Doslilicon FMN1xT1xCB-25Ix

FMN1xT1xCB-25Ix

Stacked Multi-Chip
Product (NAND=1G,
LPDDR2=1G)

posilicon

Revisionl.2
Feb,2020



Doslilicon FMN1xT1xCB-25Ix

DocumentTitle
StackedMulti-ChipProduct(NAND=1GL.PDDR2=1G)

RevisionHistory
RevisiorNo. History Draftdate Remark
0.0 Initial Draft Sep. $,2014 Initial
0.1 Added guarantee of the First block\AND Oct.27h, 2014
I Rt
0.3 Added 67B FBGA BABsignments dIAND Nov,1st, 2014
0.4 ADDSelectionGuideof DRAM Dec, 29,2014
0.5 Changed typical tPRQBNAND Feb,11th,2015
0.6 Revised ManufacturdD (00h  F8h) o DRAM May,22nd, 2015
0.7 Added Blockeroretention(1Kwith ECC) Jun.1st, 2015
0.8 RevisedPackage Dimension (8.0mm X 10.5ngrap2balFBGA Jun. 24,2015
0.9 Modify the thickness opackage dimension May.16",2019
1.0 Modify some format details May.224,2019
1.1 Modify general description for NAND Nov.1F¥2019
1.2 Modify severalAC timing parameters Feb, 10,2020

1 Revision1.2
Feb,2020



Dosilicon

FMN1xT1xCB-25Ix

Stacked MultiChipProduct(MCP)
1.8V NAND Flaskiemoryand MobileDDR2

1. MCPFeatures

AOperating Temperaturd&Range
- Industrial Part : -400C~85cC

E NAND

A x8/x161/0 BUS

R NANDInterface

R ADDRESSDATAMultiplexing

A SUPPLYOLTAGE
T VCG=1.8Volt coresupplyvoltage

for Program, Erasand Readoperations

A MEMORY CEWBRRAY
R x8 : (2K+64)bytesx 64 pages x 102dlocks
R x16: (1k+32)words x 64 pages x 102docks

PAGEREAD PROGRAM
Synchronous Page Re&peration
Random access25us(Max)
Serial access45ns(1.8V)

Page prograntime : 200us(Typ)

v I v I s b =

A ELECTRONSBIGNATURE
Manufacturer Code
R DeviceCode

-A

A DATARETENTION
R Cycling 100KProgram/ Erasecycles

R Dataretention: 10 Years(4bit/512byt&CC)

R Blockzerois a valid blockand will be valid forat
least 1K prograrerasecycleswith ECC

APackageType:
- 121-ball FBGAB.0x8.0mn#, 0.86T,0.5mm Ball Pitch
- 162-ball FBGA11.5x13.0mn3, 1.0T,0.5mm Ball Pitch
- 162-ball FBGA, 8.0x10.5mi1.0T, 0.5mm Ball Pitch
- Lead& HalogenFree

E

DRAM

-VDD2=1.14¢1.30V
-VDDCA/VDD@® 1.14¢1.30V
-VDD1=1.70¢1.95V

Interface: HSUL_12

Datawidth : x16

Clock frequency 400MHz

Fourbit pre-fetch DDR architecture

Eightinternal banks for concurrenbperation
Multiplexed, doubledata rate,command/addressnputs;

commands entered orevery Ckedge
Bidirectional/differential data strobe perbyte of
data(DQS/DQSH#).

DM maskswrite date at theboth rising and fallingedge of the
datastrobe

ProgrammableREACand WRITHatencies(RL/WL)
Programmable burstengths:4, 8, orl6

Auto refreshand self refreshsupported

All bankauto refreshand per bankauto refreshsupported

Clockstop capability

ALow PowerFeatures

Lowvoltagepower supply.

Auto TCSRTemperatureCompensatedselfRefresh).
PASR (Partial ArragelfRefreshpower-savingmode.
DPD (DeefPower DownMode.

DS (DriveStrength)Control.
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2. MCPSelectionGuide

MCPPartNumber Flash LRDRAM2 IID:RAM individual Datasheet PKGType
req. Flash LRDRAM
FMN1ST1SCHBIE 1GIx16 1Gbx16 400MHz| FMND1G16S3B FMT4D16UAR5Ix 121ball
FMN1ET1SCBIE 1Gx8 1Gbx16 400MHz| FMND1G08S3B FMT4D16UAR5Ix 121ball
FMN1ST1TGESIF 1GIx16 1Gbx32 400MHz| FMND1G16S3B FMT4D32UAR5Ix 162ball
FMN1ET1TGESIF 1Gx8 1Gbx32 400MHz| FMND1G08S3B FMT4D32UAR5Ix 162ball
FMN1ST1TGEH 1GIx16 1Gbx32 400MHz| FMND1G16S3B FMT4D32UAR5Ix | 162ball(Small)
FMN1ET1TGESH 1Gx8 1Gbx32 400MHz| FMND1G08S3B FMT4D32UAR5Ix | 162ball(Small)
3. MCP Part Numberingystem
FMNXXXXXXX-X XX

Do=ilicon

il Packing T
Memory ackng Type

R : Tape and Resl
Blank : Tray

Product Famity
M : NAMD + Mobile DRAM MCP

—— Package Type

A : BxBmm?, 130-ball FBGA, 1.0T max

Flagh Density/Org B : 10.5¢13mm?, 137-ball FEGA, 1.2T max
B: ZEEM E- xB C : 10.5x13mm?, 107-ball FBGA, 1.2T max
£: 512M S x18 D: SxSmm?, 120-ball FEGA, 1.2T max
Toe E : BxBmm?, 121-ball FBGA, 0.88T max
‘_;:f ‘;;’ F: 11.5x13.0mm?, 182-bsll FBGA, 1.07 max

- H : 810 Smm?, 182-ball FBGA, 1.0T max
SDR/DOR

S: SDR

: DDR TETP:?LEJ[::,FE
T boRz E . 25C~85C
SDR/DDR Density/Org. |:-40C~BET

3. 1Z2BM 5. x16

G : Z5GM T: x32

5. 512 D 232 (Double Stack) DRAM Speed

a ae 25 : 400MHz

[ ]

Coredl0 VYolttage(Flash/DRAN)
A 33V BY

B 1.8 8v

G182y

Generation
B
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4-1. MCP Packagein Configuration(121-ball FBGATop View)
Pin Conflguratlora; 121BaIIMCP(X16/X16)
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4-2. MCP Packagein Configuration(121-ball FBGATop View)
Pin Conflguratlora; 121BaIIMCP(X8/X16)
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4-3. MCP Packagein Configuration(162ball FBGATop View)

Pin Configuratiorr 162BallMCP(X16/X32)

TopView (BallDown)
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4-4. MCP Packadein Configuration(162-ball FBGATop View)

Pin Configuratiorr 162BallMCP(X8/X32)

TopView (BallDown)
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5-1. Package Dimensiof8.0mmx 8.0mm)¢ 121BallFBGA(X16)

Al CORNER 8.00+0.10
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NOTE :
1. ALL DIMENSION ARE IN MILLIMETERS.

2.\ POST REFLOW SOLDER BALL DIAMETER.
(Pre Reflow Diameter : 0.30+0.02)

3. /A TOLERANCE INCLUDES WARPAGE.
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5-2. Package Dimensiofl1.5mmx 13.0mm)¢ 162BalFBGA(X32)
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5-3. Package Dimensiof8.0mmx 10.5mm)¢ 162BalFBGA(X32)
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2. /\ POST REFLOW SOLDER BALL DIAMETER.
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3./\ TOLERANCE INCLUDES WARPAGE.

Revisionl.2
10 Feb2020



Dosilicon 1Gbit NAND FLASH

FMND1GXXX3B

3V/1.8V, x8/x16 1G-BIT NAND FLASH

posilicon




Dosilicon 1Gbit NAND FLASH

Documentditle
1Gbit(128Mx8Bit, 64Mx16Bit) NANELASH

RevisiorHistory

Revision History Draftdate Remark

No.

0.0 Initial Draft Apr.05.2013 preliminary
Added 63B FBGA Ball Assignments

A .16.201

0 Added EC@hformation Sep.16.2013
Updated operating voltage range of 1.8V device

0.2 Oct.22.2013
Added 63B FBGA packatjmension ¢

0.3 Changed EC&ize Aug.27.2014

0.4 Added guarantee of theirstblock. Oct.27.2014

0.5 Added 67B FBGA BAKsignments Nov.1.2014

0.6 Changed typical TPROG Feb.11.2015

0.7 Added Blockeroretention(1K withECC) Jun.1.2015 Final
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1Gbit NAND FLASH

FEATURES

y X8/X16 I/OBUS
| NANDInterface
|  ADDRESDATMMultiplexing

y SUPPLVOLTAGE
T VCG=1.8/2.7/3.3Voltcoresupply voltagdor Program,Erase
andReadoperations

y PAGEREAD PROGRAM

T x8:(2048+64 spard)yte
x16:(1024+3Xpare) worchage
SynchronoufageReadOperation

Randonaccess: 25us(Max)
Seriabccess: 45ns(1.8V)
25ns(2.7/3.0V)
T Pageprogramtime: 200us(Typ)

Y PAGEEOPBACK
1 Fast dataopy without externabuffering

y CACHE PROGRAM
T Internal bufferto improve the progranthroughput

Y REAOCACHE
Yy LEGACY/ONEIOCOMMANLCSET

y FASBLOCKRASE

| Blocksize:
x8:(128K + 4Khytes
x16:(64K+2Kyvords

[ Block erase time: 2m@yp)

Yy MEMORYCELRARRAY
T x8:(2K + 64pytesx 64pagesx 102dblocks
K x16:(1K + 32jvordsx 64pagesx 102%blocks

Yy ELECTRONBGGNATURE
| Manufacturer Code
| Device Code

Yy STATUREGISTER
y HARDWARBATAPROTECTION

y DATARETENTION

| Qycling 100KProgram/ Erasecycles

| Data retention:10 Yearg4bit/512byte ECC)

[ Block zero isvalid blockandwill be validfor atleast 1K
programerase cycles witECC

Rev.07Jun. 1. 20153
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1Gbit NAND FLASH

Part NumberingSystem

FMNDXXXXXXX-XX

Dodlicon
Memory

ProductFamily

]

ND :NAND
Density

28  :128Mb
56  :256Mb
12 :512Mb
1G :1Gb
2G  :2Gb
4G :4Gb
8G :8Gb
6G  :16Gb
Organization
08 :x8

16 :x16
OperationVoltage
U :3.3V
L :2.5V
S :1.8Vv

Packagdype
0 : BareDie
W :KGD
A
B
C
D
F
L Temperature
C : Commercia{0cC~7@C)
E : Extended-25¢C~8%C)

I : Industria(-40aC~8%C)

L—— Generation
nd
B 12

Classification

1 :SLGS/B
2 : MLCS/B
3 :SLA/B
4 :MLA/B

: 12 x20 mm? (TSOP1 48)-ROHS & Halogémee
: 12 x17 mm? (ULGA 52-ROHS HalogerFree
9 x9mm? (48 FBGA) {ROHS & Halogdiree
9 x 1Imm? (63 FBGAY-ROHS HalogerFree
: 6.5 x 8mm? (67 FBGAW-ROHR HalogerFree

Rev.071Jun. 1. 2015}
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1 SUMMARYDESCRIPTION

FMND1GXXXXX al28Mx8bitwith spare4Mx8 (x8), 64Mx16bitwith spare2Mx16(x16)bit capacity. The

deviceisofferedin 3.3/1.8 Vcc Power Supply, and with x8 and x16itit@rface.

The memoryis divided intdblocksthat can be erased independentgit is possible to preserve valid dakdoile olddatais
erased.

Thedevice containd024 blockscomposedoy 64 pages consisting ilmvo NAND structures of 33eries

connected Flash cells.

Program operation allowthie 2112byte page writingn typical 200us and aeraseoperation carbe performedin typical 2
mson a 128Kbyte block.

Datain the pagecanbe read out at 25ns cycletime per word (2.7/3V version), and at 45ns cycletime per word

(1.8V version) Thel/O pins serveasthe ports for addressand data input/output aswell ascommandinput. This interface
allowsareducedpin countandeasymigrationtowardsdifferent densitieswithout anyrearrangemenof footprint.
Commands, Data and Addresses are synchronously introduced usinyEEALE and CLE inppih.

Theon-chip Program/Erasé€ontrollerautomatesall programand erasefunctionsincludingpulserepetition, where required,
andinternalverificationand marginingof data. Themodify operationscanbe lockedusingthe WP#input pin.

This device supports ONFI ¥iecification.

Theoutput pin RB# (open draihuffer) signals the status of the device during each operation.dystemwith multiple
memoriesthe RB# pins can be connected all together to provide a global ss&jnal.

TheFMND1GXXXXX availablén the following packages : 48T'SOP1 12 x 20 mm packagBGA63 9 x 11 mm.

1.1 ProductList

PARTNUMBER ORGANIZATION VCARANGE PACKAGE
FMND1G08S3B X8 1.7¢ 1.95Volt FBGA

FMND1G16S3B X16 1.7¢ 1.95Volt FBGA

FMND1GO08L3B X8 2.5¢3.0Volt FBGATSOP
FMND1G16L3B X16 2.5¢3.0Volt FBGATSOP
FMND1GO08U3B X8 2.7¢3.6Volt FBGATSOP
FMND1G16U3B X16 2.7¢3.6Volt FBGATSOP

Rev.07Jun. 1. 2015
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Vce

DQODQ7(x8)
@&t —O
WEE DQODQ15x16)

RE# — (O ) ——RB#

AlE —— |

CIE

wer —C)
Vss
Figure 1 LogidDiagram

DQ7-DQO Data Input / Outputs (x8/x16)
DQ15¢ DQ8 Data Input / Outputgx16)
CLE Commandatchenable
ALE Address latckenable
CE# ChipEnable
RE# ReadEnable
WE# Write Enable
WP# Write Protect
RB# Ready Busy
Vce Powersupply
Vss Ground
NC No Connection

Tablel: signahames

Rev.07Jun. 1. 2015y
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1.2Pindescription

PinName Description
DATA INPUTS/OUTPUTS
DQGDQ7(x8) TheDQpins allow to input command,addressand data and to output data duringread/ program operations The
DQO-DQ]5(X16) inputs are latched on the rising edge of Write Enable(WE#) The I/O buffer float to HighZ when the deviceis

deselectedr the outputsare disabled

COMMAND LATCH ENABLE

CLE Thisinput activateshe latching ofthe DQinputs insidehe Command Register dhe Rising edgef Write Enable
(WE#).
ADDRESS LATEWABLE

ALE Thisinput activateshe latching ofthe DQinputs insidehe Command Register dhe Rising edgef Write Enable
(WE#).
CHIP ENABLE

CE# Thisinput controlsthe selection othe device Whenthe deviceis busyCE# lowdoes not deselect the memory.
WRITENABLE

WE# Thisinput actsas clocko latch Command, Address and Dakae DQnputs are latched othe rise edge ofVE#.
REAENABLE

RE# TheRE#nput is the serialdata-out control, andwhen activedrivesthe dataonto the I/O bus.Datais valid

tresafter the fallingedge of RE# which also incremetits internalcolumnaddress counter bgne.

WRITEPROTECT

WP# TheWP#pin, whenLow, provides an Hardwapeotection against undesired modify (prograherase) operations.

RB# READBUSY
TheReady/Busy outpuisan Open Draipin that signalghe stateof the memory.
SUPPLYOLTAGE

Vee TheVCGuppliesthe power for all the operations(ReadWrite, Erase)Aninternallock circuit preventthe
insertionof Commandsvhen Vcdsless thaiViko

Vss GROUND

NC/ DNU NOT CONNECTE®D h b GSE

Table2 : pindescription

Notes:
1.A01>C OF LI OA {2 NJ & tetventie VESuprly/yltsigpidandite VSS Ground pio decouplethe current surges fronthe power
supply.The PCBack widths must be sufficiertb carry the currents required during program and erageerations.
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1.3Functional blocldiagram

ADDRESS
REGSTER
ﬁ /
COUNTER
A 4
A T
PROGRAMERASE
CONTROLLHER/
GENERATION X
1024 Mbit+32Mbit E
A C
¥ NANDFLASH o
WE# D
> MEMORYRRAY E
CE# R
WP b COMMAND -
INTERFACE
LOGIC
RE#
—
COMMAND Lp| PAGBUFFER
ﬁ REGSTER
> Y DECODER
Y y
DATA
— REGSTER
BUFFERS

Figure 2 blockdescription
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1.4 Addressole
DQO DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 DQ7
1S'Cycle A0 Al A2 A3 Ad A5 A6 A7
2 Cycle A8 A9 A10 ALl 0 0 0 0
3%Cycle Al12 Al3 Al4 Al5 Al6 Al7 A18 A19
4™ Cycle A20 A21 A22 A23 A24 A25 A26 A27

Table3: Address Cycle M4R8)

AO¢ All : bytglcolumn)addresdn the page Al12
¢ Al7 : page address the block
A18¢ A27: blockaddress

DQO DQL DQ2 DQ3 DQ4 DQ5 DQ6 DQ7
1T Cycle A0 Al A2 A3 A4 A5 A6 A7
2 Cycle A8 A9 A10 0 0 0 0 0
37Cycle A1l Al2 A13 Al4d A5 A6 AL7 A8
4" Cycle A19 A20 A21 A22 A23 A24 A25 A26

Table4 : Address cycle Max16)

AO0¢ A10 :word (column)addressn the page All
¢ Al6 : page address the block
Al17¢ A26: blockaddress
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1.5 Commandset

1 2 3¢ 4" i‘fﬁﬁﬂﬁ

FUNCTION CYCLE CYCLE CYQLE CYCLE during busy
READ 00h 30h - -
READ FOR COBAXCK 00h 35h - -
READD 90h - - -
RESET FFh - - - Yes
PAGHEPGM (start) CACHEGM(end) 80h 10h - -
CACHEBGM(Start/continue) 80h 15h - -
COPY BARRGM 85h 10h - -
BLOCK ERASE 60h DOh - -
READ STATUS REGISTER 70h - - - Yes
RANDOMATANPUT 85h - - -
RANDOMATAOUTPUT 05h EOh - -
READ CACHEEQUENTIAL) 31h
READ CACHE ENHANEEDIDOM) 00h 31h - -
READ CACHE END 3Fh - - -
READ PARAMETER PAGE ECh

Table5: Commandset

CLE ALE CE# WE# RE# WP# MODE
H L L Rising H X Commandnput
L H L Rising H X ReadMode Address Input
H L L Rising H H . Commandnput
L H L Rising H H Write Mode Address Input
L L L Rising H H Datalnput
L L L H Falling X Data Output (orgoing)
X X L H H X Data Outpuf(suspended)
L L L H H X Busytime in Read
X X X X X H Busytime in Program
X X X X X H Busytime in Erase
X X X X X L Write Protect
X X H X X 0V /Vcc | StandBy

Table6 : ModeSelection
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2 BUSOPERATION

1. Commandnput.

Commandinput busoperationis usedto givea commandto the memorydevice Commandare acceptedwith ChipEnable
low, CommandLatchEnableHigh, AddressLatchEnablelow and ReadEnableHighand latchedon the rising edge of Write

Enable Moreoverfor commandsghat startsa modify operation(write/erase)the Write Protectpin mustbe high SeeFigure3

and Table19 for details of the timingsrequirements Commandcodesare alwaysappliedon 10<:0>, disregardingthe bus
configuration(X8/X16).

2. Addressinput.

Addressnput bus operation allowsthe insertion of the memoryaddress Toinsertthe 28 addresseseededto accesshe 4
clock cycles(x8 version) are needed Addressesare acceptedwith ChipEnablelow, AddressLatch EnableHigh, Command
LatchEnablelow and ReadEnableHighand latchedon the risingedgeof Write Enable Moreoverfor commandshat startsa
modify operation (write/erase) the Write Protect pin must be high. SeeFigure 4 and Table 19 for details of the timings
requirements Addressesire alwaysappliedon 107:0, disregardinghe busconfiguration(X8/X16).

3. Datalnput.

Datalnput busoperationallowsto feedto the devicethe datato be programmed Thedatainsertionis seriallyand timed by
the Write Enablecycles Dataare acceptedonly with ChipEnabldow, Addresd_atchEnablelow, Command_atchEnablelow,
ReadEnableHigh,and Write ProtectHighandlatchedon the risingedgeof Write Enable SeeFigure5 and Tablel9 for details
of the timingsrequirements

4. DataOutput.

Data Output bus operation allowsto read data from the memory array and to checkthe statusregistercontent, the lock
statusandthe ID data. Datacan be seriallyshifted out togglingthe ReadEnablepin with ChipEnablelow, Write EnableHigh,
AddressLatch Enablelow, and CommandLatch Enablelow. See Figure 6,7,8 and Table 19 for details of the timings
requirements

5. Write Protect
HardwareWrite Protectionis activatedwhen the Write Protectpin is low. In this condition modify operationdo not startand

the content of the memory is not altered Write Protectpin is not latched by Write Enableto ensurethe protection even
duringthe powerup.

6. Standby

In Standbythe deviceis deselectedputputsare disabledand PowerConsumptiorreduced
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3 DEVICBPERATION

1. PageRead.

Uponinitial devicepower up, the devicedefaultsto Readmode. Thisoperationis alsoinitiated by writing 00h and 30h to the
commandregisteralongwith 4 addresscycles In two consecutiveread operations,the secondone doesneed00h command,
which 4 addresscyclesand 30h commandinitiates that operation Secondread operationalwaysrequiressetup commandif
first read operationwasexecutedusingalsorandomdataout command

Two types of operationsare available randomread , serial pageread Therandom read mode is enabledwhen the page
addresdgs changed The2112bytes(X8 device)or 1056words (X16 device)of datawithin the selectedpage aretransferredto
the dataregistersin lessthan 25us(tR) Thesystemcontroller maydetectthe completionof this datatransfer(tR)by analyzing
the output of R/Bpin. Oncethe datain a pageis loadedinto the dataregisters,they maybe read out in 25ns cycletime (3V
version)or 45ns cycletime (1.8V version) by sequentiallypulsingRE# Therepetitive highto low transitionsof the RE#clock
makethe deviceoutput the datastartingfrom the selected columnaddresaup to the lastcolumnaddress

Thedevicemay output random datéan a page instead of the consecutive sequential datavriting random data output
command.

Thecolumn address afextdata, which is gointp be out,maybe changed to the address which follows random data output
command.

Random data output cabe operated multipletimesregardless of hownanytimesit is done in a page. After

power up, device igr read mode so 00h command cy@d@ot necessaryo start aread operation. Anyoperation

other thanreador random data outputausegievice to exiread mode.

Check Figure 9,10,11 esferences.

2. ReadCache

TheRead Cache functigrermitsa pageto be read from the pageegisterwhile another page is simultaneously read from
the Flash array. A Read Pagenmand,as defined ir8.1, shall be issued prido the initial sequential or random Read Cache
commandin a read cachesequence.

TheRead Cache functionaybe issued after th&eadfunctioniscomplete (SR[6F set to one).Thehostmay enterthe
address of thenext page to beeadfrom the Flash array. Data output always begins@timnaddress 00h. If the host does
not enter an address to retrieve, the next sequential page is rdtenthe Read Cache function is issued, SR[6] is cleared
to zero (busy)After the operatioris begun SR[6] is set to one (ready) and the

hostmaybeginto read the datdrom the previous Read or Read Cache function. Issuing an additional Read Cache function
copies the datanost recentlyread from the array intdéhe pageregister.Whenno more pagesare

to be read, the final page is copied into the paggister byissuing the8Fh command. Thieostmaybegin to read data from
the page register when SRJ[6]is set to one (readfenthe 31h and 3Fsommandsare issued, SR[6] shi# cleared tozero
(busy) until the page has finished being copied from the Flash aiaost shall notissue a sequential Read Cache (31h)
commandafter the last page of the device is read. Figl2edefinesthe

Read Cache behavior atichings forthe beginning othe cache operations subsequent to a Readnmandbeing issued.
SR[6] conveys whethéhne next selected page cdre read from the page register. Figut8 defines the

Read Cache behavior atichings forthe end of cach@peration.

3. PageProgram.

Thedevice igprogrammedbasicallyby page, butit does allow multiple partial page programming of a word or consecutive
bytes up t02112(X8 device) owordsup to 1056 (X16 device), in a single page progccie.

A page program cycle consistsof a serial data loading period in which up to 2112 bytes (X8 device)or 1056

words (X16 device) of datamay be loaded intothe data register, followedby a non-volatile programming period where the
loaded datas programmed intathe appropriatecell.

Theserial data loading period begirgy inputting the Serial Data Inpgbmmand(80h), followedby the 4 cycle
addressgnputsandthen serialdata. Thewords other than thoseto be programmeddo not needto be loaded.The
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devicesupportsrandomdatainput in a page Thecolumnaddressof next data, which will be entered, maybe changedo the
addresswhich follows randomdata input command(85h). Randomdata input may be operated multiple times regardlesof
how manytimesit isdonein a page

The PageProgramconfirm command(10h) initiates the programmingprocess Theinternal write state controller
automaticallyexecuteghe algorithmsandtimingsnecessaryor programand verify, therebyfreeingthe system controller for
other tasks Oncethe programprocessstarts, the ReadStatusRegisterommandmay be enteredto readthe statusregister.
Thesystemcontroller candetect the completionof a programcycleby monitoringthe RB# output, or the Statusbit (1/O 6) of
the StatusRegister Onlythe ReadStatuscommandand Resetcommandare validwhile programmingsin progressWhenthe
PageProgramis complete,the Write StatusBit (I/O 0) maybe checked Theinternal write verify detectsonly errorsfor "1"s
that are not successfullprogrammedto "0"s. The commandregisterremainsin ReadStatuscommandmode until another
validcommandiswritten to the commandregister. Figurel4 andFigurel5 detailthe sequence

4. CopyBackProgram

The copy-backprogramis configuredto quicklyand efficiently rewrite data storedin one pagewithout utilizingan external
memory. Sincethe time-consumingcyclesof serial accessand re-loading cyclesare removed,the system performanceis
improved Thebenefitis especiallyobviouswhen a portion of a blockis updatedandthe rest of the blockisalsoneededto be
copiedto the newly assignedfree block The operation for performing a copyback programis a sequentialexecutionof
pageread without serial accessand copyingprogramwith the addressof destinationpage A read operation with "35h"

commandandthe addressof the sourcepagemovesthe whole 2112byte (X8 device)or 1056wnord (X16 device)datainto the
internal data buffer. Assoonasthe devicereturnsto Readystate, optional dataread-out is allowed by togglingRE#pr Copy
Backcommand(85h) with the address cyclesof destinationpagemay be written. The ProgramConfirmcommand(10h) is
requiredto actuallybeginthe programmingoperation Datainput cyclefor modifyinga portion or multiple distant portions of

the sourcepageis allowedasshownin Figurel?.

