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Introduction

XTX nMCP is a Multi-Chip Packaged memory which combines NAND flash memory and LPDDR4X (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 LPDDR4X is an excellent solution for large volatile but fast storage
applications 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 LPDDR4X SDRAM in it could be operated individually.

MCP Block Diagram

Vb1 Vbp2 Vboa Vss

SR -

RESET# —>
T RZQ
CKE ——
LPDDR4X
cK —— DQ, DQS[1:0], DQSH[1:0]
CKf#f ——
i
CA[5:0] ODT CA
CE# —
CLE — — Ve
ALE — — Vss
REH ——
WE# = ) /0
WP# —
R/BY —

Rev.A0.0 03/27/2023 5



X7
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63M4GBE6TM-CCBXX

Features

< NAND flash >

>
>
>

Rev.A0.0

Single Level per Cell (SLC) Technology

ECC requirement: 8bit/544Bytes

Power Supply Voltage

Voltage range: 1.7V ~ 1.95V

Organization

Page size: x8 (4096 + 256) bytes; 256- bytes spare area

Block size: x8 (256k + 16k) bytes

Plane size: 1024 Blocks per Plane

Modes

Read, Reset, Auto Page Program, Auto Block Erase, Status Read, Page Copy,
Multi Page Program, Multi Block Erase, Multi Page Copy, Multi Page Read

Page Read / Program
Random access: 25 ps (Max)

Sequential access: 25ns(Min)(CL=30pF)
Program time / Multiplane Program time: 300 pus (Typ.)
Block Erase

Block Erase time: 3.5 ms (Typ.)

Reliability

10 Year Data retention (Typ.)

Block 0 is guaranteed to be a valid block at the time of shipment.

03/27/2023
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<LPDDR4X>

Features Options
° VDDl/VDDZ/VDDQ: 1.80V/1.10V/1.10Vor 0.60V

¢ Ultra-low-voltage core and 1/0 power supplies e Array configuration

- Vpp1=1.70-1.95V;1.80Vnominal

_ 110 il — 256Megx16(1channelx161/0) 256M161
~ Vop2=1.06-1.17V;1.10Vnomina — 256Megx32(2channelsx161/0) 256M32
- Vppq=1.06-1.17V;1.10Vnominal « Device configuration

orLowVppq=0.57-0.65V;0.60Vnominal _ 256M16x1dieinpackage b1
* Frequencyrange -

— 1866—-10MHz(dataraterange:3733-20Mbps/ pin) ; 226M1dG><2d||e|n.package D2
e 16nprefetchDDRarchitecture p5e:5 gra :Lc_ygcze;;me 053
* 8internalbanks perchannelforconcurrentopera- tion - ps@RL=32/ )

- 468ps@RL=36/40 -046

e Single-data-rate CMD/ADR entry

e Bidirectional/differential datastrobe perbytelane

e ProgrammableREADandWRITE latencies (RL/WL)

* Programmableandon-the-flyburstlengths(BL= 16,32)

¢ Directed per-bankrefreshforconcurrentbankop- eration
and ease of command scheduling

e Upto8.5GB/sperdie

* On-chiptemperaturesensortocontrol selfrefresh rate

e Partial-arrayselfrefresh(PASR)

* Selectableoutputdrive strength(DS)

e Clock-stopcapability

e RoHS-compliant, “green” packaging

* ProgrammableVss (ODT) termination

Rev.A0.0 03/27/2023 7



X2

4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63M4GBE6TM-CCBXX

Ordering information

NAND Flash LPDDR4X SDRAM Operation
Product ID Package Temperature
Configuration Speed Configuration Speed Range
4Gb (8 Banks X 149 ball BGA
- 4Gb (512M X 8
XT63M4GSE6TM-CCBEA ( )| 25ns 32M X 16 bits) 3733Mbps 89.5x0.8 Extended

Part number description

Vendor4,

XT: XTX

Product family

XT63M 4G8E6 TMCCB x x

63M :1.8v Nand + LPDDR4X MCP

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

Dram Density/Org

C6 : 1Gb /x16
D6 : 2Gb /x16
E6 : 4Gb /x16

TM: Version

Internal version ref#

Packing type

A: Tray
T: Tape&Reel

Temperaturerange

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

Nand ECC bit

0: 0 bit
B: 8 bit

DRAM speed
C:0.535ns

Package type
C: 149 ball BGA 8x9.5x0.8

Rev A0.0
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Pin Assignments

Top View (ball down)

D NAND D DDRA_A (Channel A) D 7Q, ODT_CA, RESET . Supply . Ground

149ball —Ball Array (Top View)

Rev A0.0 03/27/%23 9
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4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

Pin description

Pin Name Type Function
NAND
Ve Supol 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
Address Latch Enable: This input activates the latching of the I/0 inputs inside the Address
ALE Input .
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 I/O inputs are latched
WE# Input .
on the rising edge
WP# Input Write ProFgct: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 A0.0 03/27/%23 10
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4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

LPDDR4X SDRAM

CK, CK#

Input

Clock: CK and CK# are differential clock inputs. All address, command and control input
signals are sampled on positive edge of CK and the negative edge of CK#. AC timings for
CA parameters are referenced to clock. Each channel (A, B, C, and D) has its own clock pair.

CKE

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.

cs

Input

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

CAO0 - CAS

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.

DQO-DQ15

Input / Output

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

DMI[1:0]

Input/output

Data Mask Inversion: DMI is a bi-directional signal which is driven HIGH when the data on the
data bus is inverted, or driven LOW when the data is in its normal state. Data Inversion can
be disabled via a mode register setting. Each byte of data has a DMI signal. Each channel
(A & B) has its own DMI signals. This signal is also used along with the DQ signals to
provide write data masking information to the DRAM. The DMI pin function - Data Inversion
or Data mask - depends on Mode Register setting.

DQS0~1
DQS#0~1

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.

y4e]

Reference

Calibration Reference. Used to calibrate the output drive strength and the termination
resistance. There is one ZQ pin per die. The ZQ pin shall be connected to VDDQ through a
240Q £ 1% resistor.

ODT_CA

Input

CA ODT Control: The ODT_CA pin is ignored by LPDDR4X devices. ODT-CS/CA/CK
function is fully controlled through MR11 and MR22. The ODT_CA pin shall be connected
to either VDD2 or VSS.

VDD1

Supply

VDD1: LPDDR4X power supply 1.

VDD2

Supply

VDD2: LPDDR4X power supply 2.

vDDQ

Supply

VDDQ: LPDDR4X I/O power supply.

VSsS

Supply

VSS: LPDDR4X 1/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 A0.0
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

Package Dimension 8x9.5 package
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1. NAND Flash Memory Part

Rev A0.0 03/27/%23 13
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.1. General Description

The NAND is a single 1.8V 4 Gbit (4,563,402,752 bits) NAND Electrically Erasable and Programmable Read-Only
Memory (NAND E2PROM) organized as (4096 + 256) bytes x 64 pages x 2048blocks. The device has two 4352-byte
static registers which allow program and read data to be transferred between the register and the memory cell array
in 4352-byte increments. The Erase operation is implemented in a single block unit (256 Kbytes + 16 Kbytes: 4352
bytes x 64 pages).

The NAND is a serial-type memory device which utilizes the I/0 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.

Rev A0.0 03/27/%23 14
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4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.2. Logic Diagram

VCC VCCa
CE# —( WO0~1O7
WEZ - /08~ /015 (x16 only)
REz —( [O———R/B#
ALE
CLE
WP ——Q
VS5 VSsQ

1.3. Pin Description

Pin Name Description
Inputs/Outputs. The I/0 pins are used for command input, address input, data input, and data
1/00-1/07 (x8) | output. The I/O pins float to High-Z when the device is deselected or the outputs are disabled.
Command Latch Enable. This input activates the latching of the I/O inputs inside the Command
CLE Register on the rising edge of Write Enable (WE#).
Address Latch Enable. This input activates the latching of the 1/0 inputs inside the Address
ALE Register on the rising edge of Write Enable (WE#).
Chip Enable. This input controls the selection of the device. When the device is not busy CE# low
CE# selects the memory.
Write Enable. This input latches Command, Address and Data. The I/O inputs are latched on the
WE# rising edge of WE#.
Read Enable. The RE# input is the serial data-out control, and when active drives the data onto the
I/0 bus. Data is valid tREA after the falling edge of RE# which also increments the internal
RE#
column address counter by one.
Write Protect. The WP# pin, when low, provides hardware protection against undesired data
WP# modification (program / erase).
R/B# Ready Busy. The Ready/Busy output is an Open Drain pin that signals the state of the memory.
Supply Voltage. The VCC supplies the power for all the operations (Read, Program, Erase). An
vcc internal lock circuit prevents the insertion of Commands when VCC is less than VLKO.
VSS Ground.
NC Not Connected.

Rev A0.0
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4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63M4GBE6TM-CCBXX

1.4. Block Diagram

Il

Status register e

—

Vcc Vss

1

Address register

Column buffer

/00 ©
Ie} A
to Control circuit %ff///////////////////////// Column decoder
/070 Command register /////////@ Data register
@ | Sense amp le—
CE o0—| .
CLE 0———= %J E
@ |
ALE o— 2 5 ©
WE Logic control Control circuit g% ; Memory cell array
Bo| B |
RE o—| z ®
=) 4 5 L
WP 00— r
RY/BY cj {L
}— RY /BY HV generator
03/27/%23 16
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.5. Array Organization

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

: R 1100
et T o Vs
o0
Data Cache | 4096 . 256|/’| A page consists of 4352 bytes in which 4096 bytes are
L A uzed for main memory storage and 256 bytes are for
Al -~ s redundancy or for other uses.
Page Buffer | .-"4096 - 256 1 page = 4352 bytes
P | = ? 1 block = 4352 bytes = 64 pages = (256K + 16K) bytes
. : |1} Capacity = 4352 bytes = 64pages = 2048 blocks
F e | 64 Pages=1 block
131072 /
pages , i
2048 blocks ;
_______________________ .
|| " 8lI0
4352
An address is read in via the I/O port over five
consecutive clock cyeles, as shown in Table 1.
1.6. Addressing
1/07 | 1/O6 | 1/O5 | 1/04 | 1/O3 | 1/02 1/01 1/00
First cycle CA7 CA6 | CA5 | CA4 | CA3 CA2 CAl CAO
Second cycle L L L CA12 | CAl1l | CAl1O CA9 CA8
Third cycle PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
Fourth cycle PA15 | PA14 | PA13 | PA12 | PAl1l | PA10 PA9 PA8
Fifth cycle L L L L L L L PAl6

CAO to CA12: Column adress
PAO to PA16: Page address
{ PAG6 to PA16: Block address

PAO to PA5: NAND address in block

Rev A0.0
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.7. ABSOLUTE MAXIMUM RATINGS

SYMBOL RATING VALUE UNIT
VCC Power Supply Voltage -0.6t0 2.5 \Y
VIN Input Voltage -0.6t0 2.5 Vv
VI/O Input /Output Voltage -0.6toVCC+0.3 (£2.5V) \Y;

PD Power Dissipation 0.3 W
TSOLDER Soldering Temperature (10 s) 260 °C
TSTG Storage Temperature -55° Cto125° C °C
TOPR Operating Temperature -40° Cto 85° C °C

1.8. CAPACITANCE *(Ta = 25°C, f = 1 MHz)

SYMBOL PARAMETER CONDITION MIN MAX UNIT
CIN Input VIN=0V - 10 pF
cout Output VOUT =0V - 10 pF

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

1.9. VALID BLOCKS

SYMBOL PARAMETER MIN TYP. MAX UNIT
NVB Number of Valid Blocks 2008 - 2048 Blocks
NOTE:

The device occasionally contains unusable blocks. 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.
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.10. RECOMMENDED DC OPERATING CONDITIONS

SYMBOL PARAMETER MIN TYP. MAX UNIT
VCC Power Supply Voltage 1.7 — 1.95 \Y
VIH High Level input Voltage Vce x 0.8 - VCC+0.3 \Y
VIL Low Level Input Voltage -0.3* - Vce x 0.2 Vv

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

1.11. DC CHARACTERISTICS (Ta =-40 to 85°C, VCC = 1.7 to 1.95V )

SYMBOL PARAMETER CONDITION MIN |TYP.[ MAX | UNIT
lL Input Leakage Current VIN=0Vto VCC - - 110 HA
ILO Output Leakage Current VOUT =0V to VCC — - 10 MA

IcCco1 Serial Read Current CE# = VIL, IOUT =0 mA, - - 30 mA
tcycle = 25ns
ICCO2 Programming Current — — — 30 mA
Icco3 Erasing Current - - - 30 mA
CE#=VCC-0.2V,WP#=0
ICCS Standby Current V/VCC - - 50 pA
VOH High Level Output Voltage IOH =-0.1 mA Vece-0.2 | — - \Y
voL Low Level Output Voltage IOL=0.1 mA - - 0.2 \
1oL Output current of RY/ _
(RY /BY#) BY# pin VOL=0.2V 4 mA
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p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.12. AC CHARACTERISTICS AND RECOMMENDED OPERATING (Ta=-40to0 85C, VCC=1.7

to 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
twWpP Write Pulse Width 12 - ns
tALS ALE Setup Time 12 - ns
tALH ALE Hold Time 5 - ns
tDS Data Setup Time 12 - ns
tDH Data Hold Time 5 - ns
tWC Write Cycle Time 25 - ns
tWH WE# High Hold Time 10 - ns
tWW WP# High to WE# Low 100 - ns
tRR 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
tREA RE# Access Time - 20 ns
tCEA CE# Access Time - 25 ns
tCLR CLE Low to RE# Low 10 - ns
tAR ALE Low to RE# Low 10 - ns
tRHOH RE# High to Output Hold Time 25 - ns
tRLOH RE# Low to Output Hold Time 5 - ns
tRHZ RE# High to Output High Impedance - 60 ns
tCHZ CE# High to Output High Impedance - 20 ns
tCSD CE# High to ALE or CLE Don’t Care 0 - ns
tREH RE# High Hold Time 10 - ns
tIR Output-High-impedance-to-RE# Falling Edge 0 - ns
tRHW RE# High to WE# Low 30 - ns
tWHC WE# High to CE# Low 30 - ns
tWHR WE# High to RE# Low 60 - ns
tR Memory Cell Array to Starting Address - 25 s
tDCBSYR1 Data Cache Busy in Read Cache (following 31h and 3Fh) - 25 us
tDCBSYR2 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| us

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

CONDITION
PARAMETER
VCC: 1.7 to 1.95V
Input level VCC-0.2V,0.2V
Input pulse rise and fall time 3ns
Input comparison level Vee /2
Output data comparison level Vee /2
Output load CL(30pF)+1TTL

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

1.14. PROGRAMMING AND ERASING CHARACTERISTICS(Ta =-40to0 85C, VCC=1.7 to

1.95V)
SYMBOL PARAMETER MIN TYP. MAX UNIT | NOTES
tPROG Average Programming Time — 300 700 Ks

Data Cache Busy Time in Write Cache
tDEBSYWL T £ollowing 11h) - - 10 us

Data Cache Busy Time in Write Cache
tDCBSYW?2 (following 15h) - - 700 Hs (2)

Number of Partial Program Cycles in the
N — - 4 (1)
Same Page

tBERASE | Block Erasing Time - 35 10 ms

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

1.15. 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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1.16. 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 CE WE RE we !
Command Input H L L i H -
Data Input L L L mEry H H
Address input L H L s H -
Senal Data Output L L L H N *
Dunng Program (Busy) * * * * * H
During Erase (Busy) * * # * * H
* * H * * *
Dunng Read (Busy)
* * L H (*2) H(*2) *
Program, Erase Inhibit * = # * + L
Standby * * H * * 0VVNce

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: IfCEislow during read busy, WE and RE must be 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.
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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 3F —
Auto Page Program 80 10
Column Address Change in Serial Data Input 85 -
Auto Program with Data Cache 80 15
80 11
Multi Page Program 81 15
81 10
Read for Page Copy (2) with Data Out 00 3A
Auto Program with Data Cache during Page
8C 15
Copy (2)
Auto Program for last page during Page Copy
8C 10
(2)
Auto Block Erase 60 DO
ID Read 90 -
Status Read 70 - o
Status Read for Multi-Page Program or Multi
71 - o
Block Erase
Reset FF - 0
HEX data hit assignment
{Example) Serial Data Input: 80h
VIBI81A1919]7 g
Table 4. Read mode operation states
CLE ALE CE WE RE 1/00 to 1/07 Power
Output select L L L H L Data output Active
Output Deselect L L L H H High impedance Active

H: VIH, L: VIL
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1.17. 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 address cycles and “30h” command. Refer to the figures below for the sequence and the block

diagram (Refer to the detailed timing chart.).

ce [\ fo
cE A D) 0O Db 0 L) 7 )

%

ALE / \ \
- ] aVaVa
\

RY/BY ColumnAddressM  Page Address N Busy [ i
s L. W W i )W)y
- — Page Address N

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

Data Cache | M i = r}n Cache via Page Buffer starts on the rising edge of WE in the
i 30h command input cycle (after the address information has
Page Buffer | \/' I been latched). The device will be in the Busy state during this

Select page | ] transfer period.
N ‘ * Cell array Aﬂer the transfer period, the device returps to Rtﬁiy state.
5B Senal data can be output synchronously with the RE clock

J

from the start address designated in the address input cycle.
1/00to7 :m=4351 g put cy

1.17.1. Random Column Address Change in Read Cycle

ae |\ [\

’

WE

o)

Col. M .M
Page N Page N
Start-address input Start from Col. M Start from Col. M’
M M During the serial data output from the Data Cache, the column
| Nl address can be changed by inputting a new column address
[ &——— ——> using the 05h and EOh commands. The data is read out in serial

I L I starting at the new column address. Random Column Address
1 Change operation can be done multiple times within the same

Select page CLLLLTLLL LSS LS IS LSS LSS LSS AL LLL LSS LLLIL LS LESE page.
N

L =

Rev A0.0 03/27/%23 24



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

1.17.2. 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.

Col. M Page N Column L Page Address N Page Address N + 1 Page Address N + 2

Data Cache |:| C——>PageN |:'> PageN+1 ——">PageN+2
ey ©) © @ PNz ©)
V77
Cell Aray Page N % PageN+1 // §
Page N +2 //
31h & RE clock 3Ih & RE clock 3Fh& RE clock

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.
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1.17.3. Multi Page Read Operation

The device has a Multi Page Read operation and Multi Page Read with Data Cache operation.

1) Multi Page Read without Data Cache

The sequence of command and address input is shown below.
Same page address (PAO to PA5) within each district has to be selected.

Command
input (3 cycle) (3 cycle)
@ Address input @ Address input 30 @
Page Address Page Address
PAO to PA16 PAO to PA16
(District 0) (District 1) tR
- 2 ®
RY/BY
Command
input (5 cycle) 2 cycle
(Do) seros o] a5 ED—_Dwoupa
Column + Page Address Column Address (District 0)
CAD to CA12, PAD to PA16 CAO to CA12
(District 0) (District 0)
. @ ®
RY/BY
Command
input 5 cycle
e @ Address input @ Address input @ Data output l—
Column + Page Address Column Address (District 1)
CAO to CA12, PAD to PA16 CAD to CA12
(District 1) (District 1)
RY/BY @
District 0 District 1
I Y\ % |
] £
| x| | . |
\ Reading \
Selected / —~ .'
page / Selected
L L
page

The data transfer operation from the cell array to the Data Cache via Page Buffer starts on the rising
edge of WE in the 30h command input cycle (after the 2 Districts address information has been
latched). The device will be in the Busy state during this transfer period.

After the transfer period, the device returns to Ready state. Serial data can be output synchronously
withthe RE clock from the start address designated in the address input cycle.
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2) Multi Page Read with Data Cache

When the block address changes (increments) this sequenced has to be started from the beginning. The
sequence of command and address input is shown below.

Same page address (PAO to PA5) within each district has to be selected.

Command
input
@ Address input @ Address input 30 @
Page Address Page Address
PAO to PA16 PAO to PA16
(Page mO ; District 0) (Page nO ; District 1) tR
_ \ ®
RY/BY
Command
input
° o @ Address input @ Address input @ Data output
Column + Page Address Column Address (District 0)
CAO to CA12, PAD to PA16 CAO to CA12
tDCBSYR1 (Page mO ; District 0) (District 0)
w O\ / ®
RY/BY

Command
input
® (o @ [ _omaowe
Column + Page Address Column Address (District 1)
CAD to CA12, PAD to PA16 CAOD to CA12
(Page nO ; District 1) (District 1)
_ & c
RY/BY
Return to A
Gt Repeat a max of 63 times
input
O e @ Address input Address input Data output —@
Column + Page Address Column Address (District 0)
CAO to CA12, PAD to PA16 CAOD to CA12
{DCBSYR1 (Page m63 ; District 0) (District 0)
O ®
RY/BY

Command
input
Address input Address input Data output —
Column + Page Address Column Address (District 1)
CAO to CA12, PAD to PA16 CAO to CA12
(Page n63 ; District 1) (District 1)

- ©®
RY/BY
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Notes:
(a) Internal addressing in relation with the Districts
To use Multi Page Read operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.
* Each District consists from 1024 erase blocks.
* The allocation rule is follows.
District O: Block 0, Block 2, Block 4, Block 6,:::, Block 2046
District 1: Block 1, Block 3, Block 5, Block 7,-+, Block 2047

(b) Address input restriction for the Multi Page Read operation There are following restrictions in using
Multi Page Read; (Restriction) Maximum one block should be selected from each District.

Same page address (PAO to PA5) within two districts has to be selected.

For example;

(60) [District 0, Page Address 0x00000] (60) [District 1, Page Address 0x00040] (30)
(60) [District 0, Page Address 0x00001] (60) [District 1, Page Address 0x00041] (30)
(Acceptance)

There is no order limitation of the District for the address input.

For example, following operation is accepted;

(60) [District 0] (60) [District 1] (30)

(60) [District 1] (60) [District 0] (30)

It requires no mutual address relation between the selected blocks from each District.

(c) WP signal

Make sure WP is held to High level when Multi Page Read operation is performed.
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1.18. Auto Page Program Operation

XT63M4GBE6TM-CCBXX

The device carries out an Automatic Page Program operation when it receives a "10h" Program command after

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

CLE ) /—\ /_\
e\ AARAAA ARBAA 27777

LAAVAVAVAVAVAVARRVAVAVA' \/
ALE_/ \ [\/_\f\x

p— 7
RE |

£C
RY/BY
w0~ X O OOOH-eener) e ——
\ﬁ,_)\ ~ o AN ~ -

Col. M Page P Data

Data input

The data is transferred (programmed) from the Data Cache via

the Page Buffer to the selected page on the rising edge of WE
- Read& verification following input of the “10h™ command. After programming, the
programmed data is transferred back to the Page Buffer to be
automatically verified by the 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.

Selected
page

1.18.1. 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 operation.

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.

G888 .00 05020 08.00 803 e
et - g

ﬂ_J

- N
Col. M Page N Col. M Busy
Col. M Col. M'
- ¢ ——— v
Datainput i 7, 0 ]
[
[ X x |

1
Program\ Reading & verification
Selected

page [P/
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1.18.2. Multi Page Program
The device has a Multi Page Program, which enables even higher speed program operation compared to Auto
Page Program. The sequence of command, address and data input is shown below. (Refer to the detailed timing
chart.) Although two planes are programmed simultaneously, pass/fail is not available for each page by "70h"
command when the program operation completes. Status bit of /O 1 is set to “1” when any of the pages fails.

Limitation in addressing with Multi Page Program is shown below.

Multi Page Program
{DCBSYW1 PROG
RY/BY
1/00to 7 / n
\80h Address & Data Inp@-@ 81h -1Address&Data lnput

CAO~CA12  : Valid Note ) CAQ-CA12 : Valid
PAO~PAS - Valid PAD~PAS  : Valid ;
PAB - Districty’ PAG - District1 Fail
PA7~PA16  : Valid PAT~PA16 : Valid

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

O (™ (@) ®
80h 11h 8th ) 10h
e R, \
Data I > I 5 I
Input .
Plane 0 Plane 1
(1024 Block) (1024 Block)
Block 0 Block 1
Block 2 Block 3
Block 2044 Block 2045
Block 2046 Block 2047
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1.18.3. 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 below. When the block address changes this sequenced has to be started from the beginning.

CL_Ej_\ ) L

“u " )) )
RY/BY
tocesrwz chasww toROG (NOTE)

o @M@M e e, _, ey BE—EH0)
PageN @ StatusOutput PageN 1 @ Status Output PageN+P @ @ &atusOutput

Data Cache Datn for Page N ( ; ) Data for Page N 5 1| Opau for Page N + P |
1

Page Buffer | Data for Page N | X | IMorbageN i %
LY

T U [ |
ColAmy PageN{zzzzZZA) Wz o Wzzzzd, oo\ . |
PageN+1 mw/// st

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

3. Datais 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
duration of this period depends on timing between the internal programming of page N and serial data input for
Page N + 1 (tDCBSYW2).

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

detected by the Status Read operation.
. 1/00 : Pass/fail of the current page program operation.
. 1/01 : Pass/fail of the previous page program operation.

The Pass/Fail status on I/00 and 1/01 are valid under the following conditions.
. Status on |/00: Page Buffer Ready/Busy is Ready State.

The Page Buffer Ready/Busy is output on I/O5 by Status Read operation or RY /W pin after the 10h command.
. Status on I/O1: Data Cache Read/Busy is Ready State.

The Data Cache Ready/Busy is output on I/06 by Status Read operation or RY /W pin after the 15h command.

Page N -1

Example
I/,Ol = Invalid Pagel ! Page 1 | Page N-2 invalid Page N-1
TS Invalid hvaid | Page? | Invalid invalid Page N
T ]
T T 1| i T T
@ - EDE ) ENEH-E o -E)E)E D) EEE)

| |

|
Page 1 Page 2 : : Page N-1 Page N
|
__ L .
RYABY pin i | | |
|
| |
Data Cache Busy © © : ! < <

| I

e ! |

E ; |

Page Buffer Busy Page 1 | !

Page2 | ! — -2

| I
|

| |

| I

________

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/00 and pass/fail result for Pagel on I/01
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1.18.4. Multi Page Program with Data Cache

The device has a Multi-Page Program with Data Cache operation, which enables even higher speed program
operation compared to Auto Page Program with Data Cache as shown below. When the block address changes
(increments) this sequenced has to be started from the beginning.

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

Data input Data input
Dummy  €@mmand  program with Dummy f::omrlgfmd Auto Page
Data input Program formultipage  paa Cache Datainput Program O - Page Program
command command Program command  command command ~ Progem command

Address Data input Address Data input Address Data input Address Data input
input 0 to 4351 input 0 to 4351 input 004351 input 0o 4351
(District 0) (District 1) (District 0) (District1)

o\ \J \J \J

After “15h” or “10h” Program command is input to device, physical programming starts as follows. For details of
Auto Program with Data Cache, refer to “Auto Page Program with Data Cache”.

Distnct 0 Distnct 1

L L, |

w
Program |" ‘|Reading & veriﬁcatiﬂnr{ H".
|
Selected s ' ||
page N

e s

The data is transferred (programmed) from the page buffer to the selected page on the rising edge of /WE
following input of the “15h” or “10h” command. After programming, the programmed data is transferred back to the
register to be automatically verified by the 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.

Starting the above operation from 1st page of the selected erase blocks, and then repeating the operation total 64
times with incrementing the page address in the blocks, and then input the last page data of the blocks, “10h”
command executes final programming. Make sure to terminate with 81h-10h- command sequence.
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In this full sequence, the command sequence is following.

0 (B (T~T ()
o

After the “15h” or “10h” command, the results of the above operation is shown through the “71h”Status Read

command.
Pass
m 71 <>
..

Status Read
command

RY/BY Y /

The 71h command Status description is as below.

STATUS OUTPUT
1/00 Chip Status1 : Pass/Fail Pass: 0 Fail: 1
/01 District 0 Chip Statusl : Pass/Fail| Pass: 0 Fail: 1
1/02 District 1 Chip Statusl : Pass/Fail| Pass: 0 Fail: 1
/03 District O Chip Status2 : Pass/Fail| Pass: 0 Fail: 1
I/O4 [District 1 Chip Status2 : Pass/Fail| Pass: 0 Fail: 1
I/05 Ready/Busy Ready: 1 Busy: 0
I/06 Data Cache Ready/Busy Ready: 1 Busy: 0
/07 Write Protect Protect: 0 Not Protect: 1

I/01 describes Pass/Fail condition of district 0 and 1(OR data of I/O1 and 1/02). If one of the districts fails during
multi page program operation, it shows “Fail”.

I/01 to 4 shows the Pass/Fail condition of each district. For details on “Chip Status1” and “Chip Status2”, refer to
section “Status Read”.

Internal addressing in relation with the Districts

To use Multi Page Program operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.
* Each District consists from 1024 erase blocks.
* The allocation rule is follows.

District 0: Block 0, Block 2, Block 4, Block 6,::, Block 2046

District 1: Block 1, Block 3, Block 5, Block 7,-:-, Block 2047
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Address input restriction for the Multi Page Program with Data Cache operation
There are following restrictions in using Multi Page Program with Data Cache;

(Restriction)

Maximum one block should be selected from each District.

Same page address (PAO to PA5) within two districts has to be selected.

For example;

(80) [District 0, Page Address 0x00000] (11)  (81) [District 1, Page Address 0x00040] (15 or 10)
(80) [District 0, Page Address 0x00001] (11)  (81) [District 1, Page Address 0x00041] (15 or 10) (Acceptance)
There is no order limitation of the District for the address input.

For example, following operation is accepted,;

(80) [District 0] (11) (81) [District 1] (15 or 10)

(80) [District 1] (11)  (81) [District 0] (15 or 10)

It requires no mutual address relation between the selected blocks from each District.

Operating restriction during the Multi Page Program with Data Cache operation
(Restriction)

The operation has to be terminated with “10h” command.

Once the operation is started, no commands other than the commands shown in the timing diagram is
allowed to be input except for Status Read command and reset command.

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 e @ Address input @ e
Address Col =0 start Address When chianging data; 1\ Address ' Col =0 start
CAD to CA12, PAOto PA16 | CAOto CA12, PADto PAT6 ,.npeqdatais mpu;_ \ CAOto CA12, PAOto PA16 |

(Page N) 'l @ (Page M) ; @ (Page N+P1) | @
| | |
— v vy v ®
RY/BY tr tocesyw2 tocasyr2

@ Data for Page N @ Data for Page N @ Data for Page M @ Data for Page N + P1
Data Cache —— | —_— C——1 2|EI/
Page Buffer C—1 1 /1 P — |

J

f T

ESSsee] Page M \ AOONUNNRNNRNNNNRNNNN

|

[z Page N + P1 COLLLLLLLLLLLELIEIEs

\
Page N [Z2ZZZZZZ2222Z2Z

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.
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Command @
input
Address input H Data input Address input Data output |—', Address input o Data output
Address Address Col = 0 start Address Col =0 start

When changing data,

CAOto CA12, PAOOPATE e i ioper. | CAD to CA12, PAO to PA16 CAOto CA12, PADto PATE |

(Page M+R1) .@ (Page N+P2) [ (Page N+Pn) : @
| |
/
/ / /
— J / vy ®
tocesyw2 tocesyr2 tocesyr2

@ Data for Page M + R1 @ Data for Page M + R1 e Data for Page N + P2 @ Data for Page N + Pn
Dot Cache /0 % !‘ \ —— ]

Page Bufer P e— [ 1\

Cell Array

Page M+ R1 [SSISSISIRNSISSESS
ANUREINNTITRRRRNNG

Page M JSSSSSSSSSSSSSSRSS

AOUIIONNERNRRNNN

NN /

] Page N+ P b
7777222777 przzZzZZZZZZZZZZZZZy
LI

Page N + P2 Z2ZZzzzzzzz222222224
ILLLLLL LIS LIS LI

SLILLLLLIALLILLILLIS,

Page N + P ) 2z

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

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

8. 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.

9. The data in the Page Buffer is programmed to Page M + Rn - 1. Data for Page N + Pn is transferred to the Data
Cache.

Command
input
Address input H Data input
Address
CAO to CA12, PAOD to PA16

(Page M+Rn)

®

RY/BY

Cell Array AXNUNNIRNNNNNNNNNNN
ANNNNNNNNNNNNNNNNNY

LLLLLLLLLSSLISSIS Lo
i

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 teroc

here will be expected as the following,
teroc = trroc Of the last page + tproc Of the previous page - ( command input cycle + address input cycle + data

output/input cycle time of the last page)

NOTE) This operation needs to be executed within District-0 or District-1.

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.
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Also make sure the Page Copy operation is terminated with 8Ch-10h command sequence

Multi Page Copy (2)

By using Multi Page Copy (2), data in two pages can be copied to other pages after the data has been read out.
When each block address changes (increments) this sequence has to be started from the beginning. Same page
address (PAO to PA5) within two districts has to be selected.

Command
input
@ Address input @ Address input @ @ Address input Address input Data output I-—@
Address Address Address Address
PAO to PA16 PAD to PA16 ‘[ CAOto CA12, PAD to PA16 CAO to CA12
(Page m0 ; District 0) (Page n0 ; District 1) ! (Page m0) (Col=0)

@

RYBY \{/ -
O-® ® @ @} i} ()

RYBY @

®

Address Address Address \
CAOD to CA12, PAD to PA16 CAO to CA12 CAO to CA12, PAD to PA16 |
(Page n0) (Col=0) (Page MO ; District 0)

®

\/ | tocesyw1

©

Address input H Data input o @ Address input Address input @

Address Address Address
CAO to CA12, PAD to PA16 PAO to PA16 PAO to PA16 }
O (Page NO ; District 1) / (Page m1 ; District 0) (Page n1 ; District 1) | O
== C
RYmY tocesyw2 \‘/ | tocssyre

O O L O S ] v G ) D S Lt ¥ O ) R D S Xl O

Address Address Address Address
CAD to CA12, PAD to PA16 CAOto CA12 CAQ to CA12, PAD to PA16 CAO to CA12
(Page m1) (Col=0) (Pagent) (Col=0)
vy (O ®
Address input |-{ Data input |11 )——(8C )] Address input || Data input '—Q?—— ------------------- .@
Address Address
CAO to CA12, PAO to PA16 | CAOto CA12, PAQ to PA16 ]
(Page M1 ; District 0) (Page N1 ; District 1) |
RY/BY O \/ | tGcasni \/ | tocssyw: @

Address input Address input @ @ Address input @ Address input @
Address Address Address Address
PAO to PA16 PAO to PA16 CAO to CA12, PAO to PA16 CAO to CA12
(Page m63 ; District 0) (Page n63 ; District 1) ; (Page m63) (Col = 0)

®
RY/BY @ \ﬁ tocssyr2 @

Address input Address input Data output Address input H Data input l—@ @
RYBY @

Address inputH Data input o
Address Note)

Address Address Address \
CAO to CA12, PAD to PA16 CAO to CA12 CAO to CA12, PAO to PA16
(Page n63) (Col=0) (Page M63 ; District 0)

CAOD to CA12, PAD to PA16 | This operation needs to be ted within each District.
(Page N63 ; District 1) |
—_ @ / Data input is required only if previous data output needs to be altered.
RYBY \¢ /| teroG 1) If the data has to be changed, locate the desired address with the column and page address input

the 8Ch command, and change only the data that needs be changed.
(*1) trrog: Since the last page programming by 10h command is initiated after the previous cache If the data does not have to be changed, data input cycles are not required.
program, the tprog* during cache programming is given by the following equation.
Make sure WP is held to High level when Multi Page Copy (2) operation is performed.
trroG = tPrOG of the last page + tprog of the previous page-A Also make sure the Multi Page Copy operation is terminated with 8Ch-10h command sequence
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1.19. Erase Mode

1.19.1. 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.

o) C70) Pass
60 )= — ,Q(D @/ 10
Block Address  Erase Start Status Read Fail
input: 3cycles  omand command
RY/BY \ Busy /

1.19.2. Multi Block Erase

The Multi Block Erase operation starts by selecting two block addresses before DOh command as in below
diagram. The device automatically executes the Erase and Verify operations and the result can be monitored by
checking the status by 71h status read command. For details on 71h status read command, refer to section “Multi
Page Program with Data Cache”.

Pass
Block Address Block Address Erase Start Status Read Fail
input: 3 cycles input: 3 cycles command command
District O District 1

RY/BY \ Busy /

Internal addressing in relation with the Districts
To use Multi Block Erase operation, the internal addressing should be considered in relation with the District.
* The device consists from 2 Districts.
* Each District consists from 1024 erase blocks.
* The allocation rule is follows.
District O: Block 0, Block 2, Block 4, Block 6,-:-, Block 2046
District 1: Block 1, Block 3, Block 5, Block 7,---, Block 2047
Address input restriction for the Multi Block Erase
There are following restrictions in using Multi Block Erase (Restriction)
Maximum one block should be selected from each District.
For example;
(60) [District 0] (60) [District 1] (DO) (Acceptance)
There is no order limitation of the District for the address input.
For example, following operation is accepted;
(60) [District 1] (60) [District 0] (DO)
It requires no mutual address relation between the selected blocks from each District.
Make sure to terminate the operation with DOh command. If the operation needs to be terminated before DOh
command input, input the FFh reset command to terminate the operation.
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1.20. 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:

CLE f \I

N W =

LW W
e 1

RE X A R
trEA b
\ i \ [ 1 [ 1 [ see | [ ses | [ see |
vo _( 0h — 00h ; | 6h | \ ACh \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 1/07 | 1/06 | 1/O5 | 1/04 | 1/O03 | 1/02 | I/O1 | I/OO Hex Data
1st Data Maker Code 1 0 0 1 1 0 98h
2nd Data Device Code 1 0 1 0 1 0 ACh
3rd Data Chip Number, Cell Type 1 0 0 1 0 0 90h
4th Data Page Size, B.>Iock Size,I/O 0 0 1 0 0 0 26h
Width
5th Data Plane Number 0 1 1 1 0 0 76h
3rd Data
Description 1/07 [ 1/06 | 1/O5 | 1/04 | 1/O3 | 1/02 | I/O1 | I/O0
1 0 0
2 0 1
Internal Chip Number
4 1 0
8 1 1
2 level cell 0 0
4 level cell 0 1
Cell Type
8 level cell 1 0
16 level cell 1 1
Reserved 1 0 0 1
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4th Data

Description 1/07 | 1/06 | 1/O5 | 1/04 | 1/O3 | 1/02 | 1/O1 | I/OO

Page Size 1KB 0 0

2 KB 0 1

4 KB 1 0

(without redundant area)
8 KB 1 1

Block Size 64 KB 0 0

128 KB 0 1

256 KB 1 0

(without redundant area)
512 KB 1 1

x8 0

I/O Width
x16 1

Reserved 0 0 1

5th Data

Description /08 [1/07 ] I/O6 | I/O5 | I/O4 | 1/03 | 1/02 | 1/01

1 Plane 0 0
2 Plane 0 1

Plane Number 4 Plane 1 0

8 Plane 1 1

Reserved 0 1 1 1 1 0
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X2

1.21. 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/0 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

N Page program Read
Definit Cache P
einition Block Erase ache Frogram Cache read
Chip statusl . . .
1/00 Pass:0  Fail-1 Pass/Fail Pass/Fail Invalid
Chip status2 . . .
I/01 Pass0  Fail-l Invalid Pass/Fail Invalid
1/02 Not used 0 0 0
/03 Not used 0 0 0
1/04 Not used 0 0 0
Page buffer Ready/Busy
I/05 Ready: 1Busy: 0 Ready/Busy Ready/Busy Ready/Busy
Data cache Ready/busy
1/06 Ready: 1Busy: 0 Ready/Busy Ready/Busy Ready/Busy
/07 Write protect Write Protect Write Protect Write Protect
Not protected : 1 Protected: 0

The Pass/Fail status on 1/00 and /01 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 1/0O5 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 1/06 shows the Ready State.

The status output on the I/O5 is the same as that of I/06 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.

XT63M4GBE6TM-CCBXX

CEl | cE2 )| CE3 | =0 BN+ 1]
CLE
ALE Device Device Device Device Device
WE — 1 =< 2 < 3 =< N — N+1
RE —q ——q ——q —_—q —
to :;gg Bz ,A;,i Trrry ;1 Ty ‘—//.'jl::,,m,, .;NI/',' i ,}M.fn 7 I, Trr ey {‘;ﬁ ,/‘—f.ofI,.',' Fiar e rrrry I,ud
RY/BY g o * &

RY/BY \ Busy

Status on Device 1 Status on Device N

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.

1.22. 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

o e o)
CO—CD & >
Internal Vpp /
RY/BY \
treT (max 10 ps)
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When a Reset (FFh) command is input during erasing

TR T O_
DO FF 00
N N
Internal erase
voltage /
RY/BY \
trsT (Mmax 500 ps)

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

RY/BY \

theT (max & nsl

When a Reset (FFh) command is input during Ready

G, Coo—

RY/BY \

tRsT (max 5 us)

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

>
I IO status: Pass/Fail — Pass
I - Ready/Busy — Ready
RY/BY —\—/

When two or more Reset commands are input in succession

(1) (2) (3)
Y TN
! () T D

—
RY/BY \ /
The second @ command is invalid, but the third @ command is valid.

1.23. 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.
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The WP signal is useful for protecting against data corruption at power-on/off.

17 Vi 46 \ 17Vy————
15V Z N\ 15V 4
oV iz 4 e Mt 4
—_ / —
Dont ./ k N Don't Dont /
care care care
CE, WE, RE
CLE, ALE
VIH
— ViL ViL
WP ——— 1 ms max 1 ms max
100 ps max i, Operation 100 pus maxicy
(( S
)
Invalid 7 Invalid Invalid
Ready/Busy
(2) Power on Reset

The following sequence is necessary because some input signals may not be stable at power on.

Power on /!?
[Poweron |—CFF>

(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(71h) 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”, Multi Page Program
command “11h”, Auto Program with Data Cache Command “15h”, or the Reset command “FFh”.

WE T LI LT LI LI L]

Address input
RY/BY /

If a command other than “85h” , “10h” , “11h” , “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.

Rev A0.0 03/27/%23 44



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4GS8E6TM-CCBXX

CO—Cx Cod
Mode specified by the command. Programming cannot be executed.

Command other than
“85h", “10h", “11h", “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)
\—4’ Data register \—4- 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)
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(7) Status Read during a Read operation

0

i A
Command @ @ 700 [A]

S~

=\ |
=\ VUV S
RY/BY \ / | |
RE Address N Status Rea;d \—/ | | \—/_\—/_ B

L= =
. ™~
command input Status output
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 returns to Read mode. In this case, data output starts automatically from address N and
address input is unnecessary.

(8) Auto programming failure

80 _HHy\m/ 70 1/0 \BOJ_VQH_J 10

Address Data Address Data

M input N input

@ ﬁ If the programming result for page address M is Fail, do not try to program the
10 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

M command, address and data is necessary.
N

(9 RY/ 'BY :termination for the Ready/Busy pin (RY /W )

A pull-up resistor needs to be used for termination because the RY / BY buffer consists of an open drain circuit.

Vce
V >
e =R
. Busy
D e ¢
evice : } . RYIBY {
AL | T
777
Vss
,; 15 pus CL = 30 pF{ 15ns
t
tr 1.0 ps B 10ns ftf
o
This data may vary from device to device. 05 ps i — —15ns
We recommend that you use this data as a T | |

reference when selecting a resistor value.
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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

_

il

DiM

(g

WP

L.

"
¥

RY/EY i
P
gy (100 ns MIN)

Dizable Programming

" 7\

A

ey

tygyy (100 ns MIN)

Enable Erasing
o ——(& &
w [
RY IBY '\\_

B '

tyyyy (100 ns MIN)

Dizable Erasing

9
® ;

DIN f@
W\
RY/BY ——
_——

tyyyy (100 ns MIN)
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(11) When six address cycles are input

Although the device may read in a sixth address, it is ignored inside the chip. Read operation

ae [T\ Tl
=

ALE i \ |
o ——om)— K KK AKX ) (mh}l

Address_input

RY /BY %

Program operation

ALE / \
0 ——E—~OHOH OO O——ORO-O-

- —

Address input Ignored Data input

(12) Several programming cycles on the same page (Partial Page Program)

Each segment can be programmed individually as follows:

1

1

1

1
Ath programming Alls Data Pattern 4
Result ‘ Data Pattern 1 ‘ Data Pattern 2 ‘ ----------------------------- | Data Pattern 4‘

(13) Invalid blocks (bad blocks)
The device occasionally contains unusable blocks. Therefore, the following issues must be recognized:
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Please do not perform an erase operation to bad blocks. It may be
impossible to recover the bad block information if the information is
erased.

7 % ~+ Bt blork 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
system.

A bad block does not affect the performance of good blocks because it is

|
% i Block isolated from the bit lines by select gates.

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

MIN TYP. MAX UNIT

Valid (Good) Block Number 2008 — 2048 Block

1.24. 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.
( Start ]

Block No =1
Fail
Read Check
Pass -
Block Mo. = Block No. + 1 Bad Block *1

Last Block

*1: No erase operation is 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 512 Bytes is necessary.
* Block Replacement

Program
When an error happens in Block A, try to reprogram the
Buffer \ data into another Block (Block B) by loading from an
memory Block A external buffer. Then, prevent further system accesses
R to Block A ( by creating a bad block table or by using
J another appropriate scheme).
+ Block B
Erase

When an error occurs during an Erase operation, prevent future accesses 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) The number of valid blocks is on the basis of single plane operations, and this may be decreased with

two plane operations.

(17) Reliability Guidance
This reliability guidance is intended to notify some guidance related to using NAND flash with 8 bit ECC for each
512 bytes. For detailed reliability data, please refer to NAND’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
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characteristics image of Write/Erase Endurance and Data Retention.

Data
Retention

[Years]

* Read Disturb

s

M

Write/Eraze Endurance [Cycles]

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.
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1.25. Timing Diagrams
1.25.1. Latch Timing Diagram for Command/Address/Data

< s

G
RE| Setup Time Hold Time

WE \ 4

tos toH

l[e}

Vi or Vip

1.25.2. Command Input Cycle Timing Diagram

|«

/

e

A
I
E 3 () N
b3
& g8
=
o
v v

«fw \J\

VigorViL

1.25.3. Address Input Cycle Timing Diagram

. fas

=

tcLH

a
T
5%
w
£
o
£
o
Y
v
6’
§[I§

[
.
[

tatH

-
?9’/;[

tos | toH tos | o tos | toH tps | toH tos
——— R o » B e » P —— —
CAOto7 %waﬂ% PAOto 7 %PA&(O‘%% PA16

VigorViL
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1.25.4. Data Input Cycle Timing Diagram
teis tern

> Pl =
1(

tcs tcH fcs teH

taLs taLH
v 3 kvl

o)
trRr
RY/BY ,[

1.25.6. Status Read Cycle Timing Diagram

N VIH OTV‘L

tclr

" 0
RE ol . \\__/r/_ tRHOH

RYIBY /

Vg or VL

* 70h represents the hexadecimal number
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1.25.7. Read Cycle Timing Diagram

CLE
tees fouH

fcLrR

tcs  |teH tcs tcH
e x P fifs
=\ % 20020 B
twe
=\ YL
tatd tais taH tars
ALE ! |
R tRC.
: = LU
< |
tps|toH tos|toH tos|ton tos|ton tos|ton tos|tow tos|tox tRR tcea
[ | (£ B
CAD CA8 PAD PA3 PA16 Dout\ /Cout
Vo o to7 fAto12 B4 to7 fto 15 — aAtEs
1 | |
v - Data out from
_ Col. Add. N Col. Add. N
RY/BY } l
1.25.8. Read Cycle Timing Diagram: When Interrupted by /CE
fcLrR
CLE { SK
fcis  touH fm—%_
- e ko e
tcs tcH tcs tcH
=L | B DB D
twe le»{1CSD
= Yy
tatH taLs talH taLs
ke - >
e | | \ A
t
"R, Tenz
RE twe
f< >
tos|toH tps|toH tos|toH tos|ton tos|toH tos|toH tos|toH s |
r e ——)<~~)1 < e e )I |(~>< 5 e r e | KRR,
>
CA0 CA8 PAD PAs YA PA16 REAVDouT\ [Oout)
A e e = e
1 I I L | 1 1
L
Col. Add. N Col. Add. N
RY/BY [
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1.25.9. Read Cycle with Data Cache Timing Diagram (1/2)

1
tcLrR : tcLr
1
CLE !
—teis tcu':q Allu.s tCLH‘f ]l;CLS o :tcu‘ ok
j« pe»] < » i L
Jter R | L tet | teH
R AAana g EEt S
CE 7 !
¢ I
we 1
| [ 1 [
— I
% A v
- i
talH taLs talH tacs tRw tCEA 1 {CEA
fe - > f—- > 1 »|
1
ALE v( :
1
el 4 .
R tpeesYR1 tRC. 1 tpcesyRr1
F ]
) T
L t # 1
. = = U
1
tps|toH tos|toH tos|ioH tos|toH tos|toH tos|toH tps|ioH tos|toH RR 1 tps{toH RR| ltees
P e e e ) e > | l—>}e| tREA I | (PR RN
{ 1,
CAO CA8 PAD PA8 PA16 Dout\ [Dout\/ * 1) Dout
o tall 07 012 P o7 P15 sl =1 \_o A | >1h \_o
Column address Page address N e : P3ge address
M Page address M H M+1
L I
RY/BY T 7 | J  ColAdd.0 I Col. Add. 0
1
1
1
1
* The column address will be reset to 0 by the 31h command input. E

Continues to |T| of next page

Read Cycle with Data Cache Timing Diagram (2/2)
i tolR tciR tcir
I L ‘IC) L&) ‘CH N Lﬁ’ tcl
ﬁ_%*itc_s_: % g g % tes | "% % 2 | % tcs 7 % g %
|
= U] Y U [
: |_ytCEA tCEA t—>|tCEA

ALE
tDCBSYR1 tre ToCBSYR1 [ tocBSYR1 [
i ’_mﬁ\J e /_H/T\J — l{;ll'\/
H

e
tos|toH "R tos|toH tps

[}
1
:
1
I
1
\ le ol tREA RR | Ll tea kS | RRlskof REA
1 £ f
) 7 7
D ! Ol ouT A ou ouT 3 0l 0l
10 | 1h A @ A i) G Gl T
- ;
1
|
T
1
[}
1
I
[}
1

T

-

N
w
o

Page address
Page address M + 1 gM 22 Page address M + x
- — ! !
RYIBY L/ L coagw.0
Col. Add. 0 Col. Add. 0
Make sure to terminate the operation with 3Fh

Continues from of previous page
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1.25.10. Column Address Change in Read Cycle Timing Diagram (1/2)
or

CLE J '
s tCLHl-\ ]{"CLS foLH i
ke ]
tcs  |tcH tcs |tc o
1

=X T2 A 2 & b A A DA
twc 1
— < tCEA H
WE +
/ \ \ \_}{ \_}' I \ f i
\_/ - \_ \_/ ;
tatH_ tais taLH tais !
1
I
ALE N( :
tr trRc 1
:

e = = WA
tps |toH ips|loH !ps|loH ps|lobd Ibs|lon lbs(ioH  tos|ipn RR tREA ]
1
2 CAO CAS PAD PAS PA16 L

1o 7 00h to7 to 12 to 7 to 15 30h AL @
1

Page address Page address
P P!
_— r 1
RY/BY A

___J v :
Column address |
A :
1
!

Continues to El of next page

Column Address Change in Read Cycle Timing Diagram (2/2)

-

1
1 ar
1 jey
CLE 1 B
ﬁ—@ Jros toun
. ;
: tcs tcH ics tcH
cE |
=i A 1B /b A ”%_é_%_é_
1 y —~i
- IRHW twe | tCEA
1
we ! v J { { { \__)
WE 1 E r
1 U \_J
! tarH_ taLs taiy, _tais
1
1 { ‘
ALE 1
1 / \
1
_é tWHR rRe,
£
4 \ Y
1 L
= l
1
: Ds|ioH ips|ipH  tos|ipH Ips|toH tREA
: tr
D CAOD CAS Dout\/DouTt DouT
v { 05h h P
o—f:', . 9 to7 to 12 £9 B B+1 +N
: Column address Page address
1 B P
T 1
RY /BY 1
1 .
: Column address
1
1
1
1
1

[

Continues from of previous page
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1.25.11. Data Output Timing Diagram

CLE

tcrs | tod

tcs tcH

:
W

t

ALH

B

ALE
R kg
Rp tREH trRp tRP tRHZ
RE 1 \ )
S B G L T
_}CEA » & tps | toH
le trEA N e )-RLOH ( b t;?LOH
Ie] Dout Dout Dout ommand
Nl o
rtﬂ. TRHOH RHOH
RYIBY ﬁ( »
1.25.12. Auto-Program Operation Timing Diagram
tcLs
CLE 3
tcLs | tcLH

ALE

Column address
N

Do not input data while data is being output.
VA - VinorViL

*) M: up to 4351 (byte input data for x8 device).
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1.25.13. Auto-Program Operation with Data Cache Timing Diagram (1/3)

tcLs { :
CLE :
s aih T aa

tcH

taLH taLH /—\_/—" _/ [_\_/—

taLs . A tocBsyw2
taLs 'WB (
ALE
()‘)

0S| toy  togton
cao Vcas \Pao Vras

RY/BY

;I’
2

: Do not input data while data is being output.

: VlH 0I'V||_

CAOD to CA12 is 0 in this diagram.

Continues to E] of next page
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Auto-Program Operation with Data Cache Timing Diagram (2/3)

leis ;
CLE i _\_
—/|tdis feLn : (6 /_W
les tcs
= Y bh 27 b
£
2
tcH
|
we 4\ /_\ﬁ [\ /
 tacn tALH L/
taLs taLs tpeesyw2
WB
ALE
L4
b )
{¢
s T
RE
tps tDg
0S| toy  tos|ton Jton _Jion
110 g V) cAo\/ cas\/ PAD \/ PAS \/PA16 \/ g CAD
A // 107 fto 12\ o7 Ato 15 "/// \ 150 B\ 50" A\ o7
\
Dind351 E
— 5 \ —
RY/BY K fi
D o A S 4
1 Repeat a max of 62 times (in order to program pages 1 to 62 of a block).
Continues from of previous page Continues to of next page
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Auto-Program Operation with Data Cache Timing Diagram (3/3)

tcLs ¢
CLE !
tds tcLH I
< Phatzat )
CE

%E A A

)

tas | taLs 1PROG (*1)
w8

sfmemnmn pun

v

[}
%]

v

J
-

" ,

;]

ALE

tos

d5

-y
[w]
v 0

toH
>

1 TDH
<~ =l
80h CAD \/ CA8\/ PAD \/ PAB \/PA16
to7 \to12/\ to7 /\to 15

DSl tDH
e

110

Dyn4351

RY/BY 1 3
- Do not input data while data is being output. (_]

ViHoOr ViL

[ O T [T ——— P ——

(*1) tproc: Since the last page programming by 10h command is initiated after the previous cache
Continues from of previous page  program, the teroc during cache programming is given by the following equation.

tproG = tprOG of the last page + tprog 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, monitor I/05 (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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1.25.14. Multi-Page Program Operation with Data Cache Timing Diagram (1/4)

fcLs
CLE

>
§ §

tels tewH
< >l -

¥

|
TES"

9
<

tALH taLH
taLs tas toeBsywi

ALE

{
b

tps
DS| oy tpgtoH DH

CAO W CA8 \/ PAD \/ PAS \ /PA16
o 80h to7 to12Xto7Xto15)'< > IN
Page Address M
District-0

e
m

=

RY/BY \
- Do not input data while data is being output. \ ]

ViHorViL

Continues to m of next page
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Multi-Page Program Operation with Data Cache Timing Diagram (2/4)

icLs

CLE

i
tn
o)
T

tcs

I3
]

¥y

TS

j)l

fALH tALH
i oo
H taLs
§ taLs
AE \
—_—

A
m

m
]

DS
S| ton  tos|toH DH
A . -
o CAO \/ CA8'\/ PAD \/ PA8 \/PA16 \ %
t07 Ao 12/ to 7 Ato 15 ¥ ///
: Pa¢ i
E m - Do not input data while data is being output. E
RYBY 1§ [ - vmorvi -\; 7
______ D B e S e s s g ]
1 Repeat a max of 63 times (in order to program pages 0 to 62 of a block). 2
Continues from of previous page Continues to of next page
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Multi-Page Program Operation with Data Cache Timing Diagram (3/4)

tcLs. z '
y / W \
teus tou |\ ( i
fcs % :

taLs tas |

(@]
=
m

3

EEsmE A ame
.
(9]
w

tcH

v

fALH
ba

§
S

l =
‘j—t

7 )

L0 [{

4 77

2
m

'Ds| toy  tog{ton

cA0 Y cAs V Pao \ Pas PA16>_
2 8;%;7 to12/\to 7 to15)'<

: Page Address M+n !
District-0 Dypd351 :

RYIB_YE 4 ) / :
' Do not input data while data is heing output. \ / :
V- Vinor Vi
2 3
Continues from of previous page Continues to m of next page
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Multi-Page Program Operation with Data Cache Timing Diagram (4/4)

tcLs .
CLE Al I / W \
s CLH £ (

tcs & tcs

-

=T A BB A
({4
) tcH ’ '
Y& W fi L t -\ W‘%\/
ALH ALH
H o '
H taLs taLs PROG (*1)

we
ALE ! ]
; x Vi
- )’r b/
- e
‘tDc lDS

DS|toH  togtp

CAD CAB F'AO PA8 PA16 :
B e O

Page Address M+n
District-1 D|N4351
T

! f

RY/BY
@ : Do not input data while data is being output. ‘

ViHorViL

3

Continues from of previous page

(*1) tPROG: Since the last page programming by 10h command is initiated after the previous cache program, the
tPROG during cache programming is given by the following equation. tPROG = tPROG of the last page + tPROG of the
previous page — AA = (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 81h-10h- command sequence. If the operation is terminated by
81h-15h command sequence, monitor I/0 5 (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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1.25.15. Auto Block Erase Timing Diagram
- | \ A 1.

CLE
CE
O\ £\

taLH

taLS twa IBERASE )

w_ I P G

= 7 .
= 7 \_/
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o V% gl X BALK BAB X PAS Doh &
RY/BY / Auto Block Erase Start§ sy [ Status Read
Erase Setup command command
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*ViH or ViL 5 - Do not input data while data is being output.
1.25.16. Multi Block Erase Timing Diagram
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- Do not input data while data is being output.
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1.25.17. ID Read Operation Timing Diagram
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2. 4Gbit Mobile LPDDR4X SDram
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Table 1: Key Timing Parameters

Speed Clock Rate Data Rate WRITE Latency READ Latency
Grade (MHz) (Mbps/pin) Set A Set B DBI Disabled DBI Enabled
-053 1866 3733 16 30 32 36
-046 2133 4266 18 34 36 40
SDRAM Addressing
The table below shows 4Gb single-channel die configuration used in the package.
Table 2: Device Configuration
256M16 (4Gb/Package) 256M32 (8Gb/Package)

Die configuration

Channel A, rank O

x16 mode x 1 die

x16 mode x 1 die

Channel B, rank O

x16 mode x 1 die

Die addressing

Bankaddress BA[2:0] BA[2:0]
Row addresses R[14:0] R[14:0]
Column addresses C[9:0] C[9:0]

Note: 1. Refer to Package Block Diagrams section and Monolithic Device Addressing section.
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Important Notes and Warnings

Micron Technology, Inc. ("Micron") reserves the right to make changes to information published in this document,
including without limitation specifications and product descriptions. This document supersedes and replaces all
information supplied prior to the publication hereof. You may not rely on any information set forth in this docu-
ment if you obtain the product described herein from any unauthorized distributor or other source not authorized
by Micron.

Automotive Applications. Products are not designed or intended for use in automotive applications unless specifi-
cally designated by Micron as automotive-grade by their respective data sheets. Distributor and customer /distrib-
utor shall assume the sole risk and liability for and shall indemnify and hold Micron harmless against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, death, or property damage resulting directly or indirectly from any use of non-
automotive-grade products in automotive applications. Customer/distributor shall ensure that the terms and con-
ditions of sale between customer/distributor and any customer of distributor/customer (1) state that Micron
products are not designed or intended for use in automotive applications unless specifically designated by Micron
as automotive-grade by their respective data sheets and (2) require such customer of distributor/customer to in-
demnify and hold Micron harmless against all claims, costs, damages, and expenses and reasonable attorneys'
fees arising out of, directly or indirectly, any claim of product liability, personal injury, death, or property damage
resulting from any use of non-automotive-grade products in automotive applications.

Critical Applications. Productsarenotauthorized forusein applicationsinwhich failure of the Micron compo-
nent could result, directly or indirectly in death, personal injury, or severe property or environmental damage
("Critical Applications"). Customer must protect against death, personal injury, and severe property and environ-
mental damage by incorporating safety design measures into customer's applications to ensure that failure of the
Micron component will not result in such harms. Should customer or distributor purchase, use, or sell any Micron
component for any critical application, customer and distributor shall indemnify and hold harmless Micron and
its subsidiaries, subcontractors, and affiliates and the directors, officers, and employees of each against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, or death arising in any way out of such critical application, whether or not Mi-
cron or its subsidiaries, subcontractors, or affiliates were negligent in the design, manufacture, or warning of the
Micron product.

Customer Responsibility. Customers are responsible for the design, manufacture, and operation of their systems,
applications, and products using Micron products. ALL SEMICONDUCTOR PRODUCTS HAVE INHERENT FAIL-
URE RATESAND LIMITED USEFUL LIVES. ITISTHE CUSTOMER'S SOLE RESPONSIBILITY TO DETERMINE
WHETHER THE MICRON PRODUCT IS SUITABLE AND FIT FORTHE CUSTOMER'S SYSTEM, APPLICATION, OR
PRODUCT. Customers must ensure that adequate design, manufacturing, and operating safeguards are included
in customer's applications and products to eliminate the risk that personal injury, death, or severe property or en-
vironmental damages will result from failure of any semiconductor component.

LimitedWarranty.Innoeventshall Micronbeliableforanyindirect,incidental, punitive, special or consequential
damages (including without limitation lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such damages are based on tort, warranty,
breach of contract or other legal theory, unless explicitly stated in a written agreement executed by Micron's duly
authorized representative.
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2.1. General Description

The 8Gb Mobile Low-Power DDR4 SDRAM with low Vppg (LPDDR4X)is ahigh-speed
CMOS, dynamic random-access memory. The device is internally configured with x16
1/0, 8-banks.

Eachofthex16’s1,073,741,824-bitbanksisorganizedas 65,536 rows by 1024 columns
by 16 bits.

General Notes
Throughout the data sheet, figures and text refer to DQs as “DQ.” DQ should be inter-
preted as any or all DQ collectively, unless specifically stated otherwise.

