XS61M2G8D2TA-B8Bxx NAND MCP X?':Mimoﬁ

<

2 ) .
XSeMiTrRON

N

XS61M2G8D2TA
2Gb (256M x 8) NAND flash + 2Gb (64M x 32)

Low Power DDR2 SDRAM
NAND MCP Specification

XSemitron Technology Inc.

Web Site: www.XSemitron.com
Sales Contact: sales@XSemitron.com
Technical Contact: fae@XSemitron.com

* Information furnished is believed to be accurate and reliable. However, XSemitron Technology Inc.
assumes no responsibility for the consequences of use of such information or for any infringement of
patents of other rights of third parties which may result from its use. No license is granted by implication or
otherwise under any patent rights of XSemitron Technology Inc. Specifications mentioned in this publication
are subject to change without notice. This publication supersedes and replaces all information previously
supplied. XSemitron Technology Inc. products are not authorized for use as critical components in life
support devices or systems without express written approval of XSemitron Technology Inc. The XSEMITRON
logo is a registered trademark of XSemitron Technology Inc. All other names are the property of their
respective own.

Rev Al1.0 24/09/2024 Pagel


mailto:fae@xtxtech.com

XS61M2G8D2TA-B8Bxx NAND MCP XT:MHROﬁ

<

Revision History:

Rev. Date Changes Remark

Al1.0 2024/9/24 Initial release Preliminary

Rev Al1.0 24/09/2024 Page2



XS61M2G8D2TA-B8Bxx NAND MCP

2~ ) .
XS=eMiTrRON

Introduction

N

XSEMITRON nMCP is a Multi-Chip Packaged memory which combines NAND flash memory and LPDDR2 (Low
Power Double Data Rate) SDRAM. The NAND flash memory provides the most cost-effective solution for the non-
volatile solid state mass storage market, while the LPDDR?2 is an excellent solution for large volatile but fast storage

applications such as random/temporary data access.

XSEMITRON nMCP is suitable for use in data memory of portable electronic devices to reduce its square size and
power consumption at the same time. The NAND flash memory and LPDDR2 SDRAM in it could be operated

individually .
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Features

< NAND flash >

>
>
>

Single Level per Cell (SLC) Technology

ECC requirement: 8bit/544Bytes

Power Supply Voltage

Voltage range: 1.7V ~ 1.95V

Organization

Page size: x8 (2048 + 128) bytes;

128-bytes spare area

Block size: x8 (128k + 8k) bytes

Plane size: 1024 Blocks per Plane

2008 block (min) ~2048 block (max)

Modes

Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy,
Multi-Page Program, Multi--Block Erase, Multi-Page Copy, Multi-Page Read

Access time

Cell array to register: 25us (max)

Serial Read Cycle: 25 ns (min) (CL=30pF)
Program/Erase time

Auto Page Program: 300 ps/page (typ.)

Auto Block Erase: 3.5 ms/block (typ.)

Reliability

Data retention: 10 Years

Endurance!: 50,000 PROGRAM/ERASE cycles with 8bit/544bytes ECC

Note:

2 ) .
XSeMiTrRON

<

(1) 50,000 PROGRAM/ERASE Endurance cycles are based on the test condition of NVCE part of JEDEC document JESD47 "Stress-Test-
Driven Qualification of Integrated Circuits", to simplify, it is suggested to perform erase/program cycling every 30s on each block.

Rev Al.0

24/09/2024

Paged



XS61M2G8D2TA-B8Bxx

NAND MCP

2 ) .
XSeMiTrRON

<LPDDR2>
Specifications

Density: 2G bits

Organization

— x 32 bits: 8M words x 32 bits x 8 banks
Power supply

— VDD1=1.70V to 1.95V

— VDD2, VDDCA, VDDQ = 1.14V to 1.30V

Clock frequency:
533/466/400/333/266/200/166Mhz(max.)

2KB page size

— Row address: RO to R13

— Column address:CO to C8 (x 32 bits)
Eight internal banks for concurrent operation
Interface: LVCMOS

Burst lengths (BL): 4, 8, 16

Burst type (BT)

— Sequential (4, 8, 16)

— Interleave (4, 8)

Read latency (RL): 3,4,5,6,7,8

Write latency (WL): 1, 2, 3,4

Pre-charge: auto pre-charge option for each
burst access

Programmable driver strength
Refresh: auto-refresh, self-refresh
Refresh cycles: 16384 cycles/64ms

— Average refresh period: 3.9us

<

Features

« DLLis notimplemented

* Low power consumption

« JEDECLPDDR2-S4B compliance

« Partial Array Self-Refresh (PASR)
— Bank Masking

«  Auto Temperature Compensated
Self- Refresh (ATCSR) by built-in
temperature sensor

* Deep power-down mode

e Double-data-rate architecture; two
data transfers per one clock cycle

* The high-speed data transfer is
realized by the 4 bits pre-fetch
pipelined architecture

« Differential clock inputs (CK and /CK)

+ Commands entered on both rising and
falling CK edge; data and data mask
referenced to both edges of DQS

« Data mask (DM) for write data

24 /00 /904
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Ordering information
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NAND Flash Mobile DDR2 SDRAM 0peration
Product ID Package Temperature
Configuration Speed Configuration Speed Range
2Gb (8 Banks X 162 ball BGA
- 2Gb (256M X 8
XS61M2G8D2TA-BSBEA ( )| 25ns 8M X 32 bits) 1066Mbps 8x10.5x0.95 Extended
2Gb (8 Banks X 162 ball BGA
- 2Gb (256M X 8
XS61M2G8D2TA-B8BET ( ) 25ns 8M X 32 bits) 1066Mbps 8x10.5x0.95 Extended
2Gb (8 Banks X 162 ball BGA .
- 2Gb (256M X 8
XS61M2G8D2TA-B8BIA ( )| 25ns 8M X 32 bits) 1066Mbps 8x10.5x0.95 Industrial
2Gb (8 Banks X 162 ball BGA .
- 2Gb (256M X 8
XS61M2G8D2TA-BS8BIT ( )| 25ns 8M X 32 bits) 1066Mbps 8x10.5x0.95 Industrial
Part number description
XS 61M 2G8 D2 TA-B 8 B X X
Vendor J L Packing type
XS : XSEMITRON A: Tray
T: Tape&Reel
Product family Temperaturerange

61M :1.8v Nand + LPDDR2 MCP

Nand Density/Org
1G8:1Gb /x8
2G8:2Gb /x8
4G8 : 4Gb /x8

Dram Density/Org

C2: 1Gb /x32
D2 :2Gb /x32
E2:4Gb /x32

TA: Version

Internal version ref#

E: Extended(-25°C to 85°C)
I: Industrial(-40°C to +85°C)

Nand ECC bit
0: 0 bit
B: 8 bit

DRAM speed

8:1.875ns

Package type
B: 162 ball BGA

8x10.5x0.95
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Pin description

Pin Name Type Function

NAND

Supply Voltage: The VCC supplies the power for all the operations (Read, Program, Erase).

vee Supply An internal lock circuit ,prevents the insertion of Commands when VCC is less than VLKO.

VSS Supply Ground

1/00-1/07 | Input/output | Data input/outputs: address inputs, or command inputs

Address Latch Enable: This input activates the latching of the I/O inputs inside the Address

ALE |
nput Register on the
Command Latch Enable: This input activates the latching of the I/O inputs inside the
CLE Input .
Command Register on
Chip Enable: This input controls the selection of the device. When the device is not
CE# Input
busy CE# low selects
Read Enable: The RE# input is the serial data-out control, and when active drives the data
RE# Input
onto the I/O bus.
Write Enable: This input latches Command, Address and Data. The I/O inputs are latched
WE# Input .
on the rising edge
WP Input Write Projc(?ct: .The WP# pin, when low, provides hardware protection against undesired
data modification
R/B# Output Ready Busy: The Ready/Busy output is an Open Drain pin that signals the state of the memory.

Rev Al1.0 24/09/2024 Page8
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LP DDR2 SDRAM

Clock: CK and are differential clock inputs. All Double Data Rate (DDR) CA inputs are sampled
on both positive and negative edge of CK. Single Data Rate (SDR) inputs, CK# and CKE, are
sampled at the positive Clock edge. Clock is defined as the differential pair, CK and CK#.

CK, CK# Input The positive Clock edge .

Clock Enable: CKE high activates, and CKE low deactivates internal clock signals, and device
Input buffers and output drivers. Power saving modes are entered and exited through CKE
transitions.

Command/Address Inputs: Unidirectional command/address bus inputs. Provide the
CAO0 - CA9 Input command and address inputs according to the command truth table. CA is considered part
of the command code.

DQO0-DQ31 |Input / Output| Data Bus: Bi-directional Input / Output data bus.

Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM
is sampled HIGH coincident with that input data during a Write access. DM is sampled on
both edges of DQS. Although DM pins are input-only, the DM loading matched the DQ and
Input DQS.

DMO0-DM
0 3 DMO corresponds to the data on DQO-DQ7, DM1 corresponds to the data on DQ8-DQ15,
DM2, corresponds to the data on DQ16-DQ23, and DM3 corresponds to the data on DQ24-
DQ31.
DQS0~3 Data Strobe (Bi-directional, Differential): The data strobe is bi-directional (used for read
DQS#0~3 Input / Output| and write data) and Differential DQS ,t is output with read data and input with write data.
DQS is edge-aligned to read data, and centered with write data.
Reference Pin for Output Drive Strength Calibration. External impedance (240-ohm): this
ZQ0 Input . . . . .
signal is used to calibrate the device output impedance.
Clock Enable: CKE high activates, and CKE low deactivates internal clock signals, and device
CKEO Input input buffers and output drivers. Power saving modes are entered and exited through CKE

transitions. CKE is considered part of the command code. CKE is sampled at the positive
Clock edge.

CS# enables (registered LOW) and disables (registered HIGH) the command decoder. All
CSO# Input commands are masked when CS# is registered HIGH. CS# provides for external bank
selection on systems with multiple banks. CS# is considered part of the command code.

VvDD1 Supply VDD1: LPDDR2 power supply 1.
VDD2 Supply VDD2: LPDDR2 power supply 2.
VDDCA Supply VDDCA: LPDDR2 CA power supply.
VvDDQ Supply VDDQ: LPDDR2 I/O power supply.
VREFCA Supply VREFCA: LPDDR2 reference for CA pins.
VREFDQ Supply VREFDQ: LPDDR?2 reference for DQ, pins.
VSSCA Supply VSSCA: LPDDR2 1/0 ground.
VssQ Supply VSSQ: LPDDR2 1/0 ground.
NOTES:

DNU — Do not use: Must be grounded or left floating.
NC — No connect: Not internally connected.
RFU — Reserved for future use.
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Package Dimension 8x10.5 package

VU U UV U

= Seating plane

(]0.08[A]

162X ©0.309
Dimensions apply
to solder balls post-
reflow on ©0.27 SMD

Ball A11D
(covered by SR)

Ball A11D
10,86 4,2 /_

ball pads. 391

| — | Y%ooooboooo *|A

0000000000 B

olboooo C

000000 D

000000 000 E

28888 888 It

9.5 CTR 00000l 000 H

000000 000 J

0000 000 K

— = =000 — L

10.5 +0.1 oooglg 888 Rf

el 000006 000 P

OOOOOID Q00 R

000000 000 T

| 000000 000 U

000000 000 Vv

| —— €0000l0 000 w

\ | o '

0.5 TYP — —=| |=—0.5TYP —»|| |==—0.95+0.05

—=| 45CTR |--— —||~=—0.18 MIN

- 8 +0. 1] ———=

Notes: 1. All dimensions are in millimeters.

Rev Al.0 24/09/2024 Pagel0



XS61M2G8D2TA-B8Bxx NAND MCP X?':Mimoﬁ

Content
N [ T Y =T 4 oY o TSR
1.1. General Description
R oY Tl T V- - T IO PR
B TR 11 Yo [ D14 =T SR PP
L.4. Array OranIzZatioN .........coiiiiiiiiiiii ettt ettt s et e e bt e s et st e e e b e s a e et e bt e s e b et e s ne e e e n et e e e r e e e enneesreeeas
L5, AAAIESSING ....c.neeiiiieieete ettt ettt e b e st e b e sa b e e bt e s a bt e bt e e h et e bt e e aa e e bt e shte e bt e eRe e e heeeane e beeeabe e beesabeeteesateenreeenre et
1.6. Absolute MaxXimUM RAtINGS ........c.eoiiiiiiiiieeeee ettt ettt e sb e a e st e s st e st e e s bt e e be e s bt e eabeesaee s beesatesabeesmneenseenneean
1.7. Capacitance *(Ta = 25°C, F = L1 IMIHZ) ........cccieiiieiiecee ettt et e st e e te e st e e te e st b e e baeesae e beeeaaeenseesateeseessseesaennseenses
R Y £ 1 1To I = Lo Yol T USSR
1.9. Recommended DC Operating CoONGItIONS ............c.coiiiiiiiiiiiiiiieee et e et e st e e st e e s bt e e sanee s sabeeesbeeesanes
1.10.DC Characteristics (Ta =-40 10 85°C, VCC = 1.7 10 1.95V ) .....ceeiviiiiiiiiicteceeeteere ettt ettt ettt sreeaesaeeaesteebesasenbeeneenns
1.11.AC Test Conditions...........ccoeviiiriiiiiiiieiiee e
1.12.Programming and Erasing Characteristics
B D T 1 T 0 TV 4 TV OO OO P PP SORORPPPRPPPOE
R Y e TR =Y [T ot T TSP PPRPRTRTRRN
B R 0 T (o 0 T =T 1 o o PP T ST PPPTOUPPP PRSI
LL16. TIMING DIAGIAamS ... .eeiiiiiiiiiiiee ettt sttt e s st e e s bt e e s ae e e e s bt e e e b et e s mse e e sa b e e e e s b e e s ms e e e sa b e e e e b e e e s nreesanneeeeareeesanneesannnes
1.17.Application NOTES and COMMEBNTS .......ccceiiiiiiieiiiiiierie et e ste et e e e ste e st e e teestee e beesatesabeesaeeesseesbsesnseesseeenbeesseesnteesssesnseensns
2. LOW POWETN DDR2 SDRAM Part ... ittt e e e e e ettt e e e e e e e e ettt e e e e e e e e e e aabaaeeaeaeeeeessannens
2.1 General DesCriplioNn .....ccececieeeeciiiecciee ettt e e e e
2.2 Electrical Specifications: ........cccccveeiviieeeiiee e
2.2.1 Absolute Maximum Ratings.............
2.2.2 Operating Temperature Condition ................
2.2.3 Recommended DC Operating CONTITIONS ....c...cieiriieriieierteete ettt ettt sttt sat e st sae e st e st e e bt et e eabestesasesneesanesneenseeneenses
224 AC and DC INPUL MEASUIEMENT LEVEIS ......eoiiiiieieeiieie ettt ettt et s e st st see e s bt e b e e b e e bt eabeemsesnnesaeesnnesanennnes
2.2.5 (DTl 03P =T =] o S ok OO RRUUSPRROPSRSRNE
2.2.6 Advanced Data Retention Current (Self = refreSh CUITENT) .......ooouiiiiiiice et ere e e rae e
2.2.7 (D] Ol @ o o =Tt £ =T 1 ol OO PSPPSR
2.2.8 (D] Ol @ o =Tt £ =T 1y ol TR TSP RUUSRTRION
2.2.9 Pin Capacitance......ccccceeeevveeeieciieee e,
2.2.10 Refresh Requirement Parameters (2Gb)...
2.2.11  AC CharacteristiCs ....covveeriieirieenieesireerieesieesineeseeeseee e s
2.3 BlOCK DIaBram ..cccuiecueeeiieiieeieeiee sttt sttt sttt
2.4 PiNFUNCHION ettt e
24.1 CK, /CK (input pins).......
2.4.2 /CS (input pin) ..c.cccvveneenes
243 CAD 1O CA9 (INPUL PINS) ceverienieiertertesteeteeteetteit et et e s testesteshesueestes s e testestesbesbeeseeseestentensenbebeebeshe s bt eseesb e st et enbesbesbesbeeneententensensansensas
244 e Lo Lo T = -1 o1 1= [P P UPPPOROPPPTRPPRPPPPINt
245 [Bank Numbering and BA INPUL TABIE] .....eiiiiieiieeieet ettt sttt et e b ettt s e et esan e ssnesaeesneesbeeneenseeas
2.4.6 CKE (INPUL PIN) c1ttteitieeiieeeteeetee et e st e et e e teeeetbeesbee e baeesaseeesbesebae e saeeasseesasaeansseeasseesaseeensseeasseesabeeensaeansseesabeeensaeenaseesaseesnsaeesrens
2.4.7 DQO to DQ15 (x16), DQO to DQ31 (X32) - (iNPUL/OULPUL PINS) cueeureieiirierieriesiesieseeteeteeeaessessestesseseessessaessessessessessessessessessens 92
2.4.8 DQSx, /DQSx (input/ output PiNS, WHEre X = 010 3) .cuecieirieieiieirieieieieesets ettt se st e ste s se s esessesessesesesseneesessenessenes 92
2.49 DIMO £0 DIMI3 (INPUL PINS) c.uutiieiieeiiieeitie ettt eete e et e esteeesteeeteeestseessteaestaaesseessseaasssaassseesssaeassseassseessseaansseensseesssaeanseeesseesaseesnseaanes 93
D 0 (O I 1V I V14 TR =1 o 1= TS OUUPSP PR PPRRPPRRPRRIOt 93
2.4.11 [DQS and DM CorrespondenCe TaABIE] .......cccuiiiiiieciieeieeete ettt e e et e e e te e e e aaeesate e e baeesaaeesateeensaeesssaessseeasaeesaseasnsaaanns 93
2.4.12  VDD1, VSS, VSS2, VDDCA, VSSCA, VDDQ, VSSQ, (DOWEF SUPPIY) eververeereveerereereeeseeseesseseeseeesessesesessessesesassasesessessesesssessesesessesens 93
P 0o T 0T g - 0T I @ o1=T - 4 o o APPSRt 94
24.1 (0feYaaTaaF=TaTe B VT4 0T I ] o [OOSR PRI 94
2.4.2 Register Commands [IMRR/IVIRW] .......coiiiiiiiiieeeiceeeteestee et eeteeeteeeveeeteeteesaeeasesseesasessesessebeessensesnseensesssesssesssesssassseasseseeseenseenns 95
2.4.3 Refresh CoOMMANAS [REF] .....oiiiiiiiiieecie ettt ettt ettt e et e e te e e e tt e e sabee e baeeeateeeaseeeseaaasseasssesessseeassaeassseensbaaasseeensesensseansseeans 95
2.4.4 ACTIVE COMMANG [ACT] iiiiiiiiieiieeste et e ettt e e st e ettt e sttt e s ste e e beeesateeasbeeessseessseaasseeessaeenaseaasseessseansseeanteesssseesnsaeanseessbeesaseesnseean 95
2.4.5 Read/Write Commands [READ/WRIT] ....cciiiieieeteeeeeeitesteseste et ete et essessessessessestestessaeseessessensensensessessesseessessensessessessessessessessenns 95
2.4.6 Precharge ComMMEANAS [PRE] ......ccuiiiiiiiiieeeie ettt ettt e vt e et e e ette e s tte e ebeeebaeeeabeeeabeeesasaasseesasesensesansseeanseeenseeeasseesasesensaeensseennnes 95
2.4.7 Burst Terminate CoOmMMAaNd [BST] ....ccuiiiiiiiiieicie ettt ste e et e et e e st e eb e e ebeeestbeesabeesbaeesseeesbessabae e saeesaseesabaeessaessseessaesnsseennes 95
2.4.8 Power - down and Deep Power DOWN [PDEN/DPDEN] .......ccccveieeeieieriertestestestesteeteeseessesessessessessessessesseessessensessessessessessensenns 95
2.4.9  EXit COMMANG [PDEX, DPDX, SELFX] cveuvvrveeeiereeeseeseeesesseseseesessesesessessssssessesssessessesesessessssesessasssessessssesessessesesessessssssessssssessassssoss 96
2.4.10 N0 Operation CoOmMMANG [INOP] ... ..ottt ettt e et e et eete e e teeeeabeeebee e taeesabeesabeeesaeessseesabaeanseeessseesrsaeasseessbeesnsaeansaeans 96
2,411 CKETIULN TABIE ..ttt ettt et e e et e e e te e e eateesateeeabeeesabeeesteeassaeesabaaeateeensseessbeaenseeeaseessbeesnsseensbeesnseaanseeans 96
2.5 SIMPlIfied SEAtE DIAGIam c...ciiuie ittt sttt e s e et e b e e e bt e bt e st e e bt e sat e e bt e eab e e bt e e ab e e be e sab e e beesab e e bt e eaee e beeeneeeares 97
2.6 0peration Of the LPDDR2 RAM .....cciiiiiiie ettt e ettt ettt e e ettt e e et eesetaeeesabeeeeataeessaaeessbasaassasesssaaaasssasaassseesasaseasseaeassaseansanesseeann 98

Rev Al1.0 24/09/2024 Pagell



2~ ) .

