CHIFLLS

256Mx16

CS66DU4GQA

Key Features

VDD=VDDQ=1.2V +/- 0.06V (1.14V~1.26V)
VPP = 2.5V, -0.125V/+0.25V
On-die, internal, adjustable VREFDQ generation

1.2V pseudo open-drain I/O
8 internal banks (x16): 2 groups of 4 banks each

Fully differential clock inputs (CK, CK) operation
Differential Data Strobe (DQS, DQS)

On chip DLL align DQ, DQS and DQS transition
with CK transition

DM masks write data-in at the both rising and
falling edges of the data strobe

All addresses and control inputs except data, data
strobes and data masks latched on the rising
edges of the clock

Programmable CAS latency 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19 and 20 supported
Programmable additive latency 0, CL-1, and CL-2
supported (x4/x8 only)

Programmable CAS Write latency (CWL) = 9, 10,
11, 12, 14, 16, 18

Programmable burst length 4/8 with both nibble
sequential and interleave mode

BL switch on the fly

Average Refresh Cycle (Tcase of 0 °C~ 95°C)
-7.8¢ st 0°C ~85°C

-3.9¢ st 85°C ~95°C

Data strobe preamble training

Driver strength selected by MRS

Programmable data strobe preambles

Dynamic On Die Termination

Two Termination States such as RTT_PARK and
RTT_NOM switchable by ODT pin

Asynchronous RESET pin

Internal (self) calibration: Internal self calibration
through ZQ pin (RZQ: 240 ohm % 1%)

TDQS (Termination Data Strobe) supported (x8
only)

Write and read leveling

Databus write cyclic redundancy check (CRC)
Maximum power saving mode

Temperature controlled refresh (TCR)

Low-power auto self refresh (LPASR)

Fine granularity refresh

Per-DRAM addressability

Geardown mode

Self refresh abort

Command/Address (CA) parity

Data bus inversion (DBI) for data bus

Connectivity Test Mode (x16)

PPR is supported

JEDEC standard package

- 96ball FBGA(x16)

Lead free & ROHS compliant

JEDEC JESD-79-4 compliant

Operating Temperature (Tcase)
- Commercial (-C) : 0°C OTc 095°C
- Industrial (-1): -40°C OTc 095°C
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DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200
Speed Unit
11-11-11 13-13-13 15-15-15 17-17-17 19-19-19 20-20-20 22-22-22
tCK(min) 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns
CAS Latency 11 13 15 17 19 20 22 nCK
tRCD(min) 13.75 13.92 14.06 14.16 14.25 13.64 13.75 ns
tRP(min) 13.75 13.92 14.06 14.16 14.25 13.64 13.75 ns
tRAS(min) 35 34 33 32 32 32 32 ns
tRC(min) 48.75 47.92 47.06 46.16 46.25 45.64 45.75 ns
Addressing
Organization 1024Mbx4 512Mb x 8 256Mb x 16
Bank group 4 4 2
Bank group address BG[1:0] BG[1:0] BGO
Bank per group 4 4 4
Bank address BA[1:0] BA[1:0] BA[1:0]
Row address 64K (A[15:0]) 32K (A[14:0]) 32K (A[14:0])
Column address 1K (A[9:0]) 1K (A[9:0]) 1K (A[9:0])
Page Size 512B 1KB 2KB
tREFI TU85AC: Mc®BH5AC: 3. 9¢ s
tRFC 260ns
Package
4Gb Dimension Ball pitch
(Org. / Package) (mm) (mm)
256Mbx16 96-ball FBGA 7.5x13 0.80
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Ordering Information

Chiplus reserves the right to change product or specification without notice

Speed
Organization Part No. Package
Clock (MHz) Data Rate (Mb/s) CL-TRCD-TRP
Commercial Grade
96-ball
256Mx16 CS66DU4AGQA-MC 1333 DDR4-2666 19-19-19 BGA
96-ball
256Mx16 CS66DU4GQA-PC 1600 DDR4-3200 22-22-22 BGA
Industrial Grade
96-ball
256Mx16 CS66DU4GQA-MI 1333 DDR4-2666 19-19-19 BGA
96-ball
256Mx16 CS66DU4GQA-PI 1600 DDR4-3200 22-22-22 BGA
3 Rev 1.0
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Package Ballout and Addressing

x16 Package Ballout (Top view) : 96ball FBGA Package
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CHiFL

Package Dimensions
x16 96ball Package Outline Drawing
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Input/Output Functional Description

Symbol Type Function
Clock: CK_t and CK_c are differential clock inputs. All address and control input
CK_t,CK ¢ Input signals are sampled on the crossing of the positive edge of CK_t and negative edge
of CK_c.

Clock Enable: CKE HIGH activates, and CKE Low deactivates, internal clock
signals and device input buffers and output drivers. Taking CKE Low provides
Precharge Power-Down and Self-Refresh operation (all banks idle), or Active
Power-Down (row Active in any bank). CKE is asynchronous for Self-Refresh exit.
CKE Input After VREFCA and VREFDQ 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_c, ODT and CKE, are disabled during power-down. Input buffers,
excluding CKE, are disabled during Self-Refresh.

Chip Select: All commands are masked when CS_n is registered HIGH. CS_n
CS_n Input provides for external Rank selection on systems with multiple Ranks. CS_n is
considered part of the command code.

C0,C1,C2 Chip _ID: These inputs are used only when devi_ces are stacked; t_hat is, they are

(CKE1, CS1_n Input used in 2H, 4H, and 8H stacks for x4 and x8 configurations (these pins are not used

’ = in the x16 configuration). DDR4 will support a traditional DDP package, which uses
ODTI) these three signals for control of the second die (CS1_n, CKE1, ODT1).

On Die Termination: ODT (registered HIGH) enables RTT_NOM termination
resistance internal to the DDR4 SDRAM. When enabled, ODT is only applied to
each DQ, DQS_t, DQS_c and DM_n/DBI_n/TDQS_t, NU/TDQS_c (When TDQS is
oDT Input enabled via Mode Register A11=1 in MR1) signal for x8 conurations. For x16
conuration ODT is applied to each DQ, DQSU_t, DQSU_c, DQSL_t, DQSL _c,
DMU_n, and DML_n signal. The ODT pin will be ignored if MR1 is programmed to
disable RTT_NOM.

Activation Command Input: ACT_n defines the Activation command being entered
ACT n Input along with CS_n. The input into RAS_n/A16, CAS_n/Al15 and WE_n/A14 will be
considered as Row Address A16, A15 and Al14.

Command Inputs: RAS_n/A16, CAS_n/Al5 and WE_n/A14 (along with CS_n)

RAS_n/A16, define the command being entered. Those pins have multi function. For example,
CAS_n/A15, Input for activation with ACT_n Low, those are Addressing like A16, A15 and A14 but for
WE_n/Al4 non-activation command with ACT_n High, those are Command pins for Read,

Write and other command defined in command truth table.

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

TDQS is only supported in x8.

DM _n/DBI_n/ Input/
TDQS_t Output

Bank Group Inputs: BGO - BG1 define to which bank group an Active, Read, Write
or Precharge command is being applied. BGO also detemines which mode register
is to be accessed during a MRS cycle. x4/x8 have BGO and BG1 but x16 has only
BGO.

BGOB- G1 Input

Bank Address Inputs: BAO - BA1 define to which bank an Active, Read, Write or
BAOB- A1 Input Precharge command is being applied. Bank address also determines if the mode
register or extended mode register is to be accessed during a MRS cycle.
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Symbol

Type

Function

AO0-A17

Input

Address Inputs: Provied the row address for ACTIVATE Commands and the column
address for Read/Write commands th select one location out of the memory array
in the respective bank. (A10/AP, A12/BC_n, RAS_n/A16, CAS_n/A15 and
WE_n/A14 have additional functions, see other rows. The address inputs also
provide the op-code during Mode Register Set commands. A17 is only defined for
the x4 configration.

A10/AP

Input

Auto-precharge: A10 is sampled during Read/Write commands to determine
whether Autoprecharge should be performed to the accessed bank after the
Read/Write opera-tion. (HIGH: Autoprecharge; LOW: no Autoprecharge).A10 is
sampled during a Pre-charge 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_n

Input

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

RESET n

Input

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

DQ

Input/Output

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

DQS_t, DQS_c,
DQSU_t, DQSU _c,
DQSL_t, DQSL_c

Input/Output

Data Strobe: output with read data, input with write data. Edge-aligned with read
data, centered in write data. For x16, DQSL corresponds to the data on DQLO-
DQL7; DQSU corresponds to the data on DQUO-DQUY7. The data strobe DQS_t,
DQSL_t, and DQSU_t are paired with differential signals DQS_c, DQSL_c, and
DQSU_c, respectively, to provide differential pair signaling to the system during
reads and writes. DDR4 SDRAM supports differential data strobe only and does not
support single-ended.

TDQS_t, TDQS_¢

Ouput

Termination Data Strobe: TDQS_t/TDQS_c is applicable for x8 DRAMs only. When
enabled via Mode Register A11 = 1 in MR1, the DRAM will enable the same
termination resistance function on TDQS_t/TDQS_c that is applied to
DQS_t/DQS_c. When disabled via mode register A11 = 0 in MR1, DM/DBI/TDQS
will provide the data mask function or Data Bus Inversion depending on MR5; A11,
12, 10 and TDQS_c is not used. x4/x16 DRAMs must disable the TDQS function
via mode register A11 = 0 in MR1.

PAR

Input

Command and Address Parity Input : DDR4 Supports Even Parity check in DRAM
with MR setting. Once itbés enabled v
Parity with ACT_n, RAS_n/A16, CAS_n/Al5, WE_n/Al14, BG0-BG1, BAO-BAL,
A17-A,0 and CO- C2(3DS devices). Input parity should maintain at the rising edge
of the clock and at the same time with command & address with CS_n LOW.

ALERT n

Output

Alert: It has multi functions such as CRC error flag, Command and Address Parity
error flag as Output signal. If there is error in CRC, then Alert_n goes LOW for the
period time interval and goes back HIGH. If there is error in Command Address
Parity Check, then Alert_n goes LOW for relatively long period until on going DRAM
internal recovery trans-action to complete. During Connectivity Test mode, this pin
works as input. Using this signal or not is dependent on system. In case of not
connected as Signal, ALERT_n Pin must be bounded to VDD on board.

TEN

Input

Connectivity Test Mode Enable: Required on x16 devices and optional input on
x4/x8 with densities equal to or greater than 8Gb. HIGH in this pin will enable
Connectivity Test Mode operation along with other pins. It is a CMOS rail to rail
signal with AC high and low at 80% and 20% of VDD. Using this signal or not is
dependent on System. This pin may be DRAM internally pulled low through a weak
pull-down resistor to VSS.
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Symbol Type Function

NC No Connect: No internal electrical connection is present.
VDDQ Supply DQ Power Supply: 1.2V +/-0.06 V

VSSQ Supply DQ Ground

VDD Supply Power Supply: 1.2 V +/-0.06 V

VSS Supply Ground

VPP Supply DRAM Activation Power Supply: 2.5V (2.375V min , 2.75 max)
VREFCA Supply Reference voltage for CA

ZQ Supply Reference Pin for ZQ calibration

NOTE : Input only pins (BG0-BG1,BA0-BA1, A0-A17, ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, CS_n, CKE, ODT, and
RESET_n) do not supply termination.
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Simplified State Diagram

RESET

Form any State

Power
applied Reset
> Procedure

Initialization

IVREFDQ,
R, ,etc

SRX* = SRX with NOP

—>
_ _>Command Sequence

MRS,MPR,
Write Leveling
VrefDQTraining

Self
Refresh

Active
Power
Down

Writing

WRITE A

Refreshing

WRITE A

PRE, PREA

Precharging

READ A

Reading

Abbr. |Function Abbr. |Function Abbr. |Function

ACT |Activate 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
MRS |Mode Register Set Write A [WRA WRAS4, WRASS8 with/without CRC SRX |Self-Refresh exit

REF |Refresh, Fine granularity Refresh | RESET |Start RESET procedure MPR |Multi Purpose Register
TEN |Boundary Scan Mode Enable

Chiplus reserves the right to change product or specification without notice

9

Rev 1.0



C.HIPLU 256Mx16 CS66DU4GQA

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 x4/x8 and eight-banks, 2 bank group with 4 banks for each
bank group 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 1/0 pins. A single read or write operation for the DDR4 SDRAM consists of a single 8n-bit wide, four clock
data transfer at the internal DRAM core and eight corresponding n-bit wide, one-half clock cycle data transfers
at the 1/O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue

for a burst |l ength of eight or a O6chopped6 burst of fo
registration of an ACTIVATE Command, which is then followed by a Read or Write command. The address

bits registered coincident with the ACTIVATE Command are used to select the bank and row to be activated

(BGO-BGL1 in x4/x8 and BGO in x16 select the bankgroup; BAO-BA1 select the bank; A0-A17 select the row;

refer to ADDR4 SDRAM Addressingodo on Section 2.7 for s|
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

6on the flyd (via Al1l2) if enabled in the mode register

Prior to normal operation, the DDR4 SDRAM must be powered up and initialized in a predefined manner.

The following sections provide detailed information covering device reset and initialization, register definition,
command descriptions, and device operation.

RESET and Initialization Procedure

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

Gear down mode (MR3 A[3]) : 0 = 1/2 Rate

Per DRAM Addressability (MR3 A[4]) : 0 = Disable

Max Power Saving Mode (MR4 A[1]) : 0 = Disable

CS to Command/Address Latency (MR4 A[8:6]) : 000 = Disable

CA Parity Latency Mode (MR5 A[2:0]) : 000 = Disable

Hard post package repair mode (MR4 A[13]): O = disable

Soft post package repair mode (MR4 A[5]): 0 = disable

Power -up Initialization Sequence
The following sequence is required for POWER UP and Initializatio.

1. Apply power (RESET_n is recommended to be maintained below 0.2 x VDD; all other inputs may be
undefined). RESET _n needs to be maintained for minimu
anytime before RESET_n being de-asserted (min. time 10ns) . The power voltage ramp time between
300mV to VDD min must be no greater than 200ms; and during the ramp, VDD OVDDQ and (VDD-VDDQ)
< 0.3V. 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, the supply slew rate is governed by the limits stated in the table below, and either of the
following conditions must be met:

10 Rev 1.0
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Supply Power-up Slew Rate

Symbol Min Max Unit Note

VDD_SL,

VDDQ_SL, 0.004 600 Vims Measured between 300mV and 80% of supply minimum
VPP_SL

VDD_ona, N/A 200 ms VDD(Q) maximum ramp time from 300mV to VDD(Q) minimum
VDDQ _ona

Note:20 MHz band-limited measurement

Condition A :
- VDD and VDDQ are driven from a single power converter output, AND

- The voltage levels on all pins other than VDD,VDDQ,VSS,VSSQ must be less than or equal to VDDQ
and VDD on one side and must be larger than or equal to VSSQ and VSS on the other side.

- VTT is limited to 0.76V max once power ramp is finished, AND
- VREFCA tracks VDD/2.
Or
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 & 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 _nis de-asserted, wait for another 500us until CKE becomes active. During this time, the DRAM
will start internal initialization; this will be done independently of external clocks.

3. Clocks (CK_t,CK_c) need to be started and stabilized for at least 10ns or 5tCK (which is larger) before CKE
goes active. Since CKE is a synchronous signal, the corresponding setup time to clock (tIS) must be met.
Also a Deselect command must be registered (with tIS set up time to clock) at clock edge Td. Once the CKE
registered fAHIigho after Reset, CKE needs to be cont
sequence is finished, including expiration of tDLLK and tZQinit

4. The DDR4 SDRAM keeps its on-die termination in high-impedance state as long as RESET_n is asserted.
Further, the SDRAM keeps its on-die termination in high impedance state after RESET_n deassertion until
CKE is registered HIGH. The ODT input signal may be in undefined state until tIS before CKE is registered
HIGH. When CKE is registered HIGH, the ODT input signal may be statically held at either LOW or HIGH.
If RTT_NOM is to be enabled in MR1 the ODT input signal must be statically held LOW. In all cases, the ODT
input signal remains static until the power up initialization sequence is finished, including the expiration of
tDLLK and tZQinit.

5. After CKE is being registered high, wait minimum of Reset CKE Exit time, tXPR, before issuing the first MRS
command to load mode register. tXPR=Max(tXS, 5nCK)]

6. Issue MRS Command to 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 tMRD.

13. Issue ZQCL command to starting ZQ calibration

11 Rev 1.0
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14. Wait for both tDLLK and tZQ init completed
15. The DDR4 SDRAM is now ready for read/Write training (include VREF training and Write leveling).

RESET and Initialization Sequence at Power-On Ramping

Ta Tb Tc Td Te Tf Tg Th Ti Tj Tk
~ ~ 0 \‘r "If_l E - i [ - O Fl IT - ’ L [
I a T i IG T I (4
wpE 5‘5 Y » pi ) J ) P )]
e 2 S N 2 2 2 2 -
1 hoa 5 J ) i I, J 1
"d_-: W?RESET_‘L | 594 s |
ceser ' « « « ¢ « « « «
R ((\ / J} )] P ) I I} B b)]
: . 10 5 }. oo By
(i C { { il i i 4
« T RN AN AN AN AN AN A e
1
) J
' TXPR R MRD MRS mjon rislitls
__________ . -
|- 15 ot OLLK -

Command ?ﬂwm% Mo% MRS MRS MRS /RS %W% VALID

|
e 7 DS N SN

Opt T gg -------- Static LOW in case RTT_MNom s enabled at time Tg, otherwise stat  HIGH or gg VALID
RTT (@ { i { i(d e & (€ i
3 Py ) )] P i D) ) ) ‘

Sg Time Break E’é 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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RESET Initialization with Stable Power Sequence
The following sequence is required for RESET at no power interruption initialization:

1. Assert RESET_n below 0.2 x VDD any time reset is needed (all other inputs may be undefined). RESET
must be maintained for a minimum of 100ns. CKE is pulled LOW before RESET _n is de-asserted (minimum
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 Condition

Ta Th Tc Td T2 Tf g Th T T X
Z8SRIALRNELSERE A0 aE b et AU AL LURLRUAT,
we 5 ?S 5 » 5 5 5
e i {« i ( i i i {C i

I 2 P & 1 J P P 1
_ W _RELET & P 500U _
‘ ¢ e q « « « « «
REELN / 3 ) Y 2 ) ) )y J
i
g’ ST |- 1s
(d { 4
« T RN AN AN’ BN RN RN TS
P M ;
tX)PR ‘_tMRD _‘_TMRD N ‘_tMRD tMOD 1Z2Qinit N
|_.t|5 -
ot TN e Y o YKo W@LJ@@L D
o w@{m MM 22 G

Static L:)Wm tace RTT_ Nom; Lanhmd Jnmc T;: oth orwu ¢ static HIGH orlow Eg_ }(VAUD )@
| | |

§ — § f—F—F §

gi Time Break ejﬁ Don't Care

RTT

§

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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Programming Mode Registers

For application flexibility, various functions, features, and modes are programmable in seven Mode Registers
(MRn), 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 and DLL RESET commands 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 shown in the tMRD
Timing figure.

