ESMT M56Z4G16256A (2H)

LPDDR4/LPDDR4X SDRAM 32M x 16 Bit x 8 Banks
LPDDR4/LPDDR4X SDRAM

Feature

Ultra-low-voltage core and I/O power supply

T Vpp1=1.70i 1.95V; 1.80V nominal

T Vppz2=1.06i 1.17V; 1.10V nominal

I Vbpo = 1.06i 1.17V; 1.10V nominal or Low Vppg = 0.571 0.65V; 0.60V nominal
Array configuration

I 256 Meg x 16 (1 channel x16 1/O)
Device configuration

I 256M16 x 1 die in package
16n prefetch DDR architecture
8 internal banks per channel for concurrent operation
Single-data-rate CMD/ADR entry
Bidirectional/differential data strobe per byte lane
Programmable READ and WRITE latencies (RL/WL)
Programmable and on-the-fly burst lengths (BL = 16, 32)
Directed per-bank refresh for concurrent bank operation and ease of command scheduling
Up to 8.5 GBY/s per die
On-chip temperature sensor to control self refresh rate
Partial-array self refresh (PASR)
Selectable output drive strength (DS)
Clock-stop capability
RoHS-comp !l i ant , Afgreend packaging
Programmable Vss (ODT) termination

Speed grade, cycle time

i 535ps @ RL = 32/36

i 468ps @ RL = 36/40

Operating temperature range

T -25°Cto +85°C
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Ordering Information

WRITE Latency READ Latency
Product ID Clock Rate| Data Rate Package [Comments
u
MHz Mbps/pin — DBl
(MHz) | (Mbps/pin) | SetA | SetB |nicopied|Enabled
M56Z4G16256A-SMBYG2H 1866 3733 16 30 32 36
200 ball BGA| Pb-free
M56Z4G16256A-TNBYG2H 2133 4266 18 34 36 40
SDRAM Addressing
The table below shows 4 Gb single-channel die configuration used in the package.
Device Configuration
256M x 16 (4 Gb/Package)
Die configuration 1 channel, rank 0 x16 mode x 1 die
Bank address BA[2:0]
Die addressing Row addresses R[14:0]
Column addresses C[9:0]
Note:
1. Refer to Block Diagrams section and Monolithic Device Addressing section.
Block Diagram
Voo1 Vobz Vss Vbpa
¢ ¢ | Voo
Die 200 RZQ
RESET_n - Q
Cso > DMI[1:0]
CKEO - LPDDR4 DQ[15:0]
DQS[1:0]
CK_t = DQS[1:0]
CK ¢
CA[5:0] ODT_CA ODT_CA
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ESMT M56Z4G16256A (2H)

Ball Configuration (Top View)

A DNU DNU VSS . DNU
= | [/ [
| = HENR
| = HEN
F IIIII
G vss ?g; .Power
H NC . . .LPDDR4X
J Ground
< | feer s [z vss | ZQ.00T cA,
L NC / DNU
M
N . VSS . VSS NC NC VSS . VSS .
P VSS NC VSS NC NC NC NC VSS NC VSS
R . NC NC NC . . NC NC NC .
T vss | Nc | vss . vss vss . vss RESEL - yss
| BEIEE
V VSS NC NC NC VSS VSS NC NC NC VSS
Y VSS NC NC NC VSS VSS NC NC NC VSS
AA DNU NC . NC - - NC - NC DNU
AR DNU DNU VSS . VSS VSS . VSS DNU DNU
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Ball Descriptions

Ball Name

Type

Function

CK_t, CK_c

Input

Clock: CK_t and CK_c are differential clock inputs. All address, command and control
input signals are sampled on positive edge of CK_t and the negative edge of CK_c. AC
timings for CA parameters are referenced to clock.

CKEO, CKE1

Input

Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals,
input buffers, and output drivers. Power-saving modes are entered and exited via CKE
transitions. CKE is sampled at the rising edge of CK.

CS0, CS1

Input

Chip select: CS is part of the command code.

CA[5:0]

Input

Command/Address inputs: Provide the command and address inputs according to the
command truth table.

ODT_CA

Input

LPDDR4 CA ODT control: The ODT_CA pin is used in conjunction with the mode
register to turn on/off the on-die termination for CA pins. It is bonded to VDD2 within the
package, or at the package ball, for the terminating rank, and the non-terminating ranks
are bonded to VSS (or left floating with a weak pull-down on the DRAM die).

The terminating rank is the DRAM that terminates the CA bus for all die on the same
channel.

LPDDR4X CA ODT Control: The ODT_CA pin is ignored by LPDDR4X devices. CAODT
is fully controlled through MR11 and MR22. The ODT_CA pin shall be connected to a
valid logic level.

DQ[15:0]

Input / Output

Data input/output: Bidirectional data bus.

DQS[1:0]_t,
DQS[1:0]_c,

Input / Output

Data strobe: DQS_t and DQS_c are bi-directional differential output clock signals used
to strobe data during a READ or WRITE. The data strobe is generated by the DRAM for a
READ and is edge-aligned with data. The data strobe is generated by the SoC memory
controller for a WRITE and is trained to precede data. Each byte of data has a data strobe
signal pair.

DMI[1:0]

Input / Output

Data mask/Data bus inversion: DMI is a dual use bi-directional signal used to indicate
data to be masked, and data which is inverted on the bus. For data bus inversion (DBI),
the DMI signal is driven HIGH when the data on the data bus is inverted, or driven LOW
when the data is in its normal state. DBI can be disabled via a mode register setting. For
data mask, the DMI signal is used in combination with the data lines to indicate data to be
masked in a MASK WRITE command (see the Data Mask (DM) and Data Bus Inversion
(DBI) sections for details). The data mask function can be disabled via a mode register
setting. Each byte of data has a DMI signal.

ZQO0

Reference

ZQ calibration reference: Used to calibrate the output drive strength and the termination
resistance. The ZQ pin shall be connectedto Vopot hr ough a 240q KN1¢

Vbpo, Vob1, Vobz

Supply

Power supplies: Isolated on the die for improved noise immunity.

Vss

Supply

Ground reference: Power supply ground reference.

RESET n

Input

RESET: When asserted LOW, the RESET pin resets all channels of the die.

DNU

Do not use: Must be grounded or left floating.

NC

No connect: Not internally connected.
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ESMT M56Z4G16256A (2H)

General Description

The 4Gb Mobile Low-Power DDR4 SDRAM with low VDDQ (LPDDR4X) is a high-speed CMOS, dynamic random-access
memory. The device is internally configured with x16 1/0, 8-banks.

Each of t he x 1 6bitbanksis OrgaBized a4 &5,58620Ws by 1024 columns by 16 bits.

General Note

Throughout the data sheet, figures and text refer to DQss as fACLC
specifically stated otherwise.

r DQS0o p@€HO should be interpreted as DQS_t, DQS_c and CK_t, CK
ACAO includes alll CA pins used for a given density.

I'n timing diagrams, ACMDO is used as an indicator only. Actual
Vrer indicates Vrerca) and Vrer(pg)-

Complete functionality may be described throughout the entire document. Any page or diagram may have been simplified to
convey a topic and may not be inclusive of all requirements.

Any specific requirement takes precedence over a general statement.

Any functionality not specifically stated herein is considered undefined, illegal, is not supported, and will result in unknown
operation.

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 5/297
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MRO, MR[6:5], MR8, MR13, MR24 Definition

Mode Register Contents

Mode Register OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
Latency
Mode REF
MRO —
OPJ[0] = Ob: Both legacy and modified refresh mode supported
OPJ[1] = Ob: Device supports normal latency
Manufacturer 1D

MR5

1111 1111b

Revision ID1
MR6

0000 0011b

I/0O Width Density
MR8 . .
OP[7:6] =00b: x16/channel OP[5:2] = 0010b: 4Gb single channel die
| VRO
MR13 OP[2] = Ob: Normal operation (default)
1b: Output the VREF(CA) value on DQ7 and VREF(DQ) value on DQ6
TRR Unlimited
Mode MAC MAC Value
MR24 OP[3:0] = 1000b: Unlimited MAC
OP[7] = Ob: Disable (default)
1b: Reserved

Note:

1. The contents of MRO, MR[6:5], MR8, MR13, and MR24 will reflect information specific to each die in these packages.

2. Other bits not defined above and other mode registers are referred to Mode Register Assignments and Definitions
section.

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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Ipp Parameters

Refer to Ipp Specification Parameters and Test Conditions section for detailed conditions.

LPDDR4 Ipp Parameters i Single-Die

Vb2, Vopo = 1.06i 1.17V; Vpp1 = 1.707 1.95V; T¢ = -25°C to +85°C

Speed Grade
Symbol Supply Unit Note
3733 Mbps 4266 Mbps

Iopo1 Vop1 3.0 3.0

Ibpo2 Vbp2 35.0 37.0 mA
Ipbog Vbbo 0.75 0.75

Iob2r1 Vo1 0.90 0.90

Iob2r2 Vo2 13 1.3 mA
Ipp2PQ Vbbo 0.75 0.75

Ibb2psi Vb1 0.90 0.90

Ippzps2 Vbp2 1.3 1.3 mA
Ipp2Pso Vbbo 0.75 0.75

Ibp2n1 Vb1 0.90 0.90

Ibp2n2 Vbbp2 21.0 24.0 mA
Ipp2Ng Vbbo 0.75 0.75

Iop2nst Voo1 0.90 0.90

Ibp2ns2 Vb2 15.0 15.0 mA
Ipp2nsq Vbbg 0.75 0.75

Ippsp1 Voo1 0.90 0.90

Ippsp2 Vbb2 8.0 8.0 mA
Ipp3po Vbbg 0.75 0.75

Iopsps1 Voo1 0.90 0.90

Iopsps2 Vo2 8.0 8.0 mA
Ipp3pPsQ Vbbg 0.75 0.75

Iopan1 Voo1 1.20 1.2

Iopanz Vbp2 23.0 26.0 mA
Ipb3ng Vbbq 0.75 0.75

Iopanst Vbp1 12 1.2

Iopans2 Vbp2 17.0 17.0 mA
Ipb3nsQ Vbbg 0.75 0.75
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LPDDRA4 Ipp Parameters i Single-Die (Continued)

Vb2, Vopo = 1.06i 1.17V; Vpp1 = 1.707 1.95V; T¢ = -25°C to +85°C

Speed Grade
Symbol Supply Unit Note
3733 Mbps 4266 Mbps
Iopar1 Vop1 2.1 2.2
Ippar2 Vo2 322 366 mA 2
Ibparo Vbbo 137 152
Ippawi Vop1 1.9 21
Iopaw2 Vop2 265 295 mA
IpDawg Vbbo 0.75 0.75
lops1 Vo1 9.0 9.5
Iops2 Vo2 68.0 72.0 mA
Ippso Vbbo 0.75 0.75
IppsaB1 Vo1 1.2 1.3
Ippsag2 Vbp2 25.0 30.0 mA
Ipp5ABO Vbbo 0.75 0.75
Iopspe1 Vo1 1.2 1.3
Ibpspe2 Vb2 25.0 30.0 mA
IppsPBQ Vbbo 0.75 0.75
Note:

1. Published Ipp values except Ipparg are the maximum of the distribution of the arithmetic mean. Refer to the following note for

Ipparo; refer to Ippe Full-Array Self Refresh Current table for Ipps.

2. lpparg value is reference only. Typical value. DBI disabled, Von = Vppg/3, Tc = 25°C.

LPDDR4 Ippe Full-Array Self Refresh Current

VDD2, VDDQ = 1.061 1.17V; Vpp1 = 1.701 1.95V

Temperature Supply Full-Array Self Refresh Current | Unit
Vbp1 0.19

25°C Vbb2 0.47 mA
Vbbq 0.01
Vbb1 1.0

85°C Vb2 3.8 mA
Vobo 0.75

Note:

1. lpps 25°C is the typical, and Ipps 85°C is the maximum of the distribution of the arithmetic mean.
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ESMT M56Z4G16256A (2H)

LPDDR4X Ipp Parameters i Single-Die

Vpp2 = 1.061 1.17V; Vppg = 0.571 0.65V; Vpp1 = 1.701 1.95V; Tc = -25°C to +85°C

Speed Grade
Symbol Supply Unit | Note
3733 Mbps 4266 Mbps
Iobo1 Vo1 3 3
Iobo2 Vop2 35 37 mA
Ipbog Vbbq 0.75 0.75
Iob2r1 Vo1 0.9 0.9
Iopzp2 Vo2 1.3 1.3 mA
Ipp2PQ Vbbo 0.75 0.75
Ippzps1 Vo1 0.9 0.9
Ippzps2 Vbp2 1.3 1.3 mA
IpD2PsQ Vbbo 0.75 0.75
Iop2n1 Vo1 0.9 0.9
Iop2n2 Vo2 21 24 mA
Ipp2NG Vbbo 0.75 0.75
Ipp2nst Vo1 0.9 0.9
Ipp2ns2 Vb2 15 15 mA
IpD2nSQ Vbbo 0.75 0.75
Ippsp1 Voo1 0.9 0.9
Iopsp2 Vop2 8 8 mA
Ibp3Po Vbbg 0.75 0.75
Iopsps1 Voo1 0.9 0.9
Iopsps2 Vop2 8 8 mA
Ipp3psq Vbbg 0.75 0.75
Ippan1 Voo1 1.2 1.2
Ippsnz Vbb2 23 26 mA
Ipbang Vbbg 0.75 0.75
Iopanst Voo1 1.2 1.2
Iopans2 Vop2 17 17 mA
Ipb3nsQ Vbbg 0.75 0.75
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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LPDDR4X Ipp Parameters i Single-Die (Continued)

Vpp2 = 1.061 1.17V; Vppg = 0.571 0.65V; Vpp1 = 1.701 1.95V; Tc = -25°C to +85°C

Speed Grade
Symbol Supply Unit Note
3733 Mbps 4266 Mbps
Iopar1 Vo1 1.9 2.1
Iobar2 Vop2 310 360 mA 2
IbD4aRrRQ Voo 91 101
Iopawi Vo1 1.9 2.1
Iopawz Vbb2 265 295 mA
Ibpawo Vbbo 0.75 0.75
Ipps1 Vbb1 9 9.5
Iops2 Vbp2 68 72.0 mA
Ippso Vbbo 0.75 0.75
IopsaB1 Vo1 1.2 1.3
IbpsAB2 Vb2 25 30.0 mA
IpD5ABQ Vbbo 0.75 0.75
Ippspe1 Vbb1 1.2 1.3
Ippspe2 Vbp2 25 30.0 mA
IppsPBRO Vbbo 0.75 0.75
Note:

1. Published Ipp values except Ipparg are the maximum of the distribution of the arithmetic mean. Refer to the following note for

Ipparo; refer to Ippe Full-Array Self Refresh Current table for Ipps.
2. lpparg value is reference only. Typical value. DBI disabled, Von = 0.5 X Vppg, Tc = 25°C.

LPDDR4X Ippg Full-Array Self Refresh Current

Vpp2 = 1.067 1.17V; Vppg = 0.571 0.65V; Vpp1 = 1.707 1.95V

Temperature Supply Full-Array Self Refresh Current | Unit
Vbp1 0.19
25°C Vbb2 0.47 mA
Vbbq 0.01
Vbb1 1
85°C Vb2 3.8 mA
Vobo 0.75
Note:

1. lpps 25°C is the typical, and Ipps 85°C is the maximum of the distribution of the arithmetic mean.
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Functional Description

The Mobile Low-Power DDR4 SDRAM (LPDDR4) is a high-speed CMOS, dynamic random-access memory internally
configured with 1 channel. The channel is comprised of 16 DQs and 8 banks.

LPDDRA4 uses a 2-tick, single-data-rate (SDR) protocol on the CA bus to reduce the number of input signals in the system. The
term "2-tick" means that the command/ address is decoded across two transactions, such that half of the command/address is
captured with each of two consecutive rising edges of CK. The 6-bit CA bus contains command, address, and bank information.
Some commands such as READ, WRITE,MASKED WRITE, and ACTIVATE require two consecutive 2-tick SDR commands to
complete the instruction.

LPDDRA4 uses a double-data-rate (DDR) protocol on the DQ bus to achieve high-speed operation. The DDR interface transfers
two data bits to each DQ lane in one clock cycle and is matched to a 16n-prefetch DRAM architecture. A write/read access
consists of a single 16n-bit-wide data transfer to/from the DRAM core and 16 corresponding n-bitwide data transfers at the 1/0
pins.

Read and write accesses to the device are burst-oriented. Accesses start at a selected column address and continue for a

programmed number of columns in a programmed sequence.

Accesses begin with the registration of an ACTIVATE command to open a row in the memory core, followed by a WRITE or
READ command to access column data within the open row. The address and bank address (BA) bits registered by the
ACTIVATE command are used to select the bank and row to be opened. The address and BA bits registered with the WRITE or
READ command are used to select the bank and the starting column address for the burst access.

Prior to normal operation, the LPDDR4 SDRAM must be initialized. Following sections provide detailed information about
device initialization, register definition, command descriptions and device operations.
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Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023

Revision: 1.2 11/297



ESMT M56Z4G16256A (2H)

Monolithic Device Addressing

The table below includes all monolithic device addressing options defined by JEDEC.
Under the SDRAM Addressing heading near the beginning of this data sheet are addressing details for this product data sheet.

Monolithic Device Addressing i Single-Channel Die

Memory Density (Per Die) 4Gb
Memory density (per channel) 4Gb
Configuration 32Mb x 16DQ x 8 banks
Number of channel 1
Number of banks 8
Array prefetch (bits) 256
Number of rows 32,768
Number of columns (fetch boun-daries) 64
Page size (bytes) 2048
Channel density (bits) 4,294,967,296
Total density (bits) 4,294,967,296
Bank address BA[2:0]
Row add R[14:0]
x16
Col. add C[9:0]
Burst starting address boundary 64 bit
Note:

1. The lower two column addresses (C[1:0]) are assumed to be zero and are not transmitted on the CA bus.

2. Row and column address values on the CA bus that are not used for a particular density should be at valid logic levels.

3. For non-binary memory densities, only a quarter of the row address space is invalid. When the MSB address bit is HIGH,
then the MSB - 1 address bit must be LOW.

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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Simplified Bus Interface State Diagram

The state diagram provides a simplified illustration of the bus interface, supported state transitions, and the commands that
control them. For a complete description of device behavior, use the information provided in the state diagram with the truth
tables and timing specifications. The truth tables describe device behavior and applicable restrictions when considering the
actual state of all banks. For command descriptions, see the Commands and Timing section.
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PRE(A) = PRECHARGE (ALL)
ACT = ACTIVATE
WR{A) = WRITE fwith auto precharge)
MWWR{A) = Mask WRITE
[with auto precharge)
RO{A) = READ fwith auto precharge)
MRW = MODE REGISTER WRITE
MRR = MODE REGISTER READ
“CKE =L = Enter power-down
“CKE = H" = Exit power-down
SRE = Enter self refresh
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Note:

1. From the self refresh state, the device can enter power-down, MRR, MRW, or any of the training modes initiated with the
MPC command. See the Self Refresh section.
2. All banks are precharged in the idle state.

3. In the case of using an MRW command to enter a training mode, the state machine will not automatically return to the idle
state at the conclusion of training. See the applicable training section for more information.
4. In the case of an MPC command to enter a training mode, the state machine may not automatically return to the idle state

at the conclusion of training. See the applicable training section for more information.

5. This diagram is intended to provide an overview of the possible state transitions and commands to control them; however,
it does not contain the details necessary to operate the device. In particular, situations involving more than one bank are
not captured in complete detail.

6. States that have an "automatic return” and can be accessed from more than one prior state (that is, MRW from either idle
or active states) will return to the state where they were initiated (that is, MRW from idle will return to idle).

7. The RESET pin can be asserted from any state and will cause the device to enter the reset state. The diagram shows
RESET applied from the power-on and idle states as an example,but this should not be construed as a restriction on
RESET.

8. MRW commands from the active state cannot change operating parameters of the device that affect timing. Mode register
fields which may be changed via MRW from the active state include: MR1-OP[3:0], MR1-OP[7], MR3-OP[7:6],
MR10-OP[7:0], MR11-OP[7:0], MR13-OP[5], MR15-OP[7:0], MR16-OP[7:0], MR17-OP[7:0], MR20-OP[7:0], and
MR22-OPJ[4:0].
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Power-Up and Initialization

To ensure proper functionality for power-up and reset initialization, default values for the MR settings are provided in the table

below.

Mode Register Default Settings

Item Mode Register Setting Default Setting Description

FSP-OP/WR MR13 OP[7:6] 00b FSP-OP/WR(0] are enabled
WLS MR2 OP[6] Ob WRITE latency set A is selected
WL MR2 OP[5:3] 000b WL=4

RL MR2 OP[2:0] 000b RL=6, nRTP =8

nWR MR1 OP[6:4] 000b nWR = 6

DBI-WR/RD MR3 OP[7:6] 00b Write and read DBI are disabled
CAODT MR11 OP[6:4] 000b CA ODT is disabled

DQ ODT MR11 OP[2:0] 000b DQ ODT is disabled

VR&er(ca) Setting MR12 OP[6] 1b Vrerca) range[1] is enabled
VRrer(ca) value MR12 OP[5:0] 011101b Rangel: 50.3% of Vppo
VRrer(pg) Setting MR14 OP[6] 1b VRrer(pg) range[1] enabled
VRrer(pg) Value MR14 OP[5:0] 011101b Rangel: 50.3% of Vppg

The following sequence must be used to power up the device. Unless specified otherwise,this procedure is mandatory. The

power-up sequence of all channels must proceed simultaneously.
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Voltage Ramp

While applying power (after Ta), RESET_n should be held LOW (* 0.2 x Vppy), and all other inputs must be between V,_min and
Vinmax- The device outputs remain at High-Z while RESET_n is held LOW. Power supply voltage ramp requirements are
provided in the table below. Vpp: must ramp at the same time or earlier than Vppz. Vop2 must ramp at the same time or earlier
than VDDQ.

Voltage Ramp Conditions

After... Applicable Conditions

Vpp1 must be greater than Vppz

Ta is reached
Vpp2 must be greater than Vppg - 200mV

Note:

1.  Tais the point when any power supply first reaches 300mV.

Voltage ramp conditions in above table apply between Ta and power-off (controlled or uncontrolled).
Tb is the point at which all supply and reference voltages are within their defined operating ranges.
Power ramp duration tINITO (Thi Ta) must not exceed 20ms.

The voltage difference between any VSS and VSSQ must not exceed 100mV.

o ks wDn

Following completion of the of the voltage ramp (Tb), RESET_n must be held LOW for INIT1. DQ, DMI, DQS_t, and DQS_c
voltage levels must be between Vssq and Vppg during voltage ramp to avoid latch-up. CK_t and CK_c, CS, and CA input levels
must be between Vss and Vppz during voltage ramp to avoid latch-up. Voltage ramp power supply requirements are provided in
the table below.

Beginning at Th, RESET_n must remain LOW for at least INIT1(Tc), after which RESET_n can be de-asserted to HIGH(Tc). At
least 10ns before CKE de-assertion, CKE is required to be set LOW. All other input signals are "Don't Care."

Ta T Tc Td Te T* Tg Th Ti Ti Tk
Power Ramp Raeset nitialization Training : :
INTTA=SECKIMIN i i
CK ¢ 7 ASYYEArln e AT Ao oo s norla e r ' ANV A e AT A
770 Y7, /] ! ) A LA T T A TN, ) AN ANy ) VA R T
ok + 2 y pi ;’rr/ AL % ﬁ‘;\_{ Y ‘_{\.‘_.."‘_g\‘_.a”? 'Eu’;-'{u;-'fu’;'\‘uﬁ? A AL AL A \\ vl lu_\.l \ fo u“L X Y f' AL (A f\,.,f\_,*‘r S PAL
|
INTO=20msIMAX) SNITI=200isIMIN] ; !
e AAAIA A B,-’ iy 7 ) ¥ B 1) ]J ] 1T ) T T ) T T )]
soeetes 77/ 1 /1 U (( (( ( (( (¢ (( O
. | |
77‘77‘\?7‘;72' Y Yy VY )y )T 1] YT B ] ) T ] Ill:l_
RESET_n // A e (| [ { ({ (( (f i (( (( (( (l
— | |
: ' [INTZ=10nsIMIN]|  INT3=2ms{MIN) : :
! ! 1 1
A I T B | Yy T VT i ) 1 ] 1 Y
Cke /I’j(f//l/flg/ (i (L J \]f i i r. | (( ! (( (!
! ! ! HNITS=2usMIN) TZOCAL=TusMIND _ | TQLAT-MAX(30ns, 8 CKIMIN) | i
1 1 I 1 1
CA[SO]’/” 7 ¥/ A VI 3 ) YRR / Y e i e
0 /ff//%//x i /2 }( gtk ) )<‘ X ) ({ gy &N o L [ 3 gy s ) Manm DES {Mm) s erfr?nn X s [ (v
1 1 N 1 ' 1 |
' i ' ! X ,
: | | | | | | R | |
| 1 | H ' I . ' . I
T 77 ;5 ) oo D ) DI D v N ) T ) T vl )
DGs i [ /| . D (L [ i\ [,vahu\ ) mm\ I,)
I , , 1 1
: :

! ! I
Don't Care

Voltage Ramp and Initialization Sequence

Note:

1. Training is optional and may be done at the system designer's discretion. The order of training may be different than what
is shown here.
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After RESET_n is de-asserted (Tc), wait at least 'INIT3 before activating CKE. CK_t, CK_c must be started and stabilized for
'INIT4 before CKE goes active (Td). CS must remain LOW when the controller activates CKE.

After CKE is set to HIGH, wait a minimum of ‘INIT5 to issue any MRR or MRW commands (Te). For MRR and MRW commands,
the clock frequency must be within the range defined for 'CKb. Some AC parameters (for example, 'DQSCK) could have relaxed
timings (such as 'DQSCKb) before the system is appropriately configured.

After completing all MRW commands to set the pull-up, pull-down, and Rx termination values, the controller can issue the
ZQCAL START command to the memory (Tf). This command is used to calibrate the Von level and the output impedance over
process,voltage, and temperature. In systems where more than one device share one external ZQ resistor, the controller must
not overlap the ZQ calibration sequence of each device.The ZQ calibration sequence is completed after 'ZQCAL (Tg). The
ZQCAL LATCH command must be issued to update the DQ drivers and DQ + CA ODT to the calibrated values.

After 'ZQLAT is satisfied (Th), the command bus (internal Vrerca), CS, and CA) should be trained for high-speed operation by
issuing an MRW command (command bus training mode). This command is used to calibrate the device's internal Vgrer and
align CS/CA with CK for high-speed operation. The device will power-up with receivers configured for low-speed operations and
with Vrerca) set to a default factory setting.

Normal device operation at clock speeds higher than 'CKb may not be possible until command bus training is complete. The
command bus training MRW command uses the CA bus as inputs for the calibration data stream, and it outputs the results
asynchro-nously on the DQ bus. See command bus training in the MRW section for information on how to enter/exit the training
mode.

After command bus training, the controller must perform write leveling. Write leveling mode is enabled when MR2 OP[7] is
HIGH (Ti). See the Write Leveling section for a detailed description of the write leveling entry and exit sequence. In write
leveling mode, the controller adjusts write DQS timing to the point where the device recognizes the start of write DQ data burst
with desired WRITE latency.

After write leveling, the DQ bus (internal Vrerpg), DQS, and DQ) should be trained for high-speed operation using the MPC
TRAINING commands and by issuing MRW commands to adjust Vrerpg). The device will power-up with receivers configured
for low-speed operations and with Vrerpg) Set to a default factory setting. Normal device operation at clock speeds higher than
'CKb should not be attempted until DQ bus training is complete. The MPC[READ DQ CALIBRATION] command is used
together with MPC[READ-FIFQO] or MPC[WRITE-FIFO] commands to train the DQ bus without disturbing the memory array
contents. See the DQ Bus Training section for more information on the DQ bus training sequence.

At Tk, the device is ready for normal operation and is ready to accept any valid command.
Any mode registers that have not previously been configured for normal operation should be written at this time.

Initialization Timing Parameters

Parameter Min Max Unit Comment
INITO T 20 ms Maximum voltage ramp time
INIT1 200 T us Minimum RESET_n LOW time after completion of voltage ramp
INIT2 10 T ns Minimum CKE LOW time before RESET_n goes HIGH
INIT3 2 T ms Minimum CKE LOW time after RESET_n goes HIGH
INIT4 5 i 'CK Minimum stable clock before first CKE HIGH
INITS 2 T €s Minimum idle time before first MRW/MRR command
'CKb Note™ 2 Note™ 2 ns Clock cycle time during boot
Note:

1. Minimum tCKb guaranteed by DRAM test is 18ns.

2. The system may boot at a higher frequency than dictated by minimum tCKb. The higher boot frequency is system
dependent.

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

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

1. Assert RESET_n below 0.2 x Vpp2 anytime when reset is needed. RESET_n needs to be maintained for minimum
'PW_RESET. CKE must be pulled LOW at least 10ns before de-asserting RESET_n.

2. Repeat steps 4i 10 in Voltage Ramp section.

Reset Timing Parameter

Parameter

Value

Min

Max

Unit

Comment

'PW_RESET

100

ns

Minimum RESET_n LOW time for reset initialization with stable power

Elite Semiconductor Microelectronics Technology Inc

Publication Date: May. 2023
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Power-Off Sequence
Controlled Power-Off

While powering off, CKE mg)sal otheeinphterhudt be b@tweer( \QL@in aAd Minmay The device
outputs remain at High-Z while CKE is held LOW.

DQ, DMI, DQS_t, and DQS_c voltage levels must be between Vssq and Vppg during the power-off sequence to avoid latch-up.

CK_t, CK_c, CS, and CA input levels must be between Vss and Vpp2 during the power-off sequence to avoid latch-up.
Tx is the point where any power supply drops below the minimum value specified in the minimum DC Operating Condition.

Tz is the point where all power supplies are below 300mV. After Tz, the device is powered off.

Power Supply Conditions

The voltage difference between Vss and Vssg must not exceed 100mV

Between... Applicable Conditions

Vpp1 must be greater than Vppz

Txand Tz

Vpp2 must be greater than Vppg - 200mV

Uncontrolled Power-Off

When an uncontrolled power-off occurs, the following conditions must be met.

At Tx, when the power supply drops below the minimum values specified in the Recommended DC Operating Conditions
table, all power supplies must be turned off and all power supply current capacity must be at zero, except for any static

charge remaining in the system.

After Tz (the point at which all power supplies first reach 300mV), the device must power off. During this period, the
relative voltage between power supplies is uncontrolled. Vpp: and Vpp2 must decrease with a slope lower than 0.5 V/us

between Tx and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of the device.

Power-Off Timing

Parameter Symbol Min Max Unit
Power-off ramp time 'POFF i 2 sec
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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Mode Registers

Mode Register Assignments and Definitions

Mode register definitions are provided in the Mode Register Assig

nments table. In the access column of the table, R indicates

read-only; W indicates write-only; R/W indicates read- or write-capable or enabled. The MRR command is used to read from a

register.
The MRW command is used to write to a register.

