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DDR4 SDRAM

512 Mb x 8
DDR4 SDRAM

Feature

Power supply (JEDEC standard 1.2V)

-VDD = VDDQ = 1.2V + 5%

- VPP = 2.375V to 2.75V

16 internal banks

- 4 groups of 4 banks each (x8)

Differential clock inputs (CK_t and CK_c)

Bi-directional differential data strobe (DQS_t and
DQS ¢)

Termination Data Strobe is supported (x8 only)
(TDQS_t and TDQS _c)

Asynchronous reset is supported (RESET_n)

ZQ calibration for Output driver by compare to external
reference resistance (RZQ 240 ohm +1%)

Nominal, park and dynamic On-die Termination (ODT)
DLL aligns DQ and DQS transitions with CK transitions
Commands entered on each positive CK edge

CAS Latency (CL): 9,11,12,13,14,15,16,18,19,20,21,
22,23,24

Additive Latency (AL) 0, CL-1, and CL-2 supported
Burst Length (BL): 8 and 4 with Burst Chop (BC)

CAS Write Latency (CWL): 9,10,11,12,14,16,18,20
Refresh cycles

Average refresh period

-7 . 8¢ C @Tc 0O885°C

-3.9¢&s GKTcOIHBC

Fine granularity refresh is supported

Adjustable internal generation VREFDQ

Pseudo Open Drain (POD) interface for data
input/output

Driver strength selected by MRS

The high-speed data transfer by the 8 bits prefetch
Temperature Controlled Refresh (TCR) mode is
supported

Low Power Auto Self Refresh (LP ASR) mode is
supported

Self-refresh abort is supported

Programmable preamble is supported

Write leveling is supported

Command/Address latency (CAL) is supported
Multipurpose register READ and WRITE capability
Command Address (CA) Parity for command/address
signal error detect and inform it to controller

Write Cyclic Redundancy Code (CRC) for DQ error
detect and inform it to controller during high-speed
operation

Data Bus Inversion (DBI) for Improve the power
consumption and signal integrity of the memory
interface (x16 product only)

Data Mask (DM) for write data

Per DRAM Addressability (PDA) for Each DRAM can
be set a different mode register value individually and
has individual adjustment.

Gear down mode (1/2 and 1/4 rate) is supported

PPR and sPPR is supported

Connectivity test (x16 only)

Maximum power down mode for the lowest power
consumption with no internal refresh activity

JEDEC JESD-79-4 compliant
Operating case temperature range: T¢c = 0°C to +95°C
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Ordering Information

Product ID Max Freq. VDD Data Rate (CL-tRCD-tRP) Package Comments
M16U4G8512A-QLBG2Z 1600MHz 1.2v DDR4- 3200 (24-24-24) 78 ball BGA Pb-free
M16U4G8512A-KIBG2Z 1333MHz 1.2v DDR4- 2666 (19-19-19) 78 ball BGA Pb-free

DDR4 SDRAM Addressing

Configuration Device
# of Bank Groups 4
Bank Address BG Address BG0~BG1
Bank Address in a BG BAOT BAl
Row Address AOT Al4
Column Address AOT A9
Page size 1KB
Note:
1. Page size is per bank, calculated as follows:
Page size = 2°°®'"S x ORG/8, where COLBIT = the number of column address
bits and ORG = the number of DQ bits.
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Pin Configuration i 78 balls BGA Package
< TOP View>
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Input / Output Functional Description

Symbol

Type

Function

CK_t,CK_c

Input

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

CKE

Input

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

CS n

Input

Chip Select: All commands are masked when CS_n is registered high. CS_n provides
for external rank selection on systems with multiple memory ranks. CS_n is considered
part of the command code.

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination resistance internal to
the DDR4 SDRAM. When enabled, ODT is only applied to each DQ, DQS_t, DQS_c
and DM_n/DBI_n/TDQS_t, NU/TDQS_c (When TDQS is enabled via Mode Register
Al11=1 in MR1) signal for x8 configurations. The ODT pin will be ignored if MR1 is
programmed to disable RTT_NOM.

ACT_n

Input

Activation Command Input: ACT_n defines the Activation command being entered
along with CS_n. The input into RAS_n/A16, CAS_n/A15 and WE_n/Al4 will be
considered as Row Address A16, A15 and A14

RAS_n/A16,
CAS_n/A15,
WE_n/A14

Input

Command Inputs: RAS_n/A16, CAS_n/A15 and WE_n/Al14 (along with CS_n) define
the command being entered. Those pins have multi function. For example, for activation
with ACT_n Low, those are Addressing like A16,A15 and Al4 but for non-activation
command with ACT_n High, those are Command pins for Read, Write and other
command defined in command truth table

DM_n, DBI_n,
TDQS_n

Input/ Output

Input Data Mask and Data Bus Inversion: DM_n is an input mask signal for write data.
Input data is masked when DM_n is sampled LOW coincident with that input data during
a Write access. DM_n is sampled on both edges of DQS. DM is muxed with DBI function
by Mode Register A10, A11, A12 setting in MR5. For x8 device, the function of DM or
TDQS is enabled by Mode Register A1l setting in MR1. DBI_n is an input/output
identifying whether to store/output the true or inverted data. If DBI_n is LOW, the data
will be stored/output after inversion inside the DDR4 SDRAM and not inverted if DBI_n
is HIGH. TDQS is only supported in X8.

BGO - BG1

Input

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

BAO - BA1

Input

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

A0 - A16

Input

Address Inputs: Provide the row address for ACTIVATE Commands and the column
address for Read/Write commands to select one location out of the memory array in the
respective bank. (A10/AP, A12/BC_n, RAS_n/A16,CAS_n/Al5 and WE_n/Al4 have
additional functions, see other rows. The address inputs also provide the op-code during
Mode Register Set commands.

A10/ AP

Input

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

Elite Semiconductor Microelectronics Technology Inc

Publication Date: Apr. 2023
Revision: 1.0 4/291




ESMT

M16U4G8512A (22)

Symbol

Type

Function

A12/BC_n

Input

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

RESET n

Input

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

DQ

Input / Output

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

DQS_t, DQS_c,

Input/ Output

Data Strobe: output with read data, input with write data. Edge-aligned with read data,
centered in write data. The data strobe DQS _t is paired with differential signals DQS _c,
respectively, to provide differential pair signaling to the system during reads and writes.
DDR4 SDRAM supports differential data strobe only and does not support single-ended.

TDQS_t, TDQS_c

Output

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

PAR

Input

Command and Address Parity Input: DDR4 Supports Even Parity check in DRAM
with MR setting. Once itds enabled via
with ACT_n, RAS_n/A16, CAS_n/A15, WE_n/Al4, BG0O-BG1, BA0-BA1,A17-A0, and
CO0-C2 (3DS devices). Command and address inputs shall have parity check performed
when commands are latched via the rising edge of CK and whenCS_n is low.

ALERT n

Input/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_n goes LOW for the period
time interval and goes back HIGH. If there is error in Command Address Parity Check,
then ALERT_n goes LOW for relatively long period until on going DRAM internal
recovery transaction to complete. During Connectivity Test mode, this pin works as
input. Using this signal or not is dependent on system. In case of not connected as
Signal, ALERT_n Pin must be bounded to VDD on board.

TEN

Input

Connectivity Test Mode Enable: optional input on x8 with densities equal to or greater
than 8Gb.HIGH in this pin will enable Connectivity Test Mode operation along with other
pins. It is a CMOS rail to rail signal with AC high and low at 80% and 20% of VDD. Using
this signal or not is dependent on System. This pin may be DRAM internally pulled low
through a weak pull-down resistor to VSS.

NC

No Connect: No internal electrical connection is present.

VDDQ

Supply

DQ Power Supply: 1.2 V +/- 0.06V

VSSQ

Supply

DQ Ground

VDD

Supply

Power Supply: 1.2 V +/- 0.06V

VSS

Supply

Ground

VPP

Supply

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

VREFCA

Supply

Reference voltage for CA

Z2Q

Supply

Reference pin for ZQ calibration.

Note: Input only pins (BG0-BG1, BA0O-BAL, A0-A17, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, CS_n, CKE, ODT, and
RESET_n) do not supply termination.
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Simplified State Diagram
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Abbreviation | Function Abbreviation | Function Abbreviation | Function
ACT Active Read RD, RDS4, RDSS8 PDE Enter Power-down
RDA, RDAS4, .

PRE Precharge Read A RDASS PDX Exit Power-down
PREA Precharge All Write WR, WRS4, WRS8 SRE Self-Refresh entry

. . WRA, WRAS4, .
MRS Mode Register Set Write A WRASS SRX Self-Refresh exit
REF Refresh RESET n | S@RESET MPR Muli-Purpose

— Procedure Register
TEN Boundary Scan Mode ) ) } )
Enable
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Basic Functionality

The DDR4 SDRAM is a high-speed dynamic random-access memory internally configured as sixteen-banks, 4 bank group with 4
banks for each bank group for x8 and eight-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 1/0 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 o6choppedd burst of four i n a gstaigofamACIFIVATE Gognmand,c e . C
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-BGL1 in x8 select the bankgroup; BAO-BA1 select the bank; A0-A17 select

the row,; refer to ADDR4 SDRAM Addressingo for specific require
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 6o0on the

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 A[2:0]) : 000 = Disable

Hard Post Package Repair mode (MR4 A[13]) : 0 = Disable
Soft Post Package Repair mode (MR4 A[5]) : 0 = Disable

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
Revision: 1.0 7/291
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Power-up Initialization sequence

The Following sequence is required for POWER UP and Initialization

1. Apply power (RESET_n and TEN are recommended to be maintained below 0.2 x VDD, all other inputs may be undefined).

RESET_n needs to be maintained below 0.2 x VDD f o r

below 0.2 x VDD for minimum 700us with stable power. CKE

mi ni mum 200 ¢ s and TENMeedsttoabb mmantaiped w e r

is pull ed ARESEV M bang getassented (hie f or e

time 10ns). The power voltage ramp time between 300mV to VDDin must be no greater than 200ms; and during the ramp,
VDD OVDDQ and (VDD-VDDQ) <0.3 Volts. VPP must ramp at the same time or earlier than VDD and VPP must be equal to or

higher than VDD at all times.

VDD and VDDQ are driven from a single power converter output, AND
The voltage levels on all pins other than VDD,VDDQ,VSS,VSSQ must be less than or equal to VDDQ and VDD on

one side and must be larger than or equal to VSSQ and VSS on the other side. In addition, VTT is limited to 0.76 V

max once power ramp is finished, AND
VrefCA tracks VDD/2.
OR

Apply VDD without any slope reversal before or at the same time as VDDQ

Apply VDDQ without any slope reversal before or at the same time as VTT & VrefCA.

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

The voltage levels on all pins other than VDD,VDDQ,VSS,VSSQ must be less than or equal to VDDQ and VDD on

one side and must be larger than or equal to VSSQ and VSS on the other side.

2. After RESET_n is de-asserted, wait for another 500us until CKE becomes active. During this time, the DRAM will start internal

initialization; this will be done independently of external clocks.
3.

Clock (CK_t, CK_c) need to be started and stabilized for at least 10ns or 5tCK (which is larger) before CKE goes active. Since

CKE is a synchronous signal, the corresponding setup time to clock (tIS) must be met. Also a Deselect command must be

registered (with tIS set wup time to clock) at <clock edge Td.
continuously registered fAHi gh dishednrcluding exdiraioniotDLEK andlt4Qztat i on s e que
4. The DDR4 SDRAM keeps its on-die termination in high-impedance state as long as RESET_n is asserted. Further, the
SDRAM keeps its on-die termination in high impedance state after RESET_n deassertion until CKE is registered HIGH. The
ODT input signal may be in undefined state until tIS before CKE is registered HIGH. When CKE is registered HIGH, the ODT
input signal may be statically held at either LOW or HIGH. If RTT_NOM is to be enabled in MR1 the ODT input signal must be
statically held LOW. In all cases, the ODT input signal remains static until the power up initialization sequence is finished,
including the expiration of tDLLK and tZQjnit.
5. After CKE is being registered high, wait minimum of Reset CKE Exit time, tXPR, before issuing the first MRS command to load
mode register. (tXPR=Max(tXS, 5nCK)]
6.l ssue MRS Command to to | oad MR3 with all application settin
iHigho to BA1l, BAO)
7.1ssueMRScommand to | oad MR6 with all/l application settings (To i ss
to BGO, BA1)
8l ssue MRS command to | oad MR5 with all application settings (
to BGO, BAO)
9.1l ssue MRS command to |l oad MR4 with all/l application settings
fiHI tpBGO)
10.l ssue MRS command to | oad MR2 with all application settings
AHIi gho to BAL1l)
11.1 ssue MRS command to | oad MR1 with all application settings
AHi gho .t o BAOQO)
12.1 ssue MRS command to |l oad MRO with all applicatioomd det tBiGDgs E
BAO)
13. Issue ZQCL command to starting ZQ calibration
14. Wait for both tDLLK and tZQ init completed
15. The DDR4 SDRAM is now ready for read/Write training (include Vref training and Write leveling).
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Publication Date: Apr. 2023
Revision: 1.0 8/291



ESMT M16U4G8512A (22)

T . ™ T . . L ™o oo m . oo m . ™
.. { i (i i vl (7 i
VPR I'::". )] ] )] )] )] ] p)]
weioa ) e | i ) ] ] )] ]
I
ReseTn | Jl,f )i ] D] )]
o e e
i’ g;m ||:t¢: L) tcs 4
bk
oo W '-TZG;T'.T ‘;—T':fl -.-.;u_;
AR ‘ ‘ ‘ 1t .

(s (3 i(; I (2 i (i (3
i A ¢ s { {;
| | | - -
T . - - - - - -
oot I it Statc LOW In caze RTT_Nom ks sanbied at Sme Tg, cthenstzs Siatic FIGH or LOW

I s

DRAM_RTT L i ! I - ! 8
A ) A ) ) p) N M A |

{ nmeereak  [[] DonTeare

RESET_n and Initialization Sequence at Power- on Ramping

Note:

1. From ti me poi npbDEScomthandsunust belapplieddetween MRS and ZQCL commands.
2. MRS Commands must be issued to all Mode Registers that have defined settings.

VDD Slew rate at Power-up Initialization Sequence

VDD Slew Rate

Symbol Min Max Unit
VDD _sl? 0.004 600 v/ms”
VDD_ona 200 ms®

a. Measurement made between 300mv and 80% VDD minimum.
b. 20 MHz bandlimited measurement.
c. Maximum time to ramp VDD from 300 mv to VDD minimum.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Reset Initialization with Stable Power

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

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

must be applie

2. Foll ow steps 2ug ol niOt ii al iiPaotwieon Sequenceo.
3. The Reset sequence is now completed, DDR4 SDRAM is ready for Read/Write training (include Vref training and Write
leveling)
Ta . o T . Tad - Te - ™ B Tg B Th . LL . T - ™ -
I | i A e A e dee v e e A e e s e e e
s JANANSURL AN RNATIE RN AU SURESY,
F‘w_'FESE_ I 500 u: ” f;
RESET_n | e ’,n' ) ] IZ-;
L ek
aARO | '-:'-.I | |
] | | |
DRAM_RTT { ,, 1 (8 (s i i e : 3
{ TmE BREAK D DON'T CARE
Reset Procedure at Power Stable
Note:
1. From time point 6Tddé wuntil 6é6Tkdé, DES commands

2.

MRS Commands must be issued to all Mode Registers that have defined settings.

Elite Semiconductor Microelectronics Technology Inc
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Register Definition

Programming the mode registers

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

TO T T2 Ta0 Ta1l Ta2 ThO T Tb2 Tb3 Th4
CK_c =y—r=a|— ’__‘/_JP_\'—”__\?_\*_\— (»—\ Ll e D e e e W
CK_t . . . A C}\—-"\._-K—f‘;_-\—/g_i\'\—u._
Command (R T ED =B E B }é@@@@@:@@@z@@g
|
(

Address (o) (Wi (s

CKE

Settings Old Setfing ting Sefting

9
R N |
g

) TME BREAK  [[] DONT CARE

tMRD Timing

Note:
1. This timing diagram shows C/ A Parity Latency mode is fADisabl

2. List of MRS commands exception that do not apply to tMRD
- Gear down mode
- C/A Parity Latency mode
- CS to Command/Address Latency mode
- Per DRAM Addressability mode
- VrefDQ training Value, VrefDQ Training mode and VrefDQ training Range

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 tMRD timing to next MRS command are listed in Note 2 of tMRD Timing figure.

These MRS command input cases have unique MR setting procedure, so refer to individual function description.

The most MRS command to Non-MRS command delay, tMOD, is required for the DRAM to update the features, and is the
minimum time required from an MRS command to a non-MRS command excluding DES shown in tMOD Timing figure.
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tMOD Timing
Note:
1. Thistiming diagramshowsCAPar ity Latency mode is fDisabled case.

2. List of MRS commands exception that do not apply to tMOD
- DLL Enable, DLL Reset
- VrefDQ training Value, internal Vref Monitor, VrefDQ Training mode and VrefDQ training Range
- Gear down mode
- Per DRAM addressability mode
- Maximum power saving mode
- CA Parity mode

Some of the mode register setting cases, function updating takes longer than tMOD. The MRS commands that do not apply
tMOD timing to next valid command excluding DES is listed in Note 2 of tMOD Timing figure. These MRS command input cases
have unique MR setting procedure, so refer to individual function description.
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ODT Status at MRS affecting ODT turn-on/off timing

Note:

1. This timing diagram shows CA Parity Latency mode is fADisabl e

2. When an MRS command mentioned in this note affects RTT_NOM turn on timings, RTT_NOM turn off timings and
RTT_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 tMOD expires. The following MR registers
affects RTT_NOM turn on timings, RTT_NOM turn off timings and RTT_NOM 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

The mode register contents can be changed using the same command and timing requirements during normal operation as
long as the DRAM is in idle state, i.e., all banks are in the precharged state with tRP satisfied, all data bursts are completed and
CKE is high prior to writing into the mode register. For MRS command, If RTT_Nom function is intended to change (enable to
disable and vice versa) or already enabled in DRAM MR, ODT signal must be registered Low ensuring RTT_NOM is in an off
state prior to MRS command affecting RTT_NOM turn-on and off timing. Refer to note2 of ODT Status at MRS affecting ODT
turn-on/off timing figure for this type of MRS. The ODT signal may be registered high after tMOD has expired. ODT signal is a
donodt care during MRS command i f DRAM RTT_Nom function
command.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Mode Register

Mode Register 0

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
. 001 =MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW*
Al7 RFU 0 = must be programmed to 0 during MRS
A13°, AL1:AQ WR and RTP? 2 Write Rgcovery and Read to Precharge for auto precharge
(see Write Recovery and Read to Precharge (cycles) table)
A8 DLL Reset 0=NO 1=Yes
A7 ™ 0 = Normal 1=Test
Al2, A6:A4,A2 CAS Latency4 (see CAS Latency table)
A3 Read Burst Type 0 = Sequential 1 = Interleave
00 = 8 (Fixed) Abbreviated BLBMRS
01 = BC4 or 8 (on the fly) Abbreviated BC4OTF or BL8OTF
Al:A0 Burst Length . .
¢ 10 = BC4 (Fixed) Abbreviated BCAMRS
11 = Reserved
Note:

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA1; BA0O=111 and
When RFU MR code setting is inputted, DRAM operation is not defined.

