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Commercial and Industrial DDR4 8Gb SDRAM

Features

® Basis DDR4 Compliant
® Interface
- 8n Prefetch Architecture
- Differential Clock(CK/CK) and Data Strobe(DQS/DQS)
- Double-data rate on DQs, DQS and DM
® DRAM Access Bandwidth
- Separated 10 gating structures by Bank Groups
- Self Refresh Abort
- Fine Granularity Refresh
® Signal Synchronization
- Write Leveling via MR settings’
- Read Leveling via MPR
® Reliability & Error Handling
- Command/Address Parity
- Databus Write CRC
- MPR readout
- Boundary Scan (X16)
- Post Packaae Repair

® Data Integrity
- Auto Self Refresh (ASR) by DRAM built-in TS
- Auto Refresh and Self Refresh Modes
® Signal Integrity
- Internal VREFDQ Training
- Read Preamble Training
- Gear Down Mode
- Per DRAM Addressability
- Configurable DS for system compatibility
- Configurable On-Die Termination
- Data bus inversion (DBI)
- ZQ Calibration for DS/ODT impedance accuracy via
external ZQ pad (240 Q + 1%)
® Power Saving & Efficiency
- POD with VDDQ termination
- Command/Address Latency (CAL)
- Maximum Power Saving
- Low-power Auto Self Refresh (LPASR)

Programmable Functions

B Output Driver Impedance (34/48)

B CAS Write Latency (9/10/11/12/14/16/18/20)
H Additive Latency (0/CL-1/CL-2)

m CS to Command Address Latency (3/4/5/6/8)
B Command Address Parity Latency (4/5/6)

B Write Recovery Time (10/12/14/16/18/20/24)
B Burst Type (Sequential/lnterleaved)

B RTT_PARK (34/40/48/60/80/120/240)

B RTT_NOM (34/40/48/60/80/120/240)

B RTT_WR (80/120/240)

B Read Preamble (1T/2T)

H Write Preamble (1T/2T)

H Burst Length (BL8/BC4/BC4 or 8 on the fly)

B LPASR (Manual: Normal/Reduced/Extended, Auto:TS)

Options

® Speed Grade (CL-TRCD-TRP) 2
- 2666 Mbps / 19-19-19
- 3200 Mbps / 22-22-22

B Package information

- Lead-free RoHS compliance and Halogen-free
- Non-use 5PBTs of TSCA

TFBGA Dimension Ball pitch

Package (mm) (mm)
78-Ball 7.50 x 10.50 0.80
96-Ball 7.50 x 13.00 0.80

B Temperature Range (T;) 5
- Commercial Grade : 0°C~95C
- Industrial Grade (-I) : -40°C~95°C
- Industrial Grade wide temp (-U) : -40°C~105C

= VDD/VDDQ/VPP
-1.2V/1.2v/2.5V

B Density and Addressing

Organization 2048Mbx4 1024Mb x 8 | 512Mb x 16
Banks 4 (BA[1:0]) 4 (BA[1:0]) 4 (BA[1:0])
Bank Groups | 4 (BG[1:0]) | 4 (BG[1:0]) 2 (BG[0])
Row Address A[16:0] A[15:0] A[15:0]
Column Address | 1K (A[9:0]) 1K (A[9:0]) 1K (A[9:0])
Page Size 512B 1KB 2KB
{REF1® Tc<85°C:7.8us
85°C<Tc<95°C:3.9us
tRFC * 350ns

NOTE 1 Write Leveling feedback should be given on all data bits in parallel.
NOTE 2 For the same organization and voltage, the timing specification of high speed bin is backward compatible with low speed bin.

NOTE 3 Violating tREFI is not guaranteed.

NOTE 4 Violating tRFC is not guaranteed.

NOTE 5 When operate above 95°C,AC/DC will be derated.
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Ordering Information

Speed
Organization Part Number Package | VDD/VDDQ/VPP lock Data Rate
9 9 © CL-tRCD-tRP
(MHz) (Mb/s)
DDR4 Commercial Grade

NT5AD2048M4H3-JR 78-Ball 1.2V/1.2V/2.5V 1600 DDR4-3200 22-22-22
2048M x 4

NT5AD2048M4H3-HR 78-Ball 1.2V/1.2V/2.5V 1333 DDR4-2666 19-19-19

NT5AD1024M8H3-JR 78-Ball 1.2V/1.2V/2.5V 1600 DDR4-3200 22-22-22
1024M x 8

NT5AD1024M8H3-HR 78-Ball 1.2V/1.2V/2.5V 1333 DDR4-2666 19-19-19

NT5AD512M16H4-JR 96-Ball 1.2V/1.2V/2.5V 1600 DDR4-3200 22-22-22
512M x 16

NT5AD512M16H4-HR 96-Ball 1.2V/1.2V/2.5V 1333 DDR4-2666 19-19-19

DDR4 Industrial Grade
1024M x 8 NT5AD1024M8H3-JRI 78-Ball 1.2V/1.2V/I2.5V 1600 DDR4-3200 22-22-22
512M x 16 NT5AD512M16H4-JRI 96-Ball 1.2V/1.2V/2.5V 1600 DDR4-3200 22-22-22
DDR4 Industrial Grade Wide Temperature
1024M x 8 NT5AD1024M8H3-JRU 78-Ball 1.2V/1.2V/2.5V 1600 DDR4-3200 22-22-22
512M x 16 NT5AD512M16H4-JRU 96-Ball 1.2V/1.2V/2.5V 1600 DDR4-3200 22-22-22
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NANYA Consumer Component Part Numbering Guide

NT 5A D 1024M8 H 3 JR
v

NANYA Grade
Technology N/A = Commercial Grade
I = Industrial Grade
Product Family U = Industrial Grade wide temp

Device Version

5A = DDR4 SDRAM
H= 8t version

Voo/Vooa/Vee +«— L5 Speed

D=1.2V/1.2V/2.5V v HR = 2666-13-19-13
Package Code JR =3200-22-22-22
HSF + Halogens-Free

Organization (Depth, Width) Height=1.1+/-0.1 mm

M=Mono 3 = DDR4 78-Ball TFBGA

8Gb =2048M4 = 1024M8 = 512M16 4 = DDR4 96-Ball TFBGA

Operating frequency

The backward compatibility of each frequency is listed in the following table. If an application operates at specific frequency
which is not defined herein but within the highest and the lowest frequencies, then the comparative loose specifications to
DRAM must be adopted from the neighboring defined frequency. Please confirm with NTC when the operating frequency is

slower than the defined frequency.

Frequency[MHz] 1600 1467 1333 1200 1066 933 800 667
CL[nCK] 22 21 19 17 15 14 |13 |12 11 10 | 9 i
CL with read DBI [nCK] 26 25 22 20 18 16 |15 |14 13 | 12 M1
VDD[V] 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

NT5AD2048M4H3-JR

NT5AD1024M8H3-JR(I/U) 3200 2933 2666 2400 2133 1866 1600 1333 |Mbps
NT5AD512M16H4-JR(I/U)

NT5AD2048M4H3-HR

NT5AD1024M8H3-HR N/A N/A 2666 2400 2133 1866 1600 1333 |Mbps
NT5AD512M16H4-HR

NOTE1. Any part number also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE2. Minimum CL setting of each operating frequency is defined in the table. It is allowed to operate with loose CL setting that can be
set within min. CL +2CK.

NOTES. For the supported speed ranges, please refer “Speed Bin” section.
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Ball Configuration — 78 Ball TFBGA Package (X4)

<TOP View>

See the balls through the package
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Notes:1. All dimensions are in millmeter.
2. Solder ball compesition SAC302 with Ni/Au pad(96.8% Sn,3%Ag,0.2%Cu)
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Ball Configuration — 78 Ball TFBGA Package (X8)

<TOP View>
See the balls through the package
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2. Solder ball cempesition SAC302 with Ni/Au pad(96.8% Sn,3%Ag,0.2%Cu)

Version 1.6
06/2026

Nanya Technology Corporation©
All Rights Reserved.



NTC Proprietary

Level: Property
DDR4-8Gb H-Die

NANU/\ NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Ball Configuration — 96 Ball TFBGA Package (X16)
<TOP View>
See the balls through the package
1 2 3 4 5 6 7 8 9
Aééé’-‘ 56 ;gg A| vDDQ vVSsQ DQ8 vDDQ | A
+4++ B VSS VDD VDD |B
BOOO+++000 | vona DQ12 DQ10 vssa |c
g O000+++000 | vop vssa = Dat4 vbba | b
0 888+++888 £| vss UDWUDBI vssa vss | E
FOOOI¢¢OOO F| vssa | voba  DosC 2 |r
c000+++000 © vDDQ DQSL vbbQ | G
HOOO+++000 | Vssa vssQ | H
J °°°+++°o° J VDD vVDDQ VDDQ VDD J
KOOO+++000 | VS8 CKE oD S e |
LOOO+++000 L| VoD WE/A14 ACT CS  RASAte VDD |L
MOOO+++000 M|VREFCA  BGO A10/AP A12/BC CASIA15  VSS M
NOOO+++000 N| Vvss BAO A4 A3 BA1 TEN [N
POOO+++000 r | RESET A6 A0 A1 A5 ALERT |P
ROOO+++000 RrR| VDD A8 A2 A9 A7 R
TOOOC+++000 1| vss A11 PAR NC A13 VDD | T
1 2 3 4 5 6 7 8 9
Packge Outline Drawing
Max. 0.20
) Unit: mm
min E:'i:'“"' ‘1 ] ‘ r o0 * BSC (Basic Spacing between Center)
BOTTOM VIEW - TOP VIEW
6.40 BSC 1.10+--0,10
— - [~ PN Al INDEX
—=| |[=~—0s80 ESC e Bl f
* 5 /‘% 5 Min 025 | T 1 |
o 0 0C vex 040 (17 & |
f b0 O ,g/ cCOoO 07 .
000 loNoXe! e
8 |oool /o000 17 |
- O00OV/Z/]000 )| '
= I =
s |00 000 nZ |2 |
& O 0O O loNoNe 07 = |
= OCOW/)10QC0 3 N - B B -
8 OO00OWV#7 00O 07 f
o ocool//]ooco0o . 8 :
O0OO0OP A 1000 o o |
eYoXeol 000 i |
00O 000 i |
OO0 000 i
000 O O O| oy s0usesv0s [ !
QOO 7100 mmgma M V1 |
Post re—flow oh |
|__. . #0.42 SMD ball pad
I 7.50 +/- 010 !
—ele [ max 010
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2. Solder ball composition SAC302 with NifAu pad(96.8% Sn,3%Ag,0.2%Cu)
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Ball Descriptions

Symbol Type Description

Clock: CK and CK are differential clock inputs. All address and control input signals are sampled on

CK, CK Input i . ) ~
the crossing of the positive edge of CK and negative edge of CK.

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

are disabled during Power Down. Input buffers, excluding CKE, are disabled during Self-Refresh.

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

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination resistance internal to
the DDR4 SDRAM. When ODT is enabled, on-die termination (RTT) is applied only to each DQ, DQS,
DQS, DM/DBITDQS, and TDQS signal for x4, x8 configurations (when the TDQS function is enabled
via mode register). For the x16 configuration, RTT is applied to each DQ, DQSU, DQSU, DQSL,
DQSL, UDM, and LDM signal. The ODT pin will be ignored if MR1 is programmed to disable
RTT_NOM.

OoDT Input

Bank Address Inputs: Define the bank (within a bank group) to which an ACTIVATE, READ,
BA[1:0] Input WRITE, or PRECHARGE command is being applied. Also determines which mode register is to be
accessed during a MRS cycle.

Bank group address inputs: Define the bank group to which a REFRESH, ACTIVATE, READ,
BG[1:0] Input WRITE, or PRECHARGE command is being applied. BGO also determines which mode register is to
be accessed during a MRS cycle. X4/8 have BGO and BG1 but X16 has only BGO.

Command input: ACT defines the Activation command being entered along with CS. The input into

ACT Input _ _ _
nu RAS/A16, CAS/A15 and WE/A14 will be considered as Row Address A16, A15 and A14
RAS/A16 Command Inputs: RAS/A16, CAS/A15 and WE/A14 (along with CS) define the command being
CAS/A15 Inout entered. Those pins have multi-function. For example, for activation with ACT Low, those are
WE/A14 P Addressing like A16,A15 and A14 but for non-activation command with ACT High, those are
Command pins for Read, Write and other command defined in command truth table.
Auto precharge: A10 is sampled during Read/Write commands to determine whether
Autoprecharge should be performed to the accessed bank after the Read/Write operation. (HIGH:
A10/AP Input Autoprecharge; LOW: no Autoprecharge). A10 is sampled during a Precharge command to determine
whether the Precharge applies to one bank (A10 LOW) or all banks (A10 HIGH). If only one bank is to
be precharged, the bank is selected by bank addresses.
A12/BC Inout Burst Chop: Burst chop: A12/BC is sampled during READ and WRITE commands to determine if
u
P burst chop (on-the-fly) will be performed. (HIGH = no burst chop; LOW = burst-chopped).
For x4 Address inputs: Provide the row address for ACTIVATE commands and the column address for
A[16'Oi READ/WRITE commands to select one location out of the memory array in the respective bank.
For x8-x16 Input (A10/AP, A12/BC, WE/A14, CAS/A15, RAS/A16, have additional functions; see individual entries in
’ this table). The address inputs also provide the op-code during the MODE REGISTER SET
A[15:0] .
command. A16 is used on some 8Gb.
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Symbol Type Description

Parity for command and address: DDR4 Supports Even Parity check in DRAM with MR setting.
Once it's enabled via Register in MR5, then DRAM calculates Parity with

PAR Input ACT,RAS/A16,CAS/A15,WE/A14, A12/BC,A10/AP, A17-A0, BA0O-BA1, BGO-BG1 Command and
address inputs shall have parity check performed when commands are latched via the rising edge of
CK and when CS is low.

Data input/output: Bidirectional data bus. DQ represents DQ [3:0], DQ [7:0], and DQ [15:0] for the
x4, x8, and x16 configurations, respectively. If Write CRC is enabled via Mode register, then the Write
CRC code is added at the end of Data Burst. Either anyone or all DQO, DQ1, DQ2, and DQ3 is used
as monitoring of internal Vref level during test via Mode Register Setting MR4 A4=High, training times
change when enabled. During this mode, RTT value should be set to Hi-Z. This measurement is for
verification purposes and is NOT an external voltage supply pin.

DQ Input/output

Data Strobe: Output with READ data, input with WRITE data. Edge-aligned with READ data,

DQS/DQS centered-aligned with WRITE data. For the x16, DQSL corresponds to the data on DQ [7:0]; DQSU
DQSL/DQSL Input/output |corresponds to the data on DQ [15:8]. For the x4 and x8 configurations, DQS corresponds to the data
DQSU/DQSU on DQ [3:0] and DQ [7:0] respectively. DDR4 SDRAM supports a differential data strobe only and

does not support a single-ended data strobe.

Termination Data Strobe: TDQS/TDQS is applicable for X8 DRAMs only. The TDQS function must
be disabled in the mode register for both the x4 and x16 configurations. When enabled via Mode
Register A11=1 in MR1, DRAM will enable the same Rrr termination resistance function on
TDQS/TDQS that is applied to DQS/DQS. When the TDQS function is disabled via the mode register,
the DM/DBITDQS pin will provide the data mask (DM) function or Data Bus Inversion (DBI) depending
on MR5, and the TDQS pin is not used.

Input data mask: DM is an input mask signal for write data. Input data is masked when DM is
sampled LOW coincident with that input data during a write access. DM is sampled on both edges of
N DQS. DM is muxed with DBI function by Mode Register A [12:10] setting in MR5. For x8 device, the
[ Input function of DM or TDQS is enabled by Mode Register A11 setting in MR1. DBI is an input/output
identifying whether to store/output the true or inverted data. If DBI is LOW, the data will be
stored/output after inversion inside the DDR4 SDRAM and not inverted if DBI is HIGH. DM is not
supported in X4.

TDQS/TDQS Output

DBI input/output: Data bus inversion. DBl is an input/output signal used for data bus inversion in the
x8 configuration. UDBI and LDBI are used in the x16 configuration; UDBI is associated with DQ [15:8],
_BI_ Inputioutput and LDBI is associated with DQ [7:0]. The DBI feature is not supported on x4 configurations. DBI can
UDBI, LDBI be configured for both READ (output) and WRITE (input) operations depending on the mode register
settings. The DM, DBI, and TDQS functions are enabled by mode register settings. See Data Bus

Inversion (DBI).

Alert output: It has multi functions such as CRC error flag, Command and Address Parity error flag
as Output signal. If there is error in CRC, then ALERT goes LOW for the period time interval and goes
back HIGH. If there is error in Command Address Parity Check, then ALERT goes LOW for relatively
long period until ongoing DRAM internal recovery transaction to complete. During Connectivity Test
mode, this pin works as input. Using this signal or not is dependent on system. In case of not
connected as Signal, open-drain ALERT Pin must be bounded to VDD on board.
Connectivity test mode: Connectivity Test Mode is active when TEN is HIGH, and inactive when
TEN is LOW. TEN must be LOW during normal operation. TEN is a CMOS rail-to-rail signal with AC
TEN Input HIGH and LOW at 80% and 20% of VDD (960mV for DC HIGH and 240mV for DC LOW).
Using this signal or not is dependent on System. This pin may be DRAM internally pulled low through
a weak pull-down resistor to VSS.

ALERT Input/Output

Reference pin for ZQ calibration: This ball is tied to an external 240Q) resistor (RZQ), which is
ZQ Reference | .
tied to VSSQ.
Active Low Asynchronous Reset: Reset is active when RESET is LOW, and inactive when RESET
RESET Input is HIGH. RESET must be HIGH during normal operation. RESET is a CMOS rail to rail signal with DC
high and low at 80% and 20% of VDD, i.e. 0.96V for DC high and 0.24V for DC low.
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Symbol Type Description
I VPP Supply DRAM activating power supply: 2.5V ( 2.375V min , 2.75V max)
VDD Supply Power Supply: 1.2V + 0.06V
VDDQ Supply DQ Power Supply: 1.2V + 0.06V
VSS Supply Ground
VSSQ Supply DQ Ground
VREFCA Supply Reference voltage for CA
NC - No Connect: No internal electrical connection is present.
NF - No function: May have internal connection present, but has no function.
RFU - Reserved for future use.
NOTE Input only pins (BG0-BG1, BAO-BA1, A0-A17, ACT, RAS/A16, CAS/A15, WE/A14, CS, CKE, ODT, and RESET) do not supply
termination.
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Functional Description

Simplified State Diagram

SRX* = SRX with NOP

RESET IVREFDQ,
Form Any State RTT, etc — Command Sequence
= = — =) Automatic Sequence
SRX* MRS #

Power MRS Y¢ 4

applied Power Reset e ¢ CKE_L

—_— P q Initialization daxr PDA MRS. MPR

On HOSECLIE d Write Leveling Self
moae ini
\VrefDQ training Refresh
TEN

SRX
MRS" 7
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1

1

1

1

1

1

1

1

1

1

1

1

1

:

1

' Bank

1 .

: WRITE Active READ

|

1

1

1

1

1

1

1

:

' WRITE A

1

1

1

:

| Reading

! PRE, PREA

! PRE, PREA PRE, PREA

1

1

1

1

1

1

1
Abbr. Function Abbr. Function Abbr. Function
ACT iActive Read RD, RDS4, RDS8 PDE :Enter Power-down
PRE Precharge Read A RDA, RDAS4, RDAS8 PDX :Exit Power-down
PREA :Precharge All Write WR, WRS4, WRS8 with/without CRC SRE Self-Refresh entry
RESET Start RESET Procedure | Write A {WRA, WRAS4, WRASS8 with/without CRC SRX iSelf-Refresh exit
ZQCS iZQ Calibration Short TEN :Boundary Scan Mode Enable MPR Multi-Purpose Register
ZQCL ZQ Calibration Long REF Refresh, Fine granularity Refresh MRS Mode Register Set
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Basic Functionality

The DDR4 SDRAM is a high-speed dynamic random-access memory internally configured as sixteen-banks, 4 bank group
with 4 banks for each bank group for x8 and eight-banks, 2 bank group with 4 banks for each bankgroup for x16 DRAM.
The DDR4 SDRAM uses a 8n prefetch architecture to achieve high-speed operation. The 8n prefetch architecture is
combined with an interface designed to transfer two data words per clock cycle at the 1/O pins. A single read or write
operation for the DDR4 SDRAM consists of a single 8n-bit wide, four clock data transfer at the internal DRAM core and

eight corresponding n-bit wide, one-half clock cycle data transfers at the 1/0 pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue for a burst
length of eight or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the registration of an
ACTIVATE Command, which is then followed by a Read or Write command. The address bits registered coincident with
the ACTIVATE Command are used to select the bank and row to be activated (BG0-BG1 in x8 and BGO in x16 select the
bankgroup; BAO-BA1 select the bank; A0-A15 select the row; refer to Addressing section for more details. The address
bits registered coincident with the Read or Write command are used to select the starting column location for the burst
operation, determine if the auto precharge command is to be issued (via A10), and select BC4 or BL8 mode ‘on the fly’

(via A12) if enabled in the mode register.

Prior to normal operation, the DDR4 SDRAM must be powered up and initialized in a predefined manner. The following
sections provide detailed information covering device reset and initialization, register definition, command descriptions,

and device operation.
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RESET and Initialization Procedure

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

Default MR settings for power-up and reset initialization

MR functions MR bits Value
Gear-down mode MR3 A[3]=0 1/2 Rate
Per DRAM Addressability MR3 A[4]=0 Disable
Max Power Saving Mode MR4 A[1]=0 Disable
CS to Command/Address Latency MR4 A[8:6]=000 Disable
CA Parity Latency Mode MR5 A[2:0]=000 Disable
Hard Post Package Repair Mode MR4 A[13]=0 Disable
Soft Post Package Repair Mode MR4 A[5]=0 Disable

Power-Up and Initialization Sequence

The following sequence (Step 1-15) is required for power-up and initialization:

1) Apply power (RESET and TEN are recommended to be maintained below 0.2 x VDD; all other inputs may be
undefined). RESET needs to be maintained below 0.2 x VDD for minimum 200us with stable power and TEN needs to
be maintained below 0.2 x VDD for minimum 700us with stable power. CKE is pulled “LOW” any time before RESET is
being deasserted (MIN time 10ns). The power voltage ramp time between 300mV to VDD min must be no greater
than 200ms, and during the ramp, VDD > VDDQ and (VDD-VDDQ) < 0.3Volts. VPP must ramp at the same time or
earlier than VDD, and VPP must be equal to or higher than VDD at all times.

During power-up, either of the following conditions may exist and must be met:
e Condition A
— VDD and VDDQ are driven from a single-power converter output, AND
— The voltage levels on all balls other than VDD, VDDQ, VSS, VSSQ must be less than or equal to VDDQ and VDD on one
side and must be larger than or equal to VSSQ and VSS on the other side.
—VTT s limited to 0.76V MAX when the power ramp is finished, AND
— VREFCA tracks VDD/2.
¢ Condition B
— Apply VDD without any slope reversal before or at the same time as VDDQ.
— Apply VDDQ without any slope reversal before or at the same time as VTT and VREFCA.
— Apply VPP without any slope reversal before or at the same time as VDD.
— The voltage levels on all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to VDDQ and VDD on one
side and must be larger than or equal to VSSQ and VSS on the other side.
2) After RESET is de-asserted, wait for another 500us until CKE becomes active.
During this time, the DRAM will start internal state initialization; this will be done independently of external clocks.

3) Clocks (CK, CK) need to be started and stabilized for at least 10ns or 5 tCK (whichever is larger) before CKE goes
active. Since CKE is a synchronous signal, the corresponding setup time to clock (tIS) must be met. Also a DESELECT
command must be registered (with tIS setup time to clock) at clock edge Td. Once the CKE is registered “HIGH”
after RESET, CKE needs to be continuously registered “HIGH” until the initialization sequence is finished, including
expiration of tDLLK and tZQINIT.

4) The DDR4 SDRAM keeps its ODT in High-Impedance state as long as RESET is asserted. Further, the SDRAM keeps
its ODT in High-Impedance state after RESET deassertion until CKE is registered HIGH. The ODT input signal may be
in an undefined state until tIS before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal
may be statically held at either LOW or HIGH. If RTT_NOM is to be enabled in MR1, the ODT input signal must be
statically held LOW. In all cases, the ODT input signal remains static until the power-up initialization sequence is

Version 1.6 12 Nanya Technology Corporation©
06/2026 All Rights Reserved.



@ NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

finished, including the expiration of tDLLK and tZQINIT.

5) After CKE is registered HIGH, wait a minimum of RESET CKE EXIT time, tXPR, before issuing the first MRS command
to load mode register (tXPR = MAX (tXS; 5 x tCK).

6) Issue MRS command to load MR3 with all application settings, wait tMRD.

7) Issue MRS command to load MR6 with all application settings, wait tMRD.

8) Issue MRS command to load MR5 with all application settings, wait tMRD.

9) Issue MRS command to load MR4 with all application settings, wait tMRD.

10) Issue MRS command to load MR2 with all application settings, wait tMRD.

11) Issue MRS command to load MR1 with all application settings, wait tMRD.

12) Issue MRS command to load MRO with all application settings, wait tMOD.

13) Issue a ZQCL command to starting ZQ calibration.

14) Wait for both tDLLK and tZQINIT completed.

15) The DDR4 SDRAM is now ready for read/write training (include Vref training and Write leveling).

RESET and Initialization Sequence at Power-On Ramping

Ta Tb Tc Td Te Tf Tg Th Ti T Tk

YRt At el avat el gl atat el atavatatatabay,

tCKSRX

g i(d (@ (@ @ (@ (@ (@

w1 ) ) ) ) ) ) )
i(d (C (@ (@ (@ (@ (@ (C
voonooa 5 ), ) ) ) ) ) ) )
200 us | 500 us
|
(@ (@ ( C (@ C { (@
) ) )) )) ) ) ) )

g | e e

|-
o D T o e D XN DD
BA[2:0] ;:.J%WW /ﬂm MRx MRx MRx MRx mm
opT e J_,__{,'%@P (( staicLOW in case RTT_Nom is eanbled at time T, otherwise static HIGH or LOW

« « @ @ @ @ « @
PRAMRTT ) ) ) )] D) ) D) )

) |
S TIME BREAK [ DON'T CARE

NOTE 1 From the time point Td until Tk, a DES command must be applied between MRS and ZQCL commands.
NOTE 2 MRS commands must be issued to all mode registers that have defined settings.

Version 1.6 13 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/gﬁx NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

VDD Slew rate at Power-up Initialization Sequence

VDD Slew Rate
Symbol Min Max Units NOTE
VvDD_sl 0.004 600 V/ms 1,2
VDD_ona 200 ms 3

NOTE 1 Measurement made between 300mV and 80% VDD minimum.
NOTE 2 20 MHz bandlimited measurement
NOTE 3 Maximum time to ramp VDD from 300 mV to VDD minimum.
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RESET Initialization with Stable Power Sequence

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

1. Assert RESET below 0.2 x VDD anytime when reset is needed (all other inputs may be undefined). RESET needs to be
maintained for minimum tPW_RESET. CKE is pulled LOW before RESET being de-asserted (MIN time 10ns).

2. Follow Steps 2 to 10 in the Reset and Initialization Sequence at Power-on Ramping procedure.

3. The reset sequence is now completed, DDR4 SDRAM is ready for Read/Write training (include Vref training and Write
leveling)

RESET Procedure at Power Stable

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
CKSRX
-t 5
vooneoo ——; % § 5 % ' 5
_ tPW_RESET| | _ 500 us _
(e (@ (@ (@ (@ @ (@ (@
RS (¢ / ) ) ) ) ) ) ) )
)
e e el « « « ¢ «
o T e [l U | | | e
’ ) XPR tMRD tMRD tMRD tmMoD zQin
l’ w tDLLK
oo D I D D D D A 7 D
BA[2:0] %W { MRx MRx MRx MRx M VALID Y
tis
oDT f{%@f% ,{3@( gg Static LOV‘\Iin case RTT_NOW is eanbled attir’n’eTg, otherwise ’s’tatic HIGH orLOW g m,
| | | | | | | | | |
ora R ———; % 5 5 % —5 —

gg TIME BREAK Fjﬁ DON'T CARE

NOTE 1 From the time point Td until Tk, a DES command must be applied between MRS and ZQCL commands.
NOTE 2 MRS commands must be issued to all mode registers that have defined settings.
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Register Definition
Programming the mode registers

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

register and is the minimum time required between two MRS commands.

tMRD Timing

Some of the Mode Register setting affect to address/command/control input functionality. These case, next
MRS command can be allowed when the function updating by current MRS command completed.

The MRS commands which do not apply tMRD timing to next MRS command are listed in note 2 of the
following figure. These MRS command input cases have unique MR setting procedure, so refer to individual
function description.

T0 ™ T2
CK c - = =3
CKt e

Command (vaia ) vaia {7} vaii

Address ( vaia ( Valid vali

cke (Y7 |97 | §

Settings Old Setting HUpdalting Setting
| (. |

NOTE 1 This timing diagram depicts C/A Parity Mode "Disabled" case.
NOTE 2 tMRD applies to all MRS commands with the following exceptions:
* Geardown Mode
* C/A Parity Latency Mode
* CS to Command/Address Latency Mode
* Per DRAM Addressability Mode
* VrefDQ training value, VrefDQ training mode, and VrefDQ Training Range
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tMOD Timing

The MRS command to nonMRS command delay, tMOD, is required for the DRAM to update features, except DLL RESET,
and is the minimum time required from an MRS command to a nonMRS command, excluding DES.

Some of the mode register setting cases, function updating takes longer than tMOD. The MRS commands which do not
apply tMOD timing to next valid command excluding DES is listed in note 2 of the following figure. These MRS command

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

CK_t --"—-- - - -
COmmﬂnd <Valid < Valid h’RS2 DES % DES < DES < DES lid @Iid @m

TO T Tal Tal Ta2  Ta3 Ta4 Tb0 Th1 Tb2  Th3
Kt J’_\f_H'(_\_(_\_/_\’\_/_\_/ig)' XXX

tMOD
Address  {vaiia ){ ¥ vaii iia Y vatia Y vaiia )} vatia )Z vai

cke | & |

Settings 0ld Setting | Updating Setting
| | |

NOTE 1 This timing diagram depicts C/A Parity Mode "Disabled" case.
NOTE 2 List of MRS commands exception that do not apply to tMOD.
* DLL Enable, DLL Reset
* VrefDQ training value, internal Vref monitor, VrefDQ training mode, and VrefDQ Training Range

lid vatid Y X valid )

s AN

Nlew Setting )

* Geardown Mode

* Per DRAM Addressability Mode
* Maximum Power Saving Mode
* CA Parity Mode
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ODT Status at MRS affecting ODT turn-on/off timing

The mode register contents can be changed using the same command and timing requirements during normal operation as
long as the DRAM is in idle state, i.e., all banks are in the precharged state with tRP satisfied, all data bursts are completed
and CKE is high prior to writing into the mode register. For MRS command, If RTT_Nom function is intended to change
(enable to disable and vice versa) or already enabled in DRAM MR, ODT signal must be registered Low ensuring
RTT_NOM is in an off state prior to MRS command affecting RTT_NOM turn-on and off timing. Refer to note2 of the
following figure for this type of MRS. The ODT signal may be registered high after tMOD has expired. ODT signal is a don't
care during MRS command if DRAM RTT_Nom function is disabled in the mode register prior to and after an MRS

command.

L s

: : l - I - I
: : ! W | 1 1 |
COMMAND : . ) | ! ! | | :
| 1 1 | I \I\ X I L\ 1 | ! !

I | [ 1 1 | | |
! : : DODTLG +1 e L. ! ! ! | | :
00T —— | . , | | MOD . ! . ! , ! !
. N | Ry T | : :
! ! ! A ! | 1 b 1 ! \ ! 1 1 1
1 1 1 1 1 | X X X | \ \ ! ! !
| 1 | | 1 | X | | \ \ , ! ! !
1 1 1 | 1 | X X X \ \ , ! ! !
| 1 1 1 | | , . X \ \ , ! ! !
! ' ' ! ! | 1 I | 1 1 | , , X

| B N |

Rrr( RTT_NOM 3(‘ - . ¢ ! ' 1 -l’ RTT_NOM )

: : : 'tADC._min =~ i : ! ! ! ! m[x:_min:.,’\ i ! :
: : : : ; tADE_max ! ! ! ! ! ! ! :
| ! 1 I 1 | | | , \ ! !
1 1 I I I ] 1 1 1 1 1 1

NOTE 1 This timing diagram shows CA Parity Latency mode is “Disable” case.

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

* DLL control for precharge power down
* Additive latency and CAS read latency
* DLL enable and disable

* CAS write latency

* CA Parity mode

* Gear Down mode

* RTT_NOM
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Mode Register

MRO
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] | MR Select BGO | BAL | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCw!
A[17] RFU 0 = must be programmed to 0 during MRS
A[13)°, A[11:9] | WR and RTP?*3 See table: Write Recovery and Read to Precharge
A[8] DLL Reset 0=No
1=Yes
Al7] ™ 0 = Normal
1=Test
A[12, 6:4, 2] CAS Latency* See Table: CAS Latency
A[3] Read Burst Type 0 = Sequential
1 = Interleave
A[1:0] Burst Length 00 = 8 (Fixed) Abbreviated BL8
01 = BC4 or 8 (on the fly) Abbreviated BCAOTF or BL8OTF
10 = BC4 (Fixed) Abbreviated BC4
11 = Reserved

NOTE 1 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, DRAM operation is not defined.

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

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

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

NOTE 5 A13 for WR and RTP setting is optional for 4Gb.
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Write Recovery and Read to Precharge (cycles)

Al13 | A1l | A10 | A9 | WR | RTP

0 0 0 0 10 5

0 0 0 1 12 6

0 0 1 0 14 7

0 0 1 1 16 8

0 1 0 0 18 9

0 1 0 1 20 10

0 1 1 0 24 12

0 1 1 1 22 11

1 0 0 0 26 13

1 0 0 1 RFU | RFU

1 0 1 0 RFU | RFU

1 0 1 1 RFU | RFU

1 1 0 0 RFU | RFU

1 1 0 1 RFU | RFU

1 1 1 0 RFU | RFU

1 1 1 1 RFU | RFU
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CAS Latency

A12 A6 A5 A4 A2 CAS Latency

0 0 0 0 0 9
0 0 0 0 1 10
0 0 0 1 0 1
0 0 0 1 1 12
0 0 1 0 0 13
0 0 1 0 1 14
0 0 1 1 0 15
0 0 1 1 1 16
0 1 0 0 0 18
0 1 0 0 1 20
0 1 0 1 0 22
0 1 0 1 1 24
0 1 1 0 0 23
0 1 1 0 1 17
0 1 1 1 0 19
0 1 1 1 1 21
1 0 0 0 0 25
1 0 0 0 1 26
1 0 0 1 0 Reserved
1 0 0 1 1 28
1 0 1 0 0 Reserved
1 0 1 0 1 30
1 0 1 1 0 Reserved
1 0 1 1 1 32
1 1 0 0 0 Reserved
Version 1.6 21 Nanya Technology Corporation©
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MR1
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] | MR Select BGO | BAL | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MRS

A[13], A[6:5]

Rx CTLE control*

000 = Vendor Optimized Setting (default)
001 = Vendor defined
010 = Vendor defined
011 = Vendor defined
100 = Vendor defined
101 = Vendor defined
110 = Vendor defined
111 = Vendor defined

A[12] Qoff! 0 = Output buffer enable
1 = Output buffer disable
A[11] TDQS enable 0 = Disable
1 =Enable
A[10:8] RTT_NOM See Table: RTT_NOM
A[7] Write Leveling Enable 0 = Disable
1 =Enable
A[4:3] Additive Latency 00 =0 (AL disabled)
01=CL-1
10 =CL-2
11 = Reserved
A[2:1] Output Driver Impedance Control | See Table: Output Driver Impedance Control
A[0] DLL Enable 0 = Disable?
1 = Enable

NOTE 1 Outputs disabled - DQs, DQSs, DQSs.
NOTE 2 States reversed to “0 as Disable” with respect to DDR4.
NOTE 3 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When

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

NOTE 4 For this function, please confirm with NTC.
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NANUANA
RTT_NOM
A10 | A9 A8 RTT_NOM
0 0| o Disabled
0 0o | 1 RZQ/4 (60 Q)
0 1 0 RZQ/2 (120 Q)
0 1 1 RZQ/6 (40 Q)
1 0| o RZQ/1 (240 Q)
1 0 | 1 RZQ/5 (48 Q)
1 1 0 RZQ/3 (80 Q)
1 1 1 RZQ/7 (34 Q)

Output Driver Impedance Control

A2 A1 ODI
0 0 RZQ/7(34 ohm)
0 1 RZQ/5(48 ohm)
1 0 RFU
1 1 RFU
Version 1.6
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MR2
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MRS5
1 1 0 MR6
1 1 1 RCW!
A[17] RFU 0 = must be programmed to 0 during MRS
A[13] RFU 0 = must be programmed to 0 during MRS
A[12] Write_CRC 0 = Disable
1 =Enable
A[11:9] RTT_WR See Table: RTT_WR
A[8] RFU 0 = must be programmed to 0 during MRS
A[7:6] Low Power Auto Self Refresh 00 = Manual Mode (Normal Operating Temperature Range)
(LPASR) 01 = Manual Mode (Reduced Operating Temperature Range)
10 = Manual Mode (Extended Operating Temperature Range)
11 = ASR Mode (Auto Self Refresh)
A[5:3] CAS Write Latency(CWL) See Table: CWL (CAS Write Latency)
A[2:0] RFU 0 = must be programmed to 0 during MRS

NOTE 1 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, DRAM operation is not defined.
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RTT_WR
A11 | A10 A9 RTT_WR

0 0 0 Dynamic ODT off
0 0 1 RzQ/2

0 1 0 RzQ/1

0 1 1 Hi-Z

1 0 0 RzQ/3

1 0 1 RFU

1 1 0 RFU

1 1 1 RFU

CAS Write Latency (CWL)

Speed Grade in MT/s
A5 | A4 | A3 |[CWL 1 tCK tWPRE 2 tCK tWPRE!'
1st Set 2nd Set 1st Set 2nd Set
0 0 0 9 1600 - o -
0 0 1 10 1866 - o -
0 1 0 11 2133 1600 - -
0 1 1 12 2400 1866 - -
1 0 0 14 2666 2133 2400 -
1 0 1 16 2933/3200 2400 2666 2400
1 1 0 18 - 2666 2933/3200 2666
1 1 1 20 - 2933/3200 - 2933/3200

NOTE 1 The 2 tCK Write Preamble is valid for DDR4-2400/2666/2933/3200 Speed Grade. For the 2nd Set of 2 tCK Write Preamble, no
additional CWL is needed.
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MR3
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MRS5
1 1 0 MR6
1 1 1 RCW!
A[17] RFU 0 = must be programmed to 0 during MRS
A[13] RFU 0 = must be programmed to 0 during MRS
A[12:11] MPR Read Format 00 = Serial
01 = Parallel
10 = Staggered
11 = Reserved
A[10:9] Write CMD Latency See Table:
when CRC and DM are enabled Write Command Latency when CRC and DM are both enabled
A[8:6] Fine Granularity Refresh Mode See Table: Fine Granularity Refresh Mode
A[5] Temperature sensor readout? 0 = Disable
1 =Enable
A[4] Per DRAM Addressability 0 = Disable
1 =Enable
A[3] Geardown Mode 0=1/2 Rate
1=1/4 Rate
A[2] MPR Operation 0 =Normal
1 = Dataflow from/to MPR
A[1:0] MPR Page Selection 00 = Page0
01 = Pagel
10 = Page2
11 =Page3

See Table: MPR Data Format

NOTE 1 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, DRAM operation is not defined.
NOTE 2 Please confirm with NTC.
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Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh Mode

0 0 0 Normal (Fixed 1x)

0 0 1 Fixed 2x

0 1 0 Fixed 4x

0 1 1 RFU

1 0 0 RFU

1 0 1 Enable On-the-fly 1x/2x
1 1 0 Enable On-the-fly 1x/4x
1 1 1 RFU

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

A10 | A9 | CRC+DM Write CMD Latency Operating Data Rate
0 0 4nCK 1600
0 1 5nCK 1866/2133/2400/2666
1 0 6nCK 2933/3200
1 1 RFU RFU

NOTE 1 Write Command latency when CRC and DM are both enabled

NOTE 2 At less than or equal to 1600 then 4nCK; neither 5nCK nor 6nCK

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

MR3

MPR

Page
A[1:0]

00
Page O

01
Page 1

10
Page 2

11
Page 3

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6
NOTE 7
NOTE 8

Version 1.6
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Purpose

Training
Patterns

C/A Parity
Error Log

MRS
Readout

Vendor
use only’

MPR
Location
BA[1:0]

00 = MPRO
01 =MPR1
10 = MPR2
11=MPR3
00 = MPRO
01 =MPR1
10 = MPR2

11 = MPR3

00 = MPRO

01 =MPR1

10 = MPR2

11 =MPR3

00 = MPRO
01 =MPR1
10 = MPR2
11 = MPR3

7 6
uio uil
0 1
0 0
0 0
0 0
A7 A6
CAS/A15 WE/A14
PAR ACT
CRC Error CA Parity
Status il
Status
hPPR sPPR
Vref DQ
range
MR6
A6 A5
A6 A5
Rrr_NOM
MR1
A10 A9

MPR Bit Write Location [7:0]

MPRXx using A7:A0 that A7 is mapped to location [7] and AO is mapped to location [0].
Training pattern be defined by MPRO-MPR3 which are default value of Page 0 read and write
MPR used for C/A parity error log readout is enabled by setting A[2] in MR3
For higher density of DRAM, where A [17] is not used, MPR2[1] should be treated as don’t care.
If a device is used in monolithic application, where C [2:0] are not used, then MPR3[2:0] should be treated as don’t care.
MPR3 bit 0~2 (CA parity latency) reflects the latest programmed CA parity latency values.
MPR page3 is specifically assigned to DRAM. Actual encoding method is vendor specific.
Please confirm with NTC.
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5 4 3 2 1
Read Burst Order (serial mode) Note
ui2 ui3 uvia uls uie ui7
0 1 0 1 0 1
1 1 0 0 1 1
0 0 1 1 1 1 L2
0 0 0 0 0 0
A5 A4 A3 A2 Al AO
Al13 Al12 All A10 A9 A8
BG1 BGO BA1l BAO A17° RAS/A16
CA Parity Latency® 45,0
MR5 MR5 MRS5S - - -
A2 Al AO
RILWR o siatus® enable R-WR
MR2 MR2 MR2
e Refer to next table A2 AL0 A9
Vref DQ training Value GeE?];dt:levn
MR6 MR3
A4 A3 A2 Al AO A3
CAS Latency CAS Write Latency
MRO MR2
A4 A2 Al12 A5 A4 A3
Rrr_PARK Driver Impedance
MR5 MR1
A6 A8 A7 A6 A2 Al
Don't care
Don't care 2
Don't care
Don't care

Nanya Technology Corporation©
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Temperature Sensor Status

MPRO MPRO

bit Ad bit A3 Refresh Rate Range MR3I[5]
0 0 Sub 1x refresh (>tREFI) MR3 bit A5=1 (Temperature sensor readout = Enabled)
DRAM updates the temperature sensor status to MPR Page 2 (MPRO
_ bits A [4:3]). Temperature data is guaranteed by the DRAM to be no
0 1 1x refresh rate (= tREFI
x refresh rate ( ) more than 32ms old at the time of MPR Read of the Temperature
Sensor Status bits.
1 0 2x refresh rate (1/2 x tREFI) . i
MR3 bit A5=0 (Temperature sensor readout = Disabled)
DRAM disables updates to the temperature sensor status in MPR Page
1 1 RFU 2(MPRO-bit A[4:3])
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MR4
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MRS
A[13] hPPR 0 = Disable
1 =Enable
A[12] Write Preamble 0=1nCK
1=2nCK
A[11] Read Preamble 0=1nCK
1=2nCK
A[10] Read Preamble Taring Mode 0 = Disable
1 =Enable
A[9] Self Refresh Abort 0 = Disable
1 =Enable
A[8:6] CS to CMD/ADDR Latency Mode See Table: CS to CMD/ADDR Latency Mode Setting
(Cycles)
A[5] sPPR 0 = Disable
1 = Enable
A[4] Internal Vref Monitor 0 = Disable
1 = Enable
A[3] Temperature Controlled Refresh | 0 = Disable
Mode 1 =Enable
A[2] Temperature Controlled Refresh | 0 = Normal
Range 1 = Extended
Al1] Maximum Power Down Mode 0 = Disable
1 =Enable
A[0] RFU 0 = must be programmed to 0 during MRS

NOTE 1 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, DRAM operation is not defined.
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CS to CMD / ADDR Latency Mode Setting

A8 | A7 | A6 CAL

0 0 0 Disabled

0 0 1 3

0 1 0 4

0 1 1 5

1 0 0 6

1 0 1 8

1 1 0 Reserved

1 1 1 Reserved
Version 1.6
06/2026
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MR5
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MRS
A[13] RFU 0 = must be programmed to 0 during MRS
A[12] Read DBI 0 = Disable
1 =Enable
A[11] Write DBI 0 = Disable
1 =Enable
A[10] Data Mask 0 = Disable
1 =Enable
A[9] CA Parity Persistent Error 0 = Disable
1 =Enable
A[8:6] RTT_PARK See Table: RTT_PARK
A[5] ODT Input Buffer during 0 = ODT input buffer is activated
Power Down Mode 1 = ODT input buffer is deactivated
A[4] C/A Parity Error Status 0 = Clear
1 =Error
A[3] CRC Error Clear 0 =Clear
1 =Error
A[2:0] C/A Parity Latency Mode See Table: C/A Parity Latency Mode

NOTE 1 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, DRAM operation is not defined.
NOTE 2 When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.
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RTT_PARK

A8 A7 A6 RTT_PARK

0 0 0 RTT_PARK Disabled
0 0 1 RZQ/4

0 1 0 RZQ/2

0 1 1 RZQ/6

1 0 0 RZQ/1

1 0 1 RZQ/5

1 1 0 RZQ/3

1 1 1 RzQ/7

C/A Parity Latency Mode

A2 A1 A0 CA Parity Latency Speed Bin
0 0 0 Disabled
0 0 1 4 1600/1866/2133
0 1 0 5 2400/2666
0 1 1 6 2933/3200
1 0 0 8 RFU
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

NOTE 1 Parity latency must be programmed according to timing parameters by speed grade table.
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MR6

Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[O], BA[1:0] | MR Select 8GO | BAL | BAO | MR Select

0 0 0 MRO

0 0 1 MR1

0 1 0 MR2

0 1 1 MR3

1 0 0 MR4

1 0 1 MR5

1 1 0 MR6

1 1 1 RCW!
A[17] RFU 0 = must be programmed to 0 during MRS
A[13] RFU 0 = must be programmed to 0 during MRS
A[12:10] tCCD_L See Table: tCCD_L & tDLLK
A[9:8] RFU 0 = must be programmed to 0 during MRS
Al7] VrefDQ Training Enable 0 = Disable (Normal Operation Mode)

1 = Enable(Training Mode)
Al6] VrefDQ Training Range 0=Range 1
1 =Range 2

A[5:0] VrefDQ Training Value See Table: VrefDQ Training Values

NOTE 1 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond.
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tCCD_L & tDLLK

A12  A11 | A10 tCCD_L.min(nCK) tDLLK.min(nCK) Note
0 0 0 4 Data rate < 1333Mbps
597 1333Mbps < Data rate < 1866Mbps
0 0 1 5
(1600/1866Mbps)
1866Mbps < Data rate < 2400Mbps
0 1 0 6 768
(2133/2400Mbps)
2400Mbps < Data rate < 2666Mbps
0 1 1 7
(2666 Mbps)
1024
2666Mbps < Data rate < 3200Mbps
1 0 0 8
(2933/3200 Mbps)
1 0 1 -
1 1 0 Reserved - -
1 1 1 -

NOTE 1 tCCD_L/DLLK should be programmed according to the value defined in AC parameter table per operating frequency.

VrefDQ Training Values

Range 1 | Range 2
MR6 MR6
A6=0 A6=1

Range 1 | Range 2
MR6 MR6
A6=0 A6=1

Range 1 | Range 2 MR6 Range 1 | Range 2
MR6 MR6 [5:0] MR6 MR6
A6=0 A6=1 : A6=0 A6=1

MR6
[5:0]

MR6
[5:0]

MR6
[5:0]

000000 | 60.00% | 45.00% | 001101 68.45% | 53.45% | 011010 | 76.90% | 61.90% 100111 85.35% | 70.35%

000001 60.65% | 45.65% | 001110 | 69.10% | 54.10% | 011011 77.55% | 62.55% 101000 | 86.00% | 71.00%

000010 | 61.30% | 46.30% | 001111 69.75% | 54.75% | 011100 | 78.20% | 63.20% 101001 86.65% | 71.65%

000011 61.95% | 46.95% | 010000 | 70.40% | 55.40% | 011101 78.85% | 63.85% 101010 | 87.30% | 72.30%

000100 | 62.60% | 47.60% | 010001 | 71.05% | 56.05% | 011110 | 79.50% | 64.50% | 101011 87.95% | 72.95%

000101 | 63.25% | 48.25% | 010010 | 71.70% | 56.70% | 011111 | 80.15% | 65.15% | 101100 | 88.60% | 73.60%

000110 | 63.90% | 48.90% | 010011 | 72.35% | 57.35% | 100000 | 80.80% | 65.80% | 101101 89.25% | 74.25%

000111 | 64.55% | 49.55% | 010100 | 73.00% | 58.00% | 100001 | 81.45% | 66.45% | 101110 | 89.90% | 74.90%

001000 | 65.20% | 50.20% | 010101 | 73.65% | 58.65% | 100010 | 82.10% | 67.10% | 101111 90.55% | 75.55%

001001 | 65.85% | 50.85% | 010110 | 74.30% | 59.30% | 100011 | 82.75% | 67.75% | 110000 | 91.20% | 76.20%

001010 | 66.50% | 51.50% | 010111 74.95% | 59.95% | 100100 | 83.40% | 68.40% 110001 91.85% | 76.85%

001011 67.15% | 52.15% | 011000 | 75.60% | 60.60% | 100101 84.05% | 69.05% 110010 | 92.50% | 77.50%

110011

001100 | 67.80% | 52.80% | 011001 76.25% | 61.25% | 100110 | 84.70% | 69.70% to Reserved | Reserved
111111
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MR7 DRAM: Ignore

The DDR4 SDRAM shall ignore any access to MR7 for all DDR4 SDRAM. Any bit setting within MR7 may not take any
effect in the DDR4 SDRAM.
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DDR4 SDRAM Command Description and Operation
Command Truth Table

Note 1,2,3 and 4 apply to the entire Command truth table.
Note 5 applies to all Read/Write commands.

BG = Bank Group Address; BA = Bank Address; RA =Row Address; CA = Column Address;BC = Burst Chop;
X =Don’'t Care; V =ValidHor L

Symbol

MRS
REF
SRE

SRX

PRE
PREA
RFU
ACT
WR
WRS4
WRS8
WRA
WRAS4
WRASS8
RD
RDS4
RDS8
RDA
RDAS4
RDAS8
NOP
DES
PDE
PDX
ZQCL
ZQCS

NOTE 1

NOTE 2

NOTE 3

NOTE 4
NOTE 5
NOTE 6
NOTE 7
NOTE 8
NOTE 9
NOTE 10

NOTE 11
NOTE 12

Version 1
06/2026

CKE ___ ___ RAS CAS WE
Function Prov.|pres.| > |1C! o0 e e [|1.=,:c;] [?3] 5 [1;,\11] e [91:\01 Notes
Mode Register Set H H L H L L L BG BA OP code 12
REFRESH H H L H L L H \% \Y \% \Y \Y \Y
Self Refresh Entry H L L | H L L H \Y \Y \% \Y \Y Y 7,9
H @ X X X X X X X X X X
Self Refresh Exit L H 7,8,9,10
L H H H H \% \Y \% \Y \Y \Y

Single-Bank Precharge H H L H L H L BG BA \% \Y L \%
Precharge All Banks H H L H L H L \ \ \Y \ H \%
Reserved For Future Use H H L H L H H RFU
Bank Active H H L ' L |RowAddress(RA) BG BA Row Address (RA)

Fixed BL8 or BC4 H H L | H H L L BG BA \Y \ L | CA
WRITE  |BC4,0n the fly H H L H H L L BG BA L \Y L | CA

BL8,on the fly H H L | H H L L BG BA H \ L | CA
WRITE |Fixed BL8 or BC4 H H L H H L L BG BA \Y \Y H | CA
with auto |BC4,on the fly H H L H H L L BG BA L \Y H | CA
precharge BL8,on the fly H H L H H L L BG BA H \ H | CA

Fixed BL8 or BC4 H H L | H H L H BG BA \Y \ L | CA
READ BC4,0n the fly H H L H H L H BG BA L \Y L | CA

BL8,on the fly H H L | H H L H BG BA H \ L | CA
READ FixedBL8orBC4 'H | H 'L H H L H BG | BA 'V v H CA
with auto |BC4,on the fly H H L H H L H BG BA L \Y H | CA
precharge g| 8 on the fly H H L H H L H BG BA H Vv H | CA
No Operation H H L H H H H \% V \% V V \% 10
Device Deselected H H H X X X X X X X X X X
Power Down Entry H L H | X X X X X X X X X X 6
Power Down Exit L H H X X X X X X X X X X 6
ZQ Calibration Long H H L H H H L \% \Y \% \Y H \Y
ZQ Calibration Short H H L H H H L \Y, Y \% Y L Y

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

RESET is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any
function.

Bank Group addresses (BG) and Bank addresses (BA) determine which bank within a bank group to be operated upon. For MRS
commands the BG and BA selects the specific Mode Register location.

“V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic level”.

Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.

The Power Down Mode does not perform any refresh operation.

The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
Controller guarantees self refresh exit to be synchronous.

VPP and VREF(VrefCA) must be maintained during Self Refresh operation.

The No Operation command should be used in cases when the DDR4 SDRAM is in Gear Down Mode and Max Power Saving
Mode Exit

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

During a MRS command A17 is Reserved for Future Use and is device density and configuration dependent.
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CKE Truth Table

CKE
i Command (N) 3 .
Current State?  Previous Present M Action(N)3 Notes
Cycle! Cycle! RAS, CAS, WE, CS (N)
(N-1) (N)
L L X Maintain power down 14,15
Power Down .
L H DESELECT Power down exit 11,14
L L X Maintain self refresh 15, 16
Self Refresh -
L H DESELECT Self refresh exit 8,12, 16
Bank(s) Active H L DESELECT Active power down entry 11,13, 14
Reading H L DESELECT Power down entry 11, 13, 14,17
Writing H L DESELECT Power down entry 11, 13, 14,17
Precharging H L DESELECT Power down entry 11, 13, 14,17
Refreshing H L DESELECT Precharge power down entry 11
. H L DESELECT Precharge power down entry 11,13, 14, 18
All Banks idle
L REFRESH Self refresh 9,13,18
For more details with all signals See “Command Truth Table”. 10

NOTE1 CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.

NOTE 2 Current state is defined as the state of the DDR4 SDRAM immediately prior to clock edge N.

NOTE3 COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N), ODT is not included
here.

NOTE 4 All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.

NOTE 5 The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.

NOTE6 During any CKE transition (registration of CKE H->L or CKE L->H), the CKE level must be maintained until 1nCK prior to
tCKEmin being satisfied (at which time CKE may transition again).

NOTE 7 DESELECT and NOP are defined in the Command Truth Table.

NOTE 8 On Self-Refresh Exit DESELECT commands must be issued on every clock edge occurring during the tXS period. Read or ODT
commands may be issued only after tXSDLL is satisfied.

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

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

NOTE 11 Valid commands for Power-Down Entry and Exit are DESELECT only.

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

NOTE 13 Self-Refresh cannot be entered during Read or Write operations. For a detailed list of restrictions, see “Self-Refresh Operation”
and “Power-Down Modes”.

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

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

NOTE 16 VPP and VREF(VrefCA) must be maintained during Self-Refresh operation.

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

NOTE 18 ‘Idle state’ is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is high, and all
timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS, etc.) as well as all Self-Refresh exit
and Power-Down Exit parameters are satisfied (tXS, tXP, etc).
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Burst Length, Type, and Order

Accesses within a given burst may be programmed to sequential or interleaved order. The ordering of
accesses within a burst is determined by the burst length, burst type, and the starting column address as
shown in the following: Burst Type and Burst Order table. The burst type is selected via A3 of Mode Register
MRO. The burst length is defined by A0-A1 of Mode Register MRO. Burst length options include fixed BC4, fixed
BL8, and on-the-fly (OTF), which allows BC4 or BL8 to be selected coincident with the registration of a READ
or WRITE command via A12/BC.

Starting Burst Type (Decimal)

Lz:rgstth \I}\IIE:I% :Z::Iur:s: Sequential Interleaved Notes
A2 (Al ([AO (BO (B1|B2|B3|B4|B5|B6|B7 |B0O|(Bl1|B2|B3|B4|B5|B6|B7
olo|o]o|1 Tlo |1 1,2,3
0|0 |1 2 T 0 2 1,2,3
o|1]|0]2]|3 T|T|T|T]|2]|3]|0 T|T|T|T 1,2,3
o1 |13 |o|r|2]T|T|T|T|3|2|2|lof|T|T|T]|T 1,2,3

READ

BCa 1|o|lo|la|s|e|7|T|T|T|T]|a|5|6|7]|T|T|T]|T 1,2,3
1|o|1|5|6|7|a|lT|T|T|T]|5|4|7|6]|T|T|T]|T 1,2,3
1|1 |o|l6|7|a|s5|T|T|T|T]6|7|a|5]|T|T|T]|T 1,2,3
1|1 |1|7|a|s5|e|T|T|T|T]7|6|5|a]T|T|T]|T 1,2,3

WRITE ofvi|iv]of1|2|3]x|x|x|x]Jo|1|2|3]x]|x]|x]x]| 1245
1|vi|iv]a|s|e|7|x|x|x|x]a|s|6|7]x|x]|x]|x]| 1,245
o|lo|o|]o|1|2|3|4|5|6|7|]0|1|2|3|4a|5]|6]|7 2
o|lo|1]|]1|2|3|0o|5|6|7|4a|1|0|3|2|5|a4|7]6 2
o|l1|0|2|3|0|1|6|7|a4a|5|2|3|0|1|6]|7|4]|s-s 2
o|l1|1]|3|0o|1|2|7|a|5|6|3|2|1|0|7]|6]|5]4 2

READ

BL8 1|o|ofJa|5|6|7|0|1|2|3]|]a4a|5|6|7|0]|1]2]3 2
1|o|1]|5|6|7|a|21|2|3|0]5|4a|7|6|1]|0]3]2 2
1 |1|o0o|l6|7|4|5|2|3|0|1]6|7]|a|5|2|3]|]0]1 2
1|1 |1|7|a|5|6|3|0|1|2]7|6|5|a|3|2]1]0 2

WRTE |v |v (| v]|]o|1|2|3|a4|5|6|7]0|1]|2|3|4|5]|6]7 2,4

NOTE 1 In the case of setting burst length to BC4 (fixed) in MRO, the internal WRITE operation starts two clock cycles earlier than for the BL8 mode.
This means that the starting point for tWR and tWTR will be pulled in by two clocks. In the case of setting burst length to on-the-fly in MRO,
the internal WRITE operation starts at the same point in time as a BL8 (even if BC4 was selected during column time using A12/BC.). This
means that if the on-the-fly MRO setting is used, the starting point for tWR and tWTR will not be pulled in by two clocks as described in the
BC4 (fixed) case.

NOTE 2  Bit number (BO...B7) is the value of column address CA [2:0] that causes this bit to be the first READ during a burst.
NOTE 3 T = Output driver for data and strobes are in High-Z.

NOTE 4 V =Valid logic level (0 or 1), but respective buffer input ignores level on input pins.

NOTES5 X=“Don’t Care.”

BL8 Burst order with CRC Enabled

DDR4 SDRAM supports fixed write burst ordering [A2:A1: A0=0:0:0] when write CRC is enabled in BL8 (fixed)
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DLL-off Mode and DLL on/off Switching procedure
DLL On/Off Switching Procedure

DDR4 DLL-off mode is entered by setting MR1 bit A0 to “0”; this will disable the DLL for subsequent operations until the
AO bit is set back to “1”.

