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Stacked Multi -ChipProduct(MCP)

1.8V NAND Flash Memory and Mobile DDR

1. MCPFeatures

ωSupply Voltages : 1.8VOperation
- VCC : 1.7V~1.95V for Core/IOPower

ωOperating TemperatureRange
- Industrial Part : -40ϲC ~85ϲC

MCP PartNumber Flash LP-DRAM
DRAM
Freq.

Individual Datasheet
PKGType

Flash LP-DRAM

FMN1SD5SBB-50IA 1Gbx16 512Mbx16 200MHz FMND1G16S3B FMD8C16LAx-25Ex 130ball

FMN1ED5SBB-50IA 1Gbx8 512Mbx16 200MHz FMND1G08S3B FMD8C16LAx-25Ex 130ball

2. MCP SelectionGuide

3. MCP BlockDiagram

ωPackage Type:
- 130-ball FBGA, 8.0x9.0mm2, 1.0T, 0.65mm BallPitch
- Lead & HalogenFree
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4. MCP Part NumberingSystem

Dosilicon  
Memory

ProductFamily
N : NAND + Mobile DRAMMCP

FlashDensity/Org.
E: x8  
S:x16

6 : 256M
5 : 512M
1 : 1G
2 : 2G
4 : 4G

SDR/DDRDensity/Org.
S:x16  
T:x32
D: x32 (DoubleStack)

3 : 128M
6 : 256M
5 : 512M
1 : 1G
2 : 2G

Core/IOVoltage
A :3.3V
B :1.8V

Temperature  
C : 0ɫ~70ɫ E :

-25ɫ~85ɫ
I :-40ɫ~85ɫ

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

PackageType
A : 8mmx9mm, 130-ball FBGA, 1.0Tmax  B : 

10.5mmx13mm, 137-ballFBGA

C : 10.5mmx13mm, 107-ballFBGA

D : 8mmx9mm, 130-ball FBGA, 1.2Tmax

PackingType
T :Tray

R : Tape andReel

FMNXXXXXXX- XXXXX

SDR/ DDR  
S : SDR  

D : DDR

Index
B : NANDGeneration
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5-1. MCP Package Pin Configuration (130-ball FBGA, Top View)  NAND 

(x16) + DDR(x16)
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5-2. MCP Package Pin Configuration (130-ball FBGA, Top View)  NAND 
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5-3. 130-ball FBGA Package Dimension (8.0mm x9.0mm)

1.0MAX
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Revision  
No.

History Draft date Remark

0.0 InitialDraft Apr.05.2013 preliminary

0.1
Added 63B FBGA Ball Assignments  
Added ECCinformation

Sep.16.2013

0.2 Updated operating voltage range of 1.8V device  
Added 63B FBGA packagedimension

Oct.22.2013

0.3 Changed ECCsize Aug.27.2014

0.4 Added guarantee of the Firstblock. Oct.27.2014

0.5 Added 67B FBGA BallAssignments Nov.1.2014

0.6 Changed typical TPROG Feb.11.2015

0.7 Added Block zero retention(1K withECC) Jun.1.2015 Final



FEATURES
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ƴX8/X16 I/OBUS

ĺ NANDInterface

ĺ ADDRESS / DATAMultiplexing

ƴSUPPLYVOLTAGE

τVCC = 1.8/2.7/3.3 Volt core supply voltage for Program,  Erase 

and Readoperations

ƴPAGE READ /PROGRAM

τx8: (2048+64 spare)byte

ĺ x16: (1024+32 spare) wordpage

ĺ Synchronous Page ReadOperation

ĺ Randomaccess:

ĺ Serialaccess:

τPage programtime:

25us (Max)  

45ns(1.8V)

25ns(2.7/3.0V)

200us(Typ)

ƴPAGE COPYBACK

τFast data copy without externalbuffering

ƴCACHE PROGRAM

τ Internal buffer to improve the programthroughput

ƴREADCACHE

ƴLEGACY/ONFI 1.0 COMMANDSET

ƴFAST BLOCKERASE

ĺ Blocksize:

x8: (128K + 4K) bytes  

x16: (64K+2K)words

ĺ Block erase time: 2ms(Typ)

ƴMEMORY CELLARRAY

τx8: (2K + 64) bytes x 64 pages x 1024blocks

κx16: (1K + 32) words x 64 pages x 1024blocks

ƴELECTRONICSIGNATURE

ĺ Manufacturer Code

ĺ Device Code

ƴSTATUSREGISTER

ƴHARDWARE DATAPROTECTION

ƴDATARETENTION

ĺ Cycling: 100K Program / Erasecycles

ĺ Data retention: 10 Years (4bit/512byteECC)

ĺ Block zero is a valid block and will be valid for at least  1K 

program-erase cycles withECC



Part NumberingSystem

Dosilicon  
Memory

ProductFamily
ND : NAND

Density
28 :128Mb

56 :256Mb

12 :512Mb

1G :1Gb

2G :2Gb

4G :4Gb

8G :8Gb

6G : 16Gb

Organization
08 : x8

16 :x16

PackageType
0

W

A

B

C

D

F

: BareDie

: KGD

: 12 x 20 mm2 (TSOP1 48) H-ROHS & HalogenFree

: 12 x 17 mm2  (ULGA 52) H-ROHS & HalogenFree

:   9 x 9   mm2 (48 FBGA) H-ROHS & HalogenFree

:   9 x 11 mm2 (63 FBGA) H-ROHS & HalogenFree

: 6.5 x 8  mm2   (67 FBGA) H-ROHS & HalogenFree

Classification
1

2

3

4

: SLCS/B

: MLCS/B

: SLCL/B

: MLCL/B

Generation
nd

B : 2

Temperature
C

E

I

: Commercial(0ϲC~70ϲC)

: Extended(-25ϲC~85ϲC)

: Industrial(-40ϲC~85ϲC)

OperationVoltage
U

L

S

:3.3V

:2.5V

:1.8V
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1 SUMMARYDESCRIPTION

FMND1GXXXXX is a 128Mx8bit with spare 4Mx8 (x8), 64Mx16bit with spare 2Mx16(x16) bit capacity.  The 
device is offered in 3.3/1.8 Vcc Power Supply, and with x8 and x16 I/Ointerface.
The memory is divided into blocks that can be erased independently so it is possible to preserve valid data while  old data is
erased.
The device contains 1024 blocks, composed by 64 pages consisting in two NAND structures of 32series
connected Flash cells.

Program operation allows the 2112-byte page writing in typical 200us and an erase operation can be performed in  typical 2 
ms on a 128K-byte block.
Datain the pagecanbe readout at 25ns cycletime per word (2.7/3V version), andat 45ns cycletime per word
(1.8V version). TheI/O pins serveas the ports for addressand data input/output aswell ascommandinput. This interface
allowsa reducedpin countandeasymigrationtowardsdifferent densities,without anyrearrangementof footprint.
Commands, Data and Addresses are synchronously introduced using CE#, WE#, ALE and CLE inputpin.
Theon-chipProgram/EraseControllerautomatesall programanderasefunctionsincludingpulserepetition, where required,
andinternalverificationandmarginingof data. Themodifyoperationscanbe lockedusingthe WP#input pin.
This device supports ONFI 1.0specification.

The output pin RB# (open drain buffer) signals the status of the device during each operation. In a system with  multiple 
memories the RB# pins can be connected all together to provide a global statussignal.

Rev.07 (Jun. 1. 2015)6

The FMND1GXXXXX is available in the following packages : 48 - TSOP1 12 x 20 mm package, FBGA63 9 x 11  mm.

1.1 ProductList

PARTNUMBER ORGANIZATION VCCRANGE PACKAGE
FMND1G08S3B X8 1.7 ς1.95Volt FBGA
FMND1G16S3B X16 1.7 ς1.95Volt FBGA
FMND1G08L3B X8 2.5 ς3.0Volt FBGA,TSOP
FMND1G16L3B X16 2.5 ς3.0Volt FBGA,TSOP
FMND1G08U3B X8 2.7 ς3.6Volt FBGA,TSOP
FMND1G16U3B X16 2.7 ς3.6Volt FBGA,TSOP



Figure 1: LogicDiagram

DQ7 - DQ0 Data Input / Outputs (x8/x16)

DQ15 ςDQ8 Data Input / Outputs(x16)

CLE Command latchenable

ALE Address latchenable

CE# ChipEnable

RE# ReadEnable

WE# Write Enable

WP# Write Protect

RB# Ready / Busy

Vcc Power supply

Vss Ground

NC NoConnection

Table 1: signalnames

Vcc

Vss

DQ0-DQ7(x8)

RB#

CE#

WE#

RE#

ALE

CLE

WP#

DQ0-DQ15(x16)
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1.2 Pindescription
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PinName Description

DQ0-DQ7(x8)  
DQ0-DQ15(x16)

DATA INPUTS/OUTPUTS
TheDQpinsallow to input command,addressand data and to output data during read / program operations. The
inputs are latched on the rising edge of Write Enable(WE#). The I/O buffer float to High-Z when the device is
deselectedor the outputsaredisabled.

CLE
COMMAND LATCH ENABLE
This input activates the latching of the DQ inputs inside the Command Register on the Rising edge of Write  Enable
(WE#).

ALE
ADDRESS LATCHENABLE
This input activates the latching of the DQ inputs inside the Command Register on the Rising edge of Write  Enable
(WE#).

CE#
CHIP ENABLE
This input controls the selection of the device. When the device is busy CE# low does not deselect the  memory.

WE#
WRITEENABLE
This input acts as clock to latch Command, Address and Data. The DQ inputs are latched on the rise edge  ofWE#.

RE#
READENABLE
TheRE#input is the serialdata-out control,andwhenactivedrivesthe dataonto the I/O bus.Datais valid
tREA after the falling edge of RE# which also increments the internal column address counter byone.

WP#
WRITEPROTECT
The WP# pin, when Low, provides an Hardware protection against undesired modify (program / erase)  operations.

RB# READYBUSY
The Ready/Busy output is an Open Drain pin that signals the state of the memory.

VCC

SUPPLYVOLTAGE
TheVCCsuppliesthe power for all the operations(Read,Write, Erase).An internal lockcircuitpreventthe
insertion of Commands when VCC is less thanVLKO

VSS GROUND

NC / DNU NOT CONNECTED / 5hbΩ¢USE

Table 2 : pindescription

Notes:

1. A 0.1 ˃ C ŎŀǇŀŎƛǘƻǊ ǎƘƻǳƭŘ ōŜ ŎƻƴƴŜŎǘŜŘ between the VCC Supply Voltage pin and the VSS Ground pin to decouple the current surges from  the power 
supply. The PCB track widths must be sufficient to carry the currents required during program and eraseoperations.



1.3 Functional blockdiagram

Figure 2 : blockdescription
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1.4 Addressrole
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DQ0 DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 DQ7

1st Cycle A0 A1 A2 A3 A4 A5 A6 A7
2nd Cycle A8 A9 A10 A11 0 0 0 0
3rd Cycle A12 A13 A14 A15 A16 A17 A18 A19
4th Cycle A20 A21 A22 A23 A24 A25 A26 A27

Table 3 : Address Cycle Map(x8)

A0 ςA11 : byte (column) address in the page  A12 
ςA17 : page address in the block
A18 ςA27 : blockaddress

DQ0 DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 DQ7

1st Cycle A0 A1 A2 A3 A4 A5 A6 A7
2nd Cycle A8 A9 A10 0 0 0 0 0
3rd Cycle A11 A12 A13 A14 A15 A16 A17 A18
4th Cycle A19 A20 A21 A22 A23 A24 A25 A26

Table 4 : Address cycle Map(x16)

A0 ςA10 : word (column) address in the page  A11 
ςA16 : page address in the block
A17 ςA26 : blockaddress



1.5 CommandSet

Rev.07 (Jun. 1. 2015)11

FUNCTION
1st  

CYCLE
2nd  

CYCLE
3rd  

CYCLE
4th  

CYCLE

Acceptable  
command  

during  busy

READ 00h 30h - -

READ FOR COPY-BACK 00h 35h - -

READID 90h - - -

RESET FFh - - - Yes

PAGE PGM (start) / CACHE PGM(end) 80h 10h - -

CACHE PGM(Start/continue) 80h 15h - -

COPY BACKPGM 85h 10h - -

BLOCK ERASE 60h D0h - -

READ STATUS REGISTER 70h - - - Yes

RANDOM DATAINPUT 85h - - -

RANDOM DATAOUTPUT 05h E0h - -

READ CACHE (SEQUENTIAL) 31h

READ CACHE ENHANCED(RANDOM) 00h 31h - -

READ CACHE END 3Fh - - -

READ PARAMETER PAGE ECh

Table 5 : CommandSet

CLE ALE CE# WE# RE# WP# MODE
H L L Rising H X

ReadMode
CommandInput

L H L Rising H X Address Input
H L L Rising H H

Write Mode
CommandInput

L H L Rising H H Address Input
L L L Rising H H DataInput
L L L H Falling X Data Output (ongoing)
X X L H H X Data Output(suspended)
L L L H H X Busy time in Read
X X X X X H Busy time in Program
X X X X X H Busy time in Erase
X X X X X L Write Protect
X X H X X 0V /VCC StandBy

Table 6 : ModeSelection



2 BUSOPERATION

1. CommandInput.

CommandInput busoperation is usedto givea commandto the memorydevice. Commandare acceptedwith ChipEnable
low, CommandLatchEnableHigh,AddressLatchEnablelow and ReadEnableHighand latchedon the risingedgeof Write
Enable. Moreoverfor commandsthat startsa modifyoperation(write/erase)the Write Protectpin mustbehigh. SeeFigure3
and Table19 for detailsof the timingsrequirements. Commandcodesare alwaysappliedon IO<7:0>, disregardingthe bus
configuration(X8/X16).

2. AddressInput.

AddressInput busoperationallowsthe insertionof the memoryaddress. To insert the 28 addressesneededto accessthe 4
clock cycles(x8 version)are needed. Addressesare acceptedwith ChipEnablelow, AddressLatch EnableHigh,Command
LatchEnablelow andReadEnableHighandlatchedon the risingedgeof Write Enable. Moreoverfor commandsthat startsa
modify operation (write/erase) the Write Protect pin must be high. SeeFigure 4 and Table19 for details of the timings
requirements. Addressesarealwaysappliedon IO7:0, disregardingthe busconfiguration(X8/X16).

