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1Gx8, 512Mbx16 8Gb DDR4 SDRAM

’ Long-term Support
World Class Quality

FEATURES FEBRUARY 2023
« Standard Voltage : VDD = VDDQ= 1.2V, VPP=2.5V + Signal Integrity
» High speed data transfer rates with system frequency - Internal VREFDQ Training
up to 2933 Mbps - Read Preamble Training
+ Data Integrity - Gear Down Mode
- Auto Self Refresh (ASR) by DRAM built-in TS - Per DRAM Adressability
- Auto Refresh and Self Refresh Modes - Configurable DS for system compatibility
* DRAM access bandwidth - Configurable On-Die Termination
- Separated |0 gating structures by Bank Groups - Data bus Inversion (DBI) for Writes
- Self Refresh Abort - ZQ Calibration for DS/ODT impedance accuracy via external
- Fine Granularity Refresh ZQ pad (240 ohm +/- 1%)
« Signal Synchronization « Power Saving and efficiency
- Write Leveling via MR settings - POD with VDDQ termination
- Read Leveling via MPR - Command/Address Latency (CAL)
» Reliability & Error Handling - Maximum Power Saving
- Command/Address Parity - Low power Auto Self Refresh (LPASR)
- Data bus Write CRC
- MPR readout » Operating Temperature

- Commercial (Tc = 0°C to +95°C)

- Boundary Scan
- Industrial (Tc = -40°C to +95°C)

» Speed Grade (CL-TRCD-TRP)

- 2400Mbps/ 17-17-17 (-083T) - Automotive A1 (Tc = -40°C to +95°C)
- 2666Mbps/ 19-19-19 (-075V) - Automotive A2 (Tc = -40°C to +105°C)
- 2933Mbps / 21-21-21 (-068Y) - Automotive A3 (Tc = -40°C to +125°C)
PROGRAMMABLE FUNCTIONS ADDRESS TABLE
+ Output Driver Impedance (34/48) Parameter 512M x16 1G x8
+ CAS Write Latency (9/10/11/12/14/16/18/20)
+ Additive Latency (0/CL-1/CL-2) Row Addressing A0-A15 A0-A15
» CS# to Command Address (3/4/5/6/8) .
+ Burst Type (Sequential/Interleaved) Column Addressing AG-A9 A0-A9
» Write Recovery Time (10/12/14/16/18/20/24) Bank Addressing BAO-BA1 BAO-BA1
» Read Preamble (1T/2T)
» Write Preamble (1T/2T) Bank Groups BGO BGO0-BG1
» Burst Length (BL8/BC4/BC4 or 8 on the fly)
Page size 2KB 1KB
Options
tRFC 350ns 350ns

» Configuration : 512Mx16, 1Gx8

» Package:
- 96-ball BGA (10mm x 14mm, 0.8mm ball pitch) for x16
- 78-ball BGA (10mm x 14mm, 0.8mm ball pitch) for x8

Copyright © 2023 Integrated Silicon Solution, Inc. All rights reserved. ISSI reserves the right to make changes to this specification and its products at any time without notice. ISSI assumes no
liability arising out of the application or use of any information, products or services described herein. Customers are advised to obtain the latest version of this device specification before relying on
any published information and before placing orders for products.

Integrated Silicon Solution, Inc. does not recommend the use of any of its products in life support applications where the failure or malfunction of the product can reasonably be ex-
pected to cause failure of the life support system or to significantly affect its safety or effectiveness. Products are not authorized for use in such applications unless Integrated Silicon
Solution, Inc. receives written assurance to its satisfaction, that:

a.) the risk of injury or damage has been minimized;

b.) the user assume all such risks; and

c.) potential liability of Integrated Silicon Solution, Inc is adequately protected under the circumstances
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1.1 DDR4 SDRAM package ball out 78-ball FBGA —x8 (Top View)
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1.2 DDR4 SDRAM package ball out 96-ball FBGA —x16 (Top View)
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PINOUT DESCRIPTION

Symbol

Type

Function

CK, CK

Input

Clock: CK and CK are differential clock inputs. All address and control input signals
are sampled on the crossing of the positive edge of CK and negative edge of CK

CKE

Input

Clock Enable: CKE HIGH activates, and CKE Low deactivates, internal clock signals and
device input buffers and output drivers. Taking CKE Low provides Precharge Power-
Down and Self-Refresh operation (all banks idle), or Active Power-Down (row Active in
any bank). CKE is synchronous for Self-Refresh exit. After VREFCA and Internal DQ Vref
have become stable during the power on and initialization sequence, they must be
maintained during all operations (including Self-Refresh). CKE must be maintained high
throughout read and write accesses. Input buffers, excluding CK, CK, ODT and CKE
are disabled during power-down. Input buffers, excluding CKE, are disabled during Self-
Refresh.

Input

Chip Select: All commands are masked when CS is registered HIGH. CS provides
for external Rank selection on systems with multiple Ranks. CS is considered part of
the command code.

oDT

Input

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance
internal to the DDR4 SDRAM. When enabled, ODT is applied to each DQ, DQS (DQSU,
DQSL), DQS (DQSU, DQSL), DM (UDM, LDM), DBI (UDBI, LDBI), TDQS, TDQS (where
TDQS can be enabled for x8). The ODT pin will be ignored if MR1 is programmed to
disable RTT_NOM.

ACT

Input

Activation Command Input : ACT defines the Activation command being entered along
with CS. The input into CAS/A15 and WE/A14 will be considered as Row Address bits
A15 and A14, respectively.

RAS/A16
CAS/A15
WE/A14

Input

Command Inputs: RAS/A16, CAS/A15 and WE/A14 (along with CS) define the
command being entered. Those pins have multi function. For example, for activation
with ACT Low, A14 becomes valid as an address value. However, for non-activation
commands with ACT High, they are Command pins for Read, Write and other
command defined in command truth table

| )

UDBI, LDB
TDQS

o

B

—_

(LDM, UDM)

'z

i

Input/Output

Input Data Mask and Data Bus Inversion: DM is an input mask signal for write data.
Input data is masked when DM is sampled LOW coincident with that input data during
a Write access. DM is sampled on both edges of DQS. DM is muxed with DBI function
by Mode Register A10,A11,A12 setting in MR5. DBI is an input/output

identifying whether to store/output the true or inverted data. If DBI is LOW, the data will
be stored/output after inversion inside the DDR4 SDRAM and not inverted if DBI is
HIGH. The DM and DBI functions must be configured in Mode Register Settings. TDQS
is applicable for x8 only, and is enabled by setting A11 in Mode Register MR1.

BGO, BG1

Input

Bank Group Inputs: BGO, BG1 define to which bank group an Active, Read, Write or
Precharge command is being applied. BGO also determines which mode register is to be
accessed during a MRS cycle. BG1 is applicable for x8 only.

BAO, BA1

Input

Bank Address Inputs: BAO - BA1 define to which bank an Active, Read, Write or
Precharge command is being applied. Bank address also determines which mode
register is to be accessed during a MRS cycle.

A0 - A16

Input

Address Inputs: Provide the row address for ACTIVATE Commands and the column
address for Read/Write commands to select one location out of the memory array in the
respective bank. A15 is the most significant address bit, but A10/AP, A12/BC, RAS/A16,
CAS/A15 and WE/A14 have additional functions, see other rows.The address inputs also
provide the op-code during Mode Register Set commands and other commands.

A10/AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to determine whether
Autoprecharge should be performed to the accessed bank after the Read/Write
operation. (HIGH: Autoprecharge; LOW: no Autoprecharge).A10 is sampled during a
Precharge command to determine whether the Precharge applies to one bank (A10
LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank is selected
by bank addresses.

A12/BC

Input

Burst Chop: A12 / BC is sampled during Read and Write commands to determine if
burst chop (on-the-fly) will be performed. (HIGH, no burst chop; LOW: burst chopped).
See command truth table for details.

RESET

Input

Active Low Asynchronous Reset: Reset is active when RESET is LOW, and inactive
when RESET is HIGH. RESET must be HIGH during normal operation. RESET is
a CMOS rail to rail signal with DC high and low at 80% and 20% of Vpp,
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Symbol Type Function
Data Input/ Output: Bi-directional data bus. If CRC is enabled via Mode register then
DQ (DQ0-DQ7, or CRC code is added at the end of Data Burst. Each DQ from DQ0~DQ3 indicates the
Input / Output |’ ) . ) 8 - . :
DQ0-DQ15) internal Vref level during test via Mode Register Setting MR4 A4=High. During this mode,
RTT should be set Hi-Z.
Data Strobe: output with read data, input with write data. Edge-aligned with read data,
DQS. DOS centered in write data. For x8, DQ5 corresponds to the data on DQ0-DQ7. For x16,
DQSU‘ m Input / Output DQSL corresponds to the data on DQO-DQ7; and DQSU corresponds to the data on
DQSL’ m’ DQ8-DQ15. The data strobe DQS, DQSL and DQSU are paired with differential signals
’ DQS, DQSL, and DQSU, respectively, to provide differential pair signaling to the system
during reads and writes. DDR4 SDRAM supports differential data strobe only and does
not support single-ended.
TDQS. TOQS Output Termination Data Strobe is applicable for x8 only. The TDQS function must be disabled
’ via mode register A11 = 0 in MR1 for x16.
When enabled via Mode Register A11=1 in MR1, the DRAM will have the same
termination resistance function on TDQS/TDQS as is applied to DQS/DQS. When
disabled, via A11=0 in MR1, DM/DBI/TDQS will provide the data mask function or Data
Bus Inversion.
Command and Address Parity Input supports even parity check in DRAM with MR
PAR Inout setting. When enabled in MR5, DRAM calculates parity with ACT, RAS/A16, CAS/A15,
npu WE/A14, BGO-BG1, BAO-BA1, A13-A0. Input Parity should maintain at the rising edge
of the clock and at the same time with command and address with CS Low.
Alert: It has multi functions such as CRC error flag, Command and Address Parity error
flag as Output signal. If there is error in CRC, then ALERT goes LOW for the period time
ALERT Input/Output | interval and goes back HIGH. If there is error in Command Address Parity Check, then
ALERT goes LOW for relatively long period until on going DRAM internal recovery
transaction to complete. During Connectivity Test mode, this pin works as input.
Using this signal or not is dependent on system. In case of not connected as Signal,
ALERT Pin must be bounded to VDD on board.
Connectivity Test Mode Enable:
HIGH in this pin will enable Connectivity Test Mode operation along with other pins.
TEN Input Itis a CMOS rail to rail signal with AC high and low at 80% and 20% of VDD. Using this
signal or not is dependent on System. This pin is internally pulled low through a weak
pull-down resistor to VSS.
NC No Connect: No internal electrical connection is present.
vDDQ Supply DQ Power Supply: 1.2 V +/- 0.06 V
VSSQ Supply DQ Ground
VDD Supply Power Supply: 1.2V +/- 0.06 V
VSS Supply Ground
VPP Supply DRAM Activating Power Supply: 2.5V (2.375V min, 2.75V max)
VREFCA Supply Reference voltage for CA
ZQ Supply Reference Pin for ZQ calibration
NOTE Input only pins (BG0-BG1, BA0-BA1, A0-A13, ACT, RAS/A16, CAS/A15, WE/A14, CS, CKE, ODT, and RESET) do not supply
termination.
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Simplified State Diagram

SRX* = SRXwith NOP

— Automatic Sequence
- = = =) Command Sequence

Power
lied Reset e Ay
applied [ Power | RESET o Initialization MRS MPR
On roceadure Write Leveling, Self
\VrefDQ training Refresh

SRX

p| Refreshing

Any powered state

Abbr. Function Abbr. Function Abbr. Function
ACT |Active Read {RD, RD$4, RDS8 PDE Enter Power-down
PRE {Precharge Read A |RDA, RDA$4, RDAS3 PDX [Exit Power-down
PREA Precharge All Write |WR, WR$, WRS8 with/without CRC SRE ' Self-Refresh entry
Z0CS ZQ Calibration Short Write A \WRA, WRAS4, WRASS8 with/without CRC | SRX  Self-Refresh exit
RESET |Sart RESET Procedure TEN  |Boundary Scan Mode Enable MPR  [Multi-Purpose Register
ZOCL 1ZQ Calibration Long REF  Refresh, Fine granularity Refresh MRS {Mode Register Set
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BASIC FUNCTIONALITY

This 8Gbit DDR4 SDRAM is a high-speed dynamic random-access memory internally organized with eight-banks
(2 bank groups each with 4 banks for x16, and 4 bank groups each with 4 banks for x8). The DDR4 SDRAM uses
a 8n prefetch architecture to achieve high-speed operation. The 8n prefetch architecture is combined with an
interface designed to transfer two data words per clock cycle at the I/O pins. A single read or write operation for
the DDR4 SDRAM consists of a single 8n-bit wide, four clock data transfer at the internal DRAM core and eight
corresponding n-bit wide, one-half clock cycle data transfers at the 1/O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue for a
burst length of eight or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the registra-
tion of an ACTIVATE Command, which is then followed by a Read or Write command. The address bits registered
coincident with the ACTIVATE Command are used to select the bank and row to be activated (Only BGO, or both
BGO0-BG1 select the bankgroup; BAO-BA1 select the bank; A0-A15 select the row; refer to more details further in
this datasheet). The address bits registered coincident with the Read or Write command to Addressing section for
starting column location for the burst operation, determine if the auto precharge are used to select the and select
BC4 or BL8 mode ‘on the fly’ (via A12) if enabled in the mode register.

Prior to normal operation, the DDR4 SDRAM must be powered up and initialized in a predefined manner. The
following sections provide detailed information covering device reset and initialization, register definition, com-
mand descriptions, and device operation.
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RESET and Initialization Procedure

RESET and Initialization Procedure

For power-up and reset initialization, in order to prevent DRAM from functioning improperly, default values for the

following MR settings are defined:

Default MR settings for power-up and reset initialization

MRfunctions MRbits Value
Gear-down mode MR3 A[3] 1/2 Rate
Per DRAM Addressability MR3 A[4] Disable
Max Power Saving Mode MR4 Al 1] Disable
CS to Command/ Address Latency MR4 A[8:6] Disable
CA Parity Latency Mode MR5 A[2:0] Disable
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Power-Up and Initialization Sequence

The following sequence (Sep 1-15) isrequired for power-up and initialization:

1)  Apply power (RESET and TEN are recommended to be maintained at stable power and below 0.2 x VDD; all other inputs may be
undefined). RESET needs to be maintained for minimum tPW_RESET_L, and TEN for minimum 700us under this voltage level.
CKEis pulled LOW anytime before RESET is being deasserted (MIN time 10ns). The power voltage ramp time between 300mV to
VDD, min must be no greater than 200ms, and, during the ramp, VDD must be greater than or equal to VDDQ and (VDD - VDDQ)
< 0.3V. VPP must ramp at the same time or earlier than VDD, and VPP must be equal to or higher than VDD at all times.

During power-up, either of the following conditions may exist and must be met:
» Condition A
— VDD and VDDQ are driven from a single-power converter output.
—The voltage levels on all balls other than VDD, VDDQ, VSS and VSSQ must be less than or equal to VDDQ, and VDD on
one side and must be greater than or equal to VSSQ and VSSon the other side.
—VTTislimited to 0.76V MAXwhen the power ramp is complete.
— VREFCA tracks VDD/ 2.
+ Condition B
— Apply VDD without any slope reversal before or at the same time as VDDQ.
— Apply VDDQ without any slope reversal before or at the same time as VTT and VREFCA.
— Apply VPP without any slope reversal before or at the same time as VDD.
—The voltage levels on all pins other than VPP, VDD, VDDQ, VSS and VSSQ must be less than or equal to VDDQ and VDD
on one side and must be larger than or equal to VS3Q and VSSon the other side.

2) After RESETisde-asserted, wait for another 500us until CKE becomes active.
During this time, the DRAM will start internal state initialization; this will be done independently of external clocks.
Areasonable attempt was made in the design to have the DRAM power up with the following default MR settings
(Refer to the table: default MR settings for power-up and reset initialization).

3) Cocks (CK, CK) need to be started and stabilized for at least 10ns or 5 tCK Clocks (CK, CK) need to be started and
stabilized for at least 10ns or 5 tCK (whichever islarger) before CKE goes active. Because CKEis a synchronous
signal, the corresponding setup time to clock (t1S) must be met. Also, a DESHLECT command must be registered
(with tISsetup time to clock) at clock edge Td. After the CKEis registered HIGH after RESET, CKE needs to be
continuously registered HIGH until the initialization sequence is finished, including expiration of tDLLK and tZQINIT.

4) The DDR4 SDRAM keepsits ODT in High-Z state aslong as RESET is asserted. Further, the SDRAM keepsits ODT in

High-Z state after RESET de-assertion until CKE is registered HIGH. The ODT input signal may be in an undefined
state until tISbefore CKEis registered HIGH. When CKE s registered HIGH, the ODT input signal may be statically
held at either LOW or HIGH. If RTT_NOM isto be enabled in MR1, the ODT input signal must be statically held LOW.
In all cases, the ODT input signal remains static until the power-up initialization sequence is finished, including the
expiration of tDLLK and tZQINIT.
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5)

to load mode register (tXPR = MAX (tXS 5 x tCK).

6)

o N

9)

Issue MRS command to load MR3 with all application settings, wait tMRD.
) Issue MRS command to load MR6 with all application settings, wait tMRD.
) Issue MRS command to load MR5 with all application settings, wait tMRD.
Issue MRS command to load MR4 with all application settings, wait tMRD.

10) Issue MRS command to load MR2 with all application settings, wait tMRD.

11) Issue MRS command to load MR1 with all application settings, wait tMRD.

12) Issue MRS command to load MRO with all application settings, wait tMOD.
13) Issue a ZQCL command to start ZQ calibration.
14) Wait for tDLLK and tZQINIT to complete.
15) The DDR4 SDRAM will be ready for Read and Write training (include VREF training and Write leveling).

RESET and Initialization Sequence at Power-On Ramping

Ta Tl

b

Tc

CK,W{__‘:‘:’L _,.-_:.'%%ﬁf I W

RERE

Td

tCKSRX

Te

T Tg

After CKE is registered HIGH, wait a minimum of RESET CKE EXIT time, tXPR, before issuing the first MRS command

i@ ( (@ (@ (@ (@ (@ (@
VPP £ 53 )) ) ) ) ) ) ) )
@ (@ (@ (@ (@ (@ (@ (@
Vpp/Vbba _Z:; )) )) )) » » » » »
_tPW_RESET_L P 500 us _
' « « « « « ¢ « «
RESET — gg / )) ) ) ) ) ) ) )
(( <—>|10 ns I‘ tis
tXPR“ tMRD tMRD tMRD tmoD
|. tis ——— IDLLK  ———p~]
o e ) X a e Yg s R e )G s Y oo
e 7 T T R T v ) o @%@6@%@@@’%@’
tis
oDT J__::%%::"r jf?ﬁ .-".ﬂ:.% \g Static LOYY in case RTTﬁN(AJJm is eanbled at Ei:ne Tg, otherwis‘e)stali(: HIGH or HOW
(@ (@ (@ (@ (@ (@ @ (@ (@
DRAMATT ) ) ) D) ) ) ) ) )

NOTE1
NOTE 2
NOTE 3

MR1 prior to RESET DLLin MRO, for example).

NOTE 4

TEN is not shown; however, it is assumed to be held LOW.

MRS commands must be issued to all mode registers that have defined settings.

gg TIME BREAK

From the time point Td until Tk, a DEScommand must be applied between MRSand ZQCL commands.

=] DON'T CARE

In general, there is no specific sequence for setting the MRSlocations (except for dependent or co-related features, such as ENABLE DLL in
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VDD Slew Rate

Symbol Min Max Units NOTE
VDD _sl 0.004 600 V/ms 1,2
VDD _on 200 ms 3

NOTE1 Measurement made between 300mV and 80% VDD (minimum level).
NOTE2 The DCbandwidth islimited to 20MHz
NOTE3 Maximum time to ramp VDD from 300 mV to VDD minimum.
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RESET Initialization with Stable Power Sequence

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

1. Assert RESET below 0.2 x VDD any time when reset is needed (all other inputs may be undefined). RESET needs to
be maintained for minimum tPW_RESET_S. CKEis pulled LOW before RESET is de-asserted (MIN time 10ns).

2. Follow Seps2to 10 in the Reset and Initialization Sequence at Power-on Ramping procedure.

When the reset sequence is complete, the DDR4 SDRAM is ready for normal operation.

RESET Procedure at Power Stable Condition

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
I ; I r ; ro- r ' 1= ! ' = / ' - 1 ' - r ' 1= / ' ! = ! ' U / '
CKSRX
VPP (G (@ ( (@ (@ (@ (@ (d (@
) ) ) ) ) ) ) ) B
Voo ——; S( § 5 TS5
_ (PW_RESET|S _|_ 500 us -
(@ (@ « (@ « (@ (@ (@
= A / ) ) ) ) ) ) )
P)
¢ e e ¢ ( (@ « « (
o J [ || || @
)
_ XpR f_ tMRD | WMRD | tvRD [ MOD | tzain .
l-r s . IbLLK o
S D G D O G I
swen 7 T T W@CP@ T,
OoDT }_ﬁ%::"f }_;:E_':f;"’f ;‘{g@( Static LOW in case RTT NDT is eanbled at tlme Tg, otherwise statlc HIGH or LO’W & m‘?
| | | | | | | |
PRAVLATT 5 5 ) 5 % 55 % 55 5

i ,
S TIME BREAK ..-E, DON'T CARE

NOTE1 From the time point Td until Tk, a DEScommand must be applied between MRSand ZQCL commands.

NOTE2 MRScommands must be issued to all mode registers that have defined settings.

NOTE3 In general, there is no specific sequence for setting the MRSlocations (except for dependent or co-related features, such as ENABLEDLL in
MR prior to RESET DLLin MRO,for example).

NOTE4 TENisnot shown; however, it isassumed to be held LOW.
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PROGRAMMING MODE REGISTERS

Mode Register Set (MRS)

MRS

Descriptions

Purpose

For application flexibility, various functions, features, and modes.

Range

Seven Mode Registers. They are divided into various fields depending on functionality and modes.

Regulations

1. Asthe default values of the Mode Registers (MRn) are not defined, contents of Mode Registers
must be fully initialized and/ or re-initialized, i.e., written, after power up and/or reset for proper
operation, as user defined variables and they must be programmed.

2. MRScommand and DLL Reset do not affect array contents, which mean these commands can be
executed any time after power-up without affecting the array contents.

3. When programming the mode registers, even if the user chooses to modify only a sub-set of the
MRS fields, all address fields within the accessed mode register must be redefined when the MRS
command isissued.

4. The contents of the Mode Registers can be altered by re-executing the MRScommand during
normal operation aslong asthe DRAM isin idle state, i.e., all banks are in the precharged state
with tRP satisfied, all data bursts are completed and CKE s high prior to writing into the mode
register. If the RTT_NOM Feature is enabled in the Mode Register prior and/or after an MRS
Command, the ODT Sgnal must continuously be registered LOW ensuring RTT isin an off Sate
prior to the MRScommand. The ODT Sgnal may be registered high after tMOD has expired. If the
RTT_NOM feature isdisabled in the Mode Register prior and after an MRScommand, the ODT
signal can be registered either LOW or HIGH before, during and after the MRScommand.

5. The mode register set command cycle time, tMRD isrequired to complete the write operation to

the mode register and is the minimum time required between two MRScommands.

6. The most MRScommand to Non-MRScommand delay, tMOD, is required for the DRAM to update
the features, and is the minimum time required from an MRScommand to a non-MRScommand
excluding DES

7.Some of the Mode Register settings affect address/command/control input functionality. In these
cases, function updating takes longer than tM OD so the next MRScommand only can be allowed
when the function updating by current MRScommand completed. These MRScommands do not
apply tMRD timing to next MRScommand. These MRScommand input cases have unique a MR
setting procedure, so refer to individual function description:
* Gear-down mode
* Per DRAM Addressability
* Max Power Saving Mode
» CSto Command/Address Latency
* CA Parity Latency Mode
* VrefDQtraining Value
* VrefDQ Training mode
* VrefDQ training Range
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tMRD Timing

CKE

msu:inn
|

NOTE1 Thistiming diagram depicts C/ A Parity Mode "Disabled" case.

NOTE2 tMRD appliesto all MRScommands with the following exceptions:
* Geardown Mode
* C/AParity Mode
* CALMode

* Per DRAM addressability Mode
* VrefDQtraining value, VreDQ training mode, and VrefDQ Training Range

Settings

tMOD Timing
The MRScommand to nonMRScommand delay, tMOD, is required for the DRAM to update features, except DLL RESET,

and isthe minimum time required from an MRScommand to a nonMRScommand, excluding DES
TO T1

e ey

(Y Y |

CK_t - ! ihi | m
mﬂ' nEs‘(nss"‘ m‘{
_ |

-+

(- - [

—

tMoD

mu).( vaia I e (B Cvana B e

Address {wu).{ Vahd

CKE

| [ | | [ )
Settings | ﬂ“!ﬂwb | Updating Setting i H

NOTE1 Thistiming diagram depicts C/ A Parity Mode "Disabled" case.

NOTE2 tMOD appliesto all MRScommands with the following exceptions:
* DLL Enable
® Geardown Mode

CA Parity Mode

Maximum Power Savings Mode

Per DRAM addressability Mode
VrefDQ training value, internal Vref monitor, VreDQ training mode, and VrefDQ Training Range
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MRS Overview

Details of the Mode Register Settings are described in the following pages.

A13 A12 Al | a0 [ ae A8 A7 A6 A5 M A3 A2 Al A0
MRO DLL

RFU a WR& RTP ot ™ a BT a BL
VIR A13 Al2 Al a0 | A A8 A7 A6 A5 Mo | m P A0

RFU Qoff ™aS RTT_NOM Wiev RFU AL opl DLL
ViR A13 Af2 Al a0 | A A8 A7 A6 A5 Mo | m e | A [ m

RFU Write CRC RTT_WR RFU LPASR OWNL RFU

A13 A12 A1 Ao | e A8 A7 A6 A5 M A3 A2 A | a
MR3 : ) MPR

RFU MPR Read Format Write QVID Latency Fine Granularity Refresh Mode TS PDA Geardown @yzEREn MPR Page Selection

A13 Af2 Al A10 A9 i | a | A5 A A3 A2 Al A0
MR4 tRPRE o

RFU tWPRE tRPRE i SRF abort CSto QVID/ ADDR Latency Mode sPPR Internal Vref TCRM TCRR MPS RFU

A13 A2 Al A10 A9 B | | A5 A " 2 | A [ m
MR5 ) ODT IB for )

RFU RDBI WDBI DM CAP Persist RTT_Park m CAP Error CRCerror CAP Parity Latency

A13 Al2 Al A10 e | e A7 A6 s | om [ m [ e [ m |
MR6 VrefDQ VrefDQ -

RFU tQD_L RFU Training Range VrefDQ Training Value

A13 A12 Al A0 R | s A7 A6 s | o | s | e [ oA [
MRz RFU
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Mode Register 0 (MRO)

BG1 |BGO |BA1 | BAO TSG/ ‘i\AfS/ ﬁfi A3 | A12 [ A11 | A10 | A9 | A8 | A7 | A6 | AS A4 | A3 | A2 |Al|A0
R MR Select RRU! RFU'| oL®| WR&RTP* ™' a’ a®| BL
| |
BGO | BA1 | BAO | MR Select A1l | A10 | A9 | WR lR'I'P A8 DLlL Reset BT
0 0 0 MRO 0 0 0 10 5 0 NO 0 | Sequential
0 0 1 MR1 0 0 1 12 6 1 YES 1 Interleave
0 1 0 MR2 0 1 0 14 7 v <3
0 1 1 MR3 0 1 1 16 8 CAS Al | AO BL
1 0 0 MR4 1 0 o |18 ] 9 Al2)| A6 | A5 [ A4 Latency ofo 8 (Fixed)
1 0 1 MR5 1 0 1 20 | 10 0 00 0 0 9° 0 | 1 | BC4or8(onthefly)
1 1 0 MR6 1 1 0 24 12 0 0 0 0 1 10 1 0 BCA (Fixed)
1 1 1 DNU? 1 1 1 | RFU | RFU 0o, 0 0 1 0 11° 101 RFU
0 00 1 1 12
oo/ 1,0 0 13°
0 0 1 0 1 14
o 0|11 0 15°
0 0 1 1 1 16
0 1 0 0 0 18
0 1 0 0 1 20
0 1 0 1 0 22
0 1 0 1 1 24
o 1,10 0 23°
o 1|10 1 17°
o 1|1 1 0 19°
o1 1 1 1 21°
1 00 0 0 RFU
1 00 0 1 26
1 00 1 0 RFU
1 00 1 1 28
1o/ 1,00 29°
1 0 1 0 1 30
10 1 1 0 31°
1 0 1 1 1 32
1 1 X X X RFU
NOTE1 Please refer to addressing table. If the addressis available, it must be programmed to 0 during MRS
NOTE2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA[1:0]=111 and doesn’t respond.
NOTE 3 WR (write recovery for autoprecharge)min in clock cycles is calculated by dividing tWR(in ns) by tCK(in ns) and rounding up to the next
integer:WRmin[cycles] = Roundup(tWR[ns] / tCK[ns]). The WRvalue in the mode register must be programmed to be equal or larger than
WRmin. The programmed WRvalue is used with tRP to determine tDAL
NOTE 4 The table shows the encodings for Write Recovery and internal Read command to Precharge command delay. For actual Write recovery
timing, please refer to ACtiming table.
NOTE 5 The table only shows the encodings for a given Cas Latency. For actual supported Cas Latency, please refer to speedbin tables for each
frequency.
NOTE6 Not allowed when Ysrate gear-down mode is enabled.
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Burst Length, Type, and Order

Accesses within a given burst may be programmed to sequential or interleaved order. The ordering of accesses within a
burst isdetermined by the burst length, burst type, and the starting column address as shown in the following Burst
Type and Burst Order table. Burst length optionsinclude fixed BC4, fixed BL8, and on-the-fly (OTF), which allows BC4 or
BLS to be selected coincident with the registration of a READ or WRITE command via A12/ BC.

Sarting Burst Type (Decimal)

LIZLrj]r;th \I?VES?E AOgldurr:Sns Sequential Interleaved Notes
A2 |A1 |AO0 |BO|B1|B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7
ojlofofjol|t1 |2 |3t |T|T|T)Oo|t|2|83)T|T|T]|T™T 1,3
ojo |t fjt1|2|3|o|T|T|T|T)1|o|3|2)T|T|T|T]| 123
ot |of2 (3o |1t |T|T|T)2 |83 |0 |1t|T|T|T|T]| 123

oo Lol lofjt |2t |T|T|T|3|2|t1|of)T|T|T|T]| 123
tlojol4|s5|6|7|T|T|T|T]4|5|6|7|T|T|[T|T| 123

8ot 1o |1 |56 |7 |4|T|T|T|T|5|4|7|6]T|T|[T|T| 123
1|1 |o]le6|7|4|5|T|T|T|T|6|7|[4|5]T|T|[T|T| 123
11|17 |4 |5|6|T|T|T|T|7|6 |54 T|T|[T|T]| 123

— Vviv]o|t ]2 |3 x|x|x|xJo|1]2|38]x|x]|x]|x]| 1245
1t lv|iv]4a|5|6 |7 x| x|X|x]4]|5|6]|7]X]|Xx|X]|X]| 1245
o|loflofjo|1]|2|3|4|5|6|7|0|1]|2|3|4|5]|6]|7 2
o|lo |1 |1 |2|3|0o|5|6|7|4|1|0|3|2|5|4]|7]|6 2
o|t1|ofj2|3|o|1|6|7|4|5|2|3|0|1]|6|7]|4]|5 2

READ o|t1|1|3|o|1|2|7|4|5|6|3|2|1|0|7|6]|5]|4 2

BLS tlo|o]l4|5|6|7|0|1|2|3|]4|5|6|7|0|1]|2]3 2
tlo|1]5|6|7|4|1]|2|3|0|5|4|7|6|1]|0]|3]2 2
t|1]|o]le6e|7|4|5|2|3|0o|1]6|7|4]|5|2]3|0]1 2
1|1 |1]7]|4|5|6|3|0|1|2]7|6|5|4|3|2|1]0 2

WRTE |V |V | v|fo|1|2|3|4|5|6|7|0|1]|2|3|4|5]|6]|7 2,4

NOTE1 In the case of setting burst length to BC4 (fixed) in MRO, the internal WRITE operation starts two clock cycles earlier than for the
BL8 mode. This meansthat the starting point for tWRand tWTRwill be pulled in by two clocks. In the case of setting burst
length to on-the-fly in MRO, the internal WRITE operation starts at the same point in time as a BL8 (even if BC4 was selected
during column time using A12 BC4). This means that if the on-the-fly M R0 setting is used, the starting point for tWRand
tWTRwill not be pulled in by two clocks as described in the BC4 (fixed) case.

NOTE2 Bit number(B0..B7) isthe value of CA[2:0] that causes this bit to be the first READ during a burst.
NOTE3 T=_COutput driver for data and strobes are in High-Z

NOTE4 V= Valid logic level (0 or 1), but respective buffer input ignores level on input pins.

NOTE5 X=“Don’t Care”

CAS Latency (CL)

The CASlatency setting is defined in the MRO Register Definition table. CASlatency is the delay, in clock cycles, between
the internal READ command and the availability of the first bit of output data. DDR4 SDRAM does not support any
half-clock latencies. The overall read latency (RL) is defined as additive latency (AL) + CASlatency (CL); RL = AL + CL.
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Test Mode

The normal operating mode is selected by MRO[7] and all other bits set to the desired values shown in the MRO Register
Definition table. Programming MR0[7] to a 1 places the DDR4 SDRAM into a DRAM manufacturer defined test mode
that isto be used only by the DRAM manufacturer; and should not be used by the end user. No operations or
functionality is specified if MRO[7] = 1.

Write Recovery/Read to Precharge

The programmed WRvalue MR0[11:9] is used for the auto precharge feature along with tRPto determine tDAL WR
(write recovery for auto precharge) MIN in clock cyclesis calculated by dividing tWR (in ns) by tCK (in ns) and rounding
up to the next integer:

WRmin[cycles] = roundup (tWR[ns]/tCK[ns])

The WRmust be programmed to be equal to or larger than tWR(MIN). When both DM and Write CRCare enabled in
the DRAM mode register, the DRAM calculates CRCbefore sending the write data into the array; tWRvalues will change
when enabled. If there isa CRCerror, the DRAM blocks the write operation and discards the data.

RTP (internal READ command to PRECHARGE command delay for auto precharge) min in clock cycles is calculated by
dividing tRTP (in ns) by tCK (in ns) and rounding up to the next integer:
RTPmin[cycles] = roundup (tRTP[ns]/tCK[ns])

The RTP value in the mode register must be programmed to be equal or larger than RTPmin. The programmed RTP

value is used with tRPto determine the act timing to the same bank.

DLL Reset

The DLL reset bit is self-clearing, meaning that it returns back to the value of 0 after the DLL reset function has been
issued. After the DLL is enabled, a subsequent DLL RESET should be applied. Any time that the DLL reset function is used,
tDLLK must be met before any functionsthat require the DLL can be used (for example, READ commands or ODT
synchronous operations).
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Mode Register 1 (MR1)

‘ BG1 | BGO | BA1 | BAO ﬁ/ ﬁ/ Ti A13 | A12 | A1l A10 |A9 | A8 A7 | A6 |A5|A4 | A3 | A2 | A1 | AO
| U |  MRSelect RFU' RFU'| Qoff? |TDQS ~ RTT.NOM | Wiev | RFU' | AL obl |pLL
A12 oof-r(Data{'utput disable) A1 TDQS A7 | Write Leveling A2 | A1 oDl
0 |Enabled(normal operation) 0 Disabled 0 Disabled 0 0 |RzZQY7(34 ohm)
1 |Disabled(both ODI & RTT) 1 Enabled 1 Enabled 0 1 [RZQ/5(48 ohm)
110 RFU
11 RFU
v
BGO | BA1 | BAO | MR Select A10 | A9 | A8 RTT_NOM A4 A3 AL A0 DLL
0 0 0 MRO 0 0 0 Disabled 0 0 Disabled 0 | Disabled®
0 0 1 MR1 0 0 1 RZQ/4 (60 Q) 0 1 c-1° 1 | Enabled
0 1 0 MR2 0 1 0 RZQ/2 (120 Q) 1 0 o2
0 1 1 MR3 0 1 1 RZQ/6 (40 Q) 1 1 RFU
1 0 0 MR4 1 0 0 RZQ/1 (240 Q)
1 0 1 MRS 1 0 1 RZQY5 (48 Q)
1 1 0 MR6 1 1 0 RZQ/3 (80 Q)
1 1 1 DNU* 1 1 1 RZQ/7 (34 Q)

NOTE1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

NOTE2 Outputsdisabled - DQs, DQSs, DQSs.

NOTE3 Satesreversed to “0 as Disable” with respect to DDR4.

NOTE 4 Reserved for Register control word setting. DRAM ignores MR command with BG0,BA[1:0]=111 and doesn’t respond.
NOTES5 Not allowed when 14 rate geardown mode is enabled.
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DLL Enable/DLL Disable

The DLL must be enabled for normal operation and is required during power-up initialization and upon returning to
normal operation after having the DLL disabled. During normal operation, (DLL-enabled) with MR1[0], the DLL is
automatically disabled when entering the SELF REFRESH operation and is automatically re-enabled upon exit of the SELF
REFRESH operation. Any time the DLL is enabled and subsequently reset, tDLLK clock cycles must occur before a READ
or SYNCHRONOUSODT command can be issued to allow time for the internal clock to be synchronized with the

external clock. Failing to wait for synchronization to occur may result in a violation of the tDQSCK, tAON, or tAOF

parameters.

During tDLLK, CKE must continuously be registered HIGH. DDR4 SDRAM does not require DLL for any WRITE operation,
except when RTT_WRis enabled and the DLL is required for proper ODT operation.

The direct ODT feature is not supported during DLL-off mode. The ODT resistors must be disabled by continuously
registering the ODT pin LOW and/or by programming the RTT_NOM bits MR1[9,6,2] = 000 via a MODE REGISTER SET

command during DLL-off mode.

The dynamic ODT feature is not supported in DLL-off mode; to disable dynamic ODT externally, use the MRScommand
to set RTT_WR, MR2[10:9] = 00.

Output Driver Impedance Control

The output driver impedance of the DDR4 SDRAM device is selected by MR1[2,1].

ODT RTT_NOM Values

DDR4 SDRAM is capable of providing three different termination values: RTT_Satic, RTT_NOM, and RTT_WR. The
nominal termination value, RTT_NOM, is programmed in MR1. A separate value (RTT_WR) may be programmed in MR2
to enable a unique RTT value when ODT is enabled during WRITEs. The RTT_WRvalue can be applied during WRITEs
even when RTT_NOM isdisabled. A third RTT value, RTT_Static, is programed in MR5. RTT_Satic provides a termination
value when the ODT signal is LOW.

Additive Latency (AL)

The additive latency (AL) operation is supported to make command and data bus efficient for sustainable bandwidthsin
DDR4 SDRAM. In this operation, the DDR4 SDRAM allows a READ or WRITEcommand (either with or without AUTO
PRECHARGE) to be issued immediately after the ACTIVE command. The command is held for the time of ALbefore it is
issued inside the device. The read latency (RL) is controlled by the sum of the ALand CASlatency (CL) register settings.
Write latency (WL) is controlled by the sum of the ALand CASwrite latency (CWL) register settings for x8 only.
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Write Leveling

For better signal integrity, DDR4 memory modules use fly-by topology for the commands,addresses, control signals, and
clocks. Fly-by topology has the benefit of reducing the number of stubs and their length, but it also causes flight-time
skew between clock and strobe at every DRAM on the DIMM. This makesiit difficult for the controller to maintain tDQSS
tDSS and tDSH specifications. Therefore, the DDR4 SDRAM supports a write-leveling feature, which allows the

controller to compensate for skew.

Output Disable

The DDR4 SDRAM outputs may be enabled/disabled by MR1[12]. When MR1[12] = 1 is enabled, all output pins (such as
DQ, DQS and DQS) are disconnected from the device, which removes any loading of the output drivers. This feature
may be useful when measuring module power, for example.For normal operation, set MR1[12] = 0.

Termination Data Strobe (TDQS)

Termination data strobe (TDQS) is a feature of x8 DDR4 SDRAM and provides additional termination resistance outputs
that may be useful in some system configurations. Because the TDQSfunction is available only in x8 DDR4 SDRAM, it
must be disabled for x16 configuration. TDQSis not supported in x16 configuration. When enabled via the mode
register, the same termination resistance function that is applied to the TDQSand TDQS pinsis applied to the

DQSand DQS pins.

The TDQS DBI, and data mask functions share the same pin. When the TDQSfunction is enabled via the mode register,
the data mask and DBI functions are not supported. When the TDQSfunction is disabled, the data mask and DBI
functions can be enabled separately. Read DBI is not supported for any condition.

TDQS Data Mask (DM) WRITE DBI READ DBI
Enabled Disabled Disabled
Disabled Disabled Enabled Disabled
Disabled Disabled Disabled
Enabled Disabled Disabled Disabled
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Mode Register 2 (MR2)

RAS/ | CAS/ | WE/
BG1 | BGO | BA1 | BAO a6 | at5 | At4 A13  A12 A1l | AIO | A9 | AB A7 A6 Ad A3 A2 Al A0
U MR Select RRU' REU' Vgtce RTT WR RU' | LPASR owL REU'
|
v v
BGO | BA1 | BAO | MR Select A11 | A10 | A9 RTT_WR
0 0 0 MRO 0 o o |DisabledWRTEdoes
0 0 1 MR1 not affect RTTvalue)
0 1 0 MR2 0 0 1 RzQ/2 (120 Q)
0 1 1 MR3 0 1 0 RZQ/1 (240 Q)
1 0 0 MR4 0 1 1 Hi-Z
1 0 1 MR5 A12  Write CRC 1 0 0 RzQ/3 (80 Q)
1 1 0 MR6 0 Disabled 1 0 1 RFU
1 1 1 DNU? 1 Enabled 1 1 0 RFU
1 1 1 RFU
v
A7 | A8 Low-power auto self refresh (LPASR) ® <3
0 0 |Manual Mode-Normal Operating Temperature Range(TC: -40°C-85°C) Speed Grade in MT/ s
0 1 Manual Mode- Reduced Operating Temperature Range(TC: -40°C45°C) A5 A4 COWL | 1tCKtWPRE 2tCKtWPRE
1 0 | Manual Mode- Btended Operating Temperature Range(TC: -40°C-105°C) 1st Set |2nd Set | 1st Set | 2nd Set
1 1 ASRmode - Automatically switchingamongall modes 0 0 9 1600 - -
0 0 10 1866 - -
0 1 11 2133 | 1600 =
0 1 12 2400 | 1866 -
1 0 14 2666 | 2133 | 2400 =
2933/
1 0 16 3200 2400 | 2666 | 2400
_ 2933/
1 1 18 2666 3200 2666
2933/ 2933/
! ! 201 - |3200 | " | 3200
NOTE1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS
NOTE2 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA[1:0]=111 and doesn’t respond.
NOTE 3  Please refer to Component Operating Temperature Range for permitted temperature range for Self-Refresh command.
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CAS Write Latency (CWL)

CASwrite latency (CWL) is defined by MR2[5:3] as shown in the MR2 Register Definition table. CWLis the delay, in clock
cycles, between the internal WRITEcommand and the availability of the first bit of input data. DDR4 SDRAM does not
support any half-clock latencies. The overall write latency (WL) is defined as additive latency (AL) + CASwrite latency
(CWLD); WL = AL + CWL.

Low-Power Auto Self Refresh (LPASR)

Low-power auto self refresh (LPASR) is supported in DDR4 SDRAM. Applications requiring SELF REFRESH operation over
different temperature ranges can use this feature to optimize the IDD6 current for a given temperature range as
specified in the MR2 Register Definition table.

Dynamic ODT (RTT_WR)

In certain applications and to further enhance signal integrity on the databus, it is desirable to change the termination
strength of the DDR4 SDRAM without issuing an MRScommand. Configure the Dynamic ODT settingsin MR2[11:9]. In
write-leveling mode, only RTT_NOM is available.

Write Cyclic Redundancy Check (CRC) Data Bus

The Write cyclic redundancy check (CRC) data bus feature during Writes has been added to DDR4 SDRAM. When
enabled via the mode register, the data transfer size goes from the normal 8-bit (BL8) frame to a larger 10-bit Ul frame,
and the extra 2UIs are used for the CRCinformation.
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Mode Register 3 (MR3)

BG1 | BGO | BA1 | BAO R:fs/ 0:135/ VX% A3 | A2 | A1 | A0 | A9 A8 A7 A6 | A5 | A | A3 | A2 | A1 | AO
| o [ | e | e | s [ o o (W] e
| L L | |
l l _r v
iz | arr | Ve S M| | srecion
0 0 Serial 0 Disabled Disabled 0 0 Page 0
0 1 Parallel 1 Enabled % | (Normal Operation) 0 1 Page 1
1 0 Staggered 1 Enabled 1 0 Page 2
1 1 RFU 1 1 Page 3
v v v
A10 | A9 |Write QVID Latency Speed Bin A3 | Geardown A2 MPR Operation
0 4nK 1600 and lower 0 1/2rate 0 Normal Operation
0 1 5nK 1866/2133/2400/ 2666 1 1/4 rate 1 Data flow from MPR
1 0 6nCK 2933/3200
1 1 RFU RFU
v v
BGO | BA1 | BAO | MR Select A8 A7 A6 Fine Granularity Refresh
0 0 0 MRO 0 0 0 Normal (Fixed 1x)
0 0 1 MR1 0 0 1 Fixed 2x
0 1 0 MR2 0 1 0 Fixed 4x
0 1 1 MR3 0 1 1 RFU
1 0 0 MR4 1 0 0 RFU
1 0 1 MR5 1 0 1 On-the-fly 1x/2x
1 1 0 MR6 1 1 0 On-the-fly 1x/4x
1 1 1 DNU? 1 1 1 RFU

NOTE1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS
NOTE2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA[1:0]=111 and doesn’t respond.
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WRITE CMD latency when CRC/DM enabled

The Write Command Latency (WCL) must be set when both Write CRCand DM are enabled for Write CRCpersistent
mode. This providesthe extra time required when completing a Write burst when Write CRCand DM are enabled.

Fine Granularity Refresh Mode

This mode had been added to DDR4 to help combat the performance penalty due to refresh lockout at high densities.
Shortening tRFCand increasing cycle time allows more accesses to the chip and can produce higher bandwidth.

Temp Sensor Status

This mode directs the DRAM to update the temperature sensor status at MPR Page 2, MPRO [4,3]. The temperature
sensor setting should be updated within 32ms; at the time of MPRRead of the Temperature Sensor Satusbits, the
temperature sensor status should be no older than 32ms.

Per-DRAM Addressability

The MRScommand mask allows programmability of a given device that may be in the same rank (devices sharing the
same command and address signals). As an example, thisfeature can be used to program different ODT or VREF values
on DRAM devices within a given rank.

Gear-down Mode

The DDR4 SDRAM defaultsin half-rate (1N) clock mode and utilizes alow frequency MRScommand followed by a sync
pulse to align the proper clock edge for operating the control lines CS, CKE, and ODT when in quarter-rate (2N) mode.
For operation in half-rate mode, no MRScommand or sync pulse is required.
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Mode Register 4 (MR4)

RAS/ |CAS/ | WE/
BG1 BGO’ BA1 | BAO Al6 | A15 | Ata A13 | A12 | A1 A10 A9 A8 A7 | A6 A5 A4 A3 A2 Al A0
RAU' MR Select RAU! aru' [ twire |tReRE tBPBE SRF | CStoQVID/ADDR <PPR Internal T | TR MPS REU!
training | abort Latency Mode Vref
I v I v
A12 tWPRE A10 AEAD A5 SPPR Af  |Maximum power
preamble savings mode
0 |inKtoggle® 0 Disabled 0 Disabled 0 Normal
1 |2nCKtoggle* 1 Enabled 1 Enabled 1 Enabled
v I v
A1 | tRPRE ng | Selfrefresh A4 | Internal VREFmonitor e | TEUFEERCEEEEIE
abort mode refresh range
0 |inCKtoggle® 0 Disabled 0 Disabled 0 |Normal temperature mode
1 | 2nCKtoggle 1 Enabled 1 Enabled 1 Extended temperature
v v v
BGO | BA1 | BAO | MRSelect A8 A7 A6 CAL A3 Temperature controlled
fresh
ol oo MRO 0o | o | o | Disabled Lefteshimous
0 Disabled
0 0 1 MR1 0 0 1 3
1 Enabled
0 1 0 MR2 0 1 0 4
0 1 1 MR3 0 1 1 5
1 0 0 MR4 1 0 0 6
1 0 1 MRS 1 0 1 8
1 1 0 MR6 1 1 0 RFU
1 1 1 DNU? 1 1 1 RFU

NOTE1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS
NOTE2 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA[1:0]=111 and doesn’t respond.

NOTE3 Not allowed when 1/4 rate Gear-down mode is enabled.
NOTE4 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting
supported in the applicable tCKrange.
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WRITE Preamble

DDR4 SDRAM introduces a programmable WRITE preamble tWPRE that can either be set to 1tCKor 2 tCKvia the MR3
register. Note the 1tCK setting is similar to DDR3; however, the 2tCK setting is different. When operating in 2tCK Write
Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting supported in

the applicable tCKrange. Check the table of CWL Selection for details.

READ Preamble

DDR4 SDRAM introduces a programmable READ preamble tRPRE that can be set to either 11CKor 2tCKviathe MR3
register. Note that both the 1tCKand 2t CK DDR4 preamble settings are different from what DDR3 SDRAM defined. Both
of these READ preamble settings may require the memory controller to train (or READ-level) its data strobe receivers

using the READ preamble training.

READ Preamble Training
DDR4 supports programmable READ preamble settings (1tCKor 2tCK). This mode can be used by the memory controller

to train or READ level its data strobe receivers.

Temperature-Controlled Refresh (MR4[3] = 1 & MR2[6:7]=11)

When temperature-controlled refresh mode is enabled, the DDR4 SDRAM may adjust the internal refresh period to be
longer than tREF of the normal temperature range by skipping external refresh commands with the proper gear ratio.

For example, the DRAM temperature sensor detected less than 45°C. Normal temperature mode coversthe range of -40°C

to +85°C, while the extended temperature range covers -40°Cto +125°C.

Command Address Latency (CAL)

DDR4 supports the command address latency (CAL) function as a power savings feature. This feature can be enabled or
disabled via the MRSsetting. CAL is defined as the delay in clock cycles (tCAL) between a CSregistered LOW and its
corresponding registered command and address. The value of CAL (in clocks) must be programmed into the mode

register and is based on the roundup (in clocks) of [tCK(ns)/tCAL(ns)].
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Internal Vref Monitor
DDR4 generatesitsown internal VrefDQ. This mode is allowed to be enabled during VrefDQ training and when enabled,

Vref_time-short and Vref_time-long need to be increased by 10nsif DQO, or DQ1, or DQ2, or DQ3 have OpF loading;
and add an additional 15ns per pF of added loading.

Maximum Power Savings Mode

This mode providesthe lowest power mode where data retention is not required. When DDR4 SDRAM isin the
maximum power saving mode, it does not need to guarantee data retention or respond to any external command

(except maximum power saving mode exit command and during the assertion of RESET signal LOW).
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Mode Register 5 (MR5)

BG1 | BGO | BA1 | BAO ﬁ/ ﬁ/ T‘i A13 | A2 | A1 A10 A9 A8 A7 A6 A5 Ad A3 A2 Al A0
RFU' MR Select RFU' RFU' | RDBI| WDBI | DM Pecr‘;; RTT_PARK ?3;'53 e(:; e?:f; CA Parity Latency*
¢ v v
Af2 | READ DBI Af1 | WRTEDBI ps | ODT Input Buffer a3 | ORCETOr
for Power Down Status
0 Disabled 0 Disabled 0 Enabled 0 Qear
1 Enabled 1 Enabled 1 Disabled 1 Error
v ¢ v v
0 0 0 MRO 0 Disabled 0 Disabled 0 Qear
0 0 1 MR1 1 Enabled 1 Enabled 1 Error
0 1 0 MR2
0 1 1 MR3 | |
11 2 :) x: A8 | A7 | As Par:‘;‘igg;;’;‘ e R | Al A0 CL;F: 'ctyy Speed Bin
1 1 0 MR6 0 0 0 Disabled 0 0 0 Disabled
1 1 1 DNU? 0 0 1 RzQy4 (60 Q) 0 0 1 4 1600/ 1866/2133
0 1 0 RzQ/2 (120 Q) 0 1 0 5 2400/ 2666
0 1 1 RZQ/6 (40 Q) 0 1 1 6 2933/3200
1 0 0 RZQ/1 (240 Q) 1 0 0 8 RFU
1 0 1 RzQ/5 (48 Q) 1 0 1 RFU
1 1 0 RzQ/3 (80 Q) 1 1 0 RFU
1 1 1 RZQ/7 (34 Q) 1 1 1 RFU

NOTE1 Please refer to addressing table. If the addressis available, it must be programmed to 0 during MRS

NOTE2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA[1:0]=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.

NOTE3 When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.

NOTE4 Parity latency must be programmed according to timing parameters by speed grade table.

NOTE5 The Read DBI function is not supported for this product. RDBI must be programmed to 0.

Integrated Silicon Solution, Inc. — www.issi.com
Rev. E
02/02/2023



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

Data Bus Inversion (DBI)

Both x8 and x16 options of this device support Data Bus Inversion (DBI) for Write operations, but not Read operations. The
DBI function shares a common pin with the DM and TDQS functions. The DBI function cannot be enabled at the same time
the DM function is enabled. Refer to the TDQS Function Matrix table for valid configurations for all three functions

(TDQS DM/ DBI).

Data Mask (DM)

The data mask (DM) function, also described as a partial write, has been added to DDR4 SDRAM and is supported for x8
and x16 configurations only (x4 is not supported). The DM function shares a common pin with the DBI and TDQS
functions. The DM function applies only to WRITE operations and cannot be enabled at the same time the DBl function
isenabled. Refer to the TDQS Function Matrix table for valid configurations for all three functions (TDQS' DM/ DBI).

CA Parity Persistent Error Mode

Normal CA Parity Mode (CA Parity Persistent Mode disabled) no longer performs CA parity checking while the parity
error status bit remains set at 1. However, with CA Parity Persistent Mode enabled, CA parity checking continuesto be

performed when the parity error statusbit isset toa 1.

ODT Input Buffer for Power Down

Determines whether the ODT input buffer is on or off during Power Down. If the ODT input buffer is configured to be on
(enabled during power down), the ODT input signal must be at a valid logic level. If the input buffer is configured to be
off (disabled during power down), the ODT input signal may be floating and the DRAM does not provide RTT_NOM
termination. The DRAM may, however, provide Rtt_Park termination depending on the MR settings. Thisis primarily for

additional power savings.

CA Parity Error Status

DRAM will set the error statusbit to 1 upon detecting a parity error. The parity error statusbit remains set at 1 until the
DRAM Controller clearsit explicitly using an MRScommand.

CRC Error Status

DRAM will set the error status bit to 1 upon detecting a CRCerror. The CRCerror status bit remains set at 1 until the

DRAM controller clearsit explicitly using an MRScommand.

C/A Parity Latency Mode

CA Parity is enabled when a latency value, dependent on tCK is programmed; this accounts for parity calculation delay
internal to the DRAM. The normal state of CA Parity isto be disabled. If CA parity is enabled, the DRAM hasto ensure
that there are no parity errors before executing the command. CA Parity signal (PAR) covers ACT, RAS, CAS, WE/A14,
and the address bus including bank address and bank group bits. The control signals CKE, ODT and CS are not included
in the parity calculation.
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Mode Register 6 (MR6)

BG1 | BGO | BA1 | BAO RAA;SG/ CAA;/ \Xii A13 A12 Al A10 | A9 [ A8 A7 A6 A5 | A4 A3 | A2 [ A1 [ AO
RAU MR Select RAU! RFU' toD L® RFU' Vref I_DQ ML) VrefDQ Training Value
- Training | Range
y l v 1
BGO | BA1 | BAO | MRSelect A2 | A1l A10 tﬁa'“()m ar| Ve ?agz' . A6 \g:;zg
0 0 0 MRO 0 0 0 4 0 Disabled 0 [Range 1
0 0 1 MR 0 0 1 5 1 Enabled 1 |Range 2
0 1 0 MR2 0 1 0 6
0 1 1 MR3 0 1 1 7
1 0 0 MR4 1 0 0 8 A 4
1 0 1 MR5 1 0 1 RFU
1 1 0 MR6 1 1 0 RFU
1 1 1 DNU? 1 1 1 RFU
y
MR6 Range 1 Range 2 MR6 Range 1 Range 2 MR6 Range 1 Range 2 MR6 Range 1 Range 2
[5:0] | (MRg[6]=0) |(MRe[6]=1)] [5:0] | (MRe[6]=0) [(MRe[6]=1)| [5:0] [ (MRe[6]=0) | (MRe[6]=1) [5:0] (MRg[6]=0) | (MRe[6]=1)
000000 [ 60.00% 45.00% | 001101 68.45% 53.45% |011010| 76.90% 61.90% 100111 85.35% 70.35%
00 0001 60.65% 45.65% (001110 | 69.10% 54.10% |011011| 77.55% 62.55% 10 1000 86.00% 71.00%
000010 | 61.30% 46.30% | 001111 69.75% 54.75% |01 1100| 78.20% 63.20% 101001 86.65% 71.65%
000011 61.95% 46.95% (010000 | 70.40% 55.40% |011101| 78.85% 63.85% 101010 87.30% 72.30%
000100 | 62.60% 47.60% | 010001 71.05% 56.05% |011110| 79.50% 64.50% 101011 87.95% 72.95%
000101 63.25% 48.25% (010010 | 71.70% 56.70% |01 1111| 80.15% 65.15% 101100 88.60% 73.60%
000110 | 63.90% 48.90% | 010011 72.35% 57.35% |100000| 80.80% 65.80% 101101 89.25% 74.25%
000111 64.55% 49.55% |[010100| 73.00% 58.00% |100001| 81.45% 66.45% 101110 89.90% 74.90%
001000 [ 65.20% 50.20% | 01 0101 73.65% 58.65% |100010| 82.10% 67.10% 101111 90.55% 75.55%
00 1001 65.85% 50.85% | 010110 | 74.30% 59.30% |100011| 82.75% 67.75% 11 0000 91.20% 76.20%
001010 | 66.50% 51.50% | 010111 74.95% 59.95% |100100| 83.40% 68.40% 11 0001 91.85% 76.85%
001011 67.15% 52.15% | 011000 | 75.60% 60.60% |100101| 84.05% 69.05% 110010 92.50% 77.50%
001100 67.80% 52.80% | 011001 76.25% 61.25% |100110| 84.70% 69.70% 111 ??1111 1to Reserved Reserved
NOTE1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

NOTE2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA[1:0]=111 and doesn’t respond.

NOTE3

tCCD_L should be programmed according to the value defined in ACparameter table per operating frequency.
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tCCD_L Programming

The DRAM Controller must program the correct tOCD_L value. tCCD_L will be programmed according to the value
defined in the ACparameter table per operating frequency.

VREFDQ Training Enable

VREFDQ Training iswhere the DRAM internally generatesits own VREFDQ used by the DQ input receivers. The DRAM
controller must use a MRSprotocol (adjust up, adjust down, etc.) for setting and calibrating the internal VREFDQ level.
The procedure is a series of Writes and Reads in conjunction with VREFDQ adjustmentsto optimize and verify the data
eye. Enabling VREFDQ Training should be used whenever MR6[6:0] register values are being written to.

VREFDQ Training Range

DDR4 definestwo VREFDQ training ranges - Range 1 and Range 2. Range 1 supports VREFDQ between 60% and 92% of
VDDQ while Range 2 supports VREFDQ between 45% and 77% of VDDQ. Range 1 istargeted for module based designs
and Range 2 is added targeting point-to point designs.

VREFDQ Training Value

Fifty settings provided 0.65% of granularity steps sizes for both Range 1 and Range 2 of VREFDQ.
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Mode Register 7 (MR7)

DRAM MR?7 Ignore

The DDR4 SDRAM shall ignore any access to MR7 for all DDR4 SDRAM.Any bit setting within MR7 may not take any
effect in the DDR4 SDRAM.

RAS/ | CAS/ | WE/
BG! | BGO | BA1 | BAO a6 | a5 | ata A13 | A12 [A11 | A10 | A9 | A8 A7 A6 A5 | A4 | A3 | A2 [ A1 | AO
RAU! MR Select RRU! REU'

BGO | BA1 | BAD | MR Select

0 0 0 MRO

0 0 1 MR

0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 DNU?

