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Features

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

e Power supplies:
- Vpp & Vppa = +1.2V £ 0.06V
- Vpp = +2.5V -0.125V / +0.25V
o Operating temperature: T¢ = -40~95°C (Industrial)

o Supports JEDEC clock jitter specification

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

o 16 internal banks: 4 groups of 4 banks each

e Separated IO 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

e Fine Granularity Refresh

o Dynamic ODT (RtT_rark & RTT_Nom & RTT_WR)
o Write Leveling

e DQ Training via MPR

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

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

Table 1. Ordering Information

e Internal Vgerpq 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)
¢ 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)

e CAS Write Latency (CWL)

e Additive Latency (AL): 0, CL-1, CL-2

e Average refresh period
- 8192 cycles/64ms (7.8us at -40°C < T¢ < +85°C)
- 8192 cycles/32ms (3.9us at +85°C < T¢ <+95°C)
¢ 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
EM60OEO8SNW9A-08IH 1200MHz 2400Mbps/pin | Vop/Vbpa 1.2V, Vep 2.5V FBGA
EM60OEO8NW9A-07IH 1333MHz 2666Mbps/pin | Vop/Vbpa 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 treo (NS) tre (NS)
DDR4-2400 1200MHz 13.32 13.32
DDR4-2666 1333MHz 14.25 14.25

Etron Technology, Inc.

No. 6, Technology Rd. V, Hsinchu Science Park, Hsinchu, Taiwan 30078, R.O.C.
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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

Initialization

Active
Power
Down

SRX* = SRX with NOP

CKE_L
MRS, MPR,
Write Leveling Resffgsh

Vgerpq training

Refreshing

Precharge
Power
Down

CKE_L

Bank
Active

K 3,
ENRNG READ
< R

Writing

WRITE A

Reading

Reading

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 Vrerca 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.

OoDT

Input

On Die Termination: ODT (registered high) enables Rt nom termination resistance
internal to the DDR4 SDRAM. When enabled, ODT is only applied to each DQ, DQS,
DQS# and DM#/DBI#/TDQS, TDQS# (When TDQS is enabled via Mode Register
A11=1in MR1) signal. The ODT pin will be ignored if MR1 is programmed to disable
Rt 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 A14.

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 A14 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 DM or
TDQS is enabled by Mode Register A11 setting in MR1.DM is muxed with DBI function
by Mode Register A10, A11, A12 setting in MR5. DBI# is an input /output identifying
whether to store/output the true or inverted data. If DBI# is low the data will be stored
/output after inversion inside the DDR4 SDRAM and not inverted if DBI# is high.

BGO0-BG1

Input

Bank Group Inputs: BG0-BG1 define to which bank group an Active, Read, Write
or Precharge command is being applied. BG0-BG1 also determines which mode
register is to be accessed during a MRS cycle.

BAO-BA1

Input

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

AO0-A16

Input

Address Inputs: Provide the row address (AO~A14) for Activate Commands and the
column address (A0~A9) 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. 1.3

5 May /2022



EtronTech

EM60OEOSNW9A

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 DQ0O~DQ3 may
indicate the internal Vger 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 DQO-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
or Data Bus Inversion depending on MR5; A11,12,10 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, BA0-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

Voba

Supply

DQ Power Supply: +1.2V £0.06V.

Vssa

Supply

DQ Ground

Vep

Supply

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

VRerca

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.

Rev. 1.3
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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 I/O pins. A single read or write operation for the DDR4 SDRAM consists of a
single 8n-bit wide, four clock data transfer at the internal DRAM core and eight corresponding n-bit wide, one-
half clock cycle data transfers at the 1/O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue
for a burst length of eight or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the
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-BA1 select the bank; A0-A14 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]) : 0 = Disable

CS# to Command/Address Latency (MR4 A[8:6]) : 000 = Disable
CA Parity Latency Mode (MR5 AJ2:0]) : 000 = Disable

Hard Post Package Repair mode (MR4 A[13]) : 0 = 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 = Vppq 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, Vssq must be less than or equal to Vppq and Vpp
on one side and must be larger than or equal to Vssq and Vgs on the other side. In addition, V1 is limited
to 0.76 V max once power ramp is finished, AND

. VREFCA tracks Vpp/2.

Condition B:
« Apply Vpp without any slope reversal before or at the same time as Vppq
«Apply Vppq without any slope reversal before or at the same time as V1 & Vgerca.
«Apply Vpp without any slope reversal before or at the same time as Vpp.
« The voltage levels on all pins other than Vpp, Vppa, Vss, Vssq 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

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

goes active. Since CKE is a synchronous signal, the corresponding setup time to clock (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 .k and tzqinit-

. 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 tis before CKE is registered
high. When CKE is registered high, the ODT input signal may be statically held at either low or high. If Rrt now
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 .k and tzqini.

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

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

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

11. Issue MRS command to load MR1 with all application settings (To issue MRS command to MR1, provide
“Low” to BGO, BA1, “High” to BAO)
12. Issue MRS command to load MRO with all application settings (To issue MRS command to MRO, provide
“Low” to BGO, BA1, BAO)
13. Issue ZQCL command to starting ZQ calibration.
14. Wait for both tp |« and tzqinit completed.
15. The DDR4 SDRAM is now ready for Read/Write training (include Vgee training and Write leveling).
CKi#
CK
VPP
vDD,vDDQ
RESET#
CKE
¢ % »
tMrRD tmrD tmop tzainit E
CMD MRS)ﬁ( MRS )w MRS)&( MRS )”i((ZQCL)“(Note 1%
BA M};{x m( M};{x ‘.‘ MRx L
. ., S BRI B
oDT lil_ Static LOWinl};ase Rrr Nowm i§“enabled at tim;l_Tg, otherwise §lt_atic HIGH or LOW (
RTT — 2 H—

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.

/i TIME BREAK -DON'T CARE
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_on - 200 ms 1,3

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 tew geset- 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 Vgee
training and Write leveling)

Ta Tb Tc Td
CK# eTTTT— | N
ck 0 B E NI e
]
.
H H » b » P »
VPP i i ‘ ( ( ‘ (
] ]
. .
. .
VDD'VDDQ E‘ ‘)‘. N ?l; E (\\‘ (‘\‘ (T \l} ? \l;
f tPW_F(eset ' 500P§ ': .
. L (i
RESET# ! i
: 2
. Il
¥
tzainit
CMD )”( MRS )”(ZQCL)"(Note 1 VALID
[l [ [l v
BA MRx m( MRx )ﬂ( MRx ﬂ
. . o . i 7 . JIEY
oDT ‘:_ Static LOW in‘\(l,:ase Rr7 now is enabled at tim;a‘_Tg, otherwise slt_atic HIGH or LOW ‘:_ LID
iy (i 4 [y [ o H
L]
RTT l?l l?l l?l l\l l\l l\l l‘l. l\l l\l v
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.
# Time BREAK [l DON'T CARE
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 |CKEn-1| CKEn | CS# | ACT# | Fare | Sane | pey’ |BGo-1 | BAot| S | 13 | A0n |A0-A9
Mode Register Set MRS H H L H L L L BG BA OP Code
Refresh REF H H L H L L H \% \% \% \' \' \%
Self Refresh Entry 79 SRE H L L H L L H Vv \ \ Vv Vv \
Self Refresh Exit 7' SRX L H H X X X X X X X X X X
L H H H H \% \% \% \' \' \%
Single Bank Precharge PRE H H L H L H L BG BA \ Vv L \
Precharge all Banks PREA H H L H L H L \ \ \ \ H \"
RFU RFU H H L H L H H RFU | RFU | RFU | RFU | RFU | RFU
Bank Activate ACT H H L L RA RA RA BG BA RA RA RA RA
Write (Fixed BL8 or BC4) WR H H L H H L L | BG| BA | V Y% CA
Write (BC4, on the Fly) WRS4 H H L H H BG BA L Vv CA
Write (BL8, on the Fly) WRS8 H H L H H L L BG BA H \Y CA
Yzlr)'(t: dWE':CBA;t%ngharge WRA | H H L|H|H]|L]|L|B|BA| V]|V]|H]|cCA
Write with Auto Precharge
(BC4, on the Fly) 9 WRAS4 H H L H H L L BG BA L Vv H CA
Write with Auto Precharge
(BLS, on the Fly) 9 WRASS8 H H L H H L L BG BA H Vv H CA
Read (Fixed BL8 or BC4) RD H H H H L H BG BA \ \Y CA
Read (BC4, on the Fly) RDS4 H H H H L H BG BA L Vv CA
Read (BL8, on the Fly) RDS8 H H H H L H BG BA H Vv CA
Read with Auto Precharge
(Fixed BL8 or BCA) 9 RDA H H L H H L H BG BA \ \' H CA
(F*Begi "gﬂ&“g;re‘:harge RDAS4| H H L|H|H]|L]|H|B|[BA|L|V|H]|cCA
Read with Auto Precharge
(BLS, on the Fly) 9 RDASS8 H H L H H L H BG BA H Vv H CA
No Operation NOP H H L H H H H \ \ \ \' \' \%
Device Deselected DES H H H X X X X X X X X X X
Power Down Entry © PDE H L H X X X X X X X X X X
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 \ Vv Vv \Y H V
ZQ calibration Short ZQCS H H L H H H L \ \ \ \' L \%

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. Vep and Vger(Vrerca) must 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

© ™) ") Command n®@ . 3)
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.
2. Current state is defined as the state of the DDR4 SDRAM immediately prior to clock edge n.
3. Command n is the command registered at clock edge n, and Action n is a result of command n, ODT is not included here.
4. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
5. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
6. During any CKE transition (registration of CKE H — L or CKE L — H) the CKE level must be maintained until 1nCK prior to tckemin being

satisfied (at which time CKE may transition again).
. Deselect and NOP are defined in the Command Truth Table.
8. On Self Refresh Exit Deselect commands must be issued on every clock edge occurring during the txs period. Read or ODT commands
may be issued only after txsp. is satisfied.

