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FMN4xT2TCK-25I1x Datasheet

Stacked Multi-Chip Product(MCP)

Stacked Multi-Chip Product(MCP)
1.8V NAND Flash Memory and Mobile DDR2

1. MCP Features

» Operating Temperature Range
- Industrial Part : - 40°C ~ 85°C

* Package Type :
- 162-ball FBGA, 11.5x13.0mm?, 1.0T, 0.5mm Ball Pitch

- 162-ball FBGA, 8.05x10.5mm?, 0.8T, 0.5mm Ball Pitch
- Lead & Halogen Free

¢ NAND
Architecture (4G bits)

- Input / Output Bus Width: 8-bits / 16-bits -
- Page size -
X 8 : (2K+64spare) bytes (@1.8V)
X16 : (1K+32spare) words (@1.8V)
— Block size
X8 1 (128K+4K) bytes
X16 : (64K+2K) words
— Plane Size: 2048 Blocks
— Device Size: 2 Planes per Device
* Page Read / Program
- Random Read Time (tR): 30 pys (Max)
- Sequential Access Time: 45 ns (Min)
- Page Program: 300 us (Typ)
* Block Erase / Multi-plane Erase
- Block Erase time: 3.5 ms (Typ)
» Security
- OTP area

- Serial Number (unigue ID)

- Serial access : 45ns (1.8V)

¢ DRAM

VDD2 = 1.14-1.30V

VDDCA/VDDQ = 1.14-1.30V

VDD1 = 1.70-1.95V

Interface : HSUL_12

Data width : x32

Clock frequency : 400 MHz

Four-bit pre-fetch DDR architecture

Eight internal banks for concurrent operation
Multiplexed, double data rate, command/address inputs;
commands entered on every CK edge
Bidirectional/differential data strobe per byte of
data(DQS/DQSH).

DM masks write date at the both rising and falling edge
of the data strobe

Programmable READ and WRITE latencies (RL/WL)
Programmable burst lengths: 4, 8, or 16

Auto refresh and self refresh supported

All bank auto refresh and per bank auto refresh supportec

Clock stop capability

Low Power Features

- Low voltage power supply.

- Auto TCSR (Temperature Compensated Self Refresh).

Supply Voltage

- PASR (Partial Array Self Refresh) power-saving mode.
- DPD (Deep Power Down) Mode.
- DS (Driver Strength) Control.

- 1.8V device: VCC = 1.7V ~ 1.95V
* Reliability
- 50,000 Program / Erase cycles
(with 4-bit ECC per 528 bytes)

- 10 Year Data retention

® FIDELIX
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FMN4xT2TCK-25I1x Datasheet

Stacked Multi-Chip Product(MCP)

2. MCP Selection Guide

DRAM Individual Datasheet
MCP Part Number2 | Flash LP-DRAM2 F PKG Type
req. Flash LP-DRAM
FMNAST2TCK-25IF | 4Gb x16 2Gb x32 400MHz FMND4G16S3K FMT8E32UAXx-25Ix 162 ball
FMN4ET2TCK-25IF | 4Gb x8 2Gb x32 400MHz FMND4G08S3K FMT8E32UAXx-25Ix 162 ball
FMNA4ST2TCK-25IG | 4Gb x16 2Gb x32 400MHz FMND4G16S3K FMT8E32UAx-25Ix |162 ball(Small)
FMNA4ET2TCK-25IG | 4Gb x8 2Gb x32 400MHz FMND4G08S3K FMT8E32UAx-25Ix |162 ball(Small)
3. MCP Part Numbering System
;I'del'x Packing Type
emory R : Tape and Reel
Blank : Tray
Product Family
N : NAND + Mobile DRAM MCP I Package Type
A : 8x9mm?2, 130-ball FBGA, 1.0T max
Flash DenS|ty/Org B : 10.5x13mm?2, 137-ball FBGA,1.2T max
6 256M E: x8 C : 10.5x13mm?, 107-ball FBGA,1.2T max
5: 512M S: x16 D: 8x9mm?2, 130-ball FBGA, 1.2T max
1: 1G E : 8x8mm?2, 121-ball FBGA, 0.86T max
i : 4212 F : 11.5x13.0mm2, 162-ball FBGA, 1.0T max
’ G : 8x10.5mm?2, 162-ball FBGA, 0.8T max
SDR/DDR
S: SDR
D DDR S Temp(?ratu[e
T: DDR2 C: 0C~70TC
E:-25C~85TC
SDR/DDR Density/Org. |:-40T~85C
3: 128M S: x16
6: 256M T: x32
5 512M D: x32 (Double Stack) DRAM Speed
1: 1G
2 2G 15: 66MHz
' 12 : 83MHz
10 : 100MHz
Core/lO Voltage(Flash/DRAM) 75 : 133MHz
A 3.3V/1.8V 60 : 166MHz
. 50 : 200MHz
B :1.8v/1.8V 25 : 400MHz
C:1.8v/1.2v 18 : 533MHz
Generation
K
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FMN4xT2TCK-25Ix Datasheet Stacked Multi-Chip Product(MCP)

4-1. MCP Package Pin Configuration (162-ball FBGA, Top View)
Pin Configuration — 162Ball MCP(X16/X32) Top View (Ball Down)
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FMN4xT2TCK-25Ix Datasheet Stacked Multi-Chip Product(MCP)

4-2. MCP Package Pin Configuration (162-ball FBGA, Top View)
Pin Configuration — 162Ball MCP(X8/X32) Top View (Ball Down)
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FMN4xT2TCK-25Ix Datasheet Stacked Multi-Chip Product(MCP)

5-1. Package Dimension (11.5mm x 13.0mm) — 162Ball FBGA(X32)
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FMN4xT2TCK-25I1x Datasheet

Stacked Multi-Chip Product(MCP)

5-2. Package Dimension (8.0mm x 10.5mm) — 162Ball FBGA(X32)
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Document Title
4Gbit SLC NAND FLASH

Revision History

Revision .
NoO History Draft date Remark
0.0 Initial Draft Sep. 1th , 2014 Preliminary

Notice to Readers: This document states the current technical specifications regarding the Fidelix
product(s) described herein. Each product described herein may be designated as Advance
Information, Preliminary, or Full Production. See Notice On Data Sheet Designations for definitions.
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<FIDELIX (FMNDAGXXS3K)

Notice On Data Sheet Designations

Fidelix issues data sheets with Advance Information or Preliminary designations to advise readers of product
information or intended specifications throughout the product life cycle, including development, qualification, initial
production, and full production. In all cases, however, readers are encouraged to verify that they have the latest
information before finalizing their design. The following descriptions of Fidelix data sheet designations are presented
here to highlight their presence and definitions.

Advance Information
The Advance Information designation indicates that Fidelix is developing one or more specific products, but has not
committed any design to production. Information presented in a document with this designation is likely to change, and
in some cases, development on the product may discontinue. Fidelix therefore places the following conditions upon
Advance Information content:
“This document contains information on one or more products under development at Fidelix
The information is intended to help you evaluate this product. Do not design in this product without contacting the factory.
Fidelix reserves the right to change or discontinue work on this proposed product without notice.”

Preliminary
The Preliminary designation indicates that the product development has progressed such that a commitment to
production has taken place. This designation covers several aspects of the product life cycle, including product
qualification, initial production, and the subsequent phases in the manufacturing process that occur before full
production is achieved. Changes to the technical specifications presented in a Preliminary document should be
expected while keeping these aspects of production under consideration. Fidelix places the following conditions upon
Preliminary content:
“This document states the current technical specifications regarding the Fidelix product(s)
described herein. The Preliminary status of this document indicates that product qualification has been completed, and that
initial production has begun. Due to the phases of the manufacturing process that require maintaining efficiency and quality,
this document may be revised by subsequent versions or modifications due to changes in technical specifications.”

Combination

Some data sheets contain a combination of products with different designations (Advance Information, Preliminary, or
Full Production). This type of document distinguishes these products and their designations

wherever necessary, typically on the first page, the ordering information page, and pages with the DC Characteristics
table and the AC Erase and Program table (in the table notes). The disclaimer on the first page refers the reader to the
notice on this page.

Full Production (No Designation on Document)
When a product has been in production for a period of time such that no changes or only nominal changes are expected,
the Preliminary designation is removed from the data sheet. Nominal changes may include those affecting the number
of ordering part numbers available, such as the addition or deletion of a speed option, temperature range, package type,
or VIO range. Changes may also include those needed to clarify a description or to correct a typographical error or
incorrect specification. Fidelix applies the following conditions to documents in this category:
“This document states the current technical specifications regarding the Fidelix product(s) described herein. Fidelix deems the
products to have been in sufficient production volume such that subsequent versions of this document are not expected to
change. However, typographical or specification corrections, or modifications to the valid combinations offered may occur.”
Questions regarding these document designations may be directed to your local sales office.

Rev. 0.0, Sep. 2014 Confidential 3
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Distinctive Characteristics

SLC NAND FLASH
(FMND4GxxS3K)

B Density B Command Set
— 4 G bits — Open NAND Flash Interface (ONFI) 1.0 compliant
B Architecture B Security
— Input / Output Bus Width: 8-bits / 16-bits _ OTP area
— Page size — Serial Number (unique D)
X 8 : (2K+64spare) bytes (@1.8V)
X16 : (1K+32spare) words (@1.8V)
|
— Block size Supply V_Oltage
X8 : (128K+4K) bytes — 1.8V device: VCC = 1.7V ~ 1.95V
X16 : (64K+2K) words .
— Plane Size: 2048 Blocks B Operating Temperature
— Device Size: 2 Planes per Device — Industrial: -40°C to 85°C
B Page Read / Program B Reliability
— Random Read Time (tR): 30 ps (Max) — 50,000 Program / Erase cycles
— Sequential Access Time: 45 ns (Min) (with 4-bit ECC per 528 bytes)
— Page Program: 300 ps (Typ) — 10 Year Data retention
B Block Erase / Multi-plane Erase
— Block Erase time: 3.5 ms (Typ)
Rev. 0.0, Sep. 2014 Confidential 4



SLC NAND FLASH
LFIDELIX (FMNDA4GXXS3K)
1. SUMMARY DESCRIPTION

The Fidelix FMND4GxxS3K series is offered in 1.8 VCC and VCCQ power supply, and with x8 or x16 1/O
interface. Its NAND cell provides the most cost-effective solution for the solid state mass storage market. The
memory is divided into blocks that can be erased independently so it is possible to preserve valid data while old
data is erased. (2048 + 64 spare custom device) bytes or (1024 + 32 spare custom device) words.

Each block can be programmed and erased up to 50,000 cycles with ECC (error correction code) on. To extend
the lifetime of NAND flash devices, the implementation of an ECC is mandatory.

The chip supports CE# don't care function. This function allows the direct download of the code from the NAND
flash memory device by a microcontroller, since the CE# transitions do not stop the read operation.

In addition to this, thanks to multi-plane architecture, it is possible to program 2 pages at a time (one per each
plane) or to erase 2 blocks at a time (again, one per each plane). As a consequence, multi-plane architecture
allows program/erase time to be reduced by 50%. The multi-plane operations are supported both with traditional
and ONFI 1.0 protocol. Data in the page can be read out at 45nsec cycle time per byte.

The I/0 pins serve as the ports for address and data input/output as well as command input. This interface allows
a reduced pin count and easy migration towards different densities, without any rearrangement of footprint.
Commands, Data and Addresses are synchronously introduced using CE#, WE#, ALE and CLE input pin.

The on-chip Program/Erase Controller automates all read, program and erase functions including pulse repetition,
where required, and internal verification and margining of data.

In addition, device supports ONFI 1.0 specification. The copy-back function allows the optimization of defective
blocks management: when a page program operation fails the data can be directly programmed in another page
inside the same array section without the time consuming serial data insertion phase. We don’t have EDC
function in this device.

A write protect pin is available to provide hardware protection against program and erase operations. The
devices feature an open-drain ready/busy output that identifies if the program/erase/read controller is currently
active. The use of an open-drain output allows the ready/busy pins from several memories to connect to a single
pull-up resistor. The devices have a cache read feature that improves the read throughput for large files. During
cache reading, the devices loads the data in a cache register while the previous data is transferred to the I/O
buffers to be read. This feature is implemented according to ONFI 1.0 specification.

Rev. 0.0, Sep. 2014 Confidential 5
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1.1 Pin Description

Pin Name Description

DATA INPUTS/OUTPUTS

I/00 -1/07 | The 1/O pins is used to COMMAND LATCH cycle, ADDRESS INPUT cycle, and DATA in-out cycles
or during read / write operations. The I/O pins float to High-Z when the device is deselected or the

1/08 - 1/015 outputs are disabled.

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

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

CHIP ENABLE

This input controls the selection of the device. When the device is busy, CE# low does not deselect
CE# the memory. The device goes into Stand-by mode when CE# goes High during the device is in Ready
state. The CE# signal is ignored when device is in Busy state, and will not enter Standby mode even
if the CE# goes high.

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

READ ENABLE

The RE# input is the serial data-out control, and when active drives the data onto the I/O bus. Data
is valid tREA after the falling edge of RE# which also increments the internal column address counter
by one.

WRITE PROTECT

The WP# pin, when Low, provides a hardware protection against undesired write operations.
WP# Hardware Write Protection is activated when the Write Protect pin is low. In this condition modify
operation do not start and the content of the memory is not altered. Write Protect pin is not latched
by Write Enable to ensure the protection even during the power up phases.

READY BUSY

RE#

RB# The Ready/Busy output is an Open Drain pin that signals the state of the memory.
V. SUPPLY VOLTAGE FOR I0 BUFFER
cc The VCC supplies the power for all the operations. (Read, Write, and Erase).
Vgg GROUND
NC NO CONNECTED / DON'T USE
Table 1. Pin Description
Notes:

1. A 0.1uF capacitor should be connected 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 erase operations.

Rev. 0.0, Sep. 2014 Confidential 6



SLC NAND FLASH
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1.2 Pin Diagram

VGG WSO
cEs — L % 100107
WES FOB- 1015 (x16 only)
RE# — I————FR/B
ALE
CLE
WPg ————
VES WSSO

Figure 1. Pin Diagram

1.3 Block Diagram

—— Address
Register/ ! l
Counter
Program Erase X
Controller
HV Generation D
E
-
ALE 8
CLE
T NAND Flash :
WE#
Memory Array
CE# Command
= Interface
Logic
RE# > PAGE Buffer
| I I i Y Decod I
v ecoder
> Gommand
4 RegiSter _I A I
| | VO Buffer |
> Data
v Register ——

1/00~1/07 (x8)
1/00~1/015 (x16)

Figure 2. Block Diagram
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SLC NAND FLASH

(FMND4GxxS3K)
1.4 Array Organization
<+ 2176/2112bytes — g g— 2176/2112bytes — 4
[/ VA d
Cache register ‘ 2048 | 54 | 2048 | 54 1/00
7 7 7
Data register | 2048 | &4 | 2048 | 54
]
1 Page = (2K + 64) Bytes
2048 — —
1 Block = (2K +64) Bytes x 64pages = 128K + 4K Bytes
Blocks 4 1Bak 1Bk ( ) By pag Y
Per Plane 1Device = (128K + 4K) Bytes x 2048 Blocks
-
I
K Y & Y /
Plane 0] Plane 1

Figure 3. Array Organization — x8

4— 1088/ 1056 Words —p»q— 1088/ 1056 Words — g

/ /015

Cache register | 1024 | 32 | 1024 | 32 /oo
7 7
Data register | 1024 | 32 ‘ 1024 | 32
.
1 Page = (1K + 32) Words
2048 = =
o y 1Bk 1Bk 1 Block = (1K +32) Words x 64pages = 64K + 2K Words
Per Plane 1Device = (64K + 2K) Bytes x 2048 Blocks
|
II | |I |
\ S J
. ._\T Ve ,,\..1/__
Plane 0 Plane 1

Figure 4. Array Organization - x16

Rev. 0.0, Sep. 2014
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(FMND4GxxS3K)
1.5 Addressing

Bus cycle I/00 1/01 I/02 1/03 1/04 1/05 1/06 1/07

1t Cycle AD Al A2 A3 A4 A5 AB A7

2 Cycle AB AD ALD All Lz L L) (1)

31 Cycle A12 Al13 Al4 A1S Al6 A17 A18 A1

4th Cycle A20 A21 A22 A23 A24 A25 A26 A27
sth{*)Cycle A28 A29 A0 A3l Lz Lt LD L(L)

(*): A30 for 8Gbit DDP(1CE). A30:A31 for 16Gbit QDP(1CE).

Table 2. Addressing — x8

As far as the address bits are concerned, the following rules apply:
A0 -A11 : column address in the page
A12 -A17 : page address in the block

A18 : plane address (for multi-plane operations) / block address (for normal operations)

A19 -A31 : block address

Bus cycle I/00 1/01 I/02 I/03 1/04 I/05 1/06 1/07
1t Cycle AD Al A2 A3 Ad A5 AB A7
20d Cycle AS AD ALD Li1) L{1) Li1) Litl L(1)
3rd Cycle All A12 A13 Al4 A15 A1B Al17 A1B
4th Cycle A1D A20 A21 A22 A23 A24 A25 A26
sth{*)Cycle AZ7 A28 A2D A30 Liz) Lt L) L()

Table 3. Addressing — x16

(*): A29 for 8Gbit DDP(1CE). A29:A30 for 16Gbit QDP(1CE)

As far as the address bits are concerned, the following rules apply:
AO -A10 : column address in the page
All -A16 : page address in the block

A17 : plane address (for multi-plane operations) / block address (for normal operations)

A18 -A30 : block address

Notes:

1. L must be set to Low.

2. The device ignores any additional address input cycle than required.
3.1t & 2" cycle are Column Address, 3@ to 5" cycle are Row Address.

4.1/0 8 -1/0 15 must be L.

Rev. 0.0, Sep. 2014
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SLC NAND FLASH

(FMND4GxxS3K)
1.6 Command Set
Acceptable
FUNCTION 15t Cycle | 27 Cycle | 3™ Cycle | 4th Cycle | command
during busy
PAGE READ ooh 30h - - Mo
READ FOR COPY-BACK ooh 3sh - - Mo
SPECIAL READ FOR COPY BACK ooh 36h - - Mo
READ ID aoh - - - Mo
READ ID2 30h-65h-00h 30h - - Mo
RESET FFh - - - Yes
o) sh | on | - |- No
CACHE PROGRAM|Start) 80h 15h - - Mo
PAGE RE-PROGRAM 8Bh 10h - - Mo
COPY BACK PROGRAM ash 10h - - Mo
(Traditionzl) MULTI PLANE PROGRAM aoh 11h 81h 10h Mo
ONFI MULTIPLANE PROGRAM 80h 11h 80h 10h No
MULTIPLANE PAGE RE-PROGRAM 8Bh 11h 3Bh 10h Mo
{Traditional) MULTI PLANE CACHE PGM(start/cont) 280h 11h 81h 15h Mo
ONFI MULTIPLANE CACHE PGM(start/ cont) goh 11h goh 15h No
(Traditionz[)MULTI PLANE CACHE PGM{end) aoh 11ih aih 10h Mo
ONFI MULTIPLANE CACHE PGM(end) aoh 11h &oh 10h No
{Traditionzl) MULTI PLANE COPY BACK PROGRAM 8sh 11k 81h 10h Mo
ONFI MULTI PLANE COPY BACK PROGRAM 85h 11h &5h 10h No
BLOCK ERASE &0h Doh - - Mo
(Traditional) MULTI PLANE BLOCK ERASE &0h 60h Doh - Mo
ONFI MULTIPLANE BLOCK ERASE G60h D1h 60h DOh No
READ STATUS REGISTER 70h - - - Yes
READ STATUS ENHAMNCED 78h - - - Yes
RAMDOM DATA INPUT 8sh - - - Mo
RANDOM DATA OUTPUT 0sh E0h - - Mo
CACHE READ (SEQUENTIAL) 31h - - - Mo
CACHE READ ENHANCED [RANDOM) ooh 31h - - Mo
CACHE READ(End) 3Fh - - - Mo
READ PARAMETER PAGE ECh - - - Mo
EXTENDED READ STATUS F2/F3/F4/Fsh Yeg
Table 4. Command Set
Rev. 0.0, Sep. 2014 Confidential 10
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CFIDELIX (FMND4GxxS3K)

1.7 Mode Selection

CLE ALE CE# WE# RE# WpP# MODE
H L L Rising H X Command Input
Read Mode
L H L Rising H X Address Input { 5 Cycles )
H L L Rising H H Command Input
Write Mode
L HU L Rising H H Address Input { 5 Cycles )
L L L Rising H H Data Input
L L L H Falling b Sequential Read and Data Output
X X Ly H H X Data Output{suspended)
L L L H 3 H X During Read (Busy)
X x 1 X X X H During Program {Busy)
X X X X X H During Erase (Busy)
x X X X X L Write Protect
X X H X X | ov/vce 2 | stand-By

Table 5. Mode Selection

Notes:

1. X can be VIL or VIH. H = Logic level HIGH. L = Logic level LOW.

2. WP# should be biased to CMOS high or CMOS low for stand-by mode.

3. WE# and RE# during Read Busy must be keep on high to prevent unplanned command/address/data
input or to avert unintended data out. In this time, only Reset, Read Status, and Multi Plane Read Status
can be inputted to the device.

Rev. 0.0, Sep. 2014 Confidential 11
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2. Bus Operation

There are six standard bus operations that control the device: Command Input, Address Input, Data Input,
Data Output, Write Protect, and Standby. Typically glitches less than 5ns on Chip Enable, Write Enable, and Read
Enable are ignored by the memory and do not affect bus operations.

2.1 Command Input

Command Input bus operation is used to give a command to the memory device. Command are accepted with Chip
Enable low, Command Latch Enable High, Address Latch Enable low and Read Enable High and latched on the
rising edge of Write Enable. Moreover for commands that starts a modify operation (write/erase) the Write Protect
pin must be high. See Figure 6 and “5.7. AC Timing Characteristics" for details of the timings requirements.

2.2 Address Input

Address Input bus operation allows the insertion of the memory address. 5 clock cycles are needed to input the
addresses. (Refer to “1.5. Addressing”). Addresses are accepted with Chip Enable low, Address Latch Enable High,
Command Latch Enable low and Read Enable High and latched on the rising edge of Write Enable. Moreover for
commands that starts a modify operation(write/erase) the Write Protect pin must be high. See Figure 7 and “5.7. AC
Timing Characteristics” for details of the timings requirements.

2.3 Data Input

Data Input bus operation allows to feed to the device the data to be programmed. The data insertion is serially and
timed by the Write Enable cycles. Data are accepted only with Chip Enable low, Address Latch Enable low,
Command Latch Enable low, Read Enable High, and Write Protect High and latched on the rising edge of Write
Enable. See Figure 8 and “5.7. AC Timing Characteristics” for details of the timings requirements.

2.4 Data Output

Data Output bus operation allows to read data from the memory array and to check the status register content and
the ID data. Data can be serially shifted out by toggling the Read Enable pin with Chip Enable low, Write Enable
High, Address Latch Enable low, and Command Latch Enable low. See Figure 9 to Figure 10 and “5.7. AC Timing
Characteristics" for details of the timings requirements.

2.5 Write Protect

Hardware Write Protection is activated when the Write Protect pin is low. In this condition modify operation do not
start and the content of the memory is not altered. Write Protect pin is not latched by Write Enable to ensure the
protection even during the power up.

2.6 Standby

In Standby, the device is deselected, outputs are disabled, and power consumption is reduced.
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3. Device Operation

3.1 Page Read

This operation is initiated by writing 00h and 30h to the command register along with five address cycles. Two
types of operations are available: random read, serial page read. The random read mode is enabled when the
page address is changed. The 2176 bytes (x8) or 1088 (x16) of data within the selected page are transferred to
the data registers in less than 30us(tR). The system controller may detect the completion of this data transfer (tR)
by analyzing the output of R/B pin. Once the data in a page is loaded into the data registers, they may be read
out in 45nsec cycle time by sequentially pulsing RE#. The repetitive high to low transitions of the RE# clock make
the device output the data starting from the selected column address up to the last column address.

The device may output random data in a page instead of the 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 12 to Figure 14 as references.

3.2 Page Program

A page program cycle consists of a serial data loading period in which up to 2176 bytes of data may be loaded
into the data register, followed by a non-volatile programming period where the loaded data is programmed into
the appropriate cell. The serial data loading period begins by inputting the Serial Data Input command (80h),
followed by the five cycle address inputs and then serial data. The words other than those to be programmed do
not need to be loaded.

The device supports random data input within a page. The column address of next data, which will be entered,
may be changed to the address which follows random data input command (85h). Random data input may be
operated multiple times regardless of how many times it is done in a page.

The Page Program confirm command (10h) initiates the programming process. The internal write state controller
automatically executes the algorithms and controls timings necessary for program and verify, thereby freeing the
system controller for other tasks. Once the program process starts, the Read Status Register commands (70h or
78h) may be issued to read the status register. The system controller can detect the completion of a program
cycle by monitoring the RB# output, or the Status bit (/O 6) of the Status Register. Only the Read Status
commands (70h or 78h) or Reset command are valid during programming is in progress. When the Page
Program is complete, the Write Status Bit (I/O 0) may be checked. The internal write verify detects only errors for
"1"s that are not successfully programmed to "0"s. The command register remains in Read Status command
mode until another valid command is written to the command register. Figure 17 to Figure 19 detail the sequence.

The device is programmed basically by page, but it also allows multiple partial page programming of a word or
consecutive bytes up to 2176 (x8) or 1088 (x16) in a single page program cycle. The number of consecutive
partial page programming operations (NOP) within the same page must not exceed 4. For example, 2 times for
main array (1time/512byte) and 2 times for spare array (1time/16byte).

Rev. 0.0, Sep. 2014 Confidential 13



SLC NAND FLASH

<FIDELIX (FMNDAGXXS3K)

3.3 Page Reprogram

This command allows the re-programming of the same pattern of the last (failed) page into another memory
location. The command sequence initiates with re-program setup (8Bh), followed by the five cycle address inputs
of the target page. If the target pattern for the destination page is not changed compared to the last page, the
program confirm can be issued (10h) without any data input cycle. See Figure 33 for details.

On the other hand, if the pattern bound for the target page is different from that of the previous page, data in
cycles can be issued before program confirm “10h”. See Figure 34 for details.

During page-re-program, address limitation applies as described in Figure 20 note 1 and 2 for copy-back function.

Similarly, the multi-plane page re-program allows to re-program two pages in parallel, one per each plane. The
first page must be in the first plane while the second page must be in the second plane; the multi-plane page re-
program operation is performed after a previously failed multi-plane page program operation. As for single page
re-program case, multi-plane page re-program can be issued without any data manipulation (see Figure 35 for
details) or with data manipulation (see Figure 36 for details). During multi-plane page-re-program, address
limitation applies as described in Figure 28 notes 1 and 2 for multi-plane copy-back function.

3.4 Multi-plane Program

Device supports multi-plane program: it is possible to program 2 pages in parallel, one per each plane.

A multi-plane program cycle consists of a double serial data loading period in which up to 4352bytes of data may
be loaded into the data register, followed by a non-volatile programming period where the loaded data is
programmed into the appropriate cell. The serial data loading period begins with inputting the Serial Data Input
command (80h), followed by the five cycle address inputs and serial data for the 1st page. Address for this page
must be in the 1st plane(A18=0 for x8 devices, A17=0 for x16 devices). The device supports random data input
exactly same as in the case of page program operation. The Dummy Page Program Confirm command (11h)
stops 1st page data input and devices becomes busy for a short time (tDBSY).

Once it has become ready again, either the traditional "81h" or the ONFI 1.0 "80h" command must be issued,
followed by 2nd page address (5 cycles) and its serial data input. Address for this page must be in the 2nd plane
(A18=1 for x8 devices, A17=1 for x16 devices).Program Confirm command (10h) makes parallel programming of
both pages to start. Figure 24 and Figure 25 describe the sequences.

User can check operation status by monitoring RB# pin or reading status register commands (70h or 78h), as if it
were a normal page program: read status register command is also available during Dummy Busy time (tDBSY).
In case of fail in any of 1st and 2nd page program, fail bit of status register will be set however, in order to know
which page failed, ONFI 1.0 "read status enhanced" command must be issued Refer to section 3.10 for further
info.

The number of consecutive partial page programming operations (NOP) within the same page must not exceed 4.
for example, 2 times for main array (1time/512byte) and 2 times for spare array (1time/16byte).
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3.5 Block Erase

The Block Erase operation is done on a block basis. Block address loading is accomplished in 3 cycles initiated
by an Erase Setup command (60h). Only addresses A18 to A28 are valid while A12 to A17 are ignored. The
Erase Confirm command (DOh) following the block address loading initiates the internal erasing process. This
two-step sequence of setup followed by execution command ensures that memory contents are not accidentally
erased due to external noise conditions. At the rising edge of WE# after the erase confirm command input, the
internal write controller handles erase and erase-verify. Once the erase process starts, the Read Status Register
commands (70h or 78h) may be issued to read the status register. The system controller can detect the
completion of an erase by monitoring the RB# output, or the Status bit (I/O 6) of the Status Register. Only the
Read Status commands (70h or 78h) and Reset command are valid while erasing is in progress. When the erase
operation is completed, the Write Status Bit (I/O 0) may be checked. See Figure 22 for details.

3.6 Multi-plane Block Erase

Multi-plane erase, allows parallel erase of two blocks in parallel, one per each memory plane. Two different
command sequences are allowed in these case, traditional and ONFI 1.0.

In traditional case, Block erase setup command (60h) must be repeated two times, followed by 1st and 2nd block
address respectively (3 cycles each). As for block erase, DOh command makes embedded operation to start. In
this case, multi-plane erase does not need any Dummy Busy Time between 1st and 2nd block insertion. See
Figure 26 for details.

As an alternative, the ONFI 1.0 multi-plane command protocol can be used, with 60h erase setup followed by 1st
block address and D1h first confirm, 60h erase setup followed by 2nd block address and DOh (multi-plane
confirm). Between the two block-related sequences, a short busy time tIEBSY will occur. See Section 5.8 and
Figure 27 for details.

Address limitation required for multi-plane program applies also to multi-plane erase. Also operation progress
can be checked like in the multi-plane program through Read Status Register, or ONFI 1.0 Read Status
Enhanced.

As for multi-plane page program, the address of the first second page must be within the first plane (A18=0 for x8
devices, A17=0 for x16 devices) and second plane (A18 = 1 for devices, A17=1 for x16 devices), respectively.

3.7 Copy Back Program

The copy-back program is configured to quickly and efficiently rewrite data stored in one page without utilizing an
external memory. Since the time-consuming cycles of serial access and re-loading cycles are removed, the
system performance is improved. The benefit is especially obvious when a portion of a block is updated and the
rest of the block is also needed to be copied to the newly assigned free block.