NOTE1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS
NOTE2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA1;BA0=111 and doesn’t respond.
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Truth Table

Command Truth Table

Note 1,2,3 and 4 apply to the entire Command truth table.
Note 5 applies to all Read/Write commands.
[BG = Bank group address;BA = Bank address; RA =Row address; CA = Column address; BC= Burst chop; X = Don'’t Care; V = Hor L]

CKE —_ ___ RAS CAS WE
el [FaEdEs Holmien & A5 /F/(Gg /(.:AA185 /\II\V1E 4 [?:(o;] [?3] [2?0] ?% [1;,\1 1] f/:g [9‘:\01 S
MRS  MODEREGISTERSET H H L H L L L | BG BA |V OP code 12
REF REFREH H H|L|H L L H Vv Vv \Y Vv \Y \Y \
SRE elf refresh entry H L L H L L H \ \ \ \ \% \% \ 7.9
H X X X X X X X X X X X
SRX Self refresh exit L H 7,8,9,10
L H H H H Vv Vv Vv Vv \Y \Y \Y
PRE Sngle-bank PRECHARGE H H L H L H L | BG|  BA |V Vv \ L Vv
PREA  PRECHARGEall banks H H|L|H L H L Vv Vv Vv \ \Y H \
RFU  |Reserved for future use H H L H L H | H RFU
ACT  Bank ACTIVATE H H L L PRowAddressRA) BG BA V Row Address(RA)
WR Fixed BL8 or BC4 H H L H H L L | BG|  BA |V Vv \ L | CA
WR$4 |WRTE BC4OTF H H|L|H H L L BG BA |V L \Y L | CA
WRS3 BL8OTF H H L H H L L BG BA |V H V L | CA
WRA |\wRre FxedBBorBc+ H H L H H L L BGBA V V V H CA
WRAS4 |withauto |BCAOTF H H L H H L L | BG BA| V L \ H | CA
WRASS Precharge g goTF H H|L|H H L L BG BA |V H \Y H  CA
RD Fixed BL8 or BC4 H H L H H L H BG BA | V \ \Y L | CA
RDS  |READ BC4OTF H H|L|H H L H BG BA | V L Vv L | CA
RDSB BL8OTF H H L H H L H BG BA | V H \ L | CA
RDA  |geaD Fixed BL8 or BC4 H H|L|H H L H BG BA | V Vv Vv H CA
RDASA  |withauto |BCAOTF H H L H H L H | BG BA| V L \Y H | CA
RDASS |Precharge | goTF H H L H H L H BG| BA V H \% H | CA
NOP  |NO OPERATION H H L H H H H Vv Vv \Y \Y V V Vv 10
DES  |Device DESELECTED H H H X X X X X X X X X X X
L H H H H \ Vv \Y \" \ \ \
PDE | Power-down entry H L
H X X X X X X X X X X X
L H H H H Vv Vv \Y Vv \ \Y Vv
PDX  Power-down exit L H
H X X X X X X X X X X X
ZQCL | ZQ CALIBRATION LONG H H L H H H L X X X X X H X
ZQCS | ZQ CALIBRATION SHORT H H|L|H H H L X X X X X L X

NOTE1 All DDR4 SDRAM commands are defined by states of TS, ACT, RAS/A16, CAS/A15, WE/A14 and CKE at the rising edge of the clock. The MSB
of BG, BA, RA and CA are device density and conuration dependant. When ACT = H; pins RAS/A16, CAS/A15, and WE/A14 are used as
command pins RAS, CAS, and WE respectively. When ACT= L; pins CAS/A15 and WE/A14 are used as address pins A15 and A14,
respectively.

NOTE2 RESET is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.

NOTE3 Bank Group addresses (BG) and Bank addresses (BA) determine which bank within a bank group to be operated upon. For MRScommands
the BG and BA selects the specific Mode Register location.

NOTE4 “V” means“Hor L (but a defined logic level)” and “X’ means either “defined or undefined (like floating) logic level”.

NOTES5 Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BLwill be defined by MRS

NOTE6 The Power Down Mode does not perform any refresh operation.

NOTE7 The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

NOTE8 Controller guarantees self refresh exit to be synchronous.

NOTE9 VPP and VREF(VrefCA) must be maintained during Self Refresh operation.

NOTE10 The No Operation command should be used in cases when the DDR4 SDRAM isin Gear Down Mode and Max Power Saving Mode Exit
NOTE11 Refer to the CKE Truth Table for more detail with CKE transition.
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CKE Truth Table
CKE 3
Current State® previous Cycle' Present Cycle' %T%T‘%’N% Action(N)* Notes
(N-1) (N)
L L X Maintain power down 14,15
Power Down
L H DESELECT Power down exit 11,14
L L X Maintain self refresh 15,16
Self Refresh
L H DESHELECT Self refresh exit 8,12,16
Bank(s) Active H L DESHLECT Active power down entry 11,13, 14
Reading H L DESELECT Power down entry 11,13,14,17
Writing H L DESELECT Power down entry 11,13,14,17
Precharging H L DESHELECT Power down entry 11,183,14,17
Refreshing H L DESHLECT Precharge power down entry 11
H L DESHELECT Precharge power down entry 11,13, 14,18
All banksidle
H L REFREH Self refresh 9,13,18
For more details with all signals See “Command Truth Table”. 10

NOTE1 CKE(N)isthe logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.

NOTE2 Current state is defined as the state of the DDR4 SDRAM immediately prior to clock edge N.

NOTE3 OOMMAND (N) isthe command registered at clock edge N, and ACTION (N) is a result of COMMAND (N),ODT is not included here.

NOTE4 All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

NOTES5 The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.

NOTE6 During any CKE transition (registration of CKEH->L or CKE L->H), the CKE level must be maintained until 1nCK prior to tCKEmin being

satisfied (at which time CKE may transition again).

NOTE7 DESHECT and NOP are defined in the Command Truth Table.

NOTE8 On Self-Refresh Exit DESHLECT commands must be issued on every clock edge occurring during the tXSperiod. Read or ODT commands may

be issued only after tXSDLL is satisfied.

NOTE9 Self-Refresh mode can only be entered from the All Banks Idle state.

NOTE10 Must be alegal command as defined in the Command Truth Table.

NOTE11 Valid commands for Power-Down Entry and Exit are DESELECT only.

NOTE12 Valid commands for Self-Refresh Exit are DESELECT only except for Gear Down mode and Max Power Saving exit. NOP is allowed for these 2
modes.

NOTE13 Self-Refresh can not be entered during Read or Write operations. For a detailed list of restrictions, see “ Self-Refresh Operation” and
“Power-Down Modes’.

NOTE14 The Power-Down does not perform any refresh operations.

NOTE15 “X’ means“don’t care” (including floating around VREF) in Self-Refresh and Power-Down. It also appliesto Address pins.

NOTE16 VPP and VREF(VrefCA) must be maintained during Self-Refresh operation.

NOTE17 If all banks are closed at the conclusion of the read, write or precharge command, then Precharge Power-Down is entered, otherwise Active
Power-Down is entered.

NOTE18 ‘Idle state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKEis high, and all timings from
previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS etc.) as well as all Self-Refresh exit and Power-Down Exit
parameters are satisfied (tXS tXPetc).

NOTE19 Self refresh mode can be entered only from the all banksidle state.

NOTE20 For more details about all signals, see the Command truth table; must be alegal command as defined in the table.
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NOP Command

The NO OPERATION (NOP) command was originally used to instruct the selected DDR4 SDRAM to perform a NOP (CS =
LOW and ACT, RAS/A16,CAS/A15, and WE/ A14 = HIGH). This prevented unwanted commands from being registered
during idle or wait states. The NOP command general support has been removed and should not be used unless
specifically allowed; which is when exiting Max Power Saving Mode or when entering Gear-down Mode.

DESELECT Command

The DESELECT function (CS HIGH) prevents new commands from being executed by the DDR4 SDRAM. The DDR4
SDRAM is effectively deselected. Operations already in progress are not affected.
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DLL On/Off
DLL-Off Mode

DLL-off mode is entered by setting MR1 bit A0 to 0, which will disable the DLL for subsequent operations until the AQ bit
isset back to 1. The MR1 A0 bit for DLL control can be switched either during initialization or during self refresh mode.

Refer to Input Cock Frequency Change for more details.

The maximum clock frequency for DLL-off mode is specified by the parameter tCKDLL _OFF. There isno minimum
frequency limit besidesthe need to satisfy the refresh interval, t REF.

Due to latency counter and timing restrictions, only one CL value in MRO and CWLin MR2 is supported. The DLL-off
mode is only required to support setting both CL=10 and CWL=9.

DLL-off mode will affect the read data clock-to-data strobe relationship (tDQSCK), but not the data strobe-to-data
relationship (tDQSQ, tQH). Spoecial attention is needed to line up read data to the controller time domain.

Compared with DLL-on mode, where tDQSCK starts from the rising clock edge (AL + CL) cycles after the READ command,
the DLL-off mode tDQSCK starts (AL + CL - 1) cycles after the READ command. Another difference isthat tDQSCK may
not be small compared to tCK (it might even be larger than tCK), and the difference between tDQSCKMIN and t DQSCK
MAXis significantly larger than in DLL-on mode. The tDQSCK (DLL_off) values are vendor-specific.

DLL-Off Mode Read Timing Operation

DQSdiff_DLL_on

TO T T6 T7 T8 T9 T10 T11 T12 T13 T14 T15
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CKytr = =1 1r= =~ tr= =1 1r= =~ tr= =1 Ir= = 1r= =~ Ir= =~ 1=~ == r= 1r =~ |
— '
CK 7, - I (] == (] (] | == == - - [l
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CMD RD g T T T T T T T T T T T T T T T T T T T T T i
' T ' ' i ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' i ' ' ' ' ' ' ' ' ' '
ool A S ey
' ' ' | ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' | ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
L L L L A L ,

' ' ' ' '
| | | | RL=AL+CGL=10 (CL=10, AL=0) | | | |
' + CL=i0 ' [ ' ' ' '

;\QAO:XQA 1XQA2XQA3XQA4>'<QA5>'<QA6>'<QA72

DQ_DLL_on ' ' ' ' '

RL (DLL_diff = AL'+ (CL¥1) = 9!
1 1 1 1
T

1

1
1 1 1 1
{DASCK(DLL of) min | X X
1 1 1

| | \ ,
E : QAOXQIA1XQ‘A2XQ}\3XQA4XQ;A5XQ/.A6XQ;‘\7
DOSCKIDLL &ff mdx ' 't

-

DQsdiff_DLL_off

DQ_DLL_off

DQsSdiff_DLL_off

1 1 1 1
Q/;\OXQ:A1XQ:A2><Q;A3><Q/I\4XQ/I\5XQ;AGXQ/;7

e

DQ_DLL_off
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DLL On/Off Switching Procedure

DDR4 DLL-off mode is entered by setting MR1 bit A0 to 1; thiswill disable the DLL for subsequent operations until the

A0 bit is set back to 0. To switch from DLL on to DLL off requires the frequency to be changed during self refresh, as

outlined in the following procedure:

1.

N OO o~ WD

9.

Starting from the idle state (all banks pre-charged, all timings fulfilled, and DRAM on-die termination resistors,
RTT_NOM, must be in the high impedance state before MRSto MR1 to disable the DLL.)

. Set MR1 bit A0 to 1 to disable the DLL.

. Wait tMOD.

. Enter self refresh mode; wait until (tCKSRE) is satisfied.

. Change frequency, following the guidelinesin the Input Clock Frequency Change section.

. Wait until a stable clock is available for at least (tCKSRX) at DRAM inputs.

. Sarting with the SELF REFRESH EXIT command, CKE must continuously be registered HIGH until all tMOD timings

from any MRScommand are satisfied. In addition, if any ODT features were enabled in the mode registers when self
refresh mode was entered, the ODT signal must continuously be registered LOW until all tMOD timings from any MRS
command are satisfied. If RTT_NOM was disabled in the mode registers when self refresh mode was entered, the
ODT signal is"Don't Care."

. Wait tXS _FAST, tXS _ABORT, or tXS, and then set mode registers with appropriate values (an update of CL, CWL, and

WRmay be necessary; a ZQCL command can also be issued after t XS FAST).
*tXS: ACT, PRE, PREA, REF, SRE, PDE, WR, WR#, WRS8, WRA, WRAS4, WRASS, RD, RD, RDS8, RDA, RDAS4, RDAS3
*tXS FAST: ZQCL, ZQCS MRScommands. For MRScommands, only CLand WR/RTP registersin MRO, the CWL

register in MR2, and geardown mode in MR3 are allowed to be accessed provided the device isnot in

per-device addressability mode. Access to other device mode registers must satisfy tXStiming.

*tXS ABORT: If the bit isenabled, then the device aborts any ongoing refresh and does not increment the refresh
counter. The controller can issue a valid command after a delay of tXS _ABORT. Upon exiting from self
refresh, the DDR4 SDRAM requires a minimum of one extra REFRESH command before it is put back
into self refresh mode. Thisrequirement remains the same regardless of the setting of the MRShbit for

self refresh abort.

Wait for tMOD, and then the DRAM is ready for the next command.
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DLL Switch Sequence from DLL On to DLL Off

W Ta ThO Tbi Tc Td Te0 Tel
Cm T wm e
cK — A\ — ad — A — - [ A- -
us | _opoep_| tcksre 4 " " oksRx®
oe T | <@k K4
s tCKESR
or 3 | 25| 2 | s N /ﬁ%
XS ]

R i SRXT
A

Enter Self Refresh Exit Self Refresh

DON’ T CARE SSTIME BREAK

NOTE1 Sartingin the idle state. RTT in stable state.

NOTE2 Disable DLL by setting MR1 bit A0 to 0.

NOTE3 Enter SR

NOTE4 Change frequency.

NOTE5 Clock must be stable t CKSRX.

NOTE6 Exit SR

NOTE7 Update mode registers allowed with DLL_off settings met.
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DLL Off to DLL On Procedure

To switch from DLL off to DLL on (with required frequency change) during self refresh:

1. Sarting from the idle state (all banks pre-charged, all timings fulfilled, and DRAM on-die termination resistors (RTT)
must be in the high impedance state before self refresh mode is entered.)

. Enter self refresh mode; wait until t CKSRE satisfied.
. Change frequency, following the guidelinesin the Input Clock Frequency Change section.

. Wait until a stable clock is available for at least (tCKSRX) at DRAM inputs.

a A~ W N

. Sarting with the SELF REFRESH EXIT command, CKE must continuously be registered HIGH until tDLLK timing from
the subsequent DLL RESET command is satisfied. In addition, if any ODT features were enabled in the mode registers
when self refresh mode was entered, the ODT signal must continuously be registered LOW or HIGH until t DLLK
timings from the subsequent DLL RESET command is satisfied. If RTT_NOM disabled in the mode registers when self
refresh mode was entered, the ODT signal is"Don't Care."

6. Wait tXSor tXS_ABORT, depending on bit x in RMy, then set MR1 bit A0 to 0 to enable the DLL

7. Wait tMRD, then set MR1 bit A8 to 1 to start DLL Reset.

8. Wait tMRD, then set mode registers with appropriate values (an update of CL, CWL, and WRmay be necessary. After
tMOD is satisfied from any proceeding MRScommand, a ZQCL command can also be issued during or after tDLLK))

9. Wait for tMOD, then DRAM is ready for the next command. (Remember to wait tDLLK after DLL RESET before
applying any command requiring a locked DLL.) In addition, wait for tZQoper in case a ZQCL command was issued.
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DLL Switch Sequence from DLL Off to DLL On

TbO Tb1 Tc

W——Ta Ve e —_ =
ox A KO

L
tIS | tCPDED tCKSRF I

CKE ?__WX @@uo VALI VALID
{CKESR )

tIS -
oot | B o | T
) L‘XS_A)&OF{T: ) )
COMMAND =%pES SRF DES ey i SRF° VALID VALID VALI
ADDR ! VALID VALID VALID VALID)
tRP ) h XS tM
P — l———— -
Enter Self Refresh Exit Self Refresh ﬂ DON’ T CARE SS TIME BREAK

NOTE1 Sartingin the idle state.

NOTE2 Enter SR

NOTE3 Change frequency.

NOTE4 Clock must be stable t CKSRX.

NOTE5 Exit SR

NOTE6 Set DLLto on by setting MR1 ro A0 = 0.
NOTE7 Update mode registers.

NOTE8 Issue any valid command.
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Input Clock Frequency Change

After the DDR4 SDRAM isinitialized, the DDR4 SDRAM requires the clock to be stable during almost all states of normal
operation. This means that after the clock frequency has been set and isto be in the stable state, the clock period is not
allowed to deviate except for what is allowed for by the clock jitter and SSC(spread spectrum clocking) specifications.
The input clock frequency can be changed from one stable clock rate to another stable clock rate only when in self
refresh mode. QOutside of self refresh mode, it isillegal to change the clock frequency.

After the DDR4 SDRAM has been successfully placed in self refresh mode and tCKSRE has been satisfied, the state of the
clock becomes a "Don’t Care." Following a "Don’t Care," changing the clock frequency is permissible, provided the new
clock frequency is stable prior to tCKSRX. When entering and exiting self refresh mode for the sole purpose of changing
the clock frequency, the self refresh entry and exit specifications must still be met as outlined in Self-Refresh Operation.
Because DDR4 DLL lock time ranges from 597nCKat 1333MT/sto 1024nCK at 3200M T/ s, additional MRScommands
may need to be issued for the new clock frequency. If DLLis enabled, tDLLK must be programmed according to the
value defined in ACparameter tables, and the DLL must be RESET by an explicit MRScommand (MR0[8]=1) when the
input clock frequency is different before and after self refresh.

The DDR4 SDRAM input clock frequency can change only within the minimum and maximum operating frequency
specified for the particular speed grade. Any frequency change below the minimum operating frequency would require
the use of DLL_on mode to DLL_off mode transition sequence (see DLL On/ Off Switching Procedure).
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Write Leveling

For better signal integrity, the DDR4 memory module adopted fly-by topology for the commands, addresses, control
signals, and clocks. The fly-by topology has benefits from reducing number of stubs and their length, but it also causes
flight time skew between clock and strobe at every DRAM on the DIMM. This makes it difficult for the Controller to
maintain tDQSS tDSS and tDSH specification. Therefore, the DDR4 SDRAM supports a write-leveling feature to allow
the controller to compensate for skew. This feature may not be required under some system conditions, provided the
host can maintain the tDQSS, tDSS and tDSH specifications.

The memory controller can use the write leveling feature and feedback from the DDR4 SDRAM to adjust the DQS- DQS
to CK- CKrelationship. The memory controller involved in the leveling must have an adjustable delay setting on DQS-
DQS to align the rising edge of DQS-DQSwith that of the clock at the DRAM pin. The DRAM asynchronously feeds back
CK-CK, sampled with the rising edge of DQS-DQS, through the DQ bus. The controller repeatedly delays DQS- DQS
until a transition from 0 to 1 is detected. The DQS- DQSdelay established though this exercise would ensure tDQSS
specification. Besides tDQSS, tDSSand tDSH specification also needs to be fulfilled. One way to achieve thisisto
combine the actual tDQSSin the application with an appropriate duty cycle and jitter on the DQS- DQS signals.
Depending on the actual tDQSSin the application, the actual values for tDQS. and tDQSH may have to be better than
the absolute limits provided in the ACTiming Parameters section in order to satisfy tDSSand tDSH specification. A

conceptual timing of this scheme is shown below.

Write-Leveling Concept

TO T1 T2 T3 T4 T5 T6 T7
CK
Source
CK
diff_ DQS
Destination cK
diff_ DQS
All DQs 0or1 \ 0 0 0
Push DQS to capture
0-1 transition
diff_ DQS
All DQs Oor1 1 1 1

DQS- DQSdriven by the controller during leveling mode must be terminated by the DRAM based on the ranks
populated. Smilarly, the DQ bus driven by the DRAM must also be terminated at the controller.

All data bits carry the leveling feedback to the controller across the DRAM configurations x4, x8, and x16. On a x16
device, both byte lanes should be leveled independently. Therefore, a separate feedback mechanism should be
available for each byte lane. The upper data bits should provide the feedback of the upper
diff_DQS(diff_UDQS)-to-clock relationship; the lower data bits would indicate the lower diff_DQSdiff_LDQS)-to-clock

relationship.
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The Figure below is another representative way to view the write leveling procedure. Although it showsthe clock
varying to a static strobe, thisisfor illustrative purpose only; the clock does not actually change phase, the strobe is
what is actually varied. By issuing multiple WL bursts, the DQSstrobe can be varied to capture when the clock edge
arrives at the DRAM clock input buffer fairly accurately.

DRAM Setting for Write Leveling and DRAM Termination Function in that Mode
DRAM entersinto write leveling mode if A7 in MR1 is HIGH, and after finishing leveling, DRAM exits write leveling mode
if A7 in MR1 is LOW (see the MRIleveling table below). Note that in write leveling mode, only DQS DQSterminations are

activated and deactivated via the ODT pin, unlike normal operation (see DRAM termination table below).

MR Settings for Leveling Procedures

Function MR Enable Disable
Write Leveling enable A7 1 0
Qoff (Data output disable) A12 0 1

DRAM Termination Function in Leveling Mode

ODT Pin at DRAM DQS'DQS Termination DQ Termination
RTT_NOM with ODT HIGH On Off
RTT_PARKwith ODT LOW On Off

NOTE1 In write-leveling mode with its output buffer disabled (MR1[bit7] = 1 with MR1[bit12] =1) all RTT_NOM and RTT_PARK settings are
supported; in write-leveling mode with its output buffer enabled (MR1[bit7] = 1 with MR1[bit12] = 0) RTT_NOM and RTT_PARK settings are
supported while RTT_WRi s not allowed.
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Procedure Description

The memory controller initiates the leveling mode of all DRAM by setting bit 7 of MR1 to 1. When entering write
leveling mode, the DQ pins are in undefined driving mode. During write leveling mode, only the DESEHLECT command is
supported, as well asan MRScommand to change the Qoff bit (MR1[A12]) and an MRScommand to exit write leveling
(MR1[A7]). Upon exiting write leveling mode, the MRScommand performing the exit (MR1[A7] = 0) may also change the
other MR1 bits. Because the controller levels one rank at a time, the output of other ranks must be disabled by setting
MR1 bit A12to 1. The controller may assert ODT after tMOD, at which time the DRAM is ready to accept the ODT signal.

The controller may drive DQSLOW and DQS HIGH after a delay of tWLDQSEN, at which time the DRAM has applied
on-die termination on these signals. After tDQS_and tWLMRD, the controller provides a single DQS, DQS edge which is
used by the DRAM to sample CK - CKdriven from the controller. tWLMRD(max) timing is controller dependent.

DRAM samples CK - CK status with the rising edge of DQS- DQS and provides feedback on all the DQ bits
asynchronously after tWLO timing. There is a DQ output uncertainty of tWLOE defined to allow mismatch on DQ bits.
The tWLOE period is defined from the transition of the earliest DQ bit to the corresponding transition of the latest DQ
bit. There are no read strobes (DQS, DQS) needed for these DQs. Controller samples incoming DQ and decidesto
increment or decrement DQS- DQS delay setting and launches the next DQS- DQS pulse after some time, which is
controller dependent. After a 0-to-1 transition is detected, the controller locks the DQS- DQS delay setting, and write
leveling is achieved for the device. The following figure shows the timing diagram and parametersfor the overall write
leveling procedure.

Write-Leveling Sequence

Y
-

O e SO e A

B ENE NGB E @ EBEOE B BEN

e D@ :
_: —— _"L___' F_ z s i 2 ; L ! |
“RA MWV WWWY WY WW W\
I T S o ¥ GRS i G Sl =
- R N U (SR, B,

NOTE1 DDR4 SDRAM drives leveling feedback on all DQs
NOTE2 MRS: Load MR to enter write leveling mode
NOTE3 DES: Deselect

NOTE4 diff DQSisthe differential data strobe (DQS-DQS). Timing reference points are the zero crossings. DQSis shown with solid line, DQS is
shown with dotted line

NOTE5 CK/CK : CKis shown with solid dark line, where as CK is drawn with dotted line.

NOTE6 DQS, DQS needs to fulfill minimum pulse width requirements t DQSH(min) and tDQS(min) as defined for regular Writes; the max pulse
width is system dependent

NOTE7 tMOD(Min) = max(24nCK, 15ns), WL=9 (OWL=9, AL=0, PL=0), DODTLon = WL -2 = 7

NOTE8 tWLDQSEN must be satisfied following equation when using ODT. - tWLDQSEN > tMOD(Min) + ODTLon + tADC: at DLL = Enable - tWLDQSEN
>tMOD(Min) + tAONAS: at DLL = Disable
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Write-Leveling Mode Exit

Write leveling mode should be exited as follows:

1. After the last rising strobe edge (see ~T0), stop driving the strobe signals (see ~Tc0). Note that from this point now on,
DQ pins are in undefined driving mode and will remain undefined, until tMOD after the respective MRcommand (Te1).

2. Drive ODT pin LOW (tISmust be satisfied) and continue registering LOW (see Tb0).

3. After the RTT is switched off, disable write-leveling mode viathe MRScommand (see Tc2).

4. After tMOD is satisfied (Te1), any valid command can be registered. (MRcommands can be issued after tMRD [Td1]).

Write-Leveling Exit

ADDRESS

o1 TG N N N | NN A%z\ Y
RDESJ\% RTT_NOM 1] Il ])]?_. = — N RTT_PARK ?]
R B IR S
Das, Das _
RTT_NOM I I / I /
sl I
DQs 7 ] &Resultﬂ & R,
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CS to Command Address Latency (CAL)

DDR4 supports the Command Address Latency (CAL) function as a power savings feature. This feature can be enabled or
disabled via the MRSsetting. CAL timing is defined as the delay in clock cycles (tCAL) between a CS registered LOW and
its corresponding registered command and address. The value of CALin clocks must be programmed into the mode
register (see MR1 Register Definition table) and is based on the equation tCK(ns) / tCAL(ns), rounded up in clocks.

CAL Timing Definition

1 2 3

-
=\

CMD/ADDR > N

tCAL

CSused to wake up the receivers. CAL gives the DRAM time to enable the command and address receivers before a
command is issued. After the command and the address are latched, the receivers can be disabled if CSreturnsto HIGH.
For consecutive commands, the DRAM will keep the command and address input receivers enabled for the duration of
the command sequence.

CAL Timing Example (Consecutive CS = LOW)

1 2 3 4 5 6 7 8 9 10 11 12

JEWNWNwA

CMD/ADDR

When the Command Address Latency mode, CAL, is enabled; additional time is required for the MRScommand to
complete. The earliest the next valid command can be issued istMOD_CAL which should be equal to tMOD+tCAL The
two following figures are examples.
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CAL Enable Timing - tMOD_CAL

Ta0 Tal Ta2 TbO Tb1 Tb2

CK I\ /A /T AR\ AR AN
CK N \__/ N N_ N/ \
- I
\—J \—J tCAL ‘
tMOD_CAL f

NOTE1 Command Address Latency mode isenabled at T1.

tMOD_CAL, MRS to Valid Command Timing with CAL Enabled

tMOD_CAL

//

NOTE1 MRSat Tal may or may not modify CAL, tMOD_CAL is computed based on new tCAL setting if modified.

When the Command Address Latency mode is enabled or being enabled, the earliest the next MRScommand can be
issued istMRD_CAL is equal to tMOD+tCAL The two following figures are examples.

CAL Enabling MRS to Next MRS Command, tMRD_CAL

COMMAND (w/o CS) ><:

[¢]

tMRD_CAL

— T T 1

NOTE1 Command Address Latency mode is enabled at T1.
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tMRD_CAL, Mode Register Cycle Time With CAL Enabled

COMMAND (w/o CS)

[eS]

tMRD_CAL

NOTE 1

MRSat Tal may or may not modify CAL, tMRD_CAL is computed based on new tCAL setting if modified.

Command Address Latency Examples: Consecutive READ BL8 with two different CALs and 1tCK Preamble in Different

Bank Group shown in figures below.

Self Refresh Entry, Exit Timing with CAL

TR o e [ Y R 8 | I I I L : )
RESSRIRETEEEDE r u u XX RS
= s, | | [ 1] -
L T ~ - / _"n__-_.
o Y NS 1 1 ) W ) 1 )
"t DI = IG5 £ 63 E316) | SO @
<= B VD (0 N O o L o ')
ACOWES D :l’ s J_'\{ _ : i :_ } -‘{
- * b-:- c i-i ‘ ‘ ‘ N e e -.
e ) P I O R Y e e
| | | [ | | | [ | | |
L] oot s
NOTE1 tCAL=3nCK, tCPDED = 4nCK, tCKSRE = 8nCK, tCKSRX = 8nCK; tXS_FAST = tRFC4(min) + 10ns

NOTE2 CS=H, ACT=Don't Care, RAS/A16 =Don't Care, CAS/A15 = Don't Care, WE/A14 = Don't Care
NOTE3 Only MRS(limited to those described in the Self-Refresh Operation section). ZQCSor ZQCL command allowed.

Power Down Entry, Exit Timing with CAL

s [ r¢ 1 = 1T rm (&1, 1 e (i1

-rrﬁﬁﬁﬁ?“lufm mhrmxm

__ T I i 19 1 T

=1 v \ f L!_.'
2025 NI NN S
S i B0 @

A SMFE | ] T
= | | WAL
i e >la -
LY f
| [Joant case
NOTE1 tCAL=3nCK, tCPDED =4nCK; tPD = 6nCK;, tXP = 5nCK
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Low-Power Auto Self Refresh Mode (LPASR)

An auto self refresh mode is provided for application ease. Auto self refresh mode is enabled by setting MR2[6] = 1 and
MR2[7] = 1. The device will manage self refresh entry over the supported temperature range of the DRAM. In this mode,
the device will change its self refresh rate as the DRAM operating temperature changes, going lower at low

temperatures and higher at high temperatures.

Manual Self Refresh Mode

If auto self refresh mode is not enabled, the low-power auto self refresh mode register must be manually programmed
to one of the three self refresh operating modes. This mode provides the flexibility to select a fixed self refresh
operating mode at the entry of the self refresh, according to the system memory temperature conditions. The user is
responsible for maintaining the required memory temperature condition for the mode selected during the self refresh
operation. The user may change the selected mode after exiting self refresh and before entering the next self refresh. If

the temperature condition is exceeded for the mode selected, there isarisk to data retention resulting in loss of data.

Self Refresh Mode

Low-Power
a2 e Self Refresh Self Refresh Operation
(71 [6] Mode

Fixed normal self refresh rate maintains data retention at the normal operating
0 0 Normal temperature. User is required to ensure that 85°C DRAM Tcagauax is not exceeded to
avoid any risk of data loss.

Fixed high self refresh rate optimizes data retention to support the extended temperature
0 1 Extended Temp range. User is required to ensure that 105°C DRAM TcASEMAX is not exceeded to avoid any
risk of data loss.

Variable or fixed self refresh rate or any other DRAM power consumption reduction
1 0 Reduced Temp control for the reduced temperature range. User isrequired to ensure 45°C DRAM
TCASEMAXis not exceeded to avoid any risk of data loss.

Auto self refresh mode enabled. Slf refresh power consumption and data retention are

1 1 Auto Self Refresh . ) . -
optimized for any given operating temperature condition.

NOTE1 Operating in any temperature indicated in this table is permitted only as defined in the table Component Operating Temperature Range.
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Self Refresh Exit with No Operation command

Self Refresh Exit with No Operation command (NOP) allows for a common command/ address bus between active
DRAM and DRAM in Max Power Saving Mode. Self Refresh Mode may exit with No Operation commands (NOP)
provided:

(1) The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.

(2) tMPX_Sand tMPX_LH are satisfied.

(3) NOP commands are only issued during tMPX_LH window. No other command is allowed during tMPX_LH window
after SRX command is issued.

Tal Tait w2 g Tho Tol  Te2 T2 D Tei Te2 T3 Tod Tdd Td1 Td? Td3 Tel Tel

= EARGEGRERARARARORSRIRRRSRERARELY

fotcsmn

CKE 12 L

=5 AR A LA A RLALAA LD | D)

LS

COMMAND i

,-X- =

B

[ ]DONT CARE

NOTE1 CS=L, ACT=H,RAS/A16 =H, CASA15 =H, WE/A14 = H at To2 ( No Operation command )

NOTE2 SRXat Tb2 isonly allowed when DRAM shared Command/Address bus is under exiting Max Power Saving Mode.

NOTE3 Valid commands not requiring a locked DLL

NOTE4 Valid commands requiring a locked DLL

NOTE5 tXS FAST and tXS ABORT are not allowed this case.

NOTE6 Duration of CS Low around CKE rising edge must satisfy tMPX_Sand tMPX_LH as defined by Max Power Saving Mode AC parameters.
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Multipurpose Register (MPR)

The multipurpose register (MPR) function, MPR Access Mode, is used to write/read specialized data to/from the DRAM.
The MPRconsists of four logical Pages, MPR Page 0 through MPR Page 3, with each Page having four 8-bit registers,
MPRO through MPR3.

MPRmode enable and Page selection isdone with MRScommands. Data Bus Inversion (DBI) is not allowed during MPR
Read operation. Prior to issuing the MRScommand, all banks must be in the idle state (all banks precharged and tRP
met). After MPRis enabled, any subsequent RD or RDA commands will be redirected to a specific mode register.

Once the MPR Access Mode is enabled (MR3[2] = 1), only the following commands are allowed: MRS RD, RDA WR,
WRA, DES REF and Reset; RDA/ WRA have the same functionality as RD/ WRwhich means the auto precharge part of
RDA/WRA isignored. The mode register location is specified with the READ command using address bits. The MRis split
into upper and lower halvesto align with a burst length limitation of 8. Power Down mode and Self-Refresh command
are not allowed during MPRenable Mode.

No other command can be issued within tRFC after a REF command has been issued; 1x Refresh {only} isto be used
during MPR Access Mode. While in MPR Access Mode, MPRread or write sequences must be completed prior to a
refresh command. The reset function is supported during MPRmode, which requires re-initialization of the DDR4
SDRAM.

Allowed Not Allowed
1. MPRRead with BL8 or BC4 (A[2:0] =000 or 100) 1. BLOTF
2. MRS RD, RDA WR, WRA, DESH ECT, REFRESH and 2. DataBusInversion (DBI)
Reset 3. Power Down mode and Self-Refresh

MPR pages

After power-up, the content of MPRpage 0 has the default values, defined in the MPR Data Format table. MPR page 0
can be rewritten via an MPRWRITEcommand. The DRAM maintainsthe default values unlessit isre-written by the
DRAM controller. If DRAM’s controller does overwrite the default values (Page 0 only), the device will maintain the new
values unlessre-initialized or power loss.

MPR Page 0 Page 1 Page 2 Page 3
. WRITE and READ system patterns used for Readout of the error frame when the Readout of the contents of the
Definition L o . RFU
data bus calibration C/ A parity is enabled MRn registers

» Cock to address phase training.

Can be |+ DRAM controller receiver training. » RAS(reliability, accessibility and

used for |» DRAM controller DQSto DQ phase training. | serviceability) Support: Logging of GA
parity and CRCerror information

* Mode Register Confirmation.| N/A.

Readout : . . .
serial, parallel, or staggered serial serial serial
format
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MPR Block Diagram

Memory core

(all hanks precharged)

. MR3[2]=1

4 Multi-purpose registers (Pages),
each with four 8-bit registers:

Data Pattems (RDAWR)
Emor Log (RD)
Mode Reqisters (RD)
DRAM Manufacture Only (RD)

DQ,s DM_n/DBI_n, DQS5_t, DOS_c

Bit Number of MPR Definition

MPR Page MPR Location Address Bit
128 bits = M PRx X M PRy X MPRburst bit
(MR3[1:0]) (MPRBA[1:0]) (BL8)
DRAM Address to MPR Ul Translation
MPR Location [7] [6] [5] [4] [3] [2] [1] [0]
DRAM Address - Ax A7 A6 A5 A4 A3 A2 Al A0 |
MPRUI - Uix ulio un ui2 ul3 ul4 ul5 ule ulz ‘
MPR necessary settings
MPR Read Format MPR Operation MPR Page Selection MPR Location
MR3[12:11] MR3[2] MR3[1:0] MPRBA[1:0]
I | } |
MR3 | MPRRead MR3 . MR3  |MPRPage MPR MPR
A12 A11| Format A2 MPR Operation Al | A0 | Selection BA1 BAQ Location
0 0 Serial 0 Normal Operation 0 0 Page 0 0 0 MPRO
0 1 Parallel 1 | Dataflow from MPR 0 1 Page 1 0 1 MPR1
1 0 | Saggered 1 0 Page 2 1 0 MPR2
1] 1 RFU 1 1 Page 3 1 1 MPR3
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MPR Page and MPRXx Definitions

MPRBit Write Location [7:0]
'\P/'aPR o LOM :R 6 5 4 3 2 1 0
ge rpose cation .
MR3[1:0] BA[1:0] Read Burst Order (serial mode)
ulo Ui ui2 ul3 ul4 ul5 ul6 ulz
00 = MPRO 0 1 0 1 1 0 1
00 Training 01 =MPR1 0 1 1 0 1 1
Page 0 Patterns = 10 = MPR2 1 1 1 1
11 =MPR3 0 0 0 0
00 = MPRO A7 A6 A5 A4 A3 A2 Al A0
01=MPR1 CAS/A15 WE/A14 A13 A12 Al A10 A9 A8
01 C/AParity 10=MPR2 PAR ACT BG1 BGO BA1 BAO A17° RAS/A16
. 4
Page 1 Error Log CETor CA Parity CA Parity Latency
11 =MPR3 Satus Error1 MR5 MR5 MR5 RFU RFU RFU
Salus a2 (A (A
Temperature CRC Write
Sensor Satus’ Enable Fine R
00 =MPRO RFU RFU RFU
MR2 MR2
Refer to next table
A12 A10 A9
Vref DQ - Geardown
Tmg range Vref DQtraining Value Enable
01 =MPR1
10 MRS MR6 MR6 MR3
Page 2 Readout A6 A5 A4 A3 A2 Al A0 A3
CASLatency CASWrite Latency
10=MPR2 MRO RFU MR2
A6 A5 Ad A2 A5 A4 A3
R NOM Rrr_PARK Driver Impedance
11 =MPR3 MRi1 MR5 MRi1
A10 A9 A6 A8 A7 A6 A2 Al
00 = MPRO Don't care
11 01 =MPR1 Don't care
RFU
Page 3 10 =MPR2 Don't care
11 =MPR3 Don't care
NOTE1 MPRpage 1 used for G/ A parity error log readout is enabled by setting A[2] in MR3.
NOTE2 A[17] isnot used, MPRpage 1’s MPR2[1] should be treated asdon’t care.
NOTES3 If adevice is used in monolithic application, where (f2:0] are not used, then MPRpage 1's MPR3[2:0] should be treated asdon’t care.
NOTE4 MPRpage 1's MPR3 bit 0-2 (CA parity latency) reflects the latest programmed CA parity latency values.
NOTE5 MPRpage 2's Temperature Sensor Readout

MPRO bit A4 MPRO bit A3 Refresh Rate Range

0 0 Sub 1x refresh ( >tREFI)
0 1 1x refresh rate (= tREF)
1 0 2x refresh rate (1/2 x tREFI)

RFU

MR3J[5]

MR3 bit A5=1 (Temperature sensor readout = Enabled)

DRAM updates the temperature sensor statusto MPRPage 2
(MPRO bits A[4:3]). Temperature data is guaranteed by the DRAM
to be no more than 32ms old at the time of MPR Read of the
Temperature Sensor Satus bits.

MR3 bit A5=0 (Temperature sensor readout = Disabled)

DRAM disables updates to the temperature sensor statusin MPR
Page 2(MPRO-bit A[4:3])
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MPR Reads

The DRAM isrequired to drive associated strobes with the read data similar to normal operation (such asusing MRS
preamble settings). Timing in MPRMode should follow below rules:
+ Reads (back-to-back) from Page 0 may use tCCD_Stiming between read commands.
Reads (back-to-back) from Pages 1, 2, or 3 may not use tCCD_Stiming between read commands; tCCD_L must be
used for timing between read commands.

The following steps are required to use the MPRto read out the contents of a mode register (MPR Page x, MPRy).

1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. MRScommand to MR3[2] = 1 (Enable MPRdata flow), MR3[12:11] = MPR Read Format, and MR3[1:0] = MPR Page.
a. MR3[12:11] MPRRead Format:
00 = Serial read format
01 = Parallel read format
10 = staggered read format
11 =RFU
b. MR3[1:0] MPR Page:
00 =MPRPage 0
01 =MPRPage 1
10 = MPRPage 2
11 =MPRPage 3
4.tMRD and tMOD must be satisfied.

5. Redirect all subsequent READ commands to specific MPRx location.

6. Issue RD or RDA command:

a. BA1 and BAO indicate MPRx location:
00=MPRO
01 =MPR1
10 =MPR2
11 =MPR3
b. A12/BC=0 or 1; BL8 or BC4 Fixed only, BC4 OTF not supported.
If BL=8 and MR0 A[1:0] =01, A12/BCmust be set to 1 during MPR Read commands.
c. A[2] =burst type dependant:
BL8: A[2] =0 with burst order fixedat 0,1, 2, 3,4,5,6,7
BL8: A[2] =1 with burst order fixed at 4,5,6,7,0,1,2,3
BC4: A[2] =0 with burst order fixedat 0,1,2,3, T, T, T, T
BC4: A[2] =1 with burst order fixed at 4,5,6,7, T, T, T, T
d. A[1:0] =00, data burst is fixed nibble start at 00.
e. Remaining address inputs, including A10, and BG1 and BGO are don’t care.
7. After RL= AL+ CL, DRAM bursts data from MPRx location; MPRreadout format determined by MR3 [A12,11,1,0].

8. Seps 5 through 7 may be repeated to read additional MPRx locations.
9. After the last MPRx Read burst, tMPRRmust be satisfied prior to exiting.
10. Issue MRScommand to exit MPRmode; MR3] = 0.

11. Once tMOD sequence is completed; the DRAM isready for normal operation from the core such as ACT.
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MPR Readout Serial Format

Serial format implies that the same pattern isreturned on all DQ lanes.

MPR Readout Parallel Format

Parallel format impliesthat the MPRdataisreturned in the first data Ul and then repeated in the remaining Uls of the

burst as shown in the MPRReadout Parallel Format table. Data pattern location 0 isthe only location used for the

parallel format. RD/RDA from data pattern locations 1, 2, and 3 are not allowed with parallel data return mode.

Example: The pattern programmed in the data pattern location 0is0111 1111. The x4 configuration only outputsthe

first four bits (0111 in this example). For the x16 configuration, the same pattern is repeated on both the upper and

lower bytes.

X4 Device

Serial

Serial UIO UI1 UI2 UI3 UI4 UI5 UI6 UI7

DQO
DQ1
DQ2
DQ3

X8 Device

0

0
0
0

1

1
1
1

1

1
1
1

1

1
1
1

1

1
1
1

]
)
]
]

1
)
1
1

1

1
1
1

Serial UIO UI1 UI2 UI3 UI4 UI5 UI6 UI7

DQO
DQt
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

0

O O O O o o o

- a4 a4 A o a

X16 Device
Serial UIO UI1 UI2 UI3 UI4 UI5 Ule UI7

DQO
DQt
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQs
DQ9
DQ10
DQit
DQ12
DQ13
DQ14
DQ15

0

e e e e e e e e E e e e e e @

O U GO G GG G GG G G G Y

—_ a4 a4

GO G GG G GG G G G Y

—_ a2 A A A A A a

—_ 4 a4 4 A a4 A

—_ a2 A A A A A a

—_ a4 4 A A a4 a4

—_ a2 a4 A A A A

TG QU GG G GG T G GG QT G G Y

—_ 4 d a  a a

U GO G GG G GG G G G Y

—_

GO G QGO G GG G G G Y

X4 Device

Parallel

Parallel UIO UI1 UI2 UI3 UI4 UI5 UI6 UI7
0 0 O

DQO
DQ1
DQ2
DQ3

X8 Device

1
1
1

1
1
1

1
1
1

0

1
1
1

0

1
1
1

0
1

1
1

0

1
1
1

0

1
1
1

Parallel UIO UI1 UI2 UI3 Ul4 UI5 Ule UI7

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

X16 Device

0

—_

0

—_

0

—_

0

—_ a4 A

0

—_ A a4 A a4

0

—_

0

—_

0

—_

Parallel UIO UI1 UI2 UI3 Ul4 UI5 Ule UI7

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQs
DQ9
DQ10
DQi1
DQ12
DQ13
DQ14
DQ15

0

_ a4 A O A A

0

[ OO U < J i G G G G G G Y

0

- a4 A O e  a

0

GO G o J S G G G G Gy

0

[ GG G o J S G G G G Gy

0

[ GO U < J e G G G G G Gy

0

[ G UG o J i G G G G GGy

0

[ G UG o J i G G G G GG Y
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MPR Readout Staggered Format

Saggered format of data return is defined as the staggering of the MPRdata across the lanes. In this mode, an RD/ RDA
command isissued to a specific data pattern location and then the data isreturned on the DQ from each of the
different data pattern locations.

For the x4 configuration, an RD/RDA to data pattern location 0 will result in data from location 0 being driven on DQO,
data from location 1 being driven on DQ1, data from location 2 being driven on DQ2, and so on. Smilarly, an RD/ RDA
command to data pattern location 1 will result in data from location 1 being driven on DQO, data from location 2 being
driven on DQ1, data from location 3 being driven on DQ2, and so on. It is expected that the DRAM can respond to back
to back RD/ RDA commands to the MPRfor all DDR4 frequencies so that a stream asfollows can be created on the data
bus with no bubbles or clocks between read data. In this case system memory controller issues a sequence of
RD(MPRO), RD(MPR1), RD(MPR2), RD(MPR3), RD(MPRO0), RD(MPR1), RD(MPR2), and RD(MPR3).

For the x8 configuration, the same pattern isrepeated on the lower nibble as on the upper nibble. READs to other MPR

data pattern locations follow the same format asthe x4 case.

MPR Readout Staggered Format, x4

MPRO(BA[1:0]="00") MPRO(BA[1:0]="01") MPRO(BA[1:0]="10") MPRO(BA[1:0]="11")
Sagger ulo-7 Sagger ulo-7 Sagger ulo-7 Sagger ulo-7
DQO MPRO DQO MPR1 DQO MPR2 DQO MPR3
DQ1 MPR{ DQ1 MPR2 DQ1 MPR3 DQ1 MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO DQ2 MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 DQ3 MPR2
MPR Readout Staggered Format, x4 — Consecutive READs
Sagger ulo-7 Ul 8-15 | Ul16-23 | Ul 24-31 | Ul 32-39 | Ul 40-47 | Ul 48-55 | Ul 56-63
DQO MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3
DQ1 MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO
DQ2 MPR2 M PR3 MPRO MPR{ MPR2 MPR3 MPRO MPR{
DQ3 M PR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2
MPR Readout Staggered Format, x8 and x16
X8 X16
Sagger ulo-7 Sagger ulo-7 Sagger ulo-7
DQO MPRO DQO MPRO DQs8 MPRO
DQ1 MPR1 DQ1 MPR1 DQ9 MPR1
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2
DQ3 MPR3 DQ3 MPR3 DQ11 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO
DQ5 MPR1 DQ5 MPR1 DQ13 MPR1
DQ6 MPR2 DQ6 MPR2 DQ14 MPR2
DQ7 MPR3 DQ7 MPR3 DQ15 MPR3
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MPR Read Waveforms

MPR READ Timing

T0 Ta0 Tal Tb0 Teo Tet Te2 Te3 Tdo Td1 Te0 Ti0 TH

MPR
Disable

CKec——
okt —| - —

COMMAND /)

ADDRESS

CKE

DQS_1, DAS_c 8( 2( 88 - N - N\ - /\._.22;)\. - /I- ] /_8( ZZ
0o Y 2( ! wio X o Y iz s Y uie X ur { {

§ TiME BREAK DON'T CARE

NOTE1 Multipurpose registers Read/ Write Enable (MR3 A2 = 1). Redirect all subsequent reads and writesto MPRlocations.
NOTE2 Address setting:
A[1:0] =“00"b (data burst order is fixed starting at nibble, always 00b here)
A[2]=0b (For BL=38, burst order isfixed at 0, 1, 2, 3,4, 5, 6, 7)
BA1 and BAO indicate the MPRIocation
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12isdon’t care when MR0 A[1:0] =00 or 10, and must be 1b when MR0 A[1:0] = 01
NOTE3 Multipurpose registers Read/ Write Disable (MR3 A2 = 0).
NOTE4 Continue with regular DRAM command.
NOTES5 Parity latency (PL) is added to data output delay when G/A parity latency mode is enabled. BL=8, AL=0, CL=11, CAL= 3, Preamble = 1tCK.

MPR Back-to-Back READ Timing

COMMAND

ADDRESS

S A A A A N AR AN N AR AN

LS4 AL+Cl

( '

7|

P LR ( Ui x uit X ue )( U3 A U4 )( Ul ) Uk x ur A U0 x uit ) Uz x Ui ) Uk x uis ) U X urz

DQS_t.DAS_c A - -
MY T
DQ (BC=4:Fixed
( ixed) <( u X uit X ue X us ua X uit X vz X us )

§ Tive BREAK DON'T CARE

NOTE1 Multipurpose registers Read/ Write Enable (MR3 A2 = 1). Redirect all subsequent reads and writesto MPRIlocations.
NOTE2 Address setting:
A[1:0] =00b (data burst order is fixed starting at nibble, always 00b here)
A[2] =0b (for BL=8, burst order isfixed at 0, 1,2, 3, 4, 5, 6, 7; for BC=4, burst order isfixedat 0,1,2,3, TT T, T)
BA1 and BAO indicate the MPRIocation
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12is"Don’t Care" when MRO A[1:0] =00 or 10, and must be 1b when MR0 A[1:0] = 01
NOTE3 Parity latency (PL) is added to data output delay when G/ A parity latency mode is enabled.
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MPR READ-to-WRITE Timing

T0 T T2 Ta0 Tat Ta2 Ta3 Ted Ta5 Tab To0 Thi To2
CK e — \ ,

ekt —

commann /X R

PLS+AL + CL
DQS_t, DQS_o v I A AN AN S
/ LN A A D ) ) /
DQ
ZZ uio X Uit X U2 X Uiz X uld X U5 X uls X UI7 2(

§ TmeBrReEak 7] pONT caRE
NOTE1 Address setting:
A[1:0] =00b (data burst order is fixed starting at nibble, always 00b here)
Al2]=0b (for BL=8, burst order isfixed at 0, 1,2, 3,4,5,6,7)
BA1 and BAO indicate the MPRIocation
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12is"Don’t Care" when MR0 A[1:0] = 00, and must be 1b when MR0 A[1:0] = 01
NOTE2 Address setting:
BA1 and BAO indicate the MPRIocation
A[7:0] =datafor MPR
BA1 and BAO indicate the MPRIocation
A10 and other address pins are "Don’t Care"
NOTE3 Parity latency (PL) is added to data output delay when G/ A parity latency mode is enabled.
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MPR Writes

MPR Access Mode allows 8-bit writesto the MPRIocation using the address bus A7:0.
Data Bus Inversion (DBI) is not allowed during MPR Write operation. The DRAM will maintain the new written values
unlessre-initialized or power loss.

The following steps are required to use the MPRto write to mode register MPR Page 0, MPRy).
1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. MRScommand to MR3[2] = 1 (Enable MPRdata flow) and MR3[1:0] = 00 (MPR Page 0); 01, 10, 11 = Not allowed.
4.tMRD and tMOD must be satisfied.
5. Redirect all subsequent Write commands to specific MPRx location.
6. Issue WRor WRA command:
a. BA1 and BAO indicate MPRx location:
00=MPRO
01 =MPR1
10 =MPR2
11 =MPR3
b. A[7:0] = data for MPR Page 0, mapped A[7:0] to UI[0:7] .
¢. Remaining address inputs, including A10, BGO and BG1 are don’t care.
7.tWR_MPRmust be satisfied to complete MPRWrite.
8. Seps 5 through 7 may be repeated to write additional MPRx locations.
9. After the last MPRx Write, tMPRRmust be satisfied prior to exiting.
10. Issue MRScommand to exit MPRmode; MR[3] = 0.

11. Once tMOD sequence is completed; the DRAM is ready for normal operation from the core such as ACT.
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MPR Write Waveforms

MPR WRITE and WRITE-to-READ Timing

T0 Ta Tat To Tc0 Tot
Ko — -\ - - - - PN
okt —- — \_l\_/_-z_/\_-z_/\_-l
Enable
COMMAND /X pREAX/ﬁEfi/Z wrs' XX oes X 1)) Eifi;zE
TWR_MPR

RP o tMOD

ADDRESS ///)XVAL DX/;IZ;/ZZ,%/XVAL\D X

CKE

PLO+AL+(

0s 1,008 ¢ 1 U i L RN SR N S N/ G\ G
ba 28 ZZ ZZ ZZ uio X uir X uiz X uis X ua Xuis Xuis Xuli7

/7] DON'T CARE

gg TIME BREAK

NOTE1 Multipurpose registers Read/ Write Enable (MR3 A2 = 1).

NOTE2 Address setting:
BA1 and BAO indicate the MPRIocation
A10 and other address pins are "Don’t Care"

NOTE3 Parity latency (PL) is added to data output delay when G/ A parity latency mode is enabled.

MPR Back-to-Back WRITE Timing

T
CKe — -
Kt — e —

COMMAND /72X W

3
=

Ta2 Ta3 Tad Tab Tal T
\

6
N N RN RN = .-
A \ / h / / 2 \ A

tWRIMPR

o X7 KX X vaucX Kol Komeo X uasoX 7 KomuacX Koo XunoX 7Ky

ADDRESS //XAD!

CKE

N7

(

DQS_t,DAS_¢ 2 (

DQ 2(

////] DON'T CARE

Sg TIME BREAK

NOTE1 Address setting:
BA1 and BAO indicate the MPRIocation
A[7:0] =datafor MPR
A10 and other address pins are "Don’t Care"
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MPR Refresh Waveforms
REFRESH Timing

T0 Ta0 Tat Tbo Tb1 Th2 Th3 Tb4 Tc0 Tet Te2 Te3 Ted
CK_c—\ =\ L, -\ = ’ \ ’ \ N =\ ’ ’ \ ’ Al ’ \
Enable
comvno [Xerea)(J/TMums WX oes X)X rer XK oes XX oes XX oes XX oes XX oes XK oes )X DRvuoX R vmoX T X mey
. e i st s s s
sooress. [[XvauoX( Ko o) Kok Rumuor Xy muoX Xy KumsoX XA R oX Ko X

NOTE1 Multipurpose registers Read/ Write Enable (MR3 A2 = 1). Redirect all subsequent read and writes to MPRlocations.
NOTE2 1xrefreshisonly allowed when MPRmode is enabled.

READ-to-REFRESH Timing

0 T T Ta0 Tat Ta2 Ta3 Tad Ta5 Tab Ta? Ta8 Ta9
CKe — | - , ,
oK1 — A —

COMMAND 77

A

PL+AL +CL (4 +1) + Clocks tRFC
BL=8
DQS_t, DQS_¢c 8{ ¥ /N - \/_Y;\//_\/;\/ T
N, S )
- _ - - - - R
DQ
Z( Kuio X uit X ui2 X uis X uia X uis X uts X ui7
BC=4
DOS t,D0S_¢ v N /- ;-4
- { RN SR SN
DQ
Z( uio Y unn X uiz X uis )

g TIME BREAK /] DON'T CARE

NOTE1 Address setting:

A[1:0] =00b (data burst order is fixed starting at nibble, always 00b here)

A[2]=0b (for BL=8, burst order isfixed at 0, 1,2, 3, 4,5, 6,7)

BA1 and BAO indicate the MPRlocation

A10 and other address pins are "Don’t Care" including BG1 and BGO.

A12is"Don’t Care" when MR0 A[1:0] =00 or 10, and must be 1b when MRO A[1:0] = 01
NOTE2 1xrefreshisonly allowed when MPRmode is enabled.
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WRITE-to-REFRESH Timing

TWR]WPR - RFC
ADDRESS /) XX XX XX munX ) RvauoX 7 XvaunX XXX vmunX 7 XvmuoX XX Xann)
w [\ Q7 || NaNv/anm
DOS.t D0S_¢ 2 !
bQ 2 ]

/7] boN'T CARE

SS TIME BREAK

NOTE1 Address setting: BA1 and BAQ indicate the MPRIocation A [7:0] = data for MPR
A10 and other address pins are "Don’t Care"
NOTE2 1xrefreshisonly allowed when MPRmode is enabled.
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Gear-down Mode

The DDR4 SDRAM defaultsin 1/2 rate (1N) clock mode and utilizes a low frequency MRScommand followed by a sync
pulse to align the proper clock edge for operating the control lines CS, CKE, and ODT when in 1/4 rate (2N) mode. For

operation in 1/2 rate mode, no MRScommand or sync pulse is required.

External Clock

Internal Clock ’ \ ’ \ ,

Set 2N mode

CMD/ADDR/ CTRL

The general sequence for operation in 1/4 rate during initialization is as follows:
1. DDR4 SDRAM defaultsto a 1/2 rate (1N mode) internal clock at power-up/reset.
2. Assertion of reset.
3. Assertion of CKEenablesthe rank.
4. CAL and CA parity mode must be disabled prior to Gear-down MRScommand. They can be enabled again after
tSYNC_GEARand tCMD_GEARperiods are satisfied.
5. MRSis accessed with a low frequency NxtCK MRS Gear-down GMD. (NtCK static MRScommand is qualified by 1N
CS)
6. The memory controller shall send a 1N sync pulse with alow frequency N*tCK NOP CMD;. Clock tSYNC_GEARis an
even number of clocks; sync pulse on even edge from MRS CMD.
7. Normal operation in 2N mode starts tCMD_GEARclocks later. When operating in 1/4 rate Gear-down Mode, the
following MR settings apply:
CASLatency (MRO [6:4,2]): Even numbers
Write Recovery and Read to Precharge (MRO [11:9]) : Even numbers
«  CASWrite Latency (MR2 A[5:3]) : Even numbers
. CSto Command/Address Latency Mode (MR4 [8:6]) : Even numbers
«  CAParity Latency Mode (MR5 [2:0]) : Even numbers
- Additive Latency (MR1 [4:3]): CL—2
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Gear down (2N) mode entry sequence during initialization

TdkN + Neven

CK c -
CK_t

DRAM
(Internal) -
CLK

) tXPR_GHAR

Reset / \

oKE SYNC_GEAR | {CMD_GEAR

|

1N Sync Pulse 2N Mode

CS_n

tGEAR_setup| tGEAR_hold

b tGEAR_hoI

CMD

Conure
DRAM to 1/4 rate

NOTE1 The diagram below represents the operation of geardown(1/2 rate to 1/4 rate)mode during normal operation with CKE and Reset set high.

Clock Mode Change from 1/2 Rate to 1/4 Rate (Normal Operation)

TdkN TdkN + Neven

CK_t
CK_c
DRAM

(Internall)
CLK

Reset

tSYNC_|GEAR tCMD_GEAR

H 1N Sync Pul 2N Mode
4—% ——p -

CKE -

CS_n \_J

tGEAR setup! tGEAR _hold

CMD

Conure
DRAM to 1/4 rate

If the operation isin 1/2 rate (1N) mode before and after self refresh, no MRScommand or sync pulse is required after
self refresh exit. However, if the clock mode is set to 1/4 rate (2N) before and after self refresh mode, the DDR4 SDRAM
requires an MRScommand and sync pulse as shown in the figure below.
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Clock Mode Change After Exiting Self Refresh

TdkN + Neven

CK ¢

CK_t -
DRAM

(Internal)
CLK l
CKE
tSYNC||GEAR . tCNID_GEAR -
H 1N Sync Puls 2N Mode
— | [
CS_n \— ml;g
tGEAR_setu tGEAR _setup |tGEAR hold
CMD

Conure
DRAM to 1/4 rate

NOTE1 CKEHigh Assert to Gear Down Enable Time (tXS, tXS Abort) depend on MR setting. A correspondence of tXS'tXS Abort and MR Setting is as

follows. - MBA[A9] =0 : tXS- MP4[AI] = 1 : tXS Abort

Comparison Between Gear-down Disable and Gear-down Enable

A Lo, e T T
Chy, = = .- - - - \ - -
CKLm [/ I N S\ W/

)
(Geardown
=Disable)

o P ey X e X XX Ko XYoo XD YK e XN e Y Ko XX X X
DQ Y

_ CL=IRCD=16 (( S| ceReAe «
AL=CLA
(Geardown -
=Disable) (READ®

(( AL+CL=RL=30(AL=CL-2=14) «

W & 8866 & &)

. TRANSITIONING DATA

| DONT CARE

NOTE1
NOTE2
NOTE3
NOTE 4

BL=8, tRCD=CL=16

DOUT n = data-out from column n.

DEScommands are shown for ease of illustration; other commands may be valid at these times.
CA Parity = Disable, CSto CA Latency = Disable, Read DBI= Disable.
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Maximum Power-Saving Mode (MPSM)

This mode provides the lowest power mode where data retention is not required. When DDR4 SDRAM isin the
maximum power-saving mode, it does not maintain data retention or respond to any external command, except the
MAXIMUM POWER SAVING MODE EXIT command and during the assertion of RESETsignal LOW. This mode is more like
a “hibernate mode” than atypical power savings mode. The intent isto be able to park the DRAM at very low powered
state so the device can be switched to an active state via PDA mode.

Maximum Power-Saving Mode Entry

Max power saving mode is entered through an MRScommand. For devices with shared control/address signals, a single
DRAM device can be entered into the max power saving mode using the per DRAM Addressability MRScommand.
Large CS hold time to CKE upon the mode exit could cause DRAM malfunction; thus, it is required CA parity, CALand
Gear-down modes are disabled prior to the max power saving mode entry MRS command.

The MRScommand may use both address and DQ information as defined in Per DRAM Addressability section. After
tMPED from the MRSmode entry command, the DRAM is not responsive to any input signals except CKE, CS, and
RESET All other inputs are disabled (external input signals may become hi-2).

The system will provide a valid clock until t CKM PE expires at which time clock inputs (CK, CK) should be disabled

(external clock signals may become hi-2).

Maximum Power Saving Mode Entry

Te2 Te3 Ted Tch Teb Te? Te8 Tcd Te10 Tett

CK_t
CK_c

COMMAND

CS n

CKE

RESET_n 2 ) 2 \

Don't Care
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Maximum Power-Saving Mode Entry in PDA
The sequence and timing required for the maximum power saving mode with the per DRAM addressability (PDA)

enabled isillustrated in Figure below.

CK t
CK_c

CSn
CKE
- 88 AL+CWY - - tMéZED -
Dos_t N A A A AT I _
pase { I S W S W ( U
tPDA S |-t |a— Lt {-w— tPDA H

1 T 1

Don't Care

CKE Transition during Maximum Power-Saving Mode

The following figure shows how to maintain maximum power-saving mode even though the CKEinput may toggle. To
prevent the device from exiting the mode, CS should be HIGH at the CKE LOW-to-HIGH edge, with appropriate setup
(tMPX_S) and hold (tMPX_H) timings.

