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Stacked Multi-ChipProduct(MCP)

1.8V NAND Flash Memory and MobileDDR2

1. MCPFeatures ÅPackage Type:
- 121-ball FBGA, 8.0x8.0mm2, 0.86T, 0.5mm Ball Pitch
- 162-ball FBGA, 11.5x13.0mm2, 1.0T, 0.5mm Ball Pitch
- 162-ball FBGA, 8.0x10.5mm2, 1.0T, 0.5mm Ball Pitch
- Lead & HalogenFree

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

É NAND

Å x8/x16 I/O BUS

Ŗ NANDInterface

Ŗ ADDRESS / DATAMultiplexing

Å SUPPLYVOLTAGE

τVCC = 1.8 Volt core supplyvoltage

for Program, Erase and Readoperations

Å MEMORY CELLARRAY

Ŗ x8  : (2K + 64) bytes x 64 pages x 1024blocks

Ŗ x16: (1K + 32) words x 64 pages x 1024blocks

Å PAGE READ / PROGRAM

Ŗ Synchronous Page ReadOperation

Ŗ Random access : 25us(Max)

Ŗ Serial access : 45ns(1.8V)

Ŗ Page program time : 200us(Typ)

Å ELECTRONICSIGNATURE

Ŗ ManufacturerCode

Ŗ DeviceCode

Å DATARETENTION

Ŗ Cycling: 100K Program / Erasecycles

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

Ŗ Block zero is a valid block and will be valid forat
least 1K program-erase cycles with ECC

É DRAM

- VDD2 =1.14ς1.30V

- VDDCA/VDDQ = 1.14ς1.30V

- VDD1 =1.70ς1.95V

- Interface : HSUL_12

- Data width : x16

- Clock frequency : 400MHz

- Four-bit pre-fetch DDR architecture

- Eight internal banks for concurrentoperation

- Multiplexed, double data rate, command/addressinputs;  

commands entered on every CKedge

- Bidirectional/differential data strobe per byte of  

data(DQS/DQS#).

- DM masks write date at the both rising and fallingedge  of the 

datastrobe

- Programmable READ and WRITE latencies(RL/WL)

- Programmable burst lengths: 4, 8, or16

- Auto refresh and self refreshsupported

- All bank auto refresh and per bank auto refreshsupported

- Clock stop capability

ÅLow PowerFeatures

- Low voltage power supply.

- Auto TCSR (Temperature Compensated SelfRefresh).

- PASR (Partial Array Self Refresh) power-savingmode.

- DPD (Deep Power Down)Mode.

- DS (Driver Strength)Control.
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MCP PartNumber Flash LP-DRAM2
DRAM
Freq.

IndividualDatasheet
PKGType

Flash LP-DRAM

FMN1ST1SCB-25IE 1Gbx16 1Gbx16 400MHz FMND1G16S3B FMT4D16UAx-25Ix 121ball

FMN1ET1SCB-25IE 1Gbx8 1Gbx16 400MHz FMND1G08S3B FMT4D16UAx-25Ix 121ball

FMN1ST1TCB-25IF 1Gbx16 1Gbx32 400MHz FMND1G16S3B FMT4D32UAx-25Ix 162ball

FMN1ET1TCB-25IF 1Gbx8 1Gbx32 400MHz FMND1G08S3B FMT4D32UAx-25Ix 162ball

FMN1ST1TCB-25IH 1Gbx16 1Gbx32 400MHz FMND1G16S3B FMT4D32UAx-25Ix 162ball(Small)

FMN1ET1TCB-25IH 1Gbx8 1Gbx32 400MHz FMND1G08S3B FMT4D32UAx-25Ix 162ball(Small)

2. MCP SelectionGuide

3. MCP Part NumberingSystem
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4-1. MCP Package Pin Configuration (121-ball FBGA, TopView)

Pin Configuration ς121BallMCP(X16/X16)
1 2 3 4 5 6 7 8 9 10 11

A NC NC IO2 IO5 VCCn VCCn VDD2 VSS VDDQ NC NC A

B NC VSSn IO3 IO6 IO7 VSSn VDD1 DQ15 DQ14 VSSQ NC B

C VCCn IO0 IO4 NC RB# CLE DQ11 DQ12 DQ13 C

D VDD2 IO1 DQ10 VSSQ D

E VSS ZQ CA9 DQ8 DQ9 VDDQ E

F VDD1 CA8 VCCn VSSn WE# DQS1 VSSQ F

G VSSCA CA7 CA6 IO12 RE# CE# DQS1# DM1 VDDQ G

H VDDCA CA5 IO13 IO11 IO9 VREFDQ VDD2 H

J VDD2 VREFCA VSS IO14 IO10 IO8 DQS0# DM0 VDD1 J

K CK CK# IO15 VSSn VCCn DQS0 VDDQ K

L NC CS# RFU DQ7 DQ6 VSSQ L

M CA4 CA3 DQ5 VDDQ M

N VDDCA CA2 CA1 NC ALE WP# DQ3 DQ2 VSSQ N

P NC VSSCA CA0 RFU CKE NC DQ0 DQ1 DQ4 VSSQ NC P

R NC NC VSS VDD2 VDD1 VSS VDD2 VSS VDDQ NC NC R

1 2 3 4 5 6 7 8 9 10 11

LPDDR2
LPDDR2
Supply

LPDDR2
Ground

Top View (BallDown)

NAND
Supply

NAND
Ground

NAND
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1 2 3 4 5 6 7 8 9 10 11

A NC NC IO2 IO5 VCCn VCCn VDD2 VSS VDDQ NC NC A

B NC VSSn IO3 IO6 IO7 VSSn VDD1 DQ15 DQ14 VSSQ NC B

C VCCn IO0 IO4 NC RB# CLE DQ11 DQ12 DQ13 C

D VDD2 IO1 DQ10 VSSQ D

E VSS ZQ CA9 DQ8 DQ9 VDDQ E

F VDD1 CA8 VCCn VSSn WE# DQS1 VSSQ F

G VSSCA CA7 CA6 NC RE# CE# DQS1# DM1 VDDQ G

H VDDCA CA5 NC NC NC VREFDQ VDD2 H

J VDD2 VREFCA VSS NC NC NC DQS0# DM0 VDD1 J

K CK CK# NC VSSn VCCn DQS0 VDDQ K

L NC CS# RFU DQ7 DQ6 VSSQ L

M CA4 CA3 DQ5 VDDQ M

N VDDCA CA2 CA1 NC ALE WP# DQ3 DQ2 VSSQ N

P NC VSSCA CA0 RFU CKE NC DQ0 DQ1 DQ4 VSSQ NC P

R NC NC VSS VDD2 VDD1 VSS VDD2 VSS VDDQ NC NC R

1 2 3 4 5 6 7 8 9 10 11

LPDDR2
LPDDR2
Supply

LPDDR2
Ground

Top View (BallDown)

4-2. MCP Package Pin Configuration (121-ball FBGA, TopView)

Pin Configuration ς121BallMCP(X8/X16)

NAND
Supply

NAND
Ground

NAND
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LPDDR2

LPDDR2
Supply

LPDDR2
Ground

IO8 IO0

VSSn IO9 NC VDD2 VDD1 DQ31 DQ29 DQ26
DN

U

VDD1 VSS NC VSS VSSQ VDDQ DQ25 VSSQ VDDQ

VSS VDD2 ZQ VDDQ DQ30 DQ27 DQS3 DQS3# VSSQ

VSSCA CA9 CA8 DQ28 DQ24 DM3 DQ15 VDDQ VSSQ

VDDCACA6 CA7 VSSQ DQ11 DQ13 DQ14 DQ12 VDDQ

VDD2 CA5VREFCA DQS1# DQS1 DQ10 DQ9 DQ8 VSSQ

VDDCAVSS CK# DM1 VDDQ

VSSCA NC CK VSSQ VDDQ VDD2 VSSVREFDQ

CKE NC NC DM0 VDDQ

CS# NC NC DQS0# DQS0 DQ5 DQ6 DQ7 VSSQ

CA4 CA3 CA2 VSSQ DQ4 DQ2 DQ1 DQ3 VDDQ

VSSCA VDDCA CA1 DQ19 DQ23 DM2 DQ0 VDDQ VSSQ

8 9

Top View (BallDown)
10

D

E

F

G

H

J

K

L

M

N

P

R

T

C IO1 IO3 IO6

B RE# IO5 IO14 IO15 VSSn
DN

U

IO11 ALE

WE# RB#

A IO7 VCCn DNU
DN

U

IO10

DNU VCCn

DNU DNU WP# CLE VCCn IO4

IO2 IO13CE# IO12 D

E

F

G

H

J

K

L

M

N

P

R

T

C

B

A

Pin Configuration ς162BallMCP(X16/X32)
1 2 3 4 5 6 7

U VSS VDD2 CA0 VDDQ DQ17 DQ20 DQS2 DQS2# VSSQ U
NAN
D
NAND
Supply

NAND
Groun
d

V VDD1 VSS NC VSS VSSQ VDDQ DQ22 VSSQ VDDQ V

W DN
U

NC NC VDD2 VDD1 DQ16 DQ18 DQ21 DN
U

W

Y DN
U

DN
U

DN
U

DN
U

Y

1 2 3 4 5 6 7 8 9 10

4-3. MCP Package Pin Configuration (162-ball FBGA, TopView)

6 Revision1.2
Feb,2020



LPDDR2

LPDDR2
Supply

LPDDR2
Ground

NC IO0

VSSn NC NC VDD2 VDD1 DQ31 DQ29 DQ26
DN

U

VDD1 VSS NC VSS VSSQ VDDQ DQ25 VSSQ VDDQ

VSS VDD2 ZQ VDDQ DQ30 DQ27 DQS3 DQS3# VSSQ

VSSCA CA9 CA8 DQ28 DQ24 DM3 DQ15 VDDQ VSSQ

VDDCACA6 CA7 VSSQ DQ11 DQ13 DQ14 DQ12 VDDQ

VDD2 CA5VREFCA DQS1# DQS1 DQ10 DQ9 DQ8 VSSQ

VDDCAVSS CK# DM1 VDDQ

VSSCA NC CK VSSQ VDDQ VDD2 VSSVREFDQ

CKE NC NC DM0 VDDQ

CS# NC NC DQS0# DQS0 DQ5 DQ6 DQ7 VSSQ

CA4 CA3 CA2 VSSQ DQ4 DQ2 DQ1 DQ3 VDDQ

VSSCA VDDCA CA1 DQ19 DQ23 DM2 DQ0 VDDQ VSSQ

7 8 9

Top View (BallDown)
10

D

E

F

G

H

J

K

L

M

N

P

R

T

C IO1 IO3 IO6

B RE# IO5 NC NC VSSn
DNU

ALE

WE# RB#

A IO7 VCCn DNU
DN

U

NC

DNU VCCn NC

DNU DNU WP# CLE VCCn IO4

IO2 NC NCCE# D

E

F

G

H

J

K

L

M

N

P

R

T

C

B

A

Pin Configuration ς162BallMCP(X8/X32)
1 2 3 4 5 6

U VSS VDD2 CA0 VDDQ DQ17 DQ20 DQS2 DQS2# VSSQ U
NAN
D
NAND
Supply

NAND
Groun
d

V VDD1 VSS NC VSS VSSQ VDDQ DQ22 VSSQ VDDQ V

W DN
U

NC NC VDD2 VDD1 DQ16 DQ18 DQ21 DN
U

W

Y DN
U

DN
U

DN
U

DN
U

Y

1 2 3 4 5 6 7 8 9 10

4-4. MCP Package Pin Configuration (162-ball FBGA, TopView)
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5-1. Package Dimension (8.0mm x 8.0mm) ς121BallFBGA(X16)
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5-2. Package Dimension (11.5mm x 13.0mm) ς162BallFBGA(X32)
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5-3. Package Dimension (8.0mm x 10.5mm) ς162BallFBGA(X32)
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Documentstitle
1Gbit (128Mx8Bit, 64Mx16Bit) NANDFLASH

Revision History

Rev.07 (Jun. 1. 2015)2

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

Rev.07 (Jun. 1. 2015)3

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)

Rev.07 (Jun. 1. 2015)7



1.2 Pindescription

Rev.07 (Jun. 1. 2015)8

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

IO

BUFFERS

DATA  
REGISTER

COMMAND  
INTERFACE  

LOGIC

WE#

CE#

WP#

RE#

COMMAND  
REGISTER

ADDRESS  
REGISTER

/
COUNTER

PROGRAM  ERASE  
CONTROLLER  HV

GENERATION

PAGEBUFFER

X

D
E
C
O
D
E
R

1024 Mbit + 32Mbit  

NAND FLASH  

MEMORYARRAY

Y DECODER
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1.4 Addressrole

Rev.07 (Jun. 1. 2015)10

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.
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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 followsrandomdata 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 program is 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,followed by 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 valid to 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)

Rev.07 (Jun. 1. 2015)19



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

Rev.07 (Jun. 1. 2015)26



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

Rev.07 (Jun. 1. 2015)28



Figure 13 : read cache timings, end of cacheoperation

Figure 14 : Page Program Operation

tRCBSY
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Figure 15 : Random Data In

Figure 16 : Copy Back read with optional datareadout
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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
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Figure 23 : Reset operationtiming

Figure 24 : Read Parameter Pagetimings
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Figure 22 : ONFI signature timingdiagram
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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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7.3 Ball Assignment: 63-Ball FBGA (Balls Down, TopView)
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7.4 PACKAGE DIMENSIONS  63-Ball 
FBGA PACKAGETYPE

Rev.07 (Jun. 1. 2015)40



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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ÅConfiguration

- 64 Meg X 16 (8 Meg X 16 X 8 Banks).

- 32 Meg X 32 (4 Meg X 32 X 8 Banks).

ÅLow PowerFeatures

- Low voltage powersupply.

- Auto TCSR (Temperature Compensated SelfRefresh).

- PASR (Partial Array Self Refresh) power-savingmode.

- DPD (Deep Power Down)Mode.

- DS (Driver Strength)Control.

ÅTiming ςCycleTime

- 1.875ns @ RL =8
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-2.5ns

-3.0ns

@ RL =6  

@ RL =5

ÅOperating TemperatureRanges

- Commercial (0ɫ to+70ɫ).

- Extended (-25ɫ to+85ɫ).

- Industrial (-40ɫ to+85ɫ).

ÅPackage

- 121-Ball FBGA(8.0mm x 8.0mm x0.86mm)

- 134-Ball FBGA(10.0mm x 11.5mm x1.0mm)

DDR Sync DRAMFeatures
ÅFunctionality

- VDD2 = 1.14ς1.30V

- VDDCA/VDDQ =1.14ς1.30V

- VDD1 = 1.70ς1.95V

- Interface :HSUL_12

- Data width : x16 / x32

- Clock frequency range : 533 -10MHz

- Four-bit pre-fetch DDRarchitecture

- Eight internal banks for concurrentoperation

- Multiplexed, double data rate, command/address inputs;  

commands entered on every CKedge

- Bidirectional/differential data strobe per byteof

data(DQS/DQS#).

- DM masks write date at the both rising and fallingedge  of 

the datastrobe

- Programmable READ and WRITE latencies(RL/WL)

- Programmable burst lengths: 4, 8, or16

- Auto refresh and self refreshsupported

- All bank auto refresh and per bank auto refreshsupported

- Clock stopcapability

SelectionGuide

Device
Voltage Clock  

Frequency Timing- CycleTime RL WL
VDD1 VDD2 VDDQ/VDDCA

FMT4DxxUAx-18Lx

1.70-1.95V 1.14-1.30V 1.14-1.30V

533MHz 1.875ns 8 4
FMT4DxxUAx-25Lx 400MHz 2.5ns 6 3
FMT4DxxUAx-30Lx 333MHz 3.0ns 5 2



GeneralDescription

The 1Gb Mobile Low-Power DDR2 SDRAM (LPDDR2) is a high-speed CMOS, dynamic random-access memorycontaining

1,073,741,824 bits. The LPDDR2-S4 device is internally configured as an eight-bank DRAM. Each of the ȄмсΩǎ134,217,728

-bit banks is organized as 8,192 rows by 1024 columns by 16 bits. Each of the ȄонΩǎ мопΣнмтΣтну-bit banks is organized as  8,192 rows by 

512 columns by 32bits.

Simplified Bus Interface State Diagram
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Parameter 64Mb X16 32Mb X32

Configuration 8Mb x 8banks x16 4Mb x 8banks x32

BankAddress BA0 ~BA2 BA0 ~BA2

Row Address R0 ~R12 R0 ~R12

ColumnAddress C0 ~C9 C0 ~C8

5 Rev. 0.7 May.Ψмр

AddressTable

Symbol Type Description

CK,CK# Input

Clock : CK and CK# are differential clockinputs.
All CA inputs are sampled on both rising and falling edges of CK. CS and CKE inputs  are 
sampled at the rising edge of CK. AC timings are referenced toclock.

CKE Input

Clock enable : CKE HIGH activates and CKE LOW deactivates the internal clock  signals, input 
buffers, and output drivers. Power-saving modes are entered and exited  via CKE transitions. 
CKE is considered part of the command code. CKE is sampled at  the rising edge ofCK.

CS# Input
Chip select : CS# is considered part of the command code and is sampled at the  rising 
edge ofCK.

DM0ςDM1 Input

Input data mask : DM is an input mask signal for WRITE data. Although DM balls  are 
input-only, the DM loading is designed to match that of DQ and DQSballs.
DM[1:0] is DM for each of the two data bytes,respectively.

DQ0 ςDQ15 Input Data input/output : Bidirectional databus.

DQS0 ςDQS1  

DQS0# ςDQS1#
I/O

Data strobe : The data strobe is bidirectional (used for read and write data) and com-
plementary (DQS and DQS#). It is edge-aligned output with read data and centered  input 
with write data. DQS[1:0]/DQS[1:0]# is DQS for each of the two data bytes, res- pectively.

CA0 ςCA9 Input
Command/address inputs: Provide the command and address inputs according to  the 
command truth table.