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

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

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

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

13. 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”.

14. The Power Down does not perform any refresh operations.

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

16. Vpp and Vger (Vrerca) must be maintained during Self Refresh operation.

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

18. ‘Idle state’ is defined as all banks are closed (tge, toai, etc. satisfied), no data bursts are in progress, CKE is high, and all timings from
previous operations are satisfied (twro, tmop, trrc, tzainit, tzaoper tzacs, €tc.) as well as all Self Refresh exit and Power Down Exit
parameters are satisfied (txs, txp, €tc).

~

Rev. 1.3 11 May /2022



EtronTech EM60OEOSNWO9A

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.

CK# Kt ST
CK ‘ ;\ S é\ N i f ‘ S ;\ ‘
CMD ’(VALlDD(VALID).(VALID)wMRSZ).( ).( )“( DES ).( MRS ).( DES DES DES
1 1 ¢ H H H
ADDR VALI DD(VALID‘VALI DHVALI D‘VALID‘VALI DHVALI DD(VALI D‘VALID‘(\/_AMLI D
4 43
= F W W W W W W W W W W \
[t (i
tmrD
i i
Settings Old Settings . . o Updating Settings
T T T lis T T (e T T

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

- Vrerpq training Value, Vgerpq Training mode and Vgerpq training Range.

Figure 6. turp 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 turp 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 twop 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.

DES VALID VALID VALID

o NEDBEEBE BB @K

ADDR .(VAi.ID).(VAZLI D)“(VALI D).(VALI D).(VA:_I D).(VAgLI D).(VAZLI D)H(VAZLI D).(VALD).(VA;LI D).(V/-fLID)'

« W W W W W W W W W W
MOD

Settings Old Settings :__ ) Updating Settings ‘l_ New Settings

i

1

NOTE 1. This timing diagram shows C/A Parity Latency mode is “Disable” case. . i
NOTE 2. List of MRS commands exception that do not apply to twoo ¢¢ TIME BREAK - DON'T CARE
- DLL Enable, DLL Reset

- VRerpq training Value, internal Vger Monitor, Vgerpq Training mode and Vgerpq training Range

- Gear down mode

- Per DRAM addressability mode

- Maximum power saving mode

- CA Parity mode

Figure 7. tmop timing

CK#
CK
CMD
p pODTLoff +1 &, tmop 3 5
oDT \N ¢ —  / c
{ 4 & t ;
‘tﬁE}Cfmin ADC_min
.
RTT RTTﬁNOM 5 ; ; LN RTTfNOM
T T T il T Il o T
—
' 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, Rrr nom  turn off timings and Ryt nom 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 tuop expires. The following MR registers affects Rrr nom 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

- RTT_NOM

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 Ryt 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 nowm 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 tyop has expired. ODT signal is a don’t care during MRS command if
DRAM R+t 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

BG1|BGO | BA1 | BAO |FaH|CASH| VIE| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO
o | o|ofofo|o|o|o]|o| wrarre= |D|m oL BT | oL BL
]
v v Iv l v
A8 DLL Reset A7 | Test Mode A3 Read Burst Type A1 | AO BL
0 No 0 Normal 0 Sequential 0 0 8 (Fixed)
Yes 1 Interleave 0 1 BC4 or 8 (on the fly)
1 0 BC4 (Fixed)
1 1 Reserved
v v
A1l | A10 | A9 WR RTP A6 | A5 | A4 | 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
1 0 0 0 18
1 1 1 0 19

Note 1. Reserved for future use and must be programmed to 0 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 0 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-A1 of Mode Register MRO. Burst length options include fixed BC4, fixed BL8, and ‘on the fly’ which
allows BC4 or BL8 to be selected coincident with the registration of a Read or Write command via A12/BC#.

Table 8. Burst Type and Burst Order

i Starting Column Address Burst type = Sequential burst type = Interleaved
Burst Length | Read/Write m A 20 (decimal) A3=0 (decimal) A3=1 Note
0 0 0 0,1,2,3TTT,T 0,1,2,38TTTT
0 0 1 1,2,3,0,T,T,T, T 1,0,3,2, T, T, T, T
0 1 0 2,3,0,1, T, T, T, T 2,3,0,1,T,T,T,T
Read 0 1 1 3,0,1,2,T,T,T,T 3,2,1,0, T, T,T, T 123
4 Chop 1 0 0 4,56,7, T, T, T, T 4,5,6,7, T, T, T, T T
1 0 1 56,74 T,T,T,T 54,76 TT,T,T
1 1 0 6,7,4,5T,T,T,T 6,7,4,5TT,T,T
1 1 1 7,4,56, T, T, T, T 7,6,54,T,T1T,T,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 Vv Vv 4,5,6,7, X, X, X, X 4,5,6,7, X, X, X, X 5
0 0 0 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0 0 1 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6
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 >
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 5,4,7,6,1,0,3,2
1 1 0 6,7,4,52,3,0,1 6,7,4,5,2,3,0,1
1 1 1 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0
Write Vv Vv Vv 0,1,2,3,4,56,7 0,1,2,83,4,56,7 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 tws and twrr will be pulled in by two clocks. In case of burst length being selected on-the-fly via
A12/BC#, 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 tws and twrr 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 tge to determine
tpaL. WR for auto precharge (MIN) in clock cycles is calculated by dividing twr (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; twg
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 trrp (in ns) by tck (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

BG1|BGO | BA1 | BAO |FaH|CASH| VIE| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO
o' | 0o | 0o | 1 0| o | 0| 0" |Qoff?|TDas Rrr_NoM wL| 0" | 0" AL oDl DLL
| I I [ |
v v ' v — y
A12 Qoff A7 |Write Leveling Enable AO DLL Enable A2 | A1 |Output Driver Impedance Control
0 | output buffer enabled 0 Disable 0 Disable™ 0] o0 RzQ/7
1 | Output buffer disabled 1 Enable 1 Enable 0 1 RzQ/5
1 0 Reserved
l 1 1 Reserved
A10 | A9 | A8 Rrr_nowm Al 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 RzZQ/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 0 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
MR1[0]) the DLL is automatically disabled when entering the Self Refresh operation and is automatically re-
enabled upon exit of the Self Refresh operation. Any time the DLL is enabled and subsequently reset, tp, .«
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 tpuk, CKE must continuously be registered High. The device does not require DLL for any Write
operation, except when Ryt 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 Rrr 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 Rt 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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oDT RTT_NOM Values

The device is capable of providing three different termination values: Rrr pagk, Rrr nom, and Rt we. The
nominal termination value, Rt nowm, is programmed in MR1. A separate value, Rrr wg, may be programmed in
MR2 to enable a unique Ryt value when ODT is enabled during Write operations. The Rrr wg value can be
applied during Write commands even when Ryt nowm is disabled. A third Ryr value, Ryt pagrk, is programmed in
MRS. Rrr_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 0.

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

BG1|BGO | BA1 | BAO |Fae|CASH| WEH| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO

o' ol 1| o] o o] oo |Wie Rrr wa 0" | LPASR cwL o' [ 0" | 0"
CRC
+ I
A12 Write CRC A11 | A10 | A9 Rrr wr
0 Disable 0 0 0 Rrrwr) disabled (Write does not affect Ryr value)
1 Enable 0 0 1 RzQ/2
0 1 0 RzZQ/
0 1 1 Hi-Z
1 0 0 RzQ/3
Operating Data Rate in MT/s Operating Data Rate in MT/s
A5 Ad A3 | CWL 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 2666 2133 2400 -
1 0 1 16 - 2400 2666 2400
1 1 0 18 - 2666 - 2666
1 1 1 20
v
A7 A6 Low Power Auto Self Refresh (LPASR)
0 0 Manual Mode - Normal Operating Temperature Range (T¢: -40°C ~ 85°C)
0 1 Manual Mode - Reduced Operating Temperature Range (Tc: -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 0 during MRS.
Note 2. The 2 tex Write Preambile is valid for DDR4-2400/2666 Speed Grade. For the 2™ Set of tck 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 wa) settings in MR2[11:9]. In write leveling mode, only Ryt now is available.
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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

BG1|BGO | BA1 | BAO |FaH|CASH| VIE| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO
0 Jo [ o [0 o o | VIR | e | Mevesmivea | TS | P2 |Soan] M7 | Secctont
* | | - ! | [
A12 | A1 | MPR Read Format A10 | A9 | CRC+DM Write Command Latency® A1 | A0 | MPR Page Selection

0 0 Serial 0 0 4 tck (1600) 0 0 Page0

0 1 Parallel 0 1 5 tck (1866/2133/2400/2666) 0 1 Pagel

1 0 Staggered 1 0 Reserved 1 0 Page2

1 1 Reserved 1 1 Reserved 1 1 Page3

v
A3 Geardown Mode
0 1/2 Rate

A8 | A7 | A6 |Fine Granularity Refresh 1 1/4 Rate v
0 0 0 Normal (Fixed 1x) +— 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 vy

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 0 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 Btex

» At greater than 1600 and less than or equal to 2666 then 5tck; 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 trrc 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

BG1|BGO | BA1 | BAO |FaH|CASH| VIE| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO
0" | 1 ] o [ 0| 0| 0| 0 PP tuere|trere [EPFE bt CS&E&“}%QESR sPPR |'\77 | TCRM|TCRR|MPSM| 0
I I—J I
l ; \4
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
* 0 1 0 4 v
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
A1 Read Preamble 1 1 1 Reserved Al Maximum Power Saving Mode
0 1 tok + 0 Disable
1 2tk A4 Internal Vgrer Monitor 1 Enable
7 0 Disable —¢ v
A12 Write Preamble 1 Enable A9 | Self Refresh Abort A5 sPPR
0 1 tex 0 Disable 0 Disable
1 2 tok 1 Enable 1 Enable

Note 1. Reserved for future use and must be programmed to 0 during MRS.

