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130-Ball NAND Flash with LPDDR MCP
Features

NAND Flash with Mobile LPDDR

130-Ball MCP

MT29C1G12MAAIVAMD-5 IT, MT29C1G12MAAIYAMD-5 IT,
MT29C1G12MAAJVAMD-5 IT, MT29C1G12MAAJYAMD-5 IT,

MT29C1G12MAAIYAMR-5 AIT

Features

e Micron® NAND Flash and LPDDR components
RoHS-compliant, “green” package

¢ Separate NAND Flash and LPDDR interfaces

* Space-saving multichip package

e Low-voltage operation (1.70-1.95V)

e Industrial temperature range: —40°C to +85°C

NAND Flash-Specific Features
Organization
» Page size
— x8:2112 bytes (2048 + 64 bytes)
— x16: 1056 words (1024 + 32 words)
* Block size: 64 pages (128K + 4K bytes)

Mobile LPDDR-Specific Features
* No external voltage reference required

¢ No minimum clock rate requirement

¢ 1.8V LIVCMOS-compatible inputs

e Programmable burst lengths

e Partial-array self refresh (PASR)

e Deep power-down (DPD) mode

e Selectable output drive strength

e STATUS REGISTER READ (SRR) supported!

Notes: 1. Contact factory for remapped SRR output.
2. For physical part markings, see page 2.

Table 1: Part Number References

Figure 1: MCP Block Diagram
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MCP NAND Discrete NAND READ ID Parameter
MT29C1G12MAAIYAMR-5 AIT MT29F1GOSABBEA 1Gb, x8, 1.8V
MT29C1G12MAAIVAMD-5 IT MT29F1GOSABBEA 1Gb, x8, 1.8V
MT29C1G12MAAIYAMD-5 IT MT29F1GOSABBEA 1Gb, x8, 1.8V
MT29C1G12MAAJVAMD-5 IT MT29F1G16ABBEA 1Gb, x16, 1.8V
MT29C1G12MAAJYAMD-5 IT MT29F1G16ABBEA 1Gb, x16, 1.8V

Note:

1. While this is the NAND 1.8V device, the lock pin is not supported, and the LOCK feature does not apply.
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Part Numbering Information

Micron NAND Flash and LPDRAM devices are available in different configurations and densities. The MCP/PoP
part numbering guide is available at www.micron.com/numbering.

Figure 2: Part Number Chart

MT 29C 1G 12M A C KC -6 IT ES
Micron Technology J Production Status
Blank = Production
Product Family ES = Engineering sample
29C = NAND + LPDRAM MCP/PoP
Operating Temperature Range
NAND Density AIT = Automotive grade industrial (-40° to +85° C)
1G=1Gb IT = Industrial (-40° to +85° C)
2G=2Gb WT = Wireless (-25° to +85° C)
4G =4 Gb
8G=8Gb Special Options
Blank = Standard
LPDRAM Density e —
12M =512 Mb L LPDRAM Access Time
24M = 1024 Mb -5=200 MHz CL3
48M = 2048 Mb -6 =166 MHz CL3
56M = 256 Mb -75 =133 MHz CL3
96M = 4096 Mb -48 = 208 MHz
Operating Voltage Range Package Codes
A=18V(1.70-1.95V) KC = 107-ball TFBGA (10.5 x 13 x 1.1 mm), SAC105, MCP
MD = 130-ball VFBGA (8 x 9 x 1 mm), SAC105, MCP
NAND Flash Configuration MR = 130-ball VFBGA (8 x 9 x 1 mm), SAC302, MCP
Width  Density Generation KS = 137-ball VFBGA (10.5 x 13 x 1 mm), SAC105, MCP
D| x16 1Gb First HK = 137-ball VFBGA (10.5 x 13 x 1 mm), SAC302, MCP
Y| x8 4 Gb Second LPDRAM Configuration -1 KD = 137-ball TFBGA (10.5 x 13 x 1.1 mm), SAC105, MCP
Z| x16 4 Gb Second Type Width Density Generation HH = 137-ball TFBGA (10.5 x 13 x 1.1 mm), SAC302, MCP
AA| x8 2 Gb Third L | DDR | x32| 1Gb First ML = 153-ball VFBGA (8 x 9 x 0.9 mm), LF35, MCP
AB| x16 2Gb Third V | DDR | x16 | 512 Mb | Third KE = 160-ball VFBGA (15 x 15 x 1 mm), SAC105, PoP
AC| x8 1Gb Third Z | SDR | x16 | 256 Mb First KB = 168-ball WFBGA (12 x 12 x 0.8 mm), SAC105, PoP
AD| x16 1Gb Third AA | DDR | x16 | 256 Mb First JG = 168-ball VFBGA (12 x 12 x 0.9 mm), SAC105, Pop
AG| x8 4 Gb Fourth AE | SDR | x16 [512Mb | Third JV = 168-ball VFBGA (12 x 12 x 1 mm), SAC105, Pop
Al x8 1Gb Fourth AF | SDR | x32|512Mb | Third
AJ| x16 1Gb | Fourth AH | DDR | x16 | 1Gb | Second Chip Count
AK | DDR | x32| 1Gb Second CE#, CS#  Chip Count
AP | DDR | x32 | 2Gb First A 1,1 1 NAND, 1 LPDRAM
AU | DDR | x32 | 256 Mb First C 1,2 1 NAND, 2 LPDRAM
BA | DDR | x32 | 2Gb Second D 1,2 2 NAND, 2 LPDRAM
BB | DDR | x32 | 2Gb Third

Device Marking

Due to the size of the package, the Micron-standard part number is not printed on the top of the device. Instead,
an abbreviated device mark consisting of a 5-digit alphanumeric code is used. The abbreviated device marks are
cross-referenced to the Micron part numbers at the FBGA Part Marking Decoder site: www.micron.com/decoder.
To view the location of the abbreviated mark on the device, refer to customer service note CSN-11, “Product Mark/
Label,” at www.micron.com/csn.

PDF: 09005aef84a93e6f 2 Micron Technology, Inc. reserves the right to change products or specifications without notice.
130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © Micron Technology, Inc. All rights reserved.


http://www.micron.com/numbering
http://www.micron.com/decoder
http://www.micron.com/csn

Micron Confidential and Proprietary

(E/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features

Contents
MCP General DESCIIPTION ....ccooiiiiiiiiiiiiiiiiiiiiii ettt ettt e e 11
Ball Assignments and DeSCIIPIIONIS .....eeeiiiiiiiiiiieee ettt ettt e e e et ettt e e e e e e eteettbaa e e e eeeeeeetabaaaaeeeeeeeees 12
Electrical SPeCIfiCatiONS ........cooiiiiiiiiiiiiiiiiii 17
I (ol B T 21 s o KO UOPUPTRTPPPPRR 18
PACKAZE DIINIEIISIONS «eetvvviieeeeeeeiiiiiiiie e ettt e e e e ettt e e e e e e eettttba e e e eeeeeetttbaa e e e eeeteettbaaaeeeeeeeesnnnnanaeeeeeaeaes 19
1Gb: X8, X16 NAND FIaSh MEINIOTY .....eveiiiiiiiiiiiiiiiiiiiitiietiteteteeeteeeeeeee e eeee e eeae e e eeeeesesesesenesesssenessnensnenenennnes 20
FEALUIES ...ovviniiiiiiiiiiii e e e 20
GENETAl DESCIIPLION .. e e e e e e e e e e e e e e e e e e e e e s e e e e e e e e e e e e e e e e e s e e e n e e e enes 21
ATCIITECTUTE ...ttt esesenenenene 22
Device and Array OTaniZation ..........ooiiiiiiiiiiiiiiiiiiiiiiiiiii ettt ettt ettt e et e e 23
Asynchronous Interface Bus OPETation ..............ueueueuemeuumumeueiiiiiiieiiiiieieieieteieteeeieeeeeeeeeeeeeeeaeaeeeeeaeneseneeeeesenenenane 25
Asynchronous Enable/Standby ...............eueueiiiiiiiiiiiiiiiiiie e 25
ASyNChIoNOUS COMIMATIAS .....uvvuiiiiiiiiiiiiiiiiitieteie ittt sesesesssssesenenenes 25
ASYNCRIONOUS AQAIESSES ..evvvivuniiieeeeittiiiiiiie e e e et ettt e e e e e e etetttbaa e e eeeeeetttbbaa e eeeeeeetanbaaaaeeeeeeeeannsaaasaeeeeeneens 27
ASyNchronous Data INPUL ...ceeeeueiieieiiiiiiiiiie ettt e e e e et ettt e e e e e eeetttabaaa e s e eeeeeeabbbaaseeeeeeneens 28
ASyNChIONOUS Data OULPUL .....evuuiiiiiiiiiiiiiiiieieieieiet ettt esesenenenenes 29
WIFEE PIOTECTH# .oiiiiiiiiiiiiiiiii e e et e e e e et e e e e e e enaeas 30
REAAY/BUSYH .eeeiiiiiiiiiiiiiiiii e 30
Device INTHAlIZAtION ...oooooiiiiiiiiiiiii e 35
Command DefiNitions ......ceeeeeeeeieieee e 36
RESET OPETALIONS ....iiiiiiiiiiiiiiii ittt e e e et et a e e e e e ettt ab e e e e e e tesaaaaa e e eeananns 38
RESET (FFR) coiiiiiiiiiiiiii e 38
Identification OPETAtIONS ......ccoiiiiiiiiiiiiiiiiiiiiiiii ettt ettt ettt et et et et et e e e e et e e et e e eeeeees 39
READ ID (900 ittt 39
READ ID Parameter TabIes ..........ccooiiiiiiiiiiiiiiiiiiiii e 40
READ PARAMETER PAGE (ECR) ..ciiiiiiiiiiiiiiiiiiiiiii e 42
Parameter Page Data Structure Tables ... 43
READ UNIQUEID (EDR) oiiiiiiiiiiiiiiiiiiiii ettt 46
Feature OPETAtIONS ......cuuuuiiiiiiiiiiiiiii et e et et e e e e et et ab e e e e e e e tesaaaaa e e e e eenanes 47
SET FEATURES (EFR) ..o e e e e e e e e e e e e e e e e e s e e e e e e 48
GET FEATURES (EER) .o e e e e e e e e e e e e e 49
STATUS OPETATIONIS ...uiiiiiiiiiiiiie et e e e et bbb s e e e e e st s b b s e e e e e s aaaaaa e as 52
READ STATUS (T0R) oeeiiiiiiiiiiiiiie ettt ettt ettt e e 53
Column AddIess OPETALIONS ....ceeeeeeeeeieieieieeeee e e e e e e e e e e e e e e s e e e e e e e e e e e s e e e e e e e s e e e e e seaeaeaenenaaenes 54
RANDOM DATA READ (05h-EOR) ...ooiiiiiiiiiiiiiiiiiiii e 54
RANDOM DATA IINPUT (851) .ceeiiiiiiiiiiiiiiiiiiiei ettt 55
PROGRAM FOR INTERNAL DATA INPUT (850) .eeiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeececeeeeeeee 55
REAA OPETALIONS ..oeeeiiiiiiiiiiiiiiiiiiiiiii ittt ettt ettt ettt et et et ettt et et et et e e et et eee e et eeeeeteeeeeeeeeeas 57
READ MODE (00R) ceiiiiiiiiiiiiii ettt ettt 58
READ PAGE (00R-30R) ooiiiiiiiiiiiiii e 58
READ PAGE CACHE SEQUENTIAL (311) teiiiiiiiiiiiiiiiiiiiiiiiiiii ettt 59
READ PAGE CACHE RANDOM (000-311) 1eiiiiiiiiiiiiiiiiiiiiiii et 60
READ PAGE CACHE LAST (3FR) .eiiiiiiiiiiiiiiiiiiiiiii e 60
Program OPETAtiONS .........ciiiiiiiiiiiii it e et e e e et et e b e e e e et et bbb e e e e e neaes 62
PROGRAM PAGE (80R-T0R) oeiiiiiiiiiiiiiiiiiiiii ettt 62
PROGRAM PAGE CACHE (80R-151) oiiiiiiiiiiiiiiiiiiiiiiiiiei ettt 63
ETase OPETALIONS ......coiiuiuuiiiiiiiiiiiiiii et e e et et b e e e e et e e b b s e e e e e tesbaai e e e eenaaes 65
ERASE BLOCK (B0R-DI0R) .ceiiiiiiiiiiiiiiiiie ettt ettt e et e e 65
Internal Data MOVE OPETATIONS .....ccciiiiiiiiiiiiiiiiiiiiiiiiiiiitit ittt ettt ettt ettt ettt et et ettt e e e e et eee e e e et eeeeeeeeeeeeeeas 66
READ FOR INTERNAL DATA MOVE (00R-351) ceeiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeee et 66
PDF: 09005aef84a93e6f 3 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features

PROGRAM FOR INTERNAL DATA MOVE (85h-10R) ...eiiiiiiiiiiieiiiiiiiiiiiiiee ettt ettt e e e e eeaaiie e 68
BIOCK LOCK FEATUTE ...eiiiiiiiiiiiiiiiiiiiiiiiii it 69
WP# aNd BIOCK LOCK ...ttt ettt ettt eeteeenenene 69
UNLOCK (230-241) ceiiiiiiiiiiiiii 69
LOCK (ZAN) 1ttt 72
LOCKTIGHT (2Ch) ceiiiiiiiiiiiiiiiiiii e 73
BLOCK LOCK READ STATUS (7AR) ..tiiiiieiieitiiiiiiee ettt ettt e e e e e ettt e e e e e e eetabbina e s eeeeeeaanbaaneeeas 74
One-Time Programmable (OTP) OPETAtIONS .....cuuuuuuiiereeiiiiiiiiiiineeeeetetiiiiiirreeeeeeettttiireeeeeeettebtaaeeeeeeeeersnannneeeas 76
OTP DATA PROGRAM (80N-T10R) ..eeeiiiiieteiiiiiiiittetee ettt e ettt e e e e e sttt et e e e e e s et eeeeeeeeaanaeeeeee 77
RANDOM DATA INPUT (851) ..eeteetieiiiiiiiteteeeee ettt e e ettt e e e e e sttt e e e e e se sttt bt et eeeeesaabbtbeeeeeeeesanaaes 78
OTP DATA PROTECT (B0I-10) ...eetiiiiiiiiiiieeeeetetiiiiiaeeeeeeetttitiiaeseeeeettastaanssseeeeetessssnnnaeeeeesessssmnnnseseseeessssmnnns 79
OTP DATA READ (00R-30R) eeiiiiiiiiiittiet ettt e e e ettt e e e e e ettt et e e e e e s ettt eeeeeeeeesanaeeeeee 81
EITOr MANAZEIMICIIT ..euuniiiiiiii ittt ettt e et e et e et e e bt e ta e e ta s e taa e eba e eaa e etnaeeeaeeeraaes 83
ELeCtrical SPECITICATIONS ....uunieiiiiiiiiiiiie et e e e e ettt e e e e e e e te ettt e e e e e e eeeeataaeeeeeeeeeessannnnaeaeaaeeees 84
Electrical Specifications — AC Characteristics and Operating Conditions .............cceveeeeeiiiiiiiiinneeeeeeeeiiiiineeeeeeenenns 86
Electrical Specifications — DC Characteristics and Operating Conditions .............cceveeeririiiiiiiinneeeeeeieiiiiieeeeeeeeenns 89
Electrical Specifications — Program/Erase CharaCteriStiCs ...........oeuuuuuuuereeereiiiiiiiiieeeeeeeteeiiiiineeeeeeeeeeenniieeeeeeeenes 91
Asynchronous Interface Timing DIQGIaAIIS .........ccitiuuiuiiiereriieiiiiiiiiie et et ettt e e e eeeeeeaiaieeeeeeeteeraaniaeseseeessennanns 92
512Mb: x16, x32 Mobile LPDDR SDRAM .....coiiiiiiiiiiieeee ittt e e ettt e e e e e s ettt et e e e e e sttt et eeeeesaaibbeaeeeas 102
FEALUTES ..oovviiiiiiiiiiiii et et et et e s e e e e 102
GENETAL DESCTIPTION ..iiiiiiiiiiiiiieeeeeteiiiitiir e e e ettt ettt e e e e eeetatbbta e e eeeeeeetattaa e e eeeeaeestataaneseeeeeessssannnssesaseresssnnn 103
Functional BIOCK DIQGTAIMNS .......ccuiuiiuiiieietiiiiiiiiieee e e e ete ettt e e e e e e eettabiea s e e eeeeettttta s e seeeeaeassnaaneseeeeeessnnannesasaaees 104
ELeCtrical SPECITICATIONIS ....uuieiiiiiiiiiiiiee ettt e e e e ettt e e e e e e e eetttbas e e e e e eeeeaaaaa e seeeeeessasaaeeeaaaans 106
Electrical Specifications — Ipp PATQIMETETS ........uuuuieiieiiiiiiiiiiiee e et eieiiiiiee e e e e e eettetise e e e e eeetaaaaisseseeeeeesenbanneeeaaaaes 109
Electrical Specifications — AC Operating CONAITIONS ........uuuuuirereiiiiiiiiiiiineeeeeteiiiiiinreeeeeeetreiiinaeeeeeeeeraaiiaeeeaeaaes 115
OULPUL DIV CRATACTETISTICS ...ueieiiiiiiiiiiiiee et e ettt e ettt e e e et ettt e e e e e e e tetaba e e eeeeeeeabbbaneeeeeeeeeassnannnness 120
FUNCHIONAL DESCTIPTION .vtuuiietiiiiiiiiiiieee e e ettt e e e e e ettt tiiie e e e e e e eettata s e e s eeeeetetste e eeeeeeeaasnaaneseeeeesssnnannasasaaaes 123
(000) 10010 F: 1 16 SO 124
DESELECT ..ttt 125
NO OPERATTON ...ttt 125
LOAD MODE REGISTER .....etttittttttiiiiiiitt ettt e e e ettt e e e e e sttt et e e e e e e e sttt b et eeeeeesananbbebeeeeaeeaens 125
ACTIVE e e 125
READ i 126
L3 U N PP P PP P PP PO PP PP PP PP PPPPPPPPPPPPPPPPRS 127
PRECHARGE ....oiiiiiiiiiiiii 128
BURST TERMINATE ...ttt ettt ettt et e e e e ettt et e e e e e ettt et e e e e e s e b bbbbeeeeeeeesanasbbbbeeeeaeeanns 129
AUTO REFRESH ...ttt e 129
SELF REFRESH ... e 130
DEEP POWER-DOWIN .....uiiiitittttteet ittt e e e e e ettt et e e e e e s et bttt et eeeeeaaaabbb bttt eeeeeeaaabbbbteeeeeeessananbbbbeeeeaeeaans 130
TIUth TADIES ..oooiiiiiiii i 131
N7 L B a2 1 o KT RPPPPRRRPPPPINN 136
INTHALZATION «oeiiiiiiiiiiiii 137
StanAard MOAE REZISTET ...c.uuuuiieieiiiiiiiiiieee ettt e ettt e e e e e e ettt bbb e e e eeeetetabaa e eeeeeeaasstasseeseeeeeessnannnnnss 140
L3201 E] =) 0Py i o OO TPUPPTPPPTR 141
BUIST TYPE ettt ettt ettt e et e et e e ea et aae e et e e ta s e ta e e e e eaaeeenas 141
07 -1 < s [0} A TP TP PPTPPPPI 142
OPETATING IMOAE ....uueeeiiiiiiiiiiiiee et e ettt e e e e et ettt e e e e e e e eettbt s e e eeeeeeaattaa e eeeeaaeststaaneseeeeeesssstnnnssesesenenssnen 143
EXteNded MOAE REGISTET .....ceeiiiiiiiiiiiiiiee ettt e ettt e e e e e et ettt e e e e e e e e eeetbaa e e e eeeeeeaasaa e eeeaeeessnsannnesaeaaaes 144
Temperature-Compensated Self REfTESh ..........uuuiiiiiiiiiiiiiiie e e e 144
Partial-Array SEIf REFTESI .....ccoiiiiiiiiiiie ettt e e e e e et et e e e e e e e eeatba s 145
OULPUL DIIVE STIEINGEN oeiiiiiiiiiieeie ettt e e et ettt e e e e e e ettt ittt s e e eeeeeeatbta e eeeaeeerasstannsesasenesssens 145

] LD R T T (T 4 ] ) U PPUPPPRR 146
PDF: 09005aef84a93e6f 4 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features

Bank/ROW ACHVATION ..eooiiiiiiiiiiiiiiiiiiiiiii 148
READ OPETATION .. eettitieetiiie ettt e ettt e e ettt e e ettt e e ettt e e ettt e e e taaa e e ettt e e e etaa e e e eeaa e e eteaa e e eessa e eeaanaeeeesnneeeennnns 149
A N 0] o Tc) = 1a o) o N PP PPPPPT 160
PRECHARGE OPETATION «.etvtiiiiiiiieetiiieeettiie e eeeiie e ettt e e ettt e e ettt e e ettt e e ettaaeeetenaeeetsnaaaeetsnaeeetsnaeeeesnneeeennnns 172
AULO PIECRATEE ..oeiiviiiiiei ettt e e e e e e et ettt e e e e e e e eetbtb s e e eeeeeeeabaa s eeeaeaesestnannseeeeeneessnan 172
CONCUITENT AUTO PTECIATZE ... .uueiiiiiiiiiiiiiiie e e e ettt e e e e e e e e ettt s e s e eeeeeeeaabaeseeeeeaeasnens 172
AUTO REFRESH OPETAIOT ..evvuiiiiiiiiieiiiii ettt ettt e ettt e ettt e ettt e e ettt s e eetbae s e e ttaa s eeetaa s eeeanaeeeeeesanseeennannees 178
SELF REFRESH OPETATION «.cceuuiiiiiiieeiiiiie ettt ettt ettt e ettt e e et te e ettt e e ettt e e ettt e e eteba e e eetanaeeeesanaeeeeenaaeeenes 179
POWEI-DIOWIL L.iiiiiiiiiiiiiiiiii ettt e et b e et e e e ta e e e taa e e e aaa e e eaaaaas 181
DEEP POWET-DIOWIL ..ceiiiiiiiiiiiiiie ettt ettt e et e et e e et et e e e ta e e ea s etaaeeeaneeaneeeenas 182
ClOCK ChanGE FIEQUEIICY .....uuuuieiiiiiiiiiiiiiiee e et et tiitiee e e e e et ettt e e e e e e ettabta e e eeeeeeetabaaeeeeeeeeaassbannaeeeeeeenssnnnnnnnss 184
JCA T (o) s W 5 1] 0] PP TPPPPT 185
REV.E = 10/15 ettt ettt e et ettt e e e e e e et e e e e e e e e te e bbb e e e e et e e aaa s 185
REV.E — 09715 ottt ettt e e e et e e e e et et e e e et e e aa e 185
REV. D — 12714t 185
REV.Cm03/14 ettt e e e et ettt e e e e e ettt e e e e e e et et b e e e e et e e e a s 185
REV. B — 06712 oottt e ettt e e ettt e e e e e te e e e e et e e aa s 185
REVLA = 02712 oottt et ettt e e e ettt e e e e e te e b e e e et e e aa s 185
PDF: 09005aef84a93e6f 5 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(E/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features

List of Tables

Table 1: Part NUMDET REFETENICES .......iiiiiiiiiiiiiiiie ettt e e e e e ettt e e e e e e eeeebbbaneeeeeeeeees 1
Table 2: x8, x16 NAND Ball DESCIIPIIONS ...evviuiiiiiieeeiiiiiiiiiiie ettt e ettt e e e e ettt ettbiae e e e eeeeeetbbaaaaeeeeeeeees 14
Table 3: x16, Xx32 LPDDR Ball DESCIIPTIONS «evvvvvuuieeeeiiiiiiiiiiieee e ettt e e eeeeteitiise e e e eeeeeettbieseeeeeeeetnbaaaaeeeeeeeees 15
Table 4: Non-Device-Specific DeSCIIPHIONS .....c.cceiiiiiiiiiiiiiiiiiiiiiii e 16
Table 5: Absolute Maximum RAtINGS ......ccceviuimuiiiieeiiiiiiiiiiie ettt e e e e ettt ettt e e e e eeeeeetbbiaeeeeeeeeeees 17
Table 6: Recommended Operating CONAItiONS ..........cooiiiiiiiiiiiiiiiiiiiiiii e 17
Table 7: Chip-Select Signal Assignments per Chip-Count Configuration ............ccccccccveiiiiiiiiiiiiin.. 18
Table 8: Array AdAIeSSING (X8) ..eeeeurruuueeeeetiiiiiiiieee e et ettt e e e e e etttttt e e e eeeetttttbua e eeeeeteettbnaaaeeeeeeeesnrnnaaeeeeeeeees 23
Table 9: Array AdAreSSING (X16) eeeevuuuueeeeeieiiiiiiieeeeee ettt e e e e e eeetttt e e eeeetetttbaa e e eeeeteattbanaaeeeeeeeesnsnnaaeeeeereees 24
Table 10: Asynchronous Interface Mode Selection ..............ccccciiiiiiiiiiiiiiiiiiee 25
Table 11: COMIMANA ST ....uieeiiiiiiiiiiie ettt e ettt e e e e ettt ettb e e e eeetettbbaa e e eeeeeeetnbaaaaeeeeeeeesnnaanneeeeeeeaes 36
Table 12: READ ID Parameters for Address 000 .........coouuuimiiiiiiiiiiiiiiie ettt eeeeeees 40
Table 13: READ ID Parameters for Address 2001 ........ccoouuiiiiiiiiiiiiiiiiiie ettt eeeeeees 41
Table 14: Parameter Page Data STIUCTUIE ..........ooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiei ettt e e 43
Table 15: Feature Address DefiNitioNs .......ccuuuuuuiiieeiiiiiiiiiie ettt e ettt e e e e e e eeeebbbae e e eeeeeeaes 47
Table 16: Feature Address 90h — Array Operation MOde ...........ccooeiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeee 48
Table 17: Feature Addresses 01h: Timing MOGE .......cccoevuiuuiiiieiiiiiiiiiiie et e ettt e e e ee ettt e e eeeeeeees 50
Table 18: Feature Addresses 80h: Programmable I/0 Drive Strength ............ccccccccciii 51
Table 19: Feature Addresses 81h: Programmable R/B# Pull-Down Strength ...........ccccccccci.. 51
Table 20: Status Register Definition ... 52
Table 21: Block Lock Address Cycle ASSIZNIMENTS ........ccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 71
Table 22: Block Lock Status Register Bit Definitions ...........cccccccciiiiiiiiiiiiie 74
Table 23: Error Management DEtails ...........ouuuuiiieiiiiiiiiiiiiee ettt ettt e e e e et e e e e eeeees 83
Table 24: Absolute Maximumm RatiNES .......ccuuuruuiiiieeiiiiiiiiiiiee ettt e ettt e e e e et teettbiae e e eeeeeeetabaaaaeeeeeeeees 84
Table 25: Recommended Operating CONItIONS ..........cooiiiiiiiiiiiiiiiiiiiiiiiiii e 84
Table 26: Valid BIOCKS ......uuiiiiiiiiiiiiiiie ettt e e e ettt ettt e e e e e e e et ettt e e e e eeeeeeanbaaaeeeeeeeaes 84
Table 27: CAPACITAIICE ...ooeiiiiiiiiiiiiiiiiiiii et 85
Table 28: TeSt COMAITIONS ...ueeiieiiiiiiiiieee e ettt e e ettt e e e e et eetttb e e eeeetetttbaaaseeeeeteettbaaaaeeeeeeeesnnnanneeeeeeeees 85
Table 29: AC Characteristics: Command, Data, and Address Input (3.3V) ...ccoouuiiiiiiriiiiiiiiiiiiiee e 86
Table 30: AC Characteristics: Command, Data, and Address Input (1.8V) .....ccuuuuiiiiriiiiiiiiiiiiiineeeiereeiiiiie e e 86
Table 31: AC Characteristics: Normal Operation (3.3V) ......coeeiiiiiiiiiiiiieeee ettt eeeeeebibie e e eeeeeees 87
Table 32: AC Characteristics: Normal Operation (1.8V) ......ccceiiiiiiiiiiiiiiie et ettt eeee et eeeeeeeees 87
Table 33: DC Characteristics and Operating Conditions (3.3V) ...cccuuuuiiiriiiiiiiiiiiiiiee ettt eereeiie e e eeeeens 89
Table 34: DC Characteristics and Operating Conditions (1.8V) .....c..uuuiiieeiiiiiiiiiiiieeeeeetieiiiiiee e eeeeeiiiiie e eeeeeens 90
Table 35: ProgramErase CharaCteriSTiCSs ..........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 91
Table 36: Configuration AAATIESSING ......ccooiiiiiiiiiiiiiiiiiiiii 102
Table 37: Absolute Maximumm RatiNES .......cceuuuiuuiiieeieiiiiiiiiiiee ettt e ettt e e e e e et tetaabe e e e eeeeeeeaabaaeeaeeeees 106
Table 38: AC/DC Electrical Characteristics and Operating Conditions .............cccccccciiiiii.. 106
Table 39: CapaCItanCe (X16, X32) eevvuuueeeeeetittiiiiiaeeeeeetttttiti e eeeetettttuaa e eeeetettettaaaeeeeeetsennsaaaeeeeeerssnnnnnaaaeeeees 108
Table 40: Ipp Specifications and Conditions, —40°C t0 +85°C (X16) .....uueeeeeeiriiiiimiiiieeeeeretiiiiiiaeeeeeeeertiiiaaeeeeeeees 109
Table 41: Ipp Specifications and Conditions, —40°C t0 +85°C (X32) ...euuuireieeiiiiiiiiiiiieeeeeeetiiiiiie e e eeeeeetiiiaaeeeeeeees 110
Table 42: Ipp Specifications and Conditions, —40°C t0 +105°C (X16) ....uureeeeerriiimiiiiieeeeereeiiiiiiaeeeeeeeeriniiaeeeeeeees 111
Table 43: Ipp Specifications and Conditions, —40°C t0 +105°C (X32) ...uuueeereerrrtrimiiiiieeeeeretriiiiaeeeeeeeereuiiaeeaeeeees 112
Table 44: Ippg Specifications and CONAITIONS ......ceeeeiiiiiiiiiiiiee ettt e ee ettt e e e e eeetetabiaeeeeeeees 113
Table 45: Electrical Characteristics and Recommended AC Operating Conditions ............ccccccccceiiiin. 115
Table 46: Target Output Drive Characteristics (Full Strength) .............cccccccii 120
Table 47: Target Output Drive Characteristics (Three-Quarter Strength) ..............ccccccc . 121
Table 48: Target Output Drive Characteristics (One-Half Strength) ................c 122
Table 49: Truth Table — COMMANTS .....ccceiiiiiiiiiiiiie ettt ettt e e e et ettt e e e e e eeetetbbaa e e eeeeeeeetbbaaeeaeeeees 124
Table 50: DM Operation Truth Table ... 125
PDF: 09005aef84a93e6f 6 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN