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

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

VDDCA Supply Command/address power supply : Command/address powersupply.

VSSCA Supply Command/address ground : Isolated on the die for improved noise immunity.

VDD1 Supply Core power : Supply1.

VDD2 Supply Core power : Supply2.

VSS Supply Common ground

VREFCA,

VREFDQ
Supply

Reference voltage : VREFCA is reference for command/address input buffers,  VREFDQ 
is reference for DQ inputbuffers.

ZQ Reference
External impedance (240 ohm) : This signal is used to calibrate the device output  
impedance for S4 devices. For S2 devices, ZQ should be tied toVDDCA.

DNU ς Do not use : Must be grounded or leftfloating.

NC ς No connect : Not internallyconnected.

(NC) ς
No connect : Balls indicated as (NC) are no connects, however, they could be  
connected togetherinternally.

Note : 1. The least-significant column address CA0 is not transmitted on the CA bus, and is implied to bezero.

Pin Description(X16)



Parameter 64Mb X16 32Mb X32

Configuration 8Mb x 8banks x16 4Mb x 8banks x32

BankAddress BA0 ~BA2 BA0 ~BA2

Row Address R0 ~R12 R0 ~R12

ColumnAddress C0 ~C9 C0 ~C8
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AddressTable

Symbol Type Description

CK,CK# Input

Clock : CK and CK# are differential clockinputs.
All CA inputs are sampled on both rising and falling edges of CK. CS and CKE inputs  are 
sampled at the rising edge of CK. AC timings are referenced toclock.

CKE Input

Clock enable : CKE HIGH activates and CKE LOW deactivates the internal clock  signals, input 
buffers, and output drivers. Power-saving modes are entered and exited  via CKE transitions. 
CKE is considered part of the command code. CKE is sampled at  the rising edge ofCK.

CS# Input
Chip select : CS# is considered part of the command code and is sampled at the  rising 
edge ofCK.

DM0ςDM3 Input

Input data mask : DM is an input mask signal for WRITE data. Although DM balls  are 
input-only, the DM loading is designed to match that of DQ and DQSballs.
DM[3:0] is DM for each of the four data bytes,respectively.

DQ0 ςDQ31 Input Data input/output : Bidirectional databus.

DQS0 ςDQS3  

DQS0# ςDQS3#
I/O

Data strobe : The data strobe is bidirectional (used for read and write data) and com-
plementary (DQS and DQS#). It is edge-aligned output with read data and centered  input 
with write data. DQS[3:0]/DQS[3:0]# is DQS for each of the four data bytes, res- pectively.

CA0 ςCA9 Input
Command/address inputs: Provide the command and address inputs according to  the 
command truth table.

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

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

VDDCA Supply Command/address power supply : Command/address powersupply.

VSSCA Supply Command/address ground : Isolated on the die for improved noise immunity.

VDD1 Supply Core power : Supply1.

VDD2 Supply Core power : Supply2.

VSS Supply Common ground

VREFCA,

VREFDQ
Supply

Reference voltage : VREFCA is reference for command/address input buffers,  VREFDQ 
is reference for DQ inputbuffers.

ZQ Reference
External impedance (240 ohm) : This signal is used to calibrate the device output  
impedance for S4 devices. For S2 devices, ZQ should be tied toVDDCA.

DNU ς Do not use : Must be grounded or leftfloating.

NC ς No connect : Not internallyconnected.

(NC) ς
No connect : Balls indicated as (NC) are no connects, however, they could be  
connected togetherinternally.

Note : 1. The least-significant column address CA0 is not transmitted on the CA bus, and is implied to bezero.

Pin Description(X32)



Functional Description

Mobile LPDDR2 is a high-speed SDRAM internally configured as a 8-bank memory device. LPDDR2 devices use a double data rate  architecture on 

the command/address (CA) bus to reduce the number of input pins in thesystem.

The 10-bit CA bus is used to transmit command, address, and bank information. Each command uses one clock cycle, during which  command 

information is transferred on both the rising and falling edges of theclock.

LPDDR2-S4 devices use a double data rate architecture on the DQ pins to achieve high-speed operation. The double data rate arch- itecture is 

essentially a 4n pre-fetch architecture with an interface designed to transfer two data bits per DQ every clock cycle atthe

I/O pins. A single read or WRITE access for the LPDDR2-S4 effectively consists of a single 4n-bit-wide, one-clock-cycle data transfer  at

the internal SDRAM core and four corresponding n-bit-wide, one-half-clock-cycle data transfers at the I/Opins.

Read and write accesses are burst oriented; accesses start at a selected location and continue for a programmed number of locations  in a 

programmedsequence.

Accesses begin with the registration of an ACTIVATE command followed by a READ or WRITE command. The address and BA bits  registered 

coincident with the ACTIVATE command are used to select the row and bank to beaccessed.

The address bits registered coincident with the READ or WRITE command are used to select the bank and the starting column loca- tion for the 

burstaccess.
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Power-Up

The following sequence must be used to power up the device. Unless specified otherwise, this procedure is mandatory (see Figure1).  Power-up 

and initialization by means other than those specified will result in undefinedoperation.

1. Voltage Ramp

While applying power (after Ta), CKE must be held LOW όҖлΦн ҎVDDCA), and all other inputs must be between VILMIN andVIHMAX.

The device outputs remain at High-Z while CKE is held LOW. On or before the completion of the voltage ramp (Tb), CKEmust

be held LOW. DQ, DM, DQS, and DQS# voltage levels must be Between VSSQ and VDDQ during voltage ramp to avoidlatch-up.

CK, CK#, CS#, and CA input levels must be between VSSCA and VDDCA during voltage ramp to avoid latchup.

The following conditions apply for voltage ramp:

ωTa is the point when any power supply first reaches300mV.

ωNoted conditions apply betweenTa and power-down (controlled or uncontrolled).

ωTb is the point at which all supply and reference voltages are within their defined operatingranges.

ωPower ramp duration tINIT0 (Tb -Ta) must not exceed20ms.

ωFor supply and reference voltage operating conditions, see the Recommended DC Operating Conditions table.

ωThe voltage difference between any ofVSS,VSSQ, andVSSCA pins must not exceed100mV.

Voltage RampCompletion.  

After Ta is reached:

ωVDD1 must be greater than VDD2 - 200mV

ωVDD1 and VDD2 must be greater thanVDDCA̫ 200mV

ωVDD1 and VDD2 must be greater thanVDDQ̫ 200mV

ωVREF  must always be less than all other supplyvoltages

Beginning at Tb, CKE must remain LOW for at least tINIT1=100ns, after which CKE can be asserted HIGH. The clock must be stable  at least tINIT2 

= 5 ҎtCK prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS#, and CA inputs must observe setup andhold

requirements (tIS, tIH) with respect to the first rising clock edge (and to subsequent falling and rising edges). If any MRRs are issued,  the clock 

period must be within the range defined for tCKb(18ns to 100ns). MRWs can be issued at normal clock frequencies as long  as all AC timings are 

met. Some AC parameters (for example, tDQSCK) could have relaxed timings (such as tDQSCKb) before the  system is appropriately configured. 

While keeping CKE HIGH, NOP commands must be issued for at least ǘLbL¢оҐнлл˃ǎ(Td).

2. RESETCommand

After tINIT3 is satisfied, the MRW RESET command must be issued (Td). An optional PRECHARGE ALL command can be issued  prior to the 

MRW RESET command. Wait at least tINIT4 while keeping CKE asserted and issuing NOPcommands.

3.MRRs and Device Auto Initialization (DAI)Polling

After tINIT4 is satisfied (Te), only MRR commands and power-down entry/exit commands are supported. After Te, CKE can go LOW  in alignment 

with power-down entry and exit specifications (see Power-Down (page53)).

TheMRRcommandcanbe usedto poll the DAIbit, which indicateswhendeviceauto initializationis complete; otherwise,the cont- roller must

wait a minimumof tINIT5, or until the DAIbit is set,beforeproceeding. Becausethe memoryoutput buffersarenot prop- erly configuredby Te,

someACparametersmustuserelaxedtiming specificationsbeforethe systemisappropriatelyconfigured.

After the DAI bit (MR0, DAI) is set to zero by the memory device (DAI complete), the device is in the idle state (Tf). DAI status can be  determined 

by issuing the MRR command to MR0. The device sets the DAI bit no later than tINIT5 after the RESETcommand.

The controller must wait at least tINIT5 or until the DAI bit is set beforeproceeding.
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4.ZQCalibration

After tINIT5 (Tf), the MRW initialization calibration (ZQ calibration) command can be issued to the memory(MR10).

This command is used to calibrate output impedance over process, voltage, and temperature. In systems where more than one  Mobile 

LPDDR2 device exists on the same bus, the controller must not overlap MRW ZQ calibrationcommands.

The device is ready for normal operation aftertZQINIT.

5.NormalOperation

After (Tg), MRW commands must be used to properly configure the memory (output buffer drive strength, latencies, etc.).  Specifically, MR1, 

MR2, and MR3 must be set to configure the memory for the target frequency and memory configuration. After the  initialization sequence is 

complete, the device is ready for any valid command. After Tg, the clock frequency can be changedusing

the procedure described in Input Clock Frequency Changes and Clock Stop with CKE HIGH (page62).

Figure 1 : Voltage Ramp and InitializationSequence

Note : 1. High-Z on the CA bus indicates validNOP.

Table1 : Initialization TimingParameters

Parameter
Value

Unit Comment
Min Max

tINIT0 - 20 ms Maximum voltage ramptime

tINIT1 100 - ns Minimum CKE LOW time after completion of voltageramp

tINIT2 5 - tCK Minimum stable clock before first CKEHIGH

tINIT3 200 - ˃ǎ Minimum idle time after first CKEassertion

tINIT4 1 - ˃ǎ Minimum idle time after RESETcommand

tINIT5 - 10 ˃ǎ Maximum duration of device autoinitialization

tZQINIT 1 - ˃ǎ ZQ initial calibration (S4 devicesonly)

tCKb 18 - ˃ǎ Clock cycle time duringboot
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Parameter Symbol Min Max Unit

Maximum power-off ramptime tPOFF - 2 Sec
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Initialization After RESET (Without VoltageRamp)

If the RESET command is issued before or after the power-up initialization sequence, the reinitialization procedure must begin atTd.

Power-Off

While powering off, CKE must be held LOW όҖлΦн ҎVDDCA); all other inputs must be between VILMIN andVIHMAX.

The device outputs remain at High-Z while CKE is held LOW. DQ, DM, DQS, and DQS# voltage levels must be between VSSQ and  VDDQ during 

the power-off sequence to avoid latch-up. CK, CK#, CS#, and CA input levels must be between VSSCA and VDDCA  during the power-off 

sequence to avoidlatch-up.

Tx is the point where any power supply drops below the minimum value specified in the Recommended DC Operating  

Conditions table. Tz is the point where all power supplies are below 300mV. After Tz, the device is poweredoff.

Required Power Supply Conditions Between Tx andTz:

ωVDD1 must be greater than VDD2 - 200mV.

ωVDD1 must be greater than VDDCA - 200mV.

ωVDD1 must be greater than VDDQ - 200mV.

ωVREF must always be less than all other supplyvoltages.

The voltage difference between VSS,VSSQ, and VSSCA must not exceed100mV.

Forsupplyand referencevoltage operatingconditions,see RecommendedDCOperatingConditionstable.

UncontrolledPower-Off

When an uncontrolled power-off occurs, the following conditions must bemet:

ωAt Tx, when the power supply drops below the minimum values specified in the Recommended DC Operating Conditions table, all power  supplies 

must be turned off and all power-supply current capacity must be at zero, except for any static charge remaining in the system.

ωAfter Tz (the point at which all power supplies first reach 300mV), the device must power off.

The time between Tx and Tz must not exceed tPOFF. During this period, the relative voltage between power supplies is uncontrolled.  VDD1 

andVDD2 must decrease with a slope lower than лΦр±κ˃ǎ between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of thedevice.

Table2 : Power-OffTiming



Mode RegisterDefinition

LPDDR2 devices contain a set of mode registers used for programming device operating parameters, reading device information and  status,and

for initiatingspecialoperationssuchasDQ calibration,ZQ calibration,anddevicereset.

Mode Register Assignments andDefinitions

The MRR command is used to read from a register.The MRW command is used to write to a register. An άwέ in the access column of  themode

registerassignmenttable indicatesread-only; aά²έindicateswrite-only;άwκ²έindicatesreador WRITEcapableor enabled.

Table3 : Mode RegisterAssignments
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MR# MA [7:0] Function Access OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0 Link

0 00h Deviceinfo R RFU RZQI DNVI DI DAI go to MR0

1 01h Device feature1 W nWR (forAP) WC BT BL go to MR1

2 02h Device feature2 W RFU RL andWL go to MR2

3 03h I/O config-1 W RFU DS go to MR3

4 04h SDRAM refreshrate R TUF RFU Refreshrate go to MR4

5 05h Basicconfig-1 R LPDDR2 ManufacturerID go to MR5

6 06h Basicconfig-2 R RevisionID1 go to MR6

7 07h Basicconfig-3 R RevisionID2 go to MR7

8 08h Basicconfig-4 R I/O width Density Type go to MR8

9 09h Test mode W Vendor-specific testmode go to MR9

10 0Ah I/O calibration W Calibrationcode go toMR10

11-15 л.ƘҒлCƘReserved - RFU go to MR11

16 10h PASR_Bank W Bankmask go to MR16

17 11h PASR_Seg W Segmentmask go to MR17

18-19 12hς13h Reserved - RFU go to MR18

20-31 14hς1Fh Reserved for NVM go to MR30

32 20h
DQcalibration  
patternA

R See Table28 go to MR32

33-39 21hς27h Do not use go to MR33

40 28h
DQcalibration  
patternB

R See Table28 go to MR40

41-47 29hς2Fh Do not use go to MR41

48-62 30hς3Eh Reserved - RFU go to MR48

63 3Fh RESET W X go toMR63

64-126 40hς7Eh Reserved - RFU go to MR64

127 7Fh Do not use go to MR127

128-190 80hςBEh Reserved for vendoruse RVU go to MR128

191 BFh Do not use go to MR191

192-254 C0hςFEh Reserved for vendoruse RVU go to MR192

255 FFh Do not use go to MR255

Notes : 1. RFU bits must be set to 0 duringMRW.

2. RFU bits must be read as 0 duringMRR.

3. For READs to a write-only or RFU register, DQS will be toggled and undefined data isreturned.

4. RFU mode registers must not bewritten.

5. WRITEs to read-only registers must have no impact on the functionality of thedevice.



Table4 : MR0 Deviceinformation
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OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

RFU RZQI DNVI DI DAI

DAI (Device Auto-InitializationStatus) Readςonly OP0
0b : DAIcomplete

1b : DAI still in progress

DI (DeviceInformation) Readςonly OP1
0b :SDRAM

1b :NVM

DNVI (Data Not ValidInformation) Readςonly OP2 LPDDR2 SDRAM will not implement DNVfunctionality

RZQI(Built in Self Test for RZQInformation) Readςonly OP[4:3]

00b : RZQ self test notexecuted

01b : ZQ-pin may connect to VDDCA orfloat  10b 

: ZQ-pin may short toGND

11b : ZQ-pin self test completed, no error condition detected  (ZQ-

pin may not connect to VDDCA or float nor short toGND)

Notes : 1. If RZQI is supported, it will be set upon completion of the MRW ZQ initializationcalibration.

2.If ZQ is connected to VDDCA to set default calibration, OP[4:3] must be set to 01. If ZQ is not connected to VDDCA, either  OP[4:3]=01 

or OP[4:3]=10 could indicate a ZQ-pin assembly error. It is recommended that the assembly error becorrected.

3.In the case of a possible assembly error(either OP[4:3]=01 or OP[4:3]=10, as defined above), the device will default to fact- ory trim 

settings for RON and will ignore ZQ calibration commands. In either case, the system might not function asIntended.

4. If aZQself test returnsavalue of 11b,this indicatesthat the device hasdetecteda resistorconnectionto the ZQpin.Note  that this 

result cannot be used to validate the ZQ resistor value, nor does it indicate that the ZQ resistor tolerance meets  the specified limits 

(240 ohmsҕ1%).

Table5 : MR1 Device Feature 1 (MA[7:0] = 01h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

nWR (forAP) WC BT BL

BL Write -only OP[2:0]

010b : BL4(default)  

011b : BL8

100b : BL16

All others :reserved

BT Write -only OP3
0b : Sequential(default)  

1b : Interleaved

WC Write ςonly OP4
0b : Wrap(default)

1b : No wrap (allowed for SDRAM BL4only)

nWR Write ςonly OP[7:5]

001b : nWR = 3(default)  

010b : nWR =4

011b : nWR =5

100b : nWR =6

101b : nWR =7

110b : nWR =8

All others :reserved

Note : 1. Programmed value in nWR register is the number of clock cycles which determines when to start internal precharge  operation 
for a write burst with AP enabled. It is determined by RU(tWR / tCK).



Table6 : Burst Sequence by Burst Length(BL), Burst Type(BT), and Wrap Control(WC)
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BL BT C3 C2 C1 C0 WC
Burst Cycle Number and Burst AddressSequence

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 46

4

Any
X X 0b 0b

Wrap
0 1 2 3

X X 1b 0b 2 3 0 1

Any X X X 0b
No

Wrap

y y+

1

y+

2

y+

3

8

Seq

X 0b 0b 0b

Wrap

0 1 2 3 4 5 6 7

X 0b 1b 0b 2 3 4 5 6 7 0 1

X 1b 0b 0b 4 5 6 7 0 1 2 3

X 1b 1b 0b 6 7 0 1 2 3 4 5

Int

X 0b 0b 0b 0 1 2 3 4 5 6 7

X 0b 1b 0b 2 3 0 1 6 7 4 5

X 1b 0b 0b 4 5 6 7 0 1 2 3

X 1b 1b 0b 6 7 4 5 2 3 0 1

Any X X X 0b
No

Wrap
illegal (not supported)

16

Seq

0b 0b 0b 0b

Wrap

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

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

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

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

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

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

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

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

Int X X X 0b illegal (not supported)

Any X X X 0b
No

Wrap
illegal (not supported)

Notes: 1. C0input isnot presentonCAbus.It is impliedzero.