Mode Register Assignments

Note 1i 5 apply to entire table

MR# | MA[5:0] Function Access OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
0 00h Device info R RFU RZOI RFU Lfr‘]tgggy REF
1 01h Device feature 1 w RD-PST nWR (for AP) RD-PRE |WR-PRE BL
2 02h Device feature 2 w WR Lev | WLS WL RL
3 03h I/0O config-1 w DBI-WR | DBI-RD PDDS PPRP [WR-PST | PU-CAL

Refresh and
4 04h o R /W TUF Thermal offset PPRE |SR abort Refresh rate
training
5 05h Basic config-1 R Manufacturer ID
6 06h Basic config-2 R Revision ID1
7 07h Basic config-3 R Revision ID2
8 08h Basic config-4 R 1/O width Density Type
9 09h Test mode w Vendor-specific test mode
10 0Ah I/O calibration W RFU ZQRST
11 0Bh OoDT W RFU CAODT RFU DQ ODT
12 0Ch VREF(CA) R/W RFU VRca VReF(cA)
13 0Dh Register control W FSP-OP |FSP-WR| DMD RRO VRCG VRO RPT CBT
14 OEh VREFDQ) R/W RFU VRbo VReFDQ)
15 OFh DQI-LB w Lower-byte invert register for DQ calibration
16 10h PASR_Bank w PASR bank mask
17 11h PASR_Seg w PASR segment mask
18 12h IT-LSB R DQS oscillator count i LSB
19 13h IT-MSB R DQS oscillator counti MSB
20 14h DQI-UB W Upper-byte invert register for DQ calibration
21 15h Vendor use w RFU
22 16h ODT feature 2 W ODTD for x8 2ch O_IgLD O_Ig;E OE:;E SoC ODT
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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Mode Register Assignments (Continued)

Note 1i 5 apply to entire table

MR# | MA[5:0] | Function |Access| op7 | ops | ops | opa | ops | op2 | op1 | opo
23 17h DQSSotzc;IIator W DQS oscillator run-time setting
24 18h TRR control R/W TRR TRR mode BAn Unitd MAC value
mode MAC
25 | 19h | PPRresources | R B7 B6 | B5 | B4 B3 B2 | B1 | B8O
261 29 (1Ah~1Dh i i Reserved for future use
30 1Eh Reserved for test W SDRAM will ignore
31 1Fh i i Reserved for future use
D librati Lo .
32 20h Q calibration w See DQ calibration section
pattern A
33i38({21h & Donotuse i Do not use
39 27h Reserved for test W SDRAM will ignore
40 28h DQ calibration W See DQ calibration section
pattern B
41i47(29 h &1 Donotuse i Do not use
48i63|30h a Reserved i Reserved for future use
Note:

1. RFU bits must be set to 0 during MRW commands.

RFU bits are read as 0 during MRR commands.

All mode registers that are specified as RFU or write-only shall return undefined data when read via an MRR command.
RFU mode registers must not be written.

Writes to read-only registers will not affect the functionality of the device.

ok wDd

MRO Device Feature 0 (MA[5:0] = 00h)

OP7 OP6 OP5 OP4 OP3 0oP2 OP1 OPO
RFU RZQI RFU Latency mode REF
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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MRO Op-Code Bit Definitions

Register Information Type OP Definition Note
Ob: Both legacy and modified refresh mode supported
Refresh mode Read-only OPJ[0]
1b: Only modified refresh mode supported
Ob: Device supports normal latency
Latency mode Read-only OP[1] 56
1b: Device supports byte mode latency
00b: RZQ self-test not supported
01b: ZQ may connect to Vssq or float
Built-in self-test for RZQ
Read-only | OPJ[4:3] 10b: ZQ may short to Vppg 1i4
information
11b: ZQ pin self-test completed, no error condition detected
(ZQ may not connect to Vssg, float, or short to Vppg)
Note:

1. RZQI MR value, if supported, will be valid after the following sequence:

B

B

RZQI value will be lost after reset.

2. If ZQ is connected to Vssg to set default calibration, OP[4:3] must be set to 01b. If ZQ is not connected to Vssg, either
OPJ[4:3] = 01b or OP[4:3] = 10b might indicate a ZQ pin assembly error. It is recommended that the assembly error be

corrected.

Completion of MPC[ZQCAL START] command to either channel
Completion of MPC[ZQCAL LATCH] command to either channel then tZQLAT is satisfied

3. In the case of possible assembly error, the device will default to factory trim settings for Ron, and will ignore ZQ
CALIBRATION commands. In either case, the device may not function as intended.
4. If the ZQ pin self-test returns OP[4:3] = 11b, the device has detected a resistor connected to the ZQ pin. However, this
result cannot be

° 19%).

used

to validate the ZQ resistor

5. See byte mode addendum spec for byte mode latency details.

6. Byte mode latency for 2Ch. x16 device is only allowed when it is stacked in a same package with byte mode device.

v al

ue
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MR1 Device Feature 1 (MA[5:0] = 01h)
OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
RD-PST nWR (for AP) RD-PRE WR-PRE BL

MR1 Op-Code Bit Definitions
Feature Type OP Definition Note
00b: BL = 16 sequential (default)
BL . ) 01b: BL = 32 sequential
Burst length Write-only | - OP[1:0] 10b: BL = 16 or 32 sequential (on-the-fly) 1
11b: Reserved
WR-PRE . Ob: Reserved
Write preamble length Write-only OPL2] 1b: WR preamble = 2 x 'CK 56
RD-PRE . Ob: RD preamble = Static (default)
Write-onl P
Read preamble type rite-only OPI3] 1b: RD preamble = Toggle 3,56
000b: NWR = 6 (default)
001b: nWR = 10
010b: NWR = 16
nWR
Write-recovery for AUTO Write-only | OP[6:4] O11b: nWR =20 2,5,6
PRECHARGE command 100b: nWR = 24
101b: nWR = 30
110b: nWR = 34
111b: nWR = 40
RD-PST _ Ob: RD postamble = 0.5 x 'CK (default)
Write-onl P[7 4
Read postamble length rite-only OPI7] 1b: RD postamble = 1.5 x 'CK 5.6
Note:
1. Burst length on-the-fly can be set to either BL = 16 or BL = 32 by setting the BL bit in the command operands. See the

Command Truth Table.

The programmed value of nWR is the number of clock cycles the device uses to deter- mine the starting point of an
internal precharge after a write burst with auto precharge (AP) enabled. See Frequency Ranges for RL, WL, and nWR
Settings table.

For READ operations, this bit must be set to select between a toggling preamble and a non-toggling preamble. (See the
Preamble section.)

OPJ[7] provides an optional read postamble with an additional rising and falling edge of DQS_t. The optional postamble
cycle is provided for the benefit of certain memory con- trollers.

There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSPTWR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address.

There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, that is, the set point
determined by the state of the FSPTOP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.
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Burst Sequence for Read
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Burst Sequence for Write
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MR2 Device Feature 2 (MA[5:0] = 02h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

WR Lev WLS WL RL

MR2 Op-Code Bit Definitions

Feature Type OoP Definition Note

RL and nRTP for DBI-RD disabled (MR3 OP[6] = Ob)
000b: RL = 6, nRTP = 8 (default)

001b: RL=10,nRTP =8

010b: RL =14, nRTP =8

011b: RL=20,nRTP =8

100b: RL=24, nRTP =10

101b: RL =28, nRTP =12

110b: RL=32,nRTP = 14

RL 111b: RL = 36, nRTP =16

Write-only | OP[2:0] 1,34
READ latency RL and nRTP for DBI-RD enabled (MR3 OP[6] = 1b)

000b: RL=6,nRTP =8
001b: RL=12,nRTP =8
010b: RL =16, nRTP =8
011b: RL=22,nRTP =8
100b: RL = 28, nRTP =10
101b: RL =32, nRTP =12
110b: RL =36, nRTP = 14
111b: RL = 40, nRTP = 16

WL set A (MR2 OP[6] = Ob)
000b: WL = 4 (default)
001b: WL=6

010b: WL =8

011b: WL =10

WL
Write- only | OP[5:3] | 100b: WL =12 1,3, 4

WRITE latency 101b: WL = 14
110b: WL = 16

111b: WL =18

WL set B (MR2 OP[6] = 1b)
000b: WL = 4

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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001b: WL=38

010b: WL =12
011b: WL =18
100b: WL = 22
101b: WL = 26
110b: WL =30
111b: WL =34

WLS
WRITE latency set

Write- only

OP[6]

Ob: Use WL set A (default)
1b: Use WL set B

1,3, 4

WR Lev

Write leveling

Write- only

OP[7]

Ob: Disable write leveling (default)

1b: Enable write leveling

Note:

1. See Latency Code Frequency Table for allowable frequency ranges for RL/WL/NnWR.
2. After an MRW command to set the write leveling enable bit (OP[7] = 1b), the device re- mains in the MRW state until
another MRW command clears the bit (OP[7] = 0b). No other commands are allowed until the write leveling enable bit is

cleared.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point O and set point 1. Only
the registers for the set point determined by the state of the FSP®VR bit (MR13 OPJ[6]) will be written to with an MRW
command this MR address, or read from with an MRR command to this address.

4. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, that is, the set point
determined by the state of the FSP@P bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.

5. nRTP is valid for BL16 only. For BL32, the SDRAM will add 8 clocks to the nRTP value be- fore starting a precharge.

Elite Semiconductor Microelectronics Technology Inc
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Frequency Ranges for RL, WL, nWR, and nRTP Settings

READ Latency WRITE Latency Lower Upper
nWR nRTP Frequency Frequency Units Note
No DBI w/DBI Set A Set B
Limit (>) Li mit
6 6 4 4 6 8 10 266
10 12 6 8 10 8 266 533
14 16 8 12 16 8 533 800
20 22 10 18 20 8 800 1066
MHz 1i 6
24 28 12 22 24 10 1066 1333
28 32 14 26 30 12 1333 1600
32 36 16 30 34 14 1600 1866
36 40 18 34 40 16 1866 2133
Note:

1. The device should not be operated at a frequency above the upper frequency limit or below the lower frequency limit
shown for each RL, WL, or nWR value.

2. DBI for READ operations is enabled in MR3 OP[6]. When MR3 OP[6] = 0, then the "No DBI" column should be used for
READ latency. When MR3 OP[6] = 1, then the "w/DBI" column should be used for READ latency.

3.  WRITE latency set A and set B are determined by MR2 OP[6]. When MR2 OP[6] = 0, then WRITE latency set A should be
used. When MR2 OPJ[6] = 1, then WRITE latency set B should be used.

4. The programmed value for nRTP is the number of clock cycles the device uses to determine the starting point of an
internal PRECHARGE operation after a READ burst with AP (auto precharge) enabled . It is determined by
RU(tRTP/tCK).

5. The programmed value of nWR is the number of clock cycles the device uses to deter- mine the starting point of an
internal PRECHARGE operation after a WRITE burst with AP (auto precharge) enabled. It is determined by
RU(tWR/CK).

6. nNRTP shown in this table is valid for BL16 only. For BL32, the device will add 8 clocks to the nRTP value before starting a
precharge.

MR3 I/0O Configuration 1 (MA[5:0] = 03h)

OoP7 OP6 OP5 OP4 OP3 0oP2 OP1 OPO
DBI-WR DBI-RD PDDS PPRP WR-PST PU-CAL
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MR3 Op-Code Bit Definitions

Feature Type OP Definition Note
- Ob: Vppg x 0.6
PUCAL oP[0] ooo 1i 3
(Pull-up calibration point) 1b: Vppg x 0.5 (default)
. Ob: WR postamble = 0.5 x 'CK (default
WR-PST OP[1] P - ( ) 2,3,4
(WR postamble length) 1b: WR postamble = 1.5 x 'CK
PPRP Ob: PPR protection disabled (default)
(Post-package repair OP[2] ) 5
protection) 1b: PPR protection enabled
000b: RFU
001b: RZQ/1
Write-only 010b: RZQ/2
011b: RZQ/3
PDDS . OP[5:3] Q 1,2,3
(Pull-down drive strength) 100b: RZQ/4
101b: RZQ/5
110b: RZQ/6 (default)
111b: Reserved
- Ob: Disabled (default
DBI-RD OP[6] ( ) ) 3
(DBl-read enable) 1b: Enabled
- Ob: Disabled (default
DB WR. OP[7] ( ) 2,3
(DBI-write enable) 1b: Enabled

Note:

1.  All values are typical. The actual value after calibration will be within the specified tolerance for a given voltage and

temperature. Recalibration may be required as voltage and temperature vary.

There are two physical registers assigned to each bit of this MR parameter: designated set point O and set point 1. Only
the registers for the set point determined by the state of the FSPTWR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address, or read from with an MRR command to this address.

There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1.The
device will operate only according to the values stored in the registers for the active set point, for example, the set point
determined by the state of the FSPTOP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
determined by the state of the FSPTOP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device, and may be changed without affecting device operation.

1.5 x 'CK apply > 1.6 GHz clock.

If MR3 OP[2] is set to 1b, PPR protection mode is enabled. The PPR protection bit is a sticky bit and can only be set to Ob
by a power on reset. MR4 OPJ[4] controls entry to PPR mode. If PPR protection is enabled then the DRAM will not allow
writing of 1b to MR4 OP[4].
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MR4 Device Temperature (MA[5:0] = 04h)
oP7 o6 |  oPs oP4 oP3 o,z | op1 | opo
TUF Thermal offset PPRE SR abort Refresh rate

MR4

Op-Code Bit Definitions

Feature Type OoP Definition Note

000b: SDRAM low temperature operating limit exceeded
001b: 4x refresh
010b: 2x refresh

) 011b: 1x refresh (default) 1i 4,
Refresh rate Read-only | OPJ[2:0] 100b: 0.5 refresh 7i 9
101b: 0.25x refresh, no derating 110b: 0.25x refresh,
with derating
111b: SDRAM high temperature operating limit exceeded
SR abort . Ob: Disable (default)
(Self refresh abort) Write OPI3] 1b: Device dependent o
PPRE Ob: Exit PPR mode (default)
(Post-package repair entry/ Write OP[4] 1b:Enter PPR mode 5,9
exit) (Reference MR25 OPJ[7:0] for available PPR resources)
00b: No offset, 0~5°C gradient (default)
Thermal offset-controller Write oP[6:5] 01b: 5°C offset, 5~10°C gradient 9

offset to TCSR

10b: 10°C offset, 10~15°C gradient
11b: Reserved

TUF
(Temperature update flag)

Ob: OP[2:0] No change in OP[2:0] since last MR4 read
Read-only OP7 (default) 618
1b: Change in OP[2:0] since last MR4 read

Note:
1.

The refresh rate for each MR4 OP[2:0] setting applies to tREFI, tREFIpb, and tREFW. MR4 OP[2:0] = 011b corresponds
to a device temperature of 85°C. Other values require either a longer (2x, 4x) refresh interval at lower temperatures or a
shorter (0.5x, 0.25x) refresh interval at higher temperatures. If MR4 OP[2] = 1b, the device temperature is greater than
85°C.

2. At higher temperatures (>85°C), AC timing derating may be required. If derating is required the device will set MR4
OP[2:0] = 110b. See derating timing requirements in the AC Timing section.

3. DRAM vendors may or may not report all of the possible settings over the operating temperature range of the device.
Each vendor guarantees that their device will work at any temperature within the range using the refresh interval
requested by their device.

4.  The device may not operate properly when MR4 OP[2:0 ] = 000b or 111b.

5. Postipackage repair can be entered or exited by writing to MR4 OP[4].

6. When MR4 OP[7] = 1b, the refresh rate reported in MR4 OP[2:0] has changed since the last MR4 read. A mode register
read from MR4 will reset MR4 OPJ[7] to Ob.

7. MR4 OP[7] = Ob at powertup. MR4 OP[2:0] bits are valid after initialization sequence (Te).

8. See the Temperature Sensor section for information on the recommended frequency of reading MR4.

9. MR4 OP[6:3] can be written in this register. All other bits will be ignored by the device during an MRW command to this
register.
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MRS5 Basic Configuration 1 (MA[5:0] = 05h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Manufacturer ID

MRS5 Op-Code Bit Definitions

Feature Type OoP Definition

1111 1111b
Manufacturer ID Read-only | OPJ[7:0]

All others: Reserved

MR6 Basic Configuration 2 (MA[5:0] = 06h)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO

Revision ID1

Note: MR6 is vendor-specific.

MR6 Op-Code Bit Definitions

Feature Type OP Definition

Revision ID1 Read-only | OP[7:0] | xxxx xxxxb: Revision ID1

Note: MR6 is vendor-specific.

MR7 Basic Configuration 3 (MA[5:0] = 07h)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO

Revision ID2

MR7 Op-Code Bit Definitions

Feature Type OP Definition

Revision ID2 Read-only | OP[7:0] | xxxx xxxxb: Revision ID2

Note: MR7 is vendor-specific.
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MR8 Basic Configuration 4 (MA[5:0] = 08h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
I/0O width Density Type
MR8 Op-Code Bit Definitions
Feature Type OoP Definition
00b: S16 SDRAM (16n prefetch)
Type Read-only | OPJ[1:0]
All others: Reserved
0000b: 2Gb single-channel die
0001b: 3Gb single-channel die
0010b: 4Gb single-channel die
0011b: 6Gb single-channel die
Density Read-only | OP[5:2] | 0100b: 8Gb single-channel die
0101b: 12Gb single-channel die
0110b: 16Gb single-channel die
1100b: 1Gb single-channel die
All others: Reserved
00b: x16/channel
1/0 width Read-only | OP[7:6] | O1b: x8/channel
All others: Reserved
MR9 Test Mode (MA[5:0] = 09h)
OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
Vendor-specific test mode
MR9 Op-Code Definitions
Feature Type OP Definition
Test mode Write-only | OP[7:0] [ 0000000b; Vendor-specific test mode disabled (default)
MR210 Calibration (MA[5:0] = 0Ah)
OP7 OP6 OP5 OP4 oP3 oP2 OP1 OPO
RFU ZQ RESET
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MR10 Op-Code Bit Definitions

Feature Type OoP Definition
Ob: Normal operation (default)
ZQ reset Write-only OPJ[0]
1b: ZQ reset
Note:

1. See AC Timing table for calibration latency and timing.

2. If ZQ is connected to Vppg through Rzg, either the ZQ CALIBRATION function or default calibration (via ZQ reset) is
supported. If ZQ is connected to Vss, the device operates with default calibration and ZQ CALIBRATION commands are
ignored. In both cases, the ZQ connection must not change after power is supplied to the device.

MR11 ODT Control (MA[5:0] = 0Bh)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

RFU CAODT RFU DQ ODT

MR11 Op-Code Bit Definitions

Feature Type OP Definition Note
000b: Disable (default) 001b: RZQ/1
010b: RZQ/2
DQ ODT
Q 011b: RZQ/3
DQ bus receiver on-die Write-only | OP[2:0] | 100b: RZQ/4 1,23
termination 101b: RZQ/5
110b: RZQ/6
111b: RFU
000b: Disable (default)
001b: RZQ/1
CAODT 010b: RZQ/2
. . . 011b: RZQ/3
CAb -d Write-onl OP[6:0 1,23
us receiver on-die rite-only [6:0] 100b: RZO/4 , 2,
termination 101b: RZQ/5
110b: RZQ/6
111b: RFU
Note:

1. All values are typical. The actual value after calibration will be within the specified tolerance for a given voltage and
temperature. Retcalibration may be required as voltage and temperature vary.

2. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSPTWR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, for example, the set point
determined by the state of the FSPTOP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device and may be changed without affecting device operation.
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MR12 Register Information (MA[5:0] = 0Ch)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
RFU VRca VRer(ca)
MR12 Op-Code Bit Definitions
Feature Type OP Data Note
VReF(CA) . Read/ Write| OP[5:0] 000000bi 110010b: See Vger Settings table 11356
VRrerca) Settings All others: Reserved
VRca . 0b: Vrerca) range[0] enabled
VRer(ca) range Read/Write|  OP[6] 1b: Vrerca) range[1] enabled (default) 12456

Note:

1.

This register controls the Vrerca) levels for frequency set point[1:0]. Values from either VR(ca)[0] or VR(ca)[1] may be
selected by setting MR12 OP[6] appropriately.

A read to MR12 places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ will be set to 0. See the MRR
Operation section.

A write to MR12 OP[5:0] sets the internal Vrer(ca) level for FSP[0] when MR13 OP[6] = Ob or sets the internal Vrerca)
level for FSP[1] when MR13 OP[6] = 1b. The time required for Vrerca) to reach the set level depends on the step size
from the current level to the new level. See the Vrer(ca) training section.

A write to MR12 OP[6] switches the device between two internal Vrer(ca) ranges. The range (range[0] or range[1]) must
be selected when setting the Vrerca) register. The value, once set, will be retained until overwritten or until the next
powerTon or reset event.

There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSPTWR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address, or read from with an MRR command to this address.

There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, for example, the set point
determined by the state of the FSPTOP bit (MR13 OPJ[7]). The values in the registers for the inactive set point will be
ignored by the device, and may be changed without affecting device operation.

MR13 Register Control (MA[5:0] = 0Dh)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO

FSP-OP

FSP-WR DMD RRO VRCG VRO RPT CBT
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MR13 Op-Code Bit Definition

Feature Type OoP Definition Note
CBT oP[0] Ob: Normal operation (default) 1
Command bus training 1b: Command bus training mode enabled
RPT oP[1] Ob: Disabled (default)
Read preamble training 1b: Read preamble training mode enabled
VRO oP[2] Ob: Normal operation (default) 5
VREF output 1b: Output the VREF(CA) and VREF(DQ) values on DQ bits
VRCG oP[3] Ob: Normal operation (default) 3
VREF current generator 1b: Fast response (high current) mode
RRO Write-only OP[4] Ob: Disable codes 001 and 010 in MR4 OP[2:0] 45
Refresh rate option 1b: Enable all codes in MR4 OP[2:0] '
DMD oP[5] Ob: DATA MASK operation enabled (default) 6
Data mask disable 1b: DATA MASK operation disabled
FSP-WR .
. . 'F fault) 1b: F
Frequency set point write/ oP[6] 0b rgquency set point[0] (default) 1b: Frequency set 7
point[1]
read
FSP-OP . .
FREQUENCY SET POINT oP[7] Ob: F(r)ie:ttjle]ncy set point[0] (default) 1b: Frequency set 8
operation mode P
Note:
1.  Awrite to set OP[0] = 1 causes the LPDDR4 SDRAM to enter the command bus training mode. When OP[0] = 1 and CKE

goes LOW, commands are ignored and the contents of CA[5:0] are mapped to the DQ bus. CKE must be brought HIGH
before doing a MRW to clear this bit (OP[0] = 0) and return to normal operation. See the Command Bus Training section
for more information.

When set, the device will output the VRerca) and Vrerpg) voltage on DQ pins. Only the "active" frequency set point, as
defined by MR13 OP[7], will be output on the DQ pins. This function allows an external test system to measure the
internal Vrer levels. The DQ pins used for Vgee output are vendor-specific.

When OP[3] = 1, the Vger circuit uses a high current mode to improve Vger settling time.

MR13 OP[4] RRO bit is valid only when MRO OP[0] = 1. For LPDDR4 SDRAM with MRO OP[0] = 0, MR4 OP[2:0] bits are
not dependent on MR13 OP[4].

When OP[4] = 0, only 001b and 010b in MR4 OP[2:0] are disabled. LPDDR4 SDRAM must report 011b instead of 001b or
010b in this case. Controller should follow the refresh mode reported by MR4 OP[2:0], regardless of RRO setting. TCSR
function does not depend on RRO setting.

When enabled (OP[5] = Ob) data masking is enabled for the device. When disabled (OP[5] = 1b), the device will ignore
any mask patterns issued during a MASKED WRITE command. See the Data Mask section for more information.
FSPTWR determines which frequency set point registers are accessed with MRW and MRR commands for the following
functions such as Vgerca) Setting, Vrerca) range, Vrerpg) Setting, Vrerpg) range. For more information, refer to
Frequency Set Point section.

FSPTOP determines which frequency set point register values are currently used to specify device operation for the
following functions such as Vrerca) Setting, Vrer(ca) range, Vrer(pg) Setting, Vrerpg) range. For more information, refer to
Frequency Set Point section.

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023

Revision: 1.2 35/297




ESMT M56Z4G16256A (2H)

Mode Register 14 (MA[5:0] = OEh)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

RFU VRDQ VREF(DQ)

MR14 Op-Code Bit Definition

Feature Type OP Definition Note
VREF(DQ) . OP[5:0] 000000bi 110010b: See Vgrer Settings table 11356
VRrer(pg) Setting All others: Reserved

Read/ Write
VRpg oP[6] 0b: Vrer(pg) range[0] enabled 12,416
VREF(DQ) range 1b: VREF(DQ) range[l] enabled (default)

Note:

1. This register controls the Vgrerpg) levels for frequency set point[1:0]. Values from either VRpg[0] (vendor defined) or
VRpg[1] (vendor defined) may be selected by setting OP[6] appropriately.

2. Aread (MRR) to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ shall be set to 0.
See the MRR Operation section.

3. Awrite to OP[5:0] sets the internal Vrerpg) level for FSP[0] when MR13 OP[6] = Ob, or sets FSP[1] when MR13 OP[6] =
1b. The time required for Vrer(pg) to reach the set level depends on the step size from the current level to the new level.
See the Vrer(pg) training section.

4. A write to OP[6] switches the device between two internal Vrerpg) ranges. The range (range[0] or range[1]) must be
selected when setting the Vrerpg) register. The value, once set, will be retained until overwritten, or until the next
powerTon or reset event.

5. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSPTWR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address, or read from with an MRR command to this address.

6. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, for example, the set point
determined by the state of the FSPTOP bit (MR13 OPJ[7]). The values in the registers for the inactive set point will be
ignored by the device, and may be changed without affecting device operation.
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Vrer Setting for Range[0] and Range[1]

Note 1-3 apply to entire table

Range[0] Values Range[1] Values
Function oP Vrer(ca) (% of Vopo) VRer(ca) (% of Vbpg)
VRer(pg) (% Of Vo) VRer(p) (% of Vppo)
000000b: 15.0% 011010b: 30.5% 000000b: 32.9% 011010b: 48.5%
000001b: 15.6% 011011b: 31.1% 000001b: 33.5% 011011b: 49.1%
000010b: 16.2% 011100b: 31.7% 000010b: 34.1% 011100b: 49.7%
1 16.8% 1 32.3% 1 34.7% 1 50.3% (default
000011b: 16.8% 011101b: 32.3% 000011b: 34.7% 011101b: 50.3% (default)
000100b: 17.4% 011110b: 32.9% 000100b: 35.3% 011110b: 50.9%
000101b: 18.0% 011111b: 33.5% 000101b: 35.9% 011111b: 51.5%
000110b: 18.6% 100000b: 34.1% 000110b: 36.5% 100000b: 52.1%
000111b: 19.2% 100001b: 34.7% 000111b: 37.1% 100001b: 52.7%
001000b: 19.8% 100010b: 35.3% 001000b: 37.7% 100010b: 53.3%
001001b: 20.4% 100011b: 35.9% 001001b: 38.3% 100011b: 53.9%
001010b: 21.0% 100100b: 36.5% 001010b: 38.9% 100100b: 54.5%
001011b: 21.6% 100101b: 37.1% 001011b: 39.5% 100101b: 55.1%
Vrer setting 001100b: 22.2% 100110b: 37.7% 001100b: 40.1% 100110b: 55.7%

for MR12 | OP[5:0]

and MR14 001101b: 22.8% 100111b: 38.3% 001101b: 40.7% 100111b: 56.3%
001110b: 23.4% 101000b: 38.9% 001110b: 41.3% 101000b: 56.9%
001111b: 24.0% 101001b: 39.5% 001111b: 41.9% 101001b: 57.5%
010000b: 24.6% 101010b: 40.1% 010000b: 42.5% 101010b: 58.1%
010001b: 25.1% 101011b: 40.7% 010001b: 43.1% 101011b: 58.7%
010010b: 25.7% 101100b: 41.3% 010010b: 43.7% 101100b: 59.3%
010011b: 26.3% 101101b: 41.9% 010011b: 44.3% 101101b: 59.9%
010100b: 26.9% 101110b: 42.5% 010100b: 44.9% 101110b: 60.5%
010101b: 27.5% 101111b: 43.1% 010101b: 45.5% 101111b: 61.1%
010110b: 28.1% 110000b: 43.7% 010110b: 46.1% 110000b: 61.7%
010111b: 28.7% 110001b: 44.3% 010111b: 46.7% 110001b: 62.3%
011000b: 29.3% 110010b: 44.9% 011000b: 47.3% 110010b: 62.9%
011001b: 29.9% All others: Reserved 011001b: 47.9% All others: Reserved

Note:

1. These values may be used for MR14 OP[5:0] and MR12 OP[5:0] to set the Vrerca) Or Vrero) levels in the device.

2. The range may be selected in each of the MR14 or MR12 registers by setting OP[6] appropriately.

3. Each of the MR14 or MR12 registers represents either FSP[0] or FSP[1]. Two frequency set points each for CA and DQ
are provided to allow for faster switching between terminated and unterminated operation or between different
highrfrequency settings, which may use different terminations values.
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MR15 Register Information (MA[5:0] = OFh)

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
Lower-byte invert register for DQ calibration
MR15 Op-code Bit Definition
Feature Type OoP Definition Note
The following values may be written for any operand OP[7:0]
and will be applied to the corresponding DQ locations
Loyver-k_)yte invert for DQ Write-only | OP[7:0] DQ[7:0] Wlthln a byte lane 13
calibration Ob: Do not invert
1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h
Note:

1. This register will invert the DQ calibration pattern found in MR32 and MR40 for any single DQ or any combination of DQ.
Example: If MR15 OP[7:0] = 00010101b, then the DQ calibration patterns transmitted on DQ[7, 6, 5, 3, 1] will not be
inverted, but the DQ calibration patterns transmitted on DQ[4, 2, 0] will be inverted.

2. DM[0] is not inverted and always transmits the "true" data contained in MR32 and MR40.

3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3-OP[6].

MR15 Invert Register Pin Mapping

PIN DQO DQ1 DQ2 pe3 | pmio | Dpoa DQ5 DQ6 DQ7
MR15 OPO oP1 oP2 oP3 | Noinvert | oPa oP5 oP6 oP7
MR16 PASR Bank Mask (MA[5:0] = 010h)
oP7 o6 | ops | op4 oP3 oP2 oP1 OPO

PASR bank mask
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MR16 Op-Code Bit Definitions

Feature Type OoP Definition
Bank[7:0] mask Write-only | OP[7:0] 23 ;:::ﬁ ::;::E zir;zbblg(jj (default)
OP[n] Bank Mask 8-Bank SDRAM

0 XXXXXXX1 Bank O
1 XXXXXXLX Bank 1
2 XXXXXLXX Bank 2
3 XXXXLXXX Bank 3
4 XXXLXXXX Bank 4
5 XXLXXXXX Bank 5
6 XLXXXXXX Bank 6
7 IXXXXXXX Bank 7

Note:
1.  When a mask bit is asserted (OP[n] = 1), refresh to that bank is disabled.
2. PASR bank masking is on a per-channel basis.

MR17 PASR Segment Mask Definitions

Feature Type OP Definition
. . ) 0b: Segment refresh enabled (default)
Segment[7:0] mask Write-only | OP[7:0] 1b: Segment refresh disabled

MR17 PASR Segment Mask

Density (per channel)
Segment OP Segment Mask 1Gb 2Gb 3Gb 4Gh 6Gb 8Gb 12Gb 16Gb
R[12:10] | R[13:11] | R[14:12] | R[14:12] | R[15:13] | R[15:13] | R[16:14] | R[16:14]
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXXLIXX 010b
3 3 XXXXLIXXX 011b
4 4 XXXLIXXXX 100b
5 5 XXIXXXXX 101b
6 6 XIXXXXXX 110b 110b Not 110b Not 110b Not 110b
7 7 IXXXXXXX 111b 111b | allowed | 111p | allowed | 111p | allowed | 111b
Note:
1. This table indicatest he r ange of row addresses in each masked segment.

