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Commercial DDR4 8Gb SDRAM

Features

® Data Integrity
- Auto Self Refresh (ASR) by DRAM built-in TS
- Auto Refresh and Self Refresh Modes
® DRAM Access Bandwidth
- Separated 10 gating structures by Bank Groups
- Self Refresh Abort
- Fine Granularity Refresh

® Signal Synchronization
- Write Leveling via MR settings?®
- Read Leveling via MPR
® Reliability & Error Handling
- Command/Address Parity
- Databus Write CRC
- MPR readout
- Boundary Scan (X16)
- Post Package Repair

® Signal Integrity
- Internal VREFDQ Training
- Read Preamble Training
- Gear Down Mode
- Per DRAM Addressability
- Configurable DS for system compatibility
- Configurable On-Die Termination
- Data bus inversion (DBI)
- ZQ Calibration for DS/ODT impedance accu ¢y
via external ZQ pad (240 Q * 1%)
® Power Saving & Efficiency
- POD with VDDQ termination
- Command/Address Latency ‘CAL)
- Maximum Power Saving
- Low-power Auto Self Rofresh (LPASR)

Programmable Function:z

W Qutput Driver Impedance (34/48)

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

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

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

B RTT_PAt (3</40/48/60/80/120/240)

B RTT_['OM (37,40/48/60/80/120/240)

B RT™ ‘MK ‘60/120/240)

B Read Preamble (1T/2T)

& /rit2. Preamble (1T/2T)

a Surst Length (BL8/BC4/BC4 or 8 on the fly)

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

Options

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

m Package informatini.
Lead-free ROHS _om,.an e and Halogen-free

TFBGA Dimension Ball pitch
Peckie (mm) (mm)
96-Ball 7.50 x 13.00 0.80

B Temperature Range (T¢) °
- Commercial Grade : 0°C~95C

® VDD/VDDQ/VPP
-1.2V/1.2V/2.5V

B Density and Addressing

Organization 1024Mb x 8 512Mb x 16
Banks 4 (BA[1:0]) 4 (BA[1:0])

Bank Groups 4 (BG[1:0]) 2 (BG[0])

Row Address A[15:0] A[15:0]
Column 1K (A[9:0]) 1K (A[9:0])

Page Size 1KB 2KB

tREFI 3 Tc<85°C:7.8us, Tc>85°C:3.9us
tRFC 4 260ns

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

NOTE 3 Violating tREFI is not guaranteed.
NOTE 4 Violating tRFC is not guaranteed.
NOTE 5 When operate above 95°C .,AC/DC will be derated.
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PS: Plusetech — — - -

D4: DDR4 ——————— === — I

NO: NANYA

A: 256Mb*16
B: 512Mb*16

Operating frequency

__________________ 2. 2666Mbps
3: 3200Mbps

The backward compatibility of each frequency is listed in the following tak'e. I: ar. application operates at specific frequency

which is not defined herein but within the highest and the lowest frejuencies, then the comparative loose specifications to

DRAM must be adopted from the neighboring defined frequency. Picas< confirm with NTC when the operating frequency is

slower than the defined frequency.

Frequency[MHz] 1600 1467 1333 1200 1066 933 800
CL[nCK] 22 21 19 17 15 13 11 Ui
ni

CL with read DBI [nCK] 26 25 22 20 18 15 13

VDD[V] 1.2 1.2 1.2 1.2 1.2 1.2 1.2

PSD4NOB2A-08G MA NA 2666 2400 2133 1866 1600 Mbps

PSD4NOB3A-08G 3200 2933 2666 2400 2133 1866 1600 Mbps
NOTE Any part numuoer 3lso supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified
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Ball Configuration — 96 Ball TFBGA Package (X16)

See the balls through the package
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Ball Descriptions

Symbol Type Description

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

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

Clock Enable: CKE high activates, and CKE low deactivates, internal clock signals and device inpu*
buffers and output drivers. Taking CKE low provides Precharge Power-Down and Self-Refrash
operation (all banks idle), or Active Power-Down (row Active in any bank). CKE is synchrono..c fc:
power down entry and exit and for Self-Refresh entry. CKE is asynchronous for Self-Reil.=ch 2xi.
After VREFCA and Internal DQ Vref have become stable during the power on and iniiali;ation
sequence, they must be maintained during all operations (including Self-Refresh). SKE must be
maintained high throughout read and write accesses. Input buffers, excluding CK, CK, ODT and CKE
are disabled during Power Down. Input buffers, excluding CKE, are disabled ~.:ing Seif-Refresh.

CKE Input

Chip Select: All commands are masked when CS is registered high  CS p ovides for external rank
selection on systems with multiple ranks. CS is considered part of the coiwiiand code.

CS Input

On Die Termination: ODT (registered HIGH) enables RT7_ !\ teimination resistance internal to
the DDR4 SDRAM. When ODT is enabled, on-die termin«ior: (RTT) is applied only to each DQ, DQS,
DQS, DM/DBITDQS, and TDQS signal for x4, x8 configuretior.s (when the TDQS function is enabled
via mode register). For the x16 configuration, P17 ‘s applied to each DQ, DQSU, DQSU, DQSL,
DQSL, UDM, and LDM signal. The ODT pir wll be ignored if MR1 is programmed to disable
RTT_NOM.

ODT Input

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

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

Command ino tt: » C defines the Activation command being entered along with CS. The input into

ACT Input DB 49 Yo _ . .
RAS/Ale, CAS/¢.15 and WE/A14 will be considered as Row Address A16, A15 and Al14
RAS/ALG Comn ant! Inputs: RAS/A16, CAS/A15 and WE/A14 (along with CS) define the command being
CAS/ALS Inbut |eniared. Those pins have multi-function. For example, for activation with ACT Low, those are
WE/AL4 P Adudressing like A16,A15 and Al4 but for non-activation command with ACT High, those are

Command pins for Read, Write and other command defined in command truth table.

‘ Auto precharge: A10 is sampled during Read/Write commands to determine whether

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

Burst Chop: Burst chop: A12/BC is sampled during READ and WRITE commands to determine if

\12:18C Input

y neu burst chop (on-the-fly) will be performed. (HIGH = no burst chop; LOW = burst-chopped).

For x4 Address inputs: Provide the row address for ACTIVATE commands and the column address for

A[16'Oi READ/WRITE commands to select one location out of the memory array in the respective bank.
For x8.x16 Input (A10/AP, A12/BC, WE/A14, CAS/IA15, RAS/A16, have additional functions; see individual entries in

A[15i0] this table). The address inputs also provide the op-code during the MODE REGISTER SET

command. A16 is used on some 8Gb.
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Symbol Type Description

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

PAR Input ACT,RAS/A16,CAS/A15,WE/A14, A12/BC,A10/AP, A17-A0, BAO-BA1, BG0-BG1 Command and
address inputs shall have parity check performed when commands are latched via the rising edge of
CK and when CS is low.

Data input/output: Bidirectional data bus. DQ represents DQ [3:0], DQ [7:0], and DQ [15:0] for the
x4, x8, and x16 configurations, respectively. If Write CRC is enabled via Mode register, then the Write
DQ Inputioutput CRC code is added at the end of Data Burst. Either anyone or all DQO, DQ1, DQ2, and DQ3 is used
as monitoring of internal Vref level during test via Mode Register Setting MR4 A4=High, training \me.
change when enabled. During this mode, RTT value should be set to Hi-Z. This measuremn, = .t ic for

verification purposes and is NOT an external voltage supply pin.

Data Strobe: Output with READ data, input with WRITE data. Edge-aligned with 27ZAD data,

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

does not support a single-ended data strobe.

Termination Data Strobe: TDQS/TDQS is applicable for X8 DR/Ms only. The TDQS function must
be disabled in the mode register for both the x4 and x16 confiy:iratons. When enabled via Mode
Register A11=1 in MR1, DRAM will enable the sam~. Ry, termination resistance function on
TDQS/TDQS that is applied to DQS/DQS. When the TN( < 1unstion is disabled via the mode register,
the DM/DBI'TDQS pin will provide the data mask (CM) f.i.~tiun or Data Bus Inversion (DBI) depending
on MR5, and the TDQS pin is not used. » 1]

Input data mask: DM is an input mask signal for write data. Input data is masked when DM is
sampled LOW coincident with that input aca &:-'ng a write access. DM is sampled on both edges of
I DQS. DM is muxed with DBI function vy Mioac Register A [12:10] setting in MR5. For x8 device, the
— Input function of DM or TDQS is enabled by Mode Register A1l setting in MR1. DBI is an input/output
identifying whether to store/ouy.c the true or inverted data. If DBI is LOW, the data will be
stored/output after inversiol ir.ic'e the DDR4 SDRAM and not inverted if DBI is HIGH. DM is not
supported in X4.

|

TDQS/T

2

S Output

DBl input/output: Data bus inversion. DBl is an input/output signal used for data bus inversion in the
x8 configuration. ">:C21 and LDBI are used in the x16 configuration; UDBI is associated with DQ [15:8],
_BI_ Input/output and LDBI is ass ‘cia 2d with DQ [7:0]. The DBI feature is not supported on x4 configurations. DBI can
UDBI, LDBI be configurcd fcr bein READ (output) and WRITE (input) operations depending on the mode register
settings. T1.= DM, DBI, and TDQS functions are enabled by mode register settings. See Data Bus
Inversicn (OBI).

Al output: It has multi functions such as CRC error flag, Command and Address Parity error flag

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

Reference pin for ZQ calibration: This ball is tied to an external 240Q) resistor (RZQ), which is
ZQ Reference | .
tied to VSSQ.
Active Low Asynchronous Reset: Reset is active when RESET is LOW, and inactive when RESET
RESET Input is HIGH. RESET must be HIGH during normal operation. RESET is a CMOS rail to rail signal with DC
high and low at 80% and 20% of VDD, i.e. 0.96V for DC high and 0.24V for DC low.
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Symbol
I VPP
VDD
VDDQ
VSS
VSSQ
VREFCA
NC
NF

RFU

Type

Supply
Supply
Supply
Supply
Supply
Supply

Description
DRAM activating power supply: 2.5V ( 2.375V min , 2.75V max)
Power Supply: 1.2V + 0.06V
DQ Power Supply: 1.2V + 0.06V
Ground
DQ Ground
Reference voltage for CA

No Connect: No internal electrical connection is present.

No function: May have internal connection present, but has no function.

Reserved for future use.

NOTE Input only pins (BG0-BG1, BAO-BA1, A0-Al7, ACT, RAS/AL6, CAS/AL5, WE/A14, TS, CKE, ODT, and RESET) do not supply

termination.

Version A/00



Shenzhen Plusetech Semiconductor Co., Ltd

W
AN pLUSETECH

Functional Description

Form Any State

Power

applied
pp Power
On

RESET

Reset

TEN

Procedure

Simplified State Diagram

Initialization

IVREFDQ,
RTT, etc

MRS, MPR,
Write Leveling,
\VrefDQ training

SRX* = SRX with NOP

— Command Sequence

— — — =) Automatic Sequence

— CKE_L

Selt
Reiresh

RESET

-

1

1

1

1

1

1

1

1

1

1

1

1

1

1

|

1

' Bank

1 .

: WRITE Active READ

i WRITE -

: %

1

! “Mriting J

: o ~

1

1

! WRITE A

|

|

| Reading

i PRE, PREA

! PRE, PREA PRE, PREA

1

1

1

1

1

1

1
Aupr. Function Abbr. {Function Abbr. :Function
ACT Active Read RD, RDS4, RDS8 PDE :Enter Power-down

PRE Precharge Read A RDA, RDAS4, RDAS8 PDX Exit Power-down

PREA :Precharge All Write {WR, WRS4, WRS8 with/without CRC SRE Self-Refresh entry
RESET :Start RESET Procedure | Write A 'WRA, WRAS4, WRASS8 with/without CRC SRX :Self-Refresh exit
7ZQCS :ZQ Calibration Short TEN :Boundary Scan Mode Enable MPR :Multi-Purpose Register
ZQCL iZQ Calibration Long REF  Refresh, Fine granularity Refresh MRS Mode Register Set
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Basic Functionality

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

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

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continne for 2 burst
length of eight or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the registrauon of an
ACTIVATE Command, which is then followed by a Read or Write command. The address bits regis.ered coincident with
the ACTIVATE Command are used to select the bank and row to be activated (BG0-BG1 in x8 and b3y in x16 select the
bankgroup; BAO-BA1 select the bank; A0-A15 select the row; refer to Addressing section for niure details. The address
bits registered coincident with the Read or Write command are used to select the stzrting co.umn location for the burst
operation, determine if the auto precharge command is to be issued (via A10), ad select BC4 or BL8 mode ‘on the fly’

(via A12) if enabled in the mode register.

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

and device operation.
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RESET and Initialization Procedure

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

Default MR settings for power-up and reset initialization

MR functions MR bits Value

Gear-down mode MR3 A[3]=0 1/2 Rate
Per DRAM Addressability MR3 A[4]=0 Disable
Max Power Saving Mode MR4 A[1]=0 Disable
CS to Command/Address Latency MR4 A[8:6]=000 Disable
CA Parity Latency Mode MRS5 A[2:0]=000 Disable
Hard Post Package Repair Mode MR4 A[13]=0 Disable
Soft Post Package Repair Mode MR4 A[5]=0 Disable

Power-Up and Initialization Sequence

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

1) Apply power (RESET and TEN are recommended to be maintained belov. 0.2 x VDD; all other inputs may be
undefined). RESET needs to be maintained below 0.2 x VDD for minimum 290, s vith stable power and TEN needs to
be maintained below 0.2 x VDD for minimum 700us with stable power C“Z is pulled “LOW” any time before RESET is
being deasserted (MIN time 10ns). The power voltage ramp time bet'vern 300mV to VDD min must be no greater
than 200ms, and during the ramp, VDD = VDDQ and (VDD-VDZ2Q) « 0.3Volts. VPP must ramp at the same time or
earlier than VDD, and VPP must be equal to or higher than VoD it &'l times.

During power-up, either of the following conditions mav ex’sc and must be met:
¢ Condition A
—VDD and VDDQ are driven from a single-power coivertar output, AND
— The voltage levels on all balls other than VDD, V2DQ, VSS, VSSQ must be less than or equal to VDDQ and VDD on one
side and must be larger than or equal to VLSQ and VSS on the other side.
—VTT is limited to 0.76V MAX when thr. power ramp is finished, AND
— VREFCA tracks VDD/2.
¢ Condition B
— Apply VDD without any sl=ne reversal before or at the same time as VDDQ.
— Apply VDDQ withont =x2v :lope reversal before or at the same time as VTT and VREFCA.
— Apply VPP withou* an, slope reversal before or at the same time as VDD.
— The voltage leve's o all pins other than VDD, VDDQ, VSS, VSSQ must be less than or equal to VDDQ and VDD on one
side and . ust Lz 1arger than or equal to VSSQ and VSS on the other side.
2) After RESET is de-asserted, wait for another 500us until CKE becomes active.
During this ‘ime, the DRAM will start internal state initialization; this will be done independently of external clocks.

3) Clocks (CX, TK) need to be started and stabilized for at least 10ns or 5 tCK (whichever is larger) before CKE goes
active Since CKE is a synchronous signal, the corresponding setup time to clock (tIS) must be met. Also a DESELECT
~oran.and must be registered (with tIS setup time to clock) at clock edge Td. Once the CKE is registered “HIGH”
a1ier RESET, CKE needs to be continuously registered “HIGH” until the initialization sequence is finished, including
expiration of tDLLK and tZQINIT.

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

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

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

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

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

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

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

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

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

13) Issue a ZQCL command to starting ZQ calibration.

14) Wait for both tDLLK and tZQINIT completed.

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

RESET and Initialization Sequence at Power-On Ramping

Tla le Tcr er’ ,Te, 'Ti N l'-l' Ti N _T N '_Tk .
o D _\Jmmmmmmmwm§ mmmm. \
VPP _.-_':'3 SS Sg gg g g )% —|- ->> gg g
— 1%
_ 200us| | 50 us _ |
- B R T R e e e A
_gF«.po . e |
e ,.;':9;(' j ] (@ V{ftﬂ : (;; (gf gf T (@ VA@@
; AL Ak O AR AL Ak Al
R e o o Gy Gy R

tis

BA[2:0] ___.__-ﬁg;?" M ___.-'ﬂ%-'_.. ‘J'Zﬂ MRx MRXx MRXx MRXx g-'-""r _é@?f(/’ |
oDT ___,ﬁg:?r Wﬁ{%@r gg Static LOYY in case RTT_N?m is eanbled at t’iﬁne Tg, otherwis%static HIGH or I/_’CJ)W

C A | C C (@ (@ (@ @ (@
PRAMRTT ) | ) ) D) D) ) D) )

g TIME BREAK DON'T CARE

NOTE 1 From we ./me point Td until Tk, a DES command must be applied between MRS and ZQCL commands.
NOTE 2 MRXS c=inmands must be issued to all mode registers that have defined settings.
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VDD Slew rate at Power-up Initialization Sequence

VDD Slew Rate

Symbol Min Max Units NOTE
VDD_sl 0.004 600 V/ms 1,2
VDD_ona 200 ms 3

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

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

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

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

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

RESET Procedure at Power Stable

Ta Tb Tc Td Te Tf Tg Th Ti Tj K
I ; I r.' r- l; - l'_ - Il_ - (._ - ll_ - /._ /- \I_I I'_
o G Uﬂ%ﬂq%ﬂwmwmwmw@uﬁ\ﬁ U
CKSRX
e ——% 5 § 5 % 5 % =15
voorone, ——{f— 5 § 5 % 5 N o s
tPW_RESET | 500 us
|
(@ (@ (@ (@ (@ C (@
SR / ) ) ) ) "0 i )
)
e na il « ¢ | N s d
o T ¢/ G | ey | [ZlI GO
) )

tXPR tMRD tMRD " tMRD tMOD tzQin
- —

{DLLK

s ;;@CD@MD@ D Ya2X

v L T T ) @@?@ @CP@%T%% D
oDT | _,-ﬁgf W | _-':é@( | g& SIaIIC L\, incase RTT_| Nom is eanbled at llme Tg, otherwise Sla[lc HIGH or LOy]\I % mf

« « 2.4 (@ (@
DRAM_RTT ) ) ) ) )) )> )) » )

F ,
gg TIME BREAK ,..ﬁ; DON'T CARE

NOTE 1 From the time poirt Ta =il Tk, a DES command must be applied between MRS and ZQCL commands.
NOTE 2 MRS commar ds n. 'st pe issued to all mode registers that have defined settings.
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Register Definition
Programming the mode registers

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

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

tMRD Timing

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

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

TO ™ T2 l—Taﬁ Tat Ta?2 1 700 b1 Th2 Tb3 Tb4

CK _C N\ ey ey YT Y |L-‘,.._.,. e Ul e N e Y e i ¥/ g
CK t —“_- '—‘\._ h—‘—_f — e e S ® —'\._']i— — —'\._"‘—"\._'."—‘\.- )"—"\_-
Command \Vﬂlﬂ ,@KV‘C)@( *g URS‘@ l":- :-"\ DES q‘ DES ms @ DES @« xs @ Des )
l
\
I N
“' ST TwRD | »

Address (vaud ) (vasa () Vaua ) ,5 & v v YK vaa vaiid ) >( vast ) vatia ) vana )Y vaua () Vand )
cke W W] WY www

/]

I

Settings ey fing iuve.mq Senting
(

——

i
r__
NOTE 1  This uming diagram depicts C/A Parity Mode "Disabled" case.
NOTE 2 thirD «pplies to all MRS commands with the following exceptions:

¢ Czardown Mode

¢ C/A Parity Latency Mode

¢ CS to Command/Address Latency Mode

¢ Per DRAM Addressability Mode
¢ VrefDQ training value, VrefDQ training mode, and VrefDQ Training Range
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tMOD Timing

The MRS command to nonMRS command delay, tMOD, is required for the DRAM to update features, except DLL RESET,

and is the minimum time required from an MRS command to a nonMRS command, excluding DES.

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

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

T Ta0 Tal Taz2 Ta3 Ta4 ] Tb2 Tb3
CK C v\ P'\'_‘ -\-—F-\ P"\f‘_‘ I"\ \P‘\ g ¥ F'\'_F'\(_\P‘\_
CK t et —/\ J ~—-’s- —\. '~—/_—\.- Ir—s-'—\.-"‘—s-l—"s.

-

Command (__J@M ms’@ oes ) oes ) ous ) ces )4} oes ) vatia ) vana ) (vane )
[: i tMOD {
); vaia ) vasa T} vana ﬂ(m@(wm){ (v )N vana YT vana B
CKE %H@ \ 40 BB AL 4R AR &A
|
|

.
-

——

Address (vaus jT) vais

|

/f(\_ h Sl Setting

}é_x Updating Setting
{
NOTE 1 This timing diagram depicts C/A Parity Mode "Disabled" case.
NOTE 2 List of MRS commands exception that do not apply to tMOD.
* DLL Enable, DLL Reset
¢ VrefDQ training value, internal Vref monitor, VrefDQ training 1 ~ou >, and VrefDQ Training Range
* Geardown Mode
* Per DRAM Addressability Mode
* Maximum Power Saving Mode
¢ CA Parity Mode

Settings Old Setting

—_— T
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ODT Status at MRS affecting ODT turn-on/off timing

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

care during MRS command if DRAM RTT_Nom function is disabled in the mode register prior and after an MRS cc "mend.

Tl e R s

T e T e -4 = ."—-; (B L s el man Wbl L) | e SrEy S G

ESPATEESTRSCEE B ESTRS BT ERTE - VI
j : : , ' | | | ; : : | i |
COMMAND —— : L it (MRS H>— f : L : !
I : ' \ =t ' ) y | '
: ' R*;'Tifffl’—’: ' | ! ) ' i
oorT ——— . i WD . W : g J :
' ' \ " : : (v .‘“‘ ! ‘]:I L : :
| : » | | v : M : | '
1 ' ' ' ]
f ¢ | | | ! ! | |
. - I : : \ ; i g : :

Rt RTT_NOM || \ ! ) ‘ A ] RTTNOM )
' " tADC_min '~ | : : | IADC_min'e.. | |
: ; ADG max | " , A :

NOTE 1 This timing diagram shows CA Parity Latency mode is “Disa.'s” case.

NOTE 2 When an MRS command mentioned in this note affec’s P57 T_INOM turn on timings, RTT_NOM turn off timings and RTT_NOM
value, this means the MR register value changes. Ti e C™" signal should set to be low for at least DODTLoff +1 clock before
their affecting MRS command is issued and remain low u..t tMOD expires. The following MR registers affects RTT_NOM turn on
timings, RTT_NOM turn off timings and RTT_NCM value and it requires ODT to be low when an MRS command change the MR
register value. If there are no change the . recister value that correspond to commands mentioned in this note, then ODT
signal is not require to be low.
¢ DLL control for precharge power acw.
¢ Additive latency and CAS read 'ate.cy
* DLL enable and disable
¢ CAS write latency
¢ CA Parity mode
* Gear Down modz
* RTT_NOM
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Mode Register

MRO
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO | MR Select
0 0 0 MRO l
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during VIR
A[13]°, A[11:9] WR and RTP%3 See table: Write Recovery and Rea!' to Precharge
A[8] DLL Reset 0=No >
1=Yes
Al7] ™ 0 = Normal \V
1="Test
A[12, 6:4, 2] CAS Latency? See Table: CAS Lati'ncy
A[3] Read Burst Type 0 =Sequent . \Y
1 = Inter.eave
A[1:0] Burst Length 00=8 (Fl:'er", Abbreviated BL8
01 = P4 or 8 (on the fly) Abbreviated BC4OTF or BL8OTF
10 B4 (Fixed) Abbreviated BC4
11 - Reserved

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

NOTE 2 WR (write recovery for autoprecharge) mii > clok cycles is calculated by following rounding algorithm. The WR value in the
mode register must be programmed to %e = :al or larger than WRmin. The programmed WR value is used with tRP to determine
tDAL.

NOTE 3 The table shows the encodings for W rite Recovery and internal Read command to Precharge command delay. For actual Write
recovery timing, please referio ~~ uming table.

NOTE 4 The table only shows 1> e ccdings for a given CAS Latency. For actual supported CAS Latency, please refer to speed bin
tables for each frequericy. CAS Latency controlled by A12 is optional for 4Gb device.

NOTE 5 A13 for WR and R7F scting is optional for 4Gb.
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Write Recovery and Read to Precharge (cycles)

A13 | A1l | A10 | A9 | WR | RTP
0 0 0 0 10 5
0 0 0 1 12 6
0 0 1 0 14 7
0 0 1 1 16 8
0 1 0 0 18 9
0 1 0 1 20 10
0 1 1 0 24 12
0 1 1 1 22 11
1 0 0 0 26 13
1 0 0 1 RFU | RFU
1 0 1 0 RFU | RFU
1 0 1 1 RFU | RFU
1 1 0 0 RFU | RFU
1 1 0 1 RFU | RFU
1 1 1 0 RFU | RFU
1 1 1 1 RFU | RFU

18
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CAS Latency

Al2

>
o
>
o
>
D

A2 CAS Latency
Reserved
Reserved
11
Reserved
13
Reserved
15
Reserved
18@
200
22
Reserved
Reserved
17
19
21
251
260
Reserved
Reserved
Reserve
Resen-=d

Reserved

r o —r O r O O P O P O pFrPr O FPr O Fr O PFr O PFP, O\ kFr o

Reserved

P P P P PP P PO O O O O 0O O O OO0 o o o o o o
P O O O O oo o O ~Fr P P P P P P kP OO o o o o o o
o+ P OO OO+ P P P OO O O | P » +» O O O O©
o r B O O P /P OO P PP OO P » OO L | P O O Pk, = O O

Reserved

c

Note 1: this CL setting is rolatzd to read DBI usage only and please check “Speed bin” section and have a proper

corresponding optior ‘0 usz.
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MR1
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[O], BA[1:0] | MR Select BGO | BA1 | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0| 1 0 MR2 '
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MR’
A[13], A[6:5] Rx CTLE control* 000 = Vendor Optimized Setting (def~ult)
001 = Vendor defined
010 = Vendor defined
011 = Vendor defined
100 = Vendor defined
101 = Vendor defined
110 = Vendor defincd
111 = Vendor deir ed
A[12] Qoff! 0 = Output buti=r enuble
1 = Outpu* bmie, disable
A[11] TDQS enable 0 =Disanle
1=Enahle
A[10:8] RTT_NOM S22 [ible: RTT_NOM
A[7] Write Leveling Enable ¢ =Disable
1 =Enable
A[4:3] Additive Latency 00 =0 (AL disabled)
01=CL-1
10 =CL-2
(S 11 = Reserved
A[2:1] Output Driver Imr.c 4ance Control | See Table: Output Driver Impedance Control
A[0] DLL Enable 0 = Disable?
1 =Enable

NOTE 1 Outputs disabled - DQ<, DQSs, DQSs.

NOTE 2 States reversed to “2 ac D.sable” with respect to DDR4.

NOTE 3 Reserved for "<egi. cer control word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code st tting is inputted, DRAM operation is not defined.

NOTE 4 For this fu,ction, please confirm with NTC.
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RTT_NOM
A10 | A9 | A8 RTT_NOM

0 0 0 Disabled

0 0 1 RZQ/4 (60 Q)
0 1 0 RZQ/2 (120 Q)
0 1 1 RZQ/6 (40 Q)
1 0 0 RZQ/1 (240 Q)
1 0 1 RZQ/5 (48 Q)
1 1 0 RZQ/3 (80 Q)
1 1 1 RZQ/7 (34 Q)

Output Driver Impedance Control

A2 Al ODI
0 0 RZQ/7(34 ohm)
0 1 RZQ/5(48 ohm)
1 0 RFU
1 1 RFU
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MR2
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[O], BA[1:0] | MR Select BGO | BA1l | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2 '
0 1 1 MR3
1 0 0 MR4
1 0 1 MRS5
1 1 0 MR6
1 1 1 RCW!
A[17] RFU 0 = must be programmed to 0 during MR’
A[13] RFU 0 = must be programmed to 0 during IRS
A[12] Write_CRC 0 = Disable
1 =Enable
A[11:9] RTT_WR See Table: RTT_WR N
A[8] RFU 0 = must be programme t tr 0 auring MRS
A[7:6] Low Power Auto Self Refresh 00 = Manual Mode fNo:\aZ—Operating Temperature Range)
(LPASR) 01 = Manual Mor« (k~duced Operating Temperature Range)
10 = Manual Mode (E.tended Operating Temperature Range)
11 = ASR M..2~ {2 uco Self Refresh)
A[5:3] CAS Write Latency(CWL) See Tab'z: CW! (CAS Write Latency)
A[2:0] RFU 0=mu.t L;rogrammed to 0 during MRS

NOTE 1 Reserved for Register control word setting. DRAM ignercs v ] command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, DRAM operation is nct uefied.
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RTT_WR
All | A10 | A9 RTT_WR
0 0 0 Dynamic ODT off
0 0 1 RZQ/2
0 1 0 RZQ/1
0 1 1 Hi-Z
1 0 0 RZQ/3
1 0 1 RFU
1 1 0 RFU
1 1 1 RFU

CAS Write Latency (CWL)

Speed Grade in MT/s
A5 A4 A3 |CWL 1 tCK tWPRE 2 tCK tWPRE?
1st Set 2nd Set 1st Set 2nd :et_ i

0 0 0 9 1600 = = ]
0 0 1 10 1866 = = X =

0 1 0 11 2133 1600 - A -

0 1 1 12 2400 1866 \ -7 -

1 0 0 14 2666 2133 2400 -

1 0 1 16 - 24 )OV ] 2666 2400

1 1 0 18 - | ;6;6 - 2933/3200 2666

1 1 1 20 - !7 :933/3200 - 2933/3200

NOTE 1 The 2 tCK Write Preamhle (= valid for DDR4-2400/2666/2933/3200 Speed Grade. For the 2nd Set of 2 tCK Write Preamble, no
additional CWL is neec'zd.
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MR3
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[O], BA[1:0] | MR Select BGO | BA1l | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2
0 1 1 MR3
1 0 0 MR4
1 0 1 MRS5
1 1 0 MR6
1 1 1 RCW!
A[17] RFU 0 = must be programmed to 0 during MR’
A[13] RFU 0 = must be programmed to 0 during IRS
A[12:11] MPR Read Format 00 = Serial
01 = Parallel
10 = Staggered
11 = Reserved 4
A[10:9] Write CMD Latency See Table:
when CRC and DM are enabled Write Command Lawor.cy when CRC and DM are both enabled
A[8:6] Fine Granularity Refresh Mode See Table: Fine Gre nularity Refresh Mode
A[5] Temperature sensor readout? 0 = Disable
l1=Enab'e
Al4] Per DRAM Addressability 0= DizaL'-
1="Sp.pn:
A[3] Geardown Mode J=1/2 Rate
1=1/4Rate
A[2] MPR Operation Q= Normal
Q! 1 = Dataflow from/to MPR
A[1:0] MPR Page Selection 00 = Page0
01 = Pagel
10 = Page2
11 = Page3
See Table: MPR Data Format

NOTE 1 Reserved for Register cor.ul vrord setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When

RFU MR code setting ‘s inp.'itted, DRAM operation is not defined.

NOTE 2 Please confirm with M=
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Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh Mode

0 0 0 Normal (Fixed 1x)

0 0 1 Fixed 2x

0 1 0 Fixed 4x

0 1 1 RFU

1 0 0 RFU

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

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

A10 = A9 | CRC+DM Write CMD Latency Operating Data Rate
0 0 4nCK 1600 \J
0 1 5nCK 1866/2133/2400_/26;6 )
1 0 6nCK 2933/3?(;)\; 2\
1 1 RFU ;—\'_

NOTE 1 Write Command latency when CRC and DM are both enabic
NOTE 2 At less than or equal to 1600 then 4nCK; neither 5nCK nor o aCK

NOTE 3 At greater than 1600 and less than or equal to 2666 t.en 5-.CK; neither 4nCK nor 6nCK
NOTE 4 At greater than 2666 and less than or equal to 3200 ther: £nCK; neither 4nCK nor 5nCK
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MPR Data Format

MR3
MPR
Page
A[1:0]

00
Page O

01
Page 1

10
Page 2

11
Page 3

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE &
NOTE <
NOTL 7
NCIE 8

MPR
Purpose Location
BA[1:0]
00 = MPRO
Training = 01 =MPR1
Patterns = 10 = MPR2
11 =MPR3
00 = MPRO
01 = MPR1
C/A Parity 10 = MPR2
Error Log
11 =MPR3
00 = MPRO
01 = MPR1
MRS
Readout
10 = MPR2
11 = MPR3
00 = MPRO
Vendor 01 =MPR2
useonly’ | 10 =NMrR2
11 ="41PK3

MPR Bit Write Location [7:0]

6 5 4 3 2 1 0
Read Burst Order (serial mode)
ulo uil1 (V] p ui3 uia uls ulé uiz
0 1 0 1 0 1 0 1
0 0 1 1 0 0 1 1
0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0
A7 A6 A5 A4 A3 A2 Al AO
CAS/A15 = WE/A14 Al3 Al2 All Al10 A9 A8
PAR ACT BG1 BGO BA1l BAO e RAS/A16
CRC Error CA Parity CA Parity Latency®
Status SEt;rtc:Jrs MR5 MR5 MR5 - - -
A2 Al AO
hPPR SPPR RTT WR Temperature unl Yrie Rrr WR
- Sensor Status® Snable -
- - MR2 MR2 MR2
Refer to ne..* *able
- - All Al12 Al10 A9
V::::EQ Vrel 2 tiaining Value Gii;d;)lewn
MR6 MR6 MR3
A6 A5 A4 A3 A2 Al A0 A3
CAC 'ateacy CAS Write Latency
MRO MR2
A6 A5 A4 A2 Al2 A5 A4 A3
R.i_NOw! R_PARK Driver Impedance
wir? MR5 MR1
A1 A9 A6 A8 A7 A6 A2 Al
Don't care
Don't care
Don't care
Don't care

MPRXx using A7.AO that A7 is mapped to location [7] and AO is mapped to location [O].
Training pattern be defined by MPRO-MPR3 which are default value of Page 0 read and write
MPR us.d fo: C/A parity error log readout is enabled by setting A [2] in MR3
For t ighe r density of DRAM, where A [17] is not used, MPR2[1] should be treated as don'’t care.

| 7 dnvice is used in monolithic application, where C [2:0] are not used, then MPR3[2:0] should be treated as don't care.

“MPR3 hit 0~2 (CA parity latency) reflects the latest programmed CA parity latency values.
MPR page3 is specifically assigned to DRAM. Actual encoding method is vendor specific.

Please confirm with NTC.

Note

3,4,5,6
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Temperature Sensor Status

MPRO
bit A4

0

MPRO
bit A3

0

Refresh Rate Range

Sub 1x refresh ( >tREFI)

1x refresh rate (= tREFI)

2x refresh rate (1/2 x tREFI)

RFU

MR3[5]

MR3 bit A5=1 (Temperature sensor readout = Enabled)

DRAM updates the temperature sensor status to MPR Page 2 (MPRO
bits A [4:3]). Temperature data is guaranteed by the DRAM to be no
more than 32ms old at the time of MPR Read of the Temperature
Sensor Status bits.

MR3 bit A5=0 (Temperature sensor readout = Disabled)

DRAM disables updates to the temperature sensor status in MPF. "ag?
2(MPRO-bit A[4:3])
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MR4
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2 !
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MR’
A[13] hPPR 0 = Disable
1 =Enable
A[12] Write Preamble 0=1nCK
1=2nCK =\
A[11] Read Preamble 0=1nCK
1=2nCK A
A[10] Read Preamble Taring Mode 0 = Disable
1=Enable J
A[9] Self Refresh Abort 0 = Disable
1 = Enable
A[8:6] CS to CMD/ADDR Latency Mode See Tab.2: (S to CMD/ADDR Latency Mode Setting
(Cycles) n N
A[5] sPPR £ = D.Rable
1 =Enable
A[4] Internal Vref Monitor 0 = Disable
1 =Enable
A[3] Temperature Controlled Peresh | 0 = Disable
Mode TN\ 1=Enable
A[2] Temperature Cont-ol ed Refresh | 0 = Normal
Range " 1 = Extended
A[1] Maximum Powzar Down Mode 0 = Disable
SN\ 1=Enable
A[0] RFU 0 = must be programmed to 0 during MRS

NOTE 1 Reserved for Regist~r ~or.trol word setting. DRAM ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR codr seti 10 's inputted, DRAM operation is not defined.
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CSto CMD / ADDR Latency Mode Setting

A8 | A7 | A6 CAL
0 0 0 Disabled
0 0 1 3
0 1 0 4
0 1 1 5
1 0 0 6
1 0 1 8
1 1 0 Reserved
1 1 1 Reserved
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MR5
Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[O], BA[1:0] | MR Select BGO | BA1l | BAO | MR Select
0 0 0 MRO
0 0 1 MR1
0 1 0 MR2 !
0 1 1 MR3
1 0 0 MR4
1 0 1 MR5
1 1 0 MR6
1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MR’
A[13] RFU 0 = must be programmed to 0 during IRS
A[12] Read DBI 0 = Disable
1 =Enable
A[11] Write DBI 0 = Disable N
1 =Enable 4
A[10] Data Mask 0 = Disable
1 =Enable X
A[9] CA Parity Persistent Error 0 = Disable
1 =Enable
A[8:6] RTT_PARK See Table. R1T _PARK
A[5] ODT Input Buffer during 0= ODT \.-ou*. buffer is activated
Power Down Mode 1 =90 .2put buffer is deactivated
A[4] C/A Parity Error Status J="lear
1="Frror
A[3] CRC Error Clear 2 = Clear
1=Error
A[2:0] C/A Parity Latency Mode N See Table: C/A Parity Latency Mode

NOTE 1 Reserved for Register control word setan>. ZR \M ignores MR command with BGO, BA [1:0] =111 and doesn’t respond. When
RFU MR code setting is inputted, Dk.AN! =peration is not defined.
NOTE 2 When RTT_NOM Disable is set ii: Mt 1, A5 of MR5 will be ignored.
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RTT_PARK
A8 A7 A6 RTT_PARK
0 0 0 RTT_PARK Disabled
0 0 1 RZQ/4
0 1 0 RZQ/2
0 1 1 RZQ/6
1 0 0 RZQ/1
1 0 1 RZQ/5
1 1 0 RZQ/3
1 1 1 RZQ/7

C/A Parity Latency Mode

A2 Al AO CA Parity Latency Speed Pin
0 0 0 Disabled N
0 0 1 4 1t,70/3766/2133
0 1 0 5 ;400/2666
0 1 1 6 - 2933/3200
1 0 0 8 RFU
1 0 1 Reserved
1 1 0 R~se vec )

1 1 1 es ;ved

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

Address Operating Mode Description
BG[1] RFU 0 = must be programmed to 0 during MRS
BG[0], BA[1:0] MR Select BGO | BA1 | BAO | MR Select

0 0 0 MRO

0 0 1 MR1

0 1 0 MR2 |

0 1 1 MR3

1 0 0 MR4

1 0 1 MR5

1 1 0 MR6

1 1 1 RCW?
A[17] RFU 0 = must be programmed to 0 during MRS
A[13] RFU 0 = must be programmed to 0 during MR
A[12:10] tCCD_L See Table: tCCD_L & tDLLK 93
A[9:8] RFU 0 = must be programmed to 0 during MIKS
A[7] VrefDQ Training Enable 0 = Disable (Normal Operatinn Ninde)

1 = Enable(Training Mode;
A[6] VrefDQ Training Range 0=Range 1 N /
1 =Range 2

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

NOTE 1 Reserved for Register control word setting. DRAM ignores MR commana witl 3G0, BA [1:0] =111 and doesn’t respond.
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tCCD_L & tDLLK

Al2 @ All | A10 tCCD_L.min(nCK) tDLLK.min(nCK) Note
0 0 0 Reserved - -
1600Mbps < Data rate < 1866Mbps
0 0 1 5 597
(1600/1866Mbps)
1866Mbps < Data rate < 2400Mbps
0 1 0 6 768
(2133/2400Mbps)
2400Mbps < Data rate £ 2666Mbps
0 1 1 7
(2666 Mbps)
1024
2666Mbps < Data rate < 3200Mbps
1 0 0 8
(2933/3200 Mbps)
1 0 1 -
1 1 0 Reserved - -
1 1 1 -

NOTE 1 tCCD_L/tDLLK should be programmed according to the value defined in AC >ai.meter table per operating frequency.