2. ForBL=4,the burstaddressrepresentsC[1:0].

3. ForBL=8,the burstaddressrepresentsC[2:0].

4. ForBL=16,the burstaddressrepresentsC[3:0].

5. Forno-wrap,BL4,the burstmustnot crossthe pageboundaryor the sub-pageboundary.

Thevariableycanstartat anyaddresswith C0equalto 0,but mustnot startat any addressshownin the followingtable.



BusWidth 1Gb

Not across full pageboundary

X16 3FE, 3FF, 000,001

X32 1FE, 1FF, 000,001

Not across full pageboundary

X16 1FE, 1FF, 200,201

X32 None
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Table7 : No ςWrapRestrictions

Note : 1. No-wrap BL = 4 data orders shown areprohibited.

Table8 : MR2 Device Feature 2 (MA[7:0] =02h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

RFU RL andWL

RL andWL Write -only OP[3:0]

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

0010b : RL=4 / WL=2

0011b : RL=5 /WL=2

0100b : RL=6 / WL=3

0101b : RL=7 / WL=4

0110b : RL=8 / WL=4

All others :reserved

Table9 : MR3 I/O Configuration 1 (MA [7:0] =03h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

RFU DS

DS Write -only OP[3:0]

0000b : reserved

0001b : 34.3 ohmtypical

0010b : 40 ohmtypical

0011b : 48 ohmtypical

0100b : 60 ohmtypical

0101b : reserved for 68.6 ohmtypical

0110b : 80 ohmtypical

0111b : 120 ohmtypical

All others :reserved

Table10 : MR4 Device Temperature (MA [7:0] =04h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

TUF RFU SDRAM RefreshRate

SDRAM

Refreshrate
Read - only OP[2:0]

000b : SDRAM Low temperature operating limitexceeded.

001b : 4x tREF, 4x tREFlpb, 4xtREFW.

010b : 2x tREF, 2x tREFlpb, 2xtREFW.

011b : 1x tREF, 1x tREFlpb, 1x tREFW (<=85ɫ).

100b : Reserved.



Notes:

1. A Mode Register Read from MR4 will reset OP7 toΨлΩΦ

2. OP7 ƛǎ ǊŜǎŜǘ ǘƻ ΨлΩ ŀǘpower-up

3. If OP2 Ŝǉǳŀƭǎ ΨмΩΣ ǘƘŜ device temperature is greater than85ɫ

4. OP7 ƛǎ ǎŜǘ ǘƻΩмΩ ƛŦ htн-OP0 has changed at any time since the last read ofMR4.

5. LPDDR2 might not operate properly when OP[2:0] = 000b or111b.

6. LPDDR2 devices must be de-rated by adding 1.875ns to the following core timing parameters ; tRCD, tRC, tRAS, tRP, and tRRD.  tDQSCK shall 

be de-rated according to the tDQSCK de-rating value in AC timingtable.

Prevailingclockfrequencyspecandrelatedsetupand holdtimingsshallremainunchanged.

7. The recommended frequency for reading MR4 is provided in TemperatureSensor.

Table11 : MR5 Basic Configuration 1 (MA [7:0] =05h)
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OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

LPDDR2 ManufacturerID

LPDDR2 ManufacturerID Read-only OP[7:0]
1111 1000b : F8h

All others :Reserved

Table12 : MR6 Basic Configuration 2 (MA [7:0] =06h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

RevisionID1

RevisionID1 Read-only OP[7:0] 0000 0000b : A-version

Table13 : MR7 Basic Configuration 3 (MA [7:0] =07h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

RevisionID2

RevisionID2 Read-only OP[7:0] 0000 0000b : A-version

SDRAM

Refreshrate
Read - only OP[2:0]

101b : 0.25x tREF, 0.25x tREFlpb, 0.25x tREFW, do not de-rate SDRAM AC timing.

110b : 0.25x tREF, 0.25x tREFlpb, 0.25x tREFW, de-rate SDRAM AC timing.

111b : SDRAM High temperature operating limitexceeded.

Temperature  
Update Flag  

(TUF)

Read - only
OP7

0b : OP [2:0] value has not changed since last read ofMR4.

1b : OP [2:0] value has changed since last read ofMR4.

RL andWL Write ςonly OP[3:0]

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

0010b : RL=4 / WL=2

0011b : RL=5 / WL=2

0100b : RL=6 / WL=3

0101b : RL=7 / WL=4

0110b : RL=8 / WL=4

All others :reserved



Table14 : MR8 Basic Configuration 4 (MA [7:0] =08H)

16 Rev. 0.7 May.Ψмр

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

I/O width Density Type

Type Read ςonly OP [1:0] 00b : S4SDRAM

Density Read ςonly OP [5:2] 0100b : 1Gb

I/O width Read ςonly OP [7:6]
00b :x32

01b : x16

Table15 : MR9 Test Mode (MA [7:0] =09H)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

Vendor ςspecific TestMode

Table16 : MR10 Calibration (MA [7:0] =0AH)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

CalibrationCode

CalibrationCode Write - only OP [7:0]

0xFF : Calibrationcommand  
after initialization.

0xAB : Longcalibration

0x56 : Shortcalibration

0xC3 : ZQ Reset

All others : Reserved

Notes : 1. Host processor must not write MR10 with reservedvalues.

2. The device ignores calibration commands when a reserved value is written intoMR10.

3. See AC timing table for the calibrationlatency.

4. If ZQ is connected to VSSCA through RZQ, either the ZQ calibration function (see MRW ZQ Calibration Commands (page  51)) or 

default calibration (through the ZQRESET command) issupported.

If ZQ is connected to VDDCA, the device operates with default calibration and ZQ calibration commands are ignored.  In both 

cases, the ZQ connection must not change after power is supplied to thedevice.

Table17 : MR[11-15] Reserved (MA [7:0] = 0BH ς0FH)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

Reserved

Table18 : MR16 PASR Bank Mask (MA [7:0] =10H)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

Bank Mask (4-bank or8-bank)

Bank [7:0]Mask Write - only OP [7:0]

0b : Refresh enable to thebank
= unmasked(default)

1b : Refresh blocked =masked



Table19 : MR17 PASR Segment Mask (MA [7:0] =11H)
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OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

SegmentMask

Segment Write ςonly OP [7:0]

0b : Refresh enable to the  
Segment = unmasked(default)

1b : Refresh blocked =masked

Segment [7:0]Mask OP SegmentMask R [12:10]

0 0 XXXXXXX1 000b

1 1 XXXXXX1X 001b

2 2 XXXXX1XX 010b

3 3 XXXX1XXX 011b

4 4 XXX1XXXX 100b

5 5 XX1XXXXX 101b

6 6 X1XXXXXX 110b

7 7 1XXXXXXX 111b

Table20 : Reserved ModeRegister

Mode Register MA 0 Restriction OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

MR[18:19]

MA[7:0]

12h-13h RFU

Reserved

MR[20:31] 14h-1Fh NVM1

MR[33:39] 21h-27h
DNU1

MR[41:47] 29h-2Fh

MR[48:62] 30h-3Eh RFU

MR[64:126] 40h-7Eh RFU

MR[127] 7Fh DNU

MR[128:190] 80h-BEh RVU1

MR[191] BFh DNU

MR[192:254] C0h-FEh RVU

MR[255] FFh DNU

Note : 1. NVM = nonvolatile memory use only; DNU = Do not use; RVU = Reserved for vendoruse.

Table21 : MR63 Reset (MA [7:0] = 3FH) ςMRWOnly

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OP0

X

Note : For additional information on MRW RESET see MODE REGISTER WRITE Command (page50).



ACTIVATECommand

The ACTIVATE command is issued by holding CS# LOW, CA0 LOW, and CA1 HIGH at the rising edge of theclock.

The bank addresses BA[2:0] are used to select the desired bank. Row addresses are used to determine which row to activate in the  selected 

bank. The ACTIVATE command must be applied before any READ or WRITE operation can be executed. The device can  accept a READ or WRITE 

command at tRCD after the ACTIVATE command is issued. After a bank has been activated, it must be  precharged before another ACTIVATE 

command can be applied to the same bank.The bank active and precharge times aredefined

as tRAS and tRP,respectively.

The minimum time interval between successive ACTIVATE commands to the same bank is determined by the RAS cycle time  of the 

device (tRC). The minimum time interval between ACTIVATE commands to different banks istRRD.

Figure 2: ACTIVATECommand

Notes : 1. tRCD = 3, tRP = 3, tRRD =2.

2. A PRECHARGE ALL command uses tRPab timing, and a single-bank PRECHARGE command uses tRPpb timing.  In this figure, 

tRP is used to denote either an all-bank PRECHARGE or a single-bankPRECHARGE.

8-Bank DeviceOperation

Two rules regarding 8-bank device operation must beobserved.

One rule restricts the number of sequential ACTIVATE commands that can be issued; the second provides additional RAS precharge  time for a 

PRECHARGE ALLcommand.

The 8-Bank Device Sequential Bank Activation Restriction:

No more than four banks can be activated (or refreshed, in the case of REFpb) in a rolling tFAW window. To convert to clocks, divide  tFAW[ns] by 

tCK[ns], and round up to the next integervalue.

For example, if RU(tFAW/tCK) is 10 clocks, and an ACTIVATE command is issued in clock n, no more than three further ACTIVATE  commands can 

be issued at or between clock n + 1 and n + 9. REFpb also counts as bank activation for purposes oftFAW.

The 8-Bank Device PRECHARGE ALLProvision:

tRP for a PRECHARGE ALL command must equal tRPab, which is greater thantRPpb.
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Figure 3 : tFAW Timing (8-BankDevices)

Note : 1. Exclusively for 8-bankdevices.

Read and Write AccessModes

After a bank is activated, a READ or WRITE command can be issued with CS# LOW, CA0 HIGH, and CA1 LOW at the rising edge of  the clock. CA2 

must also be defined at this time to determine whether the access cycle is a READ operation (CA2 HIGH) or a WRITE  operation (CA2 LOW). A 

single READ or WRITE command initiates a burst READ or burst WRITE operation on successive clock  cycles. A new burst access must not 

interrupt the previous 4-bit burst operation when BL = 4. When BL = 8 or BL = 16, READs can  be interrupted by READs andWRITEs can be 

interrupted byWRITEs, provided that the interrupt occurs on a 4-bit boundary and that  tCCD is met.

Burst READCommand

The burst READ command is initiated with CS# LOW, CA0 HIGH, CA1 LOW, and CA2 HIGH at the rising edge of the  clock. The 

command address bus inputs, CA5rςCA6r and CA1fςCA9f, determine the starting column address for the  burst. The read latency 

(RL) is defined from the rising edge of the clock on which the READ command is issued to the  rising edge of the clock from which the 

tDQSCK delay is measured.The first valid data is available RL ҎtCK + tDQSCK +  tDQSQ after the rising edge of the clock when the 

READ command is issued.

The data strobe output is driven LOW tRPRE before the first valid rising strobeedge.

The first bit of the burst is synchronized with the first rising edge of the data strobe. Each subsequent data-out appears  on each 

DQ pin, edge-aligned with the data strobe. The RL is programmed in the moderegisters.

Pin input timings for the data strobe are measured relative to the crosspoint of DQS and its complement,DQS#.
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Figure 4 : READ Output Timing ςtDQSCK(MAX)

Note : 1. An effective burst length of 4 isshown.

Notes : 1. tDQSCK can span multiple clockperiods.

2 An effective burst length of 4 isshown.

Figure 5 : READ Output Timing ςtDQSCK(MIN)
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Figure 7 : Burst READ ςRL = 3, BL = 8, tDQSCK <tCK
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Figure 6 : Burst READ ςRL = 5, BL = 4, tDQSCK >tCK



Figure 8 : tDQSCKDLTiming

Notes : 1. tDQSCKDL = (tDQSCKn - tDQSCKm).

2. tDQSCKDL (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any (tDQSCKn, tDQSCKm) pair within

any 32ms rollingwindow.
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Figure 9 : tDQSCKDMTiming

Notes : 1. tDQSCKDM = (tDQSCKn - tDQSCKm).

2. tDQSCKDM (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any (tDQSCKn, tDQSCKmύ ǇŀƛǊ ǿƛǘƘƛƴ  ŀƴȅ мΦс˃ǎ ǊƻƭƭƛƴƎ

window.
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Figure 10 : tDQSCKDSTiming

Notes : 1. tDQSCKDS = (tDQSCKn - tDQSCKm).

2. tDQSCKDS (MAX) is defined as the maximum of ABS (tDQSCKn - tDQSCKm) for any (tDQSCKn, tDQSCKm) pair for  READs within a 

consecutive burst, within any 160ns rollingwindow.
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A seamless burst READ operation is supported by enabling a READ command at every other clock cycle for BL = 4  operation, 

every fourth clock cycle for BL = 8 operation, and every eighth clock cycle for BL = 16operation.

This operation is supported as long as the banks are activated, whether the accesses read the same or different banks.

Figure 11: Burst READ Followed by Burst WRITE ςRL = 3, WL = 1, BL =4

The minimum time from the burst READ command to the burstWRITE command is defined by the read latency (RL) and  the burst 

length (BL). Minimum READ-to-WRITE latency is RL + RU(tDQSCK(MAX)/tCK) + BL/2 + 1 -WL clock cycles.  Note that if a READ burst is 

truncated with a burstTERMINATE (BST) command, the effective burst length of the truncated  READ burst should be used for BL 

when calculating the minimum READ-to-WRITEdelay.

Figure 12: SeamlessBurst READςRL=3, BL=4,tCCD=2
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Note : 1. READs can only be interrupted by other READs or the BSTcommand.

Burst WRITECommand

The burstWRITE command is initiated with CS# LOW, CA0 HIGH, CA1 LOW, and CA2 LOW at the rising edge of the clock.  The command 

address bus inputs, CA5rςCA6r and CA1fςCA9f, determine the starting column address for theburst.

Write latency(WL)is definedfrom the risingedgeof the clockon whichtheWRITEcommandis issuedto the risingedgeof the clock from which

the tDQSSdelay is measured.The first valid data must be drivenWLҎtCK+ tDQSSfrom the rising edgeof the clock from which the WRITE

commandis issued.Thedatastrobesignal(DQS)mustbedrivenLOWtWPREprior to datainput.

The burst cycle data bits must be applied to the DQ pins tDS prior to the associated edge of the DQS and held valid until tDH after that  edge. Burst 

data is sampled on successive edges of the DQS until the 4-, 8-, or 16-bit burst length iscompleted.

After aburstWRITEoperation,tWRmustbesatisfiedbeforea PRECHARGEcommandto the samebankcanbe issued.

Pininput timingsaremeasuredrelativeto the crosspointof DQSandits complement,DQS#.

READs Interrupted by aREAD

A burst READ can be interrupted by another READ with a 4-bit burst boundary, provided that tCCD ismet.

A burst READ can be interrupted by other READs on any subsequent clock, provided that tCCD ismet.

Figure 13: READ Burst Interrupt Example ςRL = 3, BL = 8, tCCD =2
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Figure 14 : Data Input (WRITE)Timing

Figure 15 : Burst WRITE ςWL = 1, BL =4

27 Rev. 0.7 May.Ψмр



Note: 1.TheseamlessburstWRITEoperationissupportedbyenablingaWRITEcommandeveryotherclockfor BL=4operation,  everyfour

clocksfor BL=8operation,or everyeightclocksfor BL=16operation.

Thisoperationissupportedfor anyactivatedbank.

Figure 16: Burst WRITE Followed by Burst READ ςRL = 3, WL = 1, BL =4

Notes : 1.Theminimumnumberof clockcyclesfrom the burstWRITEcommandto the burstREAD commandfor anybankis  [WL + 1 + 

BL/2 + RU(tWTR / tCK)].

2. tWTRstartsat the risingedgeof the clockafter the lastvalidinput data.

3. If aWRITEburstistruncatedwith aBSTcommand,theeffectiveburstlengthof the truncatedWRITEburstshouldbeused  asBLto

calculatethe minimumWRITE-to-READdelay.

Figure 17 : Seamless Burst WRITE ςWL = 1, BL = 4, tCCD =2
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Notes : 1. WRITEs can only be interrupted by other WRITEs or the BSTcommand.

2. The effective burst length of the first WRITE equals two times the number of clock cycles betweenthe first  WRITE 

and the interruptingWRITE.

BURST TERMINATECommand

The BURSTTERMINATE (BST) command is initiated with CS# LOW, CA0 HIGH, CA1 HIGH, CA2 LOW, and CA3 LOW at the rising  edge of the clock. A 

BST command can only be issued to terminate an active READ or WRITEburst.

Therefore, a BST command can only be issued up to and including BL/2 - 1 clock cycles after a READ or WRITE command.  The effective 

burst length of a READ or WRITE command truncated by a BST command is as follows:

ωEffective burst length = 2 Ҏ(number of clock cycles from the READ or WRITE command to the BSTcommand).

ωIf a READ or WRITE burst is truncated with a BST command, the effective burst length of the truncated burst should be used for BL when calcula- ting the 

minimum READ-to-WRITE or WRITE-to-READdelay.

ωThe BST command only affects the most recent READ or WRITEcommand.

The BST command truncates an ongoing READ burst RL ҎtCK + tDQSCK + tDQSQ after the rising edge of the clock where the BST command  isissued.

The BST command truncates an on going WRITE burst WL X tCK + tDQSS after the rising edge of the clock where the BST command isissued.

ωThe 4-bit prefetch architecture enables BST command assertion on even clock cycles following a WRITE or READ command.  The effective 

burst length of a READ or WRITE command truncated by a BST command is thus an integer multiple of four.

WRITEs Interrupted by aWRITE

A burstWRITE can only be interrupted by anotherWRITE with a 4-bit burst boundary, provided that tCCD (MIN) ismet.