2. PASR segment-masking is on a per-channel basis.
3. For 3Gb, 6Gb, and 12Gb density per channel, OP[7:6] must always be LOW (= 00b).
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MR18 Register Information (MA[5:0] = 12h)

OP7

OPG6

OP5

OP4 OP3 OP2 OP1 OPO

DQS oscillator count - LSB

MR18 LSB DQS Oscillator Count

Note 11 3 apply to entire table

Feature

Type

OP

Definition

DQS oscillator count

(WR training DQS oscillator)

Read-only

OP[7:0]

Ohi FFh LSB DRAM DQS oscillator count

Note:

1. MR18 reports the LSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator count value is used to train DQS
to the DQ data valid window. The value reported by the DRAM in this mode register can be used by the memory controller
to periodically adjust the phase of DQS relative to DQ.

2. Both MR18 and MR19 must be read (MRR) and combined to get the value of the DQS oscillator count.

3. The value in this register is reset each time an MPC command is issued to start in the DQS oscillator counter.

MR19 Register Information (MA[5:0] = 13h)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
DQS oscillator count - MSB
MR19 DQS Oscillator Count
Note 11 3 apply to the entire table
Feature Type OP Definition
DQS oscillator count i MSB | o\ oniv | oP[7:0] | ohi FFh MSB DRAM DQS oscillator count

(WR training DQS oscillator)

Note:

1. MR19 reports the MSB bits of the DRAM DQS oscillator count. The DRAM DQS oscillator count value is used to train
DQS to the DQ data valid window. The value reported by the DRAM in this mode register can be used by the memory
controller to periodically adjust the phase of DQS relative to DQ.

2. Both MR18 and MR19 must be read (MRR) and combined to get the value of the DQS oscillator count.

3. A new MPC[START DQS OSCILLATOR] should be issued to reset the contents of MR18/ MR19.
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MR20 Register Information (MA[5:0] = 14h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Upper-byte invert register for DQ calibration

MR20 Register Information

Note 11 3 apply to entire table

Feature Type OoP Definition

The following values may be written for any operand OP[7:0] and will be
applied to the corresponding DQ locations DQ[15:8] within a byte lane
Write-only [ OP[7:0] | Ob: Do not invert

1b: Invert the DQ calibration patterns in MR32 and MR40
Default value for OP[7:0] = 55h

Upper-byte invert for DQ
calibration

Note:

1. This register will invert the DQ calibration pattern found in MR32 and MR40 for any single DQ or any combination of DQ.
For example, if MR20 OP[7:0] = 00010101b, the DQ calibration patterns transmitted on DQ[15, 14, 13, 11, 9] will not be
inverted, but the DQ calibration patterns transmitted on DQ[12, 10, 8] will be inverted.

2. DM[1] is not inverted and always transmits the true data contained in MR32 and MR40.

3. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3 OP[6].

MR20 Invert Register Pin Mapping

Pin DQ8 DQ9 DQ10 DQ11 DMI1 DQ12 DQ13 DQ14 DQ15

MR20 OPO OP1 OP2 OP3 No invert OP4 OP5 OP6 OP7

MR21 Register Information (MA[5:0] = 15h)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO

RFU

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 41/297



ESMT

M56Z4G16256A (2H)

MR22 Register Information (MA[5:0] = 16h)

OP7 OP6 OP5 OP4 OP3 OoP2 OP1 OPO
ODTD for x8_2ch ODTD-CA ODTE-CS ODTE-CK SOC ODT
MR22 Register Information
Feature Type OP Definition Note
000b: Disable (default)
001b: Rzo/1 (lllegal if MR3 OP[0] = Ob)
010b: RZQ/Z
SOC ODT (controller ODT . ) 011b: Rzo/3 (lllegal if MR3 OP[0] = Ob)
value for VOH calibration) Write-only | - OP[2:0] 100b: Rzo/4 12,3
101b: Rzo/5 (lllegal if MR3 OP[0] = Ob)
110b: Rzo/6 (lllegal if MR3 OP[0] = Ob)
111b: RFU
ODT bond PAD is ignored
DTE-CK (CK ODT | .
gr nonier;?nagn r::lf‘)b * write-only | OP[3] | 0b: ODT-CK enable (defaul) 2,3
9 1b: ODT-CK disable
ODT bond PAD is ignored
DTE- DT | .
gr noniesrrﬁfagn r::lf‘)b * write-only | OP[4] | 0b: ODT-CS enable (defaul) 2,3
9 1b: ODT-CS disable
ODT bond PAD is ignored
DTD-CA (CAODT .
toerminaction(gisaﬁ)le) Write-only OP[5] Ob: CA ODT enable (default) 2,3
1b: CA ODT disable
DTD f 2ch (B . .
© or x8_2ch (Byte) Write-only | OP[7:6] See Byte Mode section
mode
Note:

1. All values are typical.

2. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. Only
the registers for the set point determined by the state of the FSP-WR bit (MR13 OP[6]) will be written to with an MRW
command to this MR address, or read from with an MRR command to this address.

3. There are two physical registers assigned to each bit of this MR parameter: designated set point 0 and set point 1. The
device will operate only according to the values stored in the registers for the active set point, for example, the set point
determined by the state of the FSP-OP bit (MR13 OP[7]). The values in the registers for the inactive set point will be
ignored by the device, and may be changed without affecting device oper- ation.
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MR23 Register Information (MA[5:0] = 17h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
DQS interval timer run-time setting
MR23 Register Information
Note 1i 2 apply to entire table
Feature Type OoP Definition
00000000b: Disabled (default)
00000001b: DQS timer stops automatically at the 16th clock after timer
start
00000010b: DQS timer stops automatically at the 32nd clock after timer
start
00000011b: DQS timer stops automatically at the 48th clock after timer
start
00000100b: DQS timer stops automatically at the 64th clock after timer
DQS interval timer run-time | Write-only | OP[7:0] start

--------- Through ---------

00111111b: DQS timer stops automatically at the (63 x 16)th clock after
timer start

01XXXXXXb: DQS timer stops automatically at the 2048th clock after
timer start

LOXXXXXXb: DQS timer stops automatically at the 4096th clock after
timer start

LIXXXXXXb: DQS timer stops automatically at the 8192nd clock after
timer start

Note:

1. MPC command with OP[6:0] = 1001101b (STOP DQS INTERVAL OSCILLATOR) stops the DQS interval timer in the case
of MR23 OP[7:0] = 00000000b.
2. MPC command with OP[6:0] = 1001101b (STOP DQS INTERVAL OSCILLATOR) is illegal with valid nonzero values in

MR23 OP[7:0].
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MR24 Register Information (MA[5:0] = 18h)

OP7 OP6

ops |

oP4 oP3 o,z | op1 | opo

TRR mode

TRR mode BANn

Unlimited MAC MAC value

MR24 Register Information

Feature

Type OP

Definition Note

MAC value

Read OP[2:0]

000b: Unknown (OP[3] = 0) or unlimited (OP[3] = 1)
001b: 700K

010b: 600K

011b: 500K

100b: 400K

101b: 300K

110b: 200K

111b: Reserved

1,2

Unlimited MAC

Read OP[3]

Ob: OP[2:0] defines the MAC value

1b: Unlimited MAC value 2,3

TRR mode BAN

Write OP[6:4]

000b: Bank 0
001b: Bank 1
010b: Bank 2
011b: Bank 3
100b: Bank 4
101b: Bank 5
110b: Bank 6
111b: Bank 7

TRR mode

Write OP[7]

Ob: Disabled (default)
1b: Enabled

Note:

1. Unknown means that the device is not tested for tMAC and pass/fail values are unknown. Unlimited means that there is
no restriction on the number of activates between refresh windows.
2. There is no restriction to the number of activates. 3. MR24 OP[2:0] set to 000b.
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MR25 Register Information (MA[5:0] = 19h)

OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO

Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank O

MR25 Register Information

Feature Type OoP Definition
Ob: PPR resource is not available
PPR resources Read-only | OP[7:0] 1b: PPR resource is available
Note:

1. When OP[n] = 0, there is no PPR resource available for that bank. When OP[n] = 1, there is a PPR resource available for
that bank, and PPR can be initiated by the controller.

MR26:29 Register Information (MA[5:0] = 1Ahi 1Dh)

oP7 o6 | ops | opa | oP3 oP2 oP1 OPO

Reserved for future use

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 45/297



ESMT

M56Z4G16256A (2H)

MR30 Register Information (MA[5:0] = 1Eh)

or7 | ops

| ops | ops4 o,3 | o2 | op1 | opo
Valid O or 1
MR30 Register Information
Feature Type OoP Definition
SDRAM will ignore Write-only | OP[7:0] Don't care

Note:

1. This register is reserved for testing purposes. The logical data values written to OP[7:0] will have no effect on SDRAM
operation; however, timings need to be observed as for any other MR access command.

MR31 Register Information (MA[5:0] = 1Fh)

oP7 o6 | ops | op4 oP3 oP2 oP1 OPO
Reserved for future use
MR32 Register Information (MA[5:0] = 20h)
oP7 o6 | ops | opa | ops | op oP1 OPO
DQ calibration pattern A (default = 5Ah)
MR32 Register Information
Feature Type OP Definition Note
Xb: An MPC command issued with OP[6:0] = 1000011b
causes the device to return the DQ calibration pattern
contained in this register and (followed by) the contents of
Return DQ calibration Write-only | OP[7:0] MRA40. A default pattern 5Ah is loaded at power-up or reset, 13

pattern MR32 + MR40

or the pattern may be overwritten with a MRW to this
register. The contents of MR15 and MR20 will invert the
R32/MR40 data pattern for a given DQ (see MR15/ MR20
for more information).

Note:

1. The patterns contained in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0] when read DQ calibration is
initiated via an MPC command. The pattern is transmitted serially on each data lane and organized little endian such that
the low-order bit in a byte is transmitted first. If the data pattern is 27H, the first bit transmitted is a 1 followed by 1, 1, 0, O,
1, 0, and 0. The bit stream will be 00100111.

2. MR15 and MR20 may be used to invert the MR32/MR40 data pattern on the DQ pins. See MR15 and MR20 for more
information. Data is never inverted on the DMI[1:0] pins.

3. The data pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3 OP[6].

No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3 OP[6].
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MR33:38 Register Information (MA[5:0] = 21h7 26h)

o,z | oee | ops | opa | ops | op2 | op1 | opo

Do not use

MR39 Register Information (MA[5:0] = 27h)

oP7 o6 | ops | op4 oP3 oP2 oP1 OPO

Valid 0 or 1

MR39 Register Information

Feature Type OP Definition
SDRAM will ignore Write-only | OP[7:0] | Don't care
Note:

1.  This register is reserved for testing purposes. The logical data values written to OP[7:0] will have no effect on SDRAM
operation; however, timings need to be observed as for any other MR access command.

MRA40 Register Information (MA[5:0] = 28h)

oP7 o6 | ops | opa | ops | op oP1 OPO

DQ calibration pattern B (default = 3Ch)

MRA40 Register Information

Feature Type OP Definition Note

Xb: A default pattern 3Ch is loaded at power-up or reset, or
Write-only [ OP[7:0] | the pattern may be overwritten with a MRW to this register. 1,2,3
See MR32 for more information.

Return DQ calibration
pattern MR32 + MR40

Note:

1. The pattern contained in MR40 is concatenated to the end of MR32 and transmitted on DQ[15:0] and DMI[1:0] when read
DQ calibration is initiated via an MPC command. The pattern is transmitted serially on each data lane and organized little
endian such that the low-order bit in a byte is transmitted first. If the data pattern in MR40 is 27H, the first bit transmitted
will be a 1, followed by 1, 1, 0, 0, 1, 0, and 0. The bit stream will be 00100111.

2. MR15 and MR20 may be used to invert the MR32/MR40 data patterns on the DQ pins. See MR15 and MR20 for more
information. Data is never inverted on the DMI[1:0] pins.

3. The data pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3 OP[6].

4. No DATA BUS INVERSION (DBI) function is enacted during read DQ calibration, even if DBI is enabled in MR3 OP[6].
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MR41:47 Register Information (MA[5:0] = 29hi 2Fh)

o7 | oee | ops | opa | ops | op2 | op1 | opo

Do not use

MR48:63 Register Information (MA[5:0] = 30hi 3Fh)

oP7 o6 | ops | opa | op3 oP2 oP1 OPO

Reserved for future use

Commands and Timing

Commands transmitted on the CA bus are encoded into two parts and are latched on two consecutive rising edges of the clock.
This is called 2-tick CA capture because each command requires two clock edges to latch and decode the entire command.

Truth Tables
Truth tables provide complementary information to the state diagram. They also clarify device behavior and applicable
restrictions when considering the actual state of the banks.

Unspecified operations and timings are illegal. To ensure proper operation after an illegal event, the device must be either reset
by asserting the RESET_n command or powered down and then restarted using the specified initialization sequence before
normal operation can continue.

CKE signal has to be held HIGH when the commands listed in the command truth table input.
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Command Truth Table

Commands are transmitted to the device across a six-lane interface and use CK, CKE, and CS to control the capture of

transmitted data

SDR CA Pins
OP7 OP6 CK Edge Note
CAO CAl CA2 CA3 CA4 CA5
H L H H L L oP7 -1
MRW-1 1,11
L MAO MA1 MA2 MA3 MA4 MAS =g
H L H H L H OP6 -1
MRW-2 1,11
L OPO OoP1 oP2 OP3 OP4 OP5 =g
H L H H H L % -1
MRR-1 1,2,12
L MAO MA1 MA2 MA3 MA4 MAS =g
REFRESH H L L L H L AB 1 1234
(all/per bank) L BAO BA1 BA2 \Y; Y Y 1 "’
ENTER SELF H L L L H H v _f s
REFRESH L v g :
H H L R12 R13 R14 R15 1
ACTIVATE-1 1,2,3,11
L BAO BAL BA2 R16 R10 R11 1
H H H R6 R7 RS R9 1
ACTIVATE-2 1,11
L RO R1 R2 R3 R4 R5 1
H L L H L L BL A1
WRITE-1 1,2,3,6,7,9
L BAO BAL BA2 v co AP 1
EXIT SELF H L L H L H v _f s
REFRESH L v _F :
H L L H H L BL 1 1235
MASK WRITE-1 1Er S
L BAO BAl BA2 v c9 AP £ 6,7,9
REU H L L H H H % -1 Lo
L Vv F1 ’
~EL H L H L | H L | v F s
L Vv 1 ’
~EU H L H L | H H | v 1 L,
L Vv 1 ’
H L H L L L BL 1 1.2.3.6
READ-1 P
L BAO BAl BA2 v c9 AP =g 7,9
CAS-2
(WRITE-2, H L H L L H cs8 1
MASKED
WRITE-2, 1,8,9
READ-2, MRR-2,| c2 c3 ca cs c6 c7 £
MPC
(except NOP)
PRECHARGE H L L L L H AB 1 1234
(all/per bank) L BAO BA1 BA2 v v v 1 B
MPC H L L L L L OP6 1 L 213
(TRAIN, NOP) L OPO OoP1 oP2 oP3 OoP4 OoP5 1 n
DESELECT L X 1 1,2
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Note:

10.

11.

12.

13.

All commands except for DESELECT are two clock cycles and are defined by the current state of CS and CA[5:0] at the
rising edge of the clock. DESELECT command is one clock cycle and is not latched by the device.

V =H or L (a defined logic level); X = "Don't Care," in which case CS, CK_t, CK_c, and CA[5:0] can be floated.

Bank addresses BA[2:0] determine which bank is to be operated upon.

AB HIGH during PRECHARGE or REFRESH commands indicate the command must be applied to all banks, and the
bank addresses are "Don't Care."

MASK WRITE-1 command only supports BL16. For MASK WRITE-1 commands, CA5 must be driven LOW on the first
rising clock cycle (R1).

AP HIGH during a WRITE-1, MASK WRITE-1, or READ-1 command indicates that an auto precharge will occur to the
bank the command is operating on. AP LOW indicates that no auto precharge will occur and the bank will remain open
upon completion of the command.

When enabled in the mode register, BL HIGH during a WRITE-1, MASK-WRITE-1, or READ-1 command indicates the
burst length should be set on-the-fly to BL = 32; BL LOW during one of these commands indicates the burst length should
be set on-the-fly to BL = 16. If on-the-fly burst length is not enabled in the mode register, this bit should be driven to a valid
level and is ignored by the device.

For CAS-2 commands (WRITE-2, MASK WRITE-2, READ-2, MRR-2, or MPC (only WRITE- FIFO, READ-FIFO, and
READ DQ CALIBRATION)), C[1:0] are not transmitted on the CA [5:0] bus and are assumed to be zero. Note that for
CAS-2 WRITE-2 or CAS-2 MASK WRITE-2 command, C[3:2] must be driven LOW.

WRITE-1, MASK-WRITE-1, READ-1, MODE REGISTER READ-1, or MPC (only WRITE-FIFO, READ-FIFO, and READ
DQ CALIBRATION) command must be immediately followed by CAS-2 command consecutively without any other
command in between. WRITE-1, MASK WRITE-1, READ-1, MRR-1, or MPC (only WRITE-FIFO, READ-FIFO, and READ
DQ CALIBRA- TION) command must be issued first before issuing CAS-2 command. MPC (only START and STOP DQS
OSCILLATOR, ZQCAL START and LATCH) commands do not require CAS-2 command; they require two additional DES
or NOP commands consecutively before issuing any other commands.

The ACTIVATE-1 command must be followed by the ACTIVATE-2 command consecutively without any other command
between them. The ACTIVATE-1 command must be issued prior to the ACTIVATE-2 command. When the ACTIVATE-1
command is issued, the ACTIVATE-2 command must be issued before issuing another ACTIVATE-1 command.

The MRW-1 command must be followed by the MRW-2 command consecutively without any other command between
them. The MRW-1 command must be issued prior to the MRW-2 command.

The MRR-1 command must be followed by the CAS-2 command consecutively without any other commands between
them. The MRR-1 command must be issued prior to the CAS-2 command.

The MPC command for READ or WRITE TRAINING operations must be followed by the CAS-2 command consecutively
without any other commands between them. The MPC command must be issued prior to the CAS-2 command.
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ACTIVATE Command

The ACTIVATE command must be executed before a READ or WRITE command can be issued. The ACTIVATE command is
issued in two parts: The bank and upper-row ad- dresses are entered with activate-1 and the lower-row addresses are entered
with ACTIVATE-2. ACTIVATE-1 and ACTIVATE-2 are executed by strobing CS HIGH while setting CA[5:0] at valid levels (see
Command table) at the rising edge of CK.

The bank addresses (BA[2:0]) are used to select the desired bank. The row addresses (R[15:0]) are used to determine which
row to activate in the selected bank. The ACTIVATE-2 command must be applied before any READ or WRITE operation can be
executed. The device can accept a READ or WRITE command at time 'RCD after the ACTIVATE-2 command is sent. After a
bank has been activated, it must be precharged to close the active row before another ACTIVATE-2 command can be applied to
the same bank. The bank active and precharge times are defined as 'RAS and 'RP, respectively. The minimum time interval
between successive ACTIVATE-2 commands to the same bank is determined by the row cycle time of the device (‘RC). The
minimum time interval between ACTIVATE-2 commands to different banks is 'RRD.

Certain restrictions must be observed for bank ACTIVATE and REFpb operations.

, Four-activate window (‘FAW): No more than 4 banks may be activated (or refreshed, in the case of REFpb) per channel in
a rolling "'FAW window. Convert to clocks by dividing 'FAW[ns] by 'CK[ns] and rounding up to the next integer value. As an
example of the rolling window, if RU[('FAW/'CK)] is 64 clocks, and an ACTIVATE command is issued on clock N, no more
than three additional ACTIVATE commands may be issued between clock N + 1 and N + 63. REFpb also counts as bank
activation for the purposes of ‘FAW.

, 8-bank per channel, precharge all banks (AB) allowance: 'RP for a PRECHARGE ALL BANKS command for an 8-bank
device must equal 'RPab, which is greater than ‘RPpb.
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ACTIVATE Command

Note:

1. APRECHARGE command uses tRPab timing for all-bank precharge and tRPpb timing for single-bank precharge. In this
figure, tRP is used to denote either all-bank precharge or a single-bank precharge. ‘CCD = MIN, 1.5nCK postamble, 533
MHz < c¢l| ock fOMelz QDT waorst timihg @age.
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‘FAW Timing

Note:
1. REFpb may be substituted for one of the ACTIVATE commands for the purposes of 'FAW.

Read and Write Access Modes

After a bank has been activated, a READ or WRITE command can be executed. This is accomplished by asserting CKE
asynchronously, with CS and CA[5:0] set to the proper state (see Command Truth Table) on the rising edge of CK.

The device provides a fast column access operation. A single READ or WRITE command will initiate a burst READ or WRITE
operation, where data is transferred to/from the device on successive clock cycles. Burst interrupts are not allowed; however,
the optimal burst length may be set on-the-fly (see Command Truth Table).

Preamble and Postamble

The DQS strobe for the device requires a preamble prior to the first latching edge (the rising edge of DQS_t with data valid), and
it requires a postamble after the last latching edge. The preamble and postamble options are set via MODE REGISTER WRITE
commands.

The read preamble is two 'CK in length and is either static or has one clock toggle before the first latching edge. The read
preamble option is enabled via MRW to MR1 OP([3] (0 = Static; 1 = Toggle).

The read postamble has a programmable option to extend the postamble by 1nCK (‘RPSTE). The extended postamble option is
enabled via MRW to MR1 OP[7] (0 = 0.5nCK; 1 = 1.5nCK).
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Note:

1. BL = 16, Preamble = Toggling, Postamble = 0.5nCK.

2. DQS and DQ terminated Vssg.

3. DQS t/ DQS ¢ is "Dondt 'BRRRE&D trapsition@frDQ$ is impilidd eas BQSa/D@S_wchn be HIGH,
LOW, or High-Z prior to 'RPRE.
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CK_t _."l:l'n. _"‘n_p"?a._'\u":'\_ S| .__' ‘_,I'.L { | $ \-. . I I
1 1 1 1 | \ | . ' ' !
1 1 1 | | , | . '

r v, T i \ \ % Y Y, Y W LYy LY W
Command ( RD-1 X CAS-2 >(,\ DESI-] ['IDES ,-}:l\ DESIf' l:'IDES ,r,: DES .":{\ DES .:ﬁ.': DES }}-\ DES .}::\ DES .-":‘ DES."I II:DES ) DES }-\ DES ﬁ\ DES .-I- DES

RL -
DQS_c ) 3
DQS_t [
0 N
DMI {1 ([ (
DQS Read Preamble and Postamble i Static Preamble and 1.5nCK Postamble
Note:

1. BL = 16, Preamble = Static, Postamble = 1.5nCK (extended).

2. DQS and DQ terminated Vsso.

3. DQS t/ DQS_c is "Dondt 'RRREED trapsition@fDQS$ isimpliedeas BQASa/D®S_wochn be HIGH,
LOW, or High-Z prior to 'RPRE.
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1 1
1 1 1 1 1 1 ! 1 1 1
1 1 1 1 1 1 1 ! 1 1 1
| 1 1 | 1 | 1 | 1 1 1 | 1 ! 1 | 1
COITIITIEI"Id( WRITE-1 X CAS-2 K DESE DES 3 DES X DES ? II'DES x DES X DES X DES DES >< DES ¥ DES
T T T T T T T T T T T T T T T
| 1 1 | 1 | | 1 1 1 | 1 ! 1 | 1

T
1
YWPST
5, 5, U .
* T

WL DOss

DQS_c )
DQS_t [ {

L0520 BLZ

p )

Don't Care

DQS Write Preamble and Postamble i 0.5nCK Postamble

Note:

1. BL = 16, Postamble = 0.5nCK.

2. DQS and DQ terminated Vsso.

3. DQS t/ DQS _c¢ is "Dondot 'GBRREeNo tramsitionoof DQB i3 implikde as B@SatiDQS_o dan be HIGH,
LOW, or High-Z prior to 'WPRE.
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TO Ti T2 T3 Tal Taz Ta3 Tad4 Ta5 Tho Tb3 T4 Tbs The Tb7
act AN X /? { f ; SOOI TEX f /\ /,»” ISV AV SV
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| | | . ! i | |
O NENE T EEEREE R
Lo AN N
s _f,*’i‘x,t | J’fi“* R | | | | { [ | | | ! | | |
<Vallll:|X‘n’allld X ‘n'allldh': Valid }Q?I-EI;'.?J ;EEIEEEE;EIEE;’; HEEEEEEI;?‘EEEIE;.?J EEIE.:;; EEEIE;;;:;EI ir:E;E;}I;EEE;EIE;QEE%;E:EEEI?E;ET:IEEEE?‘EE/:
cgmmar.d< IWHITE-; X | cas2 > DIIES Ilr] { DIIES X JIES / DES / DES X DEs D:ZS- mlzs y JIESX DES / DES X DESX DES »< DES ¥ D I
| | | _w | DQss
"WPRE YWPsT
X y et K R ‘|'._ K R A W |
'DQS20Q | oy iz .
P Er L

Don't Care

DQS Write Preamble and Postamble i 1.5nCK Postamble

Note:

1. BL = 16, Postamble = 1.5nCK.

2. DQS and DQ terminated Vsso.

3. DQS t/ DQS _c¢ is "Dondot 'GBRREeNo tramsitionoof DQB i3 implikde as B@SatiDQS_o dan be HIGH,
LOW, or High-Z prior to 'WPRE.
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Burst READ Operation

A burst READ command is initiated with CKE, CS, and CA[5:0] asserted to the proper state on the rising edge of CK, as defined
by the Command Truth Table. The command address bus inputs determine the starting column address for the burst. The two
loworder address bits are not transmitted on the CA bus and are implied to be 0; therefore, the starting burst address is always
a multiple of four (that is, 0x0, 0x4, 0x8, OxC).

The READ latency (RL) is defined from the last rising edge of the clock that completes a READ command (for example, the
second rising edge of the CAS-2 command) to the rising edge of the clock from which the 'DQSCK delay is measured. The first
valid data is available RL x 'CK + 'DQSCK + 'DQSQ after the rising edge of clock that completes a READ command.

The data strobe output is driven 'RPRE before the first valid rising strobe edge. The first data bit of the burst is synchronized
with the first valid (post-preamble) rising edge of the data strobe. Each subsequent data-out appears on each DQ pin,
edge-aligned with the data strobe. At the end of a burst, the DQS signals are driven for another half cycle postamble, or for a
1.5-cycle postamble if the programmable postamble bit is set in the mode register. The RL is programmed in the mode registers.
Pin timings for the data strobe are measured relative to the cross-point of DQS_t and DQS _c.

T3 T20 21 T2 T3 Tiz T4 T35 T3 T4 T4z Ta3 Ta4
. et e T Y T ey
uﬁ XN ﬂ*_} J NN
1 ' 1

;

:

- .
yoE X
e
1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 A 1 1 1
] | ] ] ] [ | ]
' ' ' ' '

£ 4 |::£5 X |::ESE' ED:ES X D:ES ::;

T
{DOSCK B2 -8

1 1 1 " 1 1 1 1 '
1 1 1 ' 1 1 1 ' : 1
' ' ' ! ' ' ' ! '

, DES - DES § DES / { DES READ- \, DES - DES ) DES
v v v I v 0 v V T T

OCD =15 | Rl-lnl-

AL- 14 | S0K BLZ = 1E !
1
D5 _c :I y
DO5_t {{
0o X
) ] )
il
Burst Read Timing
Note:
1. BL = 32 for column n, BL = 16 for column m, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, DQ/DQS: Vsso
termination.

2. DOUT n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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3 Tad T4 ToO0 Tol ToE@ To oS Tob 2

%ﬂﬂﬂ_ﬂﬂﬂﬂpﬂpﬂﬂﬂﬂﬂﬂpﬂﬂﬂﬂﬂﬂﬂﬂﬂ
s AL L UL

I I
R+ RUC ' DOsoovaxy Ok - BLZ
+ RO RPST) - WL 4+ “WPRE WL

RL | ogsex BUZ-8 I

. 'RPRE
D5 \ e TS R B
Das s ) - KN(MiRﬁ\ﬁ%( 3
1 o | HPST ‘ngsang
L5 ’ | BEOOEEE ) BOCERRE

Dom't Care

Burst Read Followed by Burst Write or Burst Mask Write

Note:

1. BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK,
DQ/DQS: Vssg termination.

2. Dour n = data-out from column n and D\y n = data-in to column n.
DES commands are shown for ease of illustration; other commands may be valid at these times.

Ted Tbl Te2 Thd Tod Tl Tl T2 T3 Tdd Tdl Tdz
N - - . - - S T

rﬂ

{ﬁ%ﬁ '/me%f ,ﬁ%

E:-rnmand( iREAD-Ii };: iCAS! )@b{ iuz.u:-li }{ i CASZ )Ei*%( inun.l X i cAs 2 DE -'.'Dl‘i}{-ﬁ)-..f 'DEE:}{ DEXEX

AL
ERA |l !

2 )l )

@@ e e

Bank 1

Dron't Care
Seamless Burst Read
Note:
1. BL=16,'CCD =8, Preamble = Toggle, Postamble = 0.5nCK, DQ/DQS: Vssg termination.
2. Dout n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Read Timing

TO T T2 T3 T4 Tal Tal Tb[] Tb1 Tb2 TII:|3 Tb4 Tb5 TIIIIE Tb? Tc[] TcI'I Tc|2 Tc|3

1 1 1 I

CK ¢ - ot .-—.||.—|,\{r _._|-"_'-\‘:’_, N ) .I,i—u\\r.-— .-"_'!l \ \u—u r-l,—\ - |;—\r—|t—\, r - |.'—\. "_:;:,:'_‘., r _"L’_' u—\ "] |.I \\.'-' '};—‘\'r _"It"'_\ =
f

CK_t M _’uf-__'u -__”-_ff-..x LR '\_,*{L_ u,\_ S “:-. _”\_«;L_'»_ﬁlx_'uk' L*; A A _,f

1 | | 1 1 1 | | 1 1 1 1 1 1 1 1

] ] 1 1 1 | 1 1 1 1 1 1 1 1 1

L

/ ) : '\. '."l "\-"
Command( RD-1 X CAS-2 >\\ DES/ [DES | .C' DESr "DES '-( DES ? DES)‘- DES , DES A DES j DES .l' DEE-:I -'DESI DES}C DES = DES

| | | HE[DQS}

) RL | *DQSCK
- = -
LZ(DOS) ‘RPRE
DQS—C 3 ‘: AR Y AR U P W W s W .\:1 \|. - .'_‘\ Rkt
DOQs t .’ { I-' .:" : ;o _.‘:-\_‘f _:“._f L_y\_fe\_‘i_‘ ,-'lf (\_ L ,\L},L_ v
HZ(DQ) |
LZ{DQ)
DQ ) 'R ) i \:f [‘IIIL Y
DMI ' l"l :" ."l L] \ﬂ@@&, | @@@@/ i Y
Read Timing
Note:

1. BL =16, Preamble = Toggling, Postamble = 0.5nCK.

2. DQS, DQ, and DMI terminated Vsso.

3. Output driver does not turn on before an endpoint of 'L.Z(DQS) and 'LZ(DQ).
4. Output driver does not turn off before an endpoint of 'HZ(DQS) and 'HZ(DQ).
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'LZ(DQS), 'LZ(DQ), 'HZ(DQS), 'HZ(DQ) Calculation

'HZ and 'LZ 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 'HZ(DQS) and 'HZ(DQ), or begins driving 'LZ(DQS) and
'LZ(DQ). This section shows a method to calculate the point when the device is no longer driving 'HZ(DQS) and 'HZ(DQ), or
begins driving 'LZ(DQS) and 'LZ(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 'LZ(DQS), 'LZ(DQ), 'HZ(DQS), and 'HZ(DQ) are defined

as single ended.