DLL On to DLL Off Procedure

To switch from DLL “on” to DLL “off” requires the frequency to be changed during self refresh, as outlined in the

following procedure:

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

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

3. Wait tMOD.

4. Enter Self Refresh mode; wait until (tCKSRE) is satisfied.

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

6. Wait until a stable clock is available for at least (tCKSRX) at DRAM inputs.

7. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until all tMOD timings from
any MRS command are satisfied. In addition, if any ODT features were enabled in the mode registers when self
refresh mode was entered, the ODT signal must continuously be registered LOW until all tMOD timings from any MRS
command are satisfied. If RTT_NOM was disabled in the mode registers when self refresh mode was entered, the

ODT signal is "Don't Care."

8. Wait tXS_FASTor tXS_ABORT or tXS, and then set mode registers with appropriate values (especially an update of CL,
CWL, and WR may be necessary; a ZQCL command can also be issued after tXS_FAST).

*tXS: ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS, RD, RDS4, RDS8, RDA, RDAS4, RDASS8
*tXS_FAST: ZQCL, ZQCS, MRS commands. For MRS commands, only CL and WR/RTP registers in MRO, the CWL

register in MR2, and geardown mode in MR3 are allowed to be accessed provided the device is not in

per-device addressability mode. Access to other device mode registers must satisfy tXS timing.

otXS_ABORT: If the MR4 bit A9 is enabled, then the DRAM aborts any ongoing refresh and does not increment the
refresh counter. The controller can issue a valid command after a delay of tXS_ABORT. Upon exiting
from self refresh, the DDR4 SDRAM requires a minimum of one extra REFRESH command before it is
put back into self refresh mode. This requirement remains the same irrespective of the setting of the
MRS bit for self refresh abort.

9. Wait for tMOD, and then the DRAM is ready for the next command.
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DLL Switch Sequence from DLL On to DLL Off
W_ o \Ta , - \Tbo T T Td __Teo _ _m
CK _ﬂ/\T%\_l\_/ _ R - _ / N\ _ _
us [ tcroeD {CKSRE | 4 [ 7 {CKSRX?
CKE TW ALID
is tCKESR )
o B | B | o | S N
) ‘tXSJfL AST J )
COMMAND ‘_.-;-':_“E,":“g-'"f ;{W SRX® >@ VALID! VALID VALI
[
ADDR e, e, VALID ALID ALID
tXS_ABORT
xs R
Enter Self Refresh Exit Self Refresh |

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6
NOTE 7

Version 1
06/2026

DON’ T CARE SSTIME BREAK

Starting with idle state. RTT in stable.

Disable DLL by setting MR1 bit A0 to “0”.

Enter SR.

Change frequency.

Clock must be stable in tCKSRX.

Exit SR.

Update mode registers allowed with DLL_off parameters setting.
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DLL Off to DLL On Procedure

To switch from DLL off to DLL on (with required frequency change) during self refresh:

1. Starting from the idle state (all banks pre-charged, all timings fulfilled, and DRAM on-die termination resistors
(RTT_NOM) must be in the high impedance state before self refresh mode is entered.)

2. Enter Self Refresh mode; wait until tCKSRE satisfied.

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

4. Wait until a stable clock is available for at least (tCKSRX) at DRAM inputs.

5. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK timing from the
subsequent DLL RESET command is satisfied. In addition, if any ODT features were enabled in the mode registers
when self refresh mode was entered, the ODT signal must continuously be registered LOW until tDLLK timings from
the subsequent DLL RESET command is satisfied. If RTT_NOM was disabled in the mode registers when self refresh

mode was entered, the ODT signal is "Don't Care."
6. Wait tXS or tXS_ABORT, depending on bit A9 in MR4, then set MR1 bit A0 to “1” to enable the DLL.
7. Wait tMRD, then set MRO bit A8 to “1” to start DLL Reset.

8. Wait tMRD, then set mode registers with appropriate values (especially an update of CL, CWL, and WR may be
necessary. After tMOD is satisfied from any proceeding MRS command, a ZQCL command may also be issued during
or after tDLLK.)

9. Wait for tMOD, then DRAM is ready for the next command. (Remember to wait tDLLK after DLL RESET before

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

DLL Switch Sequence from DLL Off to DLL On

Ta Tbo Tb1 Tc Td Te0 Tel T Tg Th
- =\ r = — - - = - - - = -— - =\ Ny
oK —A\ — /\__x_l__ N N N - - _/ A
7 I T
CK tIS | tCPDED tCKSRE 3 l tCKSRX*

tCKESR

a | 25| Vi , AW

oDT | XS_ABORT.

A Msaxslﬁ
A T

COMMAND

ADDR

Enter Self Refresh Exit Self Refresh DON' T CARE %TIME BREAK

NOTE1  Starting with idle state.

NOTE2  EnterSR.

NOTE 3  Change frequency.

NOTE4  Clock must be stable tCKSRX.

NOTE 5 Exit SR.

NOTE 6,7 Set DLL on by setting MR1 A0 = “1”.

NOTE 8  Start DLL reset

NOTE9  Update rest MR register values after tDLLK (not shown in the diagram)
NOTE 10 Ready for valid command after tDLLK (not shown in the diagram)
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DLL-Off Mode

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

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

Due to latency counter and timing restrictions, only one CL value in MRO and CWL in MR2 are supported. The DLL-off
mode is only required to support setting both CL = 10 and CWL = 9.

When DLL-off Mode is enabled, use of CA Parity Mode is not allowed. DLL-off mode will affect the read data clock-to-data
strobe relationship (tDQSCK), but not the data strobe-to-data relationship (tDQSQ, tQH). Special attention is needed to line
up read data to the controller time domain.

Compared with DLL-on mode, where tDQSCK starts from the rising clock edge (AL + CL) cycles after the READ command,
the DLL-off mode tDQSCK starts (AL + CL - 1) cycles after the READ command. Another difference is that tDQSCK may
not be small compared to tCK (it might even be larger than tCK), and the difference between tDQSCK MIN and tDQSCK
MAX is significantly larger than in DLL-on mode. The tDQSCK (DLL_off) values are vendor-specific.

READ operation at DLL-off mode
(CL=10, BL=8, PL=0)

TO T T6 T7 T8 To T10 T T2 T13 T14 T15

CKy'r - =t V- Ve V- Y Ry (Y Vo= e I Ve Ve Ve '
o .
CK Re—_— e -4 A—_— A_— AA— a— A—_— SR A - SR -
CMD ' RD » : : . . . : : . : : : : . ; ; ; : : ; ; ; !
BA ! AN \ A \ \ \ \ \ , \ \ \ \ ) , , , , , , \

\

! ' ! ' ! i i i

DQSdiff DLL_on * . . . . . . . . . . /_\_/_\_/_\_/_\_/_\_/———
' ' ' ' 1 ' i h fl /

' ' ' '
' ' ' v RL=AL+GL=10 (CL=10, AL=0) ' ' ' '

'
'
'
' v CL=10 ' ' ' ' ' ' '

T T T T T T T T

v ' '

R © \eroXearXanzieasKaadXansKareXoar/
1 ! i} i} 1

DQ_DLL_on

! 1 v ' '

'
RL (DLL_diff = AL'+ (CL1) = 9 ' ' '
1 1 1 1 L

' ' 1 ] 1 1 1 1 ' ' '
1 tDQSCK(DLL_off)_min, f ' ' '
' 1 | ' ' ' 1 '
1 ' ' '
T ' ' '
1 T T

1 1
| 1 1 1 1 v
T T

| v

v
v
v

'
'

' '
' ' '

' ' '

' ' '

T ' '

DQSdiff_DLL_off ' T T
' '

T v

1 1
DQ_DLL off I
 DLL . v \eroXoanaazKaasXaaXaasK ansXaar
DQSCKDLL 6 mab '+ v
1 1 1

DQSdiff_DLL_off

1

1 v
1 v
1 v
1 v
1 v
1 v
T T
1 1
1 1
1 1

' '
' '
' '
' ' ' ' ' '
' ' ' ' ' ' '
' T ' T ' ' '
' ' ' ' l_\l_/_:—\l—/li
' T ' T T ' T '
1 1 L L L L L L L
QAOXQA1XQA2XQA3XQA4XQA5XQA6><QA7 !

1
1 1
1 T
1 1
1 1

DQ_DLL_off
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Input Clock Frequency Change

Once the DDR4 SDRAM is initialized, the DDR4 SDRAM requires the clock to be stable during almost all states of normal
operation. This means that after the clock frequency has been set and is to be in the “stable state”, the clock period is not
allowed to deviate except for what is allowed for by the clock jitter and SSC (spread spectrum clocking) specifications. The
input clock frequency can be changed from one stable clock rate to another stable clock rate under self refresh mode.

Outside of self refresh mode, it is illegal to change the clock frequency.

Once the DDR4 SDRAM has been successfully placed in self refresh mode and tCKSRE has been satisfied, the state of
the clock becomes a don’t care. Once a “don’t care”, changing the clock frequency is permissible, provided the new clock
frequency is stable prior to tCKSRX. When entering and exiting self refresh mode for the sole purpose of changing the clock

frequency, the self refresh entry and exit specifications must still be met as outlined in “Self-Refresh Operation”.

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

In particular, the Command Address Parity Latency (PL) must be disabled when the clock rate changes, i.e. while in Self
Refresh Mode. For example, if changing the clock rate from DDR4-2133 to DDR4-2933 with CA Parity Mode enabled,
MR5[2:0] must first change from PL = 4 to PL = disable prior to PL = 6. A correct procedure would be to (1) change PL = 4
to disable via MR5 [2:0], (2) enter Self Refresh Mode, (3) change clock rate from DDR4-2133 to DDR4-2933, (4) exit Self
Refresh Mode, (5) Enable CA Parity Mode setting PL = 6 via MR5 [2:0].

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

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

The DDR4 SDRAM input clock frequency is allowed to change only within the minimum and maximum operating frequency
specified for the particular speed grade. Any frequency change below the minimum operating frequency would require the

use of DLL_on mode to DLL_off mode transition sequence (see DLL On/Off Switching Procedure).

Version 1.6 44 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/Eﬁ\ NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Spread Spectrum Clocking (SSC)

Terms and definitions

fck,min: Minimum frequency supported by the DRAM (for all speed bins, 1/tck(avg),max)

fck,max: Maximum frequency supported by the DRAM (1/tckavg),min)

fssc,nom: Mean frequency of fssc,min and fssc,max

SSC band: If the system modulates the input clock frequency between fsscmin and fssc,max, this frequency band
is referred to as the SSC band

Modulation frequency: Rate at which the frequency is modulated for SSC

example: 20 kHz modulation: Input clock frequency shifts gradually from fssc,min to fssc,max over 25 us (=50
us/2)

SSC Criteria

SSC is allowed only if fssc,min is greater than or equal to fckmin and fssc.max is less than or equal to fckmax. All
input clock specs including, but not limited to, terrnper) Must be met at all times. Allowed modulation frequency is
20 kHz to 60 kHz.

Allowed SSC band

If the DRAM DLL is locked at fsscnom (by issuing a DLL reset and waiting toLk) and then the SSC is later turned
on, the system is allowed an SSC band of fsscnom +/-1 %.

In all other cases, the system is allowed an SSC band of fssc,nom +/-0.5 %.

If the input clock frequency drifts out of this band, the output timings can no longer be guaranteed and DLL

reset must be issued to regain the output timings assuming a different SSC band.

Version 1.6 45 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/gﬁx NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Write Leveling

For better signal integrity, the DDR4 memory module adopted fly-by topology for the commands, addresses, control signals,
and clocks. The fly-by topology has benefits from reducing number of stubs and their length, but it also causes flight time
skew between clock and strobe at every DRAM on the DIMM. This makes it difficult for the Controller to maintain tDQSS,
tDSS, and tDSH specification. Therefore, the DDR4 SDRAM supports a “write-leveling” feature to allow the controller to
compensate for skew. This feature may not be required under some system conditions, provided the host can maintain the
tDQSS, tDSS, and tDSH specifications.

The memory controller can use the write leveling feature and feedback from the DDR4 SDRAM to adjust the DQS - DQS to
CK - CK relationship. The memory controller involved in the leveling must have an adjustable delay setting on DQS - DQS to
align the rising edge of DQS - DQS with that of the clock at the DRAM pin. The DRAM asynchronously feeds back CK - CK,
sampled with the rising edge of DQS - DQS, through the DQ bus. The controller repeatedly delays DQS - DQS until a
transition from 0 to 1 is detected. The DQS -DQS delay established through this exercise would ensure tDQSS
specification. Besides tDQSS, tDSS and tDSH specification also needs to be fulfilled. One way to achieve this is to combine
the actual tDQSS in the application with an appropriate duty cycle and jitter on the DQS - DQS signals. Depending on the
actual tDQSS in the application, the actual values for tDQSL and tDQSH may have to be better than the absolute limits
provided in the “AC Timing Parameters” section in order to satisfy tDSS and tDSH specification. A conceptual timing of this

scheme is shown below.

Write-Leveling Concept

TO T T2 T3 T4 T5 T6 T7

CK == —~
CK

Source

diff_DQS

CK
Destination CK

diff_DQS

Al DQs Oort \ 0 0 0
Push DQS to capture \
0-1 transition

diff_DQS

All DQs Oor1 1 1 1

DQS - DQS driven by the controller during leveling mode must be terminated by the DRAM based on the ranks populated.

Similarly, the DQ bus driven by the DRAM must also be terminated at the controller.

All data bits carry the leveling feedback to the controller across the DRAM configurations x4, x8, and x16. On a x16 device,
both byte lanes should be leveled independently. Therefore, a separate feedback mechanism should be available for each
byte lane. The upper data bits should provide the feedback of the upper diff_ DQS(diff_DQSU)-to-clock relationship; the
lower data bits would indicate the lower diff_DQS(diff DQSL)-to-clock relationship.
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DRAM Setting for Write Leveling and DRAM Termination Function in that Mode

DRAM enters into write leveling mode if A7 in MR1 set “HIGH”, and after finishing leveling, DRAM exits from write leveling

mode if A7 in MR1 is LOW (see the MR leveling table below). Note that in write leveling mode, only DQS/DQS terminations

are activated and deactivated via the ODT pin, unlike normal operation (see DRAM termination table below).

MR Settings for Leveling Procedures

Function MR1 Enable Disable
Write Leveling enable A7 1 0
Data output disable (Qoff) Al12 0 1

DRAM Termination Function in Leveling Mode

ODT Pin at DRAM DQS/DQS Termination DQ Termination
RTT_NOM with ODT HIGH On Off
RTT_PARK with ODT LOW On Off

NOTE 1 In write-leveling mode with its output buffer disabled (MR1[bit A7] = 1 with MR1[bit A12] =1) all RTT_NOM and RTT_PARK settings are
allowed; in write-leveling mode with its output buffer enabled (MR1[bitA7] = 1 with MR1[bitA12] = 0) all RTT_NOM and RTT_PARK settings

are allowed.

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

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

The controller may drive DQS LOW and DQS HIGH after a delay of tWLDQSEN, at which time the DRAM has applied
on-die termination on these signals. After tDQSL and tWLMRD, the controller provides a single DQS, DQS edge which is
used by the DRAM to sample CK - CK driven from the controller. tWLMRD(max) timing is controller dependent.

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

leveling procedure.

DDR4
Parameter Symbol 1600/1866/2133/2400/2666/2933/3200 Units NOTE
Min Max
Write Leveling Output Error tWLOE 0 2 ns
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Timing details of Write leveling sequence (DQS-DQS is capturing CK - CK low at Ta and CK -
CK high at Tb)

Ta Tb

— |-—|u M -t
I\(.\f.\_r J\J—\J AN\
j&<\ E \\m Des D;S\H‘(.;_, DES DES M\\{ b 3E3>O< E}(

1ADC - e e e
r W\ v v w@w
\n Valid \ 1
HNLDGSEM I s 1 nasH® tDasL 1DasH
wsar C [ G W i G N
. WLMRD . I HILO : -..-n.-:;/
Late DOs (1 \\\\ \ \, \ . \L \\ -
o :\ \ \\ : ' tNLO r\\}'sr NLoE §1_:>

e
I:I Don't Care \\_NE BRAKE I:I INVALID

NOTE 1 DDR4 SDRAM drives leveling feedback on all DQs
NOTE 2 MRS : Load MR1 to enter write leveling mode
NOTE 3  DES: Deselect

NOTE 4 diff_DQS is the differential data strobe (DQS-DQS). Timing reference points are the zero crossings. DQS is shown with solid line, DQS is

shown with dotted line
NOTE5 CK/CK: CK is shown with solid dark line, whereas CKis drawn with dotted line.
NOTE 6

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

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

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

Write leveling mode should be exited as follows:

1. After the last rising strobe edge (see T0), stop driving the strobe signals (see Tc0). Note that from this point now on, DQ
pins are in undefined driving mode and will remain undefined, until tMOD after the respective MRS command (Tel).

2. Drive ODT pin LOW (tIS must be satisfied) and continue registering LOW (see ThO0).

3. After the RTT is switched off, disable write-leveling mode via the MRS command (see Tc2).

4. After tMOD is satisfied (Tel), any valid command can be registered. MR commands can be issued after tMRD (Td1).

Timing details of Write leveling exit

ADDRESS

ODT 4y

[ | tADCmin ) ))
e : —
b = | ”
DQS, DQS —
RTT_NOM // //
All DQs

DQs
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Temperature-Controlled Refresh Modes (TCR)

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

MR4.

Temperature range

Grade Normal Temperature Mode Extended Temperature Mode
Commercial grade (0°C ~ 95°C) 0<Tc < 85°C 0<Tc<95°C
Industrial grade (0°C ~ 95°C) -40<Tc < 85°C -40<Tc£95°C

Industrial grade wide range
(-40°C ~ 105°C)

-40<Tc £ 85°C

-40<Tc £105°C

Normal Temperature Mode

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

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

does not need to provide any additional control.

Extended Temperature Mode

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

In the normal temperature range, DDR4 SDRAM adjusts its internal average periodic refresh interval to tREFI of the
normal temperature range by skipping external refresh commands with proper gear ratio. Below 45°C, DDR4 SDRAM
may further adjust internal average periodic refresh interval. Not more than seven eighths of external commands are
skipped at any temperature in this mode. The internal average periodic refresh interval adjustment is automatically

done inside the DRAM and user does not need to provide any additional control.
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Normal tREFI Refresh (TCR Disabled)
Normal Temperature Extended Temperature
Temperature External Refresh Internal Refresh External Refresh Internal Refresh
Period Period Period Period
Tc <45°C
7.8us 7.8us
45<Tc <85°C 3.9us¥ 3.9us®W
85°C<Tc (Not Applicable)

NOTE 1 |If Tcis less than 85°C then the external refresh period can be 7.8us instead of 3.9us.

Normal tREFI Refresh (TCR Enabled)

Normal Temperature Extended Temperature
Temperature External Refresh Internal Refresh External Refresh Internal Refresh
Period Period Period Period
Tc<45°C >7.8us >3.9us
7.8ps
45<Tc <85°C 7.8us 3.9us >3.9us
85°C<Tc (Not Applicable) 3.9us

NOTE1 DRAM might refresh internally at slow refresh rate and will violate refresh specifications.
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Fine Granularity Refresh Mode (FGRM)

Mode Register and Command Truth Table
The REFRESH cycle time (tRFC) and the Average Refresh Interval (tREFI) of DDR4 SDRAM can be programmed by the
MRS command. The appropriate setting in the mode register will set a single set of REFRESH cycle time and average
refresh interval for the DDR4 SDRAM device (fixed mode), or allow the dynamic selection of one of two sets of REFRESH
cycle time and average refresh interval for the DDR4 SDRAM device (on-the-fly mode, OTF). OTF mode must be enabled
by MRS before any OTF REFRESH command can be issued.

MR3 definition for Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh
0 0 0 Normal mode (Fixed 1x)
0 0 1 Fixed 2x
0 1 0 Fixed 4x
0 1 1 Reserved
1 0 0 Reserved
1 0 1 Enable on the fly 1x/2x
1 1 0 Enable on the fly 1x/4x
1 1 1 Reserved

There are two types of OTF modes (1x/2x and 1x/4x modes) that are selectable by programming the appropriate values
into the mode register. When either of the two OTF modes is selected (‘A8=1"), DDR4 SDRAM evaluates the BGO bit
when a REFRESH command is issued, and depending on the status of BGO, it dynamically switches its internal refresh

configuration between 1x/2x or 1x/4x modes, then executes the corresponding REFRESH operation.

REFRESH Command Truth Table (OTF modes)

— A[9:0],
— RAS CAS WE A10/ MR3
REFRESH CS | ACT IA16 IA15 IA14 BG1 BGO | BAO-1 AP A[1A21.;1], A[8:6]
Fixed rate L H L L H \ Vv \Y Vv Vv Ovv
OTF - 1x L H L L H \Y L \" \" \" 1w
OTF - 2x 101
L H L L H \Y H \" \" \"
OTF — 4x 110
Version 1.6 53 Nanya Technology Corporation©

06/2026 All Rights Reserved.



@ NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

tREFI and tRFC Parameters

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

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

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

mode is enabled, both REF1x and REF4x commands are permitted.

tREFI and tRFC Parameters

At Parameter 8Gb Unit
Mode
tREFI (base) 7.8 us
TCASE < 85°C tREFI(base) us
tREFI1
1X mode TCASE < 95°C tREFI(base)/2 us
tRFC1 (min) 350 ns
TCASE < 85°C tREFI(base)/2 us
tREFI2
2X mode 85°C < TCASE < 95°C tREFI(base)/4 us
tRFC2 (min) 260 ns
TCASE < 85°C tREFI(base)/4 us
tREFI4
4X mode 85°C < TCASE < 95°C tREFI(base)/8 us
tRFC4 (min) 160 ns
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Changing Refresh Rate

If the refresh rate is changed by either MRS or OTF, new tREFI and tRFC parameters will be applied from the moment of
the rate change. When the REF1x command is issued to the DRAM, then tREF1 and tRFC1 are applied from the time that
the command was issued. And then, when REF2x command is issued, then tREF2 and tRFC2 should be satisfied. As

shown in below.

On-the-fly REFRESH Command Timing

tRFC1(min) tRFC2(min)

tREFI1 tREFI2

The following conditions must be satisfied before the refresh rate can be changed. Otherwise, data retention of DDR4

SDRAM cannot be guaranteed.

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

* In the OTF1x/2x refresh rate mode, an even number of REF2x commands must be issued between any two REF1x
commands.

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

* In the OTF1x/4x refresh rate mode, a multiple-of-four number of REF4x commands must be issued between any two
REF1x commands.

There are no special restrictions for the fixed 1x refresh rate mode. Switching between fixed and OTF modes keeping

the same rate is not regarded as a refresh rate change.

Usage with Temperature Controlled Refresh Mode
If the temperature controlled refresh mode is enabled, then only the normal mode (fixed 1x mode, MR3 A[8:6] = 000) is
allowed. If any other refresh mode than the normal mode is selected, then the temperature controlled refresh mode

must be disabled.
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Self Refresh Entry and Exit

DDR4 SDRAM can enter self refresh mode anytime in 1x, 2x, and 4x mode without any restriction on the number of
REFRESH commands that have been issued during the mode before the self refresh entry. However, upon self refresh

exit, extra REFRESH command(s) may be required, depending on the condition of the self refresh entry.

The conditions and requirements for the extra REFRESH command(s) are defined as follows:

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

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

* In the fixed 4x refresh rate mode or the enable-OTF 1x/4x refresh rate mode, it is recommended that there should
be a multiple-of-four number of REF4x commands before entry into self refresh since the last self refresh exit or
REF1x command or MRS command that set the refresh mode. If this condition is met, no additional refresh
commands are required upon self refresh exit. In the case that this condition is not met, either one extra REF1x
command or four extra REF4x commands are required to be issued to the DDR4 SDRAM upon self refresh exit.

These extra REFRESH commands are not counted toward the computation of the average refresh interval (tREFI).
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Multipurpose Register (MPR)

The multipurpose register (MPR) function, MPR Access Mode, is used to write/read specialized data to/from the DRAM.
The MPR consists of four logical Pages, MPR Page 0 through MPR Page 3, with each Page having four 8-bit registers,
MPRO through MPR3.

MPR mode enable and Page selection is done with MRS commands. Data Bus Inversion (DBI) is not allowed during MPR
Read operation. Prior to issuing the MRS command, all banks must be in the idle state (all banks precharged and tRP

met). After MPR is enabled, any subsequent RD or RDA commands will be redirected to a specific mode register.

Once the MPR Access Mode is enabled (MR3 A [2] = 1), only the following commands are allowed: MRS, RD, RDA WR,
WRA, DES, REF and Reset; RDA/WRA have the same functionality as RD/WR which means the auto precharge part of
RDA/WRA is ignored. The mode register location is specified with the READ command using address bits. The MR is split
into upper and lower halves to align with a burst length limitation of 8. Power Down mode and Self-Refresh command

are not allowed during MPR enable Mode.

No other command can be issued within tRFC after a REF command has been issued. 1x Refresh is only allowed when

MPR mode is Enable. While in MPR Access Mode, MPR read or write sequences must be completed prior to a refresh

command.
MPR Enable
Allow Not Allow
1. MPR Read with BL8 or BC4 (A [2:0] = 000 or 100) 1. BLOTF
2. MRS, RD, RDA WR, WRA, DESELECT, REFRESH and 2. Data Bus Inversion (DBI)
Reset 3. Power Down mode and Self-Refresh

MPR Block Diagram

Memory core
(all banks precharged)

N _ _
{d} 4 Multi-purpose registers (Pages)
- each with four B-bit registers:
W MR3P]=1 Data Pattemns (RDIWR)
: Eror Log (RD)
Mode Registers (RD)

DRAM Manufacture Only (RD)

DQ,s DM_n/DBI_n, DQS5_t, DAS _c
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MR3 definition

MPR Read Format MPR Operation MPR Page Selection MPR Location
MR3[12:11] MR3[2] MR3[1:0] MPR BA[1:0]
| | | |
MR3 | MPR Read MR3 . MR3 | MPR Page MPR MPR
MPR Operation . q
A12 A11| Format A2 Al | AO | Selection BA1 BAO Location
0 0 Serial 0 Normal Operation 0 0 Page 0 0 0 MPRO
0 1 Parallel 1 Data flow from/to MPR 0 1 Page 1 0 1 MPR1
1 0 | Staggered 1 0 Page 2 1 0 MPR2
1 1 RFU 1 1 Page 3 1 1 MPR3
MPR pages

After power-up, the content of MPR page 0 has the default values, defined in the MPR Data Format table. MPR page 0
can be rewritten via an MPR WRITE command. The DRAM maintains the default values unless it is re-written by the
DRAM controller. If DRAM’s controller does overwrite the default values (Page 0 only), the device will maintain the new
values unless re-initialized or power loss. Refer to “MRP data format “table in previous section for MPR Page setting.

MPR Page 0 Page 1 Page 2 Page 3
Definition WRITE and READ system patterns used for Readout of the error frame when the Readout of the contents of the REU
data bus calibration C/A parity is enabled MRn registers

* Clock to address phase training.

Can be * DRAM controller receiver training. * RAS (reliability, accessibility and

used for + DRAM controller DQS to DQ phase training. . serviceability) Support: Logging of C/A
parity and CRC error information

* Mode Register Confirmation.  N/A.

Readout . . . .
serial, parallel, or staggered serial serial serial

format
Default value for MPRO @ Page0 = 01010101
Default value for MPR1 @ Page0 = 00110011
Default value for MPR2 @ Page0 = 00001111
Default value for MPR3 @ Page0 = 00000000

DRAM Address to MPR Ul 8-bit Registers Translation

MPR Location [7] [6] [5] [4] [3] [2] [1] [0]
DRAM Address A7 A6 AS A4 A3 A2 Al A0
MPR UI ulo Uil Ul2 ui3 uvi4 uUI5 ule ui7

Bit Number of MPR Definition

MPR Page MPR Location Address Bit
128 bits = (Page0 to Page3) X (MPRO to MPR3) X MPR burst bit
(MR3 A[1:0]) (MPR BA[1:0]) (BL8)
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MPR Readout Serial Format

Serial format implies that the same pattern is returned on all DQ lanes.

MPR Readout Parallel Format
Parallel format implies that the MPR data is returned in the first data Ul and then repeated in the remaining Uls of the
burst as shown in the MPR Readout Parallel Format table. Data pattern location O is the only location used for the

parallel format. RD/RDA from data pattern locations 1, 2, and 3 are not allowed with parallel data return mode.

Example: The pattern programmed in the data pattern location 0is 0111 1111. The x4 configuration only outputs the

first four bits (0111 in this example). For the x16 configuration, the same pattern is repeated on both the upper and

lower bytes.
Serial Parallel

X4 Device X4 Device
Serial UIO UI1 UI2 UI3 UI4 UI5 UI6 UI7 Parallel UI0 UI1 UI2 UI3 UI4 UI5 Ul6 UI7
pab o 1 1 1 1 1 1 1 DQO o 0o 0 0 o o o o
pQl o 1 1 1 1 1 1 1 DQ1 1 1 1 1 1 1 1 1
D2 o0 1 1 1 1 1 1 1 DQ2 1 1 1 1 1 1 1 1
b3 o0 1 1 1 1 1 1 1 DQ3 1 1 1 1 1 1 1 1
X8 Device X8 Device
Serial UIO UI1 UI2 UI3 UI4 UI5 Ul6 UI7 Parallel UIO UI1 UI2 UI3 UI4 UI5 Ul6 UI7
pab o 1 1 1 1 1 1 1 b0 0 0 0 O O O 0 O
pQl o 1 1 1 1 1 1 1 DQ1 11 1 1 1 1 1 1
pDQ2 0 1 1 1 1 1 1 1 DQ2 1 1 1 1 1 1 1 1
pQ3 o 1 1 1 1 1 1 1 DQ3 1 1 1 1 1 1 1 1
b4 o 1 1 1 1 1 1 1 DQ4 11 1 1 1 1 1 1
D5 0 1 1 1 1 1 1 1 D5 1 1 1 1 1 1 1 1
D6 0 1 1 1 1 1 1 1 DQ6 1 1 1 1 1 1 1 1
pbQq7 o 1 1 1 1 1 1 1 DQ7 11 1 1 1 1 1 1
X16 Device X16 Device
Serial UIO UI1 UI2 UI3 UI4 UI5 Ul6 UI7 Parallel UIO UI1 UI2 UI3 UI4 UI5 Ul6 UI7
pab o 1 1 1 1 1 1 1 DQO 0O 0 0 0 0o O o0 o
pQl o 1 1 1 1 1 1 1 DQ1 11 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1 D2 1 1 1 1 1 1 1 1
p@3 o0 1 1 1 1 1 1 1 DQ3 1 1 1 1 1 1 1 1
b4 o 1 1 1 1 1 1 1 DQ4 11 1 1 1 1 1 1
DQ5 0 1 1 1 1 1 1 1 DQ5 11 1 1 1 1 1 1
D6 0 1 1 1 1 1 1 1 DQ6 1 1 1 1 1 1 1 1
pbQq7 o 1 1 1 1 1 1 1 DQ7 1 1 1 1 1 1 1 1
p@8 o 1 1 1 1 1 1 1 bG8 0 0 0 0 0O O 0 O
b o0 1 1 1 1 1 1 1 DQS 1 1 1 1 1 1 1 1
pbQ<o o 1 1 1 1 1 1 1 pQi<o 1 1 1 1 1 1 1 1
pQl11 o 1 1 1 1 1 1 1 pQ11 1 1 1 1 1 1 1 1
pDQ12 0 1 1 1 1 1 1 1 pQ12 1 1 1 1 1 1 1 1
pbQ13 o 1 1 1 1 1 1 1 pQ13 1 1 1 1 1 1 1 1
pbQ14 o 1 1 1 1 1 1 1 pQ14 1 1 1 1 1 1 1 1
pbQl1s o 1 1 1 1 1 1 1 pbQi15 1 1 1 1 1 1 1 1
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MPR Readout Staggered Format

The third mode of data return is the staggering of the MPR data across the lanes. In this mode, a read command is
issued to a specific MPR and then the data is returned on the DQ from different MPR registers. Read from MPR pagel,
MPR page2, and MPR page3 are not allowed with staggered data return mode.

For a x4 device, a read command to MPROwill result in data from MPRO being driven on DQO, data from MPR1 drived
on DQ1, data from MPR2 drived on DQ2, data from MPR3 drived on DQ3.

Issuing a read command to MPR1 will result in data from MPR1 being driven on DQQ, data from MPR2 on DQ1 and so

forth. Reads from MPR2 and MPR3 are also shown below. as shown below.

MPR Readout Staggered Format, x4

Read MPRO command | Read MPR1 command | Read MPR2 command | Read MPR3 command
(BA[1:0]='00') (BA[1:0]='01") (BA[1:0]="10") (BA[1:0]="11")
Stagger ulo-7 Stagger ulo-7 Stagger ulo-7 Stagger ulo-7
DQO MPRO DQO MPR1 DQO MPR2 DQO MPR3
DQ1 MPR1 DQ1 MPR2 DQ1 MPR3 DQ1 MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO DQ2 MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 D@3 MPR2

It is expected that the DRAM can respond to back to back RD/RDA commands to the MPR for all DDR4 frequencies so
that a stream as follows can be created on the data bus with no bubbles or clocks between read data. In this case
system memory controller issues a consecutive sequence command of RD(MPRO), RD(MPR1), RD(MPR2), RD(MPR3),
RD(MPRO), RD(MPR1), RD(MPR2), and RD(MPR3).

MPR Readout Staggered Format, x4 — Consecutive READs

Stagger ulo-7 Ul 8-15 | Ul 16-23 | Ul 24-31 | Ul 32-39 | Ul 40-47 | Ul 48-55 | Ul 56-63
DQO MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3
DQ1 MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO
DQ2 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1
DQ3 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2

For the x8 configuration, the same pattern is repeated on the lower nibble as on the upper nibble. READs to other MPR

data pattern locations follow the same format as the x4 case.

MPR Readout Staggered Format, x8 and x16

X8 X16
Stagger ulo-7 Stagger ulo-7 Stagger ulo-7
DQO MPRO DQO MPRO DQ8 MPRO
DQ1 MPR1 DQ1 MPR1 DQ9 MPR1
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2
DQ3 MPR3 DQ3 MPR3 DQ11 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO
DQ5 MPR1 DQ5 MPR1 DQ13 MPR1
DQ6 MPR2 DQ6 MPR2 DQ14 MPR2
DQ7 MPR3 DQ7 MPR3 DQ15 MPR3
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MPR Reads

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

The DRAM is required to drive associated strobes with the read data similar to normal operation (such as using MRS
preamble settings). Timing in MPR Mode should follow below rules:
Reads (back-to-back) from Page 0 may use tCCD_S timing between read commands.
+ Reads (back-to-back) from Pages 1, 2, or 3 may not use tCCD_S timing between read commands; tCCD_L must be
used for timing between read commands.

The following steps are required to use the MPR to read out the contents of a mode register (MPR Page, MPR location).

1. The DLL must be locked prior to MPR Reads.
2. Precharge all; wait until tRP is satisfied.

3. MRS command to MR3 A [2] = 1 (Enable MPR data flow), MR3 A [12:11] = MPR Read Format, MR3[1:0] = MPR Page.
a. MR3 A[12:11] MPR Read Format:
00 = Serial read format
01 = Parallel read format
10 = staggered read format
11 =RFU
b. MR3 A [1:0] MPR Page:
00 = MPR Page 0
01 =MPR Page 1
10 = MPR Page 2
11 = MPR Page 3
4. tMRD and tMOD must be satisfied.

5. Redirect all subsequent READ commands to specific MPR location.

6. Issue RD or RDA command:

a. BA1 and BAO indicate MPR location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3
b. A12/BC =0 or 1; BL8 or BC4 Fixed only, BC4 OTF not supported.
If BL=8 and MRO A [1:0] = 01, A12/BC must be set to 1 during MPR Read commands.
c. A [2] = burst type dependent:
BLS8: A [2] = 0 with burst order fixed at 0, 1, 2,3, 4,5, 6, 7
BL8: A [2] = 1 Not support
BC4: A [2] = 0 with burst order fixedat0,1,2,3,T,T, T, T
BC4: A [2] = 1 with burst order fixed at4,5,6,7,T,T,T, T
d. A [1:0] = 00, data burst order is fixed starting at nibble, always 00 here.
e. Remaining address inputs, including A10, and BG1 and BGO are don’t care.
7. After RL= AL + CL, DRAM bursts data from MPR location; Readout format determined by MR3 A [12,11,1,0].

8. Steps 5 through 7 may be repeated until read data capture at memory controller is optimized. Read MPR location can
be a different location as specified by the Read command

9. After the last MPR location Read burst, tMPRR must be satisfied prior to exiting.

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

11. Wait tMOD. DRAM is ready for normal operation from the core such as ACT.
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MPR READ Timing

(BL=8, PL=0, AL = 0, CL = 11, CAL = 3, Preamble = 1tCK)

T0 Ta0 Tal ThO Te0 Tet Te2 Te3 Tdo Td1 Te0 Tio T

MPR
Disable

~OMMAND 53}( PRI

COMMAND! - > } > - > >
®RP tMoD IMPRR oD
annoEce %un w«m@@@@%m VALID VALID VAMMW VAWMLID VAWL\D VALID>
ADDRESS’
rey | N | E | N | N | N | N | N | e | | e | e | e
CKE

PLS+AL +CL

I T T T

DQS,DQS

" . ?( 2( 2( uio X urt X uz ¥ uis X uis X uiz 2( 2(

[ple}

gg [ME BREAK 74 bonT cARE

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent reads and writes to MPR locations.
NOTE 2  Address setting:
A[1:0] = “00” (data burst order is fixed starting at nibble, always 00b here)
A[2]=0 (For BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12 is don’t care when MRO A[1:0] = 00 or 10, and must be “1” when MRO A[1:0] = 01
NOTE 3 Multipurpose registers Read/Write Disable (MR3 A2 = 0).
NOTE 4 Continue with regular DRAM command.
NOTE 5 Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.

MPR Back-to-Back READ Timing

COMMAND

ADDRESS @u ADD?, VALI VALI VALI AD%@ME@\M@@@MU VALI VALI VALI VAMMLI VALI M@
R A e e e e e A I A R I I K R A v A A

L3+ AL+ CL

K
P BRSSO aRaRaw
1

DQ(BL:S,fIXEd) ulo X Ui u2 X ui3 ui4 uis (U X iy QU Vil Uiz X U3 X Ul uis U X U7
DQ,DQAS 0y =y ol - T —- = o~ r
CTOXON XS
DQ(BC=4,fixed)

uiz X uB

A
<
s
=
<
s
<
<=
<

§ Time BREAK DON'T CARE

NOTE 1 tCCD_S =4, Read Preamble = 1tCK
NOTE 2 Address setting:
A[1:0] = 00 (data burst order is fixed starting at nibble, always 00b here)
A[2] =0 (for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7; for BC = 4, burst order is fixed at 0, 1,2, 3, T, T, T, T)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12 is "Don’t Care" when MRO A[1:0] = 00 or 10, and must be “1” when MRO A[1:0] = 01
NOTE 3  Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.
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MPR READ-to-WRITE Timing

T0 ™ T2 Ta0 Tat T?Z Ta3 Ta4 Tab Tab Tho Tb1 Th2
CK
TR ) O CD U C U C L C L N G CD G CD L SN C G,
- tMPRR >

- 1 2
ADDRESS ADD@\EUD VALID, VALID, VALID, VALID, VALID, VALID, VALID, VALID, AD%@@UD \/ALID>

we | N | X | XD | | e | N |\ | e | el | Xad | e | ed

-¢ |

PL® +AL + CL

0

gg TIME BREAK % DON'T CARE

DQS,DaS 2( L

. {

- _ !
Kuo X ur X ui2 X U3 )

NOTE 1 Address setting:

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

A[2]=0 (for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7)

BA1 and BAO indicate the MPR location

A10 and other address pins are "Don’t Care" including BG1 and BGO.

A12 is "Don’t Care" when MRO A[1:0] = 00, and must be 1b when MRO A[1:0] = 01
NOTE 2 Address setting:

BA1 and BAO indicate the MPR location

A [7:0] = data for MPR

A10 and other address pins are don’t care.
NOTE 3  Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.
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MPR Writes

MPR Access Mode allows 8-bit writes to the MPR location using the address bus A7:A0(refer to table: DRAM Address to
MPR Ul 8-bit Registers Translation)

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

. The DLL must be locked prior to MPR Writes. DLL is Enabled, MR1 AO =1

. Precharge all; wait until tRP is satisfied.

.MR3 A2 =1 (Enable MPR data flow) and MR3 A[1:0] = 00 (MPR Page 0); 01, 10, 11 = Not allowed.
. Redirect all subsequent Write commands to specific MPR location.

. tMRD and tMOD must be satisfied.

o U B~ W N R

. Issue WR or WRA command:

a. BAl and BAO indicate MPR location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3

b. A [7:0] = data for MPR Page 0, mapped A [7:0] to Ul [0:7].
c. Remaining address inputs, including A10, BGO and BG1 are don’t care.
7. tWR_MPR must be satisfied to complete MPR Write.
8. Steps 5 through 7 may be repeated these calibration writes and reads until data capture at memory controller is
optimized.
9. After the last MPR location Write, tMPRR must be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MR3 A2= 0.
11. Wait until tMRD and tMOD are satisfied; Continue with regular DRAM commands like Activate.
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MPR Write Timing and Write to Read Timing

TO Ta0 Ta1 TbO TcO Tel Tc2 Tdo Td1 Td2 Td3 Td4 Td5

. ) — L, =\ -\ T r= -\ 7= = AN R /e
CK _/\.—E . __é \__E h_ A h_ 2 __é o A (S h_ ) o
CK MPR
Enable
commo DDA T XD N D N D BTN
- tRP > tMoD > tWR_MPR >

ADDRESS %LID ALID) @LIWWA:DDZ ALID) ALID; ADE@@LID AWLID ALID) AED@@@
v | QO | QT | | | [T | | | | |

PL® + AL +CL

pas, 05 { T [ RN SR S G G o
a U T {

gg TIME BREAK DON'T CARE

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1).

NOTE 2  Address setting:
BA1 and BAO indicate the MPR location
A [7:0] = data for MPR
A10 and other address pins are "Don’t Care"

NOTE 3  Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.

MPR Back-to-Back WRITE Timing

TO Ta2 Ta3 Ta4 Tab Tab Ta7 Ta8 Ta9 Ta10
_\ /T T AN TN 7T 7T T 1T I'\/_
CT_/ \I \~§l \~§l §§l §§l \§§I \§§I §~I \__I o
CK
COMMAND
D A 7 D e D O e 7 O 7 U 7 O 7 (O 7 O 7 O
ADDRESS
we | N |G | | N | e | | | e | e | e | e
. U
DQs, DQS
U
DQ

§ TiMEBREAK [ DON'T CARE

NOTE 1 Address setting:
BA1 and BAO indicate the MPR location
A [7:0] = data for MPR
A10 and other address pins are "Don’t Care"
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REFRESH Command Timing

COMMAND =

ADDRESS

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent read and writes to MPR locations.
NOTE 2  1x refresh is only allowed when MPR mode is enabled.

READ-to-REFRESH Command Timing

T0 ™ T2 Ta0 Tal T?Z Ta3 Tad Ta5 Tab Ta7 Ta8 Ta9
— — A -7 - - - - - - - - - - - - | N~ - - - - - -

CK

commnno XD N TN DD
ADDR ESS’ AD@@\ELID VAL LID, VALID, VALID, VALID, VAW\UD VALID, VA\WLID VA@

ae || |Nad | XD | | ||| | | | T

- -¢

PL+AL + CL (4 +1) + Clocks tRFC

(uaXus )

m
5
=}
2
w
o
2
Eﬂg:
=)
g
ES
=)
g
w
4
Em i
]
:
=)
m
w
=4
2
&J

=)
<
=

DQS,DQS N
BL=8" Z(

uis A U7

X
ba { uo X o Yo oo
oasas U T XX
00

BC=4"

DQ’ Z( uio X uit

g TIME BREAK DON'T CARE

NOTE 1 Address setting:

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

A[2]=0 (for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7)

BA1 and BAO indicate the MPR location

A10 and other address pins are "Don’t Care" including BG1 and BGO.

A12 is "Don’t Care" when MRO A[1:0] = 00 or 10, and must be 1b when MRO A[1:0] =
NOTE 2  1x refresh is only allowed when MPR mode is enabled.
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WRITE-to-REFRESH Timing

w |\ | |\ ||| | e | T | "D | " |

DQS_t, DQS_¢ 2 (

DQ 2(

gg TIME BREAK DON'T CARE

NOTE 1 Address setting: BA1 and BAO indicate the MPR location A [7:0] = data for MPR
A10 and other address pins are "Don’t Care"

NOTE 2  1x refresh is only allowed when MPR mode is enabled.
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Data Mask(DM), Data Bus Inversion (DBI) and TDQS

DDR4 SDRAM supports Data Mask (DM) function and Data Bus Inversion (DBI) function in x8 and x16 DRAM
configuration. x4 DDR4 SDRAM does not support DM and DBI function. x8 DDR4 SDRAM supports TDQS function. x4
and x16 DDR4 SDRAM does not support TDQS function.DM, DBI & TDQS functions are supported with dedicated one
pin labeled as DM/DBI/TDQS. The pin is bi-directional pin for DRAM. The DM/DBI pin is Active Low as DDR4 supports
VDDQ reference termination. TDQS function does not drive actual level on the pin.DM, DBI & TDQS functions are
programmable through DRAM Mode Register (MR). The MR bit location is bit A11 in MR1 and bit A12:A10 in MR5 .
Write operation: Either DM or DBI function can be enabled but both functions cannot be enabled simultanteously.
When both DM and

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

TDQS function: When TDQS function is enabled, DM & DBI functions are not supported. When TDQS function is
disabled, DM and DBI functions are supported as described below.When enabled, the same termination resistance

function is applied to the TDQS/TDQS pins that is applied to DQS/DQS pins.
DM, DBI & TDQS functions are programmable through DRAM Mode Register (MR) shown as below

DM, DBI & TDQS MRS

TDQS Read DBI Write DBI Data Mask
MR1 A[11] MR5 A[12] MR5 A[11] MR5 A[10]
0=Disable 0=Disable 0=Disable 0=Disable
1=Enable 1=Enable 1=Enable 1=Enable

TDQS function: When TDQS function is enabled, DM & DBI functions are not supported. When TDQS function is

disabled, DM and DBI functions are supported as table below.

DBI vs. DM vs. TDQS Function Matrix

TDQS (x8 only) Data Mask Read DBI Write DBI
MR1 A[11] MR5 A[10] MR5 A[12] MR5 A[11]
Disabled Enabled Enabled or Disabled Disabled
Disabled Disabled Enabled or Disabled Enabled
Disabled Disabled Enabled or Disabled Disabled
Enabled Disabled Disabled Disabled
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DM function during Write operation: DRAM masks the write data received on the DQ inputs if DM was sampled Low on

a given byte lane. If DM was sampled High on a given byte lane, DRAM does not mask the write data and writes into the

DRAM core. DBI function during Write operation: DRAM inverts write data received on the DQ inputs if DBl was

sampled Low on a given byte lane. If DBl was sampled High on a given byte lane, DRAM leaves the data received on the

DQ inputs non-inverted.DBI function during Read operation: DRAM inverts read data on its DQ outputs and drives DBI

pin Low when the number of ‘0’ databits within a given byte lane is greater than 4; otherwise DRAM does not invert the

read data and drives DBI pin High.

x8 DRAM Write DQ Frame Format

Function Data transfer
0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
OV or DB DMO or DM1 or DM2 or DM3 or DM4 or DMS5 or DM®6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
x8 DRAM Read DQ Frame Format
Function Data transfer
0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DBI DBI0 DBl DBI2 DBI3 DBé DBIb DBI6 DBI7
x16 DRAM Write DQ Frame Format
Function Data transfer
uncti
0 1 2 3 4 5 6 7
DQ[7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
DV or [DBI LDMO or LDM1 or LDM2 or LDM3 or LDM4 or LDM5 or LDM6 or LDM7 or
LDBIO LDBI1 LDBI2 LDBI3 LDBK4 LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDM or UDBI UDMO or UDMT1 or UDM2 or UDMS3 or UDM4 or UDMS5 or UDM®6 or UDM? or
UDBIO uDBI1 uDBI2 UDBI3 uDBK UDBI5 UDBI6 uDBI7
x16 DRAM Read DQ Frame Format
F i Data transfer
unction
0 1 2 3 4 5 6 7
DQ[7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDBI LDBIO LDBI1 LDBI2 LDBI3 LDBK4 LDBI5 LDBI6 LDBI7
DQ[15:8] UBYyte 0 UByte 1 UByte 2 UByte 3 UBYyte 4 UByte 5 UByte 6 UByte 7
UDBI UDBIO uDBI1 uDBI2 UDBI3 uUDBK UDBI5 UDBI6 uDBI7
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ZQ Calibration Commands

ZQ Calibration Description

The ZQCL command is used to perform the initial calibration during the power-up initialization sequence. This
command may be issued at any time by the controller depending on the system environment. The ZQCL command
triggers the calibration engine inside the DRAM and, once calibration is achieved, the calibrated values are transferred

from the calibration engine to DRAM 10, which is reflected as an updated output driver and on-die termination values.

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

period of tZQoper.

The ZQCS command is used to perform periodic calibrations to account for voltage and temperature variations. A
shorter timing window is provided to perform the calibration and transfer of values as defined by timing parameter
tZQCS. One ZQCS command can effectively correct a minimum of 0.5 % (ZQ correction) of RON and RTT impedance
error within 128 nCK for all speed bins assuming the maximum sensitivities specified in the Output Driver and ODT
Voltage and Temperature Sensitivity tables. The appropriate interval between ZQCS commands can be determined
from these tables and other application-specific parameters. One method for calculating the interval between ZQCS
commands, given the temperature (Tdriftrate) and voltage (Vdriftrate) drift rates that the device is subjected to in the

application, is illustrated. The interval could be defined by the following formula:

ZQCorrection

(TSens x Tdriftrate) + (VSens x Vdriftrate)

where TSens = max (dRTTdT, dRONdTM) and VSens = max (dRTTdV, dRONdVM) define the temperature and voltage
sensitivities.
For example, if TSens = 1.5% / °C, VSens = 0.15% / mV, Tdriftrate = 1°C / sec and Vdriftrate = 15 mV /sec, then the

interval between ZQCS commands is calculated as:

0.5

=0.133 = 128ms

(1.5x 1) +(0.15 x 15)
No other activities should be performed on the DRAM channel by the controller for the duration of tZQinit, tZQoper, or
tZQCS. The quiet time on the DRAM channel allows accurate calibration of output driver and on-die termination values.

Once DRAM calibration is achieved, the device should disable the ZQ current consumption path to reduce power.
All banks must be precharged and tRP met before ZQCL or ZQCS commands are issued by the controller.

ZQ calibration commands can also be issued in parallel to DLL lock time when coming out of self refresh. Upon self
refresh exit, the device will not perform an 10 calibration without an explicit ZQ calibration command. The earliest
possible time for a ZQ calibration command (short or long) after self refresh exit is XS, XS_Abort/ XS_FAST depending on

operation mode.

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

Version 1.6 70 Nanya Technology Corporation©
06/2026 All Rights Reserved.



@ NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

ZQ Calibration Timing

T0 Ta0 Tal Ta2 Ta3 Tb0 b1 Tc0 Tet Tc2

CKLt\ - -~ r-- r- - r-- RN r-- ’- - r-- RN N RN
Command X0 K O XK 0Es K ZZ K 0E KRR A X0k K O KK O X o KoK

7 % %
| uaLiy

mZ) | //I}}V “ ’452 W Xyauo)
w70 | N g ez | "zl ay " ek
V7 N7 N N N s N 2N N N

DQBus  3X Hi-Z or RTT_PARK ACTIVITIES 3 Hi-Z or RTT_PARK s

o)
Address %/ @%@ / ’
Gy

R

N

L T "‘

tZQinit or tZQoper tZQCs
Z? Time Break Don’t Care

NOTE 1 CKE must be continuously registered HIGH during the calibration procedure.
NOTE 2 During ZQ Calibration, ODT signal must be held LOW and DRAM continues to provide RTT_PARK.
NOTE 3  All devices connected to the DQ bus should be High Z or RTT_PARK during the calibration procedure.
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DQ Vref Training

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

The voltage operating range specifies the minimum required Vref setting range for DDR4 DRAM devices. The minimum
range is defined by Vrefmax and Vrefmin as depicted in the following figure.

VREFDQ Operating Range (Vrefmin, Vrefmax)

vDDQ
= Vrefmax
Vref
Range
! Vrefmin
.
= — — — = Vswing Small System Variance

— * = — « = — Vswing Large B otal Range

The Vref stepsize is defined as the stepsize between adjacent steps. Vref stepsize ranges from 0.5% VDDQ to 0.8%

VDDQ. However, for a given design, DRAM has one value for Vref step size that falls within the range.

The Vref set tolerance is the variation in the Vref voltage from the ideal setting. This accounts for accumulated error

over multiple steps. There are two ranges for Vref set tolerance uncertainty. The range of Vref set tolerance uncertainty
is a function of number of steps n.

The Vref set tolerance is measured with respect to the ideal line which is based on the two endpoints. Where the

endpoints are at the min and max Vref values for a specified range. An illustration depicting an example of the stepsize
and Vref set tolerance is below.
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Example of Vref set tolerance(max case only shown) and stepsize

Vref

Actual Vref Output

1
Vref Set  }
Tolerance

‘: Vref Stepsize

Digital Code

The Vrerincrement/decrement step times are defined by VREF_time. VREF_time is defined from t0 to t1, where t1 is

referenced to when the VRer voltage is at the final DC level within the VRrer valid tolerance (VREF_val_tol).

The VRer valid level is defined by VREer_val tolerance to qualify the step time t1. This parameter is used to insure an

adequate RC time constant behavior of the voltage level change after any VRer increment/decrement adjustment.
This parameter is only applicable for DRAM component level validation/charachterization.
VREF_time is the time including up to VREF,min to VREF,max or VREF,max to VREF,min change in VREF voltage.

Note:
t0 - is referenced to the MRS command clock
tl - is referenced to VREF_val_tol

Vref_time timing diagram

t0 t1
CK
CK ‘_
CMD
Vref|Setting
Adjystment
ba Id Vref Setti Updating Vref Setti New Vref Setti
Vrefé ref Settijfg pdating Vref Setting ew Vrel %tlng
Vref_time
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VrefDQ Calibration Mode is entered via MRS command setting MR6 A [7] to 1 (0 disables VrefDQ Calibration Mode),
and setting MR6 A [6] to either 0 or 1 to select the desired range, and MR6 A [5:0] with a “don’t care” setting (there is
no default initial setting; whether VrefDQ training value (MR6 A [5:0]) at training mode entry with MR6 A [7] =1 is
captured by the DRAM or not is vendor specific). The next subsequent MR command is used to set the desired VrefDQ
values at MR6 A [5:0]. Once VrefDQ Calibration Mode has been entered, VrefDQ Calibration Mode legal commands may
be issued once tVREFDQE has been satisfied. VrefDQ Calibration Mode legal commands are ACT, WR, WRA, RD, RDA,
PRE, DES, MRS to set VrefDQ values, and MRS to exit VrefDQ Calibration Mode. Once VrefDQ Calibration Mode has
been entered, “dummy” write commands may be issued prior to adjusting VrefDQ value the first time VrefDQ
calibration is performed after initialization. The “dummy” write commands may have bubbles between write
commands provided other DRAM timings are satisfied. A possible example command sequence would be: WR1, DES,
DES, DES, WR2, DES, DES, DES, WR3, DES, DES, DES, WR4, DES, DES....... DES, DES, WR50, DES, DES, DES. Setting VrefDQ
values requires MR6 [7] set to 1, MR6 [6] unchanged from initial range selection, and MR6 A [5:0] set to desired VrefDQ
value; if MR6 [7] is set to 0, MR6

[6;0] are not written. Vref_time must be satisfied after each MR6 command to set VrefDQ value before the internal
VrefDQ value is valid.

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

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

any legal command may then be issued.

VrefDQ training mode entry and exit timing diagram

CKec—— - -~ = ’- - s == ’- - ’= - ’= - ,=- -

- / \ \ \/_\\_/

D DG SN G 5 S NN
COMMAND MRS CMD MRS CMD

VrefDQ Trgining On VrefDQ trgining OFF

I VrefDQ training|mode

tVREFDQE

tVREFDQX

NOTE1 The MR command used to enter VrefDQ Calibration Mode treats MR6 A [5:0] as don’ t care while the next subsequent MR command sets
VrefDQ values in MR6 A[5:0]

NOTE 2 Depending on the step size of the latest programmed VREF value, Vref_time-must be satisfied before disabling VrefDQ training mode.
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DDR4
Speed 1600/1866/2133/2400/ .
2666/2933/3200 i (KO
Parameter Symbol Min ‘ Max
VrefDQ training
Enter VrefDQ training mode to the first valid command delay tVREFDQE 150 - ns
Exit VrefDQ training mode to the first valid command delay tVREFDQX 150 - ns
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Example scripts for VREFDQ Calibration Mode

When MR6 A [7] = 0 then MR6 A [6:0] = XXXXXXX
Entering VREFDQ Calibration if entering range 1:
* MR6 A [7:6] =10 & A [5:0] =XXXXXX
* All subsequent VREFDQ Calibration MR setting commands are MR6 A [7:6] =10 & MR6 A [5:0] =VVVVVV
{VVVVVV are desired settings for VrefDQ}
* Issue ACT/WR/RD looking for pass/fail to determine Vcent(midpoint) as needed
« Just prior to exiting VREFDQ Calibration mode:
* Last two VREFDQ Calibration MR commands are
* MR6 A [7:6] =10, MR6 A [5:0] =VVVVVV’ where VVVVVV’ = desired value for VREFDQ
* MR6 A [7] =0, MR6 A [6:0] =XXXXXXX to exit VREFDQ Calibration mode
Entering VREFDQ Calibration if entering range 2:
* MR6 A [7:6] =11 & A [5:0] =XXXXXX
* All subsequent VREFDQ Calibration MR setting commands are MR6 A [7:6] =11 & MR6 A [5:0] =VVVVVV
{VVVVVV are desired settings for VrefDQ}
* Issue ACT/WR/RD looking for pass/fail to determine Vcent(midpoint) as needed
« Just prior to exiting VREFDQ Calibration mode:
* Last two VREFDQ Calibration MR commands are
* MR6 A [7:6] =11, MR6 A [5:0] =VVVVVV’ where VVVVVV’ = desired value for VREFDQ
* MR6 A [7] =0, MR6 A [6:0] =XXXXXXX to exit VREFDQ Calibration mode
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VREF Step Single Step Size Increment Case

Vref
Voltage

Vref

Stepsize T Vref_val_tol

t1

(vDDQ DC)

VREF Step Single Step Size Decrement Case

Version 1.6
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Vref
Voltage

Stepsize

Time

t1

l Vref_val_tol

Vref

(vDDQ DC)
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VREF Full Step From VREF,min to VREF,max Case

Vref
Voltage
Vref
Vrefmax (vbDDQ DC)
Vref_val_tol
t1
Vrefmin
Time
VREF Full Step From VREF,max to VREF,minCase
Vref Vrefmax
Voltage
t1
lVref_vaI_toI
Vrefmin Vref
f (vDDQ DC)

Time

The DDR4 SDRAM internally generates its own VRerpa. DRAM internal VRerba specification parameters: voltage range,
step-size, VREF step time, VREer full step time, and VRer valid level. The voltage operating range specifies the minimum
required VRErF setting range for DDR4 DRAM devices. The minimum range is defined by VRerbQ,min and VREFDQ,max. A
calibration sequence should be performed by the DRAM controller to adjust VRerpa and optimize the timing and voltage

margin of the DRAM data input receivers.
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DQ Internal Vref Specifications

Symbol Parameter Min Typ Max Unit NOTE
VrefDQ R1 Range 1 VrefDQ operating points 60% - 92% vDDQ 1,10
VrefDQ R2 Range 2 VrefDQ operating points 45% - 77% vDDQ 1,10
Vref step Vref Stepsize 0.50% 0.65% 0.80% vDDQ 2
Vref_set_tol Vref Set Tolerance L.625% 0.00% 1.625% voba 240

-0.15% 0.00% 0.15% vDDQ 3,57
Vref_time Vref Step Time - - 150 ns 8,11
Vref_val_tol Vref Valid tolerance -0.15% 0.00% 0.15% vDDQ 9
NOTE 1. VREF(DC) voltage is referenced to VDDQ(DC). VDDQ(DC) is 1.2V.

NOTE 2.
NOTE 3.
NOTE 4.

NOTE 5.

NOTE 6.

NOTE 7.

NOTE 8.
NOTE 9.

NOTE 10.
NOTE 11.

NOTE 12.

Version 1.

06/2026

VREF step size increment/decrement range. VREF at DC level.