Write Preamble

Programmable Write preamble, twere, can be set to 1tck or 2ick via the MR4 register. The 1tck 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 tgpre can be set to 1tck or 2tck via the MR4 register. Both the 1tgk and 2tk
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 1tck 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 tger oOf 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)/tcaL(ns)]-

Internal VREF Monitor

The device generates its own internal Vgerpg. This mode may be enabled during Vgeepq training, and when
enabled, VREF, 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

BG1|BGO | BA1 | BAO |FaH|CASH| VIE| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO
o' | 1 [ o | 1] o | o] oo |RoBI|wDBI| DM |CAPE Rrenk | oopr| o | ORC | Ga parity Latency
* I I i ] | | | |
A9 | CA parity Persistent Error A8 A7 A6 Rt pARK A2 A1l A0 PL
0 Disable 0 0 0 Rrr_park Disabled 0 0 0 Disabled
1 Enable 0 0 1 RzQ/4 0 0 1 4 (1600/1866/2133)
+ 0 1 0 RzQ/2 0 1 0 5 (2400/2666)
A10 Data Mask 0 1 1 RzQ/6 0 1 1 Reserved
0 Disable 1 0 0 RzQ/ 1 0 0 Reserved
1 Enable 1 0 1 RzQ/5 1 0 1 Reserved
v 1 1 0 RzQ/3 1 1 0 Reserved
A1 Write DBI 1 1 1 RzQ/7 1 1 1 Reserved
0 Disable v v v
1 Enable A5 ODT Input Buffer during Power Down 2 A4 C/A Parity Error Status A3 CRC Error Clear
0 ODT input buffer is activated 0 Clear 0 Clear
A12 | 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 0 during MRS.
Note 2. When Rt 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 DBl 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 setto 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 Rrr nom termination. However, the device may provide Ryt pagk 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

BG1|BGO | BA1 | BAO |FaH|CASH| VIE| A13 | A12 | A11 | A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | AT | AO

o' | 1 | 1| oo | o] 0|0 teco.L 0" | 07 |jra | oo Vrgroq Training Value
' [ 1
A v

A12 | A11 | A10 | tceo_Lmin(tck) toLik min (tck) Note A6 Vreroa 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 Vgerp Training
1 0 0 Reserved - Reserved 0 Disable
1 0 1 Reserved - Reserved 1 Enable
1 1 0 Reserved - Reserved
1 1 1 Reserved - Reserved

\

A5:A0 Range1 Range2 A5:A0 Ranget Range2 A5:A0 Range1 Range2 A5:A0 Ranget Range2
000000 60.00% 45.00% 001101 68.45% 53.45% 011010 76.90% 61.90% 10 0111 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% 01 1101 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% 01 1111 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% 100110 84.70% 69.70% 11 0011 to 111111 : Reserved

Note 1. Reserved for future use and must be programmed to 0 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.
Vrerpa Training Enable

VRrerpq Training is where the device internally generates its own Vgerpq 10 be used by the DQ input
receivers. The device controller is responsible for setting and calibrating the internal Vgerpq level using an
MRS protocol (adjust up, adjust down, etc.). The procedure is a series of Writes and Reads in conduction with
VRrerpq adjustments to optimize and verify the data eye. Enabling Vgerpq Training must be used whenever
values are being written to the MR6[6:0] register.

Vrerpa Training Range

The device defines two Vgerpq calibration ranges: Range 1 and Range 2. Range 1 supports Vgerpq between
60% and 92% of Vppq while Range 2 supports Vgerpq between 45% and 77% of Vppq, Range 1 was targeted
for module-based designs and Range 2 was added to target point to-point designs.

VREFDQ Training Value

Fifty settings provide approximately 0.65% of granularity steps sizes for both Range 1 and Range 2 of Vgrgrpo.
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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 AO to “0”; this will disable the DLL for subsequent
operations until A0 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,
Rt 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 tmob-

. 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 Rtt_now 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 avort 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_rasy)-

o txs rast 1 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 aort : 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 apot- 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 tys: ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRAS8, RD, RDS4, RDSS8,
RDA, RDAS4, RDASS

9. Wait for tyop, then device is ready for next command.
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Enter Self Refresh Exit Self Refresh 2 TIME BREAK [JJJ}] DON'T CARE

NOTES:

1. Starting with Idle State, Ry 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. 1.3 28 May /2022



EtronTech EM60OEOSNWO9A

DLL “off” to DLL “on” Procedure

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

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

. Enter Self Refresh Mode, wait until tcksgre satisfied.

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

. Wait until a stable clock is available for at least (icksrx) 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 tpi .k timings from subsequent DLL Reset command is satisfied. If Ryt nom Were disabled in the mode
registers when Self Refresh mode was entered, ODT signal is don’t care.

. Wait txs or txs_asort 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 tpk.)

. 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 tzqeper in case a ZQCL command was
issued.

4
» » toksrx | txs
t tokesr N » —b

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

NOTES:

1. Starting with Idle State

2. Enter SR

3. Change Frequency

4. Clock must be stable tcksrx

5. Exit SR

6.7. Set DLL-on by MR1 A0="1’

8. Start DLLReset

9. Update rest MR register values after tp. 1« (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 AO 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 tckpLL orr- There is no
minimum frequency limit besides the need to satisfy the refresh interval, treg.

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 (tpasck), but not the Data Strobe to
Data relationship (ipasa, ton)- Special attention is needed to line up Read data to controller time domain.

Comparing with DLL-on mode, where tpqsck starts from the rising clock edge (AL+CL) cycles after the Read
command, the DLL-off mode tpasck starts (AL+CL - 1) cycles after the read command. Another difference is
that tpgsck may not be small compared to tck (it might even be larger than tck) and the difference between
tpasckmin @Nd tbasckmax 1S Significantly larger than in DLL-on mode. tpasckpLL 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.
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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 tcksgre 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 tcep 1/toLik 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 tpqss, tbss, 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 tpqass, 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 tpqss specification.

Besides tpass, toss and tpsy specification also needs to be fulfilled. One way to achieve this is to combine
the actual tpass in the application with an appropriate duty cycle and jitter on the DQS, DQS# signals.
Depending on the actual tpass in the application, the actual values for tpgs. and tpqsy 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
O N N N N e i WAt W WA
Source CK . A . ) . ) L ) . ) L ) "\
Diff DQS
Tn T2 T3 T4 T5 T6
Destination \ . ) S X C X X ) [ X (X L
Diff_DQS

DQ Oor \ 0 X 0 X 0 |
Push DQS to capture 0-1 \
Diff DQS transition / \ / \ / \
DQ 0or1 X 1 X 1 4)( 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) A12 0 1

Table 16. DRAM termination function in the leveling mode
ODT pin @DRAM if Rrr_now/park Value is set via MRS | DQS/DQS# termination DQs termination

RTT?NOM with ODT ngh on off

Rt 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 Ryt park Settings are
allowed; in Write Leveling Mode with its output buffer enabled (MR1[bit A7] = 1 with MR1[bit A12] = 0) all Rrr 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 tw.pgosen, at which time the DRAM has
applied on-die termination on these signals. After tpgs. and twiumro, the controller provides a single DQS, DQS#
edge which is used by the DRAM to sample CK - CK# driven from controller. twimromay 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 tw, oe 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 i
oDT Wi
RTT
) twLpasEN' N ._.l_ ..Il.tDQSLLEI toasH® toas® toasH® “
Diff_DQs® it @ el A== \J
twimrp ]
0 twio
Late DQs i \
: ’ o7 WLOE,
{ twmro |
Early DQs" — twow )
" twioe

[ wvaup ;Time Break [Jl] 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 toasimin) @s defined for regular Writes; the max pulse width is system dependent.
NOTE 7. twopmin) = max(24nCK, 15ns), WL =9 (CWL =9, AL =0, PL =0), DODTLon = WL -2=7.
NOTE 8. twioasen must be satisfied following equation when using ODT.

twioasen > tmopin + ODTLON + tapc: at DLL = Enable

twipasen > tmopin) + taonas: at DLL = Disable

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

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 (Te1).

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

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

4. After tyop is satisfied (Te1), any valid command may be registered. (MRS commands may be issued after
twrp (Td1).

CK#
CK

CMD

oDT

DQS#
DQs

ADDR mR1 Y MRx Y VALID

tADCmin

RTT_NOM i i i
DQS# Rt nom Rr7 paRk
DQS i it it it i

tADCmax
RTT_NOM
All DQs twLo

) n n n n
it i i i i

result = 1
DQs 5 " “ \
T T T i i i

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.