Some of the mode register settings affect address/command/control input functionality. In these cases, the

next MRS command can be allowed when the function being updated by the current MRS command is
completed. These MRS commands donét apply tMRD timing
cases have unique MR setting procedures, so refer to individual function descriptions.

tMRD Timing

Tal Ta1 Ta2 ThO Tb1 Th2 Tb3 Tb4

oes 5 mrs )TK pes DES DES )

B
Ld

Address (va

CKE

Rl

I
HUpdating Setting
i

Settings

NOTE 1 This timing diagram depicts CA Parity Mode "Disabled" case.
NOTE 2 tMRD applies to all MRS commands with the following exceptions:
. Geardown Mode
. CA Parity Lantency Mode
. CSto Command/Address Lantency Mode
. Per DRAM Addressability Mode
. VREFDQ training value, VREFDQ training mode, and VREFDQ Training Range
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The MRS command to non-MRS 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 non-MRS command, excluding
DES, as shown in the tMOD Timing figure.

tMOD Timing

T0 T1 N.TaO Tal Ta2 Tal Ta4 }'TbO Tb1 Tb2  Th3

-4 = = wali—
X AT o e 5

tMOD

Address (vaia YE) vatia ) X vana YEH vaiia YEX vate i) vana )i v

CKE | _ 2
/l
Settings Updating Setting I}[\ X L

NOTE 1 This timing diagram depicts CA Parity Mode "Disabled" case.
NOTE 2 List of MRS commands exception that do not apply to tMOD.
ADLL Enable, DLL Reset
AVREFDQ training value, internal VREF monitor, VREFDQ training mode, and VREFDQ Training Range
AGeardown Mode
APer DRAM Addressability Mode
AMaximum Power Saving Mode
ACA Parity Mode

The mode register contents can be changed using the same command and timing requirements during normal
operation as long as the device is in idle state; that is, 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. If the RTT_NOM feature
is enabled in the mode register prior to and/or after an MRS command, the ODT signal must continuously be
registered LOW, ensuring RTT is in an off state prior to the MRS command. The ODT signal may be registered
HIGH after tMOD has expired. If the RTT_NOM feature is disabled in the mode register prior to and after an
MRS command, the ODT signal can be registered either LOW or HIGH before, during, and after the MRS
command. The mode registers are divided into various fields depending on functionality and modes.

In some mode register setting cases, function updating takes longer than tMOD. This type of MRS does not
apply tMOD timing to the next valid command, excluding DES. These MRS command input cases have unique
MR setting procedures, so refer to individual function descriptions.
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Mode Register

Mode Register 0 (MRO)

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO
001 =MR1
010 = MR2
011=MR3
BGO, BA1:BAO MR Select 100 = MR4
101 = MR5
110 = MR6
111 = RCW!
Al7 RFU 0 = must be programmed to 0 during MRS
A12 RFU 0 = must be programmed to 0 during MRS
A13,A11:A9 WR and RTP 2.3 See Table : Write Recovery and Read to Precharge
0=NO
A8 DLL Reset 1= Yes
0 = Normal
AT ™ 1=Test
A6:A4,A2 CAS Latency4 See Table: CAS Lantency
0 = Sequential
A3 Read Burst Type 1 = Interleave
00 = 8 (Fixed)
. 01 = BC4 or 8 (on the fly)
A1:A0 Burst Length 10 = BC4 (Fixed)
11 = Reserved
NOTE

1. Reserved for Register control word setting. DRAM ignores MR command with BGO, BA[1:0]=111andd oesn 6t respond.
RFU MR code setting is inputted, DRAM operation is not defined.
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.
3. The table shows the encodings for Write Recovery and internal Read command to Precharge command delay. For actual Write
recovery timing, please refer to AC timing table.
4. The table only shows the encodings for a given CAS Latency. For actual supported CAS Latency, please refer to speed bin
tables for each frequency. CAS Latency controlled by A12 is optional for 4Gb device.
5. Al13for WR and RTP setting is optional for 4Gb device.

Write Recovery and Read to Precharge (cycles)

Al3 All A10 A9 WR RTP WR_CRC_DM

0 0 0 0 10 5 TBD

0 0 0 1 12 6 TBD

0 0 1 0 14 7 TBD

0 0 1 1 16 8 TBD

0 1 0 0 18 9 TBD

0 1 0 1 20 10 TBD

0 1 1 0 24 12 TBD

0 1 1 1 22 11 Reserved

1 0 0 0 26 13
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CAS Latency

Al2 | A6 A5 A4 A2 CAS Latency Note
0 0 0 0 0 Reserved 1
0 0 0 0 1 Reserved

0 0 0 1 0 11 1
0 0 0 1 1 12

0 0 1 0 0 13 1
0 0 1 0 1 14

0 0 1 1 0 15 1
0 0 1 1 1 Reserved

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 Reserved 1
0 1 1 0 1 17 1
0 1 1 1 0 19 1
0 1 1 1 1 Reserved 1
1 0 0 0 0 Reserved

1 0 0 0 1 Reserved

1 0 0 1 0 Reserved

1 0 0 1 1 Reserved

1 0 1 0 0 Reserved

1 0 1 0 1 Reserved

1 0 1 1 0 Reserved

1 0 1 1 1 Reserved

1 1 0 0 0 Reserved

Note 1: This CL setting is related to read DBI usage only and please check i S p ebei dsection and have a proper

corresponding option to use.
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Mode Register 1 (MR1)

Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO
001=MR1
010 = MR2
011=MRS3

BGO, BA1:BAO MR Select 100 = MR4
101 =MR5
110=MR6
111=RCW?3

Al7 RFU 0 = must be programmed to 0 during MRS

Al13 RFU 0 = must be programmed to 0 during MRS
0 = Output buffer enabled

1

AlL2 Qoff 1 = Output buffer disabled
0 = Disable

All TDQS enable 1 = Enable

A10, A9, A8 RTT_NOM See Table: RTT_Nowm

. . 0 = Disable

A7 Write Leveling Enable 1 = Enable

A6, A5 RFU 0 = must be programmed to 0 during MRS
00 =0 (AL disabled)

. 01=CL-1

A4, A3 Additive Latency 10 = CL-2
11 = Resrved

A2, Al Output Driver Impedance Control See Table: Output Driver Impedance Control
0 = Disable 2

A0 DLL Enable 1 = Enable

NOTE

1. Outputs disabled -DQs, DQS_ts, DQS_cs.

2. Statesreversedtofi @sDi s a With eegpect to DDRA4.

3. Reserved for Register control word setting.DRAM ignores MR command with BG0,BA[1:0]=111 and d o e sres@ohd. When
RFU MR code setting is inputted, DRAM operation is not defined.

RTT_Nom

Al0 A9 A8 RTT_NOM
0 0 0 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
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Output Driver Impedance Control
A2 Al Output Driver Impedance Control
0 0 RZQ/7 (34 ohm)
0 1 RZQ/5 (48 ohm)
1 0 Reserved
1 1 Reserved
Mode Register 2 (MR2)
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO
001=MR1
010 =MR2
011=MR3
BGO, BA1:BAO MR Select 100 = MR4
101 = MR5
110 = MR6
111 = RCW!
A17 RFU 0 = must be programmed to 0 during MRS
A13 RFU 0 = must be programmed to 0 during MRS
. 0 = Disable
A12 Write CRC 1 = Enable
A11:A9 RTT_WR See Table: RTT_wR
A8 RFU 0 = must be programmed to 0 during MRS
00 = Manual Mode (Normal Operaing Temperature Range)
A7-AG Low Power Array Self 01 = Manual Mode (Reduced Operating Temperature Range)
’ Refresh (LP ASR) 10 = Manual Mode (Extended Operating Temperature Range)
11 = ASR Mode (Auto Self Refresh)
A5:A3 CAS Write Latency(CWL) See Table: CWL (CAS Write Latency)
A2:A0 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 d o e sresoihd.

When RFU MR code setting is inputted, DRAM operation is not defined.
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RTT_WR
All A10 A9 RTT_WR
0 0 0 Dynamic ODT Off
0 0 1 RZQ/2 (120 ohm)
0 1 0 RZQ/1 (240 ohm)
0 1 1 Hi-Z
1 0 0 RZQ/3 (80 ohm)
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

CAS Write Latency (CWL)

Speed bin in MT/s
AS Ad A3 CWL 1tCK WRITE 2tCK WRITE
preamble preamble 1
0 0 0 9 1600
0 0 1 10 1866
0 1 0 11 2133/1600
0 1 1 12 2400/1866
1 0 0 14 2666/2133 2400
1 0 1 16 2933, 3200/2400 2666/2400
1 1 0 18 2666 2933, 3200/2666
1 1 1 20 2933, 3200 2933, 3200

NOTE 1: The 2Tck WRITE preamble is valid for DDR4-2400/2666/2933 Speed Grade. For the 2" Set of 2Tck WRITE
preamble, no additional CWL is needed.
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Mode Register 3 (MR3)

Address

Operating Mode

Description

BG1

RFU

0 = must be programmed to 0 during MRS

BGO,
BA1:BAO

MR Select

000 = MRO
001=MR1
010 = MR2
011=MR3
100 = MR4
101 = MR5
110=MR6
111 =RCW!

Al7

RFU

0 = must be programmed to 0 during MRS

Al13

RFU

0 = must be programmed to 0 during MRS

Al12:A11

MPR Read Format

00 = Serial

01 = Parallel
10 = Staggered
11 = Reserved

A10:A9

Write CMD Latency when CRC
and DM are enabled

See Table:
Write Command Latency when CRC and DM are both enabled

A8:A6

Fine Granularity Refresh Mode

See Table: Fine Granularity Refresh Mode

A5

Temperature sensor readout

0 : Disable
1: Enable

A4

Per DRAM Addressability

0 = Disable
1 = Enable

A3

Geardown Mode

0 =1/2 Rate
1=1/4 Rate

A2

MPR Operation

0 = Normal
1 = Dataflow from/to MPR

A1:A0

MPR page Selection

00 = PageO
01 = Pagel
10 = Page2
11 =Page3
See Table: MPR Data Format

NOTE 1: Reserved for Register control word setting. DRAM ignores MR command with BG0O,BA[1:0]=111 and d o e sresg@ond.
When RFU MR code setting is inputted, DRAM operation is not defined.

Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh
0 0 0 Normal (Fixed 1x)
0 0 1 Fixed 2x
0 1 0 Fixed 4x
0 1 1 Reserved
1 0 0 Reserved
1 0 1 Enable on-the-fly 1x/2x
1 1 0 Enable on-the-fly 1x/4x
1 1 1 Reserved
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Write Command Latency when CRC and DM are both enabled

Al0 A9 CRC+DM Write Command Latency Speed Bin

0 0 4nCK 1600

0 1 5nCK 1866, 2133, 2400, 2666

1 0 6nCK 2933, 3200

1 1 Reserved Reserved
NOTE
1. The WRITE command latency (WCL) must be set when both write CRC and DM are enabled for write CRC persistent mode
2. Atless than or equal to 1600 then 4nCK; neither 5nCK nor 6nCK
3. Atgreater than 1600 and lessthan or equal to 2666 then 5nCK; neither 4nCK nor 6nCK
4. Atgreater than 2666 and less than or equal to 3200 then 6nCK; neither 4nCK nor 5nCK

MPR Data Format

MPR page0 (Training Pattern)

MPR
Address Location [7 [6] [5] [4] [3] [2] [1] [0] Note
00 = MPRO 0 1 0 1 0 1 0 1
01=MPR1 0 0 1 1 0 0 1 1 :
BA1:BAO Read/ Write
10 = MPR2 0 0 0 0 1 1 1 1 (default value)
11 =MPR3 0 0 0 0 0 0 0 0
MPR pagel (CA Parity Error Log)
MPR
Address Location [7] [6] 5] [3] [2] [1] [0] Note
00 = MPRO Al7] Al6] Al5] Al4] Al3] Al2] Al1] Al0]
_ CAS_n/ | WE_n/
01 = MPR1 ALE Ald A[13] Al12] A[11] A[10] A9] Al8]
BA1:BAO 10 = MPR2 PAR ACT n BG[1] BG[0] BA[1] BA[0] | A[17]3 Rﬁgm Read only
CA Parity CA Parity Latency 4
11=MPR3 CRsfa'tEJ?r Error
Status MR5.A[2] | MR5.A[1] | MR5.A[0]
NOTE
1. MPR used for C/A parity error log readout is enabled by setting A[2] in MR3
2. For higher density of DRAM, where A[17] is not used, MPR2[1] should be treated as d o ncére.
3. MPR page 1 used for CA parity error log readout is enabled by setting A[2] in MR3.
4. MPR3bit 0~2 (CA parity latency) reflects the latest programmed CA parity latency values.
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MPR page2 (MRS Readout)

Address MPR Location [7] [6] [5] [4] [3] [2] [1] ’ [0] Note
hPPR | SPPR | RTT.wr | Jemperalure —CRC Wite RTT_WR
00=MPRO - - MR2 - - MR2 MR2
- - All - - Al12 A10 A9
V'T'rE;r%Q VREF DQ training Value G(aEar::g)l\g/n
01=MPRL | '
BA1:BAO MRO MRO Read only
A6 A5 ‘ A4 ‘ A3 ‘ A2 Al ‘ AO A3
CAS Latency CAS Write Latency
10 = MPR2 MRO MR2
A6 ‘ AS ‘ A4 A2 ‘ Al12 A5 A4 ’ A3
RTT_NOM RTT_PARK Driver Impedance
11 = MPR3 MR1 MR5 MR1
A10 ‘ A9 ‘ A6 A8 ‘ A7 ‘ A6 A2 | Al

MR bit for Temperature

MR3 bit A5=1: DRAM updates the temperature sensor status to MPR Page 2 (MPRO bits A4:A3). Temperature data is
guaranteed by the DRAM to be no more than 32ms old at the time of MPR Read of the Temperature Sensor Status bits.

MR3 bit A5=0: DRAM disables updates to the temperature sensor status in MPR Page 2(MPRO-bit A4:A3)

MPRO bit A4 MPRO bit A3 Refresh Rate Range
0 0 Sub 1X refresh (> tREFI)
0 1 1X refresh rate(= tREFI)
1 0 2X refresh rate(1/2 x tREFI)
1 1 Reserved
MPR page3 (Vendor use only)1
Address | MPR Location 7] ‘ [6] ‘ [5] ‘ [4] ‘ 3] ‘ 2] ‘ [1] ‘ [0] Note
00 = MPRO d o rcérd
01 =MPR1 d o ncére
BA1:BAO Read only
10 = MPR2 d o ncére
11 =MPR3 d o ncére
NOTE 1 MPR page3 is specifically assigned to DRAM. Actual encoding method is vendor specific.
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Mode Register 4 (MR4)

Address Operating Mode Description

BG1 RFU 0 = must be programmed to 0 during MRS

000 = MRO
001=MR1
010 = MR2

011=MR3
BGO, BA1:BAO | MR Select 100 = MR4

101 = MR5
110=MR6
111=RCwW!

Al7 RFU 0 = must be programmed to 0 during MRS

0 = Disable

Al13 hPPR 1 = Enable

0=1nCK

Al12 Write Preamble 1=2nCK

0=1nCK

All Read Preamble 1=2nCK

Read Preamble Training 0 = Disable

AlO Mode 1 = Enable

0 = Disable

A9 Self Refresh Abort 1= Enable

000 = Disable
001=3
010=4

011=5
CS to CMD/ADDR Latency Mode 100=6

(cycles) 101=8

110 = Reserved

111 = Reserved

(See Table: CS to CMD/ADDR Latency Mode Setting)

A8:A6

0 = Disable

AS SPPR 1 = Enable

0 = Disable

A4 Internal VREF Monitor 1 = Enable

0 = Disable

A3 Temperature Controlled RefreshMode | /'~ 2 %

0 = Normal

A2 Temperature Controlled RefreshRange | /' _ -

. 0 = Disable
Al Maximum Power Down Mode 1= Enable

A0 RFU 0 = must be programmed to 0 during MRS

NOTE 1 Reserved for Register control word setting .DRAM ignores MR command with BG0,BA1;BA0=111 and d o e sresgdohd.
When RFU MR code setting is inputted, DRAM operation is not defined.
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CSto CMD / ADDR Latency Mode Setting
A8 A7 A6 CAL
0 0 0 Disable
0 0 1 3
0 1 0 4
0 1 1 5
1 0 0 6
1 0 1 8
1 1 0 Reserved
1 1 1 Reserved
Mode Register 5 (MR5)
Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO
001 = MR1
010 =MR2
. 011=MR3
BGO, BA1:BAO | MR Select 100 = MR4
101=MR5
110=MR6
111 =RCW!
Al7 RFU 0 = must be programmed to 0 during MRS
Al3 RFU 0 = must be programmed to 0 during MRS
0 = Disable
Al2 Read DBI 1 = Enable
. 0 = Disable
All Write DBI 1 = Enable
0 = Disable
A10 Data Mask 1 = Enable
. . 0 = Disable
A9 CA parity Persistent Error 1 = Enable
A8:A6 RTT_PARK See Table: RTT_PARK
. 0 = ODT input buffer is activated
A5 ODT Input Buffer during Power Down mode 1= ODT input buffer is deactivated
. 0 = Clear
A4 CA Parity Error Status 1 = Error
0 = Clear
A3 CRC Error Clear 1 = Error
A2:A0 CA Parity Latency Mode See Table: CA Parity Latency Mode
NOTE

RFU MR code setting is inputted, DRAM operation is not defined.
2. When RTT_NOM Disable is setin MR1, A5 of MR5 will be ignored.
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RTT_PARK
A8 A7 A6 RTT_PARK
0 0 0 RTT_PARK Disable
0 0 1 RZQ/4
0 1 0 RZQ/2
0 1 1 RZQ/6
1 0 0 RZQ/1
1 0 1 RZQ/5
1 1 0 RZQ/3
1 1 1 RZQI7