Figurel6 andFigurel7 showthe commandsequencdor the copy-backoperation

5. CacheProgram

CacheProgramis an extensionof the standard page program which is executedwith two 2112 bytes(8 device)or 1056
words(¥ 6 device)registersthe dataandthe cacheregister.

In short, the cacheprogramallowsdata insertionfor one pagewhile programof another pageis under execution
Cacheprogramis availableonly within a block

After the serialdatainput command(80h) is loadedto the commandregister,followed by 4 cyclesof addressa full or partial
pageof dataislatchedinto the cacheregister.

Oncethe cachewrite command(15h) isloadedto the commandregister,the datain the cacheregisteris

transferredinto the dataregisterfor cell programming At this time the deviceremainsin Busystate for a shorttime (tpcggy
After all data of the cacheregisterare transferredinto the data register,the devicereturnsto the Ready state, and allows
loadingthe nextdatainto the cacheregisterthroughanothercacheprogramcommandsequence(80h-15h).

Thebusytime followingthe first sequenceB0h ¢ 15h equalsthe time neededto transferthe dataof cacheregister to the data
register. Cellprogrammingof the data of data registerand loadingof the next data into the cache registeris consequently
processedhroughapipelinemodel

In caseof any subsequentsequence80h ¢ 15h, transfer from the cacheregisterto the data registeris held off until cell
programmingof current dataregistercontentsis complete till this momentthe devicewill stayin a busystate

(trcask

ReadStatuscommands(70h) may be issuedto checkthe statusof the different registers,andthe pass/failstatus

of the cachedprogramoperations More in detail:

a) the CacheBusystatusbit I/O<6> indicateswhenthe cacheregisterisreadyto acceptnew data.

b)the statusbit I/0<56> canbe usedto determinewhenthe cellprogrammingof the currentdataregistercontents iscomplete
clthe cache program error bit 1/O<1> can be used to identify if the previous page (page N-1) has been successfully
programmedor not in cacheprogramoperation Thelatter canbe polleduponl/O<6> statushit changingo "1" .
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d) the error bit I/O<0> is usedto identify if anyerror hasbeendetectedby the program/ erasecontroller while programming
pageN. Thelatter canbe polleduponl/O<5> statusbit changingo "1".

I/O<1>maybe read together with 1/0<0>

If the systemmonitorsthe progressof the operation only with R/B#,the last pageof the target programsequence must be
programmedwith PageProgramConfirmcommand(10h). If the CacheProgramcommand(15h) isused instead,the statusbit
I/0<6> must be polled to find out if the last programmingis finishedbefore starting any other operation Figure18,19 detail
the sequence

6. BlockErase

TheEraseoperationis done on a block basis Blockaddresdoadingis accomplishedn two cyclesinitiated by an EraseSetup
command(60h). OnlyaddressA18to A27 (X8) or A17 to A26 (X16) is valid while A12 to A17 (X8) or Allto Al6 (X16) are
ignored. The EraseConfirm command(DOh) following the block addressloadinginitiates the internal erasingprocess This
two-step sequenceof setup followed by executioncommandensuresthat memory contentsare not accidentallyeraseddue

to externalnoiseconditions
At the risingedgeof WE#after the eraseconfirmcommandinput, the internalwrite controllerhandleseraseand eraseverify.

Oncethe eraseprocessstarts, the ReadStatusRegistercommandmay be entered to read the statusregister The system
controller candetectthe completionof an eraseby monitoringthe RB#output, or the Statusbit (/0 6) of the StatusRegister
Only the ReadStatuscommandand Resetcommandare valid while erasingis in progress When the erase operation is
completed the Write StatusBit (I/O 0) may be checked

Figure 20 detailthe sequence.

7. ReadStatusRegister

Thedevicecontainsa StatusRegisterwhich may be readto find out whether read, programor eraseoperationis completed,
andwhetherthe programor eraseoperationis completedsuccessfullyAfter writing 70h commandto the commandregister,
areadcycleoutputsthe contentof the StatusRegisterto the I/O pinson the fallingedgeof CE#or RE#whicheveroccurslast

Thistwo line control allowsthe systemto poll the progressof eachdevicein multiple memory connectionsevenwhen RB#
pins are commonwired. RE#or CE#doesnot need to be toggledfor updated status Referto Table7 for specificStatus
Registerdefinitions,and Figure8 for specifictimings requirements Thecommandregisterremainsin StatusReadmode until

further commandsare issuedto it. Therefore,if the statusregisteris read during a randomread cycle,the read command
(00h) shouldbe given beforestartingreadcycles
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3.8 ReadStatus Registefield definition
Tablebelow lists the meaning of each bit of Read Status Register and Read Btétaisced
Cache
Page Block Cache Program/
10 Program Erase Read Read Cache CODING
reprogram
. . NA Pass/Fail N page
0 | Pass Fall Pass Fail NA Pass¥n OW@BOA f Y
NA Pass/Fall N-1lpage
1| NA NA NA PassWn QW@RA f Y
2 | NA NA NA NA NA i
3 | NA NA NA NA NA )
4 | NA NA NA NA NA i
ReadyBusy | ActiveWn Q
5 | Ready/Busy | Ready/Busy | Ready/Busy | Ready/Busy LRfSYOMO
6 | Ready/Busy | Ready/Busy | Ready/Busy | Ready/Busy Ready/Busy Paégéc%cr\](e R&aglgusyw 5 RaYOMO
5 | Write Write Write Write Write ProtectedWn Q |
Protect Protect Protect Protect Protect b2 tNRUIUSOUSRY WYmQ
Table7 : Status RegisteZoding
3.9ReadID.
Thedevice contains a product identificationode,initiated by writing 90h to the commandregister, followedoy an address
input of 00h.
DENSITY ORG. VCC 1% 2nd 34 4"
X8 3.0V F8h Fih 80h 91h
1Gbi X16 3.0v 00F8h Cilh 80h D1h
It X8 1.8V F8h Alh 80h 11h
X16 1.8V 00F8h Blh 80h 51h

Table8: Read IDor supportedconfigurations

DEVICE IDENTIFERTE DESCRIPTION
1% Manufacturer Code
2 Deviceldentifier
3 Internal chip numbergell(i & LIS = X &
4" Page Size, Blo8ize Spare Sizeé)rganization

Table9 : ReadD bytesmeaning
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Description DQ7 DQ6 DQ54 DQ32 DQ10
1 00
. 2 01
InternalChipNumber 4 10
8 11
2 LeveCell 00
CellType 4 LeveCell 01
8 Levelell 10
16 LevelCell 11
. 1 00
Numberof simultaneously 2 01
programmedpages 4 10
8 11
Interleaved progranbetween Not Supported 0
multiple dice Supported 1
Not Supported 0
CacheProgram Supported 1
Table10 :3“byte of Device IdentifieDescription
Description DQ7 DQ6 | DQ54 DQ3 | DQ2 | DQX0
1KB 00
PageSize 2KB 01
(Without SpareArea) 4KB 10
8KB 11
Spare Area Size 16 0
(Byte / 51Byte) 32 1
64KB 00
BlockSize 128KB 01
(Without SpareArea) 256KB 10
512KB 11
o X8 0
Organization X16 1
. . 50ns/45ns 0 0
Serial AccesEime 25ns 1 0
Reserved 0 1
Reserved 1 1

Table11 :4" Byte of Device Identifi@escription

Toretrieve the ONFIsignature the command90h togetherwith an addressof 20h shallbe entered(i.e. it isnot validto enter
anaddressof 00h andread 36 bytesto getthe ONFisignature) TheONFIsignatureisthe ASCllencodingof W h b viher€ h=Q
4Fh, ¥ b=QEh,¥ G @6h, and W E 4%h. Readingoeyondfour bytesyields indeterminatevalues Figure22 showsthe operation
sequence

3.10Reset.

Thedeviceoffers a reset feature, executedby writing FFhto the commandregister. Whenthe deviceis in Busy state during
randomread, programor erasemode, the reset operation will abort these operations The contentsof memory cellsbeing
altered are no longervalid, asthe datawill be partially programmedor erased Thecommand
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registeris clearedto wait for the next command,and the StatusRegistetis clearedto value EDh when WP#is high. Referto
Table7 for devicestatusafter resetoperation If the deviceis alreadyin resetstate a newresetcommand will not be accepted
by the commandregister. TheRB#pin transitionsto low for trsrafter the Resettommandis written (seeFigure23).

11. ReadParameterPage

ThewSI R tFNFYSGSNItF3IS FdzyOiAz2zy NBGNASGHSE GKS RIFEGE &idNWzO d:
and other behaviorgbarameters.Figure 24 defines the Read Parameter Plagleavior.

Valuesdn the parameterpage are static and shall nohange. Théostisnot required to read theparameterpage after
power managemengvents.

TheChange Rea@olumncommand can be issued during execution of the Read Parameteit®egpd specific portions of
the parametermage.

Read Statumaybe usedo check the status of Read Parameter Page during execution. After completibe of

Read Statusommand,00h shalbeissuedby the hoston thecommandline to continue with the data output flowor the
Read Parameter Pagemmand.

Read Status Enhanced shall not be used during execution of the Read ParameteoriRagand.

12. Parameter Page Dat&tructureDefinition

Table 12 defines the parameter page data structii@.parameters thaspanmultiple bytes, the least significant byte of
the parameter corresponds to the firbiyte.

Values are reported in the parameter paigaunits of bytes when referrintp itemsrelatedto the size of data access (as
an 8hit data access device). For exampie chip will returnhow manydatabytesare in a page.

For a device that supports 4t data access, the hosrequired to convert byte valug® word valuesfor its use. Unused
fields shouldbe cleared toOh.

Formore detailed information about Parameter Page Data bigder to ONFI Specification 1.0 sectiém.1

Byte O/M | Description

Revision information and featureblock
0-3 M Parameter pagsignature
Byte 0:4Fhg h €
Byte 1:4Ehg b €
Byte 2:46ha C ¢
Byte 3:49ha L €

4-5 M Revision number
2-15 Reserved0)
1 1 =supports ONFI versidhO
0 Reserved0)

6-7 M Featuresupported

5-15 Reserved0)

1 =supports odd to even pagéopyback

1 =supports interleavedperations

1 =supports norsequential pag@rogramming
1 =supports multiple_UNoperations

1 =supports 16bit databuswidth

89 M Optional commands supported-¥

Reserved0)

1 =supportsReadUniquelD

1 =supportsCopyback

1 =supportsReadStatusEnhanced

1 =supports Get Featuremnd SetFeatures

1 =supportsRead Cach&8ntegrit

1 =supports Page Cache Program command

Or NWD

OoOFRr NWRA~OG

1031 Reserved0)

Manufacturer informationblock
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Byte Oo/M Description
32-43 M Device manufacturer (12 AS€hharacters)
44-63 M Device model (20 ASCHaracters)
64 M JEDEC manufactun&r
65-66 (@) Datecode
67-79 Reserved0)
Memory organizatiorblock
80-83 M Numberof data byteger page
84-85 M Numberof spare bytes pepage
86-89 M Numberof data byteer partialpage
9091 M Numberof spare bytes per partiglage
92-95 M Numberof pages peblock
96-99 M Numberof blocks petogicalunit (LUN)
100 M Numberof logicalunits (LUNS)
101 M Numberof addressycles
4-7 Columnaddressycles €8
Row addressycles
102 M Numberof bits percell
103104 M Badblocks maximum pertUN
105106 M Blockendurance
107 M Guaranteed valid blocks at beginnioigarget
108109 M Blockendurance for guaranteed valilocks
110 M Numberof programsper page
111 M Partial programming attributes-B
Reserved
4 1 =partial page layout is partiplagedata followed
by partial page spare
1-3 Reserved
0 1 =partial page programming hasnstraints
112 M Numberof bits ECE€orrectability
113 M Numberof interleaved address bits-7
Reserved0)
0-3 Numberof interleaved addreskits
114 (0] Interleaved operation attributes -7
Reserved0)
3 Address restrictions for prograoache
2 1 =programcachesupported
1 1 =no block addressestrictions
0 Overlapped concurrent interleavingupport
115127 Reserved0)
Electricalparametersblock
128 M 1/0 pincapacitance
129130 M Timingmode support
6-15 Reserved0)
5 1 =supports timing mod&
4 1 =supports timing modd
3 1 =supports timing mod&
2 1 =supports timing mod&
1 1 =supports timing modé
0 1 =supports timing mod®, shallbe 1
131-132 (0] Progranmcachetiming mode support €5
Reserved0)
5 1 =supports timing modé&
4 1 =supports timing modé
3 1 =supports timing mod&
2 1 =supports timing mod&
1 1 =supports timing modé&
0 1 =supports timing modé®
133134 M terodVlaximum page program tim@s)
135136 M teerMaximum block erase timgs)
137-138 M trRMaximum page read timgs)
139163 Reserved0)
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Byte O/M | Description
Vendor block
164165 M VendorspecificRevisiomumber
166-253 Vendorspecific
254255 M IntegrityCRC

Redundant ParametePages

256511 M Value of byte®-255
512-767 M Value of byte®-255
768+ O Additionalredundantparameterpages

Tablel2: Parameter pagdata
Note: & hstands for Optionaky a for Mandatory
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4 DeviceParameters
Parameter Symbol Min Typ Max Unit
ValidBlockNumber Nve 1004 1024 Blocks
Table13: ValidBlocksNumber
TheFirst block (BlocR) isguaranteed tdbe avalid blockat the time of shipment. The
specification for the minimum numbef valid blocks is applicable ovkietime.
Value .
Symbol Parameter T8V > 30V Unit
Ambient Operating Temperature (Temperature Range Optipn Oto 70 0to 70 Oto 70 o
Ta
Ambient Operating Temperature (Temperature Range Opjon c4805t0 Cdéosto c4805to o
. 50to 50to 50to
Teias Temperature UndeBias 4125 C125 c125 o
¢65to ¢65to ¢65to
Tste StorageTemperature 150 150 150 o
0.6to 0.6to 0.6to
Vio Input or OutputVoltage ¢ 27 ¢ 46 G 46 \%
0.6to 0.6to 0.6to
Vee Supplyoltage ¢ 27 ¢ 46 ¢ 4.6 \Y,
Tablel4: Absolutemaximumratings
Symb " 1.8Volt 2.7Volt 3.0Volt .
Parameter ol TestConditions Min T Typ | Max | Min T Typ [ Max | Min | Typ | Max Unit
Sequatial tre=50ns, CE#3V
Operating Read lcc1 lou=0mA - 10 20 - 15 30 - 15 30 mA
Current Program leca - - 10 | 20 | - 15 | 30 - 15 | 30 | mA
Erase lccs - - 10 20 - 15 30 - 15 30 mA
Standby Current(TTL) I CE#=M, ; 1| - 1 1 | mA
cce WPH=0V/Vcc
StandByCurrent CE#=¥c0.2,
(CMOS) lces WP#=0/\ee - 10 50 - 10 50 10 50 uA
Input Leakage€urrent L Vin=0 to Vdmax) - - 510 - - 510 - 510 | UA
OutputLeakage
Cur?ent 9 lLo Voue=0to Vec(max) - - 510 - - 510 - 10 UA
. 0.8x Vee 0.8x Vee 0.8x Vee
Input High Voltage ViH - Vee - +03 | Vee - +0.3 | Vee - +03 \
0.2x 0.2x 0.2x
Input LowVoltage ViL - -0.3 - Vee -0.3 - Voo -0.3 - Voo \%
Output Highvoltage Vi lon=-100uA \gci - \(/)cz - \Y
OH . .
Level Ton=-400UA 24 [ - - v
Output Lowvoltage V. lor=100uA - - 0.1 : B 04 Y;
Level oL lo.=2.ImA - - 04 |V
Output LowCurrent loL Voi=0.1V 3 4 - 3 4 B mA
(RB#) (RB#) Voi=0.4V 8 10 - mA

Table15: DCand OperatingCharacteristics
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Parameter Value
1.8Volt 2.7Volt 3.0Volt
Input Pulsd_evels 0Vto Vce 0Vto Ve 0Vto Ve
Input Rise and Fallimes 5ns 5ns 5ns
Input and OutpufTimingLevels Vecl 2 Vec! 2 Vec! 2
1TTLGATENd 1TTLGATENd 1TTLGATENd
Output Load (1.7¢ 1.95V & 2.5V 3.6V
P (1.7¢ ) CL=30pF CL=30pF CL=50pF
Table16: ACTestConditions
Item Symbol TestCondition Min Max Unit
Input / Output Capacitancél) Go ViL=0V - 10 pF
Input Capacitancél) Gn Vin=0V - 10 pF
Tablel7: PinCapacitancéTA= 25Cf=1.0MHz)

Parameter Symbol Min Typ Max Unit
ProgramTime trroG - 200 700 us
Cache program short busiyne tpcasy 3 trroG us
Numbe_rof partialProgram Main +Spare NOP ) ) 4 Cycle
Cycles in theamepage Array
Block Eras&ime tBeRS - 20 10 ms
Read Cachbusytime treasy 3 tr us

Tablel8: Program / Eras€haracteristics
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Parameter Symbol - 1.8 Volt 2.7 Volt . 3.0 Volt Unit
Min Max Min Max

CLE Setup time tes 10 10 10 ns
CLE Hold time teln 5 5 5 ns
CE# Setup time tes 20 15 15 ns
CE# Hold time tey 5 5 5 ns
WE# Pulse width twe 15 10 10 ns
ALE Setup time taLs 10 10 10 ns
ALE Hold time taLH 5 5 5 ns
Data Setup time tos 10 7 7 ns
Data Hold time toy 5 5 5 ns
Write Cycle time twe 45 25 25 ns
WE# High Hold time twh 10 7 7 ns
Address to Data Loading time taoL 100 70 70 ns
Data} Transfer from Cell to t o5 o5 o5 us
Register
ALE to RE# Delay tar 10 10 10 ns
CLE to RE# Delay tolr 10 10 10 ns
Ready to RE# Low trr 20 20 20 ns
RE# Pulse Width trp 15 10 10 ns
WE# High to Busy tws 100 100 100 ns
Read Cycle Time tre 45 25 25 ns
RE# Access Time trea 30 16 16 ns
CE# Access Time teea 45 25 25 ns
RE# High to Output i truz 100 100 100 ns
CE# High to Output i tenz 30 30 30 ns
/91 1 A3IK G2 ' [¢ teso 10 10 10 ns
RE# High to Output Hold tRHOH 15 15 15 ns
RE# Low to Output Hold trioH = 5 5 ns
CE# High to Output Hold tcon 15 15 15 ns
RE# High Hold Time tren 10 7 7 ns
Output HiZ to RE# Low tir 0 0 0 ns
RE# High to WE# Low trrw 100 100 100 ns
WE# High to RE# Low twhr 60 60 60 ns
Device Resetting Time tasr Sé %)%/ Sé t%/ Sé %)(())/ us
(Read/Program/Erase) ) 1) 1)
Write protection time tww 100 100 100 ns

Table19: ACTimingCharacteristics

NOTE:
(1) If Reset Comman(FFh)swritten at Ready statethe devicegoesinto Busyfor maximum5us
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5 TimingDiagrams

|

| fcLs

- TCLHj

B tcs *e—tcH—|

L 4

+ taLs b taLH
ALE \ ;l(

{Ds—=te—1DH

110X Command

Figure 3 Command_.atchCycle

< tcLS >
CLE \
- tcs >
CE i N twe > twe e twe >
_ e—tWP— ——————tWP— e tWP— et ————————
WE 3 + . 4 4 + 4 1
\— 4—TWH—.\— 4—1WH—>\— -d—‘tWH—-\—
5 tALS taLH taLs taltH  tais At tals tALH |
t > < N e > « e

ALE .\_/.L' .Uf .\_/[

tDH tDH tDH tDH
+{DS5 e tDS we—> {DS > tDs+
1/Ox Col. Add1 Col. Add2 Row Add1 Row Add2

Figure 4 Address LatcRycle
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[e—tCLH—>
CLE ) *
— —tcH
= y
?
—— - twc >
ALE 3
A it
_ —twp twWp—»
WE SF T
tDs oy tDs > o
l/0x DIN 1 DIN final
Figure 5 inputData LatctCycle
CE N tRC »
{ —
teHZ
tREH |
fREA fREA | {REA tcon
_ ot o
RE 1 . -
\ | \| 1.
tRHZ tRHZ
tRror
1/Qx E- Dout — Dout
tRR—>
_ {t
R/B

NOTES : Transition is measured at £200mV from steady state voltage with load.
This parameter is sampled and not 100% tested.

tRLOH is valid when frequency is higher than 33MHz.

tRHOH starts to be valid when frequency is lower than 33MHz.

Figure 6 SequentiaDut Cycle afteiRead
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ce \ f
)]
. trRC > B tcHz "
| tRP . tREH _ B tcon i
— )')
RE \ / b \ I
REA fREA R 5
L tRLOH tRHOH
<+ » (‘(l —
1/0Ox Dout >O< Dout .
)
trRR >
1
RIB ¥

NOTES : Transition is measured at +200mV from steady state voltage with load.
This parameter is sampled and not 100% tested.
tRLOH is valid when frequency is higher than 33MHz.
tRHOH starts to be valid when frequency is lower than 33MHz.

Figure 7 SequentiaDut Cycle afteRead

tCLR
CLE * T
<«—I{CLS >

™ +C G —
I
— Lo 7200000000000 00
CE 155 155050505005
//////////& } SIS I LI TSRS LG IS S
tcH
: tWP—» /
WE 1 <
e—HCEA —* tCHZ
le—»l
« tWHR tcoH

RE _ ¥/
RE r\——

{DH tREA | IRHZ
DS —» +~—tIR . o
RHOH
EE
IS
liox \ Toh R Status Output|)
I

Figure 8 Status Reafycle
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CLE

1/Ox

R/B

CLE

ALE

I/Ox

RIB

=
. - H—
i

" s tCSD
-
tAR
\ \
1_/ )
\ i
tRHZ
1R tRC
\ ,f—d: / 1 AR
tRR
/ \Yi VS (Wi AW \ / / | J,"_H_\ /
h\ 00h  j col Addt !".’\ Col. Addzj};\%w Add1 {Row Add2 }  30h ) \ Dout NHDom N+}— DoutM —
pe— EN I\ ! | S ;Bl_l' S|
Column Address Row Address
I'i-Busy;i

Figure 9 Read Operation (Read ORage)

/\ [\ =

\ /NSNS NS NN\
\_/ - \ SN - lesf tCSD
HIJB tqHZ
; \ AR tCoH >
I
/ I
——tR— <«—tRC
* / f
T‘\ / \ L—
tRR e
f A Vi Y Y \Yi / Vo ) I
>’\ 00h JKCDI.AddI:(;CoI.Add: f;':\\Rwﬁ\ddu,{Rmﬁ\ddEf:{ 30h / { Dout N :l—’,‘l;)omm})—\PQm M+
Column Address Row Address T
TBusyT

Figurel0: ReadOperation interceptedy CE#
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CLE _/_\ ﬂ/'\ /_\ F

tCLR

" YavavaV:

tWHR

ALE / \ F'/_\r /—\

L——tR—» le—tRC IREA
RE \_ﬂ_/ '
tRR
1Ox X 00h XCOLAdeCoLAdd2X:owAdd1><RowAdd2X 30h } {DoutN)—@ouﬂ%H 05h XCOIAdd‘XCOlAdtﬂX EORh Dout M)—éOUtM+>—
Column Address Row Address T Column Address T
\_'_/ \_'—/
= P
RIB [Busyj
Figurell: Random Dat®utput
1
{ \ \ / \ { \
CLe _ | 4 / \ / \ / \
1
1
TE T\ A S ! AR
1
twe |
1
— T\ — — ' — T
WE \_/ | WA WA L L ro
1
1
1
ALE / \ :
1
R T tRC ! tDCBSYR
tRCBSY 4—_| 1 RCBSY
1
— 1 M i, T I
/ m |
RE tWE WE WA WARW \_/ ! WE -y
] —| 1 |
1
1
tRR 1 tRR
1
o - - ey ey ol [— .
I \ Y SR Y ! Y Fo T Iy e
1iOx \w 00h ,)<Co\.Add1>< cm.mazXRowAddw/ Row AddZ 3 ) 30h @3”1 ) \Du,x’\mﬁ‘_;pﬂr—:@\:‘.lh DO ¢
Page Address M 1 Page [Address M+1
1
Col. Add. 0 1 Col. Add. 0
_ \ — ; ——
RIB b

[

Figurel?: read cachdimings,start of cacheoperation
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CLE ,*: \ / \ / \
1
1
CE | AR AR A
1
1
T 1
WE Y \ \
1
ALE !
1 {RCBSYR tRC tRCBSY [l tRCEBY tRC
' R .
" [ | 1‘ Hﬂf ]N*\/
RE / : TWE ‘\_?L_ﬂ_/ \./ tWB \_/ tWB
1
1 tRRh tRRh !DH)__ "
. <
- [ oy A - . ey oy oAby o : ey oy ol
lox ouF :@( 31h ) {D0Y D1 oUF @(3"1\, (ooYD1Y™ Vbouk 3Fh '} (ooYory "
1 Fage Address M+2 Pape Address M+3 FPape Address M+4
1
: Col. Add. 0 Col. Add. 0 Col. Add. 0
— T
R/B ! o o 1
Figurel3: read cache timings, end of cacbperation
CLE / \ / \ / \
CE \ / \
twCc— twC twC
WE /U
tADL tWB»1+—tPROG»
tWHR
ALE / X M
RE N /
1/0x . Col AddiXCd,AdﬁXRow Aﬂd?)@mm‘ m 10h ,‘709,‘ {E/o>
SerialData A T e 1 up to m Byte Program Read Status
Input Command Column Address Row Adaress Serial‘lnput Command Command
R/B L U 4
m = 2112byte 1/00=0 Successful Program

Figureld : Page Program Operation

1/0o=1 Error in Program
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CLE / \ J_\

Vi
= Lt y—uiinpmng

|

qPpC

[tADL | letADL | tWB »1«tPROG »
tWHR
ALE / \ / \ M
RE /
1o I o Yo BN OG-0
Serial Data Rand : Program Read Status
Input Command Column Address Row Address Serial Input n p?n C%Tn %Ea“a Column Address Serial Input Command Command
R/B - ]{

Figurel5: Random Data In

ce  _/\ /\A /\
Ty A Q

tRHW

ALE / j / \
LR, 1R tREA

RE \_ﬂj B!

