] B 4L KI5 2] LUN. B 127 & L T2 Z a2 1
AT Ao B 128 5E T 1E 2 2 1 fin 2 HE % 1 R [RIEHE 2 J5 BB 147 RIS e

WERSH TR I RIFFZAT (cache) #:4E, W4T 2 E LA E N AT LA 2247 (cache) #:4E, Z W, 5. 7. 1. 28.

1 M —~ LUN 2B R 2 B, W% 2% & 1% Change Read Column Enhanced £ . 5% K& 1% Change Read Column
Enhanced Ay &2 S 740,  WHICEI 4 H R AN 2 1.

(A]

Cycle Type —{ cmp H AbbR H ADDR }{ ADDR } ADDR H ADDR H cMD )

|
DQXA( 00h H Cia H C24 H Ria H R2, H R3, H 32h }

tWB

h E tPLRBSY |
SRI6]

(A]

Cycle Type - cmp H ADDR | ADDR H{ ADDR } ADDR H ADDR }if cMD )

|
DQx ——( 00h )-( Cle H C2s H Rig )_( R2s H R3g H 30h }

PRULIN tﬁi
1Ll tR 1 e
SR[6]
Figure 127 Multi-plane Read command issue timing
Figure 127 Multi-plane Read command issue timing

C14-C2, Column address for page A. C1, is the least significant byte.

R1a-R3a Row address for page A. R1,4 is the least significant byte.

C15-C25 Column address for page B. C1g is the least significant byte.

R15-R3g Row address for page B. R13 is the least significant byte.

The row addresses for page A and B shall differ in the plane address bits.



Cycle Type

DQx -

SRI6]

C1-C2
R1-R3
Dn

CMD

| |
{ CMD }{ ADDR }.{ ADDR )»{ ADDR }(ADDF{ XADDF{ }( CMD }_( DOUT H DOUT )_

< tCCS >

30h
—

tWB

IRR

Figure 128

BB L, C1 RBRAK byte

{Dﬁh){mHCE}(HXF{EXRBXEFh)_(Dln H D+t )

=

Multi-plane Read data output timing, continued from command issue

B AT HubE (PR LUN A2 HhE) o R1 2RI byte.
MG HERAT RN T 46 SEEU £ byte

AT LI AP NCZAR RE A R A K LUN A

X+ 2 )2 Read Cache Sequential ¥, ¥IMEHI 2 ZELm 2 2 )5 KERE — Read Cache #AENS 31h, W1 129 fiw.



As defined for
Multi-plane Read

Cycle Type

DQx -

SR[6]

Figure 129

XIF %2 JZ Read Cache Random #:fE, HIUHIZZ

B

D
CMD { cMmD )
30h \ 21
tWE iR HWB

Multi-plane Read Cache Sequential command issue timing

g
[ERiRey

ZJRFEWE R N EZ RGP, AP R RS S1h, W 130 FR.



C
Cycle Type —H cmp { cmp 1 ADDR | ADDR H{ ADDR } ADDR H ADDR H cMD )
|
DQx - 30h ) {O-Dh}—(C1¢HC2¢HR13)—(R2¢)—{RBCHS%:}
e P R _IEE « 5y tPLRBSY -
SR[6] * g/ \
C D

Cycle Type - cMp }{ ADDR }{ ADDR }{ ADDR }-{ ADDR }{ ADDR J{ cmD )

DQx H{ oon H c1o H czo H Rio H Rz H Ray M 31h )
tRR

tWwBe
tRCBSY L
SR(e R i

Figure 130 Multi-plane Read Cache Random command issue timing

C1c-C2¢ Column address for page C. C1c is the least significant byte.
R1--R3¢ Row address for page C. R1; is the least significant byte.
C15-C2p Column address for page D. C1g is the least significant byte.
R1p-R3p Row address for page D. R1p is the least significant byte.

1EJZ kA7 4 page C Fl page D BT HHESIZANE
XF%2 2 Read Cache #fE, 4> Read Cache #AERRAE WM B i A . TN EdR i HERAE P Han i 128 Fios. fEse—4 (bban, 2) Hdfm i E/E 2 Hl, host
M & i%E—> Read Cache End 74 (3Fh) .



7. AT NFE (Behavioral Flows)

7.1 XBAT N (Target behavioral flows)

SHGORABHHGR T RFHIRT GUBAT A IR SN, WX GARRRTE Y ATIRAS o
7.1.1 &
TR T R GORAS L AL B

tbStatusOut AR EAE Y — AR A IR RS E N A . %48 &E E LS {E N FALSE.

thChgCol MY Change Read Column SRS HII 1% A8 B N H . [ HLJS1E N FALSE.
tbChgColEnh 2 S0 ¥F# ] Change Read Column Enhanced KEAR 51 % 4r & N H . b HLJS{E N FALSE.
tCopyback X AGE AP i 2RO R . S B FALSE.

tlunSelected X E AT Y HTHE host EH ) LUN. EHLE{E N 0.

tLastCmd 2R AL R BN A (BR 70h/78h A1) EE — AN A

tReturnState 2R EIRASERME L G ER BIFPRE .

tbStatus78hReq 4~ —MREIRIEN—A 78h a2 (FF A —A> 70h fr %) A E . EHLS{E N FALSE.

7.1.2 Idle RS

T PowerOn' X RIAT LA #

1. R/B n#& 0;
2. Each LUN shall draw less than 10mA of power per staggered power-up requirement

1.5 R HE UL FFh (Reset) 4 ‘ — | T _PowerOnReady
/JI_E":

1. ¥ VeeirF] Vee min i, EHGHFNZIRS

2. ZSKMRIZLE Vee 383 Vee_min ZJ5 1ms V\]%&?}Lﬁ,

T PowerOnReady X G HAT UL T A

1. R/B.n#i&A 1;

2. Each LUN shall draw less than 10mA of power per staggered power-up requirement

‘ 1.3 3 iy 4 F 3 FFh (Reset) ‘ — T RST PowerOn

T Idle

tCopyback %~ FALSE. tReturnState ¥ A T Idle

1WP_n {554 — T Idle WP Transition
2.LUN PRz~ HEE# S5 1 SRI6]MH — T Idle RB Transition
3B A JE — T Cmd Decode




T Cmd Decode' RSB B 1674 . thStatusOut #Ei% A FALSE. W% R/B n #5180 1 3 HE 21
AR T0h (BRAS), M thStatus78hReq #% 154 FALSE,

1774 80h (L 4mfE) By 4 60h (FLEERR) g, WP n Ak — T Idle

2.4 FFh (Reset) fi#hd - T _RST Execute
3.774 FCh ([A]20 Reset) fihd - T _RST Execute Sync
4.5 % FAh (Reset LUN) fifhs — T RST Execute LUN
5.4 90h (3 ID) fifthY —~ | T_RID Execute
6.1 % ECh (LS00 fifhd —~ | T_RPP_Execute
7.454 EDh (Read Unique ID) fi#hd — T RU Execute
8174 80h (W 4wfE) %, WP n i —~ | T_PP _Execute
9.4 60h (HREERR) #Eh%, WP n JyiE —~ | T_BE Execute
10.4174 00h (%) ffhg — T RD Execute
11.774 EFh (Set Feature) fith4 — T _SF Execute
12.774 EEh (Get Feature) fith% — T_GF_Execute
13.174 70h (BRRES) Ay — T RS Execute
14.75% 78h (Read Status Enhanced) fithd — T_RSE_Execute
15.%74 Elh (Volume Select) fi#thd — T VS Execute
16.774 E2h (ODT Aid & ) fiAhd — T_ODT Execute
HEE:

1.Host fERIEX R4 (Reset, 2 1D, BESE UL, Read Unique ID, Set Feature, Get Feature)
ZHT, NP R/Bon 4 1

T Idle WP Transition | brz~fT LUNIRZAHLE WP_n {H

1REM T Tdle Rd HENIZIRAES — | T Idle Rd

2. H A (else) — T Idle

T Idle_RB_Transition | R/B_n # NPT LUN RS Z A7 4% SRI6JMH ' 15 (AND)

1. 5444 H#) (Unconditional) ‘ — ‘ tReturnState
ER:
1. KKK LUN Zdn & IEFEALBERS, FEXS REH#E N —> idle Z AT, R/B_n AT AREH3]—
ANHT A -
7.1.3 Idle Read W&
T Idle Rd SERFEE SR B BOIRZS) B HAh#E{E . tReturnState #¥ N T Idle Rd
1.WP n{E5:#H — T Idle WP Transition
2.LUN Fr7n H A4S 1 SRI61E — T Idle RB Transition
3B EIER, JFHKE thStatusOut HEH — T Idle Rd Status
47U HN g R, I H (tLastCmd ¥4 90h 5K EEh) — | T_idle Rd XferByte
s EEE R, I H (tLastCnd ¥4 ECh B{ EDh) — | T_Idle Rd LunByte
6. W HEE R, IF H tbStatus78hReq ¥ FALSE' — T Idle Rd LunData
7. 220 24y 4 A B 05h (Change Read Column), JfH — T CR Execute’




tbChgCol ¥ HNE

8.2, 2l 4 A B 06h (Change Read Column Enhanced),
Jt H. tbChgColEnh ¥ NE. — T CRE Execute’

