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1 Scope

This document defines the DDR4 SDRAM specification, including features, functionalities, AC and DC characteristics, packages, and
ball/signal assignments. The purpose of this Standard is to define the minimum set of requirements for JEDEC compliant 2 Gb
through 16 Gb for x4, x8, and x16 DDR4 SDRAM devices. This standard was created based on the DDR3 standardn (JESD79-3) and
some aspects of the DDR and DDR2 standards (JESD79, JESD79-2).

Each aspect of the changes for DDR4 SDRAM operation were considered and approved by committee ballot(s). The accumulation of
these ballots were then incorporated to prepare this JESD79-4 specifications, replacing whole sections and incorporating the
changes into Functional Description and Operation.
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2 DDR4 SDRAM Package Pinout and Addressing

2.1 DDR4 SDRAM Row for X4, X8 and X16

The DDR4 SDRAM x4/x8 component will have 13 electrical rows of balls. Electrical is defined as rows that contain signal ball or
power/ground balls. There may be additional rows of inactive balls for mechanical support.

The DDR4 SDRAM x16 component will have 16 electrical rows of balls. There may be additional rows of inactive balls for mechanical
support.

2.2 DDR4 SDRAM Ball Pitch
The DDR4 SDRAM component will use a ball pitch of 0.8 mm by 0.8 mm.
The number of depopulated columns is 3.

2.3 .DDR4 SDRAM Columns for X4,X8 and X16

The DDR4 SDRAM x4/x8 and x16 component will have 6 electrical columns of balls in 2 sets of 3 columns.

There will be coulmns between the electrical columns where there are no balls populated. The number of these columns is 3.
Electrical is defined as columns that contain signal ball or power/ground balls. There may be additional columns of inactive balls for
mechanical support.

2.4  DDR4 SDRAM X4/8 Ballout using MO-207

L+ | 2 | 3 Jaf[s][s] 7 | 8 | 9
DM_n, DBI_n
A VDD VSSQ TDQS c3 TDQS_t2, VSSQ VSS A
(NC)*

B VPP VDDQ DQS_c DQ1 VDDQ ZQ B
c VDDQ DQO DQS_t VDD VSS VDDQ ©
DQ4 DQ5
D VSSQ e DQ2 DQ3 e VSSQ D
DQ6 DQ7
E VSS VDDQ e S VDDQ VSS E

5
F VDD (C2)° oDT CK_t CK_c VDD F
oDT1
co)® (c1)’ TEN
G VSS ( CKE cs n G
CKE1® - (CS1_n)® (No)Y!
WE_n CAS n RAS n
H VDD e ACT _n N N VSS H
A10 AL2
J VREFCA BGO e BCn BG1 VDD J
K VSS BAO A4 A3 BAL VSS K
L RESET n A6 AO Al A5 ALERT n L
M VDD A8 A2 A9 A7 VPP M
AL7
N VSS A1l PAR =" Al13 VDD N

NOTE 1 These pins are not connected for the X4 configuration.

NOTE 2 TDQS_t is not valid for the x4 configuration.

NOTE 3 TDQS_c is not valid for the x4 configuration.

NOTE 4 A17 is only defined for the x4 configuration.

NOTE 5 These pins are for stacked component such as 3DS. For mono package, these pins are NC.
NOTE 6 ODT1/CKE1/CS1_n are used together only for DDP.

NOTE 7 TEN is optional for 8Gb and above. This pin is not connected if TEN is not supported.

Figure 1 — DDR4 Ball Assignments for the x4/8 component
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MO-207 Variation DT-z (x4)

123456789
AQOOO+++000
BOOO+++000
CO0O0+++000
POOO+++000
EQOOO+++000
FOOO+++000
GO0O0+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000
MOOO +++000
NOOO+++000

O Populated ball

-+ Ball not populated

DDR4 SDRAM X16 Ballout using MO-207
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Figure 2 — DDR4 Ball Assignments for the x16 component
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Symbol

Type

Function

CK_t, CK_c

Input

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

CKE, (CKE1)

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_t,CK_c, ODT and CKE
are disabled during power-down. Input buffers, excluding CKE, are disabled during Self-
Refresh.

CS_n, (CS1_n)

Input

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

Co0,C1,C2

Input

Chip ID : Chip ID is only used for 3DS for 2,4,8high stack via TSV to select each slice of
stacked component. Chip ID is considered part of the command code

ODT, (ODT1)

Input

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance
internal to the DDR4 SDRAM. When enabled, ODT is only applied to each DQ, DQS_t,
DQS_c and DM_n/DBI_n/TDQS_t, NU/TDQS_c (When TDQS is enabled via Mode
Register A11=1 in MR1) signal for x8 configurations. For x16 configuration ODT is
applied to each DQ, DQSU_t, DQSU_c, DQSL_t, DQSL_c, DMU_n, and DML_n signal.
The ODT pin will be ignored if MR1 is programmed to disable RTT_NOM.

ACT_n

Input

Activation Command Input : ACT_n defines the Activation command being entered along
with CS_n. The input into RAS_n/A16, CAS_n/A15 and WE_n/A14 will be considered as
Row Address A16, A15 and A14

RAS_n/A16. CAS_n/
A15. WE_n/A14

Input

Command Inputs: RAS_n/A16, CAS_n/A15 and WE_n/A14 (along with CS_n) define the
command being entered. Those pins have multi function. For example, for activation
with ACT_n Low, those are Addressing like A16,A15 and A14 but for non-activation
command with ACT_n High, those are Command pins for Read, Write and other
command defined in command truth table

DM_n/DBI_n/

TDQS_t, (DMU_n/

DBIU_n), (DML_n/
DBIL_n)

Input/Output

Input Data Mask and Data Bus Inversion: DM_n is an input mask signal for write data.
Input data is masked when DM_n is sampled LOW coincident with that input data during
a Write access. DM_n is sampled on both edges of DQS. DM is muxed with DBI function
by Mode Register A10,A11,A12 setting in MR5. For x8 device, the function of DM or
TDQS is enabled by Mode Register A11 setting in MR1. DBI_n is an input/output
identifing whether to store/output the true or inverted data. If DBI_n is LOW, the data will
be stored/output after inversion inside the DDR4 SDRAM and not inverted if DBI_n is
HIGH. TDQS is only supported in X8

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. X4/8 have BG0 and BG1 but X16 has only BGO

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 - A17

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. (A10/AP, A12/BC_n, RAS_n/A16, CAS_n/A15 and WE_n/A14 have
additional functions, see other rows.The address inputs also provide the op-code during
Mode Register Set commands.A17 is only defined for the x4 configuration.

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_n

Input

Burst Chop: A12 / BC_n 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_n

Input

Active Low Asynchronous Reset: Reset is active when RESET_n is LOW, and inactive
when RESET_nis HIGH. RESET_n must be HIGH during normal operation. RESET_nis
a CMOS rail to rail signal with DC high and low at 80% and 20% of Vpp,
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Symbol

Type

Function

DQ

Input / Output

Data Input/ Output: Bi-directional data bus. If CRC is enabled via Mode register then
CRC code is added at the end of Data Burst. Any DQ from DQO~DQ3 may indicate the
internal Vref level during test via Mode Register Setting MR4 A4=High. Refer to vendor
specific datasheets to determine which DQ is used.

DQS_t, DQS _c,
DQSU_t, DQSU_c,
DQSL_t, DQSL ¢

Input / Output

Data Strobe: output with read data, input with write data. Edge-aligned with read data,
centered in write data. For the x16, DQSL corresponds to the data on DQL0-DQL7;
DQSU corresponds to the data on DQUO-DQUY7. The data strobe DQS_t, DQSL_t and
DQSU_t are paired with differential signals DQS_c, DQSL_c, and DQSU_c, 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 _t, TDQS_c

Output

Termination Data Strobe: TDQS_t/TDQS_c is applicable for x8 DRAMs only. When
enabled via Mode Register A11 = 1 in MR1, the DRAM will enable the same termination
resistance function on TDQS_t/TDQS_c that is applied to DQS_t/DQS_c. When disabled
via mode register A11 = 0 in MR1, DM/DBI/TDQS will provide the data mask function or
Data Bus Inversion depending on MR5; A11,12,10and TDQS_c is not used. x4/x16
DRAMs must disable the TDQS function via mode register A11 = 0 in MR1.

PAR

Input

Command and Address Parity Input : DDR4 Supports Even Parity check in DRAMs with
MR setting. Once it's enabled via Register in MR5, then DRAM calculates Parity with
ACT_n,RAS_n/A16,CAS_n/A15WE_n/A14,BG0-BG1,BA0-BA1,A17-A0. Input parity
should maintain at the rising edge of the clock and at the same time with command &
address with CS_n LOW

ALERT n

Input/Output

Alert : It has multi functions such as CRC error flag , Command and Address Parity error
flag as Output signa . If there is error in CRC, then Alert_n goes LOW for the period time
interval and goes back HIGH. If there is error in Command Address Parity Check, then
Alert_n 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_n Pin must be bounded to VDD on board.

TEN

Input

Connectivity Test Mode Enable : Required on X16 devices and optional input on x4/x8
with densities equal to or greater than 8Gb.HIGH in this pin will enable Connectivity Test
Mode operation along with other pins. It is 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 may
be DRAM 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: 1.2V +/- 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

termination.

NOTE Input only pins (BG0-BG1,BA0-BA1, A0-A17, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, CS_n, CKE, ODT, and RESET_n) do not supply
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2.7 DDR4 SDRAM Addressing
2 Gb Addressing Table
Configuration 512 Mb x4 256 Mb x8 128 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AO0~A14 AO0~A13 AO0~A13
Column Address AO0~A9 AO0~A9 AO0~A9
Page size 512B 1KB 2KB
4 Gb Addressing Table
Configuration 1Gb x4 512 Mb x8 256 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BG0~BG1 BG0~BG1 BGO
Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AO0~A15 AO0~A14 AO0~A14
Column Address AO0~A9 AO0~A9 AO0~A9
Page size 512B 1KB 2KB
8 Gb Addressing Table
Configuration 2 Gb x4 1 Gb x8 512 Mb x16
# of Bank Groups 4 4 2
Bank Address BG Address BG0~BG1 BG0~BG1 BGO
Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AO0~A16 AO0~A15 AO0~A15
Column Address AO0~A9 AO0~A9 AO0~A9
Page size 512B 1KB 2KB
16 Gb Addressing Table
Configuration 4 Gb x4 2 Gb x8 1 Gb x16
# of Bank Groups 4 4 2
Bank Address BG Address BGO~BG1 BGO~BG1 BGO
Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
Row Address AO0~A17 AO0~A16 AO0~A16
Column Address AO0~A9 AO0~A9 AO0~A9
Page size 512B 1KB 2KB
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3 Functional Description

3.1  Simplified State Diagram

IVREFDQ,
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- ging == = = = = P Automatic Sequence
——» Command Sequence
Abbreviation Function Abbreviation Function Abbreviation Function
ACT Activate Read RD,RDS4, RDS8 PDE Enter Power-down
PRE Precharge Read A RDA, RDAS4, RDAS8 PDX Exit Power-down
PREA PRECHARGE All Write WR, WRS4, WRS8 with/without CRC SRE Self-Refresh entry
MRS Mode Register Set Write A WRA,WRAS4, WRASS8 with/without CRC |SRX Self-Refresh exit
REF Refresh, Fine granular-| peser | start RESET procedure MPR Multi Purpose Register
ity Refresh
TEN Boundary Scan Mode

Enable

NOTE This simplified State Diagram is intended to provide an overview of the possible state transitions and the commands to control them. In particular,
situations involving more than on bank, the enabling or disabling of on-die termination, and some other events are not captured in full detail.
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3.2 Basic Functionality

The DDR4 SDRAM is a high-speed dynamic random-access memory internally configured as sixteen-banks, 4 bank group with 4
banks for each bank group for x4/x8 and eight-banks, 2 bank group with 4 banks for each bankgroup for x16 DRAM.

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 1/0O 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 registration 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 (BG0-BG1 in x4/8 and BGO in x16 select the bankgroup; BAO-BA1 select the bank; A0-A17 select
the row; refer to “DDR4 SDRAM Addressing” on Section 2.7 for specific requirements). The address bits registered coincident with
the Read or Write command are used to select the starting column location for the burst operation, determine if the auto precharge
command is to be issued (via A10), 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, command descriptions,
and device operation.

3.3  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 need to be defined.

Gear down mode (MR3 A[3]) : 0 = 1/2 Rate

Per DRAM Addressability (MR3 A[4]) : 0 = Disable

Max Power Saving Mode (MR4 A[1]) : 0 = Disable

CS to Command/Address Latency (MR4 A[8:6]) : 000 = Disable

CA Parity Latency Mode (MR5 A[2:0]) : 000 = Disable

3.3.1 Power-up Initialization Sequence

The following sequence is required for POWER UP and Initialization and is shown in Figure 3.

1. Apply power (RESET_n is recommended to be maintained below 0.2 x VDD; all other inputs may be undefined). RESET_n needs
to be maintained for minimum 200us with stable power. CKE is pulled “ Low” anytime before RESET_n being de-asserted (min.
time 10ns) . The power voltage ramp time between 300mV to Vpp min must be no greater than 200ms; and during the ramp, Vpp
= Vppq and (Vpp-Vppq) < 0.3volts. VPP must ramp at the same time or earlier than VDD and VPP must be equal to or higher
than VDD at all times.

* Vpp and Vppq are driven from a single power converter output, AND
» The voltage levels on all pins other than Vpp,Vppa,Vss,Vssq must be less than or equal to Vppq and Vpp on one side and

must be larger than or equal to Vggq and Vgg on the other side. In addition, V7 is limited to TBDV max once power ramp is
finished, AND

* VrefCA tracks TBD.

or

* Apply Vpp without any slope reversal before or at the same time as Vppq

* Apply Vppq without any slope reversal before or at the same time as V11 & VrefCA.

» Apply VPP without any slope reversal before or at the same time as VDD.

+ The voltage levels on all pins other than Vpp,Vppq,Vss,Vssq must be less than or equal to Vppg and Vpp on one side and
must be larger than or equal to Vggq and Vgg on the other side.

2. After RESET_n is de-asserted, wait for another 500us until CKE becomes active. During this time, the DRAM will start internal
initialization; this will be done independently of external clocks.

3. Clocks (CK_t,CK_c) need to be started and stabilized for at least 10ns or 5tCK (which is larger) before CKE goes active. Since
CKE is a synchronous signal, the corresponding setup time to clock (tIS) must be met. Also a Deselect command must be
registered (with tIS set up time to clock) at clock edge Td. Once the CKE 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 keeps its on-die termination in high-impedance state as long as RESET_n is asserted. Further, the SDRAM
keeps its on-die termination in high impedance state after RESET_n deassertion until CKE is registered HIGH. The ODT input
signal may be in undefined state until tIS before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal
may be statically held at either LOW or HIGH. If RTT_NOM is to 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. After CKE is being registered high, wait minimum of Reset CKE Exit time, tXPR, before issuing the first MRS command to load
mode register. (tXPR=Max(tXS, 5nCK)]

6. Issue MRS Command to to load MR3 with all application settings( To issue MRS command to MR3, provide “ Low” to BGO, “High”
to BA1, BAQ)

7. Issue MRS command to load MR6 with all application settings (To issue MRS command to MR6, provide “Low” to BAO, “High” to
BGO, BA1)

8. Issue MRS command to load MR5 with all application settings (To issue MRS command to MR5, provide “Low” to BA1, “High” to
BGO, BAO)

9. Issue MRS command to load MR4 with all application settings (To issue MRS command to MR4, provide “Low” to BA1, BAO, “High”
to BGO)

10. Issue MRS command to load MR2 with all application settings (To issue MRS command to MR2, provide “Low” to BGO, BAO,
“High” to BA1)

11. Issue MRS command to load MR1 with all application settings (To issue MRS command to MR1, provide “Low” to BGO, BA1,
“High” to BAO)

12. Issue MRS command to load MRO with all application settings (To issue MRS command to MRO, provide “Low” to BGO, BA1,
BAO)

13. Issue ZQCL command to starting ZQ calibration

14. Wait for both tDLLK and tZQ init completed

15. The DDR4 SDRAM is now ready for read/Write training (include Vref training and Write leveling).

Ta . Tb Tc . Td . Te . Tf . Tg . Th . Ti . Tj . Tk
(C (@ (@ (@ « C (@ (@
e 55 ) ) ) ) ) ) ) )
oo ) T ) ) ) T
. - “7100 ns | 500|us
! (@ C (@ (@ ( (@ (@ (@
RESETn — (¢ / )) ) ) )) ) )) ) )
))
] 4—>| 10ns |<" tis (
~ B SARTAATTARC T AT TAR AT A vcle
txpr™ twrD tmrD tmrD tmop ‘zainit
|.’ tis toLik
oo I I EIDEID D@
BALR0] X \ 10X e MRx MRx wrx X S 1 Xvao
oDT | %% | | S % Static ng in case R'I'ILN?‘m is eanbled at tir’n’e Tg, otherwise s]t]alic HIGH or LOW” ‘ g Em
oA 5 5 5 §5 % ) % 5 5 ‘

gg TIME BREAK D DON'T CARE

NOTE 1 From time point ‘Td’ until ‘Tk’, DES commands must be applied between MRS and ZQCL commands.
NOTE 2 MRS Commands must be issued to all Mode Registers that have defined settings.

Figure 3— RESET_n and Initialization Sequence at Power-on Ramping
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3.3.2 Reset Initialization with Stable Power

The following sequence is required for RESET at no power interruption initialization as shown in Figure 4.

1. Asserted RESET_n below 0.2 * Vpp anytime when reset is needed (all other inputs may be undefined). RESET_n needs to be
maintained for minimum tPW_RESET. CKE is pulled "LOW" before RESET_n being de-asserted (min. time 10 ns).

2. Follow steps 2 to 10 in “Power-up Initialization Sequence” on page 13.

3. The Reset sequence is now completed, DDR4 SDRAM is ready for Read/Write training (include Vref training and Write leveling)

Ta . Tb Tc . Td . Te . Tf . Tg . Th . Ti . Tj . Tk
vep « (« « (« (@ ( (« « («
) ) ) ) ) ) ) ) )
VooN'osa (@ (« (@ (« (« (@ (« (@ («
) ) ) ) ) ) ) ) )

500{us

(@ (@ (@ (@ (@ (@ (@ (@
) )) )) )) )) )) ))

—
=

RESET_n — «

] g <—frome e ¢ « « « « «

§ | S S| Y ] ke

txpr tvrD tmrD tmrD tmop tzain

CKE

|0
oo ELS PERY CDU T TN TN 6 ED 6D @
e T j

o |

oDT S% %S_X gg Static LOV)/‘in case RTT_Non/1‘is eanbled at lim?,Tg. otherwise slzlat‘ic HIGH or LOW‘ , g M
| | | | | | | | |
e fF—F— 35—

gg TIME BREAK I:I DON'T CARE

NOTE 1 From time point ‘“Td’ until ‘Tk’, DES commands must be applied between MRS and ZQCL commands
NOTE 2 MRS Commands must be issued to all Mode Registers that have defined settings.

Figure 4 — Reset Procedure at Power Stable
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3.4 Register Definition
3.4.1 Programming the mode registers

For application flexibility, various functions, features, and modes are programmable in seven Mode Registers, provided by the DDR4
SDRAM, as user defined variables and they must be programmed via a Mode Register Set (MRS) command. The mode registers are
divided into various fields depending on the functionality and/or modes. As not all the Mode Registers (MR#) have default values
defined, contents of Mode Registers must be initialized and/or re-initialized, i. e. written, after power up and/or reset for proper
operation. Also the contents of the Mode Registers can be altered by re-executing the MRS command during normal operation.
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 is issued. MRS command and DLL Reset do not affect array
contents, which means these commands can be executed any time after power-up without affecting the array contents. The mode
register set command cycle time, tMRD is required to complete the write operation to the mode register and is the minimum time

required between two MRS commands shown in Figure 5.

TO T1 T2 Ta0 Ta1 Ta2 TbO Tb1 Tbh2 Th3 Tb4
C K_C —_1} e =~ /—H

CK_t - e

Command (vaiia ) vaia YT vaiid pes ) vrs TX pes YO pes YK oes )

! >
( >

TR
cke W W (W W W VWV W W W
SEE

Settings Old Setting
NOTE 1 This timing diagram shows C/A Parity Latency mode is “Disable” case.
NOTE 2 List of MRS commands exception that do not apply to tMRD

- Gear down mode

- C/A Parity Latency mode

- CS to Command/Address Latency mode

- Per DRAM Addressability mode

- VrefDQ training Value, VrefDQ Training mode and VrefDQ training Range

Upd alti ng Setting

|
|

—

Sg TIME BREAK I:' DON'T CARE

Figure 5— tMRD Timing

Some of the Mode Register setting affect to address/command/control input functionality. These case, next MRS command can be
allowed when the function updating by current MRS command completed.

This type of MRS command does not apply tMRD timing to next MRS command is listed in Note 2 of Figure 5. These MRS command
input cases have unique MR setting procedure, so refer to individual function description.

The most MRS command to Non-MRS command delay, tMOD, is required for the DRAM to update the features, and is the minimum
time required from an MRS command to a non-MRS command excluding DES shown in Figure 6.
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!
{
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NOTE 1 This timing diagram shows CA Parity Latency mode is “Disable” case.
NOTE 2 List of MRS commands exception that do not apply to tMOD
- DLL Enable, DLL Reset
- VrefDQ training Value, internal Vref Monitor, VrefDQ Training mode and VrefDQ training Range
- Gear down mode
- Per DRAM addressability mode
- Maximum power saving mode
- CA Parity mode

Figure 6 — tMOD Timing

The mode register contents can be changed using the same command and timing requirements during normal operation as long as
the DRAM is in idle state, i.e., all banks are in the precharged state with tRP satisfied, all data bursts are completed and CKE is high
prior to writing into the mode register. For MRS command, If RTT_Nom function is intended to change (enable to disable and vice
versa) or already enabled in DRAM MR, ODT signal must be registered Low ensuring RTT_NOM is in an off state prior to MRS
command affecting RTT_NOM turn-on and off timing. Refer to note2 of Figure 6 for this type of MRS. The ODT signal may be
registered high after tMOD has expired. ODT signal is a don’t care during MRS command if DRAM RTT_Nom function is disabled in
the mode register prior and after an MRS command.

Some of the mode register setting cases, function updating takes longer than tMOD. This type of MRS does not apply tMOD timing to
next valid command excluding DES is listed in note 2 of Figure 6. These MRS command input cases have unique MR setting

procedure, so refer to individual function description.

3.5  Mode Register

MRO
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
BGO, BA1:BAO MR Select 000 = MRO 100 = MR4
001 = MR1 101 = MR5
010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12 RFU 0 = must be programmed to 0 during MRS
A11:A9 WR and RTP2: 3 Write Recovery and Read to Precharge for auto precharge(see Table 1)
A8 DLL Reset 0=NO 1=Yes
A7 ™ 0 = Normal 1 = Test
IA6:A4,A2 CAS Latency? (see Table 2)
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Address Operating Mode Description
A3 Read Burst Type 0 = Sequential 1 = Interleave
A1:A0 Burst Length 00 = 8 (Fixed)
01 = BC4 or 8 (on the fly)
10 = BC4 (Fixed)
11 = Reserved
NOTE :

1. Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond. When RFU MR code setting
is inputted, DRAM operation is not defined.

2. 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 WR value in the mode register must be programmed to be equal or larger than WRmin.
The programmed WR value is used with tRP to determine tDAL.

3. The table shows the encodings for Write Recovery and internal Read command to Precharge command delay. For actual Write recovery timing,

please refer to AC timing table.
4. The table only shows the encodings for a given Cas Latency. For actual supported Cas Latency, please refer to speedbin tables for each frequency.

Table 1 — Write Recovery and Read to Precharge (cycles)

All A10 A9 WR RTP WR_CRC_DM
0 0 0 10 5 TBD
0 0 1 12 6 TBD
0 1 0 14 7 TBD
0 1 1 16 8 TBD
1 0 0 18 9 TBD
1 0 1 20 10 TBD
1 1 0 24 12 TBD
1 1 1 Reserved | Reserved Reserved

Table 2 — CAS Latency

A6 A5 A4 A2 CAS Latency
0 0 0 0 9

0 0 0 1 10

0 0 1 0 11

0 0 1 1 12

0 1 0 0 13

0 1 0 1 14

0 1 1 0 15

0 1 1 1 16

1 0 0 0 18

1 0 0 1 20

1 0 1 0 22

1 0 1 1 24

1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Reserved
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MR1
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
BGO, BA1:BAO MR Select 000 = MRO 100 = MR4
001 = MR1 101 = MR5
010 = MR2 110 = MR6
011 = MR3 111 = RCW3
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12 Qoff! 0 = Output buffer enabled
1 = Output buffer disabled
A11 ITDQS enable 0 = Disable 1 =Enable
A10, A9, A8 RTT_NOM (see Table 3)
A7 Write Leveling Enable 0 = Disable 1 = Enable
A6, A5 RFU 0 = must be programmed to 0 during MRS
A4, A3 Additive Latency 00 = O(AL disabled) 10=CL-2
01 =CL-1 11 = Resrved
A2, A1 Output Driver Impedance Control |see Table 4)
AO DLL Enable 0 = Disable? 1 = Enable

NOTE 1 Outputs disabled - DQs, DQS_ts, DQS_cs.

NOTE 2 States reversed to “0 as Disable” with respect to DDR4.

NOTE 3 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.

Table 3 — RTT_NOM

A10 A9 A8 RTT_NOM
0 0 0 RTT_NOM Disable
0 0 1 RZQ/4
0 1 0 RzQ/2
0 1 1 RzQ/6
1 0 0 RzQ/1
1 0 1 RzQ/5
1 1 0 RZQ/3
1 1 1 RzQ/7

Table 4 — Output Driver Impedance Control

A2 Al Output Driver Impedance Control
0 0 RzQ/7

0 1 RzQ/5

1 0 Reserved

1 1 Reserved
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MR2
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12 Write CRC 0 = Disable 1 = Enable
A11 RFU 0 = must be programmed to 0 during MRS
IA10:A9 RTT_WR (see Table 5)
A8 RFU 0 = must be programmed to 0 during MRS
00 = Manual Mode (Normal Operaing Temperature Range)
A7-AG Low Power Array Self 01 = Manual Mode (Reduced Operatipg Temperature Range)
Refresh (LP ASR) 10 = Manual Mode (Extended Operating Temperature Range)
11 = ASR Mode (Auto Self Refresh)
IA5:A3 ICAS Write Latency(CWL) (see Table 6)
IA2:A0 RFU 0 = must be programmed to 0 during MRS

NOTE 1 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.

Table 5— RTT_WR

A10 A9 RTT_WR
0 0 Dynamic ODT Off
0 1 RzQ/2
1 0 RzQ/1
1 1 Hi-Z

Table 6 — CWL (CAS Write Latency)

A5 | A4 | A3 cwL Speed bin in
0] 0] 0 9 1600
0 0 | 1 10 1866
0 1] 0 11 2133,1600
0o 1 | 1 12 2400,1866
T 100 14 2133
T 10 | 1 16 2400
T 1[0 18
1 1 1 Reserved
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MR3
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
00 = Serial 10 = Staggered
A12:A11 MPR Read Format
01 = Parallel 11 = ReservedTemperature
A8:AG Fine Granularity Refresh (see Table 7)
Mode
A5 [Temperature sensor readout 0 : disabled 1: enabled
A4 Per DRAM Addressability |0 = Disable 1 = Enable
A3 Geardown Mode 0 = 1/2 Rate 1=1/4 Rate
A2 MPR Operation 0 = Normal 1 = Dataflow from/to MPR
00 = Page0 10 = Page2
IA1:A0 MPR page Selection 01 = Page1 11 = Page3

(see Table.8)

NOTE 1 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.

Table 7 — Fine Granularity Refresh Mode

A8 A7 A6 Flnngrf?QéJI!]arlty
0 0 0 Normal (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 2x
1 1 0 Enable on the fly 4x
1 1 1 Reserved

Table 8 — MR3 A<10:9> Write Command Latency when CRC and DM are both enabled

AL0 A9 CRC+DMLVe\‘/trétr$C(;ommand Speed Bin
0 0 4nCK 1600
0 1 5nCK 1866,2133,2400
1 0 6nCK TBD
1 1 RFU RFU
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MPR page0 (Training Pattern)

Table 9 — MPR Data Format

Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0] note
00 = MPRO 0 1 0 1 1 0 1 Read/
BA1:BAO | 01=MPR1 0 0 1 1 0 1 1 Write
(default
10 = MPR2 0 0 0 0 1 1 1 1 value)
11 = MPR3 0 0 0 0 0 0 0 0
MPR page1 (CA Parity Error Log)
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [O] note
00 = MPRO Al7] A[6] A[5] A4] A[3] Al2] Al1] A[0]
BA1:BAO | 01=MPR1 CAS_n/ WE_n/ A[13] Al12] A[11] A[10] A[9] A[8]
A15 A14 Read-
10 = MPR2 PAR ACT_n BG[1] BGIO0] BA[1] BA[O] | A[17] | RAS_n/ | only
A16
11 = MPR3 CRC CA Par- C[2] C[1] C[0]
Error ity Error . 4
Status Status CA Parity Latency
MR5.A[2] | MR5.A[1] | MR5.A[0]

NOTE 1 MPR used for C/A parity error log readout is enabled by setting A[2] in MR3

NOTE 2 For higher density of DRAM, where A[17] is not used, MPR2[1] should be treated as don'’t care.

NOTE 3 If a device is used in monolithic application, where C[2:0] are not used, then MPR3[2:0] should be treated as don’t care.

NOTE 4 MPRS3 bit 0~2 (CA parity latency) reflects the latest programmed CA parity latency values.
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MPR page2 (MRS Readout)
Address | MPR Location | [7] 6] (5] 4 | 3 2] 1 | [0 note
RFU RFU RFU | Temperature Sen- | CRC Write Rtt. WR
sor Status(Table1) Enable
00 = MPRO B} N B B} N MR2 MR2
- - - - - A12 A10 A9
Vref DQ Gear-
Trng Vref DQ training Value down
range Enable
01=MPR1 J read-only
MR6 MR6
BA1:BAO
A6 A5 | A4 | A3 A2 Al | Ao A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO - MR2
A6 | A5 | a4 A2 - A5 YRS
Rtt_Nom Rtt_Park Driver Impedance
11 = MPR3 MR1 MR5 MR2
A0 | A9 | a6 A8 | A7 | ne A2 | A

MR bit for Temperature
MR3 bit A5=1 : DRAM updates the temperature sensor status to MPR Page 2 (MPRO bits A4:A3). Temperature data is guaranteed by
the DRAM to be no more than 32ms old at the time of MPR Read of the Temperature Sensor Status bits.

MR3 bit A5=0: DRAM disables updates to the temperature sensor status in MPR Page 2(MPRO-bit A4:A3)

MPRO bit A4 MPRO bit A3 Refresh Rate Range
0 0 Sub 1X refresh ( > tREFI)
0 1 1X refresh rate(= tREFI)
1 0 2X refresh rate(1/2* tREFI)
1 1 rsvd
MPR page3 (Vendor use only)’
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0] note
00 = MPRO don’t don’t don’t don’t don’t don’t don’t don’t
care care care care care care care care
BA1:BAO 01 =MPR1 don’t don’t don’t don’t don’t don’t don’t don’t Read-
care care care care care care care care only
10 = MPR2 don’t don’t don’t don’t don’t don’t don’t don’t
care care care care care care care care
11 = MPR3 don’t don’t don’t don’t don’t don’t don’t don’t
care care care care care care care care

NOTE 1 MPR page3 is specifically assigned to DRAM. Actual encoding method is vendor specific.
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MR4
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
001 = MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12 Write Preamble 0=1nCK 1=2nCK
A11 Read Preamble 0=1nCK 1=2nCK
A10 Read Preamble Training 0 = Disable 1 = Enable
Mode
A9 Self Refresh Abort 0 = Disable 1 = Enable
000 = Disable 100=6
001=3 101=8
A8:A6 CS to CMD/ADDR Latency o4 - 4 110 = Reserved
Mode (cycles)
011=5 111 = Reserved
(See Table 10)
A5 RFU 0 = must be programmed to 0 during MRS
A4 Internal Vref Monitor 0 = Disable 1 = Enable
[Temperature Controlled . _
A3 Refresh Mode 0 = Disable 1 = Enable
A2 [Temperature Controlled 0 = Normal 1 = Extended
Refresh Range
A1 Maximum Power Down 1y _ piaple 1= Enable
Mode
A0 RFU 0 = must be programmed to 0 during MRS

NOTE 1 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond. When RFU MR code

setting is inputted, DRAM operation is not defined.

Table 10 — CS to CMD / ADDR Latency Mode Setting

A8 A7 A6 CAL

0 0 0 Disable
0 0 1 3

0 1 0 4

0 1 1 5

1 0 0 6

1 0 1 8

1 1 0 Reserved
1 1 1 Reserved
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MR5
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
BGO, BA1:BAO MR Select 000 = MRO 100 = MR4
001 = MR1 101 = MR5
010 = MR2 110 = MR6
011 = MR3 111 = RCW'
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
A12 Read DBI 0 = Disable 1 = Enable
A11 Write DBI 0 = Disable 1 = Enable
A10 Data Mask 0 = Disable 1 = Enable
A9 ICA parity Persistent Error 0 = Disable1 = Enable
IA8:A6 RTT_PARK (see Table 11)
IAS ODT Input Buffer during Power 0 = ODT input buffer is activated
Down mode 1 = ODT input buffer is deactivated
A4 IC/A Parity Error Status 0 = Clear 1 = Error
A3 ICRC Error Clear 0 = Clear 1 = Error
IA2:A0 IC/A Parity Latency Mode (see Table 12)

NOTE 1 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond. When RFU MR code

setting is inputted, DRAM operation is not defined.

NOTE 2 When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.

Table 11 — RTT_PARK

A8 | A7 | A6 RTT_PARK
0 0 0 RTT_PARK Disable
0 0 1 RzQ/4
0 1 0 RzQ/2
0 1 1 RzQ/6
1 0 0 RzQ/1
1 0 1 RzQ/5
1 1 0 RzQ/3
1 1 1 RzQ/7

Table 12 — C/A Parity Latency Mode

A2 Al A0 PL Speed Bin
0 0 0 Disable
0 0 1 4 1600,1866,2133
0 1 0 5 2400
0 1 1 6 RFU
1 0 0 8 RFU
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

NOTE 1 Parity latency must be programmed according to timing parameters by speed grade table
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MRG6
Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS

BGO, BA1:BAO MR Select 000 = MRO 100 = MR4
001 = MR1 101 = MR5
010 = MR2 110 = MR6
011 = MR3 111 = RCW'

A17 RFU 0 = must be programmed to 0 during MRS

A13 RFU 0 = must be programmed to 0 during MRS

A12:A10 tCCD_L (see Table 13)

A9, A8 RFU 0 = must be programmed to 0 during MRS

A7 refDQ Training Enable 0 = Disable(Normal operation Mode) 1 = Enable(Training Mode)

IAG refDQ Training Range (see Table 14)

A5:AQ refDQ Training Value (see Table 15)

NOTE 1 Reserved for Register control word setting . DRAM ignores MR command with BG0,BA1;BA0=111 and doesn’t respond.

Table 13 — tCCD_L

Alz | ALl Al0 tCCD_L.min (nCK)* tDLLKmin (nCK)* Note
0 0 0 4 57 < 1333Mbps
0 0 1 5 < 1866Mbps (1600/1866Mbps)
0 1 0 6 768 < 2400Mbps (2133/2400Mbps)
0 1 1 7 <TBD
1024
1 0 0 8 <TBD
1 0 1
1 1 0 Reserved
1 1 1

NOTE 1 tCCD_L/DLLK should be programmed according to the value defined in AC parameter table per operating frequency

Table 14 — VrefDQ Training : Range

A6

VrefDQ Range

Range 1

Range 2
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Table 15 — VrefDQ Training: Values
A5:A0 Rangel Range2 A5:A0 Rangel Range2
00 0000 60.00% 45.00% 011010 76.90% 61.90%
00 0001 60.65% 45.65% 011011 77.55% 62.55%
00 0010 61.30% 46.30% 01 1100 78.20% 63.20%
00 0011 61.95% 46.95% 01 1101 78.85% 63.85%
00 0100 62.60% 47.60% 011110 79.50% 64.50%
00 0101 63.25% 48.25% 01 1111 80.15% 65.15%
00 0110 63.90% 48.90% 10 0000 80.80% 65.80%
00 0111 64.55% 49.55% 10 0001 81.45% 66.45%
00 1000 65.20% 50.20% 10 0010 82.10% 67.10%
00 1001 65.85% 50.85% 10 0011 82.75% 67.75%
00 1010 66.50% 51.50% 10 0100 83.40% 68.40%
00 1011 67.15% 52.15% 10 0101 84.05% 69.05%
00 1100 67.80% 52.80% 10 0110 84.70% 69.70%
00 1101 68.45% 53.45% 10 0111 85.35% 70.35%
00 1110 69.10% 54.10% 10 1000 86.00% 71.00%
00 1111 69.75% 54.75% 10 1001 86.65% 71.65%
01 0000 70.40% 55.40% 10 1010 87.30% 72.30%
01 0001 71.05% 56.05% 10 1011 87.95% 72.95%
010010 71.70% 56.70% 10 1100 88.60% 73.60%
010011 72.35% 57.35% 10 1101 89.25% 74.25%
01 0100 73.00% 58.00% 10 1110 89.90% 74.90%
010101 73.65% 58.65% 10 1111 90.55% 75.55%
010110 74.30% 59.30% 11 0000 91.20% 76.20%
010111 74.95% 59.95% 11 0001 91.85% 76.85%
01 1000 -75.60% 60.60% 110010 92.50% 77.50%
011001 76.25% 61.25% 110011 to 11 Reserved Reserved

DRAM MRY7 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.
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4 DDR4 SDRAM Command Description and Operation

4.1 Command Truth Table

(a) Note 1,2,3 and 4 apply to the entire Command truth table
(b) Note 5 applies to all Read/Write commands.
[BG=Bank Group Address, BA=Bank Address, RA=Row Address, CA=Column Address, BC_n=Burst Chop, X=Don’t Care, V=Valid].

Table 16 — Command Truth Table

CKE
. ia- ’ . A7,
Function | A [ o] oo ot S\ RS | 888 | B | coco| 45| AR | 4 |soe| nOTE
Cycle DCE
Mode Register Set MRS H H L H L L L BG | BA \ OP Code 12
Refresh REF H H L H L L H \ Vv \Y \ \ \ \
Self Refresh Entry SRE H L L H L L H \ Vv \Y \ \ \ \ 7.9
. H X X X X X X X X X X X 1789
Self Refresh Exit SRX L H 10
LI|H|H]|H][H|V]VI]V]]V]V]V]V 0
Single Bank Precharge | PRE H H L H L H L BG | BA \% \ Vv L \
Precharge all Banks PREA H H L H L H L \% \% \% \% \% H \%
RFU RFU H H L H L H H RFU
Bank Activate ACT H H L L [Row Address(RA) BG | BA \% Row Address (RA)
\évgfg (Fixed BL8 or WR | H|H|L|H|H|L|L|BG|BA| V]|V]|]V]|L]|ca
Write (BC4, on the Fly) | WRS4 | H H L H H L L | BG | BA \Y L \ L | CA
Write (BL8, on the Fly) | WRS8 | H H L H H L L BG | BA \ H \Y L | CA
Write with Auto Pre-
charge WRA H H L H H L L | BG| BA \Y \ \ H | CA
(Fixed BL8 or BC4)
Write with Auto Pre-
charge WRAS4| H H L H H L L | BG | BA \Y L \ H | CA
(BC4, on the Fly)
Write with Auto Pre-
charge WRAS8| H H L H H L L | BG | BA \Y H \ H | CA
(BL8, on the Fly)
Egj‘)’ (Fixed BL8 or RO | H|H|L|H|H|[L|H|Bs|BA| V]|]V]V]L]|ca
Read (BC4, onthe Fly)| RDS4 | H H L H H L H | BG | BA \Y \ L | CA
Read (BL8, on the Fly) | RDS8 | H H L H H L H | BG | BA \Y H \ L | CA
Read with Auto Pre-
charge RDA H H L H H L H | BG | BA \Y \ \ H | CA
(Fixed BL8 or BC4)
Read with Auto Pre-
charge RDAS4| H H L H H L H | BG | BA \Y L \ H | CA
(BC4, on the Fly)
Read with Auto Pre-
charge RDAS8| H H L H H L H | BG | BA \Y H \ H | CA
(BL8, on the Fly)
No Operation NOP H H L H H H H \ \ \Y \ \ \ \ 10
Device Deselected DES H H H X X X X X X X X X X X
Power Down Entry PDE H L H X X X X X X X X X X X 6
Power Down Exit PDX L H H X X X X X X X X X X X 6
ZQ calibration Long ZQCL | H H L H H H L \ \Y \ \Y \Y H \Y
ZQ calibration Short ZQCS | H H L H H H L \ Vv \Y \ \Y L \Y

NOTE 1 All DDR4 SDRAM commands are defined by states of CS_n, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14 and CKE at the rising edge of the clock. The MSB of BG, BA,
RA and CA are device density and configuration dependant. When ACT_n = H; pins RAS_n/A16, CAS_n/A15, and WE_n/A14 are used as command pins RAS_n, CAS_n, and
WE_n respectively. When ACT_n = L; pins RAS_n/A16, CAS_n/A15, and WE_n/A14 are used as address pins A16, A15, and A14 respectively

NOTE 2 RESET_n is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.

NOTE 3 Bank Group addresses (BG) and Bank addresses (BA) determine which bank within a bank group to be operated upon. For MRS commands the BG and BA selects the
specific Mode Register location.

NOTE 4 “V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic level”.

NOTE 5 Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.

NOTE 6 The Power Down Mode does not perform any refresh operation.

NOTE 7 The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

NOTE 8 Controller guarantees self refresh exit to be synchronous.

NOTE 9 VREF(VrefCA) must be maintained during Self Refresh operation. The first Write Leveling Activity may not occur earlier than TBD nCK after exit from Self Refresh.
NOTE 10 The No Operation command should be used in cases when the DDR4 SDRAM is in Gear Down Mode and Max Power Saving Mode Exit

NOTE 11 Refer to the CKE Truth Table for more detail with CKE transition.

NOTE 12 During a MRS command A17 is Reserved for Future Use and is device density and configuration dependent.
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4.2  CKE Truth Table
Table 17 — CKE Truth Table
CKE
: Command (N)3
2 Previous . 3
Current State 2 Current Cycle? RAS n, CAS n, Action (N) NOTE
Cycle N) WE_n, CS_n
(N-1)
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 DESELECT Self Refresh Exit 8,12, 16
Bank(s) Active H L DESELECT 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 DESELECT Power Down Entry 11, 13, 14, 17
Refreshing H L DESELECT Precharge Power Down Entry 11
H L DESELECT Precharge Power Down Entry| 11,13, 14, 18
All Banks Idle
H L REFRESH Self Refresh Entry 9,13,18
For more details with all signals See “Command Truth Table”. 10

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

NOTE 2 Current state is defined as the state of the DDR4 SDRAM immediately prior to clock edge N.

NOTE 3 COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N),ODT is not included here.
NOTE 4 All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

NOTE 5 The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.

NOTE 6 During any CKE transition (registration of CKE H->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).

NOTE 7 DESELECT and NOP are defined in the Command Truth Table.

NOTE 8 On Self-Refresh Exit DESELECT commands must be issued on every clock edge occurring during the tXS period. Read or ODT commands
may be issued only after tXSDLL is satisfied.

NOTE 9 Self-Refresh mode can only be entered from the All Banks Idle state.
NOTE 10 Must be a legal command as defined in the Command Truth Table.
NOTE 11 Valid commands for Power-Down Entry and Exit are DESELECT only.

NOTE 12 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.

NOTE 13 Self-Refresh can not be entered during Read or Write operations. For a detailed list of restrictions See “Self-Refresh Operation” on
Section 4.27 and See “Power-Down Modes” on Section 4.28.

NOTE 14 The Power-Down does not perform any refresh operations.
NOTE 15 “X” means “don’t care” (including floating around VREF) in Self-Refresh and Power-Down. It also applies to Address pins.

NOTE 16 VPP and VREFCA must be maintained during Self-Refresh operation. The first Write operation or first Write Leveling Activity may not occur
earlier than TBD nCK after exit from Self Refresh.

NOTE 17 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.

NOTE 18 ‘Idle state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is 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, tXP,etc)
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4.3 Burst Length, Type and Order

Accesses within a given burst may be programmed to sequential or interleaved order. The burst type is selected via bit A3 of Mode
Register MRO. The ordering of accesses within a burst is determined by the burst length, burst type, and the starting column address
as shown in Table 17. The burst length is defined by bits A0O-A1 of Mode Register MRO. Burst length options include fixed BC4, fixed
BL8, and ‘on the fly’ which allows BC4 or BL8 to be selected coincident with the registration of a Read or Write command via A12/

BC_n.

Table 18 — Burst Type and Burst Order

Starting _ . _
Burst Read/ Column burst type = Sequential burst type = Interleaved
. (decimal) (decimal) NOTE
Length Write Address A3=0 A3=1
(A2,A1,A0) - .
000 0,1,2,3TTTT 0,1,2,3TTTT 1,2,3
001 1,2,3,0,TT,T,T 1,0,3,2, T TT,T 1,2,3
010 2,301, T TT,T 2,301,TTTT 1,2,3
011 3,012 TTTT 3,210, TTTT 1,2,3
READ
100 456,7TTTT 4,56,7TTTT 1,2,3
4 Chop
101 56,74 TTTT 54,76 TTTT 1,2,3
110 6,7,45TTTT 6,745TTTT 1,2,3
111 7456 TTTT 7654TTTT 1,2,3
0,V,V 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,245
WRITE
1,V,V 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,2,4,5
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 2
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6 2
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 2
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 2
READ
8 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 2
101 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2 2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1 2
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 2
WRITE V,V,V 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 24

NOTE 1 In case of burst length being fixed to 4 by MRO setting, the internal write operation starts two clock cycles earlier than for the BL8 mode. This
means that the starting point for tWR and tWTR will be pulled in by two clocks. In case of burst length being selected on-the-fly via A12/BC_n, the
internal write operation starts at the same point in time like a burst of 8 write operation. This means that during on-the-fly control, the starting point for
tWR and tWTR will not be pulled in by two clocks.

NOTE 2 0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a burst.

NOTE 3 Output driver for data and strobes are in high impedance.

NOTE 4 V : A valid logic level (0 or 1), but respective buffer input ignores level on input pins.

NOTE 5 X : Don'’t Care.

4.3.1 BLS8 Burst order with CRC Enabled

DDR4 SDRAM supports fixed write burst ordering [A2:A1:A0=0:0:0] when write CRC is enabled in BL8 (fixed).
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4.4 DLL-off Mode & DLL on/off Switching procedure

4.4.1 DLL on/off switching procedure

DDR4 SDRAM DLL-off mode is entered by setting MR1 bit AO to “0”; this will disable the DLL for subsequent operations until AO bit is
set back to “1”.