‘LZ(DQS) and 'HZ(DQS) Calculation for ATE (Automatic Test Equipment)

CK_t - CK_c crossing at the second CAS-2 of READ command

CK_t —

K -/

........ I\. _'.Il \I
.'.' H
_______ \( {
"LZ(DQS) R
((
Vo = — T —— — —e---- DQS_c
/
vV
O.SXVOH______ _oawe
V5w1
_,f . End point: Extrapolated point
OV- - - - - e -

'LZ(DQS) Method for Calculating Transitions and Endpoint

Note:

1. Conditions for calibration: Pull down driver Ron = 40 ohms, Von = Vppg % 0.5.
2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssg.

3. The Vou level depends on MR22 OP[2:0] and MR3 OPJ[0] settings as well as device tolerances. Use the actual Von value

for 'HZ and 'LZ measurements.
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CK_t — CK_c crossing at the second CAS-2 of READ command

CK_t _‘\ ST W/ \ I'J\l \|
'\l. off Yo I|
|l\. 1. "“, ] |I
CKe -/ S “\ |
'HZ(DQS) ; 3
| If_- End point: Extrapolated point
VDH D (N
\
vV
0.5xV,, —— — —— \— w:_
sz1
\
OV -———————>-----DQS_c

'HZ(DQS) Method for Calculating Transitions and Endpoint

Note:

1. Conditions for calibration: Pull down driver Ron = 40 ohms, Von = Vppg % 0.5.

2. Termination condition for DQS_t and DQS_C = 50 ohms to Vssg.

3. The Von level depends on MR22 OP[2:0] and MR3 OP[0] settings as well as device tolerances. Use the actual Voy value
for 'HZ and 'LZ measurements.
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Reference Voltage for 'LZ(DQS), 'HZ(DQS) Timing Measurements

Measured Parameter Measured Parameter Symbol Vswil Vsw?2 Unit
DQS_c Low-Z time from CK_t, CK_c 'L.Z(DQS) 0.4 x Von 0.6 x Von
\
DQS_c High-Z time from CK_t, CK_c 'HZ(DQS) 0.4 x Von 0.6 x Vou

'LZ(DQ) and 'HZ(DQ) Calculation for ATE (Automatic Test Equipment)

CK_t — CK_c crossing at the second CAS-2 of READ command

'LZ(DQ) Method for Calculating Transitions and Endpoint

Note:
1. Conditions for calibration: Pull down driver Ron = 40 ohms, Von = Vppg % 0.5.

2. Termination condition for DQ and DMI = 50 ohms t0 Vssg.
3. The Vou level depends on MR22 OP[2:0] and MR3 OPJ[0] settings as well as device tolerances. Use the actual Von value

for tHZ and 'LZ measurements.
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CK_t - CK_c crossing at the second CAS-2 of READ command

05xV,, — —— —— - j:_z___
W1
At
O -—————— —>-----DQs

tHZ(DQ) Method for Calculating Transitions and Endpoint

Note:

1. Conditions for calibration: Pull down driver Ron = 40 ohms, Von = Vppg % 0.5.

1. Termination condition for DQ and DMI = 50 ohms to Vssg.

2. The Vou level depends on MR22 OP[2:0] and MR3 OPJ[0] settings as well as device tolerances. Use the actual Von value
for 'HZ and 'LZ measurements.

Reference Voltage for 'LZ(DQ), 'HZ(DQ) Timing Measurements

Measured Parameter Measured Parameter Symbol Vswil Vsw?2 Unit
DQ Low-Z time from CK_t, CK_c 'LZ(DQ) 0.4 x Vou 0.6 x Vou
\Y
DQ High-Z time from CK_t, CK_c 'HZ(DQ) 0.4 x Von 0.6 x Vou
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Burst WRITE Operation

A burst WRITE command is initiated with CKE, CS, and CA[5:0] asserted to the proper state at the rising edge of CK, as defined
by the Command Truth Table. Column addresses C[3:2] should be driven LOW for burst WRITE commands, and column
addresses C[1:0] are not transmitted on the CA bus and are assumed to be zero so that the starting column burst address is
always aligned with a 32-byte boundary. The WRITE latency (WL) is defined from the last rising edge of the clock that
completes a WRITE command (for example, the second rising edge of the CAS-2 command) to the rising edge of the clock from
which 'DQSS is measured. The first valid latching edge of DQS must be driven WL x 'CK + 'DQSS after the rising edge of clock
that completes a WRITE command.

The device uses an unmatched DQS DQ path for lower power, so the DQS strobe must arrive at the SDRAM ball prior to the
DQ signal by 'DQS2DQ. The DQS strobe output must be driven 'WPRE before the first valid rising strobe edge. The 'WPRE
preamble is required to be 2 x ‘CK at any speed ranges. The DQS strobe must be trained to arrive at the DQ pad latch
center-aligned with the DQ data. The DQ data must be held for TdiVW, and the DQS must be periodically trained to stay roughly
centered in the TdiVW. Burst data is captured by the SDRAM on successive edges of DQS until the 16- or 32-bit data burst is
complete. The DQS strobe must remain active (toggling) for WPST (write postamble) after the completion of the burst WRITE.
After a burst WRITE operation, 'WR must be satisfied before a PRECHARGE command to the same bank can be issued. Signal
input timings are measured relative to the cross point of DQS_t and DQS_c.
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Burst WRITE Operation

Note:

1. BL =16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

Din n = data-in to column n.

'WR starts at the rising edge of CK after the last latching edge of DQS.

oD

Don't Carg

DES commands are shown for ease of illustration; other commands may be valid at these times.
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i T LYy Wi L1 F il I 3 f ! i i 17 F LY.
Command - DEY DES ) DES ) DESY DESY DES ) DES ), DES DES { DES/ (DES ) DES )} DES - DES ¥ DES § DES ) DES
T T T '—.i ;ﬁ‘.—s'ﬂ%’x‘ }"_'"K‘_I_:H - T :{‘—ui'* - _-'}:'—-" i 7 7 "—."Y‘f’"‘fs'x‘.—"’:'-
WL BLZ + 1 Clock "WTR AL

D05 _c 1) 1 :|
DOs_t I} { { L
ogQ I-} ;:I |: ;'I
@ Don't Care
Burst Write Followed by Burst Read
Note:

1. BL =16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

2. D n =data-in to column n.

3. The minimum number of clock cycles from the burst WRITE command to the burst READ command for any bank is [WL + 1
+ BL/2 + RU(WTR/'CK)].

4. 'WTR starts at the rising edge of CK after the last latching edge of DQS.

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

o
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Write Timing

To T T2 T3 T4 Tad Tal Taz Tad Tad Ta5 Tab T Tbl Th2 Tb3 Tbh4 Tbhs
1 1 1 | 1 1 1 I 1 | | 1 1 |

o T ! A
Comman a ( e X == X DIESIJ‘ l!'[:IIES>{ DIESX DIESX DEs ) DIESX DES ){ DES@ %':X DIESX DIESX DIESX DIESX £ DES
I I I I o I I I 1 I | | I I |

'DQSS (MIN)
tnoss(MINJ o L i i —
oo 77 /m OO ez

w T VT ///M@@@@@M@W W

IDQSS (Nominal) ;WF’RE:DQSET:’ZTE”' - 1DSS
. T, Wﬂﬂumﬂ}um S
DQ :EEEE%%EE%Z%W,{ .
o IDQSS (MAX) were | '03H
DQS2DQ | 'DOSH  'DQSL

SN R s s s

m Don’t Care

Write Timing

Note:

1. BL =16, Write postamble = 0.5nCK.

2. Dy n=data-in to column n.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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'WPRE Calculation for ATE (Automatic Test Equipment)
CK_t N T T T T T f VST T T o VTt "
SRR CEEEEPEE AREEEEEE X-------- ) REEEEEEE It vref(CA) o
CK_C o I Y S o f
Resulting differential signal

relevant for "WPRE specification

/
met NN
DQS t - DQS_C/—{‘S

A OV --f---
Begin point: } f
Extrapolated point

Method for Calculating '"WPRE Transitions and Endpoints

Note:
1.

Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssg.

Method for Calculating 'WPRE Transitions and Endpoints

Measured Parameter

Measured Parameter Symbol

Vswl
DQS_t, DQS_c differential write preamble

Vsw2
WPRE

Unit

ViHL ac X 0.3

ViHL_ac x 0.7
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'WPST Calculation for ATE (Automatic Test Equipment)
CK_t L '-I ,."ll ) .-f \\ i '-,\ _." N ."'.
S RTREEEE fioe oo - X-------- R X Vref(ca) 7 -
CK_C T U . U VY A R A
f,- M
i ",

Resulting differential signal
relevant for "WPST specification
1

. : S o

+ vsw2
/ \\ # Vswi
DQS_t-DQS_c _/ &< End point:
--—h-T
WPST

Extrapolated point

Method for Calculating tWPST Transitions and Endpoints

Note:

1. Termination condition for DQS_t, DQS_c, DQ, and DMI = 50 ohms to Vssg.
2. Write postamble: 0.5'CK
3.

The method for calculating differential pulse widths for 1.5'CK postamble is same as 0.5'CK postamble.

Method for Calculating 'WPRE Transitions and Endpoints
Measured Parameter Measured Parameter Symbol Vswil Vsw?2 Unit
DQS_t, DQS_c differential write preamble 'WPST -(MitL_ac % 0.7) -(ViHL_ac X 0.3) \Y
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MASK WRITE Operation

The device requires that WRITE operations that include a byte mask anywhere in the burst sequence must use the MASK
WRITE command. This allows the device to implement efficient data protection schemes based on larger data blocks. The
MASK WRITE-1 command is used to begin the operation, followed by a CAS-2 command. A MASKED WRITE command to the
same bank cannot be issued until ‘CCDMW later, to allow the device to finish the internal READ-MODIFY-WRITE operation.
One data- mask-invert (DMI) pin is provided per byte lane, and the data-mask-invert timings match data bit (DQ) timing. See
Data Mask Invert for more information on the use of the DMI signal.
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Enmmand{umm‘rfl DES:ED :{DE:IDE:}.DSIJC'DES.\DSIDFL,I'DSYDS.KDE“] ¥ DEs ¥ DES
n
B Coomw _ WL
WL ! | tDgssIMIN)
WERE - “WPST
DO5_C V1 *—If_” Sl e ‘F
Das_t {{ RSV RYE ._."i_\‘\_f‘l\ ’( L [ I\)l:l
tposzog
) 1 =\ o A ) y
o0 [ DEEEE] REEE_J|
Dont Cara
MASK WRITE Command i Same Bank
Note:

1. BL =16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. D n =data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration, the system needs to insert only 16-bit wide data for
MASKED WRITE operation.

4. DES commands are shown for ease of illustration; other commands may be valid at these time.
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| "CCOMW

DOs5 ¢
DOs_t

Do
DAl

Don't Care

MASK WRITE Command i Different Bank

Note:

1. BL =16, DQ/DQS/DMI: Vssq termination.

2. DIN n = data-in to column n.

3. Mask-write supports only BL16 operations. For BL32 configuration, the system needs to insert only 16-bit wide data for
MASKED WRITE operation.

4. DES commands are shown for ease of illustration; other commands may be valid at these time.
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Mask Write Timing Constraints for BL16

Same Bank (ODT Disabled)

READ WRITE
Next CMD Current CMD ACTIVE MASK WRITE PRECHARGE
(BL =16 or 32) (BL =16 or 32)
ACTIVE lllegal RU('RCD/'CK) RU('RCD/'CK) RU('RCD/'CK) RU('RAS/'CK)
RL+ RU RL+ RU
BL/2 +
READ ) (‘DQSCK(MAX)/ 'CK)|('DQSCK(MAX)/ 'CK)
lllegal 8 MAX{(8,RU('RTP/
(with BL = 16) + BL/2 - WL + WPRER BL/2 - WL + 'WPRE t
CK)}-8
+ RD('RPST) + RD('RPST)
RL+ RU RL+ RU
BL/2 +
READ s ('DQSCK(MAX)/ 'CK)|(tDQSCK(MAX)/ 'CK) .
lllegal 16 MAX{(8,RU(RTP/
(with BL = 32) + BL/2 - WL + WPRER BL/2 - WL + 'WPRE t
CK)}-8
+ RD('RPST) + RD('RPST)
WRITE WL + 1+ BL/2 + ) . WL+ 1 +BL/2 +
lllegal 8 '‘CCDMW
(with BL = 16) RU(WTR/'CK) RU(WR/'CK)
WRITE WL+ 1+BL/2 + , , WL+ 1 +BL/2 +
lllegal 16 'CCDMW + 8
(with BL = 32) RU(WTR/'CK) RU(WR/'CK)
WL+ 1+BL/2+ s WL+ 1+BL/2+
MASK WRITE lllegal ‘ccD ‘CCDMW
RU(WTR/'CK) RU(WR/'CK)
RU('RP/'CK),
PRECHARGE lllegal lllegal lllegal 4
RU('RPab/'CK)
Note:

1. Inthe case of BL =16, 'CCDis 8 x 'CK.

2. Inthe case of BL = 32, 'CCD is 16 x 'CK.

3. 'CCDMW =32 x 'CK (4 x 'CCD at BL = 16).

4. WRITE with BL = 32 operation is 8 x 'CK longer than BL = 16.
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Different Bank (ODT Disabled)

READ

WRITE

Next CMD Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE RU('RRD/'CK) 4 4 4 2°
RL + RU RL + RU
READ 4 gl ('DQSCK(MAX)/ 'CK)|('DQSCK(MAX)/ 'CK) 02
(with BL = 16) + BL/2 - WL + 'WPRE[+ BL/2 - WL + 'WPRE|
+ RD('RPST) + RD 'RPST)
RL + RU RL + RU
READ 4 162 (‘DQSCK(MAX)/ 'CK)|('DQSCK(MAX)/ 'CK) 02
(with BL = 32) + BL/2 - WL + WPRER BL/2 - WL + 'WPRE
+ RD('RPST) + RD('RPST)
WRITE 4 WL + 1+ BL/2 + gl gl 02
(with BL = 16) RU(WTR/'CK)
WRITE WL+1+BL/2 + 2 2 2
(with BL = 32) 4 RU(WTR/'CK) 16 16 2
WL+ 1+BL/2+ 1 1 2
MASK WRITE 4 RUCWTR/CK) 8 8 2
PRECHARGE 4 4 4 4 4
Note:

1. Inthe case of BL = 16, 'CCD is 8 x 'CK

2. Inthe case of BL =32, 'CCD is 16 x 'CK
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Same Bank (ODT Enabled)

READ

WRITE

Next CMD Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE lllegal RU('RCD/'CK) RU('RCD/'CK) RU('RCD/'CK) RU('RAS/'CK)
RL + RU( RL + RU(
READ 'DQSCK(MAX)/ 'CK)| 'DQSCK(MAX)/ 'CK) BL/2 +
(with BL = 16) lllegal 8! + BL/2 + RD(RPST)| + BL/2 + RD('RPST) [MAX{(8,RU('RTP/
- - ODTLon - RD( - ODTLon - RD( 'CK)}- 8
'ODTon(MIN)/ 'CK) | '‘ODTon(MIN)/ 'CK)
RL + RU( RL + RU(
READ 'DQSCK(MAX)/ 'CK)| 'DQSCK(MAX)/ 'CK) BL/2 +
(with BL = 32) lllegal 16° + BL/2 + RD(RPST)| + BL/2 + RD('RPST) [MAX{(8,RU('RTP/
- - ODTLon - RD( - ODTLon - RD( 'CK)}- 8
'ODTon(MIN)/ 'CK) | ‘ODTon(MIN)/ 'CK)
WRITE WL+ 1+ BL/2 + 1 . s WL+ 1+BL/2+
(with BL = 16) llegal RUCWTR/'CK) 8 CCOMW RU(WR/'CK)
WRITE WL+ 1 +BL/2 + 2 . 4 WL + 1 +BL/2 +
(with BL = 32) llegal RU(WTR/CK) 16 CCDMW +8 RU(WR/'CK)
WL+1+BL/2+ t t 3 WL+1+BL2+
MASK WRITE lllegal RUCWTRICK) CCD CCDMW RUCWR/CK)
RU('RP/'CK),
PRECHARGE lllegal lllegal lllegal 4
CHARG RU('RPab/'CK) eoa eoa eoa
Note:

1.  Inthe case of BL =16, 'CCDis 8 x 'CK.
In the case of BL = 32, 'CCD is 16 x 'CK.

2
3.  'CCDMW =32 x 'CK (4 x 'CCD at BL = 16).
4

WRITE with BL = 32 operation is 8 x 'CK longer than BL = 16.
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Different Bank (ODT Enabled)

READ WRITE
Next CMD Current CMD ACTIVE (BL = 16 or 32) (BL = 16 or 32) MASK WRITE PRECHARGE
ACTIVE RU('RRD/'CK) 4 4 4 2°
READ RL+ RU RL+ RU
(with BL = 16) 4 8! (‘DQSCK(MAX)/ 'CK) | (DQSCK(MAX)/ ‘CK) 2°
- +BL/2 + RD(RPST) | + BL/2 + RD('RPST)
RL + RU( RL + RU(
READ 'DQSCK(MAX)/ 'CK) | 'DQSCK(MAX)/ 'CK)
(with BL = 32) 4 162 + BL/2 + RD(RPST) | + BL/2 + RD('RPST) 2?
- - ODTLon - RD( - ODTLon - RD(
'ODTon(MIN)/ 'CK) | 'ODTon(MIN)/ 'CK)
WRITE 4 WL+ 1+ BL/2 + gl g 02
(with BL = 16) RU(WTR/'CK)
WRITE WL+ 1+BL/2+ 2 2 2
(with BL = 32) 4 RU(WTR/'CK) 16 16 2
WL+ 1+BL/2+ 1 1 2
MASK WRITE 4 RUCWTR/CK) 8 8 2
PRECHARGE 4 4 4 4 4
Note:

1.  Inthe case of BL = 16, 'CCD is 8 x 'CK.
2. Inthe case of BL = 32, 'CCD is 16 x 'CK.
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Data Mask and Data Bus Inversion (DBI [DC]) Function

Data mask (DM) is supported for WRITE operations and the data bus inversion DBI (DC) is supported for READ, WRITE,
MASK WRITE, MRR, and MRW operations. DM and DBI (DC) functions are supported with byte granularity. DBI (DC) for READ
operations (READ, MRR) can be enabled or disabled via MR3 OP[6]. DBI (DC) for WRITE operations (WRITE, MASK WRITE,
MRW) can be enabled or disabled via MR3 OP[7]. DM for MASK WRITE operations can be enabled or disabled via MR13
OPJ[5]. The device has one data mask inversion (DMI) pin per byte and a total of two DMI pins per channel.

The DMI signal is a bidirectional DDR signal, is sampled with the DQ signals, and is electrically identical to a DQ signal.
There are eight possible states for the device with the DM and DBI (DC) functions.

Function Behavior of DMI Signal During WRITE, MASKED WRITE, and READ Operations

DMI Signal
DM Write DBl | Read DBI . During During During During
. During .
Function (DC) (DC) e MASKED [During READ| MPC[WRIT | MPC[READ- | MPC[READ
WRITE E-FIFO] FIFO] DQ CAL]
Disabled Disabled Disabled | Don't Care' | Illegal®,® High-z*> | Don'tCare' | High-Z? High-Z?
Disabled Enabled Disabled | DBI (DC)* lllegal® High-Z? Train® Train™® Train™
Disabled Disabled Enabled | Don't Care® llegal® DBI (DC)° Train® Train'® Train™
Disabled Enabled Enabled DBI (DC)* lllegal® DBI (DC)® Train® Train™® Train™
Enabled Disabled Disabled | Don't Care® DM’ High-Z? Train® Train'® Train™
Enabled Enabled Disabled | DBI(DC)* | DBI(DC)® High-Z? Train® Train™® Train™
Enabled Disabled Enabled | Don't Care® DM’ DBI (DC)® Train® Train™® Train™
Enabled Enabled Enabled DBI (DC)* | DBI(DC)® | DBI(DC) Train® Train'® Train™
Note:
1. The DMI input signal is "Donét Care." DMI input receivers
2. DMI output drivers are turned off.
3. The MASK WRITE command is not allowed and is considered an illegal command when the DM function is disabled.
4 The DMI signal is treated as DBI and indicates whether the device needs to invert the write data received on DQ within a

10.
11.

byte. The device inverts write data received on the DQ inputs if DMI is sampled HIGH and leaves the write data
non-inverted if DMI is sampled LOW.

The device inverts read data on its DQ outputs associated within a byte and drives the DMI signal HIGH when more than
four data bits = 1 within a given byte lane; otherwise, the device does not invert the read data and drives DMI signal LOW.
The device does not perform a MASK operation when it receives a WRITE (or MRW) command. During the WRITE burst,
the DMI signal must be driven LOW.

The device requires an explicit MASKED WRITE command for all MASKED WRITE opera- tions. The DMI signal is
treated as a data mask (DM) and indicates which bytes within a burst will be masked. When the DMI signal is sampled
HIGH, the device masks that beat of the burst for the given byte lane. All DQ input signals within a byte are "Don't Care"
(either HIGH or LOW) when DMI is HIGH. When the DMI signal is sampled LOW, the device does not perform a MASK
operation and data received on the DQ inputs is written to the array.

The device requires an explicit MASKED WRITE command for all MASKED WRITE operations. The device masks the
write data received on the DQ inputs if five or more data bits = 1 on DQ[2:7] or DQ[10:15] (for lower byte or upper byte
respectively) and the DMI signal is LOW. Otherwise, the device does not perform the MASK operation and treats it as a
legal DBI pattern. The DMI signal is treated as a DBI signal, and data received on the DQ input is written to the array.
The DMI signal is treated as a training pattern. The device does not perform any MASK operation and does not invert
write data received on the DQ inputs.

The DMI signal is treated as a training pattern. The device returns the data pattern written to the WRITE-FIFO.

The DMI signal is treated as a training pattern. For more information, see the Read DQ Calibration Training section.
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MASKED WRITE Command with Write DBI Enabled; DM Enabled

Note:
1. N: Input data is written to DRAM cell.

P onN

I: Input data is inverted, then written to DRAM cell.
M: Input data is masked. The total count of 1 data bits on DQ[7:2] is equal to or greater than five.
Data mask (DM) is enable: MR13 OP [5] =

0, Data bus inversion (DBI) write is enable: MR3 OP[7] =

Elite Semiconductor Microelectronics Technology Inc

Publication Date: May. 2023
Revision: 1.2 76/297



ESMT M56Z4G16256A (2H)

TO T1 T2 T3 Ta0 Tal Ta2 Ta3 Tla4 T§5 Ta6 ThO
| | | |

-

/\

cA <Va:Iid><Va:Iid><Va:IidXVa. >% : /1
. | ! >% ' I I

r]ESX DESX D.ESX DIIESX DIESX DIESX DES) @%

Comr‘nand< WRITE-1 X CAS-2

] | |
1 | |
1 | |
1 | |
1 | | 1
| | | | v I_. = =
I IO K
- i i i
1 | | 1
1 | | 1
| | | |
DQ[7:0] | | | 2 P
1 | | ; ;
1 | | 1 1
1 | | 1 1
1 | | 1 1
omier ¢ )
T T T T A T
Don't Care
.
WRITE Command with Write DBI Enabled; DM Disabled
Note:
1. N: Input data is written to DRAM cell.
2. I: Input data is inverted, then written to DRAM cell.

3. Data mask (DM) is disable: MR13 OP [5] = 1, Data bus inversion (DBI) write is enable: MR3 OP[7] = 1.
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WRITE and MASKED WRITE Operation DQS Control (WDQS Control)

The device supports WRITE and MASKED WRITE operations with the following DQS controls. Before and after WRITE and
MASKED WRITE operations, DQS_t, and DQS_c are required to have sufficient voltage gap to make sure the write buffers
operating normally without any risk of meta-stability.

The device is supported by either of the two WDQS control modes below.

Mode 1: Read based control
Mode 2: WDQS_on / WDQS_off definition based control

Regardless of ODT enable/disable, WDQS related timing described here does not allow any change of existing command
timing constraints for all READ/WRITE operations. In case of any conflict or ambiguity on the command timing constraints
caused by the specification here, the specification defined in the Timing Constraints for Training Commands table should have
higher priority than WDQS control requirements.

In order to prevent write preamble related failure, it is strongly recommended to support either of the two WDQS controls to the
device.

WDQS Control Mode 17 Read-Based Control

The device needs to be guaranteed the differential WDQS, but the differential WDQS can be controlled as described below.
WDQS control requirements here can be ignored while differential read DQS is operated or while DQS hands over from read to
write or vice versa.

1. When WRITE/MASKED WRITE command is issued, SoC makes the transition from driving DQS_c HIGH to driving
differential DQS_t/DQS_c, followed by normal differential burst on DQS pins.

2. Atthe end of post amble of WRITE/MASKED WRITE burst, SoC resumes driving DQS_c HIGH through the subsequent
states except for DQS toggling and DQS turn around time of WT-RD and RD-WT as long as CKE is HIGH.

3. When CKE is LOW, the state of DQS_t/DQS_c¢c is allowed to
WT
CMVID WT BURST Following states from \WT burst
CKE l:’li
L/, AR SV YD Sy T e T
DOS 1 M///////f i A A LFL _. \_-’? 2 /
Don't Care
WDQS Control Mode 1
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WDQS Control Mode 217 WDQS_On/Off

After WRITE/MASKED WRITE command is issued, DQS_t and DQS_c required to be differential from WDQS_on, and DQS_t

and DQS_c¢c can be ADonoét Careo status from WDQS_off of WRI TE/
WDQS_on and WDQS_off timing is located in the middle of the operations. When host disables ODT, WDQS_on and

WDQS_off constraints conflict with 'RTW. The timing does not conflict when ODT is enabled because WDQS_on and

WDQS_off timing is covered in ODTLon and ODTLoff. However, regardless of ODT on/off, WDQS_on/off timing below does not

change any command timing constraints for all read and write operations. In order to prevent the conflict, WDQS_on/off
requirement can be ignored where WDQS_on/off timing is overlapped with read operation period including READ burst period

and tRPST or overlapped with turn-around time (RD-WT or WT-RD). In addition, the period during DQS toggling caused by read

and write can be counted as WDQS_on/ off.

Parameters

WDQS_on: The maximum delay from WRITE/MASKED WRITE command to differen- tial DQS_t and DQS_c
WDQS_off: The minimum delay for DQS_t and DQS_c differential input after the last WRITE/MASKED WRITE command

WDQS_Exception: The period where WDQS_on and WDQS_off timing is overlapped with READ operation or with DQS
turn around (RD-WT, WT-RD)

i WDQS_Exception @ ODT disable = MAX(WL-WDQS_on + 'DQSTA - 'WPRE - n 'CK, 0 'CK) where RD to WT
command gap = 'RTW(MIN)@ODT disable + n 'CK

i WDQS_Exception @ ODT enable = 'DQSTA

WDQS_On/WDQS_Off Definition

WRITE WDQS_On B G T Lower Upper

Latency nWR nRTP (Max) Frequency Frequency

SetA SetB SetA Set B SetA Set B Limit (>) Li mit
4 4 6 8 0 0 15 15 10 266
6 8 10 8 0 0 18 20 266 533
8 12 16 8 0 6 21 25 533 800
10 18 20 8 4 12 24 32 800 1066
12 22 24 10 4 14 27 37 1066 1333
14 26 30 12 6 18 30 42 1333 1600
16 30 34 14 6 20 33 47 1600 1866
18 34 40 16 8 24 36 52 1866 2133

Note:

1. WDQS_on/off requirement can be ignored when WDQS_on/off timing is overlapped with READ operation period including
READ burst period and 'RPST or overlapped with turn-around time (RD-WT or WT-RD).

2. DQS toggling period caused by read and write can be counted as WDQS_on/off.

WDQS_On/WDQS_Off Allowable Variation Range

Min Max Unit
WDQS_on 710.25 0.25 tCK(avg)
WDQS_off i0.25 0.25 tCK(avg)
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
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DQS Turn-Around Parameter

Parameter Description Value Unit Note
'DQSTA Turn-around time RDQS to WDQS for WDQS control case TBD I 1
Note:
1. 'DQSTA is only applied to WDQS_exception case when WDQS Control. Except for WDQS Control, 'DQSTA can be
ignored.
T m T2 T3 T4 Tall Tal Ta2 Tad Tad Tas Tai Ta? TaB Ta8 Tald Tall TalZ2 Tald Tald TalsS Talé Tal? TalE Tal® Ta20 Ta2l
[(_{,_.l — ..I__l - .= %! ot | =) - ..J__I | e Ly e _.J__I -.."I PERTE | .v.__l _— ..I__I _V,__l ‘I_‘.I I T
PV EVAVAV VSl SVATEVAVAVEVAVAVEVAVAVIVAVSTEVAVAT VIS 8V o
s M L) I L L i
SXEW O ENEN A 7 T, 7 1
Command m ) DES _D!L D K
DOS_c e
Das_t
1]
DQs_t { A fff )
oo P |]
OOTLon "OnToniMax]
toomonivk
DRAM Ry DT Hign2 i Transion oTm ' ooTeghz
ComL e { oorfioan
bt
Don't Care
Burst WRITE Operation
Note:

1. BL=16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.
2. Dl n =data-in to column n.

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

DRAM R+t is only applied when ODT is enabled (MR11 OP[2:0] is not 000b).
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Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Disable)

Note:

1. BL =16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK.

2. DO n = data-out from column n, DI n = data-in to column n.

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

4. WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is overlapped with READ operation
period including READ burst period and tRPST or over- lapped with turn-around time (RD-WT or WT-RD).
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Burst READ Followed by Burst WRITE or Burst MASKED WRITE (ODT Enable)

Note:

1.

BL = 16, Read preamble = Toggle, Read postamble = 0.5nCK, Write preamble = 2nCK, Write postamble = 0.5nCK,
DQ/DQS: Vssq termination.

2. DO n = data-out from column n, DI n = data-in to column n.

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

4. WDQS_on and WDQS_off requirement can be ignored where WDQS_on/off timing is overlapped with READ operation
period including READ burst period and 'RPST or over- lapped with turn-around time (RD-WT or WT-RD).
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Preamble and Postamble Behavior

Preamble, Postamble Behavior in READ-to-READ Operations

The following illustrations show the behavior of the device's read DQS_t and DQS_c pins during cases where the preamble,
postamble, and/or data clocking overlap.

DQS will be driven with the following priority
1. Data clocking edges will always be driven

2. Postamble
3. Preamble

Essentially the data clocking, preamble, and postamble will be ordered such that all edges will be driven.

Additional examples of seamless and borderline non-overlapping cases have been included for clarity.
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READ-to-READ Operations i Seamless

TZE- _2? _.23 'Dlg TIIiEI T]
,- r

E:-mman:l{ IHEAI:I-1 }{ I{ﬁS—I

'ECD =B |

) RL=6 '_| "DDEE(F-'
4 Y G 0 49
Dﬁ: High-Z f'.') =
V7] pon't care
READ Operations: 'CCD = MIN, Preamble = Toggle, 1.5nCK Postamble
Note:

1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Dout n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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READ-to-READ Operations i Consecutive

T m T2 T3 4 T T8 ™ Tia T1|1 T2 T3 T4 TI5 Tle TI7 TIE T8 T20 T T T27 TH TH T30

L]

ARSI N

,%4//' i WWM

iy

i

I 1
Don't Care

Seamless READ: 'CCD = MIN + 1, Preamble = Toggle, 1.5nCK Postamble

Note:

1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.