CKE Transition Limitation to hold Maximum Power Saving Mode

- Ta0 Tat Ta2 Too b1 b2 Th3 Ted Tet Te2 Tdo Tdt Td2 Td3 Td4 Td5 Tdé Td7 Tds
. ™ o ™

CK_c

COMMAND

oL N S R T )I/A ZZ WPXS | 22 PX_HH|
|
CKE
B ey
RESET_n 2( 2( 2<
Don't Care
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Maximum Power-Saving Mode Exit

To exit the maximum power-saving mode, CS should be LOW at the CKE LOW-to-HIGH transition, with appropriate
setup (tMPX_S) and hold (tMPX_LH) timings as shown in the figure below. Because the clock receivers (CK, CK) are
disabled during this mode, CS = LOW is captured by the rising edge of the CKE signal. If the CSsignal level is detected
LOW, the DRAM clears the maximum power saving mode MRSbit and begins the exit procedure from this mode. The
external clock must be restarted and stable by t CKM PX timing before the device can exit the maximum power saving
mode.

During the exit time (tXMP) only NOP and DEScommands are allowed, NOP during tMPX_LH, and DESthe remainder of
tXMP. Once tXMP expires, valid commands not requiring a locked DLL are allowed and after tXMP_DLL expires valid

commands requiring a locked DLL are allowed.

Maximum Power-Saving Mode EXxit

Ta0 Tat Ta2 Ta3

CK_t
CKc =

COMMAND

CSn

CKE

» } 28 28 tXMP 28

tXMP_DL|

RESET_n “(2 U U l

] Don't Care
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Command/Address Parity (CAP)

CAP’s Pros and Cons

In favor of In opposition

* Enhancesthe reliability of a system as | * The processing of the command at the DRAM is delayed by the time
it extends parity all the way to the it takesthe DRAM to calculate parity and release the command for
DRAM execution (typically 4 to 6 clock cycles). Note thislatency is

applicable for all commands

» Additional signals compared to DDR3

Command/address (CA) Parity takes the PARinput carrying the parity bit for the generated address and commands
signals and matchesit to the internally generated parity from the captured address and commands signals.

CA Parity isdisabled or enabled via MRScommand. If CA parity is enabled by programming a non-zero value to CA
parity latency in the MR, then the DRAM will ensure that there is no parity error before executing commands. There is
an additional delay required for executing the commands versus when parity is disabled and it isprogrammed in the
MRwhen CA parity is enabled (Parity Latency) and is applied to all commands. When CA parity is enabled, only
DESELECT are allowed between valid commandsto prevent the device from malfunctioning. CA parity signal (PAR) will
go active when the DRAM detects a CA Parity error.

CA Parity covers ACT, RAS, CAS, WE and the address bus, including bank address and bank group bits; the control
signals CKE, ODT, and CS are not covered. For example, for a 8 Gig x8 monolithic device, parity is computed across
BG[1:0], BA[1:0], A16/RAS, A15/CAS, A14/WE, A[13:0], and ACT. The DRAM treats any unused address pinsinternally as
zeros; for example, if acommon die has stacked pins but the device is used in a monolithic application, then the

address pins used for stacking and not connected are treated internally as zeros.

The convention for parity is even parity; for example, valid parity is defined as an even number of ones across the
inputs used for parity computation combined with the parity signal. In other words, the parity bit ischosen so that the
total number of onesin the transmitted signal, including the parity bit, is even. Even parity is a special case of a cyclic
redundancy check (CRC), where the 1-bit CRCis generated by the polynomial x+1.
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Command/Address Parity Operation

__________________________

________________________

i DRAM Controller : i DRAM !
i OMD/ADDR | i ——»| OVD/ADDR | !
i Even Parity : GMD/ADDR . Even Parity i
| Gen : Even Parity Bit ; Gen !
! | Even Parity Bit i | Even Parity Bit | 1

If a DRAM device detects a CA Parity error in any command qualified by CS, then it will perform the following steps:

1. Ignore the erroneous command. Commandsin MAXNnCKwindow (tPAR_UNKNOWN) prior to the erroneous
command are not guaranteed to be executed. When a READ command in this NnCKwindow is not executed, the
device does not activate DQSoutputs.

2. Log the error by storing the erroneous command and address bitsin the MPRerror log.

3. Set the parity error status bit in the mode register to one. The Parity Error Status bit must be set before the ALERT
signal is released by the DRAM (i.e. tPAR_ALERT_ON +tPAR_ALERT_PW(min)).

4. Assert the ALERTSsignal to the host (ALERTis active LOW) within tPAR_ALERT_ON time.

5. Wait for all in-progress commands to complete. These commands were received tPAR_UNKOWN before the

erroneous command.

6. Wait for tRAS_min before closing all the open pages. The DRAM is not executing any commands during the window
defined by (tPAR_ALERT_ON +tPAR_ALERT_PW).

7. After tPAR_ALERT_PW_min has been satisfied, the device may de-assert ALERT.
After the DRAM hasreturned to a known pre-charged state it may de-assert ALERT.
8. When the device isreturned to a known pre-charged state, ALERTIs allowed to be de-asserted.

9. After (tPAR_ALERT_PW_max) the DRAM isready to accept commands for normal operation. Parity latency will be in
effect; however, parity checking will not resume until the memory controller has cleared the parity error status bit by
writing a zero. The DRAM will execute any erroneous commands until the bit is cleared; unless Persistent mode is
enabled.

« The DRAM should have only DESELECT commands issued around ALERTgoing high such that at least 3 clocks prior
and 1 clock plus 3ns after the release of ALERT.
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+ It ispossible that the device might have ignored a REFRESH command during tPAR_ALERT_PW or the REFRESH
command isthe first erroneous frame so it isrecommended that extra REFRESH cycles be issued, as needed.

» The parity error status bit may be read anytime after tPAR_ALERT_ON +tPAR_ALERT_PW to determine which DRAM
had the error. The device maintainsthe error log for the first erroneous command until the parity error status bit is
reset to a zero or a second CA Parity occurs prior to resetting.

The mode register for the CA parity error is defined as follows: CA parity latency bits are write only, the parity error
status bit isread/write, and error logs are read-only bits. The DRAM controller can only program the Parity Error Satus
bit to zero. If the DRAM controller illegally attemptsto write a one to the Parity Error Satus bit, the DRAM can not be
certain that parity will be checked; the DRAM may opt to block the DRAM controller from writing a one to the Parity
Error Satusbit.

DDR4 SDRAM supports Persistent Parity Error Mode. This mode is enabled by setting MR5[9] = 1; and when enabled, CA
Parity resumes checking after the ALERTIs de-asserted, even if Parity Error Satus bit remains a one. If multiple errors
occur before the Error Satus bit is cleared the Error log in MPR Page 1 should be treated as ‘Don’t Care’. In Persistent
Parity Error Mode the ALERTpulse will be asserted and de-asserted by the DRAM as defined with the min. and max.
value tPAR_ALERT PW. The DRAM controller must issue DESELECT commands once it detects the ALERTsignal, this
response time is defined astPAR_ALERT_RSP.The following figures capture the flow of eventson the G’Abusand the
ALERTSsignal.
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Mode Register Setting for C/A Parity

C A Parity Latency . C A Parity Eror Satus | Parity Persistent Mode
MRS[2:0] Soeed bins MRS[4] MPS [9] Errant G A Frame
000= Disabled NA - 0 - Disablod
=clear = bisaple Y u
001=4 Clocks 1600/1866/2133 ACT, PAR,

BG1, BGO, BAQ, BA1,
010=5 Glocks 2400/2666 A16/RAS, A15/CAS, A14/WE,
011=6 Clocks 2933/3200 1=Error 1 = Enabled :

A[13:0]
100= 8 Clocks RFU

NOTE1 Parity latency is applied to all commands.

NOTE2 Parity latency can be changed only from a CA parity disabled state; for example, a direct change from PL=4 to PL=5 is not allowed. The
correct sequence is PL=4 to disabled to PL=5.

NOTE3 Parity Latency is applied to write and read latency. Write Latency = AL+CWL+PL Read Latency = AL+CL+PL

Command/Address Parity During Normal Operation

COMMAND/
ADDRESS

ALERT

@ @FZ Command execution unknown
- Command not executed DON'T CARE g\TIME BREAK

@ Command executed

NOTE1 DRAM is emptying queues. Precharge all and parity checking off until Parity Error Satus bit cleared.

NOTE2 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE3 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Satus bit cleared.
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Persistent CA Parity Error Checking Operation

TO T Tao Tail Ta2 TbO TcO Tei TdO Te0 Tel
CK — — - -~ —A -~

CK 2 - _—

tPA _UN OWN? tPAR_ALERT_QON | tPAR[JALERT_RSP t=2nCK tRP
=} -t - >
| / / | _ tPAR_ALERT_PW'
ALERT il / l
| (I
@ @2 Command execution unknown
- Command not executed DON'T CARE &TIME BREAK

@ Command executed

NOTE1 DRAM isemptying queues. Precharge all and parity check re-enable finished by tPAR_ALERT_PW.

NOTE2 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE3 Normal operation with parity latency and parity checking (CA Parity Persistent Error Mode enabled).

COMMAND! (D G\ ALICR A Y ALID S8 CHUALIDG D
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CA Parity Error Checking - SRE Attempt

COMMAND/
ADDRESS

e
il
tPAR_ALERT O / tPAR_ALERT PW'

(— ] |

U L 1
@ @ @ Command execution unknown
- Command not executed
@ Command executed

i
s -

tIS t=2nCK

tRP

ﬁ DON'T CARE &TIME BREAK

NOTE1 Deselect command only allowed.

NOTE2 Self Refresh command error. DRAM masks the intended SRE command and enters Precharge Power Down.

NOTE3 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking is off until Parity Error Satus bit cleared.
NOTE4 Controller cannot disable clock until it has been able to have detected a possible C/ A Parity error.

NOTE5 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE6 Deselect command only allowed; CKEmay go high prior to Tc2 as long as DEScommands are issued.
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CA Parity Error Checking - SRX Attempt

COMMAND/
ADDRESS

ALERT I -

) |
I I |

" iXSDLL " " "

@ @ @'3 Command execution unknown
- Command not executed

= -
56,7 [#] DONT CARE &TIME BREAK
w Command executed &

NOTE1 Self Refresh Abort = Disable: MR4 [9] = 0.

NOTE2 Input commands are bounded by tXSDLL, tXS, tXS ABORT and tXS FAST timing.

NOTE3 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE4 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Satus bit cleared.

NOTE5 Only MRS(limited to those described in the Self-Refresh Operation section), ZQCS or ZQCL command allowed

NOTE®6 Valid commands not requiring a locked DLL.

NOTE7 Valid commands requiring a locked DLL.

NOTE8 This figure shows the case from which the error occurred after tXS FAST. An error may also occur after tXS ABORT and tXS
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CA Parity Error Checking - PDE/PDX

COMMAND/

ADDRESS

M iy

2 e

|
A

-
tIS t=2nCK tRP

tPAR_ALERT_PW'

I B
\

i i

B pa—

N I

@@ Command execution unknown
- Command not executed
@ Command executed

NOTE 1
NOTE 2
NOTE 3
NOTE4

Deselect command only allowed.

Error could be Precharge or Activate.

E DON'T CARE gTIME BREAK

Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking is off until Parity Error Satus bit cleared.
Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should

consider both cases and make sure that the command sequence meets the specifications.

NOTE5

Parity Entry Timing Example - tMRD_PAR

Tal

Deselect command only allowed; CKE may go high prior to Td2 as long as DEScommands are issued.

Tod

£

o T2
b S " ::—'
Vo T

o Eo e o de ook X R
S () @ (1D S (5 @9 (0 @ (5 S . |
| [ | | |
Py Laiency A0 T ' TN
‘ " | | warp e . |
Enatia
Pary

NOTE 1

tMRD_PAR=tMOD + N; where N is the programmed parity latency.
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Parity Entry Timing Example - tMOD_PAR

Taz TEG k1

comuno _ X DESX X MRsY Y DEsY : }(I}E;}_{ Yvaudy(  ¥oes¥ X
Parity Latenzy in__u }J{ PL=N : 1' : l PL=M :

Eis J
Parity

-

NOTE1 tMOD_PAR=tMOD + N; where N isthe programmed parity latency.

Parity Exit Timing Example - tMRD_PAR
ac X A J\( A +4 + L >‘f K
MDZDTE K AMRSY X nlEs DTS}{ }{M?S}{ A DlES}( X

Pary Lasnoy PL=H L= L=l

NOTE1 tMRD_PAR=tMOD + N; where N is the programmed parity latency.

4 | J|I | WRD_PAR b |
Dizane
Farity

Parity Exit Timing Example - tMOD_PAR

T Tad

Ta2 f Th Thi ThE
N S L .
cuumjﬂfsx WMRSY Y DES pEs )} vaudX XoesY X
| | | |

Parlty Latsncy " FAL=H CE FL=D

= | Ii | SO0 PAR b |

NOTE1 tMOD_PAR=tMOD + N; where N is the programmed parity latency.

Integrated Silicon Solution, Inc. — www.issi.com
Rev. E
02/02/2023



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

CA Parity Flow

C/ A Parity Latency
MR5[2:0]

C A Parity Error Satus
MR5[4]

Parity Persistent Mode
MRS [9]

CVID/ADDR
Process Start

!

C’ggﬁ’;ﬁ DR | g 2.0, ACT, PAR BG1, BGO, BAO, BA1, A16/RAS, A15/CAS, A14/WE, A[17,13:0]

QA Parity Persistent Yes o CAParity\_Yes
enabled Mode v error
No
Yes ) Yes
C/ A Parity
MR5[4]=0 > error

Command executiory
unknown

No

A 4

Command execution|
unknown

Internal
Precharge All

<
<

Internal Internal
Precharge All Precharge All

ALERThigh ALERT high
Command Command
execution unknown execution unknown

Integrated Silicon Solution, Inc. — www.issi.com
Rev. E
02/02/2023



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

Per-DRAM Addressability (PDA Mode)

DDR4 allows programmability of a single, specific DRAM on arank. As an example, this feature can be used to program
different ODT or VREF values on each DRAM on a given rank. Snce PDA mode may be used to program optimal Vref for
the DRAM, the data set up for first DQO transfer or the hold time for the last DQO transfer cannot be guaranteed.

The DRAM may sample DQO on either the first falling or second rising DQStransfer edge. This supports a common
implementation between BC4 and BL8 modes on the DRAM. The DRAM controller isrequired to drive DQO to a ‘Sable
Low or High’ during the length of the data transfer for BC4 and BL8 cases.

1. Before entering Per-DRAM addressability mode, write leveling is required.
 BL8 or BC4 may be used.

2. Before entering per-DRAM addressability mode, the following MR settings are possible:
* RTT_PARKMRS5 A[8:6] = Enabled
e RTT_NOM MRT A[9, 6, 2] = Enabled

3. Enable per-DRAM addressability mode using MR3 [4] = 1. (The default programmed value of MR3[4] =0 .)

4. In the per-DRAM addressability mode, all MRScommands are qualified with DQO. The device captures DQO by using
DQSand DQSsignals. If the value on DQQ is low, the DRAM executes the MRScommand. If the value on DQO is high,
the DRAM ignoresthe MRScommand. The controller can choose to drive all the DQ bits.

5. Program the desired DRAM and mode registers using the MRScommand and DQO.
6. In per-DRAM addressability mode, only MRScommands are allowed.

7. The MODE REGISTER SET command cycle time in per-DRAM addressability mode, AL + CWL + 3.5nCK+tMRD_PDA is
required to complete the WRITE operation to the mode register and isthe minimum time required between two MRS

commands.

8. Remove the device from per-DRAM addressability mode by setting MR3[4] = 0. (This command requires DQO =0.)

NOTE: Removing the device from per-DRAM addressability mode will require programming the entire MR3 when the MRScommand
isissued. This may impact some per-DRAM addressability values programmed within a rank as the EXIT command is sent to the rank.
In order to avoid such a case, the PDA Enable/ Disable Control bit islocated in a mode register that does not have any Per-DRAM
addressability mode controls.

In per-DRAM addressability mode, the device captures DQO using DQSand DQS like normal WRITE operation; however, dynamic ODT
is not supported. Extra care is required for the ODT setting. If RTT_NOM MR1 [10:8] = Enable, DDR4 SDRAM data termination needs
to be controlled by the ODT pin and applies the same timing parameters as defined in direct ODT function that is shown below.

Symbol Parameter
DODTLon Direct ODT turn on latency
DODTLoff Direct ODT turn off latency
tADC RTT change timing skew
tAONAS Asynchronous RTT_NOM turn-on delay
tAOFAS Asynchronous RTT_NOM turn-off delay
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PDA Operation Enabled, BL8

CK_ ¢ | A =
CK_t ’_2?_/:\_/,_\\_/
tMOD AL + CYVL + PL 1 tMRD_PD.
1
1
DQS t ) | )
- 1 ' o o o o
g ( ooy e
1
) | | )
DQO
(seeted device) (( 1 [ ((
>:—< >:—<
PDA[S tPDA[H
) DQDTLoff = WL -3
opT / ( \ ()()
DQDTLor = WL 3
RTT RTT_PARK / XX RTT_NOM XK RTT_PARK
MR3 Ad=1 ‘ ‘ ‘ ‘ ‘
(PDA Enable)

NOTE1 RTT_PARK=Enable, RTT_NOM = Enable, Write Preamble Set = 2tCKand DLL = ON, CA parity is used
NOTE2 tpDA_s and tPDA_H have a minimum of 0.5 Ul.

MRS w/ per DRAM addressability (PDA) Exit

CK_c
CK_t
AL + C\VL + PL 1 tMOD_PDA
I
1
1
DaS._t D) )
— T r r r - |
DQS ¢ « - _X__)y__\\_/(__\\_/__\_/__\_/ «
1
D) ] 1 )
(selgc?e% device) (( }\ ! [ ((
»l - >l
PDA[S tPDA|H
DQDTLof|f = WL|-3
) °
oDpT / « \ ()()
DQDTLoA = WL|3
RTT RTT_PARK ) )O( RTT_NOM JRTT_PARK

MR3 A4=0
(PDA Disable)

NOTE1 RTT_PARK=Enable; RTT_NOM = Enable, Write Preamble Set = 2tGKand DLL = ON.
NOTE2 tpDA_s and tPDA_H have a minimum of 0.5 Ul.
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PDA using Burst Chop 4

TO ™ T2 Ta0 Tal Ta2 Ta3 Ta4 Th0 Th1 Tb2 Thb3 Tbh4 Thb5 Th6 Tb7 Th8 Th9 TcO Tet Tc2 Te3 Ted

N BTNV eaTEEaYE/avSNANRTARISIRYESRIRERTRERY
tMOD AL + CWL + Pl 1 tMAD_PDA
1
pas ¢ ) ) | )
Das ¢ ( « \ - JU[_.\_/(._‘,\_/ (
) ) ' )
(seleaD(giDdevioe) (( « I : ((
[l Py e it 9
tF;DA S tF‘.DA_H
MR3 A4=1
(PDA Enable)
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VREFDQ Training

The data busisterminated to VDDQ so that the Vref level will change based on drive strength and loading. Therefore,
VrefDQ s not supplied externally, rather VrefDQ is generated internally in the DRAM. The DRAM VREFDQ does

not have a default value upon power-up and must be set to the desired value, usually via VREFDQ training. The DDR4
DRAM memory controller is responsible for VREFDQ calibration to determine the best internal VREFDQ level. The
VREFDQ calibration is enabled/disabled via MR6 [7], while MR6 [6] selects Range 1 (60%to 92.5% of VDDQ) or Range 2
(45%to 77.5% of VDDQ). An MRSprotocol using MR6 [5:0] allows the fine adjustment of the VREFDQ level. MR6 [6:0]
bits can be altered via MRcommand set, if MR6 [7] isdisabled. The DRAM controller will likely use a series of Writes and
Reads in conjunction with VREFDQ adjustmentsto obtain the best VREFDQ which in turn optimizes the data eye.

DDR4 SDRAM internal VREFDQ specification parameters are: voltage range, step-size, VREF step time, VREF full step time,
and VREF valid level. The voltage operating range specifies the minimum required VREF setting range for DDR4 DRAM
devices. The minimum range is defined by VREF,min and VREF,max. As noted, a calibration sequence, determined

by the DRAM controller, should be performed to adjust VREFDQ and optimize the timing and voltage margin of the

DRAM data input receivers.

VREFDQ Voltage Range

vDDQ
\ J \ y
\ \
_4‘ Vrefmax
Vref _ _
Range y
J \ J \ Vrefmin
————— Vswing Small s System Variance
— - - — - Vswing Large Total Range
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VREFDQ Range and Levels

won | T ] T (o | T | T (eo | T | T w0 | | T
00 0000 60.00% 45.00% 001101 68.45% 53.45% 011010 76.90% 61.90% 100111 85.35% 70.35%
00 0001 60.65% 45.65% 001110 69.10% 54.10% 011011 77.55% 62.55% 10 1000 86.00% 71.00%
000010 61.30% 46.30% 001111 69.75% 54.75% 011100 78.20% 63.20% 101001 86.65% 71.65%
000011 61.95% 46.95% 010000 70.40% 55.40% 011101 78.85% 63.85% 101010 87.30% 72.30%
000100 62.60% 47.60% 010001 71.05% 56.05% 011110 79.50% 64.50% 101011 87.95% 72.95%
000101 63.25% 48.25% 010010 71.70% 56.70% 011111 80.15% 65.15% 101100 88.60% 73.60%
000110 63.90% 48.90% 010011 72.35% 57.35% 10 0000 80.80% 65.80% 101101 89.25% 74.25%
000111 64.55% 49.55% 010100 73.00% 58.00% 10 0001 81.45% 66.45% 101110 89.90% 74.90%
00 1000 65.20% 50.20% 010101 73.65% 58.65% 100010 82.10% 67.10% 101111 90.55% 75.55%
00 1001 65.85% 50.85% 010110 74.30% 59.30% 100011 82.75% 67.75% 11 0000 91.20% 76.20%
001010 |  66.50% 51.50% | 010111 | 74.95% 59.95% | 100100 | 83.40% 68.40% | 110001 | 91.85% 76.85%
001011 | 67.15% 52.15% | 011000 | 75.60% 60.60% | 100101 | 84.05% 69.05% | 110010 | 9250% 77.50%

110011
00 1100 67.80% 52.80% 011001 76.25% 61.25% 100110 84.70% 69.70% to Reserved Reserved
111111
VREFDQ Step Size

The VREF step size is defined as the step size between adjacent steps. VREF step size ranges from 0.5% VDDQ to 0.8%
VDDQ. However, for a given design, DRAM has one value for VREF step size that falls within the range.

The VREF set tolerance isthe variation in the VREF voltage from the ideal setting. This accounts for accumulated error
over multiple steps. There are two ranges for VREF set tolerance uncertainty. The range of VREF set tolerance

uncertainty is a function of number of steps n.

The VREF set tolerance is measured with respect to the ideal line which isbased on the two endpoints where the
endpoints are at the MIN and MAX VREF values for a specified range.

Example of VREF Set Tolerance and Step Size

Vref

Actual Vref Output

1
Vref Set 4
Tolerance

:; Vref Stepsize

Digital Code
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VREFDQ Increment and Decrement Timing

The VReEFincrement/decrement step times are define by VREF_time-short and VREF_time-long. VREF_time-short and VREF_time-long
are defined from t0 to t1, where t1 isreferenced to the VReFvoltage at the final DClevel within the VRervalid tolerance
(VREF_val_tol). The VReFvalid level is defined by VREF val tolerance to qualify the step time t1. This parameter is used to
insure an adequate RCtime constant behavior of the voltage level change after any VReFincrement/decrement
adjustment. VREF _time-short is for a single stepsize increment/decrement change in VRervoltage. VREF time-longis the time
including up to VREFminto VREFmax or VREFmaxto VREFmin change in VREFvoltage.

Note:

t0 - isreferenced to the MBScommand clock
t1 - isreferenced to VREF tol
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VrefDQ Calibration Sequence

The VrefDQ Calibration Mode is entered via an MRS command to Mode Register 6 (MR6). The command sets A[7] to 1,
with A[6] to either 0 or 1 to select the desired range (Range 1 or Range 2), and with A[5:0] with “don’t care” bit values.
Once VrefDQ Calibration Mode has been entered, VrefDQ Calibration Mode legal commands may be issued once
tVREFDQE has been satisfied. Legal VrefDQ Calibration Mode commands are ACT, WR, WRA, RD, RDA, PRE, DES, MRS to
set VrefDQ values, and MRS to exit VrefDQ Calibration Mode. Once VrefDQ Calibration Mode has been entered,
“dummy” write commands may be issued prior to adjusting VrefDQ value the first time. VrefDQ calibration is
performed after initialization. The “dummy” write commands may have bubbles between write commands, provided
other DRAM timings are satisfied. A possible example command sequence would be: WR1, DES, DES, DES, WR2, DES,
DES, DES, WR3, DES, DES, DES, WR4, DES, DES.......DES, DES, WR50, DES, DES, DES. After VrefDQ calibration mode is
entered, a subsequent MRS command is needed to set the VrefDQ values. The command sets A[7] to 1, A[6] to the
same value as initial range selection, and A[5:0] to desired bit values that determine the VrefDQ value; however, if A[7]
is set to 0, the MR6 A[6:0] are not written. Vref_time must be satisfied after each MR6 command to set VrefDQ value
before the internal VrefDQ value is valid.

If PDA mode is used in conjunction with VrefDQ calibration, the PDA mode requirement that only MRS commands are
allowed while PDA mode is enabled is not waived. That is, the only VrefDQ Calibration Mode legal commands noted
above that may be used are the MRS commands, i.e. MRS to set VrefDQ values, and MRS to exit VrefDQ Calibration
Mode.

The last A[6:0] setting written to MR6 prior to exiting VrefDQ Calibration Mode is the range and value used for the
internal VrefDQ setting. VrefDQ Calibration Mode may be exited when the DRAM is in idle state. After the MRS
command to exit VrefDQ Calibration Mode has been issued, DES must be issued till tVREFDQX has been satisfied where
any legal command may then be issued.

VREFDQ Training Mode Entry and Exit Timing Diagram

CK e —— - ;= .- f s - f- - s p-- ,- - ,--\/—\,;/\/—
ot —— — y y
COMMAND MRS' CMD CMD MRS CMD
VrefDQ Trgining On VrefDQ trgining OFF
- - VrefDQ training|mode - -
tVREFDQE tVREFDQX

NOTE1 New VREFDQ value is not allowed with MRScommand during training mode exit.

NOTE2 Depending on the step size of the latest programmed VREF value, Vref_time must be satisfied before disabling
VrefDQ training mode.

NOTE3 The Range may only be set in VREFDQ calibration mode entry; changing Range while in the mode is illegal.

Seed DDR4-21.33,2400,2666,2933,3200 Units| NOTE
Parameter ‘ Symbol Min Max
VrefDQtraining
Enter VrefDQ training mode to the first valid command delay tVREFDQE 150 - ns
Exit VrefDQ training mode to the first valid command delay tVREFDQX 150 - ns
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VREF Step Single Step Size Increment Case

Vref
Voltage

Stepsize Vref_val_tol

t1

Vref
(vDDQ DC)

VREF Step Single Step Size Decrement Case

Vref
Voltage

t1

Stepsize Vref_val_tol

Time

Vref
(vDDQ DC)

Time
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VREF Full Step From VREF,min to VREF,maxCase

Vref
Voltage
Vref

Vrefmax T (VvDDQ DC)

Vref_val_tol

t1

Vrefmin

Time

VREF Full Step From VREF,max to VREF,minCase

Vref
Voltage
Vrefmax

t1

lVref_vaI_toI

Vref
f (vDDQ DC)

Vrefmin

Time
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VREFDQ Supply and Calibration Ranges

The DDR4 SDRAM internally generatesits own VRerpa. DRAM internal VReFDQ specification parameters: voltage range,

step-size, VReFstep time, VReFfull step time, and VRervalid level. The voltage operating range specifiesthe minimum

required VRer setting range for DDR4 DRAM devices. The minimum range is defined by VReEFDQmin and VREFDQmax. A

calibration sequence should be performed by the DRAM controller to adjust VREFDQ and optimize the timing and voltage

margin of the DRAM data input receivers.

VREFDQ Specification

Symbol Prarmeter Min Typ Max Unit NOTE
VrefDQ R1 Range 1 VrefDQ operating points 60% - 92% VDDQ 1,11
VrefDQ R2 Range 2 VrefDQ operating points 45% - 77% VDDQ 1,11
Vref step Vref Stepsize 0.50% 0.65% 0.80% vDDQ 2

-1.625% 0.00% 1.625% vDDQ 3,4,6
Vref_set_tol Vref Set Tolerance

-0.15% 0.00% 0.15% vDDQ 3,5,7
Vref_time-Short - - 60 ns 8,12

Vref Sep Time
Vref_time-Long - - 150 ns 9,12
Vref_val_tol Vref Valid tolerance -0.15% 0.00% 0.15% VDDQ 10
NOTE1 VRER(DC) voltage isreferenced to VDDQ(DC). VDDQ(DC) is 1.2V.

NOTE2
NOTE3
NOTE4

NOTE5

NOTE6

NOTE7

NOTES8
NOTE9
NOTE 10

NOTE 11
NOTE 12

VREF step size increment/decrement range. VREF at DClevel.
VREF_new = VREF old £ n x VREF_step; n = number of steps. If increment, use “+;” if decrement,use “-.”

For n >4, the minimum value of VREF setting tolerance = VREF_new - 1.625% x VDDQ. The maximum value of VREF setting
tolerance = VREF _new + 1.625% x VDDQ.

For n <4, the minimum value of VREF setting tolerance = VREF_new - 0.15% x VDDQ. The maximum value of VREF setting tolerance
= VREF_new +0.15% x VDDQ.

Measured by recording the MIN and MAX values of the VREF output over the range,drawing a straight line between those points,
and comparing all other VREF output settingsto that line.

Measured by recording the MIN and MAX values of the VREF output across four consecutive steps (n =4), drawing a straight line
between those points, and comparing al VREF output settings to that line.

Time from MRScommand to increment or decrement one step size for VRER
Time from MRScommand to increment or decrement more than one step size up to the full range of VRER

Only applicable for DRAM component-level test/characterization purposes. Not applicable for normal mode of operation. VREF
valid qualifies the step times, which will be characterized at the component level.

DRAM range 1 or range 2 is set by the MR5[6]6.

If the Vref monitor is enabled, Vref_time-long and Vref_time-short must be derated by: +10ns if DQ bus load is OpF and an
additional +15ns/pF of DQ bus loading.
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Connectivity Test Mode (CT)

Connectivity Test (CT) mode is similar to boundary scan testing but is designed to significantly speed up testing of

electrical continuity of pin interconnections on the PCboards between the DDR4 and the memory controller. Designed

to work seamlessly with any boundary scan device, CT mode is supported in both x8 and x16 DDR4 SDRAM s.

When TEN pin asserted HIGH, this causes the device to enter the CT mode. In CT mode, the normal memory function

inside the device is bypassed and the I/ O pins appear as a set of test input and output pinsto the external controlling

agent. The TEN pin is dedicated to the connectivity check function and will not be used during normal device operation.

Contrary to other conventional shift register-based test modes, where test patterns are shifted in and out of the

memory devices serially during each clock, the DDR4 CT mode allows test patternsto be entered on the test input pins

in parallel and the test resultsto be extracted from the test output pins of the device in parallel at the same time,

significantly increasing the speed of the connectivity check. When placed in CT mode, the device appears as an

asynchronous device to the external controlling agent. After the input test pattern is applied, the connectivity test

results are available for extraction in parallel at the test output pins after a fixed propagation delay time.

Note: Areset of the device is required after exiting CT mode (see RESET and Initialization Procedure).

Boundary Scan Mode Pin Map and Switching Levels

Only digital pins can be tested via the CT mode. For the purposes of a connectivity check, all the pins used for digital
logic in the DDR4 memory device are classified as one of the following 5 types:

Types CT Mode Pins Pin Names during Normal Memory Operation Switching Level
1 Test Enable TEN'® CMOS (20%/ 80% VDD)
2 Chip Select cs’ VREFCA +200mV
BA[1:0], BG[1:0], A[9:0], A10/AP, A11, A12/BC, A13, WE/A14, CAS/ A15,
A _[ | [ ]_[ ] __ VREFCA +200mV
RAS A16, CKE, ACT, ODT, CK, CK, PAR
3 Test Input8 B |LDM/LDBI, UDM/UDBI, DM/DBI VREFDQ = 200mV
C |ALERT'® CMOS (20%/ 80% VDD)
4 D |RESET " CMOS (20%/ 80% VDD)
5 Test Output9 DQ[15:0], DQSU, DQSU, DQS., DQSL, DQS,DQS VTT£100mV
NOTE1 CMOQOSisrail-to-rail signal with DChigh at 80% and DClow at 20%of VDD, i.e, 960mV for DChigh and 240mV for DC low.
NOTE2 VREFCA should be at VDD/2.
NOTE3 VREFDQ should be at VDDQ/2.
NOTE4 VTT should be set to VDD/2.
NOTE5 Connectivity Test Mode is active when TEN is HIGH and inactive when TEN is LOW. TEN must be LOW during normal operation.
NOTE6 ALERTswitching level is not a final setting.
NOTE7 When asserted LOW, this pin enables the test output pinsin the DDR4 memory device. When de-asserted, the output pinsin the DDR4
memory device will be High-Z The CSpin in the device serves asthe CSpin in CT mode.
NOTE8 A group of pins used during normal DDR4 DRAM operation designated as test input pins. These pins are used to enter the test pattern in CT
mode.
NOTE9 A group of pins used during normal DDR4 DRAM operation designated as test output pins. These pins are used for extraction of the

connectivity test resultsin CT mode.
NOTE10 Fixed high level is required during CT mode, same as normal function.
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Logic Equations
Min Term Equations

MTx is an internal signal to be used to generate the signal to drive the output signals..

MTO = XOR (A1, A6, PAR)

MT1 = XOR (A8, ALERT, A9)

MT2 = XOR (A2, A5, A13)

MT3 = XOR (A0 A7, A11)

MT4 = XOR (CK, ODT, CAS/A15)

MT5 = XOR (CKE, RAS/A16, A10/AP)

MT6 = XOR (ACT, A4, BA1)

MT7 = x16: XOR ((UDM/UDBI), (LDM/ LDBI), CK)
x8: XOR (BG1, (LDM / LDBI), CK)

MT8 = XOR (WE / A14, A12/ BC, BAO)

MT9 = XOR (BGO, A3, (RESETand TEN))

Output equations for x16 devices

DQO = MTO
DQ1 = MT1
DQ2 = MT2
DQ3 = MT3
DQ4 = MT4
DQ5 = MT5
DQ6 = MT6
DQ7 = MT7
DQ8 = IDQO
DQ9 = IDQ1
DQ10 = IDQ2
DQ11 =!DQ3
DQ12 = IDQ4
DQ13 = IDQ5
DQ14 = IDQ6
DQ15 = IDQ7
DQSL = MT8
DQSL=MT9
DQSU = IDQSL
DQSU-= IDQSL

Output equations for x8 devices

DQO = MTO
DQ1 = MT1
DQ2 = MT2
DQ3 = MT3
DQ4 = MT4
DQ5 = MT5
DQ6 = MT6
DQ7 = MT7
DQS = MT8
DQS = MT9

Integrated Silicon Solution, Inc. — www.issi.com

Rev. E
02/02/2023

91



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

CT Input Timing Requirements
During CT Mode, input levels are defined below.

TEN pin : CMOS rail-to-rail with DC high and low at 80% and 20% of VDD.
CS : Pseudo differential signal referring to VrefCA

Test Input pin A : Pseudo differential signal referring to VrefCA

Test Input pin B : Pseudo differential signal referring to internal Vref 0.5*VDD
RESET: CMOS DC high above 70 % VDD

ALERT. Terminated to VDD. Swing level is TBD.

I S o

Prior to the assertion of the TEN pin, all voltage supplies must be valid and stable.

Upon the assertion of the TEN pin, the CKand CKsignals will be ignored and the DDR4 memory device enter into the CT
mode after tCT_Enable. In the CT mode, no refresh activitiesin the memory arrays, initiated either externally (i.e.,

auto-refresh) or internally (i.e., self-refresh), will be maintained.

The TEN pin may be asserted after the DRAM has completed power-on; once the DRAM is initialized and VREFdq is
calibrated, CT Mode may no longer be used.

The TEN pin may be de-asserted at any time in the CT mode. Upon exiting the CT mode, the states of the DDR4 memory
device are unknown and the integrity of the original content of the memory array is not guaranteed and therefore the
reset initialization sequence is required.

All output signals at the test output pins will be stable within tCT_valid after the test inputs have been applied to the
test input pinswith TEN input and CSinput maintained High and Low respectively.

Connectivity Test Mode Entry

CH.-t

2 c.\\:f. A \._Q\__f el VALID input X — WVALID Inpuz
W

tCKECT Valid = 10ns

CKE k.,
WALID Imput X VALID Input

RESET n
TN
oT_Enabie
-
cS.on !
'oT_valid

. Smmmmm——

CT Inpus= )‘( VALID Input )< VALID Input

CT_ Valid o7 vald |
CT Outpuis 1 Wil I :l: 4( VaLID

Symbol Min Max Unit
tCT_Enable 200 - ns
tCT_Valid - 200 ns

Integrated Silicon Solution, Inc. — www.issi.com
Rev. E
02/02/2023



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

ACTIVATE Command

The ACTIVATE command is used to open (activate) arow in a particular bank for subsequent access. The valueson the
BG[1:0] inputs select the bank group; the BA[1:0] inputs select the bank within the bank group; and the address
provided on inputs A[17:0] selects the row within the bank. Thisrow remains active (open) for accesses until a
PRECHARGE command isissued to that bank. A PRECHARGE command must be issued before opening a different row in
the same bank. Bank-to-bank command timing for ACTIVATE commands uses two different timing parameters,
depending on whether the banks are in the same or different bank group. tRRD_S(short) is used for timing between
banks located in different bank groups. tRRD_L (long) is used for timing between banks located in the same bank group.
Another timing restriction for consecutive ACTIVATE commands (issued at tRRD (MIN) istFAW (fifth activate window).
Snce there isa maximum of four banksin a bank group, the tFAW parameter applies across different bank groups

because five activate commandsissued at tRRD_L (MIN) to the same bank group would be limited by tRC.

tRRD Timing

Bank Group(GB)

2 Ti@e Break Don’t Care

NOTE1 tRRD_S; ACTIVATEto-ACTIVATE command period (short); applies to consecutive ACTIVATE commands to different bank groups (i.e.,
TO and T4) .

NOTE2 tRRD_L; ACTIVATEto-ACTIVATE command period (long); applies to consecutive ACTIVATE commands to the different banksin the
same bank group (i.e., T4 and T10).
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tFAW Timing

TO

O\~ - -
CK_c ' —

22 Time Break Don’t Care

NOTE1 tFAW; four activate window.
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PRECHARGE Command

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row activation for a specified time (tRP) after the PRECHARGE command is
issued. An exception to thisis the case of concurrent auto precharge, where a READ or WRITEcommand to a different
bank is allowed aslong as it does not interrupt the data transfer in the current bank and does not violate any other
timing parameters. Once a bank has been precharged, it isin the idle state and must be activated prior to any READ or
WRITEcommands being issued to that bank. A PRECHARGE command is allowed if there isno open row in that bank
(idle state) or if the previously open row is already in the process of precharging. However, the precharge period will be
determined by the last PRECHARGE command issued to the bank.

The auto-precharge function is engaged when a Read or Write command isissued with A10 High. The auto-precharge
function utilizes the RASIockout circuit to internally delay the precharge operation until the array restore operation has
completed. The RASlockout circuit feature allows the precharge operation to be partially or completely hidden during
burst read cycles when the auto-precharge function is engaged. The precharge operation will not begin until after the

last data of the burst write sequence is properly stored in the memory array.
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REFRESH Command

The REFRESH command (REF) is used during normal operation of the device. This command is nonpersistent, so it must
be issued each time arefresh isrequired. The device requires REFRESH cycles at an average periodic interval of tREF.
When CS, RAS/ A16 and CAS/ A15 are held LOW and WE/ A14 HIGH at the rising edge of the clock, the chip entersa
REFRESH cycle. All banks of the SDRAM must be precharged and idle for a minimum of the precharge time tRP (MIN)
before the REFRESH command can be applied. The refresh addressing is generated by the internal DRAM refresh
controller. This makes the address bits “Don’t Care” during a REFRESH command. An internal address counter supplies
the addresses during the REFRESH cycle. No control of the external address bus is required once this cycle has started.
When the REFRESH cycle has completed, all banks of the SDRAM will be in the precharged (idle) state. A delay between
the REFRESH command and the next valid command, except DES, must be greater than or equal to the minimum
REFRESH cycle time tRFC (MIN). The tRFC timing parameter depends on memory density.

In general, a REFRESH command needs to be issued to the device regularly every tREFl interval. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided for
postponing and pullingin the refresh command. A limited number Refresh commands can be postponed depending on
Refresh mode: maximum of 8 Refresh commands can be postponed when the device isin 1Xrefresh mode; a maximum
of 16 Refresh commands can be postponed when the device isin 2Xrefresh mode, and a maximum of 32 Refresh
commands can be postponed when the device isin 4Xrefresh mode.

At any point in time no more than atotal of 8, 16, 32 Refresh commands are allowed to be postponed. When 8
consecutive Refresh commands are postponed, the resulting maximum interval between the surrounding Refresh
commandsislimited to 9 x tREFI (). For both the 2Xand 4X Refresh modes, the maximum consecutive Refresh
commands allowed islimited to 17 x tREFI2 and 36 xt REFI4, respectively.

Alimited number Refresh commands can be pulled-in as well. A maximum of 8 additional Refresh commands can be
issued in advance or “pulled-in” in 1Xrefresh mode; a maximum of 16 additional Refresh commands can be issued
when in advance in 2Xrefresh mode; and a maximum of 32 additional Refresh commands can be issued in advance
when in 4Xrefresh mode; with each Refresh command reducing the number of regular Refresh commands required
later by one. Note that pulling in more than the maximum allowed Refresh command, Refresh commandsin advance
does not further reduce the number of regular Refresh commands required later, so that the resulting maximum
interval between two surrounding Refresh commandsislimited to 9 x tREFI, 18 x tRFEI2 and 36 x t REFI4 respectively. At
any given time, a maximum of 16 REF commands can be issued within 2 x tREF; 32 REF2 commands can be issued within
4 x tREF; and 64 REF4 commands can be issued within 8 x t REFI4.
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REFRESH Command Timing

tRFC(min)

tREFI(max.9 (tREFI)

DRAM must be idle DRAM must be idle

22 Time Break [EDon’t care

NOTE1 Only DEScommands allowed after REFRESH command registered until tRFC (MIN) expires.
NOTE2 Time interval between two REFRESH commands may be extended to a maximum of 9 x tREF.

Postponing REFRESH Commands (Example of 1X Refresh mode)

tREFI
- |e
- 9 ytREFI ))
>t
\k tRFC
~

8REF-Commands postponed

Pulling In REFRESH Commands (Example of 1X Refresh mode)

tREFI

nin
i

L [ ]

I o

tRFC

i

8 REF-Commands pulled-in
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Temperature-Controlled Refresh Mode (TCR)

During normal operation, TCRmode disabled, the DRAM must have a Refresh command issued once every tREF, except
for what is allowed by posting (see Refresh Command section). This means a refresh command must be issued once

every 3.9usif TCgreater than or equal to 85° Cand once every 7.8usif TClessthan 85° C, as shown in table below.

Normal tREFI Refresh (TCR Disabled)

Normal Temperature Extended Temperature
Temperature
External Refresh Period | Internal Refresh Period | External Refresh Period | Internal Refresh Period
Tc < +45°C
7.8us 7.8us
+45°C < Tc<+85°C 3.9us 3.9us
+85°C < Tc<+95°C (Not Applicable)
NOTE1 If TCislessthan +85°Cthen the external refresh period can be 7.8us if the DRAM can arbitrate between the temperature switching at the
85°C point.
TCR Mode

When TCRmode is enabled, the DRAM will register the externally supplied Refresh Command and adjust the internal
refresh period to be longer than tREFI of the normal temperature range, when allowed, by skipping REFRESH commands
with the proper gear ratio. TCRMode hastwo rangesto select between - Normal Temperature Range and Extended
Temperature Range; the correct range must be selected so the internal control operates correctly The DRAM isto have
the correct REFRESH rate applied externally; the internal refresh rate is determined by the DRAM based upon the

temperature.

TCR Mode - Normal Temperature Range
REFRESH commands are to be issued to DRAM with the refresh period equal to or shorter than tREF of normal

temperature range (0°Cto +85°C). In this mode, the system guaranteesthat the DRAM temperature does not exceed
85°C. The DRAM may adjust the internal refresh period to be longer than tREFI of the normal temperature range by
skipping external REFRESH commands with the proper gear ratio when Tcis below 45°C. The internal refresh period is

automatically adjusted inside the DRAM and the DRAM controller does not need to provide any additional control.

TCR Mode - Extended Temperature Range
REFRESH commands should be issued to DRAM with the refresh period equal to or shorter than tREFI of extended

temperature range (+85°Cto +95°C). Even though the external Refresh supportsthe extended temperature range, the
DRAM will adjust itsinternal refresh period to tREF of the normal temperature range by skipping external REFRESH
commands with proper gear ratio when operating in the normal temperature range (0°Cto +85°C). The DRAM may
adjust the internal refresh period to be longer than tREFl of the normal temperature range by skipping external
REFRESH commands with the proper gear ratio when Tcis below 45°C. The internal refresh period is automatically

adjusted inside the DRAM and the DRAM controller does not need to provide any additional control.
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Normal tREFI Refresh (Temperature-Controlled Refresh Enabled)

Normal Temperature

Extended Temperature

Temperature
External Refresh Period | Internal Refresh Period | External Refresh Period | Internal Refresh Period
Tc < +45°C 7.8us >>7.8us >>7.8us
+45°C < Tc<+85°C 7.8us 7.8us 3.9us 7.8us
+85°C < Tc<+95°C (Not Applicable) 3.9us

NOTE1 If the external refresh period is 7.8us then DRAM will refresh internally at half the listed refresh rate and will violate refresh specifications.

TCR Mode Example

Controller 85°Cto 95°C 45°Cto 85°C <45°C
External [ REFRESH External [ REFRESH REFRESH ¢ REFRESH
tREFI tREFI l
3.9ps 3.9us Internal
REFRESH REFRESH tREFI
7.8us
| | ! |
REFRESH REFRESH REFRESH
I ! I
REFRESH REFRESH \ REFRESH
I | )
REFRESH REFRESH REFRESH
REFRESH REFRESH
l l v v
REFRESH REFRESH REFRESH REFRESH
Controller issues REFRESH External REFREH Every other At low temperature, more
commands at Extended commands not external REFRESH commands can
Temperature rate ignored REFRESH ignored be ignored
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Fine Granularity Refresh Mode (FGRM)

Mode Register and Command Truth Table
The REFRESH cycle time (tRFC) and the average refresh interval (tREFI) of DDR4 SDRAM can be programmed by the MRS

command. The appropriate setting in the mode register will set a single set of REFRESH cycle time and average refresh
interval for the DDR4 SDRAM device (fixed mode), or allow the dynamic selection of one of two sets of REFRESH cycle
time and average refresh interval for the DDR4 SDRAM device (on-the-fly mode [OTF]). OTF mode must be enabled by
MRSbefore any OTF REFRESH command can be issued.

MRS Definition

MR3[8] MR3[7] MR3[6] Fine Granularity Refresh
0 0 0 Normal mode (Fixed 1x)
0 0 1 Fixed 2x
0 1 0 Fixed 4x
0 1 1 Reserved
1 0 0 Reserved
1 0 1 Enable on the fly 1x/2x
1 1 0 Enable on the fly 1x/4x
1 1 1 Reserved

There are two types of OTF modes (1x/2x and 1x/4x modes) that are selectable by programming the appropriate values
into the mode register. When either of the two OTF modes is selected, DDR4 SDRAM evaluates the BGO bit when a
REFRESH command isissued, and, depending on the status of BGO, it dynamically switchesitsinternal refresh

configuration between 1x and 2x (or 1x and 4x) modes, then executes the corresponding REFRESH operation.

REFRESH Command Truth Table

— | RAS CAS WE A10/ | A[9:0],
REFRESH CS | ACT /A16 /A15 IA14 BG1 BGO | BAO-1 AP | A[12:11] MR3[8:6]
Fixed rate L H L L H \' \Y \Y \Y V Ovv
OTF-1x L H L L H \ L \Y \Y V 1w
OTF-2x 101
L H L L H V H \Y \Y V
OTF—4x 110
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tREFI and tRFC Parameters

The default refresh rate mode is fixed 1x mode where REFRESH commands should be issued with the normal rate, i.e.
tREFI1 = tREF(base) and the duration of each REFRESH command is the normal refresh cycle time (tRFC1).

In 2x mode (either fixed 2x or OTF 2x mode), REFRESH commands should be issued to the DRAM at the double
frequency (tREFI2 = tREFl(base)/ 2) of the normal refresh rate. In 4x mode, REFRESH command rate should be
quadrupled (tREFI4 = tREFI(base)/ 4). Per each mode and command type, tRFCparameter has different values as defined
in the following table.

For discussion purposes, the REFRESH command that should be issued at the normal refresh rate and hasthe normal
refresh cycle duration may be referred to as a REF1x command. The refresh command that should be issued at the
double frequency (tREFI2 = tREFl(base)/ 2) may be referred to as a REF2x command. Finally, the REFRESH command that
should be issued at the quadruple rate (tREFI4 = tREFI(base)/4) may be referred to as a REF4x command.

In the fixed 1x refresh rate mode, only REF1x commands are permitted. In the fixed 2x refresh rate mode, only REF2x
commands are permitted. In the fixed 4x refresh rate mode, only REF4x commands are permitted. When the on-the-fly
1x/2x refresh rate mode is enabled, both REF1x and REF2x commands are permitted. When the OTF 1x/4x refresh rate

mode is enabled, both REF1x and REF4x commands are permitted.

tREFI and tRFC Parameters

Refresh Mode Parameter 8Gb Unit
tREFI (base) 7.8 us
-40°C < TCASE< 85°C t REFl(base)
{REA 85°C< TCGASE< 95°C t REFl(base)/ 2 s
1Xmode 95°C< TCGASE< 105°C t REFl(base)/ 4
105°C < TCASE< 125°C tREFl(base)/ 8
tRFC1 (min) 350 ns
-40°C <= TCASE < 85°C t REFl(base)/ 2
{REA2 85°C < TCASE< 95°C tREFl(base)/ 4 s
2Xmode 95°C< TCGASE< 105°C t REFl(base)/ 8
105°C < TCASE< 125°C tREFl(base)/ 16
tRFQ2 (min) 260 ns
-40°C <= TCASE < 85°C tREFl(base)/ 4
{REF4 85°C< TCGASE< 95°C t REFl(base)/ 8 s
4Xmode 95°C< TCGASE< 105°C tREFl(base)/ 16
105°C < TCASE< 125°C tREFl(base)/ 32
tRFC4 (min) 160 ns

NOTE: Operation in any indicated range in this table is permitted only as defined in the Component Operating

Temperature Range table.
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8Gb with Fine Granularity Refresh Mode Example

Normal Temperature Operation (-40°Cto 85°0) Extended Temperature Operation (85°Cto 95°Q

|
|
|
|
1XMode 2X Mode 4XMode : 1XMode 2X Mode 4XMode
tREFI=7.8us tREFI=3.9us tREFI=1.95us : tREFI=3.9us tREFI=1.95us tREFI=0.975us
|
REF@350ns | | REF@260ns | | REF@160ns | i REF@350ns | | REF@260ns | | REF@160ns |
|
i
v | \ 4
REF@160ns : | REF@260ns | | REF@160ns |
|
|
: v
REF@260ns | | REF@160ns | : REF@350ns | | REF@260ns | | REF@160ns |
|
|
: \ 4
REF@160ns : | REF@260ns | | REF@160ns |
|
v : v
REF@350ns | | REF@260ns | | REF@160ns | : REF@350ns | | REF@260ns | | REF@160ns |
|
i
: \ 4
REF@160ns : | REF@260ns | | REF@160ns |
|
\ 4 : v
REF@260ns | | REF@160ns | : REF@350ns | | REF@260ns | | REF@160ns |
|
i
A 4 ! v
REF@160ns i | REF@260ns | | REF@160ns |
i
v : v
REF@350ns | | REF@260ns | | REF@160ns | ! REF@350ns | | REF@260ns | | REF@160ns |
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Changing Refresh Rate

If the refresh rate is changed by either MRSor OTF, new tREF and tRFC parameters would be applied from the moment
of the rate change. When the REF1x command is issued to the DRAM, then tREF1 and tRFC1 are applied from the time
that the command wasissued. And then, when REF2x command isissued, then tREF2 and tRFC2 should be satisfied.

On-the-fly REFRESH Command Timing

tRFC1(min) _ tRFC2(min)

tREFI1 tREFI2

The following conditions must be satisfied before the refresh rate can be changed. Otherwise, data retention of DDR4

SDRAM cannot be guaranteed.

¢ |n the fixed 2x refresh rate mode or the OTF 1x/2x refresh mode, an even number of REF2x commands must be issued
to the DDR4 SDRAM since the last change of the refresh rate mode with an MRScommand before the refresh rate
can be changed by another MRScommand.

e In the OTF1x/2x refresh rate mode, an even number of REF2x commands must be issued between any two REF1x
commands.

¢ In the fixed 4x refresh rate mode or the OTF 1x/4x refresh mode, a multiple-of-four number of REF4x commands must
be issued to the DDR4 SDRAM since the last change of the refresh rate with an MRScommand before the refresh rate
can be changed by another MRScommand.

e In the OTF1x/4x refresh rate mode, a multiple-of-four number of REF4x commands must be issued between any two
REF1x commands. There are no special restrictions for the fixed 1x refresh rate mode. Switching between fixed and

OTF modes keeping the same rate is not regarded as a refresh rate change.

Usage with Temperature Controlled Refresh Mode
If the temperature controlled refresh mode is enabled, then only the normal mode (fixed 1x mode, MR3[8:6] = 000) is
allowed. If any other refresh mode than the normal mode is selected, then the temperature controlled refresh mode

must be disabled.
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Self Refresh Entry and Exit

DDR4 SDRAM can enter self refresh mode anytime in 1x, 2x, and 4x mode without any restriction on the number of
REFRESH commands that have been issued during the mode before the self refresh entry. However, upon self refresh

exit, extra REFRESH command(s) may be required, depending on the condition of the self refresh entry.
The conditions and requirements for the extra REFRESH command(s) are defined as follows:
e There are no special restrictions on the fixed 1x refresh rate mode.

¢ In the fixed 2x refresh rate mode or the enable-OTF 1x/2x refresh rate mode, it isrecommended that there should be
an even number of REF2x commands before entry into self refresh because the last SELF REFRESH EXIT or REF1x
command or MRScommand that set the refresh mode. If this condition is met, no additional refresh commands are
required upon self refresh exit. In the case that this condition is not met, either one extra REF1x command or two
extra REF2x commands are required to be issued to the DDR4 SDRAM upon self refresh exit. These extra REFRESH

commands are not counted toward the computation of the average refresh interval (tREFI).

In the fixed 4x refresh rate mode or the enable-OTF 1x/4x refresh rate mode, it isrecommended that there should be
a multiple-of-four number of REF4x commands before entry into self refresh since the last self refresh exit or REF1x
command or MRScommand that set the refresh mode. If this condition is met, no additional refresh commands are
required upon self refresh exit. In the case that this condition is not met, either one extra REF1x command or four
extra REF4x commands are required to be issued to the DDR4 SDRAM upon self refresh exit. These extra REFRESH

commands are not counted toward the computation of the average refresh interval (tREFI).

This section does not change the requirement regarding postponed REFRESH commands. The requirement for the
additional REFRESH command(s) described above is independent of the requirement for the postponed refresh

commands.
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Self Refresh Operation

The SELF REFRESH command can be used to retain data in the DDR4 SDRAM, even if the rest of the system is powered
down. When in self refresh mode, the device retains data without external clocking. The device has a built-in timer to
accommodate SELF REFRESH operation. The SELF REFRESH command is defined by having CS, RAS, CAS, and CKE held
LOW with WE and ACT HIGH at the rising edge of the clock.

Before issuing the SELF REFRESH ENTRY command, the device must be idle with all banks in the precharge state and tRP
satisfied. Idle state is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKEis
HIGH, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS etc.). After
the SELF REFRESH ENTRY command is registered, CKE must be held LOW to keep the device in self refresh mode. DRAM
automatically disables ODT termination, regardless of the ODT pin, when it enters self refresh mode and automatically
enables ODT upon exiting self refresh. During normal operation (DLL on), the DLL is automatically disabled upon
entering self refresh and is automatically enabled (including a DLL reset) upon exiting self refresh.

When the device has entered self refresh mode, all of the external control signals, except CKEand RESET, are “Don’t
Care.” For proper SELF REFRESH operation, all power supply and reference pins (VDD, VDDQ, Vss, Vsq, VPP, and VREFCA)
must be at valid levels.

The DRAM internal VREFDQ generator circuitry may remain ON or turned OFF depending on the MRx bit y setting. If the
DRAM internal VREFDQ circuit is ON in self refresh, first WRITE operation or first write-leveling activity may occur after
tXStime after self refresh exit. If the DRAM internal VREFDQ circuitry is turned OFF in self refresh, when the DRAM exits
the self refresh state, it ensuresthat the VREFDQ generator circuitry is powered up and stable within the tXSDLL period.
First WRITE operation or first writeleveling activity may not occur earlier than tXSDLL after exiting self refresh. The
DRAM initiates a minimum of one REFRESH command internally within the tCKE period once it enters self refresh mode.

The clock isinternally disabled during a SELF REFRESH operation to save power. The minimum time that the device

must remain in self refresh mode is tCKESR. The user may change the external clock frequency or halt the external clock
tCKSRE after self refresh entry isregistered; however, the clock must be restarted and tCKSRX must be stable before the
device can exit SELF REFRESH operation.

The procedure for exiting self refresh requires a sequence of events. First, the clock must be stable prior to CKE going
back HIGH. Once a SHLF REFRESH EXIT command (SRX, combination of CKE going HIGH and DESELECT on the command
bus) is registered, the following timing delay must be satisfied:

Commandsthat do not require locked DLL:
¢ tXS- ACT, PRE, PREA, REF, SRE, PDE, WR, WR34, WRS8, WRA, WRAHA, WRASS.

e tXSFast - ZQCL, ZQCS, MRScommands. For an MRScommand, only DRAM CL and the WR/ RTP register in MR0, the
CWLregister in MR2, and geardown mode in MR3 are allowed to be accessed, provided DRAM is not in per DRAM

addressability mode.

Accessto other DRAM mode registers must satisfy tXStiming.
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Commands that require locked DLL:
¢ tXSDLL - RD, RD$4, RDSB, RDA, RDAS4, RDASS.

Depending on the system environment and the amount of time spent in self refresh, ZQ CALIBRATION commands may
be required to compensate for the voltage and temperature drift described in the ZQ Calibration Commands section. To
issue ZQ CALIBRATION commands, applicable timing requirements must be satisfied.

CKE must remain HIGH for the entire self refresh exit period tXSDLL for proper operation except for self refresh re-entry.
Upon exit from self refresh, the device can be put back into self refresh mode or power-down mode after waiting at
least tXSperiod and issuing one REFRESH command (refresh period of tRFC). The DESELECT command must be
registered on each positive clock edge during the self refresh exit interval tXS

ODT must be turned off during tXSDLL.

The use of self refresh mode introduces the possibility that an internally timed refresh event can be missed when CKEis
raised for exit from self refresh mode. Upon exit from self refresh, the device requires a minimum of one extra REFRESH
command before it is put back into self refresh mode.

Self Refresh Entry/Exit Timing

i TO T Ta0 TbO TcO Tdo Td1 TeO TfO Tgo
CK — — ;- = - - - = - = - = N Y
CK — A\ _ 7/ N _ __ - _ - _ - _ - _ N _ / N _
- 77 y > - 1 >
us| tcrpED | tCKSRE l tCKSRX

CKE ?__% (}S @@LID VAU VALID

tCKESR / {CKESR_PAR

Am?,ﬂ&\/ﬁ# . | | b | Mg

e e SRX >@ VALID vALID vALID

COMMAND

I
ADDR e s X VAL VALY vaLD
tRP ) _ xs_asor?
- tXSDLL .
Enter Self Refresh Exit Self Refresh DON'T CARE SS TIME BREAK

NOTE1 Only MRS(limited to those described in the Self-Refresh Operation section). ZQCSor ZQCL command allowed.
NOTE2 Valid commands not requiring a locked DLL

NOTE3 Valid commands requiring a locked DLL

NOTE4 Only DESis allowed during tXS_ABORT
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Self Refresh Entry/Exit Timing with CAL

SERSUEOBELERED D s G OB OOB SN B
[ e e | [ (
e, -)'_;--“; _.‘i} b | r:_i:'!;._ L S—1 | — _‘":'_:‘_ ot 4N ooz Y 1’? Y ,;:; 4
; R ¢ AV P (S S ()
- kA - i- L =X = 1 -
[ oot 'cask

NOTE1 tCAL=3nCK, tCPDED =4nCK, t CKSRE= 8nCK, tCKSRX=8nCK, tXS_FAST =tREFC4(min)+10ns
NOTE2 CS=high, ACT=Don't Care, RASA16 = Don't Care, CAS/A15 = Don't Care, WE/A14 = Don't Care,
NOTE3 Only MRS(limited to thise described in the Self-Refresh Operation section), ZQCS, or ZQCL commands are allowed.