“DQS” and “CK” should be interpreted as DQS_t, DQS_c and CK_t, CK_c respectively,
unless specifically stated otherwise. “CA” includes all CA pins used for a given density.

In timing diagrams, “CMD” is used as an indicator only. Actual signals occur on CA[5:0].
VREFindicates VREF(CA) andVREF(DQ).

Complete functionality may be described throughout the entire document. Any page or
diagram may have been simplified to conveyatopicand maynot be inclusive ofallre-
quirements.

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 unknown operation.
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Table 4: Mode Register Contents

Mode Register oP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MRO Latency REF
Mode

OP[0] = Ob: Both legacy and modified refresh mode supported
OP[1] = Ob: Device supports normal latency

MR5 Manufacturer ID

1111 1111b : Micron
MR6 Revision ID1

0000 0011b
MR8 1/0 Width Density
OP[7:6] = OP[5:2] = 0010b: 4Gb single channel die
00b: x16/channel

MR13 VRO

OP[2] = Ob: Normal operation (default)
1b: Output the Vggr(ca) value on DQ7 and Vger(pq) value on DQ6

MR24 TRR Unlimited MAC Value
Mode MAC

OP[3:0] = 1000b: Unlimited MAC

OP[7] = Ob: Disable (default)
1b: Reserved

Notes: 1. The contents of MRO, MR[6:5], MR8, MR13, and MR24 will reflect information specific to
each die in these packages.

2. Other bits not defined above and other mode registers are referred to Mode Register
Assignments and Definitions section.
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LPDDRA4 Ipp Parameters

Refer to Ipp Specification Parameters and Test Conditions section for detailed condi-
tions.

Table 5: LPDDR4 IDD Parameters — Single Die

VDDZI VDDQ = 106—117V, VDD1 = 170—195V, TC =—-25°Cto +85°C

Speed grade
Symbol Supply -053 -046 Unit Note
Ippo1 Vb1 3.0 3.0 mA
Iopo2 Vbp2 35.0 37.0
Ipboa Vbba 0.75 0.75
Ipp2p1 Vop1 0.90 0.90 mA
Ipp2p2 Vop2 13 13
Ibp2rq Vbba 0.75 0.75
loba2psi Vo1 0.90 0.90 mA
Ipp2ps2 Vo2 13 1.3
Ipb2psa Vbba 0.75 0.75
Ipp2n Vop1 0.90 0.90 mA
Iopan2 Vbb2 21.0 24.0
Ibp2na Vbba 0.75 0.75
Ippans1 Vbb1 0.90 0.90 mA
Ippans2 Vo2 15.0 15.0
Ibp2nsa Vbbq 0.75 0.75
Ipp3p1 Vbp1 0.90 0.90 mA
Ipp3p2 Vbba2 8.0 8.0
Ibp3rq Vbba 0.75 0.75
Ipp3ps1 Vb1 0.90 0.90 mA
Ipp3ps2 Vob2 8.0 8.0
Ibp3psQ Voba 0.75 0.75
Ippan: Vb1 1.20 1.2 mA
Ipp3n2 Vbba2 23.0 26.0
Ibp3na Vbba 0.75 0.75
Ippans1 Vop1 1.2 1.2 mA
Ippans2 Vop2 17.0 17.0
Ipb3nsa Vbba 0.75 0.75
lobary Voo1 2.1 2.2 mA 2
Ippar2 Vop2 322 366
Ibpara Vbba 137 152
Ippaws Vobp1 1.9 2.1 mA
Ippaw2 Vbp2 265 295
Iobawa Vooa 0.75 0.75
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Table 5: LPDDR4 Ipp Parameters — Single Die (Continued)

VDDZr VDDQ = 106—117V, VDDl = 170—195V, TC =-25°Cto +85°C

Speed grade

Symbol Supply -053 -046 Unit Note
Ipps1 Vbp1 9.0 9.5 mA
Ipps2 Vb2 68.0 72.0

Ibpsq Vbba 0.75 0.75

IbpsaB1 Vbp1 12 1.3 mA
IppsaB2 Vbb2 25.0 30.0

IbbsaBa Vbba 0.75 0.75

Ippspe1 Vb1 1.2 1.3 mA
Ippsee2 Vop2 25.0 30.0

Ippspea Vbba 0.75 0.75

Notes: 1. Published Ipp values except Ippsrg are the maximum of the distribution of the arithmetic
mean. Refer to the following note for Ippsrq; refer to Ippg Full-Array Self Refresh Cur-
rent table for Ippg.

2. Ipparq Value is reference only. Typical value. DBI disabled, Vou = Vppa/3, Tc = 25°C.

Table 6: LPDDR4 Ippg Full-Array Self Refresh Current — Single Die

Vo2, Vopa = 1.06-1.17V; Vpp; = 1.70-1.95V

Temperature Supply Full-Array Self Refresh Current Unit
25°C \VA 0.19 mA
Vop2 0.47
Voba 0.01
85°C Vb1 1.0
Voo 3.8
Voba 0.75

Note: 1. Ippg 25°C is the typical, and Ippg 85°C is the maximum of the distribution of the arith-
metic mean.
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LPDDRA4X Ipp Parameters

Refer to Ipp Specification Parameters and Test Conditions section for detailed condi-
tions.

Table 7: LPDDR4X lpp Parameters — Single Die

Vpp2 = 1.06-1.17V; Vppq = 0.57-0.65V; Vpp; = 1.70-1.95V; T¢ = —25°C to +85°C

Speed Grade
Symbol Supply -053 -046 Unit Note
Ippo1 Vop1 3.0 3.0 mA
Ippo2 Vob2 35.0 37.0
Ioboa Voba 0.75 0.75
Ipp2p1 Vpp1 0.90 0.90 mA
Ipp2p2 Vo2 1.3 1.3
Ipp2pra Vbba 0.75 0.75
Ipp2ps1 Vop1 0.90 0.90 mA
Ipp2ps2 Vb2 1.3 1.3
Ipp2psa Vbba 0.75 0.75
Ipp2an1 Vop1 0.90 0.90 mA
Ipp2n2 Vb2 21.0 24.0
Ipp2na Vbbq 0.75 0.75
Ippanst Vop1 0.90 0.90 mA
Ippans2 Vbb2 15.0 15.0
Ipp2nsa Vbba 0.75 0.75
Ippapa Vb1 0.90 0.90 mA
Ipp3p2 Vb2 8.0 8.0
Ibp3raq Vbba 0.75 0.75
Ipp3ps1 Vpp1 0.90 0.90 mA
Ipp3ps2 Vb2 8.0 8.0
Ibp3prsa Vbba 0.75 0.75
Ippan: Vop1 1.2 1.2 mA
Iopan2 Vo2 23.0 26.0
Ipp3ana Vbba 0.75 0.75
Ippans1 Voo1 1.2 1.2 mA
Ippans2 Vo2 17.0 17.0
Ipp3nsa Vbba 0.75 0.75
Ippar1 Vb1 1.9 2.1 mA 2
Ippar2 Vb2 310 360
Ibpara Voba 91.0 101
Ippaw1 Vb1 1.9 2.1 mA
Ippaw2 Vo2 265 295
Ippawa Vbba 0.75 0.75
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Table 7: LPDDR4X Ipp Parameters — Single Die (Continued)

Vpp2 = 1.06-1.17V; Vppq = 0.57-0.65V; Vpp; = 1.70-1.95V; T¢ = —25°C to +85°C

Speed Grade

Symbol Supply -053 -046 Unit Note
Ipps1 Vbp1 9.0 9.5 mA
Ipps2 Vb2 68.0 72.0

Ibpsq Vbba 0.75 0.75

IbpsaB1 Vbp1 12 1.3 mA
IppsaB2 Vbb2 25.0 30.0

IbbsaBa Vbba 0.75 0.75

Ippspe1 Vb1 1.2 1.3 mA
Ippsee2 Vop2 25.0 30.0

Ippspea Vbba 0.75 0.75

Notes: 1. Published Ipp values except Ippsrg are the maximum of the distribution of the arithmetic
mean. Refer to the following note for Ippsrq; refer to Ippg Full-Array Self Refresh Cur-
rent table for Ippg.

2. lpparq value is reference only. Typical value. DBI disabled, Vo = 0.5 x Vppq, Tc = 25°C.

Table 8: LPDDR4X Ippg Full-Array Self Refresh Current — Single Die

Vpo2 = 1.06—1.17V, Vppq = 0.57-0.65V; Vpp1 = 1.70-1.95V

Temperature Supply Full-Array Self Refresh Current Unit
25°C \VA 0.19 mA
Vop2 0.47
Voba 0.01
85°C Vb1 1.0
Voo 3.8
Voba 0.75

Note: 1. Ippg 25°C is the typical, and Ippg 85°C is the maximum of the distribution of the arith-
metic mean.
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Functional Description

The Mobile Low-Power DDR4 SDRAM (LPDDR4) is a high-speed CMOS, dynamic ran-
dom-access memory internally configured with either 1 or 2 channels. Each channel is
comprised of 16 DQs and 8 banks.

LPDDR4 uses a 2-tick, single-data-rate (SDR) protocol on the CA bus to reduce the
number of input signals in the system. The term "2-tick" means that the command/
addressis decoded across two transactions, such that half of the command /address is
captured with each of two consecutive rising edges of CK. The 6-bit CA bus contains
command, address, and bank information. Some commands such as READ, WRITE,
MASKED WRITE, and ACTIVATE require two consecutive 2-tick SDR commands to
complete the instruction.

LPDDR4 uses a double-data-rate (DDR) protocol on the DQ bus to achieve high-speed
operation.The DDRinterfacetransferstwodatabitstoeach DQlaneinoneclockcycle
and is matched to a 16n-prefetch DRAM architecture. A write /read access consists of a
single 16n-bit-wide data transfer to/from the DRAM core and 16 corresponding n-bit-
wide data transfers at the [/ O pins.

Read and write accesses to the device are burst-oriented. Accesses start at a selected
column address and continue for a programmed number of columns in a programmed
sequence.

Accessesbeginwiththeregistrationofan ACTIVATE command toopenarowinthe
memory core, followed by a WRITE or READ command to access column data within
the open row. The address and bank address (BA) bits registered by the ACTIVATE com-
mand areusedtoselectthebankandrowtobeopened. Theaddressand BAbitsregis-
tered with the WRITE or READ command are used to select the bank and the starting
column address for the burstaccess.

Prior to normal operation, the LPDDR4 SDRAM must be initialized. Following sections
provide detailed information about device initialization, register definition, command
descriptions and device operations.
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Figure 5: Functional Block Diagram
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2.2. Monolithic Device Addressing

The table below includes all monolithic device addressing options defined by JEDEC.
Under the SDRAM Addressing heading near the beginning of this data sheet are ad-
dressing details for this product data sheet.
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Table 9: Monolithic Device Addressing — Dual-Channel Die

Memory Density

(Per Die) 4Gb 6Gb 8Gb 12Gb 16Gb 24Gb 32Gb

Memory density 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb

(per channel)

Configuration 16Mb x 16DQ. 24Mb x 16DQ 32Mb x 16DQ 48Mb x 16DQ 64Mb x 16DQ 96Mb x 16DQ 128Mb x 16DQ
x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks

x 2 channels x 2 channels x 2 channels x 2 channels x 2 channels x 2 channels x 2 channels

Number of chan- 2 2 2 2 2 2 2

nels (per die)

Number of banks 8 8 8 8 8 8 8

(per channel)

Array prefetch 256 256 256 256 256 256 256

(bits, per channel)

Number of rows 16,384 24,576 32,768 49,152 65,536 98,304 131,072

(per channel)

Number of col- 64 64 64 64 64 64 64

umns (fetch boun-

daries)

Page size (bytes) 2048 2048 2048 2048 2048 2048 2048

Channel density
(bits per channel)

2,147,483,648

3,221,225,472

4,294,967,296

6,442,450,944

8,589,934,592

12,884,901,888

17,179,869,184

Total density (bits 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184 25,769,803,776 34,359,738,368
per die)
Bank address BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0]
x16 |Row add R[13:0] R[14:0] R[14:0] R[15:0] R[15:0] R[16:0] R[16:0]
(R13 =0 when (R14 =0 when (R15 =0 when
R14 = 1) R15 = 1) R16 = 1)

Col. add C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0]

Burst starting ad- 64 bit 64 bit 64 bit 64 bit 64 bit 64 bit 64 bit

dressboundary
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XTA

Table 10: Monolithic Device Addressing — Single-Channel Die

XT63MA4GSE6TM-CCBXX

Memory Density
(Per Die) 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb
Memory density 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb
(per channel)
Configuration 16Mb x 16 DQ 24Mb x 16 DQ 32Mb x 16 DQ 48Mb x 16 DQ 64Mb x 16 DQ 96Mb x 16 DQ 128Mb x 16 DQ,
x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks x 8 banks
Number of chan- 1 1 1 1 1 1 1
nels (per die)
Number of banks 8 8 8 8 8 8 8
(per channel)
Array prefetch 256 256 256 256 256 256 256
(bits, per channel)
Number of rows 16,384 24,576 32,768 49,152 65,536 98,304 131,072
(per channel)
Number of col- 64 64 64 64 64 64 64
umns (fetch boun-
daries)
Page size (bytes) 2048 2048 2048 2048 2048 2048 2048
Channel density 2,147,483,648 3,221,225,472 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184
(bits per channel)
Total density (bits 2,147,483,648 3,221,225,472 4,294,967,296 6,442,450,944 8,589,934,592 12,884,901,888 17,179,869,184
per die)
Bank address BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0]
x16 |Row add R[13:0] R[14:0] R[14:0] R[15:0] R[15:0] R[16:0] R[16:0]
(R13 =0 when (R14 = 0 when (R15 =0 when
R14 = 1) R15 = 1) R16 = 1)

Col. add C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0] C[9:0]
Burst starting ad- 64 bit 64 bit 64 bit 64 bit 64 bit 64 bit 64 bit
dressboundary

Notes: 1. The lower two column addresses (C[1:0]) are assumed to be zero and are not transmitted on the CA bus.

Rev.A0.0

Row and column address values on the CA bus that are not used for a particular density should be at valid logic
levels.

3. For non-binary memory densities, only a quarter of the row address space is invalid. When the MSB address bit is
HIGH, then the MSB - 1 address bit must be LOW.
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2.3. Simplified Bus Interface State Diagram

The state diagram provides a simplified illustration of the bus interface, supported state
transitions, and the commands that control them. For a complete description of device
behavior, use the information provided in the state diagram with the truth tables and
timing specifications. The truth tables describe device behavior and applicable restric-
tions when considering the actual state of all banks. For command descriptions, see the
Commands and Timing section.

Figure 6: Simplified State Diagram
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— PO <
7 REF / . mpc MPC-
MPC- SRE f
MPC 7 self ./ Anbank
based refresh | refresh | based
training / training
-
G
%
Command \
bus MR \

training

MR read

Activating

/nee ‘.
power- | | MR ) N

Y down / write  f o /, .
e — N [
% N + MRread | write ]
o / N4 /
AN | W
N —
mpC- '/ Y /7 .‘\‘ MPC MPC
Banl / \ .
based - " —— Per bank
training | active | refresh ;‘— based
\ / training
_ A 4
X o
WR or MWR \Nv\o \(%’ —
. \\
)
Write or ( r::; |
mask write, /

PRE or PREA
PRE(A) = PRECHARGE (ALL)
ACT = ACTIVATE
WR(A) = WRITE (with auto precharge)
MWR(A) = Mask WRITE
(with auto precharge)
RD(A) = READ (with auto precharge)
MRW = MODE REGISTER WRITE
MRR = MODE REGISTER READ
"CKE = L" = Enter power-down
"CKE = H" = Exit power-down
SRE = Enter self refresh
SRX = Exit self refresh
REF = REFRESH
MPC = Mult-purpose command (with NOP)

S
&

with auto
precharge

Write or mask
write with
auto
precharge

Notes: 1. From the self refresh state, the device can enter power-down, MRR, MRW, or any of the
training modes initiated with the MPC command. See the Self Refresh section.
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2. All banks are precharged in the idle state.

3. In the case of using an MRW command to enter a training mode, the state machine will
not automatically return to the idle state at the conclusion of training. See the applica-
ble training section for more information.

4. In the case of an MPC command to enter a training mode, the state machine may not
automatically return to the idle state at the conclusion of training. See the applicable
training section for more information.

5. This diagram is intended to provide an overview of the possible state transitions and
commands to control them; however, it does not contain the details necessary to oper-
ate the device. In particular, situations involving more than one bank are not captured
in complete detail.

6. States that have an "automatic return" and can be accessed from more than one prior
state (that is, MRW from either idle or active states) will return to the state where they
were initiated (that is, MRW from idle will return to idle).

7. The RESET pin can be asserted from any state and will cause the device to enter the re-
set state. The diagram shows RESET applied from the power-on and idle states as an ex-
ample, but this should not be construed as a restriction on RESET.

8. MRW commands from the active state cannot change operating parameters of the de-
vice that affect timing. Mode register fields which may be changed via MRW from the
active state include: MR1-OP[3:0], MR1-OP[7], MR3-OP[7:6], MR10-OP[7:0], MR11-
OP[7:0], MR13-OP[5], MR15-OP[7:0], MR16-OP[7:0], MR17-OP[7:0], MR20-OP[7:0], and
MR22-OP[4:0].

Figure 7: Simplified State Diagram

a) FIFO-Based Write/Read Timing b) Read DQ Calibration

Automati MPC MPC MPC

utoma |csequen<4‘e (‘\ (‘\ (—\
MPC MPC bq
- ™ - Calibration —
MPC-
[E— —
training

c) ZQCAL Start d) ZQCAL Latch
L_> Calibration pr— -
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L_> Calibration

2.4. Power-Up and Initialization

To ensure proper functionality for power-up and reset initialization, default values for
theMRsettingsareprovidedinthetable below.
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Table 11: Mode Register Default Settings

Item Mode Register Setting Default Setting Description
FSP-OP/WR MR13 OP[7:6] 00b FSP-OP/WR[0] are enabled
WLS MR2 OP[6] Ob WRITE latency set A is selected
WL MR2 OP[5:3] 000b WL=4
RL MR2 OP[2:0] 000b RL =6, NRTP =8
NnWR MR1 OP[6:4] 000b NWR = 6
DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are disa-
bled
CAODT MR11 OP[6:4] 000b CA ODT is disabled
DQ ODT MR11 OP[2:0] 000b DQ ODT is disabled
VRer(ca) setting MR12 OP[6] 1b VRer(ca) range[1] is enabled
VRer(ca) Value MR12 OP[5:0] 011101b Rangel: 50.3% of Vppq
VRer(pq) Setting MR14 OP[6] 1b VRrer(pq) range[1] enabled
VRer(pq) Value MR14 OP[5:0] 011101b Rangel: 50.3% of Vppq

Thefollowingsequence mustbeused to power up the device. Unless specified other-
wise, this procedure is mandatory. The power-up sequence of all channels must pro-
ceed simultaneously.

Voltage Ramp

1. While applying power (after Ta), RESET n should be held LOW (= 0.2 xVpp»), and all
other inputs must be between Vi, min and Vig max. The device outputs remain at High-Z
while RESET_n is held LOW. Power supply voltage ramp requirements are provided in
the table below. Vpp; must ramp at the same time or earlier than Vpps. Vpps must ramp
at the same time or earlier than Vppg.

Table 12: Voltage Ramp Conditions

After... Applicable Conditions

Ta is reached Vpp1 must be greater than Vpp,

Vppz must be greater than Vppq - 200mV

Notes: 1. Tais the point when any power supply first reaches 300mV.
2. Voltage ramp conditions in above table apply between Ta and power-off (controlled or
uncontrolled).
3. Tb s the point at which all supply and reference voltages are within their defined oper-
ating ranges.
4. Power ramp duration tINITO (Tb—Ta) must not exceed 20ms.
5. The voltage difference between any Vss and Vssq must not exceed 100mV.

2. Followingcompletion ofthe ofthe voltageramp (Tb), RESET_nmustbeheld LOW for
YNIT1. DQ, DMI, DQS_t, and DQS_c voltage levels must be between Vsso and Vppg
during voltage ramp to avoid latch-up. CK_t and CK_c, CS, and CA input levels must be
between Vgg and Vppa during voltage ramp to avoid latch-up. Voltage ramp power sup-
plyrequirementsareprovidedinthetable below.
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3. Beginning at Th, RESET_n must remain LOW for at least 'INIT1(Tc), after which RE-
SET_n can be de-asserted to HIGH(Tc). Atleast 10ns before CKE de-assertion, CKE is
requiredtobeset LOW.Allotherinputsignalsare"Don't Care."

Figure 8: Voltage Ramp and Initialization Sequence

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk

i Power Ramp i Reset i Initialization i i i i iTraining

UNIT4=5tCK(MIN)

CK— i / i / / ,i ,/
o~ VI I VT

{INIT0=20ms(MAX) YINIT1=200us(MIN)

el Zl T N I
a7/ S N U G S | A S | A R (O B T A

: : "\Nsz:wns(mN)f YNIT3=2ms(MIN) : : : :
e 7777 VT U “{ ! ? A | o e Wl ({ i
; ; ; i NITS=2us(MIN) i {ZQCAL=1ps(MIN)_ZQLAT=MAX(30ns, s‘c»q(mm)

CA[5:0] 7 / p / 7/ MRW ZQCaI ZQCaI CABUS wme DQ N

o TA T )) >z§ )| } ) 723 w\ E )
| | | | | | | | :Don’tCare

Note: 1. Trainingis optional and may be done at the system designer's discretion. The order of
training may be different than what is shown here.

4. After RESET_n is de-asserted(Tc), wait at least 'INIT3 before activating CKE. CK_t,
CK_c must be started and stabilized for 'INIT4 before CKE goes active(Td). CS must re-
main LOW when the controller activates CKE.

5. After CKEis set to HIGH, waitaminimum of tINIT5 toissue any MRR or MRW com-
mands(Te). For MRR and MRW commands, the clock frequency must be within the
range defined for {CKb. Some AC parameters (for example, 'DQSCK) could have relaxed
timings (such as 'DQSCKb) before the system is appropriately configured.

6. After completing all MRW commands to set the pull-up, pull-down, and Rx termina-
tion values, the controller can issue the ZQCAL START command to the memory(Tf).
ThiscommandisusedtocalibratetheVgyleveland theoutputimpedanceoverproc-
ess, voltage, and temperature. In systems where more than one device share one exter-
nal ZQ resistor, the controller must not overlap the ZQ calibration sequence of each de-
vice. The ZQ calibration sequence is completed after ‘ZZQCAL (Tg). The ZQCAL LATCH
commandmustbeissuedtoupdatethe DQdriversand DQ+CAODTtothecalibrated
values.

7. After 'ZQLAT is satisfied (Th), the command bus (internal VREF(ca), CS, and CA)
should be trained for high-speed operation by issuing an MRW command (command
bus training mode). This command is used to calibrate the device's internal Vgrgr and
align CS/CA with CK for high-speed operation. The device will power-up with receivers
configured for low-speed operations and with Vrgr(ca) set to a default factory setting.
Normal device operation at clock speeds higher than 'CKb may not be possible until
command bus training is complete. The command bus training MRW command uses
the CA bus asinputs for the calibration data stream, and it outputs the results asynchro-
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nously on the DQ bus. See command bus training in the MRW section for information
on how to enter/exit the training mode.

8. After command bus training, the controller must perform write leveling. Write level-
ingmodeisenabled when MR2 OP[7]is HIGH(Tji). See the Write Leveling section fora
detailed description of the write leveling entry and exit sequence. In write leveling
mode, the controller adjusts write DQS timing to the point where the device recognizes
the start of write DQ data burst with desired WRITE latency.

9. After write leveling, the DQ bus (internal VRer(pg), DQS, and DQ) should be trained
for high-speed operation using the MPC TRAINING commands and by issuing MRW
commands to adjust VrRer(p@). The device will power-up with receivers configured for
low-speed operations and with Vrer(pg) set to a default factory setting. Normal device
operation at clock speeds higher than 'CKb should not be attempted until DQ bus train-
ing is complete. The MPC|[READ DQ CALIBRATION] command is used together with
MPC[READ-FIFO] or MPC[WRITE-FIFO| commands to train the DQ bus without dis-
turbing the memory array contents. See the DQ Bus Training section for more informa-
tion on the DQ bus training sequence.

10. AtTk, thedeviceisreadyfor normaloperationandisreadytoacceptanyvalid com-
mand. Any mode registers that have not previously been configured for normal opera-
tion should be written at this time.

Table 13: Initialization Timing Parameters

Parameter Min Max Unit Comment
YINITO - 20 ms Maximum voltage ramp time
INITL 200 - us Minimum RESET_n LOW time after completion of voltage
ramp
YNIT2 10 - ns Minimum CKE LOW time before RESET_n goes HIGH
YINIT3 2 - ms Minimum CKE LOW time after RESET_n goes HIGH
YINIT4 5 - tCcK Minimum stable clock before first CKE HIGH
YNITS 2 - ’s Minimum idle time before first MRW/MRR command
tCKb Note -2 Note -2 ns Clock cycle time during boot
Notes: 1. Minimum 'CKb guaranteed by DRAM test is 18ns.

2. The system may boot at a higher frequency than dictated by minimum 'CKb. The higher
boot frequency is system dependent.

Reset Initialization with Stable Power

Rev.A0.0

The following sequence is required for RESET at no power interruption initialization.

1. AssertRESET_nbelow 0.2 xVppy anytime when resetisneeded. RESET_nneeds
to be maintained for minimum 'PW_RESET. CKE must be pulled LOW at least
10ns before de-asserting RESET n.

2. Repeatsteps4-10inVoltage Ramp section.
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Table 14: Reset Timing Parameter

Value

Parameter Min Max Unit Comment

'PW_RESET 100 - ns Minimum RESET_n LOW time for reset initialization
with stable power

Power-Off Sequence
Controlled Power-Off

While powering off, CKE must be held LOW (= 0.2 x Vppy); all other inputs must be be-
tween Vi1, min and Vig max. The device outputs remain at High-Z while CKE is held LOW.

DQ, DMI, DQS_t, and DQS_c voltage levels must be between Vssg and Vppg during the
power-offsequencetoavoidlatch-up. CK_t,CK_c,CS,and CAinputlevels mustbebe-
tween Vgg and Vppy during the power-off sequence to avoid latch-up.

Txisthepointwhereany powersupplydropsbelowthe minimum value specifiedin
the minimum DC Operating Condition.

Tzisthe pointwhereall power supplies arebelow 300mV. After Tz, the deviceis pow-
ered off.

Table 15: Power Supply Conditions

The voltage difference between Vss and Vssg must not exceed 100mV

Between... Applicable Conditions

Tx and Tz Vpp1 must be greater than Vpp;

Vppz must be greater than Vppq - 200mV

Uncontrolled Power-Off
When an uncontrolled power-off occurs, the following conditions must be met.

* AtTx,whenthepowersupplydropsbelowtheminimumyvaluesspecifiedintheRec-
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 remain-
ingin the system.

* After Tz (the point at which all power supplies first reach 300mV), the device must
power off. During this period, the relative voltage between power supplies is uncon-
trolled. Vpp1 and Vppo must decrease with a slope lower than 0.5V /ps between Tx
and Tz.

Anuncontrolled power-off sequence canoccuramaximum of400 times overthelife of
the device.
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Table 16: Power-Off Timing

Parameter

Symbol Min Max Unit

Power-off ramp time

'POFF sec

Mode Registers
Mode Register Assignments and Definitions

Mode register definitions are provided in the Mode Register Assignments table. In the
access column of the table, Rindicates read-only; W indicates write-only; R/W indicates
read-orwrite-capableorenabled. The MRRcommandisusedtoread fromaregister.
The MRW commandisusedtowritetoaregister.

Table 17: Mode Register Assignments

Notes 1-5 apply to entire table

MR# |MA[5:0]| Function [Access| op7 | ope | ops | opa | ops | op2 | oP1 | oPo

0 00h Device info R RFU RzQl RFU Latency REF
mode
1 O01h Device feature 1 W RD-PST NWR (for AP) ‘ RD-PRE | WR-PRE BL
2 02h Device feature 2 W WR Lev WLS WL RL
3 03h I/0 config-1 W DBI-WR | DBI-RD PDDS PPRP ‘ WR-PST ‘ PU-CAL
4 04h Refresh and R /W TUF Thermal offset PPRE |SR abort Refreshrate
training
5 05h Basic config-1 R Manufacturer ID
6 06h Basic config-2 R Revision D1
7 07h Basic config-3 R Revision ID2
8 08h Basic config-4 R 1/0O width Density I Type
9 09h Test mode W Vendor-specific test mode
10 0Ah 1/0O calibration W RFU I ZQRST
11 | oBh |oDT w RFU CAODT | RFU | DQ ODT
12 0Ch | Vger(ca) R/W RFU VRca VRer(ca)
13 O0Dh |Registercontrol | W | FSP-OP [ FSP-WR | DMD | RRO | VRCG | VRO | RPT | CBT
14 OEh | Vrerpa) R/W RFU VRpq Vrer(pa)
15 OFh DQI-LB W Lower-byte invert register for DQ calibration
16 10h PASR_Bank W PASR bank mask
17 11h PASR_Seg W PASR segment mask
18 12h IT-LSB R DQS oscillator count — LSB
19 13h IT-MSB R DQS oscillator count — MSB
20 14h DQI-UB W Upper-byte invert register for DQ calibration
21 15h Vendor use W RFU
22 16h ODT feature 2 W ODTD for x8_2ch ODTD ODTE ODTE SoC ODT
-CA -CS -CK
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Table 17: Mode Register Assignments (Continued)

Notes 1-5 apply to entire table

MR# |MA[5:0]| Function [Access| op7 | ope | ops | opa | ops | op2 | oP1 | oPo
23 17h DQS oscillator W DQS oscillator run-time setting
stop
24 18h TRR control R/W TRR TRR mode BAn Unltd MAC value
mode MAC
25 19h |PPRresources R B7 B6 | B5 | B4 B3 B2 | B1 | BO
26-29 | 1Ah~1D - - Reserved for future use
h
30 1Eh Reserved for W SDRAM wiill ignore
test
31 1Fh - - Reserved for future use
32 20h DQ calibration W See DQ calibration section
pattern A
33—-38 [ 21h:::26h |Do not use - Do not use
39 27h Reserved for W SDRAM will ignore
test
40 28h DQ calibration W See DQ calibration section
pattern B
41-47 | 29h:::2Fh |Do not use - Do not use
48-63 | 30h:::3Fh |Reserved - Reserved for future use
Notes: 1. RFU bits must be set to 0 during MRW commands.
2. RFU bits are read as 0 during MRR commands.

3. All mode registers that are specified as RFU or write-only shall return undefined data
when read via an MRR command.

4. RFU mode registers must not be written.

5. Writes to read-only registers will not affect the functionality of the device.

Table 18: MRO Device Feature 0 (MA[5:0] = 00h)

oP7 OP6 OP5 OoP4 I OoP3 oP2 OP1 OoPO
RFU RzQl RFU Latency mode REF
Table 19: MRO Op-Code Bit Definitions
Register Information Type oP Definition Notes
Refresh mode Read-only OP[0] Ob: Both legacy and modified refresh mode supported
1b: Only modified refresh mode supported
Latency mode Read-only OP[1] Ob: Device supports normal latency 5,6
1b: Device supports byte mode latency

- _____________________________________________________________
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Table 19: MRO Op-Code Bit Definitions (Continued)

Register Information Type oP Definition Notes
Built-in self-test for RZQ in- | Read-only | OP[4:3] |00b: RZQ self-test not supported 1-4
formation 01b: ZQ may connect to Vssq or float

10b: ZQ may short to Vppq

11b: ZQ pin self-test completed, no error condition de-
tected (ZQ may not connect to Vssq, float, or short to

Vbba)

Notes: 1. RZQl MR value, if supported, will be valid after the following sequence:

e Completion of MPC[ZQCAL START] command to either channel

e Completion of MPC[ZQCAL LATCH] command to either channel then 'ZQLAT is satis-
fied

RzZQl value will be lost after reset.

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

3. In the case of possible assembly error, the device will default to factory trim settings for
Ron, and will ignore ZQ CALIBRATION commands. In either case, the device may not
function as intended.

4. If the ZQ pin self-test returns OP[4:3] = 11b, the device has detected a resistor connected
to the ZQ pin. However, this result cannot be used to validate the ZQ resistor value or
that the ZQ resistor meets the specified limits (that is, 2400 +1%).

5. See byte mode addendum spec for byte mode latency details.

6. Byte mode latency for 2Ch. x16 device is only allowed when it is stacked in a same pack-
age with byte mode device.

Table 20: MR1 Device Feature 1 (MA[5:0] = 01h)

OP7 OP6 OP5 | OoP4 OP3 OoP2 OP1 OoPO
RD-PST NWR (for AP) RD-PRE WR-PRE BL

Table 21: MR1 Op-Code Bit Definitions

Feature Type oP Definition Notes
BL Write-only| OP[1:0] |00b: BL = 16 sequential (default) 1
Burst length 01b: BL = 32 sequential

10b: BL = 16 or 32 sequential (on-the-fly)
11b: Reserved

WR-PRE Write-only OP[2] Ob: Reserved 5,6
Write preamble length 1b: WR preamble = 2 x tCK

RD-PRE Write-only OP[3] Ob: RD preamble = Static (default) 3,5,6
Read preamble type 1b: RD preamble = Toggle

- ___________________________________________________________
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Table 21: MR1 Op-Code Bit Definitions (Continued)

Feature Type oP Definition Notes
NnWR Write-only| OP[6:4] |000b: NWR = 6 (default) 2,5,6
Write-recovery for AUTO 001b: NWR = 10

PRECHARGE command

010b: NWR = 16
011b: NWR = 20
100b: NWR = 24
101b: NWR = 30
110b: NWR = 34
111b: NWR = 40
RD-PST Write-only| OP[7] |Ob: RD postamble = 0.5 x t'CK (default) 4,5,6
Read postamble length 1b: RD postamble = 1.5 x tCK

Notes: 1. Burst length on-the-fly can be set to either BL = 16 or BL = 32 by setting the BL bit in the
command operands. See the Command Truth Table.

2. The programmed value of NWR is the number of clock cycles the device uses to deter-
mine the starting point of an internal precharge after a write burst with auto precharge
(AP) enabled. See Frequency Ranges for RL, WL, and NWR Settings table.

3. For READ operations, this bit must be set to select between a toggling preamble and a
non-toggling preamble. (See the Preamble section.)

4. OP[7] provides an optional read postamble with an additional rising and falling edge of
DQS_t. The optional postamble cycle is provided for the benefit of certain memory con-
trollers.

5. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address.

6. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point, that is, the set point determined by the state of
the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.

- ______________________________________________________________
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Table 22: Burst Sequence for Read

XT63MA4GSE6TM-CCBXX

ca|ca|c2|ci|co[1]2]3|a|5]6|7 |89 |10][11]12]13]14]15]16|17]18|19|20|21 22|23 |24]25]26]27|28|29|30[31]32
16-Bit READ Operation
vio|lo|o|lo]o|1]2]3]als|e|7]s8|lo]alB|c|D|E]F
vio|1|o|o|a|s|e|7]8|o|alB|c|D|E|F|lOo|2]2]3
vii1|o|o|lo|s|o|alB|c|Dp|E|[F|o|l1]2]3]a]5]6]7
vi1|1|lo|lo|c|p|e|F|lo|1]2]3]a]s]6|7]8]9]AlB
32-Bit READ Operation
olo|o ol1]2]3|als|e|7|8]|o|alB|c|p|E]|F|10]22]12]23]14|125]16|127]18]19]1a]1B|12c|1D]|1E]1F
o|lol1|lo]ola|s|e|7]s8]o]alB|c|p|E|F|o]2|2]3]14]15]16]27]18]19]1a1B|2c|1D|2E|2F|20]22]122]13
o|l1/o]olo|s|o|alB|lc|p|eE|F|lo|l1]2]3]|a|5]|6]7][18|19]1a]18]1c|1D|1E|2F|10]22]22]13]14]125]16]127
o|l1]2|o]lo|c|p|le|[F|]o]2]2]3]a]5|6|7]8]o|Aa|B|rc|ip|2e|2F|10]22]12]23[124]125]16|17]18]19]1A]1B
1/o0|o|o|o010]11]12]13]14|15]16]17|128]19]1a|1B]2c|1D|2E|2F|0 2|2 |3 4|56 7|8]|o|lAa|B|c|D|E]|F
1/o0|1]0|0]1s|15(16]17]18]19|1a]18]1c|1D|2E|2F|10[22]22]13] 4[5 |6 |7 |8 |o|lalB|c|D|E[F|O]1]2]3
11000 |18|19]1a]18]1c|1D|2E|1F|[10]22]12|13]14]15]16]17|8 |9 |A|B|c|D|E|F|o|1|2]3]a]5]6]|7
» 1(1[1]0|o0]ic|ip|1e|1F|10]11]12]13]14]15]16|17|18|19]1al18[c|D|E|F|o|2]|2]3]4a|s5|6|7|8]o|A]B
Notes: 1. C[1:0] are not present on the CA bus; they are implied to be zero.

2. The starting burst address is on 64-bit (4n) boundaries.

Table 23: Burst Sequence for Write

ca|cz|c2|ci|co[1]2]3|a|5]6|7 |89 |10][11]12]13]14]15]16|17]18|19|20|21 22|23 |24|25]26]27|28|29|30[31]32

16-Bit WRITE Operation

viofofofofo[1]2]3[a]s[e[7]s]o]als|c[D[E[F]
32-Bit WRITE Operation
o|lojofofo|of1]|2]|3]|a]s]|e|7|8|o]a|B|c|D]|E]|F]|10[11]12]13]14]15]16]17][18]19][1a]18|1C|1D[1E]1F
Notes: 1. C[1:0] are not present on the CA bus; they are implied to be zero.
2. The starting burst address is on 256-bit (16Nn) boundaries for burst length 16.
3. The starting burst address is on 512-bit (32n) boundaries for burst length 32.
4. C[3:2] must be set to O for all WRITE operations.
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Table 24: MR2 Device Feature 2 (MA[5:0] = 02h)

opP7 oP6 oP5 \ oPa \ oP3 opP2 oP1 oPO
WR Lev WLS WL RL

Table 25: MIR2 Op-Code Bit Definitions

Feature Type oP Definition Notes
RL Write-only| OP[2:0] |RLand nRTP for DBI-RD disabled (MR3 OP[6] = 0b) 1,3,4
READ latency 000b: RL = 6, NRTP = 8 (default)

001b: RL = 10, NRTP =8
010b: RL = 14, NnRTP = 8
011b: RL =20, NRTP =8
100b: RL = 24, nRTP = 10
101b: RL = 28, NRTP = 12
110b: RL = 32, nRTP = 14
111b: RL = 36, NnRTP = 16

RL and NnRTP for DBI-RD enabled (MR3 OP[6] = 1b)
000b: RL=6, NRTP =8

001b: RL=12,nRTP =8

010b: RL = 16, NnRTP =8

011b: RL =22, nRTP =8

100b: RL = 28, NnRTP = 10

101b: RL =32, nRTP =12

110b: RL = 36, NRTP = 14

111b: RL = 40, NRTP = 16

Rev.A0.0 03/27/2023 92



X5

4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63MA4G8E6TM-CCBXX

Table 25: MR2 Op-Code Bit Definitions (Continued)

WL set B (MR2 OP[6] = 1b)
000b:
001b:
010b:
011b:
100b:
101b:
110b:
111b:

WL=4
WL=38
WL =12
WL =18
WL = 22
WL = 26
WL =30
WL =34

Feature Type oP Definition Notes
WL Write- OP[5:3] |WL set A (MR2 OP[6] = Ob) 1,3,4
WRITE latency only 000b: WL = 4 (default)

001lb: WL=6

010b: WL =8

011b: WL =10

100b: WL = 12

101b: WL =14

110b: WL = 16

111b: WL = 18

WLS

WRITE latency set

Write-
only

OP[6]

Ob: Use WL set A (default)
1b: Use WLsetB

1,3,4

WR Lev

Write-

OP[7]

Ob: Disable write leveling (default)

Write leveling only 1b: Enable write leveling

Notes: 1. See Latency Code Frequency Table for allowable frequency ranges for RL/WL/nWR.

2. After an MRW command to set the write leveling enable bit (OP[7] = 1b), the device re-
mains in the MRW state until another MRW command clears the bit (OP[7] = 0b). No
other commands are allowed until the write leveling enable bit is cleared.

3. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command this MR ad-
dress, or read from with an MRR command to this address.

4. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point, that is, the set point determined by the state of
the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.

5. NRTPis valid for BL16 only. For BL32, the SDRAM will add 8 clocks to the NRTP value be-
fore starting a precharge.
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Table 26: Frequency Ranges for RL, WL, NWR, and nRTP Settings

READ Latency WRITE Latency Lower Upper
Frequency | Frequency
No DBI w/DBI Set A Set B nWR NRTP Limit (>) Limit(£) Units | Notes
6 6 4 4 6 8 10 266 MHz 1-6
10 12 6 8 10 8 266 533
14 16 8 12 16 8 533 800
20 22 10 18 20 8 800 1066
24 28 12 22 24 10 1066 1333
28 32 14 26 30 12 1333 1600
32 36 16 30 34 14 1600 1866
36 40 18 34 40 16 1866 2133
Notes: 1. The device should not be operated at a frequency above the upper frequency limit or

below the lower frequency limit shown for each RL, WL, or nWR value.

2. DBIfor READ operations is enabled in MR3 OP[6]. When MR3 OP[6] = 0O, then the "No
DBI" column should be used for READ latency. When MR3 OP[6] = 1, then the "w/DBI"
column should be used for READ latency.

3. WRITE latency set A and set B are determined by MR2 OP[6]. When MR2 OP[6] =0, then
WRITE latency set A should be used. When MR2 OP[6] = 1, then WRITE latency set B
should be used.

4. The programmed value for NRTP is the number of clock cycles the device uses to deter-
mine the starting point of an internal PRECHARGE operation after a READ burst with AP
(auto precharge) enabled . It is determined by RU(*RTP/'CK).

5. The programmed value of NWR is the number of clock cycles the device uses to deter-
mine the starting point of an internal PRECHARGE operation after a WRITE burst with
AP (auto precharge) enabled. It is determined by RU(*WR/!CK).

6. NRTP shown in this table is valid for BL16 only. For BL32, the device will add 8 clocks to
the NRTP value before starting a precharge.

Table 27: MR3 1/O Configuration 1 (MA[5:0] = 03h)

OoPO
PU-CAL

OP1
WR-PST

opP2
PPRP

oPa | or3

PDDS

oP6 oP5 |

DBI-RD

OP7
DBI-WR

- _____________________________________________________________
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Table 28: MR3 Op-Code Bit Definitions

Feature Type oP Definition Notes
PU-CAL Write-only| OP[0] |Ob: Vppq % 0.6 1-4
(Pull-up calibration point) 1b: Vppq x 0.5 (default)
WR-PST OP[1] Ob: WR postamble = 0.5 x 'CK (default) 2,3,5
(WR postamble length) 1b: WR postamble = 1.5 x tCK
PPRP OP[2] Ob: PPR protection disabled (default) 6
(Post-package repair pro- 1b: PPR protection enabled
tection)
PDDS OP[5:3] |000b: RFU 1,2,3
(Pull-down drive strength) 001b: Ryq/1

010b: Rzq/2

011b: Ryo/3

100b: Rzo/4

101b: Ryo/5

110b: Rzq/6 (default)

111b: Reserved
DBI-RD OP[6] Ob: Disabled (default) 2,3
(DBI-read enable) 1b: Enabled
DBI-WR OP[7] Ob: Disabled (default) 2,3
(DBI-write enable) 1b: Enabled

Notes: 1. All values are typical. The actual value after calibration will be within the specified toler-
ance for a given voltage and temperature. Recalibration may be required as voltage and
temperature vary.

2. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1.The device will operate only according to the values stored in
the registers for the active set point, for example, the set point determined by the state
of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will
be determined by the state of the FSP-OP bit (MR13 OP[7]). The values in the registers
for the inactive set point will be ignored by the device, and may be changed without
affecting device operation.

4. For dual-channel device, PU-CAL (MR3-0OP[0]) must be set the same for both channels on
a die. The SDRAM will read the value of only one register (Ch.A or Ch.B); the choice is
vendor-specific, so both channels must be set the same.

5. 1.5 x 'CK apply > 1.6 GHz clock.

6. If MR3 OP[2] is set to 1b, PPR protection mode is enabled. The PPR protection bitis a
sticky bit and can only be set to Ob by a power on reset. MR4 OP[4] controls entry to PPR
mode. If PPR protection is enabled then the DRAM will not allow writing of 1b to MR4
OP[4].

Rev.A0.0 03/27/2023 95



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

Table 29: MR4 Device Temperature (MA[5:0] = 04h)

OP7 OP6 OP5 oP4 oP3 oP2 oP1 OPO
TUF Thermal offset PPRE SR abort Refreshrate

Table 30: MR4 Op-Code Bit Definitions

Feature Type oP Definition Notes
Refreshrate Read-only | OP[2:0] |000b: SDRAM low temperature operating limit exceeded 1-4,
001b: 4x refresh 7-9

010b: 2x refresh

011b: 1x refresh (default)

100b: 0.5x refresh

101b: 0.25x refresh, no derating

110b: 0.25x refresh, with derating

111b: SDRAM high temperature operating limit excee-

ded
SR abort Write OP[3] Ob: Disable (default) 9
(Self refresh abort) 1b: Device dependent
PPRE Write OP[4] Ob: Exit PPR mode (default) 5,9
(Post-package repair entry/ 1b: Enter PPR mode (Reference MR25 OP[7:0] for availa-
exit) ble PPR resources)
Thermal offset-controller Write OP[6:5] [00b: No offset, 0~5°C gradient (default) 9
offset to TCSR 01b: 5°C offset, 5~10°C gradient

10b: 10°C offset, 10~15°C gradient
11b: Reserved

TUF Read-only OP7 Ob: OP[2:0] No change in OP[2:0] since last MR4 read (de- 6—-8
(Temperature update flag) fault)

1b: Change in OP[2:0] since last MR4 read

Notes: 1. The refresh rate for each MR4 OP[2:0] setting applies to '‘REFI, 'REFIpb, and ‘REFW. MR4
OP[2:0] =011b corresponds to a device temperature of 85°C. Other values require either
a longer (2x, 4x) refresh interval at lower temperatures or a shorter (0.5x, 0.25x) refresh
interval at higher temperatures. If MR4 OP[2] = 1b, the device temperature is greater
than 85°C.

2. At higher temperatures (>85°C), AC timing derating may be required. If derating is re-
quired the device will set MR4 OP[2:0] = 110b. See derating timing requirements in the
AC Timing section.

3. DRAM vendors may or may not report all of the possible settings over the operating
temperature range of the device. Each vendor guarantees that their device will work at
any temperature within the range using the refresh interval requested by their device.

4. The device may not operate properly when MR4 OP[2:0] =000b or 111b.

5. Post-package repair can be entered or exited by writing to MR4 OP[4].

6. When MR4 OP[7] = 1b, the refresh rate reported in MR4 OP[2:0] has changed since the
last MR4 read. A mode register read from MR4 will reset MR4 OP[7] to Ob.
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7. MR4 OP[7] = 0b at power-up. MR4 OP[2:0] bits are valid after initialization sequence
(Te).

8. See the Temperature Sensor section for information on the recommended frequency of
reading MRA4.

9. MR4 OP[6:3] can be written in this register. All other bits will be ignored by the device
during an MRW command to this register.

Table 31: MR5 Basic Configuration 1 (MA[5:0] = 05h)

oP7 oP6 oPs | oPa | oP3 | oP2 oP1 oPo

Manufacturer ID

Table 32: MR5 Op-Code Bit Definitions

Feature Type oP Definition
Manufacturer ID Read-only| OP[7:0] {1111 1111b : Micron

All others: Reserved

Table 33: MR6 Basic Configuration 2 (MA[5:0] = 06h)

oP7 oP6 oPs ] oPa ] oP3 oP2 oP1 oPo

RevisionID1

Note: 1. MR6 is vendor-specific.

Table 34: MR6 Op-Code Bit Definitions

Feature Type oP Definition

Revision D1 Read-only | OP[7:0] [xxxx xxxxb: Revision ID1

Note: 1. MR6 is vendor-specific.

Table 35: MR7 Basic Configuration 3 (MA[5:0] =07h)

oP7 oP6 oP5 | oPa | or3 | oP2 oP1 oPo

Revision D2

Table 36: MR7 Op-Code Bit Definitions

Feature Type oP Definition

Revision D2 Read-only | OP[7:0] [xxxx xxxxb: Revision ID2

Note: 1. MR7 is vendor-specific.

- _________________________________________________________________
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Table 37: MR8 Basic Configuration 4 (MA[5:0] = 08h)

oP7 oP6 oP5 ‘ oPa ‘ or3 ‘ oP2 oP1 oPo

I/Owidth Density Type

Table 38: MR8 Op-Code Bit Definitions

Feature Type oP Definition
Type Read-only | OP[1:0] |00b:S16SDRAM (16n prefetch)
All others: Reserved
Density Read-only | OP[5:2] |0000b:4Gb dual-channel die/2Gb single-channel die

0001b: 6Gb dual-channel die/3Gb single-channel die
0010b: 8Gb dual-channel die/4Gb single-channel die
0011b: 12Gb dual-channel die/6Gb single-channel die
0100b: 16Gb dual-channel die/8Gb single-channel die
0101b: 24Gb dual-channel die/12Gb single-channel die
0110b: 32Gb dual-channel die/16Gb single-channel die
1100b: 2Gb dual-channel die/1Gb single-channel die

All others: Reserved

1/0O width Read-only | OP[7:6] |00b: x16/channel
01b: x8/channel

All others: Reserved

Table 39: MR9 Test Mode (MA[5:0] = 09h)

or7 oP6 | oP5 | oPa | or3 oP2 oP1 oPo

Vendor-specific test mode

Table 40: MR9 Op-Code Definitions

Feature Type oP Definition

Test mode Write-only| OP[7:0] |0000000b; Vendor-specific test mode disabled (default)

Table 41: MR10 Calibration (MA[5:0] = OAh)

oP7 oP6 | oPs5 | oPa | or3 oP2 oP1 oPo

RFU ZQ RESET
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Table 42: MR10 Op-Code Bit Definitions

Feature Type oP Definition
ZQreset Write-only OP[0] Ob: Normal operation (default)
1b:ZQ reset

Notes: 1. See AC Timing table for calibration latency and timing.

2. If ZQis connected to Vppq through Rzq, either the ZQ CALIBRATION function or default
calibration (via ZQ reset) is supported. If ZQ is connected to Vss, 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.

Table 43: MR11 ODT Control (MA[5:0] = OBh)

oP7 oP6 \ oPs \ oPa oP3 oP2 oP1 oPo
RFU CAODT RFU DQ ODT

Table 44: MR11 Op-Code Bit Definitions

Feature Type oP Definition Notes

DQ ODT Write-only| OP[2:0] |000b: Disable (default) 1,2,3
DQ bus receiver on-die ter- 001b: RZQ/1
mination

010b: RZQ/2
011b: RZQ/3
100b: RzQ/4
101b: RzQ/5
110b: RzQ/6
111b: RFU

CA ODT Write-only| OP[6:4] |000b: Disable (default) 1,2,3
CA bus receiver on-die ter- 001b: RZQ/1
mination

010b: RZQ/2
011b: RZQ/3
100b: RzQ/4
101b: RzQ/5
110b: RzQ/6
111b: RFU

Notes: 1. All values are typical. The actual value after calibration will be within the specified toler-
ance for a given voltage and temperature. Re-calibration may be required as voltage

and temperature vary.

2. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
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in the registers for the active set point, for example, the set point determined by the
state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set

point will be ignored by the device and may be changed without affecting device opera-
tion.

Table 45: MR12 Register Information (MA[5:0] = OCh)

oP7 oP6 oPs \ oPa \ oP3 \ oP2 oP1 oPo
RFU VRca

VReF(cA)

Table 46: MR12 Op-Code Bit Definitions

Feature Type oP Data Notes
VReF(ca) Read/ OP[5:0] |000000b—110010b: See Vggr Settings table 1-3,5,6
VRer(ca) Settings Write All others: Reserved

VRca Read/ OP[6] Ob: Vgep(ca) range[0] enabled 1,2,4,5,
VRer(ca) Fange Write 1b: Vger(ca) rangel1] enabled (default) 6

Notes: 1. This register controls the Vgeg(ca) levels for frequency set point[1:0]. Values from either
VR(ca)[0] or VR(ca)[1] may be selected by setting MR12 OP[6] appropriately.

2. Aread to MR12 places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ
will be set to 0. See the MRR Operation section.

3. A write to MR12 OP[5:0] sets the internal Vggg(ca) level for FSP[0] when MR13 OP[6] = Ob
or sets the internal Vgep(cp) level for FSP[1] when MR13 OP[6] = 1b. The time required for
VRer(ca) to reach the set level depends on the step size from the current level to the new
level. See the Vggp(ca) training section.

4. A write to MR12 OP[6] switches the device between two internal Vggrcp) ranges. The
range (range[0] or range[1]) must be selected when setting the Vggg(ca) register. The val-
ue, once set, will be retained until overwritten or until the next power-on or reset
event.

5. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address, or read from with an MRR command to this address.

6. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point, for example, the set point determined by the
state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set
point will be ignored by the device, and may be changed without affecting device oper-
ation.

Table 47: MR13 Register Control (MA[5:0] = ODh)

OP[7]

oP[6]

OP[5]

op[4]

OP[3]

OP[2]

OP[1]

OP[0]

FSP-OP

FSP-WR

DMD

RRO

VRCG

VRO

RPT

CBT
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Table 48: MR13 Op-Code Bit Definition

Feature Type oP Definition Notes
CBT Write-only OP[0] Ob: Normal operation (default) 1
Command bus training 1b: Command bus training mode enabled

RPT OP[1] Ob: Disabled (default)

Read preamble training 1b: Read preamble training mode enabled

VRO OP[2] Ob: Normal operation (default) 2
Vrer Output 1b: Output the Vgerca) and Veerpg) Values on DQ bits

VRCG OP[3] Ob: Normal operation (default) 3
Vrer current generator 1b: Fast response (high current) mode

RRO OP[4] Ob: Disable codes 001 and 010 in MR4 OP[2:0] 4,5
Refresh rate option 1b: Enable all codes in MR4 OP[2:0]

DMD OP[5] Ob: DATA MASK operation enabled (default) 6
Data mask disable 1b: DATA MASK operation disabled

FSP-WR OP[6] Ob: Frequency set point[0] (default) 7
Frequency set point write/ 1b: Frequency set point[1]

read

FSP-OP OP[7] Ob: Frequency set point[0] (default) 8
FREQUENCY SET POINT op- 1b: Frequency set point[1]

eration mode

Notes: 1. A write to set OP[0] = 1 causes the LPDDR4 SDRAM to enter the command bus training
mode. When OP[0] = 1 and CKE goes LOW, commands are ignored and the contents of
CA[5:0] are mapped to the DQ bus. CKE must be brought HIGH before doing a MRW to
clear this bit (OP[0] = 0) and return to normal operation. See the Command Bus Training
section for more information.

2. When set, the device will output the Vgerca) and Vgerpq) Voltage on DQ pins. Only the
"active" frequency set point, as defined by MR13 OP[7], will be output on the DQ pins.
This function allows an external test system to measure the internal Vggg levels. The DQ
pins used for Vggr output are vendor-specific.

3. When OP[3] = 1, the Vggf circuit uses a high current mode to improve Vggr settling time.

4. MR13 OP[4] RRO bit is valid only when MRO OP[0] = 1. For LPDDR4 SDRAM with MRO
OP[0] =0, MR4 OP[2:0] bits are not dependent on MR13 OP[4].

5. When OP[4] =0, only 001b and 010b in MR4 OP[2:0] are disabled. LPDDR4 SDRAM must
report 011b instead of 001b or 010b in this case. Controller should follow the refresh
mode reported by MR4 OP[2:0], regardless of RRO setting. TCSR function does not de-
pend on RRO setting.

6. When enabled (OP[5] = Ob) data masking is enabled for the device. When disabled
(OP[5] = 1b), the device will ignore any mask patterns issued during a MASKED WRITE
command. See the Data Mask section for more information.

7. FSP-WR determines which frequency set point registers are accessed with MRW and
MRR commands for the following functions such as Vggr(ca) setting, Vrer(ca) range,
VRer(pq) setting, Vger(pq) range. For more information, refer to Frequency Set Point sec-
tion.

8. FSP-OP determines which frequency set point register values are currently used to speci-
fy device operation for the following functions such as Vggg(ca) setting, Vger(ca) range,
VRrer(pq) Setting, Vger(pq) range. For more information, refer to Frequency Set Point sec-

tion.
d.
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Table 49: Mode Register 14 (MA[5:0] = OEh)

oP[7] or[6] opis] | opla] | oPI3] oP[2] oP[1] oP[o]
RFU VRpq VRer(DQ)

Table 50: MR14 Op-Code Bit Definition

Feature Type oP Definition Notes
VRer(pq) Read/ OP[5:0] |000000b—110010b: See Vger Settings table 1-3,5,6
VRer(pq) setting Write All others: Reserved

VRpq OP[6] Ob: Vger(pq) range[0] enabled 1,2,4-6
VRer(pq) range 1b: Vger(pq) range[1] enabled (default)

Notes: 1. This register controls the Vgerpq) levels for frequency set point[1:0]. Values from either
VRpq[0] (vendor defined) or VRpq[1] (vendor defined) may be selected by setting OP[6]
appropriately.

2. Aread (MRR) to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and
unused DQ shall be set to 0. See the MRR Operation section.

3. Awrite to OP[5:0] sets the internal Vger(pq) level for FSP[0] when MR13 OP[6] = Ob, or
sets FSP[1] when MR13 OP[6] = 1b. The time required for Vger(pq) to reach the set level
depends on the step size from the current level to the new level. See the Vggr(pq) train-
ing section.

4. A write to OP[6] switches the device between two internal Vgerpq) ranges. The range
(range[0] or range[1]) must be selected when setting the Vger(pq) register. The value,
once set, will be retained until overwritten, or until the next power-on or reset event.

5. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address, or read from with an MRR command to this address.

6. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point, for example, the set point determined by the
state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set
point will be ignored by the device, and may be changed without affecting device oper-
ation.
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Table 51: Vger Setting for Range[0] and Range[1]

Notes 1-3 apply to entire table

Range[0] Values Range[1] Values
VREF(CA) (% of Vppq) VREF(cA) (% of Vppq)
Function oP VRer(pq) (% of Vppq) VRrerpq) (% of Vppq)

Vger setting | OP[5:0] |000000b: 15.0% 011010b:30.5% 000000b:32.9% 011010b:48.5%
for MR12 000001b: 15.6% 011011b:31.1% 000001b:33.5% 011011b:49.1%
and MR14 000010b:16.2% 011100b:31.7% 000010b:34.1% 011100b:49.7%

000011b:16.8% 011101b:32.3% 000011b:34.7% 011101b: 50.3% (default)
000100b:17.4% 011110b:32.9% 000100b:35.3% 011110b:50.9%
000101b: 18.0% 011111b:33.5% 000101b:35.9% 011111b:51.5%
000110b: 18.6% 100000b: 34.1% 000110b:36.5% 100000b:52.1%
000111b:19.2% 100001b:34.7% 000111b:37.1% 100001b:52.7%
001000b: 19.8% 100010b:35.3% 001000b:37.7% 100010b:53.3%
001001b:20.4% 100011b:35.9% 001001b:38.3% 100011b:53.9%
001010b:21.0% 100100b:36.5% 001010b:38.9% 100100b:54.5%
001011b:21.6% 100101b:37.1% 001011b:39.5% 100101b:55.1%
001100b:22.2% 100110b:37.7% 001100b:40.1% 100110b:55.7%
001101b:22.8% 100111b:38.3% 001101b:40.7% 100111b:56.3%
001110b:23.4% 101000b: 38.9% 001110b:41.3% 101000b:56.9%
001111b:24.0% 101001b:39.5% 001111b:41.9% 101001b:57.5%
010000b:24.6% 101010b:40.1% 010000b:42.5% 101010b:58.1%
010001b:25.1% 101011b:40.7% 010001b:43.1% 101011b:58.7%
010010b:25.7% 101100b:41.3% 010010b:43.7% 101100b:59.3%
010011b:26.3% 101101b:41.9% 010011b:44.3% 101101b:59.9%
010100b:26.9% 101110b:42.5% 010100b:44.9% 101110b:60.5%
010101b:27.5% 101111b:43.1% 010101b:45.5% 101111b:61.1%
010110b:28.1% 110000b:43.7% 010110b:46.1% 110000b:61.7%
010111b:28.7% 110001b:44.3% 010111b:46.7% 110001b:62.3%
011000b:29.3% 110010b:44.9% 011000b:47.3% 110010b:62.9%
011001b:29.9% All others: Reserved |011001b:47.9% All others: Reserved

Notes: 1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the Vggg(ca) OF
VRer(pq) levels in the device.

2. The range may be selected in each of the MR14 or MR12 registers by setting OP[6] ap-
propriately.

3. Each ofthe MR14 or MR12 registers represents either FSP[0] or FSP[1]. Two frequency set
points each for CA and DQ are provided to allow for faster switching between termina-
ted and unterminated operation or between different high-frequency settings, which
may use different terminations values.
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Table 52: MR15 Register Information (MA[5:0] = OFh)

oP[7] or[6] opis] | o4l | ors1 | oP2 oP[1] oP[o]

Lower-byte invert register for DQ calibration

Table 53: MIR15 Op-code Bit Definition

Feature Type oP Definition Notes
Lower-byte invert for DQ Write-only| OP[7:0] |The following values may be written for any operand 1-3
calibration OP[7:0] and will be applied to the corresponding DQ lo-

cations DQJ[7:0] within a byte lane

Ob: Do not invert

1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes: 1. This register will invert the DQ calibration pattern found in MR32 and MR40 for any sin-
gle DQ or any combination of DQ. Example: If MR15 OP[7:0] = 00010101b, then the DQ
calibration patterns transmitted on DQ][7, 6, 5, 3, 1] will not be inverted, but the DQ cali-
bration patterns transmitted on DQ[4, 2, 0] will be inverted.

2. DMIJO0] is not inverted and always transmits the "true" data contained in MR32 and
MR40.

3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if
DBl is enabled in MR3-0OP[6].