CA Parity Latency Mode

A2 Al A0 PL Speed Bin
0 0 0 Disable
0 0 1 4 1600/1866/2133
0 1 0 5 2400/2666
0 1 1 6 2933/3200
1 0 0 8 RFU
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

NOTE 1 Parity latency must be programmeaccording to timing parameters by speed grade table.
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Mode Register 6 (MR6)

Address Operating Mode Description
BG1 RFU 0 = must be programmed to 0 during MRS
000 = MRO
001 =MR1
010 =MR2
011=MR3
BGO, BA1:BAO MR Select 100 = MR4
101=MR5
110=MR6
111 =RCW!
Al7 RFU 0 = must be programmed to 0 during MRS
Al13 RFU 0 = must be programmed to 0 during MRS
Al12:A10 tCCD_L See Table: tCCD_L & tDLLK
A9, A8 RFU 0 = must be programmed to 0 during MRS
- 0 = Disable(Normal operation Mode)
A7 VREFDQ Training Enable 1 = Enable(Training Mode)
- 0=Range 1
A6 VREFDQ Training Range 1 = Range 2
A5:A0 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]=111and d o e sresgomnd.

tCCD_L & tDLLK

Al2 All Al0 tCCD_L.min (nCK)? tDLLKmin (nCK)?* Note
0 0 0 Reserved ¢ 1333Mbps
597
0 0 1 5 >1333Mbps and ¢ 1866Mbps (1600/1866Mbps)
0 1 0 6 768 >1866Mbps and ¢ 2400Mbps (2133/2400Mbps)
0 1 1 7 >2400Mbps and ¢ 2666Mbps (2666Mbps)
1 0 0 8 1024 >2666Mbps and ¢ 3200Mbps (2933/3200Mbps)
1 0 1
1 1 0 Reserved
1 1 1

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

A5:A0 Rangel Range2 A5:A0 Rangel Range2
00 0000 60.00% 45.00% 01 1010 76.90% 61.90%
00 0001 60.65% 45.65% 011011 77.55% 62.55%
00 0010 61.30% 46.30% 01 1100 78.20% 63.20%
00 0011 61.95% 46.95% 011101 78.85% 63.85%
00 0100 62.60% 47.60% 011110 79.50% 64.50%
00 0101 63.25% 48.25% 011111 80.15% 65.15%
00 0110 63.90% 48.90% 10 0000 80.80% 65.80%
000111 64.55% 49.55% 100001 81.45% 66.45%
00 1000 65.20% 50.20% 10 0010 82.10% 67.10%
00 1001 65.85% 50.85% 10 0011 82.75% 67.75%
00 1010 66.50% 51.50% 100100 83.40% 68.40%
001011 67.15% 52.15% 10 0101 84.05% 69.05%
00 1100 67.80% 52.80% 100110 84.70% 69.70%
00 1101 68.45% 53.45% 100111 85.35% 70.35%
001110 69.10% 54.10% 10 1000 86.00% 71.00%
001111 69.75% 54.75% 10 1001 86.65% 71.65%
01 0000 70.40% 55.40% 10 1010 87.30% 72.30%
01 0001 71.05% 56.05% 101011 87.95% 72.95%
01 0010 71.70% 56.70% 10 1100 88.60% 73.60%
01 0011 72.35% 57.35% 101101 89.25% 74.25%
01 0100 73.00% 58.00% 10 1110 89.90% 74.90%
01 0101 73.65% 58.65% 101111 90.55% 75.55%
01 0110 74.30% 59.30% 110000 91.20% 76.20%
010111 74.95% 59.95% 11 0001 91.85% 76.85%
01 1000 -75.60% 60.60% 110010 92.50% 77.50%
01 1001 76.25% 61.25% 110011to 111111 Reserved Reserved

Mode Register 7 (MR7)
DRAM MRY Ignore

The DDR4 SDRAM shall ignore any access to MR7 for all DDR4 SDRAM.Any bit setting within MR7 may not
take any effect in the DDR4 SDRAM.
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Command 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_n=Burst Chop,

X = D o @adet V=Valid H or L].

CKE AL7,
Function Symbol . CS_n| ACT_n R/AAign C;:?gn WAEl—‘? / ?3%01 %AAol CCZO B‘Alerq ﬁﬁ AAJ.SI ﬁ\% NOTE
Mode Register Set MRS H H L H L L L BG | BA \% OP Code 12
Refresh REF H| H| L H L L H v|iv]|v]v]|v
Self Refresh Entry SRE H| L | L H L L H v|iv]v]v]|v]rze
‘ H X X X X X X | X | X | X | X |549
Self Refresh Exit SRX L H ’16 s
L H H H H v|ivi]iv|v]|v]v]|yv
Single Bank Precharge PRE H H L H L H L BG | BA \% \Y \% L \%
Precharge all Banks PREA H H L H L H L \ \% \ \% \% H \
RFU RFU H| H| L H L H H RFU
Bank Activate ACT H H L L Row Address(RA) BG | BA \% Row Address (RA)
Write (Fixed BL8 or BC4) WR H| H| L H H L L |Be|BA| V|V ]|V]|]L]|ca
Write (BC4, on the Fly) WRS4 | H| H | L H H L L |Be|BA| V| L|V]|L]|ca
Write (BL8, on the Fly) WRSS | H| H | L H H L L |Be|BA| V| H]|V]|L]|caA
‘(’g{j(tsc‘i’”g?ggtroB'jcriiharge WRA | H | H | L H H L L |Be|Ba|l Vv ]|V ]|V]H]|CA
\(’grgj""g;htﬁgtglg echarge WRAS4 | H | H | L H H L L |Be|Ba|l v ]| L|V]|H]|CA
‘(’éit; "girt]hthAé“":’l;rECharge WRASS | H | H | L H H L L |Be|BA|l V| H|V]H]|CA
Read (Fixed BL8 or BC4) RD H| H| L H H L H |Be|BA| V| V L | ca
Read (BC4, on the Fly) RDS4 | H| H | L H H L H |Bs|BA| V| L L | ca
Read (BLS, on the Fly) RDS8 | H | H | L H H L H |Bs|BA| V| H L | ca
5:?33 deEE;AgEOBPergharge RDA H| H L H H L H BG|BA| V| V] V]| H]|cCA
(F;ec""i";iﬁ,htﬁ;“ﬁ.;r echarge RDAS4 | H | H L H H L H BG|BA| v | L | V]| H]|CA
(RBef‘; ‘g:'m:g;mharge RDAS8 | H | H L H H L H BG|BA| V| H| V| H]|cCA
No Operation NOP H| H| L H H H H viv]v|v]|v]v]vVv]|iw
Device Deselected DES H H H X X X X X X X X X X X
Power Down Entry PDE H| L | H X X X X X | x| x| x| x| x| x| s
Power Down Exit PDX L H H X X X X X X X X X X X 6
ZQ calibration Long ZQCL H H L H H H L \% \% \% \% \% H \%
ZQ calibration Short zocs | H | H| L H H H L v|ivi]iv|v]|v]L]|vVv

NOTE

1. All DDR4 SDRAM commands are defined by states of CS_n, ACT_n, RAS_n/A16, CAS_n/Al15, WE_n/Al14 and CKE at the
rising edge of the clock. The MSB of BG, BA, RA and CA are device density and configuration dependant. When ACT_n = H;
pins RAS_n/A16, CAS_n/Al15, and WE_n/Al14 are used as command pins RAS_n, CAS_n, and WE_n respectively. When
ACT_n =L; pins RAS_n/Al16, CAS_n/A15, and WE_n/Al14 are used as address pins A16, A15, and A14 respectively.

2. RESET_nis Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any

function.

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

A Vndeans A Hr L (but a defined logicl e v and fj Xndeans either i d e f or andefined (like floating) logicl ev el 0.
5. Burstreads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.
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6. The Power Down Mode does not perform any refresh operation.

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

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

10. Mode Exit

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

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

CKE Truth Table

CKE
Command (N)® .
Current State? |previous Cycle! | Present Cycle! | RAS n, CAS n, WE n. CS n Action (N)® NOTE
(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
H L REFRESH Self Refresh Entry 9,13,18
For more details with all signals Seei Co mmamdt h Tabl eo. 10
NOTE

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

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

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

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

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

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

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

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

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

10. Mustbe alegal command as defined in the Command Truth Table.

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

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

13. Self-Refresh can not be entered during Read or Write operations. For a detailed list of restrictions See fi S eRleffesh
Operati ono anbdo whe eMofidPeoswoe. r

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

15. A Xngeansfi d o @ & r(iecfuding floating around VREF) in Self-Refresh and Power-Down. It also applies to Address pins.

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

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

18. 61 8k ais defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is high, and alll
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 burst type is
selected via bit A3 of Mode Register MRO. The ordering of accesses within a burst is determined by the burst
length, burst type, and the starting column address as shown in Table below. The burst length is defined by

otlpetf il yds wihn clh

bits AO-A1 of Mode Register MRO. Burst |l ength
allows BC4 or BL8 to be selected coincident with the registration of a Read or Write command via A12/BC_n.
Starting
Burst Read/ Column burst type = Sequential burst type = Interleaved NOTE
Length Write Address (decimal) A3=0 (decimal) A3=1
(A2,A1,A0)
000 0,1,2,3,T,T,T,T 0,1,2,3,T,T,T,T 12,3
001 123,0TTTT 1,032 TTT,T 123
010 23,01T1TTT 23,01T1TTT 12,3
011 3,012TTTT 32,10TTTT 123
READ
100 456,7,TTTT 456,7,T,TTT 123
4 Chop
101 56,74 TTT,T 54,76, T,TTT 123
110 6,7,45TTTT 6,7,45TTTT 12,3
111 7456TTTT 7654TTTT 123
o,V,V 0,1,2,3,X,X,X,X 0,1,2,3,X,X,X,X 1,245
WRITE
1,V,V 4,5,6,7,X,X,X,X 4,5,6,7,X,X,X,X 1,245
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 2
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6 2
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5 2
011 3,0,1,2,7,45,6 3,2,1,0,7,6,54 2
READ
8 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3 2
101 5,6,7,4,1,2,3,0 54,7,6,1,0,3,2 2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1 2
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0 2
WRITE V,V,V 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7 24
NOTE
1. In case of burst length being fixed to 4 by MRO setting, the internal write operation starts two clock cycles earlier than for the
BL8 mode. This means that the starting point for tWR and tWTR will be pulled in by two clocks. In case of burst length being
selected on-the-fly via A12/BC_n, the internal write operation starts at the same point in time like a burst of 8 write operation.
This means that during on-the-fly control, the starting point for tWR and tWTR will not be pulled in by two clocks.
2. 0...7 bit number is value of CA[2:0] that causes this bit to be the first read during a burst.
3. Output driver for data and strobes are in high impedance.
4. V:Avalidlogic level (0 or 1), but respective buffer input ignores level on input pins.
5. X:Do nGate.

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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DDR4 SDRAM DLL-off mode is entered by setting MR1 bit AOtoAi 006 ; t hi s will di sable th
operations until AO bit i s set back to fAlo. The MR1 |
initialization or | ater. Refer to fAlnput clock frequen

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

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

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

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 tDQSCKmin and tDQSCKmax is significantly larger than in DLL-on mode. The
tDQSCK(DLL_off) values are vendor specific.

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

DLL-Off Mode Read Timing Operation

TGO Ti Te T7 T8 TS T10 T Tiz T13 T1d Ti5
! ' ! ' v v ! v . ) ! \ f , , ¢ , , ' | \ . | '
CK ..o o S, Y [P ey veon o . FERY i -
m{ FmO» - ;
T 1 1
BA A

pasdit bl on ., o W0 L 0 L /_\_/_\_/_\_/_\\_/_\\_/__‘_
LT T[T REALRCLEIGICLET0. ALSD) L L . : L

. . . . |—‘> ' 3

DO_DLL_or ) : X

. I ’. o \QN.> QAT CAZXQA3NOA4 X OAS, oa%(omx

1
1

. . . . . . . . iDQSCKLDLL ofn i .

DQSdiff_DLL_off | . . : : : : : : /_\_/ :_\_/_\_/_\_/_\—/
D0 DLL_off - ' : -

mqscm(nu ﬂﬁ] e

1 1 ' ' [ i i

DQSA DLL off : \\ /_\_/_\_/—\_/ v\
e | S — \of\}Xnm)(mz)(am){cm)(ms)(ms)(mr/ .
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DLL On/Off Switching Procedure

DDR4 DLL-off mode is entered by setting MR1 bit AO to fi 0 tbis will disable the DLL for subsequent operations
until the AO bitis setbacktof 1 0 .

DLL On to DLL Off Procedure

To switch from DLL /i o to®LL fi o fefudes the frequency to be changed during self refresh, as outlined in
the following procedure:

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

. Set MR1 bit AO to fi Ot@disable the DLL.

. Wait tMOD.

. Enter Self Refresh Mode; wait until tCKSRE) is satisfied.

. Change frequency, in guidance with i | n goaktfrequency c h a n gné&eéction 4.6.

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

~N oo o B~ WDN

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

8. Wait tXS_Fast or tXS_Abort or tXS, then set Mode Registers with appropriate values (especially an update
of CL, CWL and WR may be necessary. A ZQCL command may also be issued after tXS_Fast).

-tXS - ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS, RD, RDS4, RDS8,
RDA, RDAS4, RDAS8

- tXS_Fast - ZQCL, ZQCS, MRS commands. For MRS command, only DRAM CL and WR/RTP register in
MRO, CWL register in

MR2 and geardown mode in MR3 are allowed to be accessed provided DRAM is not in per DRAM
addressibility mode. Access to other DRAM mode registers must satisfy tXS timing.

-tXS_Abort - If the MR4 bit A9 is enabled then the DRAM aborts any ongoing refresh and does not increment
the refresh counter.

The controller can issue a valid command after a delay of tXS_abort. Upon exit from Self-Refresh, the
DDR4 SDRAM requires a minimum of one extra refresh command before it is put back into Self-Refresh
Mode. This requirement remains the same irrespective of the setting of the MRS bit for self refresh abort.

9. Wait for tMOD, and then the DRAM is ready for the next command.
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DLL Switch Sequence from DLL On to DLL Off

Ta Tbo Tb1 Tc Td Te0 Te1 Tf Tg Th

CKe-=n oA oA oA oA oA o= N
ck_t —A~ C_>\_/ © - % i e = S

us| tcPDED {CKSRE | 4) | " {CKSRX 9
CKE ; : * / VALID, VA

I

us tCKESR

oot \ /ﬂl: A | A N AN | A
BOD ixs Past

COMMAND

X sRx ;’ )d

ADDR

Enter Self Refresh Exit Self Refresh
[] oon care % TIME BREAK

NOTE

1. Starting with idle state. RTT in stable.

2. Disable DLL by setting MR1 bit AOtofi 0 0O .

3. Enter SR.

4. Change frequency.

5. Clock must be stable in tCKSRX.

6. Exit SR.

7. 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.)

Enter Self Refresh mode; wait until tCKSRE satisfied.
Change frequency, following the guidelines inthe i | n @lack Frequency C h a n geetion.

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

o M wN

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. WaittXS or tXS_ABORT, depending on bit A9 in MR4, then set MR1 bit AO to fi ltwenable the DLL.
7. WaittMRD, then set MRO bit A8 to fi 1t@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 TH0 b1 Te Td Te0 Te1 T Tg Th
CK = = = . —_— ;o . S, s im0 i o L AL i
CK—‘_/‘_‘§\_/‘_>L’“’ > - 2 N~ < - . o S
sl tcPDED ICKSRE | 3) I " tCKSRX
CKE ; : * / VALID VALID, VALID X
I

s ICKESR

or B_| ABE] @ | 4

COMMAND DES SRE?) DES

ADDR VALID,

L —

Enter Self Refresh Exit Self Refresh
[[] ponT care SS TIME BREAK

NOTE

Starting with Idle State

Enter SR

Change Frequency

Clock must be stable tCKSRX

Exit SR

SetDLL-onbyMR1AO0 =6 10

Start DLLReset

Update rest MR register values after tDLLK (not shown in the diagram)
Ready for valid command after tDLLK (not shown in the diagram)

©o NGO, WNE
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Input Clock Frequency Change

After the DDR4 SDRAM is initialized, the DDR4 SDRAM r
states of normal operation. This means that, once the clock frequency has been setandistobeinthefist ab | e
stateo, the clock period is not allowed to deviate ex:
(spread spectrum clocking) specifications. The input clock frequency can be changed from one stable clock

rate to another stable clock rate only when in self refresh mode. Outside of self refresh mode, it is illegal to

change the clock frequency.

After the DDR4 SDRAM has been successfully placed in to Self-Refresh mode and tCKSRE has been satisfied,

the state of the c¢clock becomes a dondt care. Once a do
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 out I-Renferde sihn GipSeerlaft i on o .

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

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

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

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

The DDR4 SDRAM input clock frequency is allowed to change only within the minimum and maximum
operating frequency specified for the particular speed grade. Any frequency change below the minimum
operating frequency would require the use of DLL_on mode to DLL_off mode transition sequence (see DLL
On/Off Switching Procedure).
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Write Leveling

For better signal integrity, DDR4 memory modules use fly-by topology for the commands, addresses, control
signals, and clocks. Fly-by topology has benefits from the reduced 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 specifications. Therefore, the device supports a write leveling
feature to allow the controller to compensate for skew. This feature may not be required under some system

conditions, provided the host can maintain the tDQSS, tDSS, and tDSH specifications.

The memory controller can use the write leveling feature and feedback from the device to adjust the DQS
(DQS_t, DQS_c) to CK (CK_t, CK_c) relationship. The memory controller involved in the leveling must have
an adjustable delay setting on DQS to align the rising edge of DQS with that of the clock at the DRAM pin. The
DRAM asynchronously feeds back CK, sampled with the rising edge of DQS, through the DQ bus. The
controller repeatedly delays DQS until a transition from 0 to 1 is detected. The DQS delay established though
this exercise would ensure the tDQSS specification. Besides tDQSS, tDSS and tDSH specifications also need
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 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 specifications. A conceptual timing of this scheme is shown below.

