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Ordering Information

Operation . Operating
Part Number Mode Voltage Density Speed Package Temperature
LPD- 16Gb 200Ball FBGA . .

PSX4H0B4S-016G DR4X 1.8v/1.1/0.6 (x16, 2 Channel) DDR4 3733 (Lead & Halogen Free) -25°C ~ 85°C

Part Number Naming Rule
1 2 3 4 5 6 7
PS X4 HO B 4 S | L 016G
_

1 PS . Plusetech
2 X4 : LPDDR4 / LPDDR4X
3 HO : Die type: SO =S Die, NO =N Die, HO = H Die
4 B . Data bus width: B = x32
5 4 . Speed: 3 =3200Mbps, 4 =3733Mbps, 5 =4266Mb s
6 S . Operating temperature: A = 0~95°C, G =-40~20°C, S =-25~85°C
7 016G : Density: 08G =8Gb, 016G = 16Gb, 0z'G = 24Gb, 032G = 32Gb

Package : 200Ball FBGA (L cau % Halogen Free)
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Functional Block Diagram
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1. FEATURES

[ LPDDR4X ]

*VDD1 = 1.8V (1.7V to 1.95V)

*VDD2 = 1.1V (1.06V to 1.17V)

*VDDQ = 0.6V (0.57V to 0.65V)

* Programmable CA ODT and DQ ODT with VSSQ termination

* VOH compensated output driver

* Single data rate command and address entry

* Double data rate architecture for data Bus;

- two data accesses per clock cycle

* Differential clock inputs (CK_t, CK_c)

* Bi-directional differential data strobe (DQS_t, DQS_c)

* DMI pin support for write data masking and DBIdc functionality

* Programmable RL (Read Latency) and WL (Write Latency)

* Burst length: 16 (default), 32 and On-the-fly

- On the fly mode is enabled by MRS

* Auto refresh and self refresh supported

* All bank auto refresh and directed per bank auto: retiasn
supported - Auto TCSR (Temperature Compensated Self Peafras))

* PASR (Partial Array Self Refresh) by Bank Mask and Set mcric Mask
* Background ZQ Calibration

Rev 1.0/ Apr 2026 4
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2. Package ballout & Addressing

2.1. FBGA package
2.1.1. 200 balls, 10x15mm2, 10x14.5mm? ,0.8 x 0.65mm pitch
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1 2 3 4 5 6 7 8 9 10 1" 12
200ball LPDDR4 (2CH) only
O LPDDR4 Channel a O Power (VDD1,vDD2,VDDCA,VDDQ,VREF)
O LPDDR4 Channel b Q Ground (VSS,VSSCA,VSSQ)

Notes:

1. 0.8mr> pien (X-axis), 0.65mm pitch (Y-axis), 22 rows

2. Tce Visw, Al in top left corner

2. 0D _CA_[x] balls are wired to ODT_CA)_[x] pads of Rank 0 DRAM die. The ODT input to other rank (if present) will be connected to VSS
i~ the package.

4.2Q2, CKE2_A, CKE2_B, CS2_A, and CS2_B balls are reserved for 3-rank package. For 1-rank and 2-rank package those balls are NC
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0.800 x 11 = 5.800

200 Ball 0.65/0.80mm pitch 10.00mmx14.50mm FBGA [t = 1.00mm max]
0.600 £ 0.100

2.2. Mechanical specification
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2.3. Pin Description

Symbol Type Description

CK_t A CK_c A Input Clock: CK_t and CK_c are differential clock inputs. All address, command,

CK_t B, CK c_B and control input signals are sampled on the crossing of the positive edge of
CK_t and the negative edge of CK_c. AC timings for CA parameters are
referenced to CK. Each channel (A & B) has its own clock pair.

CKE_A Input Clock Enable: CKE HIGH activates and CKE LOW deactivates the intern'o'w

CKE_B clock circuits, input buffers, and output drivers. Power-saving randes!
are entered and exited via CKE transitions.

CKE is part of the command code. Each channel (A & B) has its a»vn CKE
signal.

CS_A Input Chip Select: CS is part of the command code. Each channel (A & B)

CS_ B has its own CS signal.

CA[5:0]_A, Input Command/Address Inputs: Provide the Command and Address

CA[5:0]_B inputs according to the Command Truth ablv. Each channel (A&B)
has its own CA signals.

ODT_CA_A Input CA ODT Control: The ODT_CA p:n 1= used in conjunction with the

ODT_CA B Mode Register to turn on/off *i'.e \)\n-Die-Termination for CA pins.

DQ[15:0]_A, I/O Data Input/Output : Bi-airecton data bus.

DQ[15:0]_B

DQS[1:0]_t_A, 1/0 Read Strobe: DQS_t cn< DQS_c are bi-directional differential output

DQS[1:0]_c_A, clock signals usza “o strobe data during a READ or WRITE. The Data

DQS[1:0]_t_B, Strobe is geneiated by the DRAM for a READ and is edge-aligned with

DQS[1:0]_c_B Data. The Dawx. Strobe is generated by the Memory Controller for a
WRITE and is center aligned with Data. Each byte of data has a Data
Strone tignal pair.

{Eact cliannel (A & B) has its own DQS strobes.

DMI[1:0]_A, I/0 iT);ta Mask Inversion: DMI is a bi-directional signal which is driven

DMI[1:0]_B HIGH when the data on the data bus is inverted, or driven LOW when
the data is in its normal state. Data Inversion can be disabled via a
mode register setting. Each byte of data has a DMI signal. Each
channel (A & B) has its own DMI signals.

ZQ Reference |Calibration Reference: Used to calibrate the output drive strength
and the termination resistance. There is one ZQ pin per die. The ZQ
pin shall be connected to VDDQ through a 240-Q £ 1% resistor.

VDD1, Vi>02, VDDQ |[Supply Power Supplies: Isolated on the die for improved noise immunity.

p/SS GND Ground Reference: Power supply ground reference.

RESET_n Input RESET: When asserted LOW, the RESET pin resets both channels of

the die.

‘Q'.‘ PLUSETECH
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3. Functional Description

LPDDR4-SDRAM is a high-speed synchronous DRAM device internally configured as an 2-channel memory with
8-bank memory per each channel.

These devices contain the following number of bits per die:
4Gb has 4,294,967,296 bits

6Gb has 6,442,450,944 bits

8Gb has 8,589,934,592 bits

12Gb has 12,884,901,888 bits

16Gb has 17,179,869,184 bits

24Gb has 25,769,803,776 bits

32Gb has 34,359,738,368 bits

LPDDR4 devices use multi cycle of single data rate architecture on the Commecnd/Address (CA) bus to
reduce the number of input pins in the system. The 6-bit CA bus contains cc~mund, address and bank
information. Each command uses two clock cycles, during which commrard irformation is transferred on
positive edge of the corresponding clock.

These devices also use a double data rate architecture on the 0Q rins to achieve high speed operation.
The double data rate architecture is essentially an 16n prefetch architecture with an interface designed to
transfer two data bits per DQ every clock cycle at the I/C pirs. 4 single read or write access for the LPDDR4
SDRAM effectively consists of a single 16n-bit wide, oi:e Clck cycle data transfer at the internal DRAM core
and sixteen corresponding n-bit wide, one-half-clc zk-2/Cie data transfers at the I/O pins.

Read and write accesses to the LPDDR4 SDFAMs are burst oriented; accesses start at a selected location
and continue for a programmed number ¢t ¢ ations in a programmed sequence. Accesses begin with the
registration of an Activate command, »»t.ich is then followed by a Read or Write command. The address
and BA bits registered coincident witt, the Activate command are used to select the row and the bank to
be accessed. The address bits reqisiered coincident with the Read or Write command are used to select
the bank and the starting colu:mn 'ocation for the burst access.

Prior to normal operetin.. the LPDDR4 SDRAM must be initialized. The following section provides detailed
information coveri.'\g uavice initialization, register definition, command description and device operation

Rev 1.0/ Apr 2026 8
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3.1. LPDDR4 SDRAM Addressing

Memory Density
(per Die) 4Gb 6Gb 8Gb 12Gb 16Gb
Memory Density 2Gb 3Gb 4Gb 6Gb 8Gb
(per channel)
16 Mb x 16 24 Mb x 16 32 Mbx 16 48Mb x 64 Mb x 16
) . DQ x 8 banks DQ x 8 banks DQ x 8 banks 16DQ x 8 DQ x 8 banks
Configuration x 2 channels X 2 channels X 2 channels banks x 2 X 2 channels
channels ) _;
Numt_aer of Channels 5 5 2 ) )
per die |
Number of Banks 8 8 8 8 8
per Channel ~
Array Pre-fetch (bits, 256 256 256 256 256
per channel) ‘L
Number of Rows per -
16,384 24,576 32,768 49,122 65,536
Channel N\
Number of Columns 64 64 64 a4 64

(fetch boundaries) 4
Page Size (Bytes) 2048 2048 2048 [ 2048 2048

. [
Channel Density 2,147,483,648 | 3,221,225472 | 4,294,967,296 | 6,442,450,944 | 8,589,934,592
(Bits per channel)

Total Density (Bits | 594 967 206 | 6,442,450,044 | £,389,524,592 | 12,884,901,888 | 17,179,869,184

per die) Y
Bank Address BAO - BA2 BAO-BA2 | BAO- BA2 BAO - BA2 BAO - BA2
Row RO—R1¢ | RO - R15
Adresses RO - R13 (R13=0 (vhen RO - R14 (R14=0 when RO - R15
x16 R14=1) R15=1)
Column Co-C9 on- 9 Co-C9 Co-C9 Co-C9
Addresses a
Burst Starting 64-bit | = 64-bit 64-bit 64-bit 64-bit

Address Boundary |

1. The lower two column addresses (C0-C1) & e assumed to be “zero” and are not transmitted on the CA bus.

2. Row and Column address values o the CA bus that are not used for a particular density are “don't care.”

3. For non-binary memory dens.tis, ai.ly half of the row address space is valid. When the MSB address bit is "HIGH”, then the MSB-1
address bit must be “LOW”".
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3.2. Simplified 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.

Figure - Simplified State Diagram

Automatic sequence
_——)

Command segue e
Power-on From any state Reset n =L N

MPC
based
training

Per hank

MPC MPC
based Self \¢ = based
training Refresh SRX 4 training

MPC

Per bank

PRE(A) = Precharge (/ul)
ACT = Activate
WR(A) = Write fwit!. auto precharge)
MWR(A) = Maske. Wr,*e
(wiin auv> precharge)
RD(A) = Re=d wit 1 auto precharge)
MRW = Mad: Pegister Write
MRR = Mou: ikegister Read
PDF = Pov.2r Down Entry
PDX = Power Down Exit
SPZ= = Self Refresh Entry
SP* = Self Refresh Exit
~EF = Refresh
MPC = Multi Purpose Command

with auto-
precharge
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Figure - Simplified Bus Interface State Diagram

a) FIFO based Write/Read Timing b) Read DQ Calibration
Automatic seguenc%
mman N M
MPC —HPC 1 MPC
MPC
——=»| based —P
training
¢) ZQ Cal Start ¢) ZQ Cal Latch
——
|
ool
MpC { — I VT ZLQCaI ——>
atch
Notes:
1. From the Self-Refresh state the device can enter Power-Down, MRR, MRV'. or MPC states. See the section on Self-Refresh for more
information.

2. In IDLE state, all banks are pre-charged.

3. In the case of a MRW command to enter a training mode the -tate machine will not automatically return to the IDLE state at the
conclusion of training. See the applicable training section foi ~.ore information.

4. In the case of a MPC command to enter a training mod.. thc state machine may not automatically return to the IDLE state at the
conclusion of training. See the applicable training section for 1:.cre information.

5. This simplified State Diagram is intended to provide aa overview of the possible state transitions and the commands to control them. In
particular, situations involving more than one kink, t1e enabling or disabling of on-die termination, and some other events are not
captured in full detail.

6. States that have an “automatic return” axd -an »e uccessed from more than one prior state (Ex. MRW from either Idle or Active states)
will return to the state from when they »+=rc initiated (Ex. MRW from Idle will return to Idle).

7. The RESET_n pin can be asserted from any state, and will cause the SDRAM to go to the Reset State. The diagram shows RESET applied
from the Power-On as an example, but the Diagram should not be construed as a restriction on RESET_n.

11
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3.2.1. Power-up and Initialization

For power-up and reset initialization, in order to prevent DRAM from functioning improperly, default values of the following
MR settings are defined as following table.

Table - MRS defaults settings

Item MRS Default setting Description |
FSP-OP/WR MR13 OP[7:6] 00B FS-OP/WR[0] are enabled 1
WLS MR2 OP[6] 0B Write Latency Set 0 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 & Read DBI are \lisabled
CA ODT MR11 OP[6:4] 000B CA ODT is disc5ied
DQ ODT MR11 OP[2:0] 000B DQ ODT = ~isabled
Vref(ca) Setting MR12 OP[6] 1B Vref(co) Ronge[1] enabled
Vref(ca) value MR12 OP[5:0] 011101B Raiael: 50.4% of VDDQ
Vref(DQ) MR14 OP[6] 1B " ef(DQ) Range[1] enabled
Setting
Vref(DQ) Value MR14 OP[5:0] 011101B [ Rangel: 50.4% of VDDQ

3.2.1.1. Voltage Ramp and Device Initialization
The following sequence shall be used to power up the LPDDR4 de. ice. ' Inless specified otherwise, these steps are mandatory.
Note that the power-up sequence of all channels must proceed sinulaneously.

1. While applying power (after Ta), RESET_n is recommendez tu be LOW (<0.2 x VDD2) and all inputs must be between
VILmin and VIHmax. The device outputs remain at kigh-7 while RESET_n is held LOW. Power supply voltage ramp
requirements are provided in Table "Voltage Ramp Conitions". VDD1 must ramp at the same time or earlier than
VDD2.

VDD2 must ramp at the same time or earlier chcn VODQ.

~J2ble - Voltage Ramp Conditions
After... Applicable Conditions
VDD1 must be greater than VDD2

VDD2 must be greater than VDDQ - 200mV

Ta is reached N

Note:
Ta is the point when any po'. > supp. - f. st reaches 300mV.
Voltage ramp conditions in above “able apply between Ta and power-off (controlled or uncontrolled).

1.
2.
3. Tbis the point at whick Il supply and reference voltages are within their defined ranges.
4. power ramp duration TNITu (Tb-Ta) must not exceed 20ms.

5.

The voltage diffc rence between any of VSS and VSSQ pins must not excess 100mV.

2. Following the completion of the voltage ramp (Tb), RESET_n must be maintained LOW. DQ, DMI, DQS_t and DQS_c
voltzge levels must be between Vssq and Vddqg during voltage ramp to avoid latch-up. CKE, CK_t, CK_c, CS_n and CA
input levels must be between Vss and VDD2 during voltage ramp to avoid latch-up.

3. Beginning at Tb, RESET_n must remain LOW for at least tINIT1(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".

Rev 1.0/ Apr 2026 12
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Figure - Power Ramp and Initialization Sequence
Ta Tb Tc Td Te Tf Tg Th Ti T Tk

Reset : Initialization : H H : i Training
> - - - ' L
tIN]T4 StCK(mln)

|

i tINITO :
 720ms(max) | tINITl 200us(m|n)

Supplies

Reset_n

ﬂk

oUW
o |
DQs Q (ﬁ \

: ; i tZQCAL 170l LAt
HNITS:ZUS(@H) §=1ms(min) : —max(30n5 BiCK)(mln)

q—b—

Note
1. Training is optional and may be done at the system architects discretion. The training sequence after ZQ_CAL Latch(Th, Sequence7~9)
in the above figure, is simplified recommendation and actual training seauenca 1-.ay vary depending on systems.

4. After RESET_n is de-asserted(Tc), wait at least tINIT3 befar. activating CKE. Clock(CK_t,CK_c) is required to be
started and stabilized for tINIT4 before CKE goes active(Td). C is required to be maintained LOW when controller
activates CKE.

5. After setting CKE high, wait minimum of tINITS5 to issuc-any MRR or MRW commands(Te). For both MRR and MRW
commands, the clock frequency must be within the -ange defined for tCKb. Some AC parameters (for example, tDQSCK)
could have relaxed timings (such as tDQSCK") L =fo e the system is appropriately configured.

6. After completing all MRW commanrzas 0 set the Pull-up, Pull-down and Rx termination values, the DRAM controller
can issue ZQCAL Start command t¢ the memory(Tf). This command is used to calibrate VOH level and output
impedance over process, voltac~ and temperature. In systems where more than one LPDDR4 DRAM devices share one
external ZQ resistor, the contri'ler must not overlap the ZQ calibration sequence of each LPDDR4 device. ZQ calibration
sequence is completed afte- V.QCAL (Tg) and the ZQCAL Latch command must be issued to update the DQ drivers
and DQ+CA ODT to tne -aliorated values.

7. After tZQLAT i: satisfied (Th) the command bus (internal VREF(ca), 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 VVR=F und align CS/CA with CK for high-speed operation. The LPDDR4 device will power-up with receivers
configureu for low-speed operations, and VREF(ca) set to a default factory setting. Normal device operation at clock
specds higher than tCKb may not be possible until command bus training has been completed.

TkZ zommand bus training MRW command uses the CA bus as inputs for the calibration data stream, and outputs the
rusults asynchronously on the DQ bus. See command bus training in the MRW section for information on how to enter/
exit the training mode.

13
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8. After command bus training, DRAM controller must perform write leveling. Write leveling mode is enabled when
MR2 OP[7] is high(Ti). See write leveling section for detailed description of write leveling entry and exit sequence. In
write leveling mode, the DRAM controller adjusts write DQS_t/_c timing to the point where the LPDDR4 device
recognizes the start of write DQ data burst with desired write latency.

9. After write leveling, the DQ Bus (internal VREF(dq), DQS, and DQ) should be trained for high-speed operation using
the MPC training commands and by issuing MRW commands to adjust VREF(dq)(Tj). The LPDDR4 device will power-
up with receivers configured for low-speed operations and VREF(dq) set to a default factory setting. Normal device
operation at clock speeds higher than tCKb should not be attempted until DQ Bus training has been completed. The
MPC Read Calibration command is used together with MPC FIFO Write/Read commands to train DQ bus :ithcul
disturbing the memory array contents. See DQ Bus Training section for detailed DQ Bus Training sequence.

10.At Tk the LPDDR4 device is ready for normal operation, and is ready to accept any valid command. Any more
registers that have not previously been set up for normal operation should be written at this time.
Table - Initialization Timing Parameters

Parameter . Value Unit Comment
Min Max
tINITO 20 ms |Maximum Voltage Ramp Timc N
tINIT1 200 us |Minimum RESET_n LOW ‘ime after completion of voltage ramp
tINIT2 10 ns Minimum CKE LOW tm~ L_=f6re RESET_n goes HIGH
tINIT3 2 ms | Minimum CKE LGW time after RESET_n goes HIGH
tINIT4 5 tCK | Minimum sta: e ik before first CKE HIGH
tINITS 2 us |Minimun. icie time before first MRW/MRR command
tZQCAL 1 us |ZQ Calitretion time
tZQLAT | Max(30ns.8tCK) ns |20CA atch quite time
tCKb Note 1, 2 Note 1, 2 ns |Clock cycle time during boot

Notes
1. Min tCKb guaranteed by DRAM test is 18ns.
2. The system may boot at a higher frequency tha ditati.d by min tCKb. The higher boot frequency is system dependent

3.2.1.2. Reset Initialization wiu: Ctable Power

The following sequence is requireu ror RESET at no power interruption initialization.

1. Assert RESET_n below 0.2 x vDL2 anytime when reset is needed. RESET_n needs to be maintained
for minimumtPW_RESET  CKL must be pulled LOW at least 10 ns before de-asserting RESET_n.

2. Repeat steps 4 5 10 in "Voltage Ramp and Device Initialization" section.
Table - Reset Timing Parameter

P tor - Yalue Unit C t
arametcr ni ommen
Min | Max
tPW_REZET | 100 - ns Minimum RESET_n low time for Reset Initialization with stable power

S z.2. Power-off Sequence

3.2.2.1. Controlled Power-off

The following procedure is required to power off the device.

While powering off, CKE must be held LOW (<0.2 X VDD2) and all other inputs must be between VILmin and VIHmax.
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 VDDQ during voltage ramp to avoid latch-up. RESET_n, CK_t, CK_c, CS and CA input levels must
be between VSS and VDD2 during voltage ramp to avoid latch-up.

Rev 1.0/ Apr 2026 14
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Tx is the point where any power supply drops below the minimum value specified.
Tz is the point where all power supplies are below 300mV. After TZ, the device is powered off.

Table - Power Supply Conditions for Power-off
Between... Applicable Conditions
VDD1 must be greater than VDD2

VDD2 must be greater than VDDQ - 200mV
Note: The voltage difference between any of VSS, VSSQ pins must not exceed 100mV

TX and TZ

3.2.2.2. Uncontrolled Power-off Sequence
When an uncontrolled power-off occurs, the following conditions must be met:

At Tx, when the power supply drops below the minimum values specified, all power supplies must k< furneu off and all power
supply current capacity must be at zero, except any static charge remaining in the system.

After Tz (the point at which all power supplies first reach 300mV), the device must power ot:.-During this period the

relative voltage between power supplies is uncontrolled. VDD1 and VDD2 must decreasc with a slope lower than 0.5V/
ps between Tx and Tz.

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

Table - Timing Parameters for v r-off

Value

Symbol Min Max Unit Comment

tPOFF 2 S Maxiriun. Power-off ramp time

3.3. Mode k-<gister Definition

Table be'cw shows the mode registers for LPDDR4 SDRAM. Each register is denoted as "R" if it can be read
but not written, "W" if it can be written but not read, and "R/W" if it can be read and written. A Mode

Reaicter Read command is used to read a mode register. A Mode Register Write command is used to write
o mode register.

Table. Mode Register Assignment

MR#

MA
<5:0> Function Access oP7 OP6 OP5 OoP4 oP3 oP2 OP1 OoPO Link

i)
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0 00H Device Information R |Reserved RFU RZQI RFU Latency | Refresh | o,
Mode Mode
) RD- WR-
1 01H Device Feature 1 W RPST nWR (for AP) PRE PRE BL MR1
2 02H Device Feature 2 W WR Lev WLS WL RL MR2
. DBI- DBI-
3 03H 10 Configuration 1 w WR RD PDDS PPRP WR-PST PU-CAL MR3
4 04H Refresh Rate R/W TUF Thermal Offset PPRE SR Abort Refresh Rate MR4
5 05H Basic Configuration 1 R LPDDR4 Manufacturer ID MRE J
6 06H Basic Configuration 2 R Revision ID-1 MR6
7 07H Basic Configuration 3 R Revision ID-2 M7
8 08H Basic Configuration 4 R 10 Width Density l Type | M8
9 09H Test Mode W Vendor Specific Test Mode MR9
10 0AH ZQ Reset W RFU ‘ <9 Reset MR10
11 0BH ODT Feature w DQ ODT-nt CA ODT | DQ oDT-nt | DQ ODT MR11
12 OCH VREF(ca) RO R/W Mi'i VR-CA VREF(ca) MR12
13 0DH Functional options w FSP-OP | FSP-WR DMD ‘ RRO ‘ VRCG ‘ VRO | RPT ’ CBT  |MR13
14 OEH VREF(dq) R/W RFU VR(dq) VREF(dq) MR14
15 OFH Invert Register 0 W Lower Byte Invert for DQ Calibration = MR15
16 10H PASR Bank W PASR Bank Mask N MR16
17 11H PASR Segment w PASR Segment Mask MR17
18 12H DQS Oscillator 1 R DQS Oscillator Covit - !'SB MR18
19 13H DQS Oscillator 2 R DQS Oscillator Cotine - MS3 MR19
20 14H Invert Register 1 W Upper Byte Invei. for O( Calibration MR20
21 15H Vendor Specific N/A __RFU MR21
2 16H SOC ODT Feature w ODTD for x8_2ch ODTD-CA | ODTL CS . ODTE-CK SOC ODT MR22
(Byte) mode -
23 17H DQS Oscillator Run Time w DQS Osvilator Tnterval Timer Run Time Setting MR23
24 18H TRR RIW TRR TRR Bank Alrzss ‘ U-MAC ‘ MAC Value MR24
25 19H PPR Resource R B jo;t Package Repair Resources MR25
26 1AH RFU N/A all) Reserved for Future Use MR26
27 1BH RFU N/A Reserved for Future Use MR27
28 1CH RFU N/A Reserved for Future Use MR28
29 1DH RFU N/A Reserved for Future Use MR29
30 1EH RFU N/A \ Reserved for Future Use MR30
31 1FH RFU N/A A N Reserved for Future Use MR31
32 20H DQ Calibration w See "DQ Calibration” section MR32
- Pattern A i
MA |
MR# | <5:0~ | Function Access oP7 OoP6 OP5 OoP4 oP3 oP2 OoP1 OoPO Link
N\
33:36 |21F:24Ad DNU N/A Do Not Use
37 J__ZSH_ TRR R/W RFU VDDQ Level MR37
38.79 | 26H:27H DNU N/A Do Not Use
I_ \ DQ Calibration
| 40 28H - Pattern B w See “DQ Calibration” section MR40
41:47 | 29H:2FH DNU N/A Do Not Use
48:63 | 30H:3FH RFU N/A Reserved for Future Use
1. RFU bits should be set to ‘0’ during mode register writes
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2. RFU bits should be read as ‘0’ during mode register reads

3. All mode registers that are specified as RFU or Write-only shall return undefined data when read and DQS_t/DQS_c shall be toggled
4. All mode registers that are specified as RFU shall not be written

5. See vendor device datasheet for details on vendor-specific mode registers

6. Writes to Read-only registers shall have no effect on the functionality of the device

3.3.1. MRO Register Information (MA[5:0] = 00H)

OP[7] OP[6] ’ OP[5] OP[4] ‘ OP[3] OP[2] OP[1] OP[0]
Latency Refresh
Reserved RFU RZQI RFU Mode Mode
Register
Function Type Operand Data Notes
0B: Both legacy & modified refresh mode
Refresh Mode OP[0] supported
1B: Only modified refresh mode supported
0B: Device supports normal latency
Latency Mode OP[1] 1B: Device supports byte mode latency 6,7
Read-only 00B: RZQ Self-Test Not Suppf.ted_
01B: ZQ pin may connect t> V.% or foat
RZQIL 10B: ZQ-pin may short-to VoL 9
(Built-in Self-Test for OP[4:3]  |11B: zQ-pin Self-Test Lampleted, no error| 1234
RZQ) condition detecteu (Z\)-pir rnay not connect to
VDD2 or float, nc: shcrt o VSS)

Notes:

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

a. Completion of MPC ZQCAL Start command to either channel.

b. Completion of MPC ZQCAL Latch command to either channel i.en “ZQLAT is satisfied. RZQI value will be lost after Reset.

2. If the ZQ-pin is connected to VSSQ to set default calibration, ZrP|- :3] shall be set to 01B. If the ZQ-pin is not connected to VSSQ, either
OP[4:3] = 01B or OP[4:3] = 10B might indicate might incicatc a ZQ-pin assembly error. It is recommended that the assembly error is
corrected.

3. In the case of possible assembly error, the LPDDR4 -SDRAM device will default to factory trim settings for RON, and will ignore ZQ
Calibration commands. In either case, the device . 2ay .\ ot function as intended.

4. If ZQ Self-Test returns OP[4:3] = 11B, the deviL> has detected a resistor connected to the ZQ-pin. However, this result cannot be used
to validate the ZQ resistor value or that t.e .7Q r 2siscor tolerance meets the specified limits (i.e. 240Q + 1%).

5. CATR functionality may not provide right intcrmation whether CA termination is turned on or not. However, CA termination is required to
be decided with the combination of My'22 OP[5] and MR11 OP[6:4] which shows CA ODT values. It is recommended for user to have
CATR information with the combinctior, ODT_PAD and MR11 OP[6:4]. MRO OP[7] indicate 1'B only when MR22 OP[5] is high and MR11
OP[6:4] is not 000'b.

6. For the byte mode LPDDR4 SuRAM device, longer latency is required. The LPDDR4 SDRAM device will set MRO OP[1]=1 to indicate which
latencies are supported. €22 ze~don for byte-mode latency for the details.

7. Devices not intender’ to = combined with byte mode devices are not required to support byte mode latency.

3.3.2. MR1 Registor Information (MA[5:0] = 01H)

' oP[7] op[s]\ op[s]\ or[4]| opP[3]| op[2]| oP[1] | oP[0]
RPST nWR (for AP) RD- WR- BL
PRE PRE
Function Register Operand Data Notes
Type

00B: BL=16 Sequential (default)
BL 01B: BL=32 Sequential
(Burst Write-only | OP[1:0] |10B: BL=16 or 32 Sequential (on- 1,5,6
Length) the-fly)

All Others: Reserved
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WR-PRE 0B: Reserved
(WR Pre- OP[2] 1B: WR Pre-amble = 2nCK (default) 56
amble !
Length)
RD-PRE 0B: RD Pre-amble = Static (default)
(RD Pre- OP[3] 1B: RD Pre-amble = Toggle 356
amble !
Type)

000B: nWR = 6 (default)
nWR 001B: nWR = 10
(Write- 010B: nWR = 16
Recovery . 011B: nWR = 20
for Auto OP[6:4] 100B: nWR = 24 2,56
Precharge 101B: nWR = 30
commands) 110B: nWR = 34

111B: nWR = 40
RPST 0B: RD Post-amble = 0.5*tCK
(RD Post- (default)
amble OPL7] 1B: RD Post-amble = 1 5*tCK 45,6
Length) A

1. Burst length on-the-fly can be set to either BL=16 or BL=32 by setting the "BL” L+ in L.ie command operands. See the Command

Truth Table.

2. The programmed value of nWR is the number of clock cycles the LPDDR4-SLRAI 1 uevice uses to determine the starting point of an
internal Pre-charge operation after a Write burst with AP (auto-pre-charge! ei.c_led. See Table, “Frequency Ranges for RL, WL, and
nWR Settings” later in this section

3. For Read operations this bit must be set to select between a “togglir.x" \. ve-amble and a “"Non-toggling” pre-amble. See the pre-amble
section for a drawing of each type of pre-amble.

4. OP[7] provides an optional READ post-amble with an additional ri;ing and falling edge of DQS_t. The optional postamble cycle is
provided for the benefit of certain memory controllers.

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 FSP-WR bit (MR13 OP[6]) will be written to with an MRW command to this MR address.

6. There are two physical registers assigned to each it »f this MR parameter, designated set point 0 and set point 1. The device will
operate only according to the values stored in t'ie 1 ~gis ers for the active set point, i.e., the set point determined by the state of the
FSP-OP bit (MR13 OP[7]). The values in the ic.tere. for the inactive set point will be ignored by the device, and may be changed
without affecting device operation.

3.3.2.1. Burst Sequuace

Table - Burst Sequence for Read
Burst Cycle Number and Burst Address Sequence

Burst 1Burst| | - lalet |co

Length | Type | 112(3|4|5|6|7|8]|9(10|11(12|13(14|15|16|17(18|19(20|21(22|23(24|25(26|27(28|29|30|31(32

™

of(ojofo0oj0|1{2|3(4|5|/6|7(8|9|A|B|C|D|E|F

6 | SEQ

<| <| <
-
o
o
o
[ee]
e}
>
[o¢]
(@]
o
m
M
o
-
N
w
BN
(4,
[e)}
~N

o
o
o
o
o
—
N
N
;]
<)
©

o
o
—_
o
i
wu
>
lw)

N m| >

m
ul

10(11|12(13|14|15|16|17[18|19|1A|1B|{1C|1D|1E|1F
1411516 17|18 |19|1A|1B|1C|1D|1E|1F|10 (11|12 |13

32 | SEQ

Ao O
w|~|O
N
w
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ofi1|{1(0|0O|C|D|E|F|O|1|2|3|4|5|6|7|8|9|A|B|1C|1ID|1E|1F|[10|11|12|13{14|15(/16|17(18|19|1A|1B
1/{0|0[0|0(10|11{12|13|14|15|16|17|18|19|1A|1B|1C|ID|1E|1F|0|1|2|3|4|5|6|7|8|9|A|B|C|D|E|F
1{0|1[0|0(14|15(16|17|18|19|1A|1B|1C|1D|1E|1F|10|11(12|13|4|5|6|7|8 |9 |A|B|C|[D|E|F|O0|1]|2|3
1{1|/0[0|0(18|19|1A|1B|1C|1D|1E|1F|10|11|12|13|14|15(16|17|8 |9 |A|B|C|D|E|F|0|1]|2|3|4|5]|6|7
1({1|1(0|0(1C|1ID|1E|1F|10|11|12|13|14|15|16|17|18|19|1A|1B|C|D|E|F|0|1|2[3|4|[5|6|7|8|9|A|B
Table - Burst Sequence for Write

Burst Cycle Number and Burst Address Sequence 7|
Lzlfj‘gstth ?':rPS; C4|G3|Cajctco 112|13|4|5|6|7|8[9(10(11|12({13(14({15(16|17(18|19(20|21|22|23|24|25|26|27|28 29|3¢|31;
e

16 |SEQ|(v|0|0|0O[0O|Of1]|2|3|4|5|6|7|8|9|A|B|C|D|E|F |
32 SEQOOOOOO123456789ABCDEF10111213141516171819A1B!1C1D1E1F

1. C1:CO input is not present on CA bus. It is implied zero.
2. The starting burst address is on 64-bit (4n) boundaries.
3. C2-C3 for BL16 and C2-C4 for BL32 shall be set to ‘0’ for all Write operations.

3.3.3. MR2 Register Informatiorn (}MA[5:0] = 02H)
opP[7] | oP[£! | wP[5] | OP[4] | OP[3] [ oP[2] | oP[1] [ OP[0]

WR LS WL RL
Lev r~
Standard LPDDR4
Function R Operand Data Notes
Type
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RL
(Read latency)

WL
(Write latency)

WLS
(Write latency set)

WR Lev

(Write Leveling)

Write only

OP[2:0]

DBI Disable (MR3 OP[6]=0B)

000B:
001B:
010B:
011B:
100B:
101B:
110B:
111B:

000B:
001B:
010B:
011B:
100B:
101B:
110B:
111B:

RL= 6 & nRTP = 8 (Default)
RL= 10 & nRTP = 8

RL= 14 & nRTP = 8

RL= 20 & nRTP = 8

RL= 24 & nRTP = 10

RL= 28 & nRTP = 12

RL= 32 & nRTP = 14

RL= 36 & nRTP = 16

DBI Enable (MR3 OP[6]=1B)

RL=6 & nRTP =8
RL= 12 & nRTP = 8
RL= 16 & nRTP = 8
RL= 22 & nRTP = 8
RL= 28 & nRTP = 10
RL= 32 & nRTP = 12
RL= 36 & nRTP = 14
RL= 40 & nRTP = .o

124

OP[5:3;

000B:
001B:
010B:
011B:
100B

101k:
|11JB:
[111B:

Set “A” (MR2 OP[€=%B)

WL=4 (Defaul}
WL=6
WL=C
WL=12
Wi=12
=14
WL=16
WL=18

|Set “B” (MR2 OP[6]=1B)

000B
001B
010B
011B
100B
101B
110B
111B

: WL=4

: WL=8

:WL=12
: WL=18
: WL=22
: WL=26
: WL=30
: WL=34

1,3,4

OP[6]

0B: WL Set “A” (default)
1B: WL Set “B”

1,34

OP[7]

0B: Disabled (default)
1B: Enabled

1. 5e: Latency Code Frequency Table for allowable frequency ranges for RL/WL/nWR/nRTP.
2 After a MRW to set the Write Leveling Enable bit (OP[7]=1B), the LPDDR4-SDRAM device remains 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 operand, 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.
4. There are two physical registers assigned to each bit of this MR operand, 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, i.e., 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 operation.

Rev 1.0/ Apr 2026
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3.3.3.1. Read and Write Latencies (Frequency Ranges for RL, WL, and nWR Settings)

Read Latency Write Latency Freq. limit Freq. limit
nWR | nRTP (Same or less Notes
NoDBI | w/DBI | Set“A” | Set"“B” (Greater than) than)
6 6 4 4 6 8 10 266
10 12 8 10 8 266 533
14 16 12 16 8 533 800
20 22 10 18 20 8 800 1066 2,04
24 28 12 22 24 10 1066 1333 2,6
28 32 14 26 30 | 12 1333 1600 |
32 36 16 30 34 14 1600 1866
36 40 18 34 40 16 1866 2133 ]
nCK nCK nCK nCK | nCK | nCK MHz Mrz
Notes: =

1. The LPDDR4-SDRAM device should not be operated at a frequency above the Upper Frequency Lunit, or below the Lower Fre-quency

Limit, shown for each RL, WL, nRTP, or nWR value.

2. DBI for Read operations is enabled in MR3-OP[6]. When MR3-OP[6]=0, then the “No 81" 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" is determined by MR2-OP[6]. When MR2-OP[6]=0, *.i.on write Latency Set “A” should be used. When

MR2-OP[6]=1, then Write Latency Set “B” should be used.

4. The programmed value of nWR is the number of clock cycles the LPDDR4-SDR\M device uses to determine the starting point of an

internal Pre-charge operation after a Write burst with AP (auto-pre-charg~) enchlcd. It is determined by RU(tWR/tCK).

5. The programmed value of nRTP is the number of clock cycles the LPLDR--SDRAM device uses to determine the starting point of an

internal Pre-charge operation after a Read burst with AP (auto-pre-chiorge) 2nabled. It is determined by RU(tRTP/tCK).
6. NnRTP shown in this table is valid for BL16 only. For BL32, the SDRAI. wi.! add 8 clocks to the nRTP value before starting a pre-charge.

3.3.4. MR3 Register Information (MA[5:0] = 93H)

op[71 | oP[6] | OP[5] | vP[4] | OP[3]| OP[2] | OP[1] | OP[0]
DBI- DBI- PODS PPRP | WR- PU-
WR RD fa PST CAL
Function Register Operand Data Notes
Type
PU-CAL B: VDDQ¥0.
v-c - . OP[0] 0 Q0.6 1,4
(Pull-up Calibration Point) Write onl 1B: VDDQ*0.5 (default)
WR-PST y op[1] |03 WR Post-amble = 0.5%tCK 535
(Write Post-amble length) (default) =
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1B: WR Post-amble = 1.5*%tCK
(Vendor Specific)
Post Package Repair OP[2] 0B: PPR Protection Disabled (Default) 6
Protection 1B: PPR Protection Enabled
000B: RFU
001B: RZQ/1
010B: RZQ/2
PDDS ) 011B: RZQ/3
(Pull-down Drive Strength) OP[5:3] 100B: RZQ/4 1,23
101B: RZQ/5 |
110B: RZQ/6 (default) |
111B: Reserved
DBI-RD 0B: Disabled (default) .
(DBI-Read Enable) OPI6] | 18: Enabled 23
DBI-WR 0B: Disabled (default)
(DBI-WR Enable) OP[7] 1B: Enabled 2.3

|"

1. All values are “typical”. The actual value after calibration will be within the specified tolerance fui 2 given voltage and temperature. Re-
calibration may be required as voltage and temperature vary.

2. There are two physical registers assigned to each bit of this MR parameter, designated se puint u 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 t. witn arr MRW command to this MR address.

3. There are two physical registers assigned to each bit of this MR parameter, designated .t ,v.int 0 and set point 1. The device will operate
only according to the values stored in the registers for the active set point, i.e., thc et 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 ignore 1 by the device, and may be changed without affecting
device operation.

4, PU-CAL setting is required as the same value for both Ch.A and Ch.B befo,2 .G AL start command.

. Plusetech 8Gb LPDDRdbesn't require 1.5*tCK apply => 1.6GHz cloc'..

6. If MR3 OP[2] is set to 1b then PPR protection mode is enabled. The P:* P:otection bit is a sticky bit and can only be set to Ob by power
on reset. MR4 OP[4] controls entry to PPR Mode. If PPR protection is enabled then DRAM will not allow writing of 1 to MR4 OP[4].

(6,

3.3.5. MR4 Register Information (MA[5:0] = 0“%d)
oP[7] | op[6] | oP[5] | oP[4]1| OP[3]| OP[2]| OP[1]| OP[0]

TUF Thermal Offset ' PPRE |SR Refresh Rate
Abort

———
[ Function
IS

Register Type Operand Data Notes
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000B: SDRAM Low temperature operating limit exceeded

001B: 4x refresh

010B: 2x refresh

. 011B: 1x refresh (default) 1,2,3,4,

Refresh Rate Read OP[2:0] 100B: 0.5x refresh 78,9

101B: 0.25x refresh, no-rating

110B: 0.25x refresh, with de-rating |

111B: SDRAM High temperature operating limit exceeded | -

. 0B: Disabled (default)
Self Refresh Abort Write OP[3] 1B: Enabled R 9
PPRE 0B: Exit PPR mode (default)
. . : Exi mode (defau

(Post pac.kage repair Write OP[4] 1B: Enter PPR mode 5,9
entry/ exit)

00B: No offset, 0-5°C gradient (default)

01B: 5°C offset, 5-10°C gradient
Thermal Offset Write OP[6:5] gradi .

10B: 10°C offset, 10-15°C gradient

11B: Reserved NN\
TUF 0B: No change in OP[2:0] sirce 'ast R4 read (default)
(Temperature Update Read OP[7] 1B: Change in OP[2:0] sinc> 'ast-MR4 read 6,7,8
Flag)

1. The refresh rate for each MR4-OP[2:0] setting applies to tREFI, tREFIpb, and tRF.i'W. 'f OP[2]=0B, the device temperature is less or equal
to 85'C. Other values require either a longer (2x, 4x) refresh interval at lower ten peratures, or a shorter (0.5x, 0.25x) refresh interval at
higher temperatures. If OP[2]=1, the device temperature is greater than {5'C.

2. At higher temperatures (>85'C), AC timing de-rating may be required. 7/ de- -ating is required the LPDDR4-SDRAM will set OP[2:0]=110B.
See de-rating timing requirements in the AC Timing section.

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

4. The device may not operate properly when OP[2:0]=000R ¢ *%13.

5. Post-package repair can be entered or exited by writing to OP[1].

6. When OP[7]=1, the refresh rate reported in OP[2:0] has charig=d since the last MR4 read. A mode register read from MR4 will reset OP[7]
to'0".

7. OP[7]=0 at power-up. OP[2:0] bits are undefiner at . wer-up.

8. See the section on “Temperature Sensor” for im armcticn on the recommended frequency of reading MR4.

9. OP[6:3] bits are that can be written in th's rxgis er. All other bits will be ignored by the DRAM during a MRW to this register

3.3.6. MR5 Register Info:.mation (MA[5:0] = O5H)
oP[7] | »2[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[O]
LPDDR4 Manufacturer ID

Register
~ Type
L"L™R ¥ Manufacturer ID Read-only OP[7:0] |00000110B : Plusetech

Fuaction Operand Data Notes

2.3.7. MR6 Register Information (MA[5:0] = 06H)
oP[7] | op[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[0]
Revision ID-1
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Function Register Operand Data Notes
Type
- ) 00000000B: A-version
LPDDR4 Revision ID-1 Read-only OP[7:0] 00000001B: B-version 1

1. Please contact Plusetech office for MR&ode for this device.

3.3.8. MR7 Register Information (MA[5:0] = 07H)
oP[7] | oP[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[0]

Revision ID-2
Function SRS Operand Data Notes
. 00000000B: A-version "N
LPDDR4 Revision ID-1 Read-only OP[7:0] 00000001B: B-version 1

1. Please contact Plusetech office for MRZode for this device.

3.3.9. MR8 Register Information (MA[5:0] = 08H)

oP[7] | oP[6] | OP[5] | OP[4] | OP[3] | %#[2; [ OP[1] [ OP[O]
10 Width Density Type

Register Type

Function Operand Data Notes

(0B: S*6 SDRAM (16n pre-fetch)

Type OP[1:0] 01:2: Low VDDQ(0.6V) Support

All Others: Reserved

0000B: 4Gb per die (2Gb per channel)
0001B: 6Gb per die (3Gb per channel)
0010B: 8Gb per die (4Gb per channel)

) Read-only 0011B: 12Gb per die (6Gb per channel)
Density | OPIS:21 1 6100B: 16Gb per die (8Gb per channel)
0101B: 24Gb per die (12Gb per channel)
0110B: 32Gb per die (16Gb per channel)
All Others: Reserved

00B: x16 (per channel)

All Others: Reserved

10 Width OP[7:6]
[

2.2.10. MR9 Register Information (MA[5:0] = 09H)
oP[7] | oP[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[0]
Vendor Specific Test Register

1. Only 00H should be written to this register.
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3.3.11. MR10 Register Information (MA[5:0] = 0AH)
oP[7] | oP[6]| OP[5]1| oP[4]1| oP[3]| OP[2]| OP[1]| OP[0]

RFU ZQ Reset
Function RE BN 2 Operand Data Notes
. OB: Normal Operation (Default)
ZQ Reset Write-only OP[0] 1B: ZQ Reset 1,2

1. See the AC Timing tables for calibration latency and timing

2. If the ZQ-pin is connected to VDDQ through RZQ, either the ZQ calibration function or default calibration (via ZQ-Res~t) is sun-ported.
If the ZQ-pin is connected to VSS, the device operates with default calibration, and ZQ calibration commands are ig.or<d. In both
cases, the ZQ connection shall not change after power is applied to the device.

3.3.12. MR11 Register Information (MA[5:0] = OBH)

OP[7] op[6] | oP[5]1| OoP[4] | OP[3] OP[2]| 2P[1]| OP[0]
DQ ODT-nt DQ ODT-nt 2Q
CADT oot
Function Register Operand Data Notes
Type
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000B: Disable (Default)
001B: RZQ/1

010B: RZQ/2

011B: RZQ/3

100B: RZQ/4

101B: RZQ/5

110B: RZQ/6

111B: RFU

00B: Disable (Default)
01B: RZQ/3

10B: RZQ/5

11B: RZQ/6

0000B: Disable (Default)
0001B: RZQ/1 [
0010B: RZQ/2
0011B: RZQ/3
0100B: RzQ/4
0101B: RZQ/5
0110B: RZQ/6
0111B: RFU

1. All values are “typical”. The actual value after calibration will be within the spe_ fieu tolerance for a given voltage and temperature.
Re-calibration may be required as voltage and temperature vary.

2. There are two physical registers assigned to each bit of this MR paramete-, desiqi.ated 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[£]) wi! be written to with an MRW command to this MR address.

3. There are two physical registers assigned to each bit of this MR parc.cter, designated set point 0 and set point 1. The device will
operate only according to the values stored in the registers for the # tive set point, i.e., the set point determined by the state of the
FSP-OP bit (MR13 OP[7]). The values in the registers for the ina.rive set point will be ignored by the device, and may be changed
without affecting device operation.

4. ODT for non-target DRAM is optional.

DQ ODT
(DQ Bus Receiver On-Die- OP[2:0]
Termination)

1,2,3

DQ ODT-nt Write-only | OP[7,3] 1,2,3,4

CA ODT
(CA Bus Receiver On-Die- OP[6:4]
Termination)

1,2,3

3.3.13. MR12 Register Information ‘M.\[%:0] = OCH)

op[7] | oris; | op[5]1] oP[4] | oP[3] | OP[2] | OP[1] [ OP[0]

CBT
Mode i VK-CA VREF(ca)
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Function B Operand Data Notes
Type
000000B:
VREF(ca) OP[5:0] -- Thru — 1,2,3,5
(VREF(ca) Setting) ) 110010B: See table below ,6
Read/Write All Others: Reserved
0B: VREF(ca) Range[0] enabled 1,2,4,5
VREF(ca) Range OP[6] 1B: VREF(ca) Range[1] enabled ,6
(default)
0B: Model (Default)
CBT Mode OP[7] 1B: Mode2 7

1. This register controls the VREF(ca) levels for Frequency-Set-Point[1:0]. Values from either VR(ca)[0] or VR(ca)[1] may e ~elected
by setting OP[6] appropriately.