Table 54: MR15 Invert Register Pin Mapping

PIN DQO DQ1 DQ2 DQ3 DMIO DQ4 DQ5 DQ6 DQ7
MR15 OPO OP1 OP2 OP3 No invert OP4 OP5 OP6 OoP7

Table 55: MR16 PASR Bank Mask (MA[5:0] = 010h)

oP7 oP6 oPs | oPa | oP3 oP2 oP1 oPo
PASR bank mask

Table 56: MR16 Op-Code Bit Definitions

Feature Type oP Definition
Bank[7:0] mask Write-only| OP[7:0] |Ob: Bank refresh enabled (default)
1b: Bank refresh disabled

OP[n] Bank Mask 8-Bank SDRAM
0 XXXXXXX 1 Bank O
1 XXXXXX1X Bank 1
2 XXXXXLXX Bank 2
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OP[n] Bank Mask 8-Bank SDRAM
3 XXXX LXXX Bank 3
4 XXX LXXXX Bank 4
5 XX LXXXXX Bank 5
6 X LXXXXXX Bank 6
7 IXXXXXXX Bank 7

Notes: 1. When a mask bit is asserted (OP[n] = 1), refresh to that bank is disabled.

2. PASR bank masking is on a per-channel basis; the two channels on the die may have dif-
ferent bank masking in dual-channel devices.

Table 57: MR17 PASR Segment Mask (MA[5:0] = 11h)

or7 oP6 oP5 ] oPa ] or3 \ or2 oP1 oPo

PASR segment mask

Table 58: MR17 PASR Segment Mask Definitions

Feature Type oP Definition

Segment[7:0] mask Write-only| OP[7:0] |Ob: Segment refresh enabled (default)

1b: Segment refresh disabled

Table 59: MR17 PASR Segment Mask

Density (per channel)
Segment 1Gb 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb | 16Gb
Segment| OP Mask R[12:10] | R[13:11] | R[14:12] | R[14:12] | R[15:13] | R[15:13] | R[16:14] | R[16:14]
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXX XX 010b
3 3 XXXX1XXX 011b
4 4 XXXIXXXX 100b
5 5 XXLIXXXXX 101b
6 6 XIXXXXXX 110b 110b Not 110b Not 110b Not 110b
7 7 IXXXXXXX 111b 111b | @llowed | 1317 | allowed | 733 | allowed | 373

Notes: 1. This table indicates the range of row addresses in each masked segment. "X" is “Don’t
Care” for a particular segment.
2. PASR segment-masking is on a per-channel basis. The two channels on the die may have
different segment masking in dual-channel devices.
3. For3Gb, 6Gb, and 12Gb density per channel, OP[7:6] must always be LOW (= 00b).
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Table 60: MR18 Register Information (MA[5:0] = 12h)

oP7 oP6 oPs ‘ oPa ‘ oP3 ‘ oP2 oP1 oPo
DQS oscillator count - LSB

Table 61: MR18 LSB DQS Oscillator Count

Notes 1-3 apply to entire table
Function Type oP Definition

DQS oscillator count Read-only | OP[7:0] |Oh—FFh LSB DRAM DQS oscillator count
(WR training DQS oscillator)

Notes: 1. MR18 reports the LSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator
count value is used to train DQS to the DQ data valid window. The value reported by
the DRAM in this mode register can be used by the memory controller to periodically
adjust the phase of DQS relative to DQ.

2. Both MR18 and MR19 must be read (MRR) and combined to get the value of the DQS
oscillator count.

3. Thevalue in this register is reset each time an MPC command is issued to start in the
DQS oscillator counter.

Table 62: MR19 Register Information (MA[5:0] = 13h)

oP7 oP6 oPs ] oPa ] oP3 \ oP2 oP1 oPo
DQS oscillator count — MSB

Table 63: MR19 DQS Oscillator Count

Notes 1-3 apply to the entire table
Function Type oP Definition

DQS oscillator count—MSB | Read-only | OP[7:0] |Oh—FFh MSB DRAM DQS oscillator count
(WR training DQS oscillator)

Notes: 1. MR19 reports the MSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator
count value is used to train DQS to the DQ data valid window. The value reported by
the DRAM in this mode register can be used by the memory controller to periodically
adjust the phase of DQS relative to DQ.

2. Both MR18 and MR19 must be read (MRR) and combined to get the value of the DQS
oscillator count.

3. Anew MPC[START DQS OSCILLATOR] should be issued to reset the contents of MR18/
MR19.

Table 64: MR20 Register Information (MA[5:0] = 14h)

oP7 oP6 ors | oea | op3 | or2 oP1 oPo
Upper-byte invert register for DQ calibration
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Table 65: MR20 Register Information

Notes 1-3 apply to entire table

Function Type oP Definition

Upper-byte invert for DQ Write-only| OP[7:0] |The following values may be written for any operand OP[7:0] and

calibration will be applied to the corresponding DQ locations DQ[15:8] within a
byte lane

Ob: Do not invert

1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Notes: 1. This register will invert the DQ calibration pattern found in MR32 and MR40 for any sin-
gle DQ or any combination of DQ. For example, if MR20 OP[7:0] = 00010101b, the DQ
calibration patterns transmitted on DQJ[15, 14, 13, 11, 9] will not be inverted, but the DQ
calibration patterns transmitted on DQ[12, 10, 8] will be inverted.

2. DMJ1] is not inverted and always transmits the true data contained in MR32 and MR40.

3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if
DBl is enabled in MR3 OP[6].

Table 66: MR20 Invert Register Pin Mapping

Pin DQ8 DQ9 DQ10 DQ11 DMI1 DQ12 DQ13 DQ14 DQ15
MR20 OPO OP1 OoP2 OP3 No invert OP4 OP5 OP6 OoP7

Table 67: MR21 Register Information (MA[5:0] = 15h)

oP7 oP6 oPs \ oPa \ oP3 oP2 oP1 oPo
RFU

Table 68: MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OoP4 OP3 OP2 OP1 oPO
ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOC ODT
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Table 69: MR22 Register Information

Function Type oP Data Notes
SOC ODT (controller ODT Write-only| OP[2:0] |000b: Disable (default) 1,2,3
value for Voy calibration) 001b: Ryo/1 (lllegal if MR3 OP[0] = Ob)

010b: Ryq/2

011b: Rzo/3 (lllegal if MR3 OP[0] = 0Ob)

100b: Ryo/4

101b: Ryo/5 (lllegal if MR3 OP[0] = Ob)
110b: R;o/6 (lllegal if MR3 OP[0] = Ob)

111b: RFU
ODTE-CK (CK ODT enabled |Write-only OP[3] ODT bond PAD is ignored 2,3
for non-terminating rank) Ob: ODT-CK enable (default)

1b: ODT-CK disable
ODTE-CS (CS ODT enabled Write-only OP[4] ODT bond PAD is ignored 2,3
for non-terminating rank) Ob: ODT-CS enable (default)

1b: ODT-CS disable
ODTD-CA (CA ODT termina- | Write-only OP[5] ODT bond PAD is ignored 2,3
tion disable) Ob: CA ODT enable (default)

1b: CA ODT disable
ODTD for x8_2ch (Byte) Write-only| OP[7:6] |See Byte Mode section

mode

Notes: 1. All values are typical.

2. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR
address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point, for example, the set point determined by the
state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set
point will be ignored by the device, and may be changed without affecting device oper-
ation.

Table 70: MR23 Register Information (MA[5:0] = 17h)

oP7 oP6 oP5 | oPa | or3 | oP2 oP1 oPo

DQS interval timer run-time setting

- ____________________________________________________________
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Table 71: MR23 Register Information

Notes 1-2 apply to entire table

Function Type oP Data

DQS interval timer run-time |Write-only| OP[7:0] |00000000b: Disabled (default)

00000001b: DQS timer stops automatically at the 16" clock after tim-
erstart

00000010b: DQS timer stops automatically at the 32" clock after
timer start

00000011b: DQS timer stops automatically at the 48th clock after tim-
erstart

00000100b: DQS timer stops automatically at the 64" clock after tim-
erstart

————————— Through ---------

00111111b: DQS timer stops automatically at the (63 x 16)t" clock af-
ter timer start

01XXXXXXb: DQS timer stops automatically at the 2048t clock after
timer start

10XXXXXXb: DQS timer stops automatically at the 4096'" clock after
timer start

11XXXXXXb: DQS timer stops automatically at the 81929 clock after
timer start

Notes: 1. MPC command with OP[6:0] =1001101b (STOP DQS INTERVAL OSCILLATOR) stops the
DQS interval timer in the case of MR23 OP[7:0] = 00000000b.
2. MPC command with OP[6:0] = 1001101b (STOP DQS INTERVAL OSCILLATOR) is illegal
with valid nonzero values in MR23 OP[7:0].

Table 72: MR24 Register Information (MA[5:0] = 18h)

OP7 OP6 OP5 I OoP4 OP3 OoP2 OP1 OoPO
TRR mode TRR mode BAn Unlimited MAC value
MAC

Table 73: MR24 Register Information

Function Type oP Data Notes
MAC value Read | OP[2:0] |000b: Unknown (OP[3] =0) or unlimited (OP[3] = 1) 1,2
001b: 700K
010b: 600K
011b: 500K
100b: 400K
101b: 300K
110b: 200K
111b: Reserved

- __________________________________________________________
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Table 73: MIR24 Register Information (Continued)

Function Type oP Data Notes
Unlimited MAC Read OP[3] |Ob: OP[2:0] defines the MAC value 2,3
1b: Unlimited MAC value
TRR mode BAn Write | OP[6:4] |000b: Bank O

001b: Bank 1

010b: Bank 2

011b: Bank 3

100b: Bank 4

101b: Bank 5

110b: Bank 6

111b: Bank 7

TRR mode Write OP[7] |Ob: Disabled (default)
1b: Enabled

Notes: 1. Unknown means that the device is not tested for tMAC and pass/fail values are un-
known. Unlimited means that there is no restriction on the number of activates be-
tween refresh windows.

2. There is no restriction to the number of activates.
3. MR24 OP[2:0] set to 000b.

Table 74: MR25 Register Information (MA[5:0] = 19h)

oP7 OP6 OoP5 oP4 OoP3 oP2 oP1 OPO
Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank O

Table 75: MR25 Register Information

Function Type oP Data

PPR resources Read-only | OP[7:0] |[Ob: PPR resource is not available

1b: PPR resource is available

Note: 1. When OP[n] =0, there is no PPR resource available for that bank. When OP[n] = 1, there
is a PPR resource available for that bank, and PPR can be initiated by the controller.

Table 76: MR26:29 Register Information (MA[5:0] = 1Ah—1Dh)

oP7 oP6 oPs5 | oPa | oP3 | oP2 | oP1 oPo

Reserved for future use
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Table 77: MR30 Register Information (MA[5:0] = 1Eh)

oP7 oP6 oP5 ‘ oPa ‘ or3 ‘ oP2 oP1 oPo

ValidOor 1

Table 78: MIR30 Register Information

Function Type oP Data

SDRAM will ignore Write-only| OP[7:0] |Don't care

Note: 1. This register is reserved for testing purposes. The logical data values written to OP[7:0]
will have no effect on SDRAM operation; however, timings need to be observed as for
any other MR access command.

Table 79: MR31 Register Information (MA[5:0] = 1Fh)

OP7 oP6 oP5 | oPa | or3 | oP2 oP1 oPo

Reserved for future use

Table 80: MR32 Register Information (MA[5:0] = 20h)

oP7 oP6 ors | opa | op3 | opr2 or1 oPO

DQ calibration pattern A (default = 5Ah)

Table 81: MR32 Register Information

Feature Type oP Data Notes
Return DQ calibration pat- |Write-only| OP[7:0] |Xb: An MPC command issued with OP[6:0] = 1000011b 1,2,3
tern MR32 + MR40 causes the device to return the DQ calibration pattern

contained in this register and (followed by) the contents
of MR40. A default pattern 5Ah is loaded at power-up or
reset, or the pattern may be overwritten with a MRW to

this register. The contents of MR15 and MR20 will invert

the MR32/MR40 data pattern for a given DQ (see MR15/

MR20 for more information).

Notes: 1. The patterns contained in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0]

when read DQ calibration is initiated via an MPC command. The pattern is transmitted
serially on each data lane and organized little endian such that the low-order bit in a
byte is transmitted first. If the data pattern is 27H, the first bit transmitted is a 1 fol-
lowed by 1,1,0,0, 1, 0, and 0. The bit stream will be 00100111.

2. MR15 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins.
See MR15 and MR20 for more information. Data is never inverted on the DMI[1:0] pins.

3. The data pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3
OP[6].

4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if
DBl is enabled in MR3 OP[6].
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Table 82: MR33:38 Register Information (MA[5:0] = 21h—26h)

oP7 oP6 oPs | oPa | oP3 | oP2 oP1 oPo

Do not use

Table 83: MR39 Register Information (MA[5:0] = 27h)

oP7 oP6 oP5 ‘ oPa ‘ or3 ‘ oP2 oP1 oPo

ValidOor 1

Table 84: MR39 Register Information

Function Type oP Data

SDRAM wiill ignore Write-only| OP[7:0] |Don'tcare

Note: 1. This register is reserved for testing purposes. The logical data values written to OP[7:0]
will have no effect on SDRAM operation; however, timings need to be observed as for
any other MR access command.

Table 85: MR40 Register Information (MA[5:0] = 28h)

OP7 oP6 oP5 | oPa | or3 | oP2 oP1 oPo

DQ calibration pattern B (default = 3Ch)

Table 86: MR40 Register Information

Function Type oP Data Notes

Return DQ calibration pat- |Write-only| OP[7:0] |Xb: A default pattern 3Ch is loaded at power-up or reset, 1,2,3
tern MR32 + MR40 or the pattern may be overwritten with a MRW to this
register. See MR32 for more information.

Notes: 1. The pattern contained in MR40 is concatenated to the end of MR32 and transmitted on
DQ[15:0] and DMI[1:0] when read DQ calibration is initiated via an MPC command. The
pattern is transmitted serially on each data lane and organized little endian such that
the low-order bit in a byte is transmitted first. If the data pattern in MR40 is 27H, the
first bit transmitted will be a 1, followed by 1, 1, 0, 0, 1, O, and 0. The bit stream will be
00100111.

2. MR15 and MR20 may be used to invert the MR32/MR40 data patterns on the DQ pins.
See MR15 and MR20 for more information. Data is never inverted on the DMI[1:0] pins.

3. The data pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3
OP[6].

4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if
DBl is enabled in MR3 OP[6].
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Table 87: MR41:47 Register Information (MA[5:0] = 29h—2Fh)

oP7 oP6 oP5 ‘ oPa ‘ or3 ‘ oP2 oP1 oPo

Do not use

Table 88: MR48:63 Register Information (MA[5:0] = 30h—3Fh)

or7 | ope | ops | opa | op3 | or2 oP1 oPo

Reserved for future use

Commands and Timing

Commands transmitted on the CA bus are encoded into two parts and are latched on
two consecutive rising edges of the clock. This is called 2-tick CA capture because each
command requires two clock edges to latch and decode the entire command.

2.5. 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 either reset by asserting the RESET_n command or pow-
ered down and then restarted using the specified initialization sequence before normal
operation can continue.

CKE signal has to be held HIGH when the commands listed in the command truth table
input.
Table 89: Command Truth Table

Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture of
transmitted data

SDR CA Pins
Command CS CAO CA1 CA2 CA3 CA4 CAS5 CK Edge Notes
MRW-1 H L H H L L OP7 _F 1,11
L MAO MA1 MA2 MA3 MA4 MAS5 £
MRW-2 H L H H L H OP6 1 1,11
L OPO OP1 OP2 OP3 OP4 OP5 _F
MRR-1 H L H H H L \ 1 1,2,12
L MAO MA1 MA2 MA3 MA4 MAS 2
REFRESH H L L L AB M 1,2,3,4
(all/per bank) L BAO BA1 BA2 v s
ENTER SELF RE- H L L L _M 1,2
FRESH L v P
41
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Table 89: Command Truth Table (Continued)

Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture of
transmitted data

SDR CA Pins
Command CsS CAO CA1 CA2 CA3 CA4 CAS5 CK Edge Notes
ACTIVATE-1 H H L R12 R13 R14 R15 M 1,2,3,11
L BAO BA1 BA2 R16 R10 R11 A
ACTIVATE-2 H H H R6 R7 RS R9 M 1,11
L RO R1 R2 R3 R4 RS A
WRITE-1 H L L H L L BL M 1,2,3,6,
L BAO BA1 BA2 Vv 9 AP . 7,9
EXIT SELF RE- H L L H H Vv M 1,2
FRESH 0 v Nz
MASK WRITE-1 H L L H H L BL M 1,2,3,5,
L BAO BA1 BA2 Vv co AP _F 6,7,9
RFU H L L H H Vv M 1,2
L v £
RFU H L ‘ H ‘ L ‘ H ‘ L ‘ Vv _F 1,2
L v _£1
RFU H L ‘ H ‘ L ‘ H ‘ H ‘ Vv _F 1,2
L Vv A
READ-1 H L H L L L BL M 1,2,3,6
L BAO BA1 BA2 Vv co AP _F 7,9
CAS-2 H L H L L H cs8 M 1,89
(WRITE-2, L c2 c3 ca cs c6 c7 _F
MASKED
WRITE-2, 41
READ-2, MRR-2,
MPC (except
NOP)
PRECHARGE H L L L AB M 1,2,3,4
(all/per bank) L BAO BA1 BA2 Vv Vv Vv £
MPC H L L L oP6 M 1,2, 13
(TRAIN, NOP) L oPO oP1 oP2 oP3 oP4 oPs5 £
DESELECT L X M 1,2

Notes: 1. All commands except for DESELECT are two clock cycles and are defined by the current
state of CS and CA[5:0] at the rising edge of the clock. DESELECT command is one clock
cycle and is not latched by the device.

2. V=HorL (adefined logic level); X = "Don't Care," in which case CS, CK_t, CK_c, and
CA[5:0] can be floated.
3. Bank addresses BA[2:0] determine which bank is to be operated upon.
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4. AB HIGH during PRECHARGE or REFRESH commands indicate the command must be ap-
plied to all banks, and the bank addresses are "Don't Care."

5. MASK WRITE-1 command only supports BL16. For MASK WRITE-1 commands, CA5 must
be driven LOW on the first rising clock cycle (R1).

6. AP HIGH during a WRITE-1, MASK WRITE-1, or READ-1 command indicates that an auto
precharge will occur to the bank the command is operating on. AP LOW indicates that
no auto precharge will occur and the bank will remain open upon completion of the
command.

7. When enabled in the mode register, BL HIGH during a WRITE-1, MASK-WRITE-1, or
READ-1 command indicates the burst length should be set on-the-fly to BL = 32; BLLOW
during one of these commands indicates the burst length should be set on-the-fly to BL
=16. If on-the-fly burst length is not enabled in the mode register, this bit should be
driven to a valid level and is ignored by the device.

8. For CAS-2 commands (WRITE-2, MASK WRITE-2, READ-2, MRR-2, or MPC (only WRITE-
FIFO, READ-FIFO, and READ DQ CALIBRATION)), C[1:0] are not transmitted on the CA
[5:0] bus and are assumed to be zero. Note that for CAS-2 WRITE-2 or CAS-2 MASK
WRITE-2 command, C[3:2] must be driven LOW.

9. WRITE-1, MASK-WRITE-1, READ-1, MODE REGISTER READ-1, or MPC (only WRITE-FIFO,
READ-FIFO, and READ DQ CALIBRATION) command must be immediately followed by
CAS-2 command consecutively without any other command in between. WRITE-1, MASK
WRITE-1, READ-1, MRR-1, or MPC (only WRITE-FIFO, READ-FIFO, and READ DQ CALIBRA-
TION) command must be issued first before issuing CAS-2 command. MPC (only START
and STOP DQS OSCILLATOR, ZQCAL START and LATCH) commands do not require CAS-2
command; they require two additional DES or NOP commands consecutively before issu-
ing any other commandes.

10. The ACTIVATE-1 command must be followed by the ACTIVATE-2 command consecutively
without any other command between them. The ACTIVATE-1 command must be issued
prior to the ACTIVATE-2 command. When the ACTIVATE-1 command is issued, the ACTI-
VATE-2 command must be issued before issuing another ACTIVATE-1 command.

11. The MRW-1 command must be followed by the MRW-2 command consecutively without
any other command between them. The MRW-1 command must be issued prior to the
MRW-2 command.

12. The MRR-1 command must be followed by the CAS-2 command consecutively without
any other commands between them. The MRR-1 command must be issued prior to the
CAS-2 command.

13. The MPC command for READ or WRITE TRAINING operations must be followed by the
CAS-2 command consecutively without any other commands between them. The MPC
command must be issued prior to the CAS-2 command.

2.6. ACTIVATE Command

The ACTIVATE command must be executed before a READ or WRITE command can be
issued. The ACTIVATE command is issued in two parts: The bank and upper-row ad-
dresses are entered with activate-1 and the lower-row addresses are entered with ACTI-
VATE-2. ACTIVATE-1 and ACTIVATE-2 are executed by strobing CS HIGH while setting
CA[5:0]atvalidlevels (see Commandtable)attherisingedge of CK.

The bank addresses (BA[2:0]) are used to select the desired bank. The row addresses
(R[15:0]) are used to determine which row to activate in the selected bank. The ACTI-
VATE-2 command must be applied before any READ or WRITE operation can be execu-
ted.ThedevicecanacceptaREAD or WRITE commandat time '‘RCDafterthe ACTI-
VATE-2 command is sent. After a bank has been activated, it must be precharged to
closetheactiverowbeforeanother ACTIVATE-2command canbeappliedtothesame
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bank. The bank active and precharge times are defined as 'RAS and 'RP, respectively.
The minimum time interval between successive ACTIVATE-2 commands to the same
bankis determined by the row cycle time of the device (‘RC). The minimum time inter-
val between ACTIVATE-2 commands to different banks is ‘RRD.

Certain restrictions must be observed for bank ACTIVATE and REFpb operations.

* Four-activate window (‘FAW): No more than 4 banks may be activated (or refreshed,
inthe case of REFpb) per channelin arolling'FAWwindow. Convert to clocks by di-
viding 'FAW[ns] by {CK[ns] and rounding up to the next integer value. As an example
of the rolling window, if RU[({FAW /'CK)] is 64 clocks, and an ACTIVATE command is
issued on clock N, no more than three additional ACTIVATE commands may be is-
suedbetweenclockN+1andN+63.REFpbalsocountsasbankactivationforthe
purposes of tTFAW.

¢ 8-bank per channel, precharge all banks (AB) allowance: 'RP for a PRECHARGE ALL
BANKS command for an 8-bank device must equal '‘RPab, which is greater than
‘RPpb.

Figure 9: ACTIVATE Command

TO T1 T2 T3 Ta0 Tal Ta2 Ta3 TbO Tbil Th2

Tdo Tdl  Td2  Td3 Td4 Tds
CK_c --, - - - -~ - -

CK_t

g
LA
.

" v v ' '
' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' I I L L L L
2 i per bank > &< ACTIVATE >< ACTIVATE 2
T T T T T T
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
T T ' ' ' ' ' '
i ' ' ' ' ' ' '
' ' ' '

///| Don’tcare

Note: 1. A PRECHARGE command uses 'RPab timing for all-bank precharge and '‘RPpb timing for
single-bank precharge. In this figure, 'RP is used to denote either all-bank precharge or
a single-bank precharge. '*CCD = MIN, 1.5nCK postamble, 533 MHz < clock frequency &
800 MHz, ODT worst timing case.
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Figure 10: *FAW Timing

TO T1 T2 T3 Ta0 Tal Ta2 Ta3 ThO Tbhl Th2 Tb3 TcO Tcl Tc2 Tc3 Tc4 Tdo Td1 Td2 Td3 Td4
CK_c --\, - - - -~ - - - -- -- - - - - -- - - - -
CK_t

ACTIVATE-2
T

T
' '
' '

' '
ACTIVATE-1
T T
' '

' '

' '

' '

: : :
R | 'RRD_ | i 'RRD |

A. T T T . T . T T T T T
! i ! : ! i ! | ; | | | | |
! ; ! ! ! : ! ! ! ! ! ! ! ! !
: : : : : : : : : : : : : : :
ACTIVATE-2 &< ACTIVATE-1 X ACTIVATE-2 b< ACTIVATE-1 >< ACTIVATE-2 &< ACTIVATE-1 >< ACTIVATE-2
; ; ; ; ; ; ; ; ; ; ; ; ; ; :
' ' ' ' ' ' ' ' ' ' ' '
: P lweo i : : : : L
: : :

LtEAW I
' '
T T

i i i
i : i
T T T
i ] i
/7y ’
/7| Don’t Care

Note: 1. REFpb may be substituted for one of the ACTIVATE commands for the purposes of tFAW.

2.7. Read and Write Access Modes

After a bank has been activated, a READ or WRITE command can be executed. This is
accomplished by asserting CKE asynchronously, with CS and CA[5:0] set to the proper
state (see CommandTruthTable)ontherisingedge of CK.

The device provides a fast column access operation. A single READ or WRITE command
willinitiate a burst READ or WRITE operation, where data is transferred to/from the de-
vice on successive clock cycles. Burstinterrupts are not allowed; however, the optimal
burst length may be set on-the-fly (see Command Truth Table).

2.8. Preamble and Postamble

TheDQS strobe for thedevicerequiresapreamblepriortothefirstlatchingedge (the
rising edge of DQS_t with data valid), and it requires a postamble after the last latching
edge. The preamble and postamble options are set via MODE REGISTER WRITE com-
mands.

Theread preambleis two'CKinlength andiseither staticor hasone clock toggle before
thefirstlatchingedge. Theread preambleoptionisenabled viaMRW to MR1 OP[3] (0=
Static; 1 =Toggle).

The read postamble has a programmable option to extend the postamble by 1nCK
(‘RPSTE).Theextended postambleoptionisenabled viaMRWtoMR1OP[7] (0=
0.5nCK; 1 = 1.5nCK).

- ______________________________________________________________
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Figure 11: DQS Read Preamble and Postamble — Toggling Preamble and 0.5nCK Postamble

TtlJl T|b2 Tb3 Th4 Tb5 Tb6 TcO Tcl Tc2 Tc3  Tca
1 1 1 1 1 1 1 1

commana (503 (T @2 )(oss) (oes ) oxs] gxxxxxxggxxxx

RL tbQsck

oo 0N Fnoneo

tbasQ

omi R R e kahael hehasteientes)
Notes: 1. BL =16, Preamble = Toggling, Postamble = 0.5nCK.

2. DQS and DQ terminated Vsgq.
3. DQS_t/DQS_cis "Don’t Care" prior to the start of 'tRPRE. No transition of DQS is implied,
as DQS_t/DQS_c can be HIGH, LOW, or High-Z prior to 'RPRE.

Figure 12: DQS Read Preamble and Postamble — Static Preamble and 1.5nCK Postamble

Tal TbO Tl?l Tl?Z Tll)3 Tl;.>4 Tl|)5 Tl;.>6 TFO TFl TFZ TF?’ Tcl4

commana (w04 ([ @62 )(oss) {oes ) oxs] gxxxxxxggxxxx

RL tDQsCcK
DQS_c
oas. R )

— |l ——1tDQSQ

oa R ) Dettolob Bttt

Notes: 1. BL =16, Preamble = Static, Postamble = 1.5nCK (extended).
. DQS and DQ terminated Vssq.
3. DQS_t/DQS_cis "Don’t Care" prior to the start of 'tRPRE. No transition of DQS is implied,
as DQS_t/DQS_c can be HIGH, LOW, or High-Z prior to 'RPRE.

O
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Figure 13: DQS Write Preamble and Postamble — 0.5nCK Postamble

TO T1 T2 T3 T a0 Tal Ta2 Ta3 Tad Ta b0 Tbl Tb2 Tb3  Th4 Tb5 Thé6 Tb7

4 T 5 T
s OO DSOS DO SXSOCSOCICL
CK_t —/‘\- /! N L L N NS N N A N - NS - A N NS NS i o
CKE ( ( ( (
s N\ /\ /{ /|

| |
CA <Va|id XVaIidXValidW & 711/ /, // /// 5/ )/,

Command < WRITE-1 >< CAS-2 X DESE ZDES >< DES >< DES >< DES >< DES >< DES ? FES X DES >< DES >< DES >< DES >< DES >< DES X DES

tpass

r‘WPST

! * " oS ‘~ J t *
tDQs20Q , BL/2 )

i | [ ) B S B S

DMI : z 9 /n{0_/nY 1|5

\

Notes: 1. BL =16, Postamble = 0.5nCK.
. DQS and DQ terminated Vssq.

DQS_t/DQS_c is "Don’t Care" prior to the start of '‘WPRE. No transition of DQS is implied,
as DQS_t/DQS_c can be HIGH, LOW, or High-Z prior to *WPRE.

D Don’t Care

- |
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Figure 14: DQS Write Preamble and Postamble — 1.5nCK Postamble

R |
X e AR

'
'
'
i
'
' I I I I L
Command < WRITE-1 >< CAS-2 ZDES >< DES >< DES ><DES ><DES >< DES ? (‘DES X DEs X DES X DES X DES X DES X DES X DES
1 1 1 1 1 1 1 1 1 H
' ' ' '

BL/2

o ) 2O NN G

Don’t Care

Notes: 1. BL=16, Postamble = 1.5nCK.
2. DQS and DQ terminated Vssq.
3. DQS_t/DQS_cis "Don’t Care" prior to the start of 'WPRE. No transition of DQS is implied,
as DQS_t/DQS_c can be HIGH, LOW, or High-Z prior to *WPRE.
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Burst READ Operation

Aburst READ command is initiated with CKE, CS, and CA[5:0] asserted to the proper
stateontherisingedge of CK,asdefined bythe CommandTruthTable. The command
address bus inputs determine the starting column address for the burst. The two low-
orderaddressbitsarenottransmittedonthe CAbusandareimpliedtobeO;therefore,
the starting burstaddressis always amultiple of four (thatis, 0x0, 0x4, 0x8, 0xC).

TheREADIlatency (RL)isdefined fromthelastrisingedge oftheclockthatcompletesa
READ command (for example, the second rising edge of the CAS-2 command) to the
rising edge of the clock from which the '{DQSCK delay is measured. The first valid data is
availableRL x'CK+'DQSCK+'DQSQafter therisingedgeofclockthatcompletesa
READ command.

The data strobe outputis driven 'RPRE before the first valid rising strobe edge. The first
data bit of the burst is synchronized with the first valid (post-preamble) rising edge of
the data strobe. Each subsequent data-out appears on each DQ pin, edge-aligned with
thedatastrobe. Attheendofaburst,theDQSsignalsaredrivenforanotherhalfcycle
postamble,orforal.5-cyclepostambleifthe programmablepostamblebitissetinthe
moderegister. TheRLisprogrammedinthemoderegisters. Pintimingsforthedata
strobe are measured relative to the cross-point of DQS_t and DQS_c.

Figure 15: Burst Read Timing

TO T1 T2 T3 T4 T5 T6 T7 T15 Ti6 T17 T18 T19 T20 T21 T22 T23 T33 T34 T35 T36 T41 T42 T43 T44
- - - - - - - o - - - - -

—»| | DOSQ

BOGEHEEHEEEEERENE0DDEE

/\_/
—~—

/ } Don’t Care

Notes: 1. BL =32 for column n, BL =16 for column m, RL = 14, Preamble = Toggle, Postamble =
0.5nCK, DQ/DAQS: Vssq termination.
2. Doyt h/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 16: Burst Read Followed by Burst Write or Burst Mask Write

TO T1 T2 T3 T4 T5 Ta0 Tal Ta2 Ta3 Ta4  ThO Tbl Tb2 Th3  Tb4 Th5  Thé Tb7 TcO Tcl T2 Tc3 Tca TcS Tc6 Tc7
- - - - - - -0 P ! --1 - - ' - P -t -~ a1 - —at

0
‘ ‘ :

L T T, Vi T i

.

WL

/ [/ / /17 / / / /.
i i i i i i i

RL+RU('DQSCK(MAX)/ ‘CK) + BL/2
+ RD(_RPST) - WL + WPRE

RL ‘ 'DasCcK

Do )| ey v : :
o T DO0000R 9 DB

';:'.'-". Don’tCare

Notes: 1. BL =16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK,
Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Doyt h = data-out from column n and Dy N = data-in to column n.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 17: Seamless Burst Read

T1 T2 T3

o )) ] %ﬁmﬁﬂﬂﬁaﬁﬂw@®®@®@@5@®ﬁﬁ

Bank 0 Bank 1

///| bon’t care

BL = 16, 'CCD = 8, Preamble = Toggle, Postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Doyt h/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

=

Notes:
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Read Timing

Figure 18: Read Timing

CK_c -~ Faa
et SASNAANARLY A ASANARARARARL VAT AN
Command < | RD-1 | >< | CAS-2 >< D‘ESR /DES >< DESR XD;ES >< DES>< DES >< DES >< DES>< DES>< D‘ES>< D‘ESR ZDESX D;ES>< D;ES>< D;ES
| | | - | | | | | tHz(f)czs) | | | | | | | ‘ |
_ RL ‘|‘ ‘DQSCK -~
|
‘Lz(DQS) _|_ 'RPRE

DQS_c

L
|<7 'DQSQ

*Hz(DQ)

‘LZ(DQ)

D
Q ouTy-ou ou ou ou ou
DMI no /\n1 /\n2 /\n3 /\n4 /\n5

Notes: 1. BL =16, Preamble = Toggling, Postamble = 0.5nCK.
2. DQS, DQ, and DMI terminated Vssq.
3. Output driver does not turn on before an endpoint of tLZ(DQS) and tLZ(DQ).
4. Output driver does not turn off before an endpoint of tHZ(DQS) and 'HZ(DQ).

tLz(DQS), tLz(DQ), tHZ(DQS), tHZ(DQ) Calculation

'HZ and 'LZ transitions occur in the same time window as valid data transitions. These
parameters are referenced to a specific voltage level that specifies when the device out-
putisnolongerdriving'HZ(DQS)and tHZ(DQ), orbegins driving 'LZ(DQS) and
tLZ(DQ). This section showsamethod tocalculate the pointwhen thedeviceisnolon-
gerdriving'HZ(DQS)and 'tHZ(DQ), orbegins driving 'LZ(DQS) and 'LZ(DQ), bymeas-
uring 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),
tHZ(DQS), and tHZ(DQ) are defined as single ended.

O
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tLZ(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)
Figure 19: t'LZ(DQS) Method for Calculating Transitions and Endpoint

CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t

Notes: 1.

VOH_ “““ "“_""‘;7__“ DQS_c
0.5 x VOH- __________________ _
L Endpont estapoisted point
ov

Conditions for calibration: Pull down driver Roy = 40 ohms, Vou = Vppq % 0.5.

2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssq.

The Vpn level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-

ances. Use the actual Vgu value for *HZ and 'LZ measurements.

Figure 20: tHZ(DQS) Method for Calculating Transitions and Endpoint

CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t

Notes:

Rev.A0.0

End point: Extrapolated point
[ -

OV - o *— _—_—.DQS_c

1. Conditions for calibration: Pull down driver Ron = 40 ohms, Vou = Vppq % 0.5.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssq.
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3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgu value for *HZ and 'LZ measurements.

Table 90: Reference Voltage for 'LZ(DQS), tHZ(DQS) Timing Measurements

Measured Parameter

Measured Parameter Symbol Vswil Vsw2 Unit

DQS_c Low-Z time tLZ(DQS) 0.4 x Voy 0.6 x Vpoy \Y

from CK_t, CK_c
DQS_c High-Z time tHz(DQS) 0.4 x Vo 0.6 x Vou
from CK_t, CK_c

tLZ(DQ) and tHZ(DQ) Calculation for ATE (Automatic Test Equipment)
Figure 21: 'LZ(DQ) Method for Calculating Transitions and Endpoint

CK_t—CK_c crossing at the second CAS-2 of READ command

CK_t
CK_c
Vou™ ~7 P
0.5xVgoy- —————t-———-
e e Fre o B o
ov

Notes: 1. Conditions for calibration: Pull down driver Ron = 40 ohms, Vou = Vppq % 0.5.
2. Termination condition for DQ and DMI = 50 ohms to Vsgq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgy value for 'tHZ and 'LZ measurements.

- |
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Figure 22: 'HZ(DQ) Method for Calculating Transitions and Endpoint

CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t

Notes: 1. Conditions for calibration: Pull down driver Rgny = 40 ohms, Vou = Vppq % 0.5.
2. Termination condition for DQ and DMI = 50 ohms to Vssq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgu value for *HZ and 'LZ measurements.

Table 91: Reference Voltage for 'LZ(DQ), '*HZ(DQ) Timing Measurements

Measured Parameter

Measured Parameter Symbol Vswil Vsw2 Unit

DQ Low-Z time tLz(DQ) 0.4 xVoq 0.6 x Voy \%

from CK_t, CK_c
DQ High-Z time tHZ(DQ) 0.4 x Vou 0.6 x Vou
from CK_t, CK_c

- |
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2.9. Burst WRITE Operation

Aburst WRITE command is initiated with CKE, CS, and CA[5:0] asserted to the proper
state at the rising edge of CK, as defined by the Command Truth Table. Column address-
es C[3:2] should be driven LOW for burst WRITE commands, and column addresses
C[1:0] are not transmitted on the CA bus and are assumed to be zero so that the starting
column burst address is always aligned with a 32-byte boundary. The WRITE latency
(WL)isdefined fromthelastrisingedgeoftheclockthatcompletesa WRITE command
(forexample, the secondrisingedgeofthe CAS-2 command)totherisingedgeofthe
clock from which 'DQSS is measured. The first valid latching edge of DQS must be driv-
enWL x 'CK+'DQSSaftertherisingedge of clockthat completesaWRITE command.

The device uses an unmatched DQS DQ path for lower power, so the DQS strobe must
arrive at the SDRAM ball prior to the DQ signal by 'DQS2DQ. The DQS strobe output
must be driven 'WPRE before the first valid rising strobe edge. The ‘WPRE preamble is
requiredtobe 2 x'CKatanyspeed ranges. The DQS strobemustbetrained toarriveat
theDQpadlatchcenter-alignedwiththeDQdata. TheDQdatamustbeheldfor
TdiVW, and the DQS must be periodically trained to stay roughly centered in the TdiVW.
Burst data is captured by the SDRAM on successive edges of DQS until the 16- or 32-bit
data burst is complete. The DQS strobe must remain active (toggling) for ‘WPST (write
postamble) after the completion of the burst WRITE. After a burst WRITE operation,
'WR must be satisfied before a PRECHARGE command to the same bank can be issued.
Signal input timings are measured relative to the cross point of DQS_t and DQS_c.

- __________________________________________________________
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Figure 23: Burst WRITE Operation
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Notes: 1. BL =16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. D|y n =data-in to column n.

3. 'WR starts at the rising edge of CK after the last latching edge of DQS.

4. DES commands are shown for ease of illustration; other commands may be valid at

these times.
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Figure 24: Burst Write Followed by Burst Read

‘DQs2DQ

0 /! TS & O N

/| pont care

=

Notes: BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. Dyy h =data-in to column n.

3. The minimum number of clock cycles from the burst WRITE command to the burst READ
command for any bank is [WL + 1 + BL/2 + RU(*WTR/'CK)].

4. Y"WTR starts at the rising edge of CK after the last latching edge of DQS.

5. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Write Timing

Figure 25: Write Timing

T T N T
<BLXCi{*2'FchXc|Ay</’,,N/////// L ////////M///////// /////////,
commana (Twanea X casa XDESNDESXDESXDESXDESXDESXDESXDEs@gxDESXDESXDESXDESXDESE

tDQASS (MIN)
tDQSS (MIN) L weRe IDSHLL L s —_—
DQS_c 7 I s o R \
oas.e LTI, 72000 X ) T i,
tbQs2bQ

o T VT BRI

tDQSS (Nominal)

tDQSS (Nominal) Ctwere | 'DSH
DQS_c ) s - =
DQS_t //// ////////// ////%g// Y // ‘LJ' C\_/C\_/d
tbQs2bQ

o LTI, CATL T i,

tDQSS (MAX)

tDQSS (MAX) - WPRE

o T, T X0

w T VI T aaes BeRBR I
m Don’t Care

Notes: 1. BL =16, Write postamble = 0.5nCK.
2. D|y h =data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Y"WPRE Calculation for ATE (Automatic Test Equipment)
Figure 26: Method for Calculating *‘WPRE Transitions and Endpoints

Resulting differential signal
relevant for 'WPRE specification

Vsw2

Vswl
DQS_t - DQS_c —

Begin point:
Extrapolated point

"WPRE !

Note: 1. Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssq.

Table 92: Method for Calculating *‘WPRE Transitions and Endpoints

Measured Parameter

Measured Parameter Symbol Vswil

DQS_t, DQS_c
differential write preamble

Vsw2 Unit

'WPRE VipL ac X 0.3 VigL ac X 0.7 v

Y"WPST Calculation for ATE (Automatic Test EQuipment)
Figure 27: Method for Calculating *\WPST Transitions and Endpoints

CK_t

Resulting differential signal
relevant for 'WPST specification

ov
Vsw2
Vswl
DQS_t - DQS_c <——_ End point:
Extrapolated point
YWPST
Notes: 1.

Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssq.
2. Write postamble: 0.5'CK

The method for calculating differential pulse widths for 1.5'CK postamble is same as
0.5'CK postamble.
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Table 93: Reference Voltage for *‘WPST Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswl Vsw2 Unit

DQS_t, DQS_C 'WPST _(VIHL_AC X 07) _(VIHL_AC X 03) \Y
differential write postamble

MASK WRITE Operation

The device requires that WRITE operations that include a byte mask anywhere in the
burst sequence must use the MASK WRITE command. This allows the device to imple-
ment efficient data protection schemes based on larger data blocks. The MASK
WRITE-1 command is used to begin the operation, followed by a CAS-2 command. A
MASKED WRITE command to the same bank cannot be issued until \CCDMW later, to
allow the device to finish the internal READ-MODIFY-WRITE operation. One data-
mask-invert (DMI) pin is provided per byte lane, and the data-mask-invert timings
matchdatabit (DQ)timing. See Data MaskInvertformoreinformation ontheuseof
the DMI signal.

Figure 28: MASK WRITE Command — Same Bank

Tc9  Tclo
. i
: -

e -
Y \,

|
i ! i ; ! ! !
1 1 1 ' 1 1 1
P N I S
BAO, 77, 7T
~ GOEDEDENA VT
e e
' ' ' | ' ' ' |
Command KIASK WRITE-1 CAS-2
|
|
|

‘ccoMmw WL

1 | 'DQSS(MIN)

‘
‘
‘
;
'WPRE | e (WPST
DQS_t o e 22 -------------- NS A M' ] \\‘ 22

. R [OOEEDEOE__| |

Don’t Care

Notes: 1. BL =16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. D)y h =data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration, the system needs to
insert only 16-bit wide data for MASKED WRITE operation.

4. DES commands are shown for ease of illustration; other commands may be valid at
thesetime.
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Figure 29: MASK WRITE Command — Different Bank
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: : : : : : 3 | : : : : 3 : : : : : : : : :
: : : : : : i i : : : | i : : : : : : : : :
Command I@ASK WRITE-1 X CAS-2 @EU MASK WRITE-IX CAS-2 ><}@< MASK WRITE-IX CAS-2 X:I%ED< MASK WRITE-lX CAS-2 >@E <MASK WRITE-1>< CAS-2
:
:
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tcep tcep tceo

\ tccomw

WL

;<—>‘<—> pass

o /! DOGOARAOER POGEARAOER HEGEREROOEOERER
D Don’t Care

Notes: 1. BL=16, DQ/DQS/DMI: Vssq termination.

Dy N = data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration, the system needs to
insert only 16-bit wide data for MASKED WRITE operation.

4. DES commands are shown for ease of illustration; other commands may be valid at
thesetime.

N

- ________________________________________________________________
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Mask Write Timing Constraints for BL16

Table 94: Same Bank (ODT Disabled)

Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE llegal RU(tRCD/tCK) RU(tRCD/'CK) RU(tRCD/tCK) RU(tRAS/tCK)
READ lllegal 81 RL + RL + BL/2 +
(with BL = 16) RU(*DQSCK(MAX)/ | RU(*DQSCK(MAX)/ | MAX{(8,RU(tRTP/
tCK) + BL/2 - WL + | tCK) + BL/2 - WL + tCK)} - 8
YWPRE + RD(tRPST) | 'WPRE + RD(*RPST)
READ lllegal 162 RL + RL + BL/2 +
(with BL = 32) RU(IDQSCK(MAX)/ | RU(tDQSCK(MAX)/ | MAX{(8,RU(tRTP/
tCK) + BL/2 - WL + | tCK) + BL/2 - WL + tCK)} - 8
YWPRE + RD(tRPST) | 'WPRE + RD(tRPST)
WRITE Illegal WL + 1+ BL/2 + 81 tccomw3 WL + 1+ BL/2 +
(with BL = 16) RU(*WTR/CK) RU(tWR/tCK)
WRITE lllegal WL+ 1+ BL/2 + 162 tCCDMW + 84 WL+ 1 +BL/2 +
(with BL = 32) RU('WTR/'CK) RU(*WR/'CK)
MASK WRITE lllegal WL+ 1+ BL/2 + tccb tccomw3 WL+ 1+ BL/2 +
RU(*WTR/CK) RU('WR/CK)
PRECHARGE RU(*RP/CK), lllegal lllegal lllegal 4
RU(tRPab/tCK)
Notes: 1. In the case of BL = 16, 'CCD is 8 x 'CK.
2. In the case of BL =32, 'CCD is 16 x 'CK.
3. 'CCDMW =32 x 'CK (4 x 'CCD at BL = 16).
4. WRITE with BL = 32 operation is 8 x 'CK longer than BL = 16.
Table 95: Different Bank (ODT Disabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE RU(*RRD/*CK) 4 4 4 22
READ 4 81 RL + RL + 22
(with BL = 16) RU(*DQSCK(MAX)/ | RU(*DQSCK(MAX)/
tCK) + BL/2 - WL + | tCK) + BL/2 - WL +
Y"WPRE + RD('RPST) | 'WPRE + RD( tRPST)
READ 4 162 RL + RL + 22
(with BL = 32) RU(*DQSCK(MAX)/ | RU(*DQSCK(MAX)/
'CK) + BL/2 - WL + | 'CK) + BL/2 - WL +
YWPRE + RD(tRPST) | 'WPRE + RD(tRPST)
WRITE 4 WL + 1+ BL/2 + 81 8! 22
(with BL = 16) RU(*WTR/'CK)
WRITE 4 WL+ 1+ BL/2 + 162 162 22
(with BL = 32) RU(*WTR/CK)
MASK WRITE 4 WL+ 1+ BL/2 + 81 81 22
RU(tWTR/CK)
O]
Rev.A0.0 03/27/2023 134




X5

4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63MA4G8E6TM-CCBXX

Table 95: Different Bank (ODT Disabled) (Continued)

Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
PRECHARGE 4 4 4 4 4
Notes: 1. In the case of BL = 16, 'CCD is 8 x 'CK
2. In the case of BL =32, t'CCD is 16 x 'CK
Table 96: Same Bank (ODT Enabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE lllegal RU(tRCD/CK) RU(tRCD/'CK) RU(tRCD/tCK) RU(tRAS/tCK)
READ lllegal 8l RL + RU( RL + RU( BL/2 +
(with BL = 16) tDQSCK(MAX)/ tCK) | tDQSCK(MAX)/ tCK) | MAX{(8,RU(tRTP/
+ BL/2 + RD('RPST) | + BL/2 + RD( 'RPST) t'CK)} - 8
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ tCK) | tODTon(MIN)/ tCK)
READ Illegal 162 RL + RU( RL + RU( BL/2 +
(with BL = 32) tDQSCK(MAX)/ tCK) | tDQSCK(MAX)/ tCK) | MAX{(8,RU(*RTP/
+ BL/2 + RD('RPST) | + BL/2 + RD(tRPST) tCK)} - 8
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ CK) | tODTon(MIN)/ tCK)
WRITE Illegal WL + 1+ BL/2 + 81 tccomw3 WL + 1+ BL/2 +
(with BL = 16) RU(*WTR/CK) RU(*WR/CK)
WRITE lllegal WL+ 1+ BL/2 + 162 tCCDMW + 84 WL+ 1 +BL/2 +
(with BL = 32) RU(*WTR/CK) RU('WR/CK)
MASK WRITE Illegal WL+ 1+ BL/2 + tccb tccomw3 WL+ 1+ BL/2 +
RU('WTR/'CK) RU(*WR/'CK)
PRECHARGE RU(*RP/CK), lllegal lllegal lllegal 4
RU(*RPab/tCK)
Notes: 1. In the case of BL = 16, 'CCD is 8 x 'CK.
2. In the case of BL = 32, t'CCD is 16 x 'CK.
3. 'CCDMW =32 x 'CK (4 x 'CCD at BL = 16).
4. WRITE with BL = 32 operation is 8 x 'CK longer than BL = 16.
Table 97: Different Bank (ODT Enabled)
Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE RU(*RRD/'CK) 4 4 4 22
READ 4 81 RL + RU( RL + RU( 22
(with BL = 16) tDQSCK(MAX)/ tCK) | tDQSCK(MAX)/ tCK)
+ BL/2 + RD('RPST) | + BL/2 + RD( 'RPST)
- ODTLon - RD( - ODTLon - RD(
tODTon(MIN)/ tCK) | tODTon(MIN)/ tCK)
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Table 97: Different Bank (ODT Enabled) (Continued)

XT63MA4G8E6TM-CCBXX

Next CMD READ WRITE
Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
READ 4 162 RL + RU( RL + RU( 22
(with BL = 32) tDQSCK(MAX)/ tCK) | tDQSCK(MAX)/ tCK)

+ BL/2 + RD('RPST) | + BL/2 + RD('RPST)

- ODTLon - RD( - ODTLon - RD(

tODTon(MIN)/ tCK) | tODTon(MIN)/ tCK)
WRITE 4 WL + 1+ BL/2 + 81 81 22
(with BL = 16) RU('WTR/tCK)
WRITE 4 WL+ 1+BL/2+ 162 162 22
(with BL = 32) RU('WTR/tCK)
MASK WRITE 4 WL+ 1+ BL/2 + 81 81 22

RU('WTR/tCK)
PRECHARGE 4 4 4 4 4
Notes: 1. In the case of BL = 16, 'CCD is 8 x 'CK.

2. Inthe case of BL = 32, tCCD is 16 x 'CK.

2.10. Data Mask and Data Bus Inversion (DBI [DC]) Function

Data mask (DM) is supported for WRITE operations and the data bus inversion DBI (DC)
is supported for READ, WRITE, MASK WRITE, MRR, and MRW operations. DM and DBI
(DC) functions are supported with byte granularity. DBI (DC) for READ opera- tions
(READ, MRR) canbeenabled ordisabled viaMR3 OP[6]. DBI (DC) for WRITE op-
erations (WRITE, MASK WRITE, MRW) can be enabled or disabled via MR3 OP[7]. DM
for MASK WRITE operations can be enabled or disabled via MR13 OP[5]. The device has
onedatamaskinversion (DMI) pin per byte and a total of two DMI pins per channel.
The DMI signal is a bidirectional DDR signal, is sampled with the DQ signals, and is
electrically identical to a DQ signal.

Thereareeight possiblestatesforthedevicewiththe DM and DBI (DC) functions.
Table 98: Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ
Operations

DM Signal
During During During During
DM Werite DBI Read DBI During MASKED During MPC[WRIT | MPC[READ-| MPC[READ
Function (DC) (DC) WRITE WRITE READ E-FIFO] FIFO] DQ CAL]
Disabled Disabled Disabled | Don't Care® | lllegal®, 3 High-Z?2 Don't Carel High-Z2 High-Z2
Disabled Enabled Disabled DBI (DC)* lllegal® High-z2 Train® Train0 Train!
Disabled Disabled Enabled Don't Care? Illegal® DBI (DC)® Train® Train1® Train!?
Disabled Enabled Enabled DBI (DC)* lllegal? DBI (DC)® Train® Train1® Train1?
Enabled Disabled Disabled | Don't Care® DM’ High-Z?2 Train® Train1® Train!?
Enabled Enabled Disabled DBI (DC)* DBI (DC)8 High-z2 Train® Train1® Trainl?
Enabled Disabled Enabled Don't Care® DM’ DBI (DC)® Train® Train1® Train!?
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Table 98: Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ
Operations (Continued)

DM Signal
During During During During
DM Write DBI Read DBI During MASKED During MPC[WRIT | MPC[READ-| MPC[READ
Function (DC) (DC) WRITE WRITE READ E-FIFO] FIFO] DQ CAL]
Enabled Enabled Enabled DBI (DC)* DBI (DC)® DBI (DC)® Train® Train10 Train!?
Notes: 1. The DMI input signal is "Don’t Care." DMI input receivers are turned off.
2. DMI output drivers are turned off.

3. The MASK WRITE command is not allowed and is considered an illegal command when
the DM function is disabled.

4. The DMl signal is treated as DBl and indicates whether the device needs to invert the
write data received on DQ within a byte. The device inverts write data received on the
DQ inputs if DMI is sampled HIGH and leaves the write data non-inverted if DMI is sam-
pled LOW.

5. The device inverts read data on its DQ outputs associated within a byte and drives the
DMl signal HIGH when more than four data bits = 1 within a given byte lane; otherwise,
the device does not invert the read data and drives DMI signal LOW.

6. The device does not perform a MASK operation when it receives a WRITE (or MRW)
command. During the WRITE burst, the DMI signal must be driven LOW.

7. The device requires an explicit MASKED WRITE command for all MASKED WRITE opera-
tions. The DM signal is treated as a data mask (DM) and indicates which bytes within a
burst will be masked. When the DM signal is sampled HIGH, the device masks that beat
of the burst for the given byte lane. All DQ input signals within a byte are "Don't Care"
(either HIGH or LOW) when DMI is HIGH. When the DMI signal is sampled LOW, the de-
vice does not perform a MASK operation and data received on the DQ inputs is written
to the array.

8. The device requires an explicit MASKED WRITE command for all MASKED WRITE opera-
tions. The device masks the write data received on the DQ inputs if five or more data
bits = 1 on DQJ[2:7] or DQ[10:15] (for lower byte or upper byte respectively) and the DMI
signal is LOW. Otherwise, the device does not perform the MASK operation and treats it
as a legal DBI pattern. The DMI signal is treated as a DBI signal, and data received on
the DQ input is written to the array.

9. The DMl signal is treated as a training pattern. The device does not perform any MASK
operation and does not invert write data received on the DQ inputs.

10. The DMl signal is treated as a training pattern. The device returns the data pattern writ-
ten to the WRITE-FIFO.

11. The DMl signal is treated as a training pattern. For more information, see the Read DQ
Calibration Training section.

- ___________________________________________________________
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Figure 30: MASKED WRITE Command with Write DBI Enabled; DM Enabled
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Notes: 1. N:Input data is written to DRAM cell.
I: Input data is inverted, then written to DRAM cell.

w N

. M: Input data is masked. The total count of 1 data bits on DQ[7:2] is equal to or greater
than five.

4. Data mask (DM) is enable: MR13 OP [5] = 0, Data bus inversion (DBI) write is enable:

MR3 OP[7] =
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Figure 31: WRITE Command with Write DBI Enabled; DM Disabled
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Notes: 1. N:Input data is written to DRAM cell.
2. I: Input data is inverted, then written to DRAM cell.

3. Data mask (DM) is disable: MR13 OP [5] = 1, Data bus inversion (DBI) write is enable:
MR3 OP[7] =
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2.11. WRITE and MASKED WRITE Operation DQS Control (WDQS Control)

The device supports WRITE and MASKED WRITE operations with the following DQS
controls. Before and after WRITE and MASKED WRITE operations, DQS_t,and DQS_c
are required to have sufficient voltage gap to make sure the write buffers operating nor-
mally without any risk of meta-stability.

Thedeviceissupported byeitherofthe twoWDQS controlmodes below.

¢ Mode 1: Read based control
* Mode 2: WDQS_on / WDQS_off definition based control

Regardless of ODT enable/disable, WDQS related timing described here does not allow
any change of existing command timing constraints for all READ /WRITE operations. In
case of any conflict or ambiguity on the command timing constraints caused by the
specification here, the specification defined in the Timing Constraints for Training
Commands table should have higher priority than WDQS control requirements.

Inordertopreventwrite preamblerelated failure,itis stronglyrecommendedto sup-
porteitherofthetwoWDQS controlstothedevice.

WDQS Control Mode 1 — Read-Based Control

The device needs to be guaranteed the differential WDQS, but the differential WDQS
can be controlled as described below. WDQS control requirements here can be ignored
whiledifferentialread DQSisoperated or while DQS hands overfromreadtowrite or
vice versa.

1. WhenWRITE/MASKED WRITE command isissued, SoC makes the transition
from driving DQS_c HIGH to driving differential DQS_t/DQS_c, followed by nor-
mal differential burst on DQS pins.

2. Atthe end of postamble of WRITE /MASKED WRITE burst, SoC resumes driving
DQS_c HIGH through the subsequent states except for DQS toggling and DQS
turnaroundtimeof WT-RDand RD-WTaslongas CKEis HIGH.

3. WhenCKEisLOW,thestateof DQS_t/DQS_cisallowedtobe“Don’tCare.”

Figure 32: WDQS Control Mode 1

CMD WT BURST Following states from WT burst

________________________________________

WDQS Control Mode 2 — WDQS_On/Off

After WRITE/MASKED WRITE command is issued, DQS_t and DQS_c required to be
differential from WDQS_on,and DQS_tand DQS_ccanbe“Don’t Care”statusfrom
WDQS_off of WRITE /MASKED WRITE command. When ODT is enabled, WDQS_on
and WDQS_off timing is located in the middle of the operations. When host disables
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ODT,WDQS_on and WDQS_off constraints conflict with 'RTW. The timing does not
conflict when ODT is enabled because WDQS_on and WDQS_off timing is covered in
ODTLon and ODTLoff. However, regardless of ODT on/off, WDQS_on/off timing below
does not change any command timing constraints for all read and write operations. In
order to prevent the conflict, WDQS_on/off requirement can be ignored where
WDQS_on/off timing is overlapped with read operation period including READ burst
period and '‘RPST or overlapped with turn-around time (RD-WT or WT-RD). In addition,
the period during DQS toggling caused by read and write can be counted as WDQS_on/
off.

Parameters

* WDQS_on: The maximum delay from WRITE / MASKED WRITE command to differen-
tial DQS_tand DQS_c

* WDQS_off: The minimum delay for DQS_t and DQS_c differential input after the last
WRITE/MASKED WRITE command

* WDQS_Exception: The period where WDQS_on and WDQS_off timing is overlapped
with READ operation or with DQS turn around (RD-WT, WT-RD)

— WDQS_Exception @ ODT disable = MAX(WL-WDQS_on + 'DQSTA - ‘WPRE - n'CK,
0'CK)where RD toWT command gap = 'RTW(MIN)@ODT disable + n'CK
— WDQS_Exception @ ODT enable = 'tDQSTA

Table 99: WDQS_On/WDQS_Off Definition

WRITE WDQS_On WDQs_Off N Upper
Latency (Max) (Min) Frequency Frequency
Set A Set B nWR NnRTP Set A Set B Set A Set B Limit (>) Limit ()

4 4 6 8 0 0 15 15 10 266

6 8 10 8 0 0 18 20 266 533

8 12 16 8 0 6 21 25 533 800

10 18 20 8 4 12 24 32 800 1066

12 22 24 10 4 14 27 37 1066 1333

14 26 30 12 6 18 30 42 1333 1600

16 30 34 14 6 20 33 47 1600 1866

18 34 40 16 8 24 36 52 1866 2133

Notes:

1. WDQS_on/off requirement can be ignored when WDQS_on/off timing is overlapped
with READ operation period including READ burst period and 'RPST or overlapped with
turn-around time (RD-WT or WT-RD).

2. DQS toggling period caused by read and write can be counted as WDQS_on/off.

Table 100: WDQS_On/WDQS_Off Allowable Variation Range

Min Max Unit
WDQS_on -0.25 0.25 tCK(avg)
WDQS_off -0.25 0.25 tCK(avg)
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Table 101: DQS Turn-Around Parameter

Parameter Description Value Unit Note

'DQSTA Turn-around time RDQS to WDQS for WDQS control case TBD - 1

Note: 1. 'DQSTA s only applied to WDQS_exception case when WDQS Control. Except for WDQS
Control, 'tDQSTA can be ignored.

Figure 33: Burst WRITE Operation

T0 T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad Tas Ta6 Ta7 Ta8 Ta9 Tal0 Tall Tal2 Tal3 Tal4 Tal5 Talé Tal7 Tal8 Tal9 Ta20 Ta2l
CK_c /- FEN B -~ - B = Ty - -~ - = oo s -~ - - F2X IS Y - PEy = PEN - N
s/ /]
BAD, 77 VITTTT LTI T 77777 T BT T T T T T T T AT
CA< EL ><CAAP @ g @ '/Ze 2 I T B
Command { WRITE-1 X CAS-2 DES
DQS_c
DQS_t
bQ
‘DQSS(MAX)
‘WPRE
DpQs_c 22 e X
DQS_t
bQ ‘ PP
ODTLon t0DTon(MAX)
0DTon(MIN)
DRAM Ryt ODT High-Z 22 Transion OoDTon # Transition ODT High-2
ODTLoff
| ‘opToff(MIN)
ODToff(MAX)

Don’t Care

Notes: 1. BL=16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
DI n = data-in to column n.

N

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. DRAM Ryt is only applied when ODT is enabled (MR11 OP[2:0] is not 000b).
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Figure 34: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Disable)

RL+RU("DQSCK(MAX)/'CK) + BL/2 + RD(‘RPST) - WL + "WPRE

WDQS_on WDQS_exception

RL ‘DASCK BL/2=8

‘RPRE 'WPRE

o Facnoeboon iR
DQS_t ! VI [N WAL WA PO WAL W/ ()

-»H=- D0SQ 'RPST | ‘DQSTA DQS20Q

ba L] A E0E000E & DEEEEEE

Don’t Care

Notes: 1. BL =16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK,

Write postamble = 0.5nCK.

2. DO n = data-out from column n, DI n = data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4, WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is
overlapped with READ operation period including READ burst period and 'RPST or over-
lapped with turn-around time (RD-WT or WT-RD).

O
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Figure 35: Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Enable)

T2 T3 T4 T8 Ta0 Tal Ta2 Ta3 Ta4 TbO Tbl Tbh2 Tb3 Tb4a TcO Tcl Te2 Tdo Tdl Td2 Td3 Td4 Te0 Tel Te2 Te3 Ted Te5 Te6 TfO  Tf1

M EDCAEYEY

RL + RU('DQSCK(MAX)/{CK) + BL/2 + RD(RPST)
- ODTLon - RD(*'ODTon(MIN)/'CK) + 1

ODTL_off

RL ‘pasck BL/2=8
‘RPRE twPRE
DQS_c ) ) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
DQsS_t
f
DasTA “oasa0a
] 4 POEOOEE ) XD
pQ o 9 15 9 7 15
I ¥ f ODToff,max
ODToff,min
DRAM Rrr ODT High-z Transition opT on Transion Y 00T High-z
bon'tcare

Notes: 1. BL =16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK,
Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. DO n = data-out from column n, DI n = data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is
overlapped with READ operation period including READ burst period and 'RPST or over-
lapped with turn-around time (RD-WT or WT-RD).