XS61M2G8D2TA-BSBxx NAND MCP XSeMiTmON

2.6.1
2.6.2
2.6.3
2.6.4
2.6.5
2.6.6
2.6.7
2.6.8
2.6.9
2.6.10
2.6.11
2.6.12
2.6.13
2.6.14
2.6.15
2.6.16
2.6.17
2.6.18
2.6.19
2.6.20
2.6.21
2.6.22
2.6.23
2.6.24
2.6.25

LPDDR2 RAM Power - On and INitialization SEQUENCE ..........eoiiiieiiee ettt ettt et et e e stae e s be e sba e e sareesaveeeateeenees 98
Programming the IMOOE REGISTEN ......ccueiriieiiiieet ettt ettt et s e st s et e s bt e s bt e bt e bt e bt et e sas e ensesasesnnenanennnenseenne 99
Bank Activate ComMMANG [ACT] ...ciiiiieiieiiteeieeeit ettt et e et esbe e e ta e e s abeesateeesteeesabeesabaeanseeesabeeesseeentaeesabeesnsaeansseennbeesntaeenses 106
REAA N W@ ACCESS IMOUES .....veiuviiiiieieeiieeite sttt sttt te sttt e st e sate s et e sueesbe e be e beestesaeeestesatesseesaeenseesbeenbeentesnseentesanennnesaeenses 106
BUIST IMOTE OPEIALION ...eiiiiiiiiieciee ettt et et e ettt e et e e teeestbeesabeeetaeeeabeesabeeessaeeesbeesaseeansaeesssaeeaseeanseeessbeesabeeansaeessseesaseeasneens 107
Burst Read COMMANG [READ] ....ciiuiiiiiieiitieerieesite ettt e st e sttt e st e e s be e e bt e e sateesstaeesbeeesabaaassaeessbeensbeeessaesnbaeessseasnsseesseennsaesnseenn 107
BUrst Writ€ COMMANG [WRIT] ..eiiiiiiiiieeiieeniee ettt ettt ettt et e sttt e e st e e s bt e e bbeessteesabeeeaaaaasseesnbeeesbeessseessseeenssessnsensnses 108
WWIEE DAL IMASK .evvviiieriieeiiesiieeieeste et et et et et s e satesatesaeesue e be e bt enteenseeaeeesteaaeesseesaeesseesaeenbe e seenseenteeaseentesasesneesnsaseesaeenseenseans 109
Precharge CoOmMMEANA [PRE] ....ccuiiiiiiiiiie ettt st e et e e bt e e et e e eabe e e baeesabeeeabeeesseeassaeeabee e saeesssesesseeensaeeanbeeenseeensaeanaseas 109
Burst Read Operation FOIIOWEd DY PrECNAIZE .......ccviiiiiieieecee ettt et s e et s it e e st e e s ba e e sateesnte e eeaeeesateaeaneas 109
Burst Write Operation FOIIOWEd DY PreChare .......cooueeiieiiieiieieeiecteseste sttt sttt et se e s sneenanens 109
AUTO PreCharge OPEIAtiON ...ccuiiciieecieeciee ettt et e et e e et e e e te e e eteeesateesabee e baeeesseaasseeesasaassseessesesasaassseessseeasseassteeenseeessseaanseeans 110
BUIrst REAA WIth AULO PrECRAIEE .....ooveiiiie ettt e e e e et e e e at e e s beeeteeeeataesabeeesaeesataaeateeeesaeesntaaensneas 110
BUISt WItE WIth AULO PrECIRAIEE ..o oviiiceie ettt et e e e e te e et e e sate e e be e e eabeesateesataeeasbeesateeentaeesaseesnsaaanseeas 110
THe BUIST TEIMINGLE [BST] ..iiiiiiiiiieiiiteetie ettt ettt e st e bt e s sat e e st e e s bee e s teesabeesabee s sseessbeesasteessbeesabeeessteeanseesnbaeessesnsseens 111
REFresSh COMMANT [REF] ....iiiiiiiiiiiiie ettt ettt e st e e st e e s bt e e bt eesabeesabeesabbeeaabeesabaesnsaeessbeesabaesnsaeenaseesaneesnssesnne 112
SEIF = RETTESI [SELF] ..cniiiiitieiiee ettt ettt et et e e st e s bt e e et e e s abe e s bt e e sbeesabeesabaeeabbeesabeesabeeensbeesabeesabaesnsbeesaseesasaesnsneans 112
Mode Register REAT COMMEANT ......ccuiriiiiiiiiiriiete ettt sie et si et e b et e bt st st e sas e saee s st e sbe e s bt e bt e bt easeeaseeaseeasesanessnenasenneenseenne 112
Mode RegISter Wit COMMEANG .....ccuiriiiiieieeiteeteeie ettt et sie e st e s bt et e bt e bt et e sab e e s besabesbeesae e s st e sbeeaseeasesaseensesaneennenasesnnensnenne 113
POWET = DOWN [PDEN] ...uutiiiiieiiieeeite ettt et e st e e stte e s teesbe e e sbeeessteessbee e beeassteessbeeeaseeessseesaseeenseeassseeanseeensaeansteessseeensaeennsesnnses 113
DEEP POWET = DOWN [DPDEN] ...iiiiiiiiiiiiiteeciee ettt et ete e ettt e et este e e etae e sabeeeataeeaseesabeeessaeasseesabeeanseeensseesaseeansaeesseesaseesnsaeesees 114
Input Clock Stop and Frequency Change during POWET = DOWN .......cccuiiiiieiiieesieecieeesiteesve e eteeesteeesiseesbaeessaeesaseeebaeensneennns 114
(01Tl [ (] « H U OSSR 114
No Operation COMMANG [NOP] .....ccciiiiiieciee ettt et e et e st e e et e e e sta e e sateeebeeeeaseesasaeassee e sseesasaaansseessseesassaansseensseesnseeansaeenns 115
DeSelect COMMEANG [DESL] ..eiiiuviiitiiiiitisiie sttt ettt sttt et e st e s bt e s sat e e st e e ssbe e e steesabeesabeeessseessbeesssteessbeesabeeesbasnnseesbaeenseesnnseens 115
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1.NAND Flash Memory
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1.1. General Description
The NAND is a single 1.8v 2Gbit NAND Electrically Erasable and Programmable Read-Only Memory (NAND E2PROM)
organized as (2048 + 128) bytes x 64 pages x 2048 blocks. The device has two 2176-byte static registers which allow
program and read data to be transferred between the register and the memory cell array in 2176-byte increments.
The Erase operation is implemented in a single block unit (128 Kbytes + 8 Kbytes: 2176 bytes x 64 pages).

2 ) .
XSeMiTrRON

<

The NAND is a serial-type memory device which utilizes the 1/O pins for both address and data input/output as well as
for command inputs. The Erase and Program operations are automatically executed making the device most suitable
for applications such as solid-state file storage, voice recording, image file memory for still cameras and other systems
which require high-density non-volatile memory data storage.

1.2. Logic Diagram

VCC VCCaQ

CE# ——C
WE# ——(
RE# —C
ALE
CLE
WP# ————(

Cj 1/01~1/08

O———HR/B#

V35 VSs0
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1.3. Block Diagram

i

Status register [

1/O1 o<

to

/08 ©

1[®]
Control circuit

=

2 ) .
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Vee Vss

[ 7

Address register

'@?’///// A,

Column buffer

Column decoder

Y

CE o———
CLE 0——>
ALE O—|
ﬁo—r
RE o—

WP o——>

Logic control

RY /BY

:m

Command register L2, /’,‘? Data register
{L | Sense amp e
5 | 2
2|8l
83 o |
Contral circuit g?}, © i | Memory cell array
: 2|
14 T
HV generator
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1.4. Array Organization

Schematic Cell Layout and Address Assignment

The Program operation works on page units while the Erase operation works on block units.

Bid Cache|,.' B A page consists of 2176 bytes in which 2048 bytes are

used for main memory storage and 128 bytes are for

_____________

redundancy or for other uses.
1 page = 2176 bytes

Page Buffer| .- 2048

L1 1 block = 2176 hytes x 64 pages = (128K + 8K) bytes
E Capacity = 2176 bytes x 64pages x 2048 blocks
i i }64 Pages=1 block
131072 :
pages ! :
2048 blocks 5 5
- i 7
|- N o)
2176
An address 1s read in via the I/O port over five
consecutive clock cyecles. as shown in Table 1.
1.5. Addressing
1/108 1107 1/106 1/105 1104 1/103 1102 1101
First cycle CA7 CA6 CA5 CA4 CA3 CA2 CA1 CAO
Second cycle L L L L CA11 CA10 CA9 CA8
Third cycle PA7 PAG6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth cycle PA15 PA14 PA13 PA12 PA11 PA10 PA9 PA8
Fifth cycle L L L L L L L PA16

CAO0 to CA11: Column address

PAO to PA16: Page address

PAG6 to PA16: Block address

{PAO to PA5: NAND address in block J

Rev Al1.0 24/09/2024 Pagel6



2~ ) .

XS61M2G8D2TA-B8Bxx NAND MCP XSeMimTmON
N
1.6. Absolute Maximum Ratings
SYMBOL RATING VALUE UNIT
Vee Power Supply Voltage -06t025 \%
VIN Input Voltage -0.6t0 25 \%
Vio Input /Output Voltage -0.6to Vec + 0.3 (<25V) \
Pp Power Dissipation 0.3 w
TSOLDER Soldering Temperature (10 s) 260 oc
TsTG Storage Temperature -55t0 150 °C
TopPR Operating Temperature -40 to 85 °C
1.7. Capacitance *(Ta = 25°C, f =1 MHz)
SYMBOL PARAMETER CONDITION MIN MAX UNIT
CIN Input VIN=0V — 10 pF
Cout Output Vout =0V — 10 pF
* This parameter is periodically sampled and is not tested for every device.
1.8. Valid Blocks
SYMBOL PARAMETER MIN TYP. MAX UNIT
NvB Number of Valid Blocks 2008 — 2048 Blocks

NOTE: The device occasionally contains unusable blocks. Refer to Application Note (13) toward the end of this document.

The first block (Block 0) is guaranteed to be a valid block at the time of shipment.

The specification for the minimum number of valid blocks is applicable over lifetime.

The number of valid blocks is on the basis of single plane operations, and this may be decreased with two plane

operations.
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1.9. Recommended DC Operating Conditions

SYMBOL PARAMETER MIN TYP. MAX UNIT
Vee Power Supply Voltage 1.7 — 1.95 \%
VIH High Level input Voltage Vee x 0.8 — Vce + 0.3 \Y
ViL Low Level Input Voltage -0.3* — Vee x 0.2 \Y

* =2V (pulse width lower than 20 ns)

1.10. DC Characteristics (Ta =-40 to 85°C, VCC=1.7 to 1.95V )

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT
L Input Leakage Current VIN=0VtoVcc — — +10 MA
Lo Output Leakage Current VouT =0VtoVce — — +10 WA

lcco1 Serial Read Current CE# = VIL, louT = 0 mA, tcycle = 25 ns — — 30 mA

lcco? Programming Current — — — 30 mA

lccos Erasing Current — — — 30 mA
lccs Standby Current CE#=Vcc-0.2V, WPt = 0 V/Vce — — 50 HA
VoH High Level Output Voltage loH = -0.1 mA Vee - 0.2 — — \%
VoL Low Level Output Voltage loL = 0.1 mA — — 0.2 \%
loL Output current of RY/BY pin _

(RY/BY) VoL=02V 4 mA

Rev Al1.0 24/09/2024 Pagel8
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AC CHARACTERISTICS AND RECOMMENDED OPERATING

(Ta =-40t0 85°C, VGG = 1.7 to 1.95V)

SYMBOL PARAMETER MIN MAX UNIT
tcLs CLE Setup Time 12 — ns
tcLH CLE Hold Time 5 — ns
tcs CE# Setup Time 20 — ns
tcH CE# Hold Time 5 — ns
twp Write Pulse Width 12 — ns
taLs ALE Setup Time 12 — ns
tALH ALE Hold Time 5 — ns
tps Data Setup Time 12 — ns
toH Data Hold Time 5 — ns
twc Write Cycle Time 25 — ns
twH WE# High Hold Time 10 — ns
tww WP# Highto WE# Low 100 — ns
tRR Ready to RE# Falling Edge 20 — ns
tRw Ready to WE# Falling Edge 20 — ns
trRp Read Pulse Width 12 — ns
trRC Read Cycle Time 25 — ns
tREA RE# Access Time — 20 ns
tCEA CE# Access Time — 25 ns
tcLr CLE Lowto RE# Low 10 — ns
tAR ALE Low to RE# Low 10 — ns

tRHOH RE# High to Output Hold Time 25 — ns
tRLOH RE# Low to Output Hold Time 5 — ns
tRHZ RE# High to Output High Impedance — 60 ns
tchz CE# High to Output High Impedance — 20 ns
tcsp CE# High to ALE or CLE Don't Care 0 — ns
tREH RE# High Hold Time 10 — ns
trR Output-High-impedance-to- RE# Falling Edge 0 — ns
tRHW RE# Highto WE# Low 30 — ns
twHc WE# High to CE# Low 30 — ns
twHR WE# Highto RE# Low 60 — ns
R Memory Cell Array to Starting Address — 25 s
IDCBSYRT | pata Cache Busy in Read Cache (following 31h and 3Fh) — 25 Hs
tocBsyRr2 Data Cache Busy in Page Copy (following 3Ah) — 30 us
tws WE# High to Busy — 100 ns
tRsT Device Reset Time (Ready/Read/Program/Erase) — 5/5/10/500 ps

*1:tCLS and tALS can not be shorter than tWP
*2: t1CS should be longer than tWP + 8ns.
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1.11. AC Test Conditions

CONDITION
PARAMETER

Vcc: 1.7 to 1.95V
Input level Vcc-0.2V,02V
Input pulse rise and fall time 3ns
Input comparison level Vcc /2
Output data comparison level Vcc /2
Output load CL(30pF)+1TTL

Note: Busy to ready time depends on the pull-up resistor tied to the RY/BY# pin.

1.12. Programming and Erasing Characteristics
(Ta = -40 to 85°C, Vcc = 1.7 to 1.95V)

SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES
tPrROG Average Programming Time — 300 700 us
tpeesYw1 Data Cache Busy Time in Write Cache (following 11h) — — 10 Ms
tpcesYW?2 Data Cache Busy Time in Write Cache (following 15h) — — 700 Us (2)
N Number of Partial Program Cycles in the Same Page — — 4 (1)
tBERASE Block Erasing Time — 3.5 10 ms

(1) Refer to Application Note (12) toward the end of this document.
(2) tDCBSYW2 depends on the timing between internal programming time and data in time.

1.13. Data Output

When tREH is long, output buffers are disabled by /RE=High, and the hold time of data output depend on tRHOH (25ns
MIN). On this condition, waveforms look like normal serial read mode.

When tREH is short, output buffers are not disabled by /RE=High, and the hold time of data output depend on tRLOH
(5ns MIN). On this condition, output buffers are disabled by the rising edge of CLE, ALE, /CE or falling edge of /WE, and
waveforms look like Extended Data Output Mode.
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1.14. Mode Selection

The operation modes such as Program, Erase, Read and Reset are controlled by command operations shown in Table
3. Address input, command input and data input/output are controlled by the CLE, ALE, /CE , /WE, /RE and /WP
signals as shown in Table 2.

Table 2. Logic Table

CLE ALE CE WE RE wp '

Command Input H L L R T H =
Data Input L L L o I 7 H H
Address input L H L 1 H =
Seral Data Output A L L H et i
During Program (Busy) o * * 3 + H
Duning Erase (Busy) i * * * * H

* % H * + s
Dunng Read (Busy)

a4 * L H{(*2) H (*2) *
Program, Erase Inhibit * = * * * L
Standby z X H i ¥ 0ViVee

H: VIH, L: VIL, *: VIH or VIL
1. *1: Refer to Application Note (10) toward the end of this document regarding the WP signal when Program or Erase Inhibit

2. *2 :If CETiS low during read busy, WE—and RE nmust be held High to avoid unintended command/address input to the device or read to device. Reset or Status
Read command can be input during Read Busy.
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Table 3. Command table (HEX)

First Cycle Second Cycle Acceptable while Busy

Serial Data Input 80 —
Read 00 30
Column Address Change in Serial Data Output 05 EO
Read with Data Cache 31 —
Read Start for Last Page in Read Cycle with Data Cache 3F —
Auto Page Program 80 10
Column Address Change in Serial Data Input 85 —
Auto Program with Data Cache 80 15

80 11
Multi Page Program 81 15

81 10
Read for Page Copy (2) with Data Out 00 3A
Auto Program with Data Cache during Page Copy (2) 8C 15
Auto Program for last page during Page Copy (2) 8C 10
Auto Block Erase 60 DO
ID Read 90 —
Status Read 70 — °
Status Read for Multi-Page Program or Multi Block Erase 71 — °
Reset FF — °

HEX data bit assignment
{Example) Serial Data Input: 50h

Ao, e

8 7 6 5 4 3 21N

Table 4. Read mode operation states

CLE ALE CE WE RE 1/01 to 1/08 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active

H: VIH, L: VIL
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1.15. Device Operation

Read Mode
Read mode is set when the "00h" and “30h” commands are issued to the Command register. Between the two

commands, a start address for the Read mode needs to be issued.. Refer to the figures below for the sequence and
the block diagram (Refer to the detailed timing chart.).

CLE /_\ /_\

\

RY/BY Column Address M Page Address N Busy / R

vo —oom)— A A A A o

Page Address N
Start-address input
M i A data transfer operation from the cell array to the Data
Data Cache | _l_ " | Cache via Page Buffer starts on the rising edge of WE in the
| JL | 30h command input cycle (after the address information has
Page Buffer ? been latched). The device will be in the Busy state during this
Select page__| ; ,1, N I transfer period.
N Cell array After the transfer period, the device returns to Ready state.

= e Serial data can be output synchronously with the RE clock

from the start address designated in the address input cycle.

/01 to 8: m = 2175

Page23
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Random Column Address Change in Read Cycle

ae / \ [ [ [\
=\ALAAAAZ72 A APAANANARSR

A

RE
RY .l'ﬁ
o
Start-address input Start from Col. M Start from Col. M
¥ M Dwring the serial data output from the Data Cache, the column
| | address can be changed by inputting a new column address
L - * ) using the 05h and EOh commands. The data is read oul in serial
| L ] starting at the new column address. Random Column Address
{ Change operation can be done multiple fimes within the same
Select pﬂ-ﬂ&_} AT BB BT F T BT T page.
N 5 .
1 T.
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Read Operation with Read Cache
The device has a Read operation with Data Cache that enables the high speed read operation shown below. When the
block address changes, this sequence has to be started from the beginning.

e N M M
<\ AL40L0LD 7 ) il 7 il

LRVAVAVAVAVAVAV IRV \/ \

Column PageAddress N Page Address N+1 Page Address N+ 2

Data Cache —  — @l:u:’)%gew 1 c——">PageN+2
Page Bufer @I:I @@ 5 o— @ @ @m @

Page N 7 i 1) PageN+1 A
@ Page N +2 7 2
®

30h 31th & RE clock 31h& RE clock 3Fh& RE clock
Ifthe 31h command is issued to the device, the data content of the next page is transferred to the Page Buffer during serial data out from the Data Cache, and therefore the
tR (Data transfer from memory cell to data register) will be reduced.

1. Normal read. Data is transferred from Page N to Data Cache through Page Buffer. During this time period, the device outputs Busy state for tR max.

2. After the Ready/Busy returns to Ready, 31h command is issued and data is transferred to Data Cache from Page Buffer again. This data transfer takes tDCBSYR1 max
and the completion of this time period can be detected by Ready/Busy signal.

3. Data of Page N + 1 is transferred to Page Buffer from cell while the data of Page N in Data cache can be read out by /RE clock simultaneously.

4. The 31h command makes data of Page N + 1 transfer to Data Cache from Page Buffer after the completion of the transfer from cell to Page Buffer. The device outputs
Busy state for tDCBSYR1 max. This Busy period depends on the combination of the internal data transfer time from cell to Page buffer and the serial data out time.

5. Data of Page N + 2 is transferred to Page Buffer from cell while the data of Page N + 1 in Data cache can be read out by /RE clock simultaneously
6. The 3Fh command makes the data of Page N + 2 transfer to the Data Cache from the Page Buffer after the completion of the transfer from cell to Page Buffer. The device
outputs Busy state for tDCBSYR1 max.. This Busy period depends on the combination of the internal data transfer time from cell to Page buffer and the serial data out time.

7. Data of Page N + 2 in Data Cache can be read out, but since the 3Fh command does not transfer the data from the memory cell to Page Buffer, the device can accept
new command input immediately after t he completion of serial data out.

Cell Array

Rev Al1.0 24/09/2024 Page25
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Multi Page Read Operation
The device has a Multi Page Read operation and Multi Page Read with Data Cache operation.

(1) Multi Page Read without Data Cache

The sequence of command and address input is shown below.
Same page address (PAO to PA5) within each district has to be selected.