2. Dout n/m = data-out from column n and column m.

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

TIEI T|1 2 T3 Tlcl A T8 L] T ™ maz T:IB T:Ili TI5 T1IE T1? T18 T:IQ TIEU T21 'I?IE 'I'.I’Tl‘ TJIS T2|9 T3IIJ

1 1
1 1 1 1 1 1 1 1 1 1 1 1

DlES DIES DES D:ES K DES ) ED‘ES ! D:ESI)( D:ESX D:ES
1 1 1 1 1 1 1 1 1 1 1 1

RL=6 "DOSCK

RL=&
D05 _c - 5 "- e r -
DSt Highz | 8 - L
- ‘D5
Dl::j Highz ) bl i 7 T hanz
BLZ2=8
I } Don t Care
Consecutive READ: 'CCD = MIN + 1, Preamble = Toggle, 0.5nCK Postamble

Note:
1. BL =16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Dout n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Consecutive READ: 'CCD = MIN + 1, Preamble = Static, 1.5nCK Postamble

Note:

1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.

2. Dout n/m = data-out from column n and column m.

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

] 1
1 1 1 1

. . -
- | —| |=— RFS
- . T \ ) == "Bl -
DQs_t s A ) 1S 9% IJ ( Highz ]

-] DOs0
;,;? Hight [/ i, ;ﬁﬁé High-Z
BLZ=B
' ' Dion't Care
Consecutive READ: tCCD = MIN + 1, Preamble = Static, 0.5nCK Postamble
Note:

1. BL =16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
2. Dout n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Ti0
1

™ ':I2 T2|5 'EIEI '3ID T3

I I I D:ES D:ES ::-:Esf 'D:Es

DOSCK

RL=E
'APST  “RPRE

D05 ¢
DOS_t High? |/

DQ -

oM Highz |

Consecutive READ: 'CCD = MIN + 2, Preamble = Toggle, 1.5nCK Postamble
Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.
2. Dout n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

T ™ 5 1 T20 T2
1 ] 1 1

RL=§ | oascx
'RPRE

DOs © - )
Das_t M
DQ - Y
oM High-Z R {
Consecutive READ: 'CCD = MIN + 2, Preamble = Toggle, 0.5nCK Postamble
Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.
2. Dour n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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TO Ti T2 T3 4 T Ta ™ TI1IJ Tlll T2 T3 T4 TI5 Tla TIT TIE TI9 T20 T21 722 T2 T29 T30 T3i

L)

Consecutive READ: 'CCD = MIN + 2, Preamble = Static, 1.5nCK Postamble

Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.

2. Dout n/m = data-out from column n and column m.

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

T29 T30
T

:/ﬂ Don't Cara

Consecutive READ: 'CCD = MIN + 2, Preamble = Static, 0.5nCK Postamble

Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.

2. Dour n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Consecutive READ: 'CCD = MIN + 3, Preamble = Toggle, 1.5nCK Postamble

Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 1.5nCK.

2. Dout n/m = data-out from column n and column m.

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

Consecutive READ: 'CCD = MIN + 3, Preamble = Toggle, 0.5nCK Postamble

Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Toggle; Postamble = 0.5nCK.

2. Dout n/m = data-out from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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T:IE T:I'.r T1IE T1|‘3 T20 1?'1
D o W] S o WY = -

T

s

T3 T30
\ = .

™

] i 1 1
H ' H i 1 H | H | 1 1 1 1 1
READ-1 X TAsz XDIESX DES )( DES }{ DEES pes Y DES ' { DES y pes ) DEs \bes

RL=§& ‘DOSCK

IZn:\mmam:I{r READ-1 :{ CAs-2

RPST

D5 c -
DOS_t High-Z
- D050
wrz )| DEEEEEN e
BL2=8
Don't Care
Consecutive READ: 'CCD = MIN + 3, Preamble = Static, 1.5nCK Postamble
Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 1.5nCK.
2. Dout n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

1 1 |

-

(1 i
1 1 |
1 1

1 ! 1 1 1 1 1 :

H H H H | H i
Zommand { READ-1 § (CAS2 :(DESI-' Joes ¥ pes \{ DEs W oEs Y READ-

v v v 4 v =

1 1 1 1 1 1

: : 1 1 1
1 X CAs-2 JDEs ¥ DESP: DES f{ DES
D=1 | | RL=#& __|_‘ EDIQSCK N
I
RL=E | DOSCK
I
ERPST
DO5_c - ) ey e | -
DOS_t High-Z {{ r\_}( (A High-Z
e *DIS0)
DQ - . VY ) ——
DM High? | [ @@ 'x High-Z
BLZ=8
% Don't Care
Consecutive READ: 'CCD = MIN + 3, Preamble = Static, 0.5nCK Postamble
Note:

1. BL = 16 for column n and column m; RL = 6; Preamble = Static; Postamble = 0.5nCK.
2. Dour n/m = data-out from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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WRITE-to-WRITE Operations i Seamless

) _|13 TI1£I Ti5 T-E- T]r TS _I23 _|2-'- 'I?E T2I-E- TIIEI’ TIILE-
e Rt T .- B e et Rt R LT

H H H H H H i H ' ! ! L:g’/ //}"’ /‘2// //// /Wé%‘
e 8515 D D 5 B P R P

-—=] ID055

% Don't Care

Seamless WRITE: 'CCD = MIN, 0.5nCK Postamble

1. BL = 16, Write postamble = 0.5nCK.

2. Din n/m = data-in from column n and column m.

3. The minimum number of clock cycles from the burst WRITE command to the burst WRITE command for any bank is
BL/2.

4, DES commands are shown for ease of illustration; other commands may be valid at these times.
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CAS-2

1 1 1
Command { WRITE-1 }{ cas2 ) Des/ E)Es;n: WRITE-1 }{

WL= :: I
ous . ZLTIIITIIR, VAT AT T X
o TR,
DRAM R, {( OOT Highz I l * ) P ODT an ;' ( ODT HighZ
! ODTLofi = 22 LDTMM N)

% Don't Care

Seamless WRITE: tCCD = MIN, 1.5nCK Postamble, 533 MHz < Clock Frequency O800 MHz, ODT Worst Timing
Case

Note:

1. Clock frequency = 800 MHz, ‘CK(AVG) = 1.25ns.

2 BL = 16, Write postamble = 1.5nCK.

3. Din n/m = data-in from column n and column m.

4 The minimum number of clock cycles from the burst WRITE command to the burst WRITE command for any bank is
BL/2.

5. DES commands are shown for ease of illustration; other commands may be valid at these times.
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TIEI 1.1 TI.'-! T3 Tle'l TIF TIE- T::'I T|1D ™ T|12 T|15 T1IG m? T|13 T|1§I T25 T.I'!E TIET T3|3 TE!a'l T'::E THIE TZI'I]' T:IiS
.= - r- - T- LT T A r- = =1 = N ] - e e -1 = P T N T ST T

n;z -
WMM
'mm@@@@

Lo Lo
Command { ';NHITE-I1::< ‘as2 @JDEEI meH}{ sz }(DEEE(DES

D=8 WL=14

WL=14

“WPST

R MM’

ow LA W Vi J'EHE#* r@@@@@ 9@@@@?

} Dion't Care

Seamless WRITE: 'CCD = MIN, 1.5nCK Postamble

1. BL = 16, Write postamble = 1.5nCK.

2. Din n/m = data-in from column n and column m.

3. The minimum number of clock cycles from the burst WRITE command to the burst WRITE command for any bank is
BL/2.

4, DES commands are shown for ease of illustration; other commands may be valid at these times.
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WRITE-to-WRITE Operations i Consecutive

TIQ TI1EI LLLER R T13 T1=1 TIS T1E T1T|‘ 'D_:l T24 T25 'I?E T32

Command

DES :‘: DES :{ DES # DES E "DES DES } DES A DES :{ DES kA
|

‘DOsSs

“WERE . “WPST
Dos_c - M
Das t W AW

ow LTI ?WWW | VRSN

BLUZ =8

. Don't Care

Consecutive WRITE: 'CCD = MIN + 1, 0.5nCK Postamble

Note:

1. BL = 16, Write postamble = 0.5nCK.

2. Din n/m = data-in from column n and column m.

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

TH}I T11 T12 T13 Th'l. TS T1E T1? 'D! T24 T25 T!B T32 T33 T4 TI5 T3k T37
1 1 1 1 1

o T VT /RTRTAIRVATaI e A VA 7
DMMMMWMMMM@@ 6 @@@ﬁ’ Y,

|
. Dom't Care

Consecutive WRITE: 'CCD = MIN + 1, 1.5nCK Postamble

Note:

1. BL = 16, Write postamble = 1.5nCK.

2. Din n/m = data-in from column n and column m.

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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TEI T1 T2 T3 T-t TQ T'IIJ T11 T12 T13 T1-1 Tis 'HE T1]’ TH T2-1 T25 T2-E T2]r 133 13-'1 'BS T3E- T3? TBE
JJ.
R e
1 1
)

: E'\J. . | |
//fﬁxf”/ ///

|« "WPST

ST,

SV .% OEEY T

Don't Care

Consecutive WRITE: 'CCD = MIN + 2, 0.5nCK Postamble

Note:

1. BL = 16, Write postamble = 0.5nCK.

2. Din n/m = data-in from column n and column m.

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

TIEI T|1 T|2 T3 Tlll TIQ le TIH TI12 TI3 Tlln'l TIS T;lE T;I? 1?3 TI.'!d T25 'I?E 'I?I? TT:L:‘ Tlin'l TIHE TI]'B TI3T TI3E
- LT =y — ey T e e PR T R T N P R ] Fm Ty YTy Py Py Py f T g, o

i i I I i i
oss.r DB OO

R

WL=12

WPIT

fW’/ﬁWWMl/,&’Mm MMW

Don't Care
Consecutive WRITE: 'CCD = MIN + 2, 1.5nCK Postamble
Note:
1. BL = 16, Write postamble = 1.5nCK.
2. Din n/m = data-in from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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TO Ti T2 T3 T4 T3 TIO ™ TIIE TIH T4 TI5 Ti& TI7 T3 T24 T35 T26 T27 T28 T4 T3i5 T36 T3a7 T3d
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
- - - - - - - P .= - W] e e R T ] = e, e, e, e e

“WFRE

o T Y Y S X

Consecutive WRITE: 'CCD = MIN + 3, 0.5nCK Postamble

Note:

1. BL = 16, Write postamble = 0.5nCK.

2. Din n/m = data-in from column n and column m.

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

T m T2 T3 Ta T2 T T T2 T|13 Ma ms Te TI7T T T TIE T T TE T T TIE TIF TIE
- - .= = - - N e W T R B e et T W LN PNt e e et T Rt W i R

;mwf /,N / /M/ ////////

=12 | 0gss

SWPRST

& S RN

S
= - =
y, ' 5
v # ¥
- (. L [

Consecutive WRITE: 'CCD = MIN + 3, 1.5nCK Postamble

Note:
1. BL = 16, Write postamble = 1.5nCK.
2. Din n/m = data-in from column n and column m.

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

T12 T13 T1|1. T1IE T1I'.|‘ TIEEI T|2|1. TIZE TEIE T27 TES TIEQ T.35 T|35 Till? TIBE
r- - v - r- r- - r-

Command { WRTE-1 ) cAs2 :{DE%EE:EEX__X wnrrm){ chs-2 }@EerEsJ{DESE oes i DEs pes ) DEs DEs { DES || DES/ DESKDESKDESXDES}{

D =12 WL=12 0SS
. WL=12 . ‘DOSS

“WPRE ANPST “WPRE HWPST

DO5c ) P ! PR R R !
nas.1 AT BTSSRV S 299 F\ﬂﬂ £X Wé

| D500 | D05200
ow 7 A AN e NG DEEEN
BLZ =38 BLZ2 =8
ﬁ Don't Care
Consecutive WRITE: 'CCD = MIN + 4, 1.5nCK Postamble
Note:

1. BL = 16, Write postamble = 1.5nCK.
2. Din n/m = data-in from column n and column m.
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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PRECHARGE Operation

The PRECHARGE command is used to precharge or close a bank that has been activated. The PRECHARGE command is
initiated with CKE, CS, and CA[5:0] in the proper state (see Command Truth Table). The PRECHARGE command can be used
to precharge each bank independently or all banks simultaneously. The all banks (AB) flag and the bank address bit are used to
determine which bank(s) to precharge. The precharged bank(s) will be available for subsequent row access 'RPab after an
all-bank PRECHARGE command is issued, or 'RPpb after a single-bank PRECHARGE command is issued.

To ensure that the device can meet the instantaneous current demands, the row precharge time for an all-bank PRECHARGE
('RPab) is longer than the per-bank precharge time (‘RPpb).

Precharge Bank Selection

AB (CA[5], R1) BA2 (CA[2], R2) BA1 (CA[1], R2) BAO (CA[0], R2) Precharged Bank
0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don't Care Don't Care Don't Care All banks
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023

Revision: 1.2 98/297



ESMT M56Z4G16256A (2H)

Burst READ Operation Followed by Precharge

The PRECHARGE command can be issued as early as BL/2 clock cycles after a READ command, but the PRECHARGE
command cannot be issued until after 'RAS is satisfied. A new bank ACTIVATE command can be issued to the same bank after
the row precharge time (tRP) has elapsed. The minimum read-to-precharge time must also satisfy a minimum analog time from
the second rising clock edge of the CAS-2 command. 'RTP begins BL/2 - 8 clock cycles after the READ command.

T T+l Tx+2 Tx+3 Tx+d Tu45 Tx+6 Tu+7 Ty Ty+1 Ty+2 Ty+3 Ty+d

Eﬁﬂﬂﬂﬂﬁﬂﬂnﬂpﬂﬂnﬂnnﬂr
CA[5:0] <Valld X\mlld X\mlld Xvalld Xv;lude lsl\-'allld XW_XWM XVaIId ><‘u'alld><\."alld Xv;na? H'\zaud Xﬂxm"d Xvaud X\mlld >

1 " 1
tRTP

b
Command( X CAS-2 XVa:IIdEB : :Valld: X :Valld : Xva:”dEi X IAL‘I’-1 X ACT-2 )

W//

a7, VT m@@@@@ DOV v

Valld

Transitioning Data Don't Care

Burst READ Followed by Precharge i BL16, Toggling Preamble, 0.5nCK Postamble

DQs_t
DQ5_c

TO m T2 T3 T4 15 T1'l] TIT T12 Tx Ta+l Tx+2 T3 Tx+d TS5 Twebh Te+7 Ty Tysl Ty+2 Ty+3 Ty+4
K ¢ . . o o 0 o [ . o P o T o e
CK_t

s @@@@@W DD E ) ) ERERE
Command < READ-1 X CAS-2 X valid l walid )@ D PRECHARGE X walld >< walid @ ?:X CT-1 X ACT-2 )
oG5 < ’MM[//MM MMU\JU\JU\!\J\! J\j\ X/M/JM
s T YT, VTGO OO

Transitioning Data ;ﬂ Daon't Care

Burst READ Followed by Precharge i BL32, 2'CK, 0.5nCK Postamble

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 99/297



ESMT M56Z4G16256A (2H)

Burst WRITE Followed by Precharge

A write recovery time (‘WR) must be provided before a PRECHARGE command may be issued. This delay is referenced from
the next rising edge of CK after the last valid DQS clock of the burst.

Devices write data to the memory array in prefetch multiples (prefetch = 16). An internal WRITE operation can only begin after a
prefetch group has been clocked; therefore, ‘'WR starts at the prefetch boundaries. The minimum write-to-precharge time for
commands to the same bank is WL + BL/2 + 1 + RU(WR /'CK) clock cycles.

T3 Tx Te+l Tu42 Te+3 Tu+d Tu+h Tueb Ta Ta+l Ta+Z2 Tn Tn+l Tn+2 Tne3 Ty Ty+1  Ty+2 Ty+d  Ty+d

%ﬂﬂnwﬂnﬂ ﬂﬂﬂfﬂ nﬂmmﬁﬂﬂﬂn:

Command( WRITEIX CAS2 X:EED( Vialid }{-"k: :}{ Valid ,-'H Valid GD@]@D X AJL'I'-?}

D5 ¢
Dgs t

Dg ;
|
el Transitloning Data Don't Care
Burst WRITE Followed by PRECHARGE 1 BL16, 2nCK Preamble, 0.5nCK Postamble
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Auto Precharge

Before a new row can be opened in an active bank, the active bank must be precharged using either the PRECHARGE
command or the auto precharge (AP) function. When a READ or a WRITE command is issued to the device, the AP bit (CA5)
can be set to enable the active bank to automatically begin precharge at the earliest possible moment during the burst READ or
WRITE cycle.

If AP is LOW when the READ or WRITE command is issued, the normal READ or WRITE burst operation is executed, and the
bank remains active at the completion of the burst.

If AP is HIGH when the READ or WRITE command is issued, the auto PRECHARGE function is engaged. This feature enables
the PRECHARGE operation to be partially or completely hidden during burst READ cycles (dependent upon READ or WRITE
latency), thus improving system performance for random data access.
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Burst READ With Auto Precharge

If AP is HIGH when a READ command is issued, the READ with AUTO PRECHARGE function is engaged. The devices start an
AUTO PRECHARGE operation on the rising edge of the clock at BL/2 after the second beat of the READ w/AP command, or
BL/4 -4

+ RU('RTP/'CK) clock cycles after the second beat of the READ w/AP command, whichever is greater. Following an AUTO
PRECHARGE operation, an ACTIVATE command can be issued to the same bank if the following two conditions are both
satisfied:

1. The RAS precharge time (‘RP) has been satisfied from the clock at which the auto precharge began, and

2. The RAS cycle time (‘'RC) from the previous bank activation has been satisfied.

T T+l Tx+2 Tu+3 Tx+d Tud5 Tx+6 Tu+7 Ty Ty+1 Ty+2 Ty+3 Ty+d
1

Eﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂnﬂnﬂﬂﬂﬂr
CA[5:0] Vallld W.“d W.Ild VBM : alid }( valid ' vali XValld XValld X\-‘alld Xv;nn XValldR (]valld Xﬂxwud Xvalu Xmud)

Command ( IR;';':P"I X CAS-2 Xva:lldl:' I} : X : valid . X :Valld : X :‘ufalld : Xva:llde (l' : X I,tsu_-r-1 | X .m_z | >
DQS.t RN N S N S A S N
DQ5_¢ , ,

w0 ////////////////////////ﬁ V/////// / 7 / ////ﬁ@@@@@ @@@(/////4/ ///

Transitioning Data Don't Care

Burst READ With Auto Precharge i BL16, Non-Toggling Preamble, 0.5nCK Postamble

™ T T2 T2 T4 T35 TI0 TI11 Ti12 Ti13 Ti4 T  Te+l T+ Te+3d Tusd T35 Ty T+l Ty+2 Ty+3 Ty+4

Command { IREAD-II X Ic.n.s-z X I\.-andl f]fl walid X walid }c {jE x Walid }{ valid }{vaud?f ;{ X ACT2 )
bast 7 | : | : : ; . |
DQ5 c W 1 1

DQ[15:0] .." i
OMI[1-0] WW@ m W

Transitioning Data Don't Care

Burst READ With Auto Precharge i BL32, Toggling Preamble, 1.5nCK Postamble
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Burst WRITE With Auto Precharge

If AP is HIGH when a WRITE command is issued, the WRITE with AUTO PRECHARGE function is engaged. The device starts
an auto precharge on the rising edge ‘'WR cycles after the completion of the burst WRITE.

Following a WRITE with AUTO PRECHARGE, an ACTIVATE command can be issued to the same bank if the following
conditions are met:

1. The RAS precharge time (‘RP) has been satisfied from the clock at which the auto precharge began, and
2. The RAS cycle time (‘RC) from the previous bank activation has been satisfied.

Tetl T42 Tr+3d T+l Tth Teeb Ta  Tasl Ta+2 Tn Tnel Tne2 Tned Ty Ty+l  Tye2  Ty+3  Tysd
o . _ - Ll 1 _ - - 1 - el _ l_ll ! 1 .-

Commanl:l( WRITEI\,{ Cas-2 :l! f(‘f :':-
1

%%é:iWWWW T, 'Wﬂ: ;L,'@iif\ﬁff\,{\“{\;

I
:IE:SIDQ :
i

™
Ve Transitioning Data Don't Care

Burst WRITE With Auto Precharge i BL16, 2nCK Preamble, 0.5nCK Postamble
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Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable

Minimum Delay Between .
From Command To Command "Erom Command” and "To Command"” Unit Note
PRECHARGE ¢ ¢
READ BL = 16 (to same bank as READ) RTP CK 1,6
PRECHARGE ALL 'RTP 'CK 1,6
PRECHARGE ¢ ¢ ¢
+
READ BL = 32 (to same bank as READ) 8CK+RTP CK 1.6
PRECHARGE ALL 8'CK + 'RTP 'CK 1,6
PRECHARGE ¢
(to same bank as READ w/AP) nRTP CcK 1,10
PRECHARGE ALL nRTP 'CK 1,10
ACTIVATE ¢ ¢
+
(to same bank as READ w/AP) NRTP + RPpb cK 18,10
WRITE or WRITE w/AP leqal ;
(same bank) 9
MASK-WR or MASK-WR w/AP legal ;
READ W/AP BL = 16| (same bank) 9
WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 ‘K 345
(different bank) + RD('RPST) - WL + 'WPRE T
MASK-WR or MASK-WR w/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 ‘K 345
(different bank) + RD(RPST) - WL + WPRE T
READ or READ wW/AP leqal ;
(same bank) 9
READ or READ W/AP ¢
. BL/2 K
(different bank) / c 3
PRECHARGE ‘ ¢
+
(to same bank as READ w/AP) 8CK+nRTP cK 1,10
PRECHARGE ALL 8'CK + nRTP 'CK 1,10
ACTIVATE ‘ N ¢
+ +
(to same bank as READ w/AP) 8CK + nRTP + RPpb cK 1,810
WRITE or WRITE w/AP legal ;
(same bank) 9
MASK-WR or MASK-WRW/AP | ;
READ w/AP BL = 32| (same bank) 9
WRITE or WRITE w/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 ‘K 345
(different bank) + RD(RPST) - WL + WPRE T
MASK-WR or MASK-WR W/AP | RL + RU(DQSCK(MAX)/'CK) + BL/2 ek | 345
(different bank) + RD('RPST) - WL + WPRE T
READ or READ wW/AP legal ;
(same bank) 9
READ or READ w/AP ¢
(different bank) BL/2 cK 3
PRECHARGE
WL+ BL/2 + WR + 1 'cK 1,7
WRITE (to same bank as WRITE) / c ’
BL =16 and 32 - -
PRECHARGE ALL WL +BL/2 + WR + 1 CK 1,7
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 104/297




ESMT

M56Z4G16256A (2H)

Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Disable (Continued)

Minimum Delay Between .
From Command To Command "Erom Command” and "To Command" Unit Note
PRECHARGE t
+ + +
MASK-WR BL = 16 | (to same bank as MASK-WR) WL +BL/2 +'WR +1 CK L7
PRECHARGE ALL WL +BL/2 +'WR+1 'cK 1,7
PRECHARGE t
+ + +
(to same bank as WRITE w/AP) WL+BL/2+nWR + 1 CK L1
PRECHARGE ALL WL+ BL/2+nWR +1 'cK 1,11
ACTIVATE t t
+ + +1+
(to same bank as WRITE w/AP) WL +BL/2+ nWR + 1+ RPpb CcK 1,81
WRITE or WRITE w/AP .
lllegal I
(same bank)
WRITE w/AP
BL = 16 and 32 READ or READ w/AP lllegal i
(same bank)
WRITE or WRITE w/AP t
(different bank) BL/2 cK 3
MASK-WR or MASK-WR w/AP t
(different bank) BL/2 cK 3
READ or READ w/AP t
+ + +
(different bank) WL+ BL/2 + WTR + 1 CK 3,9
PRECHARGE
(to same bank as MASK-WR WL + BL/2 + nWR +1 'cK 1,11
w/AP)
PRECHARGE ALL WL+ BL/2+nWR+1 'cK 1,11
ACTIVATE
to same bank as MASK-WR WL + BL/2 + n\WR + 1 + 'RPpb 'cK |1,8 11
( p
W/AP)
WRITE or WRITE W/AP lleaal i 3
(same bank) 9
MASK-WR w/AP MASK-WR or MASK-WRw/AP | . 3
BL=16 (same bank) 9
WRITE or WRITE W/AP t
(different bank) BL/2 cK 3
MASK-WR or MASK-WR w/AP t
(different bank) BL/2 cK 3
READ or READ W/AP legal . 3
(same bank) 9
READ or READ W/AP | .
(different bank) WL+ BL/2+ WTR + 1 CK 3,9
PRECHARGE
(to same bank as 4 'CK 1
PRECHARGE PRECHARGE)
PRECHARGE ALL 'CcK 1
PRECHARGE 'CK 1
PRECHARGE ALL :
PRECHARGE ALL CK 1
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Note:

1. For a given bank, the precharge period should be counted from the latest PRECHARGE command, whether per-bank or
all-bank, issued to that bank. The precharge period is satisfied tRP after that latest PRECHARGE command.

2. Any command issued during the minimum delay time as specified in the table above is illegal.

3. After READ w/AP, seamless READ operations to different banks are supported. After WRITE w/AP or MASK-WR w/AP,
seamless WRITE operations to different banks are supported. READ, WRITE, and MASK-WR operations may not be
truncated or interrupted.

4. 'RPST values depend on MR1 OP[7] respectively.

5. 'WPRE values depend on MR1 OP[2] respectively.

6. Minimum delay between "from command" and "to command" in clock cycle is calculated by dividing 'RTP (in ns) by 'CK (in
ns) and rounding up to the next integer: Minimum delay [cycles] = roundup('RTP [ns]/'CK [ns]).

7. Minimum delay between "from command" and "to command" in clock cycle is calculated by dividing 'WR (in ns) by 'CK (in
ns) and rounding up to the next integer: Minimum delay [cycles] = roundup(‘WR [ns]/'CK [ns]).

8. Minimum delay between "from command" and "to command" in clock cycle is calculated by dividing ‘RPpb (in ns) by 'CK (in
ns) and rounding up to the next integer: Minimum delay [cycles] = roundup(‘RPpb [ns]/'CK [ns]).

9. Minimum delay between "from command" and "to command" in clock cycle is calculated by dividing 'WTR (in ns) by 'CK (in

ns) and rounding up to the next integer: Minimum delay [cycles] = roundup(WTR [ns]/'CK [ns]).

10. For READ w/AP the value is nRTP, which is defined in mode register 2.
11. For WRITE w/AP the value is nWR, which is defined in mode register 1.

Timing Between Commands (PRECHARGE and AUTO PRECHARGE): DQ ODT is Enable

From Command To Command Il?/llnlmum Delay B"etwee"n " Unit Note
From Command" and "To Command
WRITE or WRITE W/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 ‘oK » 3
(different bank) + RD('RPST) - ODTLon - RD('ODTon(MIN)/'CK) + 1 ’
READ w/AP BL = 16 n -
MASK-WR or MASK-WR W/AP | RL + RU(DQSCK(MAX)/'CK) + BL/2 ‘oK » 3
(different bank) + RD('RPST) - ODTLon - RD('ODTon(MIN)/'CK) + 1 ’
WRITE or WRITE W/AP RL + RU('DQSCK(MAX)/'CK) + BL/2 ‘K » 3
(different bank) + RD('RPST) - ODTLon - RD('ODTon(MIN)/'CK) + 1 ’
READ w/AP BL = 32 n -
MASK-WR or MASK-WR W/AP | RL + RU(DQSCK(MAX)/'CK) + BL/2 ‘K » 3
(different bank) + RD('RPST) - ODTLon - RD('ODTon(MIN)/'CK) + 1 :
Note:
1. The rest of the timing about PRECHARGE and AUTO PRECHARGE is same as DQ ODT is disable case.
2. After READ w/AP, seamless read operations to different banks are supported. READ, WRITE, and MASK-WR operations
may not be truncated or interrupted.
3. 'RPST values depend on MR1 OP[7] respectively.
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RAS Lock Function

READ with AUTO PRECHARGE or WRITE/MASK WRITE with AUTO PRECHARGE commands may be issued after 'RCD has
been satisfied. The LPDDR4 SDRAM RAS lockout feature will schedule the internal precharge to assure that 'RAS is satisfied.
'RC needs to be satisfied prior to issuing subsequent ACTIVATE commands to the same bank.

The figure below shows example of RAS lock function.

TS T2 T21 T22 T22 T TR T T3 TIE T39 T47 TAE Tad Tal Taz Ta3 Tad Tas

s | DES-I-':IESXDS

o L L ‘ v | awwe | AR
. RN - - s AR
' ' ' ' ' ' ' ' | Do ' ' | . ' ' ! ' '
: : : 1 1 1 1 1 | 1 1 1 1 1 | 1 ] 1 1 1 1 1
Don't Care
Command Input Timing with RAS Lock
Note:
1. 'cK (AVG) = 0.938ns, Data rate = 2133 Mbps, tRCD(MIN) = MAX(18ns, 4nCK), tRAS(MIN) = MAX(42ns, 3nCK), nRTP =
8nCK, BL = 32.
2. 'RCD = 20nCK comes from roundup(18ns/0.938ns).
3. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Delay Time From WRITE-to-READ with Auto Precharge

In the case of WRITE command followed by READ with AUTO PRECHARGE, controller must satisfy 'WR for the WRITE
command before initiating the device internal auto-precharge. It means that (WTR + nRTP) should be equal or longer than
(WR) when BL setting is 16, as well as (WTR + nRTP + 8nCK) should be equal or longer than (tWR) when BL setting is 32.
Refer to the following figure for details.

T4 Tal Tal Ta2 Thd Tl ThZ Ted T Tel T2 T3 Td T Teb Tdd Tdl  Td2 Td: Tdd
CK_C Y F e v
mj J’ J’U(\}’”J\_‘ v?u{..\J{qd JUUUK x| XRURGDONG

CKE ) P i
NI ‘ ;
l

)
I I I I_|I II-

1 1 1 [T 1
' ' ' '

g

Delay Time From WRITE-to-READ with Auto Precharge

Note:

1. Burst length at read = 16.
2. DES commands are shown for ease of illustration; other commands may be valid at these times.
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REFRESH Command

The REFRESH command is initiated with CS HIGH, CAO LOW, CA1 LOW, CA2 LOW, CA3 HIGH and CA4 LOW at the first
rising edge of clock. Per bank REFRESH is initiated with CA5 LOW at the first rising edge of the clock. The all-bank REFRESH
is initiated with CA5 HIGH at the first rising edge of clock.

A per bank REFRESH command (REFpb) is performed to the bank address as transferred on CAO, CA1, and CA2 on the
second rising edge of the clock. Bank address BAO is transferred on CAO, bank address BAL is transferred on CA1, and bank
address BA2 is transferred on CA2. A per bank REFRESH command (REFpb) to the eight banks can be issued in any order.
For example, REFpb commands may be issued in the following or- der: 1-3-0-2-4-7-5-6. After the eight banks have been
refreshed using the per bank REFRESH command, the controller can send another set of per bank REFRESH commands in
the same order or a different order. One possible order can be a sequential round robin: 0-1-2-3-4-5-6-7. It is illegal to send a
per bank REFRESH command to the same bank unless all eight banks have been refreshed using the per bank REFRESH
com- mand. The count of eight REFpb commands starts with the first REFpb command after a synchronization event.