The operation for performing a copy-back program is a sequential execution of page-read without serial access
and copying-program with the address of destination page. A read operation with "35h" command and the
address of the source page moves the whole 2176 bytes(x8 Device) or 1088 words(x16 Device) data into the
internal data buffer. As soon as the device returns to Ready state, optional data read-out is allowed by toggling
RE#, or copy-back command (85h) with the address cycles of destination page may be written.

The Program Confirm command (10h) is required to actually begin the programming operation. Data input cycle
for modifying a portion or multiple distant portions of the source page is allowed as shown in Figure 20"Copy-
back Program with Random Data Input". When there is a program-failure at copy-back operation, error is
reported by pass/fail status. But, if copy-back operations are accumulated over time, bit error due to charge loss
is not checked by external error detection/correction scheme. For this reason, four bit error correction is
recommended for the use of copy-back operation. Figure 20shows the command sequence for the copy-back
operation. Please note that there are two things to do during copy-back program. First, Random

Data Input (with/without data) is entered before Program Confirm command(10h) after Random Data output.
Second, WP# value is don't care during Read for copy-back, while it must be set to Vcc. When performing the
program. During copy-back operation, address limitation applies as described in Figure 20 notes 1 and 2.
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3.8 Multi-plane Copy Back Program

As for page program, device supports multi-plane copy-back program with exactly same sequence and
limitations. Multi-plane copy-back program must be preceded by 2 single page read for copy-back command
sequences (1st page must be read from the 1st plane and 2nd page from the 2nd plane).

Multi-plane copy-back cannot cross plane boundaries : the contents of the source page of one device plane can
be copied only to a destination page of the same plane.

Also in this case, two different sequences are allowed : the traditional one (85h, first plane address 11h, 81h,
second plane address, 10h) represented in Figure 28, and ONFI 1.0 sequence (85h, first plane address 11h, 85h,
second plane address, 10h) represented in Figure 29 and Figure 30.

During multi-plane copy-back operation, address limitation applies as described in Figure 28 notes 1 and 2.

3.9 Special Read for Copy Back

The device features the "special read for copy-back".

If copy-back read (described in sections 3.7 and 3.8) is triggered with confirm command "36h" instead "35h", copy-
back read from target page(s) will be executed with an increased internal (Vpass) voltage. This special feature is
used in order to try to recover incorrigible ECC read errors due to over-program or read disturb: it shall be used
ONLY if ECC read errors have occurred in the source page using "standard read" or "standard read for copy-back"
sequences.. Excluding the copy-back read confirm command, all other features described in sections 3.7 and 3.8
for standard copy-back remain valid (including the figures referred to in those sections).

3.10 Read Status Register

The device contains a Status Register which may be read to find out whether read, program or erase operation is
completed, and whether the program or erase operation is completed successfully. After writing 70h command to
the command register, a read cycle outputs the content of the Status Register to the 1/0 pins on the falling edge of
CE# or RE#, whichever occurs last. This two line control allows the system to poll the progress of each device in
multiple memory connections even when R/B# pins are common-wired. RE# or CE# does not need to be toggled
for updated status. Refer to “Table 7. Status Register Coding" for specific Status Register definitions, and Figure
11 Afor specific timings requirements. The command register remains in Status Read mode until further commands
are issued to it. Therefore, if the status register is read during a random read cycle, the read command (00h)
should be given before starting read cycles.

3.11 Read Status Enhanced

Read Status Enhanced is an additional feature used to retrieve the status value for a previous operation on a
specific plane in case of multi-plane operations.

Figure 11B defines the Read Status Enhanced behavior and timings. The plane address must be specified in the
command sequence in order to retrieve the status of the plane of interest.

Refer to Table 7for specific Status Register definition. The command register remains in Status Read mode until
further commands are issued.

Status register is dynamic in other words, user is not required to toggle RE# / CE# to update it.
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Page Block Cache Cache .
/o Program Erase e Read Program frely
. . Pass / N page
0 Pass / Fall Pass / Fall N/A N/A Fail (N) Pass - 0’ Fail - ‘1’
Pass / N -1 page
1 N/A N/A N/A N/A Fail (N-1) Pass : ‘0’ Fail : 1"
2 N/A N/A N/A N/A N/A -
3 N/A N/A N/A N/A N/A -
4 N/A N/A N/A N/A N/A -
5 Ready / Ready / Ready / P/E/R Ready / Ready / Busy
Busy Busy Busy Controller Bit Busy Busy : ‘0" Ready : 1’
6 Ready / Ready / Ready / Ready / Ready / Data Cache Ready / Busy
Busy Busy Busy Busy Busy Busy : ‘0" Ready : '1'
7 Write Write Write N/A Write Protected : "0/
Protect Protect Protect Protect Not Protected : '1'
Table 7. Status Register Coding
Notes:

1. I/O0: This bit is only valid for Program and Erase operations. During Cache Program operations, this bit is only valid
when I/O5 is set to one.

2. 1/01: This bit is only valid for Cache Program operations. This bit is not valid until after the second 15h command or the
10h command has been transferred in a Cache Program sequence. When Cache Program is not supported, this bit is not
used.

3. I/O5: If set to one, then there is no array operation in progress. If cleared to zero, then there is a command being
processed (I/O6 is cleared to zero) or an array operation in progress. When overlapped interleaved operations or cache
commands are not supported, this bit is not used.

4. 1/06: If set to one, then the device or interleaved address is ready for another command and all other bits in the status
value are valid. If cleared to zero, then the last command issued is not yet complete and Status Register bits<5:0> are
invalid value. When cache operations are in use, then this bit indicates whether another command can be accepted, and
I/O5 indicates whether the last operation is complete.

3.12 Reset

The device offers a reset feature, executed by writing FFh to the command register. If the device is in Busy state
during random read, program or erase mode, the reset operation will abort these operations. The contents of
memory cells being altered are no longer valid, as the data will be partially programmed or erased. The command
register is cleared to wait for the next command, and the Status Register is cleared to value EOh when WP# is high.
Refer to table 7 for device status after reset operation. If the device is already in reset state a new reset command
will not be accepted by the command register. The RB# pin transitions to low for tRST after the Reset command is
written. Refer to Figure 23 for further details.
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3.13 Cache Read (available only within a block)

The Cache Read Sequential and Cache Read Random functions permit a page to be read from the page register
while another page is simultaneously read from the Flash array. A Page Read command, as defined in table 4,
shall be issued prior to the initial Cache Read Sequential or Cache Read Random command in a Cache Read
sequence. A Cache Read Sequential or Cache Read Random command shall be issued prior to a Cache Read
End (3Fh) command being issued.

The Cache Read (Sequential or Random) 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 Cache Read (Sequential or Random) 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
Cache Read (Sequential or Random) function. Issuing an additional Cache Read (Sequential or Random)
function copies the data most recently read from the array into the page register.

When no more pages are 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 Cache Read Sequential (31h) command after the last page of the block is
read. Figure 15 defines the Cache Read 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. During Cache Read operation the only acceptable commands are Read Status, Random Data
Output and Reset.

3.14 Cache Program (available only within a block)

Cache Program is used to improve the program throughput by programming data using the cache register(Figure
21). The Cache Program operation can only be used only within one block. The cache register allows new data to
be input while the previous data that was transferred to the page buffer is programmed into the memory array.
After the serial data input command (80h) is loaded to the command register, followed by 5 cycles of address, a
full or partial page of data is latched into the cache register. Once the cache write command (15h) is loaded to the
command register, the data in the cache register is transferred into the data register for cell programming. At this
time the device remains in Busy state for a short time (tCBSYW). After all data of the cache register are
transferred into the data register, the device returns to the Ready state, and allows loading the next data into the
cache register through another Cache Program command sequence (80h-15h).

The Busy time following the first sequence 80h-15h equals the time needed to transfer the data of cache register
to the data register. Cell programming of the data of data register and loading of the next data into the cache
register is consequently processed through a pipeline model. In case of any subsequent sequence 80h-15h,
transfer from the cache register to the data register is held off until cell programming of current data register
contents is complete: till this moment the device will stay in a busy state (tCBSYW).

Read Status commands (70h) may be issued to check the status of the different registers, and the pass/ fail status
of the Cache Program operations. More in detail: a) the Cache-Busy status bit I/0<6> indicates when the cache
register is ready to accept new data. b) the status bit I/0<5> can be used to determine when the cell programming
of the current data register contents is complete. c) the Cache Program error bit I/0<1> can be used to identify if
the previous page (page N-1) has been successfully programmed or not in Cache Program operation. The latter
can be polled upon I/O<6> status bit changing to "1" . d) the error bit I/O<0> is used to identify if any error has
been detected by the program / erase controller while programming page N. The latter can be polled upon 1/0<5>
status bit changing to "1". I/0<1> may be read together with I/O<0>. If the system monitors the progress of the
operation only with R/B#, the last page of the target program sequence must be programmed with Page Program
Confirm command (10h). If the Cache Program command (15h) is used instead, the status bit I/O<5> must be
polled to find out if the last programming is finished before starting any other operation. See “table7. Status
Register Coding".
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3.15 Multi-plane Cache Program

The device supports Multi-plane Cache Program, which enables high program throughput by programming two
pages in parallel while exploiting the data and cache registers of both planes to implement cache.

The device supports both the traditional and ONFI 1.0 command sets.
The command sequence can be summarized as follows:

a) Serial Data Input command (80h), followed by the five cycle address inputs and then serial data for the 1st page.
Address for this page must be within 1st plane (A18=0 for x8 devices, A17=0 for x16 devices). The data of 1st
page other than those to be programmed do not need to be loaded. The device supports random data input
exactly like page program operation.

b) The Dummy Page Program Confirm command (11h) stops 1st page data input and the device becomes busy
for a short time (tDBSY).

¢) Once device returns to ready again, 81h (or 80h) command must be issued, followed by 2nd page address (5
cycles) and its serial data input. Address for this page must be within 2nd plane (A18=1 for x8 devices, A17=1
for x16 devices). The data of 2nd page other than those to be programmed do not need to be loaded.

d) Cache Program confirm command (15h) Once the cache write command (15h) is loaded to the command
register, the data in the cache registers is transferred into the data registers for cell programming. At this time
the device remains in Busy state for a short time (tCBSYW). After all data of the cache registers are transferred
into the data registers, the device returns to the Ready state, and allows loading the next data into the cache
register through another Cache Program command sequence.

The sequence 80h-...-11h...-...81h...-...15h (or the corresponding ONFI 80h-...-11h...-...80h...-...15h ) can be
iterated, and any new time the device will be busy for a for the tCBSYW time needed to complete cell
programming of current data registers contents, and transfer from cache registers can be allowed.

The sequence to end Multi-plane Cache Program is 80h-...-11h...-...81h...-...10h (or 80h-...-11h...-...80h...-...10h
for the ONFI 1.0 case).Figure 31and Figure 32show the command sequence for the Multi-plane Cache Program
operation for the two protocols. Multi-plane Cache Program is available only within two paired blocks belonging to
the two planes..

User can check operation status by R/B# pin or read status register commands (70h or 78h)If user opts for 70h,
Status register read will provide a "global" information about the operation in the two planes. More in detail:

a) I/0<6> indicates when both cache registers are ready to accept new data.
b) 1/0<5> indicates when the cell programming of the current data registers is complete

c¢) 1/0<1> identifies if the previous pages in both planes (pages N-1) have been successfully programmed or not.
The latter can be polled upon 1/0<6> status bit changing to "1".

d) 1/0<0> identifies if any error has been detected by the program / erase controller while programming the two
pages N. The latter can be polled upon 1/0<5> status bit changing to "1".

If the system monitor the progress of the operation only with R/B#, the last pages of the target program sequence
must be programmed with Page Program Confirm command (10h). If the Cache Program command (15h) is used
instead, the status bit I/O<5> must be polled to find out if the last programming is finished before starting any other
operation.
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3.16 Read ID

The device contains a product identification mode, initiated by writing 90h to the command register, followed by
an address input of 00h. Figure 16 shows the command sequence.

The 5-byte Read ID configuration are supported: The device operating mode (5-byte) is selected through cam

setting.

3.16.1 Legacy Read ID

Five read cycles sequentially output the manufacturer code (ADh), and the device code and 3rd, 4th, and 5th

SLC NAND FLASH
(FMND4GxxS3K)

cycle ID, respectively. The command register remains in Read ID mode until further commands are issued to it.
Figure 16 shows the operation sequence, while Table 8 to Table 12 explain the byte meaning. Complete read id
code table is as follows.

Parameter

Symbol

Device Identifier Byte

Description

1st Manufacturer Code

2nd Device Identifier

3d Internal chip number, cell Type, Number of Simultaneously
Programmed Pages, Interleaved Program, Write Cache

4th Page size, Block size, Spare Size, Organization, Serial Acces time

Sth ECC, Multi-plane information

Table 8. “Legacy” Read ID bytes meaning

3.16.2 Read ID Data Table (5 cycle)

Voltage Bus With ManuFacture Code Device 3rd arh 5th
(Vce) Code
1.8v X8 ADh ACh 90 15 56
1.8V X16 ADh BCh 90 55 56

Table 9. Read ID Data Table
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3rd Byte of Device Identifier Description

31 cycle Description | I/O7 | I/06 | I/O5 [ I/04 |1/03 | 1/02|I/01 | I/00
1 0 0
. 2 0 1
Internal Chip Number 4 1 0
8 1 1
2 Level Cell 0 0
4 Level Cell 0 1
Cell Type 8 Level Cell 1 0
16 Level Cell 1 1
1 0 0
Number of Simultaneously 2 0 i
programmed Pages 4 1 0
8 1 i
Interleaved Program Not Supported 0
Between Multiple die Supported 1
) Not Supported 0
Cache Program Supported 1
Table 10. Legacy Read ID 3rd byte description
4th Byte of Device Identifier Description
4th cycle Description | I/07 |I/06 | I/05 |1/04 | I/03 | I/02|I/01 | I/00
1KB 0 0
Page Size 2KB 0 1
(Without Spare Area) 4KB 1 0
8KB 1 1
64KB 0 0
Block Size 128KB 0 1
(Without Spare Area) 256KB 1 0
512KB 1 1
Redundant Area Size 16 1
(byte/512byte)
) X8 0
Number of 10 X16 1
45ns 0 0
Serial Access Time(min) Reg?\f od (1) [1)
Reserved 1 1

Table 11. Legacy Read ID 4th byte description
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5th Byte of Device Identifier Description

5th cycle Description I/07 | If06 | I/O5 | I/04 | 1I/03 | 1/02 | I/01 | If00
1bit/512Bytes 0 0
2bit/512Bytes 0 1
ECC Level 4bit/512Bytes 1 0
8bit/512Bytes 1 1
1 0 0
2 0 1
Plane Number 4 1 0
8 1 1
64Mb 0 0 0
128Mb 1] ] 1
256Mb 0 1 0
Plane Size 512Mb 0 1 1
(W/O redundant Area) 1Gb 1 0 0
2Gb 1 0 1
4Gh 1 1 0
8Gb 1 1 1
Reserved 0

Table 12. Legacy Read ID 5th byte description

3.17 Read ONFI Signature

To retrieve the ONFI signature, the command 90h together with an address of 20h shall be entered (i.e. it is not
valid to enter an address of 00h and read 36 bytes to get the ONFI signature). The ONFI signature is the ASCII
encoding of 'ONFI* where 'O' = 4Fh, 'N' = 4Eh, 'F' = 46h, and 'I' = 49h. Reading beyond four bytes yields
indeterminate values. Figure 37 shows the operation sequence

3.18 Read Parameter Page

The Read Parameter Page function retrieves the data structure that describes the chip's organization, features,
timings and other behavioral parameters. Figure 38 defines the Read Parameter Page behavior.

This data structure enables the host processor to automatically recognize the Nand Flash configuration of a
device. The whole data structure is repeated at least three times.

The Random Data Read command can be issued during execution of the read parameter page to read specific
portions of the parameter page.

The Read Status command may be used to check the status of read parameter page during execution. After
completion of the Read Status command, 00h is issued by the host on the command line to continue with the
data output flow for the Read Parameter Page command.

Read Status Enhanced shall not be used during execution of the Read Parameter Page command.
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For parameters that span multiple bytes, the least significant byte of the parameter corresponds to the first byte.

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 to Oh.

For more detailed information about Parameter Page Data bits, refer to ONFI Specification 1.0 section 5.4.1

( Byte [O/M] Description
Revision information and features block
0-3 M |Parameter page signature
Byte 0: 4Fh, "0"
Byte 1: 4Eh, "N” 4Fh, 4Eh, 46h, 49h
Byte 2: 46h, "F"
Byte 3: 49h, "I
4-5 M |Revision number
2-15 Reserved (0)
1 1 = supports ONFI version 1.0 02h, 00h
1] Reserved (0)
6-7 M |Features supported
5-15 Reserved (1)
4 1 = supports odd to even page copy-back
3 1 = supports interleaved operations X8: 1Ch
2 1 = supports non-sequential page programming [X16: 1Dh
1 1 = supports multiple LUN operations
0 1 = supports 16-bit data bus width
8-9 M |Optional commands supported
6-15 Reserved (0)
5 1 = supports Read Unique ID
4 1 = supports copy-back
3 1 = supports Read Status Enhanced 3Bh, 00h
2 1 = supports Get Features and Set Features
1 1 = supports Read Cache command
1] 1 = supports Page Cache Program command
10-31 Reserved (0) 00h
Manufacturer information block
32-43| M |Device manufacturer (12 ASCII characters) 0x53h, 0x4Bh, 0x20h, 48h, 59h, 4Eh,
49h, 58h, 20h, 20h, 20h, 20h
44-63| M |Device model (20 ASCII characters)
X8:
48h, 32h, 37h, 53h, 32h, 47h,
38h, 46h, 32h, 44h, 4Bh, 41h,
2Dh, 42h, 4Dh, 20h, 20h, 20h,
20h, 20h
X16:
48h, 32h, 37h, 53h, 32h, 47h,
36h, 46h, 32h, 44h, 4Bh, 41h,
2Dh, 42h, 4Dh, 20h, 20h, 20h,
20h, 20h
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Byte [O/M ] Description
Revision information and features block

64 M JEDEC manufacturer ID ADh
65-66| O |Date code 00h
67-79 Reserved (1) 00h

Memory organization block

80-83| M |Number of data bytes per page 00h, 08h, 00h, D0h
84-85] M |Number of spare bytes per page 40h, 00h
86-89| M [Number of data bytes per partial page 00h, 00h, 00h, 00h
90-91 [ M |Number of spare bytes per partial page 00h, 00h
92-95[ M _|Number of pages per block 40h, 00h, 00h, 00h
96-99 | M |Number of blocks per logical unit (LUN) 00h, 08h, 00h, DO

100 1M |Number of logical units (LUNs) 0ih

101 | M |Number of address cycles

4-7 Column address cycles 23h
0-3 Row address cycles

102 M Number of bits per cell 0ih

103-| M |Bad blocks maximum per LUN 28h, 00h
104

11({1]%— M |Block endurance 05h, 04h

107 M |Guaranteed valid blocks at beginning of target 0ih

108-| M |Block endurance for guaranteed valid blocks

109 05h, 04h

110 M _|Number of programs per page (04h

111 | M |Partial programming attributes
5-7 Reserved

4 1 = partial page layout is partial page
data followed by partial page spare 00h
1-3 Reserved
0 1 = partial page programming has
constraints
112 M [Number of bits ECC correctability 04h
113 M [Number of interleaved address bits
4-7 Reserved (0) 01h

0-3 Number of interleaved address bits
114 | O |Interleaved operation attributes
4-7 Reserved (0)

3 Address restrictions for program cache
2 1 = program cache supported 04h
1 1 = no block address restrictions
0 Overlapped / concurrent interleaving
support
115- Reserved (0)

00h

127
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Electrical parameters block
128 M |I/O pin capacitance AL
129- M |Timing mode support
130 6-15 Reserved (0)
5 1 = supports timing mode 5
4 1 = supports timing mode 4 03h, 00h
3 1 = supports timing mode 3
2 1 = supports timing mode 2
1 1 = supports timing mode 1
0 1 = supports timing mode 0, shall be 1
131- O |Program cache timing mode support
132 6-15 Reserved (0)
5 1 = supports timing mode 5
4 1 = supports timing mode 4 03h, 00h
3 1 = supports timing mode 3
2 1 = supports timing mode 2
1 1 = supports timing mode 1
0 1 = supports timing mode 0
133- M |tprog Maximum page program time (ps)
134 BCh, 02h
135- M |tgeps Maximum block erase time (ps) 10k 37h
136 !
137- M |tg Maximum page read time (Js) 1Eh. 00h
138 !
139- M  |tCCS Minimum change column setup time (ns)
140 3Ch, 00h
141- Reserved (0) ooh
163
Vendor block
164- M |Vendor specific Revision number 0oh
165
166- Vendor specific ooh
253
254- M |Integrity CRC X8: 1Fh, AAh
253 X16: DOh, 05h
Redundant Parameter Pages
256- M |Value of bytes 0-255
511 Repeat Value of bytes 0-255
512- M |Walue of bytes 0-255
767 Repeat Value of bytes 0-255
763+ 0 |Additional redundant parameter pages FFh
Table 13. Parameter Page Description
Note:

1. O” Stands for Optional, “M” for Mandatory.
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4. Signal Descriptions

4.1 Data Protection and Power On/Off Sequence

The device is designed to offer protection from any involuntary program/erase during power-transitions. An internal
voltage detector disables all functions whenever VCC is below about 1.1 V (1.8 V Device). WP# pin provides
hardware protection and is recommended to be kept at VIL during power-up and power-down. A recovery time of
minimum 10us is required before internal circuit gets ready for any command sequences as shown in Figure 42.
The two-step command sequence for program/erase provides additional software protection.

4.2 Ready/Busy

The device has a Ready/Busy output that provides method of indicating the completion of a page program, erase,
copy-back and random read completion. The R/B# pin is normally high and goes to low when the device is busy
(after a reset, read, program, and erase operation). It returns to high when the internal controller has finished the
operation. The pin is an open-drain driver thereby allowing two or more R/B# outputs to be Or-tied. Because pull-
up resistor value is related to tR (R/B#) and current drain during busy (Ibusy), an appropriate value can be
obtained with the following reference chart (Figure 40). Its value can be determined by the following guidance.

4.3 Write Protect Handling

Erase and program operations are aborted if WP# is driven low during busy time, and kept low for about 100nsec.
Switching WP# low during this time is equivalent to issuing a Reset command (FFh)

The contents of memory cells being altered are no longer valid, as the data will be partially programmed or erased.
The R/B# pin will stay low for tRST (similarly to Figure 23). At the end of this time, the command register is ready
to process the next command, and the Status Register bit IO<6> will be cleared to "1", while 10<7> value will be
related to the WP# value. Refer to Table 7 for more information on device status.

Erase and program operations are enabled or disabled by setting WP# to high or low respectively prior to issuing
the setup commands (80h or 60h).

The level of WP# shall be set tWW nsec prior to raising the WE# pin for the set up command, as explained in
Figure 41~44.
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5. Device Parameters
5.1 Valid Blocks
Symbeol Min Typ Max Unit
Valid Block Number MNyg 4016 4096 Blocks

Note:

1. The 1st block is guaranteed to be a valid block at the time of shipment.

Table 14. Valid Blocks Number

2. Invalid blocks are one that contains one or more bad bits. The device may contain bad blocks upon

shipment..

5.2 Absolute Maximum Ratings

val
Symbol Parameter I:_I:E Unit
Ambient Operating Temperature 0 to 70 ©
(Commercial Temperature Range)
Ambient Operating Temperature )
T (Extended Temperature Range) 2510 85 ©
A Ambient Operating Temperature 30 to 85 o
(Mobile Operating Temperature)
Ambient Operating Temperature )
(Industrial Temperature Range) 40 to 85 ©
Thiss Temperature Under Bias -50 to 125 T
Ters Storage Temperature -65 to 150 c
Vig Input or Output Voltage -0.6 to 4.6 W
Vee Supply Voltage -0.6 to 4.6 v

Notes:

Table 15. Absolute Maximum Ratings

1. Minimum Voltage may undershoot to -2V during transition and for less than 20ns during transitions.

2. Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum
Rating conditions for extended periods may affect device reliability
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5.3 DC and Operating Characteristics
1.7V~ 195V
Parameter Symbol Te_s!: - Units
CDndItlons Min Typ Max
FFh command 50 per
Power on reset current Teco input after - - d P mA
evice
power on
tac= tac(min),
Read Iecy CE#=Vy, - 10 20 mA
Lor=0 mA
Ope_ntjting Normal - - 20 mA
Current Program Iec
Cache - - 30 mA
Erase Tecs - 10 20 mA
Stand-by Current I CE#=V, - ) 1 mA
(TTL) ced WP#=0V/V
Stand-by Current CE#=V 0.2,
(CMOS) ecs WP#=0V/Vc - 10 20 uA
Input Leakage Current I; Vin=0 to Vegmay ) - *+10 uA
Output Leakage Current Lo Vour=0 to Veguay ) - *+10 uA
Input High Voltage Vi - Veex0.8 - Vee+0.3 v
Input Low Voltage Vi - -0.3 - 0.2xVcc v
Output High Valtage Level Vou Iop=-100 pA Vee-0.1 - - v
Output Low Voltage Level VoL I, =100 pA - - 0.1 v
Output Low Current (R/B#) I, (R/B#) Vg =0.1V 3 4 - mA
Table 18. DC and Operation Characteristics
5.4 AC Test Conditions
Value
Parameter
1.7V = Vcc = 1.95V
Input Pulse Levels 0VtoV
Input Rise and Fall Times 5ns
Input and Output Timing Levels Ve [/ 2

QOutput Load (2.7V-3.6V)

1 TTL GATE and CL=30pF

Table 19. AC Test Conditions
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5.5 Pin Capacitance

Test . .

Symbol Parameter Condition Min Max Unit
Ci Input Capacitance Vi = OV - 10 pF
Gyo Input/Output Capacitance V=0V - 10 pF

5.6 Program / Read / Erase Characteristics

Parameter Symbol Min Typ Max Unit
Program teroG - 300 700 us
Read Cache busy time tepsvr 3 tR us
Cache Program short busy time topsvw - 5 tPROG us
Cache Program busy time [ONFI) tpcasy - 5 tPROG us
Multi-plane Erase busy time tiEasy - 500 1000 ns
Multi-plane Program busy time (traditional) tpasy - 500 1000 ns
Multi-plane Program busy time (ONFI) tipasy - 500 1000 ns
Number of partial Program Cycles in the NOP _ _ 4 cycles
same page
Block Erase Time tagms - 3.5 10 ms

Table 20. Program / Erase Characteristics
Notes:

Typical value is measured at Vcc=1.8 V, TA=25C(1.8V Device). . Not 100% tested.
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5.7 AC Timing Characteristics

3.3V 1.8V
Parameter Symbol ; = Unit
Min Max Min Max
CLE setup time teis 12 - 25 - ns
CLE Hold time ton 5 - 10 - ns
CE# setup time tes 20 - 35 - ns
CE# hold time oy 5 - 10 - ns
WE# pulse width tup 12 - 25 - ns
ALE setup time tas 12 - 25 - ns
ALE hold time farn 5 - 10 - ns
Data setup time tos 12 - 20 - ns
Data hold time ton 5 - 10 - ns
Write cycle time T 25 - 45 - ns
WE# high hold time tun 10 - 15 - ns
Address to data loading time tapL 70 - 100 - ns
Data transfer from cell to register ta - 30 - 30 us
ALE to RE# delay tar 10 - 10 - ns
CLE to RE# delay tar 10 - 10 - ns
Ready to RE# low tr 20 - 20 - ns
RE# pulse width tap 12 - 25 - ns
WE# high to busy twe - 100 - 100 ns
Read cycle time tre 25 - 45 - ns
RE# access time frea - 20 - 30 ns
RE# high to output high Z tanz - 100 - 100 ns
CE# high to output high Z touz 30 50 ns
CE# high to ALE or CLE Don't care teen 10 - 10 - ns
RE# high to output hold trkon 15 - 15 - ns
RE# low to output hold teion 5 - - - ns
RE# or CE# high to output hold teon 15 - 15 - ns
RE# high hold time taen 10 - 15 - ns
Output Hi-Z to RE# Low i 0 - 0 - ns
RE# high to WE# low anw 100 - 100 - ns
WE# high to RE# low L 60 - 60 - ns
CE# low to RE# low ter 10 - 10 ns
&‘;‘;ﬁ%ﬁg‘?ﬂ}?&;@; toor - 5/10/500 - 5/10/500 | us
Write protect time Earw 100 - 100 - ns

Table 21. AC Timing Characteristics
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6. Timing Diagrams

6.1 Command Latch Cycle Timing

CLE * s tCLH \

CE#

WE# *1 ;l

ALE ‘-K il }f

[l—
1/Ox X Command L

Figure 6. Command Latch Timings

v

=" A
o

6.2 Address Latch Cycle

\ ICLS
CLE A
tCs
—\ PWIC BWC tWC BWG
CE# i
‘l._twp ‘—twp—v—‘ld—twp—-’, - TP 'V
WE# —L—tWH—v"_-—MH—-'\—* tWH ._1’. tWH—
; tALS PALH tALS tAL!‘-! tAls  tf tALS  tALH ’_ tALS Pt.»ﬂ\.LH
[
ALE J | ; t_f H k
) T il 1B 1E] 5]

;@5 ; ‘ s s ™ ["os ™ ‘ s
Col.Add1 XC@I.Add w Add w Add Xﬂnw Add
I/Ox

Figure 7. Address Latch Timings
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6.3 Data Input Cycle Timing

~—ICLH
CLE q/
!
- tCH
CE# }V

WG

ALE N

— WP — ~—twP [ —tWP—
WE# \ i ) *g 1

tWH -~

ns-424, DS tDs !
I/Ox DIN 0 X . DIN final

Figure 8. Data Input Cycle Timings

Notes:

Data Input cycle is accepted to data register on the rising edge of WE#, when CLE and CE# and ALE are low, and
device is not Busy state.
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6.4 Data Output Cycle Timing (CLE=L, WE#=H, ALE=L, WP#=H)

CE# « tRC il

RE#

I/Ox

—tRp—

= i
R/B# /

Figure 9. Data Output Cycle Timings

Notes:

1. Transition is measured +/-200mV from steady state voltage with load. This parameter is sampled and not 100%
tested. (tCHZ, tRHZ)

2. tRHOHis valid when frequency is lower than 33 MHz.