9.2 B4y A JE A 31h, Jf H tbStatus78hReq ¥/ FALSE — T Idle Rd CacheCmd

104220 3y 4 A 3Fh, 3FH tLastCmd i% A4 31h,

thbStatus78hReq 1% A FALSE — T Idle Rd_CacheCmd
11328 2 i 4 3 — T Cmd Decode
HE:

1. 24 tbStatus78hReq #{ ¥ AN, MAFE LUN HHiLBUEE 2 A, host NiZKiE—4 Read
Status Enhanced(78h) 7%, J&HER—> 00h fy4>;

2. WIHAZAT R HAR LUN B IEAEPAT I ERE, WAEARIEIE < AR 1% K% —1 Change Read
Column (Enhanced) #54>. Z W, 3. 1. 3 2 LUN #0E IR #1558 5

| T_tdle_Rd_CacheCmd | #f tLastCnd ¥ B AHUREIMIAr 4 . KBl B fr & 1E 3845 LN tLunSelected

‘ 1.4 1 (Unconditional) ‘ — ‘ T Idle Rd
| T_idle_Rd_XferByte | iR HERINF—4 byte
‘ 1. T4 (Unconditional) ‘ — ‘ T Idle Rd
\ T Idle_Rd_LunByte \ M LUN tLunSelected [T %5 47 251 SR £ byte
‘ 1. M LUN tLunSelected #%Z2| byte ‘ — ‘ T Idle Rd XferHost
‘ T Idle_Rd_LunData l M LUN tLunSelected iR E#E byte (x8) BEIE word (x16)
‘ 1.M LUN tLunSelected #%# byte 8¢ word ‘ — ‘ T Idle Rd XferHost
‘ T Idle_Rd_XferHost | ¥ M LUN tLunSelected HUSBIIEHE byte BY word 1£i%45 host
1.tReturnState %A T RD StatusOff, tCopyback ¥ N E — T RD Copyback
2.tReturnState &N T RD StatusOff — T Idle Rd
3. HAth (else) — tReturnState
| T_ldle_Rd_Status | JLLUN tLunSelected ##RR A
| LACLUN tLunSelected Bl Bk A | — | 7I.dle Rd StatusEnd

‘ T Idle_Rd_StatusEnd l B M LUN tLunSelected H2URBIFPIRAS byte 4£i%£45 host

‘ 1. 444 ) (Unconditional) ‘ — ‘ tReturnState
‘ T_CR_Execute l R — AN HuhE A
P e | — | T.CRAddr
[ T_CR_Addr e
1.5 2 {4 Hu kit A g i sk — | T_CR Execute
2. 5T 5 ik & S AR U 2 — T_CR_WaitForCmd
T_CR_WaitForCmd | e —Adr 4 R

‘ 1.5 2 iy 4 B #H EOh ‘ — ‘ T CR ReturnToData




T_CR_ReturnToData ‘ 3K LUN tLunSelected {8 FH 4200 21 1) 51| ki 75 03 25 47 2% Rk £ 41)

1.tReturnState SN T PP MplWait

— T PP WaitForDataOut

2. tReturnState N T RD Status Off

- T Idle Rd

3. HAth (else)

— tReturnState

‘ T_CRE_Execute l SRR
| LBUCE 5L ] |~ | T_CRE ColAddr
[ T_CRE_ColAddr | A7 A b

152 2 ()51 Mk & 34 oK

— T CRE Execute

2.0 (R 5 sl ) S A i 2

- T CRE RowAddrWait

| T_CRE_RowAddrwait | 55— M7 HbhLJE ]

| LBkt 3

| — | 7_CRE RowAddr

[ T_CRE_RowAddr | el AT H A )

1.5 2 14T ok J Rk 1 ok

— T CRE_RowAddrWait

2. 1A AT HUhE SR g U 2

— T CRE WaitForCmd

T_CRE_WaitForcmd | S — A4 i
‘ 1.0 34 4 B 1 Eoh ‘ — ‘ T CRE ReturnToData
X G HAT UL N A

1. K tLunSelected By H142 s 3 AT Hiudibade o f) LUN;
T_CRE_ReturnToData 2. HK LUN tLunSelect {3 FHUS 1K) 41 s bk ife 5 00 25 A7 P (K 91
3. BB E AR R TE tLunSelected LAYE S H P A
4. ERITABAE YT idle LUN KH& H k2247

1.tReturnState 4 T PP MplWait

— T PP WaitForDataOut

2. tReturnState N T RD Status Off

— T Idle Rd

3. HAth (else)

— tReturnState

T~ e
=

1. 442043 Change Read Column Enhanced @&, WIEEG#E TR LUN 4T idle JRE
(SRL6]4 1), NMixe LUN R4 5CH % H M 2847; 24K 1% Change Read Column Enhanced
A fa, WIER LUN 72 active (1 (SRL6]4 0), WIFER: TR EHR M H 2 /i, NMARIE— Read
Status Enhanced (78h) #r4, VABRORFTA A HEE ) LUN #2CH 1 % 2247 -

7. 1.4 Reset i RE

X RIAT LT #AE :

1. tLastCmd %A FFh
T_RST_PowerOn astCnd ¥y

2. tbStatusOut ¥~ FALSE
3. WERKIE A Reset iFREGR— LUN

‘ 1. &M (Unconditional)

— ‘ T RST PowerOn Exec

X RIAT LT #AF :

T_RST PowerOn_Exec | 1. $ATHI R L reset HIHEAE

2. R/B_n#i# N0

| 1. 44 (Unconditional)

— ‘ T RST Perform




X RPAT UL T #4F
1. tLastCmd ¥~ FFh
2. X HikdE SDR £
T_RST_Execute' 3. WG asE—A> LN Ki%— Reset iF3R
4. tbChgCol £ FALSE
5. tbChgColEnh 4 FALSE
6. TERATA LUN U35 4745 BN

. T (Unconditional) ‘ —- ‘ T RST Perform

/EE'\:
L SEAE AT AR A E A Reset (FFh) iy 4 3 A ZIRAS (A0SR b FLJE 45— Reset
ANIE FHiZ 1B L)

X RPAT UL T #4F

tLastCmd %~ FCh

tbStatusOut #154 FALSE

X A& —A LUN RIE— Reset 153K
tbChgCol ¥~ FALSE

tbChgColEnh %} FALSE

6. ERFTA LUN K 031748 BN TERK

T _RST_Execute_Sync'

Ol = W DD =

1. 41 (Unconditional) ‘ — ‘ T RST Perform

/EE":
L HAEAR HARESIR YR — DA Reset (FCh) fir & I BE A IZIRES

X RAAT AT #R 4

1. tLastCmd i~ FAh

2. tbStatusOut #% ¥ FALSE
3. tbChgCol ¥~ FALSE

4. tbChgColEnh %N FALSE
5. ZEfF ANk E

T _RST_Execute LUN*

‘ 1. %M (Unconditional) ‘ — ‘ T RST LUN Addr

| T_RST_LUN_Addrwait | 45—/ Huhi & 3]

| LB Mk 3 | — [ T_RST_LIN Addr
| T_RST_LUN_Addr | A Bk ) i k3
1. 50 22 [ b ik ) ST i ) — | T_RST LUN AddrWait
2. 0T B Rk JE B AR gl Rl 3 - T RST LUN Perform
X R AT LT A

1. W5 auk Sk LUN &% — Reset 153K
2. R/B_n #i% 0
3. VE R Tk LUN B H v A8 A Te 24

T_RST_LUN_Perform

1.8 FHERT LUN B reset #AE5E AL, FFH. thStatusOut #%
£y FALSE — | T ldle

2.4 FHEAD LUN B9 reset #E5E %, F H. tbStatusOut #
WAHH - T Idle Rd




T_RST_Perform

X RPAT UL T #4F

I BATKIRY reset #4E

2. R/B.nHE& A0

3. tReturnState %N T RST Perform

1.5 %A LUN ) reset $4F 58k

- T RST End

23503 a4 ) 70h BIRES)