Write Leveling Concept

T0 T1 T2 T3 T4 T5 T6 T7
CKC = — ==~ ~_~—— ~—— o—— —_——— _—— —_——— —_———
Source N X A N X N X N X N X N X N
CK_t ool - N’ o i - -t - - -
diff_DQS
Tn TO T1 T2 T3 T4 T5 T6
CKigi == D - e SRS SN SO A=
Destination X 7 X N / N P N P X P N / N
CK_t e 8 s Sy SR o A e et gl o
diff_DQS

All DQs Oor1 \ 0 >< 0 >< 0

Push DQS to capture 0-1 \

transition

diff_DQS

AIDQs [ Oor1 >< 1 >< 1 >< 1

DQS_t - DQS_c driven by the controller during leveling mode must be terminated by the DRAM based on

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

All data bits should carry the leveling feedback to the controller across the DRAM configurations 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 UDQS) to clock relationship whereas the lower data bits would indicate the lower

diff_ DQS(diff_LDQS) to clock relationship.
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DRAM Setting for Write Leveling and DRAM Termination Function in that Mode

DRAM enters into Wr
write | eveling mode

are activated and deactivated via ODT pin,

MR Settings for Leveling Procedures

ite leveling
if A7 in MR1

unlike normal operation.

mode i f A7
set 6Lowo.

in MR1
Not e

Function MR1 Enable Disable
Write leveling enable A7 1 0
Output buffer mode (Qoff) Al12 0 1
DRAM Termination Function in Leveling Mode

ODT pin at DRAM

DQS _t/DQS_c termination

DQs 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[bitA7] = 1 with MR1[bitA12]=1) all RTT_NOM and RTT_PARK settings
are allowed; in write-leveling mode with itsoutput buffer enabled (MR1[bitA7] = 1 with MR1[bitA12] = 0) all RTT_NOM and

RTT_PARK settingsare allowed.

2. Dynamic ODT function is not available in Write Leveling Mode. DRAM MR2 bits A[11:9] must be 6 0 Opfiodto entering Write

Leveling Mode.
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Procedure Description

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

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

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

Write Leveling Sequence (DQS Capturing CK LOW at T1 and CK HIGH at T2)

YWLDQSEN tDQsL'® DQSH®

| tDQSH®
'\F-———Z/‘—'\r—-- o
o (o

=
diff_bas'®
tWLMRD tWLO o
1

Late DQs'"

tWLOE

Early DQs! ”I

tWLO " WLOE ik WLO

NOTE

The device drives leveling feedback on all DQs.

MRS: Load MR1 to enter write leveling mode.

diff_DQS is the differential data strobe. Timing reference points are the zero crossings.
DQS_tis shown with a solid line; DQS_c is shown with a dotted line.

CK_tis shown with a solid dark line; CK_c is shown with a dotted line.

DQS needs to fulfill minimum pulse width requirements, tDQSH (MIN) and tDQSL (MIN),
as defined for regular WRITES; the maximum pulse width is system dependent.
tWLDQSEN must be satisfied following equation when using ODT:

ADLL = Enable, then tWLDQSEN > tMOD (MIN) + DODTLon + tADC

ADLL = Disable, then tWLDQSEN > tMOD (MIN) + tAONAS

© N o R wDd R
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Write -Leveling Mode Exit

Write leveling mode should be exited as follows:

CHIPLU

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

2. Drive ODT pin LOW (tIS must be satisfied) and continue registering LOW (see Tb0).
3. After 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]).

Write Leveling Exit

TO T T2 Ta0 Tb0 Ted Tet Te2 Tdo Td1 Te0 Tet

CK_t\~ =~ .- .- .- .- .- .- - - - - .- --

CK_ev ST “ - . e s = .- S .- “ - .

COMMAND DES DES DES DES DEB DE| DES MRS DES MRS DES VAUD

J IMRD
ADDRESS ” l l ]

” ~|_| tADCmin
i

DQS_t_DAS_¢c RTT_NOM | RTT_PARK

St RN JI___JL___/ __tADCmax
DQS_t_DQS_c - [
I

- (-

Al DQs I |
| WLO

_/\_/\_/\W 7&\/‘\/‘\ B fj\/—\'/—
RTT_NOM I 1l
| l

|

|

e
——t P
e

Das result=1
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Temperature -Controlled Refresh Mode

Normal tREFI Refresh (TCR Disabled)

During normal operation, TCR mode disabled, the DRAM must have a Refresh command issued once every

tREFI, except for what is allowed by posting (see Refresh Command section). This means a refresh command

must be issued once every 3.9¢s if TC greater than or
85°C as shown in table below.

Normal Temperature Extended Temperature
Temperature External Refresh Internal Refresh External Refresh Internal Refresh
Period Period Period Period
Tc < +45°C
] 7. 8¢s 7. 8¢s
+45°C UTc < +85°C 3.9%s 3.9%s
+85°C UTc < +95°C NA
NOTE

1. If Tcis less than 85°C, the external refresh period canbe 7 . 8issteadof3 . 9 ¢ s .

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.

When TCR mode is enabled, the device will register the externally supplied REFRESH command and adjust
the internal refresh period to be longer than tREFI of the normal temperature range, when allowed, by skipping
REFRESH commands with the proper gear ratio. TCR mode has two ranges to select between the normal
temperature range and the extended temperature range; the correct range must be selected so the internal
control operates correctly. The DRAM must have the correct refresh rate applied externally; the internal refresh
rate is determined by the DRAM based upon the temperature.

TCR Mode - Normal Temperature Range

REFRESH commands are to be issued to DRAM with the refresh period equal to or shorter than tREFI of
normal temperature range (0°C to +85°C). In this mode, the system guarantees that the DRAM temperature
does not exceed 85°C. The DRAM may adjust the internal refresh period to be longer than tREFI of the normal
temperature range by skipping external REFRESH commands with the proper gear ratio when Tc is below
45°C. Not more than three fourths of external refresh commands are skipped at any temperature in this mode.
The internal refresh period is automatically adjusted inside the DRAM and the DRAM controller does not need
to provide any additional control.

TCR Mode - Extended Temperature Range

REFRESH commands should be issued to DRAM with the refresh period which is tREFI of extended
temperature range (+85°C to +95°C). In this mode, the system guarantees that the DRAM temperature does
not exceed 95°C. Even though the external Refresh supports the extended temperature range, the DRAM will
adjust its internal refresh period to tREFI of the normal temperature range by skipping external REFRESH
commands with proper gear ratio when operating in the normal temperature range (0°C to +85°C). The DRAM
may furthur adjust the internal refresh period to be longer than tREFI of the normal temperature range by
skipping external REFRESH commands with the proper gear ratio when Tc is below 45°C. The internal refresh
period is automatically adjusted inside the DRAM and the DRAM controller does not need to provide any
additional control.
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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 >7.8¢s >3 . 9¢ s
- 7.8¢s
+45°C UTc < +85°C 7.8¢s 3.0%k5s >3.9¢s
+85°C UTc < +95°C NA 3.9¢s
NOTE

1. If the external refresh period is slower than 3 . 9 thadevice will refresh internally at too slow of a refresh rate and will violate
refresh specifications.

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 refresh period equal to or shorter than tREFI of normal temperature range (0°C - 85°C).
In this mode, the system guarantees that the DRAM temperature does not exceed 85°C.

Below 45°C, DDR4 SDRAM may adjust internal refresh period to be longer than tREFI of the normal
temperature range by skipping external refresh commands with proper gear ratio. The internal refresh period
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 refresh period equal to or shorter than tREFI of extended temperature range (85°C -
95°C).

In the normal temperature range (0°C - 85°C), DDR4 SDRAM adjusts its internal refresh period 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 refresh period to be longer than tREFI of the normal temperature range.
The internal refresh period adjustment is automatically done inside the DRAM and user does not need to
provide any additional control.
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Fine Granularity Refresh Mode

Mode Register and Command Truth Table

The Refresh cycle time (tRFC) and the average Refresh interval (tREFI) of DDR4 SDRAM can be programmed
by MRS command. The appropriate setting in the mode register will set a single set of Refresh cycle time and
average Refresh interval for the DDR4 SDRAM device (fixed mode), or allow the dynamic selection of one of
two sets of Refresh cycle time and average Refresh interval for the DDR4 SDRAM device(on-the-fly mode).

The on-the-fly mode must be enabled by MRS before any on-the-fly-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 On-the-fly 1x/2x
1 1 0 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
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

val ues

corresponding REFRESH operation.

i n

to the

mode register.

REFRESH Command Truth Table

Wh e n
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A0-9
. RAS_n | CAS_n | WE_n A0/ ’ i
Function CS_ n | ACT_n NG A14 INE: BG1 | BGO | BAO-1 AP Al1-12, MR3[8:6]
A16-20
Refresh A
(Fixed rate) L H L L H Y, Y, Y, Y, Y, A8=60
(Onﬁﬁgj;hlx) L H L L H v L v v v A8=6 1
Refresh A8: AT:
(on-the-fly 2x) 016
L H L L H \% H \% \% \%
Refresh AB8: AT7:
(on-the-fly 4x) 106
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tREFI and tRFC Parameters

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

CS66DU4GQA

256Mx16

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

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

tREFI and tRFC Parameters

Chiplus reserves the right to change product or specification without notice

Refresh Parameter 2Gb 4Gb 8Gb 16Gb Unit
tREFI(base) 78 7.8 7.8 7.8 €s
0°C <=TCASE <=85C tREFI(base) tREFI(base) tREFI(base) tREFI(base) €S
1X mode e 85°C < TCASE <=95°C tREFI(base)/2 | tREFI(base)/2 | tREFI(base)/2 | tREFI(base)/2 €S
tRFC1(min) 160 260 350 550 ns
0°C <=TCASE <=85C tREFI(base)/2 | tREFI(base)/2 | tREFI(base)/2 | tREFI(base)/2 €S
2X mode REr 85°C < TCASE <=95°C tREFI(base)/4 | tREFI(base)/4 | tREFI(base)/4 | tREFI(base)/4 €S
tRFC2(min) 110 160 260 350 ns
0°C <=TCASE <=85C tREFI(base)/4 | tREFI(base)/4 | tREFI(base)/4 | tREFI(base)/4 €S
4X mode REr 85°C < TCASE <=95°C tREFI(base)/8 | tREFI(base)/8 | tREFI(base)/8 | tREFI(base)/8 €S
tRFC4(min) 90 110 160 260 ns
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Changing Refresh Rate

If Refresh rate is changed by either MRS or on-the-fly, new tREFI and tRFC parameters would be applied from
the moment of the rate change. 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.

On-the-fly Refresh Command Timing

tRFC1(min)

' - ) () ““.. - . "L-d .- () - [
L ) 0 ) o Com o o 2§
i ‘ |
/| | /] |

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.

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

MRS command before the Refresh rate can be changed by another MRS command.

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

any two REF1x commands.

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

command before the Refresh rate can be changed by another MRS command.

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

between any two REF1x command

There are no special restrictions for the fixed 1x Refresh rate mode. Switching between fixed and on-the-fly

S.

modes keeping the same rate is not regarded as a Refresh rate change.
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Usage with Temperature Controlled Refresh Mode

If the temperature controlled refresh mode is enabled, then only the normal mode (fixed 1x mode, MR3 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.

Self Refresh Entry and Exit

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

1.
2.

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

In the fixed 2x Refresh rate mode or the enable-on-the-fly 1x/2x Refresh rate mode, it is recommended that
there should be an even number of REF2x commands before entry into Self Refresh since the last Self
Refresh exit or REF1x command or MRS command that set the refresh mode. If this condition is met, no
additional refresh commands are required upon Self Refresh exit.

In the case that this condition is not met, either one extra REF1x command or two extra REF2x commands
are required to be issued to the DDR4 SDRAM upon Self Refresh exit. These extra Refresh commands are
not counted toward the computation of the average refresh interval (tREFI).

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

MR3 Setting for the MPR Access Mode

Address Operation Mode Description

00 = Serial ...........
01 = Parallel

10 = Staggered ....
11 = Reserved

0 = Standard operation (MPR not enabled)

A[12:11] MPR data read format

A2 MPR access 1 = MPR data flow enabled
00=PageO....
A[1:0] MPR page selection % : E:gz %
11 =Page 3

DRAM Address to MPR Ul Translation

MPR Location [7] 6] 5] 4] 3] 2] [ [0]
DRAM address i Ax A7 A6 A5 A4 A3 A2 Al AO

MPR UI'i Ulx uio Uil ui2 ui3 ui4 uis uie urz
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MPR Page 01 Read or Write (Data Patterns)

MPR Page and MPRx Definitions

Address MPR Location [ [6] 5] [4] [3] [2] [1] Q] note
00 = MPRO 0 1 0 1 0 1 0 1
01= MPR1 0 0 1 1 0 0 1 1 i
BAL:BAO Readiwie
10 = MPR2 0 0 0 0 1 1 1 1 | (defaultvalue)
11=MPR3 0 0 0 0 0 0 0 0
MPR Page 17 Read-only (CA Parity Error Log)
Address MPR Location [N [6] [5] [4] [3] [2] [1] [0] note
00 = MPRO Al7] Al6] Al5] Al4] A[3] Al2] All] A[0]
_ CAS_n/ WE_n/
01 = MPR1 A5 ey A[13] A[12] A[11] A[10] | A[9] A[8]
. Read-
BAL:BAD 10 = MPR2 PAR ACT_n BG[1] BG[0] BA[1] BA[O] | A[17] RA%Q’ only
CA Parity CA Parity Latency
11=mpr3 | ROEMOT) ey ce | el | co
Status | MR5.A[2] | MR5.A[1] | MR5.A[0]
MPR Page 27 Read-only (MRS Readout)
Address MPR Location | [6] [5] [4] [3] [2] [1] [0] note
Temperature CRC
RFU | RFU | RFU P Write RTT_WR
Sensor Status -
Enable
00 = MPRO
- - - - - MR2 MR2
- - - - - Al12 A10 A9
VREFDQ Gear-
Training VREFDQ Training Value down
Range Enable
01= MPR1
MR6 MRG6
BA1:BAO Read-only
A6 A5 A4 A3 A2 Al A0 A3
CAS Latency RFU CAS Write Latency
10 = MPR2 MRO - MR2
A6 A5 A4 A2 - A5 Ad A3
RTT_WR RTT_Park Driver Impedance
11=MPR3 MR1 MR5 MR2
A10 A9 A6 A8 A7 A6 A2 Al
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MPR Page 37 Read-only (Vendor Purpose Only)

Address | MPR Location m | e | 58w 8| @] m]| o note
00 = MPRO d o rcard
01= MPR1 d o ncard
BA1:BAO Read-only
10 = MPR2 d o rcard
11=MPR3 d o rcard
MPR Reads

MPR reads are supported using BL8 and BC4 modes. Burst length on-the-fly is not supported for MPR reads.
Data bus inversion (DBI) is not allowed during MPR READ operation; the device will ignore the Read DBI
enable setting in MR5 [12] when in MPR mode. READ commands for BC4 are supported with a starting column
address of A[2:0] = 000 or 100. After power-up, the content of MPR Page 0 has the default values. MPR page
0 can be rewritten via an MPR WRITE command. The device maintains the default values unless it is rewritten
by the DRAM controller. If the DRAM controller does overwrite the default values (Page 0 only), the device will
maintain the new values unless re-initialized or there is power loss.

Timing in MPR mode:
Reads (back-to-back) from Page 0 may use tCCD_S or tCCD_L timing between READ commands

Reads (back-to-back) from Pages 1, 2, or 3 may not use tCCD_S timing between READ commands;
tCCD_L must be used for timing between READ commands

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

1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. MRS command to MR3[2] = 1 (Enable MPR data flow), MR3[12:11] = MPR read format, and MR3[1:0] MPR
page.
a. MR3[12:11] MPR read format:
1. 00 = Serial read format
2. 01 = Parallel read format
3. 10 = staggered read format
4.11 =RFU
b. MR3[1:0] MPR page:
1. 00 =MPR Page 0
2.01=MPR Page 1
3. 10 = MPR Page 2
4,11 =MPR Page 3
4. tMRD and tMOD must be satisfied.
5. Redirect all subsequent READ commands to specific MPRx location.
6. Issue RD or RDA command.
a. BAl1 and BAO indicate MPRXx location:

1. 00 = MPRO
2.01=MPR1
3.10 = MPR2
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8.
9.

4,11 = MPR3

b. A12/BC =0 or 1; BL8 or BC4 fixed-only, BC4 OTF not supported.

1. If BL =8 and MRO A[1:0] = 01, A12/BC must be set to 1 during MPR READ commands.
c. A2 = burst-type dependant:

1. BL8: A2 = 0 with burst order fixed at0, 1, 2, 3,4, 5,6, 7

2. BL8: A2 =1 not allowed

3. BC4: A2 = 0 with burst order fixedat0, 1,2,3, T, T, T, T

4, BC4: A2 = 1 with burst order fixed at4,5,6, 7, T, T, T, T
d. A[1:0] = 00, data burst is fixed nibble start at 00.
e. Remaining address inputs, including A10, and BG1 and BGO are" D o Gabet"

After RL = AL + CL, DRAM bursts data from MPRx location; MPR readout format determined by
MR3[A12,11,1,0].

Steps 5 through 7 may be repeated to read additional MPRx locations.
After the last MPRx READ burst, tMPRR must be satisfied prior to exiting.

10. Issue MRS command to exit MPR mode; MR3[2] = 0.
11. After the tMOD sequence is completed, the DRAM is ready for normal operation from the core (such as

ACT).

MPR Readout Format

The MPR read data format can be set to three different settings: serial, parallel, and staggered.

MPR Readout Serial Format

The serial format is required when enabling the MPR function to read out the contents of an MRX, temperature
sensor status, and the command address parity error frame. However, data bus calibration locations (four 8-
bit registers) can be programmed to read out any of the three formats. The DRAM is required to drive

associated strobes with the read data similar to normal operation (such as using MRS preamble settings).