VREF_new = VREF_old + n x VREF_step; n = number of steps. If increment, use “+;” if decrement, use

The minimum value of VREF setting tolerance = VREF_new - 1.625% x VDDQ. The maximum value of VREF setting tolerance =
VREF_new + 1.625% x VDDQ for n>4

The minimum value of VREF setting tolerance = VREF_new - 0.15% x VDDQ. The maximum value of VREF setting tolerance =
VREF_new + 0.15% x VDDQ for n<4

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.

Measured by recording the MIN and MAX values of the VREF output across four consecutive steps (n = 4), drawing a straight line
between those points, and comparing all VREF output settings to that line.

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

Only applicable for DRAM component-level test/characterization purposes. Not applicable for normal mode of operation. VREF
valid qualifies the step times, which will be characterized at the component level.

DRAM range 1 or range 2 is set by the MR6, A6.

If the Vref monitor is enabled, Vref_time must be derated by: +10ns if DQ bus load is OpF and an additional +15ns/pF of DQ bus
loading.

Internal VREFDQ_ specification parameters: voltage range, step size, Vref full step time, Vref step time, and Vref valid level are not
pass or fail limits. These parameters are used to help provide estimated values for the internal VrefDQ.
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Per-DRAM Addressability (PDA Mode)

DDR4 allows programmability of a single, specific DRAM on a rank. This feature can be used to program different ODT

or Vref values on DRAM devices on a given rank. the DRAM may incorrectly read DQ level at the first DQS edge and the
last falling DQS edge. It is recommended that DRAM samples DQO on either the first falling or second rising DQS edges.
This supports a common implementation between BC4 and BL8 modes on the DRAM. The DRAM controller is required

to drive DQO to a ‘Stable Low or High’ during the length of the data transfer for BC4 and BLS8 cases.

1. Before entering Per-DRAM addressability mode, write leveling is required.

2. Before entering per-DRAM addressability mode, the following MR settings are possible:
 RTT_PARK MR5 A [8:6] = Enabled
e RTT_NOM MR1 A [10:8] = Enabled

3. Enable per-DRAM addressability mode using MR3 A [4] = 1. (The default programmed value of MR3 A [4] = 0.)

4. In the per-DRAM addressability mode, all MRS commands are qualified with DQO for x4, x8, x16. The device captures
DQO by using DQS and DQS for x4 and x8, DQSL and DQSL for x16 signals as shown MRS w/ per DRAM addressability
(PDA) issuing before MRS. If the value on DQO for x4, x8, x16 is 0, then DRAM executes the MRS command. If the
value on DQO is 1, the DRAM ignores the MRS command. The controller can choose to drive all the DQ bits.

5. Program the desired DRAM and mode registers using the MRS command and DQO for x4, x8, x16.
6. In per-DRAM addressability mode, only MRS commands are allowed.

7. The MODE REGISTER SET command cycle time at AL + CWL + BL/2 — 0.5 tCK+ tMRD_PDA + (PL) is required to
complete the WRITE operation to the mode register and is the minimum time required between two MRS commands.

shown in MRS w/ per DRAM addressability (PDA) issuing before MRS.

8. Remove the device from per-DRAM addressability mode by setting MR3[4] = 0. (This command requires DQO = 0 for
x4, x8, x16.)

NOTE: Removing a DRAM from per-DRAM addressability mode will require programming the entire MR3 when the MRS command is
issued. This may impact some per-DRAM addressability values programmed within a rank as the EXIT command is sent to the rank. In
order to avoid such a case, the PDA Enable/Disable Control bit is located in a mode register that does not have any Per-DRAM
addressability mode controls.

In per-DRAM addressability mode, the device captures DQO for x4, x8, x16 using DQS and DQS for x4, x8, DQSL and DQSL for x16like
normal WRITE operation; however, dynamic ODT is not supported. Extra care is required for the ODT setting. If RTT_NOM MR1 [10:8]
= Enable, DDR4 SDRAM data termination needs to be controlled by the ODT pin and applies the same timing parameters as defined
in direct ODT function that is shown below. VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to
capture DQO low level for entering PDA mode.

Applied ODT Timing Parameter to PDA Mode

Symbol Parameter
DODTLon Direct ODT turn on latency
DODTLoff Direct ODT turn off latency
tADC RTT change timing skew
tAONAS Asynchronous RTT_NOM turn-on delay
tAOFAS Asynchronous RTT_NOM turn-off delay
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MRS w/ per DRAM addressability (PDA) issuing before MRS

CK ¢ r r o/ rol—/r r
SUSERNNNAY
tMOD AL + C\VL + PL | tMRD_PDA
|
|
|
DQS_t D) | D)
- T ' o o o r I
pas ¢ ( _ ey e
|
D) | | D)}
DQO
(seeted device) (( | [} a8 ((
- > e
lP'DA S tP'DA H
DQDTLof|f = WL{-3
)
oDT / « \ 8()
DQDTLon = WLF3
RTT RTT_PARK /) RTT_NOM CX T RTT PARK
MR3 A4=1
(PDA Enable)

NOTE RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON, CA parity is used

MRS w/ per DRAM addressability (PDA) Exit

CK_c r U Ll r r r r=
AL + CWL + P
DQS_t )
| . j S
DQs ¢ « S _X__)y__\_/
50 D) |
(selected device) (( }\
>l
tPDA|S
DODTLof|f = WL{-3
D) °
opT / « \ 88
DQDTLor{ = WL |3
RTT RTT_PARK ) RTT_NOM < JRTT_PARK
MR3 A4=0
(PDA Disable)
NOTE RTT_PARK = Enable; RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON, CA parity is used
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PDA using Burst Chop 4

TO ™ T2 Ta0 Tal Ta2 Ta3 Ta4 ThO Tb1l Th2 Tb3 Tb4 Th5 Th6 Tb7 Th8 Th9 TcO0 Tel Tc2 Te3 Tc4

CK e = rfr e oy ro— oy A/ e rol/r e vy e e N el et
NS00 NNEEERAYEEREANRIRIRIANRNRIRERNRNRY
MRS
tMOD AL + CYVL + Pl | tMAD_PDA
I
|
|
Das t ) ) | )
! \ " r U
DOS ¢ « d — _/U[_.\\_/F}_/ (
|
) ) | | D)
(selecItJeQdDdevice) (( (( | ((
L
tPDA[S tPDA[H
MR3 Ad=1
(PDA Enable)

NOTE  CA parity is used
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CAL Mode (CS to Command Address Latency)
CAL Mode Description

DDR4 supports the Command Address Latency (CAL) function as a power savings feature. CAL is the delay in clock cycles
between CS and CMD/ADDR defined by MR4 A [8:6]. CAL gives the DRAM time to enable the CMD/ADDR receivers
before a command is issued. Once the command and the address are latched, the receivers can be disabled. For

consecutive commands, the DRAM will keep the receivers enabled for the duration of the command sequence.

Definition of CAL Timing

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

e | ] Lﬁkf N Lﬁ%ﬁ \ |/ L/Ik/_ Y
T\ \l/ L( \/ \—(

CMD/ADDR ™~ L\ ™~ B, ™

tCAL

CAL Operational Timing for Consecutive command issues

1 2 3 4 5 6 7 8 9 10 11 12

o/ NADANY NN Y R N N N
AR

CMD/ADDR
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The following tables show the timing requirements for tCAL and MRS settings at different data rates.

CS to Command Address Latency

Parameter Symbol DDR4-1600/1866/2133/2400 Units | Note

CS to Command Address Latency tCAL(min) max(3 nCK, 3.748 ns) nCK 1

NOTE1 Geardown mode is not supported for speed bins below DDR4-2666.

Parameter Symbol DDR4-2666/2933/3200 Units | Note

CS to Command Address Latency tCAL(min) max(3 nCK, 3.748 ns) nCK 1

NOTE 1 In geardown mode, odd nCK values for tCAL are not supported, and nCK values must be rounded up to the next higher
even integer. For example, when operating at DDR4-2666, a minimum of 6 nCK is required for tCAL.

MRS settings for CAL
A[8:6] @ MR4 CAL (tCK cycles)

000 Default (disable)
001 3
010 4
011 5
100 6
101 8
110 Reserved
111 Reserved
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MRS Timings with Command/Address Latency enabled

When the Command Address Latency mode is enabled; users must allow more time for MRS commands to take effect.
When CAL mode is enabled, or being enabled by an MRS command, the earliest the next valid command can be issued is
tMOD_CAL, where tMOD_CAL=tMOD+tCAL. The two following figures are examples.

CAL Enable Timing - tMOD_CAL

. Ta0 Ta1 Ta2 TbO Tl
CK - -~ /T AR\ AR A\
CK 7\__/ \__/ N \__/
cs
|/ \
tMOD_CAL

NOTE1 MRS command at Tal enables CAL mode
NOTE 2 tMOD_CAL=tMOD+tCAL.

tMOD_CAL, MRS to Valid Command Timing with CAL Enabled

CK_/\_ _
COMMAND (w/o CS) ><
os \_

tMOD_CAL

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

can be issued. tMRD_CAL=tMOD+tCAL. The two following figures are examples.

CAL Enabling MRS to Next MRS Command, tMRD_CAL

— Tao Ta1 ThO
CK -~y A A A
CKi\ff/ \77/ \77/
Ccs
\ |/ \
tMRD_CAL

NOTE1 MRS command at Tal enables CAL mode.
NOTE 2 tMRD_CAL=tMOD+tCAL

tMRD_CAL, Mode Register Cycle Time with CAL Enabled

COMMAND (w/o CS)

cs \—‘/—H tCAL L/ tCAL \

) tMRD_CAL J

NOTE1 MRS at Tal may or may not modify CAL, tMRD_CAL is computed based on new tCAL setting.
NOTE 2 tMRD_CAL=tMOD+tCAL
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Comm

and Address Latency Examples: Consecutive READ BL8 with two different CALs and 1tCK Preamble in Different

Bank Group shown in figures below.

Self Refresh Entry, Exit Timing with CAL

ADDRESS

NOTE 1
NOTE 2
NOTE 3

Power Down Entry, Exit Timi

ADDRESS

£ Tag Ta1d TeO Tb1 Tb3
| | -
; ‘ ‘ U U
.}' / gi__j
[ T T T T T 1

KE_FAST

[ ]ooNT caRE

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

ng with CAL

TQ Ti0

™

=]

EEY) I ENICYIEY) TS
'.'Li:llx :

| 1CAL

tCAL

NOTE 1

[ ]poNT cARE

tCAL = 3nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK

Refresh Command to Power Down Entry

COMMAND
wio C5_n

ADDRESS

tCAL tCPDED

tPD tCAL

NOTE 1

Version 1.

06/2026

[JoonT carE

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

CRC Polynomial and logic equation

DDR4 supports CRC for write operation, and doesn’t support CRC for read operation.

The CRC polynomial used by DDR4 is the ATM-8 HEC, XA8+X"2+X"1+1

A combinatorial logic block implementation of this 8-bit CRC for 72-bits of data contains 272 two-input XOR gates
contained in eight 6 XOR gate deep trees.

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

CRC Error Detection Details

Error Type Detection Capability
Random Single Bit Error 100%
Random Double Bit Error 100%
Random Odd Count Error 100%
Random one Multi-bit Ul vertical column error detection excluding DBI bits 100%
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CRC Polynomial and logic equation

module CRC8_D72;
// polynomial: (012 8)

// data width: 72

// convention: the first serial data bit is D [71]

// initial condition all 0 implied

function [7:0]
nextCRC8_D72;

input [71:0] Data;

reg [71:0] D;

reg [7:0] NewCRC;

begin
D = Data;

NewCRC[0] =

NewCRC[1] =

NewCRC[2] =

NewCRC[3] =

NewCRC[4] =

Version 1.6
06/2026

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

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

D[71] ~ D[69] ~ D[68] A D[63] A D[62] A D[61] A D[60]
D[58] A D[57] » D[54] A D[50] A D[48] A D[47] A D[46]
D[44] A D[43] A D[42] A D[39] A D[37] A D[34] A D[33] A
D[29] A D[28] » D[25] A D[24] A D[22] A D[17] A D[15] A
D[13] A D[12] A D[10] A D[8] A D[6] * D[2] A D[1]  D[0];
D[70] A D[69] » D[64] A D[63] A D[62] A D[61] A D[59] A
D[58] A D[55] A D[51] A D[49] A D[48] A D[47] A D[45]
D[44] A D[43] » D[40] A D[38] A D[35] A D[34] A D[30]
D[29] A D[26] A D[25] A D[23] A D[18] A D[16] A D[14] A
D[13] A D[11] A D[9] A D[7] A D[3] A D[2] A D[1];

D[71] A D[70] » D[65] A D[64] A D[63] A D[62] » D[60]
D[59] A D[56] » D[52] A D[50] A D[49] A D[48] A D[46] A
D[45] A D[44] ~ D[41] ~ D[39] » D[36] A D[35] A D[31] A
D[30] A D[27] » D[26] A D[24] A D[19] A D[17] A D[15] A
D[14] A D[12] A D[10] A D[8] / D[4] A D[3] ~ D[2];
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D[71] A D[66] A D[65] * D[64] A D[63] A D[61] A D[60] A
D[57] A D[53] A D[51] A D[50] A D[49] A D[47] A D[46] A

D[45] ~ D[42] ~ D[40] ~ D[37] ~ D[36] ~ D[32] ~ D[31]
D[28] ~ D[27] ~ D[25] ~ D[20] ~ D[18] ~ D[16] ~ D[15]
D[13] ~ D[11] ~ D[9] ~ D[5] ~ D[4] ~ D[3];

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

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

nextCRC8_D72 = NewCRC
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The Controller generates the CRC checksum and forms the write data frames as below tables. The DRAM checks for an

error in a received code word D[71:0] by comparing the received checksum against the computed checksum and reports
errors using the signal if there is a mis-match. DRAM can write data to the DRAM core without waiting for CRC check for
full writes. If bad data is written to the DRAM core, then controller will retry the transaction and overwrite the bad data.

Controller is responsible for data coherency.

CRC Data Mapping (X4 Configuration, BL8)

A x4 device has a CRC tree with 32 input bits. The input for the upper 40 bits D[71:32] are ‘1’s.

X4 Transfer Burst Bit (BL8)

0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO CRC4
DQl D8 D9 D10 D11 D12 D13 D14 D15 CRC1 CRC5
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 CRC6
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 CRC7

CRC Data Mapping (X8 Configuration, BL8)

For a x8 DRAM the controller must send 1’s in the transfer 9 if CRC is enabled and must send 1’s in transfer 8 and transfer 9 of the
lane if DBI function is enabled. A x8 device has a CRC tree with 72 input bits. The 8 bits D[71:64] are used if either Write DBl or DM is
enabled. Note that Write DBl and DM function cannot be enabled simultaneously. If both Write DBl and DM is disabled, then the

inputs of the 8 bits D [71:64] are ‘1’s.

X8 Transfer Burst Bit (BL8)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 D62 D63 CRC7 1
DM / DBI D64 D65 D66 D67 D68 D69 D70 D71 1 1
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CRC Data Mapping (X16 Configuration, BL8)

For a x16 DRAM the controller must send 1’s in the transfer 9 if CRC is enabled and must send 1’s in transfer 8 and transfer 9 of the
DBIL_n and DBIU_n lanes if DBI function is enabled. A x16 device has two identical CRC trees with 72 input bits each. The upper 8 bits
are used if either Write DBI or DM is enabled. Note that Write DBI and DM function cannot be enabled simultaneously. If both Write
DBI and DM is disabled, then the inputs of the upper 8 bits D [143:136] and D [71:64] are ‘1’s.

A x16 device is treated as two x8 devices; a x16 device will have two identical CRC trees implemented. CRC [7:0] covers data bits D

[71:0]. CRC [15:8] covers data bits D [143:72].

X16 Transfer Burst Bit (BL8)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 D62 D63 CRC7 1
DM / LDBI D64 D65 D66 D67 D68 D69 D70 D71 1 1
DQ38 D72 D73 D74 D75 D76 D77 D78 D79 CRC8 1
DQ9 D80 D81 D82 D83 D84 D85 D86 D87 CRC9 1
DQ10 D88 D89 D90 D91 D92 D93 D94 D95 CRC10 1
DQ11 D96 D97 D98 D99 D100 D101 D102 D103 CRC11 1
DQ12 D104 D105 D106 D107 D108 D109 D110 D111 CRC12 1
DQ13 D112 D113 D114 D115 D116 D117 D118 D119 CRC13 1
DQ14 D120 D121 D122 D123 D124 D125 D126 D127 CRC14 1
DQ15 D128 D129 D130 D131 D132 D133 D134 D135 CRC15 1
UDM / UDBI D136 D137 D138 D139 D140 D141 D142 D143 1 1
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CRC Error Handling

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

To speed up recovery for CRC errors, CRC errors are only sent back as a pulse. The minimum pulse-width is 6 clocks. The
latency to Alert signal is defined as tCRC_ALERT in the figure below.

DRAM will set CRC Error Clear bit in A3 of MR5 to '1' and CRC Error Status bit in MPR3 of pagel to '1' upon detecting a
CRC error. The CRC Error Clear bit remains set at '1' until the host clears it explicitly using an MRS command.

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

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

chain bus.

CRC Error Reporting

TO T T2 T3 T4 T5 T6 Tal0 Tat Ta2 Ta3 Tad Ta5

/I

AtCRCfALERT‘
- | ‘ o CRG ALERT_PW(min)

\ Vo

A A

|
CRC ALERT_PW(max) ‘

Q TIME BREAK

E TRANSITIONING DATA
NOTE1 CRCALERT_PW is specified from the point where the DRAM starts to drive the signal low to the point where the DRAM driver
releases and the controller starts to pull the signal up.

NOTE 2 Timing diagram applies to x4, x8, and x16 devices.

CRC Error Timing Parmeters

Parameter Symbol DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | Unit
CRC error to ALERT latency tCRC_ALERT _ 13 _ 13 _ 13 _ 13 ns
CRC ALERT pulse width CRC ALERT_PW 6 10 6 10 6 10 6 10 nCK
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CRC Frame Format with BC4

DDR4 SDRAM supports CRC function for Write operation for Burst Chop 4 (BC4). The CRC function is programmable
using DRAM mode register and can be enabled for writes.

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

CRC Data Bit Mapping for x4 Devices (BC4)
For a x4 device, the CRC tree inputs are 16 data bits; and the inputs for the remaining bits are 1.

CRC Data Mapping (x4 Configuration, BC4, A2 = 0)

X4 Transfer Burst Bit (BC4, A2=0)

0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 CRCO CRC4
DQ1 D8 D9 D10 D11 1 1 1 1 CRC1 CRC5
DQ2 D16 D17 D18 D19 1 1 1 1 CRC2 CRC6
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 CRC7

CRC Data Mapping (x4 Configuration, BC4, A2 = 1)

X4 Transfer Burst Bit (BC4, A2=1)

0 1 2 3 4 5 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRCO CRC4
DQ1 D12 D13 D14 D15 1 1 1 1 CRC1 CRC5
DQ2 D20 D21 D22 D23 1 1 1 1 CRC2 CRC6
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 CRC7

When A2 = 1, data bits D [7:4] are used as inputs for D [3:0], D [15:12] are used as inputs to D [11:8] and so forth for the CRC tree.
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CRC with BC4 Data Bit Mapping for x8 Devices
For a x8 device, the CRC tree inputs are 36 data bits in transfer’s four through seven as 1’s.

CRC Data Mapping (x8 Configuration, BC4, A2 = 0)

X8 Transfer Burst Bit (BC4, A2=1)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 CRCO 1
DQ1 D8 D9 D10 D11 1 1 1 1 CRC1 1
DQ2 D16 D17 D18 D19 1 1 1 1 CRC2 1
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 1
DQ4 D32 D33 D34 D35 1 1 1 1 CRC4 1
DQ5 D40 D41 D42 D43 1 1 1 1 CRC5 1
DQ6 D48 D49 D50 D51 1 1 1 1 CRC6 1
DQ7 D56 D57 D58 D59 1 1 1 1 CRC7 1
DM / DBI D64 D65 D66 D67 1 1 1 1 1 1

When A2 =0, the input bits D [67:64] are used if DM or DBI functions are enabled; if DM and DBl are disabled then D [67:64] are 1's.

CRC Data Mapping (x8 Configuration, BC4, A2 = 1)

X8 Transfer Burst Bit (BC4, A2=1)
0 1 2 3 4 5 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRCO 1
DQ1 D12 D13 D14 D15 1 1 1 1 CRC1 1
DQ2 D20 D21 D22 D23 1 1 1 1 CRC2 1
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 1
DQ4 D36 D37 D38 D39 1 1 1 1 CRC4 1
DQ5 D44 D45 D46 D47 1 1 1 1 CRC5 1
DQ6 D52 D53 D54 D55 1 1 1 1 CRC6 1
DQ7 D60 D61 D62 D63 1 1 1 1 CRC7 1
DM / DBI D68 D69 D70 D71 1 1 1 1 1 1

When A2 = 1, data bits D [7:4] are used as inputs for D [3:0], D [15:12] are used as inputs to D [11:8] and so forth for the CRC tree.

The input bits D [71:68] are used if DM or DBI functions are enabled; if DM and DBl are disabled then D [71:68] are 1's.
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CRC with BC4 Data Bit Mapping for x16 Devices

There are two identical CRC trees for x16 devices, each have CRC tree inputs of 36 bits.

CRC Data Mapping (x16 Configuration, BC4, A2 = 0)

X16 Transfer Burst Bit (BC4, A2=0)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 CRCO 1
DQ1 D8 D9 D10 D11 1 1 1 1 CRC1 1
DQ2 D16 D17 D18 D19 1 1 1 1 CRC2 1
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 1
DQ4 D32 D33 D34 D35 1 1 1 1 CRC4 1
DQ5 D40 D41 D42 D43 1 1 1 1 CRC5 1
DQ6 D48 D49 D50 D51 1 1 1 1 CRC6 1
DQ7 D56 D57 D58 D59 1 1 1 1 CRC7 1
DM / LDBI D64 D65 D66 D67 1 1 1 1 1 1
DQ8 D72 D73 D74 D75 1 1 1 1 CRC8 1
DQ9 D80 D81 D82 D83 1 1 1 1 CRC9 1
DQ10 D88 D89 D90 D91 1 1 1 1 CRC10 1
DQ11 D96 D97 D98 D99 1 1 1 1 CRC11 1
DQ12 D104 D105 D106 D107 1 1 1 1 CRC12 1
DQ13 D112 D113 D114 D115 1 1 1 1 CRC13 1
DQ14 D120 D121 D122 D123 1 1 1 1 CRC14 1
DQ15 D128 D129 D130 D131 1 1 1 1 CRC15 1
UDM / UDBI D136 D137 D138 D139 1 1 1 1 1 1

The lower CRC tree inputs has 36 bits. The input bits D [67:64] are used if DBI or DM functions are enabled. If DBl and DM are

disabled, then D [67:64] are “1”.

The upper CRC tree inputs has 36 bits. The input bits D [139:136] are used if DBl or DM functions are enabled. If DBl and DM are

disabled then D[139:136] are “1”.
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CRC Data Mapping (x16 Configuration, BC4, A2 = 1)
X16 Transfer Burst Bit (BC4, A2=1)
0 1 2 3 4 5 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRCO 1
DQ1 D12 D13 D14 D15 1 1 1 1 CRC1 1
DQ2 D20 D21 D22 D23 1 1 1 1 CRC2 1
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 1
DQ4 D36 D37 D38 D39 1 1 1 1 CRC4 1
DQ5 D44 D45 D46 D47 1 1 1 1 CRC5 1
DQ6 D52 D53 D54 D55 1 1 1 1 CRC6 1
DQ7 D60 D61 D62 D63 1 1 1 1 CRC7 1
DM / LDBI D68 D69 D70 D71 1 1 1 1 1 1
DQ8 D76 D77 D78 D79 1 1 1 1 CRC8 1
DQ9 D84 D85 D86 D87 1 1 1 1 CRC9 1
DQ10 D92 D93 D94 D95 1 1 1 1 CRC10 1
DQ11 D100 D101 D102 D103 1 1 1 1 CRC11 1
DQ12 D108 D109 D110 D111 1 1 1 1 CRC12 1
DQ13 D116 D117 D118 D119 1 1 1 1 CRC13 1
DQ14 D124 D125 D126 D127 1 1 1 1 CRC14 1
DQ15 D132 D133 D134 D135 1 1 1 1 CRC15 1
UDM / UDBI D140 D141 D142 D143 1 1 1 1 1 1

=

When A2 = 1, data bits D [7:4] are used as inputs for D [3:0], D [15:12] are used as inputs to D [11:8] and so forth for the CRC tree.
Input bits D [71:68] are used if DM or DBI functions are enabled and if DM and DBl are disabled then D [71:68] are 1; input bits D

[143:140] are used if DM or DBI functions are enabled and if DM and DBl are disabled, then D [143:140] are 1's.
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CRC equations for x8 device in BC4 mode with A2=0 are as follows:

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

CRC[1] = D[70]=1 ~ D[66] ~ D[65] ~ D[63]=1 A D[61]=1 ~ D[60]=1 ~ D[57] ~D[56] * D[55]=1 » D[52]=1 A D[51] ~ D[48] ~ D[46]=1 A
D[45]=1 A D[44]=1 A D[43] » D[41] ~ D[39]=1 ~ D[36]=1 ~ D[34] » D[32] ~ D[30]=1 ~ D[29]=1 ~ D[28]=1 * D[24] A D[23]=1 * D[22]=1 A
D[21]=1 ~ D[20]=1 ~ D[18] » D[17] » D[16] A D[15]=1 A D[14]=1 A D[13]=1 A D[12]=1 A D[9] » D[6]=1 * D[1] * D[0];

CRC[2] = D[71]=1 ~ D[69]=1  D[68]=1 ~ D[63]=1 » D[62]=1 A D[61]=1 A D[60]=1 A D[58] » D[57] A D[54]=1 ~ D[50] A D[48] » D[47]=1 A
D[46]=1 * D[44]=1 A D[43] ~ D[42] A D[39]=1 ~ D[37]=1 ~ D[34] ~ D[33] ~ D[29]=1 ~ D[28]=1 ~ D[25] » D[24] » D[22]=1  D[17] *
D[15]=1 A D[13]=1 A D[12]=1 A D[10] » D[8] ~ D[6]=1 A D[2] A D[1] * D[0];

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

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

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

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

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

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

CRC[0]=1~1A7D[71]1~D[70] A D[68]~121~D[60]~»1~1A717D[54] ~AD[53] ~D[52] A1~ D[47] A D[44] A1~ D[39] ~ D[38] 171
A1A1A1AD[23]AD[22]AD[20]A1A1AD[12]A1A1AD[4];

CRC[1]=1~D[70] A D[69]~1~1~1AD[61]~D[60] A1 "~1AD[55]~D[52]~17~1A1~D[47]AD[45]71"21~D[38]~D[36]"1"1
A1AD[28]A1A1A1A1AD[22]AD[21]AD[20] A1 A1A1A1AD[13]A1AD[5]*D[4];
CRC[2]=171A1A1A1A1A1AD[62]AD[61]»1AD[54] A D[52]A1A1A1AD[47] AD[46]~ 1~ 1AD[38] AD[37]~1A1AD[29]*
D[28] A 1A D[21] A1~ 1A 1AD[14] A D12] A1 A D[6] » D[5] A D[4];

CRC[3]=171/7D[68]A12171AD[63]AD[62] 1A D[55] A D[53]AD[52]A1A1A1AD[47]D[44]~1AD[39]AD[38]A1A1A
D[30] A D[29] ~ 1~ D[22] ~D[20] A1~ 1~ D[15] ~ D[13] ~ 1 ~ D[7] ~ D[6] ~ D[5];

CRC[4]=1717D[69] A D[68]~1"217~1~D[63] ~D[60] A1~ D[54] A D[53] A D[52] A 171 A1~D[45]717A1AD[39]*1A1AD[31]A
D[30] A D[28] A D[23] A D[21] A1~ 1A 1 A D[14] A D[12] A 1 A D[7] * D[6];

CRC[5] =1~ D[70] ~D[69] ~ D[68] A1 ~1"~1A"D[61] ~ 1A D[55] ~D[54] A D[53]~1~1"~1A7D[46] A D[44]~1~r1~D[36]71A1A
D[31] A D[29] A 1 A D[22] A D[20] A 1 A 1 A D[15] A D[13] A 1 A 1 A D[7];

CRC[6] = D[71] ~ D[70] A D[69] A D[68] A 1 A1 A D[62] A1~ 1 A D[55] A D[54] A D[52] ~ 1 A1 A D[47] ~ D[45] A1~ 1~ D[37] ~ D[36] 71
A1AD[30]A1AD[23] AD[21]AD[20]A1A1AD[14]A1A1A1;

CRC[7] =1~ D[71] A D[70] ~D[69] A 1~ 1A D[63] A 121~ 1AD[55] A D[53] AD[52] A 1A 1AD[46]A1A1AD[38]AD[37]A1A1A
D[31]A1A1AD[22]AD[21]A 1A 1AD[15]A 1A 1A 1;

Version 1.6 98 Nanya Technology Corporation©
06/2026 All Rights Reserved.



@ NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Simultaneous DM and CRC Functionality

When both DM and Write CRC are enabled in the DRAM mode register, the DRAM calculates CRC before sending the write data into
the array. If there is a CRC error, the DRAM blocks the write operation and discards the data. For a x16, when the DRAM detects an
error in CRC tree, DDR4 DRAMs may mask all DQs or half the DQs depending upon the specific vendor implementation behavior.
Both implementations are valid. For the DDR4 DRAM s that masking half the DQs, DQO through DQ7 will be masked if the lower byte.

CRC tree had the error and DQ8 through DQ15 will be masked if the upper byte CRC tree had the error.

Simultaneous MPR Write, Per DRAM Addressability and CRC Functionality

The following combination of DDR4 features are prohibited for simultaneous operation:
(1) MPR Write and Write CRC (Note: MPR Write is via Address pins)

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

[A2:A0] of MR5 are defined to enable or disable C/A Parity in the DRAM. The default state of the C/A Parity bits is disabled.
If C/A parity is enabled by programming a non-zero value to C/A Parity Latency in the mode register (the Parity Error bit
must be set to zero when enabling C/A any Parity mode), then the DRAM has to ensure that there is no parity error before
executing the command. The additional delay for executing the commands versus a parity disabled mode is programmed in
the mode register (MR5, A2:A0) when C/A Parity is enabled (PL: Parity Latency) and is applied to commands that are
latched via the rising edge of CK when CS is low. The command is held for the time of the Parity Latency before it is
executed inside the device. This means that issuing timing of internal command is determined with PL. When C/A Parity is
enabled, only DES is allowed between valid commands to prevent DRAM from any malfunctioning. CA Parity Mode is

supported when DLL-on Mode is enabled, use of CA Parity Mode when DLL-off Mode is enabled is not allowed.

CA Parity signal covers ACT, RAS, CAS, WE and the address bus, including bank address and bank group bits, the control
signals CKE, ODT, and CS are not covered. For example, for a 4 Gbit x4 monolithic device, parity is computed across BG
[1:0], BA [1:0], A16/RAS, A15/CAS, A14/WE, A [13:0], and ACT. The DRAM treats any unused address pins internally as
zeros; for example, if a common die has stacked pins but the device is used in a monolithic application, then the address

pins used for stacking should internally be treated as 0’s.

The convention for parity is even parity; for example, valid parity is defined as an even number of ones across the inputs
used for parity computation combined with the parity signal. In other words, the parity bit is chosen so that the total number

of “1’s” in the transmitted signal, including the parity bit is even.
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Command/Address Parity Operation

If a DRAM device detects a CA Parity error in any command qualified by CS, then it will perform the following steps:

1. Ignore the erroneous command. Commands in MAX NnCK window (tPAR_UNKNOWN) prior to the erroneous
command are not guaranteed to be executed. When a READ command in this NnCK window is not executed, the

device does not activate DQS outputs.
2. Log the error by storing the erroneous command and address bits in the MPR Page 1 error log.

3. Set the parity error status bit in the mode register to “1”. The Parity Error Status bit must be set before the ALERT signal
is released by the DRAM (i.e. tPAR_ALERT_ON + tPAR_ALERT_PW(min)).

4. Assert the ALERT signal to the host (ALERT is active LOW) within tPAR_ALERT_ON time.

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

command.

If a parity error occurs on a command issued between the tXS_Fast and tXS window after self-refresh exit, then the DRAM
may delay the de-assertion of ALERT signal as a result of any internal on going refresh. (See CA Parity Error Checking -
SRX)

6. Wait for tRAS_min before closing all the open pages. The DRAM is not executing any commands during the window
defined by (tPAR_ALERT_ON +tPAR_ALERT_PW).

7. After tPAR_ALERT_PW_min has been satisfied, the device may de-assert ALERT.
8. After the DRAM has returned to a known pre-charged state it may de-assert ALERT.

9. After ({PAR_ALERT_ON + tPAR_ALERT_PW), the DRAM is ready to accept commands for normal operation. Parity
latency will be in effect, however, parity checking will not resume until the memory controller has cleared the Parity Error

Status bit by writing a ‘0" (the DRAM will execute any erroneous commands until the bit is cleared).

10. It is possible that the DRAM might have ignored a refresh command during the (tPAR_ALERT_ON + tPAR_ALERT_PW)
window or the refresh command is the first erroneous frame so it is recommended that the controller issues extra

refresh cycles as needed.

11. The Parity Error Status bit may be read any time after ({PAR_ALERT_ON + tPAR_ALERT_PW) to determine which
DRAM had the error. The DRAM maintains the Error Log for the first erroneous command until the Parity Error Status bit

is reset to ‘0.

Mode Register for C/A Parity Error is defined as follows. C/A Parity Latency bits are write only, Parity Error Status bit is
read/write and error logs are read only bits. The controller can only program the Parity Error Status bit to ‘0’. If the controller
illegally attempts to write a ‘1’ to the Parity Error Status bit, the DRAM does not guarantee that parity will be checked. The
DRAM may opt to block the controller from writing a ‘1’ to the Parity Error Status bit.

DDR4 SDRAM supports MR bit for ‘Persistent Parity Error Mode’. This mode is enabled by setting MR5 A9=High and when
it is enabled, DRAM resumes checking CA Parity after the ALERT is deasserted, even if Parity Error Status bit is set as High.
If multiple errors occur before the Error Status bit is cleared the Error log in MPR page 1 should be treated as ‘Don’t Care’.
In ‘Persistent Parity Error Mode’ the ALERT pulse will be asserted and deasserted by the DRAM as defined with the min.
and max. value for tPAR_ALERT_PW. The controller must issue DESELECT commands once it detects the ALERT. signal,
this response time is defined as tPAR_ALERT_RSP.

The following figure captures the flow of events on the C/A bus and the ALERT signal.
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Mode Registers for C/A Parity
C/A Parity Lafency Speedibins C/A Parity Error Status | Parity Persistent Mode Errant C/A Frame
MR5[2:0] MR5 A[4] MRS5 A[9]
000= Disabled NA
001=4Clocks | 1600,1866,2133 ACT, PAR,
010= 5 Clocks 2400 O=clear 0 = Disabled BG1, BGO, BAO, BA1,
- 1=Error 1 = Enabled A16/RAS, A15/CAS, A14/WE,

100= 8 Clocks RFU

NOTE 1 Parity latency is applied to all commands.

NOTE 2 Parity latency can be changed only from a CA parity disabled state; for example, a direct change from PL = 3 to PL = 4 is not
allowed. The correct sequence is PL = 3 to disabled to PL = 4.

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

Normal CA Parity Error Checking Operation

COMMAND/
ADDRESS

ALERT

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

@ Command executed

NOTE 1 DRAM is emptying queues. Precharge all and parity checking off until Parity Error Status bit cleared.

NOTE 2 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE 3 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Status bit cleared.
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Persistent CA Parity Error Checking Operation

[ri
Ck Taz Tha Ted Tet Td0 Ted Tel+
- - - - - - - -
o -— —-— - -— - - -
COMMANDY
ADDRESS
A ] B ] E -. o S, S i oL |
7 ALID P ALIDG o WAL JES RisihDES R ALIZZRALID
tPA_UN O b _PAR_ALERT_OM | tPAR/ISLERT_RSF £2nCK tRP+
- - - -
AIER I |
// tPAR_ALERT _Pits

{ I
@ @" Command execution unknavnt'

i i F
. WALIDY  Command not executed DOW'T ZARE ng BREARH

'@ Command executed+

NOTE1 DRAM is emptying queues. Precharge all and parity check re-enable finished by tPAR_ALERT_PW.

NOTE 2 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.
NOTE 3 Normal operation with parity latency and parity checking (CA Parity Persistent Error Mode enabled).

CA Parity Error Checking - PDE/PDX

T0 ™ Ta0 Ta1 Tb0 Tb1 Tc0 Tel Tdo Td1 Td2 Td3 Te0 Tel
—-\ -

SOOCX

CK —~— ~ - - - - - - -
CK -/ — _ 7/ — _/ _ _/ _

tCHDED

“aooress ZH@DG o o )
— 77 i e ~

tS'  t=2nCK tRP
//tPAR_ALERT_Oné/ ‘| J/ // tPAR_ALERT_PW'

T |

‘ F7] DON'T CARE gTIME BREAK
@‘@ Command execution unknown

Q Command not executed

@ Command executed

A

NOTE 1 Deselect command only allowed.
NOTE 2  Error could be Precharge or Activate.
NOTE 3 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking is off until Parity Error Status bit cleared.

NOTE4 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE 5 Deselect command only allowed; CKE may go high prior to Td2 as long as DES commands are issued.
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CA Parity Error Checking - SRE Attempt

o _TaO Ta1 _Tc1 TdO Td1 _ Td2 _Td3 _TeO Te1
((::E 2 / // - i // i // 77N, \ _—x \ _—x
tCPD
comumo i Ces e Y oes Y
CKE
W '/Tlg t>2nCK tRP
tPAR_ALERT_O / tPAR_ALERT _PW!'

n // L B}

! T
@ @ @ Command execution unknown
Q‘ Command not executed
DON'T CARE Q\HME BREAK
@ Command executed

NOTE 1 Deselect command only allowed.

NOTE 2 Self Refresh command error. DRAM masks the intended SRE command and enters Precharge Power Down.

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

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

NOTE5 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE 6 Deselect command only allowed; CKE may go high prior to Tc2 as long as DES commands are issued.
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CA Parity Error Checking - SRX

TO

CK- -
CK

COMMAND/
ADDRESS

tIs
[
CKE 77 {PAR_UNKNOWN, | tPAR_ALERT ON,_ _ tPAR ALERT_PW\
ALERT — II/ N
/ tXS_FAST® //
= I

tXSDLL L

@ @ @-3 Command execution unknown
- Command not executed

[+ DON'T CARE &TIME BREAK
@'5'6’7 Command executed

NOTE 1 Self Refresh Abort = Disable: MR4 A[9] = 0.

NOTE 2 Input commands are bounded by tXSDLL, tXS, tXS_ABORT and tXS_FAST timing.

NOTE 3 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE 4 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking off until Parity Error Status bit cleared.

NOTE 5 Only MRS (limited to those described in the Self-Refresh Operation section), ZQCS, or ZQCL command allowed

NOTE 6 Valid commands not requiring a locked DLL.

NOTE 7 Valid commands requiring a locked DLL.

NOTE 8 This figure shows the case from which the error occurred after tXS_FAST. An error may also occur after tXS_ABORT and tXS.

Command/Address parity entry and exit timings

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

tMOD_PAR = tMOD + PL
tMRD_PAR =tMOD + PL

For CA parity entry, PL in the equations above is the parity latency programmed with the MRS command entering CA
parity mode.
For CA parity exit, PL in the equations above is the programmed parity latency prior to the MRS command exiting CA
parity mode.
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Parity Entry Timing Example - tMRD_PAR

Ta0 Ta1 Ta2 TbO Tb1 Tb2

COMMAND >< DES>< ><MRS>< >< DES \ DES>< ><MRS>< >< DES><

PL=0 Updating|Setting \\ PL=N

Enable Parity /
change PL from 0 to N

Settings

—

tMRD_PAR

NOTE1 tMRD_PAR =tMOD + N; where N is the programmed parity latency with the MRS command entering CA parity mode.
NOTE 2  Parity check is not available at Tal of MRS command due to PL=0 being valid.
NOTE 3 In case parity error happens at Tb1l of MRS command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".

Parity Entry Timing Example - tMOD_PAR

Ta0 Ta1l Ta2 TbO Tb1 Tb2
/ /
CKt —|——— -—-- -—-
COMMAND >< DES>< ><MRS>< >< DES \
Settings PL=0 Updating (Setting \\ PL=N
)J tMOD_PAR ‘
Enable Parity /
change PL from 0 to N

NOTE1 tMOD_PAR =tMOD + N; where N is the programmed parity latency with the MRS command entering CA parity mode.
NOTE 2 Parity check is not available at Tal of MRS command due to PL=0 being valid.
NOTE 3 In case parity error happens at Tb1 of VALID command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".
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Parity Exit Timing Example - tMRD_PAR

Ta0 Ta1l Ta2 TbO Tb1 Tb2

COMMAND >< DI|ES>< ><MRS>< >< DES \ >< DES>< ><MRS>< >< DI|ES><
|
J

Settings PL=N Updating $etting \ PL=0

Disable Parity
change PL from N to O

) tMRD_PAR ‘

NOTE1 tMRD_PAR =tMOD + N; where N is the programmed parity latency prior to the MRS command exiting CA parity mode.
NOTE 2 In case parity error happens at Tal of MRS command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".
NOTE 3  Parity check is not available at Tb1 of MRS command due to disabling parity mode.

Parity Exit Timing Example - tMOD_PAR

Ta0 Ta1l Ta2 TbO Tb1 Tb2

T _C\ :
\_ _ 7 o
COMMAND >< DES>< ><MRS>< >< DES
|

Settings PL=N Updating Setting

PL=0

|
‘ - N tMOD_PAR _ ‘

Disable Parity
change PL from N to O

NOTE1 tMOD_PAR =tMOD + N; where N is the programmed parity latency prior to the MRS command exiting CA parity mode.
NOTE 2 In case parity error happens at Tal of MRS command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]’.
NOTE 3  Parity check is not available at Tb1 of VALID command due to disabling parity mode.

CA Parity Error Log Readout

Address MPR Location [71 [6] [5] [4] [3] [2] [11] [0]
00=MPRO A7 A6 A5 A4 A3 A2 A1 A0
01=MPR1 CAS /A15 WE/A14 A13 A12 A11 A10 A9 A8

BA[1:0]
041 10=MPR2 PAR ACT BG1 BGO BA1 BAO A17 RAS/A16
CRC CA Parity
11=MPR3 CA Parity Latency Cc2 C1 Cco
Error Status Error Status

NOTE 1 MPR used for CA parity error log readout is enabled by setting A[2] in MR3
NOTE 2  For higher density of DRAM, where A [17] is not used, MPR2[1] should be treated as don’t care.
NOTE 3 If a device is used in monolithic application, where C [2:0] are not used, then MPR3[2:0] should be treated as don’t care.
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Control Gear-down Mode

The following description represents the sequence for the gear-down mode which is specified with MR3:A3. This mode is
allowed just during initialization and self refresh exit. The DDR4 SDRAM defaults in 1/2 rate (1N) clock mode and utilizes a
low frequency MRS command followed by a sync pulse to align the proper clock edge for operating the control lines CS,

CKE, and ODT when in 1/4 rate (2N) mode. For operation in 1/2 rate mode, MRS command or sync pulse is not required.

External Clock

Internal Clock ’ \ ’ \ , \ ’4—»\

Set 2N mode

CMD/ADDR/CTRL

General sequence for operation in geardown during initialization

1. DRAM defaults to a 1/2 rate (1N mode) internal clock at power-up/reset.

2. Assertion of reset.

3. Assertion of CKE enables the DRAM.

4. MRS is accessed with a low frequency NxtCK MRS Gear-down CMD (set MR3:A3 to 1). (NtCK static MRS command is
qualified by 1N CS.)

5. DRAM controller sends a 1N sync pulse with a low frequency N*tCK NOP CMD; tSYNC_GEAR is an even number of
clocks; sync pulse on even clock boundary from MRS CMD.

6. Initialization sequence, including the expiration of tDLLK and tZQinit, starts in 2N mode after tCMD_GEAR from 1N Sync

Pulse.

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

1. DRAM reset to 1N mode during self refresh

2. MRS is accessed with a low frequency N*tck MRS gear-down CMD (set MR3:A3 to 1)

Ntck static MRS command qualified by 1N CS which meets tXS or tXS_Abort

Only Refresh command is allowed to be issued to DRAM before Ntck static MRS command

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

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

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

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

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

When operating in 1/4 rate Gear-down Mode, the following MR settings apply:
« CAS Latency (MRO A [6:4,2]): Even number of clocks
» Write Recovery and Read to Precharge (MRO A [11:9]): Even number of clocks
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 Additive Latency (MR1 A [4:3]): 0, CL -2
» CAS Write Latency (MR2 A [5:3]): Even number of clocks
« CSto Command/Address Latency Mode (MR4 [8:6]): Even number of clocks

» CA Parity Latency Mode (MRS5 A [2:0]): Even number of clocks
CAL or CA parity mode must be disabled prior to Gear down MRS command. They can be enabled again after
tSYNC_GEAR and tCMD_GEAR periods are satisfied.

Gear down (2N) mode entry sequence during initialization

TdkN TdkN + Neven
CK_ ¢

T

DRAM
(Internal)
CLK

U tXPR_GHAR
- 'H - tSYINC_GEAR | tCMD_GEAR

Reset / \

CKE
) \ 2N Mode
— > |.—

o |/ / [

1N Sync Pulse

tGEAR _setup tGEAR_ho tGEAR_setup| tGEAR_hold
-l > - - >
cMD i JE:?’ ,;:?I@ MRS 'IE?"' ) NoP ‘E:?' ) VALID e
Conure

DRAM to 1/4 rate

Clock Mode Change After Exiting Self Refresh

TdkN + Neven

CK_c R

CKt « A
DRAM
(Internal) _\_/_\_,
CLK
CKE
4 tXS oru’\bon1

tSYNC\LBEAR tCMD_GEAR
\ 1N Sync Puls;a 2N Mode
- 1 —> |—

\ |/ niN T

tGEAR setup tGEAR hold tGEAR _setup [tGEAR_hold

> > -¢ ] -

oMD 77K SRX K/ MRS G NOP G ZX_VALD X/
j T ‘” T ]

Conure
DRAM to 1/4 rate

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

NOTE 2 Command not requiring locked DLL

NOTE 3 Only DES is allowed during tSYNC_GEAR
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Comparison Timing Diagram Between Gear-down Disable and Enable

, PR S 1 i T T A R T ¢ A
CKy = ~ ;- - .- - - ;- - - ;- - .- - - .-
CKL P N/ N e A N - u ! ’___\%\_)\__ | W/ N, o -

AL=0 : : : :
(Geardown ' ' ' '
=Disable) ! ! ' !

R Oy 7 E ) E % O L %@%@%@%@’/A@%@%@% Dﬁ)@@s CRERNEN N =X,
DQ A} A\Y 1 [ [} [l

CL=IRCD=16 « CL=RL=16(AL=0) ( W% ; ID“%I ‘—H%n Im&ﬂ %tl E%A E
e T it I . | ' |
(Geardown - - : : : : :
=Disable) (ReaD> ' ' ' ' '

R O 7 EO DL L D D L D S D & “ Des ’/z@’//l@’//@’
hl] R 3 M !

( AL +CL=RL=31 (AL=CLA=15) « W

{READ®

commo XX NN, Wz

DQ

A}

{

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

[

. TRANSITIONING DATA DON'T CARE

NOTE1 BL=8, tRCD=CL=16
NOTE 2 DOUT n = data-out from column n. s are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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DDR4 Key Core Timing

tCCD Timing (WRITE to WRITE Example)
T0 ™ T2 T3 T4
CK - - 1, - -0 - =0 - - - -
commant ZZZXRTSGEZE oes )z oes Wiz oes Ky

< >

tCCD_S

i i

=

ADDRESS

22 Time Break Don't Care

NOTE 1 tCCD_S; CAS-to-CAS delay (short). Applies to consecutive CAS to different bank groups (i.e., TO to T4).
NOTE 2 tCCD_L; CAS-to-CAS delay (long). Applies to consecutive CAS to the same bank group (i.e., T4 to T10).

tCCD Timing (READ to READ Example)

TO T T2 T3 T4
CK e - = - = - =0 1, - = [
conmns NS N Y N N

- >l

T10 ™
- I

DG N

)

ADDRESS

S

28 Time Break Don't Care

NOTE 1 tCCD_S; CAS-to-CAS delay (short). Applies to consecutive CAS to different bank groups (i.e., TO to T4).
NOTE 2 tCCD_L; CAS-to-CAS delay (long). Applies to consecutive CAS to the same bank group (i.e., T4 to T10).
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tRRD Timing

Bank Group(GB) (BB s T CBER) R | B
Bank Eank e Ganky e D

2 Ti@e Break Don't Care

NOTE 1 tRRD_S; ACTIVATE-to-ACTIVATE command period (short); applies to consecutive ACTIVATE commands to different bank groups (i.e.,
TO and T4).

NOTE 2 tRRD_L; ACTIVATE-to-ACTIVATE command period (long); applies to consecutive ACTIVATE commands to the different banks in the
same bank group (i.e., T4 and T10).

tFAW Timing

TO

CK \ - - - »
CK RIS
\

G

22 Time Break Don't Care

NOTE 1 tFAW : Four activate window

Version 1.6 112 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/gﬁx NTC Proprietary
v Level: Property
DDR4-8Gb H-Die

NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

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

0 T 7 Ta0 Tat Ta2 Ta3 Tad Tas Tab Ta? b0 Tbt

Beni Group T f;,’;ﬁf A, e

(B6)

o (o NG T P )
T T D

ADDRESS { Caln X%
tWPRE ' ' ' 'wpst
_ - ' ' |
DQs, DAS - P | — | — | —
COXOC X XXX
DQ - -
Din\/ Din \/ Din \/ Din\/ Din\/ Bin \/ Din \/ Din
AN AN A NIRRT AN AR AN /A NIk
WL RL
-~
1

22 Time Break Don't Care ElTransit\onmg Data

NOTE1 tWTR_S: Delay from start of internal write transaction to internal READ command to a different bank group. When AL is non-zero,
the external read command at TbO can be pulled in by AL.

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

- T T Y

I I I

Wen 77 2 : T R,
L 0,

ADDRESS{ Can X

e e
_WPRE X tWps X
DQS, DAS — —'\ | |
CX
ba Din\/ 0in Y/ Din \/ Din\/ Din\\ Din )/ Din \/ Din
/AN AT AN Y ALY ALY/ AN AN L)
WL RL
1 <

22 Time Break Don't Care ElTransitioning Data

NOTE 1 tWTR_L: delay from start of internal write transaction to internal READ command to the same bank group. When AL is non-zero,
the external read command at TbO can be pulled in by AL.
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Programmable Preamble

The DQS preamble can be programmed to one or the other of 1 tCK and 2 tCK preamble; selectable via MRS (MR4 A
[12:11]). The 1 tCK preamble applies to all Speed-Grade and The 2 tCK preamble is valid for DDR4-2666/2933/3200
Speed bin Tables.

Write Preamble

The 1 tCK or 2tCK Write Preamble is selected via MR4 [A12]. MR4 A [12] = 0 selects 1 tCK Write Preamble Mode while
MR4 A [12] = 1 selects 2 tCK Write Preamble Mode, examples in the figures below.

DQS, DQS Preamble
= -

@
=%

1tCK mode

2tCK mode

DQ Do X D1 X D2X D3 XD4 X D5 XD6 X D7

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

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

allowed in 2 tCK preamble mode
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tCCD=4 (AL=PL=0)

1tCK mode
- - r
— —;
DQS_C I P P P __/--\__/-
ba \DOXD1XDZXD3XD4XD5XD6XD7XDOXD1XDZXD3

-\__/--\__/--\__/--\__/--\/___X
\ 0o X o1 X2 Xp3 X 04 X b5 X oe X o7 X o X b1

Preamble »

o
)
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tCCD=5 (AL=PL=0)

1tCK mode

CLK_t —
CLK ¢ —

— o

DQS_t -
DQS ¢

na Noo Yo Y o2 X o3 Y\ oe

A AN N 7

- (. Pl
Preamble
DSXDGXD?/ DO X D1 A D2 A D3

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

NOTE1 tCCD__Sand tCCD_L =5 tCKs not allowed when in 2tCK Write Preamble Mode.

tCCD=6 (AL=PL=0)

1tCK mode

CLK ¢c—
CLK_t —

DQS_c
DQS t

. B O000006 T ET o

- - -

2tCK mode

CMD( WR ) (w )

CLK_¢c—
CLK_t —

DQS_c

pest+  PREER T
Preamble

hld \DOXD1XDZXDSXDAXDSXDBXW/ \DOXDWXDZXWX
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Write Postamble

DDR4 will support a fixed Write postamble. Write postamble nominal is 0.5tCK for two Write Preamble Modes.

Write Postamble

DQS, DQS Preamble Postamble
N\ /T = ;- =
1tCK toggle D
DQ X X X X X X X
DQS, DQS Preamble Postamble
- /= ;/—D il il /=
2tCK toggle - ---- - N - - U_ - M_ - /ﬁ/
DQ X X X X X X X
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Read Preamble

MR4 A [11] = 0 selects 1 tCK Read Preamble Mode while MR4 [12] = 1 selects 2 tCK Read Preamble Mode, example in the

figures below.

DQS, DQS Preamble
I / -
s e
1tCK toggle
DQ
2tCK toggle
DQ Do X D1 X D2 XD3 XD4 X D5 X6 X D7
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Read Preamble Training

DDR4 supports Read Preamble Training via MPR Reads; that is Read Preamble Training is allowed only when the DRAM
is in the MPR access mode. The Read Preamble Training Mode can be used by the DRAM controller to train or "read level"
its DQS receivers. Read Preamble Training is entered via an MRS command; MR4[10] = 1 enabled while MR4[10] = 0 is
disabled. Once the MRS command is issued to enable Read Preamble Training, the DRAM DQS and DQS signals are
driven to a valid level by time tSDO is satisfied. During this time, the data bus DQ signals are held quiet, i.e. driven HIGH.
The DQS signal remain driven LOW and the DQS signal remain driven HIGH until an MPR Page1 READ (Page 0 through
Page 3 determine which pattern is used) command is issued; and once CAS latency (CL) has expired, the DQS signals will
toggle normally depending on the burst length setting. To exit Read Preamble Training Mode, an MRS command must be

issued, MR4[10] = 0.

DDR4-1600/1866/2133/2400/2666/2933/3200
Min Max

Parameter Symbol

tSDO - tMOD+9ns

Delay from MRS Command to
Data Strobe Drive Out

NOTE 1: Read Preamble Training mode is enabled by MR4 A [10] = 1

DQ (Quiet or driven) X X X X XXX/
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Read Postamble

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

DDR4 will support a fixed read postamble.

Read postamble of nominal 0.5tck for preamble modes 1,2 Tck are shown below:

Read Postamble

DQS, DQS Preamble . . - Postamble
X X XA XA >

1tCK toggle

bQ X X X X X X X

DQS, DQS Preamble _ L . Poita_mble

R —— Ko XX X XA ey

2tCK toggle

pQ X X X X X X X
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ACTIVATE Command

The ACTIVATE command is used to open (or activate) a row in a particular bank for a subsequent access. The value on the BGO-
BG1 in X4/8 and BGO in X16 select the bankgroup: BAO-BA1 inputs selects the bank within the bankgroup, and the address provided
on inputs AO-A17 selects the row. This row remains active (or open) for accesses until a precharge command is issued to that
bank or

a precharge all command is issued. A bank must be precharged before opening a different row in the same bank
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PRECHARGE Command

The PRECHARGE command is used to deactivate the open row in a particular bank or the open row in all banks. The
bank(s) will be available for a subsequent row activation for a specified time (tRP) after the PRECHARGE command is
issued. An exception to this is the case of concurrent auto precharge, where a READ or WRITE command to a different
bank is allowed as long as it does not interrupt the data transfer in the current bank and does not violate any other timing
parameters. Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or WRITE
commands being issued to that bank. A PRECHARGE command is allowed if there is no open row in that bank (idle state)
or if the previously open row is already in the process of precharging. However, the precharge period will be determined by
the last PRECHARGE command issued to the bank.

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

command (AutoPrecharge) is issued to that bank.
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Read Operation
Read Timing Definitions

Read timings are shown below and are applicable in normal operation mode, i.e. when the DLL is enabled and locked.
Rising data strobe edge parameters:

+ tDQSCK MIN/MAX describes the allowed range for a rising data strobe edge relative to CK, CK.

+ tDQSCK is the actual position of a rising strobe edge relative to CK, CK.

« tQSH describes the DQS, DQS differential output HIGH time.

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

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

Falling data strobe edge parameters:

« tQSL describes the DQS, DQS differential output LOW time.

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

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

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

CK
CK
: Rising Strotpe ' : Rising Strobe '
\ |Vvariance ! v |Vvariance '
window window
—»l{=tpasck fefdasck
_tQSH(DQS) | tQSL(DQS)
DQS
DQS _tQH_total | tQH_total
tDQSQ_total| | tDQSQ_total
Associated S \ /
DQ Pins y \
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READ Timing — Clock to Data Strobe Relationship

The clock to data strobe relationship is shown below and is applicable in normal operation mode, i.e. when the DLL is
enabled and locked. Rising data strobe edge parameters:

+ tDQSCK MIN/MAX describes the allowed range for a rising data strobe edge relative to CK, CK.

+ tDQSCK is the actual position of a rising strobe edge relative to CK, CK.

 tQSH describes the data strobe high pulse width.

Falling data strobe edge parameters:

* tQSL describes the data strobe low pulse width.

« tLZ(DQS), tHZ(DQS) for preamble/postamble

Clock to Data Strobe Relationship

RL measured
to this point

CK,CK ¢ _\_

<@— tHZ(DQS)min

tLZ(DQS)min
—|
DQS_t, DQS_c ) e
Early Strobe = w
— |a— tHZ(DQS)max
CK (max)

tLZ(DQS)max —>|
DQS_t, DQS_c T
Late Strobe NI /

Bit7

NOTE 1 Within a burst, the rising strobe edge can be varying within tDQSCKi while at the same voltage and temperature. However,
incorporate the device, voltage and temperature variation, rising strobe edge variance window, tDQSCKi can shift between
tDQSCK(min) and tDQSCK(max). A timing of this window’s right inside edge (latest) from rising CK, CK is limited by a device’s
actual tDQSCK(max). A timing of this window’s left inside edge (earliest) from rising CK, CK is limited by tDQSCK(min).

NOTE 2 Notwithstanding Note 1, a rising strobe edge with tDQSCK (MAX) at T(n) cannot be immediately followed by a rising strobe edge
with tDQSCK (MIN) at T(n+1) because other timing relationships (tQSH, tQSL) exist: if tDQSCK(n+1) < 0: tDQSCK(n) < 1.0 tCK - (tQSH
(MIN) +tQSL (MIN) - | tDQSCK(n+1) |

NOTE 3 The DQS, DQS differential output HIGH time is defined by tQSH and the DQS, DQS differential output LOW time is defined by tQSL.

NOTE 4 Likewise, tLZ(DQS) MIN and tHZ(DQS) MIN are not tied to tDQSCK (MIN) (early strobe case) and tLZ(DQS) MAX and tHZ(DQS) MAX
are not tied to tDQSCK (MAX) (late strobe case).

NOTES5 The minimum pulse width of read preamble is defined by tRPRE (MIN).

NOTE 6 The maximum read postamble is bound by tDQSCK (MIN) plus tQSH (MIN) on the left side and tHZDSQ (MAX) on the right side.
NOTE 7 The minimum pulse width of read postamble is defined by tRPST (MIN).

NOTE 8 The maximum read preamble is bound by tLZDQS (MIN) on the left side and tDQSCK (MAX) on the right side.
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READ Timing — Data Strobe to Data Relationship

The data strobe to data relationship is shown below and is applied when the DLL is enabled and locked.
Rising data strobe edge parameters:
* tDQSQ describes the latest valid transition of the associated DQ pins.
* tQH describes the earliest invalid transition of the associated DQ pins.
Falling data strobe edge parameters:
* tDQSAQ describes the latest valid transition of the associated DQ pins.
* tQH describes the earliest invalid transition of the associated DQ pins.
tDQSQ; both rising/falling edges of DQS, no tAC defined.
Data Valid Window:
* tDVWd is the Data Valid Window per device per Ul and is derived from (tQH - tDQSQ) of each Ul on a given DRAM.
This parameter will be characterized and guaranteed by design.
* tDVWp is Data Valid Window per pin per Ul and is derived from (tQH - tDQSQ) of each Ul on a pin of a given DRAM.