— T RS Execute

3N R E R, JF H thStatusOut i NE

— T Idle Rd Status

T_RST_End

X RIAT LT #AE
1. R/B n &N 1

1.tbStatusOut ##1% & FALSE

— T Idle

2.tbStatusOut # i NE

e T Idle Rd

7.1.5 Read ID @ RAs

X RPAT UL T #4 «
1. tLastCmd %>~ 90h
T_RID_Execute 2: %%—/[\\ﬂ%i}%'ﬁﬁ
3. tbChgCol %M FALSE
4. tbChgColEnh ¥ A FALSE
5. ERFTA LUN BB H TE A7 8 A AL
1. B bk B 3 00h — | T_RID_Addr_00h
2. B2 B Hodk A 20h — T RID_Addr 20h
T_RID Addr_00h | S5 R
13 EIGE by te TR — | T_RID ManufacturerID
2. 52U B 4 Y — T Cmd Decode

T_RID ManufacturerID l i[9 JEDEC #illi&Rs 1D

LIEEEE byte 3K — | T_RID DevicelD
2. 520 3 e S A - T_Cmd Decode
T_RID DevicelD | &[] device 1D’

1. 5444 (Unconditional)

—~ |1.1dle Rd

T~ e
=

1. BZEUA byte #83d device ID 2R [Flfil)id 7 i€ X AH (vendor specific values)

T_RID_Addr_20h | S Ak
1.3 R by te 153K — | T_RID Signature
2 FL i 4 o] 3 — T _Cmd Decode
T_RID Signature | iR F—/ ONFI %64 !

1. —> ONFI 254 #% 1% [A]

- T Idle Rd

2. HiAth (else)

- T _RID Addr 20h

A v
iﬂf IS

1. SHGETE 4bytes Kk Al AR ANME




7.1.6 BT SRS

X RPAT UL T #4F

tLastCmd ¥ N ECh

tbChgCol B N E

tbChgColEnh 1%~ FALSE

SNtk B

TR LUN H4 3 T3 A7 2 BN oA

. RFRIGFE LUN SRPATELSEOTERAE, 4 tLunSelected 4% LUN [l

T _RPP_Execute

o b W N~

‘ 123k FE B 00h ‘ — ‘ T RPP ReadParams

X RAT UL T #4F «

1. %R LUN tLunSelected ¥ SR[613E M 0

2. R/B_n #i% 0

3. 153K LUN tLunSelected ¥ 51 73 7745 H (1) 2 50 DU ¢ B 9 T 13 Y
4. tReturnState %y T_RPP_ReadParams_Cont

T_RPP_ReadParams

1.3 TU5E R — T RPP Complete
2. TR B a4 A 70h ERRES) — T RS Execute
3. BEE R, JFH thStatusOut BEAHE — T Idle Rd Status

T_RPP_ReadParams_Cont l

1.2 0T 5E K — T RPP Complete
2. i 2 a4 FE I 70h (BRRES) — T RS Execute
3.0 gk, Jf H. tbStatusOut ¥ HE — T Idle Rd Status
T_RPP_Complete ‘ 152K LUN tLunSelected ¥ SR[6]1¢4 1. R/B_n {150 1
‘ 1. 4441 (Unconditional) ‘ — ‘ T Idle Rd

7.1.7 Read Unique ID fFd RS

T GPAT L A

tLastCmd %}y EDh

tbChgCol BN K

tbChgColEnh 4y FALSE

TR LUN H4 0027 4788 N oK

SEfF— AN Hu k3

. XPRIERE LUN SRPATEE unique ID, F4F tLunSelected BEN1% LUN [k

T _RU_Execute

a U B W N

| LBk 31 00h | — | T_RU ReadUid

X GIAT PL T A

1. iF3K LUN tLunSelected 4 SR[6]i& O

T _RU_ReadUid 2. R/B_n#iF 0

3. %2R LUN tLunSelected & U1 25 7 #% 1 1) Unique 1D %4 15 ] 52
4. tReturnState W A T_RU_ReadUid

1.LUN tLunSelected FBHZ T &4 ] 5 — T RU Complete
2.2 B A R 70h (BRIRZS) — T RS Execute

3. REEE SR, FFH tbStatusOut W NE — T Idle Rd Status




T _RU_Complete

‘ 153K LUN tLunSelected ¥4 SR[6]1% N 1. R/B_n #1% A 1.

| 1.F41FH (Uncondi tional) |

—~ |1 1dle Rd

7. 1.8 TWImEN N 21792 (Page Cache Program) fn S IRZS

T_PP_Execute

X RIAT LA #4E

1. tlastCmd ¥4 80h

2. Wik R/B_n #i% 0, NI tbStatus78hReq # B N H

3. WIRASZHF program page register clear enhancement B4 disable, NIERFTH
LUN ¥ BRI T 25 7 3%

1. 5444 (Unconditional)

| — [ 1.PP AddrWait

o
=

1. R gmFE R A R KAE Tdle LUN, NiZ% LUN 0] AA TS IR T 708

‘ T_PP_Copyback

| 4% R/B_n 3% 0, I thStatus78hReq ¥4 )y 2

‘ 1. 5444 ) (Unconditional) ‘

—~ | T_PP AddrlWait

| T_PP_AddrWait

| 45— Huhk Fa 31

| LB B AL | — [1.Pp Addr
[ T_PP_Addr eI
1.5 2 [tk B 3l el 3 — | T_PP_AddrWait
2. BT A b bk HA AR i 3 — T PP_LUN Execute

T PP LUN Execute

XTGPAT L A

1. tLunSelected % A AU B AT HikEAR IR LUN

2. W5 program page register clear enhancement #{#fg, NIiEK LUN tLunSelected
B B JZ k48 8 1 DR A7 A

3. AR LIAHSEIHEA] LUN tLunSelected & 1% 4 Fa iy 4

‘ 1. 5444 (Unconditional) ‘

— | 1.PP_LIN Dataliait

T_PP_LUN DataWait

| S 2N host BRI KL byte/word B Ay 4 )

1.0\ host W E A byte/word —~ | T PP LUN DataPass
2. BB v 4 A ) 15h, 3 H tCopyback %A FALSE —~ | T_PP_Cmd Pass

3. kUi F an 4 3 10h 57 11h — T PP Cmd Pass

4. B A4 11 85h —~ | 7.PP ColChg

| T_PP_LUN DataPass

‘ Fi M\ host 32U 2 ) EHE byte/word 1£1% 3] LUN tLunSelected

‘ 1. 444 ) (Unconditional) ’

— | 7_PP_LUN Datalait

| T_PP Cnd Pass

| ¢ BRI i 4 #3545 LUN tlunSelected

1ALIE 4N 11h — | T_PP_MplWait
2. fLIE R4~ 10h B 15h - T Idle




T_PP MplWait | SHERIE T AR L

tReturnState %4 T_PP_MplWait

FG3 DTk (R I 12 R R T ) G AR B A E AR TR

JEIHIERAZATHT — AR ERAE TP R A R .

1. $EYE 4 4 JA A 85h' — | T_PP_AddrWait
2. P E v 4 A 1 80h°, I H. tCopyback %A FALSE — | T_PP_AddrWait
3. B 2 A 4 JA B 05h - T_CR Execute

4. W H a4 A 06h — T _CRE Execute
5. Bk B 4 B 70h — T RS Execute
6. #W Har 4 A 78h - T_RSE_Execute
7. B EEE R, JEH thStatusOut AR —- T Idle Rd Status
EE:

1. % 85h /&[[|#%. Change Row Address % Small Data Move #AEMI—#54>, M LUN
b bk 02 b ik B 12 A0 A TH R gn FE R VE AR [R] . 1SR 85h J& Small Data Move #E{EM)—

2. IR R REARAF I I TN 2% 5 AT ) G AR A F B AT AR R LUN Mtk Atk .

[ T_PP_ColChg B L
| LBl B AL | — [1.PP ColChg Addr

| T_PP ColChg Addr | fefedi @i sl & 0]

1.5 2 [k Ui 3| — | T_PP_ColChg
2. 5T H bk BAER g ke ) - T PP ColChg LUN

| T_PP ColChg LN | 3K LUN tlunselected kst Jybialics i 5 Hu

‘ 1. 5444 ) (Unconditional) ‘

— | T_PP ColChg Wait

| T_PP ColChg Wait

| S #5 M host B2 kLR T, Hhi byte/word R fir 4 Fi 1

1. SR ik 3 — | T_PP_RowChg Addr
2. M host B RIZAE byte/word —- T PP LUN DataPass
3. B B A A AW 15h, 3 H. tCopyback %y FALSE — T_PP_Cmd Pass
4. W B a4 A 10h 5 11h — T PP Cmd Pass
5. Bl 2 a4 A 1 85h — T PP_ColChg
[ T_PP_RowChg EE L
| LA H it 4 | — [ 71.PP RowChg Addr

| T_PP_RowChg Addr | fpfikfuic i bt Jed 09

1.5 %2 [k e Ui 3| — | T_PP_RowChg
2.5 Ak R A A 3 - T PP _RowChg LUN

T_PP_RowChg_LUN | 3K LUN tLunSelected S 25T Hbik o B2l 80 17 b *

1. 6244 (Unconditional) ’

— | T_PP_LUN Datalait

.
EE:

1. LUN bk 02 Huhk R %80 2 RTH0AT B g RE AR AR ]




T _PP WaitForDataOut ‘ SEFF I R (B Bk ) B H A B2 1E . tReturnState ¥4 T_PP_WaitForDataOut

1. B EEaE sk, HH thStatusOut BENE — | T_Idle Rd Status

2. P EN G R, JFH thStatus78hReq 14y FALSE' — | T_Idle Rd LunData

3. B 2 ar 4 JA B 70h - T RS Execute

4. B4 4 i 78h — T RSE Execute

5. U 2 A 4 JA B 00h — T RD Execute

6. F W 2 i ) — | T_PP MplWait

EE:

1. 24 tbStatus78hReq # 5 AN EMT, M—A4EE ) LUN SEHUCEE 2 7T, host MK I%E—™ Read
Status Enhanced (78h) 7%, J&H %ERE—> 00h 74 .