4.4.2 DLL “on” to DLL “off” Procedure

To switch from DLL “on” to DLL “off” requires the frequency to be changed during Self-Refresh, as outlined in the following procedure:

1. Starting from Idle state (All banks pre-charged, all timings fulfilled, and DRAMs On-die Termination resistors, RTT_NOM, must be
in high impedance state before MRS to MR1 to disable the DLL.)

2. Set MR1 bit A0 to “0” to disable the DLL.

3. Wait tMOD.

4. Enter Self Refresh Mode; wait until ({CKSRE) is satisfied.

5. Change frequency, in guidance with “Input clock frequency change” on Section 4.6.
6. Wait until a stable clock is available for at least ({CKSRX) at DRAM inputs.

7. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until all tMOD timings from any MRS
command 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
features were disabled in the mode registers when Self Refresh mode was entered, ODT signal is Don’t Care.

8. Wait tXS_Fast or tXS_Abort or tXS, then set Mode Registers with appropriate values (especially an update of CL, CWL and WR
may be necessary. A ZQCL command may also be issued after tXS_Fast).

- tXS - ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS8, RD, RDS4, RDS8, RDA, RDAS4, RDAS8

- tXS_Fast - ZQCL, ZQCS, MRS commands. For MRS command, only DRAM CL and WR/RTP register in MRO, CWL register in
MR2 and geardown mode in MR3 are allowed to be accessed provided DRAM is not in per DRAM addressibility mode. Access to
other DRAM mode registers must satisfy tXS timing.

- tXS_Abort - If the MR4 bit A9 is enabled then the DRAM 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 exit from Self-Refresh, the DDR4 SDRAM requires a
minimum of one extra refresh command before it is put back into Self-Refresh Mode. This requirement remains the same irrespective
of the setting of the MRS bit for self refresh abort.

9. Wait for tMOD, then DRAM is ready for next command.
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7.8.9. Update Mode registers allowed with DLL off parameters setting

Figure 7 — DLL Switch Sequence from DLL ON to DLL OFF

443 DLL “off” to DLL “on” Procedure

To switch from DLL “off” to DLL “on” (with required frequency change) during Self-Refresh:

1. Starting from Idle state (All banks pre-charged, all timings fulfilled and DRAMs On-die Termination resistors (RTT_NOM) must be in
high impedance state before Self-Refresh mode is entered.)

2. Enter Self Refresh Mode, wait until tCKSRE satisfied.

3. Change frequency, in guidance with "Input clock frequency change" on Section 4.6.

4. Wait until a stable clock is available for at least ({CKSRX) at DRAM inputs.

5. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK timing from 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 until tDLLK timings from subsequent DLL Reset command is satisfied.
If RTT_NOM were disabled in the mode registers when Self Refresh mode was entered, ODT signal is Don’t care.

6. Wait tXS or tXS_ABORT depending on Bit A9 in MR4, then set MR1 bit A0 to “1” to enable the DLL.

7. Wait tMRD, then set MRO bit A8 to “1” to start DLL Reset.

8. Wait tMRD, then set Mode Registers with appropriate values (especially an update of CL, CWL and WR may be necessary. After
tMOD satisfied from any proceeding MRS command, a ZQCL command may also be issued during or after tDLLK.)

9. Wait for tMOD, then DRAM is ready for next command (Remember to wait tDLLK after DLL Reset before applying command
requiring a locked DLL!). In addition, wait also for tZQoper in case a ZQCL command was issued.
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Figure 8 — DLL Switch Sequence from DLL OFF to DLL ON

45 DLL-off Mode

DDR4 SDRAM DLL-off mode is entered by setting MR1 bit AO to “0”; this will disable the DLL for subsequent operations until AO bit is
set back to “1”. The MR1 A0 bit for DLL control can be switched either during initialization or later. Refer to “Input clock frequency
change” on Section 4.6.

The DLL-off Mode operations listed below are an optional feature for DDR4 SDRAM. The maximum clock frequency for DLL-off Mode
is specified by the parameter tCKDLL_OFF. There is no minimum frequency limit besides the need to satisfy the refresh interval,
tREFI.

Due to latency counter and timing restrictions, only one value of CAS Latency (CL) in MRO and CAS Write Latency (CWL) in MR2 are
supported. The DLL-off mode is only required to support setting of both CL=10 and CWL=9. When DLL-off Mode is enabled, use of
CA Parity Mode is not allowed.

DLL-off mode will affect the Read data Clock to Data Strobe relationship (tDQSCK), but not the Data Strobe to Data relationship
(tDQSQ, tQH). Special attention is needed to line up Read data to controller time domain.

Comparing 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 is that tDQSCK may not be small compared to tCK (it might even be larger than tCK) and the difference between
tDQSCKmin and tDQSCKmax is significantly larger than in DLL-on mode.

tDQSCK(DLL_off) values are vendor specific.

The timing relations on DLL-off mode READ operation are shown in the following Timing Diagram

(CL=10, BL=8, PL=0):
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Figure 9 — READ operation at DLL-off mode
4.6 Input Clock Frequency Change

Once the DDR4 SDRAM is initialized, the DDR4 SDRAM requires the clock to be “stable” during almost all states of normal operation.
This means that, once the clock frequency has been set and is to 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 under twoconditions: (1) Self-
Refresh mode and (2) Precharge Power-down mode. Outside of these two modes, it is illegal to change the clock frequency.

For the first condition, once the DDR4 SDRAM has been successfully placed in to Self-Refresh mode and tCKSRE has been
satisfied, the state of the clock becomes a don’t care. Once 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 Section 4.27 “Self-Refresh Operation”.
However, because DDR4 DLL lock time ranges from 597nCK at 1333MT/s to 1024nCK at 3200MT/s, additional MRS commands
need to be issued for the new clock frequency. If DLL is enabled, tDLLK must be programmed according to the value defined in AC
parameter tables, and the DLL must be RESET by an explicit MRS command (MRO bit A8="1’b) when the input clock frequency is
different before and after self refresh.The DDR4 SDRAM input clock frequency is allowed to 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 -> DLL_off -mode transition sequence, refer to Section 4.4, DLL on/off switching
procedure

The second condition is when the DDR4 SDRAM is in Precharge Power-down mode. If the RTT_NOM feature was enabled in the
mode register prior to entering Precharge power down mode, the ODT signal must continuously be registered LOW during this
sequence until DLL re-lock to complete.

If the RTT_NOM feature was disabled in the mode register prior to entering Precharge power down mode, ODT signal is allowed to
be floating and DRAM does not provide RTT_NOM termination. A minimum of tCKSRE must occur after CKE goes LOW before the
clock frequency may change.

The DDR4 SDRAM input clock frequency is allowed to change only within the minimum and maximum operating frequency specified
for the particular speed grade. During the input clock frequency change, CKE must be held at stable LOW levels. Once the input
clock frequency is changed, stable new clocks must be provided to the DRAM tCKSRX before Precharge Power-down may be exited;
after Precharge Power-down is exited and tXP has expired, tDLLK MRS command followed by DLL reset must be issued. Depending
on the new clock frequency, additional MRS commands may need to be issued to appropriately set the WR/RTP, CL, and CWL with
CKE continuously registered high. During DLL re-lock period, CKE must remain HIGH. After the DLL lock time, the DRAM is ready to
operate with new clock frequency., see Figure 10.
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1. tCKSRE and tCKSRX are Self-Refresh mode specifications but the value they represent are applicable here.

2. If the RTT_NOM feature was enabled in the mode register prior to entering Precharge power down mode, the ODT
signal must continuously be registered LOW ensuring RTT is in an off state. If the RTT_NOM feature was disabled in the mode
register prior to entering Precharge power down mode or DRAM ODT input deactivation is enabled, RTT will remain in the off state.
The ODT signal can be registered either LOW or HIGH in this case.

3. If RTT_PARK is disabled and ODT input buffer is not deactivated.

Figure 10 — Change Frequency during Precharge Power-down

4.7  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_t - DQS_c to
CK_t - CK_c relationship. The memory controller involved in the leveling must have adjustable delay setting on DQS_t - DQS_c to
align the rising edge of DQS_t - DQS_c with that of the clock at the DRAM pin. The DRAM asynchronously feeds back CK_t - CK_c,
sampled with the rising edge of DQS_t - DQS_c, through the DQ bus. The controller repeatedly delays DQS_t - DQS_c until a
transition from 0 to 1 is detected. The DQS_t - DQS_c delay established through this exercise would ensure tDQSS specification.
Besides tDQSS, tDSS and tDSH specification also needs to be fulfilled. One way to achieve this is to combine the actual tDQSS in
the application with an appropriate duty cycle and jitter on the DQS_t - DQS_c signals. Depending on the actual tDQSS in the
application, the actual values for tDQSL and tDQSH may have to be better than the absolute limits provided in the chapter "AC
Timing Parameters" in order to satisfy tDSS and tDSH specification. A conceptual timing of this scheme is shown in Figure 11.
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Figure 11 — Write Leveling Concept

DQS_t - DQS_c driven by the controller during leveling mode must be terminated by the DRAM based on ranks populated. Similarly,
the DQ bus driven by the DRAM must also be terminated at the controller.

All data bits should 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 whereas the lower data bits
would indicate the lower diff_DQS(diff_LDQS) to clock relationship.

4.7.1 RAM setting for write leveling & DRAM termination function in that mode

DRAM enters into Write leveling mode if A7 in MR1 set 'High’ and after finishing leveling, DRAM exits from write leveling mode if A7
in MR1 set 'Low’ (Table 19). Note that in write leveling mode, only DQS_t/DQS_c terminations are activated and deactivated via ODT
pin, unlike normal operation (Table 20).

Table 19 — MR setting involved in the leveling procedure

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) A12 0 1

Table 20 — DRAM termination function in the leveling mode

ODT pin @DRAN;Lft ELTM’;%M/PARK Value is DQS_t/DQS_c termination DQs termination
RTT_NOM with ODT High On Off
RTT_PARK with ODT LOW On Off

NOTE 1 In Write Leveling Mode with its output buffer disabled (MR1[bit A7] = 1 with MR1[bit A12] = 1) all RTT_NOM and RTT_PARK settings are
allowed; in Write Leveling Mode with its output buffer enabled (MR1[bit A7] = 1 with MR1[bit A12] = 0) only RTT_NOM and RTT_PARK settings of TBD
are allowed
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4.7.2 Procedure Description

The Memory controller initiates Leveling mode of all DRAMSs by setting bit A7 of MR1 to 1. When entering write leveling mode, the DQ
pins are in undefined driving mode. During write leveling mode, only DESELECT commands are allowed, as well as an MRS
command to change Qoff bit (MR1[A12]) and an MRS command to exit write leveling (MR1[A7]). Upon exiting write leveling mode,
the MRS command performing the exit (MR1[A7]=0) may also change MR1 bits of A12-A8 ,A2-A1. Since the controller levels one
rank at a time, the output of other ranks must be disabled by setting MR1 bit A12 to 1. The Controller may assert ODT after tMOD, at
which time the DRAM is ready to accept the ODT signal.

The Controller may drive DQS_t low and DQS_c high after a delay of tWLDQSEN, at which time the DRAM has applied on-die
termination on these signals. After tDQSL and tWLMRD, the controller provides a single DQS_t, DQS_c edge which is used by the
DRAM to sample CK_t - CK_c driven from controller. tWLMRD(max) timing is controller dependent.

DRAM samples CK_t - CK_c status with rising edge of DQS_t - DQS_c 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_t/
DQS_c) needed for these DQs. Controller samples incoming DQs and decides to increment or decrement DQS_t - DQS_c delay
setting and launches the next DQS_t/DQS_c pulse after some time, which is controller dependent. Once a 0 to 1 transition is
detected, the controller locks DQS_t - DQS_c delay setting and write leveling is achieved for the device. Figure 12 describes the
timing diagram and parameters for the overall Write Leveling procedure.
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NOTE 1 DDR4 SDRAM drives leveling feedback on all DQs

NOTE 2 MRS : Load MR1 to enter write leveling mode

NOTE 3 DES : Deselect

NOTE 4 diff_DQS is the differential data strobe (DQS_t-DQS_c). Timing reference points are the zero crossings. DQS is shown with solid line,
DQS_c is shown with dotted line

NOTE 5 CK_t/CK_c : CK is shown with solid dark line, where as CK_c is drawn with dotted line.

NOTE 6 DQS_t, DQS_c needs to fulfill minimum pulse width requirements tDQSH(min) and tDQSL(min) as defined for regular Writes;
the max pulse width is system dependent

Figure 12 — Timing details of Write leveling sequence [DQS_t - DQS_c is capturing CK_t-CK ¢
low at T1 and CK_t - CK_c high at T2
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4.7.3  Write Leveling Mode Exit

The following sequence describes how the Write Leveling Mode should be exited:

1. After the last rising strobe edge (see ~TO0), stop driving the strobe signals (see ~Tc0). Note: From now on, DQ pins are in
undefined driving mode, and will remain undefined, until tMOD after the respective MRS command (Te1).

2. Drive ODT pin low (tIS must be satisfied) and continue registering low. (see Tb0).

3. After the RTT is switched off, disable Write Level Mode via MRS command (see Tc2).

4. After tMOD is satisfied (Te1), any valid command may be registered. (MRS commands may be issued after tMRD (Td1).
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Figure 13 — Timing details of Write leveling exit

4.8  Temperature controlled Refresh modes
This mode is enabled and disabled by setting bit A3 in MR4. Two modes are supported that are selected by bit A2 setting in MR4.

4.8.1 Normal temperature mode

Once this mode is enabled by setting bit A3=1 and A2=0 in MR4, Refresh commands should be issued to DDR4 SDRAM with the
refresh period equal to or shorter than tREF| of normal temperature range (0°C - 85°C). In this mode, the system guarantees that the
DRAM temperature does not exceed 85°C.

Below 45°C, DDR4 SDRAM may adjust internal refresh period to be longer than tREFI| of the normal temperature range by skipping
external refresh commands with proper gear ratio. The internal refresh period adjustment is automatically done inside the DRAM and
user does not need to provide any additional control.

4.8.2 Extended temperature mode

Once this mode is enabled by setting bit A3=1 and A2=1 in MR4, Refresh commands should be issued to DDR4 SDRAM with the
refresh period equal to or shorter than tREFI of extended temperature range (85°C - 95°C).

In the normal temperature range (0°C - 85°C), DDR4 SDRAM adjusts its internal refresh period to tREFI of the normal temperature
range by skipping external refresh commands with proper gear ratio. Below 45°C, DDR4 SDRAM may further adjust internal refresh
period to be longer than tREFI of the normal temperature range. The internal refresh period adjustment is automatically done inside
the DRAM and user does not need to provide any additional control.
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The Refresh cycle time (tRFC) and the average Refresh interval (tREFI) of DDR4 SDRAM can be programmed by 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). The on-the-fly mode must be enabled by MRS as shown in Table 21 before any on-the-

fly- Refresh command can be issued.

Table 21 — MR3 definition for Fine Granularity Refresh Mode

A8 A7 A6 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 2x
1 1 0 Enable on the fly 4x
1 1 1 Reserved

There are two types of on-the-fly modes (1x/2x and 1x/4x modes) that are selectable by programming the appropriate values into the
mode register. When either of the two on-the-fly modes is selected (‘A8=1’), DDR4 SDRAM evaluates BGO bit when a Refresh
command is issued, and depending on the status of BGO, it dynamically switches its internal Refresh configuration between 1x and
2x (or 1x and 4x) modes, and executes the corresponding Refresh operation. The command truth table is as shown in Table 22.

Table 22 — Refresh command truth table

A0-9
. RAS n | CAS_n | WE_n A10/ ! .
Function CS n | ACT_n IA15 A4 IA13 BG1 BGO | BAO-1 AP A11-12, | MR3 Setting
A16-20
Refresh
L H L L H Y Y Y \Y, Y A8 =0
(Fixed rate) 8="0
Refresh s
(on-the-fly 1x) L H L L H Y L Y \Y, Y A8 ="1
Refresh A8:A7:A6="1
(on-the-fly 2x) or
L H L L H Y H Y \Y, Y
Refresh A8:A7:A6="1
(on-the-fly 4x) 10’

4.9.2 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 =
tREFI(base) (for Tcase<=85°C), and the duration of each refresh command is the normal refresh cycle time (tRFC1). In 2x mode
(either fixed 2x or on-the-fly 2x mode), Refresh commands should be issued to the DRAM at the double frequency (tREFI2 =
tREFI(base)/2) of the normal Refresh rate. In 4x mode, Refresh command rate should be quadrupled (tREF14 = tREFI(base)/4). Per
each mode and command type, tRFC parameter has different values as defined in Table 23 .

The refresh command that should be issued at the normal refresh rate and has the normal refresh cycle duration may be referred to
as a REF1x command. The refresh command that should be issued at the double frequency (tREFI2 = tREFI(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 on-the-fly 1x/4x Refresh rate mode is enabled, both
REF1x and REF4x commands are permitted.
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Table 23 — tREFI and tRFC parameters
Refresh Mode Parameter 2Gb 4Gb 8Gb 16Gb Unit

tREFI(base) 7.8 7.8 7.8 TBD us

{REFI1 0°C <= TCASE <= 85°C | tREFI(base) tREFI(base) tREFI(base) tREFI(base) us

1X mode 85°C < TCASE <=95°C | tREFI(base)/2 | tREFl(base)/2 | tREFl(base)/2 | tREFI(base)/2 us
tRFC1(min) 160 260 350 TBD ns

e 0°C <= TCASE <= 85°C | tREFI(base)/2 | tREFI(base)/2 | tREFI(base)/2 | tREFl(base)/2 us

2X mode 85°C < TCASE <=95°C | tREFl(base)/4 | tREFl(base)/4 | tREFI(base)/4 | tREFl(base)/4 us
tRFC2(min) 110 160 260 TBD ns

{REF14 0°C <= TCASE <= 85°C | tREFI(base)/4 | tREFI(base)/4 | tREFI(base)/4 | tREFl(base)/4 us

4X mode 85°C < TCASE <= 95°C | tREFI(base)/8 | tREFl(base)/8 | tREFI(base)/8 | tREFI(base)/8 us
tRFC4(min) 90 110 160 TBD ns

4.9.3 Changing Refresh Rate

If Refresh rate is changed by either MRS or on the fly, new tREFI and tRFC parameters would be applied from the moment of the rate
change. As shown in Figure 14, when REF1x command is issued to the DRAM, then tREF1 and tRFC1 are applied from the time that
the command was issued. And then, when REF2x command is issued, then tREF2 and tRFC2 should be satisfied.

tRFC1(min) tRFC2(min)

tREFI1 tREFI2

Figure 14 — On-the-fly Refresh Command Timing

The following conditions must be satisfied before the Refresh rate can be changed. Otherwise, data retention of DDR4 SDRAM
cannot be guaranteed.

1. In the fixed 2x Refresh rate mode or the on-the-fly 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 MRS command before the Refresh rate can be
changed by another MRS command.

2. In the on-the-fly 1x/2x Refresh rate mode, an even number of REF2x commands must be issued between any two REF1x
commands.

3. In the fixed 4x Refresh rate mode or the on-the-fly 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 MRS command before the Refresh rate can be
changed by another MRS command.

4. In the on-the-fly 1x/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 on-the-fly modes keeping the same
rate is not regarded as a Refresh rate change.

4.9.4 Usage with Temperature Controlled Refresh mode

If the Temperature Controlled Refresh mode is enabled, then only the normal mode (Fixed 1x mode; A8:A7:A6="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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4,95 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 has 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

1. There are no special restrictions on the fixed 1x Refresh rate mode.

2. In the fixed 2x Refresh rate mode or the enable-on-the-fly 1x/2x Refresh rate mode, it is recommended that there should be an
even number of REF2x commands before entry into Self Refresh since the last Self Refresh exit or REF1x command or MRS
command 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).

3. In the fixed 4x Refresh rate mode or the enable-on-the-fly 1x/4x Refresh rate mode, it is recommended 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
MRS command 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).

4.10  Multi Purpose Register

4.10.1 DQ Training with MPR

The DDR4 DRAM contains four 8bit programmable MPR registers used for DQ bit pattern storage. These registers once
programmed are activated with MRS read commands to drive the MPR bits on to the DQ bus during link training.

And DDR4 SDRAM only supports following command, MRS, RD, RDA WR, WRA, DES, REF and Reset during MPR enable Mode:
MR3 [A2 = 1].

Note that in MPR mode RDA/WRA has the same functionality as a READ/WRITE command which means the auto precharge part of
RDA/WRA is ignored. Power-Down mode and Self-Refresh command also is not allowed during MPR enable Mode. No other
command can be issued within tRFC after REF command and 1x Refresh is only allowed when MPR mode is Enable. During MPR
operations, MPR read or write sequence must be complete prior to a refresh command.

4.10.2 MR3 definition

Mode register MR3 controls the Multi-Purpose Registers (MPR) used for training. MR3 is written by asserting CS_n, RAS_n/A16,
CAS_n/A15 and WE_n/A14 low, ACT_n, BAO and BA1 high and BG1' and BGO low while controlling the states of the address pins
according to the table below.

NOTE 1. x4/x8 only

MR3 Programming:
[BG1[BGO [ BA1 [BAo [ Az [ A [ Ao [ Ao [ As [ A7 [ A6 | As | A« [ As [ A2 [ At | Ao | Address Field

\
| 1 |MPRread format| Mo Mode Register 3

/

-

BA1 BAO MR select A12 A11 MPR read format A2 MPR Operation
0 0 MRO 0 0 Serial 0 Normal operation
0 1 MR1 0 1 Parallel 1 Dataflow from/to MPR
1 0 MR2 1 0 Staggered
1 1 MR3 1 1 RFU

Read or Write with MPR LOCATION :

BA1 BAO MPR Location
0 0 MPR location 0
0 ! MPR location 1 Default value for MPRO = 01010101
1 0 MPR location 2 Default value for MPR1 = 00110011
1 1 MPR location 3 Default value for MPR2 = 00001111

Default value for MPR3 = 00000000
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4.10.3 MPR Reads

MPR reads are supported using BL8 and BC4(Fixed) modes. BC4 on the fly is not supported for MPR reads.
MPR reads using BC4:
BA1 and BAO indicate the MPR location within the selected page in MPR Mode.

A10 and other address pins are don't care including BG1 and BGO.
Read commands for BC4 are supported with starting column address of A2:A0 of '000' and '100'".

Data Bus Inversion (DBI) is not allowed during MPR Read operation.

DDR4 MPR mode is enabled by programming bit A2=1 and then reads are done from a specific MPR location.
MPR location is specified with the Read command using Bank address bits BA1 and BAO.

Each MPR location is 8 bit wide.

STEPS:
DLL must be locked prior to MPR Reads. If DLL is Enabled : MR1[AO = 1]
Precharge all
Wait until tRP is satisfied
MRS MR3, Opcode A2="1'b
- Redirect all subsequent read and writes to MPR locations

Wait until tMRD and tMOD satisfied.

Read command

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

- A[2]= ‘0’b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)

(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)

or

- A[2]= 1 (For BL=8 : Not Support)

(For BC=4, burst order is fixed at 4,5,6,7,T,T,T,T)
- A12/BC= 0 or 1 : Burst length supports only BL8(Fixed) and BC4(Fixed), not supports BC4(OTF).

When MRO A[1:0] is set “01”, A12/BC must be always ‘1’b in MPR read commands (BL8 only).
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don’t care including BG1and BGO

After RL= AL + CL, DRAM bursts out the data from MPR location. The format of data on return is described in a later section and
controlled by MR3 bits A0,A1, A11 and A12.

Memory controller repeats these calibration reads until read data capture at memory controller is optimized. Read MPR location can
be a different location as specified by the Read command

After end of last MPR read burst, wait until tMPRR is satisfied

MRS MR3, Opcode A2=‘0b’

All subsequent reads and writes from DRAM array

Wait until tMRD and tMOD are satisfied

Continue with regular DRAM commands like Activate.
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This process is depicted below(PL=0).
T0 Ta0 Tal TbO Tc0 Te1 Tc2 Te3 Tdo Td1 Te0 Tf0 T
CKc-—~n -~ -~ R R R - - R - - - - R

MPR
Disable

tMPRR tMOD

COMMAND ~ X PR@Q
T
tRP tMOD

ADDRESS XVA@QZ XVALID VALID 2 XAD@QZ XVALID VALID VALID VA@QZ XVALID VALID 2 XVALIDX Z? XVALID VALIE)>
CKE \_Z(_/

PLS + AL + CL

cossoase [ T N 0 NI A 0\ G

* — T T (T (> I

gg TME BREAK D DON'T CARE

NOTE 1 Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
- Redirect all subsequent read and writes to MPR locations
NOTE 2 Address setting
- A[1:0] = “00”b (data burst order is fixed starting at nibble, always 00b here)
- A[2]= “0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don’t care including BG1 and BGO. A12 is don’t care when MRO A[1:0] = “00” or “10”, and must be ‘1’b when
MRO A[1:0] = “01”
NOTE 3 Multi-Purpose Registers Read/Write Disable (MR3 A2 = 0)

NOTE 4 Continue with regular DRAM command.
NOTE 5 PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.

Figure 15 — MPR Read Timing

T0 T T2 T3 T4 5 T6 Ta0 Ta9 Ta10

080

CKc -

tCCD_S

ADDRESS @L\D ADD2, VALID) VALID) VALID) ADM@QZX\Z\LID VALI LID) VALIE>

/Al

A AV AR AR A N A R A AWAR A AWARVA RWANA AWA WALV LWA RWARW/
DQ (BL=BFired) « M0 00 000000000000
s 008 BBV NSO SYRY
DQ (BC=4:Fixed) M

Ulo x ui X

=

gg TIME BREAK l:] DON'T CARE

NOTE 1 tCCD_S =4, Read Preamble = 1tCK
NOTE 2 Address setting
- A[1:0] = “00”b (data burst order is fixed starting at nibble, always 00b here)
- A[2]= “0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don’t care including BG1 and BGO. A12 is don’t care when MRO A[1:0] = “00” or “10”, and must be ‘1’b when
MRO A[1:0] = “01”
NOTE 3 PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.

Figure 16 — MPR Back to Back Read Timing
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T0 T T2 Ta0 Tal Ta2 Ta3 Ta4 Tab Taé Tbo Tb1 Th2

ADDRESS XAD@D@@D@@QZ XVALID VALID, VALID, VALID, VALID, VALID, VALID, Z XAD@CZZ XVALID VALE)>
ore NV N

e ( U G S5 S D e A |
pa 2{ uio A Ui U2 A U3 A Uld X UIS A UIB A UI7 2(

gg TIME BREAK [:l DON'T CARE

NOTE 1 Address setting
- A[1:0] = “00”b (data burst order is fixed starting at nibble, always 00b here)
- A[2]=“0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don’t care including BG1 and BG0. A12 is don’t care when MRO A[1:0] = “00”, and must be ‘1’b when MRO
A[1:0] =“01”
NOTE 2 Address setting
- BA1 and BAO indicate the MPR location
- A [7:0] = data for MPR
- A10 and other address pins are don’t care.
NOTE 3 PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.

Figure 17 — MPR Read to Write Timing

4.10.4 MPR Writes
DDR4 allows 8 bit writes to the MPR location using the address bus A7:A0.

Table 24 — Ul and Address Mapping for MPR Location

MPR Location 7 6] 5] 4] 03] 2 i [0]
SDRAM Address A7 A6 A5 A4 A3 A2 A1l A0
Ul Uio Ui U2 U3 U4 uis Ui6 Uiz

STEPS:

DLL must be locked prior to MPR Writes. If DLL is Enabled : MR1[AO = 1]
Precharge all

Wait until tRP is satisfied

MRS MR3, Opcode A2="1'b

Redirect all subsequent read and writes to MPR locations

Wait until tMRD and tMOD satisfied.

Write command
BA1 and BAO indicate the MPR location
A [7:0] = data for MPR

Wait until tWR_MPR satisfied, so that DRAM to complete MPR write transaction.

Memory controller repeats these calibration writes and reads until data capture at memory controller is optimized.
After end of last MPR read burst, wait until tMPRR is satisfied

MRS MR3, Opcode A2=‘0b’

All subsequent reads and writes from DRAM array

Wait until tMRD and tMOD are satisfied
Continue with regular DRAM commands like Activate.
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This process is depicted in Figure 18.

T0 Ta0 Tal Tbo Teo Te1 Te2 Tdo Td1 Td2 Td3 Td4 Tb5

ADDRESS XVAIE)X]E XVALID, VALE)X]Z XADEZX:ZE XVALID VALID, ADDQZ XVALID, VAMAUD VALID, VALID, VALE)>
o [ \I/ |\ v

PL3+AL+ (L

U U0 U TN NN N
. (( 8{ (( 8( ulo unt ui2 ui3 U4 uls uie uiz

g TIME BREAK D DON'T CARE

NOTE 1 Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
NOTE 2 Address setting - BA1 and BAO indicate the MPR location
- A [7:0] = data for MPR
- A10 and other address pins are don’t care.
NOTE 3 PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.

Figure 18 — MPR Write Timing and Write to Read Timing

CKe=--~

TWRMPR

ADDRESS ~ XADD1 VALID, D@UD ADD1 VALID, VALID, VALID, VALID, VALID, VALID, VALID, VALID, VA@

CKE N4

DQS_t, DAS_¢ 2 (

" I

§ TmeBrREAK  [] DON'T cARE

NOTE 1 Address setting
- BA1 and BAO indicate the MPR location
- A [7:0] = data for MPR
- A10 and other address pins are don’t care.

Figure 19 — MPR Back to Back Write Timing

- = = IRFC o
sooress ok J) XomoX XmoX ) XuewioX XX XeoX_ XmoX XX ) XoewoX XX XeX

NOTE 1 Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
- Redirect all subsequent read and writes to MPR locations
NOTE 2 1x Refresh is only allowed when MPR mode is Enable.

Figure 20 — Refresh Command Timing
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CKe=--~

oK t
COMMAND
ADDRESS

CKE \_[Z_/

PL+AL +CL - 4+1) + Clocks B IRFC

BL=8

DOS_1,0QS ¢ 8( N NN N N
ba 2{ Kuo X unt X uiz X uis X uia X uis X uis X uiz

BC=4
DSt DQS_¢ 8( - ’\’ ‘/‘ . - /_\\_/
DQ Z( ulo X uit X ui2 X ui

gg TIME BREAK l:] DON'T CARE

NOTE 1 Address setting
- A[1:0] = “00”b (data burst order is fixed starting at nibble, always 00b here)
- A[2]= “0"b (For BL=8, burst order is fixed at 0,1,2,3,4,5,6,7)
- BA1 and BAO indicate the MPR location
- A10 and other address pins are don’t care including BG1 and BGO. A12 is don’t care when MRO A[1:0] = “00” or “10” , and must be ‘“1’b when
MRO A[1:0] = “01”
NOTE 2 1x Refresh is only allowed when MPR mode is Enable.

Figure 21 — Read to Refresh Command Timing

T0 T Ta7

CKe==-n oA -~
i e b 9 G el
como X D DEX @ O OEOEOEOEOE0OE
ADDRESS ﬁmb@w VALID, VALID, VALID, VALID, VALID, \/A@D@\UD VALID, VALID, \/ALE)>
CKE N/

DQS_t, DAS_¢ 2 (

e} 2(

§ TmeBreak  [] bon'T care

NOTE 1 Address setting - BA1 and BAO indicate the MPR location - A [7:0] = data for MPR
- A10 and other address pins are don'’t care.

NOTE 2 1x Refresh is only allowed when MPR mode is Enable.
Figure 22 — Write to Refresh Command Timing
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4.10.5 MPR Read Data format

Mode bits in MR3: (A12, A11) are used to select the data return format for MPR reads. The DRAM is required to drive associated
strobes with the read data returned for all read data formats.

Serial return implies that the same pattern is returned on all DQ lanes as shown in figure below. Data from the MPR is used on all DQ
lanes for the serial return case. Reads from MPR page0, MPR page1 and MPR page3 are alllowed with serial data return mode.
In this example the pattern programmed in the MPR register is 0111 111: MPR Location [7:0].

x4 Device
Serial ulo ull ul2 ui3 ul4 ui5 ul6 Uiz
DQO 0 1 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1

x8 Device
Serial ulo Uil ul2 ui3 ul4 uis ul6 Uiz
DQO 0 1 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
DQ4 0 1 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1 1
DQ6 0 1 1 1 1 1 1 1
DQ7 0 1 1 1 1 1 1 1

x16 Device
Serial ulo Uil ul2 ui3 ul4 uis ul6 urz
DQO 0 1 1 1 1 1 1 1
DQ1 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
DQ4 0 1 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1 1
DQ6 0 1 1 1 1 1 1 1
DQ7 0 1 1 1 1 1 1 1
DQ8 0 1 1 1 1 1 1 1
DQ9 0 1 1 1 1 1 1 1
DQ10 0 1 1 1 1 1 1 1
DQ11 0 1 1 1 1 1 1 1
DQ12 0 1 1 1 1 1 1 1
DQ13 0 1 1 1 1 1 1 1
DQ14 0 1 1 1 1 1 1 1
DQ15 0 1 1 1 1 1 1 1

Parallel return implies that the MPR data is retuned in the first Ul and then repeated in the remaining Ul's of the burst as shown in the
figure below. Data from Page0 MPR registers can be used for the parallel return case as well. Read from MPR page1, MPR page2
and MPR page3 are not allowed with parallel data return mode. In this example the pattern programmed in the Page 0 MPR register
is 0111 1111:MPR Location [7:0] . For the case of x4, only the first four bits are used (0111:MPR Location [7:4] in this example). For
the case of x16, the same pattern is repeated on upper and lower bytes.
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x4 Device
Parallel V][] Uil U2 ui3 ul4 ui5 ul6 ui7
DQO 0 0 0 0 0 0 0 0
DQ1 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
x8 Device
Parallel [U]) Uil U2 ui3 ul4 ui5 ul6 ui7
DQO 0 0 0 0 0 0 0 0
DQ1 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
DQ4 1 1 1 1 1 1 1 1
DQ5 1 1 1 1 1 1 1 1
DQ6 1 1 1 1 1 1 1 1
DQ7 1 1 1 1 1 1 1 1
x16 Device
Parallel ulo (VI ui2 ui3 ul4 ui5 ul6 ui7
DQO 0 0 0 0 0 0 0 0
DQ1 1 1 1 1 1 1 1 1
DQ2 1 1 1 1 1 1 1 1
DQ3 1 1 1 1 1 1 1 1
DQ4 1 1 1 1 1 1 1 1
DQ5 1 1 1 1 1 1 1 1
DQ6 1 1 1 1 1 1 1 1
DQ7 1 1 1 1 1 1 1 1
DQ8 0 0 0 0 0 0 0 0
DQ9 1 1 1 1 1 1 1 1
DQ10 1 1 1 1 1 1 1 1
DQ11 1 1 1 1 1 1 1 1
DQ12 1 1 1 1 1 1 1 1
DQ13 1 1 1 1 1 1 1 1
DQ14 1 1 1 1 1 1 1 1
DQ15 1 1 1 1 1 1 1 1

The third mode of data return is the staggering of the MPR data across the lanes. In this mode a read command is issued to a
specific MPR and then the data is returned on the DQ from different MPR registers. Read from MPR page1, MPR page2, and MPR
page3 are not allowed with staggered data return mode.
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For a x4 device, a read to MPRO will result in data from MPRO being driven on DQO, data from MPR1 on DQ1 and so forth as shown

below.

A read command to MPR1 will result in data from MPR1 being driven on DQO, data from MPR2 on DQ1 and so forth as shown below.
Reads from MPR2 and MPR3 are also shown below.

x4 (Read MPRO command)

Stagger ulo-7
DQO MPRO
DQ1 MPR1
DQ2 MPR2
DQ3 MPR3
x4 (Read MPR1 command)
Stagger ulo-7
DQO MPR1
DQ1 MPR2
DQ2 MPR3
DQ3 MPRO
x4 (Read MPR2 command)
Stagger ulo-7
DQO MPR2
DQ1 MPR3
DQ2 MPRO
DQ3 MPR1
x4 (Read MPR3 command)
Stagger ulo-7
DQO MPR3
DQ1 MPRO
DQ2 MPR1
DQ3 MPR2

It is expected that the DRAM can respond to back to back read commands to MPR for all DDR4 frequencies so that a stream as
follows can be created on the data bus with no bubbles or clocks between read data. In this case controller issues a sequence of RD

MPRO, RD MPR1, RD MPR2, RD MPR3, RD MPRO, RD MPR1, RD MPR2 and RD MPR3.

x4 (Back to Back read commands)

Stagger ul 0-7 Ul 8-15 Ul 16-23 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 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1
DQ3 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2
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The following figure shows a read command to MPRO for a x8 device. The same pattern is repeated on the lower nibble as on the
upper nibble. Reads to other MPR location follows the same format as for x4 case.

A read example to MPRO for x8 and x16 device is shown below.

x8 (Read MPRO command)

Stagger ulo-7
DQO MPRO
DQ1 MPR1
DQ2 MPR2
DQ3 MPR3
DQ4 MPRO
DQ5 MPRA1
DQ6 MPR2
DQ7 MPR3

x16 (Read MPRO command)

Stagger ulo-7
DQO MPRO
DQ1 MPR1
DQ2 MPR2
DQ3 MPR3
DQ4 MPRO
DQ5 MPRA1
DQ6 MPR2
DQ7 MPR3
DQ8 MPRO
DQ9 MPR1

DQ10 MPR2
DQ11 MPR3
DQ12 MPRO
DQ13 MPRA1
DQ14 MPR2
DQ15 MPR3

DDR4 MPR mode enable and page selection is done by Mode Register command as shown below.

Table 25 — MPR MR3 Register Definition
Address Operating Mode Description

0 = Normal
1 = Dataflow from/to MPR

00 = page0
01 = page1
10 = page2
11 = page3
00 = Serial
01 = Parallel

10 = Staggered
11 = Reserved

A2 MPR operaion

A1:A0 MPR selection

A12:A11 MPR Read Format

Four MPR pages are provided in DDR4 SDRAM. Page 0 is for both read and write, and pages 1,2 and 3 are read-only. Any MPR
location (MPRO-3) in page O can be readable through any of three readout modes (serial, parallel or staggered), but pages 1, 2 and
3 support only the serial readout mode.

After power up, the content of MPR page 0 should have the default value as defined in the table. MPR page 0 can be writeable only
when MPR write command is issued by controller. Unless MPR write command is issued, DRAM must keep the default value
permanently, and should never change the content on its own for any purpose.
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Table 26 — MPR data format
MPR page0 (Training pattern)
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0] note
00 = MPRO 0 1 0 1 0 1 0 1
01= MPR1 0 0 1 1 0 0 1 1 i
BA1-BAO Read/Write
10 = MPR2 0 0 0 0 1 1 1 1 (default value)
11 = MPR3 0 0 0 0 0 0 0 0
NOTE 1 MPRXx using A7:A0 that A7 is mapped to location [7] and AO is mapped to location [0].
MPR page1 (CA parity error log)
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [O] note
00 = MPRO Al7] A[6] A[5] Al4] A[3] Al2] A[1] A[0]
BA1:BAO | 01=MPR1 CAS_n/ WE_n/ Al13] Al12] A[11] A[10] Al9] A[8]
A15 A14 Read-
10 = MPR2 PAR ACT_n BG[1] BG[0] BA[1] BA[O] | A[17] | RAS n/ | only
A16
11 = MPR3 CRC CA Par- C[2] C[1] C[0]
Error ity Error . 4
Status Status CA Parity Latency
MR5.A[2] | MR5.A[1] | MR5.A[0]
NOTE 1 MPR used for C/A parity error log readout is enabled by setting A[2] in MR3
NOTE 2 For higher density of DRAM, where A[17] is not used, MPR2[1] should be treated as don’t care.
NOTE 3 If a device is used in monolithic application, where C[2:0] are not used, then MPR3[2:0] should be treated as don’t care.
MPR page2 (MRS Readout)
Address | MPR Location | [7] 6] (5] 4 | @3 2] m | [0 note
RFU RFU RFU | Temperature Sen- | CRC Rtt WR
sor Status(Table1) | Write
00 = MPRO Enable
- - - - - MR2 MR2
- - - - - A12 A10 A9
Vref DQ Gear-
Trng Vref DQ training Value down
01= MPR1 range Enable read-only
BA1:BAO MR6 MR6
A6 A5 | A | A3 A2 A1 | Ao A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO - MR2
A6 | A5 | a4 A2 - A5 r | A3
Rtt_Nom Rtt_Park Driver Impedance
11 = MPR3 MR1 MR5 MR2
A0 | A9 | a6 A8 | A7 | ne A2 | A1
MPR page3 (Vendor purpose only)
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0] note
00 = MPRO don’t don'’t don’t don’t don’t don’t don’t don’t
care care care care care care care care
01= MPR1 don’t don’t don’t don’t don’t don’t don’t don’t read-only
care care care care care care care care
BA1:BAO
_ don’t don’t don’t don’t don’t don’t don’t don’t
10 = MPR2
care care care care care care care care
11 = MPR3 don’t don'’t don’t don’t don’t don’t don’t don’t
care care care care care care care care
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411 Data Mask(DM), Data Bus Inversion (DBI) and TDQS

DDR4 SDRAM supports Data Mask (DM) function and Data Bus Inversion (DBI) functionon in x8 and x16 DRAM configuration. x4
DDR4 SDRAM does not support DM and DBI function. x8 DDR4 SDRAM supports TDQS function. x4 and x16 DDR4 SDRAM does
not support TDQS function.

DM, DBI & TDQS functions are supported with dedicated one pin labeled as DM_n/DBI_n/TDQS_t. The pin is bi-directional pin for
DRAM. The DM_n/DBI _n pin is Active Low as DDR4 supports VDDQ reference termination. TDQS function does not drive actual
level on the pin.

DM, DBI & TDQS functions are programmable through DRAM Mode Register (MR). The MR bit location is bit A11 in MR1 and bit
A12:A10 in MR5 .

Write operation: Either DM or DBI function can be enabled but both functions cannot be enabled simultanteously. When both DM and
DBI functions are disabled, DRAM turns off its input receiver and does not expect any valid logic level.

Read operation: Only DBI function applies. When DBI function is disabled, DRAM turns off its output driver and does not drive any
valid logic level.

TDQS function: When TDQS function is enabled, DM & DBI functions are not supported. When TDQS function is disabled, DM and

DBI functions are supported as described below in Table 27. When enabled, the same termination resistance function is applied to
the TDQS_t/TDQS_c pins that is applied to DQS_t/DQS_c pins.

Table 27 — TDQS Function Matrix

MR1 bit A11 DM (MR5 bit A10) Write DBI (MR5 bit A11) Read DBI (MR5 bit A12)
Enabled Disabled Enabled or Disabled
0 (TDQS Disabled) Disabled Enabled Enabled or Disabled
Disabled Disabled Enabled or Disabled
1 (TDQS Enabled) Disabled Disabled Disabled

Table 28 — DRAM Mode Register MR5

A10 DM Enable
0 Disabled
1 Enabled

Table 29 — DRAM Mode Register MR5

All Write DBI Enable Al2 Read DBI Enable
0 Disabled 0 Disabled
1 Enabled 1 Enabled

Table 30 — DRAM Mode Register MR1

A1 TDQS Enable
0 Disabled
1 Enabled

DM function during Write operation: DRAM masks the write data received on the DQ inputs if DM_n was sampled Low on a given
byte lane. If DM_n was sampled High on a given byte lane, DRAM does not mask the write data and writes into the DRAM core.

DBI function during Write operation: DRAM inverts write data received on the DQ inputs if DBI_n was sampled Low on a given byte
lane. If DBI_n was sampled High on a given byte lane, DRAM leaves the data received on the DQ inputs non-inverted.

DBI function during Read operation: DRAM inverts read data on its DQ outputs and drives DBI_n pin Low when the number of ‘0’ data
bits within a given byte lane is greater than 4; otherwise DRAM does not invert the read data and drives DBI_n pin High.
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Table 31 — x8 DRAM Write DQ Frame Format
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
DM_n or DMO or DM1 or DM2 or DM3 or DM4 or DMS5 or DM6 or DM7 or
DBI_n DBIO DBI1 DBI2 DBI3 DBl4 DBI5 DBI6 DBI7
Table 32 — x8 DRAM Read DQ Frame Format
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
DBI_n DBIO DBI1 DBI2 DBI3 DBl4 DBI5 DBI6 DBI7
Table 33 — x16 DRAM Write DQ Frame Format
Data transfer
0 1 2 8 4 5 6 7
DQLJ[7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
DML_n or DMLO or DML1 or DML2 or DML3 or DML4 or DMLS5 or DML6 or DML7 or
DBIL_n DBILO DBIL1 DBIL2 DBIL3 DBIL4 DBIL5 DBIL6 DBIL7
DQUI7:0] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
DMU_n or DMUO or DMU1 or DMU2 or DMU3 or DMU4 or DMUS5 or DMUG6 or DMU7 or
DBIU_n DBIUO DBIU1 DBIU2 DBIU3 DBIU4 DBIU5 DBIU6 DBIU7
Table 34 — x16 DRAM Read DQ Frame Format
Data transfer
0 1 2 3 4 5 6 7
DQLJ[7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
DBIL_n DBILO DBIL1 DBIL2 DBIL3 DBIL4 DBIL5 DBIL6 DBIL7
DQU[7:0] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
DBIU_n DBIUO DBIU1 DBIU2 DBIU3 DBIU4 DBIU5 DBIU6 DBIU7
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4.12 ZQ Calibration Commands

4.12.1 ZQ Calibration Description

ZQ Calibration command is used to calibrate DRAM Ron & ODT values. DDR4 SDRAM needs longer time to calibrate output driver
and on-die termination circuits at initialization and relatively smaller time to perform periodic calibrations.

ZQCL command is used to perform the initial calibration during power-up initialization sequence. This command may be issued at
any time by the controller depending on the system environment. ZQCL command triggers the calibration engine inside the DRAM
and, once calibration is achieved, the calibrated values are transferred from the calibration engine to DRAM 10, which gets reflected
as 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.

ZQCS command 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 ZQCS command can
effectively correct a minimum of 0.5 % (ZQ Correction) of RON and RTT impedance error within 128 nCK for all speed bins assuming
the maximum sensitivities specified in the ‘Output Driver Voltage and Temperature Sensitivity’ and ‘ODT Voltage and Temperature
Sensitivity’ tables. The appropriate interval between ZQCS commands 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 SDRAM is subject to in the application, is illustrated. The interval could be defined by the
following formula:

ZQCorrection
(TSens x Tdriftrate) + (VSens x Vdriftrate)

Where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the SDRAM temperature and voltage
sensitivities.

For example, if TSens = 1.5% / oC, VSens = 0.15% / mV, Tdriftrate = 1 oC / sec and Vdriftrate = 15 mV / sec, then the interval
between ZQCS commands is calculated as:

0.5
(1.5x 1) + (0.15 x 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 DRAM should disable ZQ current consumption path to reduce power.

All banks must be precharged and tRP met before ZQCL or ZQCS commands are issued by the controller. See “Command Truth
Table” on Section 4.1 for a description of the ZQCL and ZQCS commands.