This parameter will be characterized and guaranteed by design.

Data Strobe to Data Relationship

CKc- -
CK_t
COMMAND >~
ADDRESS 7
RL=AL+CL +PL | |
7
DQS_t, DQS_c
DQ (Last data) 7
DQ(First data) 7
All DQs Collectively //>

NOTE1 BL=8,RL=11(AL=0,CL=1), Preamble = 1CK

NOTE 2 DOUTn = data-out from column n.

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

NOTE 4 BLS setting activated by either MROA [1:0] = 00or MROA [1:0] = 01 and A12 = 1 during READ commands at TO.
NOTE 5 Output timings are referenced to VDDQ, and DLL on for locking.

NOTE 6 tDQSQ defines the skew between DQS, DQS to data and does not define DQS, DQS to clock.

NOTE 7 Early data transitions may not always happen at the same DQ. Data transitions of a DQ can vary (either early or late) within a burst.
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tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZ transitions occur in the same time window as valid data transitions. These parameters are referenced to a
specific voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving
tLZ(DQS), tLZ(DQ).

tLZ shows a method to calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving
tLZ(DQS), tLZ(DQ), by measuring the signal at two different voltages. The actual voltage measurement points are not
critical as long as the calculation is consistent. The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as

single ended.

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

tLZ(DQ): CK_t - CK_c rising crossing at RL
CK_t

1.0xVDDQ — <@ —-=-=-—===-—-

V.
07xVDDQ — 2N -
Vw1

04xVDDQ —=—=—=—=—=—-—-—
tLZ(DQ) begin point is above-mentioned extrapolated point.

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

1.0xVDDQ — — — 4
0.7xVDDQ — = — -
Vsw1
04xVDDQ _ _ _ e _
Begin point : Extrapolated point'

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

NOTE 1 Extrapolated point (Low Level) = VDDQ/(50+34) X 34
=VDDQ x 0.40
- Adriver impedance : RZQ/7(34ohm)
- An effective test load : 50 ohm to VTT = VDDQ
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Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter Symbol Measured Parameter Vswi1 [V] Vsw2 [V]
tLZ(DQ) DQ low-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQ) DQ high-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ

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

1.0 xVDDQ Das

0.7 xVDDQ

0.4 xVDDQ

tLZ(DQS) begin point is above-mentioned extrapolated point.

tHZ(DQS) with BL8: CK- CKrising crossing at RL + 4 nCK
tHZ(DQS) with BC4: CK - CKrising crossing at RL + 2 nCK

1.0xVDDQ — — —
0.7xVDDQ — - — -
DQS
04xVDDQ - - - L _ _ _
Begin point : Extrapolated point’

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

NOTE1 Extrapolated point (Low Level) = VDDQ/(50+34) X 34

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

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

Measured Parameter Symbol Measured Parameter Vsw1 [V] Vsw2 [V]
tLZ(DQS) DQS low-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQS) DQS high-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
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tRPRE Calculation

The method for calculating differential pulse widths for tRPRE is shown in figure below

Method for calculating tRPRE transitions and endpoints

DQS - ---\VDDQ
-------------------------- 0.7 x VDDQ
Sing ended signal, provided
as background informaton = —F — — - - = = — — = 04 X VDDQ
Mg ————\" "~~~ ——\-------- vDDQ
_______________ 0.7 x VDDQ
Sing ended signal, provided
as background information o 04 X VDDQ
- --0.6 xVDDQ
T L e N 0.3 x VDDQ
tRPRE_begin
DaS-DaS ——— K- 0
Resulting differential signal rele Begin point: .
vant for tRPRE specification Extrapolated point ©
tRPRE_end
NOTE 1 Low Level of DQS and DQS = VDDQ/ (50+34) x 34 = VDDQ x 0.40
- A driver impedance: RZQ/7(34Q)
- An effective test load: 50 Q to VTT = VDDQ
Reference Voltage for tRPRE Timing Measurements
tRPRE DQS, DQS differential READ Preamble (0.30-0.04) x VDDQ (0.30 + 0.04) x VDDQ
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tRPST Calculation

The method for calculating differential pulse widths for tRPST is shown in figure below

Method for calculating tRPST transitions and endpoints

- -

- -

CK
—————————————————————————————— VDD/2
CK
VDDQ
Sing ended signal, provided
as background infornTation 0.7 x VDDQ
DQS 0.4 x VDDQ
s @ —------ - - --VDDQ
--------------------------- 0.7 x VDDQ
Sing ended signal, provided ~ \_______/ _ _ _ _ _ _ _ _ _ _ _ _ 0.4 x VDDQ
as background information
DQS-DAS -~ -f---- Ko g 0
Resulting differential. §igqal ree [ - = — — — 3 — — ——/= MVsw2 — — — — — —
vant for tRPST specification Vswi -03 X VDDQ
e =
:%RPST_end -0.6 x VDDQ
End point :Extrapolated point
NOTE1 Low Level of DQS and DQS = VDDQ/ (50+34) x 34 = VDDQ x 0.40
- A driver impedance: RZQ/7(34 Q)
- An effective test load: 50 Q to VTT = VDDQ
Reference Voltage for tRPST Timing Measurements
tRPST DQS, DQS differential READ Postamble (-0.30-0.04) x vYDDQ (-0.30 + 0.04) x VDDQ
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READ Burst Operation

DDR4 READ command supports bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses address A12
to control OTF during the READ or WRITE (AUTO PRECHARGE can be enabled or disabled).

*A12 =0, BC4 (BC4 = burst chop)

*A12=1,BL8

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

* Read command with A10 = 0 (RD) performs standard Read, bank remains active after read burst.

* Read command with A10 = 1 (RDA) performs Read with auto-precharge, back goes in to precharge after read burst.

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

ADDRESS 72X gon A
{RPRE
DQS_t,0a5 ¢ (( T 8 X~ ) )
e} )
) oLy 8,5, 5, .60, &)
RL=AL+CL

. TRANSITIONING DA TA  [7] DONe# CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] =01 and A12 = 1 during READ command at TO.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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READ Burst Operation RL =21 (AL =10, CL = 11, BL3)

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

ADDRESS 72X gopn 7 Z
{RPRE
DQS_t,DQS_c¢ (( (( "V Y U Y -
" 0 ( @ 6 &) &, & &) &) &)
AL=10 P CL=11 _
RL=AL +CL

. TRANSITIONING DA TA /7] DON=# CARE
BL=8,RL=21, AL=(CL-1), CL =11, Preamble = 1tCK

DOUT n = data-out from column n.

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

BL8 setting activated by either MROA [1:0] = 00 or MROA [1:0] = O1and A12 = 1 during READ command at TO.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI= Disable

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

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

Version 1.6
06/2026

TR )1

Bank

ADDRESS

DS 10057 N (z |‘_ \\'_ \ _;" LA A _;,. -
2 i COEXENEXENENENE)

. TRANSITIONING DATA DONT CARE

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

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

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

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] =01 and A12 = 1 during READ command at TO and T4.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

Bank Gvoug
ADDRES:

Bank
ADDRESS 77X coy

DQS_t DAS ¢

Da

. TRANSITIONING DATA DONT CARE

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

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

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

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at TO and T4.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI= Disable

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

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

CCD_SIL=5

"0 7Y 5
N T N I A A O
ADDRESS Aol Colb g
RPRE
| : : : !
DQS_,008 ¢

RL=1t
ba V N,
( 0u\fDouN/Dou o
0\ AR\

RL=1

| |
Y EnYam e
04 A\ 05 /\n6/\n+7

. TRANSITIONING DATA DONT CARE

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

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

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

BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and T5.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different Bank Group

Bank Gloug
ADDRES!

Bank
ADDRESS X Con

{RPRE

00005 (( (( N

D ) )

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 2tCK, tCCD_S/L=6

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

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

NOTE 4 BLS setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and T6.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

NOTE 6 tCCD_S/L=5 isn’t allowed in 2tCK preamble mode.

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

FERER 2 )

AODRESS 7Y G

DS { pOS e ((
RL=tt
) )]

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK

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

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

NOTE 4 BC4 setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:AQ = 0:1] and A12 = 0 during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group

PR oo )

Bank
ADDRESS 72X &

{RPRE

\
008,005 5 ((
RL=1
] )

ﬂ wst

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 2tCK

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

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

NOTE 4 BC4 setting activated by either MRO A[1:0] = 10 or MRO A[1:0] = 01 and A12 = 0 during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

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

READ to WRITE Command Delay
=RL+BLI2- WL + 210K

Bank Gloug
ADDRES:

ADDRESS

RPRE

D08t D08 &

RL=1

e (?

. TRANSITIONING DATA % DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Read Preamble = 1tCK, WL =9 (CWL =9, AL = 0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and WRITE command
at T8.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group

READ to WRITE Command Delay
=RL+BLI2- WL +31CK

Bank Grou
100RESS 7

ADDRESS

tRPRE

WPRE

DQS_t DS ¢ & \
RL=1

(- | . - - - - -

DoulIDoul Din'}f Din Y/ Din Y Din Y Din ' Din Y’ Din Y’ Din
L) ANGI) sl o Vird A VRRY A Y A Uy o U A i

0Q (?

WL=10

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and WRITE command
at T8.

NOTES5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

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

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

READ to WRITE Command Delay
=RL+BCI2- WL +21CK

Bank Gloug
ADDRES:

ADDRESS

RPRE j j PRE j !
. : ! - oSt ! L ST
008 1 DG ¢ - =l =)= .- . - -
0 ) " ! ! ! .
! EENEE XEXE
=g

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL = 0), Write Preamble = 1tCK

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

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

NOTE 4 BC4(OTF) setting activated by MRO[A1:AQ = 0:1] and A12 = 0 during READ command at TO and WRITE command at Té6.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6

READ to WRITE Command Delay
= RL+BCI2- WL + 31CK

Bank Goug
ADDRES!

ADDRESS

RPRE . ) WIPRE

| |
- - - , - ; /-
' \_/ ' ]
)
[ [ S - [

RL=1t , , .

" ! \5.5.5.5 AN 66 6) 6 AN

|
. TRANSITIONING DATA DONT CARE

DQS t,00S ¢ &

BC=4,RL=11(CL=11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamble = 2tCK

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

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

BC4(OTF) setting activated by MRO A[1:]0 = 01 and A12 = 0 during READ command at TO and WRITE command at T6.

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

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

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

READ to WRITE Command Delay
=RL+BCI2- WL +21CK

Bank Grou
ADDRES!

ADDRESS

RPRE j ) PRE j j
! - oS ! ! WPST
00S 1 DGS 5 e e e - R O
- RL=t - 1 1 1 1
0 | |
¢ 1 NN ViV
A2,
V=9

[l RensimonnG DaTa DONT CARE

NOTE1 BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL = 0), Write Preamble = 1tCK

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

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

NOTE 4 BCA4(Fixed) setting activated by MRO A[1:0] = 10.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different Bank Group

READ to WRITE Command Delay
= RL+BCI2- WL + 31CK

N NN o7
‘ !'.“'

Bank &oug
ADDRES!

ADDRESS

RPRE | j j WPRE j j
: ! e lisl ! L ST
008t DS s (( \ YT /_\,\"_'/ g N ’ '\/_\'_'/ "~
[ — AV N VY N\ W () [ - v

|
RL=1t , ,
|

’ ! weeE weee

|
. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamble = 2tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.

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

NOTE 4 BCA4(Fixed) setting activated by MRO A[1:0] = 10.

NOTES5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

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

Bank Grou
ADDRESS )6+

AODRESS 72X ¢

(. - - -

[~
DQS_t DS (( |‘_ \\_

RL=1

. f N EOEEEEEE

RL=1

[l =ensimonnG DA DONT CARE

NOTE1 BL=8,AL=0,CL=11,Preamble = 1tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at T4.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BL8) to READ (BC4) OTF with 2tCK Preamble in Different Bank Group

Bank &oug
ADDRES:

Bank

ADDRESS 77X coy

DQS_t DAS ¢

DQ

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11,Preamble = 2tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at T4.

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

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

TBERER 7Y

Bark
“\Coln

ADDRESS

D08 t DO ((
RL=1

DQ

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11,Preamble = 1tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at T4.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

Bank Grou

ADDRESS (50 )

| 1 | 1 | | 1 | 1 | 1 | 1 1 1
ADDRESS 7Y 32
! \Coln

1 T 1 T T T 1 T

RRE | | | | | | | |

- . o L - [ [ u'__[RPSIu '

D08 { DOS_¢ \ r /_\_) | | | |

) Voo oo v A JEA N/ (N - R W/ N - ' '

RL=t1 1 1 1 1 1 1 1 1

DQ )] | | | | I I,
( \/DouN/Dou\/Dout Doa\/Do\/Da\ Do\ Do\ Do/ Dot |
0 A A2\ b AADHT /AL /\ DA\ DA,
RL=11
|

. TRANSITIONING DATA DONT CARE

BL =8, AL=0, CL =11, Preamble = 2tCK
DOUT n (or b) = data-out from column n (or column b).
DES commands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 =1 during READ command at T4.

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

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

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

Version 1.6
06/2026

READ to WRITE Command Delay
=RL+BLI2- WL +2(CK

Bank &oug
ADDRESS 7~

ADDRESS

DQS_t DQS ¢ &

RL=1

DQ

. TRANSITIONING DATA DONT CARE

BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
DOUT n = data-out from column n, DIN b = data-in to column b.
DES commands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T6.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI'= Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different Bank Group

READ to WRITE Command Delay
=RL+BCR2 - WL + 3(CK

D
' [ 5 1 I
wooress (5 N o ‘ /

T f f T T f
RPRE WPRE
: : RPST : : : : WesT
D0S 1,005 ¢ \ - /_\,\"_'/ é 8 ' oo e e "
(( [, \_/L_. [ | _— N - - - -
_ RL=t | \ ' \ ' !
Da b V J o
( W @ Dou\y/Dout Din Y/ Din Y Din Y Din Y Din Y Din Y Din Y Din
2 /\n3 b1 NO2NDH A\ O+ S\ D6 A\ DT,
WL=10

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,RL=11(CL=11, AL =0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamble = 2tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 =1 during WRITE command at T6.

NOTES5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

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

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

READ to WRITE Command Delay
=RL+BLI2- WL + 210K

Bank Gfoug
ADDRES:

ADDRESS

D08t D08 &

RL=1

0Q (?

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T8.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI'= Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

READ to WRITE Command Delay
=RL+BLI2- WL +31CK

Bank Grou
100RESS 7

ADDRESS

tRPRE

DQS_t DS ¢ & \
RL=1

0Q (?

1
. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T8.

NOTES5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

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

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP
being the Internal Read Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS, must
be satisfied as well. The minimum value for the Internal Read Command to Precharge Command Delay is given by
tRTP.min, A new bank active command may be issued to the same bank if the following two conditions are satisfied

simultaneously:
1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.

2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.
Examples of Read commands followed by Precharge are show in READ to PRECHARGE with 1tCK Preamble to READ to

PRECHARGE with Additive Latency and 1tCK Preamble.

READ to PRECHARGE with 1tCK Preamble

ADDRESS

BC4 Operafion: N \ :

00S D55 [ [ v \-_-//_.\’.\r_-/ = . X
b ( ( @
BL8 Operafion: ) ) .

00S {005 ¢ ()() ()() ‘.,\ - ‘_il- ‘_:r-/‘_.\?\r_-/
0 ( { @.6.5.660.6.6.6

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK, tRTP =6, tRP =11
NOTE 2 DOUT n = data-out from column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 The example assumes tRAS. MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next Active
command time(T18).

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI'= Disable.
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READ to PRECHARGE with 2tCK Preamble

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

BC4 Operation: N \ _ E _ E - E E
00S 0055 [ [ \’-_//__\’.\r_//_.\'.\r_/ X :
) ) y ¥ : '
" ( ( PACNCACEY T |
BLB Operation: ) ) : | : - :

005 1 D08 ¢ ( [ ' B . - - i} C [/
DQ )) )) ----- I . '

( { .66 666655

. TRANSITIONING DATA DONT CARE

BL=8,RL=11(CL=11, AL=0), Preamble = 2tCK, tRTP =6, tRP = 11
DOUT n = data-out from column n.
DES commands are shown for ease of illustration; other commands may be valid at these times.

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

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

READ to PRECHARGE with Additive Latency and 1tCK Preamble

Oy - o - ‘ - -
o ook @ﬁ@@ | 2 I‘I

‘ ﬁ"'ﬂf o ;f ()

AL=CL-2=0 RTP >l : +
- L Ll >
D wy | oo
BC4 Operation: b ) ) - : - : - : :
D0S 005 ¢ ( [ ( ' \L//_\r_/_\’\r_/ . .
™ ) ) ) \ y . :
( ( { 8.8 66 -
BL8 Operaion ) ) ) - : - :, - :, - :r -
0080057 ( ( ( Y AYAUAYAY
N ) ) )
( ( [

.6 6.8 &6 6.6

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=20(CL=11,AL=CL-2), Preamble = 1tCK, tRTP =6, tRP = 11

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

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

NOTE4 The example assumes tRAS. MIN is satisfied at Precharge command time(T16) and that tRC. MIN is satisfied at the next Active
command time(T27).

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ with Auto Precharge and 1tCK Preamble

j RL=AL+CL o 1 1 : :
|~ o ; ; ;
A T ! i NN N T
DQ ) ) ; ;
{ { COEXEY © |
BLS Operafion: \ ) P - :, - : -
005 1 DO ( { NSNS SN
0 ) )
{ { G566 .8 666

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK, tRTP = 6, tRP = 11

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 tRTP = 6 setting activated by MRO A[11:9] = 001

NOTE5 The example assumes tRC. MIN is satisfied at the next Active command time(T18).

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

READ with Auto Precharge, Additive Latency and 1tCK Preamble

RTP

BC4 Operation: ) ) ) - - - - :
0051005 ( ( ( N L%% :
x ) ) ) ‘ ‘ !
( ( ( ), %), ¥, ¢ !

B18 ot ) ) ) S S R i B

00S (D055 ( ( { N SN N SN

=

) “ CXENENENEXENENE)

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=20(CL=11, AL=CL-2), Preamble = 1tCK, tRTP = 6, tRP = 11

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 tRTP = 6 setting activated by MRO A [11:9] = 001

NOTES5 The example assumes tRC. MIN is satisfied at the next Active command time(T27).

NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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Burst Read Operation with Read DBI (Data Bus Inversion)

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

NOTE 1
NOTE 2
NOTE 3

CMD 2
R ) )0
' ' 1 1 1 1 1
aooess 2 ) ERN | | | [ . | | | [ 1]
/ Calb. 1 ' : ;
) | ‘ > :_ ) :,. RPST
DQS {,008 ¢
o ( A Sws B
< RL=11 . .- . .
DQ , I
: 6 &
- RL=1 ) ! \
DBIr ) ! : '
“ XX EXEXEXENE)

[l =ensimonnG Data DONT CARE

BL=8,AL=0, CL =11, Preamble = 1tCK, tDBI = 2tCK
DOUT n (or b) = data-out from column n (or column b).

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

NOTE 4
NOTE 5

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at TO and T4.
CA Parity = Disable, CS to CA Latency = Disable, read DBl = Enable.
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Burst Read Operation with Command/Address Parity

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

it Yt 7
ADDRESS 7\ /B ) 3 I T N T I D A
Pty 2 Ca‘" G W
N
005 0055 (( {
- RL=15 : .
ba
( {
< RL=15

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11,PL=4, (RL=CL+ AL+ PL=15), Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at TO and T4.
NOTE 5 CA Parity =Enable, CS to CA Latency = Disable, Read DBI = Disable.

READ (BL8) to WRITE (BL8) with 1tCK Preamble and CA parity in Same or Different Bank
Group

READ to WRITE Command Delay
=RL+BLI2- WL + 210K

Bank Gfoug
ADDRES:

ADDRESS
Paity  ZA/\C

D08t D08 &

0Q (?

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11,PL=4, (RL=CL+ AL+ PL=15), Read Preamble = 1tCK, CWL=9, AL=0, PL=4, (WL=CWL+AL+PL=13), Write
Preamble = 1tCK

NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at TO and Write command
at T8.

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

READ (BL8) to WRITE (BL8 or BC4:0TF) with 1tCK Preamble and Write CRC in Same or

Different Bank Group

READ to WRITE Command Delay
=RL+BLI2- WL + 240K

Bank Grou
AOORESS /

ADDRESS

|
7 f . : t
\ \ \ \ || WFST
| | ! !
0GS.t,005 ¢ a g < § - - - - -
o (( /L__\’.\_/\_. T.\_/\.-. _— AN \— P
- RL=1 1 1 1 1 1 1 1
] | |
DQx4BL=8 Dout Y/ Dout Din' Y Din Y/ Din ' Din Y Din' Y Din Y Din ' Din
( .@. b A2 A5 Ars Abt AFA RS
\ \ | | | | |
» - T T > 1 1 1 1 1
DQX8Ix16BL=8 [ Bor\/Doa\Ybed\/Dor ' Bot\/Dor\/Do DN N A EN EN NN A
0 A\ N2\, AGEY \ AN b N A2\ DH NN D+ /\ bt \
| | | | | | | | |
s ! GG o \/oor\/Dor\ DnYDnY/OnyD ' '
oy Dou\yBou\yDosN/Bou\BosN /Do iy Diry/ Diny/Din
R sLeg e g0 si ) o Aot M2 A\ i, o Aot Aoz Aot X 1\
\ \ \ \ | | \ \ |
) | | | | | | | | |
DQ Y8/ x15 [ Dou/Dou\YDosNyDoNy/BouNfDoNfDos\yBou I ENEN ! W Y!
e 818 s B4 v A AetArs Mn_%] AT A A A ! : :

[l =ensimonnG DaTa DONT CARE

BL = 8 (or BC = 4: OTF for Write), RL=11 (CL =11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK

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

NOTE 1
NOTE 2 DOUT n = data-out from column n. DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4
at T8.
NOTE 5 BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during Write command at T8.
NOTE 6

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

READ (BC4: Fixed) to WRITE (BC4: Fixed) with 1tCK Preamble and Write CRC in Same or
Different Bank Group

NOTE1 BC =4 (Fixed), RL=11(CL=11, AL =0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n. DIN b = data-in to column b.

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

NOTE 4 BC4 setting activated by MRO A [1:0] = 10.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, read DBI = Disable, Write DBI = Disable, Write CRC = Enable.
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READ to WRITE Command Delay
=RL+8CI2- WL +21CK

Bank Gloug
ADDRES! 4

DGS_t0QS ¢ ((

DQ x4 BC=4 (Feed) (

=

DQ x8/x16 BC=4 (Fixed)

. TRANSITIONING DATA DONT CARE
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Read to Read with CS to CA Latency

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

CKe -
okt N
'

M0 ) D ) o G e S o O
s T\XT AR AN/ A

1000 §=4
Bank Grou
ADDRES! 84 Bt N

ADDRESS Bark, Bank,
Caln ol

D03t DOS ((
RL=

DQ

RL=1

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11, CAL=3, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at T3 and T7.
NOTE 5 CA Parity = Disable, CS to CA Latency = Enable, Read DBI= Disable.

NOTE 6 Enabling of CAL mode does not impact ODT control timings. Users should maintain the same timing relationship relative to the
command/ address bus as when CAL is disabled.

Consecutive READ (BL8) with CAL (4) and 1tCK Preamble in Different Bank Group

15 T

. _m , _T

N

Koy - -
okt N
|

oAt cAL=1

S

BN O, D D ) o o) N ol B
A7 A AVA7 A I /A

)

(ccD.5=4

Bank Gvoug
ADDRES! 83 BGb
Bark,
woess o G
l A IRPRE

DS 065 ¢ (( \ \'_')

RL=11

! RPST
- s
- -
'

. TRANSITIONING DATA DONT CARE

DQ

RL=11

NOTE1 BL=8,AL=0,CL=11,CAL=4, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at T4 and T8.
NOTE 5 CA Parity = Disable, CS to CA Latency = Enable, Read DBI = Disable.

NOTE 6 Enabling of CAL mode does not impact ODT control timings. Users should maintain the same timing relationship relative to the
command/ address bus as when CAL is disabled.
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WRITE Operation

Write Timing Parameters
This drawing is for example only to enumerate the strobe edges that “belong” to a Write burst. No actual timing violations
are shown here. For a valid burst all timing parameters for each edge of a burst need to be satisfied (not only for one edge -

as shown).

Write Timing Definition and Parameters with 1tCK Preamble

T0 T T2 T3 T4 TS T6 7 T8 Ta T10

WL = AL + ONL 1 1 1 1
addrest B/ L T T T T T T T T T T T
DGSS (DsH : 'DsH : "DSH : 'DsH :
'DQsS{min) WPRELINCK) . :L,_/ri“"' . =] dwesTimin)
T T T T T T "
PasLDase ‘W'm?‘n—cm(;m B n; ‘a—w(‘gjs: —]
IDQsHImnk v ! ! “IpgsLimin]
o5 oS 55 D55 0SS
DY L T O Y Y O T N )
sy ! tosk ! L tosk !
'possinominal W PREINEK) WPSTImIn}
DQStDQs ."—"\\k " ¥ ‘ ‘ " . ; e
‘past | ingsk | togs | 'posH | ogst] 'oosd | fnost | tpask
“éa-suf.m||-|3__ DosLiming
DSs . To5S | 055 . 055 . D5
DQ LN (N Y OO D Y O )]
0oss l Z Z
IDSH DSH DSH DSH
tD0ssima SWPRE(NOK} . . . . wrsTimin)
S s’ S BT B E T e U
PQsbasc - _L-.nw "\ | DO | DS ‘Er{n ‘G | oL o | T
HJCISH'fntJ__| o T | oosimm
Dss ! 1pss | Ipss ! DS ! n;s'T
D@ k! T N

=] ransitioning Data  [/] Don't Care

NOTE1 BL8, WL=9 (AL=0, CWL=9).

NOTE 2 DINn = data-in from column n.

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 tDQSS must be met at each rising clock edge.
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Write Timing Definition and Parameters with 2tCK Preamble

T% ™ T12 ™ Ti4

e i e . e E I o e e e e

wor X 'R : V///X )(///X s WRIX 2= W77 om Y77 % X////;( (///)( ] X///}( oes X///)( ves /77K ¢

st ’Z’(:QLLX/////////////////////ZZ//////////////////////// /////.///// ////////// ///////// ////‘///// 1
22 X r‘mu}‘guac \oum ‘1!.!'25'-1 DosL ‘u)u:*i DosL | wast i d
DQE-IPRE | [ [ i 1DasL
1058 ' :o:N ‘ou:, o8 s
_— i P = ‘ \L . (o —
0ss | toss N
.-.1 SN Ir:!’ ‘)H le‘“'
DOSS{man | TWPRE2 ) 5 ; : WesT
05_o p e & s & i e Y
\z ............ 00[3 (OGS, ﬁﬂ)}):&'l\ DO lymo S| JDGSIL {m\! -
- 2 D D D T A,
o K A VY ’ N/ '

[:J THANSITIONING DATA m DON'T ¢

Write Data Mask

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR4 SDRAMs, consistent with the implementation
on DDR3 SDRAMs. It has identical timings on write operations as the data bits as shownabove, and though used in a unidirectional
manner, is internally loaded identically to data bits to ensure matched system timing. DM is not used during read cycles for
any bit organizations including x4, x8, and x16, however, DM of x8 bit organization can be used as TDAS_t during write cycles
if enabled by the MR1[A11] setting and x8 /x16 organization as DBIduring write cycles if enabled by the MR5[A11] setting. See
“TDQS, TDGS” on page TBD for more details on TDAS vs. DM operations and DBI on page TBD for more detail on DBI vs. DM

operations.
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tWPRE Calculation
Method for calculating tWPRE transitions and endpoints
CK t I~ \
\
——————————————————————————————————————————— VDD/2 --a
/
CK c t— =
DQS t
—————————————————————————————————————————————— VrefDQ ---
Single ended signal, provided
as background information
DQS _c
————————————————————————————————————————————— VrefDQ -—-
Single ended signal, provided
as background information 4
' VIHDiffPeak
" Vewd L TN T/ VIHDIff_DQS
tWPRE_begin Vswi ,
hwpre
DQS_t-DAQS _c# — 0 ———-
Begin point: .
Resulting differential signal, Extrapolated point t2
relevant for twere tWPRE_end
spedification
Reference Voltage for tWPRE Timing Measurements
Measured Parameter Symbol Measured Parameter Vswi[V] Vsw2[V]
tWPRE DQS, DQS differential WRITE Preamble VIHDIff_DQS x 0.1 VIHDIff_DQS x 0.9
NOTE1 The method for calculating differential pulse widths for tWPRE2 is same as tWPRE.
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tWPST Calculation

Method for calculating tWPST transitions and endpoints

CK_ t

CK_ ¢

§

[T

DQS t

Single ended signal, provided
as background information

DQS_c

————————————————————————————————————————————— VrefDQ —--
Single ended signal, provided
as background information

DQS_t -

Resulting differential signal,
relevant for tWPST
specification

t1
BB 0 s v

Vsw2
Vsw1
_ 12 tWPST_end
T —— VILDiffPeak
End point: Extrapolated point

VILDiff_DQS

i

Reference Voltage for tWPST Timing Measurements

tWPST

DQS, DQS differential WRITE Postamble VILDiff_DQS x 0.9

VILDiff_DQS x 0.1
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WRITE Burst Operation

The following write timing diagrams are to help understanding of each write parameter's meaning and are just examples.

The details of the definition of each parameter will be defined separately. In these write timing diagram, CK and DQS are

shown aligned and also DQS and DQ are shown center aligned for illustration purpose.

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

Bank Gmug
ADDRES:!

7D,

ADDRESS 72X &

'
'
f
|
'
DQS_t,DQS_c (( T T \/_D W/ \
- - \ ’ L __n o _

|

'

oa !
[ Din §¢ Din Y Din ¢ Din §¢ Din Y/ Din Y/ Din Y¢ Din
n n+1 /AN+2/\n+3 /\n+4 /\nt5 /\n+6 /\n+7,

ank,
n

WL=AL+CWL=9

! [l RANSTIONNG DA TA DON#f CARE

NOTE1 BL8, WL=0,AL=0,CWL=09, Preamble =1 tCK.

NOTE 2 DINn = data-out from column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE command at TO.

NOTE 5 C/A Parity = Disable, CS to C/A Latency = Disable, Read DBI'= Disable.
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WRITE Burst Operation, WL =19 (AL =10, CWL =9, BL38)

Bank Gmug
ADDRES!

Z.ED,

B

DQS_t,DQS_¢ (( ((
M) )]
> 4 (
. AL=10 P CWL=9
WL=AL+CWL=19

[ | TRANSITIONING DA TA [7/] Dot CARE
NOTE1 BL8, WL=19,AL=10(CL-1),CWL=9, Preamble =1 tCK.
NOTE 2 DINn = data-out from column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 C/A Parity = Disable, CS to C/A Latency = Disable, Read DBI = Disable.

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

CCD _8=4

TR (a0 )

Bank
ADDRESS /X Gy

DQS t,00S ¢ & ‘\
WL=AL+CWL=0

DQ

WL=AL+CWL=9

. TRANSITIONING DATA DONT CARE

NOTE1 BL8,AL=0,CWL=9, Preamble =1 tCK.

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE commands at TO and T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last write
data shown at T17.
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Consecutive WRITE (BL8) with 2tCK Preamble in Different Bank Group

Bank Group
ADDRESS

WPRE

00S (D08 c

WL =AL+CWL =10

D

WL=AL+CWL=10

. TRANSITIONING DATA DONT CARE

NOTE1 BLS, AL=0, CWL =9+1=107, Preamble = 2 tCK.

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE commands at TO and T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI= disable

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

NOTE 7 When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write
Preamble Mode.

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

1CCD_SIL=5

e ? I . I L] | |
i T i ; i T i i
ADDRESS m ga‘nhw
£
DQS t,0QS ¢

WL=AL+CWL=0

Da

WL=AL+CWL=9

. TRANSITIONING DATA DONT CARE

NOTE1 BL8, AL=0,CWL=9, Preamble = 1 tCK, tCCD_S/L = 5 tCK.

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE commands at TO and T5.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18.
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Nonconsecutive WRITE (BL8) with 2 tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6
NOTE 7

NOTE 8

Bank Gloug
ADDRES! -

DS (D08 ¢
WL= AL+ CWL= 10

Da

VIL=AL+CWL=10

. TRANSITIONING DATA DONT CARE

BL8, AL =0, CWL = 9+1=108, Preamble = 2 tCK, tCCD_S/L = 6 tCK.

DIN n (or b) = data-in from column n (or column b).

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

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE commands at TO and T6.
CA parity = disable, CS to CA latency = disable, Write DBI = disable.

tCCD_S/L =5 isn’t allowed in 2tCK preamble mode.

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

When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write
Preamble Mode.

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

PR )

Bank
ADDRESS 77X &

 WPRE

AL

D0S { pOS ((
WL=AL+CML=9
DQ )]

n
WL=AL+CWL=9

[l TRensmonNG DaTa DONT CARE

NOTE1 BC4,AL=0,CWL=9, Preamble =1 tCK.

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

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

NOTE 4 BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during WRITE commands at TO and T4.

NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last

write data shown at T17.
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WRITE (BC4) OTF to WRITE (BC4) OTF with 2 tCK Preamble in Different Bank Group

PR oo )

Bank
ADDRESS 72X &

{WPRE

.

D08t DOS ((
WL=AL+CWL= 10

0 )

n'yY Oin'yf Din Y/ Din
b1 \B+2/\ 05,

WL=AL+CWL=10 o
- > . TRANSITIONING DATA DONT CARE

NOTE1 BC=4, AL=0, CWL =9+1=107, Preamble = 2 tCK.

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during WRITE commands at TO and T4.
NOTE5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

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

NOTE 7 When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write
Preamble Mode.

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

Bank Gvoug
ADDRES! y

Bank
A0DRESS ) )

WIPRE

D08 1,005 ¢ (( N ,\_/ g

VL=ALYONL=9
0Q b

n
WL=AL+CWL=9

NOTE1 BC=4,AL=0,CWL=9, Preamble =1 tCK.

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A [1:0] = 10 and A12 = 0 during WRITE commands at TO and T4.
NOTE5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T15.
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WRITE (BL8) to READ (BL8) with 1tCK Preamble in Different Bank Group

i)

oKt I [ L A [ (- \_— (- N L A [ o A _ N - L A [ -
T 1 1 1 1 1 1 1 1
CMD 272 )R DES DES DES DES DES DES DES DES DES READ) DES DES DES DES DES DES DES
I I 4 Clocks I NTR S=2 1 1 1
| [l [l I [l I [l I i i i
Bank Grou
Y N
; , | i | | |
| | | | | \ | [ & ] |
Bank Ban’
aovRess Y o ol 7 /
T 7 1
{RPRE \ , \
- - e - - e =
D08 t DS LA .
RLpscLan | 7 s o e A -
- D)
DQ | |
( Din Y Din Y Din Y Din Y Din Y iy Din' Y Din

b /DA \ B4\ LS/ \ DB\ BT,

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CWL=9,CL=11, Preamble =1 tCK

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

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

NOTE 4 BLS setting activated by either MRO[A1:AOQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during WRITE command at TO and READ
command at T15.

NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

NOTE 6 The write timing parameter (tWTR_S) are referenced from the first rising clock edge after the last write data shown at T13.

When AL is non-zero, the external read command at T15 can be pulled in by AL.

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

Bank Gmug
ADDRES!

D08t D05 5

WL=AL+CWL=0
o )

RL=AL+CL=11
)

{

I RevsimionnG DaTA DONT CARE

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

Version 1.6

06/2026

BL=8,AL=0,CWL=9, CL=11, Preamble = 1tCK
DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

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

at T17.
CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13. When

AL is non-zero, the external read command at T17 can be pulled in by AL.
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WRITE (BC4) OTF to READ (BC) OTF with 1tCK Preamble in Different Bank Group

CMD WRITE DES DES DES DES DES DES DES DES DES READ DES DES DES DES DES DES DES

Bank Groy
A00REst ) T
aooess Y A
: :
I

! : WPST
D0S DS ({ . ,\-_-//__\’.\r_-//_.\a/
|

VIL=AL+CWL=9

¥ t

RL=AL+CL=1t

~ =~

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

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

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

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at TO and READ command at T15.
NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI= Disable.

NOTE 6 The write timing parameter (tWTR_S) are referenced from the first rising clock edge after the last write data shown at T13.

WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Same Bank Group

oK g - - - - - (- v A (- L \_— (- N A a A - - - A A - -
T 1 1 1
D R DES DES DES DES DES DES DES DES DES DES DES READ DES DES DES DES DES
' ' 4 Cods WIR L=4 '
=T T | !
Bank Grou }
Y D XA
[ 1 I [ 2 ]
|
Bank Bank
AooRess ) 2 v X i
7 ]
!
L IWPRE ! L 057
D0s.{,DOS ¢ \' b o r
A N/ R —
VIL=ALFOWL=9 , , RL=AL+CL= 1

0 ) 1 | i
N 66’6/ !

[l TRensimioNNG DaTA DONT CARE

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

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

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

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at TO and READ command at T17.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6 The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13. When
AL is non-zero, the external read command at T17 can be pulled in by AL.
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WRITE (BC4) Fixed to READ (BC4) Fixed with 1tCK Preamble in Different Bank Group

Koy - - - - - - - - - - - - - - - - - o |—
Kt/ - A - - (- L A - AW . i - o A\ A\ ) 0 I~ "’ - n - |} - 0 N\ -
o 1 1 1 1
oD YR DES DES DES DES DES DES DES READ) DES DES DES READ DES DES DES DES DES
v | 2coas INTR 8=2 | |
| 1 N \ \
Bank Gro g
S NN O 7%
[ ] ' ] [ 1.
Bank y
sooeess 77X e %% b Az
7 f
_ IWPRE_ ' e 057 ‘
D0S_{ DOS ¢ ({ \' h /_\\"_'/ - ((
S/ N —
VIL=AL+CWL=9 , , RL=AL+CL=11
DQ )] )
Din Din
{ ¢

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A [1:0] = 10.

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

NOTE 6 The write timing parameter (tWTR_S) are referenced from the first rising clock edge after the last write data shown at T11. When
AL is non-zero, the external read command at T13 can be pulled in by AL

WRITE (BC4) Fixed to READ (BC4) Fixed with 1tCK Preamble in Same Bank Group

oKt/ - - |- (- - = (- L A A v A L A A -y - (- A \- -
T 1 1 1 1
CMD 2R DES DES DES DES DES DES DES DES DES READ) DES DES DES DES DES DES DES
| 2coas WITR L=4 ' '
| 1 \ \
Bank Groy g
ADbREss ) (ae 2 AV @ W
[ ] ' ] [ ] .
Bank Bank’ \ >
= a
ADDRESS A\ coln %% Cob 7
7 f
_ IWPRE_ ' e 057
D0S_t DOS ¢ ({ \' - /_\\"_'/ -
S/ N —
!

VIL=AL +CWL=9 |

D )] )
i i

RL=AL+CL=1

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A [1:0] = 10.

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

NOTE 6 The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T11. When
AL is non-zero, the external read command at T15 can be pulled in by AL.
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WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

6CD 8=+

TBRHER )(esn)
KoDRESs ) )

DQS t DS (( |
WL=AL+CWL=9

DQ

WL=AL+CWL=9

[l RensimonnG DaTa DONT CARE

BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
DIN n (or b) = data-in to column n (or column b).
DES commands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by MRO A[1:0] = 01 and A12 =1 during WRITE command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at T4.

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

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17

WRITE (BC4) OTF to WRITE (BL8) with 1tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

TR )1

Bank
“\Coln

ADDRESS

D08t D08 ((
WL=AL+CIL=0

DQ

WL=AL+CWL=9

. TRANSITIONING DATA DONT CARE

BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
DIN n (or b) = data-in to column n (or column b).
DES commands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO A [1:0] = 01 and A12 =0 during WRITE command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 =1 during WRITE command at T4.

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17
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WRITE (BL8/BC4) OTF to PRECHARGE Operation with 1tCK Preamble

WL=AL+CVL=8 ! 4 Clocks ! ! tWR=12 RP

- > > >
L L L ) \

ADDRESS W W G
BC4(OTF) Operation: N b
D0S.t D05 ¢ ( [
o (\(\ (\(\
BL8 Operation: N )
D0S.t, D05 ¢ ( (
0 ) )
( (

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, tWR = 12
NOTE 2 DIN n = data-in to column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at TO.
BL8 setting activated by MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during WRITE command at TO.

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T13. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.

WRITE (BC4) Fixed to PRECHARGE Operation with 1tCK Preamble

WL=AL+ CUIL=S
ADDRESS N I : %)7
BCA(Fied) Operation: ) - - :,. - :,. - )
005 ¢ D08 e ( X /_.\’.\_//_.\’.\_/ (
0 ) ' ' )
( XEXEXE) [

[l =esimonnG paTa DONT CARE

NOTE1 BC=4,AL=0,CWL=9, Preamble = 1tCK, tWR = 12

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A[1:0] = 10.

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

NOTE 6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with Auto PRECHARGE Operation and 1tCK Preamble

CKey - = - - - - - - - - - - - - - - - - -—

cKt /" p—_ ~ o g A - - Rl -~ N N Ay ~ ~ = =) - - - |\ N - —
o 1 1 1 1
CMD - ZXoR DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES
WL=AL+CViL=2 ! 4 Clocks ! ! VIR=12 R
N — 1 1 L 1 — ). g
ourss 2)az %% %%
BC4(OTF) Operation: ) )
00s_t,005 ¢ (( ((
) )
0Q
( [¢
BL8 Operation: Y )
DQS_t 0QS_¢ ( (
N )
0Q
( (

[l =ensimionnG DaTA DONT GARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, WR =12
NOTE 2 DIN n = data-in to column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at TO.
BL8 setting activated by either MR0O A[1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during WRITE command at TO.

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6 The write recovery time (WR) is referenced from the first rising clock edge after the last write data shown at T13. WR specifies the
last burst write cycle until the precharge command can be issued to the same bank.

WRITE (BC4) Fixed with Auto PRECHARGE Operation and 1tCK Preamble

WL=AL+CVIL=0

ADDRESS

BCA(Fixed) Operation: \ )
005 t D05 ¢ [ " (
0Q bl )

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,AL=0,CWL=9, Preamble = 1tCK, WR = 12

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A[1:0] = 10.

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

NOTE 6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. WR specifies the
last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with 1tCK Preamble and DBI

WL=AL+CVIL=8 ' ogchds ! ! ! -
N i L 1 1 1 =
Bank Group Z}*w >
ADDRES 2
IR R R
sovvess N
BCA(OTF) Operation:
D0S_t D0S ¢ v
0Q
DBI
BL8 Operation:
D0S_tD0S & v

Da

DBIr

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
NOTE 2 DIN n = data-in to column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at TO.
BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 =1 during WRITE command at TO.

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

NOTE 6 The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the
last write data shown at T13.

WRITE (BC4) Fixed with 1tCK Preamble and DBI

WL=AL+OVIL=¢ ' 2Chds ! -

L )
Banék Gmu
ADDRE /@
ADDRESS

BC4(Fixed) Operation:
D08t DAS ¢

DQ

DB

[l =ensimonnG DaTa DONT GARE

NOTE1 BC=4,AL=0,CWL=9, Preamble = 1tCK

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A [1:0] = 10.

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

NOTE 6 The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the
last write data shown at T11.
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Consecutive WRITE (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

Bank Grou
ADDRESg

D0S_{,005 &
WL=PL+AL+CINL=13

DQ

WL=PL+AL+CWL=13

NOTE1 BL=8,AL=0,CWL=9,PL=4, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during WRITE command at TO and T4.
NOTE5 CA Parity = Enable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T21.

Consecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in Same or Different
Bank Group

1CCD_SIL =5

Bank Group
A0DRESS /)54

aoRess X 2o

WPRE

D0S.{,00S ¢

WL=AL+CWL=9

DQx4BL=8

DQx8/x16BL=8

DQBC=4(0TF)

DQx8/x16BC =4 (OTF)

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=5

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE command at TO and T5.
NOTE 5 BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during WRITE command at TO and T5.

NOTE 6 C/A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable, Write CRC = Enable.

NOTE 7 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18
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Consecutive WRITE (BC4) Fixed with 1tCK Preamble and Write CRC in Same or Different
Bank Group

Bank Group
ADDRESS 7

ADDRESS

00S {008 ¢

WL=AL+CWL=9

DQx4BC =4 (Fived)

WL= AL+CIWL=8

\Y
D8 /16 BC =4 (Fixed) (( Din Diq Dg
nt k7

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=5

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO A [1:0] = 10 at TO and T5.

NOTE5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T16.

Nonconsecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in Same or
Different Bank Group

s

.I'I'!

; ; : :
! ! ! ' WeST
Y _ "o " - "
00 £ D05 e (( . (O O
_ WL AL+ = ‘ ! ! !
- )
= T
{ XXX MoK
_ WAL= \ ‘ ‘ ‘
) - | | | |
= Din' }'Din Y Din Y Din Y/ Din'}y' Din
puteRL e { A oA ASALT AR
‘ ‘ ‘ |
) B ‘
DOXEC=4 0TF) ( ) : | @ ®
‘ | | ‘
n | | | |
DQXB/X168C 4 (OTF) ( ) : :@:
\ | | .

. TRANSITIONING DATA DON'T CARE

NOTE1 BL=8,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=6

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during WRITE command at TO and T6.
NOTE 5 BC4 setting activated by MRO A [1:0] = 01 and A12 =0 during WRITE command at TO and T6.

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

NOTE 7 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T19.
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Nonconsecutive WRITE (BL8/BC4) OTF with 2tCK Preamble and Write CRC in Same or
Different Bank Group

Bank Grou
AOORESS /

ADDRESS

DG t DS ¢

WL=AL+CIL= 10 . . .

DOx4BL=8 in Dm1 Din}f Din \f' Din W' Din Y Din ' Din Yop W o 0i

0t/ 23 A /ANt 06/ \n+T

VIL=AL+CWL=10

DQx8/x16BL=8 ((

DQx4BC=4(0TF) «

DQx8/x168C =4(OTF) «

. TRANSITIONING DATA z DONT CARE

NOTE1 BL=8,AL=0,CWL=9+1=10° Preamble = 2tCK, tCCD_S/L=7

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 =1 during WRITE command at TO and T7.
NOTE S5 BC4 setting activated by MRO A [1:0] = 01 and A12 =0 during WRITE command at TO and T7.

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

NOTE 7 tCCD_S/L=6isn’t allowed in 2tCK preamble mode.

NOTE 8 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T21.

NOTE9 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting supported in the applicable tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode
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WRITE (BL8/BC4)OTF/Fixed with 1tCK Preamble and Write CRC and DM in Same or Different
Bank Group

o Z{rm
j sosis ] L e ctRCRC D .
- ) ) ™|\ IWTR_S CRC DN /WITR L CRC DV >
Bank Grou ) : ! ! L !
JO0RESS )36 5 v 77
| ' ' ' | | '
apoRess /X Eak N
| {IVPRE ! ! ! ! ' tpsT
LI ) ) ) .
3 [ RN A U R N B
« BUGSaEaEaes
WL=AL+ OWL =3 - - ) - -
- 3 L 1 1 1 1 1
DOXBELTE ( |
Y
DQX6IXI6BL=8 ((
A\l
DN 38/ X16BL =3 {
3
DQXEBC =4 OTF i) { creX(cre

=l

DQx8/x16BC =4 (OTF [ Fixed)

)
7
0 A
|
|

DM x4/ x8/x16BC = 4 (OTF / Fixed) | | '

=L

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 BC4 setting activated by either MRO A [1:0] = 10 or MRO A [1:0] = 01 and A12 = 0 during READ command at TO.
NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable, DM = Enable.

NOTE 7 The write recovery time (tWR_CRC_ DM) and write timing parameter (tWR_S_CRC_ DM/tWR_L_CRC_ DM) are referenced from
the first rising clock edge after the last write data shown at T13.
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Read and Write Command Interval

Minimum Read and Write Command Timings

Bank Group Access type Timing Parameter note
Minimum
. CL-CWL +RBL/2+1tCK +tWPRE 1,2
Read to Write
same .
Minimum
. CWL+WBL/2+tWTR_L 1,3
Read after Write
Minimum
. CL-CWL +RBL/2+1tCK +tWPRE 1,2
. Read to Write
different -
Minimum
CWL +WBL /2 +tWTR_S 1,3

Read after Write

NOTE 1 These timings require extended calibrations times tZQinit and tZQCS.
NOTE 2 RBL: Read burst length associated with Read command

RBL = 8 for fixed 8 and on-the-fly mode 8

RBL = 4 for fixed BC4 and on-the-fly mode BC4
NOTE 3 WBL : Write burst length associated with Write command

WBL = 8 for fixed 8 and on-the-fly mode 8 or BC4

WBL = 4 for fixed BC4 only

Write Timing Violations

Motivation

Generally, if Write timing parameters are violated, a complete reset/initialization procedure has to be initiated to make sure
that the DRAM works properly. However, it is desirable, for certain violations as specified below, the DRAM is guaranteed to
not “hang up,” and that errors are limited to that particular operation.

For the following, it will be assumed that there are no timing violations with regards to the Write command itself (including
ODT, etc.) and that it does satisfy all timing requirements not mentioned below.

Data Setup and Hold Offset Violations

Should the data to strobe timing requirements (tDQS_off, tDQH_off, tDQS_dd_off, tDQH_dd_off) be violated, for any of the
strobe edges associated with a write burst, then wrong data might be written to the memory locations addressed with this
WRITE command.

In the example (WRITE Burst Operation WL = 9 (AL = 0, CWL = 9, BL8)), the relevant strobe edges for write burst A are
associated with the clock edges: T9, T9.5, T10, T10.5, T11, T11.5, T12, T12.5.

Subsequent reads from that location might results in unpredictable read data, however the DRAM will work properly
otherwise.
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Strobe and Strobe to Clock Timing Violations

Should the strobe timing requirements (tDQSH, tDQSL, tWPRE, tWPST) or the strobe to clock timing requirements (tDSS,
tDSH, tDQSS) be violated for any of the strobe edges associated with a Write burst, then wrong data might be written to the
memory location addressed with the offending WRITE command. Subsequent reads from that location might result in
unpredictable read data, however the DRAM will work properly otherwise with the following constraints:

(1) Both Write CRC and data burst OTF are disabled; timing specifications other than tDQSH, tDQSL, tWPRE, tWPST,
tDSS, tDSH, tDQSS are not violated.

(2) The offending write strobe (and preamble) arrive no earlier or later than six DQS transition edges from the
Write-Latency position.

(3) A Read command following an offending Write command from any open bank is allowed.

(4) One or more subsequent WR or a subsequent WRA {to same bank as offending WR} may be issued tCCD_L later
but incorrect data could be written; subsequent WR and WRA can be either offending or non-offending Writes.
Reads from these Writes may provide incorrect data.

(5) One or more subsequent WR or a subsequent WRA {to a different bank group} may be issued tCCD_S later but
incorrect data could be written; subsequent WR and WRA can be either offending or non-offending Writes. Reads
from these Writes may provide incorrect data.

(6) Once one or more precharge commands (PRE or PREA) are issued to DDR4 after offending WRITE command and
all banks become precharged state (idle state), a subsequent, non-offending WR or WRA to any open bank shall be
able to write correct data.
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REFRESH Command

The REFRESH command (REF) is used during normal operation of the device. This command is not persistent, so it must
be issued each time a refresh is required. The device requires REFRESH cycles at an average periodic interval of tREFI.
When CS, RAS/A16 and CAS/A15 are held LOW and WE/A14 and ACT are held HIGH at the rising edge of the clock, the
chip enters a REFRESH cycle. All banks of the SDRAM must be precharged and idle for a minimum of the precharge time
tRP (MIN) before the REFRESH command can be applied. The refresh addressing is generated by the internal DRAM
refresh controller. This makes the address bits “Don’t Care” during a REFRESH command. An internal address counter
supplies the addresses during the REFRESH cycle. No control of the external address bus is required once this cycle has
started. When the REFRESH cycle has completed, all banks of the SDRAM will be in the precharged (idle) state. A delay
between the REFRESH command and the next valid command, except DES, must be greater than or equal to the minimum
REFRESH cycle time tRFC (MIN) as shown in Refresh Command Timing (Example of 1x Refresh mode). The tRFC timing

parameter depends on memory density.

In general, a REFRESH command needs to be issued to the device regularly every tREFI interval. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided for
postponing and pulling in the refresh command. A maximum of 8 Refresh commands can be postponed when DRAM is in
1X refresh mode and for 2X/4X refresh mode, 16/32 Refresh commands can be postponed respectively during operation of
the DDR4 SDRAM, meaning that at no point in time more than a total of 8,16,32 Refresh commands are allowed to be
postponed for 1X,2X,4X Refresh mode respectively. In case that 8 Refresh commands are postponed in a row, the
resulting maximum interval between the surrounding Refresh commands is limited to 9 x tREFI (see Refresh Command
Timing (Example of 1x Refresh mode)). In 2X and 4X Refresh mode, it's limited to 17 x tREFI2 and 33 x tREFI4. A
maximum of 8 additional Refresh commands can be issued in advance (“pulled in”) in 1X refresh mode and for 2X/4X
refresh mode, 16/32 Refresh commands can be pulled in respectively, with each one reducing the number of regular
Refresh commands required later by one. Note that pulling in more than 8/16/32, depending on Refresh mode, Refresh
commands in advance does not further reduce the number of regular Refresh commands required later, so that the
resulting maximum interval between two surrounding Refresh commands is limited to 9 x tREFI, 17 x tRFEI2 and 33 x
tREFI14 respectively. At any given time, a maximum of 16 REF/32REF 2/64REF 4 commands can be issued within 2 x
tREFI/ 4 x tREFI2/ 8 x tREFI4
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Refresh Command Timing (Example of 1x Refresh mode)

tREFI(max.9)( tREFI)

DRAM must be idle DRAM must be idle

22 Time Break FADon’t care

NOTE1 Only DES commands allowed after REFRESH command registered until tRFC (MIN) expires.

NOTE 2 Time interval between two REFRESH commands may be extended to a maximum of 9 x tREFI.

Postponing REFRESH Commands (Example of 1X Refresh mode)

‘ tREFI

NN
== [

JRTTRTTERTET TIDTION

I

~—
8REF-Commands postponed

Y

A

Pulling In REFRESH Commands (Example of 1X Refresh mode)

tREFI

e
i

L[]

I t

tRFC

[

8 REF-Commands pulled-in
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Self Refresh Operation

The SELF REFRESH command can be used to retain data in the DDR4 SDRAM, even if the rest of the system is powered
down. When in self refresh mode, the device retains data without external clocking. The device has a built-in timer to
accommodate SELF REFRESH operation. The Self-Refresh-Entry(SRE) command is defined by having CS, RAS/A16,
CAS/A15, and CKE held LOW with WE/A14 and ACT HIGH at the rising edge of the clock.

Before issuing the Self-Refresh-Entry command, the device must be idle with all banks in the precharge state and tRP
satisfied. Idle state is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is
HIGH, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS, etc.). Deselect
command must also be registered at the next positive clock edge. Once the Self-Refresh Entry command is registered,
CKE must be held low to keep the device in Self-Refresh mode. DRAM automatically disables ODT termination and set
Hi-Z as termination state regardless of ODT pin and RTT_PARK set when it enters in Self-Refresh mode. Upon exiting
Self-Refresh, DRAM automatically enables ODT termination and set RTT_PARK asynchronously during tXSDLL when
RTT_PARK is enabled. During normal operation (DLL on) the DLL is automatically disabled upon entering Self-Refresh and

is automatically enabled (including a DLL-Reset) upon exiting Self-Refresh.

When the device has entered self refresh mode, all of the external control signals, except CKE and RESET, are “Don’t
Care.”. For proper SELF REFRESH operation, all power supply and reference pins (VDD, VDDQ, VSS, VSSQ, VPP, and
VREFCA) must be at valid levels.

If DRAM internal VrefDQ circuitry is turned off in self refresh, when DRAM exits from self refresh state, it ensures that
VrefDQ generator circuitry is powered up and stable within tXS period. First Write operation or first Write Leveling activity
may not occur earlier than tXS after exit from Self Refresh. The DRAM initiates a minimum of one Refresh command

internally within tCKE period once it enters Self-Refresh mode.

The clock is internally disabled during a SELF REFRESH operation to save power. The minimum time that the device must
remain in self refresh mode is tCKESR. The user may change the external clock frequency or halt the external clock
tCKSRE after self refresh entry is registered; however, the clock must be restarted and stable tCKSRX before the device

can exit Self-Refresh operation.

The procedure for exiting self refresh requires a sequence of events. First, the clock must be stable prior to CKE going back
HIGH. Once a SELF REFRESH EXIT command (SRX, combination of CKE going HIGH and DESELECT on the command

bus) is registered, the following timing delay must be satisfied:
(1) Commands that do not require locked DLL:
* tXS - ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS.

* tXSFast - ZQCL, ZQCS, MRS commands. For an MRS command, only DRAM CL and WR/RTP register and DLL
Reset in MRO, RTT_NOM register in MR1, CWL and RTT_WR register in MR2 and geardown mode in MR3, Write
and Read Preamble register in MR4, RTT_PARK register in MR5, tCCD_L/DLLK and VrefDQ Training Value in
MR®6 are allowed to be accessed provided DRAM is not in per DRAM addressability mode. Access to other DRAM

mode registers must satisfy tXS timing.

Note that synchronous ODT for write commands (WR, WRS4, WRS8, WRA, WRAS4 and WRASS8) and dynamic ODT

controlled by write command require locked DLL.
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(2) Commands that require locked DLL:
* tXSDLL - RD, RDS4, RDS8, RDA, RDAS4, RDASS.

Depending on the system environment and the amount of time spent in self refresh, ZQ CALIBRATION commands may be
required to compensate for the voltage and temperature drift described in the ZQ Calibration Commands section. To issue

ZQ CALIBRATION commands, applicable timing requirements must be satisfied.

CKE must remain HIGH for the entire self refresh exit period tXSDLL for proper operation except for self refresh re-entry.
Upon exit from self refresh, the device can be put back into self refresh mode or power-down mode after waiting at least
tXS period and issuing one REFRESH command (refresh period of tRFC). The DESELECT command must be registered
on each positive clock edge during the self refresh exit interval tXS. Low level of ODT pin must be registered on each
positive clock edge during tXSDLL when normal mode (DLL-on) is set. Under DLL-off mode, asynchronous ODT function
might be allowed. The use of Self-Refresh mode introduces the possibility that an internally timed refresh event can be
missed when CKE is raised for exit from Self-Refresh mode. Upon exit from Self-Refresh, the DDR4 SDRAM requires a

minimum of one extra refresh command before it is put back into Self-Refresh Mode.
The exit timing from self-refresh exit to first valid command not requiring a locked DLL is tXS.

The value of tXS is (tRFC+10ns). This delay is to allow for any refreshes started by the DRAM to complete. tRFC continues

to grow with higher density devices so tXS will grow as well.

A Bit A9 in MR4 is defined to enable the self refresh abort mode. If the bit is disabled, then the controller uses tXS timings. If
the bit is enabled, then the DRAM aborts any ongoing refresh and does not increment the refresh counter. The controller
can issue a valid command not requiring a locked DLL after a delay of tXS_abort. Upon exit from Self-Refresh, the DDR4
SDRAM requires a minimum of one extra refresh command before it is put back into Self-Refresh Mode. This requirement

remains the same irrespective of the setting of the MRS bit for self refresh abort.

Self Refresh Entry/Exit Timing

W--W—\,;} Y~ =T, - =TI ~ Td ~ 14 ~ Te

CK — AN _ 7 N S N R — R
/4 1) I 7

us| tcppep | tCKSRE l tCKSRX

o T T @k

ODTL tCKESR / {CKESR_PAR

oot 2 @?@/W} T

COMMAND

f%xﬂ) T SRX
fﬁfﬁ%"f’/j}gﬁ’ T

ADDR

B |
tXSDLL

Enter Self Refresh Exit Self Refresh DON'T CARE SS TIME BREAK

NOTE1 Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.
NOTE 2 Valid commands not requiring a locked DLL

NOTE 3 Valid commands requiring a locked DLL

NOTE 4 Only DES is allowed during tXS_ABORT
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Low-Power Auto Self Refresh Mode (LPASR)

An auto self refresh mode is provided for application ease. Auto self refresh mode is enabled by setting MR2[6] = 1 and
MR2[7] = 1. The device will manage self refresh entry over the supported temperature range of the DRAM. In this mode, the
device will change its self refresh rate as the DRAM operating temperature changes, going lower at low temperatures and

higher at high temperatures.

