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Dosilicon FMN1xD5SBB-50IA

StackedMulti -ChipProduct(MCP)
1.8VNANDFlashMemory and Mobile DDR

1. MCPreatures

wSupplyoltages : 1.8W0peration wPackagfype:

- VCC 1.7V~1.95Mor Core/IOPower - 130-ball FBGA8.0x9.0mm, 1.0T, 0.65mnBallPitch
wOperating TemperaturBange - Lead & HalogeRree

- Industrial Part : -40aC~850C

2. MCPSelectionGuide

DRAM Individual Datasheet
MCPPartNumber Flash LRDRAM Fre PKGType
q: Flash LRDRAM
FMN1SD5SB®EIIA 1Gx16 512Mbx16 200MHz FMND1G16S3B FMD8C16LAR5EX 130ball
FMN1EDS5SB®IIA 1Ghx8 512Mbx16 200MHz FMND1G08S3B FMD8C16LAR5EX 130ball

3. MCP Blocbiagram

MNAND Flafih MNAMD Flash

MAMND Flash .
Device Interface

Powvwer

- LP-DRAM
LFE)EE? EM Interface

LP-DRANM Powvver

Rev.0.6, Feh 20
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4. MCP Part Numbering§ystem

EM

Dosilicon
Memory

1~

ProductFamily

N: NAND+ Mobile DRAMVICP

Flaerensny/Org
256M E:x8
512M Sx16
1G

2G

4G

-bl\)l—‘(J'lCD

DR DR
S :SDR
D: DDR

SDR/DDFIDensny/Org
128M Sx16
256M T:x32

: 512M
1G
2G

I\JI—‘U‘IO‘)(}O

Core/lOVoltage

D:x32(DoubleStack)

A 3.3V
B 1.8V

Index

B :NANDGeneration

-|;PackingType

T :Tray
R: Tape andReel

—Packagelype
A : 8mmx9mm, 130allFBGAL1.0Tmax B :
10.5mmx13mm, 13ballFBGA
C: 10.5mmx13mm, 10ballFBGA
D: 8mmx9mm, 13Mall FBGAL.2Tmax

Temperature
C.0t ~70+ E:
25t ~85
|:-40t ~85

DRAMSpeed
15: 66MHz
12: 83MHz
10:100MHz
75:133MHz
60:166MHz
50:200MHz

Rev. 0.6, Feb. ®0
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5-1. MCP Packagdein Configuration(130-ball FBGATopView) NAND

(x16)+ DDR(x16)
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5-2. MCP Packadein Configuration(130-ball FBGATopView) NAND

(x8)+ DDR(x16)
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Dosilicon FMN1xD5SBB-50IA

5-3.130-ball FBGA Package Dimension (8.0m&Gmm)

Al CORNER [ 8002010 ————p—| 10751010 —=
INDEX AREA Do a7 e s 45 s i/M
A oooooooooo——*—
B oo QOoolo0 000 0——
c ocoocoooloocooo
D ococoooloooo0oO &9
£ OCO0QOD000O0O0 el &
= Fl ooooolooocoo N
T ——* - y 61 —cG HO o—t By
= H D00 O000O0CO0O0 13
J el eReNeNellcleNeNeNo] I
K sl sNeNeoNellcNoNeNoNe! pa)
L 0D000O00000O0 =
M O0CO0000000O0 l
N pO00O000000—
/ L1 _{
A
130x#0.300£0.050 J
I0P VIEY [# |Bors ®[C]A[B]

BOTTOM VIEW

1.0MAX

! |
[ | |

1

SIDE _VIEW

Rev.0.6, Feh 20



posilicon 1Gbit NAND FLASH

FMND1GXXX3B

3V/1.8V, x8/x16 1G-BIT NAND FLASH
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Documentditle
1Gbit(128Mx8Bit, 64Mx16Bit) NANELASH

RevisiorHistory

Revision History Draftdate Remark

No.

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

01 Added EC@formation Sep.16.2013
Updated operating voltage range of 1.8V device

0.2 Added 63B FBGA packatjmension Oct.22.2013

0.3 Changed ECS&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 Bloclkeroretention(1K withECC) Jun.1.2015 Final

Rev.07Jun. 1. 20152
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1Gbit NAND FLASH

FEATURES

y X8/X16 I/OBUS
| NANDInterface
i ADDRESDATAMultiplexing

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

y PAGERREAD PROGRAM

T x8:(2048+64 spardyyte

| x16:(1024+3X%pare) worcpage
i Synchronou®ageReadOperation
i
I

Randonaccess: 25us(Max)

Serialccess: 45ns(1.8V)
25ns(2.7/3.0V)

T Pageprogramtime: 200us(Typ)

y PAGEEOPYBACK
T Fast datacopy without externabuffering

y CACHE PROGRAM
T Internal bufferto improve the progranthroughput

y REAODCACHE
y LEGACY/ONEIO COMMANISET

y FASBBLOCIKRASE

i Blocksize:
x8:(128K + 4Kytes
x16:(64K+2Kyvords

i Block erase time: 2m3yp)

y MEMORYCELRBRRAY
T x8:(2K + 64pytesx 64pagesx 102dblocks
K x16:(1K + 32jvordsx 64pagesx 1024locks

Yy ELECTRONSIGNATURE
[ Manufacturer Code
| Device Code

y STATUREGISTER
Y HARDWARBATAPROTECTION

y DATARETENTION

I Oycling 100KProgram/ Erasecycles

| Data retention:10 Yearg4hit/512byte ECC)

i 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

Dosglicon
Memory

ProductFamily

]

ND :NAND
Density

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

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

- XX

Packagdype
0 : BareDie
W :KGD
A
B
C
D
F
L Temperature
C : Commercial0aC~7@C)
E : Extended-250cC~8%C)
I : Industria(-40cC~8%C)
—— Generation
B 2 "

Classification

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

: 12 x20 mm? (TSOP1 48)-ROHS & Halogémee
: 12 x17 mm? (ULGA 52i-ROHS HalogerFree
© 9 x9mm? (48 FBGA)ROHS & Halogéiree
: 9 x 1Imn? (63 FBGAY-ROHS HalogerFree
: 6.5 x 8mm? (67 FBGAW-ROH HalogerFree

Rev.0TJun. 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 x16iti@rface.

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

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

connected Flash cells.

Program operation allowthe 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
allowsa reducedpin countandeasymigrationtowardsdifferent densitieswithout anyrearrangemenof footprint.
Commands, Data and Addresses are synchronously introduced usin E£#&LE and CLE inppin.

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

This device supports ONFI Eifecification.

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 VCRANGE 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
FMND1G08U3B X8 2.7¢3.6Volt FBGATSOP
FMND1G16U3B X16 2.7¢3.6Volt FBGATSOP

Rev.07Jun. 1. 2015§
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Vce

DQGDQ7(x8)
@&t —O
WEE DQGDQ15x16)

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. 2015]
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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]S(XlG) inputs are latched on the rising edge of Write Enable(WE#) The I/O buffer float to HighZ when the deviceis

deselectedor the outputsare disabled
COMMAND LATCH ENABLE

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

ALE Thisinput activateghe 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 Dafae DQnputs are latched othe rise edge ofWE#.
REAIENABLE

RE# TheRE#nput is the serialdata-out control, and when activedrivesthe dataonto the I/O bus.Datais valid
tresafter the fallingedge of RE# which also incremetts internal columnaddress 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 powerfor all the operations(ReadWrite, Erase)Aninternallock circuit preventthe
insertionof Commandsvhen Vcdsless tharViko

Vss GROUND

NC/ DNU NOT CONNECTE®R h b USE

Notes:

Table2 : pindescription

supply.The PCBack widths must be sufficierio carry the currents required during program and erageerations.

Rev.07Jun. 1. 20153
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1.3 Functional blocldiagram

ADDRESS
REGSTER
ﬁ /
COUNTER
v
A T
PROGRAMERASE
CONTROLLER/
GENERATION X
. . D
1024 Mbit+32Mbit E
S C
j' NANDFLASH le)
D
id > MEMORWYRRAY E
CE# R
WP > COMMAND -
INTERFACE
LOGIC
RE#
—
COMMAND L PAGBUFFER
ﬁ REGSTER
> Y DECODER
A
DATA
— REGSTER
BUFFERS

Figure 2 blockdescription

Rev.07Jun. 1. 20159
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1.4 Addressole
DQO DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 DQ7
1 Cycle A0 Al A2 A3 Ad A5 A6 A7
2 Cycle A8 A9 A10 All 0 0 0 0
3T Cycle Al2 Al13 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 DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 DQ7
T Cycle A0 Al A2 A3 A4 A5 A6 A7
2" Cycle A8 A9 A10 0 0 0 0 0
37Cycle A1l A2 A13 Al4 A5 A6 AL7 A18
4" Cycle A19 A20 A21 A22 A23 A24 A25 A26

Table4 : Address cycle Max16)

A0¢ A10 :word (column)addressn the page All
¢ Al6 : page address the block
Al17¢ A26: blockaddress

Rev.07Jun. 1. 2015)0
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1.5 Commandset

v | e | w | e [

FUNCTION CYQLE CYCLE CYCLE CYCLE during busy
READ 00h 30h - -
READ FOR COBAXCK 00h 35h - -
READD 90h - - -
RESET FFh - - - Yes
PAGEPGM (start) CACHEGM(end) 80h 10h - -
CACHBGM(Start/continue) 80h 15h - -
COPY BAGGM 85h 10h - -
BLOCK ERASE 60h DOh - -
READ STATUS REGISTER 70h - - - Yes
RANDOMATANPUT 85h - - -
RANDOMATAOUTPUT 05h EOh - -
READ CACHEEQUENTIAL) 31h
READ CACHE ENHAN@&ADNDOM) 00h 31lh - -
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

Rev.07Jun. 1. 2015)1
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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 commandghat startsa modify operation (write/erase)the Write Protectpin mustbe high. SeeFigure3

and Table19 for details of the timingsrequirements Commandcodesare alwaysappliedon 10<7:0>, disregardingthe bus
configuration(X8/X16).

2. Addressinput.

Addressinput bus operation allowsthe insertion of the memoryaddress Toinsertthe 28 addressesieededto accesshe 4
clock cycles(x8 version) are needed Addressesare acceptedwith ChipEnablelow, AddressLatch EnableHigh, Command
LatchEnablelow and ReadEnableHighand latchedon the risingedgeof Write Enable Moreoverfor commandghat startsa
modify operation (write/erase) the Write Protect pin must be high. SeeFigure 4 and Table 19 for details of the timings
requirements Addressesre 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 ChipEnablelow, 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. Datacanbe 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 conditionmodify operationdo not startand

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

6. Standby

In Standbythe deviceis deselectedputputsare disabledand PowerConsumptiorreduced

Rev.07Jun. 1. 2015)2
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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
addresss 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 datan a page instead of the consecutive sequential datsvriting 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 cyi@ot necessaryo start aread operation. Anyoperation

other thanreador random data outputausegievice to exiread mode.

Check Figure 9,10,11 eferences.

2. ReadCache

TheRead Cache functigrermitsa pageto be read from the pageesgisterwhile 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 functianaybe issued after th&®eadfunctioniscomplete (SR[GF set to one).Thehostmay enterthe
address of thenext page to beeadfrom the Flash array. Data output always beginsa@timnaddress 00h. If the host does
not enter an address to retrieve, the next sequential page is rddtenthe Read Cache function is issued, SR[6] is cleared
to zero (busy)After the operationis 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 (readfhenthe 31h and 3Fkommandsare issued, SR[6] shia# cleared tozero
(busy) until the page has finished being copied from the Flash arnahost shall not issue a sequential Read Cache (31h)
commandafter the last page of the device is read. Figliedefinesthe

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

Read Cache behavior atichings forthe end of cach@peration.

3. PageProgram.

Thedevice iprogrammedbasicallyby page, butt 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 progcywcie.