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

used with tRP to determine tDAL.

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

4. The table only shows the encodings for a given Cas Latency. For actual supported Cas Latency, please refer to speedbin
tables for each frequency. Cas Latency controlled by A12 is optional for 4Gb device.

5. Al13for WR and RTP setting is optional for 4Gb.

doesn

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Write Recovery and Read to Precharge (cycles)

Al3 All Al10 A9 WR RTP
0 0 0 0 10 5
0 0 0 1 12 6
0 0 1 0 14 7
0 0 1 1 16 8
0 1 0 0 18 9
0 1 0 1 20 10
0 1 1 0 22 11
0 1 1 1 24 12
1 0 0 0 26 13
1 0 0 1 Reserved Reserved
1 0 1 0 Reserved Reserved
1 0 1 1 Reserved Reserved
1 1 0 0 Reserved Reserved
1 1 0 1 Reserved Reserved
1 1 1 0 Reserved Reserved
1 1 1 1 Reserved Reserved
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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CAS Latency

Al12 A6 A5 A4 A2 CAS Latency
0 0 0 0 0 9
0 0 0 0 1 10
0 0 0 1 0 11
0 0 0 1 1 12
0 0 1 0 0 13
0 0 1 0 1 14
0 0 1 1 0 15
0 0 1 1 1 16
0 1 0 0 0 18
0 1 0 0 1 20
0 1 0 1 0 22
0 1 0 1 1 24
0 1 1 0 0 23
0 1 1 0 1 17
0 1 1 1 0 19
0 1 1 1 1 21
1 0 0 0 0 25
1 0 0 0 1 26
1 0 0 1 0 27 (only 3DS available )
1 0 0 1 1 28
1 0 1 0 0 reserved for 29
1 0 1 0 1 30
1 0 1 1 0 reserved for 31
1 0 1 1 1 32
1 1 0 0 0 reserved
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Mode Register 1

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
. 001 =MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW?®
Al7 RFU 0 = must be programmed to 0 during MRS
000 = Vendor Optimized Setting (default) 001 = vendor defined
010 = vendor defined 011 = vendor defined
Al13, A6, A5 Rx CTLE control . .
100 = vendor defined 101 = vendor defined
110 = vendor defined 111 = vendor defined
0 = Output buffer enabled
A12 off* .
Q 1 = Output buffer disabled
All TDQS enable 0 = Disable 1 = Enable
Al10, A9, A8 RTT_NOM (see RTT_NOM table)
A7 Write Leveling Enable 0 = Disable 1 =Enable
. 00 = O(AL disabled) 10 =CL-2
A4, A3 Additive Latenc
y 01=CL-1 11 = Reserved
A2, Al Output Driver Impedance Control (see Output Driver Impedance Control table)
A0 DLL Enable 0 = Disable’ 1 = Enable
Note:

1. Outputs disabled -
2. States revebsedblteoidi ak
for Register control word setting .DRAM ignores

3. Reserved

DQs, DQS _ts, DQS_cs.

respect to DDR4.

When RFU MR code setting is inputted, DRAM operation is not defined.

Elite Semiconductor Microelectronics Technology Inc
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RTT_NOM
A10 A9 A8 RTT_NOM
0 0 0 RTT_NOM Disable
0 0 1 RZQ/4
0 1 0 RzQ/2
0 1 1 RzQ/6
1 0 0 RzQ/1
1 0 1 RzQ/5
1 1 0 RZQ/3
1 1 1 RZQ/7

Output Driver Impedance Control

A2 Al Output Driver Impedance Control
0 0 RZQI7
0 1 RZQ/5
1 0 Reserved
1 1 Reserved
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Mode Register 2

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
BGO, BAL:BAO | MR Select 8(1)3 _ mg; ﬂé _ mi‘z
011 = MR3 111 = RCW*
Al7 RFU 0 = must be programmed to 0 during MRS
Al13 RFU 0 = must be programmed to 0 during MRS
Al12 Write CRC 0 = Disable 1 =Enable
All, A10:A9 RTT_WR (see RTT_WR table)
A8, A2 RFU 0 = must be programmed to 0 during MRS
00 = Manual Mode (Normal Operaing Temperature Range)
11 = ASR Mode (Auto Self Refresh)
A5:A3 CAS Write Latency(CWL) see CWL (CAS Write Latency) table)
Al1:A0 RFU 0 = must be programmed to 0 during MRS
Note:

1. Reserved for Register

control

word setting .DRAM

When RFU MR code setting is inputted, DRAM operation is not defined.

Elite Semiconductor Microelectronics Technology Inc
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RTT_WR
All A10 A9 RTT_WR
0 0 0 Dynamic ODT Off
0 0 1 RZQ/2
0 1 0 RzQ/1
0 1 1 Hi-Zz
1 0 0 RzQ/3
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
CWL (CAS Write Latency)
Operating Data Rate in MT/s Operating Data Rate in MT/s
A5 A4 A3 CWL for 1 tCK Write Preamble for 2 tCK Write Preamble’
1st Set 2nd Set 1st Set 2nd 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 2933/ 3200 2400 2666 2400
1 1 0 18 2666 2933 /3200 2666
1 1 1 20 293373200 2933 /3200
Note:

1. The 2 tCK Write Preamble is valid for DDR4-2400/2666/2933/3200 Speed Grade. For the 2nd Set of 2 tCK Write Preamble,
no additional CWL is needed.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Mode Register 3

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
. 001 = MR1 101 = MR5
BGO, BA1:BAO MR Select 010 = MR2 110 = MR6
011 = MR3 111 = RCW*
Al7 RFU 0 = must be programmed to 0 during MRS
Al13 RFU 0 = must be programmed to 0 during MRS
00 = Serial 10 = Staggered
Al12:Al11 MPR Read Format
01 = Parallel 11 = Reserved
. Write CMD Latency when CRC and DM | see Write Command Latency when CRC and DM are both
Al10:A9
are enabled enabled table
A8, A6 Fine Granularity Refresh Mode see Fine Granularity Refresh Mode table
A5 Temperature sensor readout 0 = Disable 1 = Enable
A4 Per DRAM Addressability 0 = Disable 1 =Enable
A3 Geardown Mode 0 =1/2 Rate 1= 1/4 Rate
A2 MPR Operation 0 = Normal 1 = Dataflow from/to MPR
00 = Page0 10 = Page2
A1:A0 MPR page Selection 0l=Pagel 11 = Page3
(see MPR Data Format table)
Note:

1. Reserved

for Register

control

word setting. DRAM

When RFU MR code setting is inputted, DRAM operation is not defined.

ignores

Elite Semiconductor Microelectronics Technology Inc
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Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh
0 0 0 Normal (Fixed 1x)

0 0 1 Fixed 2x

0 1 0 Fixed 4x

0 1 1 Reserved

1 0 0 Reserved

1 0 1 Enable on the fly 2x

1 1 0 Enable on the fly 4x

1 1 1 Reserved

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

A10 A9 CRC+DM Write Command Latency Operating Data Rate
0 0 4nCK 1600
0 1 5nCK 1866,2133,2400,2666
1 0 6nCK 2933,3200
1 1 RFU RFU
Note:

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

2. Atless than or equal to 1600 then 4nCK; neither 5nCK nor 6nCK

3. At greater than 1600 and less than or equal to 2666 then 5nCK; neither 4nCK nor 6nCK
4. At greater than 2666 and less than or equal to 3200 then 6nCK; neither 4nCK nor 5nCK

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
Revision: 1.0 22/291
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MPR pageO (Training Pattern)
MPR Data Format

Address MPR Location [7] [6] [5] [4] [3] [2] [1] [O] Note
00 = MPRO 0 1 0 1 0 1 0 1
Read/
01 =MPR1 0 0 1 1 0 0 1 1 i
BA1:BAO Write
10 = MPR2 0 0 0 0 1 1 1 1 (default
value)
11 = MPR3 0 0 0 0 0 0 0 0

MPR pagel (CA Parity Error Log)

Address | MPR Location [7] [6] [5] [4] [3] [2] [1] [O] Note
00 = MPRO Al7] Al6] A[5] Al4] Al3] Al | Al | A
CAS/ WE/
01 = MPR1 o 14 A[L3] A[12] ALl | ALl | A9 | Afm]
_ RAS/ Read
BAL:BAG | 10 =MPR2 PAR | ACT.n | BG[ BG[0] BAILI | BAD] | ALT] | 0
’ only
CRC PCAt CA Parity Latency*
11 = MPR3 Error Ea” Y crel | cry | clo
Status Or | MR5.A[2] | MR5.A[1] | MR5.A[0]
Status
Note:

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

2. For higher density of DRAM, where A[17]isnotus ed, MPR2[ 1] should be treated as donbd
3.1 f a device is used in monolithic application, where C[2: 0]
4. MPRS3 bit 0~2 (CA parity latency) reflects the latest programmed CA parity latency values.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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MPR page2 (MRS Readout)

MPR
Address Location [7] [6] [5] [4] [3] [2] [1] [0] Note
Temperature CRC
hPPR sPPR | RTT_WR P Write Rtt WR
Sensor Status
Enable
00 = MPRO
MR2 MR2 MR2
All Al2 Al10 A9
¥rr§f > Vref DQ Trng range Geardwn
9 g 9 Enable
range
01 =MPR1
MR6 MR6 MR3
BA1:BAO Read
A6 A5 A4 A3 A2 Al A0 A3 only
CAS Latency CAS Write Latency
10 = MPR2 MRO MR2
A6 A5 A4 A2 Al2 A5 A4 A3
Rtt_Nom Rtt_Park Driver Impedance
11 = MPR3 MR1 MR5 MR1
A10 A9 A6 A8 A7 A6 A2 Al

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 ( > tREFI)
0 1 1X refresh rate(= tREFI)
1 0 2X refresh rate(1/2* tREFI)
1 1 rsvd
MPR page3 (Vendor use only)*
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [O] Note
00 = MPRO d o ncére
BALBAO 01 = MPR1 d o ncére Read
10 = MPR2 d o ncare only
11 = MPR3 d o ncére MAC
Note:

1. MPR page3 is specifically assigned to DRAM. Actual encoding method is vendor specific.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Mode Register 4

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
BGO, BA1:BAO MR Select 8(1)3 _ mg; ﬂé _ mi‘z
011 = MR3 111 = RCW*
Al7 RFU 0 = must be programmed to 0 during MRS
Al3 hPPR 0 = Disable 1 =Enable
Al2 Write Preamble 0=1nCK 1=2nCK
All Read Preamble 0=1nCK 1=2nCK
Al0 Read Preamble Training Mode 0 = Disable 1 =Enable
A9 Self Refresh Abort 0 = Disable 1 = Enable
000 = Disable 100=6
011=5 111 = Reserved
(see CS to CMD / ADDR Latency Mode Setting table)
A5 sPPR 0 = Disable 1 =Enable
A4 Internal Vref Monitor 0 = Disable 1 =Enable
A3 Temperature Controlled Refresh Mode | 0 = Disable 1 =Enable
A2 Temperature Controlled Refresh Range | 0 = Normal 1 = Extended
Al Maximum Power Down Mode 0 = Disable 1 =Enable
AO RFU 0 = must be programmed to 0 during MRS
Note:
1. ReservedforRegi ster control word setting .DRAM ignores MR command

When RFU MR code setting is inputted, DRAM operation is not defined.

CSto CMD / ADDR Latency Mode Setting

A8 A7 A6 CAL

0 0 0 Disable
0 0 1 3

0 1 0 4

0 1 1 5

1 0 0 6

1 0 1 8

1 1 0 Reserved
1 1 1 Reserved

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Mode Register 5

Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4

BGO, BA1:BAO MR Select 8(1)3 _ mié ﬂé _ mg‘z
011 = MR3 111 = RCW*

Al7 RFU 0 = must be programmed to 0 during MRS

Al13 RFU 0 = must be programmed to 0 during MRS

Al12 Read DBI 0 = Disable 1 =Enable

All Write DBI 0 = Disable 1 =Enable

A10 Data Mask 0 = Disable 1 =Enable

A9 CA parity Persistent 0 = Disable 1 = Enable

A8:A6 RTT_PARK see RTT_PARK table

A5 ODT Input Buffer during Power Down| O = ODT input buffer is activated

mode 1 = ODT input buffer is deactivated

A4 C/A Parity Error Status 0 = Clear 1 =Error

A3 CRC Error Clear 0 = Clear 1 = Error

A2:A0 C/A Parity Latency Mode see the table of C/A Parity Latency Mode table

Note:

1. Reserved

for

Register

control word setting DRAM ignhores

When RFU MR code setting is inputted, DRAM operation is not defined.
2. When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.

Elite Semiconductor Microelectronics Technology Inc
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RTT_PARK
A8 A7 A6 RTT_PARK
0 0 0 RTT_PARK Disable
0 0 1 RZQ/4
0 1 0 RZQ/2
0 1 1 RZQ/6
1 0 0 RzQ/1
1 0 1 RzQ/5
1 1 0 RzQ/3
1 1 1 RzQ/7
C/A Parity Latency Mode
A2 Al A0 PL Speed Bin
0 0 0 Disable
0 0 1 4 1600,1866,2133
0 1 0 5 2400, 2666
0 1 1 6 2933, 3200
1 0 0 8 RFU
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved
Note:

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

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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MR6
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO 100 = MR4
BGO, BA1:BAO MR Select 8(1); _ mg; ﬂé _ mg‘z
011 = MR3 111 = RCW*
Al7 RFU 0 = must be programmed to 0 during MRS
Al13, A9, A8 RFU 0 = must be programmed to 0 during MRS
A12:A10 tCCD_L (seet he t athG@D olf aind t DLLKDO
A7 VrefDQ Training Enable (1) z [E)LS:S:: ((T'\:Z:r:?:é T\;’j;t)io” Mode)
A6 VrefDQ Training Range (seet he t awefDQTofai Mi ng: Rangeo
A5:A0 VrefDQ Training Value (seet h e t aViefD& Traifing:fivaluesd
Note:
1. Reserved for Register control word setting. DRAM ignores MR command withBGO,BA1; BA0O=111 and

tCCD_L and tDLLK

doesndt

Al12 All A10 tCCD_L.min (nNCK)* tDLLKmin (nCK)* Note
0 0 0 4 Data rate’ 1333Mbps
o 0 L 5 597 1333Mbps < Data rate’ 1866Mbps
(1600/1866Mbps)
1866Mbps < Data rate’ 2400Mbps
0 1 0 7
6 68 (2133/2400Mbps)
2400Mbps < Data rate’ 2666Mbps
0 1 1 ! 2666Mb
1024 ( ps) :
1 0 0 8 2666Mbps < Data rate’ 3200Mbps
(2933/3200Mbps)
1 0 1
1 1 0 Reserved
1 1 1
Note:

1. tCCD_LADLLK should be programmed according to the value defined in AC parameter table per operating frequency

VrefDQ Training: Range

A6 VrefDQ Range
0 Range 1
1 Range 2

Elite Semiconductor Microelectronics Technology Inc
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A5:A0 Rangel Range2 AS5:A0 Rangel Range2
00 0000 60.00% 45.00% 011010 76.90% 61.90%
00 0001 60.65% 45.65% 01 1011 77.55% 62.55%
00 0010 61.30% 46.30% 01 1100 78.20% 63.20%
00 0011 61.95% 46.95% 011101 78.85% 63.85%
00 0100 62.60% 47.60% 011110 79.50% 64.50%
00 0101 63.25% 48.25% 011111 80.15% 65.15%
00 0110 63.90% 48.90% 10 0000 80.80% 65.80%
00 0111 64.55% 49.55% 10 0001 81.45% 66.45%
00 1000 65.20% 50.20% 10 0010 82.10% 67.10%
00 1001 65.85% 50.85% 10 0011 82.75% 67.75%
00 1010 66.50% 51.50% 10 0100 83.40% 68.40%
00 1011 67.15% 52.15% 10 0101 84.05% 69.05%
00 1100 67.80% 52.80% 10 0110 84.70% 69.70%
00 1101 68.45% 53.45% 10 0111 85.35% 70.35%
00 1110 69.10% 54.10% 10 1000 86.00% 71.00%
00 1111 69.75% 54.75% 10 1001 86.65% 71.65%
01 0000 70.40% 55.40% 10 1010 87.30% 72.30%
01 0001 71.05% 56.05% 10 1011 87.95% 72.95%
01 0010 71.70% 56.70% 10 1100 88.60% 73.60%
01 0011 72.35% 57.35% 10 1101 89.25% 74.25%
01 0100 73.00% 58.00% 10 1110 89.90% 74.90%
010101 73.65% 58.65% 101111 90.55% 75.55%
01 0110 74.30% 59.30% 11 0000 91.20% 76.20%
010111 74.95% 59.95% 11 0001 91.85% 76.85%
01 1000 75.60% 60.60% 11 0010 92.50% 77.50%
01 1001 76.25% 61.25% 11 0011to 111111 Reserved Reserved

MR7 DRAM: 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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Command Truth Table

CKE
c
o
= ” Al7,
. = S5 ol © o RAS n [ CAS_n |WE_n | BGO- | BAO- | C2- | A12/ A10/| AO-
Function 3 o 35| @ G|CS.n|ACT_n Al13, Note
= S S| E S /A16 /A15 /A14 | BG1 | BA1 | CO | BC_n AP | A9
) 2 3| 33 All
o — O
< o
Mode Register Set MRS H H L H L L L BG BA \ OP Code 12
Refresh REF H L H L L H \% \% \% V \% V V
Self Refresh Entry SRE H L L H L L H \% \% \% V \% V V 7,9
. H X X X X X X X X X X X
Self Refresh Exit SRX L H 7,8,9,10
L H H H H \ \ \ Vv \ Vv Vv
Single Bank Precharge PRE H H L H L H L BG BA Vv V Vv L V
Precharge all Banks PREA H H L H L H L \% \4 Vv V Vv H V
RFU RFU H H L H L H H RFU
. Row
Bank Activate ACT H H L L Address(RA BG BA \% Row Address (RA)
Write (Fixed BL8 or BC4) WR H H H H L L BG BA V \% V L | CA
Write (BC4, on the Fly) WRS4 H H H H L L BG BA \Y% L \Y% L CA
Write (BL8, on the Fly) WRS8 | H H H H L L BG | BA | V H vV |[L|CA
Write with Auto Precharge
(Fixed BL8 or BC4) WRA H H L H H L L BG BA \Y Vv \Y H CA
Write with Auto Precharge
(BC4, on the Fly) WRAS4 H H L H H L L BG BA \% L \% H CA
Write with Auto Precharge
(BLS, on the Fly) WRASS8 H H L H H L L BG BA \Y H \Y H CA
Read (Fixed BL8 or BC4) RD H H L H H H BG BA \% V \% L CA
Read (BC4, on the Fly) RDS4 H H L H H H BG BA \Y% L \Y% L CA
Read (BL8, on the Fly) RDS8 H H L H H H BG BA \Y% H \Y% L CA
Read with Auto Precharge
(Fixed BL8 or BC4) RDA H H L H H L H BG BA \% \% \% H CA
Read with Auto Precharge
(BC4, on the Fly) RDAS4 H H L H H L H BG BA \% L \% H CA
Read with Auto Precharge
(BL8, on the Fly) RDASS8 H H L H H L H BG BA \% H \% H CA
No Operation NOP H H L H H H H \% \% \% V \% V V 10
Device Deselected DES H H H X X X X X X X X X X X
Power Down Entry PDE H L H X X X X X X X X X X X
Power Down Exit PDX L H H X X X X X X X X X X X
ZQ calibration Long ZQCL H H L H H H L \% \% \% V \% H V
ZQ calibration Short ZQCs H H L H H H L \% \% \Y% V \Y% L V
Note:
1. All DDR4 SDRAM commands are defined by states of CS_n, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14 and CKE at the rising edge of
the clock. The MSB of BG, BA, RA and CA are device density and configuration dependent. When ACT_n = H; pins RAS_n /A16, CAS_n
/A15, and WE_n /A14 are used as command pins RAS_n, CAS_n, and WE_n respectively. When ACT_n = L; pins RAS_n /A16, CAS_n
/A15, and WE_n /A14 are used as address pins A16, A15, and A14 respectively
2. RESET_n is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.
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.
4 AV means AH or L (but a defined logic |level)o and AX0 means eithe
5. Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.
6. The Power Down Mode does not perform any refresh operation.
7 The state of ODT does not affect the states described table of Command Truth. The ODT function is not available during Self Refresh.
8 Controller guarantees self refresh exit to be synchronous.
9 VPP and VREF(VrefCA) must be maintained during Self Refresh operation.