2.12. Preamble and Postamble Behavior
Preamble, Postamble Behaviorin READ-to-READ Operations

The following illustrations show the behavior of the device's read DQS_t and DQS_c
pins during cases where the preamble, postamble, and/or data clocking overlap.

DQSwillbedrivenwith thefollowingpriority

1. Data clocking edges will always be driven
2. Postamble
3. Preamble

Essentially the data clocking, preamble, and postamble will be ordered such that all
edgeswillbedriven.

Additional examples of seamless and borderline non-overlapping cases have been in-
cluded for clarity.
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READ-to-READ Operations — Seamless

Figure 36: READ Operations: 'CCD = MIN, Preamble = Toggle, 1.5nCK Postamble

TO T1 T2 T3 T4

o (o Y@ e/ m 7

' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
L s s

j
i
i
H i
Command < READ-1 CAS-2 m W READ-1 CAS-2
T
i
'
i
i

T
:
:
; ‘cCD =8
: ;
:
: RL=6 : ‘DASCK
i H
DQS_c
wenz ||
DQS_t s
-»! |« 'DQSQ
D
Q wenz ) AVAVAYRY MY BBV VYV Y VY mamyan v me ehz
DMI n0/ \ot /N2 / W3 n! QAN g1y 1y yf) 3

BL/2=8

77
,;’ Don’t Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
Doyt N/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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READ-to-READ Operations — Consecutive

Figure 37: Seamless READ: 'CCD = MIN + 1, Preamble = Toggle, 1.5nCK Postamble

T21 26 T27 T28 T29 T30

an
)
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TR TS Grw CIlE €5 W e ) G 6D 6 €D
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g

tccb =9 ‘DQScK

RL=6

Dpas_c R 2

High-Z
DQS_t
DQ

ngh-Z oul PouPouFounPouPouyPouyPouPou\PouPouPout LouhPouPouPou
DMI n0/ \o1 /\n2/\n3 / \o4 / \n5/ \n6 / \o7 / \n8/ \a9 / \n1¢/ \n1y \n17 \a13 \o14/ o1

Don’t Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
Doyt h/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 38: Consecutive READ: '*CCD = MIN + 1, Preamble = Toggle, 0.5nCK Postamble

T13 T14 T15 Tie T17 T1i8 T19 T20 T21 T26 T27 T28 T29 T30
i i i i i i i ] i ] ] ] i

conmons (Cs8 W 8 D)o o R Y oY) o)) oo ) o (o)) ) )
i [l [l [l i T [l [l [l [l [l T T T [l [l [l [l T
RL=6

T
\ '
H '
' '
' '
) L
g g

‘ccb =9 = DQSCK
RL=6 i 'Dasck
f
‘RPRE
DQS_c i e
High-Z 2 2
DQS_t
—»| L+ 'DQSQ ]
ba Highz P 2 B\ BaNBINBNBN Ba\Bo\ S\ Ba\ o\ o B\ \ B\ o\
DMI ¢ no/ \o1/ \n2/\a3 / \o4 / \n5/ \n6 / \oz/ \n8/ \09 / \n1¢/ \n1y \n17/ \n13/ \n14/ \p1!
BL/2=8

Don’t Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Doyt h/m = data-out from column n and column m.
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3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 39: Consecutive READ: 'CCD = MIN + 1, Preamble = Static, 1.5nCK Postamble

TO T1 T2 T3 T4 T7 T8 T Ti0O T11 T12 T13 T14 Ti5 Ti6 T17 T1i8 T19 T20 T21 T26 T27 T28 T29 T30
i i i i i i ] i i i ] i i i
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'

'

'

I
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‘

READ-1 CAS-2
T

Command< READ-1 X CAS-2
T T T T

T
tccD = 9 i : RL=6 | 'DQSCK |
; ;
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DQS_c
High-Z 8 2
DQS_t
DQ
High-z P 2
DMI

Don’t Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
Dout N/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 40: Consecutive READ: 'CCD = MIN + 1, Preamble = Static, 0.5nCK Postamble
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;
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Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
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2. Doyt h/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 41: Consecutive READ: 'CCD = MIN + 2, Preamble = Toggle, 1.5nCK Postamble

T1

T iy,
' i i i i i i i i i i i
conmans (s Y e 9 T € €D 0 €3 €0 C C CI =
T T T T T T T T T T T T T T T T T T
i
tCCD = 10 } RL=6 ! 'Dasck
' 1
RL=6
fRPST  'RPRE
DQS_c
High-Z 2 2
Das_t €
l= 'DQSQ
pQ 5
wenz )] BYRYRYRVBYRIRYRYBY MY VRV
DMI n0/ \n1/\n2/\a3 /\od /05 / N6 / WZ_/ N8/ Na_/ 10/ N1/ K12/ w13/ \ia/ \is)

BL/2=8

Don’t Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
Dout N/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 42: Consecutive READ: 'CCD = MIN + 2, Preamble = Toggle, 0.5nCK Postamble

Ti3 T22

Ti4 T15 T16 T17 T18 T19 T20 T21
I i i i i i I |

T G € E CYED € €60 €I CED CHED €
! . [ ! ! ! ! ! . . . ! ! ! !

Command< READ-1 X CAS-2
T T T

T
:
:

RL=6 1 'basck
:

RL=6 ‘
-
‘RPST [—
pas_c ) W
High-Z 2 2 High-Z
DQS_t s - ANVANS e
| [« 'DQSQ |
DQ
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DMI n0/ \o1/\o2/ \o3/ o4/ 5/ N6/ NZ_/ N8/ N9_/ ™0/ N11/ N2/ K13/ K14/ 1S,
BL/2=8

Don’t Care

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Doyt h/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 43: Consecutive READ: 'CCD = MIN + 2, Preamble = Static, 1.5nCK Postamble
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b
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High-Z
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Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Doyt h/m = data-out from column n and column m.
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3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 44: Consecutive READ: tCCD = MIN + 2, Preamble = Static, 0.5nCK Postamble
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Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
Doyt N/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 45: Consecutive READ: 'CCD = MIN + 3, Preamble = Toggle, 1.5nCK Postamble
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BL/2=8

Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Doyt h/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 46: Consecutive READ: '*CCD = MIN + 3, Preamble = Toggle, 0.5nCK Postamble
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Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
Doyt N/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 47: Consecutive READ: 'CCD = MIN + 3, Preamble = Static, 1.5nCK Postamble
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Notes: 1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
Doyt N/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 48: Consecutive READ: 'CCD = MIN + 3, Preamble = Static, 0.5nCK Postamble
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Notes: 1. BL=16 for column n and column m; RL = 6, Preamble = Static; Postamble = 0.5nCK
2. Doyt h/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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WRITE-to-WRITE Operations — Seamless

Figure 49: Seamless WRITE: *CCD = MIN, 0.5nCK Postamble
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Notes: 1. BL =16, Write postamble = 0.5nCK.
2. Djy h/m = data-in from column n and column m.
3. The minimum number of clock cycles from the burst WRITE command to the burst
WRITE command for any bank is BL/2.
4. DES commands are shown for ease of illustration; other commands may be valid at
these times.

O
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Figure 50: Seamless WRITE: tCCD = MIN, 1.5nCK Postamble, 533 MHz < Clock Frequency & 800
MHz, ODT Worst Timing Case
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Notes: 1. Clock frequency = 800 MHz, *CK(AVG) = 1.25ns.

2. BL =16, Write postamble = 1.5nCK.

3. Dy h/m = data-in from column n and column m.

4. The minimum number of clock cycles from the burst WRITE command to the burst
WRITE command for any bank is BL/2.

5. DES commands are shown for ease of illustration; other commands may be valid at

these times.

- ___________________________________________________________
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Figure 51: Seamless WRITE: '*CCD = MIN, 1.5nCK Postamble
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Notes: 1. BL =16, Write postamble = 1.5nCK.
D,y N/m = data-in from column n and column m.
3. The minimum number of clock cycles from the burst WRITE command to the burst
WRITE command for any bank is BL/2.
4. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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X5

WRITE-to-WRITE Operations — Consecutive
Figure 52: Consecutive WRITE: '*CCD
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Figure 53: Consecutive WRITE: '*CCD
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3. DES commands are shown for ease of illustration; other commands may be valid at

these times.

Figure 54: Consecutive WRITE: '*CCD
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3. DES commands are shown for ease of illustration; other commands may be valid at
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Figure 55: Consecutive WRITE: '*CCD = MIN + 2, 1.5nCK Postamble
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2. Dy h/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 56: Consecutive WRITE: *CCD = MIN + 3, 0.5nCK Postamble
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Notes: 1. BL =16, Write postamble = 0.5nCK.
2. Diy n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 57: Consecutive WRITE: *CCD = MIN + 3, 1.5nCK Postamble

T17 T23  T24
i

j ' ' ' i i i
; i ' ' i i i
; i ' ' i i i
i ' ' i i i
H i
Command < WRITE-1 X CAS-2 M DES DES WRITE-1

:

i ‘ccb =11 i
l 5
i WL =12
l
DQS_c 7 y — v - v T FET,
vas_t LI /// / 22 11114/ I
oa 7777777 7 7777777, 2777777777
om L 11111717 // / 4{’/ LTI

Don’t Care

Notes: 1. BL =16, Write postamble = 1.5nCK.
2. Diy n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 58: Consecutive WRITE: '*CCD = MIN + 4, 1.5nCK Postamble
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Notes: 1. BL =16, Write postamble = 1.5nCK.
2. Diy n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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2.13. PRECHARGE Operation

The PRECHARGE command is used to precharge or close a bank that has been activa-
ted. The PRECHARGE command is initiated with CKE, CS, and CA[5:0] in the proper
state (see Command Truth Table). The PRECHARGE command can be used to pre-
charge each bank independently or all banks simultaneously. The all banks (AB) flag
and the bank address bit are used to determine which bank(s) to precharge. The pre-
charged bank(s) will be available for subsequent row access '‘RPab after an all-bank
PRECHARGE command is issued, or 'RPpb after a single-bank PRECHARGE command
is issued.

Toensure that the device can meet the instantaneous current demands, the row pre-
charge time for an all-bank PRECHARGE ('RPab) is longer than the per-bank precharge
time (‘RPpb).

Table 102: Precharge Bank Selection

AB (CA[5], R1) BA2 (CA[2], R2) BA1l (CA[1], R2) BAO (CA[0], R2) Precharged Bank

0 0 0 0 Bank O only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don't Care Don't Care Don't Care All banks

Burst READ Operation Followed by Precharge

The PRECHARGE command can beissued as early as BL/2 clock cycles aftera READ
command, but the PRECHARGE command cannot be issued until after 'tRAS is satisfied.
AnewbankACTIVATEcommandcanbeissuedtothesamebankaftertherowpre-
charge time ('RP) has elapsed. The minimum read-to-precharge time must also satisfy a
minimum analog time from the second rising clock edge of the CAS-2 command. ‘RTP
begins BL/2 - 8 clock cycles after the READ command.
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Figure 59: Burst READ Followed by Precharge — BL16, Toggling Preamble, 0.5nCK Postamble
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Figure 60: Burst READ Followed by Precharge — BL32, 2tCK, 0.5nCK Postamble
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Burst WRITE Followed by Precharge

Awrite recovery time (‘WR) must be provided before a PRECHARGE command may be
issued. Thisdelayisreferenced from the nextrisingedge of CK afterthelastvalid DQS
clock of the burst.

Deviceswritedatatothememoryarrayin prefetchmultiples (prefetch=16). Aninter-
nal WRITE operation can only begin after a prefetch group has been clocked; therefore,
'WR starts at the prefetch boundaries. The minimum write-to-precharge time for com-
mands to the same bankis WL+ BL/2 + 1 + RU(*'WR /'CK) clock cycles.
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Figure 61: Burst WRITE Followed by PRECHARGE — BL16, 2nCK Preamble, 0.5nCK Postamble
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2.14. Auto Precharge

Beforeanewrowcanbeopenedinanactivebank, theactivebankmustbe precharged
using either the PRECHARGE command or the auto precharge (AP) function. When a
READ oraWRITE commandisissued tothedevice, the APbit (CAS)canbesettoena-
ble the active bank to automatically begin precharge at the earliest possible moment
during the burst READ or WRITE cycle.

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

If AP is HIGH when the READ or WRITE command is issued, the auto PRECHARGE
function is engaged. This feature enables the PRECHARGE operation to be partially or
completely hidden during burst READ cycles (dependent upon READ or WRITE laten-
cy), thus improving system performance for random data access.

Burst READ With Auto Precharge

If APis HIGH when a READ command is issued, the READ with AUTO PRECHARGE
function is engaged. The devices start an AUTO PRECHARGE operation on the rising
edgeoftheclockatBL/2afterthesecondbeatofthe READw/APcommand,orBL/4-4
+ RU('RTP/'CK) clock cycles after the second beat of the READ w/AP command, which-
ever is greater. Following an AUTO PRECHARGE operation, an ACTIVATE command can
be issued to the same bank if the following two conditions are both satisfied:

1. The RAS precharge time (‘RP) has been satisfied from the clock at which the auto
precharge began, and
2. The RAS cycle time (‘RC) from the previous bank activation has been satisfied.
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Figure 62: Burst READ With Auto Precharge — BL16, Non-Toggling Preamble, 0.5nCK Postamble
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Figure 63: Burst READ With Auto Precharge — BL32, Toggling Preamble, 1.5nCK Postamble
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Burst WRITE With Auto Precharge

IfAPisHIGHwhenaWRITE commandisissued, the WRITEwith AUTOPRECHARGE
function is engaged. The device starts an auto precharge on the rising edge 'WR cycles
after the completion of the burst WRITE.

Following a WRITE with AUTO PRECHARGE, an ACTIVATE command can be issued to
the same bank if the following conditions are met:

1. The RAS precharge time (‘RP) has been satisfied from the clock at which the auto
precharge began, and
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2. The RAS cycle time (‘RC) from the previous bank activation has been satisfied.

Figure 64: Burst WRITE With Auto Precharge —BL16, 2nCK Preamble, 0.5nCK Postamble
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Table 103: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable
Minimum Delay Between
From Command |To Command "From Command" and "To Command" Unit Notes
READ PRECHARGE RTP tCK 1,6
BL=16 (to same bank as READ)
PRECHARGE ALL RTP tCK 1,6
READ PRECHARGE 8tCK + tRTP tCK 1,6
BL =32 (to same bank as READ)
PRECHARGE ALL 8tCK + 'RTP tCK 1,6
READ w/AP PRECHARGE NRTP tCK 1,10
BL=16 (to same bank as READ w/AP)
PRECHARGE ALL NRTP tCK 1, 10
ACTIVATE NRTP + 'RPpb tCK 1, 8,10
(to same bank as READ w/AP)
WRITE or WRITE w/AP lllegal -
(same bank)
MASK-WR or MASK-WR w/AP lllegal -
(same bank)
WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tcK 3,4,5
(different bank) + RD(*RPST) - WL + 'WPRE
MASK-WR or MASK-WR w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tcK 3,4,5
(different bank) + RD(*RPST) - WL + *WPRE
READ or READ w/AP lllegal -
(same bank)
READ or READ w/AP BL/2 tcK 3
(different bank)
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Table 103: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is
Disable (Continued)

Minimum Delay Between

From Command | To Command "From Command" and "To Command" Unit Notes
READ w/AP PRECHARGE 8'CK + NRTP tCK 1, 10
BL=32 (to same bank as READ w/AP)

PRECHARGE ALL 8'CK + NnRTP tCcK 1,10

ACTIVATE 8'CK + NRTP + tRPpb tCK 1, 8,10

(to same bank as READ w/AP)

WRITE or WRITE w/AP lllegal -

(same bank)

MASK-WR or MASK-WR w/AP llegal -

(same bank)

WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/*CK) + BL/2 tCcK 3,4,5

(different bank) + RD(*RPST) - WL + *WPRE

MASK-WR or MASK-WR w/AP RL + RU(*DQSCK(MAX)/*CK) + BL/2 tCK 3,4,5

(different bank) + RD(*RPST) - WL + 'WPRE

READ or READ w/AP lllegal -

(same bank)

READ or READ w/AP BL/2 tCK 3

(different bank)
WRITE PRECHARGE WL+ BL/2 +'WR + 1 tCcK 1,7
BL =16 and 32 (to same bank as WRITE)

PRECHARGE ALL WL+ BL/2 +'WR + 1 tCK 1,7
MASK-WR PRECHARGE WL+ BL/2 +'WR + 1 tcK 1,7
BL=16 (to same bank as MASK-WR)

PRECHARGE ALL WL+ BL/2 +'WR + 1 tCK 1,7
WRITE w/AP PRECHARGE WL+ BL/2+nWR+ 1 tcK 1, 11
BL =16 and 32 (to same bank as WRITE w/AP)

PRECHARGE ALL WL+ BL/2 +nWR+ 1 tCK 1,11

ACTIVATE WL + BL/2 + nWR + 1 + 'RPpb tcK 1,8,11

(to same bank as WRITE w/AP)

WRITE or WRITE w/AP lllegal -

(same bank)

READ or READ w/AP lllegal -

(same bank)

WRITE or WRITE w/AP BL/2 tCcK 3

(different bank)

MASK-WR or MASK-WR w/AP BL/2 tCK 3

(different bank)

READ or READ w/AP WL +BL/2 +'WTR + 1 tCcK 3,9

(different bank)
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Table 103: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable
(Continued)

Minimum Delay Between
From Command | To Command "From Command" and "To Command" Unit Notes
MASK-WRw/AP |PRECHARGE WL + BL/2 + NnWR +1 tCK 1, 11
BL=16 (to same bank as MASK-WR
w/AP)
PRECHARGE ALL WL+ BL/2+nWR+ 1 tCcK 1,11
ACTIVATE WL + BL/2 + N\WR + 1 + 'RPpb tCK 1,8,11
(to same bank as MASK-WR
w/AP)
WRITE or WRITE w/AP lllegal - 3
(same bank)
MASK-WR or MASK-WR w/AP lllegal - 3
(same bank)
WRITE or WRITE w/AP BL/2 tCcK 3
(different bank)
MASK-WR or MASK-WR w/AP BL/2 tCK 3
(different bank)
READ or READ w/AP lllegal - 3
(same bank)
READ or READ w/AP WL +BL/2 +*'WTR + 1 tCK 3,9
(different bank)
PRECHARGE PRECHARGE 4 tCcK 1
(to same bank as PRECHARGE)
PRECHARGE ALL 4 tCK 1
PRECHARGE ALL |PRECHARGE 4 tcK 1
PRECHARGE ALL 4 tCK 1

Notes: 1. For a given bank, the precharge period should be counted from the latest PRECHARGE
command, whether per-bank or all-bank, issued to that bank. The precharge period is
satisfied 'RP after that latest PRECHARGE command.

2. Any command issued during the minimum delay time as specified in the table above is
illegal.

3. After READ w/AP, seamless READ operations to different banks are supported. After
WRITE w/AP or MASK-WR w/AP, seamless WRITE operations to different banks are sup-
ported. READ, WRITE, and MASK-WR operations may not be truncated or interrupted.

4. 'RPST values depend on MR1 OP[7] respectively.

5. 'WPRE values depend on MR1 OP[2] respectively.

6. Minimum delay between "from command" and "to command" in clock cycle is calcula-
ted by dividing '*RTP (in ns) by '*CK (in ns) and rounding up to the next integer: Minimum
delay [cycles] = roundup(*RTP [ns]/'CK [ns]).

7. Minimum delay between "from command" and "to command" in clock cycle is calcula-
ted by dividing *'WR (in ns) by 'CK (in ns) and rounding up to the next integer: Minimum
delay [cycles] = roundup(*WR [ns]/tCK [ns]).
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8. Minimum delay between "from command" and "to command" in clock cycle is calcula-
ted by dividing 'RPpb (in ns) by 'CK (in ns) and rounding up to the next integer: Mini-
mum delay [cycles] = roundup(*RPpb [ns]/tCK [ns]).

9. Minimum delay between "from command" and "to command" in clock cycle is calcula-
ted by dividing 'WTR (in ns) by 'CK (in ns) and rounding up to the next integer: Mini-
mum delay [cycles] = roundup(*WTR [ns]/'CK [ns]).

10. For READ w/AP the value is NRTP, which is defined in mode register 2.
11. For WRITE w/AP the value is NWR, which is defined in mode register 1.

Table 104: Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Enable

Minimum Delay Between

From Command |To Command "From Command" and "To Command" Unit Notes
READ w/AP WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tCK 2,3
BL=16 (different bank) + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/tCK) + 1

MASK-WR or MASK-WR w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tcK 2,3

(different bank) + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/tCK) + 1
READ w/AP WRITE or WRITE w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tCK 2,3
BL=32 (different bank) + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/tCK) + 1

MASK-WR or MASK-WR w/AP RL + RU(*DQSCK(MAX)/tCK) + BL/2 tcK 2,3

(different bank) + RD(*RPST) - ODTLon - RD(*ODTon(MIN)/tCK) + 1

Notes: 1. The rest of the timing about PRECHARGE and AUTO PRECHARGE is same as DQ ODT is
disablecase.

2. After READ w/AP, seamless read operations to different banks are supported. READ,
WRITE, and MASK-WR operations may not be truncated or interrupted.
3. 'RPST values depend on MR1 OP[7] respectively.

RAS Lock Function

READ with AUTO PRECHARGE or WRITE / MASK WRITE with AUTO PRECHARGE com-
mands may be issued after 'RCD has been satisfied. The LPDDR4 SDRAM RAS lockout
feature will schedule the internal precharge to assure that 'RAS is satisfied. 'RC needs to
be satisfied prior toissuing subsequent ACTIVATE commands to the same bank.

The figure below shows example of RAS lock function.
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Figure 65: Command Input Timing with RAS Lock

TO T T2 T3 T4 T19 T20 T21  T22 T23 T24 T25 131
CK_c -- -~ - - - -- - - - -

\
CK_t

CKE

Command< ACTIVATE-1 X ACTIVATE-2 RDA-1 >< CAS-2

! RCD = 20nCK |

i i
I TRAS 1
; ;
; ;

Notes: 1. 'CK (AVG) = 0.938ns, Data rate = 2133 Mb/s, tRCD(MIN) = MAX(18ns, 4nCK), tRAS(MIN) =
MAX(42ns, 3nCK), NRTP = 8nCK, BL = 32.

2. 'RCD = 20nCK comes from roundup(18ns/0.938ns).

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Delay Time From WRITE-to-READ with Auto Precharge

In the case of WRITE command followed by READ with AUTO PRECHARGE, controller
must satisfy ‘WR for the WRITE command before initiating the device internal auto-pre-
charge.Itmeansthat(‘WTR+ nRTP)should beequalorlongerthan (‘WR)when BLset-
tingis 16,aswellas (‘WTR+ nRTP+8nCK) should be equal or longer than (‘WR)when
BL setting is 32. Refer to the following figure for details.

Figure 66: Delay Time From WRITE-to-READ with Auto Precharge

TO T T2 T3 T4 Ta0 Tal Ta2  TbO Tbl Th2 Th3 TcO  Tcl T2 T3 Tca Tc5  Te6  Tdo  Tdl  Td2 Td3 Td4
CK_c --- - - = = - - S - - - - - - -~ - -
_ \,

CK_t

| BL/2+1clock | ; 3 | WTR

Notes: 1. Burst length at read = 16.
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2. DES commands are shown for ease of illustration; other commands may be valid at
these times.

2.15. REFRESH Command

The REFRESH command is initiated with CS HIGH, CAO LOW, CA1 LOW, CA2 LOW, CA3
HIGH and CA4 LOW at the first rising edge of clock. Per bank REFRESH is initiated with
CAS5 LOW at the first rising edge of the clock. The all-bank REFRESH is initiated with
CAS5 HIGH at the first rising edge of clock.

A perbank REFRESH command (REFpb) is performed to the bank address as transfer-
red on CAQ, CA1, and CA2 on the second rising edge of the clock. Bank address BAO is
transferred on CAOQ, bankaddress BA1lis transferredon CA1l,and bankaddress BA2is
transferred on CA2. A per bank REFRESH command (REFpb) to the eight banks can be
issued in any order. For example, REFpb commands may be issued in the following or-
der: 1-3-0-2-4-7-5-6. After the eight banks have been refreshed using the per bank RE-
FRESH command, the controller can send another set of per bank REFRESH commands
inthesameorderoradifferentorder. One possibleordercanbeasequentialround
robin: 0-1-2-3-4-5-6-7. Itisillegal to send a per bank REFRESH command to the same
bankunless all eight banks have been refreshed using the per bank REFRESH com-
mand. The count of eight REFpb commands starts with the first REFpb command after
a synchronization event.

The bank count is synchronized between the controller and the device by resetting the
bank count to zero. Synchronization can occur upon reset procedure or at every exit
from self refresh. The REFab command also synchronizes the counter between the con-
trollerand the device tozero.The device can be placed in selfrefresh, oraREFab com-
mand can be issued at any time without cycling through all eight banks using per bank
REFRESH command. After the bank count is synchronized to zero, the controller can
issue per bank REFRESH commands in any order, as described above.

A REFab command issued when the bank counter is not zero will reset the bank counter
tozeroandthedevicewill performrefreshestoallbanksasindicated by the rowcoun-
ter. Ifanother REFRESH command (REFab or REFpb) isissued after the REFab com-
mand then it uses an incremented value of the row counter.

The table below shows examples of both bank and refresh counter increment behavior.
Table 105: Bank and Refresh Counter Increment Behavior

Refresh Bank Ref. Conter #

# Command BA2 BA1 BAO Bank # Counter # (Row Address #)
0 Reset, SRX, or REFab To O -

1 REFpb 0 0 0 0 Oto1 n

2 REFpb 0 0 1 1 l1to2

3 REFpb 0 1 0 2 2to3

4 REFpb 0 1 1 3 3to4

5 REFpb 1 0 0 4 4to5

6 REFpb 1 0 1 5 5to6

7 REFpb 1 1 0 6 6to7

8 REFpb 1 1 1 7 7to0
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Table 105: Bank and Refresh Counter Increment Behavior (Continued)

Refresh Bank Ref. Conter #
Command BA2 BA1 BAO Bank # Counter # (Row Address #)
9 REFpb 1 1 0 6 Oto1l n+1
10 REFpb 1 1 1 7 1to2
11 REFpb 0 0 1 1 2to 3
12 REFpb 0 1 1 3 3to4
13 REFpb 1 0 1 5 4to5
14 REFpb 0 1 0 2 5to6
15 REFpb 0 0 0 0 6to7
16 REFpb 1 0 0 4 7to0
17 REFpb 0 0 0 0 Oto1l n+2
18 REFpb 0 0 1 1 lto?2
19 REFpb 0 1 0 2 2to 3
20 REFab 4 14 4 Oto7 ToO n+2
21 REFpb 1 1 0 6 Oto1l n+3
22 REFpb 1 1 1 7 lto?2
Snip
Abankmustbeidlebeforeitcanberefreshed. Thecontrollermusttrackthebankbeing
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
+ 'RPhas been satisfied after the prior PRECHARGE command to that bank
*+ 'RRD has been satisfied after the prior ACTIVATE command (for example, after acti-
vatingarowinadifferentbankthantheoneaffected bythe REFpbcommand)
The target bank is inaccessible 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 a WRITE command. When
the per bank REFRESH cycle has completed, the affected bank will be in the idle state.
After issuing REFpb, the following conditions must be met:
¢ 'RFCpb must be satisfied before issuing a REFab command
+ 'RFCpb must be satisfied before issuing an ACTIVATE command to the same bank
 'RRD must be satisfied before issuing an ACTIVATE command to a different bank
+ 'RFCpb must be satisfied before issuing another REFpb command
Anall-bank REFRESH command (REFab)issues a REFRESH command to every bankin
achannel. All banks must be idle when REFabisissued (for example, by issuing a PRE-
CHARGE ALL command prior toissuing an all-bank REFRESH command). The REFab
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commandmustnotbeissuedtothedeviceuntilthefollowingconditions havebeen
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 command

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

* RFCablatency must be satisfied before issuing an ACTIVATE command,
* RFCablatency must be satisfied before issuing a REFab or REFpb command

Table 106: REFRESH Command Timing Constraints

Minimum
Symbol Delay From... To Notes
‘RFCab REFab REFab
ACTIVATE command to any bank
REFpb
‘RFCpb REFpb REFab
ACTIVATE command to same bank as REFpb
REFpb
‘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; therefore, REFab is prohibited
following an ACTIVATE command. REFpb is supported only if it affects a bank that is in
the idle state.

Figure 67: All-Bank REFRESH Operation

TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad Ta5 TbO Tbl Tb2 Tb3 Tb4  Tbh5 TcO Tcl Tc2 Tc3
' | | 1 1 1 ' ' ' ' '
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Valid X Valid Valid X Valid /K ValidXvalid / valid valid '/
i i | 'RPab i i i : i 'RFCab | i i | 'RFCab | i i

. .
PRECHARGE All bank All bank
commans (FREITERERY o' o) o (o AR s Y o) o] (o) CARREB o Yo o) o ) o

Don’t Care
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Figure 68: Per Bank REFRESH Operation
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omman ALL bank DES @ REFRESH DES X DES/ /DES REFRESH DES DES DES ACTIVATE-1 X ACTIVATE-2 X DES X DES
m Don’t Care

Notes: 1. In the beginning of this example, the REFpb bank is pointing to bank 0.

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

In general, a REFRESH command needs to be issued to the device regularly every ‘REFI
interval. To allow for improved efficiency in scheduling and switching between tasks,
some flexibility in the absolute refresh interval is provided. A maximum of eight RE-
FRESHcommandscanbepostponedduringoperationofthedevice, butatnopointin
time are more than a total of eight REFRESH commands allowed to be postponed. And
a maximum number of pulled-in or postponed REF command is dependent on refresh
rate. [tis described in the table below. In the case where eight REFRESH commands are
postponed in a row, the resulting maximum interval between the surrounding RE-
FRESH commands is limited to 9 x 'REFI. A maximum of eight additional REFRESH
commandscanbeissuedinadvance (pulledin), witheachonereducingthenumberof
regular REFRESH commands required later by one. Note that pulling in more than eight
REFRESH commands in advance does not reduce the number of regular REFRESH
commands required later; therefore, the resulting maximum interval between two sur-
rounding REFRESH commands is limited to 9 x 'REFI. At any given time, a maximum of
16 REFRESH commands can beissued within 2 x 'REFI.

Self refresh mode may be entered with a maximum of eight REFRESH commands being
postponed. After exiting self refresh mode with one or more REFRESH commands post-
poned, additional REFRESH commands may be postponed to the extent that the total
number of postponed REFRESH commands (before and after self refresh) will never ex-
ceed eight. During self refresh mode, the number of postponed or pulled-in REFRESH
commands does not change.

And for per bank refresh, a maximum of 8 x 8 per bank REFRESH commands can be
postponedorpulledinforschedulingefficiency. Atany giventime, amaximum of2x8
x 8 per bank REFRESH commands can be issued within 2 x ‘REFI.
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Table 107: Legacy REFRESH Command Timing Constraints

Max. No. of Max. Interval
MR4 pulled-in or between Max. No. of
OP[2:0] Refresh rate postponed REFab two REFab REFab?! Per-bank REFRESH

000b Low temp. limit N/A N/A N/A N/A
001b 4 x 'REFI 8 9 x 4 x 'REFI 16 1/8 of REFab
010b 2 x 'REFI 8 9 x 2 x 'REFI 16 1/8 of REFab
011b 1 x 'REFI 8 9 x '‘REFI 16 1/8 of REFab
100b 0.5 x 'REFI 8 9 x 0.5 x 'REFI 16 1/8 of REFab
101b 0.25 x 'REFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
110b 0.25 x 'REFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
111b High temp. limit N/A N/A N/A N/A

Table 108: Modified REFRESH Command Timing Constraints

Note:

1. Maximum number of REFab within MAX(2 x 'REFI x refresh rate multiplier, 16 x '‘RFC).

Max. No. of Max. Interval
MR4 Pulled-in or between Max. No. of
OP[2:0] Refresh Rate Postponed REFab Two REFab REFab?! Per-bank REFRESH

000B Low temp. limit N/A N/A N/A N/A
001B 4 x '‘REFI 2 3 x 4 x 'REFI 4 1/8 of REFab
010B 2 x 'REFI 4 5 x 2 x 'REFI 8 1/8 of REFab
011B 1 x 'REFI 8 9 x 'REFI 16 1/8 of REFab
100B 0.5 x 'REFI 8 9 x 0.5 x 'REFI 16 1/8 of REFab
101B 0.25 x 'REFI 8 9 x 0.25 x *REFI 16 1/8 of REFab
110B 0.25 x 'REFI 8 9 x 0.25 x 'REFI 16 1/8 of REFab
1118 High temp. limit N/A N/A N/A N/A

Rev.A0.0

Notes:

1. For any thermal transition phase where refresh mode is transitioned to either 2 x tREFI
or 4 x 'REFI, LPDDR4 devices will support the previous postponed refresh requirement
provided the number of postponed refreshes is monotonically reduced to meet the new
requirement. However, the pulled-in REFRESH commands in the previous thermal phase
are not applied in the new thermal phase. Entering a new thermal phase, the controller
must count the number of pulled-in REFRESH commands as zero, regardless of the num-
ber of remaining pulled-in REFRESH commands in the previous thermal phase.

2.

LPDDR4 devices are refreshed properly if the memory controller issues REFRESH com-
mands with same or shorter refresh period than reported by MR4 OP[2:0]. If a shorter
refresh period is applied, the corresponding requirements from this table apply. For ex-
ample, when MR4 OP[2:0] = 001b, the controller can be in any refresh rate from 4 x
'REFI to 0.25 x 'REFI. When MR4 OP[2:0] = 010b, the only prohibited refresh rate is 4 x

'REFI.
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Figure 69: Postponing REFRESH Commands (Example)
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Figure 70: Pulling in REFRESH Commands (Example)
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Burst READ Operation Followed by Per Bank Refresh

Figure 71: Burst READ Operation Followed by Per Bank Refresh

n.._l

READ-1 >< CAS-2 >< 0552 zDES pfffcr,.?,fé‘& DES? 2DES >< DES >< DES >< DES ',;%},2?2,5 g DES >< DES XDES

T T 1
CA< ><CA AP>< CAn ><c;|\n ><// 2% )<Valld>< BA|\0 ></ d ( ' / //><Valld>< Anv @
(

Command
_ tRTPNote 4 | tRPpb _
RL | tDQSCK
tRPRE

oo R R,

- & /|

D\
Don’t Care

Notes: 1. The per bank REFRESH command can be issued after 'RTP + 'RPpb from READ command.
2. BL=16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.

3. Doyt h = data-out from column n.

4. In the case of BL = 32, delay time from read to per bank precharge is 8nCK + 'RTP.

5

DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 72: Burst READ With AUTO PRECHARGE Operation Followed by Per Bank Refresh

Ta9

Ta10
CK_t

Ccs

o @ caAapchnchnX/ Y // // |/ / 7 xw.dx:zryzw /
<READW|th AP- 1>< CAS-2 | >< DESR 2DES >< DES >< DES >< DES >< DES >< DES >< DES >< DES %E’FREQ,'.,‘ >. g DES >< DES ><£

tRC Note 4

Command

DQS_c 2 2
DQS_t

oa /!

Don’t Care

Notes: 1. BL =16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.
2. Doyt h = data-out from column n.

3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

4. 'RC needs to be satisfied prior to issuing a subsequent per bank REFRESH command.
2.16. Refresh Requirement

Between the SRX command and SRE command, atleast one extra REFRESH command
isrequired. After the SELF REFRESH EXIT command, in addition to the normal RE-
FRESH command at 'REFI interval, the device requires a minimum of one extra RE-
FRESH command prior tothe SELF REFRESH ENTRY command.

Table 109: Refresh Requirement Parameters

Density (per channel)

Parameter Symbol 2Gb 3Gb 4Gb 6Gb 8Gb 12Gb 16Gb Unit
Number of banks per channel - 8 -
Refresh window (*REFW): 'REFW 32 ms
(1 x Refresh)3

Required number of REFRESH R 8192 -
commands in 'REFW window

Average refresh interval |REFab 'REFI 3.904 us
(1 x Refresh)? REFpb | 'REFIpb 488 ns
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Table 109: Refresh Requirement Parameters (Continued)

Density (per channel)

Parameter Symbol 2Gb 3Gb ‘ 4Gb 6Gb 8Gb 12Gb 16Gb Unit
REFRESH cycle time (all banks) ‘RFCab 130 180 280 380 ns
REFRESH cycle time (per bank) ‘RFCpb 60 90 140 190 ns
Per bank refresh to per bank re- | PBR2PBR 60 90 90 90 ns
fresh time (different bank)

Notes:

1. Refresh for each channel is independent of the other channel on the die, or other chan-
nels in a package. Power delivery in the user’s system should be verified to make sure
the DC operating conditions are maintained when multiple channels are refreshed si-
multaneously.

2. Self refresh abort feature is available for higher density devices starting with 6Gb densi-
ty per channel device and 'XSR_abort(MIN) is defined as 'RFCpb + 17.5ns.

3. Refer to MR4 OP[2:0] for detailed refresh rate and its multipliers.

2.17. SELF REFRESH Operation
Self Refresh Entry and Exit

Rev.A0.0

The SELF REFRESH command can be used to retain data in the device without external
REFRESH commands. The device has a built-in timer toaccommodate SELF REFRESH
operation. Selfrefreshis entered by the SELF REFRESH ENTRY command defined by
having CS HIGH, CAO LOW, CA1 LOW, CA2 LOW, CA3 HIGH, CA4 HIGH, and CAS5 valid
(validmeaningthatitisatalogiclevel HIGH or LOW) for thefirstrisingedge,and CS
LOW, CAOvalid, CA1 valid, CA2 valid, CA3 valid, CA4 valid, and CAS5 valid at the second
rising edge of clock. The SELF REFRESH command is only allowed when READ DATA
burstiscompletedandthedeviceisintheidlestate.

During self refresh mode, external clock input is needed and all input pins of the device
are activated. The device can accept the following commands: MRR-1, CAS-2, DES, SRX,
MPC, MRW-1, and MRW-2, except PASR bank /segment mask settingand SR abort set-
ting.

The device can operate in self refresh mode within the standard and elevated tempera-
ture ranges. It also manages self refresh power consumption when the operating tem-
perature changes: lower at low temperatures and higher at high temperatures.

For proper SELF REFRESH operation, power supply pins (Vpp1, Vpp2, and Vppg) must
beatvalidlevels. Vppgcanbeturnedoffduringselfrefreshwith power-downafter
{CKELCK is satisfied. (Refer to the Self Refresh Entry/ Exit Timing with Power-Down En-
try/Exit figure.) Prior to exiting self refresh with power-down, Vppg must be within
specified limits. The minimum time that the device must remain in self refresh mode is
'SR(MIN). After self refresh exit is registered, only MRR-1, CAS-2, DES, MPC, MRW-1,
and MRW-2 except PASR bank/segment mask setting and SR abort setting are allowed
until XXSR is satisfied.

The use of self refresh mode introduces the possibility that an internally timed refresh
eventcanbemissedwhenselfrefreshexitisregistered. Uponexitfromselfrefresh,itis
required that atleast one REFRESH command (8 per-bank or 1 all-bank) is issued be-
fore entry into a subsequent self refresh. This REFRESH command is not included in the

03/27/2023 177




X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

count of regular REFRESH commands required by the ‘REFI interval, and does not
modify the postponed or pulled-in refresh counts; the REFRESH command does count

toward the maximum refreshes permitted within 2 x ‘REFI.

Figure 73: Self Refresh Entry/Exit Timing

Ta2 Ta3 Ta4 Ta5 ThbO Tbl Th2 Th3 Th4 Tb5 Thbe Tb7

T0 T1 T2 T3 T4 T5 T6 Ta0 Tal

‘ ‘XSR
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Enter self refresh EX|t self refresh
Don’t Care

} 701 @« /W/ m-cm

MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/
segment mask setting and SR abort setting) are allowed during self refresh.
DES commands are shown for ease of illustration; other commands may be valid at

Notes: 1.

these times.

Power-Down Entry and Exit During Self Refresh
Entering/exiting power-down mode is allowed during self refresh mode. The related
timing parameters between self refresh entry/exit and power-down entry/exit are

shown below.

- |
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Figure 74: Self Refresh Entry/Exit Timing with Power-Down Entry/Exit
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Notes: 1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/
segment mask setting and SR abort setting) are allowed during self refresh.

2. Input clock frequency can be changed, or the input clock can be stopped, or floated af-
ter *CKELCK satisfied and during power-down, provided that upon exiting power-down,
the clock is stable and within specified limits for a minimum of *CKCKEH of stable clock
prior to power-down exit and the clock frequency is between the minimum and maxi-
mum specified frequency for the speed grade in use.

3. Two clock command for example.

Command Input Timing After Power-Down Exit

Command input timings after power-down exit during self refresh mode are shown be-
low.
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Figure 75: Command Input Timings after Power-Down Exit During Self Refresh
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MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/
segment setting) are allowed during self refresh.

Input clock frequency can be changed or the input clock can be stopped or floated after
'*CKELCK satisfied and during power-down, provided that upon exiting power-down, the
clock is stable and within specified limits for a minimum of *CKCKEH of stable clock prior
to power-down exit and the clock frequency is between the minimum and maximum
specified frequency for the speed grade in use.

. Two clock command for example.

4 OP[3] is enabled, the device aborts any ongoing refresh during self refresh exit

and does not increment the internal refresh counter. The controller can issue a valid
command after a delay of ')XSR_abort instead of XXSR.

The value of 'XXSR_abort(MIN) is defined as 'RFCpb + 17.5ns.

Uponexitfrom selfrefreshmode, thedevicerequiresaminimum ofone extrarefresh

(eigh

tperbankoronefortheentirebank)beforeenteringasubsequentselfrefresh

mode. Thisrequirementremainsthesameirrespectiveofthesettingofthe MR bitfor
selfrefresh abort.

Self refresh abort feature is valid for 6Gb density per channel and larger densities only.

MRR, MRW, MPC Commands During '™XSR, 'RFC

MOD

E REGISTER READ (MRR), MULTI PURPOSE (MPC), and MODE REGISTER WRITE

(MRW) command except PASR bank/segment mask setting and SR abort setting can be
issued during *XSR period.
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Figure 76: MRR, MRW, and MPC Commands Issuing Timing During 'XSR
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Notes: 1. MPCand MRW commands are shown. Any combination of MRR, MRW, and MPC is al-
lowed during ™XSR period.

2. "Any command" includes MRR, MRW, and all MPC commands.
MRR, MRW, and MPC can be issued during ‘RFC period.
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Figure 77: MRR, MRW, and MPC Commands Issuing Timing During t‘RFC
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2.18. Power-Down Mode
Power-Down Entry and Exit

Rev.A0.0

Power-down is asynchronously entered when CKE is driven LOW. CKE must not go LOW
while the following operations are in progress:

* Mode register read

* Mode register write

* Read

* Write

* VREF(ca) range and value setting via MRW

* VREer(DQ) range and value setting via MRW

* Command bus training mode entering/exiting via MRW
* VRCG HIGH current mode entering/exiting via MRW

CKE can go LOW while any other operations such as row activation, precharge, auto
precharge,orrefreshareinprogress. The power-down Ipp specification willnot beap-
plied until such operations are complete. Power-down entry and exit are shown below.

Entering power-down deactivates the input and output buffers, excluding CKE and RE-
SET_n. Toensure that there is enough time to account for internal delay on the CKE sig-
nalpath, CSinputisrequired stable LOWleveland CAinputlevelis "Don’t Care"after
CKE is driven LOW, this timing period is defined as 'CKELCS. Clock inputis required af-
ter CKE is driven LOW, this timing period is defined as {CKELCK. CKE LOW will result in
deactivation of all input receivers except RESET_n after 'CKELCK has expired. In power-
down mode, CKE must be held LOW; all other input signals except RESET_n are "Don't
Care." CKE LOW must be maintained until ‘CKE(MIN) is satisfied.

Vppg can be turned off during power-down after ‘CKELCK is satisfied. Prior to exiting
power-down, Vppg must be within its minimum /maximum operating range. No RE-
FRESH operations are performed in power-down mode except self refresh power-down.
The maximum duration in non-self-refresh power-down mode is only limited by the re-
freshrequirements outlined in the REFRESH command section.

The power-down state is asynchronously exited when CKE is driven HIGH. CKE HIGH
must be maintained until ‘CKE(MIN) is satisfied. A valid, executable command can be
applied with power-down exit latency XP after CKE goes HIGH. Power-down exit laten-
cyisdefinedinthe ACtimingparametertable.

Clock frequency change or clock stop is inhibited during \CMDCKE, {CKELCK,
{CKCKEH, 'XP,'MRWCKEL, and ‘ZQCKE periods.

Ifpower-downoccurswhenallbanksareidle, thismodeisreferredtoasidle power-
down.ifpower-downoccurswhenthereisarowactivein anybank, thismodeisrefer-
redtoasactive power-down. AndIfpower-downoccurswhenselfrefreshisin progress,
thismodeisreferredtoasselfrefresh power-downinwhichtheinternalrefreshiscon-
tinuing in the same way as self refresh mode.

When CA, CK, and/or CS ODT is enabled via MR11 OP[6:4] and also via MR22 or CA-
ODT pad setting, the rank providing ODT will continue to terminate the command bus
in all DRAM states including power-down when Vppq is stable and within its mini-
mum/maximum operatingrange.
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The LPDDR4 DRAM cannot be placed in power-down state during start DQS interval
oscillator operation.

Figure 78: Basic Power-Down Entry and Exit Timing

1 T Tb0 Tb1 Tco Tcl  Td0 Te0 Tel T T Tgo Tho Thi Th2 Th3 TKO Tkl Tk
| e ‘CKE mEs
{CMDCKE itCKEIiCK tCKCKEH xp
w T 0 1L Ry AN
§ | tcscke [tekeLcs o {CSCKEH tCKEHCS| |

« N W e

\ T A
' '

A<vandxvandw/w N T TR A M@C'-d Ry,
CJ@W 2 // M // % “.m X@@// ﬁ

Don’t Care

Note: 1. Input clock frequency can be changed or the input clock can be stopped or floated dur-
ing power-down, provided that upon exiting power-down, the clock is stable and within
specified limits for a minimum of tCKCKEH of stable clock prior to power-down exit and
the clock frequency is between the minimum and maximum specified frequency for the
speed grade in use.

O
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Figure 79: Read and Read with Auto Precharge to Power-Down Entry

Tbl Th2  Tb3

CKE

Command < READ-1 >< CAS-2 >< DE52 ZDES >< DES>< DESR ZDES >< DES>< DES>< DES? EX DES>< / 2 V

ISSOUR I N S B RIENIYVS0 0 PV (. L
o | NI Wm _

V777
Don’t Care

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

2. Minimum delay time from READ command or READ with AUTO PRECHARGE command
to falling edge of CKE signal is as follows:

When read postamble = 0.5nCK (MR1 OP[7] = [0]),
(RL x tCK) + tDQSCK(MAX) + ((BL/2) x tCK) + 1tCK
When read postamble = 1.5nCK (MR1 OP[7] =[1]),
(RL x tCK) + tDQSCK(MAX) + ((BL/2) x tCK) + 2tCK
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Figure 80: Write and Mask Write to Power-Down Entry

TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad TbO Tbhl Tb2 TcO Tcl Tc2 Td0O Tdl Td2
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CKE

I
EXl
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I
I
1
I
I
1
I
I
I
1
I
I
I
1
I
I
I
I
I
T
I
I
I
I

CA <Va|id><VaIid><VaIid Valid%/‘% 8/ // //
Command <M‘é\"sff<'&f§|1T:E_1>< :CAS—Z ><D:ES( REX D:ES><DES>< D:Es>< D:Esz 8D£ES><D:ES>< DjES? ( ES><// 4 [ /) / /
P : 1 iwLi |'Dass! Lol lwesTi b
N S 40 B/ R N N S
L ol w1
N S

m Don’t Care
4

=

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

2. Minimum delay time from WRITE command or MASK WRITE command to falling edge
of CKE signal is as follows:

Notes:

(WL x tCK) + tDQSS(MAX) + tDQS2DQ(MAX) + ((BL/2) x tCK) + 'WR
3. This timing is applied regardless of DQ ODT disable/enable setting: MR11 OP[2:0].

4. This timing diagram only applies to the WRITE and MASK WRITE commands without au-
to precharge.

Rev.A0.0 03/27/2023 186



X5
P 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4G8E6TM-CCBXX

Figure 81: Write With Auto Precharge and Mask Write With Auto Precharge to Power-Down
Entry

CKE

cs/\/\

See Note 2

Z
2
\ Z
Z
J

Command <MX§’,?\',\T,§,T1E 1>< CAS-2 >< DEsz DES>< ES>< DES>< DES{ (DES>< DES>< DES{ /DESX DES >< DES >< DES><

POWL tDst i i tWPSTi

_______________________

- J‘DQSZDQ ‘BL/2

)] AEHEaE

Don’t Care
Notes: 1. CKE must be held HIGH until the end of the burst operation.
Delay time from WRITE with AUTO PRECHARGE command or MASK WRITE with AUTO
PRECHARGE command to falling edge of CKE signal is more than
(WL x tCK) + tDQSS(MAX) + tDQS2DQ(MAX) + ((BL/2) x tCK) + (NWR x tCK) + (2 x tCK)
3. This timing is applied regardless of DQ ODT disable/enable setting: MR11 OP[2:0].
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Figure 82: Refresh Entry to Power-Down Entry
TO T1 T2 Tao Tal Ta2 Ta3 ThO Thl Th2 Th3 Tha Th5 Th6 Tb7 Th8 Th9 Tb10

'
CK_c -~ oo Fala ¥
— ) Y Y

oo lala W
Y Y

CK_t

T

o VI N ]
CAW T /////////////// ///// ’/// ///////;

command<REFRESH ots | W//////// 2//////// //////// /////// ////////
@ Don’t Care

Note: 1. CKE must be held HIGH until '*CMDCKE is satisfied.

Figure 83: ACTIVATE Command to Power-Down Entry

TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 TbO Thl Tb2 Th4 Tb5 Th6 Tb7 Tb8 Tb9
. | | . . : : | . . . . . . | : .

oo e
B Y

CK_c --|

CK_t

A

<va'-dXva'-dXva'-dXva'-dX//A WX/ // /// AU /// // / / /// /// /// /// /// ///

Command <ACTIVATE 1><ACTIVATE 2>< DEsz (DESW // / /4 Z/// ///// // /// /// //// // //
V/‘ Don’t Care

Note: 1. CKE must be held HIGH until '*CMDCKE is satisfied.
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Figure 84: PRECHARGE Command to Power-Down Entry

TO Tl T2 Ta0 Tal Ta2 Ta3 Tbl Th2 Th3 Th4 Tb5 Tbh6 Tb7 Th8 Tb9 Th10 Tbill
K c __‘\3 ) / : : ! ! . . . . / . . , | : :

Al ral ma
R ARVAR AR VRS

CK_t

N R

<vau-dxvandww/, ////M/ 7 I Y

<PRECHARGEXDEsg gDEsx/ // / //4 z// // // T
Don’t Care

Note: 1. CKE must be held HIGH until '*CMDCKE is satisfied.
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Figure 85: Mode Register Read to Power-Down Entry

Seé Note 2

yaySanasnusny sl
<va|-dxva|.dxval-dxvandx W/ W / 70 T / 7 W /

cormans (RSN 53 XDES;3DESXDESXDEsggDEsXDEsXDEsXDEsxg@DESX / / / W

——
—~—
——
~—

AR w‘%w
MERRENERRkC el

Don’t Care
Notes: 1. CKE must be held HIGH until the end of the burst operation.

2. Minimum delay time from MODE REGISTER READ command to falling edge of CKE sig-
nal is as follows:

When read postamble = 0.5nCK ( MR1 OP[7] = [0]),
(RL x *CK) + 'DQSCK(MAX) + ((BL/2) x tCK) + 1'CK
When read postamble = 1.5nCK (MR1 OP[7] = [1]),
(RL x *CK) + 'DQSCK(MAX) + ((BL/2) x tCK) + 2tCK
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Figure 86: Mode Register Write to Power-Down Entry

Tal Ta2 Ta3 Tad TbO Thl Th2 Th3 Th4 Tb5 Th6 Tb7

CKE

| 'MRWCKEL |

cA <Va|id><VaIid><VaIid><Va:lid>< jg///x />< //{ g / // // 7 / 7

Command <MRWRITE—1><MRWRIT:E—2>< DESP [DES><DES></ / [Z// /’/// / // /// 7

[7
a Don’t Care

Notes: 1. CKE must be held HIGH until tMRWCKEL is satisfied.

2. This timing is the general definition for power-down entry after MODE REGISTER WRITE
command. When a MODE REGISTER WRITE command changes a parameter or starts an
operation that requires special timing longer than tMIRWCKEL, that timing must be satis-
fied before CKE is driven LOW. Changing the Vger(pq) value is one example, in this case
the appropriate 'VREF-SHORT/MIDDLE/LONG must be satisfied.

O
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Figure 87: MULTI PURPOSE Command for ZQCAL Start to Power-Down Entry

Tbl Th2 Th3 Th4 Th5 Tb6 Tb7 Th8 Th9 Tbl0 Tbll

Il Il
Y Y

mwwwmvsz/ﬁuyz/ﬂ/xm///
wwwwmw/ 7, 7 W/

2 ZZQ calibration progresses

Command <[ZQCAL5TART1>< DES

ZQ Cal Status ——<

—_—
(ot

| 'ZQCAL

Don’t Care

Note: 1. ZQ calibration continues if CKE goes LOW after 'ZQCKE is satisfied.
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Input Clock Stop and Frequency Change
Clock Frequency Change — CKE LOW

During CKE LOW, the device supports input clock frequency changes under the follow-
ing conditions:

+ 'CK(abs)min is met for each clock cycle

* Refresh requirements apply during clock frequency change

* During clock frequency change, only REFab or REFpb commands may be executing

* 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 {CKELCK after CKE
goes LOW

¢ The clock satisfies ‘CH(abs) and ‘CL(abs) for a minimum of ‘tCKCKEH prior to CKE go-
ing HIGH

After the input clock frequency changes and CKE is held HIGH, additional MRW com-
mandsmayberequiredtosetthe WR, RL,and soforth. Thesesettings mayrequiread-
justment to meet minimum timing requirements at the target clock frequency.

Clock Stop — CKE LOW
During CKE LOW, the device supports clock stop under the following conditions:

* CK_tand CK_c are don't care during clock stop
* Refresh requirements apply during clock stop
* During clock stop, only REFab or REFpb commands may be executing

* Any ACTIVATE or PRECHARGE commands have completed prior to stopping the
clock

* Related timing conditions, 'RCD and ‘RP, have been met prior to stopping the clock

+ The initial clock frequency must be maintained for a minimum of {CKELCK after CKE
goes LOW

* The clock satisfies tCH(abs) and {CL(abs) for a minimum of tCKCKEH prior to CKE go-
ing HIGH

Clock Frequency Change — CKE HIGH

During CKE HIGH, the device supports input clock frequency change under the follow-

ing conditions:

+ '{CK(abs)min is met for each clock cycle

* Refresh requirements apply during clock frequency change

* During clock frequency change, only REFab or REFpb commands may be executing

* AnyACTIVATE,READ,WRITE, PRECHARGE, MODE REGISTERWRITE, or MODE
REGISTER READ commands (and any associated data bursts) have completed prior
to changing the frequency

* Related timing conditions (‘RCD, 'WR, 'RP, 'tMRW, and 'MRR) have been met prior to
changing the frequency
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* During clock frequency change, CS is held LOW
¢ The device is ready for normal operation after the clock satisfies ‘CH(abs) and
tCL(abs) foraminimum of 2 x tCK + tXP

After the input clock frequency is changed, additional MRW commands may be re-
quiredtosettheWR,RL,andsoforth. Thesesettingsmayneedtobeadjustedtomeet
minimum timing requirements at the target clock frequency.

Clock Stop — CKE HIGH
During CKE HIGH, the device supports clock stop under the following conditions:

* CK_tisheld LOWand CK_cisheld HIGH duringclockstop

* During clock stop, CSis held LOW

* Refresh requirements apply during clock stop

* During clock stop, only REFab or REFpb commands may be executing

* AnyACTIVATE,READ, WRITE, MPC (WRITE-FIFO, READ-FIFO, READ DQ CALIBRA-
TION), PRECHARGE, MODE REGISTERWRITE, or MODE REGISTER READ com-
mands have completed, including any associated data bursts and extra 4 clock cycles
mustbe provided priortostoppingtheclock

* Related timing conditions (‘RCD, tWR, 'RP, tMRW, 'MRR, *ZQLAT, and so forth) have
been metpriortostoppingtheclock

* READ with AUTO PRECHARGE and WRITE with AUTO PRECHARGE commands need
extra 4 clock cycles in addition to the related timing constraints, nWR and nRTP, to
complete the operations

* REFab, REFpb, SRE, SRX, and MPC[ZQCAL START| commands are required to have
extra 4 clock cycles prior to stopping the clock

* The device is ready for normal operation after the clock is restarted and satisfies
{CH(abs) and 'CL(abs) foraminimum of 2 x {CK + XP
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2.19. MODE REGISTER READ Operation

The MODE REGISTER READ (MRR) command is used to read configuration and status
data from the device registers. The MRR command is initiated with CS and CA[5:0] in
the proper state as defined by the Command Truth Table. The mode register address
operands (MA[5:0]) enable the user to select one of 64 registers. The mode register con-
tentsareavailableon thefirstfour Uldatabits of DQ[7:0] after RL x 'CK +'DQSCK +
tDQSQ following the MRR command. Subsequent data bits contain valid but undefined
content. DQS is toggled for the duration of the MODE REGISTER READ burst. The MRR
has a command burst length of 16. MRR operation must not be interrupted.

Table 110: MRR

ul o | 1] 2] s a | s | 6|7 | 8| 9 ]10]11]|12]13]1a]zs
DQO OPO Vv
DQ1 OP1 v
DQ2 oP2 Vv
DQ3 oP3 v
DQ4 oP4 Vv
DQS OP5 v
DQ6 OP6 v
DQ7 oP7 v
DQs- v

DQ15

DMIO— v

DMIL

Notes: 1. MRR data are extended to the first 4 Uls, allowing the LPDRAM controller to sample da-
ta easily.

2. DBI during MRR depends on mode register setting MR3 OP[6].
3. The read preamble and postamble of MRR are the same as for a normal read.
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Figure 88: MODE REGISTER READ Operation

AA

<Va|.d>< MA><CAn><CAn>< % mVathVahd <Valld><VaI|dW // / ' ]2

Command <MR READ—1>< CAS-2 >< DES? ZDES ><Any command><Any command>< DES? [E X DES >< DES>< DES>< DES>< DESR 2DES>< DES

DQS_c
DQS_t

DQ7:0

DQ15:8
DMI1:0

‘MRR

RL ‘DQSCK BL/2=8

‘DQSQ | tRPST
) 2 ? ) OP Code out

A X )L

Notes:

Don’t Care

1. Only BL=16is supported.
2. Only DESELECT is allowed during tMRR period.

3. There are some exceptions about issuing commands after tMIRR. Refer to MRR/MRW
Timing Constraints Table for detail.

4. DBIlis disable mode.

5. DES commands except tMRR period are shown for ease of illustration; other commands
may be valid at these times.

6. DQ/DQS: Vssq termination

MRR After a READ and WRITE Command

After a prior READ command, the MRR command must not be issued earlier than BL/2
clockcycles,inasimilarway WL+BL/2+ 1+RU(*WTR/CK) clockcycles aftera PRIOR
WRITE, WRITE with AR, MASK WRITE, MASK WRITE with AP, and MPC[WRITE-FIFO]
command inordertoavoid the collision of READ and WRITE burstdataondeviceinter-
naldatabus.
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Figure 89: READ-to-MRR Timing

3 1 | : : | f 1 1 1 1 1
< B e APXCA”XCA”X// RMVa"dX MA >< ?A”XCA”X 3 /4 W / / / /2[ /
Command < READ-1 >< CAS-2 >< DESR 2DFS >< MRR-1 >< CAS-2 X DES >< DES{ ( ES >< DES >< DES >< DES >< DESR ZDES ><:

BL/2 RL/2 -14 ‘DQSCK BL/2 =8
i RL=14 i 'DQSCK BL/2=16 _
1 1
DQS_c 2 2
DQS_t
DQ7:0 ? )
AR
DQ15:8 ? )
DMI1:0

Don’t Care

Notes: 1. The minimum number of clock cycles from the burst READ command to the MRR com-
mandisBL/2.
2. Read BL =32, MRR BL =16, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, DBI = Disa-
ble, DQ/DQS: Vssq termination.
3. Doyt N = data-out to column n.
4. DES commands except *MRR period are shown for ease of illustration; other commands
may be valid at these times.
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Figure 90: WRITE-to-MRR Timing

—~—

i A A
4 UVal.dxMA XCAn XCAn ><J/

S (L 2
CA < XCiAiPX CAn><CAn></ 2 y /{

Command < WRITE-1 >< CAS-2 >< DESZ 2DES>< DES >< DES>< DES>< DESR ZDES >< DES>< DESR 2DESX MRR-1 >< CAS-2 XDES

wiL BL/2+1clock | 'WTR ‘MMR

’_\—<

tDQSZDQ

200008 )

Don’t Care

Notes:

1. Write BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. Only DES is allowed during tMRR period.

3. Doyt h = data-out to column n.

4. The minimum number of clock cycles from the BURST WRITE command to MRR com-
mand is WL + BL/2 + 1 + RU(*WTR/'CK).

5. 'WTR starts at the rising edge of CK after the last latching edge of DQS.

6. DES commands except *MRR period are shown for ease of illustration; other commands
may be valid at these times.

MRR After Power-Down Exit

Following the power-down state, an additional time, tMRRI, is required prior to issuing
the MODE REGISTER READ (MRR) command. This additional time (equivalent to
'RCD)isrequiredin ordertomaximize power-down currentsavings byallowingmore
power-uptimeforthe MRRdata path after exitfrom power-downmode.
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Figure 91: MRR Following Power-Down

ot IR A WA N

// 7777 ‘
m xzx«z i
5 : ! : : : : : ! : : : : ! :
-DontCare

Notes: 1. Only DES is allowed during tMRR period.

2. DES commands except 'MRR period are shown for ease of illustration; other commands
may be valid at these times.

2.20. MODE REGISTER WRITE

The MODE REGISTER WRITE (MRW) writes configuration data to the mode registers.
The MRW command is initiated with CKE, CS, and CA[5:0] to valid levels at the rising
edgeoftheclock.Themoderegisteraddressandthedatawrittentoitiscontainedin
CA[5:0] according to the Command Truth Table. The MRW command period is defined
by tMRW. Mode register WRITEs to read-only registers have no impact on the function-
alityofthedevice.

