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Introduction

XTX nMCP is a Multi-Chip Packaged memory which combines NAND flash memory and LPDDR2 (Low Power
Double Data Rate) SDRAM. The NAND flash memory provides the most cost-effective solution for the non-volatile
solid state mass storage market, while the LPDDR?2 is an excellent solution for large volatile but fast storage applica-
tions such as random/temporary data access.

XTX nMCP is suitable for use in data memory of portable electronic devices to reduce its square size and power
consumption at the same time. The NAND flash memory and LPDDR2 SDRAM in it could be operated individually.
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Features

<NAND flash >

>  Single Level per Cell (SLC) Technology

» ECC requirement: 8bit/544Bytes

» Power Supply Voltage
Voltage range: 1.7V ~ 1.95V

»  Organization
Page size: x8 (2048 + 128) bytes; 128- bytes spare area
Block size: x8 (128k + 8k) bytes
1004 block (min) ~ 1024 block (max)

» Modes
Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy

»  Access time
Cell array to register: 25us (max)
Serial Read Cycle: 25 ns (min) (CL=50pF)
» Program/Erase time
Auto Page Program: 300 us /page (typ.)
Auto Block Erase: 3.5 ms/block( typ.)

» Reliability
10 Year Data Retention (typ.)
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM

XT61M1G8C2TM-B8Bxx

<LPDDR2>

Features

. Ultra low-voltage core and 1/O power sup-
plies
— VDD2 =1.14-1.30V
— VDDCA/VDDQ = 1.14-1.30V
— VDDI =1.70-1.95V
*Clock frequency range
- 533—-10 MHz (data rate range: 1066—

20 Mb/s/pin)

*Four-bit prefetch DDR architecture

. Eight internal banks for concurrent opera-
tion

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

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

. Programmable READ and WRITE laten-
cies (RL/WL)

*Programmable burst lengths: 4, 8, or 16

*Per-bank refresh for concurrent operation

. On-chip temperature sensor to control self-
refresh rate (SR not supported >105°C)

Partial-array self-refresh (PASR)

*Deep power-down mode (DPD)

*Selectable output drive strength (DS)

*Clock stop capability

*RoHS-compliant, “green” packaging

6/13/2023

Options

L]

Configuration

— 4 Meg x 32 x 8 banks
Row Addressing

— 8K (A[12:0])

Column Addressing

— 512 (A[8:0])

Number of die

- 1

Die per rank

- 1

Ranks per channel

- 1

Operating temperature range
—  From -25°C to +85°C

e
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM

XT61M1G8C2TM-B8Bxx

Ordering information

NAND Flash Mobile DDR2 SDRAM Operation
Product ID Package Temperature
: . Range
Configuration | Speed | Configuration Speed
XT61M1G8C2TM- 1GDb (8 Banks X 162 ball BGA .
BSBEA 1Gb (tl)IZtg\/I X8| 25ns AM X 32 bits) 1066Mbps 8x10.5x0.95 Industrial

Part number description

XT61M 1G8C2TM-B 8 B x x

Vendor 4,

XT: XTX

Product family ————

61M : 1.8v Nand + LPDDR2 MCP

Nand Density/Org
1G8:1Gb /x8
2G8:2Gb /x8
4G8 :4Gb /x8

Dram Density/Org

C2 : 1Gb /x32
D2 :2Gb /x32
E2:4Gb /x32

TM: Version

Packing type

A: Tray
T: Tape&Reel

Temperature range

E: Extended(-25°C to 85°C)
I: Industrial(-40°C to +85°C)

Nand ECC bit
0: 0 bit
B: 8 bit

DRAM speed
8:1.875ns

Internal version

Package type
B: 162 ball BGA 8x10.5x0.9

Rev 1.0

6/13/2023



XT61M1G8C2TM-B8Bxx

1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

Pin description

Pin Name Type Function
NAND
vCe Suppl Supply Voltage: The VCC supplies the power for all the operations (Read, Program, Erase).
PPy An internal lock circuit ,prevents the insertion of Commands when VCC is less than VLKO.
VSS Supply Ground
1/00-1/07 | Input/output | Data input/outputs: address inputs, or command inputs
ALE Input Add.ress Latch Enable: This input activates the latching of the I/O inputs inside the Address
Register on the
Command Latch Enable: This input activates the latching of the I/O inputs inside the
CLE Input .
Command Register on
Chip Enable: This input controls the selection of the device. When the device is not
CE# Input
busy CE# low selects
Read Enable: The RE# input is the serial data-out control, and when active drives the data
RE# Input
onto the I/O bus.
Write Enable: This input latches Command, Address and Data. The 1/O inputs are latched
WE# Input .
on the rising edge
WP# Input Write Prqtect: .The WP# pin, when low, provides hardware protection against undesired
data modification
R/ B# Output Ready Busy: The Ready/Busy output is an Open Drain pin that signals the state of the memory.

Rev 1.0
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

LPDDR2 SDRAM

CK, CK#

Input

Clock: CK and are differential clock inputs. All Double Data Rate (DDR) CA inputs are sam-
pled

on both positive and negative edge of CK. Single Data Rate (SDR) inputs, CK# and CKE, are

sampled at the positive Clock edge. Clock is defined as the differential pair, CK and CK#.

The positive Clock edge .

Clock Enable: CKE high activates, and CKE low deactivates internal clock signals, and device

Input buffers and output drivers. Power saving modes are entered and exited through CKE
tranqitions

CA0-CAY

Input

Command/Address Inputs: Unidirectional command/address bus inputs. Provide the
command and address inputs according to the command truth table. CA is considered part
of the command code.

DQO0-DQ31

Input / Output

Data Bus: Bi-directional Input / Output data bus.

DMO0-DM3

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM
is sampled HIGH coincident with that input data during a Write access. DM is sampled on
both edges of DQS. Although DM pins are input-only, the DM loading matched the DQ and
DQS.

DMO corresponds to the data on DQO-DQ7, DM1 corresponds to the data on DQ8-DQ15,
DM2, corresponds to the data on DQ16-DQ23, and DM3 corresponds to the data on DQ24-
DQ31.

DQS0~3
DQS#0~3

Input / Output

Data Strobe (Bi-directional, Differential): The data strobe is bi-directional (used for read
and write data) and Differential DQS ,t is output with read data and input with write data.
DQS is edge-aligned to read data, and centered with write data.

7Q0

Input

Reference Pin for Output Drive Strength Calibration. External impedance (240-ohm): this
signal is used to calibrate the device output impedance.

CKEO0

Input

Clock Enable: CKE high activates, and CKE low deactivates internal clock signals, and device
input buffers and output drivers. Power saving modes are entered and exited through CKE
transitions. CKE is considered part of the command code. CKE is sampled at the positive
Clock edge.

CSo#

Input

CS# enables (registered LOW) and disables (registered HIGH) the command decoder. All
commands are masked when CS# is registered HIGH. CS# provides for external bank
selection on systems with multiple banks. CS# is considered part of the command code.

VDD1

Supply

VDD1: LPDDR?2 power supply 1.

VDD2

Supply

VDD2: LPDDR2 power supply 2.

VDDQ

Supply

VDDQ: LPDDR?2 I/O power supply.

VREFCA

Supply

VREFCA: LPDDR?2 reference for CA pins.

VREFDQ

Supply

VREFDQ: LPDDR2 reference for DQ pins.

VSSQ

Supply

VSSQ: LPDDR2 I/O ground.

NOTES:

DNU — Do not use: Must be grounded or left floating.
NC — No connect: Not internally connected.
RFU — Reserved for future use.

Rev 1.0
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Package Dimension 8x10.5 package
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NAND Flash Memory
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1.1 General Description
The NAND is a single 1.8v 1Gbit NAND Electrically Erasable and Programmable Read-Only Memory (NAND
E2PROM) organized as (2048 + 128) bytes x 64 pages x 1024 blocks. The device has a 2176-byte static registers which
allow program and read data to be transferred between the register and the memory cell array in 2176-byte increments.
The Erase operation is implemented in a single block unit (128 Kbytes + 8 Kbytes: 2176 bytes x 64 pages).

The NAND is a serial-type memory device which utilizes the I/O pins for both address and data input/output as well as
for command inputs. The Erase and Program operations are automatically executed making the device most suitable for
applications such as solid-state file storage, voice recording, image file memory for still cameras and other systems
which require high-density non-volatile memory data storage.

1.2 Logic Diagram
VCC VCCQ

CE# —( c:> 1/01~1/08
WE# =——(]
RE# —Q O———R/B#
ALE
CLE

WP# ———(

V35 VS50

e
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1.3 Block Diagram

Vcec Vss
Status register e T (I

1101 o= A Address register Column buffer

le}
%”/// e ’—> Column decoder

Control circuit
/o8 o Command register 7 ////}f> Data register

{} | Sense amp <

Memory cell array

— Logic control Control circuit

Row address buffer
decoder
Row address decoder

L

RY/BY c:
}— RY/BY HV generator

e
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1.4 Array Organization

Schematic Cell Layout and Address Assignment

The Program operation works on page units while the Erase operation works on block units.

/o1

S

Data Cache| .-2048

A page consists of 2176 bytes in which 2048 bytes are

used for main memory storage and 128 bytes are for

[

. redundancy or for other uses.
Page Buffer| .- 2048

1 page = 2176 hytes

11—

LT 1 block = 2176 bytes x 64 pages = (128K + 8K) bytes
i Capacity = 2176 bytes x 64pages » 1024 blocks
f ; ;
; }64 Pages=1 block
65536 ;
pages i :
1024 blocks  § : ;
L i | a0
2176
An address is read in via the I/O port over four
consecutive clock cycles, as shown in Table 1.
1.5 Addressing
1/08 1/07 1/06 /05 1/04 1/03 1/02 /01
First cycle CA7 CA6 CA5 CA4 CA3 CA2 CAl CA0
Second cycle L L L L CAll CA10 CA9 CA8
Third cycle PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth cycle PA1S PA14 PA13 PA12 PAIll PA10 PA9 PAS

CA0 to CA11: Column address
PAO to PA15: Page address
PA6 to PA15: Block address
[ PAO to PA5: NAND address in block}

e
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1.6 Absolute Maximum Ratings

SYMBOL RATING VALUE UNIT
Vee Power Supply Voltage 0.6 t0 2.5 \Y%
VIN Input Voltage —0.6t02.5 \Y
V1o Input /Output Voltage =0.6 to Vcc +0.3(<2.5V) \Y4

Pp Power Dissipation 0.3 w
TSOLDER Soldering Temperature (10 s) 260 °C
TstG Storage Temperature —55t0 150 °C
TopPrR Operating Temperature -40 to 85 °C

1.7 Capacitance *(Ta =25°C, f=1 MHz)

SYMBOL PARAMETER CONDITION MIN MAX UNIT
CIN Input VIN=0V - 10 pF
CouT Output Vour=0V — 10 pF

* This parameter is periodically sampled and is not tested for every device.

1.8 Valid Blocks

SYMBOL PARAMETER MIN TYP. MAX UNIT

NvB Number of Valid Blocks 1004 - 1024 Blocks

NOTE: The device occasionally contains unusable blocks. Refer to Application Note (13) toward the end of this document.

The first block (Block 0) is guaranteed to be a valid block at the time of shipment. The specification for the minimum
number of valid blocks is applicable over lifetime The number of valid blocks is on the basis of single plane operations,
and this may be decreased with two plane operations.

e
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1.9 Recommended DC Operating Conditions

SYMBOL PARAMETER MIN TYP. MAX UNIT
Ve Power Supply Voltage 1.7 — 1.95 \%
ViH High Level input Voltage Vee x 0.8 — Vee + 0.3 \%
ViL Low Level Input Voltage -0.3* — Vee x 0.2 \Y

* =2V (pulse width lower than 20 ns)

1.10 DC Characteristics (Ta =-40 to 85°C, VCC = 1.7 to 1.95V )

SYMBOL PARAMETER CONDITION MIN TYP. MAX UNIT
I Input Leakage Current VIN=0VtoVce — - £10 nA
ILo Output Leakage Current Vour=0VtoVcc — — £10 pA
Iccol Serial Read Current CE# = VIL, louT = 0 mA, tcycle = 25 - — 30 mA
Iccoz Programming Current — — — 30 mA
Iccos Erasing Current — _ _ 30 A
Iccs Standby Current CE#=Vcc-02V, WP#=0 V/Vcc — — 50 HA
VoH High Level Output Voltage Ion=-0.1 mA Vee—0.2 — — \Y
VoL Low Level Output Voltage IoL = 0.1 mA — — 0.2 \Y

ToL Output current of RY/BY pin VoL=02V . 4 . A

(RY/BY)
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AC CHARACTERISTICS AND RECOMMENDED OPERATING

(Ta=-40t085°C,VC(C =1.7t0 1.95V)

SYMBOL PARAMETER MIN MAX UNIT
tcLs CLE Setup Time 12 — ns
tcLH CLE Hold Time 5 — ns

tcs CE# Setup Time 20 — ns
tcH CE# Hold Time 5 — ns
twp Write Pulse Width 12 — ns
tALS ALE Setup Time 12 — ns
tALH ALE Hold Time 5 — ns
DS Data Setup Time 12 — ns
{DH Data Hold Time 5 — ns
twe Write Cycle Time 25 — ns
twWH WE# High Hold Time 10 — ns
tww WP# Highto WE# Low 100 — ns
RR Ready to RE# Falling Edge 20 - ns
tRW Ready to WE# Falling Edge 20 — ns
tRP Read Pulse Width 12 — ns
tRC Read Cycle Time 25 — ns
REA RE# Access Time - 20 ns
tCEA CE# Access Time — 25 s
fCLR CLE Low to RE# Low 10 — ns
fAR ALE Lowto RE# Low 10 — ns
{(RHOH RE# High to Output Hold Time 25 — ns
{RLOH RE# Low to Output Hold Time 5 — ns
RHZ RE# High to Output High Impedance - 60 ns
tcHZ CE# High to Output High Impedance — 20 ns
tcsp CE# High to ALE or CLE Don’t Care 0 — ns
{REH RE# High Hold Time 10 — ns
IR Output-High-impedance-to- RE# Falling Edge 0 — ns
tRHW RE# Highto WE# Low 30 — ns
tWHC WE# High toCE# Low 30 - ns
tWHR WE# Highto RE# Low 60 — ns
R Memory Cell Array to Starting Address — 25 HS
'DCBSYRI Data Cache Busy in Read Cache (following 31h and 3Fh) — 25 Hs
{DCBSYR2 Data Cache Busy in Page Copy (following 3Ah) — 30 us
twB WE# High to Busy — 100 ns
tRST Device Reset Time (Ready/Read/Program/Erase) - 5/5/10/500 Hs

*1: tCLS and tALS can not be shorter than tWP
*2: tCS should be longer than tWP + 8ns.

Rev 1.0
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1.11 AC Test Conditions

CONDITION
PARAMETER

Vcc: 1.7 to 1.95V
Input level Vcc—-02V,02V
Input pulse rise and fall time 3ns
Input comparison level Vee /2
Output data comparison level Vee /2
Output load CL(B0pF)+1TTL

Note: Busy to ready time depends on the pull-up resistor tied to the RY/BY# pin.

1.12 Programming and Erasing Characteristics
(Ta=-40 to 85°C, Vcc =1.7 to 1.95V)

SYMBOL PARAMETER MIN TYP. MAX UNIT NOTES
tPROG Average Programming Time - 300 700 us
tDCBSYW?2 Data Cache Busy Time in Write Cache (following 15h) - - 700 us 2)
N Number of Partial Program Cycles in the Same Page - — 4 (1)
tBERASE Block Erasing Time - 3.5 10 ms

(1)Refer to Application Note (12) toward the end of this document.
(2)tDCBSYW2depends on the timing between internal programming time and data in time.

1.13 Data Output

When tREH is long, output buffers are disabled by /RE=High, and the hold time of data output depend on tRHOH (25ns
MIN). On this condition, waveforms look like normal serial read mode.

When tREH is short, output buffers are not disabled by /RE=High, and the hold time of data output depend on tRLOH
(5ns MIN). On this condition, output buffers are disabled by the rising edge of CLE, ALE, /CE or falling edge of /WE,
and waveforms look like Extended Data Output Mode.
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1.14 Mode Selection
The operation modes such as Program, Erase, Read and Reset are controlled by command operations shown in Table 3.
Address input, command input and data input/output are controlled by the CLE, ALE, /CE , /WE , /RE and /WP signals
as shown in Table 2.

Table 2. Logic Table
CLE ALE TE WE RE wp

Command Input H L L . - ~
Data Input L L L T4 H H
Address input L H L T H *
Serial Data Output L L L H 5 -
Duning Program (Busy) * = * * * H
During Erase (Busy) * B * * ,, H

; s H * * -
Dunng Read (Busy)

* * L H{(*2) H(*2) *
Program, Erase Inhibit * * * * * L
Standby * * H * * 0VNee

H: ViH, L: VIL, *: VIH or VIL
1. *1: Refer to Application Note (10) toward the end of this document regarding the WP signal when Program or Erase Inhibit
2. *2 :1f CETis low during read busy, WE—and RE musttbe held High to avoid unintended command/address input to the device or read to device. Reset or Status Read command
can be input during Read Busy.

S —
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Table 3. Command table (HEX)

First Cycle Second Cycle Acceptable while Busy

Serial Data Input 80 -
Read 00 30
Column Address Change in Serial Data Output 05 EO
Read with Data Cache 31 -
Read Start for Last Page in Read Cycle with Data Cache 3F —
Auto Page Program 80 10
Column Address Change in Serial Data Input 85 -
Auto Program with Data Cache 80 15
Read for Page Copy (2) with Data Out 00 3A
Auto Program with Data Cache during Page Copy (2) 8C 15
Auto Program for last page during Page Copy (2) 8C 10
Auto Block Erase 60 DO
ID Read 90 —

Status Read 70 — °

Reset FF - °

HEX data bit assignment
(Example) Senal Data Input: 80h

g8 7 6 5 4 3 21N

Table 4. Read mode operation states

CLE ALE CE WE RE 1/01 to I/08 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active

H: Vig, L: VIL

Rev 1.0 6/13/2023 23



X
. 1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

1.15 Device Operation

Read Mode
Read mode is set when the "00h" and “30h” commands are issued to the Command register. Between the two commands,
a start address for the Read mode needs to be issued. After initial power on sequence, “00h” command is latched into the
internal command register. Therefore read operation after power on sequence is executed by the setting of only five ad-
dress cycles and “30h” command. Refer to the figures below for the sequence and the block diagram (Refer to the de-
tailed timing chart.).

= \ A AP A B G772 A A B
e
/

ALE / \

RE

Ry /BY Column Address M Page Address N Busy [ R

vo —oom}— A A e MM Mi2)— - -

Page Address N

Start-address input
A data transfer operation from the cell array to the Data

Data Cache | Ml - T Cache via Page Buffer starts on the rising edge of WE inthe
{ 30h command input cycle (after the address information has
Page Buffer | }- | been latched). The device will be in the Busy state during this
Select page—h .|".r'.r'.‘.r'.-‘.-’.-"Lf{:‘.{!{!!f{!.{!frfft’fffff: transfer penod
N iR 1.t cell array After the transfer period, the device returns to Ready state.
T Serial data can be output synchronously with the RE clock

/0110 8 m = 2175 from the start address designated in the address input cycle.

e —
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Random Column Address Change in Read Cycle

Start-address input Start from Col. M Start from Col. M’
M M During the serial data output from the Data Cache, the column
| N address can be changed by inputting a new column address

Lo * | & i using the 05h and EOh commands. The data is read out in serial

| [." starting at the new column address. Random Column Address

[ _ Change operation can be done multiple times within the same
SEIEE:I page__,| !}I.f.f.-’.-".".".-".-'.n'.n'.n".n".".".n'_’.n'.’.’//!!l!/!//l.’ page.
\T‘

e —
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Read Operation with Read Cache
The device has a Read operation with Data Cache that enables the high speed read operation shown below. When the
block address changes, this sequence has to be started from the beginning.

ae /\ [\ [\ [\
=\ AR FF) bl A Al A 1A A
LRVAVAVAVAVAY! \/ \f\ \f\

Col. M Page N Column0 Page Address N Page Address N +1 Page Address N+ 2
Data Cache
— e — e N —— Page N+2
Page Bufer (ﬁ% SETEL — @ (ST o — @ :é
= ©® ®
Cell Array Page N Page N+ 1 R @
@ Page N+2 @
30h 3h& RE clock 31h& FE dlock IFh& FE dock

If the 31h command is issued to the device, the data content of the next page is transferred to the Page Buffer during serial data out from the Data Cache, and therefore the tR (Data transfer
from memory cell to data register) will be reduced.

1 Normal read. Data is transferred from Page N to Data Cache through Page Buffer. During this time period, the device outputs Busy state for tR max.

2. After the Ready/Busy returns to Ready, 31h command is issued and data is transferred to Data Cache from Page Buffer again. This data transfer takes tDCBSYR1 max and the completion
of this time period can be detected by Ready/Busy signal.

3. Data of Page N + 1 is transferred to Page Buffer from cell while the data of Page N in Data cache can be read out by /RE clock simultaneously.

4. The 31h command makes data of Page N + 1 transfer to Data Cache from Page Buffer after the completion of the transfer from cell to Page Buffer. The device outputs Busy state for
tDCBSYR1 max.. This Busy period depends on the combination of the internal data transfer time from cell to Page buffer and the serial data out time.

5. Data of Page N + 2 is transferred to Page Buffer from cell while the data of Page N + 1 in Data cache can be read out by /RE clock simultaneously

6. The 3Fh command makes the data of Page N + 2 transfer to the Data Cache from the Page Buffer after the completion of the transfer from cell to Page Buffer. The device outputs Busy state
for tDCBSYR1 max.. This Busy period depends on the combination of the internal data transfer time from cell to Page buffer and the serial data out time.

7. Data of Page N + 2 in Data Cache can be read out, but since the 3Fh command does not transfer the data from the memory cell to Page Buffer, the device can accept new command input
immediately after t he completion of serial data out.

e —
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Auto Page Program Operation
The device carries out an Automatic Page Program operation when it receives a "10h" Program command after the ad-

dress and data have been input. The sequence of command, address and data input is shown below. (Refer to the detailed
timing chart.)

as 7\ N n
<\ AII0 A 10000 7

= VUV VUV Y
ALE_/—\ «

. th)
e \V
— ()
RY /BY o

1o ~pH OO oK)

"
Col. M Page P Daia
Data input The data is transferred (programmed) from the register to the
ngram Read& verification selected page on the n'sing edge of WE fO“DWiI"Ig il'lpl.l'l of the
\ “10h" command. After programming, the programmed data is
Selected T transfermed back to the register to be automatically verified by the
page device. If the programming does not succeed, the Program/Verify

operation is repeated by the device until success is achieved or until
the maximum loop number set in the device is reached.
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Random Column Address Change in Auto Page Program Operation

The column address can be changed by the 85h command during the data input sequence of the Auto Page Program op-
eration.

Two address input cycles after the 85h command are recognized as a new column address for the data input. After

the new data is input to the new column address, the 10h command initiates the actual data program into the selected
page automatically. The Random Column Address Change operation can be repeated multiple times within

the same page.

D000 0an00 0L 020100,00020,0 O;$

Col.M PageN Col. M BUSY
Col. M Col. M
_ 4 _
Datainput [~ 7o |
[\

Program\ } Reading & verification
AR A AN IS AI AR

Selected |-
page

e —
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Auto Page Program Operation with Data Cache

The device has an Auto Page Program with Data Cache operation enabling the high speed program operation shown be-
low. When the block address changes this sequenced has to be started from the beginning.

“s [\ /_\_/_\ ﬂ A A A A
\BHEEH ' %%%'_E; (W7 MHEH b 22
W\f\f\f\/\f\/\} \/ \l\/\/\/\/\/\/ VWV VUV

e | W / \

(8 (!
¥ i

44
“

It
o L
e \ \ \/
RY /BY 4% A 4 4
lncasvwz tncesvwz lPROG (NOTE)
@@I@Q@@ @@ ) @@@&@@@ @@ H) @b@@@@@
Page N Status Output Page N+1 Status Output Page N+P @ Status Output
bata cache __[DEBIFRET] @.Iém'ﬂm’ iRy @; (= |Z]
Page Buffer @ C—] Dala for Page N ] [O=terfor Page N+ 1] L « 1 LY « |
71 21 l 7 A 7 Y
Cell Array Page N imiiizre | e .\ _____ [@ ] @
Page N+ 1 T
Page N~ P — 1 Page N +P

e
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Issuing the 15h command to the device after serial data input initiates the program operation with Data Cache

1. Data for Page N is input to Data Cache.

2. Data is transferred to the Page Buffer by the 15h command. During the transfer the Ready/Busy outputs Busy State
(tDCBSYW?2).

3. Data is programmed to the selected page while the data for page N + 1 is input to the Data Cache.

4. By the 15h command, the data in the Data Cache is transferred to the Page Buffer after the programming of page N
is completed. The device output busy state from the 15h command until the Data Cache becomes empty. The dura-
tion of this period depends on timing between the internal programming of page N and serial data input for Page N +
1 tDCBSYW?2).

5. Data for Page N + P is input to the Data Cache while the data of the Page N + P — 1 is being programmed.

6. The programming with Data Cache is terminated by the 10h command. When the device becomes Ready, it shows
that the internal programming of the Page N + P is completed.

NOTE: Since the last page programming by the 10h command is initiated after the previous cache program, the tPROG

during cache programming is given by the following;

tPROG = tPROG for the last page + tPROG of the previous page — ( command input cycle + address input cycle + data

input cycle time of the last page)

Pass/fail status for each page programmed by the Auto Page Programming with Data Cache operation can be detected by

the Status Read operation.

. I/O1 : Pass/fail of the current page program operation.

. /02 : Pass/fail of the previous page program operation.

The Pass/Fail status on I/O1 and 1/02 are valid under the following conditions.

. Status on I/O1: Page Buffer Ready/Busy is Ready State.

The Page Buffer Ready/Busy is output on I/O6 by Status Read operation or RY / BY pin after the 10h command

. Status on I/O2: Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on [/O7 by Status Read operation or RY / BY pin after the 15h command.

Example)
102 = Invalid Page1 ! Page 1 ) Page N-2 invalid Page N- 1
101 == Invalid Invalid | Page 2 : Invalid invalid Page N
T 1
T T _ T T T 0
@ I ED @ s - EDENED @ -G o - EED
| 1
|
Page 1 Page 2 | | PageN-1 Page N
I
A | i
RYBY pin L L ! ! L |
| 1
Data Cache Busy < © ; : < =2
! |
—> | |
< 3 I
Page Buffer Busy Faga : I
Page2 | i o>
| i Page N-1 &>
: : Page N
| ]

________

If the Page Buffer Busy returns to Ready before the next 80h command input, and if Status Read is done during
this Ready period, the Status Read provides pass/fail for Page 2 on I/O1 and pass/fail result for Pagel on 1/02
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Page Copy (2)
By using Page Copy (2), data in a page can be copied to another page after the data has been read out. When the block
address changes (increments) this sequenced has to be started from the beginning.

Command @ @
input
Address input

Data output Address input H Data input

Address Col = 0 start Address When changing data Address
CAD to CA11, PAD to PA15 CAD o CANM, PAD to PATS o oia is ingul CAD to CA11, PAD to PA15
(Page M) (Page N+P1)

@ (Page M)
_ v vy v ®
RY/BY R tocesywz tocesvRz

@ Data for Fage N ( : :' DatalnrpageN @ Dats for Page M @ ( ;2 Dats for Page N +P1
Dala Cache %

Page Buffer L 1 L 1 L 1
Cell Array
[SSESENSRRCRTTRY Page M
Page M Page N+P1 22T

Page Copy (2) operation is as following.

1. Data for Page N is transferred to the Data Cache.
2. Data for Page N is read out.
3. Copy Page address M is input and if the data needs to be changed, changed data is input.
4. Data Cache for Page M is transferred to the Page Buffer.
5. After the Ready state, Data for Page N + P1 is output from the Data Cache while the data of Page M is being programmed.
Command @
input
Address input |—| Data input Address input Data output |—l, Address input Data output
Address i e k. Address Col =0 start Address Col = 0 start
CAD1o CAN, PADIO PAT6 o iin | CAOtoCA11,PAOtOPA1E | CAO to CAT1, PAD to PA16

1
(Page NM+R1) @ (Page N+P2) (Page N+Pn) @
RY/BY @ @
\_/ tocesYwz \_/ tocesvr2 \_/ tocesvrR2

@ Data for Page M + R1 @ Data for Page M + R1 Q Dmafurpai NP2 Data for Page N + Pn
——— | ]
S % !

Page Buffer |
I ]
_____ Page M+ Rn— lh E A Pafie M+ Rn—1
Cell Array M
Page M E
I Page N +Pn L
SALLLELEEEEE S zmm lzmm
Page MRS AT AT TSI
]

Copy Page address (M + R1) is input and if the data needs to be changed, changed data is input.

After programming of page M is completed, Data Cache for Page M + R1 is transferred to the Page Buffer.

By the 15h command, the data in the Page Buffer is programmed to Page M + R1. Data for Page N + P2 is transferred to the Data cache.
The data in the Page Buffer is programmed to Page M + Rn — 1. Data for Page N + Pn is transferred to the Data Cache.

0PN

e
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Command
imput
Address input |—| Data input

Address
CAD to CA11, PAD to PA16
(Page M+Rn)

B
RY/BY O \ f' terog (*1)

@ Data for Page M + Rn @ Data for Page M + Rn
Data Cache .—_ C|:|

Page Buffer 1 1
CE F’ageM+Rn|||||||||||||||D

Page M+Rn-1

e W Y
Cell Array AOAIAARENRINNNY, ROy
L e R e e ey
i o
EEL IS T LTS LTS LR AL LIS L L ELLS
s . .

10.