10. The No Operation command should be used in cases when the DDR4 SDRAM is in Gear Down Mode and Max Power Saving Mode Exit
11.  Refer to the CKE Truth Table for more detail with CKE transition.
12. During a MRS command A17 is Reserved for Future Use and is device density and configuration dependent.
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CKE Truth Table

CKE Command (N)*
Current State” | Previous Current RAS_n,CAS_n, Action (N)® Note
Cycle! (N-1) | Cycle! (N) WE_n,CS n

L L X Maintain Power-Down 14, 15
Power Down

L H DESELECT Power Down Exit 11, 14

L L X Maintain Self Refresh 15, 16
Self Refresh

L H DESELECT Self Refresh Exit 8,12,16
Bank(s) Active H L DESELECT Active Power Down Entry 11,13, 14
Reading H L DESELECT Power Down Entry 11,13, 14,17
Writing H L DESELECT Power Down Entry 11,13, 14,17
Precharging H L DESELECT Power Down Entry 11, 13, 14, 17
Refreshing H L DESELECT Precharge Power Down Entry | 11

H L DESELECT Precharge Power Down Entry 11,13, 14, 18
All Banks Idle

H L REFRESH Self Refresh Entry 9,13, 18
For more details with all signals See ACommand 7 10

Note:

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

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 CKE Truth 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).

7. 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 tXSDLL 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. Sel-Ref resh can
Op er a sectiom 0

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

15. iX0 means fAdondét cared (i ncl -Refreshgd Polver-Bdwn. it glso appliesutaAtidregfRplbhs ) | n

16. VPP and VREF(VrefCA) 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. 61 dl e stated is defined as all b a n kadurstsrare in progress,eCKE i¢ HigR,Rnd alt DAL ,
timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS, etc.) as well as all
Self-Refresh exit and Power-Down Exit parameters are satisfied (tXS, tXP,etc)

not be entered during Read or Wri tRefrestper ati on
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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 Table of Burst Type and Burst Order. The burst length is defined by bits AO-Al of Mode Register
MRO. Burst length options include fixed BC4, fixed BL 8 , and 6on the flyod which all owt
the registration of a Read or Write command via A12/BC_n.

Starting Burst type: Burst type:
Burst Read/ Column Sequential Interleaved Note
Length Write Address (decimal) (decimal)
(A2,A1,A0) A3=0 A3=1
0,0,0 0,1,2,3T,TT,T 0,1,2,3TTT,T
0,0,1 1,2,30,TTT1,T 1,0,3,2,T,T,T,T
0,1,0 2,3,0,1TTTT 2,3,0,1TTTT
q 0,1,1 3,012TTTT 3,2,10TTT,T
4 Rea 1,0,0 456,7TTTT 456,7,TTTT 123
Chop 1,0,1 56,74TTTT 54,76 TTTT
1,1,0 6,7,45TTT,T 6,7,45T1TTTT
1,11 7456TTTT 7,654T1TTT
Wirite o,v,vV 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1245
YA 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X
0,0,0 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0,0,1 1,2,3,0,56,7,4 1,0,3,2,54,7,6
0,1,0 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
0,1,1 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
Read 2
8 1,0,0 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
1,0,1 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2
1,10 6,7,4,52,3,0,1 6,7,4,5,2,3,0,1
1,11 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0
Write YA'AY 0,1,2,3,4,5,6,7 0,1,2,3,45,6,7 2,4
Note:

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

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

5. X: Do not Care.
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BL8 Burst order with CRC Enabled

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

DLL-off Mode and DLL on/off Switching procedure

DLL on/off switching procedure

DDR4 SDRAMDLL-of f mode is entered by setting MR1 bit A0 to A0O0;

bitiss e t back to fA1l10o

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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DLL fAondod to DLL Aoffod Procedure

To switch from DLL # on ofrequency iblbé ché@ngefl luning Self-iRefresh,eas outlinecein the following

procedure:

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

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

2. Set MR1 bit A0 to fi0o to disable the DLL.

3. WaittMOD.

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

5. Change frequency, in guidance wdcttoh Al nput c¢clock frequency c
6.

7.

Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until all tMOD timings from any
MRS command are satisfied. In addition, if any ODT features were enabled in the mode registers when Self Refresh mode
was entered, the ODT signal must continuously be registered LOW until all tMOD timings from any MRS command are
satisfied. If RTT_NOM features were disabled in the mode registers when Self Refresh mode was entered, ODT signal is
Donét Care.
8. Wait tXS_Fast or tXS_Abort or tXS, then set Mode Registers with appropriate values (especially an update of CL, CWL and
WR may be necessary. A ZQCL command may also be issued after tXS_Fast).
-tXS - ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS, RD, RDS4, RDS8, RDA, RDAS4,
RDASS - tXS_Fast - ZQCL, ZQCS, MRS commands. For MRS command, only DRAM CL and WR/RTP register in MRO,
CWL register in MR2 and geardown mode in MR3 are allowed to be accessed provided DRAM is not in per DRAM
addressibility mode. Access to other DRAM mode registers must satisfy tXS timing.
-tXS_Abort - If the MR4 bit A9 is enabled then the DRAM aborts any ongoing refresh and does not increment the refresh
counter.
The controller can issue a valid command after a delay of tXS_abort. Upon exit from Self-Refresh, the DDR4 SDRAM
requires a minimum of one extra refresh command before it is put back into Self-Refresh Mode. This requirement remains
the same irrespective of the setting of the MRS bit for self refresh abort.
9. Wait for tMOD, then DRAM is ready for next command.

CKe __ .
CK_t —

eke |

oot 4

COMMAND

it

Enter Seff Refresh Exit Saif Refresh

|:| DOMAST CA IK TIME BREAK
DLL Switch Sequence from DLL ON to DLL OFF

Note:

Starting with Idle State, RTT in Stable
Disable DLL by setting MR1 Bit AO to O
Enter SR
Change Frequency
Clock must be stable tCKSRX
Exit SR
8.9. Update Mode registers allowed with DLL off parameters setting

NogosrwbRE
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DLL Anoffo to DLL fAiond Procedure

To switch from DLL fioffo to DLL fono-Ré¢fesht h required frequency

1. Starting from Idle state (All banks pre-charged, all timings fulfilled and DRAMs On-die Termination resistors (RTT_NOM)
must be in high impedance state before Self-Refresh mode is entered.)
Enter Self Refresh Mode, wait until tCKSRE satisfied.
Change frequency, in guidance with "Input clock frequency change" section.
Wait until a stable clock is available for at least ({CKSRX) at DRAM inputs.
Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK timing from
subsequent DLL Reset command is satisfied. In addition, if any ODT features were enabled in the mode registers when Self
Refresh mode was entered, the ODT signal must continuously be registered LOW until tDLLK timings from subsequent DLL
Reset command is satisfied.
If RTT_NOM were disabled in the mode registers when Self Refresh mode wasenter ed, ODT si gnal i s Don
6. Wait tXS or tXS_ABORT depending on Bit A9 in MR4, then set N
Wai t t MRD, then set MRO bit A8 to fA10 to start DLL Reset.
8. Wait tMRD, then set Mode Registers with appropriate values (especially an update of CL, CWL and WR may be necessary.
After tMOD satisfied from any proceeding MRS command, a ZQCL command may also be issued during or after tDLLK.)
9. Wait for tMOD, then DRAM is ready for next command (Remember to wait tDLLK after DLL Reset before applying command
requiring a locked DLL!). In addition, wait also for tZQoper in case a ZQCL command was issued.

aprwn

~

Enter Seff Refresh Euit Seif Refresh

[]oonTcareca Ij.;_TINEBREAK
DLL Switch Sequence from DLL OFF to DLL ON

Note:

Starting with Idle State
Enter SR
Change Frequency
Clock must be stable tCKSRX
Exit SR
7. SetDLL-on by MR1 AO0=061506
Start DLLReset
Update rest MR register values after tDLLK (not shown in the diagram)

Cooah,wnpE
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DLL-off Mode

DDR4 SDRAMDLL-of f mode is entered by setting MR1 bit AO0O to fA0O; thi
bitiss et back to fAlo. The MR1 AO bit for DLL control can be swi
frequency ¢ h a n ggetion.

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

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

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

Comparing with DLL-on mode, where tDQSCK starts from the rising clock edge (AL+CL) cycles after the Read command, the
DLL-off mode tDQSCK starts (AL+CL - 1) cycles after the read command.

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

tDQSCK(DLL_off) values are vendor specific.

The timing relations on DLL-off mode READ operation are shown in the following Timing Diagram (CL=10, BL=8, PL=0):

A T
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READ operation at DLL-off mode
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Input Clock Frequency Change

Once the DDR4 SDRAM i s initialized, the DDR4 SDRAM requires
operation.

This means that, once the clock frequency has bedsmotsllewedtand i ¢
deviate except for what is allowed for by the clock jitter and SSC (spread spectrum clocking) specifications.

The input clock frequency can be changed from one stable clock rate to another stable clock rate under Self- Refresh mode.

Outside Self-Refresh mode, it is illegal to change the clock frequency.

Once the DDR4 SDRAM has been successfully placed into Self-Refresh mode and tCKSRE has been satisfied, the state of the
clockbecomes a dond6t care. Once a quencyiépermissibtegrovidecttze mayiclocy frequerey i | o ¢ k
stable prior to tCKSRX. When entering and exiting Self-Refresh mode for the sole purpose of changing the clock frequency, the
Self-Refresh entry and exit specifications must still be met as outlined in Section of i SeRleff r esh Operati ono.

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 tCCD_L/tDLLK 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 DDR4-2933 with CA Parity Mode enabled, MR5[2:0] must first

change from PL = 4 to PL = disable prior to PL = 6. A 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 DDR4-2933, (4) exit Self Refresh Mode, (5) Enable CA Parity
Mode setting PL = 6 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 tDLLK 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 DDR4 SDRAM input clock frequency is
allowed to change only within the minimum and maximum operating frequency specified for the particular speed grade. Any
frequency change below the minimum operating frequency would require the use of DLL_on- mode -> DLL_off -mode transition
sequence, refer to Section of DLL-off Mode and DLL on/off switching procedure.
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Write Leveling

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

tDSH specification. Ther ef or e, the DDR4 SDRAM supports a oOowrite |leveling

skew. This feature may not be required under some system conditions provided the host can maintain the tDQSS, tDSS and
tDSH specifications.

Thememorycontrol |l er can use the o6write levelingd feat untieDQ8rtib
CK_tT CK_c relationship. The memory controller involved in the leveling must have adjustable delay setting on DQS_ti DQS_c
to align the rising edge of DQS_t i DQS_c with that of the clock at the DRAM pin. The DRAM asynchronously feeds back CK_t i
CK_c, sampled with the rising edge of DQS_t i DQS_c, through the DQ bus. The controller repeatedly delays DQS_ti DQS_c
until a transition from O to 1 is detected. The DQS_t i DQS_c delay established through this exercise would ensure tDQSS
specification.

Besides tDQSS, tDSS and tDSH specification also needs to be fulfilled. One way to achieve this is to combine the actual tDQSS
in the application with an appropriate duty cycle and jitter on the DQS_t 1 DQS_c signals. Depending on the actual tDQSS in the
application, the actual values for tDQSL and tDQSH may have to be better than the absolute limits provided in the chapter "AC
Timing Parameters" in order to satisfy tDSS and tDSH specification. A conceptual timing of this scheme is shown in figure of
Write Leveling Concept.

0 T 2 T3 T T T8 7
Cke_ . - P P —- - P, .
Source A AN TA AT AT AN A
CKt —— o - ‘e - - “ .-
dif DOS | A / N\
T2 T3 T T
CK e aeon o . .- . o .
Destination A M U U U U U—
oK 1 - - — . - .—e . .——-
47 Das - \ / \ / \—

AllD3s

Dori \ 0 o >< o |

Push DQS to capure 0-1 \
transition

Dor1 >< 1 >< 1 1 |

Write Leveling Concept

diff DQS

AllD3s

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

All data bits should carry the leveling feedback to the controller across the DRAM configurations x8. 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 |l eveling mode if A7 in MR1 set nideifgho ¢
A7i n MR1 set 6f I MB sefting(inVolvédlinethe leveling procedure). Note that in write leveling mode, only DQS_t i
DQS_c terminations are activated and deactivated via ODT pin, unlike normal operation (Table of DRAM termination function in

the leveling mode).

MR setting involved in the leveling procedure

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

DRAM termination function in the leveling mode

ODT pin @DRAM if RTT_NOM/PARK Value is set via MRS | DQS_t/DQS_c termination DQs termination
RTT_NOM with ODT High On Off
On Off

RTT_PARK with ODT LOW

Note:
1. In Write Leveling Mode with its output buffer disabled (MR1[bit A7] = 1 with MR1[bit A12] = 1) all RTT_NOM and

RTT_PARK settings are allowed; in Write Leveling Mode with its output buffer enabled (MR1[bit A7] = 1 with MR1[bit A12]

=0) all RTT_NOM and RTT_PARK settings are allowed.
2. Dynamic ODT function is not available in Write

Write Leveling Mode.

L e vemteringh g Mo
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Procedure Description

The Memory controller initiates Leveling mode of all DRAMSs by setting bit A7 of MR1 to 1. When entering write leveling mode, the
DQ pins are in undefined driving mode. During write leveling mode, only DESELECT commands are allowed, as well as an MRS
command to change Qoff bit (MR1[A12]) and an MRS command to exit write leveling (MR1[A7]). Upon exiting write leveling
mode, the MRS command performing the exit (MR1[A7]=0) may also change MRL1 bits of A12-A8 ,A2-Al. Since the controller
levels one rank at a time, the output of other ranks must be disabled by setting MR1 bit A12 to 1. The Controller may assert ODT
after tMOD, at which time the DRAM is ready to accept the ODT signal.

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

DRAM samples CK_t i CK_c status with rising edge of DQS_t i DQS_c and provides feedback on all the DQ bits
asynchronously after tWLO timing. There is a DQ output uncertainty of tWLOE defined to allow mismatch on DQ bits. The tWLOE
period is defined from the transition of the earliest DQ bit to the corresponding transition of the latest DQ bit. There are no read
strobes (DQS_t /DQS_c) needed for these DQs. Controller samples incoming DQs and decides to increment or decrement
DQS_ti DQS_c delay setting and launches the next DQS_t /DQS_c pulse after some time, which is controller dependent. Once
a 0 to 1 transition is detected, the controller locks DQS_t i DQS_c delay setting and write leveling is achieved for the device.
Figure of Timing details of Write leveling sequence [DQS_t1 DQS_c is capturing CK_ti CK_c low at Ta and CK_ti CK_c high at
Tb describes the timing diagram and parameters for the overall Write Leveling procedure.

Write Leveling Mode

DDR4-2666/3200
Parameter Symbol Unit | Note
Min Max
Write leveling output error tWLOE 0 2 ns
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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Timing details of Write leveling sequence [DQS _t i1 DQS_c is capturing CK_t i CK_c low at Ta and CK_t - CK_c
high at Tb

Note:
1. DDR4 SDRAM drives leveling feedback on all DQs.

2. MRS: Load MR1 to enter write leveling mode.

3. DES: Deselect.

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

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

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

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

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

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

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 tMOD after the respective MRS command (Tel).

2. Drive ODT pin low (tIS must be satisfied) and continue registering low. (see TbO0).

After the RTT is switched off, disable Write Level Mode via MRS command (see Tc2).
After tMOD is satisfied (Tel), any valid command may be registered. (MRS commands may be issued after tMRD (Td1).

1.
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Timing details of Write leveling exit
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Temperature controlled Refresh modes

This mode is enabled and disabled by setting bit A3 in MR4. Two modes are supported that are selected by bit A2 setting in
MRA4.

Normal temperature mode (0°C ¢ Tcase ¢ 85°C)

Once this mode is enabled by setting bit A3=1 and A2=0 in MR4, Refresh commands should be issued to DDR4 SDRAM with the
Average periodic refresh interval ( 7.8us for 2Gb, 4Gb, 8Gb, and 16Gb device ) which is tREFI of normal temperature range (0°C
- 85°C). In this mode, the system guarantees that the DRAM temperature does not exceed 85°C.

Below 45°C, DDR4 SDRAM may adjust internal Average periodic refresh interval by skipping external refresh commands with
proper gear ratio. Not more than three fourths of external refresh commands are skipped at any temperature in this mode. The
internal Average periodic refresh interval adjustment is automatically done inside the DRAM and user does not need to provide
any additional control.

Extended temperature mode (0°C ¢ Tcase ¢ 95°C)

Once this mode is enabled by setting bit A3=1 and A2=1 in MR4, Refresh commands should be issued to DDR4 SDRAM with the
Average periodic refresh interval (3.9us for 2Gb, 4Gb, 8Gb, and 16Gb device) which is tREFI of extended temperature range
(85°C - 95°C). In this mode, the system guarantees that the DRAM temperature does not exceed 95°C.

In the normal temperature range (0°C - 85°C), DDR4 SDRAM adjusts its internal Average periodic refresh interval to tREFI of the
normal temperature range by skipping external refresh commands with proper gear ratio. Below 45°C, DDR4 SDRAM may
further adjust internal Average periodic refresh interval. Not more than seven eighths of external commands are skipped at any
temperature in this mode. The internal Average periodic refresh interval adjustment is automatically done inside the DRAM and
user does not need to provide any additional control.
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Mode Register and Command Truth Table

The Refresh cycle time (tRFC) and the average Refresh interval (tREFI) of DDR4 SDRAM can be programmed by MRS
command.