Self Refresh Abort

The exit timing from self refresh exit to the first valid command not requiring a locked DLLis tXS The value of tXSis
(tRFC+10ns). Thisdelay isto allow any refreshes started by the DRAM time to complete. tRFC continues to grow with
higher density devices so tXSwill grow as well. An MRSbit enables the self refresh abort mode. If the bit is disabled
then the controller uses tXStimings (location MR4, bit 9). If the bit is enabled, then the DRAM aborts any ongoing
refresh and does not increment the refresh counter. The controller can issue a valid command not requiring a locked
DLL after a delay of tXS abort.

Upon exit from self refresh, the device requires a minimum of one extra REFRESH command before it is put back into

self refresh mode. Thisrequirement remains the same irrespective of the setting of the MRSbit for self refresh abort.

Self Refresh Abort

T ™ Tald Tho <] Tdd Td1 Ted Tio oo
et AU U X
/w4 I ) e

TKESR

|
oot D LT VT R i s, | A2 B |

command DES SHE @C.css @WW!’// ,m;f /J/‘/,;;(/@( SR )@‘g( valid! )(a‘ Valid?
oo 722%2%2%%%/%%% R ﬁ)iﬁf vald %mw

Entar Szif Refresh Exit Setf Redresh

Don't Care EE Time Break

NOTE1 Only MRSlimited to those described in the Self Refresh Operation section), ZQCS, or ZQCL command allowed.
NOTE2 Valid commands not requiring alocked DLL with self refresh abort mode enabled in the mode register.
NOTES3 Valid commands requiring a locked DLL
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Self Refresh Exit with NOP Command

Exiting Self-Refresh Mode using the No Operation command (NOP) is allowed under a specific system application. This
special use of NOP allows for acommon command/address bus between active DRAMs and DRAM(s) in Max Power
Saving Mode. Self Refresh Mode may exit with No Operation commands (NOP) provided:

e The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.

e tMPX Sand tMPX LH are satisfied.

* NOP commands are only issued during tMPX_LH window.

No other command is allowed during tMPX_LH window after SRXcommand is issued.

Ta0 Tat Ta2 T1a3 Tbo Tb1 Th2 Th3  Tco Tel Tc2 Te3 Te4 Tdo Td1 Td2 Td3 Te0 Te1

torsrx

COMMAND sl

ADDRESS R

tXS|+ tXSDL | |

[7loon  caRre

NOTE1 CS=L ACT=H, RAS/A16 =H, CAS/A15 =H, WE/A14 = H at Tb2 ( No Operation command )

NOTE2 SRXat Tb2isonly allowed when DRAM shared Command/Address bus is under exiting Max Power Saving Mode.

NOTE3 Valid commands not requiring a locked DLL

NOTE4 Valid commands requiring a locked DLL

NOTE5 tXS FAST and tXS ABORT are not allowed this case.

NOTE6 Duration of CS Low around CKE rising edge must satisfy tMPX_Sand tMPX_LH as defined by Max Power Saving Mode AC parameters.
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Power-Down Mode

Power-down is synchronously entered when CKEis registered LOW (along with a DESELECT command). CKEis not
allowed to go LOW when the following operations are in progress: MODE REGISTER SET command, M PR operations,
ZQCAL operations, DLL locking, or READ/ WRITE operations. CKEis allowed to go LOW while any other operations, such
as ROW ACTIVATION, PRECHARGE or auto precharge, or REFRESH, are in progress, but the power-down IDD spec will
not be applied until those operations are complete. Timing diagrams below illustrate entry and exit of power-down.
The DLL should be in alocked state when power-down is entered for fastest powerdown exit timing. If the DLL is not
locked during power-down entry, the DLL must be reset after exiting power-down mode for proper read operation and
synchronous ODT operation. DRAM design provides all ACand DCtiming and voltage specification as well as proper DLL
operation with any CKEintensive operations as long as the DRAM controller complies with DRAM specifications.
During power-down, if all banks are closed after any in-progress commands are completed, the device will be in
precharge power-down mode; if any bank is open after inprogress commands are completed, the device will be in
active power-down mode. Entering power-down deactivates the input and output buffers, excluding CK, CK, CKE and
RESET. In power-down mode, DRAM ODT input buffer deactivation is based on MRx bit Y. If it is configured to Ob, the
ODT input buffer remains on and ODT input signal must be at valid logic level. If it is configured to 1b, ODT input buffer
is deactivated and DRAM ODT input signal may be floating and DRAM does not provide RTT_NOM termination. Note
that the device continuesto provide RTT_PARKtermination if it is enabled in the mode register MRa bit B.To protect
internal delay on the CKEline to block the input signals, multiple DEScommands are needed during the CKE switch off
and on cycle(s); this timing period is defined as t CPDED. CKE low will result in deactivation of command and address

receivers after t CPDED has expired.

Power-Down Entry Definitions

Status of DRAM DLL PD Exit Relevant Parameters
Active
O Fast tXPt lid d
(A bank or more Open) " a 0 any valid comman
Precharged .
F XP [ .
(All banks Precharged) on ast tXPto any valid command

The DLL is kept enabled during precharge power-down or active power-down. In power-down mode, CKEis LOW,
RESETis HIGH, and a stable clock signal must be maintained at the inputs of the device. ODT should be in a valid state,
but all other input signals are "Don't Care." (If RESETgoes LOW during power-down, the device will be out of
power-down mode and in the reset state.) CKELOW must be maintained until tCKE has been satisfied. Power-down
duration is limited by 9 x t REFI.

The power-down state is synchronously exited when CKEis registered HIGH (along with DEScommand). CKE HIGH must
be maintained until tCKE has been satisfied. The ODT input signal must be at a valid level when the device exits from
power-down mode, independent of MRx bit Yif RTT_NOM is enabled in the mode register. If RTT_NOM is disabled, then
the ODT input signal may remain floating. A valid, executable command can be applied with power-down exit latency,

tXP and/or tXPDLL after CKE goes HIGH. Power-down exit latency is defined in the AC Secificationstable.
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Active Power-Down Entry and Exit (MR5 bit A5 =0)

TO T1 Ta0 TbO Tb1 TcO Tdo
CK == [ Vo CEN VY [ Vel /(N ’ BN N
[ \ \ /N . A N \ /N \

commant Z vauio Y pes | 2X pes W| o oes |2 pes X o
(—|

tPD
IS tiH

CKE

tiH
oDT(2)

—_

ADDRESS e VALID Yo
{CPDED | ! - tXP =|
Enter Exit  TMEBREAK 5] DON'T CARE
Power-Down Mode Power-Down Mode "

NOTE1 Valid commands at TO are ACT, DES or PREwith one bank remaining open after completion of the PRECHARGE command.
NOTE2 ODT pin driven to a valid state; MR5 [5] = 0 (normal setting).
NOTE3 ODT pin driven to a valid state; MR5 [5] = 1.

Active Power-Down Entry and Exit (MR5 bit A5 =1)

TO T Ta0 Tb0 Tb1

COMMAND /22

CK_t
CK_¢c

CKE

oDT(?)

ADDRESS

tCPDED

< » tXP

~ |
Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK DON  CARE

NOTE : 1. VALID command at TO is AGTDES or Precharge with still one bank remaining open after completion of the precharge command.
2. ODT pin driven to a valid state. MR5 bit A5=1 is shown.

NOTE1 Valid commands at TO are ACT, DES or PREwith one bank remaining open after completion of the PRECHARGE command. ODT pin
driven to avalid state; MR5 [5] =1.
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Power-Down Entry After Read and Read with Auto Precharge

T T
CKe —— Vi
CK t f— -
COMMAND %X kot DES

.
ADDRESS (G0

| RL=AL+CL

s s - ¢ oo
Das.1.00s.¢ XA XX X X
L

DQ, BL8

DQ, BC4

{RDPDEN

CoXeiXaiXe) /

Power-Down
Entry

TRANSITIONING DATA g TIME BREAK DON'T CARE

Power-Down Entry After Write and Write with Auto Precharge

vy | N2 N

\
sooress X BN i e s i x{‘ i ,e:fﬁ?’
wo gy | N S, : S e

L WL = AL+ CWL | : | o WR(1) ‘ _ o PD H -~
DQ.BC4 } »AMAEAE Precharge } /
| WRAPDEN I .
. [Z7] TRANSITIONING DATA gg TIME BREAK DON'T CARE
NOTE 1. tWR is programmed through MRO

NOTE1 Valid commands at TO are ACT, DES, or PREwith one bank remaining open after completion of the PRECHARGE command.
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Power-Down Entry After Write

AR

WR

DOS_t, DOS_c

DQ, BC4

|
- |
| |

|

.60 6 6 } I

1 1
} } Power-Down
Entry

Eﬂ TRANSITIONING DATA g TIME BREAK E DON'T CARE

CK_t
CK_c \
COMMAND 7
}
'
'
1
1
'
'
CKE !
'
'
X | —
' '
! Enter ' Exit !
! PowerDwn Power-Down !
Mode Mode

gg TIME BREAK

Refresh Command to Power-Down Entry

CKt \ - -
CKec - ---

S ) A
COMMAND 77 aing
(A (]

T i By N, NGl
ADDRESS Vil K B A\ R A s Ba7A i
i ; AY i

V7 T T
CKE 7/ Wy, ,/2/4
ittt 1l i

tREFPDEN

T vaLp Y 7 T
I I
///l//// /47, //// ////ll

 TIME BREAK DON  CARE
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Active Command to Power-Down Entry

TO T1 T2 Ta0 Tbo
CK_t [ N A Vol FEN Ve 4 rm
Ko - S NS \

COMMAND /7771777 77X acTve DES % DES

DES >@<VAL|D X 7

T,
i

DX e X

ADDRESS /117X VLD X&ﬁf/%/%/i%//ﬁf//i& TN

/

C

-

1S \
tPD
7777, \% 7 — (] A
CKE 7 ’W 7 Vi }( vaLo X/
_ACTPDEN

 TIME BREAK DON  CARE

Precharge/Precharge All Command to Power-Down Entry

CK_t
CK.c /

COMMAND

ADDRESS

CKE

o PRPDEN

 TiME BREAK DON  CARE

MRS Command to Power-Down Entry

COMMAND

ADDRESS

CKE

tMRSPDEN

« Time BREAK DON  CARE
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Power-Down Clarifications — Case 1

When CKEis registered LOW for power-down entry, tPD (MIN) must be satisfied before CKE can be registered HIGH for
power-down exit. The minimum value of parameter tPD (MIN) is equal to the minimum value of parameter tCKE (MIN)

as shown in the Timing Parameters by Speed Bin table. A detailed example of Case 1 is shown below.

ADDRESS

Enter Exit Enter
PowerDwn Power-Down Power-Down
Mode Mode Mode

§ T BREAK DON CARE

Power Down Entry, Exit Timing with CAL

Command Address Lantency is used, additional timing restrictions are required when entering Power Down; as noted in
figures below.
10 T T2 Ta0 Tat ™ Th1 o2 T Tet Te2 Ted Ted

CK.c-~ PR /Wil Fep\\ oK /e W '—\‘,"‘ it ! g Wkl P oo\ P o NEAdeR Foon Saidl P WU P WD)
ot /'/._ﬂ'\‘\,/. A «\/‘ \ - ) R O RN, NN R, .. /—

N | wP_PAR

aooress (vao(ll
A

[iYam)iiac)

(| e BRae wwc&x
NOTE

1. VALID command & T is ACT. DES o Precharge with stil one bank remaining open after completion of the precharge command
2 ODT pn daven 1o 5 vasd state. MRS{AS = 0] (defaul satting) & shown
3. CAPadly = Enable
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ODT Input Buffer Disable Mode for Power down

ODT Input Buffer Disable Mode, when enabled via MR5[5], will prevent the DRAM from providing Rtt_NOM termination
during power down for additional power savings. The DRAM internal delay on CKE path to disable the ODT buffer and
block the sampled output must be accounted for; thereby ODT must be continuously driven to a valid level, either low
or high, when entering power down. However, once tCPDEDmin has been satisfied, ODT signal may then float.

When ODT Input Buffer Disable Mode is enabled, RTT_NOM termination corresponding to sampled ODT after CKE is
first registered low (and tANPD before that) may not be provided. tANPD is equal to (WL-1) and is counted backwards
from PDE, CKEregistered low .

ODT Power-Down Entry with ODT Buffer Disable Mode

KETTTTO T T T Loy o
' ' ' ' ' [ D) [ N [ N [ [ [ [
' [ L L L L ) L - ' ' ' ' ' ' '
! ! ! tDODT oft+ 1 ! ' tCPDEDmin' ! ! ! ! ! ! !
' ' ' I ' ' ' T ' ' ' ' ' ' '
' ' ' ' ' ' ' 1 ' ' ' ' ' ' ' '
opT T T T T 7 Fioating )
' ' ' ' ' ' ' N [ l [ [ [ [
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
Z Z L Z L L Z | tADCHmin . Z Z :
Tolenaies (v 7 [ [ e )
' ' ' ' DODTLof'e——t———t———t——p-a—— | {CPDEDMIn + {ADCMAx
ottasaes ([ Now T X[ RTARC o
! ! ! ! i+ tAONASmI ! ! ! ! ' ! ! '
: : : : : -t » tICPDEDImin + :tAOFSrTI1ax :

ODT Power-Down Exit with ODT Buffer Disable Mode

ODT_A ( Floating )

(DLL enabled)

DRAM_RIT_A{

1 1
1 1
1 1
1 1
ODT_B (Fioating )
(DLL disablsd)\—10ating

R e S N
fang) L) /0 T [
L MR oo

[ RTT_mRK [ / RTT_NOM N
o e
| D BNV R R A
IR e I
' ' RTTZZFARKI ' [ ' ' ?/ ' ' ' RTTLNOMI ' '>

DRAM_RTT_B(

tAOFASmax
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CRC Write Data Feature

CRC Write Data
The CRCWrite Data feature takes the CRC generated data from the DRAM controller and comparesit to the internally

CRCgenerated data and determinesif the two match (no CRCerror) or if the two do not match (CRCerror).

CRC Write Data Operation

! DRAM Controller i DRAM i
DATA 5 . —>[ DATA |
5 CRC e e CRC !
E Engine : DA CRC Code N Engine !
. [ CRCCode CRCCode | |

i ompare, i

Write CRC Data Operation

A DRAM controller generates a CRC checksum using a 72-bit CRCtree and formsthe write data frames as shown in the
CRCdata mapping tables for the x4, x8, and x16 configurations below. A x4 device has a CRCtree with 32 input data bits,
with the remaining upper 40 bits D[71:32] are 1s. A x8 device has a CRCtree with 64 input data bits, with the remaining
upper 8 bits dependant upon if DM/DBIis used (1s are sent when not used). A x16 device has two identical CRCtrees
each, one for lower byte an done for upper byte, with 64 input data bits, with the remaining upper 8 bits dependant
upon if DM/DBIlis used (1s are sent when not used). For a x8 and x16 DRAMs, the DRAM memory controller must send
1sin transfer 9 location.

The DRAM checks for an error in a received code word D[71:0] by comparing the received checksum against the
computed checksum and reports errors using the ALERT signal if there is a mismatch. The DRAM can write datato the
DRAM core without waiting for the CRC check for full writeswhen DM is disabled. If bad data is written to the DRAM
core, then the DRAM memory controller should try to overwrite the bad data with good data; this means the DRAM
controller is responsible for data coherency when DM is disabled. However, in the case where both CRCand DM are

enabled via MRS(i.e. persistant mode), the DRAM will not write bad data to the core when a CRCerror isdetected.
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DBland CRC Both Enabled

The DRAM computesthe CRCfor received written data d[71:0]. Data is not inverted back based on DBI before it is used
for computing CRC. The data isinverted back based on DBI before it is written to the DRAM core.

DM and CRC Both Enabled

When both DM and Write CRCare enabled in the DRAM mode register, the DRAM calculates CRCbefore sending the
write data into the array. If there isa CRCerror, the DRAM blocks the write operation and discards the data.

CRC Simultaneous Operation Restrictions

When Write CRCis enabled MPR Writes or Per DRAM operation is not allowed.

CRC Polynomial
The CRCpolynomial used by DDR4 is the ATM-8 HEC, X" 8+X"2+X" 1+1

A combinatorial logic block implementation of this 8-bit CRCfor 72 bits of data includes 272 two-input XOR gates
contained in eight 6-XOR-gate-deep trees.

The CRCpolynomial and combinatorial logic used by DDR4 is the same as used on GDDR5.

The error coverage from the DDR4 polynomial used is shown in the following table.

CRC Error Detection Coverage

Error Type Detection Capability
Random Sngle Bit Error 100%
Random Double Bit Error 100%
Random Odd Count Error 100%
Random one Multi-bit Ul vertical column error detection excluding DBI bits 100%
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CRC Combinatorial Logic Equations

module CRC8_D72;

// polynomial: (0 12 8)

// data width: 72

/1 convention: the first serial data bit is D[71]

// initial condition all 0 implied

function [7:0]

nextCRC8_D72;

input [71:0] Data;

reg[71:0] D;

reg [7:0] NewCRG;

begin D = Data;

NewCR(C[0] = D[69] » D[68] » D[67]  D[66] » D[64] » D[63] * D[60] » D[56] * D[54] » D[53] » D[52] » D[50] » D[49] *
D[48] * D[45]  D[43] » D[40] » D[39] » D[35] » D[34] » D[31] » D[30] » D[28] » D[23] » D[21] » D[19] » D[18] » D[16]
D[14] ~ D[12] ~ D[8] ~ D[7] » D[6] ~ D[0] ;

NewCR([1] = D[70] * D[66]  D[65] » D[63] » D[61] » D[60] » D[57] » D[56] * D[55] * D[52]  D[51] * D[48] * D[46] A
D[45] A D[44] » D[43] » D[41] » D[39] » D[36] » D[34] » D[32] » D[30] * D[29] » D[28] » D[24] » D[23] * D[22]  D[21] *
D[20] ~ D[18] ~ D[17] ~ D[16] ~ D[15] » D[14] ~ D[13] ~ D[12] ~ D[9] * D[6] ~ D[1] * D[0];

NewCR([2] = D[71] » D[69] » D[68] » D[63] * D[62] » D[61] * D[60] * D[58] * D[57] * D[54] » D[50] * D[48] » D[47]
D[46] » D[44] » D[43] » D[42] » D[39] » D[37] » D[34] * D[33] » D[29] * D[28] * D[25] * D[24] A D[22] » D[17] » D[15]
D[13] ~ D[12] ~ D[10] ~ D[8] ~ D[6] ~ D[2] » D[1] » D[0];

NewCR([3] = D[70]  D[69]  D[64] » D[63] » D[62] » D[61] » D[59] » D[58] » D[55] » D[51]  D[49] " D[48] " D[47] A
D[45] A D[44] » D[43] » D[40] * D[38] * D[35] * D[34] » D[30] * D[29] » D[26] » D[25] » D[23] » D[18] » D[16] * D[14] *
D[13] ~ D[11] ~ D[9] ~ D[7] » D[3] ~ D[2]  D[1];

NewCR(4] = D[71] » D[70] » D[65] » D[64] » D[63] » D[62] * D[60] » D[59] * D[56] * D[52] * D[50]  D[49] * D[48]
D[46] * D[45] » D[44] » D[41] » D[39] » D[36] » D[35] * D[31] » D[30] * D[27] » D[26] * D[24]  D[19] * D[17] * D[15] A
D[14] ~ D[12] ~ D[10] ~ D[8] » D[4] ~ D[3] * D[2];

NewCRQO[5] = D[71] * D[66] * D[65] * D[64] * D[63] * D[61] » D[60] » D[57] » D[53] * D[51] * D[50] * D[49] * D[47]
D[46] » D[45] » D[42] » D[40] * D[37] » D[36] » D[32] » D[31] » D[28] * D[27] » D[25] » D[20] » D[18] » D[16] » D[15]
D[13] ~ D[11] ~ D[9] ~ D[5] * D[4] * D[3];

NewCR(6] = D[67] » D[66] * D[65] » D[64] » D[62] » D[61] » D[58] » D[54] * D[52] » D[51] » D[50] * D[48] » D[47]
D[46] A D[43] » D[41] » D[38] » D[37] » D[33] » D[32] * D[29] * D[28] * D[26]  D[21] » D[19] » D[17] » D[16] A D[14]
D[12] ~ D[10] ~ D{6] » D[5] * D[4];

NewCR([7] = D[68] » D[67] » D[66] » D[65] » D[63] » D[62] » D[59] * D[55] » D[53] » D[52] * D[51] * D[49] * D[48]
D[47] » D[44] » D[42] ~ D[39] » D[38] ~ D[34] ~ D[33] ~ D[30] ~ D[29] » D[27] ~ D[22] ~ D[20] ~ D[18] ~ D[17] ~ D[15] *
D[13] ~ D[11] ~ D[7] » D[6] * D[5];

nextCRC8_D72 = NewCRG;
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Burst Ordering for BL8

DDR4 supports fixed write burst ordering [A2:A1:A0 = 0:0:0] when write CRCis enabled in BL8 (fixed).

CRC Data Bit Mapping

CRC Data Mapping (X4 Configuration, BL8)

X4 Transfer Burst Bit (BL8)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO CR4
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 CRC5
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 CRC6
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 CRC7
CRC Data Mapping (X8 Configuration, BL8)
X8 Transfer Burst Bit (BL8)
0 1 2 & 4 5 6 7 8 g
DQO DO D1 D2 D3 D4 D5 D6 D7 CRQ0 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 D62 D63 CRC7 1
DM/ DBI D64 D65 D66 D67 D68 D69 D70 D71 1 1
CRC Data Mapping (X16 Configuration, BL8)
X16 Transfer Burst Bit (BL8)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 D62 D63 CRC7 1
LDM/ LDBI D64 D65 D66 D67 D68 D69 D70 D71 1 1
DQ8 D72 D73 D74 D75 D76 D77 D78 D79 CRC8 1
DQ9 D80 D81 D82 D83 D84 D85 D86 D87 CRC9 1
DQ10 D88 D89 D90 D91 D92 D93 D94 D95 CRC10 1
DQ11 D96 D97 D98 D99 D100 D101 D102 D103 CRC11 1
DQ12 D104 D105 D106 D107 D108 D109 D110 D111 CRC12 1
DQ13 D112 D113 D114 D115 D116 D117 D118 D119 CRC13 1
DQ14 D120 D121 D122 D123 D124 D125 D126 D127 CRC14 1
DQ15 D128 D129 D130 D131 D132 D133 D134 D135 CRC15 1
UDM/UDBI| D136 D137 D138 D139 D140 D141 D142 D143 1 1

A x16 device istreated astwo x8 devices; a x16 device will have two identical CRCtrees implemented. CR(7:0] covers

data bits d[71:0]. CR([15:8] covers data bits d[143:72].
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CRC Enabled With BC4

If CRCand BC4 (fixed, OTF not allowed) are both enabled, then address bit A2 isused to transfer critical data first for
BC4 writes.

CRC with BC4 Data Bit Mapping for x4 Devices

For a x4 device, the CRCtree inputs are 16 data bits; and the inputs for the remaining bits are 1.

CRC Data Mapping (x4 Configuration, BC4, A2 = 0)

X4 Transfer Burst Bit (BC4, A2=0)

0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 CRCO CRC4
DQ1 D8 D9 D10 D11 1 1 1 1 CRCH CRC5
DQ2 D16 D17 D18 D19 1 1 1 1 CRR2 CRC6
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 CRC7

CRC Data Mapping (x4 Configuration, BC4, A2 = 1)

X4 Transfer Burst Bit (BC4, A2=1)

0 1 2 3 4 5) 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRCO CR4
DQ1 D12 D13 D14 D15 1 1 1 1 CRCt CRC5
DQ2 D20 D21 D22 D23 1 1 1 1 CRZR2 CRC6
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 CRC7

When A2 =1, data bits d[7:4] are used asinputsfor d[3:0], d[15:12] are used asinputsto d[11:8] and so forth for the
CRCtree.

CRC With BC4 Data Bit Mapping for x8 Devices

For a x8 device, the CRCtree inputs are 36 data bits.

CRC Data Mapping (x8 Configuration, BC4, A2 = 0)

X8 Transfer Burst Bit (BC4, A2=0)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 CRCO 1
DQ1 D8 D9 D10 D11 1 1 1 1 CRCH 1
DQ2 D16 D17 D18 D19 1 1 1 1 CRC2 1
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 1
DQ4 D32 D33 D34 D35 1 1 1 1 CRC4 1
DQ5 D40 D41 D42 D43 1 1 1 1 CRC5 1
DQ6 D48 D49 D50 D51 1 1 1 1 CRC6 1
DQ7 D56 D57 D58 D59 1 1 1 1 CRC7 1
DM/ DBI D64 D65 D66 D67 1 1 1 1 1 1

When A2 =0, the input bits d[67:64]) are used if DM or DBI functions are enabled. If DM and DBI are disabled then

d[67:64]) are 1s.
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CRC Data Mapping (x8 Configuration, BC4, A2 = 1)

X8 Transfer Burst Bit (BC4, A2=1)
0 1 2 3 4 5 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRQ0 1
DQ1 D12 D13 D14 D15 1 1 1 1 CRCl1 1
DQ2 D20 D21 D22 D23 1 1 1 1 CRC2 1
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 1
DQ4 D36 D37 D38 D39 1 1 1 1 CRC4 1
DQ5 D44 D45 D46 D47 1 1 1 1 CRC5 1
DQ6 D52 D53 D54 D55 1 1 1 1 CRC6 1
DQ7 D60 D61 D62 D63 1 1 1 1 CRC7 1
DM/ DBI D68 D69 D70 D71 1 1 1 1 1 1

CRC Data Mapping (x8 Configuration, BC4, A2 = 1)

WhenA2 =1, data bits d[7:4] are used asinputs for d[3:0], d[15:12] are used asinputsto d[11:8] and so forth for the
CRCtree. The input bits d[71:68]) are used if DMor DBI functions are enabled; if DMand DBl are disabled then d[71:68])

are 1's.

CRC With BC4 Data Bit Mapping for x16 Devices

There are two identical CRCtrees for x16 devices, each have CRCtree inputs of 36 bits.

CRC Data Mapping (x16 Configuration, BC4, A2 = 0)

X16 Transfer Burst Bit (BC4, A2=0)
0 1 2 3 4 5 6 7 8 ©
DQO DO D1 D2 D3 1 1 1 1 CRCO 1
DQ1 D8 D9 D10 D11 1 1 1 1 CRC1 1
DQ2 D16 D17 D18 D19 1 1 1 1 CRC2 1
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 1
DQ4 D32 D33 D34 D35 1 1 1 1 CRCA 1
DQ5 D40 D41 D42 D43 1 1 1 1 CRC5 1
DQ6 D48 D49 D50 D51 1 1 1 1 CRGC6 1
DQ7 D56 D57 D58 D59 1 1 1 1 CRC7 1
LDM/ LDBI D64 D65 D66 D67 1 1 1 1 1 1
DQ8 D72 D73 D74 D75 1 1 1 1 CRC8 1
DQ9 D80 D81 D82 D83 1 1 1 1 CR® 1
DQ10 D88 D89 D90 D91 1 1 1 1 CRC10 1
DQ11 D96 D97 D98 D99 1 1 1 1 CRC11 1
DQ12 D104 D105 D106 D107 1 1 1 1 CRC12 1
DQ13 D112 D113 D114 D115 1 1 1 1 CRC13 1
DQ14 D120 D121 D122 D123 1 1 1 1 CRC14 1
DQ15 D128 D129 D130 D131 1 1 1 1 CRC15 1
UDM / UDBI D136 D137 D138 D139 1 1 1 1 1 1

When A2 =0, input bits d[67:64] are used if DMor DBI functions are enabled and if DMand DBI are disabled then d[67:64]
are 1; input bits d[139:136] are used if DMor DBI functions are enabled and if DMand DBI are disabled, then d[139:136]

are 1's.
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CRC Data Mapping (x16 Configuration, BC4, A2 = 1)

X16 Transfer Burst Bit (BC4, A2=1)
0 1 2 3 4 ) 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRCO 1
DQ1 D12 D13 D14 D15 1 1 1 1 CRCI 1
DQ2 D20 D21 D22 D23 1 1 1 1 CRC2 1
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 1
DQ4 D36 D37 D38 D39 1 1 1 1 CRC4 1
DQ5 D44 D45 D46 D47 1 1 1 1 CRC5 1
DQ6 D52 D53 D54 D55 1 1 1 1 CRC6 1
DQ7 D60 D61 D62 D63 1 1 1 1 CRC7 1
LDM/ LDBI D68 D69 D70 D71 1 1 1 1 1 1
DQ8 D76 D77 D78 D79 1 1 1 1 CRC8 1
DQ9 D84 D85 D86 D87 1 1 1 1 CRC9 1
DQ10 D92 D93 D94 D95 1 1 1 1 CRC10 1
DQ11 D100 D101 D102 D103 1 1 1 1 CRC11 1
DQ12 D108 D109 D110 D111 1 1 1 1 CRC12 1
DQ13 D116 D117 D118 D119 1 1 1 1 CRC13 1
DQ14 D124 D125 D126 D127 1 1 1 1 CRC14 1
DQ15 D132 D133 D134 D135 1 1 1 1 CRC15 1
UDM/ UDBI D140 D141 D142 D143 1 1 1 1 1 1

When A2 =1, data bits d[7:4] are used as inputs for d[3:0], d[15:12] are used asinputsto d[11:8] and so forth for the
CRCtree. Input bits d[71:68] are used if DMor DBI functions are enabled and if DMand DBI are disabled then d[71:68] are
1; input bits d[143:140] are used if DMor DBI functions are enabled and if DMand DBI are disabled, then d[143:140] are

1's.
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Example shown below of CRCtree when X8 is used in BC4 mode, x4 and x16 have similar differences.

CRCequations for x8 device in BG4 mode with A2=0 are asfollows:

CRO[0] = D[69]=1 " D[68]=1 » D[67] * D[66] * D[64] * D[63]=1 " D[60]=1 * D[56] * D[54]=1 * D[53]=1 * D[52]=1 * D[50] » D[49]  D[48]
A D[45]=1  D[43] * D[40] » D[39]=1 * D[35] » D[34] » D[31]=1* D[30]=1 » D[28]=1 " D[23]=1 A D[21]=1 A D[19] » D[18] » D[16] *
D[14]=1 A D[12]=1 A D[8] * D[7]=1 " D[6] =1  D[0] ;

CRC[1] = D[70]=1 * D[66] » D[65] * D[63]=1 » D[61]=1 * D[60]=1 * D[57] "D[56] " D[55]=1 * D[52]=1  D[51] » D[48] * D[46]=1
D[45]=1 * D[44]=1 " D[43] » D[41] » D[39]=1 " D[36]=1 " D[34] » D[32] * D[30]=1 " D[29]=1 " D[28]=1 * D[24] » D[23]=1 " D[22]=1 *
D[21]=1 » D[20]=1 " D[18] » D[17] » D[16] » D[15]=1 * D[14]=1 » D[13]=1 A D[12]=1 A D[9] * D[6]=1 " D[1]  D[0];

CRC[2] = D[71]=1 " D[69]=1 D[68]=1 D[63]=1* D[62]=1 » D[61]=1 * D[60]=1 » D[58] » D[57] » D[54]=1 A D[50] * D[48] * D[47]=1
D[46]=1 » D[44]=1 » D[43] » D[42] » D[39]=1 " D[37]=1 " D[34] » D[33] » D[29]=1 / D[28]=1 " D[25] * D[24] » D[22]=1 * D[17] "
D[15]=1 A D[13]=1 A D[12]=1 A D[10] * D[8] * D[6]=1 " D[2] » D[1] " D[0];

CR3] = D[70]=1 * D[69]=1 " D[64] » D[63]=1 " D[62]=1 » D[61]=1 » D[59] * D[58]  D[55]=1 * D[51] » D[49] * D[48] * D[47]=1
D[45]=1 " D[44]=1  D[43] * D[40] * D[38]=1 " D[35] * D[34] » D[30]=1 " D[29]=1 * D[26] * D[25] " D[23]=1  D[18] » D[16] * D[14]=1
A D[13]=1  D[11] » D[9] * D[7]=1 A D[3] * D[2] » D[1];

CRC4] = D[71]=1  D[70]=1 " D[65] " D[64] » D[63]=1 » D[62]=1 » D[60]=1 » D[59] * D[56] » D[52]=1 » D[50] * D[49] " D[48] *
D[46]=1 " D[45]=1 A D[44]=1 * D[41] * D[39]=1 " D[36]=1 » D[35]  D[31]=1 * D[30]=1 * D[27] * D[26] * D[24] * D[19] * D[17] *
D[15]=1 A D[14]=1 ~ D[12]=1 A D[10] » D[8] * D[4]=1 * D[3] * D[2];

CRO[5] = D[71]=1 " D[66] " D[65]  D[64] » D[63]=1 » D[61]=1 » D[60]=1 * D[57] » D[53]=1 A D[51] * D[50] * D[49] A D[47]=1 A
D[46]=1 A D[45]=1 A D[42] » D[40] * D[37]=1 » D[36]=1 » D[32] » D[31]=1 / D[28]=1  D[27] * D[25] * D[20]=1 * D[18] * D[16] "
D[15]=1 A D[13]=1  D[11] » D[9] * D[5]=1 " D[4]=1 * D[3];

CRO[6] = D[67] » D[66] " D[65] » D[64] » D[62]=1 * D[61]=1 * D[58] » D[54]=1 * D[52]=1 » D[51] » D[50] * D[48] " D[47]=1 * D[46]=1
A D[43] » D[41] » D[38]=1 * D[37]=1 * D[33] » D[32] » D[29]=1 / D[28]=1 / D[26] » D[21]=1  D[19] » D[17] * D[16] * D[14]=1
D[12]=1 A D[10] » D[6]=1 * D[5]=1 " D[4]=1;

CRO7] = D[68]=1 * D[67] » D[66]  D[65] * D[63]=1  D[62]=1 * D[59] » D[55]=1 * D[53]=1 » D[52]=1  D[51] A D[49] " D[48] A
D[47]=1 / D[44]=1 » D[42] » D[39]=1 " D[38]=1 A D[34] » D[33] » D[30]=1 " D[29]=1 / D[27] » D[22]=1 » D[20]=1 " D[18] » D[17] /
D[15] =1* D[13]=1  D[11] » D[7]=1  D[6]=1 " D[5]=1;

CRCequations for x8 device in BG4 mode with A2=1 are asfollows:

CRC0] =17 11 D[71] A D[70] » D[68] 1" 17 D[60] # 1A 14 14 D[54] A D[53] » D[52] » 1 A D[47] A D[44] » 1 A D[39] » D[38] * 1~ 1
A4 A1A{AD[23]AD[22] A D[20] A 1A 1A D[12]~ 1711 D[4];

CRO[1] =1/ D[70] A D[69] A 1~ 1~ 1A D[61] A D[60] » 1 1 D[55] » D[52] A 1~ 1A 1 D[47]  D[45] 1 1A D[38] » D[36] " 1/ 1
A1 AD[28]A1A1A1A1AD[22] A D[21] A D[20] A1 A 1714 1A D[13] 1 A D[5] A D[4];

CRO2]=171717 A A1A1AD[62]AD[61]A 14 D[54] A D[52] A 111 1AD[47] " D[46] ~ 1714 D[38] A D[37] ~ 1A 1A D[29] A
D[28] A 1A D[21] A 171~ 1A D[14] » D12] A1  D[6] * D[5] * D[4];

CRO3] =117 D[68]~1"171AD[63] " D[62] A 14 D[55] * D[53] » D[52] » 1 A 111 D[47] A D[44] A 1" D[39] A D[38] A 1 14
D[30] » D[29] * 1 A D[22] ~ D[20] A 1A 1 A D[15] A D[13] ~ 1 A D[7] * D[6] * D[5];

CRC4] =171/ D[69] A D[68] ~ 1" 1711 D[63] » D[60] » 1 * D[54] A D[53] A D[52] » 1 A1 A 1A D[45] A 1A 1A D[39] A1 A 1 D[31] A
D[30] » D[28] * D[23] A D[21] ~ 1A 1A 1 A D[14] ~ D[12] A 1 A D[7] * D[6];

CRO[5] =1~ D[70] ~ D[69] " D[68] ~ 1" 1114 D[61] A 1 D[55]  D[54] » D[53] » 1A 1A 1A D[46] A D[44] A 1A 1A D[36] " 1/ 14
D[31] A D[29] A 1A D[22] A D[20] ~ 1A 1 A D[15] A D[13] A 1A 1 A D[7];

CRO[6] = D[71] » D[70] » D[69] * D[68] » 1" 1A D[62] A 1 1A D[55] A D[54] A D[52] A 171 A D[47] A D[45] A 1 A 1 A D[37] " D[36] "1
A1 A D[30] A 1 D[23] A D[21] A D[20] A 1A 1A D[14] A 17 1A 1;

CRO7] =17 D[71] » D[70] » D[69] " 1~ 1A D[63] 1~ 1A 1A D[55] » D[53] A D[52] A 1~ 1A D[46] » 1~ 1A D[38] A D[37] A 1 1 A
D[31] A 1412 D[22] A D[21] A 1A 1 AD[15] A 1A 1A 1;
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CRC Error Handling

The CRCerror mechanism shares the same ALERTsignal as CA Parity for reporting write errors to the DRAM. The
controller hastwo way to distinguish between CRCerrors and CA Parity errors: (1) Read DRAM mode/ MPRregisters and
(2) Measure time ALERTIs low. To speed up recovery for CRCerrors, CRC errors are only sent back asa "short" pulse;
the maximum pulse width isin the neighborhood of ten clocks (unlike CA Parity where ALERTis low longer than 45
clocks). The ALERTIow pulse could be longer than the maximum limit at the controller if there are multiple CRCerrors
asthe ALERTis a daisy chain bus. The latency to ALERTsignal is defined as tCRC_ALERT in the figure below.

The DRAM will set the Error Satus bit located at MR5 [3] to a 1 upon detecting a CRC error; which will subsequently set
the CRCError Satusflagin the MPRError Log high (MPR Page1, MPR3[7]). The CRC Error Satus bit [and CRCError
Satus flag] remains set at 1 until the DRAM controller clearsthe CRC Error Satus bit using an MRScommand to set
MR5 [3] to a 0. The DRAM controller, upon seeing an error as a pulse width, should retry the write transactions. The
controller should consider the worst-case delay for ALERT (during initialization) and backup the transactions accordingly.
The DRAM controller may also be made more intelligent and correlate the write CRCerror to a specific rank or a

transaction.

CRC Error Reporting

I

tCRC_ALERT |
-t | >

4
A

CRC ALERT_PW(max)

| | CRC ALERT_PW(min)

Alertn \\ |/" s

Q TIME BREAK

E TRANSITIONING DATA

NOTE1 DO - D71 CRCcomputed by DRAM did not match CRQ0-7 at T5 and started error generating process at T6.

NOTE2 CRCALERT_PW is specified from the point where the DRAM startsto drive the signal low to the point where the DRAM driver
releases and the controller startsto pull the signal up. Timing diagram applies to x4, x8, and x16 devices.
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CRC Write Data Flow Diagram

DRAM Write
Process Start

CRC Error Status MR5[.
0 = clear

[mmmmm e m e e e e e e e e e m—— - -

v

Capture Data

CRCenabled

No

Yes

Transfer Data
Internally

Data Error

Write Burst
Completed

>

CRCEror Process without DM

v

DM enabled

No

DM MRS [10]
1 = enabled

Yes

Transfer Data
Internally

Write Burst
Completed

ALERTLow
6to 10 CKs
ALERTHigh
A 4
Write Burst Bad data written
Completed MR5[3] reset to 0 if desired

A\ 4

Write CMD Latency
MR3[10:9]

Transfer Data
Internally
v v
Write Burst CRCError
Completed Process

ALERTLow
6to 10 CKs
ALERTHigh
A\ 4
Write Burst Bad data NOT written
Completed MR5[3] reset to 0 if desired
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Data Bus Inversion

Data Bus Inversion

The DATA BUSINVERSION (DBI) function is supported for both x8 and x16 configurations. DBI opportunistically inverts
data bits; in conjunction with the DBI I/ O, less than half of the DQs will switch low for a given DQSstrobe edge.

The DBI function shares a common pin with the DATA MASK (DM) and TDQS functions.

The DBI function appliesto WRITE operation only; READ operations are not supported. DBI cannot be enabled at the
same time the DM function is enabled or DBl is not allowed during MPR Read operation. Valid configurations for TDQS
DM, and DBI functions are shown below. Read DBI should be disabled during Mode Register configuration (MR5[12]=0).
DBI vs. DM vs. TDQS Function Matrix

Read DBI Write DBI Data Mask TDQS (x8 only)
MR5[12] MR5[11] MR5[10] MR1[11]
Disabled Disabled Enabled Disabled
Disabled Enabled Disabled Disabled
Disabled Disabled Disabled Disabled
Disabled Disabled Disabled Enabled

DBI During a WRITE Operation
If DBI is sampled LOW on a given byte lane during a WRITE operation, the DRAM inverts write data received on the DQ
inputs prior to writing the internal memory array. If DBI is sampled HIGH on a given byte lane, the DRAM leaves the data

received on the DQ inputs noninverted. The write DQ frame format is shown below for x8 and x16 configurations.

DBI Write, DQ Frame Format (x8)

Function Data transfer
0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DMor DBI DMO or DM1 or DM2 or DM3 or DM4 or DMS5 or DM6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7

DBI Write, DQ Frame Format (x16)

. Data transfer
Function 0 1 2 3 4 5 6 7
DQJ[7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
[BMor IDBI @)r LDM1 or LDM2 or LDMS3 or LDM4 or LDMS5 or LDMS6 or @r
LDBIO LDBIA LDBI2 LDBI3 LDBI4 LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UBWor UDBI UDMO or UDMT or UDM2or | UDMS3 or UDM4 or UDMS or UDMBG or UDM7 or
UDBIO UDBI UDBI2 UDBI3 uDBI4 UDBI5 uUDBI6 uDBI7
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Data Mask

Data Mask
The DATA MASK (DM) function, also described as PARTIAL WRITE, shares a common pin with the DBI and TDQSfunctions.
The DM function applies only to WRITE operations and cannot be enabled at the same time the DBI function is enabled.

The valid configurations for the TDQS DM, and DBI functions are shown here.

DM vs. TDQS vs. DBI Function Matrix

Data Mask TDQ@S (x8 only) Write DBI Read DBI
MR5[10] MR1[11] MR5[11] MR5[12]
Enabled Disabled Disabled Disabled

Enabled Disabled Disabled
Disabled Disabled Enabled Disabled
Disabled Disabled Disabled

When enabled, the DM function applies during a WRITE operation. If DMis sampled LOW on a given byte lane, the
DRAM masks the write data received on the DQ inputs. If DMis sampled HIGH on a given byte lane, the DRAM does not
mask the data and writesthis data into the DRAM core. The DQ frame format for x8 and x16 configurationsis shown
here. If both CRCWrite and DM are enabled (via MRS), the CRCwill be checked and valid prior to the DRAM writing
datainto the DRAM core. If a CRCerror occurs while the DM feature is enabled, CRC Write Persistent Mode will be
enabled and data will not be written into the DRAM core. In the case of CRCWrite enabled and DM disabled (via MRS),

ie. CRC Write non-Persistent Mode, data is written to the DRAM core even if a CRCerror occurs.

Data Mask, DQ Frame Format (x8)

Function Data transfer
0 1 2 3 4 5 6 7
DQJ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
BMior DBI DMO or DM1 or DM2 or DM3 or DM4 or DMS5 or DM6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7

Data Mask, DQ Frame Format (x16)

Function Data transfer
0 1 2 3 4 5 6 7
DQ[7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
[BVior LOBI LDMO or LDM1 or Tﬂor LDM3or LDM4 or @r LDMS6 or LDM?7 or
LDBIO LDBI1 LDBI2 LDBI3 LDBI4 LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UbWior UDBI UDMO or UDMT or UDM2 or UDMS3 or UDM4 or UDMS5 or UDMS or UDM?7 or
ubDBIO UDBI1 ubDBI2 UDBI3 uDBI4 UDBI5 uDBI6 ubDBI7
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Programmable Preamble Modes and DQS Postambles

Programable Preamble Modes and DQS Postambles

DDR4 supports programmable Write and Read Preamble Modes; either the normal 1 tCK Preamble Mode or special 2
tCK Preamble Mode. The 2 tCK Preamble Mode places special timing constraints on many operational features as well
asthe 2 tCK Preamble Mode is supported for data rates of DDR4-2666 and faster. The Write Preamble 1 tCKor 2 tCK

Mode can be selected independently from Read Preamble 1 tCKor 2tCKMode.

Read Preamble Training is also supported; this mode can be used by the DRAM controller to train or "read level" the

DQSreceivers.

Write Preamble Mode
MR4 [12] =0 selects 1 tCKWrite Preamble Mode while MR4 [12] = 1 selects 2 tCK Write Preamble Mode, examplesin

the figures below.

1tCK vs 2tCK Write Preamble Mode

DQS, DQS Preamble
= )
1tCK mode
DQ \.D0 Xp1 X D2 X D3 X D4 X D5X D6 X D7
DQs, DAS Preamble
\\=_ ______ /<J_ _/
2tCK mode
DQ Do X D1 X D2X D3 X D4 X D5 X D6 X D7

CWL has special considerations when in the 2 tCKWrite Preamble Mode. The CWL value selected in MR2[5:3], as seen
in table below, requires an additional clock(s) when the primary CWL value and 2 tCK Write Preamble mode are used

while additional clock(s) are not required when the alternate CWL value and 2 tCKWrite Preamble mode are used.
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CWL - Primary Choice CWL - Alternate Choice
Speed Bin 1 tCK Preamble 2 tCK Preamble 1 tCK Preamble 2 tCK Preamble
DDR4-1600 9 — 11 —
DDR4-1866 10 — 12 —
DDR4-2133 11 — 14 —
DDR4-2400 12 14 16 16
DDR4-2666 14 16 18 18
DDR4-2933 16 18 20 20
DDR4-3200 16 18 20 20

NOTE1 CWLprogrammable requirement for MR2[5:3]

When operating in 2tCKWrite Preamble Mode, tWTR (command based) and tWR (MR0[11:9]) must be programmed to
avalue 1 clock greater than the tWTRand tWR setting normally required for the applicable speed bin. The CASto CAS
command delay to either different bank group (tCCD_S) or same bank group (tCCD_L) have minimum timing
requirementsthat must be satisfied between Write commands and are stated in the Timing Parameters by Seed Bin
tables. When operating in 2tCK Write Preamble Mode, tCCD_Sand tOCD_L must also be even numbers of clocks; if the
minimum timing specification requires only 5tCKs, the 5tCKs has to be rounded up to 6tCKs when operating in 2tCK
Write Preamble Mode; however, 5tCKs would be acceptable if operating in 11CKWrite Preamble Mode.

1tCK vs 2tCK Write Preamble Mode, tCCD=4 (AL=PL=0)

1tCK mode

P -4
pas ¢ preamble = —X—mrd X NN X X
°a po X(o1 Xp2 X o3 X 04 X o5 X6 X o7 X oo X o1 X b2 X3

2tCK mode
cMp{ WR ) ¢ WR )
CLK c- — SR . .

CLK_t —

DQS_t

DQS_C ’ [ 7 R F— \__l/&__
ba \ DOXD1XD2XDsXD4XD5XDeXD7XDoXD1
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1tCK vs 2tCK Write Preamble Mode, tCCD=5 (AL=PL=0)

1tCK mode

CLK_t —
CLK_c —/

//— W(T/r _\\

-

DQS_t

DAS ¢

w ! N w ! w !

i w !

L

Pl ’
Preamble

DQ

2tCK mode: tCCD=5 is not allowed in 2tCK mode

NOTE 1

\DOXD1 XDZXDSXD4XDSXD6XD7/

\DDXD1XD2XD3X

tCCD__Sand tCCD_L=5tCKs not allowed when in 2tCK Write Preamble Mode.

1tCK vs 2tCK Write Preamble Mode, tCCD=6 (AL=PL=0)

1tCK mode

CLK c—
CLK_t —

WL

DQS_¢

DOS t

T
Preamble

DQ

2tCK mode

cMD{ WR )

CLK_¢— |
CLK t —

\D0>_<D1XD2XDSX

DQS_c

DS t

—;

Preamble

bQ

\DOXD1XD2XD3XD4XDSXD6XD7/

\D0>_<D1KD2XD3X
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Write Postamble
Whether the 1 tCKor 2 tCKWrite Preamble Mode is selected, the Write Postamble remains the same at 1/2 tCK.
DDR4 will support a fixed Write postamble.

Write postamble nominal is 0.5tck for preamble modes 1,2 Tck are shown below:

Write Postamble

DQS, DAS Preamble Postamble
< A
1tCK toggle -
DQ
DQS, DQS Preamble Postamble
< /T 2 _ —
2tCK toggle Dl N
DQ X X X X X X X
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Read Preamble Mode
MR4 [11] =0 selects 1 tCK Read Preamble Mode while MR4 [12] = 1 selects 2 t CK Read Preamble Mode, example in the

figures below.

1tCK vs 2tCK Read Preamble Mode

DQS, DQS Preamble

N

\a@
e

/T2
- _/__ _7/

1tCK toggle

DQ

DQS, DQs Preamble

2tCK toggle

DQ Do X D1 X D2 X D3 XD4 X D5 X D6 X D7
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Read Preamble Training

DDR4 supports Read Preamble Training via MPR Reads; that is Read Preamble Training is allowed only when the DRAM
isin the MPR access mode. The Read Preamble Training Mode can be used by the DRAM controller to train or "read
level" its DQSreceivers. Read Preamble Training is entered via an MRScommand; MR4[10] = 1 enabled while MR4[10] =
0 is disabled. Once the MRScommand isissued to enable Read Preamble Training, the DRAM DQSand DQS signals are
driven to avalid level by time tSDO is satisfied. During this time, the data bus DQ signals are held quiet, ie. driven HIGH.
The DQSsignal remain driven LOW and the DQS signal remain driven HIGH until an MPR Page1 READ (Page 0 through
Page 3 determine which pattern is used) command is issued; and once CASlatency (CL) has expired, the DQSsignals will
toggle normally depending on the burst length setting. To exit Read Preamble Training Mode, an MRS command must
be issued, MR4[10] = 0.

Parameter Symbol Min Max Units NOTE

Delay from MRSCommand to
Data Srobe Drive Out

NOTE 1: Read Preamble Training mode is enabled by MR4 A10 =[1]

tSDO - tMOD+9ns

Read Preamble Training

(o0
MRS' — CL

DQS, DQS
—————————— '82——————————_\
tSDO 2
»
DQ (Quiet or driven)
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Read Postamble
Whether the 1 tCKor 2 tCK Read Preamble Mode is selected, the Read Postamble remains the same at 1/2 tCK

DDR4 will support a fixed read postamble.

Read postamble of nominal 0.5tck for preamble modes 1,2 Tck are shown below:

Read Postamble

DQS, bas Preamble . L . Postamble
X XA XX XN ey
1tCK toggle
DQ X X X X X X X
DQS, DQS Preamplg _ _ _ PoEta_mbIe
R — X2 XA XX XA e
2tCK toggle

DQ X X X X X X X
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Bank Access Operation

DDR4 supports bank grouping: x4/ x8 DRAMs have four Bank Groups (BG[1:0]) and each bank group is comprised of four

sub-banks (BA[1:0]); x16 DRAMs have two Bank Groups (BG[0]) and each bank group is comprised of made up of four

sub-banks. Bank accesses to different banks groups require less time delay between accesses than Bank accesses to

within the same banks group. Bank accesses to different bank groups require tCCD_S(or short) delay between

commands while Bank accesses within the same bank group require tCCD_L (or long) delay between commands.

Bank Group x4/x8 Block Diagram

. CMDIADDR]E
CMD/AD 2
; '}R{D register |

NOTE 1

Bank accesses to different bank groups require tCCD_S
NOTE2 Bank accesses within the same bank group require tCCD_L

Data ko

Slitting the Banks in to Bank Groups with sub-banks improved some bank access timings and increased others.

However, considering DDR4 did not increase the prefetch from 8n to 16n, the penalty for staying 8n prefetch was

significantly mitigated by using Bank Groups. The table below summaries the timings affected.

DDR4 Bank Group Timing Examples

Parameter DDR4-2133 DDR4-2400
tCCD_S 4 nCK 4 nCK
tCCD_L 6 nCK 6 nCK

tRRD_S(1/2K) 4 nCKor 3.7ns 4 nCKor 3.3ns
tRRD_L(1/2K) 4 nCKor 5.3ns 4 nCKor 4.9ns
tRRD_S(1K) 4 nCKor 3.7ns 4 nCKor 3.3ns
tRRD_L(1K) 4 nCKor 5.3ns 4 nCKor 4.9ns
tRRD_S(2K) 4 nCKor 5.3ns 4 nCKor 5.3ns
tRRD_L(2K) 4 nCKor 6.4ns 4 nCKor 6.4ns
tWTR_ S 2nCKor 2.5ns 2nCKor 2.5ns

tWTR L 4 nCKor 7.5ns 4 nCKor 7.5ns

NOTE 1

Refer to Timing Tables for actual specification values, these shown for reference only and are not verified to be correct.

NOTE2 Timings with both nCKand nsrequire both to be satisfied; that is, the larger time of the two cases need to be satisfied.
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READ Burst tCCD_S and tCCD_L Examples

T0 T T2 T3 T4 5 T9 T10 ™
CKt \'r - -
CKc "1

Command

Bank Group(GB)

Bank

ADDRESS

22 Time Break Don't Care

NOTE1 tCCD_S; CAS-to-CASdelay (short). Applies to consecutive CAS to different bank groups (i.e., T0O to T4).
NOTE2 tCCD_L; CASto-CASdelay (long). Appliesto consecutive CASto the same bank group (i.e., T4 to T10).

Write Burst tCCD_S and tCCD_L Examples

0 T v 3 T4 5 9 10 ™
CK_t

Bank Group(GB)

ADDRESS /;

22 Time Break [/} Don't Care

NOTE1 tCCD_S; CAS-to-CASdelay (short). Applies to consecutive CAS to different bank groups (i.e., TO to T4).
NOTE2 tCCD_L; CASto-CASdelay (long). Appliesto consecutive CASto the same bank group (i.e., T4 to T10).
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tRRD Timing

Bank Group(GB)

ADDRESS

2 Ti@e Break Don’t Care

NOTE1 tRRD_S; ACTIVATEto-ACTIVATE command period (short); applies to consecutive ACTIVATE commands to different bank groups (i.e.,
TO and T4) .

NOTE2 tRRD_L; ACTIVATEto-ACTIVATE command period (long); applies to consecutive ACTIVATE commands to the different banksin the
same bank group (i.e., T4 and T10).

tFAW Timing

T0

CKty\ - - -
CK ¢’

tRRD tRRD tRRD

22 Time Break Don’t Care

NOTE1 tFAW : Four activate window :
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tWTR_S Timing (WRITE-to-READ, Different Bank Group, CRC and DM Disabled)

T0 T n Ta0 Tal Ta2 Ta3 Tad Tab Tab Tal Tho Tht
ke - /= T 17 1T T T o7 7 T " A 1T U 7

I
CK 1 ./ (—; - [ [ [ [ (SR [_— (S [ [ [ - -

COMMAND {WRITE VALID VALID, VALID VALID VALID VALID VALID, VALID VALID VALID VALID VALID READ VALID

o N ey

' ' 1

)
bk e s e e K

g T
| | ' | |

ADDRESS { Coln Caln
tWPRE ! ! ! 'wpst \
-t - ' ' \ [Ty '
DQS, DAS ¢ - !\ = 'y = Y = Vi
/__x_/\_ " — s — s - '
DQ c - -
Din\/Din \/ Din \/ Din\/ Din \/ Din \/ Din \/ Din
7 ANR 0 ANGZY AT AN AN A/ AN
WL RL
-
1

22 Time Break Don't Care ElTransit\omng Data

NOTE1 tWTR S delay from start of internal write transaction to internal READ command to a different bank group.

tWTR_L Timing (WRITE-to-READ, Same Bank Group, CRC and DM Disabled)

1
v I

T T T

' ' ' 1
T

N
G T

Bank Grooup
(86)

ADDRESS{ Coln

WPRE ' ' st '
-t - ' ' Lt '
DQS, DAS_¢ =\ | = L= | = \ =
na Din\/ Din Y Din \/ Din \W/ Din\ Din \/ Din \/ Din
n_ AN+ /A2 /A 0/ 5 /\n+6 N+
WL RL
———————————
1

22 Time Break Don'tCare [] Transitioning Data

NOTE1 tWTR_L: delay from start of internal write transaction to internal READ command to the same bank group.

Integrated Silicon Solution, Inc. — www.issi.com 138
Rev. E
02/02/2023



IS43/46QR81024A
IS43/46QR16512A

° Long-term Support
World Class Quality

Read Operation

Read Timing Definitions

Read timings are shown below and are applicable in normal operation mode, i.e. when the DLL is enabled and locked.

Rising data strobe edge parameters:

* tDQSCK MIN/ MAX describes the allowed range for a rising data strobe edge relative to CK, CK

* tDQSCK is the actual position of arising strobe edge relative to CK, CK
* tQSH describes the DQS DQSdifferential output HIGH time.

¢ tDQSQ describes the latest valid transition of the associated DQ pins.
¢ tQH describes the earliest invalid transition of the associated DQ pins.
Falling data strobe edge parameters:

* tQS.describes the DQS, DQSdifferential output LOW time.

¢ tDQQ describesthe latest valid transition of the associated DQ pins.

¢ tQH describes the earliest invalid transition of the associated DQ pins.

tDQSQ; both rising/ falling edges of DQS, no tACdefined.

READ Timing Definition

DQSCK,MIN IDQSCK,MAX IDQSCK,MIN|fDQSCK,MAX
I b !
The rising strobe
edge luctuation
range (Reference)

fbagcky

Rising Strpbe Rising Strpbe,

Region Region
->I— - [DQSCK - ~|<tDQSCK
_IQSH(D@S) | 1asL(DQS)
DQsS
DQS _ IQH_total | | QH_total
_ tDQSQ_totaI [DQSQ_total
Associated \Rvavs \ VY / ML
DQ Pins R A
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READ Timing - Clock to Data Strobe Relationship

The clock to data strobe relationship is shown below and is applicable in normal operation mode, i.e. when the DLL is
enabled and locked. Rising data strobe edge parameters:

» tDQSCK MIN/MAX describes the allowed range for a rising data strobe edge relative to CK, CK

» tDQSCKis the actual position of a rising strobe edge relative to CK, CK

¢ tQSH describes the data strobe high pulse width.

¢ tHZ(DQS) DQSstrobe going to high, non-drive level; detailed in postamble section.

Falling data strobe edge parameters:

e tQS_describes the data strobe low pulse width.

¢ tLZ(DQS) DQSstrobe going to low, initial drive level; detailed in preamble section
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Clock to Data Strobe Relationship

RL measured
tothis point ) )
ck.ocke N A X
ol i}; ,ﬂm lﬁ o] o
oo mgua mma; | o
( ) m_"L  — I“II kﬁml‘
i i
DQS_t, DQS. ¢ ‘ § 0
Early Strobe "~ 1 ®PRE u
l i Bi l [-— tHZ(DQS)max
LZ(DQS)max —#=| l % K(maX) F
!lllh si!lm I Jsilhi :
Late Strobe s 55;...;.. g o |g mm .o'sg
RP |_
“““ o Bitd il Bi2 n Bits Bit7

NOTE 1

NOTE 2

NOTE3

NOTE4

NOTE5
NOTE6
NOTE7
NOTE8

Within a burst, the rising strobe edge will be vary within tDQSCKj with a fixed and constant VDD. However, when the device,
voltage, and temperature variation are incorporated,the rising strobe edge will be vary between tDQSCK(MIN) and tDQSCK(M AX).

Notwithstanding Note 1, a rising strobe edge with tDQSCK(MAX) at T(n) can not be immediately followed by arising strobe edge
with tDQSCK (MIN) at T(n+1) because other timing relationships (tQSH, tQS) exist: if tDQSCK(n+1) < 0: tDQSCK(n) < 1.0 tCK - (tQSH
(MIN) +tQSL (MIN) - | tDQSCK(n+1) |

The DQS DQS differential output HIGH time is defined by tQSH and the DQS, DQS# differential output LOW time is defined by
tQSL

Likewise,tLZ(DQS) MIN and tHZ(DQS MIN are not tied to tDQSCK (MIN) (early strobe case) and tLZ(DQS) MAX and tHZ(DQS MAX
are not tied to tDQSCK (MAX) (late strobe case).

The minimum pulse width of read preamble is defined by tRPRE (MIN).

The maximum read postamble is bound by tDQSCK (MIN) plus tQSH (MIN) on the left side and tHZDSQ (MAX) on the right side.
The minimum pulse width of read postamble is defined by tRPST (MIN).

The maximum read preamble is bound by tLZDQS(MIN) on the left side and tDQSCK (M AX) on the right side.

READ Timing - Data Strobe to Data Relationship

The data strobe to data relationship is shown below and is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:

* tDQQ describes the latest valid transition of the associated DQ pins.

* tQH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:

* tDQQ describes the latest valid transition of the associated DQ pins.

¢ tQH describes the earliest invalid transition of the associated DQ pins.

tDQSQ; both rising/falling edges of DQS, no tACdefined.
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Data Strobe to Data Relationship

CK_t
COMMAND

ADDRESS )

RL=AL+CL+PL 1 1

))
-
// ’
DQS_t, DQS_¢ N N /v N _\
tRPRE !
- it DQSQ(Max) tDQSQ(Max)
1
DQ (Last data) /2)
| i
L - OH >I tQH
DQ(First data) 7
All DQs Collectively 7

DON'T CARE

NOTE1 BL=8,RL=11(AL=0,CL=1), Premable=1CK

NOTE2 DOUTn =data-out from column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 =01] and A12 = 1 during READ commands at T0.
NOTES5 OQutput timings are referenced to VDDQ, and DLL on for locking.