CK#
CK

CS#

CMD/
ADDR

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_caL, Where tyop caL= tmop + tcad-

CK#
CK
CS#
tMODCP}_
o X o XX Coes X e X vy
(w/o CS#) DDD@CX D'?S X:gg:x DZES D'fs D:ES ><:88:>(VA5LID

NOTES:
1. MRS command at Ta1l enables CAL mode
2. wop_caL = tmop + tcal

Figure 17. CAL enable timing - twop caL
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CK#
CK
CS#
— U toaL a tmop_cAL
CMD 0
o osn XXX X O O X=X O
NOTES:
1. MRS at Ta1 may or may not modify CAL, tmop_caL is computed based on new tCAL setting.
2. tmop_caL = tmobstcaL
Figure 18. tmoo_caL, MRS to valid command timing with CAL enabled
TbO Tb1 Th2 TcO
CK# /_\ e
CK e 8‘—/
teaL
Il
CS#
tMRD_CA}_ 2
CMD G e
MRS DES DES DES DES MRS
(w/o CS#) :X X:X : X:X : ng:X : : X:(;(::X : X
NOTES:
1. MRS command at Ta1 enables CAL mode
2. tMRD_CAL=tMOD+tCAL
Figure 19. CAL enabling MRS to next MRS command, turp caL
CK#
CK
cst :
- tmMRD_cAL 3f'
CMD 0 -
wioosy KX, X X XX Ko >( }< oes KXoz X Xoes XX
NOTES:
1. MRS at Ta1 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
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Ta9

CK#
CK

CKE

Cs#

CMD
w/o CS#

| txs FasT |

ADDR

NOTES: # TiME BREAK [Jll] DON'T CARE
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

CK#
CK

TO T T2 T3 T4 5 T6 T7 T8 T9 T10 T T15 T16 T17 T18

CMD
w/o CS#

ADDR
tepoen

CKE i \
‘CAL i
tep txe . toal

SN -—

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

CMD
w/o CS#

ADDR

tear tREFPDE}

EFFDENSS:

tep txe B teaL

NOTE 1. tCAL = 3nCK, tREFPDEN = 1nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK #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 (trec) 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
RAS#/ | CAS#/ WE#/

A[9:0], | MR3

Function CS# ACT# A16 A5 A4 BG1 BGO | BAO-1 | A10/AP A[13:11]| [8:6]
Refresh (Fixed rate) L H L L \Y \'% Vv \ Vv ovv
Refresh (on-the-fly 1x) L H L L H \ L Vv \ \Y vV
Refresh (on-the-fly 2x) L H L L H \ H \" \ \ 101
Refresh (on-the-fly 4x) L H L L H \ H \" \ \ 110
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t

repi.and trrc parameters

The default Refresh rate mode is fixed 1x mode where Refresh commands should be issued with the
normal rate, i.e., treri1 = treripase) (fOr Tease < 85°C), and the duration of each refresh command is the normal
refresh cycle time (tgec1). In 2x mode (either fixed 2x or on-the-fly 2x mode), Refresh commands should be
issued to the device at the double frequency (treri2 = 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 (treri4 = 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

e -40°C < Tcase £ 85°C tREFI(base) uS

1x mode 85°C < Toase < 95°C tREFI(base)/2 uS
trrc1(min) 260 ns

e -40°C < Tcase £ 85°C tREFI(base)/2 uS

2x mode 85°C < Tcase £ 95°C tREFI(base)/4 pS
trrc2(min) 160 ns

- -40°C < Tcase £ 85°C tREFI(base)/4 uS

4X mode 85°C < Tcase £ 95°C tREFI(base)/8 uS
trrc4(min) 110 ns

Rev. 1.3 40 May /2022



EtronTech EM60OEOSNWO9A

Changing Refresh Rate

If Refresh rate is changed by either MRS or on the fly, new tregr and trec parameters would be applied from
the moment of the rate change. When REF1x command is issued to the DRAM, then tgee1 and tgec1 are
applied from the time that the command was issued. when REF2x command is issued, then tger2 and tgrrc2
should be satisfied.

tRFC1 (min) trRrc2 (min) i
:

trReFH ] tReFi2
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.

¢ 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.

e 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 (treq).
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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 (trp, tpaL, €tc. satisfied), no data bursts are in
progress, CKE is high, and all timings from previous operations are satisfied (tmrn, tmop, trrc, tzaiit, tzqoper;
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 Rt papk Set when it enters in Self-Refresh mode. Upon exiting
Self-Refresh, DRAM automatically enables ODT termination and set Rt papx 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
RESETH#, are “don’t care.” For proper Self-Refresh operation, all power supply and reference pins (Vpp, Vboa,
Vss, Vssa, Vep, and Vgrerca) must be at valid levels. DRAM internal Vgerpq generator circuitry may remain on or
turned off depending on the MR®6 bit 7 setting. If DRAM internal Vgrerpq 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 txs after exit
from Self Refresh. The DRAM initiates a minimum of one Refresh command internally within tcke period once
it enters Self-Refresh mode.

The clock is internally disabled during Self-Refresh Operation to save power. The minimum time that the
DDR4 SDRAM must remain in Self-Refresh mode is tckesr- The user may change the external clock
frequency or halt the external clock tcksre after Self- Refresh entry is registered, however, the clock must be
restarted and stable tcksgrx 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, WRASS8

o tysrast = ZQCL, ZQCS, MRS commands. For MRS command, only DRAM CL and WR/RTP register and DLL
Reset in MRO, Ryt nom register in MR1, CWL and Ryt wr register in MR2 and geardown mode in MR3, Write
and Read Preamble register in MR4, R1t park register in MR5, teep 1/toLik and Veerpq 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 txs timing. Note that synchronous ODT for write commands (WR, WRS4, WRSS,
WRA, WRAS4 and WRAS8) and dynamic ODT controlled by write command require locked DLL.

Commands that require locked DLL:
e txspLL - RD, RDS4, RDS8, RDA, RDAS4, RDASS

Depending on the system environment and the amount of time spent in Self-Refresh, ZQ calibration commands
may be required to compensate for the voltage and temperature drift 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 txsp . 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 txs period and issuing one refresh command (refresh period of trec). Deselect
commands must be registered on each positive clock edge during the Self-Refresh exit interval txs. Low level
of ODT pin must be registered on each positive clock edge during 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 txs. The value of txs
is (trrc+10ns). This delay is to allow for any refreshes started by the DRAM to complete. tgec continues to
grow with higher density devices so txs will grow as well.

A Bit A9 in MR4 is defined to enable the self refresh abort mode. If the bit is disabled then the controller
uses 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 abort-

Upon exit from Self-Refresh, the device requires a minimum of one extra refresh command before it is put
back into Self- Refresh Mode. This requirement remains the same irrespective of the setting of the MRS bit for
self refresh abort.

Tgo
CK# ; A
cK ...
V 3 3 3 7
CKE ' “ “ 7 ) |
. o tckesr /fckesr_PaR ;\ .
tlS ] I~‘\ I~‘\ I:\ I~‘\
oDTL ' I
__’ M (4 (4 s .‘t (&4 (84 (84
' . Y . ilXs_FAST o .
: i i i :‘_u’{‘_’ i i
CMD ’( DES SRE i 5 S VALMMLIW
: Pt i A
; i i P 7IXS ABORT ;7 3
ADDR
trp ' IxspLL
Enter Self 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. " v
NOTE 4. Only DES is allowed during tXS_ABORT.  TIME BREAK - DON'T CARE
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 Allowed Operating Temperature
[A7] [A6] LPASR Mode Self Refresh Operation Range for Self Refresh Mode
(all reference to DRAM Tcase)

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 TCASE(max) 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.
User is required to ensure 45°C DRAM
Teasemax is Not exceeded to avoid any risk
of data loss

0 1 Reduced Temperature range (-40°C ~ 45°C)

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
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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.
o typx s and typx 1 are satisfied.
¢ NOP commands are only issued during tupx_ 1 Window.

No other command is allowed during tupx L1 Window after SRX command is issued.

CKi#t
CK
CKE )
tMpPx_LH .

i twpx s 144 i it I I
CMD
rcon L D G

H H H Ity H H nln it tys it 7 i i
i — " i it iF > i
txs +IxsoLL §
{4 i it it {i—Pi Iy
NOTE 1. CS# =L, ACT# = H, RAS#/A16 = H, CAS#/A15 = H, WE#/A14 = H at Tb2 ( No Operation command ) 7 TIME BREAK - DON'T CARE

NOTE 2. SRX at Tb2 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 agorr are not allowed this case.

NOTE 6. Duration of CS# Low around CKE rising edge must satisfy tupx_s and twex 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 Ryt now termination.
Note that DRAM continues to provide Ryt 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 txp to any valid command
Precharged (All banks precharged) On Fast txp to any valid command

Also, the DLL is kept enabled during precharge power-down or active power-down. In power-down mode,
CKE low, RESET# 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 tcke
has been satisfied. Power-down duration is limited by 9 times tggr.

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

{

E

' I

it

Power-Down Mode

{0
) 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=0 (default setting) is shown.

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

Enter

Power-Down Mode

tis 7
H &2 2 2
P 2 2
P P 2
s % % ‘.
3 t
tcPpED “ —(XF

Exit

Power-Down Mode

# 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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CK#
cK
CMD
CKE
ADDR
DQS, DQS#
DQBLS : 8@ (@) @) @) @) @&
DQ BC4 VNV
trRoPDEN
Power - Down Entry
i TIME BREAK [ TRANSITIONING DATA  [JJlj DON'T CARE
Figure 29. Power-Down Entry after Read and Read with Auto Precharge

CK#
CK
CMD
CKE
ADDR
A10
DQS, DQSH# y - X (X [ X ! ) ) :_
DaBLe )(@)(@)(@X@)(@)@)( — i 2

art Internal ¥ P i
Pacs CEENE Pt

. twRAPDEN

Power - Down Entry

TIME BREAK [__] TRANSITIONING DATA  [Jl] DON'T CARE

Figure 30. Power-Down Entry After Write with Auto Precharge

NOTE 1. WR is programmed through MRO.
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CK#
CK
CMD
CKE
ADDR .
WL = AL + CWL
A10
N S XA ANTA
DQBLS : )(@)(@)(@)(@)(@) EDED
vase: OO —
; Power - Down Enltry
i TIME BREAK |:| TRANSITIONING DATA - DON'T CARE
Figure 31. Power-Down Entry After Write
CK#
{ % {
tcpoED
5, i %
CKE VALID VALID
tpp txp
¢ I¢ ) {
Enter Exit
Power-Down Mode Power-Down Mode

’ TIME BREAK [l DON'T CARE
Figure 32. Precharge Power-Down Entry and Exit
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CK#
CK
CMD
ADDR L=
i tcPpED i ;
IS ‘_22 PD 28 CKE ,
e TN ;3 A

CK#
CK
CMD
ADDR

t tcPpED t t

IS ‘_22 PD (? CKE
cke F T QY , :

tACTPDEN
% TIME BREAK EE DON'T CARE

Figure 34. Activate Command Power-Down Entry
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CK#
CK
CMD
ADDR
fo WICPDED 1
IS s PD 20— leke
e TG ;(, £

ADDR VA
i tcPpED i "
IS 2 PD ” CKE
e T WL, 27
tMRSPDEN
{ TIME BREAK f\{ DON'T CARE

Figure 36. MRS Command Power-Down Etry
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Power-Down Clarifications

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

TO
CK#  -=---- N
cK  _—/n
CMD VA
ADDR VA
CKE
& & & t 2
tcrpED CPDED
Enter Exit Enter
Power-Down Power-Down Power-Down
Mode Mode Mode
i TIME BREAK [[l] 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

TO T T2 Ta0 Tat Tb1 Tb2 Tc0 Tel Tc2 Tc3 Tc4

CMD

ADDR

oxe n W :
1 06 txp_par &

ODT2 ¢ o B — M

' ime BREAK [l 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
twpep 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 tckumpe period and then
can be High-Z.