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

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

Theserial data loading period begiryy inputting the Serial Data Inpgbmmand(80h), followedby the 4 cycle
addressnputsandthen 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 regardlessof
how manytimesit isdonein a page

The PageProgramconfirm command(10h) initiates the programmingprocess The internal write state controller
automaticallyexecuteshe algorithmsandtimingsnecessaryor programand verify, thereby freeingthe 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 (1/0 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 successfullyprogrammedto "0"s. The commandregisterremainsin ReadStatuscommandmode until another
validcommandiswritten to the command register. Figurel4 andFigurel5 detailthe sequence

4. CopyBackProgram

The copy-backprogramis configuredto quicklyand efficiently rewrite data stored in 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 performinga 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 1056nvord (XL6 device)datainto the

internal data buffer. Assoonasthe devicereturnsto Readystate, optional datareadout is allowedby togglingRE#por 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 andFigurel?7 showthe commandsequencdor the copy-backoperation

5. CacheProgram

CacheProgramis an extensionof the standardpage program which is executedwith two 2112 bytes(»8 device)or 1056
words(XL6 device)registersthe dataandthe cacheregister.

In short, the cacheprogramallowsdata insertionfor one pagewhile programof anotherpageis 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 data registerfor cell programming At this time the deviceremainsin Busystate for a shorttime (tpcask
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 sequence80h ¢ 15h equalsthe time neededto transferthe dataof cacheregister to the data
register. Cellprogrammingof the data of data registerand loadingof the next datainto the cache registeris consequently
processedhrougha pipelinemodel.

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 detalil:

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

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

I/0O<1>maybe read together with I/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) is used 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 eraseconfirmcommandnput, the internalwrite controllerhandleseraseand eraseverify.

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

Figure 20 detailthe sequence.

7. ReadStatusRegister

Thedevicecontainsa StatusRegistewhich 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 toggled for 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 Stétaisced
Cache
Page Block Cache Program/
© Program Erase e Read Cache SO
reprogram
. . NA Pass/Falil N page
0 | Pass Fail Pass Fail NA PassWn QOWa@BnAf Y
NA Pass/Fall N-1page
1| NA NA NA PassWn Q W@KDA 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 LRf SYOMO
6 | Ready/Busy | Ready/Busy | Ready/Busy | Ready/Busy Ready/Busy Da:jtgécqécr\l(e R&ag/gusyw 5 RaYOmO
7 Write Write Write Write Write ProtectedWn Q |
Protect Protect Protect Protect Protect b2u0 t NRUSOUSRY WYmQ
Table7 : Status RegisteCoding
3.9ReadID.
Thedevice contains a product identificationode, initiated by writing 90h to the commandregister, followedy an address
input of 00h.
DENSITY ORG. VCC 15 2 3 40
X8 3.0v F8h Flh 80h 91h
1Gbit X16 3.0v 00F8h Cilh 80h D1h
: X8 1.8v F8h Alh 80h 11h
X16 1.8v 00F8h Blh 80h 51h
Table8: Read IDor supportedconfigurations
DEVICE IDENTIFEBRTE DESCRIPTION
1% Manufacturer Code
2 Deviceldentifier
3 Internal chip numbergell(i & LIS = X ®
4m Page Size, Blo8ize Spare Sizé)rganization

Table9 : ReadD bytesmeaning
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Description DQ7 DQ6 DQ54 DQ32 DQZX0
1 00
. 2 01
Internal ChipNumber 4 10
8 11
2 LeveCell 00
CellType 4 Levelell 01
8 Levelell 10
16 Levelell 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 | DQ10
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 SparéArea) 256KB 10
512KB 11
L X8 0
Organization X16 1
. . 50ns/45ns 0 0
Serial Accesbime 25ns 1 0
Reserved 0 1
Reserved 1 1

Table11 :4" Byte of Device Identifiddescription

Toretrieve the ONFIsignature the command90h togetherwith an addressof 20h shallbe entered(i.e. it isnot validto enter
an addressof 00h andread 36 bytesto getthe ONFisignature) TheONFIsignatureisthe ASCllencodingof W h b viher€¥ h=Q
4Fh, W b=QEh,¥ G &6h, and W E 43h. Readingoeyondfour bytesyields indeterminatevalues Figure22 showsthe operation
sequence

3.10Reset.

Thedeviceoffers a resetfeature, 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
alteredare no longervalid, asthe datawill be partially programmedor erased Thecommand
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registeris clearedto wait for the next command,and the StatusRegisteris clearedto value EOh 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 trsafter the Resecommandis written (seeFigure23).

11. ReadParameterPage

ThewSI R t NI YSGSNItF3AS FdzyOQiiAz2zy NBGNASGSE (GKS RIGEF &0dNUzOG
and other behaviorgbarameters Figure 24 defines the Read Parameter Phagleavior.

Valuesn the parameterpage are static and shall nohange. Thé&ostisnot required to read theparameterpage after

power managemenévents.

TheChange Rea@olumncommand can be issued during execution of the Read Parametet®eggel specific portions of

the parametermage.

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

Read Statusommand,00h shalbe issuedby 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 ParameteoriRaged.

12. Parameter Page Dat&tructureDefinition

Table 12 defines the parameter page data structli@.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 fas
an 8bit data access device). For exampie, chip will returnhow manydatabytesare in a page.

For a device that supports 46t data access, the hostrequired to convert byte valugs word valuesfor itsuse. Unused
fields shoulde cleared toOh.

Formore detailed information about Parameter Page Data biééer to ONFI Specification 1.0 sectiémi.1

Byte O/M | Description

Revision information and featurelslock
0-3 M Parameter pagsignature
Byte 0:4Fha h ¢
Byte 1:4Ehg b ¢
Byte 2:46h& C €
Byte 3:49h& L €

4-5 M Revision number
2-15 Reserved0)
1 1 =supports ONFI versidh0
0 Reserved0)

6-7 M Featuresupported

5-15 Reserved0)

1 =supports odd to even pageopyback

1 =supports interleaveaperations

1 =supports norsequential pag@rogramming
1 =supports multipld.UNoperations

1 =supports 16bit databuswidth

89 M Optional commands supported-%

Reserved0)

1 =supportsReadUniquelD

1 =supportsCopyback

1 =supportsReadStatusEnhanced

1 =supports Get Featureand SetFeatures

1 =supportsRead Cach&8ntegrit

1 =supports Page Cache Program command

OFRL NWM

OFrR, NWA~OO

10-31 Reserved0)

Manufacturer informationblock
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Byte O/M Description
32-43 M Device manufacturer (12 AS€Ehharacters)
44-63 M Device model (20 ASCHaracters)
64 M JEDEC manufacturé&
65-66 (0] Datecode
67-79 Reserved0)
Memory organizatiorblock
80-83 M Numberof data byteger page
84-85 M Numberof spare bytes pgpage
86-89 M Numberof data byteger 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 addresgycles
4-7 Columnaddressycles €8
Row addressycles
102 M Numberof bits percell
103104 M Badblocks maximum pdtUN
105106 M Blockendurance
107 M Guaranteed valid blocks at beginnioigarget
108109 M Blockendurance for guaranteed valiocks
110 M Numberof programser page
111 M Partial programming attributes-5
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 EC€orrectability
113 M Numberof interleaved address bits-24
Reserved0)
0-3 Numberof interleaved addreshits
114 O Interleaved operation attributes -Z
Reserved0)
3 Address restrictions for prograoache
2 1 =programcachesupported
1 1 =no block addressestrictions
0 Overlapped concurrent interleavingupport
115127 Reserved0)
Electricalparametersblock
128 M 1/0O pincapacitance
129130 M Timingmode support
6-15 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 mod®, shallbe 1
131-132 (e} Programcachetiming mode support &5
Reserved0)
5 1 =supports timing modé&
4 1 =supports timing modd
3 1 =supports timing mod&
2 1 =supports timing modé&
1 1 =supports timing modé&
0 1 =supports timing mod@®
133134 M trrodVlaximum page program tim@s)
135136 M teserMaximum block erase tims)
137-138 M trMaximum 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 ParametelPages

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
Tablel3: 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 18v 57V 30V Unit
Ambient Operating Temperature (Temperature Range Optipn 0to 70 O0to70 | Oto70 o
Ta
Ambient Operating Temperature (Temperature Range Ogijon C4805t0 C4805t0 C4805t0 o
. 50to 50to 50to
Taias Temperature UndeBias c125 C125 c125 o
¢65to ¢65to ¢65to
Tste StorageTemperature 150 150 150 o
Vio Input or OutputVoltage <02'67t0 C%G; ° c0466to \%
0.6to 0.6to 0.6to
Vee Supplyoltage ¢ 27 ¢ 46 G 4.6 \%
Tablel4: Absolutemaximumratings
Symb " 1.8Volt 2.7Volt 3.0Volt .
Parameter N TestConditions Min T Typ | Max | Min | Typ | Max | Min | Typ | Max Unit
Sequetial tre=50ns, CE#3Y
Operating | Read lcct lou=0mA - 10 20 - 15 30 - 15 30 mA
Current  "5r55ram locz n T [ 10 20| - | 15 | 30 | - | 15 | 30 | mA
Erase Iccs - - 10 20 - 15 | 30 - 15 30 | mA
Standby Current(TTL) | CE#=W, S -] - 1 1 | mA
cce WPH=0V/Vcc
StandByCurrent CE#=¥c0.2,
(CMOS) lccs WP#=0N\¢c - 10 50 - 10 50 10 50 UA
Input Leakag€urrent I Vin=0 to Vdmax) - - 510 - - 510 - 10 uA
OutputLeakage
Curfent g Lo Vour0to Vec(max) - - 510 - - 510 - 10 UuA
. 0.8x Vee 0.8x Vee 0.8x Vee
Input High Voltage ViH - Ve +0.3 | Vee +0.3 | Ve +0.3 \Y
0.2x 0.2x 0.2x
Input LowVoltage ViL - -0.3 Vee | 03 Veo | 03 Voo \Y
Output Highvoltage v lon=-100uUA \éc‘i - \gj - v
OH . .
Level Tor=-400uA 2.4 - - \
Output Low/oltage V. lo.="100uUA - - 0.1 _ - 0.4 v
Level oL lor=2.ImA - N 04 | V
Output LowCurrent loL Voi=0.1V 3 4 - 3 4 - 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 Vee 0Vto Vec 0Vto Ve
Input Rise and Fallimes 5ns 5ns 5ns
Input and OutpufTimingLevels Veel 2 Veel 2 Veel 2
1TTLGATENd 1TTLGATENd 1TTLGATENd
Output Load (1.7 1.95V & 2.5V 3.6V
P (1.7¢ ) CL=30pF CL=30pF CL=50pF
Tablel6: ACTestConditions
Item Symbol TestCondition Min Max Unit
Input / Output Capacitancl) Go Vi =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 teers - 2.0 10 ms
Read Cachbusytime treasy 3 tr us

Tablel8: Program / Eras€haracteristics
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1.8 Volt 2.7 Volt 3.0 Volt

Parameter Symbol Min Max Min Max Unit
CLE Setup time ters 10 10 10 ns
CLE Hold time toln 5 5 5 ns
CE# Setup time tes 20 15 15 ns
CE# Hold time ten 5 5 5 ns
WE# Pulse width twe 15 10 10 ns
ALE Setup time tals 10 10 10 ns
ALE Hold time taLy 5 5 5 ns
Data Setup time tos 10 7 7 ns
Data Hold time {i5pa 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 {tan 100 70 70 ns
Data Transfer from Cell to Register  tg 25 25 25 us
ALE to RE# Delay tar 10 10 10 ns
CLE to RE# Delay telr 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 twe 100 100 100 ns
Read Cycle Time tre 45 25 25 ns
RE# Access Time trea 30 16 16 ns
CE# Access Time tcea 45 25 25 ns
RE# High to Output i truz 100 100 100 ns
CE# High to Output Hi tonz 30 30 30 ns
/91 1 A3IK G2 19 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 truw 100 100 100 ns
WE# High to RE# Low twur 60 60 60 ns
Device Resetting Time tasr Sé %)%/ Sé %)%/ Sé é%/ us
(Read/Program/Erase) 1) ) 1)
Write protection time tww 100 100 100 ns

Table19: ACTimingCharacteristics

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

CLE % *
[ tcLs «—tCLH

- « c »+—tcH
CE i\ }V

Y

w

\‘ taLs > taLH
ALE I }

tDs—t+—tDH

I1ox Command
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Figure 5 inputData LatclCycle
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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 afteRead
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1/Ox ‘ out >O( Dout
2
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/ {t
R/B 1
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
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6 Bad Blockvlanagement

Devices with BaBlockshavethe samequality level and thesameACandDCcharacteristics as devices where #ie blocks

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

source lineby a select transistorThedevices aresuppliedwith all the locations inside valid blocks erased(FHmBad Block
Informationiswritten prior to shippingAny blockwherethe 1st Byte ithe 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 Informatiommay be erased. Fothe system to be abléo recognize the BaBlocksbased on the original informatiaihis
recommended to create a Bad Block table followingftberchart

START
Block Address=
Block O
Increment
Block Address
F

Datait Update

=FFh? Bad Block table

END

Figure29: Bad Block Managemefiowchart
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Overthe lifetime of the device additional Ballocks maylevelop. In this case the block hadsreplacedby copying the
data to a valid block. These additio®ldBlocks 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 tresst of the replaced block to an available vatitbck.