Copy Page address (M + Rn) is input and if the data needs to be changed, changed data is input.
11.

By issuing the 10h command, the data in the Page Buffer is programmed to Page M + Rn.
(*1) Since the last page programming by the 10h command is initiated after the previous cache program, the tPROG here will be expected as the following,

tPROG = tPROG of the last page + tPROG of the previous page — ( command input cycle + address input cycle + data output/input cycle time of the last page)
NOTE)

Data input is required only if previous data output needs to be altered.

If the data has to be changed, locate the desired address with the column and page address input after the 8Ch command, and change only the data that needs be
changed.

If the data does not have to be changed, data input cycles are not required.
Make sure WP# is held to High level when Page Copy (2) operation is performed.
Also make sure the Page Copy operation is terminated with 8 Ch-10h command sequence

I —
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Auto Block Erase

The Auto Block Erase operation starts on the rising edge of WE# after the Erase Start command “DOh” which follows
the Erase Setup command “60h”. This two-cycle process for Erase operations acts as an extra layer of protection from
accidental erasure of data due to external noise. The device automatically executes the Erase and Verify operations.

o0 70 )TN Fass
EO———= (0 —e
Block Address  Ergee Stant Status Read Fail
input: 3 cycles command command
RY/BY \ Busy /

ID Read
The device contains ID codes which can be used to identify the device type, the manufacturer, and features of the device.
The ID codes can be read out under the following timing conditions:

e [ _
=\ O

A LY e

ALE
BE I [\ [ [ [\ {
trREA
| A | \ { A [ See | [ see \ [ see\
o \ %6h — 00h } 9ah { AR \table 5/ \table 5/ \table 5
ID Read Address 00 Maker code  Device code 3rd Data 4th Data 5th Data
command
Table 5. Code table
Description 1/08 1/07 /06 /05 /04 1/03 /02 1/01 Hex Data
1st Data Maker Code 1 0 0 1 1 0 0 0 98h
2nd Data Device Code 1 0 1 0 0 0 0 1 Alh
3rd Data Chip Number, Cell Type 1 0 0 0 0 0 0 0 80h
4th Data Page Size, Block Size, I/O 0 0 0 1 0 1 0 1 15h
Width
5th Data Plane Number 0 1 1 1 0 0 1 0 72h

I —
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3rd Data
Description 1/08 /07 1/06 1/05 1/04 1/03 1/02 /01
1 0 0
Internal Chip Number ) 0
4 1 0
1 1
2 level cell 0 0
Cell Type 4 level cell 0 1
8 level cell 1 0
16 level cell 1 1
Reserved 1 0 0 0
4th Data
Description /08 /07 1/06 /05 1/04 1/03 /02 /01
Page Size 1 KB 0 0
2 KB 0 1
(without redundant area) 4KB 1 0
8 KB 1 1
Block Size 64 KB 0 0
128 KB 0 1
(without redundant area) 256 KB 1 0
512 KB 1 1
x8 0
1/0 Width
Owi x16 1
Reserved 0 0 1
5th Data
Description 1/08 /07 1/06 1/05 1/04 /03 /02 1/01
1 Plane 0 0
Plane Number 2 Plane 0 1
4 Plane 1 0
8 Plane 1 1
Reserved 0 1 1 1 1 0
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Status Read

The device automatically implements the execution and verification of the Program and Erase operations. The Status
Read function is used to monitor the Ready/Busy status of the device, determine the result (pass /fail) of a Program or
Erase operation, and determine whether the device is in Protect mode. The device status is output via the I/O port using
RE# after a “70h” command input. The Status Read can also be used during a Read operation to find out the Ready/Busy
status.

The resulting information is outlined in Table 6.

Table 6. Status output table

o Page Program Read
Definition Block Erase : Cache Program i Cache Read
1101 Chip Status? , Pass/Fail Pass/Fail Invalid
Pass: 0 Fail: 1

1102 gz;p;éams 2 il Invalid Pass/Fail Invalid
/O3 Not Used 0 0 0
1104 * Not Used ‘0 ‘0 0
/05 Not Used 0 0 0

Page Buffer Ready/Busy
/OB ‘Ready: 1 Busy 0 iFtead\,n’Busyr iReadya’Busy iFte.’ad',.r!BUS\,r

iData Cache Ready/Busy
o7 “Ready: 1 Busy 0 :Readnyusy :Readya’Busy :Readnyusy

. Write Protect Liny - | I ing -
/o8  Not Protected -1 Protected: 0 :Wnte Protect :erte Protect :Wnte Protect

The Pass/Fail status on I/O1 and 1/O2 is only valid during a Program/Erase operation when the device is in the Ready
state.
Chip Status 1:

During a Auto Page Program or Auto Block Erase operation this bit indicates the pass/fail result.

During a Auto Page Programming with Data Cache operation, this bit shows the pass/fail results of the current page
program operation, and therefore this bit is only valid when [/06 shows the Ready state.
Chip Status 2:

This bit shows the pass/fail result of the previous page program operation during Auto Page Programming with Data
Cache. This status is valid when 1/O7 shows the Ready State.

The status output on the I/O6 is the same as that of I/O7 if the command input just before the 70h is not 15h or 31h.
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An application example with multiple devices is shown in the figure below.

ﬁuj C_EzL ESL EN(L CEN+ 1(])
CLE ——
ALE ——  Device Device Device Device Device
WE —¢ 1 — 2 — 3 N E— N+1
RE — e - S

o :ﬁg; Wf//////f/////f/f/jf/f/f//////fif///f/f//f/f////////f/f///f/f//f/f///////Jij
RY/BY .

RY/BY \ Busy
CLE / \

\_J
=\

1o { 70h ) 4 } { 70h }

\4‘/
Status on Device N

Status on Device 1

System Design Note: If the RY / BY# pin signals from multiple devices are wired together as shown in the diagram, the
Status Read function can be used to determine the status of each individual device.
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Reset

The Reset mode stops all operations. For example, in case of a Program or Erase operation, the internally generated
voltage is discharged to 0 volt and the device enters the Wait state.

Reset during a Cache Program/Page Copy may not just stop the most recent page program but it may also stop the
previous program to a page depending on when the FF reset is input.

The response to a “FFh” Reset command input during the various device operations is as follows:

When a Reset (FFh) command is input during programming

TR e TR
CO>—CD GO >
Internal Vpp /
RY/BY \
tpsT (max 10 ps)

When a Reset (FFh) command is input during erasing

oo )
2 Rl Qo —
Internal erase

voltage /

RY/BY \

trsT (max 500 ps)

When a Reset (FFh) command is input during Read operation

>

RY/BY \

S

@

tneT (may Al

When a Reset (FFh) command is input during Ready

RY/BY \

tRsT (Max 5 us)

When a Status Read command (70h) is input after a Reset

s s
NS N ST
 ————— /O status: Pass/Fail — Pass

. : Ready/Busy — Read
RY/BY —\—/ Y i )

When two or more Reset commands are input in succession
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® @ @
10 FF FF FF
—(C0) (D \_<
RY/BY \
The second @ command Is invalid, but the third @ command is valid.
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1.16 Timing Diagrams

Latch Timing Diagram for Command/Address/Data
CLE

WE \ //

Vg orVip

Command Input Cycle Timing Diagram

CLE
4/[‘/ tcis toLH j\
>

tcs tcH
E%///’ /Z/'// /Z///#////Zf//éf// //m%
twp
WE l ;/
. tas A talH N
NET }%/ ... O N~ = .
o toH

Vg or Vi

e —
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Address Input Cycle Timing Diagram

~ lcis ICLH
CLE m %ﬁ
fcH fcs twe tcH
| ) _}%
. twp twH  twp bwH twp WH twp
i T\ {_\_ |
WE
L/_L (D R W
. tals taLH
ALE )L l
_tDs | tDH tDs | tDH tps | tDH tDs | tDH

Data Input Cycle Timing Diagram

toLs

CAOto 7 @CABR}‘H @ PAOto 7 @F’Aﬂm15

<

Vg or VL

toLH

7

fch

7

tALH

7

6/13/2023
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Serial Read Cycle Timing Diagram

) tre
g )\ il
trp tReH trp trp leHz
RE T Ao Moo | e A
ey ]| e [ ey [
Tcen “tcea | \
Vo 5 3 y
trr

RY/BY

- VIH DFV"_

Status Read Cycle Timing Diagram

ol 3

| twe fcea
WE / tohz
\l\_/ twHC
WHR
RE \
- || tRHOH
ips | tDH . R |
trea IRHZ
N\
1o 70h* fﬁ:}‘:ﬁ  E—

RY/BY /

CWIH or ViL

*  T0h represents the hexadecimal number
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Read Cycle Timing Diag

CLE 3
fcLs fcuH

ram

tcLr

JtcLs tcme

tcs  |tcH tcs |t
=LA hBhn P 7
Yo /E ? 7%
twe
[ i
e\ f SRRV IRY; \
tALH tals falH fals
ALE ]{ lﬁ
i} RC.
tps|tipH tps|tpH tps|ioH tDs|ipH DS |toH tps|tpH t tcea
| | . | < 2R
g o
7 CAD CA8 PAO PA8 Douty Doyt
Vo 2 00h ( 07 o 11 o7 %to 15 30h N AN
| 11
- Data out from
. Col. Add. N Col. Add. N
RY/BY
Read Cycle Timing Diagram: When Interrupted by /CE
icLr
pi>|
icLs  fcuH fcLs  ftcLH % ]
tcs tcH ItCS tcH
2 R ) {
‘E bbb b |7 |
twe le»|lCSD
o\ U U U YUy
talH  taLs talH tals
ALE }{ }‘ ]
'R RC | tonz
ﬁ tws )_ f{
- UtRHZ
tDs | IDH Ds|toH s |'DH Ds|iDH Ds|iDH Ds|tDH mp | TCEA  thHoH
7 | | | tREA| 'E( ’
Z / / CAO CAS8 PAD PAS Dout DouTtl__
Vo ?/4 00h //4 o7 Ao 11 A to7 @ to 15 30n N [\N+T
" | B | |
Col. Add. N Col. Add. N
RY/BY 1 f
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Read Cycle with Data Cache Timing Diagram (1/2)

ICLR 1 ICLR
1
CLE ll \ f )
toLH toiH CLI I fcLH
ICLS el icLs ‘TCLS pay 11CLS e
2 tcH 2 tcH N _; tcH 13 . _TQ—I
Ics ics ics s
= /) - 7 b Db\
twe :
1
WE / | ry
VVE U’ 'E :
fALH laLs talH tals trw tCEA I tCEA
1
1
ALE i i
1
S !
|
R tDCBSYR1 RC. I DCBSYR1
. 1
BE Vi ‘!1 : i VI
. Eo I I B VAV AV o = i
{ps|tDH bs|toH tos|toH tDs|ioH  iDs|iDH ips|tDH tps|toH 'RR | ltpea ! tos|toH RR|  |tpea
{ 1
CAD V2 CAs PAD VA PAs Vi / Dout\Dout\ ] 1) Dout
o % 00h % ta7 %toﬂ )%{ to 7 %tow ( 30h a 31h o 1 ,, [Bout | 31h 0
Column address Page address e : Pgge address|
M Page address M | M+ 1 1
— ]
RY/BY L - Col. Add. ! l J ColAdd.0
1
1
1
1

*  The column address will be reset to 0 by the 31h command input.

Read Cycle with Data Cache Timing Diagram (2/2)

1]

Continues to m of next page

tor tclr —_— tclrR
CLE E 1 ! X
teLH - foLH
Iols = )7 toLs
tcy te tc
! —
1ics ics ics 7|
= _/f Ahh A hb ., K bbb
1 L
1 1K
1
I ‘
T h
w \J T
: tCEA Jicea tCEA
1
1
ALE :
H tpcesYR1 Re DCBSYR1 tre Tp—— e,
1
=l | VT \
1 L ok I
: tRRl, IRR tREA 'DS o RRle 2k » IREA
1 ‘
I ¥
out\/Dout o ol
e} 0 1 ) Doy, 3Fh 0 1
Page address " T
Page address M +1 M=2 Page address M+ x
RY/BY 1 f ) ! ) ’ 1 | '
ll-_ll Col.Agd. 0
Col. Add. 0 Col. Add. D

Continues from of previous page

Make sure to terminate the operation with 3Fh command.
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Column Address Change in Read Cycle Timing Diagram (1/2)

CLE ;[ .Lr 1
fcLs ol ftCLS tcLH)

lClj

Ay WWWY e A
\

toir

>

T
_ {CEA :
WE ;

U U Uy Y i
1
talH_fALS taLH, tALS l
|
|
ALE :
.
R fRe !
id
RE twe 1 a0
¥ N\
Ips|ipH  tps|toH fMps|tbH IDs|ipH Ips|tbH  iDs|iDH RR| | tpEa :
|
|
CAD CA8 PAOD PA8 out\/Oouh /O
Vo 00h t07 Ko 11 R to 7 KA to 15 e, 30N A Nax1PHp
1
Page address Page z'ajdd'ess
RY/BY ] l

I

1

1

1
Column address :
A I

1
1
1

Continues from of next page
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Column Address Change in Read Cycle Timing Diagram (2/2)

: o R

o _E_]tas Tc:»}_ '!t.:Ls TIDLH!E

tce  foH ics teH
=L K T A A TAA DA

tRHW e L | IEA
- g 'y \ |
TaH  tals Loy tas

ALE JE {

Al

U T

tREA
ouT ouT ouT
. e
Column address Page address
B P

Column address
B

Continues from of last page
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Data OQutput Timing Diagram

CLE
tcls toH [_

fcs fcH
=7 %%
A % A ] /i
WE u
taLH
ALE
V7
= org
trp tREH trp trP tRHZ
] 5§
_—— e T VT
tCEA[ } IR IREA tos | toH
tReA JRLOH tp1 OH
1o Dout Dout ommand F——
IRR tRHOH tRHOH
_ 5
RY /BY 3
_ 1

Auto-Program Operation Timing Diagram

tcLs I
CLE . / \.
ICLs | ICLH £

E_ylﬁtcs ;%:;S Y\ % )

tcH
WE \ i 1 [\ / '
taLH taLH
[
tas g tPrROG
twe

ALE 1 : /f’ :

10h =4 70h %

Column address
N

RY /BY ' Y ]
m - Do not input data while data is being output.
ZRnean

*) M: up to 2175 (byte input data for x8 device).
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Auto-Program Operation with Data Cache Timing Diagram (1/3)

fcLs
CLE t
tols | tolH if

H

tars

taLs
ALE

Dyin2175

- g \
RY /BY 3 /
EZ3 - oo not input data while data is being output. 7

Pz - Vinor viL

CAD to CA11 is 0 in this diagram.

continuesto [1] of next page
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Auto-Program Operation with Data Cache Timing Diagram (2/3)

Rev 1.0
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XT61M1G8C2TM-B8Bxx

IcLs

CLE

.&lll ] (1]
r
@
E

1)

tcH
tan A\

A,
P

)\

tarH H
taLs tals H
ALE H
i :
1T 1T H
¢ . E
JE— i =
RE H
Ds Hisle
£0S| ipn  Ips|foH b
o 20n cao Y casl/Pan\/Pas
to7 Mo 11/ to7 Ao 15
i £
—_— = ]
RY /BY i ;S
i i
i H
B o e e e o e e e e e e e -
2

—

Continued from [1] of last page

EEE - oo not input data while data is being output.

p] Vi or Vi

6/13/2023

Repeat a max of 62 times (in order to program pages 1 to 62 of a block).
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

we i Ty

tcs tcs .
=i \H )
4 3 ,
tcH
i U MEAVERYANL” IR
tas taLs tPROG (*1)
twe
e
ALE { 1
|’JI’ -,]J

ip

-
=
10h @ Status

Ds \_/_
H

\
]
Dp2175

EM
RY /BY .
EE#H - Do not input data while data is being output. ]'i_)
2] - Vimor Vi

2

(*1) trroG: Since the last page programming by 10h command is initiated after the previous cache
Continued from of |ast page program, the tprog during cache programming is given by the following equation.

tF'ROG = IF‘ROG of the last page +tFROG of the previous page — A
A ={command input cycle + address input cycle + data input cycle time of the last page)

If “A" exceeds the tprog of previous page, tprog of the last page is tprog max

(Note) Make sure to terminate the operation with 80h-10h- command sequence. If the operation is terminated by 80h-15h command sequence, mon-
itor I/O 6 (Ready / Busy) by issuing Status Read command (70h) and make sure the previous page program operation is
completed. If the page program operation is completed issue FFh reset before next operation.
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Auto Block Erase Timing Diagram

fclH

I

IBERASE

ALE

§
ﬁ

ips

[=]

1o

DH
PAD Y PA3 Status

Bu
Erase Start\ ¥ 3 Status Read

command —; command

RY;W_/ Auto Block
Erase Setup

command

% Vi or Vi m - Do not input data while data is being output.

ID Read Operation Timing Diagram

fcLs
CLE .
toLs
tcs T tcEa
=4 |5
o
v\ 7 \ ¥
taLs taLH
tarH taR
ALE ;"—' i
RE \ /
fDH \
t
DS tREA |l tREA tREA tREA trEA
{ \ Y Y See \ See \
o 80h { 00h } 98h ) Alh ) Table 5) Table 5) Tj}?';af}_
ID Read Address Maker code Device code
command 00
o - vimor v
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1.17 Application Notes and Comments
(1) Power-on/off sequence:
The timing sequence shown in the figure below is necessary for the power-on/off sequence.
The device internal initialization starts after the power supply reaches an appropriate level in the power on sequence.
During the initialization the device Ready/Busy signal indicates the Busy state as shown in the figure below. In this time
period, the acceptable commands are FFh or 70h.

The WP signal is useful for protecting against data corruption at power-on/off.

1.7 Vi L ot T ——
168V Z Y 15 Vv s
=1ms
Yeo i 0.5 £0.5W
ov i \ . ; v
Dont N Dont  Dont A
i care care
CE, WE, RE %
CLE, ALE
ViH
e ViL ViL
w — 1 ms max 1 ms max
100 ps max Operation 100 ps max

e
¥

] A 3 : e
Invalid Invalid Inwalid
Ready/Busy 7 ﬁ

(2)Power-on Reset The following sequence is necessary because some input signals may not be stable at power-on.

| Power on I @

Reset

(3) Prohibition of unspecified commands

The operation commands are listed in Table 3. Input of a command other than those specified in Table 3 is prohibited.
Stored data may be corrupted if an unknown command is entered during the command cycle.

(4) Restriction of commands while in the Busy state

During the Busy state, do not input any command except 70h and FFh.

(5) Acceptable commands after Serial Input command “80h”

Once the Serial Input command “80h” has been input, do not input any command other than the Column Address

Change in Serial Data Input command “85h”, Auto Program command “10h”, Auto Program with Data Cache Command
“15h”, or the Reset command “FFh”.

WE T LI LI LI LI LI

Address input
RY /BY /

If a command other than “85h”, “10h™ , “15h” or “FFh” is input, the Program operation is not performed and the device
operation is set to the mode which the input command specifies.
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XTR

@

Programming cannot be executed.

O—GD
\T/ Mode specified by the command.

Command other than
“85h", “10h", “15h” or “FFh”

(6) Addressing for program operation
Within a block, the pages must be programmed consecutively from the LSB (least significant bit) page of the block to
MSB (most significant bit) page of the block. Random page address programming is prohibited.

From the LSB page to MSB page Ex ) Random page program (Prohibition)

DATA IN: Data (1) —> Data (64) DATA IN: Data (1) —> Data (64)

k. Data register ¥) Data register
Page 0 (1) Page 0 (2)
Page 1 (2) Page 1 (32)
Page 2 (3) Page 2 (3)

Page 31 (32) Page 31 (1)

Page 63 (64) Page 63 (64)

(7) Status Read during a Read operation
Command @ @ : Al :

A
LV ARVAVAVEAVVARW ]
RY/BY \ /

RE A WAYE
Address N Status Read

L_ =,
N
Status output

command input
Status Read

The device status can be read out by inputting the Status Read command “70h” in Read mode. Once the device has been
set to Status Read mode by a “70h” command, the device will not return to Read mode unless the Read command “00h”
is inputted during [A]. If the Read command “00h” is inputted during [A], Status Read mode is reset, and the device re-
turns to Read mode. In this case, data output starts automatically from address N and address input is unnecessary

(8) Auto programming failure
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CEO=—=CD Da C D=0
Address Data Address Data
M input N input

If the programming result for page address M is Fail, do not try to program the
page to address N in another block without the data input sequence.

Because the previous input data has been lost, the same input sequence of 80h
command, address and data is necessary.

(9) RY / BY# : termination for the Ready/Busy pin (RY / BY# )
A pull-up resistor needs to be used for termination because the RY / BY# buffer consists of an open drain circuit.

Vee
Vo
Device Busy (
Vag Voo =18 Y
Ta = 25°C
,; 15 ps CL =30 pF1 15ns
_ L1
tr 1.0 ps T 10ns
t
This data may vary from device to device. 0.5 ps p— — ans
We recommend that you use this data as a S | | |
reference when selecting a resistor value. 0 1Ko 2K0o 3 Ko 4 Ko
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(10) Note regarding the WP# signal
The Erase and Program operations are automatically reset when WP# goes Low. The operations are enabled and disabled
as follows:

Enable Programming

. J
RY /BY \_

tipyw (100 ns MIN)

Disable Programming

RY/BY —i

s

tiyw (100 ns MIN)

e —
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Enable Erasing
L W /
DIN (60 ) (o))

RY /BY P \

—r,
tw (100 ns MIN)

Disable Erasing
w0\
RY [BY

—y

tw (100 ns MIN)

(11) When five address cycles are input
Although the device may read in a fifth address, it is ignored inside the chip.
Read operation

Read operation

ae [\ [
=\
e T\ \_J
/ \
1o ——E )~ IH H D) &

lgnored

Address input

RY /BY \
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Program operation

CLE _/—\

=\

eV aVaWaWal WaWaWCSS
ALE / \

o Qg —— A A )X e
) Add < ’ Ignored b Dat ﬂ:vrt ”
ress input ainpu

(12) Several programming cycles on the same page (Partial Page Program)
Each segment can be programmed individually as follows:

1st programming Data Pattern 1
2nd programming Data Pattern 2

4th programming All1s Data Pattern 4

Result Data Pattern 1 Data Pattern2 | --------m----mmmmmmooooooes Data Pattern 4

e
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(13) Invalid blocks (bad blocks)

The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:

erased.

system.

The number of valid blocks over the device lifetime is as follows:

Please do not perform an erase operation to bad blocks. It may be
impossible to recover the bad block information if the information is

W = Tod Blodk A bad block does not affect the performance of good blocks because it is

isolated from the bit lines by select gates.

/777777777 — Bad Block Check if the device has any bad blocks after installation into the system.

Refer to the test flow for bad block detection. Bad blocks which are
detected by the test flow must be managed as unusable blocks by the

MIN

TYP.

MAX

UNIT

Valid (Good) Block Number

1004

1024

Block

Bad Block Test Flow
Regarding invalid blocks, bad block mark is in whole pages.

Please read one column of any page in each block. If the data of the column is 00(Hex), define the block as a bad

block.

C=

Block No =1

Block Mo. = Block No. + 1

Q@E

Fail

Pass

Bad BI

ock *1

L3

No
Last Block

Yes
( End

*1: No erase operation iz allowed to detected bad blocks
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(14) Failure phenomena for Program and Erase operations
The device may fail during a Program or Erase operation.
The following possible failure modes should be considered when implementing a highly reliable system.

FAILURE MODE DETECTION AND COUNTERMEASURE SEQUENCE
Block Erase Failure Status Read after Erase — Block Replacement
Page Programming Failure Status Read after Program — Block Replacement
Read Bit Error ECC Correction / Block Refresh

* ECC: Error Correction Code. 8 bit correction per 544 Bytes is necessary.
* Block Replacement

Program
Error oceurs When an error happens in Block A, try to reprogram the
Buffer 3 data into another Block (Block B) by loading from an
memory Block A external buffer. Then, prevent further system accesses

r Hec to Block A ( by creating a bad block table or by using
J ancther appropriate scheme).
+ Block B

Erase

When an error occurs during an Erase operation, prevent future acceszes to this bad block
(again by creating a table within the system or by using another appropriate scheme).

(15) Do not turn off the power before write/erase operation is complete. Avoid using the device when the battery
is low. Power shortage and/or power failure before write/erase operation is complete will cause loss of data
and/or damage to data.

(16) Reliability Guidance

This reliability guidance is intended to notify some guidance related to using NAND flash with 8 bit ECC for each 544
bytes. For detailed reliability data, please refer to XTX’s reliability note. Although random bit errors may occur during
use, it does not necessarily mean that a block is bad. Generally, a block should be marked as bad when a program status
failure or erase status failure is detected. The other failure modes may be recovered by a block erase.

ECC treatment for read data is mandatory due to the following Data Retention and Read Disturb failures.

» Write/Erase Endurance

Write/Erase endurance failures may occur in a cell, page, or block, and are detected by doing a status read after either an
auto program or auto block erase operation. The cumulative bad block count will increase along with the number of
write/erase cycles.

* Data Retention

The data in memory may change after a certain amount of storage time. This is due to charge loss or charge gain. After
block erasure and reprogramming, the block may become usable again. Here is the combined characteristics image of
Write/Erase Endurance and Data Retention.
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Data
Retention It

[Years] o

Write/Eraze Endurance [Cycles]

* Read Disturb

A read operation may disturb the data in memory. The data may change due to charge gain. Usually, bit errors occur on
other pages in the block, not the page being read. After a large number of read cycles (between block erases), a tiny
charge may build up and can cause a cell to be soft programmed to another state. After block erasure and reprogramming,
the block may become usable again.

e —
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LPDDR2 SDRAM
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2.1 General Description
The 1Gb Mobile Low-Power DDR2 SDRAM (LPDDR?2) is a high-speed CMOS, dynamic random-access memory con-
taining 1,073,741,824 bits. The LPDDR2-S4 device is internally configured as an eight-bank DRAM. Each of the x16’s

134,217,728-bit banks is organized as 8192 rows by 1024 columns by 16 bits. Each of the x32’s 134,217,728-bit banks
is organized as 8192 rows by 512 columns by 32 bits

General Notes

Throughout the data sheet, figures and text refer to DQs as “DQ.” DQ should be interpreted as any or all DQ collec-
tively, unless specifically stated otherwise.

“DQS” and “CK” should be interpreted as DQS, DQS# and CK, CK# respectively, unless specifically stated otherwise.
“BA” includes all BA pins used for a given density.

Complete functionality may be described throughout the entire document. Any page or diagram may have been sim-
plified to convey a topic and may not be inclusive of all requirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, is not supported, and will result in un-
known operation.

e —
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IDD Specifications (32 Meg x 32)

VDDZs VDDQs VDDCA = 114*130\/, VDDI =1.70-1.95V

Parameter Supply Clock Rate Unit
533 MHz

Ippor Vbpi 6 mA

Ippoz Vb2 30

IpDpo,in Vbbpea + Vopg 1

Ippapi Vb1 600 HA

Ippapa Vb2 1600

Ibpopin Vbbea + Vobg 100

Ippapsi Vbbi 600 HA

Ippaps2 Vb2 1600

Ipp2ps,in Vbbpea T Vopg 100

Ipponi Vbbi 0.6 mA

Ippona Vb2 20

Ibponin Vbbpea + Vobg 1

Ipponsi Vbpi 0.6 mA

Ippons2 Vb2 12

Ippans,in Vbbpea T Vopg 1

Ippspi Vbbi 1.4 mA

Ippspa Vb2 5

Ibp3pjin Vbbpea + Vobg 0.1

Ipp3psi Vbpi 1.4 mA

Ippsps2 Vb2 5

IpD3ps,in Vbbpea + Vopg 0.1

Ippani Vb1 L5 mA

Ippanz Vb2 22

Ibpanin Vbbea + Vopg 1

Ippansi Vbbi L5 mA

Ippsns2 Vb2 16

IpD3Ns,in Vbbpea + Vopg 1

Ippari Vb1 2 mA

Ippara Vb2 180

IpD4r.in Vbbea 2

Ippawi Vbpi 2 mA

Ippaw2 Vb2 200

Ibpaw,in Vobea T Vopg 1
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IDD Specifications (32 Meg x 32) (Continued)

VDD2, VDDQ’ VDDCA = 114*130\/, VDDI =1.70-1.95V

Parameter Supply Clock Rate Unit
533 MHz
Ippsi Vbpi 20 mA
Ippsa Vb2 70
Ibps,in Vobea t Vopg 1
IppseBi Vbbi 2 mA
Ippseg2 Vb2 23
IbpseR,in Vbbea + Vobg 1
Ippsasi Vbbi 2 mA
Ippsar2 Vb2 23
IbpsaB,in Vobea T Vopg 1
Ippe: Vb1 - Table 5
Ipps2 Vb2 -
Ibpe,in Vbbpea + Vobg -
Ippsi Vbpi 50 nA
Ippsa Vb2 50
Ibpg,in Vobea T Vopg 20
IDD6 Partial-Array Self Refresh Current (32 Meg x 32)
Vb2, Voo Vopea = 1.14-1.30V; Vpp, = 1.70-1.95V
Ippe Partial-Array Self Refresh Current
PASR Supply —40°C to +85°C Unit
Fullarray Vbbi 350 LA
Viba 2000
Vbpi 30
1/2 array Vb1 280
Viba 1450
Vbbi 30
1/4 array Vo1 240
Viba 1150
Vbpi 30
1/8 array Vb1 230
Viba 1000
Vbbi 30

Note:1. LPDDR2-S4 SDRAM devices support both bank-masking and segment-masking. IDD6 PASR currents are measured using bank-

masking only.
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Voo Typical Self-Refresh Current vs. Temperature
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0.0

50

Vopz Typical Self-Refresh Current vs. Temperature
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/

7

0.0
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2.2 Functional Description

0

50 100 150

Temperature (°C)

LPDDR2isahigh-speed SDRAM internally configured as a 8-bank memory device. the
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 cy- cle, during which
command information is transferred on both the rising and falling edges of'the clock.