RE \WAVAE

vox K 0on Y. acXca. se2)(fon sion iy 350 { {Dout N)-(oout w1y—_0sh Xa.agit X ca sz _E0h }—(Dout Mt 1)
7y

Column Address Row Address Column Address
T

8 ey

Figurel6 : CopyBack read with optional dateadout
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ce S\ /\ /\ /\

cE\

WG

WE - TRTATATRY Y
ALE / \ / \_

tRC

*tR'D
= (A ™
[—>

v

D .. D O o G e D

ColumnAddress Row Address Data Out ColumnAddress Row Address Column Address  Data In Repl Status Crmmand
= \ |
RiB W \y/
Busy Busy
Copy Back Data 100=0 Sucessful Program
Input Command 100=1 Errorin Program

Figurel7 : CopyBack Programwith Random Datdnput

ce [ /) '
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I L [ L
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lox  ——(8ony c1 ) c2 ) R1 ) R2)———(D0 )} D1) .. XDn)(15n aony c1 ) c2 Y R1 Y R2 Do D1y .. ) on)—15n
Figurel8: Cache Progrargtart

N e Progam
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Figurel9: Cache Programnd
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CLE —/—\—/—\ / \ / \

]
B
|

at TWE —ete tBERS —»
+«tWHR -

—
—
—

|
([

\ /
RE 7
1/Ox B0h X Rowaddt {Rowagdz} DOh 70h oo
T Row Address T T 1

RIB | | Y Busy 1 ‘

Auto Block Erase Erass Command 1/00=0 Successiul Erase

Setup Command Read Status  VOo=1 Ermor in Erase

Command

Figure20: Block Erase Operation (Erase @ieck)

Read ID Operation

CLE /N

tAR
ALE /!

RE S N S S

tREA
WOox I \ I N N [ Davicay f b fath eye ™
{ a9oh ) { 0Oh } h F8h 7\ Cade} \3rd cye) {h eyc.”)
Read ID Command Address 1cycle Maker Code Device Code

Figure21: READ IDperation
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cce [\

ALE /—\

re alatal

— twir ]

100-7 90h 20h : 4Fh>—<4Eh>—<46h>—<49h

Figure22 : ONFI signature timindiagram

CLE / ",

CE# %, /!

e |
WE# h, ;
TRsT
R/B#
FO[7:0] FFh

Figure23: Reset operatioriming

CLE _/—\

W
ALE /—\

100-7 ECh 00h PO m “ m @ “

Figure24 : ReadParameter Pagémings
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1. Enable Mode

B

WE

|
|
| | —
T Can
WP !
I

— | |
R/IB tww(min.100ns) I—

% *

2. Disable Mode

" VRN
1o 80h 10h
— o
—_— _ ] |
WP |
[
RIB

[ [
tww({min.100ns)
[

Figure25 : tWW in ProgramOperation

1. Enable Mode

1o

WP

— | |
R/IB tww(min.100ns) \—

[ —

2. Disable Mode

e N I B
|
| | — —_—
| | T—— —
wP :
I
RIB ! |

tww(min.100ns)
S

Figure26 : tWW in EraseOperation
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Note: Vry=1.5Volt for 1.8 Volt Supply device&.5Volt for3.0Volt Supplydevices

oo

/

W TH

s <

VWEH
_ 10us=
Figure27: Power on and Data Protectidimings
P | usy
Vee 1.8V device - Vou - 0.1V, Vow - Vee-0.1V
s 5 2.7V device - Vou - 0.4V, Vew : Voo 04V
1 1 ., 3.3Vdevice - VoL D 0.4V, Vow: 24V
] 1
1 P
1 1 RB
' ﬂpe':maﬂwl VoL D4V, Vo : 24V
i —’ i _;;_c‘ VoL
] ] 2
1 ]
1 1 Busy"
] ] '
1 1 tr!
1 ]
1 GND 1
e - ---- 4
Dewvice
Rp vstr tf & Rp vsibusy
@ Vo = 1.8V, Ta=25'C, C, = 30pF @ Vee=27V, Ta=25°C, C, = 30pF @ Vor = 3.3V, Ta=25°C, C, = SOPF
Ibugy [A] Ibugy [A] lowcy [A)
24
300 h3m  200R= k3m  300Rt= L 3m
2000 Lom 2008 .bam  200a- | om
1000 Lim 1004 b 1m  100nL L1m
et (e} trit o) trirfe] J | | .
1K x ® K 1K % x &K
Rp(ohm) Rp{ohm) Rp{ohm)
Rp value guidance
Vee{Max.) - VouMax. 1.35v
Rp(min, 1.3V part) = bt Aol
o+ I 3ImA+IL
Vee(Max.) - VouMax. 25V
Rp(min, 2.7V part) = st e Y
feL+II 3IMA+Ih
Viee({Max.) - VouMax. 32v
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o+ EIL 8mA+ Ik

mmnsmwm«ﬂmlmmmmualuemesmwmnﬂm
Rp(max) is determined by maximum permissibie limit of &

Figure28 : Ready/Busy Pin electricapplication
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6 Bad BlockvManagement

Devices with BaBlockshavethe samequality level and thesameACandDCcharacteristics as devices where té blocks

are valid. A Bad Block does raftect the performanceof validblocksbecause it is isolated from the bit line acoimmon

source linéby a select transistoThedevices aresuppliedwith all the locations inside valid blocks erased(FHmgBad Block
Informationiswritten prior to shippingAny blockwherethe 1st Byte inthe spare area of the 1st @&ndpage (if the 1spage
isBad) does not contaiRFhisa BadBlock. ThéBadBlock Informationmustbe read before any erase is attempted as the Bad
Block Informatiomrmay be erased. Fothe system to be ablé&o recognize the BaBlocksbased on the original informatiaihis
recommended to create a Bad Block table followingftberchart

START
Block Address=
Block 0
Increment
Block Address
F

Datal) Update

=FFh? Bad Block table

END

Figure29: Bad Block Managemefiowchart
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Overthe lifetime of the device additional BaBllocks maylevelop. In this case the block hadsereplacedby copying the
data to a valid block. These additioBzldBlocks can be identifieasattempts to program or erase thewmiill give errorsn
the StatusRegister.
Thefailure of a page program operation does not affect the data in other peghe sameblock, the block can be replaced
by re-programming the current data and copying trest of the replaced block to an available vatibck.

Failure Mode

Detection and Countermeasure sequence

Write

Erase Failure

Status Read after Erase --> Block Replacement

Program

Failure Status Read after Program --= Block Replacement

Read

Single Bit Failure

Verify ECC -> ECC Correction

Figure30 : BlockFailure

Block Replacement floisasbelow

1.When an error happeristhenthLJ- 3S 2F (KS
the datain the 1st ~ (Al)th pageto the samelocationof another freeblock.(BlockQ . XXdbpy thenth
page dataof the BlockQ ! Ghe Buffer memory tothe nth page of the BlocR . Q ®

4.Do noterase or program to BlodR 'bfyO NB | 4 A y' 3

1st
l {
(n-1)th |

nth —»

(page)

1st
! J
(n-1th |

nth ——»

(Page)

SN

Block A

VA A IS I,

an error occurs.

201 Q' Q RdzZNAyYy 3 SNIF aS 2N LINE

Iy QA off@riafproptiat@sthaniz] Q GF o6t S 2 NJ

@

Buffer memory of the controller.

Block B

7

.

Figure31: Bad BlocIiReplacement
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7 SupportedPackages
7.1PIN CONFIGURATION HBOP)

t\ NC @ r\l 48 Vss
fr:CC © 48 E NG yo1s
NC NC NC Ko7
- NC NC O14
NC o7 £ ot
. 1106 NC yo13
= oS RE yos
RE i Jusd yo12
o4 o 5 "
NC NC N(' NC

NC
O NANDFlash  OI% ez NANDFlRsh o) v
vss F113 TSOP1 36 £ Vs thé 13 36 -
N NC
g (x8) s > (x16) 3%311
ar Ne CLE
ALE o3 ALE vos
AE o = yo1o
= yo1 wr b
NC Yoo v i
s NC NG yo1
NC NC NC o
e NC 455 g

N

7.2PACKAGBIMENSIONS

48-PINLEAD/LEAD FREE PLASHIGISMALIOUTFLINEPACKAGEYPE(l)

48¢ TSOR 1220AF

20.00k0.20
0.787 50.008

AHAAAARA

0.0197

v ==
e —
||

L ]
B |
==

#24 =

Unit:mm/inch

0

02%vp

18.4050.10
0.72450.004

20.0050.20
0.787 50.008

0~8c{ ‘ ‘T

v
\ “
0.4560.75

0.01850.030
"
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7.3Ball Assignment: 68BallFBGABallsDown, Top View)
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7.4PACKAGE DIMENSIONSBGS

FBGAPACKAGEYPE
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0.80 — r—
I
|
| I | O&++++/++4++00
9| 00++++++++00
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s b 4| ++o0000p0000++
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l
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7.5Ball Assignment: 67/Ball FBGABallsDown, Top View)a
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7.6 PACKAGE DIMENSIONSBG#
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1Gb(64MX16, 32MX32) Low Power DDH2RAM
RevisionHistory
Revision .

No. History Draftdate Remark

0.0 Initial Draft Nov.20t, 2014 Preliminary
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0.2 AddPackagénformation Apr. 25,2014

0.3 Revised 121Bdllonfiguration May.12h, 2014

0.4 RemovedCKMaxValue Sep. #,2014
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0.6 AddSelectionGuide Dec. 29,2014

0.7 Revised ManufacturdD (00h  F8h) May, 22nd, 2015 Final

Rev.0.7May.Wm p



posilicon

FMT4DxxUAX

DDRSyncDRAMFeatures
AFunctionality

-VDD2=1.14¢1.30V

- VDDCA/VDDQ%14¢1.30V

-VDD1=1.70¢1.95V

- Interface HSUL_12

- Datawidth : x16/ x32

- Clock frequencyange: 533- 10MHz

- Fourbit pre-fetch DDRarchitecture

- Eightinternalbanks for concurrermperation

- Multiplexed, double dataate, command/addresfputs;

commandsentered on every Cé&dge

- Bidirectional/differentiadata strobe pebyteof
data(DQS/DQS#).

- DM maskswrite date at the both rising and falliregige of

the datastrobe
- ProgrammabldREAD antVRITHatencie{RL/WL)
- Programmable burst lengths: 4, 816
- Auto refresh and self refregupported

A Configuration

- 64Meg X 16 (8Meg X 16 X8 Banks)
- 32Meg X32 (4Meg X32 X8 Banks)

ALow PowerFeatures

- Low voltage powesupply.

- Auto TCSR (Temperatu@ompensated SdRefresh).
- PASR (Partial Array Self Refrgstyer-savingnode.
- DPD (Deep Power DowMpde.

- DS(DriverStrength)Control.

ATiming¢ CycleTime

-1.875ns @ Rt8
-25ns @RI=6
-3.0ns @RI=5

AOperating Temperatur&anges

- Commercial (0 to+70 ).

-Extended (-25t to+8% ).
- Industrial ~ (-40t to+8% ).
A Package

- All bank auto refresh and per bank auto refrasipported

- Clock stogapability

- 121-Ball FBGA(8.0mm x 8.0mrf).86mm)
- 134-Ball FBGA(10.0mm x 11.5mrh.@mm)

Logic Blocbiagram

CK#

CK > Conrlol Bank7
_OE [ Logic Bark6
[T
=
2 Eo
| £3
| 33 >
— 2
CAS 5 qf >
A6 oz ME B0 >
oradiE- n > AN
—Zt» 23 g My /| Read "|  mux _[—+—>[ DRVRS
8 | g & & Lach > DATA Y
9 | & > & RERbry — » DQOCDQNL
S Array
X o
F’;’éqdfe -, |Refesh ——> X o DQs ”
c;'s Courter —| A;;:/ss 7 p— Generator | podinos
Mux __
> A A
4— 4
—/:_4—/4— > DQSDQSH
3 A A Write 8 I <«
Bank 4 EFO + 4 4
3 Cortrol 1/O gating 1 'And Mask 7 | 4—/4—
7> Logic DM maskogic Drivers _/4_ «—
A A A 41— 4 ROVRS |«
an _/4__4—/— K
Bank <t 4[n ] 4#4—
> Comol CKCK# | Crout ! .4 DM
Logic = e [}E_ 4—/—4
—| ColumnDecoder 3 <«
SelectionGuide
Voltage Clock
Device Timing CycleTime RL WL
Voo Vooz VoodVooc Frequency gLy
FMTA4DxxUAZ8LX 533MHz 1.875ns 8 4
FMT4DxxUAR5Lx 1.701.95V 1.141.30V 1.141.30V 400MHz 2.5ns 6 3
FMTA4DxxUAS0LX 333MH£ 3.0ns 5 2
3
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GeneralDescription

ThelGbMobile LowPower DDR2 SDRAM (LPDDR2)ighespeedCMOS, dynami@ndomaccess memorgontaining
1,073,741,824its. The LPDDR34deviceis internallyconfiguredasan eightbank DRAMEach of theE m c181#17,728

-bit banksis organized as 8,192 rowg 1024columnsby 16bits. Each of thé& o H Q &

512columnsby 32bits.

Simplified Bus Interface State Diagram

M[Q
2 i
W
MRR Resetting

applied

DPDX

M chit RanksisroEgainized as 8,192 rows by

Automatic sequence

Command sequence

Self
refreshing

@ding

@setﬁ ng
\power-down

PR = PRECHARGE
PRA = PRECHARGE ALL
ACT = ACTIVATE

WR(A) = WRITE (with auto precharge)
RD(A) = READ (with auto precharge)

BST = BURST TERMINATE

RESET = RESET is achieved through
MRW command

MRW = MODE REGISTER WRITE

MRR = MODE REGISTER READ

PD = enter power-down

PDX = exit power-down

SREF = enter self refresh

SREFX = exit self refresh

DPD = enter deep power-down

DPDX = exit deep power-down

REF = REFRESH

Note:

1L

MR writing

ey

ACD
&wer—down @eading/‘

-

S

BST Active | BST

Writing Reading

PR, PRA

Writis

with \
auto precharge Y

Reading
with
auto precharge

Precharging

N

PR

All banks are precharged in the idle state.
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AddressTable
Parameter 64Mb X16 32Mb X32
Configuration 8Mb x 8banks 26 4Mb x 8banks 82
BankAddress BAO ~BA2 BAO ~BA2
RowAddress RO~R12 RO~R12
ColumnAddress C0~C9 Co~C8

Note: 1. Theleastsignificant column addresSAQ isiot transmittedon the CAbus,and isimplied tobezero.

Pin Description(X16)

Symbol Type Description
Clock :CK and CK# are differential clamguts.
CKCK# Input All CA inputs are sampled on both rising and falling edges of CK. CBEmgluts are
sampled at the rising edge of GkCtimings are referenced tolock.
Clock enable CKE HIGH activates aBHE LOWeactivates the internal clock signals, inpgt
CKE Inbut buffers,and output drivers. Powesavingnodesare entered and exitedria CKE transitions
P CKE is considered part of thbemmandcode. CKE is sampled at the rising eddekaf
Chip select CS#sconsidered part of theommandcode and is sampled at the rising
CS# Input
edge ofCK.
Input data mask DM is an inputnasksignalfor WRITHlata. Although DM balls are
DM0OcDM1 Input input-only,the DM loadings designed tamatchthat of DQ and DQRalls.
DM[1:0]isDM for each of théwo databytes,respectively.
DQO¢ DQ15 Input Data input/output : Bidirectional dataus.
Data strobe Thedata strobe is bidirectional (usddr read andwrite data) andcom-
DQS DQS1 /o plementary (DQS and DQS#)s kdgealigned outputwith read data and centered input
DQSO0# DQS1# with write data. DQS[1:0[/DQS[1:0}# is DfgBeach of thetwo databytes,res pectively.
CAOc CA9 Input Command/address inputsProvide thecommandand address inputs accorditg the
commandtruth table.
VDDQ Supply DQ Power. Provideisolatedpowerto DQsfor improved noisemmunity.
VSSQ Supply DQ Ground Provideisolated ground to DQfer improved noisemmunity.
VDDCA Supply | Command/addrespower supply :Command/addrespowersupply.
VSSCA Supply | Command/address groundisolated on thelie for improved noise immunity
VDD1 Supply | Corepower: Supplyl.
VDD2 Supply | Corepower : Supply2.
VSS Supply | Common ground
VREFCA, Reference voltage VREFCA is referenfoe command/address inputuffers, VREFDQ
Supply | . .
VREFDQ is referencdor DQ inputbuffers.
70 Reference External impedance (240 ohm)rhis signal is used to calibrate the device output
impedancefor S4 devices. For S2 devices, ZQ should be ti¥BRCA.
DNU q Do not use Must be grounded or lefloating.
NC C No connect Not internallyconnected.
No connect Ballsindicated as (NC) are no connedtewever,they could be
(NC) q :
connected togetheinternally.
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AddressTable
Parameter 64Mb X16 32Mb X32
Configuration 8Mb x 8banks 26 4Mb x 8banks 82
BankAddress BAO ~BA2 BAO ~BA2
RowAddress RO~R12 RO~R12
ColumnAddress C0~C9 Co~C8

Note: 1. Theleastsignificant column addresSAQ isiot transmittedon the CAbus,and isimplied tobezero.

Pin Description(X32)

Symbol Type Description
Clock :CK and CK# are differential clamguts.
CKCK# Input All CA inputs are sampled on both rising and falling edges of CK. CBEmgluts are
sampled at the rising edge of GkCtimings are referenced tolock.
Clock enable CKE HIGH activates aBHE LOWeactivates the internal clock signals, inpgt
CKE Inbut buffers,and output drivers. Powesavingnodesare entered and exitedria CKE transitions
P CKE is considered part of thbemmandcode. CKE is sampled at the rising eddekaf
Chip select CS#sconsidered part of theommandcode and is sampled at the rising
CS# Input
edge ofCK.
Input data mask DM is an inputnasksignalfor WRITHlata. Although DM balls are
DM0OcDM3 Input input-only,the DM loadings designed tamatchthat of DQ and DQRalls.
DM[3:0]isDM for each of the four dathytes,respectively.
DQO¢ DQ31 Input Data input/output : Bidirectional dataus.
Data strobe Thedata strobe is bidirectional (usddr read andwrite data) andcom-
DQSQ DQS3 /o plementary (DQS and DQS#)s kdgealigned outputwith read data and centered input
DQSO0# DQS3# with write data. DQS[3:0[/DQS[3:0}# is DfgBeach of the four datdytes,res- pectively.
CAOc CA9 Input Command/address inputsProvide thecommandand address inputs accorditg the
commandtruth table.
VDDQ Supply DQ Power. Provideisolatedpowerto DQsfor improved noisemmunity.
VSSQ Supply DQ Ground Provideisolated ground to DQfer improved noisemmunity.
VDDCA Supply | Command/addrespower supply :Command/addrespowersupply.
VSSCA Supply | Command/address groundisolated on thelie for improved noise immunity
VDD1 Supply | Corepower: Supplyl.
VDD2 Supply | Corepower : Supply2.
VSS Supply | Common ground
VREFCA, Reference voltage VREFCA is referenfoe command/address inputuffers, VREFDQ
Supply | . .
VREFDQ is referencdor DQ inputbuffers.
70 Reference External impedance (240 ohm)rhis signal is used to calibrate the device output
impedancefor S4 devices. For S2 devices, ZQ should be ti¥BRCA.
DNU q Do not use Must be grounded or lefloating.
NC C No connect Not internallyconnected.
No connect Ballsindicated as (NC) are no connedtewever,they could be
(NC) q :
connected togetheinternally.
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Functional Description

Mobile LPDDR2 isteghrspeedSDRAM internallgonfiguredas a 8bankmemorydevice. LPDDR2 deviagsea doubledatarate architecture on
the command/addres¢CA)busto reduce the number oihput pins inthesystem.

The 106bit CA bus issed to transmit command, addresmd bankinformation. Each command useseclock cycleduring whichcommand
informationistransferredon boththe risingand falling edgesf theclock.

LPDDR&4devices use double dataate architectureon the DQ pingo achievehigh-speed operationThe double dataate arch itectureis
essentiallya 4n pre-fetch architecturewith aninterface designed to transféwo databits per DQ everglockcycleatthe

I/O pins. A singleead orWRITEaccess for th& PDDRB4effectively consists dd singledn-bit-wide,one-clockcycledatatransfer at

the internal SDRAMoreandfour corresponding-bit-wide, onehalf-clockcycledata transfers at the 1/Qins.

Read and writeccesseareburst oriented; accesses start @aselected location and continue faprogrammed number of locations a
programmedsequence.

Accessebegin withthe registration ofan ACTIVAT@®mmandfollowed by a READ WWRITEEommand.Theaddressand BAbits registered
coincidentwith the ACTIVATE&ommandareused to select theow and banko beaccessed.

Theaddress bits registered coincidenith the READ oWRITEEommandare used to select théank andhe starting column location for the

burstaccess.
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PowerUp
The followingsequence must be used fwer upthe device.Unless specifiedtherwise this procedureis mandatory(see Figurel)Powerup

and initialization byneansother thanthose specifiedwill resultin undefinedoperation.

1. Voltage Ramp

While applying powelafter Ta),CKE musdbe held LOV®Y XX/Prca, and all other inputsnustbe between U minandViHmax.
The deviceutputs remain at Higtz while CKHs heldLOW.Onor beforethe completion of thevoltageramp (Th),CKEnust
be heldLOW.DQ,DM,DQSandDQS#/oltage levels must bBetweenVSSQ andDDQ@uring voltage ramp to avoldtch-up.
CK, CK#, Csihd CA input levelsmustbe between VSSCA and VDDCA during voltagp toavoidlatchup.

The followingconditionsapplyfor voltageramp:
wTa is thepointwhenany power supplyirst reaches300mV.
w Noted conditionapply betweenTa anghower-down (controlled or uncontrolled).
wTb is thepoint atwhichall supply and reference voltagase within their defined operatinganges.
w PowerrampdurationtINITO (ThTa) mushot exceed20ms.
w Forsupply and reference voltage operating conditiosee the Recommended [beratingConditionstable.

w Thevoltage difference between amfVSS,VSSQ, andVSSCA pins motisixceed100mV.

VoltageRampCompletion.
After Ta iseached

wVDD1 must bgreaterthan VDD2 200mV

wVDDlandVDD2mustbe greater tharVDDCA 200mV

wVDDlandVDD2mustbe greater tharVDDQ@ 200mV

w VRerFMustalways bdessthan all other supplyoltages
Beginningat Th,CKE must remaibOWfor at least tINIT1=100ns, afterhichCKE cahe assertedHIGH. Thelock must be stable at lea$sNIT2
=5PRtCKoprior to the first CKE LOWH-HIGH transitior{Tc).CKE, CS#&nd CA inputsustobservesetup anchold
requirements (IS, tIHyith respect to the first rising cloadge (ando subsequent fallingnd rising edges). #inyMRRsareissued, the clock
period mustbe withinthe rangedefined for tCKb(18ns to 100n#)RWscanbe issued at normal clock frequencias long as all Aningsare
met. SomeACparameters (foexample, tDQSCEpuldhave relaxedimings (suctas tDQSCKb) befotlee systems appropriatelyconfigured.
While keeping CKIEIGH, NOBPommands musbe issued for atleasfi L b L ¢ o(Tds n n > &

2. RESECommand
After tINIT3 issatisfied, theMRWRESET command mingissued(Td). Aroptional PRECHARGE Abmmand carbe issued prior to the
MRWRESET command/ait at leasttINIT4 whilekeeping CKE assertaddissuingNOR-ommands.

3.MRRsand DeviceAuto Initialization (DAI) Polling

After tINIT4 issatisfied(Te), onlyMRRcommandsand powerdown entry/exitcommands are supported. Aftdre, CKE can goOW in alignment

with powerdownentry and exitspecificationgseePowerDown (pag®3)).

TheMRRcommandcanbe usedto poll the DAIbit, whichindicateswhen deviceauto initializationis complete otherwise,the cont- roller must
wait aminimumof tINIT5, or until the DAIbit is set, before proceeding Becausehe memoryoutput buffersare not prop- erly configuredby Te,
someACparametersmust userelaxedtiming specificationsdeforethe systemis appropriatelyconfigured

After the DAI bit(MRO,DAl)is set tozero bythe memorydevice(DAI complete), thelevice is irthe idle state (Tf).DAI status cabe determined
byissuing theMRRcommand toMRO. Thelevice sets the DAI hito later than tINIT%fter the RESEGJommand.

Thecontroller mustwait at leasttINIT5or until the DAIbit is set beforgroceeding.
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4.ZQCalibration

After tINITS5 (Tf)the MRWinitializationcalibration (ZQalibration)command carbe issued to the memorgMR10).
Thiscommandis used to calibrate output impedanagverprocessyoltage, andemperature. In system&heremorethan one Mobile

LPDDR?2 device existsthie same bus, the controller must noverlapMRWZQ calibratiomommands.

The device is readpr normal operation aftetZQINIT.

5.NormalOperation

After (Tg) MRWcommands musbe used toproperlyconfigure the memory (output buffedrive strength, latencies, etc.)Specifically, MR1,

MR2, andIR3mustbe set to configure the memory for the target frequenasgdmemoryconfiguration After the initializationsequencds

complete, thedevice is readfor any validcommand. AfteiTg,the clock frequency calpe changedising
the procedure describeh Input Clock Frequendghanges an@lock Stopvith CKEHIGH page62).