3. DataInput.

DataInput busoperationallowsto feed to the devicethe data to be programmed. Thedata insertionis seriallyand timed by
the Write Enablecycles. Dataareacceptedonly with ChipEnablelow, AddressLatchEnablelow, CommandLatchEnablelow,
ReadEnableHigh,andWrite ProtectHighandlatchedon the risingedgeof Write Enable. SeeFigure5 andTable19 for details
of the timingsrequirements.

4. DataOutput.

DataOutput bus operation allows to read data from the memory array and to checkthe statusregistercontent, the lock
statusandthe IDdata. Datacanbe seriallyshiftedout togglingthe ReadEnablepin with ChipEnablelow, Write EnableHigh,
AddressLatch Enable low, and CommandLatch Enable low. See Figure 6,7,8 and Table 19 for details of the timings
requirements.

5. Write Protect.

HardwareWrite Protectionisactivatedwhen the Write Protectpin is low. In this conditionmodify operationdo not start and
the content of the memory is not altered. Write Protect pin is not latchedby Write Enableto ensurethe protection even
duringthe powerup.

6. Standby.

In Standbythe deviceisdeselected,outputsaredisabledandPowerConsumptionreduced.

Rev.07 (Jun. 1. 2015)12



3 DEVICEOPERATION

1. PageRead.

Uponinitial devicepowerup, the devicedefaultsto Readmode. Thisoperationisalsoinitiated by writing 00h and 30h to the
commandregisteralongwith 4 addresscycles. In two consecutivereadoperations,the secondone doesneed00h command,
which 4 addresscyclesand 30h commandinitiates that operation. Secondread operationalwaysrequiressetupcommandif
first readoperationwasexecutedusingalsorandomdataout command.
Two types of operationsare available: random read , serial pageread. The random read mode is enabledwhen the page
addressischanged. The2112bytes(X8 device)or 1056words(X16 device)of datawithin the selectedpage aretransferredto
the dataregistersin lessthan 25us(tR). Thesystemcontrollermaydetect the completionof this datatransfer(tR)by analyzing
the output of R/Bpin. Oncethe data in a pageis loadedinto the data registers,they maybe readout in 25nscycletime (3V
version)or 45nscycletime (1.8V version)by sequentiallypulsingRE#. Therepetitive high to low transitionsof the RE#clock
makethe deviceoutput the datastartingfrom the selectedcolumnaddressup to the lastcolumnaddress.
The device may output random data in a page instead of the consecutive sequential data by writing random data  output
command.
The column address of next data, which is going to be out, may be changed to the address which follows random  data output
command.
Random data output can be operated multiple times regardless of how many times it is done in a page.  After 
power up, device is in read mode so 00h command cycle is not necessary to start a read operation.  Any operation 
other than read or random data output causes device to exit read mode.
Check Figure 9,10,11 asreferences.

2. ReadCache

The Read Cache function permits a page to be read from the page register while another page is simultaneously  read from 
the Flash array. A Read Page command, as defined in 3.1, shall be issued prior to the initial sequential  or random Read Cache 
command in a read cachesequence.
The Read Cache function may be issued after the Read function is complete (SR[6] is set to one). The host may  enter the 
address of the next page to be read from the Flash array. Data output always begins at column address  00h. If the host does 
not enter an address to retrieve, the next sequential page is read. When the Read Cache  function is issued, SR[6] is cleared 
to zero (busy).After the operation is begun SR[6] is set to one (ready) and the
host may begin to read the data from the previous Read or Read Cache function. Issuing an additional Read  Cache function 
copies the data most recently read from the array into the page register. When no more pagesare
to be read, the final page is copied into the page register by issuing the 3Fh command. The host may begin to  read data from 
the page register when SR[6]is set to one (ready). When the 31h and 3Fh commands are issued,  SR[6] shall be cleared to zero 
(busy) until the page has finished being copied from the Flash array. The host shall  not issue a sequential Read Cache (31h) 
command after the last page of the device is read. Figure 12 definesthe
Read Cache behavior and timings for the beginning of the cache operations subsequent to a Read command being  issued. 
SR[6] conveys whether the next selected page can be read from the page register. Figure 13 defines the
Read Cache behavior and timings for the end of cacheoperation.

3. PageProgram.

The device is programmed basically by page, but it does allow multiple partial page programming of a word or  consecutive 
bytes up to 2112 (X8 device) or words up to 1056 (X16 device), in a single page programcycle.
A pageprogram cycleconsistsof a serial data loadingperiod in which up to 2112 bytes (X8 device)or 1056
words (X16 device) of data may be loaded into the data register, followed by a non-volatile programming period  where the 
loaded data is programmed into the appropriatecell.
The serial data loading  period begins  by inputting  the  Serial Data Input command (80h), followed by the  4  cycle
addressinputsandthen serialdata.Thewordsother than thoseto be programmeddo not needto be loaded.The
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devicesupportsrandomdata input in a page. Thecolumnaddressof next data,whichwill be entered,maybe changedto the
addresswhich follows randomdata input command(85h). Randomdata input maybe operated multiple times regardlessof
howmanytimesit isdonein a page.
ThePageProgramconfirm command(10h) initiates the programmingprocess. Theinternal write state controller
automaticallyexecutesthe algorithmsandtimingsnecessaryfor programandverify, therebyfreeingthe system controller for
other tasks. Oncethe programprocessstarts,the ReadStatusRegistercommandmaybe enteredto readthe statusregister.
Thesystemcontroller candetect the completionof a programcycleby monitoringthe RB# output, or the Statusbit (I/O 6) of
the StatusRegister. Onlythe ReadStatuscommandandResetcommandare validwhile programmingis in progress. Whenthe
PageProgramis complete,the Write StatusBit (I/O 0) maybe checked. Theinternal write verify detectsonly errors for "1"s
that are not successfullyprogrammedto "0"s. The commandregisterremainsin ReadStatuscommandmode until another
validcommandiswritten to the commandregister. Figure14andFigure15detail the sequence.

4. Copy-BackProgram.

Thecopy-backprogramis configuredto quicklyand efficiently rewrite data stored in one pagewithout utilizing an external
memory. Sincethe time-consumingcyclesof serial accessand re-loadingcyclesare removed,the system performanceis
improved. Thebenefit isespeciallyobviouswhena portion of a blockisupdatedandthe rest of the blockisalsoneededto be
copied to the newly assignedfree block. The operation for performing a copy-back programis a sequentialexecutionof
page-read without serial accessand copying-program with the addressof destinationpage. A read operation with "35h"
commandandthe addressof the sourcepagemovesthe whole 2112byte (X8 device)or 1056word (X16 device)data into the
internal data buffer. Assoonasthe devicereturns to Readystate,optional data read-out is allowedby togglingRE#,or Copy
Backcommand(85h) with the address cyclesof destinationpagemay be written. TheProgramConfirmcommand(10h) is
requiredto actuallybeginthe programmingoperation. Datainput cyclefor modifyinga portion or multiple distantportionsof
the sourcepageis allowedasshownin Figure17.
Figure16andFigure17 showthe commandsequencefor the copy-backoperation.

5. CacheProgram

CacheProgramis an extensionof the standardpageprogram which is executedwith two 2112 bytes(x8 device)or 1056
words(x16device)registers,the dataandthe cacheregister.
In short, the cacheprogramallowsdata insertionfor one pagewhile programof anotherpageis underexecution.
Cacheprogramisavailableonlywithin a block.

After the serialdata input command(80h) is loadedto the commandregister,followedby 4 cyclesof address,a full or partial
pageof datais latchedinto the cacheregister.
Oncethe cachewrite command(15h) is loadedto the commandregister,the data in the cacheregisteris
transferredinto the data registerfor cell programming. At this time the deviceremainsin Busystate for a short time (tPCBSY).
After all data of the cacheregisterare transferredinto the data register,the devicereturns to the Ready state, and allows
loadingthe nextdatainto the cacheregisterthroughanothercacheprogramcommandsequence(80h-15h).
Thebusytime followingthe first sequence80hς15h equalsthe time neededto transferthe dataof cacheregister to the data
register. Cellprogrammingof the data of data registerand loadingof the next data into the cache register is consequently
processedthroughapipelinemodel.
In caseof any subsequentsequence80h ς15h, transfer from the cacheregister to the data register is held off until cell
programmingof current dataregistercontentsis complete; till this moment the devicewill stayin a busystate
(tPCBSY).
ReadStatuscommands(70h) maybe issuedto checkthe statusof the different registers,andthe pass/failstatus
of the cachedprogramoperations. More in detail:
a) the Cache-Busystatusbit I/O<6> indicateswhenthe cacheregisterisreadyto acceptnew data.

b)the statusbit I/O<5> canbeusedto determinewhenthe cellprogrammingof the currentdataregistercontents iscomplete
c)the 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 canbepolleduponI/O<6>statusbit changingto "1" .
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d) the error bit I/O<0> isusedto identify if anyerror hasbeendetectedby the program/ erasecontrollerwhile programming
pageN. Thelatter canbepolleduponI/O<5>statusbit changingto "1".
I/O<1> may be read together with I/O<0>.
If the systemmonitors the progressof the operationonly with R/B#,the last pageof the target programsequencemust be
programmedwith PageProgramConfirmcommand(10h). If the CacheProgramcommand(15h) isused instead,the statusbit
I/O<5> must be polled to find out if the last programmingis finishedbeforestartinganyother operation. Figure18,19 detail
the sequence.

6. BlockErase.

TheEraseoperation is doneon a blockbasis. Blockaddressloadingis accomplishedin two cyclesinitiated by an EraseSetup
command(60h). OnlyaddressA18 to A27 (X8) or A17 to A26 (X16) is valid while A12 to A17 (X8) or A11 to A16 (X16) are
ignored. TheEraseConfirmcommand(D0h) following the block addressloadinginitiates the internal erasingprocess. This
two-step sequenceof setupfollowed by executioncommandensuresthat memorycontentsare not accidentallyeraseddue
to externalnoiseconditions.
At the risingedgeof WE#after the eraseconfirmcommandinput, the internalwrite controllerhandleseraseand erase-verify.
Oncethe eraseprocessstarts, the ReadStatusRegistercommandmay be entered to read the statusregister. The system
controllercandetect the completionof aneraseby monitoringthe RB#output, or the Statusbit (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) maybechecked.
Figure 20 details the sequence.

7. ReadStatusRegister.

Thedevicecontainsa StatusRegisterwhichmaybe readto find out whether read,programor eraseoperationis completed,
andwhether the programor eraseoperationis completedsuccessfully. After writing 70h commandto the commandregister,
a readcycleoutputs the contentof the StatusRegisterto the I/O pinson the fallingedgeof CE#or RE#,whicheveroccurslast.
Thistwo line control allowsthe systemto poll the progressof eachdevicein multiple memoryconnectionsevenwhen RB#
pins are common-wired. RE#or CE#doesnot need to be toggled for updated status. Refer to Table7 for specificStatus
Registerdefinitions,andFigure8 for specifictimings requirements. Thecommandregisterremainsin StatusReadmodeuntil
further commandsare issuedto it. Therefore,if the statusregisteris read during a randomread cycle,the read command
(00h) shouldbegiven beforestartingreadcycles.
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3.8 Read Status Register field definition

Tablebelow lists the meaning of each bit of Read Status Register and Read StatusEnhanced
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IO
Page  
Program

Block  
Erase

Read
Cache  
Read

Cache
Program/  
Cache  
reprogram

CODING

0 Pass /Fail Pass /Fail NA
NA Pass/Fail N page

Pass: ΨлΩ CŀƛƭΥΨмΩ

1 NA NA NA
NA Pass/Fail N-1page

Pass: ΨлΩ CŀƛƭΥΨмΩ

2 NA NA NA
NA NA -

3 NA NA NA
NA NA -

4 NA NA NA
NA NA -

5 Ready/Busy Ready/Busy Ready/Busy Ready/Busy
Ready/Busy Active:ΨлΩ  

LŘƭŜΥΩмΩ

6 Ready/Busy Ready/Busy Ready/Busy Ready/Busy
Ready/Busy Data cache Read/Busy  

.ǳǎȅΥ ΨлΩ wŜŀŘȅΥΩмΩ

7
Write  
Protect

Write  
Protect

Write  
Protect

Write  
Protect

Write  
Protect

Protected:ΨлΩ
bƻǘ tǊƻǘŜŎǘŜŘΥ ΨмΩ

Table 7 : Status RegisterCoding

3.9 Read ID.

The device contains a product identification mode, initiated by writing 90h to the command register, followed by an  address 
input of 00h.

DENSITY ORG. VCC 1st 2nd 3rd 4th (1)

1Gbit

X8 3.0V F8h F1h 80h 91h
X16 3.0V 00F8h C1h 80h D1h
X8 1.8V F8h A1h 80h 11h
X16 1.8V 00F8h B1h 80h 51h

Table 8: Read ID for supportedconfigurations

DEVICE IDENTIFIERBYTE DESCRIPTION

1st
Manufacturer Code

2nd
DeviceIdentifier

3rd
Internal chip number, cell ǘȅǇŜΣΧΦ

4th
Page Size, Block Size, Spare Size,Organization

Table 9 : Read ID bytesmeaning



Description DQ7 DQ6 DQ5-4 DQ3-2 DQ1-0

1 0 0

Internal ChipNumber
2
4

01
10

8 1 1

CellType
2 LevelCell
4 LevelCell

00
01

8 LevelCell 1 0
16 LevelCell 1 1

Number of simultaneously  
programmedpages

1
2
4

00
01
10

8 1 1

Interleaved programbetween Not Supported 0
multipledice Supported 1

CacheProgram
Not Supported 0
Supported 1
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Table 10 : 3rd byte of Device IdentifierDescription

Description DQ7 DQ6 DQ5-4 DQ3 DQ2 DQ1-0

1KB 0 0
PageSize 2KB 0 1
(Without SpareArea) 4KB 1 0

8KB 1 1

Spare Area Size  
(Byte / 512Byte)

16
32

0
1

64KB 0 0
BlockSize 128KB 0 1
(Without SpareArea) 256KB 1 0

512KB 1 1

Organization
X8 0
X16 1

Serial Access Time
50ns/45ns  
25ns

0
1

0
0

Reserved 0 1
Reserved 1 1

Table 11 : 4th Byte of Device IdentifierDescription

Toretrieve the ONFIsignature,the command90h togetherwith anaddressof 20h shallbe entered(i.e. it isnot validto enter
anaddressof 00h andread36 bytesto get the ONFIsignature). TheONFIsignatureis the ASCIIencodingofΨhbCLΩwhereΨhΩ=
4Fh,ΨbΩ= 4Eh,ΨCΩ= 46h, andΨLΩ= 49h. Readingbeyondfour bytesyields indeterminatevalues. Figure22 showsthe operation
sequence.