AWRITE burst interrupt can occur on even clock cycles after the initial WRITE command, provided that tCCD (MIN) ismet.

Figure 18: WRITE Burst Interrupt Timing ςWL = 1, BL = 8, tCCD =2
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Figure 19 : Burst WRITE Truncated by BST ςWL = 1, BL =16

Notes : 1. The BST command truncates an ongoing WRITE burst WL ҎtCK + tDQSS after the rising edge of the clock where the BST  command is

issued.

2. BST can only be issued an even number of clock cycles after the WRITEcommand.

3. Additional BST commands are not supported after T4 and must not be issued until after the next READ or WRITEcommand.

Figure 20: Burst READ Truncated by BST ςRL = 3, BL =16
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Notes : 1. The BST command truncates an ongoing READ burst (RL ҎtCK + tDQSCK + tDQSQ) after the rising edge of the clock  where the BST 

command isissued.

2. BST can only be issued an even number of clock cycles after the READcommand.

3. Additional BST commands are not supported after T4 and must not be issued until after the next READ or WRITEcommand.



Write DataMask

On LPDDR2 devices, one write data mask (DM) pin for each data byte (DQ) is supported, consistent with the implementation on  LPDDR 

SDRAM. Each DM can mask its respective DQ for any given cycle of the burst. ata mask timings match data bit timing, but  are inputs only. 

Internal data mask loading is identical to data bit loading to ensure matched systemtiming.

Figure 21: Data MaskTiming

Figure 22: Write Data Mask ςSecond Data BitMasked

Note : 1. For the data mask function, WL = 2, BL = 4 is shown; the second data bit ismasked.
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FMT4DxxUAx

PRECHARGECommand

The PRECHARGE command is used to precharge or close a bank that has beenactivated.

The PRECHARGE command is initiated with CS# LOW, CA0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising edge of the  clock. The 

PRECHARGE command can be used to precharge each bank independently or all banks simultaneously. For 4-bank  devices, the AB flag and 

bank address bits BA0 and BA1 are used to determine which bank(s) toprecharge.

For 8-bank devices, the AB flag and the bank address bits BA0, BA1, and BA2 are used to determine which bank(s) to precharge.  The 

precharged bank(s) will be available for subsequent row access tRPab after an all bank PRECHARGE command is issued, or  tRPpb after a single-

bank PRECHARGE command isissued.

To ensure that 8-bank devices can meet the instantaneous current demand required to operate, the row precharge time (tRP) for an  all bank 

PRECHARGE in 8-bank devices (tRPab) will be longer than the row precharge time for a single-bank PRECHARGE(tRPpb).

ACTIVATE to PRECHARGE timing is shown in ACTIVATE Command (page17).

Table 22: Bank Selection for PRECHARGE by AddressBits
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AB(CA4r)
BA2  

(CA9r)

BA1  
(CA8r)

BA0  
(CA7r)

PrechargedBank(s)  8-
BankDevice

0 0 0 0 Bank 0only

0 0 0 1 Bank 1only

0 0 1 0 Bank 2only

0 0 1 1 Bank 3only

0 1 0 0 Bank 4only

0 1 0 1 Bank 5only

0 1 1 0 Bank 6only

0 1 1 1 Bank 7only

1 5ƻƴΩǘCare 5ƻƴΩǘCare 5ƻƴΩǘCare AllBanks

READ Burst Followed byPRECHARGE

For the earliest possible precharge, the PRECHARGE command can be issued BL/2 clock cycles after a READ command.  A new bank 

ACTIVATE command can be issued to the same bank after the row precharge time (tRP) haselapsed.

A PRECHARGE command cannot be issued until after tRAS issatisfied.

The minimum READ-to-PRECHARGE time (tRTP) must also satisfy a minimum analog time from the rising clock edge that  initiates the 

last 4-bit prefetch of a READ command. tRTP begins BL/2 - 2 clock cycles after the READcommand.

If the burst is truncated by a BST command, the effective BL value is used to calculate when tRTPbegins.



WRITE Burst Followed byPRECHARGE

For WRITE cycles, aWRITE recovery time (tWR) must be provided before a PRECHARGE command can beissued.

tWRdelayisreferencedfrom thecompletionof the burstWRITE.ThePRECHARGEcommandmustnot be issuedprior to

the tWR delay. For WRITE-to-PRECHARGE timings see Table 23. These devices write data to the array in prefetch quadruples(prefetch

= 4). An internal WRITE operation can only begin aftera

prefetch group has been completely latched. The minimumWRITE-to-PRECHARGE time for commands to the same bank isWL

+ BL/2+1 +RU(tWR/tCK)clockcycles.Foruntruncatedbursts,BL is the value set in the moderegister.Fortruncatedbursts,  BL is the 

effective burstlength.

Figure 24: READ Burst Followed by PRECHARGE ςRL = 3, BL = 4, RU(tRTP(MIN)/tCK)= 3
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Auto Precharge

Before a new row can be opened in an active bank, the active bank must be precharged using either the PRECHARGE command or  the auto 

precharge function.When a READ or WRITE command is issued to the device, the auto precharge bit (AP) can be set to  enablethe activebankto

automaticallybeginprechargeat the earliestpossiblemomentduring theburstREADor WRITEcycle.

If AP is LOW when the READ or WRITE command is issued, then normal READ or WRITE burst operation is executed and the bank  remains active 

at the completion of theburst.

If AP is HIGH when the READ or WRITE command is issued, the auto precharge function is engaged. This feature enables the  PRECHARGE 

operation to be partially or completely hidden during burst READ cycles (dependent upon READ or WRITE latency),  thus improving system 

performance for random dataaccess.

READ Burst with Auto Precharge

If AP (CA0f) is HIGH when a READ command is issued, the READ with auto precharge function isengaged.

These devices start an auto precharge on the rising edge of the clock BL/2 or BL/2 - 2 + RU(tRTP/tCK) clock cycles later than the  READ with auto 

precharge command, whichever is greater. For auto precharge calculations see Table 23 . Following an auto precharge  operation, an ACTIVATE 

command can be issued to the same bank if the following two conditions are satisfiedsimultaneously:

ωThe RAS precharge time (tRP) has been satisfied from the clock at which the auto prechargebegins.

ωThe RAS cycle time (tRC) from the previous bank activation has beensatisfied.

Figure 25 : WRITE Burst Followed by PRECHARGE ςWL = 1, BL =4
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Figure 26 : READ Burst with Auto Precharge ςRL = 3, BL = 4, RU(tRTP(MIN)/tCK) = 2

WRITE Burst with Auto Precharge

If AP (CA0f) is HIGH when aWRITE command is issued, theWRITE with auto precharge function isengaged.

The device starts an auto precharge at the clock rising edge tWR cycles after the completion of the burst WRITE. Following a WRITE  with auto 

precharge, an ACTIVATE command can be issued to the same bank if the following two conditions aremet:

ωThe RAS precharge time (tRP) has been satisfied from the clock at which the auto prechargebegins.

ωThe RAS cycle time (tRC) from the previous bank activation has beensatisfied.

Figure 27 : Write Burst with Auto Precharge ςWL=1,BL=4
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Table23 : Precharge and Auto PrechargeClarification

36 Rev. 0.7 May.Ψмр

FromCommand ToCommand Minimum Delay BetweenCommands Unit Notes

READ
Precharge to same bank asread BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1

Prechargeall BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1

BST
Precharge to same bank asread 1 CLK 1

Prechargeall 1 CLK 1

READw/AP

Precharge to same bank as readw/AP BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1,2

Prechargeall BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1

Activate to same bank as readw/AP BL/2 + MAX(2, RU(tRTP/tCK)) - 2 +RU(tRPpb/tCK) CLK 1

Write or WRITE w/AP (samebank) Illegal CLK 3

Write or WRITE w/AP (differentbank) RL + BL/2 + RU(tDQSCKmax/tCK) - WL +1 CLK 3

Read or read w/AP (samebank) Illegal CLK 3

Write or WRITE w/AP (differentbank) BL/2 CLK 3

WRITE
Precharge to same bank aswrite WL + BL/2 + RU(tWR/tCK) +1 CLK 1

Prechargeall WL + BL/2 + RU(tWR/tCK) +1 CLK 1

BST
Precharge to same bank aswrite WL + RU(tWR/tCK) +1 CLK 1

Prechargeall WL + RU(tWR/tCK) +1 CLK 1

WRITEw/AP

Precharge to same bank asWRITE  
w/AP

WL + BL/2 + RU(tWR/tCK) +1 CLK 1,2

Prechargeall WL + BL/2 + RU(tWR/tCK) +1 CLK 1
Activate to same bank as writew/AP WL + BL/2 + RU(tWR/tCK) + 1 +RU(tRPpb/tCK) CLK 1
Write or WRITE w/ap (samebank) Illegal CLK 3
Write or WRITE w/ap (differentbank) BL/2 CLK 3
Read or read w/ap (samebank) Illegal CLK 3
Read or read w/ap (differentbank) WL + BL/2 + RU(tWTR/tCK) +1 CLK 3

Precharge
Precharge to same bank asprecharge 1 CLK 1
Prechargeall 1 CLK 1

Prechargeall
Precharge 1 CLK 1
Prechargeall 1 CLK 1

Notes : 1. For a given bank, the PRECHARGE period should be counted from the latest PRECHARGE command either a one-bank  RECHARGE or 

PRECHARGE ALL issued to thatbank.

The PRECHARGE period is satisfied after tRP, depending on the latest PRECHARGE command issued to thatbank.

2. Any command issued during the specifiedminimum delay time is illegal.

3. After READ with auto precharge, seamless READ operations to different banks are supported. After WRITE with auto  precharge,

seamlessWRITEoperationsto different banksaresupported.READwith autoprechargeand WRITEwith auto  precharge must not be 

interrupted ortruncated.



REFRESHCommand

The REFRESH command is initiated with CS# LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of theclock.

Per-bank REFRESH is initiated with CA3 LOW at the rising edge of the clock. All-bank REFRESH is initiated with CA3 HIGH at the  rising edge of 

the clock. Per-bank REFRESH is only supported in devices with eightbanks.

A per-bank REFRESH command (REFpb) performs a per-bank REFRESH operation to the bank scheduled by the bank counter in  the memory

device.Thebanksequencefor per-bankREFRESHis fixedto bea sequentialround-robin :

0-1-2-3-4-5-6-7-0-1-.... The bank count is synchronized between the controller and the SDRAM by resetting the bank count to zero.  

Synchronization can occur upon issuing a RESET command or at every exit from selfrefresh.

Bank addressing for the per-bank REFRESH count is the same as established for the single-bank PRECHARGE command (see Table  22). A bank must 

be idle before it can be refreshed. The controller must track the bank being refreshed by the per-bankREFRESH

command. The REFpb command must not be issued to the device until the following conditionshave been met:

ωtRFCab has been satisfied after the prior REFabcommand.

ωtRFCpb has been satisfied after the prior REFpbcommand.

ωtRP has been satisfied after the prior PRECHARGE command to that bank.

ωtRRD has been satisfied after the prior ACTIVATE command (if applicable, for example after activating a row in a different bank than the one

affected by the REFpbcommand).

The target bank is inaccessible during per-bank REFRESH cycle time (tRFCpb), however, other banks within the device are accessible  and can be 

addressed during thecycle.

During the REFpb operation, any of the banks other than the one being refreshed can be maintained in an active state or accessed by a  READ or 

WRITE command. When the per-bank REFRESH cycle has completed, the affectedbank will be in the idle state.

After issuing REFpb, the following conditions must bemet:

ωtRFCpb must be satisfied before issuing a REFabcommand.

ωtRFCpb must be satisfied before issuing an ACTIVATE command to the samebank.

ωtRRD must be satisfied before issuing an ACTIVATE command to a differentbank.

ωtRFCpb must be satisfied before issuing another REFpb command.

An all-bank REFRESH command (REFab) issues a REFRESH command to allbanks.

All banks must be idle when REFab is issued (for instance, by issuing a PRECHARGE ALL command prior to issuing an all-bank  REFRESH 

command). REFab also synchronizes the bank count between the controller and the SDRAM tozero.

TheREFabcommandmustnot be issuedto the deviceuntil the followingconditionshavebeenmet:

ωtRFCab has been satisfied following the prior REFabcommand.

ωtRFCpb has been satisfied following the prior REFpbcommand.

ωtRP has been satisfied following the prior PRECHARGEcommands.

After anall-bankREFRESH cyclehascompleted,all bankswill be idle.After issuingREFab:

ωtRFCab latency must be satisfied before issuing an ACTIVATEcommand.

ωtRFCab latency must be satisfied before issuing a REFab or REFpbcommand.
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Symbol Minimum delayFrom To Notes

tRFCab REFab

REFab

ACTIVATE command to anybank

REFpb

tRFCpb REFpb

REFab

ACTIVATE command to same bank asREFpb

REFpb

tRRD

REFpb ACTIVATE command to a different bank thanREFpb

ACTIVATE
REFpb 1

ACTIVATE command to a different bank than the prior ACTIVATEcommand
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Table24 : Refresh Command Scheduling SeparationRequirements

Note : 1. A bank must be in the idle state before it is refreshed, so REFab is prohibited following an ACTIVATEcommand.

REFpb is supported only if it affects a bank that is in the idlestate.

Mobile LPDDR2 devices provide significant flexibility in scheduling REFRESH commands as long as the required boundary conditions  are met (see 

Figure32).

In the most straightforward implementations, a REFRESH command should be scheduled every tREFI. In this case, self refresh can  be entered at 

any time. Users may choose to deviate from this regular refresh pattern, for instance, to enable a period in which no re- fresh is required. As an 

example, using a 1Gb LPDDR2 device, the user can choose to issue a refresh burst of 4096 REFRESH com- ands at the maximum supported rate 

(limited by tREFBW), followed by an extended period without issuing any REFRESH commands,  until the refresh window is complete. The 

maximum supported time without REFRESH commands is calculated as follows:

tREFW - (R/8) ҎtREFBW = tREFW - R Ҏ4 ҎtRFCab.

For example, a 1Gb device atTC Җ урɕ/ Ŏŀƴ be operated without a refresh for up to 32ms - 4096 Ҏ4 Ҏ130ns Ғ30ms.

Both the regular and the burst/pause patterns can satisfy refresh requirements if they are repeated in every 32ms window. It is critical  to satisfy 

the refresh requirement in every rolling refresh window during refresh patterntransitions.

The supported transition from a burst pattern to a regular distributed pattern is shown in Figure 28. If this transition occurs immediately  after the 

burst refresh phase, all rolling tREFW intervals will meet the minimum required number of REFRESHcommands.

A nonsupported transition is shown in Figure 55. In this example, the regular refresh pattern starts after the completion of the pause  phase of 

the burst/pause refresh pattern. For several rolling tREFW intervals, the minimum number of REFRESH commands is not  satisfied.

Understanding this pattern transition is extremely important, even when only one pattern is employed. In self refresh mode, a regular  distributed 

refresh pattern must be assumed. Dosilicon recommends entering self refresh mode immediately following the burst phase of  a burst/pause 

refresh pattern; upon exiting self refresh, begin with the burst phase (see Figure31).



Notes : 1. Compared to repetitive burst REFRESH with subsequent REFRESHpause.

2. As an example, in a 1Gb LPDDR2 device at TC Җ урɕ/Σ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ ǊŜŦǊŜǎƘ ǇŀǘǘŜǊƴ Ƙŀǎ ƻƴŜ REFRESH command per  тΦу˃ǎΤ the 

burst refresh pattern has one REFRESH command per лΦрн˃ǎΣ ŦƻƭƭƻǿŜŘ ōȅ Ғ олƳǎ without any REFRESH  command.

Figure29 : Regular Distributed RefreshPattern
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Notes : 1. Shown with subsequent REFRESH pause to regular distributed refreshpattern.

2. As an example, in a 1Gb LPDDR2 device at TC Җ урɕ/Σ ǘƘŜ ŘƛǎǘǊƛōǳǘŜŘ ǊŜŦǊŜǎƘ ǇŀǘǘŜǊƴ Ƙŀǎ ƻƴŜ REFRESH command per  тΦу˃ǎΤ the 

burst refresh pattern has one REFRESH command per лΦрн˃ǎΣ ŦƻƭƭƻǿŜŘ ōȅ Ғ олƳǎ without any REFRESH  command.

Figure28 : Supported Transition from Repetitive REFRESHBurst
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Figure30 : Nonsupported Transition from Repetitive REFRESHBurst

Notes : 1. Shown with subsequent REFRESH pause to regular distributed refreshpattern.

2.ThereareonlyҒ2048REFRESH commandsin the indicatedtREFWwindow.Thisdoesnot providethe requiredminimum

number of REFRESH commands (R).PDF:

41 Rev. 0.7 May.Ψмр



Note : 1. In conjunction with a burst/pause refreshpattern.

REFRESHRequirements

1. Minimum Number of REFRESHCommands

Mobile LPDDR2 requires a minimum number, R, of REFRESH (REFab) commands within any rolling refresh window (tREFW=

32 ms @ MR4[2:0] = 011 orTC Җ урɕ/ύΦ For actual values per density and the resulting average refresh interval (tREFI), (seeTable

75).

For tREFW and tREFI refresh multipliers at different MR4 settings, see the MR4 Device Temperature (MA[7:0] = 04h) table.  For devices 

supporting per-bank REFRESH, a REFab command can be replaced by a full cycle of eight REFpb commands.

2. Burst REFRESHLimitation

To limit current consumption, a maximum of eight REFab commands can be issued in any rolling tREFBW (tREFBW = 4 Ҏ8 ҎtRFCab). This 

condition does not apply if REFpb commands areused.

3. REFRESH Requirements and SelfRefresh

If any time within a refresh window is spent in self refresh mode, the number of required REFRESH commands in that window is  reduced to 

the following:

RȰ= RU tSRF= R - RU R ҎtSRF

tREFI tREFW

Where RU represents theround-upfunction.

