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Features

o JEDEC Standard Compliant
o Fast clock rate: 1200/1333MHz
o Power supplies:

-Vpop & VDDQ =+1.2V +0.06V
- Vpp = +2.5V -0.125V / +0.25V
e Operating temperature: T¢ = -40~95°C (Industrial)

e Supports JEDEC clock jitter specification

e Bidirectional differential data strobe, DQS &DQS#
o Differential Clock, CK & CK#

e 16 internal banks: 4 groups of 4 banks each

e Separated 10 gating structures by Bank Group
o 8n-bit prefetch architecture

e Precharge & Active power down

o Auto Refresh and Self Refresh

o Low-power auto self refresh (LPASR)

o Self Refresh Abort

o Fine Granularity Refresh

e Dynamic ODT (RtT1_raRKk & RTT_Nom & RTT_WR)
o Write Leveling

e DQ Training via MPR

e Programmable preamble is supported both of 1ltck
and 2tcx mode

e Command/Address (CA) Parity
e Data bus write cyclic redundancy check (CRC)

Table 1. Ordering Information

e Internal Vrerpg Training
e Read Preamble Training
e Control Gear Down Mode
e Per DRAM Addressability (PDA)
e Output Driver Impedance Control
e Dynamic on-die termination (ODT)
e Input Data Mask (DM) and Data Bus Inversion (DBI)
e ZQ Calibration
e Command/Address latency (CAL)
e Maximum Power Saving Mode (MPSM)
e Asynchronous Reset
e DLL enable/disable
e Burst Length (BL8/BC4/BC4 or 8 on the fly)
e Burst type: Sequential / Interleave
e CAS Latency (CL)
o CAS Write Latency (CWL)
o Additive Latency (AL): 0, CL-1, CL-2
e Average refresh period
- 8192 cycles/64ms (7.8us at -40°C < Tc £ +85°C)

- 8192 cycles/32ms (3.9us at +85°C < T¢ £+95°C)
e Data Interface: Pseudo Open Drain (POD)

e ROHS compliant

e Hard post package repair (hPPR)

e Soft post package repair (SPPR)

e Package: Pb Free and Halogen Free
- 78-ball 7.5 x 10.6 x 1.2mm FBGA

Part Number Clock Frequency Data Rate Power Supply Package
EM60OEO8NWO9A-08IH 1200MHz 2400Mbps/pin | Vbp/Vopg 1.2V, Vep 2.5V FBGA
EM60OEO8NWO9A-07IH 1333MHz 2666Mbps/pin | Vbp/Vopg 1.2V, Vep 2.5V FBGA

W9: indicates 7.5 x 10.6 x 1.2mm FBGA Package
A: indicates Generation Code

I: indicates Industrial Grade

H: indicates Pb and Halogen Free

Table 2. Speed Grade Information

Speed Grade Clock Frequency CAS Latency trep (NS) tre (NS)
DDR4-2400 1200MHz 13.32 13.32
DDR4-2666 1333MHz 14.25 14.25
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Ball Assignment
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Figure 1. 78-Ball (FBGA Top View)
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Functional Block Diagram
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Simplified State Diagram

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.

from any state

Power applied

RESET
Procedure

ACT = Active

PRE = Precharge

PREA = Precharge All

MRS = Mode Register Set

REF = Refresh, Fine granularity Refresh
Read = RD, RDS4, RDS8

Read A = RDA, RDAS4, RDAS8

Write = WR, WRS4, WRS8 with/without CRC
Write A = WRA, WRAS4, WRAS8 with/without CRC
RESET = Start RESET procedure

PDE = Enter Power-down

PDX = Exit Power-down

SRE = Self-Refresh entry

SRX = Self-Refresh exit

MPR = Multi-Purpose Register

PDA = Per DRAM Addressability

MPSM = Maximum Power Saving Mode

--------- + Automatic Sequence
—— Command Sequence

IVrerpo,

MRS, MPR,
Write Leveling
Vrerpq training

Initialization

Active
Power
Down

Bank
Active

WRITE

Writing

SRX* = SRX with NOP

CKE_L

Q

Self
Refresh

Precharge
Power
Down

CKE_L

Reading

WRITE A

Precharging

Figure 3. State Diagram
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Ball Descriptions
Table 3. Ball Details

Symbol

Type

Description

CK, CK#

Input

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

CKE

Input

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

CS#

Input

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

oDT

Input

On Die Termination: ODT (registered high) enables Ryt nom termination resistance
internal to the DDR4 SDRAM. When enabled, ODT is applied to each DQ, LDQS,
LDQS#, UDQS, UDQS#, LDM, and UDM signal. The ODT pin will be ignored if MR1
is programmed to disable Rrr_nowm.

ACT#

Input

Activation Command Input: ACT# defines the Activation command being entered
along with CS#. The input into RAS#/A16, CAS#/A15 and WE#/A14 will be considered
as Row Address A16, A15 and Al4.

RAS#/A16
CAS#/A15
WE#/A14

Input

Command Inputs: RAS#/A16, CAS#/A15 and WE#/A14 (along with CS#) define the
command being entered. Those pins have multi function. For example, for activation
with ACT# low, those are Addressing like A16, A15 and Al14 but for non-activation
command with ACT# high, those are Command pins for Read, Write and other
command defined in command truth table.

DM#/
DBI#/
TDQS

Input /
Output

Input Data Mask and Data Bus Inversion: DM# is an input mask signal for write
data. Input data is masked when DM# is sampled low coincident with that input data
during a Write access. DM# is sampled on both edges of DQS. The function of TDQS
is enabled by Mode Register A1l setting in MR1.DM is muxed with DBI function by
Mode Register A10, Al11, A12 setting in MR5. DBI# is an input /output identifying
whether to store/output the true or inverted data. If DBI# is low the data will be
stored/ output after inversion inside the DDR4 SDRAM and not inverted if DBI# is
high.

BGO0-BG1

Input

Bank Group Inputs: BG0O-BG1 define to which bank group an Active, Read, Write
or Precharge command is being applied. BGO-BG1 also determines which mode
register is to be accessed during a MRS cycle.

BAO-BA1

Input

Bank Address: BAO-BAL 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.

AO-A16

Input

Address Inputs: Provide the row address for Activate Commands and the column
address for Read/Write commands to select one location out of the memory array in
the respective bank. (A10/AP, A12/BC#, RAS#/A16, CAS#/A15 and WE#/A14 have
additional functions, see other rows. The address inputs also provide the op-code
during Mode Register Set commands. A15 and A16 are used on some higher densities.

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.

Rev. 1.1
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A12/BC#

Input

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

Reset#

Input

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

DQO-DQ7

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 DQ0~DQ3 may
indicate the internal Vgee level during test via Mode Register Setting MR4 A4=high.
During this mode, Ryt should be set Hi-Z.

DQS, DQS#

Input /
Output

Data Strobe: output with read data, input with write data. Edge-aligned with read
data, centered in write data. DQS corresponds to the data on DQO0-DQ7. The data
strobe DQS are paired with differential signals DQS#, 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,
TDQS#

Input /
Output

Termination Data Strobe: TDQS/TDQS# 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/TDQS# that is applied to DQS/DQS#.
When disabled via mode register A11 = 0 in MR1, DM/DBI/TDQS will provide the
data mask function, and TDQS# is not used.

PAR

Input

Command and Address Parity Input: DDR4 Supports Even Parity check in DRAM
with MR setting. Once it's enabled via Register in MR5, then DRAM calculates Parity
with ACT#, RAS#/A16, CAS#/A15, WE#/A14, BG0-BG1, BAO-BA1, and A16-A0.
Command and address inputs shall have parity check performed when commands
are latched via the rising edge of CK and when CS# is low.

Alert#

Output

Alert: It has multi functions such as CRC error flag, Command and Address Parity
error flag as Output signal. If there is error in CRC, then Alert# goes low for the
period time interval and goes back high. If there is error in Command Address Parity
Check, then Alert# goes low for relatively long period until ongoing DRAM internal
recovery transaction to complete. Using this signal or not is dependent on system. In
case of not connected as Signal, Alert# Pin must be bounded to Vpp on board.

NC

No Connect: These pins should be left unconnected.

VDD

Supply

Power Supply: +1.2V +0.06V.

Vss

Supply

Ground

Vbpo

Supply

DQ Power Supply: +1.2V £0.06V.

Vssg

Supply

DQ Ground

Vep

Supply

DRAM Activating Power Supply: 2.5V ( 2.375V min , 2.75V max)

VREFCA

Supply

Reference voltage for CA

ZQ

Supply

Reference pin for ZQ calibration.

NOTE: Input only pins (BG0-BG1, BAO-BA1, A0-A16, ACT#, RAS#/A16, CAS#/A15, WE#/A14, CS#, CKE, ODT, and RESET#) do not supply termination.
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Basic Functionality

The DDR4 SDRAM is a high-speed dynamic random-access memory internally organized with sixteen-
banks (4 bank groups each with 4 banks). 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 1/0O 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 I/O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue
for a burst length of eight or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the
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 (BGO
select the bank group; BAO-BA1l select the bank; AO0-Al4 select the row). 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.

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]) : O = Disable

CS# to Command/Address Latency (MR4 A[8:6]) : 000 = Disable
CA Parity Latency Mode (MR5 A[2:0]) : 000 = Disable

Hard Post Package Repair mode (MR4 A[13]) : O = Disable

Soft Post Package Repair mode (MR4 A[5]) : 0 = Disable

Power-up Initialization Sequence

The following sequence is required for Power up and Initialization:

1. Apply power (Reset# is recommended to be maintained below 0.2 x Vpp; all other inputs may be undefined).
Reset# needs to be maintained below 0.2 x Vpp for minimum 200us with stable power need to be maintained
below 0.2 x Vpp for minimum 700us with stable power. CKE is pulled “Low” anytime before Reset# 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 = Vppg and (Vpp-Vppg) < 0.3 V. Vpp must ramp at the same time or
earlier than Vpp and Vpp must be equal to or higher than Vpp at all times.

During power-up, either of the following conditions may exist and must be met:

Condition A:

«Vpp and Vppq are driven from a single power converter output, AND

« The voltage levels on all pins other than Vpp, Vppa, Vss, Vsso must be less than or equal to Vppg and Vpp
on one side and must be larger than or equal to Vssg and Vss on the other side. In addition, V++ is limited
to 0.76 V max once power ramp is finished, AND

o Vrerca tracks Vpp/2.

Condition B:
« Apply Vpp without any slope reversal before or at the same time as Vppg
« Apply Vppg without any slope reversal before or at the same time as V1t & Vgerca.
«Apply Vpp without any slope reversal before or at the same time as Vpp.
« The voltage levels on all pins other than Vpp, Vopg, Vss, Vssgo must be less than or equal to Vppg and Vpp
on one side and must be larger than or equal to Vssq and Vss on the other side.
2. After Reset# 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.
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8.

9.

10

11.
12.
13.

14.
15.

. Clocks (CK, CK#) need to be started and stabilized for at least 10ns or 5tk (which is larger) before CKE

goes active. Since CKE is a synchronous signal, the corresponding setup time to clock (t;s) must be met.
Also a Deselect command must be registered (with t;s 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 tp. x and tzqin.

. The DDR4 SDRAM keeps its on-die termination in high-impedance state as long as Reset# is asserted.

Further, the SDRAM keeps its on-die termination in high impedance state after Reset# deassertion until
CKE is registered high. The ODT input signal may be in undefined state until t,s before CKE is registered
high. When CKE is registered high, the ODT input signal may be statically held at either low or high. If Rrt 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 tp, x and tzqinit.

. After CKE is being registered high, wait minimum of Reset CKE Exit time, typr, before issuing the first MRS

command to load mode register. (typr=Max(txs, 5SnCK)]

. Issue MRS Command to load MR3 with all application settings (To issue MRS command to MR3, provide

“low” to BGO, “high” to BA1, BAO)

. Issue MRS command to load MR6 with all application settings (To issue MRS command to MR6, provide

“low” to BAO, “high” to BGO, BA1)

Issue MRS command to load MR5 with all application settings (To issue MRS command to MR5, provide
“low” to BA1, “high” to BGO, BAO)

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

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

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

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

Issue ZQCL command to starting ZQ calibration.

Wait for both tp « and tzqini: completed.

The DDR4 SDRAM is now ready for Read/Write training (include Vggr training and Write leveling).
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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.
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Figure 4. RESET# and Initialization Sequence at Power-on Ramping
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Vpp Slew rate at Power-up Initialization Sequence
Table 4. Vpp Slew Rate

Symbol Min. Max. Units | Notes
Vpp_Sl 0.004 600 Vims | 1,2
Vpp_oOna - 200 ms 3
Notes:

1. Measurement made between 300mv and 80% Vpp minimum.
2. 20 MHz bandlimited measurement.
3. Maximum time to ramp Vpp from 300 mv to Vpp minimum.

Reset Initialization with Stable Power

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

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

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

3. The Reset sequence is now completed, DDR4 SDRAM is ready for Read/Write training (include Vger
training and Write leveling)
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NOTE 2. MRS Commands must be issued to all Mode Registers that have defined settings.
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Figure 5. Reset Procedure at Power Stable
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Operation Mode Truth Table

Notes 1, 2, 3 and 4 apply to the entire Command Truth Table.
Note 5 Applies to all Read/Write commands.
[BG=Bank Group Address, BA=Bank Address, RA=Row Address, CA=Column Address, BC#=Burst Chop, X=Don'’t Care, V=Valid].

Table 5. Command Truth Table

Function Symbol |CKEn1| CKEn | Cs# |ACT#| Facr | SR5F VXEZ” BGo-1 | BAo-1 E/‘ﬁz/ oH AAlg’ AO-A9
Mode Register Set MRS H H L H L L L BG BA OP Code
Refresh REF | H H Ll H || lmrVvI] v v]v]v]yv
Self Refresh Entry *° SRE | H L Ll H || lwr]VvI] v v]v]v]yv
Self Refresh Exit “° SRX L H H X X X X X X X X X X
Ll H|w | H][H]VI]V]V]Vv]Vv]V
Single Bank Precharge PRE H H L H L H L BG BA \% \Y L \%
Precharge all Banks PREA H H L H L H L \Y \Y \Y \% H \Y
RFU RFU | H H L | H | L | H ] H |[RU|RFU|RFU|RFU|RFU|RFU
Bank Activate ACT | H H L | L |[rRA|RA|RA|BG|BA|RA|RA|RA|RA
Write (Fixed BL8 or BC4) WR | H H L | H|H | L] L ]B|BalVv v L |ca
Write (BC4, on the Fly) WRS4 | H H L | H | H BG |BA| L | v | L |ca
Write (BLS, on the Fly) WRS8 | H H L | H | H BG |BA| H | Vv | L | ca
\(’I\:llr)'(tg dWE;tCSA:rt%Ef;Charge WRA | H H Ll H|H]|L|L|B|B|V|V]H]|CA
\(’;rc't:";";ht:eugy';re‘:harge WRAS4| H H L|H|H]|L]|L]|B|BA|lL|V|H]|CA
\(’é['t; ‘g’gThAeu;Ty)PreCharge WRAS8| H H L|H|H]|L]|L]|B|BA|H|V|H]|CA
Read (Fixed BL8 or BC4) RD H H H | H H | Bes|BA| V|V |L |caA
Read (BC4, on the Fly) RDS4 | H H H | H H |Be|BA| L |V |[L|ca
Read (BLS, on the Fly) RDS8 | H H H | H H |Be|BA| H |V |L |ca
?Feij: d"‘g{'&ﬁ)urtgz;’c*]arge RDA | H H L|H|H]|L|H|B]|B|VI|V]H]|CA
(F;egi ch)'rtlhthAe ”It:cl’y?re‘:harge RDAS4| H H L|H|H]|L]|H|B|[BA|L|V|H]|CA
(F;eﬂ Z:Thiu;?; recharge | coass| H L|H|H]|L]|H|B|[BA|H|V|H]|CA
No Operation NOP | H H Ll H || ][RV I]V]V]Vv]vVv ]V
Device Deselected DES H H H X X X X X X X X X X
Power Down Entry ° PDE | H L Hl x [ x [ x| x| x| x| x| x| x| x
Power Down Exit ¢ PDX L H H X X X X X X X X X X
ZQ calibration Long ZQCL H H L H H H L \ \ \ \ H \
ZQ calibration Short zocs | H H Ll H || R[]V ] Vv v]v]L]v

Note 1. All DDR4 SDRAM commands are defined by states of CS#, ACT#, RAS#/A16, CAS#/A15, WE#/A14 and CKE at the rising edge of the clock. The
MSB of BG, BA, RA and CA are device density and configuration dependent. When ACT# = H; pins RAS#/A16, CAS#/A15, and WE#/A14 are used
as command pins RAS#, CAS#, and WE# respectively. When ACT# = L; pins RAS#/A16, CAS#/A15, and WE#/A14 are used as address pins A16,
A15, and A14 respectively.

Note 2. Reset# 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. Vpp and Vrer(Vrerca) Mmust be maintained during Self Refresh operation.

Note 10. The No Operation (NOP) command may be used only when exiting maximum power saving mode or when entering gear-down mode.

Note 11. Refer to the CKE Truth Table for more detail with CKE transition.
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Table 6. CKE Truth Table

@ W <1) Command n ®@ . @
Current State CKEn-1 CKEn RAS#, CAS#, WE#, CS# Action n Notes
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 9,13,18
See Command Truth Table for additional command details 10
Notes:

1. CKEn is the logic state of CKE at clock edge n; CKEn-1 was the state of CKE at the previous clock edge.

13.

14.
15.
16.
17.

18.

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

. Command n is the command registered at clock edge n, and Action n is a result of command n, ODT is not included here.

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

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

. 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).

. Deselect and NOP are defined in the Command Truth Table.
. 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 txspy is satisfied.

. Self Refresh mode can only be entered from the All Banks Idle state.
10.
11.
12.

Must be a legal command as defined in the Command Truth Table.

Valid commands for Power Down Entry and Exit are Deselect only.

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.

Self Refresh cannot be entered during Read or Write operations. For a detailed list of restrictions see section “Self-Refresh Operation”
and see section “Power-Down Modes”.

The Power Down does not perform any refresh operations.

“X” means “don't care” (including floating around Vger) in Self Refresh and Power Down. It also applies to Address pins.

Vpp and Vrer (Vrerca) Must be maintained during Self Refresh operation.

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.

‘Idle state’ is defined as all banks are closed (tre, ta, €tc. satisfied), no data bursts are in progress, CKE is high, and all timings from
previous operations are satisfied (twro, tvop, trec, tzqinit, tzoopers tzacs, etc.) as well as all Self Refresh exit and Power Down Exit
parameters are satisfied (txs, txp, €tc).
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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 (MRn) 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. MRS Commands can be issued only when DRAM is
at idle state. The mode register set command cycle time, tyrp is required to complete the write operation to the
mode register and is the minimum time required between two MRS commands shown in the tyrp timing figure.

Tl

MRS DES DES DES

SBEOBEHEBC ,

VALID‘VALID‘VA:LIDHVA:LID‘(VA:LID‘VALID‘(\/_AMLID
“

W \ 2R AR AR AR

(0

VALID

ADDR ’(VAUD).(VAUD

0
0/

5 )

/ \
4 B A
\ / S

g
3

tvrD

2 0
Settings ; Olczi Settings ; . ) ; ; 2 : Updating S:ettlngs

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 twro 2 TIME BREAK - DON'T CARE
- Gear down mode

- C/A Parity Latency mode

- CS to Command/Address Latency mode

- Per DRAM Addressability mode

- Vrerpg training Value, Vrerpg Training mode and Vgerpg training Range.

Figure 6. tyrp 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.

The MRS commands that do not apply tyrp timing to next MRS command. These MRS command input
cases have unique MR setting procedure, so refer to individual function description.
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The most MRS command to Non-MRS command delay, tyop, 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, as shown
in the tyop timing figure.

Some of the mode register setting cases, function updating takes longer than tyop. The MRS commands that
do not apply tyop timing to next valid command excluding DES is listed in Note 2 of tyop timing figure. These
MRS command input cases have unique MR setting procedure, so refer to individual function description.

CMD .(VA§|_|D).< )“( ).( ).( ).( DEES )ﬁ( Dszs VAéLID V/iLID VAéLID
ADDR .(VA:_ID).(VAELID@(VALID).(VALID).(VA:.ID).(VAELID).(VAELID)&(V;LID).(V;LID).(V;LID).(V;LID)'
0 %
«« F W W W W W W W W VvV W
tmop

% o
Settings Old Settings . ) Updating Settings New Settings

1

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 tyop ¢ TIME BREAK - DON'T CARE
- DLL Enable, DLL Reset

- Vrerpg training Value, internal Vgee Monitor, Vrerpg Training mode and Vgerpg training Range

- Gear down mode

- Per DRAM addressability mode

- Maximum power saving mode

- CA Parity mode

Figure 7. tmop timing

CK#
CK
CMD
+ t
Q. DODTLoff + 1 y MOD 2 2
obT \ ‘_22 ’2_’ / ;
tADC min tADC_min
% )
RTT Rr7_nowm » > ;5 ;; 4 ( Rr_now
i i i ¢ ' ) i
: tADC_max tADCfmax

NOTE 1. This timing diagram shows C/A Parity Latency mode is “Disable” case.

NOTE 2. When an MRS command mentioned in this note affects Rt nom turn on timings, Rt nom  turn off timings and Ryt nowm value,
this means the MR register value changes. The ODT signal should set to be low for at least DODTLoff +1 clock before their affecting
MRS command is issued and remain low until tyop expires. The following MR registers affects Ryt nowm turn on timings, Ryt nowm turn off
timings and Rt nowm Value and it requires ODT to be low when an MRS command change the MR register value. If there are no change
the MR register value that correspond to commands mentioned in this note, then ODT signal is not require to be low.

- DLL control for precharge power down

- Additive latency and CAS read latency

- DLL enable and disable

- CAS write latency

- CA Parity mode

- Gear down mode

- RTTﬁNOM

Figure 8. ODT Status at MRS affecting ODT turn-on/off timing

The mode register contents can be changed using the same command and timing requirements during normal
operation as long as the device is in idle state, i.e., all banks are in the precharged state with tgp satisfied, all
data bursts are completed and CKE is high prior to writing into the mode register. If Rt 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 Ryt now is in an off state prior to MRS command affecting Ryt nom turn-on and off timing. The
ODT signal may be registered high after ty,op has expired. ODT signal is a don’t care during MRS command if
DRAM Ryt nowm function is disabled in the mode register prior and after an MRS command.
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Mode Register MRO
Table 7. MRO Definition

BGO | BA1 | BAO 'TAAfg (/:AAES# VXE4#/ Al3 | A12 | A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
0 0 0 0 0 0 | o | 0" WR & RTP*2* EF’{';'{ ™ CL BT | CL BL
|
v v lv l v
A8 DLL Reset A7 Test Mode A3 Read Burst Type Al | AO BL
No 0 Normal 0 Sequential 0 0 8 (Fixed)
1 Yes 1 Interleave 0 1 BC4 or 8 (on the fly)
1 0 BC4 (Fixed)
1 1 Reserved
| '
All | A10 | A9 WR RTP A6 | A5 | Ad | A2 CAS Latency

0 0 0 10 5 0 0 0 0 9

0 0 1 12 6 0 0 0 1 10

0 1 0 14 7 0 0 1 0 11

0 1 1 16 8 0 0 1 1 12

1 0 0 18 9 0 1 0 0 13

1 0 1 20 10 0 1 0 1 14

Write Recovery and Read to Precharge for auto precharge 0 1 1 0 15

0 1 1 1 16

1 1 0 1 17

Note 1. Reserved for future use and must be programmed to O during MR.

Note 2. WR (write recovery for autoprecharge)min in clock cycles is calculated following rounding algorithm. The WR value in the mode
register must be programmed to be equal or larger than WRmin. The programmed WR value is used with tgp to determine tpa,.

Note 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.

CAS Latency

The CAS latency (CL) setting is defined in the MRO Register Definition table. CAS latency is the delay, in
clock cycles, between the internal read command and the availability of the first bit of output data. The device
does not support half-clock latencies. The overall read latency (RL) is defined as additive latency (AL) + CAS
latency (CL): RL=AL + CL.

Test Mode

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

DLL Reset

The DLL reset bit is self-clearing, meaning that it returns to the value of O after the DLL reset function has
been issued. After the DLL is enabled, a subsequent DLL reset should be applied. Any time the DLL reset function
is used, tp .k must be met before functions requiring the DLL can be used. (For example, Read commands or
ODT synchronous operations).
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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 the following table. The burst length is defined
by bits A0-Al 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#.

Table 8. Burst Type and Burst Order

. Starting Column Address Burst type = Sequential burst type = Interleaved

Burst Length | Read/Write v A 20 (decimal) A3=0 (decimal) A3=1 Note
0 0 0 0,123 TT,T,T 0,1,23TTTT
0 0 1 1,2,3,0,T,T,T,T 1,0,3,2,T,T,T,T
0 1 0 2,301, TT,T,T 2,3,0,1,TT,T,T

Read 0 1 1 3,0,1L,2TTT,T 3,2,1,0,T,T,T,T 123
4 Chop 1 0 0 4,5,6,7, T, T, T, T 4,56, 7,T,T,T,T
1 0 1 56,7,4TTT,T 54,76, T, T,T,T
1 1 0 6,7,4,5TTT,T 6,7,4,5TTT,T
1 1 1 7,4,56,T,T,T,T 7,6,54TTT,T

Write 0 vV vV 0,1,2,3 X X, X, X 0,1,2,3 X X, X, X 1,2 4,

1 \Y \Y 4,5,6,7, X, X, X, X 4,5,6,7, X, X, X, X 5
0 0 0 0,1,23,4,5,6,7 0,1,2,3,4,5,6,7
0 0 1 1,2,3,0,56,7, 4 1,0,3,2,54,7,6
0 1 0 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
Read 0 1 1 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4 5

8 1 0 0 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
1 0 1 56,7,4,1,2,3,0 54,7,6,1,0,3,2
1 1 0 6,7,4,52,3,0,1 6,7,4,52,3,0,1
1 1 1 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0

Write \% \ \ 0,1,23,456,7 0,1,2,3,4,56,7 2,4

Notes:

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 twg and twrr Will be pulled in by two clocks. In case of burst length being selected on-the-fly via
A12/BCH#, 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 twg and twr will not be pulled in by two clocks.

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

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

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

5. X: Don’t Care.

Write Recovery (WR)/Read-to-Precharge (RTP)

The programmed write recovery (WR) value is used for the auto precharge feature along with tzp to determine
toaL. WR for auto precharge (MIN) in clock cycles is calculated by dividing twg (in ns) by tck (in ns) and rounding
to the next integer:

The WR value must be programmed to be equal to or larger than tyg (MIN). When both DM and write CRC
are enabled in the mode register, the device calculates CRC before sending the write data into the array; twr
values will change when enabled. If there is a CRC error, the device blocks the Write operation and discards
the data.

Internal Read-to-Precharge (RTP) command delay for auto precharge (MIN) in clock cycles is calculated by
dividing tgrp (in NS) by tek (in ns) and rounding to the next integer:

The RTP value in the mode register must be programmed to be equal to or larger than RTP (MIN). The
programmed RTP value is used with tgp to determine the ACT timing to the same bank.
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Mode Register MR1
Table 9. MR1 Definition

BGO | BA1 | BAO ?’:18: %:18: VXEZ/ Al3 | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
0 0 1 0 0 0 0 |Qoff?| 0" R7_nom wL | 0* | o* AL™ oDl DLL
| 1 I | I |
v v ! v ————— y
Al2 Qoff A7 |Write Leveling Enable A0 DLL Enable A2 | Al |Output Driver Impedance Control
0 | Output buffer enabled 0 Disable 0 Disable” 0 0 RzQI7
1 | Output buffer disabled 1 Enable 1 Enable 0 1 RZQ/5
1 0 Reserved
1 1 Reserved
l v
Al10 | A9 A8 Rr7_nom All TDQS A4 | A3 Additive Latency
0 0 0 Rt nom Disable 0 Disable 0 0 O(AL disabled)
0 0 1 RZQ/4 1 Enable 0 1 CL-1
0 1 0 RZQ/2 1] 0 CL-2
0 1 1 RZQ/6 1 1 Reserved
1 0 0 RzQ/1
1 0 1 RZQ/5
1 1 0 RZQ/3
1 1 1 RZQ/7

Note 1. Reserved for future use and must be programmed to O during MRS.
Note 2. Outputs disabled - DQs, DQSs, DQS#s.
Note 3. States reversed to “0 as Disable” with respect to DDR4.

DLL Enable/DLL Disable

The DLL must be enabled for normal operation and is required during power-up initialization and upon
returning to normal operation after having the DLL disabled. During normal operation (DLL enabled with
MRZ1[0]) the DLL is automatically disabled when entering the Self Refresh operation and is automatically re-
enabled upon exit of the Self Refresh operation. Any time the DLL is enabled and subsequently reset, tp .k
clock cycles must occur before a Read or Synchronous ODT command can be issued to allow time for the
internal clock to be synchronized with the external clock. Failing to wait for synchronization to occur may result
in a violation of the tpgsck, taon, OF taor parameters.

During tp 1k, CKE must continuously be registered High. The device does not require DLL for any Write
operation, except when Rt wr iS enabled and the DLL is required for proper ODT operation.

The direct ODT feature is not supported during DLL off mode. The ODT resistors must be disabled by
continuously registering the ODT pin Low and/or by programming the Ryt nom bits MR1[10:8] = 000 via an
MRS command during DLL off mode.

The dynamic ODT feature is not supported in DLL off mode; to disable dynamic ODT externally, use the
MRS command to set R wg, MR2[11:9] = 00.

Output Driver Impedance Control
The output driver impedance of the device is selected by MR1[2:1].
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OoDT RTT_NOM Values

The device is capable of providing three different termination values: Rt park: Rrt_noms @nd Rrr wgr. The
nominal termination value, Ryt nowm, iS programmed in MR1. A separate value, Ryt wr, may be programmed in
MR2 to enable a unique Ry value when ODT is enabled during Write operations. The Ryt wr value can be
applied during Write commands even when Rt now is disabled. A third Ryt value, Ryt park, iS programmed in
MRS. Rt _park provides a termination value when the ODT signal is Low.

Additive Latency

The Additive Latency (AL) operation is supported to make command and data bus efficient for sustainable
bandwidths in the device. In this operation, the device allows a Read or Write command (either with or without
auto precharge) to be issued immediately after the Activate command. The command is held for the time of AL
before it is issued inside the device. Read latency (RL) is controlled by the sum of the AL and CAS latency (CL)
register settings. Write latency (WL) is controlled by the sum of the AL and CAS Write latency (CWL) register
settings. Additive Latency is not supported for x16 device.

Write Leveling

For better signal integrity, the device uses fly-by topology for the commands, addresses, control signals,
and clocks. Fly-by topology benefits from a reduced number of stubs and their lengths, but it 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 specifications. Therefore, the device supports a write leveling feature that
allows the controller to compensate for skew.

Output Disable

The device outputs may be enabled/disabled by MR1[12] as shown in the MR1 Register Definition table.
When MR1[12] is enabled (MR1[12] = 1) all output pins (such as DQ and DQS) are disconnected from the
device, which removes any loading of the output drivers. For example, this feature may be useful when
measuring module power. For normal operation, set MR1[12] to O.

Termination Data Strobe

Termination data strobe (TDQS) is a feature of the x8 device and provides additional termination resistance
outputs that may be useful in some system configurations. The TDQS, DBI, and Data Mask (DM) functions
share the same pin. When the TDQS function is enabled via the mode register, the DM and DBI functions are
not supported. When the TDQS function is disabled, the DM and DBI functions can be enabled separately.
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Mode Register MR2
Table 10. MR2 Definition

BGO | BA1 | BAO I?AAJ?G# c/::f: VXI]E.ZEI Al13 | A12 | A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
ol 1| 0| o]| o]l o]0 |Wie Rrr wr 0" | LPASR cwL ot | o* | o®
CRC -
+ ]
Al2 Write CRC All | A10 | A9 Rt wr
0 Disable 0 0 0 Rrrwr) disabled (Write does not affect Ry value)
1 Enable 0 0 1 RZQ/2
0 1 0 RzZQ/1
0 1 1 Hi-Z
1 0 0 RZQ/3
v
Operating Data Rate in MT/s Operating Data Rate in MT/s
A5 | aa | A3 | cowL for 1 tck Write Preamble for 2 tex Write Preamble™
1% Set 2" Set 1% Set 2" Set
0 0 0 9 1600
0 0 1 10 1866
0 1 0 11 2133 1600
0 1 1 12 2400 1866
1 0 0 14 - 2133 2400
1 0 1 16 - 2400 2666 2400
1 1 0 18 - 2666 - 2666
\4
A7 A6 Low Power Auto Self Refresh (LPASR)
0 0 Manual Mode - Normal Operating Temperature Range (Tc: -40°C ~ 85°C)
0 1 Manual Mode - Reduced Operating Temperature Range (T¢: -40°C ~ 45°C)
1 0 Manual Mode - Extended Operating Temperature Range (Tc: -40°C ~ 95°C)
1 1 ASR Mode (Auto Self Refresh)

Note 1. Reserved for future use and must be programmed to O during MRS.
Note 2. The 2 tcx Write Preambile is valid for DDR4-2400/2666 Speed Grade. For the 2™ Set of tcx Write Preamble, no additional CWL is
needed.

CAS Write Latency

CAS WRITE latency (CWL) is defined by MR2[5:3] as shown in the MR2 Register Definition table. CWL is
the delay, in clock cycles, between the internal Write command and the availability of the first bit of input data.
The device does not support any half-clock latencies. The overall Write latency (WL) is defined as additive
latency (AL) + parity latency (PL) + CAS write latency (CWL): WL = AL +PL + CWL.

Low-Power Auto Self Refresh

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

Dynamic ODT

In certain applications and to further enhance signal integrity on the data bus, it is desirable to change the
termination strength of the device without issuing an MRS command. This may be done by configuring the
dynamic ODT (Rt wr) Settings in MR2[11:9]. In write leveling mode, only Ryt now is available.

Write Cyclic Redundancy Check Data Bus

The write cyclic redundancy check (CRC) data bus feature during writes has been added to the device.
When enabled via the mode register, the data transfer size goes from the normal 8-bit (BL8) frame to a larger
10-bit Ul frame, and the extra two Uls are used for the CRC information.
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Mode Register MR3
Table 11. MR3 Definition

BGO | BA1 | BAO TAAfg ?:18: VXEZ/ Al3 | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
o | 2| 2| oo | o |o|MeRem | wiecup | Freonmuens | rs | poa | Se | wen | NER ol
i ; | T 1
Al12 | All MPR Read Format A10 | A9 | CRC+DM Write Command Latency™ Al | A0 | MPR Page Selection
0 0 Serial 0 0 4 tck (DDR4-1600) 0 0 Page0
0 1 Parallel 0 1 5 tex (DDR4-1866/2133/2400/2666) 0 1 Pagel
1 0 Staggered \ 2 1 0 Page2
1 1 Reserved A3 Geardown Mode 1 1 Page3
v 0 1/2 Rate
A8 | A7 | A6 |Fine Granularity Refresh 1 1/4 Rate v
0 0 0 Normal (Fixed 1x) vy || A2 MPR Operation
0 0 1 Fixed 2x A4 | Per DRAM Addressability 0 Normal
0 1 0 Fixed 4x 0 Disable 1 Dataflow from/to MPR
0 1 1 Reserved 1 Enable
1 0 0 Reserved \ 2
1 0 1 Enable on the fly 2x A5 Temperature sensor
1 1 0 Enable on the fly 4x 0 Disable
1 1 1 Reserved 1 Enable

Note 1. Reserved for future use and must be programmed to O during MRS.

Note 2. Write Command latency when CRC and DM are both enabled:

» At less than or equal to 1600 then 4tck; neither 5tck nor 6tck

» At greater than 1600 and less than or equal to 2666 then 5tc; neither 4tck nor 6tck
Note 3. Refer to MPR Data Format table.
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Write Command Latency When CRC/DM is Enabled

The Write command latency (WCL) must be set when both Write CRC and DM are enabled for Write CRC
persistent mode. This provides the extra time required when completing a Write burst when Write CRC and
DM are enabled.

Fine Granularity Refresh Mode

This mode had been added to DDR4 to help combat the performance penalty due to refresh lockout at high
densities. Shortening tgrc and decreasing cycle time allows more accesses to the chip and allows for increased
scheduling flexibility.

Temperature Sensor Status

This mode directs the DRAM to update the temperature sensor status at MPR Page 2, MPRO [4,3]. The
temperature sensor setting should be updated within 32ms; when an MPR read of the temperature sensor
status bits occurs, the temperature sensor status should be no older than 32ms.

Per-DRAM Addressability

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

Gear-Down Mode

The device defaults in 1/2 rate (1N) clock mode and uses a low frequency MRS command followed by a
sync pulse to align the proper clock edge for operating the control lines CS#, CKE, and ODT when in 1/4 rate
(2N) mode. For operation in 1/2 rate mode, no MRS command or sync pulse is required.
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Mode Register MR4
Table 12. MR4 Definition

RAS#|CASH#| WE#/

IAL6 | 1A15 | Ala Al3 | A12 | A1l | A10 | A9 | A8 A7 | A6 | A5 | AA | A3 | A2 | A1l | AOD

BGO | BA1 | BAO

1 0 0 0 0 0 | hPPR | twpre | trere tfgmz aSbFf)ft Csfa‘t‘;fc“ﬁ/l’?(?eDR SPPR "\'}i';f' TCRM|TCRR |MPSM| 0
] — | [
¢ { v
A13 hPPR A8 A7 A6 CAL A2 Temperature Controlled Refresh Range
0 Disable 0 0 0 Disabled 0 Normal
1 Enable 0 0 1 3 1 Extended
v 0 1 0 4 ¥
A10 | Read Preamble Training Mode 0 1 1 5 A3 Temperature Controlled Refresh Mode
0 Disable 1 0 0 6 0 Disable
1 Enable 1 0 1 8 1 Enable
v 1 1 0 Reserved 7
All Read Preamble 1 1 1 Reserved Al Maximum Power Saving Mode
0 1 tex * 0 Disable
1 2 tex A4 Internal Vggr Monitor 1 Enable
v 0 Disable ﬁ ﬁ
Al12 Write Preamble 1 Enable A9 Self Refresh Abort A5 sPPR
0 1 tek 0 Disable 0 Disable
1 2 tex 1 Enable 1 Enable

Note 1. Reserved for future use and must be programmed to O during MRS.

Write Preamble

Programmable Write preamble, twpre, Can be set to 1ltck or 2tck via the MR4 register. The ltck setting is
similar to DDR3. However, when operating in 2tcx Write preamble mode, CWL must be programmed to a
value at least 1 clock greater than the lowest CWL setting supported in the applicable tcx range. Some even
settings will require addition of 2 clocks. If the alternate longer CWL was used, the additional clocks will not be
required.

Read Preamble

Programmable Read preamble trpre Can be set to 1tck or 2tck via the MR4 register. Both the 1tk and 2tck
DDR4 preamble settings are different from that defined for the DDR3 SDRAM. Both DDR4 Read preamble
settings may require the memory controller to train (or read level) its data strobe receivers using the Read
preamble training.

Read Preamble Training

Programmable Read preamble training can be set to 1ltckx or 2tck. This mode can be used by the memory
controller to train or Read level its data strobe receivers.

Temperature-Controlled Refresh

When temperature-controlled refresh mode is enabled, the device may adjust the internal refresh period to
be longer than trer of the normal temperature range by skipping external Refresh commands with the proper
gear ratio. For example, the DRAM temperature sensor detected less than 45°C. Normal temperature mode
covers the range of -40°C to 85°C, while the extended temperature range covers -40°C to 95°C.
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Command Address Latency

Command Address Latency (CAL) is a power savings feature and can be enabled or disabled via the MRS
setting. CAL is defined as the delay in clock cycles (tca) between a CS# registered LOW and its corresponding
registered command and address. The value of CAL (in clocks) must be programmed into the mode register
and is based on the roundup (in clocks) of [tck(ns)/tca (NS)].

Internal VREF Monitor

The device generates its own internal Vgerpo. This mode may be enabled during Vgrerpg training, and when
enabled, VREr time-short and VREF, time-long Need to be increased by 10ns if DQO, DQ1, DQ2, or DQ3 have OpF
loading. An additional 15ns per pF of loading is also needed.

Maximum Power Savings Mode

This mode provides the lowest power mode where data retention is not required. When the device is in the
maximum power saving mode, it does not need to guarantee data retention or respond to any external
command (except the maximum power saving mode exit command and during the assertion of Reset# signal
LOW).
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Mode Register MR5
Table 13. MR5 Definition

BGO | BA1 | BAO ?AAfg (/:AAES# VXE4#/ Al3 | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
1 0 1 0 0 o | o* |roBI|wbBl| DM |caPE Rt park opT8 Féfrrg?’ Sr?fr CIA Parity Latency
‘ ] ! i ] 1 | | |
+— T
A9 | CA parity Persistent Error A8 A7 A6 Rr7 park A2 Al A0 PL
0 Disable 0 0 0 Rt park Disabled 0 0 0 Disabled
1 Enable 0 0 1 RZQ/4 0 0 1 4 (DDR4-1600/1866/2133)
v 0 1 0 RZQ/2 0 1 0 5 (DDR4-2400/2666)
A10 Data Mask 0 1 1 RZQ/6 0 1 1 Reserved
0 Disable 1 0 0 RzQ/1 1 0 0 Reserved
1 Enable 1 0 1 RzQ/5 1 0 1 Reserved
* 1 1 0 RZQ/3 1 1 0 Reserved
A1l Write DBI 1 1 1 RZQ/7 1 1 1 Reserved
0 Disable v
1 Enable A5 ODT Input Buffer during Power Down™? A4 C/A Parity Error Status A3 CRC Error Clear
0 ODT input buffer is activated 0 Clear 0 Clear
Al12 | Read DBI 1 ODT input buffer is deactivated 1 Error 1 Error
0 Disable
1 Enable

Note 1. Reserved for future use and must be programmed to O during MRS.
Note 2. When Rrr nom Disable is set in MR1, A5 of MR5 will be ignored.

Data Bus Inversion

The Data Bus Inversion (DBI) function has been added to the device and is supported for x8 configurations.
The DBI function shares a common pin with the DM and TDQS (x8) functions. The DBI function applies to
both Read and Write operations; Write DBI cannot be enabled at the same time the DM function is enabled.
Refer to the TDQS Function Matrix table for valid configurations for all three functions (TDQS/DM/DBI). DBI is
not allowed during MPR Read operation; during an MPR read, the DRAM ignores the read DBI enable setting
in MR5 bit A12.