3.10Reset.

Thedeviceoffers a reset feature,executedby writing FFhto the commandregister. Whenthe deviceis in Busy stateduring
randomread,programor erasemode, the reset operationwill abort theseoperations. Thecontentsof memorycellsbeing
alteredare no longervalid,asthe datawill be partiallyprogrammedor erased. Thecommand



registeris clearedto wait for the next command,and the StatusRegisteris clearedto valueE0h when WP#is high. Referto
Table7 for devicestatusafter resetoperation. If the deviceisalreadyin resetstatea newresetcommand will not beaccepted
by the commandregister. TheRB#pin transitionsto low for tRSTafter the Resetcommandis written (seeFigure23).

11. Read ParameterPage

The wŜŀŘ tŀǊŀƳŜǘŜǊ tŀƎŜ ŦǳƴŎǘƛƻƴ ǊŜǘǊƛŜǾŜǎ ǘƘŜ Řŀǘŀ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŎƘƛǇΩǎ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ŦŜŀǘǳǊŜǎΣ  ǘƛƳƛƴƎǎ 
and other behavioral parameters. Figure 24 defines the Read Parameter Pagebehavior.
Values in the parameter page are static and shall not change. The host is not required to read the parameter page  after 
power managementevents.
The Change Read Column command can be issued during execution of the Read Parameter Page to read specific  portions of 
the parameterpage.
Read Status may be used to check the status of Read Parameter Page during execution. After completion ofthe

Read Status command, 00h shall be issued by the host on the command line to continue with the data output flow  for the 
Read Parameter Pagecommand.
Read Status Enhanced shall not be used during execution of the Read Parameter Pagecommand.

12. Parameter Page Data StructureDefinition

Table 12 defines the parameter page data structure. For parameters that span multiple bytes, the least significant  byte of 
the parameter corresponds to the firstbyte.
Values are reported in the parameter page in units of bytes when referring to items related to the size of data  access (as in 
an 8-bit data access device). For example, the chip will return how many data bytes are in a page.
For a device that supports 16-bit data access, the host is required to convert byte values to word values for its use.  Unused 
fields should be cleared to0h.
For more detailed information about Parameter Page Data bits, refer to ONFI Specification 1.0 section5.4.1
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Byte O/M Description

Revision information and features block

0-3 M Parameter pagesignature
Byte 0:  4Fh,άhέ
Byte 1:  4Eh,άbέ
Byte 2:  46h,άCέ
Byte 3:  49h,άLέ

4-5 M Revision number
2-15 Reserved(0)
1 1 = supports ONFI version1.0
0 Reserved(0)

6-7 M Featuressupported
5-15 Reserved(0)
4 1 = supports odd to even pageCopyback
3 1 = supports interleavedoperations
2 1 = supports non-sequential pageprogramming
1 1 = supports multiple LUNoperations
0 1 = supports 16-bit data buswidth

8-9 M Optional commands supported  6-15
Reserved(0)

5 1 = supports Read UniqueID
4 1 = supportsCopyback
3 1 = supports Read StatusEnhanced
2 1 = supports Get Features and SetFeatures
1 1 = supports Read Cache18ntegrit
0 1 = supports Page Cache Program command

10-31 Reserved(0)

Manufacturer informationblock



Byte O/M Description

32-43 M Device manufacturer (12 ASCIIcharacters)

44-63 M Device model (20 ASCIIcharacters)

64 M JEDEC manufacturerID

65-66 O Datecode

67-79 Reserved(0)

Memory organizationblock
80-83 M Number of data bytes perpage

84-85 M Number of spare bytes perpage

86-89 M Number of data bytes per partialpage

90-91 M Number of spare bytes per partialpage

92-95 M Number of pages perblock

96-99 M Number of blocks per logical unit (LUN)

100 M Number of logical units (LUNs)

101 M Number of addresscycles
4-7 Column addresscycles  0-3

Row addresscycles
102 M Number of bits percell

103-104 M Bad blocks maximum perLUN

105-106 M Blockendurance

107 M Guaranteed valid blocks at beginning of target

108-109 M Block endurance for guaranteed validblocks

110 M Number of programs per page

111 M Partial programming attributes  5-7
Reserved

4 1 = partial page layout is partial page data  followed 
by partial page spare

1-3 Reserved
0 1 = partial page programming hasconstraints

112 M Number of bits ECCcorrectability

113 M Number of interleaved address bits  4-7
Reserved(0)

0-3 Number of interleaved addressbits

114 O Interleaved operation attributes  4-7
Reserved(0)

3 Address restrictions for programcache
2 1 = program cachesupported
1 1 = no block addressrestrictions
0 Overlapped / concurrent interleavingsupport

115-127 Reserved(0)

Electrical parametersblock

128 M I/O pincapacitance

129-130 M Timing mode support
6-15 Reserved(0)
5 1 = supports timing mode5
4 1 = supports timing mode4
3 1 = supports timing mode3
2 1 = supports timing mode2
1 1 = supports timing mode1
0 1 = supports timing mode 0, shall be1

131-132 O Program cache timing mode support  6-15
Reserved(0)

5 1 = supports timing mode5
4 1 = supports timing mode4
3 1 = supports timing mode3
2 1 = supports timing mode2
1 1 = supports timing mode1
0 1 = supports timing mode0

133-134 M tPROG Maximum page program time(µs)

135-136 M tBERS Maximum block erase time(µs)

137-138 M tR Maximum page read time(µs)

139-163 Reserved(0)
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Byte O/M Description

Vendor block
164-165 M Vendor specific Revisionnumber

166-253 Vendorspecific

254-255 M IntegrityCRC

Redundant ParameterPages
256-511 M Value of bytes0-255

512-767 M Value of bytes0-255

768+ O Additional redundant parameterpages
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Table 12 : Parameter pagedata

Note : άhέ stands for Optional, άaέ for Mandatory



4 DeviceParameters
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Parameter Symbol Min Typ Max Unit

Valid BlockNumber NVB 1004 1024 Blocks

Table 13: Valid BlocksNumber

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

specification for the minimum number of valid blocks is applicable overlifetime.

Symbol Parameter
Value

Unit
1.8V 2.7V 3.0V

TA

Ambient Operating Temperature (Temperature Range Option1) 0 to 70 0 to 70 0 to 70 ϲC

Ambient Operating Temperature (Temperature Range Option6)
ς40to

85
ς40to

85
ς40to

85 ϲC

TBIAS Temperature UnderBias
ς50to
125

ς50to
125

ς50to
125 ϲC

TSTG StorageTemperature
ς65to
150

ς65to
150

ς65to
150 ϲC

VIO Input or OutputVoltage
ς0.6to

2.7
ς0.6to

4.6
ς0.6to

4.6 V

VCC SupplyVoltage
ς0.6to

2.7
ς0.6to

4.6
ς0.6to

4.6 V

Table 14: Absolute maximumratings

.

Parameter
Symb  

ol
TestConditions

1.8Volt 2.7Volt 3.0Volt
Unit

Min Typ Max Min Typ Max Min Typ Max

Operating  
Current

Sequential  
Read ICC1

tRC = 50ns, CE#=VIL,  

IOUT=0mA
- 10 20 - 15 30 - 15 30 mA

Program ICC2 - - 10 20 - 15 30 - 15 30 mA
Erase ICC3 - - 10 20 - 15 30 - 15 30 mA

Stand-by Current(TTL) ICC4
CE#=VIH,  

WP#=0V/VCC
- - 1 - 1 1 mA

Stand-ByCurrent  
(CMOS)

ICC5
CE#=VCC-0.2,  
WP#=0/VCC

- 10 50 - 10 50 10 50 uA

Input LeakageCurrent ILI VIN=0 to Vc(max) - - ҕ10 - - ҕ10 - ҕ10 uA
OutputLeakage  
Current

ILO VOUT=0 to Vcc(max) - - ҕ10 - - ҕ10 - ҕ10 uA

Input High Voltage VIH -
0.8x  
VCC

-
VCC

+0.3
0.8x
Vcc -

VCC

+0.3
0.8x  
VCC

-
VCC

+0.3
V

Input LowVoltage VIL - -0.3 -
0.2x  
VCC

-0.3 -
0.2x  
VCC

-0.3 -
0.2x  
VCC

V

Output HighVoltage  
Level VOH

IOH = -100uA
VCC-
0.1

- -
VCC-
0.4

- - V

IOH = -400uA 2.4 - - V

Output LowVoltage  
Level

VOL

IOL = 100uA - - 0.1 - - 0.4 V
IOL = 2.1mA - - 0.4 V

Output LowCurrent  
(RB#)

IOL  

(RB#)

VOL=0.1V 3 4 - 3 4 - mA
VOL=0.4V 8 10 - mA

Table 15: DC and OperatingCharacteristics



Parameter Value
1.8Volt 2.7Volt 3.0Volt

Input PulseLevels 0V to VCC 0V to VCC 0V to VCC

Input Rise and FallTimes 5ns 5ns 5ns
Input and Output Timing Levels VCC  / 2 VCC  / 2 VCC  / 2

Output Load (1.7V ς1.95V & 2.5V - 3.6V) 1 TTL GATEand  
CL=30pF

1 TTL GATEand  
CL=30pF

1 TTL GATEand  
CL=50pF
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Table 16: AC TestConditions

Item Symbol TestCondition Min Max Unit
Input / Output Capacitance(1) CI/O VIL =0V - 10 pF
Input Capacitance(1) CIN VIN =0V - 10 pF

Table 17 : Pin Capacitance (TA = 25C,f=1.0MHz)

Parameter Symbol Min Typ Max Unit
ProgramTime tPROG - 200 700 us
Cache program short busytime tPCBSY 3 tPROG us

Number of partialProgram  
Cycles in the samepage

Main +Spare  
Array

NOP - - 4 Cycle

Block EraseTime tBERS - 2.0 10 ms
Read Cache busytime tRCBSY 3 tR us

Table 18: Program / EraseCharacteristics
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Table 19 : AC TimingCharacteristics

NOTE:
(1) If Reset Command (FFh) is written at Ready state, the device goes into Busy for maximum5us

Parameter Symbol
1.8 Volt 2.7 Volt 3.0 Volt

Unit
Min Max Min Max

CLE Setup time tCLS 10 10 10 ns

CLE Hold time tCLH 5 5 5 ns

CE# Setup time tCS 20 15 15 ns

CE# Hold time tCH 5 5 5 ns

WE# Pulse width tWP 15 10 10 ns

ALE Setup time tALS 10 10 10 ns

ALE Hold time tALH 5 5 5 ns

Data Setup time tDS 10 7 7 ns

Data Hold time tDH 5 5 5 ns

Write Cycle time tWC 45 25 25 ns

WE# High Hold time tWH 10 7 7 ns

Address to Data Loading time tADL 100 70 70 ns

Data Transfer from Cell to Register tR 25 25 25 us

ALE to RE# Delay tAR 10 10 10 ns

CLE to RE# Delay tCLR 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 tWB 100 100 100 ns

Read Cycle Time tRC 45 25 25 ns

RE# Access Time tREA 30 16 16 ns

CE# Access Time tCEA 45 25 25 ns

RE# High to Output Hi-Z tRHZ 100 100 100 ns

CE# High to Output Hi-Z tCHZ 30 30 30 ns

/9І IƛƎƘ ǘƻ ![9 ƻǊ /[9 5ƻƴΩǘ ŎŀǊŜtCSD 10 10 10 ns

RE# High to Output Hold tRHOH 15 15 15 ns

RE# Low to Output Hold tRLOH - 5 5 ns

CE# High to Output Hold tCOH 15 15 15 ns

RE# High Hold Time tREH 10 7 7 ns

Output Hi-Z to RE# Low t IR 0 0 0 ns

RE# High to WE# Low tRHW 100 100 100 ns

WE# High to RE# Low tWHR 60 60 60 ns

Device Resetting Time
(Read/Program/Erase)

tRST

5/10/
500
(1)

5/10/
500
(1)

5/10/
500
(1)

us

Write protection time tWW 100 100 100 ns



5 TimingDiagrams

Figure 3 : Command LatchCycle

Figure 4 : Address LatchCycle
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Figure 5 : Input Data LatchCycle

Figure 6 : Sequential Out Cycle afterRead
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Figure 7 : Sequential Out Cycle afterRead

Figure 8 : Status ReadCycle
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Figure 9 : Read Operation (Read OnePage)

Figure 10 : Read Operation intercepted by CE#
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Figure 11 : Random DataOutput

-

Figure 12 : read cache timings, start of cacheoperation

tRCBSY tRCBSY
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Figure 13 : read cache timings, end of cacheoperation

Figure 14 : Page Program Operation

tRCBSY

Rev.07 (Jun. 1. 2015)29

tRCBSYtRCBSY



Figure 15 : Random Data In

Figure 16 : Copy Back read with optional datareadout

Rev.07 (Jun. 1. 2015)30



Figure 17 : Copy Back Program with Random DataInput

Figure 18: Cache ProgramStart

Figure 19: Cache ProgramEnd
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Figure 20 : Block Erase Operation (Erase OneBlock)

Figure 21 : READ IDOperation

F8h
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Figure 23 : Reset operationtiming

Figure 24 : Read Parameter Pagetimings

CL E

W E   

ALE  

R E

IO0-7 2 0 h9 0 h 4 F h 4 E h 4 6 h 4 9 h

Figure 22 : ONFI signature timingdiagram

tW HR

CLE

W E   

ALE  

RE

IO0-7 E Ch P00 P10 Χ

R/ B
tR

00h P01
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Figure 25 : tWW in ProgramOperation

Figure 26 : tWW in EraseOperation
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Note : VTH = 1.5 Volt for 1.8 Volt Supply devices; 2.5 Volt for 3.0 Volt Supplydevices

Figure 28 : Ready/Busy Pin electricalapplication

Figure 27 : Power on and Data Protectiontimings
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6 Bad BlockManagement

Devices with Bad Blocks have the same quality level and the same AC and DC characteristics as devices where all  the blocks 
are valid. A Bad Block does not affect the performance of valid blocks because it is isolated from the bit  line and common 
source line by a select transistor. The devices are supplied with all the locations inside valid  blocks erased(FFh). The Bad Block 
Information is written prior to shipping. Any block where the 1st Byte in the  spare area of the 1st or 2nd page (if the 1st page 
is Bad) does not contain FFh is a Bad Block. The Bad Block  Information must be read before any erase is attempted as the Bad 
Block Information may be erased. For the  system to be able to recognize the Bad Blocks based on the original information it is 
recommended to create a Bad  Block table following theflowchart

Figure 29 : Bad Block ManagementFlowchart
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Over the lifetime of the device additional Bad Blocks may develop. In this case the block has to be replaced by  copying the 
data to a valid block. These additional Bad Blocks can be identified as attempts to program or erase  them will give errors in 
the StatusRegister.
The failure of a page program operation does not affect the data in other pages in the same block, the block can be  replaced 
by re-programming the current data and copying the rest of the replaced block to an available validblock.