Figure31 : Recommended Self Refresh Entry andExit
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Figure 32: tSRFDefinition

Notes : 1. Time in self refresh mode is fully enclosed in the refresh window(tREFW).

2. At self refreshentry.

3. At self refreshexit.

4. Several intervals in self refresh during one tREFW interval. In this example, tSRF = tSRF1 +tSRF2.

Figure 33 All-Bank REFRESHOperation

Notes : 1. Prior to T0, the REFpb bank counter points to bank0.

2. Operations to banks other than the bank being refreshed are supported during the tRFCpbperiod.
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SELF REFRESHOperation

The SELF REFRESH command can be used to retain data in the array, even if the rest of the system is powered down. When in the  self refresh 

mode, the device retains data without external clocking. The device has a built-in timer to accommodate SELF REFRESH  operation. The SELF 

REFRESH command is executed by taking CKE LOW, CS# LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the  rising edge of theclock.

CKE must be HIGH during the clock cycle preceding a SELF REFRESH command. A NOP command must be driven in the clock cycle  following the 

SELF REFRESH command. After the power-down command is registered, CKE must be held LOW to keep the device in  self refreshmode.

Mobile LPDDR2 devices can operate in self refresh mode in both the standard and extended temperature ranges. These devices also  manageself

refreshpowerconsumptionwhenthe operatingtemperaturechanges,resultingin the lowest possiblepowerconsumption  across the operating 

temperature range. See Table 59 fordetails.

After the device has entered self refresh mode, all external signals other than CKE ŀǊŜ ά5ƻƴΩǘ /ŀǊŜΦέ For proper self refresh operation,  power 

supply pins (VDD1, VDD2, VDDQ, and VDDCA) must be at valid levels. VDDQ can be turned off during self refresh. If VDDQ is  turned off, VREFDQ 

must also be turned off. Prior to exiting self refresh, both VDDQ and VREFDQ must be within their respective  minimum/maximum operating 

ranges (see the Single-Ended AC and DC Input Levels for DQ and DM table). VREFDQ can be at any  level between 0 and VDDQ; VREFCA can be at 

any level between 0 and VDDCA during selfrefresh.

Before exiting self refresh, VREFDQ and VREFCA must be within specified limits (see AC and DC Logic Input Measurement Levels  for Single-Ended 

Signals (page 78)). After entering self refresh mode, the device initiates at least one all-bank REFRESH command  internally during tCKESR. The 

clock is internally disabled during SELF REFRESH operation to save power. The device must remain in  self refresh mode for at least tCKESR. The 

user can change the external clock frequency or halt the external clock one clockafter

self refresh entry is registered; however, the clock must be restarted and stable before the device can exit SELF REFRESHoperation.

Exiting self refresh requires a series of commands. First, the clock must be stable prior to CKE returning HIGH. After the self refresh  exit is 

registered, a minimum delay, at least equal to the self refresh exit interval (tXSR), must be satisfied before a validcommand

canbe issuedto the device.Thisprovidescompletiontime for any internal refreshin progress.Forproperoperation,CKEmustremain  HIGH 

throughout tXSR, except during self refresh re-entry. NOP commands must be registered on each rising clock edge during  tXSR.

Using self refresh mode introduces the possibility that an internally timed refresh event could be missed when CKE is driven HIGH for  exit from 

self refresh mode. Upon exiting self refresh, at least one REFRESH command (one all-bank command or eight per-bank  commands) must be 

issued before issuing a subsequent SELF REFRESHcommand.
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Notes : 1. Input clock frequency can be changed or stopped during self refresh, provided that upon exiting self-refresh, a minimum of  two cycles 

of stable clocks are provided, and the clock frequency is between the minimum and maximum frequencies for  the particular speed

grade.

2. The device must be in the all banks idle state prior to entering self refreshmode.

3. tXSR begins at the rising edge of the clock after CKE is drivenHIGH.

4. A valid command can be issued only after tXSR is satisfied. NOPs must be issued duringtXSR.

Partial-Array Self Refresh ςBankMasking

Devices in densities of 64Mbς512Mb are comprised of four banks; densities of 1Gb and higher are comprised of eight banks. Each  bank can be 

configured independently whether or not a SELF REFRESH operation will occur in that bank. One 8-bit mode register  (accessibleviathe MRW

command)isassignedto programthe bank-maskingstatusof eachbankup toeightbanks.

For bank masking bit assignments, see the MR16 PASR Bank Mask (MA[7:0] = 010h) and MR16 Op-Code Bit Definitionstables.

Themaskbit to the bank enablesor disablesa refreshoperationof theentire memoryspacewithin the bank.

If a bank is masked using the bank mask register, a REFRESH operation to the entire bank is blocked and bank data  retention is not 

guaranteed in self refresh mode.To enable a REFRESH operation to a bank, the corresponding bank mask  bit must be programmed as 

άǳƴƳŀǎƪŜŘΦέ²ƘŜƴ a bank mask bit is unmasked, the array space being refreshed within that  bank is determined by the programmed 

status of the segment maskbits.

Partial-Array Self Refresh ςSegmentMasking

Programming segment mask bits is similar to programming bank mask bits. For densities 1Gb and higher, eight segments are used for  masking (see 

the MR17 PASR Segment Mask (MA[7:0] = 011h) and MR17 PASR Segment Mask Definitions tables). A mode registeris

used for programming segment mask bits up to eight bits. For densities less than 1Gb, segmentmasking is not supported.

Whenthe maskbit to anaddressrange(representedasasegment)isprogrammedasάƳŀǎƪŜŘΣέa REFRESHoperationto that seg- ment is 

blocked. Conversely, when a segment mask bit to an address range is unmasked, refresh to that segment isenabled.

A segment masking scheme can be used in place of or in combination with a bank masking scheme. Each segment mask bit setting is  applied

acrossall banks.Forsegmentmaskingbit assignments,seethe tablesnoted above.

Figure 35: SELF REFRESH Operation
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SegmentMask(MR17) Bank0 Bank1 Bank2 Bank3 Bank4 Bank5 Bank6 Bank7

BankMask(MR16) 0 1 0 0 0 0 0 1

Segment0 0 - M - - - - - M

Segment1 0 - M - - - - - M

Segment2 1 M M M M M M M M

Segment3 0 - M - - - - - M

Segment4 0 - M - - - - - M

Segment5 0 - M - - - - - M

Segment6 0 - M - - - - - M

Segment7 1 M M M M M M M M

Table26 : Bank and Segment MaskingExample

Note : 1. This table provides values for an 8-bank device with REFRESH operations masked to banks 1 and 7, and segments 2 and7.

MODE REGISTERREAD

The MODE REGISTER READ (MRR) command is used to read configuration and status data from SDRAM mode registers.  The MRR command 

is initiated with CS# LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the rising edge of theclock.

The mode register is selected by CA1fςCA0f and CA9rςCA4r.The mode register contents are available on the first data beat of DQ[7:0]  after RL 

tCK + tDQSCK + tDQSQ and following the rising edge of the clock where MRR is issued. Subsequent data beats contain  valid but undefined content, 

except in the case of the DQ calibration function, where subsequent data beats contain valid content as  described in Table 28. All DQS are toggled 

for the duration of the mode register READburst.

The MRR command has a burst length of four. MRR operation (consisting of the MRR commandand the corresponding data traffic)

must not be interrupted.The MRR command period (tMRR) is two clockcycles.

Figure 36: MRR Timing ςRL = 3, tMRR =2

Notes : 1. MRRs to DQ calibration registers MR32 and MR40 are described in DQ Calibration (page48).
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Notes : 1. MRRs to DQ calibration registers MR32 and MR40 are described in DQ Calibration (page48).

2. Only the NOP command is supported duringtMRR.

3. Mode register data is valid only on DQ[7:0] on the first beat. Subsequent beats contain valid but undefined data.  

DQ[MAX:8] contain valid but undefined data for the duration of the MRRburst.

4. Minimum MRR to write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 - WL clockcycles.

5. Minimum MRR to MRW latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 clockcycles.

READ bursts andWRITE bursts cannot be truncated by MRR. Following a READ command, the MRR command must not be issued  before BL/2 

clock cycles have completed. Following A WRITE command, the MRR command must not be issued before WL + 1 +  BL/2 + RU(tWTR/tCK) clock 

cycles have completed. If a READ or WRITE burst is truncated with a BST command, the effective burst  lengthof the truncatedburstshouldbe 

usedfor the BLvalue.

Figure 37: READ to MRR Timing ςRL = 3, tMRR = 2

Notes : 1. Theminimumnumberof clockcyclesfrom the burstREAD commandto the MRRcommandis BL/2.
2. Only the NOP command is supported duringtMRR.
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Figure 38: Burst WRITE Followed by MRR ςRL = 3, WL = 1, BL =4

Parameter Description Symbol Min/Max Value Unit

System  

TemperatureGradient

Maximum temperature gradient experienced by the memory  
device at the temperature of interest over a range ofнɕ/

TempGradient MAX
System  

dependent
ɕ/κǎ

MR4 READinterval Time period between MR4 READs from theSystem ReadInterval MAX
System  

dependent
ms

Temperature
Sensorinterval

Maximum delay between internal updates ofMR4 tTSI MAX 32 ms

System  
responsedelay

Maximum response time from an MR4 READ to the  
systemresponse

SysRespDelay MAX
System  

dependent
ms

Device  
temperaturemargin

Margin above maximum temperature to support controller  
response

TempMargin MAX 2 ɕ/
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Notes : 1. The minimum number of clock cycles from the burst WRITE command to the MRR command is [WL+1+BL/2+RU(tWTR/tCK)].
2. Only the NOP command is supported duringtMRR.

TemperatureSensor

Mobile LPDDR2 devices feature a temperature sensor whose status can be read fromMR4.

This sensor can be used to determine an appropriate refresh rate, determine whether AC timing derating is required in the extended  

temperaturerange,and/or monitor the operatingtemperature.Eitherthe temperaturesensoror thedeviceoperatingtemperaturecan  be used 

to determine whether operating temperature requirements are being met (see Operating Temperature Rangetable).

Temperature sensor data can be read from MR4 using the mode register read protocol. Upon exiting self-refresh or power-down, the  device 

temperature status bits will be no older thantTSI.

When using the temperature sensor, the actual device case temperature may be higher than the operating temperature specification  that 

applies for the standard or extended temperature ranges (see table notedabove).

For example,TCASE could be above урɕ/ when MR4[2:0] equals 011b. To ensure proper operation using the temperature sensor,  applications 

must accommodate the parameters in the temperature sensor definitionstable.

Table 27: Temperature Sensor Definitions and OperatingConditions



Mobile LPDDR2 devices accommodate the temperature margin between the point at which the device temperature enters the exten- ded 

temperature range and the point at which the controller reconfigures the system accordingly. To determine the required MR4  polling frequency, 

the system must use the maximum TempGradient and the maximum response time of the system according to the  followingequation:

TempGradient Ҏ(ReadInterval + tTSI + SysRespDelay) Җ2ϲC

For example, ifTempGradient is млɕ/κǎ and the SysRespDelay is 1ms:  10ϲC/s 

X (ReadInterval + 32ms +1ms) Җ2ϲC

In this case, ReadInterval must not exceed167ms.

Figure 39: Temperature Sensor Timing

DQ Calibration

Mobile LPDDR2 devices feature a DQ calibration function that outputs one of two predefined system timing calibrationpatterns.

For x16 devices, pattern A (MRR to MRR32), and pattern B (MRR to MRR40), will return the specified pattern on DQ0 and DQ8; x32  devices 

return the specified pattern on DQ0, DQ8, DQ16, andDQ24.

For x16 devices, DQ[7:1] and DQ[15:9] drive the same information as DQ0 during the MRR burst. For x32 devices, DQ[7:1], DQ[15:9],  DQ[23:17], 

and DQ[31:25] drive the same information as DQ0 during the MRR burst. MRR DQ calibration commands can occur only  in the idlestate.
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Figure 40: MR32 and MR40 DQ Calibration Timing ςRL = 3, tMRR =2

Pattern MR# Bit Time0 Bit Time1 Bit Time2 Bit Time3 Description

PatternA MR32 1 0 1 0 Reads to MR32 return DQ calibration patternA

PatternB MR40 0 0 1 1 Reads to MR40 return DQ calibration patternB

Note : 1. Only the NOP command is supported duringtMRR.

Table28 : Data Calibration PatternDescription
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MRW RESETCommand

The MRW RESET command brings the device to the device auto initialization (resetting) state in the power-on initialization sequence  (see 2. 

RESET Command under Power-Up (page7)).

The MRW RESET command can be issued from the idle state. This command resets all mode registers to their default values.  Only the 

NOP command is supported duringtINIT4.

After MRW RESET, boot timings must be observed until the device initialization sequence is complete and the device is in the idle  state. Array 

data is undefined after the MRW RESET command has completed. For MRW RESET timing, see Figure1.

Current State Command Intermediate State NextState

All banks idle

MRR Reading mode register, all banks idle All banksidle
MRW Writing mode register, all banks idle All banksidle

MRW (RESET) Resetting, device auto initialization All banksidle

Bank(s) active

MRR Reading mode register, bank(s) idle Bank(s)active
MRW Not allowed Notallowed

MRW (RESET) Not allowed Notallowed

MODE REGISTER WRITECommand

The MODE REGISTERWRITE (MRW) command is used to write configuration data to the moderegisters.

The MRW command is initiated with CS# LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of the clock.  The mode 

register is selected by CA1fςCA0f, CA9rςCA4r.The data to be written to the mode register is contained in CA9fςCA2f.  The MRW command 

period is defined by tMRW. MRWs to read-only registers have no impact on the functionality of the device.  MRW can only be issued when 

all banks are in the idle precharge state. One method of ensuring that the banks are in this state  is to issue a PRECHARGE ALLcommand.

Figure 41: MODE REGISTER WRITE Timing ςRL = 3, tMRW =5

Notes : 1. At time Ty, the device is in the idlestate.

2. Only the NOP command is supported duringtMRW.

Table29 : Truth Table for MRR andMRW
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1.5
(0.75Ҏ1)+ (0.20Ҏ15)
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= 0.4s

MRW ZQ CalibrationCommands

The MRW command is used to initiate a ZQ calibration command that calibrates output driver impedance across process, tempera- ture, and 

voltage. LPDDR2-S4 devices support ZQ calibration.To achieve tighter tolerances, proper ZQ calibration must be performed.  There are four ZQ 

calibration commands and related timings: tZQINIT, tZQRESET, tZQCL, and tZQCS. tZQINIT is used for initialization  calibration; tZQRESET is used for 

resetting ZQ to the default output impedance; tZQCL is used for long calibration(s); and tZQCS is  used for short calibration(s). See the MR10 

Calibration (MA[7:0] = 0Ah) table for ZQ calibration command codedefinitions.

ZQINIT must be performed for LPDDR2 devices. ZQINIT provides an output impedance accuracy ofҕ15%.

After initialization, the ZQ calibration long (ZQCL) can be used to recalibrate the system to an output impedance accuracy of ҕ15%.  A ZQ

calibrationshort (ZQCS)can beusedperiodicallyto compensatefor temperatureandvoltagedrift in the system.

ZQRESET resets the output impedance calibration to a default accuracy of ҕ30% across process, voltage, and temperature.  This 

command is used to ensure output impedance accuracy to ҕ30% when ZQCS and ZQCL commands are notused.

One ZQCS command can effectively correct at least 1.5% (ZQ correction) of output impedance errors within tZQCS for all speed bins,  assuming the 

maximum sensitivities specified in Table 68 and Table 69 are met.The appropriate interval betweenZQCS

commands can be determined using these tables and system-specificparameters.

Mobile LPDDR2 devices are subject to temperature drift rate (Tdriftrate) and voltage drift rate (Vdriftrate) in various applications.  To 

accommodate drift rates and calculate the necessary interval between ZQCS commands, apply the followingformula:

ZQcorrection

(TsensҎTdriftrate) +(VsensҎVdriftrate)

Where Tsens = MAX (dRONdT) andVsens = MAX (dRONdV) define temperature and voltagesensitivities.

For example, ifTsens Ґ лΦтр҈κɕ/Σ±ǎŜƴǎҐ 0.20%/mV,Tdriftrate Ґ мɕ/κǎŜŎΣ and Vdriftrate = 15 mV/sec, then the interval between  ZQCS 

commands is calculatedas:

A ZQcalibrationcommandcanonly be issuedwhenthe deviceis in the idle statewith all banksprecharged. Noother

activitiescanbe performedon the data busduringcalibrationperiods(tZQINIT,tZQCL,or tZQCS). Thequiet time on

the databushelpsto accuratelycalibrateoutput impedance.

There is no required quiet time after the ZQRESET command. If multiple devices share a single ZQ resistor, only one devicecan

be calibrating at any given time. After calibration is complete, the ZQ ball circuitry is disabled to reducepower consumption.

In systems sharing a ZQ resistor between devices, the controller must prevent tZQINIT, tZQCS, and tZQCL overlap between the  devices. 

ZQRESET overlap is acceptable. If the ZQ resistor is absent from the system, ZQ must be connected toVDDCA.

In this situation,the devicemust ignoreZQcalibrationcommandsandthe devicewill usethe defaultcalibrationsettings.



Figure 42: ZQTimings

Notes: 1. Onlythe NOPcommandissupportedduringZQcalibrations.

2. CKE must be registered HIGH continuously during the calibrationperiod.

3. All devicesconnectedto the DQ busshouldbeHigh-Zduringthe calibrationprocess.

ZQExternalResistorValue,Tolerance,andCapacitiveLoading

To use the ZQcalibration function, a 240 ohm (ҕ1% tolerance)external resistor must be connectedbetween the ZQpin And

ground. A singleresistorcanbe usedfor eachdeviceor oneresistorcanbe sharedbetweenmultiple devicesif the ZQcalibration

timingsfor eachdevicedo not overlap.Thetotal capacitiveloadingon the ZQpin mustbe limited

(seethe Input/OutputCapacitancetable).