ZQ calibration commands can also be issued in parallel to DLL lock time when coming out of self refresh. Upon Self-Refresh exit,
DDR4 SDRAM will not perform an 10 calibration without an explicit ZQ calibration command. The earliest possible time for ZQ
Calibration command (short or long) after self refresh exit is XS, XS_Abort/ XS_FAST depending on operation mode.

In systems that share the ZQ resistor between devices, the controller must not allow any overlap of tZQoper, tZQinit, or tZQCS
between the devices.
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Te2

T0 T1 Ta0 Ta1 Ta2 Ta3 Tho Th T60 Tt
CKt\ - - - - - - RN - -
CK e . C- . .- . - - . .-
Command zacL DES DES DES VALID VALID 7acs DES DES DES VALID
Address VALID VALID VALID
a0 Y | X /] VALID VALID _/< Il VALID
cke s H_/ VALID VALID L /| H_/ VALID
2 H i 2 i
oot \ VALID VALID VALID
DQBus  3X Hi-Z or RTT_PARK ACTIVITIES 3 Hi-Z or RTT_PARK om
- t > \\ - i -
tzacs

tZQinit or tZQoper
22 Time Break D Don't Care

NOTE 1 CKE must be continuously registered high during the calibration procedure.
NOTE 2 During ZQ Calibration, ODT signal must be held LOW and DRAM continues to provide RTT_PARK.
NOTE 3 All devices connected to the DQ bus should be high impedance or RTT_PARK during the calibration procedure.

Figure 23 — ZQ Calibration Timing

4.13 DQ Vref Training
The DRAM internal DQ Vref specification parameters are operating voltage range, stepsize, 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 Vrefmax and Vrefmin as depicted in Figure 24 below.

VDDQ - - -
— Vrefmax
Vref
Range
— Vrefmin
————— Vswing Small System Variance
_—— - = Vswing Large _ Total Range

Figure 24 — Vref operating range(Vrefmin, Vrefmax)

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

The Vref set tolerance is the 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 uncertainity. The range of Vref set tolerance uncertainty is a function of number of

steps n.
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The Vref set tolerance is measured with respect to the ideal line which is based on the two endpoints. Where the endpoints are at the
min and max Vref values for a specified range. An illustration depicting an example of the stepsize and Vref set tolerance is below.

Vref

Actual Vref
Output
¢
) ~__ Straight Line
o ® (endpoint Fit)
Vref Set
Tolerance v ®

Vref
I Stepsize

Digital Code
Figure 25 — Example of Vref set tolerance(max case only shown) and stepsize
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The Vref increment/decrement step times are define by Vref_time-short and long. The Vref_time-short and long is defined from t0 to
t1 as shown in the Figure 26 below where t1 is referenced to when the vref voltage is at the final DC level within the Vref valid
tolerance(Vref_val_tol).

The Vref valid level is defined by Vref val tolerance to qualify the step time t1 as shown in Figure 28 through Figure 31. This
parameter is used to insure an adequate RC time constant behavior of the voltage level change after any Vref increment/decrement
adjustment. This parameter is only applicable for DRAM component level validation/characterization.

Vref_time-Short is for a single stepsize increment/decrement change in Vref voltage.
Vref_time-Long is the time including up to Vrefmin to Vrefmax or Vrefmax to Vrefmin change in Vref voltage.

t0 - is referenced to MRS command clock
t1 - is referenced to the Vref_val_tol

CK_t =7 -
CMD XMRS )
Vref|Setting
Adjystment
DQ /70Oid Vref . . New Vref
Vref Setting Updating Vref Setting Setting
B Vref_time-Short/Long o
t0 t

Figure 26 — Vref_time for short and long timing diagram

A MRS command to the mode register bits 5:0 of MR6 are used to program the vref value. VrefDQ training mode is enabled/disabled
by A7 of MR6 and training range can be selected by A6 of MR6. When VrefDQ training mode is entered/exited, the following
parameter needs to be satisfied to prevent current consumption and also stable operation

COMMAND MRS’ CMD CMD @9 WR
VrefDQ Training On New VrefDQ Value New Vre{DQ Value VrefDQ trgining OFF
Or WRITE Or WRITE
tVREFDQE  WREFDQX -

NOTE 1 New VrefDQ value is not allowed with MRS commands for training mode exit.

NOTE 2 Depending on the step size of the latest programmed VREF value, Vref_time_short or Vref_time_long must be satisfied before disabling
VrefDQ training mode.

Figure 27 — VrefDQ training mode entry and exit timing diagram

Table 35 — AC parameters of DDR4 VrefDQ training

Speed DDR4-1600,1866,2133,2400,2666,3200 i
Units NOTE
| Symbol MIN | MAX

Parameter
VrefDQ training

Enter VrefDQ training mode to the first write

or VREFDQ MRS command delay tVREFDQE 150 . ns
Exit VrefDQ training mode to the first write tVREFDQX 150 : ns
command delay
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Vref
Voltage
L __. Vref
(VDDQ DC)
Stepsize Vref_val_tol
t1
Time
Figure 28 — Vref step single stepsize increment case
Vref
Voltage
t1
Stepsize Vref_val_tol
Vref
B (VDDQ DC)
Time

Figure 29 — Vref step single stepsize decrement case
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Vref
Voltage
Vref
Vrefmax (VDDQ DC)
T Vref_val_tol
t1l
Vrefmin
Time
Figure 30 — Vref full step from Vrefmin to Vrefmax case
Vref
Voltage
Vrefmax
t1
lVref_val_tol
Vref
(VDDQ DC)
Vrefmin T

Time

Figure 31 — Vref full step from Vrefmax to Vrefmin case
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Table 36 — DQ Internal Vref Specifications
Prarmeter Symbol Min Typ Max Unit NOTE
Vref Max operating point
Range1 perating p Vref max R1 92% - - vDDQ 1, 11
Vref Min operating point
Range1 perating p Vref min_R1 - - 60% vDDQ 1,11
Vref Max operating point
Range2 perating p Vief max R2 77% - - vDDQ 1,11
Vref Min operating point
Range2 perana p Vref_min_R2 - - 45% vDDQ 1,11
Vref Stepsize Vief step 0.50% 0.65% 0.80% vDDQ 2
-1.625% 0.00% 1.625% vDDQ 3,4,6
Vref Set Tolerance Vet set tol
- - -0.15% 0.00% 0.15% vDDQ 3,57
Vref time-Short - - 60 ns 8,12
Vref Step Time reLTme=ne
Vet _time-Long - - 150 ns 9,12
Vref Valid tolerance Vref_val_tol -0.15% 0.00% 0.15% vDDQ 10

NOTE 1. Vref DC voltage referenced to VDDQ_DC. VDDQ_DC is 1.2V

NOTE 2. Vref stepsize increment/decrement range. Vref at DC level.

NOTE 3. Vref_new = Vref_old+n*Vref_step; n=number of step; if increment use “+”; If decrement use “-

NOTE 4 The minimum value of Vref setting tolerance=Vref_new-1.625%*VDDQ. The maximum value of Vref setting
tolerance=Vref_new+1.625%*VDDQ. For n>4

NOTE 5 The minimum value of Vref setting tolerance=Vref_new-0.15%*VDDQ. The maximum value of Vref setting tolerance=Vref_new+0.15%*VDDQ.
For n<4

NOTE 6 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 settings to that line

NOTE 7 Measured by recording the min and max values of the Vref output across 4 consecutive steps(n=4), drawing a straight line between those
points and comparing all other Vref output settings to that line

NOTE 8 Time from MRS command to increment or decrement one step size for Vref

NOTE 9 Time from MRS command to increment or decrement more than one step size up to full range of Vref

NOTE 10 Only applicable for DRAM component level test/characterization purpose. Not applicable for normal mode of operation. Vref valid is to qualify
the step times which will be characterized at the component level.

NOTE 11 DRAM range1 or 2 set by MRS bit MR6,A6.

NOTE 12 If the Vref monitor is enabled, Vref_time-long and Vref_time-short must be derated by: +10ns if DQ load is OpF and an additional +15ns/pF of
DQ loading.

4.14 Per DRAM Addressability

DDR4 allows programmability of a given device on a rank. As an example, this feature can be used to program different ODT or Vref
values on DRAM devices on a given rank.

N

. Before entering ‘per DRAM addressability (PDA)” mode, the write leveling is required.

. Before entering ‘per DRAM addressability (PDA)’ mode, the following Mode Register setting is possible.
-RTT_PARK MR5 {A8:A6} = Enable
-RTT_NOM MR1 {A10:A9:A8} = Enable

3. Enable ‘per DRAM addressability (PDA)’ mode using MR3 bit “A4=1".

4. In the ‘per DRAM addressability’ mode, all MRS command is qualified with DQO. DRAM captures DQO by using DQS_c and DQS_t
signals as shown Figure 32 . If the value on DQO is 0 then the DRAM executes the MRS command. If the value on DQO is 1, then
the DRAM ignores the MRS command. The controller can choose to drive all the DQ bits.

5. Program the desired devices and mode registers using MRS command and DQO.

6. In the ‘per DRAM addressability’ mode, only MRS commands are allowed.

7. The mode register set command cycle time at PDA mode, AL + CWL + 3.5nCK + tMRD_PDA is required to complete the write
operation to the mode register and is the minimum time required between two MRS commands shown in Figure 32.

8. Remove the DRAM from ‘per DRAM addressability’ mode by setting MR3 bit “A4=0". (This command will require DQ0=0 which

shown in Figure 33.

Note: Removing a DRAM from per DRAM addressability mode will require programming the entire MR3 when the MRS command

is issued. This may impact some per DRAM 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 is located in a mode register that does not have any ‘per DRAM
addressability’ mode controls). In per DRAM addressability mode, DRAM captures DQO using DQS_t and DQS_c like normal write
operation. However, Dynamic ODT is not supported. So extra care required for the ODT setting. If RTT_NOM MR1 {A10:A9:A8} =

Enable, DDR4 SDRAM data termination need to be controlled by ODT pin and apply the same timing parameters as defined in

Direct ODT function that shown in Table 37.

N
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Table 37 — Applied ODT Timing Parameter to PDA Mode

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

porcraey | (RS) || (s (e )
tMOD AL +[CWL : tMRD_PDA
1
oos. ) I O O A A A
DQS_c ( L _ J\_/—\_/_\_/_\_/,_\L/ (
) : ' )
(seete'r:l’(ggvice) (( :\ E ((
tF:DA s tPIDA_H
) DADTLoff = Wi -3
oor / ( \ )
DQDTLop = Wi} -3 (
RTT RTT_PARK / XX RTT_NOM XK RTT_PARK

NOTE RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON

Figure 32 — MRS w/ per DRAM addressability (PDA) issuing before MRS
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MR3 =0
(PDA Cisable) @@
AL +|CWL : tMQD_PDA
|
0as ¢ ) \ R A R A )
DQS_c « L _ J\_/’/_\_/_\_/_\_/,_\_/ﬁ «
)
D) ' 1 D)
(seIeDci% device) (( :\ : ((
tPIDAvS {PDAH
9 DQDTLoff = WL} -3
opT / « \ D)
DQDTLoh = Wi -3 (
RTT RTT_PARK ) RTT_NOM (RTT_PARK

BEEEREER \TW\\\\!(! |

NOTE RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON

Figure 33 — MRS w/ per DRAM addressability (PDA) Exit

0O ™ T2 Ta0 Tal Ta2 Ta3 Ta4 Tb0 Tb1 Tb2  Tb3 Th4 Tb5 Tb6 Tb7 Th8 Th9 TcO Tel T2 T3 Ted

YA INa0ANRENAY AN 0R0RRR R IRNRN RN
ot | Gy || ) )

tMOD AL +|CWL : tMRD_PDA
1
1
DQS_t ) ) . S SN )
b0S o (« (« ] J\_f\_/_\_/ («
) ) : ' )
(selec?e%odevice) (( (( \ : ((

Figure 34 — PDA using Burst Chop 4

tPDA_S =tDS and tPDA_H = tDH for all DDR4 speed bins.
Since PDA mode may be used to program optimal Vref for the DRAM, the DRAM may incorrectly read DQ level at the first DQS edge
and the last falling DQS edge. It is recommended that DRAM samples DQO on either the first falling or second rising DQS edges.

This will enable a common implementation between BC4 and BL8 modes on the DRAM. Controller is required to drive DQO to a

‘Stable Low or High’ during the length of the data transfer for BC4 and BL8 cases.



415 CAL Mode (CS_n to Command Address Latency)

4.15.1 CAL Mode Description

DDR4 supports Command Address Latency, CAL, function as a power savings feature. CAL is the delay in clock cycles between
CS_n and CMD/ADDR defined by MR4[A8:A6] (See Figure 35).
CAL gives the DRAM time to enable the CMD/ADDR receivers before a command is issued. Once the command and the address are
latched,the receivers can be disabled. For consecutive commands, the DRAM will keep the receivers enabled for the duration of the
command sequence (See Figure 36)

CK

CS_n

CMD/ADDR

CK

CS_n

CMD/ADDR

The following tables show the timing requirements for tCAL (Table 38) and MRS settings (Table 39) at different data rates.
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Figure 35 — Definition of CAL
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Figure 36 — CAL operational timing for consecutive command issues

Table 38 — CS to Command Address Latency

Parameter Symbol DDR4- DDR4- DDR4- DDR4- Units
1600 1866 2133 2400
CS to Command Address Latency CAL 3 4 4 5 nCK
DDR4- DDR4- DDR4- DDR4- .
Parameter Symbol 1600 1866 2133 2400 Units
CS to Command Address Latency
(Gear down mode even CK) CAL 4 4 4 6 nCK
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Table 39 — MRS settings for CAL

A8:A6 @ MR4 CAL(tCK cycles)

000 default(disable)
001 3

010 4

011 5

100 6

101 8

110 Reserve

111 Reserve

MRS Timings with Command/Address Latency enabled

When Command/Address latency mode is enabled, users must allow more time for MRS commands to take effect. When CAL mode

is enabled, or being enabled by an MRS command, the earliest the next valid command can be issued is tMOD_CAL, where
tMOD_CAL=tMOD+tCAL.

CK_ c ----\/—\\:/ = r—-\/—\\:/
Y S W/ S W N
COMMAND
csn \ |/ \|

tMOD_CAL

NOTE 1 MRS command at Ta1 enables CAL mode
NOTE 2 tMOD_CAL=tMOD+tCAL

Figure 37 — CAL enable timing - tMOD_CAL

TO Ta0 Ta1 TbO Tb1
CK_ c

okt L
COMMAND
(Wio CS. n) >< M@D@
CS_n \_ﬂ

| :
} . // tMOD_CAL

NOTE 1 MRS at Ta1 may or may not modify CAL, tMOD_CAL is computed based on new tCAL setting.
NOTE 2 tMOD_CAL=tMOD+tCAL.

Figure 38 — tMOD_CAL, MRS to valid command timing with CAL enabled
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When Command/Address latency is enabled or being entered, users must wait tMRD_CAL until the next MRS command can be
issued. tMRD_CAL=tMOD+tCAL.

Ta0 Ta1 Ta2 TbO Tb1

okt —|-- - .- c-- v
s OBODEOB0E
cs.n |/ L/ ea

tMRD_CAL

NOTE 1 MRS command at Ta1 enables CAL mode
NOTE 2 tMRD_CAL=tMOD+tCAL

Figure 39 — CAL enabling MRS to next MRS command, tMRD_CAL

TO Ta0 Ta1 Ta2 TbO Tb1 Tb2 Tc0
CK_c

COMMAND
CS_n
- \—j/ H tCAL L/

tMRD_CAL '

! )

NOTE 1 MRS at Ta1 may or may not modify CAL, tMRD_CAL is computed based on new tCAL setting.
NOTE 2 tMRD_CAL=tMOD+tCAL.

tCAL ‘

Figure 40 — tMRD_CAL, mode register cycle time with CAL enabled
416 CRC

4.16.1 CRC Polynomial and logic equation
DDR4 supports CRC for write operation, and doesn’t support CRC for read operation.

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

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

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

Table 40 — Error Detection Details

ERROR TYPE DETECTION CAPABILITY
Random Single 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;

/I polynomial: (0 1 2 8)

// data width: 72

/I 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] NewCRC;

begin
D = Data;

NewCRC[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] A
D[45] » D[43] * D[40] * D[39] A D[35] » D[34] A D[31] »
D[30] » D[28] * D[23] » D[21] » D[19] » D[18] » D[16] A
D[14] A D[12] » D[8] * D[7] A D[6] * D[0] ;

NewCRCI[1] = D[70] » D[66] * D[65] » D[63] * D[61] » D[60] A D[57] A

D[56] » D[55] * D[52] » D[51] * D[48] » D[46] * D[45]
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] A D[13] A
D[12] A D[9] * D[6] ~ D[1] * D[0];

NewCRC[2] = D[71] » D[69] A D[68] * D[63] ~ D[62] * D[61] » D[60] *

D[58] A D[57] * D[54] * D[50] * D[48] * D[47] * D[46] A
D[44] ~ D[43] * D[42] » D[39] * D[37] * D[34] * D[33] *
D[29] A D[28] * D[25] * D[24] A D[22] » D[17] A D[15] A
D[13] ~ D[12] » D[10] A D[8] * D[6] * D[2] * D[1] * D[0];

NewCRC[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] * D[45] A
D[44] * D[43] * D[40] » D[38] A D[35] * D[34] * D[30] »
D[29] * D[26] * D[25] » D[23] * D[18] » D[16] A D[14] A
D[13] A D[11] A D[9] » D[7] » D[3] » D[2] » D[1];

NewCRC[4] = D[71] » D[70] A 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] A D[17] » D[15] »
D[14] A D[12] » D[10] A D[8] * D[4] * D[3] * D[2];

NewCRC[5] = D[71] » D[66] » D[65] * D[64] » D[63] » D[61] » D[60] *

D[57] » D[53] * D[51] A D[50] A D[49] * D[47] A D[46] A
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] A
D[13] » D[11] A D[9] * D[5] * D[4] * D[3];

NewCRC[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] A D[47] * D[46]
D[43] » D[41] * D[38] * D[37] » D[33] » D[32] * D[29] *
D[28] * D[26] * D[21] A D[19]  D[17] * D[16] * D[14] A
D[12] » D[10] * D[6] * D[5] * D[4];

NewCRC[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] A D[27] * D[22] * D[20] » D[18] A D[17] * D[15]
D[13] A D[11] A D[7] * D[6] * D[5;

nextCRC8_D72 = NewCRC;
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4.16.2 CRC data bit mapping for x8 devices
The following figure shows detailed bit mapping for a x8 device.

0 1 2 3 4 5 6 7 8 9
do d1 d2 d3 d4 d5 dé d7 CRCO 1
ds d9 d10 d11 d12 d13 d14 d15 CRC1 1
d16 d17 d18 d19 d20 d21 d22 d23 CRC2 1
d24 d25 d26 d27 d28 d29 d30 d31 CRC3 1
d32 d33 d34 d35 d36 d37 d38 d39 CRC4 1
d40 d41 d42 d43 d44 d45 d46 d47 CRC5 1
d48 d49 d50 d51 d52 d53 d54 d55 CRC6 1
d56 d57 d58 d59 d60 dé61 d62 d63 CRC7 1
d64 deé5 d66 d67 de68 d69 d70 d71 1 1

4.16.3 CRC data bit mapping for x4 devices
The following figure shows detailed bit mapping for a x4 device.

0 1 2 3 4 5 6 7 8 9
do d1 d2 d3 d4 d5 dé d7 CRCO CRC4
ds d9 d10 d11 d12 d13 d14 d15 CRC1 CRC5
d16 d17 d18 d19 d20 d21 d22 d23 CRC2 CRC6
d24 d25 d26 d27 d28 d29 d30 d31 CRC3 CRC7

DQ3

4.16.4 CRC data bit mapping for x16 devices

A x16 device is treated as two x8 devices. x16 device will have two identical CRC trees implemented. CRC(0-7) covers data bits d(0-
71). CRC(8-15) covers data bits d(72-143).

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DBIL n
DQ8
DQY
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15
DBIU_n

0 1 2 3 4 5 6 7 8 9
do d1 d2 d3 d4 d5 d6 d7 CRCO 1
d8 d9 d10 d11 d12 d13 d14 d15 CRCA1 1
d16 d17 d18 d19 d20 d21 d22 d23 CRC2 1
d24 d25 d26 d27 d28 d29 d30 d31 CRC3 1
d32 d33 d34 d35 d36 d37 d38 d39 CRC4 1
d40 d41 d42 d43 d44 d45 d46 d47 CRC5 1
d48 d49 d50 d51 d52 d53 d54 d55 CRC6 1
d56 d57 d58 d59 d60 d61 d62 d63 CRC7 1
de4 d65 d66 d67 d68 d69 d70 d71 1 1
d72 d73 d74 d75 d76 d77 d78 d79 CRC8 1
d8o da1 d82 da3 dg4 d85 d86 d87 CRC9 1
d8s dg89 doo do1 do2 d93 do4 do5 CRC10 1
d96 d97 dosg do9 d100 d101 d102 d103 CRC1M1 1

d104 d105 d106 d107 d108 d109 d110 d111 CRC12 1
d112 d113 d114 d115 d116 d117 d118 d119 CRC13 1
d120 d121 d122 d123 d124 d125 d126 d127 CRC14 1
d128 d129 d130 d131 d132 d133 d134 d135 CRC15 1
d136 d137 d138 d139 d140 d141 d142 d143 1 1
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4.16.5 Write CRC for x4, x8 and x16 devices

The Controller generates the CRC checksum and forms the write data frames as shown in Section 4.16.1 to Section 4.16.4.

For a x8 DRAM the controller must send 1’s in the transfer 9 if CRC is enabled and must send 1’s in transfer 8 and transfer 9 of the
DBI_n lane if DBI function is enabled.

For a x16 DRAM the controller must send 1’s in the transfer 9 if CRC is enabled and must send 1’s in transfer 8 and transfer 9 of the
DBIL_n and DBIU_n lanes if DBI function is enabled.

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_n signal if there is a mis-match.

A x8 device has a CRC tree with 72 input bits. The upper 8 bits are used for DBI inputs if DBI is enabled. If DBI is disabled then the
inputs of the upper 8 bits D[71:64] are ‘1’s.

A x16 device has two identical CRC trees with 72 input bits each. The upper 8 bits are used for DBI inputs if DBI is enabled. If DBI is
disabled then the input of the upper 8 bits [D(143:136) and D(71:64)] is ‘1"

A x4 device has a CRC tree with 32 input bits. The input for the upper 40 bits D[71:32] are ‘1’s.

DRAM can write data to the DRAM core without waiting for CRC check for full writes. If bad data is written to the DRAM core then
controller will retry the transaction and overwrite the bad data. Controller is responsible for data coherency.

4.16.6 RC Error Handling

CRC Error mechanism shares the same Alert_n signal for reporting errors on writes to DRAM. The controller has no way to
distinguish between CRC errors and Command/Address/Parity errors other than to read the DRAM mode registers. This is a very
time consuming process in a multi-rank configuration.

To speed up recovery for CRC errors, CRC errors are only sent back as a pulse. The minimum pulse-width is 2 clocks. The latency to
Alert_n signal is defined as tCRC_ALERT in the figure below.

DRAM will set CRC Error Clear bit in A4 of MR5 to '1' and CRC Error Status bit in MPR3 of page1 to '1' upon detecting a CRC error.
The CRC Error Clear bit remains set at '1" until the host clears it explicitly using an MRS command.

The controller upon seeing an error as a pulse width will retry the write transactions. The controller understands the worst case delay
for Alert_n (during init) and can backup the transactions accordingly or the controller can be made more intelligent and try to correlate
the write CRC error to a specific rank or a transaction. The controller is also responsible for opening any pages and ensuring that
retrying of writes is done in a coherent fashion.

The pulse width may be seen longer than two clocks at the controller if there are multiple CRC errors as the Alert_n is a daisy chain
bus.

CK c- -
CK_t

oa EY Y EY EY EY Y EY EY T EE ] -

CRC ALERT_PW(max)
_ICRC_ALERT |

»|
- ll "™ CRCALERT_PW(min) "

Alert_n \\ /
NOTE 1 CRC ALERT_PW is specified from the point where the DRAM starts to drive the signal low to the
point where the DRAM driver releases and the controller starts to pull the signal up. 22 TIME BREAK
NOTE 2 Timing diagram applies to x4, x8, and x16 devices. D TRANSITIONING DATA
Figure 41 — CRC Error Reporting
Table 41 — CRC Error Timing Parmeters
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 U
ni
Parameter Symbol min max min max min max min max
CRC error to ALERT _n latency| tCRC_ALERT - 13 - 13 - 13 - 13 ns
CRC ALERT_n pulse width | CRC ALERT_PW 6 10 6 10 6 10 6 10 nCK
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4.16.7 CRC Frame format with BC4

DDR4 SDRAM supports CRC function for Write operation for Burst Chop 4 (BC4). The CRC function is programmable using DRAM
mode register and can be enabled for writes.

When CRC is enabled the data frame length is fixed at 10Ul for both BL8 and BC4 operations. DDR4 SDRAM also supports burst

length on the fly with CRC enabled. This is enabled using mode register.

CRC data bit mapping for x4 devices (BC4)
The following figure shows detailed bit mapping for a x4 device.

Transfer
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 d1 1 1 1 1 CRCA1 CRC5
DQ2 d16 d17 d18 d19 1 1 1 1 CRC2 CRC6
DQ3 d24 d25 d26 d27 1 1 1 1 CRC3 CRC7

For a x4 SDRAM, the CRC tree input is 16 data bits as shown in the figure above. The input for the remaining bits are “1”.

CRC data bit mapping for x8 devices (BC4)
The following figure shows detailed bit mapping for a x8 device.

Transfer
0 1 2 & 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 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 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_n
DBI:n d64 d65 d66 d67 1 1 1 1 1 1

For a x8 SDRAM, the CRC tree inputs are 36 bits as shown in the figure above. The input bits d(64:67) are used if DBl or DM
functions are enabled. If DBI and DM are disabled then d(64:67) are “1”

CRC data bit mapping for x16 devices (BC4)
The following figure shows detailed bit mapping for a x16 device.

Tranfer
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 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 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
DML_n
DBIL:n d64 dé5 d66 d67 1 1 1 1 1 1
DQ8 d72 d73 d74 d75 1 1 1 1 CRC8 1
DQ9 d8o d81 dg2 d83 1 1 1 1 CRC9 1
DQ10 d88 d89 doo do1 1 1 1 1 CRC10 1
DQM1 do6 d97 dos 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
DMU_n
DBIUZn d136 d137 d138 d139 1 1 1 1 1 1
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For a x16 SDRAM there are two identical CRC trees.

The lower CRC tree inputs has 36 bits as shown in the figure above. The input bits d(64:67) are used if DBI or DM functions are
enabled. If DBl and DM are disabled then d(64:67) are “1”.

The upper CRC tree inputs has 36 bits as shown in the figure above. The input bits d(136:139) are used if DBl or DM functions are
enabled. If DBl and DM are disabled then d(136:139) are “1”.

DBI and CRC clarification
Write operation: The SDRAM computes the CRC for received data d(71:0). Data is not inverted based on DBI before it is used for
computing CRC. The data is inverted based on DBI before it is written to the DRAM core.

Burst Ordering with BC4 and CRC enabled
If CRC is enabled then address bit A2 is used to transfer critical data first for BC4 writes.
A x8 SDRAM is used as an example with DBI enabled.

The following figure shows data frame with A2=0.

Transfer

0 1 2 3] 4 5 6 7 8 9
DQO do d1 d2 d3 1 1 1 1 CRCO 1
DQ1 ds d9 d10 d11 1 1 1 1 CRCA1 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_n
DBI:n dé4 dé5 d66 de7 1 1 1 1 1 1

The following figure shows data frame with A2=1.
Transfer

0 1 2 3 4 5 6 7 8 9
DQO d4 d5 dé d7 1 1 1 1 CRCO 1
DQ1 d12 d13 d14 d15 1 1 1 1 CRCH1 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 deo dé1 d62 d63 1 1 1 1 CRC7 1
3&’::2 d68 d69 d70 d71 1 1 1 1 1 1
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If A2=1 then the data input to the CRC tree are 36 bits as shown above. Data bits d(4:7) are used as inputs for d(0:3), d(12:15) are
used as inputs to d(8:11) and so forth for the CRC tree.

The input bits d(68:71) are used if DBI or DM functions are enabled. If DBl and DM are disabled then d(68:71) are “1”s. If A2=1 then
data bits d(68:71) are used as inputs for d(64:67)

The CRC tree will treat the 36 bits in transfer’s four through seven as 1’s

CRC equations for x8 device in BC4 mode with A2=0 are as follows:

CRC[0] = DI[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] ~ 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 * D[21]=1 ~ D[19]

A D[18] A D[16] » D[14]=1 A D[12]=1 A D[8] A D[7]=1 * D[6] =1 A 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 A D[36]=1 * D[34] A D[32] * D[30]=1 * D[29]=1 * D[28]=1 * D[24] * D[23]=1
A D[22]=1 A D[21]=1 ~ D[20]=1  D[18] ~ D[17] ~ D[16] » D[15]=1 * D[14]=1 A D[13]=1* D[12]=1 * 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 * 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  D[13]=1 A D[12]=1 » D[10] » D[8] * D[6]=1 * D[2] * D[1]

" D[O];

CRC[3] = DI[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 ~ D[13]=1 ~ D[11] ~ D[9] ~ D[7]=1 ~ D[3] ~ D[2] * D[1];

CRC[4] = 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 A 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] A D[17] * D[15]=1 * D[14]=1 A D[12]=1 ~ D[10] * D[8] * D[4]=1 * D[3] * D[2];

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

CRC[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 D[43] » D[41] * D[38]=1 * D[37]=1 A D[33] » D[32] * D[29]=1 * D[28]=1 ~ D[26] * D[21]=1 A D[19] » D[17] A
D[16] A D[14]=1 * D[12]=1 * D[10] * D[6]=1 * D[5]=1 * D[4]=1;

CRC[7]=  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] * D[49] * D[48]
D[47]=1  D[44]=1 » D[42] » D[39]=1 / D[38]=1 * D[34] * D[33] » D[30]=1 A D[29]=1 / D[27] A D[22]=1 * D[20]=1 * D[18]

A D[17] ~ D[15] =1~ D[13]=1 ~ D[11] ~ D[7]=1 * D[6]=1 * D[5]=1;
CRC equations for x8 device in BC4 mode with A2=1 are as follows:

CRC[0]= 171AD[71]1*D[70]~D[68]~ 11~ D[60]*1~141AD[54] » D[53] » D[52] * 1 * D[47]  D[44] » 1 A D[39] * D[38] *
1A 1 A1 A4 A1AD[23]AD[22] A D[20]* 1A 1AD[12]* 141 AD[4];

CRC[1]= 1AD[70]*D[69]~1~1A1AD[61]* D[60]*1"1AD[55]AD[52] 141" 14D[47]~D[45]* 1~ 1 D[38] * D[36] 1
A{A{AD[28]A1A1A1A 1AD[22] A D[21] A D[20]* A 1A A 1 AD[13] A 1 A D[5] » D[4];

CRC[2]= 171217121214 1AD[62]"D[61]17D[54]*D[52]*1~1~1AD[47] » D[46] 1~ 1~ D[38] ~ D[37] * 1 * 1 A D[29]
AD[28] A 1 AD[21]~ 1 A 1A 1 A D[14] A D12] M * D[6] * D[5] * D4];

CRC[3]= 1°17D[68]*1~1"1AD[63]"D[62]* 1~ D[55]*D[53]"D[52]*1 "1~ 1AD[47]* D[44] » 1 ~ D[39] ~ D[38] A 1~ 1
A D[30] A D[29] A 1 A D[22] ~ D[20] # 1 * 1A D[15] A D[13] * 1 A D[7] * D[6] * D[5];

CRC[4]= 1M AD[69]AD[68]* 1211~ D[63]D[60]* 1~ D[54] A D[53] *D[52] » 1 A1 AD[45]* 1~ 1AD[39] "~ 1D[31]
A D[30]  D[28] » D[23] A D[21] 1~ 1 A 1 A D[14] ~ D[12] ~ 1 * D[7] » D[6];

CRC[5]= 1D[70]*D[69] » D[68] 111" D[61]* 14 D[55] ~ D[54] * D[53] 12 1~ 1 D[46] A D[44]~ 1~ 1 AD[36] * 1 1
AD[31] ~ D[29] » 1 A D[22] » D[20] » 1 A 1 AD[15] A D[13]~ 1 A 1 A D[7];

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

CRC[7]= 17D[71]AD[70]~D[69]* 1~ 1A D[63]* 111 AD[55]*D[53] *D[52] » 1~ 12 D[46] 1~ 1A D[38] A D[37] 114

D[31]7 171 AD[22] AD[21] A 1A 1 AD[15] A 1A 1 A 1;
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4.16.8 Simultaneous DM and CRC Functionality

When both DM and Write CRC are enabled in the DRAM mode register, the DRAM calculates CRC before sending the write data into
the array. If there is a CRC error, the DRAM blocks the write operation and discards the data.

4.17 Command Address Parity( CA Parity )

[A2:A0] of MR5 are defined to enable or disable C/A Parity in the DRAM. The default state of the C/A Parity bits is disabled. If C/A
parity is enabled by programming a non-zero value to C/A Parity Latency in the mode register (the Parity Error bit must be set to zero
when enabling C/A any Parity mode), then the DRAM has to ensure that there is no parity error before executing the command. The
additional delay for executing the commands versus a parity disabled mode is programmed in the mode register when C/A Parity is
enabled (Parity Latency) and is applied to all commands.When C/A Parity is enabled, only DES is allowed between valid commands
to prevent DRAM from any malfunctioning. CA Parity Mode is supported when DLL-on Mode is enabled, use of CA Parity Mode when
DLL-off Mode is enabled is not allowed.

C/A Parity signal (PAR) covers ACT_n, RAS_n, CAS_n, WE_n and the address bus including bank address and bank group bits. The
control signals CKE, ODT and CS_n are not included. (e.g. for a 4 Gbit x4 monolithic device, parity is computed across BGO, BG1,
BA1, BAO, A16/ RAS_n, A15/CAS_n, A14/WE_n, A13-A0 and ACT_n). (DRAM should internally treat any unused address pins as
0’s, e.g., if a common die has stacked pins but the device is used in a monolithic application then the address pins used for stacking
should internally be treated as 0’s)

The convention of parity is even parity i.e. 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 is chosen so that the total number of 1’s in the transmitted
signal, including the parity bit is even.

If a DRAM detects a C/A parity error in any command as qualified by CS_n then it must perform the following steps:

- Ignore the erroneous command. Commands in max NnCK window (tPAR_UNKNOWN) prior to the erroneous command are not
guaranteed to be executed. When a READ command in this NnCK window is not executed, the DRAM does not activate DQS
outputs.

- Log the error by storing the erroneous command and address bits in the error log. (MPR page1)

- Set the Parity Error Status bit in the mode register to ‘“1’. The Parity Error Status bit must be set before the ALERT_n signal is
released by the DRAM (i.e. tPAR_ALERT_ON + tPAR_ALERT_PW(min)).

- Assert the ALERT_n signal to the host (ALERT _n is active low) within tPAR_ALERT_ON time.

- Wait for all in-progress commands to complete. These commands were received tPAR_UNKOWN before the erroneous command.
If a parity error occurs on a command issued between the tXS_Fast and tXS window after self-refresh exit then the DRAM may
delay the de-assertion of ALERT_n signal as a result of any internal on going refresh. (See Figure 46)

- 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).

- After tPAR_ALERT_PW_min has been satisfied, the DRAM may de-assert ALERT_n.
- After the DRAM has returned to a known pre-charged state it may de-assert ALERT _n.

- After ({tPAR_ALERT_ON + tPAR_ALERT_PW), the DRAM is ready 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
‘0’(the DRAM will execute any erroneous commands until the bit is cleared).

- Itis possible that the DRAM might have ignored a refresh command during the (tPAR_ALERT_ON + tPAR_ALERT_PW) window
or the refresh command is the first erroneous frame so it is recommended that the controller issues extra refresh cycles 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 DRAM maintains the Error Log for the first erroneous command until the Parity Error Status bit is reset to ‘0’.

Mode Register for C/A Parity Error is defined as follows. C/A Parity Latency bits are write only, Parity Error Status bit is read/write and
error logs are read only bits. The controller can only program the Parity Error Status bit to ‘0’. If the controller illegally attempts to write
a ‘1’ to the Parity Error Status bit the DRAM does not guarantee that parity will be checked. The DRAM may opt to block the controller
from writing a ‘1’ to the Parity Error Status bit.
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Table 42 — Mode Registers for C/A Parity

C/A Parity Latency . C/A Parity Error Status
MR5[2:0]* Speed bins MRS5[4] Errant C/A Frame
000 = Disabled -
O=clear
001= 4 Clocks 1600,1866,2133
— C2-C0, ACT_n, BG1, BGO, BAO, BA1, PAR, A17,
010=5 Clocks 2400 A16/RAS_n, A15/CAS_n, A14/WE_n, A13:A0
011= 6 Clocks RFU 1=Error
100= 8 Clocks RFU

NOTE1 Parity Latency is applied to all commands.

NOTE 2 Parity Latency can be changed only from a C/A Parity disabled state, i.e. a direct change from PL=3 — PL=4 is not allowed. Correct sequence
is PL=3 — Disabled — PL=4

NOTE 3 Parity Latency is applied to write and read latency. Write Latency = AL+CWL+PL. Read Latency = AL+CL+PL.

DDR4 SDRAM supports MR bit for ‘Persistent Parity Error Mode’. This mode is enabled by setting MR5 A9=High and when it is
enabled, DRAM resumes checking CA Parity after the alert_n is deasserted, even if Parity Error Status bit is set as High. If multiple
errors occur before the Error Status bit is cleared the Error log in MPR page 1 should be treated as ‘Don’t Care’. In ‘Persistent Parity
Error Mode’ the Alert_n pulse will be asserted and deasserted by the DRAM as defined with the min. and max. value for
tPAR_ALERT_PW. The controller must issue DESELECT com-mands once it detects the Alert_n signal, this response time is
defined as tPAR_ALERT_RSP

The following figure captures the flow of events on the C/A bus and the ALERT_n signal.

TO T1 Ta0 Tal Ta2

CKc- -~
CK_t —/

COMMAND/
ADDRESS

) |
ALERT_n / /

F .
‘I' Command execution unknown
- Command not executed [] poNTcARE gTIME BREAK

\.) Command executed

NOTE 1 DRAM is emptying queues, Precharge All and parity checking off until Parity Error Status bit cleared.
NOTE 2 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.

NOTE 3 Normal operation with parity latency(CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Status bit cleared.

Figure 42 — Normal CA Parity Error Checking Operation
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TO T1 Ta0 Tal Ta2 ThO TcO Tel TdO TeO Tel
CKec- -~
cK_t —
COMMAND/
ADDRESS

_| tPAR_ALERT_(Q

wr | /

’ - Command execution unknown
- Command not executed [7] poNTcARE &TIME BREAK

-) Command executed

NOTE 1 DRAM is emptying queues, Precharge All and parity check re-enable finished by tPAR_ALERT_PW.
NOTE 2 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.

NOTE 3 Normal operation with parity latency and parity checking (CA Parity Persistent Error Mode enabled).

tPAR_ALERT_PW!' t>2nCK

/ tPAR_ALERT_PW'

Figure 43 — Persistent CA Parity Error Checking Operation

oK T0 Tl Ta0 Tal Tho Thl Tco Tel Td0o Td1 Td2 Td3 Te0 Tel
¢ -— = RN - A A ra A A .
CK_t _) - [ [ - - :\_/ (__/\\
tXP+PL
COMMAND/
wooress KOS I
s 7 \\
CKE ]
-
tiH tIS t=>2nCK tRP
/ / tPAR_ALERT_ON / / ‘ / / / / tPAR_ALERT_PW1
Il i |
ALERT_n / / / /

' - Command execution unknown
.) Command not executed [7] ponTcarE &TIME BREAK

- Command executed

NOTE 1 Deselect command only only allowed.

NOTE 2 Error could be Precharge or Activate.

NOTE 3 Normal operation with parity latency(CA Parity Persistent Error Mode disable). Parity checking is off until Parity Error Status bit cleared.
NOTE 4 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.

NOTE 5 Deselect command only allowed CKE may go high prior to Td2 as long as DES commands are issued.

Figure 44 — CA Parity Error Checking - PDE/PDX
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Tho bl Tdo TdL Tdo Td1 Td2 Td3
CK_c - A - A -~ A A -
CK_t [ [_— ~ ~ ~ [ [_— ~
tXP+PL
COMMAND/
ADDRESS ‘ I / l I
77 / \H =
tiH tis t> 2nCK {RP
@)
tPAR_ALERT_ON |
U

/| 1| | / / {PAR_ALERT PW!
| (E— |

- - ' Command execution unknown
.) Command not executed [7] ponTcare gTIME BREAK

- Command executed

NOTE 1 Deselect command only only allowed.

NOTE 2 SelfRefresh command error. DRAM masks the intended SRE cammand enters Precharge Down.

NOTE 3 Normal operation with parity latency(CA Parity Persistent Error Mode disable). Parity checking is off until Parity Error Status bit cleared.
NOTE 4 Controller can not disable dock until it has been able to have detected a possible C/A Parity error.

NOTE 5 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.

NOTE 6 Deselect command only allowed CKE may go high prior to Tc2 as long as DES commands are issued.

Figure 45 — CA Parity Error Checking - SRE Attempt
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0 Ta0 Tal
CK c- -~
<4
CK_t —/
COMMAND/
ADDRESS

. .
tPAR_UNKNO r

|

tXS_FASTS /

ALERT_n

|
Jl

|

tXSDLL

. - "F Command execution unknown
') Command not executed [] boNT cARE &T'ME BREAK

(n) Command executed

NOTE 1 SelfRefresh Abort = Disable : MR4 [A9=0]

NOTE 2 Input commands are bounded by tXSDLL, tXS, tXS_ABORT and tXS_FAST timing.

NOTE 3 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.

NOTE 4 Normal operation with parity latency(CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Status bit cleared.
NOTE 5 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

NOTE 7 Valid commands requiring a locked DLL

NOTE 8 This figure shows the case from which the error occurred after tXS FAST_An error also occur after tXS_ABORT and tXS.

Figure 46 — CA Parity Error Checking - SRX

Command/Address parity entry and exit timings

When entering and exiting Parity mode, users must wait tMRD_PAR before issuing another MRS command, and wait tMOD_PAR
before any other commands.

tMOD_PAR = tMOD + PL
tMRD_PAR = tMOD + PL
For CA parity entry, PL in the equations above is the parity latency programmed with the MRS command entering CA parity mode.
For CA parity exit, PL in the equations above is the programmed parity latency prior to the MRS command exiting CA parity mode.
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Ta0 Ta1 Ta2 TbO Tb1 Tb2

{

COMMAND DES X MRS XDes) | XpbEsX X wrsY  XDesY X
| N | |

CK

CK_

—~ 0

Parity Latency PL=0 PL=N \ ‘ PL=N
4 ‘ ) ) ‘ tMRD_PAR ‘
< 14
Enable
Parity

NOTE 1 tMRD_PAR =tMOD + N; where N is the programmed parity latency.

Figure 47 — Parity entry timing example - tMRD_PAR

Ta0 Ta1 Ta2 TbO Tb1 Tb2
CK_c \/
CKt AN N AN AN N AN N AN
COMMAND DES X MRS >< DES>< \\ X DES >< ><VALID>< X DES>< X
Parity Latency ‘ PL=0 PL=N ‘ \\ ‘ PL=N
4 ‘ )) ‘ tMOD_PAR ‘
N / L4
Enable
Parity
NOTE 1 tMOD_PAR =tMOD + N; where N is the programmed parity latency.
Figure 48 — Parity entry timing example - tMOD_PAR
Ta0 Ta1 Ta2 TbO Tb1 Tb2
CK_c
CK_t 7

COMMAND DES X X MRs >< DES>< \\ X DES >< X MRS>< X DES>< X

Parity Latency PL=N PL=0

NOTE 1 tMRD_PAR =tMOD + N; where N is the programmed parity latency.

PL=0

) \ | \ WROPAR
N / |4
Disable

Parity

Figure 49 — Parity exit timing example - tMRD_PAR
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Ta0 Taf Ta2 Tbo b1 Th2
COMMAND DES X MRS X Des) | XpEs X  XvaupX X DpesY X
| | | |
Parity Latency " PL=N PL=0 ‘ " pL=0 ‘
p ‘ )) ‘ fMOD_PAR ‘
Disable
Parity

NOTE 1 tMOD_PAR =tMOD + N; where N is the programmed parity latency.

Figure 50 — Parity exit timing example - tMOD_PAR

4.17.1 CA Parity Error Log Readout
MPR Mapping of CA Parity Error Log1(Page1)

Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0]
00=MPRO A7 A6 A5 A4 A3 A2 A1 A0
CAS_n/
01=MPR1 A5 WE_n/A14 A13 A12 A11 A10 A9 A8
BA1:BAO = 0:1 RAS n/
10=MPR2 PAR ACT_n BG1 BGO BA1 BAO A17 A16
_ CRC Error CA Parity .
11=MPR3 Status Error Status CA Parity Latency Cc2 C1 Co

NOTE 1 MPR used for CA parity error log readout is enabled by setting A[2] in MR3
NOTE 2 For higher density of DRAM, where A[17] is not used, MPR2[1] should be treated as don’t care.
NOTE 3 If a device is used in monolithic application, where C[2:0] are not used, then MPR3[2:0] should be treated as don’t care.

4.18 Control Gear Down Mode
The following ballot represents the sequence for the gear down mode. The DRAM defaults in 1/2 rate(1N) clock mode and utilizes a
low frequency MRS command followed by a sync pulse to align the proper clock edge for operating the control lines CS_n, CKE and
ODT in 1/4rate(2N) mode. For operation in 1/2 rate mode no MRS command for geardown or sync pulse is required. DRAM defaults
in 1/2 rate mode.
General sequence for operation in geardown during initialization
- DRAM defaults to a 1/2 rate(1N mode) internal clock at power up/reset
- Assertion of reset
- Assertion of CKE enables the rank
- MRS is accessed with a low frequency N*tck MRS geardown CMD
Ntck static MRS command qualified by 1N CS_n
- MC sends 1N sync pulse with a low frequency N*tck NOP CMD
CK tSYCN_GEAR is an even number of clocks
Sync pulse on even edge from MRS CMD
- Normal operation in 2N starts tCMD_GEAR clocks later

For the operation of geardown mode in 1/4 rate, the following MR settings should be applied.
CAS Latency (MRO A[6:4,2]) : Even numbers

Write Recovery and Read to Precharge (MRO A[11:9]) : Even numbers

Additive Latency (MR1 A[4:3]) : 0, CL -2

CAS Write Latency (MR2 A[5:3]) : Even numbers

CS to Command/Address Latency Mode (MR4 A[8:6]) : Even numbers

CA Parity Latency Mode (MR5 A[2:0]) : Even numbers
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The diagram below illustrates the sequence for control operation in 2N mode during power up.