© 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p!? ICron 130-Ball NAND Flash with LPDDR MCP

Features
Table 51: Truth Table — Current State Bank 7 — Command to Bank 72 ..........cccoviiiiiiiiiiiiiiiiieeceeeeeeeeeeanes 131
Table 52: Truth Table — Current State Bank 7 — Command to Bank 77 .........cc.ooiiviiiiiiiiiiiiiceeieceeeeeeieeans 133
Table 53: TrUth TADIE — CKE .....iuniiiiiiiii ittt et e e e e et et e et s et e e s e e e san e et e eaeeeneeaneennes 135
Table 54: Burst Definition TADIE ..........oouniiiiiiiii e e e e e et e et et e e e aneeanes 141
PDF: 09005aef84a93e6f 7 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN

© 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(E/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features

List of Figures

Figure 1: MCP BIOCK DIQGIAIM ....ccoiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 1
Figure 2: Part NUMDer CRaTT ........oooiiiiiiiiiiiiiiiiiii e 2
Figure 3: 130-Ball VFBGA (NAND x8/x16; LPDDR x32) Ball ASSIGNIMENTS .....ccevvvuiiiereiiiiiiiiiiiiineeeeeeeeiiiiiieeeeeeeeeens 12
Figure 4: 130-Ball VFBGA (NAND x8/x16; LPDDR x16) Ball ASSIGNIMENTS .....ccevvvuuiieeeiiiiiiiiiiiiineeeeeeeeiiiiiieeeeeeeeeens 13
Figure 5: 130-Ball Functional Block Diagram (LPDDR) .......uiiiiiiiiiiiiiiiiiieee ettt et eeeee 0

Figure 6: 130-Ball VFBGA (Package Code: MR) .....ccooiiiiiiiiiiiiiee ittt e ettt e e e e e eeeees 19
Figure 7: NAND Flash Die (LUN) Functional Block DIiagram ...............oeeiiiiiiiiiiiiiiiin ettt e e 22
Figure 8: Array Organization — X8 ...........ccoiiiiiiiiiiiiiiiiiiiiiiii et e s e e eeeaes 23
Figure 9: Array Organization — X160 ..........ccoiiiiiiiiiiiiiiiiiiiii et e et eeaeaes 24
Figure 10: Asynchronous Command Latch CyCle ...........ccccccciiiiiiiiiiiiiiiieee 26
Figure 11: Asynchronous Address Latch CycCle ............cccccciiiiiiiiiiiii 27
Figure 12: Asynchronous Data INDUt CYCLES ........ccoiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeee e 28
Figure 13: Asynchronous Data Output CYCLES ............ccooiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee 29
Figure 14: Asynchronous Data Output Cycles (EDO Mode) .........cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 30
Figure 15: READ/BUSY# OPen DIAIN .......ccoiiiiiiiiiiiiiiiiiiiiiii et 31
Figure 16: Fall and TRISE (3.3VVE(E) uuurrrrirreeeeeiiiiiiiitteeeeesaaettttteeeessanantssseeeeessesaansssaeeeaesssasaassssseesasssessnnssssees 32
Figure 17: Fall and TRISE (1.8VVE(E) uuvrrrrirreeeeeiiiiiiiitteeeeeeaaiiitteteeeeesassntseeeeeaeesesaansssaaeeaesesasaanssssaeeasssessnssssees 32
Figure 18: I1 VS. RP (Vor = 3.3V V 00) ttuutttiiiiiteiiiee ettt ettt ettt e e et e e e et e e etan e e eeana e eeeenanes 33
Figure 19: Igp VS. RP (1.8V V() teruuiiiiiiiie ettt ettt ettt e e ettt e e et e e e eebe e e eean e e eennaeeeennanes 33
FIigure 20: TC VS. RP oottt et e et e eeaaaes 34
Figure 21: R/B# Power-On Behavior ... 35
Figure 22: RESET (FFh) OPETAtION ....uuuiieiiiiiiiiiiiieeeeee ettt e e e et ttiiiee e e e e et tettbbiae e e e eeeeeettbaaeeeeeeeeeesnbanaaeeeeeeeees 38
Figure 23: READ ID (90h) with 00h Address OPeration ..........cceeeeieuuuuiieeeeeeiiiiiiiiiee e eeeteeiiiiae e e eeeeerebnbiieeeeeeeeeens 39
Figure 24: READ ID (90h) with 20h Address OPeration .........ceeeieeiiuimuiiereeeeeiiiiiiiie e e eeetetiiiiee e e eeeeeretabiieeeeeeeeeees 39
Figure 25: READ PARAMETER (ECh) OPETatiOn ......cccettuutuueieeiiiiiiiiiiieeeeeeeettiiiiie e e e eeeteetiiiieeeeeeeeeetabiaaaeeeeeeeeens 42
Figure 26: READ UNIQUE ID (EDh) OPEIatiOn ......ccceettiituuieieeeiiiiiiiiiiieeeeeeettiiiiiiieeeeeeeteetiniieeeeeeereetananaeeeeeeeeens 46
Figure 27: SET FEATURES (EFH) OPETatiON .......ceeeeiiiiiiiiiiiieeeeeeeitiiiiie e e eeetetiiiise e e e eeeteettbiieeeeeeeeeennbaaaaeeeeeeeens 48
Figure 28: GET FEATURES (EER) OPETAtION .....uuuiiiiiiiiiiiiiieee ettt ettt e e e e et teettiie e e e e e eeeebabiaeeeeeeeeeens 49
Figure 29: READ STATUS (700) OPETIAtION .eeeuuuuuiieeeeiiiiiiiiiiieee e et eettiiiiae e e eeeetetttiiieeeeeeeteettaaaaseeeeeeeesnbnnaaeeeeeeeees 53
Figure 30: RANDOM DATA READ (05h-EOh) OPETation .......cceeeieiiiiumiiiieeeeiiiiiiiiiiaeeeeeeeteiiiiie e e eeeeeeiiiiieeeeeeeeeens 54
Figure 31: RANDOM DATA INPUT (85h) OPEIatiON ...cccuuvuuueeeeeeiiiiiiiiiieeeeeeetttiiiiiiaeeeeeeteetiiiieaeeeeeeeetnnnnaaeeeeeeeees 55
Figure 32: PROGRAM FOR INTERNAL DATA INPUT (85h) OPeration ........ccccuuuuuieeeeeieiieiiiiiiineeeeereeiiiiiieeeeeeeneens 56
Figure 33: READ PAGE (00h-30h) OPEIatiON ......cceeeeiiiiiiiiiiieeeeetiiiiiiiiie e e e e e etetitiiseeeeeeeteettbiaeeeeeeeeeetabaaaaeeeeeeeens 58
Figure 34: READ PAGE CACHE SEQUENTIAL (31h) OPEration ......c..uuueeeeeeeiiiiiiiiiieeeeeeiieiiiiieeeeeeeeeeiiiiieeeeeeeeeens 59
Figure 35: READ PAGE CACHE RANDOM (00h-31h) OPeration ..........cceeeeeeiiiiimiiiieeeeeeiiiiiiiieneeeeeeeeiiiiieeeeeeeeeens 60
Figure 36: READ PAGE CACHE LAST (3Fh) OPETatiOn ........ceeeeeiiiiiiiiiiiieeeeeeiiiiiiiieeeeeeeeeeiiiiseeeeeeeeeetnbiieeeeeeeeeens 61
Figure 37: PROGRAM PAGE (80h-100) OPETATOI .. .ceiiiiiiiiiieeeeeeeiiiiiiie e e eeeetetiiiiiaeeeeeeeeeettbiaeeeeeeeeeetaranaaeeeeeeeens 63
Figure 38: PROGRAM PAGE CACHE (80h-15h) Operation (Start) .........cceeeeereeiimmiieeeeeeerieiiiiieeeeeeeeeeiiniieeeeeeeeeens 64
Figure 39: PROGRAM PAGE CACHE (80h-15h) Operation (End) ........ccooeeiiiiiiiiiiiiiineiiiiiiiiiiieee et 64
Figure 40: ERASE BLOCK (60h-D0h) OPETAtiON .....cccetttiituieieeeiiiiiiiiiiieeeeeeetttiiiiie e e e eeeteetibiieeeeeeeeeetaranaaaeeeeeeeees 65
Figure 41: READ FOR INTERNAL DATA MOVE (00h-35h) OPeration ..........cceuuuuuiieeeeeieiieiiiiiieneeeeeeeeiiiiiieeeeeeeeeens 67
Figure 42: READ FOR INTERNAL DATA MOVE (00h-35h) with RANDOM DATA READ (05h-EOh) .........ceeeeeeeeens 67
Figure 43: PROGRAM FOR INTERNAL DATA MOVE (85h-100) ..ccctuuiiiiiiiiiiiiiiiiiiieee ettt 68
Figure 44: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT (85h) ......cceveeeeeeeens 68
Figure 45: Flash Array Protected: INVErt ATea Bit = 0 ...cccuuuuiiiieiiiiiiiiiiiie ettt e e e e e e et eeeeeeeens 70
Figure 46: Flash Array Protected: INVErt ATea Bit = 1 ...coouuiuiiiiiiiiiiiiiiiiie ettt e e e ettt eeeeeeeees 70
Figure 47: UNLOCK OPEIAtiON ....cuuuuuuiiiiiiiiiiiiiiiiie ittt e et et e e e e e e s e taaa e e e e esaaes 71
Figure 48: LOCK OPEIAtION .....cciiiiiuiiiiiiiiiiiiiiiiie ettt e e et et b e e e et e taaaa e e e e enanns 72
Figure 49: LOCK TIGHT OPETALION ....uuiiiiiiiiiiiiiiiiiiiiiiiiiii ettt e et aa e e e e eaeans 73
Figure 50: PROGRAM/ERASE Issued to Locked BIOCK ... 74
PDF: 09005aef84a93e6f 8 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN

© 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features
Figure 51: BLOCKLOCK READ STATUS ...cciiiiiiiiiiiiiiiiei ittt e e e 74
Figure 52: BLOCK LOCK FIOWCRATT .ccciiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 75
Figure 53: OTP DATA PROGRAM (After Entering OTP Operation Mode) ...........uuuveeeeeiiiiiiiiiiieneeeeeeiiiiiiinnneeeeeeenns 78
Figure 54: OTP DATA PROGRAM Operation with RANDOM DATA INPUT (After Entering OTP Operation Mode) 79
Figure 55: OTP DATA PROTECT Operation (After Entering OTP Protect Mode) .........cccceeeveiiiiiiiiiiiiiiiiiiiiiinnnnnn. 80
Figure 56: OTP DATA READ ....ccciiiiiiiiiiiiiiiiii ittt e e et e e e e e e iaaaae s 81
Figure 57: OTP DATA READ with RANDOM DATA READ OPEIatiOn ......cceeeeeiiiiiiieeeeeeeiiiiiiiiieeeeeeeeeeeiiiieaeeeeeeeens 82
Figure 58: RESET OPETAtION ...ccceviiiiiiiiiiiiiiiiiiiiiee ettt ettt et ettt s e e e e e teeaaae s e e e e eteeaasaaa e eeeanenns 92
Figure 59: READ STATUS CYCLE ..cceiiiiiiiiiiiiiiiiiiiiiiiiii e 92
Figure 60: READ PARAMETER PAGE .......coiiiiiiiiiiiiiiiiiiiiiiiiie ettt 93
Figure 61: READ PAGE ..ottt ettt e e ettt s e e e e et e eaaaa e e e e eeeenns 93
Figure 62: READ PAGE Operation with CE# “DOn’t Care” ............cccoeiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 94
Figure 63: RANDOM DATA READ .....ouiiiiiiiiiiiiiiiiiiii ettt et e e e 95
Figure 64: READ PAGE CACHE SEQUENTIAL ......ooiiiiiiiiiiiiiiiiiiiiiii ittt 96
Figure 65: READ PAGE CACHE RANDOM .....oooiiiiiiiiiiiiiiiiiiiiiiict ettt 97
Figure 66: READ ID OPETAtION ..cevvvuuiiiiiiiiiiiiiiiiiee e ettt ettt e ettt e e e e e e teeaaae e e e eeeteeaaaaaa e eeeenenns 98
Figure 67: PROGRAM PAGE OPEIatiOn .....cccoviuuiiiiiiiiiiiiiiiiiieeet ittt ettt e e e e e teeaane e e e e eeenns 98
Figure 68: PROGRAM PAGE Operation with CE# “Don’t Care” ...........cccoeiiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeee 99
Figure 69: PROGRAM PAGE Operation with RANDOM DATA INPUT .....cooiiiiiiiiiiiiiiiiiiiiiiiiieeceeeeeeee 99
Figure 70: PROGRAM PAGE CACHE .......ooiiiiiiiiiiiiiiiiiii ittt e e 100
Figure 71: PROGRAM PAGE CACHE Ending on 150 .....ooooiiiiiiiiii 100
Figure 72: INTERNAL DATA MOVE ......oiiiiiiiiiiiiiiiiiiit ettt ettt e e et e e e e e e e 101
Figure 73: ERASE BLOCK OPETAION ....uciiiiiiiiiiiiiiiieieiiiiiiiieee ettt ettt e e e e et tea e eeeeetasanae e eeeeees 101
Figure 74: Functional Block Diagram (X16) .......c.cooiiiiiiiiiiiiiiiiiiiiiiiiiii 104
Figure 75: Functional Block Diagram (X32) .......cccooiiiiiiiiiiiiiiiiiiii 105
Figure 76: Typical Self Refresh Current vs. TEMPETATUIE .........ccceieiriiuiiinereeeeiiiiiiiineeeeeeetriiiinneeeeeeeereniineeesaaees 114
Figure 77: ACTIVE COMIMANA ...eeiiiiiiiiiiiiiiiiiiiiiiiiiiiii it 126
Figure 78: READ COmMIMANG ...oooiiiiiiiiiiiiiiiiiiiiiiiiiii 127
Figure 79: WRITE COMIMANG .....ccooiiiiiiiiiiiiiiiiiiiiiiiiiiii e 128
Figure 80: PRECHARGE COMMANA ....coooiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 129
Figure 81: DEEP POWER-DOWN COMMANM .......ouuiiiiiiiiiiiiiiiiiiiiiiee ettt e e eiianeee e e e e e 130
Figure 82: Simplified State DIagram ..........ooooiiiiiiiiiiiiiiiiiiiii 136
Figure 83: Initialize and Load Mode ReGISTEIS .......cccoiiiiiiiiiiiiiiiiiiiiiii 138
Figure 84: Alternate Initialization with CKE LOW ... 139
Figure 85: Standard Mode Register Definition ... 140
FIigure 86: CAS LATEIICY ...uuuuiiiiiiiiiiiiiiiee ettt ettt e e e ettt e e e e e e e e e taaabaeeeeeeees 143
Figure 87: Extended MOAE REZISTET ........ccoiiiiiiuiiiieeieiiiiiiiiee e ettt e e e e ettt e e e e e e eetaaaaisseeeeeeeesaabiaeeeeaaaes 144
Figure 88: Status Read ReGISter TIMING .......ccuuuuuiiieiiiiiiiiiiiiiee et e e e eeet et e e e e e eeeaaaiias e e e e eeeesbabieeeaaaaes 146
Figure 89: Status Register Definition ..o 147
Figure 90: READ BUTIST ..euuuiiiiiiiiiiiiiiee ettt ettt e e e ettt aa e e e e et etaaabaeseeeeees 150
Figure 91: Consecutive READ BUTISES ......cccoiiiiiiiiiiiiiiiiiiiiiiie ettt ettt e e e et enae e e eeees 151
Figure 92: Nonconsecutive READ BUTSES .....c.uuuuiiiiiiiiiiiiiiiiiii ittt ettt e et e eeees 152
Figure 93: RaNdom REAA ACCESSES .....cceeiiiiiiiiiiiiiiiiiiiiiiiiiii e 153
Figure 94: Terminating @ READ BUISE .....ccooiiiiiiiiiiiiiiiiiiiiiiee ettt e e et e eeeee 154
Figure 95: READ-TO-WRITE .....cooiiiiiiiiiiiiiiiii ettt ettt e e e e et et aaab s e e eeees 155
Figure 96: READ-10-PRECHARGE ......ccoiiiiiiiiiiiiii ittt ettt et e e e 156
Figure 97: Data Output Timing - 'DQSQ, '‘QH, and Data Valid Window (X16) ..........ccceeeerrvreeerniireeenniiieeeennnnee 157
Figure 98: Data Output Timing - 'DQSQ, '‘QH, and Data Valid Window (X32) .........cccceeeerriieeerniieeeenniiieeeennenee 158
Figure 99: Data Output Timing — 'AC and "DQSCK ........ceerruiiieiiiiiieeeiiiieeeeeiitee e ettt e e e s e e s e e e e sbaeeesseaeeees 159
Figure 100: Data INDPUEL TIMIIIZ «.vuuniiiiiiieeiiiie ettt ettt e e ettt e e e tea e e etaa e e ettba e e etanaeeeeebaneeeeennnns 161
Figure 101: WIite — DM OPETAION ...uuuuiiiiiiiiiiiiiiiiieeie ettt ettt ettt e e ettt taat e e e e e et taaabiaeeeeeaens 162
Figure 102: WRITE BUIST ....uoiiiiiiiiiiiiiie ettt ettt e ettt a e e e e et e taaabae s e eeeees 163
PDF: 09005aef84a93e6f 9 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN

© 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Features
Figure 103: Consecutive WRITE-10-WRITE ........ccciiiiiiiiiiiiiiiiiiiiii ettt e e 164
Figure 104: Nonconsecutive WRITE-t0-WRITE ........ccoooiiiiiiiiiiiiiii et 164
Figure 105: Random WRITE CYCLES ....cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 165
Figure 106: WRITE-t0-READ — UNINEETITUPTIIE «evvuunteiiiieeeiiiiee ettt eeiiiee e ettt e e ettt e e eteie e e ettt e e etanaeeeeesnaeeeeennnns 166
Figure 107: WRITE-t0-READ — INTEITUPLITIE ..ueeevtuiriiiiieeeiiiie ettt e ettt e e ettt e e et e e eteie e e ettt e e eeaneeeeesaaeeeeennnns 167
Figure 108: WRITE-to-READ — Odd Number of Data, INteIrrupting ...........cceeeeriuiiiierereiiiiiiiiiineeeeeeeeiiiiinneeeeeeens 168
Figure 109: WRITE-to-PRECHARGE — UnNINterTuPiNg .....ccevuueieiiiieeeiiiiieteiiiee ettt e ettt e e et e eeeeieeeeennans 169
Figure 110: WRITE-to-PRECHARGE — INTETTUPTINE eevvuuiiiiiieieiiiiie ittt e ettt e et e ettt e e et e e eeta e e eeanaes 170
Figure 111: WRITE-to-PRECHARGE — Odd Number of Data, Interrupting ...........cooeeeeeeeeiiiiiiineneeereiiiiiiiineeeeenens 171
Figure 112: Bank Read —With Auto Precharge ... 174
Figure 113: Bank Read —Without Auto Precharge ... 175
Figure 114: BankWrite —With Auto Precharge ... 176
Figure 115: Bank Write —Without Auto Precharge .............ccccccciiiiiiii 177
Figure 116: Auto Refresh MOAe ........oooiiiiiiiiiiiiiiiiiiiii 178
Figure 117: Self Refresh MOAe ......cooooiiiiiiiiiiiiiiiiiii 180
Figure 118: Power-Down Entry (in Active or Precharge Mode) ...........cccccciiiiiiiiiiiiiii 181
Figure 119: Power-Down Mode (Active or Precharge) ... 182
Figure 120: Deep POWET-DOWN MOGE .....coooiiiiiiiiiiiiiiiiiiiiiiiiii 183
Figure 121: CloCk StOP MOAE ...coooiiiiiiiiiiiiiiiiiiiiiiii 184
PDF: 09005aef84a93e6f 10 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN

© 2012 Micron Technology, Inc. All rights reserved.



Aicron

Micron Confidential and Proprietary

130-Ball NAND Flash with LPDDR MCP
MCP General Description

IMCP General Description

Micron MCP products combine NAND Flash and Mobile LPDRAM devices in a single
MCP. These products target mobile applications with low-power, high-performance,
and minimal package-footprint design requirements. The NAND Flash and Mobile
LPDRAM devices are also members of the Micron discrete memory products portfolio.

The NAND Flash and Mobile LPDRAM devices are packaged with separate interfaces
(no shared address, control, data, or power balls). This bus architecture supports an op-
timized interface to processors with separate NAND Flash and Mobile LPDRAM buses.
The NAND Flash and Mobile LPDRAM devices have separate core power connections
and share a common ground (that is, Vgg is tied together on the two devices).

The bus architecture of this device also supports separate NAND Flash and Mobile
LPDRAM functionality without concern for device interaction.
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Figure 3: 130-Ball VFBGA (NAND x8/x16;

LPDDR x32) Ball Assignments
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Figure 4: 130-Ball VFBGA (NAND x8/x16; LPDDR x16) Ball Assignments
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Ball Assignments and Descriptions

Table 2: x8, x16 NAND Ball Descriptions

Symbol Type Description
ALE Input Address latch enable: When ALE is HIGH, addresses can
be transferred to the on-chip address register.
CE# Input Chip enable: Gates transfers between the host system
and the NAND device.
CLE Input Command latch enable: When CLE is HIGH,

commands can be transferred to the on-chip
command register.

RE# Input Read enable: Gates information from the NAND
device to the host system.

WE# Input Write enable: Gates information from the host system
to the NAND device.
WP# Input Write protect: Driving WP# LOW blocks ERASE and
PROGRAM operations.
I/0[7:0] Input/ Data inputs/outputs: The bidirectional I/Os transfer
(x8) output address, data, and instruction information. Data is
/0[15:0] output only during READ operations; at other times

the 1/Os are inputs.
I/0[15:8] are RFU! for x8 NAND devices.

R/B# Output Ready/busy: Open-drain, active-LOW output that
indicates when an internal operation is in progress.

(x16)

Ve Supply Vcc: NAND power supply.

Note: 1. Balls marked RFU may or may not be connected internally. These balls should not be
used. Contact factory for details.
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Ball Assignments and Descriptions

Table 3: x16, x32 LPDDR Ball Descriptions

Symbol Type Description

A[13:0] Input Address inputs: Specifies the row or column address.
Also used to load the mode registers. The maximum
LPDDR address is determined by density and
configuration. Consult the LPDDR product data sheet
for the maximum address for a given density and
configuration. Unused address balls become RFU.!

BAO, BA1 Input Bank address inputs: Specifies one of the 4 banks.
CAS# Input Column select: Specifies which command to execute.
CK, CK# Input CK is the system clock. CK and CK# are differential

clock inputs. All address and control signals are
sampled and referenced on the crossing of the rising
edge of CK with the falling edge of CKi#.

CKEO, CKE1 Input Clock enable.

CKEO is used for a single LPDDR product.
CKE1 is used for dual LPDDR products and is
considered RFU for single LPDDR MCPs.

CSO#, CS1# Input Chip select:

CSO# is used for a single LPDDR product.
CS14# is used for dual LPDDR products and is
considered RFU for single LPDDR MCPs.

UDM, LDM Input Data mask: Determines which bytes are written
(x16) during WRITE operations.
DM[3:0]
(x32)
RAS# Input Row select: Specifies the command to execute.
WE# Input Write enable: Specifies the command to execute.
DQ[15:0] Input/ Data bus: Data inputs/outputs.
(x16) output
DQ[31:0]
(x32)
uDQS, LDQS Input/ Data strobe: Coordinates READ/WRITE transfers
(x16) output of data; one DQS per DQ byte.
DQS[3:0]
(x32)
Vpp Supply Vpp: LPDDR power supply.
Vbbq Supply Vppq: LPDDR I/O power supply.
Vssq Supply Vssq: LPDDR I/0 ground.

Note: 1. Balls marked RFU may or may not be connected internally. These balls should not be
used. Contact factory for details.
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Table 4: Non-Device-Specific Descriptions

Symbol Type Description
Vss Supply Vss: Shared ground.
Symbol Type Description
DNU - Do not use: Must be grounded or left floating.
NC - No connect: Not internally connected.
RFU! - Reserved for future use.

. Balls marked RFU may or may not be connected internally. These balls should not be
used. Contact factory for details.
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Electrical Specifications

Table 5: Absolute Maximum Ratings

Parameters/Conditions Symbol Min Max Unit
Vcc, VDD' VDDQ supply VOltage VCC, VDD, -1.0 2.4 Vv
relative to VSS VDDQ

Voltage on any pin VN -0.5 2.4 or (supply voltage' + Y,
relative to Vsg 0.3V), whichever is less

Storage temperature range =55 +150 °C

Note: 1. Supply voltage references V¢¢, Vpp, or Vppg.

Stresses greater than those listed under “Absolute Maximum Ratings” may cause per-
manent damage to the device. This is a stress rating only, and functional operation of
the device at these or any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect reliability.

Table 6: Recommended Operating Conditions

Parameters Symbol Min Typ Max Unit
Supply voltage Vee, Vop 1.70 1.80 1.95 \Y
I/0 supply voltage Vbbq 1.70 1.80 1.95 \%
Operating temperature range - -40 - +85 °C
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Device Diagrams

Device Diagrams

Figure 5: 130-Ball Functional Block Diagram (LPDDR)

CE# >
- v
CLE >~ cc
ALE ~ NAND Flash
RE# >
% j> 110
WE# > N
WP# >
» R/B#
= Vss
CSO# - - Voo
K ~ ~ VbbQ
CK# - - DM
CKEO - LPDDR
RASH# - % '—j> DQ
CAS# -
WE# > > = DQS
- Vss
Address, — L N - Vs a
BAO, BA1 ~— [ V

Table 7: Chip-Select Signal Assignments per Chip-Count Configuration

Chip Count DRAM Die 0 DRAM Die 1 Notes
1 NAND, 1 LPDRAM CSO#, CKEO n/a

1 NAND, 2 LPDRAM CSO#, CKEO CS1#, CKE1 1

2 NAND, 2 LPDRAM CSO#, CKEO CS1#, CKE1 1,2

Notes: 1. All other signals are shared between both DRAM devices.
2. When multiple NAND chips are included, they share a single CE signal.
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Package Dimensions

Figure 6: 130-Ball VFBGA (Package Code: MR)
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Notes: 1. All dimensions are in millimeters.
2. Package code MD uses solder ball material: SAC105 (98.5% Sn, 1% Ag, 0.5% Cu).
3. Package code MR uses solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
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1Gb: x8, x16 NAND Flash Memory

1Gb: x8, x16 NAND Flash Memory

Features

e Open NAND Flash Interface (ONFI) 1.0-compliant!
* Single-level cell (SLC) technology
¢ Organization
— Page size x8: 2112 bytes (2048 + 64 bytes)
— Page size x16: 1056 words (1024 + 32 words)
— Block size: 64 pages (128K + 4K bytes)
— Device size: 1Gb: 1024 blocks
e Asynchronous I/0 performance
— 'RC/'WC: 20ns (TYP, 3.3V), 25ns (1.8V)
* Array performance
— Read page: 25us
— Program page: 200pus (TYP, 3.3V and 1.8V)
— Erase block: 700us (TYP)
e Command set: ONFI NAND Flash Protocol
Advanced command set
— Program page cache mode
Read page cache mode
One-time programmable (OTP) mode
— Read unique ID
Internal data move
Block lock (1.8V only)
¢ Operation status byte provides software method for detecting
— Operation completion
— Pass/fail condition
— Write-protect status
e Internal data move operations supported within the device from which data is read
¢ Ready/busy# (R/B#) signal provides a hardware method for detecting operation com-
pletion
o WP# signal: write protect entire device
e First block (block address 00h) is valid when shipped from factory with ECC; for mini-
mum required ECC, see Error Management.
¢ Block 0 requires 1-bit ECC if PROGRAM/ERASE cycles are less than 1000
e RESET (FFh) required as first command after power-on
* Alternate method of device initialization (Nand_Init) after power-up? (contact facto-
1y)
* Quality and reliability
— Data retention: 10 years
— Endurance: 100,000 PROGRAM/ERASE cycles
e Operating Voltage Range
— Ve 2.7-3.6V
~ Vee: 1.7-1.95V
e Operating temperature
— Commercial: 0°C to +70°C
— Industrial (IT): —40°C to +85°C

Notes: 1. The ONFI 1.0 specification is available at www.onfi.org.
2. Available only in the 1.8V VFBGA package.
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General Description

General Description

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

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

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

Architecture

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

Data is transferred to or from the NAND Flash memory array, byte by byte (x8) or word
by word (x16), through a data register and a cache register.