2. A read to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DQ’s shall be set i, '0". See the section
on MRR Operation.

3. A write to OP[5:0] sets the internal VREF(ca) level for FSP[0] when MR13 OP[6]=0B, or sets FSP[1] vhen 1ix13 OP[6]=1B. The
time required for VREF(ca) to reach the set level depends on the step size from the current level to tho nev. level. See the section
on VREF(ca) training for more information.

4. A write to OP[6] switches the LPDDR4-SDRAM between two internal VREF(ca) ranges. The range (Raage[0] or Range[1]) must be
selected when setting the VREF(ca) register. The value, once set, will be retained until ovarv.ritten, or until the next power-on or
RESET event.

5. There are two physical registers assigned to each bit of this MR parameter, design.teu <zt 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 ue 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, dcsigr @’ed set point 0 and set point 1. The device will
operate only according to the values stored in the registers for the active =el. c<int, i.e., the set point determined by the state of
the FSP-OP bit (MR13 OP[7]). The values in the registers for the iructive szt point will be ignored by the device, and may be
changed without affecting device operation.

7. This field (MR12 OP[7]) is only available in Byte-mode Package «n¢' its mixed package (x8 2ch device)

Table - VREF Settings for Range[0] and Range[1]
Function|Operand Range[0] Values (% of VDDQ) ‘ Range[1] Values (% of VDDQ) ‘ Notezsﬂ
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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%
000011B: 16.8% 011101B: 32.3% 000011B: 34.7% 011101B: 50.3%
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%
VREF 001100B: 22.2%  |100110B: 37.7%  |001100B: 40.1%  |100110B: 55.7%
Settings | OP[5:0] |0911018: 22.8%  |100111B: 38.3%  |001101B: 40.7%  |1001118: 5¢.3%
for MR12 001110B: 23.4%  |101000B: 38.9%  |001110B: 41.3%  |101000B. 36.9%
001111B: 24.0% 101001B: 39.5% 001111B: 41.9% 101201.3: 57.5%
010000B: 24.6% 101010B: 40.1% 010000B: 42.5% 11010B: 58.1%
010001B: 25.1% 101011B: 40.7% 010001B: 43.1% 1~0.011B: 58.7%
010010B: 25.7% 101100B: 41.3% 010010B: 43./% 101100B: 59.3%
010011B: 26.3% 101101B: 41.9% 010011B: 44 R% 101101B: 59.9%
010100B: 26.9% 101110B: 42.5% 01010%53: <4.9% 101110B: 60.5%
010101B: 27.5% 101111B: 43.1% 016:01t: 45.5% 101111B: 61.1%
010110B: 28.1% 110000B: 43.7% 0Iuiil3: 46.1% 110000B: 61.7%
010111B: 28.7% 110001B: 44.3% |5101118: 46.7% 110001B: 62.3%
011000B: 29.3% 110010B: 44.9% iCllOOOB: 47.3% 110010B: 62.9%
011001B: 29.9% All Others: Reseied ‘0110018: 47.9% All Others: Reserved
1. These values may be used for MR12 OP[5:0] to set the VF EF(ca) ievels in the LPDDR4-SDRAM.

2. The range may be selected in the MR12 register by setting JP[6] appropriately.

3. The 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 un-terminated averation, or between different high-frequency setting which may use different
terminations values.

1,2,3

3.3.14. MR13 Register Information (MA[5:0] = ODH)
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OP[7] | OP[6] OP[5] | OP[4]| OP[3]| OP[2]| OP[1] OP[0]
FSP-OP | FSP-WR DMD | RRO VRCG | VRO |RPRE-TR CBT

Function LRSI Operand Data Notes
CBT OP[O] 0B: Normal Operation (default) ¢ —|
(Command Bus Training) 1B: Command Bus Training mode enabled -~
RPRE-TR OP[1] 0B: Normal Operation (default)
(Read Preamble Training) 1B: Read Preamble Training mode enabled N
VRO 0B: Normal Operation (default)
(Vref Output) OP[2] 1B: Output the Vref(ca) value on DQ[0] and -e 2

Vref(dq) value on DQ[1] .

VRCG OP[3] 0B: Normal Operation (default) 3
(VREF Current Generator) 1B: VREF Fast Response (hig'i curreic) mode
RRO Write OP[4] 0B: Disable MR4 OP[2:0] (detc!it) 45
(Refresh Rate Option) 1B: Enable MR4 OP[2:0] !
DMD OP[5] 0B: Data Mask Operatuii Znabled (default) 6
(Data Mask Disable) 1B: Data Mask Cpoeratinn Disabled
FSP-WR .
(Frequency Set Point Write OP[6] (1)2 E::gﬁ:?:;j:;:::&ﬂ (default 7
Enable) _|
FSP-OP r ;
(Frequency Set Point Operation OP[7] Oh_): Frquency—Set-Po!nt[O] (default) 8
Mode) Ih.- F:equency-Set-Point[1]

1. A write to set OP[0]=1 causes the LPDDR4-SDRAM to entz: the VREF(ca) training mode. When OP[0]=1 and CKE goes LOW,
commands are ignored and the contents of CA[5:0] are map;cd t) the DQ bus. CKE must be brought HIGH before doing a MRW to
clear this bit (OP[0]=0) and return to normal operation. Se= the VREF(ca) training section for more information.

2. When set, the LPDDR4-SDRAM will output the VREF(ca) voltage on DQ[0] and the VREF(dq) voltage on DQ[1]. 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 VREF levels.

3. When OP[3]=1, the VREF circuit uses a high-cui -en. mude to improve VREF settling time.

4. MR13 OP4 RRO bit is valid only when MR9 (PO = 1. For LPDDR4 devices with MRO OP0 = 0, MR4 OP[2:0] bits are not dependent
on MR13 OP4.

5. When OP[4] = 0, only 001b and 010b n VR4 OP[2:0] are disabled. LPDDR4 devices must report 011b instead of 001b or 010b in
this case. Controller should follow the | 2fresh mode reported by MR4 OP[2:0], regardless of RRO setting. TCSR function does not
depend on RRO setting.

6. When enabled (OP[5]=0B) uata masking is enabled for the device. When disabled (OP[5]=1B), Masked Write Command is not
allowed and it is illegal. Sco u>2 Data Mask section for more information.

7. FSP-WR determines whic"1 f equency-set-point registers are accessed with MRW commands for the following functions: Vref(CA)
Setting, Vref(CA) Rany=, Vref(DQ) Setting, Vref(DQ) Range, CA ODT Enable, CA ODT value, DQ ODT Enable, DQ ODT value, DQ
Calibration Point. WL, RL, nWR, Read and Write Preamble, Read postamble, and DBI Enables.

8. FSP-OP deterr ines which frequency-set-point register values are currently used to specify device operation for the following func-
tions: Vref( ZA) Setting, Vref(CA) Range, Vref(DQ) Setting, Vref(DQ) Range, CA ODT Enable, CA ODT value, DQ ODT Enable, DQ
ODT va'ue, by Calibration Point, WL, RL, nWR, Read and Write Preamble, Read postamble, and DBI Enables.

29



Plusetech Technology (SHENZHEN) CO., LIMITED

‘Q'.‘ PLUSETECH

3.3.15. MR14 Register Information (MA[5:0] = OEH)

OP[7] oP[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[0]

1

2

RFU VR(dq) VREF(dq)

- 1
Function LE R Operand Data N~te~ |
000000B: N
. , ) --Thru - [1.2,34

VREF(dq) Setting for Set Point[0] Rend Wi OP[5:0] 110010B: See table below 56

ca rite All Others: Reserved -

0B: VREF(dq) Range[0] enabled 1,2,3,4

VREF(dg) Range OPIB] |1 : VREF(dq) Rangel1] enabled (default) | 5,6

. This register controls the VREF(dq) levels for Frequency-Set-Point[1:0]. Values from either VR(dq)[0] or VR(dq)[1 ] may be selected

by setting OP[6] appropriately.

. A read (MRR) to this register places the contents of OP[7:0] on DQ[7:0]. Any RFU bits and unused DGC's sh7 il be set to ‘0. See the

section on MRR Operation.

. A write to OP[5:0] sets the internal VREF(dq) level for FSP[0] when MR13 OP[6]=0B, or sets FE?[1, when MR13 OP[6]=1B. The

time required for VREF(dq) to reach the set level depends on the step size from the currert Itver w the new level. See the section
on VREF(dq) training for more information.

. A write to OP[6] switches the LPDDR4-SDRAM between two internal VREF(dq) range. "1 e range (Range[0] or Range[1]) must

be selected when setting the VREF(dq) register. The value, once set, will be retainc 4 unti. overwritten, or until the next power-on
or RESET event.

. There are two physical registers assigned to each bit of this MR paramete:, desiynated set point 0 and set point 1. Only the

registers for the set point determined by the state of the FSP-WR bit (Mk'5 C![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 parcme*er, designated set point 0 and set point 1. The device will

operate only according to the values stored in the registers for \he ac.'ve set point, i.e., the set point determined by the state of
the FSP-OP bit (MR13 OP[7]). The values in the registers for the ‘nactive set point will be ignored by the device, and may be
changed without affecting device operation.
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Table - VREF Settings for Range[0] and Range[1]

Function|Operand Range[0] Values (% of VDDQ) Range[1] Values (% of VDDQ) Notes
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%
000011B: 16.8% |011101B: 32.3%  |000011B: 34.7%  |011101B: 50.3%
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: 35.1%
VREF 001100B: 22.2% |100110B: 37.7%  |001100B: 40.1%  |10011%B: 55./%
Settings | OP[5:0] \001101B: 22.8% |100111B: 38.3%  |001101B: 40.7%  |1001112* 56.3% 1,2,3
for MR14 001110B: 23.4% |101000B: 38.9%  |001110B: 41.3%  |111G70B: 56.9%
001111B: 24.0% |101001B: 39.5%  |001111B: 41.9% 1 16301B: 57.5%
010000B: 24.6%  |101010B: 40.1%  |010000B: 42.5% ~ |101010B: 58.1%
010001B: 25.1%  |101011B: 40.7%  |010001B: 43.7%  |101011B: 58.7%
010010B: 25.7%  |101100B: 41.3%  |0100105: 45.7%  |101100B: 59.3%
010011B: 26.3%  |101101B: 41.9%  |0100i1B: 44.3%  |101101B: 59.9%
010100B: 26.9%  |101110B: 42.5%  |0101UGL. 44.9%  |101110B: 60.5%
010101B: 27.5% |101111B: 43.1% '010101B: 45.5%  |101111B: 61.1%
010110B: 28.1%  |1100008: 43.7% 0.0110B: 46.1%  |110000B: 61.7%
010111B: 28.7% |110001B: 445%  |010111B: 46.7%  |110001B: 62.3%
011000B: 29.3%  |110010B: #4.9%  |011000B: 47.3%  |110010B: 62.9%
011001B: 29.9% |All Others: kaserved |011001B: 47.9% All Others: Reserved

1. These values may be used for MR14 OP[5:0] to set th= VREF(dq) levels in the LPDDR4-SDRAM.
2. The range may be selected in the MR14 register i, se.ing OP[6] appropriately.
3. The MR14 registers represents either FSP[01~r =SP|1]. Two frequency-set-points each for CA and DQ are provided to allow for faster
switching between terminated and un-i>rrainaed operation, or between different high-frequency setting which may use different
terminations values.

31



\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

3.3.16. MR15 Register Information (MA[5:0] = OFH)
oP[7]1 | op[6] | OP[5] | OP[4] | OP[3]1 | OP[2] | OP[1] | OP[0]
Lower Byte Invert Register for DQ Calibration

Function Register Operand Data Notes
Type
The following values may be written for any operand
OP[7:0], and will be applied to the corresponding DQ
locations DQ[7:0] within a byte lane: l
Lower Byte Invert for 0B: Do not invert

Write OP[7:0]

DQ Calibration 1B: Invert the DQ Calibration patterns in MR32 and

MR40

Default value for OP[7:0]=55H

Notes:

1. This register will invert the DQ Calibration pattern found in MR32 and MR40 for any single M o any: combination of DQ's. Ex-ample: If
MR15 OP[7:0]=00010101B, then the DQ Calibration patterns transmitted on DQ[7,6,5,2,1] vill not be inverted, but the DQ Calibration
patterns transmitted on DQ[4,2,0] will be inverted.

2. DMI[0] is not inverted, and always transmits the “true” data contained in MR32/MR40

3. No Data Bus Inversion (DBI) function is enacted during DQ Read Calibration, ev.n 11 OBI Is enabled in MR3-OP[6].

Table - MR15 Invert Registe: Min Mapping
Pin DQO DQ1 DQ2 DQ3 DP4If DQ4 DQ5 DQ6 DQ7
MR15 OPO OP1 oP2 OP3 | Noinvait OP4 OP5 OP6 oP7
3.3.17. MR16 Register Information (MA[5:0] = 17H)
oP[7] | OP[6] | OP[5] | OP[4 —|F.»[3] | op[2] | op1] | oP[o]
PASR Bank 1iask

Function Register Type ! g\*le Data Notes
Bank[7:0] Mask wiite-only | - CP[7:0] 15, Bk Refrech cabld Mok |+ '
~ OP[n] Bank Mask 8-Bank SDRAM
I \/ 0 XXXXXXX1 Bank 0
= 1 XXXXXX1X Bank 1
2 XXXXX1XX Bank 2
3 XXXXIXXX Bank 3
4 XXXIXXXX Bank 4
5 XXIXXXXX Bank 5
6 XIXXXXXX Bank 6
7 1XXXXXXX Bank 7

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. The two channels on the die may have different bank masking.

3.3.18. MR17 Register Information (MA[5:0] = 11H)
| op[71 |op[6] |oP[5] |oP[4] |oP[3] |oP[2] |oP[1] |oOP[0] |
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PASR Segment Mask

1. This table indicates the range of row addresses in each masked segmert. “x~ i don't care for a particular segment.

Function e Operand Data Notes
Type
. . 0B: Segment Refresh enabled (default)
PASR Segment Mask Write-only OP[7:0] 1B: Segment Refresh disabled 1
4Gb 6Gb 8Gb 12Gb 16Gb 24Gb 32Go!
Segment | R13:R11 | R14:R12 | R14:R12 | R15:R13 | R15:R13 | TBD TBL
Segment |OP[n]
Mask R14:R12 | R15:R13 | R15:R13 | R16:R14 | R16:R14 TBD ThO
(Bytemode) | (Bytemode) |(Bytemode) | (Bytemode) | (Bytemode)
0 0 XXXXXXX1 000B
1 1 XXXXXX1X 001B ./
2 2 XXXXX1XX 010B
3 3 XXXX XXX 011B
4 4 XXX1XXXX 100B
5 5 XXIXXXXX 1012
6 6 | XIXXXXXX 110B Not 110B ] Not 110B Not 110B
7 7 | 1300000k 111B Allowed 1118 ! Allowed 111B  |Allowed | 111B

2. PASR segment-masking is on a per-channel basis. The two channels in 'ie ¢ie may have different segment masking.
3. For 6Gb, 12Gb, and 24Gb densities, OP[7:6] must always be LOW ( =0u8)

3.3.19. MR18 Register Information (MA[5:9] - i 2H)

oP[7] | opP[6]| OP[5]1| OP[<1] OP[3]

| op[21] oP[1]1| oP[0]

DQS O.cillator Count -LSB

———
Function ‘ R‘:',:'"'dr Operand Data Notes
_ _\ype
DQS Oscillator ‘ .
Read-onl OP[7:0] [0:255 LSB DRAM DQS Oscillator Count 1,2,3
(WR Training DQS Oscillacar) - | v oY [7:01 QS Oscillator Coun “

1. MR18 reports the LSB bits o the DRAM DQS Oscillator count. The DRAM DQS Oscillator count value is used to train DQS to the DQ data
valid window. The value repoied by the DRAM in this mode register can be used by the memory controller to periodically adjust the

phase of DQS relat®. » to 7.

w N

Z.2.2u. MR19 Register Information (MA[5:0] = 13H)

. Both MR18 and MR19 1.ust be read (MRR) and combined to get the value of the DQS Oscillator count.
. A new MPC [St=i = DQS Oscillator] should be issued to reset the contents of MR18/MR19.

oP[7] | OP[6]| OP[5]| OP[4]| OP[3]

| op[2]| op[1]| oP[0]

DQS Oscillator Count - MSB
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Register

Function
Type

DQS Oscillator
(WR Training DQS Oscillator) | Read-only | OP[7:0] [0:255 MSB DRAM DQS Oscillator Count | 1,2

Operand Data Notes

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 phcse
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.

3.3.21. MR20 Register Information (MA[5:0] = 14H)
op[71 | op[6] | oP[5] | oP[4] | OP[3] | OP[2] | OP[1] | OP;0] '

Upper Byte Invert Register for DQ Calibration _l
Function R Operand Data Notes
Type

The following values may ba weitien for any operand
OP[7:0], and will be anp.ieu tc the corresponding DQ
locations DQ[15:8] »vithin « byte lane:

Upper Byte Invert for

Wri P[7: 0B: Do not inver: 12
DQ Calibration rite | OP[7:0] '

1B: Invert ti*e DQ Calibration patterns in MR32 and
MR40

Defou' value for OP[7:0]=55H
1. This register will invert the DQ Calibration pattern found ir. MR2Z and MR40 for any single DQ, or any combination of DQ's. Ex-ample: If

MR20 OP[7:0]=00010101B, then the DQ Calibration patterns uansmitted 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. DMI[1] is not inverted, and always transmits the "‘ruc" data contained in MR32/MR40.
3. No Data Bus Inversion (DBI) function is enactea dun.ag DQ Read Calibration, even if DBI is enabled in MR3-OP[6].

vable - MR20 Invert Register Pin Mapping
Pin DQS8 Q9 DQ10 DQ11 DMI1 DQ12 DQ13 DQ14 DQ15
MR20 OPO OP1 0oP2 OP3 No-invert OP4 OP5 OP6 oP7

3.3.%2. MR21 Register Information (MA[5:0] = 15H)

op[7]1 | op[6] | oP[5] | oP[4] | oP[3]1 | oP[2] | oP[1] | OP[0] |
Vendor Specific Mode Registor

3.3.23. MR22 Register Information (MA[5:0] = 16H)
| op[71| op[61 | oP[5]1 | oP[4] | oP[3]1 | oP[2]| OP[1] | OP[0] |
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ODTD for x8_2ch

(Byte) mode ODTD-CA ODTE-CS ODTE-CK SOC ODT
Function LE R Operand Data Notes
000B: Disable (Default)
001B: RZQ/1(illegal if MR3 OP[0]=0B)
SoC ODT 010B: RZQ/2 _
(Controller ODT Value for VOH OP[2:0] 2(1)(1)2; ggi('"ega' IF MR3 OP[0]=08) ! 1,2,3
calibration 101B: RZQ/5(illegal if MR3 OP[0]=0B)
110B: RZQ/6(illegal if MR3 OP[0]=0B)
111B: RFU N\ .
ODTE-CK ODT bond PAD is ignored
(CK ODT enabled for non-terminating OP[3] |0B: ODT-CK Enable (Defarilt) 2,3,4
rank) 1B: ODT-CK Disable
ODTE-CS ODT bond PAD is igncrea
(CS ODT enable for non-terminating Write-only OP[4] 0B: ODT-CS Enzble (berault) 2,3,4
rank) 1B: ODT-CS Liszole
ODTD-CA ODT bond PAL is ignored
(CA ODT termination disable) OP[5] 0B: OU1-CA Enable (Default) 2,3,4
1B: ODT -CA Disable
x8 ODTD[7:0] x6 2cn only, [7:0] Byte selected Device
(CA/CLK ODT termination disable OP[6] |38: UDT-CS/CA/CLK follows MR11 OP[6:4] & 534
[7:0] Lower byte select) [+/R22 OP[5:3] (default) "~
|~ |1B: ODT-CS/CA/CLK Disabled (default)
x8 ODTD[15:8] x8 2ch only, [15:8] Byte selected Device
(CA/CLK ODT termination disable 017 0B: ODT-CS/CA/CLK follows MR11 OP[6:4] &
CPI7] 2,34
[15:8] upper byte select) MR22 OP[5:3] (default)
) 1B: ODT-CS/CA/CLK Disabled (default)

Notes:
1. All values are “typical".

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

3. There are two physical registors «ssizned to each bit of this MR parameter, designated set point 0 and set point 1. The device will
operate only according to the va'ies stored in the registers for the active set point, i.e., the set point determined by the state of the
FSP-OP bit (MR13 OP[7]) 1ne ‘alues in the registers for the inactive set point will be ignored by the device, and may be changed

without affecting device »eration.

4. LPDDR4X device igno.e OLT bond PAD.

LPDDR4Y Rv.:e Mode Device (MR11 OP[6:4]!=000g Case)

Truth Table(T=Terminated)

oDTD obT oDTCS ODT CK ODT PAD Ignore
MF.22 Dytelmods Co cA cs cK
OP[7] OP[6] OP[5] oP[4] OP[3] 0B 1B 0B 1B 0Bz 1B
N 0 0 0 0 0 T T T T T T
0 0 0 0 1 T T T T
0 0 0 1 0 T T T T
LPD4X 0 0 0 1 1 T T
0 0 1 0 0 T T T
0 0 1 0 1 35
0 0 1 1 0 T T
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0 0 1 1 1

0 1 0 0 0 T T T

0 1 0 0 1 T T

0 1 0 1 0 T T

0 1 0 1 1 T

0 1 1 0 0 T T

0 1 1 0 1 T

0 1 1 1 0 T

0 1 1 1 1

1 0 0 0 0 T T -

1 0 0 0 1 T \
1 0 0 1 0 T T \\

1 0 0 1 1 T NN |
1 0 1 0 0 T N

1 0 1 0 1 \V/

1 0 1 1 0 T

1 0 1 1 1 TN

Notes:
1. T means “terminated” condition. Blank is “un-terminated”

3.3.24. MR23 Register Information (MA[5:0] = 17H)
oP[7] | oP[6] | OP[5] | OP[4] | OP[3] | OF(2; | UP(1] | OP[0]

DQS oscillator run time settinn

Register

Function
Type

Operand | Data Notes

'UL'CY0000B: DQS timer stops via MPC Command (Default)
00000001B: DQS timer stops automatically at 16th clocks
after timer start

00000010B: DQS timer stops automatically at 32nd clocks
after timer start

00000011B: DQS timer stops automatically at 48th clocks
after timer start

00000100B: DQS timer stops automatically at 64th clocks
ItDm(i oscillator run Write OP[7:0] after timer sta?hru

00111111B: DQS timer stops automatically at (63X16)th
clocks after timer start

01XXXXXXB: DQS timer stops automatically at 2048th
clocks after timer start

10XXXXXXB: DQS timer stops automatically at 4096th

| clocks after timer start

1IXXXXXXB: DQS timer stops automatically at 8192nd
clocks after timer start

1,2

Note:
1. MPC command with OP[6:0]=1001101B (Stop DQS Interval Oscillator) stops DQS interval timer in case of MR23 OP[7:0] = 00000000B.
2. MPC command with OP[6:0]=1001101B (Stop DQS Interval Oscillator) is illegal with non-zero values in MR23 OP[7:0].
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3.3.25. MR24 Register Information (MA[5:0] = 18H)

OP[7] opP[6] | opP[5]1 | oP[4] | oP[3] | OP[2]] OP[1]] OP[0]
TRR Mode Unlimited MAC
TRR Mode Bank Address MAC Value
. Register
Function Operand Data Notes
Type

000B: Unknown when bit OP3 =0 (note 1)
Unlimited when bit OP3=1 (note 2)

001B: 700K

010B: 600K

MAC Value OP[2:0] |011B: 500K

Read 100B: 400K

101B: 300K

110B: 200K

111B: Reserved

0B: OP[2:0] define MAC value

1B: Unlimited MAC value (note 2, 102 3)

Unlimited MAC OP[3]

Register Type

Function Opf.wna Data Notes

"~ |000B: Bank 0

' 001B: Bank 1

| 010B: Bank 2

TRR Mode BAn OP[6:4] %égf g:ztz

o 101B: Bank 5

110B: Bank 6

111B: Bank 7

0B: Disabled (default)
1B: Enabled

TRR Mode OP[7]

Note:

1. Unknow n'm=ans that the device is not tested for tMAC and pass/fail value in unknown.
2. There = no restriction to number of activates.

3. M224 DP [2:0] is set to zero.

3.3.26. MR25 Register Information (MA[5:0] = 19H)
OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
Bank 7 Bank 6 Bank 5 Bank 4 Bank 3 Bank 2 Bank 1 Bank 0
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Function Register Operand Data Notes
Type
. 0B: PPR Resource is not available
PPR Resource Read OP[7:0] 1B: PPR Resource is available

3.3.27. MR26:31 Register Information (MA[5:0] = 1AH:1FH)
or[7]1 | op[6] | oP[5] | oP[4] | OP[3] | OP[2] | OP[1] | OP[0]
Reserved

3.3.28. MR32 Register Information (MA|5:0] = 20H)
OP[7] [ OP[6] [ OPI*1| 0[4] ] OP[3] ] OP[2] | OP[1] | OP[O]
DQ Caliaration Pattern “A” (default = 5AH)

i l?:‘gister

Function
Type

Operand Data Notes

XB: An MPC command with
OP[6:0]=0000011B causes the device to
return the DQ Calibration Pattern
contained in this register and (followed
by) the contents of MR40. A default
Write OP[7:0] |pattern “5AH" is loaded at power-up or
RESET, or the pattern may be overwritten
with a MRW to this register. The contents
of MR15 and MR20 will invert the data
pattern for a given DQ (See MR15 for
more information)

Retur.x D Calibration

\Pa*tern MR32 + MR40
|
|

3.3.29. MR33:36 Register Information (MA[5:0] = 21H:24H)
| op[71 | opr6l | oP[5] | oP[4] | OP[3] | OP[2] | OP[1] | OP[0] |
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’ Do Not Use ‘

3.3.30. MR37 Register Information (MA[5:0] = 25H) Optional
OP[7] | oP[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[1] | OP[0]
RFU VDDQ Level

Register

Function Type

Operand Data Notes

Valid for Low VDDQ device
00B: VDDQ = 1.1V valid for
VDDQ Level Write OP[1:0] MR8 OP[2:0] = 11B 1
10B: vDDQ = 0.6V

All Others: Reserved |

Notes:
1. MR37 OP[1:0] is ignored when MR8 OP[0:1] is 00B and 01B.

3.3.31. MR38:39 Register Information (MA[5:0] = 26H:27H,
oP[7] | oP[6] | OP[5] | OP[4] | OP[31 | OP{2] [ OP[1] | OP[0]
Do Not Use

3.3.32. MR40 Register Information (MA[5:0] = 281)
oP[7] | oP[6] ] OP[5] | OP[4] | OP.>1| OP[2] | OP[1] | OP[O]
DQ Calibration Patterti “P” (cefault = 3CH)

Function R ’ O rand Data Notes
Type A
: XB: A default pattern “3CH” is loaded at
Return DQ Calibration . power-up or RESET, or the pattern may be
Virite P[7: 1,2,3,4
Pattern MR32 + MR40 rit OP[7:0] overwritten with a MRW to this register. 23,
AN See MR32 for more information.

Notes:

1. The pattern contained in MR 10 i:; contatenated to the end of MR32 and transmitted on DQ[15:0] and DMI[1:0] when DQ Read Calibration
is initiated via a MPC co nr.iend. The pattern transmitted serially on each data lane, organized “little endian” such that the low-order bit
in a byte is transmi A firsi. If the data pattern in MR40 is 27H, then the first bit transmitted with be a ‘1’, followed by ‘1’, *1’,'0’, *0", '/,
*0’, and '0". The bit strecim will be 00100111B.

2. MR15 and Mi*22 1~ay be used to invert the MR32/MR40 data patterns on the DQ pins. See MR15 and MR22 for more information.

Data is never 1nverted on the DMI[1:0] pins.
3. The date pattern is not transmitted on the DMI[1:0] pins if DBI-RD is disabled via MR3-OP[6].
4. No C=te 3us Inversion (DBI) function is enacted during DQ Read Calibration, even if DBI is enabled in MR3-OP[6].
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4. LPDDR4 Command Definitions and Timing Diagrams

4.1. Activate Command

The ACTIVATE command is composed of two consecutive commands, Activate-1 command and Activate-
2. Activate-1 command is issued by holding CS HIGH, CAO HIGH and CA1 LOW at the first rising edge of
the clock and Activate-2 command issued by holding CS HIGH, CAO HIGH and CA1 HIGH at the first rising
edge of the clock. The bank addresses BAO, BA1 and BA2 are used to select desired bank. Row addresse:
are used to determine which row to activate in the selected bank. The ACTIVATE command must be
applied before any READ or WRITE operation can be executed. The device can accept a READ or WRITE
command at trep after the ACTIVATE command is issued. After a bank has been activated it muct ke
precharged before another ACTIVATE command can be applied to the same bank. The bank active and
precharge times are defined as tras and trp respectively. The minimum time interval b¢twein ACTIVATE
commands to the same bank is determined by the RAS cycle time of the device(trc). The minimum time

interval between ACTIVATE commands to different banks is trrp.

Figure - A~ivate Command Timing Example
Note : APRECHARGE command uses u =a.-uming for all-bank PRECHARGE and trppb timing for single-bank
PRECHARGE. In this figure, trris 11sad 15 denote either all-bank PRECHARGE or a single-bank PRECHARGE.

4.1.1. 8-Bank Dev:i<e Operation

Certain restricticns on operation of the 8-bank LPDDR4 devices must be observed. There are two rules:
One rule rzsuicts the number of sequential ACTIVATE commands that can be issued; the other provides
more.time for RAS precharge for a PRECHARGE ALL command. The rules are as follows:

< Lbank device Sequential Bank Activation Restriction: No more than 4 banks may be activated (or
1refreshed, in the case of REFpb) in a rolling tFAW window. The number of clocks in a tFAW period is
dependent upon the clock frequency, which may vary. If the clock frequency is not changed over this
period, converting clocks is done by dividing tFAW[ns] by tCK[ns], and rounding up to the next integer
value. As an example of the rolling window, if RU(tFAW/tCK) is 10 clocks, and an ACTIVATE command is
issued in clock n, no more than three further ACTIVATE commands can be issued at or between clock n
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+ 1 and n + 9. REFpb also counts as bank activation for purposes of tFAW. If the clock frequency is
changed during the tFAW period, the rolling tFAW window may be calculated in clock cycles by adding up
the time spent in each clock period. The tFAW requirement is met when the previous n clock cycles
exceeds the tFAW time.

The 8-Bank Device Precharge-All Allowance: tRP for a PRECHRGE ALL command must equal tRPab, wh.ch
is greater than tRPpb.

CK_t A
CK_c -\—tu {

Cs

.

CMD X Activate-1 X Activate-2 X vaul Activate-1 X Activate-2 X vau+ Activate-1 X Aclivate-2 }: VALI| . Activate2 X VAL
T T T T T T T T T T T T T T N
' ' ' ' ' ' ' ! ! ' ! ! ! ! ! ' ' i ' ' ' 1 ' ' ' ' ' '
, , , . ,‘RRI/. X . . ) : 0/‘ \ \ \ [RRY — ) j. ! ) ! ,
IRR
' ' ' ' ' ' ' ! ! ! 1 1 1 1 ' ' ' ' ' ' '
// // FAW // //

Figure - tFAW Timing Example
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4.2. Read and Write Access Operations

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) at
a rising edge of CK.

The LPDDR4-SDRAM 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 DRAM on successive clock cycles.

Burst interrupts are not allowed, but the optimal burst length may be set on the fly (see command trith.
table).
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4.3. Read Preamble and Postamble
The DQS strobe for the LPDDR4-SDRAM requires a pre-amble prior to the first latching edge (the rising edge of

DQS_t with DATA "valid"), and it requires a post-amble after the last latching edge. The pre-amble and post-amble
lengths are set via mode register writes (MRW).

For READ operations the pre-amble is 2*tCK, but the pre-amble is static (no-toggle) or toggling, selectable via mode
register.

LPDDR4 will have a DQS Read post-amble of 0.5*tCK (or extended to 1.5*tCK). Standard DQS postamble will be
0.5*tCK driven by the DRAM for Reads. A mode register setting instructs the DRAM to drive an additional (exte~uat")
one cycle DQS Read post-amble. The drawings below show examples of DQS Read post-amble for both standa.d
(tRPST) and extended (tRPSTE) post-amble operation.

DQ
Note
1. BL = 16, Preamble = Toggling, Postamble = 0.5nCK
2. 0QS and DQ terminated VSSQ.
3. DQS_t/DQS_cis "don't care" prior to the start of tRPRE. 22 TIME BREAK
No transition of DQS is implied, as DQS_t/DQS_c can be HIGH. 1.0V * or HI-Z prior to tRPRE.

Figure - DQS Read Preamble and Postan blc: Toggling Preamble and 0.5nCK Postamble

TO T1 T2 T3 T4 Ta0 Tatl Tb0 Lt Tb2 Tb3 Tb4d Tbs Th6 Tc0 Tel Tc2 Te3 Tod
Extended (CK

IRPRE Postamble

oo _A 2

Note
. [sL = 16, Preamble = Static, Postamble = 1.5nCK (Extended)
2.1L18S and DQ terminated VSSQ. 22 [MEERES
3. NG3_UDAS_cis "don't care” prior to the start of tRPRE.
"0 transition of DQS is implied, as DQS_t/DQS_c can be HIGH, LOW, or HI-Z prior to tRPRE.

l:qure - DQS Read Preamble and Postamble: Static Preamble and 1.5nCK Postamble
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4.4. Burst Read Operation

A burst Read 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. The command address bus inputs determine the
starting column address for the burst. The two low-order address bits are not transmitted on the CA bus
and are implied to be “0”, so that the starting burst address is always a multiple of four (ex. 0x0, 0x4,
0x8, 0xC). The read latency (RL) is defined from the last rising edge of the clock that completes a read
command (Ex: the second rising edge of the CAS-2 command) to the rising edge of the clock from whi:h
the tDQSCK delay is measured. The first valid data is available RL * tCK + tDQSCK + tDQSQ after ti.=
rising edge of Clock that completes a read command. The data strobe output is driven tRPRE before the
first valid rising strobe edge. The first data-bit of the burst is synchronized with the first valid (i.e. rost-
preamble) rising edge of the data strobe. Each subsequent dataout appears on each DQ bin, edge-
aligned with the data strobe. At the end of a burst the DQS signals are driven for anott er half cycle post-
amble, or for a 1.5-cycle postamble if the programmable post-amble bit is set in the. mouc register. The
RL is programmed in the mode registers. Pin timings for the data strobe are measurad elative to the
cross-point of DQS_t and DQS_c.

Figure - Burst Read Timing. BL=16, Toggling tRPPE, c<x’ended tRPST

e m s mh

Da[150] |
/DMI[1:0]

Notes:
1. DES commands are shown for ease of illustiction; other commands may be valid at these times.
Figure - Burst Read follnvcea by Burst Write. BL=16, Non-toggling tRPRE, Extended tRPST
CK_t N N g R Sy
CKﬁC X_?:\JI:\J:.. e b AL AL AL AT AT AT AL A AL AT A AL
CAD_F)C_;NA:..........,‘.‘..

DQS t
pas ¢ |
DQ[15:0] |
/DMI[1:0]

Notes:
1. DES commands are shown for ease of illustration; other commands may be valid at these times.
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The minimum time from a Burst Read command to a Write or MASK WRITE command is defined by the

read latency (RL) and the burst length (BL). Minimum READ-to-WRITE or MASK WRITE latency is defined
with tRTW parameter and it is as following equation:

DQ ODT Disabled case; MR11 OP[2:0]=000b
tRTW = RL + RU(tDQSCK(max)/tCK) + BL/2 - WL + tWPRE + RD(tRPST)

DQ ODT Enabled case; MR11 OP[2:0]+000b
tRTW = RL + RU(tDQSCK(max)/tCK) + BL/2 + RD(tRPST) - ODTLon - RD(tODTon,min/tCK) + 1
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Figure - Seamless Burst R
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CMD

T

DQS_c

0
e}
(@]

DQ[15:0] | '
/DMI[1:0]

The seamless Burst READ operation is supported by placing a READ command at every tCCD(min) interval for
BL16 (or every 2 x tCCD for BL32). The seamless Burst READ can access any open bank.
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4.5. Read Timing
The read timing is shown in following figure:

TO T T2 T3 Tal Tb0 Tb1 Tb2 Tb3 Tb4 Tb5 Tb6 Tb7 TcO Tel Tc2 Tc3
CK_c - \ \
CK_t
COMMAND
tHZ(DQS) |
RL {DQSCK |
1L2(D0S) |
DQS ¢ ?? PP -|
DQS_t
HZ(DQ)
1LZ(0)
a 2 Q
DMI ) -
Note
1. BL = 16, Preamble = Toggling, Postamble = 0.5nCK zz TIME BREAK

2. DQS, DQ and DMI terminated VSSQ.
3. Output driver does not turn on before an end point of tLZ(DQS) and tLZ(DQ). 4. Output dr -er ('ves not turn off
before an end point of tHZ(DQS) and tHZ(DQ)

Figure - Read Timiny
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4.6. tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation
tHZ and tLZ transitions occur in the same time window as valid data transitions. These parameters are referenced to

a specific voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins
driving tLZ(DQS), tLZ(DQ).

This section shows a method to calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or
begins driving tLZ(DQS), tLZ(DQ), by measuring the signal at two different voltages. The actual voltage

measurement points are not critical as long as the calculation is consistent. The parameters tLZ(DQS), tLZ(DQ),
tHZ(DQS), and tHZ(DQ) are defined as single ended.

4.6.1. tLZ(DQS) and tHZ(DQS) Calculation for ATE (Automatic Test Equipment)

CK_t - CK_c crossing at 2nd CAS-2 of Read Command

CK_t

CK c
-
VOH - -~~~ T1-=-~~"—- P —~——=— — — DQS ¢
|
Vsw2
0.5 x VOH - - - - - -
Vswi1
End point: Ext lated point
_ / point: Extrapolated poin
Qy —mr—m— - - - - == ===

tLZ DQS) end point is above-mentiond extrapolated point.
Note

1. Conditions for Calibr ition. Pull Down Driver Ron = 40ohm, VOH = VDDQ/3
2. Termination cond‘dcn tor DQS_t and DQS_C = 50ohm to VSSAQ.

3. The VOH leve: depends on MR22 OP[2:0] and MR3 OPJ0] settings as well as device tolerances.
Use the actual VOH value for tHZ and tLZ measurements.

Figure - tLZ(DQS) method for calculating transitions and end point
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CK_t - CK_c crossing at 2nd CAS-2 of Read Command

/=

CK_t

CK c
tHZ(DQS) -

« / End point: Extrapolated point

VOH - - --+-= — - -----

Vsw2

0.5x VOH - - - B I
Vsw?
N

oV -~~~ """ - - -t~ -~ == = —DQS_c

tHZ(DQS) end point is above-men iord extrapolated point.
Note
1. Conditions for Calibration: Pull Down Driver Ron = 40ohm. VG4 = vDDQ/3
2. Termination condition for DQS_t and DQS_C = 50ohm to /S3Q.
3. The VOH level depends on MR22 OP[2:0] and MR3 OP):X1 scitings as well as device tolerances.
Use the actual VOH value for tHZ and tLZ measurzcme.ts.

Figure - tHZ(DQS) method for calzulating transitions and end point

Table - Reference voltage f:; 'LZ(DQS), tHZ(DQS) Timing Measurements

Measured Parameter 2\ N Symbol Vswi1 [V] Vsw2 [V]
DQS_c low-impedance time from CK_¢ CK_:. ' tLZ(DQS) 0.4 x VOH 0.6 x VOH
DQS_c high impedance time from C_'( _t, CK_c tHZ(DQS) 0.4 x VOH 0.6 x VOH
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4.6.2. tLZ(DQ) and tHZ(DQ) Calculation for ATE (Automatic Test Equipment)
CK_t - CK_c crossing at 2nd CAS-2 of Read Command

CK_t ;=
CK c 22
D)
(G
VOH - == =-f~-==~~- == — = DOs
Vsw2
05XxVOH —— - —(-—/~-—- <\
Vsw1
_ / End point: Cxtrapolated point
o —m—m— O - - - - -~ - - ----
tLZ(DQ) end point is above‘manuond extrapolated point.
Note

1. Conditions for Calibration: Pull Down Driver Ron = 4Nohr... VOH = VDDQ/3

2. Termination condition for DQ and DMI = 500hm to vSSAQ.

3. The VOH level depends on MR22 OP[2:0] and M5 O2[0] settings as well as device tolerances.
Use the actual VOH value for tHZ and tLZ meascrements.

Figure - tLZ(DQ) method vor calculating transitions and end point
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CK_t - CK_c crossing at 2nd CAS-2 of Read Command

/=

CK_t

CK c
tHZ(DQ) N -
« / End point: Extrapolated point

VOH - - - - -= — - -----

Vsw2

0.5x VOH"- - - B . §
Vsw?
N

oV ~ -~ """ Tt - - == = —DQs

tHZ(DQ) end point is above-menucna extrapolated point.
Note
1. Conditions for Calibration: Pull Down Driver Ron = 40ohm. VG4 = vDDQ/3
2. Termination condition for DQ and DMI = 50ohm to VSSQ.
3. The VOH level depends on MR22 OP[2:0] and MR3 OP):X1 scitings as well as device tolerances.
Use the actual VOH value for tHZ and tLZ measurzme.ts.

Figure - tHZ(DQ) method for calculating transitions and end point
Table - Reference voltage for tLZ(LgS), tHZ(DQS) Timing Measurements

Measured Parameter | Symbol Vswil [V] Vsw2 [V]

DQ low-impedance time from CK_t, CK ¢ | tLZ(DQ) 0.4 x VOH 0.6 x VOH
— — 1

DQ high impedance time from CK_t, :I\ c | tHZ(DQ) 0.4 x VOH 0.6 x VOH
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4.7. Write Preamble and Postamble

The DQS strobe for the LPDDR4-SDRAM requires a pre-amble prior to the first latching edge (the rising edge of
DQS_t with DATA "valid"), and it requires a post-amble after the last latching edge. The pre-amble and post-amble
lengths are set via mode register writes (MRW).

For WRITE operations, a 2*tCK pre-amble is required at all operating frequencies.

LPDDR4 will have a DQS Write post-amble of 0.5*tCK or extended to 1.5*tCK. Standard DQS post-amble will be
0.5*tCK driven by the memory controller for Writes. A mode register setting instructs the DRAM to drive an additical
(extended) one cycle DQS Write post-amble. The drawings below show examples of DQS Write post-amble for hott
standard (tWPST) and extended (tWPSTE ) post-amble operation.
TO T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Ta4 Tad5 Tb0 Th1 Th2 Th3 Tb4 ThsS Thé Tb7
CK e -~ ] = = 79 S .- - = o .- = 7o = r- s = S o
CK_t

¢ < )
s M| /N Q 2 ™~

{OMMAND

o ) o) )

\
WL tDQSS HWPST
-

N ux_'x"mﬁ
2 /ﬂ)ﬁm@\f

[/ ponT care TWIE BREAK
NOTES : 1. BL = 16, Postamble = 0.5nCK
2.DQS and DQ terminated YSSQ
3.DQS_t/DQS_cis "don't care” prior to the start of {WPRE.
No transition of DQS is implied, as DQS_YDQS _c can be HIGH, [ W, or HI-Z r or to tWPRE.

Figure - DQS Write Preamble and Postamble; 0.5nCK Postamble
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TO T T2 T3 T4 Ta0 Tal Ta2 Ta3 Ta4d Ta5 Tb0 Tb1 Tb2 Th3 Th4 Th5 Tbé Tb7
CK G --[\r r= - r= ,- r- ;- - - r- r- r- r- ‘- -
CK_ t

cre X ¢
s N /\ 2 2

o (YRR

WPRE IDQSIZDQ BL/2
T

2 SODEE0REORER.

/7] boNT cARE 22 TIME BR! AK
NOTES : 1. BL = 16, Postamble = 1.5nCK

2.DQS and DQ terminated VSSQ
3.DQS_tDQS_cis "don't care” prior to the start of tWPRE.
No transition of DQS is implied, as DQS_t/DQS_c can be HIGH, LOW, or HI-Z prior to tWPRE.

Figure - DQS Write Preamble and Postamble: 1.5’.CK Postamble

4.8. 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 fors
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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 32B boundary.
The write latency (WL) is defined from the last rising edge of the clock that completes a write command
(Ex: the second rising edge of the CAS-2 command) to the rising edge of the clock from which tDQSS is
measured. The first valid “latching” edge of DQS must be driven WL * tCK + tDQSS after the rising edge
of Clock that completes a write command.

The LPDDR4-SDRAM uses an un-matched DQS-DQ path for lower power, so the DQS-strobe must arriv=
at the SDRAM ball prior to the DQ signal by the amount of tDQS2DQ. The DQS-strobe output is drivan
tWPRE before the first valid rising strobe edge. The tWPRE, write pre-amble, is required to be 2 x tK.
The DQSstrobe must be trained to arrive at the DQ pad center-aligned with the DQ-data. The DQ-duta
must be held for tDIVW (data input valid window) and the DQS must be periodically trained to stay
centered in the tDIVW window to compensate for timing changes due to temperature end voliage
variation. Burst data is captured by the SDRAM on successive edges of DQS until thz 16 27 32 bit data
burst is complete. The DQS-strobe must remain active (toggling) for tWPST (WRITL pbost-amble) after the
completion of the burst WRITE. After a burst WRITE operation, tWR must be zatizfied before a
PRECHARGE command to the same bank can be issued. Pin input timings ai= m=asured relative to the
crosspoint of DQS_t and DQS_c.

Figure - Burst Writs. Operation

To T T2 T3 T4 Tad Tal Ta2z Tad Tad4 Tas Tab T  Tb1  Tu2 Tel Tel Te2 Ted Ted Td0 Tdl Td2 Tdd Thd Tds

SRELIRERUATAERIETREIVESLERINERIRERERINEE!

:
o Y 5

[ ] -
CDMMAND( Iwme-1| X Icasq XDIESRDIES @ DE Mﬂ[}
| W e e L0
- T
1

[
| 10 %5 (W)

-
pas e e —

s [
oo NN V(LY 2 2
b ) 2 2
—
== 1D0ES (M)
Das c r-
oo o 2 2 2
b 2 2 2
Male
1. BL="6 W i, Po lamble = 0.5nCK, DQ/DAS: V550 termination m DONT CARE 22 TIME BREAK
2. 0inr - data w0 columnm.n

3. THo vinnevon numbeer of clock cycles from the burst write command to the burst read command for any bank is WL + 1 + BL2 + RU{WRACK)].
4. [ WP sterts al the rising edge of CK after the last latching edge of DQS.
<. D0 S rommands are shown for ease of illustration; other commands may be valid at these limes_

Notes,
1 BL=16, Write Postamble = 0.5nCK, DQ/DQS: VSSQ termination
2. Din n = data-in to columnm.n
3. The minimum number of clock cycles from the burst write command to the precharge command for any bank is [WL + 1 + BL/2
+ RU(tWR/LCK)].
4. tWR starts at the rising edge of CK after the last latching edge of DQS.
5. DES commands are shown for ease of illustration; other commands may be valid at these times.
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Figure - Burst Write Followed by Burst Read

T0 T T2 T3 T4 Ta0 Tal Ta2 Tad Tad Ta5 Tab To0 Tb1 Tb2 Tel Tol Tc2 Tcd Tod TcS Tob Tcf TcB TcB Tel0

’ -, s r= e 0o i i r= = r=, -, s , = I -

BLI2 + 1 Clock

IDQSS (Min)

ossi | |k
IWPRE " . WPST
Das prpye P B g A ey
2 ponchononoad i 2
08200
o i 7, SR A A
ba 22 i Ant An2An3And A1zt st 2?
I
Mote
1. BL=16, Write Postamble = 0.5nCK, DQ/DQS: VSSQ termination r/ JUNT CARE 22 TIME EREAK
2. Din n = data-in to columnm.n ¢

3. The minimum number of clock cycles from the burst write command to the burst read command for any bank is [WL + 1 + BL2 + RUWTRACK)].
4. tWTR starts at the rising edge of CK after the last latching edge of DQS.
5. DES commands are shown for ease of illustration; other commands may be valid at these times.