Data Mask

The Data Mask (DM) function, also described as a partial write, has been added to the device and is supported
for x8 configurations. The DM function shares a common pin with the DBI and TDQS functions. The DM
function applies only to Write operations and cannot be enabled at the same time the write DBI function is
enabled. Refer to the TDQS Function Matrix table for valid configurations for all three functions (TDQS/DM/DBI).

CA Parity Persistent Error Mode

Normal CA parity mode (CA parity persistent mode disabled) no longer performs CA parity checking while
the parity error status bit remains set at 1. However, with CA parity persistent mode enabled, CA parity checking
continues to be performed when the parity error status bit is set to a 1.

ODT Input Buffer for Power-Down

This feature determines whether the ODT input buffer is on or off during power-down. If the input buffer is
configured to be on (enabled during power-down), the ODT input signal must be at a valid logic level. If the
input buffer is configured to be off (disabled during power-down), the ODT input signal may be floating and the
device does not provide Ryt nowm termination. However, the device may provide Ryt parc termination
depending on the MR settings. This is primarily for additional power savings.
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CA Parity Error Status

The device will set the error status bit to 1 upon detecting a parity error. The parity error status bit remains
set at 1 until the device controller clears it explicitly using an MRS command.

CRC Error Clear

The device will set the error status bit to 1 upon detecting a CRC error. The CRC error status bit remains set
at 1 until the device controller clears it explicitly using an MRS command.

CA Parity Latency Mode

CA parity is enabled when a latency value, dependent on tck, is programmed; this accounts for parity
calculation delay internal to the device. The normal state of CA parity is to be disabled. If CA parity is enabled,
the device must ensure there are no parity errors before executing the command. CA parity signal (PAR)
covers ACT#, RAS#/A16, CAS#/A15, WE#/A14, and the address bus including bank address and bank group
bits. The control signals CKE, ODT, and CS# are not included in the parity calculation.
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Mode Register MR6
Table 14. MR6 Definition

BGO | BA1 | BAO TAAEG? (/:AAES# VXEZ/ Al3 | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0

1 1 0 0 0 o | ot teco L 0t | ot |¥ rerg \,’;;EHF;; Vreroo Training Value
] | [
v v

Al2 | A1l | Al0 teen, Lmin (tek) toLLk.min (tck) Note A6 Vrerpo Range
0 0 0 4 597 Data rate =1333Mbps 0 Range 1
0 0 1 5 597 1333Mbps < Data rate £1866Mbps 1 Range 2
0 1 0 6 768 1866Mbps < Data rate <2400Mbps
0 1 1 7 1024 2400Mbps < Data rate =2666Mbps A7 Vrgerp Training
1 0 0 Reserved Reserved Reserved 0 Disable
1 0 1 Reserved - Reserved 1 Enable
1 1 0 Reserved - Reserved
1 1 1 Reserved - Reserved
A5:A0 Rangel Range2 A5:A0 Rangel Range2 A5:A0 Rangel Range2 A5:A0 Rangel Range2
000000 60.00% 45.00% 001101 68.45% 53.45% 01 1010 76.90% 61.90% 100111 85.35% 70.35%
000001 60.65% 45.65% 001110 69.10% 54.10% 011011 77.55% 62.55% 10 1000 86.00% 71.00%
000010 61.30% 46.30% 001111 69.75% 54.75% 011100 78.20% 63.20% 10 1001 86.65% 71.65%
000011 61.95% 46.95% 010000 70.40% 55.40% 011101 78.85% 63.85% 10 1010 87.30% 72.30%
000100 62.60% 47.60% 010001 71.05% 56.05% 011110 79.50% 64.50% 10 1011 87.95% 72.95%
000101 63.25% 48.25% 010010 71.70% 56.70% 011111 80.15% 65.15% 10 1100 88.60% 73.60%
000110 63.90% 48.90% 010011 72.35% 57.35% 10 0000 80.80% 65.80% 10 1101 89.25% 74.25%
000111 64.55% 49.55% 010100 73.00% 58.00% 10 0001 81.45% 66.45% 10 1110 89.90% 74.90%
001000 65.20% 50.20% 010101 73.65% 58.65% 10 0010 82.10% 67.10% 10 1111 90.55% 75.55%
001001 65.85% 50.85% 010110 74.30% 59.30% 10 0011 82.75% 67.75% 11 0000 91.20% 76.20%
001010 66.50% 51.50% 010111 74.95% 59.95% 10 0100 83.40% 68.40% 11 0001 91.85% 76.85%
001011 67.15% 52.15% 011000 75.60% 60.60% 10 0101 84.05% 69.05% 11 0010 92.50% 77.50%
001100 67.80% 52.80% 011001 76.25% 61.25% 10 0110 84.70% 69.70% 11 0011 to 111111 : Reserved

Note 1. Reserved for future use and must be programmed to O during MRS.

tccp L Programming

The device controller must program the correct tCCD_L value. tCCD_L will be programmed according to the
value defined per operating frequency in the AC parameter table.

Vrerpg Training Enable

Vgrerpg Training is where the device internally generates its own Vgerpg t0 be used by the DQ input
receivers. The device controller is responsible for setting and calibrating the internal Vgerpg level using an
MRS protocol (adjust up, adjust down, etc.). The procedure is a series of Writes and Reads in conduction with
Vrerpg adjustments to optimize and verify the data eye. Enabling Vgerpg Training must be used whenever
values are being written to the MR6[6:0] register.

Vrerpg Training Range

The device defines two Vgerpg calibration ranges: Range 1 and Range 2. Range 1 supports Vgrerpg between
60% and 92% of Vppg While Range 2 supports Vrerpg between 45% and 77% of Vppg, Range 1 was targeted
for module-based designs and Range 2 was added to target point to-point designs.
Vrerpg Training Value

Fifty settings provide approximately 0.65% of granularity steps sizes for both Range 1 and Range 2 of Vgerpo.
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Mode Register MR7: 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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DLL-off Mode and DLL on/off Switching Procedure
DLL on/off switching procedure

The DLL-off mode is entered by setting MR1 bit A0 to “0”; this will disable the DLL for subsequent
operations until AO bit is set back to “1”.

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,
R+t nom, Must be in high impedance state before MRS to MR1 to disable the DLL.)

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

. Wait tmop-

. Enter Self Refresh Mode; wait until (tcksre) is satisfied.

. Change frequency, following the guidelines in the Input Clock Frequency Change section.

. Wait until a stable clock is available for at least (tcksrx) at device inputs.

. Starting with the Self Refresh Exit command, CKE must continuously be registered high until all tyop 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 tyop
timings from any MRS command are satisfied. If Rt yom features were disabled in the mode registers when
Self Refresh mode was entered, ODT signal is Don’t Care.

8. Wait txs rast OF txs_abort OF 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_gasy.

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

o txs avort: If the MR4 bit A9 is enabled then the device aborts any ongoing refresh and does not increment
the refresh counter. The controller can issue a valid command after a delay of txs apor. Upon exit from
Self-Refresh, the device 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.

e txs: ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS8, RD, RDS4, RDSS,
RDA, RDAS4, RDASS8

9. Wait for tyop, then device is ready for next command.
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tvob txs FAST

5
tcksrx txs_ABORT
2 cKsRX |

~E
~NE

tekesr
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NOTES:

1. Starting with Idle State, Ryt in Stable

2. Disable DLL by setting MR1 Bit A0 to 0

3. Enter SR

4. Change Frequency

5. Clock must be stable tcksrx

6. Exit SR

7.8.9. Update Mode registers allowed with DLL off parameters setting

Figure 9. DLL Switch Sequence from DLL ON to DLL OFF

Rev. 1.1 27 Nov. /2019



EtronTech EM60OEOSNWO9A

DLL “off” to DLL “on” Procedure

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

1.

b wiN

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

. Enter Self Refresh Mode, wait until tcksge Satisfied.

. Change frequency, following the guidelines in the Input Clock Frequency Change section.

. Wait until a stable clock is available for at least (tcksrx) at device inputs.

. Starting with the Self Refresh Exit command, CKE must continuously be registered high until tp_ « 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 ok timings from subsequent DLL Reset command is satisfied. If Rrr now Were disabled in the mode
registers when Self Refresh mode was entered, ODT signal is don’t care.

. Wait txs or txs_agort depending on Bit A9 in MR4, then set MR1 bit AO to “1” to enable the DLL.
. Wait tyrp, then set MRO bit A8 to “1” to start DLL Reset.
. Wait tyrp, then set Mode Registers with appropriate values (especially an update of CL, CWL and WR may

be necessary. After tyop satisfied from any proceeding MRS command, a ZQCL command may also be
issued during or after tp «.)

. Wait for tyop, then device is ready for next command. (Remember to wait tp,« after DLL Reset before

applying command requiring a locked DLL). In addition, wait also for tzoqper in case a ZQCL command was
issued.

VALI DHVALI D)“(VALI D).

o %

CMD '( DES ).(SREZW DES )“(VALIDHVALID g VA|§_|D*>.

tig —— »

>
S
S
s
<
>
[
w)
~
~

‘ 4 txs ABORT tee tvrD
CKSRX__ ||
¢ : 2

2 2 2 2 U
VALID VALID VALID
= >H( O -@

Enter Self Refresh Exit Self Refresh 2 TIME BREAK [JJlj DON'T CARE

NOTES:

1. Starting with Idle State

2. Enter SR

3. Change Frequency

4. Clock must be stable tcisrx

5. Exit SR

6.7. Set DLL-on by MR1 AO="1’

8. Start DLLReset

9. Update rest MR register values after tp. « (not shown in the diagram)

Figure 10. DLL Switch Sequence from DLL OFF to DLL ON
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DLL-off Mode

DLL-off mode is entered by setting MR1 bit A0 to “0”; this will disable the DLL for subsequent operations
until AO bit is set back to “1”. The MR1 AO bit for DLL control can be switched either during initialization or
during self refresh mode. Refer to the Input Clock Frequency Change section for more details.

The maximum clock frequency for DLL-off Mode is specified by the parameter tckp ore. There is no
minimum frequency limit besides the need to satisfy the refresh interval, trer.

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.

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

Comparing with DLL-on mode, where tpgsck Starts from the rising clock edge (AL+CL) cycles after the Read
command, the DLL-off mode tpgsck starts (AL+CL - 1) cycles after the read command. Another difference is
that tpgsck may not be small compared to tcx (it might even be larger than tck) and the difference between
togsckmin @Nd thgsckmax IS Significantly larger than in DLL-on mode. tposckpLL o Values are undefined.

The timing relations on DLL-off mode Read operation are shown in the following diagram, where CL = 10,
AL =0, and BL = 8.

CK#
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BA @ gf

% RL=AL+CL=10(CL=10,AL=0)

« cL=10
o
DQSdiff_DLL_on e /—\_/—\_/—\_/—\_/_
%
%
DQ_DLL_on % Qa0 )X {ear ) X{an2) X {oas ) X{oas ) X {oas ) X {ane ) X {oa7
! RL (DLL_offy=AL + (CL-1)=9 tD%SCK(DLL,oﬁme

1% ¢
DQSdiff_DLL_off ?5 /_\_NW

DQ_DLL_off { ) (@ EN @ END)

% tDQSCK(DLL_off)_max

DQSdiff_DLL_off ig /_U_\_/_\_/_\_/_\_/_
%4
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Figure 11. Read operation at DLL-off mode
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Input Clock Frequency Change

After the device is initialized, the DDR4 SDRAM requires the clock to be “stable” during almost all states of
normal operation. This means that after the clock frequency has been set and 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 only when in Self- Refresh mode. Outside Self-Refresh mode, it is illegal to change
the clock frequency.

After the device has been successfully placed into Self-Refresh mode and tcxsre has been satisfied, the state
of the clock becomes a "Don’t Care". Following a "Don’t Care", changing the clock frequency is permissible,
provided the new clock frequency is stable prior to tcksrx. When entering and exiting Self-Refresh mode for
the sole purpose of changing the clock frequency, the Self-Refresh entry and exit specifications must still be
met as outlined in Self-Refresh Operation.

For the new clock frequency, additional MRS commands to MRO, MR2, MR3, MR4, MR5, and MR6 may
need to be issued to program appropriate CL, CWL, Gear-down mode, Read & Write Preamble, Command
Address Latency (CAL Mode), Command Address Parity (CA Parity Mode), and teep (/touik Value.

In particular, the Command Address Parity Latency (PL) must be disabled when the clock rate changes, ie.
while in Self Refresh Mode. For example, if changing the clock rate from DDR4-2133 to DDR4-2666 with CA
Parity Mode enabled, MR5[2:0] must first change from PL = 4 to PL = disable prior to PL = 5. The correct
procedure would be to (1) change PL = 4 to disable via MR5 [2:0], (2) enter Self Refresh Mode, (3) change
clock rate from DDR4-2133 to DDR4-2666, (4) exit Self Refresh Mode, (5) Enable CA Parity Mode setting PL
=5 via MR5 [2:0].

If the MR settings that require additional clocks are updated after the clock rate has been increased, i.e.
after exiting self refresh mode, the required MR settings must be updated prior to removing the DRAM from
the idle state, unless the DRAM is reset. If the DRAM leaves the idle state to enter self refresh mode or ZQ
Calibration, the updating of the required MR settings may be deferred to after the next time the DRAM enters
the idle state.

If MR6 is issued prior to Self Refresh Entry for new tp .k value, then DLL will relock automatically at Self
Refresh Exit. However, if MR6 is issued after Self Refresh Entry, then MRO must be issued to reset the DLL.

The device input clock frequency can change only within the minimum and maximum operating frequency
specified for the particular speed grade. Any frequency change below the minimum operating frequency would
require the use of DLL-on mode to DLL-off mode transition sequence. (See DLL on/off switching procedure)
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Write Leveling

For better signal integrity, the DDR4 memory module adopted fly-by topology for the commands, addresses,
control signals, and clocks. The fly-by topology has benefits from reducing number of stubs and their length,
but it also causes flight time skew between clock and strobe at every DRAM on the DIMM. This makes it
difficult for the Controller to maintain tpgss, toss, and tpsy Specification. Therefore, the device 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 tpgss, tbss and tpsy specifications.

The memory controller can use the write leveling feature and feedback from the device to adjust the DQS,
DQS# to CK, CK# relationship. The memory controller involved in the leveling must have adjustable delay
setting on DQS, DQS# to align the rising edge of DQS, DQS# with that of the clock at the DRAM pin. The
DRAM asynchronously feeds back CK, CK#, sampled with the rising edge of DQS, DQS#, through the DQ
bus. The controller repeatedly delays DQS, DQS# until a transition from 0 to 1 is detected. The DQS, DQS#
delay established through this exercise would ensure tposs specification.

Besides tpgss, tbss and tpsy specification also needs to be fulfilled. One way to achieve this is to combine
the actual tpgss in the application with an appropriate duty cycle and jitter on the DQS, DQS# signals.
Depending on the actual tposs in the application, the actual values for tpos. and tpgsy may have to be better
than the absolute limits provided in the chapter "AC Timing Parameters” in order to satisfy tpss and tpsy
specification. A conceptual timing of this scheme is shown below.

TO T1 T2 T3 T4 T5 T6 T7
CK# ==y, P P T Pt Pt P P
Source 4 ) ) 4 ) 4 ) 4 ) 4 ) 4 ) 4
CK L R/ Neeeed Neeeed Neeeed Neeeed e .
Diff_ DQS
T2 T3 T4 T5 T6
pestinaon - XX X\ A X e e e e )
CK - R R R R LN
Diff_ DQS
DQ Oorl \ 0 X 0 X 0 J
Push DQS to capture 0-1 X
Diff_DQS transition

DQ Oorl X 1 X 1 X 1 |

Figure 12. Write Leveling Concept

DQS, DQS# 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 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.
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DRAM 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’ (see the MR setting involved in the leveling procedure table). Note
that in write leveling mode, only DQS terminations are activated and deactivated via ODT pin, unlike normal
operation (see the DRAM termination function in the leveling mode table).

Table 15. MR setting involved in the leveling procedure

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) Al12 0 1

Table 16. DRAM termination function in the leveling mode

ODT pin @DRAM if Rrr_nom/park Value is set via MRS | DQS/DQS# termination DQs termination
RTT_NOM with ODT ngh on off
RTT_PARK with ODT Low on Off

Notes:

1. In Write Leveling Mode with its output buffer disabled (MR1[bit A7] = 1 with MR1[bit A12] = 1) all Rtr nom and Rrr_park Settings are
allowed; in Write Leveling Mode with its output buffer enabled (MR1[bit A7] = 1 with MR1[bit A12] = 0) all Rt nom and Rrr_park Settings
are allowed.

2. Dynamic ODT function is not available in Write Leveling Mode. DRAM MR2 bits A[11:9] must be ‘000’ prior to entering Write Leveling
Mode.
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Procedure Description

The Memory controller initiates Leveling mode of all DRAMs 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 the other MR1 bits. 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 tyop, at which
time the DRAM is ready to accept the ODT signal.

The Controller may drive DQS low and DQS# high after a delay of typgsen, at which time the DRAM has
applied on-die termination on these signals. After tpos. and twivro, the controller provides a single DQS, DQS#
edge which is used by the DRAM to sample CK - CK# driven from controller. tw,mrpmax) timing is controller
dependent.

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

CK#®
CK
CMD
7 o i
DoDTLon® i
0
; ? — ;
RTT Valid
(. L (e 0
& 2 &2 2 . 4
¢ twipQsen® toosL® [DQSH‘(‘) togsL® toosH®
Diff_DQS® 34!‘\7‘ % ) ) - 2.
...... L
&
1y
Late DQs® o
" twiok,
Early DQs® ‘%N;’/—
&

twioe

[] wvaLp 2Tive Break [Jll DON'T CARE

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-DQS#). Timing reference points are the zero crossings. DQS is shown with solid line, DQS# is shown with dotted line.
NOTE 5. CK/CK#: CK is shown with solid dark line, where as CK# is drawn with dotted line.
NOTE 6. DQS, DQS# needs to fulfill minimum pulse width requirements tDQSH(min) and toasLminy @s defined for regular Writes; the max pulse width is system dependent.
NOTE 7. tmopmin) = Max(24nCK, 15ns), WL =9 (CWL =9, AL =0, PL = 0), DODTLon =WL -2 =7.
NOTE 8. twiogsen Must be satisfied following equation when using ODT.

twiogsen > tmopin) + ODTLON + tapc: at DLL = Enable

twiogsen > tvopin + taonas: at DLL = Disable

Figure 13. Write Leveling Sequence (DQS capturing CK low at Ta and CK high at Th)

Rev. 1.1 33 Nov. /2019



EtronTech EM60OEOSNWO9A

Write Leveling Mode Exit

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

1. After the last rising strobe edge (see ~T0), stop driving the strobe signals (see ~Tc0). Note: From now on,
DQ pins are in undefined driving mode, and will remain undefined, until tyop after the respective MRS
command (Tel).

2. Drive ODT pin low (t,s must be satisfied) and continue registering low (see Th0).

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

4. After tyop is satisfied (Tel), any valid command may be registered. (MRS commands may be issued after
twro (Td1).

CK#
CK

CMD

OoDT

DQS#
DQS

ADDR MR1 MRx VALID

RTT_NOM | R 2 tapcmin 2 2
DQS# Rr1 nom Rt _park
DQS 0 l U I’

tADCmax )
RTT_NOM 14 14 14 14 14
Al DQs twio

result=1
pos - - — 2 2 \

Figure 14. Write Leveling Exit
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CAL Mode (CS# to Command Address Latency)

DDR4 supports Command Address Latency (CAL) function as a power savings feature. CAL is the delay in
clock cycles between CS# and CMD/ADDR defined by MR4[A8:A6].

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.

2 3 4 .5 6 7 8 9 . 10 11 12 13 14 15

CK#
CK

e N \_/

S

ADDR t,
CAL

Figure 15. Definition of CAL

CK#
CK

Cs#

CMD/
ADDR

Figure 16. CAL operational timing for consecutive command issues

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 tyop_caw, Where tyop caL= tmop + teac.

CK#
CK
CS#
tMOD_CAL 2
CMD Q0 %
wio os - X XK X X(oes X, Xoms X Xoes X Xoes )X, KX

NOTES:
1. MRS command at Tal enables CAL mode
2. iop_caL = tmop + teal

Figure 17. CAL enable timing - twop_caL
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CK#
CK
CS#
- teal tmMop_caL
CMD ¢ % —?
NOTES:
1. MRS at Tal may or may not modify CAL, tuop_caL is computed based on new tCAL setting.
2. tmop_caL = tmop+caL
Figure 18. tuop_caL, MRS to valid command timing with CAL enabled
ThO
CK# .
CK
CS#
tMRD_cAL
s XX OEXOEX DEX OO X=X
(w/o CS#) , : A% : , ; 0\
NOTES:
1. MRS command at Tal enables CAL mode
2. tMRD_CAL=tMOD+tCAL
Figure 19. CAL enabling MRS to next MRS command, tmrp caL
CK#
CK
CS#
- teal tMRD_CAL
CMD : CD C?Z 1 —(/
(W/o CS#) : gg:x : X:X M?S X:X DI:ES X:gg:x DI:ES X:x D:ES X:XE_:ESgg M:?S

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

Figure 20. turp_caL, mode register cycle time with CAL enabled

Rev. 1.1 36 Nov. /2019



EtronTech EM60OEOSNWO9A

TO T1 T3 T4 T7 T8 Ti1 Ta0 Ta7 Ta8 Ta9 Tal0 ThO Thl Th3
CK# - i i
cK -
2 tcksre 2 2 teksrx. 2 %
CKE
cs#
cMD
w/o CS#
; — i —_— g — : : — —
ADDR ; 7l A\ % % 7 7 7 71 AN
NOTES: % Tive BREAK [JlJDON'T CARE

CMD
w/o CS#

ADDR

Csi#t

CMD
w/o CS#

ADDR

CKE

Cs#

1. tCAL = 3nCK, tCPDED = 4nCK, tCKSRE = 8nCK, tCKSRX = 8nCK, tXS_FAST = tRFC4(min) + 10ns
2. CS#=H, ACT# = Don't Care, RAS#/A16 = Don't Care, CAS#/A15 = Don't Care, WE#/A14 = Don't Care
3. Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.

Figure 21. Self Refresh Entry/Exit Timing with CAL

tepoen
tear 2
tep txe . teaL
A \ 2

NOTE 1. tCAL = 3nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK  TIME BREAK - Don't Care

Figure 22. Active Power Down Entry and Exit Timing with CAL

T0 T1 T2 T3 T4 T5 T6 T7 T9 T10 Ti1 N T15 T16 T17 Ti8

teppen
tea {REFPDEN I
tro txp N teal
A \ 2

NOTE 1. tCAL = 3nCK, tREFPDEN = 1nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK 2 TIME BREAK - Don't Care

Figure 23. Refresh Command to Power Down Entry with CAL
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Fine Granularity Refresh Mode

DDR4 supports Command Address Latency (CAL) function as a power savings feature. CAL is the delay in
clock cycles between CS# and CMD/ADDR defined by MR4[A8:A6].

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.

Mode Register and Command Truth Table

The Refresh cycle time (tgrrc) and the average Refresh interval (trer) can be programmed by the MRS
command. The appropriate setting in the mode register will set a single set of Refresh cycle time and average
Refresh interval for the device (fixed mode), or allow the dynamic selection of one of two sets of Refresh cycle
time and average Refresh interval for the device (on-the-fly mode). The on-the-fly (OTF) mode must be
enabled by MRS before any on-the-fly Refresh command can be issued.

Table 17. 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’), the
device 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.

Table 18. Refresh command truth table

Function cs# | AcTy | RASH | CASH | WEH | 8G1 | BGO | BAO-1 | Al0/AP A’?Ezol]i] [“Q;Fé?
Refresh (Fixed rate) L L L H \% \% \% \% \% ovv
Refresh (on-the-fly 1x) L H L L H \% L \Y \% \% 1vv
Refresh (on-the-fly 2x) L H L L H \% H \Y \% \% 101
Refresh (on-the-fly 4x) L H L L H \% H \Y \% \% 110
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trerand trrc parameters

The default Refresh rate mode is fixed 1x mode where Refresh commands should be issued with the
normal rate, i.e., treril = treripase) (fOr Tease < 85°C), and the duration of each refresh command is the normal
refresh cycle time (tgecl). In 2x mode (either fixed 2x or on-the-fly 2x mode), Refresh commands should be
issued to the device at the double frequency (trep2 = treripasey/2) Of the normal Refresh rate. In 4x mode,
Refresh command rate should be quadrupled (treri4 = treripase)/4). Per each mode and command type, trec
parameter has different values as defined in the following table.

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 (treri2 = treripase)/2) May be referred to as a REF2x command. Finally, the refresh command that
should be issued at the quadruple rate (trer4 = treripase)/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.

Table 19. Refresh command truth table

Refresh Mode Parameter 4Gb Unit
tREFI(base) 7.8 us
-40°C < Tcase £ 85°C trEFI(base) uS
treril
1x mode 85°C < Tcase £ 95°C tREFI(base)/2 uS
trec1(min) 260 ns
-40°C < Tcase < 85°C tReFi(base)/2 S
treri2
2x mode 85°C < Tcase £ 95°C tREFI(base)/4 uS
trec2(mMin) 160 ns
-40°C < TCASE <85°C tREFI(base)/4 “S
treri4
4X mode 85°C < Tcase £ 95°C tREFI(base)/8 uS
trec4(min) 110 ns
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Changing Refresh Rate

If Refresh rate is changed by either MRS or on the fly, new tger and tgec parameters would be applied from
the moment of the rate change. When REF1x command is issued to the DRAM, then tgerl and trecl are
applied from the time that the command was issued. when REF2x command is issued, then tger2 and tgrc2
should be satisfied.

Figure 24. On-the-fly Refresh Command Timing

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

e 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 because the last change of the Refresh rate mode with an MRS command before the
Refresh rate can be changed by another MRS command.

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

e 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.

¢ 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.
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Usage with Temperature Controlled Refresh mode

If the Temperature Controlled Refresh mode is enabled, then only the normal mode (Fixed 1x mode; MR3
[8:6] = 000) is allowed. If any other Refresh mode than the normal mode is selected, then the temperature
controlled Refresh mode must be disabled.

Self Refresh entry and exit

The device 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 (trer).

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 (trer).

Rev. 1.1 41 Nov. /2019



EtronTech EM60OEOSNWO9A

Self Refresh Operation

The Self-Refresh command can be used to retain data in the device, even if the rest of the system is
powered down. When in the Self-Refresh mode, the device retains data without external clocking. The device
has a built-in timer to accommodate Self-Refresh operation. The Self-Refresh-Entry (SRE) Command is
defined by having CS#, RAS#/A16, CAS#/A15, and CKE held low with WE#/A14 and ACT# high at the rising
edge of the clock.

Before issuing the Self-Refresh-Entry command, the device must be idle with all bank precharge state with
trp satisfied. Idle state is defined as all banks are closed (tgrp, tpa, €tc. satisfied), no data bursts are in
progress, CKE is high, and all timings from previous operations are satisfied (turp, tmop, trrc, tzqinit, tzgoper:
tzacs, 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 Ryt park Set when it enters in Self-Refresh mode. Upon exiting
Self-Refresh, DRAM automatically enables ODT termination and set Ryt park asynchronously during tyspi.
when Rrr 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 device has entered Self-Refresh mode, all of the external control signals, except CKE and
RESET#, are “don’t care.” For proper Self-Refresh operation, all power supply and reference pins (Vpp, Vopa.
Vss, Vssao, Vee, and Vgrerca) must be at valid levels. DRAM internal Vgerpg generator circuitry may remain on or
turned off depending on the MRG6 bit 7 setting. If DRAM internal Vgerpg circuitry is turned off in self refresh,
when DRAM exits from self refresh state, it ensures that Vgerpg generator circuitry is powered up and stable
within tys period. First Write operation or first Write Leveling Activity may not occur earlier than tys after exit
from Self Refresh. The DRAM initiates a minimum of one Refresh command internally within tcke period once
it enters Self-Refresh mode.

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 tckesg. The user may change the external clock
frequency or halt the external clock tcksgre after Self- Refresh entry is registered, however, the clock must be
restarted and stable tcxsgrx 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:

Commands that do not require locked DLL:

e tys = ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRAS8

® tysrast = ZQCL, ZQCS, MRS commands. For MRS command, only DRAM CL and WR/RTP register and DLL
Reset in MRO, Rt nowm register in MR1, CWL and R+t wr register in MR2 and geardown mode in MR3, Write
and Read Preamble register in MR4, Ryt park register in MR5, tcep 1 /torik and Vrerpg Training Value in MR6
are allowed to be accessed provided DRAM is not in per DRAM addressability mode. Access to other DRAM
mode registers must satisfy tys timing. Note that synchronous ODT for write commands (WR, WRS4, WRS8,
WRA, WRAS4 and WRASS8) and dynamic ODT controlled by write command require locked DLL.

Commands that require locked DLL:
e tyspiL - RD, RDS4, RDS8, RDA, RDAS4, RDAS8

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 the ZQ Calibration
Commands section. To issue ZQ calibration commands, applicable timing requirements must be satisfied.

CKE must remain high for the entire Self-Refresh exit period tysp.. for proper operation except for Self-
Refresh re-entry. Upon exit from Self-Refresh, the device can be put back into Self-Refresh mode or Power
down mode after waiting at least tys period and issuing one refresh command (refresh period of tgrc). Deselect
commands must be registered on each positive clock edge during the Self-Refresh exit interval tys. Low level
of ODT pin must be registered on each positive clock edge during txsp,. 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 device requires a
minimum of one extra refresh command before it is put back into Self-Refresh Mode.
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Self Refresh Abort

The exit timing from self-refresh exit to first valid command not requiring a locked DLL is tys. The value of txg
is (trec+10ns). This delay is to allow for any refreshes started by the DRAM to complete. tgrc continues to
grow with higher density devices so tys 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 tys 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_apor.

Upon exit from Self-Refresh, the device 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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. t
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tiss, tcpoeD 2 2 ??
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Enter Self i i i ) Exit Self )
Refresh Refresh

NOTE 1. Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.
NOTE 2. Valid commands not requiring a locked DLL.
NOTE 3. Valid commands requiring a locked DLL.

h ) TIME BREAK DON'T CARE
NOTE 4. Only DES is allowed during tXS_ABORT. t -

Figure 25. Self-Refresh Entry/Exit Timing
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Low Power Auto Self Refresh (LPASR)

DDR4 devices support Low Power Auto Self-Refresh (LPASR) operation at multiple temperatures ranges
(See temperature table below)

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 device will manage Self Refresh entry through the supported
temperature range of the DRAM. In this mode, the device 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 LPASR Mode Register must be manually programmed to one of the three
self-refresh operating modes. In this mode, the user has the flexibility to select a fixed self-refresh operating
mode at the entry of the selfrefresh 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 20. Self Refresh Function table

MR2 MR2
[AT7] [A6]

Allowed Operating Temperature
LPASR Mode Self Refresh Operation Range for Self Refresh Mode
(all reference to DRAM Tcasg)

Fixed normal self-Refresh rate to maintain
data retention for the normal operating

0 0 Normal temperature. User is required to ensure (-40°C ~ 85°C)
85°C DRAM Tcasgmax IS NOt exceeded to
avoid any risk of data loss

Variable or fixed self-Refresh rate or any
other DRAM power consumption reduction
control for the reduced temperature range. o o
User is required to ensure 45°C DRAM (-40°C ~ 45°C)
Teasemax IS Not exceeded to avoid any risk
of data loss

Fixed high self-Refresh rate to optimize data
1 0 Extended Temperature range |retention to support the extended temperature (-40°C ~ 95°C)
range

ASR Mode Enabled. Self-Refresh power
1 1 Auto Self Refresh consumption and data retention are optimized All of the above
for any given operating temperature conditions

0 1 Reduced Temperature range
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Self Refresh Exit with No Operation command

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

e The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.
° tMPX_S and tMPX_LH are satisfied.
o NOP commands are only issued during tyex (1 window.

No other command is allowed during typx_ 1 Window after SRX command is issued.

CK#
CK

CKE

oDT

CS#

CMD

ADDR

% QR QR 4 14 14
VALID
tMPX_LH R
2 fupx.s 2 2 2 2 2
X X QR N {
= un _\ A N e
4 %4 4 4 1% 14
2 SRX'? M?op 2 NOP DES 2 DES VALID DES VALID®
R I IR
vALID YL vALID m m
n 2 2 . 2 « o
‘ ‘ XS i {
2 — 2 2 x ‘
txs +t
i i A i ? % XS XSO & 14
NOTE 1. CS# = L, ACT# = H, RAS#/AL6 = H, CAS#/ALS = H, WE#/A14 = H at Th2 ( No Operation command ) 2 e ereak [JooNT care

NOTE 2. SRX at Th2 is only allowed when DRAM shared Command/Address bus is under exiting Max Power Saving Mode.

NOTE 3. Valid commands not requiring a locked DLL

NOTE 4. Valid commands requiring a locked DLL

NOTE 5. txs rast and txs_agort are not allowed this case.

NOTE 6. Duration of CS# Low around CKE rising edge must satisfy typx_s and tyex 1 as defined by Max Power Saving Mode AC parameters.

Figure 26. Self Refresh Exit with No Operation command
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Power down Mode

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 below illustrate 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, CK#, CKE and RESET#. In
power-down mode, DRAM ODT input buffer deactivation is based on MR5 bit A5. If it is conured 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 Rt now termination.
Note that DRAM continues to provide Rt park termination if it is enabled in DRAM mode register MR5 A[8:6].
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 tcppep. CKE low will result in
deactivation of command and address receivers after tcppep has expired.

Table 21. Power-Down Entry Definitions

Status of DRAM DLL PD Exit Relevant Parameters
Active (A bank or more Open) On Fast txe to any valid command
Precharged (All banks precharged) On Fast txe 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# high, and a stable clock signal must be maintained at the inputs of the device, and ODT
should be in a valid state, but all other input signals are “Don’t Care.” (If RESET# goes low during Power-
Down, the device will be out of power-down mode and into reset state.) CKE low must be maintained until tcxe
has been satisfied. Power-down duration is limited by 9 times tggg.

The power-down state is synchronously exited when CKE is registered high (along with a Deselect
command). CKE high must be maintained until tcxe has been satisfied. The ODT input signal must be at valid
level when device exits from power-down mode independent of MR5 bit A5 if Ryt yowm iS enabled in DRAM
mode register. If Rt nowm IS disabled then ODT input signal may remain floating. A valid, executable command
can be applied with power-down exit latency, tyxp after CKE goes high. Power-down exit latency is defined in
the AC specifications table.
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oDT?

CMD .<VAL|D).< DIEES ME

ts 02— 2 2
4 o I 0/
CKE W ! ! 4—”t_' o ‘(VAUDM(VALID)'
IH 2 2 'S 2 »
X o o o
ADDR .@uo g g; 5; 5; VALID)'
;tCPDI?ZD . . Ixp -
Enter Exit

NOTE 1.

NOTE 2.

Power-Down Mode

Power-Down Mode

) TIME BREAK - DON'T CARE

VALID command at TO is ACT, DES or Precharge with still one bank remaining open
after completion of the precharge command.
ODT pin driven to a valid state. MR5 bit A5=0 (default setting) is shown.

Figure 27. Active Power-Down Entry and Exit Timing Diagram MR5 bit A5 =0

CKE

oDT?

ADDR .@uo

Enter
Power-Down Mode

Exit
Power-Down Mode

14 14 14 o
2 zz zz Yo |
o t

tcpoED ¥ —{ X e

) TIME BREAK - DON'T CARE

NOTE 1. VALID command at TO is ACT, DES or Precharge with still one bank remaining open after

completion of the precharge command.

NOTE 2. ODT pin driven to a valid state. MR5 bit A5=1 is shown.
Figure 28. Active Power-Down Entry and Exit Timing Diagram MR5 bit A5=1
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Figure 29. Power-Down Entry after Read and Read with Auto Precharge
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Figure 30. Power-Down Entry After Write with Auto Precharge
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Figure 31. Power-Down Entry After Write
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Figure 32. Precharge Power-Down Entry and Exit
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Figure 33. Refresh Command Power-Down Entry
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Figure 34. Activate Command Power-Down Entry
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Figure 36. MRS Command Power-Down Entry
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Power-Down Clarifications

When CKE is registered low for power-down entry, tep guiny Must be satisfied before CKE can be registered
high for power-down exit. The minimum value of parameter tpp g iS €qual to the minimum value of parameter
tcke (miny @S shown in the timing parameters table. A detailed example of Case 1 is shown below.

T0

T1 Ta0 Tho
""" N
------ S - -
I B,

VALID‘( DES

VA

0\ 0/
o ¢

. % X 2 texe %
% X 2 X
tcPpED tcPDED
Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode

) TIME BREAK [lll] DON'T CARE
Figure 37. Power-Down Entry/Exit Clarification
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Power Down Entry and Exit timing during Command/Address Parity Mode is Enable

Power Down entry and exit timing during Command/Address Parity mode is enable shown below.

CK#
CK

CMD

ADDR

CKE

OoDT?

txp pAR 4

o TiMe BREAK [Jl] DON'T CARE

NOTE 1 VALID command at TO is ACT, DES or Precharge with still one bank remaining open after completion of the precharge command.
NOTE 2 ODT pin driven to a valid state, MR5[A5 = 0] (default setting) is shown

NOTE 3 CA Parity = Enable

Figure 38. Power-Down Entry and Exit Timing with C/A Parity

Table 22. AC Timing Table

Symbol Parameter Min. Max. Unit
Exit Power Down with DLL on to any valid command; Exit
txp_par Precharge Power Down with DLL frozen to commands not max (4nCK,6ns) + PL -
requiring a locked DLL when CA Parity is enabled
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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# signal LOW) to minimize the power consumption.

Maximum Power-Saving 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# hold time to CKE upon the mode exit may cause DRAM
malfunction, thus it is required that the CA parity, CAL are disabled prior to the max power saving mode entry
MRS command.

When entering Maximum Power Saving mode, only DES commands are allowed until typgp is satisfied. After
tweep period from the mode entry command, DRAM is not responsive to any input signals except CS#, CKE
and RESET# signals, and all other input signals can be High-Z. CLK should be valid for tckvpe period and then
can be High-Z.

Ta0 Tal Ta2 ThO Tbl Th2 Th3 Tco Tcl Tc2 Tc3 Tca Tcs Tc6 Tc7 Tc8 Tc9 Tcl0

CK#

MRA[AL=1] 2
(MPSM Enable)

CMD DES MRS u DES

4
]
&
L —
«
CKE _} — }
@
- = -

RESET#

[l pon'T cARe

Figure 39. Maximum Power Saving mode Entry

The sequence and timing required for the maximum power-saving mode with the per-DRAM addressability
enabled is illustrated in the figure below.

CK#

MRA4[A1=1] 2 i i 14 i 14
(MPSM Enable) i i |

DQS, DQS#

bQ 14

RESET#

[l poN'T carRE

Figure 40. Maximum Power Saving mode Entry with PDA
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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# should be issued ‘High’ at CKE ‘L’ to 'H’ edge with appropriate setup tmpx_s and hold
tMPX_HH timings.

CKi# 2 2 7
CK % R ]

RESET#

2 2 2 [ pon'T care

Figure 41. CKE Transition Limitation to hold Maximum Power Saving Mode

Maximum Power-Saving Mode Exit

DRAM monitors 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 signal level at the CKE transition. Because CK
receivers are shut down during this mode, =L’ is captured by rising edge of the CKE signal. If
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.

DRAM monitors CS# 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# signal level at the CKE transition. Because CK
receivers are shut down during this mode, CS# =L’ is captured by rising edge of the CKE signal. If CS# 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 txvp, any valid commands except DES command is not allowed to DDR4 SDRAM and also txmp_pLL,
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.

CK#

- tupxin | ? 2
s N : | » /7 e

CKE 8 ‘ txwp

2 2 txwp pLL 2 2

RESET#

[l pon'T cARE

Figure 42. Maximum Power Saving Mode Exit Sequence
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Table 23. Timing parameter bin of Maximum Power Saving Mode

DDR4-2400 DDR4-2666
Symbol Parameter Unit
Min. Max. Min. Max.
tMPED  |Command path disable delay upon MPSM entry tMOD(min) + - TBD TBD
tCPDED(min)
tckmPe  [Valid clock requirement after MPSM entry tMOD(min)_+ - TBD TBD
tCPDED(min)
tckmPx  Valid clock requirement before MPSM exi tCKSRX(min) - TBD TBD
tXmP Exit MPSM to commands not requiring a locked DLL tXS(min) - TBD TBD
txmpDLL  |Exit MPSM to commands requiring a locked DLL tXMP(min),+ - TBD TBD
TXSDLL(min)
tMpx_s |CS# setup time to CKE t1S(min) + tiH(min) - TBD TBD
tMPx_HH |CS# High hold time to CKE rising edge tXP(min) - TBD TBD
tmpx_LHY |CS# Low hold time to CKE rising edge 12 txmP - 10ns TBD TBD ns

Note:
1. tmpPx_LH(max) is defined with respect to actual txmp in system as opposed to txmp(min).
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Control Gear-down Mode

The following description represents the sequence for the gear-down mode which is specified with MR3 A[3].
This mode is allowed just during initialization and self refresh exit. 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#, CKE and ODT in 1/4rate(2N) mode. For operation in 1/2 rate mode MRS
command for geardown or sync pulse are not 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 DRAM

- MRS is accessed with a low frequency N X tcx geardown MRS command. (Ntck static MRS command
qualified by 1N CS#)

- DRAM controller sends 1N sync pulse with a low frequency N x tcxk NOP command. tsyNc_GEAR is an even
number of clocks. The sync pulse on even clock boundary from MRS command.

- Initializatlion sequence, including the expiration of tp  « and tzqini, Starts in 2N mode after tcmp_cear from 1N
Sync Pulse.

General sequence for operation in gear-down after self refresh exit

- DRAM reset to 1N mode during self refresh

- MRS is accessed with a low frequency N X tcx gear-down MRS command. (Ntck static MRS command
qualified by 1N CS# which meets txs or txs_abort Only Refresh command is allowed to be issued to DRAM
before Ntk static MRS command.

- DRAM controller sends 1N sync pulse with a low frequency N x tcx NOP command. tsyNc_GEAR is an even
number of clocks Sync pulse is on even clock boundary from MRS command.

- Valid command not requiring locked DLL is available in 2N mode after tcmp_cear from 1N Sync Pulse.