53 Rev. 0.7 May.Ψмр



Power-Down

Power-down is entered synchronously when CKE is registered LOW and CS# is HIGH at the rising edge of clock. A NOPcommand

must be driven in the clock cycle following power-down entry. CKE must not go LOW while MRR, MRW, READ, or WRITE operations  are in 

progress. CKE can go LOW while any other operations such as ACTIVATE, PRECHARGE, auto precharge, or REFRESH are in  progress, but the power-

down IDD specification will not be applied until such operations arecomplete.

If power-down occurs when all banks are idle, this mode is referred to as idlepower-down;

if power-down occurs when there is a row active in any bank, this mode is referred to as activepower-down.

Entering power-down deactivates the input and output buffers, excluding CK, CK#, and CKE. In power-down mode, CKE must beheld

LOW;all other input signalsareά5ƻƴΩǘ/ŀǊŜΦέCKELOWmustbemaintaineduntil tCKE issatisfied.VREFCAmustbeMaintainedat a

valid level during power-down. VDDQcanbe turned off during power-down. IfVDDQis turned off,VREFDQmust alsobe turned off. Prior to

exitingpower-down, bothVDDQandVREFDQmust be within their respectiveminimum/maximumoperatingranges(seeAC andDCOperating

Conditions).

No refresh operations are performed in power-down mode.The maximum duration in power-down mode is only limited by the refresh  

requirements outlined in REFRESH Command. The power-down state is exited when CKE is registeredHIGH.

The controller must drive CS# HIGH in conjunction with CKE HIGH when exiting the power-down state. CKE HIGH must be maintained  until tCKE is 

satisfied. A valid, executable command can be applied with power-down exit latency tXP after CKE goes HIGH. Power- down exit latency is defined in 

the ACTimingsection.
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Figure 45: REFRESH-to-REFRESH Timing in CKE IntensiveEnvironments

Note : 1. The pattern shown can repeat over an extended period of time. With this pattern, all AC and DC timing and voltage  

specifications with temperature and voltage drift areensured.

Figure 43: Power-Down Entry and ExitTiming

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

the minimumandmaximumspecifiedfrequenciesfor the speedgradein use,andthat prior to power-downexit, a minimumof two

stableclockscomplete.

Figure 44: CKE Intensive Environment
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Figure 46: READ to Power-Down Entry

Notes : 1. CKE must be held HIGH until the end of the burstoperation.

2. CKE can be registered LOW at (RL + RU(tDQSCK(MAX)/tCK) + BL/2 + 1) clock cycles after the clock on which the READ  command is

registered.
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Notes : 1. CKE must be held HIGH until the end of the burstoperation.

2. CKE can be registered LOW at (RL + RU(tDQSCK/tCK)+ BL/2 + 1) clock cycles after the clock on which the READ  command is

registered.

3. BL/2 with tRTP = 7.5ns and tRAS (MIN) issatisfied.

4. Start internalPRECHARGE.

Figure 47: READ with Auto Precharge to Power-Down Entry
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Figure 48: WRITE to Power-DownEntry

Note : 1. CKE can be registered LOW at (WL + 1 + BL/2 + RU(tWR/tCK)) clock cycles after the clock on which the WRITE command  isregistered.
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Notes : 1. CKE can be registered LOW at (WL + 1 + BL/2 + RU(tWR/tCK + 1) clock cycles after the WRITE command isregistered.

2. Start internalPRECHARGE.

Figure 49: WRITE with Auto Precharge to Power-DownEntry
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Note : 1. CKE can go LOW tIHCKE after the clock on which the REFRESH command isregistered.

Figure 51: ACTIVATE Command to Power-Down Entry

Note : 1. CKE can go LOW at tIHCKE after the clock on which the ACTIVATE command isregistered.

Figure 52: PRECHARGE Command to Power-Down Entry

Note : 1. CKE can go LOW tIHCKE after the clock on which the PRECHARGE command isregistered.

Figure 50: REFRESH Command to Power-DownEntry
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Figure 53: MRR Command to Power-DownEntry

Note : 1. CKE can be registered LOW at (RL + RU(tDQSCK/tCK)+ BL/2 + 1) clock cycles after the clock on which the MRR command  isregistered.

Figure 54: MRW Command to Power-Down Entry

Note : 1. CKE can be registered LOW tMRW after the clock on which the MRW command isregistered.

DeepPower-Down

Deep power-down (DPD) is entered when CKE is registered LOW with CS# LOW, CA0 HIGH, CA1 HIGH, and CA2 LOW at the rising  edge of the 

clock.The NOP command must be driven in the clock cycle following power-down entry. CKE must not go LOW while MRR  or MRW operations are 

in progress. CKE can go LOW while other operations such as ACTIVATE, auto precharge, PRECHARGE, or  REFRESH are in progress, however, deep 

power-down IDD specifications will not be applied until those operationscomplete.

The contents of the array will be lost upon entering DPDmode.

In DPD mode, all input buffers except CKE, all output buffers, and the power supply to internal circuitry are disabled within the  device.VREFDQ 

can be at any level between 0 and VDDQ, andVREFCA can be at any level between 0 andVDDCA during DPD.  All power supplies (including 

VREF) must be within the specified limits prior to exiting DPD (see AC and DC OperatingConditions).

To exit DPD, CKE must be HIGH, tISCKE must be complete, and the clock must be stable. To resume operation, the device must be  fully 

reinitialized using the power-up initializationsequence.

61 Rev. 0.7 May.Ψмр



Notes : 1. The initialization sequence can start at any time after Tx +1.

2. tINIT3 and Tx + 1 refer to timings in the initialization sequence.For details, see Mode Register Definition.

Input Clock Frequency Changes and StopEvents

Input Clock Frequency Changes and Clock Stop with CKELOW

During CKE LOW, Mobile LPDDR2 devices support input clock frequency changes and clock stop under the followingconditions:

ωRefresh requirements aremet

ωOnly REFab or REFpb commands can be in process

ωAny ACTIVATE or PRECHARGE commands have completed prior to changing the frequency

ωRelated timing conditions,tRCD and tRP, have been met prior to changing the frequency

ωThe initial clock frequency must be maintained for a minimum of two clock cycles after CKE goes LOW

ωThe clock satisfies tCH(abs) and tCL(abs) for a minimum of two clock cycles prior to CKE goingHIGH

For input clock frequency changes, tCK(MIN) and tCK(MAX) must be met for each clockcycle.

After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be required to set theWR, RL, etc.  These 

settings may requireadjustment to meet minimum timing requirements at the target clock frequency.

For clock stop, CK is held LOW and CK# is heldHIGH.

Figure 55: Deep Power-Down Entry and ExitTiming
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Input Clock Frequency Changes and Clock Stop with CKE HIGH

During CKE HIGH, LPDDR2 devices support input clock frequency changes and clock stop under the followingconditions:

ωREFRESH requirements aremet.

ωAny ACTIVATE, READ, WRITE, PRECHARGE, MRW, or MRR commands must have completed, including any associated data bursts, prior to  changing the

frequency.

ωRelated timing conditions, tRCD, tWR, tWRA, tRP, tMRW, and tMRR, etc., aremet

ωCS# must be held HIGH

ωOnly REFab or REFpb commands can be inprocess

The device is ready for normal operation after the clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 ҎtCK + tXP.  For input 

clock frequency changes, tCK(MIN) and tCK(MAX) must be met for each clockcycle.

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL, etc. These settings may  require

adjustmentto meetminimumtiming requirementsat the targetclockfrequency.

For clock stop, CK is held LOW and CK# is heldHIGH.

NO OPERATIONCommand

The NO OPERATION (NOP) command prevents the device from registering any unwanted commands issued between operations. ANOP

command can only be issued at clock cycle N when the CKE level is constant for clock cycle N-1 and clock cycle N. The NOP command has tw  possible 

encodings: CS# HIGH at the clock rising edge N; and CS# LOW withCA0,

CA1, CA2 HIGH at the clock rising edgeN.

The NOP command will not terminate a previous operation that is still in process, such as a READ burst or WRITE burstcycle.

Simplified Bus Interface State Diagram

The state diagram provides a simplified illustration of the bus interface, supported state transitions, and the commands that control them. For a  complete 

description of device behavior, use the information provided in the state diagram with the truth tables and timingspecifications.

The truth tables describe device behavior and applicable restrictions when considering the actual state of allbanks.

TruthTables

Truth tables provide complementary information to the state diagram.They also clarify device behavior and applicable restrictionswhen

considering the actual state of the banks. Unspecified operations and timings are illegal.To ensure proper operation after an illegal event, the  device 

must be powered down and then restarted using the specified initialization sequence before normal operation cancontinue.
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Command

CommandPins CAPins
CK

Edge
CKE

/CS CA0 CA1 CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9
CK(n-1) CK(n)

MRW
H H L L L L L MA0 MA1 MA2 MA3 MA4 MA5

H H X MA6 MA7 OP0 OP1 OP2 OP3 OP4 OP5 OP6 OP7

MRR
H H L L L L H MA0 MA1 MA2 MA3 MA4 MA5

H H X MA6 MA7 X

REFRESH
(perbank)

H H L L L H L X

H H X X

REFRESH
(allbanks)

H H L L L H H X

H H X X

Enterself  
refresh

H L L L L H X

X L X X

ACTIVATE
(bank)

H H L L H R8 R9 R10 R11 R12 BA0 BA1 BA2

H H X R0 R1 R2 R3 R4 R5 R6 R7 R13 R14

WRITE(bank)
H H L H L L RFU RFU C1 C2 BA0 BA1 BA2

H H X AP C3 C4 C5 C6 C7 C8 C9 C10 C11

READbank)
H H L H L H RFU RFU C1 C2 BA0 BA1 BA2

H H X AP C3 C4 C5 C6 C7 C8 C9 C10 C11

PRECHARGE
(bank)

H H L H H L H AB X X BA0 BA1 BA2

H H X X

BST
H H L H H L L X

H H X X

EnterDPD
H L L H H L X

X L X X

NOP
H H L H H H X

H H X X

MaintainPD,  
SREF,DPD,  

(NOP)

L L L H H H X

L L X X

NOP
H H H X

H H X X

MaintainPD,  
SREF,DPD,  

(NOP)

L L H X

L L X X

Enter  

power-down

H L H X

X L X X

Exit PD,SREF,
DPD

L H H X

X H X X

Table30 : Command Truth table

Notes 1ς11 apply to all parametersconditions

Notes : 1. All commands are defined by the current state of CS#, CA0, CA1, CA2, CA3, and CKE at the rising edge of theclock.

2. Bank addresses (BA) determine which bank will be operatedupon.

3. AP HIGH during a READ or WRITE command indicates that an auto precharge will occur To the bank associated with the  READ or 

WRITEcommand.
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CurrentState CKEn-1 CKEn CS# Commandn Operationn NextState Notes

Active  
power-down

L L X X Maintain activepower-down
Active  

power-down

L H H NOP Exit activepower-down Active 6,,7

Idlepower-down
L L X X Maintain idlepower-down

Idle  
power-down

L H H NOP Exit idlepower-down Idle 6,7

Resettingidle  
power-down

L L X X Maintain resettingpower-down
Resetting  

power-down

L H H NOP Exit resettingpower-down
Idle or  

resetting
6, 7,8

Deeppower-down
L L X X Maintain deeppower-down

Deep  
power-down

L H H NOP Exit deeppower-down Power-on 9

Selfrefresh
L L X X Maintain selfrefresh Selfrefresh

L H H NOP Exit selfrefresh Idle 10,11

Bank(s)active H L H NOP Enter activepower-down
Active  

power-down

All banksidle

H L H NOP Enter idlepower-down
Idle  

power-down

H L L
Enterself  

refresh
Enter selfrefresh Selfrefresh

H L L DPD Enter deeppower-down
Deep  

power-down

Resetting H L H NOP
Enter deeppower-down Resetting  

power-down

Otherstates H H Refer to the command truthtable
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4. X indicates a ά5ƻƴΩǘ /ŀǊŜέ state, with a defined logic level, either HIGH (H) or LOW(L).

5. Self refresh exit and DPD exit areasynchronous.

6. VREF must be between 0 and VDDQ during self refresh and DPDoperation.

7. CAxr refers to command/address bit άȄέ on the rising edge ofclock.

8. CAxf refers to command/address bit άȄέ on the falling edge of clock.

9. CS# and CKE are sampled on the rising edge of theclock.

10. Per-bank refresh is only supported in devices with eightbanks.

11. he least-significant column address C0 is not transmitted on the CA bus, and is inferred to bezero.

Table31 : CKE Truth Table
Notes 1ς5 apply to all parameters and conditions ; L=LOW , H=HIGH , ·Ґά5ƻƴΩǘ/ŀǊŜέ

Notes : 1. Current state = the state of the device immediately prior to the clock rising edgen.

2. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in thisdocument.

3. CKEn = the logic state of CKE at clock rising edge n; CKEn-1 was the state of CKE at the previous clockedge.

4. CS#= the logic state of CS# at the clock rising edgen.

5. Command n = the command registered at clock edge n, and operation n is a result of commandn.

6. Power-down exit time (tXP) must elapse before any command other than NOP isissued.



CurrentState Command Operation NextState Notes

Any NOP Continue previousoperation Currentstate

Idle

ACTIVATE Select and activaterow Active

Refresh (perbank) Begin to refresh Refreshing (perbank) 6

Refresh (allbanks) Begin to refresh Refreshing (allbanks) 7

MRW Load value to moderegister MRwriting 7

MRR Read value from moderegister Idle, MRreading

RESET Begin device autoinitialization Resetting 7,8

PRECHARGE Deactivate row(s) in bank orbanks Precharging 9,10

Rowactive

READ Select column and start readburst Reading

WRITE Select column and start writeburst Writing

MRR Read value from moderegister Active MRreading

PRECHARGE Deactivate row(s) in bank orbanks Precharging 9

Reading

READ Select column and start new readburst Reading 11,12

WRITE Select column and start writeburst Writing 11, 12,13

BST Read burst terminate Active 14

Writing

WRITE Select column and start new writeburst Writing 11,12

READ Select column and start readburst Reading 11, 12,15

BST Write burstterminate Active 14

Power-on MRWRESET Begin device autoinitialization Resetting 7,9

Resetting MRR Read value from moderegister Resetting MRreading
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7. The clock must toggle at least twice prior to the tXPperiod.

8. Upon exiting the resetting power-down state, the device will return to the idle state if tINIT5 hasexpired.

9. The DPD exit procedure must be followed as described in Deep Power-Down (page60).

10. Self refresh exit time (tXSR) must elapse before any command other than NOP isissued.

11. The clock must toggle at least twice prior to the tXSRtime.

Table32 : Current State Bank n to Command to Bank n Truth Table

Notes 1ς5 apply to all parameters andconditions

Notes : 1. Values in this table apply when both CKEn -1 and CKEn are HIGH, and after tXSR or tXP has been met, if the previous  state was 

power-down.

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

3. Current state definitions: Idle: The bank or banks have been precharged, and tRP has beenmet.

Active: Arow in the bankhasbeenactivated,andtRCDhasbeenmet. Nodataburstsor accessesandno register acce-

sses are in progress. Reading: A READ burst has been initiated with auto precharge disabled and has not yet terminated  or been 

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

terminated.

4. Thestateslistedbelowmustnot be interruptedbya commandissuedto the samebank.

NOP commands or supported commands to the other bank must be issued on any clock edge occurring during these states.  Supported 

commands toǘƘŜ ƻǘƘŜǊ ōŀƴƪǎ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŀǘ ōŀƴƪΩǎ ŎǳǊǊŜƴǘ ǎǘŀǘŜΣ ŀƴŘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴǎ given in Table 33 .



Precharge: Starts with registration of a PRECHARGE command and ends when tRP is met. After tRP is met, the bank is  in the idle

state.

Row activate: Starts with registration of an ACTIVATE command and ends when tRCD is met. After tRCD is met, thebank

is in the active state. READ with AP enabled: Starts with registration of a READ command with auto precharge enabled  and ends 

when tRP is met. After tRP is met, the bank is in the idlestate.

WRITE with AP enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when tRP  is met. 

After tRP is met, the bank is in the idlestate.

5. The states listed below must not be interrupted by any executable command. NOP commands must be applied to each  rising clock 

edge during these states. Refresh (per bank): Starts with registration of a REFRESH (per bank) command  and ends when tRFCpb is 

met. After tRFCpb is met, the bank is in the idle state. Refresh (all banks): Starts with registra- tion of a REFRESH (all banks) command 

and ends when tRFCab is met. After tRFCab is met, the device is in the all banks  idle state. Idle MR reading: Starts with registration of 

the MRR command and ends when tMRR is met. After tMRR is met,  the device is in the all banks idlestate.

Resetting MR reading: Starts with registration of the MRR command and ends when tMRR is met. After tMRR is met,the

device is in the all banks idle state. Active MR reading: Starts with registration of the MRR command and ends when tMRR  is met. 

After tMRR is met, the bank is in the active state. MR writing: Starts with registration of the MRW command and  ends when tMRW is

met.

After tMRW is met, the device is in the all banks idle state. Precharging all: Starts with registration of a PRECHARGE ALL  command 

and ends when tRP is met. After tRP is met, the device is in the all banks idlestate.

6. Bank-specific; requires that the bank is idle and no bursts are inprogress.

7. Not bank-specific; requires that all banks are idle and no bursts are inprogress.

8. Not bank-specific.

9. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for pre- charging.

10. If a PRECHARGE command is issued to a bank in the idle state, tRP stillapplies.

11.A command other than NOP should not be issued to the same bank while a burst READ or burst WRITE with auto pre- charge is

enabled.

12. The new READ or WRITE command could be auto precharge enabled or auto prechargedisabled.

13. A WRITEcommandcanbe issuedafter the completionof the READ burst;otherwise,a BSTmustbe issuedto end the  READ prior 

to asserting a WRITEcommand.

14. Not bank-specific.TheBSTcommandaffectsthe mostrecentREAD/WRITEburst startedby the mostrecentREAD/  WRITE 

command, regardless ofbank.