Figure 30 : BlockFailure

Block Replacement flow is asbelow

1.When an error happens in the nth ǇŀƎŜ ƻŦ ǘƘŜ .ƭƻŎƪ Ω!Ω ŘǳǊƛƴƎ ŜǊŀǎŜ ƻǊ ǇǊƻƎǊŀƳ ƻǇŜǊŀǘƛƻƴΦ  нΦ/ƻǇȅ 
the data in the 1st ~ (n-1)th page to the same location of another free block. (Block Ω.Ωύ  3.Copy the nth 
page data of the Block Ω!Ω ƛƴ the buffer memory to the nth page of the BlockΩ.ΩΦ
4.Do not erase or program to Block Ω!Ω by ŎǊŜŀǘƛƴƎ ŀƴ ΩƛƴǾŀƭƛŘ ōƭƻŎƪΩ ǘŀōƭŜ ƻǊ other appropriate scheme.

Figure 31 : Bad BlockReplacement

.
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7 SupportedPackages

7.1 PIN CONFIGURATION (48TSOP)

7.2 PACKAGEDIMENSIONS
48-PIN LEAD/LEAD FREE PLASTIC THIN SMALL OUT-LINE PACKAGETYPE(I)
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20.00ҕ0.20

# 25

# 48# 1

0
.20

+0
.0

7

-0
.0

3
0
.0

0

8+
0.

0
0
3

-0
.0

0
1

0.
50

0.
0
1
9
7

0.
1
6

+0
.0

7

-0
.0

3

0.724
18.40ҕ0 .10

ҕ0.004

0.018
0.45ҕ0 .75

ҕ0.030

0.
0
0

5
. .0 0
+ -

07
5

03
5

+0
.0

0
3

-0
.0

0
1

0.
1
2
5

0.020
0.50

010
.  00.

2

5

TY
P

0~8ϲ

0.002
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M A X

0.047      

274
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1

X
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8

12
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0

010
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.  0
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7.3 Ball Assignment: 63-Ball FBGA (Balls Down, TopView)
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7.4 PACKAGE DIMENSIONS  63-Ball 
FBGA PACKAGETYPE
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7.5 Ball Assignment: 67-Ball FBGA (Balls Down, TopView)a

X8

X16
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7.6 PACKAGE DIMENSIONS  67-Ball 
FBGA PACKAGETYPE
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SelectionGuide
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8M x16
Memory

Array

DDR Sync DRAMFeatures

ÅFunctionality

- Double-data-rate architecture ; two data transfers  

per CLKcycle.

- Bidirectional data strobe per byte data(DQS).

- No DLL ; CLK to DQS is not Synchronized.

- Differential CLK inputs( CLK and /CLK).

- Commands entered on each positive CLKedge.

- DQS edge-aligned with data for Reads;  

center-aligned with data for Writes.

- Four internal banks for concurrentoperation.

- Data masks (DM) for masking write data-onemask  per

byte.

- Programmable burst lengths : 2, 4, 8,16.

- Programmable CAS Latency : 2,3.

- Concurrent auto pre-charge option issupported.

- Auto refresh and self refreshmodes.

- Status read register(SRR)

- LVCMOS-compatibleinputs.

ÅConfiguration

- 32 Meg X 16 (8 Meg X 16 X 4Bank ).

ÅLow PowerFeatures
- Lowvoltagepowersupply.

- Auto TCSR(TemperatureCompensatedSelfRefresh).

- PartialArraySelfRefreshpower-savingmode.

- DeepPowerDownMode.

- DriverStrengthControl.

ÅOperating TemperatureRanges
- Commercial(0ɫ to+70ɫ).

- Extended(-25ɫ to +85ɫ).

- Industrial(-40ɫ to+85ɫ).

ÅPackage
- 60-BallFBGA( 8 X9 X0.8mm)

ÅFunctionalDescription
TheFMD8B16LBxFamilyis 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
JEDECstandardLowPowerDDRSDRAMspecifications.



Pin Configuration

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

Top View

1 2 3 4 5 6 7 8 9

A VSS DQ15  VSSQ VDDQ DQ0 VDD

B VDDQ    DQ13  DQ14 DQ1 DQ2 VSSQ

C VSSQ    DQ11  DQ12 DQ3 DQ4 VDDQ

D VDDQ DQ9   DQ10 DQ5 DQ6 VSSQ

E VSSQ    DQS1   DQ8 DQ7 DQS0 VDDQ

F VSS DM1 NC NC DM0 VDD

G CKE CLK /CLK /WE /CAS /RAS

H A9 A11 A12 /CS BA0 BA1

J A6 A7 A8 A10/AP   A0 A1

K VSS A4 A5 A2 A3 VDD
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GeneralDescription

The512Mb LowPowerDDRSDRAMis a high-speedCMOS,dynamicrandom-accessmemorycontaining 536,870,912
bits. It is internally configuredasa quad-bankDRAM. Eachof the 134,217,728-bit banksis organizedas8,192 rowsby
1,024columnsby16bits.

The512Mb LowPowerDDRSDRAMusesa doubledata rate architectureto achievehigh-speedoperation. Thedouble
data rate architectureis essentiallya 2n-prefetcharchitecturewith an interfacedesignedto transfer four data words
per clockcycleat the I/O balls. A singlereador write accessfor the 512Mb DDRSDRAMeffectivelyconsistsof a single
2n-bit wide,one-clock-cycledata transferat the internalDRAMcore andtwo correspondingn-bit wide,one-half-clock-
cycledatatransfersat the I/O balls.

A bidirectionaldatastrobe(DQS)is transmittedexternally,alongwith data,for usein datacaptureat the receiver. DQS
is a strobe transmitted by the Low PowerDDRSDRAMduring READsand by the memory controller during WRITEs.
DQSis edge-alignedwith data for READsand center-alignedwith data for WRITEs. The x16 offering has two data
strobes.

The512Mb LowPowerDDRSDRAMoperatesfrom a differential clock(CLKand /CLK); the crossingof CLKgoingHIGH
and /CLKgoing LOWwill be referred to as the positive edge of CLK. Commands(addressand control signals)are
registeredat everypositiveedgeof CLK. Input data is registeredon both edgesof DQS,andoutput data is referenced
to both edgesof DQS,aswell asto both edgesofCLK.

Readand write accessesto the LowPowerDDRSDRAMare burst oriented; accessesstart at a selected locationand
continuefor a programmednumberof locationsin a programmedsequence. Accessesbegin with the registrationof an
ACTIVEcommand,which is then followed by a READor WRITEcommand. The addressbits registeredcoincidentwith
the ACTIVEcommandare usedto selectthe bankandrow to be accessed. Theaddressbits registeredcoincidentwith
the READor WRITEcommandareusedto 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 providea self-timed row prechargethat is initiated at the end of the burst
access.

As with standard SDRSDRAMs,the pipelined, multibank architecture of Low Power DDRSDRAMsallows for
concurrentoperation,therebyprovidinghigheffectivebandwidthbyhidingrow prechargeandactivation time.

Anauto-refreshmodeisprovided,alongwith a powersavingpower-downmode. Selfrefreshmodeoffers temperature
compensationthrough an on-chip temperature sensorand partial array self refresh, which allow usersto achieve
additional power saving. The temperature sensor is enabled by default and the partial array self refresh can be
programmedthroughthe extendedmoderegister.

Notes:

1. Throughoutthe datasheet,the variousfiguresandtext refer to DQsasά5v.έTheDQterm is to be interpreted as
anyandall DQcollectively,unlessspecificallystatedotherwise. Additionally,the x16 is dividedinto two bytes. For
the first byte (DQ0ςDQ7) DMrefersto DM0 andDQSrefersto DQS0. Forthe secondbyte (DQ8ςDQ15) DMrefersto
DM1 andDQSrefersto DQS1.

2. Complete functionality is described throughout the document and any page or diagram may have been  simplified to 
convey a topic and may not be inclusive of allrequirements.

3. Anyspecificrequirementtakesprecedenceoverageneralstatement.
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Symbol Type Description

CLK,/CLK Input

Clock: CLK is the system clock input. CLK and /CLK are differential clock inputs. All address and  control 

input signals are sampled on the crossing of the positive edge of CLK and negative edgeof

/CLK.Input andoutput datais referencedto the crossingof CLKand/CLK(both directionsof the

crossing).

CKE Input

Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals, input  buffers, and 
output drivers. Taking CKE LOW allows PRECHARGE power-down and SELF  REFRESH operations (all 
banks idle), or ACTIVE power-down (row active in any bank). CKE is  synchronous for all functions expect 
SELF REFRESH exit. All input buffers (except CKE) are  disabled during power-down and self refresh
modes.

/CS Input

Chipselect:/CSenables(registeredLOW)anddisables(registeredHIGH)the commanddecoder.  All 
commands are masked when /CS is registered HIGH. /CS provides for external bank selection  on systems 
with multiple banks. /CS is consideredpart of the command code.

/RAS,/CAS,
/WE

Input
Commandinputs:/RAS, /CAS, and/WE(alongwith /CS) definethe commandbeingentered.

DM0ςDM1 Input

Input data mask: DM is an input mask signal for write data. Input data is masked when DM is  sampled HIGH 
along with that input data during a WRITE access. DM is sampled on both edges of  DQS. Although DM balls 
are input-only, the DM loading is designed to match that of DQ and DQS  balls. For the x16, DM0 
corresponds to DQ0 ςDQ7, DM1 corresponds toDQ8ςDQ15.

BA0,BA1 Input

Bank address inputs: BA0 and BA1 define to which bank an ACTIVE, READ, WRITE, or  
PRECHARGE command is applied. BA0 and BA1 also determine which moderegister
(standard mode register or extended mode register) is loaded during a LOAD MODE REGISTER  command.

A0-A12 Input

Address inputs: Provide the row address for ACTIVE commands, and the column address andauto
pre-charge bit (A10) for READ or WRITE commands, to select one location out of the memory array  in the 
respective bank. During a PRECHARGE command, A10 determines whether the  PRECHARGE applies to one 
bank (A10 LOW, bank selected by BA0, BA1) or all banks (A10HIGH).
Theaddressinputs alsoprovide the op-codeduring a LOADMODEREGISTERcommand. BA0 and BA1
definewhichmoderegister(moderegisteror extendedmoderegister)is loadedduring the LOADMODE
REGISTERcommand.
For 512Mb(X16), Row Address : A0 ~ A12, Column Address: A0 ~A9.

DQ0-DQ15 I/O Data input/output: Data bus for x16.

DQS0-

DQS1
I/O

Data strobe: Output with read data, input with write data. DQS is edge aligned with read data,  centered 
in write data. It is used to capture data. For the x16, DQS0 corresponds to DQ0 ςDQ7,  DQS1 corresponds 
to DQ8ςDQ15.

TQ Output
Temperature sensor output : TQ High when LPDDR Tj exceeds 85ɫ.  When 
TQ is ΨIƛƎƘΩΣ self refresh is notsupported.

VDDQ Supply DQ Power: Provide isolated power to DQs for improved noiseimmunity.

VSSQ Supply DQ Ground: Provide isolated ground to DQs for improved noiseimmunity.

VDD Supply Power Supply: Voltage dependant onoption.

VSS Supply Ground.

6Rev. 0.3, Jun.Ψмо
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FunctionalDescription

The512Mb LowPowerDDRSDRAMis a high-speedCMOS,dynamicrandom-accessmemorycontaining 536,870,912
bits. It is internally configuredasa quad-bankDRAM. Eachof the 67,108,864-bit banksis organizedas8,192 rows by
1,024columnsby16bits.

The512Mb LowPowerDDRSDRAMusesa doubledatarate architectureto achievehigh-speedoperation. Thedouble
data rate architectureis essentiallya 2n-prefetcharchitecture,with an interfacedesignedto transfer four data words
per clockcycleat the I/O balls. singlereador write accessfor the 512Mb LowPower DDRSDRAMconsistsof a single
2n-bit wide,one-clock-cycledata transferat the internal DRAMcoreand two correspondingn-bit wide,one-half-clock-
cycledatatransfersat the I/O balls.

Readand write accessesto the LowPowerDDRSDRAMare burst oriented; accessesstart at a selected location and
continuefor a programmednumberof locationsin a programmedsequence. Accessesbegin with the registration of
an ACTIVEcommand,which is then followed by a READor WRITEcommand.

The address bits registered coincident with the ACTIVE command are used to select the bank and row to be  accessed 
(BA0, BA1 select the bank; A0ςA12 select the row). The address bits registered coincident with the  READ or WRITE 
command are used to select the starting column location for the burstaccess.

It should be noted that the DLL signal that is typically used on standard DDR devices is not necessary on the  Low Power 
DDR SDRAM. It has been omitted to savepower.

Prior to normal operation, the Low PowerDDRSDRAMmust be initialized. The following sectionsprovide detailed
informationcoveringdeviceinitialization,registerdefinition,commanddescriptionsanddevice operation.

Initialization
Low Power DDR SDRAMs must be powered up and initialized in a predefined manner. Operational  procedures other 

than those specified may result in undefinedoperation.

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

functionalityof the LowPowerDDRSDRAM. Theclockstop feature is not availableuntil the devicehasbeen properly

initialized.

To properly initialize the Low Power DDR SDRAM, this sequence must be followed:

1. To prevent devicelatch-up, it is recommendedthe core power (VDD)and I/O power (VDDQ)be from the same

powersourceandbroughtup simultaneously. If separatepowersourcesareused,VDDmust lead VDDQ.