Manual Self Refresh Mode

If auto self refresh mode is not enabled, the low-power auto self refresh mode register must be manually programmed to
one of the three self refresh operating modes. This mode provides the flexibility to select a fixed self refresh operating mode
at the entry of the self refresh, according to the system memory temperature conditions. The user is responsible to maintain
the required memory temperature condition for the mode selected during the self refresh operation. The user may change
the selected mode after exiting self refresh and before entering the next self refresh. If the temperature condition is

exceeded for the mode selected, there is a risk to data retention resulting in loss of data.

MR2 definitions for Low Power Auto Self-Refresh mode- Function table

Allowed Operating
temp. range for Self Self Refresh Operation
Refresh Mode

MR2 | MR2 | Low-Power Auto
A[7] | A[6] Self Refresh Mode

Fixed normal self refresh rate maintains data retention at
Manual Mode- R . the normal operating temperature. User is required to
0 0 (0°C - 85°C) X ) ,
Normal ensure that 85°C DRAM Tcasemax is not exceeded to avoid
any risk of data loss. Forl/T-grade,temp. range is -40 to 85°C
Variable or fixed self refresh rate or any other DRAM power
consumption reduction control for the reduced temperature
Manual Mode- R . . . R .
0 1 (0°C—-45°C) range. User is required to ensure 45°C DRAM TCASEMAX is
Reduced Temp . .
not exceeded to avoid any risk of data loss.

Forl/T-grade,temp. range is -40 to 45°C

n 0 Manual Mode- (0°C - 95°C) Fixed high self refresh rate optimizes data retention to
Extended Temp support the extended temperature range.
Auto self refresh mode enabled. Self refresh power
1 1 Auto Self Refresh All of the above consumption and data retention are optimized for any given

operating temperature condition.
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Self Refresh Exit with No Operation command

Self Refresh Exit with No Operation command (NOP) allows for a common command/address bus between active DRAM

and DRAM in Max Power Saving Mode. Self Refresh Mode may exit with No Operation commands (NOP) provided:
(1) The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.
(2) tMPX_S and tMPX_LH are satisfied.

(3) NOP commands are only issued during tMPX_LH window. No other command is allowed during tMPX_LH window after

SRX command is issued.

Ta0 Tal Ta2 7143 Tbo  Tbl Tb2  Tb3 Teco Tel Te2 Ted3  te4  Td0  Tdl Td2 Td3  Te0  Tel
okt | | | . R - - - - - - - - - - - - -
o ||
2 A i J
2 AL AAALAEAARAR
csn o ’

A + -
COMMAND ’ y 17 iy

]

ADDRESS 7 W o b b it /?? AP

XS [+ XSDL! ‘

DON=f CARE
NOTE1 CS=L,ACT =H, RAS/A16 = H, CAS/A15 = H, WE/A14 = H at Tb2 (No Operation command)
NOTE 2 SRX at Tb2 is only allowed when DRAM shared Command/Address bus is under exiting Max Power Saving Mode.
NOTE 3 Valid commands not requiring a locked DLL
NOTE 4 Valid commands requiring a locked DLL
NOTE 5 tXS_FAST and tXS_ABORT are not allowed this case.
NOTE 6 Duration of CS Low around CKE rising edge must satisfy tMPX_S and tMPX_LH as defined by Max Power Saving Mode AC parameters.
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Power-Down Mode
Power-Down Entry and Exit

Power-down is synchronously entered when CKE is registered LOW (along with a DESELECT command). CKE is not
allowed to go LOW when the following operations are in progress: MODE REGISTER SET command, MPR operations,
ZQCAL operations, DLL locking, or READ/WRITE operations. CKE is allowed to go LOW while any other operations, such
as ROW ACTIVATION, PRECHARGE or auto precharge, or REFRESH, are in progress, but the power-down IDD spec will
not be applied until those operations are complete. Timing diagrams below illustrate entry and exit of power-down. The DLL
should be in a locked state when power-down is entered for fastest powerdown exit timing. If the DLL is not locked during
power-down entry, the DLL must be reset after exiting power-down mode for proper read operation and synchronous ODT
operation. DRAM design provides all AC and DC timing and voltage specification as well as proper DLL operation with any
CKE intensive operations as long as the DRAM controller complies with DRAM specifications.

During power-down, if all banks are closed after any in-progress commands are completed, the device will be in precharge
power-down mode; if any bank is open after in progress commands are completed, the device will be in active power-down
mode. Entering power-down deactivates the input and output buffers, excluding CK, CK, CKE and RESET. In power-down
mode, DRAM ODT input buffer deactivation is based on MRx bit Y. If it is configured to Ob, the ODT input buffer remains on
and ODT input signal must be at valid logic level. If it is configured to 1b, ODT input buffer is deactivated and DRAM ODT
input signal may be floating and DRAM does not provide RTT_NOM termination. Note that the device continues to provide
RTT_PARK termination if it is enabled in the mode register MRa bit B. To protect internal delay on the CKE line to block the
input signals, multiple DES commands are needed during the CKE switch off and on cycle(s); this timing period is defined

as tCPDED. CKE_low will result in deactivation of command and address receivers after tCPDED has expired.

Power-Down Entry Definitions

Status of DRAM DLL PD Exit Relevant Parameters
Active .
On Fast tXP to any valid command
(A bank or more Open)
Precharged On Fast tXP to any valid command
(All banks Precharged) Y ]

The DLL is kept enabled during precharge power-down or active power-down. In power-down mode, CKE is LOW, RESET is
HIGH, and a stable clock signal must be maintained at the inputs of the device. ODT should be in a valid state, but all other
input signals are "Don't Care." (If RESET goes LOW during power-down, the device will be out of power-down mode and in
the reset state.) CKE LOW must be maintained until tCKE has been satisfied. Power-down duration is limited by 9 x tREFI.
The power-down state is synchronously exited when CKE is registered HIGH (along with DES command). CKE HIGH must
be maintained until tCKE has been satisfied. The ODT input signal must be at a valid level when the device exits from
power-down mode, independent of MRx bit Y if RTT_NOM is enabled in the mode register. If RTT_NOM is disabled, then
the ODT input signal may remain floating. A valid, executable command can be applied with power-down exit latency, tXP

and/or tXPDLL after CKE goes HIGH. Power-down exit latency is defined in the AC Specifications table.
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Active Power-Down Entry and Exit (MRS5 bit A5 =0)

T0 T Ta0 Tho Tb1 Tco
CK_\ - - -
W v

COMMAND @(\/A

CKE
ODT(2) =~
ADDRESS @@Lﬂi }m )W»f’ %\ W/f/ﬁj 3‘?@?)@
<{CPDED, ! - ixP )
Enter Exit g TIME BREAK E DON'T CARE
Power-Down Mode Power-Down Mode "

NOTE 1 Valid commands at TO are ACT, DES, or PRE with one bank remaining open after completion of the PRECHARGE command.
NOTE 2 ODT pin driven to a valid state; MR5 [5] = 0 (normal setting).

Active Power-Down Entry and Exit (MRS bit A5 =1)

T0
CK_t \r-- ,
CK_c '\—/‘- -~
COMMAND %(VALID>@< DES

CKE

tiH
oDT(2)

ADDRESS /)N

|
tCPDED -

B B -
Enter Exit
Power-Down Power-Down
Mode Mode

g TME BREAK [/ DON+t CARE
NOTE1 Valid commands at TO are ACT, DES, or PRE with one bank remaining open after completion of the PRECHARGE command.

NOTE 2 ODT pin driven to a valid state; MR5 [5] = 1.
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Power-Down Entry After Read and Read with Auto Precharge

T0 T Ta0 Tat Ta2 Tad Tad Tab Tab
Ko ==\ —\ ~

1 (S — — — — N N
oK t - - \ \ \ \

comano X0 DES DES DES DES DES DES DES DES

e 7] T e | [ |
ADDRESS %L:‘D o e

| RL=AL+CL

;T sT T ¢ 7 T T
DQS_t, DQS_¢ - T\_/r\_/f\_/fL
ou

DQ, BL8

DQ, BC4

{RDPDEN

Power-Down
Entry

EI TRANSITIONING DATA gg TIME BREAK DON'T CARE

Power-Down Entry After Write with Auto Precharge

10 it

Ko — -\
ot
cotmanD ZWRTEGX DEs Xl
sesd | e\
ADDRESS %M’

v | G G =
WL = AL+ CWL ' ' ' WR(1) PD
‘ | |
DOS_t, DQS_¢ .« ‘
'J '} Power-Down

E TRANSITIONING DATA gg TIME BREAK DON'T CARE

NOTE 1 tWR is programmed through MRO.
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Power-Down Entry After Write

T T
CKe — -\ -
v v

COMMAND ZY(VRITEXEFrX DES Y i)

T | R [ e e [
ADDRESS %@Mﬁ' I:_‘:}-",-;f,-" ;_.‘_-r:)-__‘:ap.-;)-:_."-"' ,-r;)_-?;_.‘_-j'f"__.-"' i \
A0\ | [ e e ( R
DQS_t, DOS_c i j

DQ, BC4

IWRPDEN }
'l

|
- |
| |

|

Power-Down
Entry

|

EE] TRANSITIONING DATA gg TIME BREAK DON'T CARE

Precharge Power-Down Entry and Exit

T0 T Ta0 Ta1l TbO Tb1 TcO Te1

'
CK_t i A Vel A Vel (RN
cKe A AN/ (R AN/

COMMAND )IA// X pEs X %( DEs X

CKE —%P

'
| tPD i 1
' -— > ” [
X Enter I I | Exit !
! PowerDwn Pow er-Dow n !
Mode Mode
g TIME BREAK

CK_t
CK_c “

COMMAND

ADDRESS

g TIME BREAK DON-t CARE
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Active Command to Power-Down Entry

T0 T
SN N

CKc ’ -
COMMAND 7/ Xpcive

ADDRESS

o« 77 %FZ— DX X7

§ e BREAK DONef CARE

Precharge/Precharge All Command to Power-Down Entry

TO ™ T2 Ta0 Ta1 TbO
AN S5 ST NI S U G\ S5
CK_C , o \_ . \_ _ \_ ] \_ . \_ . \

COMMAND DES >@<VALIDW
ADDRESS

w7 VD,

 TmE BREAK DON## CARE

tCKE ~

V4

gg TIME BREAK DON-t CARE
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Power-Down Clarifications
When CKE is registered LOW for power-down entry, tPD (MIN) must be satisfied before CKE can be registered HIGH for

power-down exit. The minimum value of parameter tPD (MIN) is equal to the minimum value of parameter tCKE (MIN) as

shown in the Timing Parameters by Speed Bin table. A detailed example of Case 1 is shown below.

Power-Down Entry/Exit Clarification

T0

CKty - - -
CK_c’ A
COMMAND@(VA 77X oEs >€ 9( DES @( DES ) %( s X/

Pow er-Down
Mode

g TIME BREAK % DON=+ CARE

Power Down Entry and Exit timing during Command/Address Parity Mode is Enable

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

Power Down Entry and Exit Timing with C/A Parity
T0 T1 T2 Ta0 Thi Th2 Tco Tet Te2 Te3 T4
CK c--]
ck_t—/

p— -
NI H’M fih D
,M".'nmh’“u‘n A

commanp {vaLo ]

tH,

CKE \ g 2 L/l )

- L \

H

A\ tPD \\ \\ O(P_PAR

oDT? « «’? /4
T i ,‘}I’] i 'y‘u T “ 'u‘ ”r‘ f ,,u“l """Ilylv-
ADDRESS <VAL|DX, I "'”"IM e H,‘““;W A, T

EE TIME BRAKE  [///] DONT CARE

NOTE
1. VALID command at TOis ACT, DES or Precharge with still one bank remaining open after completion of the precharge command.

2 ODT pin dnven to a valid state. MR5[AS = 0] (default setting) is shown
3. CA Paiity = Enable

AC Timing Table

Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Unit
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX
Exit Power Down with DLL on to
E% \Iﬁlelzcc’:r?;rrg? gg\(/jv;er Down with max max max max
DLL frozen to commands not tXP_PAR (4n(iK',3f|3-ns) - (4n(iK',3f|3-ns) - (4n(iK',3f|3-ns) - (4n(iKF,>€Ii_ns) -
requiring a locked DLL when CA
Parity is enabled
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Maximum Power-Saving Mode (MPSM)

Maximum power saving mode

This mode provides lowest power consuming mode which could be similar to the Self-Refresh status with no internal
refresh activity. When DDR4 SDRAM is in the maximum power saving mode, it does not need to guarantee data retention
nor respond to any external command (except maximum power saving mode exit and asserting RESET signal LOW to

minimize the power consumption.

Maximum Power-Saving Mode Entry

Max power saving mode is entered through an MRS command. For devices with shared control/address signals, a single
DRAM device can be entered into the max power saving mode using the per DRAM Addressability MRS command. Note
that large CS hold time to CKE upon the mode exit may cause DRAM malfunction, thus it is required that the CA parity, CAL
and Gear Down modes are disabled prior to the max power saving mode entry MRS command.

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

Maximum Power Saving Mode Entry

Te2 Te3 Ted Tc5 Ted Te? Tc8 Te9 Te10 Tett

COMMAND

CS_n

CKE

RESET_n 2( 2(
Don’t Care
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Maximum Power-Saving Mode Entry with PDA

Td1 Td2
cK 1 !
CK_c
COMMAND
|
- ]
CS_n
CKE |
N\ %
- (( AL+CWILY . j tMé(E 0 R
Das - =N - - - _ _
pos.c ( [ S S W S W U U
PDAS [t |wa— ! | PR
)
{ \ : 1 1
RESET n 22 22
Don’t Care
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CKE Transition during Maximum Power-Saving Mode
CKE toggle is allowed when DRAM is in the maximum power saving mode. To prevent the device from exiting the mode,

CS should be issued ‘High’ at CKE ‘L’ to 'H’ edge with appropriate setup tMPX_S and hold tMPX_HH timings.

CKE Transition Limitation to hold Maximum Power Saving Mode

Ta0 Tat Ta2 To0 b1 Tb2 Th3 Te0 Tel Te2 Tdo Td1 Ta2 Td3 Td4 Td5 Td6 Td7 Td8

g 5
COMMAND 0 77 Y
e g B 22 MPXS | ) 22 P HH
B T
e U { {

Don'l Care
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Maximum Power-Saving Mode Exit

DRAM monitors CS signal level and when it detects CKE ‘L’ to 'H’ transition, and either exits from the power saving mode or
stay in the mode depending on the CS signal level at the CKE transition. Because CK receivers are shut down during this
mode, CS =L’ is captured by rising edge of the CKE signal. If CS signal level is detected ‘L', then the DRAM initiates
internal exit procedure from the power saving mode. CK must be restarted and stable tCKMPX period before the device can
exit the maximum power saving mode. During the exit time tXMP, any valid commands except DES command is not
allowed to DDR4 SDRAM and also tXMP_DLL, any valid commands requiring a locked DLL is not allowed to DDR4
SDRAM.

When recovering from this mode, the DRAM clears the MRS bits of this mode. It means that the setting of MR4 A1 is move

to '0’ automatically.

Maximum Power-Saving Mode Exit

Ta0 Ta1 Ta2 Tad Tb0 Ib1 Tb2 Tb3 Te Tel Te2 Te3 Tod Tdo Td1 Td2 Td3 Te0 Tel
/ v v )

CK t - .
% BE R R
- {CKMPX
COMMAND Z
cson A
CKE tﬁF g
1 ! | e {
tXMP_DLL _
N
RESET n
- t l l l
Don’t Care
Timing parameter bin of Maximum Power Saving Mode
DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200
Description symbol Unit Note
Min Max Min Max
Command path disable delay {MPED tMOD(min) + } tMOD(min) + )
upon MPSM entry tCPDED(min) tCPDED(min)
Valid clock requirement after {CKMPE tMOD(min) + ) tMOD(min) + )
MPSM entry tCPDED(min) tCPDED(min)
Valid clock requirement before . .
MPSM exit tCKMPX tCKSRX(min) - tCKSRX(min) -
Exit MPSM to commands not . .
requiring a locked DLL XMP XS(min) . XS(min) .
Exit MPSM to commands tXMPDLL tXMP(min) + ) tXMP(min) + )
requiring a locked DLL tXSDLL(min) tXSDLL(min)
CS setup time to CKE tMPX_S tISmin + tIHmin - tISmin + tIHmin -
CS High hold time to CKE tMPX_HH tXP(min) tXP(min)
rising edge
CS Low hold time to CKE tMPX_LH 12 tXMP-10ns 12 tXMP-10ns ns 1
rising edge
NOTE 1 tMPX_LH(max) is defined with respect to actual tXMP in system as opposed to tXMP(min).
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Connectivity Test Mode (CT)

Introduction

The DDR4 memory device supports a connectivity test (CT) mode, which is designed to greatly speed up testing of
electrical continuity of pin interconnection on the PC boards between the DDR4 memory devices and the memory controller
on the SoC. Designed to work seamlessly with any boundary scan devices, the CT mode is required for all x16 width
devices independent of density and optional for all x8 and x4 width devices with densities greater than or equal to 8Gb.
Contrary to other conventional shift register based test mode, where test patterns are shifted in and out of the memory
devices serially in each clock, DDR4’s CT mode allows test patterns to be entered in parallel into the test input pins and the
test results extracted in parallel from the test output pins of the DDR4 memory device at the same time, significantly
enhancing the speed of the connectivity check. RESET is registered to High and VrefCA must be stable prior to entering CT
mode. Once put in the CT mode, the DDR4 memory device effectively appears as an asynchronous device to the external
controlling agent; after the input test pattern is applied, the connectivity check test results are available for extraction in
parallel at the test output pins after a fixed propagation delay. During CT mode, any ODT is turned off.

A reset of the DDR4 memory device is required after exiting the CT mode.

Pin Mapping

Only digital pins can be tested via the CT mode. For the purposes of a connectivity check, all the pins used for digital logic in the
DDR4 memory device are classified as one of the following 5 types:

Pin Classification of DDR4 Memory Device in Connectivity Test(CT) Mode

Types CT Mode Pins Pin Names during Normal Memory Operation
1 Test Enable TEN
2 Chip Select CS
A [BAILO], BG1:0], A[9:0], A10/AP, Al1, A12/BC, A13, WE/A14, CAS/A15, RAS/AL6,
CKE, ACT, ODT, CK, CK, PAR
3 Test Input B |LDM/LDBI, UDM/UDBI, DM/DBI
C |ALERT
D |RESET
5 Test Output DQ[15:0], DQSU, DQSU, DQSL, DQSL, DQS, DQS
Signal Description
Symbol Type Function

Connectivity Test Mode is active when TEN is HIGH and inactive when TEN is LOW.
TEN Input TEN must be LOW during normal operation TEN is a CMOS rail-to-rail signal with DC
high and low at 80% and 20% of VDD, i.e., 960mV for DC high and 240mV for DC low.

TEN Pin Weak Pull Down Strength Range

Symbol Description Min Max Unit

TEN pin should be internally pulled low to prevent DDR4 SDRAM from

TEN conducting Connectivity Test mode in case that TEN is not used.

0.05 10 uA

NOTE 1 The host controller should use good enough strength when activating Connectivity Test mode to avoid current fighting at TEN signal and
inability of Connectivity Test mode.
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Logic Equations

Min Term Equations

MTx is an internal signal to be used to generate the signal to drive the output signals.

x16 and x8 signals are internal signal indicating the density of the device.
MTO = XOR (A1, A6, PAR)

MT1 = XOR (A8, ALERT, A9)

MT2 = XOR (A2, A5, A13)

MT3 = XOR (A0 A7, A11)

MT4 = XOR (CK, ODT, CAS/A15)

MT5 = XOR (CKE, RAS/A16, A10/AP)

MT6 = XOR (ACT, A4, BA1)

MT7 = XOR (((x16 and UDM / UDBI) or (!x16 and BG1)), ((x8 or x16) and LDM / LDBI), CK))
MT8 = XOR (WE / A14, A12/ BC, BAO)

MT9 = XOR (BGO, A3, (RESET and TEN))

P

Output equations for x16 devices
DQO = MTO
DQ1 = MT1
DQ2 = MT2
DQ3 = MT3
DQ4 = MT4
DQ5 = MT5
DQ6 = MT6
DQ7 = MT7
DQ8 = 'DQO
DQ9 = IDQ1
DQ10 = 'DQ2
DQ11 = 1DQ3
DQ12 = IDQ4
DQ13 = IDQ5
DQ14 = IDQ6
DQ15 = 1DQ7
DQSL = MT8
DQSL = MT9
DQSU = IDQSL
DQSU = IDQSC

Output equations for x8 devices
DQO = MTO
DQ1=MT1
DQ2 = MT2
DQ3 = MT3
DQ4 = MT4
DQ5 = MT5
DQ6 = MT6
DQ7 = MT7
DQS = MT8
DQS = MT9

Output equations for x4 devices
DQO = XOR (MT0, MT1)
DQ1 = XOR (MT2, MT3)
DQ2 = XOR (MT4, MT5
DQ3 = XOR (MT6, MT7)
DQS = MT8
DQS = MT9
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Input level and Timing Requirement

During CT Mode, input levels are defined below.

TEN pin: CMOS rail-to-rail with DC high and low at 80% and 20% of VDD.
CS: Pseudo differential signal referring to VrefCA

Test Input pin A: Pseudo differential signal referring to VrefCA

Test Input pin B: Pseudo differential signal referring to internal Vref 0.5*VDD
RESET: CMOS DC high above 70 % VDD

ALERT: Terminated to VDD. Swing level is TBD.

S o

Prior to the assertion of the TEN pin, all voltage supplies must be valid and stable.

Upon the assertion of the TEN pin, the CK and CK signals will be ignored and the DDR4 memory device enter into the CT
mode after tCT_Enable. In the CT mode, no refresh activities in the memory arrays, initiated either externally (i.e.,
auto-refresh) or internally (i.e., self-refresh), will be maintained.

The TEN pin may be asserted after the DRAM has completed power-on; once the DRAM is initialized and VREFDQ is

calibrated, CT Mode may no longer be used.

The TEN pin may be de-asserted at any time in the CT mode. Upon exiting the CT mode, the states of the DDR4 memory
device are unknown and the integrity of the original content of the memory array is not guaranteed and therefore the reset

initialization sequence is required.

All output signals at the test output pins will be stable within tCT_valid after the test inputs have been applied to the test

input pins with TEN input and input maintained High and Low respectively.

Timing Diagram for Connectivity Test(CT) Mode

&

CH_oy = = = -~ . . ;
o \I AN 4\ A VALID Input 5( 4 WALID Input
1CKECT _Valid = 10ns

CHE T r,
\ WALID Imput ;( WALID Input

RESET_n
TEM
T _Enable
-~
C5n
T Valid
. o
CT Inputs )L WALID Input )( \ VALID Input

T Valid YoT_valid |
/ \ - —
CT Qutputs A WALID b \‘l VALID

AC parameters for Connectivity Test (CT) Mode

Symbol Min Max Unit
tCT_IS 0 - ns
tCT_Enable 200 - ns
tCT_Valid - 200 ns
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Connectivity Test (CT) Mode Input Levels

CMOS rail to rail Input Levels for TEN

Symbol Parameter Min Max Unit NOTE
VIH(ac)_TEN TEN AC Input High Voltage 0.8x VDD VDD v 1
VIH(pc)_Ten TEN DC Input High Voltage 0.7 x VDD VDD %

VIL(pc)_TEN TEN DC Input Low Voltage VSS 0.3xVDD \Y
VIL(ac)_TEN TEN AC Input Low Voltage VSS 0.2x VDD v 2
TF_input_TEN TEN Input signal Falling time - 10 ns
TR input_TEN TEN Input signal Rising time - 10 ns

NOTE 1 Overshoot should not exceed the Vin Absolute Maximum Ratings.

NOTE 2 Undershoot should not exceed the Vin Absolute Maximum Ratings.

TEN Input Slew Rate Definition

0.8*vDD
0.7*vDD —

0.3*"VDD —
0.2*vDD —

TF_input_TEN TR input_TEN

Single-Ended AC and DC Input levels for CS, BA [1:0], BG [1:0], A [9:0], A10/AP, A12/BC, A13,
WE/A14, CAS/A15, RAS/A16, CKE, ACT, ODT, CK, CK, and PAR

Parameter Symbol Min Mix Unit = Notes
CTipA AC Input High Voltage VIH(AC)_CTipA VREFCA + 0.2 Note 1 Vv
CTipA DC Input High Voltage VIH(DC)_CTipA VREFCA +0.15 VDD \
CTipA DC Input Low Voltage VIL(DC)_CTipA VSS VREFCA - 0.15 \
CTipA AC Input Low Voltage VIL(AC)_CTipA Note 1 VREFCA -0.2 \
CTipA Input signal Falling time TF_input_CTipA - 5 ns
CTipA Input signal Rising time TR_input_CTipA - 5 ns

NOTE 1 See “Overshoot and Undershoot Specifications”.
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CS and Input a Slew Rate Definition

VIH(AC)_CTipA min
VIH(DC)_CTipAmin —

VREFCA — -

VIL(DC)_CTipAmax —
VIL(AC)_CTipAmax —

TF_input_ CTipA TR_input_ CTipA

Single-Ended AC and DC Input levels for LDM/LDBI, UDM/UDBI and DM/DBI

Parameter Symbol Min Mix Unit Notes
CTipB AC Input High Voltage VIH(AC)_CTipB VREFDQ + 0.3 Note 2 \ 1
CTipB DC Input High Voltage VIH(DC)_CTipB VREFDQ + 0.2 VvDDQ \ 1
CTipB DC Input Low Voltage VIL(DC)_CTipB VSSQ VREFDQ - 0.2 \Y 1
CTipB AC Input Low Voltage VIL(AC)_CTipB Note 2 VREFDQ - 0.3 \% 1
CTipB Input signal Falling time TF_input_CTipB - 5 ns
CTipB Input signal Rising time TR input_CTipB - 5 ns

NOTE 1 VREFDQ is VDDQ*0.5.
NOTE 2 See "Overshoot and Undershoot Specifications".

Input B Slew Rate Definition

VIH(AC)_CTipB min
VIH(DC)_CTipB min —

VREFDQ — -

VIL(DC)_CTipB max —
VIL(AC)_CTipB max —

TF input_ CTipB

TR input_ CTipB

Input Levels for RESET

RESET input condition is the same as normal operation.

Input Levels for ALERT

TBD
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CLK to Read DQS timing parameters

DDR4 supports DLLOFF mode. Following parameters will be defined for CK to read DQS timings.
CLK to Read DQS Timing Parameters

Speed DDR4-1600/1866/2133/2400/2666/2933/3200
Units NOTE
Parameter Symbol Min Max
o o {DQSCK (DLL On) refer to AC parameter refer to AC parameter S 1378
DQS, DQS rising edge outpuﬁmlng tables tables p 13,0,
location from rising CK, CK
tDQSCK (DLL Off) vendor specific vendor specific ps 23,7
) refer to AC parameter
DQS, DQS rising edge output tDQSCKI(DLL On) - tables ps 1,5,6,7,8
variance window
tDQSCKI(DLL Off) - vendor specific ps 2,4,5,6,7
VDD sensitivity of tDQSCK (DLL Off) dTDQSCKdV - vendor specific ps/mV 2,6
Temperature sensitivity of tDQSCK
P y dTDQSCKdT - vendor specific ps/°C 2,6
(DLL Off)
NOTE 1 These parameters are applied when DRAM is in DLLON mode.
NOTE 2 These parameters are applied when DRAM is in DLLOFF mode.
NOTE 3 Measured over full VDD and Temperature spec ranges.
NOTE 4 Measured at fixed and constant VDD and Temperature condition.
NOTE 5 Measured for a given DRAM part, and for each DQS/DQS pair in case of x16 (part variation is excluded).
NOTE 6 These parameters are verified by design and characterization, and may not be subject to production test.
NOTE 7 Assume no jitter on input clock signals to the DRAM.
NOTE 8 Refer to “READ Timing Definitions”.
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tDQSCK (DLL On), Min limit = Earliest of {{DQSCK:i (DLL On), at any valid VDD and Temperature, all DQS pairs and parts}
tDQSCK (DLL On), Max limit = Latest of {t{DQSCKi (DLL On), at any valid VDD and Temperature, all DQS pairs and parts}
tDQSCK (DLL Off), Min limit = Earliest of {t{DQSCKi (DLL Off), at any valid VDD and Temperature, all DQS pairs and parts}
tDQSCK (DLL Off), Max limit = Latest of {{DQSCKi (DLL Off), at any valid VDD and Temperature, all DQS pairs and parts}

tDQSCK Definition Difference between DLL ON and DLL OFF

DLLON
(e} @ RL RL
socs XOOOOOG OO000
DQS_t,DAS_c 53 ) A
[ -
DQSCK(m) §DQSCK(VTH'2 tDQSCK(n gDQSCK(MZ
DQSCK(M+1)  tDQSCK(M+3) DQSCK(n+1) ~ tDQSCK(n+3)
DLLOFF RL=AL+(CL-1) RL=AL+(CL-1)
CL=10 fixed CL=10 fixed
CMD IG — |
000 o 2000000 COOC
CK_tCK_c % -
SCK(m+) DASAK(n+R)
bas_1bas_c « DQSCK(m+1) _ tDQSCK(n+l)
- %CX_) |
tDQSCK(m) DQSCK(m+3) tDQSCK(n) tDQSCK(n+3)
dTDQSCKTdT Definition
tDQSCK 3
""" dTDQSCKAT
»  Temperature
min max
dTDQSCKAT = | tDQSCK(Toper,max) - tDQSCK(Toper,min)l / [Toper,max - Toper,minl
TDQSCKTdV Definition
tDQSCK A
_____ dTDQSCKdV
> \DD
min max
dTDQSCKdAV = | tDQSCK(VDD,max) - tbQSCK(VDD,min)l / VDD,max - VDD, minl
Version 1.6 193 Nanya Technology Corporation©

06/2026 All Rights Reserved.



@ NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Post Package Repair(hPPR)

DDR4 supports Fail Row address repair as optional feature for 4Gb and required for 8Gb and above. Supporting hPPR is
identified via Datasheet and SPD in Module so should refer to DRAM manufacturer's Datasheet. PPR provides simple and
easy repair method in the system and Fail Row address can be repaired by the electrical programming of Electrical-fuse

scheme.
With hPPR, DDR4 can correct 1Row per Bank Group

Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller should prevent
unintended hPPR

mode entry and repair. (i.e. Command/Address training period)

DDR4 defines two hard fail row address repair sequences and users can choose to use among those 2 command
sequences. The first command sequence uses a WRA command and ensures data retention with Refresh operations
except for the 2banks containing the rows being repaired, with BA [0] a don’t care. Second command sequence is to use
WR command and Refresh operation can’t be performed in the sequence. So, the second command sequence doesn'’t
ensure data retention for target DRAM.

When hard PPR Mode is supported, entry into hPPR Mode is to be is protected through a sequential MRS guard key to
prevent unintentional hPPR programming. When soft PPR Mode, i.e. sPPR, is supported, entry into sPPR Mode is to be
protected through a sequential MRS guard key to prevent unintentional sPPR programming. The sequential MRS guard
key for hPPR mode and sPPR is the same Guard Key, i.e. hPPR/sPPR Guard Key.

The hPPR/sPPR Guard Key requires a sequence of four MRO commands to be executed immediately after entering hPPR
mode (setting MR4 bit 13 to a “1”) or immediately after entering sPPR mode (setting MR4 bit 5 to a “1”). The hPPR/sPPR
Guard Key’s sequence must be entered in the specified order as stated and shown in the spec below. Any interruption of
the hPPR/sPPR Guard Key sequence from other MR commands or non-MR commands such as ACT, WR, RD, PRE, REF,
ZQ, NOP, RFU is not allowed.

Although interruption of the hPPR/sPPR Guard Key entry is not allowed, if the hPPR/sPPR Guard Key is not entering in the
required order or is interrupted by other commands, the hPPR Mode or sPPR Mode will not execute and the offending
command terminating hPPR/sPPR Mode may or may not execute correctly; however, the offending command will not
cause the DRAM to “lock up”. Additionally, when the hPPR or sPPR entry sequence is interrupted, subsequent ACT and
WR commands will be conducted as normal DRAM commands. If a hPPR operation was prematurely terminated, the MR4
bit 13 must be re-set “0” prior to performing another hPPR or sPPR operation. If a sPPR operation was prematurely
terminated, the MR4 bit 5 must be re-set to “0” prior to performing another sPPR or hPPR operation. The DRAM does not

provide an error indication if an incorrect hPPR/sPPR Guard Key sequence is entered.
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hPPR & sPPR MRO Guard Key Sequences

Guard Keys  BG1:0' BA1:0 A17:A12 A11 A10 A9 A8 A7 A6:A0
15t MRO 00 00 X 1 1 0 0 1 1111111
2" MRO 00 00 X 0 1 1 1 1 1111111
34 MRO 00 00 X 1 0 1 1 1 1111111
41 MRO 00 00 X 0 0 1 1 1 1111111

Note1 BG1 is ‘Don’t Care’ in X16

Note2 A6:A0 can be either ‘1111111’ or ‘Don’t Care’. And, it depends on vendor’s implementation. ‘1111111’ is allowed in all DDR4
density but ‘Don’t Care’ in A6:A0Q is only allowed in 4Gb & 8Gb die DDR4 product.

Note3 After completing hPPR & sPPR mode, MRO must be re-programmed to pre-PPR mode state if the DRAM is to be accessed.

Hard Fail Row Address Repair (WRA Case)

The following is procedure of hPPR with WRA command.

1. Before entering ‘hPPR’ mode, all banks must be Precharged; DBl and CRC Modes must be disabled

2. Enable hPPR using MR4 bit “A13=1" and wait tMOD

3. lIssue guard Key as four consecutive MRO commands each with a unique address field A [17:0]. Each MRO command
should space by tMOD

4. lIssue ACT command with Fail Row address

5. After tRCD, Issue WRA with VALID address. DRAM will consider Valid address with WRA command as ‘Don’t Care’

6. After WL(WL=CWL+AL+PL), All DQs of Target DRAM should be LOW for 4tCK. If HIGH is driven to All DQs of a DRAM
consecutively for equal to or longer than 2tCK, then DRAM does not conduct hPPR and retains data if REF command is
properly issued; if all DQs are neither LOW for 4tCK nor HIGH for equal to or longer than 2tCK, then hPPR mode
execution is unknown.

7. Wait tPGM to allow DRAM repair target Row Address internally and issue PRE

8. Wait tPGM_EXxit after PRE which allow DRAM to recognize repaired Row address

9. Exit hPPR with setting MR4 bit “A13=0"

10. DDR4 will accept any valid command after tPGMPST

11. In More than one fail address repair case, Repeat Step 2 to 9

In addition to that, hPPR mode allows REF commands from PL+WL+BL/2+tWR+tRP after WRA command during tPGM

and tPGMPST for proper repair; provided multiple REF commands are issued at a rate of tREFI or tREFI/2, however

back-to-back REF commands must be separated by at least tREFI/4 when the DRAM is in hPPR mode. Upon receiving

REF command, DRAM performs normal Refresh operation and ensure data retention with Refresh operations except for

the 2banks containing the rows being repaired, with BA A [0] don’t care. Other command except REF during tPGM can

cause incomplete repair so no other command except REF is allowed during tPGM.

Once hPPR mode is exited, to confirm if target row is repaired correctly, host can verify by writing data into the target row

and reading

it back after hPPR exit with MR4 A13=0 and tPGMPST
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Hard Fail Row Address Repair (WR Case)

The following is procedure of hPPR PPR with WR command.

1. Before entering hPPR mode, all banks must be precharged; DBI and CRC modes must be disabled.

2. Enable hPPR using MR4 bit “A13=1" and wait tMOD

3. Issue guard Key as four consecutive MRO commands each with a unique address field A [17:0]. Each MRO command should space by
tMOD

4. Issue ACT command with row address

5. After tRCD, issue WR with valid address. DRAM consider the valid address with WR command as ‘Don’t Care’

6. After WL(WL=CWL+AL+PL), All DQs of target DRAM should be LOW for 4tCK. If HIGH is driven to All DQs of a DRAM consecutively
for equal to or longer than first 2tCK, then DRAM does not conduct hPPR and retains data if REF command is properly issued; if all
DQs are neither LOW for 4tCK nor HIGH for equal to or longer than first 2tCK, then hPPR mode execution is unknown.

7. Wait tPGM to allow DRAM repair target Row Address internally and issue PRE

8. Wait tPGM_EXxit after PRE which allow DRAM to recognize repaired Row address

9. Exit hPPR with setting MR4 bit “A13=0"

10. DDR4 will accept any valid command after tPGMPST

11. In more than one fail address repair case, Repeat Step 2 to10
In this sequence, Refresh command is not allowed between hPPR MRS entry and exit.

Once hPPR mode is exited, to confirm if target row is repaired correctly, host can verify by writing data into the target row and reading it

back after hPPR exit with MR4 A13=0 and tPGMPST.
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Hard Fail Row Address Repair MR bits and timing diagram

The following table and Timing diagram show hPPR related MR bits and its operation

hPPR Setting

MR4 [A13] Description
0 hPPR Disabled
1 hPPR Enabled

Hard Fail Row Repair (WRA Case)

T0 T Ta0 Tho Te0 Tel Td0 T Te0 Tel Te2 Ti0 T Tg0 Tot Tho
CKe— — A - - - - - - - - - - - - - - - - - - - - - - -
ot _ - - - - N S - _ - N S - .- -
CMD - AMRS4, MRS, ACT V/RA DES DES DES DES DES EF/DI EF/D! PRE EF/DI MRS DES VALID, EF/DE;
BG VALIDA VALID, BGf BGf NA NA NA NA NA NA /X NA VALIDK NA VALID, NA VALID, EF/DI
BA VALIDX VALID, BA BAF NA NA NA NA A NA NA X NA VALIDX’, NA VALID, NA VALID; EF/D
ADDR 7Y VAT VALID VALID VALD) NA NA NA NA NA N XX VALD NA NA VAL EFD
v |\ QT | N7 | N T N g N T | N | T N | X N |
. e T N T
DQS_ - [~ -
ol AR WA
Y|l \ T\ I I l l
p <> - o o >
Al Banks 5X'MOD RCD PGM
Precharge {PGM(min) = 200ms 'PGM_Exit(min) = 15ns | 'PGMPST(min) = 50us
andidle state_ ——
o PR Enty hPPR Repair HPPR Recogrition PR Exit ode
§§ Tve BREAK DONT CARE
Note1 Allow REF(1X) from PL+WL+BL/2+tWR+tRP after WR
Note2 Timing diagram shows possible commands but not all shown can be issued at same time; for example, if REF is issued at Te1,

DES must be issued at Te2 as REF would be illegal at Te2. Likewise, DES must be issued tRFC prior to PRE at Tf0. All regular

timings must still be satisfied.

Hard Fail Row Repair (WR Case)

T0 ™ Tad Th0 Te0 Tet Tdo Td1 Te0 Tel Te2 T0 T Tg0 Tot Tho
Ko — A - - - - - - - - - - - - - - - - - - - - - - - - - -
i — - - - o= S - o= S - - - - - - -
o XRsS IRS) AT WR DS DES DES DES DES DS DES PRE DES MRS DES ) e
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BA VALIDX~+ AVALID, BA BAf NA NA NA NA NA NA NA VALID, A NA VALID, NA VALID, EF/DI
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w7 [T ||\ T N T T T T Y| T T T T | T
T {[weowsase T wk

DS ¢ .- L - .-
DaSs

—
oast ) [ Il Il Il Il Il
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Mode A PPR Entry hPPR Repair HPPR Recognition HPPR Exit Jlode
§ Tive BrEAK DON'T CARE
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Programming hPPR & sPPR support in MPRO page2

hPPR & sPPR is optional feature of DDR4 4Gb so Host can recognize if DRAM is supporting hPPR & sPPR or
not by reading out MPRO Page2.

MPR page2;

hard PPR is supported: A7=1

hard PPR is not supported: A7=0

soft PPR is supported: A6=1

soft PPR is not supported: A6=0

Required Timing Parameters

Repair requires additional time period to repair Hard Fail Row Address into spare Row address and the

followings are requirement timing parameters for hPPR

hPPR Timing Parameters

Speed DDR4-1600/1866/2133/2400/2666/2933/3200
Unit Note
Parameter Symbol min max
hPPR Programming Time: x4/x8 tPGMa 1,000 - ms
hPPR Programming Time: x16 tPGMb 2,000 - ms
hPPR Exit Time tPGM_Exit 15 - ns
New Address Setting time tPGMPST 50 - us
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Post Package Repair(sPPR)

Soft Post Package Repair (sPPR) is a way to quickly, but temporarily, repair a row element in a Bank Group on
a DDR4 DRAM device, contrasted to hard Post Package Repair which takes longer but is permanent repair of
a row element. There are some limitations and differences between sPPR and hPPR

Description and Comparison of hPPR & sPPR

Topic Soft Repair Hard Repair Note

. . Volatile — repair persists while |Non-Volatile — repair is permanent | sPPR cleared after power off or device
Persistence of Repair

power is within operating range | after the repair cycle. reset
tPGM(hPPR & sPPR >1000ms(tPGMa) or
programming Time) WL+ 4CK+HWR 2000ms(tPGMb)
# of Repair elements 1 per BG 1 per BG Once hPPR is used within a BG,sPPR

is no longer supported in that BG

Clearing sPPR occurs by either (a) or

Simultaneous use of soft and Previous hPPR are alloyved Any outstanding sPPR must be ():
A before soft repair to a different ; (a) powerdown and power-up
hard repair within a BG BG cleared before a hard repair sequence

(b) Reset and re-initialize.
Repair Sequence 1 method — WR cmd. 2 methods WRA and WR

Bank' not having row repair Yes, if WRA sequence; No, if WR |WRA sequence requires use of REF

Yes

retains array data sequence commands
Bank' having row repair Yes, except for seed and No sPPR must be performed outside of
retain array data associated rows REF window (tRFC)

Notel If a BA pin is defined to be an “sPPR associated row” to the seed row, both states of the BA address input are affected. For example, if BAO is
selected as an “sPPR associated row” to the seed row, addresses in both BAO = 0 and BAO = 1 are equally affected.

sPPR mode is entered in a similar fashion as hPPR, sPPR uses MR4 bit A5 while hPPR uses MR4 bit A13;
sPPR requires the same guard key sequence as hPPR to qualify the MR4 PPR entry. Prior to sPPR entry,
either an hPPR exit command or an sPPR exit command should be performed, which ever was the last PPR

entry. After sPPR entry, an ACT command will capture the target bank

and target row, herein seed row, where the row repair will be made. After tRCD time, a WR command is used
to select the individual DRAM, through the DQ bits, to transfer the repair address into an internal register in the
DRAM. After a write recovery time and PRE command, the sPPR mode can be exited and normal operation
can resume. The DRAM will retain the sPPR change as long as VDD remains within the operating region. If the
DRAM power is removed or the DRAM is RESET, all sPPR changes will revert to the unrepaired state. sPPR
changes must be cleared by either a power-up sequence or re-initialization by RESET signal before hPPR

mode is enabled.

DDR4 sPPR can repair one row per Bank Group, however when the hPPR resources for a bank group have
been used, sPPR resources are no longer available for that bank group. If an sPPR or hPPR repair sequence
is issued to a bank group with PPR resource un-available, the DRAM will ignore the programming sequence.
sPPR mode is optional for 4Gb & 8Gb density DDR4 devices and required for densities which are larger than
8Gb.
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The bank receiving sPPR change is expected to retain array data in all other rows except for the seed row and
its associated row addresses on all densities larger than 8Gb; and is optional for 8Gb devices and smaller. If
the user does not require the data in the array in the bank under sPPR repair to be retained, then the handling
of the seed row’s associated row addresses is not of interest and can be ignored. If the user requires the data
in the array to be retained in the bank under sPPR mode, then prior to executing the sPPR mode, the seed row
and its associated row addresses should be backed up and restored after sPPR has been completed. sPPR

associated seed row addresses are specified in below.

sPPR associated row address

sPPR Associated Row Addresses

BAO A17 A16 A15 A14 A13 A1 A0

Soft Repair of a Fail Row Address

The following is the procedure of sPPR with WR command. Note that during the soft repair sequence, no refresh is allowed.
1. Before entering ‘sPPR’ mode, all banks must be Precharged; DBl and CRC Modes must be disabled
2. Enable sPPR using MR4 bit “A5=1" and wait tMOD

3. Issue Guard Key as four consecutive MRO commands each with a unique address field A[17:0]. Each MRO command

should space by tMOD. MRO Guard Key sequence is same as hPPR in hPPR.

Guard Keys  BG1:0' BA1:0 A17:A12 A11 A10 A9 A8 A7 A6:A0
1t MRO 00 00 X 1 1 0 0 1 1111111
2" MRO 00 00 X 0 1 1 1 1 1111111
3¢ MRO 00 00 X 1 0 1 1 1 1111111
4" MRO 00 00 X 0 0 1 1 1 1111111

4. Issue ACT command with the Bank and Row Fail address, Write data is used to select the individual DRAM in the Rank

for repair.

5. AWR command is issued after tRCD, with VALID column address. The DRAM will ignore the column address given

with the WR command.

6. After WL(WL=CWL+AL+PL), All DQs of Target DRAM should be LOW for 4tCK. If HIGH is driven to All DQs of a DRAM
consecutively for equal to or longer than first 2tCK, then DRAM does not conduct sPPR. If all DQs are neither LOW for

4tCK nor HIGH for equal to or longer than first 2tCK, then sPPR mode execution is unknown.
7. Wait tWR for the internal repair register to be written and then issue PRE to the Bank.
8. Wait 20ns after PRE which allow DRAM to recognize repaired Row address

9. Exit PPR with setting MR4 bit “A5=0" and wait tMOD
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10. One soft repair address per Bank Group is allowed before a hard repair is required. When more than one sPPR request
is made to the same BG, the most recently issued sPPR address would replace the early issued one. In the case of
conducting soft repair address in a different Bank Group, Repeat Step 2 to 9. During a soft Repair, Refresh command is
not allowed between sPPR MRS entry and exit.

Once sPPR mode is exited, to confirm if target row is repaired correctly, the host can verify the repair by writing data into

the target row and reading it back after sPPR exit with MR4 A5=0.

Fail Row Soft PPR (WR Case)

0 T Ta Tho Tco Tef Td Tdi Ted Tel Te2 To it Tgo Tot o
Ko — ~ - - - - - - - - -- - - - - - - - - -- - - - - - -
o _ . - A - - - - - A . - . N - -
oMD  XVRs¢ GE) ACT WR DES DES DES DES DES DES DES PRE DES MRS DES VALID)
BG * XVALID) VALID BGI 861 NA NA NA NA NA NA NA ) NA VALID, NA VALID)
BA © XVALID VALID BAf BAf NA NA NA NA NA NA NA VAL NA VALID, NA VALID
ADDR Y VALID ALY b X AL NA NA NA NA NA NA NA VALID NA . NA VAL
e " 3 z = 7
e/ |\ L \iﬁ VARVTAR VAN AN Y w‘w AN \{}J VA
}  {[oweae 4nCK o
DSt . - L - -
N
SRS G I L I I I I
— >l . gl il >
ok 5X'MOD RCD PGM
g PGM 'PGM_Exi(min) "PGMPST(min)
idle state —
Nor . .
Mode sPPR Entry sPPR Repair sPPR Recognition sPPR Exit ode
 nmesReak [ pONT care
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On-Die Termination

On-die termination (ODT) is a feature of the DDR4 SDRAM that enables the DRAM to change termination resistance for
each DQ, DQS, DQS, and DM for x4 and x8 configuration (and DQS, TDQS, for x8 configuration, when enabled via A11 = 1
in MR1) via the ODT control pin or WRITE command or default parking value with MR setting. For x16 configuration, ODT is
applied to each DQ, DQSL, DQSL, DQSU, DQSU, UDM and LDM signal. The ODT feature is designed to improve signal
integrity of the memory channel by allowing the DRAM controller to independently change termination resistance for any or

all DRAM devices.

The ODT feature is turned off and not supported in self refresh mode. A simple functional representation of the DRAM ODT

feature is shown below.

Functional Representation of ODT

| oDT Voba |

To , Rrr |

other — |

circuity | switch

Like RCV , | _
I | ©DQ, DQS, DM, TDQS
l .

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and Mode Register Setting and
other control information. The value of RTT is determined by the settings of mode register bits (see Mode Register). The
ODT pin will be ignored if the mode register MR1 is programmed to disable RTT_NOM (MR1 A [10:8] = 000) and in self

refresh mode.

ODT Mode Register and ODT State Table

The ODT mode of the DDR4 device has 4 states: data termination disable, RTT_WR, RTT_NOM and RTT_PARK. The
ODT mode is enabled if any of RTT_NOM: MR1 A [10:8], RTT_WR: MR2[11:9] or RTT_PARK: MR5[8:6] are non-zero.
When enabled, the value of RTT is determined by the settings of these bits.

After entering Self-Refresh mode, DRAM automatically disables ODT termination and set Hi-Z as termination state

regardless of these setting.

Controller can control each RTT condition with WR/RD command and ODT pin

« RTT_WR: The rank that is being written to provide termination regardless of ODT pin status (either HIGH or LOW).

+ RTT_NOM: DRAM turns ON RTT_NOM if it sees ODT asserted (except when ODT is disabled by MR1).

« RTT_PARK: Default parked value set via MR5 to be enabled and ODT pin is driven LOW.

« Data Termination Disable: DRAM driving data upon receiving READ command disables the termination after RL-X and
stays off for a duration of BL/2 + X clock cycles. (X is 2 for 1tCK and 3 for 2tCK preamble mode.)

The RTT values have the following priority:
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if there is WRITE command along with ODT pin HIGH, then DRAM turns on RTT_WR not RTT_NOM, and also if there is
READ command, then DRAM disables data termination regardless of ODT pin and goes into Driving mode.

« Data termination disable

* RTT_WR

* RTT_NOM

* RTT_PARK

Termination State Table

RTT_PARK RTT_NOM
- = ODT pin DRAM termination state Note
MR5(8:6] MR1[10:8] P! fhat!
HIGH RTT_NOM 1,2
Enabled =
Enabled LOW RTT_PARK 1,2
Disabled Don’t care? RTT_PARK 1,2,3
HIGH RTT_NOM 1,2
Enabled
Disabled LOW Hi-Z 1,2
Disabled Don’t care? Hi-Z 1,2,3

NOTE 1 When a READ command is executed, DRAM termination state will be High-Z for defined period independent of ODT pin and
MR setting of RTT_PARK/RTT_NOM. This is described in the ODT During Read section.

NOTE 2 If RTT_WR is enabled, RTT_WR will be activated by WRITE command for defined period time independent of ODT pin and MR
setting of RTT_PARK /RTT_NOM. This is described in the Dynamic ODT section.

NOTE 3 If RTT_NOM MR is disabled, ODT receiver power will be turned off to save power.

On-die termination effective resistances are defined and can be selected by any or all of the following options:
* MR1[10:8] (RTT_NOM) - Disable, 240Q, 120Q), 80Q, 60Q, 48Q, 40Q, and 34Q.

* MR2[11:9] (RTT_WR) - Disable, 240Q,120Q, and 80Q.

* MR5[8:6] (RTT_PARK) - Disable, 240Q, 120Q, 80Q, 60Q, 48Q, 40Q, and 34Q.

ODT is applied to the following inputs:

* X4: DQs, DM, DQS, and DQS inputs.

* X8: DQs, DM, DQS, DQS, TDQS, and TDQS inputs.

« X16: DQs, LDM, UDM, DQSL, DQS , DQSU, and DQSU inputs.

ODT Definition of Voltages and Currents
On die termination effective Rtt values supported are 240, 120, 80, 60, 48, 40, 34 ohms.

VDDAQ -Vout

RTT = | Tout |
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Chip In Termination Mode
_ODT
Vopa
To
other Rrr
circuity
like .
RCV ... . —°| bQ
lout
Vout
®  Vssa

ODT Electrical Characteristics RZQ=240Q +/-1% entire temperature operation range after ZQ

calibration
RTT Vout Min Nom Max Unit NOTE
VOLdc= 0.5* VDDQ 0.9 1 125 | RZQ 1,2,3
240Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 125 | RZQ/2 1,2,3
1200 VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/2 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzZQ/2 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 125 | RZQ/3 1,2,3
80Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/3 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzZQ/3 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 125 | RZQ/4 1,2,3
60Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RZQ/4 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/4 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 | RzQ/5 1,2,3
48Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/5 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RZQ/5 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 1.25 | RZQ/6 1,2,3
40Q VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/6 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/6 1,2,3
VOLdc= 0.5* VDDQ 0.9 1 125 | RZQ/7 1,2,3
340 VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/7 1,2,3
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/7 1,2,3
DQ-DQ Mismatch within byte | VOMdc = 0.8* VDDQ 0 - 10 % 1,2,4,5,6

NOTE 1 The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if
temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

NOTE 2 Pull-up ODT resistors are recommended to be calibrated at 0.8*vVDDQ. Other calibration schemes may be used to achieve the linearity spec
shown above, e.g. calibration at 0.5*VDDQ and 1.1*VDDQ.

NOTE 3 The tolerance limits are specified under the condition that VDDQ=VDD and VSSQ=VSS
NOTE 4 DQ to DQ mismatch within byte variation for a given component including DQS and DQS(characterized)

NOTE 5 RTT variance range ratio to RTT Nominal value in a given component, including DQS and DQS.

RTTmax-RTTmin
| i i i =7*
Dia-D2 Mismatch in & device ETTHOM 100

NOTE 6 This parameter of x16 device is specified for Upper byte and Lower byte.
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Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down definition, these
modes are:

+ Any bank active with CKE HIGH

« Refresh with CKE HIGH

« Idle mode with CKE HIGH

« Active power-down mode (regardless of MR1 bit A10)

 Precharge power-down mode

In synchronous ODT mode, RTT_NOM will be turned on DODTLon clock cycles after ODT is sampled HIGH by a rising
clock edge and turned off DODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The ODT latency is
tied to the Write Latency (WL = CWL + AL + PL) by: DODTLon = WL - 2; DODTLoff = WL - 2. When operating in 2tCK
Preamble Mode, The ODT latency must be 1 clock smaller than in 1tCK Preamble Mode; DODTLon =WL - 3; DODTLoff =
WL - 3."(WL = CWL+AL+PL)

ODT Latency and Posted ODT
In Synchronous ODT Mode, the Additive Latency (AL) and the Parity Latency (PL) programmed into the Mode Register

MR1 applies to ODT Latencies as shown below:

ODT Latency

Symbol Parameter 1 tCK Preamble 2 tCK Preamble Unit
DODTLon Direct ODT turn on Latency CWL+AL+PL-2 CWL+AL+PL-3
DODTLoff Direct ODT turn off Latency CWL+AL+PL-2 CWL+AL+PL-3
RODTLoff Read command to internal ODT turn off Latency CL+AL+PL-2 CL+AL+PL-3
Read command to RTT_PARK turn on Latency in
RODTLon4 RODTLoff + 4 RODTLoff + 5
BC4 tCK
Read command to RTT_PARK turn on Latency in
RODTLon8 RODTLoff + 6 RODTLoff + 7
BC8/BL8
ODTH4 4 5
ODTHS8 6 7

Timing Parameters

In synchronous ODT mode, the following parameters apply:

« DODTLon, DODTLoff, RODTLoff, RODTLon4, RODTLon8, tADC (MIN) (MAX).

« tADC (MIN) and tADC (MAX) are minimum and maximum RTT change timing skew between different termination values.

These timing parameters apply to both the synchronous ODT mode and the data termination disable mode.

When ODT is asserted, it must remain HIGH until minimum ODTH4 (BL = 4) or ODTHS8 (BL = 8) is satisfied. Additionally,

depending on CRC or 2tCK preamble setting in MRS, ODTH should be adjusted.
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4, CWL=9, AL=10, PL=0; DODTLon/off=WL-2

Synchronous ODT example with BL
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ODTH4

RTT_PARK

ODT must be held HIGH for at least ODTH4 after assertion (T1). ODTH is measured from ODT first registered HIGH to ODT first registered

LOW, or from registration of Write command. Note that ODTH4 should be adjusted depending on CRC or 2tCK preamble setting
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ODT During Reads

Because the DRAM cannot terminate with RTT and drive with RON at the same time; RTT may nominally not be enabled
until the end of the postamble as shown in the example below. At cycle T25, the device turns on the termination when it
stops driving, which is determined by tHZ. If the DRAM stops driving early (that is, tHZ is early), then tADC (MIN) timing
may apply. If the DRAM stops driving late (that is, tHZ is late), then the DRAM complies with tADC (MAX) timing.

Example: CL=11, PL=0; AL=CL-1=10; RL=AL+PL+CL=21; CWL=9; DODTLon=AL+CWL-2=17;
DODTLoff=AL+CWL-2=17;1tCK preamble)

TO T T2 T3 T4 5 TG T T8 ﬁf TI9 T20 T21 T2 T23 T24 T25 T26 T27 T28

I L L L e e L T e R T L P P e P P P | Y e P e LA
SR o S I N O O O N 1 T N O O A O
clo e e
Addrn \J;f 1 L 1 : 1 ,__' 1 1 1 1 : 1 1
| | ot 1 I 1 L ml=pl+cl + ; 1 - 1 | 1 | 1 1 |
ODTI 1 1 | | | : I I | |I:I | 1 | | | 1 | 1 |
| | | 1 | 1 | | VT T T T T T T + T T
1 1 1 ! | 1 | 1 L 1 /— |JI 1 I 1 1 1 I ! 1 |
' [ Y ! ! RODTLOf = RL-2= 0L+ AL-2 ! Mgl ! ! ! ! ' ! ! '
| | | | | I ' T | 1 1 ! | 1 | 1 | | 1 |
1 1 1 ! ! ! ! ! 1 1 |- + DODTLon = WL -2 T : ! 1
I : ! ' I ' ! ! : | - |-d— t4DCmin ! ! ! :—- ~— thDCrhin I
| | | | | 1 ! 1 | 1 1 1 | 1 1 1 | : L
O I O I O NV O O O A0 o I N I R s il
DQS_0DT RTT_PARK I . —{ | RTT_NOM
T T T | T !
: : : 1 | 1 : ! : 1 -"I.-"| ! : : 1 : : : 1 :
| \ | ' i ' ' \ | 1 ' | ' ' ' ' 1 ,
t + t ! t
oasar, [ LT L[] |WAVAVAWEAY ol
1 | 1 ! ! ! , : | ! J—] |~d— t4DCmin ! ! ! ] |-r— ouCnI‘n 1
| | | 1 | I . | I I.iq | I I | 1 | , |
DQs_ODT RTT_PARK W] L LFTRIT NOM
T T T T | 1 ! 1 T
! : ! X X : : : B ":__"(M max e ngk | ' | | LLDCrIrax |
' ' ' ' ‘ ' : . ' ' ) @@.‘ ) i '
- : I : : : : ! 1 ! : : : : o i ) - @ 1 , 1
\ : \ | | | : 1 : | | 1 | | 1 | : : | :
1 | 1 ! ! ! , ! ' . . '

Example: CL=11, PL=0; AL=CL-1=10; RL=AL+PL+CL=21; CWL=9; DODTLon= AL+CWL-2=17;
DODTLoff=AL+CWL-2=17;2tCK preamble)

TO T T2 T3 T4 i T8 T7 T8 T19 T2 T21 T2 T23 T24 T2 T26 T27 T28

' ' | | ' | /s . Iy ' | ' | | ' | | | | |
X - LY roa LY P r = B ron 1 LY o LY ron . on LY . Y e - n LR
I I I 1 1 1 !,' 1 I.-'I." 1 1 1 1 1 1 1 1 1 1 1
cMD! . 1 1 i '1” i i i 1 1 1 1 1 i i i i 1
i i i 7 i 7 i i i i i i i i i
: : | 1 1 1 I 1 In,l, 1 1 1 1 1 1 1 : 1 1 :
Addr \JJ L I\III 1 .'I 'l : : L L L ' 1 1 '
1 ! | ' ' ' /) 1 . ' 1 ' ' ' | ' 1 '
| [ L I L il RL=ALsCl + L I - | 1 | | 1 | |
ODTI | 1 | | | : ] | 1 | | 1 | | | 1 1 1 |
| | | 1 1 P T T T T T T T T t T T
! 1 ! : | : -{'_ [ ,:/| I I ! 1 1 1 I I ! I |
! [ T ! ! RODTLf\\RL-2 =L +AL-3 |} L ! ! ! ! ! ! ! \ ! !
| | | | [ i I T 1 | 1 1 | | 1 | | 1 |
| | | ! ! ! i [ t DODTLon =WL- 2 T : ! |
| | | | 1 1 | 1 | 1 1 ' | 1 ' 1 | 1 |
1 1
A O O O At S NN B R B B S Oy
] 1 [
R O O O I I I A P28 H e« N I P P R 2. S
DQS_ODT . i i " |RTT PARK] I H— . —{ | RTT_NOM
T T T T T T ! !
: : : | 1 | 1) 1 :J, | | 1 : : 1 : : ! ! :
, , , 1 1 1 1 W | | 1 \ 1 1 1 , : 1 ,
e AR VAW AV AW AW RN
| ' | 1 1 1 1 A\ 1 1 1 1 , ! 1 ,
, , , | ! | ] 1 ) :—b |-QI—L#DCrrin | : | ! | —— |+— KDChin \
DQs_ODT ; i | —t L+ |TRIT_NOM
h ; T T T T W0 T i\ T T T |: 1 | 1 | ) T T
| 1 | [\ 1 1 | -l 1 o | tADCmE + 20K 1 1 |
! ! ! L X ! L "l - | bl i ) ! |- tADCMax !
T ! T 1 1 1 o 1 v 1 1 £ ! 1 T
DQ: | | ! ! . ! ! : ! ! ! ! . J\,JD@ : \ !
\ , \ | 1 | : : , | | 1 | | 1 | , X | .
| | | 1 ' 1 ) ! . ' ' ' ' 1 ' . . '
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Dynamic ODT

In certain application cases and to further enhance signal integrity on the data bus, it is desirable that the termination
strength of the device can be changed without issuing an MRS command. This requirement is supported by the dynamic

ODT feature, described below.