The devices use a double data rate architecture on the DQ pins to achieve high- speed
operation. The double data rate architecture is essentially a 4n prefetch architec- ture
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 device effectively consists of a single 4n-bit-
wide, one-clock-cycle data transfer at the internal SDRAM core and four corre- spond-
ing n-bit-wide, one-half-clock-cycle data transfers at the I/O 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.
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Accessesbeginwiththeregistrationofan ACTIVATE command followedbyaREAD or
WRITE command. Theaddressand BA bitsregistered coincidentwiththe ACTIVATE
command are used to select the row and bank to be accessed. The address bits regis-
tered coincident with the READ or WRITE command are used to select the bank and the
starting column location for the burst access.

Functional Block Diagram

: I
‘o |
'
1 Control !
CK# —»o— logic i
CS# —»d—] '
CA0 0 & :
o , ¢ Bank 7 1
CAl —>0— 2 8 Bank 7 Bank 6 E
CA2 —»0—| 5 g Bank 6 Bank 5 |
caz —»o— 22 Bank 5 Bank 4 :
CA4 —»0— = £ Bank 4 Bank 3 i
CAS —»o—] 2% Bank 3 Bank 2 '
ca6—vo—] 8 o} Bank 2 Bank | i
1
g8 Bank 1 '
CA7 T Q3 Bank 0 Bank 0 coLo i
CA8 —0— O3 X TOW- n ¢ H
CA9 —»O—] Memory array > :
T o - MRefresh address !
| e ]| Lo 9] o [ R | |
! registers : address and ‘g}_. Tat h| 0 MU DRVRS |
\ ! decoder e L' DA- o
' MUX n TA r ' DQO-DQn-1
! Sense amplifier . 1
: T 4 DQS !
! : generator DQS, DQS# :
| \ > '
' ' : 4n Input H
' ' [ registers 4 '
' \ 4 H
| 44— -
' ! . '
! I 3 1/O gating — ’_¢b
: ' N Bank DM mask logic o ‘74,_ . ' _Q>S, DQS#
! . control WRITE | § 14 4 1
E ______ 3777777 logic Hio Maskl 7~ "7 H
= '
: , : 4n | an o] e RCVR !
' — .« drivers n n Y H
| ol 7+ |
' olumn n n
: devoder CK, CK# —»|CKout | 4n L3 D i
' Column- |y-1 - CcKin [9Za ™ [ ™ S
H address f 3 [ — 1 DM
' n n
! counter/ !
! latch f 1
' COLO I i
i 1
' I
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2.3 Power-Up

The following sequence must be used to power up the device. Unless specified other-
wise, this procedure is mandatory. Power-up and initialization by means other than
those specified will result in undefined operation.

1.1.Voltage Ramp

While applying power (after Ta), CKE must be held LOW (<0.2 x Vppca), and all other inputs
must be between Vi min and V gmax. The device outputs remain at High-Z while CKEisheld
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 V ssq and V ppg during voltage ramp to
avoid latchup. CK, CK#, CS#, and CA input levels must be between V ssca and Vppca dur-
ing voltage ramp to avoid latchup.

The following conditions apply for voltage ramp:

¢ Tais the point when any power supply first reaches 300mV.

* Noted conditions apply between Ta and power-down (controlled or uncontrolled).

« Tbis the point at which all supply and reference voltages are within their defined op-
erating ranges.

e Power ramp duration ‘INITO (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 of Vgs, Vssg, and V ssca pins must not exceed
100mV.

Voltage Ramp Completion
After Ta is reached:

e Vppi must be greater than Vpp, - 200mV

* Vppi1 and V ppy must be greater than Vppca - 200mV

* Vppi and Vppo must be greater than Vppg - 200mV

* Vrgr must always be less than all other supply voltages

Beginning at Tb, CKE must remain LOW for at least 'INIT1 = 100ns, after which CKE can
be asserted HIGH. The clock must be stable at least 'INIT2 =5 x '‘CK prior to the first
CKE LOW-to-HIGH transition (Tc¢). CKE, CS#, and CA inputs must observe setup and
hold requirements (‘IS, ‘IH) with respect to the first rising clock edge (and to subse-
quent falling and rising edges).

If any MRRs are issued, the clock period must be within the range defined for ‘CKb
(18ns to 100ns). MRWs can be issued at normal clock frequencies as long as all AC tim-
ings are met. Some AC parameters (for example, 'DQSCK) could have relaxed timings
(such as 'DQSCKDb) before the system is appropriately configured. While keeping CKE
HIGH, NOP commands must be issued for at least INIT3 = 200us (Td).

2.2. RESET Command

After INIT3 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 ‘INIT4 while keeping CKE asserted and issuing NOP commands.
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3. MRRsandDevice AutoInitialization (DAI) Polling

After'INIT4 is satisfied (Te), only MRR commands and power-down entry/exit com- mands are supported. After Te,
CKE can go LOW in alignment with power-down entry and exitspecifications (see Power-Down).

The MRR command can be used to poll the DAI bit, which indicates when device auto initialization is complete;
otherwise, the controller must wait a minimum of 'INIT5, or until the DAI bitis set, before proceeding.

Because the memory output buffers are not properly configured by Te, some AC param- eters must use relaxed timing
specifications before the system is appropriately config- ured.

After the DAI bit (MRO, DAI) is set to zero by the memory device (DAI complete), the device is in the idle state (TT).
DAI status can be determined by issuing the MRR com- mand to MRO.

The device sets the DAI bit no later than 'INIT5 after the RESET command. The control- ler must wait at least INIT5
oruntil the DAI bitis set before proceeding.

4.7Q Calibration
After INIT5 (Tf), the MRW initialization calibration (ZQ calibration) command can be issued to the memory (MR 10).

This command is used to calibrate output impedance over process, voltage, and tem- perature. In systems where
more than one Mobile LPDDR?2 device exists on the same bus, the controller must not overlap MRW ZQ calibration
commands. The device is ready for normal operation after ‘ZQINIT.

5. Normal Operation

After (Tg), MRW commands must be used to properly configure the memory (output buffer drive strength, laten-
cies, 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 fre-
quency can be changed using the procedure described in Input Clock Frequency Changes and Stop Events.
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Voltage Ramp and Initialization Sequence

CK/CK#

Supplies N—Z( (( (( “ (( ((

INITI TINIT3

cie (0 (o

YSCKE INIT4
r-y—

N\
ca 1a C O e

3 VRW
RESET RR ZA.CAL
) )) )) - )) )) ))
R R (( (¢
) )) )) L)) )) ))
DQ_—XZ_N ( (C e«
Note: 1. High-Z on the CA bus indicates valid NOP.
2.4 Initialization Timing Parameters
Value
Parameter Min Max Unit Comment
INITO - 20 ms Maximum voltage ramp time
INIT1 100 - ns Minimum CKE LOW time after completion of voltage ramp
INIT2 5 - 'CK Minimum stable clock before first CKE HIGH
INIT3 200 - us Minimum idle time after first CKE assertion
INIT4 1 - us Minimum idle time after RESET command
INITS - 10 us Maximum duration of device auto initialization
ZQINIT 1 - us ZQ initial calibration (S4 devices only)
'CKb 18 100 ns Clock cycle time during boot

Note: 1. The 'INITO maximum specification is not a tested limit and should be used as a general guide-
line. For voltage ramp times exceeding INITO MAX, please contact the factory.

Initialization After RESET (Without Voltage Ramp)

Ifthe 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 X Vppca); all other inputs must be be-
tween Vi min and V ramax. The device outputs remain at High-Z while CKE is held LOW.
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DQ, DM, DQS, and DQS# voltage levels must be between V ssq and V ppg during the
power-off sequence to avoid latchup. CK, CK#, CS#, and CA input levels must be be-
tween Vssca and Vppca during the power-off sequence to avoid latchup.

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

Tzis the point where all power supplies are below 300mV. After Tz, the device is pow-
ered off.

Required Power Supply Conditions Between Tx and Tz:

1.  Vpp must be greater than Vpp; - 200mV

2. Vpp must be greater than Vppca - 200mV

3. Vppi must be greater than Vppgq - 200mV

4.  Vggr must always be less than all other supply voltages

The voltage difference between Vss, Vssq, and V gsca must not exceed 100mV.

For supply and reference voltage operating conditions, see Recommended DC Operat-
ing Conditions table.

Uncontrolled Power-Off

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

1. At Tx, when the power supply drops below the minimum values specified in the
Rec- ommended 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 re- maining in the system.

2. 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 'POFE During this period,
the relative voltage between power supplies is uncontrolled. Vpp; and V pp> must
de- crease with a slope lower than 0.5 V/us between Tx and Tz.

Anuncontrolled power-off sequence can occur a maximum of400 times over the life of
the device.

2.5 Power-Off Timing

Parameter Symbol Min Max Unit

Maximum power-off ramp time POFF - 2 sec

2.6 Mode Register Definition

LPDDR2 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.

2.7 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 indi-
cates read-only; a “W” indicates write-only; “R/W” indicates read or write capable or
enabled.
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2.8 Mode Register Assignments

Notes 1-5 apply to all parameters and conditions

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 0lh Device feature 1 W NWR (for AP) WwC BT BL goto MR1
2 02h Device feature 2 Y RFU RL and WL goto MR2
3 03h I/O config-1 W RFU DS goto MR3
4 04h SDRAM refresh R TUF RFU Refreshrate goto MR4
rate
5 05h Basic config-1 R LPDDR2ManufacturerID goto MRS
6 06h Basic config-2 R Revision ID1 goto MR6
7 07h Basic config-3 R Revision ID2 goto MR7
8 08h Basic config-4 R I/O width Density Type goto MR8
9 0%h Testmode W Vendor-specific test mode goto MR9
10 0Ah I/O calibration Y Calibration code gotoMR10
11-15 0Bh =~ 0Fh Reserved - RFU gotoMR11
16 10h PASR Bank Y Bank mask gotoMR16
17 11h PASR Seg W Segment mask gotoMR17
18-19 12h-13h Reserved - RFU gotoMR18
20-31 14h—1Fh Reserved forNVM MR20-MR30
32 20h DQ calibration R See Table 48 (page 71). goto MR32
pattern A
33-39 21h-27h Do not use goto MR33
40 28h DQ calibration R See Table 48 (page 71). goto MR40
pattern B
41-47 29h—2Fh Do not use goto MR41
48-62 30h-3Eh Reserved - RFU goto MR48
63 3Fh RESET w X goto MR63
64-126 40h—7Eh Reserved - RFU goto MR64
127 7Fh Do not use gotoMR127
128-190 | 80h-BEh Reserved for vendor use RVU gotoMR128
191 BFh Donotuse | gotoMR191
192-254 | COh-FEh Reserved for vendor use RVU gotoMR192
255 FFh Do not use ‘ gotoMR255
Notes:

RFU bits must be set to 0 during MRW.
RFU bits must be read as 0 during MRR.

RFU mode registers must not be written.

wok W=

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

WRITEsS to read-only registers must have no impact on the functionality of the device.
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2.9 MRO Device Information (MA[7:0] = 00h)

o7 | op6 | ops or4 | op3 OP2 OP1 OP0

RFU RZQI DNVI DI DAI

2.10 MRO Op-Code Bit Definitions

Notes 1-4 apply to all parameters and conditions

Register Information Tag Type (0) 34 Definition
Device auto initialization DAI  |Read-only OP0 0b: DAI complete
status 1b: DAL in progress
Deviceinformation DI Read-only OP1 0b

1b: NVM
Data not valid information DNVI  |Read-only OP2 0b: DNVI not supported
Built-in self test for RZQ in- RZQI  |Read-only OP[4:3] |00b: RZQ self test not supported
formation

01b: ZQ pin might be connected to Vppca or left float- ing

10b: ZQ pin might be shorted to ground

11b: ZQ pin self test complete; no error condition de-
tected

Notes:

1. IfRZQIlis supported, it will be set upon completion of the MRW ZQ initialization calibra- tion.

2. IfZQ is connected to Vppca to set default calibration, OP[4:3] must be set to 01. If ZQ is not connected to Vppca, either OP[4:3]
=01 or OP[4:3] = 10 could indicate a ZQ-pin as- sembly error. It is recommended that the assembly error be corrected.

3. Inthe case of a possible assembly error (either OP[4:3] =01 or OP[4:3] = 10, as defined above), the device will default to factory
trim settings for Roy and will ignore ZQ cali- bration commands. In either case, the system might not function as intended.

4. IfaZQ selftest returns a value of 11b, this indicates that the device has detected a resis- tor 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 lim- its
(240 ohms £1%).

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

oP7 | OP6 | OP5 OP4 OP3 OP2 OP1 OP0

NWR (for AP) wC BT BL
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2.12 MR1 Op-Code Bit Definitions

Feature Type (0] Definition Notes

BL = burst length Write-only OP[2:0] 010b: BL4 (default)
011b: BLS8

100b: BL16
Allothers: Reserved

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

1b: Interleaved

WC = wrap control Write-only OP4 0b: Wrap (default)

1b: No wrap

NWR = number of ‘WR clock Write-only OP[7:5] 001b: nWR = 3 (default) 1
cycles 010b: N\WR = 4
011b: N"WR =5
100b: NnWR =6
101b: nWR =7
110b: N(WR =8
All others: Reserved

Note: 1. The programmed value in NWR register is the number of clock cycles that determines when to
start internal precharge operation for a WRITE burst with AP enabled. It is de- termined by RU
(‘WR/'CK).

2.13 Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control
(WC)

Notes 1-5 apply to all parameters and conditions

Burst Cycle Number and Burst Address Sequence
BL | BT |C3 | C2 | Cl |CO | WC |1 2| 3|4 |56 |7 |89 |10 |11 12 |13 |14 |15 |16
4 | Any X | Ob | Ob |[Wrap | 0 1 2 3
X X | 1b | Ob 2 3 1
Any | X | X | X | Ob | No y |yt |y+|y+
wrap 1 2 3
8 Seq | X | Ob | Ob | Ob |Wrap | O 1 2 3 4 5 6 7
X | Ob | 1b | Ob 2 3 4 5 6 710 1
X | 1b | Ob | Ob 4 5 6 7 0 1 2 3
X | 1b | 1b | 0b 6 7 0 1 2 3 4 5
Int | X | Ob | Ob | Ob 0 1 2 3 4 5 6 7
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 | 0b 6 7| 4 5 2 3 0 1
Any | X X X | Ob No Illegal (not supported)
wrap

e
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2.14 Burst Sequence by Burst Length (BL), Burst Type (BT), and Wrap Control
(WC) (Continued)

Notes 1-5 apply to all parameters and conditions

Burst Cycle Number and Burst Address Sequence
BL | BT |[C3 | C2|Cl1 |CO|WC |1 |2 |3 |4 |5 |6/|7/ |89 10|11 |12 |13 |14 |15 |16
16 Seq | Ob | Ob | Ob | Ob |Wrap | 0 1 2 3 4 5 6 7 8 9 | A| B C | D E F
Ob | Ob | 1b | Ob 2 13|45 6 | 7 8 91 A|B|C|DJE|F|O 1
0b Ib | Ob | Ob 4 5 6 7 8 9 | A| B C | D E F 0 1 2 3
Ob | 1b | 1b | Ob 6 | 7 8 9/A|B|C|DJE]|F|O 1 2 13| 4 5
Ib | Ob | Ob | Ob 8 9 | A| B C | D E F 0 1 2 3 4 5 6 7
Ib | Ob | 1b | Ob A|B|C|DJE]|F|O 1 2 3|45 6 | 7 8 |19
1b Ib | Ob | Ob C | D E F 0 1 2 3 4 5 6 7 8 9 | A| B
Ib | 1b | 1b | Ob E|F | O 1 2 3|45 6 | 7 81 91 A| B | C|D
Int X X X | Ob Illegal (not supported)
Any | X X X | Ob No Illegal (not supported)
wrap

Notes: 1. CO input is not present on CA bus. It is implied zero.
For BL = 4, the burst address represents C[1:0].
For BL = 8, the burst address represents C[2:0].
For BL = 16, the burst address represents C[3:0].

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

2.15 No-Wrap Restrictions

Width ‘ 64Mb ‘ 128Mb/256Mb 512Mb/1Gb/2Gb 4Gb/8Gb
Cannot cross full-page boundary
x16 FE, FE 00, 01 1FE, 1FE 000, 001 3FE, 3FFE 000, 001 7FE, 7FF, 000, 001
x32 7E, 7E, 00, 01 FE, FE 00, 01 LFE, 1FE 000, 001 3FE, 3FFE 000, 001
Cannot cross sub-page boundary
x16 7E, 7F, 80, 81 OFE, OFE 100, 101 IFE, 1FE 200, 201 3FE, 3FF 400, 401
x32 None None None None

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

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

o7 | op6 | ops | op4 oP3 oP2 oP1 OP0

RFU RL and WL

e —
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2.17 MR2 Op-Code Bit Definitions

Feature Type op Definition
RL and Write-only OP[3:0] 0001b: RL3/WL1 (default)
WL 0010b: RL4/WL2

0011b:RL5/WL2

0100b:RL6/WL3

0101b:RL7/WL4

0110b:RL8/WL4

All others: Reserved

2.18 MR3 1/0 Configuration 1 (MA[7:0] = 03h)

o7 | op6 | ops | or4 oP3 oP2 oP1 OP0

RFU DS

2.19 MR3 Op-Code Bit Definitions

Feature Type OP Definition

DS Write-only OP[3:0] 0000b: Reserved

0001b: 34.3 ohm typical

0010b: 40 ohm typical (default)

0011b: 48 ohm typical

0100b: 60 ohm typical

0101b: Reserved

0110b: 80 ohm typical

0111b: 120 ohm typical

All others: Reserved

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

OP7 o6 | ops | opa | op3 OP2 OP1 OP0

TUF RFU SDRAM refreshrate

e
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2.21 MR4 Op-Code Bit Definitions

Notes 1-10 apply to all parameters and conditions

Feature Type (0) 4 Definition
SDRAM refresh Read-only OP[2:0] |000b:SDRAM lowtemperatureoperatinglimitexceeded
rate 001b: 4 x REFI, 4 x 'REFIpb, 4 x ‘REFW

010b: 2 x 'REFI, 2 x 'REFIpb, 2 x 'REFW

011b: 1 x 'REFL 1 x 'REFIpb, 1 x 'REFW (<85°C)

100b: Reserved

101b: 0.25 x 'REFI, 0.25 x '‘REFIpb, 0.25 x 'REFW, do not derate SDRAM AC
timing

110b: 0.25 x 'REFI, 0.25 x 'REFIpb, 0.25 x 'REFW, derate SDRAM AC timing

111b: SDRAM high temperature operating limit exceeded

Temperature up- Read-only OP7 Ob: OP[2:0] value has not changed since last read of MR4

date flag (TUF) 1b: OP[2:0] value has changed since last read of MR4

Notes:

AMODE REGISTER READ from MR4 will reset OP7 to 0.

OP7 is reset to 0 at power-up.

If OP2 =1, the device temperature is greater than 85°C.

OP7isset to 1 if OP[2:0] has changed at any time since the last MR4 read.

The device might not operate properly when OP[2:0]=000bor 111b.

For specified operating temperature range and maximum operating temperature, refer to the Operating Temperature Rangetable.

LPDDR?2 devices must be derated by adding 1.875ns to the following core timing param- eters:'RCD,‘RC,'RAS,'RP,and'RRD. The

'DQSCK parameter mustbe derated as speci- fied in AC Timing. Prevailing clock frequency specifications and related setup and hold tim-
ings remain unchanged.

The recommended frequency for reading MR4 is provided in Temperature Sensor (page 68).

9. While the AT grade product is guaranteed to operate from Tcasg —40°C to 105°C, the temperature sensor accuracy relative to this is not
guaranteed. The temperature sensor embedded in the LPDDR2 device is not an accurate reflection of the DRAM Tcagsg operat- ing tem-
perature. Sampling of the sensor has shown up to a £7°C variance from actual Tcask-

10. The temperature sensor does not work above 105°C, but the functionalities here descri-bed in this datasheet are guaranteed for products
rangeupto 125°C (AUT).

Nooakwdb=

®

2.22 MRS Basic Configuration 1 (MA[7:0] = 05h)

o7 | op6 | ops | ope | oP3 OP2 OP1 OP0

LPDDR2 ManufacturerID

2.23 MRS Op-Code Bit Definitions

Feature Type (0)4 Definition

Manufacturer 1D Read-only OP[7:0] 1111 1111b: Micron

All others: Reserved
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2.24 MR6 Basic Configuration 2 (MA[7:0] = 06h)

o7 | ope | ops | ope | oP3 OP2 OP1 OP0

Revision ID1

Note: 1. MRG6 is vendor-specific.

2.25 MR6 Op-Code Bit Definitions

Feature Type OoP Definition

Revision ID1 Read-only OP[7:0] 0000 0000b: Version A

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

o7 | ope | ops | ope | oP3 OP2 OP1 OP0

Revision ID2

2.27 MR7 Op-Code Bit Definitions

Feature Type (0)4 Definition

Revision ID2 Read-only OP[7:0] 0000 0000b: Version A

Note: 1. MR?7 is vendor-specific.

2.28 MR8 Basic Configuration 4 (MA[7:0] = 08h)

or7 | ops ors | opr4a | oP3 oP2 OP1 OP0

1/0 width Density Type

2.29 MR8 Op-Code Bit Definitions

Feature Type (0)34 Definition
Type Read-only OP[1:0] 00b: S4 SDRAM
01b: S2 SDRAM
10b: NVM
11b: Reserved
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2.30 MR8 Op-Code Bit Definitions (Continued)

Feature Type (0)4 Definition

Density Read-only OP[5:2] 0000b: 64Mb

0001b: 128Mb

0010b:256Mb

0011b:512Mb

0100b: 1Gb

0101b: 2Gb

0110b: 4Gb

0111b: 8Gb

1000b: 16Gb

1001b: 32Gb

All others: Reserved

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

01b: x16

10b: x8

11b: not used

2.31 MR9 Test Mode (MA[7:0] = 09h)

o7 | op6 | ops | or4 oP3 oP2 oP1 OP0

Vendor-specific test mode

2.32 MR10 Calibration (MA[7:0] = 0Ah)

o7 | opé | opP5 | oOP4 oP3 oP2 oP1 )

S4 Calibration code

2.33 MR10 Op-Code Bit Definitions

Notes 1—4 apply to all parameters and conditions

Feature Type oP Definition

Calibration code Write-only OP[7:0] OxFF: Calibration command after initialization

0xAB: Long calibration

0x56: Short calibration

0xC3: ZQRESET

All others: Reserved

Notes:

1. 1. Host processor must not write MR 10 with reserved values.
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The device ignores calibration commands when a reserved value is written into MR10.
See AC timing table for the calibration latency.
If ZQ is connected to Vggca through Rzq, either the ZQ calibration function (see MRW ZQ Calibration Commands (page 73)) or default

calibration (through the ZQRESET command) is supported. If ZQ is connected to Vppca, 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.
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2.34 MR[11:15] Reserved (MA[7:0] = 0Bh—0Fh)

oP7 or6 | ops | opa | oOP3 oP2 oP1 oP0
Reserved
2.35 MR16 PASR Bank Mask (MA][7:0] =010h)
oP7 or6 | ops | opra | oOP3 or2 oP1 OP0
Bank mask (4-bank or 8-bank)
2.36 MR16 Op-Code Bit Definitions
Feature Type (0) 4 Definition
Bank[7:0] mask Write-only OP[7:0] Ob: refresh enable to the bank =unmasked (default)
1b: refresh blocked = masked
Note: 1. For 4-bank devices, only OP[3:0] are used.
2.37 MR17 PASR Segment Mask (MA[7:0] = 011h)
o7 | op6 | ops | ope | oP3 or2 or1 oP0
Segment mask
Note: 1. This table applies for 1Gb to 8Gb devices only.
2.38 MR17 PASR Segment Mask Definitions
Feature Type OoP Definition
Segment[7:0] mask Write-only OP[7:0] 0b: refresh enable to the segment: = unmasked (default)
1b: refresh blocked: = masked
2.39 MR17 PASR Row Address Ranges in Masked Segments
1Gb 2Gb, 4Gb 8Gb
Segment (0)4 Segment Mask R[12:10] R[13:11] R[14:12]
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXXIXX 010b
3 3 XXXX1XXX 011b
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2.40 MR17 PASR Row Address Ranges in Masked Segments (Continued)

1Gb 2Gb, 4Gb 8Gb
Segment (0)4 Segment Mask R[12:10] R[13:11] R[14:12]

4 4 XXXIXXXX 100b

5 5 XXIXXXXX 101b

6 6 XIXXXXXX 110b

7 7 IXXXXXXX 111b

Note: 1. X is “Don’t Care” for the designated segment.
2.41 Reserved Mode Registers
Mode
Register MA Address Restriction OoP7 OP6 OP5 OP4 OP3 OP2 OP1 OPo0
MR[18:19] MA[7:0] [12h-13h RFU Reserved
MR[20:31] 14h—1Fh NVM!
MR[33:39] 21h-27h DNU!
MR[41:47] 29h-2Fh
MR[48:62] 30h-3Eh RFU
MR[64:126] 40h—7Eh RFU
MR127 7Fh DNU
MR[128:190] 80h-BEh RVU!
MRI191 BFh DNU
MR[192:254] COh-FEh RVU
MR255 FFh DNU
Note: 1. NVM =nonvolatile memory use only; DNU = Do not use; RVU = Reserved for vendor use.

2.42 MR63 RESET (MA[7:0] =3Fh) - MRW Only

o7 | op6 | ops | opd | oP3 OP2 OP1 OP0

X

Note: 1. For additional information on MRW RESET see MODE REGISTER WRITE Command

e
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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 exe-
cuted. The device can accept a READ or WRITE command at ‘RCD after the ACTIVATE
command is issued. After a bank has been activated, it must be precharged before an-
other ACTIVATE command can be applied to the same bank. The bank active and pre-
charge times are defined as '‘RAS and 'RP, respectively. The minimum time interval be-
tween successive ACTIVATE commands to the same bank is determined by the RAS cy-
cle time of the device (‘RC). The minimum time interval between ACTIVATE commands
to different banks is ‘RRD.

ACTIVATE Command

_______

Bankm \//Row addn\/B2nkn Col addny_ _({ Bankn B Row addr
row addr col addr row ad

CA[9:0] ,?v?‘;a'é‘éxk°wadd'>< | X

'RC

CMD < ACTIVATE = NOP 4 ACTIVATE )~ READ ‘,»--2 (1 PRECHARGE >~  NOP < NOP X ACTIVATE >

________________________________________________________________________________________________________

Notes: 1. 'RCD=3,'"RP=3,'RRD=2.
2. APRECHARGE ALL command uses ‘RPab timing, and a single-bank PRECHARGE com- mand uses

‘RPpb timing. In this figure, ‘RP is used to denote either an all-bank PRE- CHARGE orasingle-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 ad-
ditional RAS precharge time fora 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 ‘FAW window. To con-
vert to clocks, divide ‘FAW[ns] by ‘CK[ns], and round up to the next integer value. For
example, if RU('FAW/'CK) 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 ‘FAW.

The 8-Bank Device PRECHARGE ALL Provision: 'RP fora PRECHARGE ALL command
must equal ‘RPab, which is greater than ‘RPpb.
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FAW Timing (8-Bank Devices)

cxo ENE O WO
RRD RRD

_____

_____

S NN (-
| |
|

t..ﬁ.

A
(RN
|
|

BSOS OO

_____________________________ NATTT T T TN S TTTT T
NOP  XACTIVATEY, NOP )

4 N\ T N/
2,‘(ACTIVATE/¥'\ NOP? zl.‘{ACTIVATE,“’\ NOP
___________ O A S iy AN NP

: | T - | T
‘ ] TFAW ! ‘

4

Note:

1. Exclusively for 8-bank devices.

Read and Write Access Modes

After abank 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.
WhenBL=8orBL=16,READscanbeinterrupted by READsand WRITEs canbeinter-
rupted by WRITESs, provided that the interrupt occurs on a 4-bit boundary and that
{CCDismet.

Burst READ Command

The burst READ command is initiated with CS# LOW, CA0 HIGH, CA1 LOW, and CA2
HIGH at the rising edge of the clock. The command address bus inputs, CASr—CA6r and
CA1f—CAO9f, 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 ‘DQSCK delay is measured. The first valid
data is available RL x 'CK + 'DQSCK + 'DQSQ after the rising edge of the clock when the
READ command is issued. The data strobe output is driven LOW 'RPRE 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
itscomplement, DQS#.
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READ Output Timing — 'DQSCK (MAX)

RL-1 RL RL +BL/2

'DQSCKmax
'LZ(DQS) ‘RPRE ‘RPST
DQS# ' B - ppS—— 4
DQS _
\QH
EQSQmax
DQ 4)OUT <DOUT>_ A -<DOUT> Dour,

‘LZ(DQ) | HZ(DQ)

|:| Transitioning data

Notes: 1. 'DQSCK can span multiple clock periods.
2. An effective burst length of 4 is shown.

READ Output Timing — ‘DQSCK (MIN)

RL-1 RL RL + BL/2
CK#
CK
DQS#
DQS
DQSQmax 'DOSQmax
L 125
DQ - Nout/ s\ Pour /-, \Pout/ 1 - NPour,
t t
},Z'(DQ) HZ(DQ)

|:| Transitioning data

Note: 1. Aneffective burst length of 4 is shown.

e —
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Burst READ — RL = 5, BL = 4, ‘{DQSCK > {CK

CK# ™y
CK 7

TO Tl T2 T3

ca0] (BN X X X | X

.................................................