2. Once power supply voltages are stable and the CKE has been driven HIGH, it is safe to apply theclock.

3. Oncethe clockis stable,a 200˃ ǎ(minimum)delayis requiredby the LowPowerDDRSDRAMprior to applyingan

executablecommand. Duringthis time, NOPor DESELECTcommandsmustbe issuedon the commandbus.

4. Issue a PRECHARGE ALLcommand.

5. Issue NOP or DESELECT commands for at least tRPtime.

6. Issuean AUTOREFRESHcommandfollowed by NOPor DESELECTcommandsfor at leasttRFCtime. Issuea second

AUTOREFRESHcommand followed by NOPor DESELECTcommandsfor at least tRFC time. As part of the

individualizationsequence,two AUTOREFRESHcommandsmustbe issued. Typically,both of thesecommandsare

issuedat this stageasdescribedabove. Alternately,the second AUTO-REFRESHcommandand NOPor DESELECT

sequencecanbe issuedbetweensteps10 and11.

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

8. Issue NOP or DESELECT commands for at least tMRDtime.

9. Usingthe LOADMODEREGISTERcommand,loadthe extendedmoderegisterto the desiredoperating modes. Note
that the sequencein whichthe standardandextendedmoderegistersareprogrammedis not critical.

10.IssueNOPor DESELECTcommandsfor at leasttMRDtime.

11.TheLowPowerDDRSDRAMhasbeenproperlyinitializedandisreadyto receiveanyvalid command.
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Figure 1. Initialize and Load ModeRegister[1.2.3.]

Note :

1. Thetwo AUTOREFRESHcommandsat T3and T9 may be applied before either LOADMODEREGISTER(LMR)command.

2. PRE = PRECHARGE command, LMR = LOAD MODE REGISTER command, AR = AUTO REFRESH command,  ACT = ACTIVE command, RA = 
Row Address, BA = Bank Address

3. TheLoadMode Registerfor both MR/EMRand 2 Auto Refreshcommandscan be in any order; However,all must occurprior
to an Active command.

4. NOP or DESELECT commands are required for at leastнлл˃ǎΦ

5. Other valid commands arepossible.

6. NOPs or DESELECTs are required during this time.
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RegisterDefinition

Mode Registers

Themode registersare usedto define the specificmode of operation of the LowPowerDDRSDRAM. There are two
moderegistersusedto specifythe operationalcharacteristicsof the device. Thestandardmode register,whichexistsfor
all Low Power DDRSDRAMdevices,and the extended mode register, which exists on all Low Power DDRSDRAM
devices.

Standard Mode Register

The standardmode register definition includesthe selectionof a burst length, a burst type, a CASlatency and an
operating mode, as shown in Table1 on page10. The standardmode register is programmedvia the LOADMODE
REGISTERSETcommand(with BA0 = 0 andBA1 = 0) andwill retain the storedinformation until it is programmedagain.
Reprogrammingthe standard mode register will not alter the contents of the memory, provided it is performed
correctly. Themoderegistermust be loaded(reloaded)when all banksare idle andno burstsare in progress,and the
controller must wait the specified time before initiating the subsequentoperation. Violating either of these
requirementswill result in unspecifiedoperation.
Mode register bits A0ςA2 specify the burst length, A3 specifies the type of burst (sequential or interleaved),  A4ςA6 
specify the CAS latency, and A7ςA12 specify the operatingmode.

Note: Standard refers to meeting JEDEC-standard mode registerdefinitions.

BurstLength
Readandwrite accessesto the LowPowerDDRSDRAMare burst oriented,with the burst lengthbeing programmable,
asshownin Table1 on page10. Theburst length determinesthe maximumnumber of columnlocationsthat canbe
accessedfor a givenREADor WRITEcommand. Burstlengthsof 2,4,8 or 16 areavailablefor both the sequentialandthe
interleavedbursttypes.
Reserved states should not be used, as unknown operation or incompatibility with future versions may result.  When a 
READ or WRITE command is issued, a block of columns equal to the burst length is effectively  selected. All accesses for 
that burst take place within this block, meaning that the burst will wrap until a  boundary is reached. The block is 
uniquely selected by A1ςAi when BL = 2, by A2ςAi when BL = 4, by A3ςAi  when BL = 8, by A4ςAi when BL=16(where Ai is 
the most significant column address bit for a given  configuration). The remaining (least significant) address bit(s) is (are) 
used to select the starting location  within the block.
Theprogrammedburst lengthappliesto both READandWRITEbursts.

BurstType
Accesseswithin a givenburstmaybeprogrammedto beeither sequentialor interleaved; this isreferredto as

the bursttypeandisselectedviabit M3.

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

address. See Table 2 on page 11 for moreinformation.
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READLatency

TheREADlatencyis the delay,in clockcycles,between the registrationof a READcommandand the availabilityof the

first bit of output data. Thelatencycanbe set to 2 or 3 clocks,asshownin Table1 on page10. ForCL= 3, if the READ

commandis registeredat clockedgen, 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 be available at (1 clock +tAC).

Reserved states should not be used as unknown operation or incompatibility with future versions  mayresult.

Table1: StandardMode RegisterDefinition

10Rev. 0.3, Jun.Ψмо

M14 M13 Mode RegisterDefinition
0 0 Standard Mode Register
0 1 Status ReadRegister
1 0 Extended ModeRegister
1 1 Reserved

M12 M11 M10 M9 M8 M7 OperatingMode
0 0 0 0 0 0 Valid NormalOperation

- - - - - - - All other statesreserved

M6 M5 M4 CASLatency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2
0 1 1 3
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved

1 1 1 Reserved

M3 Burst Type
0 Sequential
1 Interleaved

M2 M1 M0 BurstLength
0 0 0 Reserved
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

M14-
BA1

M13-
BA0

M12-
A12

M11-
A11

M10-
A10

M9-A9 M8-A8 M7-A7 M6-A6 M5-A5 M4-A4 M3-A3 M2-A2 M1-A1 M0-A0

0 0 OperationMode CASLatency BT BurstLength



Table 2: BurstDefinition
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Burst  

Length

Starting

Column  
Address

Order of Accesses Within aBurst

Type = Sequential Type = Interleaved

2

A0

0 0-1 0-1

1 1-0 1-0

4

A1 A0

0 0 0-1-2-3 0-1-2-3

0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1

1 1 3-0-1-2 3-2-1-0

8

A2 A1 A0

0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7

0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6

0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4

1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3

1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2

1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1

1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

16

A3 A2 A1 A0

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 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-0 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 5-4-7-6-1-0-3-2-13-12-15-14-9-8-11-10

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

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 8-9-10-11-12-13-14-15-0-1-2-3-4-5-6-7 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 11-10-9-8-15-14-13-12-3-2-1-0-7-6-5-4

1 1 0 0 12-13-14-15-0-1-2-3-4-5-6-7-8-9-10-11 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 14-15-12-13-10-11-8-9-6-7-4-5-2-3-0-1

1 1 1 1 15-0-1-2-3-4-5-6-7-8-9-10-11-12-13-14 15-14-13-12-11-10-9-8-7-6-5-4-3-2-1-0

Notes:

1. For BL = 2, A1ςAi select the two-data-element block; A0 selects the first access within the block.

2. For BL = 4, A2ςAi select the four-data-element block; A0ςA1 select the first access within the block.

3. For BL = 8, A3ςAi select the eight-data-element block; A0ςA2 select the first access within the block.

4. For BL=16, A4ςAi select the sixteen-data-element block; A0ςA3 select the first access within the block.

5. Whenever a boundary of the block is reached within a given sequence above, the following accesswraps within the block.

6. Ai = the most significant column address bit for a given configuration.

Table 3: CAS Latency

Speed
Allowable Operating Clock Frequency(MHz)

CL =2 CL =3
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Operating Mode
Thenormaloperatingmodeisselectedby issuinga LOADMODEREGISTERSETcommandwith bits A7ςA12eachset to
zero,andbits A0ςA6 set to the desiredvalues. All other combinationsof valuesfor A7ςA12 arereservedfor future use
and/or test modes. Testmodesandreservedstatesshouldnot be usedbecauseunknownoperationor incompatibility
with future versionsmayresult.

Extended ModeRegister
Theextendedmode registercontrols functionsspecificto low power operation. Theseadditional functions include
drivestrength,temperaturecompensatedself refresh,andpartial arrayself refresh. Thisdevicehas default valuesfor
the extendedmoderegister(if not programmed,the devicewill operatewith the default valuesςPASR=FullArray,DS
= FullDrive).

Temperature Compensated SelfRefresh
A temperaturesensoris implementedfor automaticcontrolof the selfrefreshoscillatoron the device. Programmingof
the temperaturecompensatedself refresh(TCSR)bits will haveno effect on the device.The self refreshoscillatorwill
continuerefreshat the factoryprogrammedoptimalrate for the devicetemperature.

Notes:

1. BL = 4 in the casesshown.

2. Shown with nominal tAC and nominaltDQSCLK.

Figure 2: CASLatency
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Partial Array SelfRefresh
For further power savings during SELF REFRESH, the PASR feature allows the controller to select the mount  of memory 
that will be refreshed during SELF REFRESH. The refresh options are asfollows:

ωFullarray: banks0, 1, 2, and3
ωHalfarray: banks0 & 1
ωQuarterarray: bank0
ωOneEightharray: Halfof Bank0
ωOneSixteentharray: Quarterof Bank0

WRITE and READ commands can still occur during standard operation, but only the selected banks will be  refreshed 
during SELF REFRESH. Data in banks that are disabled will be lost.

Output DriverStrength
Becausethe LowPowerDDRSDRAMisdesignedfor usein smallersystemsthat aremostlypoint to point, anoption to
control the drive strengthof the output buffers is available. Drivestrengthshouldbe selected basedon the expected
loadingof the memorybus. BitsA5 ~ A7 of the extendedmoderegistercanbe used to selectthe driver strengthof the
DQoutputs. Therearefive allowablesettingsfor the output drivers.

Table4: ExtendedMode RegisterTable[1.2.].
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EM14 EM13 Mode RegisterDefinition
0 0 Standard ModeRegister
0 1 Status ReadRegister
1 0 Extended ModeRegister
1 1 Reserved

EM14-

BA1

EM13-

BA0

EM12-

A12

EM11-

A11

EM10-

A10

EM9-

A9

EM8-

A8

EM7-

A7

EM6-

A6

EM5-

A5

EM4-

A4

EM3-

A3

EM2-

A2

EM1-

A1

EM0-

A0

1 0 All must be set toΨлΩ DriverStrength 0 0 PASR

A2 A1 A0 Self RefreshCoverage

0 0 0 AllBanks

0 0 1 Half of TotalBank(BA1=0)

0 1 0 Quarter of TotalBank(BA1=BA0=0)

0 1 1 RFU

1 0 0 RFU

1 0 1
One Eighth of TotalBank

(BA1=BA0=Row Address MSB=0)

1 1 0
One Sixteenth of TotalBank

(BA1=BA0=Row Address2MSBs=0)

1 1 1 RFU

A7 A6 A5 DriverStrength

0 0 0 100%

0 0 1 50%

0 1 0 25%

0 1 1 12.5%

1 0 0 75%

1 0 1 Reserved

1 1 0 Reserved

1 1 1 Reserved

Note :

1. EM14 and EM13 (BA1 and BA0) mustōŜ άмΣ лέ to select the Extended Mode Register(vs. the base Mode Register).

2. RFU: Reserved for FutureUse



Status ReadRegisters

The status read register (SRR) is used to read the manufacturer ID, revision ID, refresh multiplier, width type, and  density of the 
device, as shown in Table 5 (page 14). The SRR is read via the LOAD MODE REGISTER command with  BA0 = 1 and BA1 = 0. The 
sequence to perform an SRR command is asfollows:

ω The device must be properly initialized and in the idle or all banks prechargedstate.

ω Issue a LOAD MODE REGISTER command with BA[1:0] = 01 and all address pins set to0.

ω Wait tSRR; only NOP or DESELECT commands are supported during the tSRRtime.

ω Issue a READcommand.

ω Subsequent commands to the device must be issued tSRC after the SRR READ command is issued; only  NOP or 
DESELECT commands are supported duringtSRC.

SRR output is read with a burst length of 2. SRR data is driven to the outputs on thefirst

bit of the burst, with ǘƘŜ ƻǳǘǇǳǘ ōŜƛƴƎ ά5ƻƴΩǘ /ŀǊŜέ ƻƴ ǘƘŜ ǎŜŎƻƴŘ ōƛǘ ƻŦ ǘƘŜburst.

Table 5: Status RegisterTable.
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S7 S6 S5 S4 RevisionID

0 0 0 0 The ƳŀƴǳŦŀŎǘǳǊŜǊΩǎrevisionnumberstartsatΨллллΩandincrementsbyΨлллмΩeachtime a  change 
in the specification (AC timings or feature set), IBIS (pull-up or pull-down  characteristics), or 
processoccurs.

~

1 1 1 1

S31~S161 S15 S14 S13 S12 S11 S10 S9 S8 S7 S6 S5 S4 S3 S2 S1 S0

Reserved Density Type Width RefreshRate RevisionID ManufacturerID

S15 S14 S13 Density S12 DeviceType S11 DeviceWidth

0 0 0 128Mb 0 LPDDR 0 16bits

0 0 1 256Mb 1 Reserve 1 32bits

0 1 0 512Mb S3 S2 S1 S0 ManufacturerID

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

S10 S9 S8 RefreshMultiplier 2

0 0 0 Reserved

0 0 1 Reserved

1 1 0 Reserved

0 1 1 2X

1 0 0 1X

1 0 1 Reserved

1 1 0 0.25X

1 1 1 Reserved

0 1 0 1 Reserved

0 1 1 0 Reserved

0 1 1 1 Reserved

1 0 0 0 Reserved

1 0 0 1 Reserved

1 0 1 0 Reserved

1 0 1 1 Reserved

1 1 0 0 Reserved

1 1 0 1 Reserved

1 1 1 0 Reserved

1 1 1 1 Reserved

Note : 1. Reserved bits should be set to 0 for future compatibility.

2. Refresh multiplier is based on the device on-board temperature sensor.  

Requited periodic refresh interval = tREFI Xmultiplier.

Self refresh is not supported for automotive device at high temperature. (85ɫ to 105ɫ)



Figure 3: Status Read RegisterTiming

5ƻƴΩǘCare

PRE1 NOP LMR NOP2 READ NOP

ADDRESS
Bank1

Add0

SRR
out4

DQS

DQ

CLK

COMMAND

T0
/CLK

T1 T2 T4 T5T3 T6 T7 T8  

NOP NOP Valid

CL =33

Note : 1. All banks must be idle prior to status registerread.