- Valid command requiring locked DLL is available in 2N mode after tp .« from 1N Sync Pulse.

If operation is 1/2 rate(1N) mode after self refresh, no N x tcx 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.

The DRAM may be changed from 1/4 rate ( 2N ) to 1/2 rate ( 1N ) by entering Self Refresh Mode, which will
reset to 1N automatically. Changing from 1/4 ( 2N ) to 1/2 rate (1 N ) by any other means, including setting
MR3[A3] from 1 to 0, can result in loss of data and operation of the DRAM uncertain.

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 number of clocks

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

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

CAS Write Latency (MR2 A[5:3]) : Even number of clocks

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

CA Parity Latency Mode (MR5 A[2:0]) : Even number of clocks

CAL or CA parity mode must be disabled prior to Gear down MRS command. They can be enabled again after
tsyNc_GEAR and tcmp_GEAR periods are satisfied.

The diagram below illustrates the sequence for control operation in 2N mode during intialization.

TdkN TdkN + Neven

CK#
cK

|t

CLK

DRAM hm— X 2

Reset N N
R 1 td
o GEAR Svic_GEAR tho_cenr

14 2

K N Syhc Pulse “ 2NIMode

o toear sewp toear o ! . toear sewp toear nold }
2 2 J 5 2 [ Ll 2

2 Z . z s .

Configure DRAM
to 1/4 rate

NOTE 1. Only DES is allowed during tsync_cear-

Figure 43. Gear down (2N) mode entry sequence during initialization
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1
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SRX Configure DRAM
to 1/4 rate

NOTE 1.

NOTE 2.
NOTE 3.

CK#
CK
AL=0

(Geardown = Disable

CMD

CKE High Assert to Gear Down Enable Time (txs, txs abort) depend on MR setting. A correspondence of txs/txs asort and MR Setting is as follows.
- MR4[A9] = 0 : tys

- MRA[AZ] = 1 : txs_anort

Command not requiring locked DLL
Only DES is allowed during tsync_cear

Figure 44. Gear down (2N) mode entry sequence after self refresh exit (SRX)

bQ

AL=0

(Geardown = Disable)

CMD

DQ

CMD

ACT

bQ

AL + CL =RL =30 (AL = CL-2=14)

NOTE 1. BL = 8, trep = CL = 16

NOTE 2. Doyt 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 45. Comparison Timing Diagram Between Geardown Disable and Enable

2 TIME BREAK [CZ] TRANSITIONING DATA [l DON'T CARE
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Refresh Command

The Refresh command (REF) is used during normal operation of the device. This command is non
persistent, so it must be issued each time a refresh is required. The device requires Refresh cycles at an
average periodic interval of tger. When CS#, RAS#/A16 and CAS#/A15 are held Low and WE#/A14 and ACT#
are held High at the rising edge of the clock, the device enters a Refresh cycle. All banks of the SDRAM must
be precharged and idle for a minimum of the precharge time tgrpminy 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 trecmin. The trec timing parameter depends on memory density.

In general, a Refresh command needs to be issued to the device regularly every tger 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 the device is in 1X refresh mode; a maximum of 16 Refresh commands can be postponed when the
device is in 2X refresh mode; and a maximum of 32 Refresh commands can be postponed when the device is
in 4X refresh mode.

When 8 consecutive Refresh commands are postponed, the resulting maximum interval between the
surrounding Refresh commands is limited to 9 x tger. For both the 2X and 4X refresh modes, the maximum
interval between surrounding Refresh commands allowed is limited to 17 x trer2 and 33 x trepi4, respectively.

A limited number Refresh commands can be pulled-in as well. A maximum of 8 additional Refresh commands
can be issued in advance or “pulled-in” in 1X refresh mode, a maximum of 16 additional Refresh commands
can be issued when in advance in 2X refresh mode, and a maximum of 32 additional Refresh commands can
be issued in advance when in 4X refresh mode. Each of these Refresh commands reduces the number of
regular Refresh commands required later by one. Note that pulling in more than the maximum allowed
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 tggg,
17 x treei2, Or 33 X tger4. At any given time, a maximum of 16 additional REF commands can be issued within
2 X trer, 32 additional REF2 commands can be issued within 4 x tgeg2, and 64 additional REF4 commands
can be issued within 8 x trer4 (larger densities are limited by trecl, trec2, and trec4, respectively, which must
still be met).

CK#
CK

3 % : % : %
CMD REF DES D[E]S REF DZE{S VALID VALID VALID VALID \//}}_\D VALID VALID VALID

t, trFC (min)
RFC min 2 ;

14

tREFI (max. 9 x tREFI)

DRAM must be idle

TIME BREAK  [_] TRANSITIONING DATA  [Jll] DON'T CARE

DRAM must be idle
NOTES:

1. Only DES commands allowed after Refresh command registered until tRFC(min) expires.
2. Time interval between two Refresh commands may be extended to a maximum of 9 x tREFI.

Figure 46. Refresh Command Timing (Example of 1x Refresh mode)
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Data Mask (DM), Data Bus Inversion (DBI) and TDQS

DDR4 SDRAM supports Data Mask (DM) function and Data Bus Inversion (DBI) function in x8 configuration.
x8 DDR4 SDRAM supports TDQS function.

DM, DBI & TDQS functions are supported with dedicated one pin labeled as DM#/DBI#/TDQS. The pin is bi-
directional pin for DRAM. The DM#/DBI# pin is Active Low as DDR4 supports Vppg 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. When enabled, the same
termination resistance function is applied to the TDQS/TDQS# pins that is applied to DQS/DQS# pins.

Table 24. TDQS Function Matr

TDQS (MR1 bit A11) DM (MRS5 bit A10) Write DBI (MR5 bit A11) Read DBI (MRS5 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

DM function during Write operation: DRAM masks the write data received on the DQ inputs if DM# was
sampled Low on a given byte lane. If DM# 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# was
sampled Low on a given byte lane. If DBI# 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# 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# pin High.

Table 25. DQ Frame Format

. Data transfer
Write 0 1 2 3 4 5 6 7
DQ[7:0] Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DM# or DBI# DMO or DML1 or DM2 or DM3 or DM4 or DMS5 or DM6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
Read Data transfer
0 1 2 3 4 5 6 7
DQI[7:0] Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DBI# DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
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ZQ Calibration Commands

ZQ Calibration command is used to calibrate DRAM Ry & ODT values. The device 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 IO, 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 tzqin: 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 Roy and
Ryt impedance error within 128 nCK for all speed bins assuming the maximum sensitivities specified in the
Output Driver Voltage 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 (T giwate) @nd voltage
(Varitrate) drift rates that the device 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 Teens = max (dRy1dT, dRondTM) and Veens = max (dRtrdV, dRondVM) define temperature and voltage
sensitivities.

For example, if Tgens = 1.5%/°C, Vgens = 0.15%/MV, Tgiinrate = 1°C/sec and Vyinrate = 15mMV/sec, then the interval
between ZQCS commands is calculated as:

1.5

= 0133 ~ 12
A5 x1) + (015 x15) _ 0133 Bms

No other activities should be performed on the DRAM channel by the controller for the duration of tzqgini,
tzqoper, OF tzqcs. The quiet time on the DRAM channel allows accurate calibration of output driver and on-die
termination values. Once DRAM calibration is achieved, the device should disable ZQ current consumption
path to reduce power.

All banks must be precharged and tgp 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, the device 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 tys,
txs_avor! txs_rast depending on operation mode.

In systems that share the ZQ resistor between devices, the controller must not allow any overlap of tzqgoper.
tzqinit» OF tzocs between the devices.
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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 Ryt park-
NOTE 3. All devices connected to the DQ bus should be high impedance or Rrr park during the calibration procedure.

2 TiME BREAK [JllDON'T CARE

Figure 47. ZQ Calibration Timing
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DQ Vger Training

The DRAM internal DQ VRer specification parameters are operating voltage range, stepsize, VRer step time,
VREer full step time and Vrer valid level.

The voltage operating range specifies the minimum required Vrer setting range for DDR4 DRAM devices.
The minimum range is defined by VrRermax and VRermin as depicted in the following figure.

VDDQ

VREFmax

VREF
Range

VREFmin

— — — — Vswing Small System Variance

_— e — .. szing Large _ Total Range

Figure 48. Vrerpg Operating Range (Vrermin, VREFmax)

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

The VRer set tolerance is the variation in the VRrer voltage from the ideal setting. This accounts for
accumulated error over multiple steps. There are two ranges for VRer set tolerance uncertainty. The range of
VREF set tolerance uncertainty is a function of number of steps n.

The VRer 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 VRrer values for a specified range. An illustration depicting an
example of the stepsize and Vrer set tolerance is below.

VREF

Actual VRer
Output
[
° ' Straight Line
_ Py (endpoint Fit)
VrerSet T

Tolerance | @

VREF
Stepsize

Digital Code
Figure 49. Example of Vger set tolerance (max case only shown) and stepsize
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The VRrer increment/decrement step times are defined by VRer_time. The VReF_time is defined from t0 to t1,
where t1 is referenced to when the VRrer voltage is at the final DC level within the Vrer valid tolerance
(VREF_vaI_toI) .

The Vrer valid level is defined by VRer_val tolerance to qualify the step time t1. 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 iS the time including up to VREFmin t0 VREFmax Or VREFmax t0 VREFmin change in VREer voltage.

t0 - is referenced to MRS command clock
tl - is referenced to the VREF val_tol

CK#
CK
CMD X MRrs
VREF'Setting
Adjustment
DQ Old VREF ; . . New VREF
VREF ( Setting X Updating VREF Setting X Setting )
; VREF_time
)
t0 t1l

Figure 50. Vger time timing diagram

VRerDQ Calibration Mode is entered via MRS command setting MR6 A[7] to 1 (0 disables Vrerpq Calibration
Mode), and setting MR6 A[6] to either 0 or 1 to select the desired range, and MR6 A[5:0] with a “don’t care”
setting (there is no default initial setting; whether Vrerpq training value (MR6 A[5:0]) at training mode entry
with MR6 A[7] = 1 is captured by the DRAM or not is vendor specific). The next subsequent MR command is
used to set the desired VrRerpqg values at MR6 A[5:0]. Once Vrerpq Calibration Mode has been entered, VRerDQ
Calibration Mode legal commands may be issued once tvrerpQe has been satisfied. VrRerpq Calibration Mode
legal commands are ACT, WR, WRA, RD, RDA, PRE, DES, MRS to set VrRerpq values, and MRS to exit VREFDQ
Calibration Mode. Once VRrerpq Calibration Mode has been entered, “dummy” write commands may be issued
prior to adjusting VrRerpqQ value the first time VrRerpq calibration is performed after initialization. The “dummy”
write commands may have bubbles between write commands provided other DRAM timings are satisfied. A
possible example command sequence would be: WR1, DES, DES, DES, WR2, DES, DES, DES, WR3, DES,
DES, DES, WR4, DES, DES....... DES, DES, WR50, DES, DES, DES. Setting VrRerpq values requires MR6 [7]
set to 1, MR6 [6] unchanged from initial range selection, and MR6 A[5:0] set to desired Vrerpq value; if MR6
[7] is set to 0, MR6 [6:0] are not written. VRer_time must be satisfied after each MR6 command to set VREFDQ
value before the internal Vrerpq value is valid.

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

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

CK#
CK

CMD
VREFDQ Tra:lining On VREFDQ trai.ning mode VREFDQ Tra::ining Off

»

tVREFDQX

tVREFDQE

NOTE 1. The MR command used to enter VrRerpq Calibration Mode treats MR6 A [5:0] as don’t care while the next subsequent MR
command sets VRerpQ values in MR6 A[5:0] .
NOTE 2. Depending on the step size of the latest programmed VRrer value, VRer_time must be satisfied before disabling VrRerpq training mode.

Figure 51. Vrerpo training mode entry and exit timing diagram
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Table 26. AC parameters of VREFDQ training

Symbol Parameter Min. Max. Unit
tvrerpoE Enter Vrerno training mode to the first valid command delay 150 - ns
tvrerpox Exit Vrerpg training mode to the first valid command delay 150 - ns

Example scripts for VrRerpo Calibration Mode
When MR6 [7] = 0 then MR6 [6:0] = XXXXXXX

Entering VRrRerpq Calibration if entering range 1:

«MRG6 [7:6] = 10 & [5:0] = XXXXXX

«All subsequent VrRerpq Calibration MR setting commands are MR6 [7:6] = 10 & MR6 [5:0] = VVVVVV
-{VVVVVV are desired settings for VRerDQ}

«Issue ACT/WR/RD looking for pass/fail to determine Vcent(midpoint) as needed

« Just prior to exiting Vrerpq Calibration mode:

«Last two Vrerpq Calibration MR commands are

«MR6 [7:6] = 10, MR6 [5:0] = VVVVVV’ where VVVVVV’ = desired value for VRerDQ

«MR6 [7] = 0, MR6 [6:0] = XXXXXXX to exit VrRerpQ Calibration mode

Entering VrRerpq Calibration if entering range 2:

«MR6 [7:6] = 11 & [5:0] = XXXXXX

« All subsequent Vrerpq Calibration MR setting commands are MR6 [7:6]=11 & MR6 [5:0]=VVVVVV
- {VVVVVV are desired settings for VRerDQ}

«Issue ACT/WR/RD looking for pass/fail to determine Vcent(midpoint) as needed

« Just prior to exiting VRerpq Calibration mode:

«Last two Vrerpq Calibration MR commands are

«MR6 [7:6] = 11, MR6 [5:0] = VVVVVV’ where VVVVVV’ = desired value for VRerDQ

«MR6 [7] = 0, MR6 [6:0] = XXXXXXX to exit VrRerpQ Calibration mode

VREF
Voltage

VREF
(Vooq DC)

I VREF_val_tol

Stepsize

Time

Figure 52. VREF step single stepsize increment case

VREF
Voltage

Stepsize J VREF_val_tol
VREF

_______________ (Vopq DC)

Time

Figure 53. VREF step single stepsize decrement case
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VREF
Voltage

VREFmax
I VREF_val_tol

VREF
(Vopq DC)

VREFmin

Time

Figure 54. VREF full step from VREFmin to VREFmax case

VREF
Voltage
VREFmax

Full
Range
Step

JVREF_va\_m\

VREFmin 1

VREF
(Vopq DC)

Time

Figure 55. VREF full step from VREFmax to VREFmin case

Table 27. DQ Internal VRer Specifications

Symbol Parameter Min. Typ. Max. Unit | Note
VREF_max_R1 |Vrer max operating point rangel 92% - - Vpoo | 1,10
VREF_min_R1 |Vrer Min operating point rangel - - 60% Voo | 1,10
VREF_max_R2 |Vrer max operating point range2 77% - - Vopg | 1,10
VREF_min_R2  |Vger Min operating point range2 - - 45% Vpoo | 1,10

VREF step Vrer Stepsize 0.50% 0.65% 0.80% Voo 2
VREF_set_tol  |Vrer Set Tolerance 1.625% 0.00% 1.625% Voog | 3:4.6
- -0.15% 0.00% 0.15% Vooo | 3,5,7
VREF _time Vrer Step Time - - 150 ns 8,11

VREF_val_tol Vrer Valid tolerance -0.15% 0.00% 0.15% Vobo 9

Note 1. Vrer DC voltage referenced to Vopg oc. Voog oc is 1.2V.

Note 2.
Note 3.
Note 4.
Note 5.
Note 6.
Note 7.

Note 8.
Note 9.

Vrer stepsize increment/decrement range. Vger at DC level.

VRer new = Vrer oid + N X Vrer siep; N = NUmMber of step; if increment use “+”; If decrement use
The minimum value of Vger setting tolerance = Vrer new - 1.625% X Vppg. The maximum value of Vger Setting tolerance = Vrer new
+ 1.625% X Vppg for n>4.

The minimum value of Vger setting tolerance = Vrer new - 0.15% X Vppg. The maximum value of Vger setting tolerance = Vrer new
+ 0.15% X Vppq for n>4.

Measured by recording the min and max values of the Vrer output over the range, drawing a straight line between those points
and comparing all other Vgrer output settings to that line.

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

Time from MRS command to increment or decrement one step size up to full range of Vgee.

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

« 9

Note 10. DRAM rangel or 2 set by MRS bit MR6, A6.
If the Vrer monitor is enabled, Vrer ime Must be derated by: +10ns if DQ load is OpF and an additional +15ns/pF of DQ loading.
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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 Vrer Values on DRAM devices on a given rank.

1. Before entering ‘per DRAM addressability (PDA) mode, the write leveling is required.
e BL8 or BC4 may be used.

2. Before entering ‘per DRAM addressability (PDA) mode, the following Mode Register setting is possible.
° RTT_PARK MR5 A[86] = Enable
[ ] RTT_NOM MRl A[108] = Enable

3. Enable ‘per DRAM addressability (PDA)’ mode using MR3 A[4] = 1.

4. In the ‘per DRAM addressability’ mode, all MRS command is qualified with DQO. The device captures DQO
by using DQS signals. If the value on DQO is low, the DRAM executes the MRS command. If the value on
DQO is high, 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 + BL/2 - 0.5tck + tyrp poa + (PL) is
required to complete the write operation to the mode register and is the minimum time required between
two MRS commands.

8. Remove the device from ‘per DRAM addressability’ mode by setting MR3 A[4] = 0. (This command will
require DQO =0)

Note: Removing a device from per DRAM addressability mode will require programming the entire MR3 when
the MRS command is issued. This may impact some PDA 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, device captures DQO using DQS signals the same as in a normal write
operation; However, Dynamic ODT is not supported. Extra care required for the ODT setting. If Rt nomw MR1
A[10:8] = Enable, device data termination need to be controlled by ODT pin and apply the same timing
parameters (defined below). Vrerpo value must be set to either its midpoint or Veen pg (Midpoint) in order to
capture DQO low level for entering PDA mode.

Table 28. Applied ODT Timing Parameter to PDA Mode

Symbol Parameter
DODTLon Direct ODT turn on latency
DODTLoff Direct ODT turn off latency
tapc Rt change timing skew
taonas Asynchronous Rt nom turn-on delay
taoras Asynchronous Rt nom turn-off delay
CK# e WY
cK A

CMD MRS py MRS 2 2 MRS
tvop AL + CWL + PL . turo_PDA

DQS, DQS#

DQO ) \

— +—>
teoa_s teoa_H

DODTLoff =WL - 3
oDT Py I3 + +

DODTLON = WL - 3 ! !
RTT Rrr_oane XX Rrrnow X X Roew

MR3 A4 =1
(PDA Enable)

NOTE: Ryt park = Enable, Rrr nom = Enable, Write Preamble Set = 2 tck and DLL = ON, CA parity is used.

Figure 56. MRS w/ per DRAM addressability (PDA) issuing before MRS
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CKi#
CcK . - — :
CMD ( )
i i AL + CWL + PL tvop_poa @ vf‘ld
DQS, DQS# :
QS, DQ! 2 / 14
. 2.
DQo \
¢ ot [ “
DODTLoff = WL - 3
oDT 2 + +
DODTLOn =WL -3 i
RTT Rer oo XX Rrr_son XX Rrt_pan
MR3 A4 =0 ‘ ‘ ‘ ‘
(PDA Disable)
NOTE: Ryt park = Enable, Ryt nom = Enable, Write Preamble Set = 2 tck and DLL = ON, CA parity is used.
Figure 57. MRS w/ per DRAM addressability (PDA) Exit
CK# S\ s FN NN
o« A ALK
2 &% 14 ;
CMD MRS g} MRS Vi MRS
AL + CWL + PL tmop_pDA; N
DQS, DQS# Z ‘ ¢ -
' 2 twoo & 2
Qo ¢ \ {
teoa_s tp‘mj:
MR3A4=1

(PDA Enable)

NOTE: CA parity is used.

Figure 58. PDA using Burst Chop 4

Since PDA mode may be used to program optimal Vger 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.
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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 (MR5, A2:A0) when C/A Parity
is enabled (PL: Parity Latency) and is applied to commands that are latched via the rising edge of CK when
CS# is low. The command is held for the time of the Parity Latency before it is executed inside the device.
This means that issuing timing of internal command is determined with PL. 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#, RAS#/A16, CAS#/A15, WE#/A14 and the address bus including bank
address and bank group bits. The control signals CKE, ODT and CS# are not included. (e.g., for a 4 Gbit x8
monolithic device, parity is computed across BGO, BA1, BAO, A16/RAS#, A15/CAS#, A14/WE#, A13-A0 and
ACT#). (The DRAM treats any unused address pins internally as zeros; for example, if a common die has
stacked pins but the device is used in a monolithic application, then the address pins used for stacking and
not connected are treated internally as zeros.)

The convention 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# then it must perform the following
steps:

- Ignore the erroneous command. Commands in max NnCK window (trarR_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.

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

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

- Wait for all in-progress commands to complete. These commands were received trar_unkown before the
erroneous command. If a parity error occurs on a command issued between the txs_rast and txs window
after self-refresh exit then the DRAM may delay the de-assertion of ALERT# signal as a result of any
internal on going refresh.

- 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#.

- After the device has returned to a known pre-charged state it may de-assert ALERT#.

- After (tPAR_ALERT_ON + tPAR_ALERT_PW), the device 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 zero. (The DRAM will execute any erroneous commands until the bit is
cleared).

- It is possible that the device 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 any time after (tPAR_ALERT_ON + tPAR_ALERT_Pw) to determine which
DRAM had the error. The device maintains the Error Log for the first erroneous command until the Parity
Error Status bit is reset to zero.

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 device controller can only program the Parity
Error Status bit to zero. If the DRAM 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.

DDR4 SDRAM supports MR bit for Persistent Parity Error Mode. This mode is enabled by setting MR5 A[9]
=1 and when it is enabled, DRAM resumes checking CA Parity after the ALERT# 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# pulse will be asserted
and deasserted by the DRAM as defined with the min. and max. value for trar_aLERT_Pw. The controller must
issue Deselect commands once it detects the ALERT# 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# signal.
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Table 29. Mode Registers for C/A Parity

C/A Parity Latency

C/A Parity Error Status

MRS5[2:0]* Speed bins MRS[4] Errant C/A Frame
000 = Disabled -
lock 0 = Clear
0017 4 clocks 1600,1866,2133 ACT#, BG1, BGO, BAO, BAL,
010= 5 Clocks 2400,2666 PAR, A16/RAS#, A15/CASH#,
011= 6 Clocks RFU 1 = Error A14/WE#, A13:A0
100= 8 Clocks RFU

Note 1. 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=4 = PL=5 is not allowed.

Correct sequence is PL=4 = Disabled & PL=5.

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

CK#
CK

ey

CMD! . e \ —— 2 P \ .

2
tPAR_UNKNOWN tPAR_ALERT ON tPAR_ALERT PW trp
¢ 4 o ( o>
ALERT# % % % % I
X X 4 I %
Command execution unknown ¢ TIME BREAK -DON'T CARE
Command not executed
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 59. Normal CA Parity Error Checking Operation
CK#
CK s /
CMD/ ’(\ELIDZ VALID? = VALID? ERI;OR > VA
ADDR % %
2
tPAR_UNKNOWN tPAR_ALERT ON tPAR_ALERT RSP i tz2nCK trp
¢ % 20— (> b2 N
ALERT# 1% 22‘\41 Q_TARAERTPW _ NZ4
% & I T &
Command execution unknown ¢ TIME BREAK -DON'T CARE
Command not executed
Command executed
NOTE 1. DRAM is emptying queues, Precharge All and parity check re-enable finished by tear acert 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).
Figure 60. Persistent CA Parity Error Checking Operation
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CK#
CK
CMD/
ADDR ‘ ‘ ‘
by 2 2 L9 ; betPLL_ 5
oK : 2 2 2 AR o -
® ¢ P >
i 2 2 2 Eo 2
ALERTH# I3 I3 @ P b4
tpar_ALERT ON ¢ 4 1, 4 tPAR_ALERT_Pwl 4 4
i 14 14 T i i 14 w
Command execution unknown & TIME BREAK - DONT CARE
Command not executed
Command executed
NOTE 1. Deselect command 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 61. CA Parity Error Checking - PDE/PDX
CK#
CK
— : ; ; ; ; ; ; i : i i
CMD/ DES™® ERROR’) u DES* u - . DES® DES® = @ VALID'
ADDR % % % ’ % ’ ’ X
i i i txp + PL
b2 2 x ‘ ‘ ‘ — —
CKE 2 2 b4 t=2ncK 2 o tee ]
tIH
14 14 1% 4
ALERT# & 14 & 14
tpar_ALERT ON ¢ &€ 1, &€ tPAR_ALERT_Pwl &€ 4
i & &2 T i i &2 w

. TIME BREAK DON'T CARE
Command execution unknown “ -
Command not executed
Command executed

NOTE 1. Deselect command only allowed.
NOTE 2. SelfRefresh command error. DRAM masks the intended SRE command enters Precharge Power 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 clock 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 62. CA Parity Error Checking - SRE Attempt
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CK# .
,(A:I’:\)ADDé{ srx YL E - V— m VoS, m
ts 4 o & T
() f { f () f () () {
CKE j_' - tpar_unknown tPar ALERT ON | | fpaR ALERT PW
o ? 2 ¢ v 2 2
ALERT# % ; - @ % 14 0l L
— Xst—FAST — & { & 14
— — ’ 2 2 — 2
+— ¢ ¢ ¢ ¢ 0 »

Command execution unknown { TIME BREAK - DON'T CARE
Command not executed

\z/ﬂ‘s”? Command executed

NOTE 1 SelfRefresh Abort = Disable: MR4 [A9=0]
NOTE 2 Input commands are bounded by txspi, txs, txs_asort and txs rast 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 rast. An error also occur after txs aort and txs.

Figure 63. CA Parity Error Checking - SRX

Command/Address parity entry and exit timings

When in CA Parity mode, including entering and exiting CA Parity mode, users must wait tyrp_par before
issuing another MRS command, and wait tyop par before any other commands.

tmop_par = tmop + PL

tmro_pAR = twop * 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.

CK#
CK E , E ’ E\ E\ ’ E\ ’ E\
i i i 2 i i i

CMD :X DES X:X MRS DES :X DES X:X MRS DES

¢
. —{{——
Settings PL=0 >< Updating Setting )( PL=N
tMRIZD(_PAR ‘

I ’

Enable Parity change
PLfromOto N

NOTE 1. turp_par = twop + N; where N is the programmed parity latency with
the MRS command entering CA parity mode.
NOTE 2. Parity check is not available at Ta1 of MRS command due to PL=0 being valid.
NOTE 3. In case parity error happens at Tb1 of MRS command, tpar aLerT on is ‘N[NCK] + 6[ns]'.

Figure 64. Parity entry timing example - tMRD_PAR
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CK#
cK Neeeilld
i i i 2 i i :
CMD :X DES X:X MRS DES :X DES X:XVAUD DES
¢
. —({——
Settings PL=0 >< Updating Setting )( PL=N
tMOE)(_PAR ;
{2 ’

Enable Parity change
PLfromOto N

NOTE 1. tmop_rar = tmop + N; where N is the programmed parity latency with
the MRS command entering CA parity mode.
NOTE 2. Parity check is not available at Ta1 of MRS command due to PL=0 being valid.
NOTE 3. In case parity error happens at Tb1 of VALID command, tpar aLerT on is ‘N[NCK] + 6[ns]’.

Figure 65. Parity entry timing example - tMOD_PAR

CK#
cK el
i i i % i i i
CMD :X DES X:X MRS DES ZZ:X DES X:X MRS DES
(¢
Settings PL=N >< Updating Setting )( PL=0
tMRIZD(_PAR ‘
% ’

Disable Parity change
PLfromNtoO

NOTE 1. tyrp_rar = tmop *+ N; where N is the programmed parity latency prior to
the MRS command exiting CA parity mode.

NOTE 2. In case parity error happens at Ta1 of MRS command, tpar aLerT on is ‘N[NCK] + 6[ns]'.
NOTE 3. Parity check is not available at Tb1 of MRS command due to disabling parity mode.

Figure 66. Parity exit timing example - tMRD_PAR

CK#
CK et l0d
: : : 22 : : :
CMD :X DES X:X MRS DES :X DES X:XVAUD DES
¢/
!
Settings PL=N >< Updating Setting )( PL=0
o
tMob_PAR ;
o ’

Disable Parity change
PL from N to O

NOTE 1. tyop_par = tmop + N; where N is the programmed parity latency prior to the
MRS command exiting CA parity mode.

NOTE 2. In case parity error happens at Ta1 of MRS command, tpar_aLert on is ‘N[NCK] + 6[ns]'.
NOTE 3. Parity check is not available at Th1 of VALID command due to disabling parity mode.

Figure 67. Parity exit timing example - tMOD_PAR
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Multipurpose Register

The Multipurpose Register (MPR) function, MPR access mode, is used to write/read specialized data to/from
the DRAM. The MPR consists of four logical pages, MPR Page 0 through MPR Page 3, with each page having
four 8-bit registers, MPRO through MPR3.

MPR mode enable and page selection is done with MRS commands. Data bus inversion (DBI) is not allowed
during MPR Read operation. Prior to issuing the MRS command, all banks must be in the idle state (all banks
precharged and tgp met). After MPR is enabled, any subsequent RD or RDA commands will be redirected to a
specific mode register.

Once the MPR access mode is enabled (MR3 A[2] = 1), only the following commands are allowed: MRS,
RD, RDAWR, WRA, DES, REF, and Reset; RDA/WRA have the same functionality as RD/WR which means
the auto precharge part of RDA/WRA is ignored. The mode register location is specified with the Read command
using address bits. The MR is split into upper and lower halves to align with a burst length limitation of 8. Power-
down mode and Self Refresh command are not allowed during MPR enable mode.

No other command can be issued within tgrc after a REF command has been issued; 1x refresh (only) is to be
used during MPR access mode. While in MPR access mode, MPR read or write sequences must be completed
prior to a Refresh command.

MR3 Setting for the MPR Access Mode

Mode register MR3 controls the Multi-Purpose Registers (MPR) used for training. MR3 is written by asserting
CS#, RAS#/AL16, CAS#/A15 and WE#/A14 low, ACT#, BAO and BA1 high and BG1 and BGO low while controlling
the states of the address pins, Refer to the MR3 definition table for more detail.

Table 30. DRAM Address to MPR Ul Translation

MPR Location [7] [6] [5] [4] [3] [2] [1] [O]
DRAM address — Ax A7 A6 A5 A4 A3 A2 Al A0
MPR Ul — Ulx ulo ull ui2 (O] K} ul4 ul5 ulé ul7
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Table 31. MPR Data Format

Address | MPRLocaton | [71 | 161 | 51 | @ | @ | @ | wm | o Note
MPR page0 (Training Pattern)
00 = MPRO 0 1 0 1 0 1 0 1 Read/
BALBAO 01=MPR1 0 0 1 1 0 0 1 1 Write
10 = MPR2 0 0 0 0 1 1 1 1 (default
11 = MPR3 0 0 0 0 0 0 0 0 value)
MPR pagel (CA Parity Error Log)
00 = MPRO Al7] Al6] A[5] A[4] Al3] Al2] Al1] A[0]
01=MPR1 CAS#/A15 | WE#/A14 |  A[13] A[12] A[11] A[10] A[9] Al8]
BA1:BAO 10 = MPR2 PAR ACT# BG[1] BG[0] BA[1] BA[0] |don'tcare |RAS#/A16| Read-only
CRC | CA Parity CA Parity Latency**
11 = MPR3 Error Error don’tcare |don’tcare |don'tcare
Status Status | MR5.A[2] | MR5.A[1] | MR5.A[0]
MPR page2 (MRS Readout)
hPPR sPPR Rt wr | Temperature sensor CFI%EﬁaVk\)/lgte Rrr wr
00 = MPRO - - MR2 - - MR2 MR2
- - All - - Al12 A10 A9
Vrero . Geardown
Training VRrerpg Training Value Enable
01 = MPR1 range
BA1:BAO MR6 MR6 MR3 Read-only
A6 A5 | A4 A3 A2 Al AO A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO - MR2
A6 | A5 [ a4 A2 ; A5 A [ A3
RT1_NnoMm RTT_PARK Driver Impedance
11 = MPR3 MR1 MR5 MR1
Al0 [ A0 [ ae A8 | A7 A6 A2 [ A
MPR page3 (RFU)**
00 = MPRO don’t care | don't care | don't care | don't care | don't care | don't care | don’t care | don’t care
01 = MPR1 don’t care | don't care | don't care | don't care | don't care | don't care | don’t care | don’t care
BA1:BAO Read-only
10 = MPR2 don’t care | don't care | don't care | don't care | don't care | don't care | don’t care | don’t care
11 = MPR3 don’t care | don't care | don't care | don't care MAC MAC MAC MAC

Note 1. MPR3 bit 0~2 (CA parity latency) reflects the latest programmed CA parity latency values.

Note 2. MR bit for Temperature Sensor Readout
» 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 (> trer)
0 1 1X refresh rate(= treq)
1 0 2X refresh rate(1/2 * trer)
1 1 Reserved
Note 3. Restricted, except for MPR3 [3:0]
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MPR Reads

MPR reads are supported using BL8 and BC4 modes. Burst length on-the-fly is not supported for MPR
reads. Data bus inversion (DBI) is not allowed during MPR Read operation; the device will ignore the Read
DBI enable setting in MR5 [A12] when in MPR mode. Read commands for BC4 are supported with a starting
column address of A[2:0] = 000 or 100. After power-up, the content of MPR Page 0 has the default values,
which are defined in MPR Data Format table. MPR page 0 can be rewritten via an MPR Write command. The
device maintains the default values unless it is rewritten by the DRAM controller. If the DRAM controller does
overwrite the default values (Page 0 only), the device will maintain the new values unless re-initialized or there
is power loss.

Timing in MPR mode:

«Reads (back-to-back) from Page 0 may use tccp s Of teep 1 timing between Read commands.

«Reads (back-to-back) from Pages 1, 2, or 3 may not use tccp s timing between Read commands; tecp | must
be used for timing between Read commands The following sieps are required to use the MPR to read out the
contents of a mode register (MPR Page x, MPRYy).

1. The DLL must be locked if enabled.

2. Precharge all; wait until tgp is satisfied.

3. MRS command to MR3 A[2] =1 (Enable MPR data flow), MR3 A[12:11] = MPR read format, and MR3
A[1:0] MPR page.

a. MR3 A[12:11] MPR read format:
1) 00 = Serial read format
2) 01 = Parallel read format
3) 10 = Staggered read format
4) 11 = RFU

b. MR3[1:0] MPR page:
1) 00 = MPR Page 0
2) 01 = MPR Page 1
3) 10 = MPR Page 2
4) 11 = MPR Page 3

. twro and tyop Must be satisfied.
. Redirect all subsequent Read commands to specific MPRx location.
. Issue RD or RDA command.

a. BA1 and BAO indicate MPRx location:
1) 00 = MPRO
2) 01 = MPR1
3) 10 = MPR2
4) 11 = MPR3

b. A12/BC# = 0 or 1; BL8 or BC4 fixed-only, BC4 OTF not supported.
1) If BL = 8 and MRO A[1:0] = 01, A12/BC# must be set to 1 during MPR Read commands.

c. A2 = burst-type dependant:
1) BL8: A2 = 0 with burst order fixed at 0, 1, 2, 3,4, 5,6, 7
2) BL8: A2 = 1 not allowed
3) BC4: A2 = 0 with burst order fixed at0,1,2,3, T, T, T, T
4) BC4: A2 = 1 with burst order fixed at4,5,6,7, T, T, T, T

d. A[1:0] = 00, data burst is fixed nibble start at 00.
e. Remaining address inputs, including A10, BG1 and BGO are "Don’t Care."

7. After RL = AL + CL, DRAM bursts data from MPRXx location; MPR readout format determined by MR3
A[12:10] and MR3 A[1:0] .

8. Steps 5 through 7 may be repeated to read additional MPRXx locations.

9. After the last MPRx Read burst, typrr must be satisfied prior to exiting.

10. Issue MRS command to exit MPR mode; MR3 A[2] = 0.

11. After the tyop Sequence is completed, the DRAM is ready for normal operation from the core (such as

ACT).

[N &2 NN
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MPR Readout Serial Format

The serial format is required when enabling the MPR function to read out the contents of an MRx, temperature
sensor status, and the command address parity error frame. However, data bus calibration locations (four 8-bit
registers) can be programmed to read out any of the three formats. The DRAM is required to drive associated

strobes with the read data similar to normal operation (such as using MRS preamble settings).
Serial format implies that the same pattern is returned on all DQ lanes, as shown the table below, which uses

values programmed into the MPR via [7:0] as 0111 1111.

Table 32. MPR Readout Serial Format

x4 Device

Serial

ulo

ull

ul2

ul3

ul4

uls

8][9)

ul7

DQO

1

DQ1

1

DQ2

1

DQ3

o|lo|o|o

R R k|-

RlR|R|e

1

RlRR|e

RR| k|-

I

A I

x8 Device

Serial

ulo

ull

=
N

ul3

c
N

c
o

c
o

c
3

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

NN

DQ7

o|O|Oo|o|o|o|Oo|O

RR|R(R[Rr|R[R|~

RlRlRr|Rr(R|R|R|~

1

RlRlRr|Rr(R|Rr|R|~

RlR|R(R[R|R[R|~

RlR|R|(R[R|R[R|~

RlRr|R|R[R|R[Rk|~

x16 Device

Serial

ulo

ull

c
o

ul3

c
=

c
o

c
o

c
3

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9

DQ10

DQ11

DQ12

DQ13

DQ14

DQ15

o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|O

RliRr(krRrRrRP|IR|R|RPR|R|R|R|R|R|[R|F

RliRr|lRr|RrRr|RRr|RR[R|R[Rr|R[R|R|~

RliRr|lRr|RrRr|RRr|R[R[R|R[Rr|R[R|R|~

RiRr|lRr|RrRr|RRr|Rr[R[Rr|R[Rr|R[R|R|~

e e e e I e e P TN N I R N T

RlRrkrRrlRrlPR|R|IR|IR|R|R|R|R|R|[R|F

RlRr(krRrlRrlPr|R|IR|IR|R|R|R|R|R|R|F
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MPR Readout Parallel Format

Parallel format implies that the MPR data is returned in the first data Ul and then repeated in the remaining
Uls of the burst, as shown in the table below. Data pattern location 0 is the only location used for the parallel
format. RD/RDA from data pattern locations 1, 2, and 3 are not allowed with parallel data return mode. In this
example, the pattern programmed in the data pattern location 0 is 0111 1111. The x4 configuration only outputs
the first four bits (0111 in this example).The x16 configuration, the same pattern is repeated on both the upper
and lower bytes.

Table 33. MPR Readout Serial Format

x4 Device

Serial

ulo

ull

ul2

ul3

ul4

uls

8][9)

ul7

DQO

0

DQ1

1

DQ2

1

DQ3

N

N

N

1

)

=]

A=)

RlRk|R|o

x8 Device

Serial

ulo

c
=

=
N

ul3

c
N

c
o

c
o

c
3

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

N

DQ7

SN =]

SN =]

RlR|lRr|R(k|kr|~|o

1

RlR|lRr|R(k|R|~|O

R|R|R|R[R|R[R|o

R|R|R|R[R|R[R|o

RlRr|R|R[R|R[R|o

x16 Device

Serial

ulo

ull

c
o

ul3

c
=

c
o

c
o

c
3

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9

DQ10

DQ11

DQ12

DQ13

DQ14

DQ15

RliRr(krRrRr[R|R|O|R|R|R|R|R|R|R|O

RliRr(krRrRr[R|R|O|R|R|R|R|R|R|R|O

RlRr|kr|Rr|r|R[Rr|lO|R|[R|R|[R|R[R|~|O

RlRr|kr|Rrr|R[Rr|lO|R|[R|R|[R|R[R|~|O

RiRr|lkr|Rr[kr|R[Rr|lO|R|[R|R|[R|R[R|~|O

RlRr(krRrRrRr|R|O|R|R|R|R|R|R|R|O

RlRr(krRrRrRr|R|O|R|R|R|R|R|R|R|O

RlRr(krrRrlRr|R|lO|R|R|R|R|R|R|R|O
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Staggered format of data return is defined as the staggering of the MPR data across the lanes. In this mode,
an RD/RDA command is issued to a specific data pattern location and then the data is returned on the DQ
from each of the different data pattern locations. For the x4 configuration, an RD/RDA to data pattern location
0 will result in data from location 0 being driven on DQO, data from location 1 being driven on DQ1, data from
location 2 being driven on DQ2, and so on, as shown below. Similarly, an RD/RDA command to data pattern
location 1 will result in data from location 1 being driven on DQO, data from location 2 being driven on DQ1,
data from location 3 being driven on DQ2, and so on. Examples of different starting locations are also shown.

Table 34. MPR Readout Staggered Format, x4

x4 Read MPRO Command x4 Read MPR1 Command x4 Read MPR2 Command x4 Read MPR3 Command
Stagger Ul[7:0] Stagger Ul[7:0] Stagger Ul[7:0] Stagger Ul[7:0]
DQO MPRO DQO MPR1 DQO MPR2 DQO MPR3
DQ1 MPR1 DQ1 MPR2 DQ1 MPR3 DQ1 MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO DQ2 MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 DQ3 MPR2

It is expected that the DRAM can respond to back-to-back RD/RDA commands to the MPR for all DDR4
frequencies so that a sequence (such as the one that follows) can be created on the data bus with no bubbles
or clocks between read data. In this case, the system memory controller issues a sequence of RD(MPRO),

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

Table 35. MPR Readout Staggered Format, x4 — Consecutive Reads

Stagger UlI[7:0] UI[15:8] Ul[23:16] UI[31:24] UI[39:32] UI[47:40] UI[55:48] UI[63:56]
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

For the x8 configuration, the same pattern is repeated on the lower nibble as on the upper nibble. READs to
other MPR data pattern locations follow the same format as the x4 case. A read example to MPRO for x8 and
x16 configurations is shown below.