CMD< READ < NOP = NOP

______________________________________

DQS#

_________________

DQS

______

__________

DQ

Burst READ - RL =3, BL = 8, 'DQSCK < {CK

TO T1 T2 T3
CK# ™y Jmmee y o Y e T e
ok A XX A X A

éDUT AT) éou‘r A1> <DUT A2> E(OUT A3: '/

I:l Transitioning data

-------

CA[9:0] (clgf';';gr ><cm addrx >< | >< >< ><

.................................................

CMD < READ < NoP 3 NoP

........................................

DQS#
DQS

DQ

z\gom' A4 -v%ou'r A5 ) Qo

__________

l:l Transitioning data
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‘DQSCKDL Timing
Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8 JI
CK# ~" 7y T : T o/ ST \ T . Y /7T \ T | ;e y "
CK __ o . / _74 ______ g S / 7< ______ N N / 74 _______ / 74 ______ / 7Z ______ N Ao Z Z_L

|
|
|
\ E \ !
o XD
|
|
DQ \éOUTAO éOUTAl> <OUTA2> E()UTA:; /—8 2‘%‘
32n imum... !
msmaxlm}lm 8 Z—i—

(XX O} A0

...32ms maximum

I:l Transitioning data

Notes: 1. 'DQSCKDL = ('DQSCKn - 'DQSCKm).
2. 'DQSCKDL (MAX) is defined as the maximum of ABS (‘DQSCKn - 'DQSCKm) for any
('DQSCKnN, 'DQSCKm) pair within any 32ms rolling window.

e —
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tDQSCKDM Timing

Tn Tn+1
CK# "7/ /T v/
CK N A ?
| | |
RL=35 :
CA /Bank : : :
ooy mmaa XX X X X X X X X X X X X X X X >Q[€>
| |
R N N N U S S SRS AU S N SN A A N N !
CMD < READ = Nop 3 NOP 4 NOP =< NOP X NOP M NoP X NoP = NOPZ 2 I
SET— o [N — e P —_— | TP . N A P — D e — P A S — II
|
DQS# o geeeiny Z-i-
DQS h L b /_E I
|
|
) |
bQ éom A0, Aéour A1>A<our A2 >/%UTA3 1 2—:—
1.6Lls maxim:um‘.. ) Z_E_
i i (R
|

|
|
|
e A SRR \ ST N FTTTTTA
Teel X X X —
|
|
|
DQZ 2 E \{’()UTAO éou'rM) éOUTA2>|4UTA3 '/
_2 )! ...1.6usmaximum
(: ] ]

I:l Transitioning data

Notes: 1. 'DQSCKDM = (‘DQSCKn - 'DQSCKm).

2. 'DQSCKDM (MAX) is defined as the maximum of ABS (‘DQSCKn - 'DQSCKm) for any
(‘DQSCKn, 'DQSCKmM) pair within any 1.6us rolling window.
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‘DQSCKDS Timing
Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+5 Tn+6 Tn+7 Tn+8
CK# "y o\ v/ T o/ 7T \ ST T ; It y 77T g T \ 1
CK _ Jroo .. N A : S 7< ______ N (N / 74 _______ ; 7Z ....... ’ % ...... NS Z

S EDED O O

CMD < READ =< NOP 4  NOP ~  NOP >  NOP ' NoP ' Nop = NOP ' NOP 22:

___________________________________________________________________________________________________________

DQSH#
DQS

DQ \ ouT AD éOUT A1:> <0UT A2:> |éUTA3 D<UT A‘{

DQ 2 %c:ur e <our A9 éour AO éour Al (our A2 ‘(our A3 <30UT A0 éour Al éouT A2 Béur A3 éom‘ A éour Al <OUT A2 '<0UT A3 éouT AQ éour Al (our a2 ‘(wr a8 >>‘

_? ) I ...160ns maximum
(1 : ;

I:l Transitioning data

Notes: 1. 'DQSCKDS = (‘DQSCKn - 'DQSCKm).
2. 'DQSCKDS (MAX) is defined as the maximum of ABS (‘DQSCKn - 'DQSCKm) for any (‘DQSCKn,
'DQSCKm) pair for READs within a consecutive burst, within any 160ns rolling window.
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Burst READ Followed by Burst WRITE - RL =3, WL =1, BL=4

T0 TI ™ e T4 5 T6 7 8
CK# ™y TR y I T . y 7T y oo T o/ oo \
CK _Jo . / fo : Y A T ' 7[ ------ ' 7( ------- N T A A A A A

CMD < READ 3 NOP % NOP  »{ NOP — NOP M  NOP WRITE »  NOoP X  NoP
'DQSCK

DQS# P

DQS \ S

DQ { éou;— At> éou‘;‘Al> (ou‘r Az> [<)UT§A3 >\ @

l:l Transitioning data

The minimum time from the burst READ command to the burst WRITE command is
defined by the read latency (RL) and the burst length (BL). Minimum READ-to-WRITE
latency is RL +RU(*DQSCK(MAX)/*CK)+BL/2+1-WLclockcycles. Note thatifa READ
burst is truncated with a burst TERMINATE (BST) command, the effective burst length
of the truncated READ burst should be used for BL when calculating the minimum
READ-to-WRITE delay.

Seamless Burst READ — RL =3, BL=4,{CCD =2

TO Tl T2 T3 T4 TS T6 T7 T8
T AN A X X X X X X XX
RL‘:3 ! !
e @@ X M X OC X XXX OO O
tCCD§=2
owo { RS - Nor R vor o e o o o

"Bos - Ao XA XXX
DQ out A0) Dour Al}/\éom‘ AZ}/\[ﬁom A3 }A@om‘ BMOUT Bl},&om B2 }&UT B3 }/ —

I:l 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, provi-
ded that ‘CCD is met.

READ Burst Interrupt Example — RL =3, BL =8, '‘CCD =2

TO Tl T2 T3 T4 5 T6 T7 T8
CK# ™y : y / 3 5 s )
CK 7

CA[9:0] Gm

CMD < READ < NOP  »{ READ ~  NOP

X
"os S XA X X X N

pQ Q) ) o) ) Qo) Qo) enk) et R ) )

I:l Transitioning data

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

Burst WRITE Command

The burst WRITE command is initiated with CS# LOW, CA0O HIGH, CA1 LOW, and CA2
LOW at the rising edge of the clock. The command address bus inputs, CASr—CA6r and
CA1f—CAO9f, determine the starting column address for the burst. Write latency (WL) is
defined from the rising edge of the clock on which the WRITE command is issued to the
rising edge of the clock from which the 'DQSS delay is measured. The first valid data
must be driven WL x 'CK +'DQSS from the rising edge of the clock from which the
WRITE command is issued. The data strobe signal (DQS) must be driven LOW ‘WPRE
prior to data input. The burst cycle data bits must be applied to the DQ pins ‘DS prior to
the associated edge of the DQS and held valid until ‘DH after that edge. Burst data is
sampled on successive edges of the DQS until the 4-, 8-, or 16-bit burst length is com-
pleted. After a burst WRITE operation, 'WR 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#.

e —
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Data Input (WRITE) Timing

‘WPRE ‘DQSH ‘DQSL ‘WPST
DQs —x{“'bas; """ 71—3_ """""""" (—3( """"""" 7 /T
N / /I J
DQS# bos | TN
VIH(AC) VIH(DC) VIH(AC) VIH(DC)
N ¥ \ ¥
DQ —/3 Dy z\—< Diy >_j Dy 7 PN 7
ViLac] DS I‘DH ViLpoey DS I‘DH - ViLac|_Ds I‘DH ViLpo) | s I‘DH
vIH(AC) VIH(DC) TH(AC), VIH(DC)
- / NS A/
ov XX -
VlL(AC) VIL(DC) VIL(AC) VIL(DC)

l:, Don’tCare

Burst WRITE - WL =1,BL =4

TO Tl T T3 T4 Tx Tx+1 Ty +1
CK# 7Y/ ‘ ‘ j ‘ 3 j
CK —/
ca:0] (B
CMD < WRITE < NoP X  NoP \,‘r’f\ NoP > Nop ?zu PRECHARGE No%z 4 ACTIVATE X NoP
f=—— P i s i _"_'"_'"_";'_ '_'"_"'_"'.?.' e i e - —— i —— 1
Icase I: tDstmaX 'DQSSmax 8 ps! DS /Completion of burst WRITE 1
| DQs# * / ) )) I
| DQS \ Nt REp—— ;( (( 1
I ‘WR |
I i ) )) I
1 DQ <DINAO> <DINA1 <DINA2>Z éINA3> ) ( i ( ( 1
[ e e e e e e e e e T e T T T T T —;_—_—_—_—_—3 —_—_--_—_—"—_—_--_—_—-'—_—_—_—_—-—_—_—-—_—_--_.l
ICaseZ: DQSSmin 'DSH R I
| Dast T . )) )) I
| DQS ] / (( ( ( I
I WR I
: DQ '2DINA0:-V<DrNA1‘ DrNAZ‘ DrNA3j‘ 22 2 2 :
—— e — i —— ] — e e e e e ) e e e

l:l Transitioning data

e —
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Burst WRITE Followed by Burst READ — RL =3, WL =1, BL=4
TO
CK# =7 Y
CK AR i
catvo) @EENEEN XWX X XX X @ Maman XXX
'WTR
emp (R N0 Nor N N o TR o W e
DQS# ST N ST ST I
DQS \ /\\ /. ] \__/
DQ <DINA0> <DINA1> <DrNA2 <)mA3> /
Notes:
2.

'WTR starts at the rising edge of the clock after the last valid input data.

mand for any bank is [WL + 1 +BL/2 + RU("WTR/'CK)].
calculate the minimum WRITE-to-READ delay.

CK# =77y

CK __/

1. The minimum number of clock cycles from the burst WRITE command to the burst READ com-

Seamless Burst WRITE - WL =1, BL =4, {CCD =2
TO

l:l Transitioning data
3. Ifa WRITE burst is truncated with a BST command, the effective burst length of the truncated WRITE burst should be used as BL to

______ T4 """TS _____:1“6 ______T7 ______T8 i
A X AN K A XX
cnwor (TR /G G G G G G G G &'
CMD - WRITE - NoP - WRWE T wor = Nor e Nor M wor M Nor Nor
"bos o x LX X X
DQ <DIN A0> <DrN A1> <DIN A2>§A<DIN A3>K<DIN B0> <DIN B1> <DIN B2> <DIN B3>
Note:

I:l Transitioning data

e —
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WRITEsInterruptedbyaWRITE

Aburst WRITE can only be interrupted by another WRITE with a 4-bit burst boundary,
provided that'CCD (MIN) is met.

A WRITE burst interrupt can occur on even clock cycles after the initial WRITE com-
mand, provided that ‘CCD (MIN) is met.

WRITE Burst Interrupt Timing — WL = 1, BL = 8, ‘{CCD =2

TO
CK# -\ Ty T Ty Ty T Ty T

, N e e\ s\ rm = = , fm———— \ -
l i \ g \ y vy ) \l 0 ‘Z ’ \; \ /
CK __J ! . : \ : / O : T N A k e N :

‘cCD=2

CMD < WRITE > NOP  »{ WRITE >, NOP >~  NOP ' NOP . NOP W NOP  Nop

"Dos X X X X X X —
DQ <D1N A0> <D1N A1> <D1N A2> <D1N A3>%IE<DIN B0> <Dm131> <DmB2> <DIN B3> <DINB4><DINB5><DIN B6><Dm [7)\ S

I:l 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)commandisinitiated with CS# LOW, CAOHIGH, 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 com-
mand. 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 com-
mand to the BST command).

» Ifa READ or WRITE burst is truncated with a BST command, the effective burst length
of the truncated burst should be used for BL when calculating the minimum READ-
to-WRITE or WRITE-to-READ delay.

e The BST command only affects the most recent READ or WRITE command. The BST
command truncates an ongoing READ burst RL x 'CK +'DQSCK + 'DQSQ after the ris-
ing edge of the clock where the BST command is issued. The BST command truncates
an ongoing WRITE burst WL x 'CK + 'DQSS after the rising edge of the clock where the
BST command is issued.
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* The 4-bit prefetch architecture enables BST command assertion on even clock cycles
following a WRITE or READ command. The effective burst length ofa READ or WRITE
command truncated by a BST command is thus an integer multiple of four.

Burst WRITE Truncated by BST-WL=1,BL =16

TO Tl T2 T3 T4 TS5 T6 T7 T8
CK# = TR g 7T T : omee Y PR o/ mmme- ) FRRE y T y
LAl S G S G S G N G T SN T (I D SN SN G G

wL=1 3 |

oo {7 VATE -

as X

DQ Dy A0 l{Dm A1) (DiNA2) {Diy As}\KDIN A4§V<DIN ASSZDIN A6WDIN A7§\

. BST prohibited Transitioning data
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Notes:

1. The BST command truncates an ongoing WRITE burst WL x 'CK + 'DQSS after the rising edge of the clock where the BST command
is issued.
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.

Burst READ Truncated by BST —RL=3,BL =16

TO
CK# "y
CK T

DQ \§0UT Aoz A éour Al Rour Az},ém A3 out A4> A §our AS/ Rour A6 / Dour A7 2/

- BST prohibited l:l Transitioning data
Notes:

. The BST command truncates an ongoing READ burst (RL x 'CK + 'DQSCK +'DQSQ) after the rising edge of the clock where the BST
command is issued.

1. BST canonly be issued an even number of clock cycles after the READ command.
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2. Additional BST commands are not supported after T4 and must not be issued until after the next READ or WRITE command.

Write Data Mask

On LPDDR2 devices, one write data mask (DM) pin for each data byte (DQ) is suppor-
ted, consistent with the implementation on LPDDR SDRAM. Each DM can mask its re-
spective DQ for any given cycle of the burst. Data 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.

Data Mask Timing

VIH(AC) ' VIH( DC) VIH(AC) ' VIH(DC)
NV 7 N2 1%
DM A 7>< X, ,}<
7 X 7 X

VIL(AC) VIL(DC) V[L(AC) VIL(DC)

I:l Don’t Care
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Write Data Mask — Second Data Bit Masked

CK# ™
CK /oo /

ICase 1: 'DQSSmin

'DQSSmin

I pos
IDQs#

DQ

/DOUT 0>€)OUT 1 >éOUT 2 ouT 3)

DM

\

/

ICase 2: 'DQSSmax

| DQS#
1 DQS

DQ

o N Y

DQSSmax

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

PRECHARGE Command

The PRECHARGE command is used to precharge or close a bank that has been activa-
ted. The PRECHARGE command is initiated with CS# LOW, CAOHIGH, CA1 HIGH, CA2
LOW,and CA3 HIGH attherisingedge oftheclock. The PRECHARGE commandcanbe
used to precharge each bank independently or all banks simultaneously. For 4-bank de-
vices, the AB flag and bank address bits BAO and BA 1 are used to determine which
bank(s) to precharge. For 8-bank devices, the AB flag and the bank address bits BAO,
BAI1, and BA2 are used to determine which bank(s) to precharge. The precharged bank(s)
will be available for subsequentrow access ‘RPab afteran allbank PRECHARGE com-
mandisissued, or ‘RPpb afterasingle-bank PRECHARGE command s issued.

To ensure that 8-bank devices can meet the instantaneous current demand required to
operate, therow precharge time (‘RP) foran allbank PRECHARGE in 8-bank devices
(‘RPab) will be longer than the row precharge time forasingle-bank PRECHARGE

(‘RPpb). For 4-bank devices, 'RPab is equal to ‘RPpb.

ACTIVATE to PRECHARGE timing is shown in ACTIVATE Command.
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2.43 Bank Selection for PRECHARGE by Address Bits

BA2 BA1 BAO Precharged Bank(s) Precharged Bank(s)

AB (CA4r) | (CA9r) (CAS8r) (CA7r) 4-Bank Device 8-Bank Device
0 0 0 0 Bank 0 only Bank 0 only
0 0 0 1 Bank 1 only Bank 1 only
0 0 1 0 Bank 2 only Bank 2 only
0 0 1 1 Bank 3 only Bank 3 only
0 1 0 0 Bank 0 only Bank 4 only
0 1 0 1 Bank 1 only Bank 5 only
0 1 1 0 Bank 2 only Bank 6 only
0 1 1 1 Bank 3 only Bank 7 only
1 Don’t Care |Don’t Care | Don’t Care Allbanks Allbanks

2.44 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 (‘RP) has elapsed. A PRECHARGE com-
mand cannot be issued until after 'RAS is satisfied.

The minimum READ-to-PRECHARGE time (‘RTP) must also satisfy a minimum analog
time from the rising clock edge that initiates the last 4-bit prefetch of a READ com-
mand. 'RTP 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 ‘RTP begins.

READ Burst Followed by PRECHARGE — RL = 3, BL = 8, RU('RTP(MIN)/'CK) =2

TO T1 T2 T3 T4 T5 T6 T7 T8
oA X X X X X X X XX
caro0) @ X X X X ) X e} X X X X emKew) XD

‘I;TP ‘R§P
cMD < READ ";u;""}iéi»""}:"""1&61»""";H:\"'L}}éia'""j,uj\'éﬁizb'ﬁ,&k'éé';u:\"' Nor N ac W X

S T e T S T TR T e

°Dos {"""""" o X X X X ———

DQ \éOUT AMDUT ALY RourA2 ) Rour A3 ) DourA4) Qout AS ) Rour A6 uT A72/

l:l Transitioning data
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READ Burst Followed by PRECHARGE — RL = 3, BL = 4, RU('RTP(MIN)/'CK) =3

TO

CK# Y

CK T . '

L=

TR
CA[9:0] *;rzzxa)éwdmx | ><

R X @@ OO

RTP =3 RP

CMD < READ

DQS#

.......... e [P S [

DQS

DQ

éOUT A0, éOUTAl <0UTA2 [<0UT A3 )

I:l Transitioning data

2.45 WRITE Burst Followed by PRECHARGE

For WRITE cycles, a WRITE recovery time (*‘WR) must be provided before a PRECHARGE
command can be issued. 'WR delay is referenced from the completion of the burst
WRITE. The PRECHARGE command must not be issued prior to the ‘WR delay. For
WRITE-to-PRECHARGE timings, seethe PRECHARGE and Auto Precharge Clarification
table.

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 minimum WRITE-to-PRECHARGE time for commands to the same bank is WL +
BL/2 + 1 + RU"WR/'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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WRITE Burst Followed by PRECHARGE
ETRGE TR
CK#
CK

DQS# DQS

DQS# DQS

XTR

1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

i

NOP NOP | NOP | NOP PRECHARGE NOP ACTIVATE NOP

; J{ S =) ))
'DQSSmax S """"’I Co ktion of burst WRITE ( (

Case 2: 'DQSSmin

RO

() X ] )

DyAO | DAl | DpyA2 | DyyA3

DQ

l:l Transitioning data

2.46 Auto Pre-
charge

Before a new row can be opened in an active bank, the active bank must be precharged
using eitherthe PRECHARGE command or the auto precharge function. WhenaREAD
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 mo-
mentduringtheburst READorWRITEcycle.

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 func-
tion is engaged. This feature enables the PRECHARGE operation to be partially or com-
pletely hidden during burst READ cycles (dependent upon READ or WRITE latency),
thus improving system performance for random data access.

2.47 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('RTP/*CK) clock cycles later than the READ with auto precharge command, which-
everis greater. For auto precharge calculations, see the PRECHARGE and Auto Pre-
charge Clarificationtable.

CCMO005-196791117-10297
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Following an auto precharge operation, an ACTIVATE command can be issued to the
same bank if the following two conditions are satisfied simultaneously:

e The RAS precharge time (‘RP) has been satisfied from the clock at which the auto pre-
chargebegins.

e The RAS cycle time (‘RC) from the previous bank activation has been satisfied.

READ Burst with Auto Precharge — RL = 3, BL = 4, RU('RTP(MIN)/'CK) = 2

TO
CK# "™y ’
CK __Jo . '

CA[9:0] Bwﬁ){

o G o -

DQ éOUTAMOUTAl ouTA2 ) RoutA3 )

I:l Transitioning data

2.48 WRITE Burst with Auto Precharge

If AP (CAOf) is HIGH when a WRITE command is issued, the WRITE with auto precharge
function is engaged. The device starts an auto precharge at the clock rising edge ‘WR cy-
cles 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:

e The RAS precharge time (‘RP) has been satisfied from the clock at which the auto pre-
chargebegins.

« The RAS cycle time (‘RC) from the previous bank activation has been satisfied.
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XT61M1G8C2TM-B8Bxx

WRITE Burst with Auto Precharge - WL =1, BL =4

TO T1 T2 T4 TS T6 T7 T8
CK# ™" ; : | ‘
CK 7 : ; 1 |
WL o
capo] G Xema X X X X X X ><:2 D< X X >Q D<r§3mr><ow wiy X )
'WR z‘Ri)pb
T T S I S R T N
DQS# P ST Y)Y )
DQS \ /\\ // ( ((
DQ Dy A0 V<DINA1 DiyA2 ) (D A3 2 2 2 2

2.49 PRECHARGE and Auto Precharge Clarification

l:l Transitioning data

From Com-
mand To Command Minimum Delay Between Commands Unit | Notes
READ PRECHARGEtosamebankasREAD BL/2 + MAX(2, RU('RTP/'CK)) - 2 CLK 1
PRECHARGE ALL BL/2 + MAX(2, RU('RTP/'CK)) - 2 CLK 1
BST PRECHARGEtosamebankasREAD 1 CLK 1
PRECHARGE ALL 1 CLK 1
READwW/AP |PRECHARGE to same bank asREAD w/AP BL/2 + MAX(2, RU('RTP/'CK)) - 2 CLK 1,2
PRECHARGE ALL BL/2 + MAX(2, RU('RTP/'CK)) - 2 CLK 1
ACTIVATE to same bank as READ w/AP BL/2 +MAX(2, RU('RTP/'CK)) - 2 + RU(‘RPpb/ CLK 1
'CK)
WRITE or WRITE w/AP (same bank) Illegal CLK 3
WRITE or WRITE w/AP (different bank) RL + BL/2 + RU('DQSCKmax/'CK) - WL + 1 CLK 3
READ or READ w/AP (same bank) Illegal CLK 3
READ or READ w/AP (different bank) BL/2 CLK 3
WRITE PRECHARGEtosamebankas WRITE WL + BL/2 + RU("WR/'CK) + 1 CLK 1
PRECHARGE ALL WL + BL/2 + RU(WR/'CK) + 1 CLK 1
BST PRECHARGEtosamebankas WRITE WL + RU(*"WR/'CK) + 1 CLK 1
PRECHARGE ALL WL + RU(*"WR/'CK) + 1 CLK 1
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PRECHARGE and AutoPrecharge Clarification (Continued)

From Com-

mand To Command Minimum Delay Between Commands Unit | Notes

WRITEw/AP |PRECHARGE to same bank as WRITE w/AP WL + BL/2 + RU("WR/'CK) + 1 CLK 1,2
PRECHARGE ALL WL + BL/2 + RU(WR/'CK) + 1 CLK 1
ACTIVATE to same bank as WRITE w/AP WL + BL/2 + RU("WR/'CK) + 1 + RU(*"RPpb/'CK) CLK 1
WRITE or WRITE w/AP (same bank) Illegal CLK 3
WRITE or WRITE w/AP (different bank) BL/2 CLK 3
READ or READ w/AP (same bank) Illegal CLK 3
READ or READ w/AP (different bank) WL +BL/2 + RU(WTR/'CK) + 1 CLK 3

PRECHARGE |PRECHARGE to same bank as PRECHARGE 1 CLK 1
PRECHARGE ALL 1 CLK 1

PRECHARGE |PRECHARGE 1 CLK 1

ALL PRECHARGE ALL 1 CLK | 1

Notes: 1. Foragivenbank, the PRECHARGE period should be counted from the latest PRECHARGE com-
mand—either a one-bank PRECHARGE or PRECHARGE ALL—issued to that bank. ThePRE-
CHARGE periodissatisfied after'RP,depending onthe latest PRECHARGE com- mand issued to

that bank.

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

. After READ with auto precharge, seamless READ operations to different banks are sup- ported. 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.

REFRESH Command

The REFRESH command isinitiated with CS# LOW, CAOLOW, CA1 LOW, and CA2 HIGH
at the rising edge of the clock. Per-bank REFRESH is initiated with CA3 LOW at the ris-

ing 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.

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:

« 'RFCab has been satisfied after the prior REFab command
 'RFCpb has been satisfied after the prior REFpb command
« 'RP has been satisfied after the prior PRECHARGE command to that bank
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» 'RRDhasbeensatisfied after the prior ACTIVATE command (ifapplicable, forexam-
ple after activating a row in a different bank than the one affected by the REFpb com-
mand)

Thetargetbankisinaccessible during per-bank REFRESH cycle time (‘RFCpb), howev-
er, 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.

Afterissuing REFpb, the following conditions mustbe met:

» '/RFCpb must be satisfied before issuing a REFab command

 'RFCpb must be satisfied before issuing an ACTIVATE command to the same bank
- 'RRDmustbesatisfied beforeissuing an ACTIVATE command to a differentbank
» 'RFCpb must be satisfied before issuing another REFpb command

An all-bank REFRESH command (REFab) issues a REFRESH command to all banks. All
banksmustbeidlewhen REFabisissued (forinstance,byissuingaPRECHARGEALL
command priorto 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:

 'RFCab has been satisfied following the prior REFab command

 'RFCpb has been satisfied following the prior REFpb command

 'RP has been satisfied following the prior PRECHARGE commands

After an all-bank REFRESH cycle has completed, all banks will be idle. After issuing RE-
Fab:

- 'RFCablatency mustbesatisfiedbeforeissuingan ACTIVATE command

 'RFCab latency must be satisfied before issuing a REFab or REFpb command

2.50 REFRESH Command Scheduling Separation Requirements

Minimum
Delay
Symbol From To Notes
‘RFCab REFab REFab
ACTIVATE command to any bank
REFpb
‘RFCpb REFpb REFab
ACTIVATE command to same bank as REFpb
REFpb
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REFRESH Command Scheduling Separation Requirements (Continued)

Minimum
Delay
Symbol From To Notes
‘RRD REFpb ACTIVATE command to a different bank than REFpb
ACTIVATE |REFpb 1
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 AC-
TIVATE 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 com-
mands as long as the required boundary conditions are met (see the 'SRF Definition fig-
ure).

In the most straightforward implementations, a REFRESH command should be sched-
uled every ‘REFI. In this case, selfrefresh 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 refresh is required. As an example, usinga 1Gb LPDDR?2 device, the
user can choose to issue a refresh burst of multi REFRESH commands at the maximum
supported rate (limited by ‘REFBW ), followed by an extended period without issuing
any REFRESH commands, until the refresh window is complete. The maximum suppor-
ted time without REFRESH commands is calculated as follows: ‘REFW - (R/8) x ‘REFBW
='REFW - R x 4 x 'RFCab.

For example, a 1Gb device at T¢ < 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 transi-
tion from a burst pattern to a regular distributed pattern is shown in the Supported
Transition from Repetitive REFRESH Burstfigure. Ifthis transition occurs immediately
after the burst refresh phase, all rolling 'REFW intervals will meet the minimum re-
quirednumberof REFRESH commands.

A nonsupported transition is shown in Figure 38 (page 60). In this example, the regu-
lar refresh pattern starts after the completion of the pause phase of the burst/pause re-
fresh pattern. For several rolling 'REFW intervals, the minimum number of REFRESH
commands is not satisfied.

Understanding this pattern transition is extremely important, even when only one pat-
tern is employed. In self refresh mode, a regular distributed refresh pattern must be as-
sumed. Micron 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 the Recommended Self Refresh Entry and Exit figure).
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Regular Distributed Refresh Pattern

Oms 32ms

4,097

-8,192

8,193

-12,288

64ms

12,289

s

96ms

'REFBW 'REFBW
- -

Notes:

1. Comparedtorepetitiveburst REFRESH with subsequent REFRESH pause.

2. As an example, in a 1Gb LPDDR?2 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.

3. As the nature of a DRAM scaling effect, the maximum burst of 4096 REFRESH commands could affect data
retention of the DRAM. Memory controller may limit the maximum burst count to 8 REFRESH commands as

similar to LPDDR3 and/or LPDDRA4.

Rev 1.0

6/13/2023

105



X
- 1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

Supported Transition from Repetitive REFRESH Burst

\

0

2

s 32ms 64ms 96ms

4,097

10,240
12,288
16,384

!8,192

h 4,096

‘REFBW
-

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

2. As an example, in a 1Gb LPDDR?2 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.

3. As the nature of a DRAM scaling effect, the maximum burst of 4096 REFRESH commands could affect data
retention of the DRAM. Memory controller may limit the maximum burst count to 8§ REFRESH commands as
similar to LPDDR3 and/or LPDDRA4.
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Non-supported Transition from Repetitive REFRESH Burst

Oms 32ms 64ms 96ms -
© N~ AN [a2] - o]
(2] [Nl [} N N
S S - =} o
< < | © [ee] -~ ~—
[ _ REFW =32ms> .
M

Insufficient REFRESH commands in
this refresh window!

'REFBW
-

Notes: 1. Shown with subsequent REFRESH pause to regular distributed refresh pattern.
2. There are only ~2048 REFRESH commands in the indicated 'REFW window. This does not
provide the required minimum number of REFRESH commands (R).
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Recommended Self Refresh Entry and Exit

Oms 32ms

2

4,097

-8,192

Self refresh I I

_ 4,096

‘REFBW
-

Note: 1. Inconjunction 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 with-
in any rolling refresh window (‘REFW =32 ms @ MR4[2:0]=011 or Tc <85°C). For actual
values per density and the resulting average refresh interval (‘REFI), see Refresh Re-
quirements.

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

Fordevices supporting per-bank REFRESH, a REFab command can be replaced by a full
cycleofeight REFpb commands.