2 ) .
XS=eMiTrRON
<

Command
input (3 cycle) (3 cycle)
Address input Address input 30 @
Page Address Page Address
PAD to PA1E PAD to PA16
. {District 0) {District 1) =1
RY/BY \ r @
Command
input (5 cycle) (2 cycle)
Address input 05 Address input Data output
Column + Page Address Column Address (District 0)
CAD to CA11, PAD to PA1B CAD to CAT
_ (District 0) (District 0)
e () ®
Command
input (5 cycle)
Address input Address input —@ Data output
Column + Page Address Caolumn Address (District 1)
CAOQ to CAT1, PAD to PA16 CADto CAT1
- (District 1) (District 1)
RY/BY @
District O District 1
N N
L i
| 1| .|
”'1 Reading ‘1
&lﬁ:tﬂd i e J
G Selected
O R
page

The data transfer operation from the cell array to the Data Cache via Page Buffer starts on the rising
edge of WE in the 30h command input cycle (after the 2 Districts address information has been
latched). The device will be in the Busy state during this transfer period.

After the transfer period, the device returns to Ready state. Serial data can be output synchronously
withthe RE clock from the start address designated in the address input cycle.

Rev Al.0
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(2) Multi Page Read with Data Cache

When the block address changes (increments) this sequenced has to be started from the beginning.
The sequence of command and address input is shown below.

Same page address (PAO to PA5) within each district has to be selected.

© ©

()
p

®

Command
input
m Address input @ Address input ao @
Page Address Page Address
PAD to PA16 PAD to PA16
__ (Page m0 ; District 0) (Page n0 ; District 1) tR
RY/BY i @
Command
input
(Do) paessimpr |- o )—{aess | e >—] ot oo
Column + Page Address Column Address (District 0)
CAD to CA11, PAQ to PA16 CAD to CAT
i tDCBSYR1 {Page m0 ; District 0) (District 0}
RY/BY @
Command
input
® Coo{rasmssinpu |- 06 )—{ratess o | (& )—{_pamouput ()
Column + Page Address Column Address (District 1)
CAD to CA11, PAD to PA16 CAD to CAT1
_ (Page n0 ; District 1) (District 1)
RY/BY @
Return to A
ComEnand Repeat a max of 63 times
input
(D-C—Con){raess | )—{asess ot | (e D)—{__vsmourt__}—(0)
Column + Page Address Column Address (District 0)
CAD to CA11, PAD to PA16 CADto CAT1
. {DCBSYR1 (Page m&3 ; District 0) (District O)
RY/BY @ :
Command
input
® (oo Passinpit | 05 )—{Aaiess it | (B )—{ owmotou_|—
Column + Page Address Column Address (District 1)
CAD to CA11, PAD to PA1E CAOto CA
(Page nB3 ; District 1) (District 1)

RYBY @

Rev Al1.0 24/09/2024
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(3) Notes

(a) Internal addressing in relation with the Districts

To use Multi Page Read operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.

* Each District consists from 1024 erase blocks.

* The allocation rule is follows.

District 0: Block 0, Block 2, Block 4, Block 6,:::, Block 2046

District 1: Block 1, Block 3, Block 5, Block 7,---, Block 2047

(b) Address input restriction for the Multi Page Read operation
There are following restrictions in using Multi Page Read;

(Restriction)

Maximum one block should be selected from each District.

Same page address (PAO to PAS) within two districts has to be selected.

For example;

(60) [District 0, Page Address 0x00000] (60) [District 1, Page Address 0x00040] (30)
(60) [District 0, Page Address 0x00001] (60) [District 1, Page Address 0x00041] (30)

(Acceptance)

There is no order limitation of the District for the address input.
For example, following operation is accepted;

(60) [District 0] (60) [District 1] (30)

(60) [District 1] (60) [District 0] (30)

It requires no mutual address relation between the selected blocks from each District.

(c) /WP signal
Make sure /WP is held to High level when Multi Page Read operation is performed
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Auto Page Program Operation
The device carries out an Automatic Page Program operation when it receives a "10h" Program command after the
address and data have been input. The sequence of command, address and data input is shown below. (Refer to the
detailed timing chart.)

CLE j_\ ) /_\ /_\

Y

=\_A 40 A0 A AAAREA 7 )

= VYV VUV, V
A Skl
RE i .'| 9

48
RY/BY t {
vo —gor{( XX XX Hemomion) o)
"—Y_'“" ~ [, < -

Col. M Page P Data

e

i
1]

The data is transferred (programmed) from the Data Cache via

the Page Buffer to the selected page on the nsing edge of WE
Program | Read& verification following input of the “10h” command. After programming, the
Selected N A programmed data is transferred back to the Page Buffer to be

automatically verified by the device. If the programming does not
succeed, the Program/Verify operation is repeated by the device
until success is achieved or until the maximum loop number set in
the device is reached.

page
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Random Column Address Change in Auto Page Program Operation
The column address can be changed by the 85h command during the data input sequence of the Auto Page Program
operation.
Two address input cycles after the 85h command are recognized as a new column address for the data input. After
the new data is input to the new column address, the 10h command initiates the actual data program into the
selected page automatically. The Random Column Address Change operation can be repeated multiple times within

the same page.

EH A X - L e e e ) (=1
X > — ,

. ~ S
Col. M Page N Col. M Busy
Col. M Col. M
- ¢ - bl
Datainput T~ o, o |
{

I % w |

I|l ‘I

Progr:iml\& .| Reading & venfication
Selected £
page
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Multi Page Program

The device has a Multi Page Program, which enables even higher speed program operation compared to Auto Page
Program. The sequence of command, address and data input is shown bellow. (Refer to the detailed timing chart.)

XS61M2G8D2TA-B8Bxx NAND MCP

Although two planes are programmed simultaneously, pass/fail is not available for each page when the program

operation completes. Status bit of I/0 0 is set to “1” when any of the pages fails. Limitation in addressing with Multi
Page Program is shown below.

Multi Page Program

IDCBS YW1 1PROG.

Address & Data

Pazs

Imipourt
‘valid

CAQ-CATI [P CAD-CAT1 :

PAD-PAS  :Valif FAO~PAS Viid :
PAS : District(’ PAG : Dhstrict1 Fail
PAT-PAIE  :Valld PAT-PAIE  Vsiid

NOTE: Any command between 11hand 81h is prohibited except T0h and FFh.

{ 80h } 11h &1h 10h

Data _ T | T -]
Inp ut 1 L
Plane O Plans 1
{1024 Block) {1024 Block)
Block O Block 1
Block 2 Biock 3
Block 2044 Block 2045
Block 20486 Block 2047
Rev A1.0 24/09/2024
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Auto Page Program Operation with Data Cache

The device has an Auto Page Program with Data Cache operation enabling the high speed program operation shown
below. When the block address changes this sequenced has to be started from the beginning

/1 M ﬂ AW AN A

A A
W\/—\NUWVW
ALE i \ { _ \

4 4 {r EZ
G \ \ v
il I {4 {3
RY/BY k ’ !
Ul{)caswvz \_/ focesywz tPROG (NOTE)
© el BECEHE etk M -, HEE2E 003
Fage N @ @ Status Output Page N+1 @ Status Output Page N+P @ @ Status Outpul
fan

Data Cache __|Data for Page N_] L) ] O [pata for Page N+ 1] |/'\|/ | (_\jp st forPage N = | [
N LAY !
pagesiter (1) | Domfren] on]  [Bfefwnd 1 = |

Avam I~ =N
Page N pzizzzzzzz — W Pzazzzzd W0 ez | | L
Cell Array i, L@ ||| ‘\ @ g|
Page N +1 \ J
age N+ T - 777 PageN+P
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Issuing the 15h command to the device after serial data input initiates the program operation with Data Cache

1. Datafor Page N is input to Data Cache.

2. Datais transferred to the Page Buffer by the 15h command. During the transfer the Ready/Busy outputs Busy
State (tDCBSYW?2).

3. Datais programmed to the selected page while the data for page N + 1 is input to the Data Cache.

4. By the 15h command, the data in the Data Cache is transferred to the Page Buffer after the programming of page
N is completed. The device output busy state from the 15h command until the Data Cache becomes empty. The
duration of this period depends on timing between the internal programming of page N and serial data input for
Page N + 1 (tDCBSYW?2).

5. Datafor Page N + P is input to the Data Cache while the data of the Page N + P — 1 is being programmed.

6. The programming with Data Cache is terminated by the 10h command. When the device becomes Ready, it shows
that the internal programming of the Page N + P is completed.

NOTE: Since the last page programming by the 10h command is initiated after the previous cache program, the tPROG

during cache programming is given by the following;

tPROG = tPROG for the last page + tPROG of the previous page — ( command input cycle + address input cycle + data
input cycle time of the last page)

Pass/fail status for each page programmed by the Auto Page Programming with Data Cache operation can be detected
by the Status Read operation.

. 1/01 : Pass/fail of the current page program operation.

.1/02 : Pass/fail of the previous page program operation.

The Pass/Fail status on 1/01 and /02 are valid under the following conditions.

. Status on I/01: Page Buffer Ready/Busy is Ready State.

The Page Buffer Ready/Busy is output on I/06 by Status Read operation or RY / BY pin after the 10h command

. Status on I/02: Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on /07 by Status Read operation or RY / BY pin after the 15h command.

Example) o ____
102 == Invalid Page1 ! Page 1 ) Page N-2 invalid Page N-1
101 => Invalid Invalid 1 Page 2 ; Invalid invalid Page N
T i
T T T T T
G- @ - EEED:- G - D @ e &) )ED
! I
|
Page 1 Page 2 | | PageN-1 Page N
!
i L o
RYBY pin L L : | L] | |
| I
Data Cache Busy < < : } < <
|
—> | |
< 5 ! i
Page Buffer Busy bagedd : !
Page2 | } R
I | Page N-1
: } Page N
! 1

If the Page Buffer Busy returns to Ready before the next 80h command input, and if Status Read is done during
this Ready period, the Status Read provides pass/fail for Page 2 on /01 and pass/fail result for Page1 on 1/02
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Multi Page Program with Data Cache
The device has a Multi Page Program with Data Cache operation, which enables even higher speed program operation
compared to Auto Page Program with Data Cache as shown below. When the block address change(increments) this
sequenced has to be started from the beginning.
The sequence of command, address and data input is shown below. (Refer to the detailed timing chart.)

Data input Data input
Dummy COm"t‘a"d Program with Dummy . comll':'.tand Auto Page
Data input Program for multi-pageé  pata cache Data input Program o' M Rpwie Program
command command  Program command  command command ~ Program command
Address Data input Address Data input Address Data input Address Data input
input  0to 2175 input  0to 2175 input  0to2175 input  0to 2175
(District 0) (District 1) (District 0) (District1)

v \J \J \J \J/

After “15h” or “10h” Program command is input to device, physical programing starts as follows. For details of Auto
Program with Data Cache, refer to “Auto Page Program with Data Cache”.

District 0 District 1 }
L x| _
Program |’ \)Reading & veriﬁcation,/ \\I
Selected - \}:, '/ - )
page

A AL

The data is transferred (programmed) from the page buffer to the selected page on the rising edge of
/WE following input of the “15h" or “10h" command. After programming, the programmed data is
transferred back to the register to be automatically verified by the device. If the programming does not
succeed, the Program/Verify operation is repeated by the device until success is achieved or until the
maximum loop number set in the device is reached.

Starting the above operation from 1st page of the selected erase blocks, and then repeating the operation total 64
times with incrementing the page address in the blocks, and then input the last page data of the blocks, “10h”
command executes final programming. Make sure to terminate with 81h-10h- command sequence.

In this full sequence, the command sequence is following.

1st

|

63th

:gz

B4th
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After the “15h” or “10h” command, the results of the above operation is shown through the “71h”Status Read
command.

Status Read
command

RY/BY —\ /

The 71h command Status description is as below.

Pass
Coorts Z <>
W/Fail

STATUS OUTPUT
1101 Chip Status1 : Pass/Fail Pass: 0 Fail: 1 /01 describes Pass/Fail condition of
1102 District 0 Chip Status1 : Pass/Fail |Pass: 0 Fail: 1 district 0 and 1(OR data of /O2 and 1/03).
If one of the districts fails during multi
1103 District 1 Chip Status1 : Pass/Fail |Pass: 0 Fail: 1 page program operation, it shows “Fail".
1/104 District 0 Chip Status2 : Pass/Fail |Pass: 0 Fail: 1

/02 to 5 shows the Pass/Fail condition of
1/105 District 1 Chip Status2 : Pass/Fail |Pass: 0 Fail: 1 each district. For details on “Chip Status1”
and “Chip Status2”, refer to section

/106 Ready/Busy Ready: 1 Busy: 0 “Status Read”
1107 Data Cache Ready/Busy Ready: 1 Busy: 0
1108 Write Protect Protect: 0 Not Protect: 1
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Internal addressing in relation with the Districts
To use Multi Page Program operation, the internal addressing should be considered in relation with the
District.
* The device consists from 2 Districts.
* Each District consists from 1024 erase blocks.
* The allocation rule is follows.
District 0: Block 0, Block 2, Block 4, Block 6,-::, Block 2046
District 1: Block 1, Block 3, Block 5, Block 7,-++, Block 2047

Address input restriction for the Multi Page Program with Data Cache operation
There are following restrictions in using Multi Page Program with Data Cache;

(Restriction)

Maximum one block should be selected from each District.

Same page address (PAO to PA5) within two districts has to be selected.

For example;

(80) [District 0, Page Address 0x00000] (11) (81) [District 1, Page Address 0x00040] (15 or 10)
(80) [District 0, Page Address 0x00001] (11) (81) [District 1, Page Address 0x00041] (15 or 10)
(Acceptance)

There is no order limitation of the District for the address input.

For example, following operation is accepted;

(80) [District 0] (11) (81) [District 1] (15 or 10)

(80) [District 1] (11) (81) [District 0] (15 or 10)

It requires no mutual address relation between the selected blocks from each District.

Operating restriction during the Multi Page Program with Data Cache operation

(Restriction)

The operation has to be terminated with “10h” command.

Once the operation is started, no commands other than the commands shown in the timing diagram is allowed

to be input except for Status Read command and reset command
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Page Copy (2)

By using Page Copy (2), data in a page can be copied to another page after the data has been read out. When the
block address changes (increments) this sequenced has to be started from the beginning.

= ® O
input
(oo ) Adress input|-(30) (B )] Adaress input | Data input {15 )—( 00 )] Address input @ (a)
Address Col =0 start Address i Address Col =0 start
\ n changing data,
CADto CA11, PADto PAI6 | CAD to CA1, PAOIO PATE it it CAD to CA11, PAD to PA16

(Page N) @ (Page M) @ (Page N+P1) @
_ @
RY/BY \_/ tr tDCE“YWZ \_/tDCBSYRQ

@ Data for Page N @ Data for Page N @ Data for P%e M @ ( ; ) Data for Page N + P1
‘\I I ] %
L= | [ | ———1

Data Cache
Page Buffer 7 |:|
Cell Array )
= = Page M =
Page N I z Page N +P1 . s

Page Copy (2) operation is as following.

1. Data for Page N is transferred to the Data Cache.
2. Data for Page N is read out.
3. Copy Page address M is input and if the data needs to be changed, changed data is input.
4. Data Cache for Page M is transferred to the Page Buffer.
5.  After the Ready state, Data for Page N + P1 is output from the Data Cache while the data of Page M is being programmed.
Command
input @
Address input |—| Data input @ @ @ @ Address input @ o
Address Address Col =0 start Address Col = 0 start

When ch, ds i1
CAO10 CAT1, PADIO PATE grerr oo | CAQ to CA11, PAD to PA16 \ CAOtoCA1, PAD 1o PA16 |

(Page M+R1) )@ (Page N4P2} ) (Page N+Pn) } @
- @ ot ®
PRI \_/ \_/ tbcasYR2 locesyR2

tocesywz

@ Data for Page M + R1 @ Data for Page M + R1 e Data for Page N + P2 ® Data for Page N + Pn
% !— — e —
1 1 :

Data Cache
=
Page Buffer | ] | ]
I I |
_____ Page M+ Rn— lh g Page M+ Rn—1
Cell Amray Page M+ R [ SRRRRRORTR Imm Immmq
Page M
Page N + P2 |PRPP PR mm Izm
Page N +P1 L
I

Copy Page address (M + R1) is input and if the data needs to be changed, changed data is input.

After programming of page M is completed, Data Cache for Page M + R1 is transferred to the Page Buffer.

By the 15h command, the data in the Page Buffer is programmed to Page M + R1. Data for Page N + P2 is transferred to the Data cache.
The data in the Page Buffer is programmed to Page M + Rn — 1. Data for Page N + Pn is transferred to the Data Cache.

©o~No
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Command
input
Address input |—| Data input

Address
CAD to CA11, PAD to PA1E
(Page M+Rn)

| | teroc (*1)

RY/BY

Data for F'age M+ Rn @ Data for Page M + Rn
Data Cache

Page Buffer I:I :)
E Page M + Rn [TTITITTTTITIIY
Page M+Rn-1 L
Cell Array R ONN, OODODODOOONN
> OO = o
FTFF T FTFTTFT
FE AT T LTSI LTSS s
A = o

10. Copy Page address (M + Rn) is input and if the data needs to be changed, changed data is input.
11. By issuing the 10h command, the data in the Page Buffer is programmed to Page M + Rn.
(*1) Since the last page programming by the 10h command is initiated after the previous cache program, the tPROG here will be expected as the
following,

tPROG = tPROG of the last page + tPROG of the previous page — ( command input cycle + address input cycle + data output/input cycle time of
the last page)
NOTE)

Data input is required only if previous data output needs to be altered.

If the data has to be changed, locate the desired address with the column and page address input after the 8Ch command, and change only the
data that needs be changed.

If the data does not have to be changed, data input cycles are not required.

Make sure WP# is held to High level when Page Copy (2) operation is performed.

Also make sure the Page Copy operation is terminated with 8Ch-10h command sequence
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Multi Page Copy (2)

By using Multi Page Copy (2), data in two pages can be copied to another pages after the data has been read out.
When the each block address changes (increments) this sequenced has to be started from the beginning.
Same page address (PAO to PA5) within two districts has to be selected.

Command
input

EET SO S T S S O S T P O o o ¥ O 8 )

Address Address Address Address
PAD to PA1G PAOto PA1G CADto CA11, PAD b PA1G CAD to CA11
(Page m0 ; District 0) (Page n0 ; District 1) [ (Page m0) (Col=10)
)
/ ®

RY/BY ]'I(r‘tp.
O & D —{Fatmowat o) —{raress B -
Address

Address Address
CAOto CAN1, PAGto PA1G CAD o CAT1 CAD to CA1T1, PAD to PA16

(Page n0) (Col=10) (Page MO ; District 0)
RY/BY @ 'I.C | s
OG- {pammrpa}-{ o

®

®

@)

Address Address Address
CAD to CAT1, PAD to PA1E PAD to PA1G PAD to PA1E
(Page NO ; District 1) (Page m1 ; District 0) (Page n1 ; District 1)

@)

- ® v V/
RY/BY tncesywz tocesYR2

ORC> (05— o |- )—{Bmm o |-(o0) © ED
Address

Address Address Address
CAODto CA11, PAOTD PA1GE CAD b CANM CAD to CA11, PAO to PA1E CAD to CAT1
O (Page m1) (Col=10) (Page n1) (Col = 0)
o ®
RY/BY
Address input H Data input o @ Address input H Datainpit f—{ 15 J——— e e r e ———— .@
Address Address
CAD to CA11, PAD to PATE CAD to CA11, PAD to PA1E
|

(Page M1 ; District 0) | (Page N1 ; District 1) |
x @ \// o ®
EALE IncesyYwi tocesyw2
@ Address input Data output }—@

Address Address Address Address
PAD to PA16 PAQ 1o PA16 CAD to CAT1, PAG to PA16 CAD toCA11
(Page mé3; District 0) {Page n63 ; District 1) | (Page m&3) (Col = 0)

RY/EY @ \z [ I, @

O © © O S T N ®
Address Address Address
CAOta CAN, PADto PA1E CAQ o CANM CAQ to CA11, PAD to PA1E
(Page nB3) (Col=10) (Page M&3 ; District 0)

- G V/ ©
il O tocesyw
Address input H Data input °
Address Note)
CAD to CA11, PADto PA1G This operation needs to be executed within each District.

(Page N63 ; District 1) l
i @ )I Data input is required only if previous data cutput needs to be altered.
RY/BY U PROG (*1) If the data has to be changed, locate the desired address with the column and page address input after
the BCh command, and change only the data that needs be changed.
(*1) trrog: Since the last page programming by 10h command is initiated after the previous cache Ifthe data does not have to be changed, data input cycles are not required.

program, the tprog- during cache programming is given by the following equation.
Make sure WP is held to High level when Multi Page Copy (2) operation is performed.
trrOG =tPrOG of the last page +tpro of the previous page-A Also make sure the Multi Page Copy operation is terminated with 8Ch-10h command sequence
A = ([command input cycle + address input cycle + data outputfinput cycle time of the last page)
If *A” exceeds the tproe of previous page, tprog of the last page is tprog max.
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Auto Block Erase

The Auto Block Erase operation starts on the rising edge of WE# after the Erase Start command “DOh” which follows
the Erase Setup command “60h”. This two-cycle process for Erase operations acts as an extra layer of protection from
accidental erasure of data due to external noise. The device automatically executes the Erase and Verify operations.

o0 700 i
60 = — ,\D_[i/ 70 o
Block Address  Eraee Start Status Read Fail
input: 3 cycles cornrnand command
RY/BY \ Busy /

Multi Block Erase

The Multi Block Erase operation starts by selecting two block addresses before DOh command as in below diagram.
The device automatically executes the Erase and Verify operations and the result can be monitored by checking the
status by 71h status read command. For details on 71h status read command, refer to section “Multi Page Program
with Data Cache”.

|

Block Address Block Address Erase Start Status Read Fai
input: 3 cycles input: 3 cycles command command
District 0 District 1
RY/BY Busy

Internal addressing in relation with the Districts

To use Multi Block Erase operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.