Figure 1 : Voltage Ramp and Initializati@equence

|Ta |T b [T( |T d |Te |Tf |Tg
| | UNIT2 | | ! |
ke AT NN AR R AN AR AR NR!
= A AL \ At i L LA LA -
I tNITo I I | | I I
I N I I I | a7
. ) T ) )
S A (O
[ I I I I [ I
[ LUNm1 1 i3 I I [ I
I Iyy Y\ | \ Y i \ y— y v \ y—
o | U W W\
| | fitscxe LtNms - M.:
| | | |
| ))
A _y B s o ) 8 ) Koo
[ I I I I I
[ I I I I | I
R I/—‘>'\‘)_>\Il )) | ANl )) AN \y |
T | T T T 1T { (T (1
— I\'\ '\‘\l ‘\k | \\ | ( \'\l A |
[ I I I I [ I
oo D)) —)— ) )
i (G (GGG
Note: 1. HighZ onthe CA busndicatesvalidNOP.
Tablel: Initialization TimingParameters
Value .
Parameter : Unit Comment
Min Max
tINITO - 20 ms Maximumvoltage rampime
tINITL 100 - ns Minimum CKE.OWime after completion ofoltageramp
tINIT2 5 - tCK Minimum stable cloclbeforefirst CKEHIGH
tINIT3 200 - > a Minimum idletime after first CKBEssertion
tINIT4 1 - > a Minimum idletime after RESEEbmmand
tINITS - 10 > a Maximumduration ofdevice autdnitialization
tZQINIT 1 - > a ZQ initial calibration (Sdevicenly)
tCKb 18 - > a Clockeycletime duringboot
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Initialization After RESE{Without Voltage Ramp)
If the RESET commaisdssuedbefore orafter the powerup initializationsequence, theeinitializationprocedure must begin atd.

Power-Off
While poweringoff, CKE mudie held LOV® XX/RDIDCA); all other inputsustbe between W minandVinvax
The deviceutputs remain at HigtZ while CKEs heldLOW.DQ,DM, DQS, an®QS#voltage levelsnustbe betweenVSSG@nd VDDQ during

the power-off sequence tavoidlatchrup. CK, CK#, C&itd CAnput levelsmustbe between VSSCA and VDDCA dthegower-off
sequence tavoidlatch-up.

Tx isthe point where any powesupplydropsbelow the minimumvaluespecifiedin the Recommende®C Operating

Conditions tableTz ighe point where all powesuppliesare below300mV. AfterTz the device is poweredff.

Required PoweBupply ConditionsBetween Tx andiz:
wVDD1 musbe greater tharVDD2- 200mV.
wVDD1 musbe greater than VDDGAR00mV.
wVDD1 musbe greater thar/DDQ 200mV.
wVREF mustlways bdessthan all other supplyoltages.

The voltagdifferencebetween VSS,VSSQ, and V8@ notexceedlOOmYV.
Forsupplyandreferencevoltageoperatingconditions,see RecommendedCOperatingConditionsable.

UncontrolledPower-Off
Whenan uncontrolledpower-off occurs, thefollowingconditions must benet:
At Tx,whenthe power supply dropselow theminimum valuesspecified in the Recommended D@erating Conditions table, all power supplies
mustbe turned off and all powesupply current capacitsnustbe at zero, except for arstaticchargeremaining in the system.

wAfter Tz (thepoint at which all power suppliggst reach300mV), thedevicemustpower off.
Thetime betweenTxand Tz mushot exceedPOFFDuringthis period, the relativevoltagebetween power supplies uncontrolled. VDD1

andVDD2nustdecrease witta slopelower thann @ p tbetweanTxand Tz

Anuncontrolledpower-off sequence can occarmaximunof 400timesover the lifeof thedevice.

Table2: PowerOff Timing
Parameter Symbol Min Max Unit

Maximumpower-off ramptime tPOFF - 2 Sec

10 Rev.0.7May.Wm p



posilicon

FMT4DxxUAX

Mode RegisteDefinition

LPDDR?2 devicesntainaset of mode registers used for programmiteyiceoperating parametersieading devicénformationand status,and

for initiating specialoperationssuchasDQcalibration,ZQcalibration,anddevicereset.

Mode RegisterAssignmentsand Definitions

TheMRRcommandis used toreadfrom a register. ThdRWcommandis used towrite to aregister.Anda wigthe access column of theode

registerassignmentable indicatesread-only; ad 2 idicateswrite-only;& w k idicatesreador WRITEapableor enabled.

Table3: Mode RegistelAssignments

MR# MA [7:0] Function Access | OP7| OP6 [ OP5 | oP4| op3[ op2| opi| opo[  Link
0 00h Deviceinfo R RFU RZzQI DNVI DI DAI| goto MRO
1 01lh Devicefeaturel W nWR (forAP) WC| BT BL goto MR1
2 02h Devicefeature2 w RFU RL andVL goto MR2
3 03h 1/0 config1 w RFU DS goto MR3
4 04h SDRAMefreshrate R TUF| RFU Refreshrate goto MR4
5 05h Basiaconfigl R LPDDR2 Manufacturtd goto MR5
6 06h Basiaonfig2 R RevisioriD1 goto MR6
7 07h Basicconfig3 R RevisioriD2 goto MR7
8 08h Basicconfig4 R 1/0 width Density Type goto MR8
9 09h Testmode w Vendorspecifidestmode goto MR9
10 0Ah 1/0 calibration W Calibrationcode go toMR10
11-15 n. Kf n|Reserved - RFU goto MR11
16 10h PASR_Bank W Bankmask goto MR16
17 11h PASR_Seg W Segmenimask goto MR17
1819 12h¢13h Reserved - RFU goto MR18
20-31 14hclFh | Reservedor NVM goto MR30
32 20h ng;'r']b;a“on R See Tables goto MR32
3339 21h¢27h Donot use goto MR33
40 28h ng;'r']béa“o“ R See Tables goto MR40
41-47 29hc2Fh | Donotuse goto MR41
4862 30h¢3Eh Reserved - RFU goto MR48
63 3Fh RESET w X go toMR63
64-126 40hc7Eh | Reserved - RFU goto MR64
127 7Fh Donot use goto MR127
128190 80h¢BEh | Reservedor vendoruse RVU goto MR128
191 BFh Donot use | goto MR191
192-254 COkFEh | Reservedor vendoruse RVU goto MR192
255 FFh Donotuse | goto MR255

Notes: 1. RFU bits muste set toO duringMRW.
2. RFU bits mudte read as 0 duringlRR.

3. For READs ta write-only orRFU registeDQS will be toggled anthdefineddata isreturned.

4. RFU mode registers must nie¢written.

5. WRITEsS to readnly registers mustave noimpactonthe functionalityof thedevice.

11
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Table4: MRODevicenformation
OP7 OP6 |  OP5 op4 |  OP3 OP2 OP1 OPO
RFU RZQI DNVI DI DAI
DAI (Devicéuto-InitializationStat R I OPO 0b:: DAEOmplete
(Devic@&uto-InitializationStatus) eaaonly 1b - DAI stilln progress
DI (Devicénformation) Readaonl OP1 0b :SDRAM
y 1b :NVM
DNVI (Data Not Valldformation) Readonly | OP2 |LPDDR3DRAM wilhot implementDNVfunctionality
00b : RZQ self test nekecuted
01b :ZQpin may connect to/DDCA dtoat 10b
RZQI(Builin Self Test for RZ@formation) Readonly |OP[4:3]|:ZQpinmay short taGND
11b :ZQpin self test completedno errorcondition detected(ZQ
pin may not connect to/DDCA dfioat nor short toGND)

Notes: 1. IfRZQI isupported, itwill be setuponcompletion of theMRWZQinitializationcalibration.

2.1f ZQ is connected tdDDCAo setdefaultcalibration,OP[4:3mustbeset to 01. If ZQ is not connected W DCAgither OP[4:3]=01
or OP[4:3]=1@ould indicatea ZQpin assembly error. It is recommended that the assenaitgr becorrected.

3.In the case ol possible assemblgrror(either OP[4:3]=01 or OP[4:3]=10,d&fined above) the device willdefault to fact- ory trim
settings for RON andill ignore ZQ calibration commands. In either case, the system might not functinteaded.

4. If aZQselftestreturnsavalueof 11b,this indicatesthat the device hasletectedaresistorconnectionto the ZQpin. Note that this
result cannotbe used tovalidatethe ZQ resistovalue, nor doeg indicate that the ZQ resistdolerancemeets the specified limits
(2400hmsp1%).

Table5: MR1Device Feature 1 (MA[7:G§01h)

OP7

OP6

OP5 OP4 OP3 OoP2 OP1 OPO

NWR (forAP) wceC BT BL

010b: BL4default)
011b:BL8

100b: BL16
Allothers :reserved

Ob: Sequentia{default)

1b: Interleaved

Ob: Wrap(default)

1b: No wrap (allowedor SDRAM BLanly)

001b: nWR=3(default)

BL Write -only OPJ[2:0]

BT Write - only OP3

wcC Write ¢ only OP4

nWR

Write ¢ only

OP[7:5]

010b:
011b:
100b:
101b:
110b:

nWR=4
nWR=5
nWR=6
nWR=7
nWR=8

All others :reserved

Note: 1. Programmedalue innWRregisteristhe number of clock cyclegshichdetermineswhento startinternal precharge operation
for a write burstwith APenabled.lt is determinedby RU(tWR tCK).

12
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Table6: Burst Sequence by Burkength(BL)BurstType(BT)and Wrap Control(WC)

BurstCycleNumberand Burst AddressSequence
BL | BT [C3 [ C2 | C1l| CO |WC
1 2 3 4 5 6 7 8 9 |10 | 11 (12 | 13| 14| 15| 46
X X | Ob | Ob 0 1] 2 3
Any Wrap
4 X X | 1b | Ob 2 310 1
Any| X | X | X | ob V\’I\: Zp y y1+ y2+ y3+
X Ob [ Ob | Ob 0 1 2 3 4 5 6 7
X Ob [ 1b | Ob 2 3 4 5 6 7 0 1
Sed X 1b | Ob | Ob 4 5 6 7 0 1 2 3
X 1b | 1b | Ob 6 7 0 1 2 3 4 5
X |[ob|ob|ob |V o 1] 23]|4|5]|6]|7
8 X Ob [ 1b | Ob 2 3 0 1 6 7 4 5
Int X 1b | Ob | Ob 4 5 6 7 0 1 2 3
X 1b | 1b | Ob 6 7 4 5 2 3 0 1
Any| X X X Ob V\Il\lr(;p illegal(not supported)
Ob | Ob | Ob | Ob 0 1] 2 3| 4 5 6 7 8| 9| A|lB|C| D| E]|F
Ob | Ob | 1b | Ob 2 3|4 |56 7 8 9| A|B|C|D]J|E F| O 1
Ob | 1b | Ob | Ob 4 | 5|6 7 8 9|1 A| B|C|D E|F ]| O 1] 2 3
Ob | 1b | 1b | Ob 6 7 8 9 A B C D E F 0 1 2 3 4 5
Sed "1 [ob [ob [ob |wrap| 8 [ 9 [A[B|Cc|D[E|Flo|1]|2]3]a[5]6]7
16 1b | Ob | 1b | Ob A B C D E F 0 1 2 3 4 5 6 7 8 9
1b | 1b | Ob | Ob C D E F 0 1 2 3 4 5 6 7 8 9 A B
1b | 1b | 1b | Ob E F 0 1 2 3 4 5 6 7 8 9 A B| C D
Int X X X Ob illegal(not supported)
Any| X X X Ob V\’/\:Zp illegal(not supported)

Notes: 1. COinputisnot presenton CAbus.Itisimpliedzero.
2. ForBL=4,the burstaddressepresentsC[1:0].
3. ForBL=8,the burstaddressepresentsC[2:0].
4. ForBL=16,the burstaddressepresentsC[3:0].
5. Forno-wrap,BL4 the burstmustnot crossthe pageboundaryor the sub-pageboundary.

Thevariabley canstartat anyaddressvith COequalto 0, but mustnot startat any addresshownin the followingtable.

13 Rev.0.7May.Wm p



posilicon

FMT4DxxUAx
Table7: No ¢ Wrap Restrictions
BusWidth 1Gb
Not acrosdgull pageboundary
X16 3FE, 3FM00,001
X32 1FE, 1FM00,001
Not acrosdgull pageboundary
X16 1FE, 1FR00,201
X32 None
Note: 1. No-wrap BL=4 data orders shown argrohibited.
Table8: MR2Device Feature 2 (MA[7:0]62h)
OP7 OP6 | OP5 | OP4 OP3 | oP2 OP1 OPO
RFU RL andVL
0001b: RL=3 WL=1(default)
0010b: RL=4 WL=2
0011b: RL=5WL=2
RL andVL Write -only OP[3:0] 0100b: RL=6 WL=3
0101b: RL=7 WL=4
0110b: RL=8 WL=4
All others :reserved
Table9: MR31/O Configuration 1(MA [7:0] =03h)
op7 | oP6 | oP5 | OP4 OP3 oP2 OP1 OPO
RFU DS
0000b: reserved
0001b: 34.3 ohmtypical
0010b: 40 ohmtypical
0011b : 48 ohntypical
DS Write -only OP[3:0] 0100b: 60 ohmtypical
0101b: reservedfor 68.6 ohmtypical
0110b: 80 ohmtypical
0111b: 120 ohmtypical
Allothers :reserved
Tablel0 : MRDevice TemperaturéMA [7:0] =04h)
OP7 op6 | op5 |  OP4 OP3 OP2 OP1 OPO
TUF RFU SDRAMRefreshRate
000b :SDRAM.ow temperature operating liméxceeded.
001b : 4x tREF, 4x tREFIpbtREFW.
SDRAM 1 pead only OP[2:0] 010b : 2x tREF, 2x tREFIpbiREFW.
Refreshrate
011b : 1x tREF, 1x tREFIpb, 1x tRER85t ).
100b : Reserved.
14
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SDRAM

101b: 0.25xtREF.25xREFIpb0.25xtREFWdo not de-rate SDRAM A@ming .

Refresirate Read-only OP[2:0] 110b: 0.25xtREF.25xtREFIpb0.25xtREFW, deate SDRAM AGming.
111b: SDRAM High temperature operating limiceeded.
Epmdp;:aalztll;rg Read- only op7 Ob: OP[2:0] value hasot changed since lastadofMRA4.
(TUF) 1b: OP[2:0] value hashanged since laseadofMR4.

0001b: RL=3 WL=1(default)

0010b: RL=4 WL=2

0011b: RL=5 WL=2

RL andvL Write ¢only OP[3:0] 0100b: RL=6 WL=3

0101b: RL=7 WL=4

0110b: RL=8 WL=4

All others :reserved

Notes:

1. AModeRegistelReadrom MR4will resetOP7to Wn Q ®

2. OP7A & NBa Dowedug wYnQ 0

3. IfOP2S|j dzI f & deWHoetOnaperaitueSs greater thaBst

4. OP7A & aSi -DrOhamchanded anmytime since the lasteadofMRA4.
5. LPDDRmight notoperate properly when OP[2:6]/000b orl11b.

6.

be de-rated according to theéDQSCIde-rating value in AGimingtable.
Prevailingclockfrequencyspecandrelatedsetupand holdtimingsshallremainunchanged.
7. Therecommended frequency faradingMR4is provided in Temperatui®ensor.

Tablel1l: MR5BasicConfiguration1 (MA [7:0] =05h)

LPDDR?2 devicesustbe de-rated by adding 1.875n® the followingcore timing parameterstRCDtRC, tRAS, tR&)d tRRD. tDQSCK shall

OP7 OP6 | OP5 | OP4 OP3 | OoP2 OP1 OPO
LPDDR2 Manufacturdd
1111 1000b F8h
LPDDR2 Manufacturtp Readonly OPJ[7:0]
All others :Reserved

Table12 MR6Basic Configuration 2 (Mf¥:0]=06h)

OP7 oP6 | ops |  OP4 op3 |  OP2

OP1 OPO

RevisioriD1

RevisionID1 Readonly OP[7:0]

0000 0000b A-version

Table13 MR7BasicConfiguration3 (MA [7:0]=07h)

OP7 op6 | ops |  OP4 oP3 |  OP2

OP1 OPO

RevisionlD2

RevisionID2 Readonly OP[7:0]

0000 0000b A-version

15
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Tablel4: MR8BasicConfiguration4 (MA [7:0] =08H)
OP7 OP6 OP5 | OP4 OP3 | OP2 OP1 OPO
1/0 width Density Type
Type Readg only OP[1:0] 00b: S4SDRAM
Density Read; only OP[5:2] 0100b: 1Gb
. 00b :x32
1/0 width Readg only OP[7:6]
01b:x16
Table1l5 MR9TestMode (MA[7:0] =09H)
op7 | op6e | op5 |  OP4 OP3 OP2 OP1 OPO0
Vendorg specificTestMode
Table16: MR10Calibration(MA [7:0] =0AH)
OP7 OP6 | OP5 | OP4 OP3 OP2 OP1 OPO
CalibrationCode
OXFFE Calibratiorcommand
afterinitialization.
o _ OxAB: Longcalibration
CalibrationCode Write - only OP[7:0] 0x56: Shortcalibration
0xC3 ZQ Reset
Allothers : Reserved

Notes: 1. Host processor must netrite MR10with reservedvalues.

2. The device ignoresalibration commandw/hen a reserved value is written inkéR10.

3. See A@ming tablefor the calibratiorlatency.

4. If ZQisconnected toVsscahroughRzq either theZQ calibration function (sddRWZQ Calibration Commangisage 51))or

defaultcalibration(throughthe ZQRESEBmmand)issupported.

If ZQis connected to ¥bca the device operates with defauttalibration and ZQ calibration commarat®ignored Inboth
cases, the ZQ connection must not change gitarer issupplied to thelevice.

Tablel7: MR[11-15] ReservedMA [7:0] =0BHg OFH)

op7 | op6e | ops | op4 |  OP3 OP2 OP1 OPO
Reserved
Table18 MR16PASR Banklask (MA [7:0] =10H)
op7 | op6 | ops |  op4 | OP3 | OP2 oP1 |  OPO
BankMask(4-bank or8-bank)
Ob: Refreshenableto thebank
Bank{7:0]Mask Write - only OP[7:0] = unmaskeddefault)

1b: Refresh blockedmasked

16
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Table19: MR17PASFSegmentMask (MA[7:0] =11H)
OP7 | OP6 | OP5 | OP4 OP3 oP2 OP1 | OPO
SegmentMask
Ob: Refreshkenableto the
Segment = unmaskédefault)
Segment Write ¢ only OP[7:0]
1b: Refresh blockedmasked
Segment [7:0Mask OoP SegmeniMask R[12:10]
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXXIXX 010b
3 3 XXXXIXXX 011b
4 4 XXXIXXXX 100b
5 5 XXIXXXXX 101b
6 6 XIXXXXXX 110b
7 7 IXXXXXXX 111b
Table20 : Reservelllode Register
Mode Register MA 0 Restriction | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
MR[18:19] 12h-13h RFU
MR[20:31] 14h-1Fh NVM
MR[33:39] 21h27h
DNU
MR[41:47] 29h-2Fh
MR[48:62] 30h-3Eh RFU
MR[64:126] MA[7:0] 40h-7Eh RFU Reserved
MR[127] 7Fh DNU
MR[128:190] 80h-BEh RVU
MR[191] BFh DNU
MR[192:254] COhFEh RVU
MR[255] FFh DNU
Note :1. NVM =nonvolatilememory useonly; DNU=Donot use;RVU= Reservedor vendoruse.
Table21 MR63Reset(MA[7:0] = 3FH; MRWOnly
opP7 | oP6 | OoP5 | OP4 oP3 | oP2 | OP1 OPO

X

Note: For additional informatiomn MRWRESET sé¢ODEREGISTBRRITECommand pages0).
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ACTIVATEommand

The ACTIVATEmMmandisissuedby holding CSEOW ,CAOLOW and CA1 HIG#t the risingedgeof theclock.
The banladdresses BA[2:@reused to select the desired barRowaddressesre used to determinevhich rowto activatein the selected

bank.The ACTIVAT®mmand must bepplied before any READWRITBperation carbe executed. The devigan accepa READ OWRITE
command atRCDafter the ACTIVAT&®mmandisissued. Aftera bank has beeactivated, it musbe precharged befor@another ACTIVATE
command carbe appliedio the samebank.The bankctiveandprecharge timesredefined

astRASandtRP respectively.
Theminimum timeinterval betweensuccessiv\CTIVATE&bmmands to the samieank isdeterminedbythe RAS cycle time of the
device(tRC) Theminimum timeintervalbetween ACTIVATE&mmands to different bankstRRD.

Figure 2ACTIVATEommand

T0 T2 T3 n Tn+1 Tn+2 n+3
CK# “\l \I s \ =] T A Vet i~ === v
o _/Lw‘\_%— D U S G S G D .
I | I
I | | | |
I | I

l
CA[9:0] rgzn:é\d Row add >< rg:?l;g‘ ><low add)<(%a|':g:’><cd add>— —< Bankn X X X >< >< X rglavn:é‘dy Row id_d)

CMD -( ACTIVATE >—< NOP >-’ ACTIVATE ‘-( READ r )
L"I"""T— 1 [ “T """" I"" —p— Ifi

)( ACTIVATE -
G TA— A [ [ e e

—L
P
-
=
m
n
?:f
(9]
m
=
o
©
7 %
=
o
©

Notes: 1.tRCD= 3, tRP = 3RRD=2.
2. APRECHARGEL command uses tRPab timing, arginglebank PRECHARGENnmand uses tRPpb timing. In this figure,

tRPisused todenote either an albank PRECHARGE or a sthglekPRECHARGE.

8-Bank Devic®peration

Tworules regarding ®ank deviceperation mustbe observed.

One rulerestricts the number of sequentiddCTIVATEOmmands that cabe issued; the secongrovidesadditional RAS precharge time for
PRECHARGELcommand.

The8-Bank Devicé&equentialBank Activation Restriction

Nomorethanfour banks catbe activated(or refreshed,in the case of REFph) a rolling tFAW window. To convéotclocksdivide tFAW[ns]by
tCK[ns]andround up to the next integewvalue.

Forexamplejf RU(tFAW/tCKs 10clocksand an ACTIVATEmmandisissuedin clockn, no morethanthree further ACTIVATEommands can
beissued abr betweenclockn +1 andn + 9. REFpb also courts bankactivation for purposes tFAW.

The8-Bank Device PRECHARGERbuision:
tRP fora PRECHARGE Atimmand musequaltRPabwhich is greater thatRPpb.
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Figure 3 IFAWTiming(8—BankDevices)

Tm+ Ty Ty +1 Ty +2 Tz Tz+1 Tz+2
D"“ inw ﬂ“ﬂ IeusEaiiasnE e

CA[9:0] ‘ \| \’?"I l@ ; (/}-CI & XXX CENE

______ I T ey /== — Smeme /= —=—-) R e ——— P _______ ——————

Note: 1. Exclusivelyor 8-bankdevices.

Read and WriteAccesModes

After a bank isactivated,a READ oWRITEommand carbe issuedwith CS#OW,CA0 HIGH, and CAOW at the risingdgeof the clockCA2
must alsdbe defined at this time to determingvhether theaccessycle is a REAdperation(CA2 HIGH) orWRITEoperation(CA2ZOW) A
singleREADr WRITEommand initiatesaburst READ oburst WRITEperationon successive clock cyclesnéwburst access must not
interrupt the previous 4bit burst operationwhen BL= 4. WhenBL=8 or BL= 16, READsan be interrupted by READandWRITEs cdre
interrupted byWRITEgrovidedthat the interrupt occuron a 4bit boundary andhat tCCD isnet.

BurstREADCommand

The burstREAZzommandisinitiated with CS#.OW,CA0 HIGH, CADW,andCA2 HIGH at the risimglgeof the clock. The
commandaddressusinputs, CAxtCA6r and CAZEA9f, determinghe starting column addred®r the burst. Theread latency
(RL)sdefinedfrom the risingedgeof the clock onwhich the REABommandisissued tathe risingedgeof the clockfrom whichthe
tDQSCK delagmeasured.The firstaliddatais availableRLRtCK + tDQSCK + tDQSQ dfterrisingedgeof the clockwhenthe
REARzommandisissued.

Thedata strobeoutput isdriven LOW tRPRE befdle first validrising strobesdge.

The firstbit of the burstis synchronized with thérst rising edge ofhe datastrobe. Each subsequedata-out appears on each
DQ pinedgealigned withthe datastrobe.TheRLis programmedin the moderegisters.

Pininput timingsfor the datastrobe aremeasuredrelativeto the crosspoint of DQS and its complemenQ S#.
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Figure 4 READDutput Timing¢ tDQSCKMAX)

RL-1 RL RL + BL/2
CK# =—=3
(o | W
DQSCKmax
1L.Z(DQS) tRPRE V
DQs# ' S e - »
DQS [ I W
'QH *QH
‘—P‘ <_>1
ileSQmax L[lQSQmax
DQ i (Poun).¢Poury’ Poun) -1 {Pour.
'L.Z(DQ) 'HZ(DQ) =
Transitioning data

Notes: 1.tDQSCKan span multiple clogeriods.
2 Aneffective burstlengthof 4 isshown.

Figure 5 READDutput Timing¢ tDQSCKMIN)

/
tDQSCKmin

-

RL + BL/2

'DQSQmax ‘D¢ :
. . o By By fBoa.
'Z(0Q) l‘_H_Z(P‘Q)

Note: 1.Aneffective burstengthof 4 isshown.

Transitioning data
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Figure 6 : BUrsREAD; RL = 5, BL = 4, tDQSCICkK
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Transitioning data

3, BL=fHQSCK «CK

Figure 7 : BursREAD; RL
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Figure 8 : tDQSCKDIming
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Notes: 1.tDQSCKDL(tDQSCK- tDQSCH).

2.tDQSCKOMAX)is defined asthe maximumof ABS (tDQS@KtDQSCi) for any (tDQSGKtDQSCIK) pair within

any 32ms rollingvindow.

Rev.0.7May.Wm p

22



FMT4DxxUAX

Dosilicon

Figure 9 : tDQSCKDMming
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Notes: 1.tDQSCKDM (tDQSCK- tDQSCHK).
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2.tDQSCKDNMAX)is defined asthe maximumof ABS (tDQS@KtDQSCH) for any (tDQSGKtDQSCiU

window.
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Figure 10 : tDQSCKII@ning
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Figurell: BurstREADFollowed by BursWRITE; RL = 3, WL = 1, Bl4=
TO T1 T2 T3 T4 T5 T6 T7 T8
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Transitioning data

The minimum time fromhe burst REAZzommandto the burstWRITE commarnid defined bythe read latency (Rlgnd theburst
length (BL). MinimurREAE0-WRITHatencyis RL + RUPQSCK(MAXEK) + BL/2 +-WL clockcycles.Notethat if a READburstis
truncatedwith a burstTERMINATE (B&dinmand the effective burst length athe truncated READburst should be usefbr BL
when calculatinghe minimum REARo-WRITElelay.