2.Burst REFRESH Limitation

To limit current consumption, a maximum of eight REFab commands can be issued in
any rolling 'REFBW (‘REFBW =4 x 8 x 'RFCab). 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 re-
quired REFRESH commands in that window is reduced to the following:

R':RU[tSRFJ =R-RU [R « SRF J
'REFI {REFW
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Where RU represents theround-up function.

{SRF Definition

1 'REFW
Example A . SKE .
LTI
Enter self refresh modeT TExit self refresh mode
1
Example B’ REDY :
SRF
L
Enter self refresh modeT TExit self refresh mode
‘REFW
Example c? .
SRF
CKE 2 | 14 8 Z
Exit self refresh mode
4 'REFW
Example D 'SRF1 'SRF2

Enter self refresh mode T

TExit self refresh mode Enter

) 4‘\_22_$ )

self refresh mode ‘Exit self refresh mode

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

2. Atselfrefresh entry.
3. Atselfrefresh exit.

4. Several intervals in selfrefresh during one 'REFW interval. In this example, 'SRF ='SRF1 +

'SRF2.

All-Bank REFRESH Operation

-

S'RFCab
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Per-Bank REFRESH Operation

TO

CK# ™7y %
CK (A /

T e [ ) 1 -3 =0

------- oy

CMD < PRECHARGE

.............

\

>'RPab >'RFCpb >'RFCpb

T Noe T ReEpe N%PZ T ReRpb No%z ACTIVATE X  NOP

_______________________________________________________________________________________________

REFRESH tobank 0 REFRESH to bank 1 ACTIVATE command
to bank 1
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
‘RFCpb period.

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 with-
out external clocking. The device has a built-in timer to accommodate SELF RE- FRESH
operation. The SELF REFRESH command is executed by taking CKE LOW, CS# LOW, CA0
LOW, CA1 LOW, and CA2 HIGH at therising 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 com-
mand. After the power-down command is registered, CKE must be held LOW to keep
the device in self refresh mode.

Mobile LPDDR?2 devices can operate in self refresh mode in both the standard and ex-
tended temperature ranges. These devices also manage self refresh power consumption
when the operating temperature changes, resulting in the lowest possible power con-
sumption across the operating temperature range. See Ippg Partial-Array Self Refresh
Current Table 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 (Vppi, Vbp2, VDDQ,
and Vppca) must be at valid levels. Vppg can be turned off during self refresh. If Vppg is
turned off, Vrerpg must also be turned off. Prior to exiting self refresh, both Vppg 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). Vrgrpq can be at any level
between 0 and V ppq; VREFCA can be at any level between 0 and Vppca during self re-
fresh.

Before exiting selfrefresh, Vrerpg and V Rgrca must be within specified limits (see AC
and DC Logic Input Measurement Levels for Single-Ended Signals (page 100)). After en-
tering self refresh mode, the device initiates at least one all-bank REFRESH command
internally during ‘CKESR. The clock is internally disabled during SELF REFRESH opera-
tion to save power. The device must remain in self refresh mode for at least ‘CKESR. The
user can change the external clock frequency or halt the external clock one clock after
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self refresh entry is registered; however, the clock must be restarted and stable before
the device can exit SELF REFRESH operation.

Exiting selfrefresh requires a series of commands. First, the clock must be stable prior
to CKE returning HIGH. After the selfrefresh exitis registered, aminimum delay, at least
equal to the selfrefresh exitinterval (XX SR), 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'XSR. NOP com-
mands must be registered on each rising clock edge during 'XSR.

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.

SELF REFRESH Operation

CK/CK# 4
o /
IIH‘ CK]JE Input clock frequency can be changed or
. clock can be stopped during self refresh.
CKE

FJ“IS(;KE ‘
Cs# \ /

{CKESR (MIN) § } § § IXSR (MIN)
CMD \Vahqunterx NOP < 2 2 i Esxl;‘ ‘ﬂ\NOP " N%% " Vahd»
Enter self refresh mode Exit self refresh mode

|:| Don’t Care

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. 'XSR begins at the rising edge of the clock after CKE is driven HIGH.
4. A valid command can be issued only after X SR is satisfied. NOPs must be issued during XSR.

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 ornota SELF REFRESH operation will occur in that bank. One 8-bitmode reg-
ister (accessible viathe MRW command) is assigned to program the bank-masking sta-
tus of each bank up to eight banks. For bank masking bit assignments, see the MR 16
PASR Bank Mask (MA[7:0]=010h) and MR 16 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 op-
eration to the entire bank is blocked and bank data retention is not guaranteed in self
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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 densi-
ties 1Gb and higher, eight segments are used for masking (seethe MR 17 PASR Segment
Mask (MA[7:0]=011h) and MR17 PASR Segment Mask Definitions tables). A mode reg-
ister 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 segment is blocked. Conversely, when a seg-
ment 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 seg-
ment masking bit assignments, see the tables noted above.

2.51 Bank and Segment Masking Example

Segment Mask (MR17) |Bank 0 | Bank1 |Bank 2 |Bank3 |Bank4 | Bank 5 | Bank 6 | Bank 7

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.
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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, CA0
LOW, CA1LOW, CA2 LOW, and CA3 HIGH at the rising edge of the clock. The mode reg-
ister 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 'CK + 'DQSCK + 'DQSQ and following the ris-
ing edge of the clock where MRR is issued. Subsequent data beats contain valid but un-
defined content, except in the case of the DQ calibration function, where subsequent
data beats contain valid content as described in the Data Calibration Pattern Descrip-
tion table. 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 com-
mand period ‘MRR)istwo clockcycles.

MRR Timing — RL =3, 'MRR =2

e
&
A

CAL) <R “eg‘f‘“ >< >< ><“>< >< >< X >< >< >< >< >< >< >< X ><:

‘MRR 2 i ‘MRR 2

DI ————————————— (DomAj>< :< ( <Dom‘*j>< (X

DOMAX S ———————————— ( >< >< >< >< >< >< >< >

I:l Transitioning data I:l Undefined

Notes:

1. MRRs to DQ calibration registers MR32 and MR40 are described in Data Calibration.

2. Only the NOP command is supported during ‘MRR.

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('DQSCKmax/'CK) + 4/2 + 1 - WL clock cycles.

5. Minimum MRR to MRW latency is RL + RU(*DQSCKmax/'CK) + 4/2 + 1 clock cycles.

READ bursts and WRITE bursts cannot be truncated by MRR. Following a READ com-
mand, 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/'CK) clock cycles have completed. Ifa READ or WRITE burst is trunca-
ted with a BST command, the effective burst length of the truncated burst should be
used for the BL value.
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READ to MRR Timing — RL =3, ‘MRR = 2

DQSH#
DQS

PaLTo] \ém>é><>«{>< XA yz S

@ I

e —
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Notes:

I:I Transitioning data I:I Undefined

1. The minimum number of clock cycles from the burst READ command to the MRR com- mand
isBL/2.
2. Only the NOP command is supported during ‘MRR.

Burst WRITE Followed by MRR-RL =3, WL=1,BL =4

‘:_"_}¥ === === {
JI \ ! ) L T o
|

|

1

I

I | I I [ I I | I I “WTR I I | tMRR=2 | I I

| I | | | | | I I T T T I T i T | |

prmmr e ————— e % e e o oy L o T ——— Jumm e, SESEEMESREERERE TN, e

CMD4 WRTE 1% 5 — valld W mrRT N nomr 1
"‘I""'""l"“ ' - -7- T r- --F- "'I'r e I..f . - ..r..x ——F === ! 1- - .I.‘.J - == - -4 -

| I | | | | | I | | I | | I | I | |

| I | | | | | | | I | | I | I | |

I | I I [ b I \ I I I | I I I

DOs# 1 | I 4 Yo \ I | 1 | 1 | L

DQS | 1 | | I\ /o | I | I | I | I

I | I I [ | I I \ I I I I I I I

I I I I \ I I | I I \ I I I I I I I

I | I I [ I I \ I I | I I I I

I | I I [ I \ I I I I I I I

DQ T T T T ( T T T T T T T T T

I | I I [ I \ I I I I I I I

I 1 I I I I | I 1 ] | ] | I

Notes:

Temperature Sensor

| | |
o o) T o)

Transitioning data

1. The minimum number of clock cycles from the burst WRITE command to the MRR com- mand
is [WL + 1 + BL/2 + RU(*"WTR/'CK)].
2. Only the NOP command is supported during ‘MRR.

Mobile LPDDR?2 devices feature a temperature sensor whose status can be read from
MRA4. 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 operat-
ing temperature can be used to determine whether operating temperature require-
ments 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 'TSI.

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, Tcasg could be above 85°C
when MR4[2:0] equals 011b.

To ensure proper operation using the temperature sensor, applications must accommo-
date the parameters in the temperature sensor definitions table.
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2.52 Temperature Sensor Definitions and Operating Conditions

Parameter Description Symbol Min/Max Value Unit
System temperature Maximum temperature gradient experi- enced by| TempGradient MAX | System-dependent °Cls
gradient the memory device atthe temper- ature of interest
overarange of 2°C
MR4 READ interval Time period between MR4 READs from the ReadInterval MAX | System-dependent ms
system
Temperaturesensor Maximum delay between internal updates of TSI MAX 32 ms
interval MR4
Systemresponse Maximum response time from an MR4 READ to | SysRespDelay MAX | System-dependent ms
delay the system response
Device temperature Margin above maximum temperature to TempMargin MAX 2 °C

margin

support controller response

Mobile LPDDR?2 devices accommodate the temperature margin between the point at
which the device temperature enters the extended 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 max-
imum response time of the system according to the following equation:

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

Forexample, if TempGradientis 10°C/s and the SysRespDelay is 1 ms:

10°C
s

x (ReadInterval + 32ms + Ims) <2°C

In this case, ReadInterval must not exceed 167ms.
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Temperature Sensor Timing

Temp
'y

<('TSI + ReadlInterval + SysRespDelay)

Device

Temp T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e e e e e
Mar gin /

2C

MR4
Trip Level

TSI

MR4 = 0x03 MR4 = 0x86 MR4 = 0x86

MR4 = 0x86

MR4 = 0x86

» Time

Temperture sensor update

Host MR4 READ

ReadlInterval

SysRespDelay

MRR MR4 = 0x03

MRR MR4 = 0x86

DQ Calibration

Mobile LPDDR2 devices feature a DQ calibration function that outputs one of two pre-
defined system timing calibration patterns. For x16 devices, pattern A (MRR to MRR32),
and pattern B (MRR to MRR40), will return the specified pattern on DQO and DQS8; x32

devices return the specified pattern on DQO, DQS8, DQ16, and DQ24.

For x16 devices, DQ[7:1] and DQ[15:9] drive the same information as DQO during the
MRR burst. Forx32 devices, DQ[7:1], DQ[15:9], DQ[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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MR32 and MR40 DQ Calibration Timing — RL = 3, ‘MRR = 2

TO T1
CK# TN : ;
CK j ______ 3

‘MRR 2 ‘MRR 2
CMD {""Mfiﬁ""‘;_{""{{6151' '"'H""}\&E""‘;ﬂ(m"ﬁ& """ T O O ‘;~{ """"""" ‘,»( """"""
DQS#
DQS ; ; ;
| PatternA Pattern B |
:,___..________.,__..___.__.___...l
DQO \é 1 0 1 0 0 0 1 1 2/'
DQ[7:1] « BYERYERXYE: EYERXERXE! »:
1 ixl6
1 S al
DQ8 « B XERXERXE XEERXE »I ;
| e
1 f N
DQ[15:9] Q\Z L _\K O 2\ 0 yz AN\ /A »I
3 : L x32
DQI6 K Y o 1 0 0 0 I D)
1 f N
; i
DQER3:17] - (DX EDXERXED) @B XEIXEDXED)]
N
1 * N
DQ24 ;/\f 1 _/\é 0 1 0 Zé 0 0 1 1 »I
l
1 % 3 N
DQ[31:25] - SAAXEEXEXE) @ EHEXED);
| N S S SR I S N R
I:l Transitioning data |:| Optionally driven the same as DQO or Ob
Note: 1. Only the NOP command is supported during ‘MRR.

2.53 Data Calibration Pattern Description

Bit Time | Bit Time | Bit Time | Bit Time
Pattern MR# 0 1 2 3 Description
Pattern A MR32 1 0 1 0 Reads to MR32 return DQ calibration pattern A
Pattern B MR40 0 0 1 1 Reads to MR40 return DQ calibration pattern B

e —
6/13/2023
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MODE REGISTER WRITE Command

The MODE REGISTER WRITE (MRW ) command is used to write configuration data to
the mode registers. The MRW command is initiated with CS# LOW, CA0 LOW, CA1 LOW,
CA2 LOW, and CA3 LOW at the rising edge of the clock. The mode register is selected by
CA1f—=CAOf, CA9r—CAA4r. The data to be written to the mode register is contained in
CA9f-CA2f. The MRW command period is defined by t™MRW. MRWs to read-only regis-
ters 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.

MODE REGISTER WRITE Timing — RL = 3, 'MRW = 5

TO
CK#™ ™7y
CK \

Notes: 1. At time Ty, the device is in the idle state.
2. Only the NOP command is supported during ‘"MRW.

2.54 Truth Table for MRR and MRW

Current State Command Intermediate State Next State
Allbanks idle MRR Reading mode register, all banks idle Allbanks idle
MRW Writing mode register, all banks idle Allbanks idle
MRW (RESET) Resetting, device auto initialization All banks idle
Bank(s) active MRR Reading mode register, bank(s) idle 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 (reset-
ting) state in the power-on initialization sequence (see 2. RESET Command under Pow-
er-Up (page21)). 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 'INIT4. 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
isundefined afterthe MRW RESET command has completed.

For MRW RESET timing, see Figure 9 (page 23).
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MRW Z.Q Calibration Commands

The MRW command is used to initiate a ZQ calibration command that calibrates output
driver impedance across process, temperature, and voltage. LPDDR?2-S4 devices sup-
port ZQ calibration. To achieve tighter tolerances, proper ZQ calibration must be per-
formed.

There are four ZQ calibration commands and related timings: ‘ZQINIT, ‘ZQRESET,
tZQCL, and "ZQCS. 'ZQINIT is used for initialization calibration; ZQRESET is used for
resetting ZQ to the default output impedance; ‘ZQCL is used for long calibration(s); and
tZQCS is used for short calibration(s). See the MR 10 Calibration (MA[7:0] = 0Ah) table
for ZQ calibration command code definitions.

ZQINIT mustbe performed for LPDDR?2 devices. ZQINIT provides an outputimpe-
danceaccuracy of+15%. Afterinitialization, the ZQ calibrationlong (ZQCL) canbeused
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 notused.

One ZQCS command can effectively correct at least 1.5% (ZQ correction) of output im-
pedance errors within ZQCS for all speed bins, assuming the maximum sensitivities
specified in Table 80 and Table 81 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 ( Tqrifirate) and voltage drift
rate (Vdrifirate) 1n various applications. To accommodate drift rates and calculate the
necessary interval between ZQCS commands, apply the following formula:

ZQcoxrection

(Tsens x Tdriftrate) + (Vsens x Vdriftrate)

Where Tgens = MAX (dRoNdT) and V gens = MAX (dRoNd V) define temperature and volt-
age sensitivities.

For example, if Tgens = 0.75%/°C, V gens = 0.20%/mV, T grifirate = 1 "C/sec, and V grifirate =
15 mV/sec, then the interval between ZQCS commands is calculated as:

1.5 ~ 0.4s
(0.75 x 1) + (0.20  15)

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
(*ZQINIT, '‘ZQCL, or'ZQCS). The quiet time on the data bus helps to accurately calibrate
output impedance. There is no required quiet time after the ZQRESET command. If mul-
tiple devices share a single ZQ resistor, only one device can be calibrating at any giv- en
time. After calibration is complete, the ZQ ball circuitry is disabled to reduce power con-
sumption.

In systems sharing a ZQ resistor between devices, the controller must prevent ‘ZQINIT,
ZQCS,and'ZQCL overlapbetweenthedevices. ZQRESET overlapisacceptable. Ifthe
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ZQ resistor is absent from the system, ZQ must be connected to Vppca. In this situation,
the device must ignore ZQ calibration commands and the device will use the default cali-
bration settings.

ZQ Timings

TO Tl T2 T3 T4 T5 Tx Tx + 1
CK#™77y ; ; ; ; ; : ;
CK (A 3

CA[9:0]<V1Raddr><1Rdata><><><><><><><><><><:2D<><><><><><—_.—>

l--—"'——3——':‘——‘:'——i——+——i——+--‘:'--i--'é'——i——':"——i——':‘——‘:'——i——":'l
IZQINIT | .
I ‘ZQINIT I
Ut ST Nkt N N kbt N RN S il N ]
I CMD~«  MRW 4  NOP ~ NOP ~  NoP — NOP ~ NOP 22 ~ Valid A M i
| |
—— o — —— e — —— — ] —— ——— — —— —— — — ——— — — — — o —— —
IZQCS : 1
I 7QCS |
| e N s il diaieini N N i N i RN S il N |l
I CMD~«  MRW NOP . Nop ket NOP — NOP ~ NOP ~ Valid A ~ i
1 | | 1
1 3 3 1

Relululu ity dulvlpluly Sulul phulv e lal el el Ry Rl il ey iyl ity Sl gl BBl et
: ZQCL : : : : : : : : : : : : : : : i i i I
I 1 1 1 1 1 tZQCL 1 1 1 1 1 1 1 1 1 1 I
I P ‘-‘\ ST ST N /'--L --------- ST v Tt N ST T

I CMD « MRW - NOP ’)—" NOP ke NOP I,\—" NOP M NOP M Valid

I | |

l |

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.

e —
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7.Q External Resistor Value, Tolerance, and Capacitive Loading

Power-Down

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).

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 opera-
tions 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 Ipp
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 refer-
red 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 ‘CKE is satisfied. V Rgrca must be maintained
at a valid level during power-down.

Vbppq can be turned off during power-down. If Vppgq is turned off, Vrerpg must also be
turned off. Prior to exiting power-down, both Vppg and Vrgrpg must be within their re-
spective 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 ‘CKE is satisfied. A valid, executable command can be
applied with power-down exit latency 'XP after CKE goes HIGH. Power-down exit laten-
cy is defined in the AC Timing section.
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Power-Down Entry and Exit Timing

£

o Input clock frequency can be changed L B

i Voo . N R ' :
JICKE o or the input clock can be stopped during power—down. : HTICK;E L t?KIE,(MIN)

Hscmz

{CKE(MIN) P i tXP(MIN)

CMD ¢ Vahdrl E“‘er‘ﬂ NOP y 22 N o E[’,‘I‘)‘,‘ t\HP “ N(%l%ﬂ Vahd:

PD

K

Enter power-down mode

Exit power-down mode

|:| Don’t Care

Note: 1. Inputclock 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.

CKE Intensive Environment

CK# ™ ‘
CK Ao A S A

REFRESH-to-REFRESH Timing in CKE Intensive Environments

———- P

———— RS, JR—

\
! ¥

'CKE 'CKE 'CKE 'CKE

'REFI

" REFRESH >

[

CMD " REFRESH >

[

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.

e —
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READ to Power-Down Entry

BL=4
TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CK# ™ y T R T a T TN mTT T /7T .
CK./ \ ! N S N
RL USCKE
CKE!2 (( \

CMD ———~ READ

)
1
i
1
1
1
1
1
'
—~_
—~—

Tx+1 Tx+2 Tx+3 Tx +4 Tx+5 Tx+6 Tx+7 Tx +8 Tx+9

R:L SCKE
CKE!:2 ( ( \
CMD ———{ rEAp——|
" TR 75 0 0. 0 @ )
DQS#
DQS

e —
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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('DQSCK(MAX)/'CK) + BL/2 + 1) clock cycles after the
clock on which the READ command is registered.

READ with Auto Precharge to Power-Down Entry

BL=4
Tx+1 Tx+2 Tx+3 Tx +4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

RS ———— ——

Sm—— R

\

—— —_——

CMD - (READWAP»—— " pRE* 3
)

DQ

DQSH#
DQS

BL=8
Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

- ———— p——— ———— Sm—— R
\

———a p———y —_——

'[SCKE

mTomssss AY s o TT T \
CMD —— READ w/AP {  PRE* )

DQ {éou‘r)éou‘r @@ out Rour Rour Rour

DQS#
DQS

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

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

3. BL/2 with ‘RTP = 7.5ns and ‘RAS (MIN) is satisfied.
4. Startinternal PRECHARGE.
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WRITE to Power-Down Entry
BL=4

TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6

CK# ™ ‘ /—2
CK j S g ! N
 EE—

CKE!

RN ———a Jr— ——— PRE——— ————

CMD ——— WRITE —

N
' 1
—~—
—~_
—~—

Tm+ml Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx +3 Tx +4

———— ———- PrEpe——. JR— R ———a
/ \ ’ \
1
-t 4 X L

r———n -

.
/

‘WR
oMD —— '\;«E{Tiz"}_{g 22
pQ &
DQS# )
DQS _2 (

Note: 1. CKE can be registered LOW at (WL + 1 + BL/2 + RU(*WR/'CK)) clock cycles after the clock on
which the WRITE command is registered.
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WRITE with Auto Precharge to Power-Down Entry

BL=4
TO T1 Tm Tm+1 Tm + 2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6
CK# ™ ‘ T '""/_? N T A T T T '""/_\<;
K / A 2_/
ISCKE
CKE! [{
‘WR
CMD -—(v'v]z]%é'w?,lé‘;_zz 22 O pRE? )
)) ))
DQ (( ((
DQS# ) ))
DQS { (
BL=28
TO Tl Tm Tm+1 Tm +2 Tm+3 Tm+4 Tm+35 Tx Tx+1 Tx+2 Tx+3 Tx+4
CK# ™ /_\\I:zz_\li} T T ST T /_2 R T T T T a
WL

BL/2

CKE! ( (

WR
oM i) ) O
> &
DQS# N
DQS (

Notes: 1. CKE can be registered LOW at (WL + 1 + BL/2 + RU("WR/'CK + 1) clock cycles after the
WRITE command is registered.
2. Start internal PRECHARGE.
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REFRESH CommandtoPower-Down Entry

Note: 1. CKE can go LOW 'IHCKE after the clock on which the REFRESH command is registered.

ACTIVATE Command to Power-Down Entry

Note: 1. CKE can go LOW at 'THCKE after the clock on which the ACTIVATE command is regis- tered.

PRECHARGE Command to Power-Down Entry

CMD — PRE b

Note: 1. CKE can go LOW THCKE after the clock on which the PRECHARGE command is regis- tered.
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MRR Command to Power-Down Entry

TO Tx Tx+1 Tx+2 Tx +3 Tx +4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CK# ™ B
CK / 1
RL YSCKE
CKE! ((

S

1

i

'

'

1

1

]

'
—~_
P

CMD ——~ MRR

DQ

DQS#
DQS

Note: 1. CKE can be registered LOW at (RL + RU(‘DQSCK/'CK)+ BL/2 + 1) clock cycles after the clock
on which the MRR command is registered.

MRW Command to Power-Down Entry

CK#
CK

ISCKE

CKE!

IMRW

CMD ———— MRW

..........

Note: 1. CKE can be registered LOW 'MRW after the clock on which the MRW command is regis- tered.

Deep Power-Down

Deep power-down (DPD) is entered when CKE is registered LOW with CS# LOW, CA0
HIGH, CA1 HIGH, and CA2 LOW at the rising edge of the clock. The NOP command
must be driven in the clock cycle following power-down entry. CKE must not go LOW
while MRR or MRW operations are in progress. CKE can go LOW while other operations
suchas ACTIVATE, auto precharge, PRECHARGE, or REFRESH are in progress, however,
deep power-down Ipp specifications will not be applied until those operations com-
plete. 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. Vrgrpg can be at any level between 0
andV ppg,andV rerca canbeatany levelbetweenOandV ppca during DPD. Allpower
supplies (including V rgr) must be within the specified limits prior to exiting DPD (see
ACandDC Operating Conditions).

Rev 1.0 6/13/2023 129



X
- 1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

To exit DPD, CKE mustbe HIGH, ISCKE must be complete, and the clock must be sta-
ble. To resume operation, the device must be fully reinitialized using the power-up initi-
alization sequence.

Deep Power-Down Entry and Exit Timing

CK/CK# i/ 2 ) p) [ LF U‘_)\_Q MhL
‘lH.CKE Input clock frequency can be changed 2 'CK; (M}N) ‘ileSl’ 2
i} ! or the input clock can be stopped during DPD. Lo
cxe 1 (e U
_»I lISC‘KE ISCKE
r— | -—
cst ! 1 (
tRp DPD
cMD  {Nop MEmerSnop N )) ) T EO Gop D) ) ‘RESETS
NDPD N b GG AN A S ,
Enter DPD mode Exit DPD mode

|:| Don’t Care

Notes: 1. The initialization sequence can start at any time after Tx + 1.
2. UNIT3 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 LPDDR?2 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 fre-
quency

 Related timing conditions,'RCD and ‘RP, have been met prior to changing the fre-
quency

» The initial clock frequency must be maintained for a minimum of two clock cycles af-
ter CKE goes LOW

« The clock satisfies ‘CH(abs) and ‘CL(abs) for a minimum of two clock cycles prior to
CKE going HIGH

For input clock frequency changes, 'CK(MIN) and ‘CK(MAX) must be met for each clock
cycle.

Afterthe inputclock frequency is changed and CKE is held HIGH, additional MRW
commands may be required to set the WR, RL, etc. These settings may require adjust-
ment 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

e 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, 'RCD, 'WR, 'WRA, ‘RP,'MRW, and ‘MRR, 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 ‘CH(abs) and 'CL(abs)
for aminimum of 2 x 'CK + 'XP.

For input clock frequency changes, 'CK(MIN) and ‘CK(MAX) must be met for each clock
cycle.

After the input clock frequency is changed, additional MRW commands may be re-
quired 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 unwan-
ted 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 two possible encodings: CS# HIGH at the clock rising edge N; and
CS#LOW with CA0,CA1,CA2 HIGH atthe clock rising edge N.

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

Simplified Bus Interface State Diagram

The state diagram (see Figure 64 (page 85)) provides a simplified illustration of the bus
interface, supported state transitions, and the commands that control them. For a com-
plete 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.
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Simplified Bus Interface State Diagram

Power
applied

Power-on Automatic sequence

Command sequence

Self

refreshing

Resetting
MR reading

Resetting
power-down

REF

Idle
MR reading

{ Refreshing

Idle
power-down

Active

MR reading PR

Active

PR =PRECHARGE

PRA = PRECHARGE ALL

ACT = ACTIVATE

WR(A) = WRITE (with auto precharge)

RD(A)=READ (with auto precharge)

BST=BURSTTERMINATE

RESET=RESET isachieved through
MRW command

MRW = MODE REGISTER WRITE

MRR=MODE REGISTER READ

PD = enter power-down PDX

Reading

Reading
with
auto precharge

Writing
with
auto precharge

= exit power-down SREF =
enter self refresh SREFX = exit
self refresh

Precharging

DPD = enter deep power-down
DPDX = exit deep power-down
REF=REFRESH

Note: 1. All banks are precharged in the idle state.

e —
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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 ille-
gal event, the device must be powered down and then restarted using the specified initi-
alization sequence before normal operation can continue.

2.55 Command Truth Table

Notes 1-11 apply to all parameters conditions

Command Pins CA Pins
e CK
Command CK(n-1) | CK(n) | CS# | CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | Edge
MRW H H L | L L L L | MAO | MAL | MA2 | MA3 | MA4 | MAS | _f
H H | X |mMa6|mMa7|opo | opt | op2 | op3 | opa | OPs | op6 | oP7 |
MRR H H L | L L L H | MAO|MA1| MA2 | MA3 | MA4 | MAS | _F
H H | X [MA6 [MA7 X <
REFRESH H H L | L L H ‘ L | X 4
(per bank) H H X X B
REFRESH H H L | L ‘ L ‘ H ‘ H | X £
(all banks) H H X X T
Enter self H L L | L ‘ L ‘ H ’ X 4
refresh X L X X K
ACTIVATE H H L | L H | R | RO | R0 | RI1 | R12 | BAO | BAl | BA2 |
(bank) H H | X | RO | Rl | R | R | R§ | RS | R6 | R7T | RI3 | RI4 | ©
WRITE (bank) H H L | H L L |RrReU | RPU | c1 | 2 [ Bao | Bal [ Baz |
H H | x| a | 3 | ca | s | co | 7| s | o |cioflcn | &
READ (bank) H H L | H L H |RFU | RFU | €1 | 2 | Bao | BAl | BA2 |
H H | x| ar | 3 | ca | s | ce | 7] e8| o [cioflcen | &
PRECHARGE H H L| H | H L H | aB| X | x |Bao|Bal [ Baz | &
(bank) " " X T
BST H H L | ‘ H ‘ L ‘ L | X 4
H H X X v
Enter DPD H L L | H ‘ H ‘ L ’ X 4
X L X X =
NOP H H L | Hu ‘ H ‘ H ‘ X 4
H H X X =
Maintain PD, L L L | H ‘ H ‘ H ’ X 4
SREE DPD, (NOP) 3 5 X X T

Rev 1.0 6/13/2023 133



XTR

1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

Command Truth Table (Continued)

Notes 1-11 apply to all parameters conditions

Command Pins CA Pins
CKE CK
Command CK(n-1) | CK(n) |[CS# | CAO0 | CAl1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | Edge
NOP H H H X £
H H X X T
Maintain PD, L L H X 5
SREE DPD, (NOP) L L X X =N
Enterpower- H L H X 5
down X L X X 1
ExitPD, SREE, L H H X £
DPD X H | X X En
Notes: 1. All commands are defined by the current state of CS#, CA0, CA1, CA2, CA3, and CKE at the ris-
ing edge of the clock.
2. Bankaddresses(BA)determine whichbank willbe 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.
4. X indicates a “Don’t Care” state, with a defined logic level, either HIGH (H) or LOW (L).
5. Self refresh exit and DPD exit are asynchronous.
6. Vrer must be between 0 and Vppq during self refresh and DPD operation.
7. CAxrrefers to command/address bit “x” on the rising edge of clock.
8. CAxfrefers to command/address bit “x” on the falling edge of clock.
9. 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. The least-significant column address CO is not transmitted on the CA bus, and is inferred to be ze-

To.