* Each District consists from 1024 erase blocks.

* The allocation rule is follows.

District 0: Block 0, Block 2, Block 4, Block 6,---, Block 2046

District 1: Block 1, Block 3, Block 5, Block 7,---, Block 2047
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Address input restriction for the Multi Block Erase

There are following restrictions in using Multi Block Erase
(Restriction)
Maximum one block should be selected from each District.

For example;
(60) [District 0] (60) [District 1] (DO)
(Acceptance)

There is no order limitation of the District for the address input.

For example, following operation is accepted;

(60) [District 1] (60) [District 0] (DO)

It requires no mutual address relation between the selected blocks from each District.

Make sure to terminate the operation with DOh command. If the operation needs to be terminated before DOh
command input, input the FFh reset command to terminate the operation.
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ID Read

The device contains ID codes which can be used to identify the device type, the manufacturer, and features of the
device. The ID codes can be read out under the following timing conditions:

S\ 5 B
TS

ALE
RE 1 [\ [\ {0\ [\ f
trea
[ \ f \ \ [ \ | See | [ See | [ See |
e \ %h /4 00h g | \ Adh g \table 5/ \table 5/ \table 5/
ID Read Address 00 Maker code Device code 3rd Data 4th Data 5th Data
command
Table 5. Code table
Description 1/108 1107 1106 1/105 1104 1/03 1102 1101 Hex Data
1st Data Maker Code 1 0 0 1 1 0 0 0 98h
2nd Data Device Code 1 0 1 0 1 0 1 0 AAh
3rd Data Chip Number, Cell Type 1 0 0 1 0 0 0 0 90h
4th Data Page Size, Block Size, 0 0 0 1 0 1 0 1 15h
I/0 Width
5th Data Plane Number 0 1 1 1 0 1 1 0 76h
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3rd Data
Description 1/108 1107 1106 1105 1104 1/03 1102 1101
1 0 0
Internal Chip Number 2 0 1
1 0
1 1
2 level cell 0 0
Cell Type 4 level cell 0 1
8 level cell 1 0
16 level cell 1
Reserved 1 0 0 1
4th Data
Description 1/108 1107 1/106 1105 1104 1103 1102 1101
Page Size 1KB 0 0
2 KB 0 1
(without redundant area) 4 KB 1 0
8 KB 1 1
Block Size 64 KB 0 0
128 KB 0
(without redundant area) 256 KB 1 0
512 KB 1 1
) x8 0
I/0 Width <16 1
Reserved 0 0 1
5th Data
Description 1108 1107 1106 1105 1104 1103 1102 1101
1 Plane 0 0
Plane Number 2 Plane 0 1
4 Plane 1 0
8 Plane 1 1
Reserved 0 1 1 1 1 0
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Status Read

The device automatically implements the execution and verification of the Program and Erase operations. The Status
Read function is used to monitor the Ready/Busy status of the device, determine the result (pass /fail) of a Program or
Erase operation, and determine whether the device is in Protect mode. The device status is output via the I/O port
using RE# after a “70h” command input. The Status Read can also be used during a Read operation to find out the
Ready/Busy status.

The resulting information is outlined in Table 6.

Table 6. Status output table

e Page Program : Read
Definition Block Erase : Cache Program cathieRead
101 i ki , Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1

1102 g;;'féatus B o Invalid Pass/Fail Invalid
1103 Not Used 0 0 0
104 - Not Used ‘0 ‘0 0
1105 Not Used 0 0 0

EF’age Buffer Ready/Busy
/OB ‘Ready: 1 Busy: 0 iRea«d\,\,';’Ei‘.usy iReadyIBusy iRead;.n‘E?'usy\,'

iDaia Cache Ready/Busy
o7 ‘Ready: 1 Busy: 0 :Readnyusy :Readya’Busy :Readeusy

I Write Protect - [T it
1108 'Not Protected 1 Protected: 0 :erte Protect ngte Protect jWnte Protect

The Pass/Fail status on 1/01 and 1/02 is only valid during a Program/Erase operation when the device is in the Ready
state.
Chip Status 1:

During a Auto Page Program or Auto Block Erase operation this bit indicates the pass/fail result.

During a Auto Page Programming with Data Cache operation, this bit shows the pass/fail results of the current
page program operation, and therefore this bit is only valid when I/06 shows the Ready state.
Chip Status 2:

This bit shows the pass/fail result of the previous page program operation during Auto Page Programming with
Data Cache. This status is valid when 1/07 shows the Ready State.

The status output on the 1/06 is the same as that of I/07 if the command input just before the 70h is not 15h or
31h.
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An application example with multiple devices is shown in the figure below.

CE1 L CE2 L CE3 L @J} C_E'“'[”rla
CLE
ALE Device Device Device Device Device
WE 1 — 2 — 3 N — N+1
RE — - T -

o von 27 T T T /:.I T T T )
RY /BY .

L

RY/BY \ Busy
CLE / \

\_J
=\

Vo { 70h } { 70h )

0L
aC

Status on Device 1 Status on Device N

System Design Note: If the RY / BY# pin signals from multiple devices are wired together as shown in the diagram, the
Status Read function can be used to determine the status of each individual device.
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Reset

The Reset mode stops all operations. For example, in case of a Program or Erase operation, the internally
generated voltage is discharged to 0 volt and the device enters the Wait state.

Reset during a Cache Program/Page Copy may not just stop the most recent page program but it may also stop
the previous program to a page depending on when the FF reset is input.

The response to a “FFh” Reset command input during the various device operations is as follows:

When a Reset (FFh) command is input during programming

A ey F
CEO—C i =
Internal Vpp /
RY/BY \
treT (max 10 ps)

When a Reset (FFh) command is input during erasing

' ThY e
2/ WIE g Cod—
Internal erase

voltage /

RY/BY \

trsT (max 500 ps)

When a Reset (FFh) command is input during Read operation

O

RY/BY \

@

tneT imax & usl

When a Reset (FFh) command is input during Ready
)
G, CoD—

RY/BY \

trsT (Max 5 us)

When a Status Read command (70h) is input after a Reset

TN P
K (P —

B S /O status: Pass/Fail — Pass

A - Ready/Busy — Read
RY/BY —\—/ . - y

When two or more Reset commands are input in succession
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(1 ) 3

— () = i
RY/BY \
The second @ command is invalid, but the third @ command is valid.
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1.16. Timing Diagrams
Latch Timing Diagram for Command/Address/Data

- % I 2

RE

S

we \ i

tos toH

1o

Vg orViL

Command Input Cycle Timing Diagram

CLE
—/L/tcw o toH j\
o fes tcH

€7 % ;z/ ]
twp
WE )[ 4
faLs L taLH N
ALE%%E ; T
tps ton

Wy or VL

Page48
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Address Input Cycle Timing Diagram
. leis teLH
. | r
fcH fcs twe twe fcH
| tcs
=7 ; A A ) J”
. we wH . twe twH twe fwh twe twH twp
e \L_/_\L_/‘ L f ]
. taLs tALH
ALE J’ l
) tps | toH ) . tns | tbH . . ips | tbH . I tns | tbH ) . tos | toH .
Y 7
1o %cmmr %cmmﬂ% PAOtO 7 %m&ms %/

Data Input Cycle Timing Diagram

fcLs

My or V)L

tcLH

7

tcs

tcH

- tas

1o
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Serial Read Cycle Timing Diagram
tre
=7 y )\ /
trp tREH trp ’ trp tcHz
—§
RE \ / \ / /
e, Mtz Rz
|trea tron|  [IREA tRHOH tREA tRHOH
fcen — tcea
o y i
trr
_ 55
RY/BY
% 5 VFH ar VFL
Status Read Cycle Timing Diagram
tor

fcs J
= Y 7)) 7
Y By Y
we | fen fcEA
WE / i
J\_/ Khic cHz
twWHR
== hY /
N/ tRHOH
DS | tDH iR
tReA tRHZ
o 70n* / ) e —————————

RY [BY /

SWIH or Vi

* T0Oh represents the hexadecimal number
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Read Cycle Timing Diagram

CLE ! =
tois ‘_tCLHk Ls lcLH %

=L /A AAARA B

= Uy
= M [
aH lais taiH tais
ALE ] |
| \
R Re
- o L/_U_\_f
tns:gl;lT ips|iod tos|ton tos|tod Ds|ton tos |t tns JtoH tre| |ICEA
7 CAD WACAs WA PAD WA PAe WPATE REASGooT\ fBour
Imﬁ_,%mn%:? %mﬁ%m?%mm% 78 ] N
I — et Data out from
. Col. Add. N Col. Add. N
RY /BY \ f

Read Cycle Timing Diagram: When Interrupted by /CE

o éfcw toun) 1s _low
=\ B ApAA A [EAl |

— | \ | |
= Y Y\
‘TALHP taLs T.-!'J_H__ lars
RE twe
tns|oH IstoH DS |toH oS (toH DS |oH DS (o Ips|oH
o Y e e
S ¥ B
Col. Add. N
RY /BY
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Read Cycle with Data Cache Timing Diagram (1/2)

RY/BY

(2/2)

2~ ) .

XSeMiTRON

I
tolR : iR
I
LS chﬂi{ ftc:.s T’Eﬂ:ﬁ A(u:l.s tourf :H:LBICLH
L o ——GH et et
lcg lcs lcs S
/. AL D P
wc !
R atatatamt '\
tun tas tatn tas tRw 1CEA | CEA
|
I
[ i
—— 1
R IDCBSYR1 IRC. : IDCBSYR1
i
\ '
twe twe L ' e L
I
tps |toH tositod tos|ion tosftod tos|toH 'ps|iod 1os |loH tos|DH RR| lioea ! los o+ RR|  hoea
1
Dy Dy ! D
31h QUT ‘1;1-"' Daut ; 31h ﬂo-'f
_—'—’: Pd4ge address
Page address M - M+1
| ¥
v r Col. Add. 0 : | E Col. Add. 0
I
|
|
* The column address will be reset to 0 by the 31h command input.
Continues to of next page
Read Cycle with Data Cache Timing Diagram
1
1
tolr tcLR ICIR
I! \ —
CLE : 1 1 - L
. toiy tciy torH
ICLS el lols e W fcls &

1 L
1ics
CE i

AL A

\

1
1
1
I
WE :
] tCEA i tCEA
1
1
ALE !
. tocBS YR _lre IDCBSYR1 tre tocasyR1 . e,
1
= t t t ’
I om (e AV G e UV ol TR oV
: toslt toslt = tpslio -
! tos|ton RRL | tREA osion trr - IpsfioH i S
1
1/ %
D ) o 0 2 outyDout o o
o @ | 3th ) A @ {é 31h A ) DouT 3Fh D )
I Page address S
Page address M + 1 M+2 Fegeandiess Mo-x
il
i } | [ ! " ! / 4
L] L_J colado
Col. Add. 0 Col. Add. 0

Continues from of previous page

Make sure to terminate the operation with 3Fh command.

Rev Al.0

24/09/2024

Page52



2~ ) .
XS=eMiTrRON

XS61M2G8D2TA-B8Bxx NAND MCP

Column Address Change in Read Cycle Timing Diagram (1/2)

loir

CLE F' | :
tcis toid ftcis toud |
1
tcs oo fcs |ic :
I

=C1A A b b b A A DA
twe !
-— {CEA !
Y vy U Uy Yy i
u 1
1
taH lasg tal H tars I
> |
I
ALE ][ :
r tRC :

e =Y JU‘ U
1
ing |toH Ing|ipy lpsiiod tps|'ow losiiod 'Ds{lipdH  los|lod IRR| | tpea :
I
7 CAD W CAB 2y Pa0 Oy Pas WAFATE \ :

WO 74 00h 07 Ao 11 R o7 KAto 15 % A Mas1 1@
|

Page address Page address
P p
— | i
RY IBY ]
] :
Column address :
A |
|
1
1
Continues from of next page
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Column Address Change in Read Cycle Timing Diagram (2/2)

Column address
B

: for
CLE - { !
_;_]TCLS tou toLs tCLHt
E tcs  loH ics toH
= A Th b A ThWA DA
E RHwW twic | CEA
wE \ \ [
. v W W Ay
] taH tas tas
]
! ! L
ALE : ] i
I WHR | |tRC
w1\ / RYEY
: toston tns|toH  tos(tod 1nsfioH tREA
: Ur
/ CAD CcA8 ouT/Dout ouT
o+ NN ——
: Column address Page address
i B P
RY /BY E
i
]

Continues from of last page
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Data Output Timing Diagram
CLE i ‘
Icis (lcwH
tcs | teH
B 2
WE 1‘ ]
LaLH
R toHz
trp i tREH trp trp tRHz
RE \ { | I b ‘_I[l 1|
J W ik
lcea ¥ tos | toH
tREA ,‘__tFLOH IRLOH
o o s} —
bi RHOH tRHOH
i 4]
RY!BY {
—
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Auto-Program Operation Timing Diagram

s

CLE

tors o |

taLH

J 0
TSP

RE
DS oy tosfton
= CADY CAB Y\ PAD
e %“ *mﬁ}(mx
Column address
M

RY/BY

: Do not input data while data is being cutput.
% W orVL

*) M up to 2175 (byte input data for «B dewvice).
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Auto-Program Operation with Data Cache Timing Diagram (1/3)

E
L

§

2~ ) .

XSeMITRON

]

"\ \va
tars
ta s
ALE :
L / H
3T b} H
[ E
T T
RE g

tns
—
oS\ oy tps{tod

CAD YCAB Y PAD \ PAR \ /PA1E \

o %;h_%?’*mﬁ to7 m15>'( >_ : m
[ E
e L H
RY/BY i
: Do not input data while data is being output. :
V] Viner Vi
CAQto CA is O in this diagram. 1

Continues to E} of next page
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Auto-Program Operation with Data Cache Timing Diagram (2/3)

IcLs

ALE

Ips &Ds

fos| tpy tos |tor

f=

o 7 PAD \/PAB \/FA16

RY/BY

Repeat a max of 62 times (in order to program pages 1 to 62 of a block). 2

Continued from of last page
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

CLE J

Iois

sEssfanssans

g
J

v
i

1
il

g gg—@w
§
>

SEEEEEAREEREE

tas tPROG (*1)
] £l
- ltwa

ALE 5 t
i _} i //
H tH
E oy

—— - aa

RE H \_/_
: s 08
ositoy toslton to

-
%= cao W caa '\ rao \ Pas \Paie

Y 0 6 G ) ey
E it

— H aT

RY 1BY H )
H Da nat input data while data is being output.
2 o] vimovi
2
{*1) tprog: Since the last page programming by 10h command is initiated after the previous cache
Continuad fram |z| ol last page program, the lprog dufing cache programming & given by tha fallowing equation.

ProG = Proc of the last page + lproc of the previous page —A
A= (command inpul cycle + address input cycle + data input cycle time of the last page)

If “A° axceads the PROG of previous page, IPROG of the last page is tPROG Max

(Note) Make sure to terminate the operation with 80h-10h- command sequence. If the operation is terminated by 80h-15h command sequence,
monitor I/O 6 (Ready / Busy) by issuing Status Read command (70h) and make sure the previous page program operation is
completed. If the page program operation is completed issue FFh reset before next operation.
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Multi-Page Program Operation with Data Cache Timing Diagram (1/4)

=]
T
-
%\

: e :
ites :
CE %
= b BB b
5 £f o H
: IT H
: e i
H —n =
ﬁ E A -Z_\_/_‘ : /_\_/_
: \Ntan S LatH : 3
laLs taLs peasywi i
ALE § :
: il i
H ) 3 :
E £ E
— 3T T
HE H
H Ins |
i DSty lpgtod =
H i}
cAD Y oaB VPan \Pas \ fPATE
e %;%; 7 Mo11 Ate7 Mo 15 o ;
: Page Address M
District-0 :
—_—y 4 :
RY/BY : H
H Do notinput data while data is being output g
i Wi or Vi
T e S

-
=1

Conlinues o E] of naxt page

Rev Al1.0 24/09/2024 Page60



A ™
XS61M2G8D2TA-B8Bxx NAND MCP SeMiTrRON

<

Multi-Page Program Operation with Data Cache Timing Diagram (2/4)

&

leLs
A W V.

Lles
teH
\LH

'y,
fn
3

w

EEETETETETEEE CEPETE CERTTE

Al
2"45

—
WE i
S \ VA Y\
H ot = .
ALE H 1
H it . ;
——— ) ) .
E g E
(ke = ¥y #
RE ] E
: bs itos|
W8ty tes tod oH :
—
w % Can Y cas\/ Pao \ Pas \/Pai1E
%%? *‘ﬁ 1M1\ ta7 Ao15 M
: Page Address M
: District-1 D275
= it H
e H T 0
RY /BY i y :
...... Bt e s i st st e St e
1 Repeat a max of 63 times (in arder to program pages 0 to 62 of a block). 2

Cortinued from [1] of last page
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Multi-Page Program Operation with Data Cache Timing Diagram (3/4)

Icis :

s ik /_W\_
s -\

tais tus ‘ocesyw1

=
m
liillll-l-ill-l-l-ilil-l-
9
=

CEEELT]

7]

Al
m

!

EEEEEEEEEEEE

b
fn

|T||
‘uuuluun-&unu

|Tl|
sEEssasnaan fassanes
-0
f=
E --1""- I CCLLR LIt

g
gz

L
w1

& Bl o s e
CAD CABXPM
MO %Em%b?*mﬂ to 7
Page Address M+n
District-0
(4
Y /BY

Do not input dats while data ts being output.

f"ur|HCH'1|.lru_

B |rerssnnsnsaneaninprannsnad

Continues to @ of next page
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Multi-Page Program Operation with Data Cache Timing Diagram (4/4)

tcLs

I
ics trg

CLE :

= Y W\
| e
_,|f !

— ; H
RE =
: tos Ing L
2 o
—
CAD VW CAB Y PAD \/ PAB \W/PA1E
o A YN - )

Page Address M+n

District-1 D2175
e
ER)

: Do nat input data while data is being output.

é % PV of VL

3

Continued from [3] of last page

(*1) tPROG: Since the last page programming by 10h command is initiated after the previous cache
program, the tPROG during cache programming is given by the following equation.

tPROG = tPROG of the last page + tPROG of the previous page - A

A = (command input cycle + address input cycle + data input cycle time of the last page)

If “A” exceeds the tPROG of previous page, tPROG of the last page is tPROG max.

(Note) Make sure to terminate the operation with 81h-10h- command sequence.

If the operation is terminated by 81h-15h command sequence, monitor I/O 6 (Ready / Busy) by issuing Status Read
command (70h) and make sure the previous page program operation is completed. If the page program operation is
completed issue FFh reset before next operation.
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Auto Block Erase Timing Diagram

CLE i !

h
toLH
tois

N

= L
® T\

a7\

BERASE

-
w_ )

Ve

r

tos|toH

n%bu DG, O

RY/BY Auto Block
Erasa Satup
comrmand

W or Vi

Erase Start

cammand

e - Do not input data while data is being output.
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Multi Block Erase Timing Diagram

= MYV M TV
=TT e\
: y: R

:‘-.I'|Haa“u’|1_

: Do nat input data while data i being sutput.
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ID Read Operation Timing Diagram

tois

2 ) .
XSeMiTrRON

<

CLE

icis

tcs o fos ftew fcEA
= 7

-]
WE \ ."{ tars \ ,?!t
ALS ALH
talH tar
ALE b L
RE /
ipH
t
DS trREA tREA tREA treA trea
/ \ b7 A See \ See \ S
o S0h 00h 98h AAR ee
\ 7 J [\ / I\Table 5 I\Tahie 5/ |\Table 5>_
1D Read Address Maker code  Device code 3rd Data 4th Data 5th Data
command oo
2 viner i
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1.17. Application Notes and Comments

(1) Power-on/off sequence:

The timing sequence shown in the figure below is necessary for the power-on/off sequence.

The device internal initialization starts after the power supply reaches an appropriate level in the power on sequence.
During the initialization the device Ready/Busy signal indicates the Busy state as shown in the figure below. In this
time period, the acceptable commands are FFh or 70h.

The WP signal is useful for protecting against data corruption at power-on/off.

17 Vi L5 ] ;
Eesh S 4 > =1ims
r — i
- / B Dk?‘ Y05l
Don't Don't  Demt i
care care care
CE, WE, RE /
CLE, ALE
ViH
T ViL Vi
w —_— 1 ms max 1 ms max
100 ps maxi, Operation 100 ps Max ey
i g ; ]
Ty
Invalid ?’?’, Invalid  Invalid
Ready/Busy / _,,-/S %

(2)Power-on Reset The following sequence is necessary because some input signals may not be stable at power-on.

| I ™
Power on '\E—/

Reset

(3) Prohibition of unspecified commands

The operation commands are listed in Table 3. Input of a command other than those specified in Table 3 is prohibited.
Stored data may be corrupted if an unknown command is entered during the command cycle.

(4) Restriction of commands while in the Busy state

During the Busy state, do not input any command except 70h(71h) and FFh.