Functional Description
The dynamic ODT mode is enabled if bit A9 or A10 of MR2 is set to 1.
» Three RTT values are available: RTT_NOM, RTT_WR, and RTT_PARK.
— The value for RTT_NOM is preselected via bits MR1[10:8].
— The value for RTT_WR is preselected via bits MR2[11:9].
— The value for RTT_PARK is preselected via bits MR5[8:6].
* During operation without WRITE commands, the termination is controlled as follows:
- Nominal termination strength RTT_NOM or RTT_PARK is selected.
- RTT_NOM on/off timing is controlled via ODT pin and latencies DODTLon and DODTLoff; and RTT_PARK is on
when ODT is LOW.
* When a WRITE command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is registered, and if Dynamic ODT is enabled, the
termination is controlled as follows:
- Latency ODTLcnw after the WRITE command, termination strength RTT_WR is selected.
- Latency ODTLcwn8 (for BL8, fixed by MRS or selected OTF) or ODTLcwn4 (for BC4, fixed by MRS or selected OTF)
after the WRITE command, termination strength RTT_WR is deselected. One or two clocks will be added into or

subtracted from ODTLcwn8 and ODTLcwn4, depending on Write CRC Mode and/or 2 tCK preamble enablement.

The following table shows latencies and timing parameters which are relevant for the on-die termination control in dynamic
ODT mode. The dynamic ODT feature is not supported in DLL-off mode. MRS command must be used to set RTT_WR,
MR2[11:9] = 000, to disable dynamic ODT externally.
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Latencies and timing parameters relevant for Dynamic ODT with 1tCK preamble mode and

CRC disabled
Name and Defined 1600/1866/
. Abbr. Define to 2666 2933/3200 | Unit
Description from 2133/2400
ODT Latency for o Change RTT strength
) Registering
changing from oDTL ternal write | O™ ODTLenw = WL - 2 tCK
nw xternal wri nw = -
RTT_PARK/RTT_NOM e exemalWilie | prr PARK/RTT_NOM ¢
_ - command _ -
to RTT_WR to RTT_WR
ODT Latency for change
Y 9 Registering | Change RTT strength
from RTT_WR to ODTLcwn4 | external write | from RTT_WR t ODTLcwné4 = 4 + ODTL tCK
whn xternal wri rom wna = nw
RTT_PARK/RTT_NOM cwnd | externalwitie | ro e ¢ ¢
- - command RTT_PARK/RTT_NOM
(BL =4)
ODT Latency for change
Y 9 Registering | Change RTT strength
from RTT_WR to ODTL 8 ; Lwrite | f RTT WR t ODTLcwn8 =6 + {CK(avg)
wn xternal wri rom \
RTT_PARK/RTT_NOM cwns | externatwitie 1 1o —nto ODTLenw a9
- - command RTT_PARK/RTT_NOM
(BL=8)
tADC(min) = | tADC(min) = | tADC(min) =
ODTLcnw . 0.3 0.28 0.26
RTT change skew tADC RTT valid tCK(avg)
ODTLcwn tADC(max) = | tADC(max) = | tADC(max) =
0.7 0.72 0.74

Latencies and timing parameters relevant for Dynamic ODT with 1 and 2tCK preamble mode
and CRC en/disabled

1tck Preamble 2tck Preamble i
Symbol Unit
CRC off CRC on CRC off CRC on

ODTLcnw WL-2 WL-2 WL-3 WL-3

ODTLcwn4 ODTLcnw +4 ODTLcnw +7 ODTLcnw +5 ODTLcnw +8 tCK

ODTLcwn8 ODTLcnw +6 ODTLcnw +7 ODTLcnw +7 ODTLcnw +8
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T16

T15

T14

™

T10

T9

T8

17

T6

5

T

T

™
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Dynamic ODT (1t CK Preamble; CL = 14, CWL =11, BL = 8, AL = 0, CRC Disabled)

ODT Timing Diagrams
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Asynchronous ODT Mode

Asynchronous ODT mode is selected when DLL is disabled by MR1 bit AO="0b.
In asynchronous ODT timing mode, internal ODT command is not delayed by either the Additive latency (AL) or relative to
the external ODT signal (RTT_NOM). In asynchronous ODT mode, the following timing parameters apply tAONAS, min,

max, tAOFAS, min,max.

Minimum RTT_NOM turn-on time (tAONASmin) is the point in time when the device termination circuit leaves RTT_PARK
and ODT resistance begins to change. Maximum RTT_NOM turn on time(tAONASmax) is the point in time when the ODT
resistance is reached RTT_NOM.

tAONASmMIn and tAONASmax are measured from ODT being sampled high.

Minimum RTT_NOM turn-off time (tAOFASmiIn) is the point in time when the devices termination circuit starts to leave
RTT_NOM.

Maximum RTT_NOM turn-off time (tAOFASmax) is the point in time when the on-die termination has reached RTT_PARK.

tAOFASmMIn and tAOFASmax are measured from ODT being sampled low.

Asynchronous ODT Timings with DLL Off

TO ™ T2 T3 T4 T5 T6 Ti Ti+1 TH2 Ti+3 Ti+4 Ti+5 Ti+6 Ta Tb Tc
[ 1. - I, o= (PSRN I - (7o l,--‘/_ - (T [ VR P U |/-‘/_ = L R
" 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
' ' ' ' ' ' ' P ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CKE T T T T T T g T T T T T (( T T
' ' ' ' olit', ' ' ' ' ' ' ' ]t ' ' ' '
1 1 1 1 1 1 y 1 1 1 1 «—> 1 1 1 1
1 1 1 1 1 tls // tls 1 1 1 1
ODT 1 1 1 1 / 1 1 \ 1 1 1 1 \\ 1 << 1 1
L 1 1 1 1 1 1 1 1 1 1 1 r 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I\\ 1 1
1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1
L e ] (o | 1|
1 1 1 1 I,I( )I/ 1 1 1 1 1 1 << /IV 1

RTT_PARK g 7 |.
a — 0 [,Ir’ /nf |\\ T T RTT_nNOM T T T )nl\\/ /:/ T
| | . . | [ |’|tAONIAS min [ | | | [ | ! | ! | ! |<—0—tA(I)FAS ma. > | '

Asynchronous ODT Timing Parameters for all Speed Bins

Description Symbol Min. Max. Unit
Asynchronous RTT turn-on delay tAONAS 1.0 9.0 ns
Asynchronous RTT turn-off delay tAOFAS 1.0 9.0 ns
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ODT buffer disabled mode for Power down

DRAM does not provide Rtt_NOM termination during power down when ODT input buffer deactivation mode is enabled in
MRS5 bit A5. To account for DRAM internal delay on CKE line to disable the ODT buffer and block the sampled output, the
host controller must continuously drive ODT to either low or high when entering power down. The ODT signal may be
floating after tCPDEDmin has expired. In this mode, RTT_NOM termination corresponding to sampled ODT at the input
after CKE is first registered low (and tANPD before that) may not be provided. tANPD is equal to (WL-1) and is counted
backwards from PDE.

ODT timing for power down entry with ODT buffer disable mode

diff_CK

> - =

1 1 1 1 1 1
1 1 1 1 1 1 ' 1
A N A L
| | | | | [ ¥ [ N [ N [ [ [ [
1 [ S R R E— D E— E— 1 1 | ' 1 1 '
! ! ! tDODToff1 ! ' {CPDEDmin ' ! ! ! ! ! ! !
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1
1 1 ! 1 1 1 1 1 1 1 1 1 1 1 ' 1

DT T T T T T T T
(6] ' | (:( | ' ' ' é( | < // // Floating >

| | | | | | | Al | Al [ [ [ [
' ' ' ' ' ' ' ' ' ' ' ' ' | [ |

' ' ' ' ' ' ' ' ' ' [ ! ' ' '
| | ! | | | | ! | ! »4 tADCmin | ! :

DRAM_RTT_sync
(DL endbd) { / RTT_NOM / / / RTT_PARK )

[ [ h) [ [ [ [ ) [ A [ A [ [ [ [
! ! ! ! ! DODTLoff ' ! ! ! > —»| tCPDEDrin + tADCmax '
1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1
DRAM_RTT_async ! '
(DLL disabled) < [ [ 81/ [ RTT_NOIYI [ 5/ [ \/l/ | \/l/ RT:I—_FARKl : I
1
' ' ' ' 1 tAONASmMIn ————»| | ' ' ' ' ' ' |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1
: : : : : - > t?PDEDl}'lin + tASOFASI‘r:IaX !
1
' ' ' ' ' [ '

When exit from power down, along with CKE being registered high, ODT input signal must be re-driven and maintained low

until tXP is met.

ODT timing for power down exit with ODT buffer disable mode

oKE . . X 3 X X X 3 X
— /S G
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ODT_A m 1 1 T T T T) T T T T T
(DLL enabled) 2 : \? : / : & : : « : : : : : : :
| | [ S —— | | | | | | | 1 1 | 1
| | o | | . . == {ADC max | | : I

DRAM RTT_A [ RrT_PARK [/ U RTT_NOM N
| | | | DODITLon & & tADC_min | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ODT B (" Fioating ) ' X X X ) X X X X
oo CRose ) L J L [ :
' ' | ' ' ' ' ' ' ' | | ' |
1 1 1 txP 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 N 1 1 1 1 N 1 1 1 1 1 1

DRAM_RTT_B RTT/PARK U U RTT_NOM N
L woMsmn = 0 |10
1 1 1 1 1 -+ » tAOFA Smax [l 1 1 1 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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ODT Timing Definitions
Test Load for ODT Timings

Different than for timing measurements, the reference load for ODT timings is defined below

ODT Timing Reference Load

Vbba
DQ,DM
DQS,DQS
CK,CK TDQS, TDQS
—— DUT
RTeERM=50Q
$ Vi1 ¥/ Vssa
Vssa

Timing Reference Point

ODT Timing Definitions

Definitions for tADC, tAONAS and tAOFAS are provided in the Table and measurement reference settings are provided in
the subsequent. The tADC for the Dynamic ODT case and Read Disable ODT cases are represented by tADC of Direct
ODT Control case.

ODT Timing Definitions

Symbol Begin Point Definition End Point Definition
Rising edge of CK, CK defined by the end point of DODTLoff Extrapolated point at VRTT_nom
Rising edge of CK, CK defined by the end point of DODTLon Extrapolated point at Vssq
tADC Rising edge of CK - CK defined by the end point of ODTLcnw Extrapolated point at VrRrT_nom
Rising edge of CK - CK defined by the end point of ODTLcwn4 or ODTLcwn8 Extrapolated point at Vssq
tAONAS |Rising edge of CK, CK with ODT being first registered high Extrapolated point at Vssq
tAOFAS Rising edge of CK, CK with ODT being first registered low Extrapolated point at VRTT_nom

Reference Settings for ODT Timing Measurements

Measured Parameter RTT_PARK | RTT_NOM RTT_WR Vswil Vsw2 Note
Disable RzQ/7 - 0.20V 0.40V 1,2
tADC
- RzQ/7 Hi-Z 0.20V 0.40vV 1,3
tAONAS Disable RzQ/7 - 0.20V 0.40vV
1,2
tAOFAS Disable RzQ/7 - 0.20V 0.40vV

NOTE1 MR setting is as follows.

- MR1 A10=1, A9=1, A8=1 (RTT_NOM_Setting)

- MR5 A8=0, A7=0, A6=0 (RTT_PARK Setting)

- MR2 A11=0, A10=1, A9=1 (RTT_WR Setting)
NOTE 2  ODT state change is controlled by ODT pin.
NOTE 3 ODT state change is controlled by Write Command.
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Definition of tADC at Direct ODT Control

DODTLoff

|

|
\
'
\

Begin point:Rising edge of DODTLon
>  CK-CK defined by the —_—
. end point of DODTLoff

Begin point:Rising edge of
CK-CK defined by the
end point of DODTLon

CK —— ".....
tADC a0 »
'End point:Extrapolated 1
VRTT_NOM _ yointatvRTTNOM ~ + VRTT_NOM
DADM N\ vews
bDesbQs o\ Y S
TDQS, TDQS :

End point:Extrapolated
point at VSSQ

Definition of tADC at Dynamic ODT Control

Begin point: Rising edge of CK - CK
defined by the end point,of ODTLcnw

Begin point: Rising edge of CK - CK defined by
the end point of ODTLcwn4 or ODTLcwn8

VRTT_NOM

DQ,DM

A Vsw2 )
DESDQRS -\ o,
S THOE Vsw1
TDQS,TDQS End point:Extrapolated
,,,,, 77772?77727777 - 7E)Oiil'1tiatVSSQ
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Definition of tAOFAS and tAONAS

' Rising edge of CK-CK 'Rising edge of CK-CKwith
22—» with ODT being first 22—» ODT being first registered
 registered low 'high

tAOFAS . ' tAONAS

. End point:Extrapolated :
VRTT_NOM . pointatVRTT_NOM 7YRTT—NOM
pQoM -
DESDAS  \ o vewq )
TDQS,TDQS End point: Extrapolated
point at VSSQ
Version 1.6 215 Nanya Technology Corporation©

06/2026 All Rights Reserved.



_/Eﬁk NTC Proprietary
v Level: Property

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Absolute Maximum DC Ratings

Absolute Maximum DC Ratings

Symbol Parameter Min Max Units | NOTE
VDD Voltage on VDD pin relative to Vss -0.3 1.5 V 1,3
vDDQ Voltage on VDDAQ pin relative to Vss -0.3 1.5 \Y, 1,3
VPP Voltage on VPP pin relative to Vss -0.3 3.0 \Y, 4
Vi, Vour Voltage on any pin except VREFCA relative to 0.3 15 v 135
Vss
Tste Storage Temperature -55 100 °C 1,2

NOTE 1 Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
reliability

NOTE 2 Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions,
please refer to JESD51- 2 standard.

NOTE 3 VDD and VDDQ must be within 300 mV of each other at all times; and VREFCA must be not greater than 0.6 x VDDQ, When
VDD and VDDQ are less than 500 mV; VREFCA may be equal to or less than 300 mV

NOTE 4 VPP must be equal or greater than VDD/VDDQ at all times.

NOTE 5 Refer to overshoot area above 1.5 V is specified in Overshoot and Undershoot specifications section.
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Absolute Maximum Ratings

Recommended DC Operating Conditions

Rating

Symbol Parameter Min. Typ. Max. Unit NOTE
VDD Supply Voltage 1.14 1.2 1.26 \Y, 1,2,3
vDDQ Supply Voltage for Output 1.14 1.2 1.26 \Y 1,2,3
VPP 2.375 2.5 2.75 \% 3

NOTE 1 Under all conditions VDDQ must be less than or equal to VDD.
NOTE 2 VDDAQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.

NOTE 3 The DC bandwidth is limited to 20MHz
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AC and DC Input Measurement Levels

AC & DC Logic input levels for single-ended signal

Single-ended AC & DC input levels for Command and Address

DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200
Symbol Parameter Unit | NOTE
Min. Max. Min. Max.

VIH.CA(DC75) | DC inputlogic high | Vrercat+ 0.075 Vop - - \Y
VIL.CA(DC75) DC input logic low Vss Vrerca -0.075 - - \Y
VIH.CA(DC65) | DC input logic high - - VRerca + 0.065 Vob \Y
VIL.CA(DC65) DC input logic low - - Vss Vrerca - 0.065 | V
VIH.CA(AC100) | AC input logic high Vrer + 0.1 Note 2 - - \% 1
VIL.CA(AC100) | AC input logic low Note 2 Vrer - 0.1 - - \% 1
VIH.CA(AC90) | AC input logic high - - Vrer + 0.09 Note 2 \% 1
VIL.CA(AC90) AC input logic low - - Note 2 Vrer - 0.09 Vv 1
VREFCA(DC) ,TSS“E”JEY;'E? forl 0 49"Voo 0.51"Voo 0.49"Vop 0.51*Vop vV | 23

NOTE 1 See “Overshoot and Undershoot Specifications”.

NOTE 2 The AC peak noise on VREFCA may not allow VREFCA to deviate from VREFCA(DC) by more than + 1% VDD (for reference:
approx. = 12mV).

NOTE 3 For reference: approx. VDD/2 + 12mV.
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AC and DC Input Measurement Levels: Vrer Tolerances

The DC-tolerance limits and ac-noise limits for the reference voltages VREFCA is illustrated in lllustration of VREF(DC)
tolerance and VREF AC-noise limits. It shows a valid reference voltage VREF(t) as a function of time. (VREF stands for
VREFCA).

VREF(DC) is the linear average of VREF(t) over a very long period of time (e.g. 1 sec). This average has to meet the

min/max requirement in Single-ended AC & DC input levels for Command and Address. Furthermore, VREF(t) may

temporarily deviate from VREF(DC) by no more than + 1% VDD.

‘ voltage

Vbp
=
VRes ac-noise Vrer(t
oo AP e e e A S
—————— == m = = = \/DD/2
—_— — — VRef(DC)min
=
Vss
—
time

The voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC) and VIL(DC) are dependent on
VREF. "VREF" shall be understood as VREF(DC), as defined in lllustration of V.

This clarifies, that DC-variations of VREF affect the absolute voltage a signal has to reach to achieve a valid high or low

level and therefore the time to which setup and hold is measured. System timing and voltage budgets need to account for

VREF(DC) deviations from the optimum position within the data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated
with VREF AC-noise. Timing and voltage effects due to AC-noise on VREF up to the specified limit (+/-1% of VDD) are

included in DRAM timings and their associated deratings.
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AC and DC Logic Input Levels for Differential Signals

Differential signal definition

Definition of differential ac-swing and “time above ac-level” tDVAC

K)

Differenetial Input Voltage (CK — C

VIH.DIFF.ACMIN —

VHDIFEMIN @ @—f— — =~ \
0.0/
l half cycle |
VILDIFFMAX — — — — — — — -

VILDIFFACMAX — — — — — — — —\ f — — —

— «—tDVAC

» time

NOTE 1 Differential signal rising edge from VIL_DIFF(MAX) to VIH_DIFF_AC(MIN) must be monotonic slope.
NOTE 2  Differential signal falling edge from VIH_DIFF(MIN) to VIL_DIFF_AC(MAX) must be monotonic slope.
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Differential Swing Requirements for CK - CK

Differential AC and DC Input Levels

DDR4 -1600/1866/2133 DDR4 -2400/2666 .
Symbol Parameter X _ Unit | NOTE
Min Max Min Max
VIHgist differential input high 150 NOTE 3 135 NOTE 3 mvV 1
VILgisf differential input low NOTE 3 -150 NOTE 3 -135 mvV 1
VIHgitf(ac) | differential input high ac|2 x (VIH(AC) - VREF) NOTE 3 2 x (VIH(AC) - VREF) NOTE 3 v 2
ViLditi(ac) | differential input low ac NOTE 3 2 x (VIL(AC) - VREF) NOTE 3 2 x (VIL(AC) - VREF) | V 2
DDR4 -2933 DDR4 -3200 .
Symbol Parameter X . Unit | NOTE
Min Max Min Max
VIHgisf differential input high 125 NOTE 3 110 NOTE 3 mV 1
VILgiff differential input low NOTE 3 -125 NOTE 3 -110 mV 1
VIHgiti(ac) | differential input high ac|2 x (VIH(AC) - VREF) NOTE 3 2 x (VIH(AC) - VREF) NOTE 3 \ 2
ViLdgiff(ac) | differential input low ac NOTE 3 2 x (VIL(AC) - VREF) NOTE 3 2 x (VIL(AC) - VREF) | V 2

NOTE 1 Used to define a differential signal slew-rate.
NOTE 2 For CK - CK use VIH.ca(AC) and VIL. ca (AC) of ADD/CMD and VREFCA.

NOTE 3 These values are not defined; however, the differential signals (CK, CK) need to be within the respective limits, VIH. ca (DC) max and VIL. ca
(DC) min for single-ended signals as well as the limitations for overshoot and undershoot.

Allowed time before ringback (tDVAC) for CK - CK

Slew Rate tDVAC [ps] @ | VIH/Ldiff(AC)| = 200mV tDVAC [ps] @ |VIH/Ldiff(AC)| = TBD mV
[V/ns] Min Max Min Max
>4.0 120 - TBD -
4.0 115 - TBD -
3.0 110 - TBD -
2.0 105 - TBD -
1.8 100 - TBD -
1.6 95 - TBD -
14 90 - TBD -
1.2 85 - TBD -
1.0 80 - TBD -
<1.0 80 - TBD -
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Single-ended requirements for CK differential signals

Each individual component of a differential signal (CK, CK) has also to comply with certain requirements for single-ended
signals. CK and CK have to reach approximately VSEHmin / VSELmax (approximately equal to the ac-levels V IH.CA (AC)
and VIL.CA (AC) for ADD/CMD signals in every half-cycle. The applicable ac-levels for ADD/CMD might be different per
speed-bin etc. e.g., if a value other than 100mV is used for ADD/CMD VIH.CA (AC) and VIL.CA (AC) signals, then these

ac-levels apply also for the single-ended signals CK and CK.

While ADD/CMD signal requirements are with respect to VREFCA, the single-ended components of differential signals have
a requirement with respect to VDD / 2; this is nominally the same. The transition of single-ended signals through the
ac-levels is used to measure setup time. For single-ended components of differential signals the requirement to reach

VSELmax, VSEHmiIn has no bearing on timing, but adds a restriction on the common mode characteristics of these signals.

Single-ended requirement for CK

Vpp or VDDQ “““““““““

Vsenmin

VSELmax
Vss or Vssa .
» time
Single-Ended levels for CK,CK
DDR4-2133 DDR4-2400/2666
Symbol Parameter Unit NOTE
Min Max Min Max
VseH Single-ended high-level for CK, CK (Vbp/2)+0.100 NOTE 3 (Vpp/2)+0.095 NOTE 3 \Y 1,2
VseL Single-ended low-level for CK , CK NOTE 3 (vDD/2)-0.100 NOTE 3 (Vpp/2)-0.095 V 1,2
DDR4-2933/3200
Symbol Parameter Unit NOTE
Min Max
VseH Single-ended high-level for CK , CK (Vop/2)+0.085 NOTE 3 \ 1,2
VseL Single-ended low-level for CK , CK NOTE 3 (vDD/2)-0.085 V 1,2

NOTE1 For CK - CKuse V IH.CA (AC) and VIL.CA (AC) of ADD/CMD.
NOTE 2 ADDR/CMD V IH.CA (AC) and VIL.CA (AC) based on VREFCA.

NOTE 3 These values are not defined; however, the differential signals (CK, CK) need to be within the respective limits, V IH.CA (DC) max and VIL.CA
(AC) min for single-ended signals as well as the limitations for overshoot and undershoot.
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Address, Command, and Control Overshoot and Undershoot Specifications

AC overshoot/undershoot specification for Address, Command and Control pins

DDR4 Specification )
Symbol Parameter Unit Note
1600 | 1866 2133 2400 2666 2933 3200

Maximum peak amplitude above VDD

Vaosp | Absolute Max allowed for overshoot 0.06 v
area
Delta value between VDD Absolute
Vaos | Max and VDD Max allowed for VDD +0.24 v 1

overshoot area
Maximum peak amplitude allowed for
undershoot area

Vaus 0.3 Y

Maximum overshoot area per 1tCK
Anos? P 0.0083 | 0.0071 | 0.0062 0.0055 V-ns
Above Absolute Max

Maximum overshoot area per 1tCK

Aaos1 0.2550 | 0.2185 | 0.1914 0.1699 V-ns
Between Absolute Max and VDD Max
Maximum undershoot area per 1tCK

Aaus 0.2644 | 0.2265 | 0.1984 0.1762 V-ns
Below VSS

Address and control pins ( A0-A13,A17,BG[1:0],BA[1:0],ACT,RAS/A16,CAS/A15,WE/A14,CS,CKE,ODT)

NOTE 1 The value of VAOS matches VDD absolute max as defined in “Absolute Maximum DC Ratings”. Absolute Maximum DC Ratings if VDD equals
VDD max as defined in "ADDR, CMD, CNTL Overshoot and Undershoot Definition”. If VDD is above the recommended operating conditions,
VAOS remains at VDD absolute max as defined in “Absolute Maximum DC Ratings”

Address, Command and Control Overshoot and Undershoot Definition

Vaosp I - Anos?
Vaos - Anos1
Volts VoD
(V) 1tCK
Vss
- Aaus
Vaus
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Clock Overshoot and Undershoot Specifications
AC overshoot/undershoot specification for Clock

DDR4 Specification

Symbol Parameter Unit Note
1600 1866 2133 2400 2666 2933 3200

Vcosp  Maximum peak amplitude 0.06 v

Vcos  above VCOS VDD +0.24 % 1

Vcus = Upper boundary of overshoot area ADOS1 0.3 Y
Maximum peak amplitude allowed for

Acos2 0.0038 0.0032 0.0028 0.0025 V-ns
undershoot

Acos1  Maximum overshoot area 0.1125 0.0964 0.0844 0.0750 V-ns

Acus per 1 Ul above VCOS 0.1144 0.0980 0.0858 0.0762 V-ns

CK,CK

NOTE 1 The value of VCOS matches VDD absolute max as defined in Absolute Maximum DC Ratings Absolute Maximum DC Ratings if VDD equals
VDD max as defined in Recommended DC Operating Conditions. If VDD is above the recommended operating conditions, VCOS remains at
VDD absolute max as defined in Absolute Maximum DC Ratings.

CK Overshoot and Undershoot Definition

Vcosp

vV Acos2
coS Acost
Volts VDD
(V)
VSS
Acus
Vcus
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Data, Strobe, and Mask Overshoot and Undershoot Specifications

AC overshoot/undershoot specification for Data, Strobe and Mask

DDR4 Specification

Symbol Parameter 1600 1866 2133 2400 2666 2933 3200 Unit Note

Vbosp | Maximum peak amplitude above VDOS 0.16 Vv

Vpos | Upper boundary of overshoot area ADOS1 vDDQ + 0.24 Vv 1
Vous Lower boundary of undershoot area 0.30 Y 5

ADUS1

Vpusp | Maximum peak amplitude below VDUS 0.10 Vv

Apos2 | Maximum overshoot area 0.0150 0.0129 0.0113 0.0100 V-ns

Apos1 = per 1 Ul above VDOS 0.1050 ' 0.0900 | 0.0788 0.0700 V-ns

Abust1 | Maximum overshoot area per 0.1050 0.0900 @ 0.0788 0.0700 V-ns

Apus2 | 1 Ul between VDDQ and VDOS 0.0150 0.0129 0.0113 0.0100 V-ns

Data, Strobe and Mask (DQ, DQS, DQS, DM, DBI, TDQS, TDQS)

NOTE 1 The value of VDOS matches (VIN, VOUT) max as defined in Absolute Maximum DC Ratings Absolute Maximum DC Ratings if VDDQ equals
VDDQ max as defined in

Data, Strobe, and Mask Overshoot and Undershoot Definition

Vbosp
Vbos

VDD

(V)

VSSQ

Vbus

Vbusp
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Slew Rate Definitions
Slew Rate Definitions for CK Differential Input Signals

CK Differential Input Slew Rate Definition

A Measured .
Description Defined by
from to

Differential input slew rate for rising edge(CK - CK) VIL diff, max VIH diff, min [ VIH gitf, min — VIL giff, max ] /ATRdiff
Differential input slew rate for falling edge(CK - CK) VIH diff, min VIL,diff, max [ VIH, diff, min — VIL diff,max ] /ATFdiff

NOTE 1 The differential signal CK - CK must be monotonic between these thresholds.

Differential Input Slew Rate Definition for CK, CK

Delta TRdiff

<
(&)
e : '
P R « B R « SRR Vindiff,min
°
(o]
8
©°
>
H
£ 0
S
=
5
=
D 1
************** Q-0 - - - - - - - - - - - - - - Vidiff,max

Delta TFdiff
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Slew Rate Definition for Single-ended Input Signals (CMD/ADD)

Delta TRsingle
-,

Y,
IHCA(AC) Min

v
IHCA(DC) Min

VREFCA(DC)

v
ILCA(DC) Max

v
ILCA(AC) Max

Delta TFsingle

NOTE1 Single-ended input slew rate for rising edge = {VIHCA(AC)Min - VILCA(DC)Max} / Delta TR single
NOTE2 Single-ended input slew rate for falling edge = {VIHCA(DC)Min - VILCA(AC)Max} / Delta TF single
NOTE3 Single-ended signal rising edge from VILCA(DC)Max to VIHCA(DC)Min must be monotonic slope.
NOTE4 Single-ended signal falling edge from VIHCA(DC)Min to VILCA(DC)Max must be monotonic slope.

Version 1.6 227 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/Eﬁk NTC Proprietary
v

NANUA

Level: Property

DDR4-8Gb H-Die
NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross
point voltage of differential input signal CK, CK must meet the requirements in Cross point voltage for differential input
signals (CK) shown below. The differential input cross point voltage VIX(CK) is measured from the actual cross point of true

and complement signals to the midlevel between Vbp and Vss.

VIX(CK) Definition

VDD
CK
o E o VDD/2
l-————J ----CK
VSEH
VSS
Cross Point Voltage for CK Differential Input Signals
DDR4-1600/1866/2133/2400
Symbol Parameter .
Min Max
VDD/2 - 145 mV VDD/2 + 100 mV
VSEL< VDD/2 + 145 mV
- Area of VSEH, VSEL =VSEL= =VSEH=
VDD/2 - 145 mV <VSEH
VDD/2 - 100 mV VDD/2 + 145 mV
Differential Input Cross Point Voltage -(vDD/2-VSEL) (VSEH-VDD/2)
Vix(cK) i _ -120 mvV 120 mV
relative to VDD/2 for CK, CK +25mV -25mV
DDR4-2666/2933/3200
Symbol Parameter .
Min Max
VDD/2 - 145 mV VDD/2 + 100 mV
VSEL< VDD/2 + 145 mV
- Area of VSEH, VSEL =VSEL= =VSEH=
VDD/2 - 145 mV <VSEH
VDD/2 - 100 mV VDD/2 + 145 mV
Differential Input Cross Point Voltage -(VvDD/2-VSEL) (VSEH-VDD/2)
Vix(ck) ) — -110 mV 110 mv
relative to VDD/2 for CK, CK +30mV -30 mv
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CMOS rail to rail Input Levels

CMOS rail to rail Input Levels for RESET

Symbol Parameter Min Max Unit NOTE
VIH(AC)_RESET  AC Input High Voltage 0.8*VDD VDD \Y 6
VIH(DC)_RESET  DC Input High Voltage 0.7*VDD VDD v 2
VIL(DC)_RESET DC Input Low Voltage VSS 0.3*VDD Vv 1
VIL(AC)_RESET AC Input Low Voltage VSS 0.2*VDD Vv 7
TR_RESET Rising time - 1.0 us 4
tPW_RESET RESET pulse width 1.0 - us 3,5
NOTE1 After RESET is registered LOW, RESET level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, SDRAM may not be
reset.
NOTE2 Once RESET is registered HIGH, RESET level must be maintained above VIH(DC)_RESET, otherwise, SDRAM operation will not be guaranteed
until it is reset asserting RESET signal LOW.
NOTE3 RESET is destructive to data contents.
NOTE4 No slope reversal(ringback) requirement during its level transition from Low to High.
NOTES This definition is applied only “Reset Procedure at Power Stable”.
NOTE6 Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.
NOTE7 Undershoot might occur. It should be limited by Absolute Maximum DC Ratings

RESET Input Slew Rate Definition

08"VDD === == - —m—m - oo mm oo
0.7*VDD — == - - - - s oo oo oo - oo

0.3*VDD - - — — — |
0.2*VDD - - - — - N\

tPW_RESET

TR_RESET
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AC and DC Logic Input Levels for DQS Signals
Differential signal definition

Definition of differential DQS Signal AC-swing Level

-

 t-

Diffarartial Input Voltage -

Differential swing requirements for DQS (DQS - DQS)

Differential AC and DC Input Levels for DQS

DDR4 DDR4 DDR4 DDR4 DDR4
Symbol Parameter 1600/1866/2133 2400 2666 2933 3200 Unit Note
Min Max Min Max Min Max Min Max Min Max
) VIH.DIFF.Peak
VIHDiffPeak Voltage 186 Note2 160 Note2 150 Note2 145 Note2 140 Note2 | mV 1
. VIL.DIFF.Peak
VILDiffPeak Voltage Note2 -186 Note2 = -160 Note2 | -150 Note2 145 Note2 140 mV 1

NOTE1 Used to define a differential signal slew-rate.
NOTE2 These values are not defined; however, the differential signals DQS - DQS, need to be within the respective limits Overshoot, Undershoot
Specification for single-ended signals.
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Peak voltage calculation method

The peak voltage of Differential DQS signals are calculated in a following equation.

VIH.DIFF.Peak Voltage = Max(f(t))

VIL.DIFF.Peak Voltage = Min(f(t))

f(t) = VDQS - VDQS

The Max(f(t)) or Min(f(t)) used to determine the midpoint which to reference the +/-35% window of the exempt
non-monotonic signaling shall be the smallest peak voltage observed in all ui’s.

Definition of differential DQS Peak Voltage and rage of exempt non-monotonic signaling

Single Ended Input Voltage : DQS and DQS

Time

Differential Input Cross Point Voltage

To achieve tight RxMask input requirements as well as output skew parameters with respect to strobe, the cross point
voltage of differential input signals (DQS, DQS) must meet the requirements in Cross point voltage for DQS differential input
signals. The differential input cross point voltage VIX_DQS (VIX_DQS_FR and VIX_DQS_RF) is measured from the actual
cross point of DQS, DQS relative to the VDQSmid of the DQS and DQS signals.

VDQSmid is the midpoint of the minimum levels achieved by the transitioning DQS and DQS signals, and noted by
VDQSrans. VDQSrans is the difference between the lowest horizontal tangent above VDQSmid of the transitioning DQS
signals and the highest horizontal tangent below VDQSmid of the transitioning DQS signals.

A non-monotonic transitioning signal’s ledge is exempt or not used in determination of a horizontal tangent provided the
said ledge occurs within +/- 35% of the midpoint of either VIH.DIFF.Peak Voltage (DQS rising) or VIL.DIFF.Peak Voltage
(DQS rising), refer to Definition of differential DQS Peak Voltage and rage of exempt non-monotonic signal. A secondary
horizontal tangent resulting from a ring-back transition is also exempt in determination of a horizontal tangent. That is, a
falling transition’s horizontal tangent is derived from its negative slope to zero slope transition (point A in Vix Definition
(DQS)) and a ring-back’s horizontal tangent derived from its positive slope to zero slope transition (point B in Vix Definition
(DQS)) is not a valid horizontal tangent; and a rising transition’s horizontal tangent is derived from its positive slope to zero
slope transition (point C in Vix Definition (DQS)) and a ring-back’s horizontal tangent derived from its negative slope to zero

slope transition (point D in Vix Definition (DQS)) is not a valid horizontal tangent.
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VIX(DQS) Definition

Lowest horizontal tangent above VDQSmid of the transitioning signals

Das

VDQSmid

VDQS_trans

DQS,DQS: Single-ended Input Voltages

Highest horizontal tanget below VDQSmid of the transitioning signals

Vssa

Cross Point Voltage for Differential Input Signals DQS

DDR4-1600/1866/2133/2666/2933/3200

Symbol Parameter . Unit NOTE
Min. Max.

DQS Differential input cross point
Vix_DQS_ratic 0> , P P - 25 % 12
voltage ratio

VDQSmid_to_Vcent DQSMid offsetrelative to - min(VIHdiff,50) mv | 3,4,5
Vcent_DQ(midpoint)

NOTE 1 Vix_DQS_Ratio is DQS VIX crossing (Vix_DQS_FR or Vix_DQS_RF) divided by VDQSrans. VDQSrans is the difference between the lowest
horizontal tangent above VDQSmid of the transitioning DQS signals and the highest horizontal tangent below VDQSmid of the transitioning
DQS signals.

NOTE 2 VDQSmid will be similar to the VREFDQ internal setting value obtained during Vref Training if the DQS and DQs drivers and paths are
matched.

NOTE 3 The maximum limit shall not exceed the smaller of VIHdiff minimum limit or 50mV.

NOTE 4 VIX measurements are only applicable for transitioning DQS and DQS signals when toggling data, preamble and high-z states are not
applicable conditions.

NOTE 5 The parameter VDQSmid is defined for simulation and ATE testing purposes, it is not expected to be tested in a system.
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Differential Input Slew Rate Definition

Differential Input Slew Rate and Input Level Definition for DQS - DQS

DQS t-DQAS c

Differential Input Voltage

NOTE 1 Differential signal rising edge from VILDiff_DQS to VIHDiff_DQS must be monotonic slope.
NOTE 2 Differential signal falling edge from VIHDiff_DQS to VILDiff_DQS must be monotonic slope.

Differential Input Slew Rate Definition for DQS,DQS

L. Measured .
Description Defined by
from to
Differential input slew rate for rising edge(DQS - DQS) VILpiff_pas VIHpiff_pas | VILpiff_pas - VIHpiff_pas| / ATRdiff
Differential input slew rate for falling edge(DQS - DQS) = VIHpiff_pas VILpiff_pas | VILpiff_pas - VIHpiff_pas| / ATFdiff

NOTE 1 The differential signal DQS - DQS must be monotonic between these thresholds.

Differential Input Slew Rate and Input Levels for DQS - DQS

DDR4 DDR4 DDR4 DDR4 DDR4
Symbol Parameter 1600/1866/2133 2400 2666 2933 3200 Unit
Min Max Min Max Min Max Min Max Min Max
VIHpi Differential 136 ; 130 ; 130 ; 115 ; 110 ; v
Diff_Das Input High m

Differential

VILpiff pas - -136 - -130 - -130 - -115 - -110 mV
- Input Low
Differential

SRidiff 3 18 3 18 2.5 18 2.5 18 2.5 18 V/ns

Input Slew Rate
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AC and DC Output Measuremnt Levels

Output Driver DC Electrical Characteristics

The DDR4 driver supports two different Ron values. These Ron values are referred as strong (low Ron) and weak mode
(high Ron). A functional representation of the output buffer is shown in the figure below. Output driver impedance RON is

defined as follows:

Output driver
Chip In Drive Mode
Output Drive

i ® VDDQ
To l lpy
other
circuity I RONpy
like °
RCV, ... T —-— | ba

RON lout
P ! Vout
I l Ipg
o ® VSSQ

The individual pull-up and pull-down resistors (RONPu and RONPd) are defined as follows:

vDDQ - Vout . )
RONpy= ——M— under the condition that RONpyq is off
| lout |
Vout
RONpg= ———— under the condition that RONp, is off
| lout |
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Output Driver DC Electrical Characteristics, assuming RZQ = 240o0hm; entire operating
temperature range; after proper ZQ calibration
RTTnom Resistor Vout Min = Nom @ Max Unit NOTE
VOLdc= 0.5*VDDQ | 0.73 1 11 | RzQ/7 1,2
RON34Pd VOMdc= 0.8* vDDQ | 0.83 1 11 | RzQ/7 1,2

VOHdc=1.1* VDDQ 0.83 1 1.25 | RZQ/7 1,2

340
VOLdc= 0.5* VDDQ 0.9 1 1.25 | RzQ/7 1,2
RON34Pu VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/7 1,2
VOHdc=1.1* VDDQ 0.8 1 1.1 RzQ/7 1,2
VOLdc= 0.5*vDDQ | 0.73 1 1.1 RzQ/5 1,2
RON48Pd VOMdc= 0.8* vDDQ | 0.83 1 1.1 RzQ/5 1,2
VOHdc=1.1*vDDQ | 0.83 1 1.25 | RzZQ/5 1,2
48
VOLdc= 0.5* VDDQ 0.9 1 1.25 | RZQ/5 1,2
RON48Pu VOMdc=0.8*VDDQ | 0.9 1 1.1 RzQ/5 1,2
VOHdc= 1.1* VDDQ 0.8 1 1.1 RzQ/5 1,2
Mismatch between pull-up and pull-down, MMPuPd VOMdc = 0.8*vDDQ | -10 - 17 % 1,2,3,4
Mismatch DQ-DQ within byte variation pull-up, MMPudd | VOMdc= 0.8* VDDQ - - 10 % 1,2,4
Mismatch DQ-DQ within byte variation pull-dn, MMPddd | VOMdc= 0.8* VDDQ - - 10 % 1,2,4

NOTE 1 The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if
temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity(TBD).

NOTE 2 Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to
achieve the linearity spec shown above, e.g. calibration at 0.5 * VDDQ and 1.1 * VDDQ.

NOTE3 Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately;

Ronnom is the nominal Ron value

RONPu -RONPd

MMPuPd = RONNOM 100

NOTE 4 RON variance range ratio to RON Nominal value in a given component, including DQS and DQS.

RONPuMax -RONPuMin

MMPudd = RONNOM 100
RONPdMax -RONPdMin
MMPddd = RONNOM 100

NOTE 5 This parameter of x16 device is specified for Upper byte and Lower byte.
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ALERT Output Drive Characteristic

Output driver impedance RON is defined as follows:

Vout
RONpy= — -+
Pd I lout | underthe condition that RONg, is off
Alert Driver
DRAM
® | Alert
-—
RONp lout
d Vout
Ipg
® ®  VSSQ
Resistor Vout Min Max Unit NOTE
VOLdc= 0.1*VDDQ 0.3 1.2 34Q 1
RONPd VOMdc = 0.8* VDDQ 0.4 1.2 34Q 1
VOHdc =1.1* VDDQ 0.4 1.4 34Q 1
NOTE1  VDDQ voltage is at VDDQ DC. VDDQ DC definition is TBD.
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Output Driver Characteristic of Connectivity Test (CT) Mode

Following Output driver impedance RON will be applied Test Output Pin during Connectivity Test (CT) Mode.
The individual pull-up and pull-down resistors (RONPu_CT and RONPd_CT) are defined as follows:

v .
RONpy_cT = ppa -Vout RON - Vout
Iout! pa-et Ilout |

Output Driver

Chip In Drive Mode

* ® \iboa
l IPu_CT
To
other RON Pu_CT
circuity q

°
like ~lout DQ
RCV....
RONPd_cT
Vout
i lpg_cT
® Vssa
RONnNom_cT Resistor Vout Max Units NOTE
VOBgc = 0.2 X Vbpa 1.9 340 1
VOLgc = 0.5 x Vbpa 2.0 340 1
RONpg4_cT
VOMyqc = 0.8 x Vbpa 2.2 340 1
VOH4c = 1.1 X Vbba 2.5 340 1
34Q
VOBy4c = 0.2 X Vbpa 2.5 340 1
VOLgc = 0.5 x Vopa 2.2 34Q 1
RONpu_cT
VOMgc = 0.8 x Vbpa 2.0 34Q 1
VOHgqc = 1.1 X Vbba 1.9 340 1

NOTE 1 Connectivity test mode uses un-calibrated drivers, showing the full range over PVT. No mismatch between pull up and pull down is defined.
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DDR4-1600/1866/2133/2400/ q
Symbol Parameter Units |NOTE
v 2666/2933/3200
VOH(pc) |DC output high measurement level 1.1xVvDDQ \Y
. For IV curve
VOM(pc) |DC output mid measurement level linearity 0.8 x VDDQ \Y
VOL(pc) |DC output low measurement level 0.5xVvDDQ \Y
VOH(ac) |AC output high measurement level (0.7 +0.15) x VDDQ \Y 1
For output SR
VOL(ac) |ACoutput low measurement level (0.7 -0.15) x VDDQ \Y 1

NOTE 1 The swing of £ 0.15 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver impedance
of RZQ/7 and an effective test load of 50Q to VTT = VDDQ.

Differential AC & DC Output Levels

Differential AC & DC output levels

DDR4-1600/1866/2133/2400/ .
Symbol Parameter 2666/2933/3200 Units |NOTE
VOHiff(AC) AC differential output high measurement level 0.3 xVDDQ y 1
(for output SR)
VOLdiff(AC) AC differential output low measurement level .03 xVDDQ y 1
(for output SR)

NOTE 1 The swing of £ 0.3 x VDDQ is based on approximately 50% of the static differential output peak-to-peak swing with a driver impedance of
RZQ/7Q and an effective test load of 50Q to VTT = VDDQ at each of the differential outputs.
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Single-ended Output Slew Rate

Using the same reference load used for timing measurements, output slew rate for falling and rising edges is defined and

measured between VoL(ac) and VoH(ac) for single ended signals.

Single-Ended Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Single ended output slew rate for rising edge VOL(ac) VOH(ac) [VOH(ac)-VOL(ac)] / ATRse
Single ended output slew rate for falling edge | VOH(ac) VOL(ac) [VOH(ac)-VOL(ac)] / ATFse

NOTE 1 Output slew rate is verified by design and characterization, and may not be subject to production test.

Single-ended Output Slew Rate Definition

- — — — — — — — VOH(AC)
] U B V1T
— — — — 1= — VoOL(AC)
— -

delta TFse delta TRse

Single-Ended Output Slew Rate

DDR4-1600/1866/2133/2400/2666/2933/3200
Symbol Parameter Unit
Min Max
SRQse |[Single ended output slew rate 4 9 V/ns

For RON = RZQ/7
SR = slew rate; Q = query output; se = single-ended signals
NOTE1 Intwo cases a maximum slew rate of 12V/ns applies for a single DQ signal within a byte lane.
® Case 1is defined for a single DQ signal within a byte lane that is switching into a certain direction (either from high-to-low or low-to-high)
while all remaining DQ signals in the same byte lane are static (they stay at either high or low).
® Case 2 is defined for a single DQ signal within a byte lane that is switching into a certain direction (either from high to low or low to high)
while all remaining DQ signals in the same byte lane are switching into the opposite direction (from low to high or high to low
respectively). For the remaining DQ signal switching into the opposite direction, the regular maximum limit of 9 V/ns applies.
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Measured
Description Defined by
from to
Differential output slew rate for rising edge VOLdiff(Ac) | VOHudiff(AC) [VOH, diff(AC)-VOL,diff(Ac)] / ATRdiff
Differential output slew rate for falling edge | VOHdiff(Ac) | VOLdiff(AC) [VOH, diff(ac)-VOL,diff(ac)] / ATFdiff

NOTE 1 Output slew rate is verified by design and characterization, and may not be subject to production test.

Differential Output Slew Rate Definition

********* — Voift (AC)
. + — vy
- — N — — — — — -+ — Vordirr (AC)
_» <—
delta TFdiff delta TRdiff
Differential Output Slew Rate
DDR4-1600/1866/2133/2400/2666/2933/3200
Symbol Parameter Unit
Min Max

SRQdiff Differential output slew rate 8 18 V/ns

For RON = RzQ/7

SR = slew rate; Q = query output; diff: Differential Signals
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Single-ended AC & DC output levels of Connectivity Test Mode

Single-ended AC & DC output levels of Connectivity Test Mode

DDR4-1600/1866/2133/2400/

Symbol Parameter Unit Notes
2666/2933/3200

Vor(pe) DC output high measurement level (for IV curve linearity) 1.1xVvDDQ \"

Vom(po) DC output mid measurement level (for IV curve linearity) 0.8 xVDDQ Vv

Vou(pg) DC output low measurement level (for IV curve linearity) 0.5xVvDDQ \Y

Vog(po) DC output below measurement level (for IV curve linearity) 0.2 xvDDQ Vv

Von(ac) AC output high measurement level (for output SR) VTT + (0.1 x VDDQ) Vv 1
Vov(ac) AC output below measurement level (for output SR) VTT - (0.1 x VDDQ) Vv 1

NOTE 1 The effective test load is 50Q terminated by VTT = 0.5 * VDDQ.

Output Slew Rate Definition of Connectivity Test Mode

- s« — — — - — 0.5*vDD

TF _output CT TR output_CT

Single-ended output slew rate of Connectivity Test Mode

DDR4-1600/1866/2133/2400/

Symbol Parameter 2666/2933/3200 Unit
Min Max
TF_output_CT  Output signal Falling time - 10 ns/V
TR_output_CT  Output signal Rising time - 10 ns/V
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Test Load for Connectivity Test Mode Timing

Connectivity Test Mode Timing Reference Load

Vbba
T DQ,
DQs, DAS,
CT_Inputs DM, TDQS, TDQS
_ DUT —{ & 0.5 *VDDQ
Rrterm = 50
Vssa
Timing reference point
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Speed Bin
DDR4-3200 Speed Bin
Speed Bin DDR4-3200
CL-nRCD-nRP 22 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 13.75 18.00 ns 12
Ienntaell:')||'1eacli read command to first data with read DBI tAA_DBI tAA(min) + 4nCK tAA(max) + 4nCK ns 12
ACT to internal read or write delay time tRCD 13.75 - ns 12
PRE command period tRP 13.75 - ns 12
ACT to PRE command period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 45.75 - ns 12
Normal Read DBI
CL=9 CL=11 tCK(AVG) 1.5 1.6 ns (1,2,3,10,11,16
CWL=9
CL=10 CL=12 tCK(AVG) 1.5 1.6 ns (1,2,3,10,11,16
CL=10 CL=12 tCK(AVG) Reserved ns 4
CWL=9,11 CL=11 CL=13 tCK(AVG) 1.25 <1.5 ns | 1,2,3,10,16
CL=12 CL=14 tCK(AVG) 1.25 <1.5 ns | 1,2,3,10,16
CL=12 CL=14 tCK(AVG) Reserved ns 4
?l\(/)\fljl__zz CL=13 CL=15 tCK(AVG) 1.071 <1.25 ns | 1,2,3,10,16
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns | 1,2,3,10,16
CL=14 CL=17 tCK(AVG) Reserved ns 4
Cl\iV;: CL=15 cL=18 tCK(AVG) 0.937 <1.071 ns | 1,2,3,10,16
CL=16 CL=19 tCK(AVG) 0.937 <1.071 ns | 1,2,3,10,16
CL=15 CL=18 tCK(AVG) Reserved ns 4
CWL = CL=16 CL=19 tCK(AVG) Reserved ns 4
12,16 CL=17 CL=20 tCK(AVG) 0.833 <0.937 ns | 1,2,3,10,16
CL=18 CL=21 tCK(AVG) 0.833 <0.937 ns | 1,2,3,10,16
CL=17 CL=20 tCK(AVG) Reserved ns 4
CWL = CL=18 CL=21 tCK(AVG) Reserved ns 4
14,18 CL=19 CL=22 tCK(AVG) 0.75 <0.833 ns | 1,2,3,10,16
CL=20 CL=23 tCK(AVG) 0.75 <0.833 ns | 1,2,3,10,16
CL=20 CL=24 tCK(AVG) Reserved 4
CWL = CcL=21 CL=25 tCK(AVG) 0.682 <0.75 1,2,3,10,16
16,20 CL=22 CL=26 tCK(AVG) 0.682 <0.75 1,2,3,10,16
CL=24 CL=28 tCK(AVG) 0.682 <0.75 1,2,3,10,16
CL=20 CL=24 tCK(AVG) Reserved ns 4
i\g;; CL=22 CL=26 tCK(AVG) 0.625 <0.682 ns 1,2,3,16
CL=24 CL=28 tCK(AVG) 0.625 <0.682 ns 1,2,3,16
Supported CL Settings 9,10,11,12,13,14,15,16,17,18,19,20,21,22,24 |nCK 13,16
Supported CL Settings with read DBI 10,12,13,14,15,16,18,19,20,21,22,23,25,26,28| nCK 16
Supported CWL Settings 9,10,11,12,14,16,18,20 nCK 16
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DDR4-2666 Speed Bin
Speed Bin DDR4-2666
CL-nRCD-nRP 19 Unit Notes
Parameter Symbol Min Max
) 14.25
Internal read command to first data tAA (13.75)52 18.00 ns 5,12
Internal read command to first data with read DBI tAA_DBI tAA(Min)+3nCK tAA(max)+3nCK ns 12
enabled
. . . 14.25
ACT to internal read or write delay time tRCD (13.75)52 - ns 5,12
. 14.25
PRE command period tRP (13.75)52 - ns 5,12
ACT to PRE command period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 46.25 - ns 5,12
P (45.75)512 '
Normal Read DBI
CL=9 CL=11 tCK(AVG) 1.5 1.6 ns | 1,2,3,9,11,16
CWL=9
CL=10 CL=12 tCK(AVG) 1.5 1.6 ns | 1,2,3,9,11,16
CL=10 CL=12 tCK(AVG) Reserved ns 4
Cg\Ailf CL=11 CL=13 tCK(AVG) 1.25 <15 ns 1,2,3,9,16
CL=12 CL=14 tCK(AVG) 1.25 <1.5 ns 1,2,3,9,16
CL=12 CL=14 tCK(AVG) Reserved ns 4
%VE cL=13 CL=15 tCK(AVG) 1.071 <1.25 ns | 1,2,3,9,16
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns 1,2,3,9,16
CL=14 CL=17 tCK(AVG) Reserved ns 4
(i\iwi: CL=15 CL=18 tCK(AVG) 0.937 <1.071 ns 1,2,3,9,16
CL=16 CL=19 tCK(AVG) 0.937 <1.071 ns 1,2,3,9,16
CL=15 CL=18 tCK(AVG) Reserved ns 4
CWL = CL=16 CL=19 tCK(AVG) Reserved ns 4
12,16 cL=17 CL=20 tCK(AVG) 0.833 <0.937 ns | 1,2,3,9,16
CL=18 CL=21 tCK(AVG) 0.833 <0.937 ns 1,2,3,9,16
CL=17 CL=20 tCK(AVG) Reserved ns 4
CWL = CL=18 CL=21 tCK(AVG) Reserved ns 4
14,18 CL=19 CL=22 tCK(AVG) 0.75 <0.833 ns | 1,2,3,16
CL=20 CL=23 tCK(AVG) 0.75 <0.833 ns 1,2,3,16
Supported CL Settings 9,10,11,12,13,14,15,16,17,18,19,20 nCK 13,16
Supported CL Settings with read DBI 11,12,13,14,15,16,17,18,19,20,21,22,23 nCK 13,16
Supported CWL Settings 9,10,11,12,14,16,18 nCK 16
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Speed Bin Table Note

Absolute Specification

-VvDDQ = VDD =1.20V +/- 0.06 V

- VPP = 2.5V +0.25/-0.125 V

- The values defined with above-mentioned table are DLL ON case.

- DDR4-1600,1866,2133 and 2400 Speed Bin Tables are valid only when Geardown Mode is disabled.

NOTE 1 The CL setting and CWL setting result in tCK(avg). MIN and tCK(avg). MAX requirements. When making a selection of tCK(avg), both
need to be fulfilled: Requirements from CL setting as well as requirements from CWL setting.

NOTE 2 tCK(avg). MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL - all possible
intermediate frequencies may not be guaranteed. CL in clock cycle is calculated from tAA following rounding algorithm defined in
Section 13.5.

NOTE 3 tCK(avg). MAX limits: Calculate tCK(avg) = tAA.MAX / CL SELECTED and round the resulting tCK(avg) down to the next valid speed
bin (i.e. 1.5ns or 1.25ns or 1.071 ns or 0.937 ns or 0.833 ns). This result is tCK(avg). MAX corresponding to CL SELECTED.

NOTE 4 ‘Reserved’ settings are not allowed. User must program a different value.

NOTE 5 'Optional' settings allow certain devices in the industry to support this setting, however, it is not a mandatory feature. Any
combination of the‘optional’ CL’s is supported. The associated‘optional’ tAA, tRCD, tRP, and tRC values must be adjusted based
upon the CL combination supported. Refer to supplier's data sheet and/or the DIMM SPD information if and how this setting is
supported.

NOTE 6 Any DDR4-1866 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 7 Any DDR4-2133 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 8 Any DDR4-2400 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE9 Any DDR4-2666 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 10 Any DDR4-3200 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 11 DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.

NOTE 12 Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables.
NOTE 13 CL number in parentheses, it means that these numbers are optional.

NOTE 14 DDR4 SDRAM supports CL=9 as long as a system meets tAA(min).

NOTE 15 Each speed bin lists the timing requirements that need to be supported in order for a given DRAM to be JEDEC compliant. JEDEC
compliance does not require support for all speed bins within a given speed. JEDEC compliance requires meeting the parameters
for a least one of the listed speed bins.

NOTE 16 Supporting CL setting herewith is a reference base on JEDEC's. Precise CL & tCK setting needs to follow where defined on speed
compatible table in section “Operating frequency”, exceptional setting please confirm with NTC.CWL setting follow CL value in
above table in section “Speed Bin”

NOTE 17 Any DDR4-2933 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 18 Any DDR4-1600 speed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.
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IDD and IDDQ Specification Parameters and Test conditions

Iop, Ipp and Ibpa Measurement Conditions

In this chapter, Ipp, Ipp and Ippq measurement conditions such as test load and patterns are defined and setup and test
load for Ipp, Ipp and Ippq measurements are also described here.

® Ipp currents (such as Ippo, Ibboa, Iopl, Ibpia, Ibb2n, Ibp2nA, IDD2NL, IDD2NT, IDD2P, IDD20, IDD3N, IDD3NA, IDD3P, IDDA4R,
IpD4RA, IDD4W, IDDAWA, 1DDSB, IDDSF2, IDDSF4, IDDEN, IDD6E, IDD6R, IDDEA, IDD7 and Ipps) are measured as time-averaged
currents with all Vpp balls of the DDR4 SDRAM under test tied together. Any lpp or Ippq current is not included in Ipp
currents.

Ipp currents have the same definition as Ipp except that the current on the Vpp supply is measured.

Ibpq currents (such as Ippa2nT and Ippaar) are measured as time-averaged currents with all Vppq balls of the DDR4
SDRAM under test tied together. Any Ipp current is not included in Ippq currents.

Attention: Ippq values cannot be directly used to calculate 10 power of the DDR4 SDRAM. They can be used to
support correlation of simulated 10 power to actual 10 power. In DRAM module application, Ippq cannot be
measured separately since Vpp and Vppq are using one merged-power layer in Module PCB.

For Ipp, lpp and Ippq measurements, the following definitions apply:
® “0” and “LOW” is defined as VIN <= ViLAC(max)-
“1” and “HIGH” is defined as VIN >= VIHAC(min)-

“MID-LEVEL” is defined as inputs are VRrer = Vpp / 2.

Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns are described Timings used for IDD, IPP and IDDQ
Measurement-Loop Patterns.

Basic Ipp, Ipp and Ippq Measurement Conditions are described in: Basic IDD, IPP and IDDQ Measurement Conditions.

Detailed Ipp, Ipp and Ippq are described in table: IDDO, IDDOA and IPPO Measurement-Loop Pattern through IDD7
Measurement-Loop Pattern.

® |DD Measurements are done after properly initializing the DDR4 SDRAM. This includes but is not limited to setting
= Ron =Rza/7 (34 Qin MR1);
— R77_Nom = Rzq/s (40 Q in MR1);
= R1T_WR = Rzq/2 (120 Q in MR2);
— R1T_pARK = Disable;
Qoff = 0B (Output Buffer enabled) in MR1;
— TDQS disabled in MR1;
CRC disabled in MR2;
— CA parity feature disabled in MR5;
Gear down mode disabled in MR3;
Read/Write DBI disabled in MR5;
DM disabled in MR5

® Attention: The Ipp, Ipp and Ippq Measurement-Loop Patterns need to be executed at least one time before actual
IDD or IDDQ measurement is started.

directed above.
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Measurement Setup and Test Load for Ipp, Ipp and Ippa

3 oo
T

L

T

Jone
I

Vbp

RESET
CK/CK

CKE

C2
ACT, RAS, CAS, WE

ABG,BA
oDT

T I IT

Vpp

= DDR4 SDRAM

zQ VSS

Vbba

DQS/DQS
DQ
DM

L

NOTE1 DIMM level Output test load condition may be different from above.