2.56 CKE Truth Table

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

Command

Current State CKEnN-1 CKEn CS# n Operation n Next State Notes
Active pow- L L X X Maintain active power-down Active
er-down power-down

H NOP Exit active power-down Active 6,7
Idle power-down L X X Maintain idle power-down Idle pow-

er-down

H NOP Exit idle power-down Idle 6,7
Resetting idle L X X Maintain resetting power-down Resetting
power-down power-down

L H H NOP Exitresetting power-down Idle orresetting | 6,7, 8
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CKE Truth Table (Continued)

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

Command
Current State CKEnN-1 CKEn CSt# n Operation n Next State Notes
Deep power- L L X X Maintain deep power-down Deep pow-
down er-down
L H H NOP Exit deep power-down Power-on 9
Selfrefresh L L X X Maintain self refresh Selfrefresh
L H H NOP Exit self refresh Idle 10, 11
Bank(s) active H L H NOP Enter active power-down Active
power-down
All banks idle H L H NOP Enter idle power-down Idle pow-
er-down
H L L Enterself |Enter self refresh Selfrefresh
refresh
H L L DPD Enter deep power-down Deep pow-
er-down
Resetting H L H NOP Enter resetting 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 else-
where in this document.
3. CKEn = the logic state of CKE at clock rising edge n; CKEN-1 was the state of CKE at the previ-
ous 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 com-
mand n.
6. Power-down exit time (*XP) must elapse before any command other than NOP is issued.
7. The clock must toggle at least twice prior to the 'XP period.
8. Upon exiting the resetting power-down state, the device will return to the idle state if
INIT5 has expired.
9. The DPD exit procedure must be followed as described in Deep Power Down.
10. Selfrefresh exit time ("XSR) must elapse before any command other than NOP is issued.
11. The clock must toggle at least twice prior to the 'XSR time.

2.57 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
S ——————————
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Notes 1-5 apply to all parameters and conditions

Current State Command Operation Next State Notes
Idle ACTIVATE Select and activate row Active 6
Refresh (per bank) Begin to refresh Refreshing (per bank) 7
Refresh (all banks) Begin to refresh Refreshing (all banks) 8
MRW Load value to mode register MR writing 8
MRR Read value from mode register Idle, MR reading
RESET Begin device auto initialization Resetting 89
PRECHARGE Deactivate row(s) in bank or banks Precharging 10, 11
Row active READ Select column and start read burst Reading
WRITE Select column and start write burst Writing
MRR Read value from mode register Active MR reading
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Reading READ Select column and start new read burst Reading 12,13
WRITE Select column and start write burst Writing 12,13, 14
BST Read burst terminate Active 15
Writing WRITE Select column and start new write burst Writing 12,13
READ Select column and start read burst Reading 12,13, 16
BST Write burst terminate Active 15
Power-on MRW RESET Begin device auto initialization Resetting 8,10
Resetting MRR Read value from mode register Resetting MR reading

Notes: 1. Values in this table apply when both CKEnN -1 and CKEn are HIGH, and after "XSR or *XP has

2.
3.

been met, if the previous state was power-down.
All states and sequences not shown are illegal or reserved.
Current state definitions:

Idle: The bank or banks have been precharged, and ‘RP has been met.

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

Reading: A READ bursthasbeen initiated with auto precharge disabled and has notyet termi-
nated or been terminated.

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

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 oc-
curring during these states. Supported commands to the other banks are deter- mined by that
bank’s current state, and the definitions given in the following table.

Precharge: Starts with registration ofa PRECHARGE command and ends when ‘RP is met. After
RP is met, the bank is in the idle state.

Row activate: Starts with registration of an ACTIVATE command and ends when 'RCD is met.
After 'RCD is met, the bank is in the active state.
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11.
12.

13.
14.

15.

16.

© © x® N

READ with AP enabled: Starts with registration of a READ command with auto pre- charge ena-
bled and ends when RP is met. After ‘RP is met, the bank is in the idle state.

WRITE with AP enabled: Starts with registration of a WRITE command with auto pre- charge
enabled and ends when ‘RP is met. After 'RP is met, the bank is in the idle state.

The states listed below must not be interrupted by any executable command. NOP com- mands
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
‘RFCpb is met. After ‘RFCpb is met, the bank is in the idle state.

Refresh (all banks): Starts with registration of a REFRESH (all banks) command and ends when ‘RF-
Cab is met. After 'RFCab is met, the device is in the all banks idle state.

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

Resetting MR reading: Starts with registration of the MRR command and ends when
‘MRR is met. After 'MRR is met, the device is in the all banks idle state.

Active MR reading: Starts with registration of the MRR command and ends when ‘"MRR is met.
After 'MRR is met, the bank is in the active state.

MR writing: Starts with registration of the MRW command and ends when 'MRW is met. After
‘MRW is met, the device is in the all banks idle state.

Precharging all: Starts with registration of a PRECHARGE ALL command and ends when
RP is met. After ‘RP is met, the device is in the all banks idle state.

There are no restrictions to the number of ACTIVATE commands to a given row in a re- fresh pe-
riod provided DRAM timing specifications are not violated. However, specific at- tempts to by-
pass Rowhammer circuits may result in data disturb.

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.

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

Ifa PRECHARGE command is issued to a bank in the idle state, '‘RP still applies.

A command other than NOP should not be issued to the same bank while a burst READ or burst
WRITE with auto precharge is enabled.

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

Notbank-specific. The BST command affects the most recent READ/WRITE burst started by the
mostrecent READ/WRITE command, regardless of bank.

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.

2.58 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
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Current State Bank n to Command to Bank m Truth Table (Continued)

Notes 1-6 apply to all parameters and conditions

Current State of]

has been met; and both CKEn -1 and CKEn are HIGH.
2. All states and sequences not shown are illegal or reserved.

Bank n Command to Bank m Operation Next State for Bank m Notes
Row activating, ACTIVATE Select and activate row in bank m Active 8
active., or pre- READ Select column and start READ burst from Reading 9
charging bank m
WRITE Select column and start WRITE burst to bank Writing 9
m
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
MRR READ value from mode register Idle MR reading or active 11,12, 13
MR reading
BST READ or WRITE burst terminates an on- Active 7
going READ/WRITE from/to bank m
Reading READ Select column and start READ burst from Reading 9
(auto precharge bank m
disabled) WRITE Select column and start WRITE burst to bank Writing 9,14
m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Writing READ Select column and start READ burst from Reading 9,15
(auto precharge bank m
disabled) WRITE Select column and start WRITE burst to bank Writing 9
m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Readingwith READ Select column and start READ burst from Reading 9,16
auto precharge bank m
WRITE Select column and start WRITE burst to bank Writing 9,14, 16
m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 10
Writing with READ Select column and start READ burst from Reading 9,15, 16
auto precharge bank m
WRITE Select column and start WRITE burst to bank Writing 9,16
m
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 'XSR or tXP
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10.

11.
12.
13.

14.

15.

16.

17.
18.

Current state definitions:
Idle: The bank has been precharged and '‘RP has been met.

Active: A row in the bank has been activated, 'RCD has been met, no data bursts or ac- cessesand
noregisteraccessesareinprogress.

Read: AREADbursthasbeeninitiated withauto precharge disabledand the READ has not yet
terminated or been terminated.

Write: A WRITE bursthas been initiated with auto precharge disabled and the WRITE has not yet
terminated or been terminated.

Refresh, self refresh, and MRW commands can only be issued when all banks are idle.

A BST command cannotbe issued to another bank; itapplies only to the bank represen- ted by
the current state.

The states listed below must not be interrupted by any executable command. NOP com- mands
must be applied during each clock cycle while in these states:

Idle MRR: Starts with registration of the MRR command and ends when 'MRR has been met. Af-
ter '™MRR is met, the device is in the all banks idle state.

Reset MRR: Starts with registration of the MRR command and ends when ‘"MRR has been met. After
MRR is met, the device is in the all banks idle state.

Active MRR: Starts with registration of the MRR command and ends when '"MRR has been
met. After '™MRR is met, the bank is in the active state.

MRW: Starts with registration of the MRW command and ends when 'MRW has been met. After
MRW is met, the device is in the all banks idle state.

BST is supported only ifa READ or WRITE burst is ongoing.

'RRD must be met between the ACTIVATE command to bank n and any subsequent ACTI-
VATE command to bank m.

READs or WRITEs listed in the command column include READs and WRITEs with or with-

out auto precharge enabled.

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

MRR is supported in the row-activating state.

MRR is supported in the precharging state.

The next state for bank m depends on the current state of bank m (idle, row-activating, pre-
charging, or active).

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.

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.

A READ with auto precharge enabled ora WRITE with auto precharge enabled can be fol-
lowed by any valid command to other banks provided that the timing restrictions in the PRE-
CHARGE and Auto Precharge Clarification table are met.

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

RESET command is achieved through MODE REGISTER WRITE command.
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2.59 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.

2.60 Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes
Vpp1 supply voltage relative to Vgg Vbbi 0.4 +2.3 v 1
Vb2 supply voltage relative to Vgg Vpp2 (1.2V) -0.4 +1.6 \% 1
Vbbcea supply voltage relative to Vgsca Vbbea 0.4 +1.6 v 1,2
Vbpgo supply voltage relative to Vgsq Voo 0.4 +1.6 A% 1,3
Voltage on any ball relative to Vsg Vine Vour —0.4 +1.6 \Y%
Storage temperature Tsrg =55 +125 °C 4
Notes: 1. See 1. Voltage Ramp under Power-Up.

2. VRerca 0.6 < Vppcea; however, Vrgrca may be > Vppea provided that Vrgrea < 300mV.

3. Vrerpg 0.6 < Vppg; however, Vrgrpg may be > Vppq provided that Vrgrpg < 300mV.

4. Storage temperature is the case surface temperature on the center/top side of the de- vice. For

measurement conditions, refer to the JESD51-2 standard.

2.61 Input/Output Capacitance

Note 1 applies to all parameters and conditions

LPDDR2 1066-466 LPDDR2 400-200
Parameter Symbol MIN MAX MIN MAX Unit Notes
Input capacitance, CK and CK# Cek 1.0 2.0 1.0 2.0 pF 2,3
Input capacitance delta, CK and CK# Cpck 0 0.20 0 0.25 pF 2,3,4
Input capacitance, all other input- Cr 1.0 2.0 1.0 2.0 pF 2,3,5
onlypins
Input capacitance delta, all other input- Cpr —-0.40 +0.40 -0.50 +0.50 pF 2,3,6
onlypins
Input/output capacitance, DQ, DM, DQS, Cio 1.25 2.5 1.25 2.5 pF 2,3,7,8
DQS#
Input/output capacitance delta, DQS, Copos 0 0.25 0 0.30 pF 2,3,8,9
DQS#
Input/output capacitance delta, DQ, DM Cpio 0.5 +0.5 0.6 +0.6 pF 2,3,8,10
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Input/Output Capacitance (Continued)

Note 1 applies to all parameters and conditions

LPDDR2 1066-466 LPDDR2 400-200
Parameter Symbol MIN MAX MIN MAX Unit Notes

Input/output capacitance ZQ Czo 0 2.5 0 2.5 pF 2,3, 11

Notes: 1. T¢—40°Cto +105°C; Vppg = 1.14-1.3V; Vppca = 1.14-1.3V; Vpp; = 1.7-1.95V; Vpp, = 1.14- 1.3 V.
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 character- ization.
The capacitance is measured according to JEP147 (procedure for measuring in- put capacitance us-
ing a vector network analyzer), with Vppi, Vbp2, Vppo, Vss, Vssca, and Vssq applied; all other
pins are left floating.
. Absolute value of Cck - Cegs
. Cj applies to CS#, CKE, and CA[9:0].
. Cpr=Ci-0.5 x (Cek + Cext).
DM loading matches DQ and DQS.
. MR31/Oconfigurationdrivestrength OP[3:0]=0001b (34.3 ohmtypical).
. Absolute value of Cpgs and Cpqs-
. Cpio=Cjp-0.5x% (CDQS + CDQS#) inbyte-lane.
. Maximum external load capacitance on ZQ pin: SpE

~ 0 ©O®»~NO UM

_

Electrical Specifications — IDD Specifications and Conditions

The following definitions and conditions are used in the Ipp measurement tables unless
stated otherwise:

o« LOW: Viy Vi me)max

« HIGH: VIN = VIH(DC)min

STABLE: Inputs are stable ata HIGH or LOW level
SWITCHING: See the following three tables

2.62 Switching for CA Input Signals

Notes 1-3 apply to all parameters and conditions

CKRising/ | CK Falling/ | CKRising/ | CK Falling/ | CKRising/ | CK Falling/ | CKRising/ | CK Falling/
CK#Falling | CK#Rising | CK#Falling | CK#Rising | CK#Falling | CK#Rising | CK#Falling | CK#Rising
Cycle N N+1 N+2 N+3
CS# HIGH HIGH HIGH HIGH
CA0 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
CAS 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
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Switching for CA Input Signals (Continued)

Notes 1-3 apply to all parameters and conditions

CKRising/ | CK Falling/ | CKRising/ | CK Falling/ | CKRising/ | CK Falling/ | CKRising/ | CK Falling/
CK#Falling | CK#Rising | CK#Falling | CK#Rising | CK#Falling | CK#Rising | CK#Falling | CK#Rising
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 Ipp measure- ment
for Ipp values that require switching on the CA bus.

2.63 Switching for IDD4R

Clock Cycle
Clock CKE CS# Number Command CA[2:0] CAJ9:3] AIIDQ
Rising H L 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 Ipp measurement for Ippgg.

2.64 Switching for IDD4W

Clock Cycle
Clock CKE CS# Number Command CA|[2:0] CAJ[9:3] AllDQ
Rising H L Write Rising LLH LHLHLHL L
Falling H L Write 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 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 HLH 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 Ipp measurement for Ippgw.
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2.65 IDD Specification Parameters and Operating Conditions

Notes 1-3 apply to all parameters and conditions

Parameter/Condition Symbol PowerSupply | Notes
Operating one bank active-precharge current (SDRAM): {CK = {CKmin; Ibpo1 Vpp1
tRC =tRCmin; CKE is HIGH; CS#is HIGH between valid commands; CA bus in- | v
puts are switching; Data bus inputs are stable | D0z v DD\j 2
DDO0in DDCA’ "~ DDQ
Idle power-down standby current: {CK = {CKmin; CKE is LOW; CS# is HIGH; IoD2pP1 Vb1
All banks are idle; CA bus inputs are switching; Data bus inputs are stable loD2p2 Vo2
Ibp2Pin Vboca: Vbba 4
Idle power-down standby current with clock stop: CK = LOW, CK# = Ipb2pPs1 Vpp1
HIGH; CKE is LOW; CS# is HIGH; All banks are idle; CA bus inputs are stable; Iop2ps2 Vppo
Data bus inputs are stable lo2rs Voocm Voo 4
Idle non-power-down standby current: {CK = !{CKmin; CKE is HIGH; CS# s Iop2n1 Vbb1
HIGH; All banks are idle; CA bus inputs are switching; Data bus inputs are sta- IopaNg Vo2
ble
I DD2N.in VDDCA’ VDDO 4
Idle non-power-down standby current with clock stopped: CK = LOW,; Ibpans1 Vbp1
CK#=HIGH; CKE is HIGH; CS#is HIGH; All banks are idle; CA bus inputs are Iobans2 Vppo
stable; Data bus inputs are stable | v v 4
DD2NS.in DDCA’ " DDQ
Active power-down standby current: 'CK = {CKmin; CKE is LOW; CS# is IoD3p1 Vbb1
HIGH; One bank is active; CA bus inputs are switching; Data bus inputs are loD3p2 Vo2
stable
I DD3P.in VDDCA’ VDDQ 4
Active power-down standby current with clock stop: CK = LOW, CK# = Ipb3ps1 Vo1
HIGH; CKE is LOW; CS# is HIGH; One bank is active; CA bus inputs are stable; Iop3ps2 Vppo
Data bus inputs are stable
i | DD3PS.in VDDCA’ VDDQ 4
Active non-power-down standby current: {CK = {CKmin; CKE is HIGH; CS# IoD3NT Vb1
is HIGH; One bank is active; CA bus inputs are switching; Data bus inputs are Iopang Vo2
stable
I DD3N,in VDDCA’ VDDQ 4
Active non-power-down standby current with clock stopped: CK = Ibpans1 Vpp1
LOW, CK#=HIGH CKE is HIGH; CS#is HIGH; One bankis active; CAbus inputs IoD3NS2 Vppo
are stable; Data bus inputs are stable | v v 2
DD3NS.in DDCA’ ~ DDQ
Operating burst READ current: 'CK = 'CKmin; CS# is HIGH between valid IoDar1 Vbb1
commands; One bank is active; BL = 4; RL = RL (MIN); CA bus inputs are IbD4R2 Vb2
switching; 50% data change each burst transfer | v
DD4R,in DDCA
Ibbara Vbba 5
Operating burst WRITE current: 'CK = {CKmin; CS# is HIGH between valid IoDaw1 Vbb1
commands; One bank is active; BL = 4; WL = WLmin; CA bus inputs are switch- IoDaw2 Vo2
ing; 50% data change each burst transfer | v v 1
DD4W.,in DDCA’ " DDQ
All-bank REFRESH burst current: {CK = 'CKmin; CKE is HIGH between valid IpDs1 Vb1
commands; 'RC = 'RFCabmin; Burst refresh; CA bus inputs are switching; Data I Vi
bus inputs are stable | a2 v DD\i 7
DDSIN DDCA’ "~ DDQ
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Ipp Specification Parameters and Operating Conditions (Continued)

Notes 1-3 apply to all parameters and conditions

Parameter/Condition Symbol PowerSupply | Notes
All-bank REFRESH average current: {CK = {CKmin; CKE is HIGH between IoD5AB1 Vbp1
valid commands; 'RC = 'REFI; CA bus inputs are switching; Data bus inputs are | DD3AB2 Viba
stable

IDDSAB,in VDDCA| VDDQ
Per-bank REFRESH average current: 'CK = {CKmin; CKE is HIGH between IppsPB1 Vb1 6
valid commands; 'RC = 'REFI/8; CA bus inputs are switching; Data bus inputs | bpspE2 Vs 6
are stable

I DD5PB,in VDDCA! VDDQ 41 6
Self refresh current (—40°C to +85°C): CK = LOW, CK# = HIGH; CKE is LOW,; Ibpe1 Vo1 7
CA bus inputs are stable; Data bus inputs are stable; Maximum 1x self refresh lobs2 Vppo 7
rate

Ippein Vbpca, Voba 4,7

Self refresh current (+85°C to +105°C): CK = LOW, CK# = HIGH; CKE is IbDeET1 Vpp1 7,8
LOW; CA bus inputs are stable; Data bus inputs are stable loD6ET2 Vo2 7.8

IbD6ETin Vboca: Vbba 4,7,8
Self refresh current (+105°C to +125°C): Not available. 9
Deep power-down current: CK = LOW, CK# = HIGH; CKE is LOW; CA bus in- Ipps1 Vpp1 8
puts are stable; Data bus inputs are stable lops2 Vo2 8

Ibpsin Vboca: Vbba 4,8

—_

Notes:

w N

©® NN

AC and DC Operating Conditions

Measured currents are the sum of Vppg and Vppca.

Guaranteed by design with output reference load and Ron = 40 ohm.

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.

IppeeT and Ippg are typical values, are sampled only, and are not tested.

When TC >105°C, self-refresh mode is not available.

Ipp values are the maximum of the distribution of the arithmetic mean.
Ipp current specifications are tested after the device is properly initialized.

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.

Operation or timing that is not specified is illegal. To ensure proper operation, the de-

vice must be initialized properly.

2.66 Recommended DC Operating Conditions

LPDDR2-S4B
Symbol Min Typ Max Power Supply Unit
Vb1 ! 1.70 1.80 1.95 Core power 1 A%
Vb2 1.14 1.20 1.30 Core power 2 \%
Vbbca 1.14 1.20 1.30 Input buffer power \Y
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Recommended DC Operating Conditions (Continued)

LPDDR2-S4B
Symbol Min Typ Max Power Supply Unit
Voo 1.14 1.20 1.30 1/0O buffer power A%

Note: 1. Vpp; uses significantly less power than Vpp,.

2.67 Input Leakage Current

Parameter/Condition Symbol Min Max Unit Notes
Inputleakage current: For CA, CKE, CS#, CK, CK#; Any I -2 2 LA 1
input OV < Viy < Vppca; (All other pins not under

test=0V)

VrEer supply leakage current: Vrerpg = Vppo/2, or IyRer -1 1 LA 2
VRrEerca = Vppca/2; (All other pins not under test = 0V)

Notes: 1. Although DM is for input only, the DM leakage must match the DQ and DQS/DQS# out- put
leakage specification.
2. The minimum limit requirement is for testing purposes. The leakage current on Vgggca and
VRrEerDQ pins should be minimal.

2.68 Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
IT temperature range 1 -40 +85 ‘C
AT temperature range Terss —40 +105 ‘C
UT temperature range -40 +125 ‘C

Notes: 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. Forsome 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 appropri-
ate refresh rate, determine the need for AC timing derating, and/or monitor the operating tem-
perature (see Temperature Sensor). When using the temperature sen- sor, the actual device case
temperature may be higher than the Tcasg rating that applies for the operating temperature range.
For example, Tcasg could be above 85°C when the temperature sensor indicates a temperature of
less than 85°C.

4. UT option use based on automotive usage model. Please contact Micron sales represen- tative if
you have questions.
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2.69 Single-Ended AC and DC Input Levels for CA and CS# Inputs

LPDDR2-1066 to LPDDR2-466 | LPDDR2-400 to LPDDR2-200
Symbol Parameter Min Max Min Max Unit | Notes
Vincaac) |AC input logic HIGH Vger+0.220 Note 2 Vrer+0.300 Note 2 A% 1,2
ViLcaac) |AC input logic LOW Note 2 VRrer-0.220 Note 2 Vrer-0.300 \' 1,2
Vincaoe) | DC input logic HIGH Vrer+0.130 Vbbea Vrer+0.200 Vbbpea \'% 1
Viccapey | DC input logic LOW Vssca Vger-0.130 Vssca Vger-0.200 \Y% 1
Vrercapey | Reference voltage for 0.49 X Vppca 0.51 X Vppca 0.49 X Vppca 0.51 X Vppca \% 3,4
CA and CS# inputs
Notes:

1. For CA and CS# input-only pins. Vrer = VREFCADC)-

2. See Overshoot and Undershoot Definition.

3. The AC peak noise on Vrgrca could prevent Vigrca from deviating more than £1% Vppca from Vrercamoe)
(for reference, approximately +12mV).

4. For reference, approximately Vppca/2 £12mV.

2.70 Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Unit | Notes
VH—ICKE CKE iIlpllt HIGH level 0.8 x Vppca Note 1 \% 1
ViLcKE CKE input LOW level Note 1 0.2 X Vppca \% 1

Note: 1. See Overshoot and Undershoot Definition.
2.71 Single-Ended AC and DC Input Levels for DQ and DM
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200

Symbol Parameter Min Max Min Max Unit | Notes

VIHDQ(AC) AC input lOgiC HIGH VREF+ 0.220 Note 2 VREF +0.300 Note 2 \% 1, 2

Vitpgac)  |AC input logic LOW Note 2 Vrer-0.220 Note 2 Vgrer-0.300 \% 1,2

VIHDQ(DC) DC input 10giC HIGH VREF +0.130 VDDQ VREF +0.200 VDDQ \% 1

VlLDQ(DC) DC input IOgiC LOW VSSQ VREF -0.130 VSSQ VREF -0.200 \' 1

Vrerpgoe) | Reference voltage for 0.49 x Vppq 0.51 x Vppq 0.49 x Vppg 0.51 x Vppq \% 3,4
DQ and DM inputs

Notes:

1. For DQ input-only pins. Vggr = VREFDQ(DC)-

2. See Overshoot and Undershoot Definition.

3. The AC peak noise on Vrgrpq could prevent Vrerpg from deviating more than +1% Vppq from Vrerpome)
(for reference, approximately £12mV).

4. For reference, approximately. Vppg/2 £12mV.
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Vrer Tolerances

The DC tolerance limits and AC noise limits for the reference voltages Vrgerca and
VREeFDQ are illustrated below. This figure shows a valid reference voltage V rgr(t) as a func-
tionoftime. Vppisusedinplace of Vppca for Vrerca,and V ppg for Vrerpg. VREF(DC) 1S
the linear average of Vrgr(t) over a very long period of time (for example, 1 second) and
is specified as a fraction of the linear average of Vppq or Vppca, also over a very long pe-
riod of time (for example, 1 second). This average must meet the MIN/MAX require-
ments in Table 64 (page 100). Additionally, V rgr(t) can temporarily deviate from V rgerpc)
by no more than £1% V pp. Vrer(t) cannot track noise on Vppg or Vppca if doing so
would force V rgr outside these specifications.

VRrer DC Tolerance and Vgygr AC Noise Limits

A
Vop

VREF(q)

g VREFDO)
S
e
> VREF(DC)min
Vss
Time

-
-

The voltage levels for setup and hold time measurements Vigac), ViHDC), VIL(AC), and
ViLc) are dependent on V rgr.
Vrer 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
VREerisoutside the specified levels, devices will function correctly with appropriate tim-

ing deratings as long as:

* Vggris maintained between 0.44 x Vppgq (or Vppca) and 0.56 x Vppgq (or Vppca), and

« the controller achieves the required single-ended AC and DC input levels from instan-
tanecousV rer(seeTable 64 (page 100)).

System timing and voltage budgets must account for V rgr deviations outside this range.

The setup/hold specification and derating values must include time and voltage associ-

ated with Vrgr AC noise. Timing and voltage effects due to AC noise on V rgr up to the
specified limit (+1% V pp) are included in LPDDR?2 timings and their associated derat-

ings.
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Input Signal

LPDDR2-466 to LPDDR2-1066 Input Signal

V1 and Vi levels with ringback

1.550V Vpp +0.35V

narrow pulse width

1.200v

Vv
Minimum Vy; and Vyy levels bb
0.820V 0.820V Viao)
0.730V 0.730V Voo

0.624V 0.624V

| <¢— VRrEr + AC noise

0.612V 0.612V
| «¢— VRrgr + DC error

0.600V o600v - & & [ R Do
| ef—

0.588V 0.588V

|<— Vygr - AC noise

0.576V 0.576V
0.470V 0.470V ViLoo)
0.380V 0.380V ViLac)
ViLao)
0.000V Ves
~0350V Vgg-0.35V
narrow pulse width

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, CK#, and CS# Vpp stands for Vppca. For DQ, DM, DQS, and DQS#, Vpp
stands for Vppgq.
3. For CA[9:0], CK, CK#, and CS# Vg stands for Vggca. For DQ, DM, DQS, and DQS#, Vsg
stands for Vgsq.

e
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LPDDR2-200 to LPDDR2-400 Input Signal

Vi1 and Vy levels with ringback

1.550V Vpp +0.35V
narrow pulse width
1.200V Y
Minimum Vi and Vi levels Db
0.900V 0.900V VIH(AC)
0.800V 0.800V Vinmo
0.624V 0.624V | <¢— VRrpr + AC noise
0.612V 0.612V Vore 4+ DC
|~#— VREF error
0.600v 0.600V. -l sl VI DC o
0.588V 0.588V .
| ¢— Viep - AC noise
0.576V 0576V REF
0.400V 0.400V Vi ©C)
0.300v 0.300V ViLao)
ViLao)
0.000V Vg
-0.350V Vgg-0.35V
narrow pulse width

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, CK#, and CS# Vpp stands for Vppca. For DQ, DM, DQS, and DQS#, Vpp
stands for Vppq.
3. For CA[9:0], CK, CK#, and CS# Vg stands for Vssca. For DQ, DM, DQS, and DQS#, Vss
stands for Vggq.

e
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AC and DC Logic Input Measurement Levels for Differential Signals

Differential AC Swing Time and ‘DVAC

A DVAC

V1, diffAC)min

<
o VIH,diff(DC)min T
o))
8
S
T 0.0
€
o
(0]
=
a Vi dit(DC)max T
1/2 cycle
VIH,diff(AC)max 15 A NGl . (N
Time >
2.72 Differential AC and DC Input Levels
For CK and CK#, VREF = VREFCA(DC); For DQS and DQS# VREF = VREFDQ(DC)
LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200
Symbol Parameter Min Max Min Max Unit | Notes
VIH,diﬂ(AC) Differential input 2 % (VIH(AC) - VREF) Note 1 2% (VIH(AC) - VREF) Note 1 \% 2
HIGHAC
VlL,diff(AC) Differential input Note 1 2 x (VREF - VlL(AC)) Note 1 2% (VREF - VIL(AC)) \ 2
LOW AC
VIH,diff(DC) Differential input 2% (VIH(DC) - VREF) Note 1 2 % (VIH(DC) - VREF) Note 1 \% 3
HIGH
VlL,diff(DC) Differential input Note 1 2 x (VREF - VIL(DC)) Note 1 2 % (VREF - VlL(DC)) \ 3
LOW

Notes: 1. These values are not defined, however the single-ended signals CK, CK#, DQS, and DQS# must be
within the respective limits (Vigncymaxs ViLoco)min) for single-ended signals and must comply
with the specified limitations for overshoot and undershoot (see Overshoot and Undershoot Def-
inition).
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2. ForCKand CK#, use VIH/VIL(AC) of CAand VREFCA; for DQS and DQS#, use V]H/VIL(AC) OfDQ and
Vrerpg. If areduced AC HIGH or AC LOW is used for a signal group, the reduced voltage level al-
so applies.