The appropriate setting in the mode register will set a single set of Refresh cycle time and average Refresh interval for the DDR4
SDRAM device (fixed mode), or allow the dynamic selection of one of two sets of Refresh cycle time and average Refresh
interval for the DDR4 SDRAM device (on-the-fly mode). The on-the-fly mode must be enabled by MRS as shown in table of MR3
definition for Fine Granularity Refresh Mode before any on-thefly- Refresh command can be issued.

MR3 definition for Fine Granularity Refresh Mode

A7 A6 A8 Fine Granularity Refresh
0 0 0 Normal mode (Fixed 1x)
0 1 0 Fixed 2x
1 0 0 Fixed 4x
1 1 0 Reserved
0 0 1 Reserved
0 1 1 Enable on the fly 2x
1 0 1 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-f | y modes i s sel e SDRANM evalda®s3BGD bi) when@2DR 4
Refresh command is issued, and depending on the status of BGO, it dynamically switches its internal Refresh configuration
between 1x and 2x (or 1x and 4x) modes, and executes the corresponding Refresh operation. The command truth table is as
shown in table of Refresh command truth table.

Refresh command truth table

A0-9,
Function | CS_n |ACT n |RASN[CASNI WE N1 by | Bgo | BAO-L |AL0/AP |AL1-12, MR3
/A16 /A15 IA14 Setting
A16-20
Refresh
. L H L L H \% \% \% \% \% A =
(Fixed rate) 8
Refresh
(on-the-fly 1x) L H L L H \% L \% \% \% A8 =
Refresh A8:A7:A6
(on-the-fly 2x) =0101
L H L L H V H \Y V V
Refresh A8:A7:A6
(on-the-fly 4x) =6110
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tREFI and tRFC parameters

The default Refresh rate mode is fixed 1x mode where Refresh commands should be issued with the normal rate, i.e., tREFI1 =
tREFI(base) (for Tcase ¢ 85°C), and the duration of each refresh command is the normal refresh cycle time (tRFC1). In 2x mode
(either fixed 2x or on-the-fly 2x mode), Refresh commands should be issued to the DRAM at the double frequency (tREFI2 =
tREFI(base)/2) of the normal Refresh rate. In 4x mode, Refresh command rate should be quadrupled (tREFI4 = tREFI(base)/4).
Per each mode and command type, tRFC parameter has different values as defined in table of tREFI and tRFC parameters.

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

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

tREFI and tRFC parameters

Refresh Mode Parameter 4 Gb Unit
tREFI(base) 7.8 us
0°C ¢ Tcase ¢ 85°C tREFI(base) us

tREFI1
1X mode 85°C <Tcase ¢ 95°C tREFI(base)/2 us
tRFC1(min) 260 ns
0°C ¢ Tcase ¢ 85°C tREFI(base)/2 us

tREFI2
2X mode 85°C < Tcase ¢ 95°C tREFI(base)/4 us
tRFC2(min) 160 ns
0°C ¢ Tcase ¢ 85°C tREFI(base)/4 us

tREFI4
4X mode 85°C <Tcase ¢ 95°C tREFI(base)/8 us
tRFC4(min) 110 ns
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Changing Refresh Rate

If Refresh rate is changed by either MRS or on the fly, new tREFI and tRFC parameters would be applied from the moment of the
rate change. As shown in figure of On-the-fly Refresh Command Timing, when REF1x command is issued to the DRAM, then
tREF1 and tRFCL1 are applied from the time that the command was issued. And then, when REF2x command is issued, then
tREF2 and tRFC2 should be satisfied.
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| i

tRFC1 (min) tRFC2(min)

tREFI1 tREFI2

On-the-fly Refresh Command Timing

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

1. In the fixed 2x Refresh rate mode or the on-the-fly 1x/2x Refresh mode, an even number of REF2x commands must be
issued to the DDR4 SDRAM since the last change of the Refresh rate mode with an MRS command before the Refresh rate
can be changed by another MRS command.

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

3. Inthe fixed 4x Refresh rate mode or the on-the-fly 1x/4x Refresh mode, a multiple of-four number of REF4x commands must
be issued to the DDR4 SDRAM since the last change of the Refresh rate with an MRS command before the Refresh rate can
be changed by another MRS command.

4. In the on-the-fly 1x/4x Refresh rate mode, a multiple-of-four number of REF4x commands must be issued between any two
REF1x commands.

There are no special restrictions for the fixed 1x Refresh rate mode. Switching between fixed and on-the-fly modes keeping the
same rate is not regarded as a Refresh rate change.
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Usage with Temperature Controlled Refresh mode

| f the Temperature Controlled Refresh mode is enabl ed, t hen

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

DDR4 SDRAM can enter Self Refresh mode anytime in 1x, 2x and 4x mode without any restriction on the number of Refresh
commands that has been issued during the mode before the Self Refresh entry. However, upon Self Refresh exit, extra Refresh
command(s) may be required depending on the condition of the Self Refresh entry. The conditions and requirements for the extra
Refresh command(s) are defined as follows;

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

2. In the fixed 2x Refresh rate mode or the enable-on-the-fly 1x/2x Refresh rate mode, it is recommended that there should be an
even number of REF2x commands before entry into Self Refresh since the last Self Refresh exit or REF1x command or MRS
command that set the refresh mode. If this condition is met, no additional refresh commands are required upon Self Refresh exit.
In the case that this condition is not met, either one extra REF1x command or two extra REF2x commands are required to be
issued to the DDR4 SDRAM upon Self Refresh exit. These extra Refresh commands are not counted toward the computation of
the average refresh interval (tREFI).

3. In the fixed 4x Refresh rate mode or the enable-on-the-fly 1x/4x Refresh rate mode, it is recommended that there should be a
multiple-of-four number of REF4x commands before entry into Self Refresh since the last Self Refresh exit or REF1x command
or MRS command that set the refresh mode. If this condition is met, no additional refresh commands are required upon Self
Refresh exit. In the case that this condition is not met, either one extra REF1x command or four extra REF4x commands are
required to be issued to the DDR4 SDRAM upon Self Refresh exit. These extra Refresh commands are not counted toward the
computation of the average refresh interval (tREFI).

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
Revision: 1.0 47/291

on



ESMT M16U4G8512A (22)

Multi Purpose Register

DQ Training with MPR

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

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

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

MR3 definition

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

[ Ber[BGo [ BA1 [Bao [ A [ ann Jan [ 20 [ 23 [ a7 [ As [ as [ & [ a5 [ &2 [ At [ 20 | acdress Fisid
— PR read format | P | Mode Register 3
F 1
BA1 BAD select A12 A1l MFR read format A2 MPR Operation
0 0 MROD 0 0 Senal 0 Normal operation
o 1 MR1 1] 1 Parallel 1 Dataflow fromfto MPR
1 0 MR2 1 [i] Staggered
1 1 MR3 1 1 RFU

Read or Write with MPR LOCATION:

Al A0 | MPR Page Selection
0 0 Page 0
0 1 Page 1 Default value for MPRO @ Page0= 01010101
1 4] Page 2 Default value for MPR1 @ Page0 = 00110011
] I Fage 2 Default value for MPR2 @ Page( = 00001111
Default value for MPR3 @ Page0 = 00000000
NOTE x4/x8 only
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MPR Reads

MPR reads are supported using BL8 and BC4(Fixed) modes. BC4 on the fly is not supported for MPR reads.

In MPR Mode:

Reads (back-to-back) from Page 0 may use tCCD_S or tCCD_L timing between read commands; Reads (back-to-back) from
Pages 1, 2, or 3 may not use tCCD_S timing between read commands; tCCD_L must be used for timing between read
commands MPR reads using BC4:

BA1 and BAO indicate the MPR location within the selected page in MPR Mode.

A10 and other address pins are don't care including BG1 and BGO.

Read commands for BC4 are supported with starting column address of A2:A0 of '000' and '100'.

Data Bus Inversion (DBI) is not allowed during MPR Read operation. During MPR Read, DRAM ignores Read DBI Enable setting
in MR5 bit A12 in MPR mode.

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

Each MPR location is 8 bit wide.

STEPS:
DLL must be locked prior to MPR Reads. If DLL is Enabled : MR1[AO = 1]
Precharge all
Wait until tRP is satisfied
MRS MR3, Opcode A2=06160Db
- Redirect all subsequent read and writes to MPR locations

Wait until tMRD and tMOD satisfied.

Read command
-A[1: 0] = 6006b (dat a bunobbls alwaysObbechere)i s fi xed starting at
-A[ 2] = 606b (For BL=8, burst order is fixed at 0,1,2,3,4,5, 6,
(For BC=4, burst order is fixed at 0,1,2,3,T,T,T,T)
or
- A[2]= 1 (For BL=8 : Not Support)
(For BC=4, burst order is fixed at 4,5,6,7,T,T,T,T)
- A12/BC= 0 or 1 : Burst length supports only BL8 and BC4(Fixed), not supports BC4(OTF).
When MRO A[1:0] is set @A010 , A12/BC must be always 0616b in
- BA1 and BAO indicate the MPR location
-A10 and other address pins 8B dond6t care including BGland

After RL= AL + CL, DRAM bursts out the data from MPR location. The format of data on return is described in a later section and
controlled by MR3 bits A0,A1, A1l and Al2.

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

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

MRS MR3, Opcode A2= 060b6d

All subsequent reads and writes from DRAM array

Wait until tMRD and tMOD are satisfied

Continue with regular DRAM commands like Activate.
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This process is depicted below(PL=0).

GeL T ® T m o w o m m w o w = m m
ait —v R, S R (S ,-umlm'ik_ {T\'\_/'/?’C_/f .- [._JH:\_/KT
i pese
comene XX XY e X XX e XX e XX e X e XX e XX e X XX DT
- - WERR 0D
ADDRESE \.ALEKI:_}':J:UD ..... J‘.:.l_D}{_ZL_hDD \\MDH ..... chx lllll EL\LC’: >C LD, l’(’ LD X KM_D}C((_X\‘_‘LI_D}(’_?: \".N.lD?: lﬂnL_C)

N
FL"+AL+CL
Das._t. Dos . - — v f—s
- { T NN (RN QU (N (B B
D@ = =
: ( e X g ( {

§ mmzerzar [ oonr came

MPR Read Timing

Note:
1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)

- Redirect all subsequent read and writes to MPR locations
2. Address setting

- A[1: 0] = bubsiOoddér is (ixddastaréing at nibble, always 00b here)
- A[2]= n0ob (For BL=8, bur st order is fixed at 0,1,2,3,4,5,
- BAL and BAO indicate the MPR location
-A10 and other address pins are dondét care incOupdEngO0oB&lonl
andmust be 616b when MRO A[1: 0] = fA010
3. Multi-Purpose Registers Read/Write Disable (MR3 A2 = 0)
4. Continue with regular DRAM command.

5. PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.
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MPR Back to Back Read Timing

Note:

1. tCCD_S =4, Read Preamble = 1tCK

2. Address setting
-A[1: 0] = fA000b (data burst order is fixed starting at nibb
- A[2]= n0ob (For BL=8, bur st order is fixed at 0,1,2,3,4,5,

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

- BAL and BAO indicate the MPR location
-A10 and other address pins are dond6t care including BG1l an
andmust be 616b when MRO A[1: 0] = fA010

3. PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.
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MPR Read to Write Timing

Note:

1. Address setting
-A[1: 0] = fA000Ob (data burst order is fixed starting at nibb
-A[2]= AOOb (For BL=8, burst order is fixed at 0,1,2,3,4,5,
- BA1 and BAO indicate the MPR location
-A10 and other address pins are donét care including BG1l an
be 616b when MRO
A[1: 0] = fA010o

2. Address setting

- BAl and BAO indicate the MPR location

- A[7:0] = data for MPR

- Al0and ot her address pins are dondt <care.
3. PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.
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MPR Writes

DDRA4 allows 8 bit writes to the MPR location using the address bus A7:AQ.

Ul and Address Mapping for MPR Location

MPR Location [7] [6] [5] [4] [3] [2] [1] [0]

SDRAM Address A7 A6 A5 A4 A3 A2 Al AO

ul (9][0] ull ul2 ul3 ul4 uls ul6 ul7z
STEPS:

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

Wait until tRP is satisfied

MRS MR3, Opcode A2 =6160b

Redirect all subsequent read and writes to MPR locations

Wait until tMRD and tMOD satisfied.

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

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

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

MRS MR3, Opcode A2= 060b6d

All subsequent reads and writes from DRAM array

Wait until tMRD and tMOD are satisfied
Continue with regular DRAM commands like Activate.
This process is depicted in Figure of MPR Write Timing and Write to Read Timing.
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MPR Write Timing and Write to Read Timing

Note:
1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)
2. Address setting - BA1 and BAO indicate the MPR location
- A[7:0] = data for MPR
-A10 and other address pins are dondét care.
3. PL(Parity latency) is added to Data output delay when C/A parity latency mode is enabled.
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MPR Back to Back Write Timing

Note:
1. Address setting
- BAl and BAO indicate the MPR location
- A[7:0] = data for MPR
-A10 and other address pins are dondét care.
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Refresh Command Timing

Note:
1. Multi-Purpose Registers Read/Write Enable (MR3 A2 = 1)

- Redirect all subsequent read and writes to MPR locations
2. 1x Refresh is only allowed when MPR mode is Enable.
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Read to Refresh Command Timing
Note:
1. Address setting
-A[1: 0] = A00Ob (data burst order is fixed starting at nibb

-A[2]= A0O6b (For fixed=at®,12,04)565t order i s
- BA1 and BAO indicate the MPR location
-A10 and other address pins are dondt care including BG1l ar
andmust be 616b when MRO A[1:0] = fA010
2. 1x Refresh is only allowed when MPR mode is Enable.
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Write to Refresh Command Timing

Note:
1. Address setting - BA1 and BAOQ indicate the MPR location - A [7:0] = data for MPR

-A10 and other address pins are dondét care.
2. 1x Refresh is only allowed when MPR mode is Enable.
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MPR Read Data format

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

Serial return implies that the same pattern is returned on all DQ lanes as shown in figure below. Data from the MPR is used on all
DQ lanes for the serial return case. Reads from MPR page0, MPR pagel, MPR page2, and MPR page3 are allowed with serial
data return mode.

In this example the pattern programmed in the MPR register is 0111 1111 in MPR Location [7:0].

x8 Device

Serial

ulo

ull

ul2

ulI3

ul4

uls

ul6

ul7

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

oOo|jlo|jojlo|o|]o|o | o

Rl |lRr|(RrRr|Rr|F, |~

RPlRr|lRr|Rr[Rr|P |, |R

RPlRr|lRr|Rr[Rr|P |, |R

FlrRr|lRr|RPr[FP|RP|PFP|P

RPlRr|lRr P[RR, |FL|R

PlRr|lRr|Rr[Rr|FP PR,

PlRr|lRr|Rr[Rr|FP PR,

Parallel return implies that the MPR data is returned in the first Ul and then repeated i n

t he

remai

ni

ng Ul 6s

in the figure below. Data from Page0 MPR registers can be used for the parallel return case as well. Read from MPR pagel,
MPR page2 and MPR page3 are not allowed with parallel data return mode. In this example the pattern programmed in the Page
0 MPR register is 0111 1111:MPR Location [7:0].

x8 Device

Serial

ulo

ull

ul2

ul3

ul4

ul5

ul6

ul7

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

RlRr|lPr|RP|R|[RLr|FL|O

R lRr|lkr|Rr|Rr|Rr|~|O

RPlRr|lPr|RPr|Rr|[R,|F,|O

RPlRr|lPr|RPr|Rr|[R,|F,|O

FlrRr|lRPr|FP|FP|RP|FP|O

RPlRr|lP|RP|RP|[RLr|FLr|O

RlRr|lPr|RPr|Rr|[R,|F,|O

RlRr|lPr|RPr|Rr|[R,|F,|O

The third mode of data return is the staggering of the MPR data across the lanes. In this mode a read command is issued to a
specific MPR and then the data is returned on the DQ from different MPR registers. Read from MPR pagel, MPR page2, and
MPR page3 are not allowed with staggered data return mode.
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Read Commands table shows a read command to MPRO for a x8 device. The same pattern is repeated on the lower nibble as on
the upper nibble.

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

x8 (Read MPRO command)

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

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

MPR MR3 Register Definition

Address Operating Mode Description

0 = Normal

A2 MPR operaion 1 = Dataflow from/to MPR

00 = page0
01 = pagel
10 = page2
11 = page3

Al1:A0 MPR selection

00 = Serial

01 = Parallel
10 = Staggered
11 = Reserved

Al12:A11 MPR Read Format

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

After power up, the content of MPR page 0 should have the default value as defined in the table. MPR page O can be writeable
only when MPR write command is issued by controller. Unless MPR write command is issued, DRAM must keep the default
value permanently, and should never change the content on its own for any purpose. When MPR write command is issued to any
of readonly pages (page 1, 2 or 3), the command is ignored by DRAM.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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MPR data format

MPR page0 (Training pattern)

Address tAoPthion [7] [6] [5] [4] [3] [2] [1] [0] Note
00 = MPRO 0 1 0 1 0 1 0 1
01= MPR1 0 0 1 1 0 0 1 1 i
BAL1:BAO 10 = MPR2 0 0 0 0 1 1 1 1 Ejeeaflgtlj\lﬁl \r/I:jue)
11 = MPR3 0 0 0 0 0 0 0 0
Note:

1. MPRXx using A7:A0 that A7 is mapped to location [7] and A0 is mapped to location [O].

MPR pagel (CA parity error log)

MPR
4 2 1
Address | ion [7] [6] (5] [4] [3] [2] [1] [0] Note
00 = MPRO Al7] Al6] Al5] Al4] A[3] Al2] Al1] A[0]
CAS_ | WE_n/
01= MPR1 Tate | ama | ASI | AIL2] | ALL] | A[LO] Al9] Al8]
10 = MPR2 PAR | ACT_n | BG[1] | BG[0] | BA[1] | BA[0] A[17] RAS_N/
BA1:BAO - - A16 Read-only
CRC ng\it CA Parity Latency”
11 = MPR3 Error Y cl2] Cl1] c[o]
Status | F™" | MR5. | MR5. [ MRS,
Status Al2] Al1] A[0]
Note:

1. MPR used for C/A parity error log readout is enabled by setting A[2] in MR3
2. For higher density of DRAM, where A[17] is not used, MPR2[1] should be treatedas dondét <car e.
3. If a device is used in monolithic application, where C[2: 0]
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MPR page2 (MRS Readout)

MPR
. 6 5 4 3 2 1 0
Address | " ion [7] (6] (5] (4] (3] (2] (1 [0] Note
Temperature CRC
hPPR sPPR [ RTT_WR P Write Rtt_ WR
- Sensor Status Enable
00 = MPRO - - - -
Q Q MR2 Q Q MR2 MR2
Q Q All Q Q Al2 Al10 A9
Vref DQ Geardo
Trng Vref DQ training Value wn
01= MPR1 range Enable
MR6 MR6 MR3
BA1:BAO Read-only
A6 A5 A4 A3 A2 Al A0 A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO Q MR2
A6 A5 Ad A2 Q A5 A4 A3
Rtt_Nom Rtt_Park Driver Impedance
11 = MPR3 MR1 MR5 MR1
A10 A9 A6 A8 A7 A6 A2 Al
MPR page3 (MPRO through MPR2 in MPR page3 are for Vendor use only)
MPR
6 5 4 3 2 1 0
Address | " = ) | t6 | 18 | M | B | @& | m | o Note
00 = MPRO Do n cate
01= MPR1 Do n éate
BA1:BAO Read-only
10 = MPR2 Do n éate
11 = MPRS3 Do n éate MAC
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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DDR4 MPR Page3 MAC Decode Value

>
1
>
o

MPR Location A7:A4 A2 Note

Reserved

Reserved

MAC>300K

MAC>400K

MAC>500K

MAC>600K

MAC>700K

X[ X[ XX |IX|X|[|X|[X
o|lo|lo|lo|r|r]|r|r
o|lo|r|r|lo|lo]|r |r
o|lr|lo|lr|lo|lr|olr

Unknown

Note:
1. Unknown means that device is not tested for MAC and pass/fail value is unknown.
2. Reserved for future device.