Serial format implies that the same pattern is returned on all DQ lanes, as shown the table below, which uses

values programmed into the MPR via [7:0] as 0111 1111.

x4 Device
Serial uIo ulL uI2 uI3 ul4 uls ule uI7
DQO 0 1 1 1 1 1 1 1
DQL 0 1 1 1 1 1 1 1
DQ2 0 1 1 1 1 1 1 1
DQ3 0 1 1 1 1 1 1 1
50 Rev 1.0

Chiplus reserves the right to change product or specification without notice




CHIFLUS

256Mx16

CS66DU4GQA

x8 Device

Serial

ulo

ull

ui2

uI3

ul4

uls

ul6

ul7

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

oO|lo|o|lo|o|o|o| O

L e I N S I S S S

L e I N S SN B N

L e I N S SN B N

N = e e e N

RPlRr|lRr|Rr|RP|RP|R]|PF,

RPlRr|lRr|Rr|Rr|PRP|R,]|PR

RPlRr|lRPr|Rr|RP|RP|[RL]|R

x16 Device

Serial

ulo

ull

ui2

ui3

ul4

ul5

ul6

ul7

DQO

DQ1

DQ2

DQ3

DQ4

DQ5

DQ6

DQ7

DQ8

DQ9

DQ10

DQ11

DQ12

DQ13

DQ14

DQ15

oO|lo|lo|lo|lo|o|lo|l]o|o|o|o|]o|lo|o|o|o

I N B B I N I e e e e N N e

e e I e I T I N e I I e B e B e B e I e

T e I e I T I I e I I e B e B e B e B e I N

T e T I S e e e e I e I e B e B e B e N N

PlrRr|lr|lrlrRr|lrPr|rRIRP|IP|IRP|P|IRPIP|P|RP]|PR

S S S N N N

I = I N e e e N N N N N

MPR Readout Parallel Format

Parallel format implies that the MPR data is returned in the first data Ul and then repeated in the remaining Uls
of the burst, as shown in the table below. Data pattern location 0 is the only location used for the parallel format.
RD/RDA from data pattern locations 1, 2, and 3 are not allowed with parallel data return mode. In this example,
the pattern programmed in the data pattern location 0 is 0111 1111. The x4 configuration only outputs the first
four bits (0111 in this example). For the x16 configuration, the same pattern is repeated on both the upper and

lower bytes.
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x4 Device

ul7

ul6

uls

ul4

uI3

ui2

ull

ulo

Serial

DQO
DQ1
DQ2
DQ3

x8 Device

ul7

ul6

uls

ul4

uI3

ui2

ull

ulo

Serial

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

x16 Device

ul7

ul6

ul5

ul4

ui3

ui2

ull

ulo

1

Serial

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DQ8
DQ9
DQ10

DQ11

DQ12

DQ13

DQ14

DQ15
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Staggered format of data return is defined as the staggering of the MPR data across the lanes. In this mode,
an RD/RDA command is issued to a specific data pattern location and then the data is returned on the DQ
from each of the different data pattern locations.

For the x4 configuration, an RD/RDA to data pattern location O will result in data from location 0 being driven
on DQO, data from location 1 being driven on DQ1, data from location 2 being driven on DQ2, and so on.
Similarly, an RD/RDA command to data pattern location 1 will result in data from location 1 being driven on
DQO, data from location 2 being driven on DQ1, data from location 3 being driven on DQ2, and so on.

MPR Readout Staggered Format, x4

READ MPRO Command READ MPR1 Command READ MPR2 Command READ MPR3 Command
Stagger UI[7:0] Stagger UI[7:0] Stagger UI[7:0] Stagger UI[7:0]
DQO MPRO DQO MPR1 DQO MPR2 DQO MPR3
DQ1 MPR1 DQ1 MPR2 DQ1 MPR3 DQ1 MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO DQ2 MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 DQ3 MPR2

It is expected that the DRAM can respond to back-to-back RD/RDA commands to the MPR for all DDR4
frequencies so that a sequence (such as the one that follows) can be created on the data bus with no bubbles
or clocks between read data. In this case, the system memory controller issues a sequence of RD(MPRO),
RD(MPR1), RD(MPR2),RD(MPR3), RD(MPRO0), RD(MPR1), RD(MPR2), and RD(MPR3).

MPR Readout Staggered Format, x4 i Consecutive READs

Stagger UI[7:0] UI[15:8] | UI[23:16] | UI[31:24] | UI[39:32] | UI[47:40] | UI[55:48] | UI[63:56]
DQO MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3
DQ1 MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO
DQ2 MPR2 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1
DQ3 MPR3 MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2

For the x8 configuration, the same pattern is repeated on the lower nibble as on the upper nibble. READs to
other MPR data pattern locations follow the same format as the x4 case.

MPR Readout Staggered Format, x8 and x16

Chiplus reserves the right to change product or specification without notice

x8 READ MPRO Command x16 READ MPRO Command x16 READ MPRO Command
Stagger UlI[7:0] Stagger Ul[7:0] Stagger UI[7:0]
DQO MPRO DQO MPRO DQ8 MPRO
DQ1 MPR1 DQ1 MPR1 DQ9 MPR1
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2
DQ3 MPR3 DQ3 MPR3 DQ11 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO
DQ5 MPR1 DQ5 MPR1 DQ13 MPR1
DQ6 MPR2 DQ6 MPR2 DQ14 MPR2
DQ7 MPR3 DQ7 MPR3 DQ15 MPR3
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MPR READ Timing

TO Tal Tat To0 Ted % Te2 Te3 Tdo Td1 Ted 0 ™m
CK cm == - -~ - -~ .- - - PR e -~ .-
MPR
Disable
tRP xM'oo 1 MPRR oD
rooness DXaSX DR XX QDX DX XX XX XX QXX XX XX DX )
ae_/ | \YS
PLO«ALeCL
a4 008 Z( { { N XU T X
o 2( Z( \(( uio X unn X u \&u_ls) uis X ui7 ) /( Z(
§ Timesreak  [] oonTcare
NOTE
1. Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent readsand writes to MPR locations.

2. Address setting:

A[1:0]=f 0 0 0 (burstdrder is fixed starting at nibble, always 00b here)

A[2]= O(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 " D o @abet' including BG1 and BGO.

Al2isd o ncéréwhen MRO A[1:0] =00 or 10, and mustbe i 1 0 wKROM[1:0] =01
Multipurpose registers Read/Write Disable (MR3 A2 = 0).

Continue with regular DRAM command.

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

P

MPR Back-to-Back READ Timing

CKe = =

CK_t

ADDRESS MM
v WAV VAR,

Sg TIME EREAK

NOTE

1. tCCD_S =4, Read Preamble = 1tCK
2. Address setting:
A[1:0] = 00(data burst order is fixed starting at nibble, always 00b here)

D DON'T CARE

A[2] = O(for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7; for BC = 4, burst order isfixed at 0, 1,2, 3, T, T, T, T)
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- BA1 and BAO indicate the MPR location

- Al0and other address pins are " D o @abet' including BG1 and BGO.

- Al2is" Do n 6 twBenMBRO'A[1:0] =00 or 10, and mustbe i 1 6 wKROMA[1:0] =01
3. Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.

MPR READ-to-WRITE Timing

To T T2 T Tat Ta2 Ta3

CKC==m oA .- - .- .- - -
Pl o A W

ADDRESS :)@)MLIDD@MMUD VALID, VALID VALID VAMLKD VAMZXA__DEZX:ZZX\E\UD VAIZD>
o | N | O | W | O [V |7 |7 [ (7 [ [ a7 | &7
* PLisAL+CL o
L 1 N SN (R G5 S A
- 2( <U10 x un A ui2 x U13> U x U!S) uie uli7 2(
gg TIME BREAK D DON'T CARE
NOTE

1. Address setting:
- A[1:0] = 00(data burst order is fixed startingat nibble, always 00 here)
- A[2]=0(for BL = 8, burst order is fixed at 0, 1, 2, 3,4, 5,6, 7)
- BAl and BAO indicate the MPR location
- AlO0and other address pins are " D o @abet' including BG1 and BGO.
- Al2i s " Do n &he@MROA[1:0] =00, and must be 1b when MRO A[1:0] = 01
2. Address setting:
- BAl and BAO indicate the MPR location
- A[7:0] = data for MPRA10 and other address pins are d 0 ncére.
3. Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.

MPR Writes
MPR Access Mode allows 8-bit writes to the MPR location using the address bus A7:AO(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 A0 =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.
Issue WR or WRA command:
a. BAl and BAO indicate MPR location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3

© U~ wDdPE
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b. A[7:0] = data for MPR Page 0, mapped A[7:0] to UI[0:7] .
¢. Remaining address inputs, including A10, BGO and BG1 are d o rcére.
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. Afterthe 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.

MPR WRITE and WRITE-to-READ Timing

T0
CKe-== —-?

okt —|-
COMMAND XPREA

-
MPR
Enable

WR_VPR

1RP [*=
ADDRESS XVAME XVALID VALID, E XADD:ZKZ VALID, VALID,

« |I\W |\ |\W|\W W\ W\ N\
Bl ( U ( U NN NN N
» z( 2( Z( Z( <U!0 x un > ui2 ui3 uls uis <Ui5 XUI7 A

g TIME BREAK D DON'T CARE

NOTE
1. Multipurpose registers Read/Write Enable (MR3 A2 = 1).
2. Address setting:
- BAl and BAO indicate the MPR location
- A[7:0] = data for MPR
- AlOand other address pins are" D o Gadet
3. Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.
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MPR Back-to-Back WRITE Timing

Ta2 T:

w |\ |W |V |\ |\ |\ ||| W@ | @&

DQS_t. DAS_¢ 2(

DQ 2(

§ Tme BReak [ bon'T caRe

NOTE
1. Address setting:
- BAl and BAO indicate the MPR location
- A[7:0] = data for MPR
- Al0and other address pins are" D o Gadet

REFRESH Command Timing

Tht

NOTE

1. Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent readand writes to MPR locations.
2. 1xrefresh is only allowed when MPR mode is enabled.
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READ-to-REFRESH Command Timing

Tat Tg2 Ta3 Tad Tas Tab

e [\ [ | W | & & | &

A

PL+AL+CL
BL=8

e U |
o Xor)

ole]

—_—

BC=4

e U T X
- { oo Yo |

4
LA x uB > Uls A UIS ,UIS ui7
\ Ui2 x uR >

o A Uit
] ui

§ Tmeereak  [] bonTcare

NOTE
1. Address setting:

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

- A[2]=0 (for BL=38, burst order is fixed at 0, 1, 2, 3, 4,5, 6, 7)

- BAl and BAO indicate the MPR location

- AlO0and other address pins are " D o @abet' including BG1 and BGO.

- Al2is" Do n 6 tw@en MBO'A[1:0] =00 or 10, and must be 1b when MRO A[1:0] = 01
2. 1xrefresh is only allowed when MPR mode is enabled.

WRITE-to-REFRESH Timing

T 0 Tat Ta2 Ta3 Tad Ta5 Taé Ta7 Ta8 Tag8 Ta10

0 T T
CKe ==~ oA Kn
CK‘_/\. -t ~ ~

-« W WV W

DQS 1. DS ¢ 2 (

DQ 2(

SS TIME BREAK D DON'T CARE

NOTE
1. Address setting:
- BAl and BAO indicate the MPR location; - A [7:0] = data for MPR; - A10 and other address pins are " D o @Gadet'

2. 1xrefresh 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) functionon 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_n/DBI_n/TDQS _t. The pin is
bi-directional pin for DRAM. The DM_n/DBI _n pin is Active Low as DDR4 supports VDDQ reference
termination. TDQS function does not drive actual level on the pin.

DM, DBI & TDQS functions are programmable through DRAM Mode Register (MR). The MR bit location is bit
A1l 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. When TDQS function is enabled, the same termination
resistance function is applied to the TDQS_t/TDQS_c pins that is applied to DQS_t/DQS_c pins.

DBI vs. DM vs. TDQS Function Matrix

Read DBI Write DBI Data Mask (DM) TDQS (x8 only)

Disabled Disabled Disabled

) MR5[11]=0 MR5[10]=0 MR1[11]=0
E”aﬁﬁg[i‘;r]fl'szf’r'ed) Enabled Disabled Disabled

MR5[12] = 0) MR5[11]=1 MR5[10]=0 MR1[11]=0
Disabled Enabled Disabled

MR5[11]=0 MR5[10] =1 MR1[11]=0
Disabled Disabled Disabled Enabled

MR5[12]=0 MR5[11]=0 MR5[10]=0 MR1[11]=1

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

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

DBI function during Read operation: DRAM inverts read data on its DQ outputs and drives DBI_n pin Low

when the number of 606 data bits within a given byte |
the read data and drives DBI_n pin High.
x8 DRAM Write DQ Frame Format
Data transfer
Function
0 1 2 3 4 5 6 7
DQ[7:0] Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DM _nor DMO or DM1 or DM2 or DM3 or DM4 or DMS5 or DM6 or DM7 or
DBI_n DBIO DBI1 DBI2 DBI3 DBl4 DBI5 DBI6 DBI7
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x8 DRAM Read DQ Frame Format
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Data transfer
Function
0 1 2 3 4 5 6 7
DQ[7:0] Byte O Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DBI_n DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7
x16 DRAM Write DQ Frame Format
Data transfer
Function
0 1 2 3 4 5 6 7
DQL[7:0] LByte O LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
DML_nor DMLO or DML1 or DML2 or DML3 or DML4 or DMLS5 or DML6 or DMLY or
DBIL_n DBILO DBIL1 DBIL2 DBIL3 DBIL4 DBIL5 DBIL6 DBIL7
DQU[7:0] UByte O UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
DMU_nor DMUO or DMUL1 or DMU2 or DMU3 or DMU4 or DMUS or DMUG or DMU7 or
DBIU_n DBIUO DBIU1 DBIU2 DBIU3 DBIU4 DBIU5 DBIU6 DBIU7
x16 DRAM Read DQ Frame Format
Data transfer
Function
0 1 2 3 4 5 6 7
DQL[7:0] LByte O LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
DBIL_n DBILO DBIL1 DBIL2 DBIL3 DBIL4 DBIL5 DBIL6 DBIL7
DQU[7:0] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
DBIU_n DBIUO DBIU1 DBIU2 DBIU3 DBIU4 DBIU5 DBIU6 DBIU7
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ZQ Calibration Commands

ZQ Calibration command is used to calibrate DRAM RON and ODT values. The device needs a longer time to
calibrate the output driver and on-die termination circuits at initialization and a relatively smaller time to perform
periodic calibrations.

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 |0, 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:

ZQ correction
(Tsense X Tdrift rate) + (Vsense X Vdrift rate)

where Tsense = max(dRTTdT, dRONdTM) and Vsense = max(dRTTdV, dRONdVM) define the temperature
and voltage sensitivities.

For example, if Tsense = 1.5% / °C, Vsense = 0.15% / mV, Tdrift_rate = 1°C / sec and Vdrift_rate = 15 mV
/sec, then the interval between ZQCS commands is calculated as:

0.5
(1.5x1) + (0.15x 15)

=0 . 1 3A28@s

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 IO 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.
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ZQ Calibration Timing

Address

Y TX
o YT
Ny W
oo X

B A

Hi-Z or RTT_PARK

Hi-Z or RTT_PARK

ACTIVITIES

tZQinit or tZQoper ZQCs
22 Time Break D Don't Care

NOTE

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

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

3. Alldevices 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 VREFmiIn as depicted in the following figure.

VREF operating range (VREFmMIin, VREFmMax)

vDDQ

- Vrefmax
Vref
Range

= Vrefmin

————— Vswing Small System Variance

R AL 2o = Vswing Large _ Total 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 multiplesteps. There are two ranges for VREF set tolerance uncertainity. 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.

Example of VREF Set Tolerance and Step Size

Vref

Actual Vref
Output

~w—__ Straight Line
(endpoint Fit)

Vref Set
Tolerance

Vref
Stepsize

Digital Code
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The VREF increment/decrement step times are defined by VREF_time. VREF_time is defined from t0 to t1, where
t1 is referenced to when the VREF voltage is at the final DC level within the VREF valid tolerance (VREF_val_tol).

The VREF valid level is defined by VREF_val tolerance to qualify the step time t1. This parameter is used to
insure an adequate RC time constant behavior of the voltage level change after any VREF increment/decrement
adjustment.

This parameter is only applicable for DRAM component level validation/charachterization.
VREF_time is the time including up to VREF,min to VREF,max or VREF,max to VREF,min change in VREF voltage.

t0 - is referenced to MRS command clock
t1 - is referenced to the VREF val_tol

VREF_time for short and long timing diagram

CK_c =S = RIS SaEs
e NN N

CMD XMRSX >

Vref|Setting
Adjustment

=

DQ Old Vref . i New Vref
Vref Setting Updating Vref Setting Setting

Vref_time
t0 t1

A MRS command to the mode register bits 5:0 of MR6 are used to program the vref value. VREFDQ training
mode is enabled/disabled by A7 of MR6 and training range can be selected by A6 of MR6. When VREFDQ
training mode is entered/exited, the following parameter needs to be satisfied to prevent current consumption
and also stable operation.

VREFDQ Training Mode Entry and Exit Timing Diagram

V44

CK G- = - ;- e i ce - A A o .
& | \ ‘ i /_
COMMAO s (o) {o0) s (=)
VrefDQ Trgining On New VrefDQ Value New Vre{DQ Vaive VrefDQ trdining OFF
Or WRITE Or WRITE
{VREFDQE VREFDQX

NOTE

1. The MR command used to enter VrefDQ Calibration Mode treats MR6 a[5:0] as d o h dare while thenext subsequent MR
command sets VrefDQ values in MR6 A[5:0]

2. Depending on the step size of the latest programmed VREF value, Vref_timemust be satisfied before disabling VrefDQ training
mode.
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AC Parameters of DDR4 VREFDQ Training

Speed DDR4-1600,1866,2133,2400,2666,
2933,3200 Unit | NOTE
Parameter Symbol MIN MAX
VREFDQ training
Enter VrefDQ training mode to the first write
or VREFDQ MRS command delay VREFDQE 150 ) ns
Exit VrefDQ training mode to the first write tVREFDOX 150 ) ns
command delay
VREF step single stepsize increment case
Vrer
Voltage
. VRer
T (vbbQ DC)
Slepsize VREF_val_tol
t1
Time
VREF step single stepsize decrement case
Vrer
Voltage
t1
Stepsize VReF_val_tol
VREF
TR B e R (vDDQ DC)
Time
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VREF full step from VREFmiIn to VREFmMax case

VRrer
Voltage
VREF
VRermax (VvDDQ DC)
VReF_val_tol
t1
VREFMIn
Time
VREF full step from VREFmax to VREFmin case
Vrer
Voltage
VREFMax
VREF
T (vbDDQ DC)
VReFmin [
Time
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VREFDQ Supply and Calibration Ranges

The DDR4 SDRAM internally generates its own VREFDQ. DRAM internal VREFDQ specification parameters:
voltage range, step-size, 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 VREFDQ,min and VREFDQ,max. A calibration sequence should be performed by the DRAM controller to
adjust VREFDQ and optimize the timing and voltage margin of the DRAM data input receivers.