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 Caorrection

Figure30: BlockFailure

Block Replacement floigasbelow
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Figure31: Bad BloclReplacement
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7 SupportedPackages
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7.5Ball Assignment: 67/BallFBGABallsDown, Top View)a
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DDRSyncDRAMFeatures

AFunctionality

- Doubledatarate architecture ;two datatransfers
per CLKycle.

- Bidirectionaldatastrobe per byte datgDQS).

- No DLL CLKo DQS ismot Synchronized.

- Differential CLKnputs(CLK andCLK).

- Commandntered oneachpositive CLEKdge.

- DQS edgaligned with datdor Reads;
centeraligned with datdor Writes.

- Fourinternalbanks for concurrergperation.

- Data mask¢DM)for maskingwrite dataonemask per

byte.
- Programmable burdengths: 2, 4, 816.

ALow PowerFeatures
- Lowvoltagepowersupply.
- Auto TCSRTemperatureCompensatedelfRefresh)
- PartialArray SelfRefreshpower-savingnode.
- DeepPowerDownMode.
- DriverStrengthControl
AOperating Temperatur®anges
- Commercia(0t to+70t ).
- Extended-25t to+85t ).
- Industrial(-40t to+85t ).
APackage
- 60-BallFBGA 8 X9 X0.8mm)

AFunctionalDescription

- Programmable CAS Latency3.2,

- Concurrentauto pre-charge optiorissupported.
- Auto refreshandself refreshmodes.

- Statusreadregister(SRR)

The FMDBBB16LBxFamilyis high-performanceCMOS Dynamic
RAMs(DRAM)organizedas 32M x 16. These devicesfeature
advanced circuit design to provide low active current and
extremelylow standbycurrent Thedevice is compatiblewith the
JEDES&tandardLowPowerDDR SDRAMpecifications

- LVCMOSompatibleinputs.
AcConfiguration
- 32Meg X 16 (8Meg X16 X4Bank).

Logic BlocPiagram
[ ] Refresh
IeLK » Self Input Data DMOC
— Reresh > Cortroller
N nik —
gtlé E’U; " Courter g T l:‘angnkl | Logic DM1
/CS g RowActive * 5 é % g Bank0
> »Row Pre > o)
LVE, |18 | Decoder 2l 8 & 8M x16
ﬁﬁ%’ 2 »| 28 Memory
L0y (3 ' sl g Array DataStrobe DOS
ColumnActive * Receiver [« DS
> DQS1
Column [Columndecoders | l
Pre_ Senseamp
Decoder ) [ Data
Input
l I I il Register
T Write Drivers DA%
SN 15
M Column DM Mask DQ
Add Data
Courter ] Out_put
> 7y Register
a Address Burst 7y
2 i urs
roAL2 |8 Register Lengh
BAOBAL . | CAS e
S ataStrobe
o) [ ModeRegister Latency DataOutControl Transmitter —>DbQsa
3 DQS1
SelectionGuide
) Voltage Clock Accesgime(tad
Device Frequency tRCD tRP
VDD VDDQ CL=2 CL=3
200MHz 5.0ns 15ns 15ns
FMD8C16LAR5EX 1.701.95V | 1.70:Vpp
83MHz 6.0ns 15ns 15ns
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Pin Configuration

60 ball 0.8mm pitch FBGA(8mm x 9mm)
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GeneralDescription

The512vib LowPowerDDRSDRAMSs a high-speedCMOSdynamicrandomaccessmemory containing 536,870,912
bits. It is internally configuredasa quadbank DRAM Eachof the 134,217,728 bit banksis organizedas 8,192 rows by
1,024 columnsby 16 bits.

The512Mb LowPowerDDRSDRAMisesa double data rate architectureto achievehigh-speedoperation Thedouble
data rate architectureis essentiallya 2n-prefetch architecturewith aninterface designedto transferfour datawords
per clockcycleat the I/O balls A singleread or write accesdor the 512Mb DDR SDRAMeffectivelyconsistsof a single
2n-bit wide, one-clockcycledatatransferat the internal DRAMcore andtwo correspondingn-bit wide, one-half-clock
cycledatatransfersat the 1/0 balls

Abidirectionaldata strobe (DQS)s transmitted externally,alongwith data,for usein data captureat the receiver DQS
is a strobe transmitted by the Low Power DDRSDRAMluring READsnd by the memory controller during WRITES
DQSis edgealignedwith data for READsnd centeralignedwith data for WRITESThe x16 offering hastwo data
strobes

The512Mb LowPowerDDRSDRAMperatesfrom a differential clock(CLKand /CLK) the crossingof CLK goingHIGH
and /CLKgoing LOWwill be referred to asthe positive edge of CLK Commandgaddressand control signals)are
registeredat every positive edgeof CLKInput datais registeredon both edgesof DQS, and output datais referenced
to both edgesof DQSaswell asto both edgesof CLK

Readand write accesseso the Low Power DDRSDRAMare burst oriented, accessestart at a selected location and
continuefor a programmednumberof locationsin a programmedsequenceAccessebegin with the registrationof an
ACTIVEommand,whichis then followed by a READor WRITEEommand The addresshits registeredcoincidentwith
the ACTIVEEommandare usedto selectthe bankandrow to be accessedTheaddresshits registeredcoincidentwith
the READr WRITEEommandare usedto select the bankandthe startingcolumnlocationfor the burstaccess

The Low Power DDRSDRAMprovidesfor programmableREADor WRITEburst lengths of 2,4,8 or 16. An auto
prechargefunction may be enabledto provide a selftimed row prechargethat is initiated at the end of the burst
access

As with standard SDRSDRAMsthe pipelined, multibank architecture of Low Power DDRSDRAMsallows for
concurrentoperation,therebyprovidinghigheffectivebandwidthby hidingrow prechargeandactivation time.

Anauto-refreshmodeis provided,alongwith a power savingpower-down mode. Selfrefreshmode offers temperature
compensationthrough an on-chip temperature sensorand partial array self refresh, which allow usersto achieve
additional power saving The temperature sensoris enabled by default and the partial array self refresh can be
programmedthroughthe extendedmoderegister.

Notes:

1. Throughoutthe datasheet,the variousfiguresandtext refer to DQsasa 5.9 TheDQterm isto be interpreted as
any and all DQcollectively,unlessspecificallystated otherwise Additionally,the x16 is dividedinto two bytes For
the first byte (DQ¢DQ7) DM refersto DM0O andDQSrefersto DQ®. Forthe secondbyte (D(B¢DQL5) DM refersto
DM1 andDQSrefersto DQS.

2. Complete functionalitysdescribed throughouthe documentandanypageor diagrammayhave been simplified to
convey a topic anthaynot be inclusive of atequirements.

3. Anyspecificrequirementtakesprecedenceoverageneraktatement
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Pin Description

Symbol

Type

Description

CLKICLK

Input

Clock:CLK ishe system clock inpuCLK andCLKaredifferential clock inputsAll addressand control
input signalsare sampledon the crossing of theositive edgeof CLK and negative edge
/CLKInput andoutput dataisreferencedto the crossingpf CLKand/CLK(both directionsof the
crossing).

CKE

Input

Clockenable:CKEHIGHactivatesand CKE.OWdeactivates thenternalclock signalsnput buffers,and
output drivers. TakinEKE.OW allows PRECHARG#er-downandSELF REFRESH operatfiaihs
banksidle), or ACTIVE poweown (row activein anybank). CKE synchronoufor all functionsexpect
SELF REFRES#. All inputbuffers (exceptCKEare disabledduring powerdown andself refresh
modes.

ICS

Input

Chipselect:/CSenableqregisteredLOW)anddisableqregisteredHIGHYhe commanddecoder. All
commandsare maskedwhen/CSis registeredHIGH/CSprovidesfor external bankselection on systems
with multiple banks. /C% consideregbart of the command code.

/IRAS/CAS,
IWE

Input

Commandnputs:/RAS, /CASnd/WE (alongwith /CS) definghe commandbeingentered.

DM0OcDM1

Input

Input datamask:DM is an inputnask signal fowrite data. Inputdata ismaskedwhen DM issampledHIGH
along withthat input data during AVRITEaccessDM issampledon both edge®f DQS. Although DM balls
areinput-only, theDM loadingis designed to match that of DQ and DQS balls. Fox16eDMO
corresponds tdQ0¢ DQ7,DM1corresponds tdQ&DQ15.

BAO,BAl

Input

Bankaddress inputs: BA@ndBA1 define tawhich bank an ACTIMEEAD, WRIT&;,
PRECHARG&Mmandis appliedBAOandBAL also determingvhichmoderegister
(standard mode registesr extendedmode register)s loaded during a LOADODEREGISTEEbmmand.

A0-A12

Input

Address inputsProvidethe row address foACTIVEommandsandthe column addresandauto
pre-charge bit (A10) foREADr WRITEEommands, to select one location out of the memory ariathe
respective bank. During PRECHARG&Nmand Al0determineswhetherthe PRECHARGE apptiesne
bank(A10LOW bankselectedby BAO, BA1pr allbanks (A1®IGH).

Theaddressinputs also provide the op-code duringa LOADMODEREGISTE®®mmand BA) and BAL
definewhichmoderegister(moderegisteror extendedmoderegister)isloadedduring the LOADMODE
REGISTERmMmMand

For512Mb(X16), Rowddress A0~ A12, Column Addresa0~A9.

DQGDQ15

1/0

Datainput/output: Databusfor x16.

DQSG
DQS1

1/0

Datastrobe: Output with readdata, input with write data. DQS is edge aligned with redata, centered
in write data. It is used to capture data. For the6, DQS0orresponds tdQ0¢ DQ7, DQSdorresponds
to DQ&DQ15.

TQ Output

Temperaturesensor output TQHighwhen LPDDR Tj exceed® . When
TQisWI A sIKr&fiEsh is natupported.

VDDQ Supply

DQ Power: Providisolatedpowerto DQsfor improvednoiseimmunity.

VSSQ Supplyf

DQ GroundProvideisolatedgroundto DQsfor improvednoiseimmunity.

VDD Supplyf

Power Supply: Voltage dependant aption.

VSS Supplyf

Ground.
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FunctionalDescription

The512Mb Low Power DDRSDRAMs a high-speedCMOSdynamicrandomaccessnemory containing 536870912
bits. It isinternally configuredasa quadbank DRAM Eachof the 67,108864-bit banksis organizedas 8,192 rows by
1,024 columnsby 16 bits.