TdkN + Neven

CLK

g1k

CK ¢ (= r [ e A A
CK_t - [ o o [ (s
Tq fsrx
DRAM
(Internal) /

NC_GEAR _ tCN|D_GEAR
\ 1N Sync Pulse

2N Mode .
CS —
N \ |/ 1 T
tGEAR _setup tGEAR_hol tGEAR _setup| tGEAR_hold

- > > - >

CMD i | MRS I NOP | X vaup X
I 1 T f T f
Configure
DRAM to 1/4 rate

Figure 51 — Gear down (2N) mode entry sequence during initialization

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.

TdkN TdkN + Neven
CKt  —yr A A r Y r Y A A A A A A A e e /
CKc -~ v \_— |- - \_—; [ [ -] /_l - (- L 4 . 4
DRAM
e VAV aVaAVaWaAWAY NamUan /
Reset \
OKE - (SYNCIGEAR . | < {CMD_GEAR .

H 1N Sync Pulge 2N Mode
T >

|/ i '

tGEAR_setup| tGEAR_hold tGEAR_setup | tG EAR_hrld

- ————— - -

CMD MRS | NOP | X_VALID X
T | ] ]
Configure
DRAM to 1/4 rate

Figure 52 — Gear down (2N) mode entry sequence during normal operation



JEDEC Standard No. 79-4
Page 76

If operation is 1/2 rate(1N) mode before and after self refresh, no MRS command or sync pulse is required during self refresh exit.
The min exit delay is tXS, or tXS_Abort to the first valid command.

If operation is in 1/4 rate mode after self refresh exit, the DRAM requires a MRS command and sync pulse as illustrated in the figure
below.

DRAM must internally reset to 1N mode from 2N mode during self Refresh and Max Power Saving Mode to properly align internal
clock edge with the sync pulse.lllustration below for the DRAM operating in 1/4 rate mode before and after self refresh entry and exit.

TdkN TdkN + Neven
CK_c
CK_t
DRAM
(Internal)
CLK
CKE

tSYNC||GEAR | tCMD_GEAR N
H 1N Sync Puls%& 2N Mode
CS_n _/ 11/ I = —
J tGEAR _setup tGEAR_hold tGEAR _setup | tGEAR _hold
CMD X srRx X ] MRS ’l I NOP '{ ] X_vaLD X
I r[ T |

Configure
DRAM to 1/4 rate

NOTE 1 CKE High 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.

- MR4[A9] = 0 : tXS

- MR4[A9] = 1 : tXS_Abort

Figure 53 — Gear down (2N) mode entry sequence after self refresh exit (SRX)

R R (R LT 6
CKyr - ~ e .
AL=0
(Geardown
=Disable)
comin0 2 Xoes )X oes)COXees)C XX OAbeX X ees) (X o)X
nQ 3 \ ! \
CL=1RCD=16 (( CL=RL=16(AL=0) RSN\%N(% .<RE%I :
AL=CLA ; : :
(Geardown , ' ,
=Disable) READ \ ' |
awne Y e OEOEPE0E0E0E0E SOEOEOE0E
. i
AL+CL=RL=31 (AL =CL-1=15) /23% @ggtw\/\agwlﬂ)egt .
- - ! !
|

COMMAND )@@( i [ DES DES I I @X I

DQ A\ Y
\/Dout\/Dout\/Dout/Dout/Dou/Dout/ Dout
(( AL+CL=RL=30(AL=CL-2=14) (( W Wt A2 AN, <n+4 WD ANME AT

|_| TRANSITIONING DATA D DONT CARE

NOTE 1 BL=8, tRCD=CL=16

NOTE 2 DOUT n = data-out from column n.

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 54 — Comparison Timing Diagram Between Geardown Disable and Enable.
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419 DDR4 Key Core Timing

DDR4, Core Timing
0 T T2 T3 T4 5 9 T10 ™
CKLt \'r - = : - : : | . &
CK_C L/

Bank Group(GB)

D CD soiX u soiX

ADDRESS Coln X Coln X ><€o‘E><

22 Time Break |:| Don’t Care

NOTE 1 tCCD_S : CAS_n-to-CAS_n delay (short) : Applies to consecutive CAS_n to different Bank Group (i.e. TO to T4)
NOTE 2 tCCD_L : CAS_n-to-CAS_n delay (long) : Applies to consecutive CAS_n to the same Bank Group (i.e. T4 to T10)

Figure 55 — tCCD Timing (WRITE to WRITE Example)

T0 T T2 T3

CKt \'r--~ ' ' temeat '
CKec !

Command XRE

Bank Group(GB) BGE>< BGE>< I >@ b X
Bank XBanE(>< >@n@< ><5Enk cX

ADDRESS X Coln X X Col n X X Coln X

22 Time Break I:| Don't Care
NOTE 1 tCCD_S : CAS_n-to-CAS_n delay (short) : Applies to consecutive CAS_n to different Bank Group (i.e. TO to T4)
NOTE 2 tCCD_L : CAS_n-to-CAS_n delay (long) : Applies to consecutive CAS_n to the same Bank Group (i.e. T4 to T10)

Figure 56 — tCCD Timing (READ to READ Example)
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CK_t
CK c -

Command

Bank Group(GB)

D) D
sanc ek oy Gy
CD o) G

ADDRESS

2 Ti@e Break [] Don't Care
NOTE 1 tRRD_S : ACTIVATE to ACTIVATE Command period (short) : Applies to consecutive ACTIVATE Commands to different Bank Group (i.e. TO to
T4)

NOTE 2 tRRD_L : ACTIVATE to ACTIVATE Command period (long) : Applies to consecutive ACTIVATE Commands to the different Banks of the same
Bank Group (i.e. T4 to T10)

Figure 57 — tRRD Timing

T0

CKty\ - - -
CK c - -
Command X AC

tRRD

T )
T | Xao

ADDRESS

22 Time Break |:] Don't Care

NOTE 1 tFAW : Four activate window :

Figure 58 — tFAW Timing
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(B6)

ADDRESS{ Coln Coln >
{WPRE : X : twps :
- . . -]
DQS, DS ¢ oAl A= Al — Al —T :
b ARV
n_/\nt1/\nt2/\nt3/\nt4/\ ntd/\nt6 /\ n+7,
W R
| -

22 Time Break |:] Don't Care |:|Transitioning Data

NOTE 1 tWTR_S : Delay from start of internal write transaction to internal read command to a different Bank Group.

Figure 59 — tWTR_S Timing (WRITE to READ, Different Bank Group, CRC and DM Disabled)

ADDRESS{ Coln

Coln >

{WPRE : : : wwest :
-— . . -~ ,
D0S, DS ¢ T Al Al AT :
~ o o' LU v o .
DQ

WL

Din"\/Din\/Din"}/Din"}/Bin \/ Bin 7 Din"\/ Din
nt ntl

n n+2/\n+3/\nt4/\nt5 /\ 6,

NOTE 1 tWTR_L : Delay from start of internal write transaction to internal read command to the same Bank Group.

RL

22 Time Break D Don't Care DTransitioning Data

Figure 60 — tWTR_L Timing (WRITE to READ, Same Bank Group, CRC and DM Disabled)
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4.20 Programmable Preamble

4.20.1 Write Preamble

DDR4 will support a programmable write preamble.
Write preamble modes of 1 tCK and 2 tCK are shown below.

1tCK and 2 tCK modes are selectable by MRS.
CWL needs to be incremented by 1nCK when 2tCK preamble is enabled.

When operating in 2tCK Write Preamble Mode, tWTR and tWR must be programmed to a value 1 clock greater than the tWTR and
tWR setting supported in the applicable speed bin.

1tCK mode

2tCK mode

DQS_t, DQS_c Preamble

e

bQ DO><D1><D2><D3><D4><D5><D6><D7

DQS_t,DQS_c Preamble

ba DO><D1><D2><D3><D4><D5><D6><D7

The timing diagrams contained in Figure 61, Figure 62 and Figure 63 illustrate 1 and 2 tCK preamble scenarios for consecutive write
commands with tCCD timing of 4, 5 and 6 nCK, respectively. Setting tCCD to 5nCK is not allowed in 2 tCK preamble mode

1tCK mode

Preamble

2tCK mode
CMDX WR )
CLK c- -
CLK_t —
DQS _t
DQS_c
DQ

DOXD1XDZXD3XD4XD5XD6XD7XDOXD1

Figure 61 — tCCD=4 (AL=PL=0)




1tCK mode

CLK t- -
CLK_ ¢ —/

tCCD=5
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/_\\F__\/_\\,:
- o ()

DQS_t

DQS ¢ Pream|

ble

(.

‘F;réamble

DQ

2tCK mode: tCCD=5 is not allowed in 2tCK mode

\DO><D1 XDZXD3XD4XD5XD6XD7/

\DOXD1XD2XD3X

Figure 62 — tCCD=5 (AL=PL=0)

1tCK mode
CMD{ WR )
CLK c- ~
CLK_t —
- {CCD=6 ol WL .
DQS ¢ . B P
DQS t Preamble ===/ N\ _/ A/ \_/. . /_\_/_\_
Preamble
ba \DOXD1XDZXDSXD4XD5XD6XD7/ \ DO X D1 %DZ X DS!
2tCK mode
cMD{ WR ) ( w )
CLK ¢~ ~ ,—\_)
CLK_t -
- {CCD=6 ol WL .
DQS_c . e —
DSt Preamble ~————— R VA N A N A WY o e /_\_/_\_
Preamble
n \ o0 Xor o2 Y oe Yo o5 Y o6 Yo7/ \oo Yo Yoz XosX

Figure 63 — tCCD=6 (AL=PL=0)

4.20.2 Read Preamble

DDR4 will support a programmable read preamble.
Read preamble modes of 1 tCK and 2 tCK are shown below.

DQS, DQS_b Preamble
1tCK toggle ~ - 7

DQ

DQS, DQS_b Preamble
2tCK toggle

DQ

DO><D1

><D2><D3><D4><D5><D6><D7
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4.20.3 Read Preamble Training

DDR4 will support a programmable read preamble. This requires an additional MRS mode to train the read preamble for read

leveling. The MRS mode below will be used for Read preamble training and It is only available in MPR mode.
lllegal READ commands, any command during the READ process or initiating the READS process, are not allowed during Read
Preamble Training.

DQS drive @

DQS_t, DQS_c

CL

tSDO

DQ (Quiet or driven) « \_><_><_><_><_><_><_><_/

421 Postamble

4.21.1 Read Postamble

DDR4 will support a fixed read postamble.
Read postamble of nominal 0.5tck for preamble modes 1,2 Tck are shown below:

DQS_t, DQS_c Preamble Postamble
— M
1tCK toggle S
DQ
DQS_t, DQS_c Preamble Postamble
2tCK toggle ST e
DQ

4.21.2 Write Postamble

DDR4 will support a fixed Write postamble.
Write postamble nominal is 0.5tck for preamble modes 1,2 Tck are shown below:

DQS_t, DQS_c Preamble Postamble

e
- g

P

(]

1tCK toggle

ba X X X X X X X

DQS_t, DQS_c Preamble Postamble

=~

,—-—

2tCK toggle

ba X X X X X X X

422 ACTIVATE Command

The ACTIVATE command is used to open (or activate) a row in a particular bank for a subsequent access. The value on the BGO-
BG1 in X4/8 and BGO in X16 select the bankgroup; BAO-BA1 inputs selects the bank within the bankgroup, and the address provided
on inputs A0-A17 selects the row. This row remains active (or open) for accesses until a precharge command is issued to that bank or
a precharge all command is issued. A bank must be precharged before opening a different row in the same bank.
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4.23  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 a specified time (tRP) after the PRECHARGE command is issued, except in the case of
concurrent auto precharge, where a READ or WRITE command to a different bank is allowed as long 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 is in the idle state
and must be activated prior to any READ or WRITE commands being issued to that bank. A PRECHARGE command is allowed if
there is no 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.

4.24  Read Operation
4.24.1 READ Timing Definitions

Read timing shown in this section is applied 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_t, CK_c.
» tDQSCK is the actual position of a rising strobe edge relative to CK_t, CK_c.
» tQSH describes the DQS_t, DQS_c differential 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:
+ tQSL describes the DQS_t, DQS_c differential output low time.
» tDQSQ 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 tAC defined.

CK_t
tbasckMIN | tbasckmAx tbasckMIN | tbasckMAx
'4—»4—»: '4—»4—»:
The rising strobe edge tbascky ! \ tbascky X
1 ' 1
fluctuation range , ! , '
(Reference) \ [Rising Strobe| . |Rising Strobe] 1
Region . ' Region .
tbasck tbasck
- —
tasH(pas_t) tasL(pas_t)

DQS_t _ laH total _, | loH_total
basQq_total IpasQq_total

Associated

DQ Pins

Figure 64 — READ Timing Definition
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DQS_t/ DQS_t X
DQx >§§§§<
K
DQz
tDQSQ_dd —»{ | |a—

Figure 65 — Read data timing data(DQ) to data(DQ) tDQSQ_dd offset

Table 43 — 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

DDR4-1600,1866 DDR4-2133,2400

Parameter Symbol Min Max Min Max Units NOTE
Data Timing
DQS_t,DQS_c to DQ Skew total, per - tbd - tbd Ul 1,6
group, per access tDQSQ_total
DQS_t,DQS_c to DQ Skew deterministic, i - tbd - tbd Ul 2,46
per group, per access tDQSQ_dj
DQ output hold time total from DQS_t, tbd - tbd - ul 1,5,6
DQS_c tQH_total
DQ output hold time deterministic from tbd - tbd - ul 24,6
DQS_t, DQS_c tQH_dj
DQS_t,DQS_c to DQ Skew total, per - tbd - tbd ul 1,7
group, per access; DBI enabled tDQSQ_total_dbi_on
DQ output hold time total from DQS _t, ’ tbd - tbd - ul 1,7
DQS_c; DBI enabled tQH _total_dbi_on
DQ to DQ offset , per group, per access tbd tbd tbd tbd Ul 3,4
referenced to DQS_t, DQS_c tDQSQ_dd
Data Strobe Timing
DQS, DQS# differential output low time {QsL tbd tbd tbd tbd ul 8
DQS, DQS# differential output high time {QSH tbd tbd tbd tbd ul 9

Unit Ul = tCK(avg).min/2

NOTE 1 DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER. BER spec and
measurement method are TBD.

NOTE 2 The deterministic component of the total timing. Measurement method TBD.

NOTE 3 DQ to DQ static offset relative to strobe per group. Measurement method TBD.

NOTE 4 This parameter will be characterized and guaranteed by design.

NOTE 5 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). Example TBD.

NOTE 6 DRAM DBI mode is off.

NOTE 7 DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.

NOTE 8 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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4.24.1.1 READ Timing; Clock to Data Strobe relationship
Clock to Data Strobe relationship is shown in Figure 66 and is applied 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_t, CK_c.
tDQSCK is the actual position of a rising strobe edge relative to CK_t, CK_c.
*tQSH describes the data strobe high pulse width.
Falling data strobe edge parameters:

- tQSL describes the data strobe low pulse width.
- tLZ(DQS), tHZ(DQS) for preamble/postamble.

RL measured
to this point
CK,CK. c _\_/_\_/l/_\_/ N ’_\_/I’_\_/ )
tDQSCK|(min; tDQSCK (min; tDQSCK (min tDQSCK (min
i l— l— la— ja— — <— tHZ(DQS)min
tLZ(DQS)min
(DQS)! - tQiH tQsL - thgH tQSL - tQiH tQSL
DQS_t, DQS_c \ ) ( ) \ X by )
Early Strobe |~ RPRE T 1 T 1 | wPsT_
Bit 0 Bit 1 Bit 3 B4 Bit 5 B6 Bit 7 , — HZ(DQS)max
tDASCK (max) tDQSCK (max) tDQSCK (max) tDQSCK (max)
tLZ(DQS)max —#| |-— |- — |<— — |<— —] |<—
DQS_t, DQS_G X X O O e——
Late Strobe tQSH tQsL J tQsH LtQSL tQSH tQsL {RPST
tRPRE | |
Bit0 Bit 1 Bit 2 Bit3 Bit 4 Bit5 Bit 6 Bit 7

NOTE 1 Within a burst, rising strobe edge will be varied within tDQSCKJ by fixed and constant VDD. However incorporate the device, voltage and
temperature variation, rising strobe edge will be varied between tDQSCK(min) and tDQSCK(max).

NOTE 2 Notwithstanding note 1, a rising strobe edge with tDQSCK(max) at T(n) can not be immediately followed by a rising strobe edge with
tDQSCK(min) at T(n+1). This is because other timing relationships (tQSH, tQSL) exist:

if tDQSCK(n+1) < 0:

tDQSCK(n) < 1.0 tCK - (tQSHmin + tQSLmin) - [tDQSCK(n+1)|
NOTE 3 The DQS_t, DQS_c differential output high time is defined by tQSH and the DQS_t, DQS_c differential output low time is defined by tQSL.

NOTE 4 Likewise, tLZ(DQS)min and tHZ(DQS)min are not tied to tDQSCKmin (early strobe case) and tLZ(DQS)max and tHZ(DQS)max are not tied to
tDQSCKmax (late strobe case).

NOTE 5 The minimum pulse width of read preamble is defined by tRPRE(min).

NOTE 6 The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZDQS(max) on the right side.
NOTE 7 The minimum pulse width of read postamble is defined by tRPST(min).

NOTE 8 The maximum read preamble is bound by {LZDQS(min) on the left side and tDQSCK(max) on the right side.

Figure 66 — Clock to Data Strobe Relationship
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4.24.1.2 READ Timing; Data Strobe to Data relationship
The Data Strobe to Data relationship is shown in Figure 67 and is applied when the DLL is enabled and locked.
Rising data strobe edge parameters:
» 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:
« tDQSQ 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 tAC defined.

TO T Ta0 Ta1 Ta2 Ta3 Ta4 Ta5 Tab
CKc- -~ '
CK_t
COMMAND
ADDRESS
RL=AL+CL+PL ' '
I
)
DQS_t, DQS_c
- <& DQSQ(Max) -] DQSQ(Max)
'
DQ (Last data) /2)
Dout Dout
> <& QH ‘: <& oH

DQ(First data) /) Dout m@ @
All DQs Collectively /2) \(,ﬁ) @) @ @ @ @ @) @
n n n "
D DON'T CARE

NOTE 1 BL=8,AL =0, CL = 11, Preamble = 1tCK

NOTE 2 DOUT n = data-out from column n.

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

NOTE 4 BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.

NOTE 5 Output timings are referenced to VDDQ, and DLL on for locking.

NOTE 6 tDQSQ defines the skew between DQS_t,DQS_c to Data and does not define DQS_t, DQS_c to Clock.

NOTE 7 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

Figure 67 — Data Strobe to Data Relationship
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4.24.1.3tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZ transitions occur in the same time window as valid data transitions. These parameters are referenced to a specific
voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS), tLZ(DQ).
Figure 68 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 as
long as the calculation is consistent. The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single ended.

tLZ(DQ): CK_t - CK_c rising crossing at RL
CK_t

Begin point : Extrapolated point at VDDQ

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

CK_t

Vawz

Vewt

——%¥  Begin point : Extrapolated point'

tHZ(DQ) is begin point is above-mentioned extrapolated point.

NOTE 1 Extrapolated point (Low Level) = VDDQ - ((VDDQ/(50+34)) X 34)
- Ron = 340hm
- Reference Load= 50ohm

Figure 68 — tLZ and tHZ method for calculating transitions and begin points

Table 44 — Reference Voltage for tLZ, tHZ Timing Measurements

Measured Vswil Vsw2 Figure Note
Parameter
tLZ TBD TBD Fi 68
igur
tHZ TBD TBD gure
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4.24.1.4 tRPRE Calculation
The method for calculating differential pulse widths for tRPRE is shown in Figure 69.

Sing ended signal, provided
as background information

DQS_c
———————————————————— - - - - VerfbQ-

Sing ended signal, provided
as background information

t

Vsw2
tRPRE_begin
e Vswi1
\ tRPRE
DQS t-DQS ¢ /fL %R\ . 0
Resulting differential signal rele- Begin point:
vant for tRPRE specification Extrapolated point ©

tRPRE_end

Figure 69 — Method for calculating tRPRE transitions and endpoints

Table 45 — Reference Voltage for tRPRE Timing Measurements

Measured

Vswil Vsw2 Figure Note
Parameter

tRPRE TBD TBD Figure 69
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4.24.1.5 tRPST Calculation

The method for calculating differential pulse widths for tRPST is shown in Figure 70.

CK_t

CK c--+

Sing ended signal, provided
as background information

DQS_t

Sing ended signal, provided
as background information

t
tRPST_begin

DQS_t-DQS € - - - - - ——__ 6 e 0

Vsw2
Vsw1

t2
tRPST_end
End point:Extrapolated point

Resulting differential signal rele-
vant for tRPST specification

Figure 70 — Method for calculating tRPST transitions and endpoints

Table 46 — Reference Voltage for tRPST Timing Measurements

Measured

Vswil Vsw2 Figure Note
Parameter

tRPST TBD TBD Figure 70
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4.24.2 READ Burst Operation

During a READ or WRITE command, DDR4 will support BC4 and BL8 on the fly using address A12 during the READ or WRITE
(AUTO PRECHARGE can be enabled or disabled).

A12 =0 : BC4 (BC4 = burst chop)

A12=1:BL8

A12 is used only for burst length control, not as a column address.

CK ¢
oKt 1

CMD

Bank Grou|
ADDRES!

ADDRESS

DQS_t ,DQS_c (( \‘_‘\\’;"/‘—‘ - T - T "‘—‘
: e S ) ) R ) )

D TRANSITIONING DATA D DON'T CARE

NOTE 1 BL = 8, AL =0, CL = 11, Preamble = 1t{CK

NOTE 2 DOUT n = data-out from column n.

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

NOTE 4 BLS8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO0.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 71 — READ Burst Operation RL =11 (AL =0, CL = 11, BLS8)

CMD

Bank Groug
ADDRES!

ADDRESS

tRPRE

DQS_t DASc (( (( L \_/ ... y

T . U1 L, PEEEEEEE

|:| TRANSITIONING DATA D DON'T CARE

NOTE 1 BL =8, RL =21, AL = (CL-1), CL = 11, Preamble = 1tCK

NOTE 2 DOUT n = data-out from column n.

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

NOTE 4 BLS8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 72 — READ Burst Operation RL =21 (AL = 10, CL =11, BL8)
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oMo
HhoReet (e (] . . . .
Bark B I . I . I ! I ! I ! I , I \ I ,
ADDRESS X o [
' '
DQS_t,DAS_¢ (( . ',
RL= 1t hh
B : 8(1 I Dout#/Dout) /Dout\y/ Dout Dout\;/,"Dout
) ) 5 5 () 6 () )

D TRANSITIONING DATA D DONT CARE

NOTE 1 BL=8, AL =0, CL = 11, Preamble = 1tCK

NOTE 2 DOUT n (or b) = data-out from column n (or column b).

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

NOTE 4 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 T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 73 — Consecutive READ (BL8) with 1tCK Preamble in Different Bank Group

"o T)(me) ()] — ' =
IR I I I A R I
ADDRESS X /{
| RPRE ! ! ! ' ! ' ' ' RPST
. . .

A St atavaesvRSe Rl

RL=1t ! ' ' ' ' '

A
A

.
Boul\ /Dot /Do /Dot /Do Doud /ot /Doy ot Doum(DouWDout Dout\/Dou\ Dout
( 1 A (\n+7,' <b+2,~'- b+ b+AX\b+5X\b+6>A-\b+7//

RL=11

DQ

A

D TRANSITIONING DATA D DONT CARE

NOTE 1 BL =8, AL =0, CL = 11, Preamble = 2tCK

NOTE 2 DOUT n (or b) = data-out from column n (or column b).

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

NOTE 4 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.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 74 — Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group
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Bank Groy
ADDRES:

ADDRESS X g

DQS_t DQS ¢
RL=1t

DQ

D TRANSITIONING DATA D DONT CARE

NOTE 1 BL=28, AL =0, CL = 11, Preamble = 1tCK, tCCD_S/L =5

NOTE 2 DOUT n (or b) = data-out from column n (or column b).

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

NOTE 4 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 T5.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 75 — Nonconsecutive READ (BL8) with 1tCK Preamble in Same or Different Bank Group

SR Y

ADDRESS X [

0081005 ((
RL=11

A

DQ

D TRANSITIONING DATA D DONT CARE

NOTE 1 BL =8, AL=0, CL = 11, Preamble = 2tCK, tCCD_S/L =6

NOTE 2 DOUT n (or b) = data-out from column n (or column b).

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

NOTE 4 BLS8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T6.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

NOTE 6 tCCD_S/L=5 isn’t allowed in 2tCK preamble mode.

Figure 76 — Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different Bank Group
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Bank Groy 7
ADDRES!
7 oM R i L T
ADDRESS X Ek /{
DQS_t,00S_¢ ((
RL=11
nQ = )

( I W out\/Dout\/Bout
WnH A2 /A3

RL=11

A

NOTE :

1.BL=8, AL =0, CL = 11, Preamble = 1tCK

2. DOUT n (or b) = data-out from column n (or column b).

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

4. BC4 setting activated by either MRO[A1:A0 = 1:0] or MRO[A1:AQ = 0:1] and A12 = 0 during READ command at TO and T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 77 — READ (BC4) to READ (BC4) with 1tCK Preamble in Different Bank Group

SR Y

oM | | [ . 1 .
AooRess Y &% { I I
RPRE
DS t DA ¢ .
RL=11 (( """"
0 = (‘(‘
NOTE :

1.BL =8, AL =0, CL = 11, Preamble = 2tCK

2. DOUT n (or b) = data-out from column n (or column b).

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

4. BC4 setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 78 — READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group
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READ to WRITE Command Delay
=RL +BLJ2- WL + 24CK

Bank Groy
ADDRESg

ADDRESS

IRPRE
D0S.t,005 ¢
B (( RL=11
nQ ¥
(
WL=9
- o D TRANSITIONING DATA |:| DON'T CARE

NOTE :
1.BL =8, RL=11(CL = 11, AL = 0), Read Preamble = 1tCK, WL =9 (CWL = 9, AL = 0), Write Preamble = 1tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and WRITE command at T8.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 79 — READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same or Different Bank Group

@.@.

READ to WRITE Command Delay
=RL+BLI2- WL + 31CK

Bank Groug
ADDRES:

ADDRESS

D0S.1,005 ¢ ({
RL=10

DQ — )]

D TRANSITIONING DATA D DONT CARE

NOTE :

1.BL =8, RL =11 (CL = 11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°5, AL = 0), Write Preamble = 2tCK

2. DOUT n = data-out from column n, DIN b = data-in to column b.

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

4. 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 WRITE command at T8.
5. When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting.

6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 80 — READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group
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READ to WRITE Command Delay
=RL+BC/2- WL + 2tCK

Bank Groy
ADDRESg

ADDRESS

DQS_t,00S_¢ ({
RL=11

DQ )]

D TRANSITIONING DATA D DONT CARE

NOTE :

1.BC =4, RL =11 (CL = 11, AL = 0), Read Preamble = 1tCK, WL = 9 (CWL =9, AL = 0), Write Preamble = 1tCK

2. DOUT n = data-out from column n, DIN b = data-in to column b.

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

4. BC4(OTF) setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and WRITE command at T6.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 81 — READ (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank
Group

READ to WRITE Command Delay

=RL +BC/2- WL + 3tCK tWTIR
BankGroug ~ - - = | [ B
ADDRES @ { | . | . | . | .
ADDRESS X { ' '
RPRE : S
DQS_t D05 - . . i
_ (( RL=1 ttttoo /_\?\—/:
) — ) L :
NGB
- WL=10 -
D TRANSITIONING DATA D DONT CARE
NOTE :

1.BC =4,RL =11 (CL = 11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK

2. DOUT n = data-out from column n, DIN b = data-in to column b.

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

4. BC4(OTF) setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and WRITE command at T6.

5. When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting.
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 82 — READ (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank
Group
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READ to WRITE Command Delay
=RL+BC/2- WL + 2tCK

Bank Groy
ADDRESg

ADDRESS

D0S_t QS ¢
_ (( RL=1
nQ ¥
(
- [[] raxsimiong baTa [ ] onT caRe

NOTE :
1.BC =4, RL =11 (CL = 11, AL = 0), Read Preamble = 1tCK, WL =9 (CWL =9, AL = 0), Write Preamble = 1tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4(Fixed) setting activated by MRO[A1:AQ = 1:0].
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 83 — READ (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Same or Different
Bank Group

READ to WRITE Command Delay
=RL+BC/2- WL+ 3{CK

e ]

ADDRESS X //
= ! : WPST
! 1
00S_t DQ3.c - .. ,_\_/ -
(( RL=11 ttm ot : :
B : ( Din Dl'n /Din Dlm
I
N_ bt <b+2> <b+3
- WL=10 |
D TRANSITIONING DATA D DONT CARE
NOTE :

1.BC =4,RL =11 (CL = 11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK

2. DOUT n = data-out from column n, DIN b = data-in to column b.

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

4. BC4(Fixed) setting activated by MRO[A1:A0 = 1:0].

5. When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting.
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 84 — READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different
Bank Group
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HhoReet (e (oo ]
[ [ 1 [ 1. 1]

ADDRESS X Ek /f
DQS_t DOS ¢

_ RL=11 ((
0 (‘(‘

- I:ITRANSITIONING DATA D DONT CARE

NOTE :

1.BL =8, AL =0, CL = 11 ,Preamble = 1t{CK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 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.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 85 — READ (BL8) to READ (BC4) OTF with 1tCK Preamble in Different Bank Group

HBoReet TY(aee)

ADDRESS X g

DQS_t DQS ¢

RL=11

DQ

D TRANSITIONING DATA D DONT CARE

NOTE :
1.BL =8, AL =0, CL = 11 ,Preamble = 2tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 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.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 86 — READ (BL8) to READ (BC4) OTF with 2tCK Preamble in Different Bank Group
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HhoReet (e (oo ]
[ [ . R N

ADDRESS X Ek /f
DQS_t DOS ¢

_ RL=11 ((
0 (‘(‘

- I:ITRANSITIONING DATA D DONT CARE

NOTE :

1.BL =8, AL =0, CL = 11 ,Preamble = 1t{CK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:AQ = 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.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 87 — READ (BC4) to READ (BL8) OTF with 1tCK Preamble in Different Bank Group

Bank Grou
ADDRES: @

Bank

ADDRESS X oo
1 1 '
DGS 1,005 - A .
RL=1t o '
- 1
DQ . ' T

Jout\//Dout\/Dout Doufy/Dou\/Dou\/Dout\/Doutly/Dout
\.A \ﬂM//\n+2/A<n+7>/ b2 A\bE3/\ bt A D5 N b A 04T '
RL=11
D TRANSITIONING DATA D DONT CARE
NOTE :

1.BL =8, AL =0, CL = 11 ,Preamble = 2tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. 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.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 88 — READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank Group
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READ to WRITE Command Delay
=RL +BLJ2- WL + 24CK

Bank Groy
ADDRESg

ADDRESS

DQS_t,00S_¢ j ({ B
nQ (‘(’
- [[] raxsimiong baTa [ ] onT caRe
NOTE :

1.BC=4,RL=11(CL =11, AL = 0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. 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 WRITE command at T6.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 89 — READ (BC4) to WRITE (BL8) OTF with 1tCK Preamble in Same or Different Bank Group

W
READ to WRITE Command Delay
=RL+BCI2- WL + 3CK

Bank Groy
ADDRES:

ADDRESS

{RPRE
DQS_t,DAS_¢ N _
~ (( RL=11 oo |
o} — ‘(’ -
WL=10
D TRANSITIONING DATA D DONT CARE
NOTE :

1.BC =4,RL =11 (CL = 11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°%, AL = 0), Write Preamble = 2tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:AQ = 0:1] and A12 = 0 during READ command at TO.
BL8 setting activated by MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at T6.
5. 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, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

o

Figure 90 — READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different Bank Group
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READ to WRITE Command Delay
=RL +BLJ2- WL + 24CK

/ R
i {
I L
ADDRESS I I
DS_t D03 ¢
(( RL=11

L {

- =9 > I:ITRANSITIONING DATA D DON'T CARE
NOTE :

1.BL=8,RL=11(CL=11, AL =0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 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 WRITE command at T8.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 91 — READ (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

4Clocks

READ to WRITE Command Delay
=RL +BL/2- WL + 3tCK

Bank Grou
ADDRESg

ADDRESS

RPRE '
- ' WPST
DQS_t,00S_¢ N " ¢
_ (( Rzt T T T g Y
)] ' '
% ( in\/Din \/Din}/Din
VVAVZTANRY
D TRANSITIONING DATA D DONT CARE
NOTE :

1.BL=8,RL =11 (CL = 11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°%, AL = 0), Write Preamble = 2tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. 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 WRITE command at T8.
5. When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting.
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 92 — READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group
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4.24.3 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 tRTP.min, A new bank active
command may be issued to the same bank if the following two conditions are satisfied simultaneously:

1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.
2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.

Examples of Read commands followed by Precharge are show in Figure 93 to Figure 95.

ADDRESS

RTP R : X ' :
RL=AL+CL : ! ' :
BC4 Operation: Y 2 ' : : :
DGS 1 DS ¢ (( (( —\""" /_\.\_/ /_\_./ . :
b ) ) ! . : :
! « COEEEY T |
BL8 Operation: ) ) . I,-~ :,-‘ :r” :’_
D0S 1 DS ¢ ( ( = : /_\_/ /_\_/ /_\_/ /_\_/

§ 3‘) ()‘) N E e

NOTE :

.BL=8,RL=11(CL=11,AL =0), Preamble = 1tCK, tRTP = 6, tRP = 11

.DOUT n = data-out from column n.

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

. 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).
. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

D TRANSITIONING DATA D DONT CARE

s WON =

Figure 93 — READ to PRECHARGE with 1tCK Preamble

ADDRESS

RTP R : X ' :
RL=AL+CL : ! ' :
BC4 Operation: N N : : : :
D0S 1,005 ¢ (( (( - N /—\.\_/ /_\_./ . :
0Q ) ) ! . : :
: « COEEEY T |
BL8 Operation: ) ) . |'_~ :’”‘ :,., :’_
D0S 1,005 ¢ ( (- \ /—\_/ /_\\_/ /_\_/ /_\_/

§ 3‘) ()‘) N E N EEE

NOTE :

1.BL=8,RL=11(CL=11, AL =0), Preamble = 2tCK, tRTP = 6, tRP = 11

2. DOUT n = data-out from column n.

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

4. 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).
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

D TRANSITIONING DATA D DON' CARE

Figure 94 — READ to PRECHARGE with 2tCK Preamble
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CKec v
oKt
CMD
ADDRESS
AL=CL-2 29 RIP : : P! :
o= N : : :
BC4 Operation: ) ) ) - : : - : :
D0S. 1 0G5S ( ( ( NN ;
0 ) ) ) ' ' : :
( ( ( .
BL8 Operafon: ) ) ) _ - . :, R _
00S_t DQ3.c ( ( { —\ . . /_\_/
) ) ) T
00 : .
! « « WEEEEEEE
D TRANSITIONING DATA D DONT CARE
NOTE :

BL=8,RL=20(CL=11,AL=CL-2), Preamble = 1tCK, tRTP = 6, tRP = 11
DOUT n = data-out from column n.

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).

1.
2.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4.
5.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 95 — READ to PRECHARGE with Additive Latency and 1tCK Preamble

CKe v
ot
CMD
ADDRESS
RTP tRP : : : :
RL=AL+CL _ ' : ' '
00 D65 BC4 Operation: ZZ ZZ \ \:/_\.\’;‘/_\:\__/ : :
0Q A ) : : : :
( ( Pheheike) |
BL8 Operafion: \ ) : : :
DQS_t,0QS ¢ (( (( . \\:/ Tt T T "/_\'_'/
) ) S
DQ
' ' 5 A
NOTE :

1.BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK, tRTP = 6, tRP = 11
2. DOUT n = data-out from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

4. tRTP = 6 setting activated by MRO[A11:9 = 001]

5. The example assumes tRC. MIN is satisfied at the next Active command time(T18).
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

D TRANSITIONING DATA D DONT CARE

Figure 96 — READ with Auto Precharge and 1tCK Preamble
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OKe yr -~
oKt

)
ADDRESS
AL=CL- 29 RIP : : P! :
B oL | : : :
BC4 Operation: \ \ ) _ : R : : :
DS ( ( ( S5 WA
" ) ) ) ' ' ' :
( ( ( ' .
BL8 Operation: ) ) ) _ _ e . :, R _
D0S_t D03 ¢ { ( { ‘ \,_> JR N /_\_/
) ) ) -
0o : .
! ! ! CEEEEEEE

D TRANSITIONING DATA D DONT CARE

NOTE :

1.BL=8,RL=20(CL =11, AL = CL- 2 ), Preamble = 1tCK, tRTP = 6, tRP = 11

2.DOUT n = data-out from column n.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. tRTP = 6 setting activated by MRO[A11:9 = 001]

5. The example assumes tRC. MIN is satisfied at the next Active command time(T27).

6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 97 — READ with Auto Precharge, Additive Latency and 1tCK Preamble

4.24.4 Burst Read Operation with Read DBI (Data Bus Inversion)

CKC
o
oD
cCD.5=4
ROERER (o) (s [
| I N N O R N R
ADDRESS X Bk (=X
RPRE X
|~ .
DOS._t,D0S ¢ (( [\‘ ] ,\’_‘/T‘\:\'_‘/ 8 -
RL=11 DBI=2 !
’ 53 &
- RL=11 '
)
DBIn ( \

D TRANSITIONING DATA D DONT CARE

NOTE :

1.BL =8, AL =0, CL = 11, Preamble = 1tCK, tDBI = 2tCK

2. DOUT n (or b) = data-out from column n ( or column b).

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

4. BL8 setting activated by either MRO[A1:A0 = 00] or MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO and T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Enable.

Figure 98 — Consecutive READ (BL8) with 1tCK Preamble and DBI in Different Bank Group



JEDEC Standard No. 79-4
Page 104

4.24.5 Burst Read Operation with Command/Address Parity

< > I I I I I I I
R Y el { { |
[ [ T [ [T 1.
AD[;:‘Z‘I;.SS CEan"k // //

| T O O I A
s ( «Immmmjwuuﬂ

RL=15 '
DQ , - Y
Dout\/Dout\f7Dout'V/Dout\yDout \/ Dout Dout\¥//Dout’
( ( 5 6 0.8 B &
D TRANSITIONING DATA D DONT CARE

A

RL=15

A

NOTE :

1.BL=8,AL=0,CL=11,PL=4, (RL=CL + AL + PL = 15), Preamble = 1tCK

2. DOUT n (or b) = data-out from column n ( or column b).

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T4.
5. CA Parity =Enable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 99 — Consecutive READ (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

READ to WRITE Command Delay
=RL+BL/2- WL + 2CK

Bk oo ]

ADDRESS Bark //
Parity Coln

DS 1 D0 ¢ ({ ({

RL=15

DQ

- > D TRANSITIONING DATA D DONT CARE

NOTE :
1.BL=8,AL=0,CL=11,PL=4, (RL=CL + AL + PL = 15), Read Preamble = 1tCK, CWL=9, AL=0, PL=4, (WL=CL+AL+PL=13),
Write Preamble = 1tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and Write command at T8.
5. CA Parity = Enable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 100 — READ (BL8) to WRITE (BL8) with 1tCK Preamble and CA parity in Same or Different
Bank Group
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4.24.6 Read to Write with Write CRC

READ to WRITE Command Delay
=RL +BLJ2- WL + 24CK

Bank Group
ADDRESS @

Bank

S

ADDRESS X i
RPRE : \ . . WPRE : : ;
- > , \ , ) RPST | a——n ' . - tWeST
D0S_t QS ¢ N\ WY A /2 A A N\ . e
= 1 ' ! 1
¥ . \ \ \ ' ,
DOx4BL=8 Douf\¥/Dout </Doul‘)<% Doul/Dot D n Din
¢ @% \12, \M /AN M)@ b+6>@ CRC }@@
f f f T T
- . wes | I . . . -
\ - \ ' \ - ! I !
= Dout\y/Dout\/Dou /Dout ¥/ Dout n / Din
DB/xiEEL=8 ( 0 A+t 2 @ A b+4\b+6 \CRC :
\ 1 1 '
DO ) L
Read : BL =8, Wiite : BC =4 (OTF) (( ! + \{CRC X CRC
1 1 '
) ] ] ]
i 1 1 '
DQxB/x16 ( ) ! ey |
Read :BL =8, Wite :BC =4 (OTF) . .

|:] TRANSITIONING DATA D DON'T CARE

NOTE :

1.BL =8 (orBC =4: OTF for Write), RL = 11 (CL = 11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK

2. DOUT n = data-out from column n . DIN b = data-in to column b.

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

4. BL8 setting activated by either MRO[A1:AQ0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and Write command at T8.
5. BC4 setting activated by MRO[A1:0 = 01] and A12 = 0 during Write command at T8.

6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Enable.

Figure 101 — READ (BL8) to WRITE (BL8 or BC4:0TF) with 1tCK Preamble and Write CRC in Same
or Different Bank Group

CKe
v i
o SIS,

READ to WRITE Command Delay
=RL+BC/2- WL + 2CK

RPRE . . WPRE , X .
- -l s |e—| ! ! (> RS
D0S.t D05 ¢ (( R /_\_/ - _\_/ o c ) TN
[ .- AI P - - (_— .- .- [
RL=11 ' . '

DQ4 BC=4 Fied) ( \Eg”z%%‘i%‘:/ B D M D X
.

WL=9 X ' !
) I ! !

. . L :
DQ K16 BC= (Fee) ( Dot Dot B Dt GG ) RCY/

[] RaxsimionnG DaTa [ ] DON'T cARE
NOTE :
1. BC = 4 (Fixed), RL = 11 (CL = 11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
2. DOUT n = data-out from column n . DIN b = data-in to column b.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:A0 = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Enable.

Figure 102 — READ (BC4:Fixed) to WRITE (BC4:Fixed) with 1tCK Preamble and Write CRC in Same
or Different Bank Group
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4.24.7 Read to Read with CS to CA Latency

T

e yr -~
okt

COMMAND 77
wloCS_n

s A Avanv; \VAR 7

100D.5=4

it s s ]

ADDRESS Bark, Bk

‘| 1RPST

DQS_t,D0S ¢

RL=11

Dout'\/Dot
\b*6/ @y

DQ

D TRANSITIONING DATA D DON'T CARE

NOTE :

1.BL=8 ,AL=0, CL = 11, CAL = 3, Preamble = 1t{CK

2. DOUT n (or b) = data-out from column n (or column b).

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

4. BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at T3 and T7.

5. CA Parity = Disable, CS to CA Latency = Enable, Read DBI = Disable.

6. 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.

Figure 103 — Consecutive READ (BL8) with CAL(3) and 1tCK Preamble in Different Bank Group

T

e yr -
oKt ]

voesn ___ XoesX el X e N XomsX e XXX e

cson _/'\_ |/ \l/ '/
» {cCD_ =4
BankGroug
ADDRES: %a 0
ADDRESS Ecm BC?:’\‘; })
A\
! - ‘| RPST
\ . R
DQS_t,DAS_¢ \
] » [ S
DQ il |
{ By
RL=11
D TRANSITIONING DATA D DON'T CARE
NOTE :

1.BL=8 ,AL=0, CL = 11, CAL = 4, Preamble = 1tCK

2. DOUT n (or b) = data-out from column n (or column b).

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

4. 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.

5. CA Parity = Disable, CS to CA Latency = Enable, Read DBI = Disable.

6. 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.

Figure 104 — Consecutive READ (BL8) with CAL(4) and 1tCK Preamble in Different Bank Group
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4.25 Write Operation
4.25.1 Write Burst Operation

The following write timing diagram is to help understanding of each write parameter's meaning and just examples. The details of the
definition of each parameter will be defined separately.

In these write timing diagram, CK and DQS are shown aligned and also DQS and DQ are shown center aligned for illustration
purpose.

CMD

Bank Grou|
ADDRESg

( Din \/ Din Y/ Din )/ Din \/ Din \/ Din \/ Din \// Din
n n+1 /\.n+2 /A n+3 /\.n+4 /N n+5 /N n+6 /\ n+7
WL=AL+CWL=9

! |:| TRANSITIONING DATA D DON'T CARE

ADDRESS
tWPRE ' ' ' tWPST
1 1
!
DQ )| ! !

NOTE :

1.BL=8 WL =9, AL=0, CWL =9, Preamble = 1tCK

2. DIN n = data-in to column n.

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO.
5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

Figure 105 — WRITE Burst Operation WL =9 (AL =0, CWL =9, BL8)

ADDRESS

DQS_t.DAS ¢ (( (( A SN

ba ) )

_ AL=10 _ cwL=9

WL =AL+CWL=19

|:| TRANSITIONING DATA D DON'T CARE
NOTE :

1.BL=8 ,WL =19, AL =10 (CL-1), CWL =9, Preamble = 1tCK

2. DIN n = data-in to column n.

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

Figure 106 — WRITE Burst Operation WL =19 (AL = 10, CWL =9, BL8)
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et Yo ) (o]
ADDRESS X Ek (X

e[ : ; : ' . . " WPST
005.1.0055 R (. :,-~ 1r-n . (P KR . -

WL=AL+CWL=9 (( A R A I B it A
0 ] ! ! . ! . \ -

(( Din 7 Din \//Din\/Din'}/ Din Y/ Din '}/ Din /" Din'\y/ Din'\/'Din \/ Din \/ Din'\/ Din'\// Din'\/ Din W Din

1 Aett A2\ A\t At Anss AT\ b Abrt A2 05N\ b6 A b+

WL=AL+CHL=9
- > D TRANSITIONING DATA D DONT CARE

NOTE :

1.BL=8,AL =0, CWL =9, Preamble = 1tCK

2. DIN n (or b) = data-in to column n (or column b).

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

4. BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and T4.

5. C/A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable.
6. 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.

Figure 107 — Consecutive WRITE (BL8) with 1tCK Preamble in Different Bank Group

ThoReet (e eox {
ADDRESS EBY

DSt ,003 ¢ (( R \\’_/ " - o I" . o . o .

WL = AL+ OWL =10 ! ! ' ! ' ! ' !
- ol . . : X
DQ NN\ N\ R\ Yo
[ Dimy/Diny/Din/Din'}"Din'Y/Din'}/Din'}Din' /Din/Di
0 At A2 A nt3 At Anss At AT A\ b AbH
WL=AL +CWL=10

Din'\/Din\/Din <’Din Din\<'Din
b2 AL\ DA D N b4

D TRANSITIONING DATA D DON' CARE

NOTE :

.BL=8,AL=0, CWL =9+ 1=107, Preamble = 2tCK

. DIN n (or b) = data-in to column n( or column b).

DES commands 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 WRITE command at TO and T4.

. CA Parity = Disable, 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 T18.

. 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 tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode.