The bank count is synchronized between the controller and the device by resetting the bank count to zero. Synchronization can
occur upon reset procedure or at every exit from self refresh. The REFab command also synchronizes the counter between the
controller and the device to zero. The device can be placed in self refresh, or a REFab command can be issued at any time
without cycling through all eight banks using per bank REFRESH command. After the bank count is synchronized to zero, the
controller can issue per bank REFRESH commands in any order, as described above.

A REFab command issued when the bank counter is not zero will reset the bank counter to zero and the device will perform
refreshes to all banks as indicated by the row counter. If another REFRESH command (REFab or REFpb) is issued after the
REFab command then it uses an incremented value of the row counter.

The table below shows examples of both bank and refresh counter increment behavior.
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Bank and Refresh Counter Increment Behavior

# Command BA2 BA1l BA1l Refresh Bank # | Bank Counter # (Risj.;jodrlze;s##)

0 Reset, SRX, or REFab ToO i

1 REFpb 0 0 0 0 Oto1l

2 REFpb 0 0 1 1 lto2

3 REFpb 0 1 0 2 2to3

4 REFpb 0 1 1 3 3to4

5 REFpb 1 0 0 4 4t05 :

6 REFpb 1 0 1 5 5t06

7 REFpb 1 1 0 6 6to7

8 REFpb 1 1 1 7 7t00

9 REFpb 1 1 0 6 Oto1l

10 REFpb 1 1 1 7 lto2

11 REFpb 0 0 1 1 2to3

12 REFpb 0 1 1 3 3to4

13 REFpb 1 0 1 5 4t05 n+t

14 REFpb 0 1 0 2 5t06

15 REFpb 0 0 0 0 6to7

16 REFpb 1 0 0 4 7t00

17 REFpb 0 0 0 0 Oto1l

18 REFpb 0 0 1 1 lto2 n+2

19 REFpb 0 1 0 2 2t03

20 REFab \% \Y, \Y, Oto7 To 0 n+2

21 REFpb 1 1 0 6 Oto1l

22 REFpb 1 1 1 7 lto2 n+3
Snip

A bank must be idle before it can be refreshed. The controller must track the bank being refreshed by the per bank REFRESH

command.

The REFpb command must not be issued to the device until the following conditions have been met:

5

5

5

5

the one affected by the REFpb command)

'RFCab has been satisfied after the prior REFab command
'RFCpb has been satisfied after the prior REFpb command
'RP has been satisfied after the prior PRECHARGE command to that bank
‘RRD has been satisfied after the prior ACTIVATE command (for example, after activating a row in a different bank than

The target bank is inaccessible during per bank REFRESH cycle time (‘RFCpb). However, other banks within the device are
accessible and can be addressed during the cycle. During the REFpb operation, any of the banks other than the one being
refreshed can be maintained in an active state or accessed by a READ or a WRITE command. When the per bank REFRESH
cycle has completed, the affected bank will be in the idle state.

After issuing REFpb, the following conditions must be met:

5

5

5

5

'RFCpb must be satisfied before issuing a REFab command
'RFCpb must be satisfied before issuing an ACTIVATE command to the same bank
'RRD must be satisfied before issuing an ACTIVATE command to a different bank
‘RFCpb must be satisfied before issuing another REFpb command
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An all-bank REFRESH command (REFab) issues a REFRESH command to every bank in a channel. All banks must be idle
when REFab is issued (for example, by issuing a PRECHARGE ALL command prior to issuing an all-bank REFRESH
command). The REFab command must not be issued to the device until the following conditions have been met:

'RFCab has been satisfied following the prior REFab command

'RFCpb has been satisfied following the prior REFpb command

'RP has been satisfied following the prior PRECHARGE command

5

When an all-bank REFRESH cycle has completed, all banks will be idle. After issuing REFab:

RFCab latency must be satisfied before issuing an ACTIVATE command,
RFCab latency must be satisfied before issuing a REFab or REFpb command

5

REFRESH Command Timing Constraints

Symbol Minimum Delay From... | To Note
REFab

'RFCab REFab ACTIVATE command to any bank
REFpb
REFab

'‘RFCpb REFpb ACTIVATE command to same bank as REFpb
REFpb

REFpb ACTIVATE command to a different bank than REFpb
'‘RRD REFpb 1
ACTIVATE

ACTIVATE command to a different bank than the prior ACTIVATE command

Note:
1. Abank must be in the idle state before it is refreshed; therefore, REFab is prohibited following an ACTIVATE command.
REFpb is supported only if it affects a bank that is in the idle state.

TO T1 T2 T3 T4 Tal Tal Ta2 TEI|3 TE||4 Ta5 ThO TI:I1 Th2 TI::-3 Tb4 TbS Tl:l} Tl T2 T3
1 1 1 1

i

N \ N |

1 | 1
CK_c o |.'—\ et T W |,.—\.:f -__F—.'\:-' _f_:l :I_'I"'_"-\.-.- 'Il-'—\v- i Fa -_L,.—\. r ;:'—\\‘Ir l’lf.'—"', : .I({_\'\.‘l- \Jlfl'—"-i' - ,.—\'\r -{_.-—\. :Il' "—..I | ."'_'\ re |,.—'-\{-' Al ‘v' '_.IE,'_‘\.\:-'
Kt ' ’\_e' A Ao A l._*fl S A A A o L U A O u:L_ ) '._.*:-. S A A
1 | | 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1
1 | 1 1 1 1 1 ! ! 1 1 1 1 1 1 1 1 1
] | ] 1 ] ! 1 ! ! 1 ! 1 1 ] 1 ] | 1
] | ]
CKE 1 1 1 1 po 1 1 1 [ |,' 1 1 1 1 [ 1 1
1 1 1 [ | 1 1 1 1 L 1 1 1 1 (I |\ 1 1 1
1 1 1 1 | 1 1 1 1 Yo 1 1 1 o 1 | |
1 1 1 1 1 1 ! ! 1 1 1 1 1 1 1 1 1
] ] 1 ] | 1 ! ! 1 ] 1 1 ] 1 ] | 1
1 1 1 1 1 1 1 1 1 » 1 1 1 1 1 1 1 1
ll.-T"\ 1 : 1 \| :| | ;T-.\ : : : )] : 1 f,.'T\\' 1 I : ‘I ‘\I 1 ,."T", 1
) 1 [ 1 ) 1 1 1 [ 1
S 1 1 [ o ' ' 1 [ L foah i 1 [ ' fay 1
1 1 1 1 T T 1 1 1 1 1 1 1
1 1 1 1 ! ! 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 | ! ! 1 | 1 1 1 !

Valid ) Valid |

§

i
‘RFCab

'RFCab

cA Valld Valld /
1 1 1
! 1 'Rpab

L
PRECHARG ) Joes ) Allank / All bank ) Toes VA [ oEs Y
Command {*8 T R DES Y DES DESIr (DES X RErReai] DES 3{ DES ‘.'.,' DESr ’DES,{ REFRESH DES r\ DES | W DES /DES ) Anycommand \DES A

Daon't Care

All-Bank REFRESH Operation
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TP TI1 T|2 T|3 T.IaCI Téll‘l Ta2 TEIB Ta|4 TIIJEI TIP‘I Th2 Tb3 Tb4 TEF' Tl:1 Tc2 Tr|3 Tc|4 Tc|5 TEIE-
CK ¢ -"_I"_\.'-_Il;'_\\'-_ll'—ll"__lf'_j "l'l.u_‘.\-"l.'_\.f'ﬁ\-"l..'ﬂ T T T s W Lot P |..'ﬂ" | l.-_\--r f F S e N S ¥ Nl P N
’ 3 J . . . v ! Wl \ N 1 '_1I| I ;o LY i L L TR
Kt "«_-'"{\ _'E'\_.E. _'{"~—-J?’\ -r\ w4 I:—f -'t\ -\ i _"ﬁ*—-’":[\ _"\_-“{Ix { L—’F -"G‘-_-F:!u L P "._t"'c. A\ "' { I,,_, ‘{-. L _’\\"—"f- _'€‘~_-': . _'x\—-')::. _fl\_-“l:;x _x-.
i : : : : i i i i
1 | [ | 1 | 1 1
CKE 1 | | |.| i | 1 | 1 1
1 1 [ L 1 1 1 1 1 1
1 1 [ 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 | | 1 | 1 | 1 1
m i AR m i i i i
.-"Il‘\ | | .II fo PR 1 | 1 1
ah —t ——
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 . 1 | 1 | 1 1
Valid ¥ BA1 ﬁ
A
1 '

PRECHARGE,/ —=\ == ) ‘(PTranr‘
Command \_-'?'me",k_ﬁ' DES ;Q_‘_DESI: (DES | REERESH i

EZ/E Don‘t Care

Per Bank REFRESH Operation

Note:
1. In the beginning of this example, the REFpb bank is pointing to bank 0.
2. Operations to banks other than the bank being refreshed are supported during the 'RFCpb period.

In general, a REFRESH command needs to be issued to the device regularly every 'REFI interval. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided. A maximum of
eight REFRESH commands can be postponed during operation of the device, but at no point in time are more than a total of
eight REFRESH commands allowed to be postponed. And a maximum number of pulled-in or postponed REF command is
dependent on refresh rate. It is described in the table below. In the case where eight REFRESH commands are postponed in a
row, the resulting maximum interval between the surrounding REFRESH commands is limited to 9 x 'REFI. A maximum of eight
additional REFRESH commands can be issued in advance (pulled in), with each one reducing the number of regular REFRESH
commands required later by one. Note that pulling in more than eight REFRESH commands in advance does not reduce the
number of regular REFRESH commands required later; therefore, the resulting maximum interval between two surrounding
REFRESH commands is limited to 9 x 'REFI. At any given time, a maximum of 16 REFRESH commands can be issued within 2
x 'REFI.

Self refresh mode may be entered with a maximum of eight REFRESH commands being postponed. After exiting self refresh
mode with one or more REFRESH commands postponed, additional REFRESH commands may be postponed to the extent
that the total number of postponed REFRESH commands (before and after self refresh) will never exceed eight. During self
refresh mode, the number of postponed or pulled-in REFRESH commands does not change.

And for per bank refresh, a maximum of 8 x 8 per bank REFRESH commands can be postponed or pulled in for scheduling
efficiency. At any given time, a maximum of 2 x 8 x 8 per bank REFRESH commands can be issued within 2 x ‘REFI.
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Legacy REFRESH Command Timing Constraints

OI\PA[Z?O] Refresh rate gﬂra;é);%'o%fezuggigg S Itr\:\:srl\éaElFt;itween Max. No. of REFabl | Per-bank REFRESH

000b Low temp. limit N/A N/A N/A N/A

001b 4 x 'REFI 8 9 x 4 XREFI | 16 1/8 of REFab
010b 2 x'REFI 8 9 x 2 XREFI 16 1/8 of REFab
011b 1 x'REFI 8 9 x'REFI 16 1/8 of REFab
100b 0.5 x'REFI 8 9 x 0.5 XREFI 16 1/8 of REFab
101b 0.25 x'REFI 8 9 x 0.25 XREFI 16 1/8 of REFab
110b 0.25 x'REFI 8 9 x 0.25 X'REFI 16 1/8 of REFab
111b High temp. limit N/A N/A N/A N/A

Note:

1. Maximum number of REFab within MAX(2 x 'REFI x refresh rate multiplier, 16 x tRFC).

Modified REFRESH Command Timing Constraints

o'\P/I[Z?O] Refresh Rate gﬂra;;):(;'oor:ezug;i;; N 'Tnv\tlzr‘éilfaegwee” Max. No. of REFab1 | Per-bank REFRESH

000B Low temp. limit N/A N/A N/A N/A

001B 4 x'REFI 2 3 x 4 XREFI 4 1/8 of REFab
010B 2 x'REFI 4 5 x 2 x'REFI 8 1/8 of REFab
011B 1 x'REFI 8 9 x'REFI 16 1/8 of REFab
100B 0.5 x'REFI 8 9 x 0.5 XREFI 16 1/8 of REFab
101B 0.25 x'REFI 8 9 x 0.25 XREFI 16 1/8 of REFab
110B 0.25 x'REFI 8 9 x 0.25 XREFI 16 1/8 of REFab
111B High temp. limit N/A N/A N/A N/A

Note:

1. For any thermal transition phase where refresh mode is transitioned to either 2 x 'REFI or 4 x 'REFI, LPDDR4 devices will
support the previous postponed refresh requirement provided the number of postponed refreshes is monotonically reduced
to meet the new requirement. However, the pulled-in REFRESH commands in the previous thermal phase are not applied
in the new thermal phase. Entering a new thermal phase, the controller must count the number of pulled-in REFRESH
commands as zero, regardless of the number of remaining pulled-in REFRESH commands in the previous thermal phase.

2. LPDDRA4 devices are refreshed properly if the memory controller issues REFRESH commands with same or shorter
refresh period than reported by MR4 OP[2:0]. If a shorter refresh period is applied, the corresponding requirements from
this table apply. For ex- ample, when MR4 OP[2:0] = 001b, the controller can be in any refresh rate from 4 x'REFI to 0.25
x'REFI. When MR4 OP[2:0] = 010b, the only prohibited refresh rate is 4 x'REFI.
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TFiEFI
*\
I e— Sl i
-1
| — WRFc w
8 REFRESH commands postponed
Postponing REFRESH Commands (Example)
'REFI
i
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i .;' h_
I.’ i
|| -1
- — LN
— TRFC T

| HTWH

8 REFRESH commands pulled in

Pulling in REFRESH Commands (Example)

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 114/297



ESMT M56Z4G16256A (2H)

Burst READ Operation Followed by Per Bank Refresh

TO T T2 T3 T4 TaD Ta'l Taz Taz Tb0 Th1l Tb2 Tha Th4 Tb5 Tbhe T Tcl  Te2

1 1 1 1 1 1 1 1
CKC"..'—' = LT e T Al Fan W \-”—\r K - \.- TaEs .'—\' T W W T Sl Ll P W T
i ‘-“I ,u [ 4 ‘.\': i ':[-" .' ‘.\,u ! I ' '\I\|I .\‘, "‘. nr "‘1; S \"{‘ s ,\: ‘.I'Iln' |

|
[
T
1
1

v

] Y ’
oA CPd Y ! A A O . X X
CK t R TR N TR | R W 4 I A Y "_.'" '\_"" J\ u' Ui i P P |:'- My e U
| 1 1 N 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
A L 1 N ! ! 1 L 1
s /! dh LAY 1 \I | 1 1 1 .-'-L'\. } o 1
! \ [ 1 1 1 / \ o 1
1 1 1 1 1 1
1 1 1 1 1 1

|
|
| |
% I !
L
|
|

ca { o )% CAn)(CAn M
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Command { READ-1 } CAs-z ,;; DES / \' {DES { pHE.;Hm-,E )( DES ;‘ [}ES' { [}ES DES fDEs
1 [ ! 1 1 1 \_‘* " T
tRTpN-DtE 4 ‘ tRPpt}
RL ‘ IDQSCK
tRPRE
DQs ¢ \,.' :I \II \II :.. -
D05t {1 [ 1
) HESE,
DQ [ i ﬁf’ ﬁﬂ
Don't Care
Burst READ Operation Followed by Per Bank Refresh
Note:
1. The per bank REFRESH command can be issued after ‘'RTP + 'RPpb from READ command.
2. BL =16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.
3. Dour n = data-out from column n.
4. Inthe case of BL = 32, delay time from read to per bank precharge is 8nCK + 'RTP.
5. DES commands are shown for ease of illustration; other commands may be valid at these times.
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O T T2 T3 T4 Ta0 Tal Ta2 Ta3 Ta4 Tas Ta6 Ta7 Ta8 Ta9 Tal0 Tb0 Tbl  Tb2
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Command {READ with AP-1 CAS—Z .‘i DES / {'[}ES ,'\ DES ’C' [}ES\-( DES X DES X [}ES DES
/ 4
I I I

i
I

___H:”_J

1 1
1 1 1 1 1
1 W1 1 1 1
[ I 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1

1 1 1 1 1
| tRCNoted|
| RL | tpasck
! ! 'RPRE
DQS ¢ VY S ——
I.l ! [ .4’ -..‘
DOs_t [ |J R
tD_(.)-E-
1)
DQ [
Don't Care
Burst READ With AUTO PRECHARGE Operation Followed by Per Bank Refresh
Note:
1. BL =16; Preamble = Toggle; Postamble = 0.5nCK; DQ/DQS: Vssq termination.
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. 'RC needs to be satisfied prior to issuing a subsequent per bank REFRESH command.
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Refresh Requirement

Between the SRX command and SRE command, at least one extra REFRESH command is required. After the SELF
REFRESH EXIT command, in addition to the normal REFRESH command at tREFI interval, the device requires a minimum of
one extra REFRESH command prior to the SELF REFRESH ENTRY command.

Refresh Requirement Parameters

Density (per channel) )
Parameter Symbol Unit
26b | 36b | 4ob | ecb | seb | 126b | 166D

Number of banks per channel T 8 -
Refresh window (‘'REFW): ¢
(1 x Refresh)® REFW 32 ms
Required number of REFRESH
commands in 'REFW window R 8192 )

t
Average refresh interval | REFab | 'REFI 3.904 us
(1 x Refresh)® REFpb | 'REFIpb 488 ns
REFRESH cycle time (all banks) '‘RFCab 130 180 280 380 ns
REFRESH cycle time (per bank) 'RFCpb 60 90 140 190 ns
Per bank refresh to per bank ¢
refresh time (different bank) PBRZPBR 60 9 % 9 ns

Note:

1. Refresh for each channel is independent of the other channel on the die, or other channels in a package.

2. Self refresh abort feature is available for higher density devices starting with 6Gb density per channel device and
'XSR_abort(MIN) is defined as 'RFCpb + 17.5ns.
3. Refer to MR4 OP[2:0] for detailed refresh rate and its multipliers.
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SELF REFRESH Operation
Self Refresh Entry and Exit

The SELF REFRESH command can be used to retain data in the device without external REFRESH commands. The device
has a built-in timer to accommodate SELF REFRESH operation. Self refresh is entered by the SELF REFRESH ENTRY
command defined by having CS HIGH, CAO LOW, CA1 LOW, CA2 LOW, CA3 HIGH, CA4 HIGH, and CAS5 valid (valid meaning
that it is at a logic level HIGH or LOW) for the first rising edge, and CS LOW, CAOQ valid, CA1 valid, CA2 valid, CA3 valid, CA4
valid, and CADb valid at the second rising edge of clock. The SELF REFRESH command is only allowed when READ DATA burst
is completed and the device is in the idle state.

During self refresh mode, external clock input is needed and all input pins of the device are activated. The device can accept
the following commands: MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2, except PASR bank/segment mask setting
and SR abort setting.

The device can operate in self refresh mode within the standard and elevated temperature ranges. It also manages self refresh
power consumption when the operating temperature changes: lower at low temperatures and higher at high temperatures.

For proper SELF REFRESH operation, power supply pins (Vop1, Vop2, and Vppg) must be at valid levels. Vppg can be turned off
during self refresh with power-down after 'CKELCK is satisfied. (Refer to the Self Refresh Entry/Exit Timing with Power-Down
Entry/Exit figure.) Prior to exiting self refresh with power-down, Vppg must be within specified limits. The minimum time that the
device must remain in self refresh mode is 'SR(MIN). After self refresh exit is registered, only MRR-1, CAS-2, DES, MPC,
MRW-1, and MRW-2 except PASR bank/segment mask setting and SR abort setting are allowed until "XSR is satisfied.

The use of self refresh mode introduces the possibility that an internally timed refresh event can be missed when self refresh
exit is registered. Upon exit from self refresh, it is required that at least one REFRESH command (8 per-bank or 1 all-bank) is
issued before entry into a subsequent self refresh. This REFRESH command is not included in the count of regular REFRESH
commands required by the 'REFI interval, and does not modify the postponed or pulled-in refresh counts; the REFRESH
command does count toward the maximum refreshes permitted within 2 x 'REFI.
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Command DES 'SELFREF“ESW DESZI DES ‘: DES x DEsf HDES x [JES \(SElF HEFHESH“ DES "DEs) Jos ) r DES Anl,rcc-mmand Anmmmann [JES DES J
;'_)' KT
‘—l—‘ ‘—v—\ —v—k 'L_I_'

Don't Care

{ZZ}valmwaud {E%EEE?EEEEEE@E? E?EEEE,?ENWIM Valid / / ) F%E%E;%ME@W
| i Y5 : : : : i

Enter se frefresh Em.selfrefresh

Self Refresh Entry/Exit Timing

Note:

1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/ segment mask setting and SR
abort setting) are allowed during self refresh.

2. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Power-Down Entry and Exit During Self Refresh

Entering/exiting power-down mode is allowed during self refresh mode. The related timing parameters between self refresh
entry/exit and power-down entry/exit are shown below.
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Command { SELFIIEHEBH }{ oy onrard }f‘}“ ;E‘ W W @ WW@( oEs | m DEs )

Ente-r self ref‘resh | ! Exit salf refresh

i i 1 I i
Don't Care

Self Refresh Entry/Exit Timing with Power-Down Entry/Exit

Note:

1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/ segment mask setting and SR
abort setting) are allowed during self refresh.

2. Input clock frequency can be changed, or the input clock can be stopped, or floated after tCKELCK satisfied and during
power-down, provided that upon exiting power-down, the clock is stable and within specified limits for a minimum of
tCKCKEH of stable clock prior to power-down exit and the clock frequency is between the minimum and maximum
specified frequency for the speed grade in use.

3. Two clock command for example.
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Command Input Timing After Power-Down EXit

Command input timings after power-down exit during self refresh mode are shown below.
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Command { SELF"EREH X Any command )f DES Jd IiEEEEE :‘EEE;{

Enter self ref'resh |

! Nl:ltE 3

%Mm m _

Exit salf refresh
. . |

Don't Care

Command Input Timings after Power-Down Exit During Self Refresh

Note:

1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1, and MRW-2 commands (except PASR bank/ segment setting) are allowed
during self refresh.

2. Input clock frequency can be changed or the input clock can be stopped or floated after 'CKELCK satisfied and during
power-down, provided that upon exiting power-down, the clock is stable and within specified limits for a minimum of
'CKCKEH of stable clock prior to power-down exit and the clock frequency is between the minimum and maximum
specified frequency for the speed grade in use.

3. Two clock command for example.

Self Refresh Abort

If MR4 OPI[3] is enabled, the device aborts any ongoing refresh during self refresh exit and does not increment the internal
refresh counter. The controller can issue a valid command after a delay of '"XSR_abort instead of 'XSR.

The value of 'XSR_abort(MIN) is defined as 'RFCpb + 17.5ns.

Upon exit from self refresh mode, the device requires a minimum of one extra refresh (eight per bank or one for the entire bank)
before entering a subsequent self refresh mode. This requirement remains the same irrespective of the setting of the MR bit for
self refresh abort.

Self refresh abort feature is valid for 6Gb density per channel and larger densities only.
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MRR, MRW, MPC Commands During 'XSR, 'RFC

MODE REGISTER READ (MRR), MULTI PURPOSE (MPC), and MODE REGISTER WRITE (MRW) command except PASR

bank/segment mask setting and SR abort setting can be issued during 'XSR period.
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MRD Note 3

Command (DEs ) SRX Xﬂmmﬁmﬁﬁiﬁkﬁ? )E( wewt Y w2 )

i

(Case 1)

(DEs Y(DES) {bEs Y DEs Y yconmand X777/

| W ' W ) S

MRD

Command (DESY SRX WyutC )" caS2 }{E‘ :AE( Maw-1 ) mRw2 ) DEs

(] besos et

(Case 2) “—

Note'3

Don’t Care

MRR, MRW, and MPC Commands Issuing Timing During ‘XSR

Note:

1. MPC and MRW commands are shown. Any combination of MRR, MRW, and MPC is allowed during 'XSR period.

2. "Any command" includes MRR, MRW, and all MPC commands.
MRR, MRW, and MPC can be issued during 'RFC period.
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(Case 2)
RFCab MNotel

Don't Care

MRR, MRW, and MPC Commands Issuing Timing During ‘RFC

Note:

1. MPC and MRW commands are shown. Any combination of MRR, MRW, and MPC is allowed during 'RFCab or tRFCpb
period.

2. REFRESH cycle time depends on REFRESH command. In the case of per bank REFRESH command issued, REFRESH
cycle time will be 'RFCpb.

3. "Any command" includes MRR, MRW, and all MPC commands.
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Power-Down Mode
Power-Down Entry and Exit

Power-down is asynchronously entered when CKE is driven LOW. CKE must not go LOW while the following operations are in
progress:

Mode register read
Mode register write
Read
Write

reE¥(ca) range and value setting via MRW

rE¥(Do) range and value setting via MRW

Command bus training mode entering/exiting via MRW
VRCG HI GH current mode entering/exiting via MRW

To To Do o Do o Do Do

CKE can go LOW while any other operations such as row activation, precharge, auto precharge, or refresh are in progress. The
power-down IDD specification will not be applied until such operations are complete. Power-down entry and exit are shown
below.

Entering power-down deactivates the input and output buffers, excluding CKE and RESET_n. To ensure that there is enough
time to account for internal del ay on the CKE signal pat
Care" after CKE is driven LOW, this timing period is defined as 'CKELCS. Clock input is required after CKE is driven LOW, this
timing period is defined as 'CKELCK. CKE LOW will result in deactivation of all input receivers except RESET_n after 'CKELCK
has expired. In powerdown mode, CKE must be held LOW; all other input signals except RESET_n are "Don't Care." CKE LOW
must be maintained until 'CKE(MIN) is satisfied.

Voo can be turned off during power-down after ‘CKELCK is satisfied. Prior to exiting power-down, Vppg must be within its
minimum/maximum operating range. No REFRESH operations are performed in power-down mode except self refresh
power-down.

The maximum duration in non-self-refresh power-down mode is only limited by the refresh requirements outlined in the
REFRESH command section.

The power-down state is asynchronously exited when CKE is driven HIGH. CKE HIGH must be maintained until ‘CKE(MIN) is
satisfied. A valid, executable command can be applied with power-down exit latency 'XP after CKE goes HIGH. Power-down
exit latency is defined in the AC timing parameter table.

Clock frequency change or clock stop is inhibited during 'CMDCKE, 'CKELCK, 'CKCKEH, "XP, '"MRWCKEL, and ‘ZQCKE
periods.
If power-down occurs when all banks are idle, this mode is referred to as idle powerdown.

if power-down occurs when there is a row active in any bank, this mode is referred to as active power-down. And If power-down
occurs when self refresh is in progress, this mode is referred to as self refresh power-down in which the internal refresh is
continuing in the same way as self refresh mode.

When CA, CK, and/or CS ODT is enabled via MR11 OP[6:4] and also via MR22 or CAODT pad setting, the rank providing ODT
will continue to terminate the command bus in all DRAM states including power-down when Vppg is stable and within its
minimum/maximum operating range.

The LPDDR4 DRAM cannot be placed in power-down state during start DQS interval oscillator operation.
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Basic Power-Down Entry and Exit Timing

Note:

1. Input clock frequency can be changed or the input clock can be stopped or floated during power-down, provided that
upon exiting power-down, the clock is stable and within specified limits for a minimum of ‘CKCKEH of stable clock prior to
power-down exit and the clock frequency is between the minimum and maximum specified frequency for the speed grade
in use.
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Read and Read with Auto Precharge to Power-Down Entry

Note:
1. CKE must be held HIGH until the end of the burst operation.
2. Minimum delay time from READ command or READ with AUTO PRECHARGE command to falling edge of CKE signal is
as follows:
When read postamble = 0.5nCK (MR1 OP[7] = [0]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x tCK) + 1'CK
When read postamble = 1.5nCK (MR1 OP[7] = [1]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x tCK) + 2'CK
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Command { MAS“ KEWHEI_'I'EI 44 CAS-2

Note:
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Write and Mask Write to Power-Down Entry

CKE must be held HIGH until the end of the burst operation.
Minimum delay time from WRITE command or MASK WRITE command to falling edge of CKE signal is as follows:
(WL x 'CK) + 'DQSS(MAX) + 'DQS2DQ(MAX) + ((BL/2) x 'CK) + 'WR

This timing is applied regardless of DQ ODT disable/enable setting: MR11 OP[2:0].
This timing diagram only applies to the WRITE and MASK WRITE commands without auto precharge.

/)

Don't Care
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Command { Sk \uiiie- ), CAS-2 X DES( (DES X DES ){ DES ) DES X DEs; fDEs‘! DES X DEs( (DEs { DEs { DEs X DES x/
| \

B i i i Mt I e

R T Twil [oas 0 L twesti 1 11

I 1 1 T T T ! 1 ™ T 1 I I 1 I I
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% Don't Care

Write With Auto Precharge and Mask Write With Auto Precharge to Power-Down Entry

Note:

1. CKE must be held HIGH until the end of the burst operation.

2. Delay time from WRITE wit

h AUTO PRECHARGE command or MASK WRITE with AUTO PRECHARGE command to

falling edge of CKE signal is more than
(WL x 'CK) + 'DQSS(MAX) + 'DQS2DQ(MAX) + ((BL/2) x 'CK) + ("WR x 'CK) + (2 x 'CK)

This timing is applied regardless of DQ ODT disable/enable setting: MR11 OP[2:0].
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A
""“("a"“}("a""W W /// //’ }7///////////7//////////////////57////////////57//////////,’4

cemmand< RerResh ><DES DESWWMWWWWW
//A Don't Care

Refresh Entry to Power-Down Entry

Note:
1. CKE must be held HIGH until 'CMDCKE is satisfied.

T4 Tad Tal Ta2 Tad Th0o Tbl Th2 Tb4 ThsS Tbe Tb7 Tbd  Tho
CK_c . 1 1 - ot ! 1 ! o - . Pp—— Lo
CE_t

w T
L e [T
“/i\if\iinP’ii
m<va'rdXva'vaavaaw@ @W/W WWW/ZWW

Dantcare

Yo
.l'l

S

ACTIVATE Command to Power-Down Entry

Note:
1. CKE must be held HIGH until 'CMDCKE is satisfied.
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TO T1 T|2 Télil] TEIII TEIIE TEIB Ttl:l‘l TI?Z TtIB TI:IJ4 TbS TIIJE. TI?? TEJS Ttl:lg TDIH]' TDIH

6;;;ggiiee:weeee'iiiiiii
//W WWWWWW}

Command <PRECHAHGE>( DES JDES}WM (LU . S—
Don't Care

PRECHARGE Command to Power-Down Entry

Note:
1. CKE must be held HIGH until 'CMDCKE is satisfied.
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Command (MRREAD-1)( €AS-2 ¥ DEs/ /DEs ) DEs ){ DES/ (DEs X pes ){ DEs { DES w\\ .-JES X DEs IW m

o  w I
1 1 1 - T T T Ll T T T 1 1 1 1 1 1 1 1
DQsc | | | AR | R Y Y e ey R E 1 | | DK |
1 1 1 1 [ 1 [ |q i "ClA.,-'."l..f [ 1 1 1 fo 1
DO5_t_ I I I Ll I T I VI PR VI S T |V P I [ I
| | | | | | | | | '_RPRE' | | |1 | RPST | | |
D 1 1 1 1 1 -‘: ) 1 1 1 '\.I '\. 1 [ 1 H b 3 o 1 1 I \I ',I 1 1
w0 T ReAeea - L
Don't Care
Mode Register Read to Power-Down Entry
Note:
1. CKE must be held HIGH until the end of the burst operation.
2. Minimum delay time from MODE REGISTER READ command to falling edge of CKE signal is as follows:
When read postamble = 0.5nCK ( MR1 OP[7] = [0]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x 'CK) + 1'CK
When read postamble = 1.5nCK (MR1 OP[7] = [1]),
(RL x 'CK) + 'DQSCK(MAX) + ((BL/2) x 'CK) + 2'CK
Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023

Revision: 1.2 130/297



ESMT M56Z4G16256A (2H)
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Command <MR WRITE- IXMR WRITE- 2}( DES’ rDESfI DES W%%/f 7 .
Don‘t Care

Mode Register Write to Power-Down Entry

Note:

1. CKE must be held HIGH until tMRWCKEL is satisfied.

2. This timing is the general definition for power-down entry after MODE REGISTER WRITE command. When a MODE
REGISTER WRITE command changes a parameter or starts an operation that requires special timing longer than
'MRWCKEL, that timing must be satisfied before CKE is driven LOW. Changing the VRrerpo) Value is one example, in this
case the appropriate 'VREF-SHORT/MIDDLE/LONG must be satisfied.