VREFDQ Specification

Prarmeter Symbol Min Typ Max Unit NOTE
VREF operating point VREFDO R1 60% - 92% VDDQ 1,11
Rangel
VREF operating point o i 0
Range? VREFDQ R2 45% 7% VDDQ 1,11
VREF Stepsize VREF,step 0.50% 0.65% 0.80% VDDQ 2
-1.625% 0.00% 1.625% VDDQ 3,4,6
VREF Set Tolerance VREF,set_tol
-0.15% 0.00% 0.15% VDDQ 3,57
VREF Step Time VREF,time - - 150 ns 8,9,12
VREF Valid tolerance VREF_val_tol -0.15% 0.00% 0.15% VDDQ 10
NOTE
1. VREer(DC) voltage is referenced to VDDQ(DC). VDDQ(DC) is 1.2V.
2. VREF step size increment/decrement range. VREF at DC level.
3. VREF_new = VREF_old + n x VREF_step; n = number of steps. If increment, use fi +if decrement, use ft0 .
4. 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.
5.  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.
6. Measured by recording the MIN and MAX values of the VREF output over the range, drawing a straight line between those
points, and comparing all other VREF output settings to that line.
7. Measured by recording the MIN and MAX values of the VREF output across four consecutive steps (n = 4), drawing a straight
line between those points, and comparing al VREF output settings to that line.
8. Time from MRS command to increment or decrement one step size for VREF.
9. Time from MRS command to increment or decrement one step size up to the full range of VREF.
10. 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.
11. DRAM range 1 or range 2 is set by the MRS bit, MR6 A6.
12. If the VREF monitor is enabled, VREF_time must be derated by: +10ns if DQ bus load is OpF and anadditional +15ns/pF of

DQ bus loading.
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Per-DRAM Addressability (PDA Mode)

DDR4 allows programmability of a given device on a rank. As an example, this feature can be used to program
different ODT or Vref values on DRAM devices on a given rank.

1. Before entering 6 p BRAM addressability ( P D Mpd@, the write leveling is required.

2. Before entering 6 p BRAM addressability ( P D Anpd@, the following Mode Register setting is possible.
- RTT_PARK MR5 {A8:A6} = Enable
- RTT_NOoM MR1 {A10:A9:A8} = Enable

3. Enable 6 p BRAM addressability ( P D mpd@ using MR3 bitii A4 =10 .

4.1 n the 6éper DRAM addressabilitydéd mode, all MRS commar
using DQS_c and DQS _t signals. If the value on DQO is 0 then the DRAM executes the MRS command. If
the value on DQO is 1, then the DRAM ignores the MRS command. The controller can choose to drive all
the DQ bits.

5. Program the desired devices and mode registers using MRS command and DQO.
6. Inthe 6 p BRAMa d d r e s snaoble, dnly MRS @ommands are allowed.

7. The mode register set command cycle time at PDA mode, AL + CWL + 3.5nCK + tMRD_PDA is required
to complete the write operation to the mode register and is the minimum time required between two MRS
commands.

8. Remove the DRAM from 6 p BRAM a d d r e s smoléd by setting MR3 bit A A 4 =(Thés command will
require DQO=0 for x4, 8, 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 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 6éper DRAM address

In per DRAM addressability mode, DRAM captures DQO using DQS_t and DQS_c like 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 need to be controlled by ODT pin and apply the same timing
parameters as defined in Direct ODT function.

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_NoMm turn-on delay
tAOFAS Asynchronous RTT_NoMm turn-off delay
68
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MRS w/ per DRAM addressability (PDA) issuing before MRS

et § SUSVANAVANARANANANANRARNEY
)
tMOD AL +[CWL : tMRD_PDA
1
]
DQS_t i ) RO M A A A )
DQs_c ( ool 4\_1[_\_/_\_/_\_/'_‘,_/ (
) ; )
(seetessgvice) (( l\ : / ((
M > >
tPDA]S 1PDAH
9 DQDTLoff = Wi -3
oDT / (( \ ()()
DQDTLop = WL -3
RTT ) RTT_PARK ) XX RTT_NOM XK/ RTT_PARK
NOTE

RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON

MRS w/ per DRAM addressability (PDA) Exit

ol AU B3 SUSVEY/000000ANANANANANANANANRIRNAY
MR3 A4=0
(PDA Qisable) @@
AL +[cwL ' tM@D_PDA
1
Das_t ) o | N :, h)
DaSs_e « L _ .,\_J'_\_l,_\_/'_\_/'_\_l «
1
) ' 1 D)
(selEc?e% device) (( \ I J ((
R =
tPDA|S tPDAH
9 DQDTLoff = WU -3
oot / 1\ )
DQDTLop = WY -3
RTT RTT_PARK / X RTT_NOM //RTT_PARK
NOTE
RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON
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PDA using Burst Chop 4

T0 Tat Ta2 Ta3 Tad Th0 Tb1 Tb2 Tb3 Tbd TbS Tb6 Tb7 Tb8 T Ted Tel Te2 Te3 Ted

CK_c - " s ra . , " ’ . . A o'd Pt v P P i R A= o
vl ) UAIANENAYANSNANANENANANENANRAS
(POA Enatie (oes )
tMOD AL +]CWL : tMAD_PDA
1
1
DQS._t D) ) ol [ |8 )
DQS_c « « == Ju[_\_l'_h (
) ) ; ; )
(selcc?e%odevn:e) (( (( ; : ((
tF:DA S tPlDA_ H

tPDA_S =tDS and tPDA_H = tDH for all DDR4 speed bins.

Since PDA mode may be used to program optimal VREF for the DRAM, the DRAM may incorrectly read DQ
level at the first DQS edge and the last falling DQS edge. It is recommended that DRAM samples DQO on
either the first falling or second rising DQS edges.

This will enable a common implementation between BC4 and BL8 modes on the DRAM. Controller is required
todrive DQOtoaé St ddwoeH i gdaring the length of the data transfer for BC4 and BL8 cases.
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CAL Mode (CS_nto Command Address Latency)

DDR4 supports Command Address Latency, CAL, function as a power savings feature. CAL is the delay in
clock cycles between CS_n and CMD/ADDR defined by MR4[A8:A6].

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

1 2 4 6 7 8 9 10 1" 12 13 14 15

«FLﬁkaF A MM MM

\_(
= [ (W + \/ \/

CMD/ADDR

tCAL

CAL operational timing for consecutive command issues
5 6 7 8 9 10 1" 12

o Y QA YavavVsVavavaVa

can | T\ |/] X{i N \1/

CMD/ADDR

The following tables show the timing requirements for tCAL and MRS settings at defferent data rates.

CSto Command Address Latency

Parameter Symbol DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400 Unit

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

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

Parameter Symbol DDRA4-2666 DDR4-2933 DDR4-3200 Unit

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

NOTE
In geardown mode, odd nCK values for tCAL are not supported, and nCK values must be rounded up to the next higher even
integer.
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MRS settings for CAL

A8:A6 @ MR4 CAL(tCK cycles)
000 default(disable)
001 3
010 4
011 5
100 6
101 8
110 Reserve
111 Reserve

MRS Timings with Command/Address Latency enabled

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

CAL enable timing -tMOD_CAL
Tal Ta1 Ta2 TbO Th1 Tb Tc0

CK_C oy { aeig ,._.‘4{

CK—t — | D | W |
COMMAND
(Wlo CS_n) }D@@D@ES
CS_n \_| /

|
tMOD_CAL J
|

NOTE
1. MRS command at Tal enables CAL mode
2. tMOD_CAL=tMOD+tCAL
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tMOD_CAL, MRS to valid command timing with CAL enabled

Ta1 Ta2 Th0 Th1

CK.€===5 = PR Ay AR
=OEDEOOE
SR \—‘ 11 tCAL l\\ \—f/
1 . l tMOD_CAL
I I

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

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.

CAL enabling MRS to next MRS command, tMRD_CAL

Ta0 Ta1 Ta2 ThO Th1 Tb TcO
CK_c

CK_t ' T— /:\_/ /:\\_//l
D e O O

CS8_n

tMRD_CAL

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

tMRD_CAL, mode register cycle time with CAL enabled

TO Ta0 Ta1 Ta2

CKe . ,-1@_\,-, -
|
oy Fo A A
COMMAND
Golehy X X e Yoes
CS_n \_ ],']
|

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

tMRD_CAL |

“CSEEE| .
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CRC

CRC Polynomial and logic equation

DDRA4 supports CRC for write operation, and d o e ssappdrt CRC for read operation.

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

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

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

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%

CRC Combinatorial Logic Equations

module CRC8_D72;

/I polynomial: (0 1 2 8)

/I data width: 72

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

/" = XOR
function [7:0]

nextCRC8_D72;
input [71:0] Data;

input [71:0] D;
reg [7:0] CRC;

begin
D = Data;

NewCRCI[0] = D[69] ~ D[68] ~ D[67] ~ D[66] ~ D[64] * D[63] * D[60] »

D[56] ~ D[54] ~ D[53] » D[52] * D[50]  D[49] » D[48] *
D[45] ~ D[43] ~ D[40] ~ D[39] ~ D[35] ~ D[34] » D[31] *
D[30] ~ D[28]  D[23] » D[21] ~ D[19] ~ D[18] » D[16] »
D[14] ~ D[12] ~ D[8] ~ D[7] ~ D[6] ~ D[0] ;

NewCRC[1] = D[70] ~ D[66] ~ D[65] ~ D[63] ~ D[61] ~ D[60] * D[57] *

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

NewCRCI[2] = D[71] ~ D[69]  D[68] * D[63] ~ D[62] * D[61] * D[60] *

D[58] ~ D[57] ~ D[54] ~ D[50] ~ D[48] ~ D[47] * D[46] *
D[44] ~ D[43] ~ D[42] ~ D[39] ~ D[37] ~ D[34] ~ D[33] *
D[29] ~ D[28] ~ D[25] » D[24] ~ D[22] ~ D[17] ~ D[15] *
D[13] ~ D[12] ~ D[10] ~ D[8] » D[6] * D[2] * D[1] * D[O];
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NewCRC[3] = D[70] » D[69] * D[64] ~ D[63] ~ D[62] ~ D[61] ~ D[59] *

D[58]  D[55] ~ D[51] ~ D[49] » D[48] * D[47] ~ D[45] *
D[44] ~ D[43] ~ D[40] ~ D[38] ~ D[35] ~ D[34] ~ D[30] *
D[29] ~ D[26] ~ D[25] ~ D[23] ~ D[18] ~ D[16] » D[14] *

D[13] ~ D[11] » D[9] » D[7] ~ D[3] ~ D[2] ~ D[1];

NewCRCJ[4] = D[71] ~ D[70] ~ D[65] ~ D[64] ~ D[63] ~ D[62] * D[60] *

D[59] ~ D[56] ~ D[52] ~ D[50] ~ D[49] * D[48] ~ D[46] *
D[45] ~ D[44] ~ D[41] ~ D[39] » D[36] ~ D[35] ~ D[31] *
D[30] A D[27] » D[26] ~ D[24] » D[19] A D[17] » D[15] *
D[14] A D[12] » D[10] * D[8] * D[4] * D[3]  D[2];

NewCRC[5] = D[71] » D[66] ~ D[65] ~ D[64] ~ D[63] * D[61] * D[60] »

D[57] ~ D[53] ~ D[51] » D[50]  D[49] ~ D[47] * D[46] *
D[45] ~ D[42] ~ D[40] ~ D[37] ~ D[36] ~ D[32] ~ D[31] *
D[28] » D[27] ~ D[25] » D[20] ~ D[18] ~ D[16] ~ D[15] *
D[13] » D[11] ~ D[9] » D[5] * D[4]  D[3];

NewCRCI6] = 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];

NewCRC[7] = D[68] » D[67] * D[66] ~ D[65] ~ D[63] ~ D[62] * D[59] *

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

nextCRC8_D72 = NewCRC,;

CRC Data Bit Mapping

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 for x4 Devices, BL8
A x4 device has a CRC tree with 32 input bits. The input for the upper 40 bits D[71:32]are 6 1 6 s .

Transfer Burst Bit

Chiplus reserves the right to change product or specification without notice

0 1 2 3 4 5 6 7 8 9

DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO | CRC4

DQ1L D8 D9 D10 D11 D12 D13 D14 DI5 | CRClL | CRC5

DQ2 D16 D17 D18 D19 D20 D21 D22 D23 | CRC2 | CRC6

DQ3 D24 D25 D26 D27 D28 D29 D30 D31 | CRC3 | CRC7
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CRC Data Mapping for x8 Devices, BL8

For a x8 DRAM the controller must send 16s in the tran
8 and transfer 9 of thelane 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 DBI or DM is enabled. Note that Write DBl and DM function cannot be enabled

simultaneousl! y. I f both Write DBI and DM is disabled t
Transfer Burst Bit

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
oyn D64 D65 D66 D67 D68 D69 D70 D71 1 1

CRC Data Mapping for x16 Devices, BL8

For a x16 DRAM the controller must send 1 éirsthe transfer 9 if CRC is enabled and must send 1 6irstransfer
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
i nputs of the upper 8 bits D[143:136] and D[71:64] are

A x16 device is treated as two x8 devices; a x16 device will have two identical CRC trees implemented.
CRCJ7:0] covers data bits D[71:0], and CRCJ[15:8] covers data bits D[143:72].

Transfer Burst Bit
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
'[BE'\;IE?] D64 D65 D66 D67 D68 D69 D70 D71 1 1
DQ8 D72 D73 D74 D75 D76 D77 D78 D79 CRCS8 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
88&’:—2 D136 D137 D138 D139 D140 D141 D142 D143 1 1
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CRC Error Handling

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

256Mx16 CS66DU4GQA

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

DRAM will set CRC Error Clear bit in A4 of MR5 to '1' and CRC Error Status bit in MPR3 of pagel to '1' upon
detecting a CRC error. The CRC Error Clear bit remains set at '1' until the host clears it explicitly using an MRS
command.

The controller upon seeing an error as a pulse width will retry the write transactions. The controller understands
the worst case delay for Alert_n (during init) and can backup the transactions accordingly or the controller can
be made more intelligent and try to correlate the write CRC error to a specific rank or a transaction. The

controller is also responsible for opening any pages and ensuring that retrying of writes is done in a coherent
fashion.

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

CRC Error Reporting

CRC ALERT_PW(max)

= l | CRC ALERT_PW(min)

Alert_n \\ \ / /

Q TIME BREAK

[ TRANSITIONING DATA

NOTE

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

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

CRC Error Timing Parmeters

DDRA4-1600 DDRA4-1866 DDR4-2133 DDR4-2400
Parameter Symbol Unit

min max min max min max min max

CRC error to ALERT_n latency tCRC_ALERT - 13 - 13 - 13 - 13 ns

CRC ALERT_n pulse width CRC ALERT_PW 6 10 6 10 6 10 6 10 nCK

DDR4-2666 | DDR4-2933 | DDR4-3200
Parameter Symbol Unit

min max min max min max

CRC error to ALERT_n latency tCRC_ALERT - 13 - 13 - 13 ns

CRC ALERT_n pulse width CRC ALERT_PW 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.

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.

Transfer Burst Bit
o | 1 | 2 3 | 4 | 5 | 6 7 | 8 | o9
A2=0
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
A2=1
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

CRC Data Bit Mapping for x8 Devices (BC4)
For a x8 device, the CRC tree inputs are 36 data bitsint r a n sfdurahrodgh sevenas1 6 s .

When A2 = 0, the input bits D[67:64]) are used if DBI_n or DM_n functions are enabled; if DBI_n and DM_n
are disabled, then D[67:64]) are 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 DBI_n or DM_n functions are enabled; if DBI_n and
DM_n are disabled, then D[71:68]) are 1.

Transfer Burst Bit

o | 1 | 2 | 3 [ 4 5 6 7 8 9
A2=0

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
Bg'l:rr‘] D64 D65 D66 D67 1 1 1 1 1 1
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Transfer Burst Bit
o | » | 2 [ 3 | 4 | 5 | & | 7 | 8 | o9
A2=1

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
Bg‘d} D68 D69 D70 D71 1 1 1 1 1 1

CRC Data Bit Mapping for x16 Devices (BC4)
There are two identical CRC trees for x16 devices, each have CRC tree inputs of 36 bits.

When A2 = 0, input bits D[67:64] are used if DBI_n or DM_n functions are enabled; if DBI_n and DM_n are
disabled, then D[67:64] are 1s. The input bits D[139:136] are used if DBI_n or DM_n functions are enabled; if
DBI_n and DM_n are disabled, then D[139:136] are 1.

When A2 = 1, data bits D[7:4] are used as inputs for D[3:0], D[15:12] are used as inputs for D[11:8], and so
forth, for the CRC tree. Input bits D[71:68] are used if DBI_n or DM_n functions are enabled; if DBI_n and
DM_n are disabled, then D[71:68] are 1s. The input bits D[143:140] are used if DBI_n or DM_n functions are
enabled; if DBI_n and DM_n are disabled, then D[143:140] are 1.