NOTE 2 For information only.

Correlation from simulated Channel 10 Power to actual Channel IO Power supported by IDDQ

Measurement

Application specific memory
channel environment

IDDQ Test Load

A\

Channel 10 Power IDDQ IDDQ
Simulation Simulation Measurement
Correlation
Channel IO Power Number
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IDD, IDDQ and IPP Specification

Timings used for Ipp, lIpr and Iopq Measurement-Loop Patterns

symbol DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200 Unit
11 13 15 17 19 21 22

tCK 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns

CL 11 13 15 17 19 21 22 nCK

CWL 11 12 14 16 18 20 20 nCK
nRCD 11 13 15 17 19 21 22 nCK
nRC 39 45 51 55 62 68 74 nCK
nRAS 28 32 36 39 43 47 52 nCK
nRP 11 13 15 17 19 21 22 nCK

x4 16 16 16 16 16 16 16 nCK

nFAW x8 20 22 23 28 28 31 34 nCK
x16 28 28 32 40 40 44 48 nCK

x4 4 4 4 4 4 4 4 nCK

nRRDS x8 4 4 4 4 4 4 4 nCK
x16 5 5 6 8 8 8 9 nCK

x4 5 5 6 7 7 8 8 nCK

nRRDL x8 5 5 6 7 7 8 8 nCK
x16 6 6 7 9 9 10 11 nCK

tCCD_S 4 4 4 4 4 4 4 nCK
tCCD_L 5 5 6 6 7 8 8 nCK
tWTR_S 2 3 3 3 4 4 4 nCK
tWTR_L 6 7 8 9 10 11 12 nCK
nRFC 8Gb 280 327 374 421 467 514 560 nCK
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Basic IDD, IPP, and IDDQ Measurement Conditions

Symbol Description

Operating One Bank Active-Precharge Current (AL=0)

CKE: High;

External clock: On;

tCK, nRC, nRAS, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns

BL: 8%;

AL: 0;

CS: High between ACT and PRE;

IpDo Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table (IDDO, IDDOA and IPPO

Measurement-Loop Pattern)

Data 10: VDDQ;

DM: stable at 1;

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2, 2, (see: IDDO, IDDOA and IPPO Measurement-Loop Pattern);
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDDO, IDDOA and IPPO Measurement-Loop Pattern

Operating One Bank Active-Precharge Current (AL=CL-1)

IDDOA AL=CL-1,
Other conditions: see IDDO

Operating One Bank Active-Precharge IPP Current

Iepo Same condition with IDDO

Operating One Bank Active-Read-Precharge Current (AL=0)

CKE: High;

External clock: On;

tCK, nRC, nRAS, nRCD, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: O;

CS: High between ACT, RD and PRE;

Command, Address, Bank Group Address, Bank Address Inputs, Data 10: partially toggling according to table (IDD1, IDD1A and IPP1
Measurement-Loop Pattern);

DM: stable at 1;

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2, 2, (see: IDDO, IDDOA and IPPO Measurement-Loop Pattern);
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD1, IDD1A and IPP1 Measurement-Loop Pattern

Operating One Bank Active-Read-Precharge Current (AL=CL-1)

Ipp1A |AL=CL-1,

Other conditions: see IDD1

Ipp1

Operating One Bank Active-Read-Precharge IPP Current
Same condition with IDD1

Precharge Standby Current (AL=0)

CKE: High;

External clock: On;

Ipp1

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: 0;

CS: stable at 1;

Ipp2N  |Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table (IDD2N, IDD2NA, IDD2NL, IDD2NG,
IDD2ND, IDD2N_par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern)

Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDDZN;par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern
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Symbol Description

Precharge Standby Current (AL=CL-1)

IDD2NA |4 - ¢1-1, Other conditions: see IDD2N

Precharge Standby IPP Current

Ipp2N Same condition with IDD2N

Precharge Standby ODT Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: 0;

CS: stable at 1;

Ipp2nT | Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to see Timings used for IDD2NT and
IDDQ2NT Measurement-Loop Pattern;

Data 10: VSSQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: toggling according to IDD2NT and IDDQ2NT Measurement-Loop Pattern
Pattern Details: see IDD2NT and IDDQ2NT Measurement-Loop Pattern

IDDQ2NT |Precharge Standby ODT IDDQ Current

(Optional) |Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current
Precharge Standby Current with CAL enabled

Ipp2nL Same definition like for IDD2N, CAL enabled?®

Precharge Standby Current with Gear Down mode enabled

Same definition like for IDD2N, Gear Down mode enabled®®

Precharge Standby Current with DLL disabled

Ibb2nD Same definition like for IDD2N, DLL disabled®

Precharge Standby Current with CA parity enabled

IDD2N_par Same definition like for IDD2N, CA parity enabled?®

Precharge Power-Down Current
CKE: Low;
External clock: On;

IDD2NG

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: 0;

Ipp2p |CS:stableat 1;

Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0

Precharge Power-Down IPP Current

Ipp2p Same condition with IDD2P

Precharge Quiet Standby Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: O;

CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0

Ibp2q
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Symbol Description

Active Standby Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: 0;

CS: stable at 1;

Ipp3N  |Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table(IDD2N, IDD2NA, IDD2NL, IDD2NG,
IDD2ND, IDD2N_par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern )
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks open;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern
Active Standby Current (AL=CL-1)

AL = CL-1, Other conditions: see IDD3N

Active Standby IPP Current

Same condition with IDD3N

Active Power-Down Current

CKE: Low;

External clock: On;

IDD3NA

IPP3N

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: 0;

IDD3P CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks open;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0

Active Power-Down IPP Current

Same condition with IDD3P

Ipp3p

Operating Burst Read Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%

AL: O;

CS: High between RD;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDD4R, IDD4RA, IDD4RB and IDDQ4R
IpDgr |Measurement-Loop Pattern

Data 10: seamless read data burst with different data between one burst and the next one according to IDD4R, IDD4RA, IDD4RB and
IDDQ4R Measurement-Loop Pattern

DM: stable at 1;

Bank Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2, 2, (see IDD4R, IDD4RA, IDD4RB and IDDQ4R
Measurement-Loop Pattern);

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD4R, IDD4RA, IDD4RB and IDDQ4R Measurement-Loop Pattern;

Operating Burst Read Current (AL=CL-1)

IppgrA |AL=CL-1,
Other conditions: see IDD4R
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Symbol Description
Operating Burst Read Current with Read DBI

Ipparp |Read DBI enabled?,

Other conditions: see IDD4R

Operating Burst Read IPP Current

Same condition with IDD4R

IDDQ4R |Operating Burst Read IDDQ Current
(Optional) |Same definition like for IDD4R, however measuring IDDQ current instead of IDD current

IpP4R

IDDQ4RB |Operating Burst Read IDDQ Current with Read DBI
(Optional) |Same definition like for IDD4RB, however measuring IDDQ current instead of IDD current

Operating Burst Write Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: 0;

CS: High between WR;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDDO, IDDOA and IPPO
Ippgw |Measurement-Loop Pattern

Data 10: seamless write data burst with different data between one burst and the next one according to table (IDD4W, IDD4AWA, IDD4WB
and IDD4W_par Measurement-Loop Pattern)

DM: stable at 1;

Bank Activity: all banks open, WR commands cycling through banks: 0,0,1,1,2, 2, (see IDD4W, IDDAWA, IDD4WB and IDD4W _par
Measurement-Loop Pattern);

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at HIGH;

Pattern Details: see IDD4W, IDD4WA, IDD4WB and IDD4W_par Measurement-Loop Pattern

Operating Burst Write Current (AL=CL-1)

Ippawa |AL=CL-1,

Other conditions: see IDDAW

Operating Burst Write Current with Write DBI

IDpD4aWB Write DBI enableds,

Other conditions: see IDDAW

Operating Burst Write Current with Write CRC

Ippgwc |Write CRC enabled:,

Other conditions: see IDDAW

Operating Burst Write Current with CA Parity

|lDDAaW_par|CA Parity enableds,

Other conditions: see IDD4W

Operating Burst Write IPP Current
Ippaw Same condition with IDD4W

Burst Refresh Current (1X REF)

CKE: High;

External clock: On;

tCK, CL, nRFC: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: 0;

CS: High between REF;

IppsB Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table(IDD5B Measurement-Loop Pattern)
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: REF command every nRFC (see IDD5B Measurement-Loop Pattern);
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD5B Measurement-Loop Pattern

Burst Refresh Write IPP Current (1X REF)

IppsB Same condition with IDD5B
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Symbol Description

Burst Refresh Current (2X REF)
IDDSF2 | (Rec=tRFC_x2, Other conditions: see IDD5B

Burst Refresh Write IPP Current (2X REF)
IpPsF2 Same condition with IDD5F2

Burst Refresh Current (4X REF)
IDD5F4  |{REc=tRFC_x4, Other conditions: see IDD5B

Burst Refresh Write IPP Current (4X REF)
IppsFa Same condition with IDD5F4

Self Refresh Current: Normal Temperature Range

TCASE: 0 - 85°C;

Low Power Array Self Refresh (LP ASR): Normal*;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
IppeN  |BL: 8%

AL: O;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DM: stable at 1;

Bank Activity: Self-Refresh operation;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: MID-LEVEL

Self Refresh IPP Current: Normal Temperature Range
IpPeN Same condition with IDD6N

Self-Refresh Current: Extended Temperature Range

TCASE: 0 - 95°C;

Low Power Array Self Refresh (LP ASR): Extended*;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
IDD6E BL: 8%;

AL: 0;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DM: stable at 1;

Bank Activity: Extended Temperature Self-Refresh operation;
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: MID-LEVEL

lppge  |Self Refresh IPP Current: Extended Temperature Range Same condition with IDD6E

Self-Refresh Current: Reduced Temperature Range

TCASE: 0 - 45°C;

Low Power Array Self Refresh (LP ASR): Reduced*;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
Ipp6R  |BL: 8%

AL: O;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DM: stable at 1;

Bank Activity: Extended Temperature Self-Refresh operation;
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: MID-LEVEL

Self Refresh IPP Current: Reduced Temperature Range
IPP6R Same condition with IDD6R
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Symbol Description

Auto Self-Refresh Current

TCASE: 0 - 95°C;

Low Power Array Self Refresh (LP ASR): Auto®;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

IpDeA  |BL: 8%

AL: 0;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DM: stable at 1;

Bank Activity: Auto Self-Refresh operation;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: MID-LEVEL

Auto Self-Refresh IPP Current

Same condition with IDD6A

Operating Bank Interleave Read Current

CKE: High;

External clock: On;

tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: CL-1;

CS: High between ACT and RDA;

IpD7 Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to Timings used for see table(IDD7

IPP6A

Measurement-Loop Pattern)

Data 10: read data bursts with different data between one burst and the next one according to IDD7 Measurement-Loop Pattern

DM: stable at 1;

Bank Activity: two times interleaved cycling through banks (0, 1, ...7) with different addressing, see IDD7 Measurement-Loop Pattern
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD7 Measurement-Loop Pattern

Operating Bank Interleave Read IPP Current

Same condition with IDD7

Ipp7

Ippg |Maximum Power Down Current

Maximum Power Down IPP Current
Same condition with IDD8

NOTE 1 Burst Length: BL8 fixed by MRS: set MRO A [1:0] =00.
NOTE 2 Output Buffer Enable:
- set MR1 A12 = 0: Qoff = Output buffer enabled
- set MR1 A [2:1] = 00: Output Driver Impedance Control = RZQ/7
RTT_NOM enable:
-set MR1 A [10:8] =011: RTT_NOM = RZQ/6
RTT_WR enable:
- set MR2 A [10:9] = 01: RTT_WR = RZQ/2
RTT_PARK disable:
- set MR5 A [8:6] = 000
NOTE 3 CAL enabled :
- set MR4 A[8:6]=001 : 1600 MT/s
- set MR4 A [8:6] =010: 1866,2133 MT/s
- set MR4 A [8:6] =011: 2400MT/s
Gear Down mode enabled:
-set MR3 A3 = 1: 1/4 Rate
DLL disabled:
-set MR1A0=0
CA parity enabled:
- set MR5 A [2:0] = 001: 1600,1866,2133MT/s
- set MR5 A [2:0] = 010: 2400MT/s
Read DBI enabled:
-set MR5A12=1
Write DBI enabled:
-set: MR5A11=1
NOTE 4 Low Power Array Self Refresh (LP ASR):

Ippg
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-set MR2 A [7:6] = 00: Normal

-set MR2 A [7:6] = 01: Reduced Temperature range
-set MR2 A [7:6] = 10: Extended Temperature range
-set MR2 A [7:6] = 11: Auto Self Refresh

NOTE 5 IDD2NG should be measured after sync pulse(NOP) input.

NOTE 6 The IDD values must be derated (increased) when operated outside of the range 0°C <TC< 85°C
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Ibbo, Ippoa and IpPo Measurement-Loop Pattern

NTC Proprietary
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NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

° =
|€‘>m§2§% PEEEP%SBS‘gE‘?S
\x—.'gsE|8‘0\\\D::a‘-.33gﬁnata3
S\°|8|°2) 8| |T|B|B|B|T|8|3|=|E=| 7|7
(7] (&) <
0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 -
3,4 D, 1 1 1 1 1 0 3? 3 0 0 0 7 F 0 -
0 D_#
repeat pattern 1...4 until nRAS - 1, truncate if necessary
s | o Jo]1]oli]olololololololololo] -
repeat pattern 1...4 until nRC - 1, truncate if necessary
1 1*nRC | repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 1 instead
2 2*nRC | repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 2 instead
= 3 3*nRC | repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 3 instead
g ;':D 4 4*nRC | repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 1 instead
Zlg '% 5 5*nRC | repeat Sub-Loop 0, use BG[1:0] = 1, BA[1:0] = 2 instead
= s 6 6*nRC | repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 3 instead
7 7*nRC | repeat Sub-Loop 0, use BG[1:0]* = 1, BA[1:0] = 0 instead
8 8*nRC | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 0 instead
9 9*nRC | repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 1 instead
10 | 10*nRC [ repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
11 | 11*nRC | repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead Forx4
12 | 12*nRC | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 1 instead x8a2:|y
13 | 13*nRC | repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 2 instead
14 | 14*nRC | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 | 15*nRC | repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 0 instead

NOTE1 DQS, DQS are VDDQ.
NOTE 2 DBG1lis adon't care for x16 devices.
NOTE 3 DQsignals are VDDQ.
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Ibp1, Ipp1a and Ipp1 Measurement-Loop Pattern

o ° © | v -
|O w| o o 2 © — | < | < E -l e ® |8 o | | K| @ S
1 > (@] ~ — N - o 9, b= g ata
x|9| <2 S £ < |cn |<n ||.u SClo|glg|E|=S| << <
(7] - o é 6 = m T <
0 ACT ([ O 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 -
D_#,
3,4 1 1 1 1 1 0o | 3 0 0 0 7 F 0 -
D_#
repeat pattern 1...4 until nRCD - AL - 1, truncate if necessary
0 D0=00, D1=FF
D2=FF, D3=00
nRCD -AL RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0
D4=FF, D5=00
D6=00, D7=FF

repeat pattern 1...4 until nRAS - 1, truncate if necessary

nRAS PRE|0|1|0|1|0|0|0|0|

o
o |
o |
o |
o |
o |

|

repeat pattern 1...4 until nRC - 1, truncate if necessary

1*nRC+0 ACT 0 0 0 1 1 0 1 1 0 0 0 0 0 0

1*nRC+1,2 | D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0

1*nRC+3,4 D#,D#| 1 | 1 | 1| 1|1 |o |33 ]oflo|lo]|7|F]|oO

repeat pattern nRC + 1...4 until 1*nRC + nRAS - 1, truncate if necessary

1 DO=FF, D1=00
1*nRC + nRCD

w| @ D2=00, D3=FF
< T - RD 0 1 1 0 1 0 1 1 0 0 0 0 0 0
EI D4=00, D5=FF
| B AL
2| = D6=FF, D7=00
&
repeat pattern 1...4 until nRAS - 1, truncate if necessary
1*nRC+nRASPRE|O|1|O 1|O|O|1|1|0|O|0|0|0|0|
repeat nRC + 1...4 until 2*nRC - 1, truncate if necessary
2 2*nRC repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 2 instead
3 3*nRC repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 3 instead
4 4*nRC repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 1 instead
5 5*nRC repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 2 instead
6 6*nRC repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 3 instead
7 7*nRC repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 0 instead
9 9*nRC repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 0 instead
10 10*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 0 instead
11 11*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 1 instead
For x4 and
12 12*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 2 instead
x8 only
13 13*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead
14 14*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 1 instead
15 15*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 2 instead
NOTE1 DAQS, DQS are used according to RD Commands, otherwise VDDQ.
NOTE 2 BG1is don’t care for x16 device.
NOTE 3 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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Ipb2n, Ibp2na, Ibpane, Ipbane, Ibp2np, Ibban_par, IPP2, Ibban, Ibpsna and Ibpsp Measurement-Loop Pattern

T =
l% w §- 2 g s — E E E = NS' e |8 s % ~| @ o
=s| x| < gEelg}O\\\DEEN"_S‘gégDatf
¥ | O o ] € <|®| | w|OoO|lo|<| =|~]| = <| <| <
© 3 Z | 3 B B|E m| @) <)% g
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 2 D#,D# | 1 1 1 1 1 0 32 3 0 0 0 7 F 0 0
3 D#, D# 1 1 1 1 1 0 32 3 0 0 0 7 F 0 0
1 4-7 repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 1 instead
2 8-11 repeat Sub-Loop 0, use BG[1:0] = 0, BA[1:0] = 2 instead
3 12-15 repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 3 instead
4 16-19 repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 1 instead
%D -;S:D 5 20-23 repeat Sub-Loop 0, use BG[1:0]* = 1, BA[1:0] = 2 instead
Eg 5 6 24-27 repeat Sub-Loop 0, use BG[1:0]> = 0, BA[1:0] = 3 instead
e g 7 28-31 repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 0 instead
8 32-35 ‘repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = 0 instead
9 36-39 repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 1 instead
10 40-43 repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
11 44-47 repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead
12 48-51 repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 1 instead
13 52-55 repeat Sub-Loop 0, use BG[1:0]% = 3, BA[1:0] = 2 instead
14 56-59 repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 60-63 repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 0 instead
NOTE1 DQS, DQS are VDDQ.
NOTE 2 BG1is don't care for x16 device.
NOTE 3 DQsignals are VDDQ.
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Ibp2nt and Ippaznt Measurement-Loop Pattern

o o ©o | © -
Slu|8| 22| &8 |, k| 2|23 |5| 2|85 =|s
95335§|°‘25558%Ee:§gggnata3
51°13]°2| & 2IR|E|°|8|3|=|E| %=
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 -
0 2 D#,D# | 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
3 D#, D# 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
1 4-7 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] = 1 instead
2 8-11 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 0, BA[1:0] = 2 instead
3 12-15 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 1, BA[1:0] = 3 instead
4 16-19 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 0, BA[1:0] = 1 instead
%D -:;SD 5 20-23 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 1, BA[1:0] = 2 instead
% E 6 24-27 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 0, BA[1:0] = 3 instead
e g 7 28-31 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 1, BA[1:0] = 0 instead
8 32-35 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 2, BA[1:0] = O instead
9 36-39 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = 1 instead
10 40-43 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 2, BA[1:0] = 2 instead
11 | 44-47 | repeat Sub-Loop O, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = 3 instead Forx4
12 48-51 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 2, BA[1:0] = 1 instead x:(r::ly
13 52-55 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = 2 instead
14 56-59 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 2, BA[1:0] = 3 instead
15 60-63 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = O instead
NOTE1 DQS, DQS are VDDQ.
NOTE 2 BG1is don't care for x16 device
NOTE 3 DQsignals are VDDQ.
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Ibp4r, lbparA, IDD4RB and D4R Measurement-Loop Pattern

o © © ) py
N ) = = - - 3 = = - o —_ = =
S| w| 8|28l & - < | 2| 2| =28 RB|s| | =TS
[ > (@] ~ — N - o (2 — g ata
£15) 565/ 5°|%|g|g|E|°| 8|2 2|E|E|%| %=
»n Z S é 6 = m < <
D0=00, D1=FF
D2=FF, D3=00
0 RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0
D4=FF, D5=00
0 D6=00, D7=FF
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D#,
2,3 1 1 1 1 1 0 3?2 3 0 0 0 7 F 0 -
D#
DO=FF, D1=00
D2=00, D3=FF
4 RD 0 1 1 0 1 0 1 1 0 0 0 7 F 0
D4=00, D5=FF
1 D6=FF, D7=00
5 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D#,
6,7 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
= D#
o T
Sl T 2 8-11 | repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 2 instead
[ %)
g" '-g 3 12-15 | repeat Sub-Loop 1, use BG[1:0]% = 1, BA[1:0] = 3 instead
- -
©w 4 16-19 | repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 1 instead
5 20-23 | repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 2 instead
6 24-27 | repeat Sub-Loop 0, use BG[1:0]> = 0, BA[1:0] = 3 instead
7 28-31 | repeat Sub-Loop 1, use BG[1:0]> = 1, BA[1:0] = 0 instead
8 32-35 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 0 instead
9 36-39 | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 1 instead
10 | 40-43 | repeat Sub-Loop 0, use BG[1:0]* = 2, BA[1:0] = 2 instead
11 | 44-47 | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 3 instead For x4 and
12 | 48-51 | repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = 1 instead x8 only
13 52-55 | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 2 instead
14 56-59 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 | 60-63 | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 0 instead
NOTE 1 DQS, DQS are used according to RD Commands, otherwise VDDQ.
NOTE 2 BG1is don’t care for x16 device
NOTE 3 Burst Sequence driven on each DQ signal by Read Command.
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Ibpaw, Ibpawa, Ibpaws and Ibpaw_par Measurement-Loop Pattern

o o © | v -
N ) = £ =1 - I = = - L o =] =
|0u.|°23‘“ |—<<E|—99|8m'$hmo
[ > (@] — N - o (2 = g ata
50.3035 <|w|w|mow§:tr;:,<<<
(77} Z 8§ é 5 = m T <
D0=00, D1=FF
D2=FF, D3=00
0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0
D4=FF, D5=00
0 D6=00, D7=FF
1 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
D#,
2,3 1 1 1 1 1 1 3?2 3 0 0 0 7 F 0 -
D#
DO=FF, D1=00
D2=00, D3=FF
4 WR 0 1 1 0 0 1 1 1 0 0 0 7 F 0
D4=00, D5=FF
1 D6=FF, D7=00
5 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
D#,
6,7 1 1 1 1 1 1 32 3 0 0 0 7 F 0 -
= D#
o T
g T 2 8-11 | repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 2 instead
[ %)
g" '-g 3 12-15 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 3 instead
- -
©w 4 16-19 | repeat Sub-Loop O, use BG[1:0]2 = 0, BA[1:0] = 1 instead
5 20-23 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 2 instead
6 24-27 | repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 3 instead
7 28-31 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = O instead
8 32-35 | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 0 instead
9 36-39 | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 1 instead
10 | 40-43 | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 2 instead
11 | 44-47 | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 3 instead For x4 and
12 | 48-51 | repeat Sub-Loop O, use BG[1:0]2 = 2, BA[1:0] = 1 instead x8 only
13 52-55 | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 2 instead
14 56-59 | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 3 instead
15 60-63 | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 0 instead
NOTE1 DQS, DQS are used according to WR Commands, otherwise VDDQ.
NOTE 2 BG1is don’t care for x16 device
NOTE 3 Burst Sequence driven on each DQ signal by Write Command.
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Ibpawc Measurement-Loop Pattern

o o © | v -
N ) = £ =1 - I = = - L o =] =
|0u.|°23‘“ |—<<E|—99|8m'$hmo
\X—.";EElgO\\\DEEN".S'mtBNData3
x 0| a|335|E <|w|w|m0wg;';:<“<“<“
(77} Z 8§ é 5 = m T <
D0=00, D1=FF
D2=FF, D3=00
0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0 | D4=FF, D5=00
D6=00, D7=FF
D8=CRC
1,2 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
D#,
3,4 1 1 1 1 1 1 3?2 3 0 0 0 7 F 0 -
D#
0
DO=FF, D1=00
D2=00, D3=FF
5 WR 0 1 1 0 0 1 1 1 0 0 0 7 F 0 D4=00, D5=FF
D6=FF, D7=00
D8=CRC
6,7 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
= D#,
o0 [ 8,9 1 1 1 1 1 1 32 3 0 0 0 7 F 0 -
|z i
§ E 2 10-14 | repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 2 instead
©
* & 3 15-19 | repeat Sub-Loop 1, use BG[1:0]* = 1, BA[1:0] = 3 instead
4 20-24 | repeat Sub-Loop 0, use BG[1:0]>= 0, BA[1:0] = 1 instead
5 25-29 | repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 2 instead
6 30-34 | repeat Sub-Loop 0, use BG[1:0]*> = 0, BA[1:0] = 3 instead
7 35-39 | repeat Sub-Loop 1, use BG[1:0]> = 1, BA[1:0] = 0 instead
8 40-44 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = O instead
9 45-49 | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 1 instead
10 50-54 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
11 | 55-59 | repeat Sub-Loop 1, use BG[1:0]% = 3, BA[1:0] = 3 instead For x4 and
12 60-64 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 1 instead x8 only
13 65-69 | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 2 instead
14 70-74 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 | 70-74 | repeat Sub-Loop 1, use BG[1:0]% = 3, BA[1:0] = 0 instead
NOTE 1 DQS, DQS are VDDQ.
NOTE 2 BG1is don’t care for x16 device.
NOTE 3 Burst Sequence driven on each DQ signal by Write Command.
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Iopse Measurement-Loop Pattern

o o © | »v =
|E‘)u_,82§% FEEEI—%EBE‘%EES
S| x| 4 O E E|8‘0\\\D:.EN‘1833§Data3
51713 °2 & |T|B|B|B|°|8|3| || %] |<|F

(7] (&) <

0 0 REF [ 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -

1 D 1 0 0 0 0 0 0 0 -
2 D 1 0 0 0 0 0 0 0 0 0 0 -
3 D, 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
D#
4 D, 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
D#
4-7 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 1 instead
8-11 repeat pattern 1...4, use BG[1:0]2 = 0, BA[1:0] = 2 instead
12-15 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 3 instead
o0 'uco 16-19 repeat pattern 1...4, use BG[1:0]2 = 0, BA[1:0] = 1 instead
%n :E 1 20-23 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 2 instead
:éo .g 24-27 repeat pattern 1...4, use BG[1:0]2 = 0, BA[1:0] = 3 instead
@ 28-31 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = O instead
32-35 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = O instead
36-39 repeat pattern 1...4, use BG[1:0]2 = 3, BA[1:0] = 1 instead
40-43 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = 2 instead
44-47 repeat pattern 1...4, use BG[1:0]2 = 3, BA[1:0] = 3 instead For x4 and
48-51 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = 1 instead x8 only
52-55 repeat pattern 1...4, use BG[1:0]2 = 3, BA[1:0] = 2 instead
56-59 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = 3 instead
60-63 repeat pattern 1...4, use BG[1:0]2 = 3, BA[1:0] = O instead

2 | 64...nRFC- 1| repeat Sub-Loop 1, Truncate, if necessary

NOTE1 DQS, DQS are VDDQ.

NOTE 2 BG1is don't care for x16 device.

NOTE 3 DQsignals are VDDQ.
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NANUA

Ioo7 Measurement-Loop Pattern

o ° ©| v =
I\ o - (= - - 3 = = - o —_| =] =
Slul 8| 253 |8kl 2(%|=2 T8 325 s
(x| 4 O e E|OO\\\DEEN"_S'O<DN Data®
x| 0| 2 35 E <|w|w|m0<9f.§;,':522'<?
(7) z o é 5 < o I <
0 ACT| O 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D0=00, D1=FF
D2=FF, D3=00
1 RDA|( O 1 1 0 1 0 0 0 0 0 1 0 0 0
D4=FF, D5=00
0 D6=00, D7=FF
2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3 D# 1 1 1 1 1 0 3?2 3 0 0 0 7 F 0 -
repeat pattern 2...3 until nRRD - 1, if nRCD > 4. Truncate if necessary
nRRD ACT| O 0 0 0 0 0 1 1 0 0 0 0 0 0 -
DO=FF, D1=00
D2=00, D3=FF
1 nRRD +1 RDA| O 1 1 0 1 0 1 1 0 0 1 0 0 0
D4=00, D5=FF
D6=FF, D7=00
repeat pattern 2 ... 3 until 2¥nRRD - 1, if nRCD > 4. Truncate if necessary
2 2*nRRD repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 2 instead
3 3*nRRD repeat Sub-Loop 1, use BG[1:0]* = 1, BA[1:0] = 3 instead
= 4 4*nRRD repeat pattern 2 ... 3 until nFAW - 1, if nFAW > 4*nRCD. Truncate if necessary
[
g £
Eg o 5 nFAW repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 1 instead
=]
8 8 6 nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]% = 1, BA[1:0] = 2 instead
"
7 nFAW + 2*nRRD repeat Sub-Loop 0, use BG[1:0]*= 0, BA[1:0] = 3 instead
8 nFAW + 3*nRRD repeat Sub-Loop 1, use BG[1:0]* = 1, BA[1:0] = 0 instead
9 nFAW + 4*nRRD repeat Sub-Loop 4
10 2*nFAW repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = 0 instead
11 2*nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 1 instead
12 2*nFAW + 2*nRRD | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
13 2*nFAW + 3*nRRD | repeat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 3 instead
* * -
14 | 2*nFAW + 4*nRRD | repeat Sub-Loop 4 For x4 and x8
15 3*nFAW repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 1 instead only
16 3*nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]*= 3, BA[1:0] = 2 instead
17 3*nFAW + 2*nRRD | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
18 | 3*nFAW +3*nRRD | repeat Sub-Loop 1, use BG[1:0]?= 3, BA[1:0] = 0 instead
19 | 3*nFAW + 4*nRRD | repeat Sub-Loop 4
20 4*nFAW repeat pattern 2 ... 3 until nRC - 1, if nRC > 4*nFAW. Truncate if necessary

NOTE 1 DQS, DQS are VDDQ.
NOTE 2 BG1is don’t care for x16 device.

NOTE 3 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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IDD Specifications

DDR4-32
Symbol Description 3200 Unit
X4 X8 | X16
Ibbo |Operating One Bank Active-Precharge Current (AL=0) 95 95 99 | mA

Ibboa |Operating One Bank Active-Precharge Current (AL=CL-1) 98 98 102 | mA

lpro  |Operating One Bank Active-Precharge IPP Current 4.7 4.7 8.0 | mA

loo1  |Operating One Bank Active-Read-Precharge Current (AL=0) | 105 | 108 | 112 | mA
Operating One Bank Active-Read-Precharge Current

Ibbp1a 108 110 115 | mA

(AL=CL-1)
lpp1  |Operating One Bank Active-Read-Precharge IPP Current 4.8 4.8 8.3 | mA
lbo2n  |Precharge Standby Current (AL=0) 79 79 83 | mA
Iboz2na  |Precharge Standby Current (AL=CL-1) 81 81 86 | mA
lpr2n  |Precharge Standby IPP Current 21 21 21 | mA
Ibpant  |Precharge Standby ODT Current 90 920 90 | mA
Iopazant |Precharge Standby ODT IDDQ Current 28 28 28 | mA
Iopane  |Precharge Standby Current with CAL enabled 64 64 64 | mA

Iop2ng  |Precharge Standby Current with Gear Down mode enabled 68 68 73 | mA

Ibpano  |Precharge Standby Current with DLL disabled 72 72 72 | mA
Iob2n_par |Precharge Standby Current with CA parity enabled 63 63 63 | mA
loozp  |Precharge Power-Down Current 55 55 55 | mA
lpp2p  |Precharge Power-Down IPP Current 21 21 21 | mA
lbb2a |Precharge Quiet Standby Current 63 63 67 | mA
lopsn  |Active Standby Current 100 | 100 | 100 | mA
lopsna  |Active Standby Current (AL=CL-1) 103 | 103 | 103 | mA
leran  |Active Standby IPP Current 2.8 2.8 28 | mA
loosp  |Active Power-Down Current 66 66 66 | mA
lprsp  |Active Power-Down IPP Current 2.8 2.8 28 | mA
Ibpar |Operating Burst Read Current 196 | 222 | 256 | mA
Ibpara |Operating Burst Read Current (AL=CL-1) 198 | 224 | 258 | mA
Ibpars  |Operating Burst Read Current with Read DBI 198 | 231 | 268 | mA
lppar  |Operating Burst Read IPP Current 8.6 8.6 8.6 | mA
Ibbasr |Operating Burst Read IDDQ Current 14 21 38 | mA
lobasrs |Operating Burst Read IDDQ Current with Read DBI 14 10 16 | mA
lopaw |Operating Burst Write Current 209 | 246 | 313 | mA
Ibpawa |Operating Burst Write Current (AL=CL-1) 213 | 250 | 317 | mA
Iopawe |Operating Burst Write Current with Write DBI 209 | 249 | 316 | mA
Ibpawc |Operating Burst Write Current with Write CRC 193 | 224 | 288 | mA
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Symbol Description DDR4-3200 Unit
X4 X8 | X16

Ibpaw_par |Operating Burst Write Current with CA Parity 198 | 237 | 314 | mA
lppaw  |Operating Burst Write IPP Current 27 27 27 | mA
looss  [Burst Refresh Current (1X REF) 278 | 278 | 278 | mA
lpse  |Burst Refresh Write IPP Current (1X REF) 314 | 314 | 314 | mA
Ibpsk2  |Burst Refresh Current (2X REF) 213 | 213 | 213 | mA
lppsr2  |Burst Refresh Write IPP Current (2X REF) 221 | 221 | 221 | mA
lopsr4  |Burst Refresh Current (4X REF) 193 | 193 | 193 | mA
lppsrs  [Burst Refresh Write IPP Current (4X REF) 218 | 21.8 | 21.8 | mA
Iopen  |Self Refresh Current: Normal Temperature Range 43 43 43 | mA
lpren | Self Refresh IPP Current: Normal Temperature Range 24 24 24 | mA
looee  |Self-Refresh Current: Extended Temperature Range 72 72 72 | mA
lrree  |Self Refresh IPP Current: Extended Temperature Range 4.1 41 41 | mA
loosr  [Self-Refresh Current: Reduced Temperature Range 36 36 36 | mA
lprer  |Self Refresh IPP Current: Reduced Temperature Range 21 21 21 | mA
lopea |Auto Self-Refresh Current 49 49 49 | mA
lprea  |Auto Self-Refresh IPP Current 4.3 4.3 43 | mA
loo7 |Operating Bank Interleave Read Current 343 | 231 | 296 | mA
lprz  |Operating Bank Interleave Read IPP Current 39 199 | 242 | mA
Ibpps |Maximum Power Down Current 31 32 32 | mA
lpps  [Maximum Power Down IPP Current 21 21 21 | mA

Note: Published IDD values are the maximum of the distribution of the arithmetic mean and are measured at 95 °C.
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lbpe Specification

Symbol Temperature Range NOTE
IDD6N 0-85°C 3,4
IDD6E 0-95°C 4,5,6
IDD6R 0-45°C 4,6,8
IDD6A 0-95°C 4,6,7

NOTE1 Some IDD currents are higher for x16 organization due to larger page-size architecture.

NOTE 2 Max values for IDD currents considering worst case conditions of process, temperature and voltage.
NOTE 3  Applicable for MR2 settings A6=0 and A7=0.

NOTE 4 Supplier data sheets include a max value for IDD6.

NOTE 5 Applicable for MR2 settings A6=0 and A7=1. IDD6E is only specified for devices which support the Extended Temperature Range
feature.

NOTE 6 Refer to the supplier data sheet for the value specification method (e.g. max, typical).
NOTE 7 Applicable for MR2 settings A6=1 and A7=1. IDD6A is only specified for devices which support the Auto Self Refresh feature.

NOTE 8 Applicable for MR2 settings MR2 [A7:A6 = 01] : Reduced Temperature range. IDD6R is verified by design and characterization, and
may not be subject to production test
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Input / Output Capacitance

Silicon pad I/0O Capacitance

DDR4-1600/ DDR4- DDR4- DDR4-
Symbol Parameter 1866/2133 | 2400/2666 2933 3200 | unit| Notes
Min | Max | Min | Max | Min [ Max| Min | Max
Cio Input/output capacitance 0.55 1.4 0.55 | 1.15 [0.55(1.15[0.55(1.00 | pF 1,2,3
Cpio Input/output capacitance delta -0.1 0.1 -0.1 01 |-0.1] 0.1 |-01] 0.1 | pF | 1,2,3,11
Cpbpas Input/output capacitance delta DQS and DQS - 0.05 - 0.05 - 10.05| - [0.05| pF | 1,2,35
Cck Input capacitance, CK and CK 0.2 0.8 0.2 07 | 02|07 ]|02]|0.7]| pF 1,3
Cbck Input capacitance delta CK and CK - 0.05 - 005 | - |0.05| - |0.05| pF 13,4
Ci Input capacitance(CTRL, ADD, CMD pins) 0.2 0.8 0.2 0.7 | 02|06 |02 |055| prF 1,3,6
CpI_CTRL |Input capacitance delta(All CTRL pins) -0.1 0.1 -0.1 01 |-0.1]0.1|-0.1|01 | pF | 1,3,7,8

CDI_ADD_CMD |Input capacitance delta(All ADD/ CMD pins) -0.1 0.1 -0.1 01 |-0.1]0.1|-0.1|0.1 | pF | 1,29,10

CALERT Input/output capacitance of ALERT 0.5 1.5 0.5 15 |05 (15|05 |15 ]| pF 1,3
Czq Input/output capacitance of ZQ - 2.3 - 2.3 - 2.3 - 2.3 | pF 1,3,12
CTEN Input capacitance of TEN 0.2 2.3 0.2 23 | 0223|0223 pF 1,3,13

NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The silicon only capacitance is
validated by de-embedding the package L & C parasitic. The capacitance is measured with VDD, VDDQ, VSS, VSSQ applied with all
other signal pins floating. Measurement procedure TBD.

NOTE 2 DQ, DM, DQS, DQS, TDQS, TDQS. Although the DM, TDQS and TDQS pins have different functions, the loading matches DQ and DQS.
NOTE 3  This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here.
NOTE 4 Absolute value CK - CK.

NOTE5 Absolute value of CIO(DQS)-CIO (DQS).

NOTE 6 Cl applies to ODT, CS, CKE, A0-A17, BAO-BA1, BG0O-BG1, RAS/A16, CAS/A15, WE/A14, ACT and PAR.
NOTE 7 CDI CTRL applies to ODT, CS and CKE.

NOTE 8 CDI_CTRL = CI(CTRL)-0.5*(CI(CK)+CI(CK))

NOTE9 CDI_ADD_CMD = CI(ADD_CMD)-0.5*(CI(CK)+CI(CK)) .

NOTE 10 CDI_ADD_ CMD applies to, A0-A17, BAO-BA1, BGO-BG1,RAS/A16, CAS/A15, WE/A14, ACT and PAR.
NOTE 11 CDIO = CIO(DQ,DM)-0.5*(CIO(DQS)+CIO(DQS)) .

NOTE 12 Maximum external load capacitance on ZQ pin: TBD pF.

NOTE 13 TEN pin may be DRAM internally pulled low through a weak pull-down resistor to VSS. In this case CTEN might not be valid and
system shall verify TEN signal with Vendor specific information.
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NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

DRAM package electrical specifications(x4/x8)

DDR4-1600/1866/
DDR4-2933 DDR4-3200
Symbol Parameter 2133/2400/2666 Unit Notes
Min Max Min Max Min Max
Zio Input/output Zpkg 45 85 48 85 48 85 Q 1,2,4,5,10,11
Tdio Input/output Pkg Delay 14 42 14 40 14 40 ps 1,3,4,5,11
Lio Input/Output Lpkg - 33 - 3.3 - 33 nH 11, 12
Cio Input/Output Cpkg - 0.78 - 0.78 - 0.78 pF 11,13
Zio DQS DQS, DQS Zpkg 45 85 48 85 48 85 Q 1,2,5,10,11
Tdio DQS DQS, DQS Pkg Delay 14 42 14 40 14 40 ps 1,3,5,10,11
Lio DQS DQS Lpkg - 3.3 - 3.3 - 3.3 nH 11,12
Cio DQS DQS Cpkg - 0.78 - 0.78 - 0.78 pF 11,13
DZpio DQ Delta Zpkg DQS, DQS - 10 - 10 - 10 Q 1,2,5,7,10
DTdpio DQS | Delta Delay DQS, DQS - 5 - 5 - 5 ps 1,3,5,7,10
Z) CTRL Input- CTRL pins Zpkg 50 90 50 90 50 90 Q 1,2,5,9,10,11
Tdl_CTRL g:l:: CTRL pins Pkg 14 42 14 40 14 40 ps | 1,3,59,10,11
Li CTRL Input CTRL Lpkg - 3.4 - 3.4 - 3.4 nH 11,12
Ci CTRL Input CTRL Cpkg - 0.7 - 0.7 - 0.7 pF 11,13
Z1ADD CMD Iznpilét' CMD ADD pins 50 90 50 90 50 90 0 1,2,5,8,10,11
TdiADD CMD :::I:; CMD ADD pins Pke 14 45 14 40 14 40 s | 13581011
Li ADD CMD | Input CMD ADD Lpkg - 3.6 - 3.6 - 3.6 nH 11,12
Ci ADD CMD | Input CMD ADD Cpkg - 0.74 - 0.74 . 0.74 pF 11,13
Zck CK, CK Zpkg 50 90 50 90 50 90 0 1,2,5,10,11
TdcK CK, CK Pkg Delay 14 42 14 42 14 42 ps 1,3,5,10,11
Lij CLK Input CLK Lpkg - 34 - 34 - 34 nH 11,12
Ci CLK Input CLK Cpk - 0.7 - 0.7 - 0.7 pF 11,13
DZpck Delta Zpkg CK, CK - 10 - 10 - 10 Q 1,2,5,6,10
DTdck Delta Delay CK, CK - 5 - 5 - 5 ps 1,3,5,6,10
Z02Q 7Q Zpkg - 100 - 100 - 100 Q 1,2,5,10,11
Tdo ZQ ZQ Delay 20 90 20 90 20 90 ps 1,3,5,10,11
Zo ALERT | ALERT Zpkg 40 100 40 100 40 100 Q 1,2,5,10,11
Tdo ALERT | ALERT Delay 20 55 20 55 20 55 ps 1,3,5,10,11

NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The package parasitic (L & C) are
validated using package only samples. The capacitance is measured with VDD, VDDQ, VSS, VSSQ shorted with all other signal pins
floating. The inductance is measured with VDD, VDDQ, VSS and VSSQ shorted and all other signal pins shorted at the die side (not
pin). Measurement procedure TBD.
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NOTE 2

NOTE 3

NOTE 4
NOTE 5
NOTE 6
NOTE 7
NOTE 8
NOTE 9
NOTE 10
NOTE 11

NOTE 12
NOTE 13

DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Package only impedance (Zpkg) is calculated based on the Lpkg and Cpkg total for a given pin where:
Zpkg (total per pin) = /Lpkg / Cpkg
Package only delay(Tpkg) is calculated based on Lpkg and Cpkg total for a given pin where:
Tdpkg (total per pin) =~/ Lpkg x Cpkg
Z & Td 10 applies to DQ, DM, DQS, DQS, TDQS and TDQS.
This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here.
Absolute value of ZCK-ZCK for impedance(Z) or absolute value of TdCK-TdCK for delay(Td).
Absolute value of ZIO(DQS)-ZIO (DQS) for impedance(Z) or absolute value of TdIO(DQS)-TdIO (DQS) for delay(Td).
ZI & Td ADD CMD applies to A0-A13, A17, ACT BAO-BA1, BGO-BG1, RAS/A16, CAS/A15, WE/A14 and PAR.
ZI & Td CTRL applies to ODT, CS and CKE.

This table applies to monolithic X4 and X8 devices.

Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg and
Cpkg do not exceed the maximum values shown.

It is assumed that Lpkg can be approximated as Lpkg = Zo x Td.
It is assumed that Cpkg can be approximated as Cpkg = Td / Zo.
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DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

DRAM package electrical specifications(X16)

DDR4-1600/1866/2133/2400/2666/2933/3200
Symbol Parameter Unit |Notes
Min Max
Zio Input/output Zpkg 45 85 Q 1
Tdio Input/output Pkg Delay 14 45 ps 1
Lio Input/Output Lpkg - 34 nH 1,2
Cio Input/Output Cpkg - 0.82 pF 1,3
ZioDQS | DQS, DQS Zpkg 45 85 Q 1
Tdio DQS | DQS, DQS Pkg Delay 14 45 ps 1
Lio DQS DQS Lpkg - 34 nH 1,2
CioDQS | DQS Cpkg - 0.82 pF | 1,3
DZpio DQ | Delta Zpkg DQS, DQS - 10 Q -
DTdpio DQS| Delta Delay DQS, DQS - 5 ps -
Z) CTRL Input- CTRL pins Zpkg 50 90 Q -
TdI_CTRL | Input- CTRL pins Pkg Delay 14 42 ps -
Lj CTRL Input CTRL Lpkg - 3.4 nH 1
Ci CTRL Input CTRL Cpkg - 0.7 pF 1
ZIADD CMD | Input- CMD ADD pins Zpkg 50 90 Q 1,2
TdIADD CMD | Input- CMD ADD pins Pkg Delay 14 52 ps 1,3
Li ADD CMD | Input CMD ADD Lpkg - 3.9 nH 1
Ci ADD CMD| Input CMD ADD Cpkg - 0.86 pF 1
Zck CK, CK Zpkg 50 90 Q | 1,2
TdcK CK, CK Pkg Delay 14 42 ps 1,3
Lj CLK Input CLK Lpkg - 3.4 nH 1
Ci CLK Input CLK Cpk - 0.7 pF 1
DZpck | Delta Zpkg CK, CK - 10 Q | 1,2
DTdckK Delta Delay CK, CK - 5 ps 1,3
Z02Q Z2Q Zpkg - 100 Q -
TdoZQ |ZQ Delay 20 90 ps -
Zo ALERT | ALERT Zpkg 40 100 Q -
Tdo ALERT | ALERT Delay 20 55 ps -

NOTE 1 Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg and Cpkg
do not exceed the maximum value shown.

NOTE 2 Itis assumed that Lpkg can be approximated as Lpkg = Zo x Td.
NOTE 3 It is assumed that Cpkg can be approximated as Cpkg = Td / Zo.
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DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Electrical Characteristics & AC Timing

Reference Load for AC Timing and Output Slew Rate

Reference Load for AC Timing and Output Slew Rate represents the effective reference load of 50 ohms used in defining
the relevant AC timing parameters of the device as well as output slew rate measurements.
Ron nominal of DQ, DQS and DQS drivers uses 34 ohms to specify the relevant AC timing parameter values of the
device.
® The maximum DC High level of Output signal = 1.0 * VDDQ,
® The minimum DC Low level of Output signal = {34 / (34 + 50)} *VDDQ = 0.4* VDDQ
® The nominal reference level of an Output signal can be approximated by the following:
® The center of maximum DC High and minimum DC Low = {(1 + 0.4)/ 2} * VDDQ = 0.7 * VDDQ
The actual reference level of Output signal might vary with driver Ron and reference load tolerances. Thus, the actual
reference
level or midpoint of an output signal is at the widest part of the output signal’s eye. Prior to measuring AC parameters, the

reference level of the verification tool should be set to an appropriate level.

It is not intended as a precise representation of any particular system environment or a depiction of the actual load
presented by a production tester. System designers should use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers correlate to their production test conditions, generally one or more

coaxial transmission lines terminated at the tester electronics.

vDDQ
]
DUT 50 Q
CK, CK DQ
— DQS VTT = VDDQ
DQS
Timing Reference Point Timing Reference Point

V

tREFI
Average periodic Refresh interval (tREFI) of DDR4 SDRAM is defined.
Parameter Symbol 8 Gb Units
TCASE <85°C 7.8 us
Average periodic refresh interval tREFI
85°C=<TCASE =95°C 3.9 us
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DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in

malfunction of the DDR4 SDRAM device.

Definition for tCK(abs)

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.

tCK(abs) is not subject to production test.

Definition for tCK(avg)

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is

calculated from rising edge to rising edge.

N
t CK(avg) = (ZtCK(abs)j]/N N= 200

V=1
Definition for tCH(avg) and tCL(avg)

tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

N
t CHavg) = (ZzafJ/{Nxt(K(avg)} N= 200

j=1

tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
t CL(avg) = [ t CZjJ/{Nx t CKlavg)} N = 200
j =1

Definition for tERR(nper)

tERR is defined as the cumulative error across n consecutive cycles of n x tCK(avg). tERR is not subject to production test.
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DDR4-8Gb H-Die
NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

AC&DC Operating conditions

Timing Parameter(Data rate 1600, 1866, 2133 specifications and conditions)

Speed DDR4-1600 DDR4-1866 DDR4-2133 .
Unit | Notes
Parameter ‘ Symbol Min ‘ Max Min Max Min ‘ Max
|Clock Timing
Minimum Clock Cycle Time tCK s 2 3 20 3 20 ns
(DLL off mode) (DLL_OFF)
Average Clock Period tCK(avg) Refer to “Speed Bin” section ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
X Min: tCK(avg)min + tJIT(per)min_to t
Absolute Clock Period tCK(abs) Max: tCK(avg)m ax + tIT(per)m ax_tot tCK(avg)
Absolute clock HIGH pulse tCH(abs) 0.45 - 0.45 - 0.45 - tCK(avg) | 23
width
Absolute clock LOW pul
'so ute cloc pulse tCL(abs) 0.45 - 0.45 - 0.45 - tCK(avg) 24
width
Clock Period Jitter- total JIT(per)_tot -63 63 -54 54 -47 47 ps 23
Clock Period Jitter- IT(per)_dij 31 31 27 27 -23 23 ps 26
deterministic -
Clock Period litter during DLL
) ) & tIT(per, Ick) -50 50 -43 43 -38 38 ps
flocking period
Cycle to Cycle Period Jitter tIT(cc) - 125 - 107 - 94 ps
Cycle to Cycle Period Jitt
yc.e o Cycle .eI'IO | er IT(cc, Ick) . 100 ) %6 . 75 os
during DLL locking period
Cumulative error across 2 tERR(2per) 92 92 -79 79 -69 69 ps
cycles
Cumulative error across 3 tERR(3per) -109 109 04 9 82 22 ps
cycles
Cumulative error across 4 tERR(dper) 121 121 104 104 01 01 ps
cycles
Cumulative error across 5 tERR(Sper) 131 131 112 112 8 o8 ps
cycles
Cumulative error across 6 tERR(6per) 139 139 119 119 -104 104 ps
cycles
Cumulative error across 7 tERR(7per) 145 145 124 124 109 109 ps
cycles
Cumulative error across 8 tERR(8per) 151 151 129 129 113 113 ps
cycles
Cumulative error across 9 tERR(9per) -156 156 134 134 117 117 ps
cycles
i 1
Cumulative error across 10| ¢ pp(10per) -160 160 -137 137 -120 120 ps
cycles
Cumulative error across 11
tERR(11per) -164 164 -141 141 -123 123 ps
cycles
Cumulative error across 12 tERR(12per) 168 168 144 144 126 126 ps
cycles
Cumulative error across 13 tERR(13per) 172 172 147 147 129 129 ps
cycles
Cumulative error across 14 tERR(14per) 175 175 150 150 131 131 ps
cycles
i 1
Cumulative error across 15| ¢ pr(15per) 178 178 -152 152 133 133 ps
cycles
Cumulative error across 16
tERR(16per) -180 189 -155 155 -135 135 ps
cycles
lati 17
Cumulative error across tERR(17per) -183 183 -157 157 137 137 ps
cycles
Cumulative error across 18
tERR(18per) -185 185 -159 159 -139 139 ps
cycles
Cumulative error across n = 13, LERR( ) tERR (nper)min = ((1 + 0.68In(n)) * tJIT (per)_total min) s
14 .. .49, 50 cycles nper tERR (nper)max = ((1 + 0.68In(n)) * t)IT(per)_total max) P
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NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-1600 DDR4-1866 DDR4-2133 .
- - - Unit | Notes
Parameter Symbol Min Max Min Max Min Max
Command and Address setup
Jtime to CK,CK referenced to tIS(base) 115 - 100 - 80 - ps
Vih(ac) / Vil(ac) levels
Command and Address setup
Jtime to CK,CK referenced to tIS(Vref) 215 - 200 B 180 - ps
Vref levels
Command and Address hold
Jtime to CK,CK referenced to tiH(base) 140 - 125 - 105 - ps
Vih(dc) / Vil(dc) levels
Command and Address hold
ftime to CK,CK referenced to tiH(Vref) 215 - 200 - 180 - ps
Vref levels
Control and Address Input HPW 600 . 525 ) 460 . bs
|pu|se width for each input
ICommand and Address Timing
ICAS to CAS command delay max(5nCK max(5nCK max(5nCK
tCCD_L - - - nCK 34
Jfor same bank group - ,6.250 ns) ,5.355 ns) ,5.355 ns)
CAS to CAS command delay +CCD S 4 . 4 . 4 . nCK 31
ffor different bank group -
ACTIVATE to ACTIVATE
Command delay to different tRRD_S(2K) Max(4nCK,6ns) - Max(4nCK,5.3ns) - Max(4nCK,5.3ns) - nCK 34
Ibank group for 2KB page size
ACTIVATE to ACTIVATE
Command delay to different tRRD_S(1K) | Max(4nCK,5ns) - Max(4nCK,4.2ns) - Max(4nCK,3.7ns) - nCK 34
Ibank group for 1KB page size
ACTIVATE to ACTIVATE
Command delay to different tRRD_S(1/2K) Max(4nCK,5ns) - Max(4nCK,4.2ns) - Max(4nCK,3.7ns) - nCK 34
Ibank group for 1/2KB page size
ACTIVATE to ACTIVATE
Command delay to same bank | tRRD_L(2K) |Max(4nCK,7.5ns) - Max(4nCK,6.4ns) - Max(4nCK,6.4ns) - nCK 34
Jgroup for 2KB page size
ACTIVATE to ACTIVATE
Command delay to same bank | tRRD_L(1K) | Max(4nCK,6ns) - Max(4nCK,5.3ns) - Max(4nCK,5.3ns) - nCK 34
I8roup for 1KB page size
ACTIVATE to ACTIVATE
Command delay to same bank |tRRD_L(1/2K)| Max(4nCK,6ns) - Max(4nCK,5.3ns) - Max(4nCK,5.3ns) - nCK 34
group for 1/2KB page size
Four a-ct|vate window for 2KB tFAW_2K |Max(28nCK,35ns) - Max(28nCK,30ns - Max(28nCK,30ns, - ns 34
page size
F tivate window for 1KB
| our a'c vate window for tFAW_1K |Max(20nCK,25ns) - Max(20nCK,23ns - Max(20nCK,21ns - ns 34
page size
Four activate window for Max Max Max
1/2KB page size tFAW_1/2K | ;e 50ns) - (16nCK,17ns) - (16nCK,15ns) - ns 34
IDeIay from start of internal
write transaction to internal tWTR_S max(2nCK,2.5ns) - max(2nCK,2.5ns) - max(2nCK,2.5ns) - 1,2,e,34
read command for different -
Jbank group
IDeIay from start of internal
ite t tion to int |
write transaction to Interna tWTR_L max(4nCK,7.5ns) - max(4nCK,7.5ns) - max(4nCK,7.5ns) - 1,34
read command for same bank -
fgroup
Int | READ C dt
[n ema ommanc to tRTP max(4nCK,7.5ns) - max(4nCK,7.5ns) - max(4nCK,7.5ns) -
PRECHARGE Command delay
WRITE recovery time tWR 15 - 15 - 15 - ns 1
Write recovery time when CRC | tWR_CRC_D tWR+max . tWR+max . tWR+max . ns 128
and DM are enabled M (4nCK,3.75ns) (5nCK,3.75ns) (5nCK,3.75ns) !
delay from start of internal
write transaction to internal
d d for diff tWTR_S_CRC| tWTR_S+max . tWTR_S+max : tWTR_S+max : ns 2 29 34
read command for different DM (4nCK,3.75ns) (5nCK,3.75ns) (5nCK,3.75ns) e
bank group with both CRC and -
DM enabled
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DDR4-8Gb H-Die
NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Speed

DDR4-1600

DDR4-1866

DDR4-2133

Unit

Parameter

Symbol

Min

Max

Min

Max Min

Max

Notes

delay from start of internal
write transaction to internal
read command for same bank
group with both CRC and DM

enabled

tWTR_L_CRC
DM

tWTR_L+max
(4nCK,3.75ns)

tWTR_L+max
(5nCK,3.75ns)

tWTR_L+max
(5nCK,3.75ns)

ns

3,30, 34

DLL locking time

tDLLK

597

597

nCK

Mode Register Set command
cycle time

tMRD

nCK

update delay

tMOD

max(24nCK,15ns)

max(24nCK,15ns

- max(24nCK,15ns

50

Multi-Purpose Register
Recovery Time

tMPRR

1

1

- 1

nCK

33

Multi-Purpose Register Write

|Mode Register Set command
IRecovery Time

tWR_MPR

tMOD (min)
+AL+PL

tMOD (min)
+AL+PL

tMOD (min)
+AL+PL

Auto precharge write recovery
+ precharge time

tDAL(min)

Prog|

rammed WR + roundup ( tRP / tCK(avg))

nCK

JDQO or DQLO driven to 0
set-up time to first DQS rising
edge

tPDA_S

0.5

0.5

Ul

45,47

DQO or DQLO driven to 0 hold
time from last DQS falling edge

tPDA_H

0.5

0.5

Ul

46,47

Iﬁ to Command Address Latency

CS to Command Address
JLatency

tCAL

max(3
nCK,3.748 ns)

max(3
nCK,3.748 ns)

max(3
nCK,3.748 ns)

nCK

Mode Register Set command
cycle time in CAL mode

tMRD_tCAL

tMOD+tCAL

tMOD+tCAL

- tMOD+tCAL

nCK

delay in CALmode

tMOD_tCAL

tMOD+tCAL

tMOD+tCAL

- tMOD+tCAL

nCK

|Mode Register Set update
IDRAM Data Timing

DQS,DQS to DQ skew, per
group, per access

tbQsQ

0.16

0.16 -

0.16

tCK(avg)
/2

13,18,
39,49

DQ output hold time per
group, per access from
DQS, DQS

tQH

0.76

0.76

tCK(avg)
/2

13,17,18
, 39,49

per UL:(tQH-tDQSQ) of each UI

Data Valid Window per device
on a given DRAM

tbvwd

0.63

0.63

Ul

17,18
39,49

Data Valid Window per pin per
Ul:(tQH - tDQSQ) each Ul on a
pin of a given DRAM

tDVWp

Ul

17,18
39,49

DQ low impedance time from
cK, CK

tLZ(DQ)

-450

225

-390

-360

ps

39

DQ high impedance time from
cK, CK

tHZ(DQ)

225

ps

39

Data Strobe Timing

DQS,DQS differential READ
Preamble(1 clock preamble)

tRPRE

0.9

NOTE 44

0.9

NOTE 44 0.9

NOTE 44

tCK

40

DQS,DQS differential READ
Preamble(2 clock preamble)

tRPRE2

NA

NA

NA

NA NA

NA

tCK

41

DQS,DAS differential READ
Postamble

tRPST

NOTE 45

NOTE 45

NOTE 45

tCK

high time

tQSH

0.4

0.4

tCK

21

DQS,DQS differential output
low time

tQsL

0.4

0.4

tCK

20

DQS,DQS differential WRITE
Preamble
(1 clock preamble)

tWPRE

0.9

0.9

tCK

)