(5) Acceptable commands after Serial Input command “80h”

Once the Serial Input command “80h” has been input, do not input any command other than the Column Address
Change in Serial Data Input command “85h”, Auto Program command “10h”, Multi Page Program command “11h”,
Auto Program with Data Cache Command “15h”, or the Reset command “FFh”.

WE T LI LIT1LILrLril

- -

Address input
RY /BY /

If a command other than “85h”, “10h” ,”11h”, “15h” or “FFh” is input, the Program operation is not performed and
the device operation is set to the mode which the input command specifies.
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/-_'H\ f'—h-‘\
80 XX 10
\T/ Mode specified by the command. — Programming cannot be executed.

Command other than
“85h°, *10n", *11h”, *15h" or “FFh”

(6) Addressing for program operation
Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of the block to
MSB (most significant bit) page of the block. Random page address programming is prohibited.

From the LSB page to MSB page Ex.) Random page program (Prohibition
DATA IN: Data (1) » Data (64) DATA IN: Data (1) > Data (64)
\—* Data register —> Data register
Page D (1) Page 0 (2)
Page 1 (2) Page 1 (32)
Page 2 (3) Page 2 (3)
Page 31 (32) Page 31 (1)
Page 63 (64) Page 63 (64)

(7) Status Read during a Read operation

Command !
= LA
W VA VAV VAV U " ——

RY/BY \

. AYSEYAYS
Address N Status Read

S —— |

command input Status output
Status Read

®
G

The device status can be read out by inputting the Status Read command “70h” in Read mode. Once the device has
been set to Status Read mode by a “70h” command, the device will not return to Read mode unless the Read
command “00h” is inputted during [A]. If the Read command “00h” is inputted during [A], Status Read mode is reset,
and the device returns to Read mode. In this case, data output starts automatically from address N and address input
is unnecessary

(8) Auto programming failure
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Fail

D= D N O D

Address Data Address Data

M input N input
@ ﬂ If the programming result for page address M is Fail, do not try to program the
10 page to address N in another block without the data input sequence.
Because the previous input data has been lost, the same input sequence of 80h
M command, address and data is necessary.
N

(9) RY / BY# : termination for the Ready/Busy pin (RY / BY# )
A pull-up resistor needs to be used for termination because the RY / BY# buffer consists of an open drain circuit.

Voo

Ready |
—y_;_ Vee

Vi
CC R

) 1 \ Busy .
Device — - L
RY /BY - L
_‘ CL t

Ay

Vi Voo =18V
Ta = 25°C
,7‘; 15 ws— C_ = 30 pFq 15ns
—_— iy
tr 10 ps |- T i0ns t
e
This data may vary from device to device. Caag s e TR = = o
We recommend that you use this data as a == g | | |
reference when selecting a resistor value. 0 1Kn 2Kn 3Ko 4Ko
R
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(10) Note regarding the WP# signal

The Erase and Program operations are automatically reset when WP# goes Low. The operations are enabled and
disabled as follows:

Enable Programming

RY /BY

3|

.

tw (100 ns MIN)

Disable Programming

RN

3
—

RY/BY —3

by (100 ns MIN)
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Enable Erasing
LI W e
e —{() b

=i
Rwﬁsé o

—
by (100 ns MIN)

Disable Erasing

RY /BY

3

—i

tiyw (100 ns MIN)

(11) When six address cycles are input
Although the device may read in a fifth address, it is ignored inside the chip.
Read operation

Read operation

=

o —om )}~ H MH H A A )

Ignored
Address input g |

RY/BY "'

Program operation
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Program operation

CLE ,‘ \

1o Eomp—_ A A A A ) L MR Dneen

Address input

lgnored

Data input

(12) Several programming cycles on the same page (Partial Page Program)
Each segment can be programmed individually as follows:

1st programming

2nd programming Data Pattern 2

Data Pattern 1

XSeMITRON

4th programming All1s Data Pattern 4
Result Data Pattern 1 DataPattem2 | - -o—osorososrooomiTiiT Data Pattern 4
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(13) Invalid blocks (bad blocks)

The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:

Please do not perform an erase operation to bad blocks. It may be
impossible to recover the bad block information if the information is
erased.

=% lael Hiock Check if the device has any bad blocks after installation into the system.
Refer to the test flow for bad block detection. Bad blocks which are
detected by the test flow must be managed as unusable blocks by the
system.
/%//7 7 77 —» Bad Block A bad block does not affect the performance of good blocks because it is

isolated from the bit lines by select gates.

The number of valid blocks over the device lifetime is as follows:

MIN TYPR. MAX UNIT

Valid (Good) Block Number 2008 — 2048 Block

Bad Block Test Flow
Regarding invalid blocks, bad block mark is in whole pages.
Please read one column of any page in each block. If the data of the column is 00(Hex), define the block as a bad

block.
| Start )

Block No=1
Fail
Read Check
Pass -
Block No. = Block No. + 1 Bad Block *1

Mo
Last Block
Yes
[ End

Gt B8 No erase operation is allowed to detected bad blocks
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(14) Failure phenomena for Program and Erase operations
The device may fail during a Program or Erase operation.
The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE DETECTION AND COUNTERMEASURE SEQUENCE
Block Erase Failure Status Read after Erase — Block Replacement
Page Programming Failure Status Read after Program — Block Replacement
Read Bit Error ECC Correction / Block Refresh

* ECC: Error Correction Code. 8 bit correction per 512 Bytes is necessary.

* Block Replacement

Program
Error oceurs When an error happens in Block A, try to reprogram the
Buffer b~ ™ y data into another Block (Block B) by loading from an
memory —— ] Block A external buffer. Then, prevent further system accesses
x?___ [ to Block A ( by creating a bad block table or by using
e J ancther appropriate scheme).
gy . Block B
Erase

When an error occurs during an Erase operation, prevent future accesszes to this bad block
(again by creating a table within the system or by using another appropriate scheme).

(15) Do not turn off the power before write/erase operation is complete. Avoid using the device when the battery

is low. Power shortage and/or power failure before write/erase operation is complete will cause loss of data

and/or damage to data.

(16) The number of valid blocks is on the basis of single plane operations, and this may be decreased with two plane
operations.

(17) Reliability Guidance

This reliability guidance is intended to notify some guidance related to using NAND flash with 8 bit ECC for each 512
bytes. For detailed reliability data, please refer to XSEMITRON's reliability note. Although random bit errors may occur
during use, it does not necessarily mean that a block is bad. Generally, a block should be marked as bad when a
program status failure or erase status failure is detected. The other failure modes may be recovered by a block erase.
ECC treatment for read data is mandatory due to the following Data Retention and Read Disturb failures.

* Write/Erase Endurance

Write/Erase endurance failures may occur in a cell, page, or block, and are detected by doing a status read after either
an auto program or auto block erase operation. The cumulative bad block count will increase along with the number
of write/erase cycles.

* Data Retention

The data in memory may change after a certain amount of storage time. This is due to charge loss or charge gain.
After block erasure and reprogramming, the block may become usable again. Here is the combined characteristics
image of Write/Erase Endurance and Data Retention.
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Data

Retention

[¥ears]

i M Y " P Y " P

Write/Eraze Endurance [Cycles]

Read Disturb

A read operation may disturb the data in memory. The data may change due to charge gain. Usually, bit errors occur
on other pages in the block, not the page being read. After a large number of read cycles (between block erases), a
tiny charge may build up and can cause a cell to be soft programmed to another state. After block erasure and

reprogramming, the block may become usable again.
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2. Low power DDR2 SDRAM Part
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2.1 General Description

The low power DDR2 is a high-speed Low Power double data rate synchronous dynamic random access memory
(LPDDR2 SDRAM), An access to the LPDDR2 SDRAM is burst oriented. Consecutive memory location in one page can
be accessed at a burst length of 2, 4, 8 and 16 when a bank and row is selected by an ACTIVE command. Column
addresses are automatically generated by the LPDDR2 SDRAM internal counter in burst operation. Random column
read is also possible by providing its address at each clock cycle. The multiple bank nature enables interleaving among
internal banks to hide the pre-charging time. By setting programmable Mode Registers, the system can change burst
length, latency cycle, interleave or sequential burst to maximize its performance. The device supports special low
power functions such as Partial Array Self Refresh (PASR) and Automatic Temperature Compensated Self Refresh
(ATCSR).

2.2 Electrical Specifications:

e All voltages are referenced to each GND level (VSS, VSSCA, and VSSQ).
e  Execute power-up and Initialization sequence before proper device operation can be achieved.

2.2.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit | Notes

\Voltage on any pin relative to VSSCA, VSSQ VT -0.4to +1.6 Vv

Power supply voltage (core powerl) relative to VSS VvDD1 -0.4to+2.3 Vv

Power supply voltage (core power2) relative to VSS VvDD2 -0.4to +1.6 \Y

Power supply voltage for command, address relative to VSSCA | VDDCA| -0.4to+1.6 \Y

Power supply voltage for output relative to VSSQ vDDQ | -0.4to+1.6 Vv

Storage temperature Tstg -55to +125 °C 1
Power dissipation PD 1.0 W

Short circuit output current IOUT 50 mA

Notes:
Storage temperature the case surface temperature on the center/top side of the DRAM.

Caution:
Exposing the device to stress above those listed in Absolute Maximum Ratings could cause permanent damage.
The device is not meant to be operated under conditions outside the limits described in the operational section
of this specification. Exposure to Absolute Maximum Rating conditions for extended periods may affect device
reliability.

2.2.2 Operating Temperature Condition

Parameter Symbol Rating Unit | Notes
Operating case temperature TC -25to +85 °C 1
Extended Operating case temperature TC +85 to +105 °C 2

Notes:
Operating temperature is the case surface temperature on the center/top side of the DRAM. Refer to MR4
programing table for Temperature Sensor de-rating & refresh rate numbers.

=
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2.2.3 Recommended DC Operating Conditions
(TC = -25°C to +85°C)

Parameter Symbol min. typical max Unit [Note
VDD1 1.7 1.8 1.95 Vv 1
core powerl VSS 0 0 0 v
VDD2 1.14 1.2 1.3 Vv 1
core power2 VSS 0 0 0 v
Supply voltage 1= . | VDDCA 1.14 12 13 v | 1
address VSSCA 0 0 0 Vv
vDDQ 1.14 1.2 1.3 Vv 1
for output
VvSsSQ 0 0 0 Vv
Notes:

VDDQ tracks with VDD2, VDDCA tracks with VDD2. AC parameters are measured with VDD2, VDDCA and VDDQ
tied together.

2.2.4 ACand DC Input Measurement Levels
[Refer to section 8 in JEDEC Standard No. 209-2E]

—0
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2.2.5 DC Characteristics 1
(TC=-25°Cto +85°C, vDD1 = 1.7V to 1.95V, VDD2/VDDCA/VDDQ = 1.14V to 1.3V, VSS/VSSCA/VSSQ = 0V)

2~ ) .

e

XSeEMITRON

P Max
. ower
Parameter Test Condition Symbol supply | PR |DDR|DDR[DDR[DDR|DDR|DDR Unit
1066|933 | 800 | 667 | 533 | 400 | 333
. tCK = tCK(min); tRC = tRC(min); IDDO1 VDD1 8 mA
Operating one . ) ]
bank CKE is HIGH; CS_n is HIGH IDDO2 VDD2 40 mA
active-prechar between valid commands;
. Curre'i’]t g CA bus inputs are SWITCHING; IDDOIN VDDCA 5 mA
Data bus inputs are STABLE vDDQ 1 mA
. . IDD2P1 VvVDD1 0.4 mA
dle tCK = tCK(min); CKE is LOW;
ower-down CS_n is HIGH; all banks idle; IDD2P2 vDD2 2 mA
o ¢ | CAbus inputs are SWITCHING; VDDCA o1 —
y Data bus inputs are STABLE IDD2PIN
vDDQ 0.1 mA
dl CK_t = LOW; CK_c = HIGH; IDD2PS1 VDD1 0.4 mA
e . -
power-down CKE is LOW;CS_n is HIGH; IDD2PS2 VDD2 2 mA
standby current all banks idle;
with cIch <o CA bus inputs are STABLE; IDD2PSIN VDDCA 0.1 mA
P Data bust inputs are STABLE; VvDDQ 0.1 mA
. . IDD2N1 VvVDD1 0.6 mA
ldle non bower- tCK = tCK(min); CKE is HIGH;
down staFr)1db CS_nis HIGH, all banks idle; IDD2N2 vDD2 8 mA
cown > Y| cAbus inputs are SWITCHING; VDDCA s "y
Data bus inputs are STABLE IDD2NIN
vDDQ 1 mA
1dl CK_t = LOW; CK_c = HIGH; IDD2NS1 vVDD1 0.6 mA
e non power- = e ’
down standby CKE is HIGH;CS_n is HIGH; IDD2NS2 VDD2 3 mA
current with all banks idle;
dlock sto CA bus inputs are STABLE; IDD2NSIN VDDCA 5 mA
P Data bus inputs are STABLE vDDQ 1 mA
. . IDD3P1 VvVDD1 0.7 mA
Active tCK = tCK(min); CKE is LOW;
ower-down CS_n is HIGH; one bank active; IDD3P2 vDD2 10 mA
o ¢ | CAbus inputs are SWITCHING; VDDCA o1 —
y Data bus inputs are STABLE IDD3PIN
vDDQ 0.1 mA
Acti CK_t = LOW; CK_c = HIGH; IDD3PS1 VDD1 0.7 mA
ctive - -
power-down CKE is LOW; CS_n is HIGH; IDD3PS2 VDD2 10 mA
standby current one bank active;
with cIch <o CA bus inputs are STABLE; IDD3PSIN VDDCA 0.1 mA
P Data bus inputs are STABLE vDDQ 0.1 mA
. . IDD3NI VDD1 1 mA
Active non tCK = tCK(min); CKE is HIGH;
ower- down CS_n is HIGH; one bank active; IDD3N2 vVDD2 10 mA
e | CAbus inputs are SWITCHING; VDDCA - —
y Data bus inputs are STABLE IDD3NIN
vDDQ 1 mA
Active non CK_t = LOW; CK_c = HIGH; IDD3NS1 VDD1 1 mA
- CKE is HIGH; CS_n is HIGH;
power- down 'S >N 1S IDD3NS2 | VDD2 10 mA
standby current One bank active;
with clock stop CA bus inputs are STABLE; IDD3NSIN | VDDCA 5 mA
: v 'A ! 'g Y nlmll'\n'\ a n% b a
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[ [ [ [ vbpo | 1 [ ma |
Power Max
Parameter Test Condition Symbol Suppl DDR | DDR | DDR | DDR | DDR | DDR | DDR Unit
PPY 11066 933 | 800 | 667 | 533 | 400 | 333
tCK = tCK(min); CS_n is HIGH between IDD4R1 VDD1 2 mA
valid commands;
i ’ IDD4R2 vDD2 | 150 | 140 {120 100 | 90 | 70 | 60 mA
Suprf;tt'"g burstread |\ bank active; BL = 4; RL = RLmin; CA | | | | | |
bus inputs are SWITCHING; 50% data IDDARIN | VDDCA > mA
change each burst transfer IDD4RQ. | VDDQ | 140 | 120 | 100 | 80 | 60 | 45 | 30 |mA
tCK = tCK (min); CS_n is HIGH between | IDD4W1 | VDD1 2 mA
valid commands; one bank active; BL =
i ; ’ ’ IDD4W?2 vVDD2 | 140|120|100| 90 | 80 | 70 | 60 mA
(é)uprer;t;ng burst write 4; WL = WL(min);CA bus inputs are ‘ ‘ ‘ " ‘ ‘ ‘
SWITCHING; 50% data change each | |oo i VDDCA 5 mA
burst transfer vDDQ 127 mA
tCK = tCK (min); CS_n is HIGH between IDD51 VDD1 22 mA
valid commands;
’ IDD52 VDD2 89 mA
'I:Hrlz:rét:\r:x Refresh tRC = tRFCab(min); Burst refresh; CA
bus inputs are SWITCHING; Data bus IDD5IN VDDCA 3 mA
inputs are STABLE vDDQ 0.625 mA
, _ IDD5ab1 | vDD1 1 mA
tCK = tCK(min); CKE is HIGH between
All Bank Auto Refresh (valid commands; tRC = tREFI; IDD5ab2 | VDD2 6 mA
Average Current CA bus inputs are SWITCHING; IDD5abIN | VDDCA 3 mA
Data bus inputsa are STABLE
VDDQ 0.625 mA
_ _ IDD5pb1 | VDD1 1 mA
tCK = tCK(min); CKE is HIGH between
Per Bank Auto Refreshlvalid commands; tRC = tREFI/S; IDD5pb2 | VDD2 6 mA
Average Current CA bus inputs are SWITCHING; VDDCA 3 mA
Data bus inputsa are STABLE IDD5pdIN
vDDQ 0.625 mA
self Refresh C ; IDD61 VDD1 563 LA
elf Refresh Curren .
Temperature Range: LOW;CA bus inputs are STABLE;
P . €€ IData bus inputs are STABLE; VDDCA 63 A
-30°C to 85°C) . IDD6IN
Maximum 1 x Self-refresh rate VvDDQ 8 LA
IDD81 VvDD1 10 A
Deep Power Down |\ _ | ow. ¢k _c = HIGH: -
_(r:urrent (StandRard CKE is LOW; IDD82 VDD2 31*2 uA
_;é?giga;::(e: ) aNEE: A bus inputs are STABLE; VDDCA 44 HA
Data bus inputs are STABLE IDD8IN
vDDQ 8 LA
Self Refresh Current |CK_t = LOW; CK_c = HIGH; IDD6ET1 | VDD1 2000 pA
( Extended CKE is LOW; IDD6ET2 | VDD2 3000 HA
Temperature Range: |[CA bus inputs are STABLE;
° ° . VDDCA 63 WA
+85°C to 105°C) Data bus inputs are STABLE IDD6ETIN
vDDQ 31 WA
CK_t = LOW; CK_c = HIGH; IDD8ET1 | VvDD1 31 LA
Deep Power Down CKE is LOW:
Current (Extended o IDDSET2 | VDD2 63 pA
Temperature Range: CA bus inputs are STABLE; VDDCA o3 i
. . u
185°C to 105°C) Data bus inputs are STABLE IDDSETIN
vDDQ 31 WA
Rreved G nlenase RegeSo=
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Note :

1. These numbers are under 3sigma(FF corner) worst case numbers which are higher than typical production

window. Typical production window is expected to be similar to the following 2sigma table:

Symbol Max Unit
IDD2P2 0.9 mA
IDD2PS2 0.9 mA
IDD2N2 4 mA
IDD2NS2 4 mA
IDD3P2 5.5 mA
IDD3PS2 5.5 mA
IDD3N2 5.5 mA
IDD3NS2 5.5 mA

2. Operating burst write VDDQ current is 12mA because all DQ & DQS input buffers run on VDDQ supply. Whereas
VDDCA current is smaller because only the CA & control input buffers run on VDDCA Supply.
3. Deep sleep VDD2 current is higher. This is TBD.