Transfer Burst Bit

o | v | 2 | 3 ] 4 | 5 | 6 7 8 9
A2=0

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
'I:gg’::ﬂ 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 Do1 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
Sgg’::g D136 | D137 | D138 | D139 1 1 1 1 1 1
9 Rev 1.0

Chiplus reserves the right to change product or specification without notice



CHiPLUS

256Mx16 CS66DU4GQA

Transfer Burst Bit
o | 1 | 2 | 3 4 5 | 6 | 7 | 8 | 9
A2=1

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
'I:gg:zg D68 D69 D70 D71 1 1 1 1 1 1
DQ8 D76 D77 D78 D79 1 1 1 1 CRCS8 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
3 gg::ﬂ D140 D141 D142 D143 1 1 1 1 1 1

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

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

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

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]
A D[48] ~ D[47]=1 " D[45]=1 ~ D[44]=1 ~ D[43] ~ D[40] ~ D[38]=1 " D[35] ~ D[34] * D[30]=1 " D[29]=1 " D[26]
D[25] ~ D[23]=1 ~ D[18] ~ D[16] ~ D[14]=1 ~ D[13]=1 ~ D[11] ~ D[9] ~ D[7]=1 ~ D[3] ~ D[2] ~ D[1];

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

CRCJ[5] = D[71]=1 ~ D[66] ~ D[65] ~ D[64] » D[63]=1 " D[61]=1 ~ D[60]=1 ~ D[57] ~ D[53]=1 * D[51] * D[50] *
D[49] ~ D[47]=1  D[46]=1 " D[45]=1 ~ D[42] ~ D[40] ~ D[37]=1 " D[36]=1 " D[32] ~ D[31]=1 " D[28]=1 ~ D[27]
A D[25] ~ D[20]=1 " D[18] * D[16] » D[15]=1 ~ D[13]=1 " D[11] ~ D[9] ~ D[5]=1 ~ D[4]=1 " D[3];
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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]  D[50] ~ D[48]
A D[47]=1 ~ D[46]=1 " D[43] ~ D[41] ~ D[38]=1 " D[37]=1 ~ D[33] ~ D[32] * D[29]=1 ~ D[28]=1 ~ D[26] » D[21]=1
AD[19] ~ D[17] ~ D[16] ~ D[14]=1 ~ D[12]=1 ~ D[10] ~ D[6]=1 ~ D[5]=1 * D[4]=1;

CRCJ[7] = D[68]=1 ~ D[67] * D[66] * D[65] » D[63]=1 " D[62]=1 ~ D[59] » D[55]=1 ~ D[53]=1 » D[52]=1 " D[51]
A D[49] ~ D[48]  D[47]=1 ~ D[44]=1 " D[42] ~ D[39]=1 ~ D[38]=1 ~ D[34]  D[33] » D[30]=1 " D[29]=1 ~ D[27] »
D[22]=1 " D[20]=1 ~ D[18] ~ D[17] ~ D[15] =1* D[13]=1 ~ 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]=17~1~DJ[71]"D[70]*D[68]*"1"1"D[60]~1~1~1"D[54]~D[53] " D[52] ~ 1~ D[47] " D[44] " 1
AD[39]~D[38]"1r1~1~171"D[23]"D[22]"D[20]*1~1"~D[12]*1~1~D[4];

CRC[1]=1/D[70]D[69] *1 "1 1 D[61] A D[60]~ 1~ 1~ D[55] AD[52] * 1~ 1A 1AD[47] ~D[45]~ 11
AD[38]AD[36] " 172171/ D[28]~1~121/1AD[22]~D[21] » D[20] ~1 11~ 1~ D[13] A1~ D[5] * D[4];

CRC[2]=17171717A1A1A1AD[62]~D[61]" 1" D[54] A D[52] 11~ 1 D[47] ~ D[46] 1 1 D[38] »
D[37]~ 1~ 17 D[29] A D[28] ~ 1A D[21] A 1~ 1A 1 A D[14] A D12] ~1 A D[6] * D[5]  D[4];

CRC[3]=1717D[68]"1"1A17D[63]"D[62] " 1" D[55] " D[53] ~ D[52] ~ 1~ 17 1AD[47] A D[44] A 1 "
D[39] ~ D[38] ~ 1~ 1 A D[30] ~ D[29] » 1 A D[22] ~ D[20] A 1 ~ 1 A D[15] ~ D[13] ~ 1 A D[7] ~ D[6] » D[5];

CRC[4] =11~ D[69] A D[68] ~ 1 "1 1~ D[63] * D[60] ~ 1~ D[54] » D[53] A D[52] A 1 "1 A 1 A D[45] A 1 A 1 A
D[39] A1 A 1 A D[31] ~ D[30] ~ D[28] ~ D[23] A D[21] A 1~ 1~ 1 A D[14] A D[12] ~ 1 A D[7] * D[6];

CRC[5] = 1~ D[70] ~ D[69] » D[68] 1~ 1~ 1~ D[61] ~ 1~ D[55] ~ D[54] A D[53] ~ 1~ 1~ 1 ~ D[46] ~ D[44] * 1
A17D[36]71714D[31]~D[29] » 1~ D[22] ~ D[20] » 1~ 1 A D[15] A D[13] A 1~ 1 A D[7];

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

CRC[7] =1 D[71] ~ D[70] ~D[69] * 1~ 1~ D[63] * 1~ 1~ 1~ D[55] ~ D[53] A D[52] 1~ 1 A D[46] A1~ 1~
D[38] A D[37]* 1~ 1D[31]~ 1~ 1~ D[22] A D[21] ~ 1" 1 A D[15] 1A 1~ 1;

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.

CRC Simultaneous Operation Restrictions

When write CRC is enabled, neither MPR writes nor per-DRAM mode is allowed.
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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 when C/A Parity is enabled
(Parity Latency) and is applied to all commands.When C/A Parity is enabled, only DES is allowed between
valid commands to prevent DRAM from any malfunctioning. CA Parity Mode is supported when DLL-on Mode
is enabled, use of CA Parity Mode when DLL-off Mode is enabled is not allowed.

C/A Parity signal (PAR) covers ACT_n, RAS_n, CAS_n, WE_n and the address bus including bank address
and bank group bits. The control signals CKE, ODT and CS_n are not included. (e.g. for a 4 Gbit x4 monolithic
device, parity is computed across BGO, BG1, BAL, BAO, A16/ RAS n, A15/CAS n, A14/WE_n, A13-A0 and
ACT_n). (DRAM should internally treat any unused address pins as 0 6 &.g., 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 006s)

The convention of parity is even parity i.e. valid parity is defined as an even number of ones across the inputs
used for parity computation combined with the parity signal. In other words the parity bit is chosen so that the
tot al number of 16s in the transmitted signal, incl udi

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

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

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

Set the Parity Error Status bit in the mode register to 6 1 6 . ParitytEeror Status bit must be set before the
ALERT_n signal is released by the DRAM (i.e. tPAR_ALERT_ON + tPAR_ALERT_PW(min)).

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

Wait for all in-progress commands to complete. These commands were received tPAR_UNKOWN before
the erroneous command. If a parity error occurs on a command issued between the tXS_Fast and tXS
window after self-refresh exit then the DRAM may delay the de-assertion of ALERT _n signal as a result of
any internal on going refresh.

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

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

After (tPAR_ALERT_ON + tPAR_ALERT_PW), the DRAM is ready to accept commands for normal
operation. Parity latency will be in effect, however, parity checking will not resume until the memory controller
has cleared the Parity Error Status bit by writinga 6 0 6 DRAMavill execute any erroneous commands until
the bit is cleared).

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

The Parity Error Status bit may be read anytime after (tPAR_ALERT_ON + tPAR_ALERT_PW) to determine
which DRAM had the error. The DRAM maintains the Error Log for the first erroneous command until the
Parity Error Status bit is reset to 606.
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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 0606. I f the controller il legally attempts
guarantee that parity will be checked. The DRAM may opt to block the controller from writing a 6 odthe Parity
Error Status bit.

DDR4 SDRAM supports MR bit for 6Persistent Parity
A9=High and when it is enabled, DRAM resumes checking CA Parity after the alert_n 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 O6Dondét Carebd.
asserted and deasserted by the DRAM as defined with the min. and max. value for tPAR_ALERT_PW. The
controller must issue DESELECT com-mands once it detects the Alert_n signal, this response time is defined
as tPAR_ALERT_RSP.

Mode Register Setting for CA Parity

C/A Parity Latency . C/A Parity Error Status | Parity Persistent Mode
MRS5[2:0] Speed bins MR5[4] MRS[] Errant C/A Frame
000 = Disabled - )
001=4 Clocks | 1600,1866,2133 O=clear 0 = Disabled
o — C2-C0, ACT_n, BG1, BGO, BAO,
010=5 Clocks 2400 BAl, PAR, A17, A16/RAS n,
011=6 Clocks RFU 1=Error 1 = Enabled A15/CAS_n, A14/WE_n, A13:A0
100= 8 Clocks RFU
NOTE

1. Parity Latency is applied to all commands.

2. Parity Latency can be changed only from a C/A Parity disabled state, i.e. a direct change from PL=3 PL=4is not allowed.
Correct sequence is PL=3 A Disabled A PL=4

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

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

Normal CA Parity Error Checking Operation

TO ™ Ta0 Ta1 Ta2
CKC- =~

CK_t —/

COMMAND/
ADDRESS

2
tPAR_UNKNOWN tPAR_ALERT_PW' |
ALERT_n. // / /
[ [
. ' Command execution unknown

- ALID)  Command not executed [[] ponT care gwe BREAK
. Command executed
NOTE

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

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

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

T0 T Ta0 Ta1 Ta2
CKC- =~ «

CK_t —/

COMMAND/
ADDRESS

tPAR_UNKNOWN? tPAR_ALERT_Q tPAR_ALERT_PW' | > 2ncK tRP

ALERT n / / Vl /_\—/ tPAR_ALERTV_PW‘ - |
‘ I [ /

' . Command execution unknown
- Command not executed [[] oonTcare gnms BREAK

-) Command executed

NOTE

1. DRAM is emptying queues. Precharge all and parity check re-enable finished bytPAR_ALERT_PW.

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

3. Normal operation with parity latency and parity checking (CA Parity Persistent ErrorMode enabled).

CA Parity Error Checking - PDE/PDX

To ™ Ta0 Tat T o1 Teo Tet Tdo Tdt Td2 Td3 Ted Tet

CK_c SECIReE XSS A o ~ = ’
gy — e (XA AN

COMMAND/
ADDRESS Ms
CKE _q_k' 7 /0 !
tH 1S £>2nCK ORP

//tPAR_ALERT_ON // tPAR_ALERT_PW'

e e |
|

ALERT_n

' - Command execution unknown
.’ Command not executed [[] ponTcare ‘TIME BREAK

- Command executed

NOTE

1. Deselect command only allowed.

2. Error could be Precharge or Activate.

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

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

5. Deselect command only allowed; CKE may go high prior to Td2 as long as DES commandsare issued.

84 Rev 1.0

Chiplus reserves the right to change product or specification without notice



' 256Mx16 CS66DUAGQA

CA Parity Error Checking - SRE Attempt

b0 Tbt Tdo Td1 Tdo Tdt Td2 Td3
CK_C [r = N ) o = "o b re
CK_t ~ - ~ ~ - (o) ~ Xs
tXP+PL
SOMMAND/
ADDRESS ! I I [ ’
o )7 w / ) -
-
tiH tiS t= 2nCK tRP
4)
// tPAR_ALERT_ON // (I// // tPAR_ALERT_PW'
/[ /I
ALERT n f f I I

. . . Command execution unknown
.) Command not executed [[] ponTcare gws BREAK

. Command executed

NOTE

1. Deselect command only allowed.

2. Self Refresh command error. DRAM masks the intended SRE command and enters PrechargePower Down.

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

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

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

6. Deselect command only allowed; CKE may go high prior to Tc2 as long as DES commandsare issued.

CA Parity Error Checking i SRX

COMMAND/
ADDRESS

ALERT_n

—

o i |
T F
| -

ulll |

L v 1T ¥
tXSDLL

- . C'F Command execution unknown
') Command not executed E] DON'T CARE &TIME BREAK

(.7) Command executed
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NOTE

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

2. Inputcommands are bounded by tXSDLL, tXS, tXS_ABORT and tXS_FAST timing.

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

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

bit cleared.

Only MRS (limited to those described in the Self-Refresh Operation section), ZQCS, orZQCL command allowed

Valid commands not requiring a locked DLL.

Valid commands requiring a locked DLL.

This figure shows the case from which the error occurred after tXS_FAST. An error mayalso occur after tXS_ABORT and

tXS.

© N o o

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.

Parity entry timing example - tMRD_PAR

Ta0 Tal Ta2 v Tb0 b1 Tb2
DD G D, G G, N W, G G S G S
commano X DES X X MRS) ) DES X XDEs X XMrsX  XDESYX X
] I | I
Parity Latency A PL=0 X PL=N ‘ ‘ ' PL=N '
¢ ““‘! | tMRD_PAR > |
Enable %
Parity

NOTE tMRD_PAR =tMOD + N; where N is the programmed parity latency.
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Parity entry timing example - tMOD_PAR

CHiPLU

Ta0 Tal
CK e\, ™ ¥ j
CKt A A N M y
COMMAND \ DES \ \ MRS
Parity Latency PL=0 PL=N “:“\, Fl=i
Enable //
Parity

NOTE tMOD_PAR =tMOD + N; where N is the programmed parity latency.

Parity exit timing example - tMRD_PAR

Ta0 Ta1 Ta2 TbO Tb1 Tb2
CK_c\//"7™™ \r ______ b
CKt AN Mt e e AV
command X DES\ X MRs ><DES>L\ XDESX )(MRS)( XDESX X
Parity Latency PL=N /';\’,\ PL=0 \1‘\‘ PL=0
4 [ v”l( I tMRD_PAR > I
Disable /7
Parity

NOTE tMRD_PAR =tMOD + N; where N is the programmed parity latency.

Parity exit timing example - tMOD_PAR

Ta0 Ta1 Ta2

COMMAN_D \DJE\ | X MRs ){ >< DESX X DES)( XVALIDX X DESX X

Parity Latency PL=N PL=0 ‘u PL=0
; 5 i
‘ 7 ‘ Ji ‘ tMOD_PAR |
< T v
Disable /
Parity
NOTE tMOD_PAR =tMOD + N; where N is the programmed parity latency.
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256Mx16
CA Parity Error Log Readout
Address MPR Location [7] [6] [5] [4] [3] [2] [1] [0]
00=MPRO A7 A6 A5 A4 A3 A2 Al A0
01=MPR1 C'Aoign/ WE_n/A14 | Al13 Al12 All Al10 A9 A8
BA1:BAO =0:1 RAS n/
10=MPR2 PAR ACT_n BG1 BGO BAl BAO Al7 AL
_ CRC Error CA Parity .

11=MPR3 Status Error Status CA Parity Latency C2 Cl Cco

NOTE

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

2. For higher density of DRAM, where A[17] is not used, MPR2[1] should be treated as d o ncére.

3. Ifadevice is used in monolithic application, where C[2:0] are not used, then MPR3[2:0] should be treated as d o ncére.
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The following sequence represents for the gear down mode. The DRAM defaults in 1/2 rate(1N) clock mode
and utilizes a low frequency MRS command followed by a sync pulse to align the proper clock edge for
operating the control lines CS_n, CKE and ODT in 1/4 rate(2N) mode. For operation in 1/2 rate mode, no MRS
command for geardown or sync pulse is required. DRAM defaults is in 1/2 rate mode.

General sequence for operation in geardown during initialization

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

n

Assertion of reset
Assertion of CKE enables the DRAM

MRS is accessed with a low frequency N*tck MRS geardown CMD Ntck static MRS command qualified by
INCS n

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.

Ea

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

1. MRSis setto 1, via MR3][3], with a low-frequency N x tCK gear-down MRS command.

a. The NtCK static MRS command is qualified by 1N CS_n, which meets tXS or tXS_ABORT.

b. Only a REFRESH command may be issued to the DRAM before the NtCK static MRS command.
2. The DRAM controller sends a 1N sync pulse with a low-frequency N x tCK NOP command.

a. tSYNC_GEAR is an even number of clocks.

b. The sync pulse is on even edge clock boundary from the MRS command.

3. Avalid command not requiring locked DLL is available in 2N mode after tCMD_GEAR from the 1N sync
pulse.

a. A valid command requiring locked DLL is available in 2N mode after tXSDLL or tDLLK from the 1N
sync pulse.

4. If operation is in 1N mode after self refresh exit, N x tCK MRS command or sync pulse is not required
during self refresh exit. The minimum exit delay to the first valid command is tXS, or tXS_ABORT.

The DRAM may be changed from 1/4(2N) rate to 1/2(1N) rate by entering self refresh mode, which will reset
to 1N mode. Changing from 1/4(2N) to 1/2(1N) by any other means can result in loss of data and make
operation of the DRAM uncertain.

When operating in 2N gear-down mode, the following MR settings apply:

ACAS latency (MRO0[6:4,2]): Even number of clocks

Awrite recovery and read to precharge (MRO[11:9]): Even number of clocks
AAadditive latency (MR1[4:3]): CL - 2

ACAS WRITE latency (MR2 A[5:3]): Even number of clocks

ACS to command/address latency mode (MR4[8:6]): Even number of clocks
ACA parity latency mode (MR5[2:0]): Even number of clocks
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The diagram below illustrates the sequence for control operation in 2N mode during power up.

Gear down (2N) mode entry sequence during initialization

TdkN TdkN + Neven
CK_c¢ {4 r = (e} r = A r A = r = ko] r r rA r = r = '
CK_{ o L‘u.& 4 ) () vl 4 - o ol - 3 =2 v o - () () .~
DRAM [ l [
(Internal) K‘J’_\T r_\_/_\ ) \_) \ / / \ f \ /_
CLK l
Reset / ‘ \
| tXPR_GHAR
CKE _/ \ tS‘(,l C_GEAR tCMD_GEAR.
]\ \ 1N Sync Pulse 2N Mode
—] | -
. I\ [ ”‘ [
- |
J , tGEAR_setup tGEAR_ho tGEAR_setup| tGEAR_hold 1
L J I _}ﬁ ‘
CcMD /| i MRS ! NOP Il X_vAuD X
| T I | I |
Configure
DRAM to 1/4 rate

The diagram below represents the operation of geardown (1/2 rate to 1/4 rate) mode during hormal operation
with CKE and Reset set high.