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

Figure 7: NAND Flash Die (LUN) Functional Block Diagram

Vcc Vss
A
N
I/Ox<ﬁ> /o Address Register |
Control ress Register !
Status Register |
1 Z
| Command Register |
CE# —b Ne— N7
CLE — — »| Column Decode
ALE —  Control °
WE#E —> Logic B | NAND Flash
RE# —p 8 Array
WP# __ 4 z
LOCK' —p -
Data Register
R/B# A
» Cache Register

Note: 1. The LOCK pin is used on the 1.8V device.
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Device and Array Organization

Figure 8: Array Organization - x8

«— 2112 bytes ——»
- 1/00
Cache Register ’ 2048 i64 I/O/7/
|
Data Register ’ 2048 164
—~
}64 pages = 1 block
128K + 4K) byt
1024 blocks 1 block (128K + 4K) bytes
per device < 1page = (2K + 64) bytes
1 block = (2K + 64) bytes x 64 pages
= (128K + 4K) bytes
— 1 device = (2K + 64) bytes x 64 pages
x 1024 blocks
= 1056Mb

Table 8: Array Addressing (x8)

Cycle 1/07 1/06 1/05 1/04 1/0Q3 1/02 1/01 1/00
First CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO0
Second Low Low Low LOW cA11! CA10 CA9 CA8
Third BA7 BAG6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8

Notes: 1. If CA11is 1, then CA[10:6] must be 0.
2. Block address concatenated with page address = actual page address; CAx = column ad-
dress; PAx = page address; BAx = block address.
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Device and Array Organization

Figure 9: Array Organization - x16

+«—— 1056 words ———»
- /00
Cache Register ’ 1024 132 I/O/1/5
|
Data Register ’ 1024 132
—
}64 pages = 1 block
1024 blocks 1 block (64K + 2K) words
per device < 1page = (1K + 32) words
1block = (1K + 32) words x 64 pages
= (64K + 2K) words
— 1 device = (1K + 32) words x 64 pages
x 1024 blocks
= 1056Mb

Table 9: Array Addressing (x16)

Cycle 1/0[15:8] 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00
First LOwW CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO
Second LOW LOW LOW LOwW Low LOwW CA10? CA9 CA8
Third LOW BA7 BA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 BA8

Notes: 1. If CA10is 1, then CA[9:5] must be 0.

2. Block address concatenated with page address = actual page address. CAx = column ad-
dress; PAx = page address; BAx = block address.

3. 1/0[15:8] are not used during the addressing sequence and should be driven LOW.
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Asynchronous Interface Bus Operation

Asynchronous Interface Bus Operation

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

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

Table 10: Asynchronous Interface Mode Selection

Mode' CE# CLE ALE WE# RE# 1/0x WP#
Standby? H X X X X X OV
Command input L H L | § H X H
Address input L L H | § H X H
Data input L L L | § H X H
Data output L L L H _Ll' X X
Write protect X X X X X X L

Notes: 1. Mode selection settings for this table: H = Logic level HIGH; L = Logic level LOW; X = V|
or V||_.

2. WP# should be biased to CMOS LOW or HIGH for standby.

Asynchronous Enable/Standby

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

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

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

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

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

For devices with a x16 interface, I/O[15:8] must be written with zeros when a command
is issued.
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Asynchronous Interface Bus Operation
L

Figure 10: Asynchronous Command Latch Cycle

CLE N
_ tCls  tCLH

tcs | tcH

twp

WE# \i\ //
S LT

 'bs | IDH.

/)| Don't Care

26



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Asynchronous Interface Bus Operation

Asynchronous Addresses

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

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

Addresses are input on I/0[7:0] on x8 devices and on 1/0[15:0] on x16 devices.

Figure 11: Asynchronous Address Latch Cycle
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Asynchronous Interface Bus Operation

Asynchronous Data Input

Data is written to the cache register of the selected die (LUN) on the rising edge of WE#
when CE# is LOW, ALE is LOW, CLE is LOW, and RE# is HIGH.

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

Data is input on I/0[7:0] on x8 devices and on I/0[15:0] on x16 devices.

Figure 12: Asynchronous Data Input Cycles
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Figure 13: Asynchronous Data Output Cycles
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Asynchronous Interface Bus Operation

Data can be output from a die (LUN) if it is in a READY state. Data output is supported
following a READ operation from the NAND Flash array. Data is output from the cache
register of the selected die (LUN) on the falling edge of RE# when CE# is LOW, ALE is

LOW, CLE is LOW, and WE# is HIGH.

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

Data is output on 1/0[7:0] on x8 devices and on I/0[15:0] on x16 devices.
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Asynchronous Interface Bus Operation

Figure 14: Asynchronous Data Output Cycles (EDO Mode)
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Write Protect#

Don’t Care

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

It is recommended that the host drive WP# LOW during power-on until V o is stable to
prevent inadvertent PROGRAM and ERASE operations (see Device Initialization for ad-
ditional details).

WP# must be transitioned only when the target is not busy and prior to beginning a
command sequence. After a command sequence is complete and the target is ready;,
WP# can be transitioned. After WP# is transitioned, the host must wait '‘WW before issu-
ing a new command.

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

Ready/Busy#

The ready/busy# (R/B#) signal provides a hardware method of indicating whether a tar-
get is ready or busy. A target is busy when one or more of its die (LUNs) are busy

(RDY = 0). A target is ready when all of its die (LUNs) are ready (RDY = 1). Because each
die (LUN) contains a status register, it is possible to determine the independent status
of each die (LUN) by polling its status register instead of using the R/B# signal (see Sta-
tus Operations for details regarding die (LUN) status).

This signal requires a pull-up resistor, Rp, for proper operation. R/B# is HIGH when the
target is ready, and transitions LOW when the target is busy. The signal's open-drain
driver enables multiple R/B# outputs to be OR-tied. Typically, R/B# is connected to an
interrupt pin on the system controller.
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The combination of Rp and capacitive loading of the R/B# circuit determines the rise
time of the R/B# signal. The actual value used for Rp depends on the system timing re-
quirements. Large values of Rp cause R/B# to be delayed significantly. Between the 10%
and 90% points on the R/B# waveform, the rise time is approximately two time con-
stants (TC).

Tc=RxC
Where R = Rp (resistance of pull-up resistor), and C = total capacitive load.
The fall time of the R/B# signal is determined mainly by the output impedance of the

R/B# signal and the total load capacitance. Approximate Rp values using a circuit load
of 100pF are provided in Figure 20 (page 34).

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

loL + %y
Where %, is the sum of the input currents of all devices tied to the R/B# pin.

Figure 15: READ/BUSY# Open Drain
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Asynchronous Interface Bus Operation

Figure 16: tFall and 'Rise (3.3V V()

3.50

3.00 N

2.50 \
t tp:

- \ <_FaII Rlse_> / L

2.00

v \ /
1.50 \ /
1.00 \\
0.50 )

~—

|

——
0.00 T T T 2 2 T T T
-1 0 2 4 0 2 4 6
Tc V33V

Notes: 1. 'Fall and 'Rise calculated at 10% and 90% points.

2. 'Rise dependent on external capacitance and resistive loading and output transistor im-
pedance.
tRise primarily dependent on external pull-up resistor and external capacitive loading.
4. 'Fall = 10ns at 3.3V.
5. See TCvalues in Figure 20 (page 34) for approximate Rp value and TC.

w

Figure 17: tFall and *Rise (1.8V V()
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1. tfFall and tRise are calculated at 10% and 90% points.

2. 'Rise is primarily dependent on external pull-up resistor and external capacitive loading.
3. tFall = 7ns at 1.8V.

4. See TCvalues in Figure 20 (page 34) for TC and approximate Rp value.

Notes:
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Asynchronous Interface Bus Operation

Figure 18: Ig,. vs. Rp (Vcc = 3.3V V()
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Figure 19: lg, vs. Rp (1.8V V()
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Figure 20: TC vs. Rp

130-Ball NAND Flash with LPDDR MCP
Asynchronous Interface Bus Operation

1200

1000

800

T(ns)

600

400 /
200

e

0 ! i 1 | 1 |
0 2000 4000 6000 8000 10,000 12,000
Rp Q) — g at Ve (MAX)
RC=TC
C = 100pF
PDF: 09005aef84a93e6f 34 Micron Technology, Inc. reserves the right to change products or specifications without notice.

130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN

© 2012 Micron Technology, Inc. All rights reserved.



Aicron

Device Initialization

Micron Confidential and Proprietary

130-Ball NAND Flash with LPDDR MCP
Device Initialization

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

1.
2.

Figure 21: R/B# Power-On Be

Ramp V.

The host must wait for R/B# to be valid and HIGH before issuing RESET (FFh) to
any target. The R/B# signal becomes valid when 50ps has elapsed since the begin-
ning the V¢ ramp, and 10pus has elapsed since V¢ reaches V¢ (MIN).

If not monitoring R/B#, the host must wait at least 100us after V¢ reaches V¢
(MIN). If monitoring R/B#, the host must wait until R/B# is HIGH.

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

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

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

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

The device is now initialized and ready for normal operation.

havior

50ps (MIN)

VCC=\|/CC (MIN) —}— ( Z

Vee S =

10us
(MAX)

R/B#

Ve ramp
starts

s i

100us (MAX) Reset (FFh)
is issued

W Invalid
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Command Definitions

Table 11: Command Set

130-Ball NAND Flash with LPDDR MCP
Command Definitions

DATA MOVE

Number of
Valid Data Valid While
Command Address Input Command | Selected LUN is
Command Cycle #1 Cycles Cycles Cycle #2 Busy' Notes
Reset Operations
RESET FFh 0 - - Yes
Identification Operation
READ ID 90h 1 - - No
READ PARAMETER PAGE ECh 1 - - No
READ UNIQUE ID EDh 1 - - No
Feature Operations
GET FEATURES EEh 1 - - No
SET FEATURES EFh 1 4 - No
Status Operations
READ STATUS 70h 0 - - Yes
Column Address Operations
RANDOM DATA READ 05h - EOh No
RANDOM DATA INPUT 85h Optional - No
PROGRAM FOR 85h Optional - No 2,3
INTERNAL DATA MOVE
READ OPERATIONS
READ MODE 00h 0 - - No
READ PAGE 00h - 30h No
READ PAGE CACHE SEQUEN- 31h - - No 4
TIAL
READ PAGE CACHE 00h 4 - 31h No 4
RANDOM
READ PAGE CACHE LAST 3Fh 0 - - No 4
Program Operations
PROGRAM PAGE 80h Yes 10h No
PROGRAM PAGE CACHE 80h 4 Yes 15h No 5
Erase Operations
ERASE BLOCK 60h 2 - DOh No
Internal Data Move Operations
READ FOR INTERNAL 00h 4 - 35h No 2
DATA MOVE
PROGRAM FOR INTERNAL 85h Optional 10h No 3

Block Lock Operations
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130-Ball NAND Flash with LPDDR MCP
Command Definitions

Table 11: Command Set (Continued)

Number of
Valid Data Valid While
Command Address Input Command | Selected LUN is
Command Cycle #1 Cycles Cycles Cycle #2 Busy' Notes
BLOCK UNLOCK LOW 23h 2 - - No
BLOCK UNLOCK HIGH 24h 2 - - No
BLOCK LOCK 2Ah - - - No
BLOCK LOCK-TIGHT 2Ch - - - No
BLOCK LOCK READ 7Ah 2 - - No
STATUS
One-Time Programmable (OTP) Operations
OTP DATA LOCK BY PAGE 80h 4 No 10h No 6
(ONFI)
OTP DATA PROGRAM (ONFI) 80h Yes 10h No
OTP DATA READ (ONFI) 00h 4 No 30h No

Notes:

—_

Busy means RDY = 0.

Do not cross plane address boundaries when using READ FOR INTERNAL DATA MOVE
and PROGRAM FOR INTERNAL DATA MOVE.

PROGRAM FOR INTERNAL DATA MOVE operation is prohibited between even and odd
blocks.

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

Issuing a PROGRAM PAGE CACHE (80h-15h) command when the array is busy (RDY = 1,
ARDY = 0) is supported if the previous command was a PROGRAM PAGE CACHE
(80h-15h) command; otherwise, it is prohibited.

OTP commands can be entered only after issuing the SET FEATURES command with the
feature address.
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Reset Operations

Reset Operations

RESET (FFh)

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

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

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

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

Figure 22: RESET (FFh) Operation

Cycle type { Command )

|
1/0[7:0] FF

twB tRST

R/B# M
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Identification Operations

Identification Operations

READ ID (90h)

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

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

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

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

Figure 23: READ ID (90h) with 00h Address Operation

Cycle type E/ | _Pour >‘< Dour >‘< Dour >‘< Doyt >‘< Dour >_

YWHR
1/0[7:0] Oh i Byte 0 >—< Byte 1 >—< Byte 2 >—< Byte 3 >—< Byte 4 >—

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

Figure 24: READ ID (90h) with 20h Address Operation

Cycle type i {_Pour X Pour X Pour X Pour )—

tWHR

1/0[7:0] 20h | 4Fh >< 4Eh >< 46h >< 49h >—

I
Note: 1. See READ ID Parameter tables for byte definitions.
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130-Ball NAND Flash with LPDDR MCP
READ ID Parameter Tables

Table 12: READ ID Parameters for Address 00h

b = binary; h = hexadecimal

| Options | v07 | w06 | W05 | W04 | KO3 | W02 | W01 | 10O | Value
Byte 0 - Manufacturer ID
Manufacturer | Micron | 0 | 0 | 1 | 0 | 1 | 1 | 0 | 0 | 2Ch
Byte 1 - Device ID
MT29F1GOSABAEA 1Gb, x8, 3.3V 1 1 1 F1h
MT29F1GO8ABBEA 1Gb, x8, 1.8V 1 0 1 0 0 1 Alh
MT29F1G16ABBEA 1Gb, x16, 1.8V 1 0 1 0 0 0 1 B1h
Byte 2
Number of die per CE 1 0 0 00b
Cell type SLC 0 0 00b
Number of simultaneously 1 0 0 00b
programmed pages
Interleaved operations be- Not supported 0 0Ob
tween multiple die
Cache programming Supported 1 1b
Byte value MT29F1GOS8ABAEA 1 0 0 0 0 0 0 80h
MT29F1GO8SABBEA 1 80h
MT29F1G16ABBEA 1 80h
Byte 3
Page size 2KB 0 1 01b
Spare area size (bytes) 64B 1 1b
Block size (without spare) 128KB 0 1 01b
Organization x8 0 0b
x16 1b
Serial access 1.8V 25ns 0 0 0xxx0b
(MIN) 3.3V 20ns 1 0 1xxx0b
Byte value MT29F1GOSABAEA 1 1 0 1 1 95h
MT29F1GO8ABBEA 0 1 0 1 0 1 15h
MT29F1G16ABBEA 0 1 0 1 0 1 55h
Byte 4
Reserved 0 0 00b
Planes per CE# ' 2 0 1 01b
Plane size 512Mb 0 0 0 000b
Reserved 0 0b
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130-Ball NAND Flash with LPDDR MCP
READ ID Parameter Tables

Table 12: READ ID Parameters for Address 00h (Continued)

b = binary; h = hexadecimal
Options 1/07 | 1/06 | 1/05 | 1/04 | 1/03 | 1/02 | I/01 | 1/00 | Value
Byte value MT29F1GOSABAEA 0 0 0 0 0 1 0 0 04h
MT29F1GOS8ABBEA 0 0 0 0 0 1 0 0 04h
MT29F1G16ABBEA 0 0 0 0 0 1 0 0 04h
Note: 1. Only single-plane operations are supported.
Table 13: READ ID Parameters for Address 20h
h = hexadecimal
Byte Options 1/07 1/06 1/05 1/04 1/03 1/02 1/01 1/00 Value
0 "o" 0 1 0 0 1 1 1 1 4Fh
1 “N” 0 1 0 0 1 1 1 0 4Eh
2 “F" 0 1 0 0 0 1 1 0 46h
3 " 0 1 0 0 1 0 0 1 49h
4 Undefined X X X X X X X X XXh
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READ PARAMETER PAGE (ECh)

READ PARAMETER PAGE (ECh)

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

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

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

To insure data integrity, x8 devices contain at least eight copies of the parameter page,
and x16 devices contain at least four copies of the parameter page. Each parameter
page is 256 bytes. If the initial READ PARAMETER PAGE (ECh) command fails to retrieve
a correct copy of the parameter page, the command can be reissued until a correct copy
is retrieved. If desired, the RANDOM DATA READ (05h-EOh) command can be used to
change the location of data output.

Figure 25: READ PARAMETER (ECh) Operation

Cycle type \_Pour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >_
1/0[7:0] o0n PO, X Plg X .. X poy WPty X —
|

tws R tRR

R/B#
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Parameter Page Data Structure Tables

Table 14: Parameter Page Data Structure

h = hexadecimal

Byte |Description Value
0-3 Parameter page signature 4Fh, 4Eh, 46h, 49h
4-5 Revision number 02h, 00h
6-7 Features supported MT29F1GOS8ABAEAWP 10h, 00h
MT29F1GO8ABBEAHC 10h, 00h
MT29F1G16ABBEAHC 11h, 00h
MT29F1GOSABBEAH4 10h, 00h
MT29F1G16ABBEAH4 11h, 00h
MT29F1GOSABAEAH4 10h, 00h
MT29F1GO8ABAEA3W 10h, 00h
MT29F1GO8ABBEA3W 10h, 00h
MT29F1G16ABBEA3W 11h, 00h
8-9 Optional commands supported 3Fh, 00h
10-31 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h
32-43 |Device manufacturer 4Dh, 49h, 43h, 52h, 4Fh, 4Eh, 20h, 20h, 20h, 20h,
20h, 20h
44-63 |Device model MT29F1GO8ABAEAWP 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 30h, 38h, 41h,
42h, 41h, 45h, 41h, 57h, 50h, 20h, 20h, 20h, 20h
MT29F1GO8ABBEAHC 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 30h, 38h, 41h,
42h, 42h, 45h, 41h, 48h, 43h, 20h, 20h, 20h, 20h
MT29F1G16ABBEAHC 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 31h, 36h, 41h,
42h, 42h, 45h, 41h, 48h, 43h, 20h, 20h, 20h, 20h
MT29F1GO8ABBEAH4 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 30h, 38h, 41h,
42h, 42h, 45h, 41h, 48h, 34h, 20h, 20h, 20h, 20h
MT29F1G16ABBEAH4 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 31h, 36h, 41h,
42h, 42h, 45h, 41h, 48h, 34h, 20h, 20h, 20h, 20h
MT29F1GO8ABAEAH4 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 30h, 38h, 41h,
42h, 41h, 45h, 41h, 48h, 34h, 20h, 20h, 20h, 20h
MT29F1GO8ABAEA3W 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 30h, 38h, 41h,
42h, 41h, 45h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F1GO8ABBEA3W 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 30h, 38h, 41h,
42h, 42h, 45h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
MT29F1G16ABBEA3W 4Dh, 54h, 32h, 39h, 46h, 31h, 47h, 31h, 36h, 41h,
42h, 42h, 45h, 41h, 33h, 57h, 20h, 20h, 20h, 20h
64 Manufacturer ID 2Ch
65-66 |Date code 00h, 00h
67-79 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h
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Parameter Page Data Structure Tables

Table 14: Parameter Page Data Structure (Continued)

h = hexadecimal

Byte |Description Value
80-83 |Number of data bytes per page 00h, 08h, 00h, 00h
84-85 |Number of spare bytes per page 40h, 00h
86-89 |Number of data bytes per partial page 00h, 02h, 00h, 00h
90-91 |[Number of spare bytes per partial page 10h, 00h
92-95 |Number of pages per block 40h, 00h, 00h, 00h
96-99 |Number of blocks per unit 00h, 04h, 00h, 00h
100 Number of logical units 01h
101 Number of address cycles 22h
102 Number of bits per cell 01h
103-104 |Bad blocks maximum per unit 14h, 00h
105-106 |Block endurance 01h, 05h
107 Guaranteed valid blocks at beginning of target 01h
108-109 |Block endurance for guaranteed valid blocks 00h, 00h
110 Number of programs per page 04h
111 Partial programming attributes 00h
112 Number of bits ECC bits 04h
113 Number of interleaved address bits 00h
114 Interleaved operation attributes 00h
115-127 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h
128 1/0 pin capacitance 0Ah
129-130 [Timing mode support MT29F1GO8ABAEAWP 3Fh, 00h
MT29F1GO8ABBEAHC 1Fh, 00h
MT29F1G16ABBEAHC 1Fh, 00h
MT29F1GOSABBEAH4 1Fh, 00h
MT29F1G16ABBEAH4 1Fh, 00h
MT29F1GOSABAEAH4 3Fh, 00h
MT29F1GO8ABAEA3W 3Fh, 00h
MT29F1GO8ABBEA3W 1Fh, 00h
MT29F1G16ABBEA3W 1Fh, 00h
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Parameter Page Data Structure Tables

Table 14: Parameter Page Data Structure (Continued)

h = hexadecimal

Byte |Description Value
131-132 |Program cache timing MT29F1GOSABAEAWP 3Fh, 00h
mode support MT29F1GO8ABBEAHC 1Fh, 00h
MT29F1G16ABBEAHC 1Fh, 00h
MT29F1GOSABBEAH4 1Fh, 00h
MT29F1G16ABBEAH4 1Fh, 00h
MT29F1GO8ABAEAHA4 3Fh, 00h
MT29F1GOSABAEA3W 3Fh, 00h
MT29F1GO8ABBEA3W 1Fh, 00h
MT29F1G16ABBEA3W 1Fh, 00h
133-134 [tPROG (MAX) page program time 58h, 02h
135-136 ['BERS (MAX) block erase time B8h, 0Bh
137-138 |[R (MAX) page read time 19h, 00h
139-140 [*CCS (MIN) 64h, 00h
141-163 |Reserved 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h
164-165 |Vendor-specific revision number 01h, 00h
166-253 |Vendor-specific 01h, 00h, 00h, 02h, 04h, 80h, 01h, 81h, 04h, 01h,
02h, 01h,0Ah, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h,00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h,00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h,00h, 00h, 00h, 00h, 00h, 00h, 00h, 00h,
00h, 00h, 00h, 00h,00h, 00h, 00h, 00h
254-255 |Integrity CRC Set at test
256-511 |Value of bytes 0-255
512-767 |Value of bytes 0-255
768+ |Additional redundant parameter pages
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READ UNIQUE ID (EDh)

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

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

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

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

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

The upper eight I/0s on a x16 device are not used and are a “Don’t Care” for x16 devi-
ces.

Figure 26: READ UNIQUE ID (EDh) Operation

Cycle type \_ Pour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >‘< Dour >_

1/0[7:0] 00h uo, X Ute W o X uo WUty K —

R/B#
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Feature Operations

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

130-Ball NAND Flash with LPDDR MCP
Feature Operations

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

Table 15: Feature Address Definitions

Feature Address Definition
00h Reserved
01h Timing mode
02h-7Fh Reserved
80h Programmable output drive strength
81h Programmable RB# pull-down strength
82h-FFh Reserved
90h Array operation mode
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Table 16: Feature Address 90h - Array Operation Mode

Subfeature
Parameter Options 1/07 1/06 1/05 1/04 1/03 1/02 1/01 /00 | Value | Notes
P1
Operation Normal Reserved (0) 0 00h 1
mode option | oTp Reserved (0) 1 01h
operation
oTP Reserved (0) 1 1 03h
protection
Reserved (0) 00h
Reserved (0) 00h
P2
Reserved | | Reserved (0) | 00h |
P3
Reserved | | Reserved (0) | 00h |
P4
Reserved | | Reserved (0) | 00h |

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

SET FEATURES (EFh)

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

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

The EFh command is followed by a valid feature address. The host waits for '‘ADL before
the subfeature parameters are input. When the asynchronous interface is active, one
subfeature parameter is latched per rising edge of WE#.

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

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

Figure 27: SET FEATURES (EFh) Operation

Cycle type —«IommandXAddlress DIIN >—< Din >—< Dy >—< Dy

tADL

|/O[7:0]—< EFh >< FA P1 >< P2 >< P3 >< PI4
[ [

|tWB  trear

R/B# R
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GET FEATURES (EEh)

The GET FEATURES (EEh) command reads the subfeature parameters (P1-P4) from the
specified feature address. This command is accepted by the target only when all die
(LUNSs) on the target are idle.

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

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

After ‘FEAT completes, the host enables data output mode to read the subfeature pa-
rameters.

Figure 28: GET FEATURES (EEh) Operation

Cycle type &« >< Dour >‘< Dour >‘< Dour >_
1/0x EEh FA P1 >< P2 >< P3 >< P4 >—

R/B# % 7~Z
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Table 17: Feature Addresses 01h: Timing Mode

Subfeature
Parameter Options 1107 1/06 1/05 /04 /03 1/02 /01 1/00 | Value | Notes
P1
Timing mode Mode 0 Reserved (0) 0 0 0 00h 1,2
(default)
Mode 1 Reserved (0) 0 0 1 01h 2
Mode 2 Reserved (0) 0 1 0 02h 2
Mode 3 Reserved (0) 0 1 1 03h 3
Mode 4 Reserved (0) 1 0 0 04h 3
Mode 5 Reserved (0) 1 0 1 05h 4
P2
| Reserved (0) | | | | 00h |
P3
| Reserved (0) | | | | 00h |
P4
| Reserved (0) | | | | 00h |
Notes: 1. The timing mode feature address is used to change the default timing mode. The timing
mode should be selected to indicate the maximum speed at which the device will re-
ceive commands, addresses, and data cycles. The five supported settings for the timing
mode are shown. The default timing mode is mode 0. The device returns to mode 0
when the device is power cycled. Supported timing modes are reported in the parame-
ter page.
2. Supported for both 1.8V and 3.3V.
3. Supported for 3.3V only.
4. Not supported.
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Table 18: Feature Addresses 80h: Programmable 1/0 Drive Strength

Subfeature

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

P1

I/O drive strength |Full (default) Reserved (0) 0 0 00h 1
Three-quarters Reserved (0) 0 1 01h
One-half Reserved (0) 1 0 02h
One-quarter Reserved (0) 1 1 03h

P2
| | Reserved (0) | | | | 00h |

P3
| | Reserved (0) | | | | 00h |

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

Note: 1.

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

Table 19: Feature Addresses 81h: Programmable R/B# Pull-Down Strength

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

Note: 1.

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

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

After the READ STATUS (70h) command is issued, status register output is enabled. The
contents of the status register are returned on I/0[7:0] for each data output request.

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

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

Table 20: Status Register Definition

SR Program Program Page Page Read
Bit Page Cache Mode Page Read Cache Mode | Block Erase Description
7 Write protect | Write protect | Write protect | Write protect |Write protect|0 = Protected
1 = Not protected
6 RDY RDY' cache RDY RDY' cache RDY 0 = Busy
1 = Ready
5 ARDY ARDY? ARDY ARDY? ARDY Don't Care
4 - - - - - Don't Care
3 - - - - - Don't Care
2 - - - - - Don't Care
1 FAILC(N - 1) FAILC (N - 1) Reserved - - Don't Care
0 FAIL FAIL (N) - - FAIL 0 = Successful PROGRAM/
ERASE
1 = Error in PROGRAM/
ERASE
Notes: 1. Status register bit 6 is 1 when the cache is ready to accept new data. R/B# follows bit 6.

2. Status register bit 5 is 0 during the actual programming operation. If cache mode is
used, this bit will be 1 when all internal operations are complete.
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READ STATUS (70h)

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

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

Figure 29: READ STATUS (70h) Operation

Cycle type Command |

YWHR

l————— >
0Oh
|

v
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Column Address Operations

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

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

RANDOM DATA READ (05h-EOh)

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

(RDY =1; ARDY = 0).

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

Figure 30: RANDOM DATA READ (05h-EOh) Operation

Cycle type —< Dout >—< DOIUT> /Comrlnand>< Address ><Address ><Comrlnand\ | < Dout >—< Dout >< Dout >—
» TRHW . YWHR
Vo[7:0] — bn Mon+1)»— osh X < X @ X Eoh ) | { Dk WDk +1){Dk +2)—
[ [ [
SR[6]
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RANDOM DATA INPUT (85h)

The RANDOM DATA INPUT (85h) command changes the column address of the selec-
ted cache register and enables data input on the last-selected die (LUN). This command
is accepted by the selected die (LUN) when it is ready (RDY = 1; ARDY = 1). It is also ac-
cepted by the selected die (LUN) during cache program operations

(RDY = 1; ARDY = 0).

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

The RANDOM DATA INPUT (85h) command is allowed after the required address cycles
are specified, but prior to the final command cycle (10h, 11h, 15h) of the following com-
mands while data input is permitted: PROGRAM PAGE (80h-10h), PROGRAM PAGE
CACHE (80h-15h), and PROGRAM FOR INTERNAL DATA MOVE (85h-10h).

Figure 31: RANDOM DATA INPUT (85h) Operation

As defined for PAGE As defined for PAGE
(CACHE) PROGRAM (CACHE) PROGRAM
L !
Cycle type ——< Dy >—< Din >—<Command>< Address ><Address > { Din >—< Din >< Dy M —
tADL

1/0[7:0] ——< Dn >—<Dn+1>—< 85h >< I >< @ > { Dk >—<Dk+1><Dk+2\ —
I I

RDY

PROGRAM FOR INTERNAL DATA INPUT (85h)

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

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

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

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

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

The PROGRAM FOR INTERNAL DATA INPUT (85h) command can be used with the
RANDOM DATA READ (05h-E0h) command to read and modify cache register contents
in small sections prior to programming cache register contents to the NAND Flash ar-
ray. This capability can reduce the amount of buffer memory used in the host controller.

The RANDOM DATA INPUT (85h) command can be used during the PROGRAM FOR
INTERNAL DATA MOVE command sequence to modify one or more bytes of the origi-
nal data. First, data is copied into the cache register using the 00h-35h command se-
quence, then the RANDOM DATA INPUT (85h) command is written along with the ad-
dress of the data to be modified next. New data is input on the external data pins. This
copies the new data into the cache register.