2.2.6 Advanced Data Retention Current (Self-refresh current)
(TC=-25°Cto +85°C, vDD1 = 1.7V to 1.95V, VDD2/VDDCA/VDDQ = 1.14V to 1.3V, VSS/VSSCA/VSSQ = 0V)

Parameter Symbol |Supply| Max | Unit Test Condition
IDD61 | VvDD1 | 113 KA
IDD62 | VvDD2 | 2 A
Full Array 6 88 K
VDDCA| 63
IDD6IN WA
vbbQ| 6
IDD61 | VDD1 94 KA
IDD62 | vDD2 | 194 KA
1/2 Array
VDDCA| 63
IDD6IN WA
-30°C<TC<+25°C vDDQ 6
CKE<0.2V
IDD61 | VDD1) 88 WA All devices are in self-refresh
IDD62 | vDD2 | 150 MA |CK_t=LOW, CK_c = HIGH;
1/4 Array — -
VDDCA| 63 CKE is LOW;
IDD6IN voba| 6 WA lca bus inputs are STABLE;
DD61 | vDD1 | 81 A Data bus inputs are STABLE
IDD62 | VDD2 | 125 WA
1/8 Array
VDDCA| 63
IDD6IN WA
vbba| 6
IDD61 | vDD1 | 188 KA
55°C < TC < +45°C Full A IDD62 | VvDD2 | 531 KA
+25°C < < +45° ull Arra
y VDDCA| 63
CKE<0.2V IDD6IN HA
vbba| 6
1/2 Array IDD61 | vDD1 | 125 KA

o a ~_a VLYW n fo ki1l
Freyidsg= 780y og



XS61M2G8D2TA-B8Bxx NAND MCP XT:MHRO“

<

IDD62 | vDD2 | 313 MHA
VDDCA| 63
IDD6IN A
VDDQ 6
IDD61 | VDD1 94 HA
IDD62 | vDD2 | 188 MHA
1/4 Array
VDDCA| 63
IDD6IN KA
vDDQ 6
IDD61 | VDD1 75 KA
IDD62 | VDD2 | 125 KA
1/8 Array
VDDCA| 63
IDD6IN KA
VDDQ 6
IDD61 | vDD1 | 563 MHA
IDD62 | VDD2 | 2000 KA
Full Array
VDDCA| 63
IDD6IN KA
vDDQ 8
IDD61 | VDD1 | 344 KA
IDD62 | VDD2 | 1500 KA
1/2 Array
VDDCA| 63
IDD6IN KA
+45°C < TC<+85°C VDDQ 8
CKE £0.2V IDD61 | VDD1 | 250 MHA
IDD62 | VDD2 | 1250 KA
1/4 Array
VDDCA| 63
IDD6IN A
vDDQ 8
IDD61 | vDD1 | 200 MHA
IDD62 | VDD2 | 1125 KA
1/8 Array
VDDCA| 63
IDD6IN KA
vDDQ 8
IDD61 | VDD1 | 2000 KA
IDD62 | VDD2 | 3000 KA
Full Array
VDDCA| 63
IDD6IN KA
vDDQ | 31
IDD61 | VDD1 | 938 KA
IDD62 | VDD2 | 2125 MHA
1/2 Array
85°C < TC < +105°C IDDEIN VDDCA| 63 A
+85°C < TC< +105° K
CKE<0.2V vbba| si
IDD61 | VDD1 | 625 KA
IDD62 | VDD2 | 1563 MHA
1/4 Array
VDDCA| 63
IDD6IN A
vDDQ | 31
IDD61 | VvDD1 | 325 MHA
1/8 Array IDD62 | VvDD2 | 1313 MHA
IDD6IN |VDDCA| 63 KA

A ~_a VY-V n o
piegm— 780y og
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2.2.7 DC Characteristics 2
(TC=-25°Cto +85°C, vDD1 = 1.7V to 1.95V, VDD2/VDDCA/VDDQ = 1.14V to 1.3V, VSS/VSSCA/VSSQ = 0V)

Parameter Symbol min. max Unit Test Condition Note
Input leakage current ILI -2.0 2.0 MA 0<VIN £VDDQ
Output leakage current Lo s s uA 0< VOUT.S vDDQ
DQ = disable
Output high voltage VOH 0.9xvDDQ -- \Y IOH =-0.1mA
Output low voltage VOL -- 0.1xvDD| V IOL=0.1mA

2.2.8 DC Characteristics 3

(TC=-25°Cto +85°C, VDD1 = 1.7V to 1.95V, VDD2/VDDCA/VDDQ = 1.14V to 1.3V, VSS/VSSCA/VSSQ = 0V)

Parameter Symbol min. max Unit [Note
AC differential input voltage VID (AC) -0.2 vDDQ + 0.2 Vv
AC differential cross point voltage VIX (AC) 0.5xVDDQ-0.15 | 0.5xVvDDQ+0.15 | V
AC differential cross point voltage VOX (AC) 0.5xVvDDQ-0.2 0.5xVvDDQ +0.2 Vv

Crossing Point+

VBB 0

Figure 1. Differential Signal Levels
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2.2.9 Pin Capacitance
(TA=+25°C, vDD1 =1.7V to 1.95V, VDD2/VDDCA/vVDDQ = 1.14V to 1.3V, VSS/VSSCA/VSSQ = 0V)

Parameter Symbol LPDDR2 1066-466 |LPDDR2 400-200| Unit | Notes
i i i min. 1.0
CLK input pin capacitance CK, ccK oF 1,2
/CK max 2.0
CLK input pin capacitance A min. 0
CDCK F 1123
CK, /CK max 0.20 0.25 b
. . 1.0
Input pin capacitance CA, /CS, al oF 1,24
CKE max 2.0
i i min. -04 -0.5
Input pin capacitance A DI oF 1,25
CA, /CS, CKE max 0.4 0.5
i i min. 1.25
Input/output pin capacitance clo oF [1,2,6,7
DQS, /DQS, DQ, DM max 2.5
Input/output pin capacitance A min. 0
CDDQS F 11,278
DQs, /DQS max 0.25 0.30 P
i i min. -0.5 -0.6
Input/output pin capacitance A CDIO oF [1,2,7,9
DQ, DM max 0.5 0.6
min. 0
Calibration pin capacitance CzQ s pF 1,2

Notes:

1) This parameter applies to die device only (does not include package capacitance)

2) This parameter is not subject to production test. It is verified by design and characterization. The
capacitance is measured according to JEP147 (Procedure for measuring input capacitance using a
vector network analyzer (VNA) with VDD1, VDD2, VDDQ, VSS, VSSCA, VSSQ applied and all other pins
floating.

3) Absolute value of CCK_t-CCK_c.

4) Clapplies to /CS, CKE, CAO-CA9.

5) CDI=CI-0.5x(CCK_t+CCK_c)

6) DM loading matches DQ and DQS

7)  MR3 1/0 configuration DS OP3-OP0=4’b0001 (34.3Q typical)

8) Absolute value of CDQS_t and CDQS _c.

9) CDIO=CIO-0.5x(CDQS_t+CDQS c) in byte-lane.

2.2.10 Refresh Requirement Parameters (2Gb)

Parameter Symbol Value Unit
Number of Banks 8
Refresh Window Tcase < 85°C tREFW 32 ms
Refresh Window Tcase 85°C < Tcase < 105°C tREFW 8 ms
Required number of REFRESH commands (min) R 8,192
Average time between REFRESH commands tREFI 3.9 s
Refresh Cycle time tRFCab 130 ns
Per Bank Refresh time tRFCpb 60 ns
Burst Refresh Window =4 x 8 x tRFC tREFBW 4.16 us

o a ~_a VLYW n or
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2.2.11 AC Characteristics

(TC=-25°Cto +85°C, vDD1 = 1.7V to 1.95V, VDD2/VDDCA/vVDDQ = 1.14V to 1.3V, VSS/VSSCA/VSSQ = 0V)
min/| min LPDDR2 Unit

Parameter Symbol
max | tCK [ 1066 | 933 | 800 | 667 | 533 | 400 333 Mbps
Max. Frequency ~ 533 | 466 | 400 | 333 | 266 | 200 166 MHz
Clock Timing
. min 1.875(2.15| 25 3 3.75 5 6
Average Clock Period tCK(avg) ns
max 100
) ] min 0.45
Average high pulse width [ tCH(avg) tCK(avg)
max 0.55
min 0.45
Average low pulse width tCL(avg) tCK(avg)
max 0.55
Absolute Clock Period tCK(abs) min tCK(avg)(min) + tJIT(per)(min) ps
Absolute clock HIGH pulse min 043
width tCH(abs) tCK(avg)
(with allowed jitter) max 0.57
Absolute clock LOW pulse min 0.43
width tCH(abs) tCK(avg)
(with allowed jitter) max 0.57
Clock Period Jitter min -90 -95 | -100 | -110 | -120 | -140 | -150
. . t)IT(per) ps
(with allowed jitter) max 90 | 95 | 100 | 110 | 120 | 140 | 150
Maximum Clock Jitter
between two consecutive | yp | o 180 | 190 | 200 | 220 | 240 | 280 | 300 ps
clock cycles (with allowed
jitter)
min min((tCH(abs),min - tCH(avg),min) (tCL(abs), min -
Duty cycle Jitter tIT(duty) tCL{avg), min)) x tCK(avg) bs
(with allowed jitter) allowed ax max((tCH(abs),max - tCH(avg),max) (tCL(abs), max
- tCL(avg), max)) x tCK(avg)
Cumulative error across 2| tERR(2per) | min -132 | -140 | -147 | -162 | -177 | -206 | -221 os
cycles allowed | max 132 | 140 | 147 | 162 | 177 | 206 | 221
Cumulative error across 3| tERR(3per) | Min -157 1 -166 [ -175 192 | -210 | -245 | -262 0s
cycles allowed | max 157 | 166 | 175 | 192 | 210 | 245 | 262
Cumulative error across 4| tERR(4per) min -175 |-1851-194)-214) -233 | -272 | -291 ps
cycles allowed | max 175 | 185 | 194 | 214 | 233 | 272 | 291
Cumulative error across 5| tERR(Sper) | min -188 | -199 | -209 | -230 | -251  -293 | -314 0s
cycles allowed | max 188 | 199 | 209 | 230 | 251 | 293 | 314
Cumulative error across 6| tERR(6per) | min -200 | -210 | -222 | -244 | -266 | -311 | -333 0s
cycles allowed | max 200 | 210 | 222 | 244 | 266 | 311 | 333
Cumulative error across 7| tERR(7per) | min -209 ([ -221]-232|-256 | -279 | -325| -348 ps

o a ~_a VLYW n o
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cycles allowed max 209 | 221 | 232 | 256 | 279 | 325 348
Cumulative error across 8| tERR(8per) | min -217 | -229 | -241 | -256 | -290 | -338 | -362
cycles allowed | max 217 | 229 | 241 | 256 | 290 | 338 | 362 ps
Cumulative error across 9| tERR(9per) | min -224 | -237 | -294 | -274 [ -299 | -349 | -374
cycles allowed | max 224 | 237 | 294 | 274 | 299 | 349 | 374 ps
Cumulative error across | tERR(10per) | min -231 | -244 | -257 | -282 | -308 | -359 [ -385
10 cycles allowed max 231 | 244 | 257 | 282 | 308 | 359 385 ps
Cumulative error across | tERR(11per) [ min -237 | -250 | -263 | -289 | -316 | -368 [ -395
11 cycles allowed | max 237 | 250 | 263 | 289 | 316 | 368 | 395 P
Cumulative error across | tERR(12per) | min -242 | -256 | -269 | -296 | -323 | -377 | -403
12 cycles allowed | max 242 | 256 | 269 | 296 | 323 | 377 | 403 ps
Cumulative error across n tERR(nper) min lterr(nper), allowed, min = (1 + 0.68In(n)) x tJIT(per), allowed, min
=13, 14 ... 49, 50 cycles allowed | max term(nper), allowed, max = (1 + 0.68In(n)) x UIT(per), allowed, max ps
ZQ Calibration Parameters
Initialization Calibration tZQINIT | min 1 us
Long Calibration Time tZQCL min | 6 360 ns
Short Calibration Time tZQCS min | 6 90 ns
Calibration Reset Time tZQRESET | min | 3 50 ns
Read Parameters
DQS output access time min 2500
from CK_t/CK_c tDASCK max 5500 ps
DQSCK Delta Short tDQSCKDS | max 330 | 380 | 450 | 540 | 670 | 900 | 1080 ps
DQSCK Delta Medium tDQSCKDM | max 680 | 780 | 900 | 1050(1350|1800| 1900 ps
DQSCK Delta Long tDQSCKDL | max 920 |1050(1200] 1400 (1800|2400 - ps
DQS-DQ skew tDQSQ max 200 | 220 | 240 | 280 | 340 | 400 500 ps
Data hold skew factor tQHS max 230 | 260 | 280 | 340 | 400 | 480 600 ps
DQS Output High Pulse tQSH min tCH(abs) - 0.05 tCK(avg)
DQS Output Low Pulse tQSL min t (abs) - 0.05 tCK(avg)
Data Half Period tQHP min min(tQSH, tQSL) tCK(avg)
DQ/DAQS output hold time tQH min tQHP-tQHS ps
Read preamble tRPRE min 0.9 tCK(avg)
Read Postamble tRPST min tcL(abs) - 0.05 tCK(avg)
DQS low-Z from clock tLz(dQs) | min tDQSCK(min) - 300 ps
DQ low-Z from clock tLZ(DQ) | min tDQSCK(min) - (1.4*tQHS(max) ps
DQS high-Z from clock tHZ(DQS) | max tDQSCK(max) - 100 ps
A — 209202 Reged
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- - LPDDR2 Unit
Parameter Symbol min/_ fmin I

max tCK |1066| 933 | 800 | 667 | 533 | 400 | 333 | Mbps
Write Parameters

DQ and DM input hold time (Vref based) | tDH min 210| 235 | 270 | 350 | 430 | 480 | 600 ps

Ei:g)d DM input setup time (Vref tDS | min 210| 235 | 270 | 350 | 430 | 480 | 600 | ps

DQ and DM input pulse width tDIPW | min 0.35 tCK(avg)
Write command to 1st DQS latching min 0.75 tCK(avg)
transition tDQASS | max 1.25 tCK(avg)
DQS input high-level width tDQSH | min 0.4 tCK(avg)
DQS input low-level width tDQSL | min 0.4 tCK(avg)
DQS falling edge to CK setup time tDSS | min 0.2 tCK(avg)
DQS falling edge hold time from CK tDSH | min 0.2 tCK(avg)
Write postamble tWPST | min 0.4 tCK(avg)
Write preamble tWPRE | min 0.35 tCK(avg)

CKE Input Parameters

CKE min. pulse width (high and low pulse

width) tCKE | min | 3 3 tCK(avg)
CKE input setup time tISCKE | min 0.25 tCK(avg)
CKE input hold time tIHCKE | min 0.25 tCK(avg)

Command Address Input Parameters

Address & control input setup time (Vref {s min 220 | 250 | 290 | 370 | 460 | 600 | 740 0s
based)
Address & control input hold time (Vref HH min 2201 250 | 290 | 370 | 260 | 600 | 740 oS
based)
Address & control input pulse width tIPW | min 0.40 tCK(avg)
Boot Parameters (10 MHz - 55 MHz)
Clock Cycle Time tCKb max 100 ns
min | - 18
CKE input setup time tISCKEb | min | - 2.5 ns
CKE input hold time tIHCKEb | min | - 2.5 ns
Address & control input setup time tiSb min | - 1150 ps
Address & control input hold time tIHb min | - 1150 ps
; min 2.0
DQS Output data access time from £DQSCKb ns
CK_t/CK_c max | - 10.0
Data strobe edge to output data edge
DQSQb-1.2 tDQSQb | max | - 1.2 ns
Data hold skew factor tQHSb | max | - 1.2 ns




XS61M2G8D2TA-B8Bxx

NAND MCP

2 ) .
XSeMITrRON

<

Mode Register Parameters

Mode Register Write command period

tMRW

min | 5

tCK(avg)

Mode Register Read command period

tMRR

min | 2

tCK(avg)
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Parameter Symbol
max | tCK |1066| 933 | 800 | 667 | 533 | 400 | 333 | Mbps
LPDDR2 SDRAM Core Parameters
Read Latency RL | min 3 8 7 6 5 4 3 3 [tCK(avg)
Write Latency WL | min 1 4 4 3 2 2 1 1 |tCK(avg)
Active to Active command period tRAS + tRPab (with all-bank Precharge) ns
P tRC | min tRAS + tRPpb (with per-bank Precharge)

CKE min. pulse width during
Self-Refresh (low pulse width tCKESR| min 3 15 ns
during Self-Refresh)
Self refresh exit to next valid xR | min 5 tRECab+10 ns
command delay
Exit power down to next valid oxp | min 5 75 ns
command delay
LPDDR2-54 CAS to CAS delay tCCD | min 2 2 tCK(avg)
Internal Read to Precharge RTP | min ) 75 ns
command delay
RAS to CAS Delay tRCD | min 3 18 ns
Row Precharge Time (single bank) | tRPpb | min 3 18 ns
Row Precharge Time (all banks) tRPab | min 3 21 ns

min 3 42 ns
Row Active Time tRAS

max - 70 us
Write Recovery Time tWR | min 3 15 ns
Internal Write to Read command fWTR | min ) 75 10 ns
delay
Active bank A to Active bank B tRRD | min 2 10 ns
Four Bank Activate window tFAW | min 8 50 60 ns
Minimum Deep Power Down time | tDPD | min 500 us
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2.4Pin Function

2.4.1 CK, /CK (input pins)
The CK and the /CK are the master clock inputs. All inputs except DMs, DQSs and DQs are referred to the cross
point of the CK rising edge and the /CK falling edge. When in a read operation, DQSs and DQs are referred to the
cross point of the CK and the /CK. When in a write operation, DMs and DQs are referred to the cross point of the
DQS and the VDDQ/2 level. DQSs for write operation are referred to the cross point of the CK and the /CK. The

other input signals are referred at CK rising edge.

2.4.2 /CS (input pin)
When /CS is low, commands and data can be input. When /CS is high, all inputs are ignored. However, internal
operations (bank active, burst operations, etc.) are held.

2.4.3 CAO to CA9 (input pins)
These pins define the row & column addresses and operating commands (read, write, etc.) depend on their voltage

= aq
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levels. See "Addressing Table" and “Command operation”.

2.4.4 [Addressing Table]

Page Size Organization Row address Column address
x 32 bits RO to R13 C0™to C8
2K8 x 16 bits RO to R13 C0™ to C9
DDR CA Pins

Command CAO | CA1 [ CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CAS CK
- - R8 R9 | R10 | R11 | R12 | BAO | BAl1 | BA2 ™
Active RO[RL|[R[RI|[RE[RS [ R6 [ R7 [RIZ] - | U
-- - - -- - C1 C2 | BAO | BAl1 | BA2 ™
Write/Read AP c3|caa|lcs|cee|cz]cecaflcol| -] -4

Remarks: Rx = row address. Cx = column address

Notes:

1. COis not present on the command & address, therefore CO is implied to be zero.

2. BAO,1 &2 are bank select signals. The memory array is divided into banks 0, 1, 2, 3,4,5,6 and 7. BA0, 1 & 2
define to which bank an active/read/write/precharge command is being applied.

3. AP defines the precharge mode when a read command or a write command is issued. If AP = high during a read
or write command, auto precharge function is enabled.

2.4.5 [Bank Numbering and BA Input Table]
BAO BAl BA2

BankO
Bank1l
Bank2
Bank3
Bank4
Bank5
Bank6
Bank7

Remarks: H=VIH, L = VIL.

I|r—|IT|— || ||
I|IT|rr |- ||| |—
I|T|T|XT|r—|—|—|—

2.4.6 CKE (input pin)
CKE controls power-down mode, self-refresh function and deep power-down function with other command
inputs. The CKE level must be kept for 2 clocks at least if CKE changes at the crossing point of the CK rising edge
and the /CK falling edge with proper setup time tIS, by the next CK rising edge CKE level must be kept with proper
hold time tIH.

2.4.7 DQO to DQ15 (x16), DQO to DQ31 (x32) - (input/output pins)
Data are input to and output from these pins.

2.4.8 DAQSx, /DQSx (input/ output pins, where x = 0 to 3)

Fata)

o a 4 VLV W]
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DQS and /DQS provide the read data strobes (as output) and the write data strobes (as input). Each DQS (/DQS)
pin corresponds to eight DQ pins, respectively (See DQS and DM Correspondence Table).

2.4.9 DMO to DMS3 (input pins)

DM is the reference signals of the data input mask function. DM is sampled at the crossing point of DQS and
VDDQ/2. When DM = high, the data input at the same timing are masked while the internal burst counter will be
counting up.

2.4.10 [DM truth table]

Name (Functional) DM DQ Note

Write enable L Valid 1

Write inhibit H X 1
Notes:

1. Used to mask write data. Provided coincident with the corresponding data.
2. Each DM pin corresponds to eight DQ pins, respectively (See DQS and DM Correspondence Table).

2.4.11 [DQS and DM Correspondence Table]

Part Number Organization DQS Data Mask DQ

DQSO, /DQSO DMO DQO to DQ7

YSEIM2GEDITA 2 bit DQS1, /DQS1 DM1 DQS8 to DQ15
X 52 BIts DQS2, /DQS2 DM2 DQ16 to DQ23
DQS3, /DQS3 DM3 DQ24 to DQ31

DQSO, /DQSO DMO DQO to DQ7

TBD X 16 bits

DQS1, /DQS1 DM1 DQ8 to DQ15

2.4.12 VDD1, VSS, VSS2, VDDCA, VSSCA, VDDQ, VSSQ (power supply)

VDD1/2 and VSS are power supply pins for internal circuits. VDDQ and VSSQ are power supply pins for the output
buffers. VDDCA and VSSCA are power supply pins for command address input buffers.

o a ~_a VLYW n o
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2.4 Command Operation
2.4.1 Command Truth Table
The LPDDR2 RAM recognizes the following commands specified by the /CS, CAO, CA1, CA2, CA3 and CKE at
the rising edge of the clock.
«  CAxr refers to the command/address bit x on the rising edge of clock. (1")
«  CAxf refers to the command/address bit x on the falling edge of clock. (/)

CKE DDR CA Pins CK
Function Symbol i
Y PreviousiCurrent o -0 [ ca1|caz|cas|caa|cas | cas|caz| cas | cag |edge
cycle |tcycle
) ) L L L L L |[MAOIMA1|MA2|MA3|MA4|MA5|
Mode register write [ MRW H H
x [MA6[MA7[OPO|OP1|OP2|OP3|OP4|OP5(0OP6|OP7 |
. L L L L | H [MAO|MA1|MA2|MA3[MA4|MA5| 1
Mode register read | MRR H H
x [MA6|MA7 x N
L L L H L
Refresh per bank | REFpb H H x T
X X J
Refresh all banks REFab H H L]t | = | H | H | x T
X X N}
H L L L H X ™
Self-refresh entry SELF L
X X X Np
) L L H | R8 | R9 |R10|(R11|R12|BAO| BAl1l |BA2| 1
Bank activate ACT H H
x| ROJR1|R2|R3|RA|R5|R6|R7|R13 | x J
L| H L L |RFU|RFU| C1 | C2 |BAO| BA1 |BA2| T
Write WRIT | H H -
x |APT C3 |C4|C5[(C6|[C7|C8|C9 x N
L H L H |RFU[RFU| C1 | C2 |BAO| BA1 |BA2| 1
Read READ H H
x |apt| C3|C4|C5|C6|C7|C8]|C9 x N
L| H H L|H|AB X BAO| BA1 |BA2 ™
Precharge PRE H H
X X J
_ Ll H ]| x 2
Burst terminate BST H H
X X J
- H L H H L
Deep power-down DPDEN L | [ L] X T
mode entry x x x J
No operation NOP H H L] H H | H X T
X X d
intai L|H[H]|H x
Maintain NOP L L T
PD/SREF/DPD x x N
H x ™
No operation NOP H H
X X Np
H x ™
Device deselect DESL H H
X X Np
_ H H X
Power-down mode PDEN L T
entry x X x N2

o a ~_a VLYW n faW.}
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Exit PDEX, L H x N
power-down/deep SELFX, H
power-down mode, DPDX
self refresh x x X N

Remarks: H=VIH, L = VIL, x = VIH or VIL, Rx = row address, Cx = column address,

AB = all banks or selected bank precharge.