NOTE6 tDQSQ defines the skew between DQS, DQSto data and does not define DQS DQSto clock.

NOTE7 Early data transitions may not always happen at the same DQ. Data transitions of a DQ can vary (either early or late) within a burst.
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tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZtransitions occur in the same time window as valid data transitions. These parameters are referenced to a
specific voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving
tLZ(DQS), tLZ(DQ).

The figure below shows a method to calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or
begins driving tLZ(DQS), tLZ(DQ), by measuring the signal at two different voltages. The actual voltage measurement
points are not critical aslong as the calculation is consistent. The parameters tL.Z(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ)

are defined as singled ended.

tLZ(DQ) and tHZ(DQ) method for calculating transitions and begin points

tLZ(DQ): CK_t- CK crising crossing at RL

1.0xVDDQ 8= = = = = = = = -
Begin point : Extrapolated point at 1.0 x VDDQ

V,
0.7xVDDQ — M2\ — - —
04xVDDQ == ====---=

tLZ(DQ) begin point is above-mentioned extrapolated point.

tHZ(DQ) with BL8: CK_t - CK_c rising crossing at RL + 4 nCK
tHZ(DQ) with BC4: CK_t - CK_c rising crossing at RL + 2 nCK

1.0xVDDQ — — —

0.7xVDDQ — - — -

0.4xVDDQ - - o g

Begin point : Extrapolated point'

tHZ(DQ) is begin point is above-mentioned extrapolated point.

NOTE 1 Extrapolated point (Low Level) =VDDQ/(50+34) X 34
=VDDQ x 0.40
- A driverimpedance : RZQ/7(34ohm)
- An effective test load : 50 ohm to VTT = VDDQ
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Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements
Measured Parameter Symbol Measured Parameter Vswi1 [V] Vsw2 [V]
tLZ(DQ) DQ low-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQ) DQ high-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ

tLZ(DQS) and tHZ(DQS) method for calculating transitions and begin points

tLZ(DQS_c): CK_t - CK_crising crossing at RL-1 with 1tCK Preamble
tLZ(DQS_c): CK_t - CK_c rising crossing at RL-2 with 2tCK Preamble

1.0 x VDDQ DQS_t

0.7xVDDQ

0.4 x VDDQ
tLZ(DQS_c) begin point is above-mentioned extrapolated point.

tHZ(DQS_t) with BL8: CK_t - CK_c rising crossing at RL + 4 nCK
tHZ(DQS _t) with BC4: CK_t - CK_c rising crossing at RL + 2 nCK

1.0XVDDQ — — — -]

0.7XxVDDQ — - — -
DQS_t

04xVDDQ _ _ _ ¥

Begin point : Extrapolated point’

tHZ(DQS_t) begin point is above-mentioned extrapolated point.

NOTE 1 Extrapolated point (Low Level) = VDDQ/(50+34) X 34
=VDDQx 0.40
- A driver impedance : RZQ/7(34ohm)
- An effective test load : 50 ohm to VTT = VDDQ

Reference Voltage for tLZ(DQS), tHZ(DQS) Timing Measurements

Measured Parameter Symbol Measured Parameter Vswi1 [V] Vsw2 [V]
tLZ(DQS) DQSlow-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQS DQShigh-impedance time from CK, CK | (0.70 —0.04) x VDDQ (0.70 + 0.04) x VDDQ
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tRPRE Calculation

The method for calculating differential pulse widths for tRPREis shown in figure below

tRPRE Method for Calculating Transitions and Endpoints

CK_t
CK c- - !
DQS t - ---VvDDQ
Sing ended si_gn;, p?ovi?ﬂeg _____________________ 0.7 x VDDQ
asbackgroundinformaton .\ /. 04 X VD DQ
DQS C—————\------——\ -~ ---- vDDQ
——————————————— 0.7 x VDDQ
Sing ended signal, provided
as background information - 04 X VD DQ
! ---0.6 x VDDQ
t
RPRE begin o o — — — — & —— - — — —f . 0.3 x VDDQ
DQS_t-DQAS ¢ o TRE N\ . 0
Resulting diferential signal rele Begin point X
vantfor tRPRE s pecification Extrapolated point ©
tRPRE_end
NOTE1 Low Level of DQSand DQS = VDDQ/ (50+34) x 34 = VDDQ x 0.40
- Adriver impedance : RZQ/7(34Q))
- An effective test load : 50 Qto VIT = VDDQ
Reference Voltage for tRPRE Timing Measurements
tRPRE DQS DQs differential READ Preamble (0.30-0.04) x VDDQ (0.30 +0.04) x VDDQ
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tRPST Calculation

The method for calculating differential pulse widths for tRPST is shown in figure below
tRPST Method for Calculating Transitions and Endpoints

r - -

/2

/A

CK_t

—————————————————————————————— VDD/2
CK c—-' '
Sing ended sign.a\,provi.ded VDDQ
as background |nfor_man_on ______ O 7 X VD DQ
DQS_t 0.4 x VDDQ
DQSc - - - -vDDQ
——————————————————————————— 0.7 x VDDQ
Sing ended signal, provided
as background informaton [ _ _ _ _ _ _ _ _ _ _ _ _ O 4 X VD DQ
t
tRPST_begin
DQS t-DQS ¢ - - -] __ /o e ____ 0
Resulting diferenﬁal.sigqalrele Vsw2
vantfor tRPST specificaton [ — — — — — 4 — — — ng ******* -03 X VD DQ
e = Bt —— - -0.6 x VDDQ
End point:Extrapolated point
NOTE1 Low Level of DQSand DQS = VDDQ/ (50+34) x 34 = VDDQ x 0.40
- Adriver impedance : RZQ/7(34 Q)
- An effective test load : 50 Q to VTT =VDDQ
Reference Voltage for tRPST Timing Measurements
tRPST DQS Das differential READ Postamble (-0.30—0.04) x VDDQ (-0.30 + 0.04) x VDDQ
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READ Burst Operation

DDR4 READ command supports bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses address A12
to control OTFwhen OTFis enabled:

« A12 =0, BG4 (BG4 = burst chop)

« A12=1,BL8

Read commands can issue precharge automatically with a read with auto-precharge command (RDA); and is enabled by
A10 high.

* Read command with A10 =0 (RD) performs standard Read, bank remains active after read burst.

» Read command with A10 =1 (RDA) performs Read with auto-precharge, back goesin to precharge after read burst.

READ Burst Operation RL =11 (AL =0, CL = 11, BL8)

Bank Group 7
ADDRESS |/

DQS_t,DQ8 6

3 < XXX

RL=AL +CL

. TRANSITIONING DA DCN  CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK

NOTE2 DOUT n =data-out from column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 =01] and A12 =1 during READ command at T0.
NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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READ Burst Operation RL =21 (AL =10, CL = 11, BL8)

NOTE 1
NOTE2
NOTE 3
NOTE4
NOTE5

Bank Group 7=
ADDRESS |

ADDRESS X o

DS 1,005 (( (( A NI SN
pa ) b)

AL=10 ( CL((:M @@%@@@%@

RL=AL+CL

A
A

. TRANSITIONING DA TA DON  CARE

BL=8,RL=21, AL=(CL-1), CL=11, Preamble = 1tCK

DOUT n = data-out from column n.

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

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 =01] and A12 = 1 during READ command at TO0.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Consecutive READ (BL8) with 11CK Preamble in Different Bank Group

NOTE 1
NOTE2
NOTE3
NOTE4
NOTE5

Eankaug
ADDRESS 7

sooess X5

RPRE X
B4
>

D08 t DOS s

=

RL=1

A

Da

=

BL=8,AL=0, CL=11, Preamble = 1tCK

DOUT n (or b) =data-out from column n (or column b).

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

BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at T0 and T4.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group

T
' ' ' ' ' ' .

T0 T n i) T T ™o,
Ko .-

AR T
ADDRESS ub

- M%%FFHH,,a_
T *F’@%@@M%@@@@@@@@@@

[ RansmonG DaTA 7] DONT GaRe

NOTE1 BL=8,AL=0,CL=11, Preamble =2tCK

NOTE2 DOUTn (or b) =data-out from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A:0 =0:1] and A12 = 1 during READ command at TO and T4.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable

Nonconsecutive READ (BL8) with 1tCK Preamble in Same or Different Bank Group

, oo A L K

T

{
-— "

et T )

ADDRESS X i

S
e} %E%E&E@E %@@@ 1

EXEEE)
brd (5

[l RansmonnG DaTA 7] DONT GaRe

RL=11

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK tCCD_SL=5

NOTE2 DOUTn (or b) = data-out from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at T0 and T5.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable

ISR ISR SRR RASSRRA ISR BB SRA IS

BB i e B B B BB B
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Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different Bank Group

T | T | 1 | 6 | T6 T | 0 | ™ \ T2
CKe

ELLLLLLL

Bank Grou
ADDRES

Bank

ADDRESS

005 1005 { [ Y.
.

DQ )] )]

ww@@

b+

. TRANSITIONING DATA D DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble =2tCK tCCD_SL=6

NOTE2 DOUT n (or b) =data-out from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at TO and T6.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBl = Disable

NOTE6 tCCD_SL=5isn’t allowed in 2tCK preamble mode.

READ (BC4) to READ (BC4) with 1tCK Preamble in Different Bank Group

T T T T3 T4 79 T " T2 ik T4 5 6 T 18 ) 0 vl

i i e i v i Bl v i i
opEeoespe:

{

SR N

ADORESS X G X D XX L S
e
DQS_t DAS_¢ \ ; 1
0o — ) ' |
{ 6.8 .6 & G556
R . TRANSITIONING DATA m DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK

NOTE2 DOUTn (or b) =data-out from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BCA4 setting activated by either MRO[A1:A0 = 1:0] or MRO[A1:A0 = 0:1] and A12 =0 during READ command at TO and T4.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable

Integrated Silicon Solution, Inc. — www.issi.com 150
Rev. E
02/02/2023



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group

S R TN SN SO W, T TR T T ot TR e, TS T

: @@M@

Bank qug
ADDRESS )

ADDRESS )

RPRE

tRPST

e
o <2‘ w;mﬂhmw

RL=1

>l . TRANSITIONING DATA D DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble =2tCK

NOTE2 DOUT n (or b) =data-out from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by either MRO[A1:A0 = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and T4.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable

READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same or Different Bank Group

0 T iy 1t T8 10
' ! ' ' '
T

: a-a-mm-m.

(
READ to WRITE Command Delay “ m “
=RL+BLI2- WL + 2CK

Bark Grou o —— ———
W e

ADDRESS X &

IWR
WIR

D08 t DS ¢

D

. TRANSITIONING DATA El DON'T CARE

NOTE1 BL=8,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL =0), Write Preamble = 1tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at T0 and WRITE
command at T8.

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group

m-m

0 T i 1t T8 10 T T2 3 T T T6
Ty

mnn o

READ to WRITE Command Delay
=RL +BLI2- WL + CK

Bﬁ%??s“g Irasa
it

ADDRESS | X e e

. i wﬁww M@%@

WL=10

A

. TRANSITIONING DATA [} DONT CARE

NOTE1 BL=8,R.=11(CL=11, AL=0), Read Preamble = 2tCK, WL =10 (CWL = 9+1°, AL =0), Write Preamble = 2tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at TO and WRITE
command at T8.

NOTE5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

NOTE6 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

READ (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

0 T 5 P L 1 i)

il 85 i s B3 B o i o B o
A e i =8

READ to WRITE Command Delay
=RL+BCI2- WL + 210K

ADDRESS X &

D08 t D08

Da

[l RansmonnG DaTA 7] DONT GaRe

NOTE1 BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK

NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BCA(OTF) setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and WRITEcommand at T6.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

0
'

R bt b b
-

READ to WRITE Command Delay
=RL+BCR2- WL + 31CK

D08 t DO s » L \:, A ¢ ' - : .
” - ) - ‘
( NG 6,66 6

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,R.=11(CL=11, AL=0), Read Preamble = 2tCK, WL =10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK

NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4(OTF) setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and WRITEcommand at T6.

NOTE5 When operating in 2tCKWrite Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

NOTE6 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

READ (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Same or Different Bank Group

0 T 5 T8 T it} i) T L T2 i) T T 6 7 18 T ™

i

] o

READ to WRITE Command Delay
= RL+BCI2- WL + 20K

DQS_t DAS ¢ ((
RL=tt

A

ba {(

NOTE1 BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL=0), Write Preamble = 1tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BCA(Fixed) setting activated by MRO[A1:A0 = 1:0].

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different Bank Group

%@,ﬂhﬁhﬁh&hﬂﬁ
-

o ek s BB

READ to WRITE Command Delay
=RL+BCR2- WL + 31CK

et e XY
y n i

ADDRESS e

DOS  DAS ¢ {(

A

Da «

@k‘@'

. TRANSITIONING DATA m DONT CARE

NOTE1 BC=4,R.=11(CL=11, AL=0), Read Preamble = 2tOK, WL =10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BCA(Fixed) setting activated by MRO[A1:AQ = 1:0].

NOTE5 When operating in 2tCKWrite Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

NOTE6 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

READ (BL8) to READ (BC4) OTF with 1tCK Preamble in Different Bank Group

Bank Gmug
ADDRES

ADDRESS /X ¢

RL=1

ba

\
DQS_t DAS ¢ &J
)]

NOTE1 BL=8,AL=0,CL=11 Preamble = 1tCK
NOTE2 DOUT n (or b) =data-out from column n (or column b).
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by MRO[A1:A0 =0:1] and A12 = 1 during READ command at TO BC4 setting activated by MRO[A1:A0 = 0:1] and
A12 =0 during READ command at T4.

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.
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READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE2
NOTE3
NOTE 4
NOTES

NOTE 6

s kﬁhﬁ%ﬂ”‘“‘”ﬁk&

M

READ to WRITE Command Delay
=RL+BCR2- WL + 31CK

ISR TGN

ADDRESS X oo

DQS t,00S ¢

nQ - )]

— NeeE @k‘@'

. TRANSITIONING DATA DONT CARE

BC=4,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL =10 (CWL = 9+1°, AL =0), Write Preamble = 2tCK
DOUT n = data-out from column n, DIN b =data-in to column b.

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

BC4(Fixed) setting activated by MRO[A1:A0 = 1:0].

When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

READ (BL8) to READ (BC4) OTF with 1tCK Preamble in Different Bank Group

NOTE1
NOTE2
NOTE3
NOTE 4

NOTE5

Esnkaug 3,
ADDRESS ¢

ADDRESS X &

RL=1t

ba

\
DQS_t DAS ¢ &J
)]

. TRANSITIONING DATA DONT CARE

BL=8, AL=0, CL=11 ,Preamble = 1tCK
DOUT n (or b) =data-out from column n (or column b).
DEScommands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by MRO[A1:A0 = 0:1] and A12 =1 during READ command at TO BC4 setting activated by MRO[A1:AQ = 0:1] and
A12 =0 during READ command at T4.

CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.
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READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank Group

T T i K} T4 19 ™ i T ™ T4 5 6 m 18 T 0 vl
Ko ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

et i B i i e 5 B
O it B R A S

ADDRES”E:' s
Bark \

ADDRESS ;X &t

| RPST
Hﬂ'! . . e
( CEXOCEXENC)

: BEEERET

. TRANSITIONING DATA D DONT CARE

NOTE1 BL=8,AL=0, CL=11 ,Preamble =2tCK
NOTE2 DOUT n (or b) =data-out from column n (or column b).
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:A0 =0:1] and A12 = 0 during READ command at TO. BL8 setting activated by MRO[A1:A0 = 0:1] and
A12 =1 during READ command at T4.

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.

READ (BC4) to WRITE (BL8) OTF with 1tCK Preamble in Same or Different Bank Group

ot

(t
READ to WRITE Command Delay
=RL+BLI2- WL + 2CK

Bank Grvug
ADDRESS

ADDRESS X ¢

D08t 008 {(

RL=1t

ba

NOTE1 BC=4,RL=11(CL=11,AL=0), Read Preamble = 11CK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
NOTE2 DOUT n =data-out from column n, DIN b = data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during READ command at TO. BL8 setting activated by MRO[A1:A0 = 0:1] and
A12 =1 during WRITEcommand at Té.

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different Bank Group

, T , T , T5 , T8 , T it , It , T , ™ , ™ \ ™ , T4 , TS5 , T8 , o \ T8 , 19 , 0
CKey = o - -

pg e o i e Pl i i P . i B o S o
-

READ to WRITE Command Delay
=RL+BC/2 - WL + 31CK

" I T

ADDRESS (X X L
- - : : IRPST - “ WPST
D0 t Da§ o o . |
. NUR & & 0 & A N ~~
- - ' '
b} — ] - |
( CEEEY @@@@@%@
» WiL=10 _

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,R.=11(CL=11, AL=0), Read Preamble = 2tCK, WL =10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:A0 =0:1] and A12 = 0 during READ command at TO. BL8 setting activated by MRO[A1:A0 = 0:1] and
A12 =1 during WRITEcommand at T6.

NOTE5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

NOTE6 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

READ (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

, , T2 , T3 , 5
CKey, - -

b R s s s b
RERNRAR |

READ to WRITE Command Delay 4 locks R

=RL+BLI2- WL + 2CK

. . «WR

BankGrou 7 7
@mm R
N [ T T R

Bark

aonress Y e\ _,_:___::'::::________::f'::,;::'::,_,_:___::'::::_______::f'::,v_,____;::'::,_,_:___::'::::_______::f'::,v_,____;::'::,_,_:___::'::::_______::‘:'::,v_,____;::'::,_,_:___::':::

00S 10055 {( \ ™ :r _ qu
RL=1 - v .

D )] - :
Q ( &\ ~ M ®

VL=

A

[l RansmonG DaTa  [7] DoNT GaRe

NOTE1 BL=8,RL=11(CL=11,AL=0), Read Preamble = 11CK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO. BCA4 setting activated by MRO[A1:A0 = 0:1] and
A12 =0 during WRITEcommand at T8.

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

, T , T , T7 , it , T8 T , ™ , T2 , T3 , L \ 5 , TI6 , ™ , T8 , 19 \ i , ™ , ™
READ to WRITE Command Delay

(o]
Bankaug ) :RL*BUZ-LWCK N ,, e
g "ff

ADDRESS | X e e

=
m _—

WL=10

WE/

A

=

. TRANSITIONING DATA [} DONT CARE

NOTE1 BL=8,R.=11(CL=11, AL=0), Read Preamble = 2tCK, WL =10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by MRO[A1:A0 = 0:1] and A12 = 1 during READ command at T0. BC4 setting activated by MRO[A1:A0 = 0:1] and
A12 =0 during WRITEcommand at T8.

NOTE5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

NOTE6 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP
being the Internal Read Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS, must
be satisfied as well. The minimum value for the Internal Read Command to Precharge Command Delay is given by
tRTPmin, A new bank active command may be issued to the same bank if the following two conditions are satisfied

simultaneously:
1. The minimum RASprecharge time (tRPMIN) has been satisfied from the clock at which the precharge begins.

2. The minimum RAScycle time (tRC.MIN) from the previous bank activation has been satisfied.

READ to PRECHARGE with 1tCK Preamble

RL=AL+CL

BC4 Operation:
D0S 10055

Da

BL8 Operation;
DS {,00S ¢

R

' LGN

DQ

S, N e

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,R.=11(CL=11,AL=0), Preamble = 1tCK tRTP =6, tRP =11
NOTE2 DOUT n =data-out from column n.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 The example assumes tRAS. MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next Active
command time(T18).

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.
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READ to PRECHARGE with 2tCK Preamble

_ RL=AL+CL N . . .
BC4 Operation N N : : : :
o ( (. IR RS aE :
i ) 3 ' ' ' '
( ( : :
BL8 Operation: ) ) ' '
008 P55 ( — \” VT /_U
0 )

3 “ N EXENENENEENE
. TRANSITIONING DATA [] DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble =2tCK tRTP =6, tRP =11

NOTE2 DOUT n =data-out from column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 The example assumes tRAS MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next Active
command time(T18).

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.

READ to PRECHARGE with Additive Latency and 1tCK Preamble

ADDRESS /71

BC4 Operation:
00810055

DQ

BL Operation:
DQS £ pAS ¢

D

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL.=20(CL=11,AL=CL-2), Preamble = 1tCK tRTP=6, tRP = 11
NOTE2 DOUT n =data-out from column n.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 The example assumes tRAS MIN is satisfied at Precharge command time(T16) and that tRC. MIN is satisfied at the next Active
command time(T27).

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.
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READ with Auto Precharge and 1tCK Preamble

NOTE 1
NOTE2
NOTE3
NOTE 4
NOTES
NOTE6

RTP
RL=AL+CL

BC4 Operation N
DQS tDAS ¢ ((

DQ

BL8 Operafion: )

00S {0085

&6 8.6 & 668

e o o~ =&

DQ

. TRANSITIONING DATA DON'T CARE

BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK tRTP =6, tRP=11

DOUT n =data-out from column n.

DEScommands are shown for ease of illustration; other commands may be valid at these times.
tRTP = 6 setting activated by MRO[A11:9 = 001]

The example assumes tRC. MIN is satisfied at the next Active command time(T18).

CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.

READ with Auto Precharge, Additive Latency and 1tCK Preamble

NOTE 1
NOTE2
NOTE3
NOTE4
NOTES
NOTE 6

BC4 Operation; ) \
008 0055 ( (

0 )

BLS Operation ) ) )]
00810055 (

e )

| DONT CARE

. TRANSITIONING DATA

BL=8,RL=20 (CL=11,AL=CL-2), Preamble = 1tCK tRTP =6, tRP =11

DOUT n = data-out from column n.

DEScommands are shown for ease of illustration; other commands may be valid at these times.
tRTP = 6 setting activated by MRO[A11:9 =001]

The example assumes tRC. MIN is satisfied at the next Active command time(T27).

CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable.
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Burst Read Operation with Read DBI (Data Bus Inversion)

Consecutive READ (BL8) with 11CK Preamble and DBI in Different Bank Group

Bank Groy,
ADDRESS |

ADDRESS %

008,005

RL=11 =2

Da

RL=1 ' iDBIf2
T

L 1
) \ ,
- t @%%%%%%@W@@%ﬂﬂ@@

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK, tDBI = 2tCK

NOTE2 DOUT n (or b) =data-out from column n ( or column b).

NOTE3 DEScommands are shown for ease of illustrat:ion; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:A0 = 00] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at TO and T4.
NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBl = Enable.

Burst Read Operation with Command/Address Parity
Consecutive READ (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

] hhhkﬂ;ﬁhhhhzhhhﬁ

R DN

ADDRESS "7\ /Bark
Py EACn N

Ei

T 1 @me;@* ‘ MMM

586

. TRANSITIONING DATA DONT CARE

=
—_—

RL=15

NOTE1 BL=8,AL=0,CL=11,PL=4, (RL=CL+AL+PL=15), Preamble = 1tCK

NOTE2 DOUT n (or b) =data-out from column n ( or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at TO and T4.
NOTE5 CA Parity =Enable, CSto CA Latency = Disable, Read DBI = Disable.
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READ (BL8) to WRITE (BL8) with 1tCK Preamble and CA parity in Same or Different Bank Group

0 T120
' ' '

- HMMHHMMMHHHHMMH

ek --- T
+BL; + 2 1
i eD. ..-‘,::W:::v:::m:‘:::::”:'”:::1::::::::::::::”:m:::‘,::::::::::::::”:m:::‘,:::::::::::v:.-::”:m::
el 7 T T T T T A S T T Tommn
o “
DSt DAS ¢ i ) o /‘f - q
_ (( RL=15 (( S ~~
[} = ) ) -
( { 8.5, 6.8 &)
- — > [ RansmonG DaTA 7] DONT GaRE

NOTE1 BL=8,AL=0,CL=11,PL=4, (RL=CL+ AL+ PL=15), Read Preamble = 1tCK, CWL=9, AL=0, PL=4, (WL=CWL+AL+PL=13), Write
Preamble = 11CK

NOTE2 DOUT n =data-out from column n, DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during READ command at TO and Write
command at T8.

NOTE5 CA Parity = Enable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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Read to Write with Write CRC

READ (BL8) to WRITE (BL8 or BC4:0TF) with 1tCK Preamble and Write CRC in Same or Different Bank
Group

T T 7 o, o, TR ™o, T, TE T ™ ™o,Te T ™o,
Koy - ~ .- - .- - - .- - - - - .- - - - - .- - - —
CK1” - - w - A AT AN - - = A A— - - " — \S— \— S M -
T ' ' ' ' ' ' ' '
oD XREAD DES DES WRIT: DESK  XDESK  XDES DES DES DES DES DESX  XDESX  XoEs DES DES DES DES C
READ to WRITE Command Delay . . . \ \ 4¢locks \ \ R
=RL+LI2- WL+ 20K , , , , ; ; ; ; « WIR »
Bank Groy
Tobaest Yz o

Bark
b,

RPRE WIPRE
‘4—» ! ! ! ! RPST | —— : : : : :¢ WPST
' ) ) )
005t D05 ¢ \ " '/_XF_’/—\)\F_’/—\}\:) A - .- o= .- .- .- -
\,4 [ L e | . \S—) \— AN - L
RL=ft ,
.

ADDRESS X (o

=

— —
Jout Y Dout§f Dout Y Dout Y Dout Y Dout Din'} Din \f/ Din

DOX4BL=8 Din '\ Din ' Din '\ Din' \¢' Din
s Ao A\reAntT vt Av2 s At Aot A At AFARS
=9 | ‘ ‘ ‘ ‘ ‘ s
)) - T T T L ' ' ' ' '

! AN/ NN,

= Jout\f DoutNyDout\yf DoutNy Dout\g/ Doy Din' ¢ Din 4/ Din Ny Din VY Din N/ Din '\ Din \f/ Din
Dguies. =6 ( A At A\ A o Ao A AN AT ALY !
) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Qx4 ' AN - Sy : :
s cs e sostom) 5.8 &6 @ & B8 .66/ O
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
“ 1 ' 1 ' ' 1 ' '
I\, N T T [
- { PR AL 9,6, ) A I I GO &
Read: BL =8, Write :BC =4 /(OTF) ' ' 0 0 ' ' .

[ RavsimonnG DATA - [] DONT CARE

NOTE1 BL=8(orBC=4:OTFfor Write), RL=11 (CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
NOTE2 DOUT n =data-out from column n. DIN b =data-in to column b.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:AQ0 = 0:1] and A12 = 1 during READ command at TO and Write
command at T8.

NOTE5 BC4 setting activated by MRO[A1:0 = 01] and A12 =0 during Write command at T8.
NOTE6 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBl = Disable, Write CRC = Enable.

READ (BC4:Fixed) to WRITE (BC4:Fixed) with 1tCK Preamble and Write CRC in Same or Different Bank
Group

READ to WRITE Command Delay

= RLH02- WL + 2K . . [~ ™ WIR
BankauE B 562
ko U NG [ [ [
ADDRESS X ? X onX
! t
‘ RPRE .
N . '
o -
DS 1DaS e ( r\ \‘ m [
RL=1 - o

&

DQ x4 BC=4 (Fixed)

DQ x3Ix16 BC=4 (Fired) (( @ %

[l RavsimonG DaTA  [7] DONT CaRE

NOTE1 BC=4 (Fixed), RL=11 (CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
NOTE2 DOUT n =data-out from column n . DIN b =data-in to column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:A0 = 1:0].

NOTE5 CA Parity = Disable, CSto CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Enable.
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Read to Read with CS to CA Latency
Consecutive READ (BL8) with CAL(3) and 1tCK Preamble in Different Bank Group

NOTE 1
NOTE2
NOTE 3
NOTE4
NOTE5
NOTE6

.
CKey, = =
oKt >?\—/

COMMAND 77777 Ty
woCS_n G iy

s 7\

Bank Group

ICCD_§=4

ADDRESS 7t i

ADDRESS /7

A A W 7

DS t.0QS ¢

bQ

RL=1

(

RL=1

] W
ﬂuwa -+
éh%ékmmm' 5@ &6

BL=8,AL=0,CL=11, CAL=3, Preamble = 1tCK

DOUT n (or b)

=data-out from column n (or column b).

. TRANSITIONING

DEScommands are shown for ease of illustration; other commands may be valid at these times.
BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at T3 and T7.

CA Parity = Disable, CSto CA Latency = Enable, Read DBI
Enabling of CAL mode does not impact ODT control timings. Users should maintain the same timing relationship relative to the

command/ address bus as when CAL is disabled.

= Disable.

Consecutive READ (BL8) with CAL(4) and 1tCK Preamble in Different Bank Group

NOTE 1
NOTE2
NOTES3
NOTE4
NOTES
NOTE6

'

CKey = =

w0 A
T

COMMAND 777777

woCSn ¢

S AVA7AR AR VAR A\

Eankerg e

ADDRES:

ADDRESS /17472

NT N7 Y

DS t QS ¢

DQ

RL=11

BL=8,AL=0,CL=11, CAL=4, Preamble = 1tCK

DOUT n (or b)

=data-out from column n (or column b).

"’ (

. TRANSITIONING

DEScommands are shown for ease of illustration; other commands may be valid at these times.
BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 =0:1] and A12 =1 during READ command at T4 and T8.

CA Parity = Disable, CSto CA Latency = Enable, Read DBI
Enabling of CAL mode does not impact ODT control timings. Users should maintain the same timing relationship relative to the

command/ address bus as when CAL is disabled.

= Disable.

& T
.
.
R ﬂ@ﬂ@%@ﬂ@

DATA || DONT CARE

VV

DATA DONT CARE
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WRITE Operation

Write Timing Definitions
Write timings are shown below and are applicable in normal operation mode, i.e. when the DLL is enabled and locked.

TO
Ke---

K t oy

Command ZMNRITEN/7K

T1 T2 T3 T4 T5 TG T7 T8

’

BE5 X 777X DS N ITTK B W7 s YT Tl e YL B N DX e Y L O YT [T e (T S YT

WL = AL + ONL ¥ L

aarest ORDZ777 77712 T T 2T

1
Das|ioeH | ‘osH | ey osH
Dgss{mind SNPRE(INCK) { : = b= WpypsTiminy
DQ5_t, DQS ¢ A ol AR vl IR G IR WGy W LS
DO5L | D0sH | *00SL| D05H | DOSL | DdsH | DOSL | 1DosH | !
DOsHImi) et =" o InQsLimin
055 o585 Ei o5 055
D R s o e T
1 1 1 1
1 1 1 ]
| 1 | ]
| ] | 1
1 ll 1 1
sH ! D5k ! osH ! tosk !
tngssinominal W PRE 1K) " PSTImIng
DOS t. DOS ¢ I } G 4 ’ = : A
st | wosk | past | 'posu| ‘oosc] 'oosy | fpost | ‘oosk
%c:smmra “DosLimin)
i 5 055 b3 D55
1 1 I 1
Do G B Y SO R TS
| ] | 1
1 ] 1 1
1 1 1 1
1 1] 1 1
1 ] 1 1
IDSS I | 1
‘_‘I'Dsk 1DsH DSH IDsH
pOssimad AWPRE(NO . . . . YeepsTimind

'IJCISHl:mb\__| B ] |___

s ' 'pss ! Ipss ! Dss

DP 5,

DQs_t, DQS_c v LR LY LN L LN LK LK L
IDOEL | EDOSH | DOsL | 'DOsSH | 1DOSL [ TDOSH | Dost | 1D0sH
1 1
]
1

Ejmranstioring pata 7] Don't care

NOTE1 BL8, WL=5 (AL=0, CWL=5).

NOTE2 DINn =data-in from column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 =1 during WRITEcommand at TO.
NOTE5 tDQSSmust be met at each rising clock edge.
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WRITE Timing - Clock to Data Strobe Relationship

The clock to data strobe relationship is shown below and is applicable in normal operation mode, i.e. when the DLL is
enabled and locked.

Rising data strobe edge parameters:

 tDQSIMIN to tDQSIMaxdescribes the allowed range for a rising data strobe edge relative to CK, CK

« tDQSSis the actual position of a rising strobe edge relative to CK, CK

» tDQSH describes the data strobe high pulse width.

* tWPST strobe going to high, non-drive level; detailed in postamble section.

Falling data strobe edge parameters:

o tDQS_describesthe data strobe low pulse width.

* tWPRE strobe going to low, initial drive level; detailed in preamble section
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Clock to Data Strobe Relationship
T T2 T3 T4 T5 T8 i¥ T8 ™ T10

G e e e e o e o e

Command 'ﬁ?i"‘-fﬁl'ﬁ}i’fjﬁ{ 0Es /77K Des W77 oeEs WK oes XI77 X oes W7 X oes W 7K oes X777 oes X7 /X oes 77K oes XITY

WL=AL + ONL
Addresé L T L L L L L L T T L T T
'Dgss oSk : 1osH : fO5H : L=t :
'DQSSimin} Weretnck) [T [T = i G =~ WPSTtmin)
DQ5.t, DQ5.c o = T e 1 Iy ‘r e = ‘r s = =
‘pos | 'posk | Dost| 'oosH | 'oose | 'oosk | 'DosL| wgsd|_
DosHmin o o v st imin|
T | oS % 655 655
oe? Ry e e iy {7 7Y ey
I I 1 1
osH ! ‘DsH_ | psH ! ‘psu '
pgssinominal) MYPRELING MRS Timin)
DQs £ DS c s e S SRl B S S GG S
'post, | 'posH | 'oost | 'pasq | ‘post | 'posy | ‘pos, | BosH
DOsHimIf DosEL{min
TEs &S o THEE TIoEE
| | 1
ot ORI CECEYERR I/ FEETGEY
IDgss | ] i
-_-1LDSH oSk nsH o5k
fogesiman weeenoa| | ; , || wirsTiming
DQs._t, DQS ¢ TR R e BT S R L S
- I‘m%? o mﬁ(@ W e e el
‘L‘IGSHEth__l | L_ o ] Ty [(ogstimim
D55 ! s ! foss ! mss 1 q;s—(r
o [0 s

[=] Transtioning Data  [7] Dont care
NOTE1 Within a burst, the rising strobe edge will be vary within tDQSCK] with a fixed and constant VDD. However, when the device,
voltage, and temperature variation are incorporated,the rising strobe edge will be vary between tDQSCK(MIN) and tDQSCK(M AX).

NOTE2 Notwithstanding Note 1, arising strobe edge with tDQSCK (MAX) at T(n) can not be immediately followed by arising strobe edge
with tDQSCK (MIN) at T(n+1) because other timing relationships (tQSH, tQ) exist: if tDQSCK(n+1) < 0: tDQSCK(n) < 1.0 tCK - (tQSH
(MIN) +tQSL (MIN) - | tDQSCK(n+1) |

NOTE3 The DQS DQSdifferential output HIGH time is defined by tQSH and the DQS, DQSdifferential output LOW time is defined by tQS_

NOTE4 Likewise,tLZ(DQS) MIN and tHZ(DQS) MIN are not tied to tDQSCK (MIN) (early strobe case) and tLZ(DQS) MAX and tHZ(DQS) MAX
are not tied to tDQSCK (M AX) (late strobe case).

NOTE5 The minimum pulse width of read preamble is defined by tRPRE (MIN).

NOTE6 The maximum read postamble is bound by tDQSCK (MIN) plus tQSH (MIN) on the left side and tHZDSQ (M AX) on the right side.
NOTE7 The minimum pulse width of read postamble is defined by tRPST (MIN).

NOTE8 The maximum read preamble is bound by tLZDQS (MIN) on the left side and tDQSCK (MAX) on the right side.
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tWPRE Calculation

Method for calculating tWPRE transitions and endpoints

CK t | I~ \
\
——————————————————————————————————————————— VDD/2
CK C e =
DQS _t
—————————————————————————————————————————————— VrefDQ -—-

Single ended signal, provided

as background information
DQS ct

————————————————————————————————————————————— VrefDQ ---
Single ended signal, provided
as background information !
' VIHDiffPeak
" Vew2 L TN T/ VIHDIiff_DQS
lWF'RE_beginHVm1
DQS t-DQS cH—mfp T\ . O s
Begin paoint:

Resulting differential signal, Extrapolated point t2
relevant for twere tWPRE end
spedfication

Reference Voltage for tWPRE Timing Measurements

tWPRE DQS DQSdifferential WRITE Preamble VIHDIff_ DQSx 0.1

NOTE1  The method for calculating differential pulse widths for tWPRE2 is same as tWPRE

VIHDiff_DQSx 0.9
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tWPST Calculation

Method for calculating tWPST transitions and endpoints

CK_t
——————————————————————————————————————————— VDD/2 -4
CK C ==
Single ended signal, provided :
as background information
—————————————————————————————————————————————— VerfDQ -~
DQS t i
DQS ¢ i
————————————————————————————————————————————— VrefDQ ——-
Single ended signal, provided
as background information
1
~ IWPST_begin
DAS t-DOS. € -—rmim——m e m e - — it e
Resulting differential signal, Vsw2
relevant for tWPST Vw1
specification — : = .. 12 tWPST_end
§ Vi.DR._Das D e = VILDiffPeak
End point Extrapclated point

Reference Voltage for tWPST Timing Measurements

tWPST DQS DQSdifferential WRITE Postamble VILDiff_DQSx 0.9 VILDiff_DQSx 0.1

Integrated Silicon Solution, Inc. — www.issi.com 170
Rev. E

02/02/2023



IS43/46QR81024A ® Long-term Support
IS43/46QR16512A World Class Quality

WRITE Burst Operation

The following write timing diagrams are to help understanding of each write parameter's meaning and are just
examples. The details of the definition of each parameter will be defined separately. In these write timing diagram, CK
and DQSare shown aligned and also DQSand DQ are shown center aligned for illustration purpose.

DDR4 WRITE command supports bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses address A12
to control OTFwhen OTFis enabled:

« A12 =0, BC4 (BC4 =burst chop)

+ A12=1,BL8

Write commands can issue precharge automatically with a Write with auto-precharge command (WRA); and is enabled
by A10 high.

» Write command with A10 = 0 (WR) performs standard Write, bank remains active after write burst.

» Write command with A10 = 1 (WRA) performs Write with auto-precharge, back goesin to precharge after write burst.
Data mask (DM) function is supported for the x8 and x16 configurations only (not supported on x4). The DM function
shares a common pin with the DBl and TDQSfunctions.

The DM function only appliesto WRITE operations and cannot be enabled at the same time the DBI function is enabled.
« |If DMis sampled LOW on a given byte lane, the DRAM masks the write data received on the DQ inputs.

- If DM is sampled HIGH on a given byte lane, the DRAM does not mask the data and writes this data into the DRAM
core.

« If CRCWrite isenabled, then DM enabled (via MRS), will selected between Write CRC non-Persistent Mode (DM
disabled) and Write CRC Persistent Mode (DM enabled).

WRITE Burst Operation, WL =9 (AL = 0, CWL =9, BL8)

BXB‘B%E;E:f':::::::':f":::::::’f':::::::;‘f,::::::;‘H::::::;'ff:::::::':f' ,,,,,,,, e
.

.
ADDRESS 1/ X Gk X'/ L o o ' i

= 1 tWPST
DQS_t.DQS ¢ (( . II"“\ ,EI- Y ,-

R = l Il B
N t D6 6 & 6 Y 6 6
WL=AL+CWL=9
|

. TRANSITIONING DA TA DON  CARE

NOTE1 BL8, WL=0,AL=0, CWL=9, Preamble =1 tCK

NOTE2 DINn =data-out from column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MR0[1:0] = 00 or MRO[1:0] =01 and A12 =1 during WRITEcommand at T0.
NOTE5 (/A Parity = Disable, CS to C/A Latency = Disable, Read DBI = Disable.
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WRITE Burst Operation, WL = 19 (AL =10, CWL = 9, BLS)

Bank Group =
ADDRESS

ADDRESS 7

DQS_t,0Q5 ¢ (( (( Y
0 ) )

_ AL=10 ( cwﬁg: 9 ‘j

WL =AL+CWL =19

. TRANSITIONING D DON CARE
NOTE1 BL8, WL=19,AL=10(CL- 1), CWL=9, Preamble =1 tCK.
NOTE2 DINn =data-out from column n.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.
NOTE4 BL8 setting activated by either MR0[1:0] = 00 or MRO[1:0] =01 and A12 =1 during WRITEcommand at TO.
NOTE5 C/A Parity = Disable, CSto A Latency = Disable, Read DBI = Disable.

WRITE Operation Followed by another WRITE Operation

Various Burst Read examples are shown below.

Consecutive WRITE (BL8) with 1tCK Preamble in Different Bank Group

Bank Groug A
ADDRES:

ADDRESS

DS 1,005 ¢ K N

WL=AL+CWL=0
0Q )]

A

WL=AL+CWL=9

NOTE1 BL8, AL=0, CWL=9, Preamble =1tCK

NOTE2 DINn (or b) =data-in from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MR0[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during WRITEcommands at TO and T4.
NOTE5 CA parity =disable, CS to CA latency =disable, Write DBI = disable, Write CRC=disable.

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last write
data shown at T17.
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Consecutive WRITE (BL8) with 2tCK Preamble in Different Bank Group

T T 2 I T4 i 8 9 10 il ™ s T4 ) 16 T 18 19
Kol ' ' ' ' ' ' ' ' ' ' ' ' 0 ' ' '

- Aatatolotalatebabolabotobatotaiuiet

ADDRESS

ADDRESS i+

J -

00S (005 C &)
WL= AL+ OWL =10 -
5 ]

WL=AL+CWL=10

i . TRANSITIONING DATA DONT GARE

NOTE1 BL8, AL=0, CWL=9+1=10", Preamble =2 tCK.

NOTE2 DINn (or b) =data-in from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during WRITEcommands at TO and T4.
NOTE5 CA parity = disable, CSto CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17.

NOTE7 When operating in 2tCKWrite Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCKrange. That means CWL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

Nonconsecutive WRITE (BL8) with 1 tCK Preamble in Same or Different Bank Group

, oo A | o, Wm0 P 1

;;-.;
o A ummg

WR
I L B 47

B/?\D:ngg)gg , T ’ g T T &X) T T T

avess TERYTE 7 T
"! o
. %@@%

DCOEECHEEEY X&)

WL=AL+CINL=9

D08 t DS ¢
WL=AL+CWL=9

Da

-

[l RansmonG DaTa  [7] DoNT GaRe

NOTE1 BL8,AL=0, CWL=9, Preamble =1tCK tCCD_SL=5tCK

NOTE2 DINn (or b) =data-in from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 =1 during WRITEcommands at TO and T5.
NOTE5 CA parity = disable, CSto CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18.
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Nonconsecutive WRITE (BL8) with 2 tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE2
NOTES3
NOTE 4
NOTE5
NOTE6
NOTE7

NOTES8

T T T T8 T 8 m T i ™ ™ T 1) T m T8 19 ™

R

CKe

'
v -
oKt
'

w JROROEME ¢
EEBE%‘&“E;r &g, e
.
B G N N S -
wess e X
IR - ol e i
D0S.{ D02 (( ({ B \r " \ Y
L e e R e -
DO ) ) |
crt 86666666 @ 6 6,666 6 6)
~ WL=AL+OWL=10 N
1

[l =ensmonneDaTa  [T7] ponT care

BL8, AL=0, CWL=9+1=10% Preamble =2 tOK, tOCD_S'L=6tCK

DIN n (or b) =data-in from column n (or column b).

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

BL8 setting activated by either MR0[1:0] = 00 or MR0[1:0] =01 and A12 = 1 during WRITEcommands at TO and T6.
CA parity = disable, CSto CA latency = disable, Write DBI = disable, Write CRC = disable.

tOCD_S/L=5isn’t allowed in 2tCK preamble mode.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T17.

When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCKrange. That means CWL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

WRITE (BC4) OTF to WRITE (BC4) OTF with 1 tCK Preamble in Different Bank Group

NOTE1
NOTE2
NOTE3
NOTE4
NOTES
NOTE6

, T , , I , 3 , n . , 9 , Ti0 , ™ \ ™2 , ™3 , T4 , T]S \ T16 \ T , 18 , T19
CKey - ~ - ;- - - - - .- ;- .- - , - - - . - - .- - [ —
T
a ] @ﬂ@ﬂ@ﬂ@ﬂ@ﬂ@&@ﬂ@ﬂ@b@ﬂ@ﬂ@ﬂ@ﬂ@ﬂ@&@@u@
' - 4 Clocks - R

Boheed Neoo Lo

AoDRess X i . i ; ; i
PR : : WPST {hPRE : WPST
DOS_{ DOS_¢ R T ©o g - O
- i st
: i EXE) DEGE)
MEAORS [ TRavNsITIONING DATA DONT CARE

BC4, AL=0, CWL=9, Preamble = 1 tCK.

DIN n (or b) =data-in from column n (or column b).

DEScommands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MR0[1:0] = 01 and A12 = 0 during WRITEcommands at TO and T4.

CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17.
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WRITE (BC4) OTF to WRITE (BC4) OTF with 2 tCK Preamble in Different Bank Group

WPRE

D0S_t,D0S ¢ (

WL=AL+CWL=10
pQ )]

WL=AL+CWL=10

NOTE1 BG4, AL=0, OWL=9+1=10’, Preamble = 2 tCK.

NOTE2 DINn (or b) =data-in from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.
NOTE4 BCA setting activated by MRO[1:0] =01 and A12 =1 during WRITEcommands at TO and T4.
NOTE5 CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18.

NOTE7 When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the

lowest CWL setting supported in the applicable tCKrange. That means CWL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

WRITE (BC4) Fixed to WRITE (BC4) Fixed with 1 tCK Preamble in Different Bank Group

D0S_t,D0S ¢

VIL=AL+CWL=9
DQ )]

WL=AL+CWL=9

NOTE1 BC4, AL=0, CWL=9, Preamble =1 tCK

NOTE2 DINn (or b) =data-in from column n (or column b).

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.
NOTE4 BC4 setting activated by MRO[1:0] =01 and A12 = 0 during WRITEcommands at TO and T4.
NOTE5 CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T15.
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WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

NOTE1
NOTE 2
NOTE3
NOTE4

NOTES
NOTE6

, At T8 10 T T2 T3 ™ T 6 T 5 ™o, T 18 ™
Koy - ~ - - - - - - - - - - - - - - - . - - -l—
oKt - [ [ [ v A A LA N . (—e [ - i - A (S0 - L
T 1 1 1 1 1 1 1
o MormeX
Bankaug )
ADDRESS ;X B6 2
sonRess | N ca Kl Wi D L L e X L L L
T T T T
‘ WIPRE , , , " WPST RPRE , , ,
' ' ' ' N - ' L. [
- A - - - - - - - - - - :
DS tDaS ¢ F\,‘ \ ‘ ! \ (( \,_\_L,‘ B -\ i
WL=AL+CWL=2 B , B , B , - , o RL=AL+CL=11 , , ,
00 ) ) N —
Din'\ Din Y4/ Din \f/ Din' \/ Din Y/ Din ' Din }/ Din (( Din \¢ Din \Y' Din ¢/ Din W' Din ' Din ¢ Din Y/ Din
L ALY ANGPT ANGRY ANGEY A NGET A VGl ANGE

b

bt ADANE3 /b4 /\DH/\ D6 /\ DT,

[l RansmonnG DaTa - [7] DoNT caRe

BL=8/BC=4, AL=0, CL=9, Preamble =1 tCK
DIN n (or b) =data-in from column n (or column b).

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

BL8 setting activated by MR0[1:0] =01 and A12 = 1 during WRITEcommand at T0. BC4 setting activated by MR0[1:0] =01 and A12

=0 during WRITEcommand at T4.
CA parity = disable, CS to CA latency = disable, Read DBI = disable, Write CRC = disable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T17.

WRITE (BL8) to READ (BL8) with 1tCK Preamble in Same Bank Group

NOTE 1
NOTE 2
NOTE3
NOTE 4

NOTES
NOTE6

, 1 , \ L L ,oo Moo T T o me TS , T T8
CKey -~ - - - - - - - - - - - -
!
; @ﬂ@%@ﬁ@ﬁ@ﬁ@ﬁ@“@ﬂ@ﬂ@ﬂ@ﬂ /
ol

CMD

e DN

ADDRESS X &

D08 t D08

WL=AL+CWL=9

0Q

(

4—“—7;" {

[ RansmonG DaTa 7] DoNT GaRe

BL=8,AL=0, CWL=9, CL=11, Preamble = 1tCK
DIN n =data-in to column n (or column b). DOUT b = data-out from column b.
DEScommands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 =0:1] and A12 =1 during WRITEcommand at TO and READ

command at T17.
CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13.
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WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Different Bank Group

NOTE1
NOTE2
NOTE3
NOTE4
NOTE5
NOTE6

. , 5 , 26 \ ™ , 28 ™
CKe

m-ummmﬂ%.@m

e el

s Bank
ADDRESS X oo

D08 {0085

VIL=AL+CWL=9 ' ' RL=AL+CL=1t o
ba

( B & &6 { (EXENEEXE)

. TRANSITIONING DATA DONT CARE

BC=4,AL=0,CWL=9, CL=11, Preamble = 11CK

DIN n =data-in to column n (or column b). DOUT b = data-out from column b.

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

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITEcommand at TO and READ command at T15.
CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write timing parameter ({tWTR_S) are referenced from the first rising clock edge after the last write data shown at T13.

WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Same Bank Group

NOTE1
NOTE2
NOTE3
NOTE 4
NOTE5
NOTE6

Bank Groy e
ADDRESg

ADDRESS

- 1WPRE=

D0S (008 ¢

VIL=AL +CWL=9

(

ba T

[l RAnsITIONING DTA DONT CARE

BC=4,AL=0,CWL=9, CL=11, Preamble = 11CK

DIN n =data-in to column n (or column b). DOUT b = data-out from column b.

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

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITEcommand at TO and READ command at T17.
CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13.
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WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Different Bank Group

, T , T , 1y , it , T9 , T , ™ , T2 , T3 , T 2 , hrsl , T4 , v , 2% \ i , ) , 9
CKe \ -

R RR ik LR R i

Bank
ADDRESS /X oo

D08t DOS e

VIL= AL+ ONL=9 . . RL=AL+CL=11 |
0Q - ) >

« XEXEXE f

. TRANSITIONING DATA m DONT CARE

NOTE1 BC=4,AL=0,CWL=9, CL=11, Preamble = 11CK

NOTE2 DIN n =data-in to column n (or column b). DOUT b = data-out from column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:A0 = 1:0].

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE6 The write timing parameter (tWTR_S) are referenced from the first rising clock edge after the last write data shown at T11.

WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Same Bank Group

, T , T . T7 , it , T , T , ™ , T2 , T3 T 5 T16 T4 25 2% i i 9
CKe

b i pd i

P —

D08t DOS e

T R ee
AL+CWL=9 ' ' y :
( XEXENE) ( 9666

. TRANSITIONING DATA m DONT CARE

0Q

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

NOTE2 DIN n =data-in to column n (or column b). DOUT b = data-out from column b.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:AQ0 = 1:0].

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE6 The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T11.
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WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

Ko\ - )

AR S S b

e NN
woress WEN

WPRE

D08t 005 e {(
WL=AL+OWL=0

A

om0 T

e T L T
. HHHHH

1

hhhhunhu?
nugm

bt

WL=AL+CWL=9

-

NOTE1 BL=8/BC=4,AL=0, CWL=9, Preamble = 1tCK
NOTE2 DINn (or b) =data-in to column n (or column b).

o . TRANSITIONING DATA D DONT CARE

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by MRO[A1:A0 = 0:1] and A12 =1 during WRITEcommand at T0. BC4 setting activated by MRO[A1:A0 =0:1]

and A12 =0 during WRITEcommand at T4.
NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T17

= Disable.

WRITE (BC4) OTF to WRITE (BL8) with 11CK Preamble in Different Bank Group

T T L

o,

EankGroug 2 T
ADDRES:

ADDRESS X (e X

D08t D05 ¢

WL=AL+CNL=9

ba

WL=AL+CWL=9

L mwwwmm

WR
WITR

NOTE1
NOTE2
NOTE3

BL=8/BC=4,AL=0, CWL=9, Preamble = 1tCK
DIN n (or b) =data-in to column n (or column b).

DEScommands are shown for ease of illustration; other co

NOTE4 BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITEcommand at TO. BL8 setting activated by MRO[A1:AQ = 0:1]

and A12 =1 during WRITEcommand at T4.
NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI

write data shown at T17

. TRANSITIONING DATA DONT CARE

mmands may be valid at these times.

= Disable.
NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
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WRITE (BL8/BC4) OTF to PRECHARGE Operation with 11CK Preamble

ADDRESS ) Gl Gl Gl Gt Gl G s CoEE
BC4(OTF) Operation:
D0S.{,D0S ¢ ((

0 )

BL8 Operation: )
00S_t,005 ¢ ( T

0Q h)|

. TRANSITIONING DATA B DON'T CARE

NOTE1 BL=8/BC=4,AL=0, CWL=9, Preamble = 1t1CK tWR=12
NOTE2 DIN n=data-into column n.
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BC4 setting activated by MRO[A1:A0 =0:1] and A12 =0 during WRITEcommand at TO. BL8 setting activated by MRO[A1:A0 = 0:0] or
MRO[A1:0 =01] and A12 =1 during WRITEcommand at TO.

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T13. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.

WRITE (BC4) Fixed to PRECHARGE Operation with 1tCK Preamble

ADDRESS 1)

BC4(Fixed) Operation: )|
D0S 1,005 ¢ ((

0 )

[l =smonne o [7] ponT oare

NOTE1 BC=4,AL=0,CWL=09, Preamble = 1tCK tWR=12

NOTE2 DIN n =data-in to column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.
NOTE4 BCA4 setting activated by MRO[A1:A0 = 1:0].

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with Auto PRECHARGE Operation and 1iCK Preamble

NOTE 1
NOTE2
NOTE3
NOTE4

NOTES5
NOTE6

WRITE

NOTE1
NOTE2
NOTE3
NOTE4
NOTE5
NOTE6

ADDRESS paen i e i e

BCA(OTF) Operation:
D0S.{,D05 ¢ ((

0 )

BL8 Operation: )
D0s._{,005 ¢ ( T

0o h)|

. TRANSITIONING DATA DON'T CARE

BL=8/BC=4,AL=0, CWL=9, Preamble = 11CK, WR=12
DIN n =data-in to column n.
DEScommands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITEcommand at TO. BL8 setting activated by either MRO[A1:0 =
00] or MRO[A1:0 =01] and A12 =1 during WRITEcommand at TO.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (WR) is referenced from the first rising clock edge after the last write data shown at T13. WR specifiesthe
last burst write cycle until the precharge command can be issued to the same bank.

(BC4) Fixed with Auto PRECHARGE Operation and 1tCK Preamble

WL=AL+CVIL=8

ADDRESS 1)

BC4(Fixed) Operation: )|
D0S 1,005 ¢ ((

0 )

[l =evsmonnG bara DONT CARE

BC=4, AL=0, CWL=9, Preamble = 1tCK WR=12

DIN n =data-in to column n.

DEScommands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO[A1:A0 = 1:0].

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. WRspecifies the
last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with 1tCK Preamble and DBI

NOTE 1
NOTE2
NOTE3
NOTE4

NOTE5
NOTE6

Bank Group )
ADDRES L2

ADDRESS /)

BC4(OTF) Operation:

0QS 10082

DQ

DBLr

BL8 Operation:

DQS 1008 5

Da

D3I 1

. TRANSITIONING DATA [] DONT CARE

BL=8/BC=4,AL=0, CWL=9, Preamble = 1t1CK
DIN n =data-in to column n.
DEScommands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITEcommand at TO. BL8 setting activated by either MRO[A1:AQ =
0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITEcommand at TO.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Enable, CRC = Disable.

The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBlI) are referenced from the first rising clock edge after the
last write data shown at T13.

WRITE (BC4) Fixed with 1tCK Preamble and DBI

NOTE1
NOTE 2
NOTE3
NOTE 4
NOTE5
NOTE6

WL=AL+CVIL=¢

Banak Group:;:
ADDRE: @

AooRess |
BC4|(Fired) Operation: - - :
00S_{ D08 ¢ B \ ’r )
: ﬂ%@
T
6,666

[l RensmonneDaTa [T ponT caRe

BC=4, AL=0, CWL=9, Preamble = 11CK

DIN n =data-in to column n.

DEScommands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO[A1:A0 = 1:0].

CA Parity = Disable, CS to CA Latency = Disable, Write DBl = Enable, CRC = Disable.

The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBlI) are referenced from the first rising clock edge after the
last write data shown at T11.
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Consecutive WRITE (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

NOTE 1
NOTE2
NOTE 3
NOTE4
NOTE5
NOTE6

Consecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in Same or Different Bank

Group

NOTE 1
NOTE2
NOTE3
NOTE 4
NOTE5
NOTE6
NOTE7

i

i) 21
' P

o o o o e i
i :

4Clpoks '

ADDRES:

!
! ! ! ! - T T - R
Bank Gmug @ 1 I

w ‘ ‘ ‘
0
vaRE= : st
DS 1 DOS (( R - -
_ WL=PL4AL+CIL= 13 T
D

)]
m ( 7 % @66 @
. TRANSITIONING DATA DONT CARE

WL=PL+AL+CAL=13

< |

BL=8,AL=0, CWL=9, PL=4, Preamble = 1tCK

DIN n (or b) = data-in to column n(or column b).

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

BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITEcommand at TO and T4.
CA Parity = Enable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T21.

A N N T

CKe y, -

o g o, Mo oom T oM ot TS ome omr e 19
hﬁﬂhﬁhﬁh&hﬁhﬁhﬁhﬂ
o HROEOEOEOEODE0 M “ “

A

T
1\‘VPRE‘ '
) R
DS {005 ¢ (( K - . .

10CD_SIL=5

U )
! WPsT
i
-

V

WL=AL+CWL=9

DOx4BL=8 ?z Di

| ecooosnos «»-

&
=3
S
2
éi

D08/x16BL=8 o on w% @@ o @ o @ CRC 3
D2X4BC=4(0TF) 2? @'@'@% : : @@@@ 3 3 @ i

; ; \ \ # ;
DO IXI6BC =4 (OTF] (\8 @V%V%% “ m%% =Y.

[l ravsimionG paTA DONT CARE

BL=8BC=4, AL=0, CWL=9, Preamble = 1tCK,tCCD_S'L=5

DIN n (or b) =data-in to column n (or column b).

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

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 =01] and A12 =1 during WRITEcommand at TO and T5.
BCA4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITEcommand at TO and T5.

C/ A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable, Write CRC= Enable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T18
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Consecutive WRITE (BC4)Fixed with 1tCK Preamble and Write CRC in Same or Different Bank Group

, I ., , o, ., , T .18 , wo,ome T Te e
CKe - - - -
okt
CMo

oks 1 L L

[ [P S

E;"K Gmug ‘ ﬁyéy@*@%ﬁﬁ%ézﬁghzk@%*&
O "
soess Xl

. whRE_ 1 1 1 [ 1 ) : w : : ;wpsr

\ \ \ \ \ \ \ \

. i RUas Jf"i{) C i'.‘I." SRGAWRW,
- WL=AL+CWL=9 ' ' ' ' ' '
‘ ‘ ‘ ‘ \

A\Y
DOEC 4 (Fed) { v\ﬂ '@'@ [ 3 3 @ @ @ @ @ 3 3 creX cRe

WL ALAOML= \ \ ‘ ‘ ‘ \
Il T T ' ' '
00,8/ X168C=4 e 22 i V@'@ W ‘ d; @ % @ % A ED A
‘ ‘

[l Ransimionng paTa 7] DoNT caRe

NOTE1 BL=8,AL=0,CWL=9, Preamble = 1tCK tCCD_S'L=5
NOTE2 DINn (or b) =data-in to column n(or column b).
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BCA4 setting activated by MRO[A1:A0 = 1:0] at TO and T5.
NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBl = Disable, Write CRC = Enable.
NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T16.

Nonconsecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in Same or Different Bank

Group
, 0 m 15 T8 7 T8 T T ™ T2 ' ™ T4 TS T6 . r ' T8 9 . 0
CKey = ~ - - - - - - - ;- - - - r - - - - -
CK_": - - A - A AW A - - L,: - : \._: - : ,: ,,l‘ L,: L,: L,‘l -
CMD = XWRITI ADES - K DES - AWRITE DES - AREAD, - XDES K DES ADES DES X/# ADES X # ADES X # XDES X'~ 'XDESX' ' ADESX’ XDESX  XDESX DES
R S N R T T s s s g T R
Benkaug & i 7 7 1 1
ADDRES! 8 2 (804
wess NENTE N
{RPRE
\ ol e | | g e
048t 0G5 6 N - - - - - a Y - .
! e R R B B B R e R e B B
)] — L
( D.6.6) 66 6 66 & AN Q6.6 6666606
)) - T T ' ' ' ' '
t ] EXEEECECHEXY
) ‘ 1 1 S 1 ‘
DQXIBC =4 (0TF) ( : On Eﬂ b“,"% E,‘g : :CRC’
)) 1 1 1 1 1 1
DX/ x16BC =4 (OTF) ( : Dh" E,‘? bD,‘" EJ@ : : :
[ RavsimionG DaTA - [7] DONT CARE
NOTE1 BL=8,AL=0,CWL=9, Preamble = 1tCK tCCD_S'L=6
NOTE2 DINn (or b) =data-in to column n(or column b).
NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.
NOTE4 BL8 setting activated by either MRO[A1A:0 = 0:0] or MRO[A1A:0 =0:1] and A12 =1 during WRITEcommand at TO and T6.
NOTE5 BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITEcommand at TO and Té.
NOTE6 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.
NOTE7 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T19.
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Nonconsecutive WRITE (BL8/BC4) OTF with 2tCK Preamble and Write CRC in Same or Different Bank

Group

NOTE 1
NOTE2
NOTE3
NOTE 4
NOTES
NOTE6
NOTE7
NOTES8

NOTE9

, T0 T T7 T8 T8 T10 ™ T2 T13 T4 \ TI5 T16 ™ T8 , T19 \ T20 ™ , /]
Koy - = - _— - - - - - ;- - - - - - A - - - - —
o A A
T
oun | MReX X pEs X
00 5=
BankGroug 7
ADDRESS |/
AoDRESS X &
DQS tDAS ¢
DOx4BL=8 in'}¢' Din Y/ Din ' Din '/ Din Y Din \Y/ Din ' Din Din ¢ Din '\’ Din W' Din ¢’ Din V' Din \f' Din ' Din
( I An A3 A Ars Ans Ant AFEARC oAb A3 At Aers Ari AT ATEASRS
VWL=AL+CWL=10 1 1 ' ' '
y ‘ ‘ ‘ ‘ ‘
B Din' \/ Din' Yy’ Din ¢/ Din Y Din /' Din \y Din
DAIeEL =8 { b A A AN AASTASS |
) L ‘ ‘
— ( DEXEY] | XY
‘ ‘ ‘ ‘ ‘
)) ' ' ' ' '
DQ X6/ x168C =4 (0TF) ( ) ). (0 : ::
‘ ‘ ‘ ‘ ‘
[l RAnsITIONING DATA DONT CARE
BL=8,AL=0,CWL=9+1 =109, Preamble =2tCK tCCD_S'L=7

DIN n (or b) =data-in to column n(or column b).