Figure 32: PROGRAM FOR INTERNAL DATA INPUT (85h) Operation

Cycle type a—< Dy >—< Dy >—<Command><Address XAddress XAddress XAddress XCom*
tADL

1/0[7:0] «—( Dn ><Dn+1>—< 85h >< c1 >< @ >< R1 >< R2 10h Dk *

I

RDY
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Read Operations

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

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

Read Cache Operations

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

To begin a read page cache sequence, begin by reading a page from the NAND Flash ar-
ray to its corresponding cache register using the READ PAGE (00h-30h) command.
R/B# goes LOW during 'R and the selected die (LUN) is busy (RDY = 0, ARDY = 0). After
R (R/B# is HIGH and RDY = 1, ARDY = 1), issue either of these commands:

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

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

After the READ PAGE CACHE series (31h, 00h-31h) command has been issued, R/B#
goes LOW on the target, and RDY = 0 and ARDY = 0 on the die (LUN) for ‘RCBSY while
the next page begins copying data from the array to the data register. After '‘RCBSY,
R/B# goes HIGH and the die’s (LUN’s) status register bits indicate the device is busy
with a cache operation (RDY = 1, ARDY = 0). The cache register becomes available and
the page requested in the READ PAGE CACHE operation is transferred to the data regis-
ter. At this point, data can be output from the cache register, beginning at column ad-
dress 0. The RANDOM DATA READ (05h-EOh) command can be used to change the col-
umn address of the data output by the die (LUN).

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

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

ARDY =1, indicating that the cache register is available and that the die (LUN) is ready.
Data can then be output from the cache register, beginning at column address 0. The
RANDOM DATA READ (05h-E0h) command can be used to change the column address
of the data being output.

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

The READ MODE (00h) command disables status output and enables data output for
the last-selected die (LUN) and cache register after a READ operation (00h-30h,
00h-3Ah, 00h-35h) has been monitored with a status operation (70h). This command is
accepted by the die (LUN) when it is ready (RDY = 1, ARDY = 1). It is also accepted by the
die (LUN) during READ PAGE CACHE (31h, 00h-31h) operations

(RDY =1 and ARDY = 0).

READ PAGE (00h-30h)

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

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

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

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

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

Figure 33: READ PAGE (00h-30h) Operation

Cycle type —<Command>< Address ><Address ><Address ><Address Command < Doyt >< Doyt >< Doyt >—
vo[7:0]— ooh X < X @ X Rl X R 30h ( Dn XPn+1XPn+ 20—

RDY 3‘: 7~Z
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READ PAGE CACHE SEQUENTIAL (31h)

The READ PAGE CACHE SEQUENTIAL (31h) command reads the next sequential page
within a block into the data register while the previous page is output from the cache
register. This command is accepted by the die (LUN) when it is ready

(RDY =1, ARDY = 1). It is also accepted by the die (LUN) during READ PAGE CACHE
(31h, 00h-31h) operations (RDY = 1 and ARDY = 0).

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

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

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

Figure 34: READ PAGE CACHE SEQUENTIAL (31h) Operation

|

Cycle type {Commandx Address x4 ><Command Command Doyt X Doyt X Doyt ><Command Doyt >—
‘ 1 1
|/o[7:o]{ 00h ><PageAddressM>< 30h 31h DO >< >< Dn }( 31h D0 »—
‘tWB %R RR ‘ twe  treesy tRR { ‘tWB tReBsy tRR
F L |
RDY
k % 1 L J : o J
'
Page M Page M+1
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READ PAGE CACHE RANDOM (00h-31h)

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

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

After this command is issued, R/B# goes LOW and the die (LUN) is busy

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

Figure 35: READ PAGE CACHE RANDOM (00h-31h) Operation

| |
Cycle type —<Command>< Address x4 ><Command Command>< Address x4 ><Command Doyt X Doyt X Doyt >—1—<Command>
- |
1/0[7:0] —< 00h XPage Address M>< 30h 00h XPage Address N>< 31h DO X X Dn >—< 00h >
‘WB R RR| WB fRCBSY _ 'RR l |
RDY L J‘
YT

Cycle type—< Dout >—<Command>< Address x4 ><Command Dout

1
I/O[7:O]—< Dn >T< 00h XPageAddressPX 31h DO

WB  fRCBSY _'RR

RDY i

| Page N

READ PAGE CACHE LAST (3Fh)

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

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

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

Figure 36: READ PAGE CACHE LAST (3Fh) Operation

As defined for
READ PAGE CACHE
(SEQUENTIAL OR RANDOM)

|
Cycle type —@mand { Dour >< Doyt >< Doyt >-<C0mmand\ { Dour >< Dour >< Doyt >—
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Program Operations

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

Within a block, pages must be programmed sequentially from the least significant page

address to the most significant page address (0, 1, 2, ....., 63). During a program opera-
tion, the contents of the cache and/or data registers are modified by the internal control
logic.

Program Operations

The PROGRAM PAGE (80h-10h) command programs one page from the cache register
to the NAND Flash array. When the die (LUN) is ready (RDY = 1, ARDY = 1), the host
should check the FAIL bit to verify that the operation has completed successfully.

Program Cache Operations

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

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

PROGRAM PAGE (80h-10h)

The PROGRAM PAGE (80h-10h) command enables the host to input data to a cache reg-
ister, and moves the data from the cache register to the specified block and page ad-
dress in the array of the selected die (LUN). This command is accepted by the die (LUN)
when it is ready (RDY = 1, ARDY = 1). It is also accepted by the die (LUN) when it is busy
with a PROGRAM PAGE CACHE (80h-15h) operation (RDY = 1, ARDY = 0).

To input a page to the cache register and move it to the NAND array at the block and
page address specified, write 80h to the command register. Issuing the 80h to the com-
mand register clears all of the cache registers' contents on the selected target. Write n
address cycles containing the column address and row address. Data input cycles fol-
low. Serial data is input beginning at the column address specified. At any time during
the data input cycle the RANDOM DATA INPUT (85h) and PROGRAM FOR INTERNAL
DATA INPUT (85h) commands may be issued. When data input is complete, write 10h
to the command register. The selected LUN will go busy

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

To determine the progress of the data transfer, the host can monitor the target's R/B#
signal or, alternatively, the status operation (70h) may be used. When the die (LUN) is
ready (RDY =1, ARDY = 1), the host should check the status of the FAIL bit.
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Figure 37: PROGRAM PAGE (80h-10h) Operaton

Cycletype—<Command><Address><Address><Address><Address ‘ ';m >< Dy >< Dy >< Dy >—<Command Command
FL

|/o[7:0]{ 80h >< IS >< @ >< R1 >< R2 | DO >< D1 >< >< Dn >—< 1(;h 70h
T

twe _ tPrROG
f ot~

RDY

PROGRAM PAGE CACHE (80h-15h)

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

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

(RDY = 0, ARDY = 0) for ‘CBSY to allow the data register to become available from a pre-
vious program cache operation, to copy data from the cache register to the data register,
and then to begin moving the data register contents to the specified page and block ad-
dress.

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

If, after 'CBSY, the host wants to wait for the program cache operation to complete,
without issuing the PROGRAM PAGE (80h-10h) command, the host should monitor AR-
DY until it is 1. The host should then check the status of the FAIL and FAILC bits.
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Figure 38: PROGRAM PAGE CACHE (80h-15h) Operation (Start)
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Figure 39: PROGRAM PAGE CACHE (80h-15h) Operation (End)
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Erase Operations

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

Erase Operations

The ERASE BLOCK (60h-D0h) command erases one block in the NAND Flash array.
When the die (LUN) is ready (RDY = 1, ARDY = 1), the host should check the FAIL bit to
verify that this operation completed successfully.

ERASE BLOCK (60h-D0Oh)

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

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

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

Figure 40: ERASE BLOCK (60h-DOh) Operation
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Internal Data Move Operations

Internal data move operations make it possible to transfer data within a device from
one page to another using the cache register. This is particularly useful for block man-
agement and wear leveling. The INTERNAL DATA MOVE operation is restricted to only
within even blocks or only within odd blocks.

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

To prevent bit errors from accumulating over multiple INTERNAL DATA MOVE opera-
tions, it is recommended that the host read the data out of the cache register after the
READ FOR INTERNAL DATA MOVE (00h-35h) completes and prior to issuing the PRO-
GRAM FOR INTERNAL DATA MOVE (85h-10h) command. The RANDOM DATA READ
(05h-E0h) command can be used to change the column address. The host should check
the data for ECC errors and correct them. When the PROGRAM FOR INTERNAL DATA
MOVE (85h-10h) command is issued, any corrected data can be input. The PROGRAM
FOR INTERNAL DATA INPUT (85h) command can be used to change the column ad-
dress.

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

READ FOR INTERNAL DATA MOVE (00h-35h)

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

It is recommended that the host read the data out of the device to verify the data prior
to issuing the PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command to prevent
the propagation of data errors.
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Figure 41: READ FOR INTERNAL DATA MOVE (00h-35h) Operation

Cycle type —<Command>< Address ><Address ><Address >< Address ><Command/ <D0UT >< Doyt >< Dout >—

1/0[7:0] —< 00h >< al >< Q >< R1 X R2 >< 35Ih Dn ><Dn+1><Dn+2>—

twe R tRR

RDY T \_‘J

Figure 42: READ FOR INTERNAL DATA MOVE (00h-35h) with RANDOM DATA READ (05h-EOh)
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PROGRAM FOR INTERNAL DATA MOVE (85h-10h)

The PROGRAM FOR INTERNAL DATA MOVE (85h-10h) command is functionally iden-
tical to the PROGRAM PAGE (80h-10h) command, except that when 85h is written to the
command register, cache register contents are not cleared.

Figure 43: PROGRAM FOR INTERNAL DATA MOVE (85h-10h)
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Figure 44: PROGRAM FOR INTERNAL DATA MOVE (85h-10h) with RANDOM DATA INPUT (85h)
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Block Lock Feature

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

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

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

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

WP# and Block Lock
The following is true when the block lock feature is enabled:

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

e [fWP# is held LOW to lock blocks, then returned to HIGH, a new UNLOCK command
must be issued to unlock blocks.

UNLOCK (23h-24h)

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

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

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

Only one range of blocks can be specified in the lower and upper boundary block ad-
dress registers. If after unlocking a range of blocks the UNLOCK command is again is-
sued, the new block address range determines which blocks are unlocked. The previous
unlocked block address range is not retained.
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Figure 45: Flash Array Protected: Invert Area Bit = 0
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Figure 46: Flash Array Protected: Invert Area Bit = 1
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Table 21: Block Lock Address Cycle Assignments

ALE Cycle | 1/0[15:8]" /107 1/06 1/05 1/04 /03 1/02 1/01 1/00

First Low BA7 BAG6 LOW Low Low LOwW Low Invert area bit2

Second LOW BA15 BA14 BA13 BA12 BA11 BA10 BA9 BAS8
Notes: 1. 1/O[15:8] is applicable only for x16 devices.

2. Invert area bit is applicable for 24h command; it may be LOW or HIGH for 23h com-
mand.

Figure 47: UNLOCK Operation
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LOCK (2Ah)

By default at power-on, if LOCK is HIGH, all the blocks are locked and protected from
PROGRAM and ERASE operations. If portions of the device are unlocked using the UN-
LOCK (23h) command, they can be locked again using the LOCK (2Ah) command. The
LOCK command locks all of the blocks in the device. Locked blocks are write-protected
from PROGRAM and ERASE operations.

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

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

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

Figure 48: LOCK Operation
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LOCK TIGHT (2Ch)

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

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

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

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

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

Figure 49: LOCK TIGHT Operation
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Figure 50: PROGRAM/ERASE Issued to Locked Block
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BLOCK LOCK READ STATUS (7Ah)

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

the block lock status register, which contains the information on the protection status
of the block.

Table 22: Block Lock Status Register Bit Definitions

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

Figure 51: BLOCK LOCK READ STATUS
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Figure 52: BLOCK LOCK Flowchart
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One-Time Programmable (OTP) Operations

This Micron NAND Flash device offers a protected, one-time programmable NAND
Flash memory area. Thirty full pages (2112 bytes per page) of OTP data are available on
the device, and the entire range is guaranteed to be good. The OTP area is accessible
only through the OTP commands. Customers can use the OTP area any way they
choose; typical uses include programming serial numbers or other data for permanent
storage.

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

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

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

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

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

To exit OTP operation or protect mode, write 00h to P1 at feature address 90h.
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OTP DATA PROGRAM (80h-10h)

The OTP DATA PROGRAM (80h-10h) command is used to write data to the pages within
the OTP area. An entire page can be programmed at one time, or a page can be partially
programmed up to eight times. Only the OTP area allows up to eight partial-page pro-
grams. The rest of the blocks support only four partial-page programs. There is no
ERASE operation for OTP pages.

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

To use the PROGRAM PAGE command, issue the 80h command. Issue n address cycles.
The first two address cycles are the column address. For the remaining cycles, select a
page in the range of 02h-00h through 1Fh-00h. Next, write from 1-2112 bytes of data.
After data input is complete, issue the 10h command. The internal control logic auto-
matically executes the proper programming algorithm and controls the necessary tim-
ing for programming and verification.

R/B# goes LOW for the duration of the array programming time (‘PROG). The READ
STATUS (70h) command is the only valid command for reading status in OTP operation
mode. Bit 5 of the status register reflects the state of R/B#. When the device is ready,
read bit 0 of the status register to determine whether the operation passed or failed (see
Status Operations). Each OTP page can be programmed to 8 partial-page programming.
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RANDOM DATA INPUT (85h)

After the initial OTP data set is input, additional data can be written to a new column
address with the RANDOM DATA INPUT (85h) command. The RANDOM DATA INPUT
command can be used any number of times in the same page prior to the OTP PAGE
WRITE (10h) command being issued.

Figure 53: OTP DATA PROGRAM (After Entering OTP Operation Mode)
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Note: 1. The OTP page must be within the 02h-1Fh range.
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Figure 54: OTP DATA PROGRAM Operation with RANDOM DATA INPUT (After Entering OTP Opera-
tion Mode)

CLE ) N/
e\ ) M
e VaVaVaVaVvaVlye mwww 7

ALE ) ) '

l \/
VO —— G S NI o] DB —E— BN~ D~ )

SERIAL DATA Serial input RANDOM DATA Column address Serial input PROGRAM READ STATUS
INPUT command INPUT command command command
R/B# A
/
% Don’t Care

Note: 1. The OTP page must be within the 02h-1Fh range.

OTP DATA PROTECT (80h-10)

The OTP DATA PROTECT (80h-10h) command is used to prevent further programming
of the pages in the OTP area. To protect the OTP area, the target must be in OTP opera-
tion mode.

To protect all data in the OTP area, issue the 80h command. Issue n address cycles in-
cluding the column address, OTP protect page address and block address; the column
and block addresses are fixed to 0. Next, write 00h data for the first byte location and
issue the 10h command. R/B# goes LOW for the duration of the array programming
time, ‘PROG.

After the data is protected, it cannot be programmed further. When the OTP area is pro-
tected, the pages within the area are no longer programmable and cannot be unprotec-
ted.

The READ STATUS (70h) command is the only valid command for reading status in OTP
operation mode. The RDY bit of the status register will reflect the state of R/B#. Use of
the READ STATUS ENHANCED (78h) command is prohibited.

When the target is ready, read the FAIL bit of the status register to determine if the oper-
ation passed or failed.

If the OTP DATA PROTECT (80h-10h) command is issued after the OTP area has already
been protected, R/B# goes LOW for 'OBSY. After 'OBSY, the status register is set to 60h.
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Figure 55: OTP DATA PROTECT Operation (After Entering OTP Protect Mode)
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Note: 1. OTP data is protected following a good status confirmation.
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OTP DATA READ (00h-30h)

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

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

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

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

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

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

Figure 56: OTP DATA READ
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1. The OTP page must be within the 02h-1Fh range.
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Figure 57: OTP DATA READ with RANDOM DATA READ Operation
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Note: 1. The OTP page must be within the range 02h-1Fh.
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Error Management

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

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

Internal circuitry isolates each block from other blocks, so the presence of a bad block
does not affect the operation of the rest of the NAND Flash array.

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

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

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

* Always check status after a PROGRAM or ERASE operation

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

* Use bad block management and wear-leveling algorithms

The first block (physical block address 00h) for each CE# is guaranteed to be valid
with ECC when shipped from the factory.

Table 23: Error Management Details

Description Requirement

Minimum number of valid blocks (NVB) per LUN 1004

Total available blocks per LUN 1024

First spare area location x8: byte 2048 x16: word 1024
Bad-block mark x8: 00h x16: 0000h

Minimum required ECC 4-bit ECC per 528 bytes of data
Minimum required ECC for block 0 if PROGRAM/ |1-bit ECC per 528 bytes

ERASE cycles are less than 1000
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Stresses greater than those listed can cause permanent damage to the device. This is a
stress rating only, and functional operation of the device at these or any other condi-
tions above those indicated in the operational sections of this specification is not guar-
anteed. Exposure to absolute maximum rating conditions for extended periods can af-
fect reliability.

Table 24: Absolute Maximum Ratings

Voltage on any pin relative to Vss

Parameter/Condition Symbol Min Max Unit
Voltage Input 3.3V VN -0.6 4.6 Y,
1.8V -0.6 2.4 Vv
Vcc supply voltage 3.3V Ve -0.6 4.6 Y,
1.8V -0.6 2.4 Vv
Storage temperature Tstg -65 150 °C
Short circuit output current, I/Os - - 5 mA

Table 25: Recommended Operating Conditions

Parameter/Condition Symbol Min Typ Max Unit
Operating temperature | Commercial Ta 0 - 70 °C
Industrial -40 - 85 °C
Vcc supply voltage 3.3V Ve 2.7 33 3.6 Vv
1.8V 1.7 1.8 1.95 \%
Ground supply voltage Vss 0 0 0 Y,

Table 26: Valid Blocks

Parameter Symbol Device Min Max Unit Notes
Valid block number NVB 3.3v/1.8V 1004 1024 blocks 1

Note: 1. Invalid blocks are blocks that contain one or more bad bits. The device may contain bad
blocks upon shipment. Additional bad blocks may develop over time; however, the total
number of available blocks will not drop below NVB during the endurance life of the
device. Do not erase or program blocks marked invalid by the factory.
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Table 27: Capacitance

Description Symbol Max Unit Notes
Input capacitance Cin 10 pF 1,2
Input/output capacitance (I/0) Co 10 pF 1,2

Notes: 1. These parameters are verified in device characterization and are not 100% tested.

2. Test conditions: Tc = 25°C; f = 1 MHz; V| = OV.

Table 28: Test Conditions

Parameter Value Notes

Input pulse levels 0.0V to V¢

Input rise and fall times 5ns

Input and output timing levels V2

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

Note: 1. These parameters are verified in device characterization and are not 100% tested.
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Electrical Specifications - AC Characteristics and Operating Conditions

Table 29: AC Characteristics: Command, Data, and Address Input (3.3V)

Note 1 applies to all

Parameter Symbol Min Max Unit Notes
ALE to data start tADL 70 - ns 2
ALE hold time TALH 5 - ns

ALE setup time TALS 10 - ns

CE# hold time tCH 5 - ns

CLE hold time tCLH 5 - ns

CLE setup time tCLS 10 - ns

CE# setup time tcs 15 - ns

Data hold time DH 5 - ns

Data setup time DS 7 - ns

WRITE cycle time Qe 20 - ns

WE# pulse width HIGH WH 7 - ns

WE# pulse width Wwp 10 - ns

WP# transition to WE# LOW Www 100 - ns

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

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

Table 30: AC Characteristics: Command, Data, and Address Input (1.8V)

Note 1 applies to all

Parameter Symbol Min Max Unit Notes
ALE to data start tADL 70 - ns 2
ALE hold time tALH 5 - ns

ALE setup time tALS 10 - ns

CE# hold time tCH 5 - ns

CLE hold time tCLH 5 - ns

CLE setup time tCLs 10 - ns

CE# setup time tCS 20 - ns

Data hold time DH 5 - ns

Data setup time DS 10 - ns

WRITE cycle time W 25 - ns

WE# pulse width HIGH YWH 10 - ns

WE# pulse width Wwp 12 - ns

WP# transition to WE# LOW WwWw 100 - ns

Notes: 1. Operating mode timings meet ONFI timing mode 4 parameters.

2. Timing for *ADL begins in the address cycle on the final rising edge of WE#, and ends
with the first rising edge of WE# for data input.
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Conditions
Table 31: AC Characteristics: Normal Operation (3.3V)
Note 1 applies to all
Parameter Symbol Min Max Unit Notes
ALE to RE# delay TAR 10 - ns
CE# access time tCEA - 25 ns
CE# HIGH to output High-Z tCHZ - 50 ns 2
CLE to RE# delay tCLR 10 - ns
CE# HIGH to output hold tCOH 15 - ns
Output High-Z to RE# LOW YR 0 - ns
READ cycle time RC 20 - ns
RE# access time REA - 16 ns
RE# HIGH hold time REH 7 - ns
RE# HIGH to output hold tRHOH 15 - ns
RE# HIGH to WE# LOW TRHW 100 - ns
RE# HIGH to output High-Z tRHZ - 100 ns 2
RE# LOW to output hold fRLOH 5 - ns
RE# pulse width RP 10 - ns
Ready to RE# LOW RR 20 - ns
Reset time (READ/PROGRAM/ERASE) tRST - 5/10/500 ys 3
WE# HIGH to busy tWB - 100 ns
WE# HIGH to RE# LOW "WHR 60 - ns

Notes: 1. AC characteristics may need to be relaxed if /0 drive strength is not set to full.

2. Transition is measured +200mV from steady-state voltage with load. This parameter is
sampled and not 100% tested.

3. The first time the RESET (FFh) command is issued while the device is idle, the device will
go busy for a maximum of 1ms. Thereafter, the device goes busy for a maximum of 5ps.

Table 32: AC Characteristics: Normal Operation (1.8V)

Note 1 applies to all

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

CE# access time tCEA - 25 ns

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

CE# HIGH to output hold tCOH 15 - ns

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

READ cycle time RC 25 - ns

RE# access time ‘REA - 22 ns

RE# HIGH hold time ‘REH 10 - ns

RE# HIGH to output hold tRHOH 15 - ns
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Table 32: AC Characteristics: Normal Operation (1.8V) (Continued)
Note 1 applies to all
Parameter Symbol Min Max Unit Notes
RE# HIGH to WE# LOW tRHW 100 - ns
RE# HIGH to output High-Z tRHZ - 65 ns 2
RE# LOW to output hold tRLOH 3 - ns
RE# pulse width RP 12 - ns
Ready to RE# LOW RR 20 - ns
Reset time (READ/PROGRAM/ERASE) tRST - 5/10/500 ys 3
WE# HIGH to busy W8 - 100 ns
WE# HIGH to RE# LOW 'WHR 80 - ns

Notes:

1.
2.

AC characteristics may need to be relaxed if I/0 drive strength is not set to full.

Transition is measured +200mV from steady-state voltage with load. This parameter is
sampled and not 100% tested.

The first time the RESET (FFh) command is issued while the device is idle, the device will
be busy for a maximum of 1ms. Thereafter, the device is busy for a maximum of 5ys.
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Table 33: DC Characteristics and Operating Conditions (3.3V)

Parameter Conditions Symbol Min Typ Max Unit Notes
Sequential READ current |'RC =tRC (MIN); CE# =V, ; lcc - 25 35 mA
IOUT =0mA
PROGRAM current - lcca - 25 35 mA
ERASE current - lees - 25 35 mA
Standby current (TTL) CE# =V, lsg1 - - 1 mA
WP# = OV/V ¢
Standby current (CMOS) CE#=Vcc-0.2V; lsg2 - 20 100 HA
WP# = OV/V¢c
Staggered power-up cur- Rise time = 1ms lst - - 10 per die mA 1
rent Line capacitance = 0.1pF
Input leakage current Viny =0V to Ve I - - +10 A
Output leakage current Vout =0V to V¢ lLo - - +10 A
Input high voltage I/0[7:0], /0[15:0], Vi 0.8 x V¢ - Vcc+0.3 \
CE#, CLE, ALE, WE#, RE#,
WP#
Input low voltage, all in- - Vi -0.3 - 0.2 x V¢c Y,
puts
Output high voltage lon = -400pA VoH 0.67 x Vcc - - Y,
Output low voltage lo=2.TmA VoL - - 0.4 \Y,
Output low current VoL = 0.4V loL (R/B#) 8 10 - mA 2

Notes: 1. Measurement is taken with 1ms averaging intervals and begins after V¢ reaches
Vcc(MIN).
2. loL (RB#) may need to be relaxed if R/B pull-down strength is not set to full.
3. Von and Vg may need to be relaxed if I/O drive strength is not set to full.
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Table 34: DC Characteristics and Operating Conditions (1.8V)

Parameter Conditions Symbol Min Typ Max Unit Notes
Sequential READ current |'RC ='RC (MIN); CE# = V;; Icct - 13 20 mA 1,2
|OUT =0mA
PROGRAM current - lcca - 10 20 mA 1,2
ERASE current - lecs - 10 20 mA 1,2
Standby current (TTL) CE# =V\y; lsg1 - - 1 mA
WP# = OV/V(c
Standby current (CMOS) CE# =Vcc- 0.2V, lsg2 - 10 50 HA
WP# = 0V/Vcc
Staggered power-up cur- Rise time = 1ms lst - - 10 per die mA 3
rent Line capacitance = 0.1pF
Input leakage current VN =0V to Vcc I - - +10 HA
Output leakage current Vout = 0V to V¢ Lo - - +10 A
Input high voltage I/0[7:0], 1/0O[15:0], Vi{ 0.8 x Vcc - Vcc+0.3 Y,
CE#, CLE, ALE, WE#, RE#,
WP#
Input low voltage, all in- - Vi -0.3 - 0.2 x V¢c \Y,
puts
Output high voltage lon = -100pA VoH Ve - 0.1 - - Vv 4
Output low voltage loL = +100pA VoL - - 0.1 Y,
Output low current (R/B#) VoL =0.2V loL (R/B#) 3 4 - mA 5

Notes: 1. Typical and maximum values are for single-plane operation only.

2. Values are for single-die operations. Values could be higher for interleaved-die opera-
tions.

3. Measurement is taken with 1ms averaging intervals and begins after V¢c reaches
Vcc(MIN).

4. Test conditions for Vg and Vg, .

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

Table 35: ProgramErase Characteristics

Parameter Symbol Typ Max Unit Notes
Number of partial-page programs NOP - 4 cycles
BLOCK ERASE operation time 'BERS 0.7 3 ms
Busy time for PROGRAM CACHE operation tCBSY 3 600 s 2
Cache read busy time tRCBSY 3 25 s
Busy time for SET FEATURES and GET FEATURES operations tFEAT - 1 ps
Busy time for OTP DATA PROGRAM operation if OTP is pro- tOBSY - 30 Hs
tected
PROGRAM PAGE operation time PROG 200 600 ps 3
Data transfer from Flash array to data register R - 25 ys
Notes: 1. Applies to entire table: Typical is nominal voltage and room temperature.

2. 'CBSY MAX time depends on timing between internal program completion and data-in.

3. Typical program time is defined as the time within which more than 50% of the pages
are programmed at nominal voltage and room temperature.

4. AC characteristics may need to be relaxed if I/0 drive strength is not set to full.
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Asynchronous Interface Timing Diagrams

Figure 58: RESET Operation
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Figure 60: READ PARAMETER PAGE
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Figure 62: READ PAGE Operation with CE# “Don’t Care”
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Figure 63: RANDOM DATA READ
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Figure 64: READ PAGE CACHE SEQUENTIAL
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Figure 65: READ PAGE CACHE RANDOM
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Figure 66: READ ID Operation
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Figure 68: PROGRAM PAGE Operation with CE# “Don’t Care”
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Figure 69: PROGRAM PAGE Operation with RANDOM DATA INPUT
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Figure 70: PROGRAM PAGE CACHE
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Figure 72: INTERNAL DATA MIOVE
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130-Ball NAND Flash with LPDDR MCP
512Mb: x16, x32 Mobile LPDDR SDRAM

VDD/VDDQ = 170—195V
Bidirectional data strobe per byte of data (DQS)

Internal, pipelined double data rate (DDR)
architecture; two data accesses per clock cycle

Differential clock inputs (CK and CK#)

Commands entered on each positive CK edge

DQS edge-aligned with data for READs; center-aligned with data for WRITEs
4 internal banks for concurrent operation

Data masks (DM) for masking write data; one mask per byte
Programmable burst lengths (BL): 2, 4, 8, or 16

Concurrent auto precharge option is supported

Auto refresh and self refresh modes

1.8V LVCMOS-compatible inputs
Temperature-compensated self refresh (TCSR)

Partial-array self refresh (PASR)

Deep power-down (DPD)

Status read register (SRR)

Selectable output drive strength (DS)

Clock stop capability

64ms refresh

Table 36: Configuration Addressing

Reduced Page Size
Architecture 32 Meg x 16 16 Meg x 32 16 Meg x 32
Configuration 8 Meg x 16 x 4 banks 4 Meg x 32 x 4 banks 4 Meg x 32 x 4 banks
Refresh count 8K 8K 8K
Row addressing 8K A[12:0] 8K A[12:0] 16K A[13:0]
Column addressing 1K A[9:0] 512 A[8:0] 256 A[7:0]
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512Mb: x16, x32 Mobile LPDDR SDRAM

General Description

The 512Mb Mobile low-power DDR SDRAM is a high-speed CMOS, dynamic random-
access memory containing 536,870,912 bits. It is internally configured as a quad-bank
DRAM. Each of the x16’s 134,217,728-bit banks is organized as 8192 rows by 1024 col-
umns by 16 bits. Each of the x32’s 134,217,728-bit banks is organized as 8192 rows by
512 columns by 32 bits. In the reduced page-size (LG) option, each of the x32’s
134,217,728- bit banks are organized as 16,384 rows by 256 columns by 32 bits.

Note:

1. Throughout this data sheet, various figures and text refer to DQs as “DQ.” DQ
should be interpreted as any and all DQ collectively, unless specifically stated
otherwise. Additionally, the x16 is divided into 2 bytes: the lower byte and the up-
per byte. For the lower byte (DQ[7:0]), DM refers to LDM and DQS refers to
LDQS. For the upper byte (DQ[15:8]), DM refers to UDM and DQS refers to
UDQS. The x32 is divided into 4 bytes. For DQ[7:0], DM refers to DM0 and DQS
refers to DQSO0. For DQ[15:8], DM refers to DM1 and DQS refers to DQS1. For
DQI23:16], DM refers to DM2 and DQS refers to DQS2. For DQ[31:24], DM refers
to DM3 and DQS refers to DQS3.