VrefDQ Training Values

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

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

Range 1 [Ran¢e ”—:
MR6 N'R6
A6=0 Ab--1

MR6
[5:0]

MR6
[5:0]

MR6
[5:0]

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

000001 | 60.65% | 45.65% | 001110 69.;')%_[ 54.10% | 011011 | 77.55% | 62.55% | 101000 | 86.00% | 71.00%

000010 | 61.30% | 46.30% | 001111 | v275% | 54.75% | 011100 | 78.20% | 63.20% | 101001 | 86.65% | 71.65%

000011 | 61.95% | 46.95% | 010700 I 70.40% | 55.40% | 011101 | 78.85% | 63.85% | 101010 | 87.30% | 72.30%

000100 | 62.60% | 47.60% ! o*0Cc91 | 71.05% | 56.05% | 011110 [ 79.50% | 64.50% | 101011 | 87.95% | 72.95%

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

000110 | 63.90% | 48.20% 010011 | 72.35% | 57.35% | 100000 | 80.80% | 65.80% | 101101 | 89.25% | 74.25%

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

001000 | 652.% | 50.20% | 010101 | 73.65% | 58.65% | 100010 | 82.10% | 67.10% | 101111 | 90.55% [ 75.55%

001001 °5.25% | 50.85% | 010110 74.30% | 59.30% 100011 82.75% | 67.75% 110000 | 91.20% | 76.20%

001010 l ©6.50% | 51.50% | 010111 74.95% | 59.95% 100100 | 83.40% | 68.40% 110001 91.85% | 76.85%

0161L | 67.15% | 52.15% | 011000 | 75.60% | 60.60% | 100101 | 84.05% | 69.05% | 110010 | 92.50% | 77.50%
110011

| 001100 | 67.80% | 52.80% | 011001 | 76.25% | 61.25% | 100110 | 84.70% | 69.70% to Reserved | Reserved

| 111111
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MR7 DRAM: Ighore

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

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

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

Symbol

MRS
REF
SRE

SRX

PRE
PREA
RFU
ACT
WR
WRS4
WRS8
WRA
WRAS4
WRASS
RD
RDS4
RDS8
RDA
RDAS4
RDASS
NOP
DES
PDE
PDX
ZQCL
ZQCs
NOTE 1

NOTE 2

NOTE 3

NOTE 4
NOTE 5
NOTE £
NOYT-7
NOTE 8
NOTE 9
NOTE 10

NOTE 11
NOTE 12

Function CKE CS ACT RAS |CAS [ WE | BG BA | Al2 A ALD| A Notes
Prev. Pres. /A16 /A15 /A14 [1:0] @ [1:0] @ /BC [13,11] /AP [9:0]
Mode Register Set H H L H L L L BG BA OP code 12
REFRESH H H L H L L H \% \% Y Y \% \%
Self Refresh Entry H L L H L L H \% \% \Y \Y \ Vv 7,9
. H | X X X X X X X X X X
Self Refresh Exit L H 7,8,9,10
L H H H H \% \% Y Y \% Y
Single-Bank Precharge H H L H L H L BG BA \% \ L \%
Precharge All Banks H H L H L H L \ \ \% \% 2! \%
Reserved For Future Use H H L H L H H RFU
Bank Active H H L | L |RowAddress(RA) BG BA 20w /ddress (RA)
Fixed BL8 or BC4 H H L H H L L BG BA \% \% L | CA
WRITE |BC4,0n the fly H H L H H L L BG el L \% L | CA
BL8,on the fly H H L H H L L BG RA H Y L | CA
WRITE |Fixed BL8 or BC4 H H L H H L L BG B \% \% H | CA
with auto |BC4,0n the fly H H L H H L L SC BA L \% H | CA
precharge | 8 on the fly H H L H H L L BG BA H Y H | CA
Fixed BL8 or BC4 H H L H H L H 3G BA \% \% L | CA
READ BC4,0n the fly H H L H H ) S| BG BA L \% L | CA
BL8,0n the fly H H L H H ) A BG BA H Y L | CA
READ Fixed BL8 or BC4 H H L H b 2 H BG BA \% \% H | CA
with auto |BC4,0n the fly H H L H H L H BG BA L \% H CA
precharge | 8 on the fly H H L kK H L H BG BA H Y H | CA
No Operation H H L H | H H \Y \ \% \% \Y \Y 10
Device Deselected H H H' X X X X X X X X X X
Power Down Entry H L H X X X X X X X X X X 6
Power Down Exit L [N H | X X X X X X X X X X
ZQ Calibration Long H it L H H H L \% \ \% \% H \
ZQ Calibration Short H H L H H H L \Y \Y \% \% L \

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

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

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

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

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

The Power Down Mode does not perform any refresh operation.

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

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

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

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

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

CKE
i Command (N) 2 .
Current State? ~ Previous Present | ~OMMans % __ Action(N)3 Notes
Cycle? Cycle? RAS, CAS, WE, CS N
(N-1) (N)
L L X Maintain power down 14,15
Power Down -
L H DESELECT Power down exit 11, 14
L L X Maintain self refresh 15, 16
Self Refresh -
L H DESELECT Self refresh exit 8,12, 16
Bank(s) Active H L DESELECT Active power down entry 11, 13,14
Reading H L DESELECT Power down entry 11, 13,14, 1.7
Writing H L DESELECT Power down entry 11,13, 24,17
Precharging H L DESELECT Power down entry 11, 13, 14, L7
Refreshing H L DESELECT Precharge power down entry 11
. H L DESELECT Precharge power down entrv 1113, 14, 18
All Banks idle
L REFRESH Self refresh 9, 13,18
For more details with all signals See “Command Truth Table”. 10

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

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

NOTE3 COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a 1>s%it of COMMAND (N), ODT is not included
here.

NOTE 4 All states and sequences not shown are illegal or reserved unless explicitlv ¢ escibed elsewhere in this document.

NOTES5 The state of ODT does not affect the states described in this table. The QDT ‘ur<tion is not available during Self-Refresh.

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

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

NOTE 8 On Self-Refresh Exit DESELECT commands must be issue rn € rery clock edge occurring during the tXS period. Read or ODT
commands may be issued only after tXSDLL is satisfie’:.

NOTE9 Self-Refresh mode can only be entered from the All E anks !le state.

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

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

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

NOTE 13 Self-Refresh cannot be entered dur.g Re7.d or Write operations. For a detailed list of restrictions, see “Self-Refresh Operation”
and “Power-Down Modes”.

NOTE 14 The Power-Down does not pe(tc ni any refresh operations.

NOTE 15 “X” means “don’t care “(ir.."1a:ng floating around VREF) in Self-Refresh and Power-Down. It also applies to Address pins.

NOTE 16 VPP and VREF(VrefC2; n st be maintained during Self-Refresh operation.

NOTE 17 If all banks are clez~u at the conclusion of the read, write or precharge command, then Precharge Power-Down is entered,
otherwise Acti e Fowe.-Down is entered.

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

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

Starting Burst Type (Decimal) B
Burst | READ/ | Column .
Sequential Interleaved Notes
Length | WRITE | Address - ,
A2 |Al |AO |BO|B1|B2|B3|B4|B5|B6|B7 | BO|Bl|B2 B3| B4|B5|B B’
0|0 o 1|2 Tl T T T]o|1]2|3]|T [T T - 1,2,3
oo |1]1]|2]3 rlrlrltlalols]2|r][ 1]~ 1,2,3
o|1|o0]2(|3]o0 T|lT|T1T|T]2|3]|0]1 T"_T T T 1,2,3
o|1 |1 |3|o|2r|2]T|T|{T|T]|3|2|1lovT T|T]|T 1,2,3
READ N
1lololals ezttt rlals]elslr]r]7]7 1,2,3
BC4 N
1o j1ls|e |7 a7 |T|T|T|5]4 |7/ v]T|T|T|T 1,2,3
11 |o)Je |7 |a|5]|]T|T|T|T]|]6 "|a|S5)|T|T|T]|T 1,2,3
1l a7 ]alslelr]| ]l cts]alr|r]7]r 1,2,3
AN
o|lv | iv]o|1]|2|3x|x|x]|xyoj1|2|3]x]|x]|x]|x]| 1245
WRITE
1|v|v)als]|e|7]x]|x]|x J_“J 1 (s |e |7 x|x]|x]|x]| 1245
ojJojo]Jo|1|2|3|a|5 6|7]|]o|1]|2|3]|[a|5]|6]|7 2
o|of1]|1|2|3 0|56 Iy lalilolas|l2|s|al7]6 2
o|1|o0]2|3|0|1]|6 7T4 5|2 |3|o|1|6|7|4]|S5 2
o|1|1]3|o|1|2|7]|]s!5|6]3|2|1|0|7]|6]|5]|4a 2
READ
BL8 1/ojofJa|s|6|7'0|1|2|3|4|5|6|7]|0][1][2]3 2
1o |1]5]|6]|7 JJ— 1|23 |o]l5|a|7|6|1]0]3]2 2
1|1 ]o)l6|7 (a5 |2|3|0|1]|6|7|4|5]|2[3][0]1 2
1|1 |1]7 1_4 5 3/o0|1|2|7|6|5]|4|3|2]|1]0 2
WRITE |V |V |[v ]2 | 2 4a|5|6|7]0|1]|2|3|a|5]|6]7 2,4

NOTE 1 In the case of setting burst 'e.ig.h v BC4 (fixed) in MRO, the internal WRITE operation starts two clock cycles earlier than for the BL8 mode.
This means that the starti= 3 p2int for tWR and tWTR will be pulled in by two clocks. In the case of setting burst length to on-the-fly in MRO,
the internal WRITE operctior starts at the same point in time as a BL8 (even if BC4 was selected during column time using A12/BC.). This
means that if the on the-fly MRO setting is used, the starting point for tWR and tWTR will not be pulled in by two clocks as described in the
BC4 (fixed) cacz.

NOTE 2  Bit number (BO...B7) is the value of column address CA [2:0] that causes this bit to be the first READ during a burst.
NOTE 3 T =Outpu. driver for data and strobes are in High-Z.
NOTE 4V =Va.d Ic zic level (0 or 1), but respective buffer input ignores level on input pins.

NOTE5 . Drn’t Care”

B8 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)

37 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd y\ .‘ PLUSETECH

DLL-off Mode and DLL on/off Switching procedure

DLL On/Off Switching Procedure

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

DLL On to DLL Off Procedure

To switch from DLL “on” to DLL “off” requires the frequency to be changed during self refresh, as outline? in ti.e

following procedure:

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

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

3. Wait tMOD.

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

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

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

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

ODT signal is "Don't Care."

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

*tXS: ACT, PRE, PREA, REF, SRE, PDE, WR, v'/nc4. WRS8, WRA, WRAS4, WRASS, RD, RDS4, RDS8, RDA, RDAS4, RDAS8

otXS_FAST: ZQCL, ZQCS, MRS cominaonds. For MRS commands, only CL and WR/RTP registers in MRO, the CWL
register in MR2, ari g=ardown mode in MR3 are allowed to be accessed provided the device is not in

per-device addr: ssahility mode. Access to other device mode registers must satisfy tXS timing.

otXS_ABORT: If the MR3 L+ A9 is enabled, then the DRAM aborts any ongoing refresh and does not increment the
refrash counter. The controller can issue a valid command after a delay of tXS_ABORT. Upon exiting
from self refresh, the DDR4 SDRAM requires a minimum of one extra REFRESH command before it is
L't back into self refresh mode. This requirement remains the same irrespective of the setting of the

MRS bit for self refresh abort.

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

K Ta Tho Tbhl Tc Td TeO Tel Tf Tg Th
- TN\ 7 TN Ve - - - = - = - = -\ l/ — \
o — A S era W%-- XA
1S | tCPDED \CKSRE 4 [ 7 tCKSRX
cke 7 _?@k _@@LID AlID ALID
)
us {CKESR
o B | B | /o | 7| Ao | b
J xs_)éAsl Y Y
COMMAND SRX® VALID VALID VALID
ADDR e T VALID ALID ALID
lxs_asorT
J xs R
|
Enter Self Refresh Exit Self Refresh

DON' T CAE \/)TIME BREAK

NOTE 1 Starting with idle state. RTT in stable.

NOTE 2 Disable DLL by setting MR1 bit AO to “0”.

NOTE 3 Enter SR.

NOTE 4 Change frequency.

NOTE 5 Clock must be stable in tCKSRX.

NOTE 6 Exit SR.

NOTE 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.)

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

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

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

5. Starting with the Self Refresh Exit command, CKE must continuously be registered HIGH until tDLLK timing frcm the
subsequent DLL RESET command is satisfied. In addition, if any ODT features were enabled in the mc-e ragisters
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 regis.ers \vhen self refresh

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

8. Wait tMRD, then set mode registers with appropriate values (especially cn pd=te of CL, CWL, and WR may be
necessary. After tMOD is satisfied from any proceeding MRS command a 74CL command may also be issued during
or after tDLLK.)

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

applying any command requiring a locked DLL.) In addition, v ‘ai. for cZQoper in case a ZQCL command was issued.

DLL Switch Sequence from DLL Off to DLL Cn

Wja\ - , —Tbg\?\,—_—;bl_ - _ IC 'J‘ - ~ _Teoh - _ _Te]; - _ _Tf — Tg Th
cK us | tcPoED | toKSRE | 2 7 toksrxe
g__@»‘lg o\ @WAUD
CKE us ICKESR #’
o | 2| 0 | i 7 )
oDT XS ABORT.
COMMAND B X SRXS| X
‘ 5 i : i
ADDR

Enwr Self Refresh Exit Self Refresh DON’' T CARE % TIME BREAK

NOTE ' Ctarting with idle state.

NOTE © Enter SR.

NCYE ,  Change frequency.

NUTE4  Clock must be stable tCKSRX.

NOTE 5 Exit SR.

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

NOTE 8  Start DLL reset

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

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

Frequency Change” for more details.

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

the refresh interval, tREFI.

Due to latency counter and timing restrictions, only one CL value in MRO and CWL in MR2 are supported. Tt.2 QL. off

mode is only required to support setting both CL = 10 and CWL = 9.

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

Compared with DLL-on mode, where tDQSCK starts from the rising clock edge (AL + CL) cy<'es after the READ command,
the DLL-off mode tDQSCK starts (AL + CL - 1) cycles after the READ command. Anc .cr fference is that tDQSCK may
not be small compared to tCK (it might even be larger than tCK), and the differer ‘e between tDQSCK MIN and tDQSCK
MAX is significantly larger than in DLL-on mode. The tDQSCK (DLL_off) values a’c vendor-specific.

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

TO T1 T6
' ' ' ' ' '
CKytr = =~ 1ro= s Tro= s
CK +, ==y AN - - f
' ' ' ' ' ' '
' ' ' ' ' '
CMD {  RD T T T T
' T ' ' 0 ' '
' ' ' 0 ' '
BA AW . A : X
' ' ' 0 ' '
' ' ' \ ' '
y
d

DQSdiff_DLL_on * - . . . . i : : ;
. . . . RL=AL+G =.34CL=10, AL=0) . . . .

L sckEl0 . o

T T T T T T

——

—_

Lo \oao)XoatXaasXoasXaaeXaasXansXaar/

' ' R (DLL_dHff= AL'+ (CL¥1) = 9" ' ' '

DQ_DLL_on

i =7

' ' ' ' ' ' '
v tDRSCK(DLL_off)_min, ' '
' ' | ' ' '
' ' '
T ' '
' T T

v
v
v
v

v
v
v

\
.
.
.
DQSdiff_DLL_off :
.

DQ_DLL_off !

E : Q;\OXQ.A1><Q.A2XQA3XQA4XQA5XQA6><QA7

{DQSCK(DLL_off)_mex !

DQSiff DI L _ff

T v '

aroXanarXarXornXarlareXaar/

v
v
v
v
v
v
T
v
I
v

DC_DLL_off
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Input Clock Frequency Change

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

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

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

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

For the new clock frequency, additional MRS commands to MRO, MR2, MR3, MR4, MR5, and MR6 "nay 1ecd to be issued
to program appropriate CL, CWL, Gear-down mode, Read & Write Preamble, Command Add ess Laiency (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 clack rate changes, i.e. while in Self
Refresh Mode. For example, if changing the clock rate from DDR4-2133 to DDF.4-2952 with CA Parity Mode enabled,
MR5[2:0] must first change from PL = 4 to PL = disable prior to PL = 6. A correct | oc=dure would be to (1) change PL = 4
to disable via MR5 [2:0], (2) enter Self Refresh Mode, (3) change clock ra*e fror» DDR4-2133 to DDR4-2933, (4) exit Self
Refresh Mode, (5) Enable CA Parity Mode setting PL = 6 via MR5 [2:01.

If the MR settings that require additional clocks are updated after the clcck rate has been increased, i.e. after exiting self
refresh mode, the required MR settings must be updated prior .2 1icmoving the DRAM from the IDLE state, unless the
DRAM is RESET. If the DRAM leaves the idle state to enter celf refresh mode or ZQ Calibration, the updating of the

required MR settings may be deferred to after the next time twe¢ DRAM enters the IDLE state.

If MR6 is issued prior to Self Refresh Entry for nev’ tDLLK value, then DLL will relock automatically at Self Refresh Exit.

However, if MR6 is issued after Self Refresh E-u /. tri2n MRO must be issued to reset the DLL.

The DDR4 SDRAM input clock frequenc,’ i< allowed to change only within the minimum and maximum operating frequency
specified for the particular speed grad 3. 1y frequency change below the minimum operating frequency would require the

use of DLL_on mode to DLL_off mde ‘ransition sequence (see DLL On/Off Switching Procedure).
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Write Leveling

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

The memory controller can use the write leveling feature and feedback from the DDR4 SDRAM to adjust the DQS  DQ3 10
CK - CKrelationship. The memory controller involved in the leveling must have an adjustable delay setting on DQS - DQS to
align the rising edge of DQS - DQS with that of the clock at the DRAM pin. The DRAM asynchronously feeds bac!: CK - CK,
sampled with the rising edge of DQS - DQS, through the DQ bus. The controller repeatedly delavz NQS - DQS until a
transition from 0 to 1 is detected. The DQS -DQS delay established through this exercicsa vould ensure tDQSS
specification. Besides tDQSS, tDSS and tDSH specification also needs to be fulfilled. One way tv ach eve this is to combine
the actual tDQSS in the application with an appropriate duty cycle and jitter on the DQS - DSS signals. Depending on the
actual tDQSS in the application, the actual values for tDQSL and tDQSH may have tc be wet.er than the absolute limits
provided in the “AC Timing Parameters” section in order to satisfy tDSS and tDSH < ccification. A conceptual timing of this
scheme is shown below.

Write-Leveling Concept

TO Tl T2 TS T4 TS5 T6 T7

CK - —— -~
CK

Source

diff DQS

Destination cK

diff DQS

All DQs Oorl \ 0 0 0

R&sh 0QS to capture
Cyl trinsition

diff DQs — — —

All DQs Oor1l 1 1 1

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

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

A data bits carry the leveling feedback to the controller across the DRAM configurations x4, x8, and x16. On a x16 device,
both byte lanes should be leveled independently. Therefore, a separate feedback mechanism should be available for each
byte lane. The upper data bits should provide the feedback of the upper diff_DQS(diff_UDQS)-to-clock relationship; 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 write leveling mode if A7 in MR1 set “HIGH”, and after finishing leveling, DRAM exits from write leveling
mode if A7 in MR1 is LOW (see the MR leveling table below). Note that in write leveling mode, only DQS/DQS terminations

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

MR Settings for Leveling Procedures

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

DRAM Termination Function in Leveling Mode

A
ODT Pin at DRAM DQS/DQS Termination DQ Terminationﬁ . N
RTT_NOM with ODT HIGH On Off ]
RTT_PARK with ODT LOW On Off

NOTE 1 In write-leveling mode with its output buffer disabled (MR1[bit A7] = 1 with MR1[bit A121 =1) =l RTT_NOM and RTT_PARK settings are
allowed; in write-leveling mode with its output buffer enabled (MR1[bitA7] = 1 with MR1) »ita*2] = 0) all RTT_NOM and RTT_PARK settings
are allowed.

NOTE 2 Dynamic ODT function is not available in Write Leveling Mode. DRAM MR2 bits A [11:9] must b » ‘0P’ prior to entering Write Leveling Mode.
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Procedure Description

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

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

DRAM samples CK - CK status with the rising edge of DQS - DQS and provides feedbaci’ on all the DQ bits
asynchronously after tWLO timing. There is a DQ output uncertainty of tWLOE defined to a low 1rismatch on DQ bits.
The tWLOE period is defined from the transition of the earliest DQ bit to the corresponuing transition of the latest DQ
bit. There are no read strobes (DQS, DQS) needed for these DQs. Controller sam...i2< incoming DQ and decides to
increment or decrement DQS - DQS delay setting and launches the next DQS DZS pulse after some time, which is
controller dependent. After a 0-to-1 transition is detected, the controller Iccks ¢re DQS - DQS delay setting, and write
leveling is achieved for the device. The following figure shows the timing ciagrem and parameters for the overall write

leveling procedure.

 LUR4
Parameter Symbol 1600/1855/.33/2400/2666/2933/3200 Units NOTE
Nlin Max
Write Leveling Output Error tWLOE 0] 2 ns
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Timing details of Write leveling sequence (DQS-DQS is capturing CK - CKlow at Ta and CK -
CKhigh at Th)

dF_pas

twLDasEM B st 1 DasH® tasL DasH ©)
—\—_————-\,-—\.v———— —————— - —( —————————
; [ . .t ,

HNLMRD HALD

o S S Y S .__,

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

NOTE 7
NOTE 8

LD ' B =

I o o8 §T|ME BRAKE [ mvaup

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

diff_DQS is the differential data strobe (DQS-DQS). Timing reference no.*5 are the zero crossings. DQS is shown with solid line, DQS is
shown with dotted line

CK/CK : CK is shown with solid dark line, whereas CKis drawr with uotted line.

DQS, DQS needs to fulfill minimum pulse width requireme nts tDQ¢H(min) and tDQSL(min) as defined for regular Writes; the max pulse
width is system dependent

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

tWLDQSEN must be satisfied following equation v *hei.* sing ODT.
tWLDQSEN > tMOD(Min) + ODTLon + tADC : at DLL - Erable
tWLDQSEN > tMOD(Min) + tAONAS : at DL! = L’'sap!z
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Write-Leveling Mode Exit

Write leveling mode should be exited as follows:

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

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

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

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

Timing details of Write leveling exit

oen || tADCmin | )

RTT_NOM i | | = T RrTeaRk |

s
pbes,DAS _ _ _ | _ _ _ _ __ __ |- - J| . —taDcmax _ 4l
o — //ﬂ 2 |
" oo T //Resu.tzl | \L&?ﬂ; :::-1/!:-
DQs LL LL Kk
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Temperature-Controlled Refresh Modes (TCR)

This mode is enabled and disabled by setting bit A3 in MR4. Two modes are supported that are selected by bit A2 setting in MR4.
Normal temperature mode ( 0°C =< TCASE =< 85°C)

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

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

does not need to provide any additional control.

Extended temperature mode ( 0°C =< TCASE =< 95°C)

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

In the normal temperature range, DDR4 SDRAM adjusts its internal aver: ge periodic refresh interval to tREFI of the
normal temperature range by skipping external refresh commands +ith nioper gear ratio. Below 45°C, DDR4 SDRAM
may further adjust internal average periodic refresh interval. N'it riorc than seven eighths of external commands are
skipped at any temperature in this mode. The internal averag_ pcriodic refresh interval adjustment is automatically

done inside the DRAM and user does not need to providr. an' additional control.

Normal tREFI Refresh (TCR Disabled)

Normal Ter.neicture Extended Temperature
Temperature External Refresh |  Jaternal Refresh External Refresh Internal Refresh
Period Period Period Period
Tc <45°C
FORUN, 7.8us
45<Tc <85°C 3.9us® 3.9us
85<Tc<95°C (Not Applicable)

NOTE 1 If Tcisless thian 85°C then the external refresh period can be 7.8us instead of 3.9us.

Normal tR":Fl kefresh (TCR Enabled)

Normal Temperature Extended Temperature

Telaoerature External Refresh Internal Refresh External Refresh Internal Refresh
\ Period Period Period Period
| Tc <45°C >7.8us >3.9us

45<Tc <85°C 7:8us 7.8us 3.9usY >3.9us

85<Tc<95°C (Not Applicable) 3.9us
NOTE1 DRAM might refresh internally at slow refresh rate and will violate refresh specifications.
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Fine Granularity Refresh Mode (FGRM)

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

MR3 definition for Fine Granularity Refresh Mode

A8 A7 A6 Fine Granularity Refresh
0 0 0 Normal mode (Fixed 1x)
0 0 1 Fixed 2x
0 1 0 Fixed 4x
0 1 1 Reserved —‘
1 0 0 Reserved / U
1 0 1 Enable on the fly 1>\,’2>\_
1 1 0 Enable on the ‘ly ”x/4x
1 1 1 Re:qréi_—

There are two types of OTF modes (1x/2x and 1x/4x modes) thot « ‘e s:lectable by programming the appropriate values
into the mode register. When either of the two OTF mode= is . elected (‘A8=1"), DDR4 SDRAM evaluates the BGO bit
when a REFRESH command is issued, and depending o the satus of BGO, it dynamically switches its internal refresh

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

REFRESH Command Truth Table {OF ncues)

b o A[9:0],

__| RAS | AS | WE A10/ _ MR3
REFRESH | Cs |ACT | /"L 1 20 | a1, | BGL | BGO [BAO-L| “ 0 A[1Azl.;1], A
Fixedrate | L | H L_L L H]l v v]v]wv v ow
OTF - 1x L || L L H v L v v v 1w
OTF - 2x 101

L[ H L L H v H v v v

otF-ax_ | | 110
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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 OTF 2x mode), REFRESH commands should be issued to the DRAM at the double
frequency (tREFI2 = tREFI(base)/2) of the normal refresh rate. In 4x mode, REFRESH command rate should be
quadrupled (tREFI4 = tREFI(base)/4). Per each mode and command type, tRFC parameter has different values as defined
in the following table.

The REFRESH command that should be issued at the normal refresh rate and has the normal refresh cycle dura:ior. may
be referred to as a REF1x command. The refresh command that should be issued at the double frequenc, [ZREFI2 =
tREFI(base)/2) may be referred to as a REF2x command. Finally, the REFRESH command that sho!'ld 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 rute mode, only REF2x
commands are permitted. In the fixed 4x refresh rate mode, only REF4x commands are perinitted. When the on-the-fly
1x/2x refresh rate mode is enabled, both REF1x and REF2x commands are permitied. Mhen the OTF 1x/4x refresh rate

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

tREFI and tRFC Parameters

REES Parameter 8~b Unit
Mode
tREFI (base) 7.8 us
TCASE < 85°C *REFI(base) us
tREFI1
1X mode TCASE < 95°C ! tREFI(base)/2 us
tRFC1 (min) 350 ns
TCASE < 85°C tREFI(base)/2 us
tREFI2
2X mode 85°C < TCASc < 25°C tREFI(base)/4 us
tRFC2 (min) 260 ns
TCACE < 850C tREFI(base)/4 us
tREFI4 [~ —
4X mode &2°L < TCASE < 95°C tREFI(base)/8 us
tRFC4 (min) 160 ns
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Changing Refresh Rate

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

shown in below.

On-the-fly REFRESH Command Timing

tRFC1(min) tRFC2(min)

tREFI1 tREFI2 |

The following conditions must be satisfied before the refresh rate can be chengru Gcherwise, data retention of DDR4

SDRAM cannot be guaranteed.

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

* In the OTF1x/2x refresh rate mode, an even numk er of FEF2x commands must be issued between any two REF1x
commands.

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

* Inthe OTF1x/4x refresh rate mac. a multiple-of-four number of REF4x commands must be issued between any two
REF1x commands.

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

the same rate is no. re7arded as a refresh rate change.

Usage wih Temperature Controlled Refresh Mode
If the t.merature controlled refresh mode is enabled, then only the normal mode (fixed 1x mode, MR3 A[8:6] = 000) is
allove:d ' If any other refresh mode than the normal mode is selected, then the temperature controlled refresh mode

vaust be disabled.
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Self Refresh Entry and Exit

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

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

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

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

* In the fixed 2x refresh rate mode or the enable-OTF 1x/2x refresh rate mode, it is recommended that there st cun
be an even number of REF2x commands before entry into self refresh because the last SELF REFRESH EXIT or KE.'1x
command or MRS command that set the refresh mode. If this condition is met, no additional refresh commends 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 (tREF('.

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

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

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

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

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, RL A /R,
WRA, DES, REF and Reset; RDA/WRA have the same functionality as RD/WR which means the auto preci.arge 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 Celf-i’efresh command

are not allowed during MPR enable Mode.

No other command can be issued within tRFC after a REF command has been issued. 1x R=fresh is only allowed when
MPR mode is Enable. While in MPR Access Mode, MPR read or write sequences must he completed prior to a refresh

command.

MPR Enable

Allow Not Allow

1. MPR Read with BL8 or BC4 (A [2:0] = 000 or 100) BL OTF
2. MRS, RD, RDA WR, WRA, DESELECT, REFRESH and Vata Bus Inversion (DBI)
Reset

RN P

2ovver Down mode and Self-Refresh

MPR Block Diagram

Memory core |
(all banks precharg=u, |
|

j}___

4 Multi-purpose registers (Pages),
each with four 8-bit registers:

Data Pattems (RD/WR)
Ermor Log (RD)
Mode Registers (RD)
DRAM Manufacture Only (RD)

. MR3[2]=1

DQ,s DM_n/DBI_n, DQS_t, DQS_c
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MR3 definition

MPR Read Format MPR Operation MPR Page Selection MPR Location
MR3[12:11] MR3[2] MR3[1:0] MPR BA[1:0]
l l v l
MR3 | MPR Read MR3 . MR3 | MPR Page MPR MPR
MPR Operation . .
A12 A11 Format A2 Al | A0 | Selection BA1 BAO Location
0 0 Serial 0 Normal Operation 0 0 Page 0 0 0 MPRO
0 1 Parallel 1 Data flow from/to MPR 0 1 Page 1 0 1 MPR.
1 0 | Staggered 1 0 Page 2 1 0 MPRz
1 1 RFU 1 1 Page 3 1 1 M7&3
MPR pages

After power-up, the content of MPR page 0 has the default values, defined in the MPR Qata Format table. MPR page 0
can be rewritten via an MPR WRITE command. The DRAM maintains the defaul* vai.ies unless it is re-written by the
DRAM controller. If DRAM’s controller does overwrite the default values (Page 1 cily), the device will maintain the new
values unless re-initialized or power loss. Refer to “MRP data format “table ii. rievious section for MPR Page setting.

MPR Page 0 Pagr 1 Page 2 Page 3
Definition WRITE and READ system patterns used for ~ Readout of the < re. frame when the Readout of the contents of the RFU
data bus calibration C/A parity is en- "le!' MRn registers
¢ Clock to 27dioss phase training.
Can be * DRAM controller receiver training. * RA. (reliaklity, accessibility and

. 3 . . * Mode Register Confirmation.  N/A.
used for * DRAM controller DQS to DQ phase training. | servicaability) Support: Logging of C/A

parity and CRC error information

Readout
format
Default value for MPRO @ Page0 = 01010101
Default value for MPR1 @ PageO = 0011001
Default value for MPR2 @ PageO = 00007 .1
Default value for MPR3 @ Page0 = 00270200

serial, parallel, or staggered serial serial serial

DRAM Address to M2 'JI 8-bit Registers Translation

MPR Locatic.i [7] [6] [5] [4] [3] [2] [1] [0]
DRAM Address A7 A6 AS A4 A3 A2 Al A0
MPR ! ulo Uil uI2 ui3 ul4 uUI5 ul6 ui7

Bit M:iaher of MPR Definition

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

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

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

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

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

lower bytes.
Serial Parallel

X4 Device X4 Device
Serial UI0 UI1 UI2 UI3 UI4 UI5 UI6 UI7 Parallel UIO UI1 UI2 UIS Ul4 'JI5 Ul6 UI7
p@0O o0 1 1 1 1 1 1 1 D0 0 0 0 L 0 0 0 O
pQl o 1 1 1 1 1 1 1 pQal 1 1t o+ 1 1 1 1
pDQ2 0 1 1 1 1 1 1 1 pQ2 1 * 1.1 1 1 1 1
pea3 o 1 1 1 1 1 1 1 pE3 1 1 11 1 1 1 1
X8 Device X8 Duvice
Serial UI0 UI1 UI2 UI3 UI4 UI5 UI6 UI7 Pa-ai.-« U'5 UI1 UI2 UI3 UI4 UI5 Ul6 UI7
D@0 0 1 1 1 1 1 1 1 Db 0 0 0 0 0O O 0 O
pQl o 1 1 1 1 1 1 1 M1 11 1 1 1 1 1 1
pDQ2 0 1 1 1 1 1 1 1 pDQ2 1 1 1 1 1 1 1 1
pea3 o 1 1 1 1 1 1 1 pe@3 1 1 1 1 1 1 1 1
pa4 o 1 1 1 1 1 1 1 pa4 1 1 1 1 1 1 1 1
D@5 0 1 1 1 1 1 1 1 pas 1 1 1 1 1 1 1 1
D6 0 1 1 1 1 1 1 1 D6 1 1 1 1 1 1 1 1
pDQ7 0 1 1 1 1 1 1 1 pQ7 1 1 1 1 1 1 1 1
X16 Device X16 Device
Serial UI0 UI1 UI2 UI3 UI4 u\~ cie UI7 Parallel UIO UI1 UI2 UI3 UI4 UI5 Ulée UI7
D@0 0 1 1 1 i+ 1 1 1 DQ0O 0 0 0 0 0O O 0 O
pQl 0 1 1 * 1 1 1 pQl 1 1 1 1 1 1 1 1
pDQ2 0 1 1 * 1 1 1 1 pDQ2 1 1 1 1 1 1 1 1
pe3 o * 1 1 1 1 1 pe3 1 1 1 1 1 1 1 1
pa4 o0 1 1 1 1 1 1 1 pa4 1 1 1 1 1 1 1 1
pDQs 01 1 1 1 1 1 1 pas 1 1 1 1 1 1 1 1
pe6 0 1 1 1 1 1 1 1 D6 1 1 1 1 1 1 1 1
pDC7 9 1 1 1 1 1 1 1 pQ7 1 1 1 1 1 1 1 1
D8 0 1 1 1 1 1 1 1 DQ8 0 0 0 0 0O 0O 0 O
L9 0 1 1 1 1 1 1 1 pDQ9 1 1 1 1 1 1 1 1
pDQI0 0 1 1 1 1 1 1 1 pQIO0 1 1 1 1 1 1 1 1
pDQ11 0 1 1 1 1 1 1 1 pQ11 1 1 1 1 1 1 1 1
pQ12 0 1 1 1 1 1 1 1 pDQ12 1 1 1 1 1 1 1 1
pDQ13 0 1 1 1 1 1 1 1 pQ13 1 1 1 1 1 1 1 1
pDQ14 0 1 1 1 1 1 1 1 pQ14 1 1 1 1 1 1 1 1
pDQ15 0 1 1 1 1 1 1 1 pQ15 1 1 1 1 1 1 1 1
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MPR Readout Staggered Format

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

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

Issuing a read command to MPR1 will result in data from MPR1 being driven on DQO, data from MPR2 on DQ1 ard <

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

MPR Readout Staggered Format, x4

Read MPRO command | Read MPR1 command | Read MPR2 command | Read MPR3 command
(BA[1:0]='00'") (BA[1:0]='01") (BA[1:0]="10") (BA[1:0]="1"") |
Stagger ulo-7 Stagger ulo-7 Stagger ulo-7 Stagger 10-"
DQoO MPRO DQoO MPR1 DQoO MPR2 DQoO ‘ I/APR3
DQ1 MPR1 DQ1 MPR2 DQ1 MPR3 DQu - MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO D"?— MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 _DQ3 MPR2

It is expected that the DRAM can respond to back to back RD/RDA coimmends to the MPR for all DDR4 frequencies so
that a stream as follows can be created on the data bus with nn Lupuies or clocks between read data. In this case
system memory controller issues a consecutive sequence comt.»und of RD(MPRO), RD(MPR1), RD(MPR2), RD(MPR3),
RD(MPRO), RD(MPR1), RD(MPR2), and RD(MPR3).

MPR Readout Staggered Format, x4 — Cor.serutive READs

Stagger ulo-7 Ul 8-15 | Ul 16-23 | Ul 24-51 | Ul 32-39 | Ul 40-47 | Ul 48-55 | Ul 56-63
DQOo MPRO MPR1 MPR2 MPR3 MPRO MPR1 MPR2 MPR3
DQ1 MPR1 MPR2 MPR. MPRO MPR1 MPR2 MPR3 MPRO
DQ2 MPR2 MPR3 l\:,;Rf,_ MPR1 MPR2 MPR3 MPRO MPR1
D@3 MPR3 MPRO™ [ VIPR1 MPR2 MPR3 MPRO MPR1 MPR2

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

data pattern location. fo''ow the same format as the x4 case.

MPR Readout Staggered Format, x8 and x16

Yo X16

Staggf;_r_ ulo-7 Stagger ulo-7 Stagger ulo-7
j(_i MPRO DQO MPRO DQ8 MPRO

7o ocl1 MPR1 DQ1 MPR1 DQ9S MPR1
DQ2 MPR2 DQ2 MPR2 DQ10 MPR2

}— DQ3 MPR3 DQ3 MPR3 DQ1l1 MPR3
DQ4 MPRO DQ4 MPRO DQ12 MPRO

DQ5 MPR1 DQ5 MPR1 DQ13 MPR1

DQ6 MPR2 DQ6 MPR2 DQ14 MPR2

DQ7 MPR3 DQ7 MPR3 DQ15 MPR3
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MPR Reads

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

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

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

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

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

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

6. Issue RD or RDA command:

a. BA1 and BAO indicate MPR location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3
b. A12/BC =0 or 1; BL8 or BC4 Fi..e' =nly, BC4 OTF not supported.
If BL=8 and MRO A [1:0] = C1, A12/BC must be set to 1 during MPR Read commands.
c. A [2] = burst type depenident:
BL8: A [2] = 0 with Lursscorder fixed at 0, 1, 2, 3,4, 5,6, 7
BL8: A [2] =1 ot support
BC4: A [2] = 0 with burst order fixedat0,1,2,3,T,T, T, T
BC4: A[2) = 1 with burst order fixed at4,5,6,7, T, T, T, T
d. A[1:01 - 01, data burst order is fixed starting at nibble, always 00 here.
e. R=n.1iring address inputs, including A10, and BG1 and BGO are don’t care.
7. Afres RL= AL + CL, DRAM bursts data from MPR location; Readout format determined by MR3 A [12,11,1,0].

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

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

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

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

(BL=28, PL=0, AL=0, CL =11, CAL = 3, Preamble = 1tCK)

- T0 Ta0 Tat Tb0 Te0 T(I:1 Te2 Te3 Tdo Td1 Te0 Ti0 ™
W — — - - - - - - - - - - - - - - - - - -
-2 R XXX
CK Disabe
~OMMAND PRI £ RD DES DES DES DES DES DES MRS 'ALID'
e X o XX oes X oes Y oes XX oes Y e Yoo
COMMAND" > >
RP oD IMPRR VoD
annoeee TAXVALID) VALID) VALID ADD? VALID) VALID) VALID, VALID) VALID, VALID, VALID) VAL DY
G
ADDRESS”
el | NHY | Y | NG | NG | | Y | Y | | | T | e
CKE™
- PLS + AL + CL . |
o U T XXX A
DQS,DQS
mei ?( 2( 2( Kuo X un X ui 2@ U6 X UI7 22—| = Zz_
gg M= BREAK [ ponT carRE

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent reads and v ites tc MPR locations.
NOTE 2  Address setting:
A[1:0] = “00” (data burst order is fixed starting at nibble, always 00b here)
A[2]=0 (For BL = 8, burst order is fixed at 0, 1, 2, 3,4, 5, 6, 7)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12 is don’t care when MRO A[1:0] =00 or 10, and must be “1” when MRO /201 = 0,
NOTE 3 Multipurpose registers Read/Write Disable (MR3 A2 = 0).
NOTE 4 Continue with regular DRAM command.
NOTE 5 Parity latency (PL) is added to data output delay when C/A parity later.~v 1. o is enabled.

MPR Back-to-Back READ Timing

COMMAND

ADDRESS <\Z\U ADD? VALI ‘Cjzj ' véW‘é@@@Qb@@@@@@@@@@L VALI VAMLI VAMML\ vA@
oK WWW&‘VWWW‘Q@WWWWWWWW

- >

) LS+AL+CL

%24
- N REATATSVSOeUaN s AW

DQ(BL=8,fixed)

DQ(BC=4,fixer)

pQpas |
|
|

gg TIME BREAK DON'T CARE

1IXOTC'1  tCCD_S =4, Read Preamble = 1tCK
NOTE 2 Address setting:
A[1:0] = 00 (data burst order is fixed starting at nibble, always 00b here)
A[2] =0 (for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7; for BC = 4, burst order is fixed at 0,1, 2,3, T, T, T, T)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12is "Don’t Care" when MRO A[1:0] = 00 or 10, and must be “1” when MRO A[1:0] = 01
NOTE 3  Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.
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MPR READ-to-WRITE Timing

T0 ™ T2 Ta0 Tat T?Z Ta3 Tad Tab Tab

TG Gy ) C ¥ P G, ) Yl G b O 5 G il O 0 €

LID, VALID, VALID, VALID, VALID, VALID,

=)
<
>

ae [N/ |\ N | T |\ T

-t »

PL3+AL + CL

N/
DQs 008 { N X N
ba 2( Cuo X un X uz X uis )

N7
oo 22_;

(( TIWw= BREAK

N/
uis X U5 X
NOTE 1 Address setting:
A[1:0] = 00 (data burst order is fixed starting at nibble, always 00 here)
A[2]=0 (for BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12 is "Don’t Care" when MRO A[1:0] = 00, and must be 1b when MRO ; '1.0] = 01
NOTE 2  Address setting:
BA1 and BAO indicate the MPR location
A [7:0] = data for MPR

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

E DON'T CARE
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MPR Writes

MPR Access Mode allows 8-bit writes to the MPR location using the address bus A7:AQ(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.