7. 1.9 BERHSRE

X RPAT DL A
1. tlastCmd ¥ N 60h
2. WIE R/B_n #iE 0, N thStatus78hReq # i N E
3. SfF—MT bk

T BE Execute

e | — [1.BE Addr
T_BE_Addr | A7t e B 47 ok FE 2
155 2 () b ik o 3 e ) 3] — T BE Execute
2.5 1Ptk F B A R el ) - T BE LUN Execute

tlunSelected ¢ FFEZISCR AT M4 € 9 LUN. X S DLAH SR AT LBt A i 45 B

T BE LUN Execute
- #ir 2 2 LUN tLunSelected

‘ 1. 5541 (Unconditional) ‘ — ‘ T BE LUN Confirm
| T_BE LUN Confirm | %4% DOh o D1h #ir 4l 1]
| 1 DOhszméﬁ:/H,ﬁﬁ [ — [ 1.BE Cnd Pass
| T_BE Cnd_Pass [ B2 R 6 & #5345 LUN tLunSelected
1AL1E R4 N D1h — | T.BE MplWait
2 A5 w4 N DOh - T Idle
T_BE MplWait ‘ SR NN ERIE IR 4 . tReturnState W ON T_BE_MplWait
1.0 3 iy 7”@ 60h — T BE Execute
2. B A B 70h — T RS Execute
3.2 B a4 E B 78h — T RSE Execute
A4 BEE R, FFH thStatusOut W ANE - T Idle Rd Status

7.1.10 EASRE

T_RD_Execute

1.tbStatusOut ¥ NE — T RD StatusOff

HoAh (Else) - T RD AddrWait




T_RD StatusOff

‘ tbStatusOut A FALSE. tReturnState 1% T_RD_StatusOff

1B 2tk 3 — | T_RD Addr
2B K, HH tLastCmd 1524 80h - T _PP_WaitForDataOut
3.0 BEIE R, FFH tLastCmd A EEh —~ | T_Idle Rd XferHost
LRAVE PRI — | T_Idle Rd LunData
5. 42203 4 A 05h — T CR Execute
6.4 i 4 Fi A 06h — T CRE Execute

T_RD_AddrWait

A Hiuk A 9

tLastCmd A 00h. thChgCol &ﬁjﬁo tbChgColEnh BN . WIHR R/B_n #if 0,
1| thStatus78hReq # ¥ AN E .

| LU H k3

| T_RD Addr

T_RD Addr

| A7 fit e B i ik FE

3. B ML A IR R

T RD AddrWait

4. BT ik A AR g 2

T RD LUN Execute

T RD LUN Execute

X BT LU A«

1. 4 tLunSelected ¥ A HHE2IC B (14T Motk 45 %€ [ LUN
2. Ki% Read Page %, My LUN tLunSelected ]
3. ESRFTA AL T idle LUN 3¢ %% [ H% 22177 1

1. Io &4 (Unconditional)

| T_RD_LUN Confirm

S,
=

1. Ak i LUN IR AT idle RAS
NI host M %&i%— Read Status Enhanced (78h) iz %, VABALRTE &i%i% (00h) i 2 Z BIFTA
ARBE ) LUN P 1 % 2247

<, DU S P AT . SR At LUN 52 active Y,

| T_RD_LUN Confirm

[ %45 24 30n,31h,32h 88 35h

| LBENCE A4 F 8 30h, 31h, 32h K 35h

| T_RD Cud Pass

‘ T_RD Cmd Pass

‘ P BB ) Ay 2451525 LUN tLunSelected

1AL R 272 35h

T RD Copyback

2 BB T2

30h, 31h B 32h

T Idle Rd

T_RD Copyback

‘ tCopyback % N E . tReturnState %4 T_RD_Copyback

1423 i 4 JE 124 00h —- T RD Execute

2 LB A 2 A BN 05h —- T CR _Execute
32U B 4 i 9 06h —- T CRE Execute
A3 B ) i 4 JE #9 85h —- T _PP_Copyback
52U B 4 JE #H T0h - T RS Execute

6. 72U B 1Ay 4 JH HA N 78h — T RSE Execute

7.LUN bzt SR6] {f 4427 — | T_Idle RB Transition
8. EE SR, - H thStatusOut B NE - T Idle Rd Status

9. LI FILIE K — | T_Idle Rd LunData




7.1.11 Set Feature fp2 RS

X RPAT LT R4
1. tlastCmd %A EFh
2. TERITH LUN ¥ U&7 ER OV TR RL
3. RNk

T_SF Execute

eI | — [1.SF Addr
‘ T _SF Addr l TEAE RIS B R feature Hibik(feature address)
l 1.4 (Unconditional) | — ‘ T SF WaitForParams

| T_SF WaitForParams | 4% B:lH0E byte

l 1.5#E byte #i 5 AN % | — ‘ T SF StoreParam

‘ T_SF StoreParams ‘ IR S50

1.H Z S HE K — T_SF WaitForParams
2. T Z R - T _SF Complete
X RPAT L #RAE
1. 13K LUN tLunSelected #% SR[6]i% O
T _SF Complete 2. R/B_n#FO
3. Set Feature fi& 451
4. tReturnState %N T_SF_Complete
1.Set Feature g2 5% — T SF UpdateStatus
2. 20 B iy 4 JA B 70h (BRIRZS) - T RS Execute
3R EE SR, HH. thStatusOut BENE - T Idle Rd Status
X GPAT DL A
T SF UpdateStatus 1. 1%3K LUN tLunSelected ¥ & SR[6] A 1
2. R/B_n#iiEN1
1.tbStatusOut #%# A FALSE — | T_Idle
2.thStatusOut #E BN E - T Idle Rd

7.1.12 Get Feature fif RS

X RPAT L #AE

tLastCmd ¢4 EEh

TE R LUN 4 003517 38 WA o AR
tbChgCol 154 FALSE

tbChgColEnh ¥4 FALSE

S FF— N bk A

T_GF_Execute

u b W N B

e | — [71.0F Addr

T_GF Addr ‘ T R feature HBik(feature address)

‘ 1.4 (Unconditional) ’ — ‘ T GF RetrieveParams




X RIAT LA A

1. %>R LUN tLunSelected ¥ SR[6]i% O
T _GF RetrieveParams 2. R/B_n#iF 0
3. MRSH

4. tReturnState ¥ AN T_GF_RetrieveParams

LB R I AL fn 2 host —~ | T_GF Ready

2. W E A 4 A 11 70h GRARES) — | T_RS Execute

3B K, JF H tbStatusOut WNH — T Idle Rd Status
T_GF_Ready | ##3K LUN tLunSelected ¥ SR[6]% 1. R/B_n iy 1

l 1. 5444 (Unconditional) |

—~ [T 1dle Rd

7. 1. 13 SREWSRE

T_RS Execute l

1. tbStatus78hReq ¥ A FALSE' |

— ‘ T RS Perform

T~ e
=

1. 2 tbStatus78hReq #LBINEMS, ARERIZTHRE (T0h) d5& GRAN)

X RPAT L #RAE
T_RS Perform 1. tbStatusOut #{15 N E
2. BRI 70h fiv 2 AR7R (£ LUN tlunSelected H
1. tReturnState W AN T Idle —- T Idle Rd
2. HoAth - tReturnState