Table 36. MPR Readout Staggered Format, x8 and x16

x8 Read MPRO Command x16 Read MPRO Command

Stagger UlI[7:0] Stagger UlI[7:0] Stagger UI[7:0]
DQO MPRO DQO MPRO DQ8 MPRO
DQ1 MPR1 DQ1 MPR1 DQ9 MPR1
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2
DQ3 MPR3 DQ3 MPR3 DQ11 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO
DQ5 MPR1 DQ5 MPR1 DQ13 MPR1
DQ6 MPR2 DQ6 MPR2 DQ14 MPR2
DQ7 MPR3 DQ7 MPR3 DQ15 MPR3
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MPR Read Waveforms
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cMD ’QE@
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Py
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o
m
2]
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O
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m
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o
m
0
o
m
2]
=

MRS?® VALID
%

i IMop
>

CKE "

W W W W W W WY WY W W u

DQSH#
DQS

?
RL® + AL+ CL

4

ADDR ’(\EIEDH\ED2 VALID VALID VALID VALID VALID VALID VAIM

4 4 X X %4 %
DQs - \V4
uio X uir X uiz X uis X uie X Uiz
2 2 @ (_x_x_zzx_x_> (v7) 2 2
NOTE 1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1) { TIME BREAK - DON'T CARE
- 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 68. MPR Read Timing
CK#
CK
CMD
CKE
ADDR
DQS#
DQS
(%?:Sﬁxed) ¢ ( ulio ui ui2 ui3 ui4 ulis ule uiz ulo Uil ui2 ui3 ula uis uie ui7
14 2
DQS#
Des & s
(DBQC:4'FiXed) 4 4 ulo Uil ui2 ui3 ulo ul ui2 uiz
NOTE 1. teep_s = 4, Read Preamble = 1tk 2 ve Break [l DON'T CARE

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 69. MPR Back to Back Read Timing
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TO T1 T2 Ta0 Tal Ta2 Ta3 Ta4 Tab5 Ta6 ThO Tbl Tb2

ADDR ADD! VALID m U VALID VALID VALID m m m VALID W ADD? VALID VALID
—/ ” %
DQS# (- w 00
DQS PL®+AL + CL
Q ! 2 2
e 0 0
NOTE 1. Address setting & TIME BREAK -DON'T CARE
- 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 BGO0. 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 70. MPR Read to Write Timing
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MPR Writes

MPR access mode allows 8-bit writes to the MPR Page 0 using the address bus A[7:0]. Data bus inversion
(DBI) is not allowed during MPR Write operation. The DRAM will maintain the new written values unless re-
initialized or there is power loss.

The following steps are required to use the MPR to write to mode register MPR Page 0.

[e2 1N WN -

9.

. The DLL must be locked if enabled.
. Precharge all; wait until tgp is satisfied.
. MRS command to MR3 A[2] = 1 (enable MPR data flow) and MR3 A[1:0] = 00 (MPR Page 0); writes to 01,

10, and 11 are not allowed.

. twro and tyop Must be satisfied.
. Redirect all subsequent Write commands to specific MPRx location.
. Issue WR or WRA command:

a. BA1 and BAO indicate MPRXx location
1) 00 = MPRO
2) 01 = MPR1
3) 10 = MPR2
4) 11 = MPR3
b. A[7:0] = data for MPR Page 0, mapped A[7:0] to UI[7:0].
¢. Remaining address inputs, including A10, BG1 and BGO are "Don’t Care"

7. twr mpr Must be satisfied to complete MPR Write.
8.

Steps 5 through 7 may be repeated to write additional MPRXx locations.
After the last MPRx write, typrr Mmust be satisfied prior to exiting.

10. Issue MRS command to exit MPR mode; MR3 A[2] = 0.
11. When the tyop Sequence is completed, the DRAM is ready for normal operation from the core (such as

ACT).
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MPR Write Waveforms

TO Ta0 Tal ThO TcO Tcl Tc2 TdO Tdl Td2 Td3 Td4 Td5

DQS# ? % &
DQS
Q 2 2 2
DO & 0 0
NOTE 1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1) /! TIME BREAK - DON'T CARE

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 71. MPR Write Timing and Write to Read Timing

TO Tl Ta0 Ta2 Ta3 Ta5 Tab Ta7 Ta8 Ta9 Tal0

DQSH# ¢
DQS

DQ

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

Figure 72. MPR Back to Back Write Timing
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MPR Refresh Waveforms

CK#
CK
CMD
ADDR
NOTE 1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1) 2 TIME BREAK [EEJDON'T CARE
- Redirect all subsequent read and writes to MPR locations
NOTE 2. 1x Refresh is only allowed when MPR mode is Enable.
Figure 73. Refresh Command Timing
Tal Ta2 Ta3 Ta4 Tab5 Ta6 Ta7 Ta8 Ta9
CK# S - S : ; : ; : : : : :
CK
EEEE@E@@E@@@@
CKE
ADDR ADD“ VALID VALID « VALID VALID VALID @ m VALID VALID VALID VALID VALID
%4
DQS#
DQS VA . - -
PL+ AL+ CL (4+1)+Clocks trec
PQ @ uilo X uiz X uiz X uiz X ui4 X uis X uie X U7
(BL=8:Fixed)
14
DQSH#
DQS 2%
DQ &
(BC=4:Fixed) uio X uiz X uiz X uiz
% Tive BREAK [JljDoN'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 BGO0. 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 74. Read to Refresh Command Timing
TO Tl Ta0 Tal Ta2 Ta3 Ta4 Tab Ta6 Ta7 Ta8 Ta9 Tal0
CK# ; el ; ; ; e ;
CK
CMD
CKE
ADDR .@D’ VALID L VALID VALID VALID VALID VALID VALID VALID VALID VALID VALID VA@
%4
DQS# 14
DQS
%
DQ

. - . % TiME BREAK [l 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.
NOTE 2. 1x Refresh is only allowed when MPR mode is Enable.

Figure 75. Write to Refresh Command Timing
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DDR4 Key Core Timing

CK#
CK

CMD

Bank Group
(GB)

Bank

ADDR

CK#
CK

CMD

Bank Group
(GB)

Bank

ADDR

CK#
CK

CMD

Bank Group
(GB)

Bank

ADDR

G 0 o @ o 6 o @ o 0 o

7 @

fcep_s £ teep_L K
2 .

BGa BGb m BGb
2
'

H H % H
2

2 TiME BREAK [l DON'T cARE

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

Figure 76. tCCD Timing (WRITE to WRITE Example)

TO T1 T2 T3 T4 T5 T9 T10 T11 T12 T13

H H 22 H
=) @ e 0 o o o O o
H H 22 H

tcep_s teeo Ly

i =
a

13
i o i
2

&
2TiME BREAK [Jill] DON'T CARE

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

Figure 77. tCCD Timing (READ to READ Example)

H 2

tRRD_S tRRO_L

Ve ! g

e g

i i 2 i

BGa BGb % BGb
2
!

%
14

2TiME BREAK [Jill] 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 78. tRRD Timing
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CK#
cK
CMD
(BGaS;( GrOUp VALID VALID VALID % VALID
& 2 R4 &
: - o :
; @ 0 e @
I 2 0 i I
ADDR a
2 2 X 2
2TiME BREAK [l DON'T CARE
NOTE 1. tFAW: Four activate window.
Figure 79. tFAW Timing
Ta2 Ta3 Ta4d Ta5
CK# - P U S
o tWTRS§ “’”
mmm
an rou| U
ook p
g
DQS, DQS# - @
i i 14 RL
2 1 2
oQ ‘ (@)(@)(@)(@)(@X@)
WL & &

#TIME BREAK ] TRANSITIONING DATA  [Jll] DON'T CARE

NOTE 1. tWTR_S : Delay from start of internal write transaction to internal read command to a different Bank Group.
When AL is non-zero, the external read command at Th0 can be pulled in by AL.

Figure 80. tWTR_S Timing (WRITE to READ, Different Bank Group, CRC and DM Disabled)

CMD

Bank Group
(BG)

BANK

ADDR

DQS, DQS#

DQ

T1 Ta2 Ta3

Tad

Ta5

(@)(@)(@)(@)(@)(@) o

¢ ‘ ‘ 3 2 TIME BREAK [_] TRANSITIONING DATA  [Jll] DON'T CARE

WL

NOTE 1. tWTR_L: Delay from start of internal write transaction to internal read command to the same Bank Group.
When AL is nonzero, the external read command at ThO can be pulled in by AL.

Figure 81. tWTR_L Timing (WRITE to READ, Same Bank Group, CRC and DM Disabled)
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Programmable Preamble

The DQS preamble can be programmed to one or the other of 1 tckx and 2 tcx preamble; selectable via MRS
(MR4 A[12:11]). The 1 tck preamble applies to all speed-Grade and The 2 tcx preamble is valid for DDR4-
2400/2666 speed-Grade.

Write Preamble

DDRA4 supports a programmable write preamble. The 1 tck or 2 tcx Write Preamble is selected via MR4 A[12].
Write preamble modes of 1 tcx and 2 tcx are shown below.

When operating in 2 tcx Write preamble mode in MR2 CWL (CAS Write Latency), CWL of 1% Set needs to
be incremented by 2 nCK and CWL of 2" Set does not need increment of it. twtr Must be increased by one
clock cycle from the tyrr required in the applicable speed bin table. WR must be programmed to a value one
or two clock cycle(s), depending on available settings, greater than the WR setting required per the applicable
speed bin table.

Preamble
DQS, DQS# !
1 tCK mode
DQ \DoXDlX02X03XD4XD5XDs)(D7/
Preamble
DQS, DQS#
2 tCK mode

DQ \DOXDlXDZXD3XD4XD5XD6XD7/

Figure 82. 1tCK vs. 2tCK WRITE Preamble Mode

The timing diagrams contained in tccp=4 (AL=PL=0), tccp=5 and tccp=6 (AL=PL=0) illustrate 1 and 2 tcx
preamble scenarios for consecutive write commands with tecp timing of 4, 5 and 6 nCK, respectively. Setting
tcep to 5nCK is not allowed in 2 tcx preamble mode.

1tck mode

CK#
CK

DQS,DQS#

DQ

2tck mode

CK#
CK

tecp=4 WL

DQS,DQSH#

o 2 DO 000000 C
Figure 83. tCCD=4 (AL=PL=0)
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1tck mode

CK#
CK

DQS,DQS#

DQ

1tCK mode

CK#

CK

DQS,DQS#

DQ

2tCK mode
CK#

CK

DQS,DQS#

DQ

2ick mode: tccp=5 is not allowed in 2,cx mode

Figure 84. tCCD=5 (AL=PL=0)

2 P e e s e
4 [CO WU D A A N A N A A N A
4 14

2 2

2 2 po X o2 Xz X 22 X0 X o5 X oo X o7

Preamble )
2 2 X
4 14
2.
2 2 po X o X o2 X 02 X o4 X o X o0 X

Figure 85. tCCD=6 (AL=PL=0)
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Read Preamble

DDR4 supports a programmable read preamble. The 1 tck and 2 tcx Read preamble is selected via MR4 A[11].
Read preamble modes of 1 tcx and 2 tek are shown as follows:

Preamble
DQS, DQS#
1tck toggle
DQ \D0X01X02X03XD4XD5XD6XD7/
Preamble
= /8 &
Stectoggle T i N

DQ \DOXDlXDZXDSXD4XD5XD6XD7/

Figure 86. 1tCK vs. 2tCK READ Preamble Mode

Read Preamble Training

DDR4 supports Read preamble training via MPR reads; that is, Read preamble training is allowed only when
the DRAM is in the MPR access mode. The Read preamble training mode can be used by the DRAM controller
to train or "read level" its DQS receivers. Read preamble training is entered via an MRS command (MR4 A[10]
= 1 is enabled and MR4 A[10] = 0 is disabled). After the MRS command is issued to enable Read preamble
training, the DRAM DQS signals are driven to a valid level by the time tspo is satisfied. During this time, the data
bus DQ signals are held quiet, i.e. driven high. The DQS signal remains driven low and the DQS# signal remains
driven high until an MPR Page0O Read command is issued (MPRO through MPR3 determine which pattern is
used), and when CAS latency (CL) has expired, the DQS signals will toggle normally depending on the burst
length setting. To exit Read preamble training mode, an MRS command must be issued, MR4 A[10] = 0.

DQS drive @

CL

4
h 4

............. 82
%
% \

DQ (Quiet or driven) \ X X X X X X X /

NOTE 1. Read Preamble Training mode is enabled by MR4 A10 =[1]
Figure 87. READ Preamble Training

Table 37. AC Timing Table

Symbol Parameter Min. Max. Unit

tspo Delay from MRS Command to Data Strobe Drive Out - twop + 9Ns
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Postamble

Read Postamble

Whether the 1 tei or 2 tcx Read Preamble Mode is selected, the Read Postamble remains the same at 1/2 te.

DDRA4 will support a fixed read postamble.
Read postamble of nominal 0.5 tck for preamble modes 1,2 tx are shown below:

Preamble Postamble
DQS, DQS#
1tck toggle
bQ A X X XX X X/
Preamble Postamble
DQS, DQS# A
2tck toggle

0 A A XX XX X/

Figure 88. READ Postamble

Write Postamble

Whether the 1 tc or 2 tox Write preamble mode is selected, the Write postamble remains the same at 1/2 tck.
DDR4 will support a fixed Write postamble.
Write postamble nominal is 0.5 tck for preamble modes 1,2 tci are shown below:

Preamble Postamble
DQS, DQS# . ; .
1tck toggle
>0 OO OO
Pream_tzlf ________________ Postamble
DQS, DQS# “{ ‘\ & N
dtextoggle T bt N @

0 AKX XX XXX/

Figure 89. WRITE Postamble
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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 BG0O-BGL1 in x8 select the bank group; BAO-BA1 inputs selects the bank within the bank group,
and the address provided on inputs A0-A14 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.

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 (tgp) 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.

If A10 is high when Read or Write command is issued, then auto-precharge function is engaged. This feature
allows the precharge operation to be partially or completely hidden during burst read cycles (dependent upon
CAS latency) thus improving system performance for random data access. The RAS lockout circuit internally
delays the precharge operation until the array restore operation has been completed (tras Satisfied) so that
the auto precharge command may be issued with any read. Auto-precharge is also implemented during Write
commands. The precharge operation engaged by the Auto precharge command will not begin until the last data
of the burst write sequence is properly stored in the memory array. The bank will be avaiable for a subsequent
row activation a specified time (tgp) after hidden Precharge command (AutoPrecharge) is issued to that bank.
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Read Operation

Read Timing Definitions

Read timings are shown below and are applicable in normal operation mode, i.e. when the DLL is enabled and
locked.

Rising data strobe edge parameters:

«thgsck Min/max describes the allowed range for a rising data strobe edge relative to CK, CK#.
«tposck IS the actual position of a rising strobe edge relative to CK, CK#.

«tosy describes the DQS, DQS# differential output high time.

«tpgso describes the latest valid transition of the associated DQ pins.

«ton describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:

«tos. describes the DQS, DQS# differential output low time.
«Ipgsq describes the latest valid transition of the associated DQ pins.
« oy describes the earliest invalid transition of the associated DQ pins.

togso; both rising/falling edges of DQS, no tac defined.

tbosck min
1
toosck min “«—)
1 1 |
Iﬂ—’ tbesck max ! ¢ h.
1 ' ' : 1
i | i
1 1
i i togscki
' tboscki i
' P
tbosck max : : s
i e 1
1 ‘Windown : :
1
1 1
i i : :
: : ) t 1
| | : |, DQ$CKi :
| toosexi [ 4 : :
i i —
tDQSCK center ! ! ! varan !
| e | ! !
1 Windowr : 1 :
i i i
i :
i toQscki :
1
thoscki : — :
i arance 1
tbQsck min | s |
e ! !
Windowm | 1
1 : :
1
[} 1 [} [}
1 1
’ i ! !
1
: toosck ! tbgsck

Associated \"//4 \s:»;m' y
- XD CIRXCD X
DQ Pins 7/\NE) 1A\

Figure 90. READ Timing Definition
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Read Timing; Clock to Data Strobe relationship

The clock to data strobe relationship is shown below and is applicable in normal operation mode, i.e. when the

DLL is enabled and locked.

Rising data strobe edge parameters:

«thosck Min/max describes the allowed range for a rising data strobe edge relative to CK, CK#.
«tposck IS the actual position of a rising strobe edge relative to CK, CK#.
«tosy describes the data strobe high pulse width.

Falling data

strobe edge parameters:

«tos. describes the data strobe low pulse width.
«t z(pos), thzpgs) for preamble/postamble.

CK#

RL Measured
to this point

CK

’ Y ’ Y ’ Y
’ Y ’ Y ’

Y , Y ’ Y
Y Y , Y ’ Y

0 , , , 0

’ Y , Y , Y , Y ’

Y
Y

0 , \

Y ’ Y , Y

tbQsck (min) to
QSCK (min)
A >

tHz(0Qs) (min)

tLz(0Qs) min

SH tgsh

DQS, DQS#
Early Strobe

\ ’ I} . Y g ¥ g Y .
. , /.
1Y , Y , \ .

, Y ,
— -

-

trPRE trPST

HZ(DQS) (max)
Bit 0 Bit 2 Bit 4

Bit 1 Bit 3 Bit5
tbgsck (max) tbsck (max) tbgsck (max)

Bit 6 Bit 7
tbsck (max)
trpsT

PG -

tL2(0Qs) max

DQS, DQS#
Late Strobe

NOTE 1.

NOTE 2.

NOTE 3.
NOTE 4.

NOTE 5.
NOTE 6.
NOTE 7.
NOTE 8.

Y , Y ’ Y ’ Y
Y , Y . Y 0 Y
0 . /. ’,

’ Y , [y ’ [y ,

’ Y ’
9 Y ,

) ., losn

tosL tost | tosL
L4 L4 L£

Bit 0 Bit1 Bit 2 Bit3 Bit 4 Bit5 Bit 6 Bit 7

Within a burst, rising strobe edge can be varied within tpgsck While at the same voltage and temperature. However
incorporate the device, voltage and temperature variation, rising strobe edge variance window, tpgscki can shift
between tpgsck(ming @and togsckmax- A timing of this window’s right inside edge ( latest ) from risinG CK, CK# is
limited by a device’s actual togsckmax. A timing of this window’s left inside edge (earliest) from rising CK, CK# is
limited by tDQSCK(mm)-

Notwithstanding note 1, a rising strobe edge with thosckmax at T(n) can not be immediately followed by a rising strobe
Edge with tposckminy @t T(n+1). This is because other timing relationships (tosh, tost) exist: if toosckn+1) < O:

toosckm) < 1.0 tek - (tosHmin + tosimin) - [tbosckn+1)l

The DQS, DQS# differential output high time is defined by tosy and the DQS, DQS# differential output low time is
defined by tos,.

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 tposckmax (late strobe case).

The minimum pulse width of read preamble is defined by trpre(min)-

The maximum read postamble is bound by toasck(min) PIUS tosHming ON the left side and tyzogsmax 0N the right side.
The minimum pulse width of read postamble is defined by trpst(min)-

The maximum read preamble is bound by t.zpos(miny 0N the left side and tpgsck(max 0N the right side.

Figure 91. Clock to Data Strobe Relationship
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Read Timing; Data Strobe to Data relationship

The Data Strobe to Data relationship is shown below and is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:

«Ipgsq describes the latest valid transition of the associated DQ pins.
« oy describes the earliest invalid transition of the associated DQ pins.
Falling data strobe edge parameters:

«Ipgsq describes the latest valid transition of the associated DQ pins.
« oy describes the earliest invalid transition of the associated DQ pins.
tooso; both rising/falling edges of DQS, no tAC defined.

Data Valid Window:

«towwa iS the Data Valid Window per device per Ul and is derived from (ton - thoso) of each Ul on a given
DRAM. This parameter will be characterized and guaranteed by design.

«tloywp is Data Valid Window per pin per Ul and is derived from (to - togsg) of each Ul on a pin of a given
DRAM. This parameter will be characterized and guaranteed by design.

CK#
CK
CMD
ADDR
tbosQ max—¥i j— tbQsQ (max) trpsT
2 e e e e e
DQS,DQS# A X Al LN LoD A
P b A L funered eeeesd e
Q-t—Q)T i fon tovive
% H H T
DQ Dout Dout Dout Dout Dout Dout Dout Dout
(Last data valid) n n+l n+2 n+3 n+4 n+5 n+6 n+7
X : i i
g ‘ DEEEE@E®E
(First data no longer valid) P - 055} e 7
. Z \ Dnut Dam Dout i Dout Dout Dnm Dout
All DQs collectively NN n+3 ned n+s 7

|:] TRANSITIONING DATA - DON'T CARE
NOTE 1. BL =8, AL =0, CL = 11, Preamble = 1
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. tposq defines the skew between DQS,DQS# to Data and does not define DQS, DQS# 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 92. Data Strobe to Data Relationship
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tyz and t,; 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 tzpgs) and tzpg), Or begins
driving t z(pgs), tLzpg)-

t.z shows a method to calculate the point when the device is no longer driving tuzpgs) and tuzpg), or begins
driving tzpgs), tizpg), Py measuring the signal at two different voltages. The actual voltage measurement points
are not critical as long as the calculation is consistent. The parameters t,zpgs), tizpqg), thzpas) and tuzpg) are
defined as single ended.

Table 38. Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements

Symbol Parameter Vswl Vsw2 Unit
tzog) DQ low-impedance time from CK, CK# (0.70 - 0.04) x Vopg (0.70 + 0.04) x Vopo \
thz(oQ) DQ high impedance time from CK, CK# (0.70 - 0.04) x Voo (0.70 + 0.04) X Vopo Vv
Table 39. Reference Voltage for tLZ(DQS#), tHZ(DQS) Timing Measurements
Symbol Parameter Vswl Vsw2 Unit
tLzoosH DQS# low-impedance time from CK, CK# (0.70 - 0.04) x Vopg (0.70 + 0.04) x Vppo \%
thzoos) DQS high impedance time from CK, CK# (0.70 - 0.04) x Vopg (0.70 + 0.04) x Vopo Y,
Table 40. Reference Voltage for tRPRE Timing Measurements
Symbol Parameter Vswl Vsw2 Unit
trPRE DQS, DQS# differential Read Preamble (0.30 - 0.04) x Vopg (0.30 + 0.04) x Vppo Y,
Table 41. Reference Voltage for tRPST Timing Measurements
Symbol Parameter Vswl Vsw2 Unit
trpsT DQS, DQS# differential Read Postamble (-0.30 - 0.04) X Vopg (-0.30 + 0.04) X Vopg Y,
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Read Burst Operation

DDR4 Read command supports bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses
address A12 to control OTF during the Read or Write (auto-precharge can be enabled or disabled).

«Al12 =0, BC4 (BC4 = burst chop)
«Al12=1,BL8

Read commands can issue precharge automatically with a read with auto-precharge command (RDA); and is
enabled by A10 high.

«Read command with A10 = 0 (RD) performs standard Read, bank remains active after read burst.
«Read command with A10 = 1 (RDA) performs Read with auto-precharge, back goes in to precharge after
read burst.

Taé Ta7 Tag
(01— o e N S e Wi N s W i\ L\ e i e f e\ i\ S Vi

cK LS L e L / e / ; b b b
00888888
CMD DES
H H H 22 H H H H H H H H H H
Bank Group H H H 2 H H H H H H H H H
ADDR
ADDR
DQS, DQ
DQ
()(
RL = AL + CL
0% I:I TRANSITIONING DATA . 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. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 93. READ Burst Operation RL =11 (AL =0, CL =11, BL8)

CK#
CcK
CMD
Bank Group
ADDR

DQS, DQS#

DQ 4

(( ()(
RL=AL+CL "
” 2 |:| TRANSITIONING DATA . 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. BL8 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 94. READ Burst Operation RL =21 (AL =10, CL =11, BL8)
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CK#
cK
cMD
Bank Group
ADDR
roor [ R
4 4 treRE trpsT
. .
DQS, DQS#
14 14
X 14
DQ & &
RL=11
(¢ (¢
RL=11 ; ; ;
14 — |:| TRANSITIONING DATA . DON'T 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. BL8 setting activated by either MRO[A1:AO = 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 95. Consecutive READ (BL8) with 1tCK Preamble in Different Bank Group

CK#

CK
CMD

Bank Group
ADDR

ADDR

DQS, DQS#

DQ

RL=11 i i
A S [[] mransimionig pata [Ji] ponT 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. BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:AO = 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 96. Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group
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CK#
CK
CMD
Bank Group
ADDR
ADDR i B
% % i : : ; ' ' ! ' trpsT
& &
DQS, DQS#
R R
QR QR
DQ R QR
- RL=11 N
(4
2 ? ’ |:| TRANSITIONING DATA . DON'T CARE

NOTE 1. BL =8, AL =0, CL = 11, Preamble = 1tCK, tccp_si. = 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. 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 T5.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Figure 97. Nonconsecutive READ (BL8) with 1tCK Preamble in Same or Different
Bank Group

CK#

CK
CMD

Bank Group
ADDR

R Bank, \(8)/]
ADDR u Colb 4

DQS, DQS#

DQ

RL=11
Vi — + D TRANSITIONING DATA . DON'T CARE

NOTE 1. BL = 8, AL =0, CL = 11, Preamble = 2tCK, tccp s = 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. BL8 setting activated by either MRO[A1:AO0 = 0:0] or MRO[A1:AQ = 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. tccp_si=5 isn’ t allowed in 2tck preamble mode.

Figure 98. Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different
Bank Group
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CK#
CK
CcMD
Bank Group
ADDR
R I
Bank, Bank,
ADDR P Bank.
« « trPRE
&2 % -
DQS, DQS# % \ /
% R R
X X
o v 2 9@ @S
5 RL=11
(4
RL=11 TRANSITIONING DATA DON'T CARE
& ( » D .

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

Figure 99. READ (BC4) to READ (BC4) with 1tCK Preamble in Different Bank Group

Bank Group
ADDR

ADDR

DQS, DQS#

bQ

D TRANSITIONING DATA - DON'T CARE

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

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

Figure 100. READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group
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CK#
CK
CMD
Bank Group
ADDR
ADDR
DQS, DQS#
K 0),@.6)@ @66 EXEDEHENEENE
bQ ‘Z RL=11 ! " - - WA\
(¢ i H H
2  — wWe=s D TRANSITIONING DATA - DON'T CARE
NOTE 1. BL =8, RL =11 (CL = 11, AL = 0), Read Preamble = 1tckx, WL =9 (CWL =9, AL = 0),‘Write Preamble = 1tck
NOTE 2. Dout n = data-out from column n, DIN b = data-in to column b.
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:AO0 = 0:0] or MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO and WRITE command at T8.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
Figure 101. READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same or Different
Bank Group
CK#
CK
CcMD
Bank Group
ADDR
ADDR
DQS, DQS#
e EXENCIEMENENEY
WL=10 i i i ‘ ‘ :
@ : [[] rransimonie pata [ vonT care

NOTE 1. BL =8, RL = 11 (CL = 11, AL = 0), Read Preamble = 2tck, WL = 10 (CWL = 9+1*5, AL = 0), Write Preamble = 2tcx

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

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:AO = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and WRITE command at T8.
NOTE 5. When operating in 2tcx Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting.
NOTE 6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

Figure 102. READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different
Bank Group
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Bank Group
ADDR

ADDR

DQS, DQS#

DQ

IOEE

. [[] ransimioning paTa [ ponT care

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

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

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

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

Figure 103. READ (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Same or
Different Bank Group

READ to WRITE ommand Delay
RL+BL2 WL 3l

Bank Group
ADDR

ADDR Colb

DQS, DQS#

bQ

MENENE

D TRANSITIONING DATA . DON'T CARE

NOTE 1. BC = 4, RL = 11 (CL = 11, AL = 0), Read Preamble = 2tcx, WL = 10 (CWL = 9+1*5, AL = 0), Write Preamble = 2tcx

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

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

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

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

Figure 104. READ (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Same or
Different Bank Group
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CK#

CK

CMD

Bank Group
ADDR

ADDR

DQS, DQS#

. : DEEE OEE

wL=9

D TRANSITIONING DATA - DON'T CARE

NOTE 1. BC =4, RL =11 (CL = 11, AL = 0), Read Preamble = 1tcx, WL = 9 (CWL =9, AL = 0), Write Preamble = 1tck
NOTE 2. Dout n = data-out from column n, DIN b = data-in to column b.

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

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

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

Figure 105. READ (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Same or
Different Bank Group

Bank Group
ADDR

ADDR

DQS, DQS#

0Q 2 . (@)(@ oo G (@)() o

WL=10 i
&2 D TRANSITIONING DATA - DON'T CARE

NOTE 1. BC =4, RL = 11 (CL = 11, AL = 0), Read Preamble = 2tcx, WL = 10 (CWL = 9+1*5, AL = 0), Write Preamble = 2tcx
NOTE 2. Dout n = data-out from column n, DIN b = data-in to column b.

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

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

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

Figure 106. READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or
Different Bank Group
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CK#

CK

CMD

Bank Group
ADDR

ADDR

DQS, DQS#

bQ

RL=11 D TRANSITIONING DATA . DON'T CARE

NOTE 1. BL = 8, AL =0, CL = 11 ,Preamble = 1tcx

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. BL8 setting activated by MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO

BC4 setting activated by MRO[A1:AO = 0:1] and A12 = 0 during READ command at T4.

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

Figure 107. READ (BL8) to READ (BC4) OTF with 1tCK Preamble in Different Bank
Group

CMD

Bank Group
ADDR

DB\ Bank, \@
ADDR u Colb u

DQS, DQS#

bQ

[[] mransimioning pata [ pon'T care

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

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. BL8 setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at T0. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at T4.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 108. READ (BL8) to READ (BC4) OTF with 2tCK Preamble in Different Bank
Group
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Bank Group
ADDR

ADDR

DQS, DQS#

s 1 IOOE

D TRANSITIONING DATA - DON'T CARE

NOTE 1. BC =4, RL = 11 (CL = 11, AL = 0), Read Preamble = 1tck, WL = 9 (CWL =9, AL = 0), Write Preamble = 1tck
NOTE 2. Dout n = data-out from column n, DIN b = data-in to column b.

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

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

Figure 109. READ (BC4) to READ (BL8) OTF with 1tCK Preamble in Different Bank
Group

Bank Group
ADDR

ADDR

DQS, DQS#

'Dout 'Dout 'Dout\\//Dout! 'Dout! 'Dout? 'Dout? 'Dout 'Dout?
DQ @ 4 1)\ o3 Aot )N )R ovs )N+ )
RL=11 ) )

Re=n D TRANSITIONING DATA - DON'T CARE

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

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

Figure 110. READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank
Group
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CK#

CK

Bank Group
ADDR

s Bank,
o

DQS, DQS#

bQ

EAEMENENENENE

D TRANSITIONING DATA . DON'T CARE

14 U

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

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

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

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

Figure 111. READ (BC4) to WRITE (BL8) OTF with 1tCK Preamble in Same or Different
Bank Group

Bank Group
ADDR

ADDR

DQS, DQS#

e : n OEEEEEEEY T

[] ransimionin pata [ ponT care

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

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

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

NOTE 4. BC4 setting activated by MRO[A1:AO = 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.
NOTE 5. When operating in 2tcx Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting.

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

Figure 112. READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different
Bank Group
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Bank Group
ADDR

ADDR

DQS, DQS#

s ‘ IOEE

WL=9 -
2 3 3 [] ransimionin pata [ ponT care

NOTE 1. BL =8, RL=11(CL = 11, AL = 0 ), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK

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

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

NOTE 4. BL8 setting activated by MRO[A1:AQ = 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.

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

Figure 113. READ (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Same or Different
Bank Group

CMD

Bank Group
ADDR

ADDR

DQS, DQS#

o0 EEEE) @ee

[] ransimioning pata [ ponT care

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

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

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

NOTE 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.
NOTE 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.

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

Figure 114. READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different
Bank Group
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Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tgrp
with trrp being the Internal Read Command to Precharge Command Delay. Note that the minimum ACT to
PRE timing, tras, Mmust be satisfied as well. The minimum value for the Internal Read Command to Precharge
Command Delay is given by trrpminy, 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 (trpmin) has been satisfied from the clock at which the precharge begins.
2. The minimum RAS cycle time (tzc.min) from the previous bank activation has been satisfied.

Examples of Read commands followed by Precharge are show in Read to Precharge with 1tcx Preamble to
Read to Precharge with Additive Latency and 1tcx Preamble.

T2
CK# Ju—
CK
CMD
ADDR
RL=AL+CL
-
8C4 Operation
DQS, DQS#
14 &
14 14
s : : IOOE
14 &
8C8 Operation
DQS, DQS# {
14 &
2. ?.
& EEEEEE
14 14
[] rransiTionine paTa [ pon'T care
NOTE 1. BL=8, RL=11(CL =11, AL = 0 ), Preamble = 1tc, trrp = 6, trp = 11
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. The example assumes tras. MIN is satisfied at Precharge command time(T7) and that tzc. MIN is satisfied at the next Active command time(T18).
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
CK#
CK
CMD
ADDR
RL=IAL+CL
8C4 Operation
0 ¢ L
DQS, DQS#
Q5. QS 2 2 2
DQ 14 14 14
14 14 14
8C8 Operation
DQS, DQS# 4 ! ?
14 14 14
DQ &
® @ @ D TRANSITIONING DATA . DON'T CARE

NOTE 1. BL=8, RL=11(CL = 11, AL = 0 ), Preamble = 2tck, trrp = 6, trp = 11

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. The example assumes tras. MIN is satisfied at Precharge command time(T7) and that tzc. MIN is satisfied at the next Active command time(T18).
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

Figure 116. READ to PRECHARGE with 2tCK Preamble
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CK#
CK
CMD
ADDR
AL=CL-2=9 N trrp trp
& & 14 14
N cL=11
& «
8C4 Operation N
DQS, DQS#
X & & &
X 14 14 14
DQ X 14 2@ &2
X & & 14
BC8 Operation
DQS, DQs# {
4 14 & 14
- e -
bQ
& & & &
D TRANSITIONING DATA . DON'T CARE
NOTE 1.BL=8,RL=20(CL =11, AL = CL- 2), Preamble = 1tc, trrp = 6, trp = 11
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. The example assumes tras. MIN is satisfied at Precharge command time(T16) and that tec. MIN is satisfied at the next Active command time(T27).
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
Figure 117. READ to PRECHARGE with Additive Latency and 1tCK Preamble
CK#
CK
CMD
ADDR
trrp ) trp
14 14
RL=AL+CL
« 6
BC4 Operation
DQS, DQS#
14 14
& 14
DQ QR &
14 14
BCB Operation
DQS, DQS# {
& 14
0 (-
00 NN C NG
14 14
D TRANSITIONING DATA . DON'T CARE

NOTE 1.BL=8,RL=11(CL=11,AL=0), Preamble = ltck, trrp = 6, trp = 11

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

NOTE 5. The example assumes tgc. MIN is satisfied at the next Active command time(T18).

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

Figure 118. READ with Auto Precharge and 1tCK Preamble
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CK#
CK
CcMD
ADDR ank o
AL=CL - 249 trTp trp
14 & 14 14
cL=11
14 0 14
8C4 Operation
DQS, DQS#
14 & & 14
14 14 14 14
DQ 14 14 14 14
14 & & 14
8C8 Operation
DQS, DQS# {
14 & & 14
2. 0. ?. 2.
DQ
14 14 14 14

NOTE 1. BL=8,RL=20(CL =11, AL = CL- 2), Preamble = 1tck, tRTP = 6, tgp = 11

NOTE 2. Dout n = data-out from column n. D TRANSITIONING DATA - DON'T CARE
NOTE 3. DES commands are shown for ease of illustration; other commands may be valid at these times.

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

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

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

Figure 119. READ with Auto Precharge, Additive Latency and 1tCK Preamble

Burst Read Operation with Read DBI (Data Bus Inversion)

CMD

Bank Group
ADDR

RL=11 2 2
14 14
14 14
DQS, DQS# 2 2
14 14 ,
2 2 Top =2
DQ 14 &
RL=11
2. h—
DBl 14 14
14 14
NOTE 1. BL =8, AL =0, CL = 11, Preamble = ltc, tDBI = 2tck D TRANSITIONING DATA . DON'T CARE

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. BL8 setting activated by either MRO[A1:A0 = 00] 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 = Enable.

Figure 120. Consecutive READ (BL8) with 1tCK Preamble and DBI in Different Bank
Group
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Burst Read Operation with Command/Address Parity

CK#

CK

Bank Group
ADDR

ADDR
Prity

DQS, DQS#

DQ

D TRANSITIONING DATA . DON'T CARE

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

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

Figure 121. Consecutive READ (BL8) with 1tCK Preamble and CA Parity in Different
Bank Group

CKit - - S - i

CK

CMD

READ o WRITE|Command Delay |

L +BL/2 - WL+ 2ty

Bank Group
ADDR

ADDR
Parity

DQS, DQS#

DQ

WL =13

5)

VOOEOEEE

v [] ransimoning paa [ pon care

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

NOTE 2. Dout n = data-out from column n, Din b = data-in to column b.

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

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

Figure 122. READ (BL8) to WRITE (BL8) with 1tCK Preamble and CA parity in Same or
Different Bank Group
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Read to Write with Write CRC

Bank Group
ADDR

ADDR

DQS, DQS#

BL=8

bQ

Read : BL = 8, Write : BC = 4 (O

) CRNERERAEREAD ENED

D TRANSITIONING DATA - DON'T CARE

NOTE 1. BL =8 (or BC = 4 : OTF for Write), RL = 11 (CL = 11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tcx
NOTE 2. Dout n = data-out from column n. Din b = data-in to column b.

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

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

Figure 123. READ (BL8) to WRITE (BL8 or BC4: OTF) with 1tCK Preamble and Write
CRC in Same or Different Bank Group

CK#
CK
CcMD
e o Clocks | e
B - a2 W H : | : h .
ank Group BG aor
ADDR 8G b /]
: ) : : : : > ; ; ; ; ; ; ;
ADDR
DQS, DQS#
BC=4 (Fixed)
DQ & 14
14 14 i i ‘ i i ]
NOTE 1. BC = 4 (Fixed), RL = 11 (CL = 11, AL = 0), Read Preamble = 1tc, WL=9 (CWL=9, AL=0), Write Preamble = Ltc [] mransimioning paTa [ pon'T care
NOTE 2. Dout n = data-out from column n. Din b = data-in to column b.

NOTE 3. DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4. BC4 setting activated by MRO[A1:AO = 1:0].
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Enable.

Figure 124. READ (BC4:Fixed) to WRITE (BC4: Fixed) with 1tCK Preamble and Write
CRC in Same or Different Bank Group
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Read to Read with CS to CA Latency

CcMD
wlo CS#

Bank Group
ADDR

ADDR

DQS, DQS#

- g —r I—G)6) )6 66 0),9),6),8),.6

NOTE 1. BL =8 AL =0, CL = 11, CAL = 3, Preamble = 1tcc I:' TRANSITIONING DATA . DON'T CARE
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. 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.

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

NOTE 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 125. Consecutive READ (BL8) with CAL(3) and 1tCK Preamble in Different
Bank Group

CMD
w/o CS#

Bank Group
ADDR

DQS, DQS#

DQ

NOTE 1. BL =8 AL =0, CL = 11, CAL = 4, Preamble = Itcy [] ransimonme pata [ ponT care
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. 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.

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

NOTE 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 126. Consecutive READ (BL8) with CAL(4) and 1tCK Preamble in Different
Bank Group
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Write Operation

Write Timing Definitions

This drawing is for example only to enumerate the strobe edges that “belong” to a Write burst. No actual timing
violations are shown here. For a valid burst all timing parameters for each edge of a burst need to be satisfied

(not only for one edge - as shown).

TO T1
Ci# e N . VTN
CK é‘\ 5 (N \ X S / S / . / S - -
i % i i
] ] 124 T
WL = AL + CWL
2 .
4 BG,Bank)
A0D
¢ stEtDs s tosH tosn tw,;ST
tboss(min) twere 9 ) - >
Z{ . ':' ’:"“' ,:"""‘ ,:" "\‘ 7
Qs, DQs# R AL A XX
® togsH(min) togsL tDQ‘SH togsL i togsH | todst A togsH | todst "tn SH tDQ'SL(mm) R
toss toss toss toss iloss
14 i
tDQSS(nominal) ) twere tosH tosH tosu tosk twest
DQS, DQs# A A A A A LA AN/
X ¢ ¢
togsH(min] toost i toosH | toost | toosk | tbost i toosw | toost i togse  toostmin
Vi Toss " Toss toss toss toss
X
tbgss(max)
DQS, DQSH# « R
& DosH(min| toost | togsh | togst | togsk | togst i too
) DSS DSS tnss:
DO? Din
Q : 1 )6 6@
NOTE 1. BL8, WL = 9 (AL =0, CWL = 9) [] TransiTiONING DATA  [Jll] DON'T CARE
NOTE 2. Din n = data-in from column n.
NOTE 3. DES commands are shown for ease of illustration : other commands may be valid at these times.
NOTE 4. BL8 stting activated by either MRO[A1:0=00] or MRO[A1:0=01] and A12=1 during WRITE command at TO.
NOTE 5. tpgss must be met at each rising clock edge.
Figure 127. Write Timing Definition and Parameters with 1tCK Preamble
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T15

CK#
CK
cMD? DES
ADD4 BG.sBank ; “ ; :
:
t . f )stftusr- tosH tw-pST
DQSS(min) weRE________ R d 3 H
DQS, DQSH# “ X A X L X
X toQsH(min) togst  toosh ! " SH ! {ogst (min)
2 toss gtuss
togss(nominal) . ) twpre ., tosn tosn tosn tosis g P57
DQS,DQS¥ N A XA XA AN AR
14 { { >
toQsH(min togst i toosw ATDQSL togsh | toost i togsh | togst | toos  toost(min
& toss " Toss toss toss toss
2 oo
tboss(max) tupre fogn tos oS 4 tostt upsr
P TN N BRI 7T 5
bgs,pbes# N ; \__/_ N_i _/__\\_ N _\\_J
& {oQsH(min) toost | togst | togst | toosh | toost T toosH ‘bqsx TlDQSH ItoQst (min)
B 14— e ] H
U DSS! DSS Toss Toss]
DO? Din i
: : OBOED
DM# « \ ;

NOTE 1.BL8, WL=9 (AL=0, CWL=9)
NOTE 2. Din n = data-in to column n.

[] TrRansITIONING DATA [l DON'T CARE

NOTE 3. DES commands are shown for ease of illustration : other commands may be valid at these times.
NOTE 4. BL8 stting activated by either MRO[A1:0=00] or MRO[A1:0=01] and A12=1 during WRITE command at TO.
NOTE 5. tposs must be met at each rising clock edge.

Figure 128. Write Timing Definition and Parameters with 2tCK Preamble

Write Data Mask

One write data mask (DM#) pin for each 8 data bits (DQ) will be supported on DDR4 SDRAMS, consistent with
the implementation on DDR3 SDRAMs. It has identical timings on write operations as the data bits as shown
above, and though used in a unidirectional manner, is internally loaded identically to data bits to ensure
matched system timing. DM# is not used during read cycles, however, DM# of x8 bit organization can be used
as TDQS during write cycles if enabled by the MR1[A11] setting and x8 organization as DBI# during write
cycles if enabled by the MR5[A11] setting. For more detail see section "Data Mask (DM), Data Bus Inversion

(DBI) and TDQS".