A A W N

. 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. BA1 and BAO indicate MPR location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3
b. A [7:0] = data for MPR Page 0, mapped A [7:0] to Ul [0:7].
c. Remaining address inputs, including A10, BGO and BG1 are don’t carz

7. tWR_MPR must be satisfied to complete MPR Write.

8. Steps 5 through 7 may be repeated these calibration writes and veads until data capture at memory controller is

9.

optimized.

After the last MPR location Write, tMPRR must be satisfiea rior to exiting.

10. Issue MRS command to exit MPR mode; MR3 A2= (.
11. Wait until tMRD and tMOD are satisfied; Continue wih regular DRAM commands like Activate.
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MPR Write Timing and Write to Read Timing

COMMAND

ADDRESS

we | QO [ QT[0T [ | | [ [ | | [

PL%+ AL +CL

00s, 05 { T T X
0o { L {

|
uio X ui1 U2 X UI? 4 XL' 5 X ule X Ui7
N_

§)TIME BREAK DON'T CARE

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1).
NOTE 2  Address setting:

BA1 and BAO indicate the MPR location

A [7:0] = data for MPR

A10 and other address pins are "Don’t Care"

NOTE 3  Parity latency (PL) is added to data output delay when C/A parity latency mode is ~na »'ed.

MPR Back-to-Back WRITE Timing

COMMAND

ADDRESS
CKE
—
. «
DQS, DQS
DQ i

¢ mimeBreEak ] DON'T CARE

N7IE »  Address setting:
BA1 and BAO indicate the MPR location
A [7:0] = data for MPR
A10 and other address pins are "Don’t Care"
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REFRESH Command Timing

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

READ-to-REFRESH Command Timing

T0 ™ T2 Ta0 Tat T?Q Ta3 Ta4 Ta5

CK

ADDRESS™ ADMMUD VAL LID, VALID, VALID, VAMLID VALID /PNMUD VA@
|
o [T X [N [T [ [ [\ [ e & [ [ "

S
<
>

A

PL+AL +CL (4 1) + Clocks

Pasmas { | SR SR SR G
DQ z( K uio X U1
pasbas { | RN RN SR
"

—
ui2 13 X uie X us X uie X Ui

BC=4"
DQ 8( o’ J’ﬁA Uit X uiz X U3

g TIME BREAK E DON'T CARE

NOTE 1 Address setting:

A[1:0] = 00 (data burst orde. s fi..=a starting at nibble, always 00 here)

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

BA1 and BAO indicate th2 MR location

A10 and other audress ins are "Don’t Care" including BG1 and BGO.

A12 is "Don’t Care" when MRO A[1:0] = 00 or 10, and must be 1b when MRO A[1:0] = 01
NOTE 2 1xrefres. s o.ly allowed when MPR mode is enabled.

62 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd “.‘ PLUSETECH

WRITE-to-REFRESH Timing

ve [ XL/ N | S N | S| N T | T S| XS |

DQS_t, DAS_¢ 2 ( -

N U B

gg TIME BREAK P:J DON'T CARE

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

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

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

DBI functions are disabled, DRAM turns off its input receiver and does not expect any valid logic le=l. Rezd operation:
Only DBI function applies. When DBI function is disabled, DRAM turns off its output driver and 4c=s not drive any valid
logic level.

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

function is applied to the TDQS/TDQS pins that is applied to DQS/DQS pins.
DM, DBI & TDQS functions are programmable through DRAM Mode Registe - (*1R) shown as below

DM, DBI & TDQS MRS

TDQS Read DBI Writ. Do Data Mask
MR1 A[11] MR5 A[12] M5 A[11] MR5 A[10]
O=Disable O=Disable __ 0-Disable O=Disable
1=Enable 1=Enable 1=Enable 1=Enable

TDQS function: When TDQS function is en:ble!. DM & DBI functions are not supported. When TDQS function is

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

DBl vs. DM vs. TDQS Functiar. Matrix

TDQS (x8 only) Da:Mask Read DBI Write DBI
MR1 A[11] ____MR5A[10] MR5 A[12] MR5 A[11]
Disabled el Enabled Enabled or Disabled Disabled
Disabled Disabled Enabled or Disabled Enabled
Disabled Disabled Enabled or Disabled Disabled
Enablag Disabled Disabled Disabled
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DM function during Write operation: DRAM masks the write data received on the DQ inputs if DM was sampled Low on

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

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

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

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

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

read data and drives DBI pin High.

x8 DRAM Write DQ Frame Format

) Data transfer VvV
Function
0 1 2 3 4 5 a \® 7
DQI7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 _B1te6 Byte 7
DM or DBI DMO or DM1 or DM2 or DM3 or DM4 or DM5 or DN6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBIl4 DBI5 DBI6 DBI7
x8 DRAM Read DQ Frame Format
Function Data transfer V
0 1 2 g A 9N 5 6 7
DQI7:0] Byte 0 Byte 1 Byte 2 Byte 3 Ryte 1 Byte 5 Byte 6 Byte 7
DBI DBIO DBI1 DBI2 DBI3 A [N DBI5 DBI6 DBI7
x16 DRAM Write DQ Frame Format
Functi Cawa transfer
unction L  J
0 1 2 g 4 5 6 7
DQI[7:0] LByte 0 LByte 1 LByte 2 Lbyte 3 LByte 4 LByte 5 LByte 6 LByte 7
DV or [DBI LDMO or LDM1 or LDM2 ar LDMS3 or LDM4 or LDMS5 or LDM®6 or LDM7 or
LDBIO LDBI1 L )ELZ N LDBI3 LDBK LDBI5 LDBI6 LDBI7
DQI[15:8] UByte 0 UBytel | LU3yre2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDM or UDBI UDMO or UDMTor | UDM2 or UDM3 or UbM4 or UDMS5 or UDMG or UDM? or
UDBIO ubB* | UDBI2 UDBI3 ubDBK UDBI5 UDBI6 UDBI7
x16 DRAM Read DQ Frane Format
Function ¢ \ __ B Data transfer
L 1 2 3 4 5 6 7
DQI[7:0] ~ LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDBI | LDBIO LDBI1 LDBI2 LDBI3 LDBK LDBI5 LDBI6 LDBI7
DQ[15:S] | UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
[VX=] | UDBIO uDBI1 UDBI2 UDBI3 ubDBK4 UDBI5 UDBI6 ubDBI7
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ZQ Calibration Commands

ZQ Calibration Description

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

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

The first ZQCL command issued after reset is allowed a timing period of tZQinit to perform the full calibration anc (he
transfer of values. All other ZQCL commands except the first ZQCL command issued after RESET are allowea 3 ¢ ming

period of tZQoper.

The ZQCS command is used to perform periodic calibrations to account for voltage and tempcrature variations. A
shorter timing window is provided to perform the calibration and transfer of values as defin.cd hv {iming parameter
tZQCS. One ZQCS command can effectively correct a minimum of 0.5 % (ZQ correction) of ]R0MN. and RTT impedance
error within 128 nCK for all speed bins assuming the maximum sensitivities specifiea in ¢he Output Driver and ODT
Voltage and Temperature Sensitivity tables. The appropriate interval between 7ZQCS commands can be determined
from these tables and other application-specific parameters. One method fc:- coicu'ating the interval between ZQCS
commands, given the temperature (Tdriftrate) and voltage (Vdriftrate) drit . =ces chat the device is subjected to in the

application, is illustrated. The interval could be defined by the following forinu’a:

ZQCorrection

(TSens x Tdriftrate) + (VSens x Vdriftrate)

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

interval between ZQCS commands is calculated «s:

0.5

=0.133 = 1.2

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

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

oneratizn 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

0 i Ta0 Tat Ta2 Ta3 b0 Tb1 Teo Tet Te2
CKLt \ - - S-- - i R s RN iy S r-- R
Ko - - - - - - o - - - .

Command zacL DES DES DES VALID VALID zacs DES DES DES VALID

Address © g f,.»‘j.f VALID (aLiD T (aLiD

|
A10 Zy—_\(’/ #”f VALID (aLiD | A W (aLID

il
CKE W W K{'; g N VALID VALID Kq%;\ N VALID
ODT@\Z m m VALID VALID, m i m VALID, \*‘

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

J. . | J. K

tZQinit or tZQoper tZQCs

N
]

T me Break : Don't Care
14

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

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

time and Vref valid level.

The voltage operating range specifies the minimum required Vref setting range for DDR4 DRAM devices. The minimum

range is defined by Vrefmax and Vrefmin as depicted in the following figure.

VREFDQ Operating Range (Vrefmin, Vrefmax)

vDDaQ
i Vrefmax
Vref
Range
- Vrefm.n
\
————— Vawing Small Swatem Variance

— == — == — \swing Large m Total Range

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

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

The Vref set tolerance is the variation in the Vref /oltage from the ideal setting. This accounts for accumulated error
over multiple steps. There are two ranges for ‘\/re; set tolerance uncertainty. The range of Vref set tolerance uncertainty

is a function of number of steps n.

The Vref set tolerance is measure \'ith. respect to the ideal line which is based on the two endpoints. Where the
endpoints are at the min-and ma:* \V'vef values for a specified range. An illustration depicting an example of the stepsize

and Vref set tolerance is below.
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Example of Vref set tolerance(max case only shown) and stepsize

Vref

Vref Set

Tolerance

Actual Vref Output

A

I
|

Vref Stepsize

Digital Code

The VRerincrement/decrement step times are defined by VREF_time VR.t_time is defined from t0 to t1, where tl is

referenced to when the VREer voltage is at the final DC level withn e 'vreF valid tolerance (VREF_val_tol).

The VRrer valid level is defined by VRer_val tolerance to guc'if, te step time t1. This parameter is used to insure an

adequate RC time constant behavior of the voltage leve: change after any VRrer increment/decrement adjustment.

This parameter is only applicable for DRAM comnoi ent level validation/charachterization.

VREF_time is the time including up to VREF,min 2 “/RFt max or VREF,max to VREF,min change in VREF voltage.

Note:

t0 - is referenced to the MRS comman.' clock

tl - is referenced to VREF_val_tnl

Vref _time timing diagiari

CMD
DQ . . _
Vref éld Vref Settigg Updating Vref Setting New Vref Sémng
[~ .
Vref_time
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VrefDQ Calibration Mode is entered via MRS command setting MR6 A [7] to 1 (0 disables VrefDQ Calibration Mode),
and setting MR6 A [6] to either 0 or 1 to select the desired range, and MR6 A [5:0] with a “don’t care” setting (there is
no default initial setting; whether VrefDQ training value (MR6 A [5:0]) at training mode entry with MR6 A [7] =1 is
captured by the DRAM or not is vendor specific). The next subsequent MR command is used to set the desired VrefDQ
values at MR6 A [5:0]. Once VrefDQ Calibration Mode has been entered, VrefDQ Calibration Mode legal commands may
be issued once tVREFDQE has been satisfied. VrefDQ Calibration Mode legal commands are ACT, WR, WRA, RD, RDA,
PRE, DES, MRS to set VrefDQ values, and MRS to exit VrefDQ Calibration Mode. Once VrefDQ Calibration Mode has
been entered, “dummy” write commands may be issued prior to adjusting VrefDQ value the first time Vre1D(Q
calibration is performed after initialization. The “dummy” write commands may have bubbles betwecn write
commands provided other DRAM timings are satisfied. A possible example command sequence would be: \WX1, DES,
DES, DES, WR2, DES, DES, DES, WR3, DES, DES, DES, WR4, DES, DES....... DES, DES, WR50, DES, DES. NES. Setting VrefDQ
values requires MR6 [7] set to 1, MR6 [6] unchanged from initial range selection, and MR6 A [5:0] =et t0 desired VrefDQ
value; if MR6 [7] is set to 0, MR6

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

If PDA mode is used in conjunction with VrefDQ calibration, the PDA mode req.'irc~ient that only MRS commands are
allowed while PDA mode is enabled is not waived. That is, the only Vre(L Q Calibration Mode legal commands noted
above that may be used are the MRS commands, i.e. MRS to set VrefLQ .alues, and MRS to exit VrefDQ Calibration
Mode.

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

any legal command may then be issued.

VrefDQ training mode entry and ex‘t i ing diagram

CKCc—— -
CK_t —

v A - = == - = == - = == = =/
) / / X
_ - A S— - S - - - A -

COMMAND —— CMD CMD MRS CMD

VrefDQ trgining OFF

| VrefDQ training|mode

-— |
| tVREFDQE tVREFDQX

NOTE 1 The MR cominand used to enter VrefDQ Calibration Mode treats MR6 A [5:0] as don’ t care while the next subsequent MR command sets
Vr:1L Q vatues in MR6 A[5:0]

NOTE 2 Depending on the step size of the latest programmed VREF value, Vref_time-must be satisfied before disabling VrefDQ training mode.
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AC parameters of DDR4 VrefDQ training

DDR4
Speed 1600/1866/2133/2400/ .
2666/2933/3200 VLl et
Parameter Symbol Min ‘ Max
VrefDQ training
Enter VrefDQ training mode to the first valid command delay tVREFDQE 150 - ns
Exit VrefDQ training mode to the first valid command delay tVREFDQX 150 - ns .
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Example scripts for VREFDQ Calibration Mode

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

Vref
Voltage

Vref
(vDDQ DC)

Stepsize T Vref_val_tol

tl

Time
VREF Step Single Step Size Decrement Case

Vref
Voltage

Stepsize / l Vref_val_tol
L N Vref

(VDDQ DC)

4

Time
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VREF Full Step From VREF,min to VREF,max Case

Vref
Voltage

Vrefmax T

Vref val_tol

t1l

Vrefmin

Tim:.

VREF Full Step From VREF,max to VREF,minCase

Vref Vrefmax
Voltage

lVrefvaltol

re;min

}

Time

(VDDQ DC)

(VDDQ DC)

The L2R4 SDRAM internally generates its own VRerpa. DRAM internal VRerDa specification parameters: voltage range,

siap-size, VREF step time, VREr full step time, and VRer valid level. The voltage operating range specifies the minimum

required VRErF setting range for DDR4 DRAM devices. The minimum range is defined by VRerpQ,min and VREFDQ,max. A

calibration sequence should be performed by the DRAM controller to adjust VRerpa and optimize the timing and voltage

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

Symbol Parameter Min Typ Max Unit NOTE
VrefDQ R1 Range 1 VrefDQ operating points 60% - 92% vDDQ 1,10
VrefDQ R2 Range 2 VrefDQ operating points 45% - 77% vDDQ 1,10
Vref step Vref Stepsize 0.50% 0.65% 0.80% vDDQ 2
Vref_set_tol Vref Set Tolerance L.625% 0.00% 1.625% veea 40

-0.15% 0.00% 0.15% vDDQ 3,5,7
Vref_time Vref Step Time - - 150 ns 8,11
Vref_val_tol Vref Valid tolerance -0.15% 0.00% 0.15% vDDQ 9
NOTE 1. VREF(DC) voltage is referenced to VDDQ(DC). VDDQ(DC) is 1.2V.

NOTE 2.
NOTE 3.
NOTE 4.

NOTE 5.

NOTE 6.

NOTE 7.

NOTE 8.
NOTE 9.

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

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

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

The minimum value of VREF setting tolerance = VREF_new - 0.15% x VDDQ. The maximum value of Vi.5F setting tolerance =
VREF_new + 0.15% x VDDQ for n<4

Measured by recording the MIN and MAX values of the VREF output over the range, draw..\s & < 3ight line between those points,
and comparing all other VREF output settings to that line.

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

Time from MRS command to increment or decrement one step size up to tk.e f ill rai.ge of VREF.

Only applicable for DRAM component-level test/characterization purposes. . 'ot upplicable for normal mode of operation. VREF
valid qualifies the step times, which will be characterized at the comzonnt ievel.

NOTE 10. DRAM range 1 or range 2 is set by the MR6, A6.
NOTE 11. If the Vref monitor is enabled, Vref_time must be derated by +1€r. it DQ bus load is OpF and an additional +15ns/pF of DQ bus

loading.

NOTE 12. Internal VREFDQ specification parameters: voltage ranze, step size, Vref full step time, Vref step time, and Vref valid level are not

pass or fail limits. These parameters are used to help provide estimated values for the internal VrefDQ.
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Per-DRAM Addressability (PDA Mode)

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

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

to drive DQQO to a ‘Stable Low or High’ during the length of the data transfer for BC4 and BL8 cases.

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

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

3. Enable per-DRAM addressability mode using MR3 A [4] = 1. (The default programmed value u1 MP>2°A [4] =0.)

4. In the per-DRAM addressability mode, all MRS commands are qualified with DQO forx4, x8, Aio. The device captures
DQO by using DQS and DQS for x4 and x8, DQSL and DQSL for x16 signals as shown MnrS w/ per DRAM addressability
(PDA) issuing before MRS. If the value on DQO for x4, x8, x16 is 0, then DRAMI executes the MRS command. If the

value on DQQO is 1, the DRAM ignores the MRS command. The controller can ci 202~ to drive all the DQ bits.
5. Program the desired DRAM and mode registers using the MRS comma’id ana DQO for x4, x8, x16.
6. In per-DRAM addressability mode, only MRS commands are allow. .

7. The MODE REGISTER SET command cycle time at AL + C\W. r BL/2 — 0.5 tCK+ tMRD_PDA + (PL) is required to
complete the WRITE operation to the mode register and is tYie 1ainimum time required between two MRS commands.
shown in MRS w/ per DRAM addressability (PDA) issuiic ve‘ore MRS.

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

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

In per-DRAM addressability mcde, ti.e device captures DQO for x4, x8, x16 using DQS and DQS for x4, x8, DQSL and DQSL for x16like
normal WRITE operation: how 2ver, dynamic ODT is not supported. Extra care is required for the ODT setting. If RTT_NOM MR1 [10:8]
= Enable, DDR4 SDRA", data tcrmination needs to be controlled by the ODT pin and applies the same timing parameters as defined
in direct ODT function theat is shown below. VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to
capture DQO low lave! for entering PDA mode.

Applied O0T Timing Parameter to PDA Mode

Syl Parameter

NUUTLon Direct ODT turn on latency

VODTLoff Direct ODT turn off latency

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

CK ¢ r/r e \ | \ Rkl f f \ A \
SUSEANASRTAIREANRERIRIRAS
tMOD AL + CYVL + PL | tMRD_PD.
|
|
DQS_t ) . . . =t )
s c ( T ooy I«
) | : N R
(seetlz?gevioe) (( i\ [} [ ((
- -l
tPDA|S tPDAJH
D DJDTLofff = WY{-3
obT / « \ j D)
DODTLor = WL |3 | «
RTT_PARK RTT.woM Y XRTT PARK
e PR ) X e B Yl
MR3 A4=1 | |
(PDA Enable)

NOTE RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON, LA . _rity is used

MRS w/ per DRAM addressability (PDA) Exit

v X0
L+ Pl | tMOD_PDA
|l
|
|
- | padadadadm
i + 2 | T
N = >y >i—<
I tPDA[S tPDA|H
DQDTLof|f = Wl -3
N A / 4 \ )
Jl_ DQDTLor = WL}3 ((
RT RTT_PARK /) RTT_NOM (K JRTT_PARK
] X
et r

MR3 A4=0
(PDA Disable)

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

TO ™ T2 Ta0 Tal Ta2 Ta3 Ta4 Th0 Th1 Tb2 Th3 Th4 Th5 Th6 Tb7 Th8 Th9 Tc0 Tct Tc2 Te3 Ted

CK ¢ = /ey r—r M e e s U Gl G [ s/
SESNRVE00RNAEAIRTIENANRENIRNRNANRY
tMOD AL + CYWL + Pl | tMAD_PDA

i
pas ) ) D)
DQS_¢ « « ! __ _/U[_,\\_/q_/ (
) ) ' )
(seleggjodevice) (( (( | : ((
>!—< »:—4
tPDA|S tPDA [H
MR3 A4=1
(PDA Enable)

NOTE  CA parity is used

78 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd y\ .‘ PLUSETECH

CAL Mode (CS to Command Address Latency)

CAL Mode Description

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

consecutive commands, the DRAM will keep the receivers enabled for the duration of the command sequence.
Definition of CAL Timing
1 2 3 10 1 12

CKFLE%FLFLFLFLE%FLFL(Lﬁ%Fq}quﬁ

W \l/ | \/ L|
i e

5
[6;]
o
~
o
[{e}

CMD/ADDR ™~ \_\ N

tCAL

CAL Operational Timing for Consecutive command issucs

A~

1 2

Aav'sy

11 12

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

CSto Command Address Latency

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

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

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

)
Parameter Symbol DDR4-2666/2933/3200 Units | Nete

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

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

MRS settings for CAL

A[8:6] @ MR4 CAL (tCK cycles)
000 Default (disable)
001 3
010 4
011 5
100 6
101 8
110 Reserved
111 Reserved Lo
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MRS Timings with Command/Address Latency enabled

When the Command Address Latency mode is enabled; users must allow more time for MRS commands to take effect.
When CAL mode is enabled, or being enabled by an MRS command, the earliest the next valid command can be issued is

tMOD_CAL, where tMOD_CAL=tMOD+tCAL. The two following figures are examples.

CAL Enable Timing - tMOD_CAL

__ Ta0 Tal Ta2 Tho T
CK -~ R /TN /T /Ty
ck ___7 N h N
Cs
\ |/ \|
tMOD_CAL

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

tMOD_CAL, MRS to Valid Command Timing with CAL =nawvled

CK- - y—\

CK___/M_ _
COMMAND (w/o CS) ><

cs |/

N
|

(CAL

tMOD_CAL

|

NOTE1 MRS at Tal may or may netmodify CAL, tMOD_CAL is computed based on new tCAL setting if modified.
NOTE2 tMOD_CAL=tMOD+tCAL.
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When Command/Address latency is enabled or being entered, users must wait tMRD_CAL until the next MRS command

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

CAL Enabling MRS to Next MRS Command, tMRD_CAL

i Tao Tal

CK -7 \ / - 7\ / -
CK — N _/ . _/

cs \ |/

{MRD_CAL

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

tMRD_CAL, Mode Register Cycle Time with CAL Enabled

COMMAND (w/o CS)

ThO

[

/1
)

NOTE1 MRS at Tal may or may not modify C.\L, ti IRD_CAL is computed based on new tCAL setting.

NOTE 2 tMRD_CAL=tMOD+tCAL

tMRD_CAL
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Command Address Latency Examples: Consecutive READ BL8 with two different CALs and 1tCK Preamble in Different
Bank Group shown in figures below.

Self Refresh Entry, Exit Timing with CAL

C_?7??1??1?%}EIT_jwf_ff_?ffXiKIXIEJXIXJXI
e | — | ,_'42_. |
| D o L ) O oy
vy e A o= A - _l;;)') L LK oes A o= 1_|~__ 1 »:“;:_,1»‘ X
= [ f | fl

o / 1 - | T T A T

s i LI SRS

| W | |

NOTE 1 tCAL =3nCK, tCPDED = 4nCK, tCKSRE = 8nCK, tCKSRX = 8nCK, tXS_FAST = tRFC4(min) + 10ns
NOTE2 CS=H, ACT = Don't Care, RAS/A16 = Don't Care, CAS/A15 = Don't Care, WE/A14 = Don't Carr
NOTE 3 Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL ¢ ym~.1and allowed.

Power Down Entry, Exit Timing with CAL

g T15 T16 T7 T18
¢ P PR PR
X } XX r
- —d w - -

f
o

SV Vo VeV Ve P W
_B|E7 U’ _°\|_. il <_

ADDRESS

D U =P tCAL

[]DONT cARE
NOTE1 tCAL=3nCK, tCPDED = 4nCK, tPD - 5nTK (XP = 5nCK

Refresh Command to Fawer Down Entry

T I Y T T \ | e

XXX

SEEEESSNEEEE NS aabaRel:

N | 2

'y
e W TEIIEIIED] ENEED Y Y e 1) ,.:yJ {} e )
ancy X e X X A

" Fervoeh T T T
- - - -
¥ - - - - -
INT CAF

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

CRC Polynomial and logic equation

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

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

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

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

CRC Error Detection Details

Error Type Detection Capability
Random Single Bit Error 100°%
Random Double Bit Error Zu0%
Random Odd Count Error 100°%
Random one Multi-bit Ul vertical column error detection excluding DBI bits 100%
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CRC Polynomial and logic equation
module CRC8_D72;
// polynomial: (012 8)

// data width: 72

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

// initial condition all 0 implied

function [7:0]
nextCRC8_D72;

input [71:0] Data;

reg [71:0] D;

reg [7:0] NewCRC;

begin
D = Data;

NewCRC[0] =

NewCRC[1] =

NewCRC[2] =

NewCRC[3] =

NewCRC[4) =

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

D[70] A D[66] A D[65] A D[63] » D[61] A D[60] A D[57]
D[56] A D[55] A D[52] A D[51] A D[48] A D[46] A DIA5; A
D[44] A D[43] A D[41] A D[39] A D[36] A D[34] A L52] ~
D[30] A D[29] ~ D[28] A D[24] A D[23] A DJ2..! ~ D;21] A
D[20] A D[18] A D[17] A D[16] A D[15] A 2F44) A D[13] A
D[12] A D[9] A D[6] A D[1] » D[0};

D[71] ~ D[69] ~ D[68] ~ D[63] A NIt'2] ~ D[61] ~ D[60] ~
D[58] ~ D[57] ~ D[54] ~ D[50, " L.{45] ~ D[47] ~ D[46] ~
D[44] ~ D[43] A D[42] A 0152] ~ D[37] ~ D[34] ~ D[33] ~
D[29] ~ D[28] ~ D25, ~ 1J[24] ~ D[22] ~ D[17] ~ D[15] ~

D[13] A D[121 # Dl.9] ~ D[8] ~ D[6] ~ D[2] ~ D[1] ~ D[O];

D[70] ~ D[€9] 4 D[64] ~ D[63] ~ D[62] ~ D[61] ~ D[59] »
D[5%| A +[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];

D[71] ~ D[70] ~ D[65] ~ D[64] ~ D[63] ~ D[62] ~ D[60] *
D[59] ~ D[56] ~ D[52] ~ D[50] ~ D[49] ~ D[48] ~ D[46] *
D[45] ~ D[44] ~ D[41] ~ D[39] ~ D[36] ~ D[35] ~ D[31] ~
D[30] ~ D[27] ~ D[26] ~ D[24] ~ D[19] ~ D[17] ~ D[15] »
D[14] ~ D[12] ~ D[10] ~ D[8] ~ D[4] ~ D[3] ~ D[2];
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NewCRC[5] = D[71] A D[66] A D[65] A D[64] A D[63] A D[61] A D[60] A
D[57] A D[53] A D[51] A D[50] A D[49] A D[47] A D[46] A

D[45] A D[42] ~ D[40] A D[37] A D[36] A D[32] A D[31] A

D[28] A D[27] A D[25] A D[20] A D[18] A D[16] ~ D[15] 7
D[13] A D[11] A D[9] A D[5] ~ D[4] ~ D[3];

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

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

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

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

Controller is responsible for data coherency.

CRC Data Mapping (X4 Configuration, BL8)

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

x4 Transfer Burst Bit (BL8)

0 1 2 3 4 5 6 7 8 @]
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO CRC4
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC: CRC5
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 (SR CRC6
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 CRC7

CRC Data Mapping (X8 Configuration, BL8)

For a x8 DRAM the controller must send 1’s in the transfer 9 if CRC is enabled and must _=n.' *'s in transfer 8 and transfer 9 of the
lane if DBI function is enabled. A x8 device has a CRC tree with 72 input bits. The 5 Hits D[71:64] are used if either Write DBl or DM is
enabled. Note that Write DBI and DM function cannot be enabled simultaneou:ly. ir both Write DBl and DM is disabled, then the

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

Transfer Buitat (BL8)

X8 =
0 1 2 3 4 | 5 6 7 8 9
DQO DO D1 D2 D3 _v4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 n12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 o7 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 7N 25 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 | D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 DLO D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 | D52 D59 D60 D61 D62 D63 CRC7 1
DM / DBI D64 D65 _| D66 D67 D68 D69 D70 D71 1 1
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CRC Data Mapping (X16 Configuration, BL8)

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

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

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

%16 Transfer Burst Bit (BL8) ]
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRLN 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 “RCL 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 | CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 o2l CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 - L39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D4e | D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 L | D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 _Po2 D63 CRC7 1
DM / LDBI D64 D65 D66 D67 D68 D69 Wy _D/O D71 1 1
DQ8 D72 D73 D74 D75 D76 D77 D78 D79 CRC8 1
DQ9 D80 D81 D82 D83 D84 ~ D8 D86 D87 CRC9 1
DQ10 D88 D89 D90 Do1 D92 _ De3 D94 D95 CRC10 1
DQ11 D96 D97 D98 D99 D10c | D101 D102 D103 CRC11 1
DQ12 D104 D105 D106 D107 176 | D109 D110 D111 CRC12 1
DQ13 D112 D113 D114 D115 D1Zo D117 D118 D119 CRC13 1
DQ14 D120 D121 D122 D123 D14 D125 D126 D127 CRC14 1
DQ15 D128 D129 D130 D121 D132 D133 D134 D135 CRC15 1
UDM / UDBI D136 D137 D138 VIR D140 D141 D142 D143 1 1
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CRC Error Handling

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

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

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

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

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

chain bus.

CRC Error Reporting

CRC ALERT_PW(max)

| tCRC_ALERT
& »

| | | CRC ALERT_PW(min)

Alert_n | \\ |W W .]

Q TIME BREAK

E TRANSITIONING DATA
NOTE 1 CRCALERT_PW is specified fror. *hc nuint where the DRAM starts to drive the signal low to the point where the DRAM driver
releases and the controlle - stats to pull the signal up.

NOTE 2 Timing diagram applie. to 4, x8, and x16 devices.

CRC Error Timiny Parmeters

P2:3n eter Symbol DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | Unit
CRC e rr.r *o ALERT latency tCRC_ALERT _ 13 _ 13 _ 13 _ 13 ns
| € <C ALERT pulse width CRC ALERT_PW 6 10 6 10 6 10 6 10 nCK
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CRC Frame Format with BC4

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

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

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

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

x4 Transfer Burst Bit (BC4, A2=0) A ]
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 co70 CRC4
DQ1 D8 D9 D10 D11 1 1 1 1 _ CRCI CRC5
DQ2 D16 D17 D18 D19 1 1 1 1 | 7<RC2 CRC6
DQ3 D24 D25 D26 D27 1 1 1 1 . CRC3 CRC7
CRC Data Mapping (x4 Configuration, BC4, A2 = 1)
x4 Transfer Burst Bit (BC4, A?=_1\: "4
0 1 2 3 4 5. | 6 7 8 9
DQO D4 D5 D6 D7 1 1 > || 1 1 CRCO CRC4
DQ1 D12 D13 D14 D15 1 N 1 1 CRC1 CRC5
DQ2 D20 D21 D22 D23 1 /N ) & 1 1 CRC2 CRC6
DQ3 D28 D29 D30 D31 la N V1 1 1 CRC3 CRC7

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

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

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

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

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

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

When A2 =1, data bits D [7:4] are used as inputs for 0 |2:0], D [15:12] are used as inputs to D [11:8] and so forth for the CRC tree.

The input bits D [71:68] are used if DM or DBIfu.ic.'0:5 2e enabled; if DM and DBl are disabled then D [71:68] are 1's.
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CRC with BC4 Data Bit Mapping for x16 Devices

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

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

X16 Transfer Burst Bit (BC4, A2=0)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 1 1 1 1 CRCO 1
DQ1 D8 D9 D10 D11 1 1 1 1 CRC1 1
DQ2 D16 D17 D18 D19 1 1 1 1 CRC2 1 |
DQ3 D24 D25 D26 D27 1 1 1 1 CRC3 1 _-]
DQ4 D32 D33 D34 D35 1 1 1 1 CRC4 1
DQ5 D40 D41 D42 D43 1 1 1 1 CRC5 L
DQ6 D48 D49 D50 D51 1 1 1 1 CRC6 1
DQ7 D56 D57 D58 D59 1 1 1 1 CRL7 1
DM / LDBI D64 D65 D66 D67 1 1 1 1 - 1
DQ8 D72 D73 D74 D75 1 1 1 1 CRC8 1
DQ9 D80 D81 D82 D83 1 1 1 iy CRC9 1
DQ10 D88 D89 D90 D91 1 1 1a © 1 CRC10 1
DQ11 D96 D97 D98 D99 1 1 'd 4 1 CRC11 1
DQ12 D104 D105 D106 D107 1 1 i 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 A 1 1 CRC15 1
UDM / UDBI D136 D137 D138 D139 1 (1 1 1 1 1

The lower CRC tree inputs has 36 bits. The input bits D [67:64] are used . D31 or DM functions are enabled. If DBI and DM are

disabled, then D [67:64] are “1”.

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

disabled then D[139:136] are “1”.
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CRC Data Mapping (x16 Configuration, BC4, A2 = 1)

X16 Transfer Burst Bit (BC4, A2=1)
0 1 2 3 4 5 6 7 8 9
DQO D4 D5 D6 D7 1 1 1 1 CRCO 1
DQ1 D12 D13 D14 D15 1 1 1 1 CRC1 1
DQ2 D20 D21 D22 D23 1 1 1 1 CRC2 1
DQ3 D28 D29 D30 D31 1 1 1 1 CRC3 1
DQ4 D36 D37 D38 D39 1 1 1 1 CRC4 1
DQ5 D44 D45 D46 D47 1 1 1 1 CRC5 1
DQ6 D52 D53 D54 D55 1 1 1 1 CRC6 1 _|
DQ7 D60 D61 D62 D63 1 1 1 1 CRC7 WA
DM / LDBI D68 D69 D70 D71 1 1 1 1 1 =
DQ8 D76 D77 D78 D79 1 1 1 1 CRC8 1
DQ9 D84 D85 D86 D87 1 1 1 1 CRC9 1
DQ10 D92 D93 D94 D95 1 1 1 1 CRC10 1
DQ11 D100 D101 D102 D103 1 1 1 1 &BZ11 1
DQ12 D108 D109 D110 D111 1 1 1 1 CRC12 1
DQ13 D116 D117 D118 D119 1 1 1 N CRC13 1
DQ14 D124 D125 D126 D127 1 1 A~ AN CRC14 1
DQ15 D132 D133 D134 D135 1 1 gDl 1 CRC15 1
UDM / UDBI D140 D141 D142 D143 1 1 1N i 1 1 1

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

[143:140] are used if DM or DBI functions are enabled and if DM and DBl 2. e dischled, then D [143:140] are 1's.
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CRC equations for x8 device in BC4 mode with A2=0 are as follows:

CRC[0] = D[69]=1 ~ D[68]=1 ~ D[67] ~ D[66] ~ D[64] » D[63]=1 * D[60]=1 ~ D[56] ~ D[54]=1 ~ D[53]=1 ~ D[52]=1 ~ D[50] ~ D[49] » D[48]
A 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[O] ;

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 ~ D[28]=1 ~ D[24] ~ D[23]=1 ~ D[22]=1 *
D[21]=1 ~ D[20]=1 ~ D[18] ~ D[17] ~ D[16] ~ D[15]=1 ~ D[14]=1 ~ D[13]=1 ~ D[12]=1 ~ D[9] ~ D[6]=1 ~ D[1] ~ D[O];

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

CRC[3] = D[70]=1 ~ D[69]=1 ~ D[64] ~ D[63]=1 ~ D[62]=1 ~ D[61]=1 ~ D[59] ~ D[58] ~ D[55]=1 ~ D[51] » D[49] » D[48] ~ D;*/3=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
A 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] A D[63]=1 A D[62]=1 ~ D[60]=1 ~ D[59] * D[56] » D[52]=1 A D[50] A DI49] A D[48] A
D[46]=1 ~ D[45]=1 A D[44]=1 ~ D[41] ~ D[39]=1 A D[36]=1 ~ D[35] A D[31]=1 ~ D[30]=1 A D[27] ~ D[26] ~ O[24, ~ D[19] A D[17] A
D[15]=1 A D[14]=1  D[12]=1 A D[10] A D[8] » D[4]=1 A D[3] » D[2];

CRC[5] = D[71]=1 ~ D[66] » D[65] » D[64] ~ D[63]=1 ~ D[61]=1  D[60]=1 ~ D[57] ~ D[53]=1 ~ D[51]  DI%0] » D[49] A D[47]=1 A
D[46]=1 ~ D[45]=1 A D[42] A D[40] ~ D[37]=1 ~ D[36]=1 ~ D[32] ~ D[31]=1 A D[28]=1 A D[27] A D|25] » D[20]=1 ~ D[18] A D[16] A
D[15]=1 A D[13]=1 ~ D[11] A D[9] ~ D[5]=1 A D[4]=1 A D[3];

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

CRC[7] = D[68]=1 ~ D[67] ~ D[66] ~ D[65]  D[63]=1 ~ D[62]=1 ~ D[59] A D[E5]=1 A D[53]=1 ~ D[52]=1 ~ D[51] A D[49] ~ D[48] A
D[47]=1 A D[44]=1 ~ D[42] ~ D[39]=1 ~ D[38]=1 ~ D[34] » D[33] A D[30]=1 " DI231=1 A D[27] A D[22]=1 A D[20]=1 A D[18] A D[17] A
D[15] =17 D[13]=1 A~ D[11] A D[7]=1 A D[6]=1 A D[5]=1;

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

CRC[0]=171~D[71]~D[70] ~D[68]~171~D[60] 171" 1~3[54] ~ D[53] A D[52] ~ 1~ D[47] ~D[44]~1~D[39] A D[38] 171
A1A17A17D[23]AD[22]AD[20]~171~D[12]71~1"D[4];

CRC[1]=1~D[70] ~D[69]~1"~1"1~D[61] ~D[601 1 1AD[55]*D[52]~1~1~1~D[47]~D[45]"1~1~D[38]"D[36] 171
A1AD[28]21721A7A171A7D[22] AD[21] A D[20] AL A . AT A1AD[13]A1AD[5]~D[4];
CRC[2]=17172171717A1717D[62]AD[C1] "1 'D54]"D[52]*17~171"D[47]~D[46] 171" D[38] AD[37]~171A"D[29] "
D[28]~1~D[21]~1~1~17D[14] ~D12; > ' D[6] ~ D[5] ~ D[4];
CRC[3]=17~17D[68]"1721~1~7Dl>3;~v[62]~1"D[55] ~D[53] ~D[52]~1~1717D[47]~D[44]~1"D[39]"D[38]"r1~1A"
D[30] A D[29] A1~ D[22] AD[20] ~ '+ * 1 ~ D[15] ~ D[13] ~ 1 ~ D[7] ~ D[6] ~ D[5];

CRC[4]=171~7D[69] ~D[68] "1~ 121"D[63] ~D[60] »1~D[54] ~D[53] A D[52]~171~1AD[45]~1~1~D[39]*1~1A7D[31]~
D[30] ~ D[28] A D[23] A D[2] 1~ 1~1"D[14] ~ D[12] ~ 1 ~ D[7] ~ D[6];

CRC[5] =1~ D[70] » b[6X1~D[68]~1~1"1A"D[61] ~1A"D[55] ~D[54] ~D[53]~1~1~1~D[46] AD[44]~1~1~D[36]~11 1A
D[31] A D[29] A1~ D[22] A D[20] A1~ 1A D[15] A D[13]~1 "1~ D[7];

CRC[6] =D[71] * L;70] ~ D[69] A D[68] ~1 21" D[62] ~1 "1~ D[55] ~ D[54] ~ D[52] ~ 1 ~1 ~ D[47] ~ D[45] ~ 1~ 1 ~ D[37] ~ D[36] 1
A1AD[30]~1 "D 23] AD[21]AD[20] 1717 D[14] 21711 1;

CRC[71 =1 ~3(71] ~D[70] ~D[69] A1~ 1A D[63] A1~ 17 1A D[55] A D[53] A D[52] 1A 1A D[46] A 1A 1AD[38] AD[37]A1A1A
D[31, #1717 D[22] AD[21] A 17 1 AD[15] A 1A 1A 1;
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Simultaneous DM and CRC Functionality

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

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

Simultaneous MPR Write, Per DRAM Addressability and CRC Functionality

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

(2) Per DRAM Addressability and Write CRC (Note : Only MRS are allowed during PDA and also DQQ is used for PDA de . =ctio 1)
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Command/Address Parity (CA Parity)

[A2:A0] of MR5 are defined to enable or disable C/A Parity in the DRAM. The default state of the C/A Parity bits is disabled.
If C/A parity is enabled by programming a non-zero value to C/A Parity Latency in the mode register (the Parity Error bit
must be set to zero when enabling C/A any Parity mode), then the DRAM has to ensure that there is no parity error before
executing the command. The additional delay for executing the commands versus a parity disabled mode is programmed in
the mode register (MR5, A2:A0) when C/A Parity is enabled (PL: Parity Latency) and is applied to commands that ars
latched via the rising edge of CK when CS is low. The command is held for the time of the Parity Latency before it is
executed inside the device. This means that issuing timing of internal command is determined with PL. When C/A ariy i3
enabled, only DES is allowed between valid commands to prevent DRAM from any malfunctioning. CA Parity 1ode is

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

CA Parity signal covers ACT, RAS, CAS, WE and the address bus, including bank address and bank gic:1p hits, the control
signals CKE, ODT, and CS are not covered. For example, for a 4 Gbit x4 monolithic device, parit, is cor.iputed across BG
[1:0], BA [1:0], A16/RAS, A15/CAS, A14/WE, A [13:0], and ACT. The DRAM treats any unusea add:ess pins internally as
zeros; for example, if a common die has stacked pins but the device is used in a monolithic < nplication, then the address

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

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

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

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

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

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

3. Set the parity error status bit in the mode register to “1”. The Parity Error Status bit must be set before the ALERT si2i:al
is released by the DRAM (i.e. tPAR_ALERT_ON + tPAR_ALERT_PW(min)).