2. Complete functionality is described throughout the document; any page or di-
agram may have been simplified to convey a topic and may not be inclusive of
all requirements.

3. Any specific requirement takes precedence over a general statement.
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Functional Block Diagrams

Figure 74: Functional Block Diagram (x16)
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Figure 75: Functional Block Diagram (x32)
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Electrical Specifications

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

reliability.

Table 37: Absolute Maximum Ratings

Note 1 applies to all parameters in this table

Parameter Symbol Min Max Unit

Vbp/Vppq supply voltage relative to Vg Vbp/Vopq -1.0 2.4 Y,

Voltage on any pin relative to Vs Vin -0.5 2.4 or (Vppq + 0.3V), Y
whichever is less

Storage temperature (plastic) Ts16 -55 150 °C

Note: 1.

Table 38: AC/DC Electrical Characteristics and Operating Conditions

Notes 1-5 apply to all parameters/conditions in this table; Vpp/Vppg = 1.70-1.95V

Vpp and Vppq must be within 300mV of each other at all times. Vppq must not exceed

Parameter/Condition Symbol Min Max Unit Notes
Supply voltage Vbp 1.70 1.95 Y, 6,7
I/0 supply voltage Vbbq 1.70 1.95 Vv 6,7
Address and command inputs

Input voltage high V4 0.8 x Vppq Vbpq + 0.3 \Y, 8,9
Input voltage low VL -0.3 0.2 x Vppq Vv 8,9
Clock inputs (CK, CK#)

DC input voltage VN -0.3 Vppq + 0.3 Y, 10
DC input differential voltage Viboo) 0.4 x Vppq Vppq + 0.6 \Y, 10, 11
AC input differential voltage Vibao) 0.6 x Vppq Vppq + 0.6 Y, 10, 11
AC differential crossing voltage Vix 0.4 x Vppq 0.6 x Vppg Vv 10, 12
Data inputs

DC input high voltage Voo 0.7 x Vppq Vppq + 0.3 \Y, 8,9 13
DC input low voltage ViLpo) -0.3 0.3 x Vppg Vv 8,9 13
AC input high voltage ViHao) 0.8 x Vppq Vppq + 0.3 \Y, 8,9 13
AC input low voltage ViLac -0.3 0.2 x Vppq Vv 8,9 13
Data outputs

DC output high voltage: Logic 1 (Ioy =—-0.1mA) VoH 0.9 x Vppq - \Y,

DC output low voltage: Logic 0 (I, = 0.TmA) VoL - 0.1 x Vppg Y,

Leakage current

Input leakage current I -1 1 MA

Any input OV < V|y £ Vpp

(All other pins not under test = 0V)
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Table 38: AC/DC Electrical Characteristics and Operating Conditions (Continued)

Notes 1-5 apply to all parameters/conditions in this table; Vpp/Vppg = 1.70-1.95V

Parameter/Condition Symbol Min Max Unit Notes
Output leakage current loz -1.5 1.5 MA

(DQ are disabled; 0V < Voyr < Vppg)

Operating temperature

Commercial Ta 0 70 °C

Industrial Ta -40 85 °C

Automotive Ta -40 105 °C

Notes:

10.
11.

12.

13.

. All voltages referenced to Vss.

All parameters assume proper device initialization.

Tests for AC timing, Ipp, and electrical AC and DC characteristics may be conducted at
nominal supply voltage levels, but the related specifications and device operation are
guaranteed for the full voltage range specified.

Outputs measured with equivalent load; transmission line delay is assumed to be very
small:

. Timing and Ipp tests may use a V, -to-V,y swing of up to 1.5V in the test environment,

but input timing is still referenced to Vppgq, (or to the crossing point for CK/CK#). The
output timing reference voltage level is Vppqp.

Any positive glitch must be less than one-third of the clock cycle and not more than
+200mV or 2.0V, whichever is less. Any negative glitch must be less than one-third of the
clock cycle and not exceed either —150mV or +1.6V, whichever is more positive.

Vpp and Vppq must track each other and Vppg must be less than or equal to Vpp.

To maintain a valid level, the transitioning edge of the input must:

8a. Sustain a constant slew rate from the current AC level through to the target AC lev-
el, Viiag Or Vinao)-

8b. Reach at least the target AC level.

8c. After the AC target level is reached, continue to maintain at least the target DC lev-
el, ViLpq or Vinpo)-

Vin overshoot: Viymax = Vppq + 1.0V for a pulse width <3ns and the pulse width cannot
be greater than one-third of the cycle rate. V| undershoot: V| min =—1.0V for a pulse
width <3ns and the pulse width cannot be greater than one-third of the cycle rate.

CK and CK# input slew rate must be 21 V/ns (2 V/ns if measured differentially).

V)p is the magnitude of the difference between the input level on CK and the input lev-
el on CK#.

The value of V|x is expected to equal Vppq, of the transmitting device and must track
variations in the DC level of the same.

DQ and DM input slew rates must not deviate from DQS by more than 10%. 50ps must
be added to DS and 'DH for each 100 mV/ns reduction in slew rate. If slew rate exceeds
4 V/ns, functionality is uncertain.
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Table 39: Capacitance (x16, x32)

Note 1 applies to all the parameters in this table

Parameter Symbol Min Max Unit Notes
Input capacitance: CK, CK# Cek 1.5 3.5 pF

Delta input capacitance: CK, CK# Cpck - 0.25 pF 2
Input capacitance: command and address q 1.5 3.5 pF

Delta input capacitance: command and address Cpi - 0.5 pF 2
Input/output capacitance: DQ, DQS, DM Co 2.0 4.5 pF

Delta input/output capacitance: DQ, DQS, DM Coio - 0.5 pF 3

Notes: 1. This parameter is Sampled. VDDNDDQ =1.70-1.95V, f = 100 MHz, Ta= 25°C, VOUT(DC) =
Vbba/2, Vour (peak-to-peak) = 0.2V. DM input is grouped with I/O pins, reflecting the
fact that they are matched in loading.

2. The input capacitance per pin group will not differ by more than this maximum amount
for any given device.

3. The I/O capacitance per DQS and DQ byte/group will not differ by more than this maxi-
mum amount for any given device.
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Electrical Specifications - Ipp Parameters

Table 40: Ipp Specifications and Conditions, -40°C to +85°C (x16)

Notes 1-5 apply to all the parameters/conditions in this table; Vpp/Vppq = 1.70-1.95V

Max

Parameter/Condition Symbol -5 -54 -6

Unit

Notes

Operating 1 bank active precharge current: 'RC = 'RC (MIN); *CK| Ippg 70 65 60
='CK (MIN); CKE is HIGH; CS is HIGH between valid commands;
Address inputs are switching every 2 clock cycles; Data bus in-
puts are stable

50

mA

Precharge power-down standby current: All banks idle; CKE is Iop2p 300 300 300
LOW; CS is HIGH; t'CK = tCK (MIN); Address and control inputs
are switching; Data bus inputs are stable

300

HA

7,8

Precharge power-down standby current: Clock stopped; All Ibp2ps 300 300 300
banks idle; CKE is LOW; CS is HIGH; CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

300

MA

Precharge nonpower-down standby current: All banks idle; Ibp2n 15 15 15
CKE = HIGH; CS = HIGH; *CK =tCK (MIN); Address and control
inputs are switching; Data bus inputs are stable

12

mA

Precharge nonpower-down standby current: Clock stopped; All | Ippans 8 8 8
banks idle; CKE = HIGH; CS = HIGH; CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

mA

Active power-down standby current: 1 bank active; CKE = LOW; | Ippzp 3 3 3
CS = HIGH; 'CK = tCK (MIN); Address and control inputs are
switching; Data bus inputs are stable

mA

Active power-down standby current: Clock stopped; 1 bank ac- | Ippsps 2 2 2
tive; CKE = LOW; CS = HIGH; CK = LOW; CK# = HIGH; Address
and control inputs are switching; Data bus inputs are stable

mA

Active nonpower-down standby: 1 bank active; CKE = HIGH; CS | Ipp3n 15 15 15
= HIGH; '*CK = *CK (MIN); Address and control inputs are switch-
ing; Data bus inputs are stable

15

mA

Active nonpower-down standby: Clock stopped; 1 bank active; | Ippsns 8 8 8
CKE = HIGH; CS = HIGH; CK = LOW; CK# = HIGH; Address and
control inputs are switching; Data bus inputs are stable

mA

Operating burst read: 1 bank active; BL = 4; *CK = 'CK (MIN); IpDar 115 110 105
Continuous READ bursts; lout = 0mA; Address inputs are
switching every 2 clock cycles; 50% data changing each burst

100

mA

Operating burst write: 1 bank active; BL = 4; 'CK = tCK (MIN); IbDaw 115 110 105
Continuous WRITE bursts; Address inputs are switching; 50%
data changing each burst

100

mA

Auto refresh: Burst refresh; CKE = HIGH; Ad- [t{RFC = 138ns Ipps 95 95 95

95

mA

10

dress and control inputs are switching; Data tRFC = tREFI IoDsA 3 3 3
bus inputs are stable

mA

10, 11

Deep power-down current: Address and control balls are sta- Ibpg 10 10 10
ble; Data bus inputs are stable

10

MA
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Electrical Specifications - Ipp Parameters

Table 41: Ipp Specifications and Conditions, -40°C to +85°C (x32)

Notes 1-5 apply to all the parameters/conditions in this table; Vpp/Vppq = 1.70-1.95V

Max
Parameter/Condition Symbol | -5 -54 -6 -75 | Unit |Notes
Operating 1 bank active precharge current: JEDEC-standard Ibpo 70 65 60 50 mA 6
fRC =*RC (MIN); 'CK =tCK (MIN); CKE is HIGH; |option
CS is HIGH between valid commands; Address |Reduced page I5D0 70 65 60 50 mA 6
inputs are switching every 2 clock cycles; Data |jze option
bus inputs are stable

Precharge power-down standby current: All banks idle; CKE is Ibp2p 300 300 300 300 MA 7.8
LOW; CS is HIGH; t*CK = 'CK (MIN); Address and control inputs
are switching; Data bus inputs are stable

Precharge power-down standby current: Clock stopped; All Ibp2ps 300 300 300 300 MA 7
banks idle; CKE is LOW; CS is HIGH, CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

Precharge nonpower-down standby current: All banks idle; CKE| Ippon 15 15 15 12 mA 9
= HIGH; CS = HIGH; 'CK =CK (MIN); Address and control inputs
are switching; Data bus inputs are stable

Precharge nonpower-down standby current: Clock stopped; All | Ippans 8 8 8 8 mA 9
banks idle; CKE = HIGH; CS = HIGH; CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

Active power-down standby current: 1 bank active; CKE = LOW; | Ipp3p 3 3 3 3 mA 8
CS = HIGH; t'CK = *CK (MIN); Address and control inputs are
switching; Data bus inputs are stable

Active power-down standby current: Clock stopped; 1 bank ac- | Ippsps 2 2 2 2 mA
tive; CKE = LOW, CS = HIGH; CK = LOW; CK# = HIGH; Address
and control inputs are switching; Data bus inputs are stable

Active nonpower-down standby: 1 bank active; CKE = HIGH; CS | Ippsn 15 15 15 15 mA 6
= HIGH; 'CK = t'CK (MIN); Address and control inputs are switch-
ing; Data bus inputs are stable

Active nonpower-down standby: Clock stopped; 1 bank active; Ibp3ns 8 8 8 8 mA 6
CKE = HIGH; CS = HIGH; CK = LOW; CK# = HIGH; Address and
control inputs are switching; Data bus inputs are stable

Operating burst read: 1 bank active; BL = 4; CL = 3; 'CK = 'CK Ibpar 115 110 105 100 mA 6
(MIN); Continuous READ bursts; lout = 0mA; Address inputs are
switching every 2 clock cycles; 50% data changing each burst

Operating burst write: One bank active; BL = 4; 'CK = 'CK IpDaw 115 110 105 100 | mA 6
(MIN); Continuous WRITE bursts; Address inputs are switching;
50% data changing each burst

Auto refresh: Burst refresh; CKE = HIGH; Ad-  |tRFC = 138ns Ibps 95 95 95 95 mA 10
dress and control inputs are switching; Data  [tRpc = tREFI IoDsA 3 3 3 3 mA |10, 11
bus inputs are stable

Deep power-down current: Address and control pins are stable; Ibps 10 10 10 10 MA | 7,13
Data bus inputs are stable
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Table 42: Ipp Specifications and Conditions, -40°C to +105°C (x16)

Notes 1-5 apply to all the parameters/conditions in this table; Vpp/Vppgq = 1.70-1.95V

Max

Parameter/Condition Symbol -5 -54 -6

Unit

Notes

Operating 1 bank active precharge current: 'RC = tRC (MIN); *CK| Ippo 70 65 60
=tCK (MIN); CKE is HIGH; CS is HIGH between valid commands;
Address inputs are switching every 2 clock cycles; Data bus in-
puts are stable

50

mA

Precharge power-down standby current: All banks idle; CKE is Ibp2p 600 600 600
LOW; CS is HIGH; '*CK = 'CK (MIN); Address and control inputs
are switching; Data bus inputs are stable

600

MA

7,8

Precharge power-down standby current: Clock stopped; All Ibp2ps 600 600 600
banks idle; CKE is LOW; CS is HIGH; CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

600

HA

Precharge nonpower-down standby current: All banks idle; Ibp2n 16 16 16
CKE = HIGH; CS = HIGH; tCK =tCK (MIN); Address and control
inputs are switching; Data bus inputs are stable

13

mA

Precharge nonpower-down standby current: Clock stopped; All | Ippans 9 9 9
banks idle; CKE = HIGH; CS = HIGH; CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

mA

Active power-down standby current: 1 bank active; CKE = LOW; | Ippsp 4 4 4
CS = HIGH; t'CK = *CK (MIN); Address and control inputs are
switching; Data bus inputs are stable

mA

Active power-down standby current: Clock stopped; 1 bank ac- | Ippsps 3 3 3
tive; CKE = LOW, CS = HIGH; CK = LOW; CK# = HIGH; Address
and control inputs are switching; Data bus inputs are stable

mA

Active nonpower-down standby: 1 bank active; CKE = HIGH; CS | Ipp3n 16 16 16
= HIGH; 'CK = t'CK (MIN); Address and control inputs are switch-
ing; Data bus inputs are stable

16

mA

Active nonpower-down standby: Clock stopped; 1 bank active; Ibp3ns 9 9 9
CKE = HIGH; CS = HIGH; CK = LOW; CK# = HIGH; Address and
control inputs are switching; Data bus inputs are stable

mA

Operating burst read: 1 bank active; BL = 4; *CK = tCK (MIN); Ippar 115 110 105
Continuous READ bursts; lout = 0mA; Address inputs are
switching every 2 clock cycles; 50% data changing each burst

100

mA

Operating burst write: 1 bank active; BL = 4; 'CK = tCK (MIN); IpDaw 115 110 105
Continuous WRITE bursts; Address inputs are switching; 50%
data changing each burst

100

mA

Auto refresh: Burst refresh; CKE = HIGH; Ad- |'RFC = 138ns Ibps 95 95 95

95

mA

10

dress and control inputs are switching; Data  [tRpc = tREF] IoDsA 3 8 8
bus inputs are stable

mA

10, 11

Deep power-down current: Address and control balls are sta- Ibps 15 15 15
ble; Data bus inputs are stable

15

HA

7,13
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Table 43: Ipp Specifications and Conditions, -40°C to +105°C (x32)

Notes 1-5 apply to all the parameters/conditions in this table; Vpp/Vppq = 1.70-1.95V

Max
Parameter/Condition Symbol | -5 -54 -6 -75 | Unit |Notes
Operating 1 bank active precharge current: JEDEC-standard Ibpo 70 65 60 50 mA 6
fRC =*RC (MIN); 'CK =tCK (MIN); CKE is HIGH; |option
CS is HIGH between valid commands; Address |Reduced page I5D0 70 65 60 50 mA 6
inputs are switching every 2 clock cycles; Data |jze option
bus inputs are stable

Precharge power-down standby current: All banks idle; CKE is Ibp2p 600 600 600 600 MA 7.8
LOW; CS is HIGH; '*CK = 'CK (MIN); Address and control inputs
are switching; Data bus inputs are stable

Precharge power-down standby current: Clock stopped; All Ibp2ps 600 600 600 600 MA 7
banks idle; CKE is LOW; CS is HIGH, CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

Precharge nonpower-down standby current: All banks idle; CKE| Ippon 16 16 16 13 mA 9
= HIGH; CS = HIGH; 'CK =CK (MIN); Address and control inputs
are switching; Data bus inputs are stable

Precharge nonpower-down standby current: Clock stopped; All | Ippans 9 9 9 9 mA 9
banks idle; CKE = HIGH; CS = HIGH; CK = LOW, CK# = HIGH; Ad-
dress and control inputs are switching; Data bus inputs are sta-
ble

Active power-down standby current: 1 bank active; CKE = LOW; | Ipp3p 4 4 4 4 mA 8
CS = HIGH; t'CK = *CK (MIN); Address and control inputs are
switching; Data bus inputs are stable

Active power-down standby current: Clock stopped; 1 bank ac- | Ippsps 3 3 3 3 mA
tive; CKE = LOW, CS = HIGH; CK = LOW; CK# = HIGH; Address
and control inputs are switching; Data bus inputs are stable

Active nonpower-down standby: 1 bank active; CKE = HIGH; CS | Ippsn 16 16 16 16 mA 6
= HIGH; 'CK = t'CK (MIN); Address and control inputs are switch-
ing; Data bus inputs are stable

Active nonpower-down standby: Clock stopped; 1 bank active; Ibp3ns 9 9 9 9 mA 6
CKE = HIGH; CS = HIGH; CK = LOW; CK# = HIGH; Address and
control inputs are switching; Data bus inputs are stable

Operating burst read: 1 bank active; BL = 4; CL = 3; 'CK = 'CK Ibpar 115 110 105 100 mA 6
(MIN); Continuous READ bursts; lout = 0mA; Address inputs are
switching every 2 clock cycles; 50% data changing each burst

Operating burst write: One bank active; BL = 4; 'CK = 'CK IpDaw 115 110 105 100 | mA 6

(MIN); Continuous WRITE bursts; Address inputs are switching;
50% data changing each burst

Auto refresh: Burst refresh; CKE = HIGH; Ad-  |tRFC = 138ns Ibps 95 95 95 95 mA 10
dress and control inputs are switching; Data  [tRpc = tREFI IoDsA 8 8 8 8 mA |10, 11
bus inputs are stable

Deep power-down current: Address and control pins are stable; Ibps 15 15 15 15 MA | 7,13
Data bus inputs are stable
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Table 44: Ippg Specifications and Conditions

Notes 1-5, 7, and 12 apply to all the parameters/conditions in this table; Vpp/Vppg = 1.70-

1.95V

Parameter/Condition Symbol Standard | Unit

Self refresh Full array, 105°C IoDe n/a'4 HA

- CtOK =t . o

R

inputs are stable Full array, 45°C 390 MA
1/2 array, 85°C 520 MA
1/2 array, 45°C 310 MA
1/4 array, 85°C 430 MA
1/4 array, 45°C 275 MA
1/8 array, 85°C 430 MA
1/8 array, 45°C 275 MA
1/16 array, 85°C 375 MA
1/16 array, 45°C 250 MA

Notes:

11.

12.

13.
14.

All voltages referenced to Vss.

Tests for Ipp characteristics may be conducted at nominal supply voltage levels, but the
related specifications and device operation are guaranteed for the full voltage range
specified.

Timing and Ipp tests may use a V| -to-V |y swing of up to 1.5V in the test environment,
but input timing is still referenced to Vppq; (or to the crossing point for CK/CK#). The
output timing reference voltage level is Vppgp.

Ipp is dependent on output loading and cycle rates. Specified values are obtained with
minimum cycle time with the outputs open.

Ipp specifications are tested after the device is properly initialized and values are aver-
aged at the defined cycle rate.

. MIN (tRC or 'RFC) for Ipp measurements is the smallest multiple of 'CK that meets the

minimum absolute value for the respective parameter. tRASmax for Ipp measurements is
the largest multiple of *CK that meets the maximum absolute value for tRAS.

. Measurement is taken 500ms after entering into this operating mode to provide settling

time for the tester.
Vpp must not vary more than 4% if CKE is not active while any bank is active.
Ibp2n specifies DQ, DQS, and DM to be driven to a valid high or low logic level.

. CKE must be active (HIGH) during the entire time a REFRESH command is executed.

From the time the AUTO REFRESH command is registered, CKE must be active at each
rising clock edge until 'RFC later.

This limit is a nominal value and does not result in a fail. CKE is HIGH during REFRESH
command period (fRFC (MIN)) else CKE is LOW (for example, during standby).

Values for Ippg 85°C are guaranteed for the entire temperature range. All other Ippg val-
ues are estimated.

Typical values at 25°C, not a maximum value.
Self refresh is not supported for AT (85°C to 105°C) operation.
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Figure 76: Typical Self Refresh Current vs. Temperature
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Electrical Specifications - AC Operating Conditions

Table 45: Electrical Characteristics and Recommended AC Operating Conditions

Notes 1-9 apply to all the parameters in this table; Vpp/V,

bbo = 1.70-1.95V

-5 -54 -6 -75

Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
Access window of [CL=3 tAC 2.0 5.0 2.0 5.0 2.0 5.0 2.0 6.0 ns

DQ from CK/CK# | =2 20| 65 | 20| 65 | 20| 65 | 20| 65

Clock cycle time CL=3 tCK 5.0 - 5.4 - 6 - 7.5 - ns 10

CL=2 12 - 12 - 12 - 12 -

CK high-level width tCH 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tcK

CK low-level width L 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tCK

CKE minimum pulse width tCKE 1 - 1 - 1 - 1 - tCK 11
(high and low)

Auto precharge write DAL - - - - - - - - - 12
recovery + precharge time

DQ and DM input hold tDH; 0.48 - 0.54 - 0.6 - 0.8 - ns 13, 14,
time relative to DQS 15
(fast slew rate)

DQ and DM input hold DH; 0.58 - 0.64 - 0.7 - 0.9 - ns

time relative to DQS

(slow slew rate)

DQ and DM input setup DS 0.48 - 0.54 - 0.6 - 0.8 - ns 13, 14,
time relative to DQS 15
(fast slew rate)

DQ and DM input setup DS, 0.58 - 0.64 - 0.7 - 0.9 - ns

time relative to DQS

(slow slew rate)

DQ and DM input pulse DIPW 1.8 - 1.9 - 2.1 - 1.8 - ns 16
width (for each input)

Access window of |CL=3| 'DQSCK | 2.0 5.0 2.0 5.0 2.0 5.0 2.0 6.0 ns

DQS from CK/CK# ¢ = 2 20 | 65 | 20 | 65 | 20 | 65 |20 | 65 | ns

DQS input high pulse IDQSH 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tcK

width

DQS input low pulse width DQSL 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tCK

DQS-DQ skew, DQS to last | 'DQSQ - 0.4 - 0.45 - 0.45 - 0.6 ns 13, 17
DQ valid, per group, per

access

WRITE command to first DQSS 0.75 1.25 0.75 1.25 0.75 1.25 0.75 1.25 tcK

DQS latching transition

DQS falling edge from CK DSH 0.2 - 0.2 - 0.2 - 0.2 - tCK

rising — hold time

DQS falling edge to CK tDSS 0.2 - 0.2 - 0.2 - 0.2 - tcK

rising — setup time
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Table 45: Electrical Characteristics and Recommended AC Operating Conditions (Continued)

Notes 1-9 apply to all the parameters in this table; Vpp/Vppq = 1.70-1.95V

-5 -54 -6 -75

Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
Data valid output window n/a 'QH-'DQSQ | 'QH-'DQSQ | 'QH-'™DQSQ | 'QH -'™DQSQ ns 17
(DVW)
Half-clock period tHpP tCH, - tCH, - tCH, - tCH, - ns 18

tCL tCL tCL tCL
Data-out High-Z CL=3 tHz - 5.0 - 5.0 - 5.0 - 6.0 ns 19, 20
window from CL=2 - 6.5 - 6.5 - 6.5 - 6.5 ns
CK/CK#
Data-out Low-Z window 1z 1.0 - 1.0 - 1.0 - 1.0 - ns 19
from CK/CK#
Address and control input YHg 0.9 - 1.0 - 1.1 - 1.3 - ns 15, 21
hold time (fast slew rate)
Address and control input YHs 1.1 - 1.2 - 1.3 - 1.5 - ns
hold time (slow slew rate)
Address and control input Sk 0.9 - 1.0 - 1.1 - 1.3 - ns 15, 21
setup time (fast slew rate)
Address and control input YSg 1.1 - 1.2 - 1.3 - 1.5 - ns
setup time (slow slew rate)
Address and control input YPW 2.3 - 2.5 - 2.6 - 1S + - ns 16
pulse width YH
LOAD MODE REGISTER tMRD 2 - 2 - 2 - 2 - tCK
command cycle time
DQ-DQS hold, DQS to first '‘QH tHP - - tHP - - tHP - - tHP - - ns | 13,17
DQ to go nonvalid, per 'QHS 'QHS 'QHS 'QHS
access
Data hold skew factor tQHS - 0.5 - 0.5 - 0.65 - 0.75 ns
ACTIVE-to-PRECHARGE RAS 40 | 70,000 | 42 | 70,000 | 42 | 70,000 | 45 | 70,000 | ns 22
command
ACTIVE to ACTIVE/ACTIVE RC 55 - 58.2 - 60 - 67.5 - ns 23
to AUTO REFRESH
command period
Active to read or write tRCD 15 - 16.2 - 18 - 225 - ns
delay
Refresh period 'REF - 64 - 64 - 64 - 64 ms 24
Average periodic refresh tREFI - 15.6 - 15.6 - 15.6 - 15.6 Ms 24
interval: 64Mb, 128Mb,
and 256Mb (x32)
Average periodic refresh tREFI - 7.8 - 7.8 - 7.8 - 7.8 bs 24
interval: 256Mb, 512Mb,
1Gb, 2Gb
AUTO REFRESH command RFC 72 - 72 - 72 - 72 - ns
period
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Table 45: Electrical Characteristics and Recommended AC Operating Conditions (Continued)

Notes 1-9 apply to all the parameters in this table; Vpp/Vppq = 1.70-1.95V

-5 -54 -6 -75

Parameter Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes
PRECHARGE command RP 15 - 16.2 - 18 - 22.5 - ns
period
DQS read preamble [CL=3| *'RPRE 0.9 1.1 0.9 1.1 0.9 1.1 0.9 1.1 tCK

CL=2 RPRE 0.5 1.1 0.5 1.1 0.5 1.1 0.5 1.1 tCK
DQS read postamble RPST 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tCK
Active bank a to active RRD 10 - 10.8 - 12 - 15 - ns
bank b command
Read of SRR to next valid tSRC CL+1 - CL+1 - CL+1 - CL+1 - tCK
command
SRR to read SRR - - - - tCK
Internal temperature sen- TQ - - - - ms
sor valid temperature out-
put enable
DQS write preamble YWPRE 0.25 - 0.25 - 0.25 - 0.25 - tCK
DQS write preamble setup | *WPRES 0 - 0 - 0 - 0 - ns 25, 26
time
DQS write postamble WPST 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 tCK 27
Write recovery time “WR 15 - 15 - 15 - 15 - ns 28
Internal WRITE-to-READ WTR 2 - 2 - 1 - 1 - tCK
command delay
Exit power-down mode to tXP 2 - 2 - 1 - 1 - tCK
first valid command
Exit self refresh to first tXSR 112.5 - 112.5 - 112.5 - 112.5 - ns 29
valid command

Notes:

1. All voltages referenced to V.
2. All parameters assume proper device initialization.

3. Tests for AC timing and electrical AC and DC characteristics may be conducted at nomi-
nal supply voltage levels, but the related specifications and device operation are guar-

anteed for the full voltage ranges specified.

. The circuit shown below represents the timing reference load used in defining the rele-

vant timing parameters of the device. It is not intended to be either a precise represen-
tation of the typical system environment or a depiction of the actual load presented by
a production tester. System designers will use IBIS or other simulation tools to correlate
the timing reference load to system environment. Specifications are correlated to pro-
duction test conditions (generally a coaxial transmission line terminated at the tester
electronics). For the half-strength driver with a nominal 10pF load, parameters tAC and
tQH are expected to be in the same range. However, these parameters are not subject to
production test but are estimated by design/characterization. Use of IBIS or other simu-
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lation tools for system design validation is suggested.

[
| |
| [

20pF 10pF

: T p T p :
| [
[

. The CK/CK# input reference voltage level (for timing referenced to CK/CK#) is the point

at which CK and CK# cross; the input reference voltage level for signals other than
CK/CK# is VDDQ/Z-

. A CK and CK# input slew rate 21 V/ns (2 V/ns if measured differentially) is assumed for

all parameters.

All AC timings assume an input slew rate of 1 V/ns.

CAS latency definition: with CL = 2, the first data element is valid at ({CK + tAC) after the
clock at which the READ command was registered; for CL = 3, the first data element is
valid at (2 x tCK + tAC) after the first clock at which the READ command was registered.
Timing tests may use a V| -to-V|y swing of up to 1.5V in the test environment, but input
timing is still referenced to Vppq, or to the crossing point for CK/CK#. The output tim-
ing reference voltage level is Vppgy,-

Clock frequency change is only permitted during clock stop, power-down, or self refresh
mode.

In cases where the device is in self refresh mode for 'CKE, *CKE starts at the rising edge
of the clock and ends when CKE transitions HIGH.

DAL = ("WR/CK) + (fRP/'CK): for each term, if not already an integer, round up to the
next highest integer.

Referenced to each output group: for x16, LDQS with DQ[7:0]; and UDQS with DQ[15:8].
For x32, DQSO with DQ[7:0]; DQS1 with DQ[15:8]; DQS2 with DQ[23:16]; and DQS3 with
DQI[31:24].