Figure 92: MODE REGISTER WRITE Timing

AN

| | |
cA < opn >< MA >< on >< opn M y % on >< >< opn >< on >< [ [/ /><Valld ><Valld ><Va||c| ><Va||d></

tMRW
h

; by ! !
! ! 'MRD ! !
: : : : : :

Command < MRW-1 >< MRW-2 >ﬂ z DES >< MRW-1 >< MRW-2 >< DESZ 2 DES ><Any command><Any command>< DES >< DES X DES
T T T T T T T T T T T

Don’t Care
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Mode Register Write States

Table 111: Truth Table for MRR and MRW

MRW can be issued from either a bank-idle or a bank-active state. Certain restrictions
mayapplyfor MRW from an active state.

Current State Command Intermediate State Next State
All banks idle MRR Reading mode register, all banks idle All banks idle
MRW Writing mode register, all banks idle All banks idle
Bank(s) active MRR Reading mode register Bank(s) active
MRW Writing mode register Bank(s) active

Table 112: MRR/MRW Timing Constraints: DQ ODT is Disable

Minimum Delay Between
From Command [To Command "From Command" and "To Command" Unit Notes
MRR MRR *MRR -
RD/RDA ‘MRR -
WR/WRA/MWR/MWRA RL + RU(*DQSCK(MAX)/tCK) + BL/2 -WL + *WPRE + nCK
RD(tRPST)
MRW RL + RU(*DQSCK(MAX)/'CK) + BL/2 + 3 ncK
RD/RDA MRR BL/2 nCK
WR/WRA/MWR/ WL + 1 + BL/2 + RU(*WTR/'CK) nCK
MWRA
MRW 'MRD -
POWER-DOWN P + tMRRI -
EXIT
MRW RD/RDA 'MRD -
WR/WRA/MWR/MWRA ‘MRD -
MRW ‘TMRW -
RD/ MRW RL + BL/2 + RU(*DQSCK(MAX)/*CK) + RD(tRPST) + ncK
RD-FIFO/ MAX(RU(7.5ns/tCK), 8NnCK)
READ DQ CAL
RD with AUTO RL + BL/2 + RU(*DQSCK(MAX)/tCK) + RD(*RPST) + ncK
PRECHARGE MAX(RU(7.5ns/tCK), 8nCK) + NRTP - 8
WR/ WL + 1 + BL/2 + MAX(RU(7.5ns/tCK), 8nCK) ncK
MWR/
WR-FIFO
WR/MWR with WL + 1 + BL/2 + MAX(RU(7.5ns/tCK), 8nCK) + n\WR | nCK
AUTO PRE-
CHARGE
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Table 113: MRR/MRW Timing Constraints: DQ ODT is Enable

Minimum Delay Between
From Command |To Command "From Command" and "To Command" Unit Notes
MRR MRR 'MRR -
RD/RDA ‘MRR -
WR/WRA/MWR/MWRA RL + RU(*DQSCK(MAX)/*CK) + BL/2 - ODTLon - nCK
RD(tODTon(MIN)/tCK) + RD(*RPST) + 1
MRW RL + RU(*DQSCK(MAX)/tCK) + BL/2 + 3 ncK
RD/RDA MRR BL/2 nCK
WR/WRA/MWR/ WL + 1 + BL/2 + RU(*WTR/'CK) nCK
MWRA
MRW 'MRD -
POWER-DOWN P + *MRRI -
EXIT
MRW RD/RDA tMRD -
WR/WRA/MWR/MWRA ‘MRD -
MRW 'MRW -
RD/ MRW RL + BL/2 + RU(*DQSCK(MAX)/tCK) + RD(tRPST) + ncK
RD-FIFO/ MAX(RU(7.5ns/tCK), 8nCK)
READ DQ CAL
RD with AUTO RL + BL/2 + RU(*DQSCK(MAX)/tCK) + RD(*RPST) + ncK
PRECHARGE MAX(RU(7.5ns/'CK), 8nCK) + NRTP - 8
WR/ WL + 1 + BL/2 + MAX(RU(7.5ns/tCK), 8nCK) nck
MWR/
WR-FIFO
WR/MWR with WL + 1 + BL/2 + MAX(RU(7.5ns/tCK), 8nCK) + Nn\WR | nCK
AUTO PRE-
CHARGE

Vgrere Current Generator (VRCG)

LPDDR4 SDRAM Vggr current generators (VRCG) incorporate a high current mode to
reduce the settling time of the internal Vrgrpg)and Vrer(ca) levels during training and
when changing frequency set points during operation. The high current mode is ena-
bled by setting MR13[OP3] = 1. Only DESELECT commands may be issued until
'VRCG_ENABLE is satisfied. 'VRCG_ENABLE timing is shown below.
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Figure 93: VRCG Enable Timing
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' VRCG_ENABLE

VRCG high current mode is disabled by setting MR13[OP3] =0. Only DESELECT com-
mands may beissued until'VRCG_DISABLE is satisfied. 'VRCG_DISABLE timingis
shown below.

Figure 94: VRCG Disable Timing

TO T1 T2 T3 T4 T5 Ta0 Tal Ta2 Ta3 Tad Ta5 Tb0 Tbl Th2 Tb3 Th4 Tb5 Thé
1 1 1 1 1 1 1 1

N
[

CA < D;ES ><Vallid ><Vallid ><Vallid ><Vallid>< D;ESK Z DIES X/IR\INIXIIR\II\HX/IR\INZX/IRWZX D;252 RD;ES ><Va|id ><Va|id ><Vallid ><Vallid >< DlIES >< DlIES >

Command < DES >< Valid >< DES( (DES ><VRCGdisab|e:MR13 [0P3]=0>< DE52 RDES >< Valid >< DES >< DES >

| | | ‘ VRCG_DISABLE

Note that LPDDR4 SDRAM devices support Vrgr(ca) and Vrerpg) range and value
changes without enabling VRCG high current mode.

Table 114: VRCG Enable/Disable Timing

Parameter Symbol Min Max Unit
Vger high current mode enable time "WRCG_ENABLE - 200 ns
Vger high current mode disable time "WRCG_DISABLE - 100 ns

Rev.A0.0 03/27/2023 202



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

VReg Training

VREF(CA) Training

The device's internal Vrgr(ca) specification parameters are operating voltage range, step
size, VRgr step time, Vrgr full-range step time, and Vgrgr valid level.

The voltage operating range specifies the minimum required Vrgr setting range for
LPDDR4 devices. The minimum range is defined by VrgR max and VREE min.

Figure 95: Vger Operating Range (VRer,max» VREF,min)

Vob2
VIN(DC)max
VREF,max
VRer
range
VREF,min
VIN(DC)min
___________ Vswing large System variance
___________ Vswing small [ Total range

TheVggrstepsizeisdefined asthe stepsizebetweenadjacent steps. However, foragiv-
en design, the device has one value for Vrgr step size that falls within the given range.

The Vggr set tolerance is the variation in the Vgrgr voltage from the ideal setting. This ac-
counts for accumulated error over multiple steps. There are two ranges for Vrgr set tol-
erance uncertainty. The range of Vrgr set tolerance uncertainty is a function of the
number of steps n.

TheVggrsettoleranceismeasuredwithrespecttotheideallinethatisbasedonthetwo
endpoints, where the endpoints are at the minimum and maximum Vggr values for a
specified range.
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Figure 96: Vger Set-Point Tolerance and Step Size
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The Vrgrincrement/decrement step times are defined by 'Vggr_TIME-SHORT,
VRrer_TIME-MIDDLE, and 'Vggr_TIME-LONG. The parameters are defined from TS to
TE asshownbelow,where TE isreferenced towhentheVggrvoltageisatthefinal DC
level within the Vgrgr valid tolerance (VrgRval_tol)-

The Vgrervalidlevelis defined by Vregval_to1 to qualify the step time TE (see the following
figures). This parameter is used to ensure an adequate RC time constant behavior of the
voltage level change after any Vrgrincrement/decrement adjustment. This parameter is
only applicable for LPDDR4 component level validation /characterization.

Vger_TIME-SHORT is for a single step size increment/decrement change in the VgRgr
voltage.

Vgrer_TIME-MIDDLE is at least two stepsizes increment/decrement change within the
same VRgr(ca) Tangein VRgr voltage.

Wrer TIME-LONG is the time including up to VREEmin t0 VREEmax O VREEmax t0 VREEmin
change across the Vrgp(ca) range in VRgr voltage.

TS is referenced to MRW command clock.

TE is referenced to VREF val tol-
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Figure 97: YV, for Short, Middle, and Long Timing Diagram
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The MRW commandtothe moderegisterbitsareasfollows;
MR12 OP[5:0]: VRgr(ca) Setting
MR12 OP[6]: VrEF(ca) Range

The minimum time required between two VrRgr MRW commands is 'Vggr TIME-SHORT
for a single step and 'Vggr_TIME-MIDDLE for a full voltage range step.
Figure 98: Vger(ca) Single-Step Increment
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Figure 99: Vgeg(ca) Single-Step Decrement

VRer
voltage

t1
\Y

— VREF(DC)

Time
Figure 100: Vger(CA) Full Step from Vgreg,min tO VRer,max
Ve — —VRer(po)
voltage VREF val_tol
Full range t1
step
VREF,min
Time
Figure 101: Vger(CA) Full Step from Vgrer,max tO VRer,min
VREF VREF,maX
voltage
Full range
step t1
VREF_vaI_toI
VReFmin Y —  VRer(do)
Time

The following table contains the CA internal Vrgr specification that will be character-
izedatthe componentlevel for compliance.
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Table 115: Internal Vger(CA) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(CA),max_r0 VRer(ca) range-0 MAX operat- - - 44.9% Vbba 1,11
ing point
VREF(CA),min_r0 VRer(ca) range-0 MIN operat- 15.0% - - Vbba 1,11
ing point
VREF(CA),max_r1 VRer(ca) range-1 MAX operat- - - 62.9% Vbba 1,11
ing point
VRer(cA),min_r1 VRer(ca) range-1 MIN operat- 32.9% - - Vbba 1,11
ing point
VREeF(cA),step VRer(ca) Step size 0.50% 0.60% 0.70% Vbba 2
VREF(CA),set_tol VR&er(ca) set tolerance -11 0 11 mV 3,4,6
-1.1 0 1.1 mV 3,5,7
tVREF_TI'\/lE—SHORT VREF(CA) Step time - - 100 ns 8
"Vrer_TIME-MIDDLE - - 200 ns 12
"Wrer_TIME-LONG - - 250 ns 9
tVREF_time_weak - - 1 ms 13,14
VREF(CA)_val_tol VRer(ca) Valid tolerance —0.10% 0.00% 0.10% Vbba 10

Notes: 1. Vger(ca) DC voltage referenced to Vppqpe)-
2. Vger(ca) Step size increment/decrement range. Vggg(ca) at DC level.
3. VRer(ca),new = VREF(CA),0ld + N X VRer(ca),step; N = Number of steps; if increment, use "+"; if
decrement, use "-".
4. The minimum value of Vgep(ca) setting tolerance = Vggp(ca),new - 11mMV. The maximum val-
ue of Vgep(ca) setting tolerance = Vggp(ca),new + 11MV. For n > 4.

5. The minimum value of Vgep(ca) setting tolerance = Vgep(ca),new —1.1mV. The maximum
value of Vgep(ca) setting toFIerance = VRer(cA),new + 1.1m\}. Forn & 4.

6. Measured by recording the minimum and maximum values of the Vggg(ca) Output over
the range, drawing a straight line between those points and comparing all other
VRer(ca) OUtput settings to that line.

7. Measured by recording the minimum and maximum values of the Vggg(ca) Output across
four consecutive steps (n = 4), drawing a straight line between those points and compar-
ing all other Vggp(ca) Output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vggg(ca) -

9. Time from MRW command to increment or decrement Vggg,min tO VRer,max OF VReF,max tO
Vrer,min Change across the Vgep(ca) range in Vger voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applica-
ble for normal mode of operation. Vggg valid is to qualify the step times which will be
characterized at the component level.

11. DRAM range-0 or range-1 set by MR12 OP[6].

12. Time from MRW command to increment or decrement more than one step size up to a
full range of Vggr voltage within the same Vgep(ca) range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = Ob.

14. "Wger_time_weak covers all Vgeg(ca) range and value change conditions are applied to
"Wgrer_TIME-SHORT/MIDDLE/LONG.

- _____________________________________________________________
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VREF(DQ) Training

The device's internal Vrer(p) specification parameters are operating voltage range, step
size, VRgr step tolerance, Vrgr step time and Vggr valid level.

The voltage operating range specifies the minimum required Vrgr setting range for
LPDDR4 devices. The minimum range is defined by V rgg max and VREE min-

Figure 102: VRge Operating Range (VREF,max: VREF,min)
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TheVgerstepsizeisdefinedasthestepsizebetweenadjacentsteps. However, foragiv-
en design, the device has one value for Vrgr step size that falls within the given range.

The Vgrgr set tolerance is the variation in the Vrgp voltage from the ideal setting. This ac-
counts for accumulated error over multiple steps. There are two ranges for Vrgr set tol-
erance uncertainty. The range of Vrgr set tolerance uncertainty is a function of the
number of steps n.

TheVggrsettoleranceismeasuredwithrespecttotheideallinethatisbasedonthetwo
endpoints, where the endpoints are at the minimum and maximum Vggp values for a
specified range.
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Figure 103: Vger Set Tolerance and Step Size

VRer
level

Actual Vgee
output

i

VRer set-point

tolerance ¢ Straight line endpoint fit

VRer
step size

y T

VRer Step setting

The Vrgrincrement/decrement step times are defined by 'Vggr_TIME-SHORT,
Wrer_TIME-MIDDLE and "Vggr_TIME-LONG. The Vggr_TIME-SHORT, 'Vrgr_TIME-
MIDDLE and *Vggr_TIME-LONGtimesaredefined from TStoTEin thefollowingfigure
whereTEisreferencedtowhentheVggrvoltageisatthefinal DClevelwithinthe VRgr
valid tolerance (VRegvAL TOL)-

The Vggr valid level is defined by Vrervar tor to qualify the step time TE (see the figure
below). This parameter is used to ensure an adequate RC time constant behavior of the
voltage level change after any Vrgrincrement/decrement adjustment. This parameteris
only applicable for DRAM component level validation /characterization.

Vger_TIME-SHORT is for a single step size increment/decrement change in the VgRgr
voltage.

Vgrer_TIME-MIDDLE is at least two step sizes of increment/decrement change in the
VREF(DQ) Tange in the Vrgrvoltage.

Wrer_TIME-LONGis the timeincludingand uptothe fullrange of Vrgr (MIN to MAX or
MAX to MIN) across the Vrer(pg) range in VRgr voltage.
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Figure 104: Vgerpq) Transition Time for Short, Middle, or Long Changes
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Notes: 1. TS is referenced to MRW command clock.
2. TE is referenced to VREF,VAL_TOL'

The MRW commandtothemoderegisterbitsaredefinedas:
MR14 OPI[5:0]: Vrer(pQ) setting
MR14 OP[6]: VReF(DQ) range

The minimum time required between two VRgr MRW commands is 'Vrgr TIME-SHORT
for a single step and 'Vggr_TIME-MIDDLE for a full voltage range step.
Figure 105: Vgeg(pq) Single-Step Size Increment
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Figure 106: Vreg(pq) Single-Step Size Decrement
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Flgu re 108: VREF(DQ) Full Step from VREF,max to VREF,min
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The following table contains the DQ internal Vrgr specification that will be character-
izedatthe componentlevel for compliance.
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Table 116: Internal Vgerpa) Specifications

Symbol Parameter Min Typ Max Unit Notes
VREF(DQ),max_r0 Vrer MAX operating point - - 44.9% Vbbq 1,11
Range-0
VRer(DQ),min_ro Vger MIN operating point 15.0% - - Vbba 1,11
Range-0
VREF(DQ),max_r1 Vrer MAX operating point - - 62.9% Vbbq 1,11
Range-1
VRer(DQ),min_r1 Vger MIN operating point 32.9% - - Vbba 1,11
Range-1
VREF(DQ),step VR&er(pq) Step size 0.50% 0.60% 0.70% Vbba 2
VREF(DQ),set_tol VR&er(pq) Set tolerance -11 0 11 mV 3,4,6
-1.1 0 1.1 mV 3,5,7
tVREF_TI'\/lE—SHORT VREF(DQ) Step time - - 100 ns 8
"Vrer_TIME-MIDDLE - - 200 ns 12
"Wrer_TIME-LONG - - 250 ns 9
tVREF_time_weak - - 1 ms 13, 14
VReF(DQ),val_tol VRrer(pq) Valid tolerance —0.10% 0.00% 0.10% Vbba 10

Notes: 1. Vgeripq) DC voltage referenced to Vppq(pc)-
2. Vger(pq) Step size increment/decrement range. Vgeg(pq) at DC level.
3. VRer(pa),new = VReF(DQ),0ld + N X VRer(DQ),step; N = NumMber of steps; if increment, use "+"; if
decrement, use "-".
4. The minimum value of Vger(pq) setting tolerance = Vrerpq),new - 11mMV. The maximum
value of Vger(pq) setting tolerance = Vger(pq),new + 11mV. For n > 4.,

5. The minimum value of Vgegrpgysetting tolerance = Vrerp) new -1.1mV. The maximum
value of Vgep(pq) setting toEIerance = VRer(pQ),new + 1.1m{/. orn 2 4.

6. Measured by recording the minimum and maximum values of the Vggr(pq) output over
the range, drawing a straight line between those points and comparing all other
VRrer(pq) Output settings to that line.

7. Measured by recording the minimum and maximum values of the Vggg(pq) Output across
four consecutive steps (n = 4), drawing a straight line between those points and compar-
ing all other Vgeppq) output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vggrpq) -

9. Time from MRW command to increment or decrement Vggg,min tO VRer,max OF VReF,max tO
Vger,min Change across the Vgerpq) Range in Vgerpq) Voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applica-
ble for normal mode of operation. Vggg valid is to qualify the step times which will be
characterized at the component level.

11. DRAM range-0 or range-1 set by MR14 OP[6].

12. Time from MRW command to increment or decrement more than one step size up to a
full range of Vger voltage within the same Vggrpq) range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = 0.

14. "Vger time_weak COvers all Vreppg) Range and Value change conditions are applied to
"WreeTIME-SHOR/MIDDLE/LONG.

- __________________________________________________________
Rev.A0.0 03/27/2023 212



X7

4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

2.21. Command Bus Training
Command Bus Training Mode

Rev.A0.0

The command bus must be trained before enabling termination for high-frequency op-
eration. The device provides an internal Vrgr(ca) that defaults to a level suitable for un-

terminated, low-frequency operation, but the Vrgr(ca) must be trained to achieve suita-
ble receiver voltage margin for terminated, high-frequency operation.

The training mode described here centers the internal Vrgr(ca) in the CA data eye and at
the same time allows for timing adjustments of the CS and CA signals to meet setup/
hold requirements. Because it can be difficult to capture commands prior to training
the CA inputs, the training mode described here uses a minimum of external com-
mands to enter, train, and exit the CA bus training mode.

Thediehasabond-pad(ODT_CA)butODT_CApinisignored by LPDDR4Xdevices. CA
ODT is fully controlled through MR11 and MR22. See On-Die Termination for more in-
formation.

The device uses frequency set points to enable multiple operating settings for the die.
The device defaults to FSP-OP|[0] at power-up, which has the default settings to operate
in un-terminated, low-frequency environments. Prior to training, the termination
shouldbeenabledforonedieineach channelbysettingMR13 OP[6]=1b(FSP-WR[1])
and setting all other mode register bits for FSP-OP[1] to the desired settings for high-
frequency operation. Upon training entry, the device will automatically switch to FSP-
OP[1] and use the high-frequency settings during training (See the Command Bus
Training Entry Timing figure for more information on FSP-OP register sets). Upon train-
ing exit, the device will automatically switch back to FSP-OP[0], returning to a "known-
good" state for unterminated, low-frequency operation.

Toentercommandbustrainingmode,issuea MRW-1commandfollowed bya MRW-2
command to set MR13 OP[0] = 1b (command bus training mode enabled).

After time '"MRD, CKE may be set LOW, causing the device to switch to FSP-OP[1], and
completing the entry into command bus training mode.

AstatusDQS_t,DQS_c,DQ,and DMIareasnoted below;the DQ ODT statewill befol-
lowed by FREQUENCY SET POINT function except in the case of output pins.

* DQS_t[0], DQS_c[0] become input pins for capturing DQ[6:0] levels by toggling.

* DQ[5:0] become input pins for setting Vrgr(ca) level.

* DQ[6] becomes an input pin for setting Vrgr(ca) range.

* DQ[7]and DMI[O]becomeinputpins,andtheirinputlevelisvalid or floating.

* DQ[13:8] become output pins to feedback, capturing value via the command bus us-
ingthe CSsignal.

* DQS_t[1], DQS_c[1], DMI[1], and DQ[15:14] become output pins or are disabled,
meaningthe device may be driven toavalid level or may beleft floating.

Attime 'CAENT later, the device may change its Vrgr(ca) range and value using input
signals DQS_t[0], DQS_c[0], and DQ[6:0] from existing value thatis set via MR12
OP[6:0]. Themappingbetween MR12 OPcodeand DQsisshownbelow. Atleastone
VREF(ca) setting is required before proceeding to the next training step.

03/27/2023 213



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

Table 117: Mapping MR12 Op Code and DQ Numbers

Mapping
MR12 OP code OP6 OP5 OP4 OP3 OP2 OP1 OPO
DQ number DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO

The new Vrgr(ca) value must "settle” for time YVREFCA_Long before attempting to latch
CA information.

Note:IfDQODTisenabledin MR11-OP[2:0],thenthe SDRAM willterminatethe DQ
lanes during command bus training when entering Vrer(ca) range and values on
DQ[6:0].

Toverify that the receiver has the correct Vrgr(ca) setting, and to further train the CA eye
relative to clock (CK), values latched at the receiver on the CA bus are asynchronously
output to the DQ bus.

To exit command bus training mode, drive CKE HIGH, and after time 'VREFCA_Long,
issuethe MRW-1commandfollowed bythe MRW-2commandtoset MR13 OP[0] =0b.
Aftertime'MRW, thedeviceisreadyfornormaloperation. Aftertrainingexit, thedevice
will automatically switch back to the FSP-OP registers that were in use prior to training.

Command bus training (CBT) may be executed from the idle or self refresh state. When
executing CBT within the self refresh state, the device must not be in a power-down
state (for example, CKE must be HIGH prior to training entry). CBT entry and exit is the
same, regardless of the state from which CBT is initiated.

Training Sequence for Single-Rank Systems

The sequence example shown here assumes an initial low-frequency, non-terminating
operating point training a high-frequency, terminating operating point. The bold text
shows high-frequency instructions. Any operating point may be trained from any
known good operating point.

1. SetMR13OP|[6]=1btoenablewritingtofrequencysetpoint 1 (FSP-WR][1]) (or
FSP-OP|0]).

2. Write FSP-WR[1] (or FSP-WR[0]) registers for all channels to set up high-frequency

operating parameters.

Issue MRW-1 and MRW-2 commands to enter command bus training mode.

Drive CKE LOW, and change CK frequency to the high-frequency operating point.

Perform command bus training (Vrger(ca), CS, and CA).

Exittraining by driving CKEHIGH, change CK frequency tothelow-frequency

operating point, and issue MRW-1 and MRW-2 commands. When CKE is driven

HIGH, the device will automatically switch back to the FSP-OP registers that were

in use prior to training (trained values are not retained).

7. Write the trained values to FSP-WR][1] (or FSP-WR|[0]) by issuing MRW-1 and
MRW-2 commands to the SDRAM and setting all applicable mode register param-
eters.

8. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[1]
(or FSP-OPJ[0]), to turn on termination, and change CK frequency to the high-fre-
quency operating point. At this point the command bus is trained and you may
proceed to other training or normal operation.

ARSIl

Rev.A0.0 03/27/2023 214



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

Training Sequence for Multiple-Rank Systems

The sequence example shown here is assuming an initial low-frequency operating
point, training a high-frequency operating point. The bold text shows high-frequency
instructions. Any operating point may be trained from any known good operating point.

1. SetMR13OP[6]=1btoenablewritingtofrequencysetpoint 1 (FSP-WR][1]) (or
FSP-WRJO0]).

2. Write FSP-WR[1] (or FSP-WR]0]) registers for all channels and ranks to set up
high-frequency operating parameters.

3. Read MRO OP[7] on all channels and ranks to determine which die are terminat-
ing, signifiedbyMROOP[7]=1b.

4. Issue MRW-1 and MRW-2 commands to enter command bus training mode on
theterminatingrank.

5. Drive CKE LOW on the terminating rank (or allranks), and change CK frequency
to the high-frequency operating point.

6. Perform command bus training on the terminating rank (VREF(CA), CS,
and CA).

7. Exittraining by driving CKEHIGH, change CK frequency to thelow-frequency
operating point, and issue MRW-1 and MRW-2 commands to write the trained
values to FSP-WR[1] (or FSP-WR][0]). When CKE is driven HIGH, the SDRAM will
automatically switch back to the FSP-OP registers that were in use prior to train-
ing(trainedvaluesarenotretained bythedevice).

8. Issue MRW-1 and MRW-2 commands to enter training mode on the non-termi-
nating rank (but keep CKE HIGH).

9. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[1]
(or FSP-OP[0]), to turn on termination, and change CK frequency to the high-fre-
quency operating point.

10.Drive CKE LOW on the non-terminating (or all) ranks. The non-terminating
rank(s) will now be using FSP-OP[1] (or FSP-OPJ|0]).

11.Perform command bus training on the non-terminating rank (VREF(CA),
CS, and CA).

12.Issue MRW-1 and MRW-2 commands to switch the terminating rank to
FSP- OP|[0] (or FSP-OP[1]) to turn off termination.

13.Exit training by driving CKE HIGH on the non-terminating rank, change
CK fre- quency to the low-frequency operating point, and issue MRW-1 and
MRW-2 com- mands. When CKE is driven HIGH, the device will
automatically switch back to the FSP-OP registers that were in use prior to
training (that is, trained values are not retained by the device).

14.Write the trained values to FSP-WR[1] (or FSP-WRJ0]) by issuing MRW-1
and MRW-2 commands and setting all applicable mode register parameters.

15.Issue MRW-1 and MRW-2 commands to switch the terminating rank to
FSP-OP[1] (or FSP-OP|[0]), to turn on termination, and change CK frequency
to the high-fre- quency operating point. At this point the command bus is
trained for both ranks and the user may proceed to other training or
normal operation.
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Relation Between CA Input Pin and DQ Output Pin

Table 118: Mapping CA Input Pin and DQ Output Pin

Mapping

CA number CA5 CA4 CA3 CA2 CAl1 CAO

DQ number DQ13 DQ12 DQ1l1 DQlo DQ9 DQ8

Figure 109: Command Bus Training Mode Entry — CA Training Pattern /O with Vggg(ca) Value
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Don’t Care
Notes: 1. After'CKELCK, the clock can be stopped or the frequency changed any time.

2. The input clock condition should be satisfied tCKPRECS and '*CKPSTCS.

3. Continue to drive CK, and hold CA and CS LOW, until tCKELCK after CKE is LOW (which
disables command decoding).

4. The device may or may not capture the first rising edge of DQS_t/DQS_c due to an un-
stable first rising edge. Therefore, at least two consecutive pulses of DQS signal input is
required every for DQS input signal while capturing DQ[6:0] signals. The captured value
of the DQJ[6:0] signal level by each DQS edge may be overwritten at any time and the
device will temporarily update the Vgeg(cp) setting of MR12 after time 'VREFCA_Long.

5. "WREFCA_Long may be reduced to 'VREFCA_Short if the following conditions are met: 1)
The new Vggr setting is a single step above or below the old Vggf setting; 2) The DQS
pulses a single time, or the new Vggr setting value on DQJ[6:0] is static and meets
tDS,train/ 'DH,train for every DQS pulse applied.
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6. When CKE is driven LOW, the device will switch its FSP-OP registers to use the alternate
(non-active) set. For example, if the device is currently using FSP-OP[0], then it will
switch to FSP-OP[1] when CKE is driven LOW. All operating parameters should be writ-
ten to the alternate mode registers before entering command bus training to ensure
that ODT settings, RL/WL/nWR setting, and so forth, are set to the correct values.

7. When CKE is driven LOW in command bus training mode, the device will change opera-
tion to the alternate FSP, that is, the inverse of the FSP programmed in the FSP-OP mode
register.

Figure 110: Consecutive Vger(ca) Value Update
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Notes: 1. After'CKELCK, the clock can be stopped or the frequency changed any time.

2. The input clock condition should be satisfied tCKPRECS and '*CKPSTCS.

3. Continue to drive CK, and hold CA and CS LOW, until t*CKELCK after CKE is LOW (which
disables command decoding).

4. The device may or may not capture the first rising edge of DQS_t/DQS_c due to an un-
stable first rising edge. Therefore, at least two consecutive pulses of DQS signal input is
required every for DQS input signal while capturing DQ[6:0] signals. The captured value
of the DQJ[6:0] signal level by each DQS edge may be overwritten at any time and the
device will temporarily update the Vgeg(ca) setting of MR12 after time 'VREFCA_Long.

5. "WREFCA_Long may be reduced to 'VREFCA_Short if the following conditions are met: 1)
The new Vggr setting is a single step above or below the old Vggf setting; 2) The DQS
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pulses a single time, or the new Vggr setting value on DQJ[6:0] is static and meets
tDS,train/ 'DH,train for every DQS pulse applied.

6. When CKE is driven LOW, the device will switch its FSP-OP registers to use the alternate
(non-active) set. For example, if the device is currently using FSP-OP[0], then it will
switch to FSP-OP[1] when CKE is driven LOW. All operating parameters should be writ-
ten to the alternate mode registers before entering command bus training to ensure
that ODT settings, RL/WL/nWR setting, and so forth, are set to the correct values.

7. When CKE is driven LOW in command bus training mode, the device will change opera-
tion to the alternate FSP, that is, the inverse of the FSP programmed in the FSP-OP mode
register.

Figure 111: Command Bus Training Mode Exit with Valid Command
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Notes: 1. The clock can be stopped or the frequency changed any time before '*CKCKEH. CK must
meet '*CKCKEH before CKE is driven HIGH. When CKE is driven HIGH, the clock frequency
must be returned to the original frequency (that is, the frequency corresponding to the
FSP at command bus training mode entry.

2. CS and CA[5:0] must be deselected (LOW) 'CKCKEH before CKE is driven HIGH.

3. When CKE is driven HIGH, ODT_CA will revert to the state/value defined by FSP-OP prior
to command bus training mode entry, that is, the original frequency set point (FSP-OP,
MR13-0OP[7]). For example, if the device was using FSP-OP[1] for training, then it will
switch to FSP-OP[0] when CKE is driven HIGH.

4. Training values are not retained by the device and must be written to the FSP-OP regis-
ter set before returning to operation at the trained frequency. For example, Vggrca) Will
return to the value programmed in the original set point.

O
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5. When CKE is driven HIGH, the device will revert to the FSP in operation at command bus
training mode entry.

Figure 112: Command Bus Training Mode Exit with Power-Down Entry
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Notes: 1. The clock can be stopped or the frequency changed any time before '*CKCKEH. CK must
meet 'CKCKEH before CKE is driven HIGH. When CKE is driven HIGH, the clock frequency
must be returned to the original frequency (that is, the frequency corresponding to the
FSP at command bus training mode entry.

2. CS and CA[5:0] must be deselected (LOW) 'CKCKEH before CKE is driven HIGH.

3. When CKE is driven HIGH, ODT_CA will revert to the state/value defined by FSP-OP prior
to command bus training mode entry, that is, the original frequency set point (FSP-OP,
MR13-0OP[7]). For example, if the device was using FSP-OP[1] for training, then it will
switch to FSP-OP[0] when CKE is driven HIGH.

4. Training values are not retained by the device and must be written to the FSP-OP regis-
ter set before returning to operation at the trained frequency. For example, Vggr(ca) Will
return to the value programmed in the original set point.

5. When CKE is driven HIGH, the device will revert to the FSP in operation at command bus
training mode entry.

O
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Write Leveling
Mode Register Write-WR Leveling Mode

To improve signal-integrity performance, the device provides a write leveling feature to
compensate for CK-to-DQS timing skew, affecting timing parameters such as 'DQSS,
tDSS, and 'DSH. The memory controller uses the write leveling feature to receive feed-
back from the device, enabling it to adjust the clock-to-data strobe signal relationship
foreach DQS_t/DQS_c signal pair. The device samples the clock state with the rising
edge of DQS signals and asynchronously feeds back to the memory controller. The
memory controller references this feedback to adjust the clock-to-data strobe signal re-
lationship foreach DQS_t/DQS_csignal pair.

All data bits (DQ[7:0] for DQS[0] and DQ[15:8] for DQS[1]) carry the training feedback to
the controller. Both DQS signals in each channel must be leveled independently. Write
leveling entry/exit is independent between channels for dual-channel devices.

Thedeviceenterswritelevelingmodewhenmoderegister MR2-OP[7]isset HIGH.
When entering write leveling mode, the state of the DQ pins is undefined. During write
leveling mode, only DESELECT commands, or a MRW command to exit the WRITE
LEVELING operation, are allowed. Depending on the absolute values of ‘QSL and '‘QSH
intheapplication, thevalueoftDQSSmayhavetobebetterthanthelimits providedin
the AC Timing Parameters section in order to satisfy the ‘{DSS and 'DSH specifications.
Upon completion of the WRITE LEVELING operation, the device exits write leveling
mode when MR2-OP|[7] is reset LOW.

Write leveling should be performed before write training (DQS2DQ training).

Write Leveling Procedure

1. Enter write leveling mode by setting MR2-OP[7]=1.

2. Onceinwritelevelingmode, DQS_tmustbedriven LOWand DQS_cHIGH aftera
delay of 'WLDQSEN.

3. Wait for a time ‘WLDQSEN before providing the first DQS signal input. The delay
time 'WLMRD(MAX) is controller-dependent.

4. Thedevicemayormaynotcapturethefirstrisingedgeof DQS_tduetoanunsta-
ble first rising edge; therefore, at least two consecutive pulses of DQS signal input
is required for every DQS input signal during write training mode. The captured
clock level for each DQS edge is overwritten, and the device provides asynchro-
nous feedback on all DQ bits after time tWLO.

5. Thefeedbackprovided bythedeviceisreferenced bythe controllertoincrement
ordecrement the DQS_tand/or DQS_c delay settings.

6. Repeatsteps4 and 5until the proper DQS_t/DQS_cdelayis established.

7. Exit write leveling mode by setting MR2-OP[7] = 0.
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Figure 113: Write Leveling Timing — 'DQSL(MAX)
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Note: 1. Clock can be stopped except during DQS toggle period (CK_t = LOW, CK_c = HIGH).
However, a stable clock prior to sampling is required to ensure timing accuracy.

Figure 114: Write Leveling Timing — 'DQSL(MIN)
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Note: 1. Clock can be stopped except during DQS toggle period (CK_t = LOW, CK_c = HIGH).
However, a stable clock prior to sampling is required to ensure timing accuracy.

Input Clock Frequency Stop and Change

Theinputclockfrequencycanbestoppedorchanged fromonestableclockratetoan-
other stable clock rate during write leveling mode. The frequency stop or change timing
is shown below.
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Figure 115: Clock Stop and Timing During Write Leveling
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Notes: 1. CK_tis held LOW and CK_c is held HIGH during clock stop.
2. CS will be held LOW during clock stop.
Table 119: Write Leveling Timing Parameters
Parameter Symbol Min/Max Value Units
DQS_t/DQS_c delay after write leveling mode is 'WLDQSEN MIN 20 tcK
programmed MAX _
Write preamble for write leveling "WLWPRE MIN 20 tcK
MAX -
First DQS_t/DQS_c edge after write leveling 'WLMRD MIN 40 tcK
mode is programmed MAX _
Write leveling output delay ‘WLO MIN 0 ns
MAX 20
MODE REGISTER SET command delay *MRD Refer to Mode Register Timing Parameter Table
Valid clock requirement before DQS toggle tCKPRDQS MIN MAX(7.5ns, 4nCK) -
MAX -
Valid clock requirement after DQS toggle tCKPSTDQS MIN MAX(7.5ns, 4nCK) -
MAX -
Table 120: Write Leveling Setup and Hold Timing
Data Rate
Parameter Symbol Min/Max 1600 2400 3200 3733 4267 Unit
Write leveling hold time 'WLH MIN 150 100 75 62.5 50 ps
Write leveling setup time 'WLS MIN 150 100 75 62.5 50 ps
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Table 120: Write Leveling Setup and Hold Timing (Continued)

Data Rate
Parameter Symbol Min/Max 1600 2400 3200 3733 4267 Unit
Write leveling input valid 'WLIVW MIN 240 160 120 105 90 ps
window

Notes: 1. In addition to the traditional setup and hold time specifications, there is value in a inva-
lid window-based specification for write leveling training. As the training is based on
each device, worst case process skews for setup and hold do not make sense to close
timing between CK and DQS.

2. 'WLIVW is defined in a similar manner to TdIVW_total, except that here itis a DQS inva-
lid window with respect to CK. This would need to account for all voltage and tempera-

ture (VT) drift terms between CK and DQS within the device that affect the write level-
ing invalid window.

Thefigurebelowshowsthe DQSinputmaskfortimingwithrespectto CK.The “total”
mask (‘WLIVW)definesthetimetheinputsignalmustnotencroachinorderforthe
DQS input to be successfully captured by CK. The mask is a receiver property and it is
not the valid data-eye.

Figure 116: DQS_t/DQS_cto CK_t/CK_cTimings at the Pins Referenced from the Internal Latch

Internal composite DQS eye
center aligned to CK

DQ_diff =
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MULTIPURPOSE Operation

Thedeviceusesthe MULTIPURPOSE command toissueaNO OPERATION (NOP)com-
mand and to access various training modes. The MPC command is initiated with CS,
and CA[5:0]assertedtotheproperstateattherisingedge of CK,asdefined bythe Com-
mand Truth Table. The MPC command has seven operands (OP[6:0]) that are decoded
toexecutespecificcommandsinthe SDRAM. OP[6]isaspecialbitthatisdecodedon
thefirstrisingCKedgeofthe MPCcommand. When OP[6]=0, thedeviceexecutesa
NOPcommand,andwhen OP[6]= 1, thedevicefurtherdecodesoneofseveraltraining
commands.

When OP[6] = 1 and the training command includes a READ or WRITE operation, the
MPC command must be followed immediately by a CAS-2 command. For training com-
mands that read or write, READ latency (RL) and WRITE latency (WL) are counted from
the second rising CK edge of the CAS-2 command with the same timing relationship as
a typical READ or WRITE command. The operands of the CAS-2 command following a
MPC READ /WRITE command must be driven LOW. The following MPC commands
must be followed by a CAS-2 command:

* WRITE-FIFO

* READ-FIFO
* READ DQ CALIBRATION

All other MPC commands do not require a CAS-2 command, including the following:

* NOP

STARTDQS INTERVALOSCILLATOR
STOPDQS INTERVAL OSCILLATOR
ZQCAL START (ZQ CALIBRATION START)
ZQCAL LATCH (ZQ CALIBRATION LATCH)

Table 121: MPC Command Definition

SDR Command Pins SDR CA Pins
CKE
CK_t CK_t
SDR Command (n-1) |CK_t(n) CS CAO CA1l CA2 CA3 CA4 CA5 Edge Notes
MPC H H H L L L L L OP6 £ 1,2
(Train, NOP) oo | op1 | op2 | ops | ora | ops £
Notes: 1. See the Command Truth Table for more information.
2. MPC commands for READ or WRITE TRAINING operations must be immediately followed
by the CAS-2 command, consecutively, without any other commands in between. The
MPC command must be issued before issuing the CAS-2 command.
e ——
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Table 122: MPC

Commands

Function

Operand

Data

Training Modes

OP[6:0]

OXXXXXXb: NOP

1000001b:
1000011b:
1000101b:
1000111b:
1001001b:
1001011b:
1001101b:

READ-FIFO: READ-FIFO supports only BL16 operation
READ DQ CALIBRATION (MR32/MR40)

RFU

WRITE-FIFO: WRITE-FIFO supports only BL16 operation
RFU

START DQS OSCILLATOR

STOP DQS OSCILLATOR

1001111b: ZQCAL START
1010001b: ZQCAL LATCH
All Others: Reserved

See command truth table for more information.

MPC commands for READ or WRITE TRAINING operations must be immediately followed
by CAS-2 command consecutively without any other commands in-between. MPC com-
mand must be issued first before issuing the CAS-2 command.

WRITE-FIFO and READ-FIFO commands will only operate as BL16, ignoring the burst
length selected by MR1 OP[1:0].

Notes: 1.

Figure 117: WRITE-FIFO — *WPRE = 2nCK, *‘WPST = 0.5nCK
SN /N ] N L
> COCRDEDEDT 7 2 “C z 70 V77 T

Command WRITE-1 CAS-2

fWRWTR ‘ccp=8

MPC f

wi

WL

DQS_c ; 77
pas_t LA/

Qs20Q

tDQs20Q

DQ[15:0] 777
DMI[1:0] ZZ

7 U

E] Don’t Care
MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during
refresh or during self refresh, with CKE HIGH.

Write-1 to MPC is shown as an example of command-to-command timing for MPC. Tim-
ing from Write-1 to MPC[WRITE-FIFO] is '‘WRWTR.

Seamless MPC[WRITE-FIFO] commands may be executed by repeating the command ev-
ery 'CCD time.

MPC[WRITE-FIFO] uses the same command-to-data timing relationship (WL, tDQSS,
tDQS2DQ) as a WRITE-1 command.

A maximum of five MPC[WRITE-FIFO] commands may be executed consecutively without
corrupting FIFO data. The sixth MPC[WRITE-FIFO] command will overwrite the FIFO data

Notes:

Rev.A0.0
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from the first command. If fewer than five MPC[WRITE-FIFO] commands are executed,
then the remaining FIFO locations will contain undefined data.

6. For the CAS-2 command following an MPC command, the CAS-2 operands must be driv-
en LOW.

7. To avoid corrupting the FIFO contents, MPC[READ-FIFO] must immediately follow
MPC[WRITE-FIFO]/CAS-2 without any other commands in-between. See Write Training
section for more information on FIFO pointer behavior.

Figure 118: READ-FIFO — *WPRE = 2nCK, *‘WPST = 0.5nCK, *RPRE = Toggling, 'RPST = 1.5nCK

To T1 T2 T3 T4 Ta Ta+tl Ta+2 Ta+3 Tb  Tb+l Tb+2 Tb+3 Tb+4 Tb+5 Tc+2 Tc+3 Tctd Tct5 Tek6 Te+7  Td  Td+l Td+2 Td+3 Td+d4 Td+5 Te Te+l Tf Tf+l Tf+2 T3 T4

tcco

cALs0] WWW@W .-“ @W .WW@@W @W@@@W “ .-“
Command (Gwattitso a D< HZ:XWW«» X 'g:xmmx 'g:x '“g:x

Bﬁ[ﬁgf 7 H M v H ; )) 7

DQS_t 77
DQs_c

'Das20a

[7] oo care

Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during
refresh or during self refresh with CKE HIGH.

2. Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev-
ery'CCD time.

3. MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK) as a
READ-1command.

4. Data may be continuously read from the FIFO without any data corruption. After five
MPC[READ-FIFO] commands, the FIFO pointer will wrap back to the first FIFO and con-
tinue advancing. If fewer than five MPC[WRITE-FIFO] commands were executed, then
the MPC[READ-FIFO] commands to those FIFO locations will return undefined data. See
Write Training for more information on the FIFO pointer behavior.

5. Forthe CAS-2 command immediately following an MPC command, the CAS-2 operands
must be driven LOW.

6. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode regis-
ters. See Write Training for more information on DMI behavior.
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Figure 119: READ-FIFO — 'RPRE = Toggling, tRPST = 1.5nCK

TO T1 T2 T3 T4 Ta Ta+l Ta+2 Ta+3 Ta+d Tb Th+1 Tc Tc+l Tc+2 Tec+3 Te+d  Te+5 Td Td+1 Td+2 Td+3 Te Te+l Te+2 Te+3 Te+d Te+5
CKc - . . . . " o . . . N o . N - . - . o o N . . . . o - o o o
CK_t

‘RTRRD

RL

3 A 3 :

Valid X Valid X Valid X Valid X Valid

(‘Va\id -( Vvalid )(vahd?

Command <[REA’|‘)"_';|CFO] >< cas2 X Va@ Z X Valid >< Valid >Q Hvalid vandz [X READ-1 >< CAS-2 >< Vvalid ? 8 Valid >< Valid ? 8 Valid >< Valid >< Valid

DASCK : DQSCK

N

DQl15:0] 777777777777 /‘j.
DMI[1:0] —

Don’t Care
Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during
refresh or during self refresh with CKE HIGH.

2. MPC[READ-FIFO] to READ-1 operation is shown as an example of command-to-com-
mand timing for MPC. Timing from MPC[READ-FIFO] command to read is '‘RTRRD.

3. Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev-
ery'CCD time.

4. MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK) as a
READ-1command.

5. Data may be continuously read from the FIFO without any data corruption. After five
MPC[READ-FIFO] commands, the FIFO pointer will wrap back to the first FIFO and con-
tinue advancing. If fewer than five MPC[WRITE-FIFO] commands are executed, then the
MPC[READ-FIFO] commands to those FIFO locations will return undefined data. See
Write Training for more information on the FIFO pointer behavior.

6. Forthe CAS-2 command immediately following an MPC command, the CAS-2 operands
must be driven LOW.

7. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode regis-
ters. See Write Training for more information on DMI behavior.

Table 123: Timing Constraints for Training Commands

Previous Com-
mand Next Command Minimum Delay Unit Notes

WR/MWR MPC[WRITE-FIFO] 'WRWTR nCK 1
MPC[READ-FIFQ] Not allowed - 2

MPC[READ DQ CALIBRATION] WL + RU(*DQSS(MAX)/tCK) + ncK

BL/2 + RU(*WTR/'CK)

RD/MRR MPC[WRITE-FIFO] ‘RTRRD nCK 3
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ CALIBRATION] ‘RTRRD nCK 3
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Table 123: Timing Constraints for Training Commands (Continued)

XT63MA4G8E6TM-CCBXX

Previous Com-

mand Next Command Minimum Delay Unit Notes
MPC[WRITE-FIFO] WR/MWR Not allowed - 2
MPC[WRITE-FIFO] tccD ncK
RD/MRR Not allowed - 2
MPC[READ-FIFO] WL + RU(*DQSS(MAX)/tCK) + ncK
BL/2 + RU('WTR/!CK)
MPC[READ DQ CALIBRATION] Not allowed - 2
MPC[READ-FIFO] WR/MWR tRTRRD ncK 3
MPC[WRITE-FIFO] TRTW ncK 4
RD/MRR tRTRRD ncK 3
MPC[READ-FIFO] tccD ncK
MPC[READ DQ CALIBRATION] tRTRRD ncK 3
MPC[READ DQ CALI- WR/MWR tRTRRD ncK 3
BRATION] MPC[WRITE-FIFO] tRTRRD ncK 3
RD/MRR tRTRRD ncK 3
MPC[READ-FIFO] Not allowed - 2
MPC[READ DQ CALIBRATION] tccD ncK

- |
03/27/2023

Rev.A0.0

Notes:

1. 'WRWTR = WL + BL/2 + RU(*DQSS(MAX)/tCK) + MAX(RU(7.5ns/tCK), 8nCK).
2. Nocommands are allowed between MPC[WRITE-FIFO] and MPC[READ-FIFO] except the
MRW commands related to training parameters.

3. 'RTRRD = RL + RU('DQSCK(MAX)/tCK) + BL/2 + RD(tRPST) + MAX(RU(7.5ns/tCK), 8nCK).
4. In case of DQ ODT disable MR11 OP[2:0] = 000b,

'RTW = RL + RU(*DQSCK(MAX)/CK) + BL/2 - WL + *‘WPRE + RD(tRPST).

In case of DQ ODT enable MR11 OP[2:0] ¥ 000b,

tRTW = RL + RU('DQSCK(MAX)/'CK) + BL/2 + RD(tRPST) - ODTLon - RD(tODTon(MIN)/tCK)

+ 1.
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Read DQ Calibration Training

The READ DQ CALIBRATION TRAINING function outputs a 16-bit, user-defined pat-
tern on the DQ pins. Read DQ calibration is initiated by issuing a MPC[READ DQ CALI-
BRATION] command followed by a CAS-2 command, which causes the device to drive
thecontentsof MR32, followed bythe contentsofMR40oneachofDQ[15:0]and
DMI[1:0]. The pattern can be inverted on selected DQ pins according to user-defined
invert masks written to MR15 and MR20.

Read DQ Calibration Training Procedure

1. Issue MRW commands to write MR32 (first eight bits), MR40 (second eight bits),
MR15 (eight-bit invert mask for byte 0), and MR20 (eight-bit invert mask for byte
1).

In the alternative, this step could be replaced with the default pattern:

¢ MR32default=5Ah

* MR40default=3Ch

* MR15default=55h

¢ MR20default=55h
2. Issue an MPC command, followed immediately by a CAS-2 command.

* Eachtimean MPCcommand, followed bya CAS-2,isreceived by the device, a
16-bitdataburstwilldrivetheeightbits programmedin MR32 followed by the
eight bits programmed in MR40 on allI/O pins after the currently set RL.
* Thedatapatternwillbeinvertedforl/Opinswitha 1 programmedinthe corre-
sponding invert mask mode register bit (see table below).
* Thepatternisdrivenonthe DMIpins,butnoDATABUSINVERSION functionis
enabled, evenifread DBlisenabledinthemoderegister.
¢+ The MPC command can be issued every 'CCD seamlessly, and 'RTRRD delay is
required between ARRAY READ command and the MPC command as well the
delay required between the MPC command and an ARRAY READ.
* The operands received with the CAS-2 command must be driven LOW.
3. DQ
Read DQ calibration training can be performed with any or no banks active during
refresh or during self refresh with CKE HIGH.

Table 124: Invert Mask Assignments

DQ pin 0 1 2 3 DMIO 4 5

MR15 bit 0 1 3 N/A 4 5 6 7
DQ pin 8 9 10 11 DMI1 12 13 14 15
MR20 bit 0 1 2 3 N/A 4 5 6 7
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Figure 120: Read DQ Calibration Training Timing: Read-to-Read DQ Calibration
TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad Tas ThO  Tbl Tb2 Tcl Te2 T3 Tca TcS Tc6 Tc7 Td1 Td2 Td3 Tda Tds Td6 TeO0 Tel Te2 Te3

CK_t

CA°r D& T ) I T ’ T IR

Command { ReaD-1 X CAS-2 DES DE ES & DEs X DEs X DEs | /DEs X DEs ._ . CAS-2 DES DES DES @ DES X DES DES | /DES DES X DES X DES

‘RTRRD : RL : ‘pasck |

'RPRE
w| | trPST

OINEXD | enz R, e

—] [—'Dasa

D[r)vﬁ High-Z 2 2 2 2 High-Z

DQS_c
DQS_t

High-Z 2 2

—~

Notes: 1. Read-1to MPC operation is shown as an example of command-to-command timing. Tim-
ing from Read-1 to MPC command is 'RTRRD.

2. MPC uses the same command-to-data timing relationship (RL, 'tDQSCK, 'DQSQ) as a
Read-1 command.

3. BL =16, Read preamble: Toggle, Read postamble: 0.5nCK.

4. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Figure 121: Read DQ Calibration Training Timing: Read DQ Calibration to Read DQ Calibration/Read

T2 Ti3

Td1 Td2 Td3 Td4 Te0 Tel

TO T1 T2 T3
CK_C i\ S
CK_t

s / :
CA Valid

Command /— RS
RD DQ CAL]

<

al

DQs_c

DQS_t

paQ — " —0asa
| —— p— 21607
Don‘tCare

Notes: 1. MPC[READ DQ CALIBRATION] to MPC[READ DQ CALIBRATION] operation is shown as an

example of command-to-command timing.

2. MPC[READ DQ CALIBRATION] to READ-1 operation is shown as an example of com-
mand-to-command timing.

3. MPC[READ DQ CALIBRATION] uses the same command-to-data timing relationship (RL,
tDQSCK, 'DQSAQ) as a READ-1 command.

4. Seamless MPC[READ DQ CALIBRATION] commands may be executed by repeating the
command every 'CCD time.

5. Timing from MPC[READ DQ CALIBRATION] command to READ-1 is 'RTRRD.
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6. BL =16, Read preamble: Toggle, Read postamble: 0.5nCK.

7. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Read DQ Calibration Training Example

An example of read DQ calibration training output is shown in table below. This shows
the 16-bitdatapatternthatwillbedrivenoneach DQinbyteOwhenone READDQ
CALIBRATION TRAINING command is executed. This output assumes the following
mode register values are used:

e MR32=1CH

e MR40=59H

e MR15=55H

e MR20=55H

Table 125: Read DQ Calibration Bit Ordering and Inversion Example
Bit Sequence —

Pin Invert | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DQO Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ1 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ2 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ3 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DMIO | Never | O 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ4 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ5 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ6 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ7 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQS8 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ9 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ10 Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ11 | No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DMI1 | Never 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ12 | Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ13 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQ14 | Yes 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQ15 No 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0

Notes: 1. The patterns contained in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0]
when read DQ calibration is initiated via a MPC[READ DQ CALIBRATION] command. The
pattern transmitted serially on each data lane, organized little endian such that the low-
order bit in a byte is transmitted first. If the data pattern is 27H, then the first bit trans-
mitted with be a 1, followed by 1, 1, 0, 0, 1, 0, and 0. The bit stream will be 00100111 —.

2. MR15 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins.
See MR15 and MR20 for more information. Data is never inverted on the DMI[1:0] pins.
3. DMI [1:0] outputs status follows MR Setting vs. DMI Status table.
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4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if
DBl is enabled in MR3-0OP[6].

Table 126: MR Setting vs. DM Status

DM Function WRITE DBIdc Function READ DBIdc Function S

MR13 OP[5] MR3 OP[7] MR3 OP[6] DMI
1: Disable 0: Disable 0: Disable High-Z
1: Disable 1: Enable 0: Disable The data pattern is transmitted
1: Disable 0: Disable 1: Enable The data pattern is transmitted
1: Disable 1: Enable 1: Enable The data pattern is transmitted
0: Enable 0: Disable 0: Disable The data pattern is transmitted
0: Enable 1: Enable 0: Disable The data pattern is transmitted
0: Enable 0: Disable 1: Enable The data pattern is transmitted
0: Enable 1: Enable 1: Enable The data pattern is transmitted

MPC[READ DQ CALIBRATION] After Power-Down Exit

Following the power-down state, an additional time, tMRRI, is required prior to issuing
the MPC[READ DQ CALIBRATION] command. This additional time (equivalent to
‘RCD)isrequiredin ordertobeable tomaximize power-down current savings by allow-
ingmore power-uptimefortheread DQdatain MR32and MR40data pathafterexit
from standby, power-down mode.

Figure 122: MPC[READ DQ CALIBRATION] Following Power-Down State

éJuu RLIN i

2 ,WZZ W //// /. 7 fr/?Z/"‘f"f///i*m i )
’//zz/’ m I mx

2.22. Write Training

The device uses an unmatched DQS-DQ path to enable high-speed performance and
save power. As a result, the DQS strobe must be trained to arrive at the DQ latch center-
alignedwiththedataeye.The DQreceiverislocatedatthe DQ padand hasashorter
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internal delay than the DQS signal. The DQ receiver will latch the data present on
the DQ bus when DQS reaches the latch, and training is accomplished by delaying the
DQ signals relative to DQS such that the data eye arrives at the receiver latch centered
on theDQS transition.

Two modes of training are available:

* Command-based FIFO WR/RD with user patterns

* Aninternal DQS clock-tree oscillator, which determines the need for, and the magni-
tude of, required training

The command-based FIFO WR/RD uses the MPC command with operands to enable
this special mode of operation. When issuing the MPC command, if CA[5] is set LOW
(OP[6]=0),thenthedevicewill perform aNOPcommand. When CA[5]isset HIGH, the
CA[4:0] pins enable training functions or are reserved for future use (RFU). MPC com-
mandsthatinitiatearead orwrite tothe device mustbe followed immediately bya
CAS-2 command. See the MPC Operation section for more information.

To perform write training, the controller can issue an MPC[WRITE-FIFO|] command
with OP[6:0] set, followed immediately by a CAS-2 command (CAS-2 operands should
be driven LOW) to initiate a WRITE-FIFO. Timings for MPC[WRITE-FIFO] are identical
to WRITE commands, with WL timed from the second rising clock edge of the CAS-2
command. Up to five consecutive MPC[WRITE-FIFO] commands with user-defined
patternsmaybeissuedtothedevice, whichwillstoreupto80values (BL16 x 5) perpin
that can be read back via the MPC[READ-FIFO] command. (The WRITE /READ-FIFO
POINTER operation is described in a different section.

After writing data with the MPC[WRITE-FIFO|] command, the data can be read back
with the MPC[READ-FIFO| command and results can be compared with "expected" da-
ta to determine whether further training (DQ delay) is needed. MPC[READ-FIFO] is ini-
tiated by issuing an MPC command, as described in the MPC Operation section, fol-
lowed immediately by a CAS-2 command (CAS-2 operands must be driven LOW). Tim-
ings for the MPC|[READ-FIFO] command are identical to READ commands, with RL
timed from the second rising clock edge of the CAS-2 command.

READ-FIFO is nondestructive to the data captured in the FIFO; data may be read con-
tinuously until it is disturbed by another command, such as a READ, WRITE, or another
MPC[WRITE-FIFO]. If fewer than five WRITE-FIFO commands are executed, unwritten
registers will have undefined (but valid) data when read back.

For example: If five WRITE-FIFO commands are executed sequentially, then a series of
READ-FIFO commands will read valid data from FIFO[O], FIFO[1]....FIFO[4] and then
wrap back to FIFO[0] on the next READ-FIFO. However, if fewer than five WRITE-FIFO
commands are executed sequentially (example = 3), then a series of READ-FIFO com-
mands will return valid data for FIFO[O], FIFO[1], and FIFO|2], but the next two READ-
FIFO commands will return undefined data for FIFO[3] and FIFO[4] before wrapping
back to the valid data in FIFO[O].

The READ-FIFO pointer and WRITE-FIFO pointer are reset under the following condi-
tions:

* Power-up initialization

¢ RESET n asserted

* Power-down entry

* Self refresh power-down entry
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The MPC[WRITE-FIFO] command advances the WRITE-FIFO pointer, and the
MPC[READ-FIFO] advances the READ-FIFO pointer. Also any normal (non-FIFO) READ
operation (RD, RDA) advances both WRITE-FIFO pointer and READ-FIFO pointer. Issu-
ing (non-FIFO) READ operation command is inhibited during write training period. To
keep the pointers aligned, the SoC memory controller must adhere to the following re-
striction at the end of Write training period:

b=a+(nxc)

Where:

a'is the number of MPC[WRITE-FIFO] commands
'b'is the number of MPC[READ-FIFO] commands
'c'isthe FIFO depth (= 5for LPDDR4)
'n'isapositive integer, = 0

Figure 123: WRITE-to-MPC[WRITE-FIFO] Operation Timing

TO T1 T2 T3 T4 Ta0

Tal Ta2 TbO Thl TcO Tcl Tdo Td1 Td2 Td3 Td4 Tds TeO Tel Te2 TfO Tf1  Tgo Tgl Tg2 Tg3

CA Y 7 Vi Vaia n '-C.m W T VTl L

y MPC
comman (AT Y D) o] oo (o) i) oG m D D ) e B B

{WRWTR ‘ccp=38 ; wi !

DQS_c 777777777 7777777777 2 q
pas_t LI /7 11771/

WL

. Don’t Care

1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during
REFRESH or during SELF REFRESH with CKE HIGH.

2. Write-1 to MPC is shown as an example of command-to-command timing for MPC. Tim-
ing from Write-1 to MPC[WRITE-FIFO] is '‘WRWTR.

3. Seamless MPC[WR-FIFO] commands may be executed by repeating the command every
tCCD time.

4. MPC[WRITE-FIFO] uses the same command-to-data timing relationship (WL, *DQSS,
tDQS2DQ) as a WRITE-1 command.

5. A maximum of five MPC[WRITE-FIFO] commands may be executed consecutively without
corrupting FIFO data. The sixth MPC[WRITE-FIFO] command will overwrite the FIFO data
from the first command. If fewer than five MPC[WRITE-FIFO] commands are executed,
then the remaining FIFO locations will contain undefined data.

6. For the CAS-2 command following an MPC command, the CAS-2 operands must be driv-
en LOW.

7. To avoid corrupting the FIFO contents, MPC[READ-FIFO] must immediately follow
MPC[WRITE-FIFO]/CAS-2 without any other commands disturbing FIFO pointersin be-
tween. FIFO pointers are disturbed by CKE LOW, WRITE, MASKED WRITE, READ, READ
DQ CALIBRATION, and MRR.

8. BL =16, Write postamble = 0.5nCK.

9. DES commands are shown for ease of illustration; other commands may be valid at
these times.

DQ[15:0] 777777 777777777, 7 7
omifro] LI “

Notes:
Rev.A0.0
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Figure 124: MPC[WRITE-FIFO]-to-MPC[READ-FIFO] Timing
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Notes:

. Don’t Care
MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during re-
fresh or during self refresh with CKE HIGH.

MPC[WRITE-FIFO] to MPC[READ-FIFQ] is shown as an example of command-to-command
timing for MPC. Timing from MPC[WRITE-FIFO] to MPC[READ-FIFQ] is specified in the
command-to-command timing table.

Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev-
ery'CCD time.

MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK,
tDQSQ ) as a READ-1 command.

Data may be continuously read from the FIFO without any data corruption. After five
MPC[READ-FIFO] commands, the FIFO pointer will wrap back to the first FIFO and con-
tinue advancing. If fewer than five MPC[WRITE-FIFO] commands were executed, then
the MPC[READ-FIFO] commands to those FIFO locations will return undefined data. See
Write Training for more information on the FIFO pointer behavior.

For the CAS-2 command immediately following an MPC command, the CAS-2 operands
must be driven LOW.

DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode regis-
ters. See Write Training section for more information on DMI behavior.

BL = 16, Write postamble = 0.5nCK, Read preamble: Toggle, Read postamble: 0.5nCK.

DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 125: MPC[READ-FIFO] to Read Timing

TO T1 T2 T3

CK_c -
cK_t

T4 Ta0

Ta2 Ta3 Tad Tas ThO  Tbl Tb2 Tcl Te2 T3 Tca TcS Tc6 Tc7

Td4 Tds Td6 TeO0 Tel Te2 Te3

MPC
Command {_pabiro X AS2

. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during re-
fresh or during self refresh with CKE HIGH.