6.5 Data Output Cycle Timing (EDO Type, CLE=L, WE#=H, ALE=L)

L tCR -
CE+# N " ;
) tRC tCHZ
« tRP . tREH | : tCOH 4]
1
RE# \ ’ \ /
. tREA tREA » W
) | tRLOH tRHOH
<—|~| ” N |
1/0x ><:}< -
Dout ) Dout )
tRR "
f
R/B#
Figure 10. Data Output Cycle Timings ( EDO )
Notes:

1. Transition is measured +/-200mV from steady state voltage with load. This parameter is sampled and not 100%
tested. (tCHZ, tRHZ)
2. tRLOHis valid when frequency is higher than 33 MHz.tRHOHSstarts to be valid when frequency is lower than 33 MHz.
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6.6 Read Status Cycle Timing
tCLR
CLE )k tcLs \R
1CLH
: Ics
CE# !A ){ y f
]
fCH
WP —
WE# J — tcR — fCHZ
—_— tCOH
RE# Y
tREA tRHZ

Figure 11A. Read Status Timings

1RHOK

|
I/ftns—- o IR
I/Ox A\ 7th ; )L-‘ Status Output

~—

RE# \_/

Figure 11B. Read Status Enhanced Cycle
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6.7 Page Read Operation Timing (Intercepted by CE#)

L
— CH

=B A H B DD % 20
e P [\ i

—

ALE B J’ twe \l W . hﬁ-':

WE# \jE\F;k\}\p‘\} tus LQC_-_ICOH

b

RE#
i
1/0x al. al. oW ow. ow. ut u out)
/ 00h dd1/\acd2/ \Add1/{add2Hadaa 3" / LN AN N2
R/B# - s >
[727] - Don't care

Figure 12. Page Read Operation Timings (Intercepted by CE#)

6.8 Page Read Operation Timing with CE don’t care

=TT T CE# don't care

Figure 13. Page Read Operation Timings with CE# don’t care
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6.9 Random Data Output Timings

cae /) /A
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CE# A

wee T\ #
we N

RE#

tRR -

UDX m.m}(cu &mz){mworR}E::d?émmX h }

Coumn Address
ket

4 Dot N m 05R ) ol Addi f, Col Add2 E0n

T

Column .‘\EIUI‘E‘SSJ T

R/B# ousy

Figure 14. Random Data Output Timings
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cen | 7 G (¢ /) (—
e M A y
} 17
ALE tac o \ ], ]
— '— f f 4 1 3
s R WAWANWANAWAN! e "._r..}'.”‘. e \—L'_';'
REs R Yavh . L/—q q_/ 'm
Ox ——— 00 (000 { iz E;gazf@{g i d3;’_' 30h | - {ﬂ}‘) ] (oo }—cu (M Dnul\—{Lh-} (Deut,_ (Tt ._5,_)
Column Address 00h Paqe Address M ColAdd.O F'ageﬁ.uﬂc;ess M CQTA*;:I.{“QE Address 111
R/B# \r._“_, tezavn L 3] lu!s\m_j- )
E‘ @ 63 3
77 )ff ) ( V) .;-
CLE I~ ’ —_— / ’ — / ’
| j 5 /o f5 =
ALE
(1 i
WE# \"—E'li- - \ l-w !m.
e 1N /_\L'PL) ) B L} 1 ﬁ_ﬁ N
o ooz (i'f* I EHaEDy i"‘) G- {pu (s <°_“i' &Y C D—
Page Adcress M+2 Page Address M+3 Paga Addrass M+d
ColAdd.h . ColAddD
R/BY WE.__Lw 35 1 ]
® ® ® FZ7] Dontears @
Data Cacter Py L] Py L3 ] PageN+2 P N3
0(: @(:l o @(: e ®(|:] o ™ @C: T
oo R FE— [ ]
Gl Aray
e PagaM41

Fagehs 2

Figure 15. Cache Read Operation Timings
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6.11 Read ID Operation Timing

6.12

CLE _/_\
CE# \

WEZ m
ALE 4/ 4\ ‘

RE# /_\ /_\ /_\_/ \_/

tREﬁ' -—

wor ——(aon )—{omn) {B0) ()~ —
Read ID Command Address 1 Cycle aker Code Device Code

Figure 16. Read ID Operation Timings

Page Program Operation Timing

B AT AVAVAWAN AN AWA /ﬁmm )\ e
. | U
tFROG
’j) 100= LS pass
I00=1, fail
Figure 17. Page Program Operation Timings : Don't care
Notes:

tADLis the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle.
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6.13 Page Program Operation Timing with CE# Don’t Care

r—

=\ BB A A BB A A
I

CE# don't care

ce |/ \

|
n__ Y997 ,
o A AN AN AP
|

RE#

Sy RO S e o
N _ﬂ_‘j—'\ O e
ﬁ

%

gz Don't care

Figure 18. Page Program Operation Timings with CE# don’t care

Notes:
tADL is the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle.

6.14 Random Data Input Timing

tos 4 i
i f f )
o fuel\ (A ( "\ % [\
i At
ME [ ey ; / \ )
I |1
) \ *ﬁ L YT ) o
WEH _‘l.l_f_ \ | $ '._,'r_\'J—ll\— L/ k_,; : WEE IR LS \_f_' L I"._u’f ,'._."_\'- & /% . ™
(1 “#—’
T - V v f
R R | Ry } i
e \w:]“wm;’*ﬁ"bm; {aga el st A ')?* 250 ot Haagel J_':;\_} ﬁi.-‘ﬁﬂ}_—“—':ﬂ?—\smlmﬁ_
s ;i temoc
REH bt i
2 1 —f o= i pass
K20 =1, fail
Figure 19. Random Data Input Timings fon't care
Notes:

1. tADLis the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle.
2. Random data input can be performed in a page.
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6.15 Copy Back Program Operation with Random Data Input
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cEE | m i { %
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BLE 2| | ¢ ’ )
w NN NN e 1l _{t Nt {_LF N\
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e onnome | Eens Sne TN (-
R )”J IJ,\ o |
00-1 i
EZZ D't oo

Figure 20. Copy Back Program Operation Timing with Random Data Input

Notes:

1. Copy-Back Program operation is allowed only within the same memory plane.

2. On the same plane, It"s prohibited to operate copy-back program from an odd address page(source page) to an even
address page(target page) or from an even address page(source page) to an odd address page(target page). Therefore,
the copy-back program is permitted just between odd address pages or even address pages.

3. tADLis the time from the WE# rising edge of final address cycle to the WE# rising edge of first data cycle.

6.16 Cache Program Operation Timing

m 0
oer "\ (( 1 (( 2%
CLE I ¢ 1\ I\ e (f / \ |
1 7S f
ALE L_‘ {( | et \ ({ |
— i _— = ey ; T
Ve l L' \_Fx_ﬂ_f AW RS WS Y | SRVAVAVAWAWAW RV AWAW |
) MR P | HO- o | o G N I -y ——
e &l asver —
RB# A
2| I M
f Last page -1 1
A
CE# L—~| !I’.’ %ﬂl. |
I ) |
— Hare — [
s __:."l | "Ir { \ .:-' \ EZZ4  :Don'tcare
ALE | futos \ ff I
I - el e el —
L WA WAWAWAWAN AW AV {’ (A g
I I
REH# | | Lf
I — o w | o) {sums’
1o '_IH\B”“ - etz s N /ST HTw H 1o /] L Lalm\
RB# | _:',-‘ oo : %
! Last | 120 =10, pass
:‘ L i ': 12 0=,
I I
Figure 21. Cache Program Operation Timings
Notes:
tPROG= Program time for the last page + Program time for the (last -1)th page -(command input cycle time + address input
cycle time + Last page data loading time)
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6.17 Block Erase Operation Timing

CE# —\

SLC NAND FLASH
(FMND4GxxS3K)

CLE

[\

[\ 22|

ALE ’

WE# SR YAYWAWEE

\ VN

N8

\ ‘ twhr

RE# < S 5 W 1 /
OW. oW. Oow.
1/Ox 60h dd1 dd?2 dd3 DOh / 70h Status
= tgers -

RIB# 1 Y
100 =0, pass
100 =1, fail

v,/ :Don'tcare

6.18 Reset Timing

CE# 4\_/
CLE —/—\

Figure 22. Block Erase Operation Timings

WE# \ { twe
1/Ox { FFh }
RIBE trst

Figure 23. Reset Timings

Rev. 0.0, Sep. 2014

Confidential

41



quI D E LIX SLC NAND FLASH

(FMND4GxxS3K)

6.19 Multi-plane Program

CLE _/\L X P ! / \ T
CE# "\ A A

Wes R e Ve VAVAVAVAVAY — ;
iWB | 1DBSY W8, | PPROG,, BWH

ALE / N /

RE# oy oy \—/_
vox D{mDE) EEE)E) e OEEEEEHOCE )
T F

- Program rogram

- o 1up to 2178 Byle

SerialData  Column &ddress Poge Row Addrass Srs Command Senallnput  Commana
mina. il Data Seasl Inpud Comm 2 Frres)

R/B# - S

tDBSY - 0 5us (Typ |

1us (Max.)
Ex ) Address Restriction for multi-plane program operation
R/B# tDBSY PROG
I/0x Acdress & Data Input (&) Address & Data tnput (100 )} {_70h )
Col Add 1,2 & RowAdd 123 I, . Notes ,l ColAdd 1,2 & Row Add 12 3
2178 Byle Data 2176 Byt= Data
AD~A11: Valid AU ~A11: Vaiid
A12 ~ A17 - Fixed "Low” A12 ~ A1T ; Valid
A18 Fixed “Low” A8 Foed “High®
A19 ~ A28 - Fixed “Low” A19 ~ A28 * Valid

Figure 24. Multi-plane Page Program (traditional protocol)

Notes:
1. The figure refers to x8 case. Please refer to Section 1.4 for address remapping rules for the x16 case
2. Any command between 11h and 81h is prohibited except 70h, 78h and FFh
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| |
Cycle Type —{ cMD XADDRYADDRXADDR)ADDRYADDR)——( DIN X DIN X DIN X DIN }{ cMD)}——————

| 1ADL |
Dax — 80h X C1a X 22 X Ria X R2a X R }—— D0s X D1a X+ X Dna }{ 11h )
T T _
SRI6] — | tIPBSY
| |
Cyele Type -{CMD XADDR YADDRXADDR XADDRXADDR}—— DIN X DIN X DIN X DIN }{ cMD}———
tADL I
Dax - 80h X Cis X C2a X Ris X R2s X R >——<_D'01><D1BAX ~ X Dne){ 100}
l — tPROG
SRI6]
Figure 25. Multi-plane Page Program (ONFI 1.0 protocol)
Notes:

C1A-C2A Column address for page A. C1A is the least significant byte.

R1A-R3A Row address for page A. R1A is the least significant byte.

DOA-DnA Data to program for page A.

C1B-C2B Column address for page B. C1B is the least significant byte.

R1B-R3B Row address for page B. R1B is the least significant byte.

DOB-DnB Data to program for page B.

Same restrictions on address of pages A and B, and allowed commands as Figure 24 apply
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6.20 Multi-plane Block Erase

/\ /\ [\ LN/ [

CLE

ez \ i \ /
fNC = -

WEZ \ / \_,

+— (WB —w|+—— IEERS —] tWHR

RE# \ /

I/Ox k 60h me hdd%wmc%{ﬂw Adjaw Am)@nw.ddz)@m Mdgx COh \, {70m )

I Row Addrass I Row Addrass 1 T

L

R/B# | \ ‘ 1'§ Busy A

Block Erase Setup Commandi Elock Erase Setup Command? Erase Confirm Command

Read Status Command

110 1 =0 Successiul Erase
19 1 =1 Emor in plang

Ex.) Address Restriction for Two-Plane Block Erase Operation

R/B# I:IHERS__"I
o mn @

Row Add1,2.3 Row Add123
A42 ~ A1T - Fixed ‘Low' A12 ~A1T : Fixed ‘Low’
AlB - Fixed “Low A8 “Fixed ‘High'
A19 - A28 - Fived Low' A9~ A28 : Valid

Figure 26. Multi-plane Block Erase (traditional protocol)

Notes:
The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case
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LR ) O NG (X

SR[6] ’;"_HEBSV_'!; t tBERS_":i/
: i | i

Figure 27. Multi-plane Block Erase (ONFI 1.0 protocol)

Notes:

R1A-R3A Row address for block on plane 0. R1A is the least significant byte.

R1B-R3B Row address for block on plane 1. R1B is the least significant byte.

Same restrictions on address of blocks on plane 0(A) and 1(B) and allowed commands as Figure 30 apply
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6.21 Multi-plane Copy Back Program

R/B# <R > R
L] L
o (o) Gon——(om)

Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2 & Row Add.1,2,3
Source Address On Plane0 Source Address On Plane1 E

R/B# rmﬂ [ trroG ]

I/Ox

III Col. Add.1,2 & Row Add.1,2,3 Col. Add.1,2 & Row Add.1,2,3
Destination Address Destination Address
Ao ~ A1t - Fixed "Low' Ao~ A1 : Fixed 'Low'
A1z~ Asr - Fixed ‘Low' As2 ~ Ar7: Valid
A Fixed ‘Low’ Ase - Fixed "High'
Aso ~ Aze - Fixed "Low’ At ~ Azs: Valld
Plane0 Plane1
Target page ] 1 ] Target page T (1) : Read for Copy Back On PlaneD
(2) : Read for Copy Back On Plane1
M ) ) (3) (3) : Two-Plane Copy-Back Program
| | ‘ |
|L ], -
Data Field Spare Field Data Field Spare Field

Figure 28. Multi-plane Copy Back Program (traditional protocol)

Notes:

1. Copy-back program operation is allowed only within the same memory plane

2. On the same plane it is prohibited to operate copy-back program from an odd address page (source page) to an even
address page (target page) or from an even address page (source page) to an odd address page (target page).
Therefore, the copy-back program is permitted just between odd address pages or even address pages.

3. Any command between 11h and 81 h is prohibited except 70h and FFh.

4. The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case.
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CLE _/—\ /—\—/—\ / \—k:
ALE 4/ \ / \ i

RE# ]

1/Ox ORI ENE 000 XC1e X 26X R1p)R2 X R35)351) .
SRI6] ‘gf‘_tR_" ( w

Figure 29. Multi-plane Copy Back Read (ONFI 1.0 protocol)

Notes:

C1A-C2A Column address for page A. C1A is the least significant byte.
R1A-R3A Row address for page A. R1A is the least significant byte.
C1B-C2B Column address for page B. C1B is the least significant byte.
R1B-R3B Row address for page B. R1B is the least significant byte.

R VAVAVAVAVAWAY. (VAVAVAVAVAVAV N
ALE 4/ \ / \

RE# ,

1ox ——(EPXC1oX @RI RaXREX 1T BsnX ClpX o)X RinXRa(Rap)10n) j
SR[6] \54—‘1955?—#5; ‘t tPRt}G—';/|

Figure 30. Multi-plane Copy Back Program (ONFI 1.0 protocol)

Notes:

C1C-C2C Column address for page C. C1A is the least significant byte.

R1C-R3C Row address for page C. R1A is the least significant byte.

DOC-DnC Data to program for page C.

C1D-C2D Column address for page D. C1B is the least significant byte.

R1D-R3D Row address for page D. R1B is the least significant byte.

DOD-DnD Data to program for page D.

Same restrictions on address of pages C and D, and allowed commands as Figure 28 apply

Rev. 0.0, Sep. 2014 Confidential 47



SLC NAND FLASH
CFIDELIX (FMND4GXxS3K)

Command Input
Address Input H Data Input Address Input |—| Data Input I—@—:—
Al~A11 - Valid AD~-A11 - Vahd :
A12~A1T7 - Fixed "Low" A1Z2~A1T - Walid
A18 : Fixed "Low” A18 - Fixed I:H_igh“ |
R/B# A19~A28 - Fixed "Low” A A19~A28 - Valid w
Refum to 1 ed @'
Repeal a max of 63 times |
Command Input
Address Input |—| Data Input Address Input |—| Data Input
! AT-ATT Vaiid AO-ATT - Vaid
| A12~A1T . Fixed "Low’ A12~A1T - Valid
| A8 - Fixed "Low® A18 - Fixed "Hfgh"
R/BZ | A19~A28 - Fixed "Low’ T A19~A26 - Valid Frs
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X /\ % £y
CE# AAAAARAAA

A AAAAARAPA A
wee /1P AV UVA e Ve Ve FAWAVAY AY VoW

ALE / we T / \

]

|

I

1

]

RE# tADL tADL |
f—= i 1
1

]

'

]

i

>

yox IXEOEX@EENEHEN,

Column Address  Row Addres Column Address  Row Addregs

¥
‘_
)

£

R/B#

tDBSY tCBSY‘-'-'@
M\ N\ ™ /A W A
e AAAMAAAAA A AAAAAAAA 4N

! I W)
WE# m

CLE

ALE

RE#

I/Ox

: Column Address  Row Address Column Addrese  Row Addiess
R/B# -
IDESY tPROG
Figure 31. Multi-plane Cache Program (traditional protocol)
Notes:

1. The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case.
2. Read Status register (70h) is used in the figure. Read Status Enhanced (78h) can be also used.
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Comimand Input
Address Input i—l Data Input Address Input |—| Data Input I—@—I—
AD-AT1 - Valid AC~A11 : Valid !
A12~A1T : Fixed "Low” A12~A1T - Valid |
A8 : Fixed "Low™ A18 - Fixed "High" |
A19~-A28 © Fixed "Low” A19-A28 - Vahd |
1

R/B#

lpasy

Retum fo 1

Repeat a max of 63 times

-

Command Input

Address Input |—| Data Input Address Input |—| Data Input

Al~-A11 : Valid

AD~AT - Valid

A12-A1T - Fixed "Low’ A12-A17 - Valig
A18 : Fixed "Low’ A18 - Fixed "High"
R/B# A19-A78 - Fixed "Low" . AT9-AZ8 - Valid

®

S /\ /\ " |
et __AAAAAAADA A AAAAARAAA A
wer —\ {7 AAVAY e W Vo WaWa VAV AV L VaWanmm—n
AE e T / \
RE# —
1O I XOX X BN EXEXEH N f
r/B2 Column Address  Row Address Columin Address Row Addreds o :
W o

CLE E_JF\ ™ I A
e AAAAAAAA A AAAAAAAA AN
wer A AN AN U AN
ALE
RE#
I/Ox
R/B# E oA Eaes Column Address  Row Adaress

® =

Figure 32. Multi-plane Cache Program (ONFI 1.0 protocol)
Notes:

1. The figure refers to x8 case. Please refer to Section 1.7 for address remapping rules for the x16 case.
2. Read Status register (70h) is used in the figure. Read Status Enhanced (78h) can be also used.
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6.22 Page Reprogram

As defined for Page
Program

l |
Cycle Type --(CM)XADDRXAMRXADDRXADORXADDR):( DiN X DIN X DIN X DIN }~{CMD }———+
SR EHED G D IS D ED & N Ve

SLC NAND FLASH
(FMND4GxxS3K)

(2]

o fVR_,)

SRiE] e - o220
Page N
(2]
Cyole Type 4-{cmp XpOUT { cmD YaDDR Y ADDRY ADDRYADOR { ADDRY CMD )}
|
Dax - 70n X E1 ) {ean Y c1 X c2 X Rt X Rz X Ra X(10h )}
- '__;_Ih_‘;_‘ s
SRIE] Eail ! [ i = \ 1
Page M

Figure 33. Page Reprogram

Figure 34. Page Reprogram with data manipulation
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6.23 Multi-plane Page Reprogram

Multi-plane program
{previous pages)
Cycle Type
DQx
IPROG |
SR[B]
—
SRI8] PROG
| 7 —
Page M, plane 1
Figure 35. Multi-plane Page Reprogram
Multi-plane program
{previous pages)
Cycle Type
DQx
tPROG |
SR[B]

Cycle Type |

DQx |

SR[8]

Figure 36. Multi-plane Page Reprogram with data manipulation

Page M, plane 1
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6.24 Read ONFI Signature

CLE

5

WE#

!
/ 1 \
ALE l
1 .
;4— tWHR—b

1
! 1
Lo\ J s\ L \
1/Ox { 900} {20h : {_4Fh }— 4€h }—{ 46h }— 49h }

1
—! —
' tREA

Figure 37. ONFI signature timing

6.25 Read Parameter Page

CLE _/—\
W

WE#

\J
ALE /—\

POy @u@@'

B

I/Ox {ECh}

g
R/B# .!\ Ji

Figure 38. Read Parameter Page timing
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6.26 Data Protection & Power on/off Sequence
((
1.5 Vee(ming veveeeees 4- ) \L ........... Vee(min)
L' I Z--- ....... Vih
VCC
((
ov
¥ ) N -
CE J Vin L
Vi Sms max Operation Vi
WP |
100us max ﬁ (
Invalid )) . don't
ReadyBusy /

Figure 39. Data Protection and Power on/off
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6.27 Ready / Busy

SLC NAND FLASH
(FMND4GxxS3K)

The device has a Ready/Busy output that provides method of indicating the completion of a page program, erase,
copy-back and random read completion. The R/B# pin is normally high and goes to low when the device is busy
(after a reset, read, program, and erase operation). It returns to high when the internal controller has finished the
operation. The pin is an open-drain driver thereby allowing two or more R/B# outputs to be Or-tied. Because pull-
up resistor value is related to tR (R/B#) and current drain during busy (Ibusy), an appropriate value can be
obtained with the following reference chart (Figure 40). Its value can be determined by the following guidance.

Rp | ibusy
Vee
S A T
1 ! Vou : 0.1V Vor = VCC-0.1V (1.8V device)
! = Ready Vec: o 04y Vou: 24V (3.3V device)
1 ; R/B 1
: | open drain output Von y Von
! ! 1 : . :
: ‘ ; N Vo Busy sy Vo |
' I ! ' 7/ 0 ¢
: . el —
! ! vt .
1 |
I GND :
T e
i Device
Fig. Rp vs tr, tf & Rp vs ibusy Fig. Rp vs tr, if & Rp vs ibusy
@ Ve =33V, Ta=25°C, C.=50pF @ Vee =18V, Ta=25°C, C=30pF
3.27
2 3001 43 Z3m 4 415
&= E = £
b=} = s ot
52004 128 sl La, &
2 2
100 4~ +1 100 + L + 05
10 10 10 10
e, 5 O O O
T T T LE
1k 2k 3k 4k
Rp (ohm)
Rp value guidence
Vec (Max.) - VoL (Max. 3.2V
Rp (min 3.3V device) = ( ) ( ) =
IoL+ ZI 8mA + ZIL
: 5 Vee (Max.) - VoL (Max.) 1.85v
Rp (min 1.8V device) = =
TIo+ 31U 3mA + 2L

where IL is the sum of the Input currnts of all devices tied to the R/B pin.

Rp(max) is determined by maximum permissible limit of tr

Figure 40. Ready/Busy Pin Electrical Specifications
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6.28 Write Protect Operation

SLC NAND FLASH
(FMND4GxxS3K)

The Erase and Program Operations are automatically reset when WP# goes Low (tWW= 100ns, min). The
operations are enabled and disabled as follows.

WE#

I/Ox

WPz

R/B#

WE#

I/Ox

WP#

R/B#

\f \ [/ WE#

by

{"80n {1on ) 1/Ox
I WP

\ R/B#

Figure 41. Enable Programming

: ]t \_/ WE#
t
Cen ) (o) 1/0x
i WP
- R/B#
Figure 43. Enable Erase

\ X k! f
by
{ 8oh Y} { 10h }

Figure 42. Disable Programming

{ G0h } 1 DOh )

Figure 44. Disable Erase
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7. Application Notes and Comments

7.1 Bad Block Management

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 First and Second page 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 the flowchart shown in Figure 45. The 1st block, which is placed on 00h block address, is guaranteed to
be a valid block at the time of shipment.

| START I

Block No= 0

Read Frh
Check Column 2048(x8)/1024({x16)
of the 1st page

Fail

Block No. = Block No. +1
F

Entry Bad Block

Figure 45 : Bad block management flow chart

Notes:

1. Do not try to erase the detected bad blocks, because the bad bock information will be lost.

2. Do not perform program and erase operation in invalid block, it is impossible to guarantee the Input data and to ensure that
the function is normal.
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7.2 Bad Block Replacement

This device may have the invalid blocks when shipped from factory. An invalid block is one that contains one or
more bad bits. 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 Status Register.

The failure of a page program operation does not affect the data in other pages in the same block. Bad block can
be replaced by re-programming the current data and copying the rest of the replaced block to an available valid
block. Refer to Table 23 and Figure 46 for the recommended procedure to follow if an error occurs during an

operation.
Operation Recommanded Procedure
Erase Block Replacement
Program Block Replacement
Read ECC
Table 23. Block failure
Block A Block B
st
1% Page (2) 1" Page
Data — Data
, (3)
Nth Page Failure o Nth Page
FFh FFh
Buffer memory
Controller
Figure 46. Block replacement
Notes:

1. An error occurs on nth page of the Block A during Program or Erase operation.

2. Data in Block A is copied to same location in Block B which is valid block.

3. Nth page of block A which is in controller buffer memory is copied into nth page of Block B
4. Bad block table should be updated to prevent from erasing or programming Block A..
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DDR2 Sync DRAM Features

* Functionality
- VDD2 =1.14-1.30V

» Configuration

- VDDCA/VDDQ = 1.14-1.30V

- VDD1 =1.70-1.95V

- Interface : HSUL_12

- Data width : x16 / x32

- Clock frequency range : max 533MHz

- Four-bit pre-fetch DDR architecture

- Eight internal banks for concurrent operation

- Multiplexed, double data rate, command/address inputs;
commands entered on every CK edge

- Bidirectional/differential data strobe per byte of
data(DQS/DQSH#).

- DM masks write date at the both rising and falling edge
of the data strobe

- Programmable READ and WRITE latencies (RL/WL)

- Programmable burst lengths: 4, 8, or 16

- Auto refresh and self refresh supported

- Clock stop capability

All bank auto refresh and per bank auto refresh supported

- 128 Meg X 16 (16 Meg X 16 X 8 Banks).
- 64 Meg X 32 (8 Meg X 32 X 8 Banks).
* Low Power Features
- Low voltage power supply.
- Auto TCSR (Temperature Compensated Self Refresh).
- PASR (Partial Array Self Refresh) power-saving mode.
- DPD (Deep Power Down) Mode.
- DS (Driver Strength) Control.
* Timing — Cycle time
-1.875ns @ RL=8
-25ns @RL=6
-30ns @RL=5
» Operating Temperature Ranges
- Commercial (0°C to +70°C).

- Extended  (-25°C to +85°C).
- Industrial ~ (-40°C to +85°C).
» Package

- 121-Ball FBGA(8.0mm x 8.0mm x 0.86mm)
- 134-Ball FBGA(10.0mm x 11.5mm x 1.0mm)

Logic Block Diagram
CK # =
CK_,| Control 2 Bank?
ggﬁ »| Logic z 5 Bank6
—CSit L[l Bank5
CAQ | B S
CAL o Bl |2 Bank4
—_nly (=X ol (S 15
CA2 ) @ |o T
] 28 lalZ Bank3
casy| E53 CBRPER Bank2
crd | §55 B[53ke 5 = <
_>CA5 S & 2Bl Bankl
—> a x = © |a [ |5
CA6 | &2 (o= ot £ Bank
W 28 38%?"%” G N [ Read > n
—CAL, 2 ol =Y Y =] —> 4 Mux  [=—f——>| DRVRS
o B RIgl= 7 Latch > DATA
JAB—P(:AQ 2 (ol (=] Py Memory 1
—_—lly | Sl (o8 (o1 Al
512 5 rray
X 3 [2 @
RMO_d‘;‘ L, |Refresh——> X 2 DQs +
egiste R
% Counter Adgrvt\alss 7 Generator DQS, /DQS
Mux Sense amp
Ar— . 4
41 4
3 5 Write 8 [ 7
ank FIFO +—1 4 4
3 \Lont_rol 1/0 gating ﬂ And Mask [7] 4—/—4
+> ogic DM mask logic Drivers _/4_ <«
A A A _/4_— 444— RCVRS |#
4 [y
Bank < ’,n 4,n 74 <—/4—
»| Control CK out 4 41— 4
> Couic CK, CK#| CKou ]
—p| CKin 4 — 4
—| Column Decoder LY +

Rev. 0.2 Mar. ‘15

DQO - DQn-1

#—— DQS , DQS#

DM




CFIDELIX

General Description
The 2Gb Mobile Low-Power DDR2 SDRAM (LPDDR?2) is a high-speed CMOS, dynamic random-access memory containing

2,147,483,648 bits. The LPDDR2-S4 device is internally configured as an eight-bank DRAM. Each of the x16’s 268,435,456-bit
banks is organized as 16,384 rows by 1024 columns by 16 bits. Each of the x32’s 268,435,456-bit banks is organized as
16,384 rows by 512 columns by 32 bits.

Simplified Bus Interface State Diagram

/ __\ DPDX ,/Deeh

Zg;\;?;d | Power-on ' power-down| Automatic sequence
\ \ N/ \ / / \ Command sequence

- Y { self

Resetting MRR | Resetting | | refreshi ng |

( MR reading /

N

- 4, -
- N <
[re ©
Resetting | - .
lpower- down I/ldle\ MRR - |
I'@eadij Idle i .Iereshing |
- R _ -
&8*

(ncte

|power- down |

'@r dOWH.I
- ACT —/

(e )

| MR readlngj;

7

— o,
Oy ‘\h?.?
“5
Y
BST | Active | BST
fo

RD

PR = PRECHARGE £
PRA = PRECHARGE ALL &

ACT = ACTIVATE Writing K2 Reading

WR(A) = WRITE (with auto precharge)

RD(A) = READ (with aute precharge)

BST = BURST TERMINATE

RESET = RESET is achieved through
MRW command

MRW = MODE REGISTER WRITE

MRR = MODE REGISTER READ

PD = enter power-down

PDX = exit power-down

SREF = enter self refresh

SREFX = exit self refresh

DPD = enter deep power-down

DPDX = exit deep power-down

REF = REFRESH

Note: 1.

T \

with
auto precharge

N

PR,

PRA

N
Jron
Readlm

W|th

Nharglng

_/

All banks are precharged in the idle state.