Notes
1. BL=16, Write Postamble = 0.5nCK, DQ/DQS: VSSQ termination
2. Din n = data-in to columnm.n
3. The minimum number of clock cycles from the burst write command to the bur.* resd command for any bank is [WL + 1 + BL/2

+ RU(tWTR/tCK)].
4. tWTR starts at the rising edge of CK after the last latching edge of DOS.
5. DES commands are shown for ease of illustration; other commands ma, b valid at these times.

4.9. Write Timing

The write timing is shown in the following figure
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T4 Ta0 Tal Ta2 Ta3 Ta4 Tas Tab - Tb0 Th1 Tb2 Th3 Th4 Tbs

L ,r L,i l,J 1 ,’ L ,r L,i (- . ,’ ,rl L,i l,! . ," ‘v ,r L,i .
|
1
zz | »
Q& TR /
[ = =
command (_ wie1 X oas2 oes Ko Y(oes X oes X oes Y oes X ok Y(oes Y ogf Y oes Yoes X oes ) oes Y oes Yoe |

! I T

WL

DQSS (Min) DSH

DSH tWPST

DQS_c )“LPRE - -
X X W)

pas. |, RUITTITTIIE X AP KX

1D0s200

02 [/ & XD NG el e . /

DQASS (Max)

YWPRE IDGSH twast
DQS ¢ . F—'
pase 7 mvmﬂﬂfﬁﬂiv ]

Note
1. BL=16, Write Postamble = 0.5nCK
2. Din n = data-in to columnm.n . . - / ) DON'T CARE 22 TIME BREAK
3. DES commands are shown for ease of illustration; other commands ma;, . = valid at these times.

Figure - Write Timing

4.9.1. tWPRE Calculation for ATE (Automated Test Equipment)
The method for calculating differential pulse widths for tWPRE is shown in the following figure
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CK_t

CK c

relevant for tWPRE specification

Resulting differential signal 22

Vsw2

Vsw1 7
DQS_t-DQS ¢

Begin point: /

Extrapolated point

tWPRE

Note
1. Termination condition for DQS_t, DQS_c, DQ and DMI = 50ohm to VSSQ.

Figure - Method for calculating tWPRE transitions =nd endpoints

Table - Reference Voltage for tWPRE Tin:in¢ *4easurements

¥

Measured Parameter Symbol | Vswi [V] Vsw2 [V]
DQS_t, DQS_c differential Write Preamble tWPRE VIHL_AC x 0.3 VIHL_AC x 0.7

4.9.2, tWPST Calculation for ATE (Automatic Test Equipment)
The method for calculating differential pulse widths for tWPST is shown in the follwing figure 57
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CK_t
- _22 CK_c
Resulting differential signal
relevant for tWPST specification
fffffffffffffffffffffffffffffffffffffffffffffffffffff ov—)
Vsw2
Vsw1
DQS_t-DQS_c ~&— End point: Extrapolated point
tWPST
Note
1. Termination condition for DQS_t, DQS_c, DQ and DMI = 50ohm to V'CSQ.
2. Write Postamble: 0.5tCK
3. The method for calculating differential pulse widths for 1.5 tCK Poctamole is
same as 0.5 tCK Postamble.
Figure - Method for calculating tWPST trans’tic as and endpoints
Table - Reference Voltage for tW R Timing Measurements
Measured Parameter Svu il Vswi [V] Vsw2 [V]
DQS_t, DQS_c differential Write Preamble CVPST - (VIHL_AC x 0.7) - (VIHL_AC x 0.3)

4.10. Postamble and Preamble merging behavior

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.
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In Read to Read or Write to Write operations with tCCD=BL/2, postamble for 1st command and preamble for 2nd command
will disappear to create consecutive DQS latching edge for seamless burst operations.

But in the case of Read to Read or Write to Write operations with command interval of tCCD+1,tCCD+2, etc., they will
not completely disappear because it's not seamless burst operations.

Timing diagrams in this material describe Postamble and Preamble merging behavior in Read to Read or Write to Write
operations with tCCD+n.

4.10.1. Read to Read Operation

T2 T18 T14 T5 T16 TI7 T18 T19 T20 T26 T27 T28 T29 T30 T3

CA
COMMAND Read-1 CAS-2 X DES%DES X Read-1
1CC0=3
RL=6
{RPRE | 1RPST
DQas_c | ?3 = - -
DQs_t -
o I e Wz
Note

1. BL = 16 for column n and column m, RL = 6, Preamble = Toggle, Postamble = 1.5nCK @ DON'T CARE 22 TIME BREAK
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.

Figure - Seamless Reads Operation: tCCD — M'n, Preamble = Toggle, 1.5nCK Postamble
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T2 T13 T14 Ti5 T16 T17 T18 T19 T20 T21 T26 T27 T28 T29 T30

T0 T1 T2 T3

oa |

Note
1. BL = 16 for column n and column m, RL = 6, Preamble = Toggle, Postamble = 1.5nCK m DONT CARE » IME BREAK
A\

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.

Figure - Consecutive Reads Operation: tCCD = Min+1, Preamb:2-"roggle, 1.5nCK Postamble

T Ti8 19 T20 T2 T26 T27 T8 T29 T30

T:E Tlo
CK ¢ --, - relpn = =
CKL /f\_*\_/ F\_/ R /‘\&
cs
CA

COMMAND { Rest-1 ¥ cAs2 X oEs ¥ oes
T T T T T

RL=6 iposs

Das_ :
Dczsj | ee =
ba | A

[/} boNT care 22 TIME BREAK

Note
1. BL = 16 for column n and colun. - m, R = 6, Preamble = Toggle, Postamble = 0.5nCK

2. Dout n/m = data-out from co'=n . and column m.
3. DES commands are showr for ease . { illustration; other commands may be valid at these times.

Figure - Conse: uti ‘e Reads Operation: tCCD=Min+1, Preamble=Toggle, 0.5nCK Postamble
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T0 T T2 T3 T4 T7 T8 T T10 T1 T12 T13 T4 TI5 Ti6 T7 T18 T19 T20 7121 T26 T27 T28 T29 T30

v - [ h -

ba |

Note
1. BL = 16 for column n and column m, RL = 6, Preamble = Static, Postamble = 1.5nCK 7M AONT CARE 22 TIME BREAK
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.

Figure - Consecutive Reads Operation: tCCD = Min +1, Preawblv = Static, 1.5nCK Postamble

TO T T2 T3 T4 T7 T8 ™ Ti0 T11 T12 T13 T4 (5. 1§ T17 Ti8 Ti18 T20

T21 T26 T27 T28 T29 T30

e fiouh, Ocah, ok, Bk ook, o, o, ook, Fock, o, Gooh, o Foh, Hodh, ook
DQ L 00 Ant AnZAn3,A\nd A\nd /o A A A\l Apt0AnT1ApIZ AN AptidAnt
BL2=8
Note
1. BL = 18 for column n c.ad « »lumn m, RL = 6, Preamble = Static, Postamble = 0.5nCK m DON'T CARE. 22 TIME BREAK
2. Dout nim = data-out from coi. wn n and column m.

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

Figure - Cen-ecutive Reads Operation: tCCD = Min +1, Preamble = Static, 0.5nCK Postamble
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T0 T1 T2 T3 T4 7 T8 T9 TI0 T11 T12 T3 T14 T15 T16 T17 T18 T19 T20 T21 T2 T28 T29 T30 TH

CK_ ¢ -- - I .- r= ,-, r= I r= - IS - ‘- .-
! | | | | | | | |
CK_t . S

16CO=10

RL=6
DQs_c
| & Hi
DQS_t ‘
"\|Gaoh, Gouh, G /o, Goh, Ooch, Sok, G Oooh, Fodk, Soth, Faoh, Goud, Gk, Som, oo\
oa | L 0 A2 A\ Ak A\ A At A Ak A0 Apt g A At
BL2=8
Note
1. BL = 16 for column n and column m, RL = &, Preamble = Toggle, Postamble = 1.5nCK @ JONT CARE 28 TIME BREAK
2. Dout nim = 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.

Figure - Consecutive Reads Operation: tCCD = Min +2, Pie: mbhie = Toggle, 1.5nCK Postamble

T T T2 T3 T4 T T8 T9 TI0 TI1 T2 T3 T4 715 1S T17 T8 T19 T20 T21 T2 T28 T29 T30 T31
oo

CK ¢ -- 1 | - - I e Y r=
ot XA XXX QG

=

RPST  RPRE

DQ \ (C"Z

BL2=8 BL2=8

Note
1. BL = 16 for column n and “olw .a m, /L = 6, Preamble = Toggle, Postamble = 0.5nCK m DONT CARE 22 TIME BREAK
2. Dout n/m = data-ou! .rom  ~'umr n and column m.

3. DES commands - .« shown ..~ zase of illustration; other commands may be valid at these times.

Figure - Consecutive Reads Operation: tCCD = Min +2, Preamble = Toggle, 0.5nCK Postamble
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T22 T28 T29

T30 T

X

TO T1 T2 T3 T4 7 T8 T8 TI0 TI1 T2 T3 T14 Ti5 T16 T17 T18 T19 T20 T21

CK c -~ A - - -

RPST  RPRE

DOS ¢
e Hi-Z
DQS_t
ba ‘ e HZ
Note
1. BL = 16 for column n and column m, RL = 6, Preamble = Static, Postamble = 1.6nCK EZ4 DUCT CARE 22 TIME BREAK

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.

Figure - Consecutive Reads Operation: tCCD = Min +2, Preai-nle = Static, 1.5nCK Postamble

TO T1 T2 T3 T4 T7 T8 T9 TI0O T4 T12 T13 T4 TIf Ti4A To/ T18 T19 T20 T21 T22 T28 T289 T30 T3

.-

cco=10

RL=6

a b, /Ot och, o ok, ook G, ok ook, o, G, Ao, ook, ook o, ot

Da ‘ )) N \rl]r'\nl.‘\rIZ,'\ni,t\m.‘\nﬁ1\llﬁ,i\n?,‘\rﬁ./\rmAg_nB/'\@I,‘Wg,i\llﬁ,l'\nﬂ,‘\clﬁ S

BL2=8

Note
1. BL = 16 for column n and colum. m, F _ = & Preamble = Static, Postamble = 0.5nCK m DONT CARE 22 TIME BREAK
2. Dout n/m = data-out from rulur .0 1 wnd column m.
3. DES commands are show * “ur e se of illustration; other commands may be valid at these times.

Figure - Consccutive Reads Operation: tCCD = Min +2, Preamble = Static, 0.5nCK Postamble
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TO T1 T2 T3 T4 T T8 T9 TI0 T™1 T12 T3 T14 TI5 TI6 TI7 T18 T19 T20 T21 T22 T23 T29 T30 T31

1RPRE _ IRPST {RPRE iTsT
DQs_c
. ‘ e Hi-Z
DaS_t
7 ™\ aah £k, Gk, o, a0k, Ok, ok o, /6o, 0k o, ok Foch, o S, iy
pa | D T S N S
BL2=8
Note
1. BL = 16 for column n and column m, RL = 6, Preamble = Toggle, Postamble = 1.5nCK -’73 LONT CARE 22 TIME BREAK
2. Dout n/m = data-out from column n and column m. L

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

Figure - Consecutive Reads Operation: tCCD = Min +3, Preamb’= .- Toggle, 1.5nCK Postamble

TI0O T4 T12 T13 T4 TS5 T16 T1T T8 T19 T20 T21 T22 T23 T29 T30 THN

,—.,—\‘,-Jﬂ_f‘ r-/—\,_—} "./‘\’_‘/ /—\,_—/ =l
NURAT/ NN AN (AN PO NS W PO W, A W PN N

BLU2=8

Mote
1. BL = 16 for column n and column ., RL = 6, Preamble = Toggle, Postamble = 0.5nCK. DONT CARE 22 TIME BREAK
2. Dout n/m = data-out from column n & d column m.

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

Figure - Consecutive Reads Operation: tCCD = Min +3, Preamble = Toggle, 0.5nCK Postamble
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TO T T2 T3 T4 7 T8 T9 T10 T11 T12 T13 T4 TI5 Ti6 TI7 T18 T19 T20 T21 T22 T23 T29 T30 T3

o SE0080 000000000 50000

.

oa |

Note
1. BL = 16 for column n and column m, RL = &, Preamble = Static, Postamble = 1.5nCK ‘773 OO NT CARE 22 TIME BREAK
2. Dout n/m = data-out from column n and column m. 0
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure - Consecutive Reads Operation: tCCD = Min +3, Preaml 'e - Static, 1.5nCK Postamble

TO T T2 T3 T4 T7 T8 T9 TI0 T11 T12 T13 T14 TI5 T.3 T97 18 T19 T20 T21 T22 T23 T29 T30 T3

SonononohopcRandndne

iz o, fooh, B, G, a0, ik, S, Oarh, o, o, o ouh, foch, Oo oo, o Wz 7 /Ooukyaionh, oo o oo iz
DQ| 22"_ 0 At A Ar3 At Ans Ans AT Ans Ani ArttAattApt2Ant AT At - (A AL A O N
BL2=8 BL2=§
Note
1. BL = 16 for column n and column *.,, AL - &, Preamble = Static, Postamble = 0.5nCK DONT CARE 22 TIME BREAK
2. Dout n/m = data-out from column 1 and solumn m.
3. DES commands are shown = -as. ~f ilustration; other commands may be valid at these times.

Figure - Consecuiive Reads Operation: tCCD = Min +3, Preamble = Static, 0.5nCK Postamble
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4.10.2. Write to Write operation

T0 T1 T2 T3 T4 5 T6 7 T8 T9 T10 T11 T12 T13 T4 Ti15 Ti6 T17 T18 T23 T24 T2 T26 T27 T.8

SEEROEERCAN

S N

WPRE
DQS_c |‘—>

DAs t | Don't Care M Don't Care ‘
] AEAAE
DQ | Don't Care Don't Care ‘
Note
1. BL=16, Write Postamble = 0.5nCK DONT CARE 22 TRIE EneAl
2. Dout nfm = data-in to column n and column m.

3. The minimum number of clock cycles from the burst write command to the burst write command for ., ==k ~ BLIZ
4. DES commands are shown for ease of illustration; other commands may be valid at these times

Figure - Seamless Writes Operacion: tCCD = Min, 0.5nCK Postamble
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TO T1 T2 T3 T4 7 T8 T9 TI0 T11 T12 T13 T4 TI5 T16 T17 T23 T24 T25 T31 T32 T33 T34 T35 Ta6

COMMAND ( Wiite-1 )( cas2 Y DES Y OES Y Wiitet X CAS-2
T | T T | T T
co =5

| tWPRE
DAs_c |

bas t Dcn-lCarel 3‘2‘ | | N\_} ) Don't Care |
DQ | Don't Care 32 Don't Care |
| 0DTLon =6 | t0DTon Max 1
) T
DRAM RTT| 00T H-Z 22 * N 2? LoTon Vi ooTHZ ||
L ~ootien (0D Taffbin_
I & B & 1
Note
1. Clock Frequency = 800MHz, tCK(AVG) = 1.25ns DON'T CARE 22 TIME BREAK.
2. BL=16, Write Postamble = 1.5nCK

3. Dout n/m = data-in to column n and column m.
3. The minimum number of clock cycles from the burst write command to the burst write command ~r a. v oank is BL/2
4. DES commands are shown for ease of illustration; other commands may be valid at these (me..

Figure - Seamless Writes Operation: tCTL = Jin, 1.5nCK Postamble,
533MHz < Clock Freq. < 800MHz, CDT Worst Timing Case
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TO T1 T2 T2 T4 T7 T8 T9 T1I0 TN Ti2 TI5 T16 T17 Ti18 T19 T25 T26 T27 T33 T34 T35 T36 T3I7 T38

Write-1
T T
1cco=8

WL=14 D0Ss

HWPRE
DQs_c |F b

Das t ‘ Don't Care 82 22 ‘r_‘ ) 8 " Don Cae
| { > ==
DQ ‘ Don't Care ee 32 § Don't Care
BLR2=8
Note
1. BL=16, Write Postamble = 1.5nCK [72] DONT CARE 22 TIME BREAK

2. Dout ném = data-in to 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.

Figure - Seamless Writes Operation: tCCD = Mi.\, +.5nCK Postamble

TO T1 T2 T3 T4 T8 T9 T10 T11 T2 T13 T14 T15 T6 TI7 T23 T24 T26 T26 T32 T33 T34 T36 T36 T36

CK_c-- r- ‘- ’- r- - - r- r- r- - - - S~ il - - I r- r- r-
= | | | | | | | | | |
i ’ i ’ r v r i’ ' ’ ’ b L b o /_\_/
CK_t . v . v “ [ B [y - 6o B oD AN LN s e &

cs D

CA BL

COMMAND Write-1 CAS2 DES & DES
T T T T T

HWPRE
DS ¢ F—’

Pl ’

DOS t Don't Care & = ) . Don't Care |
- - _
DQ | Don't Care & \ Don't Care |
BLi2=8
1 I
Note
1. BL=18, Write Pusl,iamble =.5nCK DON'T CARE 22 TIME BREAK
2. Dout nfm = data-in to column a1 and column m.

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

Figure - Consecutive Writes Operation: tCCD = Min + 1, 0.5nCK Postamble
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T0 Ti T2 T3 T4 T8 T TI0 T4 Ti2 T13 T14 Ti5 T16 T17 T23 T24 T25 T26 T32 T33 T34 T35 T36 T36

Write-1

T
CCD =9 L WL=12

WL=12 1DQS:
WPRE
Das ¢ _ - -
» . . "
pas t Don't Care: 28 - .
- -
DQ | Don't Care 28 Don't Care: |
1 I 1
Note
1. BL=16, Write Postamble = 1.50CK 77/ von care 22 TIME BREAK
2. Dout n/m = data-in to column n and column m

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

Figure - Consecutive Writes Operation: tCCD = Min + 1, 1.51.CK Postamble

T0 T1 T2 T3 T4 T9 TI0 T11 T12 T13 T14 TI65 T16 TI7 T23 .2 Teo T26 T27 T33 T34 T35 T3 T3I7 T38

aee IS TRERERIAE R I EERENS
- 4

I o)

WL=12

pas._t Don't Care 38 Don't Care |

Da | Don't Care 82 Don't Care |

Note

1. BL=16, Write Postamble = 0.5nCK 7 ONT G
2. Dout n/m = data-in to column n and colimn M DONT CARE TIME BREAK

3. DES commands are shown for ea. » sfilic ~trac on; other commands may be valid at these times.

Figure - Conecutive Writes Operation: tCCD = Min + 2, 0.5nCK Postamble
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T4 T15 Ti16 T17 T23 T24 T25 T26 T27 T33 T34 T35 T3I6 TI7 T38

Das t | Don't Care 32

Don't Lare

e} | Don't Care 88

Note
1. BL=16, Write Postamble = 1.5nCK
, Writs Postamble n [P/ 1onT caRe 22 TIME BREAK

2. Dout n/m = data-in to column n and column m
3. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure - Consecutive Writes Operation: tCCD = Min + 2, 1.5nlK Postamble

T4 T16 Ti6 TI17 T23 T24 T26 76 27 T28 T34 T35 T36 TI7

T38

(X

TO T1 T2 T3 T4 T TiI0 TN

T2 T13

X ’ ﬁ‘/_\l_‘f g

’ r-

pas._t Don't Care 22

oo | Don'lCare &

I Don't Care
Naote

1. BL=186, Write Postamble = 0.5nCK
, Write Postamble = 0.5n [/ bonT care 22 TIME BREAK

2. Dout nfm = data-in to column n and column m.
3. DES commands are shown for ease of illustratic * othe commands may be valid at these times.

Figure - Consuculive Writes Operation: tCCD = Min + 3, 0.5nCK Postamble
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TO T1 T2 T3 T4 T9 Ti0 T4 T12 T3 T4 TI5 T16 TI7T T23 T24 T256 T26 T27 T28 T34 T3a5 T36 Tar T3

r/_\!__/ r
= =

DasS_c
DQs_t Don't Care ee
DQ ‘ Don't Care 32 \,"' i ‘ Dion't Care
Note
1. BL=16, Write Postamble = 1.5nCK .
2. Dout nfm = data-in to column n and column m. ﬂ DONT CARE [IMEEREAR

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

Figure - Consecutive Writes Operation: tCCD = Min + 3, 1.5..CX Postamble

TO Ti T2 T3 T4 T9 Ti0 T

2908

Tiz T13

T4 Ti5 Ti6 TI7

T23 T24 T25 Too T2F T28 T29 T35 T36 TIT Ta8

X OO

SOMMAND Wite-1  {  CAS2

DOS ¢
DS _t | Don't Care
bDa | Don't Care
Note
1. BL=16. Write Postamble = 1.5nCK ;
2. Dout nim = data-in to column n and column m. '/ ponT care 22 TIME BREAK

3. DES commands are shown for ease of illustratic 1, the. zummands may be valid at these times.

Figure - Cons~cuti'e Writes Operation: tCCD = Min + 4, 1.5nCK Postamble

4.1).. Masked Write Operation

T:ie LPDDR4-SDRAM requires that Write operations which include a byte mask anywhere in the burst sequence must
use the Masked Write command. This allows the DRAM to implement efficient data protection schemes based on larger
data blocks. The Masked Write-1 command is used to begin the operation, followed by a CAS-2 command. A Masked
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Write command to the same bank cannot be issued until tCCDMW is met, to allow the LPDDR4-SDRAM to finish the
internal Read-Modify-Write. One Data Mask-Invert (DMI) pin is provided per byte lane, and the Data Mask-Invert
timings match data bit (DQ) timing. See the section on “"Data Mask Invert” for more information on the use of the DMI
signal.

Figure - Masked Write Command - Same Bank (Shown with BL16, 2tCK Preamble)

CK_c o 1: YT\STTY N YTy STy i/ Ve ! . s
CK_t —Hh--idiald :;X_x..; L.I...J. TV m . ‘ m_((_\_/{.;\_/ U \_{_
ValldXVaMd)@.(Vahd ))(Vahd >@E><Bank 0)<Valld m@

{CCOMW R

X
CMD ( Masked Write X CAS-2 X( Valid X Valid X]( Valid j{ Valid ( Mask «d V\r."e_/\< CAS-2 >

WL

DQS_c
DSt {

=7

A

i P S——) 6 5.1/ E

Notes:
1. Masked Write supports only BL16 operations. For BL32 configurction, (e system needs to insert only 16 bit wide data for masked
write operation.

Figure - Masked Write Command - Differc::t Bank (shown with BL16, 2tCK Preamble)

% 3000 €SS E e se e s Esseessesnaseasssesnessetssess
ERE Fo e g bbb
(A(mu - ;"\ - "{ 1 ] 1 1 I 1] I“I 1
mu(m:asx‘wm:c M:amwn{n :ms-z: (_E_";_E_) M:atwn:m :(2:-2: _E_‘F:‘_E_/ : : : } : IJ;: :
B AR R R RN AR
% s i osomionodotiodonomitbttO T

Notes:
1. Masked Write <::nports only BL16 operations. For BL32 configuration, the system needs to insert only 16 bit wide data for masked
write operatic.

4.11.1. Mcskad Write Timing constraints

Table - Masked Write Timing constraints - Same bank

‘et CMD ] Read Write (BL16 or ]
_urrent CMD Activate (BL16 or 32) 32) Masked Write Precharge
|Andvate Tllegal RU(tRCD/tCK) RU(tRCD/tCK) RU(tRCD/tCK) RU(tRAS/tCK)
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81) RL+RU(tDQSCK(max)/ RL+RU(tDQSCK(max)/
Read (BL16) Tlegal tCK) £CK) B"/Z“Lmtaég;’:gu(tRTp/
+BL/2WL+tWPRE+tRPST | +BL/2WL+tWPRE+tRPST
RL+RU(tDQSCK(max)/ RL+RU(tDQSCK(max)/
Read (BL32) Tlegal 162) tcK) tcK) B"/Z“Lmtaéé(s'gu(tmp/
+BL/2WL+tWPRE+tRPST | +BL/2WL+tWPRE+tRPST )
. WL+1+BL/2 81) 3 WL+ 1 + BL/2
Write (BL16) Tllegal +RUGWTR/ECK) tCCDMW +RUCEWR/ACK)
. WL+1+BL/2 " WL+ 1 + BL/2
Write (BL32) Tllegal +RUCEWTR/ECK) 162) tCCDMW + 8 +RU(EWR/tCK)
) WL+1+BL/2 3 WL+ 1+ BL2
Masked Write Illegal +RU(EWTR/tCK) tCCD tCCDMW +RUCEWR/ K
RU(tRP/tCK),
Precharge RU(tRPab/tcK) Illegal Illegal Illegal 4
Notes:
1) In the case of BL = 16, tCCD is 8*tCK.
2) In the case of BL = 32, tCCD is 16*tCK.
3) tCCDMW = 32*tCK (4*tCCD at BL=16)
4) Write with BL=32 operation has 8*tCK longer than BL =16.
5) Units : tCK
Table - Masked Write Timing constraints - Diffe.ert Lank
Next CMD . Read Write (BL16 or 32) M ske 1 "Arite (BL16)
Current CMD Activate (BL16 or 32) Precharge
Activate RU(tRRD/CK) 4 4 I 4 2
81) RL+RU(tDQSCK(max)/ <3 - RL+RU(tDQSCK(max)/ tCK)
Read (BL16) 4 +BL/2WL+tWPRE- (RPS'| +BL/2WL+tWPRE+tRPST 2
RL+RU(tDQSCK(1ax,! t2K) | RL+RU(tDQSCK(max)/ tCK)
Read (BL32) 4 161) +BL/2WL+tV 'Pr.E+RPST +BL/2WL+tWPRE+tRPST 2
_ WL+1+BL/2 el 81)
Write (BL16) 4 +RU(tWTR/tCK) 2
WL+1+BL/2
Write (BL32) 4 +RU(tWTR/tCK) 16 1) 16 1) 2
WL+1+BL/2 ) 81) 81)
Masked Write 4 +RU(tWTR,*C.1 2
Precharge 4 4 4 4 4
Notes: N

1) In the case of BL = 16, tCCL is s*tCK.
2) In the case of BL = 32, t°CC is 16*tCK.

3) Units : tCK

4.1?2 iFDDR4 Data Mask (DM) and Data Bus Inversion (DBIdc) Function
Le=DR4 SDRAM supports the function of Data Mask and Data Bus inversion. Its details are shown below.

e LPDDR4 device supports Data Mask (DM) function for Write operation.
e LPDDR4 device supports Data Bus Inversion (DBIdc) function for Write and Read operation.
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e LPDDR4 supports DM and DBIdc function with a byte granularity.

¢ DBIdc function during Write or Masked Write can be enabled or disabled through MR3 OP[7].

e DBIdc function during Read can be enabled or disabled through MR3 OP[6].

e DM function during Masked Write can be enabled or disabled through MR13 OP[5].

¢ LPDDR4 device has one Data Mask Inversion (DMI) signal pin per byte; total of 2 DMI signals per channel.

e DMI signal is a bi-directional DDR signal and is sampled along with the DQ signals for Read and Write or Masked
Write operation.

There are eight possible combinations for LPDDR4 device with DM and DBIdc function. Table below describes the
functional behavior for all combinations.

Table - Function Behaviour of DMI Signal During Write, Masked Write and Read Operatio..

T
2 Sli)l:ll:al DMI s s Si n?h:iur 3! LS
Write Read Signal 9 . Signal Signal gne: cun 1g Signal
DM . during Signal - . mRC .
. DBIdc DBIdc during . during during f during
Fuction 3 3 . Masked during '‘DQ Fead

Fuction | Fuction Write Write Read MPC MPC cathration] MRR

Command [WR FIFO] |[RD FIFO! — Command
Command

Disable Disable Disable Note: 1 Note: 1, 3 Note: 2 Note: 1 Not=: 2 ‘r Note: 2 Note: 2
Disable Enable Disable Note: 4 Note: 3 Note: 2 Note: 9 Not:lb Note: 11 Note: 2
Disable Disable Enable Note: 1 Note: 3 Note: 5 Note: 9 _‘\lorlo Note: 11 Note: 12
Disable Enable Enable Note: 4 Note: 3 Note: 5 Note: & _| _Note: 10 Note: 11 Note: 12
Enable Disable Disable Note: 6 Note: 7 Note: 2 Note® 9 Note: 10 Note: 11 Note: 2
Enable Enable Disable Note: 4 Note: 8 Note: 2 the:—y Note: 10 Note: 11 Note: 2
Enable Disable Enable Note: 6 Note: 7 Note: 5 |___N'J[e: 9 Note: 10 Note: 11 Note: 12
Enable Enable Enable Note: 4 Note: 8 Notc: 5| Note: 9 Note: 10 Note: 11 Note: 12

1.DMI input signal is a don't care. DMI input receivers are turred O:’F.

2.DMI output drivers are turned OFF.

3.Masked Write Command is not allowed and is considered «n illegal command as DM function is disabled.

4.DMI signal is treated as DBI signal and it indicates whether DKAM needs to invert the Write data received on DQs within a byte.
The LPDDR4 device inverts Write data received on the DQ inputs in case DMI was sampled HIGH, or leaves the Write data
noninverted in case DMI was sampled LOW.

5.The LPDDR4 DRAM inverts Read data on its 20 ~rp uts associated within a byte and drives DMI signal HIGH when the number
of *1’ data bits within a given byte lane 1= g-eat 2r than four; otherwise the DRAM does not invert the read data and drives DMI
signal
LOW.

6.The LPDDR4 DRAM does not perfo.m any mask operation when it receives Write command. During the Write burst associated
with Write command, DMI sig:al 1.2ust be driven LOW.

7.The LPDDR4 DRAM require ; an explicit Masked Write command for all masked write operations. DMI signal is treated as DM
signal and it indicates v.ni-h Lit time within the burst is to be masked. When DMI signal is HIGH, DRAM masks that bit time
across all DQs ass< ciated vwithin a byte. All DQ input signals within a byte are don't care (either HIGH or LOW) when DMI signal
is HIGH. When DMI s.7nal is LOW, the LPDDR4 DRAM does not perform mask operation and data received on DQ input is
written to the Z-ray.

8.The LPDDR4 L RAIM requires an explicit Masked Write command for all masked write operations. The LPDDR4 device masks the
Write date reczived on the DQ inputs if the total count of *1’ data bits on DQ[2:7] or DQ[10:15] (for Lower Byte or Upper Byte
respectirely) is equal to or greater than five and DMI signal is LOW. Otherwise the LPDDR4 DRAM does not perform mask
opetction and treats it as a legal DBI pattern; DMI signal is treated as DBI signal and data received on DQ input is written to the
crray.

2 pMI signal is treated as a training pattern. The LPDDR4 SDRAM does not perform any mask operation and does not invert
\Write data received on the DQ inputs.

10. DMI signal is treated as a training pattern. The LPDDR4 SDRAM returns DMI pattern written in WR-FIFO.

11. DMI signal is treated as a training pattern. For more details, see MPC RD DQ Calibration session.
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12. DBI may apply or may not apply during normal MRR. It's vendor specific. If read DBI is enable with MRS and vendor
cannot support the DBI during MRR, DBI pin status should be low.

If read DBI is enable with MRS and vendor can support the DBI during MRR, the LPDDR4 DRAM inverts Mode Register Read data
on its DQ outputs associated within a byte and drives DMI signal HIGH when the number of *1’ data bits within a given byte lane
is greater than four; otherwise the DRAM does not invert the read data and drives DMI signal LOW.

Figure - Masked Write Operation w/ Write DBI Enabled; DM Enabled
CK_c

CK_t

i
-

re=n o= re=a

= P - po—. '_-. P o
! .{ ! { yz W\ ! ! fan 'mmYi /_U I Y\
A A x | (ﬂ ; A L A A AL h
aad Laad baad Laad baad Land - \ -

Laad baad Laad

IR

CA valid X Valid ValiM(andXVand @ Valid @ Valid ¥ Valid éx /alld @ Valid:>
CMD (Masked WriteX CAS2 X Valid )

DQS_c
DQS_t :
DQ[7:0] @) |
N N
DMI[0]

Input data is written to UILAM cell.
Input data is inv=r.ed then written to DRAM cell.

Input data iz macked. The total count on DQ[7:2] is equal or greater than five.

Notes:

1. Data Mask (DM) iz Enzbled; MR13 OP[5]=1, Data Bus Inversion (DBI) Write is Enabled; MR3 OP[7]=1.
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Figure - Write Command w/ Write DBI Enabled; DM Disabled

poen pee -y poma poma
baad Laad aad fhaad Laad baad Laad LT

(

s [\ [\ | )
CA Bank 0X Valid X Valid X Valid XiMd X valia X Valimwmm
CMD (MaskedWriteX CAS-2 )Q( Valid X Valid % X Valid % X Vald(i__X é\.fa\id _X_ %Valm‘ >

CK_c

o SO XOCXOCX 00O

- WL
DQS_c ('8 e nTanTan mutanimn't
DQS_t \ |
DQ[7:0] [
DMI[0] |

Input data is written to DRAM cell.
Input data is inverted, then v rittzn to DRAM cell.

Notes:
1. Data Mask (DM) is Disabled; MR13 QP|3]=0, Data Bus Inversion (DBI) Write is Enabled; MR3 OP[7]=1.

Rev 1.0/ Apr 2026 76



Plusetech Technology (SHENZHEN) CO., LIMITED

‘Q'.‘ PLUSETECH

4.13. Precharge Operation
The PRECHARGE command is used to precharge or close a bank that has been activated. The PRECHARGE command
is initiated with CS, and CA[5:0] in the proper state as defined by the Command Truth Table. The PRECHARGE
command can be used to precharge each bank independently or all banks simultaneously. The 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 tRPab after an all-bank PRECHARGE command is issued, or tRPpb after a single-bank
PRECHARGE command is issued.

To ensure that LPDDR4 devices can meet the instantaneous current demands, the row-precharge time for an all-
bank PRECHARGE (tRPab) is longer than the perbank precharge time (tRPpb).

Table - Precharge Bank Selection

AB BA2 BAl BAO Precharged
(CA[5], R1) (CA[2], R2) (CA[1], R2) (CA[0], R2) 3ank(s)
0 0 0 0 47—5ank 0 Only
0 0 0 1 Bank 1 Only
0 0 1 0 Bank 2 Only
0 0 1 i Bank 3 Only
0 1 0 N/ Bank 4 Only
0 1 0 1 Bank 5 Only
0 1 1 o Bank 6 Only
0 1 1 | 1 Bank 7 Only
1 Valid valid | Valid All banks
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4.13.1. Burst Read Operation followed by Precharge

The PRECHARGE command can be issued as early as BL/2 clock cycles after a READ command, but PRECHARGE cannot
be issued until after tRAS 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 2nd rising clock edge of the CAS-2 command. tRTP begins BL/2 . 8 clock cycles after the READ command.
For LPDDR4 READ-to-PRECHARGE timings see Table "Timing Between Commands (Precharge and Auto-Precharge)”.

Flgure Burst Read foIIowed by Precharge (BL16 togglmg pre- amble)
CK_t
CK_c

CA[5:0]

Prechargg X Valid X [ \.’alld: X V%\d: x lAf I'1| X IACT2

DQS_t
DQS ¢

DQ[15:0] |

DMH0] b .//. ' Wiﬂﬂ@’

CK_t
CK_c

CA[5:0]

CMD

DQS _t
DQS ¢

DQ[15:0]
DMI[1:0]
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4.13.2. Burst Write followed by Precharge
A Write Recovery time (tWR) must be provided before a PRECHARGE command may be issued. This delay is
referenced from the next rising edge of CK_t after the last latching DQS clock of the burst.

LPDDR4-SDRAM 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, so tWR starts at the prefetch boundaries. The
minimum WRITE-to-PRECHARGE time for commands to the same bank is WL + BL/2 + 1 + RU(tWR/tCK) clock cycles.

Flgure Burst erte foIIowed by Precharge (BL16 2tCK preamble)
CK_t . . .
CK_c

CAO0-5

DQ[15:0] |
/DMI[1:0]

4.13.3. Auto Precharge operation

Before a new row can be opened in an active bank, the active bark imust oe precharged using either the PRECHARGE
command or the Auto-PRECHARGE function. When a READ, WR‘TE. or Masked Write command is issued to the
device, the AP bit (CA5) can be set to enable the active bank tc automatically begin precharge at the earliest possible
moment during the burst READ, WRITE or Masked Write cycic.

If AP is LOW when the READ, WRITE or Masked Write cnmmand is issued, then the normal READ, WRITE or Masked
Write burst operation is executed and the bank re mains active at the completion of the burst.

If AP is HIGH when the READ, WRITE or Mzasi:ien Nrite command is issued, the Auto-PRECHARGE function is
engaged. This feature enables the PRECH,*R/;E operation to be partially or completely hidden during burst READ
cycles (dependent upon READ or WR (TE latency), thus improving system performance for random data access.

Read with Auto Precharge or V'rite/Mask Write with Auto Precharge commands may be issued after tRCD has been
satisfied. The LPDDR4 SDF AM RAS Lockout feature will schedule the internal precharge to assure that tRAS is
satisfied. tRC needs ‘0 .z <atisfied prior to issuing subsequent Activate commands to the same bank. The figure
below shows example of RAS lock function.
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Figure - Command Input Timing with RAS lock

TO T T2 T3 T4 T19 T20 T21 T22 T23 T24 T25 T31 T32 T38 T39 T47 T48 TalO Tal TaZ Ta3d Ta4 Tad

OV EVESAVATE TRV EVAVET LIV FOSE VAT IEVAVASEVAVEY

s N\ N\ QN AL L LA el

UMLX&M /W/V/P%////Z?////W///%EX@MJ@
COMMAND M Actit ale

RCD = 20nCK EnCK nRTP = BnCK
B {RAS
B IRC VAR -
V// DONT CARE 82 TIME BREAK
Note
1. tCK(AVG) = 0.938ns, Data Rate = 2133Mbps, tRCD(Min) = Max(18&as, 4nti), tRAS(Min) = Max(42ns, 3nCK), nRTP = 8nCK,
BL = 32

2. tRCD = 20nCK comes from Roundup(18ns/0.938ns)
3. DES commands are shown for ease of illustration; other comn “inds may be valid at these times.

4.13.3.1. Burst Read with Auto-Precharje
If AP is HIGH when a READ command is issii=a, *he READ with Auto-PRECHARGE function is engaged. An internal

precharge procedure starts a following dela) v me: afcer the READ command. And this delay time depends on BL setting.
BL = 16: tRTP

BL = 32: 8tCK + tRTP
For LPDDR4 Auto-PRECHARGE cilcclauons, see Table 2. Following an Auto-PRECHARGE operation, an ACTIVATE
command can be issued to ti.= sema bank if the following two conditions are both satisfied:

a. The RAS precharge tirie (tP) has been satisfied from the clock at which the Auto-PRECHARGE began, or

b. The RAS cycle time (*RC) from the previous bank activation has been satisfied.
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Figure - Burst Read with Auto-Precharge (BL16, Toggling preamble)

CK_t
CK_c A A
CA[5:0] g [(Lvaia X vaia )

nRTP
P

w/ AP

CMD X READ-1 X CAS-2

Ll ] i 1 i 1 i 1 I

Valid X Valid X 1 Valid | lid 1 1 ACT1 1 X 1 ACT2 X
' ' ' ' ' | ' ' ' 1
' ' ' ' ' ' ' ' I

DQS_t
pas ¢ | _

DQ[15:0] | '

Figure - Burst Read with Auto-Precharge (BL32, Toygling preamble)

CK_t . ,_\/,_\ SR S S
CK_c SVATLRIEATAIAVIT AL
CA[5:0]
: I KIRPDO
CcMD
DQS_t
DQS_c
DQ[15:0]
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4.13.3.2. 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 tWR 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:
a.The RAS precharge time (tRP) has been satisfied from the clock at which the Auto-PRECHARGE beg-.n,
and
b.The RAS cycle time (tRC) from the previous bank activation has been satisfied.

Tabl_e - qust Writg wjth_ AqtoTPrecharge .(BI.'IG.’ ZtCK p_reamble) :

R e B Bl

DQ[15:0]
JDMI[1:0]

1 L
=

YOI ™ \

T T
0OsSipar) |

E

= s

TR ]

e ! ]

Table - Timing Between Commands (Prechairgye and Auto-Precharge) - DQ ODT is Disabled

From To Command Minimum Delay ‘t‘)etween Frorg Command Unit | Notes
Command \ and “To Command
Precharge
Read (BL16) (to same bank as Peodd tRTP tcK 1,6
Prechargo +! tRTP tCK 1,6
Pre harije %
Read (BL32) (to serne vank as Read) 8¥CK + tRTP tcK 1,6
+-echarge All 8*tCK + tRTP tCK 1,6
Precharge
. (20 same bank as Read w/ AP) nRTP teK 1,10
Precharge All nRTP tCK 1,10
Activate
N\ (to same bank as Read w/ AP) NRTP + tRPpb K| 1810
| Write or Write w/ AP (same Ilegal 3
Read w/ AF | bank) eaa )
(RL15 Masked Write or Masked Write w/ AP
(same bank) Illegal °
Write or Write w/ AP (different RL+RU(tDQSCK(max)/tCK)+BL/2+RD(tRPST)-
bank) WL-+tWPRE K 345
| Masked Write or Masked Write w/ AP RL+RU(tDQSCK(max)/tCK)+BL/2+RD(tRPST)-
| (different bank) WL+tWPRE K 345
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From To Command Minimum Delay between “From Unit| Notes
Command Command” and “To Command”
Read or Read w/ AP llegal )
Read w/ AP (same bank) 9
(BL16) Read or Read w/ AP
(different bank) BL/2 tcK 3
Precharge .
(to same bank as Read w/ AP) §¥CK + nRTP WK 1,10 J
Precharge All 8*tCK + nRTP tCK 1,1. |
Activate
X N
(to same bank as Read w/ AP) 8*tCK + nRTP + tRPpb tCK | 1,8.1u
Write or Write w/ AP Tlleqal .
(same bank) €ga
Read w/ AP Masked Write or Masked Write w/ AP Tllegal )
(BL32) (same bank)
Write or Write w/ AP RL+RU(tDQSCK(max)/tCK)+BL/2+RLC tRPST)- ik | 345
(different bank) WL+tWPRE i
Masked Write or Masked Write w/ AP RL+RU(tDQSCK(max)/tCK)+BL,2+KkD(tRPST)- tck | 345
(different bank) WL+tWPR.: r
Read or Read w/ AP
Illeg! -
(same bank) h
Read or Read w/ AP .
(different bank) 1, H/2 teK 3
) Precharge
ertgL(?li_lG & (to same bank as Masked Write) / _‘”’" BL/2 + tWR + 1 tcK 1,7
) Precharge All ‘WL + BL/2 + tWR + 1 tCK 1,7
Precharge
Masked Write (to same bank as Masked Write) A o~ WL +BL/2 + tWR + 1 T L7
Precharge All | WL + BL/2 + tWR + 1 tCK 1,7
Precharge '
(to same bank as Write w/ AP)_ WL +BL/2 + nWR + 1 WX 111
Precharge All WL + BL/2 + nWR + 1 tCK 1,11
Activate
(to same bank as Wi'te =, AP) WL + BL/2 + nWR + 1 + tRPpb tCK | 1,8,11
Write or Wr.'e w/ AP Ilegal )
Write w/ AP (sarie Bank) ?
Wric ot Write w/ AP
(dihcrent bank) BL/2 K3
Maske d-wVrice or Masked-Write w/ AP
(different bank) BL/2 teK 3
Read or Read w/ AP (same bank) Illegal -
" Read or Read w/ AP (different bank) WL + BL/2 + tWTR + 1 toK | 3,9
From Minimum Delay between “From Command” i
Command To Command and “To Command” Unit | Notes
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Precharge
(to same bank as Masked Write w/ AP) WL +BL/2 + nWR + 1 teK L1
Precharge all WL + BL/2 + nWR + 1 tCK 1,11
Activate
(to same bank as Masked Write w/ AP) WL +BL/2 + nWR + 1 + tRPpb ek 18,11
Write or Write w/ AP (same Tlegal )
bank) 9
Masked Write Masked Write or Masked Write w/ AP llegal )
w/ AP (same bank) €ga ]
Write or Write w/ AP (different BL/2 tCK 3 |
bank) o A
Masked Write or Masked Write w/ AP
(differenet bank) BL/2 tcK 3
Read or Read w/ AP (same bank) Tllegal -
Read or Read w/ AP (different bank) WL + BL/2 + tWTR + 1 tcK 3,9
Precharge c
Precharge (to same bank as Precharge) 4 tcK 1
Precharge All 4 tCK 1
Precharge 4 tCK 1
Precharge All N
g Precharge All 4 tCK 1
Notes

1.For a given bank, the precharge period should be counted from the latest precharge command, wheti.~r L. >r-Fank 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/At or ‘1asked Write w/AP, seamless write operations to
different banks are supported. READ, WRITE, and Masked Write operations may not be triincawd « - interrupted.

4.tRPST values depend on MR1 OP[7] repectively

5.tWPRE values depend on MR1 OP[2] respectively

6.Minimum Delay between "From Command" and "To Command" in clock cycle is ~alcc'=.ed by dividing tRTP(in ns) by tCK(in ns) and rounding up to the
next integer: Minimum Delay[cycles] = Roundup(tRTP[ns] / tCK[ns])

7 .Minimum Delay between "From Command" and "To Command" in clor« cycle i calculated by dividing tWR(in ns) by tCK(in ns) and rounding up to the
next integer: Minimum Delay[cycles] = Roundup(tWR[ns] / tCK[ns])

8. Minimum Delay between "From Command" and "To Command" in ci.<k cycle is calculated by dividing tRPpb(in ns) by tCK(in ns) and rounding up to the
next integer: Minimum Delay[cycles] = Roundup(tRPpb[ns] / tCK[ns])

9. Minimum Delay between "From Command" and "To Commanc." in clock cycle is calculated by dividing tWTR(in ns) by tCK(in ns) and rounding up to the
next integer: Minimum Delay[cycles] = Roundup(tWTR[ns1/ tL.fs])

10. For Read w/AP the value is nRTP which is defin »d in 10c 2 Register 2.

11. For Write w/AP the value is nWR which is ¢ efinc 4 in.*ode Register 1.

Table - Timing Betweer: “..mands (Precharge and Auto-Precharge) - DQ ODT is Enabled

From Minimum Delay between “From Command” and
Command To Command “To Command” Unit | Notes
Write or Write w/ AP {di~rent } ] .
Read w/ AP o RL+RU(tDQSCK(max)/tCK)+BL/2+RD(tRPST)-ODTLon-RD(tODTon, min/tCK)+1 teK | 2.3
BL16 i oA Wri _
(BL16) Masked Write or Mask.d Write w/ AP RL+RU(tDQSCK(max)/tCK)+BL/2+RD(tRPST)-ODTLon-RD(tODTon,min/tCK)+1 tcK | 2,3
(different bank)
Write ¢ Wn.> w/ AP (different RL+RU(tDQSCK(max)/tCK)+BL/2+RD(tRPST)-ODTLon-RD(tODTon,min/tCK)+1 tcK | 2,3
Read w/ AP ~ . bank)
BL32 Rl ) i )
(BL32) MaskegPyit (;irff'\;'ras:f‘;a\g’;)te w/ AP RL+RU(tDQSCK(max)/tCK)+BL/2+RD(tRPST)-ODTLon-RD(tODTon, min/tCK)+1 tok | 2,3

Notes

1. 7 he rest of Precharge and Auto-Precharge timings are as same as DQ ODT disabled case.
2. After READ w/AP, seamless read operations to different banks are supported. READ, WRITE, and Masked Write operations may not be truncated or
inerrupted.