7.1.14 Read Status Enhanced fF & IRZS

T _RSE Execute'

| tbStatus78hReq #7 1% A FALSE. tbStatusOut #{ ¥ NE . 251

M7 kA 3

1. Bl BT I |

— | T_RSE Addr

Nar
=

1. host NEEEBIERE — MR v (Reset, Read 1D, 52231, Read Unique ID, Set
Feature, Get Feature)Z J& & i% Read Status Enhanced f74. M#% Read Status Enhanced
A% Y LUN A H IR ASAE T BE FIAE X5 R 2% i 4 B[] 356 R Y LUN ASAH G

T_RSE_Addr | et BB 47 bk
1. 58 Z AT bk FE BA RS SR — | T_RSE_Execute
25T AT Huhik B B ER w0 2 e T RSE Select
T RPAT L #A
T_RSE Select 1. K tLunSelected W& AU 2 AT Hidikaz () LUN
2. HELRIE 78h dr A FATHUIEARZR B BT LUN
1. tReturnState W N T Idle — T Idle Rd
2. HAth (else) - tReturnState




7.1.15 Volume Select fF& IR

XF GARAT AR $AF -
T_VS Execute 1. tlastCmd N Elh
2. SRk
‘ 1AW kA ‘ - ‘ T VS Complete
T_VS_Complete | fB05 i) Volume B B LUN
l 1. 752517 (Unconditional) | — ‘ T Idle

7.1.16 ODT BEB @A RE

XFRAT LR A
T_ODTC Execute 1. tlastCmd BN E2h
2. HR ANk
| L E b | — | 1_0p1C Addr
‘ T_ODTC_Addr ‘ TAAEHE B LUN; K545 1 R matrix A Rtt 3B 8 H 28 b7~ ) LUN
‘ 1. 55 1F ) (Unconditional) ‘ - ‘ T_ODTC WaitForParam

| T_ODTC WaitForParam | SHBElCHUR byte

‘ 1.4 byte #'5 R X% ‘ — ‘ T ODTC StoreParam

| T_ODTC_StoreParam | #7fik 231t matrix(byte 0/1)2K Rit(byte 2/3) 54

1.E Z WS EE R — T ODTC WaitForParam
2. 0T H IS BRI R — T _ODTC Complete

T_ODTC Complete FR7% LUN, #fi5%E ODT Bt & 2 %((MO0,M1,Rtt1,Rtt2)

‘ 1. 5444 (Unconditional) ‘ — ‘ T Idle

7.2 LUN 47 N2 (LUN behavioral flows)
LUNIRZEHLFEIR T 43047 LUN BAERN 7. W B A &M E, T LUN REFE SRS .

7.2.1 R
ZETA T LUNARESHUE R AR &
lunStatus A EALE AT LUN RS A4 ME. L HJS{EA 00h
lunFaill[] ZEHAE T AL (interleave address) [ FAIL 1 FAILC 4. 4,

lunFail [3] (11L& Z M4k 3 B FAILC fi7. b e $ 4 rh A28 S M A 00b

lunLastConfirm iZAF & & b — AN # i 2 B #H (30h, 31h, 32h, 35h, 10h, 15h, 11h, DOh, D1h) . ML

{H4 FFh

lunOutputMpl  IZAZE G SR TH@E 4t #9/Z2hk. _ErRJS4EDY Oh
lunReturnState XL EMASIREEMEZ G ERFIFPRE. FHEMEA L Idle
lunStatusCmd A BEAE - MRIEIFPIRES 4. EHJEEA T0h
lunStatusMpl ARSI A 78h fn A b s E k. EHS{EA Oh
lunblnterleave 1%7AF&E Y LUN IEfEHAT — 2 ZHAER 9108 1. B JE{E N FALSE



lunbMp1NextCmd
lunEraseAddr[]

7.2.2 Idle frdR%&

ZACE S LUN HER IO — N2 R Ar S I oy A
AR AL S HOEAS R R AT A Bt i

[ Idle'

‘ lunReturnState #52 L_Idle

1. Y Vee i5F Vee min B, FHE#HNZIRE

13 BT S R — ‘ L Idle TargetRequest
TEE.

L Idle TargetRequest l RN G bR T — Nk, WZ b4 LUN 7%

1.5 R LUN 14T —> Reset — L RST Execute
20 ZARN WP_n fH L WP Update
30T RAF R EHT SR T AEAR L SR Update

A% RAE R BIWE FPREBARS 2 L Status Execute

5500 Gbros F T Hct a0 2 i L Idle Mpl DataOutAddr
608 SR tH G2 A7 A 9% P L Idle
70 GAF KIG R A A7 L Idle ClearPageReg
8.0 ZIAF KNG T ZF A7 28 N TE AL L Idle InvalidPageReg
9.5%F B Ar7R 1% LUN g fEid R L PP Execute
105 G bR7niZ LUN 4R ER 1 >R L BE Execute
115 B hr7niZ LUN O3 K i R L _ER Execute
12,55 Gbr7ni% LUN (3200 (Read Page) 13K L RD_Addr
135 AR~ L S B DU SR L Idle RdPp
145 % 457K Read Unique 1D iE3R L Idle RdUid
1500 AR s E 1) Volume bk L Idle VolAddr
160 R AR s HCE ) ODT e B i B L Idle ODTConfig
‘ L WP_Update ‘ lunStatus[7]¥ A% G AR~ WP_n {H
‘ 1.5 1F ) (Unconditional) — ‘ lunReturnState
[ L SR Update | 4 lunStatus 587 At GbRos Ol
‘ 1.5 1FH (Unconditional) — ‘ lunReturnState
| L Idle Mpl DataOutAddr | # lunOutputMpl 93 G b )2 Hukl
‘ 1.5 %1F 1) (Unconditional) - ‘ lunReturnState
‘ L Idle ClearPageReg l B A ER N
‘ 1. 5241 (Unconditional) — ‘ lunReturnState
‘ L Idle InvalidPageReg ‘ B A AF AN TE R
‘ 1.T62544 ] (Unconditional) - ‘ lunReturnState

LUN P47 DL HefE:

L Idle RdPp 1. LUN K ZE001 s s N i 2 A7 2%
2. lunReturnState ¥4 L_Idle_RdPp_Cont

LSRR AE B T A A7 4%

L Idle RdPp End

2.0 G SRR RS BURE i 2

L Status Execute




L Idle RdPp Cont

LB BOITEAR AL P T 47 4%

L Idle RdPp End

2.0 G KA RN RS B E i 2

L Status Execute

L_Idle RdPp_End | LUN F 5 3 99 5 OO A2 005 17 2

l 1. T4 (Unconditional)

L Idle Rd

LUN AT LT #A4F

L_Tdle RdUid 1. LUN 4§ Unique ID ¥R S NS TT % 17 £

2. lunReturnState %4 L_ldle_RdUid

1.Unique 1D #¥f&H%] vl & 17 4%

L Idle RdUid End

2.0 G SRR RS R i 2

L Status Execute

L Idle RdUid End [ LUN Fist G 0 S H0UM0R 26 00 % 47 2
‘ 1. J&%M (Unconditional) ‘ — ‘ L Idle Rd
7.2.3 Idle Read IRZE
L Idle Rd ‘ lunReturnState 1% % L_Idle_Rd
1EEHRAE T8 L — | L Idle Rd Finish
2.0 G SR A H ) 2 i - L Idle Rd ColSelect
3N BRI EAE K — | LIdle Rd Xfer
4 23w A A 31h (Read Cache Sequential) — L RD Cache Next
5.3 iy 4 JE # 3Fh (Read Cache End), 7 H.
lunLastConfirm &4 31h — L RD Cache Xfer End
(RAVEIRIR 7P — L Idle TargetRequest
L Idle Rd Finish | J lunStatus[S] ¥ 1

‘ 1. J5%M (Unconditional)

‘

L Idle Rd

L Idle Rd Xfer

W5t GG R I N — A EHE byte(x8)3% word(x16) I\ UL 75 A7 R (145 5 B o H Fl bkt

BRI
1. lunReturnState W N L PP Mpl Wait — L PP_Mpl Wait
2. 755 (Unconditional) — L Idle Rd

L _Idle Rd ColSelect liz*i%ﬁ%’*ﬁ%%ﬂljﬂ‘ﬁﬂ, 2 H A SR R F IR E

1. lunReturnState W N L PP Mpl Wait — L PP_Mpl Wait
2. 5544 (Unconditional) — L Idle Rd
L Idle VolAddr
1.Volume Hifik551% LUN FITZE (1] NAND Xf G ULAC (LUN fREFH
ik HRE) — | Lidle
2.LUN /Z2#&8 %€ Volume Huhtff)— terminator - L_Idle_VolSniff

3.Volume Huhit 5% LUN BT 7E HT NAND X S ANUL AL

L Idle VolDeselect

4. 75541 (Unconditional)