Ta0 Tat Ta2 TbO Tb1 Th2 Tb3 Tco Tel Tc2 Tc3 Tc4 Tch Tcé Te7 Tc8 Tc9 Tc10

tokmpe

MRA4[AT=1]
(MPSM Enable)

CMD DES MRS DES DES DES

ore \____ - |

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.

MR4[A1=1]
(MPSM Enable)

tokmpe ™

turep |,

CKE AL + CWL

DQs, DQS#

bQ

RESET#

[l poN'T cARE

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.

Ta0 Tal Ta2  ThO Tb1 Th2 Th3 Tco Tel Te2  Tdo Td1 Td2 Td3 Td4 Td5 Tdé Td7

CK#
CK

CcMD -

CKE

P

RESET#

[l pON'T cARE

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

Maximum Power-Saving Mode Exit

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 txmp, any valid commands except DES command is not allowed to DDR4 SDRAM and also txvp_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 'O’ automatically.

CK#
CK

- ; ; ;
o S— 1 . e /S

CKE ) . towe

txwp_owL

RESET#

[l ON'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.
. tMOD(min) +
tvPeED  |Command path disable delay upon MPSM entry tCPDED(min) - TBD TBD
tckmPE | Valid clock requirement after MPSM entry tMOD(min) + - TBD TBD
{CPDED(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
. L tXMP(min) + )
txmpDLL  |Exit MPSM to commands requiring a locked DLL {XSDLL(min) TBD TBD
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_LH" |CS# Low hold time to CKE rising edge 12 txmp - 10ns TBD TBD ns

Note:
1. tMPX_LH(max) is defined with respect to actual txvp 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 tcx NOP command. tsync_GEAR is an even
number of clocks. The sync pulse on even clock boundary from MRS command.

- Initialization sequence, including the expiration of tp k and tzqint, 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 tckx gear-down MRS command. (Ntgk static MRS command
qualified by 1N CS# which meets txs or txs_avort Only Refresh command is allowed to be issued to DRAM
before Ntck 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_avort 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
MRS3[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.

txpR_cEAR tsvne aeaR” tcii_cean

o}
1%
£

1N Sync Pulse : 2NiMod
GEAR setup 1GEAR hold ! . taeAR_setup taEAR_hoid Y
5 ; y ; h l 5
oo - -

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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TdkN + Neven

CK#
oK
DRAM i i
VAl aW . W ,_
CLK : 1
DLLK

Reset ) )

* s or Abort tsvnc_GeaR™ tolin_cear
CKE
S A\ A A A YW A A A A AW A A A A W 4

; N Sync Pulse i 2N|Mode

. toeansou [ L toeansous Toenmnod |
oo e -
SRX Configure DRAM
to 1/4 rate

NOTE 1. CKE High Assert to Gear Down Enable Time (txs, txs_abort) depend on MR setting. A correspondence of txs/txs asot and MR Setting is as follows.
- MR4[A9] = 0 : txs
- MR4[AZ] = 1 : txs_anort

NOTE 2. Command not requiring locked DLL

NOTE 3. 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)

bQ i AL + CL=RL =31 (AL = CL-1=15)

CL = RL = 16 (AL=0)

iy
{READY

ntatn
/READ »
Mooy

CMD ACT RE)

” " romnw-oemw j D ENDENDE

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

NOTE 1.BL =8, tgecp =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
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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 tgrpmin before the Refresh Command can be
applled 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 trer 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 tgregr. 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 treri4, 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 tgeg,
17 x trrei2, Or 33 x trep4. 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 tger2, and 64 additional REF4 commands
ca|r|1 tk))e iSSL;ed within 8 x trer4 (larger densities are limited by trrc1, trRec2, and trec4, respectively, which must
still be met).

CK#
CK

CcMD REF DES DES REF VALID VALID VALID VALID VAL\D - VALID VALID VALID

tarc tHFC (min)
. i tREFI (max. 9 x tREFI)
DRAM must be idle . : " DRAM must be idle
NOTES: TIME BREAK  [] TRANSITIONING DATA [Jlj DON'T CARE

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)

tReri

>
[ le — AN NAnn] | >t
trrc
[P

8 REF-Commands postponed

Figure 47. Postponing Refresh Commands (Example of 1X Refresh mode)

I m
’/ta!c\‘
il
8 REF-Commands pulled-in

Figure 48. Pulling-in Refresh Commands (Example of 1X Refresh mode)

9 X treri N|
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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 Vppq 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 (MR5 bit A10) Write DBI (MR5 bit A11) Read DBI (MR5 bit A12)
Enabled Disabled Enabled or Disabled
0 (TDQS Disabled) Disabled Enabled Enabled or Disabled
Disabled Disabled Enabled or Disabled
1 (TDQS Enabled) Disabled Disabled Disabled

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 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DMO or DM1 or DM2 or DM3 or DM4 or DM5 or DM6 or DM7 or
DMi# or DBI# DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
Read Data transfer
0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DBI# DBIO DBIA1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
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ZQ Calibration Commands

ZQ Calibration command is used to calibrate DRAM Rony & 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 tzqnit 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 Ry and
Rt 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 grifrate) @and 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 Tgens = max (dRttdT, dRondTM) and Veens = max (dRrdV, dRondVM) define temperature and voltage
sensitivities.

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

0.5

=0.133 ~ 12
A5x1) + (015 x 15y _ 0133 Bms

No other activities should be performed on the DRAM channel by the controller for the duration of tzqgi,
tzaoper, OF tzacs. 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 txs,
txs_avort/ txs_rast depending on operation mode.

In systems that share the ZQ resistor between devices, the controller must not allow any overlap of tzqoper,
tzqinits OF tzqcs between the devices.
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CK#
CK

CMD NZQCLD( DES H DES D( DES ‘VAUD‘VAUDH(ZQCS‘ DES H DES ‘ DES ‘VAUDX
i I . /i . i .
' : :
7 i i T
’
(¢ H 44 i
CKE ./ “ VALID VALID Y _' ' VALID
1 I T i T
(1 iy

i i %
pagus X Hi-Z or Rrr pank ACTIVITIES X @ Hi-Z or Rrr pank <

[ [

ADDR

A10 .’_

X
b ¢

({4
'E'sf
0

‘__[ tzainit OF tzqoper o - tzacs R

{f (¢ [

PS

/2 TIME BREAK DON'T CARE
NOTE 1. CKE must be continuously registered high during the calibration procedure. ' -

NOTE 2. During ZQ Calibration, ODT signal must be held LOW and DRAM continues to provide Ryt park-

NOTE 3. All devices connected to the DQ bus should be high impedance or Rrr_park during the calibration procedure.

Figure 49. ZQ Calibration Timing
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DQ Vger Training

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

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

Vbba

VREFmax

VREF
Range

VREFmin

—_—— — — szing Small System Variance

—_— e — .. szing Large _ Total Range

Figure 50. Vrerpq Operating Range (Vrermin, VREFmax)

The VREer stepsize is defined as the stepsize between adjacent steps. VReF stepsize ranges from 0.5% Vbba
to 0.8% Vbpba. 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 VRer 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 VReF values for a specified range. An illustration depicting an
example of the stepsize and VRer set tolerance is below.

VREF

Actual VRer
Output ®
L)
[ J
o
° . Straight Line
_ ® (endpoint Fit)
VRerSet T
Tolerance | @
L
o
VREF
Stepsize
Digital Code

Figure 51. Example of Vger set tolerance (max case only shown) and stepsize
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The VRrer increment/decrement step times are defined by VReF time. The VREF _time is defined from t0 to t1,
where t1 is referenced to when the VRer voltage is at the final DC level within the VRer valid tolerance
(VREF_val_tol).

EM60OEOSNW9A

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 to VREFmax or VREFmax to VREFmin change in VREer voltage.

t0 - is referenced to MRS command clock
t1 - is referenced to the VREF val tol

CK#
CK
CMD X MRS

VREF.Setting

Adjustment
DQ OId VREF § . . New VREF
VREF ( Setting X Updating VREF Setting X Setting )

L VREF_time
t0 t1

Figure 52. Vger time timing diagram

VRerpaq Calibration Mode is entered via MRS command setting MR6 A[7] to 1 (0 disables VRrRerpa Calibration
Mode), and setting MR6 A[6] to either O 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 VRrerpa 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 VRerpa values at MR6 A[5:0]. Once VRrerpa Calibration Mode has been entered, VReFDQ
Calibration Mode legal commands may be issued once tvrRerbqe has been satisfied. VrRerpa Calibration Mode
legal commands are ACT, WR, WRA, RD, RDA, PRE, DES, MRS to set VRerpa values, and MRS to exit VREFDQ
Calibration Mode. Once Vrerpa Calibration Mode has been entered, “dummy” write commands may be issued
prior to adjusting VRerpa value the first time VRerpaQ 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 Vrerpa values requires MR6 [7]
set to 1, MR6 [6] unchanged from initial range selection, and MR6 A[5:0] set to desired VRrerpa value; if MR6
[7] is set to 0, MR6 [6:0] are not written. VReF_time must be satisfied after each MR6 command to set Vrerpa
value before the internal VRerpa value is valid.