3. tRPST values depend on MR1 OP[7] respectively.
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4.13.3.3. Delay Time from Write to Read with Auto Precharge
In the case of write command followed by read with auto-precharge, controller must satisfy tWR for the write command
before initiating the DRAM internal auto-precharge. It means that (tWTR + nRTP) should be equal or longer than (tWR)
when BL setting is 16, as well as (tWTR + nRTP +8nCK) should be equal or longer than (tWR) when BL setting is 32.
Refer to the following figure for details.
TO T1 T2 T3 T4 Ta0 Tal Ta2 Tb0 Tb1 Tb2 Tb3 TcO Tc1 Tc2 Tc3 To4 Tc5 Tcé Tdo Td1 Td2 Td3 Td4
CK_c -
CK_t

cxe < ¢ ¢ ¢
s NN |Q 2 A LN MAL R

KOS CYCNY U U LSS CSCS I T,

— \
cRs2. e es)oes) ) e o) |
WL BL/2 + 1 Clock tWTR nRTP
- —
_ w2 [ |
NOTES : 1. Burst Length at Read = 16
2.DES commands are shown for ease of illustration; other commands may be valid at these time= DONT CARE 22 TIME BREAK

4.14. Refresh command

The REFRESH command is initiated with CS HIGH, CAQ LC', CA1 LOW, CA2 LOW, CA3 HIGH and CA4 LOW at the
first rising edge of the clock. Per-bank REFRESH is initiated with CA5 LOW at the first rising edge of the clock. All-
bank REFRESH is initiated with CA5 HIGH at the fist rising edge of the clock.

A per-bank REFRESH command (REFph) is poriorined to the bank address as transferred on CAO, CAl1 and CA2 at
the second rising edge of the clock. B2nk audress BAO is transferred on CAQ, bank address BA1 is transferred on CA1
and bank address BA2 is transferred on '”A2. A per-bank REFRESH command (REFpb) to the eight banks can be
issued in any order. e.g. REFpb ccmniands are issued in the following order: 1-3-0-2-4-7-5-6. After the eight banks
have been refreshed using the nei -bank REFRESH command the controller can send another set of per-bank
REFRESH commands in the sar1e order or a different order. e.g. REFpb commands are issued in the following order
that is different from che prievious order: 7-1-3-5-0-4-2-6. One of the possible order can also be a sequential round
robin: 0-1-2-3-4-5-6-,. It is illegal to send a per-bank REFRESH command to the same bank unless all eight banks
have been refrecied using the per-bank REFRESH command. The count of eight REFpb commands starts with the
first REFpb czminand after a synchronization event.

The ba.'k count is synchronized between the controller and the SDRAM by resetting the bank count to zero.
Syni:h:onization can occur upon issuing a RESET command or at every exit from self refresh. REFab command also
cvrchronizes the counter between the controller and SDRAM to zero. The SDRAM device can be placed in self-refresh
¢~ 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 in the previous paragraph.
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A REFab command issued when the bank counter is not zero will reset the bank counter to zero and the DRAM will

perform refreshes to all banks as indicated by the row counter.

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.

Table - Bank and Refresh counter increment behavior

If another refresh command (REFab or REFpb) is

Sub Refresh Bank Ref Counter # (Row W
# # Command BAO BA1 BA2 Bank# Counter # Address #)
0 0 Reset, SRX or REFab ToO - ]
1 1 REFpb 0 0 0 0 Oto1
2 2 REFpb 0 0 1 1 1t02
3 3 REFpb 0 1 0 2 2t0 3
4 4 REFpb 0 1 1 3 3to4
5 5 REFpb 1 0 0 4 4t05 :
6 6 REFpb 1 0 1 5 5t06
7 7 REFpb 1 1 0 6 6to.
8 8 REFpb 1 1 1 7 EACKEE
9 1 REFpb 1 1 0 6 . Lto1
10 2 REFpb 1 1 1 7 (to2
n+1
15 7 REFpb 0 0 0 =i 6to7
16 8 REFpb 1 0 0 ) 7t00
17 1 REFpb 0 0 0 0 Oto1
18 2 REFpb 0 0 e 1 1t02 n+2
19 3 REFpb 0 1 & 2 2t0 3
24 0 REFab 4 v 7 0~7 To0 n+2
25 1 REFpb 1 1 ] 6 Oto1
26 2 REFpb 1 1 1 7 1to2 n+3
L. Snip

A bank must be idle before it can ko 12freshed. The controller must track the bank being refreshed by the per-bank
REFRESH command.

The REFpb command mi:st 1.o% be issued to the device until the following conditions are met:
- tRFCab has be.n saticiied after the prior REFab command
- tRFCpb has been . atisfied after the prior REFpb command
- tRP has L-=en satisfied after the prior PRECHARGE command to that bank
- tRRD has been satisfied after the prior ACTIVATE command (if applicable, for example after activating a row in a
differen: Lank than the one affected by the REFpb command).

Tha (arget bank is inaccessible during per-bank REFRESH cycle time (tRFCpb), however, other banks within the device
are uccessible 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, these conditions must be met:
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- tRFCpb must be satisfied before issuing a REFab command
- tRFCpb must be satisfied before issuing an ACTIVATE command to the same bank

issuing another REFpb command.

tRRD must be satisfied before issuing an ACTIVATE command to a different bank- tRFCpb must be satisfied before

An all-bank REFRESH command (REFab) issues a REFRESH command to all banks. All banks must be idle when REFab
is issued (for instance, by issuing a PRECHARGE-all command prior to issuing an all-bank REFRESH command). REFab
also synchronizes the bank count between the controller and the SDRAM to zero. The REFab command must not 2

issued to the device until the following conditions have been met: - tRFCab has been satisfied following the prior RE:-ch
command - tRFCpb has been satisfied following the prior REFpb command

- tRP has been satisfied following the prior PRECHARGE commands.

When an all-bank refresh cycle has completed, all banks will be idle. After issuing REFab:
- tRFCab latency must be satisfied before issuing an ACTIVATE command
- tRFCab latency must be satisfied before issuing a REFab or REFpb command.

Table - REFRESH Command Scheduling Separation reouirements

Symbol minimum delay from to Notes
REFab ¢
tRFCab REFab Activate command 0 "y "y barik
PEFpD.
RERD
tRFCpb REFpb Activate ce mrand to same bank as REFpb
~ REFpb
REFpb Ac L‘ivacho. amand to different bank than REFpb
tRRD REpr 1
Activate - - N -
Activate command to different bank than prior Activate command
Note:
1. A bank must be in the idle state before - is 1 .fres1ed, so following an ACTIVATE command REFab is prohibited; REFpb is
supported only if it affects a bank that .= . tne idle state.

Fgure - All-Bank REFRESH Operation

CMD }( Precnarge)( VALID

wm' o >< fﬁm =

0 i
A=tRPab '

' ' '
'
'
LID X Refresh X
T
' ]

>=| lRFCah ! ' lRFCah '
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Figure - Per-Bank REFRESH Operation
CK_t ; -t ~oal -t At -t - - - oAt roalt
CKc

Cs

.
AB
cao-5 XKL Xvumfmo) v

o

CMD X Precharge X VALID }LID Refresh v;#m X Refresh X VAL/
4
] i ' ' | ] ] ' ' | \ | '
' . : + >=tRPab \ ‘ ' >=tRFCpb, ; . >=tRFCpb
)

S S Sy S S S S S

Refresh to Bank x Refresh to Bank y Activate command to Bank1

1. Operations to banks other than the bank being refreshed are supported during the tRFCpb period.

In general, a Refresh command needs to be issued to the LPDDR4 SDRAM regularly every tREFI interval. To allow for
improved efficiency in scheduling and switching between tasks, some flexibility in the cbsu!ute refresh interval is
provided. A maximum of 8 Refresh commands can be postponed during operation ¢ th= ' PL)DR4 SDRAM, meaning
that at no point in time more than a total of 8 Refresh commands are allowed tr be postponed and maximum
number of pulled-in or postponed REF command is dependent on refresh rate. 't \= Zescribed in the table below. In
case that 8 Refresh commands are postponed in a row, the resulting max'mun incerval between the surrounding
Refresh commands is limited to 9 x tREFI. A maximum of 8 additional Kefiesh commands can be issued in advance
("pulled in"), with each one reducing the number of regular Refrest ~an\munds required later by one. Note that
pulling in more than 8 Refresh commands in advance does not further reduce the number of regular Refresh
commands required later, so that the resulting maximum intei vai hetween two surrounding Refresh commands is
limited to 9 x tREFI. At any given time, a maximum of 16 K=F commands can be issued within 2 x tREFI.

Self-Refresh Mode may be entered with a maximun. of eight Refresh commands being postponed. After exiting
SelfRefresh Mode with one or more Refresh commands postponed, additional Refresh commands may be postponed
to the extent that the total number of postpcricd Refresh commands (before and after the Self-Refresh) will never
exceed eight. During Self-Refresh Mode, the aur ber of postponed or pulled-in REFcommands does not change.

Tabl2 - .egacy Refresh Command Timing Constraints

MR4 Ma>. N . of pulled in or Max. interval between Max. No. of REFab within Per-bank

OP[2:0] Refresh rate oy d REFab t REFab max(2*tREFI*Refresh Refresh
' ol _' 9s-pone a wo a rate multiplier, 16*tRFC) efres
ooop | oW Tem: N/A N/A N/A N/A
Limit / / / /

001B 4 X *RErT 8 9 x 4 x tREFI 16 1/8 of REFab

010B Z X tREFI 8 9 x 2 x tREFI 16 1/8 of REFab

011B [« 1:x tREFI 8 9 x tREFI 16 1/8 of REFab

10%p 0.5 x tREFI 8 9 x 0.5 x tREFL 16 1/8 of REFab

1MS | 0.25 x tREFI 8 9 x 0.25 x tREFL 16 1/8 of REFab
L 110B | 0.25 x tREFI 8 9 x 0.25 x tREFIL 16 1/8 of REFab

High Temp.
111B Limit N/A N/A N/A N/A

Table - Modified Refresh Command Timing Constraints
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MR4 Max. No. of pulled in or | Max. interval between N ocURERabIth Per-bank
OP[2:0] SRR postponed REFab two REFab max(2*t_RI_EFI*Refresh Refresh
rate multiplier, 16*tRFC)
0008 LOWU;? - N/A N/A N/A N/A
001B | 4 X tREFI 2 3 X 4 X tREFI 4 1/8 of REFab
010B | 2 XtREFI 4 5 X 2 X tREFI 8 1/8 of REFab
011B | 1 XtREFI 8 9 x tREFI 16 1/8 of REFeh
100B | 0.5 X tREFI 8 9 x 0.5 x tREFI 16 1/8 of REich
101B | 0.25 x tREFI 8 9 x 0.25 x tREFI 16 1/8~f PErch |
110B | 0.25 x tREFI 8 9 x 0.25 x tREFI 16 1/8 of nEFab
111B H'gti;?tmp' N/A N/A N/A N/A

Notes:

1. For any thermal transition phase where Refresh mode is transitioned to either 2x tREFIor 4x tRFi-y, L”~M will support the
previous postponed refresh requirement provided the number of postponed refreshes is monotonica.'v red uced to meet the new
requirement. However, the pulled-in refresh commands in previous thermal phase are not applied in new chermal phase. Entering
new thermal phase the controller must count the number of pulled-in refresh commands as ze: 2, reqardless of remaining pulled-
in refresh commands in previous thermal phase.

2. LPDDR4 devices are refreshed properly if memory controller issues refresh commands with same or shorter refresh period than
reported by MR4 OP[2:0]. If shorter refresh period is applied, the corresponding recun *meats from Table apply. For example,
when MR4 OP[2:0]=001B, controller can be in any refresh rate from 4xtREFI to 0.75 tr.=FI. When MR4 OP[2:0]=010B, the only
prohibited refresh rate is 4x tREFI.

Figure - Postponing Refresh Comn.ands (Example)

tREFI

Il s 1A A AR NN NNEE

8 REF-Commands postponed
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Figure - Pulling-in Refresh Commands (Example)
tREFI

NI T
/RFC\'/
AT

&__—\/—___/
8 REF-Commands postponed

Rev 1.0/ Apr 2026 90



\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

4.15. LPDDR4 Refresh Requirements by Device Density

Between SRX command and SRE command, at least one extra refresh command is required. After the DRAM Self Refresh Exit
command, in addition to the normal Refresh command at tREFI interval, the LPDDR4 DRAM requires minimum of one extra Refresh
command prior to Self Refresh Entry command.

Table - Refresh Requirement Parameters per die

Density Symbol 4Gb 6Gb 8Gb 12Gb 16Gb ur't N
Density per channel 2Gb 3Gb 4Gb 6Gbh 8Gh L
Number of Banks 8 _l_
Refresh Window 1 x tREFI tREFW 32 B\ n.s
Refresh Window 0.5 x tREFI tREFW 16 N\ ms
Refresh Window 0.25 x tREFL tREFW 8 ms
Required number of REFRESH commands R 8,192 _
Average Refresh Interval 1 x tREFI | REFab tREFI 3.906 us
REFpb tREFIpb 488 - ns
Average Refresh Interval REFab tREFI 1.953 us
0.5 x tREFI REFpb tREFIpb 244 ns
Average Refresh Interval 0.25 x REFab tREFI 0.965 o us
tREFI REFpb tREFIpb 122 ns
Refresh Cycle Time (All Banks) tRFCab 130 180 180 | N 230 ns
Refresh Cycle Time (per Bank) tRFCpb 60 90 90 _|_ L} 110 ns

Notes:

1. Refresh for each channel is independent of the other channel on the die, or other channels in a package Power delivery in the user’s system should be
verified to make sure the DC operating conditions are maintained when multiple channels are refreshed sii. ultc 2~.ously.

2. Self refresh abort feature is available for higher density devices starting with12 Gb device and tX5. ubon min) is defined as tRFCpb + 17.5ns.

4.16. Self Refresh Operation

4.16.1. Self Refresh Entry and Exit

The Self Refresh command can be used to retain data in the LPL ™4 _DRAM, the SDRAM retains data without external Refresh
command. The device has a built-in timer to accommodate Se'i Ref-esi operation. The Self Refresh is entered by Self Refresh Entry
Command defined by having CKE High, CS High, CAO Low, CAl | onv, CA2 Low; CA3 High; CA4 High, CA5 Valid (Valid that means it
is Logic Level, High or Low) for the first rising edge and CKE :'iah, CS Low, CAOQ Valid, CA1 Valid, CA2 Valid, CA3 Valid, CA4 Valid,
CA?S Valid at the second rising edge of the clock. Self Reresh command is only allowed when SDRAM is idle state.

During Self Refresh mode, external clock input is noed=1 and all input pin of SDRAM are activated.
SDRAM can accept the following commands, MRR- ., CAS-2, SRX, MPC, MRW-1, and MRW-2 except PASR Bank/Segment setting.

LPDDR4 SDRAM can operate in Self Pcfresk in both the standard or elevated temperature ranges. SDRAM will also manage Self
Refresh power consumption when the aperating temperature changes, lower at low temperature and higher at high temperatures.

For proper Self Refresh ciz=12tion, power supply pins (VDD1 and VDD2) must be at valid levels. VDDQ may be turned
off during Self-Refre.h ar-er tESCKE is satisfied (Refer to Figure-Self Refresh Entry/Exit Timing with Power Down Entry/
Exit for tESCKE).

Prior to exitiny Sclf-Refresh VDDQ must be within specified limits. The minimum time that the SDRAM must remain in
Self Refresi niwodel is tSR,min.

The uce or Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when
Calf 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.
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Figure - Self Refresh Entry/Exit Timing
CK_c

e l ( |
es U UL L/

o BN

B tSR EXSV

»
-

CMD (Se"EFr:frfyresr‘ X Valid 80( Valid X VaHdN y Seff petresh X Dese\ectem Valic Valid

N Time Brezx {:) Don't Care

1. MRR-1, CAS-2, SRX, MPC, MRW-1 and MRW-2 except PASR Bank/Segment setting ‘s a''o'ved during Self Refresh.
2. Address input may be don't care when input command is Deselect.

A

- -

4.16.2. Power Down Entry and Exit during Self Ret\ <sh

Entering/Exiting Power Down Mode is allowed during Se!f Pe~esh mode in LPDDR4 SDRAM. The related timing
parameters between Self Refresh Entry/Exit and Power Dowi. Entry/Exit are shown in Figure-Self Refresh Entry/Exit
Timing with Power Down Entry/Exit.

Figure - Self Refresh Entry/Exit Timing with Power Down Entry/Exit
T0O T1 T2 T3 Ta0 TbO0 Tb1 Tcu Td1 Te0O TO TM Tg0 Tg1 ThO TkO Tk1 Tk2 Tk3

- - - I ’ ‘-
\ \ \ \ \ \
r ’ ) ) ’
v v

TR 21 LI
s N\ /NS RV L N
N R O A Y L T T T T e o

3
COMMVANL <Se'fEﬁ*1$rfvf95h XAny Command

Enter Self Refresh Exit Self Refresh
NOTES: ;
1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1 and MRW-2 except PASR Bank/Segment setting is allowed during Self Refresh, DONT CARE 22 TIME BREAK
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
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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. 2 Clock command for example.
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4.16.3. Command Input Timing after Power Down Exit
Command input timings after Power Down Exit during Self Refresh mode are shown in Figure-Command input timings
after Power Dwon Exit during Self Refresh.

Figure - Command input timings after Power Down Exit during Self Refresh
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X

ICKE
tCKELCK tCKCKEH
| —————— ——
{CKELCS {CSCKEH

R/

R

Tg1 ThO TkO Tk1 Tk2 Tk3

TR N

{CKEHCS

J

U N |

{ESCKE

ICMDCKE

xXpP

o (v /20112 LR LTTTTT /1‘%////2?////////%;’/'_@//%

cowno (ST om0 T TR T e o)

NOTES:

1. MRR-1, CAS-2, DES, SRX, MPC, MRW-1 and MRW-2 except PASR Bank/Segment setting is allow. 1 d *:ing Self Refresh.

Enter Self Refresh

2. Input clock frequency can be changed or the input clock can be s*toppe or floated after

tCKELCK saticefied and
clock is stable and within specified limits for a minimum
power-down exit and the clock frequency is between the minimum r.d maximum

frequency for the speed grade in use.
3. 2 Clock command for example.

4.16.4. Self Refresh Abort
If MR4 OP[3] is enabled thei: R4 aborts any ongoing refresh during Self Refresh exit and does not increment the
internal refresh counter. Ccacroi'er can issue a valid command after a delay of tXSR_abort instead of tXSR.

The value of tXSR__acort(iiun) is defined as tRFCpb + 17.5 ns.

during power-down, provided that upon exi. nc power-down, the
of tCKCKLH f stable clock prior to
specified

Exit Self Refresh

DONT CARE 22 TIME BREAK

Upon exit from Sel Refresh mode, the LPDDR4 SDRAM requires a minimum of one extra refresh (8 per bank or 1 all
bank) before en’ry into a subsequent Self Refresh mode. This requirement remains the same irrespective of the setting

of the MI' Lit

for self refresh abort.

Szif 1 2f esh abort feature is available for higher density devices starting with12 Gb device.
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4.17. MRR, MRW, MPC Command during tXSR, tRFC

Mode Register Read (MRR), Mode Register Write (MRW) and Multi Purpose Command (MPC) can be issued during tXSR
period.

TO T1 T2 T3 T4 T5 T6 T7 Ta0 Tal Ta2 Ta3 Tad Tab Ta6 TbO0 Tb1 Th2 Tbh3 Th4 TbSs

= ‘- - G i . ) = ' ’ ‘ ‘- ‘-
\ \ \ \ b b \ y y y \ v \

s \vaboX///// 1/
C((():I;fl:;ﬁl‘;D DES DES DES MRW-1 X MRW-2 DES&DESAnyCmmand‘W /1

IMRD

COMMAND @( SRX e CAS2 DES j¥ DES MRW-1 MRW-2 >.<DES DESmy'l"..cmmand'Z
i (25 Y052 YoesNoeo} e Y oo oes o) i 7/

MRD

SR

NOTES : 1. MPC and MRW command are shown in figure at this time, Any combination of MRR, MRW and MPC is allowed du~»~ tXSK | =riod.
2. Any command also includes MRR, MRW and all MPC command.

77 DONT CARE 22 TIME BREAK

Figure - MRR, MRW and MPC Commands Issuing Tin.iny during tXSR

Mode Register Read (MRR), Mode Register Write (MRW) and Multi Purpose “ommand (MPC) can be issued during tRFC
period.

TO T1 T2 T3 T4 T5 T6 T7 Ta0 Tal Ta2 Te” Ta' Tab Ta6 Tb0 Tb1 Tb2 Tb3 Tb4 Tbs

t-

CS*H for CAS-2 88 'l @
s | NN QL /N /N Q /\

on 77X vassX vanaXvanaXvasaX[7 X[/ 74 77 g Ko na)na 7 /X0 X v 7
tMRD
gl D) G 2 GO
SO (o) e

L —

NOTES : 1. MPC ana MRW command are shown in figure at this time, Any combination of MRR, MRW and MPC is allowed during
tRFCab or tRFCpb period.

2. Refre h cy<cle time depends on Refresh command. In case of REF per Bank command issued, Refresh cycle
time wil' be th~=Cpb.

a

7
K Any command also includes MRR, MRW and all MPC command. DON'T CARE 22 TIME BREAK

Figure - MRR, MRW and MPC Commands Issuing Timing during tRFC

4.18. Mode Register Read (MRR) command

The Mode Register Read (MRR) command is used to read configuration and status data from the LPDDR4-SDRAM
registers. The MRR command is initiated with CKE, CS and CA[5:0] in the proper state as defined by the Command
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Truth Table. The mode register address operands (MA[5:0]) allow the user to select one of 64 registers. The mode
register contents are available on the first 4UI's data bits of DQ[7:0] after RL x tCK + tDQSCK + tDQSQ 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 16. MRR operation must not be interrupted.

BL [ ’ 1 ‘ 2 ‘ 3 a4 ‘ 5 ’ 6 ’ 7 ’ 8 ‘ 9 ‘ 10 ‘ 11 ‘ 12 ‘ 13 ‘ 14 ‘ 15
DQO 0oPO v

DQ1 OP1 v

DQ2 oP2 v ‘i
DQ3 oP3 v N\
DQ4 oP4 v N

DQ5 OP5 v

DQ6 oP6 v

DQ7 op7 v )y

DMI v e

Notes:

1. MRR data are extended to first 4 UI's for DRAM controller to sample data easily.
2. DBI may apply or may not apply during normal MRR. It's vendor specific. If read DBI is enac'e v'ith MRS and vendor cannot
support the DBI during MRR, DBI pin status should be low.

3. The read pre-amble and post-amble of MRR are same as normal read.

CK_t
CK_c

CA[5:0]

' ' ' [l
i RL [ ' 1 i i
| ' [l

Figure - Mode Register Read Operat.

i [l i i ]

CMD

X ' Valid !

T =T —
DE-SELECT _)( r--SELECTX Valid
h )

! 'tDQSCK ! !
' '

Das_t
pas ¢ |

T
'

' tRPRE
' ' '

'

DQ[7:0] |

/DMI[0]

DQ[15:8]

/DMI[1]

1. Only BL=13 is ~upported.

2. Only De-Select is allowed during tMRR period.
4.18.1. »RR after Read and Write command
After a privi READ command, the MRR command must not be issued earlier than BL/2 clock cycles, in a similar way
WL v B./2 + 1 + RU(tWTR/tCK) clock cycles after a prior Write, Write with AP, Mask Write, Mask Write with AP and
M7 Write FIFO command in order to avoid the collision of Read and Write burst data on SDRAM's internal Data bus.

Seee L)
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T33 T34 T35 T36 T37 T43 T44

l
(DEs X oEs X MRR1 X cAs2
I I

BL2
RL=14 tDQSCK
tRPRE

DQS_c¢ ?? L U
DQS_t d /__\_/
DQ7:0 ??

DQ15:8 ??
DMI1:0

COMMAND { Read-t X CAS2
I I 1

[//] Do cAR= e TIME BREAK

Note
1. The minimum number of clock cycles from the burst READ command to the MRR c. mr.ar  is BL/2.
2. ReadBL =32, MRR BL = 16, RL = 14, Preamble = Toggle, Postamble = 0.5nCK, 1)BI - Disable, DQ/DQS: VSSQ termination 3.
DES commands except tMRR period are shown for ease of illustration; other command ;s m~y be valid at these times.

Figure - Read to MRR t'1uiii.ag

N Tat Tb0 Tbi Tb2 TcO Tc1 Tc2
- r= r= r=

CK ¢ -- r=

p) T
éllla’//

DAs_c oy r o o "
DQS_t ?? AN WA | WA ??

DQs20Q

o0 ) DHADR._

//| DONT CARE 22 TIME BREAK

1. Nrite BL=16, Write Postamble = 0.5nCK, DQ/DQS: VSSQ termination.
Inic
2. Only DES is allowed during tMRR period.
Din n = data-in to columnm.n.
The minimum number of clock cycles from the burst write command to MRR command is WL + BL/2 + 1 + RUtWTR/tCK).
tWTR 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.

aprwbd
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Figure - Write to MRR Timing

4.18.2. MRR after Power-Down Exit

Following the power-down state, an additional time, tMR\J, is required prior to issuing the mode register
read (MRR) command. This additional time (equivalert to (RLD) is required in order to be able to maximize
power-down current savings by allowing more power up time for the MRR data path after exit from

powerdown mode.

TO Ta0 TbO0 Tb1 Tb2 TcO0 Tel Tc2 Tc3 Tc4d Tcb Td0 Td1 Td2 Td3 Td4 Td5 Tdé Td7 Td8 Td9

CK_c
CK_t

o _22_22‘ P )8 ) @ tMRRI IMRR

oo AR AN LN NN
U 2 o I T2 T G C

COMMAND !7,777;? /10////////X.0Es Y DES X Any Command X Any Commend X DES XES X DES XDES X MRR X cAs2 X Des X Des X DEs X |
DONT CARE 22 TIME BREAK

Nc e

1. Only DES is allowed during tMRR period.
2. DES commands except tMRR period are shown for ease of illustration; other commands may be valid at these times.

Figure - MRR Following Power-Down
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4.19. Mode Register Write (MRW) command

The Mode Register Write (MRW) command is used to write contiduiaw.on data to the mode registers. The MRW
command is initiated by setting CKE, CS, and CA[5:0] to valid le ‘e!s af a rising edge of the clock (see Command Truth
Table). The mode register address and the data written to the r.>ouz registers is contained in CA[5:0] according to the
Command Truth Table. The MRW command period is dziined by tMRW. Mode register Writes to read-only registers
have no impact on the functionality of the device.

Figure - Mcde Register Write Timing

CAO0-5 Xlwa Ivmlil-\/\/_MRW MI;WX valid

Valid X Valid X MRWX MRWX MRWX MRWX Valid
! ] 1
1 1 i [

'
'

' ' !

! : : tMRW
'
'
'

oD X MRW-1 X MRW-2 X Deselec/ :DeseleclE X MRW-1 X MRW-2 XEDBSBH’ Valid
T e

1. Only De-select command is allowed during tMRW and tMRD periods
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4.19.1. Mode Register Write

MRW can be issued from either a Bank-Idle or Bank-Active state. Certain restrictions may apply for MRW from an

Active state.

Table - Truth Table for Mode Register Read (MRR) and Mode Register Write (MRW)

Current State o d Intermediate State Next State
SDRAM omman SDRAM SDRAM
MRR Mode Register Reading All Banks Idl
Al Banke 1l (All Banks Idle) anks Me &
anks 2die MRW Mode Register Writing All Banks Idl _:
(All Banks Idle) anks ide
) MRR Mode Register Reading Bank(s) Active
Bank(s) Active - — -
MRW Mode Register Writing Bank(s) Active
Table - MRR/MRW Timing Constraints : J() OLT Disabled
- - i‘ ‘ v ”
From Command To Minimum Delay ?e wen Fron: Command Unit| Notes
Command and "To Command
MRR HRR -
RD/RDA tMRR -
MRR WR/WRA/ .
MWR/MWRA RL+RU(:DQSCK(max)/tCK)+BL/2+ 3 -WL nCK
MRW RL+RU(tDQSCK(max)/tCK)+BL/2+ 3 nCK
RD/RDA BL/2 nCK
WR/WRA/
MWR/MWRA VRR (N WL+1+BL/2+RU(tWTR/tCK) nCK
MRW tMRD -
Power Down Exit tXP+tMRRI -
KD/FDA tMRD -
WR/WRA/
MRW MWR/MWRA tMRD -
MRW tMRW -
Dn,'_
s RL+BL/2+RU(tDQSCKmax/tCK) +RD(tRPST) +max(RU(7.5ns/
o/ £CK),8nCK) ncK
LD vQ CAL MRW !
RD with Auto- RL+BL/2+RU(tDQSCKmax/tCK) +RD(tRPST) +max(RU(7.5ns/
Precharge tCK),8nCK)+nRTP-8 nCK
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WR/
MWR/ WL+1+BL/2-+max(RU(7.5ns/tCK),8nCK) nCK
WR FIFO
WR/MWR with WL+1+BL/2+ RU(7.5ns/tCK),8nCK)+nWR CK
Auto-Precharge /2+max(RU(7.5ns/tCK),8nCK)+n n

Table - MRR/MRW Timing Constraints : DQ ODT Erabiod

From Command Coanc:an d Minimum D‘:I:Z ?:Zv::i?;z:? 2 AUCLCE Unit| Notes
MRR \
RD/RDA Same as ODT it abic Case -
MRR WR/WRA/ RL+RU(tDQSC: 2 ) tCK)+BL/2+3
MWR/MWRA -ODTLor -RIE{tGDTon(min)/tCK) ncK
MRW Same_\‘saJT Disable Case -
RD/RDA
WR/WRA/
MWR/MWRA MRR Same as ODT Disable Case -
MRW
Powe Down Exit
RD/RDA O 7
WR/WRA/ |
MRW MWR/ | Same as ODT Disable Case ;
MWRA
MEW
RD/ N
RD FIFO/
RD DQ CAL
RD wiir Auto- .
Frecharge MRW Same as ODT Disable Case -
- WR/
MWR/
! WR FIFO
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WR/MWR with
Auto-Precharge

4.20. Vref Current Generator (VRCG)
LPDDR4 SDRAM Vref current generators (VRCG) incorporate a high current morle to reduce the settling time of the
internal Vref(DQ) and Vref(CA) levels during training and when changing fregtie. cy set points during operation. The
high current mode is enabled by setting MR13[OP3] = 1. Only Deselect comma:ia: may be issued until tVRCG_ENABLE
is satisfied. tVRCG_ENABLE timing is shown in figure below.

Figure - VRCG Enable timing

I "‘";;«

" DOBOEEE L HBEBEEEHDD
CMD ( VRCG Enable Dr selec _(K Deselect X Valid X Valid X Deselect 80( Deselect )

I tVRCG_Enable

CK_c
CK_t

88 Time Break

VRCG high current mode is disabled by setting MR13[OP3] = 0. Only Deselect commands may be issued until
tVRCG_DISARLL is satisfied. tVRCG_DISABLE timing is shown in figure below.
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7 igure - VRCG Disable timing
s M\ |

CA @ MRW-1 @ MRW-2 @ Valid ’@ Valid . Valid X Valid x Valid H Valid X Valii <x Valid X Valid )

CMD ( VRCG Disable X Deselect {K Deselect X Valid X Valid X Deselect {M Deselect )

tVRCG_Disable _

N Time Brei k

Note that LPDDR4 SDRAM devices support Vref(CA) and Vref(DQ) range and value chainqes without enabling VRCG
high current mode.

4.21. CA Vref Training
The DRAM internal CA Vref specification parameters are voltage aparating range, stepsize, Vref set tolerance, Vref step
time and Vref valid level.

The voltage operating range specifies the minimum 2quired Vref setting range for LPDDR4 DRAM devices. The
minimum range is defined by Vrefmax and Vrefmin as depicted in Figure "Vref operating range (Vref.min, Vref.max)".

Figure - Vref nperating range (Vref.min, Vref.max)

VDD2 cecceeccmcacccacccacccanamcennsccarsen cienaacsasenaasceaasnaassesasssasesasesasasaaaennannn
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........... Vin DC max

Vref
Range

— = = \/swing Small System variance

---------- vswing Large [ Total Range

The Vref stepsize is defined as the stepsize between adjacent steps. Vref stepsize raiges from 0.3% VDD2 to
0.5%VDD2. However, for a given design, DRAM has one value for Vref step size thac1ainz wichin the range.

The Vref set tolerance is the variation in the Vref voltage from the ideal settinc. 1.uis accounts for accumulated error
over multiple steps. There are two ranges for Vref set tolerance unzcrtanity. The range of Vref set tolerance

uncertainity is a function of number of steps n.

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

and Vref set tolerance is below.

104
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Figure - Example of Vref set tolerance (max case only shown) and stepsize

Actual Vref p
Output g

e
g
.

| T
" Straight Line
’ (endpoint fit)

vref f°

Vref Tolerancey o

:"
’
[ ] T

+ Vref

o v Stepsize

Digital Code

The Vref increment/decrement step times are define by Vre© u-ie-short, middle and long. The Vref_time-short,
Vref_time-middle and Vref_time-long is defined from TS t2 11 as shown in the Figure "Vref_time for short, middlg and
long timing diagram" below where TE is referenced to ..nier. the vref voltage is at the final DC level within the Vref
valid tolerance (Vref_val_tol).

The Vref valid level is defined by Vref_val toleraiiz 2 to qualify the step time TE as shown in Figure "Vref step single
stepsize increment case". This parameter is ucec "o'insure an adequate RC time constant behavior of the voltage level
change after any Vref increment/decrement .djustment. This parameter is only applicable for DRAM component level
validation/characerization.

Vref_time-Short is for a singic stensize increment/decrement change in Vref voltage.

Vref_time-Middle is at least 2 stepsizes increment/decrement change within the same VrefCA range in Vref voltage.
Vref_time-Long is the tirhe inciuding up to Vrefmin to Vrefmax or Vrefmax to Vrefmin change across the VrefCA
Range in Vref voltege

TS - is refercnced to MRS command clock
TE - is ref=reced to the Vref_val_tol
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Flgure Vref_ t|me for short, mlddlg and Iong timing dlagram

Lead bead l-.-f Lead -

s AL { | |
N XWXWXWX)GKXXXXXXX)(_)’
X EEX

VREF(CA) VaIueIRange \/ ; \/
CMD ( Sefting DES DES DES DES DES DES DES DES ‘4 D%ﬁjLDES DES
_ Vref_time-Short/Mi :Idle/Lor g = | i
( Old Vref Setting )( ( ( Updating Vref(CA) Setting » New Vref Setting }
i i i TS i i i i i " i
Vref Setting (( Time Break
Adjustment

The MRW command to the mode register bits are as follows.

MR12 OP[5:0] : VREF(CA) Setting
MR12 OP[6] : VREF(CA) Range

The minimum time required between two Vref MRS co.nmziids is Vref_time-short for single step and Vref_time-Middle
for a full voltage range step.

Figure - Vref ste)» vingle stepsize increment case

Vref
Voltage l

........................... Vref DC
e (VDDQ DC)

Stepsize Vref_val_tol

t1

Time
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Figure - Vref step single stepsize decrement case

Vref
Voltage
t1
Stepsize /VrffT
........................... \ Vref DC
T (vDDQ DC)
Time
Figure - Vref full step from Vrefmin to Vrefirax case
|
: A Vref DC
Vref Vrefmin =======s==p=-sssssosooose- ol
Voltage 4 Fo (VDDQ DO
/ [
{
Full / V,
ref_val_tol
Range
Step
\ t1
Vrefmay.=
Time
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Vref
Voltage

Figure - Vref full step from Vrefmax to Vrefmin case

Vrefmin

Full

Range
Ste?:) Vref_val_tol

t1

A

Vref DC

Vrefmax =====sssssssssssssssssesss

(VSDQ DO)

Time

The table below contains the CA internal vref specifications that i 1.2 characterized at the component level for
compliance. The component level characterization method is tbr..

Table - CA Intern>! \" ef Specifications

Parameter Symbol | Min. Typ. Max. Unit Notes
Vref Max operating point
Range[0] Vref_max_R0O - - 44.9% VDDQ 1,11
Vref Min operating vrd :F 0 15% VDD 111
point Range[0] LT ° Q ¢
Vref Max operating point Vief_max_R1 - - 62.9% | VDDQ 1,11
Range[1] N\
Vref Min operating Vref min R1 32.9% VDD 111
point Range[1] rel_min_ o7 Q !
Vref Stepsize Vref_step 0.50% 0.60% 0.70% VvDDQ 2
Vref Set Tolerance \J -11 0 11 mV 3,4,6
Vref_set_tol
-1.1 0 1.1 mv 3,57
Vref_time-short - - 100 ns 8
Vref_time-middle - - 200 ns 12
\ref Step Ti
<t Step Time Vref_time-Long - - 250 ns 9
Vref_time-weak - - 1 ms 13,14
Vref Valid tolerance Vref_val_tol -0.10% 0.00% 0.10% VDDQ 10

Noes:

1.Vref DC voltage referenced to VDDQ_DC.
2.Vref stepsize increment/decrement range. Vref at DC level.

3.Vref_new = Vref_old + n*Vref_step; n= number of steps; if increment use "+"; If decrement use

Rev 1.0/ Apr 2026
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4.The minimum value of Vref setting tolerance = Vref_new - 11mV. The maximum value of Vref setting tolerance = Vref_new +
+11mV. For n>4

5.The minimum value of Vref setting tolerance = Vref_new - 1.1mV. The maximum value of Vref setting tolerance = Vref_new
+

1.1mV. For n<4.

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

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

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

9.Time from MRS command to increment or decrement Vrefmin to Vrefmax or Vrefmax to Vrefmin change across the VreCA
Range in Vref voltage.

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

11. DRAM range 0 or 1 set by MR12 OP[6].

12. Time from MRS command to increment or decrement more than one step size up a full range of V-2f voltage within the
same VrefCA range.

13. Applies when VRCG high current mode is not enabled, specified by MR13 OP[3] = 0.

14. Vref_time_weak covers all Vref(CA) Range and Value change conditions are applied to Vref_‘ime_ 3hort/Middle/Long.
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4.22. DQ Vref Training
The DRAM internal DQ Vref specification parameters are voltage operating range, stepsize, Vref set tolerance, Vref
step time and Vref valid level.

The voltage operating range specifies the minimum required Vref setting range for LPDDR4 DRAM devices. The
minimum range is defined by Vrefmax and Vrefmin as depicted in Figure "Vref operating range (Vref.min, Vref.max)".

Figure - Vref operating range (Vref.min, Vref.max)

Vin OC max

Vref
Range

|l

— = = Vswing Small Svitem variance

---------- vswing Large [0 Total Range

The Vref stepsize is defined as the stepsize between aa;acent steps. However, for a given design, DRAM has one value
for Vref step size that falls within the range.

The Vref set tolerance is the variation in the “/rer voltage from the ideal setting. This accounts for accumulated error
over multiple steps. There are two ronges for Vref set tolerance uncertainity. The range of Vref set tolerance
uncertainity is a function of number of s*eps n.

The Vref set tolerance is measuseu with respect to the ideal line which is based on the two endpoints. Where the
endpoints are at the min ana mex Vref values for a specified range. An illustration depicting an example of the stepsize
and Vref set tolerance is pzlow.
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Figure - Example of Vref set tolerance (max case only shown) and stepsize

Actual Vref p
Output g

| T
" Straight Line
’ (endpoint fit)

vref f°

Vref Tolerancey o

:"
’
[ ] T

o~

T Vref

o v Stepsize

Digital Code

The Vref increment/decrement step times are define by Vref_tir.e-:hort, middle and long. The Vref_time-short, middle
and Vref_time-long is defined from TS to TE as shown ix ti e Figure "Vref_time for short and long timing diagram"
below where TE is referenced to when the vref woltuge is at the final DC level within the Vref valid
tolerance(Vref_val_tol).

The Vref valid level is defined by Vref_val toleraiiz 2 to qualify the step time TE as shown in Figure "Vref step single
stepsize increment case". This parameter is ucec "o'insure an adequate RC time constant behavior of the voltage level
change after any Vref increment/decrement .djustment. This parameter is only applicable for DRAM component level
validation/characerization.

Vref_time-Short is for a singic stensize increment/decrement change in Vref voltage.

Vref_time-Middle is at least £ siepsizes increment/decrement change within the same VrefDQ range in Vref voltage.
Vref_time-Long is the tirie inciuding up to Vrefmin to Vrefmax or Vrefmax to Vrefmin change across the VrefDQ Range
in Vref voltage.

TS - is refer °>nced to MRS command clock
TE - is refere nced to the Vref_val_tol
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Figure - Vref_time for short and long timing diagram
CK c - ’ ’ |

CK:t jCEx..;r-‘i._;r-‘\..;ruﬁx..;r“‘ég ”H/‘_,\_/{L_,\_/u{:\_u{:\_/ .
o I
s [\ [\ !
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The MRW command to the mode register bits are as follows.
MR14 OP[5:0] : VREF(DQ) Setting
MR14 OP[6] : VREF(DQ) Range

The minimum time required between two Vref MRS comm>:.ds is Vref_time-short for single step and Vref_time-Middle
for a full voltage range step

Figure - Vref ston single stepsize increment case
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Figure - Vref step single stepsize decrement case
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Figure - Vref full step from Vrefmin to Vrefnrax case
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Figure - Vref full step from Vrefmax to Vrefmin case
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The table below contains the DQ internal vref specifications that will {.c ~h-~acterized at the component level for compliance.
The component level characterization method is thd.

Table - DQ Interial ‘rof Specifications

Parameter Symbol —!— Min. Typ. Max. Unit Notes
Vref Max operating point Range[0] Vref_max_R0O ' - - 44.9% VDDQ 1,11
Vref Min operating point Range[0] Vref_nin. RO 15% - - VDDQ 1,11
Vrref Max operating point Range[1] Vrel mi_ik1 - - 62.9% | VDDQ 1,11
Vref Min operating point Range[1] “re!_min_R1 32.9% - - VDDQ 1,11
Vref Stepsize ~Vref_step 0.50% 0.60% 0.70% | vDDQ 2
WV -11 0 11 mv 3,4,6
Vref Set Tolerance Vref_set_tol 11 0 11 p—y 357
\J Vref_time-short - - 100 ns 8
N Vref_time-Middle - - 200 ns 12
Vref Step Tir, = Vref_time-Long - - 250 ns 9
Vref_time-weak - - 1 ms 13,14
Vot VM2.id tolerance Vref_val_tol -0.10% 0.00% 0.10% VDDQ 10

Notes:

1. v ef OC voltage referenced to VDDQ_DC.
2. ! stepsize increment/decrement range. Vref at DC level.

3. Vref_new = Vref_old + n*Vref_step; n= number of steps; if increment use "+"; If decrement use

n_n

4. The minimum value of Vref setting tolerance = Vref_new - 11mV. The maximum value of Vref setting tolerance = Vref_new + 11mV.

For n>4.

5. The minimum value of Vref setting tolerance = Vref_new - 1.1mV. The maximum value of Vref setting tolerance = Vref_new + 1.1mV.

For n<4.
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6. Measured by recording the min and max values of the Vref output over the range, drawing a straight line between those points and
comparing all other Vref output settings to that line.
7. Measured by recording the min and max values of the Vref output across 4 consectuive steps(n=4), drawing a straight line between
those points and comparing all other Vref output settings to that line.
8. Time from MRS command to increment or decrement one step size for Vref.
9. Time from MRS command to increment or decrement Vrefmin to Vrefmax or Vrefmax to Vrefmin change across the VrefDQ Range in
Vref voltage.
10.0nly applicable for DRAM component level test/characterization purpose. Not applicable for normal mode of operation. Vref valid is to
qualify the step times which will be characterized at the component level.
11. DRAM range 0 or 1 set by MR14 OP[6].
12. Time from MRS command to increment or decrement more than one step size up to a full range of Vref voltage withiin the soi2e
VrefDQ range.
13. Applies when VRCG high current mode is not enabled, specified by MR13[OP3] = 0.
14, Vref_time_weak covers all Vref(DQ) Range and Value change conditions are applied to Vref_time_Short/Middle/Lo. 1.
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4.23. Command Bus Training

The LPDDR4-SDRAM command bus must be trained before enabling termination for high-frequency operation. LPDDR4 provides an
internal VREF(ca) that defaults to a level suitable for un-terminated, low-frequency operation, but the VREF(ca) must be trained to
achieve suitable receiver voltage margin for terminated, high-frequency operation. The training mode described here centers the
internal VREF(ca) 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 Command Bus Training mode.

Note: it is up to the system designer to determine what constitutes “low-frequency” and “high-frequency” based on the capabilities
of the system. Low-frequency should then be defined as an operating frequency in which the system can reliably communicate wiu»
the SDRAM before Command Bus Training is executed.

The LPDDR4-SDRAM die has a bond-pad (ODT-CA) for multi-rank operation. In a multi-rank system, the terminating rank <*ould be
trained first, followed by the non-terminating rank(s). See the ODT section for more information.

The LPDDR4-SDRAM uses Frequency Set-Points to enable multiple operating settings for the die. The LPPCR< -SPKAM defaults to
FSP-OP[0] at power-up, which has the default settings to operate in un-terminated, low-frequency envii onme ats. Prior to training,
the mode register settings should be configured by setting MR13 OP[6]=1B (FSP-WR[1]) and settina all ouier mode register bits for
FSP-OP[1] to the desired settings for high-frequency operation. Prior to entering Command Bus Ti3init.q, the SDRAM will be
operating from FSP-OP[x]. Upon Command Bus Training entry when CKE is driven LOW, the Lr')uR*:-SDRAM will automatically
switch to the alternate FSP register set (FSP-OP[y]) and use the alternate register settings dv:ing training (See note 6 in Figure
"Entering Command Bus Training Mode and CA Training Pattern Input and Output with V-etl4 ‘Value Update" for more information
on FSP-OP register sets). Upon training exit when CKE is driven HIGH, the LPDDR4-S2>FAM will automatically switch back to the
original FSP register set (FSPOP[x]), returning to the “known-good” state that wus vperating prior to training. The training values
for VREF(ca) are not retained by the DRAM in FSP-OP[y] registers, and must be wriitzn to the registers after training exit.

1.  To enter Command Bus Training mode, issue a MRW-1 command ~ow=d by a MRW-2 command to set MR13 OP[0]=1B
(Command Bus Training Mode Enabled).

2.  After time tMRD, CKE may be set LOW, causing the LP D)DR4-SORAM to switch from FSP-OP[x] to FSP-OP[y], andcompleting
the entry into Command Bus Training mode.
A status of DQS_t, DQS_c, DQ and DMI are as follows, ¢nd DQ ODT state will be followed Frequency Set Point function except
output pins.

- DQS_t[0], DQS_c[0] become input pins for cootiiing DQ[6:0] levels by its toggling.

- DQ[5:0] become input pins for setting VI EF( :a) Level.

- DQ[6] becomes a input pin for settiig '/kZF(ca) Range.

- DQ[7] and DMI[0] become input. pins and their input level is Valid level or floating, either way is fine.

- DQ[13:8] become output irs 1 i2edback its capturing value via command bus by CS signal.

- DQS_t[1], DQS_c[1],DM7{ 1] and DQ[15:14] become output pins or disable, it means that SDRAM may drive to avalid level or
left floating.

3. At time tCAENT later, LPDDR4 SDRAM can accept to chage its VREF(ca) Range and Value using input signals ofDQS_t[0],
DQS_c[0] and L [6:0] from existing value that’s setting via MR12 OP[6:0]. The mapping between MR12 OP code and DQ
signals is shiown in the table below. At least one Vref CA setting is required before proceed to next training steps.
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Table - Mapping of MR12 OP Code and DQ Numbers

Mapping
MR12 OP code OoP6 OP5 OP4 OoP3 OoP2 OP1 OPO
DQ Number DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO

4. The new VREF(ca) value must “settle” for time tVREF_LONG before attempting to latch CA information.

5. To verify that the receiver has the correct VREF(ca) setting and to further train the CA eye relative to cloci
(CK),values latched at the receiver on the CA bus are asynchronously output to the DQ bus.