PR

Rev. 0.2 Mar. ‘15



CFIDELIX

Address Table

Parameter 128Mb X 16 64Mb X 32
Configuration 16Mb x 8banks x 16 8Mb x 8banks x 32
Bank Address BAO ~ BA2 BAO ~ BA2
Row Address RO ~ R13 RO ~ R13

Column Address C0~C9 C0~C8

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

Pin Description(X16)

Symbol Type Description
Clock : CK and CK# are differential clock inputs.
CK, CK# Input 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 to clock.
Clock enable : CKE HIGH activates and CKE LOW deactivates the internal clock
CKE Inout signals, input buffers, and output drivers. Power-saving modes are entered and exited]
P via CKE transitions. CKE is considered part of the command code. CKE is sampled at
the rising edge of CK.
Chip select : CS# is considered part of the command code and is sampled at the
CS# Input -
rising edge of CK.
Input data mask : DM is an input mask signal for WRITE data. Although DM balls
DM0O-DM1 Input are input-only, the DM loading is designed to match that of DQ and DQS balls.
DMJ[1:0] is DM for each of the two data bytes, respectively.
DQO - DQ15 Input Data input/output : Bidirectional data bus.
Data strobe : The data strobe is bidirectional (used for read and write data) and com-
DQS0 - DQs1 /o plementary (DQS and DQS#). It is edge-aligned output with read data and centered
DQSO0# — DQS1# input with write data. DQS[1:0)/DQS[1:0]J# is DQS for each of the two data bytes, res-
pectively.
CAO — CA9 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 noise immunity.
VSSQ Supply DQ Ground : Provide isolated ground to DQs for improved noise immunity.
VDDCA Supply Command/address power supply : Command/address power supply.
VSSCA Supply Command/address ground : Isolated on the die for improved noise immunity.
VDD1 Supply Core power : Supply 1.
VDD2 Supply Core power : Supply 2.
VSS Supply Common ground
VREFCA, Supp| Reference voltage : VREFCA is reference for command/address input buffers,
VREFDQ PRy VREFDQ is reference for DQ input buffers.
7Q 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 to VDDCA.
DNU — Do not use : Must be grounded or left floating.
NC - No connect : Not internally connected.
(NC) _ No connect : Balls indicated as (NC) are no connects, however, they could be

connected together internally.
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Address Table

Parameter 128Mb X 16 64Mb X 32
Configuration 16Mb x 8banks x 16 8Mb x 8banks x 32
Bank Address BAO ~ BA2 BAO ~ BA2
Row Address RO ~ R13 RO ~ R13

Column Address C0~C9 C0~C8

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

Pin Description(X32)

Symbol Type Description
Clock : CK and CK# are differential clock inputs.
CK, CK# Input 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 to clock.
Clock enable : CKE HIGH activates and CKE LOW deactivates the internal clock
CKE Inout signals, input buffers, and output drivers. Power-saving modes are entered and exited]
P via CKE transitions. CKE is considered part of the command code. CKE is sampled at
the rising edge of CK.
Chip select : CS# is considered part of the command code and is sampled at the
CS# Input -
rising edge of CK.
Input data mask : DM is an input mask signal for WRITE data. Although DM balls
DMO0-DM3 Input are input-only, the DM loading is designed to match that of DQ and DQS balls.
DM[3:0] is DM for each of the four data bytes, respectively.
DQO - DQ31 Input Data input/output : Bidirectional data bus.
Data strobe : The data strobe is bidirectional (used for read and write data) and com-
DQS0 - DQS3 /o plementary (DQS and DQS#). It is edge-aligned output with read data and centered
DQSO0# — DQS3# input with write data. DQS[3:0]/DQS[3:0]J# is DQS for each of the four data bytes, res-
pectively.
CAO — CA8 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 noise immunity.
VSSQ Supply DQ Ground : Provide isolated ground to DQs for improved noise immunity.
VDDCA Supply Command/address power supply : Command/address power supply.
VSSCA Supply Command/address ground : Isolated on the die for improved noise immunity.
VDD1 Supply Core power : Supply 1.
VDD2 Supply Core power : Supply 2.
VSS Supply Common ground
VREFCA, Supp| Reference voltage : VREFCA is reference for command/address input buffers,
VREFDQ PRy VREFDQ is reference for DQ input buffers.
7Q 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 to VDDCA.
DNU — Do not use : Must be grounded or left floating.
NC - No connect : Not internally connected.
(NC) _ No connect : Balls indicated as (NC) are no connects, however, they could be

connected together internally.
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Functional Description

Mobile LPDDR?2 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 the system.

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 the clock.

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 at the
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 1/0 pins.

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

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 be accessed.

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 burst access.
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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 Figurel).

Power-up and initialization by means other than those specified will result in undefined operation.

1. Voltage Ramp

While applying power (after Ta), CKE must be held LOW (<0.2 xVbbca), and all other inputs must be between Vimin and ViHmax.
The device outputs remain at High-Z while CKE is held LOW. On or before the completion of the voltage ramp (Tb), CKE must

be held LOW. DQ, DM, DQS, and DQS# voltage levels must be Between VSSQ and VDDQ during voltage ramp to avoid latch-up.
CK, CK#, CS#, and CA input levels must be between VSSCA and VDDCA during voltage ramp to avoid latch up.

The following conditions apply for voltage ramp :
» Tais the point when any power supply first reaches 300mV.
» Noted conditions apply betweenTa and power-down (controlled or uncontrolled).
* Tbis the point at which all supply and reference voltages are within their defined operating ranges.
» Power ramp duration tINITO (Tb -Ta) must not exceed 20ms.
» For supply and reference voltage operating conditions, see the Recommended DC Operating Conditions table.

» The voltage difference between any ofVSS,VSSQ, andVSSCA pins must not exceed 100mV.

Voltage Ramp Completion.

After Ta is reached :
» VDD1 must be greater than VDD2 - 200mV
» VDD1 and VDD2 must be greater than VDDCA—200mV
» VDD1 and VDD2 must be greater than VDDQ-—200mV

» VREF must always be less than all other supply voltages

Beginning at Th, 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 x tCK prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS#, and CA inputs must observe setup and hold
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 tINIT3=200pus (Td).

2. RESET Command

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 NOP commands.

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 (page 53)).

The MRR command can be used to poll the DAI bit, which indicates when device auto initialization is complete; otherwise, the cont-
roller must wait a minimum of tINIT5, or until the DAI bit is set, before proceeding. Because the memory output buffers are not prop-
erly configured by Te, some AC parameters must use relaxed timing specifications before the system is appropriately configured.
After the DAI bit (MRO, DAI) is set to zero by the memory device (DAl complete), the device is in the idle state (Tf). DAI status can be
determined by issuing the MRR command to MRO. The device sets the DAI bit no later than tINIT5 after the RESET command.

The controller must wait at least tINIT5 or until the DAI bit is set before proceeding.
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4.7Q Calibration

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 calibration commands.

The device is ready for normal operation after tZQINIT.

5.Normal Operation

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 changed using
the procedure described in Input Clock Frequency Changes and Clock Stop with CKE HIGH (page 62).

Figure 1 : Voltage Ramp and Initialization Sequence
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Note : 1. High-Z on the CA bus indicates valid NOP.
Tablel : Initialization Timing Parameters
Value )
Parameter : Unit Comment
Min Max
tINITO - 20 ms Maximum voltage ramp time
tINIT1 100 - ns Minimum CKE LOW time after completion of voltage ramp
tINIT2 5 - tCK Minimum stable clock before first CKE HIGH
tINIT3 200 - us Minimum idle time after first CKE assertion
tINIT4 1 - us Minimum idle time after RESET command
tINITS - 10 us Maximum duration of device auto initialization
tZQINIT 1 - us ZQ initial calibration (S4 devices only)
tCKb 18 - ns Clock cycle time during boot
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Initialization After RESET (Without Voltage Ramp)
If the RESET command is issued before or after the power-up initialization sequence, the reinitialization procedure must begin at Td.

Power-Off

While powering off, CKE must be held LOW (0.2 xXVDDCA); all other inputs must be between Vitmin and ViHmax.

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 avoid latch-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 powered off.

Required Power Supply Conditions Between Tx and Tz:
» VDD1 must be greater than VDD2 - 200mV.
» VDD1 must be greater than VDDCA - 200mV.
» VDD1 must be greater than VDDQ - 200mV.

» VREF must always be less than all other supply voltages.

The voltage difference between VSS,VSSQ, and VSSCA must not exceed 100mV.
For supply and reference voltage operating conditions, see Recommended DC Operating Conditions table.

Uncontrolled Power-Off
When an uncontrolled power-off occurs, the following conditions must be met:
At 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.
« After 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 0.5V/us between Tx and Tz.

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

Table2 : Power-Off Timing

Parameter Symbol Min Max Unit

Maximum power-off ramp time tPOFF - 2 Sec
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Mode Register Definition
LPDDR?2 devices contain a set of mode registers used for programming device operating parameters, reading device information and
status, and for initiating special operations such as DQ calibration, ZQ calibration, and device reset.

Mode Register Assignments and Definitions

The MRR command is used to read from a register.The MRW command is used to write to a register. An “R” in the access column of
the mode register assignment table indicates read-only; a “W” indicates write-only; “R/W” indicates read or WRITE capable or enabled.

Table3 : Mode Register Assignments

MR # MA [7:0] Function Access | oP7 | oP6 [ oP5 | op4 [ oP3 | oP2 | oP1 [ oPo Link

0 00h Device info R RFU RZQI DNVI| DI DAI| goto MRO

1 01lh Device feature 1 W nWR (for AP) WC| BT BL go to MR1

2 02h Device feature 2 W RFU RL and WL go to MR2

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

4 04h SDRAM refresh rate R TUF| RFU Refresh rate go to MR4

5 05h Basic config-1 R LPDDR2 Manufacturer ID go to MR5

6 06h Basic config-2 R Revision ID1 go to MR6

7 07h Basic config-3 R Revision ID2 go to MR7

8 08h Basic config-4 R 1/0 width Density Type go to MR8

9 09h Test mode w Vendor-specific test mode go to MR9
10 0Ah I/O calibration W Calibration code go to MR10
11-15 0Bh=0Fh | Reserved - RFU go to MR11
16 10h PASR_Bank W Bank mask go to MR16
17 11h PASR_Seg W Segment mask go to MR17
18-19 12h-13h Reserved - RFU go to MR18
20-31 14h—-1Fh | Reserved for NVM go to MR30
32 20h Sgtgfl‘q"t:a“on R See Table 28 go to MR32
33-39 21h—-27h | Do not use go to MR33
40 28h Egtgf‘r:'gra“o” R See Table 28 go to MR40
41-47 29h—2Fh | Do not use go to MR41
48-62 30h-3Eh | Reserved - RFU go to MR48
63 3Fh RESET w X go to MR63
64-126 40h-7Eh | Reserved - RFU go to MR64
127 7Fh Do not use go to MR127
128-190 80h—BEh | Reserved for vendor use RVU go to MR128
191 BFh Do not use | go to MR191
192-254 COh—-FEh | Reserved for vendor use RVU go to MR192
255 FFh Donotuse | go to MR255

Notes : 1. RFU bits must be set to 0 during MRW.
2. RFU bits must be read as 0 during MRR.

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

4. RFU mode registers must not be written.

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

Rev. 0.2 Mar. ‘15
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Table4 : MRO Device information

OP7 oP6 |  OPS oP4 | OP3 OP2 OP1 OPO
RFU RZQI DNVI DI DAI
. s Ob : DAI complete
DAl (Device Auto-Initialization Status) Read—only | OPO L
1b : DAI still in progress
) . Ob : SDRAM
DI (Device Information) Read-only | OP1
1b : NVM
DNVI (Data Not Valid Information) Read—only | OP2 |LPDDR2 SDRAM will not implement DNV functionality
00b : RZQ self test not executed
01b : ZQ-pin may connect to VDDCA or float
RZQI(Built in Self Test for RZQ Information) | Read—only |OP[4:3]| 10b : ZQ-pin may short to GND
11b : ZQ-pin self test completed, no error condition detected
(ZQ-pin may not connect to VDDCA or float nor short to GND)

Notes : 1. If RZQI is supported, it will be set upon completion of the MRW ZQ initialization calibration.
2. 1f 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 be corrected.
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 as Intended.

4. If a ZQ self test returns a value of 11b, this indicates that the device has detected a resistor connection to the ZQ pin. 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 ohms £1%).

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

OP7

OP6

OP5

OP4

OP3

OP2

OP1

OPO

nWR (for AP)

wcC

BT

BL

BL

Write -

only

OP[2:0]

011b:BL8
100b: BL16

010b : BL4 (default)

All others : reserved

BT

Write - only

OP3

0b : Sequential (default)
1b : Interleaved

wcC

Write — only

OoP4

0b : Wrap (default)
1b : No wrap (allowed for SDRAM BL4 only)

nWR

Write — only

OP[7:5]

001b:
010b :
011b:
100b:
101b:
110b:
All others : reserved

nWR = 3 (default)
nWR =4
nWR=5
nWR =6
nWR=7
nWR =8

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).
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Table6 : Burst Sequence by Burst Length(BL), Burst Type(BT), and Wrap Control(WC)

Burst Cycle Number and Burst Address Sequence
BL | BT | C3 | C2|Cl1]| CO |WC
1 2 3 4 5 6 7 8 9 (10|11 | 12 | 13 | 14 | 15 | 46
X X Ob | Ob 0 1 2 3
Any Wrap
4 X X 1b | Ob 2 3 0 1
N + + +
Any [ X X X Ob A AR AN
Wrap 1 2 3
X [ Ob | Ob | Ob 0 1 2 3 4 5 6 7
s X [ Ob | 1b | Ob 2 3 4 5 6 7 0 1
e
d X 1b | Ob | Ob 4 5 6 7 0 1 2 3
X 1b | 1b | Ob 6 7 0 1 2 3 4 5
Wrap
8 X [ Ob | Ob | Ob 0 1 2 3 4 5 6 7
int X [ Ob | 1b | Ob 2 3 0 1 6 7 4 5
X 1b | Ob | Ob 4 5 6 7 0 1 2 3
X 1b | 1b | Ob 6 7 4 5 2 3 0 1
No
A X X X 0b ill | t ted
ny Wrap illegal (not supported)
Ob | Ob | Ob | Ob 0 1 2 3 4 5 6 7 8 9| A|B|C|[D]|E F
Ob | Ob | 1b | Ob 2 3 4 5 6 7 8 91| A|B|C|D]|E F 0 1
Ob | 1b | Ob | Ob 4 5 6 7 8 91| A|B|C|D]|E F 0 1 2 3
S Ob | 1b | 1b | Ob 6 7 8 9| A|B|C|D]|E F 0 1 2 3 4 5
e
a 1b | Ob [ Ob | Ob |Wrap| 8 9 |A|B|C|D]|E]|F 0 1 2 3 4 5 6 7
16 b | Ob | 1b | Ob AlB|lc|D|E|F|lO|1|2]|3|4|5|6]|7]|8]09
1b | 1b [ Ob | Ob C|D|E F 0 1 2 3 4 5 6 7 8 9 | A| B
b | 1b | 1b | Ob E F 0 1 2 3 4 5 6 7 8 9| A|lB|C]|D
Int X X X 0Ob illegal (not supported)
No
A X X X | Ob illegal (not ted
ny Wrap illegal (not supported)

Notes : 1. CO input is not present on CA bus. It is implied zero.
2. For BL =4, the burst address represents C[1:0].
3. For BL = 8, the burst address represents C[2:0].

4. For BL = 16, the burst address represents C[3:0].

5. For no-wrap, BL4, the burst must not cross the page boundary or the sub-page boundary.

The variable y can start at any address with CO equal to 0, but must not start at any address shown in the following table.
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Table7 : No — Wrap Restrictions

Bus Width 2Gb
Not across full page boundary
X 16 3FE, 3FF, 000, 001
X 32 1FE, 1FF, 000, 001
Not across full page boundary
X 16 1FE, 1FF, 200, 201
X 32 None
Note : 1. No-wrap BL = 4 data orders shown are prohibited.
Table8 : MR2 Device Feature 2 (MA[7:0] = 02h)
OP7 o6 | ops |  oPa o3 |  oP2 OP1 OPO
RFU RL and WL
0001b : RL=3/ WL=1 (default)
0010b : RL=4 / WL=2
0011b: RL=5/WL=2
RL and WL | Write - only OP [3:0] 0100b : RL=6 / WL=3
0101b: RL=7/WL=4
0110b : RL=8/WL=4
All others : reserved
Table9 : MR3 1/0O Configuration 1 (MA [7:0] =03h)
OP7 o6 | ops |  oP4 OP3 OP2 OP1 OPO
RFU DS
0000b : reserved
0001b: 34.3 ohm typical
0010b : 40 ohm typical
0011b: 48 ohm typical
DS Write - only OP [3:0] 0100b : 60 ohm typical
0101b: reserved for 68.6 ohm typical
0110b: 80 ohm typical
0111b: 120 ohm typical
All others : reserved
Tablel0: MR4 Device Temperature (MA [7:0] =04h)
OP7 o6 | ops | op4 | oP3 OP2 OP1 OPO
TUF RFU SDRAM Refresh Rate
000b : SDRAM Low temperature operating limit exceeded.
SDRAM 001b: 4x tREF, 4x tREFIpb, 4x tREFW.
Read - only OP [2:0] 010b : 2x tREF, 2x tREFIpb, 2x tREFW.
Refresh rate
011b: 1xtREF, 1x tREFIpb, 1x tREFW (<= 85°C).
100b : Reserved.
14

Rev. 0.2 Mar. ‘15




CFIDELIX

101b: 0.25x tREF, 0.25x tREFIpb, 0.25x tREFW, do not de-rate SDRAM AC timing .
Read - only OP [2:0] 110b: 0.25x tREF, 0.25x tREFIpb, 0.25x tREFW, de-rate SDRAM AC timing .
111b: SDRAM High temperature operating limit exceeded.

SDRAM
Refresh rate

Temperature

Update Flag Read - only OP7 X
(TUE) 1b : OP [2:0] value has changed since last read of MR4.

0b : OP [2:0] value has not changed since last read of MRA4.

0001b : RL=3/ WL=1 (default)
0010b : RL=4/WL=2

0011b: RL=5/WL=2

RL and WL | Write — only OP [3:0] 0100b : RL=6 / WL=3

0101b: RL=7 /WL=4

0110b : RL=8/WL=4

All others : reserved

Notes:

A Mode Register Read from MR4 will reset OP7 to ‘0’.

OP7 is reset to ‘0’ at power-up

If OP2 equals ‘1’, the device temperature is greater than 85°C

OP7 is set to’1’ if OP2-OPO0 has changed at any time since the last read of MR4.

LPDDR2 might not operate properly when OP[2:0] = 000b or 111b.

LPDDR?2 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 timing table.

Prevailing clock frequency spec and related setup and hold timings shall remain unchanged.

@ g A~ w NP

7. The recommended frequency for reading MR4 is provided in Temperature Sensor.

Tablell : MR5 Basic Configuration 1 (MA [7:0] = 05h)

OP7 o6 | ops | op4 | op3 | oP2 OP1 OPO
LPDDR2 Manufacturer ID

0000 0000b : Fidelix
All others : Reserved

LPDDR2 Manufacturer ID Read-only OP[7:0]

Tablel2 : MR6 Basic Configuration 2 (MA [7:0] = 06h)

OP7 o6 | ops | op4a | op3 | or2 OP1 OPO
Revision ID1

Revision ID1 Read-only OPJ[7:0] 0000 0000b : A-version

Tablel3: MR7 Basic Configuration 3 (MA [7:0] = 07h)

OP7 o6 | ops | op4a | op3 | oOP2 OP1 OPO
Revision ID2

Revision ID2 Read-only OPJ[7:0] 0000 0000b : A-version
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Tablel4 : MR8 Basic Configuration 4 (MA [7:0] = 08H)

OP7 OP6 o,s | opa | opP3 | oOP2 OP1 OPO
1/0 width Density Type
Type Read — only OP [1:0] 00b : S4 SDRAM
0100b : 1Gb
Density Read — only OP [5:2] 0101b: 2Gb
0110b : 4Gb
. 00b : x32
1/0 width Read — only OP [7:6]
01b: x16
Tablel5: MR9 Test Mode (MA [7:0] = 09H)
OP7 o6 | ops | oP4 OP3 OP2 OP1 OPO
Vendor — specific Test Mode

Tablel6 : MR10 Calibration (MA [7:0] = OAH)

OP7 o6 | ops |  op4 OP3 OP2 OP1 OPO
Calibration Code

OxFF : Calibration command
after initialization.

O0xAB : Long calibration

Calibration Code Write - only OP [7:0] ——
0x56 : Short calibration

OxC3 : ZQ Reset

All others : Reserved

Notes : 1. Host processor must not write MR10 with reserved values.
2. The device ignores calibration commands when a reserved value is written into MR10.

3. See AC timing table for the calibration latency.

4. 1f 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) is supported.

If ZQ is connected to Vbbca, 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 the device.

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

op7 | ope | ops | op4a | oOP3 OP2 OP1 OPO
Reserved

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

op7 | ope | ops | op4a | op3 | oP2 opr |  OPo
Bank Mask (4-bank or 8-bank)

Ob : Refresh enable to the bank
Bank [7:0] Mask Write - only OP [7:0] = unmasked (default)

1b : Refresh blocked = masked
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Tablel19 : MR17 PASR Segment Mask (MA [7:0] = 11H)

OP7 o6 | ops | op4 | OP3 OP2 opL |  oOPO

Segment Mask

0b : Refresh enable to the
Segment = unmasked (default)
Segment Write — only OP [7:0]
1b : Refresh blocked = masked
Segment [7:0] Mask OoP Segment Mask R [13:11]
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXXLXX 010b
3 3 XXXXIXXX 011b
4 4 XXXIXXXX 100b
5 5 XXLIXXXXX 101b
6 6 XIXXXXXX 110b
7 7 IXXXXXXX 111b
Table20 : Reserved Mode Register
Mode Register MA 0 Restriction | OP7 | OoP6 | OP5 | oP4 | oP3 | oP2 | oP1 | oPo
MR[18:19] 12h-13h RFU
MR[20:31] 14h-1Fh NVML
MR[33:39] 21h-27h
MR[41:47] 29h-2Fh DNU*
MR[48:62] 30h-3Eh RFU
MR[64:126] MA[7:0] 40h-7Eh RFU Reserved
MR[127] 7Fh DNU
MR[128:190] 80h-BEh RvVU?
MR[191] BFh DNU
MR[192:254] COh-FEh RVU
MR[255] FFh DNU

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

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

OP7 o6 | ops |  oOP4 OP3 op2 | oP1 OPO

X
Note : For additional information on MRW RESET see MODE REGISTER WRITE Command (page 50).
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ACTIVATE Command

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

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 are defined
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 is tRRD.

Figure 2. ACTIVATE Command

TO 1

‘o _# *('"T%F_

£

| |
|

|

|

3
Bankn Bankm Bankn ] Bankn
CA[9:0] {row add}(kﬂw addy row addy\Row addi ~ronn K Col add>—r ?—( Bankn >< X X X row addy'Row add
A T

S R y [fTTTTTe=== s A W y \N =
/ /

i A
CMD + ACTIVATE ~  NOP PRECHARGE ~. NOP X NOP X ACTIVATE )

£

Notes : 1. tRCD = 3, tRP = 3, tRRD = 2.
2. APRECHARGE 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-bank PRECHARGE.

8-Bank Device Operation

Two rules regarding 8-bank device operation must be observed.

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

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 integer value.

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 of tFAW.

The 8-Bank Device PRECHARGE ALL Provision:
tRP for a PRECHARGE ALL command must equal tRPab, which is greater than tRPpb.
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Figure 3:

tFAW Timing (8-Bank Devices)
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Note : 1. Exclusively for 8-bank devices.

Read and Write Access Modes

After a bank is activated, a READ or WRITE command can be issued with CS# LOW, CAO 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 READ Command

The burst READ command is initiated with CS# LOW, CAO HIGH, CA1 LOW, and CA2 HIGH at the rising edge of the
clock. The command address bus inputs, CA5r—CA6r and CA1f—CA9f, determine the starting column address for the
burst. The read latency (RL) is defined from the rising edge of the clock on which the READ command is issued to the
rising edge of the clock from which the tDQSCK delay is measured.The first valid data is available RL x tCK + 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 strobe edge.

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 mode registers.

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 — tDQSCK
RL- 1

RL

(MAX)

RL +BL/2

‘DQSCKmax *HZ(DQS)
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EQSQmax :QQSQm ax
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4z0Q) | | Hz(DQ)

Notes : 1. tDQSCK can span multiple clock periods.

2 An effective burst length of 4 is shown.

Transitioning data

Figure 5: READ Output Timing — tDQSCK (MIN)
RL-1 RL RL +BL/2
Kt )\
{6 QR W | | || VS { | VO
) ‘RPRE
DQS# ’ | ; \
DQS 4 T >\ }‘{
LR, "QH|
tDQSQmMax 'DQSQmax
ey v eyt
DQ L/ ?,Doubi-}::.( Dour )',{(Doug,\ o
LLE(DQ) ‘HZ(DQ)

Note : 1. An effective burst length of 4 is shown.

Transitioning data
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=5,BL =4, tDQSCK > tCK

Figure 6 : Burst READ — RL
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Figure 7 : Burst READ — RL
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Figure 8 : tDQSCKDL Timing
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Transitioning data

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

Notes : 1. tDQSCKDL

any 32ms rolling window.
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Figure 9 : tDQSCKDM Timing
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Notes : 1. tDQSCKDM = (tDQSCKn - tDQSCKm).

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

any 1.6ps rolling window.
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Transitioning data
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Figure 11: Burst READ Followed by Burst WRITE-RL =3, WL=1,BL =4
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Transitioning data

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-WRITE delay.

Figure 12' Seamless Burst READ RL =3, BL =4,CCD = 2
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Transitioning data

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 = 16 operation.
This operation is supported as long as the banks are activated, whether the accesses read the same or different banks.
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READs Interrupted by a READ
A burst READ can be interrupted by another READ with a 4-bit burst boundary, provided that tCCD is met.
A burst READ can be interrupted by other READs on any subsequent clock, provided that tCCD is met.

Figure 13: READ Burst Interrupt Example —-RL=3,BL=8, tCCD=2
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Transitioning data

Note : 1. READs can only be interrupted by other READs or the BST command.

Burst WRITE Command

The burstWRITE command is initiated with CS# LOW, CAO0 HIGH, CA1 LOW, and CA2 LOW at the rising edge of the clock.

The command address bus inputs, CA5r—CA6r and CA1f—CA9f, determine the starting column address for the burst.

Write latency (WL) is defined from the rising edge of the clock on which theWRITE command is issued to the rising edge of the clock
from which the tDQSS delay is measured.The first valid data must be drivenWL x tCK + tDQSS from the rising edge of the clock from
which the WRITE command is issued.The data strobe signal (DQS) must be driven LOW tWPRE prior to data input.

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 is completed.

After a burstWRITE operation, tWR must be satisfied before a PRECHARGE command to the same bank can be issued.

Pin input timings are measured relative to the crosspoint of DQS and its complement, DQS#.
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Figure 14 : Data Input (WRITE) Timing
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Figure 15: Burst WRITE-WL =1,BL =4
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Transitioning data
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Figure 16: Burst WRITE Followed by Burst READ - RL =3, WL =1,BL =4
T0 T T2 T3 T4 15

CK# — r———y r——=x ===
oK _fo_ SR O U O TS
| | | | | | | | | | |
| ' | | | | | | | |
e WL=T | | | | | |

1 1 1 1 1 1 1

cxs @G (X XD )

R ) FTTT T T T T T A A ST T TT T T (A N R R L N STTTTT TS T A
CMDJ "WRITE )< NOP W NoP }4\ NOP :;—f\ NOP { NOP  { READ )M NOP  { NOP

DQS#

S S S -
00— B

Transitioning data
Notes : 1.The minimum number of clock cycles from the burst WRITE command to the burst READ command for any bank is
[WL + 1+ BL/2 + RU(WTR / tCK)].
2. tWTR starts at the rising edge of the clock after the last valid input data.
3. If a WRITE burst is truncated with a BST command, the effective burst length of the truncated WRITE burst should be used
as BL to calculate the minimum WRITE-to-READ delay.

Figure 17 : Seamless Burst WRITE-WL =1,BL =4, tCCD=2
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Transitioning data

Note : 1. The seamless burst WRITE operation is supported by enabling a WRITE command every other clock for BL = 4 operation,
every four clocks for BL = 8 operation, or every eight clocks for BL = 16 operation.
This operation is supported for any activated bank.

Rev. 0.2 Mar. ‘15 28



CFIDELIX

WRITES Interrupted by a WRITE
A burstWRITE can only be interrupted by anotherWRITE with a 4-bit burst boundary, provided that tCCD (MIN) is met.
AWRITE burst interrupt can occur on even clock cycles after the initial WRITE command, provided that tCCD (MIN) is met.

Figure 18: WRITE Burst Interrupt Timing -WL =1, BL =8, tCCD =2
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Transitioning data

Notes : 1. WRITEs can only be interrupted by other WRITEs or the BST command.
2. The effective burst length of the first WRITE equals two times the number of clock cycles between the first
WRITE and the interrupting WRITE.

BURST TERMINATE Command
The BURSTTERMINATE (BST) command is initiated with CS# LOW, CAO 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 WRITE burst.
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 :
« Effective burst length = 2 x (number of clock cycles from the READ or WRITE command to the BST command).
» If 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-READ delay.
» The BST command only affects the most recent READ or WRITE command.
The BST command truncates an ongoing READ burst RL x tCK + tDQSCK + tDQSQ after the rising edge of the clock where the BST command
is issued.
The BST command truncates an on going WRITE burst WL X tCK + tDQSS after the rising edge of the clock where the BST command is issued.
» The 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.
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Figure 19 : Burst WRITE Truncated by BST-WL =1, BL =16
T2 T3 T6 T7 T8
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. BST prohibited Transitioning data
Notes : 1. The BST command truncates an ongoing WRITE burst WL x tCK + 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 WRITE command.
3. Additional BST commands are not supported after T4 and must not be issued until after the next READ or WRITE command.

Figure 20: Burst READ Truncated by BST-RL =3,BL =16
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. BST prohibited Transitioning data

Notes : 1. The BST command truncates an ongoing READ burst (RL x tCK + tDQSCK + tDQSQ) 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 READ command.

3. Additional BST commands are not supported after T4 and must not be issued until after the next READ or WRITE command.
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Write Data Mask

On LPDDR?2 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 system timing.

Figure 21: Data Mask Timing
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Figure 22: Write Data Mask — Second Data Bit Masked
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Note : 1. For the data mask function, WL = 2, BL = 4 is shown; the second data bit is masked.
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PRECHARGE Command

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

The PRECHARGE command is initiated with CS# LOW, CAO HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising edge of the
clock. The PRECHARGE command can be used to precharge each bank independently or all banks simultaneously. For 4-bank
devices, the AB flag and bank address bits BAO and BA1 are used to determine which bank(s) to precharge.

For 8-bank devices, the AB flag and the bank address bits BAO, 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 is issued.

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 (page 17).

Table 22: Bank Selection for PRECHARGE by Address Bits

BA2
AB(CA4r) (CA9r) (cBﬁéLr) (C?:?Or) PreBCingr?kegerailgz(S)

0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don’t Care Don’t Care Don’t Care All Banks

READ Burst Followed by PRECHARGE

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) has elapsed.

A PRECHARGE command cannot be issued until after tRAS is satisfied.

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 READ command.

If the burst is truncated by a BST command, the effective BL value is used to calculate when tRTP begins.
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Figure 23: READ Burst Followed by PRECHARGE - RL = 3, BL = 8, RU(tRTP(MIN)/tCK) = 2
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Figure 24: READ Burst Followed by PRECHARGE - RL = 3, BL = 4, RU(tRTP(MIN)/tCK) = 3
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Transitioning data

WRITE Burst Followed by PRECHARGE

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

tWR delay is referenced from the completion of the burst WRITE. The PRECHARGE command must not be issued prior 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 after a

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

+ BL/2 + 1 + RU(tWR/CK) clock cycles. For untruncated bursts, BL is the value set in the mode register. For truncated bursts,

BL is the effective burst length.
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Figure 25 : WRITE Burst Followed by PRECHARGE - WL =1,BL =4
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Transitioning data

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
enable the active bank to automatically begin precharge at the earliest possible moment during the burst READ or WRITE cycle.