Unlimited MAC

Function A3 Note
Unlimited MAC 1 1,2
Note:

1. Unlimited MAC means that there is no restriction to the number of Activates in a refresh period provided DDR4
specifications are not violated, in particular tRCmin and refresh requirements.
2. All other bits A2:A0 are set to zero.
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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 DRAM configuration. x8 DDR4
SDRAM supports TDQS function.

M16U4G8512A (22)

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

DM, DBI & TDQS functions are programmable through DRAM Mode Register (MR). The MR bit location is bit A11 in MR1 and bit
Al12:A10in MR5 .

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

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

TDQS function: When TDQS function is enabled, DM & DBI functions are not supported. When TDQS function is disabled, DM
and DBI functions are supported as described below in Table of TDQS Function Matrix. When enabled, the same termination

resistance function is applied to the TDQS_t/TDQS_c pins that is applied to DQS_t/ DQS_c pins.

TDQS Function Matrix

MR1 bit A11 DM (MR5 bit A10) Write DBI (MRS5 bit A11) | Read DBI (MRS5 bit A12)
Enabled Disabled Enabled or Disabled
0 (TDQS Disabled) Disabled Enabled Enabled or Disabled
Disabled Disabled Enabled or Disabled
1 (TDQS Enabled) Disabled Disabled Disabled
DRAM Mode Register MR5
A10 DM Enable
0 Disabled
1 Enabled
DRAM Mode Register MR5
All Write DBI Enable Al2 Read DBI Enable
0 Disabled 0 Disabled
1 Enabled 1 Enabled
DRAM Mode Register MR1
All TDQS Enable
0 Disabled
1 Enabled

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

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

DBI function during Read operation: DRAM inverts read data on its DQ outputs and drives DBI_npi n Low when t he nu
data bits within a given byte lane is greater than 4; otherwise DRAM does not invert the read data and drives DBI_n pin High.
x8 DRAM Write DQ Frame Format
Data transfer
Function
0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DM n or DBI n DMO or DM1 or DM2 or DM3 or DM4 or DMS5 or DM6 or DM7 or
- - DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
x8 DRAM Read DQ Frame Format
Data transfer
Function
0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DBI_n DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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ZQ Calibration Commands

ZQ Calibration Description

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

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

The first ZQCL command issued after reset is allowed a timing period of tZQinit to perform the full calibration and the transfer of
values. All other ZQCL commands except the first ZQCL command issued after RESET are allowed a timing period of tZQoper.

ZQCS command is used to perform periodic calibrations to account for voltage and temperature variations. A shorter timing

window is provided to perform the calibration and transfer of values as defined by timing parameter tZQCS. One ZQCS command

can effectively correct a minimum of 0.5 % (ZQ Correction) of RON and RTT impedance error within 128 nCK for all speed bins
assumingt he maxi mum sensitivities specified in the O6Output Driver
Temperature Se ns i t i v iTheyappropriaté intenal between ZQCS commands can be determined from these tables and

other applicationspecific parameters. One method for calculating the interval between ZQCS commands, given the temperature
(Tdriftrate) and voltage (Vdriftrate) drift rates that the SDRAM is subject to in the application, is illustrated. The interval could be

defined by the following formula:

ZQCorrection
(TSens = Tdriftrate) + (WVSens = Vdriftrate)

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

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

0.5

1571+ 01515 013812Bs

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

Al l banks must be precharged and tRP met before ZQCL or ZQCS c
Tabl eof or afth 23Ct and PQCBE commands.

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

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

DQBus 3, || si-zerrrT_Park
1
Il

T
t20init or tZ0oper

;{ Time Breaak  [7] Dont Care

ZQ Calibration Timing

Note:

1. CKE must be continuously registered high during the calibration procedure.

2. During ZQ Calibration, ODT signal must be held LOW and DRAM continues to provide RTT_PARK.

3. All devices connected to the DQ bus should be high impedance or RTT_PARK during the calibration procedure.
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DQ Vref Training

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

The voltage operating range specifies the minimum required Vref setting range for DDR4 DRAM devices. The minimum range is
defined by Vrefmax and Vrefmin as depicted in Figure of Vref operating range (Vrefmin, Vrefmax) below.

vDDQ ~—— =7 N7
-3 o - Vrefmax
Vref - = i i =
Range - —
— TR AT Vrefmin
J . \
————— Wswing Small System Variance
—— s — vswingLaroe [ Total Range

Vref operating range (Vrefmin, Vrefmax)

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

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

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

below.

Vref

Actual Vref
Output

—. Straight Line
{endpoint Fit)

Wref Set
Tolerance L]

Vref
Stepsize

Digital Code

Example of Vref set tolerance(max case only shown) and stepsize
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The Vref increment/decrement step times are defined by Vref_time. The Vref_time is defined from tO to t1 as shown in the Figure

of Vref_time timing diagram below where tl is referenced to when the vref voltage is at the final DC level within the Vref valid
tolerance(Vref_val_tol).

The Vref valid level is defined by Vref_val tolerance to qualify the step time t1 as shown in Figure of Vref step single stepsize
increment case through Figure of Vref full step from Vrefmax to Vrefmin case. 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 Vref voltage.

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

CKE + y mmafy =y = ,._..{,_\&._.‘{_,__\_&._-
¥ T S S S S _ \
CKt [uco e v m e\ — (RN W N N W—

o T )

ref| Setting
Adjystment
DQ /Giaveer Y/ W Hew Vet
Vref {_Sefing Updating Vref Sefting \_Seting__/
Vref_time
t0 4

Vref _time timing diagram
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VrefDQ Calibration Mode is entered via MRS command setting MR6 A[7] to 1 (O disables VrefDQ Calibration Mode), setting MR6

Al 6] to either 0 or 1 to select the desired range, andtngR6 A
whether VrefDQ 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 VrefDQ values at MR6 A[5:0]. Once VrefDQ Calibration

Mode has been entered, VrefDQ Calibration Mode legal commands may be issued once tVREFDQE has been satisfied. VrefDQ
Calibration Mode legal commands are ACT, WR, WRA, RD, RDA, PRE, DES, MRS to set VrefDQ values, and MRS to exit

VrefDQ Calibration Mode.

Once VrefDQ Calibraton Mode has been entered, Adummyo write commands may
firstt i me VrefDQ calibration is performed after initialization.
commands provided other DRAM timings are satisfied. A possible example command sequence would be: WR1, DES, DES,
DES,WR2,DES,DE S, DES, WR 3, DES, DES, DES, WR 4 | DES, DESéé. DES, DE S
values requires MR6 [7] set to 1, MR6 [6] unchanged from initial range selection, and MR6 A[5:0] set to desired VrefDQ value; if

MR®6 [7] is set to 0, MR6 [6;0] are not written. Vref_time must be satisfied after each MR6 command to set VrefDQ value before

the internal VrefDQ value is valid.

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

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

be issued.
CHe - o ,___”_‘,__"'J." P ___;'f’ P ,_1"'/_‘._. ,_..:"". - P .
COMMAND lH;\ CMD MRS CMD
WrefDxQ Trgining On VrefDQ trdining OFF
\l'rECOL'anrgr:x:e
WVREFDQE WREFDGX

VrefDQ training mode entry and exit timing diagram

Note:

1. The MR commandusedtoent er Vref DQ Cal i bration Mode treats MR6 A[5: 0]
command sets VrefDQ values in MR6 A[5:0] .

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

AC parameters of DDR4 VrefDQ training

Speed DDR4-2666/3200
Unit Note
Parameter Symbol MIN MAX
VrefDQ training
EnFer VrefDQ training mode to the first {VREFDQE 150 i ns
valid command delay
EXI.t VrefDQ training mode to the first {VREFDOX 150 i ns
valid command delay
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Example scripts for VREFDQ Calibration Mode
When MR6 [7] = 0 then MR6 [6:0] = XXXXXXX

Entering VREFDQ Calibration if entering range 1:

MR6 [7:6]=10 & [5:0]=XXXXXX

All subsequent VREFDQ 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 VREFDQ Calibration mode:

Last two VREFDQ Calibration MR commands are

MR6 [7:6]=10,MR6 [ 5: 0] =VVVVVVd where VVVVVV6 = desired value for
MR®6 [7]=0, MR6 [6:0]=XXXXXXX to exit VREFDQ Calibration mode

5

5

Entering VREFDQ Calibration if entering range 2:

MR6 [7:6]=11 & [5:0]=XXXXXX

All subsequent VREFDQ 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 VREFDQ Calibration mode:

Last two VREFDQ Calibration MR commands are

MR6 [7:6]=11, MR6 [ 5: 0] =VVVVWW 6wh=e rdee sMM\ed value for VREFDQ
MR6 [7]=0, MR6 [6:0]=XXXXXXX to exit VREFDQ Calibration mode

Vref
Voltage

Stepsize

Vref
(VDD@Q DC)

Vref_val_tol

Time

Vref step single stepsize increment case

Vref
Voltage

Stepsize Wref_val_tol

J \ Vref
rl e, e, ,r -, (VDDGQ DC)

Time

Vref step single stepsize decrement case
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Vref
Voltage
Vref

Vrefmax P (VDDGQ DC)

Vrefmin

Time

Vref full step from Vrefmin to Vrefmax case

Vref

Voltage
Vrefmax

Vref_val_tol

Vref
(VODQ DC)
Vrefmin r

Time

Vref full step from Vrefmax to Vrefmin case
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DQ Internal Vref Specifications

Parameter Symbol Min Typ Max Unit Note
Vref Max operating point Rangel Vref_max_R1 92% i i VDDQ 1,10
Vref Min operating point Rangel Vref_min_R1 T i 60% VDDQ 1,10
Vref Max operating point Range2 Vref_max_R2 7% T T VDDQ 1,10
Vref Min operating point Range2 Vref_min_R2 T i 45% VDDQ 1,10
Vref Stepsize Vref step 0.50% 0.65% 0.80% VDDQ 2
-1.625% 0.00% 1.625% VDDQ 3,4,6
Vref Set Tolerance Vref_set_tol
-0.15% 0.00% 0.15% VDDQ 3,57
Vref Step Time Vref_time T T 150 ns 8,11
Vref Valid tolerance Vref_val_tol -0.15% 0.00% 0.15% VDDQ 9
Note:
1. Vref DC voltage referenced to VDDQ_DC. VDDQ_DC is 1.2V
2. Vref stepsize increment/decrement range. Vref at DC level.
3. Vref_new = Vref _old+n*Vref _step; n=number -00f step; if i
4 The minimum value of Vref setting tolerance=Vref new-1.625%*VDDQ. The maximum value of Vref setting
tolerance=Vref_new+1.625%*VDDQ for n>4
5. The minimum value of Vref setting tolerance=Vref _new-0.15%*VDDQ. The maximum value of Vref setting
tolerance=Vref_new+0.15%*VDDQ for n>4
6. Measured by recording the min and max values of the Vref output over the range, drawing a straight line between those
points and comparing all other Vref output settings to that line
7. Measured by recording the min and max values of the Vref output across 4 consecutive steps(n=4), drawing a straight line
between those points and comparing all other Vref output settings to that line.
8.  Time from MRS command to increment or decrement one step size up to full range of Vref.
9. Only applicable for DRAM component level test/characterization purpose. Not applicable for normal mode of operation.
Vref valid is to qualify the step times which will be characterized at the component level.
10. DRAM rangel or 2 set by MRS bit MR6,A6.
11. If the Vref monitor is enabled, Vref_time 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

DDRA4 allows programmability of a given device on a rank. As an example, this feature can be used to program different ODT or
Vref values on DRAM devices on a given rank.

1. Before entering 6per DRAM addressability (PDA)®& mode, the wr

2. Before enteriandglrépesrabbRAMY (PDA)O6 mode, the following Mode |
- RTT_PARK MR5 {A8:A6} = Enable
- RTT_NOM MR1 {A10:A9:A8} = Enable

Enable 6per DRAM addressability (PDA)O6 mode using MR3 bit nPA

In the 6per DRAM addr esnsmardislgualifigd &vith DQ0if@ x8. DRAM capfiliReS DQO for x8 by using
DQS_c and DQS _t for x8 signals as shown Figure of MRS w/ per DRAM addressability (PDA) issuing before MRS. If the
value on DQO for x8 is 0 then the DRAM executes the MRS command. If the value on DQO is 1, then the DRAM ignores the
MRS command. The controller can choose to drive all the DQ bits.

Program the desired devices and mode registers using MRS command and DQO for x8.
In the 6per DRAM addressabil i @ipwedmode, only MRS commands ar e

The mode register set command cycle time at PDA mode, AL + CWL + BL/2 - 0.5tCK + tMRD_PDA + (PL) is required to
complete the write operation to the mode register and is the minimum time required between two MRS commands shown in
Figure of MRS w/ per DRAM addressability (PDA) issuing before MRS.

8 Remove the DRAM from 6per DRAM addressabilityd mode by setti
x8 which shown in Figure of MRS w/ per DRAM addressability (PDA) Exit.

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

is issued. This may impact some per DRAM values programmed within a rank as the exit command is sent to the rank. In order to

avoid such a case the PDA Enable/Di sabl e Contr ol bit is |l ocated in a mode re
a ddr e s smode cbnirdlsy. B per DRAM addressability mode, DRAM captures DQO for x8 using DQS_t and DQS_c for x8

like normal write operation. However, Dynamic ODT is not supported. So extra care required for the ODT setting. If RTT_NOM

MR1 {A10:A9:A8} = Enable, DDR4 SDRAM data termination need to be controlled by ODT pin and apply the same timing
parameters as defined in Direct ODT function that shown in Table of Applied ODT Timing Parameter to PDA Mode. VrefDQ value

must be set to either its midpoint or Vcent_DQ(midpoint) in order to capture DQO or DQLO low level for entering PDA mode.

Applied ODT Timing Parameter to PDA Mode

Symbol Parameter

DODTLon Direct ODT turn on latency

DODTLoff Direct ODT turn off latency

tADC RTT change timing skew
tAONAS Asynchronous RTT_NOM turn-on delay
tAOFAS Asynchronous RTT_NOM turn-off delay
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MRS w/ per DRAM addressability (PDA) issuing before MRS

Note:
RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON, CA parity is used
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T T T I T T TTT T
MR3 A4=0 )
(PDA Disable)

MRS w/ per DRAM addressability (PDA) Exit

Note:
RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON, CA parity is used
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PDA using Burst Chop 4

Note:
CA parity is used.

Since PDA mode may be used to program optimal Vref for the DRAM, the DRAM may incorrectly read DQ level at the first DQS
edge and the last falling DQS edge. It is recommended that DRAM samples DQO or DQLO 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 or
DQLOt o a 06 St abl duringthelenyth of thé dath tBansfer for BC4 and BL8 cases.
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CAL Mode (CS_n to Command Address Latency)

CAL Mode Description

DDRA4 supports Command Address Latency, CAL, function as a power savings feature. CAL is the delay in clock cycles between
CS_n and CMD/ADDR defined by MR4[A8:A6] (See Figure of Definition of CAL).

CAL gives the DRAM time to enable the CMD/ADDR receivers before a command is issued. Once the command and the address
are latched, the receivers can be disabled. For consecutive commands, the DRAM will keep the receivers enabled for the
duration of the command sequence (See Figure of CAL operational timing for consecutive command issues)

M WM N

\ - i f |
. Vol \
C5n b/ VS Y ."l

CMDIADDR [} +— b P =

tCAL

Definition of CAL

CK

C5_n

CMDrADoR |}

CAL operational timing for consecutive command issues
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The following tables show the timing requirements for tCAL (Table of CS to Command Address Latency) and MRS settings
(Table of MRS settings for CAL) at different data rates.

CS to Command Address Latency

Parameter Symbol DDR4- 2666/3200 Unit

CS_n to Command Address Latency tCAL(min) max(3 nCK, 3.748 ns) nCK

Note: In geardown mode, odd nCK values for tCAL are not supported, and nCK values must be rounded up to the next higher
even integer. For example, when operating at DDR4-2666, a minimum of 6 nCK is required for tCAL.

MRS settings for CAL

A8:A6 @ MR4 CAL(tCK cycles)
000 default(disable)
001 3
010 4
011 5
100 6
101 8
110 Reserved
111 Reserved
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MRS Timings with Command/Address Latency enabled

When Command/Address latency mode is enabled, users must allow more time for MRS commands to take effect. When CAL
mode is enabled, or being enabled by an MRS command, the earliest the next valid command can be issued is tMOD_CAL,
where tMOD_CAL=tMOD+tCAL.

Tab Ta1 Taz ,  Tho T Th2, TcO

[ R P i P e e Y P P N N -
- / / \ / | / ! AN\ Y

] ] b i1 b ] 3 oy ) %

oK t , IO N PO N MRS | AN S VY RSP W, (U | FRESPAN

I-
commanD Y T Ve Wy T aeay T Waea 'x—‘:J Y Y
woosn A K KWK ADESA) ADESK  XpesX HDESK AN

| |
CS_n i | f 1]
\ . /fCAL | |

|
(i
il tMOD_CAL !

CAL enable timing - tMOD_CAL

Note:
1. MRS command at Tal enables CAL mode
2. tMOD_CAL=tMOD+tCAL
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CHE C wmun — |- Sl == ]~ —.j(-—\ = —.Ilall_ﬁ_ Y e bl e 1)/-—\. E
[ 77 ok S pepaw) || PUpY) | W V) | W) | W ] " Ao | ") | S

eosmen® X XTI XX Yoes( T omsK( YoesXomg( e

- M A A A A ) i \ \
wioGS_ n SN\ \_I'_. Y W N LW i W \j'_. [

cS_n iy

i
, | [mop_cal |

tMOD_CAL, MRS to valid command timing with CAL enabled

Note:
1. MRS at Tal may or may not modify CAL, tMOD_CAL is computed based on new tCAL setting.
2. tMOD_CAL=tMOD+tCAL.
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When Command/Address latency is enabled or being entered, users must wait tMRD_CAL until the next MRS command can be
issued. tMRD_CAL=tMOD+tCAL.