The512Mb LowPowerDDRSDRAMisesa double data rate architectureto achievehigh-speedoperation Thedouble
datarate architectureis essentiallya 2n-prefetch architecture,with an interface designedto transferfour datawords
per clockcycleat the I/O balls singleread or write accesdor the 512Mb LowPower DDRSDRAMonsistsof a single
2n-bit wide, one-clockcycledatatransferat the internal DRAMcoreand two corresponding-bit wide, one-half-clock
cycledatatransfersat the I/0 balls

Readand write accesseso the Low Power DDRSDRAMare burst oriented, accessestart at a selected location and
continuefor a programmednumber of locationsin a programmedsequence Accessebegin with the registration of
an ACTIVEommand,which is then followed by a READor WRITEcommand

Theaddress bits registered coincidenith the ACTIVEommandare used to select the bank and row to be accessed
(BAOBA1select the bank; AQA12 select the row)Theaddress bits registered coincidenith the READr WRITE
commandare used to select the starting column locationthe burstaccess.

It should be noted that the DLL signal thatyisicallyused on standard DDR deviéenot necessary on the Lokower
DDR SDRAM. It has been omitted to saower.

Prior to normal operation, the Low Power DDRSDRAMmust be initialized The following sectionsprovide detailed
information coveringdeviceinitialization,registerdefinition, commanddescriptionsand device operation

Initialization

Low Power DDBDRAMs mudie poweredup and initializedn a predefinedmanner. Operationalprocedures other

than those specifiechayresultin undefinedoperation.

If there is an interruption to the device power, the initialization routine should be followed to ensure proper

functionality of the Low PowerDDRSDRAMTheclockstop feature is not availableuntil the devicehasbeen properly

initialized

Toproperlyinitializethe LowPowerDDRSDRAMthis sequencenust be followed:

1. Topreventdevicelatchup, it is recommendedthe core power (VDD)and I/O power (VDDQ)e from the same
power sourceand broughtup simultaneouslylf separatepower sourcesare used,VDDmustlead VDDQ

2. Oncepowersupplyvoltagesare stable and the CKE has been driven HitGdisafe to apply thelock.

3. Oncethe clockis stable,a 200> §minimum)delayis required by the Low PowerDDRSDRANMprior to applyingan
executablecommand Duringthistime, NOPor DESELEC®mmandsnustbe issuedon the commandbus

4. Issue a PRECHARGEcAbimand.

5. Issue NOP dpbESELEE@®dmmands fort least tRRime.

6. Issuean AUTOREFREStdmmandfollowed by NOPor DESELE@®mmanddor at leasttRFCime. Issuea second
AUTOREFRESEbmmand followed by NOP or DESELEGIommandsfor at least tRFC time. As part of the
individualizationsequencefwo AUTOREFREStémmandsnustbe issued Typically both of thesecommandsare
issuedat this stageas describedabove Alternately,the second AUTOGREFRES¢bmmandand NOPor DESELECT
sequencecanbe issuedbetweensteps10and 11

7. Using theLOADMODE REGIST&mand load the standaranoderegister aglesired.

8. Issue NOP dpESELEE@®mmands foat least tMRRime.

9. Usingthe LOADMODEREGISTERmMmMand Joadthe extendedmoderegisterto the desiredoperating modes Note
that the sequencen whichthe standardand extendedmoderegistersare programmeds not critical

10.I1ssueNOPor DESELEC€®mmanddor at leasttMRDtime.
11.TheLowPowerDDRSDRAMasbeenproperlyinitializedandis readyto receiveanyvalid command

Rev. 0.3Jun.Wwm o 7



posilicon FMD8C16LAX-25Ex

Figure 1. Initialize and Load ModRegistel-23]

BAO |
BA1 |
AL0/AP / \
- Wz, L hiz
DQs DQS : : : : . ;
we S
DMO-DM1 |
e P00t thec
Precharge Auto Auto Nomal Bxdended RowActive
(AlIBank) Refesh Refesh MRS MRS aBank
Note:

1. Thetwo AUTOREFREStdtmmandsat T3and T9 may be applied before either LOADMODEREGISTERMR)command.

2. PREEPRECHARGE commahR=LOAD MODREGISTER commaW®d®R=AUTOREFRESH commandCT = ACTIVE command, RA =
Row Addres8BA =Bank Address

3. TheLoadMode Registerfor both MR/EMRand 2 Auto Refreshcommandscan be in any order; However,all must occur prior
to anActive command.

4. NOPor DESELECT commaads required for atleast n n > a @
Othervalidcommandsare possible.

6. NOPsr DESELECAr® required duringhis time.
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RegisteDefinition
Mode Registers

The mode registersare usedto define the specificmode of operation of the Low Power DDRSDRAMThere are two
moderegistersusedto specifythe operationalcharacteristicof the device Thestandardmode register,whichexistsfor
all Low Power DDRSDRAMdevices,and the extended mode register, which exists on all Low Power DDRSDRAM
devices

StandardMode Register

The standard mode register definition includesthe selectionof a burst length, a burst type, a CASlatency and an
operating mode, as shownin Table1 on page 10. The standard mode registeris programmedvia the LOADMODE
REGISTERETcommand(with BAO =0 and BAL = 0) and will retain the storedinformation until it is programmedagain
Reprogrammingthe standard mode register will not alter the contents of the memory, provided it is performed
correctly. Themode registermust be loaded(reloaded)when all banksare idle and no burstsare in progress,andthe
controller must wait the specified time before initiating the subsequentoperation Violating either of these
requirementswill resultin unspecifiedoperation

Mode register bitsAOcA2 specifythe burstlength, A3specifieghe type of burst (sequential or interleavedp4cA6
specify the CAltency,and A%A12 specify the operatingode.

Note: Standard refers to meeting JED&@ndardmoderegisterdefinitions.

BurstLength

Readand write accesseso the LowPowerDDRSDRAMare burst oriented, with the burst lengthbeing programmable,
asshownin Tablel on page10. Theburst length determinesthe maximumnumber of columnlocationsthat canbe
accessedor a givenREADr WRITEEommand Burstlengthsof 2,4,8 or 16 are availablefor both the sequentialandthe
interleavedbursttypes

Reserved states should not be used, as unknown operation or incompatililitiuture versiongnayresult. Whena
READr WRITEommandisissued, @lock ofcolumnsequalto the burst lengthis effectively selected. All accesdes
that burst take place within this block, meanitigt the burst will wrap until a boundangreached.Theblock is
uniquely selectedy AlcAiwhen BL = Zhy A2cAi when BL = 44y ACAiI when BL=8, by A4cAi when BL=16(where Ai is
the most significantolumn address biior a given configuration). Theremaining (least significant) address bité{are)
used to selecthe starting locationwithin the block.

Theprogrammedburstlengthappliesto both REARNdWRITBursts

BurstType
Accessewvithin a givenburstmaybe programmedto be either sequentialor interleaved thisisreferredto as

the bursttype andis selectedviabit M3.
Theorderingof accesses within a burigdeterminedby the burst length the bursttype and thestarting column

address. See Table 2 on pagddrimoreinformation.
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READLatency

The READatencyis the delay, in clockcycles betweenthe registrationof a READ:ommandand the availabilityof the
first bit of output data. Thelatencycanbe setto 2 or 3 clocks,asshownin Tablel on page10. ForCL= 3, if the READ
commandis registeredat clock edgen, then the data will nominallybe availableat (2 clocks+ tAC) For CL= 2, if the
READcommandis registeredat clock edge n, then the data will be

nominally beavailableat (1 clock +AC).

Reserved states shoulibt be usedasunknown operationor incompatibility with future versions mayresult.

Tablel: StandardMode RegisteiDefinition

M14- | M13- | M12- | M11- | M10-
Bal | Bao | a12 | Aa11 | A10 M9-A9 |M8-A8 |[M7-A7 [M6-A6 | M5-A5 |M4-A4 | M3-A3|M2-A2 |M1-Al | MO-AO
0 0 OperationMode CAd.atency BT BurstLength
M6 | M5 | M4 | CAS.atency M2 [ M1 | MO BurstLength
0 of|oO Reserved 0 0 0 Reserved
0 0] 1 Reserved 0 0 1 2
0 1 0 2 0 1 0 4
M14 [M13|Mode RegisteDefinition o111 3 O]l 1]1 8
0 | 0 [StandardMode Register 110160 Reserved 10O 16
0 | 1 |StatusReadRegister 110711 Reserved 1] 0] 1 Reserved
1 | 0 |ExtendedMode Register 111160 Reserved 11110 Reserved
1 1 |Reserved 1 1 1 Reserved 1 1 1 Reserved
M12 | M11|[M10| M9 | M8 | M7 OperatingMode M3 BurstType
0 0 0 0 0 0 | Valid [NormalOperation 0 Sequential
- - - - - - - | All otherstatesreserved 1 Interleaved
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Table 2: Bursbefinition

Burst Starting Orderof AccessedVithin aBurst
Length Column T - —
Address ype= Sequential Type= Interleaved
A0
2 0 01 01
1 1-0 1-0
Al | AO
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 | A1 | AO
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
A3 | A2 | A1 | A0
0 0 0 0 0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15 0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15
0 0 0 1 1-2-3-4-5-6-7-8-9-10-11-12-13-14-150 1-0-3-2-5-4-7-6-9-8-11-10-13-12-15-14
0 0 1 0 2-3-4-5-6-7-8-9-10-11-12-13-14-15-0-1 2-3-0-1-6-7-4-5-10-11-8-9-14-15-12-13
0 0 1 1 3-4-5-6-7-8-9-10-11-12-13-14-15-0-1-2 3-2-1-0-7-6-5-4-11-10-9-8-15-14-13-12
0 1 0 0 4-5-6-7-8-9-10-11-12-13-14-15-0-1-2-3 4-5-6-7-0-1-2-3-12-13-14-15-8-9-10-11
0 1 0 1 5-6-7-8-9-10-11-12-13-14-15-0-1-2-3-4 5-4-7-6-1-0-3-2-13-12-1514-9-8-11-10
0 1 1 0 6-7-8-9-10-11-12-13-14-15-0-1-2-3-4-5 6-7-4-5-2-3-0-1-14-15-12-13-10-11-8-9
16 0 1 1 1 7-8-9-10-11-12-13-14-15-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0-15-14-13-12-11-10-9-8
1 0 0 0 8-9-10-11-12-13-14-150-1-2-3-4-5-6-7 8-9-10-11-12-13-14-15-0-1-2-3-4-5-6-7
1 0 0 1 9-10-11-12-13-14-15-0-1-2-3-4-5-6-7-8 9-8-11-10-13-12-15-14-1-0-3-2-5-4-7-6
1 0 1 0 10-11-12-13-14-15-0-1-2-3-4-5-6-7-8-9 10-11-8-9-14-15-12-13-2-3-0-1-6-7-4-5
1 0 1 1 11-12-13-14-15-0-1-2-3-4-5-6-7-8-9-10 11-10-9-8-1514-13-12-3-2-1-0-7-6-5-4
1 1 0 0 12-13-14-150-1-2-3-4-5-6-7-8-9-10-11 12-13-14-15-8-9-10-11-4-5-6-7-0-1-2-3
1 1 0 1 13-14-15-0-1-2-3-4-5-6-7-8-9-10-11-12 13-12-15-14-9-8-11-10-5-4-7-6-1-0-3-2
1 1 1 0 14-15-0-1-2-3-4-5-6-7-8-9-10-11-12-13 14-1512-13-10-11-8-9-6-7-4-5-2-3-0-1
1 1 1 1 15-0-1-2-3-4-5-6-7-8-9-10-11-12-13-14 1514-13-12-11-10-9-8-7-6-5-4-3-2-1-0
Notes:

1. For BL 2, AlcAi select thetwo-data-elementblock; A0 selects the first accesithin the block.
2. For BL 4, A2cAi select thefour-data-elementblock; A@A1 select the first accesdgthin the block.