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

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 data access.

READ Burst with Auto Precharge
If AP (CAOf) is HIGH when a READ command is issued, the READ with auto precharge function is engaged.
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 satisfied simultaneously:

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

» The RAS cycle time (tRC) from the previous bank activation has been satisfied.
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Figure 26 : READ Burst with Auto Precharge — RL = 3, BL = 4, RU(RTP(MIN)/tCK) = 2
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Transitioning data

WRITE Burst with Auto Precharge
If AP (CAOf) is HIGH when aWRITE command is issued, theWRITE with auto precharge function is engaged.
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 are met:
» The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.

» The RAS cycle time (tRC) from the previous bank activation has been satisfied.

Figure 27 : Write Burst with Auto Precharge — WL=1, BL=4
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Transitioning data
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Table23: Precharge and Auto Precharge Clarification

From Command To Command Minimum Delay Between Commands Unit | Notes

READ Precharge to same bank as read BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1
Precharge all BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1
BST Precharge to same bank as read 1 CLK 1
Precharge all 1 CLK 1

Precharge to same bank as read w/AP | BL/2 + MAX(2, RU(tRTP/ICK)) - 2 CLK 1,2
Precharge all BL/2 + MAX(2, RU(tRTP/tCK)) - 2 CLK 1
Activate to same bank as read w/AP BL/2 + MAX(2, RU(tRTP/tCK)) - 2 + RU(tRPpb/tCK) CLK 1
READ w/AP Write or WRITE W/AP (same bank) lllegal CLK 3
Write or WRITE w/AP (different bank) | RL + BL/2 + RU(tDQSCKmax/tCK) - WL + 1 CLK 3
Read or read W/AP (same bank) lllegal CLK 3
Write or WRITE w/AP (different bank) | BL/2 CLK 3
WRITE Precharge to same bank as write WL + BL/2 + RUWR/tCK) + 1 CLK 1
Precharge all WL + BL/2 + RU(WR/CK) + 1 CLK 1
BST Precharge to same bank as write WL + RU(WR/CK) + 1 CLK 1
Precharge all WL + RUGMWR/NACK) + 1 CLK 1

\';;i‘;harge to same bank as WRITE |\, |, | /5 + RUGWRILCK) + 1 CLK | 1,2
Precharge all WL + BL/2 + RUIWR/IACK) + 1 CLK 1
WRITE W/AP Activate to same bank as write w/AP WL + BL/2 + RUWR/NACK) + 1 + RU(tRPpb/tCK) CLK 1
Write or WRITE w/ap (same bank) lllegal CLK 3
Write or WRITE w/ap (different bank) BL/2 CLK 3
Read or read w/ap (same bank) lllegal CLK 3
Read or read w/ap (different bank) WL + BL/2 + RUGWTR/IACK) + 1 CLK 3
Precharge Precharge to same bank as precharge | 1 CLK 1
9 Precharge all 1 CLK 1
Precharae all Precharge 1 CLK 1

9 Precharge all 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 that bank.
The PRECHARGE period is satisfied after tRP, depending on the latest PRECHARGE command issued to that bank.

2. Any command issued during the specified minimum delay time is illegal.

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

precharge, seamless WRITE operations to different banks are supported. READ with auto precharge and WRITE with auto
precharge must not be interrupted or truncated.
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REFRESH Command
The REFRESH command is initiated with CS# LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising edge of the clock.
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 eight banks.
A per-bank REFRESH command (REFpb) performs a per-bank REFRESH operation to the bank scheduled by the bank counter in
the memory device.The bank sequence for per-bank REFRESH is fixed to be a sequential round-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 self refresh.
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-bank REFRESH
command. The REFpb command must not be issued to the device until the following conditions have been met:

» tRFCab has been satisfied after the prior REFab command.

* tRFCpb has been satisfied after the prior REFpb command.

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

« tRRD 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 REFpb command).

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 the cycle.
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 affected bank will be in the idle state.
After issuing REFpb, the following conditions must be met:

» tRFCpb must be satisfied before issuing a REFab command.

» tRFCpb must be satisfied before issuing an ACTIVATE command to the same bank.

» tRRD must be satisfied before issuing an ACTIVATE command to a different bank.

» tRFCpb must be satisfied before issuing another REFpb command.
An all-bank REFRESH command (REFab) issues a REFRESH command to all banks.
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 to zero.
The REFab command must not be issued to the device until the following conditions have been met:

» tRFCab has been satisfied following the prior REFab command.

» tRFCpb has been satisfied following the prior REFpb command.

* tRP has been satisfied following the prior PRECHARGE commands.
After an all-bank REFRESH cycle has completed, all banks will be idle. After issuing REFab:

» tRFCab latency must be satisfied before issuing an ACTIVATE command.

» tRFCab latency must be satisfied before issuing a REFab or REFpb command.
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Table24 : Refresh Command Scheduling Separation Requirements

Symbol | Minimum delay From To Notes
REFab
tRFCab REFab ACTIVATE command to any bank
REFpb
REFab
tRFCpb REFpb ACTIVATE command to same bank as REFpb
REFpb
REFpb ACTIVATE command to a different bank than REFpb
tRRD REFpb 1
ACTIVATE - -
ACTIVATE command to a different bank than the prior ACTIVATE command

Note : 1. A bank must be in the idle state before it is refreshed, so REFab is prohibited following an ACTIVATE command.
REFpb is supported only if it affects a bank that is in the idle state.

Mobile LPDDR2 devices provide significant flexibility in scheduling REFRESH commands as long as the required boundary conditions
are met (see Figure 32).

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 LPDDR?2 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) x tREFBW = tREFW - R x 4 x tRFCab.

For example, a 1Gb device atTC < 85°C can be operated without a refresh for up to 32ms - 4096 x 4 x 130ns = 30ms.

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 pattern transitions.

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 REFRESH commands.

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. Fidelix 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 Figure 31).
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Figure28 : Regular Distributed Refresh Pattern
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Notes : 1. Compared to repetitive burst REFRESH with subsequent REFRESH pause.
2. As an example, in a 1Gb LPDDR2 device at TC < 85°C, the distributed refresh pattern has one REFRESH command per
7.8us; the burst refresh pattern has one REFRESH command per 0.52ps, followed by = 30ms without any REFRESH
command.
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Figure29 : Supported Transition from Repetitive REFRESH Burst
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Notes : 1. Shown with subsequent REFRESH pause to regular distributed refresh pattern.
2. As an example, in a 1Gb LPDDR2 device at TC < 85°C, the distributed refresh pattern has one REFRESH command per
7.8us; the burst refresh pattern has one REFRESH command per 0.52ps, followed by = 30ms without any REFRESH

command.
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Figure30 : Nonsupported Transition from Repetitive REFRESH Burst
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Notes : 1. Shown with subsequent REFRESH pause to regular distributed refresh pattern.

2. There are only = 2048 REFRESH commands in the indicated tREFW window. This does not provide the required minimum
number of REFRESH commands (R). PDF:
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Figure3l : Recommended Self Refresh Entry and Exit
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Note : 1. In conjunction with a burst/pause refresh pattern.

REFRESH Requirements

1. Minimum Number of REFRESH Commands
Mobile LPDDR2 requires a minimum number, R, of REFRESH (REFab) commands within any rolling refresh window (tREFW =
32 ms @ MR4[2:0] = 011 orTC < 85°C). For actual values per density and the resulting average refresh interval (tREFI), (see Table
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 REFRESH Limitation
To limit current consumption, a maximum of eight REFab commands can be issued in any rolling tREFBW (tREFBW =4 x 8 x
tRFCab). This condition does not apply if REFpb commands are used.

3. REFRESH Requirements and Self Refresh
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:

R = RU[tSRF] “R- RU[ R x {SRF
REFI tREFW,

Where RU represents theround-up function.
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Figure 32: tSRF Definition
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4. Several intervals in self refresh during one tREFW interval. In this example, tSRF = tSRF1 + tSRF2.

Figure 33 All-Bank REFRESH Operation
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Notes : 1. Prior to TO, the REFpb bank counter points to bank 0.

2. Operations to banks other than the bank being refreshed are supported during the tRFCpb period.
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SELF REFRESH Operation

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 the clock.

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 refresh mode.

Mobile LPDDR2 devices can operate in self refresh mode in both the standard and extended temperature ranges. These devices also
manage self refresh power consumption when the operating temperature changes, resulting in the lowest possible power consumption
across the operating temperature range. See Table 59 for details.

After the device has entered self refresh mode, all external signals other than CKE are “Don’t Care.” 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 self refresh.

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

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 valid command
can be issued to the device. This provides completion time for any internal refresh in progress. For proper operation, CKE must remain
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 REFRESH command.
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Figure 35: SELF REFRESH Operation
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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 refresh mode.
3. tXSR begins at the rising edge of the clock after CKE is driven HIGH.
4. Avalid command can be issued only after tXSR is satisfied. NOPs must be issued during tXSR.

Partial-Array Self Refresh — Bank Masking

Devices in densities of 64Mb—-512Mb 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
(accessible via the MRW command) is assigned to program the bank-masking status of each bank up to eight banks.

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

The mask bit to the bank enables or disables a refresh operation of the entire memory space within 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 “unmasked.”"When a bank mask bit is unmasked, the array space being refreshed within that
bank is determined by the programmed status of the segment mask bits.

Partial-Array Self Refresh — Segment Masking

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

When the mask bit to an address range (represented as a segment) is programmed as “masked,” a REFRESH operation to that seg-
ment is blocked. Conversely, when a segment mask bit to an address range is unmasked, refresh to that segment is enabled.

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 across all banks. For segment masking bit assignments, see the tables noted above.
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Table26 : Bank and Segment Masking Example

Segment Mask(MR17) [ BankO [ Bankl | Bank2 | Bank3 | Bank4 | Bank5 | Bank6 Bank7
Bank Mask(MR16) 0 1 0 0 0 0 0 1
Segment 0 0 - - - - - - M
Segment 1 0 - M - - - - - M
Segment 2 1 M M M M M M M M
Segment 3 0 - M - - - - - M
Segment 4 0 - M - - - - - M
Segment 5 0 - M - - - - - M
Segment 6 0 - M - - - - - M
Segment 7 1 M M M M M M M M

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

MODE REGISTER READ

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, CAO LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the rising edge of the clock.

The mode register is selected by CA1f—CAOf and CA9r—CA4r.The mode register contents are available on the first data beat of DQ[7:0]
after RL x 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 READ burst.

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

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

Figure 36: MRR Timing — RL =3, tMRR =2

TO T1 T2 T3 T4 T5 T6 T7 T8
CK# ~ W W \/ I/ W W ) Y, I y W ) W W W I/ Wy
T TSR SN T N N N N T N T |
=== === === e e Mt ‘=== e e Mt ===
i i I ' I I i I i I i i I i i I i I
| ! ,  RL=3 | ! | | | | | | | | | | | |
| 1 I I ! L I — I e N N N I N
caror0] feagich feagie e X X X X X X X XX
i i i i i i i i i i i i i i i i i i
I I "™RR=2 | | | ™RR=2 | I I I I I I I I I I
s et S R et S SR SO AN S R S AR A
CMD~{ MRR! = NOPZ )« MRR! < NOPZ —  valid W ' W !
“‘I“““F‘ .-__T_____—f—) R I r_'r .__—l ______ (. .__-[ _____ B It niiiinks Sl it Rl \__I______T__' e Bl
| | | | | | | | | | | i | | | | | |
i i I i I I i I i I i I i i I i I
DQS# I I I I I I [} | . | [} I I [} I [} | |
DQS | | | | | |
| | | | | |
I I I I I I
| | | | | |
i i I i I I
DQ[710]3 I I T T I I
| | | | | |
I I i I I i
| | | | | |
I I I I I I
DQIMAX:8] : : : : : :
| | | | | |

Transitioning data Undefined

Notes : 1. MRRs to DQ calibration registers MR32 and MR40 are described in DQ Calibration (page 48).
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Notes : 1. MRRs to DQ calibration registers MR32 and MR40 are described in DQ Calibration (page 48).
2. Only the NOP command is supported during tMRR.
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 MRR burst.
4. Minimum MRR to write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 - WL clock cycles.
5. Minimum MRR to MRW latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 clock cycles.

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(WTR/tCK) clock cycles have completed. If a READ or WRITE burst is truncated with a BST command, the effective burst
length of the truncated burst should be used for the BL value.

Figure 37: READ to MRR Timing —RL =3, tMRR =2
T5
4

__TO ___T1 ___T2 ___T3 ___Tr!l o ___T6 ___17 ___TB )
Cgi :\I' ) \" ] i % * }:é * " ’: I ’:J X ‘|‘f i ‘|;‘ ' ' I‘
| BL2 | | I I I I I I I I I I
| I I I I I I I I I I

| 1 1 1 1 1 1 1 1 1

-+

el GER) @) f EBES OO X OO

DQ[7:0]

DQ[MAX:8]

Transitioning data Undefined

Notes : 1. The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.
2. Only the NOP command is supported during tMRR.
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Figure 38: Burst WRITE Followed by MRR-RL =3, WL =1,BL =4
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Transitioning data

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 during tMRR.

Temperature Sensor

Mobile LPDDR?2 devices feature a temperature sensor whose status can be read from MR4.

This sensor can be used to determine an appropriate refresh rate, determine whether AC timing derating is required in the extended
temperature range, and/or monitor the operating temperature. Either the temperature sensor or the device operating temperature can
be used to determine whether operating temperature requirements are being met (see Operating Temperature Range table).
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 than tTSI.

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 noted above).

For example, TCASE could be above 85°C when MR4[2:0] equals 011b. To ensure proper operation using the temperature sensor,

applications must accommodate the parameters in the temperature sensor definitions table.

Table 27: Temperature Sensor Definitions and Operating Conditions

Parameter Description Symbol Min/Max Value Unit
System Maximum temperature gradient experienced by the memory . System .
Temperature Gradient| device at the temperature of interest over a range of 2°C TempGradientf = MAX dependent Cls
MR4 READ interval | Time period between MR4 READs from the System ReadInterval MAX djgsrt]zr:m ms
Tempe_rature Maximum delay between internal updates of MR4 TSI MAX 32 ms
Sensor interval
System Maximum response time from an MR4 READ to the SvsRespDela MAX System ms
response delay system response Y P Y dependent
Device Margin above maximum temperature to support controller TempMargin MAX 2 c
temperature margin | response pvarg
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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
following equation:

TempGradient x (ReadInterval + TSI + SysRespDelay) < 2°C

For example, ifTempGradient is 10°C/s and the SysRespDelay is 1ms:

10°C/s X (ReadlInterval + 32ms +1ms) < 2°C

In this case, ReadInterval must not exceed 167ms.

Figure 39: Temperature Sensor Timing

Temp
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A A o
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DQ Calibration

Mobile LPDDR?2 devices feature a DQ calibration function that outputs one of two predefined system timing calibration patterns.

For x16 devices, pattern A (MRR to MRR32), and pattern B (MRR to MRRA40), will return the specified pattern on DQO and DQ8; x32
devices return the specified pattern on DQO, DQ8, DQ16, and DQ24.

For x16 devices, DQ[7:1] and DQ[15:9] drive the same information as DQO during the MRR burst. For x32 devices, DQ[7:1], DQ[15:9],
DQI[23:17], and DQ[31:25] drive the same information as DQO during the MRR burst. MRR DQ calibration commands can occur only
in the idle state.
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Transitioning data D Optionally driven the same as DQO or Ob

Only the NOP command is supported during tMRR.

Note : 1.

Table28 : Data Calibration Pattern Description

Description

Reads to MR32 return DQ calibration pattern A

Reads to MR40 return DQ calibration pattern B

0

1

Bit Time O | Bit Time 1 | Bit Time 2 | Bit Time 3

MR#

MR32

MR40

Pattern

Pattern A

Pattern B

50
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MODE REGISTER WRITE Command
The MODE REGISTERWRITE (MRW) command is used to write configuration data to the mode registers.
The MRW command is initiated with CS# LOW, CAO LOW, CA1 LOW, CA2 LOW, and CA3 LOW at the rising edge of the clock.
The mode register is selected by CA1f—CAOf, CA9r—CA4r.The data to be written to the mode register is contained in CA9f—CA2f.
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 ALL command.

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

TO T1 T2 Tx Tx+ 1 T+ 2 Ty! Ty + 1 Ty+2
CK#——y——y~—— R Ty T T T Ty T T Ty T T Ty T W
CK _.’_"f:'_._ f}'\ T,-"L ._’—H\—/_'F i lj M a"JF" ) J.}.\—;}; .I:I E f —"4‘ _J‘: —‘:L AI\ —’4\
|| || | | | | | || |
R S 2 N SO S OV A N T T B
| | | | | o | | | . Lo L L !
CA[9:0] <MR add XMR data>::: Y \\_:' E WMR addr)( MR data>< >< _,:' Ex X \\ D
| | | | | [ | | | | | [ | | | | | |
| | | | | | | | | | | | | | | | | |
PO Lo LN U SR ANV S O L BN S L.
CMD+4 MRW < NOPZ =/  NOP?/ lT MRW —  NOPZ =  NOPZ/ P_ Mo valid M H )
"'I"""I_'a \"I__"'T' i B R “I'"“‘I'# “l_“__'l'# e e e e Al Bt phtd "'F"“'I_#
| | | | | | | | | | | | | | | | | |
Notes : 1. At time Ty, the device is in the idle state.
2. Only the NOP command is supported during tMRW.
Table29 : Truth Table for MRR and MRW
Current State Command Intermediate State Next State
MRR Reading mode register, all banks idle All banks idle
All banks idle MRW Writing mode register, all banks idle All banks idle
MRW (RESET) Resetting, device auto initialization All banks idle
MRR Reading mode register, bank(s) idle Bank(s) active
Bank(s) active MRW Not allowed Not allowed
MRW (RESET) Not allowed Not allowed

MRW RESET Command

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 (page 7)).

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 during tINIT4.

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 Figure 1.
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MRW ZQ Calibration Commands

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] = OAh) table for ZQ calibration command code definitions.

ZQINIT must be performed for LPDDR2 devices. ZQINIT provides an output impedance accuracy of +15%.

After initialization, the ZQ calibration long (ZQCL) can be used to recalibrate the system to an output impedance accuracy of +15%.

A ZQ calibration short (ZQCS) can be used periodically to compensate for temperature and voltage drift in the system.

ZQRESET resets the output impedance calibration to a default accuracy of £30% across process, voltage, and temperature.

This command is used to ensure output impedance accuracy to +30% when ZQCS and ZQCL commands are not used.

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 between ZQCS

commands can be determined using these tables and system-specific parameters.

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 following formula:

ZQcorrection
(Tsensx Tdriftrate) + (VsensxVdriftrate)

Where Tsens = MAX (dRONdT) andVsens = MAX (dRONdV) define temperature and voltage sensitivities.
For example, ifTsens = 0.75%/°C,Vsens= 0.20%/mV, Tdriftrate = 1°C/sec, and Vdriftrate = 15 mV/sec, then the interval between
ZQCS commands is calculated as:

1.5
(0.75 x 1) + (0.20 x 15)

= 0.4s

A ZQ calibration command can only be issued when the device is in the idle state with all banks precharged.

No other activities can be performed on the data bus during calibration periods (tZQINIT, tZQCL, or tZQCS).

The quiet time on the data bus helps to accurately calibrate output impedance.

There is no required quiet time after the ZQRESET command. If multiple devices share a single ZQ resistor, only one device can
be calibrating at any given time. After calibration is complete, the ZQ ball circuitry is disabled to reduce power 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 to VDDCA.

In this situation, the device must ignore ZQ calibration commands and the device will use the default calibration settings.
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Figure 42: ZQ Timings
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Notes : 1. Only the NOP command is supported during ZQ calibrations.
2. CKE must be registered HIGH continuously during the calibration period.

3. All devices connected to the DQ bus should be High-Z during the calibration process.

ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ calibration function, a 240 ohm (1% tolerance) external resistor must be connected between the ZQ pin
And ground. A single resistor can be used for each device or one resistor can be shared between multiple devices if the
ZQ calibration timings for each device do not overlap.The total capacitive loading on the ZQ pin must be limited

(see the Input/Output Capacitance table).
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Power-Down
Power-down is entered synchronously when CKE is registered LOW and CS# is HIGH at the rising edge of clock. A NOP command

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 are complete.

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

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

Entering power-down deactivates the input and output buffers, excluding CK, CK#, and CKE. In power-down mode, CKE must be held
LOW; all other input signals are “Don’t Care.” CKE LOW must be maintained until tCKE is satisfied. VREFCA must be Maintained at a
valid level during power-down. VDDQ can be turned off during power-down. IfVDDQ is turned off, VREFDQ must also be turned off.
Prior to exiting power-down, bothVDDQ andVREFDQ must be within their respective minimum/maximum operating ranges (see AC
and DC Operating 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 registered HIGH.

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 ACTiming section.
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Figure 43: Power-Down Entry and Exit Timing
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Note : 1. Input clock frequency can be changed or the input clock stopped during power-down, provided that the clock frequency is
between the minimum and maximum specified frequencies for the speed grade in use, and that prior to power-down exit,
a minimum of two stable clocks complete.

Figure 44: CKE Intensive Environment
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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 are ensured.
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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.

Notes : 1. CKE must be held HIGH until the end of the burst operation.
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Figure 47: READ with Auto Precharge to Power-Down Entry
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Notes : 1. CKE must be held HIGH until the end of the burst operation.

2. CKE can be registered LOW at (RL + RU(tDQSCK/CK)+ 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) is satisfied.

4. Start internal PRECHARGE.
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Figure 48: WRITE to Power-Down Entry
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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

is registered.
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Figure 49: WRITE with Auto Precharge to Power-Down Entry
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1. CKE can be registered LOW at (WL + 1 + BL/2 + RU(WR/tCK + 1) clock cycles after the WRITE command is registered.

2. Start internal PRECHARGE.

Notes :
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Figure 50: REFRESH Command to Power-Down Entry
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Note : 1. CKE can go LOW tIHCKE after the clock on which the REFRESH command is registered.

Figure 51: ACTIVATE Command to Power-Down Entry
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Note : 1. CKE can go LOW attIHCKE after the clock on which the ACTIVATE command is registered.

Figure 52: PRECHARGE Command to Power-Down Entry
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Note : 1. CKE can go LOW tIHCKE after the clock on which the PRECHARGE command is registered.
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Figure 53: MRR Command to Power-Down Entry
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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
is registered.

Figure 54: MRW Command to Power-Down Entry

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

Deep Power-Down

Deep power-down (DPD) is entered when CKE is registered LOW with CS# LOW, CAO 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 operations complete.

The contents of the array will be lost upon entering DPD mode.

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 Operating Conditions).

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 initialization sequence.
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Figure 55: Deep Power-Down Entry and Exit Timing
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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 Stop Events

Input Clock Frequency Changes and Clock Stop with CKE LOW
During CKE LOW, Mobile LPDDR2 devices support input clock frequency changes and clock stop under the following conditions:

* Refresh requirements are met
» Only REFab or REFpb commands can be in process
* Any ACTIVATE or PRECHARGE commands have completed prior to changing the frequency
* Related timing conditions,tRCD and tRP, have been met prior to changing the frequency
* The initial clock frequency must be maintained for a minimum of two clock cycles after CKE goes LOW
* The clock satisfies tCH(abs) and tCL(abs) for a minimum of two clock cycles prior to CKE going HIGH
For input clock frequency changes, tCK(MIN) and tCK(MAX) must be met for each clock cycle.
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 require adjustment to meet minimum timing requirements at the target clock frequency.
For clock stop, CK is held LOW and CK# is held HIGH.
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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 following conditions:
* REFRESH requirements are met.
» Any ACTIVATE, READ, WRITE, PRECHARGE, MRW, or MRR commands must have completed, including any associated data bursts, prior to
changing the frequency.
* Related timing conditions, tRCD, tWR, tWRA, tRP, tMRW, and tMRR, etc., are met
» CS# must be held HIGH
» Only REFab or REFpb commands can be in process
The device is ready for normal operation after the clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 x tCK + tXP.
For input clock frequency changes, tCK(MIN) and tCK(MAX) must be met for each clock cycle.
After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL, etc. These settings may
require adjustment to meet minimum timing requirements at the target clock frequency.
For clock stop, CK is held LOW and CK# is held HIGH.

NO OPERATION Command

The NO OPERATION (NOP) command prevents the device from registering any unwanted commands issued between operations. A NOP
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 with CAQ,

CAl, CA2 HIGH at the clock rising edge N.

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

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 timing specifications.

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

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

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 can continue.
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Table30 : Command Truth table
Notes 1-11 apply to all parameters conditions

Command Pins CA Pins
Command CKE i
/ICS | cA0 | cAl | cA2 | cA3 | ca4 | cAs | cae | cA7 | cas | cag | Edge
CK(n-1)| CK(n)
VRW H H L L L L L MAO | MAL | MA2 | MA3 | MA4 | mas | _F
H H X | MA6 | MA7 | oPO | oP1 | oP2 | oP3 | oP4 | oP5 | OP6 | OP7 | T %
VIRR H H L L L L H MAO | MA1 | MA2 | MA3 | MA4 | MA5 )
H H X | MA6 | MA7 X B 2
REFRESH H H L L L H [ L | X I
(per bank) H H X X ¥ _
REFRESH H H L L | L | H | H | X 5
(all banks) H H X X ¥ _
Enter self H L L L | L | H | X i
refresh X L X X E 2N
ACTIVATE H H L L H RS R9 | R10 | R11 | R12 | BAO | BAL | BA2 ! -
(bank) H H X RO R1 R2 R3 R4 R5 R6 R7 R13 | R14 | — ¥ __
H H L H L L RFU | RFU | C1 c2 | Bao | BAL | BA2 | &
WRITE(bank)
H H X AP c3 c4 C5 c6 c7 c8 Cc9 c10 | c11 | ~ ¥ _
H H L H L H RFU | RFU | C1 c2 | BAO | BAL | BA2 | &
READ bank)
H H X AP c3 ca c5 c6 c7 c8 co9 | cio | ci1 | ¥_
PRECHARGE H H L H H L H AB X X BAO | BA1 | BA2 ) -
(bank) H H X X I
H H L v ] v | | | X F
BST
H H X X i
H L L H H L X ! -
Enter DPD | | |
X L X X BE 28
H H L v | v ] H| X r
NOP
H H X X i A
'\S/'gié"l':aiggg: L L BN X 5
(NOP) L L X X ¥
NOP H H H X i
H H X X ¥
Maintain PD, L L H X Y 3
SREF, DPD,
(NOP) L L X X R 2
Enter H L H X -
power-down X L X X i 2
Exit PD, SREF, L H H X Y u
DPD X H X X ¥

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

2. Bank addresses (BA) determine which bank will be operated upon.
3. AP HIGH during a READ or WRITE command indicates that an auto precharge will occur To the bank associated with the
READ or WRITE command.
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CAXf refers to command/address bit “x” on the falling edge of clock.

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

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

11. he least-significant column address CO is not transmitted on the CA bus, and is inferred to be zero.

Table31 : CKE Truth Table

X indicates a “Don’t Care” state, with a defined logic level, either HIGH (H) or LOW (L).
Self refresh exit and DPD exit are asynchronous.
VREF must be between 0 and VDDQ during self refresh and DPD operation.
CAXxr refers to command/address bit “x” on the rising edge of clock.

Notes 1-5 apply to all parameters and conditions ; L=LOW , H=HIGH , X="Don’t Care”

Current State | CKEn-1 | CKEn| CS# Command n Operation n Next State Notes
) . . Active
Active L L X X Maintain active power-down power-down
power-down
L H H NOP Exit active power-down Active 6, ,7
S Idle
L L X X Maintain idle power-down
Idle power-down power-down
L H H NOP Exit idle power-down Idle 6,7
L L X X Maintain resetting power-down Resetct;ng
Resetting idle power-down
power-down Idle or
L H H NOP Exit resetting power-down . 6,7,8
resetting
L L X X Maintain deep power-down Deep
Deep power-down power-down
H H NOP Exit deep power-down Power-on 9
L X X Maintain self refresh Self refresh
Self refresh -
H H NOP Exit self refresh Idle 10, 11
Bank(s) active H L H NOP Enter active power-down Active
power-down
. Idle
H L H NOP Enter idle power-down
power-down
All banks idle H L L Enter self Enter self refresh Self refresh
refresh
H L L DPD Enter deep power-down Deep
power-down
Resetting H L H NOP Enter deep power-down Resetting
power-down
Other states H H Refer to the command truth table

Notes : 1. Current state = the state of the device immediately prior to the clock rising edge n.
2. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
3. CKEn = the logic state of CKE at clock rising edge n; CKEn-1 was the state of CKE at the previous clock edge.
4. CS#=the logic state of CS# at the clock rising edge n.
5. Command n = the command registered at clock edge n, and operation n is a result of command n.
6. Power-down exit time (tXP) must elapse before any command other than NOP is issued.

Rev. 0.2 Mar. 15 65



CFIDELIX

7. The clock must toggle at least twice prior to the tXP period.

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

9. The DPD exit procedure must be followed as described in Deep Power-Down (page 60).
10. Self refresh exit time (tXSR) must elapse before any command other than NOP is issued.

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

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

Notes 1-5 apply to all parameters and conditions

Current State Command Operation Next State Notes
Any NOP Continue previous operation Current state
ACTIVATE Select and activate row Active
Refresh (per bank) Begin to refresh Refreshing (per bank)
Refresh (all banks) Begin to refresh Refreshing (all banks)
Idle MRW Load value to mode register MR writing
MRR Read value from mode register Idle, MR reading
RESET Begin device auto initialization Resetting 7,8
PRECHARGE Deactivate row(s) in bank or banks Precharging 9,10
READ Select column and start read burst Reading
) WRITE Select column and start write burst Writing
Row active - - -
MRR Read value from mode register Active MR reading
PRECHARGE Deactivate row(s) in bank or banks Precharging 9
READ Select column and start new read burst Reading 11, 12
Reading WRITE Select column and start write burst Writing 11, 12, 13
BST Read burst terminate Active 14
WRITE Select column and start new write burst Writing 11,12
Writing READ Select column and start read burst Reading 11, 12,15
BST Write burst terminate Active 14
Power-on MRW RESET Begin device auto initialization Resetting 7,9
Resetting MRR Read value from mode register Resetting MR reading

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 or reserved.

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

Active : A row in the bank has been activated, and tRCD has been met. No data bursts or accesses and no 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. The states listed below must not be interrupted by a command issued to the same bank.
NOP commands or supported commands to the other bank must be issued on any clock edge occurring during these states.
Supported commands to the other banks are determined by that bank’s current state, and the definitions given in Table 33 .
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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, the bank
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 idle state.

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 idle state.

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 idle state.

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 idle state.

. Bank-specific; requires that the bank is idle and no bursts are in progress.

. Not bank-specific; requires that all banks are idle and no bursts are in progress.

. Not bank-specific.

© 0 N O

. 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 still applies.