Table 42. Reference Voltage for tWPRE Timing Measurements

Symbol Parameter Vswil Vsw?2 Unit
twere DQS, DQS# differential Write Preamble V|HDiﬁ_DQS x 0.1 V|HDiﬁ_DQS x 0.9 \Y
The method for calculating differential pulse widths for twegre2 is Same as twege.
Table 43. Reference Voltage for tWPST Timing Measurements
Symbol Parameter Vswl Vsw2 Unit
twpsT DQS, DQS# differential Write Postamble V|HDiﬁ7DQS x 0.9 V|HDiﬁ7DQS x 0.1 \Y
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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.

CK#
CK
CMD
Bank Group 2
ADDR BGa
0
Bank,
4 i i
2 i i
DQS, DQS#

E

»

. HOOOEEEE

I:‘ TRANSITIONING DATA . DON'T CARE
NOTE 1. BL=8 ,WL =9, AL=0, CWL =9, Preamble = 1tcx
NOTE 2. Din n = data-in to 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:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

Figure 129. WRITE Burst Operation WL =9 (AL =0, CWL =9, BL8)

Bank Group
ADDR

ADDR

DQS, DQS# \ ‘}‘.
2 e k

AL = 10| cwL=9
14

: s HOOBOEEE

4 >

NOTE 1. BL =8 WL = 19, AL = 10 (CL-1), CWL = 9, Preamble = 1tk |:| TRANSITIONING DATA . DON'T CARE
NOTE 2. Din n = data-in to 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:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO.

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

Figure 130. WRITE Burst Operation WL =19 (AL = 10, CWL =9, BL8)
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CK#

CK

Bank Group
ADDR

. 20
Bank

Col b

& 14

ADDR

DQS, DQS#

. T DE000EEE0EDEOEEE

NOTE 1. BL = 8, AL = 0, CWL = 9, Preamble = 1tcx [] ransimonin pata [Jf] ponT care
NOTE 2. Din n (or b) = data-in to 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. 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.

NOTE 5. C/A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable.

NOTE 6. The write recovery time (twr) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T17.

Figure 131. Consecutive WRITE (BL8) with 1tCK Preamble in Different Bank Group

CMD

Bank Group
ADDR

DR\ Bank, \@
ADDR u Colb u

DQS, DQS#

> S I YOO I \CHENENENENCEICHENCEEDEHENENEENE

WL = AL + CWL = 10

[] mransimioninG paTa [ pon'T care

NOTE 1. BL =8 AL =0, CWL =9 + 1 = 107, Preamble = 2tcx
NOTE 2. Din n (or b) = data-in to 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. BL8 setting activated by either MRO[AL:AO = 0:0] or MRO[AL:A0 = 0:1] and A12 = 1 during WRITE command at TO and T4.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 6. The write recovery time(tws) and write timing parameter(tWTR) are referenced from the first rising clock edge after the last write data shown at T18.
NOTE 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 tcx range. That means CWL = 9 is not allowed when operating in 2tc« Write Preamble Mode.

Figure 132. Consecutive WRITE (BL8) with 2tCK Preamble in Different Bank Group
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CK#

CK

Bank Group
ADDR

ADDR

DQS, DQS#

5 WL =AL + CWL=9

o v ] v OO UEOEOERE

14 & WLSAL+CWL=9]

NOTE 1.BL =8 AL =0, CWL =9, Preamble = Ltcx, tecp_si. = 5 I:' TRANSITIONING DATA . DON'T CARE
NOTE 2. Din n (or b) = data-in to 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. BL8 setting activated by either MRO[A1:AO0 = 0:0] or MRO[A1:AQ0 = 0:1] and A12 = 1 during WRITE command at TO and T5.

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

NOTE 6. The write recovery time (tws) and write timing parameter (twrs) are referenced from the first rising clock edge after the last write data shown at T18.

Figure 133. Nonconsecutive WRITE (BL8) with 1tCK Preamble in Same or Different
Bank Group

CK#

CK

CMD

Bank Group 5 Zao “ > 5 2 2 5 > : : - > : :
ADDR

DQS, DQS#

s L DOREEERE

L= AL + CWL = 10

DEEEEEEEY

> D TRANSITIONING DATA - DON'T CARE

NOTE 1.BL=8 ,AL =0, CWL =9 + 1 = 10%, Preamble = 2tc, tecp s =6

NOTE 2. Din n (or b) = data-in to 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. 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.

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

NOTE 6. tccp_si=5isn’ t allowed in 2tck preamble mode.

NOTE 7. The write recovery time (tws) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T20.

NOTE 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 134. Nonconsecutive WRITE (BL8) with 2tCK Preamble in Same or Different
Bank Group
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CK#
cKk
CMD
- ; ; ; ; ; i h ; : : " : ]
Bank Group BGa BGb @
ADDR
2 2 ; ; ; ;
ADDR
DQS, DQS#
! K :
DQ 14 4 4 (@)(@ o ) (G
2 2 WL=fLsowL=9 | N i D TRANSITIONING DATA . DON'T CARE

NOTE 1. BC =4, AL =0, CWL =9, Preamble = 1tcx

NOTE 2. Din n (or b) = data-in to 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. BC4 setting activated by MRO[AL:AO = 0:1] and A12 = 0 during WRITE command at TO and T4.

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

NOTE 6. The write recovery time (twr) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T17.

Figure 135. WRITE (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Different
Bank Group

CMD

Bank Group
ADDR

B/ Bank, \ @)
ADDR u Colb L

DQS, DQS#

bQ
L= AL + CWL|

L= AL + CWI

D TRANSITIONING DATA - DON'T CARE

NOTE 1. BC=4,AL=0, CWL =9 + 1 =10, Preamble = 2tc«

NOTE 2. Din n (or b) = data-in to 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. BC4 setting activated by MRO[A1:AO = 0:1] and A12 = 0 during WRITE command at TO and T4.

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

NOTE 6. The write recovery time (tws) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T18.

NOTE 7. When operating in 2tcx 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 2tcx Write Preamble Mode.

Figure 136. WRITE (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Different
Bank Group
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CKi#
cK
CcMD
Bank Group
ADDR
Bank

ADDR C;"b i

14 14
DQS, DQS# ‘ ¥

& 14

N WL =AL + CWL =9 i

0 4 > ;
. R DEEE

& & D TRANSITIONING DATA . DON'T CARE

NOTE 1. BC =4, AL=0, CWL =9, Preamble = 1tcx

NOTE 2. Din n (or b) = data-in to 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. BC4 setting activated by MRO[A1:AQ = 1:0].

NOTE 5. CA Parity = Disable, CS to CA Latency isable, Write DBI = Disable.

NOTE 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 137. WRITE (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Different
Bank Group

K
oK
CMD
Bank Group
ADDR
ADDR
DQS, DQS#

14
0 2 10.0.000,00),C

WL=AL+CWL=9 - - T
14 14 %4
D TRANSITIONING DATA - DON'T CARE

NOTE 1. BC =4, AL =0, CWL =9, CL = 11, Preamble = 1tcx

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

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:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and READ command at T15.

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

NOTE 6. The write timing parameter (twrr_s) are referenced from the first rising clock edge after the last write data shown at T13. When AL is non-zero, the external read command at T15 can be pulled in by AL.

Figure 138. WRITE (BL8) to READ (BL8) with 1tCK Preamble in Different Bank Group
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CK#

CK

Bank Group
ADDR

ADDR

DQS, DQS#

DQ

NOTE 1. BL =8, AL=0, CWL =9, CL = 11, Preamble = 1tck D TRANSITIONING DATA . DONT CARE

NOTE 2. DIN n = data-in to column n (or column b). DOUT b = data-out from column b.
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:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and READ command at T17.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 6. The write timing parameter (twrr_) are referenced from the first rising clock edge after the last write data shown at T13.
When AL is non-zero, the external read command at T17 can be pulled in by AL.

Figure 139. WRITE (BL8) to READ (BL8) with 1tCK Preamble in Same Bank Group

CK#

CK

CMD

Bank Group : @ : > : - > @ b : @
ADDR BGa W W BG ]

14 14 14
2 ¢ ?
DQS, DQS#
& 14 14
2 WL = : 22 . RL=
DQ 4 £ (). (¢ 2 2
14 14 14
NOTE 1. BC =4, AL=0, CWL =9, CL = 11, Preamble = 1tcx
NOTE 2. Din n = data-in to column n (or column b). Dout b = data-out from column b. I:l TRANSITIONING DATA - DON'T CARE

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

NOTE 4. BC4 setting activated by MRO[A1:AO0 = 0:1] and A12 = 0 during WRITE command at TO and READ command at T15.

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

NOTE 6. The write timing parameter (twrr_s) are referenced from the first rising clock edge after the last write data shown at T13.
When AL is non-zero, the external read command at T15 can be pulled in by AL.

Figure 140. WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Different
Bank Group
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CK# e
CK
CcMD
Bank Group
ADDR
- I - ? s  —. ? 5
ADDR Coln Colb
@ @ @ @ :
DQs, DQS# R "
14 14 14 14
S WL = 22 RL=AL +Cl,5 11
DQ 14 14 14 14
& 14 14 14
NOTE 1. BC =4, AL =0, CWL =9, CL = 11, Preamble = 1tcx
NOTE 2. Din n = data-in to column n (or column b). Dout b = data-out from column b. D TRANSITIONING DATA . DON'T CARE

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

NOTE 4. BC4 setting activated by MRO[AL:AO = 0:1] and A12 = 0 during WRITE command at TO and READ command at T17.

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

NOTE 6. The write timing parameter (twr=_) are referenced from the first rising clock edge after the last write data shown at T13.
When AL is non-zero, the external read command at T17 can be pulled in by AL.

Figure 141. WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Same Bank
Group

CK#

CK

CMD

Bank Group
ADDR

ADDR

DQS, DQS#

AL+ CL=11

DQ

IOENE

NOTE 1.BC=4,AL =0, CWL =9, CL = 11, Preamble = 1tck

NOTE 2. Din n = data-in to column n (or column b). Dout b = data-out from column b.

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

NOTE 4. BC4 setting activated by MRO[A1:AO = 1:0].

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

NOTE 6. The write timing parameter (twrr_s) are referenced from the first rising clock edge after the last write data shown at T11.
When AL is non-zero, the external read command at T13 can be pulled in by AL.

D TRANSITIONING DATA . DON'T CARE

Figure 142. WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Different
Bank Group
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CK# el i i - P
CK
CMD
Bank Group
ADDR
ADDR
DQS, DQS#
=AL+CL=11
® IOOE
14 & ; ; & &

NOTE 1.BC =4, AL=0, CWL =9, CL = 11, Preamble = 1tcx D TRANSITIONING DATA - DON'T CARE

NOTE 2. Din n = data-in to column n (or column b). Dout b = data-out from column b.

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

NOTE 4. BC4 setting activated by MRO[A1:A0 = 1:0].

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

NOTE 6. The write timing parameter (twrr_) are referenced from the first rising clock edge after the last write data shown at T11.

When AL is non-zero, the external read command at T15 can be pulled in by AL.
Figure 143. WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Same
Bank Group
CK#
CK
CMD
Bank Group
ADDR
ADDR
DQS, DQS#
AL+CWL=9

DQ

D TRANSITIONING DATA - DON'T CARE

NOTE 1. BL=8/BC =4, AL=0, CWL =9, Preamble = 1tcx

NOTE 2. Din n (or b) = data-in to 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. 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.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 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 144. WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank
Group
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CK#

CK

Bank Group
ADDR

ADDR

DQS, DQS#

s AR IO 9/6.6/6/6/0/6/

2 WL=AL+CWL=9 |

9

D TRANSITIONING DATA - DON'T CARE
NOTE 1. BL=8/BC =4, AL=0, CWL = 9, Preamble = 1tcx
NOTE 2. Din n (or b) = data-in to 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. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO. BL8 setting activated by MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at T4.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 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 145. WRITE (BC4)OTF to WRITE (BL8) with 1tCK Preamble in Different Bank
Group

CMD

BC4(OTF) Operation:
DQS, DQS# K
14 14
14 14
DQ 14 14
&2 14
BL8 Operation: .
DQS, DQS# ¢ N
14 14
X ; ; 14
Din Din oin \\// Din
e 2 D.@,0),@,0),@,6.6 2
et e
NOTE 1. BL=8/BC =4, AL =0, CWL =9, Preamble = 1tcx, twr = 12 -
NOTE 2. Din n = data-in to column n. D TRANSITIONING DATA - DONT CARE

NOTE 3. DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4. BC4 setting activated by MRO[A1:AO = 0:1] and A12 =0 during WRITE command at TO. BL8 setting activated by MRO[A1:AQ = 0:0] or MRO[A1:0 = 01] and A12 =1 during WRITE command at TO.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 6. 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 146. WRITE (BL8/BC4) OTF to PRECHARGE Operation with 1tCK Preamble
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CK#
cK
CMD
ADDR
BCA4(Fixed) Operation:
DQS, DQS# ‘ R
4 14
2 | : 14
. : NG v
& i i &
NOTE 1. BC = 4, AL = 0, CWL = 9, Preamble = ltcx, tws = 12 D TRANSITIONING DATA - DON'T CARE
NOTE 2. Din n = data-in to column n.

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

NOTE 4. BC4 setting activated by MRO[A1:A0 = 1:0].

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

NOTE 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 147. WRITE (BC4) Fixed to PRECHARGE Operation with 1tCK Preamble

BCA4(OTF) Operation:
DQS, DQS# y

DQ 4

BL8 Operati

DQS, DQS# ~

- : HEOOEEEE ”

NOTE 1. BL=8/BC =4, AL=0, CWL =9, Preamble = 1tckx, WR = 12 D TRANSITIONING DATA . DON'T CARE
NOTE 2. Din n = data-in to column n.
NOTE 3. DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 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.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 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.

Figure 148. WRITE (BL8/BC4) OTF with Auto PRECHARGE Operation and 1tCK
Preamble
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CK#
oK
CMD
2 Clocks
ADDR
BCA(Fixed) Operation: N )
DQS, DQS# ) R
& &
2 | : 14
. NOOE ;
b3 7 7 14
NOTE 1. BC = 4, AL = 0, CWL = 9, Preamble = 1tcx, WR = 12 D TRANSITIONING DATA - DON'T CARE

NOTE 2. Din n = data-in to column n.

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

NOTE 4. BC4 setting activated by MRO[A1:AO = 1:0].

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

NOTE 6. The write recovery time (twg) 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 149. WRITE (BC4) Fixed with Auto PRECHARGE Operation and 1tCK Preamble

Bank Group
ADDR

ADDR .< E;nk >— ; ; u : ‘ : ‘ ‘ : ‘ ; ; ; ; ;
Coln R

BCA(OTF) Operation:

DQS, DQS# ;i
14

00 X i
j; NOOE

; 5,008

BL8 Operation:
DQS, DQSH# 2 5
@ i 3
h ‘ 0.0,00.0.0.0@
) 5,9,00.66.0,8
NOTE 1.BL=8/BC =4, AL=0, CWL =9, Preamble = 1tcx D TRANSITIONING DATA - DON'T CARE

NOTE 2. Din n = data-in to column n.
NOTE 3. DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4. BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITE command at TO.
BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO.
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Enable, CRC = Disable.
NOTE 6. The write recovery time (tws_os) and write timing parameter (twrr_om) are referenced from the first rising clock edge after the last write data shown at T13.

Figure 150. WRITE (BL8/BC4) OTF with 1tCK Preamble and DBI
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CK#
CK
CMD
: i wi=ALdcwL=9 | 2Clocks | : : : : )
: : : 2, : 0l : T : : : : : : '
Bank Group BG
ADDR
BC4(Fixed) Opgration:
DQS, DQSH ¢ §
14
P i i
h 0,0 @)€
n n+3
14
V CIENENEY
0,@),@)E
n n+3
& ]
14
D TRANSITIONING DATA - DON'T CARE
NOTE 1. BC = 4, AL = 0, CWL =9, Preamble = 1tck
NOTE 2. Din n = data-in to column n.
NOTE 3. DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4. BC4 setting activated by MRO[A1:AQ = 1:0].
NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Enable, CRC = Disable.
NOTE 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.
CK#
CK
CMD
Bank Group
ADDR
ADDR

DQS, DQS#

L+CWL =13

9.0.@,0),0,0.0.0.@),0),6,0,0)/@),E

DQ 14 &

[] mansimonin pata [Jf] ponT care
NOTE 1. BL=8, AL=0, CWL =9, PL = 4, Preamble = 1tck

NOTE 2. Din n (or b) = data-in to 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. BL8 setting activated by either MRO[A1:AO = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO and T4.
NOTE 5. CA Parity = Enable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6. The write recovery time (twg) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T21.

Figure 152. Consecutive WRITE (BL8) with 1tCK Preamble and CA Parity in Different
Bank Group
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Bank Group
ADDR

DQS, DQS#

BL=8

. T LEEE0EeT DEOEEEEE
166 6/C M O/ 666 AN

DQ

D TRANSITIONING DATA - DON'T CARE
NOTE 1. BL=8/BC =4, AL =0, CWL =9, Preamble = 1tc, tcco st = 5
NOTE 2. Din n (or b) = data-in to 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. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at TO and T5.
NOTE 5. BC4 setting activated by MRO[A1:AQ = 0:1] and A12 = 0 during WRITE command at TO and T5.
NOTE 6. C/A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable, Write CRC = Enable.
NOTE 7. The write recovery time (tws) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T18

Figure 153. Consecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in
Same or Different Bank Group

CK#
CK
cMD
2 Clocks
Bank Group g
ADDR
ADDR
tWPRE
DQS, DQSH T
. e
M 2 K i i i
DQ BC = 4 (fixed) 14 14 w (@) (@) o cre, & (@) (@) o
14 14 | WL=AL+GWL=9 _
@ @ ‘

[[] rransiTionine paTa [ pon'T care
NOTE 1. BL =8, AL =0, CWL =9, Preamble = 1tck, tcco_si =5

NOTE 2. Din n (or b) = data-in to 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. BC4 setting activated by MRO[A1:AO = 1:0] at TO and T5.

NOTE 5. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.
NOTE 6. The write recovery time (twg) and write timing parameter (twrr) are referenced from the first rising clock edge after the last write data shown at T16.

Figure 154. Consecutive WRITE (BC4) Fixed with 1tCK Preamble and Write CRC in
Same or Different Bank Group
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CK#

CK

Bank Group
ADDR

ADDR

DQS, DQS#

BL=8

DQ

14 WL =AL+CWL=9

IOEOEOEE VEOEOEEEE
I VEOE W OOOE

NOTE 1. BL = 8, AL = 0, CWL = 9, Preamble = Ltcy, teco_si = 6 D TRANSITIONING DATA - DON'T CARE
NOTE 2. Din n (or b) = data-in to 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. 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.

NOTE 5. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO and T6.

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

NOTE 7. The write recovery time (tws) and write timing parameter (twrs) are referenced from the first rising clock edge after the last write data shown at T19.

Figure 155. Nonconsecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write
CRC in Same or Different Bank Group

teep_si=7! ) 4 Clocks

Bank Group BG a o
ADDR

L N e0eceeec DEEOEEEEENY T
W ” IOOE IBOE

NOTE 1. BL =8, AL=0, CWL = 9 + 1 = 109, Preamble = 2tcy, tco s = 7 )
NOTE 2. Din n (or b) = data-in to column n(or column b). D TRANSITIONING DATA - DON'T CARE
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:A0 = 0:0] or MRO[A1:AQ = 0:1] and A12 =1 during WRITE command at TO and T7.
NOTE 5. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO and T7.
NOTE 6. CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.
NOTE 7. tecp_si = 6 isn’ t allowed in 2tck preamble mode.
NOTE 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.
NOTE 9. When operating in 2tcx 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 2tckx Write Preamble Mode.

Figure 156. Nonconsecutive WRITE (BL8/BC4) OTF with 2tCK Preamble and Write
CRC in Same or Different Bank Group

Rev. 1.1 128 Nov. /2019



EtronTech EM60OEOSNWO9A

BC = 4 (OTF/Fixed)

BC = 4 (OTF/Fixed) )

CK#
CK
CMD
Bank Group
ADDR
ADDR
DQS, DQS#
BL=8
bQ
BL=8
DM
bQ
DM

NOTE 1.
NOTE 2.
NOTE 3.
NOTE 4.
NOTE 5.
NOTE 6.
NOTE 7.

: IDOE

[] ransimonin pata [ ponT care
BL=8/BC=4,AL=0, CWL =9, Preamble = 1tcx

Din n = data-in to column n.

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

BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO.

BC4 setting activated by either MRO[A1:AO = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO.

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

The write recovery time (twr_crc_om) and write timing parameter (twr_s_crc_om/twr_L_crc_owm) are referenced from the first rising clock edge after the last write data shown at T13.

Figure 157. WRITE (BL8/BC4) OTF/Fixed with 1tCK Preamble and Write CRC and DM

in Same or Different Bank Group
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Read and Write Command Interval

Table 44. Minimum Read and Write Command Timings

Bank Group Access type Timing Parameter Note
S Minimum Read to Write CL-CWL+RBL/2+1tek + twere 1,2
ame
Minimum Read after Write CWL +WBL /2 + twrr L 1,3
Minimum Read to Write CL-CWL+RBL/2+1tek + twere 1,2
Different — -
Minimum Read after Write CWL +WBL /2 +twrr s 1,3

Note 1. These timings require extended calibrations times tzqint and tzqcs.
Note 2. RBL: Read burst length associated with Read command

RBL = 8 for fixed 8 and on-the-fly mode 8

RBL = 4 for fixed BC4 and on-the-fly mode BC4
Note 3. WBL: Write burst length associated with Write command

WBL = 8 for fixed 8 and on-the-fly mode 8 or BC4

WBL = 4 for fixed BC4 only

Write Timing Violations

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.

Motivation

Generally, if Write timing parameters are violated, a complete reset/initialization procedure has to be initiated
to make sure that the DRAM works properly. However, it is desirable, for certain violations as specified below,
the DRAM is guaranteed to not “hang up” and that errors are limited to that particular operation.

For the following, it will be assumed that there are no timing violations with regards to the Write command itself
(including ODT, etc.) and that it does satisfy all timing requirements not mentioned below.

Data Setup and Hold Offset Violations

Should the data to strobe timing requirements (togs_oft: tbor_of tbas_dd_of tbon_dd off) D€ Violated, for any of the
strobe edges associated with a write burst, then wrong data might be written to the memory locations
addressed with this write command.

In the example (Write Burst Operation WL =9 (AL = 0, CWL = 9, BL8), the relevant strobe edges for write
burst A are associated with the clock edges: T9, T9.5, T10, T10.5, T11, T11.5, T12, T12.5.

Subsequent reads from that location might results in unpredictable read data, however the DRAM will work
properly otherwise.

Strobe and Strobe to Clock Timing Violations

Should the strobe timing requirements (tpgsn, toost, twere, twest) O the strobe to clock timing requirements
(toss. tosh, tboss) be violated for any of the strobe edges associated with a Write burst, then wrong data might
be written to the memory location addressed with the offending Write command. Subsequent reads from that
location might result in unpredictable read data, however the DRAM will work properly otherwise with the
following constraints:

1) Both Write CRC and data burst OTF are disabled; timing specifications other than tposu, togst, tweres twesT,
toss, tbsH, tDQSS are not violated.

2) The offending write strobe (and preamble) arrive no earlier or later than six DQS transition edges from the
Write-Latency position.

3) A Read command following an offending Write command from any open bank is allowed.

4) One or more subsequent WR or a subsequent WRA {to same bank as offending WR} may be issued tccp |
later but incorrect data could be written; subsequent WR and WRA can be either offending or non-offending
writes. Reads from these Writes may provide incorrect data.

5) One or more subsequent WR or a subsequent WRA {to a different bank group} may be issued tccp s later
but incorrect data could be written; subsequent WR and WRA can be either offending or non-offending
writes. Reads from these Writes may provide incorrect data.

6) Once one or more precharge commands(PRE or PREA) are issued to DDR4 after offending write command
and all banks become precharged state(idle state), a subsequent, non-offending WR or WRA to any open
bank shall be able to write correct data.
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CRC Polynomial and logic eqguation

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

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

Table 45. CRC Error Detection Coverage

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%

CRC Combinatorial Logic Equations

module CRC8_D72;

/I polynomial: (0 1 2 8)

/I data width: 72

/I convention: the first serial data bit is D[71]
/linitial condition all 0 implied
/"~ = XOR

function [7:0]
nextCRC8_D72;

input [71:0] Data;

input [71:0] D;

reg [7:0] CRC;

begin

D = Data;

NewCRCJ0] =

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

NewCRCI[1] =

D[70] ~ D[66] ~ D[65] ~ D[63] ~ D[61] ~ D[60] ~ D[57] *
D[56] ~ D[55] ~ D[52] ~ D[51] ~ D[48] ~ D[46] ~ 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] ~ D[13] ~
D[12] ~ D[9] ~ D[6] ~ D[1] ~ D[O];

NewCRCJ[2] =

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

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

NewCRCI[4] =

D[71] ~ D[70] ~ D[65] ~ D[64] ~ D[63] ~ D[62] ~ D[60] *
D[59] ~ D[56] ~ D[52] ~ D[50] ~ D[49] ~ D[48] ~ D[46] *
D[45] ~ D[44] ~ D[41] ~ D[39] ~ D[36] ~ D[35] ~ D[31] »
D[30] ~ D[27] ~ D[26] ~ D[24] ~ D[19] ~ D[17] ~ D[15] ~
D[14] ~ D[12] ~ D[10] ~ 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] ~ D[50] ~ D[49] ~ D[47] ~ D[46] ~
D[45] ~ D[42] ~ D[40] ~ D[37] ~ D[36] ~ D[32] ~ D[31]
D[28] ~ D[27] ~ D[25] ~ D[20] ~ D[18] ~ D[16] ~ D[15]
D[13] ~ D[11] ~ D[9] ~ D[5] ~ D[4] ~ D[3];

NewCRCJ[6] =

D[67] ~ D[66] ~ D[65] ~ D[64] ~ D[62] ~ D[61] * D[58]
D[54] ~ D[52] ~ D[51] ~ D[50] ~ D[48] ~ D[47] * D[46]
D[43] ~ D[41] ~ D[38] ~ D[37] ~ D[33] ~ D[32] ~ D[29]
D[28] ~ D[26] ~ D[21] ~ D[19] A D[17] ~ D[16] ~ D[14]
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] ~ D[27] ~ D[22] ~ D[20] ~ D[18] ~ D[17] ~ D[15]
D[13] ~ D[11] ~ D[7] ~ D[6] " D[5];

nextCRC8 D72 = NewCRC;
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Write CRC for x4, x8 and x16 devices

The Controller generates the CRC checksum and forms the write data frames as below tables.

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# 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 LDBI# and UDBI# 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# signal if there is a mis-match.

A x8 device has a CRC tree with 72 input bits. The upper 8 bits are used if either Write DBI or DM is enabled.
Note that Write DBI and DM function cannot be enabled simultaneously. If both Write DBI and DM 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 if either Write DBI
or DM is enabled. Note that Write DBI and DM function cannot be enabled simultaneously. If both Write DBI
and DM is disabled then the inputs of the upper 8 bits [D(143:136) and D(71:64)] are ‘1’s.

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.

Table 46. CRC Data Mapping for x4 Devices, BL8

Function S
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO | CRC4
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 | CRC5
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 | CRC6
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 | CRC7

Table 47. CRC Data Mapping for x8 Devices, BL8

Function TTEiie
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 D62 D63 CRC7 1
DM#/DBI# D64 D65 D66 D67 D68 D69 D70 D71 1 1

A x16 device is treated as two x8 devices; a x16 device will have two identical CRC trees implemented.
CRC]J7:0] covers data bits D[71:0], and CRC[15:8] covers data bits D[143:72].

Table 48. CRC Data Mapping for x16 Devices, BL8

Function IiEREET

0 1 2 3 4 5 6 7 8 9

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

CRC Error mechanism shares the same ALERT# 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
six clocks. The latency to ALERT# signal is defined as tcre_acerr in the figure below.

DRAM will set CRC Error Clear bit in A3 of MR5 to '1' and CRC Error Status bit in MPR3 of pagel 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# (during init) and can back up 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
Conﬁroller 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 six clocks at the controller if there are multiple CRC errors as the
ALERT# is a daisy chain bus.

DQ (o X 0o 2 o DR Do DX DK Y | cememrums |

¢ »
tcre_ALerT CRC ALERT_PW(min)
— pi¢ »
%
Alert#

[] TrRaNsITIONING DATA ¢ TIME BREAK [Jl] DON'T CARE

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.

Figure 158. CRC Error Reporting

Table 49. CRC Error Timing Parameters

Symbol Parameter Min. Max. Unit
{CRC_ALERT CRC error to ALERT# Latency - 13 ns
CRC ALERT_PW |CRC ALERT_PW 6 10 tck
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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 with BC4 Data Bit Mapping

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

When A2 = 1, data bits D[7:4] are used as inputs for D[3:0], D[15:12] are used as inputs to D[11:8], and so
forth, for the CRC tree.

Table 50. CRC Data Mapping for x4 Devices, BC4

RS 0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 | CRCO | CRCA
DO1L D8 D9 | D10 | DIl 1 1 1 1| CRC1 | CRC5
D02 D16 | D17 | D18 | D19 1 1 1 1 | CRC2 | CRC6
DO3 D24 | D25 | D26 | D27 1 1 1 1 | CRC3 | CRCY

ARG 0 1 2 3 4 5 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 | CRCO | CRC4
DO1 DIz | D1z | D14 | DI5 1 1 1 1 | CRC1 | CRC5
DQ2 D20 | D21 | D22 | D23 1 1 1 1| CRC2 | CRC6
DO3 D28 | D29 | D30 | D31 1 1 1 1 | CRC3 | CRC7

For a x8 device, the CRC tree inputs are 36 data bits in transfer’s four through seven as 1’s.

When A2 = 0, the input bits D[67:64]) are used if DBI# or DM# functions are enabled; if DBI# and DM# are
disabled, then D[67:64]) are 1.

When A2 = 1, data bits D[7:4] are used as inputs for D[3:0], D[15:12] are used as inputs to D[11:8], and so
forth, for the CRC tree. The input bits D[71:68]) are used if DBI# or DM# functions are enabled; if DBI# and
DM# are disabled, then D[71:68]) are 1.

Table 51. CRC Data Mapping for x8 Devices, BC4

Function

0 1 2 3 4 5 6 7 8 9
DOO DO D1 D2 D3 1 1 1 1 | CrRCO| 1
DO1L D8 D9 | D10 | DIl 1 1 1 1 [ CcrC1| 1
D02 D16 | D17 | D18 | Dio 1 1 1 1 | CcrRc2 | 1
D03 D24 | D25 | D26 | D27 1 1 1 1 | CrRC3| 1
DO4 D32 | D33 | D34 | D35 1 1 1 1 | CrRCA| 1
DO5 Da0 | DAl | D42 | D43 1 1 1 1 | CrRC5 | 1
DO6 Dag | D49 | D50 | D51 1 1 1 1 | CrRC6| 1
DO7 D56 | D57 | D58 | D59 1 1 1 1 | CcrRc7 | 1
DM#DBI% D64 | D65 | D66 | D67 1 1 1 1 1 1
AL 0 1 2 3 4 5 B 7 8 9
DOO D4 D5 D6 D7 1 1 1 1 | CrRCO| 1
DOL DIz | D13 | D14 | Dis5 1 1 1 1 |CrCl| 1
DO2 D20 | D21 | D22 | D23 1 1 1 1 [ CrC2| 1
DO3 D28 | D29 | D30 | D3l 1 1 1 1 | Crca| 1
DO4 D36 | D37 | D38 | D39 1 1 1 1 | Crca | 1
DO5 Das | D45 | D46 | D47 1 1 1 1 | CRC5 | 1
D06 D52 | D53 | D54 | D55 1 1 1 1 | CrC6 | 1
DO7 D60 | D61 | D62 | D63 1 1 1 1 [ CcrC7| 1
DM#/DBI# D68 | D69 | D70 | D71 1 1 1 1 1 1
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There are two identical CRC trees for x16 devices, each have CRC tree inputs of 36 bits.

When A2 = 0, input bits D[67:64] are used if DBI# or DM# functions are enabled; if DBI# and DM# are
disabled, then D[67:64] are 1s. The input bits D[139:136] are used if DBI# or DM# functions are enabled; if

DBI# and DM# are disabled, then D[139:136] are 1s.

When A2 = 1, data bits D[7:4] are used as inputs for D[3:0], D[15:12] are used as inputs for D[11:8], and so
forth, for the CRC tree. Input bits D[71:68] are used if DBI# or DM# functions are enabled; if DBI# and DM#
are disabled, then D[71:68] are 1s. The input bits D[143:140] are used if DBI# or DM# functions are enabled; if

DBI# and DM# are disabled, then D[143:140] are 1s.
Table 52. CRC Data Mapping for x16 Devices, BC4

Function

0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 | CRCO| 1
DO1 D8 D9 | D10 | DIl 1 1 1 1 | CRC1| 1
D02 D16 | Di7 | D18 | D19 1 1 1 1 [ CrC2| 1
DO3 D24 | D25 | D26 | D27 1 1 1 1 | CrRC3| 1
DO4 D32 | D33 | D34 | D35 1 1 1 1 | CRCA | 1
DO5 Da0 | Dal | D42 | D43 1 1 1 1 | CRC5 | 1
D06 Dag | D49 | D50 | D51 1 1 1 1 | CRC6 | 1
DQ7 D56 | D57 | D58 | D59 1 1 1 1 [ CrC7| 1

LDM#LDBI# D64 | D65 | D66 | D67 1 1 1 1 1 1
DO8 D72 | D73 | D74 | D75 1 1 1 1 | CrRC8| 1
DQY Ds0 | Dsl | D82 | D83 1 1 1 1 [ CrRCO| 1
DO10 D88 | D89 | D90 | DOl 1 1 1 1 |CRC10| 1
DO11 D96 | D97 | D98 | D99 1 1 1 1 [crRC11| 1
DO12 D104 | D105 | D106 | D107 | 1 1 1 1 [CRC12| 1
DO13 D112 | D113 | D114 | D115 | 1 1 1 1 [CrRCI13| 1
D014 D120 | Di21 | D122 | D123 | 1 1 1 1 |CrRC14| 1
DO15 D128 | D129 | D130 | D131 | 1 1 1 1 |CRC15| 1

UDM#/UDBI% D136 | D137 | D138 | D139 | 1 1 1 1 1 1

AU 0 1 2 3 4 5 6 7 8 9
D00 D4 D5 D6 D7 1 1 1 1 | CRCO| 1
DO1 DIz | D1z | D14 | DI5 1 1 1 1 | CrRC1| 1
DO2 D20 | D21 | D22 | D23 1 1 1 1 [CcrC2| 1
DO3 D28 | D29 | D30 | D31 1 1 1 1 | CRC3 | 1
DO4 D36 | D37 | D38 | D39 1 1 1 1 | CrRCA| 1
DO5 Daa | Da5 | D46 | D47 1 1 1 1 | CRC5 | 1
DO6 D52 | D53 | D54 | D55 1 1 1 1 | CRC6 | 1
DO7 D60 | D61 | D62 | D63 1 1 1 1 [ CrRC7| 1

LDM#LDBI# D68 | D69 | D70 | D71 1 1 1 1 1 1
D08 D76 | D77 | D78 | D79 1 1 1 1 | CrRCB| 1
DO9 Dsa | D85 | D86 | D87 1 1 1 1 | CRCO | 1
DO10 D92 | D93 | D94 | D95 1 1 1 1 [CrRCI0| 1
DO11 D100 | D101 | D102 | D103 | 1 1 1 1 |CrRC11| 1
D012 D108 | D109 | D110 | D111 | 1 1 1 1 [CRC12| 1
DQ13 D116 | Dil7 | D118 | D119 | 1 1 1 1 |CrRC13| 1
DO14 Di24 | Di25 | D126 | D127 | 1 1 1 1 |CRC14| 1
DQ15 DI32 | Di33 | D134 | D135 | 1 1 1 1 [CRC15| 1

UDM#UDBI# D140 | D14l | D142 | D143 | 1 1 1 1 1 1
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Example shown below of CRC tree when X8 is used in BC4 mode, x4 and x16 have similar differences.
CRC equations for x8 device in BC4 mode with A2=0 are as follows:

CRCJ[0] = D[69]=1 ~ D[68]=1  D[67] * D[66] * D[64] ~ D[63]=1 " D[60]=1 ~ D[56] * D[54]=1 ~ D[53]=1 ~ D[52]=1 ~ D[50] A
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 A D[6] =1 A D[0] ;

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

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]
A 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] A D[22]=1 ~ D[17] ~ D[15]=1 ~ D[13]=1 ~ D[12]=1  D[10] ~ D[8] ~ D[6]=1 ~ D[2] ~ D[1] ~ D[O];

CRCJ[3] = D[70]=1 " D[69]=1 ~ D[64] ~ D[63]=1 ~ D[62]=1 " D[61]=1 ~ D[59] * D[58] ~ D[55]=1 " D[51] ~ D[49] ~ D[48] *
D[47]=1 " D[45]=1 ~ D[44]=1 " D[43] ~ D[40]  D[38]=1  D[35] * D[34] ~ D[30]=1 " D[29]=1 " D[26]  D[25] *
D[23]=1 " D[18] A D[16] A D[14]=1  D[13]=1 " D[11] ~ D[9] A D[7]=1 ~ D[3] ~ D[2] A 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  D[45]=1 " D[44]=1 ~ D[41] ~ D[39]=1  D[36]=1 " D[35] ~ D[31]=1 " D[30]=1 A D[27] * D[26]
D[24] ~ D[19] ~ D[17] ~ D[15]=1 ~ D[14]=1 ~ D[12]=1 ~ D[10] ~ D[8]  D[4]=1 ~ D[3]  D[2];

CRCI[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 ~ D[36]=1 ~ D[32] ~ D[31]=1 ~ D[28]=1 ~ D[27] ~ D[25]
D[20]=1 ~ D[18] ~ D[16] ~ D[15]=1 ~ D[13]=1 ~ D[11] » D[9] * D[5]=1 ~ D[4]=1  D[3];

CRCI[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
A D[46]=1 ~ D[43] " D[41] ~ D[38]=1 " D[37]=1 ~ D[33] * D[32] » D[29]=1 " D[28]=1 " D[26] * D[21]=1 ~ D[19] A
D[17] A D[16] * D[14]=1 A D[12]=1 " D[10] A D[6]=1 ~ D[5]=1 " D[4]=1;

CRCJ[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 ~ D[29]=1 ~ D[27] ~ D[22]=1 »
D[20]=1 " D[18] A D[17] A 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] =171~ D[71] A D[70] A D[68] A1~ 1~ D[60] ~ 1~ 1~ 1 A D[54] ~ D[53] » D[52] * 1 ~ D[47] ~ D[44] A 1~ D[39] "
D[38] A 17171717 17D[23]AD[22] A D[20] A1~ 1 D[12]*1 1" D[4] ;

CRC[1]=1"D[70] A D[69] ~1~ 11~ D[61] ~ D[60] ~ 1~ 1~ D[55] A D[52] 1~ 1 A 1~ D[47] ~ D[45] ~ 1~ 1 ~ D[38]
D[36]A17171AD[28]A1717117D[22]"D[21] A D[20] "1 A1 A1~ 1AD[13]* 1 " D[5] * D[4];

CRC[2]=1717171"17171~D[62]~D[61] "1~ D[54] " D[52] 1~ 1~ 1~D[47]"D[46]~1~1~D[38]AD[37]*1 "1
AD[29] A D[28] ~1 A D[21] A1~ 1~ 1~ D[14] A D12] ~1  D[6] ~ D[5] ~ D[4];

CRC[3]=171~D[68]~1~11"D[63]"D[62] "1~ D[55] ~ D[53] A D[52] A1~ 1 ~ 1 A D[47] A D[44] ~ 1 ~ D[39] " D[38]
1717D[30] ~ D[29] ~ 1 A D[22] ~ D[20] ~ 1~ 1 ~ D[15] ~ D[13] ~ 1 ~ D[7] ~ D[6] * D[5];

CRC[4] =171~ D[69] ~D[68] ~ 1~ 11 D[63] ~D[60] * 1~ D[54] » D[53] ~ D[52] * 1 "1 A 1~ D[45] 1~ 1~ D[39] "1 ~ 1
A D[31] A D[30] A D[28] ~ D[23] A D[21] A 1 A 1~ 1 ~ D[14] ~ D[12] * 1 A D[7] ~ D[6];

CRC[5] = 1~ D[70] ~ D[69] ~D[68] * 1~ 1~ 1~ D[61] ~ 1 ~ D[55] ~ D[54] ~ D[53] ~ 1~ 1 ~ 1 A D[46] ~ D[44] ~ 1 ~ 1 ~ D[36]
1717D[31] A D[29] ~ 1~ D[22] A D[20] A 1~ 1 A D[15] A D[13] A1 A 1 A D[7];

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

CRC[7] =17 D[71] ~ D[70] ~D[69] * 121~ D[63] ~1~ 1~ 1~ D[55] A D[53] ~ D[52] ~ 1~ 1 ~ D[46] ~ 1 ~ 1 ~ D[38] ~ D[37]
1717D[31]71714D[22]AD[21] A 1" 1 AD[15] A 1A 17 1;

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. For a x16, when the DRAM detects an error in CRC tree, DDR4 DRAMs may mask all DQs
or half the DQs depending upon the specific vendor implementation behavior. Both implementations are valid.
For the DDR4 DRAMSs that masking half the DQs, DQO through DQ7 will be masked if the lower byte. CRC
tree had the error and DQ8 through DQ15 will be masked if the upper byte CRC tree had the error.

Simultaneous MPR Write, Per DRAM Addressability and CRC Functionality

The following combination of DDR4 features are prohibited for simultaneous operation:

1) MPR Write and Write CRC (Note: MPR Write is via Address pins)
2) Per DRAM Addressability and Write CRC (Note: Only MRS are allowed during PDA and also DQO is used
for PDA detection)
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Post Package Repair (hPPR)

DDR4 supports Fail Row address repair as optional feature for 4Gb. Supporting hPPR is identified via datasheet
and SPD in Module so should refer to DRAM manufacturer’s Datasheet. PPR provides simple and easy repair
method in the system and Fail Row address can be repaired by the electrical programming of Electrical-fuse
scheme.