Ta0 Ta Ta2 |, Tho To1 Th2, Tc0
CK_e ..-, o akinll emmn akinl _.'—,'ulf—1 ' Watainl e W i} ,.r.'v'—x_ Ll I WU T
[ ] 1 ] | K | % ¥ % | SIE Y k LA
[o- "G JEu—) PRVEDFE V) PR W) P G U V— - — J,__, LUl PR W
command Y Y Vumsy WossY 1 WoesY Wossy gE‘S}\;—\. InY e
- CU I CONIDCO DS D,
, |
) I ] | I 1l
CS_n o i AL |
|
| tMRD_CAL !
| |

CAL enabling MRS to next MRS command, tMRD_CAL

Note:
1. MRS command at Tal enables CAL mode

2. tMRD_CAL=tMOD+tCAL
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I
con /] ! .y .
- = | tCAL | — tCAL | ||
|
! l; tMRD_CAL |
| 1 I
|

il I |
tMRD_CAL, mode register cycle time with CAL enabled

Note:
1. MRS at Tal may or may not modify CAL, tMRD_CAL is computed based on new tCAL setting.

2. tMRD_CAL=tMOD+tCAL.
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Self Refresh Entry, Exit Timing with CAL

COMMAND
6 CS_n

ADDRESS

XS_FAS L

1CAL tCPDED

— 212 21/ { {

DONT CARE

Self Refresh Entry/Exit Timing

Note:
1. tCAL = 3nCK, tCPDED = 4nCK, tCKSRE = 8nCK, tCKSRX = 8nCK, tXS_FAST = tRFC4(min) + 10ns

2. CS_n=H, ACT_n= Don't Care, RAS_n/A16 = Don't Care, CAS_n/A15 = Don't Care, WE_n/A14 = Don't Care
3. Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.

Power Down Entry, Exit Timing with CAL

TO T1 T2 T3 T4 T5 TE T7 T8 T9 T10 T11 T12 T4 T15
CK_t 1 | N P - - B
csn W 4 (2
gl €2 1 €21 €5 O/ 7 €/ €3/ €/ CN 77 € €3 ) € & 31 &/ T 7
RS- 2 o)X,
tCAL tCPDED ‘
! ! tPD txXP tCAL
CKE
\ / {
[/JDON'T CARE

Active Power Down Entry and Exit Timing

Note:
1. tCAL = 3nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK

Publication Date: Apr. 2023

Elite Semiconductor Microelectronics Technology Inc
Revision: 1.0 79/291



ESMT M16U4G8512A (22)

TO T T2 T3 T4 ™S Te 17 T8 Te TIO T T12 T4 TI5 T8 T17  Ti8

e i ' = sl e - | Y oy | O L o N .

e ﬂ' ‘ X 4 1 1) |“, ‘“, { Kl . X f . | . | 1l 5 | . . 1| . " i L

\7 4
el € 1 € €Y 6 B B € € € 77, 63 1 6 ) ! B € T/ DY
ADDRESS g ﬁ/ m/

tCAL tREFPDEI tCPDED
tPD t>xXP tCAL
CKE !
\ Y :
[ZJDONT CARE

Refresh Command to Power Down Entry

Note:
1. tCAL = 3nCK, tREFPDEN = 1nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK
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CRC

CRC Polynomial and logic equation

DDR4 supports CRC for write operation, and doesndt support CRC
The CRC polynomial used by DDR4 is the ATM-8 HEC, X"8+X"2+X"1+1.

A combinatorial logic block implementation of this 8-bit CRC for 72-bits of data contains 272 two-input XOR gates contained in

eight 6 XOR gate deep trees.

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

Error Detection Details

ERROR TYPE DETECTION CAPABILITY
Random Single Bit Error 100%
Random Double Bit Error 100%
Random Odd Count Error 100%
Random one Multi-bit Ul vertical column error detection excluding DBI bits 100%

CRC COMBINATORIAL LOGIC EQUATIONS
module CRC8_D72;

/I polynomial: (0 1 2 8)

/I data width: 72

/I convention: the first serial data bit is D[71]
/l initial condition all 0 implied

function [7:0]

nextCRC8_D72;

input [71:0] Data;

reg [71:0] D;

reg [7:0] NewCRC;

begin

D = Data;
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NewCRCJ0] = D[69] ~ D[68] ~ D[67] ~ D[66] ~ D[64] ~ D[63] ~ D[60] ~
D[56] ~ D[54] ~ D[53] ~ D[52] ~ D[50] ~ D[49] ~ D[48] ~
D[45] ~ D[43] ~ D[40] ~ D[39] ~ D[35] ~ D[34] ~ D[31] ~
D[30] ~ D[28] ~ D[23] ~ D[21] ~ D[19] ~ D[18] ~ D[16] *
D[14] ~ D[12] ~ D[8] ~ D[7] ~ D[6] ~ D[0] ;

NewCRCJ1] = D[70] ~ D[66] ~ D[65] ~ D[63] ~ D[61] ~ D[60] ~ D[57] ~
D[56] ~ D[55] ~ D[52] ~ D[51] ~ D[48] ~ D[46] ~ D[45] ~
D[44] ~ D[43] ~ D[41] ~ D[39] ~ D[36] ~ D[34] ~ D[32] ~
D[30] ~ D[29] ~ D[28] ~ D[24] ~ D[23] ~ D[22] ~ D[21] ~
D[20] ~ D[18] ~ D[17] ~ D[16] ~ D[15] ~ D[14] ~ D[13] *
D[12] ~ D[9] ~ D[6] ~ D[1] ~ D[O];

NewCRCJ2] = D[71] ~ D[69] ~ D[68] ~ D[63] ~ D[62] ~ D[61] ~ D[60] *
D[58] ~ D[57] ~ D[54] ~ D[50] ~ D[48] ~ D[47] ~ D[46] ~
D[44] ~ D[43] ~ D[42] ~ D[39] ~ D[37] ~ D[34] ~ D[33] *
D[29] ~ D[28] ~ D[25] ~ D[24] ~ D[22] ~ D[17] ~ D[15] ~
D[13] ~ D[12] ~ D[10] ~ D[8] ~ D[6] ~ D[2] ~ D[1] ~ D[O];

NewCRCJ3] = D[70] ~ D[69] ~ D[64] ~ D[63] ~ D[62] ~ D[61] ~ D[59] ~
D[58] ~ D[55] ~ D[51] ~ D[49] ~ D[48] ~ D[47] ~ D[45] ~
D[44] ~ D[43] ~ D[40] ~ D[38] ~ D[35] ~ D[34] ~ D[30] »
D[29] ~ D[26] ~ D[25] ~ D[23] ~ D[18] ~ D[16] ~ D[14] ~
D[13] ~ D[11] ~ D[9] ~ D[7] ~ D[3] ~ D[2] ~ D[1];

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

NewCRCJ5] = D[71] ~ D[66] ~ D[65] ~ D[64] ~ D[63] ~ D[61] ~ D[60] ~
D[57] ~ D[53] ~ D[51] ~ D[50] ~ D[49] ~ D[47] ~ D[46] »
D[45] ~ D[42] ~ D[40] ~ D[37] ~ D[36] ~ D[32] ~ D[31] ~
D[28] ~ D[27] ~ D[25] ~ D[20] ~ D[18] ~ D[16] ~ D[15] ~
D[13] ~ D[11] ~ D[9] ~ D[5] ~ D[4] ~ D[3];

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

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

nextCRC8_D72 = NewCRC;

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
Revision: 1.0 82/291



ESMT M16U4G8512A (22)

CRC data bit mapping for x8 devices

The following table shows detailed bit mapping for a x8 device.

CRC data bit mapping for x8 devices

Function 0 1 2 3 4 5 6 7 8 9
DQO do di d2 d3 d4 d5 dé d7 CRCO 1
DQ1 ds do d1o0 di1 di2 d13 di4 di5 CRC1 1
DQ2 di6 di7 dis d19 d20 d21 d22 d23 CRC2 1
DQ3 d24 d25 d26 d27 d28 d29 d30 d31 CRC3 1
DQ4 d32 d33 d34 d3s d36 d37 d38 d39 CRC4 1
DQ5 d40 d41 d42 d43 d44 d45 d46 da7 CRC5 1
DQ6 d48 d49 d50 d51 d52 d53 d54 d55 CRC6 1
DQ7 d56 ds7 ds8 d59 déo d61l d62 dé3 CRC7 1

DM_n/DBI_n d64 d65 d66 de67 de68 d69 d70 d71 1 1

Write CRC for x8 devices

The Controller generates the CRC checksum and forms the write data frames as shown in Section of CRC Polynomial and logic
equation to Section of CRC data bit mapping for x8 devices.

For a x8 DRAM the cont rtalalnesrf emnu s9t isfenCdRCL Gss iematbhed and must s
the DBI_n lane if DBI function is enabled.

The DRAM checks for an error in a received code word D[71:0] by comparing the received checksum against the computed
checksum and reports errors using the ALERT_n signal if there is a mis-match.

A x8 device has a CRC tree with 72 input bits. The upper 8 bits are used if either Write DBI or DM is enabled. Note that Write DBI
and DM function cannot be enabled simultaneously. If both Write DBI and DM is disabled then the inputs of the upper 8 bits
D[71:64]are6 1 0 s .

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

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

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

DRAM will set CRC Error Clear bit in A3 of MR5 to '1' and CRC Error Status bit in MPR3 of pagel to '1' upon detecting a CRC
error.

The CRC Error Clear bit remains set at '1' until the host clears it explicitly using an MRS command.

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

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

| ! CRC ALERT_PWimin)

& TIME BREAK
|:| TRANSITIONING DATA
CRC Error Reporting

Note:

CRC ALERT_PW is specified from the point where the DRAM starts to drive the signal low to the point where the DRAM driver
releases and the controller starts to pull the signal up.

CRC Error Timing Parmeters

DDR4-2666/3200 _
Parameter Symbol Unit
Min. Max.
CRC error to ALERT_n latency tCRC_ALERT - 13 ns
CRC ALERT_n pulse width CRC ALERT_PW 6 10 nCK
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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CRC Frame format with BC4
DDR4 SDRAM supports CRC function for Write operation for Burst Chop 4 (BC4). The CRC function is programmable using

DRAM mode register and can be enabled for writes.

When CRC is enabled the data frame length is fixed at 10Ul for both BL8 and BC4 operations. DDR4 SDRAM also supports burst
length on the fly with CRC enabled. This is enabled using mode register.

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

CRC data bit mapping for x8 devices (BC4)

) Transfer
Function

0 1 2 3 4 5 6 7 8 9

DQO do d1 d2 d3 1 1 1 1 CRCO 1
DQ1 ds do d1o0 di1 1 1 1 1 CRC1 1
DQ2 di6 di7 dis d19 1 1 1 1 CRC2 1
DQ3 d24 d25 d26 d27 1 1 1 1 CRC3 1
DQ4 d32 d33 d34 d3s 1 1 1 1 CRC4 1
DQ5 d40 d41 d42 d43 1 1 1 1 CRC5 1
DQ6 d48 d49 ds0 d51 1 1 1 1 CRC6 1
DQ7 ds6 ds7 ds8 d59 1 1 1 1 CRC7 1
DM_n/DBI_n de64 d65 d66 d67 1 1 1 1 1 1

For a x8 SDRAM, the CRC tree inputs are 36 bits as shown in Figure 53. The input bits d(64:67) are used if DBI or DM functions
then d(64:67) areolo.

are enabl ed.

| f

DBI

and

DM are disabl ed
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DBI and CRC clarification

Write operation: The SDRAM computes the CRC for received data d(71:0). Data is not inverted based on DBI before it is used for

computing CRC. The data is inverted based on DBI before it is written to the DRAM core.

Burst Ordering with BC4 and CRC enabled

If CRC is enabled then address bit A2 is used to transfer critical data first for BC4 writes.

A x8 SDRAM is used as an example with DBI enabled.

The following figure shows data frame with A2=0.

Transfer
Function

0 1 2 3 4 5 6 7 8 9

DQO do dl d2 d3 1 1 1 1 CRCO 1
DQ1 ds do d1o0 di1 1 1 1 1 CRC1 1
DQ2 di6 di7 dis d19 1 1 1 1 CRC2 1
DQ3 d24 d25 d26 d27 1 1 1 1 CRC3 1
DQ4 d32 d33 d34 d35 1 1 1 1 CRC4 1
DQ5 d40 d41 d42 d43 1 1 1 1 CRC5 1
DQ6 d48 d49 d50 d51 1 1 1 1 CRC6 1
DQ7 d56 d57 d58 d59 1 1 1 1 CRC7 1
DDI\IgI__nn/ d64 d65 d66 d67 1 1 1 1 1 1

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

0 1 2 3 4 5 6 7 8 9

DQO d4 d5 dé d7 1 1 1 1 CRCO 1
DQ1 di2 di3 di4 di5 1 1 1 1 CRC1 1
DQ2 d20 d21 d22 d23 1 1 1 1 CRC2 1
DQ3 d28 d29 d30 d31 1 1 1 1 CRC3 1
DQ4 d36 d37 d38 d39 1 1 1 1 CRC4 1
DQ5 d44 d45 d46 da7 1 1 1 1 CRC5 1
DQ6 d52 d53 d54 d55 1 1 1 1 CRC6 1
DQ7 d60 dél d62 d63 1 1 1 1 CRC7 1
DD'\;T_nn/ d68 d69 d70 d71 1 1 1 1 1 1

If A2=1 then the data input to the CRC tree are 36 bits as shown above. Data bits d(4:7) are used as inputs for d(0:3), d(12:15)

are used as inputs to d(8:11) and so forth for the CRC tree.

The input

bits

d(68:71)

ar e

then data bits d(68:71) are used as inputs for d(64:67)

used if

DBI

(0]

r

DM functions =aAr e
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The CRC tree will treat the 36 bitsintransf er 6 s f our through seven as 106s
CRC equations for x8 device in BC4 mode with A2=0 are as follows:

CRCJ0] = D[69]=1 ~ D[68]=1 ~ D[67] ~ D[66] * D[64] » D[63]=1 " D[60]=1 ~ D[56] * D[54]=1 ~ D[53]=1 " D[52]=1 ~ D[50] * D[49] *
D[48] ~ D[45]=1  D[43] * D[40] ~ D[39]=1 " D[35] ~ D[34] * D[31]=1" D[30]=1 ~ D[28]=1 " D[23]=1 ~ D[21]=1 ~ D[19]
D[18]  D[16] ~ D[14]=1 ~ D[12]=1 ~ D[8] ~ D[7]=1 ~ D[6] =1 ~ D[0] ;

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

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

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

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

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

CRCJ6] = D[67] " D[66] ~ D[65] ~ D[64] ~ D[62]=1 ~ D[61]=1 ~ D[58] ~ D[54]=1 ~ D[52]=1 ~ D[51] ~ D[50] ~ D[48] ~ D[47]=1 ~
D[46]=1 ~ D[43] ~ D[41] ~ D[38]=1 ~ D[37]=1 ~ D[33] ~ D[32] ~ D[29]=1 " D[28]=1  D[26] ~ D[21]=1 ~ D[19] * D[17] A
D[16] ~ D[14]=1 ~ D[12]=1 ~ D[10] » D[6]=1 ~ D[5]=1 ~ D[4]=1;

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

CRC equations for x8 device in BC4 mode with A2=1 are as follows:

CRC[0] =171~ D[71]~D[70] A D[68] A1~ 1~ D[60] ~ 1~ 1~ 1 A D[54] ~ D[53] ~ D[52] ~ 1 ~ D[47] ~ D[44] 1~ D[39] ~ D[38] 1
A1A1A171AD[23]AD[22]~D[20]* 171~ D[12]~1~ 1" D[4];

CRC[1] =1~ D[70]~D[69] ~1~ 11 D[61] ~D[60] ~ 1~ 1~ D[55] » D[52] ~ 1~ 1~ 1~ D[47] ~ D[45] ~ 1~ 1~ D[38] ~ D[36] * 1 ~
1717D[28]71717114D[22]~D[21]~D[20] 1 A1 1~ 1A D[13] * 1~ D[5]  D[4];

CRC[2]=17171~1"1~171D[62]~D[61] "1~ D[54] A D[52]~1 "1~ 1~ D[47] ~ D[46] ~ 1~ 1 ~D[38] ~ D[37] 1~ 1 ~ D[29]
AD[28] A1/ D[21]~1~1"1D[14] ~ D12] A1 ~ D[6]  D[5] ~ D[4];

CRC[3]=1717D[68]~17117D[63]D[62] 1" D[55]~D[53] » D[52] ~ 1~ 11" D[47] ~ D[44] ~ 1~ D[39] A D[38] A1~ 1~
D[30] A D[29] ~ 1 A D[22] ~ D[20] ~ 1 A 1 ~ D[15] ~ D[13] ~ 1  D[7]  D[6] ~ D[5];

CRC[4]=1~1D[69] ~ D[68] 111 ~D[63] ~D[60] * 1~ D[54] ~ D[53] * D[52] * 1 1~ 1~ D[45] ~ 1~ 1~ D[39] ~1 ~ 1 ~ D[31]
A D[30] A D[28] ~ D[23] ~ D[21] ~ 1 A 1~ 1 ~ D[14] ~ D[12] ~ 1~ D[7] * D[6];

CRC[5] = 1~ D[70] ~ D[69] ~ D[68] * 1~ 1~ 1~ D[61] 1~ D[55] ~ D[54] ~D[53] * 1~ 11~ D[46] * D[44] A1~ 1~ D[36] "1 "1~
D[31] A D[29] ~ 1 A D[22] ~ D[20] ~ 1 ~ 1 A D[15] A D[13] ~ 1 A 1 ~ D[7];

CRCI[6] = D[71] ~ D[70] ~ D[69] » D[68] ~ 1~ 1 ~ D[62] ~ 1 ~ 1 A D[55] ~ D[54] ~ D[52] * 1 A1 ~ D[47] ~ D[45] A 1 ~ 1 ~ D[37] * D[36]
A1 A1/7D[30] 17 D[23]~D[21] *D[20] ~1 A1 AD[14] A1 A1~ 1;

CRC[7]=1~D[71]~D[70] ~D[69] *1 "1~ D[63] *1 "1~ 1" D[55] * D[53] " D[52] ~1 1 A D[46] * 1~ 1~ D[38] A D[37] ~1 "1~
D[31] 7171/ D[22] ~D[21] 1" 1 AD[15] A1 A1~ 1;
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Simultaneous DM and CRC Functionality

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

Simultaneous MPR Write, Per DRAM Addressability and CRC Functionality

The following combination of DDR4 features are prohibited for simultaneous operation

1. MPR Write and Write CRC (Note: MPR Write is via Address pins)
2. Per DRAM Addressability and Write CRC (Note : Only MRS are allowed during PDA and also DQO is used for PDA
detection)
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Command Address Parity (CA Parity)

[A2:A0] of MRS5 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_t when CS_n 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_n, RAS_n /A16, CAS_n /A15, WE_n /A14 and the address bus including bank address and

bank group bits, and C0-C2 on 3DS devices. The control signals CKE, ODT and CS_n are not included. (e.g., for a 4 Gbit x4
monolithic device, parity is computed across BGO, BG1, BAl, BAO, A16/ RAS_n, A15/ CAS_n, A14/ WE_n, A13-A0 and ACT_n).