Gear down (2N) mode entry sequence during normal operation

CK_t A A= A

TdkN

TdkN + Neven

CK_C o - (- \. + | L) ) - l’}u ] a4 I ) \.1.} - - - (o) 4
DRAM i !I
mema) \_/\/\/ S\ N
CLK \\
Reset [ l\
| .
e  tSYNC_BEAR tCMD_GEAR ]
i il = 1 o
I INSyncPulle 2N Mode |
} ; = il et | r—
U L
i' .|
tGEAR_setup| tGEAR_hold H tGEAR_setup | tGEAR_hold i!
e masmme [ I Pt S |
CMD MR]S i ( N(?P | {1 X vaup X
i I
Configure ‘
DRAM to 1/4 rate
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Gear down (2N) mode entry sequence after self refresh exit (SRX)

CHIPLU

TdkN TdkN + Neven
CK_c P o e e e e [T IE o T FERROREN R P
CK_t + - . s . s I e i v o . v 1) . v s v
I | I
DRAM
(Internal) _\_/—\_/_\_/_\_ '_\_/_\ \ \ /—\ \ / !
CLK
CKE
4 tXS or||Abort! .
_ tSYNC|GEAR | tCMD_GEAR o
\| “ 1N Sync Pulsﬂ, 2N Mode
| —» g -

] an —

{GEAR _setub tGEAR_hold || GEAR setup [tGEAR_hold

I :

|
CMD X srx X ]E Mflas ’}'I[ N(l)P

'} X _vaup X

&

Configure
DRAM to 1/4 rate

NOTE 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

Comparison Timing Diagram Between Geardown Disable and Enable

1

&

. omo, T
(o S s
AL=0'

(Geardown
=Disable)

e Yo OEOEOEDEOES O EOEOE0®
f A\

o

CL=RCD=16 CL=RL=16(AL=0)

AL=CL1
(Geardown
=Disable}

o YDOEOE

D

8
s

AL+CL=RL=30(AL=CL2=1)

|__| TRANSITIONING DATA D DON'T CARE

NOTE

1. BL=8,tRCD=CL=16

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

3. DES commands are shown for ease of illustration; other commands may be valid at these times.
4. CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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Bank Access Operation

DDR4 supports bank grouping: x4/x8 DRAMs have four Bank Groups (BG[1:0]) and each bank group is
comprised of four sub-banks (BA[1:0]); x16 DRAMs have two Bank Groups (BG[0]) and each bank group is
comprised of made up of four sub-banks. Bank accesses to different banks groups require less time delay
between accesses than Bank accesses to within the same banks group. Bank accesses to different bank
groups require tCCD_S short delay between commands while Bank accesses within the same bank group

require tCCD_L long delay between commands.

tCCD Timing (WRITE to WRITE Example)

T3

1CCD_S

Bank Group(GB) X BGE><
Bank XBan@(

ADDRESS X Col n X

NOTE
1. tCCD_S: CAS_n-to-CAS_n delay (short) : Applies to consecutive CAS_n to different Bank Group (i.e. TO to T4)

2. tCCD_L: CAS_n-to-CAS_n delay (long) : Applies to consecutive CAS_n to the same Bank Group (i.e. T4 to T10)

22 Time Break D Don't Care

tCCD Timing (READ to READ Example)

T1 T2 &) T4 T5
e D 0 D 0 D 8 - O ) @B,
1CCD_S = 1ceD.L [

Bank Group(GB) D@GE)( >@3E>< ’ , )@D(

ADDRESS Coln X Coln X X Coln X

22 Time Break D Don't Care

NOTE
1. tCCD_S: CAS_n-to-CAS_n delay (short) : Applies to consecutive CAS_n to different Bank Group (i.e. TO to T4)

2. tCCD_L: CAS n-to-CAS_ndelay (long) : Applies to consecutive CAS_n to the same Bank Group (i.e. T4 to T10)
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tRRD Timing
CK_t
CK_c -
Command
Bank Group(GB) @ @
sank __ Yganko) Gk @ank 9
ADoRESS X Row ) (Ron) (Row)

—

22 Time Break D Don't Care

NOTE

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

2. tRRD_L : ACTIVATE to ACTIVATE Command period (long) : Applies to consecutive ACTIVATE Commands to the different
Banks of the same Bank Group (i.e. T4 to T10)

tFAW Timing
cKt
CK_c*
Command
FAW
comey aup (ALD \ALD o) VALID
Bark_XVALD) (o) {ao) (o) Qo)
ovess @D @D @D oD @D

22 Time Break D Don't Care

NOTE
tFAW : Four activate window
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tWTR_S Timing (WRITE to READ, Different Bank Group, CRC and DM Disabled)

22 Time Break Don't Care DTransitioning Data
NOTE

tWTR_S : Delay from start of internal write transaction to internal read command to a different Bank Group

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

Bank Grooup
86)

-

22 Time Break  [L] Don't Care [ Transitioning Data

NOTE

tWTR_L : Delay from start of internal write transaction to internal read command to the same Bank Group
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Programmable Preamble

Write Preamble

DDRA4 supports a programmable write preamble. Write preamble modes of 1 tCK and 2 tCK are selectable by
MR4 [A12].

CWL needs to be incremented by 1nCK when 2tCK preamble is enabled.

When operating in 2tCK Write Preamble Mode, tWTR and tWR must be programmed to a value 1 clock greater
than the tWTR and tWR setting supported in the applicable speed bin.

DQS_t, DAS_c Preamble

1tCK mode
DQ N\ Do X b1 X b2 X p3 X b4 X ps X b6 X 07 /
DQS_t, DQS_c Preamble

2tCK mode

ba N\ po X b1 X b2 X b3 X pa X ps X b6 X o7 /

The timing diagrams below 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.

tCCD=4 (AL=PL=0)

1tCK mode

tCCD=4 WL

Preamble

ba \ oo X o1 X2 X 03 X 04 X 05 X 06 X b7 X 00 X 01 X D2 X D3

CLK ¢~ =
CLK_t —/

DQS_t >
DQS_c Preamble

_________

= \Do X 01 X b2 X 03 X 04 X 05 X b6 X b7 X Do X D1
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1tCK mode

oM WR )
CLK t-
CLK_¢c —

tCCD=5

tCCD=5 (AL=PL=0)

DQS._t

DQS_c

Preamble ;

L

"Preamble

DQ

\0o X 01 X 02 X 03 X 04 X 05 X 06 X 07 /

\00801802503!

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

1tCK mode

CMD( WR )

ClKc- »
CLK_t —

tCCD=6 (AL=PL=0)

DQS_¢c

DQS_t

A
Preamble

[ole]

2tCK mode

cMD( WR )

CLKc- »
CLK_t —1

\00&01802&03!

DAs_¢c

DQs_t

bQ
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Read Preamble

DDR4 supports a programmable read preamble. Read preamble modes of 1 tCK and 2 tCK are selectable by
MR4 [Al1].

Read preamble modes of 1 tCK and 2 tCK are shown below.

256Mx16 CS66DUAGQA

DQS, DQS_b Preamble
. \ " "2/ P
1tCK toggle = s J\_//\' =35
DQ N\ po X o1 X b2 X b3 X 04 X ps X s X 07 /
DQS, DQS_b Preamble
2tCK toggle f ““““““

DQ N\ po X b1 X b2 X b3 X b4 X bs X b6 X b7 /

Read Preamble Training

DDRA4 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[A10] = 1 is enabled and MR4[A10] = 0 is
disabled). After the MRS command is issued to enable READ preamble training, the DRAM DQS signals are
driven to a valid level by the time tSDO is satisfied. During this time, the data bus DQ signals are held quiet,
that is, driven HIGH.

The DQS_t signal remains driven LOW and the DQS_c signal remains driven HIGH until an MPR PageO READ
command is issued (MPRO through MPR3 determine which pattern is used), and when CAS latency (CL) has
expired, the DQS signals will toggle normally depending on the burst length setting. To exit READ preamble
training mode, an MRS command must be issued, MR4[A10] = 0.

DQS drive
) "

DQS_t, DAS_c |

tSDO

DQ (Quiet or driven) « \_><_X_X_X_X_X_L/
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Postamble

Write Postamble

DDRA4 supports a fixed Write postamble. Write postamble nominal is 0.5tck for preamble modes 1tCK, 2tCK
are shown below.

DQS_t, DQS_c Preamble Postamble
~ oy o= —
1tCK toggle
= N X X X X X X X /
DQS_t, DQS_c Preamble Postamble
v o= -~ s e N P
2ACK toggle R e\ e | e - : | S ./\_A A3 .L/L = W

Z X X X X X X X /

Read Postamble

DDRA4 supports a fixed Read postamble. Read postamble nominal is 0.5tck for preamble modes 1tCK, 2tCK
are shown below.

DQS_t, DQS_¢ Preamble Postamble
1tCK toggle I
% N X X X X X X X /
DQS_t, DQS_c Preamble Postamble
- - e = sle o Vil
. — S XA XA XA

= X X X X X X X /
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ACTIVATE Command

The ACTIVATE command is used to open (activate) a row in a particular bank for subsequent access. The
values on the BG[1:0] inputs select the bank group, the BA[1:0] inputs select the bank within the bank group,
and the address provided on inputs A[17:0] selects the row within the bank. This row remains active (open) for
accesses until a PRECHARGE command is issued to that bank. A PRECHARGE command must be issued
before opening a different row in the same bank.

Bank-to-bank command timing for ACTIVATE commands uses two different timing parameters, depending on
whether the banks are in the same or different bank group. tRRD_S (short) is used for timing between banks
located in different bank groups. tRRD_L (long) is used for timing between banks located in the same bank
group.

Another timing restriction for consecutive ACTIVATE commands [issued at tRRD (MIN)] is tFAW (fifth activate
window). Because there is a maximum of four banks in a bank group, the tFAW parameter applies across
different bank groups (five ACTIVATE commands issued at tRRD_L (MIN) to the same bank group would be
limited by tRC).

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.

After a bank is precharged, itis 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.

The auto precharge feature is engaged when a READ or WRITE command is issued with A10 HIGH. The auto
precharge feature uses the RAS lockout circuit to internally delay the PRECHARGE operation until the ARRAY
RESTORE operation has completed. The RAS lockout circuit feature allows the PRECHARGE operation to be
partially or completely hidden during burst READ cycles when the auto precharge feature is engaged. The
PRECHARGE operation will not begin until after the last data of the burst write sequence is properly stored in
the memory array.
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Read Operation
READ Timing Definitions

Read timing shown below is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:
tDQSCK (MIN)/(MAX) describes the allowed range for a rising data strobe edge relative to CK.
tDQSCK is the actual position of a rising strobe edge relative to CK.
tQSH describes the 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 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.

READ Timing Definition

CK_c
CK_t
toasckMIN | foasck MAX toagck MmN | foasck max
’4—.4—’: 'HH:
' L
The rising strobe edge tbascky ' ' tbasckdy :
fluctuation range | | >, b |- '
l L '
(Reference) | P ' [Rising Strobe] 1
Raegion o 2 Region .
| tbasck | toasck
- e
tasH(pas_) tasL(pas.t)
P
PDOSHE, swmeeg ] /7
DQS_t taH_total taH_total
tbasa_total fbasa_total
Associated
DQ Pins
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READ Timing 1 Clock to Data Strobe Relationship

Clock to Data Strobe relationship is shown below6 and is applied when the DLL is enabled and locked.

Rising data strobe edge parameters:

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

Falling data strobe edge parameters:

tQSL describes the data strobe low pulse width.
tLZ(DQS), tHZ(DQS) for preamble/postamble.

Clock to Data Strobe Relationship

RL measured

to this point
eK.oke X A X
tDQSCK (min| tDQSCK {min tDQSCK (min'
— — -— tHZ(DQS)min
wzEasmin | 5 xdgl»‘uosul L ltqgrj‘tost L.
DQS_t. DQS_c ; O 4
Early Strobe 7| "iRPRE i i
BitO Bit 1 l— tHZ(DQS)max
SCK (max)
1LZ(DQS)max —
DQS_t, DQS_c
Late Strobe
Bro Bit1 Bit 2 Bit3 Bit4 BitS Bit6 Bit7
NOTE
1. Within a burst, the rising strobe edge will vary within tDQSCK]j while at the same voltage and temperature. However,

when the device, voltage, and temperature variations are incorporated, the rising strobe edge variance window can
shift between tDQSCK (MIN) and tDQSCK (MAX).

A timing of this window's right edge (latest) from rising CK_t, CK_c is limited by a device's actual tDQSCK (MAX). A
timing of this window's left inside edge (earliest) from rising CK_t, CK_c is limited by tDQSCK (MIN).

Notwithstanding Note 1, a rising strobe edge with tDQSCK (MAX) at T(n) can not be immediately followed by a rising
strobe edge with tDQSCK (MIN) at T(n + 1) because other timing relationships (tQSH, tQSL) exist: if tDQSCK(n + 1) <
0: tDQSCK(n) < 1.0 tCK - (tQSH (MIN) + tQSL (MIN)) - | tDQSCK(n + 1) |.

The DQS _t, DQS_c differential output HIGH time is defined by tQSH, and the DQS_t, DQS_c differential output LOW
time is defined by tQSL.

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).

5. The minimum pulse width of READ preamble is defined by tRPRE (MIN).
6. The maximum READ postamble is bound by tDQSCK (MIN) plus tQSH (MIN) on the left side and tHZDSQ (MAX) on

the right side.
The minimum pulse width of READ postamble is defined by tRPST (MIN).

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 1 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:
tDQSQ describes the latest valid transition of the associated DQ pins.
tQH describes the earliest invalid transition of the associated DQ pins.

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

Data Strobe to Data Relationship

TO T Ta0 Ta1 Ta2 Ta3 Tad Ta5 Ta6
CKCc=- = =

CK_t

COMMAND

ADDRESS

RL=AL+CL +PL

/) —
DQS_t, DQS_¢ & N
tRPRE
- Pt (DOSQ(Max) P Lt~ DQSQMax)
1
DQ (Last data) 7 o e
\_n_/\n+1/\n+2/
DQ(First data) 7
All DQs Collectively 7
NOTE

BL=8,RL=11(AL=0, CL=1), Premable = 1tCK.

DOUTnN = 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 MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ commands at TO.

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

tDQSQ defines the skew between DQS to data and does not define DQS to clock.

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.

N oo krwbdPE
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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) and tLZ(DQ). The figure below shows a method to calculate the point
when the device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS) and 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. tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as singled-ended
parameters.

tLZ and tHZ method for calculating transitions and begin points

tLZ(DQ): CK_t - CK_c rising crossing at RL
CK_t DR M

Begin point : Extrapolated point at VDDQ

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

CK_t

Vswz

Vswi

—_ Begin point : Extrapolated point’

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

NOTE

1. Vswl =(0.70 - 0.04) x VDDQ for both tLZ and tHZ.

2. Vsw2 =(0.70 + 0.04) x VDDQ for both tLZ and tHZ.

3. Extrapolated point (low level) = VDDQ/(50 + 34) x 34 = 0.4 x VDDQ
Driver impedance = RZQ/7 = 34ohm
VTT test load = 500hm to VDDQ.
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tRPRE Calculation

Method for Calculating tRPRE Transitions and Endpoints

Sing ended signal, provided
as background information

DQS _c¢

——————————————————— - - - - VerfoQ-

Sing ended signal, provided
as background information

1

- Vsw2
tRPRE_begin \ Vew
tRPRE
DQS_t-DQS_c / S R (R 0
Resulting differential signal rele- Begin point:
vant for tRPRE specification Extrapolated point ©
tRPRE_end
NOTE
1. Vswl=(0.3-0.04) x VDDQ.
2. Vsw2 =(0.30 + 0.04) x VDDQ.
3. DQS_tand DQS_c low level = VDDQ/(50 + 34) x 34 = 0.4 x VDDQ
Driver impedance = RZQ/7 = 34ohm
VTT test load = 500hm to VDDQ.
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tRPST Calculation

tRPST Method for Calculating Transitions and Endpoints

CK_t

CK g«—«

Sing ended signal, provided
as background information

DQS_t
DQS_c
———————————————————————— VerfbQ-
Sing ended signal, provided
as background information
t1
tRPST_begin
PRS 1-DAS € v wew b wew wvn L S S W S S & 0

Resulting differential signal rele-
vant for tRPST specification

t2
tRPST_end
End point.Extrapolated point

NOTE

1. Vswl=(i0.3-0.04) x VDDQ.

2. Vsw2 = (i 0.30 + 0.04) x VDDQ.

3. DQS_tand DQS_c low level = VDDQ/(50 + 34) x 34 = 0.4 x VDDQ
Driver impedance = RZQ/7 = 34ohm
VTT test load = 500hm to VDDQ.
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READ Burst Operation

DDR4 READ commands support bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses
address Al12 to control OTF when OTF is enabled:

Al12 =0, BC4 (BC4 = burst chop)

Al2=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, bank goes in to precharge after
READ burst.

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

DQS_t DOS_¢ (( X R
00 > Ty (Eoa (0o D gy Dy By
Dout// Dout\; /Dout\y Dout\’ Doutl/ Dout\/ Dout
CL((=11 \ nu>\m! (a2 A \Ln#d /A N5 /A 046 ne?

RL=AL+CL

[:] TRANSITIONING DATA |:] DON'T CARE

NOTE

1. BL8,RL=0,AL=0, CL =11, Preamble = 1tCK.

DO 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 MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ command at TO.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

gk WD
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READ Burst Operation RL =21 (AL =10, CL =11, BL8)

CMD

Bank Groyj
ADDRES

ADDRESS

tRPRE

v

'

.

(‘
s

.

DS_t 005 % (Z ((
0a h)] ; 7
e ( CL«: 3 \ ng\x n+] XEQX ?\%5/\\ 2"3}( %%‘//(?\%x ?\?;;

RL=AL+CL

E] TRANSITIONING DATA D DON'T CARE

NOTE

1. BL8,RL=21, AL=(CL-1), CL=11, Preamble = 1tCK.

DO 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 MRO[1:0] = 00 or MRO[1:0] = 01 and A12 =1 during READ command at TO.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

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

E] TRANSITIONING DATA D DONT CARE

NOTE

1.

a ks owbd

Bk

BL8, AL =0, CL =11, Preamble = 1tCK.

DO 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[1:0] = 00 or MRO[1:0] = 01 and A12 =1 during READcommands at TO and T4.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

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

ADORES!
ADORESS Koo
RPST
DAS 1005 ¢
= RL=11
" wr\’ﬁ wgﬁeyw
1 4 M]\ww ety Wil
D TRANSITIONING DATA D DONT CARE

NOTE
1. BL8,AL=0, CL=11, Preamble = 2tCK.

a s wN

DO 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[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ commands at TO and T4.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
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Nonconsecutive READ (BL8) with 1tCK Preamble in Same or Different Bank Group

> D TRANSITIONING DATA D DONT CARE

NOTE

1.

a0

BL8, AL =0, CL =11, Preamble = 1tCK, tCCD_S/L =5.

DO 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[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during READ commands at TO and T5.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

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

005008 i i
( RL=1 (
D0 )] )
|~
{ { @“w@\w@m_z B
[:] TRANSITIONING DATA |:] DON'T CARE
NOTE

oukcwDdPE

BL8, AL =0, CL = 11, Preamble = 2tCK, tCCD_S/L = 6.

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

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

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ commands at TO and T6.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

tCCD_S/L=5i s alldwed in 2tCK preamble mode.
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READ (BC4) to READ (BC4) with 1tCK Preamble in Different Bank Group

NOTE

1.

a ks v

BL8, AL =0, CL =11, Preamble = 1tCK.

DO 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 either MRO[1:0] = 10 or MRO[1:0] = 01 and A12 = 0 during READ commands at TO and T4.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.

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

'
Tl
) >A b A2 @

¥
- |:| TRANSITIONING DATA [:] DONT CARE

NOTE

1.

a s wnN

BL8, AL =0, CL = 11, Preamble = 2tCK.

DO 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 either MRO[1:0] = 10 or MRO[1:0] = 01 and A12 = 0 during READ commands at TO and T4.
CA parity = Disable, CS to CA latency = Disable, Read DBI = Disable.
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READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same or Different Bank Group

NOTE

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

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

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

4. BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01and A12 = 1 during READ command at TO and WRITE
command at T8.

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

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

NOTE

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

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

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

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

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

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