Figure 12' SeamlessBurst READ ¢ RL—3 BL=4, CCD:Z

| |
|
1

| L = | i

CAIS0] 45?253&(“'3“')( X Xﬁ-“m & m,x A X K N K K. K AKX K KD

| | ‘CCD=2 l | | | | [ | | [ | | |
| t T 1 | | | I I | | | | | | | |
ARSI \ B o \ (EEEEEDTTE N Cam it \ e e n ey \ e OO R \ T ey s T St ot \ P e T \
CMD -4 READ NOP ba READ M NOP — NOP ~ NOP hal NOP nd NOP bad NOP 7
R - e e e e - s e o e e e e i e e <
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
DQS# | | | | | | L il | | 1 ! | 1 | 1 |
| | | | | | {
DQS | | | | | | A /____\ /(L___\_/;___\_/\__‘/ I
| | | | | | | | | | | |
| | | | | | | | | | I |
| | | | | | | | | | |
| | | | | | | |
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Transitioning data
A seamless burfREADperationis supported by enabling REAZommandat every other clockyclefor BL = 4 operation,
every fourth cloclcyclefor BL = 8 operation, and every eighth cloegklefor BL = 1@peration.
This operatiorissupported as long as the banks are activateldether theaccesses reatthe sameor different banks.
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READ#nterrupted by aREAD
A burstREAzan be interrupted by anotheREAD witla 4-bit burst boundaryprovidedthat tCCOsmet.
A burstREAzanbe interrupted by other READs on any subsequémtk,providedthat tCCD isnet.

Figure 13REABurst Interrupt Exampleg RL = 3, BL = 8, tCCR =
TO T T3 T4 T5 T6 T7 T8
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Transitioning data

Note: 1.READsanonly be interrupted by otheREADsr the BSTtommand.

BurstWRITECommand

TheburstWRITE commaridinitiated with CS#OW,CA0 HIGH, CADW ,and CA2 LO\A the risingedgeof the clock. Thecommand
addressbusinputs, CA5SCA6rand CA1ECA9fdetermine the starting column address for therst.

Write latency(WL)is definedfrom the risingedgeof the clockon whichthe WRITEEommandis issuedto the risingedgeof the clock from which
the tDQSSelay is measuredThe first valid data must be drivenWLR tCK+ tDQSSrom the rising edge of the clockfrom which the WRITE
commandisissuedThedatastrobe signal(DQSmust be driven LOWtWPRBprior to datainput.

Theburstcycle databits mustbe appliedto the DQ pingDSprior to the associatededgeof the DQS and held valightil tDH after thatedge.Burst
datais sampledon successivedgesof the DQSuntil the 4, 8, or 16-bit burstlength icompleted.

After aburstWRITBperation,tWRmustbe satisfiedbeforea PRECHAR@&mmandto the samebankcanbeissued

Pininput timingsare measuredrelativeto the crosspointof DQSandits complementDQS#
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Figure 14 : Data Input (WRITEming

SWPRE tDQSH tDQSL BWPST
BOS TR A e P ——\ - z
DQS# 5333;;; I ZQQS: M f:—> ________ 7< 7;33;;;3/
V'H(AC\Z VIH(DC) VnH(Ac) ViHoo)
DQ —}: Diy :!_< >_f Diy :\_< Diy >—
ViLao| DS I‘DH Vipo ‘DS | 'DH VIL(AC) DS |‘DH Vioo DS "‘DH
' VIH(AC\) ' VIH(DC) V'H(AC) I XIH(DC)
, , s ,
Wi S ) //)( W X
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Figure 15 : BursVRITEg WL = 1, BL 4
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Transitioning data
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Figurel6: BurstWRITHE-ollowed by BursREAD; RL = 3, WL =1, Bl4=

TO T T2 T3 T4 T5 T6
CK# —

K I"___Jrl | | | | | | |
| L | | | | | | | | | |
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| | | | | | |
| | | | | | | | | | | | |
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pos —————+__ X L ettt

e e

I R L
T - (W <°'"”}’ N B B
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Transitioning data
Notes: 1.Theminimumnumberof clockcyclesrom the burst WRITEommando the burst READ commarfdr anybankis [WL + 1 +
BL/2 tRU(IWTRICK)].

2. tWTRstartsat the risingedgeof the clockafter the lastvalidinput data.
3. IfaWRITBurstistruncatedwith a BSTcommandthe effectiveburstlengthof the truncatedWRITBurstshouldbe used afLto

calculatethe minimumWRITEo-REARelay.

Figure 17 Seamless Burst WRI'EENL =1,BL 4, tCCDB=2

CAls0) ><>< X xs%dcx@{a«r% : XX : X : XX OO

I I tCCD 2 I | | | | | | | | | | | | |

, [ T ) [ T | | , | | , | | | | , | | , | | |
CMD4 WRWE < NOP '~ WRITE <, Nop Y~ NOP X NOP < NOP M NOP { NOP )
"_F_'—__'I_/ \_7_____T_ °_T_____F __F"_"__l_/ __I"____'I_/ | it aniaaiany aint o Ay it -t ~
| | | | | | | | | |
| | | | | | | | | |
| ! L} | ! I I I I I

o It e G/ W e G S S
DQ ; ; ; ; L(Dm A0>‘(<Dm AI> <D|N AZ} -<D,N A3 W Diy m)‘ ~<D,, az> (Dm BB)]: ; ; ; ;

Transitioning data

Note: 1. Theseamlesburst WRITBperationis supportedby enablinga WRITEommandeveryother clockfor BL=4 operation, everyour
clocksor BL=8 operation,or everyeightclocksor BL=16 operation.

Thisoperationis supportedfor anyactivatedbank.

28 Rev.0.7May.Wm p



Dosilicon FMT4DxxUAX

WRITES Interrupted by WRITE
A burstWRITE can only be interrupted by anotherWRIiliEa 4-bit burst boundaryprovidedthat tCCD (MINmet.
AWRITE burst interrupt can ocam evenclock cycles aftethe initial WRITE commangrovidedthat tCCD (MIN) imet.

Figurel8: WRITBBurst Interrupt Timing WL =1, BL = 8, tCCI2 =

T0 T1 T2 T3 TS T7 T8
/

_74

| | I
L—l 1 |

CAl9°14aa"5a’r“a><°°'“"'¥< X X“““"«X‘M"X W W W W D

_________ P B U S N SN PU AR [ SRR SN S - Lt -
CMD 4 WRITE 2~ Nop "/ WRITE < nop —( NoP i  NOP “  Nop ¥ nop W NoP )
h_[_____j_ \_7_____T_ ~'_T_____[_ e e i G e 'I_/ e e i o ae il et et
|

| |
| | |
DQSs# ll l : L/ \‘/ \(____ sV \ =cling ) AR T B
D A A R e
| | | | | |
DQ E i E i {(D,NAD>- {DmM)Y{DmAZ)w(D“AB):R(DmBO>#<D|"BI>W<DMBZ> ):(DMBB>V<D|"B4> -<D|NBS> (DmBG ’SW

. Transitioning data

Notes: 1. WRITESs can oridg interrupted by otheWRITEsr the BSTommand.
2. Theeffective burstiengthof the first WRITEequals twaiimes the number of clock cycles betweha first WRITE
andthe interruptingWRITE.

BURST TERMINATEmMmand
The BURSTTERMINATE (B3inandisinitiated with CS#0W,CA0 HIGH, CA1 HIGH, C82V,and CA3 LOWt the rising edgeof the clock. A
BSTcommand caronly beissued to terminatenactiveREAD oWRITBurst.
Therefore, a BSdommand carmnly be issuedup to andincluding BL/2 1 clock cycles aftes READ dWRITEEommand. Theeffective
burstlengthof a READRr WRITEEommand truncatedy aBST commanis as follows
wEffectiveburstlength = 2R(number ofclock cyclefrom the READRr WRITE commantd the BSEommand).
wlf a READRr WRITHBurstis truncated witha BST command, the effectiberstlengthof the truncated burst should be used f8Lwhencalcula ting the
minimum REABo-WRITBr WRITEHO-READElay.
w The BST commarahly affects the mostecentREADr WRITEommand.
The BST commaridincates an ongoinBREADurst RIPtCK + tDQSCK + tDQS@r the risingedge ofthe clockwherethe BST command issued.
The BST commaricuncates an on going/RITBurstWLX tCK + tDQSS after the risguge ofthe clockwherethe BSTcommand isissued.
w The4-bit prefetch architecture enableBSTcommand assertioon evenclock cycle$ollowinga WRITEr READ command. The effective

burstlengthof a READr WRITEEommandtruncated bya BST command tisus an integemultiple of four.
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Figure 19 : BursiVRITETruncated by BS@WL =1, BL 6

cm, OO
f i s e ST Ay T T W ST T T T T B A TTT T T T ST T T T,
cMD 4 wRiTe U“ NOP d“\ BST (NP ‘r«f\ NoP W mop W NoP
BLORE o SR o R R D

|

| | | | :

I I I I I I I

DQS# | I I | I I I I
DQS | | | | | | | |
| | | | | | | | | | | | | | |

L L L L | I R L

DQ E E E E r!f( Dy }f(“m M}' (DIN ‘“2} A_'(Dm "3> (Dm M}' '{Dm“s '( Dy A8 2‘"‘( Dy AT /} E E E E

. BST prohibited Transitioning data
Notes: 1. The BSTommand truncatesin ongoingVRITBburst WLPtCK #DQS%fter the risingedgeof the clockwherethe BSTcommandis
issued.
2. BSTcanonly beissuedaneven number of clock cycles after ti¢RITEommand.
3. AdditionalBSTcommands are not supported aft&d andnust notbeissued until aftethe next READ MVRITEommand.

Figure20: BurstREADIruncated by BS§ RL = 3, BL 6

TO T1 T2 T3

CK# ~ 7y

CK o
I

X

-

—
I

w

CMD __;{E;[_)__qwm—':___l;l(_JF_’___\“:___B_S:T____\r—(’___l;la;___ﬁ\rf:___ﬁi_)ﬁ___\}{(___RIE)E’___ﬁ}I:___ﬁaF_’_“‘;
h_r____j_j TTTTTTTTrT “r““?" \_j_____T_J __r____j_d b e N M !

| | | | I I RL x 'CK + 'DQSCK + DQSQ | I |
|

e e
o B o o o b o o ————

. BST prohibited Transitioning data
Notes: 1. The BSTommand truncatesn ongoing REAurst (RLPtCK #DQSCK tDQSQafter the risingedgeof the clockwherethe BST
commandisissued.

2. BSTeanonly beissuedan evernumber of clock cycles aftéhe READBommand.
3. AdditionalBSTcommandsarenot supported aftefT4 andnust notbe issued until aftethe next READ aWRITEommand.
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Write DataMask

On LPDDR2 devices, one write datsk(DM) pinfor eachdata byte (DQ) isupported, consistentvith the implementation onLPDDR
SDRAMEachDM can mask its respectiiéQfor any given cyclef the burst. ata mask timings matclatabit timing, but are inputs only.
Internaldatamaskloading iddentical todatabit loadingto ensure matched systetiming.

Figure 21: DatélaskTiming

DQS
DQS# /L1111
pDQ ———— — )
DS DH DS DH
VIH(AC) 1 VIH(DC) V|H(A() e ~* \ H(DQO)
N 1 N8 /,
DM ’;;;;;”;Z;;;;;X X;;Z;;;;;;X_ }?;;;;;;;;”;;;”;
7l \ 7 \ /
Viao Vicoo Viwao ViLoo

' DQSSmin

ioass T, ////////// _____ %‘ X X ////I/////////////////////////////////// /i

-
|Case 1: 'DQSSmin

|
: {Pour OXDOUT !XDDUT ZXDom 3)
|

: |
II DQ i :
| | | | |
| oW f7//////////////////////////////////////////////A / /////////////////////////////////////////////// '
|Case2 tDQSSmax : : 1DQSSmax |

'Dé’é’é 7////////////////////////////////////////////////X 3\‘ XA

our H¥Pour 1XPour 2XPour

I
I
DQ i
I

Note: 1. For thedatamask functionWL= 2,BL=4 is shownthe seconddatabit ismasked.
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PRECHARGEOMmMand

The PRECHARGHEnmandisused to precharger closea bankthat has beeractivated.
The PRECHARGHnmandisinitiated with CS#OW,CA0 HIGH, CA1 HIGH, CA&2V,and CA3 HIG#t the risingedgeof the clockThe

PRECHAR@&mmand carbe used to precharge eadiank independently or alankssimultaneouslyFor4-bank devices, the AB flaand
bankaddress bit8A0 and BA1 angsed to determinevhichbank(s) tgrecharge.

For8-bankdevices, theABflagandthe bankaddress bits BAO, BAdnd BA2 areised to determinevhichbank(s) to prechargeThe
precharged bank(syill be availabldéor subsequentow access tRPab after afl bank PRECHAR&GEmandisissued,or tRPplafter asingle
bankPRECHARG&mmandisissued.

Toensure that8-bank devicesan meet the instantaneous current demaratjuiredto operate,the row precharge time (tRP) fan all bank
PRECHARGE Hb@&nk devicegtRPab)will be longer tharthe row precharge time foa singlebank PRECHARGRPpb).

ACTIVAT® PRECHAR®@RINng is shown in ACTIVATEmMmandpagel?).

Table22: Bank Selection foPRECHARG®y AddressBits

BA2 L

AB(CA4r) T (5581) (g@% Prelé::gli%zc\lzigk(s)s
0 0 0 0 Bank Qonly
0 0 0 1 Bank lonly
0 0 1 0 Bank 2only
0 0 1 1 Bank Jonly
0 1 0 0 Bank 4only
0 1 0 1 Bank Sonly
0 1 1 0 Bank 6only
0 1 1 1 Bank 7only
1 5 2 yoaré 5 2 yoaré 5 2 yoaré AllBanks

READBurst Followed byPRECHARGE

For the earliest possible precharge, iRECHARG&MmMand carbe issued BL/2 clock cycles afeREARommand. Alewbank
ACTIVATE&ommand carme issued to the sambankafter the row precharge time (tRPaselapsed.

APRECHARG@G&Mmand cannobeissued until after tRASsatisfied.

Theminimum REAB0o-PRECHARG@Ee (tRTP)nust also satisfy minimum analogtime from the rising clockdgethat initiates the
last4-bit prefetch ofa REARommandtRTP beginBL/2- 2 clock cycles aftethe READommand.

If the burstistruncatedby a BSTommand, the effective8L value isised to calculatevhen tRTBegins.
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Figure 23: READ Burst Followed by PRECHARGE - RL = 3 BL =8, RU(tRTP(MIN)/tCK) =

CK#“T\O f———T.1 f———T\f - g e
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' : e : ! i 4 l
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|
| | | | | | | | ! | | l | |
| | | | | | | | | |
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SN N S S V7 7 7 7 mé:‘ém%wém D———

1 I I I
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Figure24: REAIBurst Followed byPRECHARGHRL = 3, BL = 4, RU(RTP(MIN)/tER)
T5

CA[9:0] “ﬁ:dea><cD|add,;>< X | X Xnanlkmx X X X X X&"Eﬁx*‘““’d’ X X ><:>

i’ A F r
CMD —f' READ p NOP i NOP \—{ PRECHARGE xH NOP 1= NOP ,—1 ACTIVATE M NOP )—f\ NOP )
iy : .
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| | | | | | | |

I I I I I o L
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Transitioning data

WRITBurst Followed byPRECHARGE

ForWRITEycles, aWRITiecoverytime (tWR)mustbe provided before a PRECHARG@EmMand carbeissued.
tWRdelayisreferencedfrom the completionof the burst WRITEThePRECHARG@&mMmandmust not be issuedprior to

the tWRdelay.For WRITH-PRECHARGE timings $able23. These devices write data the array inprefetch quadruplegprefetch
= 4).An internaWRITBperation caronly beginaftera

prefetchgroup has beecompletely latchedThe minimumWRITF®-PRECHARG@Re for commands to the sameank isVL

+ BL/2+ 1 + RU(tWR/tCKglockcycles Foruntruncatedbursts,BL ighe valuesetin the moderegister.Fortruncatedbursts, BL ighe
effective burstength.
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Figure 25 WRITBBurst Followed byPRECHARGBVNL = 1, BL 4
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Transitioning data

Auto Precharge

Beforea new rowcanbe opened in amctive bank, the activbankmust be precharged usirgjther the PRECHARGHENmandor the auto
precharge function.Whea READ dWRITEEommandisissued to thedevice the auto precharge bit (AP) careset to enablghe activebankto
automaticallybeginprechargeat the earliestpossiblemomentduring theburst READr WRITEycle.

If AP is LOW whethe READ oWRITEommandisissuedthen normalREAD oWRITEburst operationis executed anthe bank remains active
at the completion of théurst.

If AP is HIGH whehe READ owWRITEEommandisissued, theauto precharge functions engaged. Thigature enableshe PRECHARGE
operation tobe partially or completehhidden duringburst REARzycles(dependent upon READ WRITHatency), thus improving system
performance forandom dataccess.

READBurstwith Auto Precharge
If AP(CAOf)s HIGH when a RE&ABmmandisissued, theREAD witlauto precharge functioisengaged.
These devicestart an autoprecharge on the risingdgeof the clock BL/2r BL/2- 2 + RU(tRTP/CK)ock cyclesater thanthe READ with auto
precharge command, whichevixgreater. Foilauto precharge calculations s@@ble 23 Following an autprecharge operation, aACTIVATE
command can be issued to the same bank iffdiowing twoconditions are satisfiesimultaneously:

w The RArechargeime (tRP) has beesatisfiedfrom the clockat whichthe autoprechargebegins.

w The RAS8ycletime (tRC) fronthe previous banlactivationhas beersatisfied.
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Figure 26 READBurstwith Auto Precharge; RL = 3, BL = RU(tRTP(MIN)/tCK 2
TO T1 T2 T3 T4 T5
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Transitioning data

WRITBurstwith Auto Precharge
If AP(CAOf)s HIGH wheaWRITE commarnidissued, theWRITE&ith auto precharge functiomrsengaged.
Thedevice startan autoprecharge at the clock risiregfigetWR cycles aftethe completion of the burst WRITEollowing aNVRITEwith auto
prechargean ACTIVAT@g®mmand carbe issued to the same bank if tHellowing twoconditions arenet:
wTlhe RABrechargeime (tRP) has beesatisfiedfrom the clockat whichthe auto prechargebegins.

wTlhe RAS cyctame (tRCYrom the previous banlactivation haseensatisfied.

Figure 27 : Write Burswith Auto Precharge; WL=1,BL=4
TO T T2 T3 T4
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Transitioning data

35 Rev.0.7May.Wm p



posilicon

FMT4DxxUAXx
Table23 : Precharge amsuto PrechargeClarification
FromCommand ToCommand Minimum DelayBetweenCommands Unit | Notes

READ Precharge to sameank asead BL/2 +tMAX(2,RU(tRTP/tCK)R CLK 1
Prechargall BL/2 +tMAX(2,RU(tRTP/tCK)R CLK 1
BST Precharge to sameank asead 1 CLK 1
Prechargall 1 CLK 1

Precharge to sambank as read/AP BL/2 +tMAX(2,RU(IRTP/tCK)R CLK]| 1,2
Prechargell BL/2 +MAX(2 RU(tRTP/tCK)R CLK 1
Activateto same bank as read/ AP BL/2 tMAX(2 RU(IRTPACK)R +RU(tRPpb/tCK) aK 1
READRV/AP Write or WRITEV/AP (samebank) lllegal CLK 3
Write or WRITBEV/AP (differentbank) RL+ BL/2 RU(IDQSCKmax/tGR)/L+1 CLK 3
Read or read w/ABsamebank) lllegal CLK 3
Write or WRITEV/AP (differentbank) BL/2 CLK 3
WRITE Precharge to samieank asvrite WL+ BL/2 + RUIWR/tCK]) + CLK 1
Prechargall WL+ BL/2 + RUWR/CK) + CLK 1
BST Precharge to samiank asvrite WL+ RUGWR/MCK) & CLK 1
Prechargall WL+ RUIWR/ICK)H CLK 1

\';;i‘;harge to sameank asVRITE WL+ BL/2 + RU(tWR/ACK). + cLk| 1,2
Prechargaill WL+ BL/2 + RU(WR/tCK) + QK 1
Activateto samebank as writav/AP WL+ BL/2 + RUGWR/CK)L+RU(tRPpb/tCK) CLK 1
WRITEV/AP Write or WRITEv/ap (samebank) Illegal CLK 3
Write or WRITEw/ap (differentbank) BL/2 CLK 3
Read or read w/afsamebank) lllegal CLK 3
Read or read w/afdifferentbank) WL+ BL/2 + RU(WTR/tCK) + CLK 3
Prech Precharge to sambank agprecharge 1 CLK 1
recharge Prechargeall 1 CLK 1
Prech I Precharge 1 CLK 1
recharge Prechargall 1 CLK 1

Notes: 1. Fora givenbank, thePRECHARGE pergituldbe counted from the latesPRECHARG&mmandeither aone-bank RECHARGE or
PRECHARGE Addued to thabank.

The PRECHARGE periashissfied after tRRjepending orthe latestPRECHARG&MmMand issued to thdtank.

2. Any command issueduringthe specifieaninimum delaytime is illegal.
3. After READ with autprecharge, seamlesREAperations to different bankare supported. AfteAWWRITEwith auto precharge,

seamlesSVRIT®perationsto different banksare supported. READRvith auto prechargeand WRITHRvith auto precharge must nobe

interrupted ortruncated.
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REFRESEbmmand
TheREFRESH commaathitiated with CS#OW,CAOLOW,CAILOW and CA2 HIG#t the risingedgeof theclock.
PerbankREFRESsiinitiated with CA3 LOVet the risingedgeof the clock. Albank REFRE&Hnitiated with CA3 HIGHt the risingedgeof
the clock.PerbankREFRESHKlonlysupportedin devices with eighianks.
Aper-bankREFRESH command (REFpb) perfarpesbankREFRESH operation to thenkscheduledby the bank countein the memory
device. Thebanksequenceor perbankREFRESsifixedto be a sequentialround-robin :
0-1-2-3-4-5-6-7-0-1-.... The bankountis synchronized betweeie controllerandthe SDRAM byesetting thebankcount tozero.
Synchronizatioican occumuponissuinga RESET commanodat every exitfrom selfrefresh.
Bank addressinfpr the per-bankREFRESH cousthe sameas establishefbr the singlebank PRECHARG&mMmMand (sedable 22). Abankmust
be idle befordt canbe refreshed.Thecontroller must track the bankeingrefreshedby the perbankREFRESH
command.TheREFpb command must no¢issued to thedeviceuntil the followingconditionshave beermmet:

wRFCab has beesatisfiedafter the prior REFaltommand.

WRFCpb has beesatisfiedafter the prior REFplcommand.

wtRPhas beersatisfiedafter the prior PRECHARGE commanthiat bank.

wRRD has beesatisfiedafter the prior ACTIVATE commatitlapplicable, for examplafter activating aow in adifferent bank thanthe one

affected bythe REFpltommand).
Thetargetbank is inaccessible during peankREFRESHcletime (tRFCpbhowever, othebankswithin the device areaccessibleandcanbe

addressedduringthe cycle.
During the REFpb operatioanyof the banks othethanthe one beingefreshed can be maintained anactive stateor accessedby a READ or
WRITEEommand.Whenthe per-bankREFREStycle hazompleted, the affectedank will be irthe idle state.
After issuing REFpb, tliellowingconditions musbemet:
WRFCplmust be satisfiedeforeissuing a REFabmmand.
wWRFCplmustbe satisfiedbefore issuing ahCTIVATE command to the sdmaak.
«tRRDmustbe satisfiedbefore issuing aCTIVATE command taiferentbank.
wtRFCplmustbe satisfiedbefore issuing anotheéREFpb command.
Anall-bank REFRESH command (REFab) s®IEBRESH commandhttbanks.
Allbanks musbe idle wherREFalisissued (for instancdyy issuinga PRECHARGE atunmandprior to issuinganall-bank REFRESH
command). REFab alsgnchronizeshe bankcountbetweenthe controllerandthe SDRAMozero.

TheREFalsommandmustnot beissuedto the deviceuntil the followingconditionshavebeenmet:
wtRFCab has beesatisfiedfollowingthe prior REFaltommand.
wtRFCpb has beesatisfiedfollowingthe prior REFplzommand.
wtRPhas beersatisfiedfollowingthe prior PRECHAR@&mmands.

After analF-bankREFRESH cyblescompleted,all bankswill be idle.After issuingREFab:
WRFCab latenayustbe satisfiedbefore issuing alCTIVATE&Ommand.
wRFCab latenayustbe satisfiedbefore issuingg REFabr REFpltommand.
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Table24: Refresh Comman&cheduling SeparatioRequirements

Symbol Minimum delayFrom To Notes
REFab

tRFCab REFab ACTIVATEommand toanybank
REFpb
REFab

tRFCpb REFpb ACTIVAT&bmmand to saméank aREFpb
REFpb

REFpb ACTIVATEiommand to a different bank thaREFpb
tRRD REFpb 1
ACTIVATE - -

ACTIVATE&ommand toadifferent bank thanthe prior ACTIVAT@®mmand

Note: 1. Abankmustbe inthe idle state beforeit isrefreshed, so REF&bprohibited following an ACTIVACEnmand.
REFplis supportedonlyif it affectsa bankthat is inthe idlestate.

Mobile LPDDR?2 devices provilgnificantflexibility in schedulinlREFRESH commaradslong ashe required boundaryconditions aremet (see
Figure32).

In the moststraightforward implementations, REFRESH command shdwégcheduledeverytREFI. In this case, self refresh daentered at
anytime. Usersmay choose taeviatefrom thisregularrefresh pattern, for instance, tenable a period in which no rdreshis required. As an
exampleusinga 1Gb LPDDR2 devitige user can choose to issagefresh burst oM096REFRESH cerandsat the maximumsupported rate
(limited by tREFBW)pllowed by an extended period withoigsuinganyREFRESH commands, until the refiestdow iscomplete.The
maximumsupported timewithout REFRESH commaisisalculatedas follows

tREFW (R/8)RtIREFBW = tREFVR P4 RtRFCab.

For examplea 1Gb device atT® y p ebeé op&ated without aefresh forup to 32ms- 4096R4 P130nsF 30ms.
Both theregular andhe burst/pause patterns can satisfy refresh requirements if theyrepeated in ever$2mswindow. It iscritical to satisfy

the refresh requirementn everyrollingrefreshwindow duringrefresh patterriransitions.

Thesupported transition froma burst pattern toa regulardistributed patternis shownin Figure 28If this transition occurenmediately after the
burst refresh phasell rollingtREFWntervals willmeet the minimumrequirednumber of REFRE&binmands.