DQ and DM input slew rates must not deviate from DQS by more than 10%. If the
DQ/DM/DQS slew rate is less than 1.0 V/ns, timing must be derated: 50ps must be added
to DS and 'DH for each 100 mV/ns reduction in slew rate. If the slew rate exceeds 4 V/ns,
functionality is uncertain.

The transition time for input signals (CAS#, CKE, CS#, DM, DQ, DQS, RAS#, WE#, and ad-
dresses) are measured between V) (pc) to Viyac for rising input signals and Vypc) to
Vi(aq) for falling input signals.

These parameters guarantee device timing but are not tested on each device.

The valid data window is derived by achieving other specifications: tHP (tCK/2), tDQSQ,
and 'QH (tHP - *QHS). The data valid window derates directly proportional with the clock
duty cycle and a practical data valid window can be derived. The clock is provided a
maximum duty cycle variation of 45/55. Functionality is uncertain when operating be-
yond a 45/55 ratio.

tHP (MIN) is the lesser of *CL (MIN) and *CH (MIN) actually applied to the device CK and
CK# inputs, collectively.

tHZ and tLZ transitions occur in the same access time windows as valid data transitions.
These parameters are not referenced to a specific voltage level, but specify when the
device output is no longer driving (*HZ) or begins driving (tLZ).

tHZ (MAX) will prevail over tDQSCK (MAX) + tRPST (MAX) condition.

Fast command/address input slew rate 21 V/ns. Slow command/address input slew rate
20.5 V/ns. If the slew rate is less than 0.5 V/ns, timing must be derated: IS has an addi-
tional 50ps per each 100 mV/ns reduction in slew rate from the 0.5 V/ns. tIH has Ops add-
ed, therefore, it remains constant. If the slew rate exceeds 4.5 V/ns, functionality is un-
certain.

READs and WRITEs with auto precharge must not be issued until tRAS (MIN) can be satis-
fied prior to the internal PRECHARGE command being issued.
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130-Ball NAND Flash with LPDDR MCP
Electrical Specifications - AC Operating Conditions

DRAM devices should be evenly addressed when being accessed. Disproportionate ac-
cesses to a particular row address may result in reduction of the product lifetime.

For the automotive temperature parts, 'REF = 'REF/2 and 'REFI = 'REFI/2.

This is not a device limit. The device will operate with a negative value, but system per-
formance could be degraded due to bus turnaround.

It is recommended that DQS be valid (HIGH or LOW) on or before the WRITE command.
The case shown (DQS going from High-Z to logic low) applies when no WRITEs were
previously in progress on the bus. If a previous WRITE was in progress, DQS could be
HIGH during this time, depending on 'DQSS.

The maximum limit for this parameter is not a device limit. The device will operate with
a greater value for this parameter, but system performance (bus turnaround) will de-
grade accordingly.

At least 1 clock cycle is required during 'WR time when in auto precharge mode.

Clock must be toggled a minimum of two times during the 'SR period.
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Output Drive Characteristics

Table 46: Target Output Drive Characteristics (Full Strength)

Notes 1-2 apply to all values; characteristics are specified under best and worst process variations/conditions

Pull-Down Current (mA) Pull-Up Current (mA)
Voltage (V) Min Max Min Max

0.00 0.00 0.00 0.00 0.00

0.10 2.80 18.53 -2.80 -18.53
0.20 5.60 26.80 -5.60 -26.80
0.30 8.40 32.80 -8.40 -32.80
0.40 11.20 37.05 -11.20 -37.05
0.50 14.00 40.00 -14.00 -40.00
0.60 16.80 42.50 -16.80 -42.50
0.70 19.60 44.57 -19.60 -44.57
0.80 22.40 46.50 -22.40 -46.50
0.85 23.80 47.48 -23.80 -47.48
0.90 23.80 48.50 -23.80 -48.50
0.95 23.80 49.40 -23.80 -49.40
1.00 23.80 50.05 -23.80 -50.05
1.10 23.80 51.35 -23.80 -51.35
1.20 23.80 52.65 -23.80 -52.65
1.30 23.80 53.95 -23.80 -53.95
1.40 23.80 55.25 -23.80 -55.25
1.50 23.80 56.55 -23.80 -56.55
1.60 23.80 57.85 -23.80 -57.85
1.70 23.80 59.15 -23.80 -59.15
1.80 - 60.45 - -60.45
1.90 - 61.75 - -61.75

Notes: 1. Based on nominal impedance of 25Q (full strength) at Vppq/2.

2. The full variation in driver current from minimum to maximum, due to process, voltage,
and temperature, will lie within the outer bounding lines of the I-V curves.
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Output Drive Characteristics

Table 47: Target Output Drive Characteristics (Three-Quarter Strength)

Notes 1-3 apply to all values; characteristics are specified under best and worst process variations/conditions

Pull-Down Current (mA)

Pull-Up Current (mA)

Voltage (V) Min Max Min Max
0.00 0.00 0.00 0.00 0.00
0.10 1.96 12.97 -1.96 -12.97
0.20 3.92 18.76 -3.92 -18.76
0.30 5.88 22.96 -5.88 -22.96
0.40 7.84 25.94 -7.84 -25.94
0.50 9.80 28.00 -9.80 -28.00
0.60 11.76 29.75 -11.76 -29.75
0.70 13.72 31.20 -13.72 -31.20
0.80 15.68 32.55 -15.68 -32.55
0.85 16.66 33.24 -16.66 -33.24
0.90 16.66 33.95 -16.66 -33.95
0.95 16.66 34.58 -16.66 -34.58
1.00 16.66 35.04 -16.66 -35.04
1.10 16.66 35.95 -16.66 -35.95
1.20 16.66 36.86 -16.66 -36.86
1.30 16.66 37.77 -16.66 -37.77
1.40 16.66 38.68 -16.66 -38.68
1.50 16.66 39.59 -16.66 -39.59
1.60 16.66 40.50 -16.66 -40.50
1.70 16.66 41.41 -16.66 -41.41
1.80 - 42.32 - -42.32
1.90 - 43.23 - -43.23

Notes:

. Based on nominal impedance of 37Q (three-quarter drive strength) at Vppq/2.
. The full variation in driver current from minimum to maximum, due to process, voltage,

and temperature, will lie within the outer bounding lines of the I-V curves.

. Contact factory for availability of three-quarter drive strength.
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Table 48: Target Output Drive Characteristics (One-Half Strength)
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Output Drive Characteristics

Notes 1-3 apply to all values; characteristics are specified under best and worst process variations/conditions

Pull-Down Current (mA)

Pull-Up Current (mA)

Voltage (V) Min Max Min Max
0.00 0.00 0.00 0.00 0.00
0.10 1.27 8.42 -1.27 -8.42
0.20 2.55 12.30 -2.55 -12.30
0.30 3.82 14.95 -3.82 -14.95
0.40 5.09 16.84 -5.09 -16.84
0.50 6.36 18.20 -6.36 -18.20
0.60 7.64 19.30 -7.64 -19.30
0.70 8.91 20.30 -8.91 -20.30
0.80 10.16 21.20 -10.16 -21.20
0.85 10.80 21.60 -10.80 -21.60
0.90 10.80 22.00 -10.80 -22.00
0.95 10.80 22.45 -10.80 -22.45
1.00 10.80 22.73 -10.80 -22.73
1.10 10.80 23.21 -10.80 -23.21
1.20 10.80 23.67 -10.80 -23.67
1.30 10.80 24.14 -10.80 -24.14
1.40 10.80 24.61 -10.80 -24.61
1.50 10.80 25.08 -10.80 -25.08
1.60 10.80 25.54 -10.80 -25.54
1.70 10.80 26.01 -10.80 -26.01
1.80 - 26.48 - -26.48
1.90 - 26.95 - -26.95

Notes:

. Based on nominal impedance of 55Q (one-half drive strength) at Vppq/2.
. The full variation in driver current from minimum to maximum, due to process, voltage,

and temperature, will lie within the outer bounding lines of the I-V curves.

strength.

. The I-V curve for one-quarter drive strength is approximately 50% of one-half drive
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Functional Description

The Mobile LPDDR SDRAM uses a double data rate architecture to achieve high-speed
operation. The double data rate architecture is essentially a 2n-prefetch architecture,
with an interface designed to transfer two data words per clock cycle at the I/0. Single
read or write access for the device consists of a single 2n-bit-wide, one-clock-cycle data
transfer at the internal DRAM core and two corresponding n-bit-wide, one-half-clock-
cycle data transfers at the I/0.

A bidirectional data strobe (DQS) is transmitted externally, along with data, for use in
data capture at the receiver. DQS is a strobe transmitted by the device during READs
and by the memory controller during WRITEs. DQS is edge-aligned with data for READs
and center-aligned with data for WRITEs. The x16 device has two data strobes, one for
the lower byte and one for the upper byte; the x32 device has four data strobes, one per
byte.

The LPDDR device operates from a differential clock (CK and CK#); the crossing of CK
going HIGH and CK# going LOW will be referred to as the positive edge of CK. Com-
mands (address and control signals) are registered at every positive edge of CK. Input
data is registered on both edges of DQS, and output data is referenced to both edges of
DQS, as well as to both edges of CK.

Read and write accesses to the device are burst-oriented; accesses start at a selected lo-
cation and continue for a programmed number of locations in a programmed se-
quence. Accesses begin with the registration of an ACTIVE command, followed by a
READ or WRITE command. The address bits registered coincident with the ACTIVE
command are used to select the bank and row to be accessed. The address bits regis-
tered coincident with the READ or WRITE command are used to select the starting col-
umn location for the burst access.

The device provides for programmable READ or WRITE burst lengths of 2, 4, 8, or 16. An
auto precharge function can be enabled to provide a self-timed row precharge that is
initiated at the end of the burst access.

As with standard DDR SDRAM,, the pipelined, multibank architecture of LPDDR sup-
ports concurrent operation, thereby providing high effective bandwidth by hiding row
precharge and activation time.

An auto refresh mode is provided, along with a power-saving power-down mode. Deep
power-down mode is offered to achieve maximum power reduction by eliminating the
power of the memory array. Data will not be retained after the device enters deep pow-
er-down mode.

Two self refresh features, temperature-compensated self refresh (TCSR) and partial-ar-
ray self refresh (PASR), offer additional power savings. TCSR is controlled by the auto-
matic on-chip temperature sensor. PASR can be customized using the extended mode
register settings. The two features can be combined to achieve even greater power sav-
ings.

The DLL that is typically used on standard DDR devices is not necessary on LPDDR de-
vices. It has been omitted to save power.
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Commands

A quick reference for available commands is provided in Table 49 and Table 50 (page
125), followed by a written description of each command. Three additional truth tables
(Table 51 (page 131), Table 52 (page 133), and Table 53 (page 135)) provide CKE com-
mands and current/next state information.

Table 49: Truth Table - Commands

CKE is HIGH for all commands shown except SELF REFRESH and DEEP POWER-DOWN; all states and sequences not shown

are reserved and/or illegal

Name (Function) CS# RAS# | CAS# | WE# Address Notes
DESELECT (NOP) H X X X X 1
NO OPERATION (NOP) L H H X 1
ACTIVE (select bank and activate row) L L H H Bank/row 2
READ (select bank and column, and start READ burst) L H L H Bank/column 3
WRITE (select bank and column, and start WRITE burst) L H L L Bank/column 3
BURST TERMINATE or DEEP POWER-DOWN (enter deep L H H L X 4,5
power-down mode)

PRECHARGE (deactivate row in bank or banks) L L H L Code 6
AUTO REFRESH (refresh all or single bank) or SELF RE- L L H X 7.8
FRESH (enter self refresh mode)

LOAD MODE REGISTER L L L L Op-code 9

—_

Notes:

DESELECT and NOP are functionally interchangeable.

2. BAO-BA1 provide bank address and A[0:/] provide row address (where | = the most sig-
nificant address bit for each configuration).

3. BAO-BA1 provide bank address; A[0:/] provide column address (where | = the most sig-
nificant address bit for each configuration); A10 HIGH enables the auto precharge fea-
ture (nonpersistent); A10 LOW disables the auto precharge feature.

4. Applies only to READ bursts with auto precharge disabled; this command is undefined
and should not be used for READ bursts with auto precharge enabled and for WRITE

bursts.

5. This command is a BURST TERMINATE if CKE is HIGH and DEEP POWER-DOWN if CKE is

LOW.

6. A10 LOW: BAO-BA1 determine which bank is precharged.

A10 HIGH: all banks are precharged and BAO-BA1 are “Don’t Care.”

7. This command is AUTO REFRESH if CKE is HIGH, SELF REFRESH if CKE is LOW.

8. Internal refresh counter controls row addressing; in self refresh mode all inputs and I/Os
are "Don’'t Care” except for CKE.

9. BAO-BAT1 select the standard mode register, extended mode register, or status register.
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Table 50: DM Operation Truth Table

Name (Function) DM DQ Notes
Write enable L Valid 1,2
Write inhibit H X 1,2

Notes: 1. Used to mask write data; provided coincident with the corresponding data.
2. All states and sequences not shown are reserved and/or illegal.

DESELECT

The DESELECT function (CS# HIGH) prevents new commands from being executed by
the device. Operations already in progress are not affected.

NO OPERATION

The NO OPERATION (NOP) command is used to instruct the selected device to perform
a NOP This prevents unwanted commands from being registered during idle or wait
states. Operations already in progress are not affected.

LOAD MODE REGISTER

The mode registers are loaded via inputs A[0:n]. See mode register descriptions in
Standard Mode Register and Extended Mode Register. The LOAD MODE REGISTER
command can only be issued when all banks are idle, and a subsequent executable
command cannot be issued until ™MRD is met.

ACTIVE

The ACTIVE command is used to activate a row in a particular bank for a subsequent
access. The values on the BAO and BA1 inputs select the bank, and the address provided
on inputs A[0:n] selects the row. This row remains active for accesses until a PRE-
CHARGE command is issued to that bank. A PRECHARGE command must be issued be-
fore opening a different row in the same bank.
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Figure 77: ACTIVE Command
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READ

The READ command is used to initiate a burst read access to an active row. The values
on the BAO and BA1 inputs select the bank; the address provided on inputs A[:0] (where
I=the most significant column address bit for each configuration) selects the starting
column location. The value on input A10 determines whether auto precharge is used. If
auto precharge is selected, the row being accessed will be precharged at the end of the
READ burst; if auto precharge is not selected, the row will remain open for subsequent
accesses.
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Figure 78: READ Command
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Note: 1. EN AP = enable auto precharge; DIS AP = disable auto precharge.

WRITE

The WRITE command is used to initiate a burst write access to an active row. The values
on the BAO and BA1 inputs select the bank; the address provided on inputs A[:0] (where
I =the most significant column address bit for each configuration) selects the starting
column location. The value on input A10 determines whether auto precharge is used. If
auto precharge is selected, the row being accessed will be precharged at the end of the
WRITE burst; if auto precharge is not selected, the row will remain open for subsequent
accesses. Input data appearing on the DQ is written to the memory array, subject to the
DM input logic level appearing coincident with the data. If a given DM signal is regis-
tered LOW, the corresponding data will be written to memory; if the DM signal is regis-
tered HIGH, the corresponding data inputs will be ignored, and a WRITE will not be
executed to that byte/column location.

If aWRITE or a READ is in progress, the entire data burst must be complete prior to
stopping the clock (see Clock Change Frequency (page 184)). A burst completion for
WRITE:s is defined when the write postamble and ‘WR or '‘WTR are satisfied.

PDF: 09005aef84a93e6f 1 27 Micron Technology, Inc. reserves the right to change products or specifications without notice.
130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Commands

Figure 79: WRITE Command
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Note: 1. EN AP = enable auto precharge; DIS AP = disable auto precharge.

PRECHARGE

The PRECHARGE command is used to deactivate the open row in a particular bank or
the open row in all banks. The bank(s) will be available for a subsequent row access a
specified time (‘RP) after the PRECHARGE command is issued. Input A10 determines
whether one or all banks will be precharged, and in the case where only one bank is pre-
charged, inputs BAO and BA1 select the bank. Otherwise, BAO and BA1 are treated as
“Don’t Care.” After a bank has been precharged, it is in the idle state and must be acti-
vated prior to any READ or WRITE commands being issued to that bank.
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Figure 80: PRECHARGE Command
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Note: 1. If A10 is HIGH, bank address becomes “Don’t Care.”

BURST TERMINATE

The BURST TERMINATE command is used to truncate READ bursts with auto pre-
charge disabled. The most recently registered READ command prior to the BURST TER-
MINATE command will be truncated, as described in READ Operation. The open page
from which the READ was terminated remains open.

AUTO REFRESH

AUTO REFRESH is used during normal operation of the device and is analogous to
CAS#-BEFORE-RAS# (CBR) REFRESH in FPM/EDO DRAM. The AUTO REFRESH com-
mand is nonpersistent and must be issued each time a refresh is required.

Addressing is generated by the internal refresh controller. This makes the address bits a
“Don’t Care” during an AUTO REFRESH command.

For improved efficiency in scheduling and switching between tasks, some flexibility in
the absolute refresh interval is provided. The auto refresh period begins when the AUTO
REFRESH command is registered and ends 'RFC later.

PDF: 09005aef84a93e6f 1 29 Micron Technology, Inc. reserves the right to change products or specifications without notice.
130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

(p/'? ICron 130-Ball NAND Flash with LPDDR MCP

Commands

SELF REFRESH

The SELF REFRESH command is used to place the device in self refresh mode; self re-
fresh mode is used to retain data in the memory device while the rest of the system is
powered down. When in self refresh mode, the device retains data without external
clocking. The SELF REFRESH command is initiated like an AUTO REFRESH command,
except that CKE is disabled (LOW). After the SELF REFRESH command is registered, all
inputs to the device become “Don’t Care” with the exception of CKE, which must re-
main LOW.

Micron recommends that, prior to self refresh entry and immediately upon self refresh
exit, the user perform a burst auto refresh cycle for the number of refresh rows. Alterna-
tively, if a distributed refresh pattern is used, this pattern should be immediately re-
sumed upon self refresh exit.

DEEP POWER-DOWN

The DEEP POWER-DOWN (DPD) command is used to enter DPD mode, which achieves
maximum power reduction by eliminating the power to the memory array. Data will not
be retained when the device enters DPD mode. The DPD command is the same as a
BURST TERMINATE command with CKE LOW.

Figure 81: DEEP POWER-DOWN Command
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Table 51: Truth Table - Current State Bank n - Command to Bank n

Notes 1-6 apply to all parameters in this table

Current State CS# | RAS# | CAS# | WE# |Command/Action Notes
Any H X X X DESELECT (NOP/continue previous operation)

L H H H NO OPERATION (NOP/continue previous operation)
Idle L L H H |ACTIVE (select and activate row)

L L L H AUTO REFRESH 7

L L L L LOAD MODE REGISTER 7
Row active L H L H READ (select column and start READ burst) 10

L H L L WRITE (select column and start WRITE burst) 10

L L H L PRECHARGE (deactivate row in bank or banks) 8
Read (auto pre- L H L H READ (select column and start new READ burst) 10
charge disabled) L H L L |WRITE (select column and start WRITE burst) 10, 12

L L H L PRECHARGE (truncate READ burst, start PRECHARGE) 8

L H H L BURST TERMINATE 9
Write (auto pre- L H L H READ (select column and start READ burst) 10, 11
charge disabled) L H L L  |WRITE (select column and start new WRITE burst) 10

L L H L PRECHARGE (truncate WRITE burst, start PRECHARGE) 8, 11

Notes:

1.

This table applies when CKE,, . 1 was HIGH, CKE,, is HIGH and after 'XXSR has been met (if
the previous state was self refresh), after tXP has been met (if the previous state was
power-down), or after a full initialization (if the previous state was deep power-down).
This table is bank-specific, except where noted (for example, the current state is for a
specific bank and the commands shown are supported for that bank when in that state).
Exceptions are covered in the notes below.

Current state definitions:

Idle: The bank has been precharged, and 'RP has been met.

Row active: A row in the bank has been activated, and 'RCD has been met. No data
bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated with auto precharge disabled and has not yet ter-
minated or been terminated.

Write: A WRITE burst has been initiated with auto precharge disabled and has not yet
terminated or been terminated.

The states listed below must not be interrupted by a command issued to the same bank.
COMMAND INHIBIT or NOP commands, or supported commands to the other bank,
must be issued on any clock edge occurring during these states. Supported commands to
any other bank are determined by that bank’s current state.

Precharging: Starts with registration of a PRECHARGE command and ends when 'RP is
met. After RP is met, the bank will be in the idle state.

Row activating: Starts with registration of an ACTIVE command and ends when tRCD is
met. After tRCD is met, the bank will be in the row active state.
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Read with auto-precharge enabled: Starts with registration of a READ command with
auto precharge enabled and ends when 'RP has been met. After RP is met, the bank will
be in the idle state.

Write with auto-precharge enabled: Starts with registration of a WRITE command with
auto precharge enabled and ends when 'RP has been met. After 'RP is met, the bank
will be in the idle state.

The states listed below must not be interrupted by any executable command; DESELECT
or NOP commands must be applied on each positive clock edge during these states.

Refreshing: Starts with registration of an AUTO REFRESH command and ends when tRFC
is met. After 'RFC is met, the device will be in the all banks idle state.

Accessing mode register: Starts with registration of a LOAD MODE REGISTER command
and ends when 'MRD has been met. After tMRD is met, the device will be in the all
banks idle state.

Precharging all: Starts with registration of a PRECHARGE ALL command and ends when
tRP is met. After 'RP is met, all banks will be in the idle state.

All states and sequences not shown are illegal or reserved.
Not bank-specific; requires that all banks are idle, and bursts are not in progress.

May or may not be bank-specific; if multiple banks need to be precharged, each must be
in a valid state for precharging.

Not bank-specific; BURST TERMINATE affects the most recent READ burst, regardless of
bank.

READs or WRITEs listed in the Command/Action column include READs or WRITEs with
auto precharge enabled and READs or WRITEs with auto precharge disabled.

Requires appropriate DM masking.

A WRITE command can be applied after the completion of the READ burst; otherwise, a
BURST TERMINATE must be used to end the READ burst prior to asserting a WRITE com-
mand.
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Table 52: Truth Table - Current State Bank n - Command to Bank m

Notes 1-6 apply to all parameters in this table

Current State CS# | RAS# | CAS# | WE# |Command/Action Notes
Any H X X X DESELECT (NOP/continue previous operation)
L H H H NO OPERATION (NOP/continue previous operation)
Idle X X X X Any command supported to bank m
Row activating, L L H H ACTIVE (select and activate row)
active', or pre- L H L H READ (select column and start READ burst)
charging L H L L WRITE (select column and start WRITE burst)
L L H L PRECHARGE
Read (auto pre- L L H H ACTIVE (select and activate row)
charge disabled) L H L H READ (select column and start new READ burst)
L H L L WRITE (select column and start WRITE burst) 7
L L H L PRECHARGE
Write (auto pre- L L H H ACTIVE (select and activate row)
charge disabled) L H L H READ (select column and start READ burst)
L H L L WRITE (select column and start new WRITE burst)
L L H L PRECHARGE
Read (with auto L L H H ACTIVE (select and activate row)
precharge) L H L H READ (select column and start new READ burst)
L H L L WRITE (select column and start WRITE burst) 7
L L H L PRECHARGE
Write (with auto L L H H ACTIVE (select and activate row)
precharge) L H L H READ (select column and start READ burst)
L H L L WRITE (select column and start new WRITE burst)
L L H L PRECHARGE

Notes:

—_

This table applies when CKE,, . 1 was HIGH, CKE,, is HIGH and after tXSR has been met (if
the previous state was self refresh), after tXXP has been met (if the previous state was
power-down) or after a full initialization (if the previous state was deep power-down).

. This table describes alternate bank operation, except where noted (for example, the cur-

rent state is for bank n and the commands shown are those supported for issue to bank
m, assuming that bank m is in such a state that the given command is supported). Excep-
tions are covered in the notes below.

Current state definitions:
Idle: The bank has been precharged, and 'RP has been met.

Row active: A row in the bank has been activated, and 'RCD has been met. No data
bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated and has not yet terminated or been terminated.
Write: A WRITE burst has been initiated and has not yet terminated or been terminated.

3a. Both the read with auto precharge enabled state or the write with auto precharge
enabled state can be broken into two parts: the access period and the precharge period.
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For read with auto precharge, the precharge period is defined as if the same burst was
executed with auto precharge disabled and then followed with the earliest possible
PRECHARGE command that still accesses all of the data in the burst. For write with auto
precharge, the precharge period begins when 'WR ends, with 'WR measured as if auto
precharge was disabled. The access period starts with registration of the command and
ends when the precharge period (or 'RP) begins. This device supports concurrent auto
precharge such that when a read with auto precharge is enabled or a write with auto
precharge is enabled, any command to other banks is supported, as long as that com-
mand does not interrupt the read or write data transfer already in process. In either
case, all other related limitations apply (i.e., contention between read data and write
data must be avoided).

3b. The minimum delay from a READ or WRITE command (with auto precharge enabled)
to a command to a different bank is summarized below.

Minimum Delay
From (with Concurrent Auto

Command To Command Precharge)

WRITE with READ or READ with auto precharge [1 + (BL/2)] tCK + 'WTR

Auto Precharge |WRITE or WRITE with auto pre- (BL/2) tCK
charge 1tCK
PRECHARGE 1tCK
ACTIVE

READ with READ or READ with auto precharge (BL/2) x tCK

Auto Precharge |WRITE or WRITE with auto pre- [CL + (BL/2)] tCK
charge 1K
PRECHARGE 11tCK
ACTIVE

. AUTO REFRESH and LOAD MODE REGISTER commands can only be issued when all

banks are idle.

. All states and sequences not shown are illegal or reserved.
6. Requires appropriate DM masking.
. A WRITE command can be applied after the completion of the READ burst; otherwise, a

BURST TERMINATE must be used to end the READ burst prior to asserting a WRITE com-
mand.
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Table 53: Truth Table - CKE

Notes 1-4 apply to all parameters in this table

Micron Confidential and Proprietary

130-Ball NAND Flash with LPDDR MCP

Truth Tables

Current State CKE, .1 | CKE, COMMAND,, ACTION,, Notes
Active power-down L L X Maintain active power-down
Deep power-down L L X Maintain deep power-down
Precharge power-down L L X Maintain precharge power-down
Self refresh L L X Maintain self refresh
Active power-down L H DESELECT or NOP Exit active power-down
Deep power-down L H DESELECT or NOP Exit deep power-down
Precharge power-down L H DESELECT or NOP Exit precharge power-down
Self refresh L H DESELECT or NOP Exit self refresh 5,7
Bank(s) active H L DESELECT or NOP Active power-down entry
All banks idle H L BURST TERMINATE Deep power-down entry
All banks idle H L DESELECT or NOP Precharge power-down entry
All banks idle H L AUTO REFRESH Self refresh entry

H H See Table 52 (page 133)

H H See Table 52 (page 133)

Notes: 1. CKE, is the logic state of CKE at clock edge n; CKE,, . 1 was the state of CKE at the previ-

ous clock edge.

2. Current state is the state of the DDR SDRAM immediately prior to clock edge n.

3. COMMAND,, is the command registered at clock edge n, and ACTION,, is a result of

COMMAND,,.

4. All states and sequences not shown are illegal or reserved.

5. DESELECT or NOP commands should be issued on each clock edge occurring during the
P or 'XSR period.

6. After exiting deep power-down mode, a full DRAM initialization sequence is required.
7. The clock must toggle at least two times during the t™XSR period.
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State Diagram

State Diagram

Figure 82: Simplified State Diagram

Power
—_—

Power
applied on
DPDX

LMR ‘

READ

DPD SRR
Idle:
LMR all banks AREF Auto
precharged refresh

Active

Burst
terminate

WRITE READ

WRITE A

PRE | Precharging | =&

—» Automatic sequence
—— Command sequence

ACT = ACTIVE DPDX = Exit deep power-down READ A = READ w/ auto precharge

AREF = AUTO REFRESH EMR = LOAD EXTENDED MODE REGISTER SREF = Enter self refresh

BST = BURST TERMINATE LMR = LOAD MODE REGISTER SREFX = Exit self refresh

CKEH = Exit power-down PRE = PRECHARGE SRR = STATUS REGISTER READ

CKEL = Enter power-down PREALL = PRECHARGE all banks WRITE = WRITE w/o auto precharge

DPD = Enter deep power-down READ = READ w/o auto precharge WRITE A = WRITE w/ auto precharge
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Initialization

Prior to normal operation, the device must be powered up and initialized in a prede-
fined manner. Using initialization procedures other than those specified will result in
undefined operation.

If there is an interruption to the device power, the device must be re-initialized using
the initialization sequence described below to ensure proper functionality of the device.

To properly initialize the device, this sequence must be followed:

1.

o

10.

The core power (Vpp) and I/0 power (Vppg) must be brought up simultaneously.
It is recommended that Vpp and Vppq be from the same power source, or Vppqg
must never exceed Vpp. Standard initialization requires that CKE be asserted
HIGH (see Figure 83 (page 138)). Alternatively, initialization can be completed
with CKE LOW provided that CKE transitions HIGH 'IS prior to TO (see Figure 84
(page 139)).

. When power supply voltages are stable and the CKE has been driven HIGH, it is

safe to apply the clock.

. When the clock is stable, a 200pus minimum delay is required by the Mobile

LPDDR prior to applying an executable command. During this time, NOP or DE-
SELECT commands must be issued on the command bus.

Issue a PRECHARGE ALL command.

Issue NOP or DESELECT commands for at least 'RP time.

. Issue an AUTO REFRESH command followed by NOP or DESELECT commands

for at least 'RFC time. Issue a second AUTO REFRESH command followed by NOP
or DESELECT commands for at least ‘RFC time. Two AUTO REFRESH commands
must be issued. Typically, both of these commands are issued at this stage as de-
scribed above.

. Using the LOAD MODE REGISTER command, load the standard mode register as

desired.
Issue NOP or DESELECT commands for at least '™MRD time.