L Idle

—
=

1. EZAES % ODT 17 N2k 48, B 49 A 50.




| L Idle VolSniff | LUN A sniff s

‘ 1. o4 (Unconditional) ‘ — ‘ L Idle

‘ L Idle VolDeselect l LUN % fife o 16 9%

l 1. %M (Unconditional) | — ‘ L Idle
| L Idle ODTConfig [ LUN f7fi//ifiI 5 ) ODT matrix fil Rt ¥
l 1. T4 (Unconditional) | — ‘ L Idle

7.2.4 Status IRFE

L Status_Execute ‘

1. XSG RRSE — | L Status Value
2. XPHFH 78h Ly F| - L Status Enhanced
3. WG 70h AR R - L Status Legacy

L Status Value ‘

1. lunblnterleave W AX, JF H lunStatusCmd %K 70h — L Status Mpl Comp

2. lunblnterleave W AH, JfH. lunStatusCmd %N 78h — L Status Mpl Addr

3. lunblnterleave ¥} FALSE — L Status Lun

L Status_Enhanced l

1. 47k A ) LUN 22 B 51% LUN ULfC — L Status Record 78h
2. Hiih (else) — L Status Output Off

lunStatusCmd 4 9 78h,  lunStatusMpl 48 3t SR AL . LUN JEPTH
L Status Record 78h

i A
1. lunReturnState ¥ A L Idle (lunLastConfirm %N
30h, 31h, 32h &% 35h) - L Idle Rd
2. HAth (else) - lunReturnState

L Status Output OFf | LUN Sl ki thaErs

1. lunReturnState W A L Idle Rd — L Idle
2. Hith (else) — lunReturnState
L Status_Legacy l lunStatusCmd % 70h
‘ 1. LM (Unconditional) ‘ — ‘ lunReturnState

LUN 23R [a] (R AR ASAE AL B T
e status[7:2] = lunStatus[7:2]

L Status Mpl Comp e status[1] = for all x,OR of lunFail[x][1]
e status[0] = for all x,0OR of lunFail[x][0]
PRSI Bl 25 % B

‘ 1. L1 (Unconditional) ’ — ‘ lunReturnState




L Status Mpl Addr

LUN ZEZ3R [l PR A A Ban T
e status[7:2] = lunStatus[7:2]
e status[1:0] = lunFail[lunStatusMpl][1:0]

PR IR B 25 % %
‘ 1. o441 (Unconditional) ‘ — ‘ lunReturnState
[, Status Lun l i) % %R [A] lunStatus
| 1. T4 (Unconditional) | — ‘ lunReturnState
7.2.5 Reset JRE
LUN $ A7 DL a1k
1. lunStatus[6]#i7 0
2. lunStatus[6 B 45~ 2%
L RST Execute’ unHa us[61{E # brom X 5
3. $H4T LUN reset
4. lunblnterleave #¥ 1%} FALSE
5. lunReturnState #%°4 L_RST_Execute
1. LUN reset 5% — L RST Complete
2. X GE R RIFPIRSEURS 4 — [. Status Execute
HE:

1. HEAR AT AR EUCEISK B GRS HLIIAR IR HUAT — A Reset IFHBENIZIRZE

L RST Complete

LUN $AT BN #4F
1. lunStatus[1:0]#%J5 %A 00b
2. XTHAAEHE x, ¥ lunFail[x][1:0)i% k% 00b
3. lunStatus[6]#% 1% N 1
4. lunStatus[6] B H AR BIXF 5
5. X GURASHLE BZ LUN 1) Reset 58k

|

1. TL5AEH (Unconditional) ‘ — ‘ L Idle

7.2.6 BB SRE

‘ L _BE Execute ‘ lunblinterleave ¥ A FALSE
| 1. T41F#) (Uncondi tional) | — | L BE WaitForCnd
| L_BE Wai tForCnd | Setb—AAr 4 AW
1. #2fr4 JH 31 Doh — | L_BE Erase
2.5 F dir 4 Y] D1h — | L_BE Mpl
LUN $HA7 BN #4E
1. lunStatus[6]#}iE O
2. UnH lunblinterleave HE, M| lunStatus[S1#iE A 0.
L BE Erase 3. lunStatus[6] FI{E #Bibn 7~ X G
4. lunLastConfirm ¢4 DOh
5. W lunbinterleave # W N R, If HZFFIE R interleaving, NIHERRH: 1K
(R DA SATART 2 T B 1 SR R B

|

1. 441 (Unconditional) ’ — ‘ L. BE Erase Wait




L BE Frase Wait ‘ lunReturnState ¢4 L_BE_Erase_Wait

1. B SR B BR 56 %, FF H. lunblnterleave W AE

— L_BE Mpl Sts

2 B SRR PR BR 5 AR

- L BE Sts

3 RAFKRIG BRI A7 3%

L Idle ClearPageReg

40 AR APIRS B S i &

— L Status Execute

LUN EUFE & BT AT DA R 44
lunblinterleave % N &
lunLastConfirm % A D1h
L BE Mpl

v A W N -

lunbMpINextCmd #% 5 FALSE
6. LUN RS — M EREEERRAE

lunStatus[6:5]#75 4 00b. lunStatus[6]FI{E #Fr7m % 5
TN A5 E P37 7 5 S (overlapped), M| LUN JFHATE 4 1% H

‘ 1. T4 (Unconditional)

— | L_BE Mpl Wait

L BE Mpl Wait ‘ lunReturnState %~ L_BE_Mpl_Wait

1L AN EBNZRERRIE TR

— L BE Mpl Overlap

2MER N — MBS, H lunbMplNextCmd # %

>N FALSE — L. BE Mpl NextCmd
3XF R FIZ LUN #2F5%1E 3K, JF H lunbMplNextCmd #% ¢ -
HNE [, BE WaitForCmd

A0 BRI PR BOR S A &

- L Status Execute

LUN DAF5 52 FROIBU AT DA $R A«

1. lunbMplINextCmd #5154
L BE Mpl NextCmd unbMplNextCmd # & AN H

2. WHEAH IEEPATRIRESEE, T lunStatus[51#5 & A 1
3. lunStatus[6]# ¥ N 1. lunStatus[6] IR # brm 2% %

‘ 1. L4414 (Unconditional)

— | LBE Mpl Wait

L BE Mpl Overlap

LUN N C 58 I E & 22 2 38R DUER 58 BT $04T7 DL T #R4F :
1. mplComplete ¥ A C\ 56 Bt F (1) 2 kit
2. lunFail[mplComplete][014% B N HEAE I gm R IR A
WA IR ERAEHS 5E R 7, I lunStatus[514 1% 9 1

‘ 1. L4414 (Unconditional)

— ‘ lunReturnState

LUN BLHE 7€ R 34T B 44 -
L BE Sts 1. lunStatus[O18Y B AEERRIRAS

2. lunStatus[6]#%1% N 1. lunStatus[6]FI{E #Frm FXT %

‘ 1. TL5AEH (Unconditional)

—~ |L 1dle

L_BE Mpl Sts

LUN AN O 58 i) 22 2 34 LR 2 T 30T DL R 484

1. mplComplete ¥ N E 5E R EAE ] interleave ik

2. lunFail[mplComplete][014 % NHEFFIRASH
lunStatus[6:514% 1% A 11b, J H. lunStatus[6] FIME #Fr 7 2% %

‘ 1. o441 (Unconditional)

—~ |L 1dle




7.2.7 SRS
WA R 2B 47 (Caching) , WA ST TRASAL 5 (BRI 20K .

LUN A SE MUY $AAT BL T 354«
1. DA SRk

LRD_Addr 2. RIS, WA B 00025 12
3. RGN R F) Mo b1k AE T B A7 A ik 5
‘ 1. o5 A1F ) (Unconditional) ‘ — ‘ L RD WaitForCmd
L_RD WaitForCmd | lunbinterleave #Jy FALSE. %5~ 4 Fa i
1. 32U H 4 J 3 30h 8K 35h — | L_RD_ArrayRead
2. R4 B 31h, JH lunLastConfirm Z%-F 30h —
gk 31h L RD Cache Xfer
3.4 E 2 A 1 32h — | L_RD Mpl Xfer
LUN $47 BL R #4F
1. lunStatus[6:5]#i% O
2. lunStatus[6]I{E # brs 20T 5
L. RD ArrayRead 3. lunLastConfirm 15 4 _F— My 2 B #(30h BY 35h)
4. MBEFIZERE R0, R NI Z Z85AE,  WNFES S H G 315 K
5L
5. lunReturnState %4 L_RD_ArrayRead_Cont
1. SEHE 3R 1) 01 58 1% — L RD Complete
2. XTHERBIEIPIRSBURS 4 - L Status Execute
L RD ArrayRead Cont
1. G SR I T 58 R — | L_RD Complete
2. W GAE R R PR BUR S 4 - L Status Execute
‘ L RD Complete | lunStatus[6:5]4% 1%~ 11b. lunStatus[6]I{E #% R 5 %