Anonsupportedransitionis shown irFigure 55. In thisxample the regularrefresh pattern starts aftethe completion of the pause phase of
the burst/pause refresh pattern. Feeveral rolling tREFW intervatise minimum number of REFRESH commasidst satisfied.
Understanding this pattern transitiois extremely importanteven wheronly one patternis employedin self refresh modea regulardistributed
refresh pattern musbe assumed. Dosilicon recommeneisteringself refresh mode immediatelfpllowingthe burst phase ofaburst/pause

refresh pattern;upon exitingself refresh pbegin withthe burstphase (see Figugd).
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Figure29 : Regular Distributed RefreBtattern
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Figure28 Supported Transition from Repetitive REFRESHist
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Figure30 : Nonsupported Transition from Repetitive REFRB&#dt
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Figure31l : Recommended Self Refresh Entry Brid
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REFRESREquirements

1. Minimum Number of REFRE&mmands
Mobile LPDDR2 requiresranimum number R,of REFRESH (REFab) commuaiittiin any rollingrefreshwindow (tREFW
32 ms @VIR4[2:0FF 011orTCHKy p sHonagual values per density and the resulting average refreshval (tREF), (se€Table
75).
FortREFW antREFI refresh multipliers at differeMR4settings, see thiMR4Device Temperature (MA[7:8]04h) table. Fadevices
supportingper-bank REFRESHREFab command cée replacedby a full cyclef eight REFpb commands.

2. Burst REFRESlimitation
Tolimit current consumptiona maximunof eight REFab commands damissuedin any rolling tREFBWREFBW # R8 R tRFCab)This
conditiondoesnot applyif REFpb commandseused.

3. REFRESH Requirements and Reffresh
If anytime within arefreshwindow isspentin self refresh mode, the number of required REFRESH comniratindg window is reduced to
the following:

RO= RLE—SRI: R-RU tSRFVJ
tREF{REF

WhereRUrepresents therouneup function.
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Figure32: tSRPefinition
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Notes: 1. Time inself refresh modes fullyenclosedn the refreshwindow(tREFW).
2. At self refrestentry.
3. At self refrestexit.
4. Several intervals iself refreshduring onetREFWnterval.In thisexample tfSRF = tSRF1SRF2.

Figure 33All-BankREFRESBperation
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SELREFRESBperation

TheSELF REFRESH commandbeased toretain data inthe array, everif the rest of the systens powered downWhenin the self refresh
mode, thedevice retains data without externalocking.The device haslauilt-in timer to accommodate SELF REFRESH operatieBELF
REFRESH commanaaxecuted byaking CKE LOWS# OW,CAOLOW,CA1LLOW,and CA2 HIG#t the risingedgeof the clock.

CKE musbe HIGH durinthe clockcycleprecedinga SELF REFRESH commamDPcommand musbe driven inthe clockcycle followinghe
SELF REFRESH command. thiggpowerdowncommandisregistered, CKE muke held LOWb keep thedevice inself refreshmode.

Mobile LPDDR2 deviceanoperate inself refresh modeén boththe standardand extendedemperature rangesThese devicealso manageself
refreshpower consumptionwhenthe operatingtemperaturechangestesultingin the lowestpossiblepowerconsumption across the operating
temperature rangeSee Table S@rdetails.

After the devicehas entered self refresh mode, alternalsignals other thattKE NB & 5 2Ng@i¥oper self refresh operatiorpower
supplypins (VDD1, VDD2, VDDQ, and VDDR@&)be at valid levels. VDDanbe turnedoff duringself refresh. If VDD@ turnedoff, VREFDQ
must alsdbe turnedoff. Priorto exitingself refreshpoth VDDQ an REFDQ mube within theirrespective minimum/maximumoperating
rangeg(see the SingkEndedAC and Dput Leveldor DQand DMtable). VREFDQ caeatany level between 0 and VDDZREFCgan beat
any level between 0 and VDDCA duisedfrefresh.

Beforeexitingself refresh, VREFDXpd VREFCA mubge withinspecified limits (seAC and DC Loditput Measurement Level$or SingleEnded
Signals (page8)). Afterenteringself refresh mode, théeviceinitiates at leasbneall-bank REFRESH commairdernally during tCKESR. The
clockis internallydisabledduringSELF REFRESH operaticgat@ power. The devieceust remainin self refresh mode for at leas€KESR. The
user can change thexternalclock frequency or halt thexternalclock one clockfter

self refresh entnjsregistered;however the clock musberestartedandstablebeforethe devicecanexit SELF REFRBSgration.

Exitingself refreshrequires aseries of commands. First, the clock mhsttableprior to CKEeturning HIGHAfter the self refresh exit is
registered,aminimum delay,at leastequalto the self refrestexit interval (tXSRinust be satisfiedbefore avalidcommand

canbeissuedto the device.Thisprovidescompletiontime for anyinternal refreshin progressForproperoperation, CKEnustremain HIGH
throughouttXSR, except durirgglf refresh reentry. NOPcommands musbe registeredon each rising clockdge during tXSR.

Using self refresh mode introduces the possibility that an internally timed refresh event could be miese€KE driven HIGHor exit from
self refresh modeUpon exitingself refresh, at leastne REFRESH commajathe all-bank commandor eightper-bank commands) muste
issuedbeforeissuinga subsequenSELF REFRESHmMand.
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Figure35: SELF REFRESH Operation
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Notes: 1.Input clock frequency cdoe changedor stoppedduringself refresh providedthat upon exitingselfrefresh,aminimum of two cycles
of stable clockare provided, andhe clock frequencys betweernthe minimumand maximunfrequencies for the particular speed
grade.

2. The devicenustbe inthe all banksidle state prior to entering self refresimode.
3. tXSR beginat the risingedgeof the clock after CKE driverHIGH.
4. Avalidcommand carbeissuedonly after tXSR isatisfied NOPsnustbeissuedduringtXSR.

PartiatArray Self Refresit BankMasking

Devices irdensities 064Mbc512Mb arecomprised of four banks; densities b&b and higher areomprised okightbanks. Eaclbankcanbe
configuredindependently whetheor nota SELF REFRESH operatiitiroccurin that bank.One 8bit mode register (accessiblgathe MRW
command)s assignedo programthe bankmaskingstatusof eachbankup to eightbanks.

Forbankmasking bit assignments, see thER16PASBBank Mask (MA[7:3} 010h)Jand MR160p-CodeBit Definitiongables.

Themaskbit to the bank enablesr disablesarefreshoperationof the entire memoryspacewithin the bank.

If a bank isnasked using thbankmask registera REFRESH operation to the entiank isblockedand bank dataretention is not
guaranteed irself refreshmode.To enable REFRESH operationabank, thecorresponding bankiask bit musbe programmedas
ddzy YI a1 S Rbbskndskiifisunmasked, the array spabeingrefreshedwithin that bank isdeterminedby the programmed
status of the segment masis.

PartiatArray Self Refreslty SegmentMasking

Programming segment mask bissimilar to programmindpankmask bits. For densitiekGb and higher, eiglsegmentsareused for masking (see
the MR17PASFSegmentMask (MA[7:0F 011h) andVIR17PASFSegmentMaskDefinitions tables). A mode registisr

used for programming segment mask hitsto eightbits. For densities leshan 1Gbsegmentmaskings not supported.

Whenthe maskbit to anaddressange(representedasa segmentlisprogrammedasd Y | & {aREBFRESHperationto that seg mentis
blocked.Conversely, when segment mask bit tanaddressrange isunmasked, refresh to that segmeisenabled.

A segment masking scheme damusedin place ofor incombinationwith a bankmasking scheme. Each segment mask bit settingpplied
acrosall banks.Forsegmentmaskingbit assignmentsseethe tablesnoted above.
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Table26 : Bank and SegmekiaskingExample

SegmenMask(MR17) | BankO | Bankl | Bank2 | Bank3 | Bank4 [ Bank5 | Bank6 Bank7
BankMask(MR16) 0 1 0 0 0 0 0 1
SegmenD 0 - M - - - - - M
Segmentl 0 - M - - - - - M
Segmen® 1 M M M M M M M M
SegmenB 0 - M - - - - - M
Segmen# 0 - M - - - - - M
Segmenb 0 - M - - - - - M
Segmenb 0 - M - - - - - M
Segment/ 1 M M M M M M M M

Note: 1. This table provides valuégr an 8bank device wittREFRESH operations masked to bardesd7, andsegment2 and7.

MODEREGISTHREAD

TheMODEREGISTER REMRRommandis used toreadconfigurationandstatusdatafrom SDRAMnode registers. TheMRRcommand
isinitiated with CS#.0OW,CAOLOW ,CA1LLOW,CA2LOW,and CA3 HIGH( the risingedgeof theclock.

Themode registetis selectedby CA1ECAOfand CA%CA4r.Thenode register contentare available otthe first databeatof DQ[7:0] after RLX
tCK #DQSCK tDQSQ and followinte risingedgeof the clockwhereMRRisissued. Subsequentata beatscontain validbut undefined content,
except inthe case of thédQcalibration functionwheresubsequenidata beatontainvalidcontentas describedin Table28. All DQS are toggled
for the duration of the mode registéREADurst.

TheMRRcommand has a burst length of fodMRRoperation (consisting of thIRRcommandand the corresponding data traffic)

must notbe interrupted. TheMRRcommandperiod (tMRR) is twolockcycles.

Figure36: MRR Timing; RL = 3{(MRR=2
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Transitioning data @ Undefined

Notes: 1. MRRgo DQcalibration registerdMR32and MR40are describedn DQCalibration(page48).
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Notes: 1. MRR<o DQcalibration registerdMR32and MR40are describedin DQCalibration(page48).

2. Onlythe NOPcommandis supportedduringtMRR.
3. Moderegisterdata is valid only on DQ[7:0] ¢ime first beat. Subsequeriteatscontainvalidbut undefined data.

DQ[MAX:8tontainvalidbut undefineddatafor the duration of theMRRburst.
4. Minimum MRRto write latencyis Rl+ RU(tDQSCKmax/tCK3/2 +1 - WLclockcycles.
5. Minimum MRRto MRWIlatencyis Rl+ RU(tDQSCKmax/tCK}#/2 +1 clockcycles.

READursts andWRITE bursts canhettruncatedby MRR Following a REAEdmmand, theMRRcommand must nobe issued beforeBL/2
clock cyclediavecompleted.FollowingA WRITEEommand, theMRRcommand must nobe issuedbeforeWL+1+ BL/2 + RU(tWTR/tCK) clock
cycleshavecompleted. Ifa READ oNRITBburstistruncatedwith aBST commandhe effective burst lengtlof the truncatedburstshouldbe
usedfor the BLvalue.

Figure37: READO MRR Timing; RL = 3tMRR=2
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Transitioning data m Undefined

Notes: 1. Theminimumnumberof clockcyclesrom the burst REAZommandio the MRRcommands BL/2.
2. Onlythe NOPcommandis supportedduringtMRR.
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Figure38: BurstWRITH-ollowed byMRR¢ RL = 3, WL = 1, B4=
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Transitioning data

Notes: 1. The minimum numbeof clock cyclefrom the burst WRITEommando the MRRcommands [WL+1+BL/24RU(WTR/tCK)].
2.0nlythe NOPcommand is supported duriniylRR.

TemperatureSensor

Mobile LPDDR?2 devick=sature atemperature sensowhosestatus carbe readfrom MRA4.

Thissensor carbe used to determinean appropriateefresh rate, determinavhether AGiming deratingis required irthe extended
temperaturerange,and/or monitor the operatingtemperature.Eitherthe temperaturesensoror the deviceoperatingtemperaturecan be used
to determinewhetheroperating temperature requirementare beingmet (seeOperating Temperature Rangdble).
Temperaturesensordatacanbe readfrom MR4using the mode registareadprotocol. Upon exitingselfrefreshor powerdown,the device
temperature status bitsvill be no older thatiTSI.

Whenusing the temperature sensor, the actugvicecase temperature male higher tharthe operating temperature specification that
appliesfor the standardor extendedtemperature ranges (seble notedabove).

Forexample, TCASIBuldbe abovey p sfien MR4[2:0] equals 011b. Basureproperoperation using the temperature sensoapplications
must accommodate the parameteisthe temperature sensor definitiortable.

Table27: Temperature Sensor Definitions and Operati@gnditions

Parameter Description Symbol Min/Max Value Unit

System i i i System
Y . Ma>_<|mumtemperaturegradle_nt experienced byhe memory TempGradien| MAX Y s/ da
TemperatureGradient | deviceat the temperature of interesbvera range ofi ¢ / dependent
MR4READnterval Time period betweeMR4READfrom the System Readinterval| MAX dsg::]zrgnt ms
Temp'erature Maximumdelaybetweeninternal updates oMR4 TSI MAX 32 ms
Sensointerval

System Maximumresponse time froran MR4READRo the SR System

responsalelay systemresponse &pDday MAX dependent ms

Device ' Margin above maximurtemperature to support controller TempMargin| MAX 5 iy

temperaturemargin response
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Mobile LPDDR2 devicascommodate the temperature margbetweenthe point at whichthe devicetemperature enters theexten ded
temperaturerange andhe pointat whichthe controller reconfigures the systeatcordingly. Tdetermine therequiredMR4 polling frequency,
the system must use themaximum TempGradient aritle maximumresponse time of the system according to tfelowingequation:
TempGradienP (ReadIntervat TSk SysRespDelajf2aC

For exampleifTempGradient im n ¢ @ndtide SysRespDelaylms: 10cC/s

X(ReadIntervat 32ms +1ms)2cC

In this caseReadIntervamust notexceedl67ms.

Figure39: Temperature Sensofiming
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Host MR4 READ MRR MR4 = 0x03 MRR MR4 = 0x86

DQ Calibration
Mobile LPDDR2 devictsature a DQcalibration function that output®ne of two predefined system timing calibratigatterns.
Forx16devicespattern A(MRRto MRR32), angattern B(MRRto MRR40), wilteturn the specified patterron DQO and DQ&32 devices

return the specified patterron DQO0,DQ8, DQ16, andQ24.
Forx16devices, DQ[7:1] and DQ[15:9] drivee same informatioras DQO duringhe MRRburst. Forx32devicesDQ[7:1], DQ[15:9], DQ[23:17],
and DQ[31:25] drivéhe same informatioras DQO durinthe MRRburst. MRRDQcalibration commands can occonly inthe idle state.
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Note: 1.0nlythe NOP commani supported duringRR.

Table28 Data Calibration Patteriescription

Description

Readdo MR32return DQ calibration patterA

Readgo MR40return DQ calibration patterB

Bit Time3

0

1

Bit Time2

Bit TimeO | Bit Timel

1

MR#

MR32

MR40

Pattern

PatternA

PatternB
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MODEREGISTBERRITECommand

TheMODEREGISTERWR(WERW)commandis used towrite configurationdatato the moderegisters.
TheMRWcommandisinitiated with CS#£0W,CAOLOW ,CAILOW,CA2LOW,and CA3 LOWt the risingedgeof the clock. Themode

registeris selectedby CA1§CAOf,CA9CA4r.The datto be writtento the mode registeis containedin CA9€CA2f. TheMRWcommand
period isdefinedby tMRW. MRW4do read-only registershave noimpacton the functionality of thedevice. MRWcanonly beissuedwhen
all banksare inthe idle precharge stateOnemethod of ensuring that the bankse inthis state isto issuea PRECHARGE Aaitnmand.

Figure41: MODEREGISTBRRITE Timing RL = 3{MRW =5

T1 T2 Tx Tx+ 1 Tx+2 Ty! Ty+1 Ty+2
CKE~ Y\~ ST )T \J"“‘ ““— ‘,"“[_\1/““'.1{_\1/“‘“/ﬁ/‘
CK*T’ffﬁ/\l\\—lm\—;lﬂffil( _Iﬁ = /I /V_\—/I 77*/| I\fffJI /l\fﬁfjl\—jl\fffgll
N . VAN SR W SN SN W ' ——
: | | | | | | | | | | | ! I I I I
: >< \ 7)) \ / \/ >
CA[9:0] <MR addr MR data>< >< / >Q MR addr MR data>< >< /< \_{ D< >< )( >\ ><
[ [ [ [ I | I I I [ [ [ [ | I | I I
| | | | | | | | | | | | | | | | | |
[ [ [ [ I [ I I I [ [ [ [ I I I I I
o T N kel etdadader WY Sotadadebndnie SR AN ) ) e e e e \.. i ) YR/ttt v Y e ot S i it L)
CMD4 MRW }{ NOPZ '~ NOP2 ) / " MRW O~ NoP2 NOP2) | u valid X A Y
b e \’7"‘”’T’ N < N | ; \"F”"ﬁ’/ ! e § ”F"“ﬁ’l s At B "’I’””"I’/
| | | | | | | | | | | | | | | | | |
Notes: 1. At timeTy,the device is irthe idle state.
2. Onlythe NOPcommandis supportedduringtMRW.
Table29 Truth Tablefor MRRandMRW
Current State Command Intermediate State NextState
MRR Reading mode register, all banksidle Allbanksidle
All banks idle MRW Writing mode register, all banksidle Allbanksidle
MRW (RESET) Resetting, device auto initialization Allbanksidle
MRR Reading mode register, bank(s) idle Bank(shctive
Bank(s) active MRW Not allowed Notallowed
MRW (RESET) Not allowed Notallowed

MRWRESETommand

TheMRWRESET commaldingsthe deviceto the device auto initializatiofresetting) statan the power-on initializationsequence (see 2.
RESET Commandder PowetUp (pagd)).

TheMRWRESET command dagissued from thadle state. Thiscommand resets all mode registersttwir defaultvalues. Onlythe
NOPcommandis supportedduringtINIT4.

After MRWRESET, botimings mustbe observedintil the device initializatiorsequencas completeandthe device is ithe idle state. Array
data isundefined aftethe MRWRESET commaihas completedForMRWRESET timing, see Figlire
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MRWZQ CalibratiorCommands

TheMRWcommandisused to initiateaZQ calibration command that calibrates outmlriverimpedance across process, tempetare, and
voltage. LPDDR24 devicesupport ZQalibration.To achievighter tolerancesproperZQ calibration mudbe performed. There ardour ZQ
calibration commandand relatedtimings:tZQINIT, tZQRESET, tZQCL, and tZQCS. tZ@éWtfainitialization calibration;tZQRESETused for
resetting ZQ to thelefaultoutput impedance; tZQCLused forlongcalibration(s)and tZQCS issed for shortalibration(s). Sethe MR10
Calibration(MA[7:0]=0Ah) tablefor ZQ calibration command codefinitions.

ZQINIT musdbe performed forLPDDR2 devicegQINITprovides aroutput impedance accuracy g15%.
After initialization,the ZQ calibratiotong (ZQCldanbe used to recalibrate the system & output impedance accuracy g15%.A ZQ

calibrationshort (ZQCS)anbe usedperiodicallyto compensateor temperatureandvoltagedrift in the system.

ZQRESH®&sets the output impedance calibration godefaultaccuracy of30%across processoltage, andemperature. This

commandisused to ensure output impedance accuracyp89% when ZQCS and Z@Q@hmandsare notused.

One ZQC&mmand can effectively correct at ledsb%(ZQ correction) of output impedance errasgthin tZQC$or all speed bins, assuming the
maximumsensitivities specifieth Table 68 and Table 69 are met.The appropriate interval betw&@@S

commands caibe determined using thestbles andsystemspecifipparameters.

Mobile LPDDR2 devicage subject to temperature drift rate (Tdriftrat@nd voltagelrift rate (Vdriftrate)in variousapplications.To

accommodate drift rateandcalculate the necessaigterval between ZQG®mmandsapplythe followingformula:

ZQcorrection
(Tsen&Tdriftrate)+ (Vsen&Vdriftrate)

WhereTsenss MAX(dRONdT) andVsersMAX(dRONdVilefine temperatureand voltagesensitivities.
Forexample, ifTsenB 1 ® T p:’2 K G20%/m\4 T8INftéatB ™ o /amd ¥ dBifbafe =15mV/sec thenthe interval between ZQCS
commandss calculateds:

1.5

075P1)+ (0.20P15) _ 04S

A ZQcalibrationcommandcanonly be issuedwhenthe deviceisin the idle state with all banksprecharged No other
activitiescanbe performedon the data bus during calibrationperiods(tZQINIT{ZQCLor tZQCS) Thequiet time on

the databushelpsto accuratelycalibrateoutputimpedance

Thereis no required quiet time after theQRESEEbmmand. If multipledevicesshare a single ZQ resistor, only alevicecan

be calibrating atany givertime. After calibratioriscomplete, the Z®all circuitryisdisabled to reducpowerconsumption.
In systems sharingZQ resistobetween deviceshe controller mustprevent tZQINIT, tZQCS, and tZQCL overlap bettheedevices.

ZQRESET overlaméxeptable. If the ZQ resistrabsent from the system, ZQ must connected t&/DDCA.

In this situation, the devicemustignoreZQcalibrationcommandsandthe devicewill usethe defaultcalibratiorsettings
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Figure42: ZQTimings
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Notes: 1. Onlythe NOPcommandis supportedduringZQcalibrations

2. CKE musbe registeredHIGHcontinuouslyduringthe calibratiorperiod.

3. Alldevicesconnectedto the DQbusshouldbe HighZ duringthe calibrationprocess.

ZQExternalResistoValue, Toleranceand Capacitive_oading

To usethe ZQ calibration function, a 240 ohm (p1% tolerance)external resistor must be connectedbetweenthe ZQpin And

ground A singleresistorcanbe usedfor eachdeviceor oneresistorcanbe sharedbetweenmultiple devicesif the ZQcalibration

timingsfor eachdevicedo not overlapThetotal capacitivdoadingon the ZQpin mustbe limited

(seethe Input/Output Capacitancéable).
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Power-Down
Powerdown is enteredsynchronouslyvhen CKEs registeredLOW and CS# is HI@&tHhe risingedgeof clock. ANOPcommand
mustbe driven inthe clockcycle following powedown entry.CKE must najo LOWwhile MRRMRW,READ, oWRITBperations are in

progress. CKE cgo LOW while any oth@perations such aBCTIVATE, PRECHARGE paeitharge or REFRESke in progress, but thgpower-
down|DD specificatiowill not be applieduntil such operationgarecomplete.

If power-downoccurswhen allbanksare idle,this modeis referredto as idlepower-down;

if power-downoccurswhen there is a rovactivein anybank, this modes referredto asactivepower-down.

Entering powerdowndeactivates thénput andoutput buffers,excludingCK, CK#nd CKE. lpower-downmode, CKE muste held

LOWall other input signalsared 5 2 4 I NEK@ ©Wmustbe maintaineduntil tCKE isatisfied.VREF@Austbe Maintainedat a
valid level during power-down. VDDQcan be turned off during power-down. IfVDDQis turned off, VREFD@ust also be turned off. Priorto

exiting power-down, bothVDDQandVREFD@ust be within their respectiveminimum/maximumoperatingranges(see AC and DCOperating
Conditions)

Norefresh operationsre performedin powerdown mode.The maximumurationin powerdownmodeis onlylimited by the refresh
requirements outlinedn REFRESH Commaide powerdownstateis exited wherCKHs registeredHIGH.

Thecontroller mustdrive CS# HIGH @onjunctionwith CKEHIGH when exitinthe power-downstate. CKEIGHmMustbe maintained until tCKE
satisfied. Avalid, executableommand carbe applied with poweidown exitlatencytXPafter CKEjoes HIGH. Powedown exitlatencyis definedin

the ACTimingection.
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Figure 43: PowebDown Entry and ExiTiming
2 ek (Min)

T F“H‘?z“mw

Input clock frequency can be changed | t I t | 1
or the input clock can be stopped during power-down.! _ | = 'HCKE CKE (M'N)
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CMD  4validy(Enter/Nop

s ncm L LD miifm/vaz b
|

Enter power-down mode Exit power- down mode

Don‘t Care

Note: 1. Input clockfrequencycanbe changedor the input clockstoppedduring power-down, providedthat the clockfrequencyis between

the minimumand maximumspecifiedfrequenciedor the speedgradein use,andthat prior to power-down exit, a minimumof two
stableclockscomplete

Figure44: CKE Intensive Environment
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| l
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| |

|

| B
: REFRESH K
|

Note: 1. Thepattern showncan repeatbver an extended periodf time. With this pattern,all AC and Dtining and voltage
specificationswith temperatureand voltagedrift areensured.
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Figure46: READOo PowerDown Entry
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Notes: 1. CKE mugte held HIGHtil the end of the burstoperation.

2. CKE calpe registeredLOWat (RL+ RU(tDQSCK(MAX)/tGKBL/2 + 1) clock cycles aftae clockon whichthe READcommandis

registered.
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Figure47: READwith Auto Precharge to Powebown Entry
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Notes: 1. CKE musie held HIGHntil the end of the burstoperation.
2. CKE caheregisteredLOWat (RL+ RU(DQSCKCK)4BL/2 +1) clock cycles aftethe clockon whichthe READcommandis

registered.
3. BL/2with tRTRP=7.5ns andRASMIN) issatisfied.
4. Startinternal PRECHARGE.
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Figure48: WRITEO PowerDownEntry
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Note: 1. CKE cdperegisteredLOWat (WL+ 1+ BL/2 + RWUW(VRACK)) clock cycles aftdre clockon whichthe WRITEEommand isregistered.
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Figure49: WRITE withAuto Precharge to Powebown Entry
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Notes: 1. CKE cdpmeregisteredLOWat (WL+ 1+ BL/2 + RWVRLCK +1) clock cycles aftethe WRITEEommandisregistered.

2. Startinternal PRECHARGE.
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FigureSO: REFRESH Command to Posewn Entry
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Note: 1. CKE cago LOWIHCKE aftethe clockon whichthe REFRESH commasiggistered.

Figure51' ACTIVATEommand to PoweiDown Entry
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Note: 1. CKE cago LOWAt tIHCKE aftethe clockon whichthe ACTIVATE&bmmandisregistered.

Figure52: PRECHARGI®EMMand to PoweDown Entry
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Note: 1. CKE cago LOWIHCKE aftethe clockon whichthe PRECHARG&mmandisregistered.
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Figure53: MRRCommand to PoweiDown Entry

T|0 T|1 T|2 Tlx Tx|+‘| Tx|+2 Tx|+3 T)-:|+4 Tx|+5 Tx|+6 Tx|+7 Tx|+8 Tx|+9
\ - - VY —— m—- - \ -
I | I I
RL YISCKE |

CKE'

(

(o]
=
[w)
=
=
=

|
|
|
0 ) o0 oGy
I I l
DQS# !
DQS |

Note: 1. CKE cdpe registeredLOWat (RL+ RU(DQSCKCK)+BL/2 +1) clock cycles aftahe clockon whichthe MRRcommand isregistered.