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

BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 =0:1] and A12 =1 during WRITEcommand at TO and T7.
BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITEcommand at TO and T7.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.

tCCD_S/L=6isn’t allowed in 2tCK preamble mode.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T21.

When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting supported in the applicable tCKrange. That means CWL =9 is not allowed when operating in 2tCK Write Preamble Mode
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WRITE (BL8/BC4)OTF/Fixed with 1tCK Preamble and Write CRC and DM in Same or Different Bank
Group

| tWR_CRC_DM
+ 7|, 1 tWIR_SCRC_DM/W/TR L CRC DM o
-

Bank Group 7
ADDRESS 7

ADDRESS /)

DQS (08 ¢

WL=AL+CWL=9

v
T
Be

.

DOx4BL=8

DO x8/x16BL=8

(
[

DNix4 /x8/x16BL =8

=L

=L

DQx¢BC = 4 (OTF Fied)

DQx8/x168C =4 (OTF /Fixed)

_r

DM x4 x8/x16BC = 4 (OTF / Fixed)

. TRANSITIONING DATA DON'T CARE

NOTE1 BL=8/BC=4,AL=0, CWL=9, Preamble = 1tCK

NOTE2 DIN n =data-into column n.

NOTE3 DEScommands are shown for ease of illustration; other commands may be valid at these times.

NOTE4 BLS8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITEcommand at TO0.
NOTE5 BCA setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at T0.
NOTE6 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable, DM = Enable.

NOTE7 The write recovery time (tWR_CRC_DM) and write timing parameter (tWR_S CRC_DM/tWR L CRC_DM) are referenced from the
first rising clock edge after the last write data shown at T13.
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ZQ Calibration Commands

ZQ Calibration command is used to calibrate DRAM RON and ODT values. The device needs a longer time to calibrate
the output driver and on-die termination circuits at initialization and a relatively smaller time to perform periodic
calibrations.
The ZQCL command is used to perform the initial calibration during the power-up initialization sequence. This
command may be issued at any time by the controller depending on the system environment. The ZQCL command
triggersthe calibration engine inside the DRAM and, once calibration is achieved, the calibrated values are transferred
from the calibration engine to DRAM IO, which is reflected as an updated output driver and on-die termination values.
The first ZQCL command issued after reset is allowed a timing period of tZQinit to perform the full calibration and the
transfer of values. All other ZQCL commands except the first ZQCL command issued after RESET are allowed a timing
period of tZQoper.
The ZQCScommand is used to perform periodic calibrations to account for voltage and temperature variations. A
shorter timing window is provided to perform the calibration and transfer of values as defined by timing parameter
tZQCS One ZQCScommand can effectively correct a minimum of 0.5 % (ZQ correction) of RON and RTT impedance
error within 64 nCKfor all speed bins assuming the maximum sensitivities specified in the Output Driver and ODT
Voltage and Temperature Sensitivity tables. The appropriate interval between ZQCScommands can be determined
from these tables and other application-specific parameters. One method for calculating the interval between ZQCS
commands, given the temperature (Tdriftrate) and voltage (Vdriftrate) drift rates that the device is subjected to in the
application, isillustrated. The interval could be defined by the following formula:
ZQCorrection

(TSens x Tdriftrate) + (VSens x Vdriftrate)

where TSens = max(dRTTd T, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the temperature and voltage

sensitivities.
For example, if TSens = 1.5%/ °C, VSens = 0.15%/ mV, Tdriftrate = 1°C/ sec and Vdriftrate = 15 mV/sec, then the
interval between ZQCScommandsis calculated as:
0.5
(1.5x1) +(0.15x 15)

=0.133=128ms

No other activities should be performed on the DRAM channel by the controller for the duration of tZQinit, tZQoper, or
tZQCS. The quiet time on the DRAM channel allows accurate calibration of output driver and on-die termination values.
Once DRAM calibration is achieved, the device should disable the ZQ current consumption path to reduce power.

All banks must be precharged and tRP met before ZQCL or ZQCScommands are issued by the controller.

ZQ calibration commands can also be issued in parallel to DLL lock time when coming out of self refresh. Upon self
refresh exit, the device will not perform an 10 calibration without an explicit ZQ calibration command. The earliest
possible time for a ZQ calibration command (short or long) after self refresh exit is t XSF.

In systemsthat share the ZQresistor between devices, the controller must not allow any overlap of tZQoper, tZQinit, or

tZQCSbetween the devices.
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ZQ Calibration Timing

0 i Ta0 Ta Ta2 Ta3 ™o Th T Tet Te2
Ot \ - - - p-- - p--. S S S N S S S y—
oo . - - - (. - - - - . o
Command zacLX DES X DES DES \VALID NUALDY 11 XzacsX? X DES DES DES oY
Address » » » » » _ _ _ VALID vaLoX || ‘ ‘ ‘ ALy
Ao Y VALID VALID 7 VALDY

CKE:% VALIDX VALIDX N UALID

2 2

oot 77N VALID VALID VALID

DQBus  3X | Hiezor RTT ParK acTviTes || 3 | HizorRTT_PARK s
| | ‘
tZQinit or tZQoper tZQCS

ZZ Time Break D Don't Care

NOTE1 CKEmust be continuously registered HIGH during the calibration procedure.

NOTE2 On-die termination must be disabled via the ODT signal or MRSduring the calibration procedure or the DRAM will automatically
disable Rtt.

NOTE3 All devices connected to the DQ bus should be High Zduring the calibration procedure.
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On-Die Termination (ODT)

On-die termination (ODT) is a feature of the DDR4 SDRAM that enablesthe DRAM to change termination resistance for
each DQ, DQS DQS and DMfor x4 and x8 configuration (and DQS TDQS for x8 configuration, when enabled via A11 =1
in MR1) viathe ODT control pin or WRITEcommand or default parking value with MR setting. For x16 configuration,

ODTis applied to each UDQ, LDQ, LDQS, LDQS, UDQS, UDQS, UDM and LDM signal. The ODT feature is designed to
improve signal integrity of the memory channel by allowing the DRAM controller to independently change termination
resistance for any or all DRAM devices. More details about ODT control modes and ODT timing modes can be found
further down in thisdocument.

The ODT feature is turned off and not supported in self refresh mode.

Functional Representation of ODT

| OoDT Vobq |

To | Rrr |

other o |

circuity | switch |

lik _

e i | ©DQ, DQS, BV, TDQS
| _ _ »

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and other control information.
The value of Rrrisdetermined by the settings of mode register bits (see Mode Register). The ODT pin will be ignored if
the mode register MR1 is programmed to disable RTT_NOM [MR1[9,6,2] = 0,0,0] and in self refresh mode.

ODT Mode Register and ODT State Table

The ODT mode of the DDR4 device has four states: data termination disable, Rrm_NOM, Rrm_WRand Rrt_PARK The ODT
mode is enabled if any of MR1[10,9,8] (RrT_NOM), MR2[11:9] (Rrm_WR), or MR5[8:6] (RTT_PARK) are non-zero. When
enabled, the value of RrTis determined by the settings of these bits.

RrTcontrol of each RrTcondition is possible with WR/ RD command and ODT pin.

e Rrm_WR: The rank that is being written to provide termination regardless of ODT pin status (either HIGH or LOW).

e Rrm_NOM: DRAM turns ON RrT_NOM if it sees ODT asserted (except when ODT is disabled by MR1).

¢ Rim_PARK: Default parked value set via MR5 to be enabled and ODT pin isdriven LOW.

¢ The Termination Sate Table below shows various interactions.

The Rrrvalues have the following priority:

¢ Data termination disable

e Rm_WR

¢ Rrm_NOM

e Rm_PARK
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Termination State Table

RTT _PARK RTT_NOM . .
- o DT pin DRAM termination N
MR5[8:6] MRI[10:8] ODT pi termination state ote
HIGH RTT_NOM 1,2
Enabled
Enabled LOW RTT_PARK 1,2
Disabled Don’t care RTT_PARK 1,2,3
HIGH RTT_NOM 1,2
Enabled
Disabled LOW Hi-Z 1,2
Disabled Don’t care Hi-Z 1,2,3

NOTE1 When a READ command is executed, DRAM termination state will be High-Zfor defined period independent of ODT pin and MR

setting of RTT_PARK/RTT_NOM. Thisis described in the ODT During Read section.

NOTE2 If RTT_WRisenabled, RTT_WRwill be activated by WRITEcommand for defined period time independent of ODT pin and MR

setting of RTT_PARK/RTT_NOM. Thisis described in the Dynamic ODT section.
NOTE3 If RTT_NOM MRisdisabled, ODT receiver power will be turned off to save power.

On-die termination effective resistances are defined and can be selected by any or all of the following options:

« MR1[10:8] (RrT_NOM) - Disable, 240Q, 120Q, 80Q, 60Q, 48Q, 40Q, and 34Q.
« MR2[11:9] (RT_WR) - Disable, 240Q,120Q, and 80Q.
« MR5[8:6] (RrT_PARK) - Disable, 240Q, 1200, 80Q, 60Q, 48Q, 400, and 34Q.

ODT is applied to the following inputs:

e X4: DQs, DM, DQS and DQSinputs.

» X8: DQs, DM, DQS, DQS, TDQS, and TDQSinputs.

¢ X16: DQs, LDM, UDM, LDQS, LDQS, UDQS, and UDQS inputs.

ODT Definition of Voltages and Currents

Chip In Termination Mode

_ODT _
®  Vppa
To
other Rrr
circuity
like _
RCV ... bt - DQ
lout
Vout
®  Vssa
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Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down definition,
these modes include the following:

+ Any bank active with CKEHIGH

* Refresh with CKEHIGH

+ Idle mode with CKEHIGH

* Active power-down mode (regardless of MR1 bit A10)

 Precharge power-down mode

In synchronous ODT mode, Rm_NOM will be turned on DODTLon clock cycles after ODT is sampled HIGH by arising
clock edge and turned off DODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The ODT latency is
determined by the programmed values for: CWL (CASWrite Latency), AL (additive Latency), and PL (Parity Latency) as

well asthe programmed state of the preamble.

ODT Latency and Posted ODT

In synchronous ODT mode, the ODT latencies are summarized in the table below. For details, refer to the latency

definitions.

ODT Latency at DDR4-2133/-2400/-2666/-2933/-3200

Symbol Parameter 1tCKPreamble 21CK Preamble Unit
DODTLon Direct ODT turn on Latency CWL+AL+PL-2CK | CWL+AL+PL-3CK
DODTLoff Direct ODT turn off Latency CWL+AL+PL-2CK | CWL+AL+PL-3CK

RODTLoff Read command to internal ODT turn off Latency CL+AL+PL -2CK | CL+AL+PL -3CK
Read command to RTT_PARKturn on Latency in

RODTLon4 BCA-fixed RODTLoff + 4 RODTLoff +5 o«
Read command to RTT_PARKturn on Latency in

RODTLon8 BCA/BLS-OTF RODTLoff + 6 RODTLoff + 7

ODTH4 ODT Assertion time, BC4 mode 4 5

ODTH8 ODT Assertion time, BL8 mode 6 7

NOTE1 Applicable when WRITE CRCis disabled.

Timing Parameters

In synchronous ODT mode, the following parameters apply:

« DODTLon, DODTLoff, RODTLoff, RODTLon4, RODTLon8, tADC (MIN) (MAX).

+ tADC (MIN) and tADC (MAX) are minimum and maximum RTTchange timing skew between different termination
values. These timing parameters apply to both the synchronous ODT mode and the data termination disable mode.
When ODT is asserted, it must remain HIGH until minimum ODTH4 (BC=4) or ODTH8 (BL = 8) is satisfied. If Write CRC
Mode or 2 tCK Preamble Mode is enabled, ODTH should be adjusted to account for these. ODTH is measured from
ODT first registered HIGH to ODT first registered LOW or from the registration of a WRITE command.
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Synchronous ODT Timing with BL8

TO T T2 T3 T4 5 T6 T7 T8 T T10 ™ T12 T13 T14 T15 T16 T7 T18

|y

'
CMD
'

\
oDT,

' ' ' ' ' '
1 [+ tADC max ' ' ' f f tADC max

tADC min tADC min

| RTT_PARK

i
DRAM_RTT,

NOTE1 Example for CWL=9, AL=0, PL=0; DODTLon = AL+ PL+CWL- 2 =7; DODTLoff = AL+ PL+ CWL-2=7.
NOTE2 ODT must be held HIGH for at least ODTHS after assertion (T1).

Synchronous ODT with BC4

ST T T 12
o | -
L
arcc_f N L)
cMD - :
. . oDTHA . . . . . . . . . .
oors | NG e
P ' ' ' ' Il [ [l [l v v ' \ [l [l [l [l v i
. . . . . T . . . . . ) . . . . . .
' ' ' ' ' ' L DODTLoff = WL -2 n ' ' ' ' ' ' ' '
' ' ' ' ' ' ODTLcnw = WL -2 ' ' ' ' ' '
. . . . . . ) ) . BTLehnd = ODTenied | . .
' ' . DODTLon = WL - 2 [ [ [ . A ' '
' ' ' ' ' ' tADCmax 1 ' ' tADC maxi—m| |-
' ' ' ' ' ' {ADCmin (. — ' MDwainJ-» '
) ) ) ) ) ) L ) ) ] \ \ )
i RTT_PARK RTT NOM RTT WR 'E§g;_5 RTT_PARK|
DRAM _RTT ; ; ; ; ; ; ; ; 7 7 7 7 7

NOTE1 Example for CWL=9, AL=10, PL=0; DODTLon/off = AL+ PL+ CWL-2 =17; ODTcnw = AL + PL+ CWL-2 =17.
NOTE2 ODT must be held HIGH for at least ODTH4 after assertion (T1).
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ODT During Reads

Because the DRAM cannot terminate with Rrrand drive with Ron at the same time; Rrrmay nominally not be enabled
until the end of the postamble as shown in the example below. At cycle T25, the device turns on the termination when
it stopsdriving, which is determined by tHZ If the DRAM stopsdriving early (that is, tHZis early), then tADC (MIN)
timing may apply. If the DRAM stopsdriving late (that is, tHZ is late), then the DRAM complies with tADC (MAX) timing.

ODT During Reads

TO T1 T2 T3 T4 T5 T6 T7 T8 T19 T20 T21 T22 T23 T24 T25 T26 T27 T28
- . U . U . U - U - U . U - U . U U L, -
&

) - - - o - - - - - | - |, - | - | - | - | - | - | - |, -
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CMD ¢ "D P SN AN (N O (A AN SN AN (N NN N AN N A SR
' ! " ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ;:I:/\u ' ' ' ' ' ' ' \\ ' ' ' ' ' ' ' ' '
Addr A
' 1\__/1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
1 | -l RL=AL+CL | 1 1 1 1 1 1
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
OoDT ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
L L L L . ' ' ' ' ' ' '
! ! - . . RODTLof f=RL-2=CL+AL-2 ! ! ! ! ! ! !
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
1 1 1 1 1 1 1 1 1 I L-2 T e I 1 1
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' | |« tADCrin
' ' ' ' ' ' ' ' ' ' ' ' ' ' A
[ [ [ [ [ [ [ [ [ [ [ [ 1 g ie-| tADCmax I
DRAM_ODT RTT_PARK : : : Q RTT_NOM
' T T T T T T T T T ' ' ' ' T T
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
i | ' ' ' ' ' ' ' ' ' ' ' '
DQSaiff ' ' ' ' ' ' ' ' ' ' /_\u\_/_\u\—/_\u\—/ ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
v T T T T T T T T T v T T T
DQ, ' ' ' ' ' ' ' ' ' (OAZXOAS)CV\S ' ' '

NOTE1 Examplefor CL=11;PL=0,AL=CL-1=10; RL=PL+AL+CL=21; CWL=9; DODTLon = PL + AL+ CWL- 2 = 17; DODTLoff = PL + AL +
CWL-2=17;1tCKpreamble
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Dynamic ODT
In certain application cases and to further enhance signal integrity on the data bus, it is desirable that the termination
strength of the device can be changed without issuing an MRScommand. This requirement is supported by the dynamic

ODT feature, described below.

Functional Description
The dynamic ODT mode is enabled if bit A9 or A10 of MR2 isset to 1.
e Three RTT values are available: RTT_NOM, RTT_WR, and RTT_PARK
— The value for RTT_NOM is preselected via bits MR1[10:8].
— The value for RTT_WRis preselected via bits MR2[11:9].
—The value for RTT_PARKis preselected via bits MR5[8:6].

During operation without WRITE commands, the termination is controlled as follows:
— Nominal termination strength RTT_NOM or RTT_PARKis selected.
— RTT_NOM on/off timing is controlled via ODT pin and latencies DODTLon and DODTLoff; and RTT_PARKis on when
ODTis LOW.
e When a WRITEcommand (WR, WRA, WR%4, WRS3, WRAS4A, WRASB) isregistered, and if Dynamic ODT is enabled, the
termination is controlled asfollows:
— Latency ODTLenw after the WRITEcommand, termination strength RTT_WRiis selected.
— Latency ODTLcwn8 (for BL8, fixed by MRSor selected OTF) or ODTLcwn4 (for BC4, fixed by MRSor selected OTF)
after the WRITEcommand, termination strength RTT_WRis deselected. One or two clocks will be added into or
subtracted from ODTLcwn8 and ODTLcwn4, depending on Write CRCMode and/or 2 tCK preamble enablement.
The following table shows latencies and timing parameters which are relevant for the on-die termination control in
dynamic ODT mode. The dynamic ODT feature is not supported in DLL-off mode. MRScommand must be used to set
RTT_WR, MR2[11:9] = 000, to disable dynamic ODT externally.
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Dynamic ODT Latencies and Timing (1 tCK Preamble Mode and CRC Disabled)

: Definition for all .
Name and Descripti Abbr. Defined from Defin . ni
ame and Description bb efined fro efine to DDR4 speed bins Unit
ODT Latency for changing Registering Change RTT strength
from RTT_PARK/RTT_NOM ODTLecnw external write from RTT_PARK/ RTT_NOM ODTLenw =WL-2 tCK
to RTT_WR command to RTT_WR
ODT Latency for change _
from RTT WR Reglsterlng Change RTT strength ODTLownd = 4 +
to RTT PARK/RTT NOM ODTlLewn4 external write | from RTT_WR ODTLenw tCK
N - command to RTT_PARK/RTT_NOM
(BL=4)
ODT Latency for change N
from RTT WR Reglsterlng Change RTT strength ODTLoWNS = 6 +
to RTT PARK/RTT NOM ODTLewn8 external write | from RTT_WR ODTLenw tCK(avg)
N - command to RTT_PARK/RTT_NOM
(BL=28)
ODTLenw ) tADC(min) =0.3
RTT change skew tADC ODTLown RTT valid tADO(max) = 0.7 tCK(avg)
Dynamic ODT Latencies and Timing with Preamble Mode and CRC Mode Matrix
1tck Preamble 2tck Preamble
Symbol Unit
CRCooff CRCon CRCoff CRCon
ODTLenw WL-2 WL-2 WL-3 WL-3
ODTLcwn4 ODTLenw +4 ODTLenw +7 ODTLenw +5 ODTLenw +8 tCK
ODTLcwn8 ODTLenw +6 ODTLenw +7 ODTLenw +7 ODTLenw +8
Dynamic ODT (1t CK Preamble; CL = 14, CWL = 11, BL = 8, AL = 0, CRC Disabled)
TO ™ T2 T5 T6 T7 T8 T9 T10 ™ T14 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24
oMo { wR —— gg — ({ e
oo Lo Lo Lo L L L e e e
S Sg o | v | | BogTenswE-2 gg S T S T T R A P B
S P T O T A A AP P NP O IR NSO o111 Y-/ 1/ - IR Y I I
Lol ] fe]tAbcimdx staDc.maten] | ol | e thog mix
1 1 1 (ﬂ 1 1 1 1 1 1 (( 1 1 1 1 1 1 1 1 1 1
RTT \\ Rit_PARK RtWR || Rtt_NOM RIL_PAR
1 1 1 )) 1 1 1 1 1 tADCIrnI /) 1 1 1 1 1 1 1 1 tADCIm|
T oo [ [ T | abomn A N N M B B
T e [T ] A0 I N A R A
NOTE1 ODTLenw =WL- 2 (1 tCKpreamble) or WL - 3 (2 tCKpreamble).
NOTE2 If BC4 then ODTLewn = WL+4 if CRCdisabled or WL+5 if CRCenabled; If BL8 then ODTLcwn = WL+6 if CRCdisabled or WL+7 if CRC

enabled.
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T21  T22
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Rtt_PARK

Behavior with WRcommand issued while ODT is being registered HIGH.
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Asynchronous ODT Mode

Asynchronous ODT mode is selected when DRAM runsin DLL off mode. In asynchronous ODT timing mode, the internal

ODT command is not delayed by either Additive Latency (AL) or the Parity Latency (PL) relative to the external ODT

signal (RTT_NOM).

In asynchronous ODT mode, two timing parameters apply: tAONAS (MIN/ M AX), tAOFAS (MIN/ M AX).

RTT_NOM turn-on time

e Minimum RTT_NOM turn-on time (tAONAS(MIN) isthe point in time when the device termination circuit leaves
RTT_PARKand ODT resistance beginsto turn on.

e Maximum RTT_NOM turn-on time (tAONAS[MAX]) isthe point in time when the ODT resistance has reached
RTT_NOM.

¢ tAONAS (MIN) and tAONAS (MAX) are measured from ODT being sampled HIGH. RTT_NOM turn-off time

e Minimum RTT_NOM turn-off time (tAOFAS[MIN]) is the point in time when the device's termination circuit startsto
leave RTT_NOM.

e Maximum RTT_NOM turn-off time (tAOFAS[MAX]) is the point in time when the on die termination has reached
RTT_PARK

¢ tAOFAS (MIN) and tAOFAS (M AX) are measured from ODT being sampled LOW.

Asynchronous ODT Timings with DLL Off

TO T1 T2 T3 T4 T5 T6 Ti Ti+1 Tl+2 Ti+3 Ti+4 Ti+5 Ti+6 Ta Tb Tc
I atataeauRIavAYATATARATARRTAYREGE
: : : : : : ] : : : : ] :
“CCTT T T el NT T el N T
: : : : eS| A I ' ' ' s | : : :
S N N B N
: : : : : : : : : : : AN :
RTT i I RTTI,PA RK I I I I RTT:NOM I I I
N B
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ODT buffer disabled mode for Power down

DRAM does not provide Rtt. NOM termination during power down when ODT input buffer deactivation mode is enabled
in MR5 bit A5. To account for DRAM internal delay on CKEline to disable the ODT buffer and block the sampled output,
the host controller must continuously drive ODT to either low or high when entering power down. The ODT signal may
be floating after t CPDEDmin has expired. In this mode, RTT_NOM termination corresponding to sampled ODT at the
input after CKEisfirst registered low (and tANPD before that) may not be provided. tANPD is equal to (WL-1) and is
counted backwards from PDE

ODT timing for power down entry with ODT buffer disable mode

dif_CK N N " f ? | (i ™~ (1 | h
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ETTTTO T T TNy
1 1 1 1 1 [ Y [ A} [ N} [ 1 1 [l
1 1 1 1 1 1 | eall- 1 . 1 1 1 1 1 1 1
! ! ,  IDODTofe1 7 , ICPDEDmin, ! ! ! ! ! ! :
1 1 il 1 1 1 1 il 1 il 1 il 1 1 1 i
opT T T T J Fioating )
1 1 1 1 1 1 1 ) 1 ) 1 1 I i
) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ,
Z Z Z Z Z Z Z Z Z Z »< tADCmin Z : !
G S R 0 BT
' ' ' ' DODTLof e——————— s« {CPDEDMin + {ADCM4x
bt saanion L Frvow T L ] Y] ATRARK
| | | | + tAONASMipet——m={ | | | | ' ' ! |
: : : : : - [ tCPDEDmIn + tAGSMax :

When exit from power down, along with CKEbeing registered high, ODT input signal must be re-driven and maintained

low until tXPis met.

ODT timing for power down exit with ODT buffer disable mode

dif_CK / \
1 \ 1 \ 1 1 1 1 1 1

CKE 1 i ) L L ) L L ' ' ' '
— /S G e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ODT_A Floatlng 1 1 T T l( T T T T T
oy ) L
1 1 |, 1 1 1 1 1 1 1 ] 1 1 ]

tXP

: : : X\ : : : : . = 1ADC_thax | : : :
DRAM_RTT_A [ RTT_mRK // / RTT_NOM )
: : : . DODTLon re— : —» »a| tADC_min | : : : :
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ODT_B (" Fioating ) . : . . . . . . . . . .
oo Foatng ) ) T !

' ' P, ' ' ' ' ' ' ' ' ' '
. . COXP . . . . . . . . . . X
: : : - : : : : N : : : : : : I
DRAM RTT_B( RTT//ARK [ 1 RTT_NOM )
: : : . tAONASmin<———» | : : : : : : : :
' ' ' ——+—— el tAOFASmax ' ' ' ' '
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ODT Timing Definitions

The reference load for ODT timings is different than the reference load used for timing measurements.

ODT Timing Reference Load

Vbba

!

DQ,DM
__ DQS,DQS
CK,CK TDQS, TDQS
_— DUT
Ryerm=50Q
& Vit = Vssa
Vssa

Timing Reference Point

ODT Timing Definitions and Waveforms

Definitions for tADC, tAONAS and tAOFAS are provided in the Table and measurement reference settings are provided in
the subsequent. The tADCfor the Dynamic ODT case and Read Disable ODT cases are represented by tADC of Direct
ODT Control case.

ODT Timing Definitions

Symbol Begin Point Definition End Point Definition
Rising edge of CK, CK defined by the end point of DODTLoff Extrapolated point at VrrT Nom
Rising edge of CK, CK defined by the end point of DODTLon Extrapolated point at Vagg
tADC Rising edge of CK- CK defined by the end point of ODTLcnw Extrapolated point at VrrT Nnom
Rising edge of CK- CK defined by the end point of ODTLcwn4 or ODTLcwn8 Extrapolated point at Vsgg
tAONAS |Rising edge of CK, CK with ODT being first registered high Extrapolated point at Vegn
tAOFAS |Rising edge of CK, CK with ODT being first registered low Extrapolated point at VrrT Nom

Reference Settings for ODT Timing Measurements

Measured Parameter RTT_PARK | RTT_NOM RTT_WR Vsw 1 Vsw?2 Note
Disabl 7 - 0.20V 0.40V 1,2
tADC e Py
- Reo/ 7 Hi-Z 0.20V 0.40V 1,3
tAONAS Disable R/ 7 - 0.20V 0.40V 12
tAOFAS Disable R/ 7 - 0.20V 0.40V ’

NOTE1 MRsetting is as follows.

- MR1 A10=1, A9=1, A8=1 (RTT_NOM_ Setting)

- MR5 A8=0, A7=0, A6=0 (RTT_PARK Setting)

- MR2 A11=0, A10=1, A9=1 (RTT_WR Setting)
NOTE2 ODT state change is controlled by ODT pin.
NOTE3 ODT state change is controlled by Write Command.
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Definition of tADC at Direct ODT Control

EDODTLOﬁ Begin point:Rising edge of DODTLO” Begin point:Rising edge of

| CK-CK defined by the > CK-CK defined by the
. end point of DODTLoff

end point of DODTLon

" End point:Extrapolated
VRTT_NOM

DQDM -\ Vsw2

g sw2

DQS,pes \. .. N e &

TDQs,TDQs End point:Extrapolated
VSSQ VSSQ point at VSSQ

Definition of tADC at Dynamic ODT Control

Begin point: Rising edge of CK - CK Begin point: Rising edge of CK - CK defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8

CK

VRTT_NOM

DQDM N Vsw2
DQS,DQS e A A
TDQS,TDQS End point:Extrapolated
77777777777777777 point at VSSQ
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Definition of tAOFAS and tAONAS

' Rising edge of CK-CK
22——» with ODT being first
 registered low

. End point:Extrapolated
VRTT_NOM | it at VRTT_NOM

DQ,DM
DQS,DQS
TDQS,TDQS

—

'Rising edge of CK-CK with
: ODT being first registered

End point: Extrapolated
point at VSSQ
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Absolute Maximum DC Ratings

Absolute Ratings

Sresses greater than those listed may cause permanent damage to the device. Thisis a stress rating only, and
functional operation of the device at these or any other conditions outside those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may adversely

affect reliability.

Symbol Parameter Min Max Units NOTE
VDD Voltage on VDD pin relative to Vss -0.4 1.5 \ 1,3
vDDQ Voltage on VDDQ pin relative to Vss -0.4 1.5 \Y 1,3
VPP Voltage on VPP pin relative to Vss -0.4 3.0 \ 1,4
Vins Vour Voltage on any pin except VREFCA relative to Vss -0.4 1.5 Vv 1,3
Tsra Sorage Temperature -55 150 °C 1,2

NOTE1 Sresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability

NOTE2 Sorage Temperature isthe case surface temperature (Tc) on the center/top side of the DRAM. For the measurement conditions, please
refer to JESD51- 2 standard.

NOTE3 VDD and VDDQ must be within 300 mV of each other at all times; and VREF must be not greater than 0.6 x VDDQ, When VDD and
VDDQ are less than 500 mV, VREF may be equal to or less than 300 mV

NOTE4 VPP must be equal or greater than VDD/VDDQ at all times.

Component Operating Temperature Range

Symbol Parameter Rating Units Notes
Commerdial Tc=01t085 °C 1,2
Tc=85t095 °C 1,3
. Tc=-40t0 85 °C 1,2
Industrial Tc-85t0 95 °C 13
. Tc=-40t0 85 °C 1,2
Toper Automotive (AT) Tc =85 t0 95 °C 13

Tc=-401t0 85 °C 1,2

Automotive (A2) Tc=85t095 °C 1,3
Tc=95t0 105 °C 1,3
Tc=-40t0 85 °C 1,2

Automotive (A3) Tc=85t095 °C 1,3
Tc=95t0125 °C 1,3,4

NOTE1 Operating Temperature TOPERIs the case surface temperature (Tc) on the center / top side of the DRAM.

NOTE2 Thistemperature range specifies the temperatures where all DRAM specifications will be supported. During operation, the DRAM case
temperature must be maintained in this range under all operating conditions.

NOTES3 Some applications require operation of the DRAM in an elevated temperature range. For each permitted temperature range, full
specifications are supported, but the following additional conditions apply:
a) Refresh commands must be increased in frequency, therefore reducing the Refresh interval (tREFI) to the value specified in other
tables.
b) If Self-Refresh operation is used in this range, it is mandatory to use either the Manual Self-Refresh mode with Extended
Temperature Range capability (MR2 [7] =0 and MR2 [6] = 1) or enable the Auto Self-Refresh mode (MR2 [7] =1 and MR2 [6] = 1).

NOTE4 Same as note 3, except part (b) applies to operation up to 105C. Self-Refresh is not supported above 105C.
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AC and DC Operating Conditions

Supply Operating Conditions

Recommended Supply Operating Conditions

Symbol Parameter - Rating Unit NOTE
Min. Typ. Max.
VDD Supply Voltage 1.14 1.2 1.26 1,2,3
VDDQ Supply Voltage for Qutput 1.14 1.2 1.26 1,2,3
VPP 2.375 2.5 2.75 3
NOTE1 Under all conditions VDDQ must be less than or equal to VDD.
NOTE2 VDDQtracks with VDD. AC parameters are measured with VDD and VDDQ tied together.
NOTE3 The DCbandwidth islimited to 20MHz
Thermal Resistance
Theta-ja
Package | (Airflow = | (Airflow = | (Airflow = Theta-jc Units
0m/s) 1m/s) 2m/s)
78-ball 31.2 25.8 244 2.6 agw
96-ball 28.9 24.9 22.6 2.6 gw

Note: Follows method defined by JESD51, with 4-layer substrate.
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AC and DC Single-Ended Input Measurement Levels (RESET)
RESET Input Levels (CMOS)

Symbol
VIH(AC)_RESET
VIH(DC)_RESET
VIL(DC)_RESET
VIL(AC) RESET

tR_RESET
tPW_RESET_S
tPW_RESET L

NOTE 1

Parameter
AC Input High Voltage
DCInput High Voltage
DCInput Low Voltage
ACInput Low Voltage
Rising time

RESET pulse width after power-up

RESET pulse width during power-up

may not be reset.

NOTE2

it isreset by asserting RESET signal LOW.

NOTES3
NOTE 4
NOTES
NOTE6
NOTE7

RESET is destructive to data contents

CT Type-D Input Slew Rate Definition

0.8*VDD
0.7*VDD

0.3*VvDD
0.2*vDD

tPW_RESET

Min
0.8 x VDD
0.7 x VDD

VSS

VSS

1
200

Max Unit NOTE
VDD \Y 6
VDD \Y 2
0.3 x VDD \Y 1
0.2 x VDD \Y 7
1 us 4

_ us 3,5

- us 3

After RESET s registered LOW, RESET level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, the DRAM

Once RESET s registered HIGH, RESET level must be maintained above VIH(DC)_RESET, otherwise, operation will be uncertain until

No slope reversal(ringback) requirement during its level transition from Low to High.
This definition is applied only “Reset Procedure at Power Sable”.
Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.
Undershoot might occur. It should be limited by Absolute Maximum DC Ratings.

tR_RESET
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Command/Address Input Levels
DDR4-1600/ 1866/ 2133/ 2400
Symbol Parameter - Unit |NOTE
Min Max
VIH.CA(DC75) DCinput logic high VREFCA +0.075 VDD \Y
VILCA(DC75) DCinput logic low VSS VREFCA - 0.075 \Y
VIH.CA(AC100) ACinput logic high VREF +0.1 NOTE 2 v 1
VILCA(AC100) ACinput logic low NOTE2 VREF - 0.1 v 1
VREFCA(DC) Reg;f“c’;w\g’mﬁ;or 0.49 x VDD 0.51 x VDD v 23
Symbol Parameter DD_R4_2666/ 2933/3200 Unit [NOTE
Min Max
VIH.CA(DOS5) DCinput logic high VREFCA + 0.065 VDD v
VILCA(DCB5) DCinput logic low VSS VREFCA - 0.065 \Y
VIH.CA(AC90) ACinput logic high VREF + 0.09 NOTE2 \Y 1
VILCA(ACI0) ACinput logic low NOTE2 VREF - 0.09 Y 1
VREFCA(DO) Re;\e[;;?gam\g’:;i%‘zor 0.49 x VDD 0.51 x VDD v 23

NOTE 1 Refer to “Overshoot and Undershoot Specifications”.
NOTE2 The ac peak noise on VREF may not allow VREFto deviate from VREFCA(DC) by more than  +1% VDD
(for reference: approx. £ 12 mV).

NOTE3 For reference : approx. VDD/2 £ 12mV.
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AC and DC Input Measurement Levels: VREF Tolerances

VRercais to be supplied to the DRAM and equal to Vbp/ 2. The VRercais a reference supply input and therefore does not
draw biasing current.

The DC-tolerance limits and AC-noise limits for the reference voltages VRerca are illustrated in figure below. The figure
shows a valid reference voltage VRef(t) as a function of time (VRef stands for Vrerca). VRef (DC) isthe linear average of
VRef(t) over a very long period of time (e.g., 1 sec). This average hasto meet the min/max requirements. Furthermore

VRef(t) may temporarily deviate from VRef(DC) by no more than +/- 1% VDD for the AC-noise limit.

VREFDQ Voltage Range

A Voltage

Vrer(t)

Ve AC-noise

VRerpo)

The voltage levels for setup and hold time measurements are dependent on VRef. “VRef ” shall be understood as
VRef(DC), as defined in above figure. This clarifies that DC-variations of VRef affect the absolute voltage a signal hasto
reach to achieve a valid high or low level and therefore the time to which setup and hold is measured. System timing
and voltage budgets need to account for VRef(DC) deviations from the optimum position within the data-eye of the
input signals. This also clarifiesthat the DRAM setup/hold specification and derating values need to include time and
voltage associated with VRef AC-noise. Timing and voltage effects due to AC-noise on VRef up to the specified limit

(+/-1%of VoD) are included in DRAM timings and their associated deratings.
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Connectivity Test (CT) Mode Input Levels

CMOS rail to rail Input Levels for TEN

Symbol

ViLpg Ten
ViLiao Ten
TF_input_TEN
TR_input_TEN

NOTE1 Overshoot should not exceed the Vin Absolute Maximum Ratings.
NOTE2 Undershoot should not exceed the Vin Absolute Maximum Ratings.

Parameter Min
TEN AC Input High Voltage 0.8 x VDD
TEN DCInput High Voltage 0.7 x VDD
TEN DCInput Low Voltage VSS
TEN AC Input Low Voltage VSS

TEN Input signal Falling time -
TEN Input signal Rising time -

TEN Input Slew Rate Definition

0.8*VDD
0.7*VDD

0.3*VDD
0.2*VvDD

TF_input_TEN

Max
VDD
VDD
0.3 x VDD
0.2x VDD
10
10

Unit NOTE
v 1
v
v
v 2

ns

ns

TR_input_TEN
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CT Type-A Input Levels (CS, Address, ODT, CKE, CK, CK, PAR)

Symbol Parameter Min Max Unit Notes
VIHAg cripa CTipA ACInput High Voltage VREFCA + 0.2 NOTE1 \Y
VIHpg cripa CTipA DC Input High Voltage VREFCA +0.15 VDD \Y
VILpg cripa CTipA DC Input Low Voltage VSS VREFCA - 0.15 v
ViLag cripa CTipA ACInput Low Voltage NOTE1 VREFCA - 0.2 v
TF input cripa | CTipA Input signal Falling time - 5 ns
TR input cripa  CTipA Input signal Rising time - 5 ns

NOTE1 Refer to “Overshoot and Undershoot Specifications”.
NOTE2 CT Type-Ainputs: CS, BGO-1, BAO-1, A0-A9, A10/AP, A11, A12BC, A13, WE/A14, CAS/A15, RASA16, CKE, ACT, ODT, CK, CK, PAR.
NOTE3 VREFCA=0.5xVDD

CT Type-A Input Slew Rate Definition

VIH(AC) CTipA min  — Q& — — — )
VIHDC) CTipAmin — Qg — — — — — .

VREFCA — - —-— - — - — - — - - — -

VILDC) CTipAmax — — —| &}— — — — — — — — o
VILAC) CTipAmax — — — — Qo — — — — — — — o

TF_input_ CTipA TR_input_ CTipA
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CT Type-B Input Levels (DM/DBI, LDM/LDBI, UDM/UDBI)

Symbol Parameter Min Max
VIHag crips CTipB ACInput High Voltage VREFDQ + 0.3 Note 2
VIHpg crips CTipB DCInput High Voltage VREFDQ +0.2 vDDQ
ViLpg crips CTipB DCInput Low Voltage VSQ VREFDQ- 0.2
ViLag crips CTipB ACInput Low Voltage Note 2 VREFDQ- 0.3
TF input_CTips CTipB Input signal Falling time - 5
TR input_CTipB CTipB Input signal Rising time - 5

NOTE1 Refer to “Overshoot and Undershoot Specifications”.
NOTE2 CT Type-Binputs: DM/DBI, LDM/LDBland UDM/ UDBI.
NOTE3 VREFDQ should be 0.5 x VDD

CT Type-B Input Slew Rate Definition

VIH(AC)_CTipB min — & — — — — — — — — — — —
VIH(DC) CTipBmin — —Q  ~— — — — — — — — — — — —

VREFDQ — - &% - — - — - — - .

VILDC) CTipBmax — — —| & |- —
VILAC) CTipBmax — — —f — & — — — — —

TF input_ CTipB TR_input_ CTipB

Unit

ns

ns

Notes
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CT Type-C Input Levels (ALERT)

Symbol

VIHag cripc
VIHpg cripc
ViLpg cripc
ViLag cripc
TF_cripc
TR cripc

Parameter
CTipCAC Input High Voltage
CTipCDC Input High Voltage
CTipCDClInput Low Voltage
CTipCAC Input Low Voltage

CTipCFalling time
CTipCRising time

Min
0.8 x VDD
0.7 x VDD

VSS

VSS

NOTE1 Refer to “Overshoot and Undershoot Specifications”.
NOTE2 CT Type-Cinputs: ALERT

CT Type-C Input Slew Rate Definition

VIH(AC)_CTipC min — \

VIH(DC)_CTipC min —

VIL(DC)_CTipC max — -

VIL(AC)_CTipC max — - — —

Max
VDD
VDD
0.3x VDD
0.2x VDD
10
10

Unit Notes
Vv 1
Vv
v
Vv 2

ns

ns

Integrated Silicon Solution, Inc. — www.issi.com

Rev. E
02/02/2023

210



IS43/46QR81024A
IS43/46QR16512A

° Long-term Support
World Class Quality

AC and DC Logic Input Levels for Differential Signals

Differential signal definition

—/"\<+—tDVAC

VuDFFACMIN — f \— — — — — — — — — — — —
5 VuDIFFMIN @ —f— — >~ — A — — — — — — — —
|
X
o
g l
D
3 00 ]
3 A half cycle
5 ‘ ‘
Q
£
S| VWDIFFMN — — — — — — — — =
2
o
8
5| VWDIFFACMIN — — — — — — — — \ 7 —
—»' \/ «—1{DVAC
time
NOTE 1

Differential signal rising edge from VIL_DIFF{(MAX) to VIH_DIFF_AC(MIN) must be monotonic slope.

NOTE2 Differential signal falling edge from VIH_DIFF(MIN) to VIL_DIFF_ACMAX) must be monotonic slope.

Differential Input Swing Requirements for CK - CK

DDR4 -1600/ 1866/2133 DDR4 -2400/ 2666 .
Symbol Parameter Unit | NOTE
Min Max Min Max
VIHditf differential input high +0.150 NOTE3 +0.135 NOTES \ 1
VILgif differential input low NOTES -0.150 NOTES -0.135 \ 1
VIHdif(AQ  |differential input high ac 2 x (VIH(AC) - VREF) NOTE3 2 x (VIH(AC) - VRER) NOTE3 v 2
VILdifao | differential input low ac NOTE3 2 x (VIL(AC) - VREF) NOTE3 2 x (VIL(AC) - VREF) v 2
DDR4 -2933 DDR4 -3200 .
Symbol Parameter Unit | NOTE
Min Max Min Max
VIHuitf differential input high +0.125 NOTE3 +0.110 NOTES \ 1
VILaiff differential input low NOTE3 -0.125 NOTE3 -0.110 \ 1
VIHditfaq | differential input high ac 2 x (VIH(AC) - VREF) NOTE3 2 x (VIH(AC) - VREF) NOTE3 v 2
VILdgiffAQ)  |differential input low ac NOTE3 2 x (VIL(AC) - VREF) NOTE3 2 x (VIL(AC) - VREF) \ 2
NOTE1 Used to define a differential signal slew-rate.
NOTE2 For CK- CKuse VIH(AC) and VIL(AC) of ADD/OMD and VREFCA.
NOTE3 These values are not defined; however, the differential signals (OK, CK) need to be within the respective limits, VIH(DC) max and

VIL(DC) min for single-ended signals as well as the limitations for overshoot and undershoot.

Minimum Time AC time tDVAC for CK

Sew Rate tDVAC|[ps] @ _
[V/ns] | VIH/ Ldiff(AC)| =200mV
>4.0 120
4.0 115
3.0 110
2.0 105
1.8 100
1.6 95
14 90
1.2 85
1.0 80
<1.0 80
NOTE1 Below VIL(AC)
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Single-ended requirements for CK differential signals

Each individual component of a differential signal (CK, CK) has also to comply with certain requirements for
single-ended signals. K and CK have to reach approximately VSEHmin / VSELmax , approximately equal to the ac-levels
V IHAC) and Viyac) for ADD/ CM D signals in every half-cycle. The applicable ac-levels for ADD/ CMD might be different per
speed-bin etc. e.g., if a value other than 100mV is used for ADD/ CMD VIH(AC) and VILAC) signals, then these ac-levels
apply also for the single-ended signals CK and CK.

While ADD/ CMD signal requirements are with respect to VREFCA, the single-ended components of differential signals
have a requirement with respect to Vbb/ 2; thisis nominally the same. The transition of single-ended signals through
the ac-levelsisused to measure setup time. For single-ended components of differential signalsthe requirement to
reach VSELmax, VSEHmin has no bearing on timing, but adds a restriction on the common mode characteristics of these
signals.

Single-ended requirement for CK

Vopo¥rVppg —— — — — — — — — — — — — — — — — -

VSELmaX
Vss or Vssa )
» time
Single-Ended Requirements for CK, CK
DDR4-1600/ 1866/ 2133 DDR4-2400/ 2666 DDR4-2933/ 3200
| Unit | NOTE
Symbol | Parameter Min Max Min Max Min Max "

Vs |Sngle-ended high- | (VDD/2)+0.100 NOTE3 (VDD/2)+0.095 NOTE3 (VDD/2)+0.085 NOTE3 vV | 12
level for CK, CK

Vs |Sngle-ended low- NOTE3 (VDD/2)-0.100 NOTE3 (VDD/2)-0.095 NOTE3 (VDD/2)0085 | VvV | 12
level for CK, CK

NOTE1 For CK- CK use VIH(AC) and VIL(AC) of ADD/CGMD and VREFCA.
NOTE2 ADDR GMD VIH(AC) and VIL(AC) based on VREFCA.

NOTE3 These values are not defined; however, the differential signals (CK, CK) need to be within the respective limits, VIH(DC) max and
VIL(DC) min for single-ended signals as well as the limitations for overshoot and undershoot.
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Slew Rate Definitions for CK Differential Input Signals
CK Differential Input Slew Rate Definition

. Measured
Description Defined by
from to
Differential input slew rate for rising edge(CK - CK) VIL giff max VIH gigt min [ VIH giff min — VIL gitf,max ] / ATRAiff
Differential input slew rate for falling edge(CK - CK) VIH gt min VIL gitf max [ VIH it min — VIL giff, max ] / ATRiff

NOTE1 The differential signal CK- CK must be monotonic between these thresholds.
Differential Input Slew Rate Definition for CK, CK

Delta TRdiff
-

,,,,,,,,,, Viudiff,min

Differential Input Voltage(i,e, CK - CK)

777777777777777 Vidiff,max

Delta TFdiff
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CK Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross

point voltage of differential input signal CK, CKmust meet the requirements shown below. The differential input cross

point voltage Vixcx) is measured from the actual cross point of true and complement signals to the midlevel between

Vbbb and Vss.

VIX(CK) Definition

Cross Point Voltage For CK Differential Input Signals

. DDR4-1600/1866/2133/2400
Symbol Parameter Input Level Condition -
Min. Max.
Differential input  [If Vigg, > Vpp/2 + 145mV -- 120mV
cross point If Vpp/2 + 100mMV < Vg < Vpp/2 + 145mV - (Vegr - Vpp/2) - 25mV
Vixew  [voltage relative to [ify /5 - 145mV < Vg < Vpp/2 -100mV ~(Vpp/2 - VSEL) + 25mV. ~
VDD/2 for CK_t,
If Vg, < Vpp/2 - 145mV -120mV -
CK_c
. DDR4-2666/2933/3200
Symbol Parameter Input Level Condition :
Min. Max.
Differential input |If Vg, > Vpp/2 + 135mV - 110mV
cross point If Vpp/2 +90mV < Vggy < Vpp/2 + 135mV - (Vegn - Vpp/2) - 30mV
Vixicr) | voltage relative to f1ey, 51350y < Vi, < Vop/2 -90mV ~(Vop/2 - VSEL) + 30mV -
VDD/2 for CK_t,
If Vg, < Vpp/2 - 135mV -110mV -
CK_c
NOTE1 Extended range for VIX(CK) is only allowed if single-ended clock input signals CKand CK are monotonic with a single-ended swing

VSEH - ((VDD/2) + IX(OK) Max) > 25mV

VSEL/VSEH of at least VDD/2 £250mV, and when the differential slew rate of CK- CK is larger than 4V/ns.
NOTE2 The relation between Vix(CK) Min/Max and VSEL/ VSEH should satisfy following:
(VDD/2) + VIX(CK) Min) - VSEL > 25mV
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Slew Rate Definitions for DQS Differential Input Signals

- Measured .
Description Defined by
from to
Differential input slew rate for rising edge(DQS- DQS) Vilpit pas VIHpi¢s pas | ViLpits pas- VIHpifr pas| / ATRAiff
Differential input slew rate for faIIing edge(DQS- m) V|HDif-f7DQS V|LDif-LDQS | V|LDiff7DQs- V|HDiff7DQs| / ATHiff

NOTE1 The differential signal DQS- DQS must be monotonic between these thresholds.

Differential Input Slew Rate and Input Level Definition for DQS - DQS

DOS t-DAS o

Differential Input Voltage

Differential Input Slew Rate and Input Levels for DQS - DQS

sl |G DDR4-1600/1866/2133 DDR4-2400 DDR4-2666 Unit
Min Max Min Max Min Max
VIHpiff_pas |Differntial Input High 136 - 130 - 130 mV
VILpiff_DQs Differntial Input Low - -136 - -130 -130 mvV
VIHpiffPeak VIH.DIFF.Peak Voltage 186 vDDQ 160 vDDQ 150 vDDQ mV
VILbiffPeak VIL.DIFF.Peak Voltage VSSQ -186 VSSQ -160 VSSQ -150 mV
SRudiff Differential Intput Slew Rate 3 18 3 18 2.5 18 V/ns
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DQS Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross
point voltage of differential input signal DQS DQSmust meet the requirements shown below. The differential input

cross point voltage Vix(pas is measured from the actual cross point of true and complement signalsto the midlevel

between Vbband Vss.

VIX(DQS) Definition

VDD'D
osa T | || ]
[ ' ] .
II i I|I ll ; \ I|
14 I | | v
i | | | ! f
1! |I || i \ II
1] —_ | = )
= \ = I |
i | |II E I|| ! G
Vix_pas_FR o E T N
VDSQmid ~——— 2 L) | [+ § Vix pas RF
mid T Il | I| || i I| L h
{ : .
Vix_pas RF i I.I '.,." ¥ |'I '. | Vigss
| RN —
i I|I ? : i || 1.
I \ [\ .'. I| | \
! | [ | I
| | | '_I i |I | ,I
i | I.' : [ || '.
- ! |I i I| \ | |I | ,
J |
DSQ ! | I S| |___F_J P % e
Vssq

Cross Point Voltage For Differential Input Signals DQS

Symbol Parameter Min Max Unit |Note

Vix_DQS_ratio DQS Differential input crosspoint - 25 % 1,2
voltage ratio

VDQSmid_to_Vcent VDQSmid offset relative to - min(VIHdiff,50) | mV |[3,4,5

Vcent_DQ(midpoint)

NOTE 1 Vix_DQS_Ratio is DQS VIX crossing (Vix_DQS_FR or Vix_DQS_RF) divided by VDQS_trans. VDQS_trans is the difference between
the lowest horizontal tangent above VDQSmid of the transitioning DQS signals and the highest horizontal tangent below VDQSmid of the

transitioning DQS signals.
NOTE 2 VDQSmid will be similar to the VREFDQ internal setting value obtained during Vref Training if the DQS and DQs drivers and paths

are matched.

NOTE 3 The maximum limit shall not exceed the smaller of VIHdiff minimum limit or 50mV.

NOTE 4 VIX measurements are only applicable for transitioning DQS and DQS signals when toggling data, preamble and high-z states are

not applicable conditions.

NOTE 5 The parameter VDQSmid is defined for simulation and ATE testing purposes, it is not expected to be tested in a system.
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Overshoot and Undershoot Specifications
Address, Command, and Control Overshoot and Undershoot Specifications

Specification

Parameter Symbol DDR4-2666/ Units
DDR4-1600 | DDR4-1866 DDR4-2133 DDR4-2400

2933/3200

Address and control pins ( A0-A13,BG[1:0],BA[1:0],ACT,RAS/ A16,CAS / A15,WE/ A14,Cs CKE ODT)
Maxi K ampli

aximum peak amplitude Vaos 0.06 0.06 0.06 0.06 0.06 v
above VA0S
Upper boundary of overshoot ;

VAOS VoD + 0.24 VoD + 0.24 VoD + 0.24 VoD + 0.24 VoD + 0.24 Vv

area AAOS!
Maximum peak amplitude VAUS 0.3 03 0.3 03 03 v
allowed for undershoot
Maximum overshoot area Asos2 0.0083 0.0071 0.0062 0.0055 0.0055 V/ns
per 1 tCKabove Vaos
Maximum overshoot area per AAos! 0.2550 0.2185 0.1914 0.1699 0.1699 Vins
1 tCKbetween VDD and VA0S
Maximum undershoot area Aaus 0.2644 0.2265 0.1984 0.1762 0.1762 V/ns

per 1 tCKbelow Vss
NOTE 1 The value of VAOSmatches VDD absolute max as defined in Table Absolute Maximum DC Ratings if VDD = VDD max as defined in Table
Recommended DC Operating Conditions. If VDD is above the recommended operating conditions, VAOSremains at VDD absolute max as defined in
Table Absolute Maximum DC Ratings.

ADDR, CMD, CNTL Overshoot and Undershoot Definition

\\Z\\ggp Anos2
Anost
VDD
Volts
11CK
VSS —
Aaus
Vaus
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Clock Overshoot and Undershoot Specifications

Specification

Parameter Symbol DDR4-2400/ Unit

DDF4-1600 | DDR4-1886 | DDR4-2133 | oo o
Clock (CK, CK)
Maximum peak amplitude Voos 0.06 0.06 0.06 0.06 v
above Vcos
Upper boundary of overshoot Voos VDD +0.24 VDD + 0.24 VDD +0.24 VDD +0.24 v
area ADOSt
Maximum peak amplitude Vaus 0.30 0.30 0.30 0.30 v
allowed for undershoot
Maximum overshoot area Aco 0.0038 0.0032 0.0028 0.0025 V/ns
per 1 Ul above Voos
Maximum overshoot area per Acost 0.1125 0.0964 0.0844 0.0750 Vins
1 Ul between VDD and VDOS
Maximum undershoot area AcUs 0.1144 0.0980 0.0858 0.0762 Vins
per 1 Ul below Vss

NOTE 1 The value of VCOS matches VDD absolute max as defined in Table Absolute Maximum DC Ratings if VDD = VDD max as defined in
Table Recommended DC Operating Conditions. If VDD is above the recommended operating conditions, VCOS remains at VDD absolute
max as defined in Table Absolute Maximum DC Ratings.

CK Overshoot and Undershoot Definition

\Ygggp Acos2
Acost
Volts vDD J 1 Ul R
V) Y A —
Acus
Veous
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Data, Strobe, and Mask Overshoot and Undershoot Specifications

DDR4-2666/ | .
Parameter Symbol | DDR4-1600 | DDR4-1866 | DDR4-2133 | DDRA-2400 | oo | Uit
Data, Strobe and Mask (DQ, DQS, DQS, DM, DBI, TDQS, TDQS)
Maximum peak amplitude above Voo 0.16 0.16 0.16 0.16 0.16 v
Vbos
Upper boundary of overshoot ;
\VDOS' Voba +0.24 | Vbba+0.24 | Vbba+0.24 | Vbba+0.24 | Vbba +0.24 V
area ADOSt
f h
Lower boundary of undersnoot Vous 0.30 0.30 0.30 0.30 0.30 v
area ADUSI
Maximum peak amplitude below VDUSP 0.10 0.10 0.10 0.10 0.10 v
\VDUs
Maxi h
aximum overshoot area Abog 0.0150 0.0129 0.0113 0.0100 0.0100 | V/ins
per 1 Ul above VDOS
Maximum overshoot area per Apos! 0.1050 0.0900 0.0788 0.0700 0.0700 | Vins
1 Ul between Vbba and VDos
Maximum undershoot area per Abust 0.1050 0.0900 0.0788 0.0700 0.0700 | Vins
1 Ul between Vssa and Vbus
Maximum undershoot area Abug 0.0150 0.0129 0.0113 0.0100 0.0100 | V/ins
per 1 Ul below Vbus

NOTE 1 The value of VDOSmatches (VIN, VOUT) max as defined in Table Absolute Maximum DC Ratings if VDDQ = VDDQ max as defined in Table
Recommended DC Operating Conditions. If VDDQ is above the recommended operating conditions, VDOSremains at (VIN, VOUT) max as
defined in Table Absolute Maximum DC Ratings.

NOTE 2 The value of VDUSmatches (VIN, VOUT) min as defined in Table Absolute Maximum DC Ratings.

Data, Strobe, and Mask Overshoot and Undershoot Definition

yposP Apos2
poS Apost
Volts vbba
V)
VSSQ
Vpus Apust
DUSP Apusz2
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AC and DC Output Measurement Levels

Output Driver DC Electrical Characteristics
The DDRA4 driver supportstwo Ron values. These Ron values are referred as strong mode (low Ron - 34Q) and weak

mode (high Ron - 48Q). A functional representation of the output buffer is shown in the figure below.

Chip In Drive Mode

Output Drive
* e VDDQ
To l lpu
other
circuity
like I RONey .
RCV, ... hd —-— | DQ
RON Jout
P o Vout
I l lpg
O ® VSSQ

The output driver impedance, Ron, is determined by the value of the external reference resistor Rza as follows:
RoN(34) = Rza/ 7, or RoNws) = Rza/ 5 . This provides either a nominal 34.3Q £10% or 48Q +10% with nominal Rza =240 Q

vDDQ - Vout .
RONp, = W under the condition that RONpy is off
ou
Vout o .
RONpy= —4m8M8 under the condition that RONp, is off
| lout |
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ALERT Output Drive Characteristic

Output driver impedance RON is defined as follows:

Vout
RONpy= —V -+
Pd | lout | underthe condition that RONg, is off
Alert Driver
DRAM
® | Alert
<
RON lout
Pd Vout
lpg
® ® VSSQ
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Output Driver Characteristic of Connectivity Test (CT) Mode
Following QOutput driver impedance RON will be applied Test Output Pin during Connectivity Test (CT) Mode.
The individual pull-up and pull-down resistors (RONPu_CT and RONPd_CT) are defined as follows:

RONp, cr= __ opa “Vour RONpg ¢ =
llout |
Chip In Drive Mode
_ Output Driver .
Vbba
l IPu_CT
To
other RONpy T
circuity 0
like lout e
RCV....
RONPg_cT
Vout
l lPa_cT
¢ ® Vssa

Vour
lloutl
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Single-Ended AC & DC Output Levels

Symbol Parameter DDR4- 1600/ 1866/ 2133/ 2400/ 2666/ 2933/ 3200 | Units | NOTE
VOHpg |DCoutput high measurement level 1.1 x VDDQ \Y
. For IV curve
VOM(pg |DCoutput mid measurement level . ) 0.8 x VDDQ \Y
linearity

VOLpg |DCoutput low measurement level 0.5xVDDQ \Y

VOHag  [ACoutput high measurement level | For output (0.7 +0.15) x VDDQ Vv 1
VOLAg |ACoutput low measurement level R (0.7-0.15) x VDDQ \Y 1

NOTE1 The swingof £0.15 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver
impedance of RZQ/7 and an effective test load of 50Q to VTT = VDDQ.

Using the same reference load used for timing measurements, output slew rate for falling and rising edges is defined

and measured between Vouac) and VoH(AQ) for single ended signals.

Single-Ended Output Slew Rate Definition

: Measured
Description Defined by
from to
Sngle ended output slew rate for risingedge | VOlLiag | VOHg [VOHag-VOLag)] / ATRse
Sngle ended output slew rate for fallingedge | VOHaq | VOLag [VOHaq-VOLag)] / ATFse

NOTE 1 Output Slew Rate is verified by design and characterization, and may not be subject to production test.

————————— — VOH(AC)
I U 1 7 v
— — — 1= — VoLAC)
— —
delta TFse delta TRse
Single-Ended Output Slew Rate
Symbol Parameter Min Max Unit
SRQse  |Sngle ended output slew rate 4 9 V/ns

For RON = RZQ/7

NOTE1 SR=slew rate; Q=query output; se = single-ended signals
NOTE2 Intwo cases a maximum slew rate of 12V/ns applies for a single DQ signal within a byte lane.

« Case 1 isdefined for a single DQ signal within a byte lane that is switching into a certain direction (either from high-to-low or low-to-high)
while all remaining DQ signals in the same byte lane are static (they stay at either high or low).

« Case 2 isdefined for a single DQ signal within a byte lane that is switching into a certain direction (either from high to low or low to high)
while all remaining DQ signals in the same byte lane are switching into the opposite direction (from low to high or high to low
respectively). For the remaining DQ signal switching into the opposite direction, the regular maximum limit of 9 V/ ns applies.
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Differential Outputs
Symbol |Parameter

DDR4-1600/ 1866/ 2133/ 2400/ 2666/ 2933/ 3200 | Units

VOHyitf(aq) |ACdifferential output high measurement level (for output SR)

+0.3 x VDDQ \'%

VOLyiff(aq) |ACdifferential output low measurement level (for output SR)

-0.3 x VDDQ \%

NOTE1 The swingof £0.3 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver
impedance of RZQ/7 and an effective test load of 50Q to VIT = VDDQ at each differential output.