NoO A WN

Figure 108 — Consecutive WRITE (BL8) with 2tCK Preamble in Different Bank Group



JEDEC Standard No. 79-4
Page 109
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ADDRESS
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0081003 ¢ \ A ' o ) ’ TN
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D . 1 1 1 . !
. Din'Y//Din'\/Din'}\//Din\/ Din' \/ Din \/Din\ Din'\/Din}/Dim\/Din/Din}/Din'/Din'/Din
Wt A2 A\ 3 A st A\ s A\ A i b /A\bH A2\ 03/ b /A b5\ b6 A 4T
WL=AL+CWL=9
~ > D TRANSITIONING DATA D DONT CARE
NOTE:

1.BL=8 ,AL=0,CWL =9, Preamble = 1tCK, tCCD_S/L =5

2. DIN n (or b) = data-in to column n( or column b).

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and T5.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. 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.

Figure 109 — Nonconsecutive WRITE (BL8) with 1tCK Preamble in Same or Different Bank Group

Bank Groy ~\
ADDRESg @
ADDRESS
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WL=AL+CWL=10 ttoom o A AR L cee Ceme-
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DQ \
( ( Din}//Din \/Din"\"Din " Din \ D\ in /" Din Din
L A AW A ALY A AT AN b
WL=AL+CWL=10
|

D TRANSITIONING DATA D DON'T CARE

NOTE:

1.BL=8 ,AL=0,CWL=9+1=108, Preamble = 2tCK, tCCD_S/L = 6

2. DIN n (or b) = data-in to column n( or column b).

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and T6.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. tCCD_S/L=5 isn't allowed in 2tCK preamble mode.

7. 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 T20.

8. 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 tCK range.That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode.

Figure 110 — Nonconsecutive WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group
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ADDRESS X Ek /( .
WPRE » ! ! - UPST IWPRE_ : : = URST
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WL=AL+CWL=9 ' ' ' '
- ) . ,
. ( Din\/Din'\/ Din Dlin Din Dlin Din\/ Din
1 At A2 Ant3 b AbH Ab2/A\bH3
=AL+CWL=
- oA > D TRANSITIONING DATA D DON'T CARE
NOTE:

1.BC=4,AL=0,CWL =9, Preamble = 1tCK

2. DIN n (or b) = data-in to column n( or column b).

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

4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITE command at TO and T4.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. 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.

Figure 111 — WRITE (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

Bank Group
ADDRESS

ADDRESS

. . UWPRE WPST

DQS_ DS ¢ (( N \\_/ 2 oo

WL=AL+CWL=10 , AL AN
D i '
Q ( Din\/or\/ B\ Dm0\ /Bir\/ B

n A A2\ b AbH Ab2 /A

WL=AL+CWL=10

A

>| D TRANSITIONING DATA D DON'T CARE

NOTE:

1.BC=4,AL=0,CWL=9+1=10", Preamble = 2tCK

2. DIN n (or b) = data-in to column n( or column b).

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

4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITE command at TO and T4.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. 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.
7

. 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 tCK range.That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode.

Figure 112 — WRITE (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Different Bank Group
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HhoReet Yo (e X
ADDRESS X Ek /( | ' | I | I | I |
{WPRE ! e INPST
008 1,005 ¢ (( . \;/..
B WL=AL+CWL=9 - f '
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- WAL+ OL= - [] RansimionnG DATA [ ] DONT CARE

NOTE:

1.BC=4,AL =0, CWL =9, Preamble = 1tCK

2. DIN n (or b) = data-in to column n( or column b).

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

4. BC4 setting activated by MRO[A1:AQ = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. 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.

Figure 113 — WRITE (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Different Bank
Group

Bank Groy
ADDRESg

ADDRESS

WL=AL+CWL=9

> . ' — )]
« EEECEEEE !

RL=AL+CL=11

DQ

D TRANSITIONING DATA D DON'T CARE

NOTE:

1.BC=4,AL=0,CWL =9, CL = 11, Preamble = 1tCK

2. DIN n = data-in to column n(or column b). DOUT b = data-out from column b.

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and READ command at T15.
5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write timing parameter ({WTR_S) are referenced from the first rising clock edge after the last write data shown at T13.

Figure 114 — WRITE (BL8) to READ (BL8) with 1tCK Preamble in Different Bank Group
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Bank Groy
ADDRESg

ADDRESS

DGS_t DS ¢ . 7 i
_ WL=AL+CWL=9 I R e N _ RL=AL+CL=1t
0 )] . ! )
( Din\/Din"\/Din \/ Din'}/ Din \/ Din \/ Din\/ Din (
n /AnH A2 A3/ A0 An#6 AT
D TRANSITIONING DATA D DONT CARE
NOTE:

1.BL=8,AL=0, CWL =9, CL = 11, Preamble = 1tCK

2. DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and READ command at T17.
5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write timing parameter ({WTR_L) are referenced from the first rising clock edge after the last write data shown at T13.

Figure 115 — WRITE (BL8) to READ (BL8) with 1tCK Preamble in Same Bank Group

Bank Groug
ADDRES:

ADDRESS

\
DOS_t,DS_¢ (

weaLsomze | o RL=AL+CL=11

A
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D
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' )]
in}/ Din \/ Din \/ Din

ﬁ A2\ (( @@@

D TRANSITIONING DATA D DONT CARE

NOTE:

1.BC=4,AL=0,CWL =9, CL = 11, Preamble = 1tCK

2. DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITE command at TO and READ command at T15.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write timing parameter ({WTR_S) are referenced from the first rising clock edge after the last write data shown at T13.

Figure 116 — WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Different Bank Group



JEDEC Standard No. 79-4
Page 113

Bank Groy
ADDRESg

ADDRESS

DQS_t DQS ¢

WeaLsom=g | : RL=AL+CL= 11

D ] Lol

( Din'\/Din}/0in \/Din [
n /At AN

D TRANSITIONING DATA D DONT CARE

NOTE:

1.BC=4,AL=0,CWL =9, CL = 11, Preamble = 1tCK

2. DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

4. BC4 setting activated by MRO[A1:AQ = 0:1] and A12 = 0 during WRITE command at TO and READ command at T17.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write timing parameter ({(WTR_L) are referenced from the first rising clock edge after the last write data shown at T13.

Figure 117 — WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Same Bank Group

Bank Group
ADDRESS
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tWPST RPRE,

RPST

00S 100575 l \</E { RUSwa.

RL=AL+CL=11

ba y o - )] g \
( oy ry(E\ o) ( CEE®

D TRANSITIONING DATA D DON'T CARE

NOTE:

1.BC=4,AL=0,CWL =9, CL = 11, Preamble = 1tCK

2. DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

4. BC4 setting activated by MRO[A1:A0 = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write timing parameter ({WTR_S) are referenced from the first rising clock edge after the last write data shown at T11.

Figure 118 — WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Different Bank Group
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Bank Groy
ADDRESg
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DQS_t DS ¢

RL=AL+CL=11

WL=AL+CWL=9
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A

\EVEY

\b+1
D TRANSITIONING DATA D DONT CARE

NOTE:

1.BC=4,AL=0,CWL =9, CL = 11, Preamble = 1tCK

2. DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

4. BC4 setting activated by MRO[A1:AQ = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write timing parameter ({WTR_L) are referenced from the first rising clock edge after the last write data shown at T11.

Figure 119 — WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Same Bank Group

ADDRESS //
| tWPRE : : : : ! ' tWPST
DQ ~ 68 I
WL=AL+CWL=9
- : > [] RansimionnG DATA ] DONT CARE
NOTE:

1.BL=8/BC =4, AL =0, CWL =9, Preamble = 1tCK
2. DIN n (or b) = data-in to column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO.
BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITE command at T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
6. 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

Figure 120 — WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group
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ADDRESS X Ek [
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0 - i > ! ! ! o \ \
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n Ao An2/\n#3 b /AbH AR\ B3\ b A b5\ D6 A OH
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- > [[] raxsimiong baTa [ ] onT caRe
NOTE:
1.BL=8/BC =4, AL =0, CWL = 9, Preamble = 1tCK
2. DIN n (or b) = data-in to column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO.

5.
6.

BL8 setting activated by MRO[A1:AQ = 0:1] and A12 =1 during WRITE command at T4.
CA Parity = Disable, 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 T17

Figure 121 — WRITE (BC4)OTF to WRITE (BL8) with 1tCK Preamble in Different Bank Group

WL=AL+CWL=9 4 Clocks
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ADDRESS /{ //

BC4(OTF) Operation: ) ' ' : : )
DGS.t,005c (( —\" " /—\_/ o : ((
0o ) S : : )

( G| | (

BL8 Operafion ) _ ' ! ! )

0 ) !
( Din/Din \/Din\/Din }/ Din\/ Din'\y/ Din'\/ Din (
0 At A2 A3 A nst Anss A AnT

D TRANSITIONING DATA D DON' CARE

NOTE:

1.

2.
3.
4.

(&2}

BL =8/BC =4, AL =0, CWL =9, Preamble = 1tCK, tWR = 12

DIN n = data-in to column n.

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

BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITE command at TO.

BL8 setting activated by MRO[A1:A0 = 0:0] or MRO[A1:0 = 01] and A12 =1 during WRITE command at TO.

. 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 T13.
tWR specifies the last burst write cycle until the precharge command can be issued to the same bank.

Figure 122 — WRITE (BL8/BC4) OTF to PRECHARGE Operation with 1tCK Preamble
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_ WL=AL+CL= L 2o | P

ADDRESS i |
BCA(Fixed) Operation: \ : : )
DQS_t,DAS_¢ (( N /_\_'/ ((
" ) N )
( D {

[[] raxsimionng baTa [ ] DONT caRE
NOTE:

1.BC =4, AL =0, CWL =9, Preamble = 1tCK, tWR = 12

2. DIN n = data-in to column n.

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

4. BC4 setting activated by MRO[A1:AQ = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. 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.

Figure 123 — WRITE (BC4) Fixed to PRECHARGE Operation with 1tCK Preamble

WL=AL+CIL=9 . 4Clooks . . WR=12 P
ADDRESS l {
BC4(OTF) Operation: ) : : ' ' )
00S.t DO ¢ ( N /_\_/_\_-/ : : (
0 ) : ' I I )

BL8 Operation: )) | '

R { X Y (

0 3 ' ' 3
( Din/Din \/Din\/Din }/ Din\/ Din'\y/ Din'\/ Din (
0 At A2 A3 At Anss A\ AnT

D TRANSITIONING DATA D DONT CARE

NOTE:
1.BL=8/BC=4,AL=0, CWL =9, Preamble = 1tCK, WR =12
2. DIN n = data-in to column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO.
BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 =1 during WRITE command at TO.
. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
6. The write recovery time (WR) is referenced from the first rising clock edge after the last write data shown at T13.
WR specifies the last burst write cycle until the precharge command can be issued to the same bank.

(&2}

Figure 124 — WRITE (BL8/BC4) OTF with Auto PRECHARGE Operation and 1tCK Preamble
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_ WL=AL+ CWL=9 2005 |
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BCA(Fixed) Operation: \ : : )
DQS_t,00S_c (( N\ /_\_/_\_'/ ((
" ) N )
( D {
D TRANSITIONING DATA D DON'T CARE
NOTE:

1.BC =4, AL =0, CWL =9, Preamble = 1tCK, WR = 12

2. DIN n = data-in to column n.

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

4. BC4 setting activated by MRO[A1:AQ = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

6. The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11.
WR specifies the last burst write cycle until the precharge command can be issued to the same bank.

Figure 125 — WRITE (BC4) Fixed with Auto PRECHARGE Operation and 1tCK Preamble
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0 A AN/ /At A\ D#5 A6 /A 04T,
DBl L L
o Din \/ Din \/ Din \/ Din \/ Din \/ Din \/ Din \/ Din
n AN/ /\ 4 A\ D#5 A6 /A 04T,
[] Ransmionn DATA ] DONT CARE
NOTE:

1.BL=8/BC=4,AL=0, CWL =9, Preamble = 1tCK

2. DIN n = data-in to column n.

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

4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO.
BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:AQ = 0:1] and A12 =1 during WRITE command at TO.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Enable, CRC = Disable.

6. The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the last write data
shown at T13.

Figure 126 — WRITE (BL8/BC4) OTF with 1tCK Preamble and DBI
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0 AnH /20t [:ITRANSITIONING DATA D DON'T CARE
NOTE:

1.BC=4,AL =0, CWL =9, Preamble = 1tCK

2. DIN n = data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:A0 = 1:0].

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Enable, CRC = Disable.

6. The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the last write data
shown at T11.

Figure 127 — WRITE (BC4) Fixed with 1tCK Preamble and DBI
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WL=PL+AL+CWL=13
1 [] raxsimionnG DaTa [ ] DONT cARE
NOTE:

1.BL=8,AL=0,CWL =9, PL =4, Preamble = 1tCK

2. DIN n (or b) = data-in to column n(or column b).

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO and T4.

5. CA Parity = Enable, CS to CA Latency = Disable, Write DBI = Disable.

6. 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.

Figure 128 — Consecutive WRITE (BL8) with 1tCK Preamble and CA Parity in Different Bank Group
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NOTE:

1.BL=8/BC =4, AL =0, CWL =9, Preamble = 1tCK, tCCD_S/L =5

2. DIN n (or b) = data-in to column n (or column b).

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

4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at TO and T5.

5. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITE command at TO and T5.

6. C/A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable, Write CRC = Enable.

7. 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

Figure 129 — Consecutive WRITE (BL8/BC4)OTF with 1tCK Preamble and Write CRC in Same or
Different Bank Group
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D TRANSITIONING DATA D DONT CARE

NOTE:

1.BL=8, AL =0, CWL =9, Preamble = 1tCK, tCCD_S/L = 5

2. DIN n (or b) = data-in to column n(or column b).

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

4. BL8 setting activated by MRO[A1:AQ = 1:0] at TO and T5.

5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, CRC = Enable.

6. 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.

Figure 130 — Consecutive WRITE (BC4)Fixed with 1tCK Preamble and Write CRC in Same or
Different Bank Group
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D TRANSITIONING DATA D DONT CARE

NOTE:

1.BL=8, AL =0, CWL =9, Preamble = 1tCK, tCCD_S/L = 6

2. DIN n (or b) = data-in to column n(or column b).

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

4. BL8 setting activated by either MRO[A1A:0 = 0:0] or MRO[A1A:0 = 0:1] and A12 =1 during WRITE command at TO and T6.

5. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO and T6.

6. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.

7. 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.

Figure 131 — Nonconsecutive WRITE (BL8/BC4)OTF with 1tCK Preamble and Write CRC in Same
or Different Bank Group
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NOTE:

1.BL=8,AL=0, CWL =9+ 1=10% Preamble = 2tCK, tCCD_S/L=7

2. DIN n (or b) = data-in to column n(or column b).

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO and T7.

5. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO and T7.

6. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.

7.tCCD_S/L = 6 isn’t allowed in 2tCK preamble mode.

8. 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.

9. 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 tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode

Figure 132 — Nonconsecutive WRITE (BL8/BC4)OTF with 2tCK Preamble and Write CRC in Same
or Different Bank Group
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NOTE:
1.BL=8/BC =4, AL =0, CWL =9, Preamble = 1tCK
2. DIN n = data-in to column n.

D TRANSITIONING DATA D DONT CARE

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

4. BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO.

5. BC4 setting activated by either MRO[A1:AO = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO.

6. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable, DM = Enable.

7. The write recovery time (tWR_CRC_ DM) and write timing parameter ({(WR_S_CRC_ DM/tWR_L_CRC_ DM) are referenced from the first rising clock

edge after the last write data shown at T13.

Figure 133 — WRITE (BL8/BC4)OTF/Fixed with 1tCK Preamble and Write CRC and DM in Same or
Different Bank Group
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4.26 Refresh Command

The Refresh command (REF) is used during normal operation of the DDR4 SDRAMs. This command is non persistent, so it must be
issued each time a refresh is required. The DDR4 SDRAM requires Refresh cycles at an average periodic interval of tREFI. When
CS_n, RAS_n/A16 and CAS_n/A15 are held Low and WE_n/A14 and ACT_n are held High at the rising edge of the clock, the chip
enters a 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 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) as shown in Figure X. Note that the tRFC timing parameter
depends on memory density.

In general, a Refresh command needs to be issued to the DDR4 SDRAM regularly every tREFI interval. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided for postponing and
pulling-in refresh command. A maximum of 8 Refresh commands can be postponed when DRAM is in 1X refresh mode and for 2X/4X
refresh mode, 16/32 Refresh commands can be postponed respectively during operation of the DDR4 SDRAM, meaning that at no
point in time more than a total of 8,16,32 Refresh commands are allowed to be postponed for 1X,2X,4X Refresh mode respectively.
In case that 8 Refresh commands are postponed in a row, the resulting maximum interval between the surrounding Refresh
commands is limited to 9 x tREFI (see Figure 134). In 2X and 4X Refresh mode, it's limited to 17 x tREFI2 and 33 x tREFI4. A
maximum of 8 additional Refresh commands can be issued in advance (“pulled in”) in 1X refresh mode and for 2X/4X refresh mode,
16/32 Refresh commands can be pulled in respectively, with each one reducing the number of regular Refresh commands required
later by one. Note that pulling in more than 8/16/32, depending on Refresh mode, Refresh commands in advance does not further
reduce the number of regular Refresh commands required later, so that the resulting maximum interval between two surrounding
Refresh commands is limited to 9 x tREFI, 17 x tRFEI2 and 33 x tREFI4 respectively. At any given time, a maximum of 16 REF/
32REF 2/64REF 4 commands can be issued within 2 x tREFI/ 4 x tREFI2/ 8 x tREF14

tRFC(min)

tREFI(max.9 y tREFI)

J

DRAM must be idle DRAM must be idle

22 Time Break |:| Don't Care

NOTE : 1. Only DES commands allowed after Refresh command registered untill tRFC(min) expires.
2. Time interval between two Refresh commands may be extended to a maximum of 9 X tREFI.

Figure 134 — Refresh Command Timing (Example of 1x Refresh mode)
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Figure 135 — Postponing Refresh Commands (Example of 1X Refresh mode)
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Figure 136 — Pulling-in Refresh Commands (Example of 1X Refresh mode)

4.27  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
the Self-Refresh mode, the DDR4 SDRAM retains data without external clocking. The DDR4 SDRAM device has a built-in timer to
accommodate Self-Refresh operation. The Self-Refresh-Entry (SRE) Command is defined by having CS_n, RAS_n/A16, CAS_n/
A15, and CKE held low with WE_n/A14 and ACT_n high at the rising edge of the clock.

Before issuing the Self-Refresh-Entry command, the DDR4 SDRAM must be idle with all bank precharge state with tRP satisfied. ‘Idle
state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is high, and all timings from
previous operations are satisfied (tMRD, tMOD,tRFC, tZQinit, tZQoper, tZQCS, etc.). Deselect command must be registered on last
positive clock edge before issuing Self Refresh Entry command. Once the Self Refresh Entry command is registered, Deselect
command must also be registered at the next positive clock edge. Once 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 and set Hi-Z as termination state
regardless of ODT pin and RTT_PARK set when it enters in Self-Refresh mode. Upon exiting Self-Refresh, DRAM automatically
enables ODT termination and set RTT_PARK asynchronously during tXSDLL when RTT_PARK is enabled. 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 DDR4 SDRAM has entered Self-Refresh mode, all of the external control signals, except CKE and RESET _n, are “don’t
care.” For proper Self-Refresh operation, all power supply and reference pins (VDD, VDDQ, VSS, VSSQ, VPP, and VRefCA) must be
at valid levels. DRAM internal VrefDQ generator circuitry may remain ON or turned OFF depending on DRAM design. If DRAM
internal VrefDQ circuitry is turned OFF in self refresh, when DRAM exits from self refresh state, it ensures that VrefDQ generator
circuitry is powered up and stable within tXS period. First Write operation or first Write Leveling Activity may not occur earlier than tXS
after exit from Self Refresh. The DRAM initiates a minimum of one Refresh command internally within tCKE period once it enters
Self-Refresh mode.
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The clock is internally disabled during Self-Refresh Operation to save power. The minimum time that the DDR4 SDRAM 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 is registered, however, the clock must be restarted and stable tCKSRX 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 Self-Refresh Exit command (SRX, combination of CKE going high and Deselect on command bus) is registered, following
timing delay must be satisfied:

1. Commands that do not require locked DLL:

tXS - ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS, tXSFast - ZQCL, ZQCS, MRS commands.
For MRS command, only DRAM CL and WR/RTP register in MRO, CWL register in MR2 and geardown mode in MR3 are allowed to
be accessed provided DRAM is not in per DRAM addressability mode. Access to other DRAM mode registers must satisfy tXS timing.
Note that synchronous ODT for write commands ( WR, WRS4, WRS8, WRA, WRAS4 and WRASS ) and dynamic ODT controlled by
write command require locked DLL.

2. Commands that require locked DLL:

tXSDLL - RD, RDS4, RDS8, RDA, RDAS4, RDASS8

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 as described in “ZQ Calibration Commands” on Section 4.12. 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 DDR4 SDRAM can be put back into Self-Refresh mode or Power down mode after waiting at least tXS period
and issuing one refresh command (refresh period of tRFC). Deselect commands must be registered on each positive clock edge
during the Self-Refresh exit interval tXS. Low level of ODT pin must be registered on each positive clock edge during tXSDLL when
normal mode ( DLL-on ) is set. Under DLL-off mode, asynchronous ODT function might be allowed.

The use of Self-Refresh mode introduces the possibility that an internally timed refresh event can be missed when CKE is raised for
exit from Self-Refresh mode. Upon exit from Self-Refresh, the DDR4 SDRAM requires a minimum of one extra refresh command
before it is put back into Self-Refresh Mode.

The exit timing from self-refresh exit to first valid command not requiring a locked DLL is tXS.

The value of tXS is (tRFC+10ns). This delay is to allow for any refreshes started by the DRAM to complete. tRFC continues to grow
with higher density devices so tXS will grow as well.

A Bit A9 in MR4 is defined to enable the self refresh abort mode. If the bit is disabled then the controller uses tXS timings.

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 DDR4 SDRAM requires a minimum of one extra refresh command before it is put back into Self-
Refresh Mode. This requirement remains the same irrespective of the setting of the MRS bit for self refresh abort.
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NOTE :

1. Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.
2. Valid commands not requiring a locked DLL

3. Valid commands requiring a locked DLL

4. Only DES is allowed during tXS_ABORT

Figure 137 — Self-Refresh Entry/Exit Timing
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4.27.1 Low Power Auto Self Refresh

DDR4 devices support Low Power Auto Self-Refresh (LP ASR) operation at multiple temperatures ranges (See temperature table
below). Mode Register MR2 — descriptions

Table 47 — MR2 definitions for Low Power Auto Self-Refresh mode

A6 | A7 |Self-Refresh Operation Mode
0 0 |Manual Mode — Normal operating temperature range
0 1 |Manual Mode — Extended operating temperature range
1 0 |Manual Mode — Lower power mode at a reduced operating temperature range
1 1 AbSR Mode — automatically switching between all modes to optimize power for any of the temperature ranges listed
above

Auto Self Refresh (ASR)

DDR4 DRAM provides an Auto Self-Refresh mode (ASR) for application ease. ASR mode is enabled by setting the above MR2 bits
A6=1 and A7=1. The DRAM will manage Self Refresh entry through the supported temperature range of the DRAM. In this mode,
the DRAM will change self-refresh rate as the DRAM operating temperature changes, lower at low temperatures and higher at high
temperatures.

Manual Modes

If ASR mode is not enabled, the LP ASR Mode Register must be manually programmed to one the three self-refresh operating
modes listed above. In this mode, the user has the flexibility to select a fixed self-refresh operating mode at the entry of the self-
refresh according to their system memory temperature conditions. The user is responsible to maintain the required memory
temperature condition for the mode selected during the self-refresh operation. The user may change the selected mode after exiting
from self refresh and before the next self-refresh entry. If the temperature condition is exceeded for the mode selected, there is risk
to data retention resulting in loss of data.

Table 48 — Self Refresh Function table

Allowed Operating Tempera-
ture Range for Self Refresh
Mode

(all reference to DRAM Tcase)

MR2-A6 | MR2-A7 | LP ASR Mode Self Refresh Operation

Fixed normal self-Refresh rate to maintain data retention for
the normal operating temperature. User is required to ensure

0 0 Normal 85°C DRAM Tcasemax is not exceeded to avoid any risk of (0°C-85°C)
data loss.
Extended Tem- |Fixed high self-Refresh rate to optimize data retention to sup- o o
0 1 (0°C - 95°C)
perature range |port the extended temperature range
Variable or fixed self-Refresh rate or any other DRAM power
1 0 Reduced Tem- |consumption reduction control for the reduced temperature (0°C — 45°C)

perature range |range. User is required to ensure 45°C DRAM Tcasemax is not
exceeded to avoid any risk of data loss .

ASR Mode Enabled. Self-Refresh power consumption and
Auto Self

1 1 data retention are optimized for any given operating tempera- All of the above
Refresh o
ture conditions
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4.28 Power down Mode

4.28.1 Power-Down Entry and Exit

Power-down is synchronously entered when CKE is registered low (along with Deselect command). CKE is not allowed to go low
while mode register set command, MPR operations, ZQCAL operations, DLL locking or read / write operation are in progress. CKE is
allowed to go low while any of other operations such as row activation, precharge or auto-precharge and refresh are in progress, but
power-down IDD spec will not be applied until finishing those operations. Timing diagrams are shown in Figure 139 through
Figure 147 with details for entry and exit of Power-Down.

The DLL should be in a locked state when power-down is entered for fastest power-down 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 AC and DC timing and voltage specification as well as proper DLL operation with any CKE intensive
operations as long as 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 in-progress commands are completed, the device will be in active Power-Down mode.

Entering power-down deactivates the input and output buffers, excluding CK_t, CK_c, CKE and RESET_n. In power-down mode,
DRAM ODT input buffer deactivation is based on MR5 bit A5. If it is configured to Ob, 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 DRAM continues to provide Rtt_Park termination if it is enabled in
DRAM mode register MR5 bit A8:A6 To protect DRAM internal delay on CKE line to block the input signals, multiple Deselect
commands are needed during the CKE switch off and cycle(s) after, this timing period are defined as tCPDED. CKE_low will result in
deactivation of command and address receivers after tCPDED has expired.

Table 49 — Power-Down Entry Definitions
Status of DRAM DLL PD Exit Relevant Parameters

Active
(A bank or more Open)

On Fast tXP to any valid command

Precharged

(All banks Precharged) On Fast tXP to any valid command.

Also, the DLL is kept enabled during precharge power-down or active power-down. In power-down mode, CKE low, RESET_n high,
and a stable clock signal must be maintained at the inputs of the DDR4 SDRAM, and ODT should be in a valid state, but all other
input signals are “Don’t Care.” (If RESET_n goes low during Power-Down, the DRAM will be out of PD mode and into reset state.)
CKE low must be maintained until tCKE has been satisfied. Power-down duration is limited by 9 times tREF| of the device.

The power-down state is synchronously exited when CKE is registered high (along with a Deselect command). CKE high must be
maintained until tCKE has been satisfied. DRAM ODT input signal must be at valid level when DRAM exits from power-down mode
independent of MRS bit A5 if Rtt_Nom is enabled in DRAM mode register. If DRAM Rtt_Nom is disabled then ODT input signal may
remain floating. A valid, executable command can be applied with power-down exit latency, tXP after CKE goes high. Power-down
exit latency is defined in the AC specifications Table in Section 12.3.

Active Power Down Entry and Exit timing diagram example is shown in Figure 139. Timing Diagrams for CKE with PD Entry, PD Exit
with Read and Read with Auto Precharge, Write, Write with Auto Precharge, Activate, Precharge, Refresh, and MRS are shown in
Figure 140 through Figure 147. Additional clarification is shown in Figure 148.
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NOTE : 1. VALID command at TO is ACT, DES 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=0 (default setting) is shown.

Figure 138 — Active Power-Down Entry and Exit Timing Diagram MR5 bit A5 =0
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B tXP
<[ICPDED & >
Enter Exit
Power-Down Power-Down
Mode Mode  TmeBReak [ DONT caRE

NOTE : 1. VALID command at TO is ACT, DES 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.

Figure 139 — Active Power-Down Entry and Exit Timing Diagram MR5 bit A5=1



JEDEC Standard No. 79-4
Page 129

K t

COMMAND

CKE J
ADDRESS )(\/A|£)>< VALID,

RL=AL+CL

s O EX X XX E)

DQ, BC4
@ Doyt )¢ Doyt ) Doyt
b b+1/N\b+2/\b+3

tRDPDEN

Power-Down
Entry

I:‘ TRANSITIONING DATA Sg TIME BREAK I:‘ DON'T CARE

Figure 140 — Power-Down Entry after Read and Read with Auto Precharge
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NOTE 1. tWR is programmed through MRO.

Figure 141 — Power-Down Entry After Write with Auto Precharge
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Figure 142 — Power-Down Entry after Write
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Figure 143 — Precharge Power-Down Entry and Exit
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CK_t
CK c -

COMMAND

ADDRESS

tREFPDEN

gg TIME BREAK I:‘ DON'T CARE

Figure 144 — Refresh Command to Power-Down Entry
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Figure 145 — Activate Command to Power-Down Entry
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Figure 146 — Precharge/Precharge all Command to Power-Down Entry
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tPD
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Figure 147 — MRS Command to Power-Down Entry

4.28.2 Power-Down clarifications

When CKE is 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 Table "Timing
Parameters by Speed Bin". A detailed example of Case1 is shown in Figure 148.

TO T Ta0 TbO Tb1 Tco Tet

AN SR O O Gy W SN OY VRN
COMMAND:><VALID><:>< DES >< :>< DES >( >< DES >< >< DES ><:>< DES >< :>< DES

X

CKE } \\
et |4> tCKE
tiH tis

ADDRESS VALID
D= ewlo ]| ]
—

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

g TIME BREAK l:‘ DON'T CARE

Figure 148 — Power-Down Entry/Exit Clarification
4.29 Maximum Power Saving Mode

4.29.1 Maximum power saving mode
This mode provides lowest power consuming mode which could be similar to the Self-Refresh status with no internal refresh activity.
When DDR4 SDRAM is in the maximum power saving mode, it does not need to guarantee data retention nor respond to any

external command (except maximum power saving mode exit and asserting RESET_n signal LOW) to minimize the power
consumption.

4.29.2 Mode entry

Max power saving mode is entered through an MRS command. 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 MRS command.

Note that large CS_n hold time to CKE upon the mode exit may cause DRAM malfunction, thus it is required that the CA parity, CAL
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and Gear Down modes are disabled prior to the max power saving mode entry MRS command.
- Ta0 Ta Ta Tbo bt Tb2 Tb3 Te0 Tt L2 <] Tod 5 Teb Te7 Te8 Te9 0 Tt
{CKMPE -
MRA[A1=1]
(MPSM Enable)
command — XoesY( XursX( Xoes D@@D@E}(
- tMPED o
o5 Ve X 0
HNEEEEEEE .
( \ (
RESET_n 2( 2(
[ bon't care

Figure 149 — Maximum Power Saving mode Entry

Figure 150 below illustrates the sequence and timing parameters required for the maximum power saving mode with the per DRAM
addressability (PDA).

Tdo Td1 Td2

~H

CK t . - -
COMMAND
[ |
[ ] ‘
CSn
e L[]
B (Z AL+CWU
DaS_t =
DQS_c (Z
tPDA S |<— tPDR_
U
RESET n ZZ ZZ

|:| Don't Care

Figure 150 — Maximum Power Saving mode Entry with PDA

When entering Maximum Power Saving mode, only DES commands are allowed until tMPED is satisfied. After tMPED period from
the mode entry command, DRAM is not responsive to any input signals except CS_n, CKE and RESET_n signals, and all other input
signals can be High-Z. CLK should be valid for tCKMPE period and then can be High-Z.

4.29.3 CKE transition during the mode
CKE toggle is allowed when DRAM is in the maximum power saving mode. To prevent the device from exiting the mode, CS_n
should be issued ‘High’ at CKE ‘L’ to 'H’ edge with appropriate setup tMPX_S and hold tMPX_HH timings.

oK1 Ta0 Tat Ta2 Tb0 Tb1 Tb2 Tb3 Te0 Tet Te2 Tdo Td1 Td2 Td3 Td4 Td5 Tdé Td7 Td8
“ ] I”\ || \”\ | \”\ [ [ [ [ I [ [ |
T I?(\ | ?( ?( NN
cSn ))
_ ZZ MPXS | | ZZ tMPX_HH|

CKE ‘

) ; l
e U l 2(

|:|Don't Care

Figure 151 — CKE Transition Limitation to hold Maximum Power Saving Mode
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4.29.4 Mode exit

DRAM monitors CS_n signal level and when it detects CKE ‘L’ to 'H’ transition, and either exits from the power saving mode or stay in
the mode depending on the CS_n signal level at the CKE transition. Because CK receivers are shut down during this mode, CS_n =
'L’ is captured by rising edge of the CKE signal. If CS_n signal level is detected ‘L', then the DRAM initiates internal exit procedure
from the power saving mode. CK must be restarted and stable tCKMPX period before the device can exit the maximum power saving
mode. During the exit time tXMP, any valid commands except DES command is not allowed to DDR4 SDRAM and also tXMP_DLL,
any valid commands requiring a locked DLL is not allowed to DDR4 SDRAM.

When recovering from this mode, the DRAM clears the MRS bits of this mode. It means that the setting of MR4 [A1] is move to 0’
automatically.

Ta0 Tat Ta2 Ta3 Tho Tot Th2

CK t

o Y XA
- _ {CKMPX
COMMAND ?{
LT T T T]
CKE ?AFX_:

2 1 U e 11

- {XMP_DL .

RESET 1 ) 2 l l

DDon'tCare
Figure 152 — Maximum Power Saving Mode Exit Sequence

4.29.5 Timing parameter bin of Maximum Power Saving Mode for DDR4-1600/1866/2133/
2400/2666/3200

L DDR4-1600/1866/2133/2400 DDRA4-2666/3200 .
Description symbol : : Unit Note
Min Max Min Max
Command path disable tMOD(min) + ) )
delay upon MPSM entry tMPED {CPDED(min) T8BD
Valid clock requirement after tMOD(min) +
MPSM entry {CKMPE tCPDED(min) ) 8D )
Valid clock requirement .
before MPSM exit tCKMPX tCKSRX(min) - TBD -
Exit MPSM to commands not .
requiring a locked DLL XMP tXS(min) ) 8D )
Exit MPSM to commands tXMP(min) +
requiring a locked DLL XMPDLL tXSDLL(min) ) 8D )
T,
CS setup time to CKE tMPX_S tISm;:in tiH ; TBD ;
CS_n High hold time to .
" g tMPX_HH tXP(min) TBD ;
CKE rising edge
CS_n Low hold time to
= .. tMPX_LH 12 tXMP-10ns TBD TBD ns 1
CKE rising edge

NOTE 1 tMPX_LH(max) is defined with respect to actual tXMP in system as opposed to tXMP(min).
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4.30 Connectivity Test Mode

4.30.1 Introduction

The DDR4 memory device supports a connectivity test (CT) mode, which is designed to greatly speed up testing of electrical
continuity of pin interconnection on the PC boards between the DDR4 memory devices and the memory controller on the SoC.
Designed to work seamlessly with any boundary scan devices, the CT mode is required for all x16 width devices independant of
density and optional for all x8 and x4 width devices with densities greater than or equal to 8Gb.

Contrary to other conventional shift register based test mode, where test patterns are shifted in and out of the memory devices
serially in each clock, DDR4’s CT mode allows test patterns to be entered in parallel into the test input pins and the test results
extracted in parallel from the test output pins of the DDR4 memory device at the same time, significantly enhancing the speed of the
connectivity check. RESET_n is registered to High and VrefCA must be stable prior to entering CT mode. Once put in the CT mode,
the DDR4 memory device effectively appears as an asynchronous device to the external controlling agent; after the input test pattern
is applied, the connectivity check test results are available for extraction in parallel at the test output pins after a fixed propagation
delay. During CT mode, any ODT is turned off.

A reset of the DDR4 memory device is required after exiting the CT mode.

4.30.2 Pin Mapping

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

1. Test Enable (TEN) pin: when asserted high, this pin causes the DDR4 memory device to enter the CT mode. In this mode, the
normal memory function inside the DDR4 memory device is bypassed and the IO pins appear as a set of test input and output pins
to the external controlling agent. The TEN pin is dedicated to the connectivity check function and will not be used during normal
memory operation.

2. Chip Select (CS_n) pin: when asserted low, this pin enables the test output pins in the DDR4 memory device. When de-asserted,
the output pins in the DDR4 memory device will be tri-stated. The CS_n pin in the DDR4 memory device serves as the CS_n pin
when in CT mode.

3. Test Input: a group of pins that are used during normal DDR4 DRAM operation are designated test input pins. These pins are used
to enter the test pattern in CT mode.

4. Test Output: a group of pins that are used during normal DDR4 DRAM operation are designated test output pins. These pins are
used for extraction of the connectivity test results in CT mode.

5. RESET_n : Fixed high level is required during CT mode same as normal function.

Table 50 below shows the pin classification of the DDR4 memory device.

Table 50 — Pin Classification of DDR4 Memory Device in Connectivity Test(CT) Mode

Pin Type in CT Mode Pin Names during Normal Memory Operation
Test Enable TEN
Chip Select CS n
Test Input BAO0-1, BG0-1, A0-A9, A10/AP, A11, A12/BC_n, A13, WE_n/A14, CAS_n/A15, RAS_n/A16,
P RESET_n, CKE, ACT_n, ODT, CLK_t, CLK_c, DML_n, DBIL_n, DMU_n/DBIU_n, Parity, Alert_n
Test Output DQO0-DQ15, DQSU_t, DQSU_c, DQSL_t, DQSL_c
Table 51 — Signal Description
Symbol Type Function
Connectivity Test Mode is active when TEN is HIGH and inactive when TEN is LOW. TEN
TEN Input must be LOW during normal operation TEN is a CMOS rail-to-rail signal with DC high and
low at 80% and 20% of VDD, i.e, 960mV for DC high and 240mV for DC low.
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4.30.3 Logic Equations

4.30.3.1 Min Term Equations

MTx is an inernal signal to be used to generate the signal to drive the output signals.
x16 and x8 signals are internal signal indicating the density of the device.

MTO = XOR (A1, A6, PAR)

MT1 = XOR (A8, ALERT, A9)

MT2 = XOR (A2, A5, A15)

MT3 = XOR (A0 A7, A11)

MT4 = XOR (CK_c, ODT, CAS_n)

MT5 = XOR (Cke, RAS_n,/A16, A10/AP)

MT6 = XOR (ACT_n, A4, BA1)

MT7 = XOR (((x16 and DMU_n / DBIU_n) or (!x16 and BG1)), ((x8 or x16) and DML_n / DBIL_n), CK_t))
MT8 = XOR (WE_n/A14, A12 / BC, BAO)

MT9 = XOR (BGO, A3, (Reset_n and TEN))

4.30.3.2 Output equations for x16 devices

DQO = MTO
DQ1 = IDQO
DQ2 = MT1
DQ3 = IDQ2
DQ4 = MT2
DQ5 = IDQ4
DQ6 = MT3
DQ7 = IDQ6
DQ8 = MT4
DQY = IDQ8
DQ10 = MT5
DQ11=1DQ10
DQ12 = MT6
DQ13 = MT7
DQ14 = MT8
DQ15 = IDQ14
DQSL_t = MT9

DQSL_c = IDQ12
DQSU_t = IDQSL_t
DQSU_c = IDQ13

4.30.3.3 Output equations for x8 devices
DQO = MTO
DQ1 = MT1
DQ2 = MT2
DQ3 = MT3
DQ4 = MT4
DQ5 = MT5
DQ6 = MT6
DQ7 = MT7
DQS_t=MT8
DQS_c=MT9

4.30.3.4 Output equations for x4 devices
DQO = XOR(MTO, MT1)

DQ1 = XOR(MT2, MT3)

DQ2 = XOR(MT4, MT5

DQ3 = XOR(MT6, MT7)

DQS_t=MT8

DQS_c=MT9



JEDEC Standard No. 79-4
Page 137

4.30.4 Timing Requirement

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

Upon the assertion of the TEN pin, the CK_t and CK_c signals will be ignored and the DDR4 memory device enter into the CT mode
after tBSCAN_Enable. In the CT mode, no refresh activities in 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 at anytime during normal memory operation including when the DDR4 memory device is in low power
(or self refreshed) mode. During CT Mode, the signaling of all test input pins is CMOS rail-to-rail with DC high and low at 80% and
20% of VDD.

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 tBSCAN_valid after the test inputs have been applied to the test input
pins with TEN input and CS_n input maintained High and Low respectively.

TEN
tBSCAN_Enable

cs
BOUNDARY_SCAN VALID VALID
INPUTS >< ><:>< |
‘ tBSCAN_Valid ‘ tBSCAN_Valid
BOUNDARY_SCAN
RY_SCAN X VALID ><:>< VALID |
Figure 153 — Timing Diagram for Boundary Scan mode
Table 52 — AC parameters for Boundary scan mode
Symbol Min Mix Unit
tBSCAN_Enable 100 - ns
tBSCAN_Valid - 20 ns

NOTE 1 The signaling of all test input pins, TEN and CS_n is CMOS rail-to-rail with DC high and low at 80% and 20% of VDD
4.31 CLK to Read DQS timing parameters
DDR4 supports DLLOFF mode. Following parameters will be defined for CK to read DQS timings.

Table 53 — CLK to Read DQS Timing Parameters

Speed DDR4-1600/1866/2133/2400/2666/3200

Parameter Symbol Min Max Units NOTE
DQS_t, DQS_c rising edge output tDQSCK (DLL On) TBD TBD ps 1,3,8
access time from rising CK_t, CK_c | tDQSCK (DLL Off) TBD TBD ps 2,3,8
Jitter of DQS_t, DQS_crising edge | tDQSCKJ (DLL On) |- TBD ps 1,4,5,6,7,8
output access time tDQSCKJ (DLL Off) |- TBD ps 2,4,5,6,7,8
VDD sensitivity of tDQSCK (DLL Off) | dTDQSCKdV - TBD ps/mV 2,6
Temperature sensitivity of tDQSCK

NOTE 1 These parameters are applied when DRAM is in DLLON mode.

NOTE 2 These parameters are applied when DRAM is in DLLOFF mode.

NOTE 3 Measured over full VDD and Temperature spec ranges.

NOTE 4 Measured at fixed and constant VDD and Temperature condition.

NOTE 5 Measured for a given DRAM part, and for each DQS_t/DQS_c pair in case of x16 (part variation is excluded).
NOTE 6 These parameters are verified by design and characterization, and may not be subject to production test.

NOTE 7 For a given part and VDD and Temperature condition, the window of DQS_t/DQS_c rising edge with respect to the clock rising edge is fixed for
an indefinite time period.
NOTE 8 Assume no jitter on input clock signals to the DRAM.
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tDQSCK,Min

= Min {Min {t{DQSCK(j), all VDD and Temperature ranges}, all DQS pairs and parts}

tDQSCK,Max
= Max {Max {tDQSCK(j), all VDD and Tem

tDQSCKJ, Max

perature ranges}, all DQS pairs and parts}

= Max {t{DQSCK(j), fixed VDD and Temperature} - Min {tDQSCK(j), fixed VDD and Temperature}

DLLON
READ REAP
CcMD RL J RL ;|
CK_t,CK_c
DQS_DQS_¢
BByt P T B = T
tDQSCK(m) gDQSCK(m,,% tDQSCK(n) STDQSCK(M%
DQSCK(m+1)  tDQSCK(m+3) DQSCK(n+1)  tDQSCK(n+3)
DLLOFF
READ REAP
RL-1 _ RL-1
M A OCOOOCO00! DQ@DDd(BDDDDDDDDC e
CK_t,CK_c < >
DQSCK(m+2) tDQSEK(n42)
DQS_t,DQS.
a _C {DQSCK(m+1) tDQSCK(n11)|
- ——| [—— o m—
tDQSCK(m) DQSCK(m+3) tDASCK(n) tDQSCK(n+3)

Figure 154 — tDQSCK Definition Difference between DLL ON and DLL OFF

tDQSCK

dTDQSCKdT

max

Temperature

dTDQSCKAT = | tDQSCK(Toper,max) - tDQSCK(Toper,min)l / [Toper,max - Toper,minl

tDQSCK |

Figure 155 — dTDQSCKTAT Definition

dTDQSCKdV

max

dTDQSCKdV = I tDQSCK(VDD,max) - tDbQSCK(VDD,min)l / IVDD,max - VDD, minl

Figure 156 — TDQSCKTdV Definition
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5 On-Die Termination

ODT (On-Die Termination) is a feature of the DDR4 SDRAM that allows the DRAM to change termination resistance for each DQ,
DQS_t, DQS_c and DM_n for x4 and x8 configuration (and TDQS_t, TDQS_c for X8 configuration, when enabled via A11=1 in MR1)
via the ODT control pin or Write Command or Default Parking value with MR setting. For x16 configuration, ODT is applied to each
DQU, DQL, DQSU_t, DQSU_c, DQSL_t, DQSL_c, DMU_n and DML_n signal. The ODT feature is designed to improve signal integ-
rity 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 this document :

- The ODT control modes are described in Section 5.1.

- The ODT synchronous mode is described in Section 5.2

- The Dynamic ODT feature is described in Section 5.3

- The ODT asynchronous mode is described in Section 5.4

- The ODT buffer disable mode is described in “ODT buffer disabled mode for Power down” in Section 5.5

The ODT feature is turned off and not supported in Self-Refresh mode. A simple functional representation of the DRAM ODT feature
is shown in Figure 157.

e — — — — — —
|ODT vDDQ |
To
other | RTT |
e [switen |
o DQ, DQS, DM, TDQS
I |
Lo |

Figure 157 — Functional Representation of ODT

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and Mode Register Setting and other control
information, see below. The value of RTT is determined by the settings of Mode Register bits (see Section 3.5). The ODT pin will be
ignored if the Mode Registers MR1 is programmed to disable RTT_NOM(MR1{A10,A9,A8}={0,0,0}) and in self-refresh mode.

5.1 ODT Mode Register and ODT State Table

The ODT Mode of DDR4 SDRAM has 4 states, Data Termination Disable, RTT_WR, RTT_NOM and RTT_PARK. And the ODT Mode
is enabled if any of MR1{A10,A9,A8} or MR2 {A10:A9} or MR5 {A8:A6} are non zero. In this case, the value of RTT is determined by
the settings of those bits.

After entering Self-Refresh mode, DRAM automatically disables ODT termination and set Hi-Z as termination state regardless of
these setting.

Application: Controller can control each RTT condition with WR/RD command and ODT pin

- RTT_WR: The rank that is being written to provide termination regardless of ODT pin status (either HIGH or LOW)

- RTT_NOM: DRAM turns ON RTT_NOM if it sees ODT asserted (except ODT is disabled by MR1).

- RTT_PARK: Default parked value set via MR5 to be enabled and ODT pin is driven LOW.

- Data Termination Disable: DRAM driving data upon receiving READ command disables the termination after RL-X and stays off for
a duration of BL/2 + X + Y clock cycles.

X is 2 for 1tCK and 3 for 2tCK preamble mode.

Y is 0 when CRC is disabled and 1 when it's enabled

- The Termination State Table is shown in Table 54.