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 precharge disabled.

13. A WRITE command can be issued after the completion of the READ burst; otherwise, a BST must be issued to end the
READ prior to asserting a WRITE command.

14. Not bank-specific. The BST command affects the most recent READ/WRITE burst started by the most recent READ /
WRITE command, regardless of bank.

15. A READ command can be issued after completion of the WRITE burst; otherwise, a BST must be used to end the WRITE

prior to asserting another READ command.
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Table 33: Current State Bank n to Command to Bank m Truth Table
Notes 1-6 apply to all parameters and conditions

Current State of Bank n

Command to Bank m Operation Next State for Bank m | notes
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command supported to Bank m - 7
ACTIVATE Select and activate row in bank m Active 8
READ Select column and start READ Reading 9
Burst from bank m
WRITE Select column and start WRITE Writing 9
— . burst to bank m
Row activating, active,
or precharging PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Idle MR reading or
MRR READ value from mode register . g 11,12,13
Active MR reading
READ or WRITE burst terminates
BST an ongoing READ/WRITE Active 7
from/to bank m
READ Select column and start READ Reading 9
burst from bank m
Reading . WRITE Select column and start WRITE Writing 914
(auto precharge disabled) burst to bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
READ Select column and start READ Reading 9.15
burst from bank m
Writing . WRITE Select column and start WRITE Writing 9
(auto precharge disabled) burst to bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
READ Select column and start READ Reading 9.16
burst from bank m
Reading with WRITE Select column and start WRITE Writing 9,14,16
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
READ Select column and start READ Reading 9.15.16
burst from bank m
Writing with WRITE Select column and start WRITE Writing 9.16
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Power-on MRW RESET Begin device auto initialization Resetting 17,18
Resetting MRR Read value from mode register Resetting MR reading

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 are HIGH.

2. All states and sequences not shown are illegal or reserved.
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3. Current state definitions:
Idle: The bank has been precharged and tRP has been met.
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 been terminated.
4. Refresh, self refresh, and MRW commands can only be issued when all banks are idle.
5. A BST command cannot be issued to another bank; it applies only to the bank represented by the current state.
6. The states listed below must not be interrupted by any executable command.
NOP commands must be applied during each clock cycle while in these states:
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 idle state.
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 idle state.
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 active state.
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 idle state.
7. BST is supported only if a READ or WRITE burst is ongoing.
8. tRRD must be met between the ACTIVATE command to bank n and any subsequent ACTIVATE command to bank m.
9. READs or WRITEs listed in the command column include READs and WRITEs with or without auto precharge enabled.
10. This command may or may not be bank-specific.
If all banks are being precharged, they must be in a valid state for precharging.
11. MRR is supported in the row-activating state.
12. MRR is supported in the precharging state.
13. The next state for bank m depends on the current state of bank m (idle, row-activating, precharging, or active).
14. A WRITE command can be issued after the completion of the READ burst;
otherwise a BST must be issued to end the READ prior to asserting a WRITE command.
15. A READ command can be issued after the completion of the WRITE burst;
otherwise, a BST must be issued to end the WRITE prior to asserting another READ command.
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 are met.
17. Not bank-specific; requires that all banks are idle and no bursts are in progress.
18. RESET command is achieved through MODE REGISTER WRITE command.

Table 34: DM Truth Table

Functional Name DM DQ notes
Write enable L Valid 1
Write inhibit H X 1

Note : 1. Used to mask write data, and is provided simultaneously with the corresponding input data.
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Electrical Specifications

Absolute Maximum Ratings
Stresses greater than those listed below may cause permanent damage to the device.

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 not implied.
Exposure to absolute maximum rating conditions for extended periods may adversely affect reliability.

Table 35: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes

VDD1 supply voltage relative to VSS VDD1 -0.4 +2.3 \% 1
VDD2 supply voltage relative to VSS VDD2 (1.2V) -0.4 +1.6 \% 1
VDDCA supply voltage relative to VSSCA VDDCA -0.4 +1.6 \% 1,2
VDDQ supply voltage relative to VSSQ VDDQ -0.4 +1.6 \% 1,3
Voltage on any ball relative to VSS Vv Vour -0.4 +1.6 \%
Storage temperature Tste -0.4 +125 °C 4
Notes : 1. See 1. Voltage Ramp under Power-Up (page 7).

2. VRercA 0.6 < VbDcA; however, VREFCA may be = VDbcA provided that VRerca < 300mV.

3. VRerDa 0.6 < VbDQ; however, VREFDQ may be = Vbba provided that VRerba < 300mV.

4. Storage temperature is the case surface temperature on the center/top side of the device.

For measurement conditions, refer to the JESD51-2 standard.
Input/Output Capacitance
Table 36: Input/Output Capacitance
Note 1 applies to all parameters and conditions
LPDDR2 1066-466 LPDDR2 400-200 i
Parameter Symbol - - Unit Notes
Min Max Min Max

Input capacitance, CK and CK# CCK 1.0 2.0 1.0 2.0 pF
Input capacitance delta, CK and CK# CDCK 0 0.2 0 0.25 pF
Input capacitance, all other input Only pins Cl 1.0 2.0 1.0 2.0 pF 1,2
Input capacitance delta, all other input Only pins 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 capacitance ZQ CzZQ 0 2.5 0 2.5 pF 4

Notes : 1. Tc —25°C to +105°C; Vpbpo = 1.14-1.3V; Vbbca = 1.14-1.3V; Vbb1 = 1.7-1.95V; Vpp2 = 1.14-1.3V.
2. This parameter applies to die devices only (does not include package capacitance).
3. This parameter is not subject to production testing. It is verified by design and characterization.

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

analyzer), with Vbb1, Vbp2, VDDQ, Vss, Vssca, and Vssq applied; all other pins are left floating.
4. Absolute value of Cck - Ccks.
5. Ci applies to CS#, CKE, and CA[9:0].
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Cbi = Ci- 0.5 x (Cck + Cck#).

DM loading matches DQ and DQS.

MR3 1/O configuration drive strength OP[3:0] = 0001b (34.3 ohm typical).
Absolute value of Cbgs and CbQs#.

© ® N o

10. Cbio =Cio - 0.5 x (Cbqs + CbqQs#) in byte-lane.
11. Maximum external load capacitance on ZQ pin: 5pF.

Electrical Specifications — IDD Specifications and Conditions
The following definitions and conditions are used in the IDD measurement tables unless stated otherwise:
« LOW:VIN <VIL(DC)max
« HIGH:VIN 2VIH(DC)min
« STABLE: Inputs are stable at a HIGH or LOW level
* SWITCHING: See the following three tables

Table 37: Switching for CA Input Signals
Notes 1-3 apply to all parameters and conditions

CK Rising/ | CK Rising/ | CK Rising/ | CK Rising/ | CK Rising/ | CK Rising/ | CK Rising/ | CK Rising/
Parameter | ck# Falling | CK# Falling | CK# Falling | CK# Falling | CK# Falling | CK# Falling | CK# Falling |CK# Falling
Cycle N N+1 N+2 N+3
CS# HIGH HIGH HIGH HIGH
CAO H L L L L H H H
CAl 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

Notes: 1. CS# must always be driven HIGH.

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

3. The noted pattern (N, N + 1, N + 2, N + 3...) is used continuously during Ipb measurement for Ipb values that require switching
on the CA bus.
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Table 38: Switching for Ipp4r

Clock CKE cs# Claecyels 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
Notes : 1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.
2. The noted pattern (N, N + 1...) is used continuously during Ipb measurement for Ibp4r
Table 39: Switching for Ibbaw
Clock CKE cs# Slosiie ol Command CA[2:0] CA[9:3] All DQ
Rising H L N Write Rising LLH LHLHLHL L
Falling H L N Write Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP LLH LHLLHLH L
Rising H L N+2 Write Rising LLH LHLLHLH H
Falling H L N+2 Write Falling LLL HHHHHHH H
Rising H H N+3 NOP LLL HHHHHHH H
Falling H H N+3 NOP LLH LHLHLHL L

Notes : 1. Data strobe (DQS) is changing between HIGH and LOW with every clock cycle.

2. Data masking (DM) must always be driven LOW.

3. The noted pattern (N, N + 1...) is used continuously during Ipb measurement for Ippaw.
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Table 40: IDD Specification and Conditions(X16)

- Data Rate .
Parameter / Condition Symbol | Power Supply Unit |Notes
-18 | -25 | -30

Operating one bank active-precharge current (SDRAM) : IDDO1 vDD1 8D | 20 | TBD
tCK = tCKml_n; tRC = tRlen; CKE_ls HIGH,; CS# is _HI(_BH IDDO02 VDD2 01| 65 |TBD | mA
between valid commands; CA bus inputs are switching; -
Data bus inputs are stable IDDOIn | VDDCA,VDDQ | TBD 8 TBD 4
Idle power-down standby current: tCK = tCKmin; CKE is LOW; IDD2P1 vDD1 TBD | 800 [ TBD
CS# is HIGH; All banks are idle; CA bus inputs are switching; IDD2P2 VDD2 TBD | 1600 | TBD | pA
Data bus inputs are stable IDD2P,in | vDDCAvDDQ | TBD | 100 | TBD 4
Idle power-down standby current with clock stop: CK = LOW, IDD2PS1 vDD1 TBD | 800 | TBD
CK# = HIGH; CKE is LOW; CS# is HIGH; All banks are idle; CA | IDD2PS2 VDD2 TBD | 1600 | TBD | pA
bus inputs are stable; Data bus inputs are stable IDD2PS,in | vbbca,vbpa | T8D | 100 | TBD 4
Idle non-power-down standby current: tCK = tCKmin; CKE is IDD2N1 vDD1 T8D | 1.7 | TBD
HIGH; CS# is HIGH; All banks are idle; CA bus inputs are IDD2N2 VDD2 TBD | 38 | TBD | mA
switching; Data bus inputs are stable IDD2N,in | VDDCA,VDDQ | TBD 8 TBD 4
Idle non-power-down standby current with clock stopped: CK = IDD2NS1 vDD1 T8D [ 1.7 | TBD
LOW; CK# = HIGH; CKE is HIGH; CS# is HIGH; All banks are IDD2NS2 VDD2 TBD | 16 | TBD | mA
idle; CA bus inputs are stable; Data bus inputs are stable IDD2NS,in [ vDDCA, vDDQ| TBD 8 TBD 4
Active power-down standby current: tCK = tCKmin; CKE is LOW, IDD3P1 vDD1 TBD [ 2000 | TBD | pA
CS# is HIGH; One bank is active; CA bus inputs are switching; IDD3P2 VDD2 TBD 4 TBD | mA
Data bus inputs are stable IDD3P,in |VvDDCA, vDDQ| TBD | 120 | TBD | pA | 4
Active power-down standby current with clock stop: CK = LOW, IDD3PS1 vDD1 TBD [2000 | TBD | pA
CK# = HIGH; CKE is LOW; CS# is HIGH; One bank is active; CA| IDD3PS2 VDD2 TBD 4 |TBD | mA
bus inputs are stable; Data bus inputs are stable IDD3PS,in [vDDCA, vDDQ| TBD | 120 | TBD | pA 4
Active non-power-down standby current: tCK = tCKmin; CKE is IDD3N1 vDD1 8D 2 8D
HIGH; CS# is HIGH; One bank is active; CA bus inputs are IDD3N2 VDD2 TBD | 40 | TBD | mA
switching; Data bus inputs are stable IDD3N,in |VDDCA, vDDQ| TBD 8 TBD 4
Active non-power-down standby current with clock stopped : IDD3NS1 vDD1 8D 2 TBD
CK = LOW, CK# = HIGH CKE is HIGH; CS# is HIGH; One bank | IDD3NS2 VDD2 TBD | 24 | TBD | mA
is active; CA bus inputs are stable; Data bus inputs are stable IDD3NS,in [ vDDCA, vDDQ| TBD 8 TBD 4
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Table 41: IDD Specification and Conditions(X16) (continued)

. Data Rate .
Parameter / Condition Symbol | Power Supply Unit |Notes
-18 | -25 | -30
Operating burst READ current: tCK = tCKmin; IDD4R1 VDD1 TBD 5 TBD
CS# is HIGH between valid commands; One pank is active; IDD4R2 VDD2 8D | 220 | TBD | ma
BL = 4; RL =RL (MIN); CA bus inputs are switching; 50% data :
change each burst transfer IDD4R,in VDDCA TBD| 8 | TBD
Operating burst WRITE current; tCK = tCKmin; CS# is HIGH IDD4W1 VDD1 8D | 10 | TBD
between valid commands; One bank is active; BL = 4; WL =
; : e ' ' IDD4W?2 VDD2 TBD | 185 | TBD
WLmin; CA bus inputs are switching; 50% data change each mA
burst transfer IDD4W,in |VDDCA, VDDQ| TBD | 28 | TBD 4
All-bank REFRESH burst current: tCK = tCKmin; CKE is HIGH IDDs1 VbD1 TBD [ 20 | TBD
between valid commands; tRC = tRFCabmin; Burst refresh; CA IDD52 VDD2 TBD | 130 | TBD | mA
bus inputs are switching; Data bus inputs are stable IDD5IN | VDDCA, VDDQ| TBD s TBD 4
All-bank REFRESH average current: tCK = tCKmin; IDD5AB1 VDD1 TBD 6 TBD
CKE is HIGH between valid commands; tRC = tREFI; IDD5AB2 VDD2 TBD | 40 | TBD | mA
CA bus inputs are switching; Data bus inputs are stable IDD5AB,in | VDDCA, VDDQ| TBD s TBD 4
Per-bank REFRESH average current: tCK = tCKmin; IDD5PB1 vVDD1 TBD 6 8D >
CKE is HIGH between valid commands; tRC = tREFI/8; IDD5PB2 VDD2 TBD | 40 | TBD | mA 5
CA bus inputs are switching; Data bus inputs are stable IDD5PB,in | VDDCA, VDDQ| TBD 3 TBD 4.5
Self refresh current (—25°C to +85°C): CK = LOW, CK# = HIGH; | _!DD61 vDD1 TBD | 1400 | TBD 6
CKE is LOW; CA bus inputs are stable; Data bus inputs are IDD62 VDD2 TBD | 3000 | TBD | pA 6
stable; Maximum 1x self refresh rate IDD6IN VDDCA, VDDQ TBD 100 TBD 4.6
Deep power-down current: CK = LOW, CK# = HIGH,; IDD81 VDD1 TBD | 50 | TBD 7
CKE is LOW; CA bus inputs are stable; Data bus inputs are IDD82 VDD2 TBD | 30 | TBD | pA 7
stable IDD8IN | vDDCA, vDDQ| TBD | 30 | TBD 4,7

Notes : 1. IDD values are the maximum of the distribution of the arithmetic mean.

2. IDD current specifications are tested after the device is properly initialized.

3. The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh, before going into the

extended temperature range.
. Measured currents are the sum of VDDQ and VDDCA.

N o o b

. Per-bank REFRESH is only applicable for LPDDR2-S4 device densities 1Gb or higher.
. This is the general definition that applies to full-array self refresh.
. IDD6ET and IDD8 are typical values, are sampled only, and are not tested.
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Table 42: IDD Specification and Conditions(X32)

- Data Rate .
Parameter / Condition Symbol | Power Supply Unit |Notes
-18 | -25 | -30

Operating one bank active-precharge current (SDRAM) : IDDO1 vDD1 8D | 20 | TBD
tCK = tCKml_n; tRC = tRlen; CKE_ls HIGH,; CS# is _HI(_BH IDDO02 VDD2 01| 65 |TBD | mA
between valid commands; CA bus inputs are switching; -
Data bus inputs are stable IDDOIn | VDDCA,VDDQ | TBD 8 TBD 4
Idle power-down standby current: tCK = tCKmin; CKE is LOW; IDD2P1 vDD1 TBD | 800 [ TBD
CS# is HIGH; All banks are idle; CA bus inputs are switching; IDD2P2 VDD2 TBD | 1600 | TBD | pA
Data bus inputs are stable IDD2P,in | vDDCAvDDQ | TBD | 100 | TBD 4
Idle power-down standby current with clock stop: CK = LOW, IDD2PS1 vDD1 TBD | 800 | TBD
CK# = HIGH; CKE is LOW; CS# is HIGH; All banks are idle; CA | IDD2PS2 VDD2 TBD | 1600 | TBD | pA
bus inputs are stable; Data bus inputs are stable IDD2PS,in | vbbca,vbpa | T8D | 100 | TBD 4
Idle non-power-down standby current: tCK = tCKmin; CKE is IDD2N1 vDD1 T8D | 1.7 | TBD
HIGH; CS# is HIGH; All banks are idle; CA bus inputs are IDD2N2 VDD2 TBD | 38 | TBD | mA
switching; Data bus inputs are stable IDD2N,in | VDDCA,VDDQ | TBD 8 TBD 4
Idle non-power-down standby current with clock stopped: CK = IDD2NS1 vDD1 T8D [ 1.7 | TBD
LOW; CK# = HIGH; CKE is HIGH; CS# is HIGH; All banks are IDD2NS2 VDD2 TBD | 16 | TBD | mA
idle; CA bus inputs are stable; Data bus inputs are stable IDD2NS,in [ vDDCA, vDDQ| TBD 8 TBD 4
Active power-down standby current: tCK = tCKmin; CKE is LOW, IDD3P1 vDD1 TBD [ 2000 | TBD | pA
CS# is HIGH; One bank is active; CA bus inputs are switching; IDD3P2 VDD2 TBD 4 TBD | mA
Data bus inputs are stable IDD3P,in |VvDDCA, vDDQ| TBD | 120 | TBD | pA | 4
Active power-down standby current with clock stop: CK = LOW, IDD3PS1 vDD1 TBD [2000 | TBD | pA
CK# = HIGH; CKE is LOW; CS# is HIGH; One bank is active; CA| IDD3PS2 VDD2 TBD 4 |TBD | mA
bus inputs are stable; Data bus inputs are stable IDD3PS,in [vDDCA, vDDQ| TBD | 120 | TBD | pA 4
Active non-power-down standby current: tCK = tCKmin; CKE is IDD3N1 vDD1 8D 2 8D
HIGH; CS# is HIGH; One bank is active; CA bus inputs are IDD3N2 VDD2 TBD | 40 | TBD | mA
switching; Data bus inputs are stable IDD3N,in |VDDCA, vDDQ| TBD 8 TBD 4
Active non-power-down standby current with clock stopped : IDD3NS1 vDD1 8D 2 TBD
CK = LOW, CK# = HIGH CKE is HIGH; CS# is HIGH; One bank | IDD3NS2 VDD2 TBD | 24 | TBD | mA
is active; CA bus inputs are stable; Data bus inputs are stable IDD3NS,in [ vDDCA, vDDQ| TBD 8 TBD 4
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Table 43: IDD Specification and Conditions(X32) (continued)

. Data Rate .
Parameter / Condition Symbol | Power Supply Unit |Notes
-18 | -25 | -30
Operating burst READ current: tCK = tCKmin; IDD4R1 VDD1 TBD 5 TBD
CS# is HIGH between valid commands; One pank is active; IDD4R2 VDD2 8D | 220 | TBD | ma
BL = 4; RL =RL (MIN); CA bus inputs are switching; 50% data :
change each burst transfer IDD4R,in VDDCA TBD| 8 | TBD
Operating burst WRITE current; tCK = tCKmin; CS# is HIGH IDD4W1 VDD1 8D | 10 | TBD
between valid commands; One bank is active; BL = 4; WL =
; : e ' ' IDD4W?2 VDD2 TBD | 185 | TBD
WLmin; CA bus inputs are switching; 50% data change each mA
burst transfer IDD4W,in |VDDCA, VDDQ| TBD | 28 | TBD 4
All-bank REFRESH burst current: tCK = tCKmin; CKE is HIGH IDDs1 VbD1 TBD [ 20 | TBD
between valid commands; tRC = tRFCabmin; Burst refresh; CA IDD52 VDD2 TBD | 130 | TBD | mA
bus inputs are switching; Data bus inputs are stable IDD5IN | VDDCA, VDDQ| TBD s TBD 4
All-bank REFRESH average current: tCK = tCKmin; IDD5AB1 VDD1 TBD 6 TBD
CKE is HIGH between valid commands; tRC = tREFI; IDD5AB2 VDD2 TBD | 40 | TBD | mA
CA bus inputs are switching; Data bus inputs are stable IDD5AB,in | VDDCA, VDDQ| TBD s TBD 4
Per-bank REFRESH average current: tCK = tCKmin; IDD5PB1 vVDD1 TBD 6 8D >
CKE is HIGH between valid commands; tRC = tREFI/8; IDD5PB2 VDD2 TBD | 40 | TBD | mA 5
CA bus inputs are switching; Data bus inputs are stable IDD5PB,in | VDDCA, VDDQ| TBD 3 TBD 4.5
Self refresh current (—25°C to +85°C): CK = LOW, CK# = HIGH; | _!DD61 vDD1 TBD | 1400 | TBD 6
CKE is LOW; CA bus inputs are stable; Data bus inputs are IDD62 VDD2 TBD | 3000 | TBD | pA 6
stable; Maximum 1x self refresh rate IDD6IN VDDCA, VDDQ TBD 100 TBD 4.6
Deep power-down current: CK = LOW, CK# = HIGH,; IDD81 VDD1 TBD | 50 | TBD 7
CKE is LOW; CA bus inputs are stable; Data bus inputs are IDD82 VDD2 TBD | 30 | TBD | pA 7
stable IDD8IN | vDDCA, vDDQ| TBD | 30 | TBD 4,7

Notes : 1. IDD values are the maximum of the distribution of the arithmetic mean.

2. IDD current specifications are tested after the device is properly initialized.

3. The 1x self refresh rate is the rate at which the device is refreshed internally during self refresh, before going into the

extended temperature range.
. Measured currents are the sum of VDDQ and VDDCA.

~N o 0o b

. Per-bank REFRESH is only applicable for LPDDR2-S4 device densities 1Gb or higher.
. This is the general definition that applies to full-array self refresh.
. IDD6ET and IDD8 are typical values, are sampled only, and are not tested.
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Table 44: IDD6 Partial-Array Self Refresh Current
VDD2, VDDQ, VDDCA = 1.14-1.30V; VDD1 = 1.70-1.95V

PASR Symbol Power Supply Unit
VDD1 1400
Full array VDD2 3000
VDDi 100
VDD1 1200
1/2 array VvDD2 2500
VDDi 100

VDD1 1000 HA
1/4 array VDD2 2300
VDDi 100
VDD1 1000
1/8 array VDD2 2000
VDDi 100

Rev. 0.2 Mar. ‘15 w



CFIDELIX

AC and DC Operating Conditions
Operation or timing that is not specified is illegal. To ensure proper operation, the device must be initialized properly.

Table 45: Recommended DC Operating Conditions

LPDDR2-S4B .
Symbol - Power Supply Unit
Min Typ Max
VDD1 1.70 1.80 1.95 Core power 1 \Y,
VDD2 1.14 1.20 1.30 Core power2 \%
VDDCA 1.14 1.20 1.30 Input buffer power \%
VDDQ 1.14 1.20 1.30 I/0O buffer power \%
Note : 1. Vbb1 uses significantly less power than Vbpa.
Table 46: Input Leakage Current
Parameter/Condition Symbol Min Max Unit Notes
Input leakage current : For CA, CKE, CS#, CK, CK#; | ) ) A 1
L - u
Any input OV < VIN < VDDcA; (All other pins not under test = 0V)
VREF supply leakage current : VREFDQ=VDDQ/2, or VREFCA=VDDCA/2;
) IVREF -1 1 UuA 2
(All other pins not under test = 0V)

Note : 1. Although DM is for input only, the DM leakage must match the DQ and DQS/DQS# output leakage specification.
2. The minimum limit requirement is for testing purposes. The leakage current on VRerca and VREFDQ pins should be minimal.

Table 47: Operating Temperature Range

Parameter/Condition Symbol Min Max Unit

IT temperature range -40 +85 °C
TcAse 5

AT temperature range -40 +105 C

Note : 1. Operating temperature is the case surface temperature at the center of the top side of the device.
For measurement conditions, refer to the JESD51-2 standard.

2. Some applications require operation in the maximum case temperature range, between 85°C and 105°C. For some LPDDR2
devices, 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 85°C when the temperature sensor indicates a temperature of less
than 85°C.
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AC and DC Logic Input Measurement Levels for Single-Ended Signals

Table 48: Single-Ended AC and DC Input Levels for CA and CS# Inputs

LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 )
Symbol Parameter = : Unit |notes
Min Max Min Max

VIHCA(AC) AC input logic HIGH VREF+0.220 Note 2 VREF+0.300 Note 2 \% 1,2

VILCA(AC) AC input logic LOW note 2 VREF-0.220 note 2 VREF-0.300 \% 1,2

VIHCA(DC) DC input logic HIGH VREF+0.130 VDDCA VREF+0.200 VDDCA \% 1

VILCA(DC) DC input logic LOW VsscA VREF-0.130 VsscA VREF-0.200 \% 1
VREFCA(DC)| Reference voltage for |, 4o . \ppca | 051 x VDDCA | 0.49x VDDCA | 0.51xVvDDCA | Vv | 3.4

CA and CS# inputs

Note : 1. For CA and CS# input-only pins. VREF = VREFCA(DC).

2. See Figure 65.
3. The AC peak noise on VREFCA could prevent VREFCA from deviating more than £1% VDDCA from VREFCA(DC)

(for reference, approximately +12mV).
4. For reference, approximately VDDCA/2 +12mV.

Table 49: Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Unit notes
VIHCKE CKE input HIGH level 0.8 X VDDCA Note 1 \% 1
VILCKE CKE input LOW level Note 1 0.2 X VDDCA \% 1

Note : 1. See Figure 65.

Table 50: Single-Ended AC and DC Input Levels for DQ and DM

LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 i
Symbol Parameter = = Unit |notes
Min Max Min Max
VIHDQ(AC) | AC input logic HIGH VREF+0.220 Note 2 VREF+0.300 Note 2 \Y 1,2
VILDQ(AC) AC input logic LOW note 2 VREF-0.220 Note 2 VREF-0.300 \% 1,2
VIHDQ(DC) | DC input logic HIGH VREF+0.130 VDDQ VREF+0.200 VDDQ \Y 1
VILDQ(DC) | DC input logic LOW VSSQ VREF-0.130 VSSQ VREF-0.200 \Y 1
Reference voltage for
VREFDQ(DC) . 0.49 X VDDQ 0.51X VDDQ 0.49 X VDDQ 0.51 X VDDQ vV |34
DQ and DM inputs

Note : 1. For DQ input-only pins. VREF = VREFDQ(DC).
2. See Figure 65.
3. The AC peak noise on VRerDQ could prevent VRerbQ from deviating more than £1% VbbqQ from VREFDQ(DC)
(for reference, approximately +12mV).
4. For reference, approximately. VbpQ/2 +12mV.
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VREF Tolerances

The DC tolerance limits and AC noise limits for the reference voltages VREFCA and VREFDQ are illustrated below.

This figure shows a valid reference voltageVREF(t) as a function of time.VDD is used in place of VDDCA 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 +1%VDD.
VREF(t) cannot track noise onVDDQ orVDDCA if doing so would forceVREF outside these specifications.

Figure 56: Vrer DC Tolerance and Vrer AC Noise Limits
'y

VRer(ac) NOise Veerw)

SN N

o N A v _VREF(DC}I
VREF(MW AVAV =R A= max
———————— Y LTI —TIVom

Voltage

VREF(DC)min

The voltage levels for setup and hold time measurementsVIH(AC),VIH(DC),VIL(AC), and VIL(DC) are dependent onVREF.
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 long as:

* VREF is maintained between 0.44 xVDDQ (orVDDCA) and 0.56 xVDDQ (orVDDCA), and

« the 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 (+1%VDD) are included in LPDDR?2 timings and their associated deratings.
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Input Signal

Figure 57: LPDDR2-466 to LPDDR2-1066 Input Signal

Wy and WV, levelswith ringback

1.550¢ Vi + 0.35W

narrow pulsa width

12007
Minimum V¥, and V,, levels Voo
v
0.820V Hiag 0.820v Viniag
0730V 0.730V Vinioa

0624
0a12v
0.600v
0.588v

0624V
oe12v
0600V
O.5BEV

— W+ AC nolse
a— ¥+ DCarror

~— o - DC error
—— e - AC notse

0.5TEV 0576V
QLATOV 0.470V Voo
0.3B0V 0.380v Viuao
Viao
0000V Ve
03500 Vg - 035V

narrow pulse width

Notes : 1. Numbers reflect typical values.
2. For CA[9:0], CK, CK#, and CS# Vbp stands for Vbbca. For DQ, DM, DQS, and DQS#, Vop stands for VbpQ.
3. For CA[9:0], CK, CK#, and CS# Vss stands for Vssca. For DQ, DM, DQS, and DQS#, Vss stands for Vssq.
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Figure 58: LPDDR2-200 to LPDDR2-400 Input Signal

Wy and Wy, levelswith ringback

Vg + 035V
narrow pulse width

1.200v Y
Minimum ¥, and Vi, levels e
v
0.900V Hisg 0.900v Viniac
0.BDOV 0300 — Voo
o oo Y Ao
0,600V 0.600V — oo T
— Vo - DL error
D.5BEV 0588y VDAL nole
0576V 0578V = TR
0,400V 0,400V Voo
0300V 0,300V Viao

Viiao

0.000¢ Vi

Ve - 0,35V
narrow pulse width

Notes : 1. Numbers reflect typical values.
2. For CA[9:0], CK, CK#, and CS# Vop stands for Vbpca. For DQ, DM, DQS, and DQS#, Vop stands for VbbpQ.
3. For CA[9:0], CK, CK#, and CS# Vss stands for Vssca. For DQ, DM, DQS, and DQS#, Vss stands for Vssq.
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Figure 59: Differential AC Swing Time and tDVAC
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Table 51: Differential AC and DC Input Levels
For CK and CK#, VRer = VREFCA(DC); For DQS and DQS# VREF = VREFDQ(DC)
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 .
Symbol Parameter - - Unit [notes
Min Max Min Max
VIH,diff(AC) | Differential input HIGH AC |2 x (VIH(AC) - VREF) notel 2 x (VIH(AC) - VREF) notel \% 2
Vi diff(ac) | Differential input LOW AC note 1 2 x (VIH(AC) — VREF) note 1 2 x (VREF - VIL(a))| V 2
ViHdifoc) | Differential input HIGH |2 % (VIH(DC) - VREF) note 1 2 x (VIH(DC) - VREF) note 1 \Y; 3
VIL,diff(DC) Differential input LOW notel 2 x (VREF - VIL(DC)) notel 2 x (VRer - ViLDC))| V 3

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 Figure 65).

2. For CK and CK#, use VIH/ViL(ac) of CA and VRerca; for DQS and DQS#, use ViH/ViL(ac) of DQ and VRerDQ. If a reduced AC
HIGH or AC LOW is used for a signal group, the reduced voltage level also applies.