Notes:

1. AP high during a read or write command indicates that an auto precharge will occur to the bank
associated with the read or write command.
Bank selects (BAO, 1 & 2) determine which bank is to be operated upon.
Self-refresh exit and deep power-down exit are asynchronous.
/CS and CKE are sampled at the rising edge of clock.
VREF must be maintained during self-refresh and deep power-down operation.

ukhwnN

2.4.2 Register Commands [MRR/MRW]

The register commands include both a mode register read (MRR) and a mode register write (MRW) command.
The protocol provides support for a total of up to 256 8-bit registers, which will be either read-only, write-only,
or both readable and writeable by the memory controller.

2.4.3 Refresh Commands [REF]

The refresh commands include an All Banks refresh command, and a self-refresh command. Entry into
self-refresh mode will occur upon the transition of CKE from high to low.

2.4.4 Active Command [ACT]

Only CAOr and CA1lr are needed to encode this command. The remaining bits in the CA map specify the row and
bank address.

2.4.5 Read/Write Commands [READ/WRIT]

The read and write commands indicate whether a read or write is desired. CAOr, CAlr, and CA2r are needed to
encode either command. The remaining bits in the CA map are used to indicate the column address. A bit to
indicate whether an auto precharge is desired is provided and is registered on CAOf of both read and write
commands. Two bits in the read and write command encoding have been specified as Reserved for Future Use
(RFU).

2.4.6 Precharge Commands [PRE]

The Precharge command requires that the bank be specified at command time only when the auto precharge bit
indicates that an All Bank pre-charge is not desired (I.E. AB (CA4r) = 0). If the All Bank precharge bit is set (I.E. AB
(CA4r) = 1), bank information is not required.

2.4.7 Burst Terminate Command [BST]

The BST command will allow for both read and write commands (without auto precharge) to be interrupted on
prefetch boundaries prior to the end of a burst. The desired burst length will be set in one of the mode registers.

2.4.8 Power-down and Deep Power Down [PDEN/DPDEN]

o a ~_a VLYW n or-
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Both power-down and deep power-down modes are supported by the protocol. In normal power-down mode all

input and output buffers as well as CK and /CK will be disabled. If all banks are precharged prior to entering

power-down mode, the device will be said to be in Precharge power-down mode. If at least one bank is open

while entering power-down mode, the SDRAM device will be said to be in Active power-down mode.

In Deep power-down mode all input/output buffers, CK, /CK, and power to the array will be disabled. The contents

of the SDRAM will be lost upon entry into deep power-down mode. The command for entry into normal

power-down mode requires that /CS is high, while the command for entry into Deep power-down mode requires

either power-down modes.

2.4.9 Exit Command [PDEX, DPDX, SELFX]

Exit from self-refresh, power down, or deep power-down modes requires a low to high transition of CKE.

2.4.10 No Operation Command [NOP]

NOP can either be issued using a command when /CS is low or by simply deselecting /CS.

2.4.11 CKE Truth Table

that /CS be low. In both cases CKE will remain active and will be the mechanism by which the SDRAM is able to exit

CKE Command (n)"3
c . Previous | Current S CAO cA3 o ) .3 N
urrent state cycle cycle /CS, rto r peration (n) otes
Active/Idle L L x Maintain power-down 8
power-down L H DESL or NOP Power-down exit 4
Deep power-down L L x Maintain power-down 8
entry L H DESL or NOP Deep power-down exit
L L x Maintain self-refresh 8
Self-refresh -
L H DESL or NOP Self-refresh exit 4,7
Bank Active H L DESL or NOP Active power down entry 4
. H L DESL or NOP Precharge power down entry 4
All banks idle
H L SELF Self-refresh entry 5
Other H H Refer to the Command Truth Table 6

Remark: H=VIH, L = VIL, x = Don’t care
Notes:
CKE (n) is the logic state of CKE at clock edge n; CKE (n-1) was the state of CKE at the previous clock edge.
Current state is the state of the LPDDR2 RAM immediately prior to clock edge n.
Command (n) is the command registered at clock edge n, and operation (n) is a result of Command (n).

All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
Self-refresh mode can only be entered from the all banks idle state.
Must be a legal command as defined in the command truth table.
Valid commands for deep power-down exit and power-down exit and self-refresh exit are NOP and DESL only.
Deep power-down, power-down and self-refresh cannot be entered while read/write operations, mode register
read/write or precharge operations are in progress.
VREF must be maintained during self-refresh operation.
10. Clock frequency may be changed or stopped during the active power-down or idle power-down state.

PNV A WNE
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2.6 Operation of the LPDDR2 RAM

Read and write accesses to the LPDDR2 RAM are burst oriented; accesses start at a selected location and
continue for the fixed burst length of four, eight, and sixteen in a programmed sequence. Accesses begin with
the registration of an active command, which is then followed by a read or write command. The address bits
registered coincident with the active command is used to select the bank and row to be accessed (BAO,1 & 2
selects the bank; RO to R13 selects the row). The address bits registered coincident with the read or write
command are used to select the starting column location for the burst access and to determine if the auto
precharge command is to be issued.

Prior to normal operations, the LPDDR2 RAM must be initialized. The following sections provide detailed
information covering device initialization; register definition, command descriptions and device operation.

2.6.1 LPDDR2 RAM Power-On and Initialization Sequence

2.6.1.1 Power Ramp and Device Initialization
Power Ramp

While applying power (after Ta), CKE shall be held at a logic low level (0.2 x VDDCA), all other inputs shall be
between VIL (min.) and VIH (max.). The LPDDR2 RAM device will only guarantee that outputs are in a high
impedance state while CKE is held low. On or before the completion of the power ramp (Tb) CKE must be held
low. Voltage levels at I/Os and outputs must be between VSSQ and VDDQ during voltage ramp time to avoid
latch-up.

The following conditions apply:

® Tais the point where any power supply first reaches 300mV.
After Ta is reached, VDD1 must be greater than VDD2 — 200mV.
After Ta is reached, VDD1 and VDD2 must be greater than VDDCA — 200mV.
After Ta is reached, VDD1 and VDD2 must be greater than VDDQ — 200mV.
After Ta is reached, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pins may not exceed 100mV.

Thb is the point when all supply and reference voltages are within their respective min/max operating
conditions.

® Power ramp duration tINITO (Tb — Ta) must be no greater than 20m:s.

Note:
VDD?2 is not present in some systems. Rules related to VDD2 in those cases do not apply.

CKE and Clock

Beginning at Tb, CKE must remain low for at least tINIT1 = 100ns, after which it may be asserted high. Clock must
be stable at least tINIT2 = 5tCK prior to the first low to high transition of CKE (Tc). CKE, /CS and CA inputs must
observe setup and hold time (tlS, tIH) requirements with respect to the first rising clock edge (as well as to the
subsequent falling and rising edges).

Reset Command
After tINIT3 is satisfied, a MRW (Reset) command shall be issued (Td). Wait for at least tINIT4 = 1us while keeping

CKE asserted and issuing NOP or DESL commands.

Mode Register Reads and Device Auto-Initialization (DAI) polling

o a ~_a VLYW n faYel
Freyidsg= ey o



XS61M2G8D2TA-B8Bxx NAND MCP XT:MHRO“

<

After tINIT4 is satisfied (Te), only MRR commands (including power-down entry/exit) are allowed. It is
recommended to determine the device type and other device characteristics by issuing MRR commands (MRO,
Device ID, etc.). The MRR command may be used to poll the DAI-bit to acknowledge when Device
Auto-Initialization is complete. As the memory output buffers are not properly configured yet, some AC
parameters may have relaxed timings before the system is appropriately configured. After the DAI-bit (MRO.DAI)
is set to “ready” by the memory device, the device is in idle state (Tf). The state of the DAI status bit can be
determined by an MRR command to MRO DAI. The LPDDR2 RAM will set the DAI-bit no later than tINIT5 (10us)
after the Reset command.

Normal Operation

After tINITS (Tf), MRW commands may be used to properly configure the memory, for example the output buffer
driver strength, latencies etc. The LPDDR2 RAM device will now be in IDLE state and ready for any valid command.
After Tf, the clock frequency may be changed according to the clock frequency change procedure described in
section Input Clock Stop and Frequency Change during Power-Down of this specification.

Timing Parameters for Initialization

Value
Symbol min. max. Unit [Test Condition
tINITO -- 20 ms  [Maximum Power Ramp Time
tINIT1 100 -- ns  [Minimum CKE low time after completion of power ramp
tINIT2 5 -- tCK  |[Minimum stable clock before first CKE high
tINIT3 200 -- s [Minimum Idle time after first CKE assertion
tINIT4 1 -- pus  [Minimum Idle time after Reset command, this time will be about 2 x
tRFCab (max density) +tRP
tINITS -- 10 pus  [Maximum duration of Device Auto-Initialization
tCKBOOT 18 100 ns [Clock cycle time during boot

[See Figure 134 in JEDEC Standard No. 209-2E]
2.6.2 Programming the Mode Register

Mode Register Assignment

MR No.| MA [7:0] Function Access| OP7 | oP6 | OP5 | oP4 | oP3 | OP2 | OP1 | OPO | Remark
0 00h Device Info. R (RFU) DI | DAl | See MRO
1 01h Device Feature 1 w nWR (for AP) | WC | BT | BL See MR1
2 02h Device Feature 2 w (RFU) RL & WL See MR2
3 03h I/0 Config-1 W (RFU) DS See MR3
4 04h SDRAM Refresh Rate| W | TUF | (RFU) | RefreshRate | See MR4
5 05h Basic Config-1 R Company ID See MR5
6 06h Basic Config-2 R Revision ID1 See MR6
7 07h Basic Config-3 R Revision ID2 See MR7
8 08h Basic Config -4 R | I/0 width | Density | Type | See MR8
9 09h Test Mode W't Vendor-Specific Test Mode See MR9
10 0Ah 10 Calibration w Calibration Code See MR10
11:15 | OBh TO OFh Reserved (RFU)

o a ~_a VLYW n fa¥al
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16 10h

PASR_Bank

=

Bank Mask

See MR16

17 11h

PASR_Seg

Segment Mask

See MR17

18:23

12h TO 17h

Reserved

(RFU)

MR No.24 to 31 are Non-Volatile Memory (NVM) specific mode registers, which LPDDR2 does not have.

32 20h

Calibration Pattern

R

Calibration Pattern A

See MR32

40 28h

Calibration Pattern

R

Calibration Pattern B

See MR40

63 3FH

Reset

w

X

See MR63

MR No. 33 to 39, 41 to 62 and MR 64 to 255 are reserved.

Note: MR9[5] is Fail Bit, and Read-Only.

Remarks:
R =read - only
W = write - only

DAI = Device Auto - Initialization
DI = Device Information

nWR = Write Recovery for auto precharge

WC = Wrap Control
BT = Burst Type
BL = Burst Length

RL & WL = Read latency & Write latency

DS = Drive Strength

TUF = Temperature Update Flag

MRO

opP7 | op6 | OP5 | oP4 | OP3 | OP2

OP1 | OPO

(RFU)

DI | DAI

OP<0O>

DAI (Device Auto-Initialization Status)
0B: DAl complete
1B: DAl still in progress

OP<1>

DI (Device Information)
0B: SDRAM
1B: Reserved

oP7 | OP6 | OP5

OP4

OP3

oP2 | oP1 | OPO

nWR(for AP)

WC

BT

BL

OP<2:0>

BL( Burst Length )
010B: BL4 (default)
011B:BL8
100B: BL16
All others: Reserved




XS61M2G8D2TA-B8Bxx

NAND MCP

2 ) .
XSeMiTrRON

<

OP<3>

BT( Burst Type)
0B: Sequential (default)
1B: Interleaved

OP<4>

WC( Wrap Control )
0B: Wrap (default)
1B: No Wrap

OP<7:5>

001 B: nWR=3 (default)
010B: nWR=4

011B: nWR=5

100B: nWR=6

101B: nWR=7

110B: nWR=8

All others: Reserved

nWR( Write Recovery for Auto-pre-charge )

Notes:

Programmed value in nWR register is the number of clock cycles which determined when to start internal

pre-charge operation for a write burst with AP enabled. It is determined by RU( tWR/tCK ).

MR2

oP7 | oP6 | OP5 | OP4

oP3 | oP2 | oP1 | OPO

(RFU)

RL & WL

OP<3:0>

0001B: RL3 / WL1 (default)
0010B: RL4 / WL2

0011B: RL5 / WL2

0100B: RL6 / WL3

0101B: RL7 / WL4

0110B: RL8 / WL4

All others: Reserved

RL & WL( Read latency and write latency )

<
=
w

oP7 | oP6 | OP5 | OP4

oP3 | oP2 | oP1 | OPO

(RFU)

DS

OP<3:0>

DS( Drive Strength )
0000B: Reserved
0001B: 34.3Q typ.
0010B: 40Q typ. (default)
0011B: 48Q typ.
0100B: 60Q typ.
0101B: Reserved for 68.6Q typ.
0110B: 80Q typ.
0111B:120Q typ.
All others: Reserved

W ml—\n—\n
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MR4
op7 |orp6| ops | op4 | op3 | or2 | op1] OPO
TUF (RFU) Refresh Rate
Refresh Rate
000B: Reserved
001B: Reserved
010B: 2x tREF
OP<2:0> 011B: 1x tREF
100B: RFU
101B: 0.25x tREF, set to 85° C, do not derate
110B: 0.25x tREF, set to 95° C, de-rate
111B: temp>105° C, setto 105° C, stall
[TUF(Temperature Update Flag)
OP<7> 0B: OP<2:0> value has not changed since last read of MR4.
1B: OP<2:0> value has changed since last read of MR4.
MR5
op7 | ope | ops | or4 | or3 | oP2 | OP1 | OPO
Company ID
) Company ID
OP<7:0> 1 111111018
MB6
op7 | ope | ops | or4 | oP3 | oP2 | OP1 | OPO
Revision ID1( Die Revision )
Revision ID1
OP<7:0> 1 500000008
MB7
op7 | op6 | oP5 | oP4 | oP3 | oP2 | OP1 | OPO
Revision ID2( RFU )
Revision ID2
OP<7:0> 1 500000008
Rev Al1.0 24/09/2024 Page103
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or7 | op6 | op5 | op4 | op3 | oP2 | oP1 | OPO
I/0 width Density Type

Type
00B: S4 SDRAM

OP<1:0> | 01B:Reserved
10B: Reserved

11B: Reserved

Density

0010B: 256Mb
0011B: 512Mb
0100B: 1Gb
0101B: 2Gb
0110B: 4Gb
0111B: 8Gb
10008B: 16Gb
1001B: 32Gb
others: Reserved

OP<5:2>

I/0 width
00B: x32
OP<7:6> | 01B:x16
10B: x8
11B: Not Used

oP7 | op6 | ops | or4 | op3 | oP2 | or1 | oPO
Vendor-Specific Test Mode

Tested Die Bit
OP<4> OB: Untested
1B: Tested(default)

Failed Die Bit
OP<5> 0B: Pass(default)
1B: Fail

Rev Al1.0 24/09/2024 Pagel04
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oP7 | op6 | ops | or4 | op3 | oP2 | or1 | oPO
Calibration Code
Calibration Code
OxFF: Calibration command after initialization
) OxAB: Long calibration
OP<7:0> 0x56: Short calibration
0xC3: ZQ Reset
Others: Reserved
MR16
op7 | op6 | ops | or4a | op3 | oP2 | or1 | oPO
Bank Mask
Bank Mask
OP<7:0> | OB: refresh enable to the bank (=unmasked, default)
1B: refresh blocked(=masked)
MB17
or7 | op6 | op5 | op4 | op3 | oP2 | oP1 | OPO
Segment Mask
Segment Mask
op<7:0> | 9B refresh enable to the segment (=unmasked, default)
1B: refresh blocked(=masked)
MB32
op7 | op6 | ops | or4a | op3 | oP2 | or1 | oPO
Calibration Pattern “A”
DQ outputs pattern A
OP<7:0> Bit Time O Bit Time 1 Bit Time 2 Bit Time 3
1 0 1 0
MR40
op7 | op6 | ops | or4a | op3 | oP2 | or1 | oPO
Calibration Pattern “B”
DQ outputs pattern B
OP<7:0> Bit Time O Bit Time 1 Bit Time 2 Bit Time 3
0 0 1 1
Rev A1.0 24/09/2024 Page105
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2.6.3 Bank Activate Command [ACT]

The bank activate command is issued by holding /CS low, CAO low, and CA1 high at the rising edge of the
clock. The bank addresses BAO, 1 & 2 are used to select the desired bank. The row address RO through R13 is
used to determine which row to activate in the selected bank. The Bank Activate command must be applied
before any read or write operation can be executed. Immediately after the Bank Active command, the LPDDR2
RAM can accept a read or write command on the following clock cycle at time tRCD after the activate
command is sent. Once a bank has been activated it must be precharged before another bank activate
command can be applied to the same bank. The bank active and precharge times are defined as tRAS and tRP,
respectively. The minimum time interval between successive bank activate commands to the same bank is
determined by the /RAS cycle time of the device (tRC). The minimum time interval between successive bank
activate commands to the different bank is determined by (tRRD).

[See Figure 19 in JEDEC Standard No. 209-2E]
2.6.4 Read and Write Access Modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting
/CS low, CAO high, and CA1 low at the rising edge of the clock. CA2r must also be defined at this time to
determine whether the access cycle is a read operation (CA2r high) or a write operation (CA2r low).

The LPDDR2 RAM provides a fast column access operation. A single read or write command will initiate a
serial read or write operation on successive clock cycles. The boundary of the burst cycle is strictly restricted
to specific segments of the page length. For example, the 8M bits x 16 1/0 x 8 banks chip has a page length
of 16384 bits (defined by C1 to C11). The page length of 16384 is divided into 4096, 2048, or 1024 for 16 bits
burst respectively. A 4 bits or 8 bits or 16 bits burst operation will occur entirely within one of the 4096,
2048, or 1024 groups beginning with the column address supplied to the device during the read or write
command (C1 to C11). The second, third and fourth access will also occur within this group segment.
However, the burst order is a function of the starting address, and the burst sequence.

A new burst access must not interrupt the previous 4 bits burst operation in case of BL = 4 setting. In case of BL
= 8 and BL= 16 settings, reads may be interrupted by reads and writes may be interrupted by writes provided that
this occurs on a 4 bits boundary. The minimum CAS to CAS delay is defined by tCCD.
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2.6.5 Burst Mode Operation

Burst cycle number and burst address sequence
c3 | c2 | c1 |co(o)
(CA1f)|(CA6r)|(CASr) BL| BT wC |1|2|3|4|5|6|7|8|9|10]11|12]13|14|15]|16
X X 0 0 0O|1]2¢3
x x 1 0 4 |any (Wrap| 2 |3 |01
x x X 0 any | NW™ | y |y+1|y+2|y+3
X 0 0 0 0|12 (3|4|5|6|7
X 0 1 0 2134156701
x| 1] 0] o Seq 4ls|6|7]/0|1]2]3
X 1 1 0 3 Wrap 61701123 (4]|5
X 0 0 0 0|12 (3|4|5|6|7
X 0 1 0 2|13/0(1|6|7(4]|5
x| 1] 0] o0 Int 4ls|6|7]/0|1]2]3
X 1 1 0 6|7(4(5|12|3]0]|1
0 0 0 0 o0|1(2(3|4|5/6|7|8|9|A|B|C|D|E]|F
0 0 1 0 2(3(4|5|6|7|8|9|A|B|C|D|E|F|O0]1
0 1 0 0 4/5|6|7|8|9|A|B|C|D|/E|F|]O]21|2]3
011O16Squrap6789ABCDEF012345
1 0 0 0 8/9/A|B|C|D|E|F|O0O|1]|2|3|4|5|6]|7
1 0 1 0 A|B|C|D|E|F|O|1]|2|3|4|5|6|7|8]|9
1 1 0 0 C/ID/E|F|O|21|2|3|4|5|6|7|8|9|A|B
1 1 1 0 E|F|O0O|212|2|3|4|5|6|7|8|9|A|B|C|D

Remarks: NW: no wrap. Int: interleaved. Seq: sequential. Any: sequential or interleaved.
C3 = CA1f. C2 = CA6r. C1 = Ca5r. C0=0.

Notes:

CO input is not present on CA bus. It is implied zero.

For BL = 4, the burst address represents C1 to CO.