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

5. Wait for all in-progress commands to complete. These commands were received tPAR_UNKOWN . >fore e erroneous

command.

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

6. Wait for tRAS_min before closing all the open pages. The DRAM is not execuung 221y commands during the window
defined by (tPAR_ALERT_ON +tPAR_ALERT_PW).

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

9. After (tPAR_ALERT_ON + tPAR_ALERT_PW), the DRAI" i5 ready to accept commands for normal operation. Parity
latency will be in effect, however, parity checking will nt :esume until the memory controller has cleared the Parity Error

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

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

refresh cycles as needed.

11. The Parity Error Status bit may he read any time after (tPAR_ALERT_ON + tPAR_ALERT_PW) to determine which
DRAM had the error. The DR." W\ maintains the Error Log for the first erroneous command until the Parity Error Status bit

is reset to ‘0’.

Mode Register for C/4 F-aty Error is defined as follows. C/A Parity Latency bits are write only, Parity Error Status bit is
read/write and error logs are read only bits. The controller can only program the Parity Error Status bit to ‘0’. If the controller
illegally attemp.c to wvrite a ‘1’ to the Parity Error Status bit, the DRAM does not guarantee that parity will be checked. The

DRAM mav ot t) block the controller from writing a ‘1’ to the Parity Error Status bit.

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

The following figure captures the flow of events on the C/A bus and the ALERT signal.
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Mode Registers for C/A Parity

C/A Parity Latenc . C/A Parity Error Status | Parity Persistent Mode
/ Y 2 e Speed bins / E E Errant C/A Frame
MR5[2:0] MRS5 A[4] MR5 A[9]
000= Disabled NA ol 0 = Disabled
=Clear = Disable P Yea d
001= 4 Clocks 1600,1866,2133 ACT, PAR,
BG1, BGO, BAO, BA1,
010= 5 Clocks 2400 _
A16/RAS, A15/CAS, A14/WE,
011= 6 Clocks RFU 1=Error 1 =Enabled A[17,13:0] '
100= 8 Clocks RFU

NOTE 1 Parity latency is applied to all commands.

NOTE 2 Parity latency can be changed only from a CA parity disabled state; for example, a direct change from PL=3to PL =4 is nct
allowed. The correct sequence is PL = 3 to disabled to PL = 4.

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

Normal CA Parity Error Checking Operation

VALID? @VALIDZ f;f

COMMAND/
ADDRESS

1

ALERT

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

@ Command executed

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

NOTE 2 Command execution is unknown; the correspon. 1g ;. AM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the cori ma 1 sequence meets the specifications.

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

TR
K ) T4 Tal Ta Ta2 ThO Ted Tets!
- = = = - = =% %
—"’, o — — — — — — -
COMMANDY
ADDRESS
TR 75, A, 0, AR 25, i , E 1
uALIDAE LI N ALID & pmund plsanind ALITAE 11D
tPA _UNKNOW N iPAR_ALERT_(N | tPar[JsLERT RSP 22K tRP+
- - -
AIER |
. tPAR_ALERT_Py'+ _ :

@ @} Command execution unknawn+
.-": . =
. WALIY  Command not executed ONT L ARE QT"E BREAKH

'@ Command executed+'

NOTE 1 DRAM is emptying queues. Precharge all and parity check re-enable finished by tPAR_ALERT_PW.

NOTE 2 Command execution is unknown; the corresponding DRAM internal state change may or may no* accu, The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.
NOTE 3 Normal operation with parity latency and parity checking (CA Parity Persistent Error Mode €.>3",1ed).

CA Parity Error Checking - PDE/PDX

o TO T1 Tao Tal ThO Thl TcO Te:

oK A

TeO Tel

XX

“aopress Z)EBY i ) @D

|z

CKE I
IH . us!  2nck
- //’(PAR_ALFK; ol =| J/ // tPAR_ALERT_PW!
ATERT | ! / / /

// I |

) [+ DON'T CARE g\ﬂME BREAK
@“@ Commaru xczation unknown

- Con mana not executed

@ Ccmincnd executed

NOTE ™ L ~szlect command only allowed.
NCTE . Zrror could be Precharge or Activate.
.'OTF'3  Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity checking is off until Parity Error Status bit cleared.

NMOTE4  Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

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

Tbl TcO Tcl TdO Td1 Td2 Td3 TeO Tel

((::Té - _//‘ - - _//‘ _//‘ 77N Ty __X‘\__x
tCPD
ngﬂé\ﬂé’\é\lsDS/ RROKY] ?@W;ﬂ f}"' fy’ﬂﬁ DES L DES YA DES @VAUD
CKE —

tIS t=22nCK tR

v

tPAR_ALERT O tPAR_ALERT PW!

[ . [

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

NOTE 1 Deselect command only allowed.

@ DON "% <E &TIME BREAK

NOTE 2 Self Refresh command error. DRAM masks the intended SRE command and enters Precharge 2, wer Down.
NOTE 3 Normal operation with parity latency (CA Parity Persistent Error Mode disabled). Parity che_.ing 1s off until Parity Error Status bit cleared.
NOTE 4 Controller cannot disable clock until it has been able to have detected a possible C/4 Pai.*v error.

NOTE5 Command execution is unknown; the corresponding DRAM internal state chang= ma ' or-may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the snecit\ *at. uns.

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

CK

COMMAND/
ADDRESS

tIS

]
ke £

|
i e M
S

T tXSDLL '

@ @ @” Command execution unknown
- Command not executed

[#] DONT CARE &TIME BREAK
@5'6'7 Command executed

AR UNKNO\'\(N‘ < PAR ALE ON tPAR_ALERT_P

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

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

NOTE 3 Command execution is unknown; the corresponding DRAM internal stat: chang> may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence mec*s "2 sp.cifications.

NOTE 4 Normal operation with parity latency (CA Parity Persistent Error N*ode a.-abled). Parity checking off until Parity Error Status bit cleared.

NOTE 5 Only MRS (limited to those described in the Self-Refresh Oper=uon scction), ZQCS, or ZQCL command allowed

NOTE 6 Valid commands not requiring a locked DLL.

NOTE 7 Valid commands requiring a locked DLL.

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

Command/Address parity entry and £x:ivtirings

When in CA Parity mode, including en’erni g and exiting CA Parity mode, users must wait tMRD_PAR before issuing
another MRS command, and wait th:QL_PAR before any other commands.

tMOD_PAR = tMOD + PL
tMRD_PAR =tMOD + PL

For CA parity entry, ™. in (»Z equations above is the parity latency programmed with the MRS command entering CA
parity mode.
For CA parity exi*; PL in the equations above is the programmed parity latency prior to the MRS command exiting CA
parity mode.
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Parity Entry Timing Example - tMRD_PAR

Tao0 Tal Ta2 ThO Tbl Th2

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

PL=0 Updating|Setting \\ PL=N

Settings

—

tMRD_PAR

Enable Parity /
change PL from O to N

NOTE1 tMRD_PAR =tMOD + N; where N is the programmed parity latency with the MRS command entering CA par ty mode.
NOTE 2  Parity check is not available at Tal of MRS command due to PL=0 being valid.
NOTE 3 In case parity error happens at Th1 of MRS command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".

Parity Entry Timing Example - tMOD_PAR

Ta0 Tal

Thl Th2

COMMAND >< DES>< ><MRS><

Settings PL=0 Updating Seuing \\

‘ ) ) tMOD_PAR
l—— — — >
Enable Party
change PL ~0.1 00N

NOTE1 tMOD_PAR =tMOD + N; where N s ."e programmed parity latency with the MRS command entering CA parity mode.
NOTE 2  Parity check is not available at 721 ~f MRS command due to PL=0 being valid.
NOTE 3 In case parity error happens «* Th. of VALID command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".
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Parity Exit Timing Example - tMRD_PAR

Settings

Tao

Tal

T TN
S /

Ta2

ThO

Thl

Th2

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

DES>< ><MRS>< >< DES><

PL=N

Updating

Setting

PL=0

tMRD_PAR

Disable Parity

change PL fromN to O

|
J

NOTE1 tMRD_PAR =tMOD + N; where N is the programmed parity latency prior to the MRS command exiting CA p7 rity moue.

NOTE 2

In case parity error happens at Tal of MRS command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".

NOTE 3  Parity check is not available at Tb1 of MRS command due to disabling parity mode.

Parity Exit Timing Example - tMOD_PAR

Settings

Ta0

Tal

T TN
S /

Taz

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

PL=N

Updating

Satting \\
|

ThO

Th2

><7\&J\/ —_‘E}< ><VALI D>< >< DES><
I

PL=0

tMOD_PAR

Disable Parity
change PL fromN 120

NOTE 1
NOTE 2

~]
7

NOTE 3  Parity check is not available at Tk { o "/ALID command due to disabling parity mode.

CA Parity Error Log readout

tMOD_PAR =tMOD + N; where N is th< >rczrammed parity latency prior to the MRS command exiting CA parity mode.
In case parity error happens at Tal of MIRS command, tPAR_ALERT_ON is ‘N[nCK] + 6[ns]".

Address MPR Loc.tion [7] [6] [5] [4] [3] [2] [1] [0]
{0=n\"PRO A7 A6 A5 A4 A3 A2 Al A0
01=MPR1 CAS /A15 WE/A14 Al3 Al2 All Al0 A9 A8

BA[1:0]
P\ 4 10=MPR2 PAR ACT BG1 BGO BAl BAO Al7 RAS/A16
CRC CA Parity
11=MPR3 CA Parity Latency Cc2 C1 Co
Error Status Error Status

NOTE1 MPR used for CA parity error log readout is enabled by setting A[2] in MR3

NOTE 2  For higher density of DRAM, where A [17] is not used, MPR2[1] should be treated as don’t care.

NOTE 3 If a device is used in monolithic application, where C [2:0] are not used, then MPR3[2:0] should be treated as don’t care.
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Control Gear-down Mode

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

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

External Clock

Internal Clock ’ \ ’ \ ,

Set 2N mode

CMD/ADDR/CTRL

General sequence for operation in geardown during initialization

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

2. Assertion of reset.

3. Assertion of CKE enables the DRAM.

4. MRS is accessed with a low frequency NxtCK MRS Gear-down CMD (set Mr 3:AS to 1). (NtCK static MRS command is
qualified by 1N CS.)

5. DRAM controller sends a 1N sync pulse with a low frequency N*tZK NOr 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' *ZQiait, starts in 2N mode after tCMD_GEAR from 1N Sync

Pulse.

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

1. DRAM reset to 1N mode during self refresh

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

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

Only Refresh command is allowed .9 bo issued to DRAM before Ntck static MRS command

3. DRAM controller sends 1N <y.c pulse with a low frequency N*tck NOP CMD. tSYNC_GEAR is an even number of clocks.
Sync pulse is on even cicck Loundary from MRS CMD.

4. Valid command rou requiiing locked DLL is available in 2N mode after tCMD_GEAR from 1N Sync Pulse.

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

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

T'ie LYAM may be changed from 1/4 rate (2N) to 1/2 rate (1N) by entering Self Refresh Mode, which will reset to 1N
actomatically. Changing from 1/4 (2N) to 1/2 rate (1 N) by any other means, including setting MR3[A3] from 1 to 0, can
result in loss of data and operation of the DRAM uncertain.

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

« CA Parity Latency Mode (MR5 A [2:0]): Even number of clocks
CAL or CA parity mode must be disabled prior to Gear down MRS command. They can be enabled again after
tSYNC_GEAR and tCMD_GEAR periods are satisfied.

Gear down (2N) mode entry sequence during initialization

2N Mee

b — lg—

con \ | / / |7 /

TdkN TdkN + Neven

CK ¢ Voo Gl e G G o/ R Tam ol Ul ¥ ' I .

CK Lt g ‘Jj - - /L (A N

Tq fsrx
DRAM
(Internal) ‘_,% \_A F-"r ,.é%\_/
CLK ‘
Reset / \\ \\
tXPR_GHAR
oKE < 'H - 1SYNC_GEAR {CMD_GEAR

H 1N Sync Pulse
[

tGEAR_setup tGEAR_hol tGEAR _setup| tGF.AIX_hoi
|

CMD ! F;j

VALID

Conure
DRAM to 1/4 rate

Clock Mode Change After Exiting Self Refr=si
TdkN + Neven

CK ¢ oA
CK_t « -\ -

DRAM
(Internal) _\_/_\_;
|

CLK

CKE

XS ¢ | pbort!

tSYNCHGEAR tCMD_GEAR

| < \\ -l

1N Sync Puls%( 2N Mode

|/ AL N

tGEAR setup tGEAR hold tGEAR _setup | tGEAR _hold

- L] L

Ll L

cup T N SRX Xf,fHI[.f MRS ,.ajf’[}"',f’,) NOP @IF N VALID

Conure
DRAM to 1/4 rate

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

NOTE 2 Command not requiring locked DLL

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

. T T, T T T T , oo T T
Ty, -~ ~ ==t d—e Y e i e - - - -l -y -
CKj:K—/ ! -0 - - - - {0 [ - - _: \__: L

AL=0 !

G |
BT % O O O DY 8O OOV H P EIP P D T

_ CL=RCD=16 { | Rt ( W % % m X

AL=CL !

el o “ -

R O COER ) O L 9 . O Y 3 ) e b O @G@ﬂr XN
DQ 3 Y L ! A T

{ AL+ OL=RL=31 (AL=CL1=15) { %m |
e I :

R O Vi OOl Pl © C NN
DQ A\ )

[T ( '@ ""E‘i”ia-.

\| ] bon
: TR NSITIONING DATA DONT CARE

NOTE 1 BL=8, tRCD=CL=16
NOTE 2 DOUT n = data-out from column n. s are shown for ease of illustration; other commenc - *i1ay we valid at these times.
NOTE 4 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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DDR4 Key Core Timing

tCCD Timing (WRITE to WRITE Example)

Command @@ﬁ RITEX:7 :
ADDRESS e

i \

22 Time Break Don't Care

NOTE 1 tCCD_S; CAS-to-CAS delay (short). Applies to consecutive CAS to different bank grou,s /i.e.. T0 to T4).
NOTE 2 tCCD_L; CAS-to-CAS delay (long). Applies to consecutive CAS to the same bank gror¢ (i.c., T4 to T10).

tCCD Timing (READ to READ Example)

T0 LK T2 T3 T4 5 T9 T10 ™
- '

CcK P . P s » XN Lo e - - ,
coms NN Y Y U ) D G G

tcco_s

7

ADDRESS

28 Time Break Don't Care

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

S

A

R S

R

S,

o)

S, :

2 Ti@e Br .ak ﬂ Drn't Care

NOTE 1 tRRD_S; ACTIVATE-to-ACTIVATE command period (short); applies to consecutive ACTIVATE commana to c.fferent bank groups (i.e.,

TO and T4).

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

tFAW Timing

TO
CK \r- - ,
W ’ A
Command@@m %

tRRD

tRRD

tRPT i

|

Bank

Group( ALY ]
Bank (AL
ADDRESS VAL

NOTE 1 tFAW : Four ar ‘vate ‘window

.

T D

e, )
' |

e, e D

tFAW

/ & G
GV T
) )

I

22 Time Break Don’t Care
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tWTR_S Timing (WRITE-to-READ, Different Bank Group, CRC and DM Disabled)

T0 T T Ta0 T|a1 Ta2 Ta3 Tad Tah Tab Tal Th0 Th
K - /= T s 07 7 ;7 7 ;77 T 17 ;7 07 - r 7\ -
S R e e sassensgenss
B G 7 () 70 7 (.U 2 U 7 T 7 7 I 7 (I 7 0 7 G D 7,

IWTR_S

o 2 G TN = )
en N K

woes (e N T T e N

”
tWPRE ' 'west

o <R . B

DS, DOS '

Din N/ Din \/ Din \W/ Din\/ Din \/ Din \/ Din \/ Din ‘

DQ

7AW ANGZY AT/ AN AN A ANILI

WL RL

22 Time Break ?‘H Don't Care ElTransit\onmg Data

NOTE 1 tWTR_S: Delay from start of internal write transaction to internal READ command to a uifferont bank group. When AL is non-zero,
the external read command at TbO can be pulled in by AL.

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

T NN

Bank ¢

"""*25_1 I I
L o )

ADDRESS Coln X { ?W

N L RN s |
i T R R, ]

22 Time Break Don'tCare [:] Transitioning Data

NOTE1 tWTR L. delay from start of internal write transaction to internal READ command to the same bank group. When AL is non-zero,
the «xternal read command at TbhO can be pulled in by AL.
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Programmable Preamble

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

Write Preamble

The 1 tCK or 2tCK Write Preamble is selected via MR4 [A12]. MR4 A [12] = 0 selects 1 tCK Write Preamble Mode while

MR4 A [12] = 1 selects 2 tCK Write Preamble Mode, examples in the figures below.

DQS, DQS Preamble

/T

@
=

1tCK mode

DQ

DQS,

~

’ = “‘./_—_‘/\/_—/——
DQ po X D1 X D2X b3 XD4 X D A Du X D7

2tCK mode

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

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

allowed in 2 tCK preamble mode

110 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd y\ .‘ PLUSETECH

tCCD=4 (AL=PL=0)

1tCK mode

DQS_t .
DQS_c Preamble

’ ’ ’ ’ ’ ’

Pe DoXDlX02XD3XD4XDSXDGXD7XDOXDlXD?X;

2tCK mode

T T Y T T T T Y T T T ~
XA XA NN A XA X

WL =N -

DQS—t - — T T T T T T -
DQS _c Preamble\\_ AN, ___X_/(___/\_/_ A
bo 5o X o+ A7~ X0 X 02 X 05 X 06 X o7 X 00 X o1
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tCCD=5 (AL=PL=0)

1tCK mode

CLK_t —
CLK_c —

— AN

DQS_t
DAS ¢

v [a— “ v

v _ I
Preamble

DQ

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

\DOXD1 XDZXDSXD4XD5XD5XD7/

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

tCCD=6 (AL=PL=0)

1tCK mode

CLK ¢c—
CLK_t—

DQS_¢

DS t

\DO%DAlKDZ%LQX

- - -y

DQ

2tCK mode

cMD{ WR )

CLK_¢—
CLK_t —

tCCD=6

DO A D1 A D2 A D3

DQS_c

DS t

bQ
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Write Postamble

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

Write Postamble

DOS, DQS Preamble Postamble

/T = /

@

1tCK toggle

DQ X X X X X X X

DQS, DQS Preamble Postamuic
2tCK toggle S pEp———

DQ X X X XX XK/
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Read Preamble

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

figures below.

DQS, DQS Preamble

@

1tCK toggle

DQ

2tCK toggle

DO po X b1 X D2 XD3 XD4 X D5 X D6 X D7
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Read Preamble Training

DDR4 supports Read Preamble Training via MPR Reads; that is Read Preamble Training is allowed only when the DRAM

is in the MPR access mode. The Read Preamble Training Mode can be used by the DRAM controller to train or "read level"

its DQS receivers. Read Preamble Training is entered via an MRS command; MR4[10] = 1 enabled while MR4[10] =0 is

disabled. Once the MRS command is issued to enable Read Preamble Training, the DRAM DQS and DQS signals are

driven to a valid level by time tSDO is satisfied. During this time, the data bus DQ signals are held quiet, i.e. driven HIGH.

The DQS signal remain driven LOW and the DQS signal remain driven HIGH until an MPR Pagel READ (Page 0 throuah

Page 3 determine which pattern is used) command is issued; and once CAS latency (CL) has expired, the DQS signe's will

toggle normally depending on the burst length setting. To exit Read Preamble Training Mode, an MRS comma.d nust be

issued, MR4[10] = 0.

Parameter

Symbol

DDR4-1600/1866/2133/2400/266\. /29',3/3200

Min

Max

Delay from MRS Command to
Data Strobe Drive Out

tSDO

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

tMOD+9ns

A

DQ (Quiet or driven)
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Read Postamble

Whether the 1 tCK or 2 tCK Read Preamble Mode is selected, the Read Postamble remains the same at 1/2 tCK.
DDR4 will support a fixed read postamble.

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

Read Postamble

DQS, DQS Preamble
-< A
) w—.
1tCK toggle N
o X X X X X X X /7
DQS, DQS Preamble Postamble
e _ . _ - N\ >
—— R XA XA DN e
2tCK toggle

DQ >< >< >< A__.\Z- >< ><
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ACTIVATE Command

The ACTIVATE command is used to open (or activate) a row in a particular bank for a subsequent access. The value on the BGO-
BGL1 in X4/8 and BGO in X16 select the bankgroup; BAO-BAL inputs selects the bank within the bankgroup, and the address provided
on inputs A0-A17 selects the row. This row remains active (or open) for accesses until a precharge command is issued to that bank or

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

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

If A10 is High when Read or Write command is issued, then auto-precharge function is engaged. This feature allows the
precharge operation to be partially or completely hidden during burst read cycles (dependent upor CAS lutency) thus
improving system performance for random data access. The RAS lockout circuit internally delays the precharge operation
until the array restore operation has been completed (tRAS satisfied) so that the auto preci.arge command may be issued
with any read. Auto-precharge is also implemented during Write commands. The prechai 2e operation engaged by the
Auto precharge command will not begin until the last data of the burst write seque.>ce i< properly stored in the memory
array. The bank will be available for a subsequent row activation a specifieu i me ‘tRP) after hidden PRECHARGE

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

Read Timing Definitions

Read timings are shown below and are applicable in normal operation mode, i.e. when the DLL is enabled and locked.
Rising data strobe edge parameters:

+ tDQSCK MIN/MAX describes the allowed range for a rising data strobe edge relative to CK, CK.

+ tDQSCK is the actual position of a rising strobe edge relative to CK, CK.

« tQSH describes the DQS, DQS differential output HIGH time.

» tDQSAQ describes the latest valid transition of the associated DQ pins.

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

Falling data strobe edge parameters:

« tQSL describes the DQS, DQS differential output LOW time.

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

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

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

CK
CK
tDQSCK,MIN[tDQSCK,MAX tDQSCK mN’*%;CK,MAx
- ~y _’|‘_>:
. |toogeki | ! : D0SCKi |
v |- > A i e
: Rising Strote : : Rising Strobe :
' Variance ' Variance
window window
] {<tposck ' f=tbasck
tQSH(DQb;J +QSL(DQS)
DQS
DQS tQH_total
tDQSQ_total
“osuoiated S\
JO Pins
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READ Timing — Clock to Data Strobe Relationship

The clock to data strobe relationship is shown below and is applicable in normal operation mode, i.e. when the DLL is
enabled and locked. Rising data strobe edge parameters:

+ tDQSCK MIN/MAX describes the allowed range for a rising data strobe edge relative to CK, CK.

+tDQSCK is the actual position of a rising strobe edge relative to CK, CK.

» tQSH describes the data strobe high pulse width.

Falling data strobe edge parameters:

» tQSL describes the data strobe low pulse width.

* tLZ(DQS), tHZ(DQS) for preamble/postamble

Clock to Data Strobe Relationship

RL measured
to this point
i 3

CK,CK_ ¢ _\_

tLZ(DQS)mi
(Q)nln>

<@— tHZ(DQS)min

DQS_t, DQS_c
Early Strobe

\
<

tHZ(DQS)max

1LZ(DQS)max —»|

DQS_t, DQS_c
Late Strobe

NOTE 1 Within a burst, the rising strobe edge can Ye .- rying within tDQSCKi while at the same voltage and temperature. However,
incorporate the device, voltage and tem,‘era.ire variation, rising strobe edge variance window, tDQSCKi can shift between
tDQSCK(min) and tDQSCK(max). A timir g o. this window’s right inside edge (latest) from rising CK, CK is limited by a device’s actual
tDQSCK(max). A timing of this window’s .27¢ inside edge (earliest) from rising CK, CK is limited by tDQSCK(min).

NOTE 2 Notwithstanding Note 1, a rising .trol e edge with tDQSCK (MAX) at T(n) cannot be immediately followed by a rising strobe edge
with tDQSCK (MIN) at T(n+1) “'eca1se other timing relationships (tQSH, tQSL) exist: if tDQSCK(n+1) < 0: tDQSCK(n) < 1.0 tCK - (tQSH
(MIN) +tQSL (MIN) - | t2CoCK(r +1) |

NOTE 3 The DQS, DQS differen.ial output HIGH time is defined by tQSH and the DQS, DQS differential output LOW time is defined by tQSL.

NOTE 4 Likewise, tLZ(DQS) M.N and tHZ(DQS) MIN are not tied to tDQSCK (MIN) (early strobe case) and tLZ(DQS) MAX and tHZ(DQS) MAX
are not tied t_ tDQ_"'< (MAX) (late strobe case).

NOTE5 The minimum pui_e width of read preamble is defined by tRPRE (MIN).

NOTE 6 The ma.”mum read postamble is bound by tDQSCK (MIN) plus tQSH (MIN) on the left side and tHZDSQ (MAX) on the right side.
NOTE 7 = The ninimum pulse width of read postamble is defined by tRPST (MIN).

NOTE 8 bz maximum read preamble is bound by tLZDQS (MIN) on the left side and tDQSCK (MAX) on the right side.
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READ Timing — Data Strobe to Data Relationship

The data strobe to data relationship is shown below and is applied when the DLL is enabled and locked.
Rising data strobe edge parameters:
* tDQSQ describes the latest valid transition of the associated DQ pins.
* tQH describes the earliest invalid transition of the associated DQ pins.
Falling data strobe edge parameters:
* tDQSQ describes the latest valid transition of the associated DQ pins.
* tQH describes the earliest invalid transition of the associated DQ pins.
tDQSQ; both rising/falling edges of DQS, no tAC defined.
Data Valid Window:
* tDVWd is the Data Valid Window per device per Ul and is derived from (tQH - tDQSQ) of eack U. on « given DRAM.
This parameter will be characterized and guaranteed by design.
* tDVWp is Data Valid Window per pin per Ul and is derived from (tQH - tDQSQ) of eaci. Ul vn a pin of a given DRAM.

This parameter will be characterized and guaranteed by design.

Data Strobe to Data Relationship

CK_t

COMMAND

ADDRESS

)7;”;”}4«";’?}0’ ?7 ffffffffx’fffx’ff’fx’fz

RL=AL+CL+PL

|= 'Y ' .tRPST
D)
DQS_t, DQS_c //
DQ (Last data) 7 SN 4
DQ(First data) ) G
m tDVWp
Al DQs Collectively — \: @3 T (ﬂﬁ? : @> (%a} {L::D @ {%@ :{a;im&: 4
tDVWd

D\ W DON'T CARE

NOTE1 BL=4%,RL-11(AL=0,CL=1), Preamble = 1CK

NOTE 2 [ 'Tii = data-out from column n.

NOTE 3 D5 commands are shown for ease of illustration; other commands may be valid at these times.

NOT. +  BLS8 setting activated by either MROA [1:0] = 00or MROA [1:0] = 01 and A12 = 1 during READ commands at TO.

NOIE5 Output timings are referenced to VDDQ, and DLL on for locking.

NUTE 6 tDQSQ defines the skew between DQS, DQS to data and does not define DQS, DQS to clock.

NOTE 7 Early data transitions may not always happen at the same DQ. Data transitions of a DQ can vary (either early or late) within a burst.
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tLZ(DQS), tLZ(DQ), tHZ(DQS), tHZ(DQ) Calculation

tHZ and tLZ transitions occur in the same time window as valid data transitions. These parameters are referenced to a
specific voltage level that specifies when the device output is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving
tLZ(DQS), tLZ(DQ).

tLZ shows a method to calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving
tLZ(DQS), tLZ(DQ), by measuring the signal at two different voltages. The actual voltage measurement points are riot
critical as long as the calculation is consistent. The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defineu as

single ended.

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

tLZ(DQ): CK_t- CK_crising crossing at RL
CK_t

1.0xVDDQ — - - —-=—=-=——-=—-

V,
07xVDDQ — SN — -
Vswi

04xVDDQ —=====-—=-—-
tLZ(DQ) begin point is above-mentioned extre no!~.< 1 point.

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

CK_t /----\: R A II‘“‘
VDD/Z—-—-—?» - - , - —
oK.c SV
I~—>: tHZ
1.0xVDDQ — <. - 4 I
0.7XVIDS, — - — Vo
Vw1
0oxVDQ e
Begin point : Extrapolated point'

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

NOTE 1 Extrapolated point (Low Level) =VDDQ/(50+34) X 34
=VDDQ x0.40
- A driver impedance : RZQ/7(34ohm)
- An effective test load : 50 ohm to VTT = VDDQ
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Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter Symbol Measured Parameter Vswl [V] Vsw2 [V]
tLZ(DQ) DQ low-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQ) DQ high-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ

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

tLZ(DQS): CK - CKrising crossing at RL-1 with 1tCK Preamble
tLZ(DQS): CK - CKrising crossing at RL-2 with 2tCK Preamble

1.0 x VDDQ Das

0.7 xVDDQ

0.4 xVDDQ

tLZ(DQS) begin point is above-mentioned extrapolated po:at.

tHZ(DQS) with BL8: CK- CK rising crossing 2t i“L + 4 nCK
tHZ(DQS) with BC4: CK - CKrising crossng acRL + 2 nCK

1.0xVDDQ — — —

0.7xVDDQ — - —
DA

04xVDDQ _ - _ L ——

tHZ,DQS) begin point is above-mentioned extrapolated point.

NOTE1 Extrapolated point (Low Level) = VDDQ/(50+34) X 34

=VvDDQ x 0.40
- A driver impedance : RZQ/7(340hm)
- An effective test load : 50 ohm to VTT = VDDQ

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

Measured Parameter Symbol Measured Parameter Vswl [V] Vsw2 [V]
tLZ(DQS) DQS low-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQS) DQS high-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
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tRPRE Calculation
The method for calculating differential pulse widths for tRPRE is shown in figure below

Method for calculating tRPRE transitions and endpoints

DOS - - - - VDDQ
-------------------------- 0.7 x VDDQ
Sing ended signal, provided
as background informaton ... = -—)t = = - - - = — — - 04 X VDDQ
bas — \ /T, vbDQ
_____________________ 0.7 x VDDQ
Sing ended signal, provided
as background information ——-04x VDDQ
- --0.6 x VDDQ
t1
RPRE begin — ... A+ \ [~ 0.3 xVDDO
DQS-DAS —— R ‘
Resulting differential signal rele Begin point: X
vant for tRPRE specification Extrapolated point

tRPRE_end

NOTE 1 Low Level of DQS and DQS = VDDQ/ (50+34) x 34 = VDDQ x 0.4C
- A driver impedance: RZQ/7(34Q)
- An effective test load: 50 Q to VTT =VDDQ

Reference Voltage for tRPRE Timing Measurements

X
&
tRPRE DQS, DS 'inrere.ntial READ Preamble (0.30-0.04) x VDDQ (0.30 +0.04) x VDDQ
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tRPST Calculation

The method for calculating differential pulse widths for tRPST is shown in figure below

Method for calculating tRPST transitions and endpoints

CK r-—-" r-—-"
------------------------------ VDD/2
CK
VDDQ
Sing ended signal, provided
as background inforrmation 0.7 x VDDQ
DQS 0.4 x VDDQ
bas @@ ————— - ----- - - --VDDQ
--------------------------- 0.7 x VDDQ
Sing ended Sigljlah prov?ded ,,,,,,,,,,,, 04 X VDDQ
as background information
DQS-DAS  ----f-----§---og-----------2 2
Resulting differential signalrele [ — — — — — 4 — — —1—/— Msw2 — — — — — — p
vant for tRPST specification Vswi £ 3 X VDDQ
”””” 2 g e 0.5XVDDQ

tRPST_end
End point :Extrapolated point

NOTE 1 Low Level of DQS and DQS = VDDQ/ (50+34) x 34 = VDDQ x L. 4%
- A driver impedance: RZQ/7(34 Q)
- An effective test load: 50 Q to VTT =VDDQ

Reference Voltage for tRPST Timing Mr:acure ments

‘ tRPST D1S, 2¢3 differential READ Postamble (-0.30-0.04) x VDDQ (-0.30 + 0.04) x VDDQ \
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READ Burst Operation

DDR4 READ command supports bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses address A12
to control OTF during the READ or WRITE (AUTO PRECHARGE can be enabled or disabled).

*A12 =0, BC4 (BC4 = burst chop)

+A12=1,BL8

Read commands can issue precharge automatically with a read with auto-precharge command (RDA); and is enabled by
A10 high.

* Read command with A10 = 0 (RD) performs standard Read, bank remains active after read burst.

» Read command with A10 = 1 (RDA) performs Read with auto-precharge, back goes in to precharge after reau hrist.

READ Burst Operation RL =11 (AL =0, CL =11, BLS8)

CMD

Bank Gmug
ADDRES!

LTI T
r lgzZLf 7 s

ADDRESS

) -
* X DGR

RL=AL+CL

DQS_t DS o ((

[l RANSITIONING DR DON=f CARE

NOTE1 BL=8,AL=0, CL=11, Preamble = 1tCK

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

NOTE 3 DES commands are shown for ease oi illustrz tion; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MR J A ;1:0] = 00 or MRO A [1:0] =01 and A12 = 1 during READ command at TO.
NOTE 5 CA Parity = Disable, CS to CA L=ter.~y = Disable, Read DBI'= Disable
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READ Burst Operation RL =21 (AL = 10, CL =11, BL8)

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

CMD
Bank Groug
ADDRES!

ADDRESS

DQS_t DS o

[ple}

LI s S PP S
) )
AL=10 ( _ CL«:M @m@@m@@ ?1?-3‘

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

DOUT n = data-out from column n.

- TRANSITIONING DA TA

FA pover oare

DES commands are shown for ease of illustration; other commands may be valid at these .. :2<
BL8 setting activated by either MROA [1:0] = 00 or MROA [1:0] = 01and A12 =1 during READ command at TO.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI= Disable

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

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

TBORER A

ADDRESS X coe

LTI,

s S

D08t 0085

DQ —

SN R

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

DOUT n (. 1) = data-out from column n (or column b).

[l RensmonnG DaTa DONT CARE

DES cuinniands are shown for ease of illustration; other commands may be valid at these times.
B'.c euing activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at TO and T4.
CA Tarity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group

THRER A1)

AODRESS X g

D08 t DO

0Q

— |
Jout Y/ Dout Yy Dout Y Dout Y Doul ' Dout Y Doul ¢ Dout N DoutyyDout
0 A A2 A A5\ nsS AT N\ _b D+ N2\ D3\,
RL=1t

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 2tCK

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

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

NOTE 4 BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ ccmm ind at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

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

1CCD_SIL=5

) AT IIIIIIID 7777 ,/l ,if’}" 77,
ADDRESS X coe = = o T . ,-""::-"f ,-r“'.fx:"'f o

D08t 008 5
RL=11

Da

[l RensmonnG DaTa DONT CARE

NOTE1 BL=8,AL=0,CL=11, Prea~. hle = 1tCK, tCCD_S/L=5

NOTE 2 DOUT n (or b) = data-or:¢ frcm column n (or column b).

NOTE 3 DES commands are si.™wvor ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting ar., ‘ateu oy either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and T5.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different Bank Group

{CCD_SIL=6

W AN AT AL IIII I
wanvess XEK BBV s L
DOS1DQST (( RM ({ L__\:\-_-/ /-__\:\,-’—-l‘/ﬁﬂ
) e v &

. TRANSITIONING D"/ A L,:" DCN'T CARE

NOTE1 BL=8,AL=0, CL=11, Preamble = 2tCK, tCCD_S/L=6

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these i 1.2~

NOTE 4 BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ ccmmand at TO and T6.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

NOTE 6 tCCD_S/L=5isn’t allowed in 2tCK preamble mode.

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

Bank Groy
ADDRESg

AODRESS X coe

2277
CIIII SIS IS IS ISI SIS

L E'_ - 865
Y

| [l =evsmonne ot [ onT care

DQS_t DAs ¢

Dba

NOTE1 BL=8,Al -9, CL=11, Preamble = 1tCK

NOTE 2 DOUT (0. b) = data-out from column n (or column b).

NOTE 3 D75 :o...inands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 8- setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and T4.
NOTE © CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group

16CD_§=4

[ A Xk i I l;’?’ Iy i

Bank
AooRESs X o =
i
/_\::lmm
]
K

~9

. TRANSITIONING DATA E DONT CARE

DS t,005 ¢

RL=1t

nQ

NOTE1 BL=8,AL=0,CL=11, Preamble = 2tCK

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

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

NOTE 4 BC4 setting activated by either MRO A[1:0] = 10 or MRO A[1:0] = 01 and A12 = 0 during READ co,nmend at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same ur Different Bank Group

READ to WRITE Command Delay

=RL+BLI2- WL + 2CK

77777

| I |
gl frf ' ff}f X
ADDRESS X ¢ & - e ' ‘:f I ;; =
00S 10055 (( . _I :\\DPDDD :@7
. &' S 656 6 )

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,RL=11(CL: 1., AL=0), Read Preamble = 1tCK, WL =9 (CWL =9, AL = 0), Write Preamble = 1tCK
NOTE 2 DOUT n = da%a-« ut from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS seftn 2 ac:ivated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during READ command at TO and WRITE command
at T8

NOTE 5 CA\ “arity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

NOTE 6

ﬁ@%@? (e

READ to WRITE Command Delay
=RL+BLI2- WL + 3(CK

Bank Gmug
ADDRES!

ADDRESS X ¢
RPRE WPRE
: : : : RPST : : : : WPST
D05t DAS e \ @ - ~ '/_\,\’:/ ¢ \ ' oo - - 5
( o URURE RS .- =AW R
- RL= - ] ] ] ] ] ] ] ]
0 )} | | — ' -~
Jout i} Din ' Din Y Din ' Din Y/ Din Y/ Din \/' Din

[ Dou’\y/DoutfDou\/Dout
n At An2/A\ns3

WL=10

A A A ot A2 Ao At s Aors et

. TRANSITIONING DA"A ﬂ DONT CARE

BL=8,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamble = 2t( K
DOUT n = data-out from column n, DIN b = data-in to column b.
DES commands are shown for ease of illustration; other commands may be valid at these t -1.2-

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

When operating in 2tCK Write Preamble Mode, CWL must be programmed to 7 v.".e at ieast 1 clock greater than the lowest CWL
setting.

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

READ (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE "

READ to WRITE Command Delay

W

=RL+BCI2- WL + 21CK | -~ | R
TR : o - |ff . ,f - e e
ADDRESS X ¢ 4 I I ,-"'i.-""f ;"f o "
D05 1,005 ¢ (( |RL: N - \;\-_-/—_\;\: ] :,-

)} -
b (( Doa\/Do\ o\ /G
1 A\nt2/\n#,

[l RensmonnG DaTa DONT CARE

BC=4,R1.=11(CL=11, AL=0), Read Preamble = 1tCK, WL =9 (CWL =9, AL = 0), Write Preamble = 1tCK

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

D:S cornmands are shown for ease of illustration; other commands may be valid at these times.