(DRAM shouldi nt ernally treat any unused address pins as 06s, e.g.,
monolithicappl i cati on then the address pins used for stacking shoul

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 witht he parity signal. In other words the parity ©bi
thetransmitted signal, including the parity bit is even.

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

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

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

Set the Parity Error Status bit in the mode regi sALERT.nt o 061
signal is released by the DRAM (i.e. tPAR_ALERT_ON + tPAR_ALERT_PW/(min)).

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

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

If a parity error occurs on a command issued between the tXS_Fast and tXS window after self-refresh exit then the DRAM
may delay the de-assertion of ALERT_n signal as a result of any internal on going refresh. (See Figure of CA Parity Error
Checking - SRX)
Wait for tRAS_min before closing all the open pages. The DRAM is not executing any commands during the window defined
by tPAR_ALERT_ON + tPAR_ALERT_PW).
After tPAR_ALERT_PW_min has been satisfied, the DRAM may de-assert ALERT_n.
After the DRAM has returned to a known pre-charged state it may de-assert ALERT_n.
After (tPAR_ALERT_ON + tPAR_ALERT_PW), the DRAM is ready to accept commands for normal operation. Parity latency
will be in effect, however, parity checking will not resume until the memory controller has cleared the Parity Error Status bit
by writinga6 06 (t he DRAM wi | | execute any erroneous commands until
It is possible that the DRAM might have ignored a refresh command during the (tPAR_ALERT_ON + tPAR_ALERT_PW)
window or the refresh command is the first erroneous frame so it is recommended that the controller issues extra refresh
cycles as needed.
The Parity Error Status bit may be read anytime after ({(PAR_ALERT_ON + tPAR_ALERT_PW) to determine which DRAM
had the error. The DRAM maintains the Error Log for the first erroneous command until the Parity Error Status bit is reset to
606 .

5

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
anderror |l ogs are read only bits. The controller can only ©pro
attemptstowrtea 616 to the Parity Error Status bit the TheFORMIMages not
to block the controllerf r om wr i ting a 616 to the Parity Error Status bit.
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Mode Registers for C/A Parity

C/A Parity Latency MR5[2:0]* Speed bins C/A Parity Error Status MR5[4] Errant C/A Frame
000 = Disabled T
O=clear
001= 4 Clocks 1600,1866,2133 C2-C0, ACT_n, BG1, BGO, BAO,
_ lock BAl, PAR, Al17, A16/ RAS n,
010=5 Clocks 2400 AL5/ CAS_n, AL4/ WE_n,
011= 6 Clocks RFU 1=Error A13:A0
100= 8 Clocks RFU
Note:

1. Parity Latency is applied to all commands.

2. Parity Latency can be changedonlyf r om a C/ A Parity disabl ed st &Pt=bjsnotallened. a di
Correct sequenceis PL=4Y Di s a bPLe SNOVE 3 Parity Latency is applied to write and read latency. Write Latency
= AL+CWL+PL. Read Latency = AL+CL+PL.

DDR4 SDRAM supports MR bit for O6Persistent Parity Error Moded. Tt
enabled, DRAM resumes checking CA Parity after the ALERT_n is deasserted, even if Parity Error Status bit is set as High. If

multiple erorsoccur before the Error Status bit is cleared the Error
O0Persi st Ent oPaMAUERS n pulsewill 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_n signal, this

response time is defined as tPAR_ALERT_RSP

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

S A w CHOA uﬁuvw A
COMMAND! E JALIDg[ ‘«'ALIDﬂ W—'DW

ADDRESS
{PAR_ALERT_Of¢ | 'tPAR ALERT_PW! 1RP

ALERT n | |
H I}
i | 'x | |
I ] 1
F .
Command execution unknown

- 4AUD  command not executed [ powtoae ( mmsne

-I Command executed
Normal CA Parity Error Checking Operation

Note:
1. DRAM is emptying queues, Precharge All and parity checking off until Parity Error Status bit cleared.
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.
3. Normal operation with parity latency(CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Status
bit cleared.
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Tbo

T0 ™ Tal Tal Ta2

‘ - Command execution unknown
[[] ponTeare (\TWE BREAK

' AAUD  command not executed

'I Command executed
Persistent CA Parity Error Checking Operation

CKe --- jir o~ TN
| |
COMMAND! oAb b —
ADDRESS K eund s Ddaun
) A §
tPAR_UNKNOWN? tPAR_ALERT QN | tPAH ALERT RsP_| 1=
: {f | =] |

Note:
DRAM is emptying queues, Precharge All and parity check re-enable finished by tPAR_ALERT_PW.

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.

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

] ] ] Tal o ot ] el T T T2 Td3 Tel T
= [ { RN ok
-

AN ARAXA E\J XALJADAX A AN
|
N 1

\ ,.ﬂﬁ_.
| |

CK_c
CK_t

COMMANDY
ADDRESS

- - Command execution unknown
D DONT CARE i’IME BREAK

.(’E] Command not executed
- Command executed
CA Parity Error Checking - PDE/PDX

Note:
1. Deselect command only allowed.

2. Error could be Precharge or Activate.
Normal operation with parity latency (CA Parity Persistent Error Mode disable). Parity checking is off until Parity Error

3.

Status bit cleared.
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.
5. Deselect command only allowed CKE may go high prior to Td2 as long as DES commands are issued.
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oK ¢ 1 il » Tal Tal Tho 1 Tl Td Tdo Tdl Td2 Td3 Tel Tel
-t -- - - e e Jlr v i~ - fjm = - e LK Jjm = — B
o C\_;C'(\; (XA gu‘. XA A A A XA AN AN AN
N \w H\ DUP+PLY
. el
(A ED if I'Il f Il
. = i iL /1
COMMAND/ =L
| i
2 D@m= l, i OB @O
= \ i
- =) ) ) ) )
c — ] “ | T 1=
ﬂ A |||| ” .I\I J" " s ey I|Ir" =
I 1 H i H
4
|| ear_arerT_on Il (I?I. || 2R aLERT PW! It
Il ] it b |
. . ’ Command execufion unknown

.{DE&'ij) Command not executed [ oonTeane %_"E BREAK

- Command executed
CA Parity Error Checking - SRE Attempt

Note:

1. Deselect command only allowed.
SelfRefresh command error. DRAM masks the intended SRE command enters Precharge Power Down.

2.

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

4. Controller can not disable clock until it has been able to have detected a possible C/A Parity error.

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.
6. Deselect command only allowed CKE may go high prior to Tc2 as long as DES commands are issued.
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0
CKe .-~
oKt
COMMAND! .

Tal
ADDRESS
|

==
ok [T 1y

ALERT n it
|
1T txs_past®

s

XSDLL

. . E'F Command execution unknown
l‘\L{B«LID{?] Command not executed [ powToaRe g'"”E BREAK
{'7] Command executed

CA Parity Error Checking - SRX

Note:
1. SelfRefresh Abort = Disable: MR4 [A9=0]
2. Input commands are bounded by tXSDLL, tXS, tXS_ABORT and tXS_FAST timing.
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.

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

4.
bit cleared.
5. Only MRS (limited to those described in the Self-Refresh Operation section), ZQCS or ZQCL command allowed.
6.  Valid commands not requiring a locked DLL
7. Valid commands requiring a locked DLL
8. This figure shows the case from which the error occurred after tXS FAST_An error also occur after tXS_ABORT and tXS.
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Command/Address parity entry and exit timings

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

tMOD_PAR =tMOD + PL

tMRD_PAR =tMOD + PL

For CA parity entry, PL in the equations above is the parity latency programmed with the MRS command entering CA parity
mode.

For CA parity exit, PL in the equations above is the programmed parity latency prior to the MRS command exiting CA parity
mode.

Tal Tal Ta2 Tho Th1 Th2

CKe ----- nm=n nm=n f - == am—n

i

Seftings PL=0 Updating| Setting | PL=N

tMRD_PAR

Enable Parity
change PL from O to N

Parity entry timing example - tMRD_PAR
Note:

1. tMRD_PAR =tMOD + N; where N is the programmed parity latency with the MRS command entering CA parity mode.
2. Parity check is not available at Tal of MRS command due to PL=0 being valid.

3. In case parity error happens at Tbl of MRSc o mmand, t PAR_ALERT_ON is ON[NCK] + 6] nc
Tad Tal Ta2 ThO Tbi Th2
CKC vmnnn NP [ _,_\_f"__‘ . R -
CK_t S R N 1.___‘_/.__.-; — s \ S PR N | [
commo (e Wmrs)(_(oesX | Woes XXX XoesX__
Sefings _____ PL=0 Updating Seting || P
,'_. tMOD_PAR
Enable Parity .
change PLfrom 0 to N
Parity entry timing example - tMOD_PAR
Note:
1. tMOD_PAR =tMOD + N; where N is the programmed parity latency with the MRS command entering CA parity mode.
2. Parity check is not available at Tal of MRS command due to PL=0 being valid.
3. In case parity error happens at Tb1l of VALI D command, t PAR_
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Tal Tal Ta2 ThO T Th2

Iy
I

CKc ---

CK_t .—— N e —/

MRS pes X | X DES X % MRS X X DES X
| [

Settings PL=N Updating[Setting || PL=0

COMMAND

T
‘ i tMRD_PAR ‘

Disable Parity
change PL from N to 0

Parity exit timing example - tMRD_PAR
Note:

1. tMRD_PAR =tMOD + N; where N is the programmed parity latency prior to the MRS command exiting CA parity mode.
2. I n case parity error happens at Tal of MRS command, t PAR_AL
3. Parity check is not available at Tb1l of MRS command due to disabling parity mode.

Th1 Th2

CKk_c .
CK_t

Settings

tMOD_PAR

Disable Parity
change PL from N to 0

Parity exit timing example - tMOD_PAR

Note:

1. tMOD_PAR =tMOD + N; where N is the programmed parity latency prior to the MRS command exiting CA parity mode.
2. In case parity error happens at Tal of MRS command, tPAR_AL
3. Parity check is not available at Th1 of VALID command due to disabling parity mode.
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CA Parity Error Log Readout

MPR Mapping of CA Parity Error Logl(Pagel)

Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0]
00=MPRO A7 A6 A5 A4 A3 A2 Al AO
01=MPR1 CAS_n/Al15 | WE_n/Al4 Al3 Al2 All Al0 A9 A8
BA1:BAO = 0:1 RAS n/
10=MPR2 PAR ACT_n BG1 BGO BA1 BAO Al7 Alg
11=MPR3 CRCError | CA Parity CA Parity Latency c2 c1 co
Status Error Status
Note:
1. MPR used for CA parity error log readout is enabled by setting A[2] in MR3.
2. For higher density of DRAM, where A[17] is not used, MPR2J[1
3. If a device is used in monolithic application, where C[2:0larenotus ed, t hen MPR3[ 2: 0] should be
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Control Gear-down Mode

The following description represents the sequence for the gear-down mode which is specified with MR3:A3. 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_n, 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*tck MRS geardown CMD ( set MR3:A3 to 1 ) Ntck static MRS command qualified
by IN CS_n

- DRAM controller sends 1N sync pulse with a low frequency N*tck NOP CMD tSYNC_GEAR is an even number of clocks
Sync pulse on even clock boundary from MRS CMD

- Initialization sequence, including the expiration of tDLLK and tZQinit, starts in 2N mode after tCMD_GEAR 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*tck MRS gear-down CMD ( set MR3:A3 to 1) Ntck static MRS command qualified
by 1IN CS_n which meets tXS or tXS_Abort 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*tck NOP CMD tSYNC_GEAR is an even number of clocks
Sync pulse is on even clock boundary from MRS CMD

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

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

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

The DRAM may be changed from 1/4 rate ( 2N ) to 1/2 rate ( 1N ) by entering Self Refresh Mode, which will reset to 1N
automatically.

Changing from 1/4 (2N ) to 1/2 rate (1 N ) by any other means, including setting MR3[A3] from 1 to O, 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]) : O, 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 tCMD_GEAR periods are satisfied.

Figure of Gear down (2N) mode entry sequence during initialization illustrates the sequence for control operation in 2N mode
during initialization.
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Gear down (2N) mode entry sequence during initialization
Note:
1. Only DES is allowed during tSYNC_GEAR
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Reset |l s or Abort! I || DLLK
I I
| I tSYNC GEAR tCMD_GEAR||
CKE ) = — l:

N 5 NV /Y Yy v gy Uii WA | A
|

| 1N Synjc Pulse 2N Mode

l HGEAR_setup | tGEAR._hoid |! tGEAR_setup | EGEAR_hold I|
| |
] |
cMD 1| MRS e NOP | W VALID)
il [ 1| I |
| ) Configure )
SRX DRAM to 14 rate

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

Note:

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

2. Command not requiring locked DLL

3. Only DES is allowed during tSYNC_GEAR
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N UREREREAUREAURERERERERENE RO E RO RN
Aul [ ' 1 ' 1
i:lsme:- ' : E E X
e Y e DEOEOEDEOECEOEOEDEC Z}(ﬂfﬁl{fﬁlﬁﬂ:ﬂx DEOEOEOEODEC
ELmche Sebe ) i, el =T T, T
A=01 : :
(Geardown . !
— .
e =OE0E0EC
) TR L DL iE ey
S () RIS - SR S, S 0 e DE e
- IE B ELo AL X e £ 21 E E-‘E;
|

' TRANSITICNING DATA D DONT CARE

Comparison Timing Diagram Between Geardown Disable and Enable.

Note:
1. BL=8, tRCD=CL=16

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

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

4. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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DDR4 Key Core Timing

DDR4, Core Timing

3;' Time Bresk [ Dot Care
¢

tCCD Timing (WRITE to WRITE Example)
Note:

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

oKt
CKe «!

Command

Bank Group(GE)

Bank

EE Time Break |:|D:n'l Care

tCCD Timing (READ to READ Example)

Note:

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

Command

Bank Group|GE)

ADDRESS

8 Tiple Break [ Don't Care
¥

tRRD Timing
Note:

1. tRRD_S: ACTIVATE to ACTIVATE Command period (short) : Applies to consecutive ACTIVATE Commands to different
Bank Group (i.e., TO to T4)

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)

|
;;":.G VALID [#I ALID, I \ALID, i LD i {miin)
|| || [
Bk (i) | L) (i) t (L)
| I . |
AooREss o) i 1'—. (o) i (e I ()
'.I |'. I.' I_I
22 Time Break D:m'lCarE
tFAW Timing
Note:
1. tFAW: Four activate window.
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T 1.1} ™
'h\ T L0
_,;‘m\@@i@w W
i R &
: e
o] )
X0 |
v P [ o
) | R

}E’ TmeBrest [OontCare [JTrarsiboring Data

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

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 TbO can be pulled in by AL.

AL

.{) Time Break D Dom't Care DTmrsiIi:nrg Data
)

tWTR_L Timing (WRITE to READ, Same Bank Group, CRC and DM Disabled)

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.
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Programmable Preamble

The DQS preamble can be programmed to one or the other of 1 tCK and 2 tCK preamble ; selectable via MRS ( MR4 [ Al12,

All]).
The 1 tCK preamble applies to all speed-Grade and The 2 tCK preamble is valid for DDR4-2400/2666/3200 Speed bin Tables.

Write Preamble

DDRA4 supports a programmable write preamble. The 1 tCK or 2tCK Write Preamble is selected via MR4 [A12].
Write preamble modes of 1 tCK and 2 tCK are shown below.

When operating in 2 tCK Write preamble mode ; in MR2 Table of CWL (CAS Write Latency), CWL of 1st Set needs to be
incremented by 2 nCK and CWL of 2" Set does not need increment of it. tWTRmust be increased by one clock cycle from the
tWTRrequired 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.

DQS_t.DAS ¢ Preamble

S A XA XA XA X T
Do oo ¥ 01 ¥ b2 % 03 ¥ b4 ¥ D5 ¥ D8 ¥ D7
DQs +,DAs c Freamble
ba oo ¥ o1 X oz % D3 % o X 05 ¥ D8 X D7
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023

Revision: 1.0 103/291



ESMT

M16U4G8512A (22)

The timing diagrams contained in Figure of tCCD=4 (AL=PL=0), Figure of tCCD=5 (AL=PL=0) and Figure of tCCD=6 (AL=PL=0)
illustrate 1 and 2 tCK preamble scenarios for consecutive write commands with tCCD timing of 4, 5 and 6 nCK, respectively.

Setting tCCD to 5nCK is not allowed in 2 tCK preamble mode

() GO |
ct —f- XK _\'"_./.-.\'"/.-.\"'"'...\"}r:-,\'"/.-.\i"/...\."'/..,\f'}’f..\("/f-.\"" AN
t0CD= II| W
Dost | . . . am s RS
Das c |||[ preamtie e e/ N/ N NN NN
ba |,|| \Dﬂ)(D‘;{DZXD]XD‘}.’DEXD‘SXD?XD{IXD‘YDEXD!
2tCK mode
M WE_) (wm )
{004 | we
D@S_t | - . pay - R S
DQS_c |I preamble ‘e o NS NN
pa 1 \D0 % D1 % D2 4 D3 % 04 K05 % D3 % D7 ¥ 09 1 01
tCCD=4 (AL=PL=0)
1tCK mode
ovo_w ) (e )
e X NN NN NN N N N N AT X
focDS ﬁ w
pas < AR WAV WA
P :

CC0=6

1]
!

Y00 ¥ o X 02 {03 o« Y 08 Y 0w 07 / " coX o1 Y o2 X oa

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

tCCD=5 (AL=PL=0)

WL

Preamile

DQS_t - N aun . .

Das. c Freamble 4" PR VY S N OO WY SR WY o Sqpepee m
amble

- 0o o1 ¥ oe o ¥ o4 Jos oo X / N ENEY G

{CCD=6 (AL=PL=0)
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Read Preamble

DDRA4 supports a programmable read preamble. The 1 tCK and 2 tCK Read preamble is selected via MR4 [A11].
Read preamble modes of 1 tCK and 2 tCK are shown as follows:

DQS t,DA5 ¢ Preamble
112K toggle
Da ] o o2 D3 D4 D5 0 o7
DQsS_t, DA5_c Preamble
2iCK toggle

ba N oo ¥ o1 X 02 ¥ 02 X 04 X 05 X o6 X7/

Read Preamble Training

Read Preamble Training, shown below, can be enabled via MR4 [A10] when the DRAM is in the MPR mode. Read Preamble
Training is illegal if DRAM is not in the MPR mode. The Read Preamble Training can be used for read leveling.

lllegal READ commands, any command during the READ process or initiating the READS process, are not allowed during Read
Preamble Training.