2. NOP or DESELECT commands are required between the LMR and READ commands(tSRR),and

between the READ and the next VALID command(tSRC).

3. CAS latency is predetermined by the programming of the mode register. CL = 3 is shown as an exampleonly.

4. Burst length is fixed to 2 for SRR regardless of the value programmed by the moderegister.

5. The second bit of the data-out burst is a ά5ƻƴΩǘ/ŀǊŜΦέ

15Rev. 0.3, Jun.Ψмо

Note5



Stopping the External Clock
Onemethod of controlling the power efficiencyin applicationsis to throttle the clockwhich controlsthe Low Power
DDRSDRAM. Therearetwo basicwaysto control the clock:

1. Change the clock frequency, when the data transfers require a different rate ofspeed.

2. Stopping the clockaltogether.

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

TheLowPowerDDRSDRAMallowsthe clockto changefrequencyduringoperation,only if all the timing parameters
aremet with respectto that changeandall refreshrequirementsaresatisfied.

Theclockcanalsobe stoppedall together,if there areno dataaccessesin progress,either WRITEsor READsthat would
be effectedby this change; i.e., if a WRITEor a READis in progressthe entire data burst must be through the pipeline
prior to stoppingthe clock. CKEmust be heldHIGHwith CLK= LOWand/CLK
= HIGHfor the full duration of the clockstop mode. Oneclockcycleandat leastone NOPis requiredafter the clockis
restartedbeforea validcommandcanbe issued. Figure4 on page16 illustratesthe clockstop mode.

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

5ƻƴΩǘCare

COMMAND

Address

DQ,DQS
High-Z

Exit clock stopmode

CVMaDli2d Valid

NOP1 CMD2 NOPCCMMDD2
2 NNOOPP

All DRAM activities must becomplete3

Enter clock stopmode4

CLK

CKE

Ta2 Tb3 Tb4

Figure 4: Clock StopMode

Ta1
/CLK

Notes:

1. Prior to Ta1 the device is in clock stop mode. To exit, at least one NOP is required before any validcommand.

2. Any valid command is allowed, device is not in clock suspendmode.

3. Any DRAM operation already in process must be completed before entering clock stop mode. This includes tRCD, tRP, tRFC,  tMRD, tWR, 

all data-out for READ bursts. This means the DRAM must be either in the idle or precharge state before clock  suspend mode can be

entered.

4. To enter and maintain a clock stop mode: CLK = LOW, /CLK = HIGH, CKE =HIGH.
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Name(Function) /CS /RAS /CAS /WE ADDR Notes
DESELECT(NOP) H X X X X 9
NO OPERATION(NOP) L H H H X 9
ACTIVE (select bank and activaterow) L L H H Bank/Row 3
READ (Select bank and column, and start READburst) L H L H Bank/Col 4
WRITE (Select bank and column, and start WRITEburst) L H L L Bank/Col 4
BURST TERMINATE L H H L X 8,10
PRECHARGE (deactivate row in bank orbanks) L L H L Code 5

AUTO REFRESH (refresh all or single bank)or

SELF REFRESH (enter self refreshmode)
L L L H X 6,7

LOAD MODE REGISTER (standard or extended moderegisters) L L L L Op-Code2 2
Deep Power Down( Enter DPD Mode) L H H L Op-Code2 11
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Notes:

1. CKE is HIGH for all commands shown except SELF REFRESH and Deep PowerDown.

2. BA0ςBA1 selecteither the standardmoderegisteror the extendedmoderegister(BA0 =0, BA1 =0 selectthe standardmode register; BA0

= 0, BA1 = 1 selectextendedmoderegister; other combinationsof BA0ςBA1 arereserved). A0ςA12 providethe op- codeto be written to

the selectedmoderegister.

3. BA0ςBA1 provide bank address and A0ςA12 provide rowaddress.

4. BA0ςBA1providebankaddress;A0ςA9providecolumnaddress;A10HIGHenablesthe auto prechargefeature ( nonpersistent),

and A10 LOW disables the auto prechargefeature.

5. A10 LOW: BA0ςBA1 determine which bank is precharged. A10 HIGH: all banks are precharged and BA0ςBA1 ŀǊŜ ά5ƻƴΩǘ /ŀǊŜΦέ

6. This command is AUTO REFRESH if CKE is HIGH, SELF REFRESH if CKE isLOW.

7. Internal refresh counter controls row addressing; all inputs and I/Os ŀǊŜ ά5ƻƴΩǘ /ŀǊŜέ ŜȄŎŜǇǘ ŦƻǊCKE.

8. Applies only to read bursts with auto precharge disabled; this command is undefined (and should not be used) for READ bursts  with auto 
precharge enabled and for WRITEbursts.

9. DESELECT and NOP are functionallyinterchangeable.

10. This command is a BURST TERMINATE if CKE isHIGH.

11. This command is a Deep Power Down if CKE isLow.

12. All states and sequences not shown are reserved and/orillegal.

Table 7: Truth Table ςDMOperation

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

Commands
Table6 and Table7 providequickreferencesof availablecommands. Thisis followed by a written description of each
command. ThreeadditionalTruth Tables(Table13 on page46, Table14 on page47, andTable15 on page49) provide
CKEcommandsandcurrent/ nextstateinformation.

Table 6: Truth Table ςCommands
Notes : 1 and 11 apply to all commands

Note: Used to mask write data; provided coincident with correspondingdata.

DESELECT
The DESELECT function (/CS HIGH) prevents new commands from being executed by the Low Power DDR  SDRAM. The 
Low Power DDR SDRAM is effectively deselected. Operations already in progress are not  affected.

NO OPERATION(NOP)
TheNOOPERATION(NOP)commandis usedto instruct the selectedDDRSDRAMto perform a NOP(/CS
= LOW, /RAS = /CAS = /WE = HIGH). This prevents unwanted commands from being registered during idle or  wait states. 
Operations already in progress are notaffected.



LOADMODEREGISTER
ThemoderegistersareloadedviainputsA0ςA12. SeemoderegisterdescriptionsinάwŜƎƛǎǘŜǊ5ŜŦƛƴƛǘƛƻƴέon page9. The
LOADMODEREGISTERcommandcanonly be issuedwhen all banksare idle, anda subsequentexecutablecommand
cannotbe issueduntil tMRDismet.

ACTIVE
TheACTIVEcommandisusedto open(or activate)a row in a particularbankfor a subsequentaccess. The valueon the
BA0, BA1 inputsselectsthe bank,and the addressprovidedon inputsA0ςA12 selectsthe row. Thisrow remainsactive
(or open) for accessesuntil a PRECHARGEcommandis issuedto that bank. A PRECHARGEcommandmust be issued
beforeopeninga different row in the samebank.

READ
TheREADcommandisusedto initiate a burst readaccessto anactiverow. Thevalueon the BA0, BA1 inputsselectsthe
bank, and the addressprovided on inputs A0ςA9 selects the 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
TheWRITEcommandis usedto initiate a burst write accessto an activerow. Thevalueon the BA0, BA1 inputs selects
the bank, and the addressprovided on inputs A0ςA9 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 WRITEburst; if auto prechargeis not selected,the row will remainopen for subsequent
accesses. Input dataappearingon the DQsiswritten 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
ThePRECHARGEcommandis usedto deactivatethe open row in a particular bankor the open row 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 bank is allowedas
long as it doesnot interrupt the data transfer in the current bankand doesnot violate any other timing parameters.
Input A10 determineswhether one or all banksare to be precharged,and in the casewhere only one bank is to be
precharged,inputs BA0, BA1 selectthe bank. OtherwiseBA0, BA1 are treated asά5ƻƴΩǘCare.έOncea bankhasbeen
precharged,it is in the idle state and must be activated prior to any READor WRITEcommandsbeing issuedto that
bank. A PRECHARGEcommandwill be treated as a 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 prechargeisa featurewhichperformsthe sameindividual-bankprechargefunction describedabove, but without
requiring an explicit command. This is accomplishedby usingA10 to enableauto prechargein conjunctionwith a
specificREADor WRITEcommand. A prechargeof the bank/row that isaddressedwith the READor WRITEcommandis
automaticallyperformed upon completionof the READor WRITEburst. Auto prechargeis nonpersistentin that it is
either enabled or disabled for 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 earliest valid stagewithin a burst. ThisάŜŀǊƭƛŜǎǘvalid
ǎǘŀƎŜέis determinedasif an explicitPRECHARGEcommandwasissuedat the earliestpossibletime, without violating
tRAS(MIN),asdescribedfor eachburst type inάhǇŜǊŀǘƛƻƴǎέon page24. Theusermust not

issueanothercommandto the samebankuntil the prechargetime (tRP)iscompleted.

BURSTTERMINATE

TheBURSTTERMINATEcommandis usedto truncate READbursts(with auto prechargedisabled). The most recently
registeredREADcommandprior to the BURSTTERMINATEcommandwill be truncated,as showninάhǇŜǊŀǘƛƻƴǎέon
page24. Theopenpagewhichthe READburstwasterminatedfrom remainsopen.

AUTOREFRESH

AUTOREFRESHisusedduringnormaloperationof the LowPowerDDRSDRAMandisanalogousto /CAS- BEFORE-/RAS

(CBR)REFRESHin FPM/EDODRAMs. This commandis nonpersistent,so it must be issued each time a refresh is

required.

Theaddressingis generatedby the internal refreshcontroller. Thismakesthe addressbits aά5ƻƴΩǘ/ŀǊŜέduring an

AUTOREFRESHcommand. The512Mb LowPowerDDRSDRAMrequiresAUTOREFRESHcyclesat anaverageintervalof

7.8125˃ ǎ(maximum).Toallow for improvedefficiencyin schedulingand switchingbetweentasks,someflexibility in the

absoluterefreshintervalisprovided.

Althoughnot a JEDECrequirement,to providefor future functionality features,CKEmust be active(HIGH) during the

auto refreshperiod. Theauto refreshperiod beginswhen the AUTOREFRESHcommandis registeredand endstRFC

later.

SELFREFRESH

TheSELFREFRESHcommandcanbe usedto retain datain the LowPowerDDRSDRAM,evenif the rest of the systemis
powereddown. Whenin the selfrefreshmode,the LowPowerDDRSDRAMretainsdata without externalclocking. The
SELFREFRESHcommandis initiated like an AUTOREFRESHcommand exceptCKEis disabled(LOW). All commandand
addressinput signalsexceptCKEareά5ƻƴΩǘ/ŀǊŜέduring

SELFREFRESH.

DuringSELFREFRESH,the deviceisrefreshedasidentified in the externalmoderegister(seePASRsetting). Fora the full
array refresh,all four banksare refreshedsimultaneouslywith the refresh frequencyset by an internal self refresh
oscillator. Thisoscillatorchangesdue to the temperaturesensorsinput. As the casetemperatureof the Low Power
DDRSDRAMincreases,the oscillation frequency will changeto accommodatethe changeof temperature. This
happensbecausethe DRAMcapacitorslosechargefasterat highertemperatures. Toensureefficientpowerdissipation
duringselfrefresh,the oscillatorwill changeto refreshat the slowestrate possibleto maintainthe devicesdata.

Theprocedurefor exitingSELFREFRESHrequiresa sequenceof commands. First,CLKmustbe stable prior to CKEgoing
backHIGH. OnceCKEis HIGH,the LowPowerDDRSDRAMmust haveNOP commandsissuedfor tXSRis required
for the completionof any internal refresh in progress.

Selfrefreshisnot supportedfor automotivedeviceat hightemperature.(85ɫ to105ɫ)

DEEPPOWERDOWN

Deep Power Down Mode is an operating mode to achieve extreme power reduction by cutting the power of  the 
whole memory array of the device. Data will not be retained once the device enters DPD Mode.Full
initialization is required when the device exits from DPD Mode. [Figure38,39]
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MaximumRatings
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Voltage on VDD/VDDQSupply

Relative to VSS ΧΧΦΧΧΦΧΧΧΧΧΧΧΧΧΦΦΦ-0.5V to + 2.3V  Voltage on 

Inputs, NC or I/O Pins

Relative to VSS ΧΧΦΧΧΦΧΧΧΧΧΧΧΧΦΧΦ ς0.5V to +2.3V  Storage 

Temperature (plastic) ΧΧΧΧΦΧΧΧΦ -55ɫ to + 150ɫ Power

Dissipation ΧΧΧΧΧΧΧΧΧΧΦΧΦΧΧΧΧΧΧм²

*Stressesgreater than those listed underάaŀȄƛƳǳƳwŀǘƛƴƎǎέmay

causepermanentdamageto the device.This is 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 abso- lute maximumrating

conditionsfor extendedperiodsmayaffect reliability.

OperatingRange

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS[1,2]

Table 8. AC OperatingConditions[1,2,3,4,5,6]

Parameter / Condition Symbol Min Max Units

SupplyVoltage VDD 1.7 1.95 V

I/O SupplyVoltage VDDQ 1.7 VDD V

Input High Voltage : Logic 1 All Inputs [3.] VIH 0.7* VDDQ VDDQ+0.3 V

Input Low Voltage : Logic 0 All Inputs [3.] VIL -0.3 0.3*VDDQ V

Data Output High Voltage : Logic 1 : AllInputs(-0.1mA) VOH 0.9* VDDQ V

Data Output Low Voltage : Logic 0 : AllInputs(0.1mA) VOL 0.1* VDDQ V

Input Leakage Current:
Any Input 0V=VIN=VDD (All other pins not under test=0V) II -5 5

Output Leakage Current : DQs are disabled ; 0V=VOUT=VDDQ lOZ -5 5

Parameter / Condition Value Units

AC input levels (Vih / Vil) 0.8 x VDDQ / 0.2 xVDDQ V

Input timing measurement reference level 0.5 xVDDQ V

Input signal minimum slewrate 1.0 V/ns

Output timing measurement reference level 0.5 xVDDQ V

Output loadcondition AC Output Load Circuit on page21 V

Note :

1. The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range  (-40ϲC Җ ¢! Җ ҌурϲC 

for IT parts) is ensured.

2. An initial pause of 200µs is required after power-up, followed by two AUTO REFRESH commands, before proper device  operation is ensured. 