2CaOTF) setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and WRITE command at T6.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) OTF to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6

READ (BC4) Fixed to WRITE (BC4) Fixed with 1t€.i%

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTZ5

READ to WRITE Command Delay 1 4Clocks

e SIIIIIIIII IS I SIS
s T SIS TSI T IS TSI IS IS I I TSI IS
RERE | [ i ! e
1 SRR & 0 & ol o &
“ (z‘ 6666 YNNG

|
. TRANSITIONING DATA DON'T CARE

BC=4,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamblec = 2t/.K

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

DES commands are shown for ease of illustration; other commands may be valid at these t -1.2-

BC4(OTF) setting activated by MRO A[1:]0 = 01 and A12 = 0 during READ command at 70 a’.«d V./'RITE command at T6.

When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at 175t 1 clock greater than the lowest CWL
setting.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBi = [ 'isahle, Write CRC = Disable.

Preamble in Same or Different Bank Group

CMD
READ to WRITE Command Delay
=RL+BCI2- WL + 21CK ’ e BNTR
g - o l,-f"' e A L
' ' '
ADDRESS X ¢ : e e ; ,;-“'.( e s
N - VIPRE
D08 t DA5 o '1__ T Yo \" \ -
DQ ) - | 0
t K
ViL=9

[ RensmonnG DaTa DONT CARE

BC=4 Ru=1.(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL = 0), Write Preamble = 1tCK
DO n = data-out from column n, DIN b = data-in to column b.

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

BL4(Fixed) setting activated by MRO A[1:0] = 10.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

READ to WRITE Command Delay
=RL+BCI2-

wa LTI LIIILII LIS I TP
ADDRESS K ¢ . . ,.-"":-"’f ,-"'i,‘-""’ ,-""::"f ; f/’f ,-"".:"'f
i N \I\I\j/*—\fm

’ t G TXEXEX

|
. TRANSITIONING DATA DON'T CARE

BC=4,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamble = 2t °K
DOUT n = data-out from column n, DIN b = data-in to column b.

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

BC4(Fixed) setting activated by MRO A[1:0] = 10.

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

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI'= Dizab'z, ‘Nrite CRC = Disable.

Bank Gmug
ADDRES!

LTI LIII LIS I IS

S

) [
v Y NN T A s

ISRV st et st davad/
) o CEEEEEEREERE

[l RensmonnG DaTa DONT CARE

D08t D08

BL=8, AL=0, CL=11 F earable = 1tCK
DOUT n (or b) - dat. -or.t from column n (or column b).
DES commands ai > shown for ease of illustration; other commands may be valid at these times.

BL8 sei.irig . ~tivated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 seiling activated by MRO A[1:0] = 01 and A12 = 0 during READ command at T4.

C/ATany = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BL8) to READ (BC4) OTF with 2tCK Preamble in Different Bank Group

THRER A1)

777777777777,
LIS LSS III I LIIS

Bark

ADDRESS ok coln
i
- -’I RPST
DS DAS ¢ /_\_)
A _—
- ' '
0Q U — |
Jout Y Dout Y Dout Y Dout Y Dout Y Doutly Dout Y/ Dout Y Dout Y/ Dout Y Dout Y Dout
0 A A2 A A5/ \nsS AntT N\ b b+ D2\ D13
RL=1t

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=11,Preamble = 2tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at T4.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI'= Disable.

READ (BC4) to READ (BL8) OTF with 1tCK Preamble 1n Ciiferent Bank Group

TR A1) ./{{. . /l = T
AODRESS X coe ."//( ; /{"f : o o

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CL=721 "rcamble = 1tCK
NOTE 2 DOUT n (or b} - data cut from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 sett. 'g activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 s 2tting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at T4.

NOTE5 CA Farity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank Group

600,54
£ VO P
AOORESS X o =

DQS_1,D0S_¢

Da

. TRANSITIONING D"/ A L,:" DCN'T CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 2tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these i 1.2~

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at T4.

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

READ (BC4) to WRITE (BL8) OTF with 1tCK Prearile in Same or Different Bank Group

oKt ': “
ae oK XX o)

)
READ to WRITE Command Delay
=RL+BLI2- WL + 2CK

NN S A T B
A l// 7 /l,fl LI T TS
T ILILIIL S ITESTITSIIL S LTSS IIT S TIL LS

Bank Gmug
ADDRES!

D08 t DO ((

Rt
Do )}

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,RL=11(CL=11,AL=0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES cumraands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 B 1 s:tting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
b S setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T6.

N7ZIF - CA Parity = Disable, CS to CA Latency = Disable, Read DBI= Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

NOTE 6

ﬁ@%@’f (e ' ) ' .

=RL+BCI2- WL + 3(CK ' '
.

7 A SIS IS

WPRE

DQS_t paS ¢ (( ‘\ _____ \r_, _____

DQ )]

Bank Gmug
ADDRES!

DN A EAEN BN PR N
Ul V7Y 4 VRRY A ALY A Uiy o VY A\

WL=10

. TRANSITIONING DA"A ﬂ DONT CARE

BC=4,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamblec = 2t/.K
DOUT n = data-out from column n, DIN b = data-in to column b.
DES commands are shown for ease of illustration; other commands may be valid at these t -1.2-

BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during READ command at TO.
BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during WRITE command at T6.

When operating in 2tCK Write Preamble Mode, CWL must be programmed to 7 v.".e at ieast 1 clock greater than the lowest CWL
setting.

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

READ (BL8) to WRITE (BC4) OTF with 1tCk Freszmble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 5
NDIF &

NOTE 5

READ to WRITE Command Delay
=RL+BLI2- WL + 2CK

' 4 ¢locks

| I |

L L L L L L L L Ll

—— | SIS ILS SIS ISSTIISSTI SIS SIS ST IS IS
0 ———— —(("— ST Y G G Bn\/Dn\/on\/Dn

o At ASAr A Ars AT b Aot Av2 A3
ViL=9

Bank Groug
ADDRES!

[l RensmonnG DaTa DONT CARE

BL=¢ RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
C2UT n = data-out from column n, DIN b = data-in to column b.
L5 commands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T8.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI'= Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

NOTE 6

ﬁ@%@? (e

=RL+BLI2- WL+ 3(CK ' ' I~ 1 | &R
Bank G
RS s I /xlf" l//’ | o i I /}"l s
| | | ' | |
s Y. I IIITIL IS TSI T SIS II IS IS TSI EI T LD
RPRE ! ! ! : . WPRE ! .
A ro- ro- - ro- r [ - ~
- ( o URURGRS R -
- ) RL=tt - 1 1 1 1 1 1
m [ e Do\YBar\ /oo D\ oo ml ou! Din YDy Din }/ Din
LA AUV 4 27 ALY A NREY ANk A NicY AN b AR AD2/\D3
WL=10

1
. TRANSITIONING DA"A ﬂ DONT CARE

BL=8,RL=11(CL=11, AL =0), Read Preamble = 2tCK, WL = 10 (CWL = 9+15, AL = 0), Write Preamble = 2t( K
DOUT n = data-out from column n, DIN b = data-in to column b.
DES commands are shown for ease of illustration; other commands may be valid at these t -1.2-

BL8 setting activated by MRO A[1:0] = 01 and A12 = 1 during READ command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at T§.

When operating in 2tCK Write Preamble Mode, CWL must be programmed to 7 v.".e at ieast 1 clock greater than the lowest CWL
setting.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write Db. = Livable, Write CRC = Disable.
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Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP
being the Internal Read Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS, must
be satisfied as well. The minimum value for the Internal Read Command to Precharge Command Delay is given by
tRTP.min, A new bank active command may be issued to the same bank if the following two conditions are satisfied

simultaneously:
1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.

2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.
Examples of Read commands followed by Precharge are show in READ to PRECHARGE with 1tCK Preambi> to READ to

PRECHARGE with Additive Latency and 1tCK Preamble.

READ to PRECHARGE with 1tCK Preamble

RL=AL+CL

BC4 Operafion: )
D0S 1 DOS ¢ [

)
DQ

(

BL8 Operation )

D0S_1,D0S ¢ ((

e 1

NEASaE e aw
T EEEEEEE

Ao =~ =L =L
E G
=S

. TRANSITIONING DATA B DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble = 1% thTP=6,tRP =11
NOTE 2 DOUT n = data-out from column n.
NOTE 3 DES commands are shown for ease of 1.'1s ation; other commands may be valid at these times.

NOTE 4 The example assumes tRAS. MIN is -atified at Precharge command time(T7) and that tRC. MIN is satisfied at the next Active
command time(T18).

NOTE 5 CA Parity = Disable, CS to { A La*ency = Disable, Read DBI= Disable.
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READ to PRECHARGE with 2tCK Preamble

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

RL=AL+CL l : : : : |
BC4 Operation: N N . : i : ) : :
0051 005 ( SR \F_//_.\’.\r_/__\’.\r_/ ; ;
) ) ' ' | |
) Tt EEEE |
BL8 Operation: ) ) 1 1 [ [
005 1 D057 { t— Y - ~ - - " - ,__U _
) — XD —

[l =RensmioNNG D A [ DONT cARE

BL=8,RL=11(CL=11, AL=0), Preamble = 2tCK, tRTP = 6, tRP = 11
DOUT n = data-out from column n.
DES commands are shown for ease of illustration; other commands may be valid at these t -1.2-

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

CA Parity = Disable, CS to CA Latency = Disable, Read DBI'= Disable.

READ to PRECHARGE with Additive Latency and 1:ZK Preamble

NOTE 1
NOTE 2
NOTE 5
NOUIF &

NOTE 5

. BC4 Operation: & A 22 E \\7 Lﬂ’_’/ /i\%(_’/ 4 E E
. R A 1 BEXEE |
Dasiuaosrcmopemmn {'[ U ()() (\() ‘\7 ) u . :r 7 L \ . ,Ir 7 ‘,\Iﬁ
. L ! !
: { ' .66 & & &6 &

. TRANSITIONING DATA DONT CARE

BL=¢ RL=20(CL=11, AL=CL-2), Preamble = 1tCK, tRTP =6, tRP = 11
C?JT n = data-out from column n.
LZ5 commands are shown for ease of illustration; other commands may be valid at these times.

The example assumes tRAS. MIN is satisfied at Precharge command time(T16) and that tRC. MIN is satisfied at the next Active
command time(T27).

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ with Auto Precharge and 1tCK Preamble

055 BC4 Operation 22 f E E
nQ l ) . : :
{ { EXEY
BL8 Operation: N\ ) _ _— _ : _ ! _
D03t DOS 5 ( 1 \" ~ r /—\"_/
0 ) ) : —
! ! 65666668

. TRANSITIC NING DATA [ﬂ DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK, tRTP =6, tRP =11

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at those cim=s.
NOTE 4 tRTP = 6 setting activated by MRO A[11:9] = 001

NOTE 5 The example assumes tRC. MIN is satisfied at the next Active command time’ 1 8).

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

READ with Auto Precharge, Additive Latency ana L.>X Preamble

BC4 Operation: ) ) )

D08t DOS ( K/ [ (

) 3 ) )

" \ { {

BL8 Operation: i ) )

008 1 DO { (
) ) ) =

0 — I S [ [

. TRANSITIONING DATA DONT CARE

NOTE1 BL=§,Rl =20(CL=11, AL=CL-2), Preamble = 1tCK, tRTP =6, tRP = 11

NOTE 2 DCUT n = data-out from column n.

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTZ 4 tRTP = 6 setting activated by MRO A [11:9] = 001

NOTES5 The example assumes tRC. MIN is satisfied at the next Active command time(T27).

NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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Burst Read Operation with Read DBI (Data Bus Inversion)

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

16CD_8=4

= 77 ) CILLLIIIILIIIILILS.
AODRESS X 22 = X e e i A .
IRPRE , !
=f 1DBI= Il 1 '
0 - )] = | U
@8 &6 & 6
B RL=tt | -l B2 ' ! . !
DBI ]) I y y \ : y

B smonneoma ] ponT eare

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK, tDBI = 2tCK

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid ot ines2 times.

NOTE 4 BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] =01 and A1Z = . during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, read DBI = Enable.
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Burst Read Operation with Command/Address Parity

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

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

R ) = // A 7 I/ ,/lf : f:’/ | flf’/ | ://
X T NN 7 '

N \ |~
DQS_t,D0S ¢ . ( ( r‘ - ,\_/ N

. TRANSITIONING G TA PJ DONT CARE

BL=8,AL=0,CL=11,PL=4, (RL=CL+ AL+ PL=15), Preamble = 1tCK

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

DES commands are shown for ease of illustration; other commands may be valid at these t -1.2-

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 durir< RFAD vommand at TO and T4.
CA Parity =Enable, CS to CA Latency = Disable, Read DBI = Disable.

READ (BL8) to WRITE (BL8) with 1tCK Preamble and CA perity in Same or Different Bank

Group
CKey -
cKt
c (oes )
READ to WRITE Command Delay B T ' i 4 Glocks i
=RLABLI- WL+ 26K | o I [
e A : Ll f’l" o fr’" S
G I T T EEI TSI SIS
X Bt ' ' e 05T VPR ' ' ' L ST
DS tpaS ¢ UL - - l" - oo mo : N - - - -
(( o [ \_: ~_: /~__\:\_/~_: ;__\\_/\._: __: \._: _:
0o - i = ~ ! P
( Do\ Dout\WYBor\/DouNyBo\fDoN/Doi\f Do Diny/Din Y DY/ Dn\/ 0in \{ Din}f Din \f Din
o At ASAr A Ars AT b Aei A2 Ae3A i AvsArs At
WL=13
- [l RensmonnG DaTa DONT CARE
NOTE1 BL=8,AL=0,7c="4,FL=4,(RL=CL+AL+PL=15), Read Preamble = 1tCK, CWL=9, AL=0, PL=4, (WL=CWL+AL+PL=13), Write

NOTE 2
NOTE 3
NOTE 4

NOTE >

Preamble = 1tCk
DOUT n = ~ata-out from column n, DIN b = data-in to column b.
DES crimin anas are shown for ease of illustration; other commands may be valid at these times.

Bl S ~eting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at TO and Write command
aL 8.

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

READ (BL8) to WRITE (BL8 or BC4:OTF) with 1tCK Preamble and Write CRC in Same or
Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

oKyt “
|
a0 ek Xoes X oms XN
=RL4BLI2- WL + 2(CK ' I I R
Bank Groy
ADDRESR _.-"":'f _.__.-" ’__..-"r__.-" _I_,,.-"f.-"l }_l_..":_,-" f_.-':__.r’_‘__.-"
] | | ; ; 7 ; ]
e { " / . //-" : = T . J_,.f/ : /,,..-"' '/..-‘;f
RPRE j j j j WIPRE j ! ! ! )
! ! ! kil ! ! ! ! Eatla
008 1,065 ¢ TN NNV ) o S YN T
(( ‘_,\\_/\_, - /L__\}.\_/\_. ;__\\_/\.-. Y G/ Ny W/ S} I
- RL=11 - ' ' ' ' ' ' ' '
)] 1 1 | U
DQx4BL=§ ( Do/ Dou\yBo\fDoNfBo\fDouN/Baut\fDod! Din \/Din Y DY/ Din \f Dn WD Y n @ X cre
L AN, X027 A Y\ NIV A NG \ VT ANGE b N0+ A2\ N0+ /D5 AL & 2
\ =9 \ \ | | | |
“ T T T T 1 1 1 1 1
\ e !
= Dor\/Dou\yDor\/DoNfDor\fDouN/Dor\fDor! Din ¢ Din ' Din Y Din \/ Din '}y i W/ ™"/ Din
DOBIxIeE. =8 ( o A2 A3\ A s Aes At b At A AN, AT ASS !
N | | | | ) ) | | !
DQx4 ! q —\ —\ L —
Rewt 80 Wie 804 0) ), 05, ), &, ) €. @) ) 1 {RONCRC
\ \ \ \ | |
) ) ) ) ) , ,
D8I X6 ( Dou? D&\{ m}l o e o ’:;."u:n;t XY !
Read :BL =8, Wre :BC =4 (OTF) A A A LA ,

[l RensmonnGDATA [ DONT caRE

BL =8 (or BC = 4: OTF for Write), RL=11 (CL =11, AL = 0), Read Preamble = 1*Ck “WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
DOUT n = data-out from column n. DIN b = data-in to column b.
DES commands are shown for ease of illustration; other commards -iay %e valid at these times.

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:™ = U1 and A12 = 1 during READ command at TO and Write command
at T8.

BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 {uiing W rite command at T8.
CA Parity = Disable, CS to CA Latency = Disable, Read Db. = Disable, Write DBI = Disable, Write CRC = Enable.

READ (BC4: Fixed) to WRITE (BC4: r1.’ec) with 1tCK Preamble and Write CRC in Same or
Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

READ to WRITE Command De.
=RL+BCR-WL*Zl®

DQS 1003 T

| T
t

DQ.. 8C=4., ned)

=

DQ x81x16 BC=4 (Fixed)

[l =evsmonneDaTa [ ponT care

BC =4 (Fixed), RL=11 (CL =11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
DOUT n = data-out from column n. DIN b = data-in to column b.

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

BC4 setting activated by MRO A [1:0] = 10.

CA Parity = Disable, CS to CA Latency = Disable, read DBI = Disable, Write DBI = Disable, Write CRC = Enable.
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Read to Read with CSto CA Latency

Consecutive READ (BL8) with CAL (3) and 1tCK Preamble in Different Bank Group

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

S SN 2 NN D B
A A A DAV A v v YV
e AN T T T AN T /fx%f
S @ff NN o /l T j

l TOANSITIONING DATA DONT CARE

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

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

DES commands are shown for ease of illustration; other commands may be valid ot Znes2 times.

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] =01 and A1Z = . during READ command at T3 and T7.
CA Parity = Disable, CS to CA Latency = Enable, Read DBI'= Disable.

Enabling of CAL mode does not impact ODT control timings. Users s'iould imaintain the same timing relationship relative to the
command/ address bus as when CAL is disabled.

Consecutive READ (BL8) with CAL (4) and 1:Z« Preamble in Different Bank Group

NOTE 3
NOTC 2
NOTE 3
NOTE 4
NOTE 5
NOTE 6

CKe \' -
cKt /

! =
e —

0 S ek 2NN PN

COMMAND ?_

woCS_n

wn 7/\] N
g = (D¢ e
A N e T

DQS_t DOS T

W
! tRPST
- s
[
|

5 A

. TRANSITIONING DATA m DONT CARE

RL=11

DQ

BL=8,AL=0, CL=11, CAL =4, Preamble = 1tCK

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

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

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during READ command at T4 and T8.
CA Parity = Disable, CS to CA Latency = Enable, Read DBI = Disable.

Enabling of CAL mode does not impact ODT control timings. Users should maintain the same timing relationship relative to the
command/ address bus as when CAL is disabled.
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WRITE Operation

Write Timing Parameters
This drawing is for example only to enumerate the strobe edges that “belong” to a Write burst. No actual timing violations
are shown here. For a valid burst all timing parameters for each edge of a burst need to be satisfied (not only for one edge -

as shown).

Write Timing Definition and Parameters with 1tCK Preamble

TO T T2 T3 T4 T5 T6 T7 T8 ™ T

CKc---
Kt

WL =AL + ONL 1 1 1 -
Addresé ORI/ 77 77T T T T T T T T T L T T T T T T f’f!f,’f/fJ //’/’f’;’fﬂﬁ‘?" ELILITTTILHTTII I,
DGES | ipsH : 'nsH : ‘nau :
DOSSimin) | WWPRE(INCK) | | ] ‘wesTimin)
DS t, DS ¢ ’___(__‘5"!__‘ ST "n"\__‘\f‘r‘
“'" TO0SL | 1DUSH | TDOSL | 'D0SH | DGSL | kY| u:'fftu;?sf- i
1DOsHImin o T T “pgsLimin
055 | s N v | (133 ToES
o 7 R, e 1 )
: i I I
1 1 1
| wan ' fosH ! sy ! sk !
'possinominal MieRECN ) \ 7 NPSTImin)
DGS_t, DG ...‘*—A,. = i E 1 , - , / k T —
} / |_;'05_I; ‘ogsk | ‘post | SpasH | 'Dost] 'nosH | togs | ngsy
WL TDosLimin
- g s | oS ki 05
D¢ O e ey e ey Gy
1 1 1 1
— : : :
D5y D5H tDsH D5H
'Dassiman) po_ ¢ weREfnakl| | , . | westimin)
D5 t, DOS e an an s T
R - \\nj.ﬁn.:'@u St s “Eﬁru_.;'w\ ‘?m ]
HJDSH'fnt'J__ | \ |___ T R M R T E
D53 'oipss ! ipss ' oipss ' ipss
D -7 LI SO DY T T X

F=)Transitioning Data  [/] Don't care

NOTE1 PBlo WL=9(AL=0,CWL=9).

NOTE 2 Diliv = data-in from column n.

NOT. 5 ' DES commands are shown for ease of illustration; other commands may be valid at these times.

NCit4 BLS setting activated by either MRO A [1:0] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 tDQSS must be met at each rising clock edge.
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Write Timing Definition and Parameters with 2tCK Preamble

To Vl ™ ™m na T4

% A o e e X

o ’)V'i“ \(///)‘ *(///)\’ K = W///‘?(-.;Y////'( o X////X o= (///A e X////)( oes X777K s X777

2&:‘;.":‘_)(/////////////////////ZZ//////////////////////// ////////// ///////// ///////// ///////// LT
S T ey o] \S
w0es I oss oss
IDGES{nomna) YWWPRE2 = »E1
05 & T - ¢ ——
¥ iedsvessved P ] =
noss ! '
—-1 st '
DOS S % e ' ) | ' 1|
] Se—— Sl gm & &0 A gum b gy & iV
DCS | DO ﬁ';":l&w‘l DO llm’rﬂ 1DGSL .-mr-n
oo e)\
o €

|~ THAN ST IONNG DATA w CONT 1

Write Data Mask

One write data mask (DM) pin for each 8 dz ta 1.its (DQ) will be supported on DDR4 SDRAMS, consistent with the implementation on DDR3
SDRAMSs. It has identical timings on w-ite sperations as the data bits as shownabove, and though used in a unidirectional manner, is
internally loaded identically to dzia vits to ensure matched system timing. DM is not used during read cycles for any bit organizations
including x4, x8, and x16.-ho vever, DM of x8 bit organization can be used as TDQS_t during write cycles if enabled by the MR1[A11] setting
and x8 /x16 organization a.> DBI during write cycles if enabled by the MR5[A11] setting. See “TDQS, TDQS” on page TBD for more details

on TDQS vs. DM “pei~tions and DBI on page TBD for more detail on DBI vs. DM operations.
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tWPRE Calculation

Method for calculating tWPRE transitions and endpoints

CK t 1 —— =\
\
——————————————————————————————————————————— VDD/2 -—a
CK C = =
DQS t
—————————————————————————————————————————————— VreiDQ -—-
Single ended signal, provided
as background information
DQS_c#
————————————————————————————————————————————— VrefDQ -—-
Single ended signal, provided
as background information 4 D
I VIHDiffPean
_____________________________ vy >
" Vew2 VIHD¥_PQ2
tWPRE_begin_Vsw1
DQS_t - DQS_¢ fr——lo— k——-=SAY_D. 0 e
Begin point: 3
Resulting differential signal, Extrapolated point 12
relevant for twere (WPRE _end
spedification

Reference Voltage for tWPRE Timing Measu:ements

tWPRE

DQS, DQS ('iffe:ential WRITE Preamble VIHDIff_DQS x 0.1 VIHDIff_DQS x 0.9

The method for calculating differe 2t 2l rulse widths for tWPRE2 is same as tWPRE.

NOTE 1
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tWPST Calculation

Method for calculating tWPST transitions and endpoints

CK_t

/
CK C t— =

Single ended signal, provided
as background information

DQS t
DQS ¢

Single ended signal, provided
as background information

n |

/ tWPST_begin
DQS_t-DAS_ ¢ -—————f———————— 4 -

Resulting differential signal,
relevant for tWPST
specification VILDiff_DQS

I

End poin* k' trarolated point

Reference Voltage for tWPST Timing Measurements
)

&S
tWPST DQS. DGS uitierential WRITE Postamble VILDiff_DQS x 0.9 VILDiff_DQS x 0.1
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WRITE Burst Operation

The following write timing diagrams are to help understanding of each write parameter's meaning and are just examples.
The details of the definition of each parameter will be defined separately. In these write timing diagram, CK and DQS are

shown aligned and also DQS and DQ are shown center aligned for illustration purpose.

WRITE Burst Operation, WL =9 (AL =0, CWL =9, BL8)

777777
Das 1,008 { R T}E\-_-/j-_-/d-_-/

ba

N | | |
[ Din' ¢ Din Y¢ Din Y Din N¢ Din §¢ Din §¢ Din ¢ Din
n n+1 /AN+2/\n+3/\n+4 /\ n+5/\n+6 /\n+7
WL=AL+CWL=9

! . TRANSITIOMNG A T @ CON=f CARE

NOTE1 BL8, WL=0,AL=0,CWL=09, Preamble =1 tCK.

NOTE 2 DINn = data-out from column n.

NOTE 3 DES commands are shown for ease of illustration; other commanda: riay he valid at these times.

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = " and A12 = 1 during WRITE command at TO.
NOTE 5 C/A Parity = Disable, CS to C/A Latency = Disable, Read D%l = Dischle.
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WRITE Burst Operation, WL =19 (AL = 10, CWL =9, BL8)

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

DQS_1.Da5 % (( (( O
)] b
oa 2
AL=10 oWL= 9

WL =AL+CWL =19

[ | TRANSITIONING DPA DON-= CARE
BL8, WL=19, AL=10(CL-1), CWL=9, Preamble = 1 tCK.
DINn = data-out from column n.
DES commands are shown for ease of illustration; other commands may be valid at these time:.
BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE com.nand at TO.
C/A Parity = Disable, CS to C/A Latency = Disable, Read DBI = Disable.

Consecutive WRITE (BL8) with 1tCK Preamble in Different b2k Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE6 The wri< recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last write

100D §=4 ' | ' ' ' ' 4Clucks ' e
! ! ! o T T T
Bank Gr
it 20 ) s ekl e L l/ I ,f’f" I f’l ,le’}" L
' ) | | | | | |
N CIITISL | SIS S TSI T IS I I ITTITIIT I TSI T SIS SIS I TS
. ' ' : : : : WPST
DSt DA5 ¢ K -- - .- -
‘ WL=AL ML= o o B
m ‘I(‘ in'}/ Din'}f Din Y/ Din Y Din ' Din Y/ Din' \ Din
D+ \DR2/\ D3N b4 /\ b5 /D6 S\ DT,
WL=AL+CIWL=9
l— —

[ RensmonnG DaTa DONT CARE

BL8, AL=0, CWL =9, Preamhle = 1 (CK.

DIN n (or b) = data-in frem ~olumn n (or column b).

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

BL8 setting ar’ wvate ! by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE commands at TO and T4.
CA parity = disabi, CS to CA latency = disable, Write DBI = disable

datasiiown at T17.
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Consecutive WRITE (BL8) with 2tCK Preamble in Different Bank Group

00 524
g (eoa X
AooRess X 5o =

00S D05

WL =AL+CWL=10

0Q

WL=AL+CWL=10

. TRANSITIONING DATA DONT CARE

NOTE1 BL8, AL=0, CWL=9+1=107, Preamble = 2 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

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

NOTE 4 BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE com.nands at TO and T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI= disable

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced f. am -he 7irst rising clock edge after the last
write data shown at T17.

NOTE 7 When operating in 2tCK Write Preamble Mode, CWL may need to be progrz.nried .~ a value at least 1 clock greater than the

lowest CWL setting supported in the applicable tCK range. That means CW" = ¢ isnot allowed when operating in 2tCK Write
Preamble Mode.

Nonconsecutive WRITE (BL8) with 1 tCK Prean.bie in Same or Different Bank Group

1CCD_SL=5 R

Bank Grou T ¥ = I ; I I I ; .
i e e
SN A SLLLILIIILL LT N | TIPS SLISIITIS SIS IS ST I SIS IS IS I LIS

' ' ' [ WPST

;- - - o ~

D0S 1,005 ¢ ((
LEALFUAL=S
0Q g\ )}

in Y/ Din Y Din Y/ Din Y Din' \ Din Y Din Y Din
bt D2 /AL bt A 010\ b6 S\ b+

WL=AL+CAL=9

. TRANSITIONING DATA DONT CARE

NOTE 1 BL8, A’ =, CWL=9, Preamble = 1 tCK, tCCD_S/L = 5 tCK.

NOTE 2 DIN r. (or «\ = data-in from column n (or column b).

NOTE 3 &> coinmands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4  BLg setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE commands at TO and T5.
NOT. 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

NUTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18.
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Nonconsecutive WRITE (BL8) with 2 tCK Preamble in Same or Different Bank Group

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

NOTE 8

Bank Groug
ADDRES!

{INPRE

DQS_1,D0S_¢

WL=AL+CIL=10
DQ ) )

WL=AL+CWL=10

. TRANSITIONING D"/ A L':" DCN'T CARE

BL8, AL =0, CWL = 9+1=108, Preamble = 2 tCK, tCCD_S/L = 6 tCK.

DIN n (or b) = data-in from column n (or column b).

DES commands are shown for ease of illustration; other commands may be valid at these .. :2<

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] =01 and A12 = 1 duri».g \W'RI1Z commands at TO and T6.
CA parity = disable, CS to CA latency = disable, Write DBI = disable.

tCCD_S/L =5 isn’t allowed in 2tCK preamble mode.

The write recovery time (tWR) and write timing parameter (tWTR) are reforenc2d “rom the first rising clock edge after the last
write data shown at T20.

When operating in 2tCK Write Preamble Mode, CWL may need to %e prog-ammed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCK range. That me.as CwL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

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

NOT" 1
MOTE -
1'Cie 3
NOTE 4
NOTE 5
NOTE 6

Bank Groug
ADDRES!

N |
|

ADDRESS o e s A

WPRE

- > WRST

DOS.{ OS5 . ( . \- )

A

WL=AL+CWL=9
M_J: I
- WL=AL+CML=9 > . TRANSITIONING DATA B DONT CARE

bl4, AL=0, CWL =9, Preamble = 1 tCK.

DIN n (or b) = data-in from column n (or column b).

DES commands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during WRITE commands at TO and T4.
CA parity = disable, CS to CA latency = disable, Write DBI = disable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17.
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WRITE (BC4) OTF to WRITE (BC4) OTF with 2 tCK Preamble in Different Bank Group

CUI"‘ _ _ _ _ - _ ' ' ' ' 1 ' ' 0 ' ' '

cK t A p— ~ T - - " ~ - o — - " A A — - N~ d = A - - . - 0 N -
o 1 1 1 1
o MR DES 0ES DES R DES DES DES DES DES DES DES DES DES 0ES DES DES ES
5t | | L | 4Cods -
- = > 1 1 T I T I
Bank G
st Ao N T XX = lf/ | S | ,l-*"}” o |
) 0 ; ;
\
souress "G s X A e S e
{WPRE 1 tWPRE 1 1
' L 1PST
005, £ 0G5 { . 'S
WL=AL+CNL= 10 - o
b {? m\/0n Yo}/ Oin

ot A2\ D3,
WL=AL+CWL=10

. TRANSITIONING DATA E DONT CARE

NOTE1 BC=4, AL=0, CWL =9+1=107, Preamble = 2 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these time:.
NOTE 4 BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during WRITE commands at TO and T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced f. am -he 7irst rising clock edge after the last
write data shown at T18.

NOTE 7 When operating in 2tCK Write Preamble Mode, CWL may need to be progrz.nr1ed .~ a value at least 1 clock greater than the

lowest CWL setting supported in the applicable tCK range. That means CW" = ¢ isnot allowed when operating in 2tCK Write
Preamble Mode.

WRITE (BC4) Fixed to WRITE (BC4) Fixed with 12X Preamble in Different Bank Group

T T iyl K T i i T T il ™ T u TS 16 T 18 T19
Ko - o U U ' v o v ' ' i ' ' 1 ' ' 0 ' ' '

oKt - L _— -4 v R A - _f\.- - 1= ~ A _—h - (S (—_— - A N~ —
T 1 1 1 1
CMD R DES DES DES RIT DES PEs DES DES DES DES DES %1 X DES DES DES DES DES DES
X TR
R ' ' 20Hks 1 -
1CCD_S=4 , , - : ;! IR
Bank Grou
ADDRESS @ ‘,.-"‘:.-"" ‘,.v":.-""
Bank
aooRess X 5ok = = T

008 t D05 (

VIALECEY
DQ 9§ )i

WL=AL+CWL=9

NOTE1 BC=4.Al =0,CWL=9, Preamble =1 tCK.

NOTE 2 DIN n.far h) = data-in from column n (or column b).

NOTE 3 DES com.nands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 B.4 vetting activated by MRO A [1:0] = 10 and A12 = 0 during WRITE commands at TO and T4.
NOT - & CA parity = disable, CS to CA latency = disable, Write DBI = disable.

M OTC 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T15.
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WRITE (BL8) to READ (BL8) with 1tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

I R I | ' : :
R AN //l .{’T | L l// o | //’l i ’I//TI .’/‘f

s NN AT T 7777777 T 7 7 7 7 7 NN T 7 AT 7777 7 7 77 7 7 7 7

HPRE f WesT {RPRE f

- - - =

,
\ 1
Lo - v A -

RL=AL+CL=1 .

T \ {
( Dn Y0\ On Y on Y Din\yg Y Din M Din
b Ao MDA AL, b, AL,

DQS_t paS ¢ ¥ -
\ -
WL=AL+CWL=

) )]

. TRANSITIONING DA"A ﬂ DONT CARE

BL=8, AL=0, CWL=9, CL=11, Preamble = 1 tCK
DIN n (or b) = data-in from column n (or column b).
DES commands are shown for ease of illustration; other commands may be valid at these .. :2<

BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 dv* ing WK.TE command at TO and READ
command at T15.

CA parity = disable, CS to CA latency = disable, Write DBI = disable.

The write timing parameter (tWTR_S) are referenced from the first rising clock 2dg= after the last write data shown at T13.

When AL is non-zero, the external read command at T15 can be pulled in by Al

WRITE (BL8) to READ (BL8) with 1tCK Prearakic 1n Same Bank Group

NOTE 1
NOTE 2
NOTE 3
NOT." %

NDIES
NOTE 6

Bank Gro
ADDRES&

— " -
R e e
777 7.

008t D05 5

RL=AL+CL=1
)]

(

00—

. TRANSITIONING DATA @ DON'T CARE

BL=95,AL=0,CWL=9, CL=11, Preamble = 1tCK
Div 1 --uata-in to column n (or column b). DOUT b = data-out from column b.
DrZ commands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by either MRO A[1:0 ] = 00 or MRO A[1:0] = 01 and A12 = 1 during WRITE command at TO and READ command
at T17.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13. When
AL is non-zero, the external read command at T17 can be pulled in by AL.
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WRITE (BC4) OTF to READ (BC) OTF with 1tCK Preamble in Different Bank Group

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

o /,f: /:f; 7 :// &) | i
owiss YEN L o o i i o NN A i i 7 P .

_JWPRE _RPRE_

AW 4

A

D0S (005 ¢

VIL=AL+CWL=9

{

RL=AL+CL=1t

Da

[l =ensmonneara ] onT care

BC=4,AL=0,CWL=9, CL=11, Preamble = 1tCK

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

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

BC4 setting activated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at TO and RFAD «omi1and at T15.
CA Parity = Disable, CS to CA Latency = Disable, Write DBI= Disable.

The write timing parameter (tWTR_S) are referenced from the first rising clock edge at. 'r th.e last write data shown at T13.

WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Prean.uic .:n Same Bank Group

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

Bank Gmug
ADDRES!

77 | A 77772777
AoRESS & = - s I Iy
DS DS e (( N ,\_//_ _~'.C it :J

' e (‘<'

. TRANSITIONING DATA B DONT CARE

RL=AL+CL=1!

BC=4,AL=0,CW) =2, CL =11, Preamble = 1tCK

DIN n = data-u. to cciumn n (or column b). DOUT b = data-out from column b.

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

BC4 set. ng «-tivated by MRO A[1:0] = 01 and A12 = 0 during WRITE command at TO and READ command at T17.
CA Pority = Disable, CS to CA Latency = Disable, Write DBI = Disable.

Gk vrite timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13. When
Al Is non-zero, the external read command at T17 can be pulled in by AL.
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WRITE (BC4) Fixed to READ (BC4) Fixed with 1tCK Preamble in Different Bank Group

s A7 7777777 7 7 7 77NN T2 777777 777 77 7777777777,
s YW LAY o o NN A i P P 77
< wesT R ST
D08 DS ¢ Lo \__-/ . o ,\-_-/. .
g ! t

. TRANSITIONING DATA B DONT CAR:

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

NOTE 2 DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times
NOTE 4 BC4 setting activated by MRO A [1:0] = 10.

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

NOTE 6 The write timing parameter (tWTR_S) are referenced from the first rising clock edge a1 “.r th = last write data shown at T11. When
AL is non-zero, the external read command at T13 can be pulled in by AL

WRITE (BC4) Fixed to READ (BC4) Fixed with 1tCK Preamble in Same Bank Group

o AR
' 2 Clocks
| I
i e T
| l | l \ |
ADDRESS X ¢ s T : ‘,.-"(x‘;l_?;_":_?;_""_,-"}_.-" = R A7 = ' f_;:f__ o
— L RPRE , ,
N wPsT
008 {0085 A .
V/L((=ALrCWl=9 \_/ R (RL:AL*CL:M . z\\_/. .

) )]

{ !‘_,L‘”w (X2)

. TRANSITIONING DATA B DONT CARE

NOTE1 BC=4,AL=0. \W. -9 CL=11, Preamble = 1tCK

NOTE 2 DIN n =data-in tu column n (or column b). DOUT b = data-out from column b.

NOTE 3 DES ccm:ncnds are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 -etting activated by MRO A [1:0] = 10.

NOTE5 (A arwy = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6 The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T11. When
AL is non-zero, the external read command at T15 can be pulled in by AL.
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WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

an R X
W AL DA77 77777 ;”/l 7777777777,
o YN L7 777777777 72 T 777 77 77 77 7T T 77 77777,
e WL=AL+CWL=9 z |

a {

WL=AL+CWL=9

. TRANSITIONING DATA DONT CARE

BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
DIN n (or b) = data-in to column n (or column b).
DES commands are shown for ease of illustration; other commands may be valid at these times

BL8 setting activated by MRO A[1:0] = 01 and A12 =1 during WRITE command at TO.
BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at T4.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced frr. » ti.e first rising clock edge after the last
write data shown at T17

WRITE (BC4) OTF to WRITE (BL8) with 1tCK Preem‘ie in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTF. 5
MOTE o

o MBI K 0ms KX oEs K ) {oesX”)
(6D 8=4 | I
s gg/v A7 ,lf LTI TSI LT,
ADDRESS X coe = " % 2 ,-*“'(,-‘"'rl ] "’.{"’f o I,-"'f,-""( ; - : A o
00S 1,005 5 o N \\_ [ I I
" RN &'

WL=AL+CWL=9

[l RensmonnG DaTa DONT CARE

BL=8/BC=4,.L=0,CWL=9, Preamble = 1tCK
DIN n (or ») = data-in to column n (or column b).
DES c2mi~ands are shown for ease of illustration; other commands may be valid at these times.

B sotting activated by MRO A [1:0] = 01 and A12 =0 during WRITE command at TO.
L'1.8 s atting activated by MRO A[1:0] = 01 and A12 =1 during WRITE command at T4.

L4 Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17
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WRITE (BL8/BC4) OTF to PRECHARGE Operation with 1tCK Preamble

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

WL=AL+CVIL=8 ! 4 Clocks ! ! WR=12 /P

N | Il A A e iy

souvess " Xk T P A I s X
BC4(OTF) Operafion: ) )]
DQS_t DS ¢ (( v ((
) )
" ( (
BL8 Operation: ) N
DQS_{ DAS_¢ ( * (

Ba ) b <

(

. TRANSITIONING DATA E DONT CARE

BL=8/BC=4,AL=0, CWL=9, Preamble = 1tCK, tWR = 12
DIN n = data-in to column n.
DES commands are shown for ease of illustration; other commands may be valid at these timus.

BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at TO.
BL8 setting activated by MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during WRITZ co'nmand at TO.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (tWR) is referenced from the first rising clock edge af*. >r " e last write data shown at T13. tWR specifies
the last burst write cycle until the precharge command can be issued to the sa ne hank.

WRITE (BC4) Fixed to PRECHARGE Operation v ch 1tCK Preamble

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5
NOT" €

WL=AL+CVIL=8

vonvess " etk e e A e

BC4(Fixed) Operation:
D0S_t,D0S ¢ »

DQ - )

)
(

)

(
[l =ensimonnG bara DONT CARE

BC=4, AL=70, CWL =19, Preamble = 1tCK, tWR = 12

DIN n = data-in to column n.

DES comi mands are shown for ease of illustration; other commands may be valid at these times.
BC4 < ~ttihg activated by MRO A[1:0] = 10.