With hPPR, DDR4 can correct 1Row per Bank Group

Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller should prevent
unintended hPPR mode entry and repair. (i.e. Command/Address training period)

DDR4 defines two hard fail row address repair sequences and users can choose to use among those 2 command
sequences. The first command sequence uses a WRA command and ensures data retention with Refresh
operations except for the 2banks containing the rows being repaired, with BA[0] a don’t care. Second command
sequence is to use WR command and Refresh operation can’t be performed in the sequence. So, the second
command sequence doesn’t ensure data retention for target DRAM.

When hard PPR Mode is supported, entry into hPPR Mode is to be is protected through a sequential MRS guard
key to prevent unintentional hPPR programming. When soft PPR Mode, i.e. sPPR, is supported, entry into
sPPR Mode is to be protected through a sequential MRS guard key to prevent unintentional SPPR programming.
The sequential MRS guard key for hPPR mode and sPPR is the same Guard Key, i.e. hPPR/sPPR Guard Key.

The hPPR/sPPR Guard Key requires a sequence of four MRO commands to be executed immediately after
entering hPPR mode (setting MR4 bit 13 to a “1”) or immediately after entering sPPR mode(setting MR4 bit 5
to a “1”). The hPPR/sPPR Guard Key’s sequence must be entered in the specified order as stated and shown
in the spec below. Any interruption of the hPPR/sPPR Guard Key sequence from other MR commands or non-
MR commands such as ACT, WR, RD, PRE, REF, ZQ, NOP, RFU is not allowed. Although interruption of the
hPPR/sPPR Guard Key entry is not allowed, if the hPPR/sPPR Guard Key is not entering in the required order or
is interrupted by other commands, the hPPR Mode or sPPR Mode will not execute and the offending command
terminating hPPR/sPPR Mode may or may not execute correctly; however, the offending command will not
cause the DRAM to “lock up”. Additionally, when the hPPR or sPPR entry sequence is interrupted, subsequent
ACT and WR commands will be conducted as normal DRAM commands. If a hPPR operation was prematurely
terminated, the MR4 bit 13 must be re-set “0” prior to performing another hPPR or sPPR operation. If a SPPR
operation was prematurely terminated, the MR4 bit 5 must be re-set to “0” prior to performing another sPPR or
hPPR operation. The DRAM does not provide an error indication if an incorrect hPPR/sPPR Guard Key sequence
is entered.

Table 53. hPPR and sPPR MRO Guard Key Sequences

Guard Keys BG1:0" | BAL:0 |A16:A12 All A10 A9 A8 A7 AG6:A0
1% MRO 00 00 X 1 1 0 0 1 1111111
2""MRO 00 00 X 0 1 1 1 1 1111111
3 MRO 00 00 X 1 0 1 1 1 1111111
4™ MRO 00 00 X 0 0 1 1 1 1111111

Note 1. BG1 is ‘Don’t Care’ in x16

Note 2. A6:A0 can be either ‘1111111’ or ‘Don’t Care’. And, it depends on vendor’s implementation. ‘1111111’ is allowed in all DDR4
density but ‘Don’t Care’ in A6:A0 is only allowed in 4Gb die DDR4 product.

Note 3. After completing hPPR and sPPR mode, MRO must be re-programmed to pre-PPR mode state if the DRAM is to be accessed.
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Hard Fail Row Address Repair (WRA Case)

The following is procedure of hPPR with WRA command.

1. Before entering ‘hPPR’ mode, All banks must be Precharged; DBl and CRC Modes must be disabled.

2. Enable hPPR using MR4 bit “A13=1" and wait tmop.

3. Issue guard Key as four consecutive MRO commands each with a unique address field A[17:0]. Each MRO
command should space by tmop.

4. Issue ACT command with Fail Row address.

5. After trep, Issue WRA with Valid address. DRAM will consider Valid address with WRA command as ‘Don’t
Care’.

6. After WL (WL = CWL + AL + PL), All DQs of target DRAM should be low for 4tc. If high is driven to All DQs
of a DRAM consecutively for equal to or longer than 2tck, then DRAM does not conduct hPPR and retains
data if REF command is properly issued; if all DQs are neither low for 4tcx nor high for equal to or longer
than 2tck, then hPPR mode execution is unknown.

7. Wait tpgy to allow DRAM repair target Row Address internally and issue PRE.

8. Waiit tpgm_exit after PRE which allow DRAM to recognize repaired Row address.

9. Exit hPPR with setting MR4 bit “A13=0".

10. DDR4 will accept any valid command after tpgypsT.

11. In more than one fail address repair case, Repeat step 2 to 9.

In addition to that, hPPR mode allows REF commands from PL + WL + BL/2 + tyg + tgp after WRA command
during tpgm and teempst fOr proper repair; provided multiple REF commands are issued at a rate of trer OF trer/2,
however back-to-back REF commands must be separated by at least trer/4 when the DRAM is in hPPR mode.
Upon receiving REF command, DRAM performs normal Refresh operation and ensure data retention with
Refresh operations except for the 2banks containing the rows being repaired, with BA[0] don’t care. Other
command except REF during tegy Can cause incomplete repair so no other command except REF is allowed
during tegm Once hPPR mode is exited, to confirm if target row is repaired correctly, host can verify by writing
data into the target row and reading it back after hPPR exit with MR4 [A13=0] and tpgmpsT-

Hard Fail Row Address Repair (WR Case)

The following is procedure of hPPR PPR with WR command.

1. Before entering hPPR mode, all banks must be precharged; DBI and CRC modes must be disabled.

2. Enable hPPR using MR4 bit “A13=1" and wait tyop.

3. Issue guard Key as four consecutive MRO commands each with a unique address field A [17:0]. Each MRO
command should space by tyop.

4. Issue ACT command with row address.

5. After trep, issue WR with valid address. DRAM consider the valid address with WR command as ‘Don’t
Care’.

6. After WL (WL = CWL + AL + PL), All DQs of target DRAM should be low for 4tck. If high is driven to All DQs
of a DRAM consecutively for equal to or longer than first 2tck, then DRAM does not conduct hPPR and
retains data if REF command is properly issued; if all DQs are neither low for 4tck nor high for equal to or
longer than first 2tck, then hPPR mode execution is unknown.

7. Wait tpgy to allow DRAM repair target Row Address internally and issue PRE.

8. Waiit tpgm_exit after PRE which allow DRAM to recognize repaired Row address.

9. Exit hPPR with setting MR4 bit “A13=0".

10. DDR4 will accept any valid command after tpgypst.

11. In more than one fail address repair case, Repeat step 2 to10.

In this sequence, Refresh command is not allowed between hPPR MRS entry and exit.

Once hPPR mode is exited, to confirm if target row is repaired correctly, host can verify by writing data into the
target row and reading it back after hPPR exit with MR4 [A13=0] and tpgumpsT-
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14 4 2 1% 14 1% 2miMe BREAK [Jl] DON'T CARE

NOTE 1. Allow REF(1X) from PL+WL+BL/2+twr+re after WR
NOTE 2. Timing diagram shows possible commands but not all shown can be issued at same time; for example if REF is issued at Tel, DES must be issued At Te2 as REF would be illegal at Te2.
Likewise, DES must be issued trrc prior to PRE at Tf0. All regular timings must still be satisfied.

IPGM,Exn(mm)ﬂsns” tPGMPST(minj=50us

Figure 159. Hard Fail Row Repair (WRA Case)
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ADDR

CKE

DQS, DQS#

DQs1

- Q2
All Banks tpGM{min)=200ms tpoM_Exi(minj=1sns tPeMPST(minj=50us
Precharged "o hPPR Entry ¢ hPPR Repair hPPR Recognitién hPPR Exit ormal
g Mod & - o

and idle state T T T T T 1% (%
twop | treo i i i tem

O R R ' o 2 27mve Break [Jl] DoN'T cARE

Figure 160. Hard Fail Row Repair (WR Case)

Programming hPPR and sPPR supportin MPRO page2

hPPR and sPPR is optional feature of DDR4 4Gb so Host can recognize if DRAM is supporting hPPR and
sPPR or not by reading out MPRO Page2.

MPR page2;

hard PPR is supported: [7] = 1

hard PPR is not supported: [7] =0

soft PPR is supported: [6] = 1

soft PPR is not supported: [6] =0

Required Timing Parameters

Repair requires additional time period to repair Hard Fail Row Address into spare Row address and the
followings are requirement timing parameters for hPPR.

Table 54. hPPR Timing Parameters

Symbol Parameter Min. Max. Unit
tPGM hPPR Programming Time 2000 - ms
tPGM_Exit hPPR Exit Time 15 - ns
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Soft Post Package Repair (sSPPR)

Soft Post Package Repair (sPPR) is a way to quickly, but temporarily, Repair a row element in a Bank Group
on a DDR4 DRAM device, contrasted to hard Post Package Repair which takes longer but is permanent repair

EM60OEOSNW9A

of a row element. There are some limitations and differences between sPPR and hPPR.

Table 55. Description and Comparison of hPPR and sPPR

Topic

Soft Repair

Hard Repair

Note

Persistence of Repair

Volatile — repair persists while
power is within operating range

Non-Volatile — repair is
permanent after the repair cycle

SPPR cleared after power off or device
reset

tram (hPPR and sPPR
programming Time)

WL+ 4tccttwr

>2000ms(tPGM)

# of Repair elements

1 per BG

1 per BG

Once hPPR is used within a BG, sPPR is
no longer supported in that BG

Simultaneous use of soft
and hard repair within a BG

Previous hPPR are allowed
before soft repair to a different
BG

Any outstanding sPPR
must be cleared before a
hard repair

Clearing sPPR occurs by either:

(a) power down and power-up sequence
or

(b) Reset and re-initialize.

Repair Sequence

1 method - WR cmd.

2 methods WRA
and WR

Bank™ not having row
repair retains array data

Yes

Yes, if WRA sequence;
No, if WR sequence

WRA sequence requires use of REF
commands

Bank™ having row
repair retain array data

Yes, except for seed and
associated rows

No

sPPR must be performed outside of REF
window (tRFC)

Note 1. If a BA pin is defined to be an “sPPR associated row” to the seed row, both states of the BA address input are affected. For
example if BAO is selected as an “sPPR associated row” to the seed row, addresses in both BAO = 0 and BAO = 1 are equally

affected.

SPPR mode is entered in a similar fashion as hPPR, sPPR uses MR4 bit A5 while hPPR uses MR4 bit A13;
SPPR requires the same guard key sequence as hPPR to qualify the MR4 PPR entry. Prior to SPPR entry,
either an hPPR exit command or an sPPR exit command should be performed, which ever was the last PPR
entry. After sPPR entry, an ACT command will capture the target bank and target row, herein seed row, where
the row repair will be made. After tgcp time, a WR command is used to select the individual DRAM, through
the DQ bits, to transfer the repair address into an internal register in the DRAM. After a write recovery time
and PRE command, the sPPR mode can be exited and normal operation can resume. The DRAM will retain
the sPPR change as long as Vpp remains within the operating region. If the DRAM power is removed or the
DRAM is reset, all sSPPR changes will revert to the unrepaired state. SPPR changes must be cleared by either
a power-up sequence or re-initialization by reset signal before hPPR mode is enabled.

DDR4 sPPR can repair one row per Bank Group, however when the hPPR resources for a bank group have

been used, sPPR resources are no longer available for that bank group. If an sSPPR or hPPR repair sequence
is issued to a bank group with PPR resource un-available, the DRAM will ignore the programming sequence.
sPPR mode is optional for 4Gb density DDR4 device.

The bank receiving sPPR change is expected to retain array data in all other rows except for the seed row and
its associated row addresses. If the user does not require the data in the array in the bank under sPPR repair
to be retained, then the handling of the seed row’s associated row addresses is not of interest and can be
ignored. If the user requires the data in the array to be retained in the bank under sPPR mode, then prior to
executing the sPPR mode, the seed row and its associated row addresses should be backed up and restored
after sPPR has been completed. sPPR associated seed row addresses are specified in the table below.

Table 56. sPPR Associated Row Address

sPPR Associated Row Addresses

BAO | A6 [ A5 | A4 | A13 | AL | A0
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Soft Repair of a Fail Row Address

The following is the procedure of sPPR with WR command. Note that during the soft repair sequence, no
refresh is allowed.

1. Before entering ‘'sPPR’ mode, all banks must be Precharged; DBl and CRC Modes must be disabled.

2. Enable sPPR using MR4 bit “A5=1" and wait tyop.

3. Issue Guard Key as four consecutive MRO commands each with a unique address field A[17:0]. Each MRO
command should space by tMOD. MRO Guard Key sequence is same as hPPR.

4. Issue ACT command with the Bank and Row Fail address, Write data is used to select the individual DRAM
in the Rank for repair.

5. AWR command is issued after tgcp, with valid column address. The DRAM will ignore the column address
given with the WR command.

6. After WL (WL = CWL + AL + PL), All DQs of Target DRAM should be low for 4tck. If high is driven to All
DQs of a DRAM consecutively for equal to or longer than first 2tcx, then DRAM does not conduct sPPR. If
all DQs are neither low for 4tcx nor high for equal to or longer than first 2tck, then sPPR mode execution is
unknown.

. Wait tyr for the internal repair register to be written and then issue PRE to the Bank.

. Wait 20ns after PRE which allow DRAM to recognize repaired Row address.

. Exit PPR with setting MR4 bit “A5=0" and wait tyop.

0. One soft repair address per Bank Group is allowed before a hard repair is required. When more than one
SPPR request is made to the same BG, the most recently issued sSPPR address would replace the early
issued one. In the case of conducting soft repair address in a different Bank Group, Repeat Step 2 to 9.
During a soft Repair, Refresh command is not allowed between sPPR MRS entry and exit.

= © 00

Once sPPR mode is exited, to confirm if target row is repaired correctly, the host can verify the repair by
writing data into the target row and reading it back after sPPR exit with MR4 [A5=0].

CK#
CK

.
.
= VWWW W W YW W w W A 4).4
DQS, DQSH ! g WL:{:{:CW!-*-AL +PL, 4ok

DQs1
14 14 14 14 14 X 14

All Banks I I I I teom 2 2 {pam_Eximin) tpaMPST(min) »
;:ZciZTergs?g‘e @ SPPR Enty & 2 2 I SPPR Repair 2 2 SPPR Recogniti)) SPPREXI ) @

A A A L op e g T2 , -
2 RCL)H; N 2 i i 2 i i 2 i i H 2 2 2

»Time BREAK [Jll]l DON'T CARE

Sxt;

Figure 161. Fail Row Soft PPR (WR Case)
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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, DQS# and DM# for x8 configuration (and TDQS, TDQS# 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. The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM
controller to independently change termination resistance for any or all DRAM devices.

The ODT feature is turned off and not supported in Self-Refresh mode. A simple functional representation of
the DRAM ODT feature is shown below.

VDDQ
RTT

To other circuitry sWitchO W

like

O DQ, DQS, DM,

Figure 162. 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 Rt is determined by the settings of mode
register bits (see Mode Register). The ODT pin will be ignored if the mode register MR1 is programmed to
disable Ryt nom (MR1 A[10:8] = 000) and in self refresh mode.
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ODT Mode Register and ODT State Table

The ODT Mode of DDR4 device has 4 states, Data Termination Disable, Rrr wgr, Rrr_nom @and Rrr_park. And
the ODT Mode is enabled if any of MR1 A[10:8] or MR2 A[10:9] or MR5 A[8:6] are non zero. When enabled,
the value of Ryt is determined by the settings of these bits.

After entering Self-Refresh mode, DRAM automatically disables ODT termination and set Hi-Z as termination
state regardless of these setting.

Controller can control each R+t condition with WR/RD command and ODT pin

Rt wr: The rank that is being written to provide termination regardless of ODT pin status (either high or low)

e R71_nom: DRAM turns ON Ry now If it sees ODT asserted (except ODT is disabled by MR1).

«Rt1 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 clock cycles. (X is 2 for 1tckx and 3 for 2tk preamble mode).

The Ryr values have the following priority:

which means if there is Write command along with ODT pin high, then DRAM turns on Ryt ws NOt Ryt now,
and also if there is Read command, then DRAM disables data termination regardless of ODT pin and goes
into driving mode.

« Data termination disable
. RTT_WR

o RTT_NOM

o RTT_PARK

Table 57. Termination State Table

Rrr_park MR5[8:6] Rt nom MR1[10:8] ODT pin DRAM termination state | Note

High Rr_nom 1,2

Enabled

Enabled Low Rt _park 1,2
Disabled Don't care ? Rt pARK 1,2,3

ngh RTT_NOM 1,2

) Enabled -

Disabled Low Hi-Z 1,2

Disabled Don't care * Hi-z 1,2,3

Note 1. When a read command is executed, DRAM termination state will be High-Z for defined period independent of ODT pin and MR
setting of Rrr_parc/R1r_nom. This is described in the ODT during Read section.

Note 2. If Rrr wr is enabled, Rrr wr Will be activated by write command for defined period time independent of ODT pin and MR setting of
Rt _park /R7T_nom. This is described in the Dynamic ODT section.

Note 3. If Rrr nom MR is disabled, ODT receiver power will be turned off to save power.
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On-die termination effective resistances are defined and can be selected by any or all of the following options:

«MR1 A[10:8] (Rrt_nowm) - Disable, 240Q, 120Q, 80Q, 60Q, 48Q, 40Q, and 34Q.
«MR2 A[11:9] (Rrr_wr) - Disable, 240Q,120Q, and 80Q.
«MR5 A[8:6] (Rrr_park) - Disable, 240Q, 120Q, 80Q, 60Q, 48Q, 40Q, and 34Q.

ODT is applied to the following inputs:
«X8: DQs, DM#, DQS, DQS#, TDQS, and TDQS# inputs.

ODT Definition of Voltages and Currents

On die termination effective Rtt values supported are 240, 120, 80, 60, 48, 40, 34 ohms.

R = VDDQ - Vout
™7 lout]
Chip In Termination Mode
OoDT
@® \/DDQ
RTT
To other ® DO
circuitry like
e
lout
Vout

®VSSQ ¥

Figure 163. On Die Termination
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Table 58. ODT Electrical Characteristics RZQ=240Q +1% entire temperature operation
range; after proper ZQ calibration

Rt Vout Min. Nom. Max. Unit Note
Voude= 0.5 X Vppg 0.9 1 1.25 RzZQ 1,2,3

240Q Vomdc= 0.8 X Vppo 0.9 1 11 RZQ 1,2,3
Vondc= 1.1 X Vopg 0.8 1 11 RZQ 1,2,3

Voude= 0.5 X Vppg 0.9 1 1.25 RZQ/2 1,2,3

120Q Vomdc= 0.8 X Vppo 0.9 1 11 RZQ/2 1,2,3
Vondc= 1.1 X Vopg 0.8 1 11 RzQ/2 1,2,3

Voude= 0.5 X Vppg 0.9 1 1.25 RZQ/3 1,2,3

80Q Vomdc= 0.8 X Vppg 0.9 1 11 RZQ/3 1,2,3
Vondc= 1.1 X Vopg 0.8 1 11 RZQ/3 1,2,3

Voude= 0.5 X Vppg 0.9 1 1.25 RZQ/4 1,2,3

60Q Vomdc= 0.8 X Vppg 0.9 1 11 RzQ/4 1,2,3
Vondc= 1.1 X Vppg 0.8 1 11 RZQ/4 1,2,3

Voude= 0.5 X Vppg 0.9 1 1.25 RZQ/5 1,2,3

48Q Vomdc= 0.8 X Vppo 0.9 1 11 RZQ/5 1,2,3
Vondc= 1.1 X Vppg 0.8 1 11 RZQ/5 1,2,3

Voude= 0.5 X Vppg 0.9 1 1.25 RZQ/6 1,2,3

40Q Vomdc= 0.8 X Vppo 0.9 1 11 RZQ/6 1,2,3
Vondc= 1.1 X Vppg 0.8 1 11 RZQ/6 1,2,3

Voude= 0.5 X Vppg 0.9 1 1.25 RzQI/7 1,2,3

34Q Vomdc= 0.8 X Vppo 0.9 1 11 RZQ/7 1,2,3
Vondc= 1.1 X Vppg 0.8 1 11 RZQ/7 1,2,3

DQ-DQ Mismatch within byte Vomdc= 0.8 X Vppo 0 - 10 % 1,2,4,5,6

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 x Vppg. Other calibration schemes may be used to achieve the
linearity spec shown above, e.g. calibration at 0.5 X Vppg and 1.1 X Vppo.

Note 3. The tolerance limits are specified under the condition that Vppo=Vop and Vsso=Vss.

Note 4. DQ to DQ mismatch within byte variation for a given component including DQS and DQS#. (characterized)

Note 5. Ryt variance range ratio to Rt Nominal value in a given component, including DQS and DQS#.

DQ-DQ Mismatch in a Device =

RTTMax - RTTMin

TTNOM

X 100

Note 6. This parameter of x16 device is specified for Upper byte and Lower byte.
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Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down
definition, these modes are:

« Any bank active with CKE high

« Refresh with CKE high

«Idle mode with CKE high

«Active power-down mode (regardless of MR1 bit A10)
« Precharge power-down mode

EM60OEOSNW9A

In synchronous ODT mode, Ryt 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 2tcx Preamble Mode, The ODT latency must be 1 clock smaller than in 1ltck Preamble
Mode; DODTLon = WL - 3; DODTLoff = WL - 3. (WL = CWL+AL+PL)

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 below:

Table 59. ODT Latency

Symbol Parameter 1 tck Preamble 2 tck Preamble Unit
DODTLon | Direct ODT turn on Latency CWL+AL+PL-2 CWL+AL+PL-3 tex
DODTLoff | Direct ODT turn off Latency CWL+AL+PL-2 CWL+AL+PL-3 tex
RODTLoff | Read command to internal ODT turn off Latency CL+AL+PL-2 CL+AL+PL-3 tex
RODTLon4 | Read command to Ryt park turn on Latency in BC4 RODTLoff + 4 RODTLoff + 5 tex
RODTLon8 | Read command to Ryt park turn on Latency in BC8/BL8 RODTLoff + 6 RODTLoff + 7 tex

ODTH4 ODT Assertion time, BC4 mode 4 5 te

ODTHS8 ODT Assertion time, BL8 mode 6 7 tex
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Timing Parameter

In synchronous ODT mode, the following parameters apply:

«DODTLon, DODTLoff, RODTLoff, RODTLon4, RODTLONS, tapc Miny (MaX)-

o tanc (viny @Nd tapc (uax) @are minimum and maximum R+t change timing skew between different termination
values. These timing parameters apply to both the synchronous ODT mode and the data termination disable
mode.

When ODT is asserted, it must remain high until minimum ODTH4 (BL = 4) or ODTHS8 (BL = 8) is satisfied.
Additionally, depending on CRC or 2tck preamble setting in MRS, ODTH should be adjusted.

TO T1 T2 T3 T4 T5 T6 T7

DODTLoff = WL - 2

oDT DODTLon=WL -2

taDcimn —¥% fe— tapcen®, [

RTT R7_park R7_nom R7_park

[] TRANSITIONING DATA

Figure 164. Synchronous ODT Timing Example for CWL=9, AL=0, PL=0;
DODTLon=WL-2=7; DODTLoff=WL-2=7

... CK# TN
diff AN S
cK
WRS4
CMD ODTH4 N
14 14 ¢
DODTLoff = WL - 2
oDT
DODTLon &= WL - > ODTLenw = WL -2 2
2 2 ODTLcnw4 = ODTcnw+4 2
tADCma—] — taDCma—% — TADCimen— [\ taocinm] iy
taocon—y f— tapcmn —¥ j— taocim — je— Il e
RTT Rer eamc Ror o Rrt_par Rrrwn R pae

[ TRANSITIONING DATA

Figure 165. 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). ODTHis 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.
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ODT During Reads

Because the DDR4 DRAM cannot terminate with R+ and drive with Rgy at the same time; Rt may nominally
not be enabled until the end of the postamble as shown in the example below. At cycle T25, the device turns
on the termination when it stops driving, which is determined by t,,. If the DRAM stops driving early (that is,
tyz is early), then tapc miny timing may apply. If the DRAM stops driving late (that is, ty is late), then the DRAM
complies with tapc (max) timing.

aiff CK#

CK
CMD

14 14
ADDR

EAL+CL 2 2

2 2
oDT

13 RODTLoff=RL-2=CL+AL: 2 4 boDTLe L2

on = -

&2 2 Haoces [

. taocam)! | "7 taDCimn —¥ j—
DQS_ODT Rrr_pask [ Rr_now

I

2 2 ‘
Dasdi ) . S\ N\ S\

‘ ‘ tADCImm0- tapcim

tADCia—b f— tapCmn —H j— "7
DQs_ODT ) Rrr parc [ R no
I

oQ 2 7 D D60 CHED CD. 4

2 2 i

[ TRANSITIONING DATA

Figure 166. 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)

airi K
CK
CMD
ADDR
RL+AL+CL 2 &£ 14
4 4 2
oDT
2 RODILoff=RL-2=CL+AL:3 2 &€
DODTLon = WL - 2
0 ! tapcen @ Tapcimmo —
tapcmn tancon — j—
2 3 =1 2
DQS_ODT Rrr_park [ Rrr_now
I
2 14 14
DQsSdiff
Q 2% 2 2 /_\_//_\_//_\_//_\_/
TADC(mag+ snck taDCma0 —¥
e el
DQs_ODT l R
I
DQ u z « T D, €0 C), €€ C.Cf
2 2 14

[] TRANSITIONING DATA

Figure 167. 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; 2tCK preamble)
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Dynamic ODT

In certain application cases and to further enhance signal integrity on the data bus, it is desirable that the
termination strength of the device can be changed without issuing an MRS command. This requirement is
supported by the dynamic ODT feature, described below.

Functional Description

The dynamic ODT mode is enabled if bit A9 or A10 of MR2 is set to 1.

« Three Ry values are available: Rrr nom, Rt wr, @nd Ryt park.
- The value for Ryt nowm IS preselected via bits MR1 A[10:8].
- The value for Rt wr is preselected via bits MR2 A[11:9].
- The value for Rrr_park is preselected via bits MR5 A[8:6].

« During operation without write commands, the termination is controlled as follows:
- Nominal termination strength Rt nom OF Ryt _park is selected.

- Rrr_nom ON/off timing is controlled via ODT pin and latencies DODTLon and DODTLoff; and Ryt park IS 0N
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:

- Latency ODTLcnw after the write command, termination strength Rt wr is selected.

- 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 Rt wr iS deselected.

- One or two clocks will be added into or subtracted from ODTLcwn8 and ODTLcwn4, depending on write
CRC Mode and/or 2 tck preamble enablement. The following table shows latencies and timing parameters
which are relevant for the on-die termination control in dynamic ODT mode.

The dynamic ODT feature is not supported in DLL-off mode. MRS command must be used to set Rt wg, MR2
A[11:9] = 000, to disable dynamic ODT externally.

Table 60. Latencies and timing parameters relevant for Dynamic ODT with 1tck
preamble mode and CRC disabled

Name and Description Abbr. Defined from Define to DDSIQZ';'F?:e?[)ﬁ:IS Unit
ODT Latency for changing from ODTLenw Registering external |Change Rt strength from ODTLenw = WL - 2 t
Rt park/R1T nowm 1O Rer wr write command Rt park/R1T nom 10 Rt wr o«
ODT Latency for change from ODTLcwn4 Registering external |Change Ryt strength from ODTLcwn4 = t
Rt wr t0 Ryt PARK/RTT NOM (BL = 4) write command Rt wr tO0 Ryt PARK/RTT NOM 4 + ODTLcnw CK
ODT Latency for change from ODTLcwns Registering external |Change Rt strength from ODTLcwn8 = t
Rt wr 0 Ryt PARK/RTT NOM (BL = 8) write command Rt wr t0 Ryt PARK/RTT NOM 6 + ODTLcnw CK

ODTLcnw . tADC(mln) =0.3
RTT change skew tanc ODTLown R+t Valid taboman = 0.7 tex

Table 61. Latencies and timing parameters relevant for Dynamic ODT with 1tck and
2tck preamble mode and CRC enabled/disabled

Symbol 1tck Preamble 2tck Preamble Unit
CRC off CRCon CRC off CRC on

ODTLcnw WL -2 WL -2 WL -3 WL -3 tex

ODTLcwn4 ODTLcnw +4 ODTLcnw +7 ODTLcnw +5 ODTLcnw +8 tek

ODTLcwn8 ODTLcnw +6 ODTLcnw +7 ODTLcnw +7 ODTLcnw +8 tex
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ODT Timing Diagrams

The following pages provide example timing diagrams

diff CK#
CK
CMD
DODTLGn = WL - 2
14 [
oDT
ODTLcnw ) 2 DODTLoff = WL -2
2
tADC—| — TADCma—y p— i taDcima — — TADCma—; f—
tADCEmn— f— tapcmn—¥ [ tapcimn — j— tapCmn—h J—
RTT Rrr_park Rrr_wr Rr7_park Rr7_nom Rr7_park
i ODTLewn ¢

[ TRANSITIONING DATA

Figure 168. ODT timing (Dynamic ODT, 1tCK preamble, CL=14, CWL=11, BL=8, AL=0,
CRC Disabled)

diff CK#
CK
{ wr )
CMD \——/ oDTlonw
ODTLcwn8
oDT
14 & 0
2 2 Q. DODTLoff = CWL -2
tADCme—p — tADCma —b! — tADCmeo—p —
N . tapcmn—Y — N taDC —pi f— taocmn—y fe—
RTT Rrr_now Rriwe Rrr_vow Rrr_eank
¢ &2

[ TRANSITIONING DATA

Figure 169. Dynamic ODT overlapped with Rtt_NOM (CL=14, CWL=11, BL=8, AL=0,
CRC Disabled)
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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 (Rt nom). In asynchronous ODT mode, the following timing parameters
apply taonas,min, max: tAOFAS minmax-

Minimum Ryt nom turn-on time (taonasmin) IS the point in time when the device termination circuit leaves
Rt park and ODT resistance begins to change. Maximum Rrr_nowm turn on time (taonasmax) is the point in time
when the ODT resistance is reached Rt now.

taonasmin @Nd taonasmax are measured from ODT being sampled high.

Minimum R+t nowm turn-off time (taorasmin) iS the point in time when the devices termination circuit starts to leave
R17_nowm- -

Maximum Ryt nom turn-off time (taorasmax) is the point in time when the on-die termination has reached Ryt _pagr«.
taorasmin @nd taorasmax @re measured from ODT being sampled low.

T5 T6 Ti Titl  Ti+2 Ti+3 Ti+4 Ti+5 Ti+6 Ta Tb

tIH
LY 2 ts it
obT tis

tAOFAS
taoNASm 2 2

RTT RTT_PARK RTT_NOM

i taoNASmn i taorasma |

|:| TRANSITIONING DATA

Figure 170. Asynchronous ODT Timing on DDR4 SDRAM with DLL-off
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ODT buffer disabled mode for Power down

DRAM does not provide Rrr_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 (from tDODToff+1 prior to CKE low till tcppep after CKE low). The ODT signal may be floating after
tcroepmin Nas expired. In this mode, Rt nom termination corresponding to sampled ODT at the input after CKE
is first registered low (and tanep before that) may be either Ryt nom OF Rrr_park. tanep i €qual to (WL-1) and is
counted backwards from PDE.

dii  CK#
CK

CKE 4 &

2 tooorottiy 2 tcPpEDEn 2% 2
opT 2 , \ e

DODTLoff {tApCime i

2 ; o0 1 1 1
DRAM_RTT_sync = -
(DLL enabled) T Now TT_pARK

2 14 14 144

{epoEDmn {tADCIm |
x 4 tePDEDm + tAOFAS(man ? 2
-

DRAM_RTT_async 0 = 0 “ =
(BLL disabled) —r— — ; —— ; ; — — ;
i i i i i i taonasmn | i | | : | i %
& = 14 &

Figure 171. 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 typ is met.

2 txp DODTLon

ODT_A
(DLL enabled) 4 Floaing 2

tADCima0

DRAM_RTT_A( Rer e Rrrsow >

tADC(in {—s

oDT_B ¢ te

Floatir
(DLL disabled) ] —

14 taoNASEn

DRAM_RTT_B } } i } } Rer panc } } } } R } } } >

_tAONAS (o

Figure 172. ODT timing for power down exit with ODT buffer disable mode
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ODT Timing Definitions
Test Load for ODT Timings

Different than for timing measurements, the reference load for ODT timings is defined below

VDDQ
DQ, DM#
DQS, DQS#
CK, CK# —— DUT Q5 BQ
VSSQ

Timing Reference Point

Figure 173. ODT Timing Reference Load

ODT Timing Definitions

Rterm=500hm

VTT = VSSQ

Definitions for tapc, taonas and taoras are provided in the table and measurement reference settings are

provided in the subsequent. The tapc for the Dynamic ODT case and Read Disable ODT cases are

represented by tapc of Direct ODT Control case.

Table 62. ODT Timing Definitions

Symbol Begin Point Definition End Point Definition
Rising edge of CK,CK# defined by the end point of DODTLoff Extrapolated point at Vrrr nom
faoc Rising edge of CK,CK# defined by the end point of DODTLon Extrapolated point at Vssq
Rising edge of CK,CK# defined by the end point of ODTLcnw Extrapolated point at Vrrr nom
Rising edge of CK,CK# defined by the end point of ODTLcwn4 or ODTLcwn8 Extrapolated point at Vsso
taonas Rising edge of CK,CK# with ODT being first registered high Extrapolated point at Vssq
taoras Rising edge of CK,CK# with ODT being first registered low Extrapolated point at Vrrr nom

Table 63. Reference Settings for ODT Timing Measurements

Measured Parameter Rt _park Rt nom Rrr wr Vswl Vsw2 Note
¢ Disable RzQ/7 - 0.20v 0.40V 1,2
ADe - RZQ/7 Hi-Z 0.20V 0.40V 1,3
taonas Disable RZQ/7 - 0.20Vv 0.40V 1,2
taoras Disable RzQ/7 - 0.20v 0.40V 1,2
Note 1. MR setting is as follows.
- MR1 A10=1, A9=1, A8=1 (Rrr_nom_Setting)
- MR5 A8:0, A7:0, A6=0 (RTTiPARK Settlng)
- MR2 A11=0, A10=1, A9=1 (Rrr wr Setting)
Note 2. ODT state change is controlled by ODT pin.
Note 3. ODT state change is controlled by Write Command.
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DODTLoff DODTLon
Begin point:Rising edge of Begin point:Rising edge of
2 p| CK,CK# defined by the CK,CK# defined by the
end point of DODTLoff. —¥ end point of DODTLon.

r===- r==-

End point:Extrapolated
point at Vrrr_nom VRTT_Nom

VRTT_NOm

DQ,DM
DQS, DQS#

End point:Extrapolated
Vsso Vsso point at Vssq

Figure 174. Definition of tADC at Direct ODT Control

Begin point:Rising edge ofCK,CK# Begin point:Rising edge of CK,CK#
defined by the end point of ODTLcnw. defined by the end point of ODTLcwn4
or ODTLcwn8.

End point:Extrapolated
point at Vrrr_nom

VRTT NoMm

DQ,DM
DQS, DQS#

End point:Extrapolated
point at Vsso

Figure 175. Definition of tADC at Dynamic ODT Control
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VRTT NOM

DQ,DM
DQS, DQS#

Rising edge of CK,CK# with
& " opT being first registered low.

r-—--

End point:Extrapolated
point at Verr_nom

Rising edge of CK,CK# With
X ODT being first registered high.

r---

VRTT NOM

End point:Extrapolated
point at Vssg

Figure 176. Definition of tAOFAS and tAONAS
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Table 64. Absolute Maximum DC Ratings

Symbol Parameter Values Unit | Note
Vop Voltage on Vpp pin relative to Vss -0.3~15 \Y 1,3
Vbpo Voltage on Vppg pin relative to Vss -0.3~15 Vv 13
Vpp Voltage on Vpp pin relative to Vss -0.3~3.0 V 4

Vin, Vour | Voltage on any pin except Vrerca relative to Vss -0.3~15 vV 135
Tstc Storage Temperature -55 ~ 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. Vpp and Vppg must be within 300 mV of each other at all times; and Vrerca must be not greater than 0.6 X Vppo,
When Vpp and Vppg are less than 500 mV; Vrerca may be equal to or less than 300 mV.

Note 4. Vep must be equal or greater than Vpp/Vppg at all times.

Note 5. Refer to overshoot area above 1.5 V.

Table 65. Temperature Range

Symbol Parameter Values Unit | Note

Torer Operating Temperature Range -40 ~ 95 °C 1,2

Note 1. Operating temperature is the case surface temperature on center/top of the DRAM.
Note 2. Some applications require operation of the DRAM in the Extended Temperature Range between 85 °C and 95 °C
case temperature. Full specifications are guaranteed in this range, but the following additional apply.
a. Refresh commands must be doubled in frequency, therefore, reducing the Refresh interval tREFI to 3.9us. It is
also possible to specify a component with 1x refresh (tREFI to 7.8us) in the Extended Temperature Range.

Table 66. Recommended DC Operating Conditions

Symbol Parameter Min. Typ. Max. Unit | Note
Vop Supply Voltage 1.14 1.2 1.26 vV 11,23
Vbbg Supply Voltage for Output 1.14 1.2 1.26 vV 1123
Vep DRAM Activating Power Supply 2.375 2.5 2.75 V 3

Note 1. Under all conditions Vppg must be less than or equal to Vpp.

Note 2. Vppg tracks with Vpp. AC parameters are measured with Vpp and Vppg tied together.

Note 3. DC bandwidth is limited to 20MHz.
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AC and DC Input Measurement Levels
Table 67. Single-Ended AC and DC Input Levels for Command and Address

DDR4-2400 DDR4-2666 .
Symbol Parameter - - Unit | Note
Min. Max. Min. Max.
V. DCi C o Vrercat| \
IH.CA(DCT5) input logic high 0075 DD TBD TBD
ViLcapers) DC input logic low Vss | Vrerca- | 1gp TBD v
0.075
ViH.ca(aC100) AC input logic high VBE;Jr Voo TBD TBD v !
VIL.cA(AC100) AC input logic low ) VgE;- TBD TBD \Y 1
VReFcA@O) Reference Voltage for ADD, CMD inputs OC‘SDX Oi/5DlDX TBD TBD V|23
Note 1. See “Overshoot and Undershoot Specifications”
Note 2. The AC peak noise on Vrerca may not allow Vrerca to deviate from Vrercapc) by more than £ 1% Vpp (for
reference: approx. + 12mV)
Note 3. For reference: approx. VDD/2 + 12 mV
Differential swing requirements for clock (CK — CK#)
Table 68. Differential AC and DC Input Levels
Symbol Parameter Min. Max. Unit | Note
VHdift Differential input high TBD - V 13
ViLditt Differential input low - TBD V 13
ViHdifiac) Differential input high ac 2 X (Vinac) - VRrer) R Vv 2,3
ViLdifac) Differential input low ac - 2X (Viyac) - Vrer) |V 2.3

Note 1. Used to define a differential signal slew-rate.

Note 2. For CK - CK# use VlH.CA/VlL.CA(AC) of ADD/CMD and VREFCA;

Note 3. These values are not defined; however, the differential signals CK - CK#, need to be within the respective limits
(Vin.capc) max, ViL.capocymin) for single-ended signals as well as the limitations for overshoot and undershoot.

Single-ended requirements for differential signals

Table 69. Differential swing requirements for clock (CK — CK#)

Symbol Parameter Min. Max. Unit | Note
Vsen Single-ended high-level for CK, CK# TBD - \Y 1-3
VsEL Single-ended low-level for CK, CK# - TBD Vv 1-3

Note 1. For CK — CK# use Vi4.ca/ViL.caic) of ADD/CMD
Note 2. Vi4.ca/ViL.cac) for ADD/CMD is based on Vrerca
Note 3. These values are not defined; however, the differential signals CK — CK#, need to be within the respective limits

(Vin.capc) max, ViL.capocymin) for single-ended signals as well as the limitations for overshoot and undershoot.
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Address, Command and Control Overshoot and Undershoot specifications

Table 70. AC overshoot/undershoot for Address, Command and Control pins

Symbol Parameter DDR4-2400 | DDR4-2666 | Unit | Note
Vaosp Maximum peak amplitude above Vaos 0.06 TBD \
Vaos Upper boundary of overshoot area Aaos1 Vpp + 0.24 TBD \ 1
Vaus Maximum peak amplitude allowed for undershoot 0.30 TBD \
Anos? Maximum overshoot area per 1 tck above Vaos 0.0055 TBD V-ns
Anos1 Maximum overshoot area per 1 tck between Vpp and Vaos 0.1699 TBD V-ns
Aaus Maximum undershoot area per 1 tck below Vss 0.1762 TBD V-ns

(A0-A13, BGO, BAO-BAL, ACT#, RAS#/A16, CAS#/A15, WE#/A14, CS#, CKE, ODT)

Note 1. The value of Vaos matches Vpp absolute max as defined in “Absolute Maximum DC Ratings”. Absolute Maximum
DC Ratings if Vpp equals Vpp max as defined in "Recommended DC Operating Conditions”. If Vpp is above the
recommended operating conditions, Vaos remains at Vpp absolute max as defined in “Absolute Maximum DC
Ratings”

Clock Overshoot and Undershoot Specifications

Table 71. AC overshoot/undershoot specification for Clock

Symbol Parameter DDR4-2400 | DDR4-2666 | Unit | Note

Vcosp Maximum peak amplitude above Vcos 0.06 TBD \

Vcos Upper boundary of overshoot area Aposi1 Vpp + 0.24 TBD \ 1
Vcus Maximum peak amplitude allowed for undershoot 0.30 TBD \

Acos2 Maximum overshoot area per 1 Ul above Vcos 0.0025 TBD V-ns

Acos1 Maximum overshoot area per 1 Ul between Vpp and Vpos 0.0750 TBD V-ns

Acus Maximum undershoot area per 1 Ul below Vss 0.0762 TBD V-ns

(CK, CK#)

Note 1. The value of Vcos matches Vpp absolute max as defined in “Absolute Maximum DC Ratings”. Absolute Maximum
DC Ratings if Vop equals Vpp max as defined in "Recommended DC Operating Conditions”. If Vpp is above the
recommended operating conditions, Vcos remains at Vpp absolute max as defined in “Absolute Maximum DC
Ratings”

Data, Strobe and Mask Overshoot and Undershoot Specifications

Table 72. AC overshoot/undershoot specification for Clock

Symbol Parameter DDR4-2400 | DDR4-2666 | Unit | Note

Vposp Maximum peak amplitude above Vpos 0.16 TBD V

Vbos Upper boundary of overshoot area Apos: Vppo + 0.24 TBD V 1
Vbus Lower boundary of undershoot area Apus1 0.30 TBD \ 2
Vbusp Maximum peak amplitude below Vpus 0.10 TBD V

Apos? Maximum overshoot area per 1 Ul above Vpos 0.0100 TBD V-ns

Apos1 Maximum overshoot area per 1 Ul between Vppo and Vpos 0.0700 TBD V-ns

Acus1 Maximum undershoot area per 1 Ul between Vsso and Vpus: 0.0700 TBD V-ns

Acus2 Maximum undershoot area per 1 Ul below Vpus 0.0100 TBD V-ns

(DQ, DQS, DQS#, DM#, DBI#)

Note 1. The value of Vpos matches (Vin, Vour) max as defined in “Absolute Maximum DC Ratings”. Absolute Maximum DC
Ratings if Vopg equals Vppg max as defined in "Recommended DC Operating Conditions”. If Vppg is above the

recommended operating conditions, Vpos remains at (Vin, Vour) max as defined in “Absolute Maximum DC

Ratings”
Note 2. The value of Vpys matches (Vin, Vout) min as defined in “Absolute Maximum DC Ratings”.
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Table 73. Capacitance

Symbol Parameter DDR4-2400/2666 Unit | Note
Min. Max.
Cio Input/output capacitance 0.55 1.15 pF 1,2,3
Coio Input/output capacitance delta -0.1 0.1 pF [1,2,3,11
Cobos Input/output capacitance delta DQS and DQS# - 0.05 pF 1,235
Cck Input capacitance, CK and CK# 0.2 0.7 pF 1,3
Cobck Input capacitance delta CK and CK# - 0.05 pF 1,3,4
C Input capacitance(CTRL, ADD, CMD pins only) 0.2 0.7 pF 1,3,6
Coi_cTRL Input capacitance delta (All CTRL pins only) 0.1 0.1 pF 1,378
Coi_aop_cvo | Input capacitance delta (All ADD/CMD pins only) 0.1 0.1 pF |1,2,9,10
CaLerT Input/output capacitance of ALERT 0.5 1.5 pF 1,3
Czo Input/output capacitance of ZQ - 2.3 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 deem bedding the package L and C parasitic. The capacitance is measured with Vpp, Vopq, Vss, Vssq applied with all
other signal pins floating. Measurement procedure TBD. Used to define a differential signal slew-rate.