3. For BL 8, A3Ai select the eighdata-element block; AQA2 select the first accessthin the block.

4. ForBL=16A4CAi select thesixteendata-elementblock; A@AS3 select the first accessthin the block.

5. Whenever éboundary ofthe block igeached withira given sequence abovthe followingaccessvraps withinthe block.

6. Ai = the most significant columaddress bit folm given configuration.

Table 3:CAS atency

Speed

Allowable Operating Clock Frequen¢iyHz)

CL=2

CL=3

-25

fXy o

fXKH nn
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Figure2: CAS. atency
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Notes:

1. BL = 4 in the casstown.
2. Shown withnominal tAGandnominaltDQSCLK.

OperatingMode

Thenormaloperatingmodeis selectedby issuinga LOADMODEREGISTEFETcommandwith bits A7¢ Al2 eachsetto
zero,and bits AO¢AG setto the desiredvalues All other combinationsof valuesfor A7¢A12 arereservedfor future use
and/or test modes Testmodesandreservedstatesshouldnot be usedbecauseunknownoperationor incompatibility
with future versionamayresult

ExtendedViode Register

The extendedmode register controls functions specificto low power operation Theseadditional functions include
drive strength,temperaturecompensatedselfrefresh,and partial array selfrefresh Thisdevicehas default valuesfor
the extendedmoderegister(if not programmed the devicewill operatewith the default valuesg PASR: FullArray,DS
=Full Drive)

Temperature Compensated Sétkefresh

Atemperaturesensorisimplementedfor automaticcontrol of the selfrefreshoscillatoron the device Programmingpf
the temperature compensatedself refresh (TCSRpits will haveno effect on the deviceThe selfrefreshoscillatorwill
continuerefreshat the factoryprogrammedoptimalrate for the devicetemperature
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Partial Array SelfRefresh
For furtherpower savings during SELF REFRESIRAB&eatureallowsthe controller to select the mount ahemory
that will be refreshed during SELF REFRHSHefresh options are a®llows:

wFullarray. banks0, 1, 2, and3
wHalfarray. banks0 & 1
oQuarterarray. bankO
wOneEightharray. Halfof Banlo
wOneSixteentharray. Quarterof Banlo

WRITENnd REABommandsanstill occurduringstandardoperation, butonlythe selectedbankswill be refreshed
during SELF REFRESH. Dditanks that are disabledill be lost.

Output DriverStrength

Becausdhe LowPowerDDRSDRAMs designedor usein smallersystemsthat are mostly point to point, anoption to

control the drive strength of the output buffersis available Drive strength shouldbe selected basedon the expected
loadingof the memorybus Bits A5 ~ A7 of the extendedmoderegistercanbe used to selectthe driver strengthof the

DQoutputs. Therearefive allowablesettingsfor the output drivers

Table4: ExtendedMode RegisteiTable[L.2].

BM14- |BM13- |EM12- [BM11- [EM10- | BEM9- BEV8- | BM7- | EM6- | EM5- | BM4- | BM3- | BEM2- | EM1- | BMO-
BA1 | BAO | Al12 | A1l | A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
1 0 All must be set t&¥ n Q DriverStrength 0 0 PASR
EM14 | EM13 Mode RegisteDefinition
0 0 StandardVlode Register
0 1 StatusReadRegister
1 0 Extended ModeRegister
1 1 Reserved
A2 Al A0 SelfRefreshCoverage A7 A6 A5 DriverStrength
0 0 0 AllBanks 0 0 0 100%
0 0 1 Half of TotalBank(BA1=0) 0 0 1 50%
0 1 0 Quarterof TotalBank(BA1=BA0=0) 0 1 0 25%
0 1 1 RFU 0 1 1 12.5%
1 0 0 RFU 1 0 0 75%
1 0 1 One Eighttof TotalBank 1 0 1 Reserved
(BA1=BAO=RoAddressMSB=0Q 1 1 o R q
1 1 0 One Sixteenttof TotalBank eserve
(BA1=BAO=RoAddressMSBs=0) 1 1 1 Reserved
1 1 1 RFU
Note:

1. EM14and EM1@BAlandBAO) mustH S dtmselectttie Extended Mode Register(the base Mode Register).
2. RFU: Reserved féutureUse
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Status ReadRegisters

Thestatus read register (SRRYused to read the manufacturer ID, revision ID, refresh multipliédth type, and density of the

device, ashownin Table 5page 14)The SRR ieadviathe LOADMODE REGIST&Rnmandwith BAO =1 and BA1 = OThe
sequence to perform aBRRommandis asfollows:

w
w
w
w
w

The devicenustbe properly initialized and ithe idle or allbanks prechargestate.

Issuea LOADMODEREGISTERmMmandwith BA[1:0] =01 and albddresspinsset to0.

WaittSRRonly NOP oDESELECT commaadssupportedduringthe tSREme.

Issuea REABommand.

Subsequent commands to tlievicemustbeissued tSRC aftthhe SRR REAIDmmandisissued;only NOP or
DESELECT commaadssupportedduringtSRC.

SRR output is readith a burst length of 2. SRR data is driven to the outputs ofirgie

bit of the burstwithi KS 2 dzli LJdzi 6SAy3 G52y Qiburst. I NB¢ 2y GKS asSO2yR
Table 5:StatusRegisteiTable.
S31~S16 S15 |S14 | S13 | S12 | S11| S10 | S9 S8 S7 S6 | S5 | S4 S3 S2 S1 SO
Reserved Density Type |Width| RefreshRate RevisionID ManufacturerID
S15 S14 S13 Density I S12 DeviceType S11 | DeviceWidth
0 0 0 128Mb | o LPDDR 0 16bits
0 0 1 256Mb L Reserve 1 32bits
0 1 0 512Mb S3 | s2 | s1 | so Manufacturer D
0 1 1 Reserved 0 0 0 0
1 0 0 Reserved 0 0 0 1 Reserved
1 0 1 Reserved 0 0 1 0 Reserved
1 1 0 Reserved 0 0 1 1 Reserved
1 1 1 Reserved 0 1 0 0 Reserved
0 1 0 1 Reserved
S10 S9 S8 RefreshMultiplier 2 0 L L 0 Reserved
5 5 5 = d 0 1 1 1 Reserved
eserve 1 0 0 0 Reserved
0 0 1 Reserved 1 0 0 1 Reserved
1 1 0 Reserved 1 0 1 0 Reserved
0 1 1 2X 1 0 1 1 Reserved
1 0 0 1X 1 1 0 0 Reserved
1 0 1 Reserved 1 1 0 1 Reserved
1 1 0 0.25X 1 1 1 0 Reserved
S7]|1 S6| S5 S4 RevisionlD
0]J]0jJ0]O0 TheY | y dz¥ | QdvidiowdhiNiR@startsat W n namdir@rementsby W n neachtine a change
~ in the specification (AC timings feature set), IBIS (pulip or pulkdown characteristics)or
1111 processccurs.

Note: 1. Reservetits should beset to Ofor future compatibility.

2. Refresimultiplier isbased orthe deviceon-boardtemperature sensor.

Requited periodic refresh interval = tRERhXtiplier.

Self refresh is not supported for automotive device at high temperai@. to 105 )
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Figure3: StatusRead RegisteFiming
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Note: 1. All banksmustbeidle prior to statusregisterread.
2. NOPor DESELECT commaads required betweethe LMR andREAD commands(tSR&)d
betweenthe READ and theextVALID comman@SRC).
3. CAS latency gredetermined bythe programmingf the moderegister. Ck 3 isshown as an examplenly.
4. Burstlength isfixedto 2 for SRRegardless othe valueprogrammedby the moderegister.
5. Thesecond bit othe data-out burstisad 5 2 ¥ RNB b £
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Stopping the External Clock
Onemethod of controllingthe power efficiencyin applicationsis to throttle the clockwhich controlsthe Low Power
DDRSDRAMTherearetwo basicwaysto controlthe clock

1. Change the clock frequenayhenthe data transfers require a different rate gffeed.
2. Stopping the clockltogether.

Both of these are specificto the applicationand its requirementsand both allow power savingsdue to possibleless
transitionson the clockpath.

The Low PowerDDRSDRAMallowsthe clockto changefrequencyduring operation, only if all the timing parameters
aremet with respectto that changeandall refreshrequirementsaresatisfied

Theclockcanalsobe stoppedall together, if there are no dataaccesse# progresseither WRITEsr READ¢hat would
be effectedby this changei.e., if a WRITEbr a READs in progressthe entire data burst must be through the pipeline
prior to stoppingthe clock CKEnustbe held HIGHwith CLK=LOWand/CLK

= HIGHfor the full duration of the clockstop mode. Oneclockcycleand at leastone NOPis requiredafter the clockis
restartedbefore a validcommandcanbeissued Figured4 on pagel6illustratesthe clockstop mode

It is recommendedthat the Low Power DDRSDRAMshould be in a prechargedstate if any changesto the clock
frequencyare expected Thiswill eliminate timing violations that may otherwise occur during normal operational
accesses

Figure4: ClockStopMode

Th4
/CLK % ./ \ SS
CLK /i .
H !
H . 1
KE ) 4 S
2L 7 !
!
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- (j/ (1( 7 5 5 (”P/jf 5 (IE ; 7 7 ?/‘{?
Address i 7
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[ N S — !
< . //4’///// %S/ T, ' «
bQDRs o i &7 ) —
g
l AII DRAM activities musiecomplete !
Exitclock stopnode Enterclock stopmode?
5 2 yCaré
Notes:

1. Prior to Tal theleviceis in clock stop mode. Texit, atleastone NOP is requiretbefore any validcommand.
2. Anyvalidcommand isallowed, devicés notin clock suspendiode.

3. Any DRAMbperation alreadyn processnustbe completedbefore enteringclock stop mode. This includé2CD{RP, tRFOMRD tWR,
all dataout for READursts.This means the DRAM mus eitherin the idleor prechargestate before clock suspendnode carbe
entered.

4. Toenter andmaintain a clock stop mod€LK=LOW /CLK=HIGHCKE #IGH.
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Commands

Table6 and Table7 provide quick referencesof availablecommands Thisis followed by a written description of each
command Threeadditional Truth Tables(Table13 on page46, Table14 on page47, and Table1l5 on page49) provide
CKEommandsandcurrent/ next stateinformation.

Table 6: Truth Table Commands
Notes: 1and 11 applyo all commands

Name(Function) /CS | IRAS]| ICAS| /WE ADDR Noteg
DESELEQNOP) H X X X X 9
NOOPERATIONOP) L H H H X 9
ACTIVEselectbank andactivaterow) L L H H Bank/Row 3
REALSelectbank andcolumn,andstart READurst) L H L H Bank/Col 4
WRITHESelectbank andcolumn,andstart WRITBurst) L H L L Bank/Col 4
BURST TERMINATE L H H L X 8,10
PRECHAR@Eeactivaterow in bank obanks) L L H L Code 5
AUTOREFRESH (refreshorsingle bankdr L L L H X 6.7
SELF REFRESH (enter self refneste)
LOADMODEREGISTHERandardor extendedmoderegisters) L L L L Op-Code2 2
Deep Power DowrttnterDPDMode ) L H H L Op-Code2 11

Notes:
1. CKE is HIGHr allcommandsshown excepSELF REFRE®H Deep Powebown.

2. BAOGBAL selecteither the standardmoderegisteror the extendedmoderegister(BA =0, BAL =0 selectthe standardmode register, BAO
=0, BAL =1 selectextendedmoderegister, other combinationsof BAO¢BAL are reserved) AOGA12 providethe op- codeto be written to
the selectedmoderegister.

3. BAQ;BAlprovide bank address am)¢Al2provide rowaddress.

P

BAQ;BA1provide bankaddress AOCA9 provide columnaddress,A10HIGHenablesthe auto prechargefeature ( nonpersistent),
andA10 LOW disables ttaito prechargdeature.

A10 LOW BA@BA1 determinavhich banks prechargedA10HIGH: all banks are precharged BAXBAL NB 52y Ql / I NBdé
This command is AUTO REFRESH if BKEHSELF REFRESH if QK@
Internal refresh counter controls row addressingimfiutsandl/Osl NB 652y Qi [CKENB¢ SEOSLII F2NJ

® N o o

Applies onlyto readburstswith auto prechargelisabled; thicommandsundefined (andshouldnot be used) foREADursts with auto
precharge enabled and fWRITBbursts.