Those RTT values have priority as following.

1. Data Termination Disable

2. RTT_WR

3. RTT_NOM

4. RTT_PARK

which means if there is WRITE command along with ODT pin HIGH, then DRAM turns on RTT_WR not RTT_NOM, and also if there
is READ command, then DRAM disables data termination regardless of ODT pin and goes into Driving mode.
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Table 54 — Termination State Table

RTT_PARK MR5{A8:A6} RTT_NOM MR1 {A10:A9:A8} ODT pin DRAM termination state Note
Enabled HIGH RTT_NOM 1,2
nable

Enabled LOW RTT_PARK 1,2
Disabled Don't care® RTT_PARK 1,2
HIGH RTT_NOM 1,2

Enabled =
Disabled LOW Hi-Z 1,2
Disabled Don’t care3 Hi-Z 1,2

NOTE 1 When read command is executed, DRAM termination state will be Hi-Z for defined period independent of ODT pin and MR setting of

RTT_PARK/RTT_NOM. This is described in section 1.2.3 ODT During Read.

NOTE 2 If RTT_WR is enabled, RTT_WR will be activated by Write command for defined period time independent of ODT pin and MR setting of
RTT_PARK /RTT_NOM. This is described in section 1.3 Dynamic ODT.

NOTE 3 If RTT_NOM MRS is disabled, ODT receiver power will be turned off to save power.

On-Die Termination effective resistance RTT is defined by MRS bits.

ODT is applied to the DQ, DM, DQS_T/DQS_C and TDQS_T/TDQS_C (x8 devices only) pins.
A functional representation of the on-die termination is shown in the figure below.

VDDQ -Vout
RTT= "1 Tout|
Chip In Termination Mode
oDT
To RTT
other
circuity
like
RCV, ... .

VvDDQ

DQ
Vout

VSSQ

Figure 158 — On Die Termination
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On die termination effective Rtt values supported are 240, 120, 80, 60, 48, 40, 34 ohms.
ODT Electrical Characteristics RZQ=240Q +/-1% entire temperature operation range; after proper ZQ calibration

RTT Vout Min Nom Max Unit NOTE
VOLdc= 0.5* VDDQ 0.9 1 1.25 RZQ 1,2,3
240Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/2 1,2,3
1200 VOMdc= 0.8* VDDQ 0.9 1 1.1 RZQ/2 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ/2 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/3 1,2,3
80Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/3 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/3 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/4 1,2,3
600 VOMdc= 0.8* VDDQ 0.9 1 1.1 RZQ/4 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ/4 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/5 1,2,3
48Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/5 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/5 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/6 1,2,3
40Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RZQ/6 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ/6 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/7 1,2,3
340 VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/7 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/7 1,2,3

DQ-DQ
Mismatch 0.8* VDDQ TBD TBD % 1,2,4
within byte

NOTE 1 The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or
voltage changes after calibration, see following section on voltage and temperature sensitivity.

NOTE 2 Pull-up ODT resistors are recommended to be calibrated at 0.8*VDDQ. Other calibration schemes may be used to achieve the linearity spec
shown above, e.qg. calibration at 0.5*VDDQ and 1.1*VDDAQ.

NOTE 3 Measurement definition for RTT:tbd

NOTE 4 DQ to DQ mismatch within byte variation for a given component including DQS_T and DQS_C (characterized)

5.2  Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down definition, these modes
are:

- Any bank active with CKE high
- Refresh with CKE high

- Idle mode with CKE high

- Active power down mode

- Precharge power down mode

In synchronous ODT mode, RTT_NOM will be turned on DODTLon clock cycles after ODT is sampled HIGH by a rising clock edge
and turned off DODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The ODT latency is tied to the Write
Latency (WL = CWL + AL + PL) by: DODTLon = WL - 2; DODTLoff = WL - 2.

When operating in 2tCK Preamble Mode, The ODT latency must be 1 clock smaller than in 1tCK Preamble Mode; DODTLon =WL -
3; DODTLoff = WL - 3."(WL = CWL+AL+PL)
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5.2.1 ODT Latency and Posted ODT

In Synchronous ODT Mode, the Additive Latency (AL) and the Parity Latency (PL) programmed into the Mode Register (MR1)
applies to ODT Latencies as shown inTable 55 and Table 56. For details, refer to DDR4 SDRAM latency definitions.

Table 55 — ODT Latency

Symbol Parameter DDR4-1600/1866/2133/2400/2666/3200 Unit
DODTLon Direct ODT turn on Latency CWL+AL+PL-2.0

DODTLoff Direct ODT turn off Latency CWL+AL+PL-2.0

RODTLoff Read command to internal ODT turn off Latency See detail Table 56 tCK
RODTLon4 Read command to RTT_PARK turn on Latency in BC4 See detail Table 56
RODTLon8 Read command to RTT_PARK turn on Latency in BC8/BL8 See detail Table 56

Table 56 — Read command to ODT off/on Latency variation by Preamble and CRC

Symbol 1tck Preamble 2tck Preamble Unit
CRC off CRC off
RODTLoff CL+AL+PL-2.0 CL+AL+PL-3.0
RODTLon4 RODTLoff +4 RODTLoff +5 tCK
RODTLon8 RODTLoff +6 RODTLoff +7

5.2.2 Timing Parameters
In synchronous ODT mode, the following timing parameters apply:

DODTLon, DODTLoff, RODTLoff, RODTLon4, RODTLon8, tADC,min,max.

tADC,min and tADC,max are minimum and maximum RTT change timing skew between different termination values. Those 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 (BL=4) or ODTH8 (BL=8) is satisfied. Additionally, depending on
CRC or 2tCK preamble setting in MRS, ODTH should be adjusted.

TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 ™ T12 T13 T14 T15 T16 T17 T18
N A RSN AVETAVEYEYVETEVEYEVEUEVENEY
- [ F AP A vl el vl b -l “al wals vl el el vl vl vl L .-l . N
cmo I i i l l I ﬁ i i l I I I ﬁ i l ﬁ I
oDT ' \ \ | | \ ' | | | \ | ' ' | | ' '
: . | -~ ' DobTLON=WL-2 : ; ; I : ~ | DODTLoff=wWL-2 ' : : : :
' ' ' ' ' ' ' ' 1 1 |<e+ tADC max ! ' ' ' 1 | — 1 L&~ tADC max
! . ! ! ! ! ! . ! : S ! . . ! ! . O
1 1 1 1 1 1 1 1 [ tADC min 1 1 1 1 1 1= - tADC min
f L L L L L L L L L L | L L ' ' L L | L |
DRAM_RTT RTT_PARK I RTT_NOM RTT_PARK

Figure 159 — Synchronous ODT Timing Example for CWL=9, AL=0, PL=0; DODTLon=WL-2=7,
DODTLoff=WL-2=7
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CMD . . : . : : WRS4 . . . . : : . : : .
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—— : : ; : //\ : : . : : : /‘) . : : . . :
: : : : : : : DODTLoff = WL - 2 : : : : : : : : :
: : : : : : : : ; ODTLonw = WL -2 : : : : : : :
! ! ' . ! ' ! ' ODTLcwn4 = ODTenw+4 = ——»f !
| ' T DODTLon =WL -2 T | I ' | ' | | ' | | | | '
! X ! ! X ! | tAmelax X ! 1+—> tADC max |[<—s} X tADC max—»| | |- |
: : : : : : | ] tAmelin : | | He{taDCmins]. [<- #\Dc}ﬂin# ‘«'r- :
! RTT_PARK « RTT_NOM Rﬂ\&PARK RTT_WR | ]RTT_PARK
RAMRT e

Figure 160 — Synchronous ODT example with BL=4, CWL=9, AL=10, PL=0; DODTLon/off=WL-2=17,

ODTcnw=WL-2=17

ODT must be held HIGH for at least ODTH4 after assertion (T1). ODTH is measured from ODT first registered HIGH to ODT first
registered LOW, or from registration of Write command. Note that ODTH4 should be adjusted depending on CRC or 2tCK preamble

setting

5.2.3 ODT during Reads:

As the DDR4 SDRAM can not terminate and drive at the same time. RTT may nominally not be enabled until the end of the
postamble as shown in the example below. As shown in Figure 161 below at cycle T25, DRAM turns on the termination when it stops
driving which is determined by tHZ. If DRAM stops driving early (i.e tHZ is early) then tADC,min timing may apply. If DRAM stops

driving late (i.e tHZ is late) then DRAM complies with tADC,max timing.

TO T T2 T3 T4 T5 T6 T7 T8 T19 T20 T21 T22 T23 T24 T25 T26 T27 T28
D e e T e B I e
Nl E N N N R A N EEAEIEA N RS

' 1 |- RL=AL+CL > ! ! ' ! ! '

ool | o] fJ)g I N (N N N

S I VR R NI Ry sy o mruiil A/ VAR NN NN NN NN NN BN B B

A0 TR I T e Y O L A N B B

20 I A N T T A (N I [ PSS B B (e [ PR S

! ! ! ' ! ! ' ! ! ! ((' 4—»‘ tADCmax ! ! ! ! e tADCmax |
DRAM_ODT RIT_PARK W [ H——+———+———F——F——( [ RTT_NOM
i T T T T T T T T T //I T 1 1 ] ] 1 T T T
pasar’ | 1 1| [ ] «Z Y avatavaVannnE
S B B A MY IO 7 e om0 e

Figure 161 — Example: CL

=11, PL=0; AL=CL-1=10; RL=AL+PL+CL=21; CWL=9;

DODTLon=AL+CWL-2=17; DODTLoff=AL+CWL-2=17;1tCK preamble)
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5.3 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
DDR4 SDRAM can be changed without issuing an MRS command. This requirement is supported by the “Dynamic ODT” feature as
described as follows:

5.3.1 Functional Description

The Dynamic ODT Mode is enabled if bit A[9] or A[10] of MR2 is set to *1’. The function is described as follows:

» Three RTT values are available: RTT_NOM, RTT_PARK and RTT_WR.

- The value for RTT_NOM is preselected via bits A[10:8] in MR1

- The value for RTT_PARK is preselected via bits A[8:6] in MR5

- The value for RTT_WR is preselected via bits A[10:9] in MR2

» During operation without commands, the termination is controlled as follows;

- Nominal termination strength RTT_NOM or RTT_PARK is selected.

- RTT_NOM on/off timing is controlled via ODT pin and latencies DODTLon and DODTLoff and RTT_PARK is on when ODT is LOW.

* When a write command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is registered, and if Dynamic ODT is enabled, the termination
is controlled as follows:

- A latency ODTLcnw after the write command, termination strength RTT_WR is selected.

- A latency ODTLcwn8 (for BL8, fixed by MRS or selected OTF) or ODTLcwn4 (for BC4, fixed by MRS or selected OTF) after the

write command, termination strength RTT_WR is de-selected.
- 1 or 2 clocks will be added or subtracted into/from ODTLcwn8 and ODTLcwn4 depending on CRC and/or 2tCK preamble setting.
Table 57 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 at DLL-off mode. User must use MRS command to set Rtt. WR, MR2{A10,A9}={0,0}

externally.

Table 57 — Latencies and timing parameters relevant for Dynamic ODT with 1tCK preamble mode
and CRC disabled

. . . Definition for all .

Name and Description Abbr. Defined from Define to BDRA Spasdibins Unit
ODT Latency for chang- Registering external f?:;nlg:"ll?TJAi:(e/ngth
ing from RTT_PARK/ ODTLcnw gistering - ODTLcnw = WL - 2 {CK
RTT NOM to RTT WR write command RTT_Nom to

- ORI~ RTT_WR
ODT Latency for change Change RTT strength
from RTT_WR to Registering external from RTT_WR to ODTLcwn4 =4 +
RTT_PARK/RTT_Nom ODTLewn4 write command RTT_PARK/ ODTLcnw tcK
(BL = 4) RTT_Nom
ODT Latency for change Change RTT strength
from RTT_WR to registering external from RTT_WR to ODTLcwn8 =6 +
RTT_PARK/RTT Nom ODTLown8 |\ e command RTT_PARK/ ODTLcnw (CK(avg)
(BL =8) RTT_Nom
ODTLcnw . tADC(min) = 0.3

RTT change skew tADC ODTLewn RTT valid {ADG(max) = 0.7 tCK(avg)

Table 58 — Latencies and timing parameters relevant for Dynamic ODT with 1 and 2tCK preamble
mode and CRC en/disabled

1ltck Preamble 2tck Preamble )
Symbol Unit
CRC off CRC on CRC off CRC on
ODTLcnw WL -2 WL -2 WL -3 WL -3
ODTLcwn4 ODTLcnw +4 ODTLcnw +7 ODTLcnw +5 ODTLcnw +8 tCK
ODTLcwn8 ODTLcnw +6 ODTLcnw +7 ODTLcnw +7 ODTLcnw +8
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5.3.2 ODT Timing Diagrams

The following pages provide example timing diagrams

T16 T17 T18 T19 T20 T21 T22 T23 T24

T T T T > 1 1

: : : : ) ) ! : ! : : : : : ) ) : : : : : :

: : : : : tADC max : :

((; [+ tADC!maix ('(tA DC,axes- ' ! ' ' ' ' f=s| tADC,max

: : : ) ) ! : g i s ; : ] ) ! : : : : 7
RTT \\ Rtt_PARK RWR | Rtt_PAR Rtt_NOM Rit_PAR

T T T // T T T T T T 7] T T T T T T T T T T T
: OIDT — T'_tADCimlr : - B L .t ;:tADC,:mln

I I ! ! (N ' ' ' I ( tAPC,min| 7, , tADCmin| -, ' ' ' I I !

ODTlcwn
:

ODTLcnw = WL-2 (1tCK preamble), WL-3 (2tCK preamble)
ODTLcwn = WL+2 (BC4), WL+4(BL8) w/o CRC or WL+5,5 (BC4, BL8 respectively) when CRC is enabled.

Figure 162 — ODT timing (Dynamic ODT, 1tCK preamble, CL=14, CWL=11, BL=8, AL=0, CRC
Disabled)

T9 TI0 T T12 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24 T25

b=tk indsiatialstsdsati el aiatatata
53

CMD'*

oDT

I : Ole CWII'18 :
RTT (™ Ranom [ '

Behavior with WR command is issued while ODT being registered high.

Figure 163 — Dynamic ODT overlapped with Rtt. NOM (CL=14, CWL=11, BL=8, AL=0, CRC
Disabled)
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5.4  Asynchronous ODT mode

Asynchronous ODT mode is selected when DLL is disabled by MR1 bit AO="0’b.
In asynchronous ODT timing mode, internal ODT command is not delayed by either the Additive latency (AL) or relative to the

external ODT signal (RTT_NOM).

In asynchronous ODT mode, the following timing parameters apply tAONAS, min, max, tAOFAS, min,max.

Minimum RTT_NOM turn-on time (tAONASmin) is the point in time when the device termination circuit leaves RTT_PARK and ODT
resistance begins to change. Maximum RTT_NOM turn on time(tAONASmax) is the point in time when the ODT resistance is

reached RTT_NOM.

tAONASmMin and tAONASmax are measured from ODT being sampled high.
Minimum RTT_NOM turn-off time (tAOFASmin) is the point in time when the devices termination circuit starts to leave RTT_NOM.
Maximum RTT_NOM turn-off time (tAOFASmax) is the point in time when the on-die termination has reached RTT_PARK.

tAOFASmIin and tAOFASmax are measured from ODT being sampled low.

A\

. TO . T1 . T2 . T3 . T4 . T5 . T6 Ti . Ti+1 . TI+2 . Ti+3 . Ti+4 . Ti+5 . Ti+6 Ta . Tb . T
wod OO e ey
Z ! l ! ! Z ! (( ﬁ ! ! Z ! l (( ! l
O P Y O Y N
Z I I I / ts ' § I l ' I \ ts | << I I
oDT! ! ! ! ! ! . ! ! ! ! ! ! !
e el A A N A NN R IR s s ' e o
l l l l L [TTApNAS ma l l l l - thOFT\s min l l
RTT i I RTTI_F’ARK I I I I I I RTT_INOM I I I /\Q I | I

[ T | T
| ! }d”tAONIAS min

T | T T T
|4—‘—tA9FAS mal,—b‘ ‘ !

Figure 164 — Asynchronous ODT Timing on DDR4 SDRAM with DLL-off

Table 59 — Asynchronous ODT Timing Parameters for all Speed Bins

Description Symbol min max Unit
Asynchronous RTT turn-on delay taoNAs 1.0 9.0 ns
Asynchronous RTT turn-off delay taAOFAS 1.0 9.0 ns
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55  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 CKE line 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 tCPDEDmin has
expired. In this mode, RTT_NOM termination corresponding to sampled ODT at the input 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.

=~ -=
.

CKE (‘(

| {CPDEDfnin + tAOFASMax

N o o p gy
: : . t0ODTofft1 , tCPDEDmIn | : : : : : : I
opT : ,
: : /( : : : : d( : < </ : // Floafmg . . . >
: : : : : : : : : : ~| tADCmin - : : :
PR DL enabied) € { RTT_NOM [ [ I RTT_PAR >
: : : : ' DODTLoff <—— : ——»'<——— tCPDEDin + tADCmax.
DRAM RTT ssync ¢ ] RTTNOM ) ) [ RTT_PARK
tAONASMIN <¢————| l ! | | | '

Figure 165 — ODT timing for power down entry with ODT buffer disable mode

When exit from power down, along with CKE being registered high, ODT input signal must be re-driven and maintained low until tXP
is met.
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Figufe 166 — ODT iimin'g for'pow'er down exit with ODT buffer disable mode
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5.6  ODT Timing Definitions
5.6.1 Test Load for ODT Timings

Different than for timing measurements, the reference load for ODT timings is defined in Figure 167.

vDDQ
DQ,DM_n
DQS_tDQS_c
CK_t,CK_c bUT TDQS_t,TDQS._«
VTT =VSsQ
vssQ

Timing Reference Point
Figure 167 — ODT Timing Reference Load

5.6.2 ODT Timing Definitions
Definitions for tADC, tAONAS and tAOFAS are provided in Table 60 and subsequent figures. Measurement reference settings are
provided in Table 61. tADC of Dynamic ODT case and Read Disable ODT case are represented by tADC of Direct ODTControl case.

Table 60 — ODT Timing Definitions

Symbol Begin Point Definition End Point Definition Figure | Note

. ) . Extrapolated point at .
tADC Rising edge of CK_t,CK_c defined by the end point of DODTLoff VRTT_NOM Figure

168
Rising edge of CK_t,CK_c defined by the end point of DODTLon Extrapolated point at VSSQ

tAONAS Rising edge of CK_t,CK_c with ODT being first registered high Extrapolated point at VSSQ

Figure
. . N . Extrapolated point at 169
tAOFAS Rising edge of CK_t,CK_c with ODT being first registered low VRTT_NOM
Table 61 — Reference Settings for ODT Timing Measurements
Measured Parameter RTT_PARK RTT_NOM Vswl Vsw2 Figure Note
tADC Disable RzQ/7 0.20V 0.40V Figure 168 1,2
tAONAS Disable RzQ/7 0.20V 0.40V
- Figure 169 1,2
tAOFAS Disable RzQ/7 0.20Vv 0.40V

NOTE 1 MR setting is as follows.
- MR1 A10=1, A9=1, A8=1 (RTT_NOM_Setting)
- MR5 A8=0, A7=0, A6=0 (RTT_PARK Setting)

NOTE 2 ODT state change is controlled by ODT pin.
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DODTLoff, Begin point:Rising edge of DODTLon ' Begin point:Rising edge of

! CK_t-CK_c defined by the ' CK_t-CK_c defined by the
' end point of DODTLoff ' end point of DODTLon

VRTT_NOM ; £n¢ partExrapole . VRTT_NOM

End point:Extrapolated
point at VSSQ

Figure 168 — Definition of tADC

| Rising edge of CK_t-CK_c ' Rising edge of CK_t-CK_c
' with ODT being first ' with ODT being first
' registered low ! registered high

VRTT_NOM | End pointExtrapolated . YRTT_NOM

End point:Extrapolated

VSSQ VSSQ ¥ point at VSSQ

Figure 169 — Definition of tAOFAS and tAONAS
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6 Absolute Maximum Ratings
Table 62 — Absolute Maximum DC Ratings
Symbol Parameter Rating Units NOTE
VDD Voltage on VDD pin relative to Vss -0.3 ~1.5 \% 1,3
vDDQ Voltage on VDDQ pin relative to Vss -0.3 ~1.5 \% 1.3
VPP Voltage on VPP pin relative to Vss -0.3 ~3.0 \Y 4
ViN,VouT | Voltage on any pin relative to Vss -03 ~15 \Y 1
Tste Storage Temperature -55 to +100 °C 1,2

NOTE 1 Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions 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

NOTE 2 Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions, please refer to
JESD51-2 standard.

NOTE 3 VDD and VDDQ must be within 300 mV of each other at all times;and VREFCA 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

NOTE 4 VPP must be equal or greater than VDD/VDDQ at all times
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7 AC & DC Operating Conditions
Table 63 — Recommended DC Operating Conditions
Rating .
Symbol Parameter _ Unit NOTE
Min. Typ. Max.

VDD Supply Voltage 1.14 1.2 1.26 \% 1,2,3

vDDQ Supply Voltage for Output 1.14 1.2 1.26 \Y 1,2,3

VPP 2.375 2.5 2.75 Vv 3

NOTE 1 Under all conditions VDDQ must be less than or equal to VDD.
NOTE 2 VDDAQ tracks with VDD. AC parameters are measured with VDD and VDDAQ tied together.
NOTE 3 DC bandwidth is limited to 20MHz.

7.1 AC and DC Input Measurement Levels: Vggg Tolerances
The DC-tolerance limits and ac-noise limits for the reference voltages Vgggca is illustrated in Figure 170. It shows a valid reference

voltage Vrgg(t) as a function of time. (Vrgf stands for Vgrgrca)-
VRrer(DC) is the linear average of Vrgg(t) over a very long period of time (e.g. 1 sec). This average has to meet the min/max
requirement in Table X. Furthermore Vrgg(t) may temporarily deviate from Vggg(DC) by no more than + 1% Vpp.

A voltage

Vbp
Vreilt
VRes ac-noise Rl

VRefﬁDC.ﬁ" ! A v VRef(DC}max

i b ey e S NRILIE
VRef[DChmin
Vss
|
time
Figure 170 — lllustration of Vree(DC) tolerance and Vggg AC-noise limits

The voltage levels for setup and hold time measurements V|(AC), V|x(DC), V| (AC) and V| (DC) are dependent on Vggr.
"Vrer" shall be understood as Vggp(DC), as defined in Figure 170.

This clarifies, that DC-variations of Vggg affect the absolute voltage a signal has to 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 Vggg(DC) deviations
from the optimum position within the data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated with Vggg
AC-noise. Timing and voltage effects due to AC-noise on Vrgg up to the specified limit (+/-1% of Vpp) are included in DRAM timings
and their associated deratings.
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7.2  AC and DC Logic Input Levels for Differential Signals
7.2.1 Differential signal definition
A Vv, DIFFAC.MIN
V)4.DIFF.MIN
o
Kl
(&)
;I 0.0/
Q half cycle
(0]
g
S V.DIFEFMAX - — — — — — — —
H
£
-% VLDIFFACMAX - — — — — — — — + —/— — — — — -
a time
Figure 171 — Definition of differential ac-swing and “time above ac-level” tpyac
7.2.2 Differential swing requirements for clock (CK_t - CK _c)
Table 64 — Differential AC and DC Input Levels
DDR4 -1600,1866,2133 DDR4 -2400,2666 & 3200 _
Symbol Parameter : : unit | NOTE
min max min max
Vit differential input high TBD NOTE 3 TBD NOTE 3 Vo o1
VLt differential input low NOTE 3 TBD NOTE 3 TBD Vo[ o1
2 x (ViH(AC) - 2 x (Vi4(AC) -
Viuai(AC) | differential input high ac x (VI(AC) NOTE 3 x (VIH(AC) NOTE 3 v | 2
VREF) VREF)
2 x (ViL(AC) - 2 x (ViL(AC) -
ViLai(AC) | differential input low ac NOTE 3 x ViAC) NOTE 3 x (ViAC) V| 2
VReF) VREeF)

NOTE 1 Used to define a differential signal slew-rate.

NOTE 2 for CK_t - CK_c use V|y/V, (AC) of ADD/CMD and VRrgrca;
NOTE 3 These values are not defined; however, the differential signals CK_t - CK_c, need to be within the respective limits (V|(DC) max, V, (DC)min)

for single-ended signals as well as the limitations for overshoot and undershoot.

Table 65 — Allowed time before ringback (tDVAC) for CK_t - CK_c

tDVAC [ps] @ |V pyLqitt(AC)| = TBDMV tDVAC [ps] @ |VnLditt(AC)| = TBDmMV
Slew Rate [V/ns] - -
min max min max
>4.0 TBD - TBD -
4.0 TBD - TBD -
3.0 TBD - TBD -
2.0 TBD - TBD -
1.8 TBD - TBD -
1.6 TBD - TBD -
1.4 TBD - TBD -
1.2 TBD - TBD -
1.0 TBD - TBD -
<1.0 TBD - TBD -
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7.2.3  Single-ended requirements for differential signals

Each individual component of a differential signal (CK_t, CK_c) has also to comply with certain requirements for single-ended signals.

CK_t and CK_c have to approximately reach VSEHmin / VSELmax (approximately equal to the ac-levels (VIH(ac) / VIL(ac) ) for ADD/
CMD signals) in every half-cycle.

Note that the applicable ac-levels for ADD/CMD might be different per speed-bin etc. E.g., if Different value than VIH.CA(AC120)/
VIL.CA(AC120) is used for ADD/CMD signals, then these ac-levels apply also for the single-ended signals CK_t and CK_c

Vpp O Vppaq

VSEH min

VDD/2 or VDDQ/2

VSEL max

Vgg orV .
SS ssQ time

Figure 172 — Single-ended requirement for differential signals.

Note that, while ADD/CMD signal requirements are with respect to VrefCA, the single-ended components of differential signals have
a requirement with respect to VDD / 2; this is nominally the same. The transition of single-ended signals through the ac-levels is used
to measure setup time. For single-ended components of differential signals the requirement to reach VSELmax, VSEHmin has no
bearing on timing, but adds a restriction on the common mode characteristics of these signals.

Table 66 — Single-ended levels for CK_t, CK_c

DDR4-1600/1866/2133 DDR4-2400/2666/3200 .
Symbol Parameter - - Unit |NOTE
Min Max Min Max
Vsen Single-ended rglghglevel for CK_t - TBD NOTE3 TBD NOTE3 v 1.2
VgL Single-ended éolzv-clevel for CK_t - NOTE3 TBD NOTE3 TBD Vv 1.2

NOTE 1 For CK_t- CK_c use V,,/V| (AC) of ADD/CMD;

NOTE 2 V|{(AC)/V|(AC) for ADD/CMD is based on VRggca;

NOTE 3 These values are not defined, however the single-ended signals CK_t - CK_c need to be within the respective limits (V|3(DC) max,
V,L(DC)min) for single-ended signals as well as the limitations for overshoot and undershoot.

7.2.4  Address and Control Overshoot and Undershoot specifications
Table 67 — AC overshoot/undershoot specification for Address and Control pins

Specification
Parameter DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | Unit
1600 1866 2133 2400 2666 3200

Maximum peak amplitude allowed for overshoot area 0.3 0.3 0.3 0.3 TBD TBD \%
Maximum peak amplitude allowed for undershoot area 0.3 0.3 0.3 0.3 TBD TBD \%
Maximum overshoot area above Vpp 0.25 0.25 0.25 TBD TBD TBD V-ns
Maximum undershoot area below Vgg 0.25 0.25 0.25 TBD TBD TBD V-ns
(A0-A13,A17,BG1-BG0,BA2-BA0,CS_n,RAS_n/A14,CAS_n/A15WE_n/ A16,CKE,ODT,C2-C0)
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Figure 173 — Address and Control Overshoot and Undershoot Definition

7.2.5 Clock Overshoot and Undershoot Specifications
Table 68 — AC overshoot/undershoot specification for Clock

Specification
Parameter DDR4- | DDR4- DDR4- DDR4- | DDR4- | DDR4- [Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for overshoot area 0.3 0.3 0.3 0.3 TBD TBD \%
Maximum peak amplitude allowed for undershoot area 0.3 0.3 0.3 0.3 TBD TBD V
Maximum overshoot area above Vppq 0.10 0.10 0.10 TBD TBD TBD V-ns
Maximum undershoot area below Vggq 0.10 0.10 0.10 TBD TBD TBD V-ns
(CK_t, Ck_c)

Maximum Amplitude

Overshoot Area

V
Volts 'PPQ

Vssa

N

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 174 — Clock Overshoot and Undershoot Definition

7.2.6  Data, Strobe and Mask Overshoot and Undershoot Specifications
Table 69 — AC overshoot/undershoot specification for Data, Strobe and Mask

Specification
Parameter DDR4- | DDR4- | DDR4- | DDR4- | DDR4- | DDR4- |Unit
1600 1866 2133 2400 2666 3200
Maximum peak amplitude allowed for overshoot area 0.4 0.4 0.4 0.4 TBD TBD \%
Maximum peak amplitude allowed for undershoot area 0.32 0.32 0.32 0.32 0 0 \%
Maximum overshoot area above Vppq 0.2 0.2 0.2 0.2 TBD TBD V-ns
Maximum undershoot area below Vggq 0.1 0.1 0.1 0.1 0 0 V-ns
(DQs,DQS_t,DQS_c,DM/DBI)




Maximum Amplitude

.

JEDEC Standard No. 79-4
Page 155

Overshoot Area

'

V
Volts 'PPQ

Vssa

Maximum Amplitude

Time (ns)

N

Undershoot Area

Figure 175 — Data, Strobe and Mask Overshoot and Undershoot Definition

7.3  Slew Rate Definitions for Differential Input Signals (CK)

Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown in Table 70 and Figure 176.

Table 70 — Differential Input Slew Rate Definition

Description
from to

Defined by

Differential input slew rate for rising edge(CK_t - CK_c) VILdiffmax VIHdiffmin

v v .
[ " IHdiffmin -  ILdiffmax ]/ DeltaTRdiff

Differential input slew rate for falling edge(CK_t - CK_c) VIHdiffmin VILdiffmax

Y, v .
[ " IHdiffmin -  ILdiffmax ]/ DeltaTFdiff

NOTE: The differential signal (i,e.,CK_t - CK_c) must be linear between these thresholds.

Delta TRdiff

A
IHdiffmin

Differential Input Voltage(i,e, CK_t - CK_c)

Delta TFdiff
Figure 176 — Differential Input Slew Rate Definition for CK_t, CK_c

\
ILdiffmax
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7.4 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock, each cross point voltage of
differential input signals (CK_t, CK_c) must meet the requirements in Table 72. The differential input cross point voltage VIX is
measured from the actual cross point of true and complement signals to the midlevel between of VDD and VSS.

VDD
CK_t

- VDD/2
————— CK_c

VSS

Figure 177 — Vix Definition (CK)
Table 71 — Cross point voltage for differential input signals (CK)
DDRA4-1600/1866/2133/2400/2666/3200
Symbol Parameter : Unit Note
min max

VIX(CK) Differential Input Cross Point Voltage rela- -120 -120 mV 2
tive to VDD/2 for CK_t, CK_c -TBD -TBD mV 1

NOTE 1 Extended range for Vix is only allowed for clock and if single-ended clock input signals CK_t and CK_c are monotonic with a single-ended
swing VSEL / VSEH of at least VDD/2 +/- TBD mV, and when the differential slew rate of CK_t - CK_c is larger than 3 V/ns.
Refer to TBD for VSEL and VSEH standard values.

NOTE 2 The relation between Vix Min/Max and VSEL/VSEH should satisfy following.
(VDD/2) + Vix (Min) - VSEL > 25mV
VSEH - ((VDD/2) + Vix (Max)) > 25mV
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vDDQ
DQS_c
Vswingi2------------H4----—- - - - - - - — - m—————— - - -
DQS t
VSSQ
Figure 178 — Vix Definition (DQS)
Table 72 — Cross point voltage for differential input signals (DQS)
DDR4-1600/1866/2133 DDR4-2400
Parameter Symbol = = Unit Note
min max min max
DQS Differential input crosspoint voltage ratio Vix_DQS_ratio - TBD - TBD % 1,2

NOTE 1 Referenced to Vswing/2=avg 0.5(VDQS_t + VDQS_c) where the average is over tbd Ul.
NOTE 2 Ratio of the Vix pk voltage divided by Vdiff_DQS : Vix_DQS_Ratio = 100* (Vix_DQS/Vdiff DQS pk-pk) where VdiffDQS pk-pk = 2*|VDQS_t -
VDQS_c|
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7.5  CMOS rail to rail Input Levels
7.5.1 CMOS rail to rail Input Levels for RESET _n

Table 73 — CMOS rail to rail Input Levels for RESET_n

Parameter Symbol Min Max Unit NOTE
AC Input High Voltage VIH(AC)_RESET 0.8*VDD VDD \Y 6
DC Input High Voltage VIH(DC)_RESET 0.7*vDD VDD \Y 2
DC Input Low Voltage VIL(DC)_RESET VSS 0.3*vDD \Y 1
AC Input Low Voltage VIL(AC)_RESET VSS 0.2*vDD \Y 7
Rising time TR_RESET - 1.0 us 4
RESET pulse width tPW_RESET 1.0 - us 3,5
NOTE :
1.After RESET_n is registered LOW, RESET_n level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, SDRAM may not be
reset.

2. Once RESET_n is registered HIGH, RESET_n level must be maintained above VIH(DC)_RESET, otherwise, SDRAM operation will not be
guaranteed until it is reset asserting RESET_n signal LOW.

3. RESET is destructive to data contents.

4. No slope reversal(ringback) requirement during its level transition from Low to High.

5. This definition is applied only “Reset Procedure at Power Stable”.

6. Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.

7. Undershoot might occur. It should be limited by Absolute Maximum DC Ratings

tPW_RESET

0.8*WDD - === = - o e e e
07*VDD - === - - - - - - mm e m - — - — oo

0.3*VvDD
0.2*vDD

TR_RESET

Figure 179 — RESET_n Input Slew Rate Definition
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8 AC and DC output Measurement levels

8.1  Output Driver DC Electrical Characteristics

The DDR4 driver supports two different Ron values. These Ron values are referred as strong(low Ron) and weak mode(high Ron). A
functional representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows:

The individual pull-up and pull-down resistors (RONPu and RONPd) are defined as follows:

VDDQ -Vout
RONp, = | I out|
Chip In Drive Mode
Output Drive
. e VDDQ
To l Ipy
other
circuity
like RONp,
RCV, ... e DQ
-
RONpgy |
out Vout
l lpg
Py e VSSQ
Figure 180 — Output driver
RONyom Resistor Vout Min Nom Max Unit NOTE
VOLdc= 0.5*VDDQ 0.8 1 1.1 34Q 1,2
RON34Pd VOMdc= 0.8* VDDQ 0.9 1 1.1 34Q 1,2
340 VOHdc= 1.1* VDDQ 0.9 1 1.25 34Q 1,2
VOLdc= 0.5* VDDQ 0.9 1 1.25 34Q 1,2
RON34Pu VOMdc= 0.8* VDDQ 0.9 1 1.1 34Q 1,2
VOHdc= 1.1* VDDQ 0.8 1 11 34Q 1,2
Mismatch between pull-up A ow o
and pull-down, MMPuPd VOMdc= 0.8* VDDQ TBD TBD % 1,2,4
Mismatch DQ-DQ within byte VOMdc= 0.8* VDDQ TBD TBD % 123
variation pull-up, MMPudd
Mismatch DQ-DQ within byte Ao o
variation pull-dn, MMPddd VOMdc= 0.8* VDDQ TBD TBD % 1,2,3

NOTE :
1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or
voltage changes after calibration, see following section on voltage and temperature sensitivity(TBD).
2. Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to
achieve the linearity spec shown above, e.g. calibration at 0.5 * VDDQ and 1.1 * VDDQ.
3. DQ to DQ mismatch within byte variation for a given component including DQS_T and DQS_C(characterized)

4. Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately;

Ronnom is the nominal Ron value

RONPu -RONPd

MMPuPd = RONNOM 100

Figure 181 — Strong Mode (Low Ron) Specifications
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RONyom Resistor Vout Min Nom Max Unit NOTE
VOLdc= 0.5*vDDQ 0.8 1 1.1 48Q 1,2
RON48Pd VOMdc= 0.8* VDDQ 0.9 1 1.1 48Q 1,2
480 VOHdc= 1.1* VDDQ 0.9 1 1.25 480 1,2
VOLdc= 0.5* VDDQ 0.9 1 1.25 48Q 1,2
RON48Pu VOMdc= 0.8* VDDQ 0.9 1 1.1 48Q 1,2
VOHdc= 1.1* VDDQ 0.8 1 1.1 48Q 1,2
Mismatch between pull-up A ow o
and pull-down, MMPUPd VOMdc= 0.8* VDDQ TBD TBD % 1,2,4
Mismatch DQ-DQ within byte VOMdc= 0.8* VDDQ TBD TBD % 12,3
variation pull-up, MMPudd
Mismatch DQ-DQ within byte Ao o
variation pull-dn, MMPddd VOMdc= 0.8* VDDQ TBD TBD % 1,2,3

NOTE :
1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or
voltage changes after calibration, see following section on voltage and temperature sensitivity(TBD).
2. Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to
achieve the linearity spec shown above, e.g. calibration at 0.5 * VDDQ and 1.1 * VDDAQ.
3. DQ to DQ mismatch within byte variation for a given component including DQS_T and DQS_C(characterized)

4. Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately;

Ronnom is the nominal Ron value

RONPu -RONPd

MMPuPd = RONNOM 100

8.1.1  Alert_n output Drive Characteristic

A functional representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows:

Vout
ROdi =
I lout | under the condition that RONp, is off
Alert Driver
DRAM
o | Alert
-
RONpqy |
out VOUt
l Ipg
Py e VSSQ
RONNom Resistor Vout Min Nom Max Unit NOTE

VOLdc= 0.1* VDDQ 0.8 1 1.2 340 1
340 RON34pd VOMdC =0.8*vDDQ 0.8 1 1.2 34Q 1
VoHde = 1.1 VDDQ 0.8 1 1.2 340 1

NOTE 1 VDDQ voltage is at VDDQ DC. VDDQ DC definition is thd.
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8.2  Single-ended AC & DC Output Levels
Table 74 — Single-ended AC & DC output levels

Symbol |Parameter DDR4-1600/1866/2133/2400/2666/3200 | Units | NOTE

Von(DC) |DC output high measurement level (for IV curve linearity) 1.1 xVppq \%

Vom(DC) |DC output mid measurement level (for IV curve linearity) 0.8 x Vppa \%

VoL (DC) |DC output low measurement level (for IV curve linearity) 0.5 x Vppqg \%

Vou(AC) |AC output high measurement level (for output SR) (0.7 +0.15) x Vppq \% 1

VoL(AC) |AC output low measurement level (for output SR) (0.7 -0.15) x Vppq \% 1
NOTE :

1. The swing of + 0.15 x Vppq is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver impedance of RZQ/7Q
and an effective test load of 50Q to V11 = Vppq.

8.3  Differential AC & DC Output Levels

Table 75 — Differential AC & DC output levels

Symbol Parameter DDR4_16(2)2/6]£§%20133/2400/ Units | NOTE
Vondi(AC) |AC differential output high measurement level (for output SR) +0.3 x Vppq \% 1
VoLdgi(AC) | AC differential output low measurement level (for output SR) -0.3 x Vppq \Y 1

NOTE :

1. The swing of + 0.3 x Vppq is based on approximately 50% of the static differential output peak-to-peak swing with a driver impedance of RZQ/7Q and
an effective test load of 50Q to V11 = Vppq at each of the differential outputs.

8.4  Single-ended Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
VoL(ac) and Vopac) for single ended signals as shown in Table 76 and Figure 182.

Table 76 — Single-ended output slew rate definition

Measured
Description Defined by
From To
AC)-Vo (AC)]/
Single ended output slew rate for rising edge VoL(AC) Von(AC) [Vor(AC)-VoL (AC)]
Delta TRse
VoH(AC)-Vo(AC)] /
Single ended output slew rate for falling edge Von(AC) VoL(AC) [Vor(ACHVoL(AC)
Delta TFse

NOTE :
1. Output slew rate is verified by design and characterization, and may not be subject to production test.

delta TFse delta TRse
Figure 182 — Single-ended Output Slew Rate Definition
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Table 77 — Single-ended output slew rate

DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200
Parameter Symbol = : : = : = Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

Single ended output slew rate | SRQse 4 9 4 9 4 9 4 9 |TBD |TBD | TBD | TBD | V/ns

Description: SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals

For Ron = RZQ/7 setting

NOTE 1 In two cases, a maximum slew rate of 12 V/ns applies for a single DQ signal within a byte lane.

-Case 1 is defined for a single DQ signal within a byte lane which 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 (i.e. they stay at either high or low).

-Case 2 is defined for a single DQ signal within a byte lane which 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 (i.e. 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

8.5 Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between
VOLJdIiff(AC) and VOH(JIff(AC) for differential signals as shown in Table 78 and Figure 183.

Table 78 — Differential output slew rate definition

Measured
Description Defined by
From To
Voudqif(AC)-Vo qgif(AC)] /
Differential output slew rate for rising edge VoLdi(AC) VoHdir(AC) [Vorar(AC) OL(W( 1
Delta TRdiff
Voudif(AC)-Vor gif(AC)] /
Differential output slew rate for falling edge VoHdit(AC) VoLdi(AC) [Vorar(AC) OL(_M( 2
Delta TFdiff

NOTE :
1. Output slew rate is verified by design and characterization, and may not be subject to production test.