Figure54: MRW Command to PoweDown Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T

Note: 1. CKE cdpe registeredLOWtMRWafter the clockon whichthe MRWcommandisregistered.

DeepPowerDown

Deep powerdown (DPD) is entered whe&@KEs registeredLOWwith CS#0OW,CAO0 HIGH, CA1 HIGH, and OB®/ at the risingedgeof the
clock. TheNOPcommand musbe drivenin the clockcycle following powedown entry.CKE must not goOW whileMRR or MRWoperationsare
in progress. CKE can g@W while othepperations suclas ACTIVATE, ayicecharge, PRECHARGEREFRESH areprogresshowever, deep
power-down DD specificationsill not be applieduntil those operationsomplete.

Thecontents of thearray will belost upon entering DPBode.

In DPDmode, all inputbuffers exceptCKEall output buffers,andthe powersupply tointernalcircuitry are disabledwithin the device.VREFDQ
canbeat any level between @nd VDDQandVREFC#anbe at any level between 0 andvDD@déring DPD.All powersupplies (including
VREHRNust bewithin the specified limits prior texiting DPEsee AC anBCOperatingConditions).

To exit DPOCKE mudbe HIGH{ISCKE mudte complete,andthe clock musbe stable. Toresume operation, thelevicemustbe fully
reinitializedusing the poweiup initializationsequence.
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Figureb5: Deep PoweiDown Entry and ExiTiming
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Notes: 1. The initializatiorsequence can start @nytime after Tx+1.
2.tINIT3 and Tx* 1 refer to timingsin the initializationsequencer-or details, se®ode Register Definition.

Input Clock Frequency Changasd Stop Events

Input Clock Frequency Changes and Clock Stitp CKE.OW
During CKEOW Mobile LPDDR2 devicsspportinput clock frequency changemsdclock stopunderthe followingconditions:

wRefresh requirements an@et
wOnly REFabr REFpb commands céaein process
wAny ACTIVATE PRECHARGE commahdsecompletedprior to changinghe frequency
wRelatedtiming conditions,tRCD antiRP have beermet prior to changinghe frequency
wThe initial clockrequencymustbe maintainedfor a minimumof two clock cyclesifter CKEjoesLOW
wThe clock satisfie€CH(abs) and tCL(abs) Bominimumof two clock cyclegrior to CKEyoingHIGH
Forinput clock frequency changesSK(MINRndtCK(MAXinustbe met for each clockycle.
After the inputclock frequencys changedand CKEs held HIGHdditionalMRWcommands mape requirecto set theWR, RL, etdhese
settings mayequire adjustment to meet minimum timing requirements at the target cléequency.
For clock stopCK is held LOW and CK# is h#l@H.
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Input Clock Frequency Changes and Clock Stitp CKE HIGH
During CKHIGH, LPDDR2 devisepportinput clock frequency changesdclock stopunder the followingonditions:

WREFRESHEquirements aramet.
wAny ACTIVATE, READ, WRITE, PRECN¥RGE; MRRcommands mushavecompleted,including any associated data bursts, ptmrchanginghe

frequency.
wRelatedtiming conditions, tRCBDWR, tWRA{RP tMRW, and tMRRetc.,aremet
wCS# musbe heldHIGH

wOnlyREFalor REFpb commands cae inprocess
The device is readpr normal operation aftethe clock satisfies tCH(abapdtCL (abs) foaminimum of2 RtCK +#XP. Forinput

clock frequency changetCK(MIN) and tCK(MAXustbe met for each clockycle.

After the inputclock frequencys changed, additiondlRWcommands maye requiredto set theWR,RL, etcThesesettingsmay require
adjustmentto meetminimumtiming requirementsat the target clockfrequency.

For clock stopCK is held LOW and CK# is h#{@H.

NOOPERATIORommand

The NO OPERATION (N@P)mandpreventsthe devicefrom registering anyinwantedcommands issuetletweenoperations. ANOP
command caronly beissued at clockycle N wherthe CKHevel isconstant for clockycle N1 andclockcycleN. The NORommandhastw possible

encodings: CS# HI@Hthe clock risinggdge N; and CS# LOW w@tAO,

CA1,CA2 HIGH(t the clock risingdgeN.
The NORommandwill not terminatea previousoperation thatis still in process, such asREADurstor WRITEburstcycle.

Simplified Bus Interface State Diagram

Thestatediagram provides aimplified illustration of thébusinterface, supported state transitionandthe commands that control them. Farcomplete
description ofdevice behavionise the informatiorprovided inthe state diagranwith the truth tables andimingspecifications.

Thetruth tablesdescribedevice behavior andpplicable restrictionsvhenconsidering the actual state aflbanks.

Truth Tables
Truth tables provideomplementary information to the statdiagram.Thewlso clarifydevice behavior andpplicable restrictionghen

considering the actual state of the banks. Unspecified operagmimingsare illegal. T@nsureproperoperation afteran illegal eventthe device

mustbe powered down and therestarted using the specifieditializationsequencebeforenormal operation canontinue.
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Table30: CommandTruth table
Notes1ql1 applyto all parametersonditions

CommandPins CAPIns
Command CKE CK
/ICS | cA0 | cAL | cA2 | cA3 | ca4 | cas | cae | cA7 | cas | cao | Edge
K(n-1) | CK(n)
VRW H H L L L L L MAO | MAL [ Ma2 | MA3 | MA4 | MAS .
H H X | mae | ma7 | opo | orP1| oP2 | opP3 | opa| opPs5| oPe | OP7
H H L L L L H MAO | MAL | Ma2 | MA3 | MA4 | MAS
MRR -1
H H X | mMae [ ma7 X
REFRESH H H L] L L Ho[ L] X e
(perbank) H H X X IR 28
REFRESH H H Ll o [ o | 0] H| X Y
(allbanks) H H X X
Enterself H L Ll o] o | nH| X _
refresh X L X X ¥
ACTIVATE H H L L H RS RO | R10 | R11 [ R12 | BAO| BAl | BA2 | _§—
(bank) H H X RO R1 R2 R3 R4 R5 R6 R7 | R13 | R14 | — %
H H L H L L RFU| RFU| c1 c2 BAO | BAL | BA2 .
WRITE(bank)
H H X AP c3 ca cs5 c6 c7 cs8 co|cwo| cun| ¢
H H L H L H RFU| RFU| c1 c2 BAO | BAL | BA2 | _f—
READank)
H H X | Ap c3 ca c5 c6 c7 cs co|ciwo | cu| %
PRECHARGH H H L H H L H AB X X BAO | BAL | BA2 | _§—
(bank) H H X X
H H L H H L L X
. I S i
H H X X
H L L H H L X
EnterDPD I I I - X
X L X X 3
H H L H H H X
NOP I I I _
H H X X 3
MaintainPD, L L L H | H | H | X Y
SREMPD,
(NOP) L L X X I
H H H X =
NOP
H H X X 3
MaintainPD, L L H X Y
SREMPD,
(NOP) L L X X E 2
Enter H L H X 5
power-down X L X X R 2
ExitPD,SREF, L H H X i u
DPD X H X X

Notes: 1. Allcommandsaredefined by the current state of CS#, CA0, CA1, CA2, @A KE at the risingdgeof theclock.

2. Bankaddresses (BA) determinvehich bank will be operategpon.
3. APHIGH during a READWRITEommand indicates thaan autoprechargewill occurTothe bank associatedith the READ or
WRITEommand.
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4. Xindicatesad 5 2 4 I Ksfté, with adefinedlogic level, either HIGH (H) b®W(L).
5. Self refrestexit and DPD exit a@synchronous.
6. VREF must beetween0 andVDDQuring self refresh an®PDoperation.
7. CAxrefers to command/address bit Eoé the risingedgeofclock.
8. CAxfrefers to command/address bit Eoé the falling edgeof clock.
9. CS# an€KEresampledon the risingedgeof theclock.
10. Perbankrefreshis onlysupportedin devices with eightanks.
11. heleastsignificant column addre<30 isot transmittedon the CAbus,and is inferredo bezero.
Table31 : CKEruth Table
Notes X5 apply to alparameters anaonditions .L=LOWH=HIGH- ' & 5/2 Iy \)& &
CurrentState CKEHAL CKEn| CSH4 Commandn Operationn NextState Notes
_ L Active
Active L L X X Maintainactivepower-down power-down
power-down
L H H NOP Exitactivepower-down Active 6,,7
S Idle
L L X X Maintain idlepower-down
Idle power-down power-down
L H H NOP Exit idlepower-down Idle 6,7
L L X X Maintainresettingpower-down Reseglng
Resettingdle power-down
power-down ] )
L H H NOP Exitresettingpower-down \dle or 6,78
resetting
L L X X Maintain deeppower-down Deep
Deeppower-down power-down
H H NOP Exit deegpower-down Poweron 9
L X X Maintainselfrefresh Selfrefresh
Selfrefresh -
H H NOP Exitselfrefresh Idle 10,11
Bank(sactive H L H NOP Enter activgpower-down Active
power-down
. Idle
H L H NOP Enteridle power-down
power-down
. Enterself
All banksidle H L L refresh Enter selfefresh Selfrefresh
H L L DPD Enterdeeppower-down Deep
power-down
Resetting H L H NOP Enterdeeppower-down Resetting
power-down
Otherstates H H Referto the command truthtable

Notes: 1. Current state = the state of thievice immediately prioto the clock risingedgen.

2. All statesandsequences noshown are illegal or reservedhlessexplicitlydescribedelsewhere irthisdocument.

3. CKIg =the logicstate of CKEat clock risingedge nICKE#L was thestate of CKEat the previousclockedge.

4. CS#+the logicstate of CS#at the clock risingdgen.

5. Commanch =the commandegisteredat clockedge n, anadperationn is a resultof commanch.

6. Powerdown exittime (tXP)must elapseébefore anycommandother than NOP issued.
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7. Theclock mustoggleat leasttwice priorto the tXPperiod.
8. Upon exitinghe resettingpower-downstate, thedevice willreturn to theidle state iftINIT5 hagxpired.
9. The DPD exjirocedure musbe followed aglescribedin DeepPowerDown (pageé0).
10. Self refrestexittime (tXSRinust elapsebefore anycommandother than NOP issued.
11. Theclock mustoggleat leasttwice priorto the tXSRime.
Table32 CurrentStateBankn to Commandio Bankn Truth Table
Notes X5 applyto all parametersandconditions
CurrentState Command Operation NextState Notes
Any NOP Continuepreviousoperation Currentstate
ACTIVATE Selectandactivaterow Active
Refresh(perbank) Beginto refresh Refreshingperbank) 6
Refresh(allbanks) Beginto refresh Refreshingallbanks) 7
Idle MRW Load valueo moderegister MRwriting 7
MRR Read valuérom moderegister Idle, MRreading
RESET Begin device autmitialization Resetting 7,8
PRECHARGE Deactivate row(sn bank orbanks Precharging 9,10
READ Select columrandstart readburst Reading
) WRITE Select columrandstart write burst Writing
Rowactive - - -
MRR Read valuérom moderegister ActiveMRreading
PRECHARGE Deactivate row(sin bank orbanks Precharging 9
READ Select columrandstart new readourst Reading 11,12
Reading WRITE Select columrandstart write burst Writing 11,1213
BST Readburstterminate Active 14
WRITE Select columrandstart new writeburst Writing 11,12
Writing READ Select columrandstart readburst Reading 11,1215
BST Write burstterminate Active 14
Poweron MRWRESET Begin device autmitialization Resetting 7,9
Resetting MRR Read valuérom moderegister ResettingMRreading

Notes: 1.Values irthistable apply when both CIKEL and CKEn are HIGH, and af8Ror tXPhas beermet, if the previous statewas

power-down.

2. All statesandsequences nashown are illegal oeserved.

3. Current state definitions: Idléfhe bank obankshave beerprechargedandtRPhas beemet.

Active: Arow in the bankhasbeenactivated,andtRCChasbeenmet. Nodataburstsor accesseandno register acce

ssesare inprogress ReadingA READurst has beerinitiated with autoprecharge disablednd hasot yetterminated or been

terminated. Writing: ANRITBburst has beerinitiated with autoprecharge disablednd hasot yetterminated or been

terminated.

4. Thestateslisted belowmustnot be interruptedby acommandssuedto the samebank.
NOPcommandsor supported commands to thether bankmustbe issuedon anyclockedgeoccurringduringthesestates. Supported
commandstdi KS 20 KSNJ 6lyla INB RSGSNN¥YAYSR 0 &givrknTébled3 y1 Qa4 OdzZNNB Y i
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© 00 N O

12.
13.

14.

15.

Precharge: Startwith registration ofa PRECHARG&ENmandand ends wheRPis met. After tRRs met, thebankis inthe idle

state.

Rowactivate: Startsvith registration of al”ACTIVATEOmmand and endehen tRCOs met. AftetRCDOs met,thebank

is inthe active stateREAD witti\Penabled:Startswith registration ofa REABommandwith autoprechargeenabled and ends
whentRPismet. After tRAsmet, thebank is irthe idlestate.

WRITEwvith APenabled:Startswith registration ofa WRITEEommandwith auto prechargeenabled and ends wheiiRP ismet.

After tRPismet, thebank is irthe idlestate.

Thestates listedbelowmust notbe interrupted by any executabtemmmand NOPcommands musbe appliedto each rising clock
edge duringhese states. Refregiperbank): Startsvith registration ofaREFRESHerbank)command and ends whetRFCphs
met. After tRFCpls met, thebank is irthe idle state. Refreslfall banks): Startsvith registra tion of aREFRESHII banks) command
and ends whemRFCalis met. After tRFCals met, thedevice is irthe all banks idle state.ldle MRreading:Startswith registration of
the MRRcommandand ends when tMRRiset. AftertMRR isnet, thedevice is irthe all banksidlestate.

ResettingMRreading: Startsvith registration of theMRRcommand and endeshen tMRRs met. AftetMRRis met,the

device is irthe all banksidle state. ActiveMRreading:Startswith registration of theMRRcommandandendswhen tMRR iset.
After tMRR ignet, thebank is irthe active stateMRwriting: Startswith registration of theMRWcommandand ends when tMRW is
met.

After tMRW ismet, thedevice is irthe all banksidle state. Prechargingll: Startswith registration ofaPRECHAR®@EL command
and ends whetRPismet. After tRRs met, thedevice is irthe all banksidlestate.

. Bankspecificrequiresthat the bank is idle and nburstsare inprogress.

. Not bankspecific;requiresthat all banksare idle and ndourstsare inprogress.

. Not bankspecific.

. Thiscommand mayr may notbe bankspecific. Ifall banksare beingorecharged, they mudtein a validstate for pre charging.
10.
11.

If a PRECHARGENmMandisissued toa bank irthe idle state, tRP stilipplies.

A commandther than NORhould notbeissued to the sambank while @urst READ oburst WRITRith autopre- chargeis
enabled.

The new READ ®YRITEEommand coulde autoprechargeenabled or autgrechargelisabled.

AWRITEommandcanbe issuedafter the completionof the READburst; otherwise,a BSTmustbe issuedto endthe READ prior
to assertingg WRITEommand.

Not bankspecific.TheBSTcommandaffectsthe mostrecentREAD/WRITHurst startedby the mostrecentREAD WRITE
command, regardless bank.

AREAzommandcanbe issuedafter completionof the WRITBburst; otherwise,a BSTmustbe usedto endthe WRITEprior to
assertinganotherREAZommand.
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Table33: Current State Bank to Command to Bankn Truth Table

Notes1¢6 applyto all parametersandconditions
CurrentState ofBankn Commandio Bankm Operation Next Statefor Bankm notes
Any NOP Continuepreviousoperation Current State oBankm
Idle Any Any command supported tBankn - 7
ACTIVATE Selectandactivaterow in bankn Active
Select columrandstartREAD .
READ Burst frombankm Reading 9
WRITE Select columrandstartWRITE Writing 9
S . burst tobankm
Row activatingactive, - -
. PRECHARGE Deactivate row(sin bank orbanks Precharging 10
or precharging -
. Idle MRreadingor
MRR READ valugom moderegister . . 11,12,1
ActiveMRreading
READ oWRITBurstterminates an
BST ongoingREAD/WRITE from/tmank Active 7
m
READ Select column and staREAD Reading 9
burst frombankm
Reading WRITE Select colummandstartWRITE Writin
g 9,14
(auto prechargelisabled) burst tobankm
ACTIVATE Selectandactivaterow in bankm Active
PRECHARGE Deactivate row(sin bank orbanks Precharging 10
READ Select columrandstartREAD Reading 9.15
burst frombankm
Writing WRITE Select colummandstartWRITE Writing 9
(auto prechargelisabled) burst tobankm
ACTIVATE Selectandactivaterow in bankm Active
PRECHARGE Deactivate row(sin bank orbanks Precharging 10
READ Select columrandstartREAD Readin 916
burst frombankm 9 '
Reading with WRITE Select columrandstartWRITE Writing 914 16
ACTIVATE Selectandactivaterow in bankm Active
PRECHARGE Deactivate row(sin bank orbanks Precharging 10
Select columrandstartREAD .
READ burst frombankm Reading 9,15,16]
Writing with WRITE Select columrandstartWRITE Writing 916
ACTIVATE Selectandactivaterow in bankn Active
PRECHARGE Deactivate row(sin bank orbanks Precharging 10
Poweron MRWRESET Begindeviceautoinitialization Resetting 17,18
Resetting MRR Read valuérom moderegister ResettingVRreading
Notes: 1.This table applies whethe previousstatewasself refreshor power-down ; aftertXSR or tXP has besret; and both CKEi and

CKEn arelIGH.

2. All statesandsequences noshown are illegal aeserved.
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3. Current statedefinitions:

Idle: The bank has begmrechargedandtRPhas beemnet.
Active:Arow inthe bank has beenactivated tRCD has beemet, no databurstsor accesseand noregisteraccessesare inprogress.
ReadAREADurst has beerinitiated with auto precharge disabledndthe READ hasot yet terminated or beenterminated. Write:
AWRITBursthas beerinitiated with auto precharge disabledndthe WRITEhasnot yet ter- minatedor beenterminated.
4. Refresh, self refressndMRWcommands caonly beissuedwhen allbanksareidle.
. A BST commarzhnnotbeissuedto anotherbank;it appliesonlyto the bankrepresentedby the currentstate.
. Thestates listedbelowmust notbe interrupted by any executabmmand. NOP
commands musbe applied duringach clockcycle whilen thesestates:
Idle MRR:Startswith registration of theMRRcommandand ends when tMRR has beert. After
tMRR ignet, thedevice is irthe all banksidle state.
ResetMRR:Startswith registration of theMRRcommandand ends when tMRR has beeret. After
tMRR ignet, thedevice is irthe all banksidle state.
ActiveMRR:Startswith registration of theMRRcommandand ends when tMRR has beeret. After
tMRR ignet, thebank is irthe activestate.
MRW:Startswith registration of theMRWcommandand ends when tMRW has beearet. After
tMRW ismet, thedevice is irthe all banksidle state.

7. BSTissupportedonlyif a READ oNVRITBburstisongoing.

8. tRRDmustbe met betweenthe ACTIVATE&ommand tobankn and anysubsequenACTIVATE&OMmand tobankm.
9. READs dWRITEs listeoh the command column includREADs an&/RITEwith or without autoprechargeenabled.

10. Thiscommand may or may not dEnkspecific.

If all banksare beingorecharged, they mudte in a valictate forprecharging.

11. MRRissupportedin the row-activatingstate.

12. MRRissupportedin the prechargingtate.

13. The nextstate forbankm depends on theurrent stateof bankm (idle, rowactivating,prechargingpractive).

14. AWRITEEommand carbe issued aftethe completiorof the READburst;

otherwise aBST musbeissued toendthe READ prioto assertinga WRITEommand.

15. AREAzommand care issued aftethe completion of theWRITBurst;

otherwise, aBBST mushe issued toendthe WRITEprior to assertinganotherREABommand.

16. AREAD with autprechargeenabled or aVRITEwith auto prechargeenabledcanbe followed by any validommand to other

banksprovidedthat the timing restrictionsn the PRECHARGE akuto Precharge Clarificatidable aremet.

17. Not bankspecificrequires that all banks are idle and no bursts aragress.
18. RESET commaislachieved througMODEREGISTBRRITEommand.

Table34: DM TruthTable

FunctionalName DM DQ notes
Write enable L Valid 1
Write inhibit H X 1

Note: 1.Usedto maskwrite data,and is providegimultaneouslywith the corresponding inputiata.
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ElectricalSpecifications

AbsoluteMaximum Ratings

Stressegreater thanthose listedbelowmay cause permanent damage to tievice.
This is atress ratingnly, andfunctional operation of theleviceat theseor anyother conditions outside those indicated the
operational sections of this documeigtnotimplied.

Exposureo absolutemaximumrating conditions foextended periodsnayadverselyaffectreliability.

Table35: AbsoluteMaximum DCRatings

Parameter Symbol Min Max Unit Notes
VDDlsupplyvoltage relativeo VSS VDD1 ¢0.4 +2.3 \% 1
VDDZXupplyvoltage relativeo VSS VDD21.2V) ¢0.4 +1.6 \% 1
VDDCA supply voltage relativeVSSCA VDDCA ¢0.4 +1.6 \% 1,2
VDDGsupplyvoltage relativeo VSSQ vVDDQ c0.4 +1.6 \Y, 1,3
Voltage on any ball relatiie VSS Vine VouT c0.4 +1.6 \%
Storageemperature Tste c0.4 +125 c/ 4

Notes: 1. Seel. VoltageRampunderPowerUp(page?).
2. VRercm @ ¢ ppoKhowever,VRercamayo S Vorcaprovided thatVRercA300mV.
3. VRerp@1 ® d/opgnowever,VrRerpgnayo S Vorgprovided thatVRerp@i300mV.
4. Storagetemperatureisthe casesurfacetemperatureon the center/top sideof the device. For
measurementonditionsreferto the JESD52 standard.

Input/Output Capacitance

Table36: Input/Output Capacitance

Note 1 appliego all parametersaandconditions

LPDDR2066-466 LPDDR200-200 )
Parameter Symbol - - Unit Notes
Min Max Min Max

Input capacitance, CK ai@K# CCK 1.0 2.0 1.0 2.0 pF
Input capacitancelelta, CK ancCK# CDCK 0 0.2 0 0.25 pF
Input capacitance, all other input Onpyns Cl 1.0 2.0 1.0 2.0 pF 1,2
Input capacitancelelta, all other input Onlyins CDI -0.40 +0.40 -0.50 +0.50 pF 1,3
Input/output capacitanceDQ,DM,DQERQS# CIO 1.25 25 1.25 25 pF
Input/output capacitance deltadDQSDQS# CDDQS 0 0.25 0 0.30 pF
Input/output capacitance deltd)Q,DM CDIO -0.5 +0.5 -0.6 +0.6 pF
Input/output capacitanc&Q CzQ 0 25 0 25 pF 4

Notes: 1. TccH p 6 / (i 2VooamMLil411e3V;Vopea= 1.14,1.3V; Wp1= 1.%1.95V; bp2= 1.141.3V.
2. Thisparameterappliesto die devices only (doewt include packageapacitance).
3. Thisparameterisnot subject to production testing. i$ verified bydesignandcharacterization.
Thecapacitancés measured according to JEP147 (procedure for measinmg capacitanceisinga vector network analyzer),
with Vopy, Vbpz Vobq Vss VsscaandVsscapplied; all other pins arieft floating.
4. Absolutevalueof Gek-Ceki
5. Gapplies to CS#, CKRdCA[9:0].
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@i1= G- 0.5PR(Cek+Cert).

DM loadingnatchesDQ andQS.

MR3I/O configurationdrive strengthOP[3:0F 0001b(34.3chmtypical).
. Absolute value oB>qsandQs#

10. io= Qo- 0.5R(Maqst+ bqs) inbyte-lane.

11. Maximumexternal loadcapacitancen ZQpin: 5pF.

© © N o

Electrical Specifications IDD Specifications an@onditions
The followinglefinitionsandconditionsare usedin the IDD measuremertablesunless statedtherwise
ALOW:VINK+ L[ 65/ 0 Yl E
AHIGH:VING= L1 65/ OYAY
ASTABLHnputs arestableat a HIGHr LOWlevel
ASWITCHING: See tlidlowing threetables

Table37: Switching for CAnput Signals

Notes X3 applyto all parametersandconditions

CKRising/ CKRising/ CKRising/ CKRising/ CKRising/ CKRising/ CKRising/ CKRising/
Parameter [ cksralling |CK#Faling | CK#Falling | CK#Falling | CK#Falling |CK#Falling | CK#Faling  |CK#Falling

Cycle N N+1 N+2 N+3
CS# HIGH HIGH HIGH HIGH
CAO0
CAl
CA2
CA3
CA4
CA5
CA6
CA7
CA8
CA9

IT|IIT|I|IT|IT|IT|IT|XT|XIT|XT
I|r|IT|r ||| |||
IT|Ir| ||| ||| |
[l Wl Il Bl Il Il Nl Bl
[l Wl Il Bl Il B el Nl ol Bl
r|IT|r|IZ|r ||| || X
r|T|r| ||| ||| X
I|T|IT|T|T|T|T|xT|IT|XT

Notes: 1. CS#imustalways be driveiIGH.
2. For each clock cyclBp%of the CA bus ishangingoetween HIGH andOW.
3. The notedpattern (N,N+ 1,N+ 2,N+ 3...)isused continuouslyluringlbomeasurement fotoovaluesthat require switching otthe CA

bus.
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Table38: Switching forlbbar
Clock CKE Cst# G olEe Command CA[2:0] CA[9:3] AllDQ
Rising H L N Read_Rising HLH LHLHLHL L
Falling H L N Read_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP HLH LHLLHLH L
Rising H L N+2 Read_Rising HLH LHLLHLH H
Falling H L N+2 Read_Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP HLH LHLHLHL L
Notes: 1. Data strob€DQS) ishangingoetween HIGH and LOW with evetgckcycle.
2.The notedpattern (N,N + 1...)isusedcontinuously durindpomeasurement folbb4r
Table39: Switchingfor Ibbaw
Clock CKE cs# clockCycle Command CA[2:0] CA[9:3] Al DQ
Rising H L N WriteRising LLH LHLHLHL L
Falling H L N Write Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP LLH LHLLHLH L
Rising H L N+2 Write Rising LLH LHLLHLH H
Falling H L N+2 Write Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP LLH LHLHLHL L

Notes: 1. Data strob€DQS) ishangingoetween HIGH and LOW with evetgckcycle.