NOTE2 Using the same reference load used for timing measurements, output slew rate for falling and rising edges is defined and measured

between VOL,diff(AC) and VOH,diff(AC) for differential signals.

Differential Output Slew Rate Definition
Measured

Description
from to

Defined by

Differential output slew rate for rising edge VOLgifr(AQ | VOHdiff(AQ)

[VOH gitf(AC)-VOL giff(Aq)] / ATRdiff

Differential output slew rate for fallingedge | VOHgiff(AG) | VOL4iff(AQ

[VOH giff(AC)-VOL diff(Ac)] / ATFdiff

NOTE 1 Output Slew Rate is verified by design and characterization, and may not be subject to production test.

————————— — Vondit (AC)
I U T  Vir
—— N — — — — — -+ — Voudit (AC)
— lgt—
delta TFdiff delta TRdiff
Differential Output Slew Rate
For RON = RZQ/7
Symbol Parameter Min Max Unit
SRQdiff Differential output slew rate 8 18 V/ns

NOTE1 SR=slew rate; Q = query output; se = single-ended signals
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Connectivity Test Mode Output Levels

Symbol Parameter DDR4-1600/ 1866/ 2133/ 2400/ 2666 Units |NOTE
VOH(pg DCoutput high measurement level 1.1 xvDDQ \Y

VOM (pg DCoutput mid measurement level For IV curve 0.8 x VDDQ Y,

VOLpg | DCoutput low measurement level  |linearity 0.5x VDDQ Vv

VOB pg DCoutput below measurement level 0.2xVDDQ \Y

VOH(ag ACoutput high measurement level For output VTT + (0.1 x VDDQ) \ 1
VOLag ACoutput below measurement level | SR VTT - (0.1 x VDDQ) \Y 1

NOTE1 Driver impedance of RZQ/7 and an effective test load of 50Q to VIT = VDDQ.

Test Load for Connectivity Test Mode Timing

Vbba
T DQ,
CT_Inputs DS, DO e
— DM TDQS, TDQS
— DUT M o 0.5 * VDDQ

Rterm = 50 Q

i

Vssa
Timing reference point

DDR4-1600/ 1866/ 2133/ 2400/ 2666
Symbol Parameter - Unit
Min Max
TF output_CT Output signal Falling time - 10 ns/'V
TR output_CT Output signal Rising time - 10 ns/'V
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DDR4-2400 Speed Bins and Operating Conditions

Seed Bin DDR4-2400T
CL-nRCD-nRP 17-17-17 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 14.16 18.00 ns 12
ACT to internal read or write delay time tRCD 14.16 - ns 12
|PRE command period tRP 14.16 - ns 12
ACT to PREcommand period tRAS 32 9 x tREFA ns 12
ACT to ACT or REF command period tRC 46.16 - ns 12
OWL=9 CL=9 tCOK(AVG) Reserved ns 4
CL=10 tOK(AVG) 15 1.9 ns | 1235811
CL=10 tCK(AVG) Reserved ns 4
%’,‘QT =11 tCK(AVG) 1.25 <15 ns 12,358
CL=12 tCK(AVG) 1.25 <15 ns 12,358
CL=12 tOK(AVG) Reserved ns 4
%V:; =13 tOKAVG) | 1.071 <1.25 ns 12358
CL=14 tCK(AVG) 1.071 <1.25 ns 12,358
CL=14 tOK(AVG) Reserved ns 4
?ﬁ: =15 tOK(AVG) | 0.937 <1.071 ns 12358
CL=16 tOK(AVG) 0.937 <1.071 ns 1,2,3,5,8
CL=15,16 tOK(AVG) Reserved ns 4
?;_V';g CL=17 tCK(AVG) 0.833 <0.937 ns 12,3
CL=18 tOK(AVG) 0.833 <0.937 ns 1,23
Supported CL Settings 10-18 nCK
Supported CWL Settings 9-12,14,16 nCK
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DDR4-2666 Speed Bins and Operating Conditions
Speed Bin DDR4-2666V
CL-nRCD-nRP 19-19-19 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 14.25 18.00 ns 12
ACT to internal read or write delay time tRCD 14.25 - ns 12
|PRE command period tRP 14.25 - ns 12
ACT to PRE command period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 46.25 - ns 12
WL CL=9 tCOK(AVG) Reserved ns 4
CL=10 tCK(AVG) 15 1.9 ns 1,2,3,5,9,11
CL=10 tOK(AVG) Reserved ns 4
C;’!\QT CL=11 tOK(AVG) 1.25 <15 ns 12359
CcL=12 tOK(AVG) 1.25 <15 ns 12,359
CL=12 tOK(AVG) Reserved ns 4
%V#; =13 tOKAVG) | 1.071 <1.25 ns 1,2,35,9
CL=14 tOK(AVG) 1.071 <1.25 ns 12,359
CL=14 tOK(AVG) Reserved ns 4
?ﬁ: CL=15 tOK(AVG) | 0.937 <1.071 ns 12359
oL=16 tOKAVG) | 0.937 <1.071 ns 1,2,3,5,9
CL=16 tCK(AVG) Reserved ns 4
?;V1L6= CcL=17 tOK(AVG) 0.833 <0.937 ns 12,359
CcL=18 tOK(AVG) 0.833 <0.937 ns 1,2,359
CL=18 tOK(AVG) Reserved ns 4
?2{'1'; cL=19 IOKAVG) | 0.750 <0833 | ns 123
CL=20 tOK(AVG) 0.750 <0.833 ns 1,23
Supported CL Settings 10-20 nCK
Supported CWL Settings 9-12, 14,16, 18 nCK
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DDR4-2933 Speed Bins and Operating Conditions

Speed Bin DDR4-2933Y
CL-nRCD-nRP 21-21-21 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 14.32 18.00 ns 12
ACT to internal read or write delay time tRCD 14.32 - ns 12
|PRE command period tRP 14.32 - ns 12
ACT to PREcommand period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 46.32 - ns 12
CL=9 tCK(AVG) Reserved ns 4
CWL=9
CL=10 tCK(AVG) 1.5 1.9 ns | 1,235,11,13
CL=10 tCK(AVG) Reserved ns 4
cg/?/h: CL=11 tCK(AVG) 1.25 <15 ns 1,2,3,13
CL=12 tOK(AVG) 1.25 <15 ns 1,2,3,13
CL=12 tCK(AVG) Reserved ns 4
?3’52: CcL=13 tOK(AVG) 1.071 <1.25 ns 1,2,3,13
CL=14 tOK(AVG) 1.071 <1.25 ns 12,313
CL=14 tCK(AVG) Reserved ns 4
?:V:: CcL=15 tOK(AVG) 0.937 <1.071 ns 1,2,3,13
CL=16 tCK(AVG) 0.937 <1.071 ns 1,2,3,13
CL=16 tCK(AVG) Reserved ns 4
?Q’:g =17 tCK(AVG) | 0.833 <0.937 ns 1,2,3,13
CL=18 tCK(AVG) 0.833 <0.937 ns 1,2,3,13
CL=18 tCK(AVG) Reserved ns 4
?ﬂ; a=19 tOKAVG) | 0750 | <0833 | ns | 12313
CL=20 tOK(AVG) 0.750 <0.833 ns 1,2,3,13
CL=20 tCK(AVG) Reserved ns 4
CWL=
16,20 oL=21 tOK(AVG) | 0.682 <0.75 ns 123
CL=22 tOK(AVG) 0.682 <0.75 ns 123
Supported CL Settings 10-22 nCK
Supported CWL Settings 9-12, 14,16, 18, 20 nCK

Soeed Bin Table Notes

Absolute Specification
-VDDQ=VDD =1.20V +/- 0.06 V
-VPP=25V +0.25/-0.125 V

- The values defined with above-mentioned table are DLL ON case.
- DDR4-1600, 1866, 2133 and 2400 Speed Bin Tables are valid only when Geardown Mode is disabled.
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NOTE 1 The CL setting and CWL setting result in tCK(avg).MIN and tCK(avg).MAX requirements. When making a selection of tCK(avg),
both need to be fulfilled: Requirements from CL setting as well as requirements from CWL setting.

NOTE 2 tCK(avg).MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL - all possible
intermediate frequencies may not be guaranteed. CL in clock cycle is calculated from tAA following the appropriate rounding algorithm.

NOTE 3 tCK(avg).MAX limits: Calculate tCK(avg) = tAA.MAX / CL SELECTED and round the resulting tCK(avg) down to the next valid speed
bin (i.e., 1.5ns or 1.25ns or 1.071 ns or 0.937 ns or 0.833 ns). This result is tCK(avg).MAX corresponding to CL SELECTED.

NOTE 4 ‘Reserved’ settings are not allowed. User must program a different value.

NOTE 5 The parameters tAA, tRCD, and tRP are permitted to be a minimum of 13.75ns for the tCK, CL, and CWL settings shown in this
row.

NOTE 6 Any DDR4-1866 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but verified by Design/Characterization.

NOTE 7 Any DDR4-2133 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but verified by Design/Characterization.

NOTE 8 Any DDR4-2400 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but verified by Design/Characterization.

NOTE 9 Any DDR4-2666 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but verified by Design/Characterization.

NOTE 10 Any DDR4-3200 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject
to Production Tests but verified by Design/Characterization.

NOTE 11 DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.
NOTE 12 Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables.

NOTE 13 Any DDR4-2933 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject
to Production Tests but verified by Design/Characterization.

NOTE 14 Each speed bin lists the timing requirements that need to be supported in order for a given DRAM to be JEDEC compliant. JEDEC
compliance does not require support for all speed bins within a given speed. JEDEC compliance requires meeting the parameters for a
least one of the listed speed bins.
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Input/Output Capacitance
Silicon pad I/O Capacitance

DDR4- 1600, DDR4- 2400, DDR4-2933 DDR4-3200
Symbol Parameter 1866,2133 2666 Unit NOTE
min max min max min max min max
Co Input/output capacitance 0.55 1.4 0.55 1.15 0.55 1.00 0.55 1.00 pF 1,2
Coio Input/output capacitance delta -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,10
Cooas Input/output capacitance delta - 0.05 - 0.05 - 0.05 - 0.05 pF 1,2,4
DQS_tand DQS ¢
Cex Input capacitance, CK_t and 0.2 0.8 0.2 0.7 0.2 0.7 0.2 0.7 pF 1
CK ¢
Cocx Input capacitance delta CK_t and - 0.05 - 0.05 - 0.05 - 0.05 pF 1,3
CK ¢
C Input capacitance(CTRL, ADD, 0.2 0.8 0.2 0.7 0.2 0.6 0.2 0.55 pF 1,5
CMD pins only)
Coi o Input capacitance delta(All CTRL | -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,6,7
pins only)
Coi aop_owp Input capacitance delta(All -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 pF 1,2,8,9
ADD/CMD pins only)
Coacenr Input/output capacitance of 0.5 1.5 0.5 1.5 0.5 1.5 0.5 1.5 pF 1
ALERT
Cxn Input/output capacitance of ZQ - 2.3 - 2.3 - 2.3 - 2.3 pF 1,11
Cren Input capacitance of TEN 0.2 23 0.2 23 0.2 2.3 0.2 2.3 pF 1,12

NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The silicon only capacitance is validated by de-embedding
the package L & Cparasitic. The capacitance is measured with VDD, VDDQ, VSS VSQ applied with all other signal pins floating. Measurement procedure tbd.
NOTE2 DQ, DM_n, DQS T, DQS C, TDQS T, TDQS _C. Although the DM, TDQS T and TDQS _Cpins have different functions, the loading matches DQ and DQS
NOTE 3 Absolute value CK_T-CK_C

NOTE 4 Absolute value of CIO(DQS T)-CIO(DQS _C)
NOTES5 Cl appliesto ODT, CS n, CKE, A0-A13, BA0-BA1, BGO-BG1, RAS n/A16, CAS n/A15, WE n/A14, ACT_n and PAR.
NOTE 6 CDI CTRL applies to ODT, CS n and CKE
NOTE 7 CDI_CTRL = CI(CTRL)-0.5* (CI(CK_t)+CI(CK _c))

NOTE8 CDI_ADD_ CMD applies to, A0-A13, BAO-BA1, BGO-BG1,RAS n/A16, GAS n/A15, WE n/A14, ACT_n and PAR
NOTE9 CDI_ADD_CMD = CI(ADD_CMD)-0.5* (CI(CK_t)+CI(CK_c))

NOTE 10 CDIO = CO(DQ,DM)-0.5* (CIO(DQS _T)+CIO(DAS ()

NOTE 11 Maximum external load capacitance on ZQ pin: 1.1pF.

NOTE 12 TEN pin internally pulled low.
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1IS43/46QR81024A
IS43/46QR16512A
DRAM package electrical specifications (X16)
Symbol et DDR4-1 60'0,1 866,2133,2400,2666,2933,3200 . o
min max
Zio Input/output Zpkg 45 85 Q 1,2,4,9
Tai0 Input/output Pkg Delay 14 45 ps 1,3,4,9
Lio Input/Output Lpkg - 3.4 nH 9,10
Cio Input/Output Cpkg - 0.82 pF 9,11
Ziopas DQS_t, DQS_c Zpkg 45 85 Q 1,2,9
Tdio pas DQS_t, DQS_c Pkg Delay 14 45 ps 1,3,9
Lio Das DQS Lpkg ; 3.4 nH 9.10
Cio DS DQS Cpkg - 0.82 pF 9,11
Delta Zpkg DQSU_t, DQSU_c - 10 Q 1,2,6
DZp|0 pas
Delta Zpkg DQSL_t, DQSL_c - 10 Q 1,2,6
Delta Delay DQSU_t, DQSU_c - ps 1,3,6
Drdpio bas
Delta Delay DQSL_t, DQSL _c - ps 1,3,6
Z| cTRL Input CTRL pins Zpkg 50 90 Q 1,2,8,9
Tal_cTRL Input CTRL pins Pkg Delay 14 42 ps 1,3,8,9
LicTtRL Input CTRL Lpkg - 3.4 nH 9,10
CicTRL Input CTRL Cpkg - 0.7 pF 9,11
Z\ADD CMD Input- CMD ADD pins Zpkg 50 90 Q 1,2,7,10
Tdiapp_cmp | Input- CMD ADD pins Pkg Delay 14 52 ps 1,3,7,10
Li Abp cmD Input CMD ADD Lpkg - 39 nH 910
Ci ADD CMD Input CMD ADD Cpkg - 0.86 pF 9,11
Zck CK_c Zpkg 50 90 Q 1,2,9
Tdck CK_c Pkg Delay 14 42 ps 1,3,9
Licik Input CK Lpkg - 3.4 nH 9,10
CicLk Input CK Cpkg ; 07 oF 911
DZpck Delta Zpkg CK_c - 10 Q 12,5
Drack Delta Delay CK_c - 5 ps 1,3,5
Zoza ZQ Zpkg - 100 Q 1,29
Tdo zq ZQ Delay 20 90 ps 1,3,9
Zo ALERT ALERT Zpkg 40 100 o 129
Tdo ALERT ALERT Delay 20 55 ps 1,3,9
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1IS43/46QR81024A
IS43/46QR16512A
DRAM package electrical specifications (X8)
DDR4-
Symbol Parameter 160:4;2’62662(1533’ DDRA-2933 ODRA-3200 Unit| NOTE
min max min max min max
Z0 Input/output Zpkg 45 85 48 85 48 85 Q 1,249
T4i0 Input/output Pkg Delay 14 42 14 40 14 40 ps 1,3,4,9
Lio Input/Output Lpkg 3.3 - 3.3 3.3 nH 9,10
Cio Input/Output Cpkg 0.78 - 0.78 0.78 pF 9,11
Z10pas DQS_t, DQS_c Zpkg 45 85 48 85 48 85 Q 1,29
Tdio pas DQS_t, DQS_c Pkg Delay 14 42 14 40 14 40 | ps 139
Lio pas DQS Lpkg - 33 - 3.3 33 | nH 9,10
Cio DAS DQS Cpkg - 0.78 - 0.78 0.78 | pF 9,11
DZpio bas Delta Zpkg DQS _t, DQS ¢ - 10 10 - 10 Q 1,2,6
D1gpi0 Das Delta Delay DQS_t, DQS_c - 5 - 5 - 5 ps 1,3,6
Z| cTRL Input- CTRL pins Zpkg 50 90 50 90 50 90 Q 1,2,8,9
Tal_cTRL Input- CTRL pins Pkg Delay 14 42 14 40 14 40 ps 1,3,8,9
LictRL Input CTRL Lpkg - 3.4 - 3.4 3.4 nH 9,10
CicTRL Input CTRL Cpkg - 0.7 - 0.7 0.7 pF 9,11
Z,ADD CMD Input- CMD ADD pins Zpkg 50 90 50 90 50 90 Q 1,2,7,10
Tdiapp_cwmp | Input- CMD ADD pins Pkg Delay 14 45 14 40 14 40 ps 1,3,7,10
Li ADD cMD Input CMD ADD Lpkg - 3.6 - 3.6 - 36 | nH 9.10
Ci ADD cMD Input CMD ADD Cpkg 0.74 - 0.74 0.74 pF 9,11
Zok CK_t & CK_c Zpkg 50 90 50 90 50 90 Q 1,29
Tdck CK_t & CK_c Pkg Delay 14 42 14 42 14 42 ps 1,39
Li oLk Input CK Lpkg - 3.4 - 3.4 3.4 nH 9,10
CicLk Input CK Cpkg - 0.7 - 0.7 0.7 pF 9,11
DZpck Delta Zpkg CK_t & CK_c 10 - 10 10 Q 125
Dygck Delta Delay CK_t & CK_c 5 - 5 - 5 ps 1,35
Zoz7q ZQ Zpkg 100 - 100 - 100 Q 1,2,9
Tdo 2q ZQ Delay 20 90 20 90 20 90 ps 139
Z0 ALERT ALERT Zpkg 40 100 40 100 40 100 Q 1,29
Tdo ALERT ALERT Delay 20 55 20 55 20 55 ps 139

NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The package parasitic( L & C) are validated using

package only samples. The capacitance is measured with VDD, VDDQ, VSS, VSSQ shorted with all other signal pins floating. The inductance is

measured with VDD, VDDQ, VSS and VSSQ shorted and all other signal pins shorted at the die side(not pin). Measurement procedure tbd

NOTE 2 Package only impedance (Zpkg) is calculated based on the Lpkg and Cpkg total for a given pin where:

Zpkg (total per pin) =

Lpkg/Cpkg

NOTE 3 Package only delay(Tpkg) is calculated based on Lpkg and Cpkg total for a given pin where:

Tdpkg (total per pin) = Lpkg*Cpkg

NOTE 4 Z & Td IO applies to DQ, DM, TDQS_T and TDQS_C
NOTE 5 Absolute value of ZCK_t-ZCK_c for impedance(Z) or absolute value of TACK_t-TdCK_c for delay(Td).
NOTE 6 Absolute value of ZIO(DQS_t)-ZIO(DQS_c) for impedance(Z) or absolute value of TdIO(DQS_t)-TdIO(DQS_c) for delay(Td)
NOTE 7 ZI & Td ADD CMD applies to A0-A13, ACT_n BAO-BA1, BG0-BG1, RAS_n/A16 CAS_n/A15, WE_n/A14 and PAR
NOTE 8 ZI & Td CTRL applies to ODT, CS_n and CKE

NOTE 9 Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg and Cpkg do not

exceed the maximum values shown.
NOTE 10 It is assumed that Lpkg can be approximated as Lpkg = Zo*Td.
NOTE 11 lItis assumed that Cpkg can be approximated as Cpkg = Td/Zo.
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IDD and IDDQ Specification Parameters and Test conditions

Ipp, Ipp and Ippq Measurement Conditions

In this chapter, Ipp, Ipp and Ippg measurement conditions such astest load and patterns are defined and setup and test
load for Ipp, Ipp and Ippg measurements are also described here.

e Ippcurrents (such as IDDo, IDD1, IDD2N, IDD2NT, IDD2P, IDD2Q, IDD3N, IDD3P, IDD4R, IDD4W, IDDSR, IDD6N, IDD6E,
IDD6R, IDD6A, IDD7 and IDD8) are measured as time-averaged currents with all VDD balls of the DDR4 SDRAM under test
tied together. Any Ipp or Ippq current isnot included in Ipp currents.

® |ppcurrentshave the same definition as Ipp except that the current on the Vpp supply is measured.

e Ippqecurrents are measured as time-averaged currents with all Vppq balls of the DDR4
SDRAM under test tied together. Any Ipp current is not included in Ippq currents.

Attention: Ippq values cannot be directly used to calculate 10 power of the DDR4 SDRAM. They can be used to
support correlation of simulated 10 power to actual 10 power. In DRAM module application, | ppq cannot be
measured separately since Vpp and Vppq are using one merged-power layer in Module PCB.

For Ipp, Ipp and Ippq measurements, the following definitions apply:

e “0” and “LOW” isdefined as V|N <= V|LaAq(max)-

e “1” and “HIGH” isdefined as V|N >= ViHAGmin)-

e “MID-LEVEL" isdefined asinputsare Vrer= Vpp/ 2.

® Timings used for Ipp, Ipp and Ippq Measurement-Loop Patterns are described.
e Basic Ipp, Ipp and Ippq Measurement Conditions are described.

e Detailed Ipp, Ipp and Ippq Measurement-Loop Patterns are described.

® |DD Measurements are done after properly initializing the DDR4 SDRAM. Thisincludes but is not limited to setting

- Ron=Rz/7 (34 Q in MR1);

= Rrr_nom = Rzye (40 Q in MR1);

= R wr=Rz2 (120 Q in MR2);

= Rrr_park = Disable;

— Qoff = 0B (Output Buffer enabled) in MR1;
— TDQSdisabled in MR1;

— CRCdisabled in MR2;

— CA parity feature disabled in MR5;
— Gear down mode disabled in MR3;
— Read/Write DBI disabled in MR5;
— DM disabled in MR5

e Attention: The Ipp, Ipp and Ippq Measurement-Loop Patterns need to be executed at least one time before actual
IDD or IDDQ measurement is started.

e Define D# = {CS, ACT, RAS, CAS, WE} := {HIGH, HIGH, HIGH, HIGH, HIGH}
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Measurement Setup and Test Load for Ippx, IDppx and Ippqx
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Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns

E— DDR42133 | DDR4-2400 | DDR4-2666 | DDR4-2933 i
15-15-15 17-17-17 191919 | 21-21-21

1K 0.937 0.833 0.75 0.682 ns
o 15 17 19 21 nOK
oWL 14 16 18 20 noK
nRCD 15 17 19 21 nOK
nRC 51 56 62 68 noK
nRAS 36 39 43 47 nOK
nRP 15 17 19 21 nOK
X8 23 26 28 31 oK
NFAW x16 32 36 40 44 nOK
X8 4 4 4 4 nOK
NRRDS 16 6 7 8 8 noK
x8 6 6 7 8 nCK
nRRDL 16 7 8 9 10 nOK
t0CD_S 4 4 4 4 noK
100D _L 6 6 7 8 noK
tWTR S 3 3 4 4 oK
tWTR L 8 9 10 T nOK
nREC8Go 374 421 467 514 nCK
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Basic IDD, IPP, and IDDQ Measurement Conditions

Symbol

Description

IpDO

Operating One Bank Active-Precharge Current (AL=0)

OKE: High;

External clock: On;

tCX, nRC, nRAS, CL: see IDD timing Table;

BL:8';

AL 0;

CS: High between ACT and PRE;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data |O: VDDQ;

DM: stable at 1;

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see IDD loop table);
Output Buffer and RTT: Enabled in Mode Registers’;

ODT Sgnal: stable at 0;

Pattern Details: see IDD loop table;

IPPO

Operating One Bank Active-Precharge IPP Current
Same condition with IDDO

IDD1

Operating One Bank Active-Read-Precharge CQurrent (AL=0)

CKE: High;

External clock: On;

tGX, nRC, nRAS nRCD, CL: see IDD timing Table;

BL: 8

AL 0;

CS: High between ACT, RD and PRE;

Command, Address, Bank Group Address, Bank Address Inputs, Data |O: partially toggling according to 1DD loop table;
DM: stable at 1;

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see IDD loop table);
Output Buffer and RTT: Enabled in Mode Fbgistersz;

ODT Sgnal: stable at 0;

Pattern Details: see IDD loop table;

IDD2N

Precharge Sandby Current (AL=0)

OKE High;

External clock: On;

tCK, QL see IDD timing Table;

BL:8';

AL 0;

CS: stableat 1;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: stable at 0;

Pattern Details: see IDD loop table;
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Symbol Description

IDD2NT

Precharge Standby ODT Current

OKE: High;

External clock: On;

tCK, CL: see IDD timing Table;

BL:8';

AL 0;

CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data 10: VSQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: toggling according to IDD loop table;
Pattern Details: see IDD loop table;

IDD2P

Precharge Power-Down Current

CKE: Low;

External clock: On;

tCK, CL: see IDD timing Table;

BL 8';

AL 0;

CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
Data |O: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: stable at 0

IpD2Q

Precharge Quiet Sandby Current

OKE: High;

External clock: On;

tCK, CL: see IDD timing Table;

BL:8';

AL: 0;

CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: stable at 0
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Symbol

Description

IDD3N

Active Standby Current

CKE: High;

External clock: On;

tCK, QL see IDD timing Table;

BL:8;

AL 0;

CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks open;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: stable at 0;

Pattern Details: see IDD loop table;

IPP3N

Active Sandby IPP Current
Same condition with IDD3N

IDD3P

Active Power-Down Current

CKE: Low;

External clock: On;

tCK, QL see IDD timing Table;

BL:8;

AL: 0;

CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks open;

Qutput Buffer and RTT: Enabled in Mode Registers2;
ODT Sgnal: stable at 0

IDD4R

Operating Burst Read Current

CKE High;

External clock: On;

tCK, QL see IDD timing Table;

BL: 8%

AL: 0;

CS: High between RD;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data |O: seamless read data burst with different data between one burst and the next one according to IDD loop table;
DM: stable at 1;

Bank Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2,2,... (see IDD loop table);

Output Buffer and RTT: Enabled in Mode Registers’;

ODT Sgnal: stable at 0;

Pattern Details: see IDD loop table;
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Symbol

Description

IDD4W

Operating Burst Write Qurrent

CKE High;

External clock: On;

tCK, CL: see IDD timing Table;

BL:8;

AL 0;

CS: High between WR;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data |O: seamless write data burst with different data between one burst and the next one according to IDD loop table;
DM: stable at 1;

Bank Activity: all banks open, WRcommands cycling through banks: 0,0,1,1,2,2,... (see IDD loop table);
Output Buffer and RTT: Enabled in Mode Registers’;

ODT Sgnal: stable at HIGH;

Pattern Details: see IDD loop table;

IPPaw

Operating Burst Write IPP Current
Same condition with IDD4W

IDD5R

Distributed Refresh Qurrent (1XREF)

CKE High;

External clock: On;

tCK, A, nRFC: see IDD timing Table;

BL 8';

AL 0;

CS: High between REF;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: REF command every nREF (see IDD loop table);
Output Buffer and RTT: Enabled in Mode Registers’;

ODT Sgnal: stable at 0;

Pattern Details: see IDD loop table;

IpPSR

Distributed Refresh Write IPP Current (1X REF)
Same condition with IDD5B
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Symbol

Description

IDDBN

Self Refresh Qurrent: Normal Temperature Range
TCASE 0 - 85°C;

Low Power Array Self Refresh (LP ASR) : Normal®;

CKE: Low;

External clock: Off; K and CK: LOW;

CL: see IDD timing Table;

BL:8';

AL 0;

CS, Command, Address, Bank Group Address, Bank Address, Data |O: High;
DM: stable at 1;

Bank Activity: Self-Refresh operation;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: MID-LEVEL

IDDBE

Self-Refresh Qurrent: Extended Temperature Range
TCASE: 0 - 95°C;

Low Power Array Self Refresh (LP ASR) : Extended®;

CKE: Low;

External clock: Off; CKand CK: LOW;

CL: see IDD timing Table;

BL:8;

AL: 0;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DMstable at 1;

Bank Activity: Extended Temperature Self-Refresh operation;
Output Buffer and RTT: Enabled in Mode Registers’;

ODT Sgnal: MID-LEVEL

IpPeX

Self Refresh IPP Qurrent: Extended Temperature Range Same condition with IDD6E

IDDBR

Self-Refresh Qurrent: Reduced Temperature Range
TCASE: 0 - 45°C;

Low Power Array Self Refresh (LP ASR) : Reduced®;

CKE Low;

External clock: Off; K and CK: LOW;

CL: see IDD timing Table;

BL:8';

AL 0;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DMstable at 1;

Bank Activity: Extended Temperature Self-Refresh operation;
Output Buffer and RTT: Enabled in Mode Fbgistersz;

ODT Sgnal: MID-LEVEL
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Symbol Description

IpD7

Operating Bank Interleave Read Current

CKE: High;

External clock: On;

tCK, nRC, nRAS nRCD, nRRD, nFAW, CL: see IDD timing Table;

BL:8';

AL CL-1;

CS: High between ACT and RDA,;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD loop table;
Data IO: read data bursts with different data between one burst and the next one according to IDD loop table;
DM: stable at 1;

Bank Activity: two times interleaved cycling through banks (0, 1, ...7) with different addressing, see IDD loop table;

Output Buffer and RTT: Enabled in Mode Registers’;
ODT Sgnal: stable at 0;
Pattern Details: see IDD loop table;

lpP7

Operating Bank Interleave Read IPP Current
Same condition with IDD7

IDD8

Maximum Power Down Current

NOTE1 Burst Length: BL8 fixed by MRS: set MR0 [A1:0=00].

NOTE2 COQutput Buffer Enable:
- set MR1 [A12 = 0] : Qoff = Output buffer enabled
-set MR1 [A2:1 =00] : Qutput Driver Impedance Control = RZQ/7
RTT_NOM enable:
- set MR1 [A10:8=011] : RTT_NOM = RZQ/6
RTT_WRenable:
-set MR2 [A10:9=01] : RTT_WR=R2Q/2
RTT_PARK disable:
- set MR5 [A8:6 = 000]

NOTE3 Low Power Array Self Refresh (LP ASR) :
-set MR2 [A7:6 =00] : Normal
- set MR2 [A7:6 = 01] : Reduced Temperature range
-set MR2 [A7:6 = 10] : Extended Temperature range
-set MR2 [A7:6 = 11] : Auto Self Refresh
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IDDO, IDDOA and IPP0 Measurement-Loop Pattern

o o © [ 1 -
N o o = s == e | = =
|Om028“w|—222|—"5'998;“$r:q194
\z_"gEE|O|O\\\°N.‘:.-:N"“S'mcoNData
X|0| 8|35 § <|<<0‘<g|u03wg;[:.:.22'<?
] 2|1 S x(lo | @ = | <
0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 0 -
D #, 2
34 1 1 1 1 1 0 0 3 3 0 0 0 7 F 0 -
0 D #
repeat pattern 1...4 until nRAS- 1, truncate if necessary
nRAS PRE|O|1|0|1|0|0|0|0|0|0|0|0|0|0|0|—
repeat pattern 1...4 until nRC- 1, truncate if necessary
1 1*nRC | repeat Qub-Loop 0, use BG[1:0)° = 1, BA[1:0] = 1 instead
2 2*nRC | repeat Sub-Loop 0, use BG[1 :0]2 =0, BA[1:0] =2 instead
- 3 3*nRC | repeat Sub-Loop 0, use BG[1 :0]2 =1, BA[1:0] =3 instead
o ©
S| T 4 4*nRC | repeat Qub-Loop 0, use BG[1:0]% =0, BA[1:0] = 1 instead
D | o
g .(Jt:S 5 5*nRC repeatSJb-LoopO,useBG[1:0]2=1,BA[1:O]=2instead
Tl o 6 6*nRC repeatSJb-LoopO,useBG[1:0]2=0,BA[1:O]=3instead
7 7*nRC | repeat Sub-Loop 0, use BG[1:0]% =1, BA[1:0] =0 instead
8 8*nRC | repeat Sub-Loop 0, use BG[1:0]% =2, BA[1:0] =0 instead
9 9*nRC | repeat Sub-Loop 0, use BG[1 :0]2 =3, BA[1:0] =1 instead
10 | 10*nRC | repeat Sub-Loop 0, use BG[1:0]% =2, BA[1:0] =2 instead
11 | 11*nRC | repeat Sub-Loop 0, use BG[1:0]% = 3, BA[1:0] = 3 instead Forx4
and
12 | 12*nRC | repeat Sub-Loop 0, use BG[1 :0]2 =2, BA[1:0] =1 instead X8 only
13 | 13*nRC | repeat Sub-Loop 0, use BG[1 :0]2 =3, BA[1:0] =2 instead
14 | 14*nRC | repeat Sub-Loop 0, use BG[1:0]% =2, BA[1:0] =3 instead
15 | 15*nRC | repeat Sub-Loop 0, use BG[1:0]% = 3, BA[1:0] =0 instead
NOTE1 DQS DQSare VDDQ.
NOTE2 DBG1 isadon't care for x16 devices.
NOTE3 DQsignals are VDDQ.
NOTE4 For x4 and x8 only.
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IDD1, IDD1A and IPP1 Measurement-Loop Pattern

o ° T -
x 8 5 | = o Sl g8 Sl elmls
|Omo 22 | a ,_EEEI—“S'Q‘?-CQ;“SI:MQ .
=5 = € E|‘Do\\\ﬂ¢:\i.‘:.EN".S'c»coN Data
X|0|&| &3 §0<|gg|gg|m03<5§;,'::.?'2'2'
(77} = o cllollS m Z| <
0 ACT | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D | 1 0 0 0 0 0 0 0 0 0 0 -
D #, 2
3,4 1 1 1 1 1 0 0|3 3 0 0 0 7 F 0 -
D_#
repeat pattern 1...4 until nRCD - AL - 1, truncate if necessary
0 D0=00, D1=FF
D2=FF, D3=00
nRCD -AL RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0
D4=FF, D5=00
D6=00, D7=FF
repeat pattern 1...4 until nNRAS - 1, truncate if necessary
s | o]t ]o]1]olo]ololo]o]olo]ololo] -
repeat pattern 1...4 until nRC- 1, truncate if necessary
1*nRC+0 ACT | O 0 0 1 1 0 0 1 1 0 0 0 0 0 0
1*nRC+1,2 | D,D | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1*nRC+3,4 |D#,D#| 1 1 1 1 1 0 013 |3 0 0 0 7 F 0
repeat pattern nRC+ 1...4 until 1*nRC+ nRAS- 1, truncate if necessary
1 DO=FF, D1=00
1*nRC+nRCD
< D2=00, D3=FF
o| ™ RD 0 1 1 0 1 0 0 1 1 0 0 0 0 0 0
= T AL D400, D5=FF
S| D6=FF, D7=00
o &)
(4] repeat pattern 1...4 until nRAS- 1, truncate if necessary
1*nHC+NrasPRE|0|1|0|1|0|0|0|0|0|0|0|0|0|0|0|
repeat nRC+ 1...4 until 2nRC- 1, truncate if necessary
2 2*nRC repeat Sub-Loop 0, use BG[1:0]° =0, BA[1:0] =2 instead
3 3*nRC repeat Sub-Loop 1, use BG[1 :0]2 =1,BA[1:0] =3 instead
4 4*nRC repeat Sub-Loop 0, use BG[1:0]° =0, BA[1:0] = 1 instead
5 5*nRC repeat Sub-Loop 1, use BG[1:0]° = 1, BA[1:0] = 2 instead
6 6*nRC repeat Sub-Loop 0, use BG[ 1 :0]2 =0, BA[1:0] =3 instead
7 7*nRC repeat Sub-Loop 1, use BG[1 :0]2 =1,BA[1:0] =0 instead
8 8*nRC repeat Sub-Loop 1, use BG[1:0]° = 2, BA[1:0] =0 instead
9 9*nRC repeat Sub-Loop 0, use BG[ 1 :0]2 =3,BA[1:0] =1 instead
10 10*nRC repeat Sub-Loop 1, use BG[1 :0]2 =2,BA[1:0] =2 instead
11 11*nRC repeat Sub-Loop 0, use BG[1:0]° = 3, BA[1:0] = 3 instead For x4 and
12 12*nRC | repeat Sub-Loop 1, use BG[1:0]* =2, BA[1:0] =1 instead x8 only
13 13*nRC repeat Sub-Loop 0, use BG[ 1 :0]2 =3, BA[1:0] =2 instead
14 14*nRC repeat Sub-Loop 1, use BG[1 :0]2 =2, BA[1:0] =3 instead
15 15*nRC repeat Sub-Loop 0, use BG[1:0]° = 3, BA[1:0] = 0 instead

NOTE1
NOTE2
NOTE 3
NOTE4

DQS DQSare used according to RD Commands, otherwise VDDQ.

BG1 isdon’t care for x16 device.

J2:0] are used only for 3DSdevice.

Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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° Long-term Support
World Class Quality

IDD2N; IDD2NA; IDD2NL; IDD2NG: IDD2ND; IDD2N_par; IPP2; IDD3N, IDD3NA and IDD3P

Measurement-Loop Pattern

o o © | v -
X [ ) (= - - ) () =19 = o —_ —_— =
Slu|8| 28 | 8 |ulp|2|%%|5(5|5|2|8|58 5 g5 o
S| X| 2| 9E Sl |lplplsl8|ld|l=|S || =|S|a|s| | Data
X|o| 8| &3 | § 2‘<|m03og;[:.:.<<<
(77} = o x|Io|I1S m = <
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0 1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
2 |o#go#| 1t |1 |1 |1 |[1]o]o|%F|3]of|o|O]|7|F|O]| -
3 D#,D# | 1 1 1 1 0 0 3? 3 0 0 0 7 F 0 -
1 4-7 repeat Sub-Loop 0, use BG|[1:0]2 =1,BA[1:0] =1 instead
2 8-11 repeat Sub-Loop 0, use BG[ 1 :O]2 =0, BA[1:0] =2 instead
3 12-15 repeat Sub-Loop 0, use BG[1:0]° = 1, BA[1:0] = 3 instead
4 16-19 repeat Sub-Loop 0, use BG[1:O]2 =0, BA[1:0] =1 instead
<
CCD D| 5 20-23 repeat Sub-Loop 0, use BG[1:0]2=1,BA[1:0]=2instead
= | I
g }:) 6 24-27 repeat Sub-Loop 0, use BG[1:0]° = 0, BA[1:0] = 3 instead
o
- g 7 28-31 repeat Sub-Loop 0, use BG[1:0]° = 1, BA[1:0] = 0 instead
8 32-35 repeat Sub-Loop 0, use BG[ 1 :0]2 =2, BA[1:0] =0 instead
9 36-39 repeat Sub-Loop 0, use BG[1:O]2 =3, BA[1:0] =1 instead
10 40-43 repeat Sub-Loop 0, use BG[1:0]° = 2, BA[1:0] =2 instead
1 44-47 repeat Sub-Loop 0, use BG[ 1 :0]2 =3, BA[1:0] =3 instead For x4 and
12 48-51 repeat Sub-Loop 0, use BG[1:0]° = 2, BA[1:0] = 1 instead x8 only
13 52-55 repeat Sub-Loop 0, use BG[1:0]° = 3, BA[1:0] = 2 instead
14 56-59 repeat Sub-Loop 0, use BG[1:0]° = 2, BA[1:0] = 3 instead
15 60-63 repeat Sub-Loop 0, use BG[ 1 :0]2 =3, BA[1:0] =0 instead

NOTE 1
NOTE2
NOTE3
NOTE4

DQS, DQSare VDDQ.

BG1 isdon’t care for x16 device.
(2:0] are used only for 3DSdevice.

DQ signals are VDDQ.
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Long-term Support

World Class Quality

Ipp2nT and Ippq@2nT Measurement-Loop Pattern

By 8| o8| & -1222 |55 2B 3|k sl
vEE A E|‘°’O\\\0N55Nﬁ8ggﬂData4
5025§Eo<m2‘m06g<wn5<<<
AEHE IR P HHMEE
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
02D#,D#11111003230007F0—
3 D#,D# | 1 1 1 1 1 0 0 3? 3 0 0 0 7 F 0 -
1 4-7 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 =1, BA[1:0] = 1 instead
2 8-11 repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =0, BA[1:0] =2 instead
3 12-15 | repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 =1, BA[1:0] = 3 instead
4 16-19 | repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =0, BA[1:0] =1 instead
g ;O 5 20-23 | repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] =2 instead
[ E 6 24-27 | repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =0, BA[1:0] = 3 instead
2 g 7 28-31 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] =0 instead
8 32-35 | repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =2, BA[1:0] =0 instead
9 36-39 | repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 =3, BA[1:0] =1 instead
10 | 40-43 | repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =2, BA[1:0] =2 instead
11 44-47 | repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 3, BA[1:0] = 3 instead Forx4
12 48-51 repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =2, BA[1:0] =1 instead xsaZ:w
13 | 52-55 | repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 =3, BA[1:0] =2 instead
14 56-59 | repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 =2, BA[1:0] = 3 instead
15 60-63 | repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 3, BA[1:0] =0 instead
NOTE1 DQS DQSare VDDQ.
NOTE2 BG1 isdon’t care for x16 device
NOTE3 ({2:0] are used only for 3DSdevice
NOTE4 DQsignalsare VDDQ.
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° Long-term Support
World Class Quality

IDD4R; IDD4RA; IDD4RB and IDDQ4R Measurement-Loop Pattern

CK/ CK
CKE

Sub-Loop

Cycle
Number

Command
CS
ACT

RAS/ A16

CAS/A15

WE/ A14
oDT
c[2:0p°
BG[1:0]?

BA[1:0]

A12/BC

A[17,13,11]

A[10)/AP

A[9:7]

A[6:3]

A[2:0]

Data*

toggling
Satic High

o

o

D0=00, D1=FF
D2=FF, D3=00
D4=FF, D5=00
D6=00, D7=FF

2,3

R ®|o

DO=FF, D1=00
D2=00, D3=FF
D4=00, D5=FF
D6=FF, D7=00

5

D 1 0 0 0 0 0 0 0

6,7

D#,
D#

1 1|1 1]1 o] o3

8-11

repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 2 instead

12-15

repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] =3 instead

16-19

repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 1 instead

20-23

repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] =2 instead

24-27

repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 3 instead

28-31

repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] =0 instead

32-35

repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =0 instead

© |0 |IN|o|o |~ | |N

36-39

repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 1 instead

—_
o

40-43

repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =2 instead

—_
—_

44-47

repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] =3 instead

12

48-51

repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] = 1 instead

13

52-55

repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] =2 instead

14

56-59

repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =3 instead

15

60-63

repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] =0 instead

For x4 and
x8 only

NOTE 1
NOTE2
NOTE3
NOTE4

DQS DQSare used according to RD Commands, otherwise VDDQ.
BG1 isdon’t care for x16 device

2:0] are used only for 3DSdevice

Burst Sequence driven on each DQ signal by Read Command.
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° Long-term Support

World Class Quality

IpD4W; IDD4AWA; IDD4WB and IDD4W_par Measurement-Loop Pattern

« o | B © | v |« o | =0 = | a
|om828aml—222|—"899|m;“‘\"'§"§'§' 4
\¥'.'gEE|o&()\\\°N':":'aF'S'°"‘°N Data
X|o| 8|35 |gg’gg|m03'og;,':.:.???
@ 2 38 c|lo]= @ Z| <
D0=00, D1=FF
D2=FF, D3=00
0 WR| 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0
D4=FF, D5=00
0 D6=00, D7=FF
1 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
D#, 2
2,3 1 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
Di#
DO=FF, D1=00
D2=00, D3=FF
4 WR| 0 1 1 0 1 1 0 1 1 0 0 0 7 F 0
D4=00, D5=FF
1 D6=FF, D7=00
5 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
D#, 2
6,7 1 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
c D#
| 2
g T 2 8-11 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] =2 instead
D | o
8’ 'g 3 12-15 | repeat Sub-Loop 1, use BG[1:0]2 =1, BA[1:0] = 3 instead
o 4 16-19 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 1 instead
5 20-23 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] =2 instead
6 24-27 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 3 instead
7 28-31 | repeat Sub-Loop 1, use BG[1:0]2 =1, BA[1:0] =0 instead
8 32-35 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =0 instead
9 36-39 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] = 1 instead
10 | 40-43 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =2 instead
11 | 44-47 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] =3 instead For x4 and
12 | 48-51 | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 1 instead x8 only
13 | 52-55 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] =2 instead
14 | 56-59 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =3 instead
15 | 60-63 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] =0 instead

NOTE 1
NOTE 2
NOTE3
NOTE4

DQS DQSare used according to WR Commands, otherwise VDDQ.
BG1 isdon’t care for x16 device

(2:0] are used only for 3DSdevice

Burst Sequence driven on each DQ signal by Write Command.
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° Long-term Support

World Class Quality

Ibbawc Measurement-Loop Pattern

« o | B © | v |« o | = O = | a
Slu| 8|28 8|nll2|=|32|c|5|E| 8| sl r|a|s .
\z—,'gEE|O|O\\\QN-:-‘:'NF-S'°"°N Data
X|o| 8|35 E <|gg|‘<’3|m0(-3-cg;,':.:.???
(77} Z 8 c|lo]I= m 3 <
D0=00, D1=FF
D2=FF, D3=00
0 WR| 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 | D4=FF, D5=00
D6=00, D7=FF
D8=CRC
12 |D,D| 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
D#,
34 | V11|t | 1| 1| 1| 1]o|&]|3]o|o]|o0o]|7]|F]|]o0o]| -
0 Di#
DO=FF, D1=00
D2=00, D3=FF
5 WR| 0 1 1 0 1 1 0 1 1 0 0 0 7 F 0 | D4=00, D5=FF
D6=FF, D7=00
D8=CRC
6,7 |D,D| 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -
D#,
o| 5 89 | 1|t |1 |11 |1]o|&|3|lo|lofo|7]|F|0o| -
S| £ D#
§ E 2 10-14 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] =2 instead
©
] 3 15-19 | repeat Sub-Loop 1, use BG[1:0]2 =1, BA[1:0] = 3 instead
4 20-24 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 1 instead
5 25-29 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 2 instead
6 30-34 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 3 instead
7 35-39 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] =0 instead
8 40-44 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =0 instead
9 45-49 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] = 1 instead
10 | 50-54 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =2 instead
11 55-59 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] =3 instead For x4 and
12 | 60-64 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] = 1 instead x8 only
13 | 65-69 | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] =2 instead
14 | 70-74 | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =3 instead
15 | 70-74 | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] =0 instead

NOTE 1
NOTE2
NOTE3
NOTE4

DQS DQSare VDDQ.

BG1 isdon’t care for x16 device.

(2:0] are used only for 3DSdevice.

Burst Sequence driven on each DQ signal by Write Command.
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° Long-term Support
World Class Quality

IpD5B Measurement-Loop Pattern

CK/CK
CKE

Sub-Loop
Cycle
Number

cs
ACT

RAS/ A16
CAS/A15
WE/ A14
oDT
c[2:0p°
BG[1:0)°

BA[1:0]

A12/BC

A[10)/AP

A[9:7]

A[6:3]

A[2:0]

Data*

toggling
Static High

o
o

e
o

o
o
o
o
o
o

o

o

o

o

o

o

=y

o
o
o

o

o

o |o |f | Command

o
o
o
o
o
o

o|o|o | A[17,13,11]

o

4

1 1

11|10 o8&

4-7

repeat pattern 1..

4, use BG[1:0]2 = 1, BA[1:0] = 1 instead

8-11

repeat pattern 1..

4, use BG[1:0]2 = 0, BA[1:0] = 2 instead

12-15

repeat pattern 1..

4, use BG[1:0]2 = 1, BA[1:0] = 3 instead

16-19

repeat pattern 1..

4, use BG[1:0]2 =0, BA[1:0] =1 instead

20-23

repeat pattern 1...

4, use BG[1:0]2 = 1, BA[1:0] =2 instead

24-27

repeat pattern 1..

4, use BG[1:0]2 = 0, BA[1:0] = 3 instead

28-31

repeat pattern 1..

4, use BG[1:0]2 =1, BA[1:0] =0 instead

32-35

repeat pattern 1...

4, use BG[1:0]2 =2, BA[1:0] = 0 instead

36-39

repeat pattern 1...

4, use BG[1:0]2 = 3, BA[1:0] = 1 instead

40-43

repeat pattern 1..

4, use BG[1:0]2 = 2, BA[1:0] =2 instead

44-47

repeat pattern 1..

4, use BG[1:0]2 = 3, BA[1:0] =3 instead

48-51

repeat pattern 1...

4, use BG[1:0]2 =2, BA[1:0] = 1 instead

52-55

repeat pattern 1...

4, use BG[1:0]2 = 3, BA[1:0] = 2 instead

56-59

repeat pattern 1...

4, use BG[1:0]2 =2, BA[1:0] = 3 instead

60-63

repeat pattern 1.

4, use BG[1:0]2 = 3, BA[1:0] =0 instead

For x4 and
x8 only

64 ...
2 nRFC-
1

repeat Qub-Loop 1, Truncate, if necessary

NOTE1
NOTE2
NOTE3
NOTE4

DQS, DQSare VDDQ.

BG1 isdon’t care for x16 device.
(2:0] are used only for 3DSdevice.
DQ signals are VDDQ.
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° Long-term Support

1S43/46QR16512A World Class Quality
IDD7 Measurement-Loop Pattern
® g 5 |2 elelzl |lalslslR Sl
Olw| e 2 2 SlhlelT| <T@ 2P s K| @S s
X|0| 2 &3 E <’2‘g}w03052::<“2'?
(7] = [3) || = o Z| <
0 ACTfOfO|O|OfO|O|J]O|O|O|J]O|]Of|O]|J]O]O|O -
D0=00, D1=FF
D2=FF, D3=00
1 RDA| 0 | 1 1 0| 1 0 o|of|O0O]| 0] 1 o0 O
D4=FF, D5=00
0 D6=00, D7=FF
2 byjtjofo|jojofo|jlojofofojo0ojOfO0O])]O0]|O -
3 D# | 1 1 1 1 1 olo|3|3|o]jo|o|7]|F]|o -
repeat pattern 2...3 until nRRD - 1, if NnRCD > 4. Truncate if necessary
nRRD ACTfOfO]JO)J]O|O|JO|]O]|1T|T]O]J]O|O|O]O]O -
DO=FF, D1=00
D2=00, D3=FF
1 nRRD + 1 RDA| 0 | 1 1 0| 1 0 1 1 o0 |1 o0 O
D4=00, D5=FF
D6=FF, D7=00
repeat pattern 2 ... 3 until 2*nRRD - 1, if nRCD > 4. Truncate if necessary
2 2*nRRD repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] =2 instead
3 3*nRRD repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 3 instead
= 4 4*nRRD repeat pattern 2 ... 3 until nNFAW - 1, if nFAW > 4*nRCD. Truncate if necessary
2|2
S| o 5 nFAW repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 1 instead
DB
S % 6 nFAW +nRRD repeat Sub-Loop 1, use BG[1:0]2 =1, BA[1:0] =2 instead
7 nFAW +2*nRRD | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 3 instead
8 nFAW +3*nRRD | repeat Sub-Loop 1, use BG[1:0]2 =1, BA[1:0] =0 instead
9 nFAW +4*nRRD | repeat Sub-Loop 4
10 2*nFAW repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =0 instead
11 2*nFAW +nRRD | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] = 1 instead
12 | 2*nFAW +2*nRRD | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] =2 instead
13 | 2*nFAW +3*nRRD | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] = 3 instead
14 | 2*nFAW +4*nRRD | repeat Sub-Loop 4 For x4 and x8
15 3*nFAW repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 1 instead only
16 3*nFAW +nRRD | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 2 instead
17 | 3*nFAW +2*nRRD | repeat Sub-Loop 0, use BG[1:0]2 =2, BA[1:0] = 3 instead
18 | 3*nFAW +3*nRRD | repeat Sub-Loop 1, use BG[1:0]2 =3, BA[1:0] =0 instead
19 | 3*nFAW +4*nRRD | repeat Sub-Loop 4
20 4*nFAW repeat pattern 2 ... 3 until nRC- 1, if NRC> 4*nFAW. Truncate if necessary
NOTE1 DQS DQSare VDDQ.
NOTE2 BG1 isdon’t care for x16 device.
NOTE3 (f2:0] are used only for 3DSdevice.
NOTE4 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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° Long-term Support
World Class Quality

IDD6 Descriptions

Symbol Temperature Range NOTE
IDDBN -40-85°C 126
IDDBE -40-105°C 136
IDDBR -40-45°C 456

-40-25°C 4,6

IDDBA -40- 45°C 4,6

-40-75°C 46

NOTE1 Max values for IDD currents considering worst case conditions of process, temperature and voltage.
NOTE2 Applicable for MR2 settings A6=0 and A7=0.
NOTE3 Applicable for MR2 settings A6=0 and A7=1.

NOTE4 Typical values for upper end of temperature range shown to the left.

NOTE5 Applicable for MR2 settings A6=1 and A7=0.
NOTE6 DRAM is permitted to operate only as specified by Component Operating Temperature Range (TOPER)
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1IS43/46QR81024A
IS43/46QR16512A
IDD, IDDQ and IPP Specification
DDR4-2400 DDR4-2666 DDR4-2933
Symbol Description Unit
x8 x16 x8 x16 x8 x16

IDDO gﬁ f;:tti?/flggf Bank Active-Precharge 157 | 173 | 170 | 185 | 183 | 201 | mA
IPPO (())J;:reer:i ing One Bank Active-Precharge IPP 9 9 9 9 9 9 mA
IDD1 P?Z;:jrzgg”r‘:eﬁrz:gi)ve%ad' 172 | 192 | 185 | 205 | 195 | 221 | maA
IDD2N Precharge Sandby Current (AL=0) 126 133 136 143 145 155 mA
IDD2NT Precharge Sandby ODT Current 131 140 142 151 152 163 mA
IDD2P Precharge Power-Down Current 58 70 63 75 67 82 mA
IDD2Q Precharge Quiet Sandby Current 108 116 116 124 124 134 mA
IDD3N Active Standby Current 197 204 215 221 245 253 mA
IPP3N Active Sandby IPP Current 5 5 5 5 5 5 mA
IDD3P Active Power-Down Current 69 81 74 86 79 92 mA
IDD4R Operating Burst Read Current 298 387 327 423 367 471 mA
IDD4W Operating Burst Write Current 385 510 422 559 468 619 mA
IDD5R Distributed Refresh Current (1X REF) 132 149 142 156 150 169 mA
IPP5R Distributed Refresh IPP Current (1X REF) 6 6 6 6 6 6 mA
IDDEN Self Refresh Current 30 30 30 30 30 30 mA
IDD6E Self-Refresh Current 35 35 35 35 35 35 mA
IDDER Self-Refresh Current 20 20 20 20 20 20 mA
IDD6A Auto Self-Refresh CQurrent (25°C) 25 25 25 25 25 25 mA
IDD6A Auto lf-Refresh Current (45°C) 27 27 27 27 27 27 mA
IDD6A Auto Self-Refresh Current (75°C) 30 30 30 30 30 30 mA
IPP6X Auto Self-Refresh IPP Current 6 6 6 6 6 6 mA
IDD7 Operating Bank Interleave Read Current 300 353 320 375 348 398 mA
IPP7 Operating Bank Interleave Read IPP Current| 57 50 57 50 57 50 mA
IDD8 Maximum Power Down Current 22 22 22 22 22 22 mA

NOTE 1 When Tc < 0°C, or Tc > 95°C, IDD values require derating by up to 20%.
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Electrical Characteristics & AC Timing

Reference Load for AC Timing and Output Slew Rate

The effective reference load of 50Q to V1T=Vbba and driver impedance of RZQ/ 7 for each output was used in defining

the relevant ACtiming parameters of the device as well as output slew rate measurements.