9. DESELE@mdNOPare functionallyinterchangeable.

10. This command is a BURST TERMINATE ifll&iHis

11. This command is Beep Powebownif CKE ifow.

12. All statesand sequences not shown are reserved andliegal.

Table 7:Truth Tableg DM Operation

Name(Function) DM DQ
Write enable L Valid
Write inhibit H X

Note: Usedto maskwrite data; providedcoincidentwith correspondinglata.

DESELECT
TheDESELECT functidg@SHIGH) preventasew commands from being executdyy the Low PoweDDR SDRAMThe
LowPowerDDR SDRAM is effectively deselected. Operations already in progress are not affected.

NOOPERATIOKNOP)

TheNOOPERATIOMNOP)ommandis usedto instructthe selectedDDRSDRAMo perform a NOP(/CS
=LOW/,/RAS = /CAS/®E = HIGH). This preveruswantedcommands fronbeingregistered during idler waitstates.
Operations already in progress are raftected.
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LOADMODEREGISTER

Themoderegistersare loadedviainputs AOcA12. Seemoderegisterdescriptionsnd wS 35 § # 5 Yk ipadgedyThe
LOADMODEREGISTE®MmMandcan only be issuedwhen all banksare idle, anda subsequentexecutablecommand
cannotbeissueduntil tMRDismet.

ACTIVE

The ACTIVEEommandis usedto open (or activate)a row in a particularbankfor a subsequentaccessThe valueon the
BAO, BAL inputs selectsthe bank,and the addressprovided on inputs AO¢A12 selectsthe row. Thisrow remainsactive
(or open)for accesseantil a PRECHARG@Emmandis issuedto that bank A PRECHARG@Emmandmust be issued
beforeopeningadifferentrow in the samebank

READ

TheREAzommandis usedto initiate a burstreadaccesgo an activerow. Thevalueon the BA), BAL inputsselectsthe

bank, and the addressprovided on inputs AOCA9 selectsthe starting column location The value on input A10

determineswhether or not auto prechargeis used If auto prechargeis selected,the row being accessedwill be

prechargedat the end of the READburst if auto prechargeis not selected,the row will remainopen for subsequent
accesses

WRITE

The WRITEEommandis usedto initiate a burst write accesgo an activerow. Thevalueon the BA), BAL inputs selects
the bank, and the addressprovided on inputs AOGA9 selectsthe starting column location The value on input A10

determineswhether or not auto prechargeis used If auto prechargeis selected,the row being accessedwill be

prechargedat the end of the WRITBburst; if auto prechargeis not selected,the row will remainopen for subsequent
accessednput dataappearingon the DQsis written to the memoryarray subjectto the DM input logiclevelappearing
coincidentwith the data If a givenDM signalis registeredLOW, the correspondingdata will be written to memory; if

the DM signalis registeredHIGH the correspondingdata inputs will be ignored,and a WRITEwill not be executedto

that byte/columnlocation

PRECHARGE

The PRECHARGEmMmMandis usedto deactivatethe openrow in a particularbankor the openrow in all banks The
bank(s)will be availablefor a subsequentrow accessa specifiedtime (tRP)after the precharge commandis issued
Exceptin the caseof concurrentauto precharge where a READor WRITEcommandto a different bankis allowed as
long asit doesnot interrupt the data transfer in the current bankand doesnot violate any other timing parameters
Input AL10 determineswhether one or all banksare to be precharged,and in the casewhere only one bankis to be
prechargedjnputs BA0, BAL selectthe bank OtherwiseBA0, BAL aretreatedasd 5 2 €aeéi Oncea bank hasbeen
precharged,it isin the idle state and must be activated prior to any READor WRITEcommandsbeing issuedto that
bank A PRECHARGIEMmMandwill be treated asa NOPIf there is no open row in that bank (idle state), or if the
previouslyopenrow isalreadyin the processof precharging
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Auto Precharge

Auto prechargeis a feature which performsthe sameindividuatbank prechargefunction describedabove, but without
requiring an explicit command Thisis accomplishedby using A10 to enable auto prechargein conjunctionwith a
specificREADr WRITEEommand A prechargeof the bank/row that is addressedvith the READr WRITEommandis
automaticallyperformed upon completion of the READor WRITBburst.  Auto prechargeis nonpersistentin that it is
either enabled or disabledfor each individual READor WRITE command This device supports concurrent auto
prechargeif the commandto the other bank does not

interrupt the datatransferto the currentbank

Auto prechargeensuresthat the prechargeis initiated at the earliestvalid stagewithin a burst Thisa S I N¥akdS a i
& 0 | Bdeterminedasif an explicit PRECHARGEmMmandwasissuedat the earliestpossibletime, without violating
tRASMIN),asdescribedor eachbursttypein & h LIS NJ ot pageg4iTheusermust not

issueanothercommandto the samebankuntil the prechargdime (tRP)scompleted

BURSTERMINATE

The BURSTERMINATEommandis usedto truncate READbursts (with auto prechargedisabled) The most recently
registeredREADcommandprior to the BURSTERMINATEommandwill be truncated,as shownind h LIS NI dnA 2 y & €
page24. Theopenpagewhichthe READburst wasterminated from remainsopen

AUTOREFRESH

AUTOREFRESBlusedduringnormal operationof the LowPowerDDRSDRAMandis analogoudo /CAS BEFORIRAS
(CBR)REFRESIH FPM/EDODRAMSs This commandis nonpersistent,so it must be issued eachtime a refreshis
required

The addressings generatedby the internal refresh controller. Thismakesthe addresshitsad 5 2 ¥ £ N&uéing an
AUTOREFREStdmmand The512vib LowPowerDDRSDRAMequiresAUTOREFRESElclesat an averagenterval of
7.8125> gmaximum)Toallow for improvedefficiencyin schedulingand switchingbetweentasks,someflexibility in the
absoluterefreshintervalis provided

Althoughnot a JEDE@=quirement,to provide for future functionality features, CKEmust be active (HIGH) during the
auto refreshperiod. The auto refresh period beginswhen the AUTOREFREStdmmandis registeredand endstRFC
later.

SELIREFRESH

TheSELREFREStdmmandcanbe usedto retain datain the LowPowerDDRSDRAMevenif the rest of the systemis
powereddown. Whenin the selfrefreshmode, the LowPowerDDRSDRAMetainsdata without externalclocking The
SELREFREStdmmandis initiated like an AUTOREFREStdmmand exceptCKHs disabled(LOW) All commandand
addressinput signalsexceptCKEare & 5 2 4 I KdBring

SELREFRESH

DuringSELIREFRESthe deviceisrefreshedasidentified in the externalmoderegister(seePASRsetting) Forathe full
array refresh, all four banksare refreshedsimultaneouslywith the refreshfrequencyset by an internal self refresh
oscillator. Thisoscillatorchangesdue to the temperature sensorsinput. Asthe casetemperature of the Low Power
DDR SDRAMincreases,the oscillation frequency will changeto accommodatethe changeof temperature This
happensbhecausehe DRAMcapacitordosechargefasterat highertemperatures Toensureefficient power dissipation
duringselfrefresh,the oscillatorwill changeto refreshat the slowestrate possibleto maintainthe deviceslata.

Theprocedurefor exiting SELIREFRES#dquiresa sequenceof commandsFirst,CLKmustbe stable prior to CKEjoing
backHIGH OnceCKEs HIGH the Low PowerDDRSDRAMnust have NOP commandsissuedfor tXSRis required
for the completionof anyinternalrefreshin progress

Selfrefreshisnot supportedfor automotivedeviceat hightemperature(85t to105 )

DEERFPOWER>OWN

DeepPower DowrModeis an operatingnodeto achieveextremepower reduction by cutting thgpowerof the
whole memoryarray of the device. Dataill not be retained once the device enters DPD Mdéell
initializationis requiredwhenthe device exits from DPD Mode. [Fig8&.39]
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MaximumRatings

*Stressesgreater than those listed under & a | E A W klzY A yhaya ¢
causepermanentdamageto the deviceThisis a stress rating only,
and functional operation of the device at these or any other
conditionsabovethose indicatedin the operational sectionsof this
specificationis not implied. Exposureto absoe lute maximumrating
conditionsfor extendedperiodsmayaffect reliability.

Voltage orfVoo/VopoSupply

Relativeto VssX X @ X X @ X X X X X026 XX 2.8\bdWbltage on
Inputs,NCor I/O Pins

Relativeto VssX X @ X X @ X X X X X06XtX R .8\dStorage
Temperaturg(plastic)X X X X & X-56iX tb +150t Power

Dissipation XXX XXXXXXXPXPXXXXXXM?2
OperatingRange
Device Range Ambient Temperature Voo Vboo
FMD8C16LAXXEC Commercial Ot to+70
FMD8C16LAXXEE Extended -25t to+85 1.7v~1.95V 1.7V~ Vpp
FMDB8C16LAXXEI Industrial -40t to +85

DC ELECTRICAL CHARACTERASIDOBERATING CONDITIONS

Parameter/ Condition Symbol Min Max Units
SupplyVoltage Voo 1.7 1.95
1/0 SupplyVoltage Vbbo 1.7 Vob Vv
Input HighVoltage: Logicl Allinputs3] Vin 0.7*Vbpg Vopo+0.3 \
Input Low VoltageLogidd Allinputs[3] Vi -0.3 0.3*Vipo \Y,
Data OutpuHighVoltage: Logicl : Allinputs¢0.1mA) Vo 0.9*Vbpo \%
Data Output Low Voltage.ogic0 : Allinputs(0.1mA) VoL 0.1*Vopo \
Input Leakage Current
AnyInput OV=\=\bp(All other pinsnot under test=0V) I -5 5
Output Leakage CurrenDQsaredisabled ; 0V¥ou=\Vbpo loz -5 5

Table 8 ACOperatingConditiongt2:3.4.5.6]

Parameter/ Condition Value Units
ACinput levels(Vih / Vil) 0.8 x VDDQ/ 0.2wDDQ v
Inputtiming measurementeference level 0.5 xvDDQ \%
Inputsignal minimum slewate 1.0 V/ns
Outputtiming measurementeference level 0.5 xvDDQ \%
Outputload condition ACOutput LoadCircuiton page21 \%

Note:

1. The minimum specifications atsedonlyto indicatecycletime at which proper operation ovethe full temperature range(-406CX ¢! oCK by p
for ITparts)isensured.

2. Aninitial pauseof 200usis required after power-up, followedbytwo AUTO REFRESH commabédfgre proper device operationis ensured.
(Vopand Vbpgmustbe powered uimultaneouslyVssandVssgnustbe atsamepotential.) Thetwo AUTO REFRESH commaale-ups should
be repeated anyime the tresrefresh requiremenisexceeded.

3. All states and sequencest shown ardllegal orreserved.

In additionto meeting the transitiorrate specification, the clocknd CKE mustansit betweenViyand Vi (or betweenViiand Vi) in a
monotonicmanner.

5. tuzdefines thetime at whichthe outputachieveghe open circuittondition;it isnot a referenceto Vonor Voi. The lastvalid dataelementwill
meettonbefore goingHighZ.