L’ Prrity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

Tie write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with Auto PRECHARGE Operation and 1tCK Preamble

'
Koy - - - - - - - - - - - - - - - - - -—

oK g - A - = A - - - NS - (-4 -4 A — - - - - (- (- A - -
o ' ' ' '
CMD WWRITE DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES DES
WL=AL+CVIL=8 WR=12 RP
wonvess " KEK S A L
BC4(OTF) Operation: ) )
DQS_t DAS_¢ (( ((
) )
DQ
( (
BL8 Operation ) N
DQS_t DAS_¢ ( (
) ) ) 4
( (

[l =evsmonneDr A 7 penTeare

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, WR = 12
NOTE 2 DIN n = data-in to column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these *'mes.

NOTE 4 BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE command at TO.
BL8 setting activated by either MRO A[1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during vRIT:= command at TO.

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

NOTE 6 The write recovery time (WR) is referenced from the first rising clock edge arte * the .ast write data shown at T13. WR specifies the
last burst write cycle until the precharge command can be issued to the same | 2.ik.

WRITE (BC4) Fixed with Auto PRECHARGE Onerativn and 1tCK Preamble

WL=AL+CVIL=8 e O I ! 2Clobks WR=12 RP
e YR 77 T T T A 77
DOSJ‘DOSBjJA(Fixed}Ouera(icn: _\)\) - ‘\_—_A - :,_ _ - :,_ _ (\(\
R—Z" SN\ (‘(] Din L;m Din Dlm (‘(\

n A\t A2\

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,AL=J,UNL=9, Preamble = 1tCK, WR =12

NOTE 2 DIN n =d~*a-in to column n.

NOTE 3 DES c~m rands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 B~Z” sotting activated by MRO A[1:0] = 10.

NOTE 5 C, Purity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

NOT £ The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. WR specifies the
last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with 1tCK Preamble and DBI

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

e NN T 7 77 ——
wes NEN 77, s 77 —

BC4(OTF) Operation:

0081008 ¢

DQ

DI

BL8 Operation:

DQS_tDAS_c

Da

DBIr

- -
- TRA.'SITICNING DATA DONT CARE

BL=8/BC=4,AL=0, CWL=9, Preamble = 1tCK
DIN n = data-in to column n.
DES commands are shown for ease of illustration; other commands may k= val d 2 these times.

BC4 setting activated by MRO A[1:0] = 01 and A12 =0 during WRITE cor."iiie at TO.
BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = C1 and /12 =1 during WRITE command at TO.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = EnaL'=.

The write recovery time (tWR_DBI) and write timing parametc* (tW (R_DBI) are referenced from the first rising clock edge after the
last write data shown at T13.

WRITE (BC4) Fixed with 1tCK Pream®le and DBI

NCTE !
NOTE 2
MOTE 3
NOTE 4
NOTE 5
NOTE 6

'“”REER“E“ S i L L
owess N T AT L i S

BC4(Fixed) Operatiun:
D0s.t,DAS ¢

D — i —

DRln— ——

[l =evsmonneDaTa [ DonT caRe

BC=4,AL=0,CWL =9, Preamble = 1tCK

DIN n = data-in to column n.

DES commands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO A [1:0] = 10.

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

The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the
last write data shown at T11.
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Consecutive WRITE (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

P 10CD_S=4
S O
ADDRESS _’@ _'_f"( _'_u-"'f

aR XN

D0S 1 DS ¢
WL=PL+AL+CIL=13
0O T

WL=PL+AL+CAL=13

NOTE1 BL=8,AL=0,CWL=9,PL=4, Preamble = 1tCK

NOTE 2 DIN n (or b) = data-in to column n (or column b).

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these ‘i.:2<

NOTE 4 BL8 setting activated by either MRO A [1:0] = 00 or MRO A[1:0] = 01 and A12 =1 durin-, WRITE command at TO and T4.
NOTE 5 CA Parity = Enable, CS to CA Latency = Disable, Write DBI = Disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referer.. ea rom the first rising clock edge after the last
write data shown at T21.

Consecutive WRITE (BL8/BC4) OTF with 1tCK Preainhlv and Write CRC in Same or Different
Bank Group

1CCD_SIL =5

W NN NI 5

AODRESS X gt " ff;""a"_j,\/cbqfff
WPRE

005, D05 > \

WAL G

DXL -

DQX6/x16BL= 8

DOMBC=4(CT

DQ8/x16 C=4(07)

. TRANSITIONING DATA DONT CARE

MOTE o BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=5

MQOT:z 2  DIN n (or b) = data-in to column n (or column b).

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A [1:0] = 01 and A12 = 1 during WRITE command at TO and T5.
NOTE 5 BC4 setting activated by MRO A [1:0] = 01 and A12 = 0 during WRITE command at TO and T5.

NOTE 6 C/A Parity = Disable, CS to C/A Latency = Disable, Write DBI = Disable, Write CRC = Enable.

NOTE 7 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18
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Consecutive WRITE (BC4) Fixed with 1tCK Preamble and Write CRC in Same or Different
Bank Group

Bank Groy
ADDRESg

s

aooress Y ) =
00S. 1,008 ¢
WL=AL+CIL=9 -
A\Y
DQ X4 BC =4 [Fired) (( ‘-LmXD’riXDE
N+ Nt
WL= AL+CIL=9 )
— A\Y !
DQ B/ 16 BC =4 (Fixed) (( Din D‘n1 Dg
N+ Nt

. TRANSITIC ING DA" A @ DONT CARE

NOTE1 BL=8,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=5

NOTE 2 DIN n (or b) = data-in to column n (or column b).

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at \"es > t:mes.
NOTE 4 BC4 setting activated by MRO A [1:0] = 10 at TO and T5.

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

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are refetonc >u from the first rising clock edge after the last
write data shown at T16.

Nonconsecutive WRITE (BL8/BC4) OTF with 1tCK >reamble and Write CRC in Same or
Different Bank Group

Bank Gmug
ADDRES!

DaS t DGT 5

DOXBL=8 Din
o1 A2 A A A Ao AsT ARARS

DQXSIX8BLES (N J Din Diq PN CA N CAENEN D A
w
|

Din'}'Din Y Din Y Din '\ Din Y Din Y/ Din Y/ Din
(07 o VO Wi ANGEY ) W AVGI) CRCY

bH D= 2\DS D/ N6/ bt

" . .
vr\ Din\f Din Y/ Din | | @@
AR \ \
| | | | |
| | |
7 7
| |

Din' Y/ Din '\ Din'}y' Din
D 2\bt,
T

DQ x4 BC = 4 (OTF) Din ’I‘Jln‘ DinyY/Din

DQX8/x16B. =4 (OTF ( Din EJ”\ DinyfDin

=
8 >—
o

-8

[l RavsimonNG DaTA DONT GARE

NOT:* BL=8,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=6

P OTZ 2 DIN n(or b) = data-in to column n (or column b).

1'01e 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

WOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO A[1:0] = 01 and A12 =1 during WRITE command at TO and T6.
NOTE 5 BC4 setting activated by MRO A [1:0] = 01 and A12 =0 during WRITE command at TO and T6.

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

NOTE 7 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T19.

162 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd y\ .‘ PLUSETECH

Nonconsecutive WRITE (BL8/BC4) OTF with 2tCK Preamble and Write CRC in Same or
Different Bank Group

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

NOTE 9

| ' | ' | | ' I ] S—
Bank Groy
ADDRESR _I__.-';_..«" _.-"f ’__.-"r__.-" "'fffl _._l_..-‘:_,-" | -I-_.-"';_f"
] | | ; ; ; ;
HORESS A : S S
{INPRE | | | | | WIPRE ' ' | ' [ t, ST
e <l —r = —tr | —ip | — T/ = —r = | —- - (-
s 145 ¢ l . N OO XX ‘/ _____ W R RS j/’
- WL ALCiLE 10 o . . . . . . . . .
)]
DOx4BL=8 in'} Din in'}y' Din \f Din Y Din ' Din Y’ Din Din' } Din ¢ Din' } Din '\ Din \¢ Din ¢/ Din'y' Din
( AR AS AT AR ArsAr ATAS b At A A AR Az ArsABT AT
VIL=AL+OWL= 10 | | | | \ | | \ ) |
“ T T T T T 1 1 1 1 1
- Dir\/Diny/Din Y 0in Y Din Y/ Din Y/ i Diny/Din Y/ Diny/D Y A%
pouiies ¢ 60,6 6.6, 6 & 6) € 4 960,66 Ay EREred £
“ 1 1 1 1 1 1 1 1 1 1
1 1 —
B [ Din'Yf/ Din Y Din Y’ Din ' 1 YereXcre Din Y/ Din VY Din W/ Din ' 1 YereYere
DQx4BC=4(0TF) i A2\t \ ) LA V¥ )\ V7 Vi ' '
1 1 1 1 1 1 1 1 1 1
) . . . . . L . . .
/T /T 7 7 7 N 7 7 7
DQ X8/ x168C =4 (0TF) ( in D’y Dy D , ey v _,m , | R (0 A
n A\t /\nt ".3 ! ! ! ?,\b*l I\,l b+l3 ! !

W4 TRANSTIONNGDATA [ DONT cARE

BL=8,AL=0, CWL=9+1=10° Preamble = 2tCK, tCCD_S/L=7

DIN n (or b) = data-in to column n (or column b).

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

BL8 setting activated by either MRO A [1:0] = 00 or MRO A [1:0] =" und A12 =1 during WRITE command at TO and T7.
BC4 setting activated by MRO A [1:0] = 01 and A12 =0 during WR!1. command at TO and T7.

CA Parity = Disable, CS to CA Latency = Disable, Write DFi = Disa.le, Write CRC = Enable.

tCCD_S/L =6 isn’t allowed in 2tCK preamble mode.

The write recovery time (tWR) and write timing paramete, {*WTR) are referenced from the first rising clock edge after the last
write data shown at T21.

When operating in 2tCK Write Preamble Mruc Cw'. must be programmed to a value at least 1 clock greater than the lowest CWL
setting supported in the applicable tCK r=ng> That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode
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WRITE (BL8/BC4)OTF/Fixed with 1tCK Preamble and Write CRC and DM in Same or Different
Bank Group

CMD WR

. apods | N LY .
- | \ P OWTRS_CRC_DM /WTR_L_CRC DM ~

\

PO Ty T o

' |

ADDRESS X EK = 77 7

DOS £ DQS ¢

doxaT 4

DO x8/x16BL=8

DNix4 /x8/x16BL =8

DQx4BC =4 (OTF / Fixed)

DQx8/x16BC =4 (OTF / Fixed)

DM x4/ x8/x16BC = 4 (OTF / Fixed)

. TRANSITIONING DATA B DONT CARE

NOTE1 BL=8/BC=4,AL=0, CWL=9, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO A [1:0] = 00 or MRO .* [1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 BC4 setting activated by either MRO A [1:0] = 10 ¢~ MRO A [1:0] = 01 and A12 = 0 during READ command at TO.
NOTE 6 CA Parity = Disable, CS to CA Latency = Disa2'i.. Wr.te DBI = Disable, Write CRC = Enable, DM = Enable.

NOTE 7 The write recovery time (tWR_CRC_ DV o "G wvri e timing parameter (tWR_S_CRC_ DM/tWR_L_CRC_ DM) are referenced from the
first rising clock edge after the last w. ite da’a shown at T13.
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Read and Write Command Interval

Minimum Read and Write Command Timings

Bank Group Access type Timing Parameter note
Minimum
) CL-CWL+RBL/2+1tCK +tWPRE 1,2
Read to Write
same .
Minimum
) CWL +WBL /2 +tWTR_L 1,3
Read after Write
Minimum
) CL-CWL+RBL/2+1tCK +tWPRE 1,2
. Read to Write
different .
Minimum
CWL+WBL /2 +tWTR_S 1,3

Read after Write

NOTE 1 These timings require extended calibrations times tZQinit and tZQCS.
NOTE 2 RBL: Read burst length associated with Read command

RBL = 8 for fixed 8 and on-the-fly mode 8

RBL = 4 for fixed BC4 and on-the-fly mode BC4
NOTE 3 WBL : Write burst length associated with Write command

WBL = 8 for fixed 8 and on-the-fly mode 8 or BC4

WBL = 4 for fixed BC4 only

Write Timing Violations

Motivation

Generally, if Write timing parameters are violated, a complete “e<ct nitialization procedure has to be initiated to make sure
that the DRAM works properly. However, it is desirable, for certai: violations as specified below, the DRAM is guaranteed to
not “hang up,” and that errors are limited to that particulcr operation.

For the following, it will be assumed that there are no timiny violations with regards to the Write command itself (including
ODT, etc.) and that it does satisfy all timing requirem.2nts not mentioned below.

Data Setup and Hold Offset Vioiauizns

Should the data to strobe timing recuirements (tDQS_off, tDQH_off, tDQS_dd_off, tDQH_dd_off) be violated, for any of the

strobe edges associated with a »:*iwc burst, then wrong data might be written to the memory locations addressed with this
WRITE command.

In the example (WRITE Purs. Cperation WL =9 (AL = 0, CWL = 9, BL8)), the relevant strobe edges for write burst A are
associated with the ciack cdyes: T9, T9.5, T10, T10.5, T11, T11.5, T12, T12.5.

Subsequent reads from that location might results in unpredictable read data, however the DRAM will work properly
otherwise.
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Strobe and Strobe to Clock Timing Violations

Should the strobe timing requirements (tDQSH, tDQSL, tWPRE, tWPST) or the strobe to clock timing requirements (tDSS,
tDSH, tDQSS) be violated for any of the strobe edges associated with a Write burst, then wrong data might be written to the
memory location addressed with the offending WRITE command. Subsequent reads from that location might result in
unpredictable read data, however the DRAM will work properly otherwise with the following constraints:

(1) Both Write CRC and data burst OTF are disabled; timing specifications other than tDQSH, tDQSL, tWPRE, tWPST,
tDSS, tDSH, tDQSS are not violated.

(2) The offending write strobe (and preamble) arrive no earlier or later than six DQS transition edges from the
Write-Latency position.

(3) A Read command following an offending Write command from any open bank is allowed.

(4) One or more subsequent WR or a subsequent WRA {to same bank as offending WR} may be issued tCCD_L \ater
but incorrect data could be written; subsequent WR and WRA can be either offending or non-offending A'rites.
Reads from these Writes may provide incorrect data.

(5) One or more subsequent WR or a subsequent WRA {to a different bank group} may be issuer’ «C=D__S later but
incorrect data could be written; subsequent WR and WRA can be either offending or non-offe ndinr, Writes. Reads
from these Writes may provide incorrect data.

(6) Once one or more precharge commands (PRE or PREA) are issued to DDR4 after nffendi.yg WRITE command and
all banks become precharged state (idle state), a subsequent, non-offending WR 0, WK A to any open bank shall be
able to write correct data.
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REFRESH Command

The REFRESH command (REF) is used during normal operation of the device. This command is not persistent, so it must
be issued each time a refresh is required. The device requires REFRESH cycles at an average periodic interval of tREFI.
When CS, RAS/A16 and CAS/A15 are held LOW and WE/A14 and ACT are held HIGH at the rising edge of the clock, the
chip enters a REFRESH cycle. All banks of the SDRAM must be precharged and idle for a minimum of the precharge time
tRP (MIN) before the REFRESH command can be applied. The refresh addressing is generated by the internal DRAM
refresh controller. This makes the address bits “Don’t Care” during a REFRESH command. An internal address corin.ar
supplies the addresses during the REFRESH cycle. No control of the external address bus is required once this c_cle hes
started. When the REFRESH cycle has completed, all banks of the SDRAM will be in the precharged (idle) state. A delay
between the REFRESH command and the next valid command, except DES, must be greater than or equal to tho .ninimum
REFRESH cycle time tRFC (MIN) as shown in Refresh Command Timing (Example of 1x Refresh mo~=). The tRFC timing

parameter depends on memory density.

In general, a REFRESH command needs to be issued to the device regularly every tREFI inte.val. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute ren=sh interval is provided for
postponing and pulling in the refresh command. A maximum of 8 Refresh command« con pe postponed when DRAM is in
1X refresh mode and for 2X/4X refresh mode, 16/32 Refresh commands can be gas:on<d respectively during operation of
the DDR4 SDRAM, meaning that at no point in time more than a total of 8 138 32 Refresh commands are allowed to be
postponed for 1X,2X,4X Refresh mode respectively. In case that 8 FPefresh commands are postponed in a row, the
resulting maximum interval between the surrounding Refresh comma.us i limited to 9 x tREFI (see Refresh Command
Timing (Example of 1x Refresh mode)). In 2X and 4X Refresh mode, it's limited to 17 x tREFI2 and 33 x tREFI4. A
maximum of 8 additional Refresh commands can be issued ir acvance (“pulled in”) in 1X refresh mode and for 2X/4X
refresh mode, 16/32 Refresh commands can be pulled ir cspectively, with each one reducing the number of regular
Refresh commands required later by one. Note that puling in more than 8/16/32, depending on Refresh mode, Refresh
commands in advance does not further reduce tt ¢ number of regular Refresh commands required later, so that the
resulting maximum interval between two surrcurding Refresh commands is limited to 9 x tREFI, 17 x tRFEI2 and 33 x
tREFI4 respectively. At any given time; a ma.imum of 16 REF/32REF 2/64REF 4 commands can be issued within 2 x
tREFI/ 4 x tREFI2/ 8 x tREFI4
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Refresh Command Timing (Example of 1x Refresh mode)

tREFI(max.9( tREFI)

DRAM must be idle DRAM must be idle

22 Time Break FJDon't care

NOTE 1 Only DES commands allowed after REFRESH command registered until tRFC (MIN) expires.

NOTE 2 Time interval between two REFRESH commands may be extended to a maximum of 9 x tREFI.

Postponing REFRESH Commands (Example of 1X Refresh mode)

. 9XIREFI _ ??
|

8REF-Commands postponed

Pulling In REFRESH Cammands (Example of 1X Refresh mode)
t
-

AGL

tRFC

[

8 REF-Commands pulled-in

REFI
’1

L )]

| ‘
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Self Refresh Operation

The SELF REFRESH command can be used to retain data in the DDR4 SDRAM, even if the rest of the system is powered
down. When in self refresh mode, the device retains data without external clocking. The device has a built-in timer to
accommodate SELF REFRESH operation. The Self-Refresh-Entry(SRE) command is defined by having CS, RAS/A16,
CAS/A15, and CKE held LOW with WE/A14 and ACT HIGH at the rising edge of the clock.

Before issuing the Self-Refresh-Entry command, the device must be idle with all banks in the precharge state and tR:-
satisfied. Idle state is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, Ci{E \»
HIGH, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS, etc.) L=2='ect
command must also be registered at the next positive clock edge. Once the Self-Refresh Entry command-is reg.-tered,
CKE must be held low to keep the device in Self-Refresh mode. DRAM automatically disables ODT terminaticn and set
Hi-Z as termination state regardless of ODT pin and RTT_PARK set when it enters in Self-Refres* i.,ode. Upon exiting
Self-Refresh, DRAM automatically enables ODT termination and set RTT_PARK asynchronor:Cly during tXSDLL when
RTT_PARK is enabled. During normal operation (DLL on) the DLL is automatically disabled upoi. entring Self-Refresh and

is automatically enabled (including a DLL-Reset) upon exiting Self-Refresh.

When the device has entered self refresh mode, all of the external control signals, except CKE and RESET, are “Don’t
Care.”. For proper SELF REFRESH operation, all power supply and reference pixs VD, VDDQ, VSS, VSSQ, VPP, and
VREFCA) must be at valid levels.

If DRAM internal VrefDQ circuitry is turned off in self refresh, when DRAM ~xits from self refresh state, it ensures that
VrefDQ generator circuitry is powered up and stable within tXS pe:iod. ~irst Write operation or first Write Leveling activity
may not occur earlier than tXS after exit from Self Refresh. Ti.» DFAM initiates a minimum of one Refresh command

internally within tCKE period once it enters Self-Refresh mzde.

The clock is internally disabled during a SELF REFRES!! opz:ation to save power. The minimum time that the device must
remain in self refresh mode is tCKESR. The user may change the external clock frequency or halt the external clock
tCKSRE after self refresh entry is registered; hrwe.>r, the clock must be restarted and stable tCKSRX before the device

can exit Self-Refresh operation.
The procedure for exiting self refresh regcires a sequence of events. First, the clock must be stable prior to CKE going back

HIGH. Once a SELF REFRESH EXI1 ~oinmand (SRX, combination of CKE going HIGH and DESELECT on the command

bus) is registered, the following fiming delay must be satisfied:
(1) Commands that do noi reauire locked DLL:
* tXS - ACT, FRE PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS.

* tXSFas. - 2QCL, ZQCS, MRS commands. For an MRS command, only DRAM CL and WR/RTP register and DLL
Reset in 11RO, RTT_NOM register in MR1, CWL and RTT_WR register in MR2 and geardown mode in MR3, Write
~n.’ R2ad Preamble register in MR4, RTT_PARK register in MR5, tCCD_L/tDLLK and VrefDQ Training Value in
VR6 are allowed to be accessed provided DRAM is not in per DRAM addressability mode. Access to other DRAM

mode registers must satisfy tXS timing.

nvote that synchronous ODT for write commands (WR, WRS4, WRS8, WRA, WRAS4 and WRASS8) and dynamic ODT

controlled by write command require locked DLL.
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(2) Commands that require locked DLL:
* tXSDLL - RD, RDS4, RDS8, RDA, RDAS4, RDASS.

Depending on the system environment and the amount of time spent in self refresh, ZQ CALIBRATION commands may be
required to compensate for the voltage and temperature drift described in the ZQ Calibration Commands section. To issue

ZQ CALIBRATION commands, applicable timing requirements must be satisfied.

CKE must remain HIGH for the entire self refresh exit period tXSDLL for proper operation except for self refresh re-entry.
Upon exit from self refresh, the device can be put back into self refresh mode or power-down mode after waiting at least
tXS period and issuing one REFRESH command (refresh period of tRFC). The DESELECT command must be regisi2/=a
on each positive clock edge during the self refresh exit interval tXS. Low level of ODT pin must be registereu o1, each
positive clock edge during tXSDLL when normal mode (DLL-on) is set. Under DLL-off mode, asynchronous CDT function
might be allowed. The use of Self-Refresh mode introduces the possibility that an internally timed refresh event can be
missed when CKE is raised for exit from Self-Refresh mode. Upon exit from Self-Refresh, the DD 4 SOKAM requires a

minimum of one extra refresh command before it is put back into Self-Refresh Mode.
The exit timing from self-refresh exit to first valid command not requiring a locked DLL is tXZ.

The value of tXS is (tRFC+10ns). This delay is to allow for any refreshes started by the DAl t¢ complete. tRFC continues

to grow with higher density devices so tXS will grow as well.

A Bit A9 in MR4 is defined to enable the self refresh abort mode. If the bit is d'sa*.ed, then the controller uses tXS timings. If
the bit is enabled, then the DRAM aborts any ongoing refresh and does not ‘nciement the refresh counter. The controller
can issue a valid command not requiring a locked DLL after a delav or txs_abort. Upon exit from Self-Refresh, the DDR4
SDRAM requires a minimum of one extra refresh command befare i( is uut back into Self-Refresh Mode. This requirement

remains the same irrespective of the setting of the MRS hit for s:if 12fresh abort.
Self Refresh Entry/Exit Timing

CK - -7 7 =T ~ =T - ~ThPw., = ~ -Td - -d — Tel ~ X0
| l 7

4 1/ —
S| tcppED | ICKSFE {CKSRX

- y_ODTL ) tCi\C%_'thESRJAR (/<) w@
LN

P W
COMMAND 9@@%: X

)72

ADDR e AL M}:ﬁ’ L

_iRP

—>
tXSDLL
) |

Enter Self Refresh Exit Self Refresh DON'T CARE SSTIME BREAK

NUTF 1  Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.
NOUTE 2 Valid commands not requiring a locked DLL

NOTE 3 Valid commands requiring a locked DLL

NOTE 4 Only DES is allowed during tXS_ABORT
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Low-Power Auto Self Refresh Mode (LPASR)

An auto self refresh mode is provided for application ease. Auto self refresh mode is enabled by setting MR2[6] = 1 and
MR2[7] = 1. The device will manage self refresh entry over the supported temperature range of the DRAM. In this mode, the
device will change its self refresh rate as the DRAM operating temperature changes, going lower at low temperatures and

higher at high temperatures.

Manual Self Refresh Mode

If auto self refresh mode is not enabled, the low-power auto self refresh mode register must be manually programrn:ea to
one of the three self refresh operating modes. This mode provides the flexibility to select a fixed self refresh ope. ati'ig mode
at the entry of the self refresh, according to the system memory temperature conditions. The user is resnonsik'e to maintain
the required memory temperature condition for the mode selected during the self refresh operation. The Jser may change
the selected mode after exiting self refresh and before entering the next self refresh. If the ter.perature condition is

exceeded for the mode selected, there is a risk to data retention resulting in loss of data.

MR2 definitions for Low Power Auto Self-Refresh mode- Funct.an table

Allowed Operating
temp. range for Self Self Refresh Operation
Refresh Mode

MR2 | MR2 | Low-Power Auto
A[7] A[6] | Self Refresh Mode

| Fi.~d .ormial self refresh rate maintains data retention at
0 0 Manual Mode- (0°C - 85°C) | thx normal operating temperature. User is required to
Normal | ensure that 85°C DRAM Tcasemax is not exceeded to avoid
any risk of data loss. Forl/T-grade,temp. range is -40 to 85°C
Variable or fixed self refresh rate or any other DRAM power
consumption reduction control for the reduced temperature
Manual Mode- R y . . R .
0 1 (0°C-15°C) range. User is required to ensure 45°C DRAM TCASEMAX is
Reduced Temp . .
not exceeded to avoid any risk of data loss.
Forl/T-grade,temp. range is -40 to 45°C
Fixed high self refresh rate optimizes data retention to
Manual Mode- [ R . > '8 ptimiz I
1 0 (0°C-95°C) support the extended temperature range.
Extended Temp . o
N Forl/T-grade,temp. range is -40 to 95°C
Auto self refresh mode enabled. Self refresh power
1 1 Auto Self R >fresh All of the above consumption and data retention are optimized for any given

operating temperature condition.
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Self Refresh Exit with No Operation command

Self Refresh Exit with No Operation command (NOP) allows for a common command/address bus between active DRAM

and DRAM in Max Power Saving Mode. Self Refresh Mode may exit with No Operation commands (NOP) provided:
(1) The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.
(2) tMPX_S and tMPX_LH are satisfied.

(3) NOP commands are only issued during tMPX_LH window. No other command is allowed during tMPX_LH window aftzr

SRX command is issued.

Ta0  Tal Ta2 Ta3  Tho Tb1 Tb2  Th3 Teo  Tel Te2  Ted o4  TdO  Tdt  Td2 Td3 Te0  Ted
ort | | | . .
e . I OERE
toksrx
CKE 27
N
obT 7?
cs n - -~ _2()' \
tMPK_S |
- L
COMMAND - _._,.,‘f r DES XJ/iiWDES
ADDRESS < )% - e T $.7 ':Zf i
xs | $ v, .
- xs|+ YSDL\I | .
1

FJoon+ cARE
NOTE1 CS=L,ACT=H, RAS/A16 = H, CAS/A15 = H, WE/A14 = H at T,2 (N> Operation command)
NOTE 2 SRX at Tb2 is only allowed when DRAM shared Command/\dvc.. css b us is under exiting Max Power Saving Mode.
NOTE 3 Valid commands not requiring a locked DLL
NOTE 4 Valid commands requiring a locked DLL
NOTE 5 tXS_FAST and tXS_ABORT are not allowed this case.
NOTE 6 Duration of CS Low around CKE rising edge mu t sa isfy :MPX_S and tMPX_LH as defined by Max Power Saving Mode AC parameters.
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Power-Down Mode
Power-Down Entry and Exit

Power-down is synchronously entered when CKE is registered LOW (along with a DESELECT command). CKE is not
allowed to go LOW when the following operations are in progress: MODE REGISTER SET command, MPR operations,
ZQCAL operations, DLL locking, or READ/WRITE operations. CKE is allowed to go LOW while any other operations, suck
as ROW ACTIVATION, PRECHARGE or auto precharge, or REFRESH, are in progress, but the power-down IDD spe< v:ill
not be applied until those operations are complete. Timing diagrams below illustrate entry and exit of power-down. .2 OLc
should be in a locked state when power-down is entered for fastest powerdown exit timing. If the DLL is not ‘ockea during
power-down entry, the DLL must be reset after exiting power-down mode for proper read operation and synchronous ODT
operation. DRAM design provides all AC and DC timing and voltage specification as well as proper TJLL « peration with any
CKE intensive operations as long as the DRAM controller complies with DRAM specifications.

During power-down, if all banks are closed after any in-progress commands are completec, the device will be in precharge
power-down mode; if any bank is open after in progress commands are completed, the 2.2 vill be in active power-down
mode. Entering power-down deactivates the input and output buffers, excluding C.”. CK. CKE and RESET. In power-down
mode, DRAM ODT input buffer deactivation is based on MRx bit Y. If it is config'17ed 0 Ob, the ODT input buffer remains on
and ODT input signal must be at valid logic level. If it is configured to 1b, ODT i*iput buffer is deactivated and DRAM ODT
input signal may be floating and DRAM does not provide RTT_NOM tes mination. Note that the device continues to provide
RTT_PARK termination if it is enabled in the mode register MRa it .2. To protect internal delay on the CKE line to block the
input signals, multiple DES commands are needed during %.e «KE switch off and on cycle(s); this timing period is defined

as tCPDED. CKE_low will result in deactivation of comn and 2:1d address receivers after tCPDED has expired.

Power-Down Entry Definitions

Status of DRAM Ll PD Exit Relevant Parameters
Active .
On Fast tXP to any valid command
(A bank or more Open) N
Precharged On Fast tXP to any valid command
(All banks Precharged) | 4 ’

The DLL is kept enabled diiniaa nrecharge power-down or active power-down. In power-down mode, CKE is LOW, RESET is
HIGH, and a stable ziock signal must be maintained at the inputs of the device. ODT should be in a valid state, but all other
input signals are "NDon't Care." (If RESET goes LOW during power-down, the device will be out of power-down mode and in
the reset stat2.) C:{E LOW must be maintained until tCKE has been satisfied. Power-down duration is limited by 9 x tREFI.
The pewe ~ dcwn state is synchronously exited when CKE is registered HIGH (along with DES command). CKE HIGH must
be naintained until tCKE has been satisfied. The ODT input signal must be at a valid level when the device exits from
aowe-down mode, independent of MRx bit Y if RTT_NOM is enabled in the mode register. If RTT_NOM is disabled, then
uie ODT input signal may remain floating. A valid, executable command can be applied with power-down exit latency, tXP

and/or tXPDLL after CKE goes HIGH. Power-down exit latency is defined in the AC Specifications table.
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Active Power-Down Entry and Exit (MR5 bit A5 =0)

N

CK_ ,--/—\\,;/\/—,- - - , .

TR o — - N NS/ S R - . o — - N
COMMAND @(vm_m)@( DES X 9( DES X DES X 3( DES >@< DES %VA
|— >

’I
CKE
| D I | tCKE‘-@<VALID>€ XVALID)%

—|| ——————— >
tIH tIS

oDT(2)

P

ADDRESS ’é\g’i\_l&_Df)@? =
1
tCPDED | P J
Enter Exit gg TIME SREA!. DON'T CARE
Power-Down Mode Power-Down Mode "

NOTE 1 Valid commands at TO are ACT, DES, or PRE with one bank remaining open after compl~cion of the PRECHARGE command.
NOTE 2 ODT pin driven to a valid state; MR5 [5] = 0 (normal setting).

Active Power-Down Entry and Exit (MR5 bit A5 =1)

TO T1 Ta0 ThO Thy Tco Tcl Tdo

CKt \r-- /--\/—/--/—\j—\/‘-‘l rT oY ING T ’ \
CKic ’ oo \_ - \_/\_ - \. - \_ - \_ - \_ =[] \_ - N
COMMAND 9<VALID>@< DES 9< DES ;j_"} DES >( %( DES >@< DES 9<wa|0 /""("f

l— —

s |

“
|
£ o f..-_’ ﬂ (ke @( VALID ;_ >< VALID W/
\\ tIS| o >

o | g
soovess. ZXRENT ,ﬁ?\ M///%”%:vé«lu:»:xf’

CKE

-

{CPDED, - xp
Enter Exit
Power-Down Power-Down
Mode Mode  TIME BREAK DON-f CARE

NOTE 1 Valid commands a:TO are ACT, DES, or PRE with one bank remaining open after completion of the PRECHARGE command.

NOTE 2 ODT pin .'rive 1 to a valid state; MR5 [5] = 1.
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Power-Down Entry After Read and Read with Auto Precharge

T0 T Ta0 Tat Ta2 Tad Tad Tab Tab Tal
CKe —— ;= - - - - - - - - - - - - - - -
CK t [S— - A [ [ "Iu ;." [ [
COMMAND R?)X DES DES DES DES DES DES DES DES DES

e A N AN N AN

o B3 T Y

| RL=AL+CL
. . o I T
/ . ‘ ‘ ’
DQ, BL8
b b b:6/\b

DQ, BC4

D 8] D D

CoXeiXaiXes)

{RDPDEN

Power-Down

Entry

E TRANSITIONING “ATA

Power-Down Entry After Write with Auto Precharge

T

0 i

CKe — \ -\
v i
conmand “XRTEEX Des Xl

vez/ | & X

w

J

gg TIME BREAK E DON'T CARE

) i !
wovess IYERN T I T
wo 57 | AT Wxﬁ%’ ‘ A KWH i
WL = AL+ CWL ) \ , WR(1) D
Y-S\ u
DOS _t, DOS_¢ s ‘
DQ, BC4 } mlmxmxﬁ» Precharge } /

aks I

[7] TraNsITIONING DATA

NOTE 1 tWRis progicmmed through MRO.

Power-Down
Entry

gg TIME BREAK DON'T CARE
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Power-Down Entry After Write

T m a
CKe — o -\ --
e N

COMMAND P XURITX X DES YK )

T T O O e [ e [

| L T T
DOS_t, DOS_¢ N N

\ \ \ \
D D, D D D D D D \’
b I\L b b b b b b7/
D D, D D
AN D D
tWRPDEN
'l 'l
Power-Down

Entry
E TRANSITIONING DATA gg T 'E BREAK DON'T CARE

Precharge Power-Down Entry and Exit

TO T1 Ta0 Tal ThOo
CK_t :r-- i Vel i Vel (AN - -
D I\ \ \ I\
CKe AN S | AN/ S AN/ | SR
1
COMMAND Wﬁﬂ DES )q §< DES >( f"‘:.{_.-' ‘_/" DES “-‘%)\_WEQ_}@< DE
1
| __ (CRDED (|
| h g P—
|
| - - } \
! —
1
v T V7
1
. \ s
' PD i \
| l—— -
! Enter I Exit
! PowerDwn Power-Down
Mode Mode

g TIME BREAK E DON-+ CARE

Refresh Command to Fewer-Down Entry

Ty
CKt \r-=-/, ’
CKc / -
=
COMMANG o X rer >@<

“D.ES 3 QLIS ___,.-"'

| ="

tREFPDEN

gg TIME BREAK DON-+ CARE
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Active Command to Power-Down Entry

0 1 T2
CK_t - - N N
ee N NN

COMMAND ", Mmms)@(

|

ADDRESS " X i Y,

o
m
[2]
pd
o
m
12}

7 zanzll

_tACTPDEN,_

gg TIME BREAK DON=+ CARE

Precharge/Precharge All Command to Power-Down Entry

TO T1
CK_t r- - e ’ =
CK_c /\\_XT,\\_/‘_ -
COMMAND PREOr D
ADDRESS j’}/ ___.-'f,/ VALID:
S >
tPD

7 ~ >~ —,-'; <¢L 777
CKE F.-/ W W VALID A
I
I

gg 1.1E BREAK EH DON=+ CARE

tPRPDEN
- L

MRS Command to Power-Down Fiitry

Ta0 Tho Thl TcO

N == -
/I, R AN/ ~ \ \ \

X oes X 9 o K| LA N o X
ADDRESS 9@&@3 ‘,-"/ ,.-""f ,..-'"'.f - & .-"'f,.-"f ,-""if ,-"'f f‘f’

s
-

\ tPD tICKE
-——

s 7T % \ 7/

tMRSPDEN

§ Tive Break [ bonet care
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Power-Down Clarifications
When CKE is registered LOW for power-down entry, tPD (MIN) must be satisfied before CKE can be registered HIGH for

power-down exit. The minimum value of parameter tPD (MIN) is equal to the minimum value of parameter tCKE (MIN) as

shown in the Timing Parameters by Speed Bin table. A detailed example of Case 1 is shown below.

Power-Down Entry/Exit Clarification

TO

A S
CK_c’ -

I tCPD

Exit Enter
Power-Down Power-Down
Mode Mode

g T'ME FATAK DON=+ CARE

Power Down Entry and Exit timing during Command/£ ddress Parity Mode is Enable

Power Down entry and exit timing during Command/Address Parity *nod'e Is £nable are shown below.

Power Down Entry and Exit Timing with C/A Perify
T0 T T2 Ta0 Ta‘l ThO oy Th2 TeO Tel Te2 Te3 Te4

CKc-~- - \ s=- e P O P - W Ve e 7 -, - Y
XXX —\«{J XA N T SN TN N N

CK A —] v A e NS . by REECI S S (TS WY, YRR NS, (D T RS W s

R X oo WX oes j@X&c“‘f"fu oes }{[[ oes YIHwa

commano (vao){X oes )

’ XP_PAR
opTe | _&_

|Ir‘ll'1yl|f}||‘”|‘l
[\ Il |
‘”“| ”IV" Vi 1\;,..“.1) L

i

' }llvauo (,l..)\vu.lo

[ ,"\ m”' '.'{v'/'ﬂ”,,nl’mu‘.‘ i,
it ,|I”|H'{'| n"“w\"m‘wl‘
I

(\/(' TIME BRAKE ; ;1 DON'T CARE

NOTE
1. VAL™ Csmnand @t TO Is ACT, DES or Precharge with still one bank remaining open after completion of the precharge command

2 OL'T sir dnven to a valid state MRS[AS = 0] (default satting) is shown
3. CA =ty = Enable

AC Timing Table

|~ Speed DDR4-1600 DDR4-1866 DDR4-2133 DDR4-2400
Unit
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX

Exit Power Down with DLL on to
any valid command; max max max max
Exit Precharge Power Down with
DLL frozen to commands not tXP_PAR | (4nCK,6ns) - (4nCK,6ns) - (4nCK,6ns) - (4nCK,6ns)

+PL +PL +PL +PL

requiring a locked DLL when CA
Parity is enabled
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Maximum Power-Saving Mode (MPSM)

Maximum power saving mode

This mode provides lowest power consuming mode which could be similar to the Self-Refresh status with no internal
refresh activity. When DDR4 SDRAM is in the maximum power saving mode, it does not need to guarantee data retention
nor respond to any external command (except maximum power saving mode exit and asserting RESET signal LOW to

minimize the power consumption.

Maximum Power-Saving Mode Entry

Max power saving mode is entered through an MRS command. For devices with shared control/address signals, a single
DRAM device can be entered into the max power saving mode using the per DRAM Addressability MRS command. Note
that large CS hold time to CKE upon the mode exit may cause DRAM malfunction, thus it is required ‘nat 1.ne CA parity, CAL
and Gear Down modes are disabled prior to the max power saving mode entry MRS command.

When entering Maximum Power Saving mode, only DES commands are allowed until tiviRED is satisfied. After tMPED
period from the mode entry command, DRAM is not responsive to any input signals e, egt TS, CKE and RESET signals,
and all other input signals can be High-Z. CLK should be valid for tCKMPE period a4 thzn can be High-Z.

Maximum Power Saving Mode Entry

Ta0 Tal Ta2 Tb0 Tb1 {bz Tb3 Te0 Tet Te2 Tel A Tch Teb Te7 Tc8 Te9 Te10 Tett
(AN AT P II A 7
> |

CK_t
CK_c

COMMAND P .-"f ..-".f .-"i ..-“f .f"'-
csn ?Zf,flf’ff,lf ' s 7
e ,;zrj% 7 s 7 )
|
RESET_n .— —!- —2\( i

El Don’t Care
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Maximum Power-Saving Mode Entry with PDA

K t Td1 Td2
_ -\
CK_c [; ; :‘
COMMAND
|
-
CS_n
CKE | |
A ZZ AL+CWY
DQS_t - . . _.
base ( A W W
tPDA S Lt - —»: |<a— tPDA H |
! |
{ \ ! U { |
i ' I
RESET n Z 2 2 i
2 2 2 'a Jon't Care
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CKE Transition during Maximum Power-Saving Mode
CKE toggle is allowed when DRAM is in the maximum power saving mode. To prevent the device from exiting the mode,

CS should be issued ‘High’ at CKE ‘L’ to 'H’ edge with appropriate setup tMPX_S and hold tMPX_HH timings.