(VDD and VDDQ must be powered up simultaneously. VSS and VSSQ must be at same potential.) The two AUTO  REFRESH command wake-ups should 

be repeated any time the tREF refresh requirement isexceeded.

3. All states and sequences not shown are illegal orreserved.

4. In addition to meeting the transition rate specification, the clock and CKE must transit between VIH and VIL (or between VIL and VIH)  in a 
monotonicmanner.

5. tHZ defines the time at which the output achieves the open circuit condition; it is not a reference to VOH or VOL. The last valid  data element will 
meet tOH before goingHigh-Z.

6. AC timing and IDD tests have VIL and VIH, with timing referenced to VIH/
/2 = crossover point. If the input transition time is longer  than tT (MAX), 

then the timing is referenced at VIL (MAX) and VIH (MIN) and no longer at the VIH/2 crossoverpoint.

Device Range Ambient Temperature VDD VDDQ

FMD8C16LAx-xxEC Commercial 0ɫ to +70ɫ

1.7V ~ 1.95V 1.7V ~ VDD
FMD8C16LAx-xxEE Extended -25ɫ to +85ɫ

FMD8C16LAx-xxEI Industrial -40ɫ to +85ɫ



Table 9: IDD Specifications andConditions
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Parameter/Condition Symbol
Max

Units Notes
-25

Operating one bank active precharge current: tRC = tRC(MIN); tCLK = tCLK(MIN);
CKE is HIGH; CS is HIGH between valid commands; Address inputs are switching every two CLK  cycles; Data 
bus inputs arestable.

IDD0 60 mA 1,6

Precharge power-down standby current: All banks idle; CKE is LOW; CS isHIGH;
tCLK = tCLK(MIN); Address and control inputs are switching every two CLK cycles; Data bus inputs  are stable. IDD2P 300 ˃! 2,4

Precharge power-down standby current with CLK stopped: All banks idle; CKE is LOW, CS is HIGH;  CLK = LOW, 
/CLK = HIGH; Address and control inputs are switching every two CLK cycles; Data  bus inputs arestable. IDD2PS 300 ˃! 2,4

Precharge non power-down standby current: All banks idle; CKE = HIGH; CS = HIGH; tCLK =tCLK(MIN);  Address and 
control inputs are switching every two CLK cycles; Data bus inputs are stable.

IDD2N 15 mA 5

Precharge non power-down standby current: CLK stopped; All banks idle;
CKE = HIGH; CS = HIGH; CLK = LOW; /CLK = HIGH Address and control inputs are switching  every two CLK 
cycles; Data bus inputs are stable.

IDD2NS 8 mA 5

Active power-down standby current: One bank active; CKE = LOW; CS =HIGH;
tCLK = tCLK(MIN); Address and control inputs are switching every two CLK cycles; Data bus inputs  are stable. IDD3P 3 mA 2,4

Active power-down standby current: CLK stopped; One bank active; CKE =LOW;
CS = HIGH; CLK = LOW; /CLK = HIGH; Address and control inputs are switching every two CLK  cycles; Data 
bus inputs arestable.

IDD3PS 2 mA 2,4

Active non power-down standby: One bank active; CKE = HIGH; CS =HIGH;
tCLK = tCLK(MIN); Address and control inputs are switching every two cycles; Data bus inputs are  stable. IDD3N 15 mA 1

Active non-power-down standby: CLK stopped; One bank active;
CKE = HIGH; CS = HIGH; CLK = LOW; /CLK = HIGH; Address and control inputs are switching  every two CLK 
cycles; Data bus inputs are stable.

IDD3NS 8 mA 1

Operating burst read : One bank active; BL = 4; tCLK = tCLK(MIN);
Continuous READ bursts; Address inputs are switching; 50 percent data changing eachburst.

IDD4R 80 mA 1,6

Operating burst write: One bank active; BL = 4; tCLK = tCLK(MIN);
Continuous WRITE bursts; Address inputs are switching; 50 percent data changing eachburst.

IDD4W 80 mA 1,6

Auto refresh: Burst refresh; CKE = HIGH; Address and control inputs are  
switching; Data bus inputs arestable.

tRC =tRFC(138ns) IDD5 95 mA 7

Precharge power-down standby current: All banks idle, CKE is LOW; CS is  HIGH; 
tCLK = tCLK(MIN); Address and control inputs are switching every  two CLK cycles; 
Data bus inputs arestable.

tRC =тΦумнр˃ǎIDD5a 3 mA 3,7

Self refresh: CKE = LOW; tCLK =tCLK(MIN);
Address and control inputs are stable; Data bus inputs are Stable.

Full Array,85 C IDD6a 600 ˃! 8,9

Full Array,45 C IDD6a 450 ˃! 8,9

Half Array,85 C IDD6b 500 ˃! 8,9

¼ Array,85 C IDD6c 400 ˃! 8,9

Deep Power Down Current ; Address, control and data bus inputs are STABLE IDD7 10 ˃! 10

Notes :

1. MIN (tRC or tRFC) for IDD measurements is the smallest multiple of tCLK that meets the minimum absolute value for the respective  parameter. 

tRAS (MAX) for IDD measurements is the largest multiple of tCLK that meets the maximum absolute value fortRAS.

2. The refresh period equals 64ms. This equates to an average refresh rate ofтΦумнр˃ǎΦ

3. This limit is actually a nominal value and does not result in a fail value. CKE is HIGH during REFRESH command period (tRFC[MIN])

else CKE is LOW (i.e., during standby).

4. DQ and DM input slew rates must not deviate from DQS by more than 10%. If the DQ/ DM/DQS slew rate is less than 0.5V/ns, timing  must be 
derated: 50ps (pending) must be added to tDS and tDH for each 100mv/ns reduction in slew rate. If slew rate exceeds  4V/ns, functionality is
uncertain.



5. IDD2N specifies DQ, DQS, and DM to be driven to a valid HIGH or LOW logiclevel.

6. Switching is defined as:

- address and command: inputs changing between HIGH and LOW once per two clock cycles;

- data bus inputs: DQ changing between HIGH and LOW once per clock cycle; DM and DQS are STABLE.

7. CKE must be active (HIGH) during the entire time a REFRESH command is executed. That is, from the time the AUTO REFRESH  command is 

registered, CKE must be active at each rising CLK edge, until tRFClater.

8. With the inclusion of the temperature sensor on the low-power DDR device, these numbers are shown as examples only, and will  change due 

to the junction temperature that the device is sensing. They are expected to be maximum valuesat this time.

9. Enables on-chip refresh and addresscounters.

10. Device must be in the all banks idle state prior to entering Deep PowerDown.

Table 10:Capacitance

Parameter Symbol Min Max Units

Input capacitance

(A0-A12, BA0~BA1, CKE, /CS, /RAS, /CAS,/WE)
CIN1 1.5 3.0 pF

Input capacitance (CLK,/CLK) CIN2 1.5 3.0 pF
Data & DQS input / output capacitance COUT 3.0 5.0 pF
Input capacitance(DM) CIN3 3.0 5.0 pF

Z0=50

Output

50

20pF

AC Output LoadCircuit

VDDQ/2
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Table 11: Electrical Characteristics and Recommended AC OperatingConditions
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ACCharacteristics
Symbol

-25
Units Notes

Parameter Min Max

Access window of DQ from CLK & /CLK
CL=3 tAC(3) 2.0 5.0

ns
CL=2 tAC(2) 2.0 6.0

CLK high-levelwidth tCH 0.45 0.55 tCLK

CLK low-levelwidth tCL 0.45 0.55 tCLK

System Clock cycletime
CL=3 tCLK(3) 5 100 ns

1
CL=2 tCLK(2) 12 - ns

Auto precharge write recovery + prechargetime tDAL 5 - tCLK 16

DQ and DM input hold time relative to DQS tDH 0.48 - ns 9, 13,15

DQ and DM input setup time relative to DQS tDS 0.48 - ns 17

DQ and DM input pulse width (for eachinput) tDIPW 1.6 - ns

Access window of DQS from CLK & /CLK tDQSCLK 2.0 5.0 ns

DQS input high-pulsewidth tDQSH 0.4 0.6 tCLK

DQS input low-pulsewidth tDQSL 0.4 0.6 tCLK

Data strobe edge to Doutedge tDQSQ - 0.4 ns 8,9

WRITE command to first DQS latchingtransition tDQSS 0.75 1.25 tCLK

DQS falling edge to CLK rising ςsetuptime tDSS 0.2 - tCLK

DQS falling edge from CLK rising ςholdtime tDSH 0.2 - tCLK

Half-CLKperiod tHP tCH,tCL - ns 12

Data-out High-Z window from CLK & /CLK tHZ - 5.0 ns 3,11

Data-out Low-Z window from CLK & /CLK tLZ 1.0 - ns 3,11

TransitionTime tT 0.5 1.2 ns

Address and control input holdtime tIH 0.9 - ns 2,15

Address and control input setuptime tIS 0.9 - ns 2,15

Address and control input pulsewidth tIPW 2.2 - ns 17

LOAD MODE REGISTER command cycletime tMRD 2 - tCLK

DQςDQS hold, DQS to first DQ to go non-valid, peraccess tQH tHP-tQHS - ns 8,9

Data hold skewfactor tQHS - 0.5 ns

ACTIVE-to-PRECHARGEcommand tRAS 42 70,000 ns 10

ACTIVE-to-ACTIVE commandperiod tRC 55 - ns

AUTO REFRESH commandperiod tRFC 80 - ns 14

ACTIVE-to-READ or WRITEdelay tRCD 15 - ns

PRECHARGE commandperiod tRP 15 - ns

DQS readpreamble
CL=3 tRPRE(3) 0.9 1.1 tCLK 11

CL=2 tRPRE(2) 0.5 1.1 tCLK 11

DQS read postamble tRPST 0.4 0.6 tCLK

Read of SRR to next validcommand tSRC CL+1 - tCLK

SRR to Read tSRR 2 - tCLK

Internal temperature sensor valid temperature outputenable tTQ 2 2 ms

ACTIVE bank a to ACTIVE bank b Delay tRRD 10 - ns



Table 12: Electrical Characteristics and Recommended AC Operating Conditions(continued)
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ACCharacteristics
Symbol

-25
Units Notes

Parameter Min Max

DQS writepreamble tWPRE 0.25 - tCLK

DQS write preamble setuptime tWPRES 0 - ns 5,6
DQS writepostamble tWPST 0.4 0.6 tCLK 4

Write recoverytime tWR 15 - ns

Internal WRITE to READ commanddelay tWTR 2 - tCLK

Average periodic refreshinterval tREFI - 7.8 ˃ǎ 7

Exit SELF REFRESH to first validcommand tXSR 120 - ns 18
Exit power-down mode to first validcommand tPDX 25 - ns 19

Minimum tCKE HIGH/LOW time tCKE 1 - tCLK

Notes

1. CASlatencydefinition: for CL= 2, the first dataelementis validat (tCLK+ tAC)after the CLKat whichthe READcommandwas registered; for CL= 3,
the first dataelementisvalidat (2ҎtCLK+ tAC)after the first CLKat whichthe READcommandwas registered.

2. Fastcommand/addressinput slewrateҗ1V/ns. Slowcommand/addressinput slewrateҗ0.5V/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 has0psadded(pending); that is,
it remainsconstant. If the slewrate exceeds4.5V/ns, functionality isuncertain.

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

4. The maximum limit for this parameter is not a device limit. The device will operate with a greater value for this parameter, but system  performance 

(bus turnaround) will degradeaccordingly.

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

6. It is recommended that DQS be valid (HIGH or LOW) on or before the WRITEcommand.

7. The refresh period equals 64ms. This equates to an average refresh rate ofтΦумнр˃ǎΦ

8. Thevalid data window is derivedby achievingother specifications: tHP (tCLK/2), tDQSQ,and tQH (tHP- tQHS). Thedata valid window derates
directly proportionalwith the CLKduty cycleanda practicaldata validwindow canbe derived. TheCLKis alloweda maximumduty cyclevariation
of 45/55.Functionalityisuncertainwhenoperatingbeyonda 45/55 ratio.

9. Referenced to each output group: DQS0 with DQ0ςDQ7; and DQ1 with DQ8ςDQ1

10. READs and WRITEs with auto precharge are allowed to be issued before tRAS (MIN) can be satisfied prior to the internal  PRECHARGE command 

beingissued.

11. tHZ (MAX) will prevail over tDQSCLK (MAX) + tRPST (MAX)condition.

12. tHP (MIN) is the lesser of tCL minimum and tCH minimum actually applied to the device CLK and /CLK inputs, collectively.

13. Random addressing changing 50 percent of data changing at everytransfer.

14. CKEmust be active (HIGH)during the entire time a REFRESHcommandis executed.That is, from the time the AUTOREFRESH
command is registered, CKE must be active at each rising CLK edge, until tRFClater.

15. The transition time for input signals (/CAS, CKE, /CS, DM, DQ, DQS, /RAS, /WE, and addresses) are measured between VIL(DC) to  VIH(AC) for 
rising input signals and VIH(DC) to VIL(AC) for falling input signals.

16. tDAL = (tWR/tCLK) + (tRP/tCLK): for each term, if not already an integer, round to the next higher integer.

17. These parameters guarantee device timing but they are not necessarily tested on eachdevice.

18. CLK must be toggled a minimum of two times during this period.

19. CLK must be toggled a minimum of one time during this period.

20. This device can support 45/55 of duty rate for tDQSCLK in case of 50/50 of CLKinput.



Operations

Bank/row Activation
BeforeanyREADor WRITEcommandscanbe issuedto a bankwithin the LowPowerDDRSDRAM,a row in that bank
must beάƻǇŜƴŜŘ.έThisis accomplishedvia the ACTIVEcommand,which selectsboth the bank and the row to be
activated,asshownin Figure5.

After a row is opened with an ACTIVE command, a READ or WRITE command may be issued to that row,  subject to the 
tRCD specification. tRCD (MIN) should be divided by the clock period and rounded up to the  next whole number to 
determine the earliest clock edge after the ACTIVE command on which a  READ or WRITE command can be entered. 
For example, a tRCD specification of 18ns with a 133 MHz clock  (7.5ns period) results in 2.4 clocks rounded to3.

A subsequentACTIVEcommandto a different row in the samebankcanonly be issuedafter the previous activerow
has beenάŎƭƻǎŜŘέ(precharged). The minimum time interval between successiveACTIVEcommandsto the same
bankisdefinedbytRC.