DQS,DQS differential WRITE
Preamble
(2 clock preamble)

|DQS,DQS differential output

tWPRE2

NA

NA

tCK

43

DQS,DQS differential WRITE
Postamble

tWPST

tCK
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NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-1600 DDR4-1866 DDR4-2133 .
- - - Unit | Notes
Parameter Symbol Min Max Min Max Min Max
DQS and DQS low-i d
QS and DS low-impedance |\, 5 q) -450 225 -390 195 -360 180 ps
time (Referenced from RL-1)
DQS and DQS high-impedance
time (Referenced from tHZ(DQS) - 225 - 195 - 180 ps
RL+BL/2)
DAs,bas differential inputlow | - p gy 0.46 0.54 0.46 0.54 0.46 0.54 tcK
pulse width
DQS,DQS differential input
Q5,DQs differential inpu tDQSH 0.46 0.54 0.46 0.54 0.46 0.54 K
high pulse width
DQS,DQS rising edge to CK,CK
rising edge tDQSS -0.27 0.27 -0.27 0.27 -0.27 0.27 tCK 42
(1 clock preamble)
DQS,DQS rising edge to CK,CK
rising edge tDQSS2 NA NA NA NA NA NA tCK 43
(2 clock preamble)
DQS,DAS faﬂng edge setup tDSS 0.18 B 0.18 R 0.18 R tCK
time to CK,CKrising edge
DQS,DQSEIIlng edge hold time DSH 0.18 . 0.18 ) 0.18 . oK
from CK,CK rising edge
DQS,DQSrising edge output
I.Q. ng ecge oup tDQsCK
timing location from rising CK, -225 225 -195 195 -180 180 ps 37,38,39
__ (DLL On)
CK with DLL On mode
IDQs, DQS rising edge output tDQSCKI ) 370 ) 130 . 310 os 37,3839
variance window per DRAM (DLL On)
IMPSM Timing
Command path disable delay tMPED tMOD(min) + : tMOD(min) + : tMOD(min) + .
upon MPSM entry tCPDED(min) tCPDED(min) tCPDED(min)
Valid clock requirement after CKMPE tMOD(min) + ) tMOD(min) + ) tMOD(min) + )
IMPsm entry t tCPDED(min) tCPDED(min) tCPDED(min)
\Valid clock i t bef
a coc‘ requirement betore tCKMPX tCKSRX(min) tCKSRX(min) tCKSRX(min)
IMPSM exit
|ex
xit MPSM to commands not XMP £XS(min) : XS(min) : £XS(min) :
requiring a locked DLL
JExit MPSM to commands XMPDLL tXMP(min) + tXMP(min) + tXMP(min) +
requiring a locked DLL tXSDLL(min) tXSDLL(min) tXSDLL(min)
s . CKE tMPX S tISmin + } tISmin + . tISmin + .
setup time to = tiHmin tiHmin tiHmin
|Ca|ibration Timing
IP°‘f"er'f‘p and RESET tZQinit 1024 - 1024 - 1024 - ncK
calibration time
INormal operation Full tZQoper 512 R 512 _ 512 - ncK
calibration time
NoArmaIAopelA'ann Short 12QCs 128 ) 128 . 128 . nCK
calibration time
IReset/self Refresh Timing
. Max Max Max
Exit Reset from CKE HIGH to a tXPR  |(5nCK.tRFC(min) : (5nCK,tRFC{min) : (5nCK,tRFC(min) ;
valid command +10ns) +10ns) +10ns)
JFxit Seif Refresh to commands XS tRFC(min)+10ns - tRFC(min)+10ns - tRFC(min)+10ns -
not requiring a locked DLL
SRX to commands not
L locked DLL in Self tXS_ABORT | tRFC4(min)+ ) tRFC4(min)+ . tRFC4(min)+ .
requiring a locke in Se (min) 10ns 10ns 10ns
JRefresh ABORT
JExit seif Refresh to zact,zacs
tXS_FAST tRFC4(min)+ tRFC4(min)+ tRFC4(min)+
and MRS (CL,CWL,WR,RTP and B - - -
(min) 10ns 10ns 10ns
Gear Down)
Version 1.6 277 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/Eﬁk NTC Proprietary
v

Level: Property
DDR4-8Gb H-Die

NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-1600 DDR4-1866 DDR4-2133 .
- - - Unit | Notes
Parameter Symbol Min Max Min Max Min Max
Exit Self Refresh to commands EXSDLL tDLLK(min) . tDLLK(min) . tDLLK(min) .
requiring a locked DLL
Minimum CKE low width for tCKESR tCKE(min)+ . tCKE(min)+ . tCKE(min)+ .
Self refresh entry to exit timing 1nCK 1nCK 1nCK
IMinimum CKE low width for . . .
Self refresh . CKESR PAR tCKE(min)+ . tCKE(min)+ . tCKE(min)+ .
elf refresh entry to exit timing - 1nCK+PL 1nCK+PL 1nCK+PL
with CA Parity enabled
Valid Clock Requirement after
Self Refresh Entry (SRE) or tCKSRE max(5nCK,10ns) - max(5nCK,10ns) - max(5nCK,10ns) -
JPower-Down Entry (PDE)
Valid Clock Requirement after
Self Refresh Entry (SRE) or CKSRE PAR max . max . max .
JPower-Down when CA Parity is - (5nCK,10ns)+PL (5nCK,10ns)+PL (5nCK,10ns)+PL
enabled
Valid Clock Requirement
before Self Refresh Exit (SRX) tCKSRX max(5nCK,10ns) - max(5nCK,10ns) - max(5nCK,10ns) -
or Power-Down Exit (PDX) or
Reset Exit
IPower Down Timing
Exit Power Down with DLL on to
any valid command; Exit
Precharge Power Down with DL tXP max (4nCK,6ns) - max (4nCK,6ns) - max (4nCK,6ns) -
frozen to commands not
requiring a locked DLL
CKE minimum pulse width tCKE max (3nCK, 5ns) - max (3nCK, 5ns) - max (3nCK, 5ns) - 31,32
Command pass disable delay tCPDED 4 - 4 - 4 - nCK
|Power Down Entry to Exit tPD tCKE(min) 9*tREFI tCKE(min) 9*tREFI tCKE(min) 9*tREFI 6
Timing
Timi f ACT d t
Iming O comman (o] tACTPDEN 1 _ 1 _ 2 _ nCK 7
jPower Down entry
Timing of PRE or PREA
command to Power Down tPRPDEN 1 - 1 - 2 - nCK 7
entry
Timing of RD/RDA command to tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - nCK
jPower Down entry
Timing of WR command to WL+4+(tWR/tCK WL+4+(tWR/tCK WL+4+(tWR/tCK
Power Down entry (BL8OTF, tWRPDEN - - - nCK 4
(avg)) (avg)) (avg))
BL8MRS,C40TF)
Timing of WRA command to
Power Down entry (BL8OTF, tWRAPDEN WL+4+WR+1 - WL+4+WR+1 - WL+4+WR+1 - nCK 5
BL8MRS,BCAOTF)
Timing of WR command to tWRPBC4DE | WL+2+(tWR/tCK : WL+2+(tWR/tCK : WL+2+(tWR/tCK : nCK 4
Power Down entry (BCAMRS) N (avg)) (avg)) (avg))
Timing of WRA commandto | tWRAPBCAD |\, ., \yo.y . WL+2+WR+1 : WL+2+WR+1 . ncK 5
Power Down entry (BCAMRS) EN
Timi f REF dt
iming o command to tREFPDEN 1 ) 1 . 5 . nek 2
Power Down entry
Timing of MRS command to |\ ecppen | tmMOD(min) ; tMOD(min) : tMOD(min) ;
Power Down entry
[PDA Timing
Mode Begi'ster Set command tMRD PDA max(16nCK, . max(16nCK, . max(16nCK, . nCK
cycle time in PDA mode - 10ns) 10ns) 10ns)
Mode Register Set d
ode Regis e‘r et comman tMOD PDA tMOD
update delay in PDA mode -
IODT Timing
Asynchronous RTT turn-on
delay (Power- Down with DLL tAONAS 1.0 9.0 1.0 9.0 1.0 9.0 ns
ffrozen)
Asynchronous RTT turn-off
delay (Power- Down with DLL tAOFAS 1.0 9.0 1.0 9.0 1.0 9.0 ns
ffrozen)
RTT dynamic change skew tADC 0.3 0.7 0.3 0.7 0.3 0.7 tCK(avg)
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DDR4-8Gb H-Die

NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-1600 DDR4-1866 DDR4-2133 .
Unit | Notes
Parameter | symbol Min | Max Min | Max Min | Max
Werite Leveling Timing
First DQS/DQS rising edge after
write leveling mode is tWLMRD 40 - 40 - 40 - nCK 12
programmed
DQS/DQS delay after write tWLDQSEN 25 ) 25 ) 25 ) ek 1

leveling mode is programmed

Write leveling setup time from
rising CK/CK crossing to rising twLs 0.13 - 0.13 - 0.13 - tCK(avg)
IDQS/DAS crossing

Write leveling hold time from
rising DQS/DQS crossing to tWLH 0.13 - 0.13 - 0.13 - tCK(avg)
rising CK/CK crossing

Write leveling output delay twLo 0 9.5 0 9.5 0 9.5 ns

Write leveling output error tWLOE 0 2 0 2 0 2 ns

ICA Parity Timing

Commands not guaranteed to | tPAR_UNKN

- PL - PL - PL
Jbe executed during this time OWN
Delay from errant command to |tPAR_ALERT_ . PL+6NS . PL46NS . PL+6NS
[ALERT assertion ON
IPuIse width of ALERT signal tPAR_ALERT_ 48 %6 56 112 64 128 nCK
when asserted PW
Time from when Alert is
asserted till controller must tPAR_ALERT_ . 23 ) 50 . 57 nCK
start providing DES commands RSP
fin Persistent CA parity mode
IParity Latency PL 4 4 4 nCK
ICRC Error Reporting
CRC error to ALERT latency tCRC_ALERT 3 13 3 13 3 13 ns
CRC_ALERT
CRC ALERT pulse width - - 6 10 6 10 6 10 nCK
PW
JtREFI
tRFC1 (min) 8Gb 350 - 350 - 350 - ns 34
tRFC2 (min) 8Gb 260 - 260 - 260 - ns 34
tRFC4 (min) 8Gb 160 - 160 - 160 - ns 34
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DDR4-8Gb H-Die
NANUAN NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

Timing Parameter(Data rate 2400, 2666, 2933, 3200 specifications and conditions)

Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Unit | Notes
Parameter | symbol Min |  Max Min | Max Min | Max Min | Max
|Clock Timing
Minimum Clock Cycle Time tCK s 2 8 2 8 20 8 20
ns
(DLL off mode) (DLL_OFF)
Average Clock Period tCK(avg) Refer to “Speed Bin” section ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
. Min: tCK(avg)min+tJIT(per)min_tot
Absolute Clock Period tCK(abs) tCK(avg)
Max: tCK(avg)max+ tJIT(per)max_tot
Absolute clock HIGH pulse
K P tCH(abs) 0.45 - 0.45 - 0.45 - 0.45 - tCK(avg) 23
width
Absolute clock LOW pulse
K tCL(abs) 0.45 - 0.45 - 0.45 - 0.45 - tCK(avg) 24
width
Clock Period Jitter- total JIT(per)_tot -42 42 -38 38 -34 34 -32 32 ps 25
Clock Period Jitter- .
o JIT(per)_dj 21 21 -19 19 -17 17 -16 16 ps 26
deterministic
Clock Period Jitter during
K i tIT(per, Ick) -33 33 -30 30 -27 27 -25 25 ps
IDLL locking period
Cycle to Cycle Period Jitter tIT(cc) - 83 - 75 - 68 - 62 ps
Cycle to Cycle Period Jitter
yere to bycle reriod NT(cc, Ick) - 67 - 60 - 55 - 50 ps
during DLL locking period
Cumulative error across 2
tERR(2per) -61 61 -55 55 -50 50 -46 46 ps
cycles
Cumulative error across 3
tERR(3per) -73 73 -66 66 -60 60 -55 55 ps
cycles
Cumulative error across 4
tERR(4per) -81 81 -73 73 -66 66 -61 61 ps
cycles
Cumulative error across 5
tERR(5per) -87 87 -78 78 -71 71 -65 65 ps
cycles
Cumulative error across 6
tERR(6per) -92 92 -83 83 -75 75 -69 69 ps
cycles
Cumulative error across 7
tERR(7per) -97 97 -87 87 -79 79 -73 73 ps
cycles
Cumulative error across 8
tERR(8per) -101 101 -91 91 -83 83 -76 76 ps
cycles
Cumulative error across 9
tERR(9per) -104 104 -94 94 -85 85 -78 78 ps
cycles
Cumulative error across 10
tERR(10per) -107 107 -96 96 -88 88 -80 80 ps
cycles
Cumulative error across 11
tERR(11per) -110 110 -99 99 -90 90 -83 83 ps
cycles
Cumulative error across 12
tERR(12per) -112 112 -101 101 -92 92 -84 84 ps
cycles
Cumulative error across 13
tERR(13per) -114 114 -103 103 -93 93 -86 86 ps
cycles
Cumulative error across 14
tERR(14per) -116 116 -104 104 -95 95 -87 87 ps
cycles
Cumulative error across 15
tERR(15per) -118 118 -106 106 -97 97 -89 89 ps
cycles
Cumulative error across 16
tERR(16per) -120 120 -108 108 -98 98 -90 90 ps
cycles
Cumulative error across 17
tERR(17per) -122 122 -110 110 -100 100 -92 92 ps
cycles
Cumulative error across 18
tERR(18per) -124 124 -112 112 -101 101 -93 93 ps
cycles
Cumulative error across n = tERR(nper)min = ((1 + 0.68In(n)) * tJIT(per)_total min)
tERR(nper) ps
13,14...49, 50 cycles tERR(nper)max = ((1 + 0.68In(n)) * tJIT(per)_total max)
Command and Address
setup time to CK,CK
upt _ tis(base) 62 - 55 - 48 - 40 - ps
referenced to Vih(ac) /
Vil(ac) levels
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NAN\_.JA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Unit | Notes
Parameter Symbol Min Max Min Max Min Max Min Max
Command and Address
setup time to CK,CK tIS(Vref) 162 - 145 - 138 - 130 - ps
referenced to Vref levels
Command and Address hold
Jtime to CK,CK referenced to tiH(base) 87 - 80 - 73 - 65 - ps
Vih(dc) / Vil(dc) levels
Command and Address hold
ftime to CK,CK referenced to tIH(Vref) 162 - 145 - 138 - 130 - ps
Vref levels
Control and Address Input
i i tiPwW 410 = 385 = 365 - 340 - ps
Ipulse width for each input
Command and Address Timing
ICAS to CAS command delay max(5 nCK, max(5 nCK, max(5 nCK, max(5 nCK,
tCCD_L - - - - nCK 34
ffor same bank group - 5ns) 5ns) 5 ns) 5ns)
CAS to CAS command dela
' Y tCCD S 4 - 4 - 4 - 4 - nCK 34
ffor different bank group -
ACTIVATE to ACTIVATE
Command delay to different Max(4nCK, Max(4nCK, Max(4nCK, Max(4nCK,
vtodi tRRD_S(2K) X - X - X - X - nck | 34
lbank group for 2KB page - 5.3ns) 5.3ns) 5.3ns) 5.3ns)
size
ACTIVATE to ACTIVATE
Command delay to different {RRD_S(1K) Max(4nCK, B Max(4nCK, B Max(4nCK, _ Max(4nCK, B nck 34
lbank group for 1KB page 3.3ns) 3ns) 2.7ns) 2.5ns)
size
ACTIVATE to ACTIVATE
Command delay to different Max(4nCK,3 Max(4nCK, Max(4nCK, Max(4nCK,
v tRRD_s(1/2K) M - ( - ¢ - { - nck | 34
fbank group for 1/2KB page .3ns) 3ns) 2.7ns) 2.5ns)
size
ACTIVATE to ACTIVATE
Command delay to same Max(4nCK, Max(4nCK, Max(4nCK, Max(4nCK,
tRRD_L(2K) - - - - nCK 34
Ibank group for 2KB page - 6.4ns) 6.4ns) 6.4ns) 6.4ns)
size
ACTIVATE to ACTIVATE
Command delay to same tRRD_L(1K) Max(4nCK, _ Max(4nCK, _ Max(4nCK, _ Max(4nCK, _ ek 34
lbank group for 1KB page 4.9ns) 4.9ns) 4.9ns) 4.9ns)
size
ACTIVATE to ACTIVATE
Command delay to same Max(4nCK, Max(4nCK, Max(4nCK, Max(4nCK,
v tRRD_L(1/2K) { - ( - { - { - nck | 34
bank group for 1/2KB page 4.9ns) 4.9ns) 4.9ns) 4.9ns)
size
IFour activate window for Max(28nCK, Max(28nCK, Max(28nCK, Max(28nCK
R tFAW_2K - - - - ns 34
2KB page size 30ns) 30ns) 30ns) ,30ns)
JFour activate window for Max(20nCK Max(20nCK, Max(20nCK, Max(20nCK
i tFAW_1K - - - - ns 34
1KB page size - ,21ns) 21ns) 21ns) ,21ns)
Four activate window for Max(16nCK, Max(16nCK, Max(16nCK, Max(16nCK
. tFAW_1/2K - - - - ns 34
1/2KB page size 13ns) 12ns) 10.875ns) 10ns)
IDeIay from start of internal
write transaction to internal max (2nCK, max (2nCK, max (2nCK, max (2nCK,
. tWTR_S - - - - ns 1,2,e,34
read command for different 2.5ns) 2.5ns) 2.5ns) 2.5ns)
fbank group
IDeIay from start of internal
max
ite t tion to int |
write transaction to interna tWTR L max _ max _ max _ (4nCK.7.5ns _ ns 134
read command for same - (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) )
fbank group
Internal READ Command to
max max max max
PRECHARGE Command tRTP - - - - 34
(4nCK,7.5ns) (4nCK,7.5ns), (4nCK,7.5ns) (4nCK,7.5ns,
delay
WRITE recovery time tWR 15 - 15 - 15 - 15 - 1
Write recovery time when tWR+max(5 tWR+max(5 tWR+max(5 tWR+max(5
tWR_CRC_DM - - - - ns 1,28
CRC and DM are enabled nCK,3.75ns) nCK,3.75ns) nCK,3.75ns) nCK,3.75ns)
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N/\NUA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Unit | Notes
Parameter | symbol Min |  Max Min | Max Min | Max Min | Max
JCommand and Address Timing
delay from start of internal
write transaction to internal tWTR_S+ tWTR_S+ tWTR_S+ tWTR_S+
) tWTR_S_CRC
read command for different DM max(5nCK, - max(5nCK, - max(5nCK, - max(5nCK, - ns 2,29,34
Ibank group with both CRC - 3.75ns) 3.75ns) 3.75ns) 3.75ns)
and DM enabled
delay from start of internal
rite transaction to internal tWTR_L+ tWTR_L+ tWTR_L+ tWTR_L+
! fontot tWTR_L_CRC - - - -
read command for same 6“; max(5nCK, - max(5nCK, - max(5nCK, - max(5nCK, - ns 3,30,34
Ibank group with both CRC - 3.75ns) 3.75ns) 3.75ns) 3.75ns)
and DM enabled
IDLL locking time tDLLK 768 - 1024 - 1024 - 1024 - nCK
Mode Register Set
gister 5¢ tMRD 8 - 8 - 8 - 8 - nCK
command cycle time
Mode Register Set max(24nCK, max(24nCK, max(24nCK, max(24nCK
tMOD - - - - nCK 50
command update delay 15ns) 15ns) 15ns) , 15ns)
Multi-Purpose Register
i tMPRR 1 - 1 - 1 - 1 - nCK 33
Recovery Time
IMl{|ti Purpose Re.gister tWR MPR tMOD (min) B tMOD (min) B tMOD (min) _ tMOD(min) B nck
Write Recovery Time - + AL+ PL +AL+PL +AL+PL +AL+PL
Auto precharge write R
. tDAL(min) Programmed WR + roundup ( tRP / tCK(avg)) nCK
recovery + precharge time
§DQO or DQLO driven to 0
set-up time to first DQS tPDA_S 0.5 - 0.5 - 0.5 - 0.5 - ul 45,47
rising edge
DQO or DQLO driven to 0
hold time from last DQS tPDA_H 0.5 - 0.5 - 0.5 - 0.5 - ul 46,47
falling edge
ICS to Command Address Latency
ICS to Command Address tCAL max(3 nCK, _ max(3 nCK, _ max(3 nCK, _ max(3 nCK, _ ek
Latency 3.748 ns) 3.748 ns) 3.748 ns) 3.748 ns)
Mode Register Set
o tMOD+ tMOD+ tMOD+ tMOD+
command cycle timein CAL tMRD_tCAL - - - - nCK
tCAL tCAL tCAL tCAL
mode
Mode Register Set update tMOD+ tMOD+ tMOD+ tMOD+
) tMOD_tCAL - - - - nCK
delay in CALmode tCAL tCAL tCAL tCAL
|DRAM Data Timing
DQS,DAS to DQ skew, per 13,18,
P tbDQsQ - 0.17 - 0.18 - 0.19 - 0.20 tCK(avg)/2
group, per access 39,49
DQ output hold ti
Q output hold time per 13,1718
group, per access from tQH 0.74 - 0.74 - 0.72 - 0.70 - tCK(avg)/2 39.49
DQS, DAS ”
Data Valid Window per 1718
device per Ul:(tQH-tDQSQ) tDvwd 0.64 - 0.64 - 0.64 - 0.64 - ul 39’ 45
of each Ul on a given DRAM ’
Data Valid Window per pin 1718
per Ul:(tQH - tDQSQ) each tDVWp 0.72 - 0.72 - 0.72 - 0.72 - ul 39’ 45
Ul on a pin of a given DRAM ’
DQ low impedance time
tLz(DQ) -330 175 -310 170 -280 165 -250 160 ps 39
from CK, CK
DQ high impedance time
tHZ(D - 175 - 170 - 165 - 160 S 39
|from cK, CK (ca) :
|Data strobe Timing
DQS,DAS differential READ
tRPRE 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 tCK 39,40
Preamble(1 clock reamble)
DQS,DAS differential READ
tRPRE2 1.8 NOTE 44 1.8 NOTE 44 1.8 NOTE 44 1.8 NOTE 44 tCK 39,41
Preamble(2 clock reamble)
DQS,DAS differential READ
tRPST 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 tCK 39
Postamble
DQS,DAS differential output
Q P tQSH 0.4 - 0.4 - 0.4 - 0.4 - tCK 21,39
high time
DQS,DQS differential output
| P tQsL 0.4 - 0.4 - 0.4 - 0.4 - tck | 20,39
low time
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NAN\_.J/\ NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4
Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 .
: : : : Unit | Notes
Parameter | Symbol Min Max Min Max Min Max Min | Max
|Data Strobe Timing
DQS,DAS differential WRITE
Preamble tWPRE 0.9 - 0.9 - 0.9 - 0.9 - tCK 42
(1 clock preamble)
DQS,DQS differential WRITE
Preamble tWPRE2 1.8 - 1.8 - 1.8 - 1.8 - tCK 43
(2 clock preamble)
DQS,DQS differential WRITE
Q tWPST 0.33 - 0.33 - 0.33 - 0.33 - tCK
Postamble
DQS and DQS
low-impedance time tLz(DQS) -330 175 -310 170 -280 165 -250 160 ps 39
(Referenced from RL-1)
DQS and DQS
high-impedance time tHZ(DQS) - 175 - 170 - 165 - 160 ps 39
(Referenced from RL+BL/2)
DQS,DAS differential input
. tDQSL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tCK
low pulse width
DQS,DQS differential input
_Q i P tDQSH 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0.54 tCK
high pulse width
DQS,DAS rising edge to
CK,CK rising edge tDQSS -0.27 0.27 -0.27 0.27 -0.27 0.27 -0.27 0.27 tCK 42
(1 clock preamble)
DQS,DAS rising edge to
CK,CKrising edge tDQSS2 -0.50 0.50 -0.50 0.50 -0.50 0.50 -0.50 0.50 tCK 43
(2 clock preamble)
DQS,DAS falling ed t
,Q aing edge setup tDSS 0.18 - 0.18 - 0.18 - 0.18 - tcK
time to CK,CK rising edge
DQS,DAS falling edge hold
_Q @ ”Ee X g‘e © tDSH 0.18 - 0.18 - 0.18 - 0.18 - tCK
time from CK,CK rising edge
DQS,DQSrisi d tput
,Q, < rls'lnge 8¢ ou pu tDQSCK 37,38,
timing location from rising -175 175 -170 170 -165 165 -160 160 ps
. (DLL On) 39
CK, CK with DLL On mode
DQS, DQS rising edge
Ol?; ut variancegwingdow er tDQSCKI 290 270 265 260 s 37,38,
P P (DLL On) P 39
DRAM
IMPSM Timing
. tMOD(min) tMOD(min) tMOD(min) tMOD(min)
Command path disable . .
tMPED +tCPDED(mi - +tCPDED(m - +tCPDED(mi - +tCPDED( -
delay upon MPSM entry i .
n) in) n) min)
. . tMOD(min) tMOD(min) tMOD(min) tMOD(min)
Valid clock requirement i .
tCKMPE +tCPDED(mi - +tCPDED(m - +tCPDED(mi - +tCPDED( -
after MPSM entry i .
n) in) n) min)
Valid clock i t tCKSRX(mi
and dock requiremen tCKMPX  |tCKSRX(min) ~ —  |[tCKSRX(min) - tCKSRX(min)| - {min - _
Ibefore MPSM exit )
IE it MPSM t d
Xt VPO to commands tXMP XS(min) - tXS(min) - XS(min) - XS(min) -
not requiring a locked DLL
. . . . tXMP(min)
JExit MPSM to commands XMPDLL tXMP(min) + tXMP(min) + tXMP(min) + .
requiring a locked DLL tXSDLL(min), tXSDLL(min), tXSDLL(min) .
tXSDLL(min
. tISmin+ tISmin+ tISmin+ tISmin+
CS setup time to CKE tMPX_S R - i - . - R -
tIHmin tIHmin tIHmin tIHmin
ICaIibration Timing
IPower-up and RESET .
i i . tZQinit 1024 - 1024 - 1024 - 1024 - nCK
calibration time
INormal operation Full
e tZQoper 512 - 512 - 512 - 512 - ncK
calibration time
N | tion Short
o.rma ‘opeI-'a fon shor tzQcs 128 - 128 - 128 - 128 - nCK
calibration time
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 i
: : : : Unit | Notes
Parameter | Symbol Min Max Min Max Min | Max Min | Max
[Reset/Self Refresh Timing
I . Max Max Max Max
Exit Reset from CKE HIGH to
, tXPR (5nCK,tRFC( - (5nCK,tREC( - (5nCK,tRFC( - (5nCK,tRFC( - ncK
a valid command . i R R
min)+10ns) min)+10ns) min)+10ns) min)+10ns)
Exit Self Refresh to . . . .
. tRFC(min)+ tRFC(min)+ tRFC(min)+ tRFC(min)+
commands not requiring a tXs - - - - nCK
10ns 10ns 10ns 10ns
locked DLL
SRX t d t
o commandsnot x5 ABORT(min | tRFCA(min) tRFC4(min) tRFCA(min)+ tRFC4(min)
requiring a locked DLL in - - - _ nCK
) +10ns +10ns 10ns +10ns
Self Refresh ABORT
Exit Self Refresh to
ZQCL,ZQCS and MRS . tRFC4(min tRFC4(min tRFC4(min)+ tRFC4(min
acLza tXS_FAST(min) (min) - (min) - {min) - (min) - ncK
(CL,CWL,WR,RTP and Gear - +10ns +10ns 10ns +10ns
Down)
Exit Self Refresh to
commands requiring a tXSDLL tDLLK(min) - tDLLK(min) - tDLLK(min) - tDLLK(min) - nCK
locked DLL
Minimum CKE low width for tCKE(min)+ tCKE(min)+ tCKE(min)+ tCKE(min)+
| | I 1
Self refresh entry to exit tCKESR - - - - nCK
e 1nCK 1nCK 1nCK 1nCK
timing
Minimum CKE low width for
Self refresh entry to exit tCKE(min)+ tCKE(min)+ tCKE(min)+ tCKE(min)+
el refresh entry to exi tCKESR_PAR (min) - (min) - (min) - (min) - ncK
timing with CA Parity - 1nCK+PL 1nCK+PL 1nCK+PL 1nCK+PL
enabled
Valid Clock Requirement
after Self Refresh Entry max max max max
tCKSRE - - - - nCK
(SRE) or Power-Down Entry (5nCK,10ns) (5nCK,10ns) (5nCK,10ns) (5nCK,10ns)|
(PDE)
Valid Clock Requirement
max max max max
after Self Refresh Entry
tCKSRE_PAR |(5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns) - (5nCK,10ns)| - nCK
N(SRE) or Power-Down when
o +PL +PL +PL +PL
CA Parity is enabled
Valid Clock Requirement
before Self Refresh Exit max max max max
) tCKSRX - - - - nCK
(SRX) or Power-Down Exit (5nCK,10ns) (5nCK,10ns) (5nCK,10ns) (5nCK,10ns
(PDX) or Reset Exit
|[Power Down Timing
Exit Power Down with DLL on
to any valid command;Exit
max max max max
Precharge Power Down with tXP - - - - nCK
(4nCK,6ns) (4nCK,6ns) (4nCK,6ns) (4nCK,6ns)
DLL frozen to commands not
requiring a locked DLL
CKE minimum pulse width tCKE max - max - max - max - nCK 31,32
(3nCK, 5ns) (3nCK, 5ns) (3nCK, 5ns) (3nCK, 5ns)
Command pass disable
P tCPDED 4 - 4 - 4 - 4 - nCK
delay
JPower Down Entry to Exit . . . .
rimi tPD tCKE(min) 9xtREFI tCKE(min) 9xtREFI tCKE(min) 9xtREFI | tCKE(min) 9xtREFI nCK 6
iming
Timi f ACT d t
iming o command to tACTPDEN 2 _ 2 _ 2 _ 2 — nCK 7
lPower Down entry
Timing of PRE or PREA
command to Power Down tPRPDEN 2 - 2 - 2 - 2 - nCK 7
entry
Timing of RD/RDA
command to Power Down tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - nCK
entry
Timing of WR command to
WL+4+(tWR WL+4+(tWR WL+4+(tWR WL+4+(tW
IPower Down entry (BL8OTF, tWRPDEN JicK(ave)) - JtcK(ave)) - JCK(ave)) - R/tCK(ave)) - nCK 4
av, av, av, av,
BL8MRS,C40TF) & & & &
Timing of WRA command to
WL+4+WR+
Power Down entry (BL8OTF,| tWRAPDEN |WL+4+WR+1 - WL+4+WR+1| - WL+4+WR+1 - 1 - nCK 5
BL8MRS,BC40TF)
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Speed

DDR4-2400

DDR4-2666

DDR4-2933

DDR4-3200

Parameter

Symbol

Min Max

Min Max

Min Max

Min Max

Unit | Notes

Timing of WR command to

Power Down entry
(BCAMRS)

tWRPBC4DEN

WL+2+(tWR

/tCK(ave))

WL+2+(tWR

/tCK(ave))

WL+2+(tWR
/tCK(avg))

WL+2+(tW
R/tCK(avg))

nCK 4

Timing of WRA command to
Power Down entry
(BCAMRS)

tWRAPBC4DEN

WL+2+WR+1 -

WL+2+WR+1 -

WL+2+WR+1 -

WL+2+WR+ -

nCK 5

Timing of REF command to
Power Down entry

tREFPDEN

nCK 7

Timing of MRS command to
Power Down entry

tMRSPDEN

tMOD(min) -

tMOD(min) -

tMOD(min) -

tMOD(min) -

nCK

|PDA Timing

IMode Register Set
command cycle time in PDA
mode

tMRD_PDA

max(16nCK,

10ns)

max(16nCK,

10ns)

max(16nCK,
10ns)

max(16nCK
10ns)

nCK

IMode Register Set
command update
delay in PDA mode

tMOD_PDA

tMOD

nCK

|ODT Timing

Asynchronous RTT turn-on
delay (Power- Down with
IDLL frozen)

tAONAS

1.0 9.0

1.0 9.0

1.0 9.0

1.0 9.0

ns

Asynchronous RTT turn-off
delay (Power- Down with
IDLL frozen)

tAOFAS

1.0 9.0

1.0 9.0

1.0 9.0

1.0 9.0

ns

RTT dynamic change skew

tADC

0.3 0.7

0.28

0.74

tCK(avg)

Write Leveling Timing

First DQS/DQS rising edge
after write leveling mode is
programmed

tWLMRD

nCK 12

DQS/DQS delay after write
leveling mode is
programmed

tWLDQSEN

nCK 12

Write leveling setup time
from rising CK/CK crossing
to rising DQS/DQS crossing

tWLS

0.13 -

tCK(avg)

Write leveling hold time
from rising DQS/DQS
crossing to rising CK/CK
crossing

tWLH

tCK(avg)

Write leveling output delay

twLO

0 9.5

0 9.5

0 9.5

ns

Write leveling output error

tWLOE

ns

|CA Parity Timing

Commands not guaranteed
to be executed during this
time

tPAR_UNKNOW
N

nCK

Delay from errant command
to ALERT assertion

tPAR_ALERT_O
N

- PL+6ns

- PL+6ns

- PL+6ns

- PL+6ns

nCK

IPuIse width of ALERT signal
when asserted

tPAR_ALERT_P
w

72 144

80 160

88 176

96 192

nCK

Time from when Alert is
asserted till controller must
start providing DES
commands in Persistent CA
parity mode

tPAR_ALERT_RS
]

nCK

Parity Latency

PL

nCK

|crRC Error Reporting

CRC error to ALERT latency

tCRC_ALERT

ns

CRC ALERT pulse width

CRC_ALERT_PW

nCK
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 .
Unit | Notes
Parameter ‘ Symbol Min Max Min Max Min Max Min Max

|Geardown timing
Exit RESET from CKE HIGH
to a valid tXPR_GEAR - - tXPR - tXPR - tXPR -
MRS geardown (T2/Reset)
CKE High Assert to Gear

Down Enable tXS_GEAR - - tXS - tXs - tXS -
tlme (T2/CKE)
MRS command to Sync tMOD+ tMOD+ tMOD+
tSYNC_GEAR - - - - -
pulse time(T3) 4nCK 4nCK 4nCK
S Ise to First valid
yne pulse to Hrst vall tCMD_GEAR - - tMOD - tMOD - tMOD - 27
command(T4) -
Geardown setup time tGEAR_setup - - 2 - - 2 - nCK 27
Geardown hold time tGEAR_hold - - 2 - - 2 - nCK
JtREFI
tRFC1 (min) 8Gb 350 - 350 - 350 - 350 - ns 34
tRFC2 (min) 8Gb 260 - 260 - 260 - 260 - ns 34
tRFC4 (min) 8Ghb 160 - 160 - 160 - 160 - ns 34

NOTE 1 Start of internal write transaction is defined as follows: For BL8 (Fixed by MRS and on-the-fly) : Rising clock edge 4 clock cycles after WL. For
BC4 (on-the-fly): Rising clock edge 4 clock cycles after WL. For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.

NOTE 2 A separate timing parameter will cover the delay from write to read when CRC and DM are simultaneously enabled.
NOTE 3 Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.

NOTE 4 tWRis defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK to the next integer.

NOTE5 WRin clock cycles as programmed in MRO.

NOTE 6 tREFI depends on TOPER.

NOTE 7 CKE is allowed to be registered low while operations such as row activation, precharge, autoprecharge or refresh are in progress, but
power-down IDD spec will not be applied until finishing those operations.

NOTE 8 For these parameters, the DDR4 SDRAM device supports tnPARAM[nCK]=RU{tPARAM[ns]/tCK(avg)[ns]}, which is in clock cycles assuming all
input clock jitter specifications are satisfied

NOTE9 When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.

NOTE 10 When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.
NOTE 11 When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.
NOTE 12 The max values are system dependent.

NOTE 13 DQ to DQS total timing per group where the total includes the sum of deterministic and random timing terms for a specified BER. BER spec
and measurement method are TBD.

NOTE 14 The deterministic component of the total timing. Measurement method TBD.
NOTE 15 DQ to DQ static offset relative to strobe per group. Measurement method TBD.
NOTE 16 This parameter will be characterized and guaranteed by design.

NOTE 17 When the device is operated with the input clock jitter, this parameter needs to be derated by the actual tjit(per)_total of the input clock.
(output deratings are relative to the SDRAM input clock). Example TBD.

NOTE 18 DRAM DBI mode is off.
NOTE 19 DRAM DBI mode is enabled. Applicable to x8 and x16 DRAM only.

NOTE 20 tQSL describes the instantaneous differential output low pulse width on DQS - DQS, as measured from on falling edge to the next
consecutive rising edge.

NOTE 21 tQSH describes the instantaneous differential output high pulse width on DQS - DQS, as measured from on falling edge to the next
consecutive rising edge.

NOTE 22 There is no maximum cycle time limit besides the need to satisfy the refresh interval tREFI.

NOTE 23 tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

NOTE 24 tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

NOTE 25 Total jitter includes the sum of deterministic and random jitter terms for a specified BER. BER target and measurement method are TBD.
NOTE 26 The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design.

NOTE 27 This parameter has to be even number of clocks.

Version 1.6 286 Nanya Technology Corporation©
06/2026 All Rights Reserved.



_/Eﬁk NTC Proprietary
v Level: Property

DDR4-8Gb H-Die

NANUANA NT5AD2048M4H3/NT5AD1024M8H3/NT5AD512M16H4

NOTE 28 When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.

NOTE 29 When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.

NOTE 30 When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.

NOTE 31 After CKE is registered LOW, CKE signal level shall be maintained below VILDC for tCKE specification ( Low pulse width ).

NOTE 32  After CKE is registered HIGH, CKE signal level shall be maintained above VIHDC for tCKE specification (HIGH pulse width).

NOTE 33 Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

NOTE 34 Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables.

NOTE 35 This parameter must keep consistency with Speed-Bin Tables.

NOTE 36 DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.

NOTE 37 applied when DRAM is in DLL ON mode.

NOTE 38 Assume no jitter on input clock signals to the DRAM

NOTE 39 Value is only valid for RONNOM = 34 ohms

NOTE 40 1tCK toggle mode with setting MR4:A11 to 0

NOTE 41 2tCK toggle mode with setting MR4:A11 to 1, which is valid for DDR4-2400/2666 speed grade.

NOTE 42 1tCK mode with setting MR4:A12 to 0

NOTE 43  2tCK mode with setting MR4:A12 to 1, which is valid for DDR4-2400/2666/2933/3200 speed grade.

NOTE 44 The maximum read preamble is bounded by tLZ(DQS)min on the left side and tDQSCK(max) on the right side. See Clock to Data Strobe
Rela-tionship --- “Clock to Data Strobe Relationship”. Boundary of DQS Low-Z occur one cycle earlier in 2tCK toggle mode which is
illustrated in Read Preamble ---- “Read Preamble”.

NOTE 45 DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS diff-signal cross-point

NOTE 46 last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferring from Low to High

NOTE 47 VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to capture DQO or DQLO low level for entering PDA mode.

NOTE 48 The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the left side and tHZ(DQS)max on the right side. See Clock to
Data Strobe Relationship

NOTE 49 Reference level of DQ output signal is specified with a midpoint as a widest part of Output signal eye which should be approximately 0.7 *
VDDQ as a center level of the static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and an effective test load
of 50 ohms to VTT = VDDQ

NOTE 50 For MR7 commands, the minimum delay to a subsequent non-MRS command is 5nCK.
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Rounding Algorithms

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources. For
example, a system may use a memory clock with a nominal frequency of 933.33... MHz, or a clock period of
1.0714... ns. Similarly, a system with a memory clock frequency of 1066.66... MHz yields mathematically a
clock period of 0.9375... ns. In most cases, it is impossible to express all digits after the decimal point exactly,
and rounding must be done because the DDR4 SDRAM specification establishes a minimum granularity for
timing parameters of 1 ps.
Rules for rounding must be defined to allow optimization of device performance without violating device
parameters. These algorithms rely on results that are within correction factors on device testing and
specification to avoid losing performance due to rounding errors.
These rules are:
*Clock periods such as tCKAVGmin are defined to 1 ps of accuracy; for example, 0.9375... ns is defined as
937 ps and 1.0714... ns is defined as 1071 ps.
*Using real math, parameters like tAAmin, tRCDmin, etc. which are programmed in systems in numbers of
clocks (nCK) but expressed in units of time (in ns) are divided by the clock period (in ns) yielding a unitless
ratio, a correction factor of 2.5% is subtracted, then the result is set to the next higher integer number of
clocks:

nCK = ceiling [ (parameter_in_ns / application_tCK_in_ns) - 0.025]

Alternatively, programmers may prefer to use integer math instead of real math by expressing timing in ps,
scaling the desired parameter value by 1000, dividing by the application clock period, adding an inverse

correction factor of 97.4%, dividing the result by 1000, then truncating down to the next lower integer value:

nCK = truncate [ {(parameter_in_ps x 1000) / (application_tCK in_ps) + 974} / 1000]

+Either algorithm yields identical results. In case of conflict between results, the preferred algorithm is the
integer math algorithm. This algorithm applies to all timing parameters documented in a Serial Presence

Detect(SPD) when converting from ns to nCK. Other timing parameters may use a simpler algorithm

nCK = ceiling (parameter_in_ns + application_tCK_in_ns).
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Example 1, using REAL math to convert tAAmin from ns to nCK:

/I This algorithm subtracts 2.5% correction factor and rounds up to next integer value
real MTB, FTB, TaaMin, Correction, ClockPeriod, TempNck;

int TaalnNck;
TaaMin = 15.0; /I Calculate tAAmin in ns (FTB is negative offset)
Correction = 0.025; /1 2.5%, per rounding algorithm
ClockPeriod = ApplicationTck; /I Frequency (clock period) is application dependent
TempNck = TaaMin / ClockPeriod; /[ Initial calculation of nCK
TempNck = TempNck - Correction; /I Subtract correction factor from nCK
TaalnNck = (int)ceiling(TempNck); /I Ceiling to next higher integer value//
DDR4-2666W Device Operating at Standard Application Data Rates (Full & Downbinned)
Timing Parameter: tAAmin = 15.0ns
L . . Device tAA + 2.5% tAA / tCK — -
Application Device tAA | Application tCK Application tCK Correction Correction Ceiling Result
Speed Grade - - -
ns ns ratio (real) (real) ratio (real) nCK (integer)
2666 15.000 0.750 20.0 0.025 19.975 20
2400 15.000 0.833 18.0072 0.025 17.9822 18
2133 15.000 0.937 16.00854 0.025 15.9835 16
1866 15.000 1.071 14.0056 0.025 13.9806 14
1600 15.000 1.250 12.0 0.025 11.975 12

NOTE Roundup values for bins 2400, 2133, and 1866 would have lost one clock of performance without the
application of the roundingalgorithm. For example, a DDR4-2666W device running at DDR4-2400 data rates
would have been required to set tAA to 19 clocks without correction, but with correction tAA may be safely

programmed to 18 clocks

Note that more detailed SPD rounding algorithm examples are also described in Annex L-4.1.2, in JESD21C.
Example 2, using INT math to convert tAAmin from ns to nCK:
/I This algorithm uses adds 97.4% of a clock and truncates down to the next lower integer value

int MTB, FTB, TaaMin, ClockPeriod, TempNck, TaalnNck;

TaaMin = 15000; /I Calculate tAAmin in ns (FTB is negative offset)
ClockPeriod = ApplicationTckInPs; /I Clock period is application specific
TempNck = (TaaMin * 1000)/ ApplicationTckInPs; /I Preliminary nCK calculation, scaled by 1000
TempNck = TempNck + 974; /I Apply inverse of 2.5% correction factor
TaalnNck = (int)(TempNck / 1000); /I Truncate to next lower integer
DDR4-2666W Device Operating at Standard Application Data Rates (Full & Downbinned)
Timing Parameter: tAAmin = 15.0ns (15000ps)
. - - - . i *
Application Device tAA Application tCK (Dewc.e tA_A 1000) Add Inv?rse Truncate Corrected
Speed Grade Application tCK Correction nCK/1000
ns ns Scaled nCK Scaled nCK nCK (integer)
2666 15000 750 20000 20974 20
2400 15000 833 18007 18981 18
2133 15000 937 16008 16982 16
1866 15000 1071 14005 14979 14
1600 15000 1250 12000 12974 12

Note that more detailed SPD rounding algorithm examples are also described in Annex L-4.1.2 of JESD21C.
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The DQ input receiver compliance mask for voltage and timing

The DQ input receiver uses a compliance mask (Rx) for voltage and timing as shown in the figure below. The receiver mask
(Rx Mask) defines area 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 with BER of 1e-16; any input signal encroaching within the Rx Mask is subject to

being invalid data. The Rx Mask is the receiver property for each DQ input pin and it is not the valid data-eye.

DQ Receiver(Rx) compliance mask

Tal¥i

R bask

—nn— B e e e

Wl W

Vcent_DQ Variation to Vcent_DQ(midpoint)

The Vref_DQ voltage is an internal reference voltage level that shall be set to the properly trained setting, which is

generally Vcent_DQ(midpoint), in order to have valid Rx Mask values.

! '
! '
DQx ' DQy ' DQz
' (Smallest Vref DQ Level) : (Largest Vref_DQ Level)
! '
! '
] ' \/ Vcent_DQz
% \ [N/ W Vcent_DQ(midpoint)
1 4 4
! '
= :
| \ Vref variation
: | (Component)

Vcent_DQ(midpoint) is defined as the midpoint between the largest VRerpa voltage level and the smallest VRerpa voltage
level across all DQ pins for a given DRAM. Each DQ pin's Vrerpa is defined by the center, i.e. widest opening, of the
cumulative data input eye as depicted in below. This means a DRAM's level variation is accounted for within the DRAM

Rx mask. The DRAM VRrerpa level will be set by the system to account for Ron and ODT settings.
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DQS to DQ and DQ to DQ Timings at DRAM Balls

DAS, DOs Data-in at DRAM Ball

Fx Mask

D

0 Ax TdirAir 05 TditAN

|
]
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DOS, DOs Data-in at DRAM Ball

Rx Mask - Alternative Wiew

st — — — —,
[} W— N

0 S TdivAn 0 S TdivAnr

1

TditAil 1=

S +0.5 % Tdivaiy

“uditng

—tpazoa

il e

tpa=zng + 0.5 x TditAn

NOTE :

DQx represents an optimally centered mask

DQy represents earliest valid mask.
DQz represents latest valid mask.

DRAMa represents a DRAM without any DQS/DQ skews.
DRAMb represents a DRAM with early skews (negative tDQS2DQ).
DRAMCc represents a DRAM with delayed skews (positive tDQS2DQ).

Figures show skew allowed between DRAM to DRAM and DQ to DQ for a DRAM. Signals assume data centered aligned at
DRAM Latch. TdiPW is not shown; composite data-eyes shown would violate TdiPW.VCENT DQ(midpoint) is not shown but is

assummed to be midpoint of VdiVW.
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Slew Rate Conditions for Rising Transition

The rising edge slew rates are defined by srr1 and srr2. The slew rate measurement points for a rising edge are

shown in below: A low to high transition tr1 is measured from 0.5*VdiVW(max) below Vcent_DQ(midpoint) to

the last transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) while tr2 is measured from the last

transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the first transition through the

0.5*VIHL_AC(min) above Vcent_DQ(midpoint).

Rising edge slew rate equations:

srr1 = VdIVW(max) / tr1

srr2 = (VIHL_AC(min) — VdIVW(max)) / (2°tr2)

tr2

Rx Mask

1 0.5*Vdivw(max)
1} Vcent_DQ(midpoint)
} 0.5*Vdivw(max)

VdiVW(max)

b T
£
o
—_ <|
Sl =2
El % .
ol & R
<.:I Ry AyS S
(= -
| E R
S gl 8
-
I
> - »
Z - >
— = tr1

Slew Rate Conditions for Falling Transition

The falling edge slew rates are defined by srf1 and srf2. The slew rate measurement points for a falling edge

are shown in below: A high to low transition tf1 is measured from 0.5*VdiVW(max) above Vcent_DQ(midpoint)
to the last transition through 0.5*VdiVW(max) below Vcent_DQ(midpoint) while tf2 is measured from the last

transition through 0.5*VdiVW(max) below Vcent_DQ(midpoint) to the first transition through the
0.5*VIHL_AC(min) below Vcent_DQ (pin mid).

Falling edge slew rate equations:

srf1 = VdIVW(max) / tf1

srf2 = (VIHL_AC(min) — VdIVW(max)) / (2*tf2)

0.5*VdiVW(max)

'y Vcent_DQ(midpoint)

0.5*VdiVW(max)

VdiVW(max)

\/

3
E
Q
—_ <':|
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DRAM DQs in Receive Mode

Lty DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200
Symbol Parameter 1866/2133 Unit|Notes

Min Max Min Max Min Max Min Max Min Max

vdivw Rx Mask voltage - pk-pk - 136 - 130 - 120 - 115 - 110 | mv | 1,2,10
TdIvw Rx timing window - 0.2 - 0.2 - 0.22 - 0.23 - 0.23 ul | 1,2,10
VIHL_AC |DQ AC input swing pk-pk 186 - 160 - 150 - 145 - 140 - mV | 3,4,10
TdIPW DQ input pulse width 0.58 - 0.58 - 0.58 - 0.58 - 0.58 - Ul 5,10
tDQS2DQ |Rx Mask DQS to DQ offset | -0.17 0.17 -0.17 0.17 -0.19 0.19 -0.22 0.22 -0.22 0.22 Ul 6,10
tDQ2DQ |Rx Mask DQ to DQ offset - TBD - TBD - 0.105 - 0.115 - 0.125 | Ul 7

Input Slew Rate over
Vdlvw if tCK >=0.937ns
srrl, srfl |Input Slew Rate over
Vdivw if - - 1.25 9 1.25 9 1.25 9 1.25 9 V/ns| 8,10
0.937ns>tCK>=0.625ns
Rising Input Slew Rate
srr2 0.2%srrl 9 0.2%srrl 9 0.2%srrl 9 0.2%srrl 9 0.2%srrl 9 V/ns | 9,10
over 1/2 VIHL_AC
Falling Input Slew Rate

srf2 0.2%*srfl 9 0.2%*srfl 9 0.2*srfl 9 0.2%*srfl 9 0.2*srfl 9 V/ns| 9,10
over 1/2 VIHL_AC

1.0 9 1.0 9 1.0 9 1.0 9 1.0 9 V/ns | 8,10

UI=TCK(avg)min/2

NOTE 1 Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ (midpoint) after VrefDQ
training is completed. The data Rx mask is applied per bit and should include voltage and temperature drift terms. The input
buffer design specification is to achieve at least a BER = e-16 when the RxMask is not violated The BER will be characterized
and extrapolated if necessary using a dual dirac method from a higher BER(tbd).

NOTE 2 Defined over the DQ internal Vref range 1.

NOTE 3 Overshoot and Undershoot Specifications see AC overshoot/undershoot specification

NOTE 4 DQ input pulse signal swing into the receiver must meet or exceed VIHL AC(min). VIHL_AC(min) is to be achieved on an Ul
basis when a rising and falling edge occur in the same Ul, i.e. a valid TdiPW.

NOTE 5 DQ minimum input pulse width defined at the Vcent_DQ(midpoint).

NOTE 6 DQS to DQ offset is skew between DQS and DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls over process,
voltage, and temperature.

NOTE 7 DAQ to DQ offset is skew between DQs within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls for a given component
over process, voltage, and temperature.

NOTE 8 Input slew rate over VdIVW Mask centered at Vcent_DQ(midpoint). Slowest DQ slew rate to fastest DQ slew rate per transition
edge must be within 1.7 V/ns of each other.

NOTE 9 Input slew rate between VdIVW Mask edge and VIHL_AC(min) points.

NOTE 10 All Rx Mask specifications must be satisfied for each Ul. For example, if the minimum input pulse width is violated when
satisfying TdiVW(min), VdiVW(max), and minimum slew rate limits, then either TdiVW(min) or minimum slew rates would have
to be increased to the point where the minimum input pulse width would no longer be violated.
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Command, Control, and Address Setup, Hold, and Derating

The total tIS (setup time) and tIH (hold time) required is calculated to account for slew rate variation by adding
the data sheet tIS (base) values, the VIL(AC)/VIH(AC) points, and tIH (base) values, the VIL(DC)/VIH(DC)
points; to the AtIS and AtIH derating values, respectively. The base values are derived with single-end signals
at 1V/ns and differential clock at 2V/ns. Example: tIS (total setup time) = tIS (base) + AtlS. For a valid transition,
the input signal has to remain above/below VIH(AC)/VIL(AC) for the time defined by tVAC.

Although the total setup time for slow slew rates might be negative (for example, a valid input signal will not
have reached VIH(AC)/VIL(AC) at the time of the rising clock transition), a valid input signal is still required to
complete the transition and to reach VIH(AC)/VIL(AC). For slew rates that fall between the values listed in
derating tables, the derating values may be obtained by linear interpolation.

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(DC)max and the first crossing of VIH(AC)min that does not ring back below VIH(DC)min. Setup (tIS)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of VIH(DC)min and
the first crossing of VIL(AC)max that does not ring back above VIL(DC)max.

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(DC)max and the first crossing of VIH(AC)min that does not ring back below VIH(DC)min. Hold (tIH)
nominal slew rate for a falling signal is defined as the slew rate between the last crossing of VIH(DC)min and
the first crossing of VIL(AC)min that does not ring back above VIL(DC)max.

Command, Address, Control Setup and Hold Values

DDR4 1600 1866 2133 2400 2666 2933 3200 Unit Reference
tIS(base, AC100) 115 100 80 62 - - - ps VIH/L(ac)
tiH(base, DC75) 140 125 105 87 - - - ps VIH/L(dc)
tIS(base, AC 90) - - - - 55 48 40 ps VIH/L(ac)
tiH(base, DC 65) - - - - 80 73 65 ps VIH/L(dc)
tIS/tIH @ VREF 215 200 180 162 145 138 130 ps

NOTE 1 Base ac/dc referenced for 1V/ns slew rate and 2 V/ns clock slew rate.
NOTE 2 Values listed are referenced only; applicable limits are defined elsewhere.

Command, Address, Control Input Voltage Values

DDR4 1600 1866 2133 2400 2666 2933 3200 Unit Reference
VIH.CA(AC)min 100 100 100 100 90 90 90 mvV VIH/L(ac)
VIH.CA(DC)min 75 75 75 75 65 65 65 mv VIH/L(dc)
VIL.CA(DC)max -75 -75 -75 -75 -65 -65 -65 Y VIH/L(ac)
VIL.CA(AC)max -100 -100 -100 -100 -90 -90 -90 Y VIH/L(dc)

NOTE 1 Command, Address, Control input levels relative to VREFCA.
NOTE 2 Values listed are referenced only; applicable limits are defined elsewhere.
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Derating values DDR4-1600/1866/2133/2400 tIS/tIH - ac/dc based

AtlS, AlH derating in [ps] AC/DC based *
CK, CK Differential Slew Rate
10.0 V/ns 8.0 V/ns 6.0 V/ns 4.0V/ns 3.0V/ns 2.0V/ns 1.5V/ns 1.0V/ns
AtIS | AtlH | AtIS | AtlH | AtlS | AtlH | AtlS | AtlH | AtlS | AtIH | AtlS | AtIH | AtIS | AtIH | AtIS | AtIH
7.0 76 54 76 55 77 56 79 58 82 60 86 64 94 73 111 89

6.0 73 53 74 53 75 54 77 56 79 58 83 63 92 71 108 88

5.0 70 50 71 51 72 52 74 54 76 56 80 60 88 68 105 85

4.0 65 46 66 47 67 48 69 50 71 52 75 56 83 65 100 81

3.0 57 40 57 41 58 42 60 44 63 46 67 50 75 58 92 75

2.0 40 28 41 28 42 29 44 31 46 33 50 38 58 46 75 63

CMD,
ADDR, 1.5 23 15 24 16 25 17 27 19 29 21 33 25 42 33 58 50
CNTL Input
Slew rate 1.0 | -10 -10 -9 -9 -8 -8 -6 -6 -4 -4 0 0 8 8 25 25
V/ns
/ 09 | -17 -14 -16 -14 -15 -13 -13 -10 -11 -8 -7 -4 1 4 18 21
0.8 | -26 -19 -25 -19 -24 -18 -22 -16 -20 -14 -16 -9 -7 -1 9 16
0.7 | -37 -26 -36 -25 -35 -24 -33 -22 -31 -20 -27 -16 -18 -8 -2 9
0.6 | -52 -35 -51 -34 -50 -33 -48 -31 -46 -29 -42 -25 -33 -17 -17 -0

05 | -73 -48 -72 -47 -71 -46 -69 -44 -67 -42 -63 -38 -54 -29 -38 -13

0.4 | 104 -66 -103 -66 -102 -65 -100 -63 -98 -60 -94 -56 -85 -48 -69 -31
NOTE 1 VIH/L(ac) = +/-100mV, VIH/L(dc) = +/-75mV; relative to VREFCA
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Derating values DDR4-2666/2933/3200 tIS/tIH - ac/dc based

AtlS, AlH derating in [ps] AC/DC based *
CK, CKDifferential Slew Rate
10.0 V/ns 8.0V/ns 6.0 V/ns 4.0V/ns 3.0V/ns 2.0V/ns 1.5V/ns 1.0V/ns
AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtlIH | AtIS | AtlH | AtlS | AtlH | AtlS | AtlH | AtlS | AtlH
7.0 68 47 69 47 70 48 72 50 73 52 77 56 85 63 100 78

6.0 66 45 67 46 68 47 69 49 71 50 75 54 83 62 98 77

5.0 63 43 64 44 65 45 66 46 68 48 72 52 80 60 95 75

4.0 59 40 59 40 60 41 62 43 64 45 68 49 75 56 90 71

3.0 51 34 52 35 53 36 54 38 56 40 60 43 68 51 83 66

2.0 36 24 37 24 38 25 39 27 41 29 45 33 53 40 68 55

CMD,
ADDR, 1.5 21 13 22 13 23 14 24 16 26 18 30 22 38 29 53 44
CNTL Input
Slew rate 1.0 -9 -9 -8 -8 -8 -8 -6 -6 -4 -4 0 0 8 8 23 23
V/ns
/ 09 | -15 -13 -15 -12 -14 -11 -12 -9 -10 -7 -6 -4 1 4 16 19
0.8 | -23 -17 -23 -17 -22 -16 -20 -14 -18 -12 -14 -8 -7 -1 8 14
0.7 | -34 -23 -33 -22 -32 -21 -30 -20 -28 -18 -25 -14 -17 -6 -2 9

0.6 | -47 -31 -47 -30 -46 -29 -44 -27 -42 -25 -38 -22 -31 -14 -16 1

0.5 | -67 -42 -66 -41 -65 -40 -63 -38 -61 -36 -58 -33 -50 -25 -35 -10

0.4 | -95 -58 -95 -57 -94 -56 -92 -54 -90 -53 -86 -49 -79 -41 -64 -26
NOTE 1 VIH/L(ac) = +/-tbd mV, VIH/L(dc) = +/- tbd mV; relative to VREFCA
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DDR4 Function Matrix

Function Matrix by Organization (V:Supported, Blank:Not supported)

x
00

Functions X4 X16

Write Leveling

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

< I <K I << <

Multi-Purpose Register
Data Mask

I K I K< I K< 1K< 1< | <

Data Bus Inversion

TDQS

ZQ calibration

DQ Vref Training

Per DRAM Addressability
Mode Register Readout
CAL

WRITE CRC

CA Parity

Control Gear Down Mode

K I K I K I K I K K K K <

Programmable Preamble

L I I I I I I I O I I O I S

I K I K I K I K K K K <K< <

Maximum Power Down Mode

Boundary Scan Mode (Connectivity Test Mode) \Y
Additive Latency Vv \Y
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Function Matrix by Speed (V:Supported, Blank:Not supported)

DLL off Mode DLL on Mode
Functions equal or
slower than |DDR4-1600/1866/2133 DDR4-2400 DDR4-2666/2933/3200]
250Mbps

Write Leveling \Y Y v Y
Temperature controlled Refresh \Y Vv Vv Vv
Low Power Auto Self Refresh \ \Y Vv \Y
Fine Granularity Refresh \% Y v Y
Multi-Purpose Register \Y Y v Y
Data Mask v v v v
Data Bus Inversion \ v v v
TDQS \Y Vv \Y
ZQ calibration \% Y \Y \Y
DQ Vref Training \Y Y v Y
Per DRAM Addressability Vv Vv \Y
Mode Register Readout \% Y v v
CAL \Y v \Y
WRITE CRC \Y Vv \Y
CA Parity Vv \ Vv
Control Gear Down Mode Vv
Programmable Preamble ( = 2tCK) \ Vv
Maximum Power Down Mode Vv Vv
Boundary Scan Mode

(Connectivity Test Mode) v v v v
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Revision History

Version Page Modified Description Released
1.1 - - Official Release 06/2024
1.2 P265,266 IDD Specifications |Publish 3200Mbps X8/X16 IDD Value 08/2024
1.3 P265,266 IDD Specifications |Optimize 07/2025
1.4 - - Add Industrial grade 08/2025
1.5 P265,266 IDD Specifications |Publish 3200Mbps X4 IDD Value 03/2026
1.6 - - Add NT5AD1024M8H3-JRU, NTS5AD512M16H4-JRU 06/2026
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