\/
AN pLUSETECH

CKE Transition Limitation to hold Maximum Power Saving Mode

Ta0 Tat Ta2 To0 Tb1 b2 Th3 Ted Tet Te2 Tdo Tdt Td2 Td3

Td4

Td5

Tdé

Td7 Td8

CK.L T
- 1]
COMIND o o o o o AT i T Tt T F x"ﬂ-"ﬂ-"’.--"ﬂ-"ﬂ-";"}-'-_
|
n ) ¥
- L 3 22 PXS | p tMPX_HH | 7z
CKE
B T e
RESET_n 2( 2( 2( | |
El Don't Care
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Maximum Power-Saving Mode Exit

DRAM monitors CS signal level and when it detects CKE ‘L’ to 'H’ transition, and either exits from the power saving mode or
stay in the mode depending on the CS signal level at the CKE transition. Because CK receivers are shut down during this
mode, CS =L’ is captured by rising edge of the CKE signal. If CS signal level is detected ‘L’, then the DRAM initiates
internal exit procedure from the power saving mode. CK must be restarted and stable tCKMPX period before the device can
exit the maximum power saving mode. During the exit time tXMP, any valid commands except DES command is rot
allowed to DDR4 SDRAM and also tXMP_DLL, any valid commands requiring a locked DLL is not allowed to D'.R4
SDRAM.

When recovering from this mode, the DRAM clears the MRS bits of this mode. It means that the setting of MR4 A1'is move

to 'O’ automatically.

Maximum Power-Saving Mode Exit

Ta0 Tal Ta2 Tad Tbo Tot Tb2 Tbd Ted Tel Te2 Ted Tod Td0 Td1 Td2 Td3 Te0 Tel
- \ p ) n -\

CK t -
s 7 A
_ {CKMPX
COMMAND A ,.-"7;"’
cson )
CKE WX S =
U L U1 o (
- — -
_ tXMP_DL| o
RESET_n Y D —l
- { - U l
E Don't Care
Timing parameter bin of Maximun, Fuwer Saving Mode
) DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200
Description symbol Unit Note
Min Max Min Max
Command path disable delay | MEEL tMOD(min) + ) tMOD(min) +
upon MPSM entry \ tCPDED(min) tCPDED(min)
4
Valid clock requirement after  “KMPE tMOD(min) + ) tMOD(min) +
MPSM entry ‘ ~ tCPDED(min) tCPDED(min)
Valid clock requirement beicre . .
MPSM exit tCKMPX tCKSRX(min) - tCKSRX(min)
Exit MPSM to com. "anus not . .
requiring a locl ed DL XMP XS(min) ) XS(min)
Exit MPSN t~ commands XMPDLL tXMP(min) + ) tXMP(min) +
requirirg a iccned DLL tXSDLL(min) tXSDLL(min)
L e
| CS . «tur time to CKE tMPX_S tISmin + tIHmin - tISmin + tiIHmin
- 7'6 . .
N/S#igh hald time to CKE tMPX_HH tXP(min) tXP(min)
13ing edge
CS Low hold time to CKE tMPX_LH 12 tXMP-10ns 12 tXMP-10ns ns 1

rising edge

NOTE 1 tMPX_LH(max) is defined with respect to actual tXMP in system as opposed to tXMP(min).
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Connectivity Test Mode (CT)

Introduction

The DDR4 memory device supports a connectivity test (CT) mode, which is designed to greatly speed up testing of
electrical continuity of pin interconnection on the PC boards between the DDR4 memory devices and the memory controller
on the SoC. Designed to work seamlessly with any boundary scan devices, the CT mode is required for all x16 width
devices independent of density and optional for all x8 and x4 width devices with densities greater than or equal to 8Gb.
Contrary to other conventional shift register based test mode, where test patterns are shifted in and out of the meiaary
devices serially in each clock, DDR4’s CT mode allows test patterns to be entered in parallel into the test input pinc ai.d the
test results extracted in parallel from the test output pins of the DDR4 memory device at the same time, _icuificantly
enhancing the speed of the connectivity check. RESET is registered to High and VrefCA must be stable arior to entering CT
mode. Once put in the CT mode, the DDR4 memory device effectively appears as an asynchroner'is device to the external
controlling agent; after the input test pattern is applied, the connectivity check test results are ava.lable for extraction in
parallel at the test output pins after a fixed propagation delay. During CT mode, any ODT 12 tur.ned off.

A reset of the DDR4 memory device is required after exiting the CT mode.
Pin Mapping

Only digital pins can be tested via the CT mode. For the purposes of a connectivily ceck, all the pins used for digital logic in the

DDR4 memory device are classified as one of the following 5 types:

Pin Classification of DDR4 Memory Device in Contr.ectivity Test(CT) Mode

Types CT Mode Pins Pin Names \'v.ing Normal Memory Operation
1 Test Enable TEN (N
2 Chip Select CS
A BA[1:0], BG[1:0], A[9:0], ALC/AP, A11, A12/BC, A13, WE/A14, CAS/A15, RAS/A16,
CKE, ACT, ODT, CK, CK, PAR
3 Test Input B |L[DM/LDBI, UTvy \™BI, DM/DBI
ALERT
D |RESET
5 Test Output DQ;15:( ], DQSU, DQSU, DASL, DASL, DAS, DQS
Signal Description
Symbol Tv, e Function

| Connectivity Test Mode is active when TEN is HIGH and inactive when TEN is LOW.
TEN Ii.put TEN must be LOW during normal operation TEN is a CMOS rail-to-rail signal with DC
high and low at 80% and 20% of VDD, i.e., 960mV for DC high and 240mV for DC low.

TEN. PiinWeak Pull Down Strength Range

D 4

Symbol Description Min | Max | Unit

TEN pin should be internally pulled low to prevent DDR4 SDRAM from

TEN conducting Connectivity Test mode in case that TEN is not used.

0.05 10 UA

NOTE 1 The host controller should use good enough strength when activating Connectivity Test mode to avoid current fighting at TEN signal and
inability of Connectivity Test mode.
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Logic Equations

Min Term Equations

MTx is an internal signal to be used to generate the signal to drive the output signals.
x16 and x8 signals are internal signal indicating the density of the device.

MTO = XOR (A1, A6, PAR)

MT1 = XOR (A8, ALERT, A9)

MT2 = XOR (A2, A5, A13)

MT3 = XOR (A0 A7, Al1)

MT4 = XOR (CK, ODT, CAS/A15)

MT5 = XOR (CKE, RAS/A16, A10/AP)

MT6 = XOR (ACT, A4, BA1)

MT7 = XOR (((x16 and UDM / UDBI) or (Ix16 and BG1)), ((x8 or x16) and LDM / LDBI), CK))
MT8 = XOR (WE / A14, A12 / BC, BAO)

MT9 = XOR (BGO, A3, (RESET and TEN))

Output equations for x16 devices
DQO = MTO
DQ1=MT1
DQ2 = MT2
DQ3 = MT3
DQ4 = MT4
DQ5 = MT5
DQ6 = MT6
DQ7 = MT7
DQ8 = !DQO
DQ9 = !DQ1
DQ10 = 1DQ2
DQ11 =!DQ3
DQ12 = DQ4
DQ13 =!DQ5
DQ14 = !DQ6
DQ15 = 1DQ7
DQSL = MT8
DQSL = MT9
DQSU =!DQSL
DQSU = 1DQSC

Output equations for x8 de ricas
DQO = MTO
DQ1 = MT1
DQ2=MT"
DQZ = . 1T3
DQ4 = MT4
QL = MT5
D6 = MT6
DQ7 = MT7
DQS = MT8
DQS = MT9

Quiput equations for x4 devices
DQO = XOR (MTO, MT1)
DQ1 = XOR (MT2, MT3)
DQ2 = XOR (MT4, MT5
DQ3 = XOR (MT6, MT7)
DQS = MT8
DQS = MT9
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Input level and Timing Requirement

During CT Mode, input levels are defined below.

o gk wbdPE

TEN pin: CMOS rail-to-rail with DC high and low at 80% and 20% of VDD.
CS: Pseudo differential signal referring to VrefCA
Test Input pin A: Pseudo differential signal referring to VrefCA
Test Input pin B: Pseudo differential signal referring to internal Vref 0.5*VDD
RESET: CMOS DC high above 70 % VDD

ALERT: Terminated to VDD. Swing level is TBD.

Prior to the assertion of the TEN pin, all voltage supplies must be valid and stable.

Upon the assertion of the TEN pin, the CK and CK signals will be ignored and the DDR4 memory device enter in:s the CT

mode after tCT_Enable. In the CT mode, no refresh activities in the memory arrays, initiated either extzrnally {\.e.,

auto-refresh) or internally (i.e., self-refresh), will be maintained.

The TEN pin may be asserted after the DRAM has completed power-on; once the DRAM is initicizes and VREFDQ is

calibrated, CT Mode may no longer be used.

The TEN pin may be de-asserted at any time in the CT mode. Upon exiting the CT riode, the states of the DDR4 memory

device are unknown and the integrity of the original content of the memory array I n

initialization sequence is required.

All output signals at the test output pins will be stable within tCT_valid afte, th>

input pins with TEN input and input maintained High and Low resp~.ctive .

Timing Diagram for Connectivity Test(CT) Mode

Lt guaranteed and therefore the reset

est inputs have been applied to the test

,\_/__: _\_ L VALID Input . ‘J( 4 VALID Input
1CKECT_Valid = 10ns
e . B '--_'i‘-J_TIrJL‘__ X ot VALID Input
f—— -
RESET_n N 7
TEM N\
7 \Enable
I-qt — =
\ U
C5n
T Valid
- -
CT Inputs L J( VALID Input _ _)< WALID Input
T valid CT_Valid |
CTowouty, 1 VALID :(_ : ‘L’ VALID
AT narameters for Connectivity Test (CT) Mode
C Symbol Min Max Unit
tCT_IS 0 - ns
tCT_Enable 200 - ns
tCT_Valid - 200 ns
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Connectivity Test (CT) Mode Input Levels

CMOS rail to rail Input Levels for TEN

Symbol

VIH(ac)_TEN
VIH(pc)_TEN
VIL(pc)_TEN
VIL(ac)_TEN
TF _input_TEN

TR_input_TEN

Parameter Min
TEN AC Input High Voltage 0.8 x VDD
TEN DC Input High Voltage 0.7 xVDD
TEN DC Input Low Voltage VSS
TEN AC Input Low Voltage VSS

TEN Input signal Falling time -
TEN Input signal Rising time -

NOTE 1 Overshoot should not exceed the Vin Absolute Maximum Ratings.

NOTE 2 Undershoot should not exceed the Vin Absolute Maximum Ratings.

TEN Input Slew Rate Definition

0.8*vDD
0.7*vDD

0.3*VvDD
0.2*vDD

TF_input_TEN

Max

VDD
VDD
0.3xVDD
0.2xVDD
10
10

TR_input_TEN

Unit

ns

ns

NOTE

1

Single-Ended AC and DC Input levels {n: CS, BA [1:0], BG [1:0], A [9:0], A10/AP, A12/BC, A13,

WE/A14, CAS/A15, RAS/A16, CKE, AlT, O0T, CK, CK, and PAR

Parameter SRS Min
CTipA AC Input High Voltage | K/'H\.&L)_CTipA VREFCA + 0.2
CTipA DC Input High Voltage = \'h{DC) CTipA | VREFCA +0.15
CTipA DC Input Low Voltage VIL(DC)_CTipA VSS
CTipA AC Input Low Volt 10z VIL(AC)_CTipA Note 1
CTipA Input signaﬁ’ah.?q time TF_input_CTipA -

CTipA Input sign;=T Riging time TR_input_CTipA -

NOTE 1 See “Ovarshoot and Undershoot Specifications”.

Mix
Note 1
VDD

VREFCA - 0.15
VREFCA - 0.2

5
5

Unit
\Y
\Y
\Y
\Y
ns

ns

Notes
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CS and Input a Slew Rate Definition

VIHAC)_CTipAmin  — & — — — — -
VIH(DC)_CTipAmin — —Q— — — — — — — — — — — — — — — -

VREFCA — S -

VIL(DC)_CTipAmax — — —| &f— — — — — — — .
VIL(AC) CTipAmax — — — — % — — — — — — — .

TF_input_ CTipA TR_input_ CTipA

Single-Ended AC and DC Input levels for LDMLDBI, UDMUDBI and DM/DBI
Parameter Symbol Min Mix L Lt Notes
CTipB AC Input High Voltage VIH(AC)_CTipB VREFDQ + 0.3 Note?. v 1
CTipB DC Input High Voltage VIH(DC)_CTipB VREFDQ + 0.2 voDO v 1
CTipB DC Input Low Voltage VIL(DC)_CTipB VSSQ VRCOFLD 0.2 \ 1
CTipB AC Input Low Voltage VIL(AC)_CTipB Note 2 | \VEEFLQ-0.3 v 1
CTipB Input signal Falling time TF_input_CTipB - N 5 ns
CTipB Input signal Rising time TR_input_CTipB P R\ ¢ 5 ns

NOTE 1 VREFDQ is VDDQ*0.5.
NOTE 2 See "Overshoot and Undershoot Specifications"”.

Input B Slew Rate Definition

VIH(AC) CTipBmin — & . Bl
VIHDC) CTipBmn — &%~ — — — — — — — — — — — — —_— -

VREFDQ — > - — - — - — - - — - VDDQ*0.5

VIL(DC)_CTipBmax — — — & I
VIL(AC)_ CTipBmax — — — — &% — — — — — — — L

TF_input_ CTipB TR_input_ CTipB

Input Leve!s for RESET
RESET in,ut condition is the same as normal operation.

Irput Levels for ALERT
120
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CLK to Read DQS timing parameters

DDR4 supports DLLOFF mode. Following parameters will be defined for CK to read DQS timings.
CLK to Read DQS Timing Parameters

Speed DDR4-1600/1866/2133/2400/2666/2933/3200
Units = NOTE
Parameter Symbol Min Max :
o o {DQSCK (DLL On) refer to AC parameter refer to AC parameter s 1308
DQS, DQS rising edge outpuﬂmlng tables tables p | 1S
location from rising CK, CK = RN
tDQSCK (DLL Off) vendor specific vendor specific ps 2 23,1
. refer to AC parameter -
DQS, DQS rising edge output tDQSCKI(DLL On) - tables [ ps %,5,6,7,8
variance window = T—
tDQSCKI(DLL Off) - vendor specific o ps 2,4,5,6,7
vATAR
VDD sensitivity of tDQSCK (DLL Off) dTDQSCKdV - vendor specific Js/mV 2,6
Temperature sensitivity of tDQSCK .
dTDQSCKdT - vendor speci.ic ps/°C 2,6
(DLL Off)

NOTE 1 These parameters are applied when DRAM is in DLLON mode.

NOTE 2 These parameters are applied when DRAM is in DLLOFF mode.

NOTE 3 Measured over full VDD and Temperature spec ranges.

NOTE 4 Measured at fixed and constant VDD and Temperature condition.

NOTE 5 Measured for a given DRAM part, and for each DQS/DQS pair in case of ¥4t (pe't variation is excluded).
NOTE 6 These parameters are verified by design and characterization, and may not | e subject to production test.
NOTE 7 Assume no jitter on input clock signals to the DRAM.

NOTE 8 Refer to “READ Timing Definitions”.
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tDQSCK (DLL On), Min limit = Earliest of {tDQSCKi (DLL On), at any valid VDD and Temperature, all DQS pairs and parts}
tDQSCK (DLL On), Max limit = Latest of {tDQSCKi (DLL On), at any valid VDD and Temperature, all DQS pairs and parts}
tDQSCK (DLL Off), Min limit = Earliest of {tDQSCKIi (DLL Off), at any valid VDD and Temperature, all DQS pairs and parts}
tDQSCK (DLL Off), Max limit = Latest of {tDQSCKi (DLL Off), at any valid VDD and Temperature, all DQS pairs and parts}

tDQSCK Definition Difference between DLL ON and DLL OFF

DLLON

QERp
cMD RL

S \

ckcke  XOOOOOC OOOOOOOCXOOOOO

DQS_tDQS_c § (@'a
-
tDQSCK(M) \(tDQSCK(m+ tDQSCK(n) DQSCK(m-g
DQSCK(M+1)  DQSCK(m+3) DQSCK(n+1)  tDQSCK(n+3)
DLLOFF RL=AL+(CL-1) RL=AL+(CL-1)

CL=10 fixed CL=10 fixed

CMD |

CK_tCK_c » -
QSCH(m+R) 1L YSqK(n12)
DQS_tPQS_c ~ oscromd) i} )
- R |

DQSCK(m) DQSCK(m+3) tD S _K(n) DQSCK(n+3)

dTDQSCKTdT Definition

tDQSCK A

- dTDQSCKdT

A » Temperature
mn max

dTDQSCKAT =1 tDQSCK(Tope - ma.) - tDQSCK(Toper,min)l / IToper,max - Toper,minl

TDQSCKTdV Definition

DQSCK &

dTDQSCKdV

> VDD

dTDQSCKdV = | tDQSCK(VDD,max) - tDQSCK(VDD,min)l / IVDD,max - VDD, minl
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Post Package Repair(hPPR)

DDR4 supports Fail Row address repair as optional feature for 4Gb and required for 8Gb and above. Supporting hPPR is
identified via Datasheet and SPD in Module so should refer to DRAM manufacturer's Datasheet. PPR provides simple and
easy repair method in the system and Fail Row address can be repaired by the electrical programming of Electrical-fuse

scheme.
With hPPR, DDR4 can correct 1Row per Bank Group

Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller should pr: et
unintended hPPR

mode entry and repair. (i.e. Command/Address training period)

DDR4 defines two hard fail row address repair sequences and users can choose to use amona those 2 command
sequences. The first command sequence uses a WRA command and ensures data retention w.*h Rr.fresh operations
except for the 2banks containing the rows being repaired, with BA [0] a don’t care. Second coinma'id sequence is to use
WR command and Refresh operation can’t be performed in the sequence. So, the secund command sequence doesn’t
ensure data retention for target DRAM.

When hard PPR Mode is supported, entry into hPPR Mode is to be is protectea *hior.gh a sequential MRS guard key to
prevent unintentional hPPR programming. When soft PPR Mode, i.e. SPPR, is _tpported, entry into sPPR Mode is to be
protected through a sequential MRS guard key to prevent unintentional sPF X programming. The sequential MRS guard
key for hPPR mode and sPPR is the same Guard Key, i.e. hPPR/.PPR Guard Key.

The hPPR/sPPR Guard Key requires a sequence of four MRC cozmmands to be executed immediately after entering hPPR
mode (setting MR4 bit 13 to a “1”) or immediately after e1.*2.in.) sSPPR mode (setting MR4 bit 5 to a “1”). The hPPR/sPPR
Guard Key’s sequence must be entered in the specified crder as stated and shown in the spec below. Any interruption of
the hPPR/sPPR Guard Key sequence from other *~k commands or non-MR commands such as ACT, WR, RD, PRE, REF,
ZQ, NOP, RFU is not allowed.

Although interruption of the hPPR/sPPP. Suoard Key entry is not allowed, if the hPPR/SPPR Guard Key is not entering in the
required order or is interrupted by ourei commands, the hPPR Mode or sPPR Mode will not execute and the offending
command terminating hPPR/s/" Pk Mode may or may not execute correctly; however, the offending command will not
cause the DRAM to “lock ¢n'. ~dditionally, when the hPPR or sPPR entry sequence is interrupted, subsequent ACT and
WR commands will be conuucted as normal DRAM commands. If a hPPR operation was prematurely terminated, the MR4
bit 13 must be rc set “0” prior to performing another hPPR or sPPR operation. If a sPPR operation was prematurely
terminated, tlhe MR4 bit 5 must be re-set to “0” prior to performing another sPPR or hPPR operation. The DRAM does not

provide ai. eror indication if an incorrect hPPR/sPPR Guard Key sequence is entered.
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hPPR & sPPR MRO Guard Key Sequences

Guard Keys BG1:0! BAL:0 Al17:A12 All A10 A9 A8 A7 A6:A0
1st MRO 00 00 X 1 1 0 0 1 1111111
2" MRO 00 00 X 0 1 1 1 1 1111111
3 MRO 00 00 X 1 0 1 1 1 1111111
o=
4" MRO 00 00 X 0 0 1 1 1 1111112

Notel BG1 is ‘Don’t Care’ in X16

Note2 A6:A0 can be either ‘1111111’ or ‘Don’t Care’. And, it depends on vendor’s implementation. ‘1111111’ is allowed in an ©"OR4
density but ‘Don’t Care’ in A6:A0 is only allowed in 4Gb & 8Gb die DDR4 product.

Note3 After completing hPPR & sPPR mode, MRO must be re-programmed to pre-PPR mode state if the DRAM s .2 be accessed.

Hard Fail Row Address Repair (WRA Case)

The following is procedure of hPPR with WRA command.

1. Before entering ‘hPPR’ mode, all banks must be Precharged; DBl and CRC Mor'es m.st be disabled

2. Enable hPPR using MR4 bit “A13=1" and wait tMOD

3. Issue guard Key as four consecutive MRO commands each with a unir,de: aadress field A [17:0]. Each MRO command
should space by tMOD

4. Issue ACT command with Fail Row address

5. After tRCD, Issue WRA with VALID address. DRAM will cons.acr Valid address with WRA command as ‘Don’t Care’

6. After WL(WL=CWL+AL+PL), All DQs of Target DRAM <*.uu'd be LOW for 4tCK. If HIGH is driven to All DQs of a DRAM
consecutively for equal to or longer than 2tCK, then Dr>AM does not conduct hPPR and retains data if REF command is
properly issued; if all DQs are neither LOW far 4tCK nor HIGH for equal to or longer than 2tCK, then hPPR mode
execution is unknown.

7. Wait tPGM to allow DRAM repair tarae* Rcw Address internally and issue PRE

8. Wait tPGM_Exit after PRE which ali>» DRAM to recognize repaired Row address

9. Exit hPPR with setting MR oit “A'i3=0"

10. DDR4 will accept any val.1 command after tPGMPST

11.In More than one il audress repair case, Repeat Step 2to 9

In addition to tha*. hPPR mode allows REF commands from PL+WL+BL/2+tWR+tRP after WRA command during tPGM

and tPGMPS1 fo. proper repair; provided multiple REF commands are issued at a rate of tREFI or tREFI/2, however

back-te-bozk REF commands must be separated by at least tREFI/4 when the DRAM is in hPPR mode. Upon receiving

REF command, DRAM performs normal Refresh operation and ensure data retention with Refresh operations except for

*he 20anks containing the rows being repaired, with BA A [0] don’t care. Other command except REF during tPGM can

cause incomplete repair so no other command except REF is allowed during tPGM.

Once hPPR mode is exited, to confirm if target row is repaired correctly, host can verify by writing data into the target row

and reading

it back after hPPR exit with MR4 A13=0 and tPGMPST
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Hard Fail Row Address Repair (WR Case)

The following is procedure of hPPR PPR with WR command.

1.

2.

8.

9.

Before entering hPPR mode, all banks must be precharged; DBl and CRC modes must be disabled.

Enable hPPR using MR4 bit “A13=1" and wait tMOD

Issue guard Key as four consecutive MRO commands each with a unique address field A [17:0]. Each MRO command should space by
tMOD

Issue ACT command with row address

After tRCD, issue WR with valid address. DRAM consider the valid address with WR command as ‘Don’t Care’

After WL(WL=CWL+AL+PL), All DQs of target DRAM should be LOW for 4tCK. If HIGH is driven to All DQs of a DRAM corsecutively
for equal to or longer than first 2tCK, then DRAM does not conduct hPPR and retains data if REF command = nropeiiy issued; if all
DQs are neither LOW for 4tCK nor HIGH for equal to or longer than first 2tCK, then hPPR mode executic~ is .\nkrown.

Wait tPGM to allow DRAM repair target Row Address internally and issue PRE

Wait tPGM_EXxit after PRE which allow DRAM to recognize repaired Row address

Exit hPPR with setting MR4 bit “A13=0"

10. DDR4 will accept any valid command after tPGMPST

11. In more than one fail address repair case, Repeat Step 2 to10

In this sequence, Refresh command is not allowed between hPPR MRS entry ¢ & ~x*

Once hPPR mode is exited, to confirm if target row is repaired correctly, hoo* car verify by writing data into the target row and reading it

back after hPPR exit with MR4 A13=0 and tPGMPST.
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Hard Fail Row Address Repair MR bits and timing diagram

The following table and Timing diagram show hPPR related MR bits and its operation
hPPR Setting

MR4 [A13] Description
0 hPPR Disabled
1 hPPR Enabled

Hard Fail Row Repair (WRA Case)

b il Ta0 Too Tc Tel Tdo Tdt Ted Tet Te2 M M To0 Tgl Tho
CKe— A ~- A - - - - - .- - - - - - - - - - - - - - - - - - -
oKt — - - - - (. - - - - - - - - - - - - . - - N - - - -
MR # XMRS4 VRS0, ACT VIRA DES DES DES DES DES EFD EF/DI PRE EF/D VRSY, DES VALID) 'EFIDE)
BG " XVALID) VALID BGI BGf NA NA NA NA NA NA NA VALID NA VALID) NA, VAL Gl
BA " XVALID VALID) BAT BAF NA NA NA NA NA NA NA VALID NA VALID) VALID) EF/DI
apoR 7Y/ VALID VALID VALID) NA NA NA NA NA NA NA VALID NA Al3, NA VALID) EF/DI
AN
s/ N/ ML [N | N X7 N S N T T Y| e e AN
5S¢ WL=CWLHAL+PL 4nCK WR + R+ 1nCK ||
- -- - - - — — 4
DQS_c

D A I T I ll:l I I

All Banks 5o oo P
aiﬁéTS'ii?:P 'PGM(min) = 200ms 'PG_Exi{min) = 1505 | ‘PGMPST(min) = 50us
N} weereny hPPR Repair PR Recogniion PPREA ose

yormvessieak [ ponT care

Notel Allow REF(1X) from PL+WL+BL/2+tWR+RP after WR

Note2 Timing diagram shows possible commands but not al. stiuwn can be issued at same time; for example, if REF is issued at Tel,
DES must be issued at Te2 as REF would be illegal at Tez. Likewise, DES must be issued tRFC prior to PRE at Tf0. All regular
timings must still be satisfied.

Hard Fail Row Repair (WR Case)

Teo Tet Te2 ™ T i Tol T
DES DES DES PRE DES VRS DES ALID EiDE
A NA NA AL NA VALID NA VAL e
A A NA AL NA VALID NA VAL e
NA NA NA VALID, NA - NA VALID, EF/DI
' ‘ WL=CWLHAL#PL 4ncK
Das t -ﬂ_ - L - i
DQSc
: EEREES S
|
Dast il I I I I \ I
e S : »l< i
el oD ReD PGl
a:m??efe 'PGM(min) = 200ms 'PGM_Exit(min) = 15ns 'PGMPST(min) = 50us
S ormal
if”)""f hPPR Entry hPPR Repair HPPR Recognition HPPR Exit ode
§ ivesreak 4 bonTcare
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Programming hPPR & sPPR support in MPRO page2

hPPR & sPPR is optional feature of DDR4 4Gb so Host can recognize if DRAM is supporting hPPR & sPPR or
not by reading out MPRO Page2.
MPR page2;

hard PPR is supported: A7=1
hard PPR is not supported: A7=0
soft PPR is supported: A6=1
soft PPR is not supported: A6=0

Required Timing Parameters

Repair requires additional time period to repair Hard Fail Row Address into spare Row adcress and the

followings are requirement timing parameters for hPPR

hPPR Timing Parameters

Speed DDRA4-1600/1866/2133/2400/266€ '2923/5200
t Unit Note
Parameter Symbol min n.ax
hPPR Programming Time: x4/x8 tPGMa 1,000 - ms
hPPR Programming Time: x16 tPGMb 2,000 - ms
hPPR Exit Time tPGM_EXxit 15 - ns

New Address Setting time tPGMPST o2 - us
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Post Package Repair(sPPR)

Soft Post Package Repair (SPPR) is a way to quickly, but temporarily, repair a row element in a Bank Group on
a DDR4 DRAM device, contrasted to hard Post Package Repair which takes longer but is permanent repair of

a row element. There are some limitations and differences between sPPR and hPPR

Description and Comparison of hPPR & sPPR

Topic Soft Repair Hard Repair Note

Volatile — repair persists while |Non-Volatile — repair is permanent | SPPR cleared after power ff ¢~ device

Persistence of Repair power is within operating range | after the repair cycle. reset

tPGM(hPPR & sPPR
programming Time)

>1000ms(tPGMa) or

WL+ 4tCK+HWR 2000ms(tPGMb)

Once hPPEF is used within a BG,sPPR

# of Repair elements 1 per BG 1 per BG is no langer supported in that BG

|Clearing sPPR occurs by either (a) or
Previous hPPR are allowed ‘b):

Simultaneous use of soft and Any outstanding sPPR must be

h . N
hard repair within a BG before soft repair to a different cleared before a hard repair (o) | owerdown and power-up
BG sequence
(b) Reset and re-initialize.
Repair Sequence 1 method — WR cmd. 2 methods WRA and W*®
Bank! not having row repair Yes Yes, if WRA sequ=nc 2 No, if WR |WRA sequence requires use of REF
retains array data sequence commands
Bank! having row repair Yes, except for seed and No sPPR must be performed outside of
retain array data associated rows ‘ REF window (tRFC)

Notel If a BA pin is defined to be an “sPPR associated row” to the se >d .uv ', both states of the BA address input are affected. For example, if BAO is
selected as an “sPPR associated row” to the seed row, addre sses.ir-ooth BAO = 0 and BAO = 1 are equally affected.

sPPR mode is entered in a similar fashion as hPPR, sPPR uses MR4 bit A5 while hPPR uses MR4 bit A13;
sPPR requires the same guard key sequence iis hPPR to qualify the MR4 PPR entry. Prior to SPPR entry,
either an hPPR exit command or an sHPF exit command should be performed, which ever was the last PPR

entry. After SPPR entry, an ACT ccmniand will capture the target bank

and target row, herein seed 'ov', where the row repair will be made. After tRCD time, a WR command is used
to select the individual DR AN, through the DQ bits, to transfer the repair address into an internal register in the
DRAM. After a writ> recevery time and PRE command, the sPPR mode can be exited and normal operation
can resume. The DRAM will retain the SPPR change as long as VDD remains within the operating region. If the
DRAM powe: is removed or the DRAM is RESET, all SPPR changes will revert to the unrepaired state. sSPPR
changes riust be cleared by either a power-up sequence or re-initialization by RESET signal before hPPR
moce :3 enabled.

DoUR4 sPPR can repair one row per Bank Group, however when the hPPR resources for a bank group have
ween used, sPPR resources are no longer available for that bank group. If an sPPR or hPPR repair sequence
is issued to a bank group with PPR resource un-available, the DRAM will ignore the programming sequence.
sPPR mode is optional for 4Gb & 8Gb density DDR4 devices and required for densities which are larger than
8Gh.
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The bank receiving SPPR change is expected to retain array data in all other rows except for the seed row and
its associated row addresses on all densities larger than 8Gb; and is optional for 8Gb devices and smaller. If
the user does not require the data in the array in the bank under sPPR repair to be retained, then the handling
of the seed row’s associated row addresses is not of interest and can be ignored. If the user requires the data
in the array to be retained in the bank under sPPR mode, then prior to executing the sSPPR mode, the seed row
and its associated row addresses should be backed up and restored after SPPR has been completed. sPPR

associated seed row addresses are specified in below.

sPPR associated row address

sPPR Associated Row Addresses

BAO Al7 Al6 Al15 Al4 Al13 Al AO

Soft Repair of a Fail Row Address

The following is the procedure of SPPR with WR command. Note that during the soft repeir sequence, no refresh is allowed.
1. Before entering ‘sPPR’ mode, all banks must be Precharged; DBl and CRC Mdcs riust be disabled
2. Enable sPPR using MR4 bit “A5=1" and wait tMOD

3. Issue Guard Key as four consecutive MRO commands each with a vniace address field A[17:0]. Each MRO command

should space by tMOD. MRO Guard Key sequence is same as hP~R in hPPR.

Guard Keys | BG1:0* BA1:0 Al17:A12 Al? A10 A9 A8 A7 A6:A0
1 MRO 00 00 X | 1 1 0 0 1 1111111
2" MRO 00 00 X 0 1 1 1 1 1111111
3 MRO 00 00 X 1 0 1 1 1 1111111

VA A\
|

4" MRO 00 00 X 0 0 1 1 1 1111111

4. lIssue ACT command with ti:2 bank and Row Fail address, Write data is used to select the individual DRAM in the Rank

for repair.

5. AWR commanc is ‘ssued after tRCD, with VALID column address. The DRAM will ignore the column address given

with the W2 ~cmmand.

6. After WL( VL :CWL+AL+PL), All DQs of Target DRAM should be LOW for 4tCK. If HIGH is driven to All DQs of a DRAM
con_ecctively for equal to or longer than first 2tCK, then DRAM does not conduct sPPR. If all DQs are neither LOW for

4. >K nor HIGH for equal to or longer than first 2tCK, then sPPR mode execution is unknown.
r.. Wait tWR for the internal repair register to be written and then issue PRE to the Bank.
8. Wait 20ns after PRE which allow DRAM to recognize repaired Row address

9. Exit PPR with setting MR4 bit “A5=0" and wait tMOD
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10. One soft repair address per Bank Group is allowed before a hard repair is required. When more than one sPPR request

is made to the same BG, the most recently issued sPPR address would replace the early issued one. In the case of

conducting soft repair address in a different Bank Group, Repeat Step 2 to 9. During a soft Repair, Refresh command is
not allowed between sPPR MRS entry and exit.

Once sPPR mode is exited, to confirm if target row is repaired correctly, the host can verify the repair by writing data into
the target row and reading it back after sSPPR exit with MR4 A5=0.
Fail Row Soft PPR (WR Case)
l Tod { ™ U ™ \ T8 1] Ti

ONe = ~ - -4 - S e e s | o .-
cv0 Yo A AL o WP e DoV
1 x |

&

| 2 2 el
e oes X AL X oes ', 233
0 '

a6 i B" A g'? WA

028D ¥ O V.
v/ &/ N S
te 17 -
o | T &
00 ¢ | l \ l ll - A\_/T'E_/i\_/
wi X0 T TrTrF ¥
Sty BT M o — e o) [ -
- PoN 'PEM_Exima) PEMISTimin
ﬂ’.\‘Jr. .- \
'@K PR Emy ( PR Hagar X #RReoyton | SPPRExt f&'n;
mueeseax [ obwrcare
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On-Die Termination

On-die termination (ODT) is a feature of the DDR4 SDRAM that enables the DRAM to change termination resistance for
each DQ, DQS, DQS, and DMfor x4 and x8 configuration (and DQS, TDQS, for x8 configuration, when enabled via A11 =1
in MR1) via the ODT control pin or WRITE command or default parking value with MR setting. For x16 configuration, ODT is
applied to each DQ, DQSL, DQSL, DQSU, DQSU, UDM and LDM signal. The ODT feature is designed to improve signal
integrity of the memory channel by allowing the DRAM controller to independently change termination resistance for any ar

all DRAM devices.

The ODT feature is turned off and not supported in self refresh mode. A simple functional representation of the XR4“M ODT

feature is shown below.

Functional Representation of ODT

lODT Voog |

To | Rrr |

other — |

circuity | switch

Like RCV , | LA
: I ©DQ, DQS, [ M, /'DQS
| ~

The switch is enabled by the internal ODT control logic, w.»izi 1 ses the external ODT pin and Mode Register Setting and
other control information. The value of RTT is determined 2V the settings of mode register bits (see Mode Register). The
ODT pin will be ignored if the mode register MR1 ‘< L. rogrammed to disable RTT_NOM (MR1 A [10:8] = 000) and in self

refresh mode.

ODT Mode Register and QCT State Table

The ODT mode of the DDR4 u2vica 1as 4 states: data termination disable, RTT_WR, RTT_NOM and RTT_PARK. The
ODT mode is enabled if any »f F1T_NOM: MR1 A [10:8], RTT_WR: MR2[11:9] or RTT_PARK: MR5[8:6] are non-zero.
When enabled, the v/iue «f RTT is determined by the settings of these bits.

After entering Self-Refrech mode, DRAM automatically disables ODT termination and set Hi-Z as termination state

regardless of these cetting.

Control.>r o221 control each RTT condition with WR/RD command and ODT pin

« RTT V/R: The rank that is being written to provide termination regardless of ODT pin status (either HIGH or LOW).
RT"_NOM: DRAM turns ON RTT_NOM if it sees ODT asserted (except when ODT is disabled by MR1).
RTT_PARK: Default parked value set via MR5 to be enabled and ODT pin is driven LOW.

» Data Termination Disable: DRAM driving data upon receiving READ command disables the termination after RL-X and
stays off for a duration of BL/2 + X clock cycles. (X is 2 for 1tCK and 3 for 2tCK preamble mode.)

The RTT values have the following priority:
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if there is WRITE command along with ODT pin HIGH, then DRAM turns on RTT_WR not RTT_NOM, and also if there is
READ command, then DRAM disables data termination regardless of ODT pin and goes into Driving mode.

* Data termination disable

*RTT_WR

* RTT_NOM

* RTT_PARK

Termination State Table

RTT_PARK RTT_NOM
- = ODT pin DRAM termination state Note
MRS5[8:6] MR1[10:8] g S\ M
HIGH RTT_NOM 1.2
Enabled —]
Enabled LOW RTT_PARK 4,2
Disabled Don’t care3 RTT_PARK 1,2,3
HIGH RTT_NONM 1,2
Enabled N 4
Disabled LOW Hiz 1,2
Disabled Don’t care3 Hi-£ 1,2,3

NOTE 1 When a READ command is executed, DRAM termination state will be High-Z for defined pe-iod ‘ndependent of ODT pin and
MR setting of RTT_PARK/RTT_NOM. This is described in the ODT During Read sectio:

NOTE 2 If RTT_WR is enabled, RTT_WR will be activated by WRITE command for definea nei10d time independent of ODT pin and MR
setting of RTT_PARK /RTT_NOM. This is described in the Dynamic ODT section

NOTE 3 If RTT_NOM MR is disabled, ODT receiver power will be turned off to sav~ Jov.=r.

On-die termination effective resistances are defined and can be select> by a.iy or all of the following options:
* MR1[10:8] (RTT_NOM) - Disable, 240Q, 120Q, 80Q, 60Q, 48Q, -:07Z, and 34Q.

* MR2[11:9] (RTT_WR) - Disable, 240Q,120Q, and 80Q.

* MR5[8:6] (RTT_PARK) - Disable, 240Q, 120Q, 80Q, 60¢!, 40, 40Q, and 34Q.

ODT is applied to the following inputs:

* X4: DQs, DM, DQS, and DQS inputs.
» X8: DQs, DM, DQS, DQS, TDQS, and TDQZ il it .

¢ X16: DQs, LDM, UDM, LDQS, DQS , lIL%Z, and DQSU inputs.

ODT Definition of Voltages ai.1 Currents

On die termination effective P* values supported are 240, 120, 80, 60, 48, 40, 34 ohms.

VDDQ -Vout
RTT = | Tout |
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Chip In Termination Mode

_ODT _
®  Vbpo
To
other Rrr
circuity
like R
RCV ... ¢ ° 1 DQ
lout
Vout
®  Vsso

ODT Electrical Characteristics RZQ=240Q +/-1% entire temperature operatior icnge after ZQ

calibration

RTT Vout Min  Nom  Max  Unit NOTE

VOLdc= 0.5* VDDQ 09 |1 125 RzZQ | 1723

2400 VOMdc= 0.8 VDDQ 09 |1 11 | RZQ | 123

VOHdc= 1.1* VDDQ 08 |1 11 | R7Q . 123

VOLdc= 0.5* VDDQ 09 |1 125 | 2.0 | 123

1200 VOMdc= 0.8* VDDQ 09 |1 |11 @ RzOR2 | 123

VOHdc= 1.1* VDDQ 08 |1 a1 RzO2 | 123

VOLdc= 0.5* VDDQ 09 1 125 | RzQB | 1,23

800 VOMdc= 0.8* VDDQ 09 |1 11 | RZQB | 1,2,3

VOHde= 1.1* VDDQ 08 | . 11 | RZOB | 1,2,3

VOLdc=05VDDQ | 1.9 |1 125 | RzZQI4 | 123

600 VOMdc= 0.8°VDDQ | 0.5 1 11 | RZQM4 | 123

VOHdc=1.1*VDDQ | 08 | 1 11 | RZQ/A | 1,23

VOLdc= 0.5% VG IQ 09 |1 125 | RZQ/5 | 1,2,3

480 VOMdc= 2 8 VDOG 09 |1 11 | RZQ5 | 1,23

VOHdc = 1.1 vDDQ 08 | 1 11 | RZO/ | 1,23

| VC! dc- 0.5* VDDQ 09 |1 125 | RZQ6 | 1,2,3

400 " /Oidc= 0.8* VDDQ 09 |1 11 | RZQ6 | 123

V'OHdc= 1.1* VDDQ 08 | 1 11 | RZQ6 | 123

VOLdc= 0.5* VDDQ 09 |1 125 | RzZQI7 | 123

340 VOMdc= 0.8+ VDDQ 09 |1 11 | RZQI7 | 123

VOHdc= 1.1* VDDQ 08 | 1 11 | RZQI7 | 123

DQ-DQ Mis natch within byte | VOMdc = 0.8*VDDQ | 0 10 | % 1,2,4,56

NOTE 1 T -tc.erance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if
t.miperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

NTTE 2 Pull-up ODT resistors are recommended to be calibrated at 0.8*¥*VDDQ. Other calibration schemes may be used to achieve the linearity spec
shown above, e.g. calibration at 0.5*vDDQ and 1.1*VDDQ.