Note 2. DQ, DM#, DQS, DQS#. Although the DM 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-CK#.
Note 5. Absolute value of Cio(DQS) - Cio(DQSH#).

Note 6. C, applies to ODT, CS#, CKE, A0-A16, BAO-BAL, BG0-BG1, RAS#/A16, CAS#/A15, WE#/A14, ACT# and PAR.

Note 7. Cp_crr. applies to ODT, CS# and CKE.

Note 8. CDLCTRL = C|(CTRL) -0.5x ( C|(CLK) + C|(CLK#))
Note 9. Cpi_app_cvo applies to, A0-A16, BAO-BA1, BGO, RAS#/A16, CAS#/A15, WE#/A14, ACT# and PAR.
Note 10. Coy_aon,cwo = CI(ADD_CMD) - 0.5 x ( C/(CLK) + Cy(CLK#)).
Note 11. CD|0 = C|0(DQ,DM) -0.5x (C|O(DQS) + C|O(DQS#))

Note 12. Maximum external load capacitance on ZQ pin: TBD pF.
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Table 74. DRAM package electrical specifications

Symbol Parameter - DDR4-2400/2666 Unit Note
Min. Max.
Zo lInput/output Zpkg 45 85 Q 1,2,4,5,10
Tao Input/output Pkg Delay 14 42 ps | 1,3,4,510
Lio Input/Output Lpkg - 3.3 nH 10,11
Cio Input/Output Cpkg - 0.78 pF 10,12
Ziopos DQS, DQS# Zpkg 45 85 Q 1,2,5,10
Taio bos DQS, DQS# Pkg Delay 14 42 ps 1,3,5,10
Lio pgs DQS Lpkg - 3.3 nH 10,11
Cio bos DQS Cpkg - 0.78 pF 10,12
DZbi0 0os Delta Zpkg DQS, DQS# ) 10 0 1,2,5,7
Drdbio bos Delta Delay DQS, DQS# - 5 ps 1,357
Zi cTRL Input CTRL pins Zpkg 50 90 Q | 1,25910
Ta cTRL Input CTRL pins Pkg Delay 14 42 ps | 1,3,5,9,10
Li ctre Input CTRL Lpkg - 3.4 nH 10,11
CicTRL Input CTRL Cpkg - 0.7 pF 10,12
ZIADD CMD Input- CMD ADD pins Zpkg 50 90 Q 1,2,5,8,10
Tanon cvp Input- CMD ADD pins Pkg Delay 14 45 ps | 1,3,5,8,10
Li ADD CMD Input CMD ADD Lpkg - 3.6 nH 10,11
Ci AbD cMD Input CMD ADD Cpkg - 0.74 pF 10,12
Zok CLK# Zpkg 50 90 Q 1,2,5,10
Tdcex CLK# Pkg Delay 14 42 ps 1,3,5,10
Licix Input CLK Lpkg - 3.4 nH 10,11
Cicix Input CLK Cpkg - 0.7 pF 10,12
DZpock Delta Zpkg CLK# - 10 Q 1,2,5,6
Drack Delta Delay CLK# - 5 ps 1,356
Zoz0 ZQ Zpkg - 100 Q 1,2,5,10
Tdo z0 ZQ Delay 20 90 ps 1,3,5,10
Zo ALERT ALERT Zpkg 40 100 Q 1,2,5,10
Tdo aLerT ALERT Delay 20 55 ps 1,3,5,10
Note 1. This parameter is not subject to production test. It is verified by design and characterization. The package parasitic (L and C) are

Note 2.

Note 3.

Note 4.
Note 5.
Note 6.
Note 7.
Note 8.
Note 9.

validated using package only samples. The capacitance is measured with Vpp, Vopo, Vss, Vsso shorted with all other signal pins
floating. The inductance is measured with Vpp, Vopo, Vss, Vsso shorted and all other signal pins shorted at the die side (not pin).
Measurement procedure TBD.

Package only impedance (Zpkg) is calculated based on the Lpkg and Cpkg total for a given pin where:

Zpkg (total per pin) = SQRT (Lpkg/Cpkg).
Package only delay(Tpkg) is calculated based on Lpkg and Cpkg total for a given pin where:
Tdpkg (total per pin) = SQRT (Lpkg x Cpkg).

Zi0 and Tqo0 applies to DQ, DM, TDQS and TDQS#.

This parameter applies to monolithic devices only.

Absolute value of Zck-Zcxx for impedance(Z) or absolute value of Tdck-Tdcks for delay(Td).

Absolute value of Z,o(DQS)-Z,0(DQS#) for impedance(Z) or absolute value of Tqo(DQS)-Tuo(DQS#) for delay(Td).
Zipop evp & Taiaoo_cwp applies to A0-A13, ACT#, BAO-BAL, BGO-BG1, RAS#/A16, CAS#/A15, WE#/A14 and PAR.
Z ctrL & TdL CTRL applies to ODT, CS# and CKE.

Note 10. Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg and

Cpkg do not exceed the maximum values shown.

Note 11. It is assumed that Lpkg can be approximated as Lpkg = Zo x Td.
Note 12. It is assumed that Cpkg can be approximated as Cpkg = Td/Zo.
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Iop and Ippg Specification Parameters and Test conditions

In this chapter, Ipp, lpp and lppg Measurement conditions such as test load and patterns are defined and setup
and test load for Ipp, lpp and Ippg Measurements are also described here.

Ipp currents (such as lppo, Ippoa, Iop1s Iobias loozns Iopznas lobanes lopants Ibozes lbb2q, lopan, lopanas loose, lbosr,
Ioparas Ibpaw, Iopawa, Iopse, loosr2s Ibpska, Iopens Iooses Iboer: Ippsas lop7 @and Ippg) are measured as time-
averaged currents with all Vpp balls of the DDR4 SDRAM under test tied together. Any Ipp Or Ippg current is
not included in Ipp currents.

Ipp currents have the same definition as Ipp except that the current on the Vpp supply is measured.

Ippg currents (such as Ippgznt @nd Ippgar) are measured as time-averaged currents with all Vppg balls of the
DDR4 SDRAM under test tied together. Any Ipp current is not included in Ippg currents.

Attention: Ippg values cannot be directly used to calculate 10 power of the DDR4 SDRAM. They can be
used to support correlation of simulated IO power to actual IO power. In DRAM module application, Ippg
cannot be measured separately since Vpp and Vppg are using one merged-power layer in Module PCB.

For Ipp, lpp and Ippg measurements, the following definitions apply:

“0” and “LOW” is defined as V\y < Vi acmax-

“1” and “HIGH” is defined as Viy = Vinac(min)-

“MID-LEVEL" is defined as inputs are Vger = Vpp / 2.

Timings used for Ipp, lpp and Ippg Measurement-Loop Patterns are described Timings used for Ipp, lpp and
Ibog Measurement-Loop Patterns.

Basic Ipp, Ipp and Ippg Measurement Conditions are described in: Basic Ipp, Ipp and Ippg Measurement
Conditions.

Detailed Ipp, Ipp and Ippg are described in table: Ippo, Ibpoa @and lppe Measurement-Loop Pattern through Ipp7
Measurement-Loop Pattern.

Ibp Measurements are done after properly initializing the DDR4 SDRAM. This includes but is not limited to
setting

- Ron = RZQ/7 (34 Ohm in MR1);

- RTT_NOM = RZQ/6 (40 Ohm in MRl),

- RTT_WR = RZQ/Z (120 Ohm in MRZ),

- RTT_PARK = Disable;

- Qoff = 0B (Output Buffer enabled) in MR1

- TDQS 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 Ipp, Ipp and Ippg Measurement-Loop Patterns need to be executed at least one time before
actual Ipp or Ippg measurement is started.

Define D = {CS#, ACT#, RAS#, CAS#, WE#}.= {HIGH, LOW, LOW, LOW, LOW}; apply BG/BA changes
when directed.

Define D# = {CS#, ACT#, RAS#, CAS#, WE#}:= {HIGH, HIGH, HIGH, HIGH, HIGH}; apply invert of BG/BA
changes when directed above.
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NOTE 1. DIMM level Output test load condition may be different from above.

Figure 177. Measurement Setup and Test Load for IDD, IPP and IDDQ Measurements
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Figure 178. Correlation from simulated Channel IO Power to actual Channel IO Power
supported by IDDQ Measurement
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Table 75. Timings used for IDD, IPP and IDDQ Measurement

Symbol DDRA4-2400 DDRA4-2666 Unit

tCK 0.833 0.75 ns

CL 16 19 nCK

CWL 16 18 nCK

nRCD 16 19 nCK

nRC 55 62 nCK

nRAS 39 43 nCK

nRP 16 19 nCK

x4 16 16 nCK

nFAW x8 26 28 nCK

x16 36 40 nCK

x4 4 4 nCK

nRRDS x8 4 4 nCK

x16 7 7 nCK

x4 6 7 nCK

nRRDL x8 6 7 nCK

x16 8 9 nCK

tCCD_S 4 4 nCK

tCCD_L 6 7 nCK

tWTR_S 3 4 nCK

tWTR_L 9 10 nCK

nRFC 4Gb 313 347 nCK
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Table 76. 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 IDD timing table; BL: 8'; AL: 0; CS#: High between ACT
IDDO and PRE; Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop
table; Data 10: VDDQ; DM#: stable at 1; Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see
IDD Loop table); Output Buffer and RTT: Enabled in Mode Registers?; ODT Signal: stable at 0; Pattern Details: see
IDD Loop table

Operating One Bank Active-Precharge Current (AL=CL-1)

IDDOA AL = CL-1, Other conditions: see IDD0O

Operating One Bank Active-Precharge IPP Current

IPPO Same condition with IDDO

Operating One Bank Active-Read-Precharge Current (AL=0)

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, CL: see IDD timing table; BL: 8%; AL: 0; CS#: High
between ACT, RD and PRE; Command, Address, Bank Group Address, Bank Address Inputs, Data |O: partially
toggling according to IDD Loop table; DM#: stable at 1; Bank Activity: Cycling with one bank active at a time:
0,0,1,1,2,2,... (see IDD Loop table); Output Buffer and RTT: Enabled in Mode Registers; ODT Signal: stable at 0;
Pattern Details: see IDD Loop table

IDD1

Operating One Bank Active-Read-Precharge Current (AL=CL-1)

IDD1A AL = CL-1, Other conditions: see IDD1

Operating One Bank Active-Read-Precharge IPP Current

IPP1 Same condition with IDD1

Precharge Standby Current (AL=0)

CKE: High; External clock: On; tCK, CL: see IDD timing table; BL: 8%; AL: 0; CS#: stable at 1; Command, Address,
IDD2N Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop table; Data 10: VDDQ; DM#:
stable at 1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers? ODT Signal: stable
at 0; Pattern Details: see IDD Loop table

Precharge Standby Current (AL=CL-1)

IDD2NA AL = CL-1, Other conditions: see IDD2N

Precharge Standby IPP Current

IPP2N Same condition with IDD2N

Precharge Standby ODT Current

CKE: High; External clock: On; tCK, CL: see IDD timing table; BL: 8*; AL: 0; CS#: stable at 1; Command, Address,
IDD2NT Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop table; Data I10: VSSQ; DM#:
stable at 1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registers? ODT Signal:
toggling according to IDD Loop table; Pattern Details: see to IDD Loop table

IDDQ2NT Precharge Standby ODT IDDQ Current

(Optional) Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current

IDD2NL Precharg-e-S‘tant_JIby Current with CAL enalgled
Same definition like for IDD2N, CAL enabled

IDD2NG Prechargg .S.tant_nlby Current with Gear Down mode ena3bsled
Same definition like for IDD2N, Gear Down mode enabled™

IDD2ND Precharge Standby Current with DLL disa?led
Same definition like for IDD2N, DLL disabled

IDD2N_par Precharge Standby Current with CA parity enabled

- Same definition like for IDD2N, CA parity enabled®

Precharge Power-Down Current

IDD2P CKE: Low; External clock: On; tCK, CL: see IDD timing table; BL: 8"; AL: 0; CS#: stable at 1; Comm_and, Address,
Bank Group Address, Bank Address Inputs: stable at O; Data |10: VDDQ; DM#: stable at 1; Bank Activity: all banks
closed; Output Buffer and RTT: Enabled in Mode Registers®;, 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 IDD timing table; BL: 8% AL: 0; CS#: stable at 1; Command, Address,

Bank Group Address, Bank Address Inputs: stable at O; Data |10: VDDQ; DM#: stable at 1;Bank Activity: all banks
closed; Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal: stable at 0

Active Standby Current

CKE: High; External clock: On; tCK, CL: see IDD timing table; BL: 8%; AL: 0; CS#: stable at 1; Command, Address,
IDD3N Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop table; Data 10: VDDQ; DM#:

stable at 1;Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal: stable
at 0; Pattern Details: see IDD Loop table

Active Standby Current (AL=CL-1)

IDD3NA AL = CL-1, Other conditions: see IDD3N

Active Standby IPP Current

IPP3N Same condition with IDD3N
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IDD3P

Active Power-Down Current

CKE: Low; External clock: On; tCK, CL: see IDD timing Table; BL: 8%; AL: 0; CS#: stable at 1; Command, Address,
Bank Group Address, Bank Address Inputs: stable at O; Data |10: VDDQ; DM#: stable at 1; Bank Activity: all banks
open; Output Buffer and RTT: Enabled in Mode Registers® 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 IDD timing table; BL: 8% AL: 0; CS#: High between RD; Command,
Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop table; Data 10:
seamless read data burst with different data between one burst and the next one according to IDD Loop table;
DM#: stable at 1; Bank Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2,2,... (see IDD Loop
table); Output Buffer and RTT: Enabled in Mode Registers%;, ODT Signal: stable at 0; Pattern Details: see IDD Loop
table

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 IDD timing table; BL: 8%; AL: 0; CS#: High between WR; Command,
Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop table; Data IO:
seamless write data burst with different data between one burst and the next one according to IDD Loop table;
DM#: stable at 1; Bank Activity: all banks open, WR commands cycling through banks: 0,0,1,1,2,2,... (see IDD Loop
table); Output Buffer and RTT: Enabled in Mode Registers®; ODT Signal: stable at HIGH; Pattern Details: see IDD
Loop table

IDD4WA

Operating Burst Write Current (AL=CL-1)
AL = CL-1, Other conditions: see IDD4W

IDD4AWB

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 IDDAW

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 IDD timing table; BL: 8"; AL: 0; CS#: High between REF;
Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD Loop table;
Data 10: VDDQ; DM#: stable at 1; Bank Activity: REF command every nRFC (see IDD Loop table); Output Buffer
and RTT: Enabled in Mode Registers?;, ODT Signal: stable at 0; Pattern Details: see IDD Loop table

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

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

IDD6N

Self Refresh Current: Normal Temperature Range

Tease: 0 - 85°C; Low Power Auto Self Refresh (LP ASR) : Normal*; CKE: Low; External clock: Off; CK and CK#:
LOW; CL: see IDD timing table; BL: 8%; AL: 0; CS#, Command, Address, Bank Group Address, Bank Address, Data
10: High; DM#: 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
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Self-Refresh Current: Extended Temperature Range

Tease: 0 - 95°C; Low Power Auto Self Refresh (LP ASR): Extended*; CKE: Low; External clock: Off; CK and CK#:
IDD6E LOW; CL: see IDD timing table; BL: 8%; AL: 0; CS#, Command, Address, Bank Group Address, Bank Address, Data
10: High; DM#:stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT:
Enabled in Mode Registers% ODT Signal: MID-LEVEL

Self Refresh IPP Current: Extended Temperature Range

IPP6E Same condition with IDD6E

Self-Refresh Current: Reduced Temperature Range

Tease: 0 - 45°C; Low Power Auto Self Refresh (LP ASR) : Reduced”; CKE: Low; External clock: Off; CK and CK#:
IDD6R LOW; CL: see IDD timing table; BL: 8%; AL: 0; CS#, Command, Address, Bank Group Address, Bank Address, Data
10: High; DM#:stable at 1; Bank Activity: Extended Temperature Self-Refresh operation; Output Buffer and RTT:
Enabled in Mode Registers?; ODT Signal: MID-LEVEL

Self Refresh IPP Current: Reduced Temperature Range

IPP6R Same condition with IDD6R

Auto Self-Refresh Current

Tease: 0 - 95°C; Low Power Auto Self Refresh (LP ASR) : Auto*; CKE: Low; External clock: Off; CK and CK#: LOW;
IDD6A CL: see IDD timing table; BL: 8'; AL: 0; CS#, Command, Address, Bank Group Address, Bank Address, Data 10:
High; DM#: 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

IPPBA Same condition with IDD6A

Operating Bank Interleave Read Current

CKE: High; External clock: On; tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see IDD timing table; BL: 8"; AL: CL-1;
CS#: High between ACT and RDA; Command, Address, Bank Group Address, Bank Address Inputs: partially
IDD7 toggling according to IDD Loop table; Data 10: read data bursts with different data between one burst and the next
one according to IDD Loop table; DM#: stable at 1; Bank Activity: two times interleaved cycling through banks (0,
1, ...7) with different addressing, see IDD Loop table; Output Buffer and RTT: Enabled in Mode Registers ODT
Signal: stable at 0; Pattern Details: see IDD Loop table

Operating Bank Interleave Read IPP Current

IPP7 Same condition with IDD7

Note 1. Burst Length: BL8 fixed by MRS: set MRO A[1:0] =00.
Note 2. Output Buffer Enable:
- set MR1 A12 = 0: Qoff = Output buffer enabled
- set MR1 A [2:1] = 00: Output Driver Impedance Control = RZQ/7
RTTﬁNOM enable: set MR1 A [108] =011: RTTﬁNOM = RZQ/6
Rt wr enable: set MR2 A [10:9] = 01: Rt wr = RZQ/2
RTT_PARK disable: set MR5 A [86] =000
Note 3. CAL Enabled: set MR4 A [8:6] = 001: 1600 MT/s, 010: 1866, 2133MT/s, 011: 2400MT/s, 2666MT/s
Gear Down mode enabled: set MR3 A3 = 1:1/4 Rate
DLL disabled: set MR1 A0 = 0
CA parity enabled: set MR5 A [2:0] = 001:1600, 1866, 2133MT/s, 010:2400MT/s, 2666MT/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 A [7:6] = 00: Normal
- set MR2 A [7:6] = 01: Reduced Temperature range
- set MR2 A [7:6] = 10: Extended Temperature range
- set MR2 A [7:6] = 11:Auto Self Refresh
Note 5. Ippong should be measured after sync pulse (NOP) input.
Note 6. AL is not supported for x16 device.
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Table 77. IDDO, IDDOA and IPPO Measurement - Loop Pattern™
Cclg CKE fé’gp Nﬁﬁ)‘; CMD | cs# | ACT# Rﬁf:’ Cﬁls:’ VXEZ” oot |B%1|Ba0-1 /glci ’lei' A10 |A9-A7|A6-A3|A2-A0|Data®
0 0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0 1-2 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0 34 |p#D#| 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
0 Repeat pattern 1...4 until nRAS - 1; truncate if necessary
OnRASPREIOI1|O|1|0|0|O|O|0|0|O|0|0|O|-
0 Repeat pattern 1...4 until nRC - 1; truncate if necessary
1 1xnRC Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=1 instead
2 2xnRC Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=2 instead
3 3xnRC Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=3 instead
é,, % 4 4xnRC Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=1 instead
32 8 5 5xnRC Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=2 instead
= % 6 6xnRC Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=3 instead
7 7xnRC Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=0 instead
8 8xnRC Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=0 instead
9 9xnRC Repeat sub-loop 0, use BG[1:0]=3, BA[1:0]=1 instead
10 | 10xnRC Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=2 instead
11 | 11xnRC Repeat sub-loop 0, use BG[1:0]=3, BA[1:0]=3 instead For x4
12 | 12xnRC Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=1 instead X8a2?]|y
13 13xnRC Repeat sub-loop 0, use BG[1:0]=3, BA[1:0]=2 instead
14 | 14xnRC Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=3 instead
15 | 15xnRC Repeat sub-loop 0, use BG[1:0]=3, BA[1:0]=0 instead
Note 1. DQS, DQS# are Vppg.
Note 2. BG1 is don’t care and AL is not supported for x16 device.
Note 3. DQ signals are Vppg.
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Table 78. IDD1, IDD1A and IPP1 Measurement - Loop Pattern!"

CK/ Sub- Cycle RAS#/[CASH#/| WE#/ BGO-1 .| A12/ [ A13, i i i 3
CK# CKE Loop Number CMD | CS# |ACT# A6 | A15 | Al4 oDT )] BAO-1 BC# | A11 A10 |A9-A7|A6-A3|A2-A0|Data
0 0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0 1-2 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0 3-4 D#D#| 1 1 1 1 1 0 3@ 3 0 0 0 7 F 0 -
0 Repeat pattern 1...4 until nRCD-AL-1, truncate if necessary
D0=00,
D1=FF
D2=FF,
D3=00
0 nRCD-AL RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0 DA=FE
D5=00
D6=00,
D7=FF
0 Repeat pattern 1...4 until nRAS-1; truncate if necessary
0 NRAS PRE| o [ 1 [ o | 1] o] o]o]of]ofJof]of]o]o]o]-
0 Repeat pattern 1...4 until nRC-1; truncate if necessary
1 1xnRC+0 ACT 0 0 0 1 1 0 1 1 0 0 0 0 0 0 -
1 1xnRC+1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 | 1xnRC+3,4 |D#D#| 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
1 Repeat pattern nRC+1...4 until 1xnRC+nRAS-1; truncate if necessary
DO=FF,
D1=00
D2=00,
< 1xnRC D3=FF
2 %’ 1 +NRCD-AL RD 0 1 1 0 1 0 1 1 0 0 0 0 0 0 D4=00,
9| e D5=FF
2| = D6=FF,
= 7 D7=00
1 Repeat pattern 1...4 until nRAS-1; truncate if necessary
1 [xorasvaras| PR | 0 | 1 ] 0 | 1 J o J o] 1 [ 1] o o o o] o]o]-
Repeat NRC+1...4 until 2xnRC-1; truncate if necessary
2 2xnRC Repeat sub-loop 0, use BG[1:0]=0, use BA[1:0]=2 instead
3 3xnRC Repeat sub-loop 1, use BG[1:0]=1, use BA[1:0]=3 instead
4 4xnRC Repeat sub-loop 0, use BG[1:0]=0, use BA[1:0]=1 instead
5 5xnRC Repeat sub-loop 1, use BG[1:0]=1, use BA[1:0]=2 instead
6 6xnRC Repeat sub-loop 0, use BG[1:0]=0, use BA[1:0]=3 instead
8 7xnRC Repeat sub-loop 1, use BG[1:0]=1, use BA[1:0]=0 instead
9 9xnRC Repeat sub-loop 1, use BG[1:0]=2, use BA[1:0]=0 instead
10 10xnRC Repeat sub-loop 0, use BG[1:0]=3, use BA[1:0]=1 instead
11 11xnRC Repeat sub-loop 1, use BG[1:0]=2, use BA[1:0]=2 instead
12 12xnRC Repeat sub-loop 0, use BG[1:0]=3, use BA[1:0]=3 instead For 3(4
an
13 13xnRC Repeat sub-loop 1, use BG[1:0]=2, use BA[1:0]=1 instead x8 only
14 14xnRC Repeat sub-loop 0, use BG[1:0]=3, use BA[1:0]=2 instead
15 15xnRC Repeat sub-loop 1, use BG[1:0]=2, use BA[1:0]=3 instead
16 16xnRC Repeat sub-loop 0, use BG[1:0]=3, use BA[1:0]=0 instead
Note 1. DQS, DQS# are used according to RD Commands, otherwise Vppq.
Note 2. BG1 is don’t care and AL is not supported for x16 device.
Note 3. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are Vppg.
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Table 79. IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDD2N _par, IPP2, IDD3N, IDD3NA
and IDD3P Measurement - Loop Pattern™

SN ek Eg})’p oyele 1o | cs# | acTi |ReSH | CASHI VIR opr |BG L BAca| AT2 | A13 | A10 |A9-A7|A6-A3|A2-A0 |Data
0 0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 D#D#| 1 1 1 1 1 0 31 3 0 0 0 7 F 0 0
0 3 D#D#| 1 1 1 1 1 0 31 3 0 0 0 7 F 0 0
1 4-7 Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=1 instead
2 8-11 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=2 instead
3 12-15 Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=3 instead
4 16-19 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=1 instead
E, _E, 5 20-23 Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=2 instead
=] L 6 24-27 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=3 instead
= % 7 28-31 Repeat sub-loop 0, use BG[1:0]=1, BA[1:0]=0 instead
8 32-35 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=0 instead
9 36-39 Repeat sub-loop 0, use BG[1:0]=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[1:0]=3, BA[1:0]=3 instead
12 48-51 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=1 instead
13 52-55 Repeat sub-loop 0, use BG[1:0]=3, BA[1:0]=2 instead
14 56-59 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=3 instead
15 60-63 Repeat sub-loop 0, use BG[1:0]=3, BA[1:0]=0 instead
Note 1. DQS, DQS# are Voppo.
Note 2. BG1 is don’t care and AL is not supported for x16 device.
Note 3. DQ signals are Vppg.
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Table 80. IDD2NT and IDDQ2NT Measurement - Loop Pattern™

Cclg CKE I_S(;l(?p N‘jﬂir cMD | cs# |ACT# Rﬁf:’ Cﬁfs#’ V‘/('ij’ oot |B& 1 BAo-1 /@g# ’lei' AL0 |A9-A7|A6-A3|A2-A0|Data
0 0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
0 1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 -
0 2 |p#D#| 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
0 3 |p#D#| 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
1 4-7 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 1, BA[1:0] = 1 instead
2 8-11 Repeat Sub-Loop 0, but ODT = 0 and BG[1:0] = 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
o g, 5 20-23 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 1, BA[1:0] = 2 instead
é é 6 24-27 Repeat Sub-Loop 0, but ODT = 0 and BG[1:0] = 0, BA[1:0] = 3 instead
= % 7 28-31 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 1, BA[1:0] = O instead
8 32-35 Repeat Sub-Loop 0, but ODT = 0 and BG[1:0] = 2, BA[1:0] = O 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[1:0] = 2, BA[1:0] = 2 instead
11 | 44-47 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 3, BA[L:0] = 3 instead For x4
12 48-51 Repeat Sub-Loop 0, but ODT = 0 and BG[1:0] = 2, BA[1:0] = 1 instead X8a2?]|y
13 52-55 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 3, BA[1:0] = 2 instead
14 56-59 Repeat Sub-Loop 0, but ODT = 0 and BG[1:0] = 2, BA[1:0] = 3 instead
15 60-63 Repeat Sub-Loop 0, but ODT = 1 and BG[1:0] = 3, BA[1:0] = 0 instead
Note 1. DQS, DQS# are Vppg.
Note 2. BG1 is don’t care and AL is not supported for x16 device.
Note 3. DQ signals are Vppg.
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Table 81. IDD4R, IDDR4RA, IDD4RB and IDDQ4R Measurement - Loop Pattern™

CK/ Sub-| Cycle RAS#/ [CAS#/| WE#/ BGO-1 . | A12/ [ A13, i i i 3
CK# CKE Loop | Number CMD | CS# | ACT# A16 AL5 Al4 oDT )] BAO-1 BC# | A11 A10 |A9-A7|A6-A3|A2-A0| Data’
D0=00,
D1=FF
D2=FF,
D3=00
0 0 RD 0 1 1 0 1 0 0 0 0 0 0 0 0 D4=FF,
D5=00
D6=00,
D7=FF
0 1 D 1 0 0 0 0 0 0 0 0 0 0 0 o |-
0 23 |D#D#| 1 1 1 1 1 0 3@ 3 0 0 7 F 0
DO=FF
D1=00
D2=00
D3=FF
1 4 RD 0 1 1 0 1 0 1 1 0 0 7 F 0 D4=00
D5=FF
D6=FF,
D7=00
1 5 D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
ey
2121 67 |D#,D#| 1 1 1 1 1 0 3 3 0 0 7 F 0 -
=)
2 % 2 8-11 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=2 instead
[ 3
@ 3 12-15 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=3 instead
4 16-19 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=1 instead
5 20-23 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]=0, BA[1:0]=3 instead
7 28-31 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=0 instead
8 32-35 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=0 instead
9 36-39 Repeat sub-loop 1, use BG[1:0]=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 1, use BG[1:0]=3, BA[1:0]=3 instead FOI’()1(4
an
12 48-51 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=1 instead x8 only
13 52-55 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=2 instead
14 56-59 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=3 instead
15 60-63 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=0 instead
Note 1. DQS, DQS# are used according to RD Commands, otherwise Vppo.
Note 2. BG1 is don’t care and AL is not supported for x16 device.
Note 3. Burst Sequence driven on each DQ signal by Read Command.
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Table 82. IDD4W, IDD4WA, IDD4WB and IDD4W

par Measurement - Loop Pattern™

CK/ Sub-| Cycle RAS#/ [ CAS#/| WE# BGO-1 . | A2/ | A13, i i i 3
CK# CKE Loop | Number CMD | CS# | ACT# A16 AL5 Al4 oDT 121 BAO-1 BC# | A11 A10 |A9-A7|A6-A3|A2-A0| Data
D0=00,
D1=FF
D2=FF,
D3=00
0 0 WR 0 1 1 0 1 0 0 0 0 0 0 0 0 D4=FF,
D5=00
D6=00,
D7=FF
0 1 D 1 0 0 0 1 0 0 0 0 0 0 0 0 -
0 2-3  |D#D#| 1 1 1 1 1 3 3 0 0 0 7 F 0 -
DO=FF
D1=00
D2=00
D3=FF
1 4 WR 0 1 1 0 0 1 1 1 0 0 0 7 F 0 D4=00
D5=FF
D6=FF,
D7=00
1 5 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
ey
2121 6-7 |D#D#| 1 1 1 1 1 3 3 0 0 0 7 F 0 -
=)
2 '% 2 8-11 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=2 instead
[ 3
@ 3 12-15 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=3 instead
4 16-19 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=1 instead
5 20-23 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]=0, BA[1:0]=3 instead
7 28-31 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=0 instead
8 32-35 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=0 instead
9 36-39 Repeat sub-loop 1, use BG[1:0]=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 1, use BG[1:0]=3, BA[1:0]=3 instead FOI’()1(4
an
12 48-51 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=1 instead x8 only
13 52-55 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=2 instead
14 56-59 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=3 instead
15 60-63 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=0 instead
Note 1. DQS, DQS# are used according to WR Commands, otherwise Vppg.
Note 2. BG1 is don’t care and AL is not supported for x16 device.
Note 3. Burst Sequence driven on each DQ signal by Write Command.
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1
Table 83. IDD4WC Measurement - Loop Pattern™
CK/ Sub-| Cycle RAS# [ CAS#/| WE#/ BGO-1[, , .| Al2/ [ Al3, i i i 3
CK# CKE Loop | Number CMD | CS# | ACT# A16 AL5 Al4d oDT 21 ~ |BAO-1 BC# | A1L A10 [A9-A7|A6-A3|A2-A0| Data
D0=00,
D1=FF
D2=FF,
D3=00
0 0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0 |D4=FF,
D5=00
D6=00,
D7=FF
D8=CRC
0 1-2 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
0 34 |D#DH#| 1 1 1 1 1 1 31 3 0 0 0 7 F 0 -
DO=FF,
D1=00
D2=00,
D3=FF
0 5 WR 0 1 1 0 0 1 1 1 0 0 0 7 F 0 D4=00,
D5=FF
D6=FF,
D7=00
D8=CRC
o 5 0 6-7 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
5 S| o 89 |D#D#| 1 1 1 1 1 1 |3 | 3 0 0 0 7 F 0 -
o kS
= ] 2 10-14 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=2 instead
3 15-19 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=3 instead
4 20-24 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=1 instead
5 25-29 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=2 instead
6 30-34 Repeat sub-loop 0, use BG[1:0]=0, BA[1:0]=3 instead
7 35-39 Repeat sub-loop 1, use BG[1:0]=1, BA[1:0]=0 instead
8 40-44 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=0 instead
9 45-49 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=1 instead
10 50-54 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=2 instead
1 | 55-59 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=3 instead For g4
an
12 60-64 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=1 instead x8 only
13 65-69 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=2 instead
14 70-74 Repeat sub-loop 0, use BG[1:0]=2, BA[1:0]=3 instead
15 75-79 Repeat sub-loop 1, use BG[1:0]=3, BA[1:0]=0 instead

Note 1. DQS, DQS# are Vppo.
Note 2. BG1 is don't care for x16 device.
Note 3. Burst Sequence driven on each DQ signal by Write Command.
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Table 84. IDD5B Measurement - Loop Pattern'

glg CKE I_S(;l(?p N‘jﬂir cMD | cs# | ACT# RAAls:’ Cﬁfs#’ VXEZ” oot |B¢1|BA0-1 /Aslci ’lei' A10 |A9-A7|A6-A3|A2-A0|Datal®
0 0 REF 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 3 D#D#| 1 1 1 1 1 0 3@ 3 0 0 0 7 F 0 -
1 4 D#D#| 1 1 1 1 1 0 3@ 3 0 0 0 7 F 0 -
1 5-8 Repeat pattern 1...4, use BG[1:0]=1, BA[1:0]=1 instead
1 9-12 Repeat pattern 1...4, use BG[1:0]=0, BA[1:0]=2 instead
1 13-16 Repeat pattern 1...4, use BG[1:0]=1, BA[1:0]=3 instead
1 17-20 Repeat pattern 1...4, use BG[1:0]=0, BA[1:0]=1 instead
g ;g, 1 21-24 Repeat pattern 1...4, use BG[1:0]=1, BA[1:0]=2 instead
2 9 1 25-28 Repeat pattern 1...4, use BG[1:0]=0, BA[1:0]=3 instead
= % 1 29-32 Repeat pattern 1...4, use BG[1:0]=1, BA[1:0]=0 instead
1 33-36 Repeat pattern 1...4, use BG[1:0]=2, BA[1:0]=0 instead
1 37-40 Repeat pattern 1...4, use BG[1:0]=3, BA[1:0]=1 instead
1 41-44 Repeat pattern 1...4, use BG[1:0]=2, BA[1:0]=2 instead
1 45-48 Repeat pattern 1...4, use BG[1:0]=3, BA[1:0]=3 instead For x4
1 49-52 Repeat pattern 1...4, use BG[1:0]=2, BA[1:0]=1 instead Xgaggly
1 53-56 Repeat pattern 1...4, use BG[1:0]=3, BA[1:0]=2 instead
1 57-60 Repeat pattern 1...4, use BG[1:0]=2, BA[1:0]=3 instead
1 61-64 Repeat pattern 1...4, use BG[1:0]=3, BA[1:0]=0 instead
2 65...nRFC-1 Repeat sub-loop 1, Truncate, if necessary
Note 1. DQS, DQS# are Vppg.
Note 2. BG1 is don't care for x16 device.
Note 3. DQ signals are Vppg.
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Table 85. IDD7 Measurement - Loop Pattern™

CK/ Sub-| Cycle RAS#/[CASH#/| WE# BGO-1 | A12/ ] A13, i i i 3
CK# CKE Loop| Number CMD | CS# |ACT# A6 | AL5 | A4 oDT 21~ |BAO-1 BC# | A11 A10 |A9-A7|A6-A3|A2-A0| Data
0 0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D0=00,
D1=FF
D2=FF,
0 1 |roa| o | 1|12 o |1 |ofo|o|o|o]|1]|o |00 |2¥X
D5=00
D6=00,
D7=FF
0 2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
0 3 D# 1 1 1 1 1 0 3 3 0 0 0 7 F 0 -
0 Repeat pattern 2...3, until NRRD - 1, if NnRRD > 4. Truncate if necessary
1 nRRD ACT 0 0 0 0 0 0 1 1 0 0 0 0 0 0
DO=FF,
D1=00
D2=00,
1 |nRRD+1 [RDA| O | 1 | 1 | o | 2 | o | 2| 1| oo |1 |0 |00 |B>FF
D5=FF
D6=FF,
D7=00
1 Repeat pattern 2...3, until 2xnRRD - 1, if nRRD > 4. Truncate if necessary
2 2xnRRD Repeat Sub-Loop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
3 3xnRRD Repeat Sub-Loop 1, use BG[1:0] = 1, BA[1:0] = 3 instead
ey
g -.,? 4 4xnRRD Repeat pattern 2 ... 3 until nNFAW - 1, if nNFAW > 4xnRRD. Truncate if necessary
(=)
é” '% 5 nFAW Repeat Sub-Loop 0, use BG[1:0] = 0, BA[1:0] = 1 instead
n nFAW+ 0] = 0] =2i
6 NRRD Repeat Sub-Loop 1, use BG[1:0] = 1, BA[1:0] = 2 instead
nFAW+ .
7 2xnRRD Repeat Sub-Loop 0, use BG[1:0] = 0, BA[1:0] = 3 instead
nFAW+ .01 = 0l =0
8 3xNRRD Repeat Sub-Loop 1, use BG[1:0] = 1, BA[1:0] = O instead
nFAW+
9 4xNRRD Repeat Sub-Loop 4
10 | 2xnFAW Repeat Sub-Loop 0, use BG[1:0] = 2, BA[1:0] = O instead
11 2xnn£|,;-\gv+ Repeat Sub-Loop 1, use BG[1:0] = 3, BA[1:0] = 1 instead
2xnFAW+ .01 = 0l =2i
12 2xNRRD Repeat Sub-Loop 0, use BG[1:0] = 2, BA[1:0] = 2 instead
2xnFAW+ o~ PO
13 3xNRRD Repeat Sub-Loop 1, use BG[1:0] = 3, BA[1:0] = 3 instead
2xnFAW+
14 | “\ hRRD Repeat Sub-Loop 4 Fgrr]é(4
15 | 3xnFAW Repeat Sub-Loop 0, use BG[1:0] = 2, BA[1:0] = 1 instead x8 only
16 sxr?;ég“ Repeat Sub-Loop 1, use BG[1:0] = 3, BA[1:0] = 2 instead
3xnFAW+ A1 PO
17 2xNRRD Repeat Sub-Loop 0, use BG[1:0] = 2, BA[1:0] = 3 instead
3xnFAW+ .01 = 0l=0i
18 3xnRRD Repeat Sub-Loop 1, use BG[1:0] = 3, BA[1:0] = O instead
3xnFAW+
19 4xnRRD Repeat Sub-Loop 4
20 | 4xnFAW Repeat pattern 2 ... 3 until nRC - 1, if nRC > 4xnFAW. Truncate if necessary
Note 1. DQS, DQS# are Vppg.
Note 2. BG1 is don't care for x16 device.
Note 3. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are Vppg.
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Table 86. IDD and IDDQ Specification Parameters and Test conditions

Parameter Symbol DDR4-2400 | DDR4-2666 Unit
Max. Max.