6. To exit Command Bus Training mode, drive CKE HIGH, and after time tVREF_LONG issue the MRW-1 coiniand
followed by the MRW-2 command to set MR13 OP[0]=0B. After time tMRW the LPDDR4-SDRAM is ready ‘or riormal
operation. After training exit the LPDDR4-SDRAM will automatically switch back to the FSP-OP registers that were
in use prior to training.

Command Bus Training may executed from IDLE, or Self Refresh states. When executing CET wiihin the Self Refresh
state, the SDRAM must not be a power down state (i.e. CKE must be HIGH prior to t-2ining entry). Command Bus
Training entry and exit is the same, regardless of the SDRAM state from which CBT is ir.tiav2d.

4.23.0.1. Training Sequence for single-rank systems:

Note that an example shown here is assuming an initial low-frequency, no-torriincting operating point, training a high
frequency, terminating operating point. The green text is low-frequency, e gen.a text is high-frequency. Any operating
point may be trained from any known good operating point)

. Set MR13 OP[6]=1B to enable writing to Frequency Set Roini ‘y/(FSP-WR[y]) (or FSP-OP[x], See note).

. Write FSP-WR[y] (or FSP-WR[x]) registers for all charine!s ta set up high-frequency operating parameters.

. Issue MRW-1 and MRW-2 commands to enter Conimand3us Training mode.

. Drive CKE LOW, and change CK frequency to the high-irequency operating point.

. Perform Command Bus Training (VREFca, CS, and CA).

6. Exit training by driving CKE HIGH, a chanae <K frequency to the low-frequency operating point prior to driving
CKE HIGH, then issue MRW-1 and MRW-Z2 ¢aminands. When CKE is driven HIGH, the SDRAM will automatically
switch back to the FSP-OP registers thatweie'in use prior to training (i.e. trained values are not retained by the
SDRAM).

7. Write the trained values to FSP*"WE[y] (or FSP-WR[x]) by issuing MRW-1 and MRW-2 commands to the SDRAM
and setting all applicable modé register parameters.

8. Issue MRW-1 and MRW-Z, commands to switch to FSP-OP[y] (or FSP-OP[x]), to turn on termination, and change
CK frequency to the high freguency operating point. At this point the Command Bus is trained and you may proceed
to other training or nOrrnal operation.

uaua A WON =

4.23.0.2. T-aining Sequence for multi-rank systems:
(Example chewry here is assuming an initial low-frequency operating point, training a high-frequency operating point.
The gr:el. text is low-frequency, magenda text is high-frequency. Any operating point may be trained from any known
goo'1 Lperating point)
dh Set MR13 OP[6]=1B to enable writing to Frequency Set Point ‘y’ (FSP-WR[y]) (or FSP-WR[Xx], See Note).
2. Write FSP-WR[y] (or FSP-WR[x]) registers for all channels and ranks to set up highfrequency operating
parameters.
3. Read MRO OP[7] on all channels and ranks to determine which die are terminating, signified by MRO
OP[7]=1B.
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4, Issue MRW-1 and MRW-2 commands to enter Command Bus Training mode on the terminating rank.
5. Drive CKE LOW on the terminating rank (or all ranks), and change CK frequency to the high-frequency
operating point.
6. Perform Command Bus Training on the terminating rank (VREFca, CS, and CA).
7. Exit training by driving CKE HIGH, change CK frequency to the low-frequency operating point, and issue
MRW-1 and MRW-2 commands to write the trained values to FSP-WR[y] (or FSP-WR[x]). When CKE is driven HIGH,
the SDRAM will automatically switch back to the FSP-OP registers that were in use prior to training (i.e. trained
values are not retained by the SDRAM).
8. Issue MRW-1 and MRW-2 command to enter training mode on the non-terminating rank (but keep T3KE
HIGH)
9. Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[y]

(or FSP-OP[x]), to turn on termination, and change CK frequency to the highfrequency operating point.
10.  Drive CKE LOW on the non-terminating (or all) ranks. The non-terminating rank(s) will now be using FSP-
OP[y] (or FSP-OP[x]).
11.  Perform Command Bus Training on the non-terminating rank (VREFca, CS, and CA)-
12,  Issue MRW-1 and MRW-2 commands to switch the terminating rank to FSP-OP[x] ‘or F5P-OP[y]) to turn off
termi-nation.
13.  Exit training by driving CKE HIGH on the non-terminating rank, change CK fraguency to the low-frequency
operating point, and issue MRW-1 and MRW-2 commands. When CKE is driven/H1&H, the SDRAM will automatically
switch back to the FSP-OP registers that were in use prior to training (i.e, t:2ihesd values are not retained by the
SDRAM).
14.  Write the trained values to FSP-WR[y] (or FSP-WR[x]) by isstingsMRW-1 and MRW-2 commands to the
SDRAM and setting all applicable mode register parameters.
15. Issue MRW-1 and MRW-2 commands to switch the termindting rank to FSP-OP[y] (or FSP-OP[x]), to turn
on termination, and change CK frequency to the high frequeacy operating point. At this point the Command Bus is
trained for both ranks and you may proceed to other trainia vv“normal operation.

4.23.0.3. Relation between CA input pin ana DQ output pin
The relation between CA input pin and DQ out pir. is shown in the following table.

Table - Mzpwing of CA input pin to DQ ouput pin

Mapping
CA Number OrS CA4 CA3 CA2 CAl CA0
DQ Number DQ13 DQ12 DQ11 DQ10 DQ9 DQ8
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4.23.0.4. Timing Diagram
The basic timing diagrams of Command Bus Training are shown in following figures.

Figure - Entering Command Bus Training Mode and CA Training Pattern Input and Output
with VrefCA Value Update
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Notes:
1. After tCKELCK clock can be stopoedl or frequency changed any time.
2. The input clock condition cheuid L= satisfied tCKPRECS and tCKPSTCS.
3. Continue to Drive CK and :ioid CA & CS pins low until tCKELCK after CKE is low (which disables command decoding).
4. DRAM may or may not ccnti re first rising/falling edge of DQS_t/c due to an unstable first rising edge. Hence provide at least
consecutive 2 pulses of .YS signal input is required in every DQS input signal at capturing DQ[6:0] signals.
The captured vaiue >f DQ[6:0] signal level by each DQS edges are overwritten at any time and the DRAM updates its VREFca
setting of MR12 temporary after time tVREFca_Long.
5. tVREF_LO: "5 nay be reduced to tVREF_SHORT if the following conditions are met: 1) The new Vref setting is a single step
above or briow e old Vref setting, and 2) The DQS pulses a single time, or the new Vref setting value on DQ[6:0] is static and
meets tLSTRAIN/tDHTRAIN for every DQS pulse applied.
6. W"e C\.E is driven LOW, the SDRAM will switch its FSP-OP registers to use the alternate (i.e. non-active) set. Example: If the
SP=7M 5 currently using FSP-OP[0], then it will switch to FSP-OP[1] when CKE is driven LOW. All operating parameters should be
wi. ten to the alternate mode registers before entering Command Bus Training to ensure that ODT settings, RL/WL/nWR setting,
<tc., are set to the correct values. If the alternate FSP-OP has ODT_CA disabled then termination will not enable in CA Bus Training
mode. If the ODT_CA pad is bonded to Vss or floating, ODT_CA termination will never enable for that die.
7. When CKE is driven low in Command Bus Training mode, the LPDDR4-SDRAM will change operation to the alternate FSP, i.e.
the inverse of the FSP programmed in the FSP-OP mode register.

Rev 1.0/ Apr 2026 119



Plusetech Technology (SHENZHEN) CO., LIMITED

Figure - Consecutive VrefCA Value Update
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Notes:
1. After tCKELCK clock can be stopped <. fi >quency changed any time.
2. The input clock condition should he :atified tCKPRECS.
3. Continue to Drive CK and Hold <A & CS pins low until tCKELCK after CKE is low (which disables command decoding).
4. DRAM may or may not cap.'ire Srst rising/falling edge of DQS_t/c due to an unstable first rising edge. Hence provide at least
consecutive 2 pulses of DQS signc! input is required in every DQS input signal at capturing DQ6:0 signals.
The captured value of ©Clb.C] signal level by each DQS edges are overwritten at any time and the DRAM updates its VREFca
setting of MR12 te:apoi rv after time tVREFca_Long.
5. tVREF_LONG may .= reduced to tVREF_SHORT if the following conditions are met: 1) The new Vref setting is a single step
above or below *the old Vref setting, and 2) The DQS pulses a single time, or the new Vref setting value on DQ[6:0] is static and
meets tDSTRAN/tCHTRAIN for every DQS pulse applied.
6. When CE iz ariven LOW, the SDRAM will switch its FSP-OP registers to use the alternate (i.e. non-active) set. Example: If the
SDRAM s _urrently using FSP-OP[0], then it will switch to FSP-OP[1] when CKE is driven LOW. All operating parameters should be
writtca te-the alternate mode registers before entering Command Bus Training to ensure that ODT settings, RL/WL/nWR setting,
et_.. are set to the correct values. If the alternate FSP-OP has ODT_CA disabled then termination will not enable in CA Bus Training
inodz. If the ODT_CA pad is bonded to Vss or floating, ODT_CA termination will never enable for that die.
7. When CKE is driven low in Command Bus Training mode, the LPDDR4-SDRAM will change operation to the alternate FSP, i.e.
the inverse of the FSP programmed in the FSP-OP mode register.
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Figure - Exiting Command Bus Training Mode with Valid Command
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Notes:

1. Clock can be stopped or frequency ctiwngyd any time before tCKCKEH. CK must meet tCKCKEH before CKE is driven high.When
CKE is driven high the clock frequercy mi.st be returned to the original frequency (the frequency corresponding to the FSP at
which Command Bus Training moa. was entered)
2. CS and CA[5:0] must be De-elect (all low) tCKCKEH before CKE is driven high.
3. When CKE is driven high, the SDRAM’s ODT_CA will revert to the state/value defined by FSP-OP prior to Command Bus Training
mode entry, i.e. the origiiic' 1:.2quency set point (FSP-OP, MR13-OP[7]).

Example: If the SPRAM w25 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 SDRAM, and must be written to the FSP-OP register set before returning to operation
at the trained froauency.

Example: VRLS(cc) will return to the value programmed in the original set point.
5. When CXE ‘s driven high the LPDDR4-SDRAM will revert to the FSP in operation when Command Bus Training mode was
entered
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Figure - Exiting Command Bus Training Mode with Power Down Entry
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Notes:

1. Clock can be stopped or frequency ctiwngyd any time before tCKCKEH. CK must meet tCKCKEH before CKE is driven high.When

CKE is driven high the clock frequercy mi.st be returned to the original frequency (the frequency corresponding to the FSP at
which Command Bus Training moa. was entered)

2. CS and CA[5:0] must be De-elect (all low) tCKCKEH before CKE is driven high.
3. When CKE is driven high, the SDRAM’s ODT_CA will revert to the state/value defined by FSP-OP prior to Command Bus Training
mode entry, i.e. the origiiic' 1:.2quency set point (FSP-OP, MR13-OP[7]).

Example: If the SPRAM w25 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 SDRAM, and must be written to the FSP-OP register set before returning to operation
at the trained froauency.

Example: VRLS(cc) will return to the value programmed in the original set point.

5. When CXE ‘s driven high the LPDDR4-SDRAM will revert to the FSP in operation when Command Bus Training mode was
entered
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4.24. Frequency Set Point (FSP)

Frequency Set-Points allow the LPDDR4-SDRAM CA Bus to be switched between two differing operating frequencies,
with changes in voltage swings and termination values, without ever being in an un-trained state which could result
in a loss of communication to the DRAM. This is accomplished by duplicating all CA Bus mode register parameters, as
well as other mode register parameters commonly changed with operating frequency. These duplicated registers
form two sets that use the same mode register addresses, with read/write access controlled by MR bit FSP-WR
(Frequency SetPoint Write/Read) and the DRAM operating point controlled by another MR bit FSP-OP (Frequency
Set-Point Operation). Changing the FSP-WR bit allows MR parameters to be changed for an alternate Frequency Se’-
Point without affecting the LPDDR4-SDRAM's current operation. Once all necessary parameters have been written 1o
the alternate Set-Point, changing the FSP-OP bit will switch operation to use all of the new parameters
simultaneously (within tFC), eliminating the possibility of a loss of communication that could be caused bv a pa.*ial
configuration change.

Parameters which have two physical registers controlled by FSP-WR and FSP-OP include:
Table - Mode Register Function with two physical registers

MR# Operand Function _ Note
OP[3] RD-PRE (RD Pre-amble Type)
MR1 OP[6:4] nWR (Write-Recovery for Auto-Pre-charge commands) N
OP[7] RPST (RD Post-Amble Length) - N Y
OP[2:0] RL (Read Latency) S N\
MR2 OP[5:3] WL (Write Latency) _
OP[6] WLS (Write Latency Set) AU
OP[0] PU-Cal (Pull-up Calibration Point) PN 1
OP[1] WR PST (WR Post-Amble Length) A N
MR3 OP[5:3] PDDS (Pull-down Drive Strength) |
OP[6] DBI-RD (DBI Read Enable) |
OP[7] DBI-WR (DBI Write Enable) =
MR11 OP[2:0] DQ ODT (DQ Bus Receiver On-Die-Termination)
OP[6:4] CA ODT (CA Bus Receiver On-Die-Termination) w4
MR12 OP[5:0] VREF(ca) (Vref(ca) Setting) N
OP[6] VR-CA (Vref(ca) Range) WA
MR14 OP[5:0] Vref(dq) (Vref(dq) Setting)
OP[6] VR-DQ (Vref(dq) Range) aAY a
0OP[2:0] SoC ODT (Controller ODT Value for VOh <alibraticr,)
MR22 OP[3] ODTE-CK (CK ODT Enabled for nonterminc“ing rank)
OP[4] ODTE-CS (CS ODT enable for non-terminating rank)
OP[5] ODTD-CA (CA ODT termination di: able)
Note:

1. The synchronization MR3 OP[0] setting between C:. 0-and Ch.1 then the ZQ calibration is required in order to achieve a Driver strength
and ODT tolerance to change MR3 OP[{1 F-CAL i5 changed through FSP.

See Mode Register Definition for mare dctails.
Following table shows how tiie two mode registers for each of the parameters above can be modified by setting the

appropriate FSP-WR valuz, =2:d how device operation can be switched between operating points by setting the
appropriate FSP-OP- 7aluc 7 he FSP-WR and FSP-OP functions operate completely independently.
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Function OMR# & Data Operation Note
perand
0 (Default) |Data write to Mode Register N for FSP-OP[0] by MRW command.
FSP-WR | MR13 OP[6] - ; 1
1 Data write to Mode Register N for FSP-OP[1] by MRW command.
0 (Default) |DRAM operates with Mode Register N for FSP-OP[0] setting.
FSP-OP | MR13 OP[7] - - : 2
1 DRAM operates with Mode Register N for FSP-OP[1] setting.

Notes:
1. FSP-WR stands for Frequency Set Point Write/Read.
2. FSP-OP stands for Frequency Set Point Operating Point.

4.24.0.1. Frequency Set Point update timing

The Frequency set point update timing is shown in the timing diagram below. When changing the frequency set point
via MR13 OP[7], the VRCG setting: MR13 OP[3] have to be changed into VREF Fast Response (hich current) mode at
the same time. After Frequency change time(tFC) is satisfied. VRCG can be changed into Norme' Ope ration mode via

MR13 OP[3].
Figure - Frequency Set Point Switching Timiny
TO T T2 T3 T4 T5 Ta0 Ta1 Tb0 Tb1 v T 1 Tc2 Tc3 Tcd Tcb Tcb
CK_C .= "~ = == ~= == i~ = -= "= I_:I ‘»U_ = "= "= "~ I_W
CK_t _/\_ . ! ! ! (S /\___%_/\_ ! [ A|_\_/ v V! v v W [}

{CKFSPE Frequency * 4

2 TR
cs /T\ /1 2 VA 2 /NN

\ | A
CA ( DES XMRW1XMRW1XMRW2XMRW2X DES X_Dl_s_“,r/ //W DES ¢ DES X DES JMRW-IAMRW-XMRW-2XMRW-2X DES
FSP changes from 0 fo 1 3 ) VRCG changes
COMMAND( DES X VRCG changes fmr% normal to High current X_D_I'E_ & DES )V ’ iz /)@ES& DES X DES >< rom High current o normal DEE)

L FSPX tVRCG_DISABLE

L tFC_ShortMiddle/Long

|— ——

Applicable - [ N A Y

Mode | Mode Register for FSP-OP[0] \ e( Switching Mode Regisieree eg )( Mode Register for FSP-OP[1] |
Register T T T T N A T S

L I I I I I I

/
NOTES : 1. The definition that is Clock frequency chang. acring CKE HIGH should be followed at the frequency change operation. DON'T CARE 22 TIME BREAK
For more information, refer to Scctio. 4.42 Input Clock Stop and Frequency Change.

Table - tFC value mapping

-

| Step size Range
Applicav:on | From FSP-OPO To FSP-OP1 From FSP-OPO | To FSP-
— OP1
tFC shkort Base A single step increment/decrement Base No Change
|u-C_Middle Base Two or more steps increment/decrement  |Base No Change
! (FC_Long - - Base Change
Notes:

1. As well as from FSP-OP1 to FSP-OPQ
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Table - tFC value mapping example

Vref(ca) Vref(ca)
FSP-OP setting: Range: .
Case| From/To MR13 OP[7] MR12: MR12 Application Note
OP[5:0] OP[6]
) From 0 001100 0 {FC Short )
To 1 001101 0 —>nor
5 From 0 001100 0 tFC. Middl 5
e
To 1 001110 0 = |
3 From 0 Don't care 0 HEC L .
To 1 Don't care 1 —-ong ;
Notes:
1. A single step size increment/decrement for Vref(ca) Setting Value.
2. Two or more step size increment/decrement for Vref(ca) Setting Value.
3. VREF(ca) Range is changed. In tis case changing VREF(ca) Setting doesn't affect tFC value.

The LPDDR4-SDRAM defaults to FSP-OP[0] at power-up. Both Set-Points default “v c<tirgs needed to operate in
unterminated, low-frequency environments. To enable the LPDDR4-SDRAM to op:rate at higher frequencies, Command
Bus Training mode should be utilized to train the alternate Frequency Set-Poir.* (i"igure “Training Two Frequency Set
Points”). See the section Command Bus Training for more details on this t-aiing inode.

Once hoth Frequency Set Points have been trained, switching between points can be performed by a single MRW followed

Figure - Training Two Freque::.cy Set Points

by w1iting for tFC (figure below)

= / Prepare for CBT
| .?wlgr ltJ_p of FSP['11c CA Bus Training
nitial |za_|0n »| High Freonecy > FSP-OP[1]
FSP-OP=0 > ’ > -
FSP-WR=0 '_35‘\ P=0 CKE high -> Low ESP'YVE._:]
Freq = Boot F;Seq -'Nllao—:t req =g
Ch= Low -> High
Exit CA Bus Switch to High Prepare for CBT
Training Speed Mode .| of FSP[O] for
FSP-OP=0 — =™ FSP-OP=1 | Med. Frequency
FSP-WR=1 | FSP-WR=1 FSP-WR=0
Freq = Boot Freq = High Freq = High
AN
N CKE High -> Low
| CASus Training Exit CBT
FSP-OP[0] > FSP-OP=1 L Qperate at
FSP-WR=0 CKE Low -> High FSP-WR=0 High Speed
Freq = Med Freq = High
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Figure - Switching between two trained Frequency Set Points

Operate at
High Speed

State n-1: FSP-OP=1
MRW Command
State n: FSP-OP=0

State n-1: FSP-OP=0 o
MRW Command )
State n: FSP-OP=1 tFC High Speed

perate at

/

Operate at
tFC Middle Speed

Switching to a third (or more) Set-Point can be accomplished if the memory controller has stoi =d t'ie previously-trained
values (in particular the Vref-CA calibration value) and re-writes these to the alterrate Set-Point before switching

FSPOP (Figure below).

Figure - Switching to a third trained Frequer.~y et Point

Operate at
High Speed

B

State n-1: FSP-WR--1 L
State n: FSP-Wx-C

—>
tFC

MRW Vref(ca)
CA-ODT, DQ-ODT,
RL, WL, Vref(dq), etc

State n-1: FSP-OP=1
State n: FSP-OP=0

Operate at
Third Speed

Rev 1.0/ Apr 2026

126



\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

4.25. Write Leveling Mode

To improve signal-integrity performance, the LPDDR4 SDRAM provides a write-leveling feature to compensate CK-
toDQS timing skew affecting timing parameters such as tDQSS, tDSS, and tDSH. The DRAM 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 (DQ[7:0] for DQS_t/DQS_c[0], and DQ[15:8] for DQS_t/DQS_c[1]) carry the training feedback to the
controller. Both DQS signals in each channel must be leveled independently. Write-leveling entry/exit is independent
between channels.

The LPDDR4 SDRAM enters into write-leveling mode when mode register MR2-OP[7] is set HIGH. When ertering write-
leveling mode, the state of the DQ pins is undefined. During write-leveling mode, only DESELECT comn =ads are
allowed, or a MRW command to exit the write-leveling operation. Depending on the absolute values of tQSL and tQSH
in the application, the value of tDQSS may have to be better than the limits provided in the chapter “AC Timing
Parameters” in order to satisfy the tDSS and tDSH specification. Upon completion of the write-ieva'iig operation, the
DRAM exits from 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 into Write-leveling mode by setting MR2-OP[7]=1,

2. Once entered into Write-leveling mode, DQS_t must be rriver» LOW and DQS_c HIGH after a delay of tWLDQSEN.

3 Wait for a time tWLMRD before providing the first DQS =ig. al i;iput. The delay time tWLMRD(MAX) is controller-dependent.
4.  DRAM may or may not capture first rising edge of DQS_t due to an unstable first risign edge. Hence provide at
leastconsecutive 2 pulses of DQS signal input is regu’re” n every DQS input signal during Write Training Mode. The captured
clock level by each DQS edges are overwritten at aay ti~e and the DRAM provides asynchronous feedback on all the DQ bits
after time tWLO.

5.  The feedback provided by the DRAM is rerarenced by the controller to increment or decrement the DQS_t and/orDQS_c
delay settings.

6. Repeat step 4 through step 5 "int'| t1.2 proper DQS_t/DQS_c delay is established.

7.  Exit from Write-leveling mode v setting MR2-OP[7]=0.
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A Write Leveling timing example is shown in figure below.

Figure - Write Leveling Timing, tDQSL(max)
TO T1 T2 T3 T4 Ta0 Tal TbO Tb1 TcO Tec1 TdO Td1 Td2 Td3 TeO Te1 TfO Tf1 Tf2 Tf3 Tf4 Tg0 Tg1 Tg2 Tg3 Tg4

] il ] I
L NS
DES X Valid x Valid‘L’_Va\h. x vhiid )(
CMD X wh Loveing A_wi coveing vaks vaia |
Lo "| Y NS
DQS_c : ! ' ) | I ==r=mm =g ” 1 1 !
DASt ———————— — —
1 1 [ ¥ 1 1 —— #7[MRD—|—Q—b:
oa (L v 7 T N\ // \ )
! o v

Figure - Write Leveling Timing, tDQIL(min)
TO T1 T2 T3 T4 Ta0 Tal TbO Tb1 TcO Tc1 TdO Td1 Td2 Tc'3 TeO Te1 TfO Tf1 Tf2 Tf3 Tf4 Tg0 Tg1 Tg2 Tg3

e

|
tDasL -I—|
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4.25.1. 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 in Figure below

DQS_c
DQS_t

DQ

Figure - Clock Stop and Tlmlng during Write Leveling

TaO Ta1 TbO Tb1 Tb2 TcO

T3T

Td0 TeO Te1 Te2 Te3 Te4

fo T T2 T3
) Al Al

]
-0 - - |- 4
ful

NOTES : 1. CK_t is held LOW and CK_c is held HIGH during clock stop.

2. CS shall be held LOW during clock stop
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4.26. MPC [RD DQ Calibration] Command

LPDDR4 devices feature a RD DQ Calibration training function that outputs a 16-bit user-defined pattern on the DQ
pins. RD DQ Calibration is initiated by issuing a MPC [RD DQ Calibration] command followed by a CAS-2 command,
cause the LPDDR4-SDRAM 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.

RD DQ Calibration Training Procedure

The procedure for executing RD DQ Calibration is:
eIssue MRW commands to write MR32 (first eight bits), MR40 (second eight bits), = MR15 (eight-bit ii:vert n.ask for byte 0),
and MR20 (eight-bit invert mask for byte 1) o Optionally this step could be skipped to use the default putterns
*MR32 default = 5Ah
*MR40 default = 3Ch
*MR15 default = 55h
*MR20 default = 55h

eIssue an MPC [RD DQ Calibration] command followed immediately by a CAS-2 conniand o Each time an MPC [RD DQ
Calibration] command followed by a CAS-2 is received by the LPDDR4 SDRAM, a 16-bit data burst will, after the currently
set RL, drive the eight bits programmed in MR32 followed by the eigh. biis programmed in MR40 on all I/O pins o]
The data pattern will be inverted for I/O pins with a ‘1’ programmed in (e corresponding invert mask mode register bit
(see Table "Invert Mask Assignments") o Note that the pattern is driv :n-on the DMI pins, but no data bus inversion function
is enabled, even if Read DBI is enabled in the DRAM mode i =yiz*r.
o The MPC-1 [RD DQ Calibration] command can be issued 2ve:y \CCD seamlessly, and tRTRRD delay is required

between Array Read command and the MPC-1 [RD DQ Calib.atiar] command as well the delay required between

the MPC-1 [RD DQ Calibration] command and an array re=d. 0 The operands received with the CAS-2 command

must be driven LOW

¢ DQ Read Training can be performed with any or no banks active, during Refresh, or during SREF with CKE high

Tahia - invert Mask Assignments

Pin DQS DQ9 L2:0 | pQ11 | DMI1 | DQ12 | DQ13 | DQ14 | DQi5
MR20 OPO OP1 CP2 OP3 N/A OP4 OP5 OP6 OP7
Pin DQO DQ? T_DQZ DQ3 DMIO DQ4 DQ5 DQ6 DQ7
MR15 OPO oPr | oe2 OP3 N/A OP4 OP5 OP6 OP7
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Figure - DQ Read Training Timing: Read to Read DQ Calibration

TO T1 T2 T3 T4 Tad Tal Ta2 Tad Tad Ta5 Tbd Tbl Th2 Tel Te2 Ted Ted Tes Teb Te? Tdl Td2 Td3 Tdd Td5 Td6 Ted Tel Te2 Ted

ot O RNCORCORANINGRNG DRI
s 2 2 2 2

COMMAND Read-1

IRPST

{ = ¢

NOTES : 1. Read-1 to MPC [RD DQ Calibration] Operation is shown as an example of command-to-command timing. DUUTARE ?E \IME BREAK
Timing from Read-1 to MPC [RD DQ Calibration] command is tRTRRD. Y
2. MPC [RD DQ Calibration] uses the same command-to-data timing relationship (RL, tDQSCK, tDQSQ) 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.

Figure - DQ Read Training Timing: Read DQ Cal. to Read D Cul. / Read

TO T™ T2 T3 T8 T9 T10 T11 T12 T13 T14 Ta0 Tal Ta2 Ta3 Tb0 Th1 Te0 Tel T2 Te3 4 Te5 Td0 Tdl Td2 Td3 Td4 Tel Tel

ot LIS ETAT VRV RTAT CORTLTETEREERIILFRVEVRV AT LOLY
cs Q Q Q Q
cA YL T |// I
COMMAND { rpDa @X Rln%’i’fcf..)( ICAS-Z
Egzj [ HiZ & \)\__}{‘_X‘_/ } & HZ )

o | I 2 2

NOTES : 1. MPC [RD DQ Calibration] to MPC [RD DQ Calibration] Operation s shcy 1 a. an example of command-to-command timing. F .
2. MPC [RD DQ Calibration] to Read-1 Operation is shown as an « “an..@ « { command-to-command timing DONT GARE TIME BREAK

NOTES :

1. MPC [RD DQ Calibration] to MPC [RD DQ Calibration] Operatfiui. ‘s shown as an example of command-to-command timing.

2. MPC [RD DQ Calibration] to Read-1 Operation is shown as ai exai ple of command-to-command timing.

. MPC [RD DQ Calibration] uses the same command-to -da.> tuing relationship (RL, tDQSCK, tDQSQ) as a Read-1 command.
. Seamless MPC [RD DQ Calibration] commands m=v L > executed by repeating the command every tCCD time.

. Timing from MPC [RD DQ Calibration] commari.' 1o kaa-1 is tRTRRD.

. BL =16, Read Preamble: Toggle, Read Post~...ble 0.5nCK.

. DES commands are shown for ease of illusti ation other commands may be valid at these times.

NoO AW

Stop here!
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4.26.1. MPC [RD DQ Calibration] Example

An example of MPC [RD DQ Calibration] output is shown in Table "MPC [RD DQ Calibration] Bit Ordering and Inversion
Example". This shows the 16-bit data pattern that will be driven on each DQ when one DQ Read Training command is
executed. This output assumes the following mode register values are used:

*MR32 = 1CH

*MR40 = 59H

*MR15 = 55H

*MR20 = 55H

Table - MPC [RD DQ Calibration] Bit Ordering and Inversion Example
. Bit sequence ->

PR Miver | 15 |14 |13 |12 |12 109 8|7 ]6] 5] 43T 211]o0
DQO Yes 1 o[ 1] o] o] 1 1] o 1 1 1 o | ¢ | 2] 1
DQ1 No 0 1 0 1 1 0 0 1 0 0 0 111 1 0 0
DQ2 Yes 1 0 1 0 0 1 1 0 1 1 1 n ] o 0 1 1
DQ3 No 0 1 0 1 1 0 0 1 0 0 AT 1 0 0
DMIO | Never o1 ottt o ol 1]o]loreti 1t o]0
DQ4 Yes 1t ot ofl ot 1t]ol 1|t vl olo|o]1]1
DQ5 No o |t ol 1]t oo t]o cv|lo]1r]1]1]o]o
DQ6 Yes 1t o[ 1] oo 1] 1ol ]« 1 o] oo 11
DQ7 No 0 1 0 1 1 o | o 1070 | o0 1 1 1 0o | o
DQ8 Yes 1 o |1 ]olo |t |1ttt [1t]ofolo] 1|1
DQ9 No 0 1 0 1 1 0 0 | o 0 0 1 1 1 0 0
DQ10 | Yes 1t o[ t]o]o| 1] «]o]1]1 1 o] oo 1] 1
DQ11 No o [t ol 11l oTuv ][ t]ololo|l 1] 1] 1]o]o
DMIL | Never o |t ol 1]t oo 1t]olo o] 1] 1]1]o0o]o
DQ12 | Yes 1t o |t o st 1o 1] 1 o] o] o 1|1
DQ13 No 0 1 0 1 |_1_ 1" o 0 1 0 0 0 1 1 1 0 0
DQl4 | Yes 1t o[ 1t ago 1] 1o 1 ]1 1 o] oo 1|1
DQ15 No o | 1] o _.__1 ‘ 1t oo 1] oflolo[ 1] 1] 1]o]o
Notes:

1. The patterns containe” in MR32 and MR40 are transmitted on DQ[15:0] and DMI[1:0] when RD DQ Calibration is initiated via a MPC
[RD DQ Calibration] commai 4. " 'he pattern transmitted serially on each data lane, organized “little endian” such that the low order bit in a
byte is transmitted first. 'f ch= data pattern is 27H, then the first bit transmitted with be a ‘1’, followed by ‘1’, *1’,'0’, '0’, *1",'0’, and ‘0". The
bit stream will be C0.70111.

2. MR15 and MR22 may be used to invert the MR32/MR40 data pattern on the DQ pins. See MR15 and MR20 for more information.
Data is never ‘tiveted on the DMI[1:0] pins.

3. DMI {1:0, outputs status follows in the table below

Table - MR Setting vs. DMI Status

%, Function Write DBIdc Function Read DBIdc Function MR3 DMI Status
_MIL3 OP[5] MR3 OP[7] OP[6]
1: Disable 0: Disable 0: Disable Hi-Z
f 1: Disable 1: Enable 0: Disable The data pattern is transmitted
1: Disable 0: Disable 1: Enable The data pattern is transmitted
1: Disable 1: Enable 1: Enable The data pattern is transmitted
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0: Enable 0: Disable 0: Disable The data pattern is transmitted
DM Function Write DBIdc Function Read DBIdc Function MR3 DMI Status
MR13 OP[5] MR3 OP[7] OP[6]
0: Enable 1: Enable 0: Disable The data pattern is transmitted
0: Enable 0: Disable 1: Enable The data pattern is transmitted
0: Enable 1: Enable 1: Enable The data pattern is transmitted

4. No Data Bus Inversion (DBI) function is enacted during RD DQ Calibration, even if DBI is enabled in MR3-OP[6].

4.26.2. MPC of Read DQ Calibration after Power-Down Exit

Following the power-down state, an additional time, tMRRI, is required prior to issuing the MPC of Read DQ Calibration
command. This additional time (equivalent to tRCD) is required in order to be able to maximize ;suv'er-down current
savings by allowing more power-up time for the Read DQ data in MR32 and MR40 data path aftar ex.t from standby,
power-down mode.

Figure - MPC Read DQ Calibration Following Power-Do.vn State
TO TaO0 TbO0 Thb1 Th2 TcO0 Tel Tc2 Tc3 Tcd Teb Td0 Td1 Td2 7Td5 Taa 7d5 Tdé Td7 Td8 Td9

=G A = =
A

P MRRI

Sl 2 g NN\
o T T T T (XL

comuno 7700707 ees e e e oesoesoes oo BB _ o2 Yoes)(oes)ees)
DONT CARE 22 TIME BREAK
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4.27. MPC Write Training (DQS-DQ Training)

The LPDDR4-SDRAM uses an un-matched DQS-DQ path to enable high speed performance and save power in the
DRAM. As a result, the DQS strobe must be trained to arrive at the DQ latch center-aligned with the Data eye. The
SDRAM DQ receiver is located at the DQ pad, and has a shorter internal delay in the SDRAM than does the DQS
signal. The SDRAM DQ receiver will latch the data present on the DQ bus when DQS reaches the latch, and training
is accomplished by delaying the DQ signals relative to DQS such that the Data eye arrives at the receiver latch
centered on the DQS transition.

Two modes of training are available in LPDDR4:
- Command-based FIFO WR/RD with user patterns
- A internal DQS clock-tree oscillator, to determine the need for, and the magnitude of, required training

The command-based FIFO WR/RD uses the MPC command with operands to enable this special mode of cperation.
When issuing the MPC command, if OP6 is set LOW then the DRAM will perform a NOP comman {. Wt en OP6 is set
HIGH, then OP5:0 enable training functions or are reserved for future use (RFU). MPC commrands wuiat initiate a Read
FIFO, READ DQ Calibration or Write FIFO to the SDRAM must be followed immediately by a CAS-2 command. See
"Multi Purpose Command (MPC) Definition" for more information.

To perform Write Training, the controller can issue a MPC [Write DQ FIFO] com:nar.d with OP[6:0] set as described
in the MPC Definition section, followed immediately by a CAS-2 command (CAS 2 crerands should be driven LOW) to
initiate a Write DQ FIFO. Timings for MPC [Write DQ FIFO] are identical tz a'«rite command, with WL (Write
Latency) timed from the 2nd rising clock edge of the CAS-2 command. Up to 5 consecutive MPC [Write DQ FIFO]
commands with user defined patterns may be issued to the SDRAM t2 siare up to 80 values (BL16 x5) per pin that
can be read back via the MPC [Read DQ FIFO] command. Write/’Reaa SIFO Pointer operation is described later in this
section.

After writing data to the SDRAM with the MPC [Write ['\C+:=0U] command, the data can be read back with the MPC
[Read DQ FIFO] command and results compared witt. “espect” data to see if further training (DQ delay) is needed.

MPC [Read DQ FIFO] is initiated by issuing a MPC commanau with OP[6:0] set as described in the MPC Definition section,
followed immediately by a CAS-2 command (CAS-2 operands must be driven LOW). Timings for the MPC [Read DQ

FIFO] command are identical to a Read comiaard, vith RL (Read Latency) timed from the 2nd rising clock edge of the CAS-
2 command.

Read DQ FIFO is non-destructive %o 1.2 data captured in the FIFO, so data may be read continuously until it is either
overwritten by a Write DQ FIFC coimmand or disturbed by CKE LOW or any of the following commands; Write, Masked
Write, Read, Read DQ Calibraticn and a MRR. If fewer than 5 Write DQ FIFO commands were executed, then unwritten
registers will have un-definred (but valid) data when read back.

The following command! about MRW is only allowed from MPC [Write DQ FIFO] command to MPC [Read DQ FIFO].
Allowing MRW' -oinmand is for OP[7]:FSP-OP, OP[6]:FSP-WR and OP[3]:VRCG of MR13 and MR14. And the rest of
MRW commind.ic prohibited.

For evainoie: If 5 Write DQ FIFO commands are executed sequentially, then a series of Read DQ FIFO commands will read
valic da.za from FIFO[0], FIFO[1]....FIFO[4], and will then wrap back to FIFO[0] on the next Read DQ FIFO.

Cn the other hand, if fewer than 5 Write DQ FIFO commands are executed sequentially (example=3), then a series of
Read DQ FIFO commands will return valid data for FIFO[0], FIFO[1], and FIFO[2], but the next two Read DQ FIFO
commands will return un-defined data for FIFO[3] and FIFO[4] before wrapping back to the valid data in FIFO[O0].
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4.27.1. FIFO Pointer Reset and Synchronism
The Write DQ FIFO pointer is reset under the following conditions:
- Power-up initialization
- RESET _n asserted
- Power-down entry
- Self Refresh Power-Down entry

The MPC [Write DQ FIFO] command advances the WR-FIFO pointer, and the MPC [Read DQ FIFO] advances ti.»
RDFIFO pointer. Also any normal (non-FIFO) Read Operation (RD, RDA) advances both WR-FIFO pointer and RD-F.+0O
pointer. Issuing (non-FIFO) Read Operation command is inhibited during Write training period. To keep the nointeis
aligned, the SoC memory controller must adhere to the following restriction at the end of Write training poriod:

b=a+(n*c)

Where:
‘a’ is the number of MPC [Write DQ FIFO] commands
‘b’ is the number of MPC [Read DQ FIFO] commands
‘c’ is the FIFO depth (=5 for LPDDR4)
'n’is a positive integer, > 0

Figure - MPC [Write DQ FIFO] Ope:.atio.: Timing

TO T1 T2 T3 T4 Ta0 Tal Ta2 Tb0 Tb1 TcO Tcl Te2 Tc3 Ted Tc5 Td0 Tdl Tu2 Td3 Td4 Td5 Ted Tel Te2 Ti0 TH Tgd Tgl Tg2 Tg3
CK ¢ --| R e e .= |
CK_t /22\_/\_' ',\__\_//\__\?2/

- I "~ v - ‘ I I I
o \ \

q i ’ ’ I ’ ; I I
\ V- [, [ g [P - [ V- \

LTI T T T T

WL

Iid
MPGC

COMMAND Wi 0

DQS_c
DQS t | Don't Care

. o)
oQ | Don't Care & _\6@@@(& Dot Care )

NOTES : 1. MPC [WR FIFQ] can be execr »d wit: 2 =.ngle bank or multiple banks active, during Refresh, or during SREF with CKE HIGH.
1. MPC [WR FIFQ] can be executed wi.> a single bank or multiple banks active, during Refresh, or during SREF with CKE HIGH.

DONT CARE 22 TIME BREAK

2. Write-1 to MPC is shown as an example of command-to-command timing for MPC. Timing from Write-1 to MPC [WR-FIFO] is tWRWTR.
3. Seamless MPC [WR-FIF 27 co. »mands may be executed by repeating the command every tCCD time.
4. MPC [WR-FIFO] uses th= s:me command-to-data timing relationship (WL, tDQSS, tDQS2DQ) as a Write-1 command.

o

A maximum of 5 MPC TWR F1rO] commands may be executed consecutively without corrupting FIFO data.

The 6th MPC "vwv.™-F.7 U] command will overwrite the FIFO data from the first command. If fewer than 5 MPC [WR-FIFO] commands are executed,
then the remaining FIF-Q | ~atio s will contain undefined data.

6.  Forthe CAS-2 (»miiand following a MPC command, the CAS-2 operands must be driven “LOW.”

7.  Toavoid « orrupting the FIFO contents, MPC [RD-FIFO] must immediately follow MPC [WR-FIFOJ/CAS-2 without any other command disturbing

FIFO pointe.s ir. hetwveen. FIFO pointers are disturbed by CKE Low, Write, Masked Write, Read, Read DQ Calibration and MRR.

8. BL =172,y rite Postamble = 0.5nCK

9. DEc ccumands are shown for ease of illustration; other commands may be valid at these times.
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Figure - MPC [Write FIFO] to MPC [Read FIFO] Timing

T0O T T2 T3 T4 Ta0 Tal Ta2 Tb0 Tb1 Tb2 TcO0 Tel Tc2 Te3 Ted Tc5 Td0 Tdl Td2 Td3 Td4 Td5 TeO0 Tel Te2 Te3 Tf0 Til Tg0d Tgil
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DQSZI | Don't Care ee » g ® s 'C\,\'M ee 22 Hi-Z/Don't Care 83
I 1DQs20Q)

oo [ Tme Y ABOECY TS 2

) ) . . DON'T CARE 22 TIME BREAK
NOTES : 1. MPC [WR FIFQ] can be executed with a single bank or multiple banks active, during Refresh, or during SREF with CKE HIGH.

1. MPC [WR FIFO] can be executed with a single bank or multiple banks active, during Refresh, or during SREF with CKE HIGF.

2. MPC [WR-FIFQ] to MPC [RD-FIFQ] is shown as an example of command-to-command timing for MPC.

Timing from MPC [WR-FIFO] to MPC [RD-FIFQ] is specified in the command-to-command timing table.

3.  Seamless MPC [RD-FIFO] commands may be executed by repeating the command every tCCD time.

4. MPC [RD-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK, tDQSQ) as a Read-1 commar.. .

5.  Data may be continuously read from the FIFO without any data corruption. After 5 MPC [RD-FIFO] commands .ne ‘IFO pointer will wrap back to

the 1st FIFO and continue advancing. If fewer than 5 MPC [WR-FIFO] commands were executed, then the MPC [RD-FIF )] ~ommands to those

FIFO locations will return undefined data. See the Write Training section for more information on the FIFO poir*~r beh. vic..

6.  For the CAS-2 command immediately following a MPC command, the CAS-2 operands must be driver “LC V.”

7. DMI[1:0] signals will be driven if any of WR-DBI, RD-DBI, or DM is enabled in the mode registers. e W ite 1. aining section for more information on

DMI behavior.

8. BL =16, Write Postamble = 0.5nCK, Read Preamble: Toggle, Read Postamble: 0.5nCK

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

Rev 1.0/ Apr 2026 136



\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

Figure - MPC [Read FIFO] to Read Timing

Ta5 Th0 Th1 Th2 Tel TecZ2 Ted Ted Ted Teé Te? Tdl Td2 Td3d Tdd TdS Tdé Tel Tel Te2 Ted

= -

TO T1 T2 T3 T4 Tal Tal Ta2Z Tad Tad

CK_c e
CK_t
cs
CA
COMMAND
DQS ¢ .--ﬂfaE =
DQS_t | L 83 22 L 3? _(\ w f\_,
| [ase-

¢ a2 &

DQ | Hi-Z 82

NOTES : 1. MPC [WR FIFO] can be executed with a single bank or multiple banks active, during Refresh, or during SREF with CKE HIGH.
2. MPC [RD-FIFQO] to Read-1 Operation is shown as an example of command-to-command timing for MPC. Timing from MPC [RD-FIF ™ con. mand

DONT CARE 22 TIME BREAK

NOTES :
1. MPC [WR FIFQO] can be executed with a single bank or multiple banks active, during Refresh, or during SREF with CKE H!'Gh.

2. MPC [RD-FIFO] to Read-1 Operation is shown as an example of command-to-command timing for MPC.
Timing from MPC [RD-FIFO] command to Read is tRTRRD.
3. Seamless MPC [RD-FIFO] commands may be executed by repeating the command every tCCD time.
4. MPC [RD-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK, tDQSQ) as a Read-1 commc nd
5. Data may be continuously read from the FIFO without any data corruption. After 5 MPC [RD-FIFO] commar.s the + '=O pointer will wrap back to
the 1st FIFO and continue advancing. If fewer than 5 MPC [WR-FIFO] commands were executed, then the MPC [RD-FIF D] commands to those FIFO
locations will return undefined data. See the Write Training section for more information on the FIFO pointer behavic.
6. For the CAS-2 command immediately following a MPC command, the CAS-2 operands must be driv.«, ‘.o ”
7. DMI[1:0] signals will be driven if any of WR-DBI, RD-DBI, or DM is enabled in the mode registers. See .'rite Training section for more information

on DMI behavior.
8. BL = 16, Read Preamble: Toggle, Read Postamble: 0.5nCK
9. DES commands are shown for ease of illustration; other commands may be valid at the~e timzc
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Figure - MPC [Write FIFO] with DQ ODT Timing
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T o UEER 1
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Nate 10D Toff Max
Note

1. MPC [WR FIFO] can be executed with a single bank or multiple ha ks uctive, during Refresh, or during SREF with CKE HIGH.

2.  MPC [WR-FIFQ] uses the same command-to-data/ODT tin.'ng .eic tionship (WL, tDQSS, tDQS2DQ,0DTLon, ODTLoff, tODTon, tODToff) as a
Write-1 command.

3. For the CAS-2 command immediately following a MPC ~<inn and, the CAS-2 operands must be driven “LOW.”

4.  BL =16, Write Postamble = 0.5nCK

5. DES commands are shown for ease of illustration; othe: commands may be valid at these times.
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Figure - Power Down Exit to MPC [Write FIFO] Timing
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Note
1. Any commands except MPC WR FIFO and other exception commands defined other se-tic  in t'is document (i.e. MPC Read DQ Cal).
2. DES commands are shown for ease of illustration; other commands may be valid at thes. “imus.
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4.28. DQS Interval Oscillator

As voltage and temperature change on the SDRAM die, the DQS clock tree delay will shift and may require re-training.
The LPDDR4-SDRAM includes an internal DQS clock-tree oscillator to measure the amount of delay over a given time
interval (determined by the controller), allowing the controller to compare the trained delay value to the delay value
seen at a later time. The DQS Oscillator will provide the controller with important information regarding the need to
retrain, and the magnitude of potential error.

The DQS Interval Oscillator is started by issuing a MPC [Start DQS Osc] command with OP[6:0] set as described in tie
MPC Operation section, which will start an internal ring oscillator that counts the number of time a signal propageios
through a copy of the DQS clock tree.

The DQS Oscillator may be stopped by issuing a MPC [Stop DQS Osc] command with OP[6:0] set as descriL=d in the
MPC Operation section, or the controller may instruct the SDRAM to count for a specific number of clocks and then
stop automatically (See MR23 for more information). If MR23 is set to automatically stop the DQ 5 Osuiillator, then the
MPC [Stop DQS Osc] command should not be used (illegal). When the DQS Oscillator is stoppza by zither method, the
result of the oscillator counter is automatically stored in MR18 and MR19.

The controller may adjust the accuracy of the result by running the DQS Interval Oc:i'2tor tor shorter (less accurate)
or longer (more accurate) duration. The accuracy of the result for a given tempzrature and voltage is determined by
the following equation:

DQS Oscillator Granularity Error = 2 * (DQS 1elay) / run time

Where:
Run Time = total time between start and stop commands
DQS delay = the value of the DQS clock tree delay (tDO<2°Q min/max)

Additional matching error must be included, which is tie aifference between DQS training circuit and the actual DQS
clock tree across voltage and temperature. The matching error is vendor specific.