‘ 1. L4141 (Unconditional)

—~ | L_Idle Rd

| L_RD Cache Next | st A GUSATHUBE AR F M HbE (), b M i)
| 1. T2 (Uncondi tional) | — | L_RD Cache Xfer
LUN #hAT DL #4E
1. lunStatus[6:5]#%7% A 00b. lunStatus[6] B 1E #% bR~ 2IX 5
L RD Cache Xfer 2. lunLastConfirm %>~ 31h

3. ik itk TR SR AR
4. lunReturnState A L_RD_Cache_Xfer

LR T B A URAE, 507 47 A OB T —~ | LRD Cache sts

2. X GAE R EBIRI PR BUIR S22 - L Status Execute




LUN $AAT AR #4F -
1. lunStatus[6]8%iE AN 0,
L_RD Cache Xfer FEnd 2. lunStatus[6] AE BibR 7 0 5
3. lunLastConfirm ¥} 3Fh
4. lunReturnState % A L_RD_Cache_Xfer End

10 FRT— AN ERAE, T A7 A R I vl — | L_RD Cache Sts End
2. X G R BIRI PR S BUR S 4 - L Status Execute
‘ L. RD Cache Sts | lunStatus[6]# 1% A 11b. lunStatus[6]FI{E B AR~ 2N 5

l 1. T4 (Unconditional)

—~ | L_Idle Rd

‘ L RD Cache Sts End | lunStatus[6:5]#1% A 1. lunStatus[6] B hr 7 % 5
‘ 1. T4 (Unconditional) — ‘ [ Tdle Rd

LUN 4T PA T #eAE
1. lunStatus[6:5]4i%5 A 00b.

2. lunStatus[6] FI1E #l by~ 2% 5
L RD Mpl Xfer 3. lunLastConfirm i,’vfjjﬂ?%h

4. lunbMplINextCmd #% 154 FALSE
5. WIRZFFES interleaving, NIFFUGEEEFE & 1 T
6. HERARICT — AN B T
7. lunReturnState ¥4 L_RD_Mpl_Xfer

1.0 GHE T — AN U 0 — | L_RD Mpl Wait

2. 0T GAF SRR PR BR A i 2 — L Status Execute

lunStatus[6] #% % A 1. lunStatus[6] I 16 #% b5 75 2 XF % o lunReturnState % N

L RD Mpl Wait i
L_RD_Mpl_Wait

1. —PNEBZ R RERETK — | L_RD Mpl Overlap
2. W B bR R1Z% LUN H3L T 3K — L RD Addr
3. X RAE RN R FPREBURS 2 - [ Status Execute
T OSSR ES 2210, LUN DL E 74T DL R 545
L RD Mpl Overlap 1. mplComplete 154 CL5E MM HAE ¥ 2 Mtk
WA PRSI EEAE AR 252 8, U lunStatus[S1#E 134 1
‘ 1. L4141 (Unconditional) ‘ — ‘ lunReturnState

7.2.8 WMEmFEMT Z1F7Y#E (Page Cache Program) fif$- RS
WIERASCHF caching BiE F (overlapped) interleaving, WA IRAAL 5 FIHERAEY: 20 . I SR ASCRF caching,
M FTAARZSAL 1 B 20K .
‘ L PP Execute ‘ lunblinterleave ¥ A FALSE
‘ 1. To5AFH) (Unconditional) ’ — ‘ L PP Addr

LUN A 7E B A AT BT #24 «
1. ds AT AR E ) bk
2. WARSCFFZET U, WIARYE 2 bk £ A I 003 A7 2
3. ARIEC R H) Mk 1 U1 A7 2% R )
‘ 1. 441 (Unconditional) ‘ — ‘ L. PP WaitForData

L_PP_Addr




L PP WaitForData ‘ RPN . lunReturnState #1% 4 L_PP_WaitForData

1. 55O EE byte 8% word f£i£25 LUN — | L_PP AcceptData
2.5 3 di 4 A 10h (BT 45 — | L_PP Prog
3.2 B4 8 15h (cache program) — . PP Cache
AW R 2 11h (interleave) - L PP Mpl
5.0 R Rk A 71k — | L_PP ColSelect
6.5 G i Kk ) A7 Hs ik — | L_PP_RowSelect
L PP AcceptData | FEAR byte(x8)EX word(x16) 5 N 2| 5125 47 a4 HH e e FI &1 ik . 3283 51 Ho kil
‘ 1. Te5A1F ) (Unconditional) ‘ — ‘ L PP WaitForData
LUN BLHE 7€ B S04 BA T 44 -
1. lunStatus[6:5]#%7% A 00h. lunStatus[6] H{E# bR~ 24 5
2. lunlLastConfirm ¥/ 10h
L PP Prog . s
3. WHRAUEE T — AN ERFEM UL, WK lunbinterleave i FALSE
4. W lunbinterleave N EFF HZKFH K interleaving, NI LUN FF4H75 % 01 LA
FATART 2 B8 € T g s
| 1. 44 (Uncondi tional) | — | L_PP Prog Wait
L PP Prog Wait ‘ lunReturnState %/ L_PP_Prog_Wait
1 A BIE R T S #4E TR, JF H lunblnterleave
PN — | L_PP Mpl Sts
2HE R T S #AETE N, FEH lunblnterleave #{iH
>N FALSE — | L_PP Sts
3 G R BRI FPIRS BUR S fr — L Status Execute

LUN DAFE & [P P AT DA N 44

1. lunStatus[6:5]4%7&5 A 00b. lunStatus[6]FI{E#E R FRF %
L PP Cache 2. lunLastConfirm %} 15h

3. FHREEERAN M LTSRN E
4. FHIRIFEEAE

| 1. TP (Uncondi tional) | — | L_PP_Cache Wait

L PP Cache Wait ‘ lunReturnState #{1% ¥ L_PP_Cache_Wait
1 B T A7 A 1T S — | L_PP_CacheRdy
2. W GAE R PR BUR S 4 —- L Status Execute
LUN $HAT BN #4E :
1. W lunblinterleave %1%y FALSE, M| lunStatus[114Y 44 lunStatus[0]F1E
L PP CacheRdy 2. U lunbinterleave #¥ 15 NE, NIXTFATHE £ ZHE x, lunFail[x][1]# &N

lunFail[x][0] F*J1H «
3. lunStatus[6]#%1% N 1. lunStatus[6]FI{E #Frm FIXT %

| 1. K41 (Uncondi tional) | — | L_PP CacheRdy Wait




L PP CacheRdy Wait ‘ lunReturnState %% L_PP_CacheRdy_Wait

1. Fi— AT (cache) #E 521, FFH. lunblnterleave
WNE

L PP Mpl Cache Sts

2.1 — DN RAFERAE SE R

L. PP Cache Sts

305 FK % LUN [ gafeig =k

L PP _Addr

A GARRIF PR UL A7 3%

L Idle ClearPageReg

5.0 ZAF SR BB RS SOk a5 &

L Status Execute

LUN BLH& & 7 AT DA R 445
lunblinterleave ¥ 4 EL

L PP Mpl
—rP lunLastConfirm ¥~ 11h
lunbMpINextCmd #% 5 FALSE

A W N R

lunStatus[6:5]#75 4 00b. lunStatus[6]FI{E #Fr7m % 5

5. WIARSZHFFHESE interleaving, W LUN FFAREE DU S 2

‘ 1. %M1 (Unconditional)

—~ | L_PP Mpl Wait

L PP Mpl Wait ‘ lunReturnState %4 L_PP_Mpl_Wait

L A EEZRMERIEE K

PP Mpl Overlap

2.0 —NEAE Y FE (cache Program) 45 W

PP Mpl Cache Sts

3.LUN RIS —NMwfE a2, JE A
TunbMp1NextCmd #% 1% A FALSE

PP Mpl NextCmd

4.5 % bron1Z LUN I 9mFEii >R, FF H lunbMplNextCmd
WS NE

PP _Addr

5.0 ARk 1Bk

Idle Rd ColSelect

6.0 bR s AE Bl it 0 Z

Idle Mpl DataOutAddr

7068 A R E IR SR &

Status Execute

8N SRR BHE K

= I | ||

Idle Rd Xfer

LUN DA 52 FROBU $RAT DA $R A«

1. lunbMplINextCmd #7115k
L PP Mpl NextCmd unbMplNextCmd # & HH

2. WSEEAH IEEPATRIRESEE, T lunStatus[518¢ & A 1
3. lunStatus[6]# N 1. lunStatus[6]# 5~ 2% 5

‘ 1. T 5AEH (Unconditional)