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 131/297



ESMT M56Z4G16256A (2H)
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% Don't Care

MULTI PURPOSE Command for ZQCAL Start to Power-Down Entry

Note:
1. ZQ calibration continues if CKE goes LOW after 'ZQCKE is satisfied.
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Input Clock Stop and Frequency Change
Clock Frequency Change i CKE LOW

During CKE LOW, the device supports input clock frequency changes under the following conditions:

'CK(abs)min is met for each clock cycle

Refresh requirements apply during clock frequency change

During clock frequency change, only REFab or REFpb commands may be executing

Any ACTIVATE or PRECHARGE commands have completed prior to changing the frequency
Related timing conditions, 'RCD and 'RP, have been met prior to changing the frequency

The initial clock frequency must be maintained for a minimum of 'CKELCK after CKE goes LOW
The clock satisfies 'CH(abs) and 'CL(abs) for a minimum of ‘CKCKEH prior to CKE going HIGH

After the input clock frequency changes and CKE is held HIGH, additional MRW commands may be required to set the WR, RL,
and so forth. These settings may require adjustment to meet minimum timing requirements at the target clock frequency.

Clock Stop i CKE LOW

During CKE LOW, the device supports clock stop under the following conditions:

CK_t and CK_c are don't care during clock stop

Refresh requirements apply during clock stop

During clock stop, only REFab or REFpb commands may be executing

Any ACTIVATE or PRECHARGE commands have completed prior to stopping the clock
Related timing conditions, 'RCD and 'RP, have been met prior to stopping the clock

The initial clock frequency must be maintained for a minimum of 'CKELCK after CKE goes LOW
The clock satisfies 'CH(abs) and 'CL(abs) for a minimum of ‘CKCKEH prior to CKE going HIGH

Clock Frequency Change i CKE HIGH

During CKE HIGH, the device supports input clock frequency change under the following conditions:

'CK(abs)min is met for each clock cycle

Refresh requirements apply during clock frequency change

During clock frequency change, only REFab or REFpb commands may be executing

Any ACTIVATE, READ, WRITE, PRECHARGE, MODE REGISTER WRITE, or MODE REGISTER READ commands
(and any associated data bursts) have completed prior to changing the frequency

Related timing conditions ('RCD, 'WR, 'RP, '"MRW, and '"MRR) have been met prior to changing the frequency

During clock frequency change, CS is held LOW

The device is ready for normal operation after the clock satisfies ‘CH(abs) and ‘CL(abs) for a minimum of 2 x 'CK + 'XP

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL, and so forth. These
settings may need to be adjusted to meet minimum timing requirements at the target clock frequency.
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Clock Stop i CKE HIGH

During CKE HIGH, the device supports clock stop under the following conditions:

CK_tis held LOW and CK_c is held HIGH during clock stop

During clock stop, CS is held LOW

Refresh requirements apply during clock stop

During clock stop, only REFab or REFpb commands may be executing

Any ACTIVATE, READ, WRITE, MPC (WRITE-FIFO, READ-FIFO, READ DQ CALIBRA- TION), PRECHARGE, MODE
REGISTER WRITE, or MODE REGISTER READ commands have completed, including any associated data bursts and
extra 4 clock cycles must be provided prior to stopping the clock

Related timing conditions (‘RCD, 'WR, 'RP, '"MRW, 'MRR, 'ZQLAT, and so forth) have been met prior to stopping the clock
READ with AUTO PRECHARGE and WRITE with AUTO PRECHARGE commands need extra 4 clock cycles in addition
to the related timing constraints, NWR and nRTP, to complete the operations

REFab, REFpb, SRE, SRX, and MPC[ZQCAL START] commands are required to have extra 4 clock cycles prior to
stopping the clock

The device is ready for normal operation after the clock is restarted and satisfies ‘CH(abs) and ‘CL(abs) for a minimum of
2 x'CK +'XP
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MODE REGISTER READ Operation

The MODE REGISTER READ (MRR) command is used to read configuration and status data from the device registers. The
MRR command is initiated with CS and CA[5:0] in the proper state as defined by the Command Truth Table. The mode register
address operands (MA[5:0]) enable the user to select one of 64 registers. The mode register contents are available on the first
four Ul data bits of DQ[7:0] after RL x 'CK + 'DQSCK + 'DQSQ following the MRR command. Subsequent data bits contain valid
but undefined content. DQS is toggled for the duration of the MODE REGISTER READ burst. The MRR has a command burst
length of 16. MRR operation must not be interrupted.

MRR
ul o |1 |2 ]3| a5 6|78 ]9 |0]1u]w|13]i1]ss
DQO OPO v
DQ1 oP1 v
DQ2 oP2 v
DQ3 OoP3 v
DQ4 oP4 v
DQ5 OoP5 v
DQ6 oP6 v
DQ7 oP7 v

DQ8I DQ15 v

DMIOi DMI1 v

Note:

1. MRR data are extended to the first 4 Uls, allowing the LPDRAM controller to sample data easily.
2. DBI during MRR depends on mode register setting MR3 OP[6].
3. The read preamble and postamble of MRR are the same as for a normal read.
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CA (Valid){ MA ¥ CAn ) CMM r/// ‘n.l'ahd}(hf‘alld}(\fal|d)<‘|.r'alld>/ / .// i . // M‘ M

/ 1 ! b
Command { MR READ-1 CAS-2 DES/ /DES ¥Any command ¥Any command | DES / EES 5:' DES DES ‘a:' DES ':l' DES .:C' DES.’ fDES ) DES
( X )\' [« L T "'< . T X w )" T l‘ | T '\—v—‘\ “_I_‘xl

T T T T L. —
‘MRR
RL DQSCK BLZ=8 |
_ 'RPRE  _
D‘QS_C ‘I\ AT e Y P N e Nl e Nl s
)} { .I f L ! | 'y A VY |
DQS_t [ [l I
D '
DQ7:0 ([ {
DQ15:8 ) 1)
DMI1:0 [ [

MODE REGISTER READ Operation

Note:

Only BL = 16 is supported.

Only DESELECT is allowed during tMRR period.

There are some exceptions about issuing commands after tMRR. Refer to MRR/MRW Timing Constraints Table for detail.
DBI is disable mode.

DES commands except ‘MRR period are shown for ease of illustration; other commands may be valid at these times.
DQ/DQS: Vssqg termination

o0k~ wNPE
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MRR After a READ and WRITE Command

After a prior READ command, the MRR command must not be issued earlier than BL/2 clock cycles, in a similar way WL + BL/2
+ 1 + RU(tWTR/tCK) clock cycles after a PRIOR WRITE, WRITE with AP, MASK WRITE, MASK WRITE with AP, and
MPC[WRITE-FIFO]

command in order to avoid the collision of READ and WRITE burst data on device internal data bus.

TO T1 T2 T3 T4 TI5 TIIE my T8 Ti9 TIZEI' T?l T33 T?-‘l T?S T|36 T|3]r T4;13 T44

1
L AT (A _'I"‘_"'\..-’ o "‘_"'\..-’ _‘”—"\.-’ _'-I"_‘j | VA Wt A W P _'I.'r_ﬁ \-_'I | _'."Il
_-' '.‘_‘."lrlL _-' W \_-‘11".‘_}\ _""\_,. X _""\__,n'lL_""\__.,-"FL_:: ':_. L_:.{'\_."'L_"'-._."'l\._'\;'-_."lr'-. _":'\_‘.".IE'_LLI Ii_‘.'l v _-x'.‘_‘.""_l
I i Ly Ly
AN A U
! 1 1 1 ] 1 1 1 I -t 1
1 | ! | 1 | 1 1 1 | 1
L L p ' 3 ' b
Ve I 2 IR
) / ; Ky
) /K valid¥ MA }{ CAn X CAn 7 / R
. o = S R S S I I
Command { READ1 ) cas2 DES) ]DES‘)( MRR-1 ) cas2 Y DEs Y Des/ /Des ) DEs ) DEs ) DES { DES/ /DEs ¥
T T T \'Illl‘l / T T et N A s el T e
BL2 RL2 = 14 'DQSCK BL2 = 8
. RL=14 _|_ 'DQSCK | B2 = 16 _
|
'RPRE
DQS_E \I ‘J Lo e W
f ‘ Lo
DOS. t [ | ' Moo
'DQSQ =]
3
DQ7:0 [ {
DQ15:8 1)
DMI1:0 [ {

% Don’t Care

READ-to-MRR Timing

Note:
1. The minimum number of clock cycles from the burst READ command to the MRR command is BL/2.

2. Read BL = 32, MRR BL = 16, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, DBI = Disable, DQ/DQS: Vsso
termination.

3. Dour n = data-out to column n.
4. DES commands except tMRR period are shown for ease of illustration; other commands may be valid at these times.
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C d i L )] X ; L
ommand ( WRITE-1 mszj\\ e (DEs X DEs 4 DS X DEs X e/ (Des X Des X e/ ;DFS}{ MRR-1 X cns2 )fDES
) WL | BUZ+1dock WIR R
. WPRE -
Q _c ) j II-"'_" I-_'-A:'"_“..:'- T '-' '\""_'] j_ o r". \.l' :
DQS._t {( AR A AU (
] 'DQS20Q
DQ 1) YRV Y
DMI ( n? il n%‘@hﬂ" ot ) .-}
LYY
% Don't Care
WRITE-to-MRR Timing
Note:

1. Write BL = 16, Write postamble = 0.5nCK, DQ/DQS: Vssq termination.

oD

RU(WTR/'CK).

oo

Only DES is allowed during '"MRR period.
Dourt n = data-out to column n.
The minimum number of clock cycles from the BURST WRITE command to MRR command is WL + BL/2 + 1 +

'WTR starts at the rising edge of CK after the last latching edge of DQS.
DES commands except tMRR period are shown for ease of illustration; other commands may be valid at these times.
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MRR After Power-Down EXxit

Following the power-down state, an additional time, '"MRRI, is required prior to issuing the MODE REGISTER READ (MRR)
command. This additional time (equivalent to 'RCD) is required in order to maximize power-down current savings by allowing
more power-up time for the MRR data path after exit from power-down mode.

TO Tal

CK_c --
K t

a—]*--a—'.

[

o |._" 1 la_"'

5

LCKCKEH

'I'I::rD Tb1 Tb2 TCD Tcl Tc2 Tl:3 Tl:4 TES TdU Tl:ﬂ TdZ Td3 Td4 TdS Tdée Td7 TdB Td9

1 " 1
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1 I 1 1 1 1 |. Lo 1 1 1 1 1 1 1 1

1 | | | | | 1 1 1 1 1 1 1 1 1 1
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1 1 ] A M 1 rn 1 s 1 1 1 Jmy 1 Ty 1 1 1 1

RN AN N I U\ U A
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1 | | | | | 1 | 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 | | | | | 1 | 1 1 1 1 1 1

o T SRR 77
Command Jﬁ m m DS/ | DES {nny comma

Note:

{vatic)
1 1
1 1

I
nd}{.ﬂ.ny COmy

MRR Following Power-Down

1. Only DES is allowed during 'MRR period.
2. DES commands except 'MRR period are shown for ease of illustration; other commands may be valid at these times.

1
1 1
"pes Y Des Y MRRA
mand}q DE§[ DESI DES,‘\ Des L
1 1 1

e

){ CAS-2 )(DEs x—DIE?;g—DIE?a

Don't Care
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MODE REGISTER WRITE

The MODE REGISTER WRITE (MRW) writes configuration data to the mode registers. The MRW command is initiated with
CKE, CS, and CA[5:0] to valid levels at the rising edge of the clock. The mode register address and the data written to it is
contained in CA[5:0] according to the Command Truth Table. The MRW command period is defined by 'MRW. Mode register
WRITES to read-only registers have no impact on the functionality of the device.

TO T1 T2 T3 T4 Tal Tal Ta Tas Th Th1 Th2 Th3 Tha Tbs Tbe Tb7
a4 AL ':“pf":xe AL AENIXE XA XA RL XS
AL A ) A A LY A A S !
SIS A AN H YA A ! ! !
A A R N A A I I R o
m(wXMAXmXWWJ MDPnXmX%XGP")(’////' WAWMXV&' valid ){velid /////////////////
I 1
AR ' r.JH: i | ' '

%

Command< MRW-1 >< MRW-2 >_/I:IE -'I ! DES\< MARWY-1 >/ JES-' DES y.ﬂm‘y’cc\ maﬂdXAnchmmand% DES / DES M
T T 1 1 % J': T I i
ﬂ Don't Care

MODE REGISTER WRITE Timing
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Mode Register Write States

MRW can be issued from either a bank-idle or a bank-active state. Certain restrictions may apply for MRW from an active state.

Truth Table for MRR and MRW

Current State Command Intermediate State Next State
] MRR Reading mode register, all banks idle All banks idle
All banks idle — - - .
MRW Writing mode register, all banks idle All banks idle
) MRR Reading mode register Bank(s) active
Bank(s) active — - -
MRW Writing mode register Bank(s) active

MRR/MRW Timing Constraints: DQ ODT is Disable

Minimum Delay Between .
From Command| To Command “Erom Command” and "To Command" Unit Note
MRR 'MRR i
RD/RDA ‘MRR i
MRR t n "
WRWRAMWR/MWRA RL + It?U( DQSCK(MAX)/'CK) + BL/2 -WL + 'WPRE nCK
+ RD('RPST)
MRW RL + RU('DQSCK(MAX)/'CK) + BL/2 + 3 ncK
RD/RDA BL/2 ncK
:\/AVVF:/;:VARA/ MWR/ WL + 1 + BL/2 + RU(WTR/'CK) ncK
MRR -
MRW MRD i
ESIVTVER'DOWN P + 'MRRI i
RD/RDA ‘MRD i
MRW WR/WRA/MWR/MWRA ‘MRD i
MRW 'MRW i
RD/ RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD('RPST) +
Eg'z':f)/ READ MAX(RU(7.5ns/'CK), 8nCK) nck
RD with AUTO RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD('RPST) + K
PRECHARGE MAX(RU(7.5ns/'CK), 8nCK) + nRTP - 8
WR/ MWR/ MRW
WR-EIFO WL + 1 + BL/2 + MAX(RU(7.5ns/'CK), 8nCK) ncK
WR/MWR with
AUTO WL + 1 + BL/2 + MAX(RU(7.5ns/'CK), 8nCK) + n\WR| nCK
PRECHARGE
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MRR/MRW Timing Constraints: DQ ODT is Enable

Minimum Delay Between .
From Command | To Command “From Command” and “To Command" Unit Note
MRR 'MRR i
RD/RDA 'MRR i
MRR RL + RU('DQSCK(MAX)/'CK) + BL/2 - ODTLon -
WRIWRAIMWRIMWRA RD('ODTon(MIN)/'CK) + RD('RPST) + 1 nck
MRW RL + RU('DQSCK(MAX)/'CK) + BL/2 + 3 nCK
RD/RDA BL/2 nCK
XAVV'T/;NARA/ MWR/ WL + 1 + BL/2 + RU(WTR/'CK) nCK
MRR -
MRW MRD i
ESIVTVER'DOWN P + 'MRRI i
RD/RDA 'MRD i
MRW WR/WRA/MWR/MWRA ‘MRD i
MRW ‘MRW i
RDY RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD('RPST) +
S(D?'(F:'AFS/ READ MAX(RU(7.5ns/'CK), 8nCK) ncK
RD with AUTO RL + BL/2 + RU('DQSCK(MAX)/'CK) + RD('RPST) + nCK
PRECHARGE MAX(RU(7.5ns/'CK), 8nCK) + nRTP - 8
WR/ MWR/ MRW
WR-FIFO WL + 1 + BL/2 + MAX(RU(7.5ns/'CK), 8nCK) nCK
WR/MWR with
AUTO WL + 1 + BL/2 + MAX(RU(7.5ns/'CK), 8nCK) + nWR| nCK
PRECHARGE
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Vgrer Current Generator (VRCG)

LPDDR4 SDRAM VREF current generators (VRCG) incorporate a high current mode to reduce the settling time of the internal
VRrer(pg) and Vrer(ca) levels during training and when changing frequency set points during operation. The high current mode is
enabled by setting MR13[OP3] = 1. Only DESELECT commands may be issued unti 'VRCG_ENABLE is satisfied.
"WRCG_ENABLE timing is shown below.

TE] m T2 LE} T4 TS Ta[] Tal TaZ Ta3 Tatl Ta5 Tb[] Tb1 TbZ Tb3 Tbil Tb5 Tbﬁ

CK ¢ - '.u"_" .--_:él, \‘:-:;—\r-l:,—\-\‘:r' T '."_\ ‘]'IFH Illa—.\\t--f—\r lLl.'—'\.'-.thr-:F;—} Y= |,l \r';lf-’_\\.".th.f'u— f-‘|F|, ‘r-f_‘"'-l" \
CK_t _n’l \ QY ! [N ! \\_;'II-\. R P \_’?\. 4 ,_.' AW "\_p’l'. i "T A 'II A 'r,"l g W N 'II RIS NP Rl W Y "i". -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T ) T T T T T T T T T T T T
«e Lo 1] (0 R
1 1 1 1 IR 1 1 1 I 1 1 1 1 1 1
1 fas) 1 ~ roy 1 ~ 1 ~, 1 Loy oy 1 ~ 1 ™~ 1 1 1
s . .l-"l i \"\.\ | f."’ i \\.\ | ,:' |) | ;,. \\.\ : f.-"‘l i \'\\ | | r'I I-'l : f.-"‘l i \'\\ | i i "\\ H | :
i i | | | | i | | | i | | | i
I Y * Iy
CA { DES WH’NI)&R’WT@’ DES | { DES X"n"alld} "ll'alld ‘u"alld ‘u"alld DEE .' "[}ES K‘u’ahd} Valldm DES K DES .-’J
! (e
: : 1 | | | | | |
1 : | | 1 1 1 1 1 1 1 | :
Command { DES ‘,{ VRCG enable: MR13 [0P3] =1 }{ DES | (DES { Valid ; "o5s ) /DEs { Valid ;C DES ¥ DES )
e T T e e s T T T T T T — e
1 1 1 1 tWRCG_EMABLE 1 1 1 1 1 1 1 1 1
: : : : . . : : : | ! : : : : : :

VRCG Enable Timing

VRCG high current mode is disabled by setting MR13[OP3] = 0. Only DESELECT commands may be issued until
'WRCG_DISABLE is satisfied. VRCG_DISABLE timing is shown below.

TO T T2 T3 T4 s Ta[] Tal Ta2 Ta3 Tad Ta5 Tb0 Tbl Th2 Tb3 Th4 Ths TbG
K Ay I I N N D N oo o i D

g I F / i Lo }
CK_t ‘._*'?-. AW ‘._.f'?-_ M \\_f:‘ L (L ‘._.f":cL S _“u“?-. A (R SO W PO N W W W A
1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 | | 1 1 | 1
| 1 1 1 1 1 ..I Jo | 1 1 [ 1
| 1 1 1 1 1 f | | 1 1 [ 1
CKE | 1 1 1 1 1 L L ! 1 1 ! I; 1
1 1 1 1 1 1 \1 \ 1 1 1 1 1 1
1 2 1 fan) 1 1 1 fan 1 fan! 1
s 1 Jal ] LR ] ' I.'I 1 J ) ] ! 1 1 j
| foy 1 foy 1 | | Y 1 fh 1
T T T T T T T
| 1 1 1 | 1 |
1 1 1 1 1 1 1
| 1 1 1 1 1 1

|I f‘_ﬁ \* ‘I_\
CA ( DES { Valid )| Valid Valid ) DEs | ( DEs AR RW 1 RW2 ) m}} DES |

1 I : : 1

! 1 |\ ; ..' 1 .\I .'I 1 _\ -’ 1 1 1 1 lll‘ 1 |\ ..' 1 \.‘I
Command { DEs % Valid \c DES ' ( DES  VRCG disable: MR13 [093]-0& DEE( T es K Valid )( DES ) DES }
| | | | WVRCG_DISABLE .

VRCG Disable Timing

Note that LPDDR4 SDRAM devices support Vrerca) and Vrerpg) range and value changes without enabling VRCG high
current mode.

VRCG Enable/Disable Timing

Parameter Symbol Min Max Unit

Vrer high current mode enable time 'WRCG_ENABLE T 200 ns

Vrer high current mode disable time 'WRCG_DISABLE T 100 ns
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Vger Training

VRerca) Training

The device's internal Vrerca) Specification parameters are operating voltage range, step size, Vger Step time, Vger full-range

step time, and Vger valid level.

The voltage operating range specifies the minimum required Vgrer setting range for LPDDR4 devices. The minimum range is

defined by VREF,maX and VREF,min-

1Il"'IIIZ}IZ}IE
1"“'Illf‘~ll{IZJ Cimax
1IIlIIrF{ EF max

VREE min

ViNDOmin

- - —— Vouing large

———— Vauing small

System variance

Total range

Vger Operating Range (Vrermax, VREEmin)

The Vger step size is defined as the step size between adjacent steps. However, for a given design, the device has one value

for Vger step size that falls within the given range.

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

of the number of steps n.

The Vrer set tolerance is measured with respect to the ideal line that is based on the two endpoints, where the endpoints are at

the minimum and maximum Vgee values for a specified range.
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VRer
level

!

Actual Vg
output
\* .
[ ]
_—.
Vg set-point
RtE,:;:Ierame \'“-— Straight line endpoint fit
VREF_
step size

Vpgp step setting

Vrer Set-Point Tolerance and Step Size

The Vger increment/decrement step times are defined by 'Vrer_ TIME-SHORT, 'Vrer_ TIME-MIDDLE, and 'Vrer_TIME-LONG.
The parameters are defined from TS to TE as shown below, where TE is referenced to when the Vger voltage is at the final DC

level within the Vger valid tolerance (Vrer,val_tol).

The Vrer valid level is defined by Vrerval 1o t0 qualify the step time TE (see the following figures). This parameter is used to
ensure an adequate RC time constant behavior of the voltage level change after any Vger increment/decrement adjustment.
This parameter is only applicable for LPDDR4 component level validation/characterization.

"Vrer_TIME-SHORT s for a single step size increment/decrement change in the VgeF voltage.

"Wrer_TIME-MIDDLE is at least two stepsizes increment/decrement change within the same VRrerca) range in Vger voltage.

"Wrer_TIME-LONG s the time including up to Vrermin t0 VRermax OF VRermax t0 Vrermin change across the VReF(ca) range in Veer

voltage.
TS is referenced to MRW command clock.

TE is referenced to VRrer val_tol-
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TO T1 T2 T3 T4 T5 Tad Tal Taz Ta3 Ta4 Tad Tab Tar Tad Ta? Tald Tall Talz
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Command { DES X UmmmlumMEﬂt X DES m DES X DES X DES X DES X DES :( DES X DES X DES X DES X DES >{ DES X DES }
i i i

1 W - 5|'|D|'tn'|'l'lldd|a'1ﬂl'lg | | | I

Mew V... setting }

I I FSF_Hime

i
{ IIt:|1ul' setting

TS ' ' ' ' ' ' ' ' COTE
'Ef setting
justment

'V,ef for Short, Middle, and Long Timing Diagram

The MRW command to the mode register bits are as follows;
MR12 OP[5:0] : Vrerca) Setting
MR12 OP[6] . VREF(CA) Range

The minimum time required between two Vgee MRW commands is 'Veer TIME-SHORT for a single step and
"Vrer_TIME-MIDDLE for a full voltage range step.

1k"'llrFiEF
voltage _¢—

-- T ——————————————— VRer(DO)

step size L VREF_vaI_tuI

t1

Time

Vrerca) Single-Step Increment
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VRer
voltage
T t1
stepsize
P r VREF val_tol
——l ——————————————— VReF(DOQ)
Time
VRrerca) Single-Step Decrement
VREFmax - - - ¢— VReripo)
IVREF REF,max T
voltage VREF val_tol
Full range t1
step
VREE min
Time
Vrerca) FUll Step from Veegmin 10 Vrer max
Vpgr |VREFmax
voltage
Full range
step t
#"“"REF_vaI_toI
Veegmin ----Yooo . VRerDo)
Time

Vrerca) FUll Step from Veegmax t0 Vrermin

The following table contains the CA internal Vrer specification that will be characterized at the component level for compliance.
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Internal Vgerca) Specifications

Symbol Parameter Min Typ Max Unit Note

VRerca) range-0 MAX . .
\Y . . 44.9% V 1,11
REF(CA),max_r0 operating point | | 0 DDQ

VREF(CA) range-O MIN

. . 15.0% ) T Vbbpg 1,11
operating point

VREF(CA),min_r0

VRer(ca) range-1 MAX . .
\Y . . 62.9% \Y 1,11
REF(CA),max_r1 operating point | | 0 DDQ

VREF(CA) range-l MIN

VREF(CA),min_rl . . 32.9% T ) VDDQ 1,11
operating point
VREF(CA),step VREF(CA) step size 0.50% 0.60% 0.70% VDDQ 2
111 0 11 mV 3,4,6
VREF(CA) set_tol Vrer(ca) Set tolerance -
1.1 0 11 mV 3,57
'Vrer_TIME-SHORT i i 100 ns 8
tVRE;:_TIME-MIDDLE ) T ) 200 ns 12
t VRer(ca) Step time " "
Vree_TIME-LONG i i 250 ns 9
tVREFitimeiweak T T 1 ms 13,14
VREF(CA)_val_tol VREF(CA) valid tolerance 710.10% 0.00% 0.10% Vbbo 10
Note:

1. Vgerca DC voltage referenced to Vppo(Do).

2. Vrer(ca) Step size increment/decrement range. Vrerca) at DC level.

3. VRrerca),NeW = Vrerca),0ld + n X Vrerca),Step; N = number of steps; if increment, use "+"; if decrement, use " ".

4.  The minimum value of Vrer(ca) Setting tolerance = Vrerca),new - 11mV. The maximum value of Vrer(ca) Setting tolerance =
VRerca),NewW + 11mvV. For n > 4.

5.  The minimum value of Vrer(ca) Setting tolerance = Vrerca),new - 1.1mV. The maximum value of Vrer(ca) Setting tolerance =
VRercay New + 1.1mV. For n O 4.

6. Measured by recording the minimum and maximum values of the Vgerca) OUtput over the range, drawing a straight line
between those points and comparing all other Vrerca) Output settings to that line.

7. Measured by recording the minimum and maximum values of the Vrerca) OUtput across four consecutive steps (n = 4),
drawing a straight line between those points and comparing all other Vrer(ca) Output settings to that line.

8. Time from MRW command to increment or decrement one step size for Vrerca).

9. Time from MRW command to increment or decrement Vrermin 0 VRermax OF VREFmax tO VRermin Change across the Vrerca)
range in Vger voltage.

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

11. DRAM range-0 or range-1 set by MR12 OPI6].

12. Time from MRW command to increment or decrement more than one step size up to a full range of Vrer voltage within the
same VRer(ca) range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = Ob.

14. 'Vrer_time_weak covers all VRrer(ca) range and value change conditions are applied to Vrer_ TIME-SHORT/MIDDLE/LONG.

Elite Semiconductor Microelectronics Technology Inc Publication Date: May. 2023
Revision: 1.2 148/297



ESMT

M56Z4G16256A (2H)

VREF(DQ) Trainin g

The device's internal Vrerpg) specification parameters are operating voltage range, step size, Vrer step tolerance, Vger step

time and Vger valid level.

The voltage operating range specifies the minimum required Vgrer setting range for LPDDR4 devices. The minimum range is

defined by VREF,max and VREE min-

Vbpag
ViNDC)max
1II"IPF{EF,ma:u:

VREEmin

ViNDCmin

fmmmy emmm e PR
v \ i
(] hl |
il I
____.\I:lflrf _________ -"t1"f____
______ v _ _ __ _ _ ____IThn______
W \ Vrer
______ ﬁr___________ . range

- ——— Voune large

———— Vewine small

System variance

Total range

Vger Operating Range (Vrermax, VREEmin)

The Vger step size is defined as the step size between adjacent steps. However, for a given design, the device has one value

for Vger step size that falls within the given range.

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

of the number of steps n.

The Vrer set tolerance is measured with respect to the ideal line that is based on the two endpoints, where the endpoints are at

the minimum and maximum Vger values for a specified range.
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VRer
level

Actual Vg,
output

l

Vg set-point
tolerance

VREF_
step size

Vpgr step setting

Vrer Set Tolerance and Step Size

The Vgrer increment/decrement step times are defined by 'Vrer_ TIME-SHORT, 'Vrer_TIME-MIDDLE and 'Vrer_TIME-LONG.
The 'Vrer_TIME-SHORT, 'Vrer_ TIMEMIDDLE and 'Vrer_TIME-LONG times are defined from TS to TE in the following figure
where TE is referenced to when the Vger voltage is at the final DC level within the Vgrer valid tolerance (VrervaL ToL)-

The Vger valid level is defined by VrervaL_toL to qualify the step time TE (see the figure below). This parameter is used to
ensure an adequate RC time constant behavior of the voltage level change after any Vger increment/decrement adjustment.
This parameter is only applicable for DRAM component level validation/characterization.

Wrer_TIME-SHORT is for a single step size increment/decrement change in the Vger voltage.
"Vrer_TIME-MIDDLE is at least two step sizes of increment/decrement change in the Vrerpo) range in the Vrervoltage.

Vrer_TIME-LONG is the time including and up to the full range of Vrer (MIN to MAX or MAX to MIN) across the VRer(DQ) range
in Vrer voltage.
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T T2 TS Ta  Tasl Ta+2 Ta+3d Tasd Ta+5 Ta+b Ta+7 Ta+8 Ta+d T+10 T+11 T+#12
A OO O
oAl

CA[5:0] W I)(MRWZ)(JRW%DES}IREXDEEXDESXDESXDEEX_XDESXDESXDESXDESX_X X_

Cammand ( DES X U“mvaluafrangeset X DES?' ?DES Y DEs XDES X DES X DES Y DE );" DES X DES X DES X DES X DES X DES }(

! ! ! | | ! vR ,,m- shartl'rnrddl&ﬂuﬂg
1 1 1 I - 1
1 1 1

Vage ( Old Vg setting

i ! ! ! ! ! i
VREF setting
adjustment

VRrerpg) Transition Time for Short, Middle, or Long Changes

Note:

1. TS s referenced to MRW command clock.

2. TE is referenced to VrervaL ToL.

The MRW command to the mode register bits are defined as:
MR14 OP[5:0]: Vrerpo) Setting

MR14 OP[6] VREF(DQ) range

The minimum time required between two Vgee MRW commands is 'Veee TIME-SHORT for a single step and
Vrer_TIME-MIDDLE for a full voltage range step.