. Using the LOAD MODE REGISTER command, load the extended mode register to

the desired operating modes. Note that the sequence in which the standard and
extended mode registers are programmed is not critical.
Issue NOP or DESELECT commands for at least 'MRD time.

After steps 1-10 are completed, the device has been properly initialized and is ready to
receive any valid command.
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Figure 83: Initialize and Load Mode Registers
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mode register
Load extended
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Notes: 1. PRE = PRECHARGE command; LMR = LOAD MODE REGISTER command; AR = AUTO RE-

FRESH command; ACT = ACTIVE command.
2. NOP or DESELECT commands are required for at least 200ys.
Other valid commands are possible.
4. NOPs or DESELECTs are required during this time.

w
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Figure 84: Alternate Initialization with CKE LOW
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PRE = PRECHARGE command; LMR = LOAD MODE REGISTER command; AR = AUTO RE-
FRESH command; ACT = ACTIVE command.

2. NOP or DESELECT commands are required for at least 200ys.

3. Other valid commands are possible.

—~d~
T=-=- -

L Power up: Vpy and CK stable

Notes: 1.
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Standard Mode Register

The standard mode register bit definition enables the selection of burst length, burst
type, CAS latency (CL), and operating mode, as shown in Figure 85. Reserved states
should not be used as this may result in setting the device into an unknown state or
cause incompatibility with future versions of LPDDR devices. The standard mode regis-
ter is programmed via the LOAD MODE REGISTER command (with BA0 =0 and BA1 =
0) and will retain the stored information until it is programmed again, until the device
goes into deep power-down mode, or until the device loses power.

Reprogramming the mode register will not alter the contents of the memory, provided it
is performed correctly. The mode register must be loaded when all banks are idle and
no bursts are in progress, and the controller must wait ‘MRD before initiating the subse-
quent operation. Violating any of these requirements will result in unspecified opera-
tion.

Figure 85: Standard Mode Register Definition

BA1 BAOAn ... AT0A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Address bus

A+ 26+ /.. /10/9/8/1/6/5/4/3/2 0 .
0 0| Operating Mode  |CAS Latency|BT [Burst Length|,/ Standard mode register (Mx)

Mn +2|Mn + 1| Mode Register Definition Burst Length
0 0 | Standard mode register M2 [M1{MO| M3 =0 M3 =1
0 1 [ Status register 0| 0| 0| Reserved | Reserved
1 0 Extended mode register olol1 2 2
1 1 Reserved of1]|0 4 4
o] 1|1 8 8
P 1]olo] 16 16
Mn| ... [M10| M9 [M8 | M7 | Operating Mode 11 0| 1| Reserved | Reserved
0 0| 0] 0| 0 | Normal operation 11 1] 0| Reserved | Reserved
- - | = | = | = | All other states reserved 1T [ 1] 7] Reserved | Reserved
M6 | M5 [ M4 | CAS Latency M3 Burst Type
0|00 Reserved 0 Sequential
0|0 |1 Reserved 1 Interleaved
0 1 0 2
0 1 1 3
11010 Reserved
11071 Reserved
1 110 Reserved
1 1 1 Reserved
Note: 1. The integer n is equal to the most significant address bit.
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Standard Mode Register

Read and write accesses to the device are burst-oriented, and the burst length (BL) is
programmable. The burst length determines the maximum number of column loca-
tions that can be accessed for a given READ or WRITE command. Burst lengths of 2, 4,
8, or 16 locations are available for both sequential and interleaved burst types.

When a READ or WRITE command is issued, a block of columns equal to the burst
length is effectively selected. All accesses for that burst take place within this block,
meaning that the burst will wrap when a boundary is reached. The block is uniquely se-
lected by A[i:1] when BL = 2, by A[i:2] when BL = 4, by A[i:3] when BL = 8, and by A[i:4]
when BL = 16, where Ai is the most significant column address bit for a given configura-
tion. The remaining (least significant) address bits are used to specify the starting loca-
tion within the block. The programmed burst length applies to both READ and WRITE
bursts.

Accesses within a given burst can be programmed to be either sequential or interleaved
via the standard mode register.

The ordering of accesses within a burst is determined by the burst length, the burst
type, and the starting column address.

Table 54: Burst Definition Table

Burst Order of Accesses Within a Burst
Length Starting Column Address Type = Sequential Type = Interleaved
2 A0
0 0-1 0-1
1 1-0 1-0
4 A1 A0
0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
8 A2 A1 A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
16 A3 A2 A1 A0
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Table 54: Burst Definition Table (Continued)

Burst
Length

Starting Column Address

Order of Accesses Within a Burst

Type = Sequential

Type = Interleaved

0-1-2-3-4-5-6-7-8-9-A-B-C-D-E-F

0-1-2-3-4-5-6-7-8-9-A-B-C-D-E-F

1-2-3-4-5-6-7-8-9-A-B-C-D-E-F-0

1-0-3-2-5-4-7-6-9-8-B-A-D-C-F-E

2-3-4-5-6-7-8-9-A-B-C-D-E-F-0-1

2-3-0-1-6-7-4-5-A-B-8-9-E-F-C-D

3-4-5-6-7-8-9-A-B-C-D-E-F-0-1-2

3-2-1-0-7-6-5-4-B-A-9-8-F-E-D-C

4-5-6-7-8-9-A-B-C-D-E-F-0-1-2-3

4-5-6-7-0-1-2-3-C-D-E-F-8-9-A-B

5-6-7-8-9-A-B-C-D-E-F-0-1-2-3-4

5-4-7-6-1-0-3-2-D-C-F-E-9-8-B-A

6-7-8-9-A-B-C-D-E-F-0-1-2-3-4-5

6-7-4-5-2-3-0-1-E-F-C-D-A-B-8-9

7-8-9-A-B-C-D-E-F-0-1-2-3-4-5-6

7-6-5-4-3-2-1-0-F-E-D-C-B-A-9-8

8-9-A-B-C-D-E-F-0-1-2-3-4-5-6-7

8-9-A-B-C-D-E-F-0-1-2-3-4-5-6-7

9-A-B-C-D-E-F-0-1-2-3-4-5-6-7-8

9-8-B-A-D-C-F-E-1-0-3-2-5-4-7-6

A-B-C-D-E-F-0-1-2-3-4-5-6-7-8-9

A-B-8-9-E-F-C-D-2-3-0-1-6-7-4-5

B-C-D-E-F-0-1-2-3-4-5-6-7-8-9-A

B-A-9-8-F-E-D-C-3-2-1-0-7-6-5-4

C-D-E-F-0-1-2-3-4-5-6-7-8-9-A-B

C-D-E-F-8-9-A-B-4-5-6-7-0-1-2-3

D-E-F-0-1-2-3-4-5-6-7-8-9-A-B-C

D-C-F-E-9-8-B-A-5-4-7-6-1-0-3-2

E-F-0-1-2-3-4-5-6-7-8-9-A-B-C-D

E-F-C-D-A-B-8-9-6-7-4-5-2-3-0-1

alalala|la|a|=a|m|lojlo|lo|o|o|o|o|o
s|=a|a|n|o|o|o|o|=|=|=n|~|oc|o|o]|o
s|=|lo|lo|=|=|o|o|=|=|o|lo|=|=|oc|o
~|lo|l=|o|=|o|=|o|=|o|=|o|=|o|=]|0o

F-0-1-2-3-4-5-6-7-8-9-A-B-C-D-E

F-E-D-C-B-A-9-8-7-6-5-4-3-2-1-0

CAS Latency

The CAS latency (CL) is the delay, in clock cycles, between the registration of a READ
command and the availability of the first output data. The latency can be set to 2 or 3
clocks, as shown in Figure 86 (page 143).

For CL = 3, if the READ command is registered at clock edge n, then the data will be
nominally available at (n + 2 clocks +'AC). For CL = 2, if the READ command is regis-
tered at clock edge n, then the data will be nominally available at (n + 1 clock + 'AC).
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Figure 86: CAS Latency

130-Ball NAND Flash with LPDDR MCP
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Transitioning Data

Operating Mode

Don't Care

The normal operating mode is selected by issuing a LOAD MODE REGISTER command

with bits A[7n:7] each set to zero, and bits A[6:0] set to

All other combinations of values for A[n:7] are reservi

the desired values.

ed for future use. Reserved states

should not be used because unknown operation or incompatibility with future versions

may result.
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Extended Mode Register

The EMR controls additional functions beyond those set by the mode registers. These
additional functions include drive strength, TCSR, and PASR.

The EMR is programmed via the LOAD MODE REGISTER command with BAO = 0 and
BA1 = 1. Information in the EMR will be retained until it is programmed again, the de-
vice goes into deep power-down mode, or the device loses power.

Figure 87: Extended Mode Register
BA1 BAO An .. A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

ARRRRRRRRREEEE R
n+2/n+yYn/.. . /10/9/8/7/6/5/4/3/2/1/0 Extended mode
10| Operation |  Ds | TcsR' | PASR ﬂ register (Ex)
A A
En + 2 |En + 1| Mode Register Definition E7 | E6 | E5 | Drive Strength
0 0 Standard mode register 0 | O | O |Fullstrength
0 1 Status register 0| O | 1 |1/2strength
1 0 Extended mode register 0| 1| 0 | 1/4strength
1 1 Reserved 0|1 1 | 3/4 strength
1| 0 | O |3/4strength
11 0| 1 [Reserved
1 1 | 0 | Reserved
1 1 1 | Reserved
\ \
En| ... |E10| E9 | E8 | E7-EO E2 | E1 | EO | Partial-Array Self Refresh Coverage
0|0 | 0| 0| O] Valid | Normal AR operation 0| 0| 0 |Fullarray
- - -=-1-1- - All other states reserved 0| 0| 1 |12array
0| 1| 0 |14array
0| 1| 1 |Reserved
1] 0| O |Reserved
1 0| 1 [1/8array
11 1] 0 [1/16array
11 1] 1 |Reserved

Notes: 1. On-die temperature sensor is used in place of TCSR. Setting these bits will have no ef-
fect.
2. The integer n is equal to the most significant address bit.

Temperature-Compensated Self Refresh

This device includes a temperature sensor that is implemented for automatic control of
the self refresh oscillator. Programming the temperature-compensated self refresh
(TCSR) bits will have no effect on the device. The self refresh oscillator will continue to
refresh at the optimal factory-programmed rate for the device temperature.
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Partial-Array Self Refresh

For further power savings during self refresh, the partial-array self refresh (PASR) feature
enables the controller to select the amount of memory to be refreshed during self re-
fresh. The refresh options include:

e Full array: banks 0, 1, 2, and 3

* One-half array: banks 0 and 1

e One-quarter array: bank 0

* One-eighth array: bank 0 with row address most significant bit (MSB) =0

* One-sixteenth array: bank 0 with row address MSB = 0 and row address MSB - 1 =0

READ and WRITE commands can still be issued to the full array during standard opera-
tion, but only the selected regions of the array will be refreshed during self refresh. Data
in regions that are not selected will be lost.

Output Drive Strength

Because the device is designed for use in smaller systems that are typically point-to-
point connections, an option to control the drive strength of the output buffers is provi-
ded. Drive strength should be selected based on the expected loading of the memory
bus. The output driver settings are 25Q, 37Q, and 55Q internal impedance for full, three-
quarter, and one-half drive strengths, respectively.
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Status Read Register

The status read register (SRR) is used to read the manufacturer ID, revision ID, refresh
multiplier, width type, and density of the device, as shown in Figure 89 (page 147). The
SRR is read via the LOAD MODE REGISTER command with BAO = 1 and BA1 = 0. The
sequence to perform an SRR command is as follows:

1. The device must be properly initialized and in the idle or all banks precharged

state.

2. Issue a LOAD MODE REGISTER command with BA[1:0] = 01 and all address pins
setto 0.

3. Wait 'SRR; only NOP or DESELECT commands are supported during the ‘SRR
time.

e

Issue a READ command.

5. Subsequent commands to the device must be issued '‘SRC after the SRR READ
command is issued; only NOP or DESELECT commands are supported during
SRC.

SRR output is read with a burst length of 2. SRR data is driven to the outputs on the first
bit of the burst, with the output being “Don’t Care” on the second bit of the burst.

Figure 88: Status Read Register Timing

T4 T5
CK# ===~ _.——-

.I’TXX\’

_———— J— _———

ey

Address % :) W
BAO, BA1 %ﬁ? :3
| CL=73 |
DQs A /</
Note 5
v
- WRESIY,
Don't Care Transitioning Data

Command

Notes: 1. All banks must be idle prior to status register read.

2. NOP or DESELECT commands are required between the LMR and READ commands
(tSRR), and between the READ and the next VALID command (tSRC).

3. CAS latency is predetermined by the programming of the mode register. CL = 3 is shown
as an example only.

4. Burst length is fixed to 2 for SRR regardless of the value programmed by the mode reg-
ister.

5. The second bit of the data-out burst is a “Don’t Care.”

PDF: 09005aef84a93e6f 1 46 Micron Technology, Inc. reserves the right to change products or specifications without notice.
130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

A{(!? ICron 130-Ball NAND Flash with LPDDR MCP

Status Read Register

Figure 89: Status Register Definition

DQ31..DQ16 DQ15 DQ14 DQ13 DQ12 DQ11 DQ10 DQ9 DQ8 DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO /O bus (CLK L->H edge)

IRARRARERERERR

$31.516 S15 S14 S13 S12 S11 510 S9 S8 S7 S6 S5 S4 S3 S2 S1 SO
31.16 /15/14/13/12/11/10/9/8/7/6/5/4/3/2/1 oﬂ Status register

| Reserved' | Density |Type |Width| Refresh Rate | Revision ID | Manufacturer ID
\ \
S15|S14(S13 | Density S3 | S2 | S1 | SO | Manufacturer ID
0| 0| 0| 128Mb 00| 0| 0| Reserved
0|0 1 256Mb 0 0 0 1 Samsung
0|1 ] 0| 512Mb 00| 1[0 [ Infineon
0|1 1 1Gb ofo0]|1 1 | Elpida
110]| 0| 2Gb O 1] 0] 0 [ Reserved
1101 Reserved 0|1 0 | 1 | Reserved
1 1 | 0 | Reserved 011 1 | 0 | Reserved
1 1 1 Reserved 011 1 1 | Reserved
1 0| 0| 0 | Winbond
¢ v 110fof1|ESmT
S12| Device Type S11| Device Width 11010 [NVM
0 | LPDDR 0 | 16 bits 110 [ 1] 1] Reserved
1 | LPDDR2 1 | 32 bits 1 1 0 | 0 | Reserved
1 110 [ 1 | Reserved
‘ 1 1 1 0 | Reserved
10| 59 | 8 [ Refresh Multiplier? Tyv ] v |1 ] Micron
0| 0| O | Reserved v
010 |1 | Reserved 5756 | 55 | 54 | Revision ID
0 | 1]0 | Reserved 0| 0 | 0 | 0 | The manufacturer's revision number starts at ‘0000’
o1 |1 ]2X and increments by ‘0001’ each time a change in the
1 0] 0| 1X | | | | specification (AC timings or feature set), IBIS (pull-
1 10 1 1 | Reserved X | X | X | X | uporpull-down characteristics), or process occurs.
1 1 0 | 0.25X
1 1 1 | Reserved
Notes: 1. Reserved bits should be set to 0 for future compatibility.
2. Refresh multiplier is based on the memory device on-board temperature sensor. Re-
quired average periodic refresh interval = 'REFI x multiplier.
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Bank/Row Activation

Before any READ or WRITE commands can be issued to a bank within the device, a row
in that bank must be opened. This is accomplished via the ACTIVE command, which
selects both the bank and the row to be activated (see the ACTIVE Command figure).
After a row is opened with the ACTIVE command, a READ or WRITE command can be
issued to that row, subject to the 'RCD specification.

A subsequent ACTIVE command to a different row in the same bank can only be issued
after the previous active row has been precharged. The minimum time interval between
successive ACTIVE commands to the same bank is defined by ‘RC.

A subsequent ACTIVE command to another bank can be issued while the first bank is
being accessed, which results in a reduction of total row access overhead. The mini-
mum time interval between successive ACTIVE commands to different banks is defined
by ‘RRD.
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READ Operation

READ burst operations are initiated with a READ command, as shown in Figure 78
(page 127). The starting column and bank addresses are provided with the READ com-
mand, and auto precharge is either enabled or disabled for that burst access. If auto
precharge is enabled, the row being accessed is precharged at the completion of the
burst. For the READ commands used in the following illustrations, auto precharge is
disabled.

During READ bursts, the valid data-out element from the starting column address will
be available following the CL after the READ command. Each subsequent data-out ele-
ment will be valid nominally at the next positive or negative clock edge. Figure 90 (page
150) shows general timing for each possible CL setting.

DQS is driven by the device along with output data. The initial LOW state on DQS is
known as the read preamble; the LOW state coincident with the last data-out element is
known as the read postamble. The READ burst is considered complete when the read
postamble is satisfied.

Upon completion of a burst, assuming no other commands have been initiated, the DQ
will go to High-Z. A detailed explanation of '{DQSQ (valid data-out skew), '‘QH (data-out
window hold), and the valid data window is depicted in Figure 97 (page 157) and Figure
98 (page 158). A detailed explanation of 'DQSCK (DQS transition skew to CK) and 'AC
(data-out transition skew to CK) is depicted in Figure 99 (page 159).

Data from any READ burst can be truncated by a READ or WRITE command to the
same or alternate bank, by a BURST TERMINATE command, or by a PRECHARGE com-
mand to the same bank, provided that the auto precharge mode was not activated.

Data from any READ burst can be concatenated with or truncated with data from a sub-
sequent READ command. In either case, a continuous flow of data can be maintained.
The first data element from the new burst either follows the last element of a completed
burst or the last desired data element of a longer burst that is being truncated. The new
READ command should be issued x cycles after the first READ command, where x
equals the number of desired data element pairs (pairs are required by the 2n-prefetch
architecture). This is shown in Figure 91 (page 151).

A READ command can be initiated on any clock cycle following a previous READ com-
mand. Nonconsecutive read data is shown in Figure 92 (page 152). Full-speed random
read accesses within a page (or pages) can be performed as shown in Figure 93 (page
153).

Data from any READ burst can be truncated with a BURST TERMINATE command, as
shown in Figure 94 (page 154). The BURST TERMINATE latency is equal to the READ
(CAS) latency; for example, the BURST TERMINATE command should be issued x cy-
cles after the READ command, where x equals the number of desired data element pairs
(pairs are required by the 2n-prefetch architecture).

Data from any READ burst must be completed or truncated before a subsequent WRITE
command can be issued. If truncation is necessary, the BURST TERMINATE command
must be used, as shown in Figure 95 (page 155). A READ burst can be followed by, or
truncated with, a PRECHARGE command to the same bank, provided that auto pre-
charge was not activated. The PRECHARGE command should be issued x cycles after
the READ command, where x equals the number of desired data element pairs. This is
shown in Figure 96 (page 156). Following the PRECHARGE command, a subsequent
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command to the same bank cannot be issued until ‘RP is met. Part of the row precharge
time is hidden during the access of the last data elements.

Figure 90: READ Burst

TO T Tin T2 T2n T3 T3n T4 T5
CKH ooy e .

K | """ | - | | | f=-=-- | |=-=-- | r==---- |
Command % READ NOP >@< NOP W NOP >@< NOP W NOP @C
T

N-H-1-

oas T VA N A NS /////////
0Q T 77777 S >A<own+1>A<nom‘n+z>A<owLn+s>><//

Don't Care Transitioning Data

Notes: 1. Doyt n = data-out from column n.
2. BL=4.
3. Shown with nominal *AC, '{DQSCK, and 'DQSQ.
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Figure 91: Consecutive READ Bursts

TO T1 Tin T2 T2n T3 T3n T4 T4n T5 T5n
CK# —mmmm oo
CK ——— e N T A
B k,

CL 2 1 1 1
I | I I

as D /NS

- s ey oy oy Py { oy (e y (ot

T0 T1 T2 T2n T3 Tn T4 T4n T5  T5n
CK# ---mm f——\ rm---

CK —— e N N S S

WREADW >@< //// ’///
@%@?iW W MW@
oas T/~ N/ N\ N\

DQ % DOUT>" Dour ¥ DOUT *( Dour <DOUT>\,/< Dour
/ ‘ AN ANNn+1/ANn+2 /A\n+3 b A h+1,

Don't Care Transitioning Data

Notes: 1. Doyt n (or b) = data-out from column n (or column b).
2. BL =4, 8, or 16 (if 4, the bursts are concatenated; if 8 or 16, the second burst interrupts
the first).
Shown with nominal tAC, tDQSCK, and 'DQSQ.
4. Example applies only when READ commands are issued to same device.

Command

Address

w
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Figure 92: Nonconsecutive READ Bursts

CK

Command

Address

DQS

DQ

CK#
CK

Command

Address

DQS

DQ

T1 Tin T2

%<DOUT>' Doyt V¢ Pour Y DOUT>W %< DOUT>-< Dour ~€DOUT
A n' ZA\n+1/\n+2/\n+3/ N b /N\b+1/Ab+2

. l
M< DOUT>Y Dout VY Pout 7 Pout W %< Dour
N n /A\n+1/AAn+2/A\n+3/ b

Notes:

pwWwnN =

Don't Care Transitioning Data

Doyt n (or b) = data-out from column n (or column b).

BL =4, 8, or 16 (if burst is 8 or 16, the second burst interrupts the first).

Shown with nominal tAC, tDQSCK, and 'DQSQ.

Example applies when READ commands are issued to different devices or nonconsecu-
tive READs.
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Figure 93: Random Read Accesses

TO T1 Tin T2 T2n T3 T3n T4 T4n T5 T5n
CK#t -~ f—— -\ S\ "~ /"~~~ /——\ """
K ---- ---- ---- ---- ----
Bank, Bank, Bank,
Address SN XX W mm/@

oas h
DQ M DOUT> Dourt VY DOUT > Dour >< DOUT> < Dour \ <DOUT > Dour
: AN+ 1 /AN X+ 1 b+1 g+1

TO T1 T1in T2 T2n T3 T3n T4 T4n T5 T5n
CK# ----~ f—— -\, S\ S\ """~ S\ """
cK ---- ---- ----
Command READ W //// ////
Bank, Bank, Bank,
Address e X/ B X)X & XX WW

i 1
DQS % ' ‘
o2 D T T

% Don't Care Transitioning Data

1. Doyt n (or x, b, g) = data-out from column n (or column x, column b, column g).
2. BL=2,4,8, or 16 (if 4, 8, or 16, the following burst interrupts the previous).

3. READs are to an active row in any bank.

4, Shown with nominal tAC, tDQSCK, and 'DQSQ.

Notes:
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Figure 94: Terminating a READ Burst

B;TZ >@< N‘OP

Address Egnﬁ e ‘ W ‘ W ‘ W‘ W@

cL=2' | i | | 1 1 1 : :
DQS A : ‘ : /0

DY

Command

CK# ----- ;T W \/, W > T N/ M T \
CK ——— oo o N TS N

XU o X))

DQS ‘ D . Y/

DR
Don’t Care Transitioning Data

q

Command oP

Address

Notes: 1. BL=4, 8, or 16.

2. BST = BURST TERMINATE command; page remains open.
3. Doyt n = data-out from column n.

4. Shown with nominal tAC, tDQSCK, and tDQSQ.

5

. CKE = HIGH.
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Figure 95: READ-to-WRITE

Command

Address

DQS

DQ3,4

DM

CK#
CK

Command

Address

DQS

DQ3,4

DM
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T5n

//>< °°“T>

?‘1“1 >W %<°'“>

ot) 688 <b3>>

% READ1>@< BST2 ,/// ////

Bank,

Coln

Bank
Colb

DQSS !

(NOM) | :

Notes:

ouvkwN

mand shown can be NOP).

Don’t Care Transitioning Data

BL = 4 in the cases shown (applies for bursts of 8 and 16 as well; if BL = 2, the BST com-

BST = BURST TERMINATE command; page remains open.
Doyt n = data-out from column n.

D)y b = data-in from column b.

Shown with nominal tAC, tDQSCK, and 'DQSQ.

CKE = HIGH.
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Figure 96: READ-to-PRECHARGE

Command

(aor aII)

I
Address . Bank a,

DQS ‘ A ‘ ‘ ‘ : /W
bQ? X °°UT> Poury{ Dour ) E&”DW

T0 TT Tin T2 T2n T3 T3n T4 T5
CK#

CK

Command

Address

DQs
DQ* % DOUT> 2(3_U1T 2(_)}ug 23-U?T>W
Don't Care Transitioning Data

Notes: 1. BL =4, or an interrupted burst of 8 or 16.

2. PRE = PRECHARGE command.

3. ACT = ACTIVE command.

4. Dgyt n = data-out from column n.

5. Shown with nominal tAC, tDQSCK, and 'DQSQ.

6. READ-to-PRECHARGE equals 2 clocks, which enables 2 data pairs of data-out.

7. A READ command with auto precharge enabled, provided 'fRAS (MIN) is met, would
cause a precharge to be performed at x number of clock cycles after the READ com-
mand, where x = BL/2.
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Figure 97: Data Output Timing - 'DQSQ, '*QH, and Data Valid Window (x16)

|
LDQS3 2L an
Q _\7 | WJ | ! /
DQ (Last data va :;%)2 \ \/ \/ \/
DQ* : N4 INA NG
-
DQ4 /. : : : : N/ -
DQ N N N )
DQ* — ‘ X X X 5
i id)4 — ‘ : : : : : =
DQ (First data no longer valid) ‘ ‘ >< ; > ; ‘ >< ‘ y_ @
| ! | | | : —+
| | tQH> | tQH> tQHS | tQH5 | o
DQ (Last data valid)4 — : {12 T2n ! 3 T3n : >
DQ (First data no longer valid)* : : L T2 ' T2n LT3 D T3n Y
| | | | | | | [
DQ[7:0] and LDQS, collectively — w <T2> <T2,> < T <T3n> >
| | i [ [ I a [
| | e e fa— fe—] —
| | ,Data valid |, Data valid, Data valid Data valid
‘ ‘ , window | window window window
| | tpQsQ? ' tDQsQ? ' tDQsQ? ' tDQSQ?
| | . o | T |
UDQs® — I /4 ‘ L I
e A R AR
DQ (Last data valid)? — ‘ ‘ : : :
Q( D(;7 : : "/ Y V4 V4
DQ7 — ‘ Wa % ~——%
DQ7 — ‘ — : : : : : :
DQ’ y N/ N N/
DQ7 — ‘ X ) AREN, U X S
DQ (First data no longer valid)” — ‘ : : : (N ]
‘ X X X Al
‘ ‘ 1 ! i | o <
: : [ tQHS | | tQHS ‘tQHS | ‘tQHS [0]
DQ (Last data valid)? T2 T2n T3! T3n: >—
DQ (First data no longer valid)? — ‘ i ) 1 T2n T3 T3InY——0o
‘ ‘ I I I I
DQI15:8] and UDQS, collectivelys — ‘ < T2> T2r> <T3 T30 >_
I | I I
l<—>| f—t —
Data valid Data valid Data valid Data valid
window window window window

Notes: 1. HPis the lesser of tCL or *CH clock transition collectively when a bank is active.

2. 'DQSQ is derived at each DQS clock edge and is not cumulative over time and begins
with DQS transition and ends with the last valid DQ transition.

3. DQ transitioning after DQS transitions define the tDQSQ window. LDQS defines the low-
er byte and UDQS defines the upper byte.

DQO, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, or DQ7.

tQH is derived from tHP: tQH =tHP - tQHS.

The data valid window is derived for each DQS transitions and is defined as 'QH - tDQSQ.
DQ8, DQY, DQ10, DQ11, DQ12, DQ13, DQ14, or DQ15.

N o vk
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Figure 98: Data Output Timing - 'DQSQ, 'QH, and Data Valid Window (x32)

T1
CK# -~

_______

tHp!

_______

| tHp!

t‘DQISQZ,‘B

tII:)QSQZ,?
|

| tpQsQ?3 |
1

DQS0/DQS1/DQS2/DQS3 - o
Q Q Q Qs3 — Y —~ .
<
DQ (Last data valid)* &J o
DQY Y s 7| w
DQ* : I A RN
DQ* 1 =
DQ* : w | =
DQ* : S
DQ* : ®
DQ (First data no longer valid)* } >f— ©
tQHS | 'tqus | tQHS | 'tqms |
DQ (Last data valid) T2 | T2n | T3 | T )
DQ (First data no longer valid) PoT2 T2n T3 T3n +——
I I I I
DQ and DQS, collectively®”? <T2> T2n> < T3 > T3n >
[ [ [ [ [ [ | [
| | | | | | | |
Data valid Data valid Data valid Data valid
window window window window
Notes: 1. HPis the lesser of '*CL or 'CH clock transition collectively when a bank is active.
2. DQ transitioning after DQS transitions define the 'DQSQ window.
3. 'DQSQ is derived at each DQS clock edge and is not cumulative over time; it begins with
DQS transition and ends with the last valid DQ transition.
4. Byte 0is DQ[7:0], byte 1 is DQ[15:8], byte 2 is DQ[23:16], byte 3 is DQ[31:24].
5. 'QH is derived from tHP: tQH = tHP - tQHS.
6. The data valid window is derived for each DQS transition and is tQH - 'DQSQ.
7. DQI[7:0] and DQSO for byte 0; DQ[15:8] and DQS1 for byte 1; DQ[23:16] and DQS2 for

byte 2; DQ[31:23] and DQS3 for byte 3.
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Figure 99: Data Output Timing - *AC and 'DQSCK

‘ ‘ 'DQSCK ‘ 'DQSCK ‘ w ! tHz

w Lz tRPRE | | | | | |

| 1 . o ;
DQS or LDQS/UDQS: ‘ ﬁ AN : ‘ : ‘ §

‘ ‘ ‘ o : ‘ : ‘ ‘

All DQ values, collectively? ‘ ‘ . <T2> <Tz,> . <T3>. <|'3,> <T4> . <T4,> <T5> . <r5,>

| | | | tAC4‘ | | tAc4 | | | | tHz

Don't Care

Notes: Commands other than NOP can be valid during this cycle.
DQ transitioning after DQS transitions define tDQSQ window.
All DQ must transition by tDQSQ after DQS transitions, regardless of tAC.

tAC is the DQ output window relative to CK and is the long-term component of DQ
skew.