MPC[READ-FIFO] to READ-1 operation is shown as an example of command-to-com-
mand timing for MPC. Timing from MPC[READ-FIFO] command to READ is '‘RTRRD.

Seamless MPC[READ-FIFO] commands may be executed by repeating the command ev-

MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK,

tDQSQ ) as a READ-1 command.

Data may be continuously read from the FIFO without any data corruption. After five
MPC[READ-FIFO] commands, the FIFO pointer will wrap back to the first FIFO and con-
tinue advancing. If fewer than five MPC[WRITE-FIFO] commands were executed, then
the MPC[READ-FIFO] commands to those FIFO locations will return undefined data. See
Write Training for more information on the FIFO pointer behavior.

For the CAS-2 command immediately following an MPC command, the CAS-2 operands
must be driven LOW.

DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode regis-
ters. See Write Training for more information on DMI behavior.

BL = 16, Read preamble: Toggle, Read postamble: 0.5nCK

DES commands are shown for ease of illustration; other commands may be valid at

DQS_c 777777777 7
pas_t L/
DQ 7777777
DM L,
Notes:
ery'CCD time.
these times.
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Figure 126: MPC[WRITE-FIFO] with DQ ODT Timing
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Don’t Care

Notes: 1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active during re-
fresh or during self refresh with CKE HIGH.

2. MPC[WRITE-FIFO] uses the same command-to-data/ODT timing relationship (RL, DQSCK,
tDQS2DQ, ODTLon, ODTLoff, tODTon, *ODToff) as a WRITE-1 command.

3. For the CAS-2 command immediately following an MPC command, the CAS-2 operands
must be driven LOW.

4. BL =16, Write postamble = 0.5nCK.

5. DES commands are shown for ease of illustration; other commands may be valid at
these times.
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Figure 127: Power-Down Exit to MPC[WRITE-FIFO] Timing
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Don’t Care

Notes: 1. Any commands except MPC[WRITE-FIFO] and other exception commands defined other
section in this document (for example. MPC[READ DQ CALIBRATION]).
2. DES commands are shown for ease of illustration; other commands may be valid at
these times.

Table 127: MPC[WRITE-FIFO] AC Timing

Parameter Symbol MIN/MAX Value Unit

Additional time after 'XXP has expired until ‘MPCWR MIN fRCD + 3nCK -
MPC[WRITE-FIFO] command may be issued

Internal Interval Timer

Asvoltage and temperature change on the device, the DQS clock-tree delay will shift,
requiring retraining. The device includes an internal DQS clock-tree oscillator to meas-
uretheamountofdelayoveragiventimeinterval (determined by the controller), allow-
ingthecontrollertocomparethetrained delayvaluetothedelayvalueseenatalater
time. The DQS oscillator will provide the controller with important information regard-
ingtheneedtoretrainandthemagnitudeofpotentialerror.

The DQS interval oscillator is started by issuing an MPC command with OP[6:0] set as
described in MPC Operation, which will start an internal ring oscillator that counts the
numberoftimeasignal propagatesthroughacopyofthe DQSclocktree.

The DQS oscillator may be stopped by issuing an MPC[STOP DQS OSCILLATOR] com-
mand with OP[6:0] set as described in MPC Operation, or the controller may instruct
the SDRAM to count for a specific number of clocks and then stop automatically (See
MR23 for more information). If MR23 is set to automatically stop the DQS oscillator,
then the MPC[STOP DQS OSCILLATOR] command should not be used (illegal). When
the DQS oscillator is stopped by either method, the result of the oscillator counter is au-
tomatically stored in MR18 and MR19.

The controller may adjust the accuracy of the result by running the DQS interval oscilla-
tor for shorter (less accurate) or longer (more accurate) duration. The accuracy of the
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result for a given temperature and voltage is determined by the following equation,
whereruntime=totaltimebetween STARTand STOPcommandsand DQSdelay=the
value of the DQS clock tree delay (‘DQS2DQ(MIN)/(MAX)):

2 x (DQS delay)

DQS oscillator granularity error = -
run time

Additional matching error must be included, which is the difference between DQS
training circuit and the actual DQS clock tree across voltage and temperature. The
matching error is vendor specific. Therefore, the total accuracy of the DQS oscillator
counter is given by:

DQS oscillator accuracy = 1 - granularity error - matching error

For example, if the total time between START and STOP commands is 100ns, and the
maximum DQS clock tree delay is 800ps (‘DQS2DQ(MAX)), then the DQS oscillator
granularityerroris:

2 x (0.8ns)

DQS oscillator granularity error = =1.6%

100ns

This equates to a granularity timing error of 12.8ps. Assuming a circuit matching error
of 5.5ps across voltage and temperature, the accuracy is:

12.8 +5.5
DQS oscillator accuracy=1- ——

800 =97.7%
For example, running the DQS oscillator for a longer period improves the accuracy. If
the total time between START and STOP commands is 500ns, and the maximum DQS

clock tree delay is 800ps (‘DQS2DQ(MAX)), then the DQS oscillator granularity error is:

2 x (0.8ns)

DQS oscillator granularity error = =0.32%

500ns

This equates to a granularity timing error or 2.56ps. Assuming a circuit matching error
of 5.5ps across voltage and temperature, the accuracy is:

2.56 +5.5
DQS oscillator accuracy =1 - ——

800 =99.0%
Theresultofthe DQSintervaloscillatorisdefinedasthenumberofDQSclocktreede-
lays that can be counted within the run time, determined by the controller. The result is

storedin MR18-OP[7:0]and MR19-OP[7:0].

MR18 contains the least significant bits (LSB) of the result, and MR 19 contains the most
significant bits (MSB) of the result. MR18 and MR19 are overwritten by the SDRAM
when a MPC[STOP DQS OSCILLATOR] command is received.

The SDRAM counterwillcounttoits maximumvalue (=2 16)and stop.Ifthe maxi-
mum value is read from the mode registers, the memory controller must assume that
the counter overflowed the register and therefore discard the result. The longest run
time for the oscillator that will not overflow the counter registers can be calculated as
follows:

Longest runtime interval = 216 x tDQS2DQ(MIN) = 216 x 0.2ns = 13.1ps
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DQS Interval Oscillator Matching Error

XT63MA4G8E6TM-CCBXX

The interval oscillator matching error is defined as the difference between the DQS
training ckt (interval oscillator) and the actual DQS clock tree across voltage and tem-
perature.

Parameters:

'DQS2DQ: Actual DQS clock tree delay
'DQSpsc: Training ckt (interval oscillator) delay
OSCossset: Average delay difference over voltage and temperature (shown below)
OSChyateh: DQS oscillator matching error

Figure 128: Interval Oscillator Offset — OSCyffset
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7
O
Temperature(T)/Voltage(V)
OSCMatch:

OSCMatch = [ tDQSZDQ(V'T) - tDClSOSC (V,T) - OSCoffset ]

DQSosc:

Das_ (V,T) =
osC

Runtime

2 x Count

Table 128: DQS Oscillator Matching Error Specification

Parameter Symbol MIN MAX Unit Notes

DQS oscillator matching error OSCpiatch -20 20 ps 1,2,3,4,
5,6,7,8

DQS oscillator offset OSCstset -100 100 ps 2,4.7

Notes: 1. The OSCpmatch is the matching error per between the actual DQS and DQS interval oscilla-

Rev.A0.0

tor over voltage and temperature.
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2. This parameter will be characterized or guaranteed by design.
3. The OSCpjatch is defined as the following:

— t t
OSCptaten = [ 'DQS2DQyy, 1) - "'DQSsc(y, ) - OSCopset |

Where 'DQS2DQ(V,T) and 'DQSqsc(V,T) are determined over the same voltage and tem-
perature conditions.
4. The runtime of the oscillator must be at least 200ns for determining 'DQSgsc(V,T).

Runtime
DQS  (V,T) =
osc

2 x Count

5. The input stimulus for 'tDQS2DQ will be consistent over voltage and temperature condi-
tions.

6. The OSCyssset is the average difference of the endpoints across voltage and temperature.
7. These parameters are defined per channel.
8. 'DQS2DQ(V,T) delay will be the average of DQS-to-DQ delay over the runtime period.

OSC Count Readout Time

OSC Stop to its counting value readout timing is shown in following figures.

Figure 129: In Case of DQS Interval Oscillator is Stopped by MPC Command

Ta0o Tal Ta2 Ta3 Ta4 TbO Tbl Th2 Th3 Th4 Th5 Tb6

) LA A AL
</'/v/}<Valid><Valid><' %{ ><Va|.d><Vand></ ></ 2( % )<Valld><Valld><VaI|d><Va|id><fﬂ_,

‘ ‘ WPCSTop “WRRL ‘ 77777777

tOSCO

Don’t Care

Note: 1. DQS interval timer run time setting :MR23 OP[7:0] = 00000000b.
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Figure 130: In Case of DQS Interval Oscillator is Stopped by DQS Interval Timer
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See Note 2 tosco

Don’t Care

Notes: 1. DAQS interval timer run time setting: MR23 OP[7:0] = 00000000b.
2. Setting counts of MR23.

Table 129: DQS Interval Oscillator AC Timing

Parameter Symbol MIN/MAX Value Unit
Delay time from OSC stop to mode regis- tosco MIN MAX(40ns, ns
ter readout 8nCK)

Note: 1. START DQS OSCILLATOR command is prohibited until tOSCO(MIN) is satisfied.
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2.23. Thermal Offset

Because of tight thermal coupling, hot spots on an SOC can induce thermal gradients
across the device. Because these hot spots may not be located near the thermal sensor,
the temperature compensated self refresh (TCSR) circuit may not generate enough re-
fresh cycles to guarantee memory retention. Toaddress this shortcoming, the
controller can provide a thermal offset that the memory can use to adjust its TCSR
circuit to en- sure reliable operation.

This thermal offset is provided through MR4 OP[6:5] to either or both channels (dual-
channel devices). This temperature offset may modify refresh behaviour for the
channel towhichtheoffsetisprovided.Itwilltakeamaximumof200pstohavethe
changere- flectedin MR4 OP[2:0]forthechanneltowhichtheoffsetisprovided. If
theinduced thermal gradient from the device temperature sensor location to the hot
spot location of the controller is greater than 15°C, self refresh mode will not reliably
maintain memo- rycontents.

To accurately determine the temperature gradient between the memory thermal
sensor and the induced hot spot, the memory thermal sensor location must be
providedtothe controller.

2.24. Temperature Sensor

Rev.A0.0

The device has a temperature sensor that can be read from MR4. This sensor can be
used to determine the appropriate refresh rate, to determine whether AC timing de-rat-
ingis required at an elevated temperature range, and to monitor the operating tempera-
ture. EitherthetemperaturesensororthedeviceTopgrcanbeusedtodetermineifop-
erating temperature requirements are being met.

The device monitors device temperature and updates MR4 according to 'TSI. Upon exit-
ing self refresh or power-down, the device temperature status bits shall be no older than
‘TSI

When using the temperature sensor, the actual device case temperature may be higher
than the Topgr specification that applies to standard or elevated temperature ranges.
For example, Tcasg may be above 85°C when MR4[2:0] =b011. The device enables a 2°C
temperature margin between the point when the device updates the MR4 value and the
point when the controller reconfigures the system accordingly. When performing tight
thermal coupling of the device to external hot spots, the maximum device temperature
may be higher than indicated by MR4.

To ensure proper operation when using the temperature sensor, consider the following:
* TempGradient is the maximum temperature gradient experienced by the device at the
temperature of interest over a range of 2°C.

* ReadIntervalis the time period between MR4 reads from the system.

¢+ TempSensorInterval (‘TSI) is the maximum delay between the internal updates of
MR4.

* SysRespDelay is the maximum time between a read of MR4 and a response from the
system.

InordertodeterminetherequiredfrequencyofpollingMR4,thesystemusestheTemp-
Gradient and the maximum response time of the system in the following equation:

TempGradient x (ReadInterval + 'TSI + SysRespDelay) = 2°C
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Table 130: Temperature Sensor

XT63MA4G8E6TM-CCBXX

Parameter Symbol Max/Min Value Unit
System temperature gradient TempGradient MAX System Dependent °C/s
MR4 read interval Readlnterval MAX System Dependent ms
Temperature sensor interval B| MAX 32 ms
System response delay SysRespDelay MAX System Dependent ms
Device temperature margin TempMargin MAX 2 °C

Forexample, if TempGradientis 10°C/s and the SysRespDelayis 1ms:
(10°C/s)x(ReadInterval+32ms+ 1ms) = 2°C

In this case, ReadInterval shall be no greater than 167ms.

Figure 131: Temperature Sensor Timing
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2.25. ZQ Calibration
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The MPC command is used to initiate ZQ calibration, which calibrates the output driver
impedance and CA/DQ ODT impedance across process, temperature, and voltage. ZQ
calibration occurs in the background of device operation and is designed to eliminate
any need for coordination between channels (that is, it allows for channel independ-
ence). ZQ calibration is required each time that the PU-Cal value (MR3-OP|[0]) is
changed. Additional ZQ CALIBRATION commands may be required as the voltage and
temperature change in the system environment. CA ODT values (MR11-OP[6:4]) and
DQ ODT values (MR11-OP[2:0]) may be changed without performing ZQ calibration, as
long as the PU-Cal value doesn’t change.
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ZQCAL Reset

There are two ZQ calibration modes initiated with the MPC command: ZQCAL START
and ZQCAL LATCH. ZQCAL START initiates the calibration procedure, and ZQCAL
LATCH captures the result and loads it into the drivers.

AZQCALSTARTcommand maybeissuedanytimethedeviceisnotinapower-down
state. AZQCAL LATCH command may be issued anytime outside of power-down after
ZQCAL has expired and all DQ bus operations have completed. The CA bus must main-
tain a deselect state during 'ZQLAT to allow CA ODT calibration settings to be updated.
TheDQcalibrationvaluewillnotbeupdateduntilZQCALLATCHis performedand
ZQLAT has been met. The following mode register fields that modify I/ O parameters
cannot be changed following a ZQCAL START command and before {ZZQCAL has ex-
pired:

* PU-Cal (pull-up calibration Voy point)

¢ PDDS (pull-down drive strength and Rx termination)

* DQODT (DQ ODTvalue)

* CAODT (CAODTvalue)

The ZQCAL RESET command resets the output impedance calibration to a default ac-
curacy of £30% across process, voltage, and temperature. This command is used to en-
sure output impedance accuracy to +30% when ZQCAL START and ZQCAL LATCH com-
mands are not used.

The ZQCAL RESET command is executed by writing MR10-OP[0] = 1B.

Table 131: ZQ Calibration Parameters

Parameter Symbol Min/Max Value Unit
ZQCAL START to ZQCAL LATCH command interval tZQCAL MIN 1 us
ZQCAL LATCH to next valid command interval ZQLAT MIN MAX(30ns, 8nCK) ns
ZQCAL RESET to next valid command interval tZQRESET MIN MAX(50ns, 3nCK) ns
Figure 132: ZQCAL Timing
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Notes: 1. WRITE and PRECHARGE operations are shown for illustrative purposes. Any single or
multiple valid commands may be executed within the 'ZQCAL time and prior to latching

theresults.
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2. Before the ZQCAL LATCH command can be executed, any prior commands that utilize
the DQ bus must have completed. WRITE commands with DQ termination must be given
enough time to turn off the DQ ODT before issuing the ZQCAL LATCH command. See
the ODT section for ODT timing.

Multichannel Considerations

The device includes a single ZQ pin and associated ZQ calibration circuitry. Calibration
values from this circuit will be used by both channels according to the following proto-
col:

¢ The ZQCAL START command can be issued to either or both channels.

* The ZQCAL START command can be issued when either or both channels are execut-
ing other commands, and other commands can be issued during 'ZQCAL.

* The ZQCAL START command can be issued to both channels simultaneously.

* The ZQCAL START command will begin the calibration unless a previously requested
ZQ calibration is in progress.

o IftheZQCALSTARTcommandisreceivedwhileaZQcalibrationisinprogress,the
command will be ignored and the in-progress calibration will not be interrupted.

o The ZQCAL LATCH command is required for each channel.

* The ZQCAL LATCH command can be issued to both channels simultaneously.

e The ZQCAL LATCH command will latch results of the most recent ZQCAL START
command provided 'ZQCAL has been met.

* ZQCAL LATCH commands that do not meet 'ZQCAL will latch the results of the most
recently completed ZQ calibration.

* The ZQRESET MRW commands will only reset the calibration values for the channel
issuingthe command.

In compliance with complete channel independence, either channel may issue ZQCAL
START and ZQCAL LATCH commands as needed without regard to the state of the other
channel.

ZQ External Resistor, Tolerance, and Capacitive Loading

Rev.A0.0

Touse the ZQ CALIBRATION function, a 240 ohms, +1% tolerance external resistor must
beconnected betweentheZQpinandVppg.

Ifthe system configuration shares the CA bus to form a x32 (or wider) channel, the ZQ
pinof each die’s x16 channel must use a separate ZQCAL resistor.

Ifthesystemconfigurationhasmorethanonerank,andiftheZQpinsofbothranksare
attached to a single resistor, then the SDRAM controller must ensure that the ZQCAL's
don’t overlap.

Thetotal capacitiveloadingontheZQ pinmustbelimited to25pF. Forexample, ifasys-
tem configuration shares a CA bus between nchannels to form an nx16 wide bus, and
no means are available to control the ZQCAL separately for each channel (that is, sepa-
rate CS, CKE, or CK), then each x16 channel must have a separate ZQCAL resistor. Fora
x32, two-rank system, each x16 channel must have its own ZQCAL resistor, but the
ZQCAL resistor can be shared between ranks on each x16 channel. In this configuration,
the CS signal can be used to ensure that the ZQCAL commands for Rank[0] and Rank][1]
don’t overlap.
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2.26. Frequency Set Points

Frequency set points enable the CA bus to be switched between two differing operating
frequencies with changes in voltage swings and termination values, without ever being
in an untrained state, which could result in a loss of communication to the device. This
isaccomplished by duplicating all CA bus mode register parameters, as well as other
mode register parameters commonly changed with operating frequency.

These duplicated registers form two sets that use the same mode register addresses,
with read /write access controlled by MR bit FSP-WR (frequency set point write/read)
and the operating point controlled by MR bit FSP-OP (FREQUENCY SET POINT opera-
tion). Changing the FSP-WR bit enables MR parameters to be changed for an alternate
frequency set point without affecting the current operation.

Once all necessary parameters have been written to the alternate set point, changing
the FSP-OP bit will switch operation to use all of the new parameters simultaneously
(within 'FC), eliminating the possibility of a loss of communication that could be
caused by a partial configuration change.

Parameters that have two physical registers controlled by FSP-WR and FSP-OP include
those in the following table.

Table 132: Mode Register Function With Two Physical Registers

MR Number Operand Function Notes
MR1 OP[2] WR-PRE (Write preamble length)
OP[3] RD-PRE (Read preamble type)
OP[6:4] NWR (Write-recovery for AUTO PRECHARGE command)
OP[7] RD-PST (Read postamble length)
MR2 OP[2:0] RL (READ latency)
OP[5:3] WL (WRITE latency)
OP[6] WLS (WRITE latency set)
MR3 OP[0] PU-CAL (Pull-up calibration point) 1
OP[1] WR-PST(Write postamble length)
OP[5:3] PDDS (Pull-down drive strength)
OP[6] DBI-RD (DBI-read enable)
OP[7] DBI-WR (DBI-write enable)
MR11 OP[2:0] DQ ODT (DQ bus receiver on-die termination)
OP[6:4] CA ODT (CA bus receiver on-die termination)
MR12 OP[5:0] Vrer(ca) (VRrer(ca) setting)
OP[6] VRca (Vrer(ca) range)
MR14 OP[5:0] Veerpq) (Vrer(pq) setting)
OP[6] VRpq (VRer(pq) range)

- ____________________________________________________________
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Table 132: Mode Register Function With Two Physical Registers (Continued)

MR Number Operand Function Notes
MR22 OP[2:0] SOC ODT (Controller ODT value for Vgy calibration)
OP[3] ODTE-CK (CK ODT enabled for non-terminating rank)
OP[4] ODTE-CS (CS ODT enable for non-terminating rank)
OP[5] ODTD-CA (CA ODT termination disable)

Note: 1. For dual-channel devices, PU-CAL setting is required as the same value for both Ch.A

and Ch.B before issuing ZQCAL START command. See Mode Register Definition section
for more details.

Thetable below shows howthe twomoderegistersforeach ofthe parametersinthe
previous table can be modified by setting the appropriate FSP-WR value and how device
operation can be switched between operating points by setting the appropriate FSP-OP
value. The FSP-WR and FSP-OP functions operate completely independently.

Table 133: Relation Between MR Setting and DRAM Operation

MR# and Op-
Function erand Data Operation Notes
FSP-WR MR13 OP[6] 0 (default) |Data write to mode register N for FSP-OP[0] by MRW command. 1
Data read from mode register N for FSP-OP[0] by MRR command.
1 Data write to mode register N for FSP-OP[1] by MRW command.
Data read from mode register N for FSP-OP[1] by MRR command.
FSP-OP MR13 OP[7] 0 (default) |DRAM operates with mode register N for FSP-OP[0] setting. 2
1 DRAM operates with mode register N for FSP-OP[1] setting.

Notes: 1. FSP-WR stands for frequency set point write/read.
2. FSP-OP stands for frequency set point operating point.

Frequency Set Point Update Timing

The frequency set point update timing is shown below. When changing the frequency
set point via MR13 OP|[7], the Vrcg setting: MR13 OP[3] have to be changed into VrRgr
fastresponse (high current)modeatthe sametime. After frequency changetime (‘*FC)is
satisfied. Vrcg can be changed into normal operation mode via MR13 OP|[3].

Rev.A0.0 03/27/2023 248



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

Figure 133: Frequency Set Point Switching Timing
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1. For frequency change during frequency set point switching, refer to Input Clock Stop
and Frequency Change section.

Note:

Table 134: Frequency Set Point AC Timing

Min/ Data Rate

Parameter Symbol Max | 1600 | 3200 | 3733 | 4267 | Unit | Notes
Frequency set point switching time 'FC_short MIN 200 ns 1

‘FC_middle MIN 200 ns

tFC_long MIN 250 ns

Valid clock requirement after enter- 'CKFSPE MIN MAX(7.5ns, 4nCK) -
ing FSP change
Valid clock requirement before first tCKFSPX MIN MAX(7.5ns, 4nCK) -
valid command after FSP change

Note: 1. Frequency set point switching time depends on value of Vggg(ca) setting: MR12 OP[5:0]
and Vgep(ca) range: MR12 OP[6] of FSP-OP 0 and 1. The details are shown in table below.
Additionally change of frequency set point may affect Vger(pq) setting. Settling time of

VRrer(pq) level is the same as Vrep(ca) level.

Table 135: 'FC Value Mapping

Applica- Step Size Range
tion From FSP-OPO To FSP-OP1 From FSP -OPO To FSP-OP1
tFC_short Base A single step size incre- Base No change
ment/decrement
‘FC_middle Base Two or more step size in- Base No change
crement/decrement
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Table 135: t*FC Value Mapping (Continued)

Applica- Step Size Range
tion From FSP-OPO To FSP-OP1 From FSP -OPO ToFSP-OP1
tFC_long - - Base Change

Note: 1. As well as change from FSP-OP1 to FSP-OPO.

Table 136: '*FC Value Mapping: Example

FSP-OP: VR&er(ca) Setting: VRrer(ca) Range:
Case From/To MR13 OP[7] MR12: OP[5:0] MR12 OP[6] Application Notes

1 From 0 001100 0 tFC_short 1
To 1 001101 0

2 From 0 001100 0 'FC_middle 2
To 1 001110 0

3 From 0 Don't Care 0 tFC_long 3
To 1 Don't Care 1

Notes: 1. A single step size increment/decrement for Vgeg(ca) setting value.
2. Two or more step size increment/decrement for Vgeg(ca) setting value.
3. Vger(ca) range is changed. In this case, changing Vger(ca) setting doesn’t affect 'FC value.

The LPDDR4 SDRAM defaults to FSP-OP[0] at power-up. Both set points default to set-
tings needed to operate in un-terminated, low-frequency environments. To enable the
device to operate at higher frequencies, Command bus training mode should be utiliz-
ed to train the alternate frequency set point. See Command Bus Training section for
more details on this training mode.
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Figure 134: Training for Two Frequency Set Points
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Once both of the frequency set points have been trained, switching between points can

be performed with a single MRW followed by waiting for time 'FC.

Figure 135: Example of Switching Between Two Trained Frequency Set Points

State n-1:
FSP-OP = 1
gpﬁrate ac'; » MRW command - > Odperate at )
'eh spee State n: FSP-OP =0 FC medium spee
Y
State n-1:
FSP-OP =0
MRW command > r?pﬁrate aé
State n: FSP-OP =1 teC igh spee

Switchingtoathird (or more) set pointcan beaccomplished ifthe memorycontroller
has stored the previously-trained values (in particular the Vrgp(ca) calibration value)
and rewrites these to the alternate set point before switching FSP-OP.
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Figure 136: Example of Switching to a Third Trained Frequency Set Point

th;_ﬁg-j:l MRW command
Operate at _ | MRW command VREF(CA)
high speed ® State n: FSP-WR = 0 tFC ® CA ODT, DQ ODT,
RL, WL, VREF(DQ),
ODTD-CA...}
\
State n-1:
FSP-OP = 1 Operate at
MRW command > thpeéjra € ad
State n: FSP-OP = 0 tFC Irdspee
Pull-Up and Pull-Down Characteristics and Calibration
Table 137: Pull-Down Driver Characteristics — ZQ Calibration
RonpD,nom Register Min Nom Max Unit
40 ohms RON4OPD 0.90 1.0 1.10 RZQ/G
48 ohms Ronagpb 0.90 1.0 1.10 Rzq/5
60 ohms Roneord 0.90 1.0 1.10 Rza/4
80 ohms RongopD 0.90 1.0 1.10 Rza/3
120 ohms RoN120PD 0.90 1.0 1.10 Rza/2
240 ohms Ron240pD 0.90 1.0 1.10 Rzo/1
Note: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp Values are +30%.

Table 138: Pull-Up Characteristics — ZQ Calibration

2. Vou,nom (MV) values are based on a nominal Vppq = 0.6V.

Table 139: Valid Calibration Points

VoHpPU,nom VoH,nom Min Nom Max Unit

Vppa % 0.5 300 0.90 1.0 1.10 Vor.nom

Vppa % 0.6 360 0.90 1.0 1.10 VoH,nom
Notes: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp Values are +30%.

VOHPU

ODT Value

240

120

80

60

48

40

VDDQ x 0.5

Valid

Valid

Valid

Valid

Valid

Valid

- _____________________________________________________________
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Table 139: Valid Calibration Points (Continued)

ODT Value

Vonru 240 120 80 60 a8 40

Vppq % 0.6 DNU Valid DNU Valid DNU DNU

Notes: 1. After the output is calibrated for a given Vou nom calibration point, the ODT value may
be changed without recalibration.
2. If the Vop,nom calibration point is changed, then recalibration is required.
3. DNU = Do not use.

2.27. On-Die Termination for the Command/Address Bus

Theon-dietermination (ODT)featureallowsthedevicetoturnon/offterminationre-
sistance for CK_t, CK_c, CS, and CA[5:0] signals without the ODT control pin. The ODT
featureisdesignedtoimprovesignalintegrityofthememorychannelbyallowingthe
DRAM controller to turn on and off termination resistance for any target DRAM devices
via the mode register setting.

A simple functional representation of the DRAM ODT feature is shown below.

Figure 137: ODT for CA

R, = VOUT

| IOUT |
* Vpp,
To other
circuitry oDT
like RCV, ...
® ° CA
lout
RTT VOUT
L 4 ™Y VSS

ODT Mode Register and ODT State Table

ODT termination values are set and enabled via MR11. The CA bus (CK_t, CK_c, CS,
CA[5:0]) ODT resistance values are set by MR11 OP[6:4]. The default state for the CAis
ODT disabled.

ODTisappliedonthe CAbustothe CK_t,CK_c,CS,and CAsignals. Generallyonlyone
termination load will be present even if multiple devices are sharing the command sig-
nals. In contrast to LPDDR4 where the ODT_CA input is used in combination with
mode registers, LPDDR4X uses mode registers exclusively to enable CA termination. Be-

Rev.A0.0 03/27/2023 253



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

fore enabling CA termination via MR11, all ranks should have appropriate MR22 termi-
nation settings programmed. In amultirank system, the terminating rank should be
trained first, followed by the non-terminating rank(s).

Table 140: Command Bus ODT State

CA ODT ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MR11[6:4] MR22 OP|[5] MR22 OP[3] MR22 OP[4] for CA for CK for CS
Disabled? Valid? Valid? Valid? Off Off Off
Valid 2 0 0 0 On On On
Valid 2 0 0 1 On On Off
Valid 2 0 1 0 On Off On
Valid 2 0 1 1 On Off Off
Valid 2 1 0 0 Off On On
Valid 2 1 0 1 Off On Off
Valid 2 1 1 0 Off Off On
Valid 2 1 1 1 Off Off Off
Notes: 1. Default value
2. Valid=0or1
ODT Mode Register and ODT Characteristics
Table 141: ODT DC Electrical Characteristics for Command/Address Bus
Rzq = 2400 +1% over entire operating range after calibration
MR11 OP[6:4] Rt Vour Min Nom Max Unit Notes
001b 2400 Voupg = 0.2 X Vppq 0.8 1.0 1.1 Rza/1 1,2
Vomioe) =0.50 X Vppg 0.9 1.0 1.1
Von(oe) = 0.75 x Vppq 0.9 1.0 1.3
010b 1200 Voupe) = 0.2 % Vppq 0.8 1.0 1.1 Rza/2 1,2
Vomioe) =0.50 X Vppq 0.9 1.0 1.1
Von(e) = 0.75 x Vppg 0.9 1.0 1.3
011b 800 Voupg = 0.2 X Vppq 0.8 1.0 1.1 Rza/3 1,2
Vomioe) =0.50 X Vppg 0.9 1.0 1.1
Von(oe) = 0.75 x Vppq 0.9 1.0 13
100b 600 Voupe) = 0.2 X Vppq 0.8 1.0 1.1 Rza/4 1,2
Vomioe) =0.50 X Vppq 0.9 1.0 1.1
Von(oe) = 0.75 % Vppq 0.9 1.0 1.3
101b 480 Voupg = 0.2 X Vppq 0.8 1.0 1.1 Rzq/5 1,2
Vomioe) = 0.50 X Vppq 0.9 1.0 1.1
Von(oe) = 0.75 x Vppq 0.9 1.0 1.3
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Table 141: ODT DC Electrical Characteristics for Command/Address Bus (Continued)

Rzq = 2400 +1% over entire operating range after calibration

XT63MA4G8E6TM-CCBXX

MR11 OP[6:4] Rt Vour Min Nom Max Unit Notes
110b 400 VoL(pc) = 0-2 X Vppq 0.8 1.0 1.1 Rza/6 1,2
Vom(pe) = 0-50 x Vppq 0.9 1.0 1.1
Von(pc) = 0-75 x Vppq 0.9 1.0 13
Mismatch CA-to-CA within clock 0.50 x Vppq — — 2 % 1,2,3
group

Notes: 1. The tolerance limits are specified after calibration with stable temperature and voltage.
To understand the behavior of the tolerance limits when voltage or temperature
changes after calibration, see the section on voltage and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.50 x Vppq. Other cali-
bration points may be used to achieve the linearity specification shown above, for ex-
ample, calibration at 0.75 x Vppq and 0.20 x Vppq.

3. CA to CA mismatch within clock group variation for a given component including CK_t,
CK_c,and CS (characterized).

(MAX) - R, (MIN)
(AVG)

CA-to-CA mismatch = Roor

ODT

ODT for CA Update Time

Figure 138: ODT for CA Setting Update Timing in 4-Clock Cycle Command

TO T1 T2 T3 T4 T5 Ta Tal Ta2 Ta3 Ta4 Ta5 Tab Ta7 Ta8

p
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CAODT
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Don’t Care
2.28. DQ On-Die Termination

On-die termination (ODT) is a feature that allows the device to turn on/off termination
resistance for each DQ, DQS, and DMI signal without the ODT control pin. The ODT
featureisdesignedtoimprovesignalintegrity ofthe memorychannelbyallowingthe
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DRAM controller to turn on and off termination resistance for any target DRAM devices
during WRITE or MASK WRITE operation.

The ODTfeatureisoffand cannotbe supportedin power-downand selfrefreshmodes.

The switch is enabled by the internal ODT control logic, which uses the WRITE-1 or
MASK WRITE-1 command and other mode register control information. The value of
Rrrisdetermined bythe MR bits.

Vv

ouT

R, =

|IOUT|

Figure 139: Functional Representation of DQ ODT

®*  Vppo
To other
werev... | O
* ® DQ
IOUT
Ry Vour
I e Vssa
Table 142: ODT DC Electrical Characteristics for DQ Bus
Rzq = 2400 +1% over entire operating range after calibration
MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
001b 2400 Vou(pc) = 0.2 % Vppq 0.8 1.0 1.1 Rza/1 1,2
Vom(oe) = 0.50 x Vppq 0.9 1.0 1.1
Von(oe) = 0.75 x Vppq 0.9 1.0 1.3
010b 1200 Vou(oc) = 0-2 X Vppq 0.8 1.0 1.1 Rza/2 1,2
Vomioe) =0.50 X Vppq 0.9 1.0 1.1
Vor(oe) = 0.75 x Vppq 0.9 1.0 1.3
011b 800 Vou(pe) = 0-2 % Vppq 0.8 1.0 1.1 Rza/3 1,2
Vom(oe) = 0.50 x Vppq 0.9 1.0 1.1
Von(oe) = 0.75 x Vppq 0.9 1.0 1.3
100b 600 Vouoc) =0-2 x Vppq 0.8 1.0 1.1 Rza/4 1,2
Vomipe) =0.50 X Vppq 0.9 1.0 1.1
Vor(oe) = 0.75 % Vppq 0.9 1.0 1.3
101b 480 Vou(oo) = 0-2 % Vppq 0.8 1.0 1.1 Rza/5 1,2
Vom(oe) = 0.50 x Vppq 0.9 1.0 1.1
Von(e) = 0.75 x Vppq 0.9 1.0 1.3
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Table 142: ODT DC Electrical Characteristics for DQ Bus (Continued)

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
110b 400 Vou(oo) = 0-2 % Vppq 0.8 1.0 1.1 Rza/6 1,2
Vom(pe) = 0.50 x Vppq 0.9 1.0 1.1
Vor(oe) = 0.75 x Vppq 0.9 1.0 1.3
Mismatch DQ-to-DQ within 0.50 x Vppq — — 2 % 1,2,3
clock group

Notes: 1. The ODT tolerance limits are specified after calibration with stable temperature and
voltage. To understand the behavior of the tolerance limits when voltage or tempera-
ture changes after calibration, see the following section on voltage and temperature
sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.50 x Vppq. Other cali-
bration points may be used to achieve the linearity specification shown above, for ex-
ample, calibration at 0.75 x Vppq and 0.20 x Vppq.

3. DQ-to-DQ mismatch within byte variation for a given component, including DQS (char-
acterized).

DQ-to-DQ mismatch= Ropr (MAX) - Rypr (MIN)

Ropr (AVG)

Output Driver and Termination Register Temperature and Voltage Sensitivity

When temperature and/or voltage change after calibration, the tolerance limits are wi-
denaccordingtothetablesbelow.

Table 143: Output Driver and Termination Register Sensitivity Definition

Definition
Resistor Point Min Max Unit | Notes
Ronpp 0.50 xVppq 90 - (dRongr * |LIT]) - (dRongy - [LIV]) 110 + (dRonar * |LIT]) + (dRonay - [LIV]) % 1,2
Vorpu 0.50 xVppq 90 - (dVomar - [LITI) - (dVoray - [LIV]) 110 + (dVopar - [LITI) + (dVouav - [LIV]) 1,2
Rrri/0) 0.50 xVppq 90 - (dRongr * |LIT]) - (dRongy - [LIV]) 110 + (dRonar - |LIT]) + (dRonay - [LIV]) 1,23
Rrran) 0.50 x Vppy 90 - (dRongr * |LIT]) - (dRongy - [LIV]) 110 + (dRonar - |LIT]) + (dRonav - [LIV]) 1,24

Notes: 1. LIT =T - T(@calibration), LIV =V - V(@calibration)

2. dRongt, dRondv, dVondt, dVohav, dR1rqy, and dRyrgr are not subject to production test
but are verified by design and characterization.

3. This parameter applies to input/output pin such as DQS, DQ, and DMI.

4. This parameter applies to input pin such as CK, CA, and CS.

5. Referto Pull-Up/Pull-Down Driver Characteristics for Voppy-

Table 144: Output Driver and Termination Register Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRonat Ron temperature sensitivity 0 0.75 %/°C
dRongv Ron Voltage sensitivity 0 0.20 %/mV
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Table 144: Output Driver and Termination Register Temperature and Voltage Sensitivity (Contin-
ued)

Symbol Parameter Min Max Unit
dVougr Voun temperature sensitivity 0 0.75 %/°C
dVonav Von Voltage sensitivity 0 0.35 %/mV
dRy1at Rrrtemperature sensitivity 0 0.75 %/°C
dRyrqv Ryt voltage sensitivity 0 0.20 %/mV

ODT Mode Register

The ODTmodeisenabledifMR11 OP[2:0] arenon-zero.Inthis case, the value of Rtris
determinedbythesettingsofthosebits. The ODTmodeisdisabledifMR11OP[2:0]=0.

Asynchronous ODT

When ODT mode is enabled in MR11 OP[2:0], DRAM ODT is always High-Z. The DRAM
ODT feature is automatically turned ON asynchronously after a WRITE-1, MASK
WRITE-1, or MPC[WRITE-FIFO] command. After the burst write is complete, the DRAM
ODT turns OFF asynchronously. The DQ bus ODT control is automatic and will turn the
ODTresistanceon/offif DQODTisenabledinthemoderegister.

The following timing parameters apply when the DQ bus ODT is enabled:

+ ODTLon, 'ODTon(MIN),‘ODTon(MAX)
+ ODTLoff, 1ODToff(MIN), :ODToff(MAX)

ODTLoy is a synchronous parameter and is the latency from a CAS-2 command to the
tODTon reference. ODTLoy latency is a fixed latency value for each speed bin. Each
speed bin has a different ODTLoy latency.

Minimum Ryrturn-on time (*ODTon(MIN)) is the point in time when the device termi-
nation circuit leaves High-Z and ODT resistance begins to turn on.

Maximum Rrrturnon time (*ODTon(MAX))is the pointin time when the ODTresist-
anceis fully on.

tODTon(MIN) and 'ODTon(MAX) are measured after ODTLoy latency is satisfied from
CAS-2 command.

ODTLorris a synchronous parameter and it is the latency from CAS-2 command to
tODToff reference. ODTLopr latency is a fixed latency value for each speed bin. Each
speed bin has a different ODTLopr latency.

Minimum Ryrturn-offtime (*ODToff(MIN)) is the point in time when the device termi-
nation circuit starts to turn off the ODT resistance.

Maximum ODT turn off time (*ODToff(MAX)) is the point in time when the on-die ter-
mination has reached High-Z.

tODToff(MIN) and ‘ODToff(MAX) are measured after ODTLorr latency is satisfied from
CAS-2 command.
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Table 145: ODTLony and ODTLoge Latency Values

ODTLoy Latency?
) Lower Upper
t = 9t
WPRE = 2°CK ODTLofrLatency Frequency Limit | Frequency Limit
WL Set A (NCK) | WL Set B (nCK) | WL Set A (nCK) | WL Set B (nCK) (>) (MHz) () (MHz)
N/A N/A N/A N/A 10 266
N/A N/A N/A N/A 266 533
N/A 6 N/A 22 533 800
4 12 20 28 800 1066
4 14 22 32 1066 1333
6 18 24 36 1333 1600
6 20 26 40 1600 1866
8 24 28 44 1866 2133

Notes: 1. ODTLgy is referenced from CAS-2 command.
2. ODTLogr as shown in table assumes BL = 16. For BL32, 8 'CK should be added.

Figure 140: Asynchronous ODTon/ODToff Timing
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Notes: 1. BL=16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. D|y n =data-in to column n.
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3. DES commands are shown for ease of illustration; other commands may be valid at
these times.

DQ ODT During Power-Down and Self Refresh Modes

DQbus ODTwill bedisabled in power-down mode. Inselfrefreshmode, the ODT will
beturned off when CKEis LOW but will be enabled if CKEis HHGHand DQODTisena-
bledinthemoderegister.

ODT During Write Leveling Mode

IfODTisenabledinMR11OP[2:0]inwritelevelingmode, thedevicealways provides
the termination on DQS signals. DQ termination is always off in write leveling mode.

Table 146: Termination State in Write Leveling Mode

DQ[15:0]/DMI[1:0]
ODT State in MR11 OP[2:0] DQS Termination Termination
Disabled Off Off
Enabled On Off
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2.29. Target Row Refresh Mode

TRR Mode Operation

Rev.A0.0

Thedevicelimitsthenumberoftimesthatagivenrowcanbeaccessedwithinarefresh
period (‘REFW x 2) prior to requiring adjacent rows to be refreshed. The maximum acti-
vate count (MAC) is the maximum number of activates that a single row can sustain
withinarefresh period beforetheadjacentrowsneedtoberefreshed. The rowreceiving
theexcessiveactivesisthetargetrow(TRn), theadjacentrowstoberefreshedarethe
victimrows. Whenthe MAClimitisreached on TRn, either the device receivesall (R x 2)
REFRESH commands before another row activate is issued, or the device should be
placedintotargetedrowrefresh (TRR) mode. TheTRRmodewillrefreshtherowsadja-
cent to the TRn that encountered 'MAC limit.

If the device supports unlimited MAC value: MR24 OP[2:0] = 000 and MR24 OP[3] =1,
TARGET ROW REFRESH operation is not required. Even though the device allows to set
MR240OP[7]=1:TRRmodeenable,inthiscasethedevice behaviorisvendor specific.
For example, a certain device may ignore MRW command for entering/exiting TRR
mode or a certain device may support commands related TRR mode. See vendor device
data sheets for details about TRR mode definition at supporting unlimited MAC value
case.

There could beamaximum oftwo target rows toavictimrowin abank. The cumulative
valueoftheactivatesfrom the two target rows onavictim rowin a bank should notex-
ceed MAC value.

MR24 fields are required to support the new TRR settings. Setting MR24 OP[7] = 1 ena-
bles TRR mode and setting MR24 OP[7] = 0 disables TRR mode. MR24 OP[6:4] defines
whichbank(BAn)thetargetrowislocatedin (referto MR24 tablefordetails).

The TRR mode must be disabled during initialization as well as any other device cali-
brationmodes. TheTRRmodeisenteredfromaDRAMidlestate,once TRRmodehas
beenentered,noothermoderegistercommandsarealloweduntilTRRmodeiscom-
pleted; however, setting MR24 OP[7] = O to interrupt and reissue the TRR mode is al-
lowed.

When enabled, TRR mode is self-clearing. the mode will be disabled automatically after
the completion of defined TRR flow (after the third BAn precharge has completed plus
t!MRD). Optionally, the TRR mode can also be exited via another MRS command at the
completionof TRRbysettingMR24 OP[7]=0.IftheTRRisexited viaanother MRS com-
mand, the value written to MR24 OP[6:4] are "Don’t Care."

1. The timing diagram depicts TRR mode. The following steps must be performed
when TRR mode is enabled. This mode requires all three ACT (ACT1, ACT2, and
ACT3) and three corresponding PRE commands (PRE1, PRE2, and PRE3) to com-
plete TRR mode. PRECHARGE All (PREA) commands issued while the device is in
TRR mode will also perform precharge to BAn and counts towards PREn com-
mand.

2. Prior toissuing the MRW command to enter TRR mode, the device should be in
the idle state. MRW command must be issued with MR24 OP[7] = 1 and MR24
OP|[6:4] defining the bank in which the targeted row is located. All other MR24 bits
should remainunchanged.

3. Noactivityistooccurwiththedeviceuntil®tMRD hasbeensatisfied. When 'MRD
has been satisfied, the only commands allowed BAn, until TRR mode has comple-
ted, are ACT and PRE.
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4. Thefirst ACTtothe BAnwiththeTRnaddresscannowbeapplied;noothercom-
mand is allowed at this point. All other banks must remain inactive from when the
first BAn ACT command is issued until [(1.5 x 'RAS) + 'RP] is satisfied.

5. AfterthefirstACTtotheBAnwiththeTRnaddressisissued, PREtoBAnistobe
issued (1.5 x'RAS)later;and then followed 'RPlaterbythe second ACTtothe BAn
with the TRn address.

6. Afterthesecond ACTtotheBAnwiththeTRnaddressisissued, PREtoBAnisto
beissued 'RASlaterand then followed 'RPlater by the third ACT tothe BAn with
theTRnaddress.

7. After the third ACT to the BAn with the TRn addressis issued, PRE to BAn would
be issued 'RAS later. TRR mode is completed once 'RP plus 'MRD is satisfied.

8. TRR mode must be completed as specified to guarantee that adjacent rows are re-
freshed. Anytime the TRR mode is interrupted and not completed, the interrupted
TRR mode must be cleared and then subsequently performed again. To clear an
interrupted TRR mode, MR24 change is required with setting MR24 OP[7] =0,
MR24 OP[6:4]are"Don’tcare," followed by three PRE to BAn, with 'RP timein be-
tween each PRE command. The complete TRR sequence (steps 2-7) must be then
reissued and completed to guarantee that the adjacent rows are refreshed.

9. AREFRESH command to the device, or entering self refresh mode, is not allowed
whilethedeviceisinTRRmode.

Figure 141: Target Row Refresh Mode

Ta0 Tal Ta2 Ta3 Th0 Thbl T Tel Te2 T3 Tdo  Tdl Td2 Td3

PETETT

Notes: 1. TRnis the targeted row.

2. Bank BAnN represents the bank in which the targeted row is located.

3. TRR mode self-clears after tMIRD + 'RP measured from the third BAn precharge PRE3 at
clock edge Th4.

4. TRR mode or any other activity can be re-engaged after 'RP + tMRD from the third BAn
precharge PRE3. PRE_ALL also counts if it is issued instead of PREn. TRR mode is cleared
by the device after PRE3 to the BAn bank.

5. ACTIVATE commands to BAn during TRR mode do not provide refresh support (the re-
fresh counter is unaffected).

6. The device must restore the degraded row(s) caused by excessive activation of the targe-
ted row (TRn) necessary to meet refresh requirements.

7. A new TRR mode must wait tMRD + 'RP time after the third precharge.

8. BAn may not be used with any other command.

9. ACT and PRE are the only allowed commands to BAn during TRR mode.

10. REFRESH commands are not allowed during TRR mode.
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11. All timings are to be met by DRAM during TRR mode, such as *FAW. Issuing ACT1, ACT2,
and ACT3 counts towards tFAW budget.

2.30. Post-Package Repair

The device has fail row address repair as an optional post-package repair (PPR) feature
anditisreadable through MR25 OP[7:0].

PPR provides simple and easy repair method in the system and fail row address can be
repaired by the electrical programming of Electrical-fuse scheme. The device can cor-
rectonerowper bankwith PPR.

Electrical-fuse cannot be switched back to un-fused states once itis programmed. The
controller should prevent unintended PPR mode entry and repair.

Failed Row Address Repair

Before entering PPR mode, all banks must be precharged.

Enable PPR using MR4 OP[4] = 1 and wait 'MRD.

Issue ACT command with fail row address.

Wait 'PGM to allow the device repair target row address internally then issue PRE-

CHARGE

5. Wait 'PGM_EXIT after PRECHARGE, which allows the device to recognize repaired
rowaddress RAn.

6. Exit PPR mode with setting MR4 OP[4] = 0.

7. Thedeviceisreadyforanyvalidcommand after PGMPST.

8. Inmorethanonefailaddressrepaircase,repeatstep2to?7.

e s

Once PPR mode is exited, to confirm whether the target row has correctly repaired, the
hostcanverifytherepairbywritingdataintothetargetrowandreadingitbackafter
PPRexitwith MR4 OP[4]=0and ‘PGMPST.

The following timing diagram shows PPR operation.
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Figure 142: Post-Package Repair Timing
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PPR (Allbanks must beidle) 22 Move to PPR mode 22 PPR repair Z{ PPR recognition 8( Move to PPR mode

staus

'MRD PGM 'PGM_Exit tPGMPST

Don’t Care

1. During *PGM, any other commands (including refresh) are not allowed on each die.

2. With one PPR command, only one row can be repaired at one time per die.

3. When PPR procedure completes, reset procedure is required before normal operation.
4. During PPR, memory contents are not refreshed and may be lost.

Notes:

Table 147: Post-Package Repair Timing Parameters

Parameter Symbol Min Max Units
PPR programming time 'PGM 1000 - ms
PPR exit time 'PGM_EXIT 15 - ns
New address setting time tPPGMPST 50 - us

O
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2.31. Read Preamble Training
Read preamble training is supported through the MPC function.

Thismodecanbeusedtotrainorreadlevelthe DQSreceivers. After read preamble
trainingisenabledbyMR13O0P[1]=1, thedevicewilldrive DQS_tLOWandDQS_c
HIGH within 'SDO and remain at these levels until an MPC[READ DQ CALIBRATION]
commandisissued.

During read preamble training, the DQS preamble provided during normal operation
willnotbedrivenbythedevice. Afterthe MPC[READ DQ CALIBRATION]commandis
issued, the device will drive DQS_t/DQS_c and DQ like a normal READ burst after RL
and 'DQSCK. Prior to the MPC[READ DQ CALIBRATION] command, the device may or
may not drive DQ[15:0] in this mode.

While in read preamble training mode, only READ DQ CALIBRATION commands may
be issued.

* Issue an MPC[READ DQ CALIBRATION] command followed immediately by a CAS-2
command.

* Each time an MPC[READ DQ CALIBRATION] command followed by a CAS-2 is re-
ceived by the device, a 16-bit data burst will, after the currently set RL, drive the eight
bitsprogrammedin MR32 followed bytheeightbits programmedin MR40onalll/O
pins.

* Thedatapatternwillbeinvertedforl/Opinswitha 1 programmedinthe corre-
sponding invert mask mode register bit.

* Notethatthepatternisdrivenonthe DMIpins,butnoDATABUSINVERSION func-
tionisenabled, evenifread DBlisenabledin the DRAM moderegister.

¢ This command can be issued every ‘CCD seamlessly.

* The operands received with the CAS-2 command must be driven LOW.

Read preamble training is exited within 'SDO after setting MR13 OP[1] = 0.

Figure 143: Read Preamble Training
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Read preamble training mode =
Enable: MR13[OP1]=0

D S - 7/

Di/ICT // / // //v"/ // ///2 [/z"/ X DQ (High-Z or Driven ) 2 2 ? ‘ﬁ @@ﬁ 2 DQ (High-Z or Driven ) 2 2 /}’/’/ A
Don’t Care

Read preamble training mode =
Enable: MR13[OP1] =1

777 TTTTTTT T TTT 77777 7 b
/ //( / /(//‘/ //// 4 /,/{/2 8// / //‘

Note: 1. Read DQ calibration supports only BL16 operation.
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Electrical Specifications
Absolute Maximum Ratings

Stresses greater than those listed in the table below may cause permanent damage to
the device. This is a stress rating only, and functional operation of the device at these
conditions, or any other conditions outside those indicated in the operational sections
of this document, is not implied. Exposure to absolute maximum rating conditions for
extended periods may adversely affect reliability.

Table 148: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes
Vpp1 supply voltage relative to Vsg Vbp1 -0.4 2.1 \Y 1
Vpp2 supply voltage relative to Vss Vpp2 -0.4 1.5 \ 1
Vppq supply voltage relative to Vss Vbba -0.4 1.5 \% 1
Voltage on any ball relative to Vss Vine Vour -0.4 1.5 \%

Storage temperature Tstg =55 125 °’C 2

Notes: 1. Forinformation about relationships between power supplies, see the Voltage Ramp and
Device Initialization section.
2. 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.

2.32. AC and DC Operating Conditions

Operationortimingthatisnotspecifiedisillegal. Toensure properoperation, thede-
vice must be initialized properly.

Table 149: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vop1 1.7 1.8 1.95 Core 1 power \% 1,2
Vo2 1.06 1.1 1.17 Core 2 power/Input buffer power \% 1,23
Vbba 0.57 0.60 0.65 1/0 buffer power \% 2,3

Notes: 1. Vpp: uses significantly less power than Vpp,.
2. The voltage range is for DC voltage only. DC voltage is the voltage supplied at the
DRAM and is inclusive of all noise up to 20 MHz at the DRAM package ball.
3. The voltage noise tolerance from DC to 20 MHz exceeding a peak-to-peak tolerance of
45mV at the DRAM ball is not included in the TdIVW.

Table 150: Input Leakage Current

Parameter/Condition Symbol Min Max Unit Notes

Input leakage current I -4 4 A 1,2

Notes: 1. For CK_t, CK_c, CKE, CS, CA, ODT_CA and RESET_n. Any input OV & V,y & Vpp;,. All other
pins not under test = OV.

- ______________________________________________________________
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2. CA ODT is disabled for CK_t, CK_c, CS, and CA.

Table 151: Input/Output Leakage Current

Parameter/Condition Symbol Min Max Unit Notes

Input/Output leakage current loz -5 5 A 1,2

Notes: 1. For DQ, DQS_t, DQS_c and DMI. Any 1/0 OV E Voyur E Vppa.
2. 1/Os status are disabled: High impedance and ODT off.

Table 152: Operating Temperature Range

Parameter/Condition Symbol Min Max Unit
Standard Toper Note 4 85 °C
Elevated 85 95 °C
Automotive 95 105 °C
Ultra 105 125 °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. When using the device in the elevated temperature range, some derating may be re-
quired. See Mode Registers for vendor-specific derating.

3. Either the device case temperature rating or the temperature sensor can be used to set
an appropriate refresh rate, determine the need for AC timing derating, and/or monitor
the operating temperature (see Temperature Sensor). When using the temperature sen-
sor, the actual device case temperature may be higher than the Topeg rating that applies
for the standard or elevated temperature range. For example, Tcase could be above
+85°C when the temperature sensor indicates a temperature of less than +85°C.

4. Refer to operating temperature range on top page.
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AC and DC Input Measurement Levels

Input Levels for CKE

Table 153: Input Levels

XT63MA4G8E6TM-CCBXX

Parameter Symbol Min Max Unit Notes
Input HIGH level (AC) VIH(AC) 0.75 x Vbp2 Vpp2 + 0.2 \Y 1
Input LOW level (AC) Viyac) -0.2 0.25 x Vpp; \% 1
Input HIGH level (DC) VlH(DC) 0.65 x Vbp2 Vpp2 + 0.2 \Y
Input LOW level (DC) ViLbe) -0.2 0.35 x Vpp, \%
Note: 1. See the AC Overshoot and Undershoot section.
Figure 144: Input Timing Definition for CKE
VIH(AC) VIH(DC)
o X
level [/ 7 /X% /174
VIL(AC) VIL(DC)
Don’t Care
Input Levels for RESET_n
Table 154: Input Levels
Parameter Symbol Min Max Unit Notes
Input HIGH level Vi 0.80 x Vpp; Vppz + 0.2 \% 1
Input LOW level ' -0.2 0.20 x Vpp2 \% 1

Note:

Figure 145: Input Timing Definition for RESET_n

Input
level

1. See the AC Overshoot and Undershoot section.

Differential Input Voltage for CK

%/Hﬁ//>

Don’t Care

The minimum input voltage needs to satisfy both Vingisr ck and Vingirr cx/2 specification
atinput receiver and their measurement period is 1'CK. Vinqisr ck is the peak-to-peak
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voltage centered on O volts differential and Vingifr cx/2 is maximum and minimum peak
voltage from O volts.

Figure 146: CK Differential Input Voltage
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Table 155: CK Differential Input Voltage

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit Note
CK differential input voltage Vindiff_cx 420 - 380 - 360 - mV 1

Note: 1. The peak voltage of differential CK signals is calculated in a following equation.

® Vinditf_ck = (Maximum peak voltage) - (Minimum peak voltage)
e Maximum peak voltage = MAX(f(t))

e Minimum peak voltage = MIN(f(t))

e f(t) = Vet - Ve e

Peak Voltage Calculation Method

The peak voltage of differential clock signals are calculated in a following equation.

* VIH.DIFRpeak Voltage = MAX(f(t))
* VIL.DIFF peak VOltage = MIN(f(t))
* f(t)=Vck t-Vek e
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Figure 147: Definition of Differential Clock Peak Voltage
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Note: 1. Vger(ca) is device internal setting value by Vggr training.

Single-Ended Input Voltage for Clock

The minimum input voltage need to satisfy Vinse ck, Vinse_ck_HiaH, and Vinse ck Low
specification at input receiver.

Figure 148: Clock Single-Ended Input Voltage
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Note: 1. Vger(ca) is device internal setting value by Vggr training.
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Table 156: Clock Single-Ended Input Voltage

1600/1867 2133/2400/3200 3733/4267

Parameter Symbol Min Max Min Max Min Max Unit
Clock single-ended Vinse_ck 210 - 190 - 180 - mV
input voltage

Clock single-ended input Vinse_CK_HIGH 105 - 95 - 90 - mV
voltage HIGH from Vggp(ca)

Clock single-ended input Vinse_ck_Low 105 - 95 - 90 - mV
voltage LOW from Vgep(ca)

Differential Input Slew Rate Definition for Clock

Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown
belowinfigureandthetables.

Figure 149: Differential Input Slew Rate Definition for CK_t, CK_c

Peak
Voltage

\Y

IHdiff_CK

CK_t-CK_c

0.0

ViLdiff_ck
\_/\_/\/ Peak

Voltage

Differential Input Voltage : f(t)

Delta TFdiff Delta TRdiff

Time

Notes: 1. Differential signal rising edge from Vit ck t0 Vingifr_ck must be monotonic slope.
2. Differential signal falling edge from Vyqits ck tO ViLgirf_ ck must be monotonic slope.

Table 157: Differential Input Slew Rate Definition for CK_t, CK_c

Description From To Defined by

Differential input slew rate for ViLdiff_ck Vindiff_ck [Vicaitt_ck = Vinaite_cxl/LITRdiff
rising edge (CK_t - CK_c)

Differential input slew rate for Vindiff_ck ViLdiff_ck IViLaite_ck = Vinaitr_ckl/LITFdiff
falling edge (CK_t - CK_c)
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Table 158: Differential Input Level for CK_t, CK_c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential Input HIGH Vindiff_ck 175 - 155 - 145 - mV
Differential Input LOW V\Ldiff_ck - -175 - -155 - -145 mV

Table 159: Differential Input Slew Rate for CK_t, CK_c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential input SRIdiff_CK 2 14 2 14 2 14 V/ns
slew rate for clock

Differential Input Cross-Point Voltage

The cross-point voltage of differential input signals (CK_t, CK_c) must meet the require-
ments in table below. The differential input cross-point voltage Vix is measured from
the actual cross-point of true and complement signals to the mid level that is VRgr(ca).

Figure 150: V;, Definition (Clock)
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Note: 1. The base levels of Vi, ck_rr @and Viy_ck_rr are Vger(ca) that is device internal setting value
by VRggr training.
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Table 160: Cross-Point Voltage for Differential Input Signals (Clock)

Notes 1 and 2 apply to entire table

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Clock differential input Vix_cK_ratio - 25 - 25 - 25 %
cross-point voltage ratio

Notes:

1. Vix_ck_ratio is defined by this equation: Vix_ck_ratio = Vix_ck_rr/ | MIN(f(t)) |

2. Vix_CK_ratio is defined by this equation: Vix_CK_ratio = Vix_CK_RF/MAX(f(t))

Differential Input Voltage for DQS

Figure 151: DQS Differential Input Voltage

The minimum input voltage needs to satisfy both Vingiff pos and Vingift pos/ 2 specifica-
tion at input receiver and their measurement period is 1UI ({CK/2). Vindiff Dos is the
peak to peak voltage centered on 0 volts differential and Vingifr pgs/2 is maximum and
minimum peak voltage from O volts.
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Table 161: DQS Differential Input Voltage
1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit Note
DQS differential input voltage Vindiff_pas 360 - 360 - 340 - mV 1

Note:

1. The peak voltage of differential DQS signals is calculated in a following equation.

* Vindiff_pas = (Maximum peak voltage) - (Minimum peak voltage)
e Maximum peak voltage = MAX(f(t))
¢ Minimum peak voltage = MIN(f(t))

o f(t) = Vpas ¢ - Vbas ¢

Peak Voltage Calculation Method

Rev.A0.0

The peak voltage of differential DQS signals are calculated in a following equation.
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* VIH.DIFEpeak voltage = MAX(f(t))
* VIL.DIFEpeak Voltage = MIN(f{t))
« f(t)=Vpos t-VDos_c
Figure 152: Definition of Differential DQS Peak Voltage
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Note: 1. Vgerpq) is device internal setting value by Vggr training.

Single-Ended Input Voltage for DQS

The minimum input voltage need to satisfy Vinse_DQS, Vinse_DQS_HIGH7 and Vinse_DQS_LOW
specification at input receiver.

Figure 153: DQS Single-Ended Input Voltage
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Note: 1. Vger(pq) is device internal setting value by Vger training.
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Table 162: DQS Single-Ended Input Voltage

1600/1867 2133/2400/3200 3733/4267

Parameter Symbol Min Max Min Max Min Max Unit
DQS single-ended Vinse_bas 180 - 180 - 170 - mV
input voltage

DQS single-ended input Vinse_DQs_HIGH 90 - 90 - 85 - mV
voltage HIGH from Vgegr(pq)

DQS single-ended input Vinse_bas_Low 90 - 90 - 85 - mV
voltage LOW from Vgerpq)

Differential Input Slew Rate Definition for DQS

Input slew rate for differential signals (DQS_t, DQS_c) are defined and measured as
shownbelowinfigureandthetables.

Figure 154: Differential Input Slew Rate Definition for DQS_t, DQS _c
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Notes: 1. Differential signal rising edge from V| qitf pas t0 Vindiff_ pas Must be monotonic slope.
2. Differential signal falling edge from Viyqift pas tO Vidiff_ pas Must be monotonic slope.