A subsequentACTIVEcommandto anotherbankcanbe issuedwhile the first bankisbeingaccessed,which resultsin a
reductionof total row-accessoverhead. Theminimumtime intervalbetweensuccessiveACTIVEcommandsto different
banksisdefinedbytRRD.

CKE

/CS

/RAS

/CAS

/WE

A0-A12

BA0,BA1

High

RA

BA

RA = Row Address  
BA = BankAddress

5ƻƴΩǘCare

Figure 5: Activating a Specific Row in a SpecificBank

/CLK 

CLK
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READ
READburstsareinitiatedwith a READcommand,asshownin Figure6 on page26.

Thestartingcolumnandbankaddressesareprovidedwith the READcommandandauto prechargeis either enabledor
disabledfor that burst access. If auto prechargeis enabled,the row beingaccessedisprechargedat the completionof
the burst. Forthe READcommandsusedin the following illustrations,auto prechargeisdisabled.

DuringREADbursts, the valid data-out element from the starting columnaddresswill be availablefollowing the CAS
latencyafter the READcommand. Eachsubsequentdata out element will be valid nominallyat the next positive or
negativeclock edge(i.e., at the next crossingof CLKand /CLK). Figure7 on page27 shows generaltiming for each
possibleCASlatencysetting. DQSisdrivenby the LowPowerDDRSDRAMalong with output data. Theinitial LOWstate
on DQSis knownasthe readpreamble; the LOWstate coincidentwith the last data-out element is known asthe read
postamble.

Upon completion of a burst, assumingno other commandshave been initiated, the DQswill go High-Z. A detailed
explanationof tDQSCLK(DQStransition skewto CLK)andtAC(data-out transition skewto CLK)is depictedin Figure28
on page52.

Data from any READburst may be concatenatedwith or truncated with data from a subsequentREADcommand. In
either case,a continuousflow of datacanbe maintained. Thefirst data elementfrom the new burst followseither the
last elementof a completedburst or the last desireddataelementof a longerburst which is beingtruncated. Thenew
READcommandshouldbe issuedx cyclesafter the first READcommand, where x equalsthe numberof desireddata
element pairs(pairsare requiredby the 2n-prefetch architecture). Thisisshownin Figure8 on page28.

A READcommandcanbe initiated on anyclockcyclefollowinga previousREADcommand. Nonconsecutivereaddatais
shown for illustration in Figure9 on page 29. Full speedrandom read accesseswithin a page (or pages)can be
performedasshownin Figure10on page30.

Figure6: READCommand

/CS

/RAS

/CAS

/WE

A0-A9

High

CA = Column Address  BA 
= BankAddress
EN AP = Enable AutoPrecharge
DIS AP = Disable AutoPrecharge

5ƻƴΩǘCare

BA0,BA1

A10

CA

ENAP

DISAP

BA

/CLK

CLK  

CKE
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Figure 7: READOperation

Notes :

1. Dout m = data-out from column m.  2. 

BL =4.

3. Shown with nominal tAC, tDQSCLK, andtDQSQ.

READ NOP NOP NOP NOP NOP

ADDRESS
Banka  

Colm

Dout

DQS

DQ

CL =2

CLK

COMMAND

T0
/CLK

T5T1 T1n T2 T2n T3 T3n T4

5ƻƴΩǘCare

tRPRE

tDQSCLK

tAC

tLZ tQH

tHZ

Dout Dout Dout  m
m+1 m +2m+3

tQH

tDQSCLK

tRPST

tDQSQmax
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Figure 8: Consecutive ReadBursts

COMMAND

ADDRESS

DQS

DQ

/CLK
T0 T1 T1n T2 T2n T3 T3n T4

CLK

DQS

DQ

COMMAND

ADDRESS

T0
/CLK   

T1 T1n T2 T2n T3

CLK

READ NOP READ NOP NOP NOP

Bank  

Colm

Dout Dout Dout  m
m+1 m +2

CL =2

Bank  

Coln

Dout Dout
m+3 n

Dout Dout Dout  n+1
n+2 n+3

Bank  

Colm

READ NOP READ NOP NOP NOP

CL =3

Dout Dout Dout Dout Dout Dout  m m+1  
m+2 m+3 n n+1

Bank  

Coln

5ƻƴΩǘCare

Notes :

1. Dout m (or n) = data-out from column m (or columnn).

2. BL = 4 in the casesshown.

3. Shown with nominal tAC, tDQSCLK, andtDQSQ.

4. This example represents consecutive READ commands issued to thedevice.

T4nT5
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Notes :

1. Dout m (or n) = data-out from column m (or columnn).

2. BL = 4 in the casesshown

3. Shown with nominal tAC, tDQSCLK, andtDQSQ.

4. This example represents nonconsecutive READ commands issued to thedevice.

Figure 9: Read-to-ReadOperation

COMMAND

ADDRESS

DQS

DQ

CLK

T0
/CLK

T1 T1n T2 T2n T3

DQS

COMMAND

ADDRESS

DQ

CLK   

T0
/CLK   

T1 T1n T2 T2n T3

Bank  

Colm

READ NOP NOP READ NOP NOP

CL =3

Dout Dout Dout Dout  m
m+1 m+2m+3

Dout  
n

Bank  

Coln
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CL =3

NOP

READ NOP NOP READ NOP NOP

Bank  

Colm

Dout Dout Dout Dout  m
m+1 m +2 m+3

CL =2

Dout Dout Dout  n
n+1 n+2

Bank  

Coln

`

CL =2

NOP

T3n T4 T4n T5 T5n T6
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TruncatedREADs
Datafrom anyREADburst maybe truncatedwith a BURSTTERMINATEcommand,asshownin Figure11 on page31.
TheBURSTTERMINATElatencyis equal to the READ(CAS)latency,i.e., the BURSTTERMINATEcommandshouldbe
issuedx cyclesafter the READcommand,wherex equalsthe numberof desireddataelementpairs(pairsare required
by the 2n-prefetcharchitecture).

Data from any READburst must be completedor truncated before a subsequentWRITEcommandcan be issued. If
truncation isnecessary,the BURSTTERMINATEcommandmust be used,asshownin Figure12 on page32. ThetDQSS
(MIN)caseis shown; the tDQSS(MAX)casehasa longerbusidle time. (tDQSS[MIN] and tDQSS[MAX]are definedin
the sectiononWRITEs.)

A READburst may be followed by, or truncated with, a PRECHARGEcommandto the samebankprovided that auto
prechargewasnot activated. ThePRECHARGEcommandshouldbe issuedx cyclesafter the READcommand,wherex
equalsthe numberof desireddata elementpairs(pairsare requiredby the n- prefetcharchitecture). Thisis shownin
Figure13 on page33. Followingthe PRECHARGEcommand,a subsequentcommandto the samebank cannot be
issueduntil tRPismet.

Note: Partof the row prechargetime ishiddenduringthe accessof the lastdataelements

Notes :

1. Dout m (or n, o, p) = data-out from column m (or column n, column o, column p).

2. BL = 4 in the casesshown.

3. READs are to an active row in anybank.

4. Shown with nominal tAC, tDQSCLK, andtDQSQ.

Figure 10: Random READAccesses

ADDRESS

DQS

DQ

DQS

DQ

COMMAND

ADDRESS

/CLK
T0 T1 T1n T2 T2n T3 T3n T4

CLK

T0
/CLK

T1 T1n T2 T2n T3 T3n T4

CLK

COMMAND READ READ READ READ NOP NOP

Bank  

Colm

Bank  

Colo

Dout Dout Dout Dout Dout  m
m+1 n n+1 o

Dout Dout Dout  o+1
p p+1

Bank

Coln
CL =2

Bank  

Colp

Bank  

Colm

READ READ READ READ NOP NOP

CL =3

Dout Dout Dout Dout Dout Dout  m m+1
n n+1 o o+1

Bank  

Coln

Bank  

Colo

Bank  

Colp
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Figure 11: READ BurstTerminated

Notes :

1. Dout n = data-out from columnn.

2. Only valid for BL = 4 and BL =8.

3. Shown with nominal tAC, tDQSCLK, andtDQSQ.

4. BST = BURST TERMINATE command; page remainsopen.

5. CKE =HIGH.

COMMAND

ADDRESS

DQS

DQ

/CLK  
T0 T1 T1n T2 T2n T3

CLK

DQS

DQ

COMMAND

ADDRESS

T0
/CLK   

T1 T1n T2 T2n T3

CLK

READ BST4 NOP NOP NOP NOP

Banka  

Coln

Dout  Dout
n n+1

CL =2

T3n T4 T4n T5

T3n T4 T4n T5

Banka.  

Coln

Dout  Dout
n n+1

READ BST4 NOP NOP NOP NOP

CL =3
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Figure 12: READ-to-WRITE Operation

COMMAND

ADDRESS

DQS

DM

/CLK
T0 T1

CLK

DQS

DQ

COMMAND

ADDRESS

DM

T0
/CLK

T3T1 T1n T2 T2n

CLK

DQ

READ BST5 NOP WRITE NOP NOP

Bank  

Colm

CL =2

Bank

Coln

Dout  Dout
m m+1

Din Din Din Din  
n n+1 n+2 n+3

tDQSS(NOM)

Bank  

Colm

NOPREAD BST5 NOP NOP WRITE

CL =3

Dout  Dout
m m+1

Bank  

Coln

Din Din
n n+1

tDQSS(NOM)

5ƻƴΩǘCare

Notes :

1. Dout m = data-out from column m.

2. Din n = data-in from columnn.

3. BL = 4 in the cases shown (applies for bursts of 8 as well; if BL = 2, the BST command shown can be a NOP).

4. Shown with nominal tAC, tDQSCLK, andtDQSQ.

5. BST = BURST TERMINATE command; page remainsopen.

6. CKE =HIGH.

T1n T2 T2n T3 T3n T4 T4n T5
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Figure 13: READ-to-PRECHARGEOperation
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DQ
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Notes :

1. Dout m = data-out from columnm.

2. BL = 4 or an interrupted burst of8.

3. Shown with nominal tAC, tDQSCLK, andtDQSQ.

4. READ-to-PRECHARGE equals 2 clocks, which allows 2 data pairs ofdata-out.

5. A READcommandwith auto prechargeenabled,provided tRAS(MIN) is met, would causea prechargeto be performed at x

number of clock cycles after the READ command, where x = BL /2.

6. PRE = PRECHARGE command; ACT = ACTIVEcommand.

Banka  

Colm

READ NOP PRE NOP NOP ACT

Dout Dout Dout Dout  m
m+1 m+2m+3

CL =3

Banka
`

(a orall)

Banka
`

Row

tRP

READ NOP PRE NOP NOP ACT

Banka.

Colm

CL =2

Banka

(a orall)

Banka

Row

Dout Dout Dout Dout  m
m+1 m+2m+3

tRP

T3n T4 T4n T5
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WRITE
WRITEburstsare initiated with a WRITEcommand,asshownin Figure14 on page35. Thestartingcolumn and bank
addressesareprovidedwith the WRITEcommand,andauto prechargeiseither enabledor disabledfor that access. If
auto prechargeis enabled,the row being accessedis prechargedat the completion of the burst. For the WRITE
commandsusedin the followingillustrations,autoprechargeis disabled.

DuringWRITEbursts,the first valid data-in element will be registeredon the first rising edgeof DQS following the
WRITEcommand,andsubsequentdataelementswill be registeredon successiveedgesof DQS. TheLOWstateon 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 between the WRITEcommandand the first correspondingrisingedgeof DQS(tDQSS)is specifiedwith a
relativelywide range(from 75 percentto 125percentof oneclockcycle). All of the WRITEdiagramsshowthe nominal
case,and where the two extremecases(i.e., tDQSS[MIN] and tDQSS[MAX]) might not be intuitive, they havealso
been included. Figure15 on page36 showsthe nominal caseand the extremesof tDQSSfor a burst of 4. Upon
completion of a burst, assumingno other commandshave been initiated, the DQswill remain High-Z and any
additionalinput datawill be ignored.

Datafor anyWRITEburst maybe concatenatedwith or truncatedwith a subsequentWRITEcommand. In either case,
a continuousflow of input data canbe maintained. Thenew WRITEcommandcanbe issuedon anypositiveedgeof
clockfollowing the previousWRITEcommand. Thefirst data element from the new burst is appliedafter either the
lastelementof a completedburstor the lastdesireddataelementof a longer burstwhichisbeingtruncated. Thenew
WRITEcommandshouldbe issuedx cyclesafter the first WRITEcommand,wherex equalsthe numberof desireddata
elementpairs(pairsarerequiredby the 2n-prefetch architecture).

Figure16 on page37 showsconcatenatedburstsof 4. Anexampleof nonconsecutiveWRITEsisshownin Figure17 on
page37. Full-speedrandomwrite accesseswithin a pageor pagescanbeperformed,as shownin Figure18on page38.
Datafor anyWRITEburstmaybe followedby a subsequentREADcommand. Tofollow a WRITEwithout truncatingthe
WRITEburst,tWTRshouldbemet, asshownin Figure 19on page39.

Datafor anyWRITEburst maybe truncatedby a subsequentREADcommand,asshownin Figure20 on page40. Note
that only the data-in pairs that are registeredprior to the tWTRperiod are written to the internal array, and any
subsequentdata-in shouldbe maskedwith DM, asshownin Figure21 on page41.

Data for any WRITEburst may be followed by a subsequentPRECHARGEcommand. To follow a WRITE without
truncatingthe WRITEburst,tWRshouldbemet, asshownin Figure22on page42.

Datafor anyWRITEburstmaybe truncatedby a subsequentPRECHARGEcommand,asshownin Figure 23on page43
andFigure24 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 PRECHARGEcommand,a subsequentcommandto the samebankcannotbe issued
until tRPismet.
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Note :

1. DIS AP = Disable AutoPrecharge

2. EN AP = Enable AutoPrecharge

3. BA = BankAddress

4. CA = ColumnAddress

/CAS

/WE

A0-A9 CA

5ƻƴΩǘCare

BA0,BA1

A10

ENAP

DISAP

BA

Figure 14: WRITECommand

CLK

/CLK  

CKE
High

/CS

/RAS
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Notes :

1. Din m = data-in for columnm.

2. An uninterrupted burst of 4 isshown.

3. A10 is LOW with the WRITE command (auto precharge is disabled).

COMMAND

ADDRESS

Figure 15: WRITEOperation

/CLK
T0 T1 T2 T3T1n T2n T3n

WRITE NOP NOP NOP

Banka
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CLK
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