DQS drive
MRS!

t5D0

DQ (Quiet or driven) < h }{ }C >< )(’ )i : : ; ( 7

Note:
1. Read Preamble Training mode is enabled by MR4 A10 = [1]

Read Preamble Training Delay

DDR4-2666/3200
Parameter Symbol Unit Note
Min Max
Delay from MRS Command to Data Strobe Drive Out tSDO - tMOD+9ns
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Postamble

Read Postamble

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

DQsS t,DAs e Preamble Postamble
ea X X X X X X
DQS_t DQS c Preamble Postamble
—_——— -——
MCKtogge 00 0 ~—-—-—-—-—-- -

ba A X X X X X

Write Postamble

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

DQs & DAS ¢ Preambis Postamble
2 XX X X X
DQS_t. DAS ¢ Preamble Postamble
nCKiogge - —————= L__.\\_f/\___}\_/{_:}\_/'/.__JT g
oa XX X X X X
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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
BGO0-BG1 in x8 select the bankgroup; BAO-BAL inputs selects the bank within the bankgroup, and the address provided on inputs
AO0-A17 selects the row. This row remains active (or open) for accesses until a precharge command is issued to that bank or a
precharge all command is issued. A bank must be precharged before opening a different row in the same bank.

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 ( tRP ) after hidden PRECHARGE command ( AutoPrecharge ) is
issued to that bank.
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Read Operation

READ Timing Definitions
Read timing shown in this section is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:

tDQSCK min/max describes the allowed range for a rising data strobe edge relative to CK_t, CK_c.
tDQSCK is the actual position of a rising strobe edge relative to CK_t, CK_c.

tQSH describes the DQS_t, DQS_c differential output high time.

tDQSQ describes the latest valid transition of the associated DQ pins.

tQH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:

tQSL describes the DQS _t, DQS_c differential output low time.
tDQSQ describes the latest valid transition of the associated DQ pins.
tQH describes the earliest invalid transition of the associated DQ pins.

tDQSQ; both rising/falling edges of DQS, no tAC defined.

DQSCKMN | [DQSCKMAX IDascMN | TDOSCKMAX
I .
\ \
: i : i
, Ipasck | Inasci
I I
I I
tDQSCK max ' Rising SITote ! Fising Sirote
! Varlarce ! “Vanance
! Winacwri ! Wndown
I | ' \
\ .
I
! thdscxi| ! togscki|
: : : l
I p— I
DQSCK center ' |Rergsiooel ' pric il ,
| Windown : | Windown '
\
' I . I
foascis | Ihascki .
- ' !
il ! L Strobe !
tDQSCK min ﬁs\gﬁms_r;;m . ﬂam X
windown : !
I [ | :
' P ! 1 t !
| pastk \ DascK
\
! . : |
1 ! 1 1
! fasH(Das_1) fosipds b .
f T T 1
)
DQsc ------p T i - —
. s ! , I
. s \ . \ I
1 ! ! 1 1
i ' ) v
Das t fan an
thasa fpasa

Associated
DQ Pins
READ Timing Definition
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READ Timing; Clock to Data Strobe relationship

Clock

to Data Strobe relationship is shown in Figure of Clock to Data Strobe Relationship and is applied when the DLL is enabled

and locked.

Rising data strobe edge parameters:

tDQSCK min/max describes the allowed range for a rising data strobe edge relative to CK_t, CK_c.
tDQSCK is the actual position of a rising strobe edge relative to CK_t, CK_c.

tQSH

describes the data strobe high pulse width.

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

Note:

CK_t CK_c _L/. N

NEDES Y
=

DQS_t,DAS_¢ \
Early Strobe ==

LGS ma —a-

DQS_t, DAS_c
Late Strobe

Clock to Data Strobe Relationship

Within a burst, rising strobe edge can be varied within tDQSCKi while at the same voltage and temperature. However
incorporate the device, voltage and temperature variation, rising strobe edge variance window, tDQSCK:i can shift between
t DQSCK(min) and tDQSCK(max). A timing of thi s, GKicmsdiniteddbga
deviaebaal t DQSCK( max) . A timing of thi srisigiCK t GKvéis limiteg byt
tDQSCK(min).

2. Notwithstanding note 1, a rising strobe edge with tDQSCK(max) at T(n) can not be immediately followed by a rising strobe
edge with tDQSCK(min) at T(n+1). This is because other timing relationships (tQSH, tQSL) exist: if tDQSCK(n+1) < 0:
tDQSCK(n) < 1.0 tCK - (tQSHmin + tQSLmin) - tDQSCK(n+1)|

3. The DQS_t, DQS_c differential output high time is defined by tQSH and the DQS_t, DQS_c differential output low time is
defined by tQSL.

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

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

6. The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZDQS(max) on the right
side.

7.  The minimum pulse width of read postamble is defined by tRPST(min).

8. The maximum read preamble is bound by tLZDQS(min) on the left side and tDQSCK(max) on the right side.
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READ Timing; Data Strobe to Data relationship

The Data Strobe to Data relationship is shown in Figure of Data Strobe to Data Relationship and is applied when the DLL is
enabled and locked.

Rising data strobe edge parameters:
tDQSQ describes the latest valid transition of the associated DQ pins.
tQH describes the earliest invalid transition of the associated DQ pins.

Falling data strobe edge parameters:

tDQSQ describes the latest valid transition of the associated DQ pins.

tQH describes the earliest invalid transition of the associated DQ pins.

tDQSQ; both rising/falling edges of DQS, no tAC defined.

Data Valid Window:

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

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

COMMAND

ADDRESS

Das_t DAs_c

DA (Last data)
? B 66 66 &) )Y
- - o - -y DR
DQ(First data) .

All D3 Collectively

i VN
g
{]
£
]

i)
:

Data Strobe to Data Relationship

Note:

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

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

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

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

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

6. tDQSQ defines the skew between DQS t,DQS_c to Data and does not define DQS _t, DQS_c to Clock.

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.
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tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZ transitions occur in the same time window as valid data transitions. These parameters are referenced to a specific
voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS),
tLZ(DQ). Figure of tLZ(DQ) and tHZ(DQ) method for calculating transitions and begin points shows a method to calculate the
point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS), tLZ(DQ), by measuring the signal
at two different voltages. The actual voltage measurement points are not critical as long as the calculation is consistent. The
parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single ended.

tLZ(DQ): CK_t - CK_c rising crossing at RL
CK t
VDDR2 — -

i’
CKe --+ R

1.0xVDDQ

04 xVDDQ
tLZ{DGQ) begin point is above-mentioned extrapolated point

tHZ(DQ) with BL8: CK_t - CK_c rising crossing at RL + 4 nCK
tHZ(DQ) with BC4: CK_t - CK_c rising crossing at RL + 2 nCK

CK.t

10xV0DQ — — —
07xVDDQ — » — = - =

04xVDDQ _ o . .
Begin point : Exirapolated point

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

NOTE 1 Extrapolated point {Low Level) = VDDQ/{S0+34) X 34
=VDDQ x 0.40
- A driver impedance : RZQ/7(34ohm)
- An effective test load : 50 chm to VTT =VDDQ

tLZ(DQ) and tHZ(DQ) method for calculating transitions and begin points

Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter Symbol Vswl[V] Vsw2[V] Note
DQ low-impedance time from CK_t, CK_c tLZ(DQ) (0.70 - 0.04) x VDDQ (0.70 + 0.04) x VDDQ
DQ high impedance time from CK_t, CK_c tHZ(DQ) (0.70 - 0.04) x VDDQ (0.70 + 0.04) x VDDQ
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tLZ(DQS_c): CK_t - CK_c rising crossing at RL-1 with 1tCK Preamble
tLZ(DQS_c): CK_t - CK_c rising crossing at RL-2 with 2iCK Preamble

RE——

1.0xVvDDQ B -
07xVDDQ - . 22

04xVDDQ ~=======
tLZ(DQS_c) begin point is above-mentioned extrapolated point

tHZ(DQS_t) with BL8: CK_t - CK_c rising crossing at RL + 4 nCK
tHZ(DQS_t) with BC4: CK_t - CK_c rising crossing at RL + 2 nCK

CKt =\ =
vDDR2 — -

’
CKe --+ R

10xVDDQ = — —
07xVDDQ = & — «

04xVDDQ . oo . .
Begin point : Extrapolated point’

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

NOTE 1 Extrapolated point (Low Level) = VDDQ/(50+34) X 34
=VDDQ x 0.40
- A driver impedance : RZQ/7(34chm)
- An effective test load - 50 ohm to VTT = VDDQ

tLZ(DQS_c) and tHZ(DQS_t) method for calculating transitions and begin points

Reference Voltage for tLZ(DQS_c), tHZ(DQS_t) Timing Measurements
Vswl[V] Vsw2[V] Note

Measured Parameter Symbol
tLZ(DQS_c) (0.70 - 0.04) x VDDQ (0.70 + 0.04) x VDDQ

tHZ(DQS_t) (0.70 -0.04) x VDDQ | (0.70 + 0.04) x VDDQ

DQS_c low-impedance time from CK_t, CK_c

DQS_t high impedance time from CK_t, CK_c

Publication Date: Apr. 2023
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tRPRE Calculation

The method for calculating differential pulse widths for tRPRE is shown in Figure of Method for calculating tRPRE transitions

and endpoints.

————— VDDQ
__________________________ 0.7 xVDDQ
—————————— 0.4 xVDDQ
DRSS c———— - ——-——+— g VDDQ
——————————————————————————— 0.7 x VDDQ
Sing ended sigral, provided
s background formatien o~ L ——-0.4 xvVDDQ

“ bl s — - -06xVDDQ
RPRE_tegn P e R it il 0.3 x VDDQ
DQs_t-DAs_c ;e doo 0
Resulting differential ma:c part \_/\E
{RPRE_end

NOTE1 Low Level of DQS_t and DQS_c = VDDQ/(50+34) x 34

=VDDQ x 0.40
- A driver impedance : RZQ/7(34chm)
- An effective test load : 50 ohm 1o VTT = VDDQ

Method for calculating tRPRE transitions and endpoints

Reference Voltage for tRPRE Timing Measurements

Measured Parameter Symbol Vswl[V] Vsw2[V] Note
DQS_t, DQS_c differential READ Preamble tRPRE (0.30 - 0.04) x VDDQ (0.30 + 0.04) x VDDQ
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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tRPST Calculation

The method for calculating differential pulse widths for tRPST is shown in Figure of Method for calculating tRPST transitions
and endpoints.

—————— VDDQ
__________________________ 0.7 x VDDQ
————————— 0.4 xVDDQ

----vDDQ
———————————— 0.7 x VDDQ
————————————— 0.4 x VDDQ

DQS t-DQS € —— oo f——o oo @ o e 0

Resulting differential
et L e -0.3xVDDQ

R ~ Femred - 06 xVDDQ

NOTE 1 Low Level of DQS_T and DQS_c = VDDQ/(50+34) x 34
=VDDQx 0.40
- A driver impedance : RZQ/7(34chm)
- An efiective test load : 50 ohm to VTT = VDDQ

Method for calculating tRPST transitions and endpoints

Reference Voltage for tRPST Timing Measurements

Measured Parameter Symbol Vswl[V] Vsw2[V] Note
DQS _t, DQS_c differential READ Postamble tRPST (-0.30 - 0.04) x VDDQ (-0.30 + 0.04) x VDDQ
Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
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READ Burst Operation

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

Al12 = 0: BC4 (BC4 = burst chop)
Al2=1:BL8
A12 is used only for burst length control, not as a column address.

RL=AL#CL

EI TRANSITIONING DATA D DON'T CARE

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

Note:

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

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

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

4. BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

i | TRANsmIONNG DATA D DON'T CARE

READ Burst Operation RL =21 (AL = 10, CL = 11, BLS8)

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

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

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

4 BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.
5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
Revision: 1.0 115/291



ESMT M16U4G8512A (22)

- = | TRANSITIONIG DATA D DONT CARE

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

Note:

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

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

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

4. BL8 setting activated by either MRO[A1:AQ0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

TRAMSITIONING DATA |:| DONT CARE

Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group

Note:

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

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

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

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

aghrwdPRE

" TRANSITICKING DATA D DONT CARE

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

BL=8,AL=0, CL =11, Preamble = 1tCK, tCCD_S/L =5

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

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

BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T5.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

[ maxsmonweoama  [] oowcase

Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different Bank Group

Note:

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

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

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

4. BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T6.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

6. tCCD_S/L=5 isndét allowed in 2tCK preamble mode.

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023

Revision: 1.0 117/291



ESMT M16U4G8512A (22)

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

Note:

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

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

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

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

| rasmonveoam [] oowrcase

READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group

Note:

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

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

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

4. BC4 setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:AO = 0:1] and A12 = 0 during READ command at TO and T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same or Different Bank Group

Note:

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

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

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

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

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

'_'mmsmmmmn. [| DONT CARE
READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group

Note:

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

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

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

4. BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[AL1:A0 = 0:1] and A12 = 1 during READ command at TO and
WRITE command at T8.

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

6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

Note:

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

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

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

4. BC4(OTF) setting activated by MRO[A1:AO = 0:1] and A12 = 0 during READ command at TO and WRITE command at T6.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

Note:

gRrwNdPRE

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

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

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

BC4(OTF) setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and WRITE command at T6.
When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest
CWL setting.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Same or Different Bank Group

Note:

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

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

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

4. BCA4(Fixed) setting activated by MRO[A1:A0 = 1:0].

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

" TRANSITICNING DATA El DONT CARE

READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different Bank Group

Note:

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

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

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

4. BCA4(Fixed) setting activated by MRO[AL1:A0 = 1:0].

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

CWL setting.
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to READ (BC4) OTF with 1tCK Preamble in Different Bank Group

Note:
1. BL=8,AL=0,CL =11 ,Preamble = 1tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO

BC4 setting activated by MRO[AL1:A0 = 0:1] and A12 = 0 during READ command at T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

| rRansmonmcous  [7] oowr care
READ (BL8) to READ (BC4) OTF with 2tCK Preamble in Different Bank Group

Note:
1. BL=8,AL =0, CL =11 ,Preamble = 2tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by MRO[A1:AQ0 = 0:1] and A12 = 1 during READ command at TO.

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BC4) to READ (BL8) OTF with 1tCK Preamble in Different Bank Group

Note:
1. BL=8,AL =0, CL =11 ,Preamble = 1tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:AO = 0:1] and A12 = 0 during READ command at TO.

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

| ransmonmc o [ oowmcase
READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank Group

Note:
1. BL=8,AL=0,CL =11 ,Preamble = 2tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO.

BL8 setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BC4) to WRITE (BL8) OTF with 1tCK Preamble in Same or Different Bank Group

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

10 TRANSITIONIG DATA Dnomcme

READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different Bank Group
Note:
1. BC=4,RL=11(CL=11, AL =0), Read Preamble = 2tCK, WL =10 (CWL = 9+1*5, AL = 0), Write Preamble = 2tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BC4 setting activated by MRO[A1:AO0 = 0:1] and A12 = 0 during READ command at TO.
BL8 setting activated by MRO[A1:AO = 0:1] and A12 = 1 during WRITE command at T6.
5. When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest
CWL setting.
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

Note:
1. BL=8,RL=11(CL=11,AL=0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BLS8 setting activated by MRO[A1:AO = 0:1] and A12 = 1 during READ command at TO.

BC4 setting activated by MRO[A1:AO = 0:1] and A12 = 0 during WRITE command at T8.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.

pa
TRasmoNNG DT[] oowT case
READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

Note:
1. BL=8,RL=11(CL=11, AL =0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1*5, AL = 0), Write Preamble = 2tCK
2. DOUT n = data-out from column n, DIN b = data-in to column b.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO.

BC4 setting activated by MRO[A1:AO = 0:1] and A12 = 0 during WRITE command at T8.
5.  When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest

CWL setting.
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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Burst Read Operation followed by a Precharge

M16U4G8512A (22)

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP being
the Internal Read Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS, must be satisfied
as well.

The minimum value for the Internal Read Command to Precharge Command Delay is given by tRTP.min, A new bank active
command may be issued to the same bank if the following two conditions are satisfied simultaneously:

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

Examples of Read commands followed by Precharge are show in READ to PRECHARGE with 1tCK Preamble figure to READ to
PRECHARGE with Additive Latency and 1tCK Preamble figure.
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READ to PRECHARGE with 1tCK Preamble
Note:
1. BL =8, RL=11 (CL =11, AL = 0), Preamble = 1tCK, tRTP = 6, tRP = 11
2. DOUT n = data-out from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. The example assumes tRAS. MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next
Active command time(T18).
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ to PRECHARGE with 2tCK Preamble
Note:

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

DOUT n = data-out from column n.

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

The example assumes tRAS. MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next
Active command time(T18).

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ to PRECHARGE with Additive Latency and 1tCK Preamble
Note:
1. BL =8, RL=20 (CL =11, AL = CL- 2), Preamble = 1tCK, tRTP = 6, tRP = 11
2. DOUT n = data-out from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. The example assumes tRAS. MIN is satisfied at Precharge command time(T16) and that tRC. MIN is satisfied at the next

Active command time(T27).
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.

o

Elite Semiconductor Microelectronics Technology Inc Publication Date: Apr. 2023
Revision: 1.0 127/291



M16U4G8512A (22)

_ R/IP - P : .
: RL=AL+CL S - X , "
B0t Ceion 5 ) AL R A
Pos 0% { '3 A
" EE f;' Tout _ Do \_ '
BL3 Operafon: % Il . :,_‘ e
RS ( { D AWAWEWES
0 ) ) e
{ { NG ) e
D TRANSITIONING DATA DON'T CARE
READ with Auto Precharge and 1tCK Preamble
Note

BL =8, RL=11 (CL = 11, AL = 0), Preamble = 1tCK, tRTP = 6, tRP = 11
DOUT n = data-out from column n.

2

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

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

6 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ with Auto Precharge, Additive Latency and 1tCK Preamble
Note:
1. BL =8, RL=20 (CL =11, AL = CL- 2), Preamble = 1tCK, tRTP = 6, tRP = 11
2. DOUT n = data-out from column n.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. tRTP = 6 setting activated by MRO[A11:9 = 001]
5.  The example assumes tRC. MIN is satisfied at the next Active command time(T27).
6. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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Consecutive READ (BL8) with 1tCK Preamble and DBI in Different Bank Group

Note:
1. BL=8,AL=0, CL = 11, Preamble = 1tCK, tDBI = 2tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:AQ0 = 00] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T4.
5. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Enable.
Consecutive READ (BL8) with 1tCK Preamble and CA Parity in Different Bank Group
Note:
1. BL=8,AL=0,CL=11,PL=4, (RL=CL+AL+ PL = 15), Preamble = 1tCK
2. DOUT n (or b) = data-out from column n (or column b).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. BL8 setting activated by either MRO[A1:AO = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T4.
5. CA Parity =Enable, CS to CA Latency = Disable, Read DBI = Disable.
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