———————— — — Voraif(AC)

______ —|— ~ Vir

— —| — = Voudi(AC)

delta TFdiff delta TRdiff

Figure 183 — Differential Output Slew Rate Definition

Table 79 — Differential output slew rate

DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-3200 .
Parameter Symbol : : : : : : Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

Differential output slew rate | SRQiff 8 18 8 18 8 18 8 18 | TBD | TBD | TBD | TBD | V/ns

Description:

SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
diff: Differential Signals

For Ron = RZQ/7 setting
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9 Speed Bin
Table 80 — DDR4-1600 Speed Bins and Operations
Speed Bin DDR4._1600‘] DDR4-1600K DDR4-1600L
(Optional)
CL-nRCD-nRP 10-10-10 11-11-11 12-12-12 Unit | NOTE
Parameter Symbol min max min max min max
- 14
Internal read command to first tAA 12 50 18.00 13.75 18.00 15.00 18.00 ns
data (13.50)%12
Internal read command to first tAA DBI tAA(min) + | tAA(max) | tAA(min) + | tAA(max) |tAA(min)+ | tAA(max) ns
data with read DBI enabled - 2nCK +2nCK 2nCK +2nCK 2nCK +2nCK
i i 13.75
ACT to internal !'ead or write {RCD 12.50 ) 0 ) 15.00 ) ns
delay time (13.50)°
. 13.75
PRE command period tRP 12.50 - 512 - 15.00 - ns
(13.50)>
ACT to PRE command period tRAS 35 9 x tREFI 35 9 x tREFI 35 9xtREFI | ns
48.75
ACT to ACT or REF command {RC 475 ) 0 ) 50 ) ns
period (48.50)>
Normal Read DBI
CL =11 1.5 1.6 1.5 1,234
CL=9 . 5| tCK(AVG) - 5 - 512 1.6 Reserved ns | 11,14
CWL=9 (Optional) (Optional) (Optional)®
CL=10 CL=12 |tCK(AVG) 1.5 1.6 Reserved 1.5 1.6 ns 1’21’?’4
CL=10 CL=12 |tCK(AVG) 1.25 <15 Reserved Reserved ns (1,2,3,4
CS\:\/1I_1= CL=11 CL =13 |[tCK(AVG) 1.25 <15 1.25 <1.5 Reserved ns (1,2,34
, CL=12 CL =14 |tCK(AVG) 1.25 <1.5 1.25 <1.5 1.25 <15 ns | 1,2,3
Supported CL Settings (9),10,11,12 (9),11,12 10,12 nCK | 13,14
Supported CL Settings with read DBI (11),12,13,14 (11),13,14 11,14 nCK 13
Supported CWL Settings 9,11 9,11 9,11 nCK
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Table 81 — DDR4-1866 Speed Bins and Operations
Speed Bin DIDIRZ-ILE(EfEIL DDR4-1866M DDR4-1866N
(Optional)
CL-nRCD-nRP 12-12-12 13-13-13 14-14-14 Ulni || hQn=
Parameter Symbol min max min max min max
14
Internal read command to firstdata | tAA 12.85 18.00 1392 © | 18.00 15.00 1800 | ns
(13.50)>
Internal read command to first data tAA DBI tAA(min) + tAA(max) tAA(min) + tAA(max) tAA(min) + tAA(max) ns
with read DBI enabled - 2nCK +2nCK 2nCK +2nCK 2nCK +2nCK
ACT to internal read or write delay 13.92
time tRCD 12.85 - (13.50)512 - 15.00 - ns
PRE command period tRP 12.85 13.92 15.00 ns
P : (13.50)%12 :
ACT to PRE command period tRAS 34 9 x tREFI 34 9 x tREFI 34 9 x tREFI ns
ACT to ACT or REF command 47.92
period tRC 46.85 - (4750512 - 49.00 - ns
Normal Read DBI
cL=11 | tCKAVG) 1.5 1.6 1.5 12,34
CL=9 ) 5 1.6 Reserved ns |,11,14
CWL =9 (Optional)” | tcK(AVG) (Optional)® (Optional)®12
CL=10 CL=12 | tCK(AVG) 1.5 1.6 Reserved 15 1.6 ns 1’21’?’4
CL=10 CL=12 | tCK(AVG) Reserved Reserved Reserved ns 4
CWL = 125 | <15 12,34
9.11 CL=11 CL=13 | tCK(AVG) Reserved Reserved ns ,
' (Optional)®12
CL=12 CL=14 | tCK(AVG) 1.25 <1.5 1.25 | <15 1.25 | <1.5 ns |1,2,3,6
CL=12 CL=14 tCK(AVG) 1.071 <1.25 Reserved Reserved ns |1,2,3,4
%‘”1-2: CL=13 | CL=15 [ {CKAVG) 1.071 <1.25 1.071 <1.25 Reserved ns 1,234
CL=14 CL=16 | tCK(AVG) 1.071 <1.25 1.071 <1.25 1.071 | <1.25 ns 1,2,3
Supported CL Settings 9,10,11,12 ,13,14 9,11,12,13,14 10,12,14 nCK | 13,14
Supported CL Settings with read DBI (11),12,13,14 ,14,16 11,13,14 ,15,16 12,14,16 nCK 13
Supported CWL Settings 9,10,11,12 9,10,11,12 9,10,11,12 nCK
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Table 82 — DDR4-2133 Speed Bins and Operations
Speed Bin DDR4._2133N DDR4-2133P DDR4-2133R
(Optional)
CL-nRCD-nRP 14-14-14 15-15-15 16-16-16 Unit | NOTE
Parameter Symbol min max min max min max
. 14.06"4
Internal read command to first data tAA 13.13 18.00 512 18.00 15.00 18.00 ns
(13.50)>
Internal .read command to first data {AA_DBI TBD TBD TBD TBD TBD TBD ns
with read DBI enabled
i i 14.06
ACT to internal .read or write delay {RCD 13.13 ) L ) 15.00 ) ns
time (13.50)>
. 14.06
PRE command period tRP 13.13 - 512 - 15.00 - ns
(13.50)
ACT to PRE command period tRAS 33 9 x tREFI 33 9 x tREFI 33 9xtREFI | ns
47.06
ACT to ACT or REF command {RC 46.13 } ) 48.00 ) ns
period (46.50)
Normal | Read DBI
cL=11 |tCK(AVG) 1.5 1.6 1.5 1,2,3,4
CL=9 Y 1.6 Reserved ns | 1114
CWL=9 (Optional)® |tCK(AVG) (Optional)® (Optional)® 12 R
CL=10 CL=12 |tCK(AVG) 1.5 1.6 Reserved 1.5 1.6 ns 1’21’3’1
tCK(AVG) 1.25 <1.5 1,2,3,4
CL=11 CL=13 Reserved Reserved ns 7
CWL =9,11 tCK(AVG) (Optional)®12 ’
CL=12 CL=14 |tCK(AVG) 1.25 <15 1.25 <1.5 1.25 ‘ <1.5 ns [1,2,3,7
1.071 <1.25 1,2,3,4
CWL = CL=13 CL=15 |tCK(AVG) Reserved - 512 Reserved ns 7
10,12 (Optional)>:
CL=14 CL=16 |[tCK(AVG)| 1.071 <1.25 1.071 ‘ <1.25 1.071 ‘ <1.25 ns [1,2,3,7
CL=14 CL=TBD |tCK(AVG)| 0.938 <1.071 Reserved Reserved ns |1,2,3,4
Vs | cu=15 | cL=TeD [tcKAve)| 0938 | <1071 | 0938 | <1.071 Reserved ns [1,2,34
CL=16 | CL=TBD |tCK(AVG)| 0.938 <1.071 0.938 <1.071 0.938 ‘ <1.071 ns | 1,2,3
Supported CL Settings (9),10,12,14,15,16 (9)‘(11)’121’5513)‘14’15’ 10,12,14,16 nCK 13,14
Supported CL Settings with read DBI TBD TBD TBD nCK
Supported CWL Settings 9,10,11,12,14 9,10,11,12,14 9,10,11,12,14 nCK
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Table 83 — DDRA4-2400 Speed Bins and Operations
Speed Bin DDR4._24OOP DDR4-2400R DDR4-2400U
(Optional)
CL-nRCD-nRP 15-15-15 16-16-16 18-18-18 Unit | NOTE
Parameter Symbol min max min max min max
Internal read command to first data tAA 12.50 18.00 13.32 18.00 15.00 18.00 ns
Internal _read command to first data {AA_DBI TBD TBD TBD TBD TBD TBD ns
with read DBI enabled
ACT to internal _read or write delay {RCD 12,50 ) 13.32 ) 15.00 ) ns
time
PRE command period tRP 12.50 - 13.32 - 15.00 - ns
. 9 x 9x
ACT to PRE command period tRAS 32 9 x tREFI 32 {REFI 32 {REFI ns
ACTto ACT or REF command | o | 4450 - 45.32 - 47.00 - | ons
period
Normal | Read DBI
CL = 11 1.5 1.6 1.5 1,2,3,
CL=9 (Optional)® - s - 512 1.6 Reserved ns | 4,11
CWL=9 p {CK(AVG) (Optional) (Optional)®
CL=10 CL=12 1.5 1.6 Reserved 1.5 1.6 ns 1421‘1?’
CL=10 CL=12 |tCK(AVG) Reserved Reserved Reserved ns 4
1,2,3,
CWL = 9,11 CL=11 CL=13 |tCK(AVG) Reserved 1.25 <15 Reserved ns 48
CL=12 CL=14 |tCK(AVG) 1.25 <1.5 1.25 <1.5 1.25 <1.5 ns 1’%’3’
CL=12 CL=14 |tCK(AVG) Reserved Reserved Reserved ns 4
CWL = CL=13 CL=15 [tCK(AVG) Reserved 1.071 <1.25 Reserved ns 1;1253’
10,12 i
CL=14 CL=16 |tCK(AVG)| 1.071 <1.25 1.071 <1.25 1.071 <1.25 ns 1’%‘3’
CL=14 CL=TBD |tCK(AVG) Reserved Reserved Reserved ns 4
cwL= | cL=15 | cL=TBD |tCK(AVG) Reserved 0938 | <1.071 Reserved ns | f'g"
11,14 i
CL=16 | CL=TBD |(CK(AVG)| 0938 | <1.071 | 0938 | <t.071 | 0938 | <1071 | ns | 2%
CL=15 CL=TBD |tCK(AVG)| 0.833 <0.938 Reserved Reserved ns 1’i’3‘
CWL = 1,2,3
12.16 CL=16 | CL=TBD |tCK(AVG)| 0.833 <0.938 0.833 <0.938 Reserved ns ’4’ ’
CL=18 | CL=TBD |tCK(AVG)| 0.833 <0.938 0.833 <0.938 0.833 <0.938 | ns [ 123
Supported CL Settings (9),10,12,14,15,16,18| 11,12,13,14,15,16,18 10,12,14,16,18 nCK | 13
Supported CL Settings with read DBI TBD TBD TBD nCK
Supported CWL Settings 9,10,11,12,14,16 9,10,11,12,14,16 9,10,11,12,14,16 | nCK
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9.1  Speed Bin Table Note

Absolute Specification

-VvDDQ = VDD = 1.20V +/- 0.06 V

- VPP = 2.5V +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.

-

N

o

~

8

9.

. 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.

. 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. An application should use the next smaller JEDEC standard tCK(avg) value (1.5, 1.25, 1.071, 0.938 or 0.833 ns)
when calculating CL [nCK] = tAA [ns] / tCK(avg) [ns], rounding up to the next ‘Supported CL’, where tAA = 12.5ns and tCK(avg) = 1.3 ns should only
be used for CL = 10 calculation.

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 0.938 ns or 0.833 ns). This result is tCK(avg).MAX corresponding to CL SELECTED.

‘Reserved’ settings are not allowed. User must program a different value.

. 'Optional' settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature. Refer to supplier's data sheet

and/or the DIMM SPD information if and how this setting is supported.

. 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.

. 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.

. 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.
Reserved for DDR4-2666 speed bin.

10. Reserved for DDR4-3200 speed bin.
11. DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.
12 .For devices supporting optional down binning to CL=9, CL=11 and CL=13, tAA/tRCD/tRPmin must be 13.5ns or lower. SPD settings must be

programmed to match.For example, DDR4-1600K devices supporting down binning to 1333MT/s should program 13.5ns in SPD bytes for tAAmin
(Byte 24), tRCDmin (Byte 25), and tRPmin (Byte 26).DDR4-1866M devices supporting down binning to 1333MT/s or DDR4-1600K should program
13.5ns in SPD bytes for tAAmin (Byte 24), tRCDmin (Byte 25), and tRPmin (Byte 26).DDR4-2133P devices supporting down binning to 1333MT/s or
DDR4-1600K or DDR4-1866M should program 13.5ns in SPD bytes for tAAmin (Byte 24), tRCDmin (Byte 25), and tRPmin (Byte 26).tRCmin (Byte 27,
29) also should be programmed accordingly. For example, 48.5ns (tRASmin + tRPmin = 35ns+ 13.5ns) is set to supporting optional down binning
CL=9 and CL=11.

13. CL number in parentheses, it means that these numbers are optional.
14. DDR4 SDRAM supports CL=9 as long as a system meets tAA(min).
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10

IDD and IDDQ Specification Parameters and Test conditions

10.1 IDD, IPP and IDDQ Measurement Conditions

In this chapter, IDD, IPP and IDDQ measurement conditions such as test load and patterns are defined. Figure 184 shows the setup
and test load for IDD, IPP and IDDQ measurements.

IDD currents (such as IDDO, IDDOA, IDD1, IDD1A, IDD2N, IDD2NA, IDD2NL, IDD2NT, IDD2P, IDD2Q, IDD3N, IDD3NA, IDD3P,
IDD4R, IDD4RA, IDD4W, IDD4WA, IDD5B, IDD5F2, IDD5F4, 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 IDDQ current is not included
in IDD currents.

IPP currents have the same definition as IDD except that the current on the VPP supply is measured.

IDDQ currents (such as IDDQ2NT and IDDQ4R) are measured as time-averaged currents with all VDDQ balls of the DDR4
SDRAM under test tied together. Any IDD current is not included in IDDQ currents.

Attention: IDDQ 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 as outlined in Figure 185. In DRAM module application, IDDQ cannot be
measured separately since VDD and VDDAQ are using one merged-power layer in Module PCB.

For IDD, IPP and IDDQ measurements, the following definitions apply:

“0” and “LOW” is defined as VIN <= VILAC(max).

“1” and “HIGH” is defined as VIN >= VIHAC(min).

“MID-LEVEL” is defined as inputs are VREF = VDD / 2.

Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns are provided in Table 84.

Basic IDD, IPP and IDDQ Measurement Conditions are described in Table 85.

Detailed IDD, IPP and IDDQ Measurement-Loop Patterns are described in Table 86 through Table 94.
IDD Measurements are done after properly initializing the DDR4 SDRAM. This includes but is not limited to setting
RON = RzZQ/7 (34 Ohm in MR1);

RTT_NOM = RZQ/6 (40 Ohm in MR1);

RTT_WR = RZQ/2 (120 Ohm in MR2);

RTT_PARK = Disable;

Qoff = Og (Output Buffer enabled) in MR1;

TDQS_t disabled in MR1;

CRC disabled in MR2;

CA parity feature disabled in MR5;

Gear down mode disabled in MR3

Read/Write DBI disabled in MR5;

DM disabled in MR5

Attention: The IDD, IPP and IDDQ Measurement-Loop Patterns need to be executed at least one time before actual IDD or IDDQ
measurement is started.

Define D ={CS_n, ACT_n, RAS_n, CAS_n, WE_n } := {HIGH, LOW, LOW, LOW, LOW}

Define D# = {CS_n, ACT_n, RAS_n, CAS_n, WE_n } := {HIGH, HIGH, HIGH, HIGH, HIGH}
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Figure 184 — Measurement Setup and Test Load for IDD, IPP and IDDQ Measurements
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Figure 185 — Correlation from simulated Channel 10 Power to actual Channel 10 Power supported
by IDDQ Measurement.
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Table 84 — Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns
DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Symbol 10-10- | 11-11- | 12-12- | 12-12- | 13-13- | 14-14- | 14-14- | 15-15- | 16-16- | 15-15- | 16-16- | 18-18- | UNit
10 11 12 12 13 14 14 15 16 15 16 18
tCK 1.25 1.071 0.938 0.833 ns
CL 10 1 12 12 13 14 14 15 16 15 16 18 nCK
CWL 9 1 1 10 12 12 11 14 14 12 16 16 nCK
nRCD 10 11 12 12 13 14 14 15 16 15 16 18 nCK
nRC 38 39 40 44 45 46 50 51 52 54 55 57 nCK
nRAS 28 32 36 39 nCK
nRP 10 1M | 12 [ 12| 13| 14 ] 1415 ] 16| 15 | 16 [ 18 [nCK
x4 16 16 16 16 nCK
nFAW x8 20 22 23 26 nCK
x16 28 28 32 36
x4 4 4 4 4 nCK
nRRDS x8 4 4 4 4 nCK
x16 5 5 6 7
x4 5 5 6 6 nCK
nRRDL x8 5 5 6 6 nCK
x16 6 6 7 8
tCCD_S 4 4 4 4 nCK
tCCD_L 5 5 6 6 nCK
tWTR_S 2 3 3 3 nCK
tWTR_L 6 7 8 9 nCK
nRFC 2Gb 128 150 171 193 nCK
nRFC 4Gb 208 243 278 313 nCK
nRFC 8Gb 280 327 374 421 nCK
nRFC 16Gb TBD TBD TBD TBD nCK
TBD nCK
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Table 85 — Basic IDD, IPP and IDDQ Measurement Conditions

Symbol Description
Operating One Bank Active-Precharge Current (AL=0)
CKE: High; External clock: On; tCK, nRC, nRAS, CL: see Table 1 on page 4; BL: 8': AL: 0; CS_n: High between ACT
IDDO and PRE; Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 3
on page 9; Data |10: VDDQ; DM_n: stable at 1; Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see
Table 3 on page 9); Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: stable at 0; Pattern Details: see
Table 3 on page 9
IDDOA Operating One Bank Active-Precharge Current (AL=CL-1)
AL = CL-1, Other conditions: see IDDO
IPPO Operating One Bank Active-Precharge IPP Current
Same condition with IDDO
Operating One Bank Active-Read-Precharge Current (AL=0)
CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: see Table 1 on page 4; BL: 8"; AL: 0; CS_n: High
IDD1 between ACT, RD and PRE; Command, Address, Bank Group Address, Bank Address Inputs, Data |O: partially
toggling according to Table 4 on page 10; DM_n: stable at 1; Bank Activity: Cycling with one bank active at a time:
0,0,1,1,2,2,... (see Table 4 on page 10); Output Buffer and RTT: Enabled in Mode Registers?; ODT Signal: stable at 0;
Pattern Details: see Table 4 on page 10
IDD1A Operating One Bank Active-Read-Precharge Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD1
IPP1 Operating One Bank Active-Read-Precharge IPP Current
Same condition with IDD1
Precharge Standby Current (AL=0)
CKE: High; External clock: On; tCK, CL: see Table 1 on page 4; BL: 8" AL: 0; CS_n: stable at 1; Command,
IDD2N |Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 5 on page 11; Data 10:
VDDQ; DM_n: stable at 1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers?; ODT
Signal: stable at 0; Pattern Details: see Table 5 on page 11
IDD2NA Precharge Standby Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD2N
IPP2N Precharge Standby IPP Current
Same condition with IDD2N
Precharge Standby ODT Current
CKE: High; External clock: On; tCK, CL: see Table 1 on page 4; BL: 81 AL: O; CS_n: stable at 1; Command,
IDD2NT [Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 6 on page 11; Data IO:
VSSQ; DM_n: stable at 1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registersz; oDT
Signal: toggling according to Table 6 on page 11; Pattern Details: see Table 6 on page 11
IDDQ2NT |Precharge Standby ODT IDDQ Current
(Optional) | Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current
IDD2NL Precharge Standby Current with CAL enabled
Same definition like for IDD2N, CAL enabled®
IDD2NG Precharge Standby Current with Gear Down mode enabled
Same definition like for IDD2N, Gear Down mode enabled®
IDD2ND Precharge Standby Current with DLL disabled
Same definition like for IDD2N, DLL disabled?
IDD2N_p |Precharge Standby Current with CA parity enabled
ar Same definition like for IDD2N, CA parity enabled®
Precharge Power-Down Current CKE: Low; External clock: On; tCK, CL: see Table 1 on page 4; BL: 81 AL: 0;
IDD2P CS_n: stable at 1; Command, Address, Bank Group Address, Bank Address Inputs: stable at 0; Data 10: VDDQ;
DM_n: stable at 1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal:
stable at 0
IPP2P Precharge Power-Down IPP Current
Same condition with IDD2P
Precharge Quiet Standby Current
IDD2Q CKE: High; External clock: On; tCK, CL: see Table 1 on page 4; BL: 8" AL: 0; CS_n: stable at 1; Command, Address,

Bank Group Address, Bank Address Inputs: stable at 0; Data |0: VDDQ; DM_n: stable at 1;Bank Activity: all banks
closed; Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: stable at 0
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IDD3N

Active Standby Current

CKE: High; External clock: On;tCK, CL: see Table 1 on page 4; BL: 81; AL: 0; CS_n: stable at 1; Command, Address,
Bank Group Address, Bank Address Inputs: partially toggling according to Table 5 on page 11; Data 10: VDDQ;
DM_n: stable at 1;Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal:
stable at 0; Pattern Details: see Table 5 on page 11

IDD3NA

Active Standby Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD3N

IPP3N

Active Standby IPP Current
Same condition with IDD3N

IDD3P

Active Power-Down Current

CKE: Low; External clock: On; tCK, CL: see Table 1 on page 4; BL: 81 AL: 0; CS_n: stable at 1, Command, Address,
Bank Group Address, Bank Address Inputs: stable at 0; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: all banks
open; Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: stable at 0

IPP3P

Active Power-Down IPP Current
Same condition with IDD3P

IDD4R

Operating Burst Read Current

CKE: High; External clock: On; tCK, CL: see Table 1 on page 4; BL: 82; AL: 0; CS_n: High between RD; Command,
Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 7 on page 12; Data 10:
seamless read data burst with different data between one burst and the next one according to Table 7 on page 12; DM_n:
stable at 1; Bank Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2,2,... (see Table 7 on page 12);
Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: stable at 0; Pattern Details: see Table 7 on page 12

IDD4RA

Operating Burst Read Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD4R

IDD4RB

Operating Burst Read Current with Read DBI
Read DBI enabled?, Other conditions: see IDD4R

IPP4R

Operating Burst Read IPP Current
Same condition with IDD4R

IDDQ4R
(Optional)

Operating Burst Read IDDQ Current
Same definition like for IDD4R, however measuring IDDQ current instead of IDD current

IDDQ4RB
(Optional)

Operating Burst Read IDDQ Current with Read DBI
Same definition like for IDD4RB, however measuring IDDQ current instead of IDD current

IDD4W

Operating Burst Write Current

CKE: High; External clock: On; tCK, CL: see Table 1 on page 4; BL: 81; AL: 0; CS_n: High between WR; Command,
Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 8 on page 12; Data 10:
seamless write data burst with different data between one burst and the next one according to Table 8 on page 12; DM_n:
stable at 1; Bank Activity: all banks open, WR commands cycling through banks: 0,0,1,1,2,2,... (see Table 8 on page 12);
Output Buffer and RTT: Enabled in Mode Registersz; ODT Signal: stable at HIGH; Pattern Details: see Table 8 on
page 12

IDD4WA

Operating Burst Write Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD4W

IDD4WB

Operating Burst Write Current with Write DBI
Write DBI enabled?, Other conditions: see IDD4W

IDD4WC

Operating Burst Write Current with Write CRC
Write CRC enabled?, Other conditions: see IDD4W

IDD4W _p
ar

Operating Burst Write Current with CA Parity
CA Parity enabled®, Other conditions: see IDD4W

IPP4W

Operating Burst Write IPP Current
Same condition with IDD4W

IDD5B

Burst Refresh Current (1X REF)

CKE: High; External clock: On; tCK, CL, nRFC: see Table 1 on page 4; BL: 8'; AL: 0; CS_n: High between REF;
Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to Table 9 on page 13;
Data 10: VDDQ; DM_n: stable at 1; Bank Activity: REF command every nRFC (see Table 9 on page 13); Output Buffer
and RTT: Enabled in Mode Registers?; ODT Signal: stable at 0; Pattern Details: see Table 9 on page 13

IPP5B

Burst Refresh Write IPP Current (1X REF)
Same condition with IDD5B

IDD5F2

Burst Refresh Current (2X REF)
tRFC=tRFC_x2, Other conditions: see IDD5B

IPP5F2

Burst Refresh Write IPP Current (2X REF)
Same condition with IDD5F2
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IDD5F4

Burst Refresh Current (4X REF)
tRFC=tRFC_x4, Other conditions: see IDD5B

IPP5F4

Burst Refresh Write IPP Current (4X REF)
Same condition with IDD5F4

Self Refresh Current: Normal Temperature Range
Tcase: 0-85°C; Low Power Array Self Refresh (LP ASR) : Normal4; CKE: Low; External clock: Off; CK_t and

IDD6N |CK_c#: LOW; CL: see Table 1 on page 4; BL: 8" AL: 0; CS_n#, Command, Address, Bank Group Address, Bank
Address, Data 10: High; DM_n: stable at 1; Bank Activity: Self-Refresh operation; Output Buffer and RTT: Enabled in
Mode Registers?; ODT Signal: MID-LEVEL
IPP6N Self Refresh IPP Current: Normal Temperature Range
Same condition with IDD6N
Self-Refresh Current: Extended Temperature Range)
Tease: 0- 95°C; Low Power Array Self Refresh (LP ASR) : Extended*; CKE: Low; External clock: Off; CK_t and
IDD6E |CK_c: LOW; CL: see Table 1 on page 4; BL: 8': AL: 0; CS_n, Command, Address, Bank Group Address, Bank
Address, Data |0: High; DM_n:stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output
Buffer and RTT: Enabled in Mode Registersz; ODT Signal: MID-LEVEL
IPP6E Self Refresh IPP Current: Extended Temperature Range
Same condition with IDD6E
Self-Refresh Current: Reduced Temperature Range
Tcase: 0- TBD (~35-45)°C; Low Power Array Self Refresh (LP ASR) : Reduced*; CKE: Low; External clock: Off; CK_t
IDD6R |and CK_c#: LOW; CL: see Table 1 on page 4; BL: 8" AL: 0; CS_n#, Command, Address, Bank Group Address, Bank
Address, Data |0: High; DM_n:stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output
Buffer and RTT: Enabled in Mode Registersz; ODT Signal: MID-LEVEL
IPP6R Self Refresh IPP Current: Reduced Temperature Range
Same condition with IDD6R
Auto Self-Refresh Current
Tcase: 0-95°C; Low Power Array Self Refresh (LP ASR) : Auto*;Partial Array Self-Refresh (PASR): Full Array; CKE:
IDD6A |Low; External clock: Off; CK_t and CK_c#: LOW; CL: see Table 1 on page 4; BL: 81 AL: 0; CS_n#, Command,
Address, Bank Group Address, Bank Address, Data 10: High; DM_n:stable at 1; Bank Activity: Auto Self-Refresh
operation; Output Buffer and RTT: Enabled in Mode Registers?; ODT Signal: MID-LEVEL
Auto Self-Refresh IPP Current
IPPGA Same condition with IDD6A
Operating Bank Interleave Read Current
CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Table 1 on page 4; BL: 81; AL: CL-1;
CS_n: High between ACT and RDA; Command, Address, Bank Group Address, Bank Address Inputs: partially
IDD7 |toggling according to Table 10 on page 14; Data |0O: read data bursts with different data between one burst and the next
one according to Table 10 on page 14; DM_n: stable at 1; Bank Activity: two times interleaved cycling through banks (0,
1, ...7) with different addressing, see Table 10 on page 14; Output Buffer and RTT: Enabled in Mode Registersz; oDT
Signal: stable at 0; Pattern Details: see Table 10 on page 14
IPP7 Operating Bank Interleave Read IPP Current
Same condition with IDD7
Maximum Power Down Current
IDD8 TBD
IPP8 Maximum Power Down IPP Current

Same condition with IDD8

NOTE 1 Burst Length: BL8 fixed by MRS: set MRO [A1:0=00].
NOTE 2 Output Buffer Enable

- set MR1 [A12 = 0] : Qoff = Output buffer enabled

- set MR1 [A2:1 = 00] : Output Driver Impedance Control = RZQ/7
RTT_Nom enable

- set MR1 [A10:8 = 011] : RTT_NOM = RZQ/6

RTT_WR enable

- set MR2 [A10:9 = 01] : RTT_WR = RZQ/2

RTT_PARK disable

- set MR5 [A8:6 = 000]

NOTE 3 CAL enabled : set MR4 [A8:6 = 001] : 1600MT/s

010] : 1866MT/s, 2133MT/s
011] : 2400MT/s

Gear Down mode enabled :set MR3 [A3 = 1] : 1/4 Rate
DLL disabled : set MR1 [AO = 0]
CA parity enabled :set MR5 [A2:0 = 001] : 1600MT/s,1866MT/s, 2133MT/s

010] : 2400MT/s

Read DBI enabled : set MR5 [A12 = 1]
Write DBI enabled : set :MR5 [A11 = 1]

NOTE 4 Low Power Array Self Refresh (LP ASR) : set MR2 [A7:6 = 00] : Normal

01] : Reduced Temperature range
10] : Extended Temperature range
11] : Auto Self Refresh
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Table 86 — IDDO, IDDOA and IPPO Measurement-Loop Pattern?!
S Q = =) S99 | - c | T
;IU.U% O 502@2'&0685&{5%?;?
o x |03 <<
0 0 ACT | 0 olo]o olo]o -
1,2 D,D 1 0 0 0 0 0 -
34 D_#, 1 1 1 1 1 0 0|32 3 0 0 0 7 F 0 -
D_#
repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE upder {het conditign that RONPaiisal | 0 [0 [o oo oo o] -
repeat pattern 1...4 until nRC - 1, truncate if necessary
RON ey P ot SO oo oo
2*hRout| |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]% = 1, BA[1:0] = 3 instead
olS 4 4*nRC repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 1 instead
% é 5 5*nRC repeat Sub-Loop 0, use BG[1:0]%2 = 1, BA[1:0] = 2 instead
2|36 6*nRC repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 3 instead
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 = 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 = 2, BA[1:0] = 2 instead
1" 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 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 = 2, BA[1:0] = 3 instead
15 15*nRC repeat Sub-Loop 0, use BG[1:0]% = 3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are VDDQ.
NOTE 2 BG1 is don'’t care for x16 device
NOTE 3 C[2:0] are used only for 3DS device

NOTE 4 DQ signals are VDDQ.
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Table 87 — IDD1, IDD1A and IPP1 Measurement-Loop Pattern?!
(8] © 0 —
I = . = Al S o~ sl 9 a
Sl w8 °8 S R Y g i o o e R e R
LS S g E el S Sl slel & dldald|gsls|a Data*
21°18 G 3 E |8|Qd| O 50 TS5 2|<|=
S| |® S x| 3|3 R
0 (0 ACT | O 0(0]O0 ojojojofo|0O0fj0O|O]O -
1,2 D,D 0(0]O0 ojojojofo|jO0|l0O|O]O -
3,4 D#D# |1 |1 ]1]1][1 0|3k|{3|0|0|0]|7 0 -
repeat pattern 1...4 until nRCD - AL - 1, truncate if necessary
nRCD -AL RD of1{1/0}1/0|0(0O|O0O|O|0O|O0O|O0O]|O0]|O0]| DO=00,D1=FF
D2=FF, D3=00
D4=FF, D5=00
D6=00, D7=FF
repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE  |o[1]of1]o]o]ofofo]ofo]o]o]o]o -
repeat pattern 1...4 until nRC - 1, truncate if necessary
1 [1*nRC+0 ACT ofojoft1{1y0jo0f1j12(0j0|0j0]|0]|0O -
1*nRC +1, 2 D,D t1{0jo0fo0jO0O|lOjO|jO|jO|O|O|OjO]|O]|DO -
1*nRC + 3, 4 D#D# |1|1|1]1]|1]0|0]|3|3|0|0|0|7|F]|O -
repeat pattern nRC + 1...4 until 1*nRC + nRAS - 1, truncate if necessary
1*nRC + nRCD - |RD o|1|j1j0|1jofof1(1|0|0|0|0]| 0| 0| DO=FF D1=00
AL D2=00, D3=FF
D4=00, D5=FF
o |5 D6=FF, D7=00
%., E repeat pattern 1...4 until nRAS - 1, truncate if necessary
o (=
g |8 1"nRC+nRAS [PRE [0 [1[o[1]o]ofofofJoJoJoJo]o]o]o] -

repeat nRC + 1...4 until 2*nRC - 1, truncate if necessary

2*nRC

2 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 2 instead

3 |3"'nRC repeat Sub-Loop 1, use BG[l:O]2 =1, BA[1:0] = 3 instead

4 |4'RC repeat Sub-Loop 0, use BG[l:O]2 =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[l:O]2 =0, BA[1:0] = 3 instead

8 |7"'nRC repeat Sub-Loop 1, use BG[l:O]2 =1, BA[1:0] = 0 instead

9 |9*nRC repeat Sub-Loop 1, use BG[l:O]2 =2, BA[1:0] = 0 instead

10 [10"RC repeat Sub-Loop 0, use BG[l:O]2 =3, BA[1:0] = 1 instead

11 |11*nRC repeat Sub-Loop 1, use BG[l:O]2 =2, BA[1:0] = 2 instead

12 |12'nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead For x4 and x8
13 [13"nRC repeat Sub-Loop 1, use BG[1:0]% = 2, BA[1:0] = 1 instead only
14 |14"nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 2 instead

15 |15*"nRC repeat Sub-Loop 1, use BG[l:O]2 =2, BA[1:0] = 3 instead

16 |16"nRC repeat Sub-Loop 0, use BG[l:O]2 =3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are used according to RD Commands, otherwise VDDQ
NOTE 2 BG1 is don’t care for x16 device

NOTE 3 C[2:0] are used only for 3DS device

NOTE 4 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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Table 88 — IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2,IDD3N, IDD3NA and IDD3P

Measurement-Loop Pattern!

< g 08 ECC§£§ m‘LsclE&
© -~ -~ = 54 > ~ ™ o
o143 o€ Ew"‘IC|C|EE§ﬁ.:gQ§‘;$2 Data*
A G 3 E |0|Rlele(uO oo |Q sl <<
¥ a 4 8 é <z sl =<
) O <
010 bbb (17/0|0|0OjO0O|JO|jO|O|O|O|0O|JO|O|O]O 0
1 bpb (1/0|0l0j0O|jO|jO|O|O|O|0OjJO|O|O]O 0
2 D#D#|(1|1|(1|1]|1|0|0(32|3|0|0|O0O|7|F]|O 0
3 D#D#|/1|1|(1|1]|1|0|0(32|3|0|0|O0O|7|F|O 0
1 |4-7 repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 1 instead
2 |81 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 2 instead
3 [12-15 repeat Sub-Loop 0, use BG[l:O]2 =1, BA[1:0] = 3 instead
4 |16-19 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 1 instead
o E, 5 120-23 repeat Sub-Loop 0, use BG[l:O]2 =1, BA[1:0] = 2 instead
= | T | 6 [24-27 012 ol
3 |e repeat Sub-Loop 0, use BG[1:0]“ = 0, BA[1:0] = 3 instead
S| 7 (2831 repeat Sub-Loop 0, use BG[1:0]2 = 1, BA[1:0] = 0 instead
8 132-35 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 0 instead
9 (36-39 repeat Sub-Loop 0, use BG[l: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
11 |44-47 repeat Sub-Loop 0, use BG[l:O]2 =3, BA[1:0] = S instead
12 148-51 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 1 instead
13 |52-55 repeat Sub-Loop 0, use BG[1:0]2 = 3, BA[1:0] = 2 instead
14 156-59 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 3 instead
15 |60-63 repeat Sub-Loop 0, use BG[l:O]2 = 3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are VDDQ.

NOTE 2 BG1 is don’t care for x16 device
NOTE 3 CJ[2:0] are used only for 3DS device
NOTE 4 DQ signals are VDDAQ.
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Table 89 — IDD2NT and IDDQ2NT Measurement-Loop Pattern?®
o © | —
| o o ie) - | = | = ~ Sl |a
X 2 o g cl<|<| I 2l S| | = —| ==
e 8¢ P P N R R B B - el = B B
5 ] O | | | ®) N = < = -~ © O © | &N ala
| = o3 § |© 09| w 51 @ SN << <
« = =z o < < ||| g
o @ o MRE <| g
0|0 b,b |1j]0}0(0|0|JO0O]JO|j]OjO|O|JO|O|O|O]|O]| -
1 o,b (|(1/0}|0|jO0O|lO}jO|jJO|lO|O|]O|JO|O]JO|O]|O]| -
2 b#D# |(1(1]|1|(1]1]0]0(|32|{3|0|0|O0O|7|F|O]| -
3 D#D# |1 (1|1|(1]1]|]0]0|32|3|0|0|O0|7|F|O]| -
1 14-7 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 1, BA[1:0] = 1 instead
2 18-1 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]? = 1, BA[1:0] = 3 instead
4 |16-19 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 0, BA[1:0] = 1 instead
|5 | 5 2028 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 1, BA[1:0] = 2 instead
C
3 {_:, 6 |24-27 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 0, BA[1:0] = 3 instead
L % 7 128-31 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]? = 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]? = 3, BA[1:0] = 1 instead
10 |40-43 repeat Sub-Loop 0, but ODT = 0 and BG[l:O]2 =2, BA[1:0] = 2 instead
11 |44-4 2 . Forx4
-47 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]“ = 3, BA[1:0] = 3 instead and
12 148-51 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 2, BA[1:0] = 1 instead x8
2 ) only
13 |52-55 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]“ = 3, BA[1:0] = 2 instead
14 156-59 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]? = 2, BA[1:0] = 3 instead
15 160-63 repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are VDDQ.

NOTE 2 BG1 is don’t care for x16 device
NOTE 3 C[2:0] are used only for 3DS device
NOTE 4 DQ signals are VDDQ.
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Table 90 — IDD4R, IDDR4RA, IDD4RB and IDDQ4R Measurement-Loop Pattern!
(&] O | 1 —
| Q = he] - =] ~ Sl a
X 9 ) = clg|<| X 2l ST | = =
cluls|ge| & |SE TS5 223 828528 A
<|5|2 |55 E |8|2lu|d|uo Yo N2 22T Pata
X a pd Z <<<§ omm252<<<
(@) | o <
0|0 RD o(1{1j0(1|j0j0|O0O|0O|O|O|O|O|O]O D0=00, D1=FF
D2=FF, D3=00
D4=FF, D5=00
D6=00, D7=FF
1 D 1710(0|0|0|0O|O|O]|O|O|O|O0O]O 0 -
23 |bD#,D# |1|1]|1|1]1]0|0|32(3|0|0|0|7 0 -
1 |4 RD o(1{1j0(1|j0j0|{2|12(0|0|0O|7]|F]|O DO=FF, D1=00
D2=00, D3=FF
D4=00, D5=FF
D6=FF, D7=00
5 |D 110(0(0|0j0|O|O|O|O|O|O]|O]|O]|O -
6,7 |D#D# |1|1]1|1]1]0|0|32(3|0|0|0|7|F|O -
2 |81 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 2 instead
o | S| 3 [12-15 |repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 3 instead
S|
g o 4 |16-19 repeat Sub-Loop 0, use BG[1:0]2=O, BA[1:0] = 1 instead
2|8 "5 [2023 2 :
n - repeat Sub-Loop 1, use BG[1:0]° = 1, BA[1:0] = 2 instead
6 |24-27 |repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 3 instead
7 128-31 repeat Sub-Loop 1, use BG[l:O]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[l:O]2 =2, BA[1:0] = 2 instead
2 - For x4 and x8 only
11 |44-47 repeat Sub-Loop 1, use BG[1:0]“ = 3, BA[1:0] = 3 instead
12 148-51 |repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 1 instead
13 [52-55 repeat Sub-Loop 1, use BG[l:O]2 =3, BA[1:0] = 2 instead
14 156-59 |repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 3 instead
15 160-63 |repeat Sub-Loop 1, use BG[1:0]% = 3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are used according to RD Commands, otherwise VDDQ.
NOTE 2 BG1 is don'’t care for x16 device

NOTE 3 C[2:0] are used only for 3DS device

NOTE 4 Burst Sequence driven on each DQ signal by Read Command.
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Table 91 — IDD4W, IDD4WA, IDD4WB and IDD4W_par Measurement-Loop Pattern!

:| g - 2 c g g s ol =l S Ea
oluls 88| & o515 %5 832822 581] 4
— I > E Do | | | AN e = -lo| | e & Data
IO'SO:’ = O<U)CDL|JOG(D<N,\:<<<
X a z 8 < <2 0o <
(@) | o <
0 |0 WR o|j1j1j0|1j0f0fO0OfOf0O|O0OjO|O]|O]|O D0=00, D1=FF
D2=FF, D3=00
D4=FF, D5=00
D6=00, D7=FF
1 D 1(0{0[0|0(0|0]O 0j0|0 0 -
23 D#D# |1|1|1|1]1]0|0|32|3 7 0 -
114 WR O|1(1]0(1]0|0|1]|1 7| F DO=FF, D1=00
D2=00, D3=FF
D4=00, D5=FF
D6=FF, D7=00
5 D 11,0(0/0|0l0O|0O|O0O|O|0O|0O]|O]O|O]|O -
6,7 |D#D# |1|1|1|1]1]0|0|32{3|0|0|0|7|F]|O -
2 |8-11 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 2 instead
o Ea 3 |12-15 repeatSub—Loop1,useBG[1:0]2:1, BA[1:0] = 3 instead
S |
g o 4 116-19 repeat Sub-Loop 0, useBG[1:0]2=0, BA[1:0] = 1 instead
2|8 5 [2023 2 -
n - repeat Sub-Loop 1, use BG[1:0]° = 1, BA[1:0] = 2 instead
6 |24-27 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 3 instead
7 |28-31 repeat Sub-Loop 1, use BG[l:O]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[l:O]2 =3, BA[1:0] = 1 instead
10 140-43 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 2 instead
11 |44-4 2 ) For x4 and x8 only
-47 repeat Sub-Loop 1, use BG[1:0]° = 3, BA[1:0] = 3 instead
12 48-51 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 1 instead
13 152-55 repeat Sub-Loop 1, use BG[l:O]2 =3, BA[1:0] = 2 instead
14 156-59 | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 3 instead
15 {60-63 repeat Sub-Loop 1, use BG[l:O]2 =3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are used according to WR Commands, otherwise VDDQ.
NOTE 2 BG1 is don'’t care for x16 device

NOTE 3 C[2:0] are used only for 3DS device

NOTE 4 Burst Sequence driven on each DQ signal by Write Command.
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Table 92 — IDD4WC Measurement-Loop Pattern®
o © | —
I = — © - | = X a c| o
N 9 0] = cla|<| X ol =T G = —| =] =
wl o @ © SN T IS IS S o ol 20 < K| > S
S|l¥I3] g¢f E o5 5[5l5lald 22258 |e|&| Data
J1°ls o3 § |o|2|2|2|d|°|0 @& g <<
o (9] O é &) = <|
010 WR 0o/(1|1(0{1/0]0|0|0|0O|0|0O0|0O|O0O]| 0| D0O=00,D1=FF
D2=FF, D3=00
D4=FF, D5=00
D6=00, D7=FF
D8=CRC
1,2 bbb |1|0(0|0O|lO|jO|O|jO|O|O|O|JO|O]|O]|O -
3,4 D#D# |1|{1|1|{1|1]0]0|{32{3|0|0|0|7|F|O -
5 WR o({1|1(0{1(0(0|1(12|0|0|0]|7]|F]|O0| DO=FF D1=00
D2=00, D3=FF
D4=00, D5=FF
D6=FF, D7=00
D8=CRC
6,7 b,b |1(0/0|0O|O|OjO|lO|O|O|O]jO|O|O]O -
8,9 D#D# |1|1|1]1(1]0]0(|32{3|0|0|0|7|F|O -
2 |10-14 repeat Sub-Loop 0, use BG[1'0]2=0 BA[1:0] = 2 instead
o _g) ) . y .
%) T |3 |[1519 repeatSub-Loop1,useBG[1:0]2=1, BA[1:0] = 3 instead
Q
5’ g 4 120-24 repeat Sub-Loop 0, use BG[1:0]2:0, BA[1:0] = 1 instead
5 125-29 repeat Sub-Loop 1, use BG[l:O]2 =1, BA[1:0] = 2 instead
6 |30-34 repeat Sub-Loop 0, use BG[l:O]2 =0, BA[1:0] = 3 instead
7 135-39 repeat Sub-Loop 1, use BG[1:0]% = 1, BA[1:0] = 0 instead
8 40-44 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 0 instead
9 45-49 repeat Sub-Loop 1, use BG[l:O]2 =3, BA[1:0] = 1 instead
10 50-54 repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
2 ] For x4 and x8
11 |55-59 repeat Sub-Loop 1, use BG[1:0]° = 3, BA[1:0] = 3 instead only
12 |60-64 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 1 instead
13 65-69 repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 2 instead
14170-74 repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 3 instead
15|75-79 repeat Sub-Loop 1, use BG[l:O]2 =3, BA[1:0] = 0 instead

NOTE 1 DQS_t, DQS_c are VDDQ.

NOTE 2 BG1 is don't care for x16 device.
NOTE 3 CJ[2:0] are used only for 3DS device.
NOTE 4 Burst Sequence driven on each DQ signal by Write Command.
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Table 93 — IDD5B Measurement-Loop Patternt
° a . i) e sl =
6.":'2—% éé é c/c)l'jgg%'a%%:ggg%ggg Data*
S| ols G 3 E |0|2|2le(u | oo g fss<<<
5| |@ i S HRIE BRI EI
0|0 REF |[1]0]0|0|0O0|0O|0O]jO|O|O]|O]|O]|O]O]|O -
1|1 D 1710({0|0|0|O|O|O|O|O|O|O|O|O]|O -
2 D 1710({0|{0|0|O|O|O|O|O|O|O|O|O]|O -
3 D#D# |1|1|1]1[1]0]0|32{3|0|0|0|7|F|O -
4 D#D# |1|1|1]|1[1]0]0|32|{3|0|0|0|7|F|O -
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[l:O]2 =0, BA[1:0] = 2 instead
12-15 repeat pattern 1...4, use BG[l:O]2 =1, BA[1:0] = 3 instead
16-19 repeat pattern 1...4, use BG[1:0]% = 0, BA[1:0] = 1 instead
o -5, 20-23 repeat pattern 1...4, use BG[l:O]2 =1, BA[1:0] = 2 instead
% E 24-27 repeat pattern 1...4, use BG[l:O]2 =0, BA[1:0] = 3 instead
£ % 28-31 repeat pattern 1...4, use BG[l:O]2 =1, BA[1:0] = 0 instead
32-35 repeat pattern 1...4, use BG[l:O]2 =2, BA[1:0] = 0 instead
36-39 repeat pattern 1...4, use BG[l:O]2 =3, BA[1:0] = 1 instead
40-43 repeat pattern 1...4, use BG[l:O]2 =2, BA[1:0] = 2 instead
44-47 repeat pattern 1...4, use BG[l:O]2 = 3, BA[1:0] = 3 instead For x;ln?;d x8
48-51 repeat pattern 1...4, use BG[l:O]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[l:O]2 =2, BA[1:0] = 3 instead
60-63 repeat pattern 1...4, use BG[l:O]2 =3, BA[1:0] = 0 instead
2 |64 ...nRFC -1 |repeat Sub-Loop 1, Truncate, if necessary

NOTE 1 DQS_t, DQS_c are VDDQ.
NOTE 2 BG1 is don’t care for x16 device.

NOTE 3 CJ[2:0] are used only for 3DS device.
NOTE 4 DQ signals are VDDQ.
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Table 94 — IDD7 Measurement-Loop Pattern?!
o © | v —
I = — © ~— | «— A o~ C| o
X S [ & clg|<| 2 ol 519 | = = = =
w| o Ko} © Sl SIS = ol o < K| @9
©lx|< o€ E o515 55eld ozleldelslels Data*
|l Of<a =] s Ol o5 oSNz
v =} Z o < < L (@) o om | — =, Z
o & o MBIE <<
010 ACT |0 ojo|j0flO0O|O|O|O|O|O|O|O]O]|O -
1 RDA o(1(1(0|1]0 0/|0|0|0|1|0]| 0|0 |DO=00, D1=FF
D2=FF, D3=00
D4=FF, D5=00
D6=00, D7=FF
2 D 110(0/{0|0j0O|J0O|O|O|O|O|O|O]|O|O -
D# 111(1{1}1|/0]0(32|3]0|0|0|7|F|O -
repeat pattern 2...3 until nNRRD - 1, if NRCD > 4. Truncate if necessary
1 |nRRD ACT o(ofoflofofj0|0]|1 0ojo0ojo0fo|O0|O -
nRRD + 1 RDA oj1|1(0(1]0 1 0|{0|1|0]| 0|0 |DO=FF, D1=00
D2=00, D3=FF
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[l:O]2 =0, BA[1:0] = 2 instead
3 |3'nRRD repeat Sub-Loop 1, use BG[1:0]% = 1, BA[1:0] = 3 instead
4 |4*nRRD repeat pattern 2 ... 3 until nFAW - 1, if nNFAW > 4*nRCD. Truncate if necessary
o S| 5 |nFAW repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 1 instead
£ |
| |6 [NFAW+nRRD repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 2 instead
0| ® "
T & | 7 |nFAW+2'nRRD  |repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 3 instead
8 |[nFAW +3'nRRD | gpeat 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[l:O]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 | rgpeat 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]? = 3, BA[1:0] = 3 instead
14 | 2*nFAW + 4'nRRD |repeat Sub-Loop 4 For x4 and x8
only
15 |3"nFAW repeat Sub-Loop 0, use BG[l:O]2 =2, BA[1:0] = 1 instead
16 |3"nFAW +nRRD | rgpeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 2 instead
17 |3"nFAW + 2*nRRD | rgpeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 3 instead
18 |3"nFAW + 3"nRRD | rgpeat Sub-Loop 1, use BG[1:0]? = 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

NOTE 1 DQS_t, DQS_c are VDDQ.
NOTE 2 BGH1 is don't care for x16 device.

NOTE 3 CJ[2:0] are used only for 3DS device.
NOTE 4 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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10.2 IDD Specifications

IDD and IPP values are for full operating range of voltage and temperature unless otherwise noted. IDD and IPP values are for full
operating range of voltage and temperature unless otherwise noted.

Table 95 — Ipp and Ippg Specification Example

Speed Grade Bin

Symbol IDD Max. IPP Max. Unit NOTE
Ibpo mA
Ibpoa mA
Ipp1 mA
Ibb1a mA
Ibb2n mA
Ibp2nA mA
Ibp2nT mA
IbbaanT mA
Ibp2nL mA
Ibb2nG mA
Ibp2nD mA
IDD2N_par mA
Ibp2p mA
Ibp2a mA
IbD3N mA
Ibp3nA mA
Ibb3p mA
IpD4R mA
IbD4rA mA
Ibp4rB mA
Ibba4r mA
Ibba4rs mA
Ibpaw mA
IbDawA mA
Ibpaws mA
Ibpawc mA
IDDaW _par mA
Ippss mA
IbpsF2 mA
IbDsF4 mA
IbpeN mA
IbpsE mA
IbD6N mA
Ippee’ mA
IbberR mA
Ibbea mA
Ipp7 mA
Ibps mA

NOTE 1 Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR4 SDRAM devices support the following options
or requirements referred to in this material.
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Table 96 — Ipp Specification Example

Speed Grade Bin
Unit NOTE

Symbol IDD Max. IPP Max.

IppPo mA
Ipp1 mA
Ipp2N mA
lpp2p mA
lpp3N mA
lppap mA
lppar mA
lppaw mA
lppsg mA
lpPsF2 mA
lpPsFa mA
lppsTC mA
IppeN mA
IpP6E mA
lpPeN mA
lppeg’ mA
lpPeR mA
lpPea mA
lpp7 mA
lppg mA

NOTE 1 Users should refer to the DRAM supplier data sheet and/or the DIMM SPD to determine if DDR4 SDRAM devices support the following options
or requirements referred to in this material.