3. Usedto define a differential signal slew rate.

2.73 CK/CK# and DQS/DQS# Time Requirements Before Ringback (tDVAC)

DVAC (ps) at Vin/ViLgifac) = DVAC (ps) at Vin/ViLgifiac) =
440mV 600mYV
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

<1.0 150

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 meet V sgg(aC)min/ VSEL(AC)max in every halfcycle. DQS, DQS# must
meet V sgH(AC)min/ VSEL(AC)max i every half cycle preceding and following a valid transi-
tion.

The applicable AC levels for CA and DQ differ by speed bin.
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Single-Ended Requirements for Differential Signals

A v

DDCA OF VDD == mmmm o s oo oo oo o

VSEH(AC)
VSEH(AC)min """"""""""""""""""""""""""""""""""""""""""""""""""
o
o
3
o)
>
T Vbpca/2 or VDDQ/Z ----------------------------------------------------------------------------------------
T
o
) CKorDQS
=
o VSEL(AC)max """"""""""""""""""""""""""""""""""""""""""""
VseLac)
Vssca 0 Vsgq  mmmmmmmmmmmmmmmmmmm el
Time

Note that while CA and DQ signal requirements are referenced to V rger, the single-ended
components of differential signals also have a requirement with respect to
VDDQ/2 for DQS, and VDDCA/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)maxOT V SEH(AC)minhasnobearingontiming. Thisrequirementdoes,however,
add a restriction on the common mode characteristics of these signals (see "Single-
Ended ACand DC Input Levels for CA and CS# Inputs" for CK/CK#single-ended re-
quirements, and "Single-Ended AC and DC Input Levels for DQ and DM" for DQ and
DQM single-ended requirements).

2.74 Single-Ended Levels for CK, CK#, DQS, DQS#

LPDDR2-1066 to LPDDR2-466 LPDDR2-400 to LPDDR2-200
Symbol Parameter Min Max Min Max Unit | Notes
Vsenacy | Single-ended HIGH lev- | (Vppe/2) +0.220 Note 1 (Vbpe/2) +0.300 Note 1 A% 2,3
el for strobes
Single-ended HIGH lev- | (Vppca/2) + 0.220 Note 1 (Vppea/2) + 0.300 Note 1 A% 2,3
el for CK, CK#
Vserac) | Single-ended LOW level Note 1 (Vppo/2) - 0.220 Note 1 (Vppo/2) - 0.300 A% 2,3
for strobes
Single-ended LOW level Note 1 (Vbpea/2) - 0.220 Note 1 (Vppea/2) —0.300 A% 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 mustbe withintherespective limits (Vigmc)max/ VILDC)min)
for single-ended signals, and must comply with the specified limi- tations for overshoot and un-
dershoot (See Overshoot and Undershoot Definition).
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2. ForCKand CK#,use Vsgn/Vser(ac)of CA; forstrobes (DQS[3:0]and DQS#[3:0]), use
Vin/ViLac)of DQ.

3. VIH(AC) and VIL(AC) for DQ are based on VREFDQ; VSEH(AC) and VSEL(AC) for CA are based on
Vrerca- If areduced AC HIGH or AC LOW is used for a signal group, the reduced level applies.

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 69 (page 106). The differential input
crosspoint voltage (Vix) is measured from the actual crosspoint of the true signal and its
and complement to the midlevel between Vpp and V gs.

Vix Definition

Vbpea: Vobo Vbbear Vb
CK#, DQS# CK#, DQS#
Vix
Vbpca/2 Vbpea’2,
VDDQ/2 VDDQ/2
Vix
CK,DQS CK,DQS
Vsscas Vsso Vsscar Vsso

2.75 Crosspoint Voltage for Differential Input Signals (CK, CK#, DQS, DQS#)

LPDDR2-1066 to LPDDR2-200
Symbol Parameter Min Max Unit Notes
Vixcaac) | Differential input crosspoint voltage rela- tive -120 120 mV 1,2
to Vppca/2 for CK and CK#
Vixpoacy | Differential input crosspoint voltage rela- tive -120 120 mV 1,2
to Vppg/2 for DQS and DQS#

Notes: 1. The typical value of Vixac) is expected to be about 0.5 x Vpp of the transmitting device, and it is
expected to track variations in Vpp. Vixc) indicates the voltage at which differ- ential input
signals must cross.

2. For CK and CK#, VREF = VREFCA(DC)~ For DQS and DQS#, VREF = VREFDQ(DC)-

Input Slew Rate
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2.76 Differential Input Slew Rate Definition

Measured!
Description From To Defined by
Differential input slew rate for rising VIL diff.max V IH.diff.min [Vitdifimin = ViLdiftmax] / ATRaigr
edge (CK/CK#and DQS/DQS#)
Differential input slew rate for falling VIH.diff.min VL diff:max [Vitditemin = ViLdifgmax) / ATFgige
edge (CK/CK#and DQS/DQS#)

Differential Input Slew Rate Definition for CK, CK#, DQS, and DQS#

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

A ATF g

Differential Input Voltage

ATR g

VIL,diff,max

Time
-
Output Characteristics and Operating Conditions
2.77 Single-Ended AC and DC Qutput Levels
Symbol Parameter Value Unit |Notes
Voncy |AC output HIGH measurement level (for output slew rate) Vgrep+0.12 \%
Voric)  |AC output LOW measurement level (for output slew rate) Vggp-0.12 \%
Voumey |DC output HIGH measurement level (for I-V curve linearity) 0.9 x Vppo v 1
Voroey | DC output LOW measurement level (for I-V curve linearity) 0.1 x Vppg v 2
I ut leakage current (DQ, DM, DQS, DQS#); D MIN =5
0% DQS#gredlsable(d (()2\/'<VOUTQ< Dl% ):DQ. hA
MAX +5 HA
MMpupd |Delta output impedance between pull-up and pull- MIN -15 %
down for DQ/DM MAX +15 %

Notes: 1. Iopg=-0.1mA.
2. Ior = 0.ImA.
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2.78 Differential AC and DC Output Levels

Symbol Parameter Value Unit
Voudifrac) |AC differential output HIGH measurement level (for output SR) +0.2 x Vppg \%
Voudifiac) |AC differential output LOW measurement level (for output SR) —0.2x Vppg v

Single-Ended Output Slew Rate

With the reference load for timing measurements, the output slew rate for falling and
risingedges isdefined and measured betweenV o (acyand V oncac) forsingle-ended sig-

nals.

2.79 Single-Ended Output Slew Rate Definition

Measured
Description From To Defined by
Single-ended output slew rate for rising edge VorLac) Vounc) [Vorac) - Vorao]l/ ATRgg
Single-ended output slew rate for falling edge Vouao) VoLac) [Vonc) - Voraol/ ATFgg

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

tion testing.
Single-Ended Output Slew Rate Definition

A ATFgg

Single-Ended Output Voltage (DQ)

ATRgp

Vonuac)
VRER

Vorac)

Time
2.80 Single-Ended Output Slew Rate
Notes 1-5 apply to all parameters conditions
Value

Parameter Symbol Min Max Unit
Single-ended output slew rate (output impedance = 40Q £30%) SRQsg 1.5 3.5 V/ns
Single-ended output slew rate (output impedance = 60Q +30%) SRQsk 1.0 2.5 V/ns
Rev 1.0 6/13/2023 156




X
- 1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM

XT61M1G8C2TM-B8Bxx

Single-Ended Output Slew Rate (Continued)

Notes 1-5 apply to all parameters conditions

Parameter

Symbol

Value

Min

Max Unit

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.

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 proc- ess 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 V o diffac) and V on difrac) for differential

signals.

2.81 Differential Qutput Slew Rate Definition

Measured
Description From To Defined by
Differential output slew rate for rising edge VoL diff(AC) VOH.diff(AC) [Vonimac) - Vordiac)] / ATR g
Differential output slew rate for falling edge VOH.dif(AC) VOL diff(AC) [Vomndgitiac) - Vorditiacy] / ATF i
Note:

1. Output slew rate is verified by design and characterization and may not be subject to production testing.
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Differential Output Slew Rate Definition

A ATF g

Differential Output Voltage (DQS, DQS#)

VOH.dIfAC)

VOL.diff(AC)

Time
!
2.82 Differential Output Slew Rate
Value
Parameter Symbol Min Max Unit
Differential output slew rate (output impedance = 40Q2 £30%) SRQgifr 3.0 7.0 V/ns
Differential output slew rate (output impedance = 60Q £30%) SRQgir 2.0 5.0 Vins

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.

2.83 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 \%

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 Vpp Maximum 0.15 0.17 0.20 0.24 0.30 0.40 0.48 Vins

area below Vgg 2 0.15 0.17 0.20 0.24 0.30 0.40 0.48 V/ns
Notes:

1. VDD stands for VDDCA for CA[9:0], CK, CK#, CS#, and CKE. VDD stands for VDDQ for DQ, DM, DQS,

and DQSH#.

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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Overshoot and Undershoot Definition

Maximum amplitude
Overshoot area

e

Time (ns)
Vss

Undershoot area
Maximum amplitude

Notes: 1. Vpp stands for Vppca for CA[9:0], CK, CK#, CS#, and CKE. Vpp stands for Vppq for DQ, DM,

DQS, and DQS#.

2. Vgg stands for Vggca for CA[9:0], CK, CK#, CS#, and CKE. Vg stands for Vggq for DQ, DM, DQS, and
DQSH#.

I
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HSUL _12 Driver Output Timing Reference Load

The timing reference loads are not intended as a precise representation of any particu-
lar system environment or a depiction of the actual load presented by a production test-
er. 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.

HSUL_12 Driver Output Reference Load for Timing and Slew Rate

LPDDR2
Ve[ 0.5 % Vppq

50Q
Output I AN Vrr=0.5%Vppq

/];CLOAD =5pF

Note: 1. All output timing parameter values (‘DQSCK, ‘DQSQ, '‘QHS, 'HZ, ‘RPRE 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
outputdrive unless specifically stated otherwise. The output driver impedance Roy is
defined by the value of the external reference resistor Rzq as follows:

Vv -V
RONPU = YDDQ~ YOUT
ABS(Iour)
When Ronpp is turned off.

Vour
ABS(Iour)
When Ronpy is turned off.

Ronep =

e —
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Output Driver

Chip in Drive Mode

To other
circuitry
(RCV, etc.)

Output Driver
O VDDQ
llpu
Ronpu
I 0 DQ
ouT
Ronpp
Vour
lIPD
0 Vsso

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.

2.84 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
34.3Q Ronzapp 0.5 x Vppo 0.85 1.00 1.15 Rzq/7
Ronsapu 0.5 X Vppg 0.85 1.00 1.15 Rzq/7
40.0Q Ronaopp 0.5 x Vppo 0.85 1.00 1.15 Rzq/6
Ronaopu 0.5 X Vppg 0.85 1.00 1.15 Rzq/6
48.0Q Ronaspp 0.5 x Vppo 0.85 1.00 1.15 Rzq/5
Ronaspu 0.5 X Vppg 0.85 1.00 1.15 Rzo/5
60.0Q Roneopp 0.5 x Vppo 0.85 1.00 1.15 Rzq/4
Roneopu 0.5 x Vppg 0.85 1.00 1.15 Rzq/4
80.0Q Rongopp 0.5 x Vppo 0.85 1.00 1.15 Rzq/3
Ronsopu 0.5 X Vppg 0.85 1.00 1.15 Rzo/3
120.0Q RonN120pD 0.5 x Vppo 0.85 1.00 1.15 Rzq/2
Roni20pu 0.5 x Vppo 0.85 1.00 1.15 Rzq/2

Mismatch between MMpypp —-15.00 +15.00 % 5
pull-up and pull-down

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, see Output Driver

Temperature and Voltage Sensitivity.
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5. Pull-down and pull-up output driver impedances should be calibrated at 0.5 x VDDQ.

Measurement definition for mismatch between pull-up and pull-down, MMPUPD:

Measure Ronpy and Ronpp, both at 0.5 x Vppq:

RONPU - RONPD
MMpypp = %100
RON,nom

For example, with MMpypp (MAX) = 15% and Ronpp = 0.85, RONpy must be less than 1.0.

Output Driver Temperature and Voltage Sensitivity

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

2.85 Output Driver Sensitivity Definition

Resistor Vour Min Max Unit
Ronep 0.5 X Vppg 85 — (dRondT x |AT]) — (dRondV x |AV)) 115 + (dRondT x |AT|) — (dRondV x |AV)) %
Ronreu

Notes: 1. AT =T -T (at calibration). AV =V -V (at calibration).

2. dRondT and dRondV are not subject to production testing; they are verified by design and char-
acterization.

2.86 Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
Rongr Ron temperature sensitivity 0.00 0.75 %I°C
Ronagy Ron voltage sensitivity 0.00 0.20 %/mV

Output Impedance Characteristics Without ZQ Calibration

Output driver impedance is defined by design and characterization as the default set-
ting.

2.87 Output Driver DC Electrical Characteristics Without ZQ Calibration

RON,om Resistor Vour Min Typ Max Unit
343Q Roaarp 0.5 % Vppo 0.70 1.00 1.30 Ryo/7
Ronsery 0.5 % Vppo 0.70 1.00 130 Rzo/7

40.00 Roneopd 0.5 % Vppo 0.70 1.00 1.30 Rzo/6
Ronaopu 0.5 % Vppo 0.70 1.00 1.30 Rzo/6

48.00 Ronaspd 0.5 % Vppo 0.70 1.00 1.30 Rzo/S
Ronaspu 0.5 % Vppo 0.70 1.00 1.30 Rzo/5

60.0Q Ronsopp 0.5 X Vppg 0.70 1.00 1.30 Rzq/4
Ronsopu 0.5 % Vppo 0.70 1.00 130 Rzo/4

80.00Q Ronsopd 0.5 % Vppo 0.70 1.00 1.30 Rzo/3
Ronsory 0.5 x Vppg 0.70 1.00 1.30 Rzo/3
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Output Driver DC Electrical Characteristics Without ZQ Calibration (Continued)

RON 0m Resistor Vour Min Typ Max Unit
120.0Q Ron120pD 0.5 x Vppg 0.70 1.00 1.30 Rzq/2
Roni20pu 0.5 x Vppq 0.70 1.00 1.30 Rzq/2
Notes: 1. Applies across entire operating temperature range without calibration.
2. Rzg=240Q.

2.88 I-V Curves

Ron =240Q (Rzq)

Pull-Down Pull-Up
Current (mA) / Ron (ohms) Current (mA) / Ron (ohms)
Default Value after Default Value after
ZQRESET With Calibration ZQRESET With Calibration
Voltage (V) | 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 2.19 431 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 2.81 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 5.08 297 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 4.44 243 -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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Output Impedance = 240 Ohms, I-V Curves After ZQRESET

6

* PD (MAX)

PD(MIN)

== PUMAX)

] + PU(MIN)

)

T T T T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

Voltage

Output Impedance =240 Ohms, I-V Curves After Calibration

6

= P> MAX)

PD (MIN)
4 || == PUMAX)

+ PU (MIN)

/
I

-6

Voltage

e —
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Clock Specification

The specified clock jitter is a random jitter with Gaussian distribution. Input clocks vio-
lating minimum or maximum values may result in device malfunction.

2.89 Definitions and Calculations

Symbeol Description Calculation Notes
'CK(avg)and The average clock period across any consecutive N )
nCK 200-cycle window. Each clock period is calculated |tcK(avg) = LE tck;|IN

from rising clock edge to rising clock edge.

_ Where N = 200
Unit 'CK(avg) represents the actual clock average

‘CK(avg)of the input clock under operation. Unit
nCKrepresents one clock cycle oftheinput clock,
counting from actual clock edge to actual clock
edge.

{CK{avg)can change no more than +1% within a
100-clock-cycle window, provided that all jitter
and timing specifications are met.

'CK(abs) The absolute clock period, as measured from one 1
rising clock edge to the next consecutive rising
clock edge.
tCH(avg) The average HIGH pulse width, as calculated N .
across any 200 consecutive HIGH pulses. teHiave) = 2 toH; | i(N x tok(ava))
=1 )
Where N =200
‘CL(avy) The average LOW pulse width, as calculated N \
across any 200 consecutive LOW pulses. oL tavg) = [E. toy; | /(N x tcK(ava))

j:] -
Where N =200

UIT(per) The single-period jitter defined as the largest de- T — ¢ fox _tew ] 1
viation of any signal 'CK from ‘CK(avg). (pen) ﬂ;g?x—o1 ttlzéla {avg})

UIT(per),act The actual clock jitter for a given system.

UIT(per), The specified clock period jitter allowance.

allowed

UIT{cc) The absolute difference in clock periods between 1

t - e
two consecutive clock cycles. tJIT(cc) definesthe | V'1(6€) = max of E:K' +1 CK'J

cycle-to-cycle jitter.
‘ERR(nper) The cumulative error across n multiple consecu- i+n—1 1
tive cycles from tCK(avg). tERR(nper) = [ ) tCKjJ — (n = lckiava))

=i

{ERR(nper),act |The actual cumulative error over n cycles for a

given system.
‘ERR(nper), The specified cumulative error allowance over n
allowed cycles.
‘ERR(nper)min The minimum *ERR(nper). tERR(nper),min = (1 + 0.68LN(n)) x tJIT(per),min 2
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Definitions and Calculations (Continued)

'CH and 'CL, respectively.

JIT(duty),max =

MIN((*CH(abs),min — '‘CH(avg),min),
(‘CL(abs),min — *CL(avg),min)) x {CK(avg)

MAX((*CH(abs),max — ‘CH(avg),max),
({CL(abs),max — 'CL(avg),max)) x ‘CK(avg)

Symbol Description Calculation Notes
‘ERR(nper),max | The maximum ‘ERR(nper). LERR (nper),max = (I + 0.68LN(n)) x UIT(per),max 2
UIT(duty) Defined with absolute and average specifications for Y1T(duty),min =

Notes:

1. Not subject to production testing.
2. Using these equations, 'ERR(nper) tables can be generated for each JIT(per),act value.

tCK(abs), ‘CH(abs), and '‘CL(abs)

These parameters are specified with their average values; however, the relationship be-
tween the average timing and the absolute instantaneous timing (defined in the follow-
ing table) is applicable at all times.

2.90 tCK(abs), tCH(abs), and tCL(abs) Definitions

Parameter Symbol Minimum Unit
Absolute clock period {CK(abs) |'CK(avg),min+JIT(per),min ps!
Absolute clock HIGH pulse width {CH(abs) |'CH(avg),min+IT(duty),min*!CK(avg)min 'CK(avg)
Absolute clock LOW pulse width {CL(abs)  |'CL(avg),min+YIT(duty),min*'CK(avg)min 'CK(avg)

Notes:

Clock Period Jitter

LPDDR2 devices can tolerate some clock period jitter without core timing parameter
derating. This section describes device timing requirements with clock period jitter
(UIT(per)) in excess of the values found in the AC Timing section. Calculating cycle time
derating and clock cycle derating are also described.

1. 'CK(avg),min is expressed in ps for this table.
2. YIT(duty),min is a negative value.

Clock Period Jitter Effects on Core Timing Parameters

Coretiming parameters (‘RCD, ‘RP,'RTP,'WR,'WRA,'WTR, ‘RC,'RAS, ‘RRD, 'FAW ) ex-
tend across multiple clock cycles. Clock period jitter impacts these parameters when
measured in numbers of clock cycles. Within the specification limits, the device is char-
acterized and verified to support NPARAM = RU['PARAM/'CK(avg)]. During device op-
eration where clock jitter is outside specification limits, the number of clocks or
{CK(avg), may need to be increased based on the values for each core timing parameter.
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Cycle Time Derating for Core Timing Parameters

For a given number of clocks ("NPARAM), when ‘CK (avg) and ‘ERR(‘"nPARAM),act exceed
‘ERR(*nPARAM),allowed, cycle time derating may be required for core timing parame-
ters.

t t t t
CycleTimeDerating — max{ PARAM + ERR(tnPARAlxtﬁ;act fMERR( nPARAM).allowed tCK(an)} 0}

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 de-
termined for each individual core timing parameter.

Clock Cycle Derating for Core Timing Parameters

For each core timing parameter and a given number of clocks (‘"nPARAM), clock cycle
derating should be specified with JIT(per).

For a given number of clocks (‘"NPARAM), when 'CK (avg) plus (ERR(‘'nPARAM),act) ex-
ceed the supported cumulative ‘ERR(*'nPARAM),allowed, derating is required. If the
equation below results in a positive value for a core timing parameter (\CORE), the re-
quired clock cycle derating will be that positive value (in clocks).

PARAM + 'ERR('nPARAM),act — ‘ERR(tnPARAM),allowed

ClockCycleDerating = RU { } — lhPARAM

tCK(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 (IS, 1H, U1SCKE, 1HCKE, ‘ISb, IHb, ISCKEb,
THCKED) are measured from a command/address signal (CKE, CS, or CA[9:0]) transi-
tion edge to its respective clock signal (CK/CK#) crossing. The specification values are

not affected by the JIT(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
‘RPRE

When the device is operated with input clock jitter, ‘RPRE must be derated by the
YJIT(per),act,max of the input clock that exceeds UIT(per),allowed,max. Output derat-
ings are relative to the input clock:

{RPRE(min,derated) = 0.9 — tJIT(Der),aCt,metlélz(tJIT)(per),allowed,max
avg

For example, if the measured jitter into a LPDDR2-800 device has '‘CK(avg) = 2500ps,
JIT(per),act,min = —172ps, and YIT(per),act,max = +193ps, then 'RPRE,min,derated =
0.9 - (UIT(per),act,max - JIT(per),allowed,max)/!CK(avg) =0.9 - (193 - 100)/2500 =
0.8628 'CK(avg).
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‘LZ(DQ), tHZ(DQ), 'DQSCK, ‘LZ(DQS), 'HZ(DQS)

These parameters are measured from a specific clock edge to a data signal transition
(DMn or DQmM, 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 JIT(per).

tQSH, ‘QSL

These parameters are affected by duty cycle jitter, represented by ‘CH(abs)min and
{CL(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 [(‘\QSH(abs)min
x 'CK(avg)min - 'DQSQmax - ‘QHSmax), (‘\QSL(abs)min x ‘CK(avg)min - 'DQSQmax -
{QHSmax)]. This minimum data valid window must be met at the target frequency re-
gardless of clock jitter.

‘RPST

RPST is affected by duty cycle jitter, represented by ‘CL(abs). Therefore, 'RPST(abs)min
can be specified by ‘CL(abs)min. 'RPST(abs)min = ‘CL(abs)min - 0.05 = ‘QSL(abs)min.

Clock Jitter Effects on WRITE Timing Parameters
DS, ‘DH

These parameters are measured from a data signal (DMn or DQm, where n =0, 1, 2, 3;
and m = DQJ[31:0]) transition edge to its respective data strobe signal (DQSn, DQSn#: n
=0,1,2,3) crossing. The specification values are not affected by the amount of JIT(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.

‘DSS, ‘DSH

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 JIT(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 val-
ues must be met.

tDQSS

DQSS 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 jit-
ter, this parameter must be derated by the actual JIT(per),act of the input clock in ex-
cess of UIT(per),allowed.

tDQSS(min,derated) —0.75 - [tJIT(Der) act.min —tJIT(per),allowed min}
{CK(avg)

{DQSS(max,derated) = 1.25 — [tJIT(per),act,maﬁc—ILJ(IT(l;er),allowed, max ]
avg

For example, if the measured jitter into an LPDDR2-800 device has '‘CK(avg) = 2500ps,
JIT(per),act,min = -172ps, and JIT(per),act,max = +193ps, then:

'DQSS,(min,derated) = 0.75 - (JIT(per),act,min - JIT(per),allowed,min)/!\CK(avg) =
0.75 - (-172 + 100)/2500 = 0.7788 'CK (avg), and

'DQSS, (max,derated) = 1.25 - (JIT(per),act,max - JIT(per),allowed,max)/'CK(avg) =
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1.25-(193-100)/2500=1.2128 'CK(avg).

Refresh Requirements

2.91 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

Refresh window: Tcasg < 85° ‘REFW 32 32 32 32 32 32 32 32 ms
Refresh window: ‘REFW 8 8 8 8 8 8 8 8 ms
85°C<Tcasp<105°C

Refresh window: ‘REFW 8 8 8 8 8 8 8 8 ms
105°C<Tcasp<125°C

Required number of REFRESH R 2048 | 2048 | 4096 | 4096 | 4096 | 8192 8192 8192
commands (MIN)

Average time be- tween |REFab ‘REFI 15.6 15.6 7.8 7.8 7.8 39 39 39 us
REFRESH com- mands | Rgpph | 'REFIpb | (REFpb not supported below 1Gb) 0.975 | 0.4875 | 0.4875 | 0.4875 | s
(for reference

only) Tcasp <85°C

Average time be- tween |REFab | REFI 39 | 39 | 195 | 195 195 | 0977 | 0977 | 0977 | s
REFRESH com- mands  |Rppph | 'REFIpb | (REFpb not supported below 1Gb) 0244 | 0122 | 0122 | 0.122 us
(for reference only)

85°C< Teasg < 105°C

Average time be- tween |REFab | 'REFI 39 | 39 | 1es | 195 195 | 0977 | 0977 | 0977 | s
REFRESH com- mands | Rgpph | 'REFIpb | (REFpb not supported below 1Gb) 0244 | 0.122 | 0.122 | 0.122 us
(for reference only)

105°C < Tease < 125°C

Refresh cycle time RFCab 90 | 90 | 90 [ 90 130 130 130 210 ns
Per-bankREFRESH cycletime ‘RFCpb na 60 60 60 90 ns
Burst REFRESH window = 4 REFBW | 2.88 2.88 2.88 2.88 4.16 4.16 4.16 6.72 s

x 8 x 'RFCab
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AC Timing

2.92 AC Timing

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the 'CK minimum conditions (in mul- tiples of ‘CK)
as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max |Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Maximum frequency - - 533 | 466 | 400 | 333 | 266 | 200 | 166 | MHz
Clock Timing
Average clock period 'CK(avg) MIN - | 1.875 | 2.15 | 2.5 3 3.75 5 6 ns
MAX | - 100 100 | 100 | 100 | 100 | 100 | 100
Average HIGH pulse width 'CH(avg) MIN - | 045 045|045 045|045 |045 |045 | 'CK
MAX | - | 055 |0.55 |0.55 [0.55 [0.55 | 055|055 |(@ve)
Average LOW pulse width 'CL(avg) MIN | - | 045 | 045|045 | 045 | 045|045 | 045 | 'CK
MAX | - | 055 |0.55 |0.55 [0.55 [ 055 | 055|055 |@ve)
Absolute clock period {CK(abs) MIN | - {CK(avg)min = JIT(per)min ps
Absolute clock HIGH pulse width 'CH(abs) MIN - 043 [ 043 | 043 | 043 | 043 | 043 | 043 | 'CK
MAX | - | 057 | 057 | 057 [0.57 | 0.57 | 057 | 057 |(@8)
Absolute clock LOW pulse width 'CL(abs) MIN - 0.43 | 043 | 043 {043 | 043 | 043 | 043 | 'CK
MAX | - | 057 | 057 | 057 [0.57 | 0.57 | 057 | 057 |(@8)
Clock period jitter UIT(per), MIN - -90 -95 |-100 |-110 |-120 |-140 |-150 | ps
(with supported jitter) allowed MAX | — 90 95 100 | 110 | 120 | 140 | 150
Maximum clock jitter between YIT(cc), al- | MAX | - 180 190 | 200 | 220 | 240 | 280 | 300 ps
two consectuive clock cycles lowed
(with supported jitter)
Duty cycle jitter UIT(duty), MIN | - MIN ((*CH(abs),min - ‘CH(avg),min), ps
(withsupportedjitter) allowed (‘CL(abs),min - 'CL(avg),min)) x ‘CK(avg)
MAX | - MAX ((‘CH(abs),max - ‘CH(avg),max),
(‘CL(abs),max - 'CL(avg),max)) x ‘CK(avg)
Cumulative errors across 2 cycles 'ERR(2per), MIN | - | -132 |-140 |-147 |-162 |-177 |-206 |-221 | ps
allowed | MAX | - | 132 | 140 | 147 | 162 | 177 | 206 | 221
Cumulative errors across 3 cycles 'ERR(3per), MIN | - | =157 |-166 |-175 [-192 |-210 |-245 |-262 | ps
allowed | MAX | - | 157 | 166 | 175 | 192 | 210 | 245 | 262
Cumulative errors across 4 cycles 'ERR (4per), MIN | - | =175 |-185 |-194 |-214 |-233 |-272 |-291 | ps
allowed | MAX | - | 175 | 185 | 194 | 214 | 233 | 272 | 291
Cumulative errors across 5 cycles 'ERR(5per), MIN | - | 188 |-199 |-209 |-230 |-251 |-293 |-314 | ps
allowed | MAX | - | 188 | 199 | 209 | 230 | 251 | 293 | 314
Cumulative errors across 6 cycles 'ERR(6per), MIN - | =200 |-211 |-222 |-244 | 266 |-311 |-333 | ps
allowed | MAX | - | 200 | 211 | 222 | 244 | 266 | 311 | 333
Cumulative errors across 7 cycles 'ERR(7per), MIN | - | =209 |-221 |-232 |[-256 |-279 |-325 |-348 | ps
allowed | MAX | - | 209 | 221 | 232 | 256 | 279 | 325 | 348
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AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the 'CK minimum conditions (in mul- tiples of ‘CK)
as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max |Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Cumulative errors across 8 cycles 'ERR(8per), MIN - | 217 | 229 | -241 | 266 |-290 |-338 |-362 | ps
allowed | MAX | - | 217 [ 229 | 241 | 266 | 290 | 338 | 362
Cumulative errors across 9 cycles 'ERR(9per), MIN - | 224 | 237 | 249 | 274 | 299 |-349 |-374 | ps
allowed | MAX | - | 224 [ 237 | 249 | 274 | 299 | 349 | 374
Cumulative errors across 10 cycles ‘ERR(10per), MIN - | 231 | -244 |-257 | -282 | -308 |-359 |-385 | ps
allowed | MAX | - | 231 | 244 | 257 | 282 | 308 | 359 | 385
Cumulative errors across 11 cycles ‘ERR(11per), MIN - | 237 | 250 | 263 | -289 |-316 |-368 |-395 | ps
allowed | MAX | - | 237 [ 250 | 263 | 289 | 316 | 368 | 395
Cumulative errors across 12 cycles ‘ERR(12per), MIN - | 242 | -256 | 269 | 296 |-323 |-377 | 403 | ps
allowed | MAX | - | 242 [ 256 | 269 | 296 | 323 | 377 | 403
Cumulative errors across n=13, ‘ERR(nper), MIN 'ERR(nper),allowed,min = (1 + 0.68In(n)) x ps
14,15...,49,50cycles allowed JIT(per),allowed,min
MAX ‘ERR(nper), allowed,max = (1 +0.68In(n)) x