6. ACtiming andlpptestshaveVi.and iy, with timing referencedo Vin/2 = crossovepoint. If theinput transition timeislonger than t+(MAX),
then the timingisreferencedat Vi (MAX) andviu (MIN)and no longerat the Viw/2 crossoverpoint.
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Table 9: IDCBpecifications an€onditions

- Max .
Parameter/Condition Symbol e Units |Notes
Operating one bankctiveprechargecurrent: tRC #RC(MIN); tCLKtCLK(MIN);
CKE i$lIGHCS is HIGbktween valicommandsAddressnputs are switching every two CLégclesData IDDO 60 mA 1,6
businputsare stable.
Precharggower-down standby currentAll banksidle; CKE isOW;CS iHIGH;
tCLK=tCLK(MIN); Address and contirgbuts are switching every two Clcifcles;Data busnputs arestable. IDDP 300 > | 2,4
Precharggower-down standby current with CLK stoppedli banksidle; CKE isOW,CS iHIGH; CLKLOW,
/CLK=HIGH; Address and continputsare switching every two Cklfcles;Data busnputsare stable. IDDZPS 300 > | 2,4
Precharge nompower-down standby currentAll banksidle; CKE HIGHCS HIGH; tCLK =tCLK(MIN); Address inliiD
- o y : DN 15 mA 5
Controlinputsare switching every two ClciclesData busnputsare stable.
Precharge nopower-down standby current: CLK stoppedlj banksidle;
CKE #HIGHCS HIGH; CLKLOW;/CLK= HIGHAddress and contrahputsare switching every two CLK IDD2NY 8 mA 5
cycles;Data busnputsare stable.
Activepower-down standby currentOnebank activeCKE £OW;CS HIGH;
tCLK=tCLK(MIN); Address and contigbuts are switching every two ClciclesData busnputs arestable. IDDP 3 mA 2,4
Activepower-down standby current: CLK stopp&hebank activeCKE 4. OW;
CS HIGH; CLEKLOW;/CLK=HIGH; Address and continputsare switching every two CLé¢gcles;Data IDDPS 2 mA 2,4
businputsare stable.
Activenon powerdown standbyOnebank activeCKE HIGHCS =HIGH;
tCLK=tCLK(MIN); Address and contigbuts are switching every twoycles;Data busnputsare stable. IDDN 15 mA 1
Activenon-power-down standby: CLK stoppe@dnebank active;
CKE HIGHCS HIGH; CLKLOW;/CLK=HIGH; Address and continputsare switching every two CLK IDD3NY 8 mA 1
cycles;Data busnputsare stable.
Operating burst read Onebank activeBL =4; tCLK= tCLK(MIN); IDDR 80 mA 16
ContinuousREADursts; Addressputsare switching; 50 percent data changing edmlrst. '
Operating burst writeOnebank activeBL =4; tCLK= tCLK(MIN); DDAV 80 mA 16
ContinuousNVRITBursts; Addresmputsare switching; 50 percent data changing edmnirst. '
AuFo rgfre_sh: Burst_ refrestCKE HIGH; Address and continputsare {RC <RFC(138ns) IDD5 05 mA 7
switching; Data busputs are stable.
Precharggower-down standby currentAll banksidle, CKE isOW;CS isHIGH;
tCLK=tCLK(MIN); Address and contigbuts are switching every two Cklfcles; tRCT ®dy MmH p ¥ ADD®A 3 mA 3,7
Data busnputsare stable.
FullArray,85°C IDD&G 600 > 8,9
© |
Selfrefresh:CKE £OW;tCLK=tCLK(MIN); FullArray45°C IDD& | 450 B
Address and contrahputs are stable;Data busnputs are Stable. Half Array85°C IDD&® 500 > 8,9
YsArray,85°C IDD& 400 > | 8,9
Deep PowebownCurrent; Address, control and data busputsare STABLE IDD7 10 > | 10

Notes:

1. MIN (tRC otRFCjor IDD measurements is the smallest multipfeCLK thaimeets the minimurmabsolute value fothe respectiveparameter.

tRASMAX)for IDD measurements is tHargestmultiple of tCLK thatneets the maximunabsolute value fotRAS.

Therefresh period equal§4ms. Thigquatesto an average refreshrate af Py mH p > a ¢

3. This limit is actually a nominealueanddoes notresult in a faivalue.CKE is HIGi#uringREFRESH commapetiod (tRFC[MIN])

else CKE is LOW\&., during standby).

4. DQandDMinputslewratesmustnot deviate fromDQSby more than 10%lf the DQ/DM/DQSslewrateis lesghan0.5V/ns, timing musbe

derated:50ps(pending) must be addetb tDSand tDHfor each 100mv/nseduction inslew rate.If slewrate exceeds4V/ns, functionality is

uncertain.
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5. IDD2N specifies DQ, DQS, and DM to be driven to a valid HIGH or LO@vébgic
6. Switching is defined as
- address angommand: inputshanging betweeiIGHandLOWonce per twoclock cycles;

- data businputs: DQchanging betweeiIGHand LOWonce perclock cycle; DMndDQSare STABLE.

7. CKHEnustbe active (HIGH) during the entitieme a REFRE®dmmandis executed. That is, from thine the AUTO REFRESH command is
registered CKE mudbe activeat eachrisingCLK edge, untiRFQater.

8. With the inclusion of the temperature sensor on tlwv-power DDR device, these numbers ateownas examples only, andill change due
to the junctiontemperature thatthe deviceis sensing. They are expectezlbe maximumvaluesat this time.

9. Enableon-chip refresh and addresunters.

10. Devicemustbe in the all banks idle state prior to entering Dé&pverDown.
Table 10Capacitance

Parameter Symbol Min Max units
Input capacitance
A0-A12, BAO~BA1, CKE, /CS, /IRAS, /G/S, CINL 15 3.0 PF
Input capacitance (CLACLK) CIN2 15 3.0 pF
Data& DQS input output capacitance QouUT 3.0 5.0 pF
Input capacitance(DM) CIN3 3.0 5.0 pF
ACOutput LoadCircuit
VDDQ/2
50
Z0=50
Output
20pF
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Table 11: Electrical Characteristics and Recommend&®peratingConditions

Rev.0.3Jun¥Ywm o

ACCharacteristics -25
Parameter Symbol Min Max Units Notes

Accessvindowof DQ fromCLK& /CLK cL=3 ACE) 2.0 5.0 ns

CL=2 tAC(2) 2.0 6.0
CLK highevelwidth tCH 0.45 0.55 tCLK
CLK lowevelwidth tCL 0.45 0.55 tCLK

SystenClockcycletime cL=s ICLK®) > 100 ns 1

CL=2 | tCLK(2) 12 - ns
Auto prechargevrite recovery+ prechargd¢ime tDAL 5 - tCLK 16
DQand DM input holdime relativeto DQS tDH 0.48 - ns 9,1315
DQand DM inputsetup timerelativeto DQS tDS 0.48 - ns 17
DQand DM inputpulsewidth (for eachinput) tDIPW 1.6 - ns
Accessvindowof DQSrom CLK& /CLK tDQSCLK 2.0 5.0 ns
DQS inpubigh-pulsewidth tDQSH 0.4 0.6 tCLK
DQS input lowpulsewidth tDQSL 0.4 0.6 tCLK
Datastrobe edgeto Doutedge tDQSQ - 0.4 ns 8,9
WRITEEommand to firsDQSJatchingtransition tDQSS 0.75 1.25 | tCLK
DQS falling edge CLKising¢ setuptime tDSS 0.2 - tCLK
DQdalling edge fronCLKising¢ holdtime tDSH 0.2 - tCLK
HalfCLKperiod tHP tCH tCL - ns 12
Dataout HighZwindowfrom CLK& /CLK tHZ - 5.0 ns 3,11
Dataout LowZ windowfrom CLK& /CLK tLz 1.0 - ns 3,11
TransitionTime tr 0.5 1.2 ns
Addressandcontrolinput holdtime tIH 0.9 - ns 2,15
Addressandcontrolinput setuptime tIs 0.9 - ns 2,15
Addressandcontrolinput pulsewidth tIPW 2.2 - ns 17
LOACMODEREGISTERmMmandcycletime tMRD 2 - tCLK
DQDQS hold, D@8 first DQ togonon-valid, peraccess tQH tHP-tQHS - ns 8,9
Data holdskewfactor tQHS - 0.5 ns
ACTIVE0o-PRECHARG&MMand tRAS 42 70,000 ns 10
ACTIVEo-ACTIVEommandperiod tRC 55 - ns
AUTCREFRESH commaretiod tRFC 80 - ns 14
ACTIVEo-READ oWRITHlelay tRCD 15 - ns
PRECHARG&MmMandperiod tRP 15 - ns

CL=3 tRPRE(3 0.9 1.1 tCLK 11
DQS reagireamble CL=2 tRPRE(2 0.5 1.1 tCLK 11
DQS reaghostamble tRPST 0.4 0.6 tCLK
Readof SRRo next validcommand tSRC CL+1 - tCLK
SRRo Read tSRR 2 - tCLK
Internal temperature sensoralidtemperature outpuenable tTQ 2 2 ms
ACTIVE barkto ACTIVE bartkDelay tRRD 10 - ns
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Table 12: Electrical Characteristiaad RecommendedCOperatingConditions(continued)

ACCharacteristics Symbol -25 Units Notes
Parameter Min Max

DQS writgoreamble tWPRE 0.25 - tCLK
DQS writgoreamble setugime tWPRES 0 - ns 5,6
DQS writgpostamble tWPST 0.4 0.6 tCLK 4
Write recoverytime tWR 15 - ns
Internal WRITE tREAZommandielay tWTR 2 - tCLK
Average periodicefreshinterval tREFI - 7.8 > a 7
ExitSELF REFRESH to Viaiticommand IXSR 120 - ns 18
Exit powerdownmode to firstvalidcommand tPDX 25 - ns 19
Minimum tCKEHIGH/LOWime tCKE 1 - tCLK

Notes

1.

CASatencydefinition: for CL=2, the first dataelementis valid at (tCLK+ tAC)after the CLKat whichthe REAlzommandwas registered for CL=3,
the first dataelementis validat (2 PtCLKk+ tAC)after the first CLKat whichthe REAXommandwas registered

2. Fastcommand/addressnput slewrate »x1V/ns. Slowcommand/addressnput slewrate x0.5V/ns. If the slewrate is lessthan 0.5V/ns,timing must
be derated tIShasan additional 50ps (pending)per each100mV/ns reductionin slewrate from the 0.5V/ns. tIH hasOpsadded(pending) that is,
it remainsconstant If the slewrate exceeds4.5V/ns, functionality isuncertain

3. tHZandtLZtransitions occumn the same access timeindowsas validdata transitions. Thesgarametersare not referencedo a specifioroltage
level, butspecifywhenthe device outputis no longer driving (HZ) or begins driving (LZ).

4. Themaximum limit for this parameteas not adevice limit.The devicewill operatewith a greatervaluefor this parameter, but system performance
(bus turnaround) will degradaccordingly.

5. This imot adevice limit.Thedevice will operate witla negative valuehut system performance could lsegraded due tdus turnaround.

6. Itis recommendedhat DQ%e valid(HIGHr LOW)on or beforethe WRITEEommand.

7. Therefresh period equalé4ms. Thigquatesto an average refreshrate af dy mH p > a @

8. Thevalid data window is derived by achievingother specificationstHP (tCLK2), tDQSQ.and tQH (tHP - tQHS) The data valid window derates
directly proportional with the CLKduty cycleand a practicaldata valid window canbe derived TheCLKs alloweda maximumduty cyclevariation
of 45/55. Functionalityis uncertainwhen operatingbeyonda 45/ 55 ratio.

9. Referencedo each output grouppQS@vith DQGDQ7;andDQ1with DQ&DQ1

10. READandWRITEw®ith auto prechargere allowedto be issued before tRAMIN) canbe satisfiedprior to the internal PRECHARGE command
beingissued.

11. tHZ(MAX)will prevail ovetDQSCLKHMAX)+ tRPSTMAX)condition.

12. tHP(MIN)is the lesseof tCL minimumandtCH minimunactually appliedo the device CLK and /Clguts, collectively.

13. Random addressing changing 50 percent of data changing at &assfer.

14. CKHEmust be active (HIGH)uring the entire time a REFREStdbmmandis executed.That s, from the time the AUTOREFRESH
command igegistered CKE must be active at each risigk edgentil tRFQater.

15. The transitiortime for inputsignals (/CAS, CKE, /D8|,DQ, DQS, /RASVE,and addresses) ameasuredbetween VIL(DG@ VIH(ACHor
risinginput signalsand VIH(DG) VIL(AC) fofalling input signals.

16. tDAL = (tWRACLK)(#RP/tCLK): for eadkrm, if not already an integer, rount the nexthigher integer.