3. Used to define a differential signal slew rate.
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Table 52: CK/CK# and DQS/DQS# Time Requirements Before Ringback (tDVAC)

tDVAC(ps) at VIH/VILdiff(AC) = 440mV tDVAC(ps) at VIH/VILdiff(ACc) = 600mV
Slew Rate (V/ns) - -
Min Min
>4.0 175 75
4.0 170 57
3.0 167 50
2.0 163 38
1.8 162 34
1.6 161 29
1.4 159 22
1.2 155 13
1.0 150 0
<1.0 150 0

Single-Ended Requirements for Differential Signals

Each individual component of a differential signal(CK, CK#, DQS, and DQS#) must also comply with certain requirements for single-
ended signals.

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 valid transition.

The applicable AC levels for CA and DQ differ by speed bin.

Figure 60: Single-Ended Requirements for Differential Signals
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Note that while CA and DQ signal requirements are referenced toVREF, the single-ended components of differential signals also have

a requirement with respect to VDDQ/2 for DQS, andVDDCA/2 for CK.
The transition of single-ended signals through the AC levels is used to measure setup time. For single-ended components of differential

signals, the requirement to reach VSEL(AC)max orVSEH(AC)min has no bearing on timing.This requirement does, however, add a
restriction on the common mode characteristics of these signals (see Table 48) for CK/CK# single-ended requirements, and

Table 48 for DQ and DQM single-ended requirements).

Table 53: Single-Ended Levels for CK, CK#, DQS, DQS#

LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200 .
Symbol Parameter - - Unit |notes
Min Max Min Max
Single-ended HIGH level
"9 Ve | (vopar2)+0.220 notel (VDDQ/2)+0.300 notel v | 23
VSEH(AC) for strobes
Single-ended HIGH level
"9 Ve | (vobear2)+0.220 notel (VDDCA/2)+0.300 notel v | 23
for CK, CK#
Single-ended LOW level
"9 v notel (VDDO/2)-0.220 notel (Vopo/2)+0.300 | v | 23
VSEL(AQ) for strobes
Single-ended LOW level
"9 v notel (VDDCA/2)-0.220 notel (Vopcai2)+0.300 | Vv | 2.3
for CK, CK#

Notes : 1. These values are not defined, however, the single-ended signals CK, CK#, DQS0, DQS#0, DQS1, DQS#1, DQS2, DQS#2,
DQS3, DQS#3 must be within the respective limits(ViH{DC)max/ ViL(pc)min) for single-ended signals, and must comply with the
specified limitations for overshoot and undershoot (see Figure 65).
2. For CK and CK#, use VseH/VseL(ac) of CA; for strobes (DQS[3:0] and DQS#[3:0]), use ViH/ViL(ac) of DQ.
3. VIH(AC) and ViL(ac) for DQ are based on VREFDQ; VsEH(AC) and VsEL(AC) for CA are based on VREFCA.
If a reduced AC HIGH or AC LOW is used for a signal group, the reduced level applies.
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Differential Input Crosspoint Voltage
To ensure tight setup and hold times as well as output skew parameters with respect to clock and strobe, each crosspoint voltage of

differential input signals (CK, CK#, DQS, and DQS#) must meet the specifications in Table 53.

The differential input crosspoint voltage (VIX) is measured from the actual crosspoint of the true signal and its and complement to the

midlevel between VDD and VSS.

Figure 61: Vix Definition

Vopear Vopg Vopear Vopa
CK#, DQS# CK#, DQS#
Vix
Vopcal2. Vopeal2:
VDDQ’Q VDDQQ
Vix
CK, DQS CK, DQS
Vssear Vssq Vsscar Vssq

Table 54: Crosspoint Voltage for Differential Input Signals (CK, CK#, DQS, DQS#)

LPDDR2-1066 to LPDDR2-200 .
Symbol Parameter - Unit | notes
Min Max

Differential input cross point voltage relative
to Vooca/2 for CK and CK#

Differential input cross point voltage relative
VIXDQ(AC) I 'l Inpu point vottag WV -120 120 mV 1,2
to Vopo/2 for DQS and DQ#

VIXCA(AC) -120 120 mV 1,2

Notes : 1. The typical value of Vix(ac) is expected to be about 0.5 x Vbp of the transmitting device, and it is expected to track variations

in Vob. Vix(ac) indicates the voltage at which differential input signals must cross.
2. For CK and CK#, VRer = VREFCA(DC). For DQS and DQS#, VREF = VREFDQ(DC).
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Input Slew Rate

Table 55: Differential Input Slew Rate Definition

Measured
Description Defined by
From To
Differential input slew rate for rising edge vV Vi Vit diftmin — VL iftmax] / ATRdif
IL, diff, IH,diff,mi ,ditt, - ,ditt,
(CK/CK# and DQS/DQS#) iff, max iff,min I, min ITT,max I
Differential input slew rate for falling edge - _ _
VH,diff,min VL, diff, max [VIH,diff,min — VIL,diff, max] / ATFdiff
(CK/CK# and DOS/DOS#)

Note : 1. The differential signals (CK/CK# and DQS/DQS#) must be linear between these thresholds.

Figure 62: Differential Input Slew Rate Definition for CK, CK#, DQS, and DQS#
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Output Characteristics and Operating Conditions
Table 56: Single-Ended AC and DC Output Levels
Symbol Parameter Value Unit Notes
VoH(AC) AC output HIGH measurement level(for output slew rate) VREF+0.12 \%
VoL(Ac) AC output LOW measurement level(for output slew rate) VREF-0.12 \%
VoH(DC) DC output HIGH measurement level(for I-V curve linearity) 0.9 xVDDQ \% 1
VoL(pc) DC output LOW measurement level(for |-V curve linearity) 0.1 x VDDQ \% 2
| Output leakage current (DQ, DM, DQS, DQS#); DQ, MIN -5 UA
[®)
“ DQS, DQS# are disabled; OV < VOUT < VDDQ MAX +5 UA
MMoubd Delta output impedance between pull-up and pull-down| MIN -15 %
pup for DQ/DM MAX +15 %

Notes : 1. IOH =-0.1mA
2.10L = 0.1mA
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Table 57: Differential AC and DC Output Levels

Symbol Parameter Value Unit
VOH(iff(AC) AC differential output HIGH measurement level(for output SR) +0.2 x VDDQ \Y,
VoLdiff(AC) AC differential output LOW measurement level(for output SR) -0.2 x VDDQ \%

Single-Ended Output Slew Rate
With the reference load for timing measurements, the output slew rate for falling and rising edges is defined and measured between
VOL(AC) and VOH(AC) for single-ended signals.

Table 58: Single-Ended Output Slew Rate Definition

- Measured )
Description Defined by
From To
Single-ended output slew rate for rising edge VoL(ac) VoH(AC) [VoH(ac) — Vor(ac)] / ATRSE
Single-ended output slew rate for falling edge VoH(AC) VoL(ac) [VoH(ac) — Vorac)] / ATFSE

Note : 1. Output slew rate is verified by design and characterization and may not be subject to production testing.

Figure 63: Single-Ended Output Slew Rate Definition

A ATFge ATRgg

o

=]

&

2 — — — —Vouo

o

>

=

£ — — — — Ve

3

O

©

e — — — —Voiag

w

@

=]

c

=

Time
Table 59: Single-Ended Output Slew Rate
Notes 1-5 apply to all parameters conditions
Value )
Parameter Symbol - Unit
Min Max
Single-ended output slew rate(output impedance=40Q+30% SRQsE 15 35 V/ns
Single-ended output slew rate(output impedance=60Q+30% SRQsE 1.0 2.5 V/ns
Output slew-rate-matching ratio(pull-up to pull-down 0.7 1.4 -

Notes : 1. Definitions: SR = slew rate; Q = output (similar to DQ = data-in, data-out); SE = single-ended signals.
2. Measured with output reference load.
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3. The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage over the entire temperature
and voltage range. For a given output, the ratio represents the maximum difference between pull-up and pull-down drivers
due to process variation.

4. The output slew rate for falling and rising edges is defined and measured between VOL(AC) and VOH(AC).

5. Slew rates are measured under typical simultaneous switching output (SSO) conditions, with one-half of DQ signals per
data byte driving HIGH and one-half of DQ signals per data byte driving LOW.

Differential Output Slew Rate
With the reference load for timing measurements, the output slew rate for falling and rising edges is defined and measured between
VOL,diff(AC) and VOH, diff(AC) for differential signals.

Table 60: Differential Output Slew Rate Definition

Measured
Description Defined by
From To
Differential output slew rate for rising edge VoL,diff(AC) VOH,diff(AC) [VoH, diff(ac) — VoL, diff(ac)] / ATRdiff
Differential output slew rate for falling edge V/OH diff(AC) VoL diff(AC) [VoH, diff(ac) — VoL, diff(ac)] / ATFdiff

Note : 1. Output slew rate is verified by design and characterization and may not be subject to production testing.

Figure 64: Differential Output Slew Rate Definition
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Table 61: Differential Output Slew Rate
Value .
Parameter Symbol - Unit
Min Max
Differential output slew rate(output impedance=40Q+30%) SRQdiff 3.0 7.0 V/ns
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Table 62: Differential Output Slew Rate (Continued)

Parameter Symbol . VEWG Unit
Min Max

Differential output slew rate(output impedance=60Q+30%) SRQiff 2.0 5.0 V/ns

Notes : 1. Definitions: SR = slew rate; Q = output (similar to DQ = data-in, data-out); SE = single-ended signals.
2. Measured with output reference load.
3. The output slew rate for falling and rising edges is defined and measured between VoL(ac) and VOH(AC).
4. Slew rates are measured under typical simultaneous switching output (SSO) conditions, with one-half of DQ signals per
data byte driving HIGH and one-half of DQ signals per data byte driving LOW.

Table 63: AC Overshoot/Undershoot Specification

Applies for CA[9:0], CS#, CKE, CK, CK#, DQ, DQS, DQS#, DM

Parameter 1066 933 800 667 533 400 333 Unit

Maximum peak amplitude provided for overshoot area 0.35 0.35 0.35 0.35 0.35 0.35 0.35 \Y

Maximum peak amplitude provided for undershoot area 0.35 0.35 0.35 0.35 0.35 0.35 0.35 \Y

Maximum area above Vbb 0.15 0.17 0.20 0.24 0.30 0.40 0.48 Vins

Maximum area below Vss 0.15 0.17 0.20 0.24 0.30 0.40 0.48 Vins

Notes : 1. Vpp stands for Vopca for CA[9:0], CK, CK#, CS#, and CKE. Vbp stands for Vbbq for DQ, DM, DQS, and DQS#.
2. Vss stands for Vssca for CA[9:0], CK, CK#, CS#, and CKE. Vss stands for Vssq for DQ, DM, DQS, and DQS#.

Figure 65: Overshoot and Undershoot Definition

Maximum amplitude
Overshoot area

Time (ns)

<

Undershoot area
Maximum amplitude

Notes : 1. Vpp stands for Vbpca for CA[9:0], CK, CK#, CS#, and CKE. Vbp stands for Vopq for DQ, DM, DQS, and DQS#.
2. Vss stands for Vssca for CA[9:0], CK, CK#, CS#, and CKE. Vss stands for Vssq for DQ, DM, DQS, and DQS#.
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HSUL_12 Driver Output Timing Reference Load
The timing reference loads are not intended as a precise representation of any particular system environment or a depiction

of the actual load presented by a production tester. System designers should use IBIS or other simulation tools to correlate the
timing reference load to a system environment. Manufacturers correlate to their production test conditions, generally with one

or more coaxial transmission lines terminated at the tester electronics.

Figure 66: HSUL_12 Driver Output Reference Load for Timing and Slew Rate

LPDDR2
Vier — 0.5 xVpoq
500
Output I Ay Vi =0.5xVppq
]ELOAD = 5pF
ez

Note : 1. All output timing parameter values (tDQSCK, tDQSQ, tQHS, tHZ, tRPRE etc.) are reported with respect to this reference load.
This reference load is also used to report slew rate.

Output Driver Impedance

Output driver impedance is selected by a mode register during initialization. To achieve tighter tolerances, ZQ calibration is required.
Output specifications refer to the default output drive unless specifically stated otherwise.The output driver impedance RON is defined
by the value of the external reference resistor RZQ as follows:

Ronpy = YDDQ - VOUT
ABS(lour)

When RONPD is turned off.

Vout

RoNPD =
ABS(lour)

When RONPU is turned off.
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Figure 67: Output Driver
Chip in Drive Mode
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Output Driver Impedance Characteristics with ZQ Calibration
Output driver impedance is defined by the value of the external reference resistor RZQ. Typical RZQ is 240 ohms.

Table 67: Output Driver DC Electrical Characteristics with ZQ Calibration
Notes 1-4 apply to all parameters and conditions

Ronnom Resistor Vour Min Typ Max Unit notes
34.30 Ron34pp 0.5 x Vbbg 0.85 1.00 1.15 Rzol7
Ronsapu 0.5 x Vbbo 0.85 1.00 1.15 Rzol7
40.00 RoNaorD 0.5 x Vbbg 0.85 1.00 1.15 Rzq/6
Rona4opu 0.5 x Vbbg 0.85 1.00 1.15 Rzq/6
48.00 Ronaspp 0.5 x Vbbg 0.85 1.00 1.15 Rzq/5
Ronaspu 0.5 x Vbbg 0.85 1.00 1.15 Rzq/5
60.00 RonesorD 0.5 x Vbbg 0.85 1.00 1.15 Rzql4
Ronsopu 0.5 % Vbbg 0.85 1.00 1.15 Rzo/4
80.00 Ronsorp 0.5 % Vbbg 0.85 1.00 1.15 Rzo/3
Ronsopu 0.5 % Vbbg 0.85 1.00 1.15 Rzo/3
Ron120pD 0.5 % Vbbg 0.85 1.00 1.15 Rzo/2
120.0Q
Ron120pu 0.5 % Vbbg 0.85 1.00 1.15 Rzo/2
pl':/llll-surga;]z l:)itl\lliljsvr\]/n MMpurD -15.00 +15.00 % 5

Notes : 1. Applies across entire operating temperature range after calibration.
2. RZQ=240Q
3. The tolerance limits are specified after calibration, with fixed voltage and temperature.
4. For behavior of the tolerance limits if temperature or voltage changes after calibration.
5. Pull-down and pull-up output driver impedances should be calibrated at 0.5 x VbpQ.
6. Measurement definition for mismatch between pull-up and pull-down, MMpuPD:
Measure Ronpu and RonpD, both at 0.5 x VbbQ:

RoNPU — RONPD
RON,nom

For example, with MMpPuPD (MAX) = 15% and RoNPD = 0.85, RONPU must be less than 1.0.

MMpPuPD = x 100
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Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen.

Table 68: Output Driver Sensitivity Definition

Resistor Vour Min Max Unit
Ronpp
= 0.5 x VbpQ 85-(dRondT-|AT|)-(dRondV-|AV]) 115-(dRondT-|AT[)-(dRondV-|AV]) %
ONPU
Notes : 1. AT =T - T (at calibration). AV =V - V (at calibration).
2. dRonNdT and dRondV are not subject to production testing; they are verified by design and characterization.
Table 69: Output Driver Temperature and Voltage Sensitivity
Symbol Parameter Vour Min Max Unit
Ronpb Ron temperature sensitivity 0.5 x VbpQ 0.00 0.75 %/°C
Ronpu Ronvoltage sensitivity 0.5 x VbpQ 0.00 0.20 %/mV
Output Impedance Characteristics Without ZQ Calibration
Output driver impedance is defined by design and characterization as the default setting.
Table 70: Output Driver DC Electrical Characteristics Without ZQ Calibration
Ronnom Resistor Vout Min Typ Max Unit
34.30 Ron34PD 0.5 x Vbpg 0.70 1.00 1.30 Rzol7
' Ron34pu 0.5 x VbpQ 0.70 1.00 1.30 Rzol/7
40.00 RoNaopD 0.5 x VbpQ 0.70 1.00 1.30 Rzq/6
' Ron4opu 0.5 x VbpQ 0.70 1.00 1.30 Rzo/6
48.00 RonNasPD 0.5 x VbpQ 0.70 1.00 1.30 Rzq/5
' Ronaspu 0.5 x VbpQ 0.70 1.00 1.30 Rzo/5
60.00 RoneorD 0.5 x VbpQ 0.70 1.00 1.30 Rzol/4
' Roneopu 0.5 x VbpQ 0.70 1.00 1.30 Rzol/4
80.00 RonsopD 0.5 x VbpQ 0.70 1.00 1.30 Rzo/3
' Ronsopu 0.5 x VbpQ 0.70 1.00 1.30 Rzo/3
Ron120prD 0.5 x Vbbo 0.70 1.00 1.30 Rzo/2
120.0Q
Ron120pu 0.5 x Vbbo 0.70 1.00 1.30 Rzo/2

Notes : 1. Applies across entire operating temperature range without calibration.
2. RzQ=240Q
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Table 71: I-V Curves

Rev. 0.2 Mar. ‘15

Ron=240Q(Rzq)
Pull-Down Pull-Up
Voltage Current(mA) / Ron(ohms) Current(mA) / Ron(ohms)
a[:f;‘;'t ;{’E';; With Calibration a[:te;f‘;'t ;{/;':;T With Calibration
Min(mA) Max(mA) Min(mA) Max(mA) Min(mA) Max(mA) Min(mA) Max(mA)
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.19 0.32 0.21 0.26 -0.19 -0.32 -0.21 -0.26
0.10 0.38 0.64 0.40 0.53 -0.38 -0.64 -0.40 -0.53
0.15 0.56 0.94 0.60 0.78 -0.56 -0.94 -0.60 -0.78
0.20 0.74 1.26 0.79 1.04 -0.74 -1.26 -0.79 -1.04
0.25 0.92 1.57 0.98 1.29 -0.92 -1.57 -0.98 -1.29
0.30 1.08 1.86 1.17 1.53 -1.08 -1.86 -1.17 -1.53
0.35 1.25 2.17 1.35 1.79 -1.25 -2.17 -1.35 -1.79
0.40 1.40 2.46 1.52 2.03 -1.40 -2.46 -1.52 -2.03
0.45 1.54 2.74 1.69 2.26 -1.54 -2.74 -1.69 -2.26
0.50 1.68 3.02 1.86 2.49 -1.68 -3.02 -1.86 -2.49
0.55 1.81 3.30 2.02 2.72 -1.81 -3.30 -2.02 -2.72
0.60 1.92 3.57 2.17 2.94 -1.92 -3.57 -2.17 -2.94
0.65 2.02 3.83 2.32 3.15 -2.02 -3.83 -2.32 -3.15
0.70 2.11 4.08 2.46 3.36 -2.11 -4.08 -2.46 -3.36
0.75 2.19 4.31 2.58 3.55 -2.19 -4.31 -2.58 -3.55
0.80 2.25 4.54 2.70 3.74 -2.25 -4.54 -2.70 -3.74
0.85 2.30 4.74 281 3.91 -2.30 -4.74 -2.81 -3.91
0.90 2.34 4.92 2.89 4.05 -2.34 -4.92 -2.89 -4.05
0.95 2.37 5.08 2.97 4.23 -2.37 -5.08 -2.97 -4.23
1.00 2.41 5.20 3.04 4.33 -2.41 -5.20 -3.04 -4.33
1.05 2.43 5.31 3.09 4.44 -2.43 -5.31 -3.09 -4.44
1.10 2.46 5.41 3.14 4.52 -2.46 -5.41 -3.14 -4.52
1.15 2.48 5.48 3.19 4.59 -2.48 -5.48 -3.19 -4.59
1.20 2.50 5.55 3.23 4.65 -2.50 -5.55 -3.23 -4.65
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Figure 68 : Output Impedance = 240 Ohms, I-V Curves After ZQRESET
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Figure 69: Output Impedance = 240 Ohms, |-V Curves After Calibration
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Clock Specification

The specified clock jitter is a random jitter with Gaussian distribution. Input clocks violating minimum or maximum values may

result in device malfunction.

Table 72: Definitions and Calculations

Symbol Description Calculation Notes
The average clock period across any consecutive 200-cycle
window. Each clock period is calculated from rising clock
edge to rising clock edge.
Unit tCK(avg) represents the actual clock average tCK (avg) N i
_ S tCK(avg)= (¥ tCKj)/ N
of the input clock under operation. Unit nCK represents one 1
tCK(avg) and nCK
clock cycle of the input clock, counting from actual clock
Where N = 200
edge to actual clock edge.
tCK (avg) can change no more than +1% within a 100clock
cycle window, provided that all jitter and timing specifications
are met.
The absolute clock period, as measured from one rising
tCK(abs) o 1
clock edge to the next consecutive rising clock edge.
. N
{CH(avg) The average HIGH pulse width, as calculated across any tCH(avg)=.(Z tCHj) / (N x tCK(avg))
200 consecutive HIGH pulses. =1
Where N = 200
N
The single-period jitter defined as the largest deviation of an = i
tIT(per) _ gle-p J g y | tCL(avg) (Z tCLj) / (N x tCK(avg))
signal tCK from tCK(avg). =1
Where N = 200
tJIT(per) =
tJIT(per), act The actual clock jitter for a given system. min/max of (tCKi — tCK(avg))
Wherei=1to 200
tJIT(per), allowed | The specified clock period jitter allowance.
The absolute difference in clock periods between two conse- .
tJIT(CC) tJIT(cc) = max of (tCKi+1 — tCKi) 1
cutive clock cycles. tJIT(cc) defines the cycle-to-cycle jitter.
The cumulative error across n multiple consecutive cycles -l
tERR(nper) tERR(nper)= (3 tCKj) - (N x tCK(avg))| 1
from tCK(avg). =i
tERR(nper), act The actual cumulative error over n cycles for a given system.
tERR(nper), allowed | The specified cumulative error allowance over n cycles.
. tERR(nper),min =
tERR(nper), min | The minimum tERR(nper). (nper) 2

(1 + 0.68LN(n)) x tJIT(per),min
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Table 73: Definitions and Calculations (Continued)

Symbol description Calculation Notes

tERR(nper), max | The maximum tERR(nper). tERR(nper),max = (1 + 0.68LN(n)) x tJIT(per),max 2

tJIT(duty),min = MIN((tCH(abs),min — tCH(avg),min),
(tCL(abs),min — tCL(avg),min)) x tCK(avg)
tJIT(duty),max = MAX((tCH(abs),max —
tCH(avg),max),

(tCL(abs),max — tCL(avg),max)) x tCK(avg)

Defined with absolute and average

tJIT(dut
(duty) specifications for tCH and tCL, respectively.

Notes : 1. Not subject to production testing.

2. Using these equations, tERR(nper) tables can be generated for each tJIT(per),act value.

tCK(abs), tCH(abs), and tCL(abs)
These parameters are specified with their average values; however, the relationship between the average timing and the
absolute instantaneous timing (defined in the following table) is applicable at all times.

Table 74: tCK(abs), tCH(abs), and tCL(abs) Definitions

Parameter Symbol Minimum Unit
Absolute clock period tCK(abs) tCK(avg),min + tJIT(per),min ps
Absolute clock HIGH pulse width tCH(abs) tCH(avg),min + tJIT(duty),min2/tCK(avg)min tCK(avg)
Absolute clock LOW width tCL(abs) tCL(avg),min + tJIT(duty),min2/tCK(avg)min tCK(avg)

Notes : 1. tCK(avg),min is expressed in ps for this table.

2. tJIT(duty),min is a negative value.

Clock Period Jitter

LPDDR?2 devices can tolerate some clock period jitter without core timing parameter derating. This section describes device timing
requirements with clock period jitter (tJIT(per)) in excess of the values found in the ACTiming section. Calculating cycle time derating
and clock cycle derating are also described.

Clock Period Jitter Effects on Core Timing Parameters

Core timing parameters (tRCD, tRP, tRTP, tWR, tWRA, tWTR, tRC, tRAS, tRRD, tFAW) extend across multiple clock cycles.

Clock period jitter impacts these parameters when measured in numbers of clock cycles.Within the specification limits, the device is
characterized and verified to support thPARAM = RU[tPARAM/tCK(avg)]. During device operation where clock jitter is outside
specification limits, the number of clocks or tCK(avg), may need to be increased based on the values for each core timing parameter.

Cycle Time Derating for Core Timing Parameters
For a given number of clocks (tnPARAM), when tCK(avg) and tERR(tnPARAM),act exceed tERR(tnPARAM),allowed, cycle time
derating may be required for core timing parameters.

CyclelimeDerating = max/| ZARAM +'ERR('nPARAM) act—"ERR('nPARAM) allowed _ t¢k (avg), 0
" s thPARAM J
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Cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle time derating
required is the maximum of the cycle time deratings determined for each individual core timing parameter.

Clock Cycle Derating for Core Timing Parameters

For each core timing parameter and a given number of clocks (thPARAM), clock cycle derating should be specified with tJIT(per).
For a given number of clocks (thPARAM), when tCK(avg) plus (tERR(tnPARAM),act) exceed the supported cumulative tERR
(tnhPARAM),allowed, derating is required. If the equation below results in a positive value for a core timing parameter (tCORE), the
required clock cycle derating will be that positive value (in clocks).

t Tt t AN t t / ed|
ClockCycleDerating = RU PARAM + "ERR( nPARAl\[I(]:.;?t— )ERR[ nPARAM) allowed| _t, pARAM
| avg

Cycle-time derating analysis should be conducted for each core timing parameter.

Clock Jitter Effects on Command/Address Timing Parameters

Command/address timing parameters (tIS, tIH, tISCKE, tIHCKE, tISb, tIHb, tISCKED, tIHCKEb) are measured from a command /
address signal (CKE, CS, or CA[9:0]) transition edge to its respective clock signal (CK/CK#) crossing.

The specification values are not affected by the tJIT(per) applied, because the setup and hold times are relative to the clock signal
crossing that latches the command/address. Regardless of clock jitter values, these values must be met.

Clock Jitter Effects on READ Timing Parameters

tRPRE

When the device is operated with input clock jitter, tRPRE must be derated by the tJIT(per),act,max of the input clock that exceeds
tJIT(per),allowed,max. Output deratings are relative to the input clock :

{RPRE(min,derated) = 0.9 — !tJIT(per’},act,lnztl(}::}—:;]ITgper),allowed,max\
L avg J

For example,

if the measured jitter into a LPDDR2-800 device has tCK(avg) = 2500ps, tJIT(per), act, min = —-172ps, and tJIT(per),
act, max= +193ps, then tRPRE, min, derated =0.9 - (tJIT(per), act, max - tJIT(per), allowed, max)/tCK(avg) = 0.9 —
(193 - 100)/2500 =0.8628 tCK(avg).

tLZ(DQ), tHZ(DQ), tDQSCK, tLZ(DQS), tHZ(DQS)

These parameters are measured from a specific clock edge to a data signal transition (DMn or DQm, where: n =0, 1, 2, or 3;
and m = DQ[31:0]), and specified timings must be met with respect to that clock edge. Therefore, they are not affected by tJIT(per).
tQSH, tQSL

These parameters are affected by duty cycle jitter, represented by tCH(abs)min and tCL(abs)min. These parameters determine
the absolute data valid window at the device pin. The absolute minimum data valid window at the device

pin = min [(tQSH(abs)min x tCK(avg)min - tDQSQmax - tQHSmax), (tQSL(abs)min x tCK(avg)min - tDQSQmax -tQHSmax)].
This minimum data valid window must be met at the target frequency regardless of clock jitter.

tRPST

tRPST is affected by duty cycle jitter, represented by tCL(abs). Therefore, tRPST(abs)min can be specified by tCL(abs)min.
tRPST(abs)min = tCL(abs)min - 0.05 = tQSL(abs)min.
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Clock Jitter Effects on WRITE Timing Parameters

tDS, tDH

These parameters are measured from a data signal (DMn or DQm, where n =0, 1, 2, 3; and m = DQ[31:0]) transition edge to its res-
pective data strobe signal (DQSn, DQSn#: n = 0,1,2,3) crossing. The specification values are not affected by the amount of tJIT(per)
applied, because the setup and hold times are relative to the clock signal crossing that latches the command/address. Regardless of
clock jitter values, these values must be met.

tDSS, tDSH

These parameters are measured from a data strobe signal crossing (DQSx, DQSx#) to its clock signal crossing (CK/CK#).

The specification values are not affected by the amount of tJIT(per)) applied, because the setup and hold times are relative to the
clock signal crossing that latches the command/address. Regardless of clock jitter values, these values must be met.

tDQSS

tDQSS is measured from the clock signal crossing (CK/CK#) to the first latching data strobe signal crossing (DQSx, DQSx#). When
the device is operated with input clock jitter, this parameter must be derated by the actual tJIT(per),act of the input clock in excess of
tJIT(per),allowed.

{DQSS(min,derated) = 0.75 - THT(PEU'ﬁm’";(i_f}(;t]n}‘(P(’fLﬂuﬁwed! min]
L CK(avg

(DQSS(max,derated) = 1.25 "l_]IT(per).act.ma}t(élng(p)er),allowed, max]
L avg

For example,

if the measured jitter into an LPDDR2-800 device has tCK(avg)=2500ps, tJIT(per) ,act, min=-172ps, and tJIT(per), act, max=+193ps,
then : tDQSS,(min, derated)=0.75 - (tJIT(per), act, min - tJIT(per), allowed, min)/tCK(avg)=0.75 - (-172 + 100)/2500=0.7788 tCK(avg),
and tDQSS,(max, derated)=1.25 - (tJIT(per), act, max - tJIT(per), allowed, max)/tCK(avg)=1.25 - (193 - 100)/2500=1.2128 tCK(avg).

Refresh Requirements

Table 75: Refresh Requirement Parameters (Per Density)

Parameter Symbol| 64Mb | 128Mb | 256Mb | 512Mb 1Gb 2Gb 4Gb 8Gb Unit
Number of banks 4 4 4 4 8 8 8 8
Refreshwindow: TCASE=<85° tREFW 32 32 32 32 32 32 32 32 ms
Refresh window tREFW 8 8 8 8 8 8 8 8 ms
85°C<TCASE=<105°C

Required number of
REFRESH command(MIN)

Average time between REFab tREFI 15.6 15.6 7.8 7.8 7.8 3.9 3.9 3.9 us

REFRESH commands
(for reference only) REFpb [tREFIpb| (REFpb not supported below 1Gb) | 0.9750 | 0.4875 | 0.4875 | 0.4875 us

R 2048 2048 4096 4096 4096 8192 8192 8192

TCASE < 85°C
Refresh cycle time tRFCab| 90 | 90 | 90 | 90 130 | 130 | 130 | 210 ns
Per-bank REFRESH cycle time | tRFCpb na 60 60 60 90 ns

Burst REFRESH window

tREFBW| 288 | 288 | 288 | 288 | 416 | 416 | 416 | 672
— 4 x 8 x tRECab us
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Table 77: AC Timing
Notes 1-2 apply to all parameters and conditions.
AC timing parameters must satisfy the «CK minimum conditions(in multiples of tCK) as well as the timing specifications when values

for both are indicated.