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

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

CK#
CK

CMD

Vrerpa Training On

Vrerpa Training Off
)

tVREFDQE

i€
‘<

VREFDQ training mode

4

tVREFDQX

i€
‘<

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

Figure 53. Vgerpq training mode entry and exit timing diagram
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Table 26. AC parameters of VREFDQ training

Symbol Parameter Min. Max. Unit
tvrerDQE Enter Vgernq training mode to the first valid command delay 150 ns
tvmerpax Exit Vrerpq training mode to the first valid command delay 150 ns

Example scripts for VrRerpa Calibration Mode

When MR6 [7] = 0 then MRG6 [6:0] = XXXXXXX
Entering Vrerpa Calibration if entering range 1:

«MRB [7:6] = 10 & [5:0] = XXXXXX

« All subsequent VRerpa Calibration MR setting commands are MR6 [7:6] = 10 & MR6 [5:0] = VVVVVV

- {VVVVVV are desired settings for VREFDQ}
«Issue ACT/WR/RD looking for pass/fail to determine Vcent(midpoint) as needed
«Just prior to exiting VRerpa Calibration mode:
«Last two Vrerpa 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 VRerpa Calibration mode

Entering Vrerpa Calibration if entering range 2:

«MRB6 [7:6] = 11 & [5:0] = XXXXXX
« All subsequent Vrerpa Calibration MR setting commands are MR6 [7:6]=11 & MR6 [5:0]=VVVVVV

- {VVVVVV are desired settings for VREFDQ}
«Issue ACT/WR/RD looking for pass/fail to determine Vcent(midpoint) as needed
«Just prior to exiting VrRerba Calibration mode:
«Last two Vrerpa Calibration MR commands are
«MR6 [7:6] = 11, MR6 [5:0] = VVVVVV’ where VVVVVV’ = desired value for VRerFDQ
«MRG6 [7] = 0, MR6 [6:0] = XXXXXXX to exit VRerpa Calibration mode

VREF
Voltage

Stepsize

VREF
(Vooa DC)

I VREF_val_tol

Time

Figure 54. VREF step single stepsize increment case

VREF
Voltage

Stepsize

VREF
(Vopa DC)

Time

Figure 55. VREF step single stepsize decrement case
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VREF
Voltage

VREFmax
I VREF _val_tol

VREF
(Vooa DC)

VREFmin

Time

Figure 56. VREF full step from VREFmin to VREFmax case

VREF
Voltage
VREFmax

Full
Range
Step

JVREF,vauo\

VREFmin 1

VREF
(Vooa DC)

Time

Figure 57. 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 range1 92% - - Vopa | 1,10
VREF_min_R1  |Vrer min operating point range1 - B 60% Vooa | 1.10
VREF_max_R2 |Vrer max operating point range2 77% - - Vopa | 1,10
VREF_min_R2 |Vger min operating point range2 - - 45% Vopa | 1,10

VREF step Vrer Stepsize 0.50% 0.65% 0.80% Vboa 2
-1.625% 0.00% 1.625% Voba | 3,4,6
VREF I |Vrer Set Tolerance
~settol | Vner 0.15% 0.00% 015% | Vooo | 357
VREF_time Vger Step Time - - 150 ns 8,11
VREF _val_tol Vger Valid tolerance -0.15% 0.00% 0.15% Vbba 9
Note 1. Vger DC voltage referenced to Vppa pe. Vooa pc is 1.2V.
Note 2. Vger stepsize increment/decrement range. Vger at DC level.
Note 3. Vrer_new = VRer_old + N X VRer_step; N = NuMber of step; if increment use “+”; If decrement use “-”.
Note 4. The minimum value of Vrer setting tolerance = Vger new - 1.625% X Vopa. The maximum value of Vger setting tolerance = Vgrer new
+ 1.625% x VDDQ for n>4.
Note 5. The minimum value of Vrer setting tolerance = Vger new - 0.15% X Vopa. The maximum value of Vger setting tolerance = Veer new
+ 0.15% x Vppq for n>4.
Note 6. Measured by recording the min and max values of the Vger output over the range, drawing a straight line between those points
and comparing all other Vger output settings to that line.
Note 7. Measured by recording the min and max values of the Vger output across 4 consecutive steps (n = 4), drawing a straight line
between those points and comparing all other Vger output settings to that line.
Note 8. Time from MRS command to increment or decrement one step size up to full range of Vger.
Note 9. 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.

Note 10. DRAM range1 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 Vger 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_PAF{K MR5 A[86] = Enable
e Rt nom MR1 A[10:8] = 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.

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

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

. The mode register set command cycle time at PDA mode, AL + CWL + BL/2 - 0.5tck + tmro ppa + (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)

~N O O

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 nom MR1
A[10:8] = Enable, device data termination need to be controlled by ODT pin and apply the same timing
parameters (defined below). Vgerpg value must be set to either its midpoint or Veen pa (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
taoc Rrr change timing skew
taonas Asynchronous Rt nom turn-on delay
taoras Asynchronous Rrr nom turn-off delay

CK#

CMD MRS

¥ tuoo B AL + CWL + PL . tmRD_PoA

DQS, DAs# .
DQO ' ' \

oDT

DODTLoff = WL - 3

DODTLOn = WL - 3
RTT Rrr_panc XX Rrrnow XX Rrr_panc

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 58. MRS w/ per DRAM addressability (PDA) issuing before MRS
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CK#
CK e - Ry Ry R p— p— R p—y
CMD MRS u AL+ CWL s PL o ron 5 ( v:nid )
DQS, DQSH ‘ N\
DQO \
# t:PDA,S tpDA H
DODTLoff = WL -3
opT ; : ;
DODTLON = WL - 3 i i ‘

RTT ‘Rrr PARK ‘ )CX ‘ ‘ Rrr_nom )CX R1_park

‘ ‘ ‘ ‘ MR3 A4 =0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

(PDA Disable)
NOTE: Rrr park = Enable, Ryt nom = Enable, Write Preamble Set = 2 tck and DLL = ON, CA parity is used.
Figure 59. MRS w/ per DRAM addressability (PDA) Exit
CK#
cK
CMD Més 7 MF‘{S 7 Més
. AL + CWL + PL . tmop_poA N
DQS, DQS#
} 7 tuop P » /
Do ' N
t:PD)LS t m
MR3 A4 =1
(PDA Enable)

Figure 60. 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 (tPAR_UNKNOWN) prior to the erroneous
command are not guaranteed to be executed. When a Read command in this NnCK window is not executed,
the DRAM does not activate DQS outputs.

- Log the error by storing the erroneous command and address bits in the error log.

- 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 tParR_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
ongoing 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 tPar_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 Parit
C/A Parity Latency . C/A Parity Error Status
MRS5[2:0]* Speed bins MR5[4] Errant C/A Frame
000 = Disabled -
1= 4 Clock 1600,1866,21 0 = Clear
001= 4 Clocks 600,1866,2133 ACT#, BG1, BGO, BAO, BA,
010= 5 Clocks 2400,2666 PAR, A16/RAS#, A15/CASH#,
011= 6 Clocks RFU 1 = Error A14/WEH, 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
CMD/
ADDR B
‘ 2
tPAR_UNKNOWN
f
ALERT# 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 61. Normal CA Parity Error Checking Operation
CK#
CK
CMD/
ADDR B ;
‘ 2
’ tPAR_UNKNOWN tpAR ALERT ON | | lPaR ALERT RSP |  1=2nCK trp
< 7 Je i P )
ALERT# 3 [‘* b PA:R_ALERT_PW & NZ.
& I i { 4
DES ) 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 tpar aLerT Pw.
NOTE 2. Command execution is unknown the corresponding DRAM internal state change may or may not occur.
The DRAM Controller should consider both cases and make sure that the command sequence meets the specifications.
NOTE 3. Normal operation with parity latency and parity checking (CA Parity Persistent Error Mode enabled).
Figure 62. Persistent CA Parity Error Checking Operation
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CK#
CK
CMD/
ADDR 07 . - v
tis ; i i i te + PL 33
tim 3 * > ‘ >
ALERT# i i
i 1 a2 a2
_ tPAR_ALERT ON |, tPAR ALERT PW oo
i TIME BREAK DON'T CARE
Command execution unknown " - ONTC
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 63. CA Parity Error Checking - PDE/PDX
T ~ Ta0 Tal TbO Tb1 TcO Tel TdO Td1 Td2 Td3  Te0 Tel
CK# ; ; ; ; ; : e o ; ; :
CK
CMD/
ADDR ‘ ‘ ‘
tis i txp + PL "
tm * » . .
ALERT#
tPAR_ALERT ON ¢ |, N

i TIME BREAK DON'T CARE
Command execution unknown '~ - ONT C

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 64. CA Parity Error Checking - SRE Attempt
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CK#
cK \ LU SO :
CMD/ . : . .
ADDR A T E T 33 - 33
t=2nCK
j—» e PARUNKNOWN, PAR_ALERT ON e PAR_ALERT_PW .
ALERT# N s \L
XSt_FAST
‘_l..'l_‘ t XS l..'._‘ |':I-" l_.'l_‘ l..'l_.‘_. |I-"
— XSDLL 2 2 ¥ 2 J—

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

\2/4Af!>_6”:7) Command executed

NOTE 1 SelfRefresh Abort = Disable: MR4 [A9=0]
NOTE 2 Input commands are bounded by txspiL, 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 asort and txs.

Figure 65. 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 tuop par before any other commands.

tmop_par = tmop + PL

twro_par = tmop + 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.