It isnot intended as a precise representation of any particular system environment or a depiction of the actual load

presented by a production tester. System designers should use IBISor other simulation toolsto correlate the timing

reference load to a system environment. Manufacturers correlate to their production test conditions, generally one or

more coaxial transmission linesterminated at the tester electronics.

vDDQ

o DUT
CK, CK

DQ
DQS

DQS

50 Q

—/\/\/\/— VTT =VDDQ

Timing Reference Point

Vv

Timing Reference Point
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Timing Parameters by Speed Grade for DDR4-2133

Soeed DDR4-2133 .
. Unit | Notes
Parameter | Symbol Min | Max
jQock Timing
IMinimum Clock Cycle Time (DLL off mode) tx 8 20 ns
(DLL_OFF)
Average Clock Period tK(avg) 0.937 1.9 ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 tOK(avg)
Average low pulse width tCl(avg) 0.48 0.52 tCK(avg)
. Min: tCK(avg)min+tJ T(per)min_tot
Absolute Clock Period tCK(abs t
solute LocrFero K(abs) Max: tCK(avg)max+ tJT(per)max_tot avg)
[Absolute clock HIGH pulse width tCH(abs) 0.45 - tOK(avg)| 23
Absolute clock LOW pulse width tCL(abs) 0.45 - tK(avg)| 24
Clock Period Jitter- total JT(per)_tot -47 47 ps 25
Clock Period Jitter- deterministic JT(per)_dj -23 23 ps 26
Clock Period Jitter during DLL locking period tdT(per, Ick) -38 38 ps
Cycle to Cycle Period Jitter tdT(cc)_total - 94 ps 25
cle to Cycle Period Jtter during DLL
Orele to Oyele Peri uring tdT(cc, Ick) - 75 ps
locking period
Cumulative error across 2 cycles tERR(2per) -69 69 ps
Cumulative error across 3 cycles tERR(3per) -82 82 ps
Cumulative error across 4 cycles tERR(4per) -91 91 ps
Cumulative error across 5 cycles tERR(5per) -98 98 ps
Cumulative error across 6 cycles tERR(6per) -104 104 ps
Cumulative error across 7 cycles tERR(7per) -109 109 ps
Cumulative error across 8 cycles tERR(8per) -113 113 ps
Cumulative error across 9 cycles tERR(9per) -117 117 ps
Cumulative error across 10 cycles tERR(10per) -120 120 ps
Cumulative error across 11 cycles tERR(11per) -123 123 ps
Cumulative error across 12 cycles tERR(12per) -126 126 ps
Cumulative error acrossn =13, 14 ... .49, tERR(nper) tERR(nper)min = ((1 + 0.68In(n)) * tJdT(per)_total min) bs
50 cycles tERR(nper)max = ((1 + 0.68In(n)) * tJT(per)_total max)
gmmand and Add'ress setuP time to CK, tiS(base) 80 _ 0s
CKreferenced to Vih(ac) / Vil(ac) levels
Command and Address setup time to CK,
- I Vref 1 -
CKreferenced to Vref levels tIVref) 80 ps
Command and Address hold time to CK,
CKreferenced to Vih(dc) / Vil(dc) tIH(base) 105 - ps
levels
Co d and Add hold time t
_mman an ress hold time to CK, tIH(Vref) 180 _ 0s
CKreferenced to Vref levels
Control and Add Input pul idth f
n rlo an ress Input pulse wi or HPW 460 _ os
each input
JCommand and Address Timing
ICASto CAS d delay f bank
0 LAScommand delay for same ban tOCD_L max (5nCK, 5.355ns) - noK 34
Joroup
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Speed DDR4-2133 .
- Unit | Notes
Parameter Symbol Min Max
[CAS to CAS command delay for different
ylord toD_S 4 - nok | 34
bank group
IACTIVATEto ACTIVATE |
CTIVATE to ACTIVATE Command delay to tRRD_S(2K) ax(4nCK,5.3ns) - noK | 34
different bank group for 2KB page size
ACTIVATE to ACTIVATE Command delay to
tRRD_§(1 4nCK,3.7 - K
different bank group for 1KB page size 1K) ax(4nCK.3.7ns) " 34
IACTIVATE to ACTIVATE Co d delay t
, ° mmanc aelayto | yprp g1/2K) Max(4nCK,3.7ns) - nok | 34
different bank group for 1/2KB page size
ACTIVATE to ACTIVATE Command delay to
' aelay tRRD_L(2K) ax(4nCK.6.4ns) - nek | 34
same bank group for 2KB page size
IACTIVATEto ACTIVATE Command delay to
tRRD_L(1 4nCK,5.3 - K 34
same bank group for 1KB page size LK) ax(4nCK.5.3ns) "
IACTIVATE to ACTIVATE Command delay to
tRRD_L(1/2 Max(4nCK,5.3 - K
same bank group for 1/2KB page size  L(1/2K) ax(én ns) " 34
|Four activate window for 2KB page size tFAW_2K ax(28nCK,30ns) - ns 34
IFour activate window for 1KB page size tFAW_1K Max(20nCK,21ns) - ns 34
IFour activate window for 1/2KB page size tFAW_1/2K Max(16nCK,15ns) - ns 34
IDeIay from start of internal write
transaction to internal read command for tWTR S ax(2nCK,2.5ns) - nCK 12,34
different bank group
IDelay from start of internal write
transaction to internal read command for tWTR L ax(4nCK,7.5ns) - ncK 1,34
same bank group
fInternal READ Command to PRECHARGE {RTP ax(4nCK.7.5ns) B nCK
Command delay
\WRITErecovery time tWR 15 - ns 1
Writ ti hen CRCand DM
rite recovery ime when an ae tWR_CRC DM tWR+max(5nCK,3.75ns) - ns 1,28
enabled
delay from start of internal write
ransaction to internal read command for | \vp g (R DM | tWTR Srmax(5nCK3.75ns) - ns | 22934
different bank group with both CRCand
DM enabled
delay from start of internal write
transaction to internal read command for
tWTR L CRC DM | tWTR L 5nCK,3.75 - 3,30,34
same bank group with both CRCand DM - = L Lemax(SnCK, ns) ns
enabled
|DLLlocking time tDLLK 768 - nCK
IMode Register Set command cycle time tMRD 8 - nCK
IMode Register Set command update delay tMOD ax(24nCK,15ns) - nCK 50
IM ulti-Purpose Register Recovery Time tMPRR 1 - nCK 33
[Mutti Purpose Register write Re
uit Furpose Register Write Recovery tWR MPR tMOD (min)+ AL+ PL - ncK
Time
Aut h it h .
Iﬁ:“c: precharge write recovery + precharge tDAL(min) Programmed WR+ roundup ( tRP/ tCK(avg)) nK | 52
CsS to Command Address Latency
CS to Command Address Latency tCAL ax (3nCK, 3.748ns) - nCK
|DRAM Data Timing
IDQSDQSto DQ skew, per group, per access tDQSQ - 0.16 tOK(avg)/2 %glg
N 13,17,18
|DQ output hold time from DQSDQS tQH 0.76 - tKavg/2| 39 49
Data Valid Window per device per Ul 17,18
| tQH - tDQSQ) of each Ul on a given DRAM tbvwd 0.64 - u 39,49
Data Valid Window per pin per Ul : (tQH 17,18
| tDQSQ) each Ul on a pin of a given DRAM tDVWp 0.69 Ul | 3949
|DQ low impedance time from CK, CK tLZ(DQ) -360 180 ps 39
|DQ high impedance time from CK, CK tHZ(DQ) - 180 ps 39
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Speed DDR4-2133 .
: Unit | Notes
Parameter | Symbol Min Max
Data Srobe Timing
DQSDQS differential READ Preamble (1
Spasd ( {RPRE 09 Note 44 oK | 40
clock preamble)
DQSDQS differential READ Postamble tRPST 0.33 - teK
DQS DQSdifferential output high time tQH 0.4 - toK 21
DQSDQS differential output low time tQSL 0.4 - tCK 20
DQSDQS differential WRITE Preamble tWPRE 0.9 - tCeK 42
DQSDQS differential WRITE Postamble tWPST 0.33 - tOK
DQSand DQS low-impedance time
tLZ(D! -360 180
(Referenced from RL-1) LADCS ps
DQSand DQS high-impedance time
tHZ(DQS) - 180
(Referenced from RL+BL/2) z ps
DQSDQS differential input low pulse width tDQSL 0.46 0.54 toK
DQS DQSdifferential input high pulse width tDQSH 0.46 0.54 tCoK
DQSDQSrising edge to CK,CK rising edge (1 1DQSS 027 027 (oK 42
clock preamble)
DQSDQS(alling ed tup time t CK
“S alling edge setup time to CK DS 018 _ (oK
rising edge
DQSDQSfalling edge hold time from CK,CK
rising edge tDSH 0.18 - tCoK
DQS, DQS rising edge output timing
location from rising CK, CK with DLL tDQSK (DLL On) -180 180 ps 37,38
On mode 39
DQS DQS rising edge output variance tDQSKI (DLL On) 37,38
; — 310 ps 39
window per DRAM
MPSM Timing
h disable del M
Command path disable delay upon MPSV tMPED tMOD(min) +tCPDED(min) - nCK
entry
Valid clock requirement after MPSM entry tCKMPE tMOD(min) +tCPDED(min) - nCK
Valid clock requirement before MPSM exit tOKMPX tCKSRX(min) - nCK
Exit MPSM to commands not requiring a XMP ixs _ nCK
locked DLL
ExLilt_MPSVI to commands requiring a locked tXMPDLL £XMP(min) + tXSDLL(min) _ nCK
CSsetup time to CKE tMPX_S tIS(min)+tIH(min) - ns
CSHigh hold time to CKE tMPX_HH tXP - ns
CSLow hold time to CKE tMPX_LH 12 tXMP-10ns ns
Calibration Timing
Power-up and RESET calibration time tZQinit 1024 - nCK
Normal operation Full calibration time tZQoper 512 - ncK
Normal operation Short calibration time tZQCS 128 - nCK
Reset/ Self Refresh Timing
Exit Reset from CKEHIGH to a valid command tXPR max(5nCKtRFG(min)+10ns) - nCK
Exit Self Refresh to commands not .
. tXS tRFC(min)+10ns - ns
requiring a locked DLL
SRXto commands not requiring a locked . .
XS _ABORT(min RFC4 1 - ns
DLL in Self Refresh ABORT XS ABORT(min) 1RFOA(min)+10ns
Exit Self Refresh to ZQCL,ZQCSand MRS .
tXS FAST(min tRFCA(min)+10; - ns
(CLOWLWRRTP and Gear Down) > FAST(min) (min)+10ns
Exit Self Refresh to commands requiring a XDLL {DLLK(min) _ oK
locked DLL
Mini | idth f If refresh
I inimum CKE o‘w width for Self refres| {CKESR {OKE(min)+1nCK _ nCK
entry to exit timing
IMinimum CKE low width for Self refresh
tOKESR_PAR t in)+1nCK+PL - ncK
entry to exit timing with CA Parity enabled - CrBimin)+InCK
Valid Clock Requirement after Self Refresh {CKSRE max(5nCK.10ns) B neK
Entry (SRE) or Power-Down Entry (PDE)
Valid Clock Requirement after Self Refresh
Entry (SRE) or Power-Down when CA Parity tCKSRE_PAR max(5nCK,10ns)+PL - nCK
is enabled
Valid Clock Requirement before Self
Refresh Exit (SRX) or Power-Down Exit tOKSRX max(5nCK,10ns) - ncx
(PDX) or Reset Exit
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Soeed DDR4-2133 .
- Unit | Notes
Parameter Symbol Min Max
|Power Down Timing
Exit Power Down with DLL on to any valid
command;Exit Precharge Power Down with ixXP max(4nCK.6ns) B nOK
DLL frozen to commands not requiring a
locked DLL
CKE minimum pulse width tCKE max (3nCK,5ns) - nCK 31,32
Command pass disable delay tCPDED 4 - nCK
JPower Down Entry to Exit Timing tPD tCKE(min) 9xt REFI nCK 6
Timing of ACT command to Power Down entry tACTPDEN 2 - nCK 7
Timing of PREor PREA command to tPRPDEN o _ oK -
JPower Down entry
Timing of RD/RDA command to {RDPDEN RLida1 B ncK
Power Down entry
Timing of WRcommand to Power Down
tWRPDEN WL+4+(tWR/t CK 4
entry (BLBOTF, BLSMRS, BCAOTF) +HIWRKavg) "
' Timing of WRA command to Power Down
tWRAPDEN WL+4+WR+1 - ncK 5
entry (BLBOTF, BL8MRS, BCAOTF) i
Timing of WR d t
iming of Whcommanc'io tWRPBCADEN WL+2+(tWR tCK(avg)) - ncK 4
JPower Down entry (BCAMRS)
Timing of WRA
iming of WRA command to tWRAPBCADEN WL+2+WRH1 - ncK 5
Power Down entry (BCAMRS)
Timing of REF
iming of command to {REFPDEN 2 _ nCK 7
Power Down entry
Timing of MRS d t
ming of MRScommand to tMRSPDEN tMOD(min) - ncK
Power Down entry
{PoA Timing
M i le time i
ode Register Set command cycle time in tMRD_PDA max(16n0K, 10ns) noK
PDA mode
IMode Register set d update del
. ode Register Set command update delay tMOD_PDA tMOD neK
in PDA mode
ODT Timing
Asynchi RTT turn-on delay (Power-
sync r<l)nous urn-on delay (Power tAONAS 10 9.0 ns
§Down with DLL frozen)
Asynchronous RTT turn-off delay (Power-
ynenronou Y y (Pow tAOFAS 1.0 9.0 ns
Down with DLL frozen)
IR'I'I'dynamic change skew tADC 0.3 0.7 tOK(avg)
Write Leveling Timing
Fi DQSrisi i
rst .DQS/ QS}rlsmg edge after write tWLMRD 40 B oK 12
leveling mode is programmed
Ibas 5as delay after write leveling mode |
elay after write leveling mode is tWLDQSEN 25 B oK 12
programmed
Write leveli tup time f ising CK/CK
ri e: eve |n‘glse up time from r|§|ng tWLS 0.13 _ {OKavg)
crossing to rising DQS' DQS crossing
Write leveling hold time f isi
rite leveling .o d m.e. rom rTg . tWLH 013 _ {OKGavg)
IDQS'DQS crossing to rising CK/ CK crossing
Write leveling output delay tWLO 0 9.5 ns
Write leveling output error tWLOE 0 2 ns
|CA Parity Timing
Oonlwmanfis I-'IOt guaranteed to be executed tPAR_ UNKNOWN _ AL oK
during this time
IDeIay Trom errant command to ALERT tPAR ALERT ON B PLi6ns nCK
assertion
IPuIse width of ALERTsignal when asserted | tPAR_ALERT_PW 56 128 nCK
Time from when Alert is asserted till
controller must start providing DES tPAR ALERT RSP - 57 nCK
commands in Persistent CA parity mode
JParity Latency PL 4 nCK
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Speed DDR4-2133 Unit Notes
Parameter | Symbol Min Max

CRC Error Reporting

CRC ALERT pulse width CRC_ALERT_PW 10 nCK

CRCerror to ALERT latency | tCRC _ALERT 3 13 ns

tREFI

Refresh-to-Active or Refresh tRFC1 350 ns 34

Command Period tRFC2 260 ns 34

tRFCA 160 ns 34
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Timing Parameters by Speed Grade for DDR4-2400 and DDR4-2666

Speed DDR4-2400 DDR4-2666 .
- - Unit | Notes
Parameter Symbol Min | Max Min | Max
Qock Timing
Minimum Clock Cycle Time (DLL off mode) tCK (DLL_OFF) 8 20 8 20 ns
Average Clock Period tCK(avg) 0.833 1.9 0.75 1.9 ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCl(avg) 0.48 0.52 0.48 0.52 tCK(avg)
. Min: tCK(avg)min+tJIT(per)min_tot
Absolute Glock Period tOK(abs) Max: tCK(avg)max+ tJIT(per)max_tot tC(avg)
Absolute clock HIGH pulse width tCH(abs) 0.45 - 0.45 - tCK(avg) 23
Absolute clock LOW pulse width tCl(abs) 0.45 - 0.45 - tCK(avg) 24
Clock Period litter- total JT(per)_tot -42 42 -38 38 ps 25
Clock Period Jitter- deterministic JT(per)_dj -21 21 -19 19 ps 26
Clock Period litter during DLL locking period tdT(per, Ick) -33 33 -30 30 ps
Cycle to Cycle Period litter tJT(cc)_total - 83 - 75 ps 25
Cyclfe to Cy.cle Period Jitter during DLL tJT(cc, Ick) _ 67 _ 60 ps
locking period
Cumulative error across 2 cycles tERR(2per) -61 61 -55 55 ps
Cumulative error across 3 cycles tERR(3per) -73 73 -66 66 ps
Cumulative error across 4 cycles tERR(4per) -81 81 -73 73 ps
Cumulative error across 5 cycles tERR(5per) -87 87 -78 78 ps
Cumulative error across 6 cycles tERR(6per) -92 92 -83 83 ps
Cumulative error across 7 cycles tERR(7per) -97 97 -87 87 ps
Cumulative error across 8 cycles tERR(8per) -101 101 -91 91 ps
Cumulative error across 9 cycles tERR(9per) -104 104 -94 94 ps
Cumulative error across 10 cycles tERR(10per) -107 107 -96 96 ps
Cumulative error across 11 cycles tERR(11per) -110 110 -99 99 ps
Cumulative error across 12 cycles tERR(12per) -112 112 -101 101 ps
Cumulative error across n =13, 14 .. .49, t noer tERR(nper)min = ((1 +0.68In(n)) * tJIT(per)_total min) <
50 cycles (nper) tERR(nper)max = ((1 + 0.68In(n)) * tJIT(per)_total max) P
Command and Address setup time to CK,CK
P _ _
referenced to Vih(ac) / Vil(ac) levels tiS(base) 6 % ps
Command and Address setup time to CK,CK
referenced to Vref levels tIS(Vref) 162 - 145 - ps
Command and Address hold time to
! 7 - -
OKTkreferenced to Vin(dc) / Vil(dc) levels tiH(base) 8 8 ps
Command and Address hold time to CK,CK tH(Vref) 162 _ 145 _ bs
referenced to Vref levels
| A | | idth f h

FJontro and Address Input pulse width for eacl HIPW 410 _ 385 _ bs
input
Command and Address Timing
CASto CAS lay f k
;_oi:)o CAS command delay for same ban toCD_L max (5nCK, 5ns) - max (5nCK, 5ns) - nCK 34
;:gi:)o CAS command delay for different bank tooD_S 4 _ 4 _ nOK 34
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Speed DDR4-2400 DDR4-2666 Uni .
- - nit otes
Parameter Symbol Min Max Min Max
ACTIVATE to ACTIVATE Command delay to different RRC Max(4nCK, Max(4nCK,
bank group for 2KB page size t _S(2K) 5.3ns) 5.3ns) nex 34
ACTIVATE to ACTIVATE Command delay to different Max(4nCK, Max(4nCK,
RRD - - K 34
bank group for 1KB page size ! _S(1K) 3.3ns) 3.0ns) "
ACTIVATE to ACTIVATE Command delay to different Max(4nCK, Max(4nCK,
RRD - - 4
bank group for 1/2KB page size t  S1/24 3.3ns) 3.0ns) ncx 3
ACTIVATEto ACTIVATE Command delay to Max(4nCK, Max(4nCK,
RRD - - CK 34
same bank group for 2KB page size t _L(2K) 6.4ns) 6.4ns) n
ACTIVATEto ACTIVATE Command delay to Max(4nCK, Max(4nCK,
RRD - - 4
same bank group for 1KB page size t _L1K) 4.9ns) 4.9ns) ntx 3
ACTIVATEto ACTIVATE Command delay to same Max(4nCK, Max(4nCK,
RRD - - K 34
bank group for 1/2KB page size t _L(1/2K) 4.9ns) 4.9ns) n
Max(28i Max(28i
Four activate window for 2KB page size tFAW_2K ax(28nCK - (28nCK - ns 34
30ns) 30ns)
Max(20i Max(20i
Four activate window for 1KB page size tFAW_1K ax(20nCK. - ax(20nCK. - ns 34
21ns) 21ns)
Max(16i Max(16i
Four activate window for 1/2KB page size tFAW_1/2K ax(16nCK. - ax(16nCK. - ns 34
13ns) 12ns)
Delay from start of internal write transaction to
internal read command for tWTR S max (2nCk - max (2nCK, - nCK 1,2,34
. - 2.5ns) 2.5ns)
different bank group
Pelayfrom start of internal write transaction to tWTR L max(4nCK B max(4nCK, B nOK 134
internal read command for same bank group - 7.5ns) 7.5ns)
Internal READ Command to PRECHARGE Command tRTP max(4nCK, B max(4nCK, B nOK ”
delay 7.5ns) 7.5ns)
WRITE recovery time tWR 15 - 15 - ns 1
tWR+ tWR+
Write recovery time when CRCand DM are enabled tWR_CRC DM (5n(}<,3r.1;:)r(13) - (5n(}<,3r.1;:):ls) - ns 1,28
i
. gouP | tWTR S ORC DM 5nCK, - 50K, - ns | 22934
with both CRCand 3.75ns) 3.75ns)
DM enabled ) )
delay from start of internal write transaction to tWTR_L+max( tWTR_L+max(
internal read command for same bank group with tWTR L CRC DM 5nCK, - 5nCK, - ns 3,30,34
both CRCand DM enabled 3.75ns) 3.75ns)
DLL locking time tDLLK 768 - 1024 - nCK
Mode Register Set command cycle time tMRD 8 - 8 - nCK
24 24
Mode Register Set command update delay tMOD max(24nCK, - max(24nC, - nCK 50
15ns) 15ns)
Multi-Purpose Register Recovery Time tMPRR 1 - 1 - nCK 33
Multi Purpose Register Write Recovery tMOD (min) tMOD (min)
Time tWRMPR +AL+PL +AL+PL nox
Auto precharge write recovery + precharge . Programmed WR+ roundup Programmed WR+ roundup
CK 52
time tDAL(min) (tRP/ tCK(avg)) (tRP/ tCK(avg)) "
CS Command Address Latency
— max(3nCK, max(3nCK
CS Command Address Latency tCAL 3.748ns) - 3.748ns) - nCK
DRAM Data Timing
_ 13,18,39,
DQS DQS to DQ skew, per group, per access tDQQ - 0.17 - 0.18 tOK(avg)/2 49
. — 13,17,18,
DQ output hold time from DQS, DQS tQH 0.74 - 0.74 - tCK(avg)/2 30.49
Data Valid Window per device per Ul 17,18,39,
DVW 0.64 - 0.64 - ul
1 (tQH-tDQSQ) of each Ul on a given DRAM t d 49
Data Valid Window per pin per Ul : (tQH 17,18,39,
. — . - ul
-tDQSQ ) each Ul on a pin of a given DRAM tbvWp 072 0.72 49
CD}S low impedance time from G tLZ(DQ) -330 175 -310 170 ps 39
DQhighii ime f
O(() igh impedance time from CK tHZ(DQ) B 175 B 170 ps 39
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Speed DDR4-2400 DDR4-2666
: : Unit | Notes
Parameter | Symbol Min Max Min Max
Data Srobe Timing
DASDas differential READ Preamble tRPRE 0.9 Note 44 09 Notedd | tok | 3740
(1 clock preamble)
DASDas differential READ Preamble tRPRE2 18 Note 44 18 Notedd | tok | 3941
(2 clock preamble)
DQS,DQS differential READ Postamble tRPST 0.33 Note 45 0.33 Note 45 tCK 39
DQSDQS differential output high time tQSH 0.4 - 0.4 - tCK 21,39
DQSDQS differential output low time tQSL 04 - 04 - tCK 20,39
DQSDQS differential WRITE Preamble {WPRE 09 B 09 B (oK 4
(1 clock preamble)
DQSDQS differential WRITE Preamble {WPRE2 18 B 18 _ (oK 43
(2 clock preamble)
DQSDQS differential WRITE Postamble tWPST 0.33 - 0.33 - toK
DQSand DQS low-impedance time
tLZ(D -330 175 -310 170 39
(Referenced from RL-1) LADas ps
DQSand DQS high-impedance time
t - 175 - 170 39
(Referenced from RL+BL/2) HzbCS ps
DQSDQS differential input low pulse width tDQSL 0.46 0.54 0.46 0.54 teK
DQSDQS differential input high pulse width tDQSH 0.46 0.54 0.46 0.54 tCK
DQSDQS rising edge to CK,CK rising edge DQSS 027 027 027 027 (oK 4
(1 clock preamble)
DQSDQS rising edge to GK,CK rising edge DS 05 05 05 05 1K 43
(2 clock preamble)
I?C?SDQSfaIIlng edge setup time to CK.CK {DSS 018 B 018 B oK
rising edge
DQSDQS falli hold time fi CK
.Q'S QS falling edge hold time from CK,C {DH 018 B 018 B (X
rising edge
DQSDQS rising edge output timing location from rising 37,38,
OKCK with DLL.On mode tDQSCK (DLL On) 175 175 170 170 ps a9
__ 7,38,
DQSDQS rising edge output variance window per DRAM | tDQSCKI (DLL On) - 290 - 270 ps 8 3;8
MPSM Timing
Command path disable delay upon MPSV tMOD(min) tMOD(min)
MPED - -
entry ! +{CPDED(min) +{CPDED(min) nex
MOD(mi MOD(mi
Valid clock requirement after MPSM entry tKMPE +:03?)E(3Trlr:)n) - +:OD(I?)E(DTrIr:)n) - nCK
Valid clock requirement before MPSM exit tCKMPX tCKSRX(min) tCKSRX(min) nCK
Exit MPSM to commands not requiring a locked DLL tXMP tXS tXS nCK
Exit MPSM to commands requiring a locked tXMP(min) + tXMP(min) +
XMPDI
DLL DXMPDLL {XSDLL(min) {XSDLL(min) K
. tIS(min)+ tIS(min)+
MPX - -
CSsetup time to CKE t (S tIH(min) tIH(min) ns
CSHigh hold time to CKE tMPX_HH tXP - tXP - ns
CSLow hold time to CKE tMPX_LH 12 tXMP-10ns 12 tXMP-10ns ns
Calibration Timing
Power-up and RESET calibration time tZQinit 1024 - 1024 - nCK
Normal operation Full calibration time tZQoper 512 - 512 - nCK
Normal operation Short calibration time tZQCS 128 - 128 - nCK
Reset/ Self Refresh Timing
Exit Reset from CKEHIGH to a valid PR Max(5nCKtRF B Max(5nCKtRF B nCK
command C(min)+10ns) C(min)+10ns)
Exit Self Refresh to commands not requiring a locked DLL| tXS tRF?én:;n)+ - tRF%T;n)+ - ns
SRXto commands not requiring a locked . tRFCA(min)+ tRFC4(min)+
XS_ABORT( - -
DLLin Self Refresh ABORT 1XS ABORT(min) 10ns 10ns ns
Exit Self Refresh to ZQCL,ZQCSand MRS ) tRFCA(min)+ tRFCA(min)+
XS FA - -
(CLCWLWRRTP and Gear Down) XS FAST(min) 10ns 10ns ns
Exit Self Refresh to commands requiring a locked DLL tXSDLL tDLLK(min) - tDLLK(min) - nCK
Minimum (..Kl?lo.w width for Self refresh {OESR tCKE(min)+ _ tCKE(min)+ _ nCK
entry to exit timing 1nCK 1nCK
Minimum CKE low width for Self refresh tCKE(min)+ tCKE(min)+
tCKESR_PAR - - CK
entry to exit timing with CA Parity enabled ~ 1nCK+PL 1nCK+PL "
Valid Clock Requirement after Self Refresh {OKSRE max B max B nCK
Entry (SRE) or Power-Down Entry (PDE) (5nCK,10ns) (5nCK,10ns)
Valid Clock Requirement after Self Refresh max max
OKSRE_PAR - -
Entry (SRE) or Power-Down when CA Parity is enabled t - (5nCK,10ns)+ PL (5nCK,10ns)+ PL &
Valid Clock Requirement before Self Refresh Exit (SRX) or LOKSRX max max nCK
Power-Down Exit (PDX) or Reset Exit (5nCK,10ns) (5nCK,10ns)
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Parameter | Symbol Min Max Min | Max
Power Down Timing
Exit Power Down with DLL on to any valid max max
command;Exit Precharge Power Down with DLL tXP - - nCK
4 4
frozen to commands not requiring a locked DLL (4nCK6ns) (4nCK6ns)
max max
ini | idth - - K 31,32
CKE minimum pulse widt tCKE (3nCK5ns) (3nCK5ns) n ,
Command pass disable delay tCPDED 4 - 4 - nCK
Power Down Entry to Exit Timing tPD tCKE(min) 9xt REFI tCKE(min) Oxt REFI nCK 6
Timing of ACT command to tACTPDEN 2 B 2 B nOK -
Power Down entry
Timing of PRE or PREA command to tPRPDEN 5 B 2 B nOK 7
Power Down entry
Timing of RD/RDA command to tRDPDEN RLid+1 B RLid+1 B nOK
Power Down entry
Timing of WRcommand to Power Down entry WL+4+(tWR WL+4+(tWR
- - 4
(BLBOTF, BLBMRS, BCAOTF) TWRPDEN tCK(avg)) tCK(avg)) n&x
Timing of WRA command to Power Down entry
WL+4+WR+1 - WL+4+WR+1 - K 5
(BLBOTF, BLBMRS, BCAOTR) tWRAPDEN * * "
Timing of WRcommand to WL+2+(tWR WL+2+(tWR/
RPBC4! - - K 4
Power Down entry (BCAMRS) W DEN tCK(avg)) tCK(avg)) n
Timing of WRA command to
WL+2+WR+1 - WL+2+WR+1 -
Power Down entry (BAMRS tWRAPBCADEN +2+WR+ +2+WR+ nCK 5
Timing of REF command to {REFPDEN 2 B 2 B nOK -
Power Down entry
Timing of MRScommand to tMRSPDEN tMOD(min) _ tMOD(min) _ nCK
Power Down entry
PDA Timing
Mode Register Set command cycle time in max(16nCK, max(16nCK,
PDA mode tMRD_FDA 10ns) 10ns) nx
Mode'Reglster Set command update tMOD_PDA {MOD B tMOD B noK
delay in PDA mode
ODT Timing
Asynchronous RTT turn-on delay
(Power- Down with DLL frozen) tAONAS 1.0 9.0 1.0 9.0 ns
Asynchronous RTT turn-off delay
(Power- Down with DLL frozen) tAOFAS 1.0 9.0 1.0 9.0 ns
RTT dynamic change skew tADC 0.3 0.7 0.28 0.72 tCK(avg)
Write Leveling Timing
Erst DQS'DQS rising edge after write leveling mode tWLMRD 40 B 40 B nOK 12
isprogrammed
DQS/ DQS delay after write leveling mode is tWLDQSEN 25 B 25 B nOK 12
programmed
Write leveling setup time from rising CK/CK
__ 1 - A -
crossing to rising DQS' DQS crossing tWLS 0-13 0-13 {Kavg)
Write leveling hold time from rising
DQSDQS crossing to rising OK/CK tWLH 0.13 - 0.13 - tCK(avg)
crossing
Write leveling output delay tWLO 0 9.5 0 9.5 ns
Write leveling output error tWLOE 0 2 0 2 ns
CA Parity Timing
Cl?mr‘nands not guaranteed to be executed during tPAR UNKNOWN _ L N L nOK
this time
Delay f ALERT
elay from errant command to tPAR ALERT ON - PLins - PLGns | N
assertion
Pulse width of ALERTsignal when asserted tPAR_ALERT_PW 72 144 80 160 nCK
Time from when Alert is asserted till controller
must start providing DES tPAR_ALERT_RSP - 64 - 71 nCK
commands in Persistent CA parity mode
Parity Latency PL nCK
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CRC Error Reporting
CRCerror to ALERT latency tCRC_ALERT 3 13 3 13 ns
CRCALERT pulse width CRC_ALERT_PW 10 6 10 nCK
Geardown timing - Not applicable
Exit RESET from CKEHIGH to a valid
MRSgeardown (T2/ Reset) XPR GRAR - PR - n&x
CKE High Assert to Gear Down Enable _
time(T2/CKE) tXS GEAR tXs - nCK
MRS command to Sync pulse time(T3) tSYNC_GEAR - - tMOD+4 - nCK 27
Sync pulse to Frst valid command(T4) tCMD_GEAR - tMOD - nCK 27
Geardown setup time tGEAR setup - - 2 - nCK
Geardown hold time tGEAR hold - - 2 - nCK
tREA

tRFC1 350 - 350 - ns 34
Refresh-to-Active, or
Refresh Command Period tRFC 260 - 260 — ns ad

tRFC4 160 - 160 - ns 34
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Timing Parameters by Speed Grade for DDR4-2933 and DDR4-3200

Speed DDR4-2933 DDR4-3200 .
- - Unit | Notes
Parameter Symbol Min [ Max Min |  Max
Qock Timing
Minimum Clock Cycle Time (DLL off mode) tOK (DLL_OFF) 8 20 8 20 ns
Average Glock Period tK(avg) 0.682 <0.75 0.625 <0.682 ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 tCK(avg)
. Min: tCK(avg)min+tJT(per)min_tot

Absolute Clock Period tCK(abs) Max: tOK(avg)max+ tdT(per)max tot tCK(avg)
Absolute clock HIGH pulse width tCH(abs) 0.45 - 0.45 - tCK(avg) 23
Absolute clock LOW pulse width tCl(abs) 0.45 - 0.45 - tCK(avg) 24
Clock Period Jtter- total JT(per)_tot -34 34 -32 32 ps 25
Clock Period Jtter- deterministic JT(per)_dj -17 17 -16 16 ps 26
Clock Period Jtter during DLL locking period tdT(per, Ick) -27 27 -25 25 ps
Cycle to Cycle Period Jtter tJdT(cc)_total - 68 - 62 ps 25
O/clfa to O/f:le Period Jitter during DLL tJT(cc, Iok) _ 55 B 50 bs
locking period
Cumulative error across 2 cycles tERR(2per) -50 50 -46 46 ps
Cumulative error across 3 cycles tERR(3per) -60 60 -55 55 ps
Cumulative error across 4 cycles tERR(4per) -66 66 -61 61 ps
Cumulative error across5 cycles tERR(5per) -71 71 -65 65 ps
Cumulative error across 6 cycles tERR(6per) -75 75 -69 69 ps
Cumulative error across 7 cycles tERR(7per) -79 79 -73 73 ps
Cumulative error across 8 cycles tERR(8per) -83 83 -76 76 ps
Cumulative error across 9 cycles tERR(9per) -85 85 -78 78 ps
Cumulative error across 10 cycles tERR(10per) -88 88 -80 80 ps
Cumulative error across 11 cycles tERR(11per) -90 90 -83 83 ps
Cumulative error across 12 cycles tERR(12per) -92 92 -84 84 ps
Cumulative error acrossn =13, 14.. . .49, t tERR(nper)min = ((1 + 0.68In(n)) * tJdT(per)_total min)
50 cycles ERR(nper) tERR(nper)max = (1 +0.68In(n)) * tdT(per)_total max) ps
Command and Address setup time to CK.CK
referenced to Vih(ac) / Vil(ac) levels tiSbase) 48 B 40 B ps
Command and Address setup time to CK.CK
referenced to Vref levels tIS(Vref) 138 - 130 - ps
Command and Address hold time to
OK.CKreferenced to Vih(de) / Vil(dc) levels tiH(base) & - & - ps

A hold ti K
Command and Address hold time to CKC tIH(Vref) 138 B 130 B bs
referenced to Vref levels
antrol and Address Input pulse width for each tIPW 365 B 340 B ps
input
Command and Address Timing
;:r/:i;o CAS command delay for same bank tooD L max (5nOK, 5ns) B max (5nOK, 5ns) B nOK 34
;/Zi‘t)o CAS command delay for different bank tooD_ S 4 B 4 B nOK 34
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Speed DDR4-2933 DDR4-3200 U N
: . nit otes
Parameter Symbol Min Max Min Max
ACTIVATE to ACTIVATE Command delay to different Max(4nCK, Max(4nCK,
RRD - - K 34
bank group for 2KB page size t _S2K) 5.3ns) 5.3ns) "
ACTIVATE to ACTIVATE Command delay to different Max(4nCK, Max(4nCK,
RRD - - K 34
bank group for 1KB page size ! _S(1K) 2.7ns) 2.5ns) "
ACTIVATE to ACTIVATE Command delay to different Max(4nCK, Max(4nCK,
RRD - - K 34
bank group for 1/2KB page size t _S(1/2K) 2.7ns) 2.5ns) "
ACTIVATE to ACTIVATE Command delay to Max(4nCK, Max(4nCK,
RRD - - K 34
same bank group for 2KB page size t _L(2K) 6.4ns) 6.4ns) "
ACTIVATE to ACTIVATE Command delay to Max(4nCK, Max(4nCK,
RRD - - K 34
same bank group for 1KB page size t _L(1K) 4.9ns) 4.9ns) "
ACTIVATE to ACTIVATE Command delay to same Max(4nCK, Max(4nCK,
RRD - - K 34
bank group for 1/2KB page size t _L(1/2K) 4.9ns) 4.9ns) "
Max(2 Max(2
Four activate window for 2KB page size tFAW_2K ax(28nCk. - ax(28nCx, - ns 34
- 30ns) 30ns)
Max(201 Max(20
Four activate window for 1KB page size tFAW_1K ax(20nx, - x(20nCx, - ns 34
21ns) 21ns)
. . . Max(16nCK, Max(16nCK,
for 1/2KB - - 4
Four activate window for 1/ page size tFAW_1/2K 10.875ns) 10ns) ns 3
Delay from start of internal write transaction to
2 2
internal read command for tWTR S max (2nCK - max (2nG, - nCK 1,2,34
. - 2.5ns) 2.5ns)
different bank group
Pelay from start of internal write transaction to tWTR L max(4nCK B max(4nCK, B nOK 134
internal read command for same bank group - 7.5ns) 7.5ns)
Internal READ Command to PRECHARGE Command tRTP max(4nCK B max(4nCK, B nCK 34
delay 7.5ns) 7.5ns)
WRITE recovery time tWR 15 - 15 - ns 1
tWRH+ tWRH
Write recovery time when CRCand DM are enabled tWR_CRC DM (5nO<,3r.T;:>r(15) - (5nCK,3r.T;g)r(ls) - ns 1,28
W S
) grouP 1 tWTR_S CRC DM 50K, - 5nCK, - ns | 22934
with both CRCand 3.75ns) 3.75ns)
DM enabled i )
delay from start of internal write transaction to tWTR_L+max( tWTR_L+max(
internal read command for same bank group with tWTR_L CRC DM 5nCK, - 5nCK, - ns 3,30,34
both CRCand DM enabled 3.75ns) 3.75ns)
DLL locking time tDLLK 1024 - 1024 - nCK
Mode Register Set command cycle time tMRD 8 - 8 - nCK
24 24
Mode Register Set command update delay tMOD max(24nCK, - max(24nCK, - nCK 50
15ns) 15ns)
Multi-Purpose Register Recovery Time tMPRR 1 - 1 - nCK 33
Multi Purpose Register Write Recovery tMOD (min) tMOD (min)
Time TWR MPR +AL+PL +AL+PL nex
Auto precharge write recovery + precharge . Programmed WR+ roundup Programmed WR+ roundup
time tDAL{min) (tRP/ tCK(avg)) (tRP/ tCK(avg)) nox 52
CS Command Address Latency
_ max(3nCK, max(3nCK,
A — —
CS Command Address Latency tCAL 3.748ns) 3.748n8) nCK
DRAM Data Timing
13,18,39,
DQS, DQS to DQ skew, per group, per access tDQQ - 0.19 - 0.20 tCK(avg)/2 49
) N 13,17,18,
DQ output hold time from DQS, DQS tQH 0.72 - 0.70 - tCK(avg)/2 39.49
Data Valid Window per device per Ul 17,18,39,
0.64 - 0.64 - ul
1 (tQH - tDQSQ) of each Ul on a given DRAM tDvwd 49
Data Valid Window per pin per Ul : (tQH 17,18,39,
0.72 - 0.72 - ul
-tDQSQ) each Ul on a pin of a given DRAM tDVWp 49
DQlow i ime f
G? ow impedance time from CK, tLZ(DQ) 280 165 250 160 0s 39
([:)‘C()mgh impedance time from CK, tHZ(DQ) B 165 _ 160 os 39
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Speed DDR4-2933 DDR4-3200 u .
- ; nit | Notes
Parameter Symbol Min Max Min Max
Data Strobe Timing
DQSD iffe ial READ Pr |
ASDAS differentia eamble tRPRE 09 Note 44 0.9 Note 44 to | 3740
(1 clock preamble)
DQSD iffe ial READ Pr |
ASDAS differentia eamble tRPRE2 18 Note 44 18 Notedd | toK | 39.41
(2 clock preamble)
DQSDQS differential READ Postamble tRPST 0.33 Note 45 0.33 Note 45 teK 39
DQSDQS differential output high time tQsH 0.4 - 0.4 - tCeK 21,39
DQSDQS differential output low time tQsL 0.4 - 0.4 - tCeK 20,39
DQSD i ial WRITE Pr |
QSDQS differential eamble (WPRE 09 _ 09 _ (K 4
(1 clock preamble)
DQSDQS differential WRITE Preamble {WPRE2 18 _ 18 _ (K 43
(2 clock preamble)
DQSDQS differential WRITE Postamble tWPST 0.33 - 0.33 - oK
DQSand DQS low-impedance time
-2 1 -2! 1
(Referenced from RL-1) 12009 80 & %0 60 ps 39
DQSand DQS high-impedance time
DQS - 1 - 1
(Referenced from RL+BL/2) tH & 60 ps 39
DQSDQS differential input low pulse width tDQSL 0.46 0.54 0.46 0.54 tCeK
DQSDQS differential input high pulse width tDQSH 0.46 0.54 0.46 0.54 teK
DASDAS rising edge to GK.CK rising edge tDQSS -0.27 0.27 -0.27 0.27 toK 42
(1 clock preamble)
DQSDQS risi CKrisi
ASDQS rising edge to G CKrising edge DS 05 05 05 05 toK 43
(2 clock preamble)
D_QSDQS falling edge setup time to GK,CK {DSS 018 _ 018 _ oK
rising edge
I:_)QSDQS falling edge hold time from CK.CK {DH 0.18 _ 0.18 _ (K
rising edge
DQSDAQS rising edge output timing location from rising 37,38,
— Di -1 1 -1 1
OKTR with DLL On mode tDQSCK (DLL On) 65 65 60 60 ps 39
. ) . 37,38,
DQSDQS rising edge output variance window per DRAM | tDQSCKI (DLL On) - 265 - 260 ps 39
MPSM Timing
Command path disable delay upon MPS\ {MPED tMOD(mln.) B tMOD(mln.) B nOK
entry +tCPDED(min) +tCPDED(min)
tMOD(mi tMOD(mi
Valid clock requirement after MPSM entry tCKMPE +tO=’DEI(3TrIr:]i)n) - +tO=’DEI(DTrIr:1i)n) - nCK
Valid clock requirement before MPSM exit tGKMPX tCKSRX(min) tCKSRX(min) nCK
Exit MPSM to commands not requiring a locked DLL tXMP tXS tXS nCK
Exit MPSM to commands requiring a locked tXMP(min) + tXMP(min) +
XMPDLL
DLL ! {XSDLL(min) {XSDLL(min) nx
. tIS(min)+ tIS(min)+
MPX - -
CSsetup time to CKE t (S tIH(min) tIH(min) ns
CSHigh hold time to CKE tMPX_HH tXP - tXP - ns
CSLow hold time to CKE tMPX_LH 12 tXMP-10ns 12 tXMP-10ns ns
Calibration Timing
Power-up and RESET calibration time tZQinit 1024 - 1024 - nCK
Normal operation Full calibration time tZQoper 512 - 512 - nCK
Normal operation Short calibration time tZQCS 128 - 128 - nCK
Reset/ Self Refresh Timing
Exit Reset from CKEHIGH to a valid XPR Max(5nCKtRF _ Max(5nCKtRF B nCK
command C(min)+10ns) C(min)+10ns)
Exit Self Refresh to commands not requiring a locked DLL| tXS tRFC(min)+ - tRFC(min)+ - ns
10ns 10ns
SRXto commands not requiring a locked . tRFCA(min)+ tRFCA(min)+
DLL in Self Refresh ABORT XS ABORT(min) 10ns 10ns ns
Exit Self Refresh to ZQCL,ZQCSand MRS ) tRFCA(min)+ tRFCA(min)+
tXS_FAST( - -
(CLOWLWRRTP and Gear Down) > FAST(min) 10ns 10ns ns
Exit Self Refresh to commands requiring a locked DLL tXSDLL tDLLK(min) - tDLLK(min) - nCK
Minimum C_KEIQW width for Self refresh {OKER tCKE(min)+ _ tCKE(min)+ _ noK
entry to exit timing 1nCK 1nCK
Minimum CKE low width for Self refresh tCKE(min)+ tCKE(min)+
tCKESR_PAR - - CK
entry to exit timing with CA Parity enabled — 1nCK+PL 1nCK+PL "
Valid Clock Requirement after Self Refresh {OKSRE max _ max B neK
Entry (SRE) or Power-Down Entry (PDE) (5nCK,10ns) (5nCK,10ns)
Valid Clock Requirement after Self Refresh max max
tOKSRE_PAR - - K
Entry (SRE) or Power-Down when CA Parity is enabled - (5nCK;10ns)+ PL (5nCK;10ns)+ PL "
Valid Gock Requirement before Self Refresh Exit (SRX) or {OKSRX max max nOK
Power-Down Exit (PDX) or Reset Exit (5nCK;10ns) (5nCK;10ns)
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Parameter Symbol Min Max Min Max
Power Down Timing
Exit Power Down with DLL on to any valid max max
command;Exit Precharge Power Down with DLL tXP - - nCK
4nCK.6! 4nCK,6
frozen to commands not requiring a locked DLL (4nCiBns) (4nCKBns)
max max
CKE mini | idth - - K 31,32
minimum pulse wi tOKE (3nCK5ns) (3nCK,5ns) " '
Command pass disable delay tCPDED 4 - 4 - nCK
Power Down Entry to Exit Timing tPD tOKE(min) 9xtREFI tCKE(min) 9xtREFI nCK 6
Timing of ACT command to tACTPDEN 2 _ 2 _ nOK 7
Power Down entry
Timing of PRE or PREA command to tPRPDEN - _ 2 _ nOK 7
Power Down entry
Timing of RD/ RDA dt
'ming o commandto tRDPDEN RL+4+1 - RL+4+1 - nCK
Power Down entry
Timing of WRcommand to Power Down entry WL+4+(tWR WL+4+(tWR
- - CK 4
(BLBOTF, BLBM RS, BCAOTF) tWRPDEN tCK(avg)) tCK(avg)) n
Timing of WRA command to Power Down entry
WL+4+WR+1 - WL+4+WR+1 -
(BLSOTF, BLBMRS, BGAOTR) tWRAPDEN * * nex °
Timing of WRcommand to WL+2+tWR WL+2+tWR
RPBC4 - - K 4
Power Down entry (BCAMRS) tw DEN tCK(avg)) tCK(avg)) "
Timing of WRA command to tWRAPBOADEN | WL+2+WR1 - WL24WR1 - nCK 5
Power Down entry (BCAMRS) et et
Timing of REF command to tREFPDEN 2 _ 2 _ nOK 7
Power Down entry
Timing of M
Iming of MRScommand to tMRSPDEN tMOD(min) - tMOD(min) - nCK
Power Down entry
PDA Timing
Mode Register Set command cycle time in max(16nCK, max(16nCK,
- - CK
PDA mode tMRD_FDA 10ns) 10ns) "
Mode.Heg|ster Set command update tMOD_PDA (MOD _ (MOD _ nOK
delay in PDA mode
ODT Timing
Asynchronous RTT turn-on delay
1.0 9.0 1.0 9.0
(Power- Down with DLL frozen) tAONAS ns
Asynchronous RTT turn-off delay
1.0 9.0 1.0 9.0
(Power- Down with DLL frozen) tAOFAS ns
RTT dynamic change skew tADC 0.26 0.7 0.26 0.74 tCK(avg)
Write Leveling Timing
ﬁrst DQS/DQS rising edge after write leveling mode tWLMRD 40 _ 40 _ nOK 12
isprogrammed
DQS' DQS delay after write leveling mode is tWLDQSEN 25 _ 25 _ nOK 12
programmed
Write leveling setup time from rising OK/CK
— 0.13 - 0.13 - t
crossing to rising DQS'DQS crossing tWLS Kavg)
Write leveling hold time from rising
DQS/DQS crossing to rising CK/CK tWLH 0.13 - 0.13 - tCK(avg)
crossing
Write leveling output delay tWLO 9.5 0 95 ns
Write leveling output error tWLOE 0 2 0 2 ns
CA Parity Timing
Cqmmands not guaranteed to be executed during tPAR_UNKNOWN _ ~ N ~ nOK
thistime
Delay from errant command to ALERT tPAR ALERT ON _ PL16ns _ PL16ns nOK
assertion
Pulse width of ALERT signal when asserted tPAR_ALERT_PW 88 176 96 192 nCK
Time from when Alert is asserted till controller
must start providing DES tPAR_ALERT_RSP - 78 - 85 nCK
commands in Persistent CA parity mode
Parity Latency PL 6 6 nCK
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Parameter |S/mbol Min Max Min Max LE R
CRCEror Reporting
CRCerror to ALERT latency tCRC_ALERT 3 13 3 13 ns
CRCALERT pulse width CRC_ALERT_PW 6 10 6 10 nCK
Geardown timing - Not applicable
S oty {XPR GEAR O@R - DR - noK
S:;—;—g?&s;ert to Gear Down Enable XS GEAR (XS B s B nOK
MRScommand to Sync pulse time(T3) tSYNC_GEAR tMOD+4nCK - tMOD+4nCK - nCK 27
9ync pulse to First valid command(T4) tCMD_GEAR tMOD - tMOD - nCK 27
Geardown setup time tGEAR setup 2 - 2 - nCK
Geardown hold time tGEAR hold 2 - 2 - nCK
tREF
. tRFC1 350 - 350 - ns 34
Refresh-to-Active, or
Refresh Command Period R 260 — 260 - ns 34
tRFC4 160 - 160 - ns 34

NOTE 1 Start of internal write transaction is defined as follows :
For BL8 (Fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL.
For BC4 (on-the-fly) : Rising clock edge 4 clock cycles after WL.
For BC4 (fixed by MRS) : Rising clock edge 2 clock cycles after WL.
NOTE 2 A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled
NOTE 3 Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.
NOTE 4 tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK using the appropriate rounding algorithm.

NOTE 5 WR in clock cycles as programmed in MRO.

NOTE 6 tREFI depends on TOPER.

NOTE 7 CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress, but powerdown

IDD spec will not be applied until finishing those operations.

NOTE 8 For these parameters, the DDR4 SDRAM device supports tnPARAM[nCK]=RU{tPARAM[ns]/tCK(avg)[ns]}, which is in clock cycles assuming
all input clock jitter specifications are satisfied

NOTE 9 When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.

NOTE 10 When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.

NOTE 11 When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.

NOTE 12 The max values are system dependent.

NOTE 13 DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER.
NOTE 14 The deterministic component of the total timing.

NOTE 15 DQ to DQ static offset relative to strobe per group.

NOTE 16 This parameter will be characterized and guaranteed by design.

NOTE 17 When the device is operated with the input clock jitter, this parameter needs to be derated by the actual tjit(per)_total of the input clock.

(output deratings are relative to the SDRAM input clock).
NOTE 18 DRAM DBI mode is off.
NOTE 19 DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.

NOTE 20 tQSL describes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the next
consecutive rising edge
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NOTE 21 tQSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the next
consecutive rising edge

NOTE 22 There is no maximum cycle time limit besides the need to satisfy the refresh interval tREFI

NOTE 23 tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge
NOTE 24 tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge
NOTE 25 Total jitter includes the sum of deterministic and random jitter terms for a specified BER.

NOTE 26 The deterministic jitter component out of the total jitter. This parameter is characterized and gauranteed by design.

NOTE 27 This parameter has to be even number of clocks

NOTE 28 When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.

NOTE 29 When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.

NOTE 30 When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.

NOTE 31 After CKE is registered LOW, CKE signal level shall be maintained below VILDC for tCKE specification ( Low pulse width ).
NOTE 32 After CKE is registered HIGH, CKE signal level shall be maintained above VIHDC for tCKE specification ( HIGH pulse width ).
NOTE 33 Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

NOTE 34 Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables.
NOTE 35 This parameter must keep consistency with corresponding Speed-Bin Table(s).

NOTE 36 DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate. Ul=tCK(avg).min/2

NOTE 37 applied when DRAM is in DLL ON mode.

NOTE 38 Assume no jitter on input clock signals to the DRAM

NOTE 39 Value is only valid for RONNOM = 34 ohms

NOTE 40 1tCK toggle mode with setting MR4:A11 to O

NOTE 41 2tCK toggle mode with setting MR4:A11 to 1, which is valid for DDR4-2400/2666/3200 speed grade.

NOTE 42 1tCK mode with setting MR4:A12 to 0

NOTE 43 2tCK mode with setting MR4:A12 to 1, which is valid for DDR4-2400/2666/3200 speed grade.

NOTE 44 The maximum read preamble is bounded by tLZ(DQS)min on the left side and tDQSCK(max) on the right side. See figure titled “Clock to Data
Strobe Relationship”. Boundary of DQS Low-Z occur one cycle earlier in 2tCK toggle mode which is illustrated in diagram “Read Preamble”.

NOTE 45 DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS diff-signal cross-point
NOTE 46 last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferring from Low to High
NOTE 47 VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to capture DQO or DQLO low level for entering PDA mode.

NOTE 48 The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZ(DQS)max on the right side. See Figure 84
on page 95

NOTE 49 Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be approximately 0.7 *
VDDAQ as a center level of the static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and an effective test load of
50 ohms to VTT = VDDQ

NOTE 50 For MR7 commands, the minimum delay to a subsequent non-MRS command is 5nCK.

NOTE 51 Optional' settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature. tRFC2 and tRFC4
needs

to be set corresponding to each setting’s value (default / optional-1 / optional-2) accordingly. Refer to supplier's data sheet and/or the DIMM
SPD information if and how this setting is supported.

NOTE 52 DALmin is required such that the appropriate rounding algorithm was applied.
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The DQ input receiver compliance mask for voltage and timing

The DQ input receiver compliance mask for voltage and timing is shown in the figure below. The receiver mask (Rx Mask) defines
area the input signal must not encroach in order for the DRAM input receiver to be expected to be able to successfully capture a valid
input signal with BER of 1e-16; any input signal encroaching within the Rx Mask is subject to being invalid data. The Rx Mask is the
receiver property for each DQ input pin and it is not the valid data-eye.

TdIVW

|t

PN

// Rx Msk |
\Y/

- ‘\' oo o - E@_.Dﬂmmm
vdivw Y/
e
DQ Receiver(Rx) compliance mask
DQx

Vref variation
(Component)

Vcent_DQ Variation to Vcent_DQ(midpoint)

The Vref_DQ voltage is an internal reference voltage level that shall be set to the properly trained setting, which is generally
Vcent_DQ(midpoint), in order to have valid Rx Mask values.

Vcent_DQ(midpoint) is defined as the midpoint between the largest Vref_DQ voltage level and the smallest Vref_DQ voltage level
across all DQ pins for a given DDR4 DRAM component. Each DQ pin Vref level is defined by the center, i.e., widest opening, of the
cumulative data input eye as depicted in the figure above. This clarifies that any DDR4 DRAM component level variation must be
accounted for within the DDR4 DRAM Rx mask.The component level Vref will be set by the system to account for Ron and ODT
settings.
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DQS. DQs Data-in at DRAM Ball DQS, DQs Data-in at DRAM Ball
Rx Mask Rx Mask - Alternative View

DAS_t - — — — |

DQS_c
0.5xTdiVW 0.5xTdiVW O.5deiVW: 0.5xTdiVW
\AAANANT ] ' \AA /\/\/\//“
B ! s
DRAMZ Rx Mask I-% DRAMZ Rx Mask 3
DQx-z ~ 1 DQx-z ! y=
INVVVVVVA A ' NVVVYYAA
Tdivw TdiVW = >
tpasepq + 0.5 x TdiVW
bas200 |«—» - -
; \WAVAVAVAVAVAVAVAV.VAV Y . \AAAANANANANT ] \
DRAMb Rx Mask I§ DRAMb Rx Mask =
DQy ! 2 DQy <+—TdiVW—s] =
JAVAVAVAVAVAVAVATA'ATAWY ' NVVVVVVYVAA
tba2pQ le—>- - <— fpa2pa
\AANAANANT ] ; \AAN /\/\/\//“
DRAMb Rx Mask S DRAMb Rx Mask =
DQz ' = DQz <~—TdivW— VS
' INVVVYVVA N ' /VVVVVVVA N
toaepe ™™ -~
toasepq + 0.5 x TdiVW
<——| tbaszna
, AN . \AALT A
DRAMc Rx Mask S DRAMc Rx Mask g
DQz . 2 DQz —TdilVW—> v3
' [VVAA ' JATATANY
<—J tbaz2pa tba2pQ —»| -
\AANAANT ] . \A /\/\/\//“
DRAMc Rx Mask I§ DRAMc Rx Mask =
DQy : S DQy —TdiVW— VS
' JAVAVATATAAW ' JAVAVWATATAN
tb2pQ —- le—
NOTE 1 DQx represents an optimally centered mask. NOTE : DRAMa represents a DRAM without any DQS/DQ skews.
DQy represents earliest valid mask. DRAMb represents a DRAM with early skews (negative tpqsapq)-
DQz represents latest valid mask. DRAMc represents a DRAM with delayed skews (positive tpqgopq)-

NOTE 2 Figures show skew allowed between DRAM to DRAM and DQ to DQ for a DRAM. Signals assume data centered aligned at DRAM Latch.
TdiPW is not shown; composite data-eyes shown would violate TdiPW.
VCENT DQ (midpoint) is not shown but is assumed to be midpoint of VdiVW.

DQS to DQ and DQ to DQ Timings at DRAM Balls

All of the timing terms in the figures above are measured at the VdIVW voltage levels centered around Vcent_DQ( midpoint) and are
referenced to the DQS_t/DQS_c center aligned to the DQ per pin.
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DQ TdIPW and SRIN_dIVW definitions.

The rising edge slew rates are defined by srr1 and srr2. The slew rate measurement points for a rising edge are shown in the figure

below: A low to high transition tr1 is measured from 0.5*VdiVW(max) below Vcent_DQ(midpoint) to the last transition through
0.5*VdiVW(max) above Vcent_DQ(midpoint) while tr2 is measured from the last transition through 0.5*VdiVW(max) above
Vcent_DQ(midpoint) to the first transition through the 0.5*VIHL_AC(min) above Vcent_DQ(midpoint).

Rising edge slew rate equations:
srr1 = VdIVW(max) / tr1
srr2 = (VIHL_AC(min) — VdIVW(max)) / (2*tr2)

(min)

VHL_AC

(min) 0.5*VHL_AC(min

0.5*VHL_AC

&
Fm = ==

)
0.5*VdiVW(max)

\/
- Vcent_DQ(midpoint)

0.5*VdiVW(max)

y

VdiVW(max)

The falling edge slew rates are defined by srf1 and srf2. The slew rate measurement points for a falling edge are shown in the figure
below: A high to low transition tf1 is measured from 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the last transition through
0.5*VdiVW(max) below Vcent_DQ(midpoint) while tf2 is measured from the last transition through 0.5*VdiVW(max) below
Vcent_DQ(midpoint) to the first transition through the 0.5*VIHL_AC(min) below Vcent_DQ(pin mid).

Falling edge slew rate equations:
srf1 = VdIVW(max) / tf1
srf2 = (VIHL_AC(min) — VdIVW(max)) / (2*tf2)

Slew Rate Conditions For Rising Transition

A

0.5*VdiVW(max)

0.5*"VdiVW(max)

\ i

/
. Vcent_DQ(midpoint)

VdiVW(max)

4 £
§, tr1
o - -
<tl
£ ;‘
El &
O Sy ‘,_
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S| 9 e
_ll
I
2
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Slew Rate Conditions For Falling Transition
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DQ Input Receiver Specifications

DDR4-1600/1866/2133 DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200
Symbol Parameter Min. Max. Min. | Max. | Min. | Max. | Min. | Max. Min. | max | UMt | NOTE
vdivw Rx Mask voltage - p - p ) 136 - 130 | - 120 - 115 - 110 | mv | 1210
TdIVW Rx timing window - 0.2 ; 02 | - 0.22 . 0.23 ; 023 | ul | 1210
VIHL_AC DQ AC input swing pk-pk 186 - 160 - 150 - 145 - 140 - mV 6,10
TdIPW DQ input pulse width 0.58 - 0.58 - 0.58 - 0.58 - 0.58 - ul 5,10
{DOS2DQS  |DQS-to-DQ Rx Mask Offset 017 0.17 017 | 017 | -019| o019 | 022 | o022 | 022 | o022 ul | e1o0
{DQ2DQ  |DQ-10-DQ Rx Mask Offset - 0.100 - 0100 | - | 0105 - 0.115 - 0125 | Ul 7
o '&‘5&‘};'%52‘; e 1 9 1 9 1 9 1 9 1 9 Vins | 8,10
e s - - 1.25 9 1.25 9 1.25 9 1.25 9 Vs | 810

NOTE 1 Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ( midpoint) after VrefDQ training is
completed. The data Rx mask is applied per bit and should include voltage and temperature drift terms. The input buffer design specifica-
tion is to achieve at least a BER = e-16 when the RxMask is not violated. The BER will be characterized and extrapolated if necessary using
a dual dirac method from a higher BER(tbd).

NOTE 2 Defined over the DQ internal Vref range 1.

NOTE 3 Refer to Overshoot and Undershoot Specifications.

NOTE 4 DQ input pulse signal swing into the receiver must meet or exceed VIHL AC(min). VIHL_AC(min) is to be achieved on an Ul basis when a
rising and falling edge occur in the same Ul, i.e., a valid TdiPW.

NOTE 5 DQ minimum input pulse width defined at the Vcent_DQ( midpoint).

NOTE 6 DQS to DQ offset is skew between DQS and DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls over process, voltage, and
temperature.

NOTE 7 DQ to DQ offset is skew between DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls for a given component over process,
voltage, and temperature.

NOTE 8 Input slew rate over VdIVW Mask centered at Vcent_DQ( midpoint). Slowest DQ slew rate to fastest DQ slew rate per transition edge must
be within 1.7 V/ns of each other.

NOTE 9 Input slew rate between VdIVW Mask edge and VIHL_AC(min) points.

NOTE 10 All Rx Mask specifications must be satisfied for each Ul. For example, if the minimum input pulse width is violated when satisfying
TdiVW(min), VdiVW(max), and minimum slew rate limits, then either TdiVW(min) or minimum slew rates would have to be increased to
the point where the minimum input pulse width would no longer be violated.
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Function Matrix By Organization

(V:Supported, Blank:Not supported)

Functions

Write Leveling

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

Multi Purpose Register

Data Mask

Data Bus Inversion for WRITEs (Write DBI)

< I <K I K| <K<K |<

<<<<<<<§
»

Data Bus Inversion for READs (Read DBI)

TDQS

ZQ calibration

DQ Vref Training

Per DRAM Addressability

Mode Register Readout

CAL

WRITECRC

CA Parity

Control Gear Down Mode

Programmable Preamble

Maximum Power Down Mode

Boundary Scan Mode

Additive Latency

< I K K| IK<I< K <K<K K<|IK< <[ <

I <K I <K<K <K IK< K< LK ||
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Function Matrix By Speed (V:Supported, Blank:Not supported)
DLL Off mode DLL On mode

Functions equal or slower than DDR4-1600/ DDR4-2666/
DDR4-2400
250Mbps Data Rate 1866/2133 2933/3200

Write Leveling \ \ \
Temperature controlled Refresh
Low Power Auto Self Refresh
Fine Granularity Refresh

Multi Purpose Register

Data Mask

Data Bus Inversion (Write only)
TDQS

ZQ calibration

DQ Vref Training \Y
Per DRAM Addressability
Mode Register Readout \
CAL

WRITECRC

CA Parity

Control Gear Down Mode
Programmable Preamble ( = 2tCK)
Maximum Power Down Mode \'
Boundary Scan Mode \Y \ \

< <|I<I<|I<|<

<
< <I<I<I<I<I<I<|I<|I<|I<I<I<|I<
I <I<I<I<I<I<I<I<|I<|I<I<|I<I<I<

<

<

< <I<I<I<I<I<I<I<I<I<I<|I<I<|I<|I<I<|I<
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Ordering Information:

1Gx8 - Commercial Range: (Tc : 0°C to +95°C)

Data Rate CL-tRCD-tRP Order Part No. Package

2400 17-17-17 IS43QR81024A-083TBL 78-ball FBGA, Lead-free
2666 19-19-19 IS43QR81024A-075VBL 78-ball FBGA, Lead-free
1Gx8 - Industrial Range: (Tc : -40°C to +95°C)

Data Rate CL-tRCD-tRP Order Part No. Package

2400 17-17-17 IS43QR81024A-083TBLI 78-ball FBGA, Lead-free
2666 19-19-19 IS43QR81024A-075VBLI 78-ball FBGA, Lead-free
1Gx8 - Automotive A1 Range: (Tc : -40°C to +95°C)

Data Rate CL-tRCD-tRP Order Part No. Package

2400 17-17-17 IS46QR81024A-083TBLA1 78-ball FBGA, Lead-free
2666 19-19-19 IS46QR81024A-075VBLA1 78-ball FBGA, Lead-free
1Gx8 - Automotive A2 Range: (Tc : -40°C to +105°C)

Data Rate CL-tRCD-tRP Order Part No. Package

2400 17-17-17 IS46QR81024A-083TBLA2 78-ball FBGA, Lead-free
2666 19-19-19 IS46QR81024A-075VBLA2 78-ball FBGA, Lead-free
1Gx8 - Automotive A3 Range: (Tc : -40°C to +125°C)

Data Rate CL-tRCD-tRP Order Part No. Package

2400 17-17-17 IS46QR81024A-083TBLA3 78-ball FBGA, Lead-free

Note: Please contact ISSI for availability of x8 option.
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Ordering Information:

512Mx16 - Commercial Range: (Tc : 0°C to +95°C)

Data Rate CL-tRCD-tRP Order Part No. Package
2400 17-17-17 IS43QR16512A-083TBL 96-ball FBGA, Lead-free
2666 19-19-19 IS43QR16512A-075VBL 96-ball FBGA, Lead-free

512Mx16 - Industrial Range: (Tc : -40°C to +95°C)

Data Rate CL-tRCD-tRP Order Part No. Package
2400 17-17-17 IS43QR16512A-083TBLI 96-ball FBGA, Lead-free
2666 19-19-19 IS43QR16512A-075VBLI 96-ball FBGA, Lead-free

512Mx16 - Automotive A1 Range: (Tc : -40°C to +95°C)

Data Rate CL-tRCD-tRP Order Part No. Package
2400 17-17-17 IS46QR16512A-083TBLAT 96-ball FBGA, Lead-free
2666 19-19-19 IS46QR16512A-075VBLA1 96-ball FBGA, Lead-free

512Mx16 - Automotive A2 Range: (Tc : -40°C to +105°C)

Data Rate CL-tRCD-tRP Order Part No. Package
2400 17-17-17 IS46QR16512A-083TBLA2 96-ball FBGA, Lead-free
2666 19-19-19 IS46QR16512A-075VBLA2 96-ball FBGA, Lead-free

512Mx16 - Automotive A3 Range: (Tc : -40°C to +125°C)

Data Rate

CL-tRCD-tRP

Order Part No.

Package

2400

17-17-17

IS46QR16512A-083TBLA3

96-ball FBGA, Lead-free
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