15. A READcommandcanbe issuedafter completionof the WRITEburst;otherwise,aBSTmustbeusedto endthe WRITE  prior to 

asserting another READcommand.
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FMT4DxxUAx

Table 33: Current State Bank n to Command to Bank m Truth Table

Notes1ς6applyto all parametersandconditions
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Current State of Bankn Command to Bankm Operation Next State for Bankm notes

Any NOP Continue previousoperation Current State of Bankm

Idle Any Any command supported to Bankm - 7

Row activating,active,  

or precharging

ACTIVATE Select and activate row in bankm Active 8

READ
Select column and startREAD  

Burst from bankm
Reading 9

WRITE
Select column and startWRITE  

burst to bankm
Writing 9

PRECHARGE Deactivate row(s) in bank orbanks Precharging 10

MRR READ value from moderegister
Idle MR readingor

Active MRreading
11,12,13

BST

READ or WRITE burstterminates  an 
ongoing READ/WRITE  from/to bank

m
Active 7

Reading

(auto prechargedisabled)

READ
Select column and startREAD

burst from bankm
Reading 9

WRITE
Select column and startWRITE  

burst to bankm
Writing 9,14

ACTIVATE Select and activate row in bankm Active

PRECHARGE Deactivate row(s) in bank orbanks Precharging 10

Writing

(auto prechargedisabled)

READ
Select column and startREAD  

burst from bankm
Reading 9,15

WRITE
Select column and startWRITE  

burst to bankm
Writing 9

ACTIVATE Select and activate row in bankm Active

PRECHARGE Deactivate row(s) in bank orbanks Precharging 10

Reading with  

autoprecharge

READ
Select column and startREAD  

burst from bankm
Reading 9,16

WRITE
Select column and startWRITE  

burst to bankm
Writing 9,14,16

ACTIVATE Select and activate row in bankm Active

PRECHARGE Deactivate row(s) in bank orbanks Precharging 10

Writing with  

autoprecharge

READ
Select column and startREAD  

burst from bankm
Reading 9,15,16

WRITE
Select column and startWRITE  

burst to bankm
Writing 9,16

ACTIVATE Select and activate row in bankm Active

PRECHARGE Deactivate row(s) in bank orbanks Precharging 10

Power-on MRWRESET Begin device autoinitialization Resetting 17,18

Resetting MRR Read value from moderegister Resetting MRreading

Notes : 1. This table applies when: the previous state was self refresh or power-down ; after tXSR or tXP has been met; and both  CKEn -1 and 

CKEn areHIGH.

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



3. Current statedefinitions:

Idle: The bank has been precharged and tRP has beenmet.

Active: A row in the bank has been activated, tRCD has been met, no data bursts or accesses and no register accesses  are in progress. 

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

A WRITE burst has been initiated with auto precharge disabled and the WRITE has not yet ter- minated or beenterminated.

4. Refresh, self refresh, and MRW commands can only be issued when all banks areidle.

5. A BST commandcannotbe issuedto anotherbank;it appliesonlyto the bank representedby the currentstate.

6. The states listed below must not be interrupted by any executable command.  NOP 

commands must be applied during each clock cycle while in thesestates:

Idle MRR: Starts with registration of the MRR command and ends when tMRR has been met.  After 

tMRR is met, the device is in the all banks idlestate.

Reset MRR: Starts with registration of the MRR command and ends when tMRR has been met.  After 

tMRR is met, the device is in the all banks idlestate.

Active MRR: Starts with registration of the MRR command and ends when tMRR has been met.  After 

tMRR is met, the bank is in the activestate.

MRW: Starts with registration of the MRW command and ends when tMRW has been met.  After 

tMRW is met, the device is in the all banks idlestate.

7. BST is supported only if a READ or WRITE burst isongoing.

8. tRRD must be met between the ACTIVATE command to bank n and any subsequent ACTIVATE command to bankm.

9. READs or WRITEs listed in the command column include READs and WRITEs with or without auto prechargeenabled.

10. This command may or may not bebank-specific.

If all banks are being precharged, they must be in a valid state forprecharging.

11. MRR is supported in the row-activatingstate.

12. MRR is supported in the prechargingstate.

13. The next state for bank m depends on the current state of bank m (idle, row-activating, precharging, oractive).

14. A WRITE command can be issued after the completionof the READ burst;

otherwise a BST must be issued to end the READ prior to asserting a WRITEcommand.

15. A READ command can be issued after the completion of the WRITEburst;

otherwise, a BST must be issued to end the WRITE prior to asserting another READcommand.

16. A READ with auto precharge enabled or a WRITE with auto precharge enabled can be followed by any valid command to  other 

banks provided that the timing restrictions in the PRECHARGE and Auto Precharge Clarification table aremet.

17. Not bank-specific; requires that all banks are idle and no bursts are inprogress.

18. RESET command is achieved through MODE REGISTER WRITEcommand.

Table 34: DM TruthTable
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Note : 1. Used to mask write data, and is provided simultaneously with the corresponding inputdata.

FunctionalName DM DQ notes

Write enable L Valid 1

Write inhibit H X 1



Notes: 1. See1.VoltageRampunderPower-Up(page7).

2. VREFCA лΦс Җ ±DDCA; however, VREFCA may ōŜ җ VDDCA provided that VREFCA Җ300mV.

3. VREFDQ лΦс Җ VDDQ; however, VREFDQ may ōŜ җ VDDQ provided that VREFDQ Җ300mV.

4.Storagetemperatureisthe casesurfacetemperatureon the center/topsideof the device.  For

measurementconditions,refer to the JESD51-2standard.

Input/Output Capacitance

Table 36: Input/Output Capacitance

Note 1 applies to all parameters andconditions
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Notes : 1. TC ςнрɕ/ ǘƻ Ҍмлрɕ/Τ VDDQ = 1.14ς1.3V; VDDCA = 1.14ς1.3V; VDD1 = 1.7ς1.95V; VDD2= 1.14ς1.3V.

2. This parameter applies to die devices only (does not include packagecapacitance).

3. This parameter is not subject to production testing. It is verified by design andcharacterization.

The capacitance is measured according to JEP147 (procedure for measuring input capacitance using a vector network  analyzer), 

with VDD1, VDD2, VDDQ, VSS, VSSCA, and VSSQ applied; all other pins are left floating.

4. Absolute value of CCK -CCK#.

5. CI applies to CS#, CKE, andCA[9:0].

Parameter Symbol Min Max Unit Notes

VDD1 supply voltage relative to VSS VDD1 ς0.4 +2.3 V 1

VDD2 supply voltage relative to VSS VDD2(1.2V) ς0.4 +1.6 V 1

VDDCA supply voltage relative to VSSCA VDDCA ς0.4 +1.6 V 1,2

VDDQ supply voltage relative to VSSQ VDDQ ς0.4 +1.6 V 1,3

Voltage on any ball relative to VSS VIN, VOUT ς0.4 +1.6 V

Storagetemperature TSTG ς0.4 +125 ɕ/ 4

Parameter Symbol
LPDDR21066-466 LPDDR2400-200

Unit Notes
Min Max Min Max

Input capacitance, CK andCK# CCK 1.0 2.0 1.0 2.0 pF 1

Input capacitance delta, CK andCK# CDCK 0 0.2 0 0.25 pF 1

Input capacitance, all other input Onlypins CI 1.0 2.0 1.0 2.0 pF 1,2

Input capacitance delta, all other input Onlypins CDI -0.40 +0.40 -0.50 +0.50 pF 1,3

Input/output capacitance, DQ,DM,DQS,DQS# CIO 1.25 2.5 1.25 2.5 pF

Input/output capacitance delta, DQS,DQS# CDDQS 0 0.25 0 0.30 pF

Input/output capacitance delta,DQ,DM CDIO -0.5 +0.5 -0.6 +0.6 pF

Input/output capacitanceZQ CZQ 0 2.5 0 2.5 pF 4

ElectricalSpecifications

Absolute Maximum Ratings

Stresses greater than those listed below may cause permanent damage to thedevice.

This is a stress rating only, and functional operation of the device at these or any other conditions outside those indicated in the  

operational sections of this document is notimplied.

Exposure to absolute maximum rating conditions for extended periods may adversely affectreliability.

Table 35: Absolute Maximum DCRatings



Notes: 1. CS# must always be drivenHIGH.

2. For each clock cycle, 50% of the CA bus is changing between HIGH andLOW.

3. The noted pattern (N, N + 1, N + 2, N + 3...) is used continuously during IDD measurement for IDD values that require switching  on the CA 

bus.
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Parameter
CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

CK Rising/  
CK#Falling

Cycle N N+1 N+2 N+3

CS# HIGH HIGH HIGH HIGH

CA0 H L L L L H H H

CA1 H H H L L L L H

CA2 H L L L L H H H

CA3 H H H L L L L H

CA4 H L L L L H H H

CA5 H H H L L L L H

CA6 H L L L L H H H

CA7 H H H L L L L H

CA8 H L L L L H H H

CA9 H H H L L L L H

6. CDI = CI - 0.5 Ҏ(CCK +CCK#).

7. DM loading matches DQ andDQS.

8. MR3 I/O configuration drive strength OP[3:0] = 0001b (34.3 ohmtypical).

9. Absolute value of CDQS andCDQS#.

10. CDIO = CIO - 0.5 Ҏ(CDQS + CDQS#) inbyte-lane.

11. Maximum external load capacitance on ZQ pin:5pF.

Electrical Specifications ςIDD Specifications andConditions

The following definitions and conditions are used in the IDD measurement tables unless statedotherwise:

ÅLOW:VINҖ±L[ό5/ύƳŀȄ

ÅHIGH:VINҗ±LIό5/ύƳƛƴ

ÅSTABLE: Inputs are stable at a HIGH or LOWlevel

ÅSWITCHING: See the following threetables

Table 37: Switching for CA Input Signals

Notes 1ς3 apply to all parameters andconditions



Table 38: Switching forIDD4R
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Notes : 1. Data strobe (DQS) is changing between HIGH and LOW with every clockcycle.

2. The noted pattern (N, N + 1...) is used continuously during IDD measurement forIDD4R

Table 39: Switching for IDD4W

Notes : 1. Data strobe (DQS) is changing between HIGH and LOW with every clockcycle.

2. Data masking (DM) must always be drivenLOW.

3. The noted pattern (N, N + 1...) is used continuously during IDD measurement forIDD4W.

Clock CKE CS# ClockCycle  
Number Command CA[2:0] CA[9:3] All DQ

Rising H L N WriteRising LLH LHLHLHL L

Falling H L N WriteFalling LLL LLLLLLL L

Rising H H N+1 NOP LLL LLLLLLL H

Falling H H N+1 NOP LLH LHLLHLH L

Rising H L N+2 WriteRising LLH LHLLHLH H

Falling H L N+2 WriteFalling LLL HHHHHHH H

Rising H H N+3 NOP LLL HHHHHHH H

Falling H H N+3 NOP LLH LHLHLHL L

Clock CKE CS# ClockCycle  
Number Command CA[2:0] CA[9:3] All DQ

Rising H L N Read_Rising HLH LHLHLHL L

Falling H L N Read_Falling LLL LLLLLLL L

Rising H H N+1 NOP LLL LLLLLLL H

Falling H H N+1 NOP HLH LHLLHLH L

Rising H L N+2 Read_Rising HLH LHLLHLH H

Falling H L N+2 Read_Falling LLL HHHHHHH H

Rising H H N+3 NOP LLL HHHHHHH H

Falling H H N+3 NOP HLH LHLHLHL L



Table 40: IDD Specification andConditions(X16)
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Parameter / Condition Symbol PowerSupply
DataRate

Unit Notes
-18 -25 -30

Operating one bank active-precharge current (SDRAM):
tCK = tCKmin; tRC = tRCmin; CKE is HIGH; CS# isHIGH  between 
valid commands; CA bus inputs are switching;  Data bus inputs 
arestable

IDD01 VDD1 TBD 20 TBD

mAIDD02 VDD2 TBD 65 TBD

IDD0in VDDCA,VDDQ TBD 6 TBD 4

Idle power-down standby current: tCK = tCKmin; CKE isLOW;  CS# is 
HIGH; All banks are idle; CA bus inputs are switching;  Data bus 
inputs arestable

IDD2P1 VDD1 TBD 500 TBD

˃!IDD2P2 VDD2 TBD 1600 TBD

IDD2P,in VDDCA,VDDQ TBD 100 TBD 4

Idle power-down standby current with clock stop: CK = LOW,  CK# = 
HIGH; CKE is LOW; CS# is HIGH; All banks are idle; CA  bus inputs are 
stable; Data bus inputs arestable

IDD2PS1 VDD1 TBD 500 TBD

˃!IDD2PS2 VDD2 TBD 1600 TBD

IDD2PS,in VDDCA,VDDQ TBD 100 TBD 4

Idle non-power-down standby current: tCK = tCKmin; CKEis  HIGH; 
CS# is HIGH; All banks are idle; CA bus inputs are  switching; Data 
bus inputs arestable

IDD2N1 VDD1 TBD 1.7 TBD

mAIDD2N2 VDD2 TBD 33 TBD

IDD2N,in VDDCA,VDDQ TBD 6 TBD 4

Idle non-power-down standby current with clock stopped: CK =  
LOW; CK# = HIGH; CKE is HIGH; CS# is HIGH; All banks are  idle; CA 
bus inputs are stable; Data bus inputs arestable

IDD2NS1 VDD1 TBD 1.7 TBD

mAIDD2NS2 VDD2 TBD 16 TBD

IDD2NS,in VDDCA,VDDQ TBD 6 TBD 4

Active power-down standby current: tCK = tCKmin; CKE isLOW;  CS# is 
HIGH; One bank is active; CA bus inputs are switching;  Data bus inputs 
arestable

IDD3P1 VDD1 TBD 1200 TBD ˃!

IDD3P2 VDD2 TBD 4 TBD mA

IDD3P,in VDDCA,VDDQ TBD 120 TBD ˃! 4

Active power-down standby current with clock stop: CK = LOW,  CK# = 
HIGH; CKE is LOW; CS# is HIGH; One bank is active; CA  bus inputs are 
stable; Data bus inputs arestable

IDD3PS1 VDD1 TBD 1200 TBD ˃!

IDD3PS2 VDD2 TBD 4 TBD mA

IDD3PS,in VDDCA,VDDQ TBD 120 TBD ˃! 4

Active non-power-down standby current: tCK = tCKmin; CKEis  HIGH; 
CS# is HIGH; One bank is active; CA bus inputs are  switching; Data 
bus inputs arestable

IDD3N1 VDD1 TBD 2 TBD

mAIDD3N2 VDD2 TBD 35 TBD

IDD3N,in VDDCA,VDDQ TBD 6 TBD 4

Active non-power-down standby current with clock stopped :  CK = 
LOW, CK# = HIGH CKE is HIGH; CS# is HIGH; Onebank
is active; CA bus inputs are stable; Data bus inputs arestable

IDD3NS1 VDD1 TBD 2 TBD

mAIDD3NS2 VDD2 TBD 24 TBD

IDD3NS,in VDDCA,VDDQ TBD 6 TBD 4



Table 41: IDD Specification and Conditions(X16) (continued)
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Notes : 1. IDD values are the maximum of the distribution of the arithmeticmean.

2. IDD current specifications are tested after the device is properlyinitialized.

3. The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh, before going intothe

extended temperaturerange.

4. Measured currents are the sum of VDDQ andVDDCA.

5. Per-bank REFRESH is only applicable for LPDDR2-S4 device densities 1Gb orhigher.

6. This is the general definition that applies to full-array selfrefresh.

7. IDD6ET and IDD8 are typical values, are sampled only, and are not tested.

Parameter / Condition Symbol PowerSupply
DataRate

Unit Notes
-18 -25 -30

Operating burst READ current: tCK =tCKmin;
CS# is HIGH between valid commands; One bank isactive;
BL = 4; RL = RL (MIN); CA bus inputs are switching; 50% data  change 
each bursttransfer

IDD4R1 VDD1 TBD 5 TBD

mAIDD4R2 VDD2 TBD 220 TBD

IDD4R,in VDDCA TBD 6 TBD

Operating burst WRITE current: tCK = tCKmin; CS# isHIGH
between valid commands; One bank is active; BL = 4; WL =  
WLmin; CA bus inputs are switching; 50% data change each  burst
transfer

IDD4W1 VDD1 TBD 10 TBD

mAIDD4W2 VDD2 TBD 185 TBD

IDD4W,in VDDCA,VDDQ TBD 28 TBD 4

All-bank REFRESH burst current: tCK = tCKmin; CKE is HIGH  between 
valid commands; tRC = tRFCabmin; Burst refresh;CA  bus inputs are 
switching; Data bus inputs arestable

IDD51 VDD1 TBD 15 TBD

mAIDD52 VDD2 TBD 130 TBD

IDD5IN VDDCA,VDDQ TBD 6 TBD 4

All-bank REFRESH average current: tCK = tCKmin;  CKE is 
HIGH between valid commands; tRC = tREFI;  CA bus inputs 
are switching; Data bus inputs are stable

IDD5AB1 VDD1 TBD 5 TBD

mAIDD5AB2 VDD2 TBD 35 TBD

IDD5AB,in VDDCA,VDDQ TBD 6 TBD 4

Per-bank REFRESH average current: tCK = tCKmin;  CKE is 
HIGH between valid commands; tRC = tREFI/8;  CA bus 
inputs are switching; Data bus inputs are stable

IDD5PB1 VDD1 TBD 5 TBD

mA

5

IDD5PB2 VDD2 TBD 35 TBD 5

IDD5PB,in VDDCA,VDDQ TBD 6 TBD 4,5

Selfrefreshcurrent(ςнрɕ/toҌурɕ/ύΥCK=LOW,CK#=HIGH;  CKE is 
LOW; CA bus inputs are stable; Data bus inputs are  stable; Maximum 
1x self refreshrate

IDD61 VDD1 TBD 1200 TBD

˃!