Settings PL-0 X UpdatingSetting X PL=N

t {
MRD_PAR
14

v

Enable Parity change
PL fromOto N

NOTE 1. turp_par = 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 MRS command, tpar aLerT on is ‘N[NCK] + 6[ns]'.

Figure 66. Parity entry timing example - tMRD_PAR
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Settings PL=0 X UpdatingSetting X PL=N

t P4
MOD_PAR
14

v

Enable Parity change
PL from 0 to N

NOTE 1. twop_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 67. Parity entry timing example - tMOD_PAR

CK#
CK
CMD
. —{(——
Settings PL=N >< Updating Setting X PL=0
tMRI%(_PAR ‘
1 ’

Disable Parity change
PL from N to 0

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 68. Parity exit timing example - tMRD_PAR

Settings PL=N X UpdatingSetting X PL=0

t P4
MOD_PAR
14

v

Disable Parity change
PL from N to O

NOTE 1. twop_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 VALID command due to disabling parity mode.

Figure 69. 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 MPRS.

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. MRS is written by asserting
CS#, RAS#/A16, 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] [11 [0]
DRAM address — Ax A7 A6 A5 A4 A3 A2 Al A0
MPR UI - Ulx ulo un ui2 uli3 ul4 uls ule ul7
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Table 31. MPR Data Format

Address | MPRLocation | 71 | 161 | 151 | @ | @ | @& | m | [ Note
MPR page0 (Training Pattern)
e e e e T e ] e
01 = 1 Write
BA1:BAO
10 = MPR2 0 0 0 0 1 1 1 1 (default
11 = MPR3 0 0 0 0 0 0 0 0 value)
MPR page1 (CA Parity Error Log)
00 = MPRO Al7] Al6] Al5] Al4] Al3] Al2] All] A[0]
01 = MPR1 CAS#/A15 | WE#/A14 A[13] A[12] Al11] A[10] Al9] 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 we | Temperature sensor*? CRC Write Rt wr
- Enable B
00 = MPRO - - MR2 - - MR2 MR2
- - A11 - - A12 A10 A9
Vreroa - Geardown
Training Vgerpq Training Value Enable
01 = MPR1 range
BA1:BAO MR6 MR6 MR3 Read-only
A6 A5 | A4 A3 A2 A1l A0 A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO - MR2
Ae [ a5 ] a4 A2 - A5 A [ A3
RT1 NOM RTT PARK Driver Impedance
11 = MPR3 MR1 MR5 MR1
Ao [ A [ 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. MPRS3 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(= trer)
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 L timing between Read commands.

« Reads (back-to-back) from Pages 1, 2, or 3 may not use iccp s timing between Read commands; tcop | must
be used for timing between Read commands The following steps 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

. twrp 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 fixedat0,1,2,3, 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."
. After RL = AL + CL, DRAM bursts data from MPRx location; MPR readout format determined by MR3
A[12:10] and MR3 A[1:0] .
. Steps 5 through 7 may be repeated to read additional MPRx locations.
. After the last MPRx Read burst, typrg must be satisfied prlor to exiting.
10. Issue MRS command to exit MPR mode; MR3 A[2] =
11. After the tyop Sequence is completed, the DRAM is ready for normal operation from the core (such as
ACT).

[eXé) IF -

©ow N
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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 (Y]} ui2 ui3 uvi4 uUl5 uUl6 ul7

DQO 1

DQ1 1

DQ2 1

o|lo|o|o
I [ G [N
alalala
alalala
Al a|—a
Al a|—a
Al a|—a

DQ3 1

x8 Device

c
o
c
=y

Serial ui2 ui3 uvi4 ul5 ul6 Uiz

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

o|o|Oo|o|o|o|o|o
alalalalalalala
allmala]lalalal—a
G IR [ (PR N [ U
allmala]lalalal—a
allalalalalalala
allalalalalalala
allalalalalalala

DQ7

x16 Device

Serial ulo un ui2 ui3 ul4 ul5 Ul ul7

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9

DQ10

DQ11

DQ12

DQ13

DQ14

o|lo|Oo|o|o|o|o|o|o|o|o|Oo|o|o|O|O
Alalalalalalalalalalalalala]al—=
Alalalalalalalalalalalalala]lal=
aAlalalalalalalalalalalalala]lal—=
Alalalalalalalalalalalalala]lal=
Alalalalalalalalalalalalala]lal=
Alalalalalalalalalalalalala]lal=
Alalalalalalalalalalalalala]lal=

DQ15
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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

(Y]}

ui2

ui3

uvi4

UI5

Ul6

ul7

DQO

0

DQ1

1

DQ2

1

DQ3

alalalo

alalalo

alalalo

1

alalalo

ala|lalo

ala|lalo

ala|lalo

x8 Device

Serial

ulo

(V]}]

ui2

ui3

uvi4

ui5

ul6

Uiz

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

alalalalalalalo

alalalalalalalo

alalalalalalo

DQ7

aAla|lalalalala|lo

1

aAla|lalalalala|lo

alalalalalala|lo

allalalalalalalo

alalalalalala|lo

x16 Device

Serial

ulo

un

Ul2

ui3

ul4

ul5

Ul

uil7

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9

DQ10

DQ11

DQ12

DQ13

DQ14

DQ15

Alalalalalala|lola|almlAalmala]la|lo

Alalalalalala|lola|almlAalmala]la|lo

aAlalalala|lalalo|lm|lalalAaA]la|lala|lo

aAlalalala|lalalo|la|lalAalAa]la|lala|lo

aAlalalala|lalalola|lalAalAa]la|lala|lo

aAlalalalalala|lola|AalalAalala]la|lo

aAlalalalalala|lola|alalalala]la|lo

Alalalalalala|lola|Aalalalala]la|lo
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MPR Readout Staqgered Format

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 UI[7:0] Stagger UI[7:0] Stagger UI[7:0] Stagger UI[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(MPRO0), RD(MPR1), RD(MPR2), and RD(MPR3).

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

Stagger UI[7:0] UI[15:8] | UI[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 UI[7:0] Stagger UI[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 MPRS3 DQ7 MPRS3 DQ15 MPRS3
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MPR Read Waveforms

CK

R— i .- \_/ s f
i & B 24

a5 1; Disable  ;:

tre ¢ 5 tuprR >tMOD‘{
ce T L | W W u
bas’ +CL -
ADDR ’(\Eun B vaLD LID VALID VALID

VALID ] VALID ] VAIM

DQs
NOTE 1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1) 2 Time BREAK [l 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 70. MPR Read Timing
[ W N e N Rt ) et N Y Nt e N Y e Nt/ e N Y N N e Nt e WY
CK
CMD
CKE
DQS# i ' —
DQS PL®+AL+CL ¥
DQ 7
(BL:B'Fixed) ulo un ui2 ui3 ul4 uls uie uiz ulo un ui2 ui3 ul4 uls ule uiz
pas#
DQs P 3
(DBQC:4'FiXed) N N ulo unt ui2 ui3 uio un ui2 U3
NOTE 1. teco_s = 4, Read Preamble = 1tx i TiME BREAK [Jll 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 71. MPR Back to Back Read Timing
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; tMPJHR

ADDR ADD‘ VALID m . VALID VALID VALID m m m VALID ADD? VALID VALID

DQSH —i <
DQs PL®+ AL + CL

DQ

NOTE 1. Address setting « Tme BREAK [JlJ 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 72. 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.

ook W=

[{oNoJLN|

. 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.

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

a. BA1 and BAO indicate MPRx 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"

. twr_wpr must be satisfied to complete MPR Write.
. Steps 5 through 7 may be repeated to write additional MPRx locations.
. After the last MPRx write, typrr must 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 TbO TcO Tel Tc2 TdO Td1 Td2 Td3 Td4 Td5

MPR
Enable

DQS# G 0 7
DQS

DQ o X3 34

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 73. MPR Write Timing and Write to Read Timing

D VALID VALID)

ADDR .@D‘ VALID Y VALID VALID ADD' VALID VALID VALID VALID VALID VAL

DQS# ‘
DQS

e g

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

Figure 74. MPR Back to Back Write Timing

& Time BREAK [l DON'T CARE
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MPR Refresh Waveforms

CK#
oK
_ Enable

CMD
ADDR

NOTE 1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1) % TIME BREAK [EEJ DON'T CARE

- Redirect all subsequent read and writes to MPR locations
NOTE 2. 1x Refresh is only allowed when MPR mode is Enable.
Figure 75. Refresh Command Timing
Ta7 Ta8 Ta9

CK# ; e :

CK

1 oy 1 1 1 3 1 1 1 1 1
oMp O &) & & 6 6 68 6 6 6 G G G
1 1 rod i i i ‘ i i i i i
«w F W W W

‘
ADDR ADD' VALID VALID Ykl VALID VALID VALID m m VALID VALID VALID VALID VALID

DQS#
DQs i
PL + AL + CL trrc
DQ
(BL=8:Fixed)
DQS# -
DQS i
DQ {
(BC=4:Fixed) uio X uit X ui2 X ui3
# Time BREAK [JJJj DON'T CARE
NOTE 1. Address setting

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

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

- BA1 and BAO indicate the MPR location

- A10 and other address pins are don’t care including BG1 and 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 76. Read to Refresh Command Timing
T0 T Ta0 Tal Ta2 Ta3 Ta4d Ta5 Taé Ta7 Ta8 Ta9 Tal0

CKit
CK
CMD
CKE
DQS# i
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 77. Write to Refresh Command Timing
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DDR4 Key Core Timing

T0 T T2 T3 T4 T5 T9 T10 T11 T12 T13

CK

CMD

(44
2

f‘(
A

o

2
&

#Time BREAK [Jll 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 78. tCCD Timing (WRITE to WRITE Example)

CK#
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i i " i
H H 2
H H a3
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 79. tCCD Timing (READ to READ Example)

CK#
CK

CMD

H H ¢
H H )
¢

D

~TiME BREAK [l 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 80. tRRD Timing
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CK#
CK

CMD

P

¢ ' ' traw

Bank Group

Bank

ADDR

#Time BREAK [JJlj DON'T CARE
NOTE 1. tFAW: Four activate window.