NOTE 3 The tolerance limits are specified under the condition that VDDQ=VDD and VSSQ=VSS
NOTE 4 DQ to DQ mismatch within byte variation for a given component including DQS and DQS(characterized)

NOTE 5 RTT variance range ratio to RTT Nominal value in a given component, including DQS and DQS.

RTTmax-RTTmin
) . . .
Ca-Cr Mizmatchin s dewce——m TR 100

NOTE 6 This parameter of x16 device is specified for Upper byte and Lower byte.
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Synchronous ODT Mode

Synchronous ODT mode is selected whenever the DLL is turned on and locked. Based on the power-down definition, these

modes are:

« Any bank active with CKE HIGH

« Refresh with CKE HIGH

« |dle mode with CKE HIGH

« Active power-down mode (regardless of MR1 bit A10)

« Precharge power-down mode

In synchronous ODT mode, RTT_NOM will be turned on DODTLon clock cycles after ODT is sampled HIGH vy a rising

clock edge and turned off DODTLoff clock cycles after ODT is registered LOW by a rising clock edgz.

vhe ODT latency is

tied to the Write Latency (WL = CWL + AL + PL) by: DODTLon = WL - 2; DODTLoff = WL - 7. Wr.2 operating in 2tCK

Preamble Mode, The ODT latency must be 1 clock smaller than in 1tCK Preamble Mode; DODT.2:i =WL - 3; DODTLoff =

WL - 3."(WL = CWL+AL+PL)

ODT Latency and Posted ODT
In Synchronous ODT Mode, the Additive Latency (AL) and the Parity Latenzy (F.) programmed into the Mode Register

MR1 applies to ODT Latencies as shown below:

ODT Latency

Symbol Parameter | 1 (K Preamble 2 tCK Preamble Unit
b/
DODTLon Direct ODT turn on Latency CWL+AL+PL-2 CWL+AL+PL-3
DODTLoff Direct ODT turn off Latency CWL+AL+PL-2 CWL+AL+PL-3
RODTLoff Read command to internal ODT turn off Latency CWL+AL+PL-2 CWL+AL+PL-3
R RTT_PARK turn . i
RODTLong | Read command to RTT_PARK tur an .. tency in RODTLOff + 4 RODTLoff + 5
BC4 tCK
R RTT_PA’K (uy L i
RODTLong | head command to RTT_ non Latencyin RODTLoff + 6 RODTLoff + 7
BC8/BL8
ODTH4 4 5
ODTHS8 6 7

Timing Paramev=rs

In synchronous OD'1" mode, the following parameters apply:

* DODTLen LSOTLoff, RODTLoff, RODTLon4, RODTLon8, tADC (MIN) (MAX).

o tADZ (11IN) and tADC (MAX) are minimum and maximum RTT change timing skew between different termination values.

[hase timing parameters apply to both the synchronous ODT mode and the data termination disable mode.

Wnen ODT is asserted, it must remain HIGH until minimum ODTH4 (BL = 4) or ODTHS8 (BL = 8) is satisfied. Additionally,

depending on CRC or 2tCK preamble setting in MRS, ODTH should be adjusted.
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0; DODTLon=WL-2=7;

9, AL=0, PL=

Synchronous ODT Timing Example for CWL
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WL-2=17,

0; DODTLon/off=

4, CWL=9, AL=10, PL

Synchronous ODT example with BL
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DRAM_RTT

ODT must be I 2ld 1IGH for at least ODTH4 after assertion (T1). ODTH is measured from ODT first registered HIGH to ODT first registered
LOW, or frem (egistration of Write command. Note that ODTH4 should be adjusted depending on CRC or 2tCK preamble setting
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ODT During Reads

Because the DRAM cannot terminate with RTT and drive with RON at the same time; RTT may nominally not be enabled
until the end of the postamble as shown in the example below. At cycle T25, the device turns on the termination when it
stops driving, which is determined by tHZ. If the DRAM stops driving early (that is, tHZ is early), then tADC (MIN) timing
may apply. If the DRAM stops driving late (that is, tHZ is late), then the DRAM complies with tADC (MAX) timing.

Example: CL=11, PL=0; AL=CL-1=10; RL=AL+PL+CL=21; CWL=9; DODTLon=AL+CWL-2=17,
DODTLoff=AL+CWL-2=17;1tCK preamble)
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Dynamic ODT

In certain application cases and to further enhance signal integrity on the data bus, it is desirable that the termination
strength of the device can be changed without issuing an MRS command. This requirement is supported by the dynamic

ODT feature, described below.

Functional Description
The dynamic ODT mode is enabled if bit A9 or A10 of MR2 is set to 1.
* Three RTT values are available: RTT_NOM, RTT_WR, and RTT_PARK.
— The value for RTT_NOM is preselected via bits MR1[10:8].
— The value for RTT_WR is preselected via bits MR2[11:9].
— The value for RTT_PARK is preselected via bits MR5[8:6].
* During operation without WRITE commands, the termination is controlled as follows:
- Nominal termination strength RTT_NOM or RTT_PARK is selected.
- RTT_NOM on/off timing is controlled via ODT pin and latencies DODTLon and B =27 off. and RTT_PARK is on
when ODT is LOW.
* When a WRITE command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is rc 7stei 2d, and if Dynamic ODT is enabled, the
termination is controlled as follows:
- Latency ODTLcnw after the WRITE command, termination strzngth k1 T_WR is selected.
- Latency ODTLcwn8 (for BL8, fixed by MRS or selected OT7) vr COTLcwn4 (for BC4, fixed by MRS or selected OTF)
after the WRITE command, termination strength RTT_W: ' is deselected. One or two clocks will be added into or

subtracted from ODTLcwn8 and ODTLcwn4, dependinc-on Write CRC Mode and/or 2 tCK preamble enablement.

The following table shows latencies and timing paraineters which are relevant for the on-die termination control in dynamic
ODT mode. The dynamic ODT feature is not Lupi,aried in DLL-off mode. MRS command must be used to set RTT_WR,
MR2[11:9] = 000, to disable dynamic OD e,*<rnally.
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Latencies and timing parameters relevant for Dynamic ODT with 1tCK preamble mode and

CRC disabled
Name and Defined 1600/1866/
o Abbr. Define to 2666 2933/3200 | Unit
Description from 2133/2400
ODT Latency for . Change RTT strength
) Registering
changing from ) from
ODTLcnw | external write ODTLcnw =WL -2 tCK
RTT_PARK/RTT_NOM RTT_PARK/RTT_NOM |
command
to RTT_WR to RTT_WR RN _‘
ODT Latency for change .
Registering | Change RTT strength
from RTT_WR to ) |
ODTLcwn4 | external write | from RTT_WR to ODTLcwn4 = 4 + ODTLcnw *CKk
RTT_PARK/RTT_NOM -
- - command RTT_PARK/RTT_NOM ’
(BL = 4)
ODT Latency for change .
Registering | Change RTT strength
from RTT_WR to ) ODTLcwn8 = 6
ODTLcwn8 | external write | from RTT_WR to tCK(avg)
RTT_PARK/RTT_NOM ODTLcnw
- - command RTT_PARK/RTT_NOM
(BL =8) - -
tADC(min) = | tADC(min, = | tADC(min) =
ODTLcnw . 0.3 0.23 0.26
RTT change skew tADC RTT valid . tCK(avg)
ODTLcwn tADC(max) = | tALC mex) = | tADC(max) =
0.7 0.72 0.74

Latencies and timing parameters relevant for Dynamic CD1 with 1 and 2tCK preamble mode
and CRC en/disabled

1tck Preamble ! 2tck Preamble .
Symbol — Unit
CRC off CRCor CRC off CRCon
ODTLcnw WL-2 WL-2 WL-3 WL-3
ODTLcwn4 ODTLcnw +4 ODTL=nw +7 ODTLcnw +5 ODTLcnw +8 tCK
ODTLcwn8 ODTLcnw +6 C2OTLe W +7 ODTLcnw +7 ODTLcnw +8
205 Version A/00



PLUSETECH

N2

Shenzhen Plusetech Semiconductor Co., Ltd

ODT Timing Diagrams

14, CWL =11, BL = 8, AL = 0, CRC Disabled)
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WL - 2 (1 tCK preamble) or WL - 3 (2 tCK preamble).

If BC4 then ODTLcwn
WL+7 if CRC enabled.

NOTE1 ODTLcnw

NOTE 2

WL+6 if CRC disabled or

2 BL8 then ODTLcwn

2

WL+4 if CRC disabled or WL+5 if CRC ena. uc;

0, CRC Disabled)

11, BL=8, AL=

=14, CWL=

Dynamic ODT Overlapped with RTT_NOM (CL

T7 T9 TI0 T T2 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24 T25

T6

T

TO

1
J
! X
L A
J g
\ 2
e gl-------
J
IS g | [&l____.
= (@] (6]
J [a] Q
) = =
S ‘ --H-: .....
J
| » A
J
1
J
1
e W |||||||
J
_ g e ;
B e R T Cnm |m|||L||
: 8 e
1
R . il A N
J ‘. k]
| A .>_ ..ml
S R . S -1 -
J o
S e e e U D L —_ | ..
| x \/
- m =l c
S e S A D A = D
LT S |8
- _ 2 <
T 22 REEEEEEEE EEE -
e
. A o
[
- e _ ||||||| Im |||||||| |» IIIII
oI A = PO I P
/_/IW_\///“\/W“\// o S
S R B (PR D b=
_ B g
- =
o) £
e DIPNGA) - - - - Bloo oo ___
%\/..\././(.\\.”K.) .......... L ____
o n
[ S R D E I S S
C o \ I L
ISR e
1
I o B
4 Qa = [
o & o© &
£

NOTE 1 Behavior with WR command issued while ODT is being registered HIGH.
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Asynchronous ODT Mode

Asynchronous ODT mode is selected when DLL is disabled by MR1 bit AO="0b.
In asynchronous ODT timing mode, internal ODT command is not delayed by either the Additive latency (AL) or relative to
the external ODT signal (RTT_NOM). In asynchronous ODT mode, the following timing parameters apply tAONAS, min,

max, tAOFAS, min,max.

Minimum RTT_NOM turn-on time (tAONASmMIn) is the point in time when the device termination circuit leaves RTT_PAR.”
and ODT resistance begins to change. Maximum RTT_NOM turn on time(tAONASmax) is the point in time when ti.~ D

resistance is reached RTT_NOM.

tAONASMIn and tAONASmax are measured from ODT being sampled high.
Minimum RTT_NOM turn-off time (tAOFASmin) is the point in time when the devices termination rirc iit starts to leave
RTT_NOM.

Maximum RTT_NOM turn-off time (tAOFASmax) is the point in time when the on-die terminaticn has reached RTT_PARK.

tAOFASmMIn and tAOFASmax are measured from ODT being sampled low.

Asynchronous ODT Timings with DLL Off

TO T1 T2 T3 T4 T5 T6 Ti Tl o2 T3 T4 TH5  TH6  Ta Tb Tc
) :--- - = Iro= Iro= U - = '/'--/— ro= Ir = "--| —\:/-\ UIRY VY R g-\ Y R
R estatsistsIReaYsleoNeNes s REnY!
ol e b e
S T Y A (=1 TN
0 I B e ES T (N N N A i | o]
L i e e A A T R N N T T O QA
1 1 1 1 1 1 : 1 1 1 1 1 1 1 I\\ 1 1
] e ] e | ]
1 1 1 1 1 1 D r 1 1 1 1 1 1 // 1 1
RTT | RTT_PARK : ;E}?ﬁ: 6¥ RTT_NOM ;’;’ ,{, f\\\\ - !_;"r |-
R S > —ADFAS maf—>

I‘—‘—IAPFAS max

Asynchronous ODT T'ining Parameters for all Speed Bins

Descripticn Symbol Min. Max. Unit
Asynchronous RT wrn-on delay tAONAS 1.0 9.0 ns
Asynchronous RT' ' turn-off delay tAOFAS 1.0 9.0 ns
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ODT buffer disabled mode for Power down

DRAM does not provide Rtt_NOM termination during power down when ODT input buffer deactivation mode is enabled in
MR5 bit A5. To account for DRAM internal delay on CKE line to disable the ODT buffer and block the sampled output, the
host controller must continuously drive ODT to either low or high when entering power down. The ODT signal may be
floating after tCPDEDmIn has expired. In this mode, RTT_NOM termination corresponding to sampled ODT at the input
after CKE is first registered low (and tANPD before that) may not be provided. tANPD is equal to (WL-1) and is counter’

backwards from PDE.

ODT timing for power down entry with ODT buffer disable mode

dif CK

' \ \ 2 | { |

' ' ' ' ' ' ' ' '

T T ' ' ' ' ' '

CKE ' ' [ }7 [ }7 ' ;27 [ ' :

' ' ' ' N ' N [ [ [ |

' -— 1 g 1 g ' ' ' ' ' ' '

! ! ! tDODT off-1 ! ' tCPDEDmin' ! ! ! ! ! ! !

' ' ' | ' ' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' ' 3 ' ' ' '

A R I Froaits )

' ' ' ' ' ' ' [ - 1 [ [ |

' ' ' ' ' ' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' | D ' ' '

' ' ' ' ' ' ' ' ' ' & ‘ADCmin ' ' |

PROLT endbiny € /[ RTT_NOM ([ { / RTT_RRK )
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[ [ [ [ | [ [ | [ [ '

' ' ' ' i tAONASMipe— ——» ' ' ' ' ' ' :

' ' ' ' ' ' ' . ' ' ' ' ' ' ' '

! ! ! ! ! tCPDEDmMIn + 'tA@fSrhax !

' ' ' ' ' " [ ' ' '
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| - >
' '
' |

When exit from power down, along with CKE being registered high, ODT input signal must be re-driven and maintained low

until tXP is met.

ODT timing for power down exit vith ODT buffer disable mode

(DLL enab'=d}

opT A<Toat|ngl} é / ; ( ;

|
l | tXP
X X . X <»| {ADC_rhax
DRAN_FT1 A [ rRTT_mRK [/ RTT_NOM N
] ] ] ) ] ] ] ] | | | | 1 1 |
' ' ' 1 DODTLon r®—T—— 1 T > P {ADC_min: ' ' ' '
| | | | | | | | | | | | | l l !
| | | | | | | | l | | | | l l !
ODT B Foatng ) N . /. R R
(DLL disabled) T T T W T l l ' ' | ' ' ' ' |
' ' [ | ' ' ' ' ' ' ' ' ' ' |
' ' ' tXP 1 1 1 ' ' ' ' ' ' ' ' 1
| | | | | | | | | | | | | l l !
1 1 1 AN 1 1 1 1 N 1 1 1 1 1 1 1
DRAM_RIT_B ¢ RTT/[ARK [ i RTT_NOM N
| | | | . | | | | | | | |
| | | | tAONAsm'r\ | | 1 | | | l l :
' ' ' ' ' - » tAOFAS max 1 1 ' ' '
1 1 1 1 1 1 1 1 1
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ODT Timing Definitions
Test Load for ODT Timings

Different than for timing measurements, the reference load for ODT timings is defined below

ODT Timing Reference Load

Vbbo
DQ,DM
DQS,DQS
CK,CK TDQS,TDQS
—] DUT
RTermM=50Q
$ V1T ¥ Vssq
Vsso

Timing Reference Point

ODT Timing Definitions

Definitions for tADC, tAONAS and tAOFAS are provided in the Table ~nd 1reasurement reference settings are provided in
the subsequent. The tADC for the Dynamic ODT case and Reac Dicabic ODT cases are represented by tADC of Direct
ODT Control case.

ODT Timing Definitions

Symbol Begin Point Defir.ition End Point Definition
Rising edge of CK, CK defined by the end )'0int of DODTLoff Extrapolated point at VRTT_nom
Rising edge of CK, CK defined by th: e:'* |;< int of DODTLon Extrapolated point at Vssq
tADC Rising edge of CK - CK defined E’ Ew 1;'._\1 point of ODTLcnw Extrapolated point at VRTT_nom
Rising edge of CK - CK defirieu by the end point of ODTLcwn4 or ODTLcwn8 Extrapolated point at Vssq
tAONAS (Rising edge of CK, CKith ’)_L)T being first registered high Extrapolated point at Vssq
tAOFAS Rising edge of CK,:K witn ODT being first registered low Extrapolated point at VRTT_nom

Reference Settings for ODT Timing Measurements

Measured Parametc RTT_PARK | RTT_NOM RTT_WR Vswil Vsw2 Note
Disable RzQ/7 - 0.20v 0.40V 1,2
tAn<T
- RzQ/7 Hi-z 0.20v 0.40V 1,3
vACAAS Disable RzQ/7 - 0.20v 0.40V
) \& 1,2
tAOFAS Disable RzQ/7 - 0.20V 0.40V
1'C7el MR setting is as follows.
- MR1 A10=1, A9=1, A8=1 (RTT_NOM_Setting)
- MR5 A8=0, A7=0, A6=0 (RTT_PARK Setting)
- MR2 A11=0, A10=1, A9=1 (RTT_WR Setting)
NOTE 2 ODT state change is controlled by ODT pin.
NOTE 3 ODT state change is controlled by Write Command.
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Definition of tADC at Direct ODT Control

DODTLOfT Begin point:Rising edge of DODTLon

22—» CK-CK defined by the
end point of DODTLoff

Begin point:Rising edge of
> CK-CK defined by the
end point of DODTLon

'
d
'
'
'
\
!
\

CK

tADC » 3<tADC »
End point:Extrapolated 1
VRTT_NOM _ pointatvRTTNOM ~+ VRTT_NOM
DODM -\ Njaw e
DQSDQS _ \. ... . Y S
TDQS, TDQS 1

End point:Extrapolated
point at VSSQ

Definition of tADC at Dynamic ODT Control

Begin point: Rising edge of CK - CK

Begin j oir*. Rising edge of CK - CK defined by
defined by the end point of ODTLcnw

the eid privic of ODTLcwn4 or ODTLcwn8
CK

CK

-mem

VRTT_NOM ¢ boint at VRTT_NOM ‘ VRTT_NOM

DQ,DM
DQS,~QT
TD(S,1DQS

,,,,,,,,,,,,,,

End point:Extrapolated
point at VSSQ
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Definition of tAOFAS and tAONAS

Rising edge of CK-CK 'Rising edge of CK-CK with
ZE—> with ODT being first 22——> ODT being first registered
 registered low 'high

tAOFAS | ' tAONAS
' End point:Extrapolated 1
VRTT_NOM | pointatvRTTNOM + VRTT_NOM
DQ,DM - S f
DQS,DQS - -\ \Jew - - R A
TDQS, TDQS ‘

End point: E.Trap2 ated
point at 'vSEQ
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Absolute Maximum DC Ratings

Absolute Maximum DC Ratings

Symbol Parameter Min Max Units NOTE
VDD Voltage on VDD pin relative to Vss -0.3 15 \% 13
VDDQ Voltage on VDDQ pin relative to Vss -0.3 15 \% 13 j
VPP Voltage on VPP pin relative to Vss -0.3 3.0 \% 4 N\
Vin, Vour Voltage on any pin except VREFCA relative to 0.3 15 v 1,’;,:5_ ]
Vss /-
Tste Storage Temperature -55 100 °C 1,2

NOTE 1 Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage .0 the device. This is a
stress rating only and functional operation of the device at these or any other conditions above thcse indic=ied in the operational
sections of this specification is not implied. Exposure to absolute maximum rating conditions for e xtend 2d periods may affect

reliability

NOTE 2 Storage Temperature is the case surface temperature on the center/top side of the DRAM. Fcr th 2 measurement conditions,
please refer to JESD51- 2 standard.

NOTE 3 VDD and VDDQ must be within 300 mV of each other at all times; and VREFCA mu.: be not greater than 0.6 x VDDQ, When

VDD and VDDQ are less than 500 mV; VREFCA may be equal to or less thai. 30u 1.V

NOTE 4 VPP must be equal or greater than VDD/VDDQ at all times.

NOTE 5 Refer to overshoot area above 1.5V is specified in Overshoot and Under_ho -« specifications section.
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Absolute Maximum Ratings

Recommended DC Operating Conditions

Rating .
Symbol Parameter : Unit NOTE
Min. Typ. Max.
VDD Supply Voltage 1.14 1.2 1.26 \% 1,2,3
VDDQ Supply Voltage for Output 1.14 1.2 1.26 \% 1,2,3
VPP 2.375 25 2.75 \% 3

NOTE 1 Under all conditions VDDQ must be less than or equal to VDD.

NOTE 2 VDDAQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.
NOTE 3 The DC bandwidth is limited to 20MHz

213

Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd y\ .‘ PLUSETECH

AC and DC Input Measurement Levels

AC & DC Logic input levels for single-ended signal

Single-ended AC & DC input levels for Command and Address

DDR4-1600/1866/2133/2400 DDR4-2666/2933/3200
Symbol Parameter Unit | NOTE
Min. Max. Min. Max.

VIH.CA(DC75) | DC input logic high | Vrerca+ 0.075 Vop - - Y, |
VIL.CA(DC75) | DC input logic low Vss Vrerca -0.075 - - v
VIH.CA(DC65) | DC input logic high - - Vrerca + 0.065 Vob \% 7
VIL.CA(DCG65) DC input logic low - - Vss Vrerca: 0.065 | V
VIH.CA(AC100) | AC input logic high VRrer + 0.1 Note 2 - _ o \% 1
VIL.CA(AC100) | AC input logic low Note 2 Vrer - 0.1 - N — \% 1
VIH.CA(AC90) | AC input logic high - - Vrer +0.00 Note 2 \% 1
VIL.CA(AC90) AC input logic low - - Nom’__ Vrer - 0.09 \% 1
VREFCA(DC) fgﬁf‘;”@‘;ff;j‘ée forl  0.49*Voo 0.51Vop | 6:49"Vop 0.51*Vop v | 23

NOTE 1 See “Overshoot and Undershoot Specifications”.

NOTE 2 The AC peak noise on VREFCA may not allow VREFCA to devi7..e froi.n VREFCA(DC) by more than + 1% VDD (for reference:
approx. = 12mvV).

NOTE 3 For reference: approx. VDD/2 + 12mV.
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AC and DC Input Measurement Levels: Vrer Tolerances

The DC-tolerance limits and ac-noise limits for the reference voltages VREFCA is illustrated in lllustration of VREF(DC)
tolerance and VREF AC-noise limits. It shows a valid reference voltage VREF(t) as a function of time. (VREF stands for
VREFCA).

VREF(DC) is the linear average of VREF(t) over a very long period of time (e.g. 1 sec). This average has to meet the
min/max requirement in Single-ended AC & DC input levels for Command and Address. Furthermore, VREF(t) may

temporarily deviate from VREF(DC) by no more than + 1% VDD.

‘ voltage

Vbp
=
Vv fi
Vgef ac-noise Retl!
— VRef(DC)min
=
— Vss
-
time

The voltage levels for setup and hold time n eas irements VIH(AC), VIH(DC), VIL(AC) and VIL(DC) are dependent on
VREF. "VREF" shall be understood as Vi*E7(DC), as defined in lllustration of V.

This clarifies, that DC-variations ¢. VREF affect the absolute voltage a signal has to reach to achieve a valid high or low
level and therefore the time *¢ which setup and hold is measured. System timing and voltage budgets need to account for

VREF(DC) deviations frcm the optimum position within the data-eye of the input signals.

This also clarifies that the DRAM setup/hold specification and derating values need to include time and voltage associated
with VREF A.cC-nuise. Timing and voltage effects due to AC-noise on VREF up to the specified limit (+/-1% of VDD) are

included » DRAM timings and their associated deratings.
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AC and DC Logic Input Levels for Differential Signals

Differential signal definition

Definition of differential ac-swing and “time above ac-level” tDVAC

3

Differenetial Input Voltage (CK — CK)

VH.DIFF.AC.MIN —

VuDFEMIN @—f— — ™~ A\

0.0 [
l half cycle

V|L.DIFFEMAX — — — — — — —

V|L.DIFFACMAX — — — — — — — —\—

NOTE 1
NOTE 2

r~ tire

Differential signal rising edge from VIL_DIFF(MAX) to VIH_DIFF_AC(MIN) must bc mc »Jtonic slope.
Differential signal falling edge from VIH_DIFF(MIN) to VIL_DIFF_AC(MAX) mu.t be i.ionotonic slope.
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Differential Swing Requirements for CK - CK

Differential AC and DC Input Levels

DDR4 -1600/1866/2133 DDR4 -2400/2666 .
Symbol Parameter . ) Unit | NOTE
Min Max Min Max
VIHgisf differential input high 150 NOTE 3 135 NOTE 3 mvV 1
VILgiff differential input low NOTE 3 -150 NOTE 3 -135 mV 1
VIHditf(ac) | differential input high ac|2 x (VIH(AC) - VREF) NOTE 3 2 x (VIH(AC) - VREF) NOTE 3 \Y 2
ViLgifi(ac) | differential input low ac NOTE 3 2 x (VIL(AC) - VREF) NOTE 3 2 x (VIL(AC) - VREF) | V 2
DDR4 -2933 DDR4 -3200 Ny
Symbol Parameter : : Unit | NOTE
Min Max Min Max
VIHdiff differential input high 125 NOTE 3 110 NOTE 3 mV 1
ViLgiff differential input low NOTE 3 -125 NOTE 3 -11%5 mV 1
VIHditf(ac) | differential input high ac|2 x (VIH(AC) - VREF) NOTE 3 2 x (VIH(AC) - VREF) NOI =3 v 2
ViLdifi(ac) | differential input low ac NOTE 3 2 x (VIL(AC) - VREF) NOTE 3 2x(VIL(AC' - VREF) | V 2

NOTE 1 Used to define a differential signal slew-rate.
NOTE 2 For CK - CK use VIH.ca(AC) and VIL. ca (AC) of ADD/CMD and VREFCA.

NOTE 3 These values are not defined; however, the differential signals (CK, CK) need to be within th. re<pective limits, VIH. ca (DC) max and VIL. ca
(DC) min for single-ended signals as well as the limitations for overshoot and undershoot.

Allowed time before ringback (tDVAC) for CK - CK

Slew Rate tDVAC [ps] @ | VIH/Ldiff(AC)| = 200mV | *PVLC ps] @ |VIH/LAiff(AC)| = TBD mV
[V/ns] Min Max S Min Max
>4.0 120 - SN TBD -
4.0 115 - Z\Y TBD -
3.0 110 - TBD -
2.0 105 4 TBD -
1.8 100 - TBD -
1.6 95 -~ TBD -
1.4 90 N TBD -
1.2 85 > (/- TBD -
1.0 80 AN - TBD -
<1.0 g0 | - TBD -
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Single-ended requirements for CK differential signals

Each individual component of a differential signal (CK, CK) has also to comply with certain requirements for single-ended

signals. CK and CK have to reach approximately VSEHmIin / VSELmax (approximately equal to the ac-levels V IH.CA (AC)

and VIL.CA (AC) for ADD/CMD signals in every half-cycle. The applicable ac-levels for ADD/CMD might be different per
speed-bin etc. e.g., if a value other than 100mV is used for ADD/CMD VIH.CA (AC) and VIL.CA (AC) signals, then these

ac-levels apply also for the single-ended signals CK and CK.

While ADD/CMD signal requirements are with respect to VREFCA, the single-ended components of differential signals ~av >

a requirement with respect to VDD / 2; this is nominally the same. The transition of single-ended signals thro.y the

ac-levels is used to measure setup time. For single-ended components of differential signals the requirement tc reach

VSELmax, VSEHmin has no bearing on timing, but adds a restriction on the common mode characteristics of these signals.

Single-ended requirement for CK

VoporVppg — ——— — — — — — — — — — — — — — -

VSEHmin

VseLmax

Vss Or VssQ

» time

Single-Ended levels for CK,CX

Symbol Pararetei
Min

Vsex Single-ended high-level for CK , CK

VseL Single c~ded low-level for CK, CK NOTE 3

DDR4-2933/3200

DDR4-2133

(VDD/2)+0- 100
(VDD/2)-0.100

Symbo, Parameter
Min
Ve Single-ended high-level for CK , CK (Voo/2)+0.085
VseL Single-ended low-level for CK, CK NOTE 3

NOTE1 For CK - CKuse V IH.CA (AC) and VIL.CA (AC) of ADD/CMD.
NOTE2 ADDR/CMD V IH.CA (AC) and VIL.CA (AC) based on VREFCA.

(VDD/2)-0.085

DDR4-2400/2666

Unit NOTE
Min Max
(Vop/2)+0.095 NOTE 3 v 1,2
NOTE 3 (Vop/2)-0.095 V1,2
Unit NOTE
\Y; 1,2
\Y; 1,2

NOTE 3 These values are not defined; however, the differential signals (CK, CK) need to be within the respective limits, V IH.CA (DC) max and VIL.CA

(AC) min for single-ended signals as well as the limitations for overshoot and undershoot.
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Address, Command, and Control Overshoot and Undershoot Specifications

AC overshoot/undershoot specification for Address, Command and Control pins

DDRA4 Specification .
Symbol Parameter Unit Note
1600 1866 2133 2400 2666 2933 3200
Maximum peak amplitude above VDD
Vaosp | Absolute Max allowed for overshoot 0.06 \%
area AN
Delta value between VDD Absolute
Vaos | Maxand VDD Max allowed for VDD +0.24 Ve =1
overshoot area
Maximum peak amplitude allowed for
Vaus 0.3 v
undershoot area
Maximum overshoot area per 1tCK
Anos2 0.0083 | 0.0071 | 0.0062 0.0055 V-ns
Above Absolute Max
Maximum overshoot area per 1tCK
A 0.2550 | 0.2185 | 0.1914 0.1699 V-
A9t | Between Absolute Max and VDD Max = "
Maxi h 1tCK
Aays | Maximum undershootarea per 1tCK o, 000 05065 | 0.1984 0152 Vons
Below VSS

Address and control pins ( A0O-A13,A17,BG[1:0],BA[1:0],ACT,RAS/A16,CAS/A15,WE/A14.C3 CKF,ODT)

NOTE 1 The value of VAOS matches VDD absolute max as defined in “Absolute Maximum D€ \’at’igs " Absolute Maximum DC Ratings if VDD equals

VDD max as defined in "ADDR, CMD, CNTL Overshoot and Undershoot Definition”.

VAOS remains at VDD absolute max as defined in “Absolute Maximum DC Ratin_s”

Address, Command and Control Overshoot and \Inde:shoot Definition

Volts
V)

Vbp

Vss

Vaus .

f VDX is above the recommended operating conditions,
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Clock Overshoot and Undershoot Specifications
AC overshoot/undershoot specification for Clock

DDR4 Specification

Symbol Parameter Unit Note
1600 1866 2133 2400 2666 2933 3200
Vcosp  Maximum peak amplitude 0.06
Vcos  above VCOS VDD +0.24 \Y 1
Vcus  Upper boundary of overshoot area ADOS1 0.3
Acos, aximum peak amplitude allowed for o 036 0032 0.0028 0.0025 Vs
undershoot
Acos1  Maximum overshoot area 0.1125 0.0964 0.0844 0.0750 V-rs
Acus  per 1 Ul above VCOS 0.1144 0.0980 0.0858 0.0762 V-ns
CK,CK

NOTE 1 The value of VCOS matches VDD absolute max as defined in Absolute Maximum DC Ratings Absolute Mz <imunr DC Ratings if VDD equals
VDD max as defined in Recommended DC Operating Conditions. If VDD is above the recommended operaivng conditions, VCOS remains at
VDD absolute max as defined in Absolute Maximum DC Ratings.

CK Overshoot and Undershoot Definition

Vcosp
Vcos
VDD
Volts
V) \ A 1€ N >
VSS
Veus
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Data, Strobe, and Mask Overshoot and Undershoot Specifications

AC overshoot/undershoot specification for Data, Strobe and Mask

DDR4 Specification
Symbol Parameter 1600 1866 2133 2400 2666 2933 3200 Unit Note

Vbosp | Maximum peak amplitude above VDOS 0.16 Vv

Vbos | Upper boundary of overshoot area ADOS1 VDD +0.24 \ 1
Vbus ;c;v:;; boundary of undershoot area 0.30 Y \
Vpusp | Maximum peak amplitude below VDUS 0.10 v

Abos2 | Maximum overshoot area 0.0150 | 0.0129 0.0113 0.0100 Vs

Abos1 | per 1 Ul above VDOS 0.1050 @ 0.0900 @ 0.0788 0.0700 V-ns

Abus1 | Maximum overshoot area per 0.1050 @ 0.0900 0.0788 0.0700 V-ns

Apus2z = 1 Ul between VDDQ and VDOS 0.0150 0.0129 # 0.0113 0.0107 V-ns

Data, Strobe and Mask (DQ, DQS, DQS, DM, DBI, TDQS, TDQS)

NOTE 1 The value of VDOS matches (VIN, VOUT) max as defined in Absolute Maximum DC Ratings Absolute Max' mum DC Ratings if VDDQ equals
VDDQ max as defined in

Data, Strobe, and Mask Overshoot and Undershoot Definition

Vbosp
Vbos

VDD
Volts Q

V)

VSSQ

VDUS
DUSP
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Slew Rate Definitions
Slew Rate Definitions for CK Differential Input Signals

CK Differential Input Slew Rate Definition

Measured

Description Defined by
from to

Differential input slew rate for rising edge(CK - CK) VIL,diff,max VIH diff, min [ VIH giff,min — VIL diff,max ] /ATRdiff
Differential input slew rate for falling edge(CK - CK) VIH diff,min VIL,diff,max [ VIH giff,min — VIL,diff,max ] /ATFdiff

NOTE 1 The differential signal CK - CK must be monotonic between these thresholds.

Differential Input Slew Rate Definition for CK, CK

Delta TRdiff

Differential Input Voltage (i,e, CK - CK)

e e Viediii,min

,,,,,,,,,,,,,, - ViLdiff,max

Delta TRdif
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Slew Rate Definition for Single-ended Input Signals (CMD/ADD)

NOTE1
NOTE2
NOTE3
NOTE4

\Y
""""""""""""""""" IHCA(AC) Min

v
IHCA(DC) Min

VREFCA(DC)

\%
"""""""""""""" ILCA(DC) Max

v
ILCA(A ) iz

>

Delta TFsingle

Single-ended input slew rate for rising edge = {VIHCA(AC)Min - VILCA(DC)Max} / L >ltz (R single

Single-ended input slew rate for falling edge = {VIHCA(DC)Min - VILCA(A”.)Max; / Delta TF single
Single-ended signal rising edge from VILCA(DC)Max to VIHCA(DC)Min mu.* bs monotonic slope.
Single-ended signal falling edge from VIHCA(DC)Min to VILCA(DC)i\ '~ must be monotonic slope.
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Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe, each cross
point voltage of differential input signal CK, CK must meet the requirements in Cross point voltage for differential input
signals (CK) shown below. The differential input cross point voltage VIX(CK) is measured from the actual cross point of true

and complement signals to the midlevel between Vbb and Vss.

VIX(CK) Definition

VDD
CK
N VDD/2
- e mm mm = J == W
VSEH
VSS

Cross Point Voltage for CK Differentia Irnput Signals
DDR4-1600/1866/2133/2400

Symbol Parameter .
Min Max
VDD/2 - 145 mV = VDD/2 + 100 mV
VSEL< VDD/2 + 145 mV
- Area of VSEH, VSFL =VSEL= =VSEH=
VDD/2 - 145 mV <VSEH
VDD/2 - 100 mV = VDD/2 + 145 mV
Differen*ial rpu: Cross Point Voltage -(VvDD/2-VSEL) (VSEH-VDD/2)
Vix(cK) ) —_ -120 mv 120 mv
relative t. VDD/2 for CK, CK +25mV -25mv
) DDR4-2666/2933/3200
Symba’ Parameter .
Min Max
VDD/2 - 145 mV = VDD/2 + 100 mV
VSEL< VDD/2 + 145 mV
- Area of VSEH, VSEL =VSEL= =VSEH=
VDD/2 - 145 mV <VSEH
VDD/2 -100 mV = VDD/2 + 145 mV
Differential Input Cross Point Voltage -(VDD/2-VSEL) (VSEH-VDD/2)
Vix(ck) X __ -110 mV 110 mV
relative to VDD/2 for CK, CK +30mV -30mv
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CMOS rail to rail Input Levels

CMOS rail to rail Input Levels for RESET

Symbol Parameter Min Max Unit NOTE
VIH(AC)_RESET  AC Input High Voltage 0.8*VDD VDD \Y 6
VIH(DC)_RESET  DC Input High Voltage 0.7*VDD VDD \Y 2
VIL(DC)_RESET DC Input Low Voltage VSS 0.3*VDD \Y 1
VIL(AC)_RESET AC Input Low Voltage VSS 0.2*VDD \Y 7
TR_RESET Rising time - 1.0 us 4
tPW_RESET RESET pulse width 1.0 - us 3,5
NOTE1 After RESET is registered LOW, RESET level shall be maintained below VIL(DC)_RESET during tPW_RESET, ouierwise, SDRAM may not be
reset.
NOTE2 Once RESET is registered HIGH, RESET level must be maintained above VIH(DC)_RESET, otherwic , SDKk,*M »speration will not be guaranteed
until it is reset asserting RESET signal LOW.
NOTE3 RESET is destructive to data contents.
NOTE4 No slope reversal(ringback) requirement during its level transition from Low to High.
NOTES This definition is applied only “Reset Procedure at Power Stable”.
NOTE6 Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings:
NOTE7 Undershoot might occur. It should be limited by Absolute Maximum DC Ratings

RESET Input Slew Rate Definition

0.8°VDD — - - - - f-—-—— - mm - s
0.7*VDD — = - - - - - - - - oo moms oo oo

0.3*VDD - - — - — |
0.2*VDD - - - - - N\

tPW_RESE
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AC and DC Logic Input Levels for DQS Signals
Differential signal definition

Definition of differential DQS Signal AC-swing Level

G

DOS t-

Diffarartial Input Volage

Differential swing requirements for DQS (DQS - DQS)

Differential AC and DC Input Levels for DQS

DDR4 DDR4 DDR4 DDR4 DDR4
Symbol Parameter 1600/1866/2133 2400 2666 2933 3200 Unit Note
Min Max Min Max Min Max Min Max Min Max
) VIH.DIFF.Peak ¢
VIHDIffPeak 186 Note2 L Note2 150 Note2 145 Note2 140 Note2 | mV 1
Voltage
) VIL.DIFF.Peak
VILDiffPeak Voltage Note2 -1e8 Note2 -160 Note2 -150 Note2 145 Note2 140 mvV 1

NOTE1 Used to define a differential signal ~'=w ra’e.
NOTE2 These values are not defined; how =vel, the differential signals DQS - DQS, need to be within the respective limits Overshoot, Undershoot
Specification for single-ende Y'sig: als.
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Peak voltage calculation method

The peak voltage of Differential DQS signals are calculated in a following equation.

VIH.DIFF.Peak Voltage = Max(f(t))

VIL.DIFF.Peak Voltage = Min(f(t))

f(t) = VDQS - VDQS

The Max(f(t)) or Min(f(t)) used to determine the midpoint which to reference the +/-35% window of the exempt

non-monotonic signaling shall be the smallest peak voltage observed in all ui’s.

Definition of differential DQS Peak Voltage and rage of exempt non-monotonic signaling

Single Ended Input Voltage : DQS and DQS

% + U

Time

Differential Input Cross Point Voltage

To achieve tight RxMask input requirements as well as output skew parameters with respect to strobe, the cross point
voltage of differential input signals (DQS, DQS) musi meet the requirements in Cross point voltage for DQS differential input
signals. The differential input cross point voltace V:X_DQS (VIX_DQS_FR and VIX_DQS_RF) is measured from the actual
cross point of DQS, DQS relative to the VDQSrid of the DQS and DQS signals.

VDQSmid is the midpoint of the min-mum levels achieved by the transitioning DQS and DQS signals, and noted by
VDQSrans. VDQSrans is the difice.xce between the lowest horizontal tangent above VDQSmid of the transitioning DQS
signals and the highest horizontal tangent below VDQSmid of the transitioning DQS signals.

A non-monotonic tra: siticnirg signal’s ledge is