Table 163: Differential Input Slew Rate Definition for DQS_t, DQS_c

Description From To Defined by

Differential input slew rate for V\Ldiff_pas Viudift_pas IViLgitt_pas = Vindite_oasl/LITRAiff
rising edge (DQS_t- DQS_c)

Differential input slew rate for Vindiff_pas V| diff_pas [ViLaite_pas - Viditr_pasl/LITFdiff
falling edge (DQS_t - DQS_c)

Rev.A0.0 03/27/2023 275



X5

4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63MA4G8E6TM-CCBXX

Table 164: Differential Input Level for DQS_t, DQS c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential Input HIGH Vindiff_pas 140 - 140 - 120 - mV
Differential Input LOW V| diff_pas - -140 - -140 - -120 mV

Table 165: Differential Input Slew Rate for DQS_t, DQS _c

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
Differential input slew rate SRIdiff 2 14 2 14 2 14 V/ns

Differential Input Cross-Point Voltage

The cross-point voltage of differential input signals (DQS_t, DQS_c) must meet the re-
quirements in table below. The differential input cross-point voltage Vix is measured
from the actual cross-point of true and complement signals to the mid level that is
VREF(DQ)-

Figure 155: V;, Definition (DQS)

Voba
i ya N AN - -
DaS_t \\. PN I,-/\/-\/I\\ ; - \‘ /“’\J,r\d/
\/ Vo \ N
| ! Y Vot v/
K LI Vol 1
& I [ b |
g | . 5 0
s l Ll Max(f) | ! !
2 11| Vix_oas_rr | ;' \I I 11 | Vix_pas_rr
2|y L | L f1y
£| e I iy T m
2 | v, Wy |
§ I Min(f(t)) i ] X_Das_RF ! iX_DQS_FR | 1]'
ui I -+ [
® D Il it [
& b i i /
7 I [ I /
po /) i\ oA
DQS_c -~ \ j-’ \/V\!\J U ey \v/'-“ J \ /"‘ -
Vssa
Time
Note: 1. The base levels of Vix pas_rr and Vix_pas_rr are Vrer(pq) that is device internal setting val-

ue by Vger training.

- _________________________________________________________
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Table 166: Cross-Point Voltage for Differential Input Signals (DQS)

Notes 1 and 2 apply to entire table

1600/1867 2133/2400/3200 3733/4267
Parameter Symbol Min Max Min Max Min Max Unit
DQS differential input Vix_pas_ratio - 20 - 20 %
cross-point voltage ratio
Notes: 1. VifoQSfratio is defined by this equation: VifoQSfratio = VifoQSfFR/l MlN(f(t))l
2. Vix pas _ratio is defined by this equation: Vix pas ratio = Vix_pas_re/ MAX(f(t))
Input Levels for ODT_CA
Table 167: Input Levels for ODT_CA
Parameter Symbol Min Max Unit
ODT input HIGH level VinobpT 0.75 x Vpp> Vpp2 + 0.2 \Y
ODT input LOW level Voot -0.2 0.25 x Vpps v
Output Slew Rate and Overshoot/Undershoot specifications
Single-Ended Output Slew Rate
Table 168: Single-Ended Output Slew Rate
Note 1-5 applies to entire table
Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Voy = Vppq x 0.5) SRQse 3.0 9.0 V/ns
Output slew rate matching ratio (rise to fall) - 0.8 1.2 -

SR = Slew rate; Q = Query output; se = Single-ended signal.

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, it repre-
sents the maximum difference between pull-up and pull-down drivers due to process
variation.

4. The output slew rate for falling and rising edges is defined and measured between
Vovac) = 0.2 X Voppe) and Vopac) = 0.8 X Voppg)-

5. Slew rates are measured under average SSO conditions with 50% of the DQ signals per

data byte switching.

Notes:

N =
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Figure 156: Single-Ended Output Slew Rate Definition

Single-Ended Output Voltage (DQ)

A

OH(AC)

CENT

VoL(ac)

O Time

Differential Output Slew Rate

Table 169: Differential Output Slew Rate

Note 1-4 applies to entire table

Parameter

Value

Symbol Min Max Units

Differential output slew rate (Voy = Vppq x 0.5) SRQdiff 6 18 V/ns

Notes:

1. SR =Slew rate; Q = Query output; se = Differential signal.

w N

Measured with output reference load.

The output slew rate for falling and rising edges is defined and measured between
Vou(ac) = —0-8 x Vou(pc) and Vouac) = 0.8 x Vop(pg)-

4. Slew rates are measured under average SSO conditions with 50% of the DQ signals per

data byte switching.

Figure 157: Differential Output Slew Rate Definition

Rev.A0.0

Differential Output Voltage (DQ)

A GR gt
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Overshoot and Undershoot Specifications
Table 170: AC Overshoot/Undershoot Specifications

Parameter 1600 1866 3200 3733 4267 Unit
Maximum peak amplitude provided for over- MAX 0.3 0.3 0.3 0.3 0.3 \%
shoot area

Maximum peak amplitude provided for un- MAX 0.3 0.3 0.3 0.3 0.3 \Y
dershoot area

Maximum area above Vpp/ Vppq MAX 0.1 0.1 0.1 0.1 0.1 V-ns
Maximum area below Vss/ Vssq MAX 0.1 0.1 0.1 0.1 0.1 V-ns

Notes: 1. Vpp stands for Vpp, for CA[5:0], CK_t, CS_n, CKE, and ODT. Vpp stands for Vppq for DQ,
DMI, DQS_t,and DQS_c.

2. Vss stands for Vss for CA[5:0], CK_t, CK_c, CS_n, CKE, and ODT. Vss stands for Vssq for
DQ, DMI, DQS_t, and DQS_c.

3. Maximum peak amplitude values are referenced from actual Vpp and Vss values.
4. Maximum area values are referenced from maximum Vpp and Vsg values.

Table 171: Overshoot/Undershoot Specification for CKE and RESET

Parameter Specification
Maximum peak amplitude provided for overshoot area 0.35V
Maximum peak amplitude provided for undershoot area 0.35Vv
Maximum area above Vpp 0.8 V-ns
Maximum area below Vsg 0.8 V-ns

Figure 158: Overshoot and Undershoot Definition

Maximum amplitude
Overshoot area

b Time (ns)

Volts (V)

SS

™\

Undershoot area
Maximum amplitude

2.33. Driver Output Timing Reference Load

Timing reference loads are not intended as a precise representation of any particular
system environment or depiction of an actual load presented by a production tester.
System designers should use IBIS or other simulation tools to correlate the timing refer-
ence load to a system environment. Manufacturers correlate to their production test

conditions, generally one or more coaxial transmission lines terminated at the tester
electronics.
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Figure 159: Driver Output Timing Reference Load

Note:

DRAM

50 ohms %

1. All output timing parameter values are reported with respect to this reference load; this

N

reference load is also used to report slew rate.

2.34. LVSTL I/O System

LVSTLI/O cells are comprised of a driver pull-up and pull-down and a terminator.

Figure 160: LVSTL I/O Cell

Rev.A0.0

Vssq

|
H: oDT :
Enabled when receiving

Vssa

XT63MA4G8E6TM-CCBXX

Toensure that the target impedance is achieved, calibrate the LVSTL1/O cell as follow-

ing example:

1. Calibrate the pull-down device against a 240 ohm resistor to Vppq via the ZQ pin.

* Set strength control to minimum setting

* Increase drive strength until comparator detects data bitisless than Vppg/2

NMOS pull-down device is calibrated to 240 ohms

2. Calibrate the pull-up device against the calibrated pull-down device.

* SetVopy target and NMOS controller ODT replica via MRS (Voy can be automatically
controlledby ODTMRS)

03/27/2023
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o Set strength control to minimum setting
¢ Increase drive strength until comparator detects data bitis greater than Vo target
o NMOS pull-up device is calibrated to Voy target

Figure 161: Pull-Up Calibration

Voba
N
Strength contol [N-1:0]
Comparator
<_< Vgop target
AT T T T _T A
Calibrated NMOS PD : : Controller ODT replica could be
control + ODT information : : 60 ohms, 120 ohms, ... via MRS setting
| P —— l ——/
Vssa
2.35. Input/Output Capacitance
Table 172: Input/Output Capacitance
Notes 1 and 2 apply to entire table
Parameter Symbol Min Max Unit Notes
Input capacitance, CK_tand CK_c Cex 0.5 0.9
Input capacitance delta, CK_t and CK_c Cocx 0 0.09 3
Input capacitance, all other input-only pins (ef 0.5 0.9 4
Input capacitance delta, all other input-only pins Coi -0.1 0.1 . 5
p

Input/output capacitance, DQ, DMI, DQS_t, DQS_c Co 0.7 1.3 6
Input/output capacitance delta, DQS_t, DQS_c Cbbas 0 0.1 7
Input/output capacitance delta, DQ, DMI Coio -0.1 0.1 8
Input/output capacitance, ZQ pin Czq 0 5.0

Notes: 1.

This parameter applies to LPDDR4 die only (does not include package capacitance).

2. This parameter is not subject to production testing; it is verified by design and character-

Nouksw

Rev.A0.0

ization. The capacitance is measured according to JEP147 (procedure for measuring in-
put capacitance using a vector network analyzer), with Vpp1, Vpp2, Vbpa, and Vss ap-
plied; all other pins are left floating.

Absolute value of Cei_ ¢ — Cei_c-

C, applies to CS, CKE, and CA[5:0].

Cpi=C — 0.5 x (Cex_t + Cex_c); it does not apply to CKE.
DMl loading matches DQ and DQS.

Absolute value of Cpgs + and Cpqs_ec-
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8. Cpio = Cjo — Average(Cpan,ComiCpas_t:Coas_c) in byte-lane.

2.36. IDD Specification Parameters and Test Conditions
Table 173: Ipp Measurement Conditions

Switching for CA
CK_t edge R1 R2 R3 R4 R5 R6 R7 R8
CKE HIGH HIGH HIGH HIGH HIGH HIGH HIGH HIGH
CS LOW LOW LOW LOW LOW LOW LOW LOW
CAO HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAl HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CAS5 HIGH HIGH HIGH LOW LOW LOW LOW HIGH

Notes: 1. LOW = Viy & Viypc) MAX.
HIGH = Viy € Viype) MIN.
STABLE = Inputs are stable at a HIGH or LOW level.
2. CS must always be driven LOW.
50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.

4. The pattern is used continuously during Ipp measurement for Ipp values that require
switching on the CA bus.

w

Table 174: CA Pattern for Ippsag for BL= 16

Clock Cycle
Number CKE Cs Command CAO CA1 CA2 CA3 CA4 CAS

N HIGH HIGH READ-1 L H L L L L
N+1 HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH HIGH READ-1 L H L L L L
N+9 HIGH LOW L H L L H L
N+10 HIGH HIGH CAS-2 L H L L H H
N+11 HIGH LOW H H H H H H
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
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Table 174: CA Pattern for Ippagr for BL = 16 (Continued)

Clock Cycle
Number CKE (o Command CAO CA1 CA2 CA3 CA4 CA5
N+15 HIGH LOW DES L L L L L L

Notes: 1. BA[2:0] = 010; C[9:4] = 000000 or 111111; Burst order C[3:2] = 00 or 11 (same as LPDDR3
Ibpbrar specification).
2. CA pins are kept LOW with DES command to reduce ODT current (different from
LPDDR3 Ipprar specification).

Table 175: CA Pattern for Ippaw for BL =16

Clock Cycle
Number CKE Cs Command CAO CA1 CA2 CA3 CA4 CAS

N HIGH HIGH WRITE-1 L L H L L L
N+1 HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH HIGH WRITE-1 L L H L L L
N+9 HIGH LOW L H L L H L
N+10 HIGH HIGH CAS-2 L H L L H H
N+11 HIGH LOW L L H H H H
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+15 HIGH LOW DES L L L L L L

Notes: 1. BA[2:0] =010; C[9:4] =000000 or 111111 (same as LPDDR3 Ippraw specification).
2. No burst ordering (different from LPDDR3 Ippraw specification).
3. CA pins are kept LOW with DES command to reduce ODT current (different from
LPDDR3 Ippraw specification).

Table 176: Data Pattern for Ippsw (DBI Off) for BL = 16

DBI Off Case
DQ[7] DQ[6] DQJ[5] DQ[4] DQJ3] DQJ[2] DQ[1] DQJ0] DBI # of 1s
BLO 1 1 1 1 1 1 1 1 0 8
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
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Table 176: Data Pattern for IDD4W (DBI Off) for BL = 16 (Continued)

DBI Off Case
DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQJ[0] DBl # of 1s
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 1 1 1 1 0 4
BL6 1 1 1 1 1 1 0 0 0 6
BL7 1 1 1 1 0 0 0 0 0 4
BL8 1 1 1 1 1 1 1 1 0 8
BL9 1 1 1 1 0 0 0 0 0 4
BL10O 0 0 0 0 0 0 0 0 0 0
BL11 0 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 0 0 0 0 1 1 1 1 0 4
BL14 1 1 1 1 1 1 0 0 0 6
BL15 1 1 1 1 0 0 0 0 0 4
BL16 1 1 1 1 1 1 0 0 0 6
BL17 1 1 1 1 0 0 0 0 0 4
BL18 0 0 0 0 0 0 1 1 0 2
BL19 0 0 0 0 1 1 1 1 0 4
BL20 0 0 0 0 0 0 0 0 0] 0
BL21 0 0 0 0 1 1 1 1 0 4
BL22 1 1 1 1 1 1 1 1 0 8
BL23 1 1 1 1 0 0 0 0 0 4
BL24 0 0 0 0 0 0 1 1 0 2
BL25 0 0 0 0 1 1 1 1 0 4
BL26 1 1 1 1 1 1 0 0 0 6
BL27 1 1 1 1 0 0 0 0 0 4
BL28 1 1 1 1 1 1 1 1 0 8
BL29 1 1 1 1 0 0 0 0 0 4
BL30 0 0 0 0 0 0 0 0 0 0
BL31 0 0 0 0 1 1 1 1 0 4
# of 1s 16 16 16 16 16 16 16 16

Note: 1. Simplified pattern; same data pattern was applied to DQ[4], DQJ[5], DQ[6], and DQ[7] to
reduce complexity for Ippaw pattern programming.

Table 177: Data Pattern for Ippsr (DBl Off) for BL = 16

DBI Off Case
DQ[7] DQ[6] DQJ5] DQ[4] DQJ3] DQ[2] DQJ1] DQ[0] DBI # of 1s
BLO 1 1 1 1 1 1 1 1 0 8
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Table 177: Data Pattern for IDD4R (DBI Off) for BL = 16 (Continued)

DBI Off Case

DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQJ[2] DQJ1] DQJ0] # of 1s

s
2

BL1 1 1 0 0 0 0

BL2

BL3

BL4

BL5

BL6

BL7

BL8

BL9

BL10O

BL11

BL12

BL13

BL14

Rr|lr|lO|lO|O|O|rR|rR|rR|r|O|O|O|O
R|lr|lOo|lOo|Oo|O|R|rR|rR|rRr|O|O|O|O|r
Rr|lr|lOo|lOo|O|O|R|rR|rRr|r|O|O|O|O
Rr|lr|lO|lO|O|O|R|rR|rR|Rr|O|lO|O|O|F
O|r|r|O|lr|O|O|R|O|rR|rR|O|Rr]|O
oO|lRr|Rr|O|R|O|O|rR|O|R|R|O|Rr|O
o|lo|r|rR|rR|O|lO|Rr|O|O|R|R|FR|O
oO|lO|Rr|R|R|O|lO|Rr|O|O|R|R|R|O

BL15

BL16

BL17

BL18

BL19

BL20

BL21

BL22

BL23

BL24

BL25

BL26

BL27

BL28

BL29

BL30

ojlojlojo|lo|o|joj0o|l0O|0O|0O|lO0O|0O|O|O|O||O|lO|O|O|O|O|O|O|O|O|O|O|OC|O|O
Alo|d[(NMN| DO ||O|H|IN|[M|O|M|O|d| |||l |IN|[M|OIMP||M|lO|d|N|dM|O

R|Rr|lO|O|lR|P|O|O|OC|O|R|[R|O|O|R|F
RRr|O|O|R|RP|O|OCO|O|OC|(R|RLPR|O|O|R|K
Rr|lr|lo|lo|lr|r|o|lo|lo|lo|r|rRr|Oo|O|rR|r
R|RPr|O|O|lR|P|O|O|OC|O|R|[R|O|O|R |k
o|lr|r|lo|lo|r|r|o|lr|lo|lo|r|r|o|lo|r
O|r|rR|O|lO|rR|FRP|O|rR|O|O|rR|Rr|O|O|r
o|lo|r|r|O|lrR|rR|O|R|rR|O|O|lrR|O|O|R
o|o|r|rR|O|rR|FRP|O|rR|rR|O|O|r|O|O|r

BL31

# of 1s

=
[¢)]
=
[e)]
=
[¢)]
=
[¢)]
=
[¢)]
=
[¢)]
=
a
=
[¢)]

Note: 1. Simplified pattern; same data pattern was applied to DQ[4], DQJ[5], DQ[6], and DQ[7] to
reduce complexity for Ippsr pattern programming.
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Table 178: Data Pattern for IDD4W (DBI On) for BL= 16

DBI On Case
DQ[7] DQ[6] DQJ5] DQJ[4] DQ[3] DQJ[2] DQJ1] DQJ0] DBI # of 1s
BLO 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 1 1 1 1 0 4
BL6 0 0 0 0 0 0 1 1 1 3
BL7 1 1 1 1 0 0 0 0 0 4
BL8 0 0 0 0 0 0 0 0 1 1
BLO 1 1 1 1 0 0 0 0 0 4
BL10O 0 0 0 0 0 0 0 0 0] 0
BL11 0 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 0 0 0 0 1 1 1 1 0 4
BL14 0 0 0 0 0 0 1 1 1 3
BL15 1 1 1 1 0 0 0 0 0 4
BL16 0 0 0 0 0 0 1 1 1 3
BL17 1 1 1 1 0 0 0 0 0 4
BL18 0 0 0 0 0 0 1 1 0 2
BL19 0 0 0 0 1 1 1 1 0 4
BL20 0 0 0 0 0 0 0 0 0 0
BL21 0 0 0 0 1 1 1 1 0 4
BL22 0 0 0 0 0 0 0 0 1 1
BL23 1 1 1 1 0 0 0 0 0 4
BL24 0 0 0 0 0 0 1 1 0 2
BL25 0 0 0 0 1 1 1 1 0 4
BL26 0 0 0 0 0 0 1 1 1 3
BL27 1 1 1 1 0 0 0 0 0 4
BL28 0 0 0 0 0 0 0 0 1 1
BL29 1 1 1 1 0 0 0 0 0 4
BL30 0 0 0 0 0 0 0 0 0 0
BL31 0 0 0 0 1 1 1 1 0 4
# of 1s 8 8 8 8 8 8 16 16 8

Note: 1. DBl enabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, and BL28.
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Table 179: Data Pattern for Ippsr (DBI On) for BL = 16

DBI On Case
DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQJ[0] DBI # of 1s
BLO 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 1 1 1 1 0 4
BL6 0 0 0 0 0 0 1 1 1 3
BL7 1 1 1 1 0 0 0 0 0 4
BL8 0 0 0 0 0 0 0 0 1 1
BL9 1 1 1 1 0 0 0 0 0 4
BL10 0 0 0 0 0 0 0 0 0 0
BL11 0 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 0 0 0 0 1 1 1 1 0 4
BL14 0 0 0 0 0 0 1 1 1 3
BL15 1 1 1 1 0 0 0 0 0 4
BL16 0 0 0 0 0 0 0 0 1 1
BL17 1 1 1 1 0 0 0 0 0 4
BL18 0 0 0 0 0 0 0 0 0 0
BL19 0 0 0 0 1 1 1 1 0 4
BL20 0 0 0 0 0 0 1 1 1 3
BL21 1 1 1 1 0 0 0 0 0 4
BL22 0 0 0 0 0 0 1 1 0 2
BL23 0 0 0 0 1 1 1 1 0 4
BL24 0 0 0 0 0 0 0 0 0 0
BL25 0 0 0 0 1 1 1 1 0 4
BL26 0 0 0 0 0 0 0 0 1 1
BL27 1 1 1 1 0 0 0 0 0 4
BL28 0 0 0 0 0 0 1 1 0 2
BL29 0 0 0 0 1 1 1 1 0 4
BL30 0 0 0 0 0 0 1 1 1 3
BL31 1 1 1 1 0 0 0 0 0 4
# of 1s 8 8 8 8 8 8 16 16 8

Note: 1. DBl enabled burst: BLO, BL6, BL8, BL14, BL20, BL26, and BL30.
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Table 180: CA Pattern for Ippag for BL = 32

Clock Cycle
Number CKE cs Command CAO CA1 CA2 CA3 CA4 CA5

N HIGH HIGH READ-1 L H L L L L
N+1 HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+9 HIGH LOW DES L L L L L L
N+10 HIGH LOW DES L L L L L L
N+11 HIGH LOW DES L L L L L L
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+15 HIGH LOW DES L L L L L L
N+16 HIGH HIGH READ-1 L H L L L L
N+17 HIGH LOW L H L L H L
N+18 HIGH HIGH CAS-2 L H L L H H
N+19 HIGH LOW H H L H H H
N+20 HIGH LOW DES L L L L L L
N+21 HIGH LOW DES L L L L L L
N+22 HIGH LOW DES L L L L L L
N+23 HIGH LOW DES L L L L L L
N+24 HIGH LOW DES L L L L L L
N+25 HIGH LOW DES L L L L L L
N+26 HIGH LOW DES L L L L L L
N+27 HIGH LOW DES L L L L L L
N+28 HIGH LOW DES L L L L L L
N+29 HIGH LOW DES L L L L L L
N+30 HIGH LOW DES L L L L L L
N+31 HIGH LOW DES L L L L L L

Note: 1. BA[2:0] =010, C[9:5] = 00000 or 11111, Burst order C[4:2] = 000 or 111.
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Table 181: CA Pattern for lppaw for BL =32

Clock Cycle
Number CKE cs Command CAO CA1 CA2 CA3 CA4 CA5

N HIGH HIGH WRITE-1 L L H L L L
N+1 HIGH LOW L H L L L L
N+2 HIGH HIGH CAS-2 L H L L H L
N+3 HIGH LOW L L L L L L
N+4 HIGH LOW DES L L L L L L
N+5 HIGH LOW DES L L L L L L
N+6 HIGH LOW DES L L L L L L
N+7 HIGH LOW DES L L L L L L
N+8 HIGH LOW DES L L L L L L
N+9 HIGH LOW DES L L L L L L
N+10 HIGH LOW DES L L L L L L
N+11 HIGH LOW DES L L L L L L
N+12 HIGH LOW DES L L L L L L
N+13 HIGH LOW DES L L L L L L
N+14 HIGH LOW DES L L L L L L
N+15 HIGH LOW DES L L L L L L
N+16 HIGH HIGH WRITE-1 L L H L L L
N+17 HIGH LOW L H L L H L
N+18 HIGH HIGH CAS-2 L H L L H H
N+19 HIGH LOW L L L H H H
N+20 HIGH LOW DES L L L L L L
N+21 HIGH LOW DES L L L L L L
N+22 HIGH LOW DES L L L L L L
N+23 HIGH LOW DES L L L L L L
N+24 HIGH LOW DES L L L L L L
N+25 HIGH LOW DES L L L L L L
N+26 HIGH LOW DES L L L L L L
N+27 HIGH LOW DES L L L L L L
N+28 HIGH LOW DES L L L L L L
N+29 HIGH LOW DES L L L L L L
N+30 HIGH LOW DES L L L L L L
N+31 HIGH LOW DES L L L L L L

Note: 1. BA[2:0] = 010, C[9:5] = 00000 or 11111.
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32

Table 182: Data Pattern for Ippaw (DBI Off) for BL

DBI Off Case

# of 1s

DBI

DQJ0]

DQJ1]

DQJ[2]

DQ[3]

DQJ[4]

DQJ5]

DQJ6]

DQ[7]

0

1

0

BLO
BL1
BL2
BL3
BL4
BL5
BL6
BL7
BL8
BL9
BL10O
BL11
BL12
BL13
BL14
BL15

BL16
BL17
BL18
BL19
BL20
BL21
BL22
BL23
BL24
BL25
BL26
BL27
BL28
BL29
BL30
BL31

BL32
BL33

BL34
BL35
BL36
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Table 182: Data Pattern for IDD4W (DBI Off) for BL = 32 (Continued)

DBI Off Case

s
2

DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQJ[2] DQJ1] DQJ0] # of 1s

BL37 0

BL38

BL39

BL40O

BLA1

BL42

BL43

BL44

BL45

BL46

r|lr|o|lo|lo|lo|r|r|r|r]|O
Rrlr|o|lo|lo|lo|lr|r]|kr]|kr

r|lr|o|lo|lo|lo|r|r|r|r]|O
r|lr|o|lo|lo|lo|r|r|r|r]|O
o|lr|r|o|r|o|lo|lr|o|lr]|r
O|lr|rR|O|lrRr|O|O|R|O|R |k

BL4A7

BL4S8

BL49S

BL50

BL51

BL52

BL53

BL54

BL55

BL56

BL57

BL58

BL59

BL60

BL61

BL62

R|lO|O|Rr|O|O|R|[RP|O|FR|RPR|O|r|R|[O|O o|lOo|r|FR|RPR|O|O|Rr|O|O|F
RlO|O(R|O|O|R|RPR|O|R|FR|O|FR|LR|O|O O|O|R|RPR|RPR|IO|OCO|(R|O|O|K
e NeBleolNol ol ol NolNol ol ol Nol ol Hol Nol No RN o) o|lo|j|o|j|ojo|0o|Oo|Oo|O|O|O
pAlO||[O||O|P|IN|[H|O[HM|O|H| N O | |IN|P|O|[,|O[H|O

o|lo|r|r|r|r|lo|lo|r|r|lo|lo|o|lo|r|r
o|o|r|r|rRr|Rr|O|O|rRr|r|O|O|OC|O|rR|r
olo|r|r|r|r|o|o|lr|r|o|o|lo|lo]|r |+
o|lo|r|r|r|r|lo|lo|r|r|lo|lo|o|lo|r|r
r|lo|lo|r|lo|lr|r|o|lo|r|r|o|lr|o|o]|r
r|lo|lo|lr|o|r|r|o|lo|r|r|o|r|lo|o]|r

BL63

# of 1s

w
N
w
N
w
N
w
N
w
N
w
N
w
N
w
N

Note: 1. Simplified pattern; same data pattern was applied to DQ[4], DQJ[5], DQ[6], and DQ[7] to
reduce complexity for Ippsw pattern programming.

Table 183: Data Pattern for Ippar (DBI Off) for BL = 32

DBI Off Case
DQ[7] DQ[6] DQJ5] DQJ[4] DQ[3] DQJ[2] DQJ1] DQJ[0] DBI # of 1s
BLO 1 1 1 1 1 1 1 1 0 8
BL1 1 1 1 1 0 0 0 0 0 4
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Table 183: Data Pattern for IDD4R (DBI Off) for BL

DBI Off Case

# of 1s

DBI

DQ[0]

DQ[1]

DQ[2]

DQ[3]

DQ[4]

DQ[5]

DQ[6]

DQ[7]

0

0

1

1

0

BL2
BL3
BL4
BL5
BL6
BL7
BL8
BL9
BL10O
BL11
BL12
BL13
BL14
BL15

BL16
BL17
BL18
BL19S
BL20
BL21
BL22
BL23
BL24
BL25
BL26
BL27
BL28
BL29
BL30
BL31

BL32
BL33
BL34
BL35
BL36
BL37
BL38
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Table 183: Data Pattern for IDD4R (DBI Off) for BL = 32 (Continued)

DBI Off Case
DQ[7] DQ[6] DQJ5] DQJ[4] DQ[3] DQJ[2] DQJ1] DQJ0] DBI # of 1s
BL39 0 0 0 0 1 1 1 1 0 4
BL40 0 0 0 0 0 0 1 1 0 2
BL41 0 0 0 0 1 1 1 1 0 4
BL42 1 1 1 1 1 1 0 0 0 6
BL43 1 1 1 1 0 0 0 0 0 4
BL44 1 1 1 1 1 1 1 1 0 8
BL45 1 1 1 1 0 0 0 0 0 4
BL46 0 0 0 0 0 0 0 0 0 0
BL47 0 0 0 0 1 1 1 1 0 4
BL48 1 1 1 1 1 1 1 1 0 8
BL49S 1 1 1 1 0 0 0 0 0 4
BL50 0 0 0 0 0 0 0 0 0 0
BL51 0 0 0 0 1 1 1 1 0 4
BL52 1 1 1 1 1 1 0 0 0 6
BL53 1 1 1 1 0 0 0 0 0 4
BL54 0 0 0 0 0 0 1 1 0 2
BL55 0 0 0 0 1 1 1 1 0 4
BL56 0 0 0 0 0 0 0 0 0 0
BL57 0 0 0 0 1 1 1 1 0 4
BL58 1 1 1 1 1 1 1 1 0 8
BL59 1 1 1 1 0 0 0 0 0 4
BL60 0 0 0 0 0 0 1 1 0 2
BL61 0 0 0 0 1 1 1 1 0 4
BL62 1 1 1 1 1 1 0 0 0 6
BL63 1 1 1 1 0 0 0 0 0 4
# of 1s 32 32 32 32 32 32 32 32

Note: 1. Simplified pattern; same data pattern was applied to DQ[4], DQJ[5], DQ[6], and DQ[7] to
reduce complexity for Ippsr pattern programming.

Table 184: Data Pattern for Ippaw (DBl On) for BL = 32

DBI On Case
DQ[7] DQ[6] DQJ5] DQJ[4] DQ[3] DQJ[2] DQJ1] DQJ[0] DBI # of 1s
BLO 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
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Table 184: Data Pattern for IDD4W (DBI On) for BL

DBI On Case

# of 1s

DBI

DQ[0]

DQ[1]

DQ[2]

DQ[3]

DQ[4]

DQ[5]

DQ[6]

DQ[7]

0

0

0

0

0

BL4
BL5
BL6
BL7
BL8
BL9
BL10O
BL11
BL12
BL13
BL14
BL15

BL16
BL17
BL18
BL19S
BL20
BL21
BL22
BL23
BL24
BL25
BL26
BL27
BL28
BL29
BL30
BL31

BL32
BL33
BL34
BL35
BL36
BL37
BL38
BL39
BL40O
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Table 184: Data Pattern for IDD4W (DBI On) for BL = 32 (Continued)

DBI On Case
DQ[7] DQ[6] DQJ5] DQJ[4] DQ[3] DQJ[2] DQJ1] DQJ0] DBI # of 1s
BL41 1 1 1 1 0 0 0 0 0 4
BL42 0 0 0 0 0 0 0 0 0 0
BL43 0 0 0 0 1 1 1 1 0 4
BL44 0 0 0 0 0 0 1 1 0 2
BL45 0 0 0 0 1 1 1 1 0 4
BL46 0 0 0 0 0 0 1 1 1 3
BL47 1 1 1 1 0 0 0 0 0 4
BL48 0 0 0 0 0 0 1 1 1 3
BL49S 1 1 1 1 0 0 0 0 0 4
BL50 0 0 0 0 0 0 1 1 0 2
BL51 0 0 0 0 1 1 1 1 0 4
BL52 0 0 0 0 0 0 0 0 0] 0
BL53 0 0 0 0 1 1 1 1 0 4
BL54 0 0 0 0 0 0 0 0 1 1
BL55 1 1 1 1 0 0 0 0 0 4
BL56 0 0 0 0 0 0 1 1 0 2
BL57 0 0 0 0 1 1 1 1 0 4
BL58 0 0 0 0 0 0 1 1 1 3
BL59 1 1 1 1 0 0 0 0 0 4
BL60 0 0 0 0 0 0 0 0 1 1
BL61 1 1 1 1 0 0 0 0 0 4
BL62 0 0 0 0 0 0 0 0 0 0
BL63 0 0 0 0 1 1 1 1 0 4
# of 1s 16 16 16 16 16 16 32 32 16

Note: 1. DBl enabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL32, BL38, BL40, BL46,
BL48, BL54, BL58, and BL60.

Table 185: Data Pattern for Ippsr (DBl On) for BL = 32

DBI On Case
DQ[7] DQ[6] DQJ5] DQJ[4] DQ[3] DQJ[2] DQJ1] DQJ[0] DBI # of 1s
BLO 0 0 0 0 0 0 0 0 1 1
BL1 1 1 1 1 0 0 0 0 0 4
BL2 0 0 0 0 0 0 0 0 0 0
BL3 0 0 0 0 1 1 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BL5 0 0 0 0 1 1 1 1 0 4
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Table 185: Data Pattern for Ippar (DBl On) for BL

DBI On Case

# of 1s

DBI

DQJ0]

DQJ1]

DQJ[2]

DQ[3]

DQJ[4]

DQJ5]

DQJ6]

DQ[7]

0

0

1

1

0

BL6
BL7
BL8
BL9
BL10O
BL11
BL12
BL13
BL14
BL15

BL16
BL17
BL18
BL19
BL20
BL21
BL22
BL23
BL24
BL25
BL26
BL27
BL28
BL29
BL30
BL31

BL32
BL33
BL34
BL35
BL36
BL37
BL38
BL39
BL40O
BL4A1
BL42
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Table 185: Data Pattern for Ippar (DBI On) for BL = 32 (Continued)

DBI On Case
DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQJ[0] DBI # of 1s
BL43 1 1 1 1 0 0 0 0 0 4
BL44 0 0 0 0 0 0 0 0 1 1
BL45 1 1 1 1 0 0 0 0 0 4
BL46 0 0 0 0 0 0 0 0 0 0
BL47 0 0 0 0 1 1 1 1 0 4
BL48 0 0 0 0 0 0 0 0 1 1
BL49 1 1 1 1 0 0 0 0 0 4
BL50 0 0 0 0 0 0 0 0 0 0
BL51 0 0 0 0 1 1 1 1 0 4
BL52 0 0 0 0 0 0 1 1 1 3
BL53 1 1 1 1 0 0 0 0 0 4
BL54 0 0 0 0 0 0 1 1 0 2
BL55 0 0 0 0 1 1 1 1 0 4
BL56 0 0 0 0 0 0 0 0 0 0
BL57 0 0 0 0 1 1 1 1 0 4
BL58 0 0 0 0 0 0 0 0 1 1
BL59 1 1 1 1 0 0 0 0 0 4
BL60 0 0 0 0 0 0 1 1 0 2
BL61 0 0 0 0 1 1 1 1 0 4
BL62 0 0 0 0 0 0 1 1 1 3
BL63 1 1 1 1 0 0 0 0 0 4
# of 1s 16 16 16 16 16 16 32 32 16

Note: 1. DBl enabled burst: BLO, BL6, BL8, BL14, BL16, BL22, BL26, BL28, BL34, BL36, BL42, BL44,
BL48, BL52, BL58, and BL62.

Rev.A0.0 03/27/2023 297



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63MA4GS8E6TIM-CCBXX

Ipp Specifications

Ippvaluesarefortheentire operatingvoltagerange,and allofthem arefortheentire
standard temperaturerange.
Table 186: Ipp Specification Parameters and Operating Conditions

LPDDR4: Vpps, Vppq = 1.06—1.17V; Vpp; = 1.70-1.95V
LPDDR4X: Vpp,= 1.06-1.17V; Vppq = 0.57-0.65V; Vpp; = 1.70-1.95V

Power

Parameter/Condition Symbol Supply Notes
Operating one bank active-precharge current: 'CK = 'CK Ibbo1 Vb1
(MIN); tRC =tRC (MIN); CKE is HIGH; CS is LOW between valid com- l5002 Vooa
mands; CA bus inputs are switching; Data bus inputs are stable; Inboq Vbba 2
ODT is disabled
Idle power-down standby current: 'CK = 'CK (MIN); CKE is Ibb2p1 Vop1
LOW; CS is LOW; All banks are idle; CA bus inputs are switching; Iopapa VS
Data bus inputs are stable; ODT is disabled

Iob2ra Vbba 2
Idle power-down standby current with clock stop: CK_t = lob2ps1 Vpp1
LOW, CK_c = HIGH; CKE is LOW; CS is LOW; All banks are idle; CA lop2psa Vooa
bus inputs are stable; Data bus inputs are stable; ODT is disabled

Ipp2psa Vbba 2
Idle non-power-down standby current: 'CK = 'CK (MIN); CKE is Ibb2n1 Vop1
HIGH; CS is LOW; All banks are idle; CA bus inputs are switching; Iopanz VS
Data bus inputs are stable; ODT is disabled

Iob2na Vbba 2
Idle non-power-down standby current with clock stopped: lopans1 Vpp1
CK_t = LOW; CK_c = HIGH; CKE is HIGH; CS is LOW; All banks are IobaNs2 Vob2
idle; CA bus inputs are stable; Data bus inputs are stable; ODT is I v 2
disabled DD2NSQ DDQ
Active power-down standby current: 'CK = '*CK (MIN); CKE is Ibb3p1 Vop1
LOW; CSis LOW; One bank is active; CA bus inputs are switching; lon3pa VS
Data bus inputs are stable; ODT is disabled

Iopspa Vbba 2
Active power-down standby current with clock stop: CK_t = lbp3pst Vpp1
LOW, CK_c = HIGH; CKE is LOW; CS is LOW; One bank is active; CA lop3psa Vooa
bus inputs are stable; Data bus inputs are stable; ODT is disabled

Iobspsa Vbba 3
Active non-power-down standby current: 'CK = 'CK (MIN); Ibb3ni Vop1
CKE is HIGH; CS is LOW; One bank is active; CA bus inputs are lop3N2 VS
switching; Data bus inputs are stable; ODT is disabled

Iop3na Vbba 3
Active non-power-down standby current with clock stop- Ibp3ns1 Vpp1
ped: CK_t = LOW, CK_c = HIGH; CKE is HIGH; CS is LOW; One bank IppaNsa Voo
is active; CA bus inputs are stable; Data bus inputs are stable; ODT I v 3
is disabled DD3NSQ pba
Operating burst READ current: 'CK = 'CK (MIN); CS is LOW be- Ibbar1 Vb1
tween valid commands; One bank is active; BL=16 or 32; RL=RL loDara VS
(MIN); CA bus inputs are switching; 50% data change each burst | v 2
transfer; ODT is disabled DD4RQ pba
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Table 186: Ipp Specification Parameters and Operating Conditions (Continued)

LPDDR4: VDDZ/ VDDQ = 106—117V, VDDl =1.70-1.95V
LPDDR4X: Vppy= 1.06—1.17V; Vppq = 0.57-0.65V; Vpp; = 1.70—1.95V

Power

Parameter/Condition Symbol Supply Notes
Operating burst WRITE current: 'CK = 'CK (MIN); CS is LOW be- Ibpaw1 Vb1
tween valid commands; One bank is active; BL=16 or 32; WL = lonawas V.
WL (MIN); CA bus inputs are switching; 50% data change each I v 3
burst transfer; ODT is disabled bbawa bba
All-bank REFRESH burst current: 'CK = 'CK (MIN); CKE is HIGH Ibps1 Vb1
between valid commands; tRC = 'RFCab (MIN); Burst refresh; CA Ioosa VA
bus inputs are switching; Data bus inputs are stable; ODT is disa-
bled Ibbsa Vbba 3
All-bank REFRESH average current: 'CK = 'CK (MIN); CKE is lbpsast Vb1
HIGH between valid commands; 'RC = 'REFI; CA bus inputs are [T V2
switching; Data bus inputs are stable; ODT is disabled

Ibpsasa Voba 3
Per-bank REFRESH average current: 'CK = 'CK (MIN); CKE is Ibbspa1 Vpp1
HIGH between valid commands; 'RC = 'REFI/8; CA bus inputs are lonspEa VA
switching; Data bus inputs are stable; ODT is disabled

Ippspeq Vbba 3
Power-down self refresh current: CK_t = LOW, CK_c = HIGH; lbpe1 Vpp1 5,6
CKE is LOW; CA bus inputs are stable; Data bus inputs are stable; Iobes VS 5,6
Maximum 1x self refresh rate; ODT is disabled

Iobsa Voba 3,5,6

Notes: 1. ODT disabled: MR11[2:0] = 000b.

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

3. Measured currents are the summation of Vppq and Vpp;.

4. Guaranteed by design with output load = 5pF and Rgy = 40 ohm.

5. The 1x self refresh rate is the rate at which the device is refreshed internally during self
refresh before going into the elevated temperature range.

6. This is the general definition that applies to full-array self refresh.

7. For all IDD measurements, VlHCKE =0.8 x VDDZ; VlLCKE =0.2 x VDDZ'
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2.37. ACTiming

Table 187: Clock Timing

Min/ Data Rate
Parameter Symbol Max 1600 3200 3733 4267 Unit
Average clock period {CK(AVG) Min 1250 625 535 468 ps
Max 100 100 100 100 ns
Min 0.46
Average HIGH pulse width tCH(AVG) tCK(AVG)
Max 0.54
Min 0.46
Average LOW pulse width ICL(AVG) tCK(AVG)
Max 0.54
Absolute clock period tCK(ABS) Min {CK(AVG)min + YIT(per)min ps
Min 0.43
Absolute clock HIGH pulse width tCH(ABS) tCK(AVG)
Max 0.57
Min 0.43
Absolute clock LOW pulse width tCL(ABS) tCK(AVG)
Max 0.57
Y|T(per)al- Min =70 -40 -34 -30
Clock period jitter (per) ps
lowed Max 70 40 34 30
Maximum clock jitter between two
consecutive clock cycles (includes Y1T(cc)allowed Max 140 80 68 60 ps
clock period jitter)
Table 188: Read Output Timing
Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 | unit | Notes
DQS output ti Min 1500
QS output access time DQSCK os 1
from CK_t/CK_c Max 3500
DQS tput ti
ermOCuK ptjciccessollrtr;ee ‘Dasck_ Ma 7 /mV 2
-V X
m R _ERC & VOLT ps
variation
D -
QS output access time DASCK ]
from CK_t/CK_c - temper- — | Max 4 ps/°C 3
Lo TEMP
ature variation
CK to DQS kt k tDQSCK
.o. QS rank to ran QSCK_r Max 1.0 ns 4,5
variation ank2rank
DQS_t, DQS_c to DQ skew
total, per group, per ac- 'DQsQ Max 0.18 ul 6
cess (DBI Disabled)
DQ output hold time to-
tal from DQS_t, DQS_c tQH Min MIN(tQSH,tQSL) ps 6
(DBI Disabled)
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Table 188: Read Output Timing (Continued)

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 [ 4267 | Unit | Notes
Dat i in-
ata (?utput valid WIT‘I ‘QW_to- .
dow time total, per pin tal Min 0.75 0.73 0.70 ul 6,11
(DBI-Disabled)
DQS_t, DQS_cto DQ skew DQsQ_D
total, per group, per ac- Bl Max 0.18 ul 6
cess (DBI-Enabled)
DQ output hold time to-
tal from DQS_t, DQS_c tQH_DBI | Min MIN(*QSH_DBI, *QSL_DBI) ps 6
(DBI-Enabled)
Dat i in-
ata ?utput valid wn:1 QW _to- '
dow time total, per pin tal DBI Min 0.75 0.73 0.70 ul 6,11
(DBI-Enabled) -
DQS_t, DQS_c differential
output LOW time (DBI- tQSsL Min tCL(ABS) - 0.05 tCK(AVG) | 9, 11
Disabled)
DQS_t, DQS_c differential
output HIGH time (DBI- tQSH Min tCH(ABS) - 0.05 'CK(AVG) | 10, 11
Disabled)
DQS_t, DQS_c differential
output LOW time (DBI- tQSL-DBI | Min tCL(ABS) - 0.045 CK(AVG) | 9, 11
Enabled)
DQS_t, DQS_c differential
output HIGH time (DBI- | *QSH-DBI| Min tCH(ABS) - 0.045 tCK(AVG) | 10, 11
Enabled)
Read preamble ‘RPRE Min 1.8 {CK(AVG)
Read postamble ‘RPST Min 0.4 (or 1.4 if extra postamble is programmed in MR) 'CK(AVG)
DQS Low-Z from clock tLzZ(DQS) | Min | (RL x 'CK) + 'DQSCK(MIN) - (*RPRE(MAX) x tCK) - 200ps ps
DQ Low-Z from clock tLZ(bQ) | Min (RL x tCK) + tDQSCK(MIN) - 200ps ps
RL x tCK) + 'DQSCK(MAX)+(BL/2 x tCK) + (*fRPST(MAX
DQS High-Z from clock tHZ(DQS) | Max (RL > *CK) Qasek( X J+(BL/2 > TCK) + ( ( ) ps
CK) - 100ps
RL x t'CK) + '!DQSCK(MAX) + tDQSQ(MAX) + (BL/2 x tCK
DQ High-Z from clock tHZ(DQ) | Max (RL x ) QSCK( ) asQ )+ (BL/2 x ) ps
- 100ps
Notes: 1. This parameter includes DRAM process, voltage, and temperature variation. It also in-

Rev.A0.0

cludes the AC noise impact for frequencies >20 MHz and a max voltage of 45mV peak-
to-peak from DC-20 MHz at a fixed temperature on the package. The voltage supply
noise must comply with the component MIN/MAX DC operating conditions.

2. 'DQSCK_volt max delay variation as a function of DC voltage variation for Vppg and
Vpp2. The voltage supply noise must comply with the component MIN/MAX DC operat-
ing conditions. The voltage variation is defined as the MAX[ABS(!*DQSCK(MIN)@V1 -
tDQSCK(MAX)@V2), ABS('DQSCK(MAX)@V1 - 'DQSCK(MIN)@V2)]/ABS(V1 - V2).

3. 'DQSCK_temp MAX delay variation as a function of temperature.

4. The same voltage and temperature are applied to tDQSCK_rank2rank.
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10.

11.

tDQSCK_rank2rank parameter is applied to multi-ranks per byte lane within a package
consisting of the same design die.

DQ-to-DQS differential jitter where the total includes the sum of deterministic and ran-
dom timing terms for a specified BER.

The deterministic component of the total timing.

This parameter will be characterized and guaranteed by design.

tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c,
as measured from one falling edge to the next consecutive rising edge.

tQSH describes the instantaneous differential output high pulse width on DQS _t -
DQS_c, as measured from one falling edge to the next consecutive rising edge.

This parameter is a function of input clock jitter. These values assume MIN '*CH(ABS) and
tCL(ABS). When the input clock jitter MIN *CH(ABS) and '*CL(ABS) is 0.44 or greater than
tCK(AVG), the minimum value of tfQSL will be tCL(ABS) - 0.04 and '*QSH will be *CH(ABS) -
0.04.

Table 189: Write Timing

Note Ul = tCK(AVG)(MIN)/2

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 [ 4267 | Unit | Notes
Rx timi ind total TdIVW_t
X timing window tota -t | Max 0.22 0.25 ul 1,2,3
at Vqvw Vvoltage levels otal
D d DMI i t |
Qan INPUE PUISE | raipw | Min 0.45 ul 7
width (at VCENT_DQ)
Min 200
DQ-to-DQS offset tDQS2DQ ps 6
Max 800
DQ-to-DQ offset tDQDQ | Max 30 ps 7
DQ-to-DQS offset t - |'DQS2D
Q-to-DAS offset temper-| 'DAS2DQA | ) 0.6 ps/°C 8
ature variation _temp
DQ-to-D ff | tDQS2D
Q.to. QS offset voltage Q Q Max 33 ps/50mV 9
variation _volt
tDQS2DQ
DQ-to-DQS offset kt
Qto ,Q,O set rankto _rank2ra | Max 200 ps 10, 11
rank variation
nk
WRITE d to first Min 0.75
corwnan o firs DQSS 'CK(AVG)
DQS transition Max 1.25
DQSi t HIGH-I |
Qs inpu eve tDQSH | Min 0.4 tCK(AVG)
width
DQS i t LOW-I |
Qs inpu eve tpQsL | Min 0.4 tCK(AVG)
width
DQS falli dge to CK
Qs falling edge to tDSS | Min 0.2 tCK(AVG)
setup time
DQS falli dge f CK
Qs falling edge from tDSH | Min 0.2 tCK(AVG)
hold time
Write postamble YWPST Min 0.4 (or 1.4 if extra postamble is programmed in MR) 'CK(AVG)
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Table 189: Write Timing (Continued)

Note Ul = tCK(AVG)(MIN)/2

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 [ 4267 | Unit | Notes
Write preamble '"WPRE Min 1.8 tCK(AVG)

Notes: 1. Data Rx mask voltage and timing parameters are applied per pin and include the DRAM
DQ-to-DQS voltage AC noise impact for frequencies >20 MHz with a maximum voltage
of 45mV peak-to-peak at a fixed temperature on the package. The voltage supply noise
must comply to the component MIN/MAX DC operating conditions.

2. Rx differential DQ-to-DQS jitter total timing window at the Vq,yw voltage levels.

3. Defined over the DQ internal Vggr range. The Rx mask at the pin must be within the in-
ternal Vgerpq) range irrespective of the input signal common mode.

4. Rx mask defined for one pin toggling with other DQ signals in a steady state.

5. DQ-only minimum input pulse width defined at the Vcent_pq(pin_mid)-

6. DQ-to-DQS offset is within byte from DRAM pin to DRAM internal latch. Includes all
DRAM process, voltage, and temperature variations.

7. DQ-to-DQ offset defined within byte from DRAM pin to DRAM internal latch for a given
component.

8. 'DQS2DQ(MAX) delay variation as a function of temperature.

9. 'DQS2DQ(MAX) delay variation as a function of the DC voltage variation for Vppq and
Vpp2. It includes the Vppq and Vppy AC noise impact for frequencies >20 MHz and MAX
voltage of 45mV peak-to-peak from DC-20 MHz at a fixed temperature on the package.

10. The same voltage and temperature are applied to 'DQS2DQ_rank2rank.
11. 'DQS2DQ_rank2rank parameter is applied to multi-ranks per byte lane within a package
consisting of the same design die.

Table 190: CKE Input Timing

Min/ Data Rate

Parameter Symbol Max | 1600 | 3200 | 3733 | 4267 Unit Notes
CKE minimum pulse width (HIGH tCKE Min MAX(7.5ns, 4nCK) ns 1
and LOW pulse width) R
Delay f lid d to CKE
: elay from valid command to tCMDCKE Min MAX(1.75ns, 3nCK) ns 1
input LOW
Valid clock requirement after CKE | . Min MAX(5ns, 5nCK) ns 1
input LOW !
Valid CS requirement before CKE tCSCKE Min 1.75 ns
input LOW ’
Valid CS requirement after CKE in- tCKELCS Min MAX(5ns, 5nCK) ns 1
put LOW ’
Valid Clock i t bef

alid Clock requirement before tCKCKEH Min MAX(1.75ns, 3nCK) ns 1
CKE Input HIGH
Exit power-down to next valid typ Min MAX(7.5ns, 5nCK) ns 1
command delay . '
Valid CS i t bef CKE
\ ali requirement betore tCSCKEH Min 1.75 ns
input HIGH

- _________________________________________________________
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Table 190: CKE Input Timing (Continued)

Min/ Data Rate

Parameter Symbol Max | 1600 | 3200 | 3733 | 4267 Unit Notes
Valid CS requirement after CKE in- ¢ .

CKEHCS Min MAX(7.5ns, 5nCK) ns 1
put HIGH
Valid clock and CS requirement
after CKE input LOW after MRW *MRWCKEL Min MAX(14ns, 10nCK) ns 1
command
Valid clock and CS requirement
after CKE input LOW after ZQCAL tZQCKE Min MAX(1.75ns, 3nCK) ns 1
START command

Note: 1. Delay time has to satisfy both analog time(ns) and clock count (nCK). For example,
tCMDCKE will not expire until CK has toggled through at least 3 full cycles (3tCK) and
3.75ns has transpired. The case that 3nCK is applied to is shown below.

Figure 162: '*CMDCKE Timing

CA<Va|id><Va|id></ i, 7 /)

Command< Valid ><DES >< / / 4
Don’t Care

Table 191: Command Address Input Timing

Min/ Data Rate
Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 [ 4267 | Unit | Notes

Command/address valid
window (referenced from | tclVW Min 0.3 'CK(AVG) | 1,2,3
CA V||_/V|H to CK V|x)

Address and control input
pulse width (referenced telpw Min | 0.55 | 0.55 | 0.55 0.6 0.6 0.6 0.6 0.6 |'CK(AVG) 4
to Veer)

Notes: 1. CA Rx mask timing parameters at the pin including voltage and temperature drift.
2. Rx differential CA to CK jitter total timing window at the VclVW voltage levels.

- ___________________________________________________________
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3. Defined over the CA internal Vggr range. The Rx mask at the pin must be within the in-
ternal Vgep(ca) range irrespective of the input signal common mode.
4. CA only minimum input pulse width defined at the Veent_ca(pin mid).

Table 192: Boot Timing Parameters (10-55 MHz)

Min/
Parameter Symbol | Max Value Unit
Min 18
Clock cycle time tCKb ns
Max 100
DQS output dat ti Min 1.0
QS output data acess time tDQSCKb ns
from CK Max 10.0
DQS ed t tput dat
QS edge to output data tpQsQb | Max 1.2 ns
edge

Table 193: Mode Register Timing Parameters

Min/ Data Rate
Parameter Symbol Max 1600 | 3200 | 3733 | 4267 Unit
MODE REGISTER WRITE (MRW) com-
(MRW) com TMRW Min MAX(10ns, 10nCK) ns

mand period
MODE REGISTER SET command delay ‘tMRD Min MAX(14ns, 10nCK) ns
MODE REGISTER READ (MRR) com-

'MRR Min 8 ICK(AVG
mand period ( )
Additional time after ¥XP has expired
until the MRR command may be is- 'MRRI Min 'RCD(MIN) + 3nCK ns
sued
Delay f MRW d to DQS

elayfrom command to DQ tSDO Max MAX(12nCK, 20ns) ns

driven out

Table 194: Core Timing Parameters

Refresh rate is determined by the value in MR4 OP[2:0]

Min/ Data Rate

Parameter Symbol | Max | 533 | 1066 | 1600 | 2133 | 2667 | 3200 | 3733 | 4267 Unit Notes
READ lat DBI disa-

bled) atency ( 53 RL-A | Min | 6 10 | 14 | 20 | 24 | 28 | 32 | 36 |tcK(AVG)

READ lat DBI ena-

bled) atency (DBI ena RL-B | Min | 6 12 | 16 | 22 | 28 | 32 | 36 | 40 |tcK(AVG)

WRITE latency (Set A) WL-A | Min | 4 6 8 10 | 12 | 14 | 16 | 18 [tck(Ava)

WRITE latency (Set B) WL-B Min 4 8 12 18 22 26 30 34 |'CK(AVG)
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Table 194: Core Timing Parameters (Continued)

Refresh rate is determined by the value in MR4 OP[2:0]

Min/ Data Rate
Parameter Symbol | Max | 533 ‘ 1066 ‘ 1600 | 2133 | 2667 ‘ 3200 | 3733 ‘ 4267 | Unit | Notes
tRAS + fRPab
ACTIVATE-to-ACTIVATE .
d iod ( tRC Min (with all-bank precharge) ns
i
E:r:kr;an period (same ‘RAS + RPpb
(with per-bank precharge)
Minimum self refresh ¢ .
. . SR Min MAX(15ns, 3nCK) ns
time (entry to exit)
Self refresh exit t t
el refresh exit to nex tXSR | Min MAX(tRFCab + 7.5ns, 2nCK) ns
valid command delay
CAS-to-CAS delay tccD Min 8 tCK(AVG)
CAS-to-CAS del ked
>0 €1y Masked | «ccpmw | Min 32 tCK(AVG)
write
Internal READ-to-PRE-
RTP Min MAX(7.5ns, 8nCK) ns
CHARGE command delay
RAS-to-CAS delay tRCD Min MAX(18ns, 4nCK) ns
Ro recharge time (sin-
WP ge time (si tRPpb | Min MAX(18ns, 3nCK) ns
gle bank)
Row precharge time (all ¢ .
RPab Min MAX(21ns, 3nCK) ns
banks)
Min MAX(42ns, 3nCK) ns
Row active time ‘RAS
Max MIN(9 x 'REFI x Refresh Rate, 70.2) us
Write recovery time 'WR Min MAX(18ns, 4nCK) ns
Write-to-read delay 'WTR Min MAX(10ns, 8nCK) ns
Active bank A to active MAX(
ctiv ctiv
‘RRD Min MAX(10ns, 4nCK) 7.5ns, ns 1
bank B
4NnCK)
Precharge-to-precharge PPD Min 4 tCK(AVG) 5
delay
F -bank activat in-
our-bank activate win FAW Min 40 30 ns 1
dow
Delay from SRE command |
ESCKE Mi MAX(1.75ns, 3nCK - 3
to CKE input LOW n ( )

Notes: 1. 4267 Mb/s timing value is supported at lower data rates if the device is supporting 4266
Mb/s speed grade.
2. Precharge to precharge timing restriction does not apply to AUTO PRECHARGE com-
mands.
3. Delay time has to satisfy both analog time (ns) and clock count (nCK). It means that
tESCKE will not expire until CK has toggled through at least three full cycles (3 'CK) and
1.75ns has transpired. The case which 3nCK is applied to is shown below.
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Figure 163: 'ESCKE Timing

CA<VaIid><VaIid><// // 7

SELF REFRESH 7777 /7 77 .
Command (SELFRERESHN eg N /) )
Don’t Care

Table 195: CA Bus ODT Timing

Min/ Data Rate
Parameter Symbol Max 533-4267
CA ODT value update time tODTUP Min RU(20ns/tCK(AVG))
Table 196: CA Bus Training Parameters
Min/ Data Rate
Parameter Symbol Max 1600 | 3200 l 3733 | 4267 Unit Notes
Valid clock i t after CKE in-
ald cocierequirement atter == N tCKELCK Min MAX(5ns, 5nCK) tcK
put LOW
Data setup for Vggr training mode tDStrain Min 2 ns
Data hold for Vggr training mode t!DHtrain Min 2 ns
Asynchronous data read tADR Max 20 ns
CA BUS TRAINING d-to- -
command-to-com tCACD Min RU(YADR/'CK) tcK 1
mand delay
Valid strobe requirement before CKE
Ic strobe requiremen : tDQSCKE Min 10 ns
LOW
First CA BUS TRAINING d fol-
s commandto ‘CAENT Min 250 ns
lowing CKE LOW
VRer step time — multiple steps "WYREFca_LONG Max 250 ns
Vger step time — one step "WREFca_SHORT Max 80 ns
Valid clock requirement before CS {CKPRECS Min StCK + tXP _
HIGH
Valid clock requirement after CS
ek q tCKPSTCS Min MAX(7.5ns, 5nCK) -
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Table 196: CA Bus Training Parameters (Continued)

Min/ Data Rate
Parameter Symbol Max 1600 ’ 3200 ‘ 3733 ’ 4267 Unit Notes
Mini delay fi CS to DQS tog-
|n.|mum elay from _? QS tog tCS_VREF Min ) tCK
gle in command bus training
Minimum delay from CKE HIGH to ¢ .
. CKEHDQS Min 10 ns
strobe High-Z
CA bus training CKE HIGH to DQ tri-
us training o DQtri tMRZ Min 15 ns
state
ODT turn-on latency from CKE {CKELODTon Min 20 ns
ODT turn-off latency from CKE {CKEHODToff Min 20 ns
tXCBT_Short Min MAX(200ns, 5nCK) - 2
Exit d bus traini det
X1t command bus training Moae to- ey a1 Middle | Min MAX(200ns, 5NCK) - 2
next valid command delay
tYXCBT_Long Min MAX(250ns, 5NCK) - 2

Notes: 1. If '*CACD is violated, the data for samples which violate t*CACD will not be available, ex-
cept for the last sample (where 'CACD after this sample is met). Valid data for the last
sample will be available after tADR.

2. Exit command bus training mode to next valid command delay time depends on value
of Vger(ca) setting: MR12 OP[5:0] and Vggg(ca) range: MR12 OP[6] of FSP-OP 0 and 1. The
details are shown in 'FC value mapping table. Additionally exit command bus training
mode to next valid command delay time may affect Vger(pq) setting. Settling time of
VRrer(pq) level is same as Vrep(ca) level.

Table 197: Asynchronous ODT Turn On and Turn Off Timing

Symbol 800-2133 MHz Unit
tODTon(MIN) 1.5 ns
tODTon(MAX) 3.5 ns
tODToff(MIN) 15 hs
tODToff(MAX) 3.5 ns

Table 198: Temperature Derating Parameters

Min/ Data Rate

Parameter Symbol Max 1600 3200 3733 4267 Unit
DQS output access time from CK_t/CK_c tDQscKd Max 3600 bs
(derated)
RAS-to-CAS delay (derated) tRCDd Min tRCD +1.875 ns

E-to- E i
ACTIVATE-to-ACTIVATE command period tRCd Min RC +3.75 ns
(same bank, derated)
Row active time (derated) tRASd Min tRAS +1.875 ns
Row precharge time (derated) ‘RPd Min ‘RP + 1.875 ns
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Table 198: Temperature Derating Parameters (Continued)

Min/ Data Rate
Parameter Symbol Max 1600 ‘ 3200 3733 4267 Unit
Active bank A to active bank B (derated) tRRDd Min ‘RRD + 1.875 ns

Note: 1. At higher temperatures (>85°C), AC timing derating may be required. If derating is re-
quired the device will set MR4 OP[2:0] = 110b.
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2.38. CA Rx Voltage and Timing

The command and address (CA), including CS input receiver compliance mask for volt-
ageandtiming,isshowninthe CAReceiver (Rx) Maskfigure below. AllCAand CSsig-
nals apply the same compliance mask and operate in single data rate mode.

The CAinputRxmaskforvoltageand timingisapplied acrossall pins,asshowninthe
figure below. The Rx mask defines the area that the input signal must not encroach if
the DRAM input receiver is expected to successfully capture a valid input signal; it is not
the valid data eye.

Figure 164: CA Receiver (Rx) Mask

tclVW_total

VcIVW

Figure 165: Across Pin Vggr (ca) Voltage Variation

CAXx CAy CAz

Vgee Variation
(component)

VCENT_CA(pin mid) is defined as the midpoint between the largest Vcent ca voltage level
and the smallest Vcgnr ca voltage level across all CA and CS pins for a given DRAM
component. Each CAVcgyr level is defined by the center, which is, the widest opening
of the cumulative data input eye, as depicted in the figure above. This clarifies that any
DRAM component level variation must be accounted for within the CA Rx mask. The
component-level Vrgr will be set by the system to account for Roy and ODT settings.
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Figure 166: CA Timings at the DRAM Pins

CK, CK Data-in at DRAM Pin

Minimum CA eye center aligned

\\AAAAAN ]

Rx mask

CA .
DRAM pin

VCIVW

INVVVVVVVA N

telvw

TcIVW for all CA signals is defined as centered on
the CK_t/CK_c crossing at the DRAM pin.