Therefore, the total accuracy of the DQS Osc.'lat_- counter is given by:
DQS Oscillator S ccuracy = 1 - Granularity Error - Matching Error

For example: If the total tile L=tween start and stop commands is 100ns, and the maximum DQS clock tree delay
is 800ps (tDQS2DQ max), then we DQS Oscillator Granularity Error is:

DyS Oscillator Granularity Error = 2*(0.8ns) / 100ns = 1.6%

This equates to 2 granularity timing error or 12.8ps.
Assuming A (irclit Matching Error of 5.5ps across voltage and temperature, then the accuracy is:

DQS Oscillator Accuracy = 1 - [(12.8+5.5) / 800] = 97.7%
% example: running the DQS oscillator for a longer period improves the accuracy. If the total time between start

and stop commands is 500ns, and the maximum DQS clock tree delay is 800ps (tDQS2DQ max), then the DQS Oscillator
Granularity Error is:
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DQS Oscillator Granularity Error = 2*(0.8ns) / 500ns = 0.32%

This equates to a granularity timing error or 2.56ps.
Assuming a circuit Matching Error of 5.5ps across voltage and temperature, then the accuracy is:

DQS Oscillator Accuracy = 1 - [(2.56+5.5) / 800] = 99.0%

The result of the DQS Interval Oscillator is defined as the number of DQS Clock Tree Delays that can be countec witan
the “run time,” determined by the controller. The result is stored in MR18-OP[7:0] and MR19-OP[7:0]. MR18 uan:ains
the least significant bits (LSB) of the result, and MR19 contains the most significant bits (MSB) of the resul.. MR13 and
MR19 are overwritten by the SDRAM when a MPC-1 [Stop DQS Osc] command is received. The SDRAM counter will
count to its maximum value (=2716) and stop. If the maximum value is read from the mode r2qisteis, then the
memory controller must assume that the counter overflowed the register and discard the result. T e lorigest “run time”
for the oscillator that will not overflow the counter registers can be calculated as follows:

Longest Run Time Interval = 216 * tDQS2DQ(min) = 216 * 0,2,s = 13.1us
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4.28.1. Interval Oscillator matching error
The interval oscillator matching error is defined as the difference between the DQS training ckt(interval oscillator) and

the actual DQS clock tree across voltage and temperature.

Parameters:
- tDQS2DQ: Actual DQS clock tree delay
- tDQSOSC: Training ckt(interval oscillator) delay
- OSCOffset: Average delay difference over voltage and temp(shown in the figure below) - OSCMatch: DQS
oscillator matching error

Figure - Interval oscillator offset (OSCoffset)

@
. [Offset 2
e =
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: B 1is2DQ
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) L ® tDQSsc
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(ps) Y
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g OSCyise = avaloffset,offait
@’ _-’. Offset 1(al 2nd point) = tDQS2DQ(V,T) -tR@BT)
.’ Offse’”. 2(~* ead point) = tDQS2DQ(V,T) -tRQST)
Offset i .
v
1>m(T)/Voltage(V)
OSCMatch :

OSCwmatck = [tUQS2DQ(V,T) - tDQSOSC(V,T) - OSCoffset |

tDQSosc :

tDQIOosc(V,T) = Runtime / 2 * Count

(). Table - DQS Oscillator Matching Error Specification
~ Parameter Symbol Min Max Units Notes

DQS Oscillator Matching Error OSCMatch -20 20 ps 1,2,3,4,5,6,7
DQS Oscillator Offset OSCoffset -100 100 ps 2,4,7

L
note
1. The OSCwatch is the matching error per between the actual DQS and DQS interval oscillator over voltage and temp.
2. This parameter will be characterized or guaranteed by design.
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3. The OSCwatcn is defined as the following:

OSCuatch = [tDQS2DQ\V,T) - tDQSosc(v,1) - OSCoffset]
Where tDQS2DQv,T) and tDQSoscv,m) are determined over the same voltage and temp conditions.
4. The runtime of the oscillator must be at least 200ns for determining tDQSosc(v,T)
tDQSosc(v,T) = Runtime / 2 * Count

5. The input stimulus for tDQS2DQ will be consistent over voltage and temp conditions.
6. The OSCoffset is the average difference of the endpoints across voltage and temp.

7. These parameters are defined per channel.

8. tDQS2DQ(V,T) delay will be the average of DQS to DQ delay over the runtime period.
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4.28.2. DQS Interval Oscillator Readout Timing
OSC Stop to its counting value readout timing is shown in following figures:

Figure - In case of DQS Interval Oscillator is stopped by MPC Command
TO T1 T2 T3 T4 T5 Ta0 Tal Ta2 Ta3 Ta4 ThO Tb1 Tb2 Tb3 Th4d Tb5 Thé
CKc -

oxe J 3 i

- A LA 2 A AL

cA {////X vaia X vaia X////X//, W /X vaiia X vaia X/ //)@m(///)( vaid X Vaiid ) valia v X//7//7/)
COMMAND ( DES X plfs Gy X DES X DES X DES X DES X pkGehr X DES X DES x DEs X DES uﬁmm_\,{ w2 X///////)]

tOSCO

r= r=

NOTES : 1. DQS interval timer run time setting : MR23 OP[7:0] = 00000000 DONT CARE 22 TIME BREAK

2. DES commands are shown for ease of illustration; other commands may be 3"d a.
these times.

Figure - In case of DQS Interval Oscillate - 1= stopped by DQS interval timer
TO T T2 T3 T4 T5 Ta0 Tal Tal) Ta3d Ta4 ThO Tb1 Tb2 Th3 Th4 Tb5 Thb
CKc - - r= r=

2 2
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See Note 2 t0SCO

NOTES : 1. DO% inte: «al timer run time setting : MR23 OP[7:0] # 00000000 /] DONT CARE 22 TIME BREAK

2.Settiry vouns of MR23
3.Di"3 (ammmands are shown for ease of illustration; other commands may be valid at these

tires.
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4.29. Read Preamble Training
LPDDR4 READ Preamble Training is supported through the MPC function.

This mode can be used to train or read level the DQS receivers. Once READ Preamble Training is enabled by MR13[OP1]
= 1, the LPDDR4 DRAM will drive DQS_t LOW, DQS_c HIGH within tSDO and remain at these levels until an MPC DQ
READ Training command is issued.

During READ Preamble Training the DQS preamble provided during normal operation will not be driven by the DRAI .
Once the MPC DQ READ Training command is issued, the DRAM will drive DQS_t/DQD_c like a normal READ buict
after RL. DRAM may or may not drive DQ[15:0] in this mode.

While in READ Preamble Training Mode, only READ DQ Calibration commands may be issued.
eIssue an MPC [RD DQ Calibration] command followed immediately by a CAS-2 command.
¢ Each time an MPC [RD DQ Calibration] command followed by a CAS-2 is received by the LI'DDR t SDRAM, a 16-
bit data burst will, after the currently set RL, drive the eight bits programmed in MR32 fulloweu by the eight bits
programmed in MR40 on all I/O pins.
e The data pattern will be inverted for I/O pins with a '1' programmed in the co.responding invert mask mode
register bit.
¢ Note that the pattern is driven on the DMI pins, but no data bus inversion ‘urction is enabled, even if Read DBI
is enabled in the DRAM mode register.
e This command can be issued every tCCD seamlessly.
¢ The operands received with the CAS-2 command must be driven {OW.

READ Preamble Training is exited within tSDO after setting MR1:[CP1] = 0.

Figure - Read “reamble Training
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1. Read DQ Calibration s:»pc *s eny BL16 operation
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4.30. Multi Purpose Command (MPC)

LPDDR4-SDRAMs use the MPC command to issue a NOP 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.
OP[6] is a special bit that is decoded on the first rising CK edge of the MPC command. When OP[6]=0 then the SDRAM
executes a NOP (no operation) command, and when OP[6]=1 then the SDRAM further decodes one of several training
commands.

When OP[6]=1 and when the training command includes a Read or Write operation, the MPC command must he
followed immediately by a CAS-2 command. For training commands that Read or Write the SDRAM, read latenc (&)
and write latency (WL) are counted from the second rising CK edge of the CAS-2 command with the same “iniing
relationship as any normal Read or Write command. The operands of the CAS-2 command following a MPC k~a4/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

All other MPC commands do not require a CAS-2 command, including:

- NOP

- Start DQS Interval Oscillator
- Stop DQS Interval Oscillator
- Start ZQ Calibration

- Latch ZQ Calibration
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Table - MPC Command Definition

SDR Command Pins (2) DDR CA Pins (10)
Command CKE s Notes
CK_tn-1) | K tm) | 5" | €RO CA1 CA2 CA3 CA4 CAS edge
Multi Purpose Command H L L L L L OP6 R1
(MPC) ; : L | opo | oPL | OoP2 | OP3 | OP4 | OP5 | R2 SR
Function Operand Data Notes '
OXXXXXXB: NOP -

1000001B: RD FIFO |
1000011B: RD DQ Calibration (MR32/MR40)
1000101B: RFU

1000111B: WR FIFO

Training Modes OP[6:0] |1001001B: RFU 1,2,3,4
1001011B: Start DQS Osc
1001101B: Stop DQS Osc
1001111B: ZQCal Start
1010001B: ZQCal Latch
All Others: Reserved

Notes:
1. See command truth table for more information
2. MPC commands for Read or Write training operations must be immediately ol owed by CAS-2 command consecutively without
any other commands in between. MPC command must be issued first before 1=sui; the CAS-2 command.

Flgure MPC [WR FIi °1 Operatlon
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Notes:

1. MPC [WR FIFO] ca. be executed with a single bank or multiple banks active, during Refresh, or during SREF 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 [WR-FIFQ] is
tWRWTR.

3. Seamles; MPC [WR-FIFO] commands may be executed by repeating the command every tCCD time.

4. MPC {wR-"iFO] uses the same command-to-data timing relationship (WL, tDQSS, tDQS2DQ) as a Write-1 command.

5. Ana.imam of 5 MPC [WR-FIFO] commands may be executed consecutively without corrupting FIFO data. The 6th MPC [WR-
FI™0, cuinmand will overwrite the FIFO data from the first command. If fewer than 5 MPC [WR-FIFO] commands are executed,
e e remaining FIFO locations will contain undefined data.

o. ror the CAS-2 command following a MPC command, the CAS-2 operands must be driven “LOW.”

7. To avoid corrupting the FIFO contents, MPC [RD-FIFO] must immediately follow MPC [WR-FIFO]/CAS-2 without any other com-
mand disturbing FIFO pointers in-between. FIFO pointers are disturbed by CKE Low, Write, Masked Write, Read, Read DQ
Calibration and MRR. See Write Training session for more information on FIFO pointer behavior.
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Figure - MPC [RD FIFO] Read Operation
(Shown with tWPRE=2nCK, tWPST=0.5nCK, tRPRE=toggling, tRPST=1.5nCK)
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1. MPC [WR FIFO] can be executed with a single bank or multiple banks active, during Refresh, ar a iring SREF with CKE HIGH.
2. MPC [WR FIFO] to MPC [RD FIFO] is shown as an example of command-to-command *ming 1o MPC.

3. Seamless MPC [RD-FIFO] commands may be executed by repeating the command € ‘er; tCCD time.

4. MPC [RD-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK) s « Pead-1 command.

5. Data may be continuously read from the FIFO without any data corruption. After & MPC [RD-FIFO] commands the FIFO pointer
will wrap back to the 1st FIFO and continue advancing. If fewer than 5 MPC [%VR -FIFC] commands were executed, then the MPC
[RD-FIFO] commands to those FIFO locations will return undefined data. Sec the V.rite Training section for more information on
the FIFO pointer behavior.

6. For the CAS-2 command immediately following a MPC command, t'ie CAS 2 operands must be driven "LOW.”

7. DMI[1:0] signals will be driven if any of WR-DBI, RD-DBI, or Di* is en~uled in the mode registers. See Write Training section
for more information on DMI behavior.

Figure - MPC [KC FIFO] Operation
(Shown with tH'PRE=toggling, tRPST=1.5nCK)
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Notes:

1. MrC |RD FIFO] can be executed with a single bank or multiple banks active, during Refresh, or during SREF with CKE HIGH.
2. MPC |RD-FIFO] to Read-1 Operation is shown as an example of command-to-command timing for MPC. Timing from MPC [RD-
FT=0) command to Read is tRTRRD.

2. Seamless MPC [RD-FIFO] commands may be executed by repeating the command every tCCD time.

4. MPC [RD-FIFO] uses the same command-to-data timing relationship (RL, tDQSCK) as a Read-1 command.

5. Data may be continuously read from the FIFO without any data corruption. After 5 MPC [RD-FIFO] commands the FIFO pointer
will wrap back to the 1st FIFO and continue advancing. If fewer than 5 MPC [WR-FIFO] commands were executed, then the MPC
[RD-FIFO] commands to those FIFO locations will return undefined data. See the Write Training section for more information on
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the FIFO pointer behavior.
6. For the CAS-2 command immediately following a MPC command, the CAS-2 operands must be driven "LOW."”
7. DMI[1:0] signals will be driven if any of WR-DBI, RD-DBI, or DM is enabled in the mode registers. See Write Training section
for more information on DMI behavior.

Table - Timing Constraints for Training Commands

C:r;‘::‘::‘sd Next Command Minimum Delay Unit | Notes
MPC [WR FIFO] tWRWTR nCK |1
WR/MWR MPC [RD FIFO] Not Allowed -2
MPC [RD DQ Calibration] | WL+RU(tDQSS(max)/tCK)+BL/2-+RU(tWTR/tCK) | nCi*
MPC [WR FIFO] tRTW rck | 4
RD/MRR MPC [RD FIFO] Not Allowed D) 2
MPC[RD DQ Calibration] tRTRRD  |nek]| 3
WR/MWR Not Allowed =’ 2
MPC [WR FIFO] tCCD N\ nCK
[WF';"E:F - RD/MRR Not Allowed 2
MPC [RD FIFO] WL+RU(tDQSS(max)/tCK)- BL/Z+RU(CWTR/tCK) | nCK
MPC [RD DQ Calibration] N7t Alowed 2
WR/MWR 7w nck | 4
MPC [WR FIFO] T RTW nck| 4
[RDMFI:SZO] RD/MRR X tRTRRD nck | 3
MPC [RD FIFO] tCCD nCK
MPC [RD DQ Calibration] tRTRRD nck | 3
WR/MWR tRTW nck | 4
MPC [WR FIFO] tRTW nck | 4
RO DQ";':F;ﬁbration] ROMRR tRTRRD nCK | 3
MPC [RD FIF/] Not Allowed 2
MPC [RD DQ Z'iL-ation] tCCD nCK

Notes:

1. tWRWTR = WL + BL/2 + RU(*N(SS(max)/tCK) + max(RU(7.5ns/tCK), 8nCK)
2. No commands are allowed betwecn MPC [WR FIFO] and MPC [RD FIFO] except MRW commands related to training parameters.
3. tRTRRD = RL + RU(tDQSK(max)/tCK) + BL/2 + RD(tRPST) + max(RU(7.5ns/tCK),8nCK)
4. tRTW (DQ ODT DPisib.eqa case; MR11 OP[2:0]=000b)

= RL + RU(tDQSZiman), tCK) + BL/2 - WL + tWPRE + RD(tRPST) tRTW

(DQ ODT Enabled case; MR11 OP[2:0]#000b)

= RL + RUUMDQICK(max)/tCK) + BL/2 + RD(tRPST) - ODTLon - RD(tODTon,min/tcK) + 1
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4.31. Thermal offset

Because of their tight thermal coupling with the LPDDR4 device, hot spots on an SOC can induce thermal gradients
across the LPDDR4 device. As these hot spots may not be located near the device thermal sensor, the devices’
temperature compensated self-refresh circuit may not generate enough refresh cycles to guarantee memory retention.
To address this shortcoming, the controller can provide a thermal offset that the memory uses to adjust its TCSR circuit
to ensure reliable operation.

This offset is provided through MR4(6:5) to either or to both the channels. This temperature offset may modify refrech
behavior for the channel to which the offset is provided. It will take a max of 200us to have the change reflected in
MR4(2:0) for the channel to which the offset is provided. If the induced thermal gradient from the device temneaw e
sensor location to the hot spot location of the controller is larger than 15 degrees C, then self-refresh mode will not
reliably maintain memory contents.

To accurately determine the temperature gradient between the memory thermal sensor and the ‘nduc2a hot spot, the
memory thermal sensor location must be provided to the LPDDR4 memory controller.

Support of thermal offset function is optional. Please refer to vendor datasheet to figure ouu if the function is supported
or not.
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4.32. Temperature Sensor

LPDDR4 devices feature a temperature sensor whose status can be read from MR4. This sensor can be used to
determine an appropriate refresh rate, determine whether AC timing de-rating is required in the elevated temperature
range, and/or monitor the operating temperature. Either the temperature sensor or the device TOPER may be used to
determine whether operating temperature requirements are being met.

LPDDR4 devices shall monitor device temperature and update MR4 according to tTSI. Upon exiting self-refresh or
power-down, the device temperature status bits shall be no older than tTSI.

When using the temperature sensor, the actual device case temperature may be higher than the TOPER specificaticn
that applies for the standard or elevated temperature ranges. For example, TCASE may be above 85°C when
MR4[2:0] equals ‘b011. LPDDR4 devices shall allow for 2°C temperature margin between the point at which t*e
device updates the MR4 value and the point at which the controller re-configures the system accordingly. In the case
of tight thermal coupling of the memory device to external hot spots, the maximum device temp 2ratu -e might be
higher than what is indicated by MR4.

To assure proper operation using the temperature sensor, applications should consider the following factors:

e TempGradient is the maximum temperature gradient experienced by the :qer.iory device at the temperature of
interestover a range of 2°C.

¢ ReadInterval is the time period between MR4 reads from the syster.

e TempSensorInterval (tTSI) is maximum delay between internal updates of MR4.

e SysRespDelay is the maximum time between a read of MR4 2nd uic .esponse by the system.

In order to determine the required frequency of polling MR4, ;e system shall use the maximum TempGradient and
the maximum response time of the system using the follswinge equation:

TempGradient x (ReadInterval + tTSI + SysRespDelay) <= 2C

T7.u'e - Temperature Sensor

Parameter Syrabol Max/Min Value Unit | Notes
System Temperature Gradient _l_ _TcEpGradient Max System Dependent °C/s
MR4 Read Interval ReadInterval Max System Dependent ms
Temperature Sensor Interval § tTSI Max 32 ms
System Response Delay \N SysRespDelay Max System Dependent ms
Device Temperature Mz »]IT TempMargin Max 2 oC

For example, if Ter*.;/?aiﬂnt is 10°C/s and the SysRespDelay is 1 ms:
(10'C/s) x (ReadInterval + 32ms + 1ms) <= 2'C

In this case. Re: dInterval shall be no greater than 167ms.
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Figure - Temp sensor Timing
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4.33. ZQ Calibration

The MPC command is used to initiate ZQ Calibration, which calibrates the output driver impedance across process,
temperature, and voltage. ZQ Calibration occurs in the background of device operation, and is designed to eliminate
any need for coordination between channels (i.e. it allows for channel independence).

There are two ZQ Calibration modes initiated with the MPC command: ZQCal Start, and ZQCal Latch. ZQCal Start
initiates the SDRAM’s calibration procedure, and ZQCal Latch captures the result and loads it into the SDRAM’s drivers.

A ZQCal Start command may be issued anytime the LPDDR4-SDRAM is not in a power-down state. A ZQCal Latch
Command may be issued anytime outside of power-down after tZQCAL has expired and all DQ bus operaticns ha''e
completed. The CA Bus must maintain a Deselect state during tZQLAT to allow CA ODT calibration settings "o be
updated. The following mode register fields that modify I/O parameters cannot be changed following a Z(Zal Start
command and before tZQCAL has expired:

- PU-Cal (Pull-up Calibration VOH Point)

- PDDS (Pull Down Drive Strength and Rx Termination)
- DQ-ODT (DQ ODT Value)

- CA-ODT (CA ODT Value)

4.33.1. ZQCal Reset

The ZQCal Reset command resets the output impedance calibration to a a2faclt accuracy of +/- 30% across process,
voltage, and temperature. This command is used to ensure output imp>dancz accuracy to +/- 30% when ZQCal Start
and ZQCal Latch commands are not used.

The ZQCal Reset command is executed by writing MR10-OP[0]: 1b

Figure - zQ€al Timing
CK t TO T1 T2 T3 T4 T5 T6 T7 T8 Ta0 Tal Ta2 Ta3 Ta-’ Taﬁ Ta6 Ta7 Tb0 Tb1 Tb2 Tb3 Th4 Tb5 Tb6 Tb7,TcO Tel Tc2 Te3 Tcd Tch Tcﬁ
e U U A T A

N S S LTI W

N

cMD ( [T'}.g‘lf,‘c?m>DEsts< Write X CAS-2 }(D SD S\.JES{DESDES DES)’DESIDES(D : DES'DES DES\DES‘#DESDE ‘D JDESDES) bEs DES
A A A A A A ;_‘._._ LI T—

t
LZQLAT

past A

DQS_c .
g ATVVP ST
DQ15:0] | N '3-;'3; ) o e R ‘:fi: \‘
Note

DON'T CARE TIME BREAK
1. Write and Pr<~harge operations shown for illustrative purposes. 22

Any singl~ 0. muitiple valid commands may be executed within the tZQCAL time and prior to latching the results.
2. Before (he ZQ-Latch command can be executed, any prior commands utilizing the DQ bus must have completed.

Wri'e comimands with DQ Termination must be given enough time to turn off the DQ-ODT before issuing the ZQ-Latch command.
See he T section for ODT timing.
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4.33.2. Multi-Channel Considerations
The LPDDR4-SDRAM includes a single ZQ pin and associated ZQ Calibration circuitry. Calibration values from this circuit
will be used by both channels according to the following protocol:

1. ZQCal Start commands may be issued to either or both channels.

2. ZQCal Start commands may be issued when either or both channels are executing other commands and
other commands may be issued during tZQCAL.

3. ZQCal Start commands may be issued to both channels simultaneously.

4, The ZQCal Start command will begin the calibration unless a previously requested ZQ calibration is in progr 2:s.
5. If a ZQCal Start command is received while a ZQ calibration is in progress on the SDRAM, the ZGQ{al Stait
commandwill be ignored and the in-progress calibration will not be interrupted.

6. ZQCal Latch commands are required for each channel.

7. ZQCal Latch commands may be issued to both channels simultaneously.

8. ZQCal Latch commands will latch results of the most recent ZQCal Start command provi led t \QCAL has been
met.

9. ZQCal Latch commands which do not meet tZQCAL will latch the results of the most r<cently completed ZQ
calibration.

10. ZQ Reset MRW commands will only reset the calibration values for the channei .3suing the command.

In compliance with complete channel independence, either channel may issiie 7'2Ca! Start and ZQCal Latch commands
as needed without regard to the state of the other channel.

4.33.2.1. ZQ External Resistor, Tolerance, and Caparitive Loading
To use the ZQ calibration function, a 240 ohm +/- 1% tolerance external resistor must be connected between the ZQ
pin and VDDQ.

If the system configuration shares the CA bus to form a x32 (or wider) channel, the ZQ pin of each die’s x16 channel
shall use a separate ZQCal resistor.

If the system configuration has more than onc ank, and if the ZQ pins of both ranks are attached to a single resistor,
then the SDRAM controller must ensure thau tii2 2Q Cal’s don't overlap.

The total capacitive loading on the ZQ pin must be limited to 25pF.

Example: If a system configurotion shares a CA bus between *n’ channels to form a n * 16 wide bus, and no means
are available to control the 7Q Cal separately for each channel (i.e. separate CS, CKE, or CK), then each x16 channel
must have a separats. ZOZa' resistor.

Example: For a 22, two rank system, each x16 channel must have its own ZQCal resistor, but the ZQCal resistor can
be shared betwcan ranks on each x16 channel. In this configuration, the CS signal can be used to ensure that the
ZQCal commenas for Rank[0] and Rank[1] don't overlap.

4.33.2.2. ZQ Wiring for Byte-mode PKG including mixed configuration
Standard LPDDR4 package ballmpas allocate one ZQ ball per die. Byte-mode packages potentially support more die

1or higher package memory density. In order to use ballmapes developed for Standard LPDDR4, an alternate ZQ ball
wiring strategy is employed when packages contain Byte-mode devices as shown in Figure in section 2.1.
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Since the wiring strategy for Byte-mode and Mixed packages shares a single ZQ resistor among ranks, applications
must ensure that the ZQ cal’s do not overlap. (See section 4.33.2.1)

Below are specific wiring notes for dual channel (x32) LPDDR4 packages

1. For packages using only standard devices

- ZQO is connected to rank 0 DRAM

- ZQ1 is connected to rank 1 DRAM (if present)

- ZQ2 is connected to rank 2 DRAM (if present)
2. For packages using only byte-mode devices

- ZQO is connected to all lower byte[7:0] or upper byte [15:8] DRAM(S)

- ZQ1 is connected to opposite byte of all DRAM(s) from those connected to ZQO0 -ZQ2 is NC
3. For packages using both standard and byte-mode devices

- ZQO is connected to all lower byte[7:0] or upper byte [15:8] DRAM(S)

- ZQ1 is connected to opposite byte of all DRAM(s) from those connected to ZQ0

- Standard DRAM(s) may be connected to either ZQO0 or ZQ1

- ZQ2is NC

Multi-rank packages containing Byte-mode devices place additional loading on *he I/U and power topologies and
therefore may not be appropriate for all application environments.

Standard Package Byte Mode Package Mixed Package
DA50] DA0] DQ5P | DQI7:0] DQ15:8]
Raiz| ——— 7Q27Q0| — T ZQ1
Rankt | —— Q1zZQ0| — -— ZQ1 2Q0| —
Rank0 | —— fQO ZQ0 — .— Z2Q1 ZQ0| — — ZN

ZQ2-NC ZQ2-NC
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4.34. Pull-down and Pull-up Driver Characteristics and Calibration Point

Table - Pull-down Driver Characteristics, with ZQ Calibration

Ronpp,NOM Resistor Min Nom Max Unit J
40 Ohm RON40PD 0.90 1.0 1.10 RZQ/6 |
48 Ohm RoON48PD 0.90 1.0 1.10 RZQ/5
60 Ohm RON60PD 0.90 1.0 1.10 PZQ/4
80 Ohm RoNsopPD 0.90 1.0 1.10 RZ(, '3
120 Ohm RoN120rPD 0.90 1.0 1.10 RZQ/2
240 Ohm RON240PD 0.90 1.0 1.10 _"f RZQ/1
Notes:
1. All values are after ZQ calibration. Without ZQ Calibration RONPD values are +/- 30%
Table - Pull-up Driver Characteristics, with ZQ Caliration
VOHpy,nom VOH,nom(mV) Min Nom | Max Unit
VDDQ*0.5 300 0.90 1.0 ! 1.10 VOH,nom
VDDQ*0.6 360 0.90 1.0 | 1.10 VOH,nom
Notes:
1. All values are after ZQ calibration. Without ZQ Calibration VOH,noi 1 vulues are +/- 30%
2. VOH,nom (mV) values are based on a nhominal VDDQ=0.6V.
Table - Vali\' Caiibration Points
ODT Values
VOHpy,nom
240 120 80 60 48 40
VDDQ*0.5 Vain Valid Valid Valid Valid Valid
VDDQ*0.6 Oid Valid DNU Valid DNU DNU

Notes:
1. Once the output is calibrated for a given VOH(nom) calibration point, the ODT value may be changed
without recalibration.
2. If the VOH(nom) calibration puint is changed, then re-calibration is required.
3. DNU = Do Not Use
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4.35. Command/Address Bus On Die Termination
ODT (On-Die Termination) is a feature of the LPDDR4 SDRAM that allows the SDRAM to turn on/off termination
resistance for CK_t, CK_c, CS and CA[5:0] signals without the ODT control pin.
The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM controller tu
turn on and off termination resistance for any target DRAM devices via Mode Register setting.

A simple functional representation of the DRAM ODT feature is shown in the Figure below

Figure - Functional Representation of CA ODT

opT

| VsSS |

o || RTT '

other | |

circuitry Switch

like | |
RCV,

I I

L — - — — — J

4.35.1. ODT Mode Register and ODT State Table
ODT termination values are set and enabled via MR11. The C/ Lus (CK_t, CK_C, CS, CA[5:0]) ODT resistance values

are set by MR11 OP[6:4]. The default state for the CA is ONT Jdisabled.

Ck Z, CK _c, CS and CA[5:0]

ODT is applied on the CA bus to the CK_t, CK_c, CS and ZA[5:0] signals. Only one termination load will be present
even if multiple devices are sharing the command signals. In a multirank system, the terminating rank should be
trained first, followed by the non-terminating ra.k(s).

;a;,ie - Command Bus ODT State

ODTE-CA | ODTD-CA |  ODTF-CK ODTF-CS | ODT State | ODT State for | ODT State
MR11[6:4] | MR22[5; |  MR22[3] MR22[4] | for CA CK_t/CK_c for CS

Disabled! Valic” Valid? Valid? Off off Off

Valid? Q 0 0 On On On

Va2 | 0 0 1 On Oon Off

Valid2 0 1 0 On off On

Vali2 0 1 1 On Off Off

valic? 1 0 0 Off On On

; Valid? 1 0 1 Off on Off

| Valid? 1 1 0 Off off On

| Valid? 1 1 1 off off Off

N .tes:
1. Default value
2. “Valid” means “0 or 1”
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3. The state of ODT_CA is not changed when the DRAM enters power-down mode. This maintains termination for alternate

ranks in multi-rank systems.

4.35.2. ODT Mode Register and ODT characteristics

A functional representation of the on-die termination is shown in the figure below.

RTT = Vout / |Iout|

Figure - CA On Die Termination
Chip in Termination Mode

* VDDQ
To other
circuitry like
RCV, ... oDT
* CA
—>
lout
Rrr Vout
. * VSSQ

Table - ODT DC Electrical Charanteristics, assuming <ZG=240Q +/- 1% over the entire operating
temperature range after a proper =) calibration up to 3200Mbps

MR11 OP[6:4] RTT Vout Min | Nom | Max | Unit | Notes
VOLdc=0.2C*VDDQ 0.8 1.0 1.1 1,2
001 240Q |VOMdc=2 56°VDDQ 0.9 1.0 1.1 | rRzQ 1,2
VOH4c=0.7-*VDDQ 09 | 1.0 1.3 1,2
\i0L7C=0.20¥VDDQ 08 | 1.0 1.1 1,2
010 1200 | /04dc=0.50*VDDQ 09 | 1.0 11 |RzQ2| 12
VOHdc=0.75*VDDQ 09 | 1.0 1.3 1,2
. |voLdc=0.20*vDDQ 0.8 1.0 1.1 1,2
011 380Q |VOMdc=0.50*vDDQ 0.9 1.0 1.1 RZQ/3 1,2
VOHdc=0.75*VDDQ 09 | 1.0 1.3 1,2
VOLdc=0.20*VDDQ 0.8 1.0 1.1 1,2
100 60Q |VOMdc=0.50*VDDQ 0.9 1.0 1.1 |RzQ/4| 12
VOHdc=0.75*VDDQ 09 | 1.0 13 1,2
N>~ VOLdc=0.20*VDDQ 08 | 1.0 1.1 1,2
101 48Q |VOMdc=0.50*vDDQ 0.9 1.0 1.1 RZQ/5 1,2
L VOHdc=0.75*VDDQ 09 | 1.0 1.3 1,2
VOLdc=0.20%VDDQ 0.8 1.0 1.1 1,2
110 402 1y 6Mdc=0.50"VDDQ 0.9 1.0 11 | NP6 T,
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| VOHdc=0.75%VDDQ 09 | 1.0 13 1,2

Mismatch CA-CA within byte 0.50*vDDQ - 2 % 1,2,3

Notes:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits

if temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

2. Pull-dn ODT resistors are recommended to be calibrated at 0.50*VDDQ. Other calibration schemes may be used to achieve the

linearity spec shown above, e.g. calibration at 0.75*VDD2 and 0.2*VDD2.

3. Measurement definition for RTT: TBD

4. CA to CA mismatch within clock group (CA,CS) variation for a given component including CK_t and CK_c (characterized).

RODT(max)—RODT(min)
RODI(avg)

CA — CAmismatch =

Notes:
1. As of publication of this document, under discussion by the formulating committee.

4.35.3. ODT for Command/Address update time
ODT for Command/Address update time after Mode Register set are shown i» che figure below

F|gure CA ODT settlng update tlmlng i7 4 Cluck Cycle Command

Lead Leud { Leud Leud LTTTY

[\

OQ . MRW- 1XMRW ZXMRW A Ve ‘d &(VathVathVahd XVa\IdXValldXValld Valid Valid Valid Valid
CMD ( FSP changes fro.r 0.vy X Deselect ex Deselect X Deselect X Deselect X VALID X VALID >

L tODTUP

-
-t >

CA ODT ! old Se;tt.ng Va;ue X (( Updating Setting X New Setting Value J

(( Time Break D Don't Care
Note 1: 4 Clock Cycle Command
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4.36. DQ On-die Termination

ODT (On-Die Termination) is a feature of the LPDDR4 SDRAM that allows the DRAM to turn on/off
termination resistance for each DQ, DQS_t, DQS_c and DMI signals without the ODT control pin. The ODT
feature is designed to improve signal integrity of the memory channel by allowing the DRAM controller to
turn on and off termination resistance for any target DRAM devices during Write operation.

The ODT feature is off and cannot be supported in Power Down and Self-Refresh modes.

A simple functional representation of the DRAM ODT feature is shown in following Figure.

"ooT T T T
| vsSsQ |
o || RTT '
other | |
circuitry Switch
like | | I
RCV, | |
° DQ, DQS DM
[ |
L — — J

Figure - Functional Representativn >/ DQ ODT

The switch is enabled by the internal ODT control logic, ‘~i.ch-uses the Write-1 command and other mode
register control information. The value of RTT is deteimined by the settings of Mode Register bits.

4.36.1. ODT Mode Register

The ODT Mode is enabled if MR11 OP[2:{1 a2 non zero. In this case, the value of RTT is determined by
the settings of those bits. The ODT Mzc< is lisabled if MR11 OP[2:0] = 000b.

4.36.2. Asynchronous ODT

When ODT Mode is enablzd i» MR11 OP[2:0], DRAM ODT is always Hi-Z. DRAM ODT feature is automatically
turned ON asynchronsusiy vased on the Write-1 or Mask Write-1 command that DRAM samples. After the
write burst is cori.'ete, DRAM ODT featured is automatically turned OFF asynchronously.

Following timinq parameters apply when DRAM ODT mode is enabled::
-- ODTLei ¢20Ton,min, tODTon,max
-- OD’i1oif, tODToff,min, tODToff,max

ODTLon is a synchronous parameter and it is the latency from CAS-2 command to tODTon reference.

ODTLon latency is a fixed latency value for each speed bin. Each speed bin has a different ODTLon latency.
Minimum RTT turn-on time (tODTon,min) is the point in time when the device termination circuit leaves
high impedance state and ODT resistance begins to turn on.
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Maximum RTT turn on time (tODTon,max) is the point in time when the ODT resistance is fully on.
tODTon,min and tODTon,max are measured once ODTLon latency is satisfied from CAS-2 command.

ODTLoff is a synchronous parameter and it is the latency from CAS-2 command to tODToff reference.

ODTLoff latency is a fixed latency value for each speed bin. Each speed bin has a different ODTLoff latency.
Minimum RTT turn-off time (tODToff,min) is the point in time when the device termination circuit starts to

turn off the ODT resistance.

Maximum ODT turn off time (tODToff,max) is the point in time when the on-die termination has reached
high impedance. tODToff,min and tODToff,max are measured once ODTLoff latency is satisfied from C:\S-

2 command.

Table - ODT Timings

ODTLon Latency @ ODTLoff Latency P) Fr::‘l’lv:l:cy Frggtf:q'

Limit lin it

WL Set “A” | WL Set "B” | WL Set"A” | WLSet"B" | () (=
N/A N/A N/A N/A 10 266
N/A N/A N/A N/A 266 | 533
N/A 6 N/A 22 5.3 800
4 12 20 28 "800 1066

4 14 22 3D 1066 1333

6 18 24 25 1333 1600

6 20 26 40 1600 1866

8 24 28 4 1866 2133
nCK nCK nCK ‘ nCK MHz MHz

Table - \synchronous ODT turn on and turn off timing

a. ODTLon is referrenced from CAS-2 command. See “iming diagram examples below.
b. ODTLoff is shown in table assumes BL=16. Fr: BL>.. 8 tCK should be added.

Parameter 800~2133MHz Unit
tLTUTT)n,min 1.5 ns
P £ODTon,max 3.5 ns
\ tODToff,min 1.5 ns
| tODToff,max 3.5 ns
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Figure - Asynchronous ODTon T|m|ng Example, tWPRE = 2 tCK, tDQSS = Nomlnal
O o e U R o S PR P
CK_t

s NN\ NN

[ | //
@@@w@w@@@w@w@@@@
CMD < Write-1 X CAS-2 Valid /o( Valid Val’ 4 x Deselect X Valid X Valld

Wi

o { «

. CODCCOnon

- ODTlon . tODTon(max)
) N ! - ——=

DRAM RTT ODT High-Z ! : ODT On
- \ tODTon(min - - —_—— :

({ Time Break D Don’t Care

Figure - Asynchronous ODTo|=|= Tlmlng Examp e tWPRE = 2 nCK, tDQSS = Nomlnal

CK weaf peetl— ; r . ....w el g el possl P ..... ==y = e -
CK?: JC;\J...; L. ﬂ" h R i...;”.{—\ ; U[_,\_I[:\_L.- Rnd lr\_}’:,x_][:'\_)t..f’ =

CKE i I T (S (( Lol

CA ?;C:\/ _\x \fa= %‘“vam Volwd va:m valnu va:m Vi ;u X va:.d >( va:m x val‘m >.
CMD ( Write-1 X CAS-2 X_ TX Valid X ValJr'i X ‘Dese\ecl. X lVaI\d l X Valid HD( lDeselectl X ‘Dese\ecl )

DQs ' ‘, HWPRE
e 4 s ot S S S S,
ol  CN L 0D 0000
Q50— = = L
S I m
' § P | ODTLoff ODToff(mat)
| - ODTLon « tODTon(max) | .
DRAM_RT1 oOf highz 1)) ] obTon ﬂ“-"
| !\ tOQTon(min T T T T T T T ) T
Ll\ . ) ‘ . . . . ‘ tODToff(min)

Sf" Time Break D Don't Care
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4.36.3. ODT during Write Leveling

If ODT is enabled in MR11 OP[2:0], in Write Leveling mode, DRAM always provides the termination on
DQS_t/DQS_c signals. DQ termination is always off in Write Leveling mode regardless.

Table - DRAM Termination Function in Write Leveling Mode

ODT Enabled in MR11 DQS_t/DQS_c DQ termination
termination
Disabled OFF OFF
Enabled ON OFF
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4.37. On Die Termination for DQ, DQS and DMI

On-Die Termination effective resistance RTT is defined by MR bits MR11 OP[2:0].
ODT is applied to the DQ, DMI, DQS_t and DQS_c pins.

A functional representation of the on-die termination is shown in the figure below.

RTT = Vout / |Iout|

Figure - DQ On Die Termination
Chip In Termination Mode

o VDDQ
To Other
Circuittry

Like RCV, e
—/ 0Q
II‘U‘
RTT l Vout
A
* e VSSQ

Table - ODT DC Electrical Charanteristics, asst.mirz RZQ=240Q +/- 1% over the entire operating
temperature range after a proper 29 calibration for up to 3200Mbps.

MR11 OP[2:0] RTT Vout Min Nom Max Unit Notes

VOLdc=0.7 0*v1DQ 0.8 1.0 1.1 1,2

001 240Q VOM(d :=0.50-VFOQ 0.9 1.0 1.1 RZQ 1,2

VOhc=C./5%*VDDQ 0.9 1.0 1.3 1,2

VOL.'c=0.20*VDDQ 0.8 1.0 1.1 1,2

010 120Q VUMdc=0.50*VDDQ 0.9 1.0 1.1 RZQ/2 1,2

Pa VOHdc=0.75*VDDQ 0.9 1.0 1.3 12

VOLdc=0.20*VDDQ 0.8 1.0 1.1 1,2

011 o0 VOMdc=0.50*VDDQ 0.9 1.0 1.1 RZQ/3 1,2

o [ VOHdc=0.75*VDDQ 0.9 1.0 1.3 12

T VOLdc=0.20*VDDQ 0.8 1.0 1.1 1,2

100 60Q VOMdc=0.50*VDDQ 0.9 1.0 1.1 RZQ/4 1,2

. VOHdc=0.75*VDDQ 0.9 1.0 1.3 12

VOLdc=0.20*VDDQ 0.8 1.0 1.1 1,2

01 48Q VOMdc=0.50*VDDQ 0.9 1.0 1.1 RZQ/5 1,2

>4 VOHdc=0.75*VDDQ 0.9 1.0 1.3 1,2

VOLdc=0.20*VDDQ 0.8 1.0 1.1 1,2

110 40Q VOMdc=0.50*VDDQ 0.9 1.0 1.1 RZQ/6 1,2

L~ ¥ VOHdc=0.75*VDDQ 0.9 1.0 1.3 1,2
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MR11 OP[2:0] I RTT Vout Min Nom Max Unit Notes
Mismatch DQ-DQ within byte 0.50*VDDQ - 2 % 1,2,3

Notes:
1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits

if temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

2. Pull-dn ODT resistors are recommended to be calibrated at 0.50*VDDQ. Other calibration schemes may be used to achieve the
linearity spec shown above, e.g. calibration at 0.75*VDDQ and 0.2*VDDQ.

3. Measurement definition for RTT:TBD

4. DQ to DQ mismatch within byte variation for a given component including DQS_t and DQS_c (characterized).

RODTI(max)—RODT(min)
RODI(avg)

DQ—DQmismatch =

Notes:
1. As of publication of this document, under discussion by the formulating committee.
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4.38. Output Driver and Termination Register Temperature and Voltage Sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen according to the Tables shown below.
Table - Output Driver and Termination Register Sensitivity Definition

Resistor Definition Min Max Unit | Notes
Point
RONPD | 0.50 x VDDQ 90-(dRondT x| T|)-(dRondV x | V) 110+(dRondT x| T|)+(dRondV x | V) % 1,2
VOHey | 0.50 x VDDQ  [90-(dVOHAT x | T|)-(dVOHdV x | V|) 110+(dVOHAT x | T|)+(dVOHdV x | V|) % 1,2,5
RTT(1/0) | 0.50 x VDDQ 90-(dRondT x | T|)-(dRondV x | V[) 110+(dRondT X | T|)+(dRondV x | VI) % 1,2,2 W
RTT(In) | 0.50 x VDDQ 90-(dRondT x| T|)-(dRondV x | V) 110+(dRondT x| T|)+(dRondV x | V) % 1,24 |
Note.

1. T=T-T(@ Calibration), V =V - V(@ Calibration)

2. dRondT, dRondV, dVOHAT, dVOHdV, dRrrdV, and dRrdT are not subject to production test but are verified by (=cign and
characterization.

3. This parameter applies to Input/Output pin such as DQS, DQ and DMI.

4. This parameter applies to Input pin such as CK, CA and CS.

5. Refer to 4.36 Pull Up/Pull Down Driver Characteristics for VOHpu.

Table - Output Driver and Termination Register Temperature and \'oli~ge Sensitivity

Symbol Parameter Mip |  Max Unit
dRondT Ron Temperature Sensitivity 0.10 | 0.75 %/ C
dRondV Ron Voltage Sensitivity 0.20 0.20 %/mV
dVOHdT VOH Temperature Sensitivity | __3.00 0.75 %/ C
dVOHdV VOH Voltage Sensitivity _| . 0.00 0.35 %/mV
dRdT Ryt Temperature Sensitivity ' 0.00 0.75 %/ C
dRrrdV Rrr Voltage Sensitivity N 7/ 0.00 0.20 %/mV
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4.39. Power Down Mode

4.39.1. Power Down Entry and Exit

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

e Mode Register Read

¢ Mode Register Write

e Read

e Write

¢ Vref(CA) Range and Value setting via MRW

e Vref(DQ) Range and Value setting via MRW

¢ Command Bus Training mode Entering/Exiting via MRW
¢ VRCG High Current mode Entering/Exiting via MRW

And the LPDDR4 DRAM cannot be placed in power-down state during “Start DQS Interval Os zillator” operation.

CKE can go LOW while any other operations such as row activation, Precharge, Auto Pre-harge, or Refresh are in
progress. The power-down IDD specification will not be applied until such operaticns are complete. Power-down entry
and exit are shown in Figure “Basic Power-Down Entry and Exit Timing”.

Entering power-down deactivates the input and output buffers, excluding CKZ and Reset_n. To ensure that there is
enough time to account for internal delay on the CKE signal path, CS inpu: s required stable Low level and CA input
level is don't care after CKE is driven LOW, this timing period is defir=a as tCKELCS.

Clock input is required after CKE is driven LOW, this timing pariod is defined as tCKELCK. CKE LOW will result in
deactivation of all input receivers except Reset_n after tCKFLCk. ha. expired. In power-down mode, CKE must be held
LOW; all other input signals except Reset_n are "Don't Cure". TKE LOW must be maintained until tCKE,min is satisfied.

VDDQ can be turned off during power-down. Prior to exiuna power-down, VDDQ must be within its minimum/maximum
operating ranges.

No refresh operations are performed in psvw= Zonn mode except Self-Refresh power-down. The maximum duration
in non-Self-Refresh power-down mode .= cnly limited by the refresh requirements outlined in the Refresh command
section.

The power-down state is aynci rorously exited when CKE is driven HIGH. CKE HIGH must be maintained until tCKE, min
is satisfied. A valid, executablc command can be applied with power-down exit latency tXP after CKE goes HIGH.
Powerdown exit latercy ie d=fined in the AC timing parameter table.

Clock frequenry zhange or Clock Stop is inhibited during tCMDCKE, tCKELCK, tCKCKEH, tXP, tMRWCKEL and tZQCKE
periods.

If powe:-Uaw.n occurs when all banks are idle, this mode is referred to as idle power-down. if power-down occurs when
ther2 15 a vow active in any bank, this mode is referred to as active power-down. And If power-down occurs when Self
Pefr=sii is in progress, this mode is referred to as Self Refresh power-down in which the internal refresh is continuing
1" Lile 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 CA-ODT pad setting, the rank providing
ODT will continue to terminate the command bus in all DRAM states including power-down.
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'Figure - Basic Power-down Entry and Exit Timing

CK—C - (! 77 7Ty o Y Ty Y [ Y - ™ fonl S Faan! ! Ch 7 Y
XX f OO OO OO
Kt A AR A AN RAS LA RS LA RV RIL A LA R A A AL A AR LA
- [WCMDCKE | .. | (CKE | | ol | tCKE
o | tCKCKEL | UCKCKEH | L

/) 115 /) !/ i i) ) /] I

CKE I (- iy
(CSAEKELS = QECKEL] SCKEHCh

s [\ (( ( : O O W (A

““ Time E-eak D Don't Care

1. Input clock frequency can be changed or the input clock can be stopped or floated during powe: -dov.n, provided that upon exiting
power-down, the clock is stable and within specified limits for a minimum of RU(tCKCKFr:/wCi$) of stable clock prior to power-
down exit and the clock frequency is between the minimum and maximum specified frzquzncy for the speed grade in use.