— | L_PP Mpl Wait

LUN DAFiE R I S04 T BL R 34

. lunStatus[6:5]# %~ 11b
4. lunStatus[6] B B AR s BIXF 5

1. lunStatus[1]#7 BENAT — MEIE M gRARIRES
L PP Sts 2. lunStatus[O]# 15 i KHEAE I gmFEIRES
3

‘ 1. TL5AEH (Unconditional) — ‘ L Idle
LUN LB & 7 AT DL R 44
L PP Cache Sts 1. lunStatus[O18Y B AZRFEIRAS
2. lunStatus[S]#% 1% N 1
‘ 1. L1 (Unconditional) — ‘lunReturnState




X CL5E il cache #:4E, LUN DA & I P30T LT 1k
1. mplAddr %A cache #/ER] interleave il
2. lunFail[mplAddr][0]#% & AR FRIRA
WA BESEAEER T 52, W lunStatus[5] #5154 1
‘ 1. T2 ) (Unconditional) ‘ — ‘ lunReturnState

L PP Mpl Cache Sts

XA e N ES 2 E84E, LUN BLR @ BT AT PR AR
1. mplComplete ¥R T 5¢ ERAER interleave Hikik
2. lunFail[mplComplete][0]#% 15 N #AF KIg FEIR 2
WER PTG FEFEREAR L 5E R, W lunStatus[S]1# 1A 1
l 1. T4 (Unconditional) | — ‘ lunReturnState

L PP Mpl Overlap

WSRO SR Z Z8E, LUN DU & IR $0AT DL 1
1. mplComplete ¥4 C\ 56 Bt/ F 1) 2 kit

L PP Mpl Sts 2. lunFail[mplComplete] (114 BN AT — MEMEMI ZMFEIRES
3. lunFail[mplComplete] 014 1 A Bt 45/ E G FRIRZS

lunStatus[6:5]#71% 4 11b, lunStatus[6]F{I{E R 7R % %

‘ 1. T4 (Unconditional) — ‘ L Idle
‘ L PP ColSelect ‘ AT GiE =R I BRI 1 H bk Sk ide 5 00 37 A7 2% H i 4l

‘ 1. TL5AFE (Unconditional) ‘ — ‘ I PP WaitForData
‘ L PP RowSelect ‘ AT GiE R I . BRI 04T Huhik Sk e $ B gm A2 ) Al g

‘ 1. TL5AF (Unconditional) ‘ — ‘ L. PP WaitForData

A. CRC-16 G
HE (S 05SSR
B. SPARE SIZE #:¥#

AW RAIA T TSI ECC ER AR spare bytes FUHERE . 1% T47 NAND BFF &, (HAEH T
74 EC NAND [ device. 3 103 ZIIH 7 4T 2KB. 4KB LA J% 8KB page size device [RIHERF.



Page Size Number of bits ECC Spare Bytes Per Page
9 correctability Recommendation

2048 bytes <= 8 bits 64 bytes

2048 bytes > 8 bits 112 bytes

4096 bytes <= 8 bits 128 bytes

4096 bytes > 8 bits 218 or 224 bytes
8192 bytes <= 8 bits 256 bytes

2 .
8192 bytes > 8 bits 448 bytes

NOTE:

1. The number of bits ECC correctability is based on a 512 byte codeword size.

2. If more correction is required than spare area size allows for with a 512 byte
codeword size, it is recommended that the host use a larger ECC codeword size
(e.g. 1KB, 2KB, etc). The device manufacturer may provide guidance on the ECC
codeword size to use in the extended parameter page.

Table 103 Spare Area Size Recommendations for raw NAND

Host ML 745 LB EL o (B FE R, JeHiE (metadata) DL ECC /25 bytes) f& 4l byte. 1% ESHUHIGHE
HESFE NAEE bytes, AT 33 NV-DDR. NV-DDR2 5% NV-DDR3 $2[1 ] device.

Ve — A5, B % page size ¥ 8192 bytes, {# FH () ECC i3 F size Jy 1KB, AR BEEUHATTH A 1024bytes
R gtsin, 2R a 8 MR TR B AL . 1% UL spare bytes MZAE /L, DMEA &8 123 [ R A7 70
i (metadata) FIREL: bytes. 24 Spare bytes #FxLL 8 B}, spare bytes M iZZ&—AMEEL bytes (B, ZTTH
A5 EBERTTEE) .

C. Device {8 f] PSL B #1454k (Self-Initialization)

HYL device 7ENAERES R AEAE T H B S INEREFI WG HAS S . Device A LLTE b HIRT B3 b LS 25— 1K Reset
HAlE] load X L8z &,

i3 7 AT LLIE RS PSLAE N H A — ANl e e L 51 . an SRS % PSL, S HA BLURAT4:
e PSL =0 V: FLEEELE LHEF load. IST HFLA LA KIA 15mA, R/B n 824 1 (I A1 5 KA Sms.
o PSL=Vce iAER: WRCHFRERSS, MWEEEERE LAEZE K Reset HAIYE load. IST ML

EE R
IR device AN HE PSL, UM% & IST 3R,
Z: IR datasheet KA E A& 15 SR B HE B IRYILH

D. ICC METFIE

ARZTEATE LT HRIME 1CC ZHMIE A, 10C Z8E LAE 2. 12 =,
FH SR DC AR 24 B — R S F 8 CAERE 104 P T4 9 10, FSIRINE: DC AIHRAE 214 At %
e LAEFR 105 1,



Parameter

Testing Condition

General conditions

variability.

Vee = Vee(min) to Vee(max)
VeeQ = VeeQ(min) to VeeQ(max)

No multi-plane operations.
Sample a sufficient number of times to remove measurement

1.

2.

3. CE_Ln=0V

4, WP _n=VccQ

5. 10UT =0 mA

6.

7.

or words in the page

8.

9.

Measured across operating temperature range
N data input or data output cycles, where N is the number of bytes

10. Sample an equal ratio of page types that exist in a block. A page
type is a group of page addresses and is commonly referred to as
upper or lower page (or middle page for 3 bits per cell devices).

11. Choose the first good even/odd block pair beginning at blocks 2-3

Array preconditioning for
ICC1 and ICC3

The array is preconditioned to match the data input pattern for ICC2.

Fixed wait time
(no R/B_n polling)

ICC1: IR = IR(max)
ICC2: tPROG = tPROG(max)
ICC3: tBERS = tBERS(max)

Table 104

Common Testing Conditions for ICC

Parameter

SDR

NV-DDR

NV-DDR2/NV-DDR3

AC Timing Parameters

tWC = tWC(min)

tRC = tRC(min)
tADL = ~tADL(min)
tCCS = ~tCCS(min)
tRHW = ~tRHW(min)

tCK = tCK(avg)
tADL =~tADL (min)
tCCS = ~tCCS(min)

tRHW = ~tRHW (min)

tWC = tWC(min)
tRC = tRC(avg)
tDSC = tDSC(avg)
tADL = ~tADL(min)
{CCS = ~tCCS(min)

IO[7:0] = FFh

ICCQ4R, ICCQ4W and
ICC4w)

10[15:0] = ASA5h, AAAAh,
5A5Ah, 5555h

55h

Bus idle data patt 0] = 0] =

us idle data pattern I0[15:0] = FFFFh DQ[7:0] = FFh DQ[7:0] = FFh
Repeated data pattern IO[7:0] = ASh, AAh, 5Ah
(Used for ICC2, ICCAR, 55h DQ[7:0] = ASh, AAh, 5Ah, | DQ[7:0] = ASh, AAh, 5Ah,

55h

NOTES:

1. The value of tCK(avg), tRC(avg), and tDSC(avg) used should be the minimum value of the timing modes
supported for the device. The NV-DDR, NV-DDR2, and NV-DDR3 timing modes supported by the device are
indicated in the parameter page.

2. ICCQ4R testing is performed with default drive strength setting.

Table 105

Data Interface Specific Testing Conditions for ICC
NEVEGEHR T ICC1. 10C2. ICC3. ICC4R. ICCAW BAK 1CC5 FIMatId & .




| | [
Cycle Type +{ cMp H{ ADDR H{ ADDR H{ ADDR }{ ADDR }{ ADDR H{ CMD { IDLE }——

» Minimum cycle time between command, address cycles

DQxJ—( 00h H 00h H 00h H R1 H R2 H R3 H 30h H FFh )—:—
tWB |

l
< » ‘ tR(max) :

|
|
Ran:
|
|

> Repeat to gather sufficient ICC samples to remove measurement variability

Ul 1

Figure 131 ICC1 measurement procedure
PATR A A
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