Min | tCK Data Rate )
Parameter Symbol . Unit |Notes
/Max | Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333
Maximum frequency - - 533 | 466 | 400 | 333 | 266 | 200 | 166 | MHz
Clock timing
Average clock period tCK (avg) MIN - |1875]215] 25 3 (3] ° 6 ns
MAX - - - - - - - -
. MIN - 0451 045 | 0451 045 | 045 | 0.45 | 0.45 | tCK
Average HIGH pulse width (CH (avg) MAX - 0.55 | 055 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | (avg)
Average LOW pulse width {CL (avg) MIN - 04510451045 | 045 | 045 | 045 | 045 | tCK
MAX - 0.55 | 055 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | (avg)
Absolute clock period tCK (abs) MIN - tCK(avg)min + JIT(per)min ps
Absolute CIOF:k {CH (abs) MIN - 04310431043 | 043 | 043 ] 0.43 | 043 | tCK
HIGH pulse width MAX - 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | (avQ)
Absolute ClO.Ck {CL (abs) MIN - 043 10431043 | 043 | 043 ] 043 | 043 | tCK
LOW pulse width MAX - 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | 0.57 | (avQ)
Clock period jitter tJIT(per), MIN - -90 -95 | -100 | -110 | -120 | -140 | -150
(with supported jitter) allowed | mMAX | - 90 95 | 100 | 110 | 120 | 140 | 150 | *°
Maximum clock jitter between
two consecutive clock cycles glll-(l)—\(;eczj, MAX - 180 | 190 | 200 | 220 | 240 | 280 | 300 ps
(with supported jitter)
MIN ) MIN ((tCH(abs),min - tCH(avg),min), ps
Duty cycle jitter JIT(duty), (tCL(abs),min - tCL(avg),min)) x tCK(avg)
(with supported jitter) allowed vax |- MAX ((tCH(abs),max - tCH(avg), max),
(tCL(abs),max - tCL(avg), max)) x tCK(avg)
Cumulative errors ERR(2per), | MIN - -132 | -140 | -147 | -162 | -177 | -206 | -221
across 2cycles allowed | mAX | - 132 | 140 | 147 | 162 | 177 | 206 | 221 | P°
Cumulative errors ERR(3per), | MIN - -157 | -166 | -175 | -192 | -210 | -245 | -262
across 3cycles allowed | mAX | - 157 | 166 | 175 | 192 | 210 | 245 | 262 | P°
Cumulative errors ERR(4per), | MIN - -175 | -185 | -194 | -214 | -233 | -272 | -291
across 4cycles allowed MAX - 175 | 185 | 194 | 214 | 233 | 272 | 291 ps
Cumulative errors ERR(5per), | MIN - -188 | -199 | -209 | -230 | -251 | -293 | -314
across 5cycles allowed MAX - 188 | 199 | 209 | 230 | 251 | 293 | 314 ps
Cumulative errors ERR(6per), | MIN - -200 | -211 | -222 | -244 | -266 | -311 | -333
across 6cycles allowed [ MAX | - 200 | 211 | 222 | 244 | 266 | 311 | 333 | P°
Cumulative errors ERR(7per), | MIN - -209 | -221 | -232 | -256 | -279 | -325 | -348
across 7cycles allowed | mMAX | - 200 | 221 | 232 | 256 | 279 | 325 | 348 | ©
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Table 77: AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions.

AC timing parameters must satisfy the «CK minimum conditions(in multiples of tCK) as well as the timing specifications when values

for both are indicated.

Rev. 0.2 Mar. ‘15

Min | tCK Data Rate )
Parameter Symbol . Unit |Notes
/Max [ Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333
Cumulative errors tERR(8per) | MIN - -217 | -229 | -241 | -266 | -290 | -338 | -362 os
across 8 cycles allowed [ max | - 217 | 229 | 241 | 266 | 290 | 338 | 362
Cumulative errors tERR(9per) MIN - -224 | -237 | 249 | -274 | -299 | -349 | -374 os
across 9 cycles allowed | MAX | - | 224 | 237 | 249 | 274 | 299 | 349 | 374
Cumulative errors tERR(10per) MIN - -231 | -244 | -257 | -282 | -308 | -359 | -385 os
across 10 cycles allowed [ MAX | - |-231|-244 | -257 | -282 | -308 | -359 | -385
Cumulative errors tERR(11per) MIN - -237 | -250 | -263 | -289 | -316 | -368 | -395 os
across 11 cycles allowed [ max | - 237 | 250 | 263 | 289 | 316 | 368 | 395
Cumulative errors tERR(12per) MIN - -242 | -256 | -269 | -296 | -323 | -377 | -403 oS
across 12 cycles allowed [ mAx | - 242 | 256 | 269 | 296 | 323 | 377 | 403
. MIN tERR(nper), allowed, min
Cumulative errors tERR(nper) = (1 + 0.68In(n)) x tJIT(per),allowed, min
across n = allowed ps
13,14,15,---, 49, 50 cycles MAX i tERR(nper), allowed, max
= (1 + 0.68In(n)) x tJIT(per), allowed, max
ZQ Calibration Parameters
Initialization calibration time tZQINIT MIN - 1 1 1 1 1 1 1 us
Long calibration time tZQCL MIN 6 360 | 360 | 360 | 360 | 360 | 360 | 360 ns
Short calibration time tZQCS MIN 6 920 90 90 920 90 90 90 ns
Calibration RESET time tZQRESET | MIN 3 50 50 50 50 50 50 50 ns
READ Parameter
DQS output access MIN - 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500
. tDQSCK ps
Time from CK/CK# MAX - 5500 | 5500 | 5500 | 5500 | 5500 | 5500 | 5500
DQSCK delta short tDQSCKDS | MAX - 330 | 380 | 450 | 540 | 670 | 900 | 1080 ps 4
DQSCK delta medium tDQSCKDM | MAX - 680 | 780 | 900 | 1050 | 1350 | 1800 | 1900 ps 5
DQSCK delta long tDQSCKDL | MAX - 920 | 1050 | 1200 | 1400 | 1800 | 2400 - ps 6
DQS-DQ skew tDQSQ MAX - 200 | 220 | 240 | 280 | 340 | 400 | 500 ps
Data-hold skew factor tQHS MAX - 230 | 260 | 280 | 340 | 400 | 480 | 600 ps
DQS output HIGH pulse width tQSH MIN - tCH(abs) - 0.05 (;C\:/:)
. tCK
DQS output LOW pulse width tQSL MIN - tCL(abs) - 0.05 (avg)
. tCK
DATA half period tQHP MIN - MIN (tQSH, tQSL) (avg)
DQ/DQS output hold time
H MIN [ - HP - tQH
from DQS Q Q tQHS ps
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Table 78: AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions.

AC timing parameters must satisfy the «CK minimum conditions(in multiples of tCK) as well as the timing specifications when values
for both are indicated.

Min | tCK Data Rate )
Parameter Symbol . Unit |Notes
/Max [ Min [ 1066 [ 933 | 800 | 667 | 533 | 400 | 333
READ preamble tRPRE MIN - 0.9 0.9 0.9 0.9 0.9 0.9 0.9 (;(\:/:)
tCK
READ postamble tRPST MIN - tCL(abs) - 0.05
(avg)
DQS Low-Z from clock tLZ(DQS) MIN - tDQSCK (MIN) - 300 ps
DQ Low-Z from clock tLZ(DQ) MIN - tDQSCK(MIN) - (1.4 x tQHS(MAX)) ps
DQS High-Z from clock tHZ(DQS) | MAX - tDQSCK (MAX) - 100 ps
DQ High-Z from clock tHZ(DQ) MAX - tDQSCK(MAX) + (1.4 x tDQSQ(MAX)) ps
WRITE Parameter
DQ and DM input
) tDH MIN - 210 | 235 | 270 | 350 | 430 | 480 | 600
hold time(VREF=based) ps
DQ and DM input
. tDS MIN 210 | 235 | 270 | 350 | 430 | 480 | 600
setup time(VREF=based) ps
. DQ and DM tDIPW MIN 0.35] 035|035 |035]|035]035] 0.3 tcK
input pulse width (avg)
MIN 0.75]1 075|075 | 0.75| 075 | 0.75 | 0.75
Write command to first tCK
. - tDQSS
DQS latching transition (avg)
MAX 125|125|125]|125] 125 | 1.25| 1.25
. . ) tCK
DQS input high-level width tDQSH MIN - 0.4 0.4 0.4 0.4 0.4 0.4 0.4 (avg)
. ) tCK
DQS input low-level width tDQSL MIN - 0.4 0.4 0.4 0.4 0.4 0.4 0.4 (avg)
DQS falling edge to oss | mn| - |o2]|02]|02]|02]|02]|02]02]|K
CK setup time (avg)
DQS falling edge tCK
. tDSH MIN - 0.2 0.2 0.2 0.2 0.2 0.2 0.2
hold time from CK (avg)
. tCK
Write postamble tWPST MIN - 0.4 0.4 0.4 0.4 0.4 0.4 0.4 (avg)
. tCK
Write preamble tWPRE MIN - 0.35] 035|035 |035]|035]035] 0.3 (avg)
CKE Input Parameters
CKE minimum pulse width tCK
tCKE MIN 3 3 3 3 3 3 3 3
(HIGH and LOW pulse width) (avg)
. . tCK
CKE input setup time tISCKE MIN - 0.25] 025|025 | 025]|025]0.25]| 0.25 (avg) 9
. . tCK
CKE input hold time tIHCKE MIN - 0.25] 025|025 | 025]|025]0.25] 0.25 (avg) 10
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Table 79: AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions.

AC timing parameters must satisfy the «CK minimum conditions(in multiples of tCK) as well as the timing specifications when values
for both are indicated.

Min | tCK Data Rate .
Parameter Symbol . Unit |Notes
/Max | Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333
Command Address Input Parameter
Ad.dress and cgntrol tIS MIN - 220 | 250 | 290 | 370 | 460 | 600 | 740 ps 11
input setup time
Adgress and <.:ontrol tiH MIN - 220 | 250 | 290 | 370 | 460 | 600 | 740 ps 11
input hold time
Address and control gpw | MmN | - | 040|040 | 040 | 040 | 040 | 0.40 | 0.40 | K
input pulse width (avg)
Boot Parameters(max 55MHz)
_ MAX | - - - - - - - -
Clock cycle time tCKb ns
MIN 18 18 18 18 18 18 18
CKE input setup time tISCKEDb MIN - 2.5 2.5 2.5 2.5 25 25 25 ns
CKE input hold time tIHCKED MIN - 25 2.5 2.5 2.5 2.5 2.5 2.5 ns
A I
ddress and contro tISh MIN | - [ 1150|1150 | 1150 | 1150 | 1150 | 1150 | 1150 | ps
input setup time
A I
ddress and contro tiHb MIN | - | 1150|1150 | 1150 | 1150 | 1150 | 1150 | 1150 | ps
input hold time
MIN - 2.0 2.0 2.0 2.0 2.0 2.0 2.0
DQS output data {DQSCKb ns
Access time from CK/CK# MAX - 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0
Data strobe DQsob | MN| - |12 | 12| 12|12 12] 12| 12| ns
edge to output data edge
Data hold skew factor tQHSb MIN - 1.2 1.2 1.2 1.2 1.2 1.2 1.2 ns
Mode Register Parameter
MODE REGISTER tCK
MRW MIN
WIRTE command period t 3 3 3 3 3 3 3 3 (avg)
MODE REGISTER. tMRR MIN 2 2 2 2 2 2 2 2 tCcK
READ command period (avg)
Core Parameter
tCK
READ latency RL MIN 3 8 7 6 5 4 3 3
(avg)
tCK
WRITE latency WL MIN 1 4 4 3 2 2 1 1
(avg)
ACTIVATE-to-ACTIVATE {RC MIN tRAS + tRPab (with all-bank precharge), ns 17
command period tRAS + tRPpb (with per-bank precharge)
CKE minimum pulse width during
SELF REFRESH (low pulse width tCKESR MIN 3 15 15 15 15 15 15 15 ns
during SELF REFRESH)
SELF REFRESH exit to txsR | MmN | 2 tRFCab + 10 ns
next valid command delay
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Table 80: AC Timing (Continued)
Notes 1-2 apply to all parameters and conditions.
AC timing parameters must satisfy the «CK minimum conditions(in multiples of tCK) as well as the timing specifications when values

for both are indicated.

Min | tCK Data Rate

Parameter Symbol . Unit [Notes
/Max | Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333
Exit power-down to next valid tXP MIN 2 7.5 7.5 7.5 7.5 7.5 7.5 7.5 ns
LPDDR2-S4 CAS-to-CAS delay tCCD MIN - 2 2 2 2 2 2 2 (;C\:/:)
Internal READ to PRECHARGE tRTP MIN 2 7.5 7.5 7.5 7.5 7.5 7.5 7.5 ns
Fast 3 15 15 15 15 15 15 15
RAS-to-CAS delay tRCD ns
Typ 3 18 18 18 18 18 18 18
i Fast 3 15 15 15 15 15 15 15
Row precharge time {RPpb ns
(single bank) Typ 3 18 18 18 18 18 18 18
Row precharge time tRPpab Fast 3 18 18 18 18 18 18 18 ns
(all banks) 8-bank Typ 3 21 21 21 21 21 21 21
L MIN 3 42 42 42 42 42 42 42 ns
Row active time tRAS
MAX - 70 70 70 70 70 70 70 us
WRITE recovery time tWR MIN 3 15 15 15 15 15 15 15 ns

Internal WT-to-RD

tWTR MIN 2 7.5 7.5 7.5 7.5 7.5 10 10 ns
command delay

Active bank

. tRRD MIN 2 10 10 10 10 10 10 10 ns
a to active bank b

Four-bank

. : tFAW MIN 8 50 50 50 50 50 50 60 ns
activate window

Minimum deep

. tDPD MIN - 500 | 500 | 500 | 500 | 500 | 500 | 500 us
power-down time
Temperature Derating
tDQSCK derating (the(rgaSticr:]gK) MAX - 5620 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | ps
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Table 81: AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions.

AC timing parameters must satisfy the tCK minimum conditions(in multiples of tCK) as well as the timing specifications when values

for both are indicated.

Min | tCK Data Rate )
Parameter Symbol . Unit | Notes
/Max | Min [ 1066 | 933 | 800 | 667 | 533 | 400 | 333
tRCD
MIN - tRCD + 1.875
(derated) ns
tRC
MIN - tRC + 1.87
(derated) 5 ns
Core timing
tRAS
Temperature MIN - tRAS + 1.875 ns
. (derated)
derating
tRP
MIN - RP +1.87
(derated) t 875 ns
tRRD
MIN - tRRD + 1.875 ns
(derated)

Notes : 1. Frequency values are for reference only. Clock cycle time (tCK) is used to determine device capabilities.

2. All AC timings assume an input slew rate of 1 V/ns.

3. READ, WRITE, and input setup and hold values are referenced to VRrer.

4. tDQSCKDS is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within a

contiguous sequence of bursts in a 160ns rolling window. tDQSCKDS is not tested and is guaranteed by design.

Temperature drift in the system is <10°C/s. Values do not include clock jitter.

5. tDQSCKDM is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within a

1.6ps rolling window. tDQSCKDM is not tested and is guaranteed by design. Temperature drift in the system is <10°C/s.

Values do not include clock jitter.

6. tDQSCKDL is the absolute value of the difference between any two tDQSCK measurements (in a byte lane) within a

32ms rolling window. tDQSCKDL is not tested and is guaranteed by design. Temperature drift in the system is <10°C/s.

Values do not include clock jitter. For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point

when the signal crosses the transition threshold (VTT). tHZ and tLZ transitions occur in the same access time (with respe-

ct to clock) as valid data transitions.

These parameters are not referenced to a specific voltage level but to the time when the device output is no longer driving

(for tRPST, tHZ(DQS) and tHZ(DQ)), or begins driving (for tRPRE, tLZ(DQS), tLZ(DQ)). The figure below shows a method

to calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ) or begins driving tLZ(DQS) and tLZ(DQ)

by measuring the signal at two different voltages. The actual voltage measurement points are not critical as long as the ca-

Iculation is consistent. The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended.

The timing parameters tRPRE and tRPST are determined from the differential signal DQS/DQS#.
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Output Transition Timing

Vou )
2x X XI} Vo -XmV
Vi + 2XY mV
Vau - 2x X mV
Vir+Y mV t1z(DQs), 1z(DQ) or
tual y
Vi actu -’-’a\ A THZ(DQS), tHZ(DQ) V17
\ Y /
_ 2xY
Vir-Ymv Vg, + 2XX mV
Vo - 2xY mV
TToaxrm Vo + X mV
. 7
T1T2 oL “T112
Start driving point=2 x T1-T2 End driving point=2 x T1 -T2

. Measured from the point when DQS/DQS# begins driving the signal, to the point when DQS/DQS# begins driving the

first rising strobe edge.

8. Measured from the last falling strobe edge of DQS/DQS# to the point when DQS/DQS# finishes driving the signal.
9. CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK/CK# crossing.

10.
11.
12.

13.

14.

15.

16.

17.

CKE input hold time is measured from CK/CK# crossing to CKE reaching a HIGH/LOW voltage level.

Input setup/hold time for signal (CA[9:0], CS#).

To ensure device operation before the device is configured, a number of AC boot timing parameters are defined in this table.
The letter b is appended to the boot parameter symbols (for example, tCK during boot is tCKb).

Mobile LPDDR2 devices set some mode register default values upon receiving a RESET (MRW) command, as specified in
Mode Register Definition.

The output skew parameters are measured with default output impedance settings using the reference load.

The minimum tCK column applies only when tCK is greater than 6ns.

Timing derating applies for operation at 85°C to 105°C when the requirement to derate is indicated by mode register 4 op-
code (see the MR4 Device Temperature (MA[7:0] =04h) table).

DRAM devices should be evenly addressed when being accessed. Disproportionate accesses to a particular row address

may result in reduction of the product lifetime.
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Figure 70: Command Input Setup and Hold Timing
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Notes :1. The setup and hold timing shown applies to all commands.
2. Setup and hold conditions also apply to the CKE pin. For timing diagrams related to the CKE pin, see Power-Down.

CA and CS# Setup, Hold, and Derating

For all input signals (CA and CS#), the total required setup time (tIS) and hold time (tIH) is calculated by adding the data sheet tIS
(base) and tIH (base) values to the AtlS and AtlH derating values, respectively. Example: tIS (total setup time) = tIS(base) + AtlS.
(See the series of tables following this section.)

The typical setup slew rate (tIS) for a rising signal is defined as the slew rate between the last crossing of VREF(DC) and the first
crossing of VIHAC)MIN. The typical setup slew rate for a falling signal is defined as the slew rate between the last crossing of Vrer(oc)
and the first crossing of Viiacmax. If the actual signal is consistently earlier than the typical slew rate line between the shaded
VRrer(pc)-t0-(AC) region, use the typical slew rate for the derating value (see Figure 71). If the actual signal is later than the typical
slew rate line anywhere between the shaded Vrer(oc)-to-AC region, the slew rate of a tangent line to the actual signal from the AC
level to the DC level is used for the derating value (see Figure 73).

The hold (tIH) typical slew rate for a rising signal is defined as the slew rate between the last crossing of ViLiocywax and the first cross-
ing of Vrer(pc). The hold (tIH) typical slew rate for a falling signal is defined as the slew rate between the last crossing of Vinpocymin and
the first crossing of Vrer(c).

If the actual signal is consistently later than the typical slew rate line between the shaded DC-to-Vrer(oc) region, use the typical slew
rate for the derating value (see Figure 72). If the actual signal is earlier than the typical slew rate line anywhere between the shaded
DC-to-Vrer(oc) region, the slew rate of a tangent line to the actual signal from the DC level to Vrerc) level is used for the derating value
(see Figure 74).

For a valid transition, the input signal must remain above or below ViHniLac) for a specified time, tVAC (see Table 86).

For slow slew rates the total setup time could be a negative value (that is, a valid input signal will not have reached ViHviLac) at the
time of the rising clock transition). A valid input signal is still required to complete the transition and reach VitviLac). For slew rates
between the values listed in Table 84, the derating values are obtained using linear interpolation.

Slew rate values are not typically subject to production testing. They are verified by design and characterization.
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Table 82: CA and CS# Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter Reference
1066 933 800 667 533 466
tIS(base) 0 30 70 150 240 300 ViHnviLac) = VRer(c) £220mV
tIH(base) 90 120 160 240 330 390 VinnviLoc) = VRer(pc) £130mV

Note : 1. AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew rate

Table 83: CA and CS# Setup and Hold Base Values (<400 MHz, 1 V/Ins Slew Rate)

Data Rate
Parameter Reference
400 333 255 200
tIS(base) 300 440 600 850 ViHviLac) = VRerc) £300mV
tIH(base) 400 540 700 950 ViHnviLoce) = VRer(pc) £200mV

Note : 1. AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew rate

Table 84: Derating Values for AC/DC-Based tIS/tIH (AC220)
AtlS, AtlH derating in ps

CK, CK# Differential Slew Rate
4.0V/ins 3.0V/ns 2.0VIns 1.8V/ns 1.6V/ns 1.4V/ns 1.2Vins 1.0V/ns
AtlS | AtIH | AtIS | AtIH | AtlS | AtlH | AtlS | AtIH | AtlS | AtIH | AtIS | AtIH | AtIS | AtIH | AtlS | AtlH
2.0 | 110 65 110 65 110 65
15 74 43 73 43 73 43 89 59
CA, 1.0 0 0 0 0 0 0 16 16 32 32
csy | 09 -3 -5 -3 -5 13 11 29 27 45 43
slew | 0.8 -8 -13 3 24 19 40 35 56 55
\r/a/‘:]i 0.7 2 6 | 18 | 10 | 34 [ 26 | 50 | 46 | 66 | 78
0.6 10 -3 26 13 42 33 58 65
0.5 4 -4 20 16 36 48
0.4 -7 2 17 34
Note : 1. Shaded cells are not supported.
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Table 85: Derating Values for AC/DC-Based tIS/tIH (AC300)
AtIS, AtlH derating in ps

CK, CK# Differential Slew Rate
4.0V/ns 3.0V/ns 2.0V/ns 1.8Vins 1.6Vins 1.4Vins 1.2Vins 1.0V/ins
AtlS | AtIH | AtIS | AtIH | AtlS | AtIH | AtlS | AtlH | AtlS | AtIH | AtlS | AtIH | AtlS | AtIH | AtIS | AtlH
2.0 | 150 | 100 | 150 | 100 | 150 | 100
1.5 | 100 67 100 67 100 67 116 83
CA 1.0 0 0 0 0 0 0 16 16 32 32
cs# | 09 -4 -8 -4 -8 12 8 28 24 44 40
slew | 0.8 -12 | -20 4 -4 20 12 36 28 52 48
\rf/“e 0.7 3 | -18| 13 | -2 | 29 | 14 | 45 | 34 | 61 | 66
ns
0.6 2 -21 18 -5 34 15 50 47
0.5 -12 | -32 4 -12 20 20
0.4 -35 | -40 | -11 -8
Note : 1. Shaded cells are not supported.
Table 86: Required Time for Valid Transition — tVAC > Viniac) and < ViLac)
tVAC at 300mV(ps) tVAC at 220mV(ps)
Slew Rate (V/ns)
Min Max Min Max
>2.0 75 175 -
2.0 57 170 -
15 50 167 -
1.0 38 163 -
0.9 34 162 -
0.8 29 161 -
0.7 22 159 -
0.6 13 155 -
0.5 0 150 -
<0.5 0 150 -
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Figure 71: Typical Slew Rate and tVAC — tIS for CA and CS# Relative to Clock
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Figure 72: Typical Slew Rate — tIH for CA and CS# Relative to Clock
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Figure 73: Tangent Line — tIS for CA and CS# Relative to Clock
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Figure 74: Tangent Line — tIH for CA and CS# Relative to Clock
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Data Setup, Hold, and Slew Rate Derating

For all input signals (DQ, DM) calculate the total required setup time (tDS) and hold time (tDH) by adding the data sheet tDS(base)
and tDH(base) values (see Table 87) to the AtDS and AtDH derating values, respectively (see Table 89 and Table 90).

Example: tDS = tDS(base) + AtDS. The typical tDS slew rate for a rising signal is defined as the slew rate between the last crossing
of Vrer(pc) and the first crossing of ViHacymin. The typical tDS slew rate for a falling signal is defined as the slew rate between the
last crossing of VREF(DC) and the first crossing of ViLiacyvax (see Figure 75).

If the actual signal is consistently earlier than the typical slew rate line in Figure 71) the area shaded gray between the VREF(DC) re-
gion and the AC region, use the typical slew rate for the derating value. If the actual signal is later than the typical slew rate line
anywhere between the shaded VREF(DC) region and the AC region, the slew rate of a tangent line to the actual signal from the AC
level to the DC level is used for the derating value (see Figure 73).

The typical tDH slew rate for a rising signal is defined as the slew rate between the last crossing of ViLpcymax and the first crossing
of VREF(DC). The typical tDH slew rate for a falling signal is defined as the slew rate between the last crossing of Vitocmin and the
first crossing of VREF(DC) (see Figure 76).

If the actual signal is consistently later than the typical slew rate line between the shaded DC-level-to-VREF(DC) region, use the typi-
cal slew rate for the derating value. If the actual signal is earlier than the typical slew rate line anywhere between shaded DC-to
-VREF (DC) region, the slew rate of a tangent line to the actual signal from the DC level to the VREF(DC) level is used for the derating
value (see Figure 78).

For a valid transition, the input signal must remain above or below ViHviLac) for the specified time, tVAC(see Table 91).

The total setup time for slow slew rates could be negative (that is, a valid input signal may not have reached VitviLac) at the time of
the rising clock transition). A valid input signal is still required to complete the transition and reach Viivii(ac).

For slew rates between the values listed in Table 87 and Table 88, the derating values can be obtained using linear interpolation.
Slew rate values are not typically subject to production testing. They are verified by design and characterization.

Table 87: Data Setup and Hold Base Values (>400 MHz, 1 V/ins Slew Rate)

Data Rate
Parameter Reference
1066 933 800 667 533 466
tDS(base) -10 15 50 130 210 230 ViH/ViLac) = VReF(DC) £220mV
tDH(base) 80 105 140 220 300 320 Vin/ViLpc) = Vrerpc) £130mV

Table 88: Data Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter Reference
400 333 255 200
tDS(base) 180 300 450 700 VIH/VIL(AC) = VREF(DC) £300mV
tDH(base) 280 400 550 800 VIH/VIL(DC) = VREF(DC) +200mV

Note : 1. AC/DC referenced for 1 V/ns DQ, DM slew rate, and 2 V/ns differential DQS/DQS# slew rate
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Table 89: Derating Values for AC/DC-Based tDS/tDH (AC220)

AtDS, AtDH derating in ps

DQS, DQS# Differential Slew Rate

4.0V/ins 3.0V/ns 2.0V/Ins 1.8V/ns 1.6V/ns 1.4V/Ins 1.2V/ins 1.0V/ns
AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH
20 | 110 | 65 110 | 65 110 65
15 74 43 73 43 73 43 89 59
) 1.0 0 0 0 0 0 0 16 16 32 32
om | 0-9 -3 -5 -3 -5 13 11 29 27 45 43
slew | 0.8 -8 -13 3 24 19 40 35 56 55
\f;’;‘;i 0.7 2 6 | 18 | 10 | 34 | 26 | 50 | 46 | 66 | 78
0.6 10 -3 26 13 42 33 58 65
0.5 4 -4 20 16 36 48
0.4 -7 2 17 34
Note : 1. Shaded cells are not supported.
Table 90: Derating Values for AC/DC-Based tDS/tDH (AC300)
AtDS, AtDH derating in ps
DQS, DQS# Differential Slew Rate
4.0VIns 3.0V/ns 2.0V/ns 1.8V/ns 1.6V/ns 1.4Vins 1.2Vins 1.0V/ns
AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH
2.0 | 150 | 100 | 150 | 100 | 150 | 100
15 | 100 | 67 100 | 67 100 67 116 | 83
) 1.0 0 0 0 0 0 0 16 16 32 32
pom | 09 -4 -8 -4 -8 12 8 28 24 44 40
slew | 0.8 -12 | -20 4 -4 20 12 36 28 52 48
rate | o7 3 | -18| 13| 2 | 29 | 14 | 45 | 34 | 61 | 66
Vins 0.6 2 -21 18 -5 34 15 50 47
0.5 -12 | -32 4 -12 20 20
0.4 4 -35 | 40 | -11 -8
Note : 1. Shaded cells are not supported.
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Table 91: Required Time for Valid Transition — tVAC > Vinac) or < ViLac)

tVAC at 300mV(ps) tVAC at 220mV(ps)
Slew Rate (V/ns) - -
Min Max Min Max
>2.0 75 - 175 -
2.0 57 - 170 -
15 50 - 167 -
1.0 38 - 163 -
0.9 34 - 162 -
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 0 - 150 -
<0.5 0 - 150 -

Table 90: Derating Values for AC/DC-Based tDS/tDH (AC300)
AtDS, AtDH derating in ps

DQS, DQS# Differential Slew Rate

4.0V/ns 3.0V/ns 2.0VIns 1.8V/ins 1.6Vins 1.4Vins 1.2Vins 1.0V/ns

AtDS | AtDH | AtDS [ AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH

20 | 150 | 100 | 150 | 100 | 150 | 100

15 | 100 67 100 67 100 67 116 83

1.0 0 0 0 0 0 0 16 16 32 32

DD(,?,,’ 0.9 4 | 8| 4| 8| 12| 8 | 28| 24| 44| 40

slew | 0.8 12 | 20 | 4 4 | 20| 12 | 36 | 28 | 52 | 48

rate | 0.7 3 | -18| 13| 2 | 29| 14 | 45 | 34 | 61 | 66

Vins 70 2 | 21| 18| 5 | 3¢ | 15 | 50 | 47
05 12 | 32| 4 | 12| 20 | 20
0.4 4 | 35 | -4 [ 11| -8

Note : 1. Shaded cells are not supported.

Table 91: Required Time for Valid Transition — tVAC > Vinac) or < ViLao)

tVAC at 300mV(ps) tVAC at 220mV(ps)
Slew Rate (V/ns) - X
Min Max Min Max
>2.0 75 - 175 -
2.0 57 - 170 -
15 50 - 167 -
1.0 38 - 163 -
0.9 34 - 162 -
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 0 - 150 -
<0.5 0 - 150 -
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CFIDELIX

Figure 75: Typical Slew Rate and tVAC —tDS for DQ Relative to Strobe
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Figure 76: Typical Slew Rate — tDH for DQ Relative to Strobe
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CFIDELIX

Figure 77: Tangent Line — tDS for DQ with Respect to Strobe
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Figure 78: Tangent Line — tDH for DQ with Respect to Strobe
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Pin Configurat

CFIDELIX

ion — 121Ball FBGA(X16)
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CFIDELIX

Pin Configuration — 134Ball FBGA(X32)
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CFIDELIX

Package Dimension — 121Ball FBGA(X16)
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Package Dimension — 134Ball FBGA(X32)
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