Note: 1. All of the timing terms in above figure are measured from the CK_t/CK_c to the center
(midpoint) of the TcIVW window taken at the VcIVW_total voltage levels centered
around VCENT_CA(pin mid)-

Figure 167: CA tcIPW and SRIN_clVW Definition (for Each Input Pulse)

Rx Mask

V,

VCENT_CA(pin mid) == - oo oo o] \---. civw
\

telpw

Note: 1. SRIN_cIVW = Vgyw total/('r or ¥f); signal must be monotonic within 'r and *f range.
Figure 168: CA V y_ac Definition (for Each Input Pulse)

V,

__CENTCA _f Rx Mask |---%-- Rx Mask N Rx Mask  |F--§--- F- Vavw —f--------
\i

\ VlHL(Ac)min/2

O
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Table 199: DRAM CMD/ADR, CS

Ul = 'CK(AVG)MIN

DQ - DQ -
DQ - 13337 1600/1867 3200/3733 DQ - 4267
Symbol Parameter Min Max Min Max Min Max Min Max Unit | Notes
Vavw Rx mask voltage peak-to- - 175 - 175 - 155 - 145 mV 1,2,3
peak
ViHLac) CA AC input pulse ampli- 210 - 210 - 190 - 180 - mV 4,6
tude peak-to-peak
SRIN_clVW |Input slew rate over Vqyw 1 7 1 7 1 7 1 7 V/ns 5

Notes: 1. CA Rx mask voltage and timing parameters at the pin, including voltage and tempera-
ture drift.

2. Rx mask voltage V¢yw total(MAX) must be centered around Veent ca(pin mid)-

3. Defined over the CA internal Vggr range. The Rx mask at the pin must be within the in-
ternal Vgep(ca) range irrespective of the input signal common mode.

4. CA-only input pulse signal amplitude into the receiver must meet or exceed V y(ac) at
any point over the total Ul. No timing requirement above level. V |y ac) is the peak-to-
peak voltage centered around Veent_ca(pin mid), Such that Viyac)/2 (MIN) must be met
both above and below Vcent ca-

5. Input slew rate over Vyw mask is centered at Vcent_ca(pin mid)-

6. Vihyac) does not have to be met when no transitions are occurring.

7. The Rx voltage and absolute timing requirements apply for DQ operating frequencies at
or below 1333 for all speed bins. For example the tcIVW (ps) = 450ps at or below 1333
operating frequencies.

- _________________________________________________________
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2.39. DQ Tx Voltage and Timing
DRAM Data Timing
Figure 169: Read Data Timing Definitions — '*QH and 'DQSQ Across DQ Signals per DQS Group

tQSH(DQS_t) tQSL(DQS_t)

t
DasQ

Associated DQ pins

DQy

DQz
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2.40. DQ Rx Voltage and Timing

TheDQinputreceivermaskforvoltageand timingisapplied per pin,asshowninthe
DQ Receiver (Rx) Mask figure below. The total mask (Varvw_total, TAIVW_total) defines
theareathattheinputsignalmustnotencroachinorderforthe DQinputreceiverto
successfully capture an input signal. The mask is a receiver property, and itis not the

valid data eye.

Figure 170: DQ Receiver (Rx) Mask

TdIVW_total

Figure 171: Across Pin Vgegr DQ Voltage Variation

DQx pQy DQz

f

VReg Variation
(component)

VCENT_DQ(pin_mid) is defined as the midpoint between the largest Vcgnt_pg voltage level
andthesmallestVcenT povoltagelevelacrossall DQ pinsforagiven DRAM compo-
nent. Each VcenT po is defined by the center, which is the widest opening of the cumu-
lativedatainputeyeasshowninthefigureabove. Thisclarifiesthatany DRAMcompo-
nent level variation must be accounted for within the DRAM Rx mask. The component-
levelVrgrwillbesetbythe systemtoaccountforRonyand ODTsettings.
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Figure 172: DQ-to-DQS 'DQS2DQ and tDQDQ

DQ, DQS Data-in at DRAM Latch DQS, DQs Data-in Skews at DRAM

Internal componsite data-eye center aligned to DQS Nonminimum data-eye/maximum Rx mask

tpQs2DQ?

VdIVW_totaI

DQx Rx masl.<
DRAM pin

DQx, vy, z

tpQs2DQy?

strobe at the device internal latch

VdIVW_totaI

DQy Rx masI4<
DRAM pin

tDQsS2DQz?

VdIVW_totaI

DQz Rx masI.<
DRAM pin

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

All DQ signals center aligned to the |
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

tbabQ

1. These timings at the DRAM pins are referenced from the internal latch.
2. 'DQS2DQ is measured at the center (midpoint) of the TdIVW window.
3. DQz represents the MAX 'DQS2DQ in this example.

4. DQy represents the MIN tDQS2DQ in this example.

AllofthetimingtermsinDQtoDQS_taremeasuredfromtheDQS_t/DQS_ctothecen-
ter (midpoint) ofthe TdAIVW windowtakenatthe Varvw_tota1voltagelevelscentered
around VcENT DQ(pin_mid)- In figure above, the timings at the pins are referenced with re-
spect to all DQ signals center-aligned to the DRAM internal latch. The data-to-data off-
setisdefined as the difference between the MIN and MAX 'DQS2DQ for a given compo-
nent.

Notes:
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Figure 173: DQ tDIPW and SRIN_dIVW Definition for Each Input Pulse
Ul = tCK(AVG) MIN/2

<> <
Rx Mask

\ A

V, PR Vovw_total

CENT_DQ(pinmid) --ff-occcccd L \_._. a
\i

‘DIPW

Note: 1. SRIN_dIVW = Vgyw_total/(*r or *f) signal must be monotonic within r and *f range.

Figure 174: DQ VIHL(AC) Definition (for Each Input Pulse)

VinLaCmin/2

A i

V, V,

_JCENToba  J Rx Mask }---§-- Rx Mask F-f--- RxMask |--§---}-- divw_total | ¥ __
\i T

\ VinLacmin/2

Table 200: DQs In Receive Mode

Note Ul = tCK(AVG)(MIN)/2

1600/1867 | 2133/2400 | 3200/3733 4267

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Unit | Notes

Vdivw_total Rx mask voltage — peak-to- - 140 - 140 - 140 - 120 mV | 1,2,3
peak

VinLac) DQ AC input pulse ampli- 180 - 180 - 180 - 170 - mV 5,7
tude peak-to-peak

SRIN_dIVW Input slew rate over 1 7 1 7 1 7 1 7 V/ns 6
VdIVW_totaI

Notes: 1. Data Rx mask voltage and timing parameters are applied per pin and include the DRAM
DQ-to-DQS voltage AC noise impact for frequencies >20 MHz with a maximum voltage
of 45mV peak-to-peak at a fixed temperature on the package. The voltage supply noise
must comply to the component MIN/MAX DC operating conditions.

2. Rx mask voltage Vgyw_totall MAX) must be centered around Vcent_pa(pin_mid)-

3. Defined over the DQ internal Vgegr range. The Rx mask at the pin must be within the in-
ternal Vgee DQ range irrespective of the input signal common mode.

4. Deterministic component of the total Rx mask voltage or timing. Parameter will be char-
acterized and guaranteed by design.

5. DQ-only input pulse amplitude into the receiver must meet or exceed V4 (ac) at any
point over the total Ul. No timing requirement above level. V iy (ac) is the peak-to-peak
voltage centered around Vcent pqgpin_mid), SUch that Viyac)/2 (MIN) must be met both
above and below V¢ent pa-

6. Input slew rate over Vgw mask centered at Vcent_pq(pin_mid)-
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7. Vihyac) does not have to be met when no transitions are occurring.

2.41. 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.

Table 201: Definitions and Calculations

Symbol Description Calculation Notes
tCK(avg) and The average clock period across any consecutive N
nCK 200-cycle window. Each clock period is calculated |tCK(avg) = [I_ tCKJ}/N
from rising clock edge to rising clock edge. i=1
Where N =200
Unit 'CK(avg) represents the actual clock average
tCK(avg) of the input clock under operation. Unit
NnCK represents one clock cycle of the input clock,
counting from actual clock edge to actual clock
edge.
tCK(avg) can change no more than +1% within a
100-clock-cycle window, provided that all jitter
and timing specifications are met.
tCK(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. tCH(avg) = L tcH; /(N x tck(avg))
j=1
Where N =200
tCL(avg) The average LOW pulse width, as calculated N
across any 200 consecutive LOW pulses. tcL(avg) = L tey /(N x tck(avg))
j=1
Where N =200
YIT(per) The single-period jitter defined as the largest de- ¢ ) ¢ ¢ 1
viation of any signal 'CK from 'CK(avg). JIT(per) = min/max of *CK; - CK(ave)
Where i =1 to 200
YIT(per),act The actual clock jitter for a given system.
YIT(per), The specified clock period jitter allowance.
allowed
YIT(cc) The absolute difference in clock periods between ¢ ¢ ¢ 1
two consecutive clock cycles. YIT(cc) defines the IIT(ce) = max of CK;, 1= *CK;
cycle-to-cycle jitter.
tERR(nper) The cumulative error across N multiple consecu- i+n-1 1
tive cycles from 'CK(avg). tERR(nper) = L tck; — (n x tcK(avg))
j=i
'ERR(nper),act |The actual clock jitter over n cycles for a given
system.
Table 201: Definitions and Calculations (Continued)
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Symbol Description Calculation Notes
'ERR(nper), The specified clock jitter allowance over n cycles.
allowed
'ERR(nper),min |The minimum 'ERR(nper). tERR(nper),min = (1 + 0.68LN(n)) x YIT(per),min 2
'ERR(nper),max |The maximum *ERR(nper). tERR(nper),max = (1 + 0.68LN(n)) x LIIT(per),max 2
YIT(duty) Defined with absolute and average specifications |t)i7(duty),min =
for 'CH and 'CL, respectively. MIN((tCH(abs),min — tCH(avg),min),
(tCL(abs),min — tCL(avg),min)) x tCK(avg)
YIT(duty),max =
MAX((tCH(abs),max — tCH(avg),max),
(tCL(abs),max — tCL(avg),max)) x tCK(avg)

Notes: 1. Not subject to production testing.
2. Using these equations, tERR(nper) tables can be generated for each YIT(per),act value.

tCK(abs), tCH(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.

Table 202: '*CK(abs), tCH(abs), and 'CL(abs) Definitions

Parameter Symbol |[Minimum Unit
Absolute clock period tCK(abs) [*CK(avg),min + YIT(per),min pst
Absolute clock HIGH pulse width tCH(abs) ['CH(avg),min + YIT(duty),min2/tCK(avg),min tCK(avg)
Absolute clock LOW pulse width tCL(abs) |fCL(avg),min +YIT(duty),min2/tCK(avg),min tCK(avg)

Notes: 1. 'CK(avg),min is expressed in ps for this table.
2. YIT(duty),min is a negative value.

2.42. Clock Period Jitter

LPDDR4 devices can tolerate some clock period jitter without core timing parameter
derating. This section describes device timing requirements with clock period jitter
(tJIT(per))inexcessofthevaluesfoundinthe ACTimingtable. Calculatingcycle time
derating and clock cycle derating are also described.

Clock Period Jitter Effects on Core Timing Parameters

Core timing parameters (‘RCD, 'RP, 'RTP, 'WR, tWRA, '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 thPARAM = 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
CycleTimeDerating = max [
thPARAM

PARAM +!ERR(tnPARAM),act— 'ERR(tnPARAM),allowed _ tCK(an)} o}

Cycle time derating analysis should be conducted for each core timing parameter. The
amountofcycletime deratingrequired is the maximum ofthe cycle time deratings de-
termined for each individual core timing parameter.

Clock Cycle Derating for Core Timing Parameters

Foreach coretiming parameterandagivennumberofclocks (‘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
equationbelowresultsinapositivevalueforacoretimingparameter (\CORE), there-
quiredclockcyclederatingwill bethat positivevalue (inclocks).

tPARAM + (ERR(tnPARAM),act - tERR(tnPARAM), allowed

ClockCycleDerating = RU { } —thPARAM

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, IH, 'ISb, {THb) are measured from a com-
mand/address signal (CS or CA[5:0]) transition edge to its respective clock signal (CK_t/
CK_c) crossing. The specification values are not affected by the {JIT(per) applied, be-
cause 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 lJitter Effects on READ Timing Parameters
tRPRE

When the device is operated with input clock jitter, '‘RPRE must be derated by the
tJIT(per),act,max of the input clock that exceeds 'JIT(per),allowed,max. Output derat-
ings are relative to the input clock:

tRPRE(min, derated) = 0.9 - tJ IT(per),act,m?C(: %:J IT()per),allowed,max
avg

For example, if the measured jitter into a LPDDR4 device has 'CK(avg) = 625ps,
tJIT(per),act,min =-xx, and {JIT(per),act,max = +xx ps, then ‘RPRE,min,derated = 0.9 -
(tJIT(per),act,max - 'JIT(per),allowed,max) /{CK(avg) = 0.9 - (xx - xx) / xx = yy 'CK(avg).
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Clock lJitter Effects on

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

These parametersaremeasured from aspecificclockedgetoadatasignal transition
(DMnorDQm,where: n=0,1;and m=0-15, and specified timings mustbe metwith
respect to that clock edge. Therefore, they are not affected by {JIT(per).

tQSH, tQSL

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 minimumdata-validwindowat thedevice pin=MIN {({QSH(abs)min
-'DQSQmax), (*QSL(abs)min - 'DQSQmax)}. This minimum data valid window must be
met at the target frequency regardless of clock jitter.

tRPST

'RPSTis 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.

WRITE Timing Parameters
‘DS, 'DH

These parametersaremeasured fromadatasignal (DMInorDQm,wheren=0, 1andm
=(0-15) transition edge to its respective data strobe signal (DQSn_t, DQSn_c: n=0,1)
crossing. The specification values are not affected by the amount of 'JIT(per) applied,
because the setup and hold times are relative to the data strobe signal crossing that

latches the command/address. Regardless of clockjitter values, these values must be
met.

'DSS, ‘DSH

These parameters are measured from a data signal (DQS_t, DQSn_c) crossing to its re-
spective clock signal (CK_t, CK_c) crossing. When the device is operated with input
clock jitter, this parameter needs to be derated by the actual tyrpper)act of the input clock
in excess of the allowed period jitter tyrrper)allowed-
'DQSS

'DQSS is measured from a data strobe signal (DQSn_t, DQSn_c) crossing to its respec-
tive clock signal (CK_t, CK_c) crossing. 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 'JIT(per)allowed.

. _t .
tDQSS(min, derated) = 0.75 - fJIT(per),act,rrtun JIT(per),allowed, min J
CK(avg)

tDQSS(max,derated) = 1.25 — [tJIT(per),act,maréélt;I(IT(p)er),allowed,max J
avg

For example, if the measured jitter into an LPDDR4 device has 'CK(avg) = 625ps,
YJIT(per),act,min = -xxps, and 'JIT(per),act,max = +xx ps, then:

'DQSS, (min,derated) =0.75 - (-xx +yy)/ 625 = xxxx 'CK (avg)
'DQSS, (max,derated) = 1.25 - (xx-yy) /625 = xxxx {CK(avg)
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LPDDR4 1.10V Vppq

This section defines LPDDR4 specifications to enable 1.10 Vppg operation of LPDDR4
devices.

Power-Up and Initialization - LPDDR4

To ensure proper functionality for power-up and reset initialization, default values for
theMRsettingsareprovidedinthetable below.

Table 203: Mode Register Default Settings

Item Mode Register Setting Default Setting Description
FSP-OP/WR MR13 OP[7:6] 00b FSP-OP/WR[0] are enabled
WLS MR2 OP[6] Ob WRITE latency set A is selected
WL MR2 OP[5:3] 000b WL=4
RL MR2 OP[2:0] 000b RL =6, NRTP =8
NnWR MR1 OP[6:4] 000b NWR = 6
DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are disa-
bled
CAODT MR11 OP[6:4] 000b CA ODT is disabled
DQ ODT MR11 OP[2:0] 000b DQ ODT is disabled
VRer(ca) setting MR12 OP[6] 1b VR&er(ca) range[1] is enabled
VRer(ca) Value MR12 OP[5:0] 001101b Rangel: 27.2% of Vpp;
VRer(pq) setting MR14 OP[6] 1b VRrer(pq) range[1] enabled
VRer(pq) Value MR14 OP[5:0] 001101b Rangel: 27.2% of Vppq
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Mode Register Definition - LPDDR4

Mode register definitions are provided in the Mode Register Assignments table. In the
access column of the table, Rindicates read-only; W indicates write-only; R/W indicates
read-orwrite-capableorenabled. The MRRcommandisusedtoread fromaregister.
The MRW commandisusedtowritetoaregister.

Table 204: Mode Register Assignments

Notes 1-5 apply to entire table

MR# | MA[5:0] Function Access | OP7 OP6 OP5 OoP4 ‘ oP3 oP2 OoP1 OPO
0 00h Device info R CATR RFU RFU RzQl RFU Latency REF
mode
1 0lh Device feature 1 W RD-PST NWR (for AP) ‘ RD-PRE | WR-PRE BL
2 02h Device feature 2 W WR Lev WLS WL RL
3 03h I/0 config-1 W DBI-WR | DBI-RD PDDS PPRP I WR-PST I PU-CAL
4 04h Refresh and R /W TUF Thermal offset PPRE |SR abort Refreshrate
training
5 05h Basic config-1 R Manufacturer ID
6 06h Basic config-2 R Revision D1
7 07h Basic config-3 R Revision ID2
8 08h Basic config-4 R 1/0 width Density ‘ Type
9 09h Test mode W Vendor-specific test mode
10 0Ah 1/0O calibration W RFU ‘ ZQRST
11 0OBh OoDT W RFU CAODT ‘ RFU ‘ DQ ODT
12 OCh | Vger(ca) R/W RFU VRca VRer(ca)
13 0Dh |Registercontrol | W | Fsp-OP [ Fsp-wR | DMD | RRO | VRcG | VRO | RPT | cBT
14 OEh  |Vgerpa) R/W RFU VRpq Vrer(pa)
15 OFh DQI-LB W Lower-byte invert register for DQ calibration
16 10h PASR_Bank W PASR bank mask
17 11h PASR_Seg w PASR segment mask
18 12h IT-LSB R DQS oscillator count — LSB
19 13h IT-MSB R DQS oscillator count — MSB
20 14h DQI-UB W Upper-byte invert register for DQ calibration
21 15h Vendor use W RFU
22 16h ODT feature 2 W ODTD forx8_2ch | ODTD- |ODTE-CS| ODTE- SoC ODT
CA CK
23 17h DQS oscillator W DQS oscillator run-time setting
stop
24 18h TRR control R/W TRR TRR mode BAn Unltd MAC value
mode MAC
25 19h  |PPRresources R B7 B6 | B85 | B4 B3 B2 | B1 | BO
26-29 | 1Ah~1D - - Reserved for future use
h
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Table 204: Mode Register Assignments (Continued)

Notes 1-5 apply to entire table

MR# |MA[5:0]| Function [Access| op7 | ope | ops | ora | ops | op2 | oP1 | oPo
30 1Eh Reserved for W SDRAM wiill ignore
test
31 1Fh - - Reserved for future use
32 20h DQ calibration W See DQ calibration section
pattern A
33-38 | 21h:::26h |Do not use - Do not use
39 27h Reserved for W SDRAM wiill ignore
test
40 28h DQ calibration W See DQ calibration section
pattern B
41-47 | 29h:::2Fh |Do not use - Do not use
48—63 | 30h:::3Fh |Reserved - Reserved for future use

Notes: 1.

RFU bits must be set to 0 during MRW commands.
RFU bits are read as 0 during MRR commands.
All mode registers that are specified as RFU or write-only shall return undefined data

when read via an MRR command.

RFU mode registers must not be written.
Werites to read-only registers will not affect the functionality of the device.

Table 205: MRO Device Feature O (MA[5:0] = 00h)

oP7 OP6 OP5 OoP4 l OoP3 oP2 OP1 OoPO
CATR RFU RzQl RFU Latency mode REF
Table 206: MRO Op-Code Bit Definitions
Register Information Type oP Definition Notes
Refresh mode Read OP[0] Ob: Both legacy and modified refresh mode supported
only 1b: Only modified refresh mode supported
Latency mode Read OP[1] Ob: Device supports normal latency 5,6
only 1b: Device supports byte mode latency
Built-in self-test for RZQ in- Read OP[4:3] |00b: RZQ self-test not supported 1-4
formation only 01b: ZQ may connect to Vgsq or float
10b: ZQ may short to Vppq
11b: ZQ pin self-test completed, no error condition de-
tected (ZQ may not connect to Vssq, float, or short to
Vbpa)
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Table 206: MRO Op-Code Bit Definitions (Continued)

Register Information Type oP Definition Notes
CA terminating rank Read OP[7] Ob: CA for this rank is not terminated 7
only 1b: CA for this rank is terminated

Notes: 1. RZQl MR value, if supported, will be valid after the following sequence:

e Completion of MPC[ZQCAL START] command to either channel

e Completion of MPC[ZQCAL LATCH] command to either channel then 'ZQLAT is satis-
fied

RzQl value will be lost after reset.

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

3. In the case of possible assembly error, the device will default to factory trim settings for
Ron, and will ignore ZQ CALIBRATION commands. In either case, the device may not
function as intended.

4. If the ZQ pin self-test returns OP[4:3] = 11b, the device has detected a resistor connected

to the ZQ pin. However, this result cannot be used to validate the ZQ resistor value or
that the ZQ resistor meets the specified limits (that is, 2400 +1%).

5. See byte mode addendum spec for byte mode latency details.

6. Byte mode latency for 2Ch. x16 device is only allowed when it is stacked in a same pack-
age with byte mode device.

7. CATR indicates whether CA for the rank will be terminated or not as a result of ODTCA
pad connection and MR22 OP[5] settings for x16 devices, MR22 OP[7:5] settings for byte
mode devices.

Table 207: MR3 1/O Configuration 1 (MA[5:0] = 03h)

oP7 oP6 oPs | oPa | oP3 oP2 oP1 oPo
DBI-WR DBI-RD PDDS PPRP WR-PST PU-CAL
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Table 208: MR3 Op-Code Bit Definitions

Feature Type oP Definition Notes
PU-CAL OPI[0] 0b: Vppa/2.5 1-4
(Pull-up calibration point) 1b: Vppa/3 (default)
WR-PST (WR postamble length) OP[1] Ob: WR postamble = 0.5 x 'CK (default) 2,3,5

1b: WR postamble = 1.5 x t'CK
PPRP (Post-package repair protec- OP[2] Ob: PPR protection disabled (default) 6
tion) 1b: PPR protection enabled
PDDS 000b: RFU 1,2,3
(Pull-down drive strength) 001b: Ryq/1

010b: Rzq/2

Write-only

011b: RZQ/3

101b: RZQ/S

110b:Rzo/6 (default)

111b: Reserved
DBI-RD OP[6] Ob: Disabled (default) 2,3
(DBI-read enable) 1b: Enabled
DBI-WR OP[7] Ob: Disabled (default) 2,3
(DBI-write enable) 1b: Enabled

Notes: 1. All values are typical. The actual value after calibration will be within the specified toler-
ance for a given voltage and temperature. Recalibration may be required as voltage and
temperature vary.

2. There are two physical registers assigned to each bit of this MR parameter, designated

set ﬁoint 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[G]X will be written to with an MRW command to this MR

address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter, designated
set point 0 and set point 1.The device will operate only according to the values stored in
the registers for the active set point, for example, the set point determined by the state
of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will
be determined by the state of the FSP-OP bit (MR13 OP[7]). The values in the registers
for the inactive set point will be ignored by the device, and may be changed without
affecting device operation.

4. For dual channel device, PU-CAL (MR3-0OP[0]) must be set the same for both channels on
a die. The SDRAM will read the value of only one register (Ch.A or Ch.B), vendor-specif-
ic, so both channels must be set the same.

5. 1.5 x 'CK apply > 1.6 GHz clock.

6. If MR3 OP[2] is set to 1b, PPR protection mode is enabled. The PPR protection bitis a
sticky bit and can only be set to Ob by a power on reset. MR4 OP[4] controls entry to PPR
mode. If PPR protection is enabled then the DRAM will not allow writing of 1b to MR4
OP[4].
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Table 209: MR12 Register Information (MA[5:0] = OCh)

oP7 oP6 oPs ‘ oPa ‘ oP3 ‘ oP2 oP1 oPo
RFU VRca VREeF(cA)

Table 210: MR12 Op-Code Bit Definitions

Feature Type oP Data Notes
VReF(cA) Read/ OP[5:0] |000000b—110010b: See Vger Settings Table 1-3,5,6
VRer(ca) Settings Write All others: Reserved

VRca Read/ OP[6] Ob: Vger(ca) range[0] enabled 1,2,4,5,
VRer(ca) Fange Write 1b: Vger(ca) range[1] enabled (default) 6

Notes: 1. This register controls the Vgeg(ca) levels for frequency set point[1:0]. Values from either
VR(ca)[0] or VR(ca)[1] may be selected by setting MR12 OP[6] appropriately.

2. Aread to MR12 places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ
will be set to 0. See the MRR Operation section.

3. A write to MR12 OP[5:0] sets the internal Vggg(ca) level for FSP[0] when MR13 OP[6] = 0b
or sets the internal Vggp(ca) level for FSP[1] when MR13 OP[6] = 1b. The time required for
VRer(ca) to reach the set level depends on the step size from the current level to the new
level. See the Vgep(ca) training section.

4. A write to MR12 OP[6] switches the device between two internal Vgggca) ranges. The
range (range[0] or range[1]) must be selected when setting the Vggg(ca) register. The val-
ue, once set, will be retained until overwritten or until the next power-on or reset
event.

5. There are two physical registers assigned to each bit of this MR parameter, designated

set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR

address, or read from with an MRR command to this address.

6. There are two physical registers assigned to each bit of this MR parameter, designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point, for example, the set point determined by the
state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set
point will be ignored by the device, and may be changed without affecting device oper-
ation.

Table 211: Mode Register 14 (MA[5:0] = OEh)

or[7] or[6] opis] | opla] | oP[3] oP[2] oP[1] oP[0]
RFU VRpq VReF(DQ)
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Table 212: MR14 Op-Code Bit Definition

Feature Type oP Definition Notes
VRer(pQ) Read/ OP[5:0] |000000b—110010b: See Vggr Settings table 1-3,5,6
VRer(pq) setting Write All others: Reserved

VRpq OP[6] Ob: Vger(pq) range[0] enabled 1,2,4-6
VRer(pq) range 1b: Vgerpq) range[1] enabled (default)

Notes: 1. This register controls the Vger(pq) levels for frequency set point[1:0]. Values from either
VRpq [vendor defined] or VRpq [vendor defined] may be selected by setting OP[6] ap-
propriately.

2. Aread (MRR) to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and
unused DQ will be set to 0. See the MRR Operation section.

3. A write to OP[5:0] sets the internal Vger(pq) level for FSP[0] when MR13 OP[6] = 0b, or
sets FSP[1] when MR13 OP[6] = 1b. The time required for Vger(pq) to reach the set level
depends on the step size from the current level to the new level. See the Vgg(pq) train-
ing section.

4. A write to OP[6] switches the device between two internal Vgerpq) ranges. The range
(range[0] or range[1]) must be selected when setting the Vrer(pq) register. The value,
once set, will be retained until overwritten, or until the next power-on or reset event.

5. There are two physical registers assigned to each bit of this MR parameter, designated

set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR

address, or read from with an MRR command to this address.

6. There are two physical registers assigned to each bit of this MR parameter, designated
set point 0, and set point 1. The device will operate only according to the values stored
in the registers for the active set point, for example, the set point determined by the
state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set
point will be ignored by the device, and may be changed without affecting device oper-
ation.
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Table 213: Vger Setting for Range[0] and Range[1]

Notes 1-3 apply to entire table

Range[0] Values Range[1] Values
VREF(CA) (% of Vpp, ) VREF(cA) (% of Vpp, )
Function oP VRrerpq) (% of Vppq ) VRrerpq) (% of Vppq )

Vger setting | OP[5:0] |000000b: 10.0% 011010b:20.4% 000000b:22.0% 011010b:32.4%
for MR12 000001b: 10.4% 011011b:20.8% 000001b: 22.4% 011011b:32.8%
and MR14 000010b:10.8% 011100b:21.2% 000010b:22.8% 011100b:33.2%

000011b:11.2% 011101b:21.6% 000011b:23.2% 011101b:33.6%
000100b:11.6% 011110b:22.0% 000100b: 23.6% 011110b:34.0%
000101b:12.0% 011111b:22.4% 000101b:24.0% 011111b:34.4%
000110b:12.4% 100000b:22.8% 000110b:24.4% 100000b: 34.8%
000111b:12.8% 100001b:23.2% 000111b:24.8% 100001b:35.2%
001000b:13.2% 100010b:23.6% 001000b:25.2% 100010b:35.6%
001001b:13.6% 100011b:24.0% 001001b: 25.6% 100011b:36.0%
001010b: 14.0% 100100b:24.4% 001010b:26.0% 100100b:36.4%
001011b:14.4% 100101b:24.8% 001011b:26.4% 100101b:36.8%
001100b: 14.8% 100110b:25.2% 001100b:26.8% 100110b:37.2%
001101b:15.2% 100111b:25.6% 001101b: 27.2% de- 100111b:37.6%
fault
001110b:15.6% 101000b:26.0% 001110b:27.6% 101000b: 38.0%
001111b:16.0% 101001b:26.4% 001111b:28.0% 101001b:38.4%
010000b: 16.4% 101010b:26.8% 010000b:28.4% 101010b:38.8%
010001b: 16.8% 101011b:27.2% 010001b:28.8% 101011b:39.2%
010010b:17.2% 101100b:27.6% 010010b:29.2% 101100b:39.6%
010011b:17.6% 101101b:28.0% 010011b:29.6% 101101b:40.0%
010100b: 18.0% 101110b:28.4% 010100b:30.0% 101110b:40.4%
010101b:18.4% 101111b:28.8% 010101b:30.4% 101111b:40.8%
010110b:18.8% 110000b:29.2% 010110b:30.8% 110000b:41.2%
010111b:19.2% 110001b:29.6% 010111b:31.2% 110001b:41.6%
011000b: 19.6% 110010b:30.0% 011000b:31.6% 110010b:42.0%
011001b:20.0% All others: Reserved |011001b:32.0% All others: Reserved

Notes: 1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the Vggg(ca) OF
VRer(pq) levels in the device.

2. The range may be selected in each of the MR14 or MR12 registers by setting OP[6] ap-
propriately.

3. Each ofthe MR14 or MR12 registers represents either FSP[0] or FSP[1]. Two frequency set
points each for CA and DQ are provided to allow for faster switching between termina-
ted and unterminated operation or between different high-frequency settings, which
may use different terminations values.
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Table 214: MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OoP4 OP3 OoP2 OP1 OoPO
ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOC ODT

Table 215: MR22 Register Information

Function Type oP Data Notes
SOC ODT (controller ODT val- | Write-only | OP[2:0] |000b: Disable (default) 1,2,3
ue for Vpy calibration) 001b: Ryq/1

010b: Rzq/2

011b: Ryo/3

100b: Rzo/4

101b: Rzq/5

110b: Rzo/6

111b: RFU
ODTE-CK (CK ODT enabled Write-only | OP[3] |Ob: ODT-CK override disabled (default) 2,3,4,6,8
for non-terminating rank) 1b: ODT-CK override enabled
ODTE-CS (CS ODT enabled for | Write-only | OP[4] |Ob: ODT-CS override disabled (default) 2,3,5,6,8
non-terminating rank) 1b: ODT-CS override enabled
ODTD-CA (CA ODT termina- |Write-only| OP[5] |Ob: CA ODT obeys ODT_CA bond pad (default) 2,3,6,7,8
tion disable) 1b: CA ODT disabled
ODTD for x8_2ch (Byte) mode | Write-only | OP[7:6] |See Byte Mode section

Notes: 1. All values are typical.

2. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. Only the registers for the set point determined by the state
of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW command or read from
with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated
set point 0 and set point 1. The device will operate only according to the values stored
in the registers for the active set point determined by the state of the FSP-OP bit (MR13
OP[7]). The values in the registers for the inactive set point will be ignored by the device
and may be changed without affecting device operation.

4. When OP[3] =1 the CK signals will be terminated to the value set by MR11 OP[6:4] re-
gardless of the state of the ODT_CA bond pad. This overrides the ODT_CA bond pad for
configurations where CA is shared by two or more devices but CK is not, enabling CK to
terminate on all devices.

5. When OP[4] = 1 the CS signal will be terminated to the value set by MR11 OP[6:4] re-
gardless of the state of the ODT_CA bond pad. This overrides the ODT_CA bond pad for
configurations where CA is shared by two or more devices but CS is not, enabling CS to
terminate on all devices.

6. For system configurations where the CK, CS, and CA signals are shared between pack-
ages, the package design should provide for the ODT_CA ball to be bonded on the sys-
tem board outside of the memory package. This provides the necessary control of the
ODT function for all die with shared command bus signals.
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7. When OP[5] = 0, CA[5:0] will terminate when the ODT_CA bond pad is HIGH and MR11
OP[6:4] is valid and disable termination when ODT_CA is LOW or MR11 OP[6:4] is disa-
bled. When OP[5] = 1, termination for CA[5:0] is disabled regardless of the state of the
ODT_CA bond pad or MR11 OP[6:4].

8. To ensure proper operation in a multi-rank configuration, when CA, CK or CS ODT is en-
abled via MR11 OP[6:4] and also via MR22 or ODT_CA pad setting, the rank providing
ODT will continue to terminate the command bus in all DRAM states including Active,
Self-refresh, Self-refresh Power-down, Active Power-down and Precharge Power-down.
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Burst READ Operation - LPDDR4 ATE Condition
tLZ(DQS), tLZ(DQ), tHZ(DQS), *tHZ(DQ) Calculation

'HZ and 'LZ transitions occur in the same time window as valid data transitions. These
parameters are referenced to a specific voltage level that specifies when the device out-
putisnolongerdriving'HZ(DQS)and 'HZ(DQ), orbeginsdriving 'LZ(DQS) and
tLZ(DQ). This section showsamethod tocalculate the pointwhen the deviceisnolon-
gerdriving'HZ(DQS)and *HZ(DQ), or begins driving 'LZ(DQS) and 'LZ(DQ), bymeas-
uring 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 tHZ(DQ) are defined as single ended.

tLZ(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)

Figure 175: 'LZ(DQS) Method for Calculating Transitions and Endpoint

CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t

Notes: 1. Conditions for calibration: Pull down driver Roy = 40 ohms, Vou = Vppa/3.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgu value for *HZ and 'LZ measurements.

- ____________________________________________________________
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Figure 176: 'HZ(DQS) Method for Calculating Transitions and Endpoint
CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t

Notes: 1. Conditions for calibration: Pull down driver Roy = 40 ohms, Vou = Vppa/3.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgy value for 'tHZ and 'LZ measurements.

Table 216: Reference Voltage for 'LZ(DQS), *tHZ(DQS) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswil Vsw2 Unit
DQS_c Low-Z time tLz(DQS) 0.4 xVoy 0.6 x Voy \%
from CK_t, CK_c
DQS_c High-Z time tHZ(DQS) 0.4 xVoq 0.6 x Voy
from CK_t, CK_c

- ___________________________________________________________
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'LZ(DQ) and *tHZ(DQ) Calculation for ATE (Automatic Test Equipment)

Figure 177: 'LZ(DQ) Method for Calculating Transitions and Endpoint
CK_t— CK_c crossing at the second CAS-2 of READ command

CK_t
CK_c
Vo ~ " Fom DQs
0.5 x VOH_ __________________
A iz End points Extrapolated point

Notes: 1. Conditions for calibration: Pull down driver Ron = 40 ohms, Vou = Vppa/3.
2. Termination condition for DQ and DMI = 50 ohms to Vggq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgu value for *HZ and 'LZ measurements.

Figure 178: *HZ(DQ) Method for Calculating Transitions and Endpoint
CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t

0.5xV,,

oV - ———————————————- t———- DQs

Notes: 1. Conditions for calibration: Pull down driver Ron = 40 ohms, Vo = Vppa/3-
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2. Termination condition for DQ and DMI = 50 ohms to Vssq.
3. The Vgy level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device toler-
ances. Use the actual Vgu value for *HZ and 'LZ measurements.

Table 217: Reference Voltage for t'LZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter
Measured Parameter Symbol Vswil Vsw2 Unit
DQ Low-Z time tLZ(DQ) 0.4 xVoy 0.6 x Vpoy \Y
from CK_t, CK_c
DQ High-Z time 'Hz(DQ) 0.4 x Voy 0.6 x Vou
from CK_t, CK_c

- _______________________________________________________________
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VRer Specifications - LPDDR4
Internal Vgeg(ca) Specifications

The device's internal Vrgr(ca) specification parameters are operating voltage range, step
size, Vrgr step time, Vrgr full-range step time, and Vg valid level.

The voltage operating range specifies the minimum required Vggr setting range for
LPDDR4 devices. The minimum range is defined by V rgg max and VREE min-

Table 218: Internal Vgeg(ca) Specifications

Symbol Parameter Min Typ Max Unit Notes
VReF(cA),max_r0 VRer(ca) range-0 MAX operat- - - 30% Vb2 1,11
ing point
VREF(CA),min_r0 VRer(ca) range-0 MIN operat- 10% - - Vop2 1,11
ing point
VRer(cA),max_r1 VRer(ca) range-1 MAX operat- - - 42% Vb2 1,11
ing point
VReF(CA),min_r1 VRer(ca) range-1 MIN operat- 22% - - Vb2 1,11
ing point
VREF(cA),step VRer(ca) Step size 0.30% 0.40% 0.50% Vop2 2
VReF(CA),set_tol VRer(ca) set tolerance —1.00% 0.00% 1.00% Vop2 3,4,6
-0.10% 0.00% 0.10% Vop2 3,5,7
tVREF_Tl|\/|E-SHORT VREF(CA) step time - - 100 ns 8
"Wrer_TIME-MIDDLE - - 200 ns 12
"Vrer_TIME-LONG - - 250 ns 9
tVREF_time_weak - - 1 ms 13,14
VREF(cA)_val_tol VRrer(ca) valid tolerance -0.10% 0.00% 0.10% Vo2 10
Notes: 1. Vgerca) DC voltage referenced to Vppy(pc).

2. Vger(ca) Step size increment/decrement range. Vggg(ca) at DC level.

3. VRer(ca),new = VREF(CA),0ld T N X VRer(ca),step; N = Number of steps; if increment, use "+"; if
decrement, use "-".

4. The minimum value of Vggp(ca) setting tolerance = Vgep(ca),new - 1.0% x Vpp,. The maxi-
mum value of Vggp(ca) setting tolerance = Vgepca)new + 1.0% x Vpp,. For n > 4.,

5. The minimum value of Vggg(ca) setting tolerance = Vgep(ca),new - 0.10% X Vpp,. The maxi-
mum value of Vgeg(ca) setting tolerance = Vggp(ca),new + 0.10% % Vppy. For n < 4.

6. Measured by recording the minimum and maximum values of the Vggp(ca) output over
the range, drawing a straight line between those points and comparing all other
VRer(ca) OUtput settings to that line.

7. Measured by recording the minimum and maximum values of the Vggr(ca) output across
four consecutive steps (n = 4), drawing a straight line between those points and compar-
ing all other Vggp(ca) Output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vrgg(ca) -

9. Time from MRW command to increment or decrement Vggg,min tO VRer,max OF VReF,max O
Vrer,min Change across the Vgep(ca) range in Vger voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applica-
ble for normal mode of operation. Vggg valid is to qualify the step times which will be
characterized at the component level.
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11. DRAM range-0 or range-1 set by MR12 OP[6].

12. Time from MRW command to increment or decrement more than one step size up to a
full range of Vger voltage within the same Vgep(cp) range.
13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = Ob.

14. '"Wger_time_weak covers all Vgegca) range and value change conditions are applied to
%/ gee TIME-SHORT/MIDDLE/LONG.
Internal Vgerpq) Specifications

The device's internal Vrer(pg) specification parameters are operating voltage range, step
size, VRgr step tolerance, Vgrgr step time and Vigr valid level.

The voltage operating range specifies the minimum required Vrgr setting range for
LPDDR4 devices. The minimum range is defined by VrgR max and VREE min.

Table 219: Internal Vgerpq) Specifications

Symbol Parameter Min Typ Max Unit Notes
VRer(DQ),max_r0 Vrer MAX operating point - - 30% Vbbq 1,11
Range-0
VRer(pQ),min_ro Vrer MIN operating point 10% - - Vbba 1,11
Range-0
VRer(DQ),max_r1 Vrer MAX operating point - - 42% Vbbq 1,11
Range-1
VRer(DQ),min_r1 Vrer MIN operating point 22% - - Vbba 1,11
Range-1
VReF(DQ),step VR&er(pq) Step size 0.30% 0.40% 0.50% Vbba 2
VREF(DQ),set_tol VR&er(pq) Set tolerance —1.00% 0.00% 1.00% Vbba 3,4,6
-0.10% 0.00% 0.10% Vpba 3,5,7
tVREF_TlME—SHORT VREF(DQ) Step time - - 100 ns 8
Vrer_TIME-MIDDLE - - 200 ns 12
"Wrer_TIME-LONG - - 250 ns 9
tVREF_time_weak - - 1 ms 13r 14
VREF(DQ),V3|_tO| VREF(DQ) valid tolerance -0.10% 0.00% 0.10% VDDQ 10

=

Notes: Vgerpq) DC voltage referenced to Vppq(pe)-

2. Vger(pq) Step size increment/decrement range. Vgegpq) at DC level.

3. VRer(pQ),new = VREF(DQ),0ld + N X VRer(DQ),step; N = Number of steps; if increment, use "+"; if
decrement, use "-".

4. The minimum value of Vgerpq) setting tolerance = Vger(pq),new - 1.0% x Vppq. The maxi-
mum value of Vger(pq) setting tolerance = Vgerpq),new + 1.0% x Vppq. For n > 4.

5. The minimum value of Vggrpgysetting tolerance = Vger(pq),new - 0.10% X Vppq. The maxi-
mum value of Vgerpq) setting tolerance = Vrerpq),new + 0.10% % Vppq. For n < 4.

6. Measured by recording the minimum and maximum values of the Vggr(pq) output over
the range, drawing a straight line between those points and comparing all other
VRrer(pq) Output settings to that line.

7. Measured by recording the minimum and maximum values of the Vrgrpq) output across
four consecutive steps (n = 4), drawing a straight line between those points and compar-
ing all other Vgep(pq) output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vgeg(pq) -
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9. Time from MRW command to increment or decrement Vggg min t0 VRer,max OF VReE,max O
Vrer,min Change across the Vrerpq) Range in Vgerpq) Voltage.

10. Only applicable for DRAM component level test/characterization purposes. Not applica-
ble for normal mode of operation. Vggg valid is to qualify the step times which will be
characterized at the component level.

11. DRAM range-0 or range-1 set by MR14 OP[6].

12. Time from MRW command to increment or decrement more than one step size up to a
full range of Vger voltage within the same Vggppq) range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = 0.

14. "VRer_time_weak COvers all Vreppg) Range and Value change conditions are applied to
®ger TIME-SHOR/MIDDLE/LONG.
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Command Definitions and Timing Diagrams - LPDDR4
Pull Up/Pull Down Driver Characteristics and Calibration
Table 220: Pull-Down Driver Characteristics — ZQ Calibration

Ronpp,NnOM Register Min Nom Max Unit
40 ohms RonaorD 0.90 1.0 1.10 Rza/6
48 ohms Ronased 0.90 1.0 1.10 Rza/5
60 ohms RoNsorD 0.90 1.0 1.10 Rza/4
80 ohms Ronsord 0.90 1.0 1.10 Rza/3
120 ohms NotBon1dorpAll vallie are a®¥97Q calibration. WiRout zQ calibratiod; ¥ypp valdes are £308.
240 ohms Ron240pD 0.90 1.0 1.10 Rza/1

Table 221: Pull-Up Characteristics — ZQ Calibration

Vohnpu,NnOmM Vop,nom Min Nom Max Unit
Vppa/2.5 440 0.90 1.0 1.10 Von,nom
Vppa/3 367 0.90 1.0 1.10 Vop,nom

Notes: 1. All value are after ZQ calibration. Without ZQ calibration, Ronpp Values are £30%.
2. Vou,nom (mV) values are based on a nominal Vppq = 1.1V.

Table 222: Terminated Valid Calibration Points

ODT Value
Voneu 240 120 80 60 a8 40
Vbpa/2.5 Valid Valid Valid DNU DNU DNU
Vppa/3 Valid Valid Valid Valid Valid Valid

Notes: 1. Once the output is calibrated for a given Vop(nom) calibration point, the ODT value may
be changed without recalibration.
2. If the Vop(nom) calibration point is changed, then recalibration is required.
3. DNU = Do not use.

On-Die Termination for the Command/Address Bus

Theon-dietermination (ODT)featureallowsthedevicetoturnon/offterminationre-
sistance for CK_t, CK_c, CS, and CA[5:0] signals without the ODT control pin. The ODT
featureisdesigned toimprovesignalintegrityofthememorychannelbyallowingthe
DRAM controller to turn on and off termination resistance for any target DRAM devices
via the mode register setting.

A simple functional representation of the DRAM ODT feature is shown below.
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Figure 179: ODT for CA
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ODT Mode Register and ODT State Table

ODT termination values are set and enabled via MR11. The CA bus (CK_t, CK_c, CS,
CA[5:0]) ODT resistance values are set by MR11 OP[6:4]. The default state for the CAis
ODT disabled.

ODTisappliedonthe CAbustotheCK_t,CK_c,CS,and CAsignals.The CAODTofthe
deviceisdesignedtoenableoneranktoterminatetheentirecommandbusinamulti-
ranksystem, soonlyoneterminationloadwillbe presentevenifmultipledevicesare
sharing the command signals. For this reason, CA ODT remains on, even when the de-
viceisinthe power-downorselfrefresh power-downstate.

Thediehasabondpad (ODT_CA)formultirankoperations. Whenthe ODT_CApadis
LOW,thediewillnotterminatethe CAbusregardlessofthestateofthemoderegister
CAODTbits (MR11O0P[6:4]).1If, however,the ODT_CAbond padis HIGH and themode
register CAODTbitsareenabled, thediewillterminatethe CAbuswiththe ODTvalues
found in MR11 OP[6:4]. In amultirank system, the terminating rank should be trained
first, followed by the non-terminating rank(s).

Table 223: Command Bus ODT State

CA ODT ODT_CA ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MR11[6:4] | Bond Pad | MR22OP[5] | MR220OP[3] | MR22 OP[4] for CA for CK for CS
Disabled? Valid? Valid3 Valid3 Valid3 Off Off Off
Valid 3 0 Valid3 0 0 Off Off Off
Valid 3 0 Valid3 0 1 Off Off On
Valid 3 0 Valid3 1 0 Off On Off
Valid 3 0 Valid3 1 1 Off On On
Valid 3 1 0 Valid? Valid3 On On On
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Table 223: Command Bus ODT State (Continued)

4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM

XT63M4G8E6TM-CCBXX

CA ODT ODT_CA ODTD-CA ODTE-CK ODTE-CS ODT State ODT State ODT State
MR11[6:4] Bond Pad MR22 OP[5] | MR22 OP[3] | MR22 OP[4] for CA for CK for CS
Valid 3 1 1 Valid3 Valid3 Off On On
Notes: Default value.

1

2. Valid = H or L (a defined logic level)

3. Valid=0or 1.

4. The state of ODT_CA is not changed when the device enters power-down mode. This
maintains termination for alternate ranks in multirank systems.

ODT Mode Register and ODT Characteristics

Table 224: ODT DC Electrical Characteristics for Command/Address Bus — up to 3200 Mb/s

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[6:4] Rir Vour Min Nom Max Unit Notes

001b 2400 Vorg) = 0.1 % Vpp, 0.8 1.0 1.1 Rzo/1 1,2
Vowm(pc) = 0-33 x Vpp, 0.9 1.0 1.1
Von(pc) = 0.5 % Vpp, 0.9 1.0 1.2

010b 1200 Voo = 0-1 % Vpp, 0.8 1.0 1.1 Roa/2 1,2
Vom(pe) = 0.33 x Vppy 0.9 1.0 1.1
Vou(pc) = 0-5 % Vppa 0.9 1.0 1.2

011b 800 Vorg) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/3 1,2
Vowm(pc) = 0-33 x Vppy 0.9 1.0 1.1
Von(pc) = 0.5 % Vpp, 0.9 1.0 1.2

100b 600 Vou(pc) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/4 1,2
V om(pc) = 0.33 x Vpp, 0.9 1.0 1.1
Voh(oe) = 0.5 % Vpp, 0.9 1.0 1.2

101b 480 Vorg) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/5 1,2
Vowm(pc) = 0-33 x Vppy 0.9 1.0 1.1
Von(pc) = 0.5 % Vpp, 0.9 1.0 1.2

110b 400 Voo = 0-1 % Vpp, 0.8 1.0 1.1 Rzq/6 1,2
Vom(pe) = 0.33 x Vpp, 0.9 1.0 1.1
Voh(oe) = 0.5 % Vpp, 0.9 1.0 1.2

Mismatch, CA -CA within clock 0.33 x Vppy - - 2 % 1,2,3
group

Notes: 1. The tolerance limits are specified after calibration with stable temperature and voltage.

To understand the behavior of the tolerance limits when voltage or temperature

changes after calibration, see the section on voltage and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vpp,. Other cali-
bration points may be required to achieve the linearity specification shown above, for

example, calibration at 0.5 x Vpp, and 0.1 x Vpps,.
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3. CA to CA mismatch within clock group variation for a given component including CK_t,
CK_c,and CS (characterized).

(MAX) - R, (MIN)
Roor (AVG)

CA-to-CA mismatch = Roor

Table 225: ODT DC Electrical Characteristics for Command/Address Bus — Beyond 3200 Mb/s

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[6:4] Rt Vour Min Nom Max Unit Notes

001b 2400 Vou(pe) = 0.1 % Vpp, 0.8 1.0 1.1 Rzq/1 1,2
Vom(oe = 0-33 x Vpp, 0.9 1.0 1.1
Vor(oe) = 0.5 % Vpp, 0.9 1.0 1.3

010b 1200 Vou(pe) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/2 1,2
Vom(oo) = 0-33 X Vpp, 0.9 1.0 1.1
Von(e) = 0.5 X Vppy 0.9 1.0 1.3

011b 800 Vou(pe) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/3 1,2
Vom(oe = 0-33 x Vpp, 0.9 1.0 1.1
Vor(oe) = 0.5 % Vpp, 0.9 1.0 1.3

100b 600 Vou(pe) = 0.1 % Vpp, 0.8 1.0 1.1 Rzo/4 1,2
V om(pe) =033 x Vpp, 0.9 1.0 1.1
Von(oc) = 0.5 X Vpp, 0.9 1.0 1.3

101b 480 Vou(pe) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/5 1,2
Vom(oe = 0-33 x Vpp, 0.9 1.0 1.1
Vor(oe) = 0.5 X Vpp, 0.9 1.0 1.3

110b 400 Vou(pe) = 0.1 % Vpp, 0.8 1.0 1.1 Rza/6 1,2
Vomioe) = 0-33 X Vpp, 0.9 1.0 1.1
Von(oe) = 0.5 X Vpp, 0.9 1.0 1.3

Mismatch, CA -CA within clock 0.33 x Vpp2 - - 2 % 1, 2,3
group

Notes: 1. The tolerance limits are specified after calibration with stable temperature and voltage.
To understand the behavior of the tolerance limits when voltage or temperature
changes after calibration, see the section on voltage and temperature sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vpp,. Other cali-
bration points may be required to achieve the linearity specification shown above, e.g.
calibration at 0.5 x Vpp, and 0.1 x Vpps.

3. CA to CA mismatch within clock group variation for a given component including CK_t,
CK_c,and CS (characterized).

CA-to-CA mismatch = Roor (MAX) - Ry (MIN)
Roor (AVG)

DQ On-Die Termination
On-die termination (ODT) is a feature that allows the device to turn on/off termination
resistance for each DQ, DQS, and DMI signal without the ODT control pin. The ODT
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featureisdesignedtoimprovesignalintegrityofthememorychannelbyallowingthe
DRAM controller to turn on and off termination resistance for any target DRAM devices
during WRITE or MASK WRITE operation.

The ODTfeatureisoffand cannotbe supportedin power-downand selfrefreshmodes.

The switch is enabled by the internal ODT control logic, which uses the WRITE-1 or
MASK WRITE-1 command and other mode register control information. The value of
Rrrisdetermined bythe MR bits.

Vv

ouT

R, =

|IOUT|

Figure 180: Functional Representation of DQ ODT

®* Vppq
To other
circuitry oDT
like RCV, ...
® ] DQ
lout
Rer Vour
L2 ° VSSQ

Table 226: ODT DC Electrical Characteristics for DQ Bus— up to 3200 Mb/s

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
001b 2400 Vo) = 0-1 % Vppq 0.8 1.0 1.1 Rza/1 1,2
Vom(pc) =0.33 X Vppq 0.9 1.0 1.1
Von(pc) = 0.5 % Vppq 0.9 1.0 1.2
010b 1200 Vou(oc) = 0-1 % Vppq 0.8 1.0 1.1 Rza/2 1,2
Vowm(pe) = 0.33 X Vppq 0.9 1.0 1.1
Von(pc) = 0.5 % Vppq 0.9 1.0 1.2
011b 800 Vo) = 0-1 % Vppq 0.8 1.0 1.1 Rza/3 1,2
Vowm(pc) =0.33 xVppq 0.9 1.0 1.1
Von(pc) = 0.5 % Vppq 0.9 1.0 1.2
100b 600 Voupe) =0.1 % Vppq 0.8 1.0 1.1 Rza/4 1,2
V om(pc) = 0.33 X Vppq 0.9 1.0 1.1
Von(pe) = 0.5 % Vppq 0.9 1.0 1.2
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Table 226: ODT DC Electrical Characteristics for DQ Bus— up to 3200 Mb/s (Continued)

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
101b 480 Voue) = 0.1 % Vppq 0.8 1.0 1.1 Rza/5 1,2
Vom(og) = 0.33 x Vppq 0.9 1.0 1.1
Vor(oe) = 0.5 x Vppq 0.9 1.0 1.2
110b 400 Voupc) = 0.1 X Vppq 0.8 1.0 11 Rza/6 1,2
Vom(oe) = 0-33 % Vppq 0.9 1.0 1.1
Von(poc) = 0.5 % Vppq 0.9 1.0 1.2
Mismatch error, DQ-to-DQ with- 0.33 xVppq - - 2 % 1, 2,3
in a channel
Notes: 1. The ODT tolerance limits are specified after calibration with stable temperature and

voltage. To understand the behavior of the tolerance limits when voltage or tempera-
ture changes after calibration, see the following section on voltage and temperature
sensitivity.

Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vppq. Other cali-
bration points may be required to achieve the linearity specification shown above, (for
example, calibration at 0.5 x Vppq and —0.1 x Vppq.

DQ-to-DQ mismatch within byte variation for a given component, including DQS (char-
acterized).

R___(MAX) - R

oDT

oDT (MIN)
Roor (AVG)

DQ-to-DQ mismatch=

Table 227: ODT DC Electrical Characteristics for DQ Bus — Beyond 3200 Mb/s

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
001b 2400 Vo) = 0-1 % Vppq 0.8 1.0 1.1 Rza/1 1,2
Vom(oe) = 0-33 X Vppq 0.9 1.0 1.1
Vor(oe) = 0.5 x Vppq 0.9 1.0 1.3
010b 1200 Voroe =0-1 % Vppq 0.8 1.0 1.1 Rza/2 1,2
Vom(pe) = 0.33 x Vppq 0.9 1.0 1.1
Vor(oe) = 0.5 X Vppq 0.9 1.0 1.3
011b 800 Vo) = 0-1 % Vppq 0.8 1.0 1.1 Rza/3 1,2
Vom(oe) = 0.33 X Vppq 0.9 1.0 1.1
Vor(oe) = 0.5 x Vppq 0.9 1.0 1.3
100b 600 Vou(oe) = 0.1 Vppq 0.8 1.0 1.1 Rza/4 1,2
V ompe) = 0-33 x Vppq 0.9 1.0 1.1
Vor(pe) = 0.5 x Vppq 0.9 1.0 1.3
101b 480 Voue = 0-1 % Vppq 0.8 1.0 1.1 Rza/5 1,2
Vom(pe) = 0.33 % Vppq 0.9 1.0 1.1
Vor(oe) = 0.5 x Vppq 0.9 1.0 1.3
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Table 227: ODT DC Electrical Characteristics for DQ Bus — Beyond 3200 Mb/s (Continued)

Rzq = 2400 +1% over entire operating range after calibration

MR11 OP[2:0] Rt Vour Min Nom Max Unit Notes
110b 400 Vorpe = 0-1 % Vppq 0.8 1.0 1.1 Rza/6 1,2
Vom(pe) =0.33 x Vppq 0.9 1.0 1.1
Vor(oe) = 0.5 x Vppq 0.9 1.0 1.3
Mismatch error, DQ-to-DQ with- 0.33 xVppq — — 2 % 1,2,3
in a channel

Notes: 1. The ODT tolerance limits are specified after calibration with stable temperature and
voltage. To understand the behavior of the tolerance limits when voltage or tempera-
ture changes after calibration, see the following section on voltage and temperature
sensitivity.

2. Pull-down ODT resistors are recommended to be calibrated at 0.33 x Vppq. Other cali-
bration points may be required to achieve the linearity specification shown above, for
example, calibration at 0.5 x Vppq and —=0.1 x Vppq.

3. DQ-to-DQ mismatch within byte variation for a given component, including DQS (char-
acterized).

DQ-to-DQ mismatch= Roor (MAX) - R (MIN)
Roor (AVG)

Output Driver and Termination Register Temperature and Voltage Sensitivity

When temperature and/or voltage change after calibration, the tolerance limits are wi-
denaccordingtothetablesbelow.

Table 228: Output Driver and Termination Register Sensitivity Definition

Definition
Resistor Point Min Max Unit | Notes
Roneb 0.33xVppq 90 - (dRongr - [LIT]) - (dRonay - [LIV]) 110 + (dRongr - |LIT]) + (dRonav - [LIV]) % 1,2
Vonpu 0.33xVppq 90 - (dVopgr - [LITI) - (dVonay - [LIV]) 110 + (dVopgr * |LIT]) + (dVouav - [LIV]) 12,5
Rrri/0) 0.33 xVppq 90 - (dRongr * |LIT]) - (dRongy - [LIV]) 110 + (dRonar - |LIT]) + (dRonav - [LIV]) 1,23
Rrrin) 0.33 x Vpp2 90 - (dRongr - |LIT]) - (dRonav [LIV]) 110 + (dRongr - LIT]) + (dRonav - [LIV]) 1,24

Notes: 1. LIT =T - T(@calibration), LIV =V - V(@calibration)

2. dRong1, dRondv, dVondT, dVoudv, dR1rqy, @and dRyrgr are not subject to production test
but are verified by design and characterization.

3. This parameter applies to input/output pin such as DQS, DQ, and DMI.

4. This parameter applies to input pin such as CK, CA, and CS.

5. Refer to Pull-up/Pull-down Driver Characteristics for Vgupy.

Table 229: Output Driver and Termination Register Temperature and Voltage Sensitivity

Symbol Parameter Min Max Unit
dRongT Ron temperature sensitivity 0 0.75 %/°C
dRonay Ron voltage sensitivity 0 0.20 %/mV
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Table 229: Output Driver and Termination Register Temperature and Voltage Sensitivity (Contin-
ued)

Symbol Parameter Min Max Unit
dVougr Voun temperature sensitivity 0 0.75 %/°C
dVonav Von Voltage sensitivity 0 0.35 %/mV
dRy1at Rrrtemperature sensitivity 0 0.75 %/°C
dRyrqv Ryt voltage sensitivity 0 0.20 %/mV

- _________________________________________________________
Rev.A0.0 03/27/2023 345



X5
p 4Gb (512M x 8) NAND flash +4Gb(256M x 16) Low Power DDR4X SDRAM XT63M4G8E6TM-CCBXX

AC and DC Operating Conditions - LPDDR4
Recommended DC Operating Conditions

Operationortimingthatisnotspecifiedisillegal. Toensure properoperation, thede-
vice must be initialized properly.

Table 230: Recommended DC Operating Conditions

Symbol Min Typ Max DRAM Unit Notes
Vb1 1.7 1.8 1.95 Core 1 power \% 1,2
Vb2 1.06 1.1 1.17 Core 2 power/Input buffer power \% 1,2,3
Vbba 1.06 1.1 1.17 1/0 buffer power \Y 2,3

Notes: 1. Vppz uses significantly less power than Vpp».
2. The voltage range is for DC voltage only. DC voltage is the voltage supplied at the
DRAM and is inclusive of all noise up to 20 MHz at the DRAM package ball.

3. The voltage noise tolerance from DC to 20 MHz exceeding a peak-to-peak tolerance of
45mV at the DRAM ball is not included in the TdIVW.

Output Slew Rate and Overshoot/Undershoot specifications - LPDDR4
Single-Ended Output Slew Rate

Table 231: Single-Ended Output Slew Rate

Note 1-5 applies to entire table

Value
Parameter Symbol Min Max Units
Single-ended output slew rate (Von = Vppa/3) SRQse 3.5 9.0 V/ns
Output slew rate matching ratio (rise to fall) - 0.8 1.2 -

=

SR = Slew rate; Q = Query output; se = Single-ended signal

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, it repre-
sents the maximum difference between pull-up and pull-down drivers due to process
variation.

4. The output slew rate for falling and rising edges is defined and measured between
Vouac) = 0-2 X Voupc) and Vopac) = 0-8 X Vo pg)-

5. Slew rates are measured under average SSO conditions with 50% of the DQ signals per

data byte switching.

Notes:
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Figure 181: Single-Ended Output Slew Rate Definition
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Table 232: Differential Output Slew Rate

Note 1-4 applies to entire table

Value

Parameter Symbol Min Max Units

Differential output slew rate (Vou = Vppa/3) SRQdiff 7 18 V/ns

Notes: 1. SR =Slew rate; Q = Query output; se = Differential signal
2. Measured with output reference load.
3. The output slew rate for falling and rising edges is defined and measured between
Vou(ac) = —0-8 x Vou(pc) and Vouac) = 0.8 x Vop(pg)-
4. Slew rates are measured under average SSO conditions with 50% of the DQ signals per
data byte switching.

Figure 182: Differential Output Slew Rate Definition
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LVSTL I/O System - LPDDR4

LVSTLI/O cells are comprised of a driver pull-up and pull-down and a terminator.

Figure 183: LVSTL I/O Cell
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Toensure that the target impedance is achieved, calibrate the LVSTLI/O cell as follow-
ing example:

1. Calibrate the pull-down device against a 240 ohm resistor to Vppg via the ZQ pin.

* Set strength control to minimum setting
* Increase drive strength until comparator detects data bitisless than Vppg/3
* NMOS pull-down device is calibrated to 120 ohms

2. Calibrate the pull-up device against the calibrated pull-down device.

* SetVopy target and NMOS controller ODT replica via MRS (Voy can be automatically
controlledby ODTMRS)

* Set strength control to minimum setting

* Increase drive strength until comparator detects data bit is greater than Voy target
NMOS pull-up device is calibrated to Voy target
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Figure 184: Pull-Up Calibration
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