17. Theseparameters guarantee devitening but they are not necessaritgstedon eachdevice.

18. CLHKnustbe toggleda minimumof two timesduringthis period.

19. CLHKnustbe toggleda minimumof onetime duringthis period.

20. Thisdevicecansupport 45/55 of duty rate fofDQSCLK in cas€50/50 of CLKnput.
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Operations

Bank/row Activation

Beforeany READbr WRITEcommandscanbe issuedto a bankwithin the Low PowerDDRSDRAMa row in that bank
must be & 2 LISg/THiss accomplishedvia the ACTIVEommand,which selectsboth the bank and the row to be
activated,asshownin Figureb.

After a rowis opened withan ACTIVE commandR&ADr WRITEEommandmaybe issued tahat row, subject tothe
tRCD specification. tREMIN)should be dividedby the clockperiodand rounded up tdhe nextwhole numberto
determinethe earliestclockedgeafter the ACTIVEEommandon whicha REAr WRITEEommand can be entered.
For example, a tRCD specification of 1&itk a 133 MHz clock (7.5ns period) resint8.4 clocksrounded to3.

A subsequentACTIVEEommandto a different row in the samebankcanonly be issuedafter the previous activerow
hasbeend Of 2 @r8dRarged) The minimum time interval between successiveACTIVEcommandsto the same
bankis definedbytRC

A subsequentACTIVEommandto anotherbankcanbe issuedwhile the first bankis beingaccessedwhich resultsin a
reductionof total row-accesverhead Theminimumtime interval betweensuccessivCTIVEcommandgo different
banksis definedbytRRD

Figureb: Activating aSpecific Row im Specifi@ank

/CLK

./
CLK /&

KE -
High

IRAS G, R,
ICAS V7 )
IWE
AOAL2

BAOBAL 222K __en X

RA =Row Address
BA =BankAddress

5 2 ycard
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READ
READurstsareinitiated with a REARommand asshownin Figure6 on page26.

Thestarting columnand bankaddressesre providedwith the READxrommandand auto prechargeis either enabledor
disabledfor that burst accesslf auto prechargeis enabled,the row beingaccesseds prechargedat the completionof
the burst. Forthe REAxommandsusedin the followingillustrations,auto prechargdsdisabled

During READbursts, the valid data-out elementfrom the starting column addresswill be availablefollowing the CAS
latency after the READcommand Eachsubsequentdata out element will be valid nominally at the next positive or

negativeclock edge (i.e., at the next crossingof CLKand /CLK) Figure7 on page 27 shows generaltiming for each
possibleCASatencysetting DQSis driven by the LowPowerDDRSDRANMalong with output data Theinitial LOWSstate

on DQSis known asthe read preamble the LOWstate coincidentwith the last data-out elementis known asthe read

postamble

Upon completion of a burst, assumingno other commandshave been initiated, the DQswill go HighZ A detailed
explanationof tDQSCLKDQSransition skewto CLKandtAC (data-out transition skewto CLK)s depictedin Figure28
onpage52.

Datafrom any READburst may be concatenatedwith or truncated with data from a subsequentREAD command In
either case,a continuousflow of data canbe maintained Thefirst data elementfrom the new burst follows either the
lastelementof a completedburst or the last desireddata elementof alongerburst whichis beingtruncated Thenew
READzommandshouldbe issuedx cyclesafter the first READommand, where x equalsthe number of desireddata
elementpairs(pairsarerequiredby the 2n-prefetch architecture) Thisis shownin Figure8 on page28.

A REArommandcanbeinitiated on any clockcyclefollowing a previousREAzommand Nonconsecutiveread datais
shown for illustration in Figure9 on page 29. Full speedrandom read accesseswithin a page (or pages)can be
performedasshownin Figurel0 on page30.

Figure6: READCommand

ICLK
o .

KE

High

/CS D, (720,

L T
/RAS 2227 N7

/WE

AOG-A9 K r K

ENAP
A10 V7Z22X 77
DIAP

BAOBAL (2K on X

CA = ColumAddressBA
=BankAddress

EN AP = Enable AlRoecharge
DIS AP = Disable Altecharge

[ 5 2 ycard
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Figure7: REABDperation

oy R
e e 5 ol | [ Z
N = | il ?”’/” /
§ © L | tDOSOnax
< tAG ; | < tHZ :lp
T A\ vou\[oouGoutNum 7777777777777
LIty 77 7 A A A A A

S A NTeT o
5 2 yCard

Notes:
1. Doutm =data-out from columnm. 2.
BL =.

3. Shown witmominal tAC, tDQSClaadtDQSQ.
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Figure8: Consecutive ReaBursts

TO T1 Tln T2 T2n T3 T3n T4 T4nT5
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Notes:

1. Doutm (or n)=data-out from columnm (or columnn).
2. BL = 4 in the casshown.

3. Shown withnominal tAC, tDQSClatdtDQSQ.

4. Thisexample represents consecutiREAD commands issued to tthevice.
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Figure9: Readto-ReadOperation

ADDRESS - . 7 | 5%, . I : 7 . 7507 Vi
Z . Ak N

: /',. =7 :
b0 ;{4;;;:;;5;5;555,‘::{,;4@ Dout outDdyft Dou >%é5{_{;?f@ DouthutD tn
G mam2mi [N sl 2><

/CLK

COMMAND %<HEAD>%< NOP >%< NOP @EAD@ NOP @ NOP @< NOP

5 2 yCard

Notes:

1. Doutm (or n)=data-out from column m(or columnn).
2. BL = 4 in the cassbhown

3. Shown withnominal tAC, tDQSCLK, abf)SQ.

4. Thisexample represents nonconsecutiEAD commands issued to thevice.
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Figure10: RandomREADAccesses
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Notes:

1. Doutm (or n, o, p)}=data-out from column m(or columnn, columno, column p).
2. BL = 4 in the casshown.

3. READareto anactiverow in anybank.

4. Shown withnominal tAC, tDQSCla6adtDQSQ.

TruncatedREADs
Datafrom any READburst may be truncated with a BURSTERMINATEommand,asshownin Figurell on page31.
TheBURSTERMINATHRtencyis equalto the READCAS)atency,i.e., the BURSTTERMINATEommandshouldbe

issuedx cyclesafter the READxommand ,where x equalsthe numberof desireddata elementpairs(pairsare required
by the 2n-prefetcharchitecture)

Datafrom any READburst must be completedor truncated before a subsequentWRITECcommandcan be issued If
truncationis necessarythe BURSTERMINATEommandmust be used,asshownin Figurel2 on page32. ThetDQSS

(MIN) caseis shown the tDQSSMAX)casehasa longerbusidle time. (tDQSS[MIN] and tDQSYMAX] are definedin
the sectiononWRITES$

A READburst may be followed by, or truncated with, a PRECHARGBEmmandto the samebank provided that auto
prechargewasnot activated The PRECHAR@EmMmandshouldbe issuedx cyclesafter the READommand,where x
equalsthe number of desireddata elementpairs (pairsare required by the n- prefetch architecture) Thisis shownin
Figure13 on page 33. Followingthe PRECHARGEmMmMand,a subsequentcommandto the samebank cannot be
issueduntil tRPismet.

Note: Partof the row prechargetime ishiddenduringthe acces®f the lastdataelements
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Figurell: READ Bur&terminated
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Notes:

1. Doutn =data-out from columnn.

2. Onlyvalid forBL = &andBL =8.

3. Shown withnominal tAC, tDQSCldfd tDQSQ.

4. BST = BURST TERMINATE commagdremainsopen.
5. CKE HIGH.
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Figurel2: REARoO-WRITE Operation
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Notes:

1. Doutm =data-out from column m.

2. Din n =datain fromcolumnn.

3. BL = 4 in the casakown (applies for bursts @&as well;jf BL 22,the BST commanshowncanbea NOP).
4. Shown withnominal tAC, tDQSCla6d tDQSQ.

5. BST = BURST TERMINATE commagdremainsopen.

6. CKE HIGH.
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Figurel3: REABRo-PRECHARGEperation
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Notes:
1. Doutm =data-out fromcolumnm.
2. BL = %r an interrupted burst 0B.
3. Shown withnominal tAC, tDQSClatadtDQSQ.
4. REAEI0-PRECHAR®Ruals2 clockswhich allows? data pairs oflata-out.

5. A READxommandwith auto prechargeenabled, provided tRAS(MIN) is met, would causea prechargeto be performed at x
numberof clock cycleafterthe READ commandherex= BL 2.

6. PRE = PRECHARGE command; ACT = éa0i4ad.
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WRITE

WRITBburstsare initiated with a WRITEEommand,asshownin Figure14 on page35. Thestarting column and bank
addressesre providedwith the WRITEEommand,and auto prechargeis either enabledor disabledfor that accesslf
auto prechargeis enabled,the row being accesseds prechargedat the completion of the burst Forthe WRITE
commandsusedin the followingillustrations,auto precharges disabled

During WRITBbursts, the first valid datarin elementwill be registeredon the first rising edge of DQS following the
WRITEEommand and subsequentiata elementswill be registeredon successivedgesof DQSTheLOWstateon DQS
between the WRITEcommandand the first rising edge is known as the write preamble the LOWstate on DQS
followingthe lastdata-in elementisknownasthe write postamble

Thetime betweenthe WRITEcommandand the first correspondingising edge of DQS(tDQSS)s specifiedwith a
relativelywide range(from 75 percentto 125 percentof one clockcycle) All of the WRITEdiagramsshowthe nominal
case,and where the two extreme cases(i.e., tDQSIMIN] and tDQSIMAX]) might not be intuitive, they havealso
been included Figure15 on page 36 showsthe nominal caseand the extremesof tDQSSor a burst of 4. Upon
completion of a burst, assumingno other commandshave been initiated, the DQswill remain HighZ and any
additionalinput datawill be ignored

Datafor any WRITBburst maybe concatenatedwith or truncatedwith a subsequenWRITEEommand In either case,
a continuousflow of input data canbe maintained Thenew WRITEEommandcanbe issuedon any positive edge of
clockfollowing the previousWRITEcommand Thefirst data elementfrom the new burst is applied after either the
lastelementof a completedburstor the lastdesireddataelementof alonger burstwhichis beingtruncated Thenew
WRITEommandshouldbe issuedx cyclesafter the first WRITEcommand wherex equalsthe numberof desireddata
elementpairs(pairsarerequiredby the 2n-prefetch architecture)

Figurel6 on page37 showsconcatenatedurstsof 4. An exampleof nonconsecutivaVRITE$s shownin Figurel7 on
page37. Fullspeedrandomwrite accessewvithin a pageor pagescanbe performed,as shownin Figurel8on page38.
Datafor anyWRITBurst maybe followed by a subsequenREADcommand Tofollow a WRITEwithout truncatingthe
WRITBburst,tWTRshouldbe met, asshownin Figure 19 on page39.

Datafor any WRITBurst maybe truncatedby a subsequeniREAzommand,asshownin Figure20 on page40. Note
that only the data-in pairsthat are registeredprior to the tWTRperiod are written to the internal array, and any
subsequentdatain shouldbe maskedwith DM, asshownin Figure21 on page4l

Data for any WRITEburst may be followed by a subsequentPRECHARGI®Emmand To follow a WRITE without
truncatingthe WRITBburst, tWRshouldbe met, asshownin Figure22 on page42.

Datafor any WRITBurst maybe truncatedby a subsequenPRECHAR@BEMMand,asshownin Figure 23 on page43
and Figure24 on page44. Note that only the data-in pairsthat are registeredprior to the tWR period are written to

the internal array, and any subsequentdata-in shouldbe maskedwith DM, asshownin Figure23 on page43 and
Figure24 on page44. After the PRECHARGEBmMmMand,a subsequentcommandto the samebankcannotbe issued
until tRPismet.
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Figurel4: WRITECommand
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Note:

1. DIS AP = Disable Alrcecharge
2. EN AP £nableAuto Precharge
3. BA =BankAddress

4. CA = ColumAddress
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Figurel5: WRITBEDperation
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Notes:

1. Din m =data-in for columnm.

2. Anuninterrupted burst of4 isshown.
3. A10 is LOWith the WRITE comman(@duto prechargés disabled).
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