UIT(per),allowed,max

Z.Q Calibration Parameters

Initialization calibration time ZQINIT MIN - 1 1 1 1 1 1 1 us
Long calibration time 'ZQCL MIN 6 360 360 | 360 | 360 | 360 | 360 | 360 ns
Short calibration time 'ZQCS MIN 6 90 90 90 90 90 90 90 ns
Calibration RESET time 'ZQRESET MIN 3 50 50 50 50 50 50 50 ns
READ Parameters?
DQS output access time from 'DQSCK MIN — | 2500 |2500 | 2500 | 2500 | 2500 |2500 |2500 | ps
CK/CK# MAX | — | 5500 [5500 |5500 |5500 |5500 |5500 |5500
DQSCK delta short 'DQSCKDS | MAX | - 330 380 | 450 | 540 | 670 | 900 |[1080 | ps 4
DQSCK delta medium DQSCKDM | MAX | - 680 780 | 900 | 1050 | 1350 | 1800 [1900 | ps
DQSCK deltalong 'DQSCKDL | MAX | - 920 | 1050 | 1200 | 1400 | 1800 |2400 - ps 6
DQS-DQ skew 'DQSQ MAX | - 200 220 | 240 | 280 | 340 | 400 | 500 ps
Data-hold skew factor 'QHS MAX | - 230 260 | 280 | 340 | 400 | 480 | 600 ps
DQS output HIGH pulse width 'QSH MIN | - {CH(abs) - 0.05 'CK

(avg)
DQS output LOW pulse width '‘QSL MIN | - 'CL(abs)-0.05 'CK

(avg)
Data half period 'QHP MIN | - MIN (‘QSH, 'QSL) 'CK

(avg)
DQ/DQS output hold time from 'QH MIN | - 'QHP - 'QHS ps
DQS
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AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the 'CK minimum conditions (in mul- tiples of ‘CK)
as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max |Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
READ preamble ‘RPRE MIN - 0.9 0.9 0.9 0.9 0.9 0.9 0.9 {CK 7
(avg)
READ postamble {RPST MIN | - {CL(abs)-0.05 'CK 8
(avg)
DQS Low-Z from clock 'LZ(DQS) MIN - 'DQSCK (MIN) - 300 ps
DQ Low-Z from clock ‘LZ(DQ) MIN | - 'DQSCK(MIN) - (1.4 x 'QHS(MAX)) ps
DQS High-Z from clock HZ(DQS) MAX | - 'DQSCK (MAX) - 100 ps
DQ High-Z from clock HZ(DQ) MAX | - 'DQSCK(MAX) + (1.4 x 'DQSQ(MAX)) ps
WRITE Parameters’
DQ and DM input hold time (Vrgr DH MIN - 210 235 | 270 | 350 | 430 | 480 | 600 ps
based)
DQ and DM input setup time (Vggr DS MIN - 210 235 | 270 | 350 | 430 | 480 | 600 ps
based)
DQ and DM input pulse width DIPW MIN - 0.35 035|035 |0.35 035|035 (035 | 'CK
(avg)
Write command to first DQS latch- 'DQSS MIN - 0.75 | 0.75 [ 0.75 | 0.75 [ 0.75 | 0.75 | 0.75 | 'CK
ing transition (avg)
MAX | - 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 1.25 | 'CK
(avg)
DQS input high-level width 'DQSH MIN | - 0.4 04 | 04 | 04 | 04 | 04 | 04 | 'CK
(avg)
DQS input low-level width 'DQSL MIN | - 0.4 04 | 04 | 04 | 04 | 04 | 04 | 'CK
(avg)
DQS falling edge to CK setup time DSS MIN - 0.2 02 |02 |02 1]021|02]02]'CK
(avg)
DQS falling edge hold time from CK ‘DSH MIN | - 0.2 02 |02 |02 |02]02]02]''K
(avg)
Write postamble '‘WPST MIN | - 0.4 04 | 04 | 04 | 04 | 04 | 04 | 'CK
(avg)
Write preamble ‘WPRE MIN 0.35 |0.35 035|035 035|035 035 | 'CK
(avg)
CKE Input Parameters
CKE minimum pulse width (HIGH 'CKE MIN | 3 3 3 3 3 3 3 3 'CK
and LOW pulse width) (avg)
CKEinputsetuptime 'ISCKE MIN | - | 025 |0.25 [0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 'CK 9
(avg)
CKE input hold time THCKE MIN 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 'CK 10
(avg)
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AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the 'CK minimum conditions (in mul- tiples of ‘CK)
as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol | Max |Min| 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Command Address Input Parameters?
Address and control input setup time IS MIN - 220 | 250 | 290 | 370 | 460 | 600 | 740 ps 11
Address and control input hold time TH MIN | - 220 | 250 | 290 | 370 | 460 | 600 | 740 | ps 11
Address and control input pulse TPW MIN - 0.40 | 040 |0.40 | 040 | 0.40 | 0.40 | 0.40 | 'CK
width (avg)
Boot Parameters (10 MHz-55 MHz)'% 13 14
Clock cycle time {CKb MAX | - 100 100 | 100 | 100 | 100 | 100 | 100 | ns
MIN | - 18 18 18 18 18 18 18

CKEinputsetuptime ISCKEb MIN - 2.5 25 | 25 | 25 |25 |25 |25 ns
CKE inputhold time THCKEb MIN | - 2.5 25 |25 |25 |25 |25 |25 ns
Address and control input setup time ISb MIN - 1150 {1150 {1150 {1150 {1150 [ 1150 [1150 | ps
Address and control input hold time THb MIN | - | 1150 | 1150 [1150 | 1150 {1150 | 1150 [ 1150 | ps
DQS output data access time from 'DQSCKb MIN - 2.0 2.0 2.0 2.0 2.0 2.0 2.0 ns
CK/CK# MAX | - | 100 [10.0 [ 10.0 | 10.0 | 10.0 | 10.0 | 10.0
Data strobe edge to output data edge ‘DQSQb MAX | - 1.2 1.2 1.2 1.2 1.2 1.2 1.2 ns
Data hold skew factor 'QHSb MAX | - 1.2 1.2 1.2 1.2 1.2 1.2 1.2 ns
Mode Register Parameters
MODE REGISTER WRITE ‘MRW MIN | 5 5 5 5 5 5 5 5 'CK
command period (avg)
MODE REGISTER READ ‘MRR MIN | 2 2 2 2 2 2 2 2 'CK
command period (avg)
Core Parameters!'’
READ latency RL MIN | 3 8 7 6 5 4 3 3 'CK

(avg)
WRITE latency WL MIN 1 4 4 3 2 2 1 1 'CK

(avg)
ACTIVATE-to-ACTIVATE RC MIN | - {RAS + ‘RPab (with all-bank precharge), ns 17
command period {RAS + ‘RPpb (with per-bank precharge)
CKE minimum pulse width during 'CKESR MIN 3 15 15 15 15 15 15 15 ns
SELF REFRESH (low pulse width dur-
ing SELF REFRESH)
SELF REFRESH exit to next valid XSR MIN | 2 ‘RFCab+ 10 ns
command delay
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AC Timing (Continued)

Notes 1-2 apply to all parameters and conditions. AC timing parameters must satisfy the 'CK minimum conditions (in mul- tiples of ‘CK)
as well as the timing specifications when values for both are indicated.

Min/ | tCK Data Rate
Parameter Symbol Max |Min | 1066 | 933 | 800 | 667 | 533 | 400 | 333 | Unit | Notes
Exit power-down to next valid XPp MIN | 2 7.5 75 |75 |75 |75 | 75 | 75 ns
command delay
CAS-to-CASdelay 'CCD MIN | 2 2 2 2 2 2 2 2 'CK
(avg)
Internal READ to PRECHARGE RTP MIN [ 2 | 75 |75 |75 |75 |75 |75 |75 | ns
command delay
RAS-to-CASdelay ‘RCD MIN | 3 18 18 18 18 18 18 18 ns
Row precharge time (single bank) ‘RPpb MIN 3 18 18 18 18 18 18 18 ns
Row precharge time (all banks) ‘RPab 4- MIN 3 18 18 18 18 18 18 18 ns
bank
Row precharge time (all banks) ‘RPab 8- MIN 3 21 21 21 21 21 21 21 ns
bank
Row active time ‘RAS MIN 3 42 42 42 42 42 42 42 ns 17
MAX | - 70 70 70 70 70 70 70 us
WRITE recovery time ‘WR MIN 3 15 15 15 15 15 15 15 ns
Internal WRITE-to-READ ‘WTR MIN 2 7.5 7.5 7.5 7.5 7.5 10 10 ns
command delay
Active bank a to active bank b ‘RRD MIN | 2 10 10 10 10 10 10 10 ns
Four-bank activate window FAW MIN 8 50 50 50 50 50 50 60 ns
Minimum deep power-down time ‘DPD MIN - 500 500 | 500 | 500 | 500 [ 500 | 500 us
Temperature Derating'®
'DQSCK derating 'DQSCK MAX | - | 5620 |6000 | 6000 | 6000 | 6000 | 6000 | 6000 | ps
(derated)
Core timing temperature {RCD MIN | - RCD+1.875 ns
derating (derated)
RC (de- | MIN - ‘RC+1.875 ns
rated)
{RAS MIN - RAS+1.875 ns
(derated)
RP (de- | MIN - ‘RP +1.875 ns
rated)
{RRD MIN - RRD+1.875 ns
(derated)

Notes: 1. Frequency values are for reference only. Clock cycle time (‘CK) is used to determine de- vice ca-
pabilities.
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 Vygg.
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10.

11.
12.

13.

'DQSCKDS is the absolute value of the difference between any two '‘DQSCK measure- ments (in a
byte lane) within a contiguous sequence of bursts in a 160ns rolling window. 'DQSCKDS is not
tested and is guaranteed by design. Temperature drift in the system is

<10°C/s. Values do not include clock jitter.

DQSCKDM is the absolute value of the difference between any two 'DQSCK measure- ments
(in a byte lane) within a 1.6ps rolling window. 'DQSCKDM is not tested and is

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

'DQSCKDL is the absolute value of the difference between any two 'DQSCK measure- ments (in

a byte lane) within a 32ms rolling window. 'DQSCKDL 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 (V). 'HZ and 'LZ transitions occur in the same access time
(with respect 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 ‘'RPST, 'HZ(DQS)
and 'HZ(DQ)), or begins driving (for ‘RPRE, 'LZ(DQS), 'LZ(DQ)). The figure below shows a
method to calculate the point when the device is no longer driving 'tHZ(DQS) and 'HZ(DQ) or be-
gins driving 'LZ(DQS) and '‘LZ(DQ) by measuring the signal at two different voltages. The actual
voltage measurement points are not critical as long as the calculation is consistent. The parameters
LZ(DQS), 'LZ(DQ), 'HZ(DQS), and 'HZ(DQ) are defined as single-ended. The timing parameters
‘RPRE and ‘RPST are determined from the differential signal DQS/DQS#.

Output Transition Timing

o 5.
Vo - X mV
VTT +2x Y mV xX OH m
VOH -2x X mV
Vot YmVv tLZ(DQS), LZ(DQ)
Vor tHZ(DQS), HZ(DQ) T
% Y
Vrr- Y mV »Y Vo +2x X mV
VTT-ZmeV VOL+XmV
v
TIT2 oL TI T2

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.

Measured from the last falling strobe edge of DQS/DQS# to the point when DQS/DQS# finishes
driving the signal.

CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to

CK/CK# crossing.

CKE input hold time is measured from CK/CK# crossing to CKE reaching a HIGH/LOW volt-

age 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 parame-
ters are defined in this table. The letter b is appended to the boot parameter symbols (for exam-
ple, 'CK during boot is 'CKb).

Mobile LPDDR?2 devices set some mode register default values upon receivinga RESET (MRW)
command, as specified in Mode Register Definition.
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14. The output skew parameters are measured with default output impedance settings using the
reference load.

15. The minimum '‘CK column applies only when ‘CK is greater than 6ns.

16. Timing derating applies for operation at 85°C to 105°C when the requirement to derate is indi-
cated by mode register 4 op-code (see the MR4 Device Temperature (MA[7:0] = 04h) table).

17. DRAM devices should be evenly addressed when being accessed. Disproportionate ac- cesses to a
particular row address may result in reduction of the product lifetime and/or reduction in data
retention ability.

Command Input Setup and Hold Timing

| | tlsi‘m ‘IS%‘IH Vinbe)
Ccs# : : | | P X :
! SN L Nuao : \
N IS 3 '
: US| | USHH

€A CA CA €A

CAD O] oS i : N G s
P EEDTED TR T

CMD -(: NOP :)—<\I Command ‘,\-’\’ NOP I‘/-" Command \,—

.....................................................

|:| Transitioning data I:l Don’tCare

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 (‘IS) and hold time (‘IH)
is calculated by adding the data sheet 'IS (base) and ‘IH (base) values to the A'IS and
A'H derating values, respectively. Example: 'S (total setup time) = IS(base) + AUS. (See
the series of tables following this section.)

The typical setup slew rate (‘IS) for a rising signal is defined as the slew rate between the
last crossing of V rgr(pc) and the first crossing of V ig(ac)min. The typical setup slew rate
for a falling signal is defined as the slew rate between the last crossing of V rgrpc) and
the first crossing of Vi ac)max- If the actual signal is consistently earlier than the typical
slew rate line between the shaded V rgrpc)-to-(AC) region, use the typical slew rate for
the derating value (see the Typical Slew Rate and 'VAC — S for CA and CS# Relative to
Clock figure). If the actual signal is later than the typical slew rate line anywhere be-
tween the shaded V rgrpc)-to-AC region, the slew rate of a tangent line to the actual sig-
nal from the AC level to the DC level is used for the derating value (see the Tangent Line
—'IS for CA and CS# Relative to Clock figure).

The hold (‘IH) typical slew rate for arising signal is defined as the slew rate between the
lastcrossing of V 1 (pcymax and the firstcrossingof V Rgr(po).- Thehold ('IH)typicalslew
rate for a falling signal is defined as the slew rate between the last crossing of V 11(pc)min
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and the first crossing of Vrgrmc). If the actual signal is consistently later than the typical
slew rate line between the shaded DC-to-VrErpc) region, use the typical slew rate for
the derating value (see the Typical Slew Rate — 'IH for CA and CS# Relative to Clock fig-
ure). If the actual signal is earlier than the typical slew rate line anywhere between the
shaded DC-to-VRrEer(DC) 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 the Tangent Line — 'TH
for CA and CS# Relative to Clock figure).

For a valid transition, the input signal must remain above or below Vu/Vi(ac) for a speci-
fied time, "VAC (see the Required Time for Valid Transition — '"VAC >V gacyand < Vi ac)
table).

For slow slew rates the total setup time could be a negative value (that is, a valid input
signal will not have reached V1u/ViL(ac) at the time of the rising clock transition). A valid
input signal is still required to complete the transition and reach V/ViL(ac).

For slew rates between the values listed in the AC220 table, the derating values are ob-
tained using linear interpolation. Slew rate values are not typically subject to produc-
tion testing. They are verified by design and characterization.

2.93 CA and CS# Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 1066 933 800 667 533 466 Reference
[IS (base) 0 30 70 150 240 300 VIH/VIL(AC) = VREF(DC) +220mV
TH (base) 90 120 160 240 330 390 Vi/ViLoe) = Vrerpe) £130mV
Note: 1. AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew rate.

2.94 CA and CS# Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 400 333 255 200 Reference
tIS (base) 300 440 600 850 VIH/VIL(AC) = VREF(DC) +300mV
lIH (base) 400 540 700 950 VIH/VIL(DC) = VREF(DC) +200mV
Note: 1. AC/DC referenced for 1 V/ns CA and CS# slew rate, and 2 V/ns differential CK/CK# slew rate.
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2.95 Derating Values for AC/DC-Based tIS/tITH (AC220)

AS, ATH derating in ps

CK, CK# Differential Slew Rate

4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
AUS | AUH | AUS | ATH | AUS | ATH | AUS | AUH | AUS | ATH | AUS | ATH | AUS | AYH | AUS | ATH
CA,CS#slew |2.0 | 110 | 65 | 110 | 65 | 110 | 65
rate V/ns 1.5 74 43 73 43 73 43 89 59
1.0 0 0 0 0 0 0 16 16 32 32
0.9 -3 -5 -3 -5 13 11 29 27 45 43
0.8 -8 | -13 8 3 24 19 40 35 56 55
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.
2.96 Derating Values for AC/DC-Based tIS/tIH (AC300)
AYS, ATH derating in ps
CK, CK# Differential Slew Rate
4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
AUS | ATH | AUS | ATH | AUS | ATH | AUS | ATH | ATIS | ATH | ATS | ATH | AUS | ATH | AUS | ATH
CA, CS#slew [2.0 | 150 | 100 | 150 | 100 | 150 | 100
rate V/ns 1.5 | 100 | 67 | 100 | 67 | 100 | 67 | 116 | 83
1.0 0 0 0 0 0 0 16 16 32 32
0.9 —4 -8 —4 -8 12 8 28 24 44 40
0.8 -12 | =20 4 -4 20 12 36 28 52 48
0.7 -3 | -18 13 -2 29 14 45 34 61 66
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.

2.97 Required Time for Valid Transition — tVAC > VIH(AC) and < VIL(AC)

f'VAC at 300mV (ps)

fVAC at 220mV (ps)

Slew Rate
(V/ns) Min Max Min Max
>2.0 75 - 175 -
2.0 57 - 170 -
1.5 50 - 167 -
1.0 38 - 163 -
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Required Time for Valid Transition — ‘VAC > Vinic) and < Viac) (Continued)

Slew Rate ‘VAC at 300mV (ps) tVAC at 220mV (ps)
(V/ns) Min Max Min Max
0.9 34 - 162 _
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 0 - 150 -
<0.5 0 - 150 _

Typical Slew Rate and *VAC — IS for CA and CS# Relative to Clock

ViHAOmIn | Vgppto AC
region
VIHDC)min  {---==========mmmpmmm e N (P -
Typical
slew rate
A i o R . & ECERChit] SECECEECEE G CEEEEe X | At I ettt
VL DO)max i N il e e
VREF to AC
region
VIL(AC)max
VGSCA == e e b
R — ATF -~ —_— ATR -———
Setup slew rate VREF(DC) = VILAC)max Setup slew rate ris- VIH(AC)min~ VREF(DC)
falling signal - ATF ing signal - ATR

e —
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Typical Slew Rate — ‘IH for CA and CS# Relative to Clock

CK  =mmmmmmmmommmoooos . jrmmm e
CK# ~ N e e e e e e e o o — — — — — — — — — — — — —— d 4
s fH s qH
I

VDpCA T T [T T e o
Dol T ) B~/ Y
ViHDC)min DCto Vi

region

Typical slew rate

4

o T . N B B Pt N | | EEEEREE :

Typical slew rate
region
VIL(DC)max
ViL@aOmax =77 T g e P
R e Ee e B R RELRE
—| ATR |*+— ATF
Hold slew rate Vigpoc)min~ VREF(DC) Hold slew rate  Vrerpe)~ ViL(DC)max
falling signal — ATF rising signal  — ATR
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Tangent Line — ‘IS for CA and CS# Relative to Clock

CK =m=mmmmmmmmmsmomoooo- " T
N %
N -
CK# \\ _________________________ ¢
s 1H S TH
[ T
) o e
vV, .
IH(AC)min
VrEr to AC . 'VAC |
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line \
Vieoomn || T ey AN
\ Tangent
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VReFDC) - S B lelelelets RV /R [ G Rl
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d - i
VlL(DC)max N e BN ] B
Typical
line VRer to AC
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VIL(AC)max
ATF ATR
V. - "
SSCA
_________________________ N AC
Setup slew rate tangent line [VR¥E 50 ViL(ac) max] Setup slew rate tangent line [Viyacymin- VrEFDC)]
falling signal = rising signal -
ATF ATR
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Tangent Line — ‘IH for CA and CS# Relative to Clock

CK  ==mmmmmmmmmmmmmooo- "
CK# T
1S TH
I

07 7

Vimaomn [T T T TN
Typical
| line
v .
IH(DC
(PO B to Vigp
region
Tangent
VR ER(DC) - R T e Al e ; »
Tangent
line ™ \
Typical line DCto VRgp
region
VILDOC)max
ViLaOmax 77T Dl e [T TTTTTTTTTTTT T B
VggCA 77T oo ooonooooooooooooooooooos I A
ATR ATF
Hold slew rate tangent line [Viypeymin - VREFDO)] Hold slew rate _fangent line [Vigppe) - ViLnema
falling signal ATF rising signal ATR
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx

Data Setup, Hold, and Slew Rate Derating

For all input signals (DQ, DM) calculate the total required setup time (‘DS) and hold
time (‘DH) by adding the data sheet ‘DS(base) and ‘DH(base) values (see the following
table) to the A'DS and A'DH derating values, respectively (see the following derating ta-
bles). Example: ‘DS =‘DS(base) + A'DS.

The typical ‘DS slew rate for a rising signal is defined as the slew rate between the last
crossing of Vrgrpc) and the first crossing of V jcacymin. The typical DS slew rate for a
falling signal is defined as the slew rate between the last crossing of Vrgrmpc) and the
first crossing of V 11, (Ac)max (see the Typical Slew Rate and 'VAC —'DS for DQ Relative to
Strobe figure).

If the actual signal is consistently earlier than the typical slew rate line in the figure,
"Typical Slew Rate and "VAC —'IS for CA and CS# Relative to Clock (CA and CS# Setup,
Hold, and Derating), the area shaded gray between the V rgrpc) region and the AC re-
gion, 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 V rgr(pc) 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 "Tangent Line — 'IS for CA and CS# Relative to
Clock" in CA and CS# Setup, Hold, and Derating).

Thte typical ‘DH slew rate for arising signal is defined as the slew rate between the last
crossing of Vi (pc)max and the firstcrossing of V rer(pc). The typical ‘DHslewrate fora
falling signal is defined as the slew rate between the last crossing of V j(pcymin and the
firstcrossing of Vrgr(pe) (seethe Typical Slew Rate—DH for DQRelative to Strobe fig-
ure).

If the actual signal is consistently later than the typical slew rate line between the shad-
ed DC-level-to-VRrerDc) region, use the typical slew rate for the derating value. If the ac-
tual 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 VrEerC) level is used for the derating value (see the Tangent Line — DH for DQ with
Respect to Strobe figure).

For a valid transition, the input signal must remain above or below V 1/Vir(ac) for the
specified time, 'VAC (see the Required Time for Valid Transition — 'VAC >V pgy(ac) or <
ViL(ac)table).

The total setup time for slow slew rates could be negative (that is, a valid input signal
may not have reached Vu/Vi(ac) at the time of the rising clock transition). A valid input
signal is still required to complete the transition and reach V/ViL(ac).

For slew rates between the values listed in the following tables, the derating values can
be obtained using linear interpolation. Slew rate values are not typically subject to pro-
duction testing. They are verified by design and characterization.

2.98 Data Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate)

Data Rate
Parameter 1066 933 800 667 533 466 Reference
tI)S (base) -10 15 50 130 210 230 VIH/VIL(AC) = VREF(DC) +220mV
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM

XT61M1G8C2TM-B8Bxx

2.99 Data Setup and Hold Base Values (>400 MHz, 1 V/ns Slew Rate) (Continued)

Data Rate
Parameter 1066 933 800 667 533 466 Reference
tDI‘I (base) 80 105 140 220 300 320 VIH/VIL(DC) = VREF(DC) +130mV
Note: 1. AC/DC referenced for 1 V/ns DQ, DM slew rate, and 2 V/ns differential DQS/DQS# slew rate.

2.100 Data Setup and Hold Base Values (<400 MHz, 1 V/ns Slew Rate)

2.101 Derating Values for AC/DC-Based tDS/tDH (AC220)

A'DS, A'DH derating in ps

Data Rate
Parameter 400 333 255 200 Reference
DS (base) 180 300 450 700 Vi/Virac) = Vreroe) £300mV
'DH (base) 280 400 550 800 Vi/ViLoe) = Vreroe) £2200mV
Note: 1. AC/DC referenced for 1 V/ns DQ, DM slew rate, and 2 V/ns differential DQS/DQS# slew rate.

DQS, DQS# Differential Slew Rate
4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
A'DS |A'DH | A'DS |A'DH | A'DS |A'DH | A'DS |A'DH | A'DS | A'DH | A'DS |A'DH | ADDS |A'DH | A'DS | A'DH
DQ,DM 2.0 110 65 110 65 110 65
slew 115 74 43 73 43 73 43 89 59
3:1 0] o oo o] o] o 16]16]3]n
0.9 -3 -5 -3 -5 13 11 29 27 45 43
0.8 -8 -13 3 24 19 40 35 56 55
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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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM

XT61M1G8C2TM-B8Bxx

2.102 Derating Values for AC/DC-Based tDS/tDH (AC300)

A'DS, A'DH derating in ps

DQS, DQS# Differential Slew Rate
4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns
A'DS | A'DH | A'DS |A'DH | A'DS | A'DH | A'DS | A'!DH | A'DS | A'!DH | A'DS | A'DH | A'DS | A'DH | A'DS | A'DH
DQ,DM (2.0 150 | 100 | 150 | 100 | 150 | 100
slew rate || 5 100 67 100 67 100 67 116 83
Vins 0] ol ol o] o o] o 16]16]32]3n
0.9 -4 -8 -4 -8 12 8 28 24 44 40
0.8 -12 | =20 4 —4 20 12 36 28 52 48
0.7 -3 -18 13 -2 29 14 45 34 61 66
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.

2.103 Required Time for Valid Transition — tVAC > VIH(AC) or < VIL(AC)

tVAC at 300mV (ps) tWAC at 220mV (ps)
Slew Rate (V/ns) Min Max Min Max
>2.0 75 - 175 -
2.0 57 - 170 -
1.5 50 - 167 -
1.0 38 - 163 -
0.9 34 - 162 -
0.8 29 - 161 -
0.7 22 - 159 -
0.6 13 - 155 -
0.5 - 150 -
<0.5 - 150 -

e —
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2.104 Typical Slew Rate and tVAC — tDS for DQ Relative to Strobe

DQS  m--mmmmmmmmmm - . e
DQS# N .
DS 'DH DS ‘DH
T I
VDDQ ---------------------------------------------------------------------------------------------------

ViH(AC)min
VR@epto AC

region

VIHDC)min

N Typical
slew rate

VrermO) [T @

Typical
slew rate
ViLoome [N T e .
VRrgpto AC
region
VIL(AC)max
VosQ mmfrmm oo
Setup slew rate fall-  Vrgrpe) - ViL(aC)max Setup slew rate ris-  Vigacmin~ YREFDC)
ing signal - ATF ing signal - ATR

Rev 1.0 6/13/2023 186



X
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Typical Slew Rate — ‘DH for DQ Relative to Strobe

DQS "7ttt TTmTTTTTTn . T TTTTT T
DQS# D it ‘
‘DS ‘DH ‘DS ‘DH
I I
207

N TN S R R -~ S W

vlH(DC)min DC to VREF
region
Typical
slew rate
B T i N Sl S e e L it sl ARt
slew rate
region
ViLDCOmax
ViLaCmax T T T T e T
B R e
. - —_— -
ATR ATF
Hold slew rate Vinmeymin~ VREFDC) Holdslewrate  Vrgroe) - ViLmoymax
falling signal ~ ATF rising signal - ATR
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Tangent Line — ‘DS for DQ with Respect to Strobe

DQS  ---m-m-mm-m-m--e- . N EREEEEEEEEED

VIHAC)min

region

vlH(DC)min

VREF OOT\Q®MY | @\t

VIL(DC)max

Ve to AC
region

VIL(AC)max
= ATR

Setup slew rate tangent line [Vrgrpe) - ViL(aC)max Setup slewrate ris-  tangent line [Myacymin - VREF(DC)]
falling signal = ing signal =
ATF gste ATR
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1Gb (128M x 8) NAND Flash + 1Gb(32M x 32) Low Power DDR2 SDRAM XT61M1G8C2TM-B8Bxx
Tangent Line — ‘DH for DQ with Respect to Strobe
DQS  TTTTTTTTomomomsssoe- " LTI
DQS# S -
‘DS ‘DH ‘DS ‘DH
I I
Yo e et et it R
VIH(AC)min """""""""""""""""""""""""""""""""""""""""""""""
Nominal
line
VDO
(DOmin 1 DCto V ppp y
region
Tangent
line
 RER(DC) - R | AP M >
Tangent
line
Typicalline ~ DCto Vrgp
region
ViLOOmax
VlL(DC)max ------------------------------------------------------------------ D
T N
- -—
ATR ATF

Hold slew rate
falling signal
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tangent line [Vyyypeymin - VREF(DO))
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Hold slew rate _ tangent line [V,

EDC) - VIL(DO)

rising signal
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