Figure 81. tFAW Timing

CKi#
CK

CMD

Bank Group
(BG)

BANK

ADDR

DQs, DQs#

&

wL

0 T OO0ROOOE w

b

#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 Tb0 can be pulled in by AL.

Figure 82. tWTR_S Timing (WRITE to READ, Different Bank Group, CRC and DM Disabled)

CK#
CK

CMD

Bank Group
(BG)

BANK

ADDR

DQS, DQS#

wL i

" 7 ECENEENDNENEY 7

#TIME BREAK [__] TRANSITIONING DATA  [Jill] DON'T CARE

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 Tb0 can be pulled in by AL.

Figure 83. 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 tcx and 2 tcx preamble; selectable via MRS
(MR4 A[12:11]). The 1 tcx preamble applies to all speed-Grade and The 2 tgk preamble is valid for DDR4-
2400/2666 speed-Grade.

Write Preamble

DDR4 supports a programmable write preamble. The 1 tok or 2 tcx Write Preamble is selected via MR4 A[12].
Write preamble modes of 1 tcx and 2 tck 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 twrg 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 \DOXD1XD2XD3XD4XD5XD6XD7/
Preamble
DQS, DQS# X
2 tCK mode

DQ \DOXD1XD2XD3XD4XD5XD6XD7/

Figure 84. 11CK 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 tgx
preamble scenarios for consecutive write commands with tccp timing of 4, 5 and 6 nCK, respectively. Setting
tccp to 5nCKis not allowed in 2 tcx preamble mode.

1tck mode

CKi#
CK

tocp -4 y WL
I

DQS,DQS#

DQ

2tck mode

CK#
CK

tccp-4 . WL
i

DQS,DQS#

oo : DO 0000006 E
Figure 85. tCCD=4 (AL=PL=0)
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1tck mode

CKi#
CK

DQsS,DQs#

DQ

2ick mode: teep=5 is not allowed in 2,ck mode

Figure 86. tCCD=5 (AL=PL=0)

1tCK mode

CK#
CK

DQs,DQs#

DQ

2tCK mode

CK#
CK

DQs,DQs#

bQ . . DO mﬁﬂmmﬂ D7 DO mﬂ D3
Figure 87. tCCD=6 (AL=PL=0)
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Read Preamble

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

Preamble

0
’

DQS, DQS#

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

DQ \DOXD1XD2XD3XD4XD5XD6XD7/

1tck toggle

Preamble

DQS, DQS#

Ly ,
[ SR~y

DQ \DOXD1XD2XD3XD4XD5XD6XD7/

2tck toggle

Figure 88. 11CK 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] = O 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 tgpo 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

Do(ouietordriv:in) \\ X X X X X X X /

NOTE 1. Read Preamble Training mode is enabled by MR4 A10 = [1]
Figure 89. READ Preamble Training

Table 37. AC Timing Table

Symbol Parameter Min. Max. Unit

tspo Delay from MRS Command to Data Strobe Drive Out - tmop + 9ns
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Postamble
Read Postamble

Whether the 1 tck or 2 tck Read Preamble Mode is selected, the Read Postamble remains the same at 1/2 tek.
DDR4 will support a fixed read postamble.
Read postamble of nominal 0.5 tck for preamble modes 1,2 tck are shown below:

Preamble Postamble
DQS, DQS#
1tck toggle
b X XXX XX/
Preamble Postamble
DQS, DQS# , ‘ &
2tck toggle

°q A XX XXX/

Figure 90. READ Postamble

Write Postamble

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

Preamble Postamble
DQS, DQS# ] ! )
1tck toggle
ba X XXX XX/
Preamble Postamble
DQS, DOS# ) ¢ &
2tck toggle

oq A X XX XX X/

Figure 91. 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 BG0-BG1 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 (trp) after the Precharge command
is issued, except in the case of concurrent auto precharge, where a Read or Write command to a different bank
is allowed as long as it does not interrupt the data transfer in the current bank and does not violate any other
timing parameters. Once a bank has been precharged, it is in the idle state and must be activated prior to any
Read or Write commands being issued to that bank. A Precharge command is allowed if there is no open row
in that bank (idle state) or if the previously open row is already in the process of precharging. However, the
precharge period will be determined by the last Precharge command issued to the bank.

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 (tgrp) 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:

« tpasck mMin/max describes the allowed range for a rising data strobe edge relative to CK, CK#.
«tpasck is the actual position of a rising strobe edge relative to CK, CK#.

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

« tpasq 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:

«tqsL describes the DQS, DQS# differential output low time.
« tpasq describes the latest valid transition of the associated DQ pins.
«tqn describes the earliest invalid transition of the associated DQ pins.

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

tbasck min [ tbasck max tbasck min | tbasck max
4 M Md
N L4 A L4 A
tbascki toascki
4 1'% 4
Al Al
t ISing Strobe \?/lng Tobe
Variance ariance
DQSCK max Window Window
toagcki
A .
t 1Sing Strobe \?/lng robe
DQSCK center e o
toascki toasck
4
ISing Strobe 1Sing Strobe
) Vo
tbasck min o i
tbasck toasck
]
,  lasHpas) |, tasLpas)
N 7N

DQS# ------ \ /—\ R \\' /_
DQS 4/ oo /I,\_/ R

< tQH ‘tQH—’
tbasa }Boso

Associated N7 N
DQ Pins /)

Figure 92. 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:

«tpasck Min/max describes the allowed range for a rising data strobe edge relative to CK, CK#.
«tpasck is the actual position of a rising strobe edge relative to CK, CK#.
« tgsy describes the data strobe high pulse width.

Falling data strobe edge parameters:

«tgsL describes the data strobe low pulse width.
«tiz(pas), thzpas) for preamble/postamble.

RL Measured
to this point
CK# K \/ / X / X / \/ K \/ K X / \
/ \ , X , X , \ / \ / X , \
- eeae i eeae i U, i U, i - \
tbasck (min) tbasck (min) toasck (min) toasck (min) thz(pas) (min)
>
t i i
£2(DAs) min tsn . lost | tosw fost | tdsw ¢ tost
«—> Pl——P—P——P——— | | ...
\ Fhitd \ / i , \ / \ J/
DQS, DQS# \ , N/ 5 \ , \ g N/ J 4
\ h 3 4 4 )
Early Strobe .- .t.,' ebed HN. S eabend _/x.....,' —/
RPRE H 1
: RPST HZ(DQS) (max)
t Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit6 Bit 7
LZ(DQS) max tbasck (max) tbasck (max) tbasck (max) tbasck (max) t
! > —> RPST |
Y SN -~ SIITEEN P e
DQS, DQS# 3 ; \ . ! \ ! \ )
4 )
Late Strobe N— oo " - e “ ’
’ tRPRE tasn i, tast i tasH tast tasH tast
4 o > > >
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7

NOTE 1.

NOTE 2.

NOTE 3.

NOTE 4.

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

Within a burst, rising strobe edge can be varied within tpascki While at the same voltage and temperature. However
incorporate the device, voltage and temperature variation, rising strobe edge variance window, tpascki can shift
between tpasck(min @nd toasckmax)- A timing of this window’s right inside edge ( latest ) from risinG CK, CK# is
limited by a device’s actual tpasckmax). A timing of this window’s left inside edge (earliest) from rising CK, CK# is
limited by tpasckmin)-

Notwithstanding note 1, a rising strobe edge with toasckmax at T(n) can not be immediately followed by a rising strobe
Edge with tpasckminy at T(n+1). This is because other timing relationships (tash, tast) exist: if tbasckns1) < 0:

toasckm) < 1.0 tek - (tosHmin + tastmin) - [toasckne)|

The DQS, DQS# differential output high time is defined by tosy and the DQS, DQS# differential output low time is
defined by tast-

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 tpasckmax (late strobe case).

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

The maximum read postamble is bound by tpasck(min) PIUS tasHminy ON the left side and tuzpasmax) on the right side.
The minimum pulse width of read postamble is defined by trest(min)-

The maximum read preamble is bound by t zpasmin) ON the left side and tpasckmax) 0N the right side.

Figure 93. 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:

« tpasq 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:

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

« ton describes the earliest invalid transition of the associated DQ pins.
tbasaq; both rising/falling edges of DQS, no tAC defined.

Data Valid Window:

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

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

CK#
CK

o D(READD( >ﬂ( ) G ).( ).( >.( >.( >.(DES>I

RL = AL +CL+PL i

T0

ADDR an

Col n
& tbasa (max—» — tbasa (max) trpsT
DQS,DQSH l
it trpRE M oy ton | touly
. " _’I . ovive
DQ t Bout \/ Dout \/ Bour \/ Dout \/ Dout \/ Dot \/ Dot DT_
(Last data valid) . n n+1 n+2 n+3 n+4 n+5 n+6 n+7

s OEEEEEEE

(First data no longer valid) = ! - ™S - n+6 n+7
. A \ Dout i Dout Dout I Dout Dout i Dout Dout

All DQs collectively t \ oy nel ni2 i3 nid ni5 46 ne7

[] TransiTIONING DATA  [JJJl] DON'T CARE

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

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 TO0.

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

NOTE 6. tpasq 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 94. Data Strobe to Data Relationship
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tLz(pas), tLz(pq), tHz(Das), tHz(Dq) Calculation

thz and t.z 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 tizpas) and tizpq), or begins
driving t zpas), tLzpa)-

t.z shows a method to calculate the point when the device is no longer driving thzpas) and thzpq), or begins
driving tizpas), tizpa), by measuring the signal at two different voltages. The actual voltage measurement points
are not critical as long as the calculation is consistent. The parameters t\zpas), tLzpq), thzpas), and thzpq) are
defined as single en