2. Data maskingDM)mustalways bedriven LOW.

3. The notedpattern (N,N+ 1...)isusedcontinuously durindbbomeasurement folbbaw

72

Rev.0.7May.Wm p



Dosilicon FMT4DxxUAxX

Table40: IDD Specification an@onditions(X16)

. DataRate .
Parameter/ Condition Symbol PowerSupply Unit |Notes
-18 | -25 | -30

Operating one bankctiveprecharge currersl}f:DRAl\/g IDDO1 VvDD1 8D | 20 | TBD
tCK = tCKmin; tRC = tRCmin; BKEGH; CS#HIGH between
validcommandsCAbus inputs are switchingData bus inputs IDDO2 VDD2 TBD | 65 | TBD | mA
arestable IDDOIn VDDCA,VDDQ TBD 6 TBD 4
Idle powerdownstandby current: tCK = tCKmin; GYEOW; CS# is IDD2P1 vDD1 TBD | 500 [ TBD
HIGH; Albanksare idle; CA bus inputs are switching; Data bus IDD2P2 VDD2 TBD | 1600 TBD | >
Inputs arestable IDD2P,in| VDDCA,vDDJ TBD | 100 | TBD 4
Idle powerdownstandby currenwith clock stopCK=LOW, CK#= IDD2PS] vVDD1 TBD | 500 [ TBD
HIGHCKES LOW;CS# is HIGH; Alhnksare idle; CA bus inputs are IDD2PS2 VDD2 TBD | 1600 TBD | >
stable; Datébus inputs arstable IDD2PS,il VDDCA,vDDJ TBD | 100 | TBD 4
Idle nonpower-downstandby current: tCK = tCKmin; GKHIGH; IDD2N1 VDD1 T8D | 1.7 [ TBD
CS#isHIGH; Albanksare idle; CA bus inputs are switchibgita IDD2N2 VDD2 TBD | 33 | TBD | mA
bus inputs arstable IDD2Nin | VDDCAVDDQ TBD | 6 | TBD 4
Idle nonpower-downstandby currentwith clock stoppedCK= IDD2NS1 vVDD1 T8D | 1.7 [ TBD
LOW,CK#=HIGHCKEs HIGH; CS#HIGH; Albanksare idle; CA IDD2NS2] VDD2 TBD | 16 | TBD | mA
bus inputs arestable; Datébus inputs arstable IDD2NS,if vDDCAYDDQ | TBD 6 TBD 4
Active powerdownstandby current: tCK = tCKmin; GKEOW; CS# is IDD3P1 vbD1 TBD | 1200 TBD | >!
HIGH; One bank &tive;CA bus inputs are switching; Data bus inp| IDD3P2 VDD2 TBD 4 TBD | mA
arestable IDD3P,in| vDbcayDDQ [ TBD | 120 [ TBD | > [ 4
Active powerdownstandby currentvith clock stopCK=LOW, CK#= IDD3PS] vbD1 TBD | 1200 TBD | >!
HIGHCKESLOW;CS# is HIGI®nebank isactive;CA bus inputs are IDD3PS2 VDD2 TBD 4 TBD | mA
stable; Datebus inputs arstable IDD3PS,il VDDCADDQ [ TBD | 120 [TBD | >1 | 4
Active nonpower-downstandby current: tCK = tCKmin; GKEIGH,; IDD3N1 vbD1 TBD 2 TBD
CS#isHIGHOnebank isactive;CA bus inputs are switchirigata IDD3N2 VDD2 TBD| 35 | TBD | mA
bus inputs arstable IDD3Nin | vDDCAYDDQ [ TBD | 6 | TBD 4
Active nonpower-downstandby currentwith clock stopped CK= IDD3NS1 VDD1 8D 2 8D
LOW CK#=HIGHCKHs HIGH; CS#HIGHOnebank IDD3N2 VDD2 TBD | 24 | TBD | mA
isactive;CA bus inputs argtable; Databus inputs arestable IDD3NS,if vDDCAYDDQ | TBD 6 TBD 4
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Table41: IDD Specification and Conditions(X16yntinued)

i DataRate )
Parameter/ Condition Symbol PowerSupply Unit |Notes
-18 | -25 | -30

Operatingburst REARzurrent: tCK tCKmin; IDD4R1 VDD1 TBD 5 | TBD
CS#is HIGH between validommandsOne bank iactive;
BL= 4;RL=RL (MIN); CA bus inputs are switching; 50% dhtmnge IDD4R2 vDbb2 TBD | 220 [ TBD | mA
each burstransfer |DD4Rn VDDCA TBD 6 TBD
Operatingburst WRITEurrent: tCK = tCKmigS# iBlIGH IDDAN1 VDD1 TBD| 10 | TBD
between valilcommandsOne bank isctive;BL= 4;WL=
WLmin;CA bus inputs are switching; 50% deltange each burst IDDAN2 vbb2 TBD | 185 ] TBD | mA
transfer IDDAN,in | VDDCAYDDQ | TBD | 28 | TBD 4
All-bank REFRESH burst current: tCK = tCKmins EKEH between IDD51 VDD1 TBD | 15 | TBD
validcommands; tRC = tRFCabmin; Burst reft@sh;bus inputs are IDD52 VDD2 TBD | 130 | TBD | mA
Switching;Databus inputs arstable IDD5IN VDDCAVDDQ TBD 6 TBD 4
All-bank REFRE@Meragecurrent: tCK = tCKmin; CiSE IDD5AB1 VDD1 TBD 5 TBD
HIGH between validommands; tRC = tREEIA bus inputs IDD5AB2 VDD2 TBD| 35 | TBD | mA
are switchingPatabus inputs arestable IDD5AB,if VDDCAYDDQ | TBD 6 TBD
PerbankREFRESH¥eragecurrent: tCK = tCKmin; CIKE IDD5PB1 VDD1 TBD 5 TBD 5
HIGH between validommands; tRC = tREFI/BA bus IDD5PB2 VDD2 TBD| 35 | TBD | mA 5
inputs are switchingDatabus inputs arestable IDD5PB,if VDDCAYDDQ | TBD 6 TBD 4.5
Selfrefreshcurrent(¢cH p oob y p €K=0OW CK#=HIGH;CKEs IDD61 VDD1 TBD | 1200 | TBD 6
LOW:;CA bus inputs arstable; Dataus inputs arestable;Maximum IDD62 VDD2 TBD | 2500| TBD | > 6
1xself refrestrate IDD6IN | VDDCAYDDQ [ TBD | 100 | TBD 4,6
Deep powerdown current: CK= LOW,CK#=HIGH; IDD81 vDD1 TBD | 10 | TBD 7
CKHs LOW;CA bus inputs argtable; Datébus inputsare IDD82 VDD2 TBD| 30 [ TBD| >1 7
stable IDD8IN | vDDCAYDDQ | TBD | 30 | TBD 4,7

Notes: 1. IDDvalues arghe maximumof the distribution of the arithmetimean.
2. IDD current specificatioraretested afterthe device is properiyitialized.
3. The Lself refresh ratasthe rate atwhichthe device igefreshedinternally duringself refresh beforegoingintothe
extendedtemperaturerange.
. Measuredcurrentsarethe sum ofVDDQ any DDCA.
. PerbankREFRESslonlyapplicable for LPDDR&4devicedensities1Gb okhigher.
. Thisis thegeneraldefinition thatappliesto full-array selfefresh.

~N o 0o A

. IDD6E®RN IDD8 are typical values, a@mpledonly, and arenottested.
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Table42: IDD Specification andonditions(X32)

. DataRate .
Parameter/ Condition Symbol PowerSupply Unit |Notes
-18 | -25 | -30

Operating one bankctiveprecharge currersl}f:DRAl\/g IDDO1 VvDD1 8D | 20 | TBD
tCK = tCKmin; tRC = tRCmin; BKEGH; CS#HIGH between
validcommandsCAbus inputs are switchingData bus inputs IDDO2 VDD2 TBD | 65 | TBD | mA
arestable IDDOIn VDDCA,VDDQ TBD 6 TBD 4
Idle powerdownstandby current: tCK = tCKmin; GYEOW; CS# is IDD2P1 vDD1 TBD | 500 [ TBD
HIGH; Albanksare idle; CA bus inputs are switching; Data bus IDD2P2 VDD2 TBD | 1600 TBD | >
Inputs arestable IDD2P,in| VDDCA,vDDJ TBD | 100 | TBD 4
Idle powerdownstandby currenwith clock stopCK=LOW, CK#= IDD2PS] vVDD1 TBD | 500 [ TBD
HIGHCKES LOW;CS# is HIGH; Alhnksare idle; CA bus inputs are IDD2PS2 VDD2 TBD | 1600 TBD | >
stable; Datébus inputs arstable IDD2PS,il VDDCA,vDDJ TBD | 100 | TBD 4
Idle nonpower-downstandby current: tCK = tCKmin; GKHIGH; IDD2N1 VDD1 T8D | 1.7 [ TBD
CS#isHIGH; Albanksare idle; CA bus inputs are switchibgita IDD2N2 VDD2 TBD | 33 | TBD | mA
bus inputs arstable IDD2Nin | VDDCAVDDQ TBD | 6 | TBD 4
Idle nonpower-downstandby currentwith clock stoppedCK= IDD2NS1 vVDD1 T8D | 1.7 [ TBD
LOW,CK#=HIGHCKEs HIGH; CS#HIGH; Albanksare idle; CA IDD2NS2] VDD2 TBD | 16 | TBD | mA
bus inputs arestable; Datébus inputs arstable IDD2NS,if vDDCAYDDQ | TBD 6 TBD 4
Active powerdownstandby current: tCK = tCKmin; GKEOW; CS# is IDD3P1 vbD1 TBD | 1200 TBD | >!
HIGH; One bank &tive;CA bus inputs are switching; Data bus inp| IDD3P2 VDD2 TBD 4 TBD | mA
arestable IDD3P,in| vDbcayDDQ [ TBD | 120 [ TBD | > [ 4
Active powerdownstandby currentvith clock stopCK=LOW, CK#= IDD3PS] vbD1 TBD | 1200 TBD | >!
HIGHCKESLOW;CS# is HIGI®nebank isactive;CA bus inputs are IDD3PS2 VDD2 TBD 4 TBD | mA
stable; Datebus inputs arstable IDD3PS,il VDDCADDQ [ TBD | 120 [TBD | >1 | 4
Active nonpower-downstandby current: tCK = tCKmin; GKEIGH,; IDD3N1 vbD1 TBD 2 TBD
CS#isHIGHOnebank isactive;CA bus inputs are switchirigata IDD3N2 VDD2 TBD| 35 | TBD | mA
bus inputs arstable IDD3Nin | vDDCAYDDQ [ TBD | 6 | TBD 4
Active nonpower-downstandby currentwith clock stopped CK= IDD3NS1 VDD1 8D 2 8D
LOW CK#=HIGHCKHs HIGH; CS#HIGHOnebank IDD3N2 VDD2 TBD | 24 | TBD | mA
isactive;CA bus inputs argtable; Databus inputs arestable IDD3NS,if vDDCAYDDQ | TBD 6 TBD 4
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Table43: IDD Specification and Conditions(X32yntinued)

i DataRate )
Parameter/ Condition Symbol PowerSupply Unit |Notes
-18 | -25 | -30

Operatingburst REARzurrent: tCK tCKmin; IDD4R1 VDD1 TBD 5 | TBD
CS#is HIGH between validommandsOne bank iactive;
BL= 4;RL=RL (MIN); CA bus inputs are switching; 50% dhtmnge IDD4R2 vDbb2 TBD | 220 [ TBD | mA
each burstransfer |DD4Rn VDDCA TBD 6 TBD
Operatingburst WRITEurrent: tCK = tCKmigS# iBlIGH IDDAN1 VDD1 TBD| 10 | TBD
between valilcommandsOne bank isctive;BL= 4;WL=
WLmin;CA bus inputs are switching; 50% deltange each burst IDDAN2 vbb2 TBD | 185 ] TBD | mA
transfer IDDAN,in | VDDCAYDDQ | TBD | 28 | TBD 4
All-bank REFRESH burst current: tCK = tCKmins EKEH between IDD51 VDD1 TBD | 15 | TBD
validcommands; tRC = tRFCabmin; Burst reft@sh;bus inputs are IDD52 VDD2 TBD | 130 | TBD | mA
Switching;Databus inputs arstable IDD5IN VDDCAVDDQ TBD 6 TBD 4
All-bank REFRE@Meragecurrent: tCK = tCKmin; CiSE IDD5AB1 VDD1 TBD 5 TBD
HIGH between validommands; tRC = tREEIA bus inputs IDD5AB2 VDD2 TBD| 35 | TBD | mA
are switchingPatabus inputs arestable IDD5AB,if VDDCAYDDQ | TBD 6 TBD
PerbankREFRESH¥eragecurrent: tCK = tCKmin; CIKE IDD5PB1 VDD1 TBD 5 TBD 5
HIGH between validommands; tRC = tREFI/BA bus IDD5PB2 VDD2 TBD| 35 | TBD | mA 5
inputs are switchingDatabus inputs arestable IDD5PB,if VDDCAYDDQ | TBD 6 TBD 4.5
Selfrefreshcurrent(¢cH p oob y p €K=0OW CK#=HIGH;CKEs IDD61 VDD1 TBD | 1200 | TBD 6
LOW:;CA bus inputs arstable; Dataus inputs arestable;Maximum IDD62 VDD2 TBD | 2500| TBD | > 6
1xself refrestrate IDD6IN | VDDCAYDDQ [ TBD | 100 | TBD 4,6
Deep powerdown current: CK= LOW,CK#=HIGH; IDD81 vDD1 TBD | 10 | TBD 7
CKHs LOW;CA bus inputs argtable; Datébus inputsare IDD82 VDD2 TBD| 30 [ TBD| >1 7
stable IDD8IN | vDDCAYDDQ | TBD | 30 | TBD 4,7

Notes: 1. IDDvalues areghe maximumof the distribution of the arithmetimean.

2. IDD current specificatioraretested afterthe device is properiyitialized.
3. The Lxself refresh ratdsthe rate atwhichthe device igefreshedinternally duringself refresh beforegoinginto the extended

temperaturerange.
. Measuredcurrentsarethe sum ofVDDQ an&/DDCA.
. PerbankREFRESSlonlyapplicable for LPDDR&4devicedensities1Gb ohigher.
. Thisis thegeneraldefinition thatappliesto full-array selfefresh.

~N o O b

. IDD6EBNd IDD8 are typical values, a@mpledonly, and arenottested.
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Table44: IDD@PartiatArray Self RefresiCurrent
VDD2, VDDQ, VDDEA.141.30V;VvDD1=1.70¢1.95V
PASR Symbol PowerSupply Unit
VDD1 1200
Fullarray VDD2 2500
VDDi 100
VDD1 1000
1/2 array VDD2 2000
VDDi 100
VDD1 900 >
1/4 array VDD2 1700
VDDi 100
VDD1 900
1/8 array VDD2 1500
VDDi 100
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ACand DQOperatingConditions
Operation or timinghat is notspecifiedsillegal.To ensure proper operatiote devicemustbe initialized properly.

Table45: Recommended DC Operati@gnditions

LPDDRZ4B .
Symbol - PowerSupply Unit
Min Typ Max
VED1 1.70 1.80 1.95 Core powet Y,
VDD2 1.14 1.20 1.30 Corepower2 \%
VDDCA 1.14 1.20 1.30 Input bufferpower \%
VDDQ 1.14 1.20 1.30 1/0 bufferpower \%
Note: 1. \bpiuses significantly leggower tharvbp2
Table 46: Input Leakageurrent
Parameter/Condition Symbol Min Max Unit Notes
Input leakage current For CA, CKE, CS#,CH; | ) ) A 1
. L - u
1'ye Ay MdzkopaafAll dther pinsiot undertest =0V)
VREF supplieakage current VREFD@VbDG2, or VREFCAVDDCAZ;
i IVREF -1 1 UA 2
(All other pinsnot undertest =0V)
Note: 1. Although DM idor input only,the DMleakage must match the Dahd DQS/DQSsutput leakagespecification.
2. Theminimum limit requirements for testing purposesTheleakage currenbn VrRercand VRerpginsshouldbe minimal.
Table 47: Operating TemperatuiRange
Parameter/Condition Symbol Min Max Unit
IT temperatureange -40 +85 s/
TcAsE
AT temperaturgange -40 +105 6/

Note: 1.Operatingtemperatureisthe casesurfacetemperatureat the centerof the top sideof the device.
For measurement conditions, refer to the JESRSthndard.

2. Some applicationsequireoperationin the maximumcase temperature rangdetweeny p alidunpe/ ® C2NJ a2YS [t 55
derating maybe necessary t@perate inthis range(see theMR4Device Temperature (MA[7:8]04h)table).

3. Eitherthe deviceoperating temperatureor the temperature sensor cape used to setan appropriataefresh rate, determine theeed
for ACtiming derating,and/or monitor the operating temperature (see Temperature Ser(gage47)).Whenusing the temperature
sensor, the actualevicecase temperature malge higher tharthe Tcaseating thatappliesfor the operating temperature range. For
example,Tcaseould beabovey p mtienthe temperature sensor indicatestemperature of lessthany p 6 / @

8 Rev.0.7May.Wm p



posilicon

FMT4DxxUAx
ACand DCLogic InputMeasurement Levels foBingleEndedSignals
Table48: SingleEndedACand DCInput Levels for CAand CS#nputs
LPDDRA066to LPDDR266 LPDDR-200to LPDDR200 .
Symbol Parameter - - Unit |notes
Min Max Min Max
VIHCA(AC) AC input logitlIGH VRer-0.220 Note2 VRer0.300 Note2 \% 1,2
VILCA(AC) AC input logitOW note 2 VRer0.220 note 2 VRer0.300 \% 1,2
VIHCA(DC) DCinput logicHIGH VRer0.130 VDDCA VRer0.200 VDDCA \% 1
VILCA(DC) DCinput logicLOW \/sscA VRer0.130 \/SscA VRer0.200 \% 1
VREFCA(DQ) Referencevoltagefor 0.49PVDDCA | 0.51RVDDCA | 0.49PVDDCA | 0.51RVDDCA vV | 34
CA and CS#iputs

Note: 1. ForCA and CS# inpanly pins. VREF¥REFCA(DC).
2. SeeFigure65s.

3. The AC peakoiseon VREFCA coufteventVREFCA frogheviatingmore than 51% VDDC#om VREFCA(D{pr reference,
approximatelyp12mV).

4. For referenceapproximately VDDCAEA2mV.

Table49: SingleEndedACand DCInput Levels forCKE

Symbol Parameter Min Max Unit notes
ViHaE CKEnput HIGHevel 0.8 XYDDCA Notel \% 1
VILCKE CKEnput LOWevel Notel 0.2 XYDDCA \% 1

Note: 1.SeeFigure65.

Table50: SingleEndedACand DC Input Levels for DQ amM

LPDDRA066to LPDDR266 LPDDR200to LPDDR200 .
Symbol Parameter - - Unit [notes
Min Max Min Max
VIHDQ(AC) | AC input logiélIGH VREF+0.220 Note?2 VREF+0.300 Note2 \Y, 1,2
VILDQ(AC) | AC input logitOW note 2 VRER.220 Note2 VREF.300 \% 1,2
VIHDQ(DC) | DCinput logicHIGH VREF+0.130 VDDQ VREF+0.200 VvDDQ Y, 1
VILDQ(DC) | DCinput logicLOW VSSQ VRE.130 VSSQ VRE.200 \Y, 1
Referencevoltagefor
VREFDQ(DC| ) 0.49XVDDQ 0.51XvDDQ 0.49 XvDDQ 0.51XVDDQ \% 3,4
DQand DMinputs

Note: 1. ForDQ inputonly pins. \REF=VREFDQ(DC)
2. SeeFigure65.
3. The AC peakoiseon VRerpgould preventVRerpdrom deviatingmore than 51%Vobpgfrom VRerFpQ(Dcffor
reference,approximatelyp12mV).

4. For referenceapproximatelyVopg2 p12mV.
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VREHF olerances
The DQolerance limitsand AGhoise limits for the referenceoltagesvREFCAndVREFD@reillustratedbelow.
Thisfigure shows a valideferencevoltageVREF(t) adanction of time.VDDs usedin placeofVDDCAorVREFC/And VDDQor VREFDQ.

VREF(D@ thelinear averag@fVREF(tpver a very long periodf time (forexample, Isecond)and isspecifiedas afraction of thelinear average
ofVDDQ orVDDCA, algeer a very long periodf time (forexample, Isecond).Thigveragemust meet theMIN/MAXrequirementsin Table48.
Additionally, VREF(tan temporarilydeviatefrom VREF(DC) by maore than 51% VDD VREF(t) cannot track noiseVDDQ@rVDDCA ifloingso
wouldforceVREF outside thespecifications.

Figure 56: W¥efDC Tolerance andre’ACNoiseLimits
'y

VRer(ac) NOise Vaerw)
M VREF(DC)max
VRerip == = XA~V -
________ — — (R — — — — — — — — — _V
— — — — R — DD/2

Voltage

VREFDCmin

The voltage level®r setup anchold time measurementsVIH(AC),VIH(DC),VIL@@)VIL(DQre dependenbnVREF.

VREDC variationaffect the absolutevoltage asignal must reach tachieve a valid HIGH bOW as well ashe time fromwhich setupand hold
timesaremeasured WhenVRERs outside the specifiedevels, devices wiflinction correctlywith appropriatetiming deratingsas longas:
wWVREF is maintaindzbtween0.44xVDDQ (orVDDCA) and 0.56 xXVDDQ (orVDB@A),

athe controller achieveghe required singleendedACand DCinput levelsfrom instantaneous/REKsee Table).

Systentiming and voltage budgetsust account forVRERviationsoutside this rangeThesetup/hold specificatiormndderating values must
include time and voltage associateithVREF AGoise. Timing and voltage effects dueAGnoiseonVRERp to the specified limir1%VDD)

areincludedin LPDDR@2mingsandtheir associatederatings.
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Input Signal

Figure 57: LPDDRIB6 to LPDDR2066 InputSignal

Wy, and W, levels with ringback

1.550v Vg + 0.3V

narrow pulse width

12000
Minimum V,, and W, levels Voo
Vinao

0BV 0820V Vintaa

0730V 0.730V Vinioa

gg?{;ﬁ gg?g —— Ve + AC nolse
DLEDOV 0500V =— Vg + DCerror
0.588V 0.588V =V - DCeior

—— e - AC notse

0576V 0578V
0470V 0470V Vimno
0.3B0V 0.380v Viuao
Vitac
0000V Vie
0350V V- D35

narrow pulse width

Notes: 1. Numbers refledypicalvalues.
2. For CA[9:0], CK, Chkathd CS¥bp stands for ¥pca ForDQ,DM, DQS, and DQS¥ppstands folVbbq
3. For CA[9:0], CK, Ckand CS#/ssstands forVsscaForDQ,DM,DQS, and DQS¥ssstands foiVssQ
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Figure 58: LPDDRZ0 to LPDDR200 InputSignal

Wy and WV, levelswith ringback
1550 — -

— Vg + 035V
narrow pulse width

- L -

1.200v Y
Minimum ¥, and Vi, levels e
v,
0.900V AT 0.900v Viiac
0.800V 0.800v Viniog
o o YA
0.600V 0.600V oo T
— Vo - DL error
0.58EV 0.588 VDAL nole
0.578V 0576V REF
0400V 0.400 Voo
0.300V 0.300V Viviag

Viiao

0.000¢ Vi

03500 Wog - 035V

narrow pulse width

Notes: 1. Numbers refledypicalvalues.
2. For CA[9:0], CK, Chkathd CS#/bp stands for W¥pca ForDQ,DM, DQS, and DQS¥ppstands folobq
3. For CA[9:0], CK, Ckathd CS#¥/ssstands forVsscaForDQ,DM, DQS, and DQS¥ssstands folssq
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Figure 59: DifferentiaRCSwingTimeand tDVAC

Differential Voltage

A

0.0

VIH,diff(AQmin — —

ViH,diff(DOmin —

VIH,diff(DOmax T

tDVAC

1/2 cycle

VIH,diff(AC)max T

CK, CK#
DQS, DQS#

e
Table51: Differential ACand DC Inputevels
ForCK andCK#, ¥e= VRercarfFor DQSand DQS#/REFVREFDQ(DC)
LPDDR2A066to LPDDR266 LPDDR200to LPDDR2200 )
Symbol Parameter - - Unit |notes
Min Max Min Max
ViH dif(ac) | Differentialinput HIGEAC | 2 P(MH(AC)y VREY notel 2 B(MH(acy VRej notel \% 2
ViLdiff(ac) | Differentialinput LOWAC notel 2 R(MiH(ACK VRE} notel 2 R(VREFVIL(AC) \% 2
VIiH,diff(DC) Differentialinput HIGH 2 P(ViH(DCy VRER note 1 2 P(ViH(DCy VRE note 1 \Y; 3
VAL, diff(DC) DifferentialinputLOW notel 2 R(VREFViL(DO) notel 2 R(VREFViL(DO) \% 3

Notes: 1. These values amot defined,however thesingleended signals CK, CIK¥S, and DQ$#ustbe withinthe respective limits
(ViH(ooymax MLocymip for singleended signals and must complith the specified limitations foovershoot andundershoot (see
Figure6b).
2. ForCK andCK#, use MViLacpf CA and/rercafor DQS and DQS#se W ViLiacpf DQand VRerpglf areducedACHIGH or AC LOW is
used forasignalgroup,the reducedvoltage levehlsoapplies.
3. Usedto definea differential signal slewate.
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Table52: CK/CK# and DQS/DQ%#ne Requirements Before Ringba¢iDVAC)

tDVAC(ps) aviH/V ILdiff(AC)=440mV tDVAC(ps) at M/V ILdiff(ACy=600mV
SlewRate(V/ns) - -
Min Min
>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
14 159 22
1.2 155 13
1.0 150 0
<1.0 150 0

SingleEndedRequirements for Differentiabignals

Eachindividualcomponent of a differential signal(CK, CB®Sand DQS#nust also complyvith certain requirements fosingle

endedsignals.

CKand CK#nust meetVSEH(AC)min/VSEL(AC)maxery haltycle.DQS, DQS#ust meetVSEH(AC)min/VSEL(AC)max in every half cycle
precedingand following a valittansition.

TheapplicableAC levelgor CA andQ differby speedbin.

Figure 60: SingkEnded Requirements for Differenti@ignals
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