PWN =
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WRITE bursts are initiated with a WRITE command, as shown in Figure 79 (page 128).
The starting column and bank addresses are provided with the WRITE command, and
auto precharge is either enabled or disabled for that access. If auto precharge is ena-
bled, the row being accessed is precharged at the completion of the burst. For the
WRITE commands used in the following illustrations, auto precharge is disabled. Basic
data input timing is shown in Figure 100 (page 161) (this timing applies to all WRITE
operations).

Input data appearing on the data bus is written to the memory array subject to the state
of data mask (DM) inputs coincident with the data. If DM is registered LOW, the corre-
sponding data will be written; if DM is registered HIGH, the corresponding data will be
ignored, and the write will not be executed to that byte/column location. DM operation
isillustrated in Figure 101 (page 162).

During WRITE bursts, the first valid data-in element will be registered on the first rising
edge of DQS following the WRITE command, and subsequent data elements will be reg-
istered on successive edges of DQS. The LOW state of DQS between the WRITE com-
mand and the first rising edge is known as the write preamble; the LOW state of DQS
following the last data-in element is known as the write postamble. The WRITE burst is
complete when the write postamble and 'WR or 'WTR are satisfied.

The time between the WRITE command and the first corresponding rising edge of DQS
('DQSS) is specified with a relatively wide range (75%-125% of one clock cycle). All
WRITE diagrams show the nominal case. Where the two extreme cases (that is, ‘{DQSS
[MIN] and 'DQSS [MAX]) might not be obvious, they have also been included. Figure
102 (page 163) shows the nominal case and the extremes of 'DQSS for a burst of 4.
Upon completion of a burst, assuming no other commands have been initiated, the DQ
will remain High-Z and any additional input data will be ignored.

Data for any WRITE burst can be concatenated with or truncated by a subsequent
WRITE command. In either case, a continuous flow of input data can be maintained.
The new WRITE command can be issued on any positive edge of clock following the
previous WRITE command. The first data element from the new burst is applied after
either the last element of a completed burst or the last desired data element of a longer
burst that is being truncated. The new WRITE command should be issued x cycles after
the first WRITE command, where x equals the number of desired data element pairs
(pairs are required by the 2n-prefetch architecture).

Figure 103 (page 164) shows concatenated bursts of 4. An example of nonconsecutive
WRITEs is shown in Figure 104 (page 164). Full-speed random write accesses within a
page or pages can be performed, as shown in Figure 105 (page 165).

Data for any WRITE burst can be followed by a subsequent READ command. To follow a
WRITE without truncating the WRITE burst, ‘WTR should be met, as shown in Figure
106 (page 166).

Data for any WRITE burst can be truncated by a subsequent READ command, as shown
in Figure 107 (page 167). Note that only the data-in pairs that are registered prior to the
'WTR period are written to the internal array, and any subsequent data-in should be
masked with DM, as shown in Figure 108 (page 168).

Data for any WRITE burst can be followed by a subsequent PRECHARGE command. To
follow a WRITE without truncating the WRITE burst, 'WR should be met, as shown in
Figure 109 (page 169).
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WRITE Operation

Data for any WRITE burst can be truncated by a subsequent PRECHARGE command, as
shown in Figure 110 (page 170) and Figure 111 (page 171). Note that only the data-in
pairs that are registered prior to the 'WR period are written to the internal array, and any
subsequent data-in should be masked with DM, as shown in Figure 110 (page 170) and
Figure 111 (page 171). After the PRECHARGE command, a subsequent command to the
same bank cannot be issued until 'RP is met.

Figure 100: Data Input Timing

| : -
"DQSS ! tDSH2| tDSS3 ' tDSH? | tDSS3 ! ‘

| ! 1t 1 t !
WPRES owpRe |DQSL | DOSH| twesT |

> NSO OEOBET Y
o TIR KON PN RN UL,
tDS-) LtDH
Transitioning Data Don't Care

Notes: 1. WRITE command issued at TO.

2. 'DSH (MIN) generally occurs during 'tDQSS (MIN).

3. 'DSS (MIN) generally occurs during 'tDQSS (MAX).

4. For x16, LDQS controls the lower byte; UDQS controls the upper byte. For x32, DQS0
controls DQJ[7:0], DQS1 controls DQ[15:8], DQS2 controls DQ[23:16], and DQS3 controls
DQ[31:24].

5. For x16, LDM controls the lower byte; UDM controls the upper byte. For x32, DMO con-
trols DQ[7:0], DM1 controls DQ[15:8], DM2 controls DQ[23:16], and DM3 controls
DQ[31:24].
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WRITE Operation

Figure 101: Write - DM Operation

i T0 T
S S
s ! tH E
CKE /-/ Z’é%
4s |fH

T S R N B N

1
1
1
1
1
|
Command? NOP! @<ACTIVE>@< >@<
1 1 1 1 1
| DS e ! ! | ; ; | ! |
address /)] A Row >V VIR @in W Y JIIIIiii
: : : : : |tIS ‘I : E E : : : AII!:»| k:
! ! L ) ! 1 N 1 anks
A10 M Row W »L\ Note 4 /1
. : : : : | : : 1 ! ! One bank
! US| YH ! ! ! | | | ! | |
| | ~— L ! | s ! |
BAO, BAT Bank x \V /)X Bankx X/ MBankx5>€
: : ! ! ! j 1 | I ! :
| i ! 'RCD | DQSS (NOM) ! ! i WR '
I I : RAS ! ! ! : : : ! | ‘RP
: : 1 I I B | . : :
\ \ 1 1 1 1 ' ' ' '
\

DQSL | 'DQSH| twWPST

YWPRES
s N NN DN
DQ S n)er;..X'/

om N/NVIANY
"DS_JA TL DH

Don’t Care Transitioning Data

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL=4in the case shown.
3. PRE = PRECHARGE.
4. Disable auto precharge.
5. Bank x at T8 is “Don’t Care” if A10 is HIGH at T8.
6. D)y n = data-in from column n.
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WRITE Operation

Figure 102: WRITE Burst

T0 T1 T2 T2n T3

CK#
CK

Command

Address

DQS

o YSIBERERE

DQSS (MAX) tbQss

o ‘ %{(‘1,) <51"1 @W

Don’t Care Transitioning Data

Notes: 1. An uninterrupted burst of 4 is shown.
2. A10is LOW with the WRITE command (auto precharge is disabled).
3. Dy b = data-in for column b.
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WRITE Operation

Figure 103: Consecutive WRITE-to-WRITE

Command WRIT% >@<WRITE1 2>@< >@< //// ,///
Address MW %:?:TE W W M@

tDQSS (NOM)
o U ’/_'Wumum
o TN R O R S

on mlololololee ol ammn
Don't Care Transitioning Data

Notes: 1. Each WRITE command can be to any bank.
2. An uninterrupted burst of 4 is shown.
3. Dy b (n) = data-in for column b (n).

Figure 104: Nonconsecutive WRITE-to-WRITE

Command  //XWRITE'. 2 >@< >@<WR'TE1 2>@< ,/// ////
DQS | 7N 7/—\‘ N\ m /—x\_/-—\\_
oo LI R R ey R X L) oy o oy
ow 77711 AN AN\ AL AT AN AN AL
Don’t Care Transitioning Data

Notes: 1. Each WRITE command can be to any bank.
2. An uninterrupted burst of 4 is shown.
3. Dy b (n) = data-in for column b (n).
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WRITE Operation

Figure 105: Random WRITE Cycles

TO T1 Tin T2 T2n T3 T3n T4 T4n T5 T5n

I
Bank Bank Bank Bank Bank,
I
I

tDQSS (NOM) ! ‘ ‘ | | | | |

DQS A | Ji Y ¥ N ¥ \L

oo T ST TR BT
o VYNV INVINVIN
Don't Care [/ Transitioning Data

1. Each WRITE command can be to any bank.

2. Programmed BL = 2, 4, 8, or 16 in cases shown.

3. Dy b (orx, n, a, g) = data-in for column b (or x, n, a, g).

4. b' (or x, n, a, g) = the next data-in following D\y b (x, n, a, g) according to the program-
med burst order.

Notes:
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WRITE Operation

Figure 106: WRITE-to-READ - Uninterrupting

TO T1 Tin T2 T2n T3 T4 T5 T5n T6 T6n

tDQSSmiIn tDQSS

DQS

DQSSmax tDQSS ‘

oo T
e e @W DT |

- Don’t Care Transitioning Data

Notes: 1. The READ and WRITE commands are to the same device. However, the READ and WRITE

commands may be to different devices, in which case 'WTR is not required and the
READ command could be applied earlier.

2. A10is LOW with the WRITE command (auto precharge is disabled).

3. An uninterrupted burst of 4 is shown.

4, "WTR is referenced from the first positive CK edge after the last data-in pair.

5. D|y b = data-in for column b; Doyt n = data-out for column n.
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WRITE Operation

Figure 107: WRITE-to-READ - Interrupting

TO T1 Tin T2 T2n T3 T4 T5 T5n T6 T6n
CK# ----- \ ST N N v/ N\, "~ ST N -

CK N o N N \____,, \____,l ‘\____, N
Command %WRITELZ NOP NOP READ >@< NOP NOP /////m///

| ‘ lL_twrrd | 1
s BB NI TN X DX DX T TN
tDQSS (NOM) tDQSS ! ' : | | CL=3 : i
=/ N Y 77777/ |
oS W ERDRETY, T e ey

-------------------------------------- \------!-----'-----------------------‘---------------------I
R reTT T F====" mmm——- "'"'"""':""":""""""\'""':'""':' """ :"":
1 'DQSS (MIN) DQSS ! ' ‘ ‘ | Q=3 | | et
1 i ! ' : ‘ ' i 1 i 1
' DQs* ‘ ‘ ! R ‘ ‘ ‘ .o
i 1 ' ‘ \ ‘ | [ [ [ [ 1 1 :

| , 1 1 1
1 | L L L ] 1 | ]
i LIRS TNY g VBour\Y; 1
i DQS ﬁ(( Ny (oM X Y SR :
1 1
1 1
i DM i
1 1

tDQSS (MAX) tDQSS
DQs# A

DQ>

Don’t Care Transitioning Data

Notes: 1. An interrupted burst of 4 is shown; 2 data elements are written.

2. A10is LOW with the WRITE command (auto precharge is disabled).

3. 'WTR is referenced from the first positive CK edge after the last data-in pair.
4. DQS is required at T2 and T2n (nominal case) to register DM.

5

. Dy b =data-in for column b; Doyt n = data-out for column n.
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Figure 108: WRITE-to-READ - Odd Number of Data, Interrupting
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130-Ball NAND Flash with LPDDR MCP

T1

Tin T2 T2n

WRITE Operation

T5n T6n

Command1 % WRITE2 >@< NOP >@< NOP READ NOP N‘OP ,/////m/////
I Y A
N & Y e o o o,
;"FDB;sTNEM"TDEs's" """ C f """""" qg """ | """
I/ W I\
DQ’ I WSS, I ‘ %@%‘”ﬂﬁ‘l‘@g
o T 1N ANTANANAHI ;
L Doss(MIN) | tDass """ o } """ as """ o
| Dast LA 1 | | I\ l : o/
: m— ‘ ‘ ‘ ‘ [ | | | ‘ | | o
i oo’ Y /) Pom By L
L D0ss (MAX) | DQss ; T | T Ly T
1 ! 7 7 ; + 7 { | 1
{ pos? 7N P ARUY RS T\
L o T K, : R
o AT T,

Notes:

Don’t Care

Transitioning Data

An interrupted burst of 4 is shown; 1 data element is written, 3 are masked.
A10 is LOW with the WRITE command (auto precharge is disabled).

YWTR is referenced from the first positive CK edge after the last data-in pair.
DQS is required at T2 and T2n (nominal case) to register DM.

Dy b = data-in for column b; Doyt n = data-out for column n.
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WRITE Operation

Figure 109: WRITE-to-PRECHARGE - Uninterrupting

_____ N

Command1 9<WRITE2 4>@< >@< >@< >@< W PRE34

‘ tWR5 ‘

Address %BSSFS‘W W W W mwo@m@

o T a

oo T R R
Lo

tDQSS (MIN)
DQS

DQSS (MAX)
DQS

DQ¢

Don’t Care Transitioning Data

1. An uninterrupted burst 4 of is shown.

2. A10is LOW with the WRITE command (auto precharge is disabled).
3. PRE = PRECHARGE.
4

. The PRECHARGE and WRITE commands are to the same device. However, the PRE-
CHARGE and WRITE commands can be to different devices; in this case, 'WR is not re-
quired and the PRECHARGE command can be applied earlier.

5. "WR is referenced from the first positive CK edge after the last data-in pair.
6. Dy b = data-in for column b.

Notes:
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WRITE Operation

Figure 110: WRITE-to-PRECHARGE - Interrupting

TO T1 Tin T2 T2n T3 T3n T4 T4n T5 T6

__________ [ N e o _————

cOmmand1 %WRITEZW W >@< W PRE3 >@< //// ///

| tWR“ w
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____________________ G g | g g i T
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1
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1
1
1
JE Y T T,
1
1
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1
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1
1
1
1
1
- T rr
1
1
1
1
1
1
1
1
a

DQSS (MAX) tDQSS ‘

RSO '

Don’t Care Transitioning Data

Notes: 1. An interrupted burst of 8 is shown; two data elements are written.

2. A10is LOW with the WRITE command (auto precharge is disabled).

3. PRE = PRECHARGE.

4. “WR is referenced from the first positive CK edge after the last data-in pair.
5. DQS is required at T4 and T4n to register DM.

6

. Dy b = data-in for column b.

PDF: 09005aef84a93e6f 1 70 Micron Technology, Inc. reserves the right to change products or specifications without notice.
130ball_nand_Ipddr_j4mk.pdf — Rev. F 10/15 EN © 2012 Micron Technology, Inc. All rights reserved.



Micron Confidential and Proprietary

49’7 ICron 130-Ball NAND Flash with LPDDR MCP

WRITE Operation

Figure 111: WRITE-to-PRECHARGE - Odd Number of Data, Interrupting

tDQSS (NOM) tDQSS
DQSS' 6

tIDQSS (MAX) tDQSS !

o T~ N\ NS

- Don't Care Transitioning Data

Notes: 1. An interrupted burst of 8 is shown; one data element is written.

2. A10is LOW with the WRITE command (auto precharge is disabled).

3. PRE = PRECHARGE.

4. “WR is referenced from the first positive CK edge after the last data-in pair.
5. DQS is required at T4 and T4n to register DM.

6. If a burst of 4 is used, DQS and DM are not required at T3, T3n, T4, and T4n.
7

. Dy b = data-in for column b.
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PRECHARGE Operation

PRECHARGE Operation

The PRECHARGE command is used to deactivate the open row in a particular bank or
the open row in all banks. The bank(s) will be available for a subsequent row access
some specified time (‘RP) after the PRECHARGE command is issued. Input A10 deter-
mines whether one or all banks will be precharged, and in the case where only one bank
is precharged (A10 = LOW), inputs BAO and BA1 select the bank. When all banks are pre-
charged (A10 = HIGH), inputs BAO and BA1 are treated as “Don’t Care.” After a bank has
been precharged, it is in the idle state and must be activated prior to any READ or
WRITE commands being issued to that bank. A PRECHARGE command will be treated
as a NOP if there is no open row in that bank (idle state), or if the previously open row is
already in the process of precharging.

Auto Precharge

Auto precharge is a feature that performs the same individual bank PRECHARGE func-
tion described previously, without requiring an explicit command. This is accomplished
by using A10 to enable auto precharge in conjunction with a specific READ or WRITE
command. A precharge of the bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the READ or WRITE burst.
Auto precharge is nonpersistent; it is either enabled or disabled for each individual
READ or WRITE command.

Auto precharge ensures that the precharge is initiated at the earliest valid stage within a
burst. This earliest valid stage is determined as if an explicit PRECHARGE command
was issued at the earliest possible time without violating '‘RAS (MIN), as described for
each burst type in Table 52 (page 133). The READ with auto precharge enabled state or
the WRITE with auto precharge enabled state can each be broken into two parts: the ac-
cess period and the precharge period. The access period starts with registration of the
command and ends where 'RP (the precharge period) begins. For READ with auto pre-
charge, the precharge period is defined as if the same burst was executed with auto pre-
charge disabled, followed by the earliest possible PRECHARGE command that still ac-
cesses all the data in the burst. For WRITE with auto precharge, the precharge period
begins when 'WR ends, with ‘WR measured as if auto precharge was disabled. In addi-
tion, during a WRITE with auto precharge, at least one clock is required during ‘WR
time. During the precharge period, the user must not issue another command to the
same bank until ‘RP is satisfied.

This device supports 'RAS lock-out. In the case of a single READ with auto precharge or
single WRITE with auto precharge issued at ‘RCD (MIN), the internal precharge will be
delayed until 'RAS (MIN) has been satisfied.

Bank READ operations with and without auto precharge are shown in Figure 112 (page
174) and Figure 113 (page 175). Bank WRITE operations with and without auto pre-
charge are shown in Figure 114 (page 176) and Figure 115 (page 177).

Concurrent Auto Precharge

This device supports concurrent auto precharge such that when a READ with auto pre-
charge is enabled or a WRITE with auto precharge is enabled, any command to another
bank is supported, as long as that command does not interrupt the read or write data
transfer already in process. This feature enables the precharge to complete in the bank
in which the READ or WRITE with auto precharge was executed, without requiring an
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Auto Precharge

explicit PRECHARGE command, thus freeing the command bus for operations in other
banks.
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Auto Precharge

Figure 112: Bank Read - With Auto Precharge
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Don’t Care Transitioning Data
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at

s wN

these times.

BL = 4 in the case shown.
Enable auto precharge.
Refer to Figure 97 (page 157) and Figure 98 (page 158) for detailed DQS and DQ timing.
Doyt h = data-out from column n.
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Auto Precharge

Figure 113: Bank Read - Without Auto Precharge
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Don't Care Transitioning Data
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.
2. BL =4 in the case shown.
3. PRE = PRECHARGE.
4. Disable auto precharge.
5. Bank x at T5 is “Don’t Care” if A10 is HIGH at T5.
6. The PRECHARGE command can only be applied at T5 if tRAS (MIN) is met.
7. Refer to Figure 97 (page 157) and Figure 98 (page 158) for DQS and DQ timing details.
8. Doyt n = data out from column n.
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Figure 114: Bank Write - With Auto Precharge

Auto Precharge
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| i ! | | | | i t t t

: : | : : | weres |-t awvpRe | DQSL | DQSH| twPsT

D! T DB

DM /,// J@\
DS J‘ TL DH

these times.
2. BL =4 in the case shown.
Enable auto precharge.
4. Dyy n = data-out from column n.

w

AN

Don't Care Transitioning Data

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
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Auto Precharge

Figure 115: Bank Write - Without Auto Precharge

T0
CK# - - - - x
K -
4s | tH
CKE
4s | tH

Command ? NOP!

@<ACTIVE>@< NOP! WWRITEZW NOP! >@< NOP! >@< NOP! >@< NOP! >@< PRE3 %
I I

| : s | UH : | | : : : : : :
Address RTV K _<oin X T ///| //,//////I
| : l | o us|tH | | | | |
| | | | | ) ) ! . ! ) All banks
A10 % Row W &;\ Note 4 ][ / /
L sl 3 3 1 R
BAO, BA1 / Bank x I ‘ ﬁ Bank x W M Bank x5 >Q
E E | tRCD ! | 3 3 3 3 tWR 3
L Cas | } | I o
: E E i 1DQSS (NOM) 1
DQs ' / ‘ ‘ RS Ry e ‘
i i tv\:/PRES tWPRE DQsL | 'DQSH] WPST
oo 77777, I L X X XU ‘
oM VONVINVINVY,
DS i
*tDH‘ Don't Care Transitioning Data
Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.
2. BL =4 in the case shown.
3. PRE = PRECHARGE.
4. Disable auto precharge.
5. Bank x at T8 is “Don’t Care” if A10 is HIGH at T8.
6. Doyt n = data-out from column n.
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AUTO REFRESH Operation

AUTO REFRESH Operation

Auto refresh mode is used during normal operation of the device and is analogous to
CAS#-BEFORE-RAS# (CBR) REFRESH in FPM/EDO DRAM. The AUTO REFRESH com-
mand is nonpersistent and must be issued each time a refresh is required.

The addressing is generated by the internal refresh controller. This makes the address
bits a “Don’t Care” during an AUTO REFRESH command.

For improved efficiency in scheduling and switching between tasks, some flexibility in
the absolute refresh interval is provided. The auto refresh period begins when the AUTO
REFRESH command is registered and ends 'RFC later.

Figure 116: Auto Refresh Mode

t tiiii(‘ t ! t t
(s |H | ek | tcH| |

I
e /HS W W veid W x@g/ v({@< v W ¢

((

Address %(y ,()y />< Row >
3 | Anhanks } i i i 3 | zz 3 3 | )()( 3 3 3 |
At0 ‘ /)‘( 10 Y, Ay (Y, /)( Row )
: One bank 1 1 S u : : T S
: L.)I : : P w : w L L
BAO, BA1 /£ Bank(s)® L Ny, 7/ Bank )
i i j | | | i )) )) i i i i
! 1 | ! ! 1 | 1 | ( | (¢ 1 1 : :
DQs® 1 A
‘ ‘ ; ‘ ‘ ‘ ; )) ; ; )
i i | ! i i i i | (( i | | (( |
DQ* W W
‘ ‘ : w w w \ )} | i )
1 1 | 1 1 1 1 | | (« 1 1 | ( |
DM A A
‘ ‘ | ; ; ; ‘ )) ‘ ‘ ) ‘ ‘ ‘ ‘
‘ ‘ | ‘ tRp ‘ | tREC ‘ | ‘ tRECA ‘ |
f | | |
Don’t Care

Notes: 1. PRE = PRECHARGE; AR = AUTO REFRESH.

2. NOP commands are shown for ease of illustration; other commands may be valid during
this time. CKE must be active during clock positive transitions.

3. NOP or COMMAND INHIBIT are the only commands supported until after 'RFC time; CKE
must be active during clock positive transitions.

4. The second AUTO REFRESH is not required and is only shown as an example of two
back-to-back AUTO REFRESH commands.

5. Bank x at T1is “Don’t Care” if A10 is HIGH at this point; A10 must be HIGH if more than
one bank is active (for example, must precharge all active banks).

6. DM, DQ, and DQS signals are all “Don’t Care”/High-Z for operations shown.

Although it is not a JEDEC requirement, CKE must be active (HIGH) during the auto re-
fresh period to provide support for future functional features. The auto refresh period
begins when the AUTO REFRESH command is registered and ends ‘RFC later.
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SELF REFRESH Operation

The SELF REFRESH command can be used to retain data in the device while the rest of
the system is powered down. When in self refresh mode, the device retains data without
external clocking. The SELF REFRESH command is initiated like an AUTO REFRESH
command, except that CKE is disabled (LOW). All command and address input signals
except CKE are “Don’t Care” during self refresh.

During self refresh, the device is refreshed as defined in the extended mode register.
(see Partial-Array Self Refresh (page 145).) An internal temperature sensor adjusts the
refresh rate to optimize device power consumption while ensuring data integrity. (See
Temperature-Compensated Self Refresh (page 144).)

The procedure for exiting self refresh requires a sequence of commands. First, CK must
be stable prior to CKE going HIGH. When CKE is HIGH, the device must have NOP
commands issued for 'XSR to complete any internal refresh already in progress.

During SELF REFRESH operation, refresh intervals are scheduled internally and may
vary. These refresh intervals may differ from the specified '‘REFI time. For this reason,
the SELF REFRESH command must not be used as a substitute for the AUTO REFRESH
command.
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SELF REFRESH Operation

Figure 117: Self Refresh Mode

2| s
CKE'2 7] Y/ |
commana 7} _nor W) D@Md

1 1 (( 1 (C_ = .
Address / (2‘ Valid V
‘ i ) | i w ) |
(

.
a3 R,
o0 A T T

] ] ! 1)) | | ! !
1 1 | L : 1 ( 1
o 10 Y,
tRp4 tXSR>
Enter self refresh mode Exit self refresh mode

Don’t Care

Notes: 1. Clock must be stable, cycling within specifications by Ta0, before exiting self refresh
mode.

CKE must remain LOW to remain in self refresh.

AR = AUTO REFRESH.

Device must be in the all banks idle state prior to entering self refresh mode.

Either a NOP or DESELECT command is required for tXSR time with at least two clock
pulses.

s WwN
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Power-Down

Power-down is entered when CKE is registered LOW. If power-down occurs when all
banks are idle, this mode is referred to as precharge power-down; if power-down occurs
when there is a row active in any bank, this mode is referred to as active power-down.
Entering power-down deactivates all input and output buffers, including CK and CK#
and excluding CKE. Exiting power-down requires the device to be at the same voltage as
when it entered power-down and received a stable clock. Note that the power-down du-
ration is limited by the refresh requirements of the device.

When in power-down, CKE LOW must be maintained at the inputs of the device, while
all other input signals are “Don’t Care.” The power-down state is synchronously exited
when CKE is registered HIGH (in conjunction with a NOP or DESELECT command).
NOP or DESELECT commands must be maintained on the command bus until *XP is
satisfied. See Figure 57 for a detailed illustration of power-down mode.

Figure 118: Power-Down Entry (in Active or Precharge Mode)

RAS#, CAS#, WE# /)X

s T | /7
RAS#, CAS#, WE# / | W

Address M M
BAO, BAT /I

Don't Care
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Power-Down

Figure 119: Power-Down Mode (Active or Precharge)

ke A (/A

T S0

! ! r(( | 1 . . L | !

e

' | r(( | | . . | | |

i/
))

! | L

Us| UH,
Command ?
s U4,
Address 9 Valid y
DQs
DQ
DM

U

No read/write

<—— Must not exceed refresh device limits —

Enter3 Exit Don’t Care

access in progress power-down power-down
mode mode
Notes: 1. 'CKE applies if CKE goes LOW at Ta2 (entering power-down); *XP applies if CKE remains

Deep Power-Down

HIGH at Ta2 (exit power-down).

2. If this command is a PRECHARGE (or if the device is already in the idle state), then the
power-down mode shown is precharge power-down. If this command is an ACTIVE (or if
at least 1 row is already active), then the power-down mode shown is active power-
down.

3. No column accesses can be in progress when power-down is entered.

Deep power-down (DPD) is an operating mode used to achieve maximum power reduc-
tion by eliminating power to the memory array. Data will not be retained after the de-
vice enters DPD mode.

Before entering DPD mode the device must be in the all banks idle state with no activity
on the data bus (‘RP time must be met). DPD mode is entered by holding CS# and WE#
LOW with RAS# and CAS# HIGH at the rising edge of the clock while CKE is LOW. CKE
must be held LOW to maintain DPD mode. The clock must be stable prior to exiting
DPD mode. To exit DPD mode, assert CKE HIGH with either a NOP or DESELECT com-
mand present on the command bus. After exiting DPD mode, a full DRAM initialization
sequence is required.
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Power-Down

Figure 120: Deep Power-Down Mode

TO T1 T2 Ta0'! Ta1l Ta2 Ta3
CK#  ---- ' ' '
CcK
CKE
‘ High-Z
DQs 9 2 2 4 -
‘ High-Z
DQ | 9 2 2 4 I
All banks idle with no Enter deep power-down mode Exit deep power-down mode

activity on the data bus

Don’t Care

1. Clock must be stable prior to CKE going HIGH.

2. DPD = deep power-down.

3. Upon exit of deep power-down mode, a full DRAM initialization sequence is required.
4

. DQ and DQS bus may not be High-Z during this period. Packages or applications that
share the data bus are not allowed to have other activity on the data bus for 200ps after
the deep power-down exit.

Notes:
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Clock Change Frequency

One method of controlling the power efficiency in applications is to throttle the clock
that controls the device. The clock can be controlled by changing the clock frequency or
stopping the clock.

The device enables the clock to change frequency during operation only if all timing pa-
rameters are met and all refresh requirements are satisfied.

The clock can be stopped altogether if there are no DRAM operations in progress that
would be affected by this change. Any DRAM operation already in process must be
completed before entering clock stop mode; this includes the following timings: ‘RCD,
RB, 'RFC, 'MRD, 'WR, and 'RPST. In addition, any READ or WRITE burst in progress
must be complete. (See READ Operation and WRITE Operation.)

CKE must be held HIGH with CK = LOW and CK# = HIGH for the full duration of the
clock stop mode. One clock cycle and at least one NOP or DESELECT is required after
the clock is restarted before a valid command can be issued.

Figure 121: Clock Stop Mode

Address

DQ, DQS @ /{/

All DRAM activities must be complete

Exit clock stop mode Enter clock stop mode

Don‘t Care

Notes: 1. Prior to Ta1, the device is in clock stop mode. To exit, at least one NOP is required before
issuing any valid command.
2. Any valid command is supported; device is not in clock suspend mode.
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Revision History

Rev. F - 10/15

¢ Added Part Number References to Features

Rev. E - 09/15

* Updated solder ball composition in Package Dimensions

Rev. D - 12/14

* Added MT29C1G12MAAIYAMR-5 AIT part number
e Added MR package

Rev. C-03/14

Updated information on READ PARAMETER PAGE (ECh) command
Updated information on LOCK TIGHT (2Ch) command

Rev. B - 06/12

¢ Production status

Rev. A - 02/12

¢ Initial release

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006, Tel: 208-368-4000
www.micron.com/products/support Sales inquiries: 800-932-4992
Micron and the Micron logo are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
This data sheet contains minimum and maximum limits specified over the power supply and temperature range set forth herein.
Although considered final, these specifications are subject to change, as further product development and data characterization some-
times occur.
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