6

IDD62 VDD2 TBD 2500 TBD 6

IDD6IN VDDCA,VDDQ TBD 100 TBD 4,6

Deep power-down current: CK = LOW, CK# =HIGH;
CKE is LOW; CA bus inputs are stable; Data bus inputsare
stable

IDD81 VDD1 TBD 10 TBD

˃!

7

IDD82 VDD2 TBD 30 TBD 7

IDD8IN VDDCA,VDDQ TBD 30 TBD 4,7



Table 42: IDD Specification andConditions(X32)
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Parameter / Condition Symbol PowerSupply
DataRate

Unit Notes
-18 -25 -30

Operating one bank active-precharge current (SDRAM):
tCK = tCKmin; tRC = tRCmin; CKE is HIGH; CS# isHIGH  between 
valid commands; CA bus inputs are switching;  Data bus inputs 
arestable

IDD01 VDD1 TBD 20 TBD

mAIDD02 VDD2 TBD 65 TBD

IDD0in VDDCA,VDDQ TBD 6 TBD 4

Idle power-down standby current: tCK = tCKmin; CKE isLOW;  CS# is 
HIGH; All banks are idle; CA bus inputs are switching;  Data bus 
inputs arestable

IDD2P1 VDD1 TBD 500 TBD

˃!IDD2P2 VDD2 TBD 1600 TBD

IDD2P,in VDDCA,VDDQ TBD 100 TBD 4

Idle power-down standby current with clock stop: CK = LOW,  CK# = 
HIGH; CKE is LOW; CS# is HIGH; All banks are idle; CA  bus inputs are 
stable; Data bus inputs arestable

IDD2PS1 VDD1 TBD 500 TBD

˃!IDD2PS2 VDD2 TBD 1600 TBD

IDD2PS,in VDDCA,VDDQ TBD 100 TBD 4

Idle non-power-down standby current: tCK = tCKmin; CKEis  HIGH; 
CS# is HIGH; All banks are idle; CA bus inputs are  switching; Data 
bus inputs arestable

IDD2N1 VDD1 TBD 1.7 TBD

mAIDD2N2 VDD2 TBD 33 TBD

IDD2N,in VDDCA,VDDQ TBD 6 TBD 4

Idle non-power-down standby current with clock stopped: CK =  
LOW; CK# = HIGH; CKE is HIGH; CS# is HIGH; All banks are  idle; CA 
bus inputs are stable; Data bus inputs arestable

IDD2NS1 VDD1 TBD 1.7 TBD

mAIDD2NS2 VDD2 TBD 16 TBD

IDD2NS,in VDDCA,VDDQ TBD 6 TBD 4

Active power-down standby current: tCK = tCKmin; CKE isLOW;  CS# is 
HIGH; One bank is active; CA bus inputs are switching;  Data bus inputs 
arestable

IDD3P1 VDD1 TBD 1200 TBD ˃!

IDD3P2 VDD2 TBD 4 TBD mA

IDD3P,in VDDCA,VDDQ TBD 120 TBD ˃! 4

Active power-down standby current with clock stop: CK = LOW,  CK# = 
HIGH; CKE is LOW; CS# is HIGH; One bank is active; CA  bus inputs are 
stable; Data bus inputs arestable

IDD3PS1 VDD1 TBD 1200 TBD ˃!

IDD3PS2 VDD2 TBD 4 TBD mA

IDD3PS,in VDDCA,VDDQ TBD 120 TBD ˃! 4

Active non-power-down standby current: tCK = tCKmin; CKEis  HIGH; 
CS# is HIGH; One bank is active; CA bus inputs are  switching; Data 
bus inputs arestable

IDD3N1 VDD1 TBD 2 TBD

mAIDD3N2 VDD2 TBD 35 TBD

IDD3N,in VDDCA,VDDQ TBD 6 TBD 4

Active non-power-down standby current with clock stopped :  CK = 
LOW, CK# = HIGH CKE is HIGH; CS# is HIGH; Onebank
is active; CA bus inputs are stable; Data bus inputs arestable

IDD3NS1 VDD1 TBD 2 TBD

mAIDD3NS2 VDD2 TBD 24 TBD

IDD3NS,in VDDCA,VDDQ TBD 6 TBD 4



Table 43: IDD Specification and Conditions(X32) (continued)
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Parameter / Condition Symbol PowerSupply
DataRate

Unit Notes
-18 -25 -30

Operating burst READ current: tCK =tCKmin;
CS# is HIGH between valid commands; One bank isactive;
BL = 4; RL = RL (MIN); CA bus inputs are switching; 50% data  change 
each bursttransfer

IDD4R1 VDD1 TBD 5 TBD

mAIDD4R2 VDD2 TBD 220 TBD

IDD4R,in VDDCA TBD 6 TBD

Operating burst WRITE current: tCK = tCKmin; CS# isHIGH
between valid commands; One bank is active; BL = 4; WL =  
WLmin; CA bus inputs are switching; 50% data change each  burst
transfer

IDD4W1 VDD1 TBD 10 TBD

mAIDD4W2 VDD2 TBD 185 TBD

IDD4W,in VDDCA,VDDQ TBD 28 TBD 4

All-bank REFRESH burst current: tCK = tCKmin; CKE is HIGH  between 
valid commands; tRC = tRFCabmin; Burst refresh;CA  bus inputs are 
switching; Data bus inputs arestable

IDD51 VDD1 TBD 15 TBD

mAIDD52 VDD2 TBD 130 TBD

IDD5IN VDDCA,VDDQ TBD 6 TBD 4

All-bank REFRESH average current: tCK = tCKmin;  CKE is 
HIGH between valid commands; tRC = tREFI;  CA bus inputs 
are switching; Data bus inputs are stable

IDD5AB1 VDD1 TBD 5 TBD

mAIDD5AB2 VDD2 TBD 35 TBD

IDD5AB,in VDDCA,VDDQ TBD 6 TBD 4

Per-bank REFRESH average current: tCK = tCKmin;  CKE is 
HIGH between valid commands; tRC = tREFI/8;  CA bus 
inputs are switching; Data bus inputs are stable

IDD5PB1 VDD1 TBD 5 TBD

mA

5

IDD5PB2 VDD2 TBD 35 TBD 5

IDD5PB,in VDDCA,VDDQ TBD 6 TBD 4,5

Selfrefreshcurrent(ςнрɕ/toҌурɕ/ύΥCK=LOW,CK#=HIGH;  CKE is 
LOW; CA bus inputs are stable; Data bus inputs are  stable; Maximum 
1x self refreshrate

IDD61 VDD1 TBD 1200 TBD

˃!

6

IDD62 VDD2 TBD 2500 TBD 6

IDD6IN VDDCA,VDDQ TBD 100 TBD 4,6

Deep power-down current: CK = LOW, CK# =HIGH;
CKE is LOW; CA bus inputs are stable; Data bus inputsare
stable

IDD81 VDD1 TBD 10 TBD

˃!

7

IDD82 VDD2 TBD 30 TBD 7

IDD8IN VDDCA,VDDQ TBD 30 TBD 4,7

Notes : 1. IDD values are the maximum of the distribution of the arithmeticmean.

2. IDD current specifications are tested after the device is properlyinitialized.

3. The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh, before going into the  extended 

temperaturerange.

4. Measured currents are the sum of VDDQ andVDDCA.

5. Per-bank REFRESH is only applicable for LPDDR2-S4 device densities 1Gb orhigher.

6. This is the general definition that applies to full-array selfrefresh.

7. IDD6ET and IDD8 are typical values, are sampled only, and are not tested.



Table 44: IDD6 Partial-Array Self RefreshCurrent

VDD2, VDDQ, VDDCA = 1.14ς1.30V; VDD1 =1.70ς1.95V
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PASR Symbol PowerSupply Unit

Fullarray

VDD1 1200

˃!

VDD2 2500

VDDi 100

1/2 array

VDD1 1000

VDD2 2000

VDDi 100

1/4 array

VDD1 900

VDD2 1700

VDDi 100

1/8 array

VDD1 900

VDD2 1500

VDDi 100



AC and DC OperatingConditions

Operation or timing that is not specified is illegal.To ensure proper operation, the device must be initialized properly.

Table 45: Recommended DC OperatingConditions
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Symbol
LPDDR2-S4B

PowerSupply Unit
Min Typ Max

VDD1 1.70 1.80 1.95 Core power1 V

VDD2 1.14 1.20 1.30 Corepower2 V

VDDCA 1.14 1.20 1.30 Input bufferpower V

VDDQ 1.14 1.20 1.30 I/O bufferpower V

Note: 1.Operatingtemperatureis the casesurfacetemperatureat the centerof the top sideof the device.

For measurement conditions, refer to the JESD51-2standard.

2. Some applications require operation in the maximum case temperature range, between урɕ/ and млрɕ/Φ CƻǊ ǎƻƳŜ [t55wн  ŘŜǾƛŎŜǎΣ 

derating may be necessary to operate in this range (see the MR4 Device Temperature (MA[7:0] = 04h)table).

3. Either the device operating temperature or the temperature sensor can be used to set an appropriate refresh rate, determine  the need 

for AC timing derating, and/or monitor the operating temperature (see Temperature Sensor (page 47)). When using  the temperature 

sensor, the actual device case temperature may be higher than the TCASE rating that applies for the operating  temperature range. For 

example, TCASE could be above урɕ/ when the temperature sensor indicates a temperature of less  thanурɕ/Φ

Note : 1. VDD1 uses significantly less power thanVDD2.

Table 46: Input LeakageCurrent

Parameter/Condition Symbol Min Max Unit

IT temperaturerange
TCASE

-40 +85 ɕ/

AT temperaturerange -40 +105 ɕ/

Parameter/Condition Symbol Min Max Unit Notes

Input leakage current : For CA, CKE, CS#, CK,CK#;

!ƴȅ ƛƴǇǳǘ л± Җ VIN Җ VDDCA; (All other pins not under test =0V)
IL -2 2 uA 1

VREF supply leakage current : VREFDQ=VDDQ/2, or VREFCA=VDDCA/2;

(All other pins not under test =0V)
IVREF -1 1 uA 2

Note : 1. Although DM is for input only, the DM leakage must match the DQ and DQS/DQS# output leakagespecification.

2. The minimum limit requirement is for testing purposes. The leakage current on VREFCA and VREFDQ pins should beminimal.

Table 47: Operating TemperatureRange



Note : 1. See Figure65.

Table 50: Single-Ended AC and DC Input Levels for DQ andDM
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Note : 1. For DQ input-only pins. VREF =VREFDQ(DC).

2. See Figure65.

3. The AC peak noise on VREFDQ could prevent VREFDQ from deviating more than ҕ1% VDDQ from VREFDQ(DC)  (for 

reference, approximatelyҕ12mV).

4. For reference, approximately. VDDQ/2ҕ12mV.

Symbol Parameter
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200

Unit notes
Min Max Min Max

VIHDQ(AC) AC input logicHIGH VREF+0.220 Note2 VREF+0.300 Note2 V 1,2

VILDQ(AC) AC input logicLOW note2 VREF-0.220 Note2 VREF-0.300 V 1,2

VIHDQ(DC) DC input logicHIGH VREF+0.130 VDDQ VREF+0.200 VDDQ V 1

VILDQ(DC) DC input logicLOW VSSQ VREF-0.130 VSSQ VREF-0.200 V 1

VREFDQ(DC)
Reference voltagefor  

DQ and DMinputs
0.49 XVDDQ 0.51XVDDQ 0.49 XVDDQ 0.51 XVDDQ V 3,4

Symbol Parameter Min Max Unit notes

VIHCKE CKE input HIGHlevel 0.8 XVDDCA Note1 V 1

VILCKE CKE input LOWlevel Note1 0.2 XVDDCA V 1

Symbol Parameter
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200

Unit notes
Min Max Min Max

VIHCA(AC) AC input logicHIGH VREF+0.220 Note2 VREF+0.300 Note2 V 1,2

VILCA(AC) AC input logicLOW note 2 VREF-0.220 note2 VREF-0.300 V 1,2

VIHCA(DC) DC input logicHIGH VREF+0.130 VDDCA VREF+0.200 VDDCA V 1

VILCA(DC) DC input logicLOW VSSCA VREF-0.130 VSSCA VREF-0.200 V 1

VREFCA(DC)
Reference voltagefor  
CA and CS#inputs

0.49 ҎVDDCA 0.51 ҎVDDCA 0.49 ҎVDDCA 0.51 ҎVDDCA V 3,4

Note : 1. For CA and CS# input-only pins. VREF =VREFCA(DC).
2. See Figure65.
3. The AC peak noise on VREFCA could prevent VREFCA from deviating more than ҕ1% VDDCA from VREFCA(DC)  (for reference, 

approximatelyҕ12mV).
4. For reference, approximately VDDCA/2ҕ12mV.

Table 49: Single-Ended AC and DC Input Levels for CKE

AC and DC Logic Input Measurement Levels for Single-EndedSignals

Table 48: Single-Ended AC and DC Input Levels for CA and CS#Inputs



The voltage levels for setup and hold time measurementsVIH(AC),VIH(DC),VIL(AC), and VIL(DC) are dependentonVREF.

VREF DC variations affect the absolute voltage a signal must reach to achieve a valid HIGH or LOW, as well as the time from which  setup and hold 

times are measured. When VREF is outside the specified levels, devices will function correctly with appropriate timing  deratings as longas:

ωVREF is maintained between 0.44 xVDDQ (orVDDCA) and 0.56 xVDDQ (orVDDCA),and

ωthe controller achieves the required single-ended AC and DC input levels from instantaneous VREF (see Table).

System timing and voltage budgets must account forVREF deviations outside this range. The setup/hold specification and derating  values must 

include time and voltage associated withVREF AC noise. Timing and voltage effects due to AC noise onVREF up to the  specified limit (ҕ1%VDD) 

are included in LPDDR2 timings and their associatedderatings.

VREFTolerances

The DC tolerance limits and AC noise limits for the reference voltages VREFCA and VREFDQ are illustratedbelow.

This figure shows a valid reference voltageVREF(t) as a function of time.VDD is used in place ofVDDCA forVREFCA, and VDDQ for  VREFDQ. 

VREF(DC) is the linear average ofVREF(t) over a very long period of time (for example, 1 second) and is specified as a  fraction of the linear average 

ofVDDQ orVDDCA, also over a very long period of time (for example, 1 second).This average must meet  the MIN/MAX requirements in Table 48. 

Additionally,VREF(t) can temporarily deviate from VREF(DC) by no more than ҕ1%VDD.  VREF(t) cannot track noise onVDDQ orVDDCA if doing so 

would forceVREF outside thesespecifications.

Figure 56: VREF DC Tolerance and VREF AC NoiseLimits
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Notes : 1. Numbers reflect typicalvalues.

2. For CA[9:0], CK, CK#, and CS# VDD  stands for VDDCA. For DQ, DM, DQS, and DQS#, VDD stands forVDDQ.

3. For CA[9:0], CK, CK#, and CS# VSS  stands for VSSCA. For DQ, DM, DQS, and DQS#, VSS stands forVSSQ.

Input Signal

Figure 57: LPDDR2-466 to LPDDR2-1066 InputSignal
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Notes : 1. Numbers reflect typicalvalues.

2. For CA[9:0], CK, CK#, and CS# VDD  stands for VDDCA. For DQ, DM, DQS, and DQS#, VDD stands forVDDQ.

3. For CA[9:0], CK, CK#, and CS# VSS  stands for VSSCA. For DQ, DM, DQS, and DQS#, VSS stands forVSSQ.

Figure 58: LPDDR2-200 to LPDDR2-400 InputSignal
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Table 51: Differential AC and DC InputLevels

For CK and CK#, VREF = VREFCA(DC); For DQS and DQS# VREF =VREFDQ(DC)

Notes : 1. These values are not defined, however the single-ended signals CK, CK#, DQS, and DQS# must be within the respective  limits 

(VIH(DC)max, VIL(DC)min) for single-ended signals and must comply with the specified limitations for overshoot and  undershoot (see 

Figure65).

2. For CK and CK#, use VIH/VIL(AC) of CA and VREFCA; for DQS and DQS#, use VIH/VIL(AC) of DQ and VREFDQ. If a reduced AC  HIGH or AC LOW is 

used for a signal group, the reduced voltage level alsoapplies.

3. Used to define a differential signal slewrate.

Figure 59: Differential AC Swing Time and tDVAC

Symbol Parameter
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200

Unit notes
Min Max Min Max

VIH,diff(AC) Differential input HIGHAC 2 Ҏ(VIH(AC) -VREF) note1 2 Ҏ(VIH(AC) -VREF) note1 V 2

VIL,diff(AC) Differential input LOWAC note1 2 Ҏ(VIH(AC) ςVREF) note1 2 Ҏ(VREF -VIL(AC)) V 2

VIH,diff(DC) Differential inputHIGH 2 Ҏ(VIH(DC) -VREF) note1 2 Ҏ(VIH(DC) -VREF) note1 V 3

VIL,diff(DC) Differential inputLOW note1 2 Ҏ(VREF -VIL(DC)) note1 2 Ҏ(VREF -VIL(DC)) V 3
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Slew Rate(V/ns)
tDVAC(ps) at VIH/VILdiff(AC) =440mV tDVAC(ps) at VIH/V ILdiff(AC) =600mV

Min Min

>4.0 175 75

4.0 170 57

3.0 167 50

2.0 163 38

1.8 162 34

1.6 161 29

1.4 159 22

1.2 155 13

1.0 150 0

<1.0 150 0

Table 52: CK/CK# and DQS/DQS# Time Requirements Before Ringback(tDVAC)

Single-Ended Requirements for DifferentialSignals

Each individual component of a differential signal(CK, CK#, DQS, and DQS#) must also comply with certain requirements forsingle-

endedsignals.

CK and CK# must meetVSEH(AC)min/VSEL(AC)max in every half cycle. DQS, DQS# must meet VSEH(AC)min/VSEL(AC)max in  every half cycle 

preceding and following a validtransition.

The applicable AC levels for CA and DQ differ by speedbin.

Figure 60: Single-Ended Requirements for DifferentialSignals
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