Table 97 — Ippe Specification

Symbol Temperature Range Value Unit NOTE
loDeN 0-85°C mA 34

IDD6E 0-95°C mA 456

IbDER 0 - 45°C mA 46,9

Ibpea 0°C~T, mA 4,6,7,8

Tp~Ty mA 4,6,7,8

T, ~ ToPERmax mA 4,6,7,8

NOTE 1 Some Ipp currents are higher for x16 organization due to larger page-size architecture.

NOTE 2 Max. values for Ipp currents considering worst case conditions of process, temperature and voltage.

NOTE 3 Applicable for MR2 settings A6=0 and A7=0.

NOTE 4 Supplier data sheets include a max value for Ippg.

NOTE 5 Applicable for MR2 settings A6=0 and A7=1. IppgeT is only specified for devices which support the Extended Temperature Range feature.
NOTE 6 Refer to the supplier data sheet for the value specification method (e.g. max, typical) for Ippget and Ippetc

NOTE 7 Applicable for MR2 settings A6=1 and A7=0. Ippgrc is only specified for devices which support the Auto Self Refresh feature.

NOTE 8 The number of discrete temperature ranges supported and the associated Ta - Tz values are supplier/design specific. Temperature ranges are
specified for all supported values of Topgr. Refer to supplier data sheet for more information.

NOTE 9 Applicable for MR2 settings TBD. IDD6R is verified by design and characterization, and may not be subject to production test
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11 Input/Output Capacitance
Table 98 — Silicon pad I/0 Capacitance
DDR4-
DDR4-2400,2666 DDR4-3200
Symbol Parameter 1600,1866,2133 Unit | NOTE
min max min max min max
Cpo Input/output capacitance 0.7 1.4 0.7 1.3 TBD TBD pF 1,2,3
Coio Input/output capacitance delta -0.1 0.1 -0.1 0.1 TBD TBD | pF [1,2,3,11
Input/output capacitance delta 1,2,3,5
Copas DQS. tand DQS, ¢ 0.05 0.05 TBD TBD | pF
Cck Input capacitance, CK_tand CK_c 0.2 0.8 0.2 0.7 TBD TBD | pF 1,3
Cock Input capacitance delta CK_t and 0.05 0.05 TBD TBD oF 1,3,4
CK ¢
C Input capacnan.ce(CTRL, ADD, 0.2 08 0.2 07 TBD TBD oF 1,3,6
CMD pins only)
Input capacitance delta(All CTRL 1,3,7,8
C N i
DI_ CTRL pins only) 0.1 0.1 0.1 0.1 TBD TBD | pF
Input capacitance delta(All ADD/ 1,2,9,10
C N N
DI_ADD_CMD CMD pins only) 0.1 0.1 0.1 0.1 TBD TBD pF
CALERT Input/output capacitance of ALERT 0.5 1.5 0.5 15 TBD TBD pF 1,3
Czq Input/output capacitance of ZQ 0.5 1.5 0.5 1.5 TBD TBD | pF | 1,3,12

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 & C parasitic. The capacitance is measured with VDD, VDDQ, VSS, VSSQ applied with all other signal pins floating.

Measurement procedure tbd.
NOTE 2 DQ, DM_n, DQS_T, DQS_C, TDQS_T, TDQS_C. Although the DM, TDQS_T and TDQS_C pins have different functions, the loading matches

DQ and DQS

NOTE 3 This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here
NOTE 4 Absolute value CK_T-CK_C
NOTE 5 Absolute value of CIO(DQS_T)-CIO(DQS_C)

NOTE 6 Cl applies to ODT, CS_n, CKE, A0-A17, BAO-BA1, BG0-BG1, RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR.
NOTE 7 CDI CTRL applies to ODT, CS_n and CKE

NOTE 8 CDI_CTRL = CI(CTRL)-0.5*(CI(CLK_T)+CI(CLK_C))

NOTE 9 CDI_ADD_ CMD applies to, A0-A17, BA0-BA1, BG0-BG1,RAS_n/A16, CAS_n/A15, WE_n/A14, ACT_n and PAR.
NOTE 10 CDI_ADD_CMD = CI(ADD_CMD)-0.5*(CI(CLK_T)+CI(CLK_C))
NOTE 11 CDIO = CIO(DQ,DM)-0.5*(CIO(DQS_T)+CIO(DQS_C))
NOTE 12 Maximum external load capacitance on ZQ pin: tbd pF.
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Table 99 — DRAM package electrical specifications
Symbol Parameter 1600?1%‘2212133 DDR4-2400,2666 DDR4-3200 Unit | NOTE
min max min max min max
Zio Input/output Zpkg 50 85 50 85 TBD TBD Q (1,245
Ta10 Input/output Pkg Delay 14 37 14 37 TBD TBD | ps | 1.345
DZp 0 pas Delta Zpkg DQS_t and DQS_c - 10 - 10 TBD TBD Q | 1,257
D14p10 DaS Delta Delay DQS_t and DQS_c - 5 - 5 TBD TBD pF | 1,3,5,7
Z) oTRL Input- CTRL pins Zpkg TBD TBD TBD TBD TBD TBD | O |1.259
Tai_ CcTRL Input- CTRL pins Pkg Delay TBD TBD TBD TBD TBD TBD ps | 13,59
Z1ADD CMD Input- CMD ADD pins Zpkg TBD TBD TBD TBD TBD | TBD | @ | 1,258
Tdiapp_ cMD Input- CMD ADD pins Pkg Delay TBD TBD TBD TBD TBD TBD ps | 1,3,5,8
Zek CK_t and CK_c Zpkg TBD TBD TBD TBD TBD | TBD | @ | 125
Tdck CK_t and CK_c Pkg Delay TBD TBD TBD TBD TBD TBD ps 1,35
DZpck Delta Zpkg CK_t and CK_c - TBD - TBD TBD TBD | Q | 1256
Drgck Delta Delay CK_t and CK_c - TBD - TBD TBD TBD ps | 1,3,5,6
Zozq ZQ Zpkg TBD TBD TBD TBD TBD TBD Q 1,2,5
Tdo zg ZQ Delay TBD TBD TBD TBD TBD TBD ps 1,3,5
Zo ALERT ALERT Zpkg TBD TBD TBD TBD TBD TBD Q 1,2,5
Tdo ALERT ALERT Delay TBD TBD TBD TBD T8D | TBD | ps | 13,5
NOTE :

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) = ﬁprkg/Cpkg

NOTE 3 Package only delay(Tpkg) is calculated based on Lpkg and Cpkg total for a given pin where:

Tdpkg(total per pin) =ﬁ{kag*Cpkg

NOTE 4 Z & Td IO applies to DQ, DM, DQS_C, DQS_T, TDQS_T and TDQS_C

NOTE 5 This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here

NOTE 6 Absolute value of ZCK_t-ZCK_c for impedance(Z) or absolute value of TACK_t-TdCK_c for delay(Td).

NOTE 7 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 8 ZI & Td ADD CMD applies to A0-A17, BA0-BA1, BG0-BG1, RAS_n CAS_n, WE_n.

NOTE 9 ZI & Td CTRL applies to ODT, CS_n and CKE
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12 Electrical Characteristics & AC Timing

12.1  Reference Load for AC Timing and Output Slew Rate

Figure 186 represents the effective reference load of 50 ohms used in defining the relevant AC timing parameters of the device as
well as output slew rate measurements.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load presented by a
production tester. System designers should use IBIS or other simulation tools to correlate the timing reference load to a system
environment. Manufacturers correlate to their production test conditions, generally one or more coaxial transmission lines terminated
at the tester electronics.

vDDQ
DUT 50 Ohm
CK_t,CK_c DQ
_— bas t AVAVAY. VTT = VDDQ
DQS_c
Timing Reference Point Timing Reference Point

Figure 186 — Reference Load for AC Timing and Output Slew Rate

12.2 tREFI

Average periodic Refresh interval (tREFI) of DDR4 SDRAM is defined as shown in the table.

Table 100 — tREFI by device density

Parameter Symbol 2Gb 4Gb 8Gb 16Gb Units

0°C < TCASE <85°C 7.8 7.8 7.8 TBD us

Average periodic refresh interval | tREFI
85°C < TCASE <95°C 3.9 3.9 3.9 TBD us
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12.3  Timing Parameters by Speed Grade

Table 101 — Timing Parameters by Speed Bin for DDR4-1600 to DDR4-2133

Speed DDR4-1600 DDR4-1866 DDR4-2133
Units NOTE
Parameter | Symbol MIN I MAX MIN | MAX MIN | MAX
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tCK (DLL_OFF) 8 | - 8 - 8 | - ns 22
Average Clock Period tCK(avg) tbd —(Definition tbd) ps
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
. tCK(avg)min + tCK(avg)m ax + tCK(avg)min + tCK(avg)m ax + tCK(avg)min + tCK(avg)m ax +
Absolute Clock Period {CK(abs) tJIT(per)min_to t tJIT(per)m ax_tot tJIT(per)min_to t tJIT(per)m ax_tot tJIT(per)min_to t tJIT(per)max_tot {CK(avg)
Absolute clock HIGH pulse width tCH(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 23
Absolute clock LOW pulse width tCL(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 24
Clock Period Jitter- total JIT(per)_tot -0.1 0.1 -0.1 0.1 -0.1 0.1 ul 23
Clock Period Jitter- deterministic JIT(per)_dj TBD TBD TBD TBD TBD TBD ul 26
Clock Period Jitter during DLL locking period tJIT(per, Ick) TBD TBD TBD TBD TBD TBD ul
Cycle to Cycle Period Jitter tJIT(cc)_total 0.2 0.2 0.2 Ul 25
Cycle to Cycle Period Jitter deterministic tJIT(cc)_dj TBD TBD TBD ul 26
Cycle to Cycle Period Jitter during DLL locking period tJIT(cc, Ick) TBD TBD TBD ul
Duty Cycle Jitter tJIT(duty) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 2 cycles tERR(2per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 3 cycles tERR(3per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 4 cycles tERR(4per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 5 cycles tERR(5per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 6 cycles tERR(6per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 7 cycles tERR(7per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 8 cycles tERR(8per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 9 cycles tERR(9per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 10 cycles tERR(10per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 11 cycles tERR(11per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 12 cycles tERR(12per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across n = 13, 14 . .. 49, 50 {ERR(nper) TBD TBD TBD ul
cycles
Command and Address Timing
CAS_n to CAS_n command delay for same bank tcCh L 5 R 5 R 5 R nCK
group -
CAS_n to CAS_n command delay for different bank tcCD_S 4 R n R 4 R nCK
group
ACTIVATE to ACTIVATE Command delay to different
bank group for 2KB page size tRRD_S(2K) Max(4nCK,6ns) - Max(4nCK,5.3ns) - Max(4nCK,5.3ns) - nCK
ACTIVATE to ACTIVATE Command delay to different
bank group for 2KB page size tRRD_S(1K) Max(4nCK,5ns) - Max(4nCK,4.2ns) - Max(4nCK,3.7ns) - nCK
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Speed DDR4-1600 DDR4-1866 DDR4-2133
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
Command and Address Timing
ACTIVATE to ACTIVATE Command delay to different | \pop gq/0k) Max(4nCK,5ns) . Max(4nCK4.2ns) . Max(4nCK,3.7ns) . nCK
bank group for 1/2KB page size
ACTIVATE to ACTIVATE Command delay to same tRRD_L(2K) Max(4nCK,7.5ns) . Max(4nCK,6.4ns) . Max(4nCK6.4ns) . nCK
bank group for 2KB page size
ACTIVATE to ACTIVATE Command delay to same tRRD_L(1K) Max(4nCK,6ns) . Max(4nCK,5.3ns) . Max(4nCK,5.3ns) . nCK
bank group for 1KB page size
ACTIVATE to ACTIVATE Command delay to same {RRD_L(1/2K) Max(4nCK,6ns) . Max(4nCK,5.3ns) . Max(4nCK,5.3ns) . nCK
bank group for 1/2KB page size
Four activate window for 2KB page size tFAW_2K 35 - 30 - 30 - ns
Four activate window for 1KB page size tFAW_1K 25 - 23 - 21 - ns
Four activate window for 1/2KB page size tFAW_1/2K 20 - 17 - 15 - ns
Delay from start oflnltemal write transaction to internal tWTR_S max(2nCK,2.5ns) R max(2nCK,2.5ns) R max(2nCK,2.5ns) _ 12
read command for different bank group
Delay from start of internal write transaction to internal WTR L max(4nCK,7.5ns) R max(4nCK,7.5ns) R max(4nCK,7.5ns) _ 1
read command for same bank group
Idn;:ear;al READ Command to PRECHARGE Command tRTP max(4nCK,7.5ns) - max(4nCK,7.5ns) - max(4nCK,7.5ns) -
WRITE recovery time tWR 15 - 15 - 15 - ns 1
’ : tWR+max tWR+max tWR+max

Write recovery time when CRC and DM are enabled tWR_CRC _DM (4nCK 3.75ns) - (5nCK,3.75ns) - (5nCK,3.75ns) - ns 1,28
delay from start of internal write transaction to internal

; ; tWTR_ S C tWTR_S+max _ tWTR_S+max R tWTR_S+max B
raenzdglc\)/lrr;?:glcétfjor different bank group with both CRC RC_ DM (4nCK;3.75ns) (5nCK3.75ns) (5nCK3.75ns) ns 2,29
delay from start of internal write transaction to internal fWTR L C tWTR L+max fWTR L+max tWTR L+max
read command for same bank group with both CRC RC_DM (4nCK;3.75ns) - (5nCK.3.75ns) - (5nCK.3.75ns) - ns 3,30
DLL locking time tDLLK TBD - TBD - TBD - nCK
Mode Register Set command cycle time tMRD 8 - 8 - 8 - nCK
Mode Register Set command update delay tMOD max(24nCK,15ns) - max(24nCK,15ns) - max(24nCK,15ns) -
Multi-Purpose Register Recovery Time tMPRR 1 - 1 - 1 - nCK 33
Multi Purpose Register Write Recovery Time tWR_MPR tMOD (min) - tMOD (min) - tMOD (min) - -
CS_n to Command Address Latency
CS_n to Command Address Latency tCAL 3 - 4 - 4 - nCK
DRAM Data Timing
DQS_t,DQS_c to DQ skew, per group, per access tDQSQ - TBD - TBD - TBD tCK(avg)/2 13,18
DQS_t,DQS_c to DQ Skew deterministic, per group, tDQsQ _ TBD _ TBD - TBD tCK(avg)/2 14,16,18
per access
DQ output hold time from DQS_t,DQS_c tQH TBD - TBD - TBD - tCK(avg)/2 13,17,18
DQ output hold time deterministic from DQS_t, DQS_c tQH TBD - TBD - TBD - Ul 14,16.18
DQS_t,DQS_c to DQ Skew total, per group, per ac-
cess: DBI enabled tDQSQ - TBD - TBD - TBD ul 13,19
DQ output hold time total from DQS_t, DQS_c; DBI tQH T8BD _ TBD _ TBD _ ul 13,19
enabled
DQ to DQ offset , per group, per access referenced to
DQS._t, DAS._¢ tDQSQ TBD TBD TBD TBD TBD TBD ul 15,16
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Speed DDR4-1600 DDR4-1866 DDR4-2133 Ui NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX

Data Strobe Timing
DQS_t,DQS_c differential output high time tQSH TBD TBD TBD TBD TBD TBD tCK(avg)/2 21
DQS_t,DQS_c differential output low time tQSL TBD TBD TBD TBD TBD TBD tCK(avg)/2 20
MPSM Timing
Command path disable delay upon MPSM entry tMPED ttgllgDDE(g(l:w)er) - fngDDE(Bn(Tn).;) - ttgllgDDE(g(l:w)er) -
Valid clock requirement after MPSM entry {CKMPE ttg'fDDég‘(i;)i;) . tMOgg’g(”n)ﬂ;;CP' . ttg'fDDég‘(i;)i:) .
Valid clock requirement before MPSM exit tCKMPX tCKSRX(min) tCKSRX(min) tCKSRX(min)
Exit MPSM to commands not requiring a locked DLL tXMP TBD TBD TBD
Exit MPSM to commands requiring a locked DLL tXMPDLL &gglfrl?(lr?w:) &ggﬁﬂ'ﬁ’.rﬁ &gglfrl?(lr?w:)
CS setup time to CKE tMPX_S TBD - TBD - TBD -
CS hold time to CKE tMPX_H TBD - TBD - TBD -
Calibration Timing
Power-up and RESET calibration time tZQinit 1024 - 1024 - 1024 - nCK
Normal operation Full calibration time tZQoper 512 - 512 - 512 - nCK
Normal operation Short calibration time tZQCS 128 - 128 - 128 - nCK
Reset/Self Refresh Timing

max max max
Exit Reset from CKE HIGH to a valid command tXPR (5nCK tRFC(min)+ - (S”CK‘EFC(”"") - (S"CK*'EFC(’”'”) -

10ns) 10ns) 10ns)
giilt_SeIf Refresh to commands not requiring a locked XS tRFC(min)+10ns _ {RFC(min)+10ns B tRFC(min)+10ns R
gsf):etsc)hc:g(r)ns?ds not requiring a locked DLL in Self tXS_Al?S)RT(mi tRFC4(min)+10ns _ {RFC4(min)+10ns B tRFC4(min)+10ns R
(Eé‘fg\‘j\'fLR\;fgfg}g’ ;Qd%éifgfwf;d MRS tXS_FAST (min) | tRFCA(min)+10ns - {RFC4(min)+10ns : tRFC4(min)+10ns :
Exit Self Refresh to commands requiring a locked DLL tXSDLL tDLLK(min) - tDLLK(min) - tDLLK(min) -
m};’gum CKE low width for Self refresh entry fo exit {CKESR {CKE(min)+1nCK - {CKE(min)+1nCK : {CKE(min)+1nCK :
2@&%ﬁlﬁC.fosvzfgs;,n:Enfg,e(rpsslgf)ReﬂeSh Entry tCKSRE max(5nCK,10ns) - max(5nCK,10ns) - max(5nCK,10ns) -
Valid Clock Requirement after Self Rlefr'esh Entry {CKSRE PAR max _ max B max R
(SRE) or Power-Down when CA Parity is enabled - (5nCK,10ns)+PL (5nCK,10ns)+PL (5nCK,10ns)+PL
zglg(;(;:cl)orcéosveeﬁ?gce)\;/n:rgxﬁe(fgIrDeX?ZI: S:;':tsgxixn tCKSRX max(5nCK,10ns) - max(5nCK,10ns) - max(5nCK,10ns) -
Power Down Timing
Exit Power Down with DLL on to any valid com-
mand;Exit Precharge Power Down with DLL frozen to tXP max (4nCK,éns) - max (4nCK,6ns) - max (4nCK,éns) -
commands not requiring a locked DLL
CKE minimum pulse width tCKE max (3nCK, 5ns) - max (3nCK, 5ns) - max (3nCK, 5ns) - 31,32
Command pass disable delay tCPDED 4 - 4 - 4 - nCK
Power Down Entry to Exit Timing tPD tCKE(min) 9*tREFI tCKE(min) 9*tREFI tCKE(min) 9*tREFI 6
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Speed DDR4-1600 DDR4-1866 DDR4-2133
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
Power Down Timing
Timing of ACT command to Power Down tACTPDEN 1 R 1 R P R nCK 7
entry
Timing of PRE or PREA command to Power Down tPRPDEN 1 R 1 R 2 R nCK 7
entry
Timing of RD/RDA command to Power Down entry tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - nCK
Timing of WR command to Power Down {WRPDEN WL+4+(tWR/ _ WL+4+(tWR/ _ WL+4+(tWR/ _ nCK 4
entry (BL8OTF, BLBMRS, BC40TF) tCK(avg)) tCK(avg)) tCK(avg))
Timing of WRA command to Power Down entry _ _ _
(BLSOTF, BLBMRS, BCAOTF) tWRAPDEN WL+4+WR+1 WL+4+WR+1 WL+4+WR+1 nCK 5
Timing of WR command to Power Down WL+2+(tWR/ _ WL+2+(tWR/ _ WL+2+(tWR/ _
entry (BC4MRS) WRPBC4DEN tCK(avg)) tCK(avg)) tCK(avg)) nCK 4
Timing of WRA command to Power Down entry tWRAPBC4DEN WL+2+WR+1 - WL+2+WR+1 - WL+2+WR+1 - ncK 5
(BC4MRS)
Timing of REF command to Power Down {REFPDEN 1 _ 1 _ 2 _ nCK 7
entry
Z'r::‘r';g of MRS command to Power Down MRSPDEN tMOD(min) - MOD(min) - tMOD(min) -
PDA Timing
mggz Register Set command cycle fime in PDA tMRD_PDA max(16nCK, 10ns) max(16nCK,10ns) max(16nCK,10ns)
mgg: Register Set command update delay in PDA tMOD_PDA tMOD tMOD tMOD
ODT Timing
Agynchronous RTT turn-on delay (Power-Down tAONAS 10 9.0 10 9.0 10 9.0 ns
with DLL frozen)
Agynchronous RTT turn-off delay (Power-Down tAOFAS 10 9.0 10 9.0 10 9.0 ns
with DLL frozen)
RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 tCK(avg)
Write Leveling Timing
First D_QS_t/DQS_n rising edge after write leveling tWLMRD 40 R 40 R 40 R nCK 12
mode is programmed
DQS_t/DQS_n delay after write leveling mode is
programmed tWLDQSEN 25 - 25 - 25 - nCK 12
Write leveling setup time from rising CK_t, CK_c
crossing to rising DQS_t/DQS_n crossing wis 013 B 013 B 0.13 B {CK(avg)
Write Leveling Timing
Write_levelin_g _hold time from rising_DQS_t/DQS_n tWLH 0.13 R 0.13 R 0.13 R {CK(avg)
crossing to rising CK_t, CK_ crossing
Write leveling output delay tWLO 0 9.5 0 9.5 0 9.5 ns
Write leveling output error tWLOE ns
CA Parity Timing
t(r)]?Srr;irTr:]a(\ends, not guaranteed to be executed during tPAR_UNKNOWN R Max(2n)CK,3ns R Max(2nCK,3ns) R Max(2nCK,3ns)
Delay from errant command to ALERT_n tPAR ALERT ON R PL+6ns R PL+6ns R PL+6ns
assertion = -
Pulse width of ALERT_n signal when asserted tPAR_ALERT_PW 48 96 56 112 64 128 nCK
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Speed DDR4-1600 DDR4-1866 DDR4-2133
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
CA Parity Timing
Time from when Alert is asserted till controller must
start providing DES commands in Persistent CA tPAR_ALERT_RSP - 43 - 50 - 57 nCK
parity mode
Parity Latency PL 4 4 4 nCK
CRC Error Reporting
CRC error to ALERT_n latency tCRC_ALERT - 13 - 13 - 13 ns
CRC ALERT_n pulse width CRC_ALERT_PW 6 10 6 10 6 10 nCK
tREFI
2Gb 160 - 160 - 160 - ns
4Gb 260 - 260 - 260 - ns
tRFC1 (min)
8Gb 350 - 350 - 350 - ns
16Gb TBD - TBD - TBD - ns
2Gb 110 - 110 - 110 - ns
4Gb 160 - 160 - 160 - ns
tRFC2 (min)
8Gb 260 - 260 - 260 - ns
16Gb TBD - TBD - TBD - ns
2Gb 90 - 90 - 90 - ns
4Gb 110 - 110 - 110 - ns
tRFC4 (min)
8Gb 160 - 160 - 160 - ns
16Gb TBD - TBD - TBD - ns
Table 102 — Timing Parameters by Speed Bin for DDR4-2400 to DDR4-3200
Speed DDR4-2400 DDR4-2666 DDR4-3200
Units NOTE
Parameter | Symbol MIN | MAX MIN | MAX MIN | MAX
Clock Timing
Minimum Clock Cycle Time (DLL off mode) tCK (DLL_OFF) 8 | B 8 | B 8 | B ns 22
Average Clock Period tCK(avg) tbd —(Definition tbd) ps
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
. tCK(avg)m ax + . tCK(avg)m ax + . tCK(avg)m ax +
Absolute Clock Period {CK(abs) tCK(avg)min + IT(perm tCK(avg)min + IT(perm tCK(avg)min + tIT(per)m tCK(avg)
tJIT(per)min_to t tJIT(per)min_to t tJIT(per)min_to t
ax_tot ax_tot ax_tot
Absolute clock HIGH pulse width tCH(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 23
Absolute clock LOW pulse width tCL(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 24
Clock Period Jitter- total JIT(per)_tot -0.41 0.1 -0.1 0.1 -0.41 0.1 Ul 25
Clock Period Jitter- deterministic JIT(per)_dj TBD TBD TBD TBD TBD TBD ul 26
Clock Period Jitter during DLL locking period tJIT(per, Ick) TBD TBD TBD TBD TBD TBD Ul
Cycle to Cycle Period Jitter tJIT(cc)_total 0.2 0.2 0.2 ul 25
Cycle to Cycle Period Jitter deterministic tJIT(cc)_dj TBD TBD TBD Ul 26
Cycle to Cycle Period Jitter during DLL locking period tJIT(cc, Ick) TBD TBD TBD Ul
Duty Cycle Jitter tJIT(duty) TBD TBD TBD TBD TBD TBD ul
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Cumulative error across 2 cycles tERR(2per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 3 cycles tERR(3per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 4 cycles tERR(4per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 5 cycles tERR(5per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 6 cycles tERR(6per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 7 cycles tERR(7per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 8 cycles tERR(8per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 9 cycles tERR(9per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 10 cycles tERR(10per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 11 cycles tERR(11per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across 12 cycles tERR(12per) TBD TBD TBD TBD TBD TBD ul
Cumulative error across n =13, 14 ... 49, 50 {ERR(nper) TBD T8D TBD ul
cycles
Command and Address Timing
CAS_n to CAS_n command delay for same bank group tCCD_L - TBD - TBD - nCK
CAS_n to CAS_n command delay for different bank group tCCD_S 4 - 4 - TBD - nCK
ACTIVATE to ACTIVATE Command delay to different bank
group for 2KB page size tRRD_S(2K) Max(4nCK,5.3ns) - TBD - TBD - nCK
ACTIVATE to ACTIVATE Command delay to different bank tRRD_S(1K) Max(4nCK,3.3ns) R TBD R 18D R nCK
group for 2KB page size
ACTIVATE to ACTIVAT!E Command delay to different bank {RRD_S(1/2K) Max(4nCK,3.3ns) R TBD R 18D R nCK
group for 1/2KB page size
Speed DDR4-2400 DDR4-2666 DDR4-3200
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
Command and Address Timing
ACTIVATE to ACTIVATE Command delay to same bank
group for 2KB page size tRRD_L(2K) Max(4nCK,6.4ns) - TBD - TBD - nCK
ACTIVATE to ACTIVATE Command delay to same bank {RRD_L(1K) Max(4nCK,4.9ns) R TBD R TBD R nCK
group for 1KB page size
ACTIVATE to ACTIVAT!E Command delay to same bank tRRD_L(1/2K) Max(4nCK,4.9ns) R TBD R 18D R nCK
group for 1/2KB page size
Four activate window for 2KB page size tFAW_2K 30 - TBD - TBD - ns
Four activate window for 1KB page size tFAW_1K 21 - TBD - TBD - ns
Four activate window for 1/2KB page size tFAW_1/2K 13 - TBD - TBD - ns
Delay from start of internal write transaction to internal read max
command for different bank group tWTR_S (2nCK, 2.5ns) ° TBD ° TBD B 1.2e
Delay from start of internal write transaction to internal read tWTR_L max (4nCK,7.5ns) _ TBD _ TBD _ 1
command for same bank group
Internal READ Command to PRECHARGE Command delay tRTP max (4nCK,7.5ns) - TBD - TBD -
WRITE recovery time tWR 15 - TBD - TBD - ns 1
. . tWR+max

Write recovery time when CRC and DM are enabled tWR_CRC _DM (5nCK,3.75ns) - TBD - TBD - ns 1,28
delay from start of internal write transaction to internal read tWTR S+max
command for different bank groups with both CRC and DM tWTR_S_CRC_DM -~ - TBD - TBD - ns 2,29
enabled (5nCK,3.75ns)
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delay from start of internal write transaction to internal read tWTR L+max
command for same bank group with both CRC and DM en- tWTR_L_CRC_DM . - TBD - TBD - ns 3,30
abled (5nCK,3.75ns)
DLL locking time tDLLK TBD - TBD - TBD - nCK
Mode Register Set command cycle time tMRD 8 - TBD - TBD - nCK
Mode Register Set command update delay tMOD max(24nCK,15ns) - TBD - TBD -
Multi-Purpose Register Recovery Time tMPRR 1 - TBD - TBD - nCK 33
Multi Purpose Register Write Recovery Time tWR_MPR tMOD (min) - TBD - TBD -
CS_n to Command Address Latency
CS_n to Command Address Latency tCAL 5 - TBD - TBD - nCK
DRAM Data Timing
DQS_t,DQS_c to DQ skew, per group, per access tbQsQ - TBD - TBD - TBD tCK(avg)/2 13,18
(I:De%:_t,DQS_c to DQ Skew deterministic, per group, per ac- DasQ R TBD R TBD R 18D {CK(avg)/2 14.16,18
DQ output hold time from DQS_t,DQS_c tQH TBD - TBD - TBD - tCK(avg)/2 13,17,18
DQ output hold time deterministic from DQS_t, DQS_c tQH TBD - TBD - TBD - tCK(avg)/2 14,16,18
grgil_etaDQS_c to DQ Skew total, per group, per access; DBI tDQSQ R TBD R TBD R 18D {CK(avg)/2 1319
DQ output hold time total from DQS_t, DQS_c; DBI enabled tQH TBD - TBD - TBD - tCK(avg)/2 13,19
DQ to DQ offset , per group, per access referenced to tDQSQ TBD TBD TBD TBD TBD 18D {CK(avg)/2 1516
DQS_t, DQS_c
Data Strobe Timing
DQS_t,DQS_c differential output high time tQSH TBD TBD TBD TBD TBD TBD Ul 21
DQS_t,DQS_c differential output low time tQsL TBD TBD TBD TBD TBD TBD ul 21
Speed DDR4-2400 DDR4-2666 DDR4-3200
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
MPSM Timing
. tMOD(min) +
Command path disable delay upon MPSM entry tMPED {CPDED(min) - TBD - TBD -
. . tMOD(min) +
Valid clock requirement after MPSM entry tCKMPE {CPDED(min) - TBD - TBD -
Valid clock requirement before MPSM exit tCKMPX tCKSRX(min) - TBD - TBD -
Exit MPSM to commands not requiring a locked DLL tXMP TBD - TBD - TBD -
. . tXMP(min) +
Exit MPSM to commands requiring a locked DLL tXMPDLL tXSDLL(min) - TBD - TBD -
CS setup time to CKE tMPX_S TBD - TBD - TBD -
CS hold time to CKE tMPX_H TBD - TBD - TBD -
Calibration Timing
Power-up and RESET calibration time tZQinit 1024 - TBD - TBD - nCK
Normal operation Full calibration time tZQoper 512 - TBD - TBD - nCK
Normal operation Short calibration time tZQCs 128 - TBD - TBD - nCK
Reset/Self Refresh Timing
max
Exit Reset from CKE HIGH to a valid command tXPR (5nCK tRFC(min)+1 - TBD - TBD -
Ons)
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Exit Self Refresh to commands not requiring a locked DLL tXs tRFC(min)+10ns - TBD - TBD -
igé’t;_rcommands not requiring a locked DLL in Self Refresh {XS_ABORT(min) {RFC4(min)+10ns B TBD B TBD B
Exit Self Refresh to ZQCL,ZQCS and MRS ; . B . R . R
(CL.CWL,WR.RTP and Gear Down) tXS_FAST (min) tRFC4(min)+10ns tRFC4(min)+10ns tRFC4(min)+10ns
Exit Self Refresh to commands requiring a locked DLL tXSDLL tDLLK(min) - TBD - TBD -
Minimum CKE low width for Self refresh entry to exit timing tCKESR tCKE(min)+1nCK - TBD - TBD -
Valid Clock Requirement after Self Refresh Entry (SRE) or max _ _ _
Power-Down Entry (PDE) tCKSRE (5nCK,10ns) TBD TBD
Valid Clock Requirement after Self Refresh Entry (SRE) or max _ _ _
Power-Down when CA Parity is enabled tCKSRE_PAR (5nCK,10ns)+PL TBD TBD
Valid Clock Requirement before Self Refresh Exit (SRX) or max _ _ _
Power-Down Exit (PDX) or Reset Exit tCKSRX (5nCK,10ns) TBD TBD
Power Down Timing
Exit Power Down with DLL on to any valid command;Exit
Precharge Power Down with DLL tXP max (4nCK,6ns) - TBD - TBD -
frozen to commands not requiring a locked DLL
- . max
CKE minimum pulse width tCKE (3nCK, 5ns) - TBD - TBD - 31,32
Command pass disable delay tCPDED 4 - TBD - TBD - nCK
Power Down Entry to Exit Timing tPD tCKE(min) 9%REFI TBD - TBD - 6
Timing of ACT command to Power Down entry tACTPDEN 2 - TBD - TBD - nCK 7
Timing of PRE or PREA command to Power Down entry tPRPDEN 2 - TBD - TBD - nCK 7
Timing of RD/RDA command to Power Down entry tRDPDEN RL+4+1 - TBD - TBD - nCK
Timing of WR command to Power Down entry (BL8OTF, WL+4+(tWR/ B B B
BL8MRS, BC4OTF) WRPDEN tCK(avg)) TBD TBD ncK 4
Timing of WRA command to Power Down entry (BL8OTF,
BL8MRS, BC4OTF) tWRAPDEN WL+4+WR+1 - TBD - TBD - nCK 5
Speed DDR4-2400 DDR4-2666 DDR4-3200
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
Power Down Timing
Timing of WR command to Power Down entry (BC4MRS) tWRPBCADEN VVt'(';Kz(’;%‘)’F/ - TBD - TBD - nCK 4
Timing of WRA command to Power Down entry (BC4MRS) tWRAPBC4DEN WL+2+WR+1 - TBD - TBD - nCK 5
Timing of REF command to Power Down entry tREFPDEN 2 - TBD - TBD - nCK 7
Timing of MRS command to Power Down entry tMRSPDEN tMOD(min) - TBD - TBD -
PDA Timing
Mode Register Set command cycle time in PDA mode tMRD_PDA max(16nCK,10ns) TBD - TBD -
Mode Register Set command update delay in PDA mode tMOD_PDA tMOD TBD - TBD -
ODT Timing
?:%/?chronous RTT turn-on delay (Power-Down with DLL fro- tAONAS 10 9.0 TBD TBD TBD TBD ns
?:r{)nchronous RTT turn-off delay (Power-Down with DLL fro- {AOFAS 10 9.0 TBD TBD TBD TBD ns
RTT dynamic change skew tADC 0.3 0.7 TBD TBD TBD TBD tCK(avg)
Write Leveling Timing
First DQS_t/DQS_n rising edge after write leveling mode is tWLMRD 40 B TBD TBD TBD TBD nCK 12
programmed
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DQS_t/DQS_n delay after write leveling mode is pro- tWLDQSEN 25 R TBD TBD TBD TBD nCK 12
grammed
Write leveling setup time from rising CK_t, CK_c crossing to R
rising DQS_t/DQS_n crossing twis 013 TBD TBD TBD T8D ps
Wri'tel leveling hold time frpm rising DQS_t/DQS_n crossing tWLH 013 R TBD TBD TBD TBD ps
to rising CK_t, CK_ crossing
Write leveling output delay tWLO 0 9.5 TBD TBD TBD TBD ns
Write leveling output error tWLOE ns
CA Parity Timing
Commands not guaranteed to be executed during this time tPAR_UNKNOWN - Max(2nCK,3ns) - TBD - TBD
Delay from errant command to ALERT_n assertion tPAR_ALERT_ON - PL+6ns - TBD - TBD
Pulse width of ALERT_n signal when asserted tPAR_ALERT_PW 72 144 TBD TBD TBD TBD nCK
Time from when Alert is asserted till controller must start pro-
viding DES commands in Persistent CA parity mode tPAR_ALERT_RSP B 64 nCK
Parity Latency PL 5 TBD TBD nCK
CRC Error Reporting
CRC error to ALERT_n latency tCRC_ALERT - 13 - TBD - TBD ns
CRC ALERT_n pulse width CRC_ALERT_PW 6 10 TBD TBD TBD TBD nCK
Geardown timing
Exit RESET from CKE HIGH to a valid MRS geardown (T2/ tXPR GEAR R XPR XPR
Reset) -
CKE High Assert to Gear Down Enable time(T2/CKE) tXS_GEAR - tXS tXS
MRS command to Sync pulse time(T3) tSYNC_GEAR - - tMOD(min)+4nCK - tMOD(min)+4nCK - 27
Sync pulse to First valid command(T4) tCMD_GEAR - tMOD tMOD 27
Geardown setup time tGEAR_setup - - 2 - 2 - nCK
Geardown hold time tGEAR_hold - - 2 - 2 - nCK
Speed DDR4-2400 DDR4-2666 DDR4-3200
Units NOTE
Parameter Symbol MIN MAX MIN MAX MIN MAX
tREFI
2Gb 160 - 160 - 160 - ns
4Gb 260 - 260 - 260 - ns
tRFC1 (min)
8Gb 350 - 350 - 350 - ns
16Gb TBD - TBD - TBD - ns
2Gb 110 - 110 - 110 - ns
4Gb 160 - 160 - 160 - ns
tRFC2 (min)
8Gb 260 - 260 - 260 - ns
16Gb TBD - TBD - TBD - ns
2Gb 90 - 90 - 90 - ns
4Gb 110 - 110 - 110 - ns
tRFC4 (min)
8Gb 160 - 160 - 160 - ns
16Gb TBD - TBD - TBD - ns
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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.
. A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled
Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.
tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK to the next integer.
WR in clock cycles as programmed in MRO.
. tREFI depends on TOPER.
. CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress, but power-down
IDD spec will not be applied until finishing those operations.
. For these parameters, the DDR4 SDRAM device supports tnPARAM[NCK]=RU{tPARAMIns]/tCK(avg)[ns]}, which is in clock cycles assuming all input
clock jitter specifications are satisfied
9. When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.
10. When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.
11. When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.
12. The max values are system dependent.
13. DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER. BER spec and
measurement method are tbd.
14. The deterministic component of the total timing. Measurement method tbd.
15. DQ to DQ static offset relative to strobe per group. Measurement method tbd.
16. This parameter will be characterized and guaranteed by design.
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). Example tbd.
18. DRAM DBI mode is off.
19. DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.
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
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
22. There is no maximum cycle time limit besides the need to satisfy the refresh interval tREFI
23. tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge
24. tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge
25. Total jitter includes the sum of deterministic and random jitter terms for a specified BER. BER target and measurement method are tbd.
26. The deterministic jitter component out of the total jitter. This parameter is characterized and gauranteed by design.
27. This parameter has to be even number of clocks
28. When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.
29. When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.
30. When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.
31. After CKE is registered LOW, CKE signal level shall be maintained below VILDC for tCKE specification ( Low pulse width ).
32. After CKE is registered HIGH, CKE signal level shall be maintained above VIHDC for tCKE specification ( HIGH pulse width ).

33. Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

NourwN

©

Ul=tCK(avg).min/2
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12.4 The DQ input receiver compliance mask for voltage and timing (see figure)

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; it is not the valid data-eye.

TdIVW_total

Rx Mask
Random I

Deterministic

_Da(pin avg)

VdIvW
Total

Jvdivw_dv
diviv_d VIHL_AC

TdIVW_d]

Figure 187 — DQ Receiver(Rx) compliance mask

DQx

Vref variation
(Component)

Figure 188 — Across pin Vref DQ voltage variation

Vcent_DQ(pin avg) 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 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 figure 2.This clarifies that any DRAM component level variation must be accounted for within
the DRAM Rx mask.The component level Vref will be set by the system to account for Ron and ODT settings.
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All of the timing terms in Figure 189 are measured at the VdIVW_total voltage levels centered around Vcent_DQ(pin avg) and are

referenced to the DQS_t/DQS_c center aligned to the DQ per pin.

DQS. DQS Data-in at DRAM Latch

Minimum Data-Eye / Maximum Rx Mask

DQS. DQS Data-in at DRAM Latch

non Minimum Data-Eye / Maximum Rx Mask

I
|
|
|
[ I
DQS_c S | pas_c -
| DQS(min) ['DQH(min)
I -+ - L
\AAANAAN | \AAAAN T
Rx Mask Rx Mask
DQx DRAM latch | DX DRAM latch
JAYAVAYATAAAVAR . MY FAYA'AVAR
Tdgs_offDQS(min)'DQH(min) Tdgs_off | Tdgs_off DQSx tDQHx,:I Tdgs_off
g e — | : :
TdiVW_TOTAL(max) | ¥ 'Dasy <tDQIHy >
\AAAANAANNA AN | .
Rx Mask Rx Mask
DQy DRAM latch | DQy DRAM latch
JAYAVAYATATATAY AAVAVAVARN
TAVW_TOTAL(max) Tdgs_dd_off : *pasy | ‘bary". Tdas_dd_off
AAAL] \ \
Rx Mask ' \ Y
DQz DRAM latch I Rx Mask
AANARY e DRAM latch
Tdgs_dd_off :diVW_TOTAL(ma; I - . - N
I Tdgs_dd_offl TdiVW_TOTAL(max)
I

NOTE: DQx represents an optimally centered input
DQy represents earliest valid transiining input
DQz represents latest valid transitioning input

Figure 190 — DQ to DQS Timings at DRAM latch

All of the timing terms in Figure 190 are measured at the VdIVW_total voltage levels centered around Vcent_DQ(pin avg) and are
referenced to the DQS_t/DQS_c center aligned. Typical view assumes DQx, DQy, and DQz edges are aligned at DRAM balls.
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tr tf
< > < >
Rx Mask
/ Random
Deterministic
VvdIvW
Vc_ent_Dq -l e e | e s — — — — — — |t - —_\—} = Total
(pin avg
\ v
TdIPW

NOTE 1 SRIN_dIVW=VdIVW_Total/(tr or tf), signal must be monotonic within tr and tf range.

Figure 191 — DQ TdIPW and SRIN_dIVW definition (for each input pulse)
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Table 103 — DRAM DQs In Receive Mode; * Ul=tck(avg)min/2
1600,1866,2133 2400 2666,3200
Symbol Parameter = = = Unit NOTE
min max min max min max
136
VdIVW_total | Rx Mask voltage - p-p total - (note12) - tbd - tbd mV |1,2,4,6
VdIVW_dVv Rx Mask voltage - deterministic - 136 - tbd - tbd mV [1,5,13
TdIVW_total Rx timing window total - 02 - tbd - tbd ur* 11,24,6
(note12)

TdIVW_dj Rx deterministic timing - 0.2 - tbd - tbd ur* 115,13
VIHL_AC DQ AC input swing pk-pk 186 - tbd - tbd - mvV |7
TdIPW DQ input pulse width 0.58 tbd tbd ur* |8
Tdgs_off DQ to DQS Setup offset - tbd - tbd - tbd ur |9
Tdgh_off DQ to DQS Hold offset - tbd - tbd - tbd urr |9
Tdgs_dd_off | DQ to DQ Setup offset - tbd - tbd - tbd urr {10
Tdgh_dd_off | DQ to DQ Hold offset - tbd - tbd - tbd ur* 10
SRIN_dIVW | Input Slew Rate over VdIVW_total tbd 9 tbd tbd tbd tbd Vins |11

NOTE :

1.

~NOoO O~ Ww

Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(pin avg). The data Rx mask is applied per bit
and should include voltage and temperature drift terms. The design specification is BER <1e-16 and how this varies for lower BER is tbd. The BER
will be characterized and extrapolated if necessary using a dual dirac method from a higher BER(tbd).

. Rx mask voltage AC swing peak-peak requirement over TdIVW_total with at least half of TdIVW_total(max) above Vcent_DQ(pin avg) and at least

half of TdIVW_total(max) below Vcent_DQ(pin avg).

. Rx differential DQ to DQS jitter total timing window at the VdIVW voltage levels centered around Vcent_DQ(pin avg).

. Defined over the DQ internal Vref range 1.

. Deterministic component of the total Rx mask voltage or timing. Parameter will be characterized and guaranteed by design. Measurement method tbd
. Overshoot and Undershoot Specifications tbd.

.DQ input pulse signal swing into the receiver must meet or exceed VIHL AC at any point over the total Ul. No timing requirement above level. VIHL

AC is the peak to peak voltage centered around Vcent_DQ(pin avg)

. DQ minimum input pulse width defined at the Vcent_DQ(pin avg).
. DQ to DQS setup or hold offset defined within byte from DRAM ball to DRAM internal latch; 'DQS and 'DQH are the minimum DQ setup and hold per

DQ pin; each is equal to one-half of TdIVW_total(max).

10. DQ to DQ setup or hold delta offset within byte. Defined as the static difference in Tdgs_off(max) and Tdgs_off( min) or Tdgh(max) — Tdgh(min) for a

given component, from DRAM ball to DRAM internal latch.

11. Input slew rate over VdIVW Mask centered at Vcent_DQ(pin avg). Slowest DQ slew rate to fastest DQ slew rate per transition edge must be within

tbd V/ns of each other.

12. The total timing and voltage terms(tdIVW_total & VdIVWtotal) are valid for any BER lower {lower fail rate} than the spec.
13. VdIVW_total - VdIVW_dV and TdIVW_total - TdIVW_dj define the difference between random and deterministic fail mask. When VdIVW_total -

VdIVW_dV = 0 and TdIVW_total - TdIVW_dj = 0, random error is assumed to be zero.
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12.5 DDRA4 Function Matrix
DDR4 SDRAM has several features supported by ORG and also by Speed. The following Table is the summary of the features.

Table 104 — Function Matrix (By ORG. V:Supported, Blank:Not supported)

x
[oe]

Functions x4 x16 NOTE

Write Leveling

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

< I <[ << <

Multi Purpose Register

Data Mask

< <K<K <K<[<K[<

Data Bus Inversion

TDQS

<

ZQ calibration —

<

DQ Vref Training

Per DRAM Addressability

Mode Register Readout

CAL

WRITE CRC

CA Parity

Control Gear Down Mode

< <[ <K<K <

Programmable Preamble

< <K< LK< <K< <[ <K<K << <[ <K< <K< <

<< <[ <K<K [<K[<K[LK <

Maximum Power Down Mode

Boundary Scan Mode \%

<
<

Additive Latency

3DS \ \
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Table 105 — Function Matrix (By Speed. V:Supported, Blank:Not supported)

Functions

1600/1866/2133 Mbps

2400Mbps

2666/3200Mbps NOTE

Write Leveling

\

\

Vv

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

Multi Purpose Register

Data Mask

Data Bus Inversion

TDQS

ZQ calibration

DQ Vref Training

Per DRAM Addressability

Mode Register Readout

CAL

< <K<K [K[<K[|K[K[<K[LK[LK|<

| <1< << << K< KI<K<| <

WRITE CRC

CA Parity

Control Gear Down Mode

Programmable Preamble (2tCK)

Maximum Power Down Mode

Boundary Scan Mode

<

<

3DS

I < <K< K<< K<< K< |LK< K<< <K<K <K<K |IKLK <
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