Figure - Read and Read with Auto-precharge o “ower-Down Entry

CKE

! |
Optional tCK
Post-Amble

DQsS_t — S
DQS_c X :

pa[15:0] X

1. CKE must be held HIGH until the end ot *he ourst operation.

2. Minimum Delay time from Read Con maid or Read with Auto Precharge Command to falling edge of CKE signal is as follows.
- Read Post-amble = 0.5nC* : 1'R1 OP[7]=[0] : (RL x tCK) + tDQSCK(Max) + ((BL/2) x tCK) + 1tCK
- Read Post-amble = 1.5aC . MR1 OP[7]=[1] : (RL x tCK) + tDQSCK(Max) + ((BL/2) x tCK) + 2tCK
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Figure - Write and Mask Write to Power-Down Entry
TO ™ T2 T3 T4 Ta0 Tal Ta2 Ta3 Ta4 TbO0 Tb1 Tb2 TcO0 Tel Te2 Td0 Td1 Td2

See Note 2

s NN\ 2 2 2 2 j
on(vara)(vara)(vanaY(vara X7 L L LR L R T
COMMAND { ylf e cs2 X DES m pes X Des X DEs X DEs XEX DES XEX oes X///, M‘WV_ 111111/

WL tDQSS tWPST
-

ANAVES CUAE 3 (R &

- - - —

tWPRE lDQS?DQ BL/2 !

2 Theaeed. 1

DON'T CARE 22 TIME BREAK

SIS

NOTES : 1. CKE must be held HIGH until the end of the burst operation.
2.Minimum Delay time from Write Command or Mask Write Command to fallina eage '« CKE

signal is as follows.

(WL x tCK) + tDQSS(Max) + tDQS2DQ(Max) + ((BL/2) x tCK) « tV.R
3.This timing is applied regardless of DQ ODT Disable/Enable setting: i."R . 1[%pP2:0].
4.This timing diagram only applies to the Write and Mask Write Cor, muna. without Auto

Precharge.
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Figure - Write and Masked Write with Auto Precharge to Power-Down Entry
T2

TO T1
CK_c --

T3 T4 Ta0 Tal Ta2 Ta3 Tad

Tb0

Tb1 Tb2 TcO Tec1 Tec2 Tec3 Tc4 TdO

¢ X

See Note 2
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\ \
! 1 ! 1
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tWPRE iDQS?DQ BL/2
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CAS2 X DES ¢ DES A DES X DES X DES X DES DES X DES% DES X DES X OES , DiS

tWPST
-

=l k= #]

’
v rechage
A

N

AN
|

2 WEEEEEEN

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

X/ d
DON'T CARE 22 TIME BREAK

2.Delay time from Write with Auto Precharge Command or Mask Write with Auto Prechar=~ Cor mend to falling

edge of CKE signal is more than
(NWR x tCK) + (2 x tCK)

3.Internal Precharge Command
4.This timing is applied regardless of DQ ODT Disable/Enable setting: MR11{P2.0].

(WL x tCK) + tDQSS(Max) + tDQS2DQ(Max)

((BL/2) x tCK) +

Figure - Refresh entry to Power-Down Entry

CK_t ol roal /“r r1l‘ -

CK_c L I h (AN "J‘. \ |

CMD {  Refresh } : N \\
_— N\

CKE [ ! '

— ) \
el /

Notes: 1. CKE must k: hei PiGH until tCMDCKE is satisfied.

Figure - Activate Command to Power-Down Entry

CV_" [ P S [P
RN e e ST
o - N

'ICMDCKE

i

Notes: 1. CKE must be held HIGH until tCMDCKE is satisfied.
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Figure - Precharge Command to Power-Down Entry

CK_t
CK ¢

CMD Precharge : : : : \ : : : : \‘ \
CKE NN

' ] ' T T T T T
ICMOCKE \
— | ' [ [ '
' ' ' ' ' [ [ ' .
' ' ' ' 1 ' ' ' '

Notes: 1. CKE must be held HIGH until tCMDCKE is satisfied.

Figure - Mode Register Read to Power-Down Entry
TO m™ T2 T3 T4 Ta0O Tal Ta2 TbhO Th1 Th2 Th3 TcO0 Tc1 Tc2 Te3 Tcd Tu0 Tdil

2 3 3 j 2

See Note 2

= NN R & Lo 2
Ky o 1 A L L YA
COMMAND ( MR Read-1 X CAS-2 X DES X DES X DES X DES x‘ DES )(_L._"_C_x DES )V / / //‘()‘y///////i

RL o tDQSCK
DQS ¢ PP ) e e "=
’
DQS_t (¢ 2 : /__\_/ vt
tRPRE
oa 2 2

[///| DONT CARE 22 TIME BREAK

NOTES :

1. CKE must be held HIGH until the end of . bu:ot operation.

2. Minimum Delay time from Mode Registe, Read Command to falling edge of CKE signal is as follows:
Read Post-amble = 0.5nCK : M.?1 C2[/]=[0] : (RL x tCK) + tDQSCK(Max) + ((BL/2) x tCK) + 1tCK
Read Post-amble = 1.5nCK . MR\ OP[7]=[1] : (RL x tCK) + tDQSCK(Max) + ((BL/2) x tCK) + 2tCK
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Figure - MRW to Power-Down Entry
T0 T1 T2 T3 T4 Ta0 Tal Ta2 Ta3 Tad4d TbO Tb1 Tb2 Tb3 Tb4d Tb5 Tb6 Tb7

CKE ea fMRWCKEL #\ PP

es /N_|_/\ 2 2 [
cn. vasa)vass X vassX vt 77740/ XL T T T
commano (e ) wrwne2 X oes oes X oes X(7777777777/ 707711 TTTT T 22 LT T

NOTES : 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 tMRWCKEL, that timing must be satisfied
before CKE is driven low.
Changing the Vref(DQ) value is one example, in this case the appropriate Vref_time-Short/vi, idie/Long
mu.t be satisfied.

m DONT CARE 22 TIME BREAK

Figure - MPC ZQCAL_start \» Pcwer-Down Entry

TO T T2 Ta0 Tal Ta2 Th0 The Tb2 Tb3 Th4 Tb5 Th6 Th7 Th8 Tb9 Th10 Tb11

A M Valic ZAQM &3 }
COMMAND <— A uU /1

ZQ Cal Status ( 22 ee ZQ Calibration progresses
{ZQCAL
|
F
NuieS 1. ZQ Calibration continues if CKE goes low after tZQCKE is satisfied. DONT CARE 22 TIME BREAK
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4.40. Input clock stop and frequency change

LPDDR4 SDRAMs support input clock frequency change during CKE LOW under the following conditions:

- tCK(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 executed to completion prior to changing the frequency;

- The related timing conditions (tRCD, tRP) have been met prior to changing the frequency;

- Theinitial clock frequency shall be maintained for a minimum of 4 clock cycles after CKE goes LOW; - The clodk

satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.
After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be req.ired 10 set
the WR, RL etc. These settings may need to be adjusted to meet minimum timing requirements at the taryet clock
frequency.

LPDDR4 devices support clock stop during CKE LOW under the following conditions:
- CK_tis held LOW and CK_c is held HIGH or both are floated 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 executed to completion prior 1 stonping the clock; - The related
timing conditions (tRCD, tRP) have been met prior to stopping the clock;
- The initial clock frequency shall be maintained for a minimum of 4 ok ¢, cles after CKE goes LOW; - The clock
satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior \2» CXZ going HIGH.

LPDDR4 devices support input clock frequency change during Ci= AIGH under the following conditions:
- tCK(abs)min is met for each clock cycle;
- Refresh requirements apply during clock frequency chang=z;
- Any Activate, Read, Write, Precharge, Mode R-=giste: Write, or Mode Register Read commands must have
executedto completion, including any associated data Lursts prior to changing the frequency;
- The related timing conditions (tRCD, tWR, tV/RA, tRP, tMRW, tMRR, etc.) have been met prior to changing the
frequency;
- CS shall be held LOW during clock fri:qu=icy change;
- During clock frequency change, enly kcrab or REFpb commands may be executing;
- The LPDDR4 SDRAM is ready €11 ncrmal operation after the clock satisfies tCH(abs) and tCL(abs) for a minimum
of
2*tCK+txp.
After the input clock frequancy is changed, additional MRW commands may be required to set the WR, RL etc. These
settings may need t. be c4justed to meet minimum timing requirements at the target clock frequency.

LPDDR4 devices sunport clock stop during CKE HIGH under the following conditions:
- CK_tisneld .OW and CK_c is held HIGH during clock stop;
- CS <nzil.be held LOW during clock clock stop;
- Raiesh requirements apply during clock stop;
“nring clock stop, only REFab or REFpb commands may be executing;
-.~Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executedto completion, including any associated data bursts prior to stopping the clock;
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- The related timing conditions (tRCD, tWR, tWRA, tRP, tMRW, tMRR, etc.) have been met prior to stopping the
clock; - The LPDDR4 SDRAM is ready for normal operation after the clock is restarted and satisfies tCH(abs) and
tCL(abs) for @ minimum of 2*tcx+txp.

4.41. Truth Tables

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper
operation, the LPDDR4 device must be powered down and then restarted through the specified initializatior:
sequence before normal operation can continue.

4.41.1. Command Truth Table

SDR Command DDR CA Pins CK_*+
Command Pins (10) edge ' Notes
cs_n CAO | CAL | cA2 | cA3 | ca4 | cas
Deselect (DES) L X N 1,2
Multi Purpose Command H L L L L L 26 | Rl 129
(MPC) L OP0 OP1 oP2 OP3 OP4 OP5 R2 e
Precharge (Per Bank, H L L L L H AB R1 1234
All Bank) L BAO BA1L BA2 v v |V R2 e
Refresh (Per Bank, H L L L H L AB R1
All Bank) L BAO BA1 BA2 vl v Vv R2 1,234
H L L L H_ | H Vv R1
Self Refresh Entry L " N R2 1,2
Write-1 H L L H | . L BL Rl [1,2,3,6,7,
L BAO BA1 RAD Vv C9 AP R2 9
. H L L & | L H Vv R1
Self Refresh Exit L 4 v R2 1,2
. H L [ L " H H L L Rt [1,2,3,5,6,
Mask Write-1 L BAO | BAI | BA2 v c9 AP R2 9
H L H H H Vv R1
RFU 1 v - 1,2
Read-1 H L H L L L BL R1  |1,2,3,6,7,
L kA0 BA1 BA2 \ C9 AP R2 9
CAS-2 (Write-2 or Mask H N2 H L L H c8 R1
Write-2 or Read-2 or MRR- L 2 c3 C4 c5 Cc6 c7 R2 1,8,9
2) N\
t L H L H L Vv R1
RFU o v Ro 1,2
Y L H L H H Vv R1
RFU ~ 1 v Ro 1,2
H L H H L L oP7 R1
_ |
MRW-1 AL Y L MAO | MAL | MA2 | MA3 | MA4 | MAS R2 1,211
H L H H L H oP6 R1
MRW'_Z_ L OP0O | OP1L | OP2 | OP3 | OP4 | OP5 R2 1,211
H L H H H L Vv R1
MFR-1 1,2,12
~\ L MAO | MA1 | MA2 | MA3 | MA4 | MAS R2 -
@] H L H H H H Vv R1
e ~FU 1 v Ro 1,2
. H H L R12 R13 R14 R15 R1
- Activate-1 L BAO | BAL | BA2 v R1I0 | Ril rg | 2310
. H H H R6 R7 R8 R9 R1
| Activate-2 L RO R1 R2 R3 R4 RS R2 1,10

Notes
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1. All LPDDR4 commands except for Deselect are 2 clock cycle long and defined by states of CS and CA[5:0] at the first
rising edge of clock. Deselect command is 1 clock cycle long.

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

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

4. AB "HIGH" during Precharge or Refresh command indicates that command must be applied to all banks and bank address
is a don't care.

5. Mask Write-1 command supports only BL 16. For Mark Write-1 comamnd, CA5 must be driven LOW on first rising clock
cycle (R1).

6. AP "HIGH" during Write-1, Mask Write-1 or Read-1 commands indicates that an auto-precharge will occur to the kan.
associated with the Write, Mask Write or Read command.

7. If Burst Length on-the-fly is enabled, BL "HIGH" during Write-1 or Read-1 command indicates that Burst Leng*h -hoi'd

be set on-the-Fly to BL=32. BL "LOW" during Write-1 or Read-1 command indicates that Burst Length should be set on-tho-fiy to
BL=16. If Burst Length on-the-fly is disabled, then BL must be driven to defined logic level "H" or "L".

8. For CAS-2 commands (Write-2 or Mask Write-2 or Read-2 or MRR-2 or MPC (Only Write FIFO, Read FIFO & 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 Writa-2 or CAS-2
Mask Write-2 command, C[3:2] must be driven LOW.

9. Write-1 or Mask Write-1 or Read-1 or Mode Register Read-1 or MPC (Only Write FIFO, Read FirQ & Pzad DQ Calibration)
command must be immediately followed by CAS-2 command consecutively without any other comn and i1 between. Write-1 or
Mask Writel or Read-1 or Mode Register Read-1 or MPC (Only Write FIFO, Read FIFO & Read D7 Calibration) command must be
issued first before issuing CAS-2 command. MPC (Only Start & Stop DQS Oscillator, Start & Latch »~Q Calibration) commands do
not require CAS-2 command; they require two additional DES or NOP commands consecutive: uciz e .ssuing any other commands.
10. Activate-1 command must be immediately followed by Activate-2 command ceiserativ 2ly without any other command in
be-tween. Activate-1 command must be issued first before issuing Activate-2 cominar.d. Znce Activate-1 command is issued,
Activate2 command must be issued before issuing another Activate-1 command.

11. MRW-1 command must be immediately followed by MRW-2 comm=ni! co.secutively without any other command in
between. MRW-1 command must be issued first before issuing MRW-2 commant.
12. MRR-1 command must be immediately followed by CAS-2 comma.u 22t ~ecutively without any other command in between.

MRR-1 command must be issued first before issuing CAS-2 commanr..

Rev 1.0 / Apr 2026 175




\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

4.42. Post Package Repair - PPR

LPDDR4 supports Fail Row address repair as an optional feature and it is readable through MR25 OP[7:0].

PPR provides simple and easy repair method in the system and Fail Row address can be repaired by the electrical
programming of Electrical-fuse scheme.

With PPR, LPDDR4 can correct 1Row per Bank.

Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller should preve:t
unintended the PPR mode entry and repair.

4.42.1. Fail Row Address Repair
The following is procedure of PPR.
1. Before entering ‘PPR’ mode, All banks must be Precharged
. Enable PPR using MR4 bit "OP4=1" and wait tMRD
. Issue ACT command with Fail Row address
. Wait tPGM to allow DRAM repair target Row Address internally and issue PRE
. Wait tPGM_Exit after PRE which allow DRAM to recognize repaired Row address
. Exit PPR with setting MR4 bit "OP4=0"
. LPDDR4 will accept any valid command after tPGMPST
. In More than one fail address repair case, Repeat Step 2 to 7

ONOUT A~ WN

Once PPR mode is exited, to confirm if target row is repaired correctly, hott can verify by writing data into the target
row and reading it back after PPR exit with MR4 [OP4=0] and tPCMFST.

The following Timing diagram show PPR related MR bits and it% ¢neration.

Figure - PTR Timing

COMMAND.( MP -1 Carv-2) o@s YacT-1)act-2) pes ¥ pes )\ PrE X os YMRw-1XmRw-2) DS XCO,';‘%M)(COH*%M)G

BA /X/ ff/
Addrass 17 0/ YORRuAYoRYoRX
';luﬂs Al b::gﬁ:u'\:?g: Idie) 82 Move to PPR Mode ee PPR Repair 88 PPR Recognition eeMove to Normal Mode hm?ea‘
tMRD tPGM tPGM_Exit tPGMPST

DONT CARE 22 TIME BREAK
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5. Absolute Maximum DC Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

reliability.
Parameter Symbol Min Max Unit Notes ’
VDD1 supply voltage relative to VSS VDD1 -0.4 2.1 \" 1 |
VDD2 supply voltage relative to VSS VDD2 -0.4 1.5 \ 1
VDDQ supply voltage relative to VSSQ VDDQ -0.4 1.5 v 1
Voltage on Any Pin relative to VSS VIN, VOUT -0.4 1.5 \"
Storage Temperature TSTG -55 125 oC 2
Notes: )

1. See the section “Power-up, Initialization, and Power-off” for information about relationships betwee~. po.ver supplies.
2. Storage Temperature is the case surface temperature on the center/top side of the device. For t.'\e me asurement conditions,
please refer to JESD51-2 standard.
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6. AC and DC Operating Conditions
6.1. Recommended DC Operating Conditions

Parameter Symbol Min Typ Max Unit|Notes
Core Power 1 VDD1 1.70 1.80 1.95 V|12
Core Power 2 & CA Power VDD2 1.06 1.10 1.17 vV 1,23
I/O Buffer Power vVDDQ 0.57 0.60 0.65 V| 23

1. VDD1 uses significantly less current than VDD2.

2. The voltage range is for DC voltage only. DC is defined as the voltage supplied at the DRAM and is inclusive of all noise up o
20MHz at the DRAM package ball.

3. The voltage noise tolerance from DC to 20MHz exceeding a pk-pk tolerance of 45mV at the DRAM ball is not include.' ir the
TdIVW.

6.2. Input Leakage Current

Parameter Symbol Min Max Mi?;lotes
Input Leakage current I -4 4 [vA | 1,2

Notes:
1. For CK_t, CK_c, CKE, CS, CA, ODT_CA and RESET_n. Any input OV < VIN < VDD2 (All oti.=r pii.5 not under test = 0V).
2. CA ODT is disabled for CK_t, CK_c, CS, and CA.

6.3. Input/Output Leakage Current

Parameter Symbol dWn Max Unit| Notes
Input/Output Leakage current Ioz 5 5 UuA | 1,2

Notes:

1. For DQ, DQS_t, DQS_c and DMI. Any I/O OV < VOUT < VDD

2. I/Os status are disabled: High Impedance and ODT Oft
6.4. Operating Temperature =\ N

Parameter symbol Min Max Unit | Note
Operating T ¢ Starndar T -25 85 c 1
erating Temperature S & OPER
perating Temperatur E terded 85 105 ° 1

1. Operating Temperature is 1.2 ccse surface temperature on the center-top side of the LPDDR4 device. For the measurement
con-ditions, please refer to J=SD5:-2 standard.

2. Some applications recun 2 uperation of LPDDR4 in the maximum temperature conditons in the Elevated Temperature Range be-
tween 85°C and 10F “C c.=e cemperature. For LPDDR4 devices, derating may be neccessary to operate in this range. See MR4 on
the section "Mode Rey'ster".

3. Either the deice case temperature rating or the temperature sensor (See the section of "Temperature Sensor") may be used
to set an apnrcoriace refresh rate, determine the need for AC timing de-rating and/or monitor the operating temperature. When
using the tompzrature sensor, the actual device case temperature may be higher than the TOPER rating that applies for the
Standar1 %r Elevated Temperature Ranges. For example, TCASE may be above 85°C when the temperature sensor indicates a
tempeatuie of less than 85°C.
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7. AC and DC Input Measurement Levels

7.1. 1.1V High speed LVCMOS (HS_LLVCMOS)
7.1.1. Standard specifications
All voltages are referenced to ground except where noted.

Table - LPDDR4 Input level for CKE

Parameter Symbol Min Max Unit Noteﬁ_—'
Input high level (AC) VIH(AC) 0.75*VDD2 VDD2+0.2 Vv A\
Input low level (AC) VIL(AC) -0.2 0.25*vDD2 v 1
Input high level (DC) VIH(DC) 0.65*vDD2 VDD2+0.2 v
- X
NInput low level (DC) VIL(DC) 0.2 0.35*vDD2 _V_
otes:

1. Refer to LPDDR4 AC Over/Undershoot section.

Figure - Input AC timing definition for CKE
| |

In pUt < X VIH(AC) VIH(DC)A;S(/' y
Level \_VIL(AC) VIL(DC V7
|

Note:
1. AC level is guaranteed transitior. nciiit D Don't Care
2. DC level is hysteresis

7.1.2. LPDDR4 Input Level for Reset_n «nd ODT_CA
This definition applies to Reset_n and ODT_CA.

Table - L°UDR4 Input level for Reset_n and ODT_CA

Parameter Symkd! ‘ Min Max Unit Notes
Input high level vid 0.8*VDD2 VDD2+0.2 Vv 1
Input low level ViL -0.2 0.20*vDD2 \ 1
Notes:

1. Refer to LPDDR4.+C Ove,,'dndershoot section.
Figure - Input AC timing definition
| |

Input < X VIH VIH ;§< >
Level | VIL VIL |
(:) Don't Care
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7.1.3. AC Over/Undershoot

7.1.3.1. LPDDR4 AC Over/Undershoot

Table - LPDDR4 AC Over/Undershoot

Parameter Specification | Units
Maximum peak amplitude allowed for overshoot area 0.3 Vv
Maximum peak amplitude allowed for undershoot area 0.3 \"
Maximum overshoot area above VDD/VDDQ 0.8 V-ns
Maximum undershoot area below VSS/VSSQ 0.8 V-nﬂ

Figure - AC Overshoot and Undershoot Definition for Address and Coritro: Fins
Maximum Amplitude

I ‘Ov?shoot Area
I N
!Indershoot Area

Maximum Amplitude

Volts (V) Voo

Th.e (1)
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7.2. Differential Input Voltage

7.2.1. Differential Input Voltage for CK

The minimum input voltage need to satisfy both Vindiff _CK and Vindiff_CK /2 specification at input receiver and their
measurement period is 1tCK. Vindiff_CK is the peak to peak voltage centered on 0 volts differential and Vindiff_CK /2
is max and min peak voltage from 0V.

Figure - CK Differential Input Voltage

_________________________________________ Peak
Voltag=
OI o
x ~
N
Q S
5 2
X =8
g =l
s RNE
— N
> =
o X
£ $)
5 e
= ©
C C
o >
)
=
al - _____________________ N .~ ____ \j _ Peak
Voltage
Table - CK diffe. ent.al input voltage
Data Rate
Parameter Symbol 1600, 1867° 2133/2400/3200 4266 Unit | Notes
Min Max Min Max Min Max
CK differential input voltage| Vindiff_CK | 4,0 - 380 - 360 - mV 1
Notes:

1. The peak voltage of Differential Ck. s'11.2!5 is calculated in a following equation.
Vindiff_CK = (Max Peak Voltage) - ‘Min Peak Voltage)
Max Peak Voltage = Max(it))
Min Peak Voltage = Min(f(t))
f(t) = VCK_t - VCK_=

7.2.2. Peak voltage calculation method
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The Peak voltage of Differential Clock signals are calculated in a following equation.

Figure - Definition of differential Clock Peak Voltage
VIH.DIFF.Peak Voltage = Max(f(t))
VIL.DIFF.Peak Voitage = Min(f(t))
f(t)=VCK_t-VCK_c

Ci_t //’\\\_.-—-._//“\ \—'
\
{

& / \\
= /
o ! \
> \ ) )
s i Min(fit)) \ Max(f(t))
2 /
€ ; \

Vv_.C
8 e \
2 / \
i / \
o / \
=4 ! \
(7] / \

/ \
/
CKec ~ -_ / L/-»—\__.———\ / \\ i > Rt bt
—
Time

Note : 1. VRerCA is LPDDR4 SDRAM internal setting value by Visr Truining.

7.2.3. Single-Ended Input Voltage for Clock
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The minimum input voltage need to satisfy both Vinse_CK, Vinse_CK_High/Low specification at input receiver.

Single Ended Input Voltage

Figure - Clock Single-Ended Input Voltage

ot HRE e AT [P
\
/ 5 \ 5
¥ \ ¥
/ | \ |
! 5 X
O \ JI
/ o \ o
/ ¥ g v |8
/ O > o, Y>
V__.CA L L
3 3 A
3 z € |z
s 3 S |o
_:l i
1
5 \ OI
o | g
/ 2 ‘\ g
/ > S
CK_C\\.—/ - L..’t:.

Time

NOTES : 1. VRerCA is LPDDR4 SDRAM internal setting value by VRer Training.

Table - Clock Single-Ena ~a “nput Voltage

P Data Rate
Parameter Symbol 1600/1867° | 2133/2400/3200 4266 Unit | Notes
Min Max Min Max Min Max
Clock Single-Ended . |
input voltage Vinse_CK 210 | - 190 - 180 - mV
Clock Single-Ended N
input voltage High | vinse_CK_High = 105 - 95 - 90 - mvV
from VREFDQ
Clock Single-Ended \
input voltage Low | vinse CK Low | 105 - 95 - 90 - mV
input Vrervoltage
a. The following requiremt_Tts apply for DQ operating frequencies at or below 1333Mbps for all speed bins for the first column 1600/1867.
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7.2.4. Differential Input Slew Rate Definition for Clock
Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown in Figure 156 and the following
Tables.

Figure - Differential Input Slew Rate Definition for CK_t, CK_c

Syt g enmy | amewany | Wwicesumon oz g _ Peak
Voltage
U‘
6 -_——— - — — — — = = VIHdiff CK
] 1
X l
o |
"
= I
= | o0 t
® 1
g. |
8 |
(=] |
> | ’
B wamaly | VILom_CK
© 1 1 reak
< S I~ Voltage
o " -
0 ' ' 1 '
= Deita TFdiff Deita TRdiff
(&) a N7
Time

NOTES : 1. Differential signal rising edge from VILdiff_CK to VIHdiff_CK mu st be monotonic slope.
2. Differential signal falling edge from VILdiff_CK to VIHdif* K must be monotonic slope.

Table - Differential Input Slew Rai= W finition for CK_t, CK_c

Description From To Defined by
Differential input slew rate for "
rising edge(CK_t - CK_c) VILdiff_CK | VIHdiff_CX IVILdiff_CK - VIHdiff_CK|/DeltaTRdiff
Differential input slew rate for N\
falling edge(CK_t - CK_c) VILiff_CK | VIHa5F ¢ IVILiff_CK - VIHdiff_CKI/DeltaTFdiff
Table - Diterential Input Level for CK_t, CK_c
\J/ Data Rate
Parameter Sumbos 1600/1867° 2133/2400/3200 3733/4266 Unit | Notes
Min Max Min Max Min Max
Differential Input High _j '/IHdiff_CK 175 - 155 - 145 - mV
Differential Input Low | VILdiff_CK - -175 - -155 - -145 mV

a. The following reg.i=ments apply for DQ operating frequencies at or below 1333Mbps for all speed bins for the first column 1600/1867.
Table - Differential Input Slew Rate for CK_t, CK_c

Data Rate
Paramaiar Symbol 1600/1867 2133/2400/3200 3733/4266 Unit | Notes
Min Max Min Max Min Max
Bit."rcntial Input
:S:w Rate for Clock SRIdiff_CK 2 14 2 14 2 14 V/ns
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7.2.5. Differential Input Slew Rate Definition for Clock
The cross point voltage of differential input signals (CK_t, CK_c) must meet the requirements in Table 110.
The differential input cross point voltage VIX is measured from the actual cross point of true and

complement signals to the mid level that is VRerCA.
Figure - Vix Definition (Clock)

VDD
CK_t
[
g
©
>
5
a
£
E V,..CA
=
w
2
o
£
w
CK ¢
VSS —

Time

NOTES : The base level of Vix_CK_FR/RF is Vrer CA that is LP"Or4 SDRAM internal setting value by Vger Training.

Table - Cross point voltage “or Zifferential input signals (Clock)

L Data Rate
Parameter Symbol ' 1600/18672 213:45300/ 3733/4266 | Unit | Note
g

Min Max Min Max Min | Max

CK Differential input . o
Vix_C!'_ratio - 25 - 25 - 25 % 1,2

crosspoint voltage ratio

I
a. The following requirements appi, for DQ operating frequencies at or below 1333Mbps for all speed bins for the first column 1600/1867.

NOTES : 1. Vix_CK_Ratio is defned by this equation: Vix_CK_Ratio = Vix_CK_FR/|Min(f(t))|
2. Vix_CK_Pativ is defined by this equation: Vix_CK_Ratio = Vix_CK_RF/Max(f(t))
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7.2.6. Differential Input Voltage for DQS
The minimum input voltage need to satisfy both Vindiff_DQS and Vindiff_DQS /2 specification at input receiver and

their measurement period is 1UI(tCK/2). Vindiff_DQS is the peak to peak voltage centered on 0 volts differential and
Vindiff_DQS /2 is max and min peak voltage from 0V.

Figure - DQS Differential Input Voltage
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Table - DQS di‘ferer.cial input voltage
Data Rate
Parameter Symbol 16€0,1867° 2133/2400/3200 3733/4266 Unit | Notes
Min Max Min Max Min Max
DQS differential input Vindiff_DQS, 340 - 360 - 340 - mvV 1
a. The following requirements apply for DQ Hpei ating frequencies at or below 1333Gbps for all speed bins for the first column 1600/1867.

NOTE 1
The peak voltage of Differend:il L signals is calculated in a following equation.
Vindiff_DQS = (Max Peak Y oitay2) - (Min Peak Voltage)
Max Peak Voltage = i'afit))
Min Peak Voltage = Mi- (f(t,’
f(t) = VDQS_t - VDQZ ¢
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7.2.7. Peak voltage calculation method
The Peak voltage of Differential Clock signals are calculated in a following equation.

Figure - Definition of differential DQS Peak Voltage
VIH.DIFF.Peak Voltage = Max(f(t))
VIL.DIFF.Peak Voltage = Min(f(t))
f(t)=VDQS_t -VDQS_c

Min(f(8)

M-t

DQS_t
§
°
>
5
[« 8
£
é VrefDQ
w
2
(=]
£
w
DAS ¢

NOTES : 1. VrefDQ is LPDDR4 SDRAM internal setting va'ue b, Vref Training.
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7.2.8. Single-Ended Input Voltage for DQS
The minimum input voltage need to satisfy both Vinse_DQS, Vinse_DQS_High/Low specification at input receiver.

Single Ended Input Voltage

Figure - DQS Single-Ended Input Voltage
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NOTES : 1. VrefDQ is LPDDR4 SDRAM internal setting value by Vref Training.

Table - DQS Singl€.-Ended Input Voltage

Data Rate

Mii N Max Min Max Min Max
DQS Single-Ended ! \
input voltage Vinse_DQS | <0 - 180 - 170 - mV
DQS Single-Ended ) |
input voltage High Vinse_ 90 - 90 - 85 - mv
from VrerDQ LQs_high
DQS Single-Ended \J
. . Vinse_
input voltage Low | 90 - 90 - 85 - mv
input VeerDQ | DQS_Low

a. The following reaairoments apply for DQ operating frequencies at or below 1333Mbps for all speed bins for the first column 1600/1867.
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7.2.9. Differential Input Slew Rate Definition for DQS
Input slew rate for differential signals (DQS_t, DQS_c) are defined and measured as shown in Figure 161 and Table

113.

Figure - Differential Input Slew Rate Definition for DQS_t, DQS_c

DQS_t-DAS ¢

Differential Input Voltage : f(t)
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Time

NOTES : 1. Differential signal rising edge from VILdiff_DQS to VIHdiff_DQS must be monotonic slope.
2. Differential signal falling edge from VILdiff_DQS to VIHcff LOC must be monotonic slope.

Table - Differential Input Slew Rate Dofinition for DQS_t, DQS_c

falling edge(DQS_t - DQS_c)

Description From 1, Defined by

Differential input slew rate for . . ) . .

rising edge(DQS_t - DQS_c) VILdiff_DQS VIHdiff_DQS IVILdiff_DQS - VIHdiff_DQSI/DeltaTRdiff

Differential input slew rate for . o . ) . .
VILdiff_-DQS VIHdiff_DQS IVILdiff_DQS - VIHdiff_DQSI/DeltaTFdiff

Table - Biqarential Input Level for DQS_t, DQS_c

\L/ Data Rate
Parameter Sy abol 1600/18672 2133/2400/3200 3733/4266 Unit | Notes
Min Max Min Max Min Max
Differential Input High | %IHdiff DQS | 140 - 140 - 120 - mv
Differential Input Low \ VILdiff_DQS - -140 - -140 - -120 mV

a. The following recuirements apply for DQ operating frequencies at or below 1333Mbps for all speed bins for the first column 1600/1867.

Table - Differential Input Slew Rate for DQS_t, DQS_c

Parariecer

|§ﬁ?rential Input
|: lew Rate

S Data Rate
Symbol 1600/18672 2133/2400/3200 3733/4266 Unit | Notes
Min Max Min Max Min Max
SRIdiff 2 14 2 14 2 14 V/ns
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7.2.10. Differential Input Cross Point Voltage
The cross point voltage of differential input signals (DQS_t, DQS_c) must meet the requirements in Table
116. The differential input cross point voltage VIX is measured from the actual cross point of true and

complement signals to the mid level that is VRerDQ.
Figure - Vix Definition (DQS)
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NOTES : The base level of Vix_DQS_FR/RF is Vref DQS that is _.FDDR4 SDRAM internal setting value by Vref Training.

Table - Cross point voltage for Zifferential input signals (DQS)

| Data Rate
Parameter Symbol | 1600/18672 213;4(2):00/ 3733/4266 | Unit | Note
/ Min Max Min Max Min | Max
DQS Differential input ) 5 5 5 0 5
crosspoint voltage ratio Vix_Swsttio ) 0 ) 0 ) 0 Yo 1

a. The following requirements appi, for_'UQ operating frequencies at or below 1333Mbps for all speed bins for the first column 1600/1867.

NOTES : 1. Vix_DQS_Ratio s dafined by this equation: Vix_DQS_Ratio = Vix_DQS_FR/|Min(f(t))|
2. Vix_DQS _Ra‘iv i5 defined by this equation: Vix_DQS_Ratio = Vix_DQS_RF/Max(f(t))
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7.3. AC and DC Logic Input Levels for ODT input

Table - LPDDR4 Input level

Parameter Symbol Min Max Unit Notes
Input high level (AC) VIH(AC) 0.75*vDD2 VDD2+0.2 Vv 1
Input low level (AC) VIL(AC) -0.2 0.25*VDD2 \" 1
Input high level (DC) VIH(DC) 0.65*VDD2 VDD2+0.2 v l
Input low level (DC) VIL(DC) -0.2 0.35*VDD2 Vv |

Notes:
1. Refer to LPDDR4 AC Over/Undershoot section.
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7.4. Single Ended Output Slew Rate

Figure - Single Ended Output Slew Rate Definition

Delta TRse
H ha—
-------- ' .. VOH(AC)
—_—— e —————— -+ o~ — — — Vcent
e ' VOL(AC)
Delta TFse

Table - Output Slew Rate (Single-ended)

L'aTu;
P t Symbol ——— - — Unit
arameter ymoo Min (.‘loi_e 7.) | Max (Note 2) nits
Single-ended Output Slew Rate (VOH = VDDQ*0.5) SRQse 5.0 9.0 V/ns
Output slew-rate matching ratio (Rise to Fall) | 2.8 1.2

Description: SR: Slew Rate
Q: Query Output (like in DQ, which stands for Data-in, Query-Outrut)
se: Single-ended Signals

Notes:
1 Measured with output reference load.
2 The ratio of pull-up to pull-down slew rate is speciied i1or the same temperature and voltage, over the entire
temperature and voltage range. For a given output, it repicsents the maximum difference between pull-up and pull-
down drivers due to process variation.
3 The output slew rate for falling and risirg =dgcs is defined and measured between VOL(AC)=0.2*VOH(DC) and
VOH(AC)= 0.8*VOH(DC).
4 Slew rates are measured under <ve age SSU conditions, with 50% of DQ signals per data byte switching.
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7.5. Differential Output Slew Rate

Figure - Differential Output Slew Rate Definition
Delta TRdiff
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Table - Differential Output Slew Rcce

| Value

Pa ete Symbol | —- Unit
ram r ym l'— \in (Note 1) Max (Note 2) s

Single-ended Output Slew Rate (VOH = VDDQ*0.5) SRQIT | 6 18 V/ns

Description: SR: Slew Rate
Q: Query Output (like in DQ, which stands for Data-in, Qu<.:y-C 'tput)
diff: Differential Signals

Notes:
1 Measured with output reference load.
2 The output slew rate for falling and risinc; euy: s is defined and measured between VOL(AC)=0.2*VOH(DC) and
VOH(AC)= 0.8*VOH(DC).
3 Slew rates are measured under ave age S£< conditions, with 50% of DQ signals per data byte switching.

Rev 1.0 / Apr 2026 193




\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

7.6. Overshoot and Undershoot Specification for LVSTL

Table - AC Overshoot / Undershoot Specification

Parameter 1600 to 3200 4266 Units
Maximum peak amplitude allowed for overshoot area 0.3v TBD Vv
Maximum peak amplitude allowed for undershoot area 0.3v TBD \
Maximum overshoot area above VDD/VDDQ 0.1V-ns TBD V-ns ﬂ‘
Maximum undershoot area below VSS/VSSQ 0.1V-ns TBD V- 0S|

Notes:
1. VDD stands for VDD2 for CA[5:0], CK_t, CK_c, CS_n, CKE and ODT. VDD stands for VDDQ for DQ, DMI, DQS_t and DQS_¢.
2. VSS stands for VSS for CA[5:0], CK_t, CK_c, CS_n, CKE and ODT. VSS stands for VSSQ for DQ, DMI, DQS_t and LQS_c.
3. Maximum peak amplitude values are referenced from actual VDD and VSS values.
4. Maximum area values are referenced from maximum operating VDD and VSS values.

Figure - AC Overshoot and Undershoot Definition

Maximum Amplitude
‘Ov?shoot Area

Volts (v) VDD N

VSS
» \
Undershoot Area

Maximum Amplitude

Titne (ns)
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7.7. LVSTL Driver Output Timing Reference Load

These ‘Timing Reference Loads’ are not intended as a precise representation of any particular system environment or
a depiction of the actual load presented by a production tester. System designers should use IBIS or other simulation
tools to correlate the timing reference load to a system environment. Manufacturers correlate to their production test
conditions, generally one or more coaxial transmission lines terminated at the tester electronics.

Figure - Driver Output Reference Load for Timing and Slew Rate

LPDDR4 |
SDRAM |

Output:
RTT =50

Note: 1. All output timing parameter values (like toasck, toosq, tars, thz, trere €tc.) are rene: el with respect to this reference load. This
reference load is also used to report slew rate.
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7.8. LVSTL (Low Voltage Swing Terminated Logic) IO System
LVSTL I/O cell is comprised of pull-up, pull-down driver and a terminator. The basic cell is shown in figure below.

Figure - LVSTL 1I/0 Cell

VDDQ
FRrRATTRTE Ed 3|
| puLL-uP H: |
(BTG T Lo s
DQ

PR i A | = o e e S |
| PULL-DOWN | | S

Enabled when receivin,
L — — — ' J (e s Ol o i ]

VSSQ VSSQ

To ensure that the target impedance is acheived the LVSTL I/O cell"z de:igned to calibrated as following procedure.

1) First calibrate the pull-down device against a 240 Ohm resiscar o vDDQ via the ZQ pin.

- Set Strength Control to minimum setting

- Increase drive strength until comparator detects detz i is less than VOH.
- NMOS pull-down device is calibrated to 240 Ohms

Figu: > - Dull-down calibration

Coripaiator

Strength
control[N-1:0]

VOH

xal

VSSQ

VDDQ

240 Ohms

z) Then calibrate the pull-up device against the calibrated pull-down device.
- Set VOH target and NMOS controller ODT replica via MRS (VOH can be automatically controlled by ODT MRS)

- Set Strength Control to minimum setting
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- Increase drive strength until comparator detects data bit is grater than VOH target
- NMOS pull-up device is now calibrated to VOH target

Figure - Pull-up calibration
VDDQ

N
Strength +
control[N-1:0]

VOH Target
. N .
Calibrated NMOS PD + Controller ODT replica c~tld be
control + ODT information 6L 2hm,
1200hm,... via MR
setting
VSSQ
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8. Input/Output Capacitance

Table - Input/Output Capacitance

Notes

Parameter Symbol Min/Max | 3733-533 | Unit | Note
Input it CK_t and CK CCK Min 0> F 1,2
nput capacitance, CK_t an _C Max 0.9 p ,
Input it delta, CK_t and CK CDCK Min 0.0 F 1,23 ‘
nput capacitance delta, CK_t an _C Max 0.09 p 12 N
Input it Il other input-only pi CI Min 0> F 2,4
nput capacitance, all other input-only pins Max 0.9 p 12,
Min -0.1
Input capacitance delta, all other input-only pins CDI pF 1,2,5
Max 0.1
Min 0.7
Input/output capacitance, DQ, DMI, DQS_t, DQS_c CIO Max 13 pF 1,2,6
_ Min 00
Input/output capacitance delta, DQS_t and DQS_c CDDQS Max 01 pF 1,2,7
Mr | -0.1
Input/output capacitance delta, DQ and DM CDIO T Ma 01 pF 1,2,8
Input/Output Capacitance Z cz Min 00 F 1,2
nput/Output Capacitance ZQ Q J__ Tax 50 p ,

1. This parameter applies to die device only (does not include packac < rapacitance).
2. This parameter is not subject to production test. It is verified b * acsign and characterization. The capacitance is measured
accord-ing to JEP147 (Procedure for measuring input capacitance :'sing a vector network analyzer (VNA) with VDD1, VDD2, VDDQ,

VSS, VSSQ applied and all other pins floating.

. Absolute value of CCK_t . CCK_c.

. CI applieds to CS_n, CKE, CAO~CAS5.

. CDI =CI.0.5* (CCK_t + CCK_c)

. DMI loading matches DQ and DQS.

. Absolute value of CDQS_t and CDQS_c.

. CDIO = CIO . 0.5 * (CDQS_t + CDQS. c) in L 1te-lune.

ONOUT AW
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9. IDD Specification Parameters and Test Conditions

9.1. IDD Measurement Conditions

The following definitions are used within the IDD measurement tables unless stated otherwise:
LOW: VIN < VIL(DC) MAX
HIGH: VIN = VIH(DC) MIN

STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See following tables for switching definition of signals.

Table - Definition of switching for CA input signals

Switching for CA
CK_t edge R1 R2 R3 R4 R5 R6 R7 RS
CKE HIGH HIGH HIGH HIGH HIGH HIGH HIGH HIGH
cs LOW LOW LOW LOW LOW LOW J: LOW LOW
CAO HIGH LOW LOW LOW LOW HICH HIGH HIGH
CAL HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW | hIGH | HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW [ LOW LOW HIGH
CA4 HIGH LOW LOW LOW LZW | HIGH HIGH HIGH
CAS HIGH HIGH HIGH LOW LON LOW LOW HIGH
Notes:

1. CS must always be driven LOW.

2. 50% of CA bus is changing between HIGH and LOW once per clc-k .or ne CA bus.

3. The above pattern is used continuously during IDD measurer =r.c fc- IDD values that require switching on the CA bus.
Table - CA Jat*=in for IDD4R

Clock Cycle Number CKE CS Ce~.imand CAO | CA1 | CA2 | CA3 | CA4 | CAS
N HIGH | HIGH [~ L H L L L L
N+1 HIGH | Low L H L L L L
N+2 HIGH | HICH L H L L H L
N+3 HIGH | Low | 572 L L L L L L
N+4 Fied | Low Deselect L L L L L L
N+5 T 1TGH | Low Deselect L L L L L L
N+6 T"HIGH | Low Deselect L L L L L L
N+7 | HIGH | Low Deselect L L L L L L
N+8 HIGH | HIGH L H L L L L
N+9 HIGH | LOW Read-1 L H L L H L
N+10 HIGH | HIGH L H L L H H
N+11 HIGH | Low CAS-2 H H H H H H
N2 HIGH | Low Deselect L L L L L L
N+13 HIGH LOW Deselect L L L L L L
o) N+14 HIGH | Low Deselect L L L L L L
| N+15 HIGH | LOW Deselect L L L L L L

Notes:
1. BA[2:0] = 010, CA[9:4] = 000000 or 111111, Burst Order CA[3:2] = 00 or 11 (Same as LPDDR3 IDD4R Spec)
2. Difference from LPDDR3 Spec : CA pins are kept low with DES CMD to reduce ODT current.
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Table - CA pattern for IDD4W

Clock Cycle Number CKE (o Command CAO | CA1 | CA2 | CA3 | CA4 | CAS
N HIGH | HIGH Write-1 L L H L L L
N+1 HIGH | Low L H L L L L
N+2 HIGH | HIGH L H L L H L
N+3 HIGH | Low CAS-2 L L L L L L
N+4 HIGH LOw Deselect L L L L L L ]
N+5 HIGH LOw Deselect L L L L L L N
N+6 HIGH | Low Deselect L L L L L h
N+7 HIGH | LOW Deselect L L L L L]l
N+8 HIGH | HIGH _ L L H L Lo
N+9 HIGH | LOW Write-1 L H L L % L
N+10 HIGH | HIGH L H L T H
N+11 HIGH | Low CAS-2 L L Ho[ u H H
N+12 HIGH | Low Deselect L L [ | L L L
N+13 HIGH | LOW Deselect L L | L. L L L
N+14 HIGH | LOW Deselect L | _L L L L L
N+15 HIGH LOW Deselect L oL L L L

Notes:
1. BA[2:0] = 010, CA[9:4] = 000000 or 111111 (Same as LPDDR3 IDD4W Spe-.’
2. Difference from LPDDR3 Spec:
1-No burst ordering
2-CA pins are kept low with DES CMD to reduce ODT current.

Table - Data Patte rn £~ IDD4W (DBI off)

DBI OFF case No. of 1's
DQ[7] |DQ[6] |DQ[5] DQ[4] |DQ.3] DQ[2] |DQ[1] |DQ[O] DBI
BLO 1 1 1 T 1 1 1 1 0 8
BL1 1 1 1 Y 0 0 0 0 0 4
BL2 0 0 0. J_ 0 0 0 0 0 0 0
BL3 0 0 0. 0 1 1 1 1 0 4
BL4 0 0 Qo 0 0 0 1 1 0 2
BL5 0 0 AW 0 1 1 1 1 0 4
BL6 1 1 L 1 1 1 1 0 0 0 6
BL7 1 1 1 1 0 0 0 0 0 4
BL8 1 el 1 1 1 1 1 1 0 8
BL9 1 A S 1 1 0 0 0 0 0 4
BL10 0 0 0 0 0 0 0 0 0 0
BL11 6 0 0 0 1 1 1 1 0 4
BL12 0 0 0 0 0 0 1 1 0 2
BL13 Fr ] 0 0 0 1 1 1 1 0 4
BL1.' 1 1 1 1 1 1 0 0 0 6
| Bus | 1 1 1 1 0 0 0 0 0 4
L oLl16 1 1 1 1 1 1 0] 0 0 6
BL17 1 1 1 1 0]
BL18 0 0 0 0 1 1
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DBI OFF case No. of 1's
DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQ[O0] DBI

BL19 0 0 0 0 0 4
BL20 0 0 0 0 0 0 0 0
BL21 0 0 0 0 1 1 1 1 0 4
BL22 1 1 1 1 1 1 1 1 0 8
BL23 1 1 1 1 0 0 0 0 0 4 |
BL24 0 0 0 0 0 0 1 1 0 2
BL25 0 0 0 0 1 1 1 1 0 B |
BL26 1 1 1 1 1 1 0 0 0 6
BL27 1 1 1 1 0 0 0 0 0 4
BL28 1 1 1 1 1 1 1 1 9 8
BL29 1 1 1 1 0 0 0 0 J 4
BL30 0 0 0 0 0 0 0 o I o 0
BL31 0 0 0 0 1 1 1 0 4

No. of 1's 16 16 16 16 16 16 16 | 6

Notes: V4

1. Simplified pattern compared with last showing.
2. Same data pattern was applied to DQ[4], DQ[5], DQ[6], DQ[7] for reducing ~m; exity for IDD4W/R pattern programming.