Operating One Bank Active-Precharge Current (AL=0) Ibpo 79 85 mA
Operating One Bank Active-Precharge Current (AL=CL-1) Ibboa 80 86 mA
Operating One Bank Active-Precharge IPP Current lpPo 4 5 mA
Operating One Bank Active-Read-Precharge Current (AL=0) Ibp1 93 115 mA
Operating One Bank Active-Read-Precharge Current (AL=CL-1) Ibp1a 96 107 mA
Operating One Bank Active-Read-Precharge IPP Current lpp1 4 5 mA
Precharge Standby Current (AL=0) Ibp2n 67 74 mA
Precharge Standby Current (AL=CL-1) Ibp2nA 68 75 mA
Precharge Standby IPP Current Ipp2n 3 4 mA
Precharge Standby ODT Current lop2nT 80 90 mA
Precharge Standby Current with CAL enabled lpp2nL 59 63 mA
Precharge Standby Current with Gear Down mode enabled Ibb2nG 65 71 mA
Precharge Standby Current with DLL disabled Ibb2nD 49 52 mA
Precharge Standby Current with CA parity enabled IbD2N_par 82 94 mA
Precharge Power-Down Current CKE lob2p 40 44 mA
Precharge Power-Down IPP Current lpp2p 3 4 mA
Precharge Quiet Standby Current Ibb20 66 74 mA
Active Standby Current Ibpban 78 86 mA
Active Standby Current (AL=CL-1) lbbana 79 85 mA
Active Standby IPP Current Ippan 3 4 mA
Active Power-Down Current Ibp3p 64 67 mA
Active Power-Down IPP Current lpp3p 3 4 mA
Operating Burst Read Current Ibpar 150 165 mA
Operating Burst Read Current (AL=CL-1) IbDara 152 183 mA
Operating Burst Read Current with Read DBI Ibbare 149 166 mA
Operating Burst Read IPP Current lppar 3 4 mA
Operating Burst Write Current lppaw 162 180 mA
Operating Burst Write Current (AL=CL-1) lpDawa 170 197 mA
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Operating Burst Write Current with Write DBI Ibpaws 155 172 mA
Operating Burst Write Current with Write CRC lppawc 151 168 mA
Operating Burst Write Current with CA Parity Ibpaw _par 176 189 mA
Operating Burst Write IPP Current lppaw 3 4 mA
Burst Refresh Current (1X REF) Ibpss 170 180 mA
Burst Refresh Write IPP Current (1X REF) lppss 22 25 mA
Burst Refresh Current (2X REF) IbpsF2 179 189 mA
Burst Refresh Write IPP Current (2X REF) lppsF2 23 27 mA
Burst Refresh Current (4X REF) IbD5F4 147 160 mA
Burst Refresh Write IPP Current (4X REF) lppsE4 17 20 mA
Self Refresh Current: Normal Temperature Range Ibpsn 30 30 mA
Tc =-40~85°C
Self Refresh IPP Current: Normal Temperature Range lpPeN 6 6 mA
Self-Refresh Current: Extended Temperature Range) IbpeE 36 36 mA
Tc =-40~95°C
Self Refresh IPP Current: Extended Temperature Range lppsE 8 8 mA
Self-Refresh Current: Reduced Temperature Range Ibper 25 25 mA
Tc =-40~45°C
Self Refresh IPP Current: Reduced Temperature Range lpPer 4 4 mA
Auto Self-Refresh Current Ibbsa 30 30 mA
Tc =-40~85°C
Auto Self-Refresh IPP Current lppea 6 6 mA
Operating Bank Interleave Read Current lop7 187 196 mA
Operating Bank Interleave Read IPP Current lpp7 22 29 mA
Maximum Power Saving Current Ibps 30 30 mA
Maximum Power Saving IPP Current Ippg 2 3 mA
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Table 87. Timing Parameters

Symbol Parameter - DDR4-2400 - DDR4-2666 Unit
Min. Max. Min. Max.
taa Internal read command to first data 14.16 18 14.25 18 ns
tAA_DBI Internal read command to first data with read DBI enabled taaminy * | taamag + 3| taamin ¥ (Taamag + 3]
3tk ek 3 tek tex
trRCD ACT to internal read or write delay time 14.16 - 14.25 - ns
trRP PRE command period 14.16 - 14.25 - ns
tRAS ACT to PRE command period 32 9 X trer 32 9 X trer ns
tRC ACT to ACT or REF command period 46.16 - 46.25 - ns
Speed Bins CWL Normal | Read DBI Min. Max. Min. Max. Unit
9 9 11 15 1.6 15 1.6 ns
9 10 12 15 1.6 15 1.6 ns
9,11 11 13 1.25 <15 1.25 <15 ns
9,11 12 14 1.25 <15 1.25 <15 ns
10,12 13 15 1.071 <1.25 1.071 <1.25 ns
tokavg) ACT to ACT or REF 10,12 14 16 1.071 <1.25 1.071 <1.25 ns
command period 11,14 15 18 0.937 <1.071 0.937 <1.071 ns
11,14 16 19 0.937 <1.071 0.937 <1.071 ns
12,16 16 19 0.833 <0.937 0.833 <0.937 ns
12,16 17 20 0.833 <0.937 0.833 <0.937 ns
12,16 18 21 - - 0.833 <0.937 ns
14,18 19 22 - - 0.75 <0.833 ns
Clock Timing
{CK (DLL_OFF) Minimum Clock Cycle Time (DLL off mode) 8 20 8 20 ns
tck(avg) > Average clock period 0.833 <0.937 0.750 <0.833 ns
tCH(avg) Average high pulse width 0.48 0.52 0.48 0.52 tck
tCL(avg) Average low pulse width 0.48 0.52 0.48 0.52 tck
tCK(abs) Absolute Clock Period t‘t](l:TK(EJaevr?r)rTr:it;t t}](l:'lt<(§)ae\/r?r)rgiit:t SlcT’iéivr?)mm& tSICT}EE)BIe\:?r)nn;iitZt tcK
tcH(abs)® Absolute clock high pulse width 0.45 - 0.45 - tek
tcL(abs)® Absolute clock low pulse width 0.45 - 0.45 - tek
JIT(per)_tot”® Clock Period Jitter- total -42 42 -38 38 ps
IT(per)_d*® Clock Period Jitterdeterministic 21 21 -19 19 ps
31T (per,Ick) Clock Period Jitter during DLL locking period -33 33 -30 30 ps
11T (cc) Cycle to Cycle Period Jitter - 83 - 75 ps
tIIT(ce,Ick) Cycle to Cycle Period Jitter during DLL locking period - 67 - 60 ps
11T (duty) Duty Cycle Jitter TBD TBD TBD TBD ps
tERR(2per) Cumulative error across 2 cycles -61 61 -55 55 ps
tERR(3per) Cumulative error across 3 cycles -73 73 -66 66 ps
tERR(4per) Cumulative error across 4 cycles -81 81 -73 73 ps
tERR(5per) Cumulative error across 5 cycles -87 87 -78 78 ps
tERR(6per) Cumulative error across 6 cycles -92 92 -83 83 ps
tERR(7per) Cumulative error across 7 cycles -97 97 -87 87 ps
tERR(8per) Cumulative error across 8 cycles -101 101 -91 91 ps
tERR(9per) Cumulative error across 9 cycles -104 104 -94 94 ps
tERR(10per) Cumulative error across 10 cycles -107 107 -96 96 ps
tERR(11per) Cumulative error across 11 cycles -110 110 -99 99 ps
tERR(12per) Cumulative error across 12 cycles -112 112 -101 101 ps
tERR(13per) Cumulative error across 13 cycles -114 114 -103 103 ps
tERR(14per) Cumulative error across 14 cycles -116 116 -104 104 ps
tERR(15per) Cumulative error across 15 cycles -118 118 -106 106 ps
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tERR(16per) Cumulative error across 16 cycles -120 120 -108 108 ps
tERR(17per) Cumulative error across 17 cycles -122 122 -110 110 ps
tERR(18per) Cumulative error across 18 cycles -124 124 -112 112 ps
. _ tERR(npenmin = ((1+0.68In(n)) X tIT(per)_total min)
tERR(nper) Cumulative error across n =13, 14 . . . 49, 50 cycles teRR(penmax = ((1+0.68in(n)) X IT(per).total max) ps
Command and Address setup time to CK, CK# referenced
tiS(base) 62 - 55 - ps
to VIHAC)/VIL(AC) levels
US(Vege) Command and Address setup time to CK, CK# referenced 162 ) 145 ) ps
to Vrer levels
Command and Address hold time to CK, CK# referenced to
tiH(base) 87 - 80 - ps
VIHAC)/VIL(AC) levels
Command and Address hold time to CK, CK# referenced to
HH(Vrer) 162 - 145 - ps
Vrer levels
tiPw Control and Address Input pulse width for each input 410 - 385 - ps
Command and Address Timing
tccp_L>* CAS# to CAS# command delay for same bank group ma);(r?Sn)CK, - ma);(r?Q)CK, - tck
tccp_s* CAS# to CAS# command delay for different bank group 4 - 4 - tck
tRRD S(0* Activate to Activate Command delay to different bank group | max(4nCK, ) max(4nCK, ) tek
-S(1K) for 2KB page size 3.3ns) 3ns)
tRRD L(1k™ Activate to Activate Command delay to same bank group for| max(4nCK, ) max(4nCK, ) tek
(1K) 2KB page size 4.9ns) 4.9ns)
traw_1k>* Four activate window for 2KB page size max(20nCK - max(20nCK - ns
,21ns) ,21ns)
twTR sh2% Delay from start of internal write transaction to internal max(2nCK, ) max(2nCK, ;
- read command for different bank group 2.5ns) 2.5ns)
1,34 Delay from start of internal write transaction to internal max(4nCK, max(4nCK,
tWTR_L - -
read command for same bank group 7.5ns) 7.5ns)
trTP* Internal Read Command to Precharege Command delay max(4nCK, - max(4nCK, -
7.5ns) 7.5ns)
twr” WRITE recovery time 15 - 15 - ns
twR + twR +
twr_crc_bm™?® | Write recovery time when CRC and DM are enabled max(5nCK, - max(5nCK, - ns
3.75ns) 3.75ns)
WWTR S CRC DM delay from start of internal write transaction to internal tWTR_S + tWTR_S +
22034~ read command for different bank groups with both CRC max(5nCK, - max(5nCK, - ns
and DM enabled 3.75ns) 3.75ns)
WTR L CRC DM delay from start of internal write transaction to internal tWTR_L tWTR_L
33034 read command for same bank group with both CRC +max(5nCK - +max(5nCK - ns
and DM enabled ,3.75ns) ,3.75ns)
{DLLK DLL locking time 768 - 854 - tek
tMRD Mode Register Set command cycle time 8 - 8 - tck
50 : max(24nCK ) max(24nCK )
tMoD Mode Register Set command update delay 15ns) 15ns) tck
tMPRR*® Multi-Purpose Register Recovery Time 1 - 1 - tek
. . . . tMOD(min) + tMOD(min) +
tWR_MPR Multi Purpose Register Write Recovery Time AL + PL - AL + PL - tck
tDAL(min) Auto precharge write recovery + precharge time Programmed WR + roundup (trp/ tck(avg)) fcK
troA s DQO driven to 0 setup time to first DQS rising edge 0.5 - 0.5 - ul
tPoA_H*®* DQO driven to 0 hold time from last DQS falling edge 0.5 - 0.5 - ul
CS# to Command Address Latency
max(3nCK, max(3nCK,
tcAL CS# to Command Address Latency 3.748ns) - 3.748ns) - tck
tMRD_tCAL Mode Register Set command cycle time in CAL mode tMoD + tcAL - tMoD + tCcAL - tck
tMOD_tCAL Mode Register Set update delay in CAL mode tMoD + tCcAL - tMoD + tcAL - tek
DRAM Data Timing
tpQsQ™18¥%  |DQS, DQSH# to DQ skew, per group, per access - 0.17 - 0.18 tck
ton™®1"18394° 1DQ output hold time per group, per access from DQS,DQS#|  0.74 - 0.74 - tck
17183040  |Data Valid Window per device per Ul: (tQH - tbQsQ) of each
tovwd Ul on a given DRAM 0.64 ) TBD ] Ul
17,18,39,49 Data Valid Window per pin per Ul: (tQH - tbQsQ) each Ul on ) )
tbvwp a pin of a given DRAM 0.72 0.72 ul
tLzQ)* DQ low impedance time from CK, CK# -330 175 -310 170 ps
tHz(DQ)*® DQ high impedance time from CK, CK# - 175 - 170 ps
Data Strobe Timing
tRPRE>*40 44 DQS, DQS# differential Read Preamble (1 clock preamble) 0.9 - 0.9 - tck
tRPRE2®4H4 DQS, DQS# differential Read Preamble (2 clock preamble) 1.8 - 1.8 - tek
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39,45

tRPST DQS, DQS# differential Read Postamble 0.33 - 0.33 - tck
tQsH? DQS, DQS# differential output high time 0.4 - 0.4 - tck
tQs 2% DQS, DQS# differential output low time 0.4 - 0.4 - tek
twpre* DQS, DQS# differential Write Preamble (1 clock preamble) 0.9 - 0.9 - tck
twpre2"® DQS, DQS# differential Write Preamble (2 clock preamble) 1.8 - 18 - tck
twpsT DQS, DQS# differential Write Postamble 0.33 - 0.33 - tck
tLz(DQs)*® DQS, DQS# low impedance time (Referenced from RL-1) -330 175 -310 170 ps
tHz(0Qs)® [R)(BJrSBBg)S# high impedance time (Referenced from ) 175 ) 170 ps
tbQsL DQS, DQS# differential input low pulse width 0.46 0.54 0.46 0.54 tck
tDQsH DQS, DQS# differential input high pulse width 0.46 0.54 0.46 0.54 tek
tposs® DQS, DQS# rising edge to CK, CK# rising edge 0.27 0.27 0.27 0.27 tek
(1 clock preamble)
tbossz™ DQS, DQSt# rising edge to CK, CK# rising edge TBD TBD TBD TBD tek
(2 clock preamble)
tpss DQS, DQS# falling edge setup time to CK, CK# rising edge 0.18 - 0.18 - tck
tosH eD(?gSe’ DQS# falling edge hold time from CK, CK# rising 018 ) 018 ) tek
g?gs§3ch(DLL on) Es?r% (ID:}?Sgl(rf\/r\]/%heg?_eL %th]p;toté?lng location from 175 175 170 170 ps
g??g%gchl(DLL on DQS, DQS# rising edge output variance window per DRAM - 290 - 270 ps
Calibration Timing
tzQinit Power-up and Reset calibration time 1024 - 1024 - tck
tZQoper Normal operation Full calibration time 512 - 512 - tck
tzQcs Normal operation Short calibration time 128 - 128 - tck
Reset/Self Refresh Timing
max(5nCK, max(5nCK,
tXPR Exit Reset from CKE HIGH to a valid command tRFC(min) + - tRFC(min) + - tck
10ns) 10ns)
txs Exit Self Refresh to commands not requiring a locked DLL tRFfé';:) * - tRFféTg) * - tck
tXS_ABORT(min) SRX to commands not requiring a locked DLL in Self tRFC4(min) + ) tRFC4(min) + ) tek
Refresh ABORT 10ns 10ns
txS_FAST(min) Exit Self Refresh to ZQCL,ZQCS and MRS (CL, CWL, WR, | tRFC4(min) + ) tREC4(min) + ) tex
RTP and Gear Down) 10ns 10ns
tXSDLL Exit Self Refresh to commands requiring a locked DLL tDLLK(min) - tDLLK(min) - tck
tCKESR Minimum CKE low width for Self refresh entry to exit timing tciEn(gil? * - tcii(gi&) * - tck
tCKESR PAR M_inimum CI_(E low width for Self refresh entry to exit timing | tckg(min) + ) tCKE(min) + ) tek
- with CA Parity enabled 1nCK + PL 1nCK + PL
{CKSRE Valid Clock Requirement after Self Refresh Entry (SRE) or | max(5nCK, ) max(5nCK, ) tex
Power-Down Entry (PDE) 10ns) 10ns)
{CKSRE PAR Valid Clock Requirement after Self Refresh Entry (SRE) or | max(5nCK, ) max(5nCK, ) tex
- Power-Down when CA Parity is enabled 10ns) + PL 10ns) + PL
tCKSRX Valid Clock Requirement _before Self Refresh Exit max(5nCK, ) max(5nCK, ) tek
(SRX) or Power-Down Exit (PDX) or Reset Exit 10ns) 10ns)
Power Down Timing
e bower bown it oL rven s e . | meencx [ Tmaane [T
requiring a locked DLL
tcke® CKE minimum pulse width ma)g(r?sn)CK, - ma);(r?sn)CK, - tck
tcPDED Command pass disable delay 4 - 4 - tck
tPD® Power Down Entry to Exit Timing tCKE(min) 9 X tREFI tCKE(min) 9 X tREFI tek
tACTPDEN' Timing of ACT command to Power Down entry 2 - 2 - tek
tPRPDEN’ Timing of PRE or PREA command to Power Down entry 2 - 2 - tek
tRDPDEN Timing of RD/RDA command to Power Down entry RL+4+1 - RL+4+1 - tek
tWRPDEN Timing of WR command to Power Down entry (BL8OTF, WL+ 4+ ) WL+4+ ) tek
BL8MRS, BC4OTF) (twr/tcK(avg)) (twr/tcK(avg))
CWRAPDEN® Timing of WRA command to Power Down entry (BL8OTF, WL+4+ ) WL+4+ ) tek
BL8MRS, BC40TF) WR+1 WR+1
tWRPBC4DEN" Timing of WR command to Power Down entry (BC4MRS) (t\VA\ll;t:Kiv;) - (“VAY;IZK(ZEW;) - tck
twrAPBC4DEN® | Timing of WRA command to Power Down entry (BC4AMRS) V\\;\}‘R++21+ - V\\//VLR++21+ - tek
tREFPDEN’ Timing of REF command to Power Down entry 2 - 2 - tek
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tMRSPDEN |Timing of MRS command to Power Down entry | tMOD(min) | - | tMOD(min) | - tck
PDA Timing
tMRD_PDA Mode Register Set command cycle time in PDA mode max(16nCK - max(16nCK - ns
, 10ns) , 10ns)
tMOD_PDA Mode Register Set command update delay in PDA mode tMoD tMoD ns
ODT Timing
{AONAS ;Argzgg;]ronous RTT turn-on delay (Power-Down with DLL 10 9.0 10 9.0 ns
tAGEAS Asynchronous RTT turn-off delay (Power-Down with DLL 10 9.0 10 90 ns
frozen)
tabc RTT dynamic change skew 0.3 0.7 0.3 0.7 tck
Write Leveling Timing
tWLMRD™ First DQS/DQS# rising edge after write leveling mode is 20 ) 40 ) tek
programmed
twWLDQSEN™? DQS/DQS# delay after write leveling mode is programmed 25 - 25 - tck
Write leveling setup time from rising CK, CK# crossing to ) )
twis rising DQS/DQS# crossing 0.13 013 tex
Write leveling hold time from rising DQS/DQS# crossing to B B
tWLH rising CK, CK# crossing 0.13 013 tex
twLo Write leveling output delay 0 9.5 0 9.5 ns
twLOE Write leveling output error 0 2 0 2 ns
CA Parity Timing
tPAR_UNKNOWN  |Commands not guaranteed to be executed during this time - PL - PL tck
tPAR_ALERT_ON |Delay from errant command to ALERT# assertion - PL + 6ns - PL + 6ns tck
tPAR_ALERT_Pw |Pulse width of ALERT# signal when asserted 72 144 80 160 tck
{PAR ALERT RSP Time from when Alert is asserted till controller must start ) 64 ) 7 tek
- - providing DES commands in Persistent CA parity mode
PL Parity Latency tck
CRC Error Reporting
{CRC_ALERT CRC error to ALERT# latency 3 13 3 13 ns
tcRC_ALERT_Pw |CRC ALERT# pulse width 6 10 6 10 tck
Geardown timing
IXPR_GEAR Exit Reset from CKE High to a valid MRS Gear Down (T2/ Reset) - - TBD -
tXS_GEAR CKE High Assert to Gear Down Enable time(T2/CKE) - - TBD -
tsync_GEAR”  |MRS command to Sync pulse time(T3) - - TBD -
tcMD_GEAR?’ Sync pulse to First valid command(T4) - - TBD -
tGEAR_setup Geardown setup time 2 - 2 - tck
tGEAR_hold Geardown hold time 2 - 2 - tck
tREFI
trRFC1 (min)>* 4Gb 260 - 260 - ns
tRFC2 (min)>* 4Gb 160 - 160 - ns
trRFC4 (min)>* 4Gb 110 - 110 - ns
. . -40°C<T <85°C 260 - 260 - ]
treF Average periodic refresh interval CASE H
85°C < Tcase < 95°C 160 - 160 - us
Note 1. Start of internal write transaction is defined as follows:
- For BL8 (Fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL.
- For BC4 (on-the-fly) : Rising clock edge 4 clock cycles after WL.
- For BC4 (fixed by MRS) : Rising clock edge 2 clock cycles after WL.
Note 2. A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled.
Note 3. Commands requiring a locked DLL are: Read (and RAP) and synchronous ODT commands.
Note 4. twr is defined in ns, for calculation of twRPDEN it is necessary to round up twr/tck to the next integer.
Note 5. WR in clock cycles as programmed in MRO.
Note 6. tRerI depends on TOPER.
Note 7. CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress,
but power-down IDD spec will not be applied until finishing those operations.
Note 8. For these parameters, the DDR4 SDRAM device supports tnPARAM[NCK]=RU{tPARAM[NS]/tcK(avg)[Ns]}, which is in clock cycles
assuming all input clock jitter specifications are satisfied.
Note 9. When CRC and DM are both enabled, twr_crc_bpwm is used in place of tWR.
Note 10. When CRC and DM are both enabled twTrR_s_cRc_bm is used in place of twTr_s.
Note 11. When CRC and DM are both enabled twTr_L_crc_bwm is used in place of twTr_L.
Note 12. The max values are system dependent.
Note 13. DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER.
BER spec and measurement method are TBD.
Note 14. The deterministic component of the total timing. Measurement method TBD.
Note 15. DQ to DQ static offset relative to strobe per group. Measurement method TBD.
Note 16. This parameter will be characterized and guaranteed by design.
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Note 17.

Note 18.
Note 19.
Note 20.

Note 21.

Note 22.
Note 23
Note 24.
Note 25.

Note 26.
Note 27
Note 28.
Note 29.
Note 30.
Note 31
Note 32
Note 33.
Note 34.
Note 35.
Note 36.
Note 37.
Note 38.
Note 39.
Note 40.
Note 41
Note 42.
Note 43.
Note 44.

Note 45.
Note 46.
Note 47.
Note 48.

Note 49.

Note 50

When the device is operated with the input clock jitter, this parameter needs to be derated by the actual taT(per)_total of the input
clock. (Output deratings are relative to the SDRAM input clock). Example TBD.

DRAM DBI mode is off.

DRAM DBI mode is enabled.

tQsL describes the instantaneous differential output low pulse width on DQS - DQS#, as measured from on falling edge to the
next consecutive rising edge.

tQsH describes the instantaneous differential output high pulse width on DQS — DQS#, as measured from on falling edge to the
next consecutive rising edge.

There is no maximum cycle time limit besides the need to satisfy the refresh interval trReri.

. tcH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

tcL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.
Total jitter includes the sum of deterministic and random jitter terms for a specified BER. BER target and measurement method
are TBD.

The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design.

. This parameter has to be even number of clocks.

When CRC and DM are both enabled, twr_crc_pwm is used in place of twr.
When CRC and DM are both enabled twTr_s_crc_Dwm is used in place of twTr_s.
When CRC and DM are both enabled twTr_L_crc_bpwm is used in place of twTr_L.

. After CKE is registered low, CKE signal level shall be maintained below ViLbc for tcke specification (low pulse width).
. After CKE is registered high, CKE signal level shall be maintained above ViHDc for tcke specification (high pulse width).

Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

Parameters apply from tck(avg)min to tck(avg)max at all standard JEDEC clock period values as stated in the Speed-Bin tables.
This parameter must keep consistency with Speed-Bin tables.

DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate. Ul = tck(avg).min/2

Applied when DRAM is in DLL ON mode.

Assume no jitter on input clock signals to the DRAM.

Value is only valid for Ronnom = 34 ohms.

1tck toggle mode with setting MR4 A[11] to O.

. 2tck toggle mode with setting MR4 A[11] to 1, which is valid for DDR4-2400/2666 speed grade.

1ltck mode with setting MR4 A[12] to 0.

2tck mode with setting MR4 A[12] to 1, which is valid for DDR4-2400/2666 speed grade.

The maximum read preamble is bounded by tLz(p@s)min on the left side and tbQsck(max) on the right side. See Clock to Data
Strobe Relationship. Boundary of DQS Low-Z occur one cycle earlier in 2tck toggle mode which is illustrated in Read Preamble.
DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS diff-signal cross-point.

Last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferring from Low to High.

VREFDQ value must be set to either its midpoint or Vcent_bQ (midpoint) in order to capture DQO low level for entering PDA mode.
The maximum read postamble is bound by tpQsck(min) plus tQsH(min) on the left side and tHz(pQs)max on the right side. See Clock
to Data Strobe Relationship.

Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be
approximately 0.7 x VbpQ as a center level of the static single-ended output peak-to-peak swing with a driver impedance of 34
ohms and an effective test load of 50 ohms to V1T = VbDQ.

. For MR7 commands, the minimum delay to a subsequent non-MRS command is 5nCK.
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AC and DC output Measurement levels

Output Driver DC Electrical Characteristics

The DDR4 driver supports two different Roy values. These Roy values are referred as strong(low Rey) and
weak mode(high Roy). A functional representation of the output buffer is shown in the figure below. Output

driver impedance Roy is defined as follows:

The individual pull-up and pull-down resistors (Ronpy @and Ronpg) are defined as follows:

Vbpo - Vout
Ronpy = D|D;Q—t| under the condition that Ronpd is off
ou
Vout
Ronpd = W under the condition that Ronpu is off
ou
Chip In Drive Mode
Output Drive
@® \/DDQ
|
RONPu
To other ® DO
circuitry like
‘—
l - lout | Vou
lpq
@ VSSQ

Figure 179. Output driver
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Table 88. Output Driver DC Electrical Characteristics, assuming RZQ = 2400hm;
entire operating temperature range; after proper ZQ calibration

Ron_nom Resistor Vout Min. Nom. Max. Unit Note
Vorde= 0.5 X Vppg 0.8 1 1.1 RZQ/7 1,2
Ron34Pd Vowmdc= 0.8 X Vppg 0.9 1 11 RzQ/7 1,2
340 Vonde= 1.1 X Vppg 0.9 1 1.25 RZQ/7 1,2
Vorde= 0.5 X Vppg 0.9 1 1.25 RZQ/7 1,2
Ron34Pu Vowmdc= 0.8 X Vppg 0.9 1 11 RzZQ/7 1,2
Vonde= 1.1 X Vppg 0.8 1 1.1 RZQ/7 1,2
Vorde= 0.5 X Vppg 0.8 1 1.1 RZQ/5 1,2
Ron48Pd Vowmdc= 0.8 X Vppg 0.9 1 11 RZQ/5 1,2
480 Vonde= 1.1 X Vppg 0.9 1 1.25 RZQ/5 1,2
Vorde= 0.5 X Vppg 0.9 1 1.25 RZQ/5 1,2
Ron48Pu Vomdc= 0.8 X Vppo 0.9 1 1.1 RZQ/5 1,2
Vonde= 1.1 X Vppg 0.8 1 1.1 RZQ/5 1,2
20 | - | w | w [0
ot M [T [ [
"\arision pul-cin MMPAGH Voude= 0.8 x Voog : : o | % | 124

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).
Note 2. Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 x Vppg. Other calibration schemes may be

used to achieve the linearity spec shown above, e.g. calibration at 0.5 x Vppg and 1.1 X Vppg.

Note 3. Measurement definition for mismatch between pull-up and pull-down, MMPuPd: Measure RonPu and RonPd both at 0.8 x Vppo
separately; Ron_nowm is the nominal Ron value.

RonPU - RONPd

MMPuPd =

RTTNOM

X 100

Note 4. Ron variance range ratio to Roy Nominal value in a given component, including DQS and DQS#.
RonPuMax - RONPdMin

MMPudd =

RONPdMaX - RONPdMin

MMPddd =

X 100

X 100

Note 5. This parameter of x16 device is specified for Upper byte and Lower byte.
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ALERT# output Drive Characteristic

A functional representation of the output buffer is shown in the figure below. Output driver impedance Ry is
defined as follows:

R _ Vout
ONPd = | Tout | under the condition that Ronpu is off
Alert Driver
DRAM @ Alert
‘—
l RONPd Iout Vout
lpg
@® VSSQ

Figure 180. ALERT# output Drive Characteristic

Table 89. ALERT Driver Voltage

Resistor Vout Min. Max. Unit Note
Vorde= 0.1 X Vppg 0.3 1.2 34Q 1
Ronpd Vomdc= 0.8 X Vppo 0.4 1.2 34Q 1
Vondc= 1.1 X Vopg 0.4 1.4 34Q 1

Note 1. Vppg Voltage is at Vppg DC. Vopg DC definition is TBD.
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Single-ended AC & DC Output Levels

Table 90. Single-ended AC & DC output levels

Symbol Vout DDR4-2400/2666 Unit [Note
Voo DC output high measurement level (for IV curve linearity) 1.1 X Vopo Vv

Vowmpo) DC output mid measurement level (for IV curve linearity 0.8 X Voo \

Vovpc) DC output low measurement level (for IV curve linearity) 0.5 X Voo Vv

Vorac) AC output high measurement level (for output SR) (0.7 + 0.15) X Voo Vv 1
Vorac) AC output low measurement level (for output SR) (0.7 - 0.15) X Vppg Y, 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 V1t = Vppo.

Differential AC & DC Qutput Levels

Table 91. Differential AC & DC output levels

Symbol Vout DDR4-2400/2666 Unit |Note
VOH(diff(AC) |AC differential output high measurement level (for output SR) +0.3 X Vbpo \% 1
VoLdiff(AC) |AC differential output low measurement level (for output SR) -0.3 X Vopo \% 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 V+t = Vppo at each of the differential outputs.
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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 Vo ac) and Vouac) for single ended signals.

Table 92. Single-ended output slew rate definition

L Measured .
Description Defined by
From To
Single ended output slew rate for rising edge Vorac) Vor(ac) [Vonac)-Vouac)] / Delta TRse
Single ended output slew rate for falling edge Vor(ac) Vorac) [Vonac)-Vouao)] / Delta TFse

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

Table 93. Single-ended output slew rate

DDRA4-2400/2666 .
Symbol Parameter - Unit
Min. Max.
SRQse Single ended output slew rate 4 9 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.

Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between Vo giriac) and Vouaiac) for differential signals.

Table 94. Differential output slew rate definition

. Measured )
Description Defined by
From To
Differential OUtpUt slew rate for rising edge VOLd\ff(AC) VOHdiff(AC) [VoHdiﬁ(AC)'VoLdiff(AC)] / Delta TRdiff
Differential OUtpUt slew rate for falllng edge VOHd|ff(Ac) Vo|_d|ﬁ(Ac) [VOHdm(Ac)-VOLd,ff(AQ)] / Delta TFdiff

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

Table 95. Differential output slew rate

DDR4-2400/2666
Min. Max.

Unit

Symbol Parameter

SRQdiff  |Differential output slew rate 8 18 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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Slew Rate Definitions for Differential Input Signals (CK)

Table 96. Differential Input Slew Rate Definition

S Measured .
Description Defined by
From To
Differential input slew rate for rising edge (CK - CK#) V| diffmax V\difimin [Vinittmin — ViLditimax] / DeltaTRdiff
Differential input slew rate for falling edge (CK - CK#) V\itfmin V\Lditfmax [Vinditimin — ViLdgifimax] / DeltaTFdiff

Note 1. The differential signal (i,e., CK - CK#) must be linear between these thresholds.

Differential Input Cross Point Voltage

Table 97. Cross point voltage for differential input signals (CK)

DDR4-2400/2666
Symbol Parameter -
Min. Max.
- Area of Vsen, VseL TBD TBD TBD TBD
Differential Input Cross Point Voltage
Vix(CK) | relative to Vpo/2 for CK, CK# TBD 8D 8D TBD

CMOS rail to rail Input Levels for RESET#

Table 98. CMOS rail to rail Input Levels for RESET#

Symbol Parameter Min. Max. Unit | Note
Vinac)_RESET |AC Input High Voltage 0.8 X Vbpo Voo \Y 6
Vinpe)_RESET |DC Input High Voltage 0.7 X Vppo Voo \Y 2
ViLpc)_RESET |DC Input Low Voltage Vss 0.3 X Voo \% 1
Viiac_RESET |AC Input Low Voltage Vss 0.2 X Vopg \Y 7

TR_RESET |Rising time - 1.0 us 4
tpw_RESET |RESET pulse width 1.0 - us | 3,5

Note 1. After RESET# is registered Low, RESET# level shall be maintained below V, pc_RESET during tew_RESET, otherwise, SDRAM
may not be reset.

Note 2. Once RESET# is registered High, RESET# level must be maintained above V\ypc)_RESET, otherwise, SDRAM operation will not
be guaranteed until it is reset asserting RESET# signal Low.

Note 3. RESET is destructive to data contents.

Note 4. No slope reversal (ringback) requirement during its level transition from Low to High.

Note 5. This definition is applied only “Reset Procedure at Power Stable”.

Note 6. Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.

Note 7. Undershoot might occur. It should be limited by Absolute Maximum DC Ratings
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Differential swing requirements for DOS (DQOS — DOS#)

Table 99. Differential AC and DC Input Levels for DQS

DDR4-2400 DDR4-2666 .
Symbol Parameter - - Unit | Note
Min. Max. Min. Max.
V Hpiffpeak Viu.oier.peak VOItage 160 - TBD TBD mV 1,2
V\Lpiffpeak V\Loiee.peak VOltage - -160 TBD TBD mVv | 1,2

Note 1. Used to define a differential signal slew-rate.
Note 2. These values are not defined; however, the differential signals DQS — DQS#, need to be within the respective limits Overshoot,
Undershoot Specification for single-ended signals.

Differential Input Cross Point Voltage

Table 100. Cross point voltage for DQS differential input signals

DDR4-2400/2666

Symbol Parameter - Unit | Note
Min. Max.
Vix 0os retio DQS and DQS# cro;sing relative to the midpoint of the DQS ) o5 % 12
e and DQS# signal swings ’
Vbgsmid_tO_Veent |Vbgsmia Offset relative to Veent po (Midpoint) - min(Vugirr, 50) mV | 3-5

Note 1. Vix pgs_raio IS DQS VIX crossing (Vix pgs FR OF Vix pos RF) divided by Voos wrans- Vs _rans IS the difference between the lowest
horizontal tangent above Vposmia Of the transitioning DQS signals and the highest horizontal tangent below Vpgsmia of the
transitioning DQS signals.

Note 2. Vpgsmia Will be similar to the Vgerpg internal setting value obtained during Vger Training if the DQS and DQs drivers and paths are
matched.

Note 3. The maximum limit shall not exceed the smaller of Vg minimum limit or 50mV.

Note 4. Vix measurements are only applicable for transitioning DQS and DQS# signals when toggling data, preamble and highz states are
not applicable conditions.

Note 5. The parameter Vpgsmia is defined for simulation and ATE testing purposes, it is not expected to be tested in a system.
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Differential Input Cross Point Voltage

Table 101. Differential Input Slew Rate Definition for DQS, DQS#

. Measured .
Description Defined by
From To
Differential input slew rate for rising edge (DQS - DQS#) V\Loit_ pQs ViHpift_pos |ViLoift pos - Vinpit_pos| / DeltaTRdiff
Differential input slew rate for faIIlng edge (DQS - DQS#) VIHDiff_DQS VILDiff_DQS IVILDiﬁ_DQS - VIHDiff_DQSl | DeltaTFdiff

Table 102. Differential Input Level for DQS, DQS#

DDRA4-2400 DDR4-2666 .
Symbol Parameter - - Unit | Note
Min. Max. Min. Max.
Vinpitt_ pos Differntial Input High 130 - TBD TBD mv
V\Loit_ pQs Differntial Input Low 130 TBD TBD mvV
Table 103. Differential Input Slew Rate for DQS, DQS#
DDRA4-2400 DDR4-2666 .
Symbol Parameter - - Unit | Note
Min. Max. Min. Max.
SRIdiff Differential Intput Slew Rate 3 18 TBD TBD Vins
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Electrical Characteristics and AC Timing
Reference Load for AC Timing and Output Slew Rate

Reference Load for AC Timing and Output Slew Rate 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.

Ron nominal of DQ, DQS and DQS# drivers uses 34 ohms to specify the relevant AC timing paraeter values of
the device.

The maximum DC High level of Output signal = 1.0 X Vppg,

The minimum DC Low level of Output signal = {34 /(34 +50) } X Vppg = 0.4 X Vppo

The nominal reference level of an Output signal can be approximated by the following:

The center of maximum DC High and minimum DC Low ={ (1 +0.4)/2} X Vppg = 0.7 X Vppo

The actual reference level of Output signal might vary with driver Ron and reference load tolerances. Thus,
the actual reference level or midpoint of an output signal is at the widest part of the output signal’s eye. Prior
to measuring AC parameters, the reference level of the verification tool should be set to an appropriate level.

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
DQ,
ng;i 500hm
CK, CK# —— DUT AVAVAY, VTT = VDDQ
Timing Reference Point Timing Reference Point

Figure 181. Reference Load for AC Timing and Output Slew Rate
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Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values
may result in malfunction of the device.

Definitions for tckabs):

tckans) IS defined as the absolute clock period, as measured from one rising edge to the next consecutive
rising edge. tcabs) iS NOt subject to production test.

Definitions for tckavg) and nCK:

tckvg) IS calculated as the average clock period across any consecutive 200 cycle window, where each clock
period is calculated from rising edge to rising edge.

N
{CK(avg)= Z tCK(abs), |/ N
=1

Where N=200

Definitions for tcyavg) and tegavg):

tchiavg) 1S defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N
tCH(avg)= ztcHj / (NXtCK(avg))
=1

Where N=200

tcL(avg) IS defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
tCL@avg)=( D tCL; |/ (NXCK(av))
=1

Where N=200

Definitions for terr(per):

terr is defined as the cumulative error across n consecutive cycles of n X tekavg)-
terr IS NOt subject to production test.
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The total tis (setup time) and t4 (hold time) required is calculated to account for slew rate variation by adding
the data sheet tIS(base) values, the VIL(AC)/VIH(AC) points, and tIH(base) values, the VIL(DC)/VIH(DC) points; to the Atg and
Aty derating values, respectively. The base values are derived with single-end signals at 1V/ns and differential
clock at 2V/ns. Example: t;s (total setup time) = tigpase) + Atis. For a valid transition, the input signal has to remain
above/below Vyac)/Viac) for the time defined by tyac.

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not have
reached Viyac)/ViLac) at the time of the rising clock transition), a valid input signal is still required to complete
the transition and to reach Viyac)/ViLac). For slew rates that fall between the values listed in derating tables,
the derating values may be obtained by linear interpolation.

Setup () nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi pcymax
and the first crossing of Viyacymin that does not ring back below Vypemin. Setup (tis) nominal slew rate for a
falling signal is defined as the slew rate between the last crossing of Vypcmin and the first crossing of Vi acymax
that does not ring back above V, (pcymax-

Hold (t,+) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vi ipcymax
and the first crossing of Vyuacymin that does not ring back below Viypeymin. Hold (ty) nominal slew rate for a
falling signal is defined as the slew rate between the last crossing of Viypcymin and the first crossing of Vi acymin
that does not ring back above V pc)max-

Table 104. Command, Address, Control Setup and Hold Values

Symbol Reference DDR4-2400 | DDR4-2666 | Unit
tis(oase, AC100) Vinag/ViLac) 62 TBD ps
tiH(base, DC75) Vinoo)/ViLoe) 87 TBD ps

tis/tiH(vRER) - 162 TBD ps

Note 1. Base ac/dc referenced for 1V/ns slew rate and 2 V/ns clock slew rate.
Note 2. Values listed are referenced only; applicable limits are defined elsewhere.

Table 105. Command, Address, Control Input Voltage Values

Symbol Reference DDR4-2400 | DDR4-2666 | Unit
ViH.CAAC)min ViHao/ViLac) 100 TBD mv
ViH.cADC)min Vinoo)/ViLoc) 75 TBD mV
VL.CAAC)max ViHao/ViLiac) -75 TBD mV
ViL.cADC)max VinpoyViLoc) -100 TBD mVv

Note 1. Command, Address, Control input levels relative t0 Vrerca-
Note 2. Values listed are referenced only; applicable limits are defined elsewhere.

Table 106. Derating values DDR4-2400 tIS/tIH - AC/DC based

Atis, Aty derating in [pS] AC/DC based -- VIH(AC)/VIL(AC) = ilOOmV, VIH(DC)NIL(DC) =+75mV; relative to VRercA

CK, CK# Differential Slew Rate

10.0 V/ns 8.0 Vins 6.0 VIns 4.0 Vins 3.0 Vins 2.0 Vins 1.5 V/ns 1.0 ViIns

atls | atiH | aus | atH | atis | atH | aus | atH | ats | atH | aus | atH | ats | atH | aus | atH
7.0 76 54 76 55 77 56 79 58 82 60 86 64 94 73 111 89
6.0 73 53 74 53 75 54 77 56 79 58 83 63 92 71 108 88
5.0 70 50 71 51 72 52 74 54 76 56 80 60 38 68 105 85
4.0 65 46 66 47 67 48 69 50 71 52 75 56 83 65 100 81
CMD, 30 57 | 40 | 57 | 41 | 58 | 42 | 60 | 44 | 63 | 46 | 67 | 50 | 75 | 58 | 92 | 75

A'?\IDTFE' 20| 20 | 28 | 41 | 28 | 42 | 29 | 44 | 31 | 46 | 33 | 50 | 38 | 58 | 46 | 75 | 63
(I:npu  [15] 23 [ 15 [ 24 [ 16 | 25 | 17 | 27 | 19 | 20 | 21 | 33 | 25 | 42 [ 33 | 58 | 50
abet (10|10 [ 10 | o | o | 8 | 8 | 6 | 6 | 4| 4|0 0 8 8 | 25 | 25
rate |09 17 [ 14 | 6 | 14 | a5 | a8 [ 13 [ d0 | 1 | 8 | 7 | 4 1 2 | 18 | 21
Vine | 08| 26 | 10 | 25 | 10 | 24 | 18 | 22 | 16 | 20 | 14 | 16 | 0 | 7 | 1 | o | 16

07| 37 | 26 | 36 | 25 | 35 | 24 | 33 | 22 | 31 | 20 | 27 | 16 | -18 | 8 | =2 | o

06| 52 | 35 | 51 | 34 | 50 | 33 | 48 | 13 | 46 | 29 | 42 | 25 | 33 | 17 | 17 | ©

05| 73 | a8 | 72 | 47 | 71 | 46 | 69 | 44 | 67 | 42 | 63 | 38 | 54 | 29 | 38 | -13

04 | 104 | -66 | -103 | -66 | -102 | -65 | 100 | 63 | 98 | 60 | 94 | 56 | -85 | 48 | 69 | -31
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Dimension in inch Dimension in mm
Symbol - -

Min Nom Max Min Nom Max
A -- -- 0.047 -- -- 1.20
Al 0.010 -- 0.016 0.25 -- 0.40
A2 -- -- 0.008 -- -- 0.20
D 0.291 0.295 0.299 7.40 7.50 7.60
E 0.413 0.417 0.421 10.50 10.60 10.70
D1 -- 0.252 -- -- 6.40 --
E1l -- 0.378 -- -- 9.60 --
F -- 0.126 -- -- 3.20 --
e -- 0.031 -- -- 0.80 --
b 0.016 0.018 0.020 0.40 0.45 0.50
D2 -- -- 0.081 -- -- 2.05

Figure 182. 78-Ball FBGA Package 7.5x10.6x1.2mm(max)
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