For BL = 8, the burst address represents C2 to CO.

For BL = 16, the burst address represents C3 to CO.

Non-wrap, BL4, data-orders shown below are prohibited:

Not across full page boundary. (x16: 3FE, 3FF, 000, 001) (x32: 1FE, 1FF, 000, 001)

Not across sub page boundary. (x16: 1FE, 1FF, 200, 201)

2.6.6 Burst Read Command [READ]

The Burst Read command is initiated by having /CS low, CAO high, CA1 high and CA2 low at the rising edge of
the clock. The address inputs, CA5r to CA4r and CA1f to CA9f, determine the starting column address for the
burst. The Read Latency (RL) is defined from the rising edge of the clock on which the read command is issued
to the rising edge of the clock from which the tDQSCK delay is measured. The first valid datum is available RL +
tDQSCK + tDQSQ after the rising edge of the clock where the read command is issued. The data strobe output
(DQS) is driven low tRPRE before valid data (DQ) is driven onto the data bus.

The first bit of the burst is synchronized with the first rising edge of the data strobe (DQS). Each subsequent
dataout appears on the DQ pin in phase with the DQS signal in a source synchronous manner. The RL is defined
by mode register.

Pin timings are measured relative to the cross point of DQS and its complement, /DQS.

[See Figures 24, 25 in JEDEC Standard No. 209-2E]
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The minimum time from the burst read command to the burst write command is defined by the Read Latency
(RL) and the Burst Length (BL). Minimum read to write latency is RL + RU (tDQSCKmax/tCK) + BL/2 + 1 — WL.
Note that if a read burst is interrupted with a Burst Terminate (BST) command, the effective BL of the
interrupted read burst should be used to calculate the minimum read to write latency.

[See Figure 33 in JEDEC Standard No. 209-2E]

[See Figure 35 in JEDEC Standard No. 209-2E]

The seamless burst read operation is supported by enabling a read command at every other clock for BL = 4
operation, every 4 clocks for BL = 8 operation, and every 16 clocks for BL = 16 operation. This operation is
allowed regardless of whether the same or different banks as long as the banks are activated.

Burst read can only be interrupted by another read with 4 bits burst boundary.
[See Figure 37 in JEDEC Standard No. 209-2E]
Notes:

Read burst interrupt function is only allowed on burst of 8 and 16.

Read burst interrupt may only occur on even clocks after the previous read commands provided that tCCD is
met.

Reads can only be interrupted by other reads or the BST command.
Read burst interruption is allowed to any bank inside SDRAM.

Read burst with auto precharge is not allowed to be interrupted.
The effective burst length of the first read equals two times the number of clock cycles between the first read and
the interrupting read.

2.6.7 Burst Write Command [WRIT]

The Burst Write command is initiated by having /CS low, CAO high, CA1 high and CA2 high at the rising edge of
the clock. The address inputs determine the starting column address. The first valid datum is available Write
Latency (WL) cycles + tDQSS from the rising edge of the clock from which the Write command is driven. A data
strobe signal (DQS) should be driven low (preamble) nominally half clock prior to the data input. The first data
bit of the burst cycle must be applied to the DQ pins tDS prior to the first rising edge of the DQS following the
preamble. The subsequent burst bit data are sampled on successive edges of the DQS until the burst length is
completed, which is 4, 8 or 16 bit burst.

tWR must be satisfied before a precharge command to the same bank may be issued after a burst write
operation. Pin timings are measured relative to the crossing point of DQS and its complement, /DQS.

[See Figure 42 in JEDEC Standard No. 209-2E]
[See Figure 45 in JEDEC Standard No. 209-2E]

The minimum number of clocks from the burst write command to the burst read command for any bank is [WL
+ 1 + BL/2+ RU (tWTR/tCK)]. If a write burst is interrupted with a Burst Terminate (BST) command, the effective
BL of the interrupted write burst should be used to calculate the minimum write to read latency.

[See Figure 47 in JEDEC Standard No. 209-2E]

The seamless burst write operation is supported by enabling a write command every other clock for BL = 4
operation, every four clocks for BL = 8 operation, or every eight clocks for BL = 16 operation. This operation is
allowed regardless of same or different banks as long as the banks are activated.

Burst write can only be interrupted by another write with 4 bits burst boundary, provided that tCCD is met.

[See Figure 49 in JEDEC Standard No. 209-2E]
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Notes:
Write burst interrupt function is only allowed on burst of 8 and 16.

Write burst interrupt may only occur on even clocks after the previous write commands, provided that tCCD is
met.

Writes can only be interrupted by other writes or the BST command.
Write burst interruption is allowed to any bank inside SDRAM.

Write burst with auto precharge is not allowed to be interrupted.

2.6.8 Write Data Mask
One write data mask (DM) pin for each 8 data bits (DQ) will be supported on LPDDR2 RAM.

DM can mask input data. By setting DM to low, data can be written. When DM is set to high, the corresponding
data is not written, and the previous data is held.

The latency between DM input and enabling/disabling mask function is 0.

[See Figure 57 in JEDEC Standard No. 209-2E]

2.6.9 Precharge Command [PRE]

The precharge command is used to precharge or close a bank that has been activated. The precharge command
is initiated by having /CS low, CAO high, CA1 high, CA2 low, and CA3 high at the rising edge of the clock. The
precharge command can be used to precharge each bank independently or all banks simultaneously. Three
address bits CA4r, CA7r and CA8r are used to define which bank to precharge when the command is issued.

CA4r CA7r CA8r CA9r Precharged bank(s)

L L L L Bank O only
L H L L Bank 1 only
L L H L Bank 2 only
L H H L Bank 3 only
L L L H Bank 4 only
L H L H Bank 5 only
L L H H Bank 6 only
L H H H Bank 7 only
H x x x All banks

Remark: H=VIH, L=VIL, x=VIH or VIL

2.6.10 Burst Read Operation Followed by Precharge

For the earliest possible precharge, the precharge command may be issued on the rising edge of clock BL/2
clocks after a read command. A new bank active (command) may be issued to the same bank after the RAS
precharge time (tRP). A precharge command cannot be issued until tRAS is satisfied.

The minimum read to precharge spacing has also to satisfy a minimum analog time from the rising clock edge
that initiates the last 4-bit prefretch of a read to precharge command. This time is called tRTP (Read to
Precharge).

[See Figure 64 in JEDEC Standard No. 209-2E]

2.6.11 Burst Write Operation Followed by Precharge
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For write cycles, a delay must be satisfied from the completion of the last burst write cycle until the precharge
command can be issued. This delay is known as a write recovery time (tWR) referenced from the completion of
the burst write to the precharge command. No precharge command should be issued prior to the tWR delay.
Minimum Write to Precharge command spacing to the same bank is WL + BL/2 + RU (tWR/tCK) clock cycles. If
the data burst is interrupted with a BST command, the effective BL shall be used to calculate the minimum
Write to Precharge spacing.

[See Figure 67 in JEDEC Standard No. 209-2E]

2.6.12 Auto Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the
precharge command or the auto precharge function. When a read or a write command is given to the LPDDR2
RAM, the AP bit (CAOf) may be set to allow the active bank to automatically begin precharge at the earliest
possible moment during the burst read or write cycle. If AP is low when the read or write command is issued,
then normal read or write burst operation is executed and the bank remains active at the completion of the
burst sequence. If AP is high when the read or write command is issued, then the auto precharge function is
engaged. During auto precharge on the rising edge which is Read Latency (RL) clock cycles before the end of the
read burst.

Auto precharge can also be implemented during Write commands. The precharge operation engaged by the
Auto precharge command will not begin until the last data of the burst write sequence is properly stored in the
memory array.

This feature allows the precharge operation to be partially or completely hidden during burst read cycles
(dependent upon Read latency) thus improving system performance for random data access.

2.6.13 Burst Read with Auto Precharge

If AP (CAOf) is high when a read command is issued, the read with auto precharge function is engaged. The
LPDDR2 RAM starts an auto precharge operation on the rising edge of the clock BL/2 or RU (tRTP/tCK) cycles
later than the read with AP command.

A new bank active (command) may be issued to the same bank if the following two conditions are satisfied
simultaneously.

The /RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.

The /RAS cycle time (tRC) from the previous bank activation has been satisfied.
[See Figure 68 in JEDEC Standard No. 209-2E]

2.6.14 Burst Write with Auto Precharge

If AP (CAOf) is high when a write command is issued, the write with auto precharge function is engaged. The
LPDDR2 RAM starts with an auto precharge operation on the rising edge of which is tWR cycles after the
completion of the burst write.

A new bank activate (command) may be issued to the same bank if the following two conditions are satisfied
simultaneously.

The data-in to bank activate delay time (tWR + tRP) has been satisfied.
The /RAS cycle time (tRC) from the previous bank activation has been satisfied.
[See Figure 70 in JEDEC Standard No. 209-2E]

The LPDDR2 RAM supports the concurrent auto precharge feature, a read with auto precharge enabled, or a
write with auto precharge enabled, may be followed by any column command to the other banks, as long as
that command does not interrupt the read or write data transfer, and all other related limitations apply. (E.G.
Conflict between READ data and WRITE data must be avoided.)
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The minimum delay from a read or write command with auto precharge enabled, to a command to a different
bank, is summarized below.

To command (different Minimum delay
From command bank, non- interrupting |(concurrent AP supported) Units
command)

Read or Read w/ AP BL/2 tCK
Write or Write w/ AP (BL/2) + 2 tCK

Read w/ AP -
Precharge or Activate 1 tCK
Read or Read w/ AP WL + (BL/2) + tWTR tCK
Write or Write w/ AP BL/2 tCK

Writ AP

rite w/ Precharge or Activate 1 tCK

The minimum delay from the read, write and precharge command to the precharge command to the same bank
is summarized below.

From Command To Command Minimum d“elay“between Frolrln Units |Notes
Command" to "To Command
Read Precharge (to same bank as Read) [ (BL/2)+ Max (2, RU (tRTP/tCK))-2 | tCK | 1
ea
Precharge all (BL/2) + Max (2, RU (tRTP/tCK)) -2 | tCK | 1
Read w/ AP Precharge (to same bank as Read w/ | (BL/2) + Max (2, RU (tRTP/tCK)) -2 | tCK | 1
eadw
Precharge all (BL/2) + Max (2, RU (tRTP/tCK)) -2 | tCK | 1
Writ Precharge (to same bank as Write) WL + (BL/2) + tWTR tCK | 1
rite

Precharge all WL + (BL/2) + tWTR tCK | 1
Precharge (to same bank as Write w/ WL + (BL/2) + tWTR tCK | 1

Write w/ AP
Precharge all WL + (BL/2) + tWTR tCK | 1
Precharge (to same bank as precharge) 1 tCK | 1

Precharge

Precharge all 1 tCK | 1
Precharge 1 tCK 1

Precharge All
Precharge all 1 tCK 1

Notes:

For a given bank, the precharge period should be counted from the latest precharge command, either one bank
precharge or precharge all, issued to that bank. The precharge period is satisfied after tRP depending on the
latest precharge command issued to that bank.

2.6.15 The Burst Terminate [BST]

The Burst Terminate (BST) command is initiated by having /CS low, CAO high, CA1 high, CA2 low, and CA3 low at
the rising edge of clock. The 4-bit prefetch architecture allows the BST command to be asserted on an even
number of clock cycles after a write or read command. The BST command only affects the most recent read or
write command. The latency of the BST command following a read command is equal to the Read Latency (RL).
The latency of the BST command followin

a Write command is equal to the Write Latency (WL). Therefore, the effective burst length of a Read or Write
command interrupted by a BST command is an integer multiple of 4 and is defined as follows:

Effective BL = 2 x {Number of clocks from the read or write command to the BST command}

[See Figure 54 in JEDEC Standard No. 209-2E]

Burst Terminate interrupts the burst RL cycles after the BST command for reads. BST can only be issued an even
number of clocks after the read command.
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[See Figure 53 in JEDEC Standard No. 209-2E]

Burst Terminate interrupts the burst WL cycles after the BST command for writes. BST can only be issued an
even number of clocks after the write command.

2.6.16 Refresh Command [REF]

The Refresh command is initiated by having /CS low, CAO low, CA1 low, and CA2 high at the rising edge of clock.
All Bank Refresh is initiated by having CA3 high at the rising edge of clock.

For All Bank Refresh, all banks of the LPDDR2 RAM must be precharged and idle for a minimum of the
Precharge time (tRP) before the Refresh command (REF) can be applied. An address counter, internal to the
device, supplies the bank address during the refresh cycle. No control of the external address bus is required
once this cycle has started. When the All Bank refresh cycle has completed, all banks of the LPDDR2 RAM will be
in the precharged (idle) state. A delay between the Refresh Command (REF) and the next Activate command or
subsequent Refresh command must be greater than or equal to the Refresh cycle time (tRFC).

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute
refresh interval is provided. A maximum of eight Refresh commands can be posted to any given LPDDR2 RAM
SDRAM, meaning that the maximum absolute interval between any Refresh command and the next Refresh
command is 9 x tREFI.

[See Figures 76, 77 in JEDEC Standard No. 209-2E]

2.6.17 Self-Refresh [SELF]

The self-refresh command can be used to retain data in the LPDDR2 RAM, even if the rest of the system is
powered down. When in the self-refresh mode, the LPDDR2 RAM retains data without external clocking. The
LPDDR2 RAM device has a built-in timer to accommodate self-refresh operation. The self-refresh command is
defined by having CKE low, /CS low, CAO low, CA1 low, and CA2 high at the rising edge of the clock. CKE must
be high during the previous clock cycle. Once the command is registered, CKE must be held low to keep the
device in self-refresh model. Once the LPDDR2 RAM has entered self refresh mode, all of the external signals
except CKE, are “don’t care”. For proper self-refresh operation, all power supply pins (VDD1, VDD2, VDDQ and
VREF) must be at valid levels. The SDRAM initiates a minimum of one refresh command internally within tCKE
period once it enters self-refresh mode. The clock is internally disabled during self-refresh operation to save
power. The minimum time that the LPDDR2 RAM must remain in self-refresh mode is tCKE. The user may
change the external clock frequency or halt the external clock one clock after self-refresh entry is registered;
however, the clock must be restarted and stable before the device can exit self-refresh operation.

The use of self-refresh mode introduces the possibility that an internally timed refresh event can be missed
when CKE is raised for exit from self-refresh mode. Upon exit from self-refresh, the LPDDR2 RAM requires a
minimum of one extra auto refresh command before it is put back into self-refresh mode.

[See Figure 78 in JEDEC Standard No. 209-2E]
Note: Device must be in the “All banks idle” state prior to entering self refresh mode.

2.6.18 Mode Register Read Command

The mode register read command is used to read configuration and status data from mode registers. The mode
register read (MRR) command is initiated by having /CS low, CAO low, CA1 low, CA2 low, and CA3 high at the
rising edge of the clock. The mode register is selected by {CA1f to CAOf, CA9r to CA4r}. The mode register

Rev Al1.0 24/09/2024 Pagel12



XS61M2G8D2TA-B8Bxx NAND MCP XT‘:MiﬁOﬁ

<

contents are available on the first data beat of DQO to DQ7, RL + tDQSCK + tDQSQ after the rising edge of the
clock where the mode register read command is issued. Subsequent data beats contain valid, but undefined
content. The MRR command has a burst length of four. The MRR command may not be interrupted by the BST
command, MRR command or any other read command. The MRR command period (tMRR) is 2 clocks.

[See Figure 79 in JEDEC Standard No. 209-2E]

Notes:
Mode register read has a burst length of four.
Mode register read may not be interrupted by subsequent read, MRR, or BST command.

Mode register data is valid only on DQO to DQ7 on the first beat. Subsequent beats contain valid, but undefined
data.

The mode register read command period (tMRR) is 2 clocks. No command (other than NOP or DESL) is allowed
during this period.

2.6.19 Mode Register Write Command

The mode register write command is used to write configuration data to mode registers. The mode register
write (MRW) command is initiated by having /CS low, CAO low, CA1 low, CA2 low, and CA3 low at the rising
edge of the clock. The mode register is selected by {CA1f to CAOf, CA9r to CA4r}. The data to be written to the
mode register is contained in CA9f to CA3f. The MRW command period is defined by tMRW.

The MRW may only be issued when all banks are in the idle pre-charge state or to issue a reset command.

The MRW command is also used to initiate the reset command. The reset command is allowed in both the Idle
and row active states as well as the power on Initialization sequence and brings the device to the tRESET (tINIT4)
state in the power on Initialization sequence.

[See Figure 84 in JEDEC Standard No. 209-2E]

Note: The mode register write command period (tMRW) is 5 clocks. No command (other than NOP or DESL) is
allowed during this period.

2.6.20 Power-Down [PDEN]

Power-down is synchronously entered when CKE is registered low and /CS high at the rising edge of clock. CKE
is not allowed to go low while mode register read or write operations are in progress. CKE is allowed to go low
while any of other operations such as row activation, precharge or auto precharge, or auto-refresh is in
progress, but power-down IDD spec will not be applied until finishing those operations. Timing diagrams are
shown in the following pages with details for entry into power-down.

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 the input and output buffers, excluding CK, /CK and CKE. In power-down
mode, CKE low must be maintained at the inputs should be in a valid state but all other input signals are “Don’t
Care”. CKE low must be maintained until tCKE has been satisfied. Maximum power-down duration is limited by
the refresh requirements of the device, which allows a maximum of 9 tREFI if maximum posting of REF is
utilized immediately before entering power-down.

The power-down state is synchronously exited when CKE is registered high (along with a NOP or deselect
command). CKE high must be maintained until tCKE has been satisfied.

[See Figure 91 in JEDEC Standard No. 209-2E]
The pattern shown below can repeat over a long period of time. With this pattern, LPDDR2 RAM guarantees all AC
and DC timing, voltage specifications with temperature and voltage drift.

[See Figure 93 in JEDEC Standard No. 209-2E]
[See Figure 95 in JEDEC Standard No. 209-2E]
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[See Figure 96 in JEDEC Standard No. 209-2E]
[See Figure 97 in JEDEC Standard No. 209-2E]
[See Figure 99 in JEDEC Standard No. 209-2E]
[See Figure 100 in JEDEC Standard No. 209-2E]
[See Figure 101 in JEDEC Standard No. 209-2E]

[See Figure 102 in JEDEC Standard No. 209-2E]
[[See Figure 103 in JEDEC Standard No. 209-2E]
[See Figure 104 in JEDEC Standard No. 209-2E]

2.6.21 Deep Power-Down [DPDEN]
Deep power-down is synchronously entered when CKE is registered low with /CS low, CAO high, CA1 high, and CA2
low at the rising edge of clock. In deep power-down mode, all input buffers except CKE, all output buffers, and the
power to the array will be disabled. The contents of the SDRAM will be lost upon entry into deep power-down
mode.

The deep power-down state is asynchronously exited when CKE is registered high with a stable clock input. The
SDRAM must be fully re-initialized as described in the Power up initialization Sequence. The SDRAM is ready for
normal operation after the initialization sequence.

[See Figure 105 in JEDEC Standard No. 209-2E]

2.6.22 Input Clock Stop and Frequency Change during Power-Down
LPDDR2 RAM input clock frequency can be changed under following conditions: LPDDR2 RAM is in power down
mode.CKE must be at logic low level.
A minimum of 2 clocks must be waited after CKE goes low before clock frequency may change In order to reduce
power, the input clock may be stopped during power down. When exiting power down, the clock must be stable
prior to CKE going high.
SDRAM input clock frequency is allowed to change only within minimum and maximum operating frequency
specified for the particular speed grade. During input clock frequency change, CKE must be held at stable low
levels. Once input clock frequency is changed, stable new clocks must be provided to SDRAM before recharge
power down may be exited. Depending on new clock frequency an additional MRW command may need to be
issued to appropriately set the WR, RL and so on.

[See Figure 91 in JEDEC Standard No. 209-2E]

2.6.23 Clock Stop

Stopping the clocks during idle periods is an effective way of reducing power consumption. In addition to clock
stop during power-down states, LPDDR2 RAM also supports clock stop under the following conditions:

The last command (activate, read, write, precharge, mode register write, mode register read, refresh) has
executed to completion, including any data-out during read bursts; the number of clock pulses per access
command depends on the device’s AC timing parameters and the clock frequency.

The related timing conditions (tRCD, tWR, tRP, tMRR, tMRW, etc.) have been met. CKE is held high.

When the above conditions have been met, the device is either in “idle state” or “row active” state and clock
stop mode may be entered with CK held low and /CK held high.

Clock stop mode is exited by restarting the clock. At least one NOP command must be issued before the next
command may be applied. Additional clock pulses might be required depending on the system characteristics.

[See Figure 91 in JEDEC Standard No. 209-2E]
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2.6.24 No Operation Command [NOP]

The no operation command (NOP) should be used in cases when the LPDDR2 RAM is in an idle or a wait state.
The purpose of the no operation command is to prevent the LPDDR2 RAM from registering any unwanted
commands between operations. NOP command is holding /CS low, CAO high, CA1 high, and CA2 high at the rising

edge of the clock. NOP command will not terminate a previous operation that is still executing, such as a burst
read or write cycle.

2.6.25 Deselect Command [DESL]

The deselect command (DESL) performs the same function as a no operation command. DESL command occurs
when /CS is brought high at the rising edge of the clock.
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