VRer
voltage
-- T ——————————————— Vrerpo
step size L 1""rREF_ur;aI_’n::-l
t1
Time
Vrerpg) Single-Step Size Increment
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VRer
voltage
T t1
stepsize
P r VREF val_tol
——l ——————————————— VRer(DO)
Time
Vrerpg) Single-Step Size Decrement
NV REE Ay — = - mrmmm e m L VREFD
IVREF REF,max T (DO
voltage
g VREF val_tol
Full range t1
step
VREEmin
Time
Vrerpg) Full Step from Veermin t0 Vrermax
Ve |VREEmax ™
voltage
Full range
step t1
#VREF_\raI_tol
Veeemin ¥ Vrerpo)
Time

Vrerpg) FUll Step from Veermax 10 Vrermin

The following table contains the DQ internal Vger specification that will be characterized at the component level for compliance.
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Internal Vgerpg) Specifications

Symbol Parameter Min Typ Max Unit Note
Vrer MAX operating point . . o
VREF(DQ),max_r0 Range-0 I I 44.9% Vbbo 1,11
_ Vrer MIN operating point 0 . .
VREF(DQ),min_r0 Range-0 15.0% I I Vbbpg 11
Vrer MAX operating point . . o
VREF(DQ),max_rl Range-l | | 62.9% VDDQ 1,11
_ Vrer MIN operating point 0 . .
VREF(DQ),min_r1 Range-1 32.9% I I Vbbg 11
VREF(DQ),step VREF(DQ) step size 0.50% 0.60% 0.70% VDDQ 2
111 0 11 mV 3,4,6
VREF(DQ),set_tol Vrero) Set tolerance —
11.1 0 1.1 mV 3,57
tVREF_TIME-SHORT T T 100 ns 8
tVREF_TIME-MIDDLE . T T 200 ns 12
. VRer(DQ) Step time - -
Vrer_TIME-LONG i i 250 ns 9
tVREFitimeiweak T T 1 ms 13,14
VREF(DQ),vaI_toI VREF(DQ) valid tolerance 710.10% 0.00% 0.10% VDDQ 10

Note:

1.

2.
3.
4

10.

11.
12.

13.
14.

Vrerpo) DC voltage referenced to VpbpQ(Do)-

VRrer(pg) Step size increment/decrement range. Vrerpg) at DC level.

VRrerpo),NeW = Vrer(pg),0ld + n X Vrerpq),Step; N = number of steps; if increment, use "+"; if decrement, use "i ".

The minimum value of Vrerpg) Setting tolerance = Vrerpg),new - 11mV. The maximum value of Vrerpg) Setting tolerance
= VRer(pg),New + 11mV. For n > 4,

The minimum value of Vrer(po) Setting tolerance = Vrerpq),new - 1.1mV. The maximum value of Vrerpo) setting tolerance
=Vrerpg, NE€W + 1.1mV. For n O 4.

Measured by recording the minimum and maximum values of the Vrerpg) Output over the range, drawing a straight line
between those points and comparing all other Vrer(pg) output settings to that line.

Measured by recording the minimum and maximum values of the Vrerpg) output across four consecutive steps (n = 4),
drawing a straight line between those points and comparing all other Vrerpg) output settings to that line.

Time from MRW command to increment or decrement one step size for Vrer(pg).

Time from MRW command to increment or decrement Vrer min 10 VRermax OF VReR,max 10 VRermin Change across the Vrer(pg)
Range in VREF(DQ) Voltage.

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

DRAM range-0 or range-1 set by MR14 OPJ[6].

Time from MRW command to increment or decrement more than one step size up to a full range of Vger voltage within the
same Vgerpg) range.

Applies when VRCG high current mode is not enabled, specified by MR13 [OP3] = 0.

"Vrer_time_weak COVers all Vrer(pg) Range and Value change conditions are applied to 'Vrer TIME-SHOR/MIDDLE/LONG.
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Command Bus Training
Command Bus Training Mode

The command bus must be trained before enabling termination for high-frequency operation. The device provides an internal
Vrer(ca) that defaults to a level suitable for unterminated, low-frequency operation, but the Vrercay must be trained to achieve
suitable receiver voltage margin for terminated, high-frequency operation.

The training mode described here centers the internal Vrerca) in the CA data eye and at the same time allows for timing
adjustments of the CS and CA signals to meet setup/ hold requirements. Because it can be difficult to capture commands prior
to training the CA inputs, the training mode described here uses a minimum of external commands to enter, train, and exit the
CA bus training mode.

The die has a bond-pad (ODT_CA) but ODT_CA pin is ignored by LPDDR4X devices. CA ODT is fully controlled through MR11
and MR22. See On-Die Termination for more in- formation.

The device uses frequency set points to enable multiple operating settings for the die. The device defaults to FSP-OP[Q] at
power-up, which has the default settings to operate in un-terminated, low-frequency environments. Prior to training, the
termination should be enabled for one die in each channel by setting MR13 OP[6] = 1b (FSP-WR[1]) and setting all other mode
register bits for FSP-OP[1] to the desired settings for high- frequency operation. Upon training entry, the device will
automatically switch to FSP- OP[1] and use the high-frequency settings during training (See the Command Bus Training Entry
Timing figure for more information on FSP-OP register sets). Upon training exit, the device will automatically switch back to
FSP-OP[0], returning to a "known- good" state for unterminated, low-frequency operation.

To enter command bus training mode, issue a MRW-1 command followed by a MRW-2 command to set MR13 OP[0] = 1b
(command bus training mode enabled).

After time 'MRD, CKE may be set LOW, causing the device to switch to FSP-OP[1], and completing the entry into command bus
training mode.

A status DQS _t, DQS_c, DQ, and DMI are as noted below; the DQ ODT state will be followed by FREQUENCY SET POINT
function except in the case of output pins.

DQS_t[0], DQS_c[0] become input pins for capturing DQ[6:0] levels by toggling.

DQ[5:0] become input pins for setting Vrerca) level.

DQ[6] becomes an input pin for setting Vrer(ca) range.

DQI7] and DMI[0] become input pins, and their input level is valid or floating.

DQ[13:8] become output pins to feedback, capturing value via the command bus using the CS signal.

DQS_t[1], DQS_c[1], DMI[1], and DQ[15:14] become output pins or are disabled, meaning the device may be driven to a
valid level or may be left floating.

At time 'CAENT later, the device may change its VRrer(ca) range and value using input signals DQS_t[0], DQS_c[0], and DQ[6:0]
from existing value that is set via MR12 OP[6:0]. The mapping between MR12 OP code and DQs is shown below. At least one
VRer(ca) Setting is required before proceeding to the next training step.
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Mapping MR12 Op Code and DQ Numbers

Mapping
MR12 OP code OP6 OP5 OP4 OP3 OoP2 OP1 OPO
DQ number DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO

The new Vger(ca) Value must "settle” for time "WREFCA_Long before attempting to latch CA information.

Note:
If DQ ODT is enabled in MR11-OPJ[2:0], then the SDRAM will terminate the DQ lanes during command bus training when
entering Vrer(ca) range and values on DQI6:0].

To verify that the receiver has the correct Vrerca) Setting, and to further train the CA eye relative to clock (CK), values latched at
the receiver on the CA bus are asynchronously output to the DQ bus.

To exit command bus training mode, drive CKE HIGH, and after time 'VREFCA_Long, issue the MRW-1 command followed by
the MRW-2 command to set MR13 OP[0] = Ob. After time tMRW, the device is ready for normal operation. After training exit, the
device will automatically switch back to the FSP-OP registers that were in use prior to training.

Command bus training (CBT) may be executed from the idle or self refresh state. When executing CBT within the self refresh
state, the device must not be in a power-down state (for example, CKE must be HIGH prior to training entry). CBT entry and exit
is the same, regardless of the state from which CBT is initiated.

Training Sequence for Single-Rank Systems

The sequence example shown here assumes an initial low-frequency, non-terminating operating point training a high-frequency,
terminating operating point. The bold text shows high-frequency instructions. Any operating point may be trained from any
known good operating point.

Set MR13 OP[6] = 1b to enable writing to frequency set point 1 (FSP-WR[1]) (or FSP-OPJ[0]).

Write FSP-WR[1] (or FSP-WR][0]) registers for all channels to set up high-frequency operating parameters.

Issue MRW-1 and MRW-2 commands to enter command bus training mode.

Drive CKE LOW, and change CK frequency to the high-frequency operating point.

Perform command bus training (Vrer(ca), CS, and CA).

Exit training by driving CKE HIGH, change CK frequency to the low-frequency operating point, and issue MRW-1 and

MRW-2 commands. When CKE is driven HIGH, the device will automatically switch back to the FSP-OP registers that

were in use prior to training (trained values are not retained).

7. Write the trained values to FSP-WR[1] (or FSP-WR[0]) by issuing MRW-1 and MRW-2 commands to the SDRAM and
setting all applicable mode register parameters.

8. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[1] (or FSP-OPJ[0]), to turn on termination,

and change CK frequency to the high-frequency operating point. At this point the command bus is trained and you may

proceed to other training or normal operation.

o0k wnNPE
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Relation Between CA Input Pin and DQ Output Pin

Mapping CA Input Pin and DQ Output Pin

Mapping
CA number CA5 CA4 CA3 CA2 CAl CAO

DQ number DQ13 DQ12 DQ11 DQ10 DQ9 DQ8
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Command Bus Training Mode Entry i CA Training Pattern 1/O with Vgegcay Value Update
Note:

1. After 'CKELCK, the clock can be stopped or the frequency changed any time.

The input clock condition should be satisfied 'CKPRECS and 'CKPSTCS.

Continue to drive CK, and hold CA and CS LOW, until tCKELCK after CKE is LOW (which disables command decoding).

The device may or may not capture the first rising edge of DQS_t/DQS_c due to an unstable first rising edge. Therefore,

at least two consecutive pulses of DQS signal input is required every for DQS input signal while capturing DQ[6:0] signals.

The captured value of the DQ[6:0] signal level by each DQS edge may be overwritten at any time and the device will

temporarily update the Vrer(ca) setting of MR12 after time 'WREFCA_Long.

5. 'WREFCA_Long may be reduced to 'VREFCA_Short if the following conditions are met: 1)

The new Vger setting is a single step above or below the old Vger setting; 2) The DQS pulses a single time, or the new
Vrer setting value on DQI[6:0] is static and meets ‘DS, train/ ‘DH,train for every DQS pulse applied.

6. When CKE is driven LOW, the device will switch its FSP-OP registers to use the alternate (non-active) set. For example, if
the device is currently using FSP-OP[0], then it will switch to FSP-OP[1] when CKE is driven LOW. All operating
parameters should be written to the alternate mode registers before entering command bus training to ensure that ODT
settings, RL/WL/nWR setting, and so forth, are set to the correct values.

7. When CKE is driven LOW in command bus training mode, the device will change operation to the alternate FSP, that is,
the inverse of the FSP programmed in the FSP-OP mode register.

PN
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Consecutive Vgerca) Value Update

Note:

1. After 'CKELCK, the clock can be stopped or the frequency changed any time.

The input clock condition should be satisfied 'CKPRECS and 'CKPSTCS.

Continue to drive CK, and hold CA and CS LOW, until 'CKELCK after CKE is LOW (which disables command decoding).

The device may or may not capture the first rising edge of DQS_t/DQS_c due to an unstable first rising edge. Therefore,

at least two consecutive pulses of DQS signal input is required every for DQS input signal while capturing DQ[6:0] signals.

The captured value of the DQ[6:0] signal level by each DQS edge may be overwritten at any time and the device will

temporarily update the Vrer(ca) setting of MR12 after time 'WREFCA_Long.

5. 'WREFCA_Long may be reduced to 'VREFCA_Short if the following conditions are met: 1)

The new Vger setting is a single step above or below the old Vger setting; 2) The DQS pulses a single time, or the new
Vker Setting value on DQ[6:0] is static and meets 'DS,train/ 'DH,train for every DQS pulse applied.

6.  When CKE is driven LOW, the device will switch its FSP-OP registers to use the alternate (non-active) set. For example, if
the device is currently using FSP-OP[0], then it will switch to FSP-OP[1] when CKE is driven LOW. All operating
parameters should be written to the alternate mode registers before entering command bus training to ensure that ODT
settings, RL/WL/nWR setting, and so forth, are set to the correct values.

7. When CKE is driven LOW in command bus training mode, the device will change operation to the alternate FSP, that is,
the inverse of the FSP programmed in the FSP-OP mode register.

PN
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Command Bus Training Mode Exit with Valid Command
Note:

1. The clock can be stopped or the frequency changed any time before 'CKCKEH. CK must meet 'CKCKEH before CKE is
driven HIGH. When CKE is driven HIGH, the clock frequency must be returned to the original frequency (that is, the
frequency corresponding to the FSP at command bus training mode entry.

2. CS and CA[5:0] must be deselected (LOW) 'CKCKEH before CKE is driven HIGH.

3. When CKE is driven HIGH, ODT_CA will revert to the state/value defined by FSP-OP prior to command bus training mode
entry, that is, the original frequency set point (FSP-OP, MR13-OP[7]). For example, if the device was using FSP-OP[1] for
training, then it will switch to FSP-OP[0] when CKE is driven HIGH.

4. Training values are not retained by the device and must be written to the FSP-OP register set before returning to
operation at the trained frequency. For example, Vrerca) Will return to the value programmed in the original set point.

5. When CKE is driven HIGH, the device will revert to the FSP in operation at command bus training mode entry.
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Command Bus Training Mode Exit with Power-Down Entry

Note:

1. The clock can be stopped or the frequency changed any time before 'CKCKEH. CK must meet 'CKCKEH before CKE is
driven HIGH. When CKE is driven HIGH, the clock frequency must be returned to the original frequency (that is, the
frequency corresponding to the FSP at command bus training mode entry.

2. CS and CA[5:0] must be deselected (LOW) 'CKCKEH before CKE is driven HIGH.

3. When CKE is driven HIGH, ODT_CA will revert to the state/value defined by FSP-OP prior to command bus training mode
entry, that is, the original frequency set point (FSP-OP, MR13-OPJ[7]). For example, if the device was using FSP-OP[1] for
training, then it will switch to FSP-OP[0] when CKE is driven HIGH.

4.  Training values are not retained by the device and must be written to the FSP-OP register set before returning to
operation at the trained frequency. For example, Vrerca) Will return to the value programmed in the original set point.

5. When CKE is driven HIGH, the device will revert to the FSP in operation at command bus training mode entry.
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Write Leveling
Mode Register Write-WR Leveling Mode

To improve signal-integrity performance, the device provides a write leveling feature to compensate for CK-to-DQS timing skew,
affecting timing parameters such as 'DQSS, 'DSS, and 'DSH. The memory controller uses the write leveling feature to receive
feedback from the device, enabling it to adjust the clock-to-data strobe signal relationship for each DQS_t/DQS_c signal pair.
The device samples the clock state with the rising edge of DQS signals and asynchronously feeds back to the memory
controller. The memory controller references this feedback to adjust the clock-to-data strobe signal relationship for each
DQS_t/DQS_c signal pair.

All data bits (DQJ[7:0] for DQS|[0] and DQJ[15:8] for DQS[1]) carry the training feedback to the controller. Both DQS signals in
each channel must be leveled independently.

The device enters write leveling mode when mode register MR2-OP[7] is set HIGH.

When entering write leveling mode, the state of the DQ pins is undef ned. During write leveling mode, only DESELECT
commands, or a MRW command to exit the WRITE LEVELING operation, are allowed. Depending on the absolute values of
'QSL and 'QSH

in the application, the value of 'DQSS may have to be better than the limits provided in the AC Timing Parameters section in
order to satisfy the 'DSS and 'DSH specifications.

Upon completion of the WRITE LEVELING operation, the device exits write leveling mode when MR2-OP[7] is reset LOW.

Write leveling should be performed before write training (DQS2DQ training).

Write Leveling Procedure

1. Enter write leveling mode by setting MR2-OP[7]=1.

Once in write leveling mode, DQS_t must be driven LOW and DQS_c HIGH after a delay of 'WLDQSEN.

3. Wait for a time 'WLDQSEN before providing the first DQS signal input. The delay time 'WLMRD(MAX) is
controller-dependent.

4. The device may or may not capture the first rising edge of DQS_t due to an unstable first rising edge; therefore, at least two
consecutive pulses of DQS signal input is required for every DQS input signal during write training mode. The captured
clock level for each DQS edge is overwritten, and the device provides asynchronous feedback on all DQ bits after time
‘WLO.

5. The feedback provided by the device is referenced by the controller to increment or decrement the DQS_t and/or DQS_c
delay settings.

6. Repeat steps 4 and 5 until the proper DQS_t/DQS_c delay is established.

7. Exit write leveling mode by setting MR2-OP[7] = 0.

N
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K c
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CA[S5:0]

Command

DQ5 «c
DOs_t

DQI15:0]

DMIT:0]
Don't Care
Write Leveling Timing i 'DQSL(MAX)
Note:
1. Clock can be stopped except during DQS toggle period (CK_t = LOW, CK_c = HIGH).
However, a stable clock prior to sampling is required to ensure timing accuracy.
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CA[S:0]

Command
D05«
D5 t
DiQL15:0]
DMILT-0]
Don't Care
Write Leveling Timing i 'DQSL(MIN)
Note:
1. Clock can be stopped except during DQS toggle period (CK_t = LOW, CK_c = HIGH).
However, a stable clock prior to sampling is required to ensure timing accuracy.
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Input Clock Frequency Stop and Change

The input clock frequency can be stopped or changed from one stable clock rate to another stable clock rate during write

leveling mode. The frequency stop or change timing is shown below.
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Clock Stop and Timing During Write Leveling
Note:
1. CK_tis held LOW and CK_c is held HIGH during clock stop.
2. CS will be held LOW during clock stop.
Write Leveling Timing Parameters
Parameter Symbol Min/Max Value Units
i i i MIN 20
DQS_t/DQS_c delay after write leveling mode is WLDQSEN ‘cK
programmed MAX i
. ) ) ) MIN 20 ;
Write preamble for write leveling WLWPRE CK
MAX i
i i i MIN 40
First DQS_t/DQS_c edge after write leveling “WLMRD ‘cK
mode is programmed MAX T
. . MIN 0
Write leveling output delay 'WLO ns
MAX 20
MODE REGISTER SET command delay 'MRD Refer to Mode Register Timing Parameter Table
_ _ . MIN MAX(7.5ns, 4nCK)
Valid clock requirement before DQS toggle CKPRDQS VAX - T
i
_ _ . MIN MAX(7.5ns, 4nCK)
Valid clock requirement after DQS toggle CKPSTDQS MAX - T
i
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Write Leveling Setup and Hold Timing

Data Rate
Parameter Symbol Min/Max Unit
1600 2400 3200 3733 4266

Write leveling hold time '‘WLH MIN 150 100 75 62.5 50 ps
Write leveling setup time WLS MIN 150 100 75 62.5 50 ps
write leveling input valid WLIVW MIN 240 160 120 105 90 ps
window

Note:

1. In addition to the traditional setup and hold time specifications, there is value in a invalid window-based specification for

write leveling training. As the training is based on each device, worst case process skews for setup and hold do not make
sense to close timing between CK and DQS.
2. 'WLIVW is defined in a similar manner to TdIVW_total, except that here it is a DQS invalid window with respect to CK.
This would need to account for all voltage and temperature (VT) drift terms between CK and DQS within the device that
affect the write leveling invalid window.

The figure below shows the DQS

i nput

CK_t

DO _diff =
DQSs 1-DQS_c

DQS_t/DQS_c to CK_t/CK_c Timings at the Pins Referenced from the Internal Latch

ma s k

for

timing

wi t WLIYVe) sefire<the timecthe DUt
signal must not encroach in order for the DQS input to be successfully captured by CK. The mask is a receiver property and it is
not the valid data-eye.

Internal composite DQS eye
center aligned to CK
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MULTIPURPOSE Operation

The device uses the MULTIPURPOSE command to issue a NO OPERATION (NOP) command and to access various training
modes. The MPC command is initiated with CS, and CA[5:0] asserted to the proper state at the rising edge of CK, as defined by
the Command Truth Table. The MPC command has seven operands (OP[6:0]) that are decoded to execute specific commands
in the SDRAM. OPJ6] is a special bit that is decoded on the first rising CK edge of the MPC command. When OP[6] = O, the
device executes a NOP command, and when OP[6] = 1, the device further decodes one of several training commands.

When OP[6] = 1 and the training command includes a READ or WRITE operation, the MPC command must be followed
immediately by a CAS-2 command. For training commands that read or write, READ latency (RL) and WRITE latency (WL) are
counted from the second rising CK edge of the CAS-2 command with the same timing relationship as a typical READ or WRITE
command. The operands of the CAS-2 command following a MPC READ/WRITE command must be driven LOW. The following
MPC commands must be followed by a CAS-2 command:

WRITE-FIFO
READ-FIFO
READ DQ CALIBRATION

5

5

All other MPC commands do not require a CAS-2 command, including the following:

NOP

START DQS INTERVAL OSCILLATOR
STOP DQS INTERVAL OSCILLATOR
ZQCAL START (ZQ CALIBRATION START)
ZQCAL LATCH (ZQ CALIBRATION LATCH)

MPC Command Definition

SDR Command Pins SDR CA Pins
SDR Command CIE G Note
CS CAO0 CA1l CA2 CA3 CA4 CA5 Edge
CK_t (n-1)| CK_t(n)
MPC H L L L L L OP6 &1
. H H _Fl 1,2
(Train, NOP) L OPO OP1 OP2 OP3 OP4 OP5

Note:

1. See the Command Truth Table for more information.

2. MPC commands for READ or WRITE TRAINING operations must be immediately followed by the CAS-2 command,
consecutively, without any other commands in between. The MPC command must be issued before issuing the CAS-2
command.
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MPC Commands

Function Operand Data

OXXXXXXb: NOP

1000001b: READ-FIFO: READ-FIFO supports only BL16 operation
1000011b: READ DQ CALIBRATION (MR32/MR40)

1000101b: RFU

1000111b: WRITE-FIFO: WRITE-FIFO supports only BL16 operation
Training Modes OP[6:0] 1001001b: RFU

1001011b: START DQS OSCILLATOR

1001101b: STOP DQS OSCILLATOR

1001111b: ZQCAL START

1010001b: ZQCAL LATCH

All Others: Reserved

Note:

1. See command truth table for more information.

2. MPC commands for READ or WRITE TRAINING operations must be immediately followed by CAS-2 command
consecutively without any other commands in-between. MPC command must be issued first before issuing the CAS-2
command.

3. WRITE-FIFO and READ-FIFO commands will only operate as BL16, ignoring the burst length selected by MR1 OP[1:0].
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WRITE-FIFO i 'WPRE = 2nCK, ‘WPST = 0.5nCK

Note:

1. MPC[WRITE-FIFO] can be executed with a single bank or multiple banks active, during refresh or during self refresh, with
CKE HIGH.

2. Write-1 to MPC is shown as an example of command-to-command timing for MPC. Timing from Write-1 to
MPC[WRITE-FIFO] is WRWTR.

3. Seamless MPC[WRITE-FIFO] commands may be executed by repeating the command every tCCD time.

4. MPC[WRITE-FIFQ] uses the same command-to-data timing relationship (WL, tDQSS, tDQSZDQ) as a WRITE-1 command.

5. A maximum of five MPC[WRITE-FIFO] commands may be executed consecutively without corrupting FIFO data. The sixth
MPC[WRITE-FIFO] command will overwrite the FIFO data from the first command. If fewer than five MPC[WRITE-FIFQO]
commands are executed, then the remaining FIFO locations will contain undefined data.

6. For the CAS-2 command following an MPC command, the CAS-2 operands must be driven LOW.

7. To avoid corrupting the FIFO contents, MPC[READ-FIFO] must immediately follow MPC[WRITE-FIFO]/CAS-2 without any
other commands in-between. See Write Training section for more information on FIFO pointer behavior.
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READ-FIFO i 'WPRE = 2nCK, 'WPST = 0.5nCK, 'RPRE = Toggling, 'RPST = 1.5nCK

Note:

1. MPC[WRITE-FIFQ] can be executed with a single bank or multiple banks active, during refresh or during self refresh with
CKE HIGH.

2. Seamless MPC[READ-FIFO] commands may be executed by repeating the command every ‘CCD time.

MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, 'DQSCK) as a READ-1 command.

4. Data may be continuously read from the FIFO without any data corruption. After five MPC[READ-FIFO] commands, the
FIFO pointer will wrap back to the first FIFO and continue advancing. If fewer than five MPC[WRITE-FIFO] commands
were executed, then the MPC[READ-FIFO] commands to those FIFO locations will return undefined data. See Write
Training for more information on the FIFO pointer behavior.

5. For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.

6. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training for more
information on DMI behavior.

w
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READ-FIFO i ‘RPRE = Toggling, ‘RPST = 1.5nCK

Note:

1. MPCIWRITE-FIFQ] can be executed with a single bank or multiple banks active, during refresh or during self refresh with
CKE HIGH.

2. MPC[READ-FIFO] to READ-1 operation is shown as an example of command-to-command timing for MPC. Timing from
MPC[READ-FIFO] command to read is 'RTRRD.

3. Seamless MPC[READ-FIFO] commands may be executed by repeating the command every ‘CCD time.

MPC[READ-FIFO] uses the same command-to-data timing relationship (RL, 'DQSCK) as a READ-1 command.

5. Data may be continuously read from the FIFO without any data corruption. After five MPC[READ-FIFO] commands, the
FIFO pointer will wrap back to the first FIFO and continue advancing. If fewer than five MPC[WRITE-FIFO] commands are
executed, then the MPC[READ-FIFO] commands to those FIFO locations will return undefined data. See Write Training for
more information on the FIFO pointer behavior.

6. For the CAS-2 command immediately following an MPC command, the CAS-2 operands must be driven LOW.

7. DMI[1:0] signals will be driven if WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training for more
information on DMI behavior.

E
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Timing Constraints for Training Commands

Previous Command | Next Command Minimum Delay Unit Note
MPC[WRITE-FIFO] 'WRWTR nCK

WR/MWR MPC[READ-FIFQO] \I;lvoLt jl:;)vuv(et;QSS(MAX)/tCK) T 2
MPC[READ DQ CALIBRATION] + BL/2 + RUCWTR/CK) nCK
MPC[WRITE-FIFO] 'RTRRD nCK 3

RD/MRR MPC[READ-FIFQ] Not allowed T 2
MPC[READ DQ CALIBRATION] 'RTRRD nCK 3
WR/MWR Not allowed i 2
MPC[WRITE-FIFO] '‘ccb nCK

MPCIWRITE-FIFO] RD/MRR Not aIIowetd : i 2

+

MPC[READ-FIFQ] \iv'éL/zRB E&?J%\?vi(sg% <) nCK
MPC[READ DQ CALIBRATION] Not allowed T 2
WR/MWR '‘RTRRD nCK 3
MPC[WRITE-FIFO] RTW nCK 4

MPC[READ-FIFQ] RD/MRR 'RTRRD nCK 3
MPC[READ-FIFQ] ‘ccD nCK
MPC[READ DQ CALIBRATION] 'RTRRD nCK 3
WR/MWR 'RTRRD nCK 3
MPC[WRITE-FIFO] 'RTRRD nCK 3

EZAAP\E?RE:I'IIDODI\I? RD/MRR 'RTRRD nCK 3
MPC[READ-FIFQO] Not allowed T 2
MPC[READ DQ CALIBRATION] ‘cch nCK

Note:

1. 'WRWTR = WL + BL/2 + RU('DQSS(MAX)/'CK) + MAX(RU(7.5ns/'CK), 8nCK).
2. No commands are allowed between MPC[WRITE-FIFO] and MPC[READ-FIFO] except the MRW commands related to

training parameters.

3. 'RTRRD = RL + RU('DQSCK(MAX)/'CK) + BL/2 + RD('RPST) + MAX(RU(7.5ns/'CK), 8nCK).
4. In case of DQ ODT disable MR11 OP[2:0] = 000b, 'RTW = RL + RU('DQSCK(MAX)/'CK) + BL/2 - WL + 'WPRE +

RD('RPST).

In case of DQ ODT enable MR11 OP[2:0] *

RD('ODTon(MIN)/'CK) + 1.

000b, 'RTW = RL + RU('DQSCK(MAX)/'CK) + BL/2 + RD('RPST) - ODTLon -
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Read DQ Calibration Training

The READ DQ CALIBRATION TRAINING function outputs a 16-bit, user-defined pattern on the DQ pins. Read DQ calibration is
initiated by issuing a MPC[READ DQ CALIBRATION] command followed by a CAS-2 command, which causes the device to
drive the contents of MR32, followed by the contents of MR40 on each of DQ[15:0] and DMI[1:0]. The pattern can be inverted
on selected DQ pins according to user-defined invert masks written to MR15 and MR20.

Read DQ Calibration Training Procedure

1. Issue MRW commands to write MR32 (first eight bits), MR40 (second eight bits), MR15 (eight-bit invert mask for byte 0),
and MR20 (eight-bit invert mask for byte 1).

In the alternative, this step could be replaced with the default pattern:

MR32 default = 5Ah
MR40 default = 3Ch
MR15 default = 55h
MR20 default = 55h

2. Issue an MPC command, followed immediately by a CAS-2 command.
Each time an MPC command, followed by a CAS-2, is received by the device, a 16-bit data burst will drive the eight
bits programmed in MR32 followed by the eight bits programmed in MR40 on all I/O pins after the currently set RL.
The data pattern will be inverted for I/O pins with a 1 programmed in the corresponding invert mask mode register bit
(see table below).
The pattern is driven on the DMI pins, but no DATA BUS INVERSION function is enabled, even if read DBI is enabled
in the mode register.
The MPC command can be issued every 'CCD seamlessly, and 'RTRRD delay is required between ARRAY READ
command and the MPC command as well the delay required between the MPC command and an ARRAY READ.
The operands received with the CAS-2 command must be driven LOW.

3. DQ
Read DQ calibration training can be performed with any or no banks active during refresh or during self refresh with CKE
HIGH.

Invert Mask Assignments

DQ pin 0 1 DMIO
MR15 bit 0 1 N/A 4

DQ pin 8 9 10 11 DMI1 12 13 14 15
MR20 bit 0 1 2 3 N/A 4 5 6 7
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Read DQ Calibration Training Timing: Read-to-Read DQ Calibration

Note:

1.

Read-1 to MPC operation is shown as an example of command-to-command timing. Timing from Read-1 to MPC
command is ‘RTRRD.

2. MPC uses the same command-to-data timing relationship (RL, 'DQSCK, 'DQSQ) as a Read-1 command.

3. BL =16, Read preamble: Toggle, Read postamble: 0.5nCK.

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

Read DQ Calibration Training Timing: Read DQ Calibration to Read DQ Calibration/Read

Note:

1. MPC[READ DQ CALIBRATION] to MPC[READ DQ CALIBRATION] operation is shown as an example of
command-to-command timing.

2. MPC[READ DQ CALIBRATION] to READ-1 operation is shown as an example of command- to-command timing.

3. MPC[READ DQ CALIBRATION] uses the same command-to-data timing relationship (RL, 'DQSCK, 'DQSQ) as a READ-1
command.

4. Seamless MPC[READ DQ CALIBRATION] commands may be executed by repeating the command every 'CCD time.

5. Timing from MPC[READ DQ CALIBRATION] command to READ-1 is 'RTRRD.

6. BL =16, Read preamble: Toggle, Read postamble: 0.5nCK.

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