Table - Data Pattern for 7oP4x (DBI off)
DBI OFF case No. of 1's

DQ[7] DQ[6] DQ[5] DQ[4] DOr3)  |LQ2] DQ[1] DQ[0]
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DBI OFF case No. of 1's
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DQ[7] DQ[6] DQ[5] DQ[4] DQ[3] DQ[2] DQ[1] DQ[0] DBI
BL22 0 0 0 0 0 0 1 1 0 2
BL23 0 0 0 0 1 1 1 1 0 4
BL24 0 0 0 0 0 0 0 0 0 0
BL25 0 0 0 0 1 1 1 1 0 4
BL26 1 1 1 1 1 1 1 1 0 8
BL27 1 1 1 1 0 0 0 0 0 4
BL28 0 0 0 0 0 0 1 1 0 2
BL29 0 0 0 0 1 1 1 1 0 4 4
BL30 1 1 1 1 1 1 0 0 0 6 .
BL31 1 1 1 1 0 0 0 0 0 4 B
No. of 1's 16 16 16 16 16 16 16 16 N\ _—I
Notes:

1. Same data pattern was applied to DQ[4], DQ[5], DQ[6], DQ[7] for reducing complexity for IDD4W/R pattern progran.ming.

Table - Data Pattern for IDD4W (DBI on)

DBI ON case No. of
DQ[7] |DQ[6] |DQ[5] |DQ[4] |DQ[3] |DQ[2] |DQ[1] ‘ DQL] DBI 1's
BLO 0 0 0 0 0 0 0, N~ 1 1
BLL 1 1 1 1 0 0 R 0 4
BL2 0 0 0 0 0 o | =2 0 0 0
BL3 0 0 0 0 1 1 | 1 1 0 4
BL4 0 0 0 0 0 0 1 1 0 2
BLS 0 0 0 0 1 U1 1 0 4
BL6 0 0 0 0 0o 0 1 1 1 3
BL7 1 1 1 1 o L0 0 0 0 4
BLS 0 0 0 0 0o | o 0 0 1 1
BL9 1 1 1 1 0 0 0 0 0 4
BL10 0 0 0 0 o 0 0 0 0 0
BL11 0 0 0 2 1 1 1 1 0 4
BL12 0 0 0 O 0 0 1 1 0 2
BL13 0 0 o |0 1 1 1 1 0 4
BL14 0 0 10 0 0 1 1 1 3
BL15 1 1 | 1 0 0 0 0 0 4
BL16 o [ o | o 0 0 0 1 1 1 3
BL17 1 4 4 1 1 0 0 0 0 0 4
BL18 0 0 0 0 0 0 1 1 0 2
BL19 0 0 0 0 1 1 1 1 0 4
BL20 | 0 0 0 0 0 0 0 0 0 0
BL2L | 0 0 0 0 1 1 1 1 0 4
BL2X | 0 0 0 0 0 0 0 0 1 1
B3 | 1 1 1 1 0 0 0 0 0 4
8124 0 0 0 0 0 0 1 1 0 2
| BL25 0 0 0 0 1 1 1 1 0 4
‘ DBI ON case
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DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQ[3] | DQ[2] | DQ[1] | DQ[O] DBI Ng-’ of
S

BL26 0 0 0 0 0 0 1 1 1 3
BL27 1 1 1 1 0 0 0 0 0 4
BL28 0 0 0 0 0 0 0 0 1 1
BL29 1 1 1 1 0 0 0 0 0 4
BL30 0 0 0 0 0 0 0 0 0 0|
BL31 0 0 0 0 1 1 1 1 0 EN

No.of I's| 8 8 8 8 8 8 16 16 8 )

Notes:

1. Green colored cells are DBI enabled burst.

Table - Data Pattern for IDD4R (DBI on)
DBI OFF case No. of
DQ[7] |DQ[6] |DQ[5] |DQ[4] |DQI3] [DQ[2] |DQ[1] |Py;0] DBI B

BLO 0 0 0 0 0 0 0, |~=N0 1 1
BL1 1 1 1 1 0 0 ¢ 1o 0 4
BL2 0 0 0 0 0 0 o | o 0 0
BL3 0 0 0 0 1 1| 1 0 4
BL4 0 0 0 0 0 0 - 1 1 0 2
BL5 0 0 0 0 1 1 1 0 4
BL6 0 0 0 0 0 N\ 1 1 1 3
BL7 1 1 1 1 7 | o 0 0 0 4
BLS 0 0 0 0 1) 0 0 0 1 1
BL9 1 1 1 1 0 0 0 0 0 4
BL10 0 0 0 0 0 0 0 0 0 0
BL11 0 0 0 '\ 1 1 1 1 0 4
BL12 0 0 0+ (| )¢ 0 0 1 1 0 2
BL13 0 0 ool o 1 1 1 1 0 4
BL14 0 0 Q™ 0 0 0 1 1 1 3
BL15 1 11 1 0 0 0 0 0 4
BL16 0o 4 & 0 0 0 0 0 0 1 1
BL17 1 |1 1 1 0 0 0 0 0 4
BL18 0 0 0 0 0 0 0 0 0 0
BL19 R 0 0 0 1 1 1 1 0 4
BL2O | 0 0 0 0 0 0 1 1 1 3
Bo. | 1 1 1 1 0 0 0 0 0 4

YY) 0 0 0 0 0 0 1 1 0 2

| BL23 0 0 0 0 1 1 1 1 0 4
BL24 0 0 0 0 0 0 0 0 0 0
BL25 0 0 0 0 1 1 1 1 0 4
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BL26 0 0 0 0 0 0 0 0 1 1

BL27 1 1 1 1 0 0 0 0 0 4

BL28 0 0 0 0 0 0 1 1 0 2

BL29 0 0 0 0 1 1 1 1 0 4

DBI OFF case No. of
DQ[7] | DQ[6] | DQ[5] | DQ[4] | DQI[3] | DQ[2] | DQ[1] | DQ[O] DBI e

BL30 0 0 0 0 0 0 1 1 1 3 |

BL31 1 1 1 1 0 0 0 0 0 \\
No.of1's| 8 8 8 8 8 8 16 16 8 \ —7

Notes:
1. Green colored cells are DBI enabled burst.
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9.2. IDD Specifications
IDD values are for the entire operating voltage range, and all of them are for the entire standard range, with the
exception of IDD6ET which is for the entire extended temperature range All values are based on 2 channel.

Table - LPDDR4 IDD Specification Parameters and Operating Conditions

Parameter/Condition Symbol g::::el; 4266 Units | Notes ’
Operating one bank active-precharge current: tCK IDDO0: VDD1 7.00 mA 1
E;ECEmA?Glt_lRC = tRCmin; IDDO, | VDD2 80.00 mA [ i‘
CS is LOW between valid commands;
CA bus inputs are switching; .
Data bus inputs are stable? IDDOG vbDbQ 2.50 me 3
ODT disabled
Idle power-down standby current: IDD2P VDD1 1.80 mA
tCCKKE TstLCgvr\?,!n' IDD2P, | VDD2 £.30 mA
CSis LOW;
All banks are idle;
CA bus inputs are switching; IDD2Pq VDDQ | 0.80 mA 3
Data bus inputs are stable; |
ODT disabled _
Idle power-down standby current with clock stop: IDD2PS: VLol 1.80 mA
CK_t =LOW, CK_c =HIGH; T—-
CKE is LOW: IDD2P._°, + VDD2 6.90 mA
CSis LOW;
All banks are idle;
CA bus inputs are stable; IDO2PSq VDDQ 0.80 mA 3
Data bus inputs are stable |
ODT disabled D N\
Idle non power-down standby current: IDD2N; VDD1 1.80 mA
tCCKKE TstﬁfGna?' IDD2N, | VDD2 37.30 mA
CSis LOW;
All banks are idle;
CA bus inputs are switching; IDD2Nqg VDDQ 2.50 mA 3
Data bus inputs are stable
ODT disabled I\l
Idle non power-down standby current w.*h :lock stopped: IDD2NS: VDD1 1.80 mA
EEEti;Ll_%\éVQ;CK—C'HIGH' IDD2NS: VDD2 31.20 mA
CSis LOW;
All banks are idle;
CA bus inputs are stable; IDD2NSq VDDQ 2.50 mA 3
Data bus inputs are stable
ODT disabled
Active power-down sandby current: IDD3P; VDD1 3.00 mA
tcCKITz Tstfgwlf”' IDD3P, | VDD2 9.89 mA
CSis LOW;
One bank iz active;
CA bug inpdts are switching; IDD3Pq VDDQ 0.80 mA 3
Date s irputs are stable
|1OD'i" Jisabled

Rev 1.0 / Apr 2026 205




\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

Power
Supply
Active power-down standby current with clock stop: IDD3PS: VDD1 3.00 mA
EEEti;L&V&’\;;CK—C‘HIGH’ IDD3PS; | VDD2 9.88 mA
CSis LOW;

One bank is active;
CA bus inputs are stable; IDD3PSq VDDQ 0.80 mA 4
Data bus inputs are stable

ODT disabled ‘
Active non-power-down standby current: IDD3N: VDD1 3.00 mA |
tCCKKE ]J,SFG”:;?' IDD3N, | VDD2 50.00 mA

CSis LOW;

One bank is active;
CA bus inputs are switching; IDD3Nq VDDQ 2.50 mA 4
Data bus inputs are stable
ODT disabled

Active non-power-down standby current with clock stopped: | IDD3NS: VDD1 3.0 mA
gEEti‘s'ﬂg{_l;CK—c‘HIGH' IDD3NS, | VDD2 45.00 mA
CSis LOW;

One bank is active;
CA bus inputs are stable; IDD3NSq VC )OO 2.50 mA 4
Data bus inputs are stable
ODT disabled

Operating burst READ current: IDD4R \VOD1 19.61 mA
tCK = tCKmin; v,

CS is LOW between valid commands; _IEMR‘ vbD2 481.65 mA
One bank is active;
BL = 8; RL = RL(MIN); |
CA bus inputs are switching; 1UD4Rq VDDQ 183.54 mA 5
50% data change each burst transfer
ODT disabled

Operating burst WRITE current: IDD4W; VDD1 19.59 mA
tCK = tCKmin;

CS is LOW between valid commands; IDDAW, vbD2 423.02 mA
One bank is active;

BL = 8; WL = WLmin;

CA bus inputs are switching; IDD4Wq VDDQ 2.50 mA 4
50% data change each burst transfer

ODT disabled a

All-bank REFRESH Burst currer.c. IDD5: VDD1 26.40 mA
tCK = tCKmin;

CKE is HIGH between valid comn.ana_; IDDS; vbD2 191.81 mA
tRC = tRFCabmin;

Burst refresh;

CA bus inputs are sw’ ~hiny: IDD5q VDDQ 2.50 mA 4
Data bus inputs are staL'=;
ODT disabled

All-bank REFK®SK Average current: IDD5AB: VDD1 4.00 mA
tCK = tCKmir ;

CKE is HIa bewween valid commands; IDD5AB, vbD2 49.00 mA
tRC = RE. T

CA hus inguts are switching;

Pcta fivs inputs are stable; IDD5ABg VDDQ 2.50 mA 4
CUl disabled

L

Parameter/Condition Symbol 4266 Units | Notes
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. Power )
Parameter/Condition Symbol Supply 4266 Units | Notes
Per-bank REFRESH Average current: IDD5PB: VDD1 4.00 mA
tCK = tCKmin;
CKE is HIGH between valid commands; IDD5PB; vDD2 49.00 mA
tRC = tREFI/S;
CA bus inputs are switching;
Data bus inputs are stable; IDD5PBq vbbQ 2.50 mA 4
ODT disabled ‘i
Self refresh current (85°C): 6,7,8,1 0
CKE is LOW; 67510 |
CA bus inputs are stable; 1DD6; VDD2 20.00 mA ¢
Data bus inputs are stable;
Maximum 1x Self-Refresh Rate; 4,5,7,8 ,10
ODT disabled IDD6q VDDQ 0.80 mA
Self refresh current (45°C): 6,7,8,10
CKE is LOW; 67810
CA bus inputs are stable; IDD62 VvDD2 1.5¢ mA e
Data bus inputs are stable; N
Maximum 1x Self-Refresh Rate; \ 4,6,7,8 ,10
ODT disabled IDD6q vDDQ - 0..0 mA
Self refresh current (25°C): 6,7,8,10
CK_t=LOW, CK_C=HIGH; IDD61 VDD; 0.33 mA
CKE is LOW; N 67810
CA bus inputs are stable; 1DD6; VD2 0.82 mA e
Data bus inputs are stable; 1
Maximum 1x Self-Refresh Rate; i 4,6,7,8 ,10
ODT disabled Db ] VDDQ 0.10 mA
Self refresh current (95°C): IIDFET VDD1 3.20 mA | 78,11
CK_t=LOW, CK_c=HIGH; g -
CKE is LOW; | 1DD6ET> VDD2 21.56 mA | 78,11
CA bus inputs are stable;
Data bus inputs are stable;
Maximum 1x Self-Refresh Rate; IDD6ETo vbbQ 0.10 mA | 47811
ODT disabled
Notes:
1. Published IDD values are the maximun of .he distribution of the arithmetic mean.
2 ODT disabled: MR11[2:0] = 00CB.
3. IDD current specifications are testoq aiter the device is properly initialized.
4, Measured currents are the sur xmaion of VDDQ and VDD?2.
5 Guaranteed by design with ounut load = 5pF and RON = 40 ohm.
6 The 1x Self-Refresh i*ate s e rate at which the LPDDR4 device is refreshed internally during Self-Refresh, before going

into the elevated Temperat.ie 1ange.

7 This is the gener=! C~firiition that applies to full array Self Refresh.

8. Supplier da*tash>zts may contain additional Self Refresh IDD values for temperature subranges within the Standard or
elevated Temperatur > Ranges.

9. For all IDD measurements, VIHCKE = 0.8 x VDD2, VILCKE = 0.2 x VDD2.

10. All IL"6 v2lues are typical distribution of the arithmetic mean excepts for 85°C (IDD6 85°C is guaranteed.)
11. IDD6ET s a typical value, is sampled only, and is not tested.
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10. Electrical Characteristics and AC Timings
10.1. AC Timing Parameters

Table - Core Parameters

o " Symbol min Data Rate Unit Nt |
arameter ymbol  Imax| 533 [1066 [1600 [2133 [2667 [3200 [3733 [ 4267 | _‘j
. ) tRAS + tRPab (with all-bank precharge) tRAS
ACTIVE to ACTIVE command period tRC min + tRPpb (with per-bank precharge) ns
Minimum Self-Refresh Time (Entry to Exit) tSR min max(15ns, 3nCK) ns
Self Refresh exit to next valid command delay IXSR min max(tRFCab + 7.5ns, 2nCK) n
Exit power down to next valid command delay tXP min max(7.5ns, 5nCK) _]_ .S
CAS to CAS delay tCCD min 8 tCK(avg) | 2
CAS to CAS delay . N
Masked Write w/ECC tCCDMW min 4 * tCCD tCK(avg)
Internal Read to Precharge command delay tRTP min max(7.5ns, 8nCK) ns
RAS to CAS Delay tRCD min max(18ns, 4nCK) ns
Row Precharge Time (single bank) tRPpb min max(18ns,4nCK® ns
Row Precharge Time (all banks) - 8-bank tRPab min max(21ns, 4nCK) ns
min max(42ns. 31,7K) ns
Row Active Time tRAS - —
max min(9 * tREFI * Nafreh kate, 70.2) us 3
Write Recovery Time tWR min ma{18n. 4nCK} ns
Write to Read Command Delay tWTR min Me {10r5, 8nCK) ns
max
Active bank A to Active bank B tRRD min Ma.(10ns, 4ncK) (7.5ns, ns
M 4ncK)
Precharge to Precharge Delay tPPD min N 4 tCK
Four Bank Activate Window tFAW min 40 | 30 ns 4
Notes:
1. Precharge to precharge timing restriction does not apply to Auto-2rechurge commands.
2. The value is based on BL16. For BL32 need additional 8 tCK(a ;) deiay.
3. Refresh Rate is specified by MR4 OP[2:0].
4. Devices supporting 4267 Mbps specification shall suppcrt thes< timings at lower data rates.
~ Tab.e - Clock timings
' min | LPDDR4 | LPDDR4 | LPDDR4 | LPDDR4 .
Parameter | Symbol max| 1600 2400 3200 4200 Unit | Note
Clock Timing M
) min 1.25 0.833 0.625 0.469
Average Clock Period PR tCK(avg) max 100 100 100 100 ns
min 0.46 0.46 0.46 0.46
Average high pulse width tCH(avg) m;x 0.54 0.54 0.54 0.54 tCK(avg)
_ Pt min | 0.46 0.46 0.46 0.46
Average low pulse width tCL(avg) max 0.54 0.54 0.54 0.54 tCK(avg)
min tCK(avg)min + UIT(per)min
Absolute Clock Period tCK(abs) m;x (avg)mi . (permi ns
~N min | 0.43 0.43 0.43 0.43
Absolute cIock_HI 3H puise width tCH(abs) max 057 057 057 057 tCK(avg)
_ . min 0.43 0.43 0.43 0.43
Absolute_ ciek cOW pulse width tCL(abs) max 057 057 057 057 tCK(avg)
Clork Pariod Jitt oIT min -70 -50 -40 -30
[FQGry e e Pen) [max| 70 50 40 30 Ps
l'VIaxmum Clock Jitter between two consecutive clock min -
yoes OIT(ce)  max [ 140 100 80 60 Ps
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Table - ZQ Calibration timings

Parameter Svymbol min |DDR4 | DDR4|DDR4 DDR4|DDR4 DDR4|DDR4 DDR4 Unit | Note
Y max| 533 |1066 | 1600 | 2133|2667 | 3200 (3733 |4267
ZQ Calibration Time tZQCAL max 1 us
ZQ Calibration Latch Quiet Time tZQLAT max max(30ns, 8nCK) ns |
Calibration Reset Time tZQRESET max max(50ns, 3nCK) ns J
Table - DQ Tx Voltage and Timings (Read Timing parameters) ¥
- | -
Parameter Symbol :11:;( 11680607/ 2213636/ 3200 4266 Unit | ."otej
Data Timing .
DQS_t,DQS_c to DQ Skew tDQSQ max 0.18 UL 1
DQ output hold time total from . . -
DQS_t, DQS_c (DBI-Disabled) tQH min min(tQSH, tQSL) I’T 1
DQ output window time total, per pin ] ’
(DBI-Disabled) tQW_total min 0.75 0.73 0.7 1.7 UI 1,4
DQ output window time deterministic, per pin (DBI- . .
Disabled) tQW_dj min thd thd the ’ thd UL 1,43
DQS_t, DQS_c to DQ Skew total, per group, per access o
(I%I?Enat?lea) Q Per group, tDQSQ_DBI max tbd tbd I thd ‘ tbd Ul 1
DQ output hold time total from DQS_t, DQS_c . . ¢ >
(DBlenabled) tQH_DBI min min(tCsH DT, tQSL_DBI) UI 1
DQ output window time total, per pin (DBI-enabled) tQW_tota DBl [min | tbd | b [ tbd [ tbd U1 1,4
Read preamble tRPRE min A N 1.8 tCK(avg)
Read postamble tRPST min A I 0.4 tCK(avg)
Extended Read postamble tRPSTE min R 1.4 tCK(avg)
. - . (RL x tCK) + tDQSCK(Min)
DQS Low-impedance time from CK_t, CK_c tLZ(DQS) mII“J - (tPRE(Max) X tCK) - 200ps ps
S - ! RL x tCK) + tDQSCK(Max
DQS High-impedance time from CK_t, CK_c tHZ(DQS) mox +((RPST(M)ax) X %K) _(100’))5 ps
DQ Low-impedance time from CK_t, CK_c tLz(bQ) ~ | min (RL x tCK) + tDQSCK(Min) - 200ps ps
L . RL x tCK) + tDQSCK(Max) + tDQSQ(Max) +
DQ High-impedance time from CK_t, CK_c tHZ(DQ) ‘ max ( ) (BL/QZ X t((:K) -)IOOpSQ QMax) ps
Data Strobe Timing
DQS output time from CK/CK# 2SCK in =3 8
QS output access time from _L.._ max 35 ns
DQSCK Temperature Drift e PQCK_temp max 4 ps/C 9
DQSCK Volgate Drift Y tDQSCK_volt max 7 ps/mV 10
CK to DQS Rank to Rank variation N ' tDQSCK_rank2rank | max 1.0 ns 11,12
DQS Output Low Pulse Width (DBI Disabled) ~— tQSL min tCL(abs)-0.05 tCK(avg) | 4,5
DQS Output High Pulse Width (DBI Disable®) tQSH min tCH(abs)-0.05 tCK(avg) | 4,6
DQS Output Low Pulse Width (DBI Enahle ) tQSL_DBI min tCL(abs)-0.045 tCK(avg) | 5,7
DQS Output High Pulse Width (DBI Ei abled) tQSH_DBI min tCH(abs)-0.045 tCK(avg) | 6,7

Notes:

1.DQ to DQS differe:itial jitter where the total includes the sum of deterministic and random timing terms for a specified BER. BER
spec and measuremen. method are tbd.

2.The determii i<cc component of the total timing. Measurement method thd.

3.This paramcwer will be characterized and guaranteed by design.

4.This parzmuter is function of input clock jitter. These values assume the min tCH(abs) and tCL(abs). When the input clock jitter
mir. *C-'(alis) and tCL(abs) is 0.44 or greater of tck(avg) the min value of tQSL will be tCL(abs)-0.04 and tQSH will be tCH(abs)
024,

5 tQ5L /lescribes the instantaneous differential output low pulse width on DQS_t - DQS_c, as measured from on falling edge to the
naxt consecutive rising edge

S.1QSH describes the instantaneous differential output high pulse width on DQS_t - DQS_c, as measured from on falling edge to the
next consecutive rising edge

7.This parameter is function of input clock jitter. These values assume the min tCH(abs) and tCL(abs).
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8. Includes DRAM process, voltage and temperature variation. It includes the AC noise impact for frequencies > 20 MHz and
max voltage of 45 mV pk-pk from DC-20 MHz at a fixed temperature on the package. The volage supply noise must comply to
the component Min-Max DC Operating conditions.

9. tDQSCK_temp max delay variation as a function of Temperature.

10. tDQSCK _volt max delay variation as a function of DC voltage variation for VDDQ and VDD2. tDQSCK_volt should be used
to calculate timing variation due to VDDQ and VDD2 noise < 20 MHz. Host controller do not need to account for any variation
due to VDDQ and VDD2 noise > 20 MHz. The voltage supply noise must comply to the component Min-Max DC Operating
conditions. The voltage variation is defined as the Max[abs{tDQSCKmin@V1-tDQSCKmax@V2}, abs{tDQSCKmax@V1-
tDQSCKmin@V2}]/ abs{V1-V2}. For tester measurement VDDQ = VDD2 is assumed.

11. The same voltage and temperature are applied to tDQS2CK_rank2rank.

12. tDQSCK_rank2rank parameter is applied to multi-ranks per byte lane within a package consisting of the same design c'us.
13. UI=tCK(avg)min/2

Table - DQ Rx Voltage and Timing Parameters (Write Timing Parameters)

Symbol Parameter | 1600/18674 | 2133/2400 3200 4266 | unit | Note
VdIVW_total Rx Mask voltage p-p total max 140 140 140 120 mVv  |1,2,3,5
VdIVW_dV Rx Mask voltage - deterministic max thd thd thd ba mV 1,5
Rx timing window total
TdIVW_total (At VAIVW voltage levels) max 0.22 0.22 0.25 0.25 UL 1,2,4,5
TdIVW_dj Rx deterministic timing max thd thd thd thd Ul 1,5
. Rx timing window 1bit toggle . 1,245
TdIVW_lblt (At VdIivw voltage Ievels) max tbd tbd tod tbd UI 114
VIHIL_AC DQ AC input pulse amplitude p-p min 180 180 4_ 180 170 mV 7,15
DQ input pulse width .
TdIPW (At Vcent_DQ) min 0.45 0.45 | 0.45 0.45 Ul 8
min 200 200 200 200
TDQS2DQ DQ to DQS offset max 800 E —)_0 800 800 ps 9
TDQDQ DQ to DQ offset max 30 3J 30 30 ps 10
TDQS2DQ_temp DQ to DQS offset temperature variation | max 0.6 _—T 0.6 0.6 0.6 ps/°C 11
TDQS2DQ volt DQ to DQS offset voltage variation max 32 33 33 33 ps/50mvV | 12
TDQS2DQ_rank2rank [DQ to DQS offset rank to rank max 2000 | 200 200 200 ps 17,18
Write command to 1st DQS latching min 0.75
tbQss transition max 1.25 tCK(avg)
tDQSH DQS input high-level width min 0.4 tCK(avg)
tDQSL DQS input low-level width min 0.4 tCK(avg)
tDSS DQS falling edge to CK setup time | min 0.2 tCK(avg)
tDSH DQS falling edge hold time from CK = J._f‘n 0.2 tCK(avg)
tWPRE Write preamble \ _|_m.n 1.8 tCK(avg)
tWPST 0.5 tCK Write postamble 18 min 0.4 tCK(avg)
tWPSTE 1.5 tCK Write postamble AN\ min 1.4 tCK(avg)
SRIN_ dIVW Input slew rate over VAIVW_tote | min 1 1 1 1 V/ns 13
max 7
Notes:
1. Data Rx mask voltege «nd timing parameters are applied per pin and includes the DRAM DQ to DQS voltage AC noise

impact for frequencies >?5CKH: at a fixed temperature on the package. The voltage supply noise must comply to the component
Min-Max DC operati*.g ccad'tions.

2. The design snecification is a BER <tbd. The BER will be characterized and extrapolated if necessary using a dual dirac
method.

3. Rx n.3sk ‘oltage VAIVW total(max) must be centered around Vcent_DQ(pin_mid).

4. Rx aiffe-ential DQ to DQS jitter total timing window at the VAIVW voltage levels.

5. C~n.~22d over the DQ internal Vref range. The Rx mask at the pin must be within the internal Vref DQ range irrespective
of t=2 1. .oi'¢ signal common mode.

6. Deterministic component of the total Rx mask voltage or timing. Parameter will be characterized and guaranteed by design.
Moa-surement method tbd

7 DQ only input pulse amplitude into the receiver must meet or exceed VIHL AC at any point over the total UI. No timing

requirement above level. VIHL AC is the peak to peak voltage centered around Vcent_DQ(pin_mid) such that VIHL_AC/2 min
must be met both above and below Vcent_DQ.
8. DQ only minimum input pulse width defined at the Vcent_DQ(pin_mid).
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9. DQ to DQS offset is within byte from DRAM pin to DRAM internal latch. Includes all DRAM process, voltage and
temperature vari-ation.

10. DQ to DQ offset defined within byte from DRAM pin to DRAM internal latch for a given component.

11. TDQS2DQ max delay variation as a function of temperature.

12. TDQS2DQ max delay variation as a function of the DC voltage variation for VDDQ and VDD2.

13. Input slew rate over VAIVW Mask centered at Vcent_DQ(pin_mid).

14. Rx mask defined for a one pin toggling with other DQ signals in a steady state.

15, VIHL_AC does not have to be met when no transitions are occurring.

16. The same voltage and temperature are applied to tDQS2DQ_rank2rank.

17. tDQS2DQ _rank2rank parameter is applied to multi-ranks per byte lane within a package consisting of the same de~ig.
dies.

A. The following Rx voltage and timing requirements apply for all DQ operating frequencies at or below 1600 for all spoad bins. The
timing parameters in UI can be converted to absolute time values where tck(avg)min/2= 625ps for DQ=1600. For ex>nple the
TdIVW_total(ps) =0.22*625ps= 137.5ps.

Table - Self-Refresh Timing Parameters

P t Symbol min [DDR4|DDR4 (DDR4 | DDR4|DDR4|L'OR4 DDR4 |DDR4 Unit | Not
arameter YMDOl |max| 533 |1066 1600|2133 | 2627 [32v0 [3733 |4267| ™ ote
Delay from Self Refresh Entry to CKE Input Low tESCKE min max(1.75ns,3tCy) nCK 1
Minimum Self-Refresh Time . ,

(Entry to Exit) tSR min may{15ns, 3nCK) ns 1
Self refresh exit to next valid command N\ \/

delay tXSR min ma;‘tP:-Cab + 7.5ns, 2nCK) ns 1,2

Note
1. Delay time has to satisfy both analog time(ns) and clock count(tCK). It mecns *iat tESCKE will not expire until CK has toggled
through at least 3 full cycles (3 *tCK) and 1.75ns has transpired. The czse vhicii 3tCK is applied to is shown below.

A {vaid ’///////////////////A
*OMMAND ’Illllllllllm

DON'T CARE
2. MRR-1, CAS-2, SRX, MPC, MR\V-1, and MRW-2 commands (except PASR bank/segment setting) are only allowed during this
period.
Table - Command Address Input Parameters
Symbol | Parameter min| o-13330 | P1600/ | 6 3500 | DQ-4266 | Unit | Note
y 4 max 1867
VeIV x Mask voltage p-p max 175 175 155 145 mV 1,2,4
te Rx timing window max 0.3 0.3 0.3 0.3 Ul |1,2,3,4
Vibl AC CA AC input pulse amplitude pk-pk| min 210 210 190 180 mV 5,8
o TPwW CA input pulse width min 0.55 0.55 0.6 0.6 UI 6
SRIN_cIVW  |Input slew rate over VcIVW min L L L L V/ns 7
max 7 7

Notes:
1. CA Rx mask voltage and timing parameters at the pin including voltage and temperature drift.
2. Rx mask voltage VcIVW total(max) must be centered around Vcent_CA(pin mid).
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3. Rx differential CA to CK jitter total timing window at the VcIVW voltage levels.
4. Defined over the CA internal Vref range. The Rx mask at the pin must be within the internal Vref CA range irrespective of the

input signal common mode.

5. CA only input pulse signal amplitude into the receiver must meet or exceed VIHL AC at any point over the total UI. No timing
requirement above level. VIHL AC is the peak to peak voltage centered around Vcent_CA(pin mid) such that VIHL_AC/2 min must
be met both above and below Vcent_CA.

6. CA only minimum input pulse width defined at the Vcent_CA(pin mid).
7. Input slew rate over VcIVW Mask centered at Vcent_CA(pin mid).

8. VIHL_AC does not have to be met when no transitions are occurring.

9. UI=tCK(avg)min/2

A. The following Rx voltage and timing requirements apply for DQ operating frequencies at or below 1333 for all speed bii.=. The
timing parameters in UI can be converted to absolute time values where tck(avg)min= 1.5ns for DQ=1333. For excmple t.:e

TcIVW(ps) = 0.3*1.5ns=450ps.

Table - Boot Parameters

P t Svymbol min |DDR4 DDR4|DDR4(DDR4|DDR4|L DR4 DDR4 DDR4 Unit | Not
arameter ymbol Imax| 533 1066 | 1600 | 2133|2657 3200|3733 4267 0 | MO
i 2l
Clock Cycle Time tCKb min Nofe LR Y ns
max Note 1, 2
Address & Control Input Setup Time tISb min 1150 ps
Address & Control Input Hold Time tIHb min 150 ps
DQS Output Data Access Time from CK/CK# tDQSCKb nn:;r:( 120 ns
Data Strobe Edge to Output Data Edge tDQSQb tDQSQb max N 1.2 ns
Notes
1. Min tCKb guaranteed by DRAM test is 18ns.
2. The system may boot at a higher frequency than dictated bv 11 tC.{b. The higher boot frequency is system dependent
Table - Mode Rezister Parameters
P t Symbol mn.  DDR4|DDR4|DDR4|DDR4|DDR4|DDR4|DDR4|DDR4 Unit | Not
arameter YmBOl  Imax| 533 | 1066|1600 | 2133|2667 | 3200|3733 4267 - | "€
Additional time after tXP has expired until the MRR . .
command may be issued _tp ER'_ min tRCD + 3nCK ns
MODE REGISTER Write command period tVRW min max(10ns, 10nCK) ns
MODE REGISTER Read command period | tMRR min 8 nCK
Mode Register Write Set Command Delay N\ I_ tMRD min max(14ns, 10nCK) ns
" Table - VRCG Enable/Disable Timing
P t Symbol min |DDR4 DDR4|DDR4(DDR4|DDR4 DDR4|DDR4 DDR4 Unit | Not
arameter O YmBOl  Imax| 533 1066 | 1600 | 2133|2667 |3200 3733 4267 - | "o
VREF high current mode enabls. “ime tVRCG_Enable | max 200 ns
VREF high current mode disable time tVRCG_Disable | max 100 ns
N\ Table - Command Bus Training Parameters
= rom.eter Symbol min |DDR4 DDR4|DDR4|DDR4|DDR4|DDR4|DDR4 DDR4 Unit | Note
75 \ max| 533 (1066|1600 | 2133|2667 | 3200 | 3733 | 4267
Clock and Command valid after CKE Low tCKELCK min max(7.5ns, 5nCK) tCK
Data Setup o1 Vref Training Mode tDStrain min 2 ns
Data Hoi! for Vref Training Mode tDHtrain min 2 ns
AC',’WU’W?OUS Data Read tADR max 20 ns
C_".BETraining Command to CA Bus Training .
Colnmand Delay tCACD min RU(tADR/tCK) tCK 2
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|Valid Strobe Requirement before CKE Low | tDQSCKE [ min] 10 [ ns | 1 |

Parameter Symbol min |DDR4 DDR4|DDR4|DDR4|DDR4|DDR4|DDR4 DDR4 Unit | Note ’
max| 533 (1066|1600 | 2133|2667 | 3200 | 3733 | 4267

First CA Bus Training Command Following CKE Low tCAENT min 250 ns 1

Vref Step Time — multiple steps tVref_long max 250 ns 4‘

Vref Step Time — one step tVref_short | max 80 ns v

Valid Clock Requirement before CS High tCKPRECS min 2%tCK + tXP s T

Valid Clock Requirement after CS High tCKPSTCS min max (7.5ns, 5nCK) I N

EJZT:;H nclgelay from CS to DQS toggle in command £CS_ Vref min ’ |tk

E/Iniqr;)ig:jlgnr;ncgelay from CKE High to Strobe High {CKEHDQS min 10 ns

Clock and Command valid before CKE HIGH tCKCKEH min 2 tCK

CA Bus Training CKE High to DQ Tri-state tMRZ min 1.5 o ns

ODT turn-on latency from CKE tCKELODTon | min 20 o’ ns

ODT turn-off latency from CKE tCKELODToff | min 20 ns

Notes: \N

1. DQS_t has to retain a low level during tDQSCKE period, as well as DQS_c has to retain « kigh 'evel.
2. If tCACD is violated, the data for samples which violate tCACD will not be available. exc.nt “ur the last sample (where tCACD after
this sample is met). Valid data for the last sample will be available after tADR.

Table - Write Levelinr, P7rameters

R Symbol | MM DD.‘4F’W(4 DDR4[DDR4/DDR4[DDR4[DDR4/DDRA[ /.. [\
arameter ymbol Imax| 573 /1066|1600 | 2133|2667 3200|3733 4267 " |NO€
DQS_t/DQS_c delay after write leveling mode is o
programmed tWLDQSEN !n. | 20 tcK
Write preamble for Write Leveling tWLWPRE fin | 20 tCK
First DQS_t/DQS_c edge after write leveling mode R .
is programmed tWLMRD min 40 tCK
~ " |min 0
. . )

Write leveling output delay ( Ly max 20 ns
Valid Clock Requirement before DQS Toggle l_ L“KPRDQS min max(7.5ns, 4nCK)
Valid Clock Requirement after DQS Toggle | tCKPSTDQS | min max(7.5ns, 4nCK)
Write leveling hold time tWLH min 150 | 100 75 50 ps 1,2
Write leveling setup time - tWLS min 150 | 100 75 50 ps 1,2
Write leveling invalid window 7 tWLIVW_Total | min 240 | 160 120 90 ps 1,2

Notes:

1. In addition to the traditional setup and hold time specifications above, there is value in a invalid window based specification for
write-leveling vaining. As the training is based on each device, worst case process skews for setup and hold do not make sense
to close tim ng hetween CK and DQS.

2. tWLIVW_ i'dte 1s defined in a similar manner to tdIVW_Total, except that here it is a DQS invalid window with respect to CK. This
woul ne2d o account for all VT (voltage and temperature) drift terms between CK and DQS within the DRAM that affect the
wrice ieveling invalid window.

T.ae DQS input mask for timing with respect to CK is shown in the following figure. The “total” mask (TdiVW_total) defines the

time the input signal must not encroach in order for the DQS input to be successfully captured by CK with a BER of lower than
thd. The mask is a receiver property and it is not the valid data-eye.
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Figure - DQS_t/DQS_c and CK_t/CK_c at DRAM Latch

Internal Composite DQS Eye
Center aligned to CK

CK_C ———————— \
\
\
\
\
CKt — e
DQS_diff =
>
DQS_t-DQS_c
tWLIVW

Table - Read Preamble Training Timings

Parameter Symbol min [DDR4|DDR4|DDR4[DDR4 ‘v 31)DR4|DDR4|DDR4 Unit | Note
y max| 533 |1066 | 1600 |2.3? | 2567 ({3200 3733 4267
Delay from MRW command to DQS Driven out tSDO max n.in((MRD, 15ns) tCK 1
Table - MPC [Write FIFO] AC Ti_mjg
Parameter Svymbol min [DDR4 DDR4iDl 'R4|DDR4|DDR4|DDR4|DDR4 DDR4 Unit | Note
y max| 533 |1066 1€ P;:| 2133|2667 | 3200|3733 | 4267
Additional time after tXP has expired until MPC .
tMPCWR tRCD + 3nCK
[Write FIFO] command may be issued min \ Ve n
Table - DQS Interval Os¢ lla*or AC Timing
i | N
Parameter Symbol ’:rn:| Value Unit | Note
pLLLER|
Delay time from OSC stop to Mode Register Readout tOSCO ‘ min i max(40ns,8nCK) ns
Table - Fraquency Set Point Timing
Parameter P min [DDR4|DDR4|DDR4DDR4DDR4DDR4 | DDR4|DDR4 Unit | Note
y_":_ max| 533 | 1066|1600 | 2133|2667 | 3200 | 3733 | 4267
| FC_Sn~ic min 200 ns 1
Frequency Set Point Switching Time “FC_Middle | min 200 ns 1
-\ tFC_Long min 250 ns 1
Valid Clock Requirement after entering FSP cheage | tCKFSPE min max(7.5ns, 4nCK)
Valid Clock Requirement before 1st valid cemmand .
after FSP change ( tCKFSPX min max(7.5ns, 4nCK)

Notes:
1. Frequency Set Pcinc Swiching Time depends on value of Vref(ca) setting: MR12 OP[5:0] and Vref(ca) Range: MR12 OP[6] of
FSPOP 0 and 1. The details are shown in Table “tFC value maping”.
Additionally -hai.qe of Frequency Set Point may affect Vref(dq) setting. Setting time of Vref(dq) level is same as Vref(ca) level.
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Table - CA ODT setting timing

Parameter Symbol | Min/Max | LPDDR4-1600/1866/2133/2400/3200/4266 |Units | Note
ODT CA Value Update Time | tODTUP Min RU(tbd ns/tCK(avg))
Table - Power Down Timing a
Paramet Symbol min |DDR4 DDR4|DDR4|DDR4|DDR4 DDR4|DDR4|DDR4 Unit | Net |

arameter ymbol  Imax| 533 1066|1600 | 2133|2667 | 3200|3733 4267 "t | ™€
CKE minimum pulse width . ‘
(HIGH and LOW pulse width) tCKE min Max(7.5ns,4nCK) R
Delay from valid command to CKE input LOW tCMDCKE | min Max(1.75ns,3nCK) _l_—'\_, 1
Valid Clock Requirement after CKE Input low tCKELCK min Max(5ns,5nCK) ., NS 1
Valid CS Requirement before CKE Input Low tCSCKE min 1.75 L ns
Valid CS Requirement after CKE Input low tCKELCS min Max(5ns, 5nCK) ns
Valid Clock Requirement before CKE Input High tCKCKEH min Max(1.75ns, 3nCK) ns 1
Exit power- down to next valid command delay tXP min Max(7.5ns, 5nCK) ns 1
Valid CS Requirement before CKE Input High tCSCKEH min 1.75 ns
Valid CS Requirement after CKE Input High tCKEHCS min Max(7.5ns, £nCK) - ns
Valid Clock and CS Requirement after CKE Input low ) . i
after MRW Command tMRWCKEL | min Max(14r.=. 1372K, ns 1
Valid Clock and CS Requirement after CKE Input low . 2 NG
after ZQ Calibration Start Command tZQCKE min Ma.(1.7511s, 3nCK) ns 1

Notes:
1. Delay time has to satisfy both analog time(ns) and clock count(nCK).

For example, tCMDCKE will not expire until CK has toggled through at lex<t 3 cul. cycles (3 *tCK) and 3.75ns has transpired.

The case which 3nCK is applied to is shown below.
Figure - tCMDCXLX Tfiriing

CK_c !

{
|

1} \ ;tcm‘ KE |
|

|

I

|

CKE

—

cs
e

!
:
N |
T

-
(o3 Valid X Valid @ Valid

X e X

b1 0

D Don't Care

CcMD ( Vaiid
1 \

Table - PPR Timing Parameters

LPDDR4
Parameter Symbol Min Max Unit Notes
PPR Proaramming Time tPGM 1000 - ms
PPR 2t Time tPGM_Exit 15 - ns
|:.‘le;/ Address Setting Time tPGMPST 50 - us
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Table - Temperature Derating for AC timing

Parameter Symbol min [DDR4|DDR4|DDR4|DDR4|DDR4|DDR4 DDR4 DDR4 Unit | Note
max| 533 |1066 | 1600|2133 | 2667 | 3200 | 3733 | 4267
DQS Output access time from CK_t/CK_c (derated) tDQSCKd max 3600 ps 1
RAS-to-CAS delay (derated) tRCDd min tRCD + 1.875 ns 1
Activate-to-Activate command period (derated) tRCd min tRC + 3.75 ns 1 !
Row active time (derated) tRASd min tRAS + 1.875 ns 1 j
Row precharge time (derated) tRPd min tRP + 1.875 ns . .
Active bank A to Active bank B (derated) tRRDd min tRRD + 1.875 ns | . g

Notes:
1. Timing derating applies for operation at 85°C to 105°C
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10.2. CA Rx voltage and timing
The command and address(CA) including CS input receiver compliance mask for voltage and timing is shown in the
figure below. All CA, CS signals apply the same compliance mask and operate in single data rate mode.

The CA input receiver mask for voltage and timing is shown in the figure below is applied across all CA pins. The
receiver mask (Rx Mask) defines the area that the input signal must not encroach in order for the DRAM input receiver
to be expected to be able to successfully capture a valid input signal; it is not the valid data-eye.

Figure - CA Receiver(Rx) mask

TclVW_total
- -
/A -
N
// Mask

Vclw - - - s‘o ’ . Veent CA(pinmid) _ \\
NG AN

-
NE—

\ 7

Figure - Across pin Y/ref CA voltage variation

Vcent CAx

' Vref variation
' (Component)

Veen! CA(pin avg) is defined as the midpoint between the largest Vcent_CA voltage level and the smallest Vcent_CA
vuitege level across all CA and CS pins for a given DRAM component. Each CA pin Vcent level is defined by the center,
i.2. widest opening, of the cumulative data input eye as depicted in the above figure. This clarifies that any DRAM
component level variation must be accounted for within the DRAM CA Rx mask.The component level Vref will be set
by the system to account for Ron and ODT settings.
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Figure - CA Timing at the DRAM pins
CK_t, CK_c Data-in at DRAM Pin

Minimum CA Eye center aligned

CKe = — — —

CK_t /

oA Rx Mask b 2
DRAM Pin y S
JAYATAYAW
B TclVW i

TclVW for all CA signals is defined as ~eincred on
the CK_t/CK_c crossing at the DR/AN! pui.

All of the timing terms in figure 150 are measured from the CK_t/C. ¢ * the center(midpoint) of the TcIVW window
taken at the VcIVW_total voltage levels centered around Vcent_ CA/pin mid).

Figure - CA TcIPW and SRIN_cIVW dznition (for each input pulse)

tr — tf

— — —
i} - -

Y

Rx Mask

Vcent_CA(pin mid) -t el ¢ emmm ¢ e ¢ fmmm ¢ = ¢ e e ¢ - e ¢ mm— e e f— ¢ — o | —

,‘k \ \i
' A

TclPW

Vclvw

[}
Y

Note
1. SRII"' cl\'W=VcIVW_Total/(tr or tf), signal must be monotonic within tr and tf range.

Notes:
1. SRIN _cIVW=VcIVW/(tr or tf), signal must be monotonic within tr and tf range.
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Figure - CA VIHIL_AC definition (for each input pulse)

....... -y

VIHL_AC(min)/2

. Vcent_CA / - | RxMask ¢

Rx Mask

Rx Mask

\=

Rev 1.0 / Apr 2026

219




\_/
Plusetech Technology (SHENZHEN) CO., LIMITED “.‘ PLUSETECH

10.3. DRAM Data Timing

Figure - Read data timing definitions tQH and tDQSQ across on DQ signals per DQS group

tasHDas 1) tasL(pas_t)
DQS ¢ « db >
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DQS_t
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Associated
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Figure - Read data timing tQW valid window (lefined per DQ signal
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10.4. DQ Rx Voltage and Timing Definition
The DQ input receiver mask for voltage and timing is shown in figure below, is applied per pin. The "total" mask
(VdIVW_total, TdiVW_total) defines the area the input signal must not encroach in order for the DQ input receiver to

successfully capture an input signal with a BER of lower than TBD. The mask is a receiver property and it is not the
valid data-eye.

Figure - DQ Receiver(Rx) mask
TdIVW_total

Vref variation
' (Component)

Veent_DO(pin_mid) is defined as the midpoint between the largest Vcent_DQ voltage level and the smallest Vcent_DQ
velte e ievel across all DQ pins for a given DRAM component. Each DQ Vcent is defined by the center, i.e. widest
apering, of the cumulative data input eye as depicted in the above figure. This clarifies that any DRAM component
level variation must be accounted for within the DRAM Rx mask. The component level VREF will be set by the system
to account for Ron and ODT settings.
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Figure - DQ to DQS (tDQS2DQ and tDQDQ) Timings at the DRAM pins referenced from the
internal latch

DQ, DQS Data-in at DRAM Latch DQ, DQS Data-in at DRAM Pin

Internal Componsite Data-Eye Non Minimum Data-Eye/ Maximum Rx

I
I
I
Center aligned to DQS | Mask

DQS_c | DQS_c
I
I

DQS_t | DQS_t
| | tbas2paxt
| 5
| [\ 1g

/ \ Rx Mask /

DQx,y,z N | DRAM Fin S
| < —3
| aszoov |
| —X

. . | & —+
All DQ signals center aligned to the | C i Mask =
strobe at the DRAM internal latch | /\ ! DRAM Pin %
| A -3
| tbQS2DQz*
| o
| o A
2 Rx Mask
| S DRAM Pin
[l 4
| >
I ‘ R
| tDQ2DQ

NOTE: |
1. tDQS2DQ is meacs iret] at the center(midpoint) of the TdiVW window.
2. DQz represer‘s th> max tDQS2DQ in this example
3. DQy repiosern's the min tDQS2DAQ in this example

All of the timing teris I DQ to DQS t are measured from the DQS_t/DQS_c to the center(midpoint) of the TdIVW
window taken at the VJ'TVW_total voltage levels centered around Vcent_DQ(pin_mid). In the above figure the timings
at the pins arc rcferenced with respect to all DQ signals center aligned to the DRAM internal latch. The data to data
offset is defiried ¢s the difference between the min and max tDQS2DQ for a given component.
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Figure - DQ TdIPW and SRIN_dIVW definition (for each input pulse)

tr tf
Rx Mask
Vcent_DQ(pinmid) — -7/ — —- - T T T T T T T — N | | VdIviwY
Teta,
- TdIPW S

Note
1. SRIN_dIVW=VdIVW_Total/(tr or tf), signal must be monotonic within tr and tf range.

Notes:
1. SRIN_dIVW-VdIVW_Total/(tr or tf), signal must be monotonic within tr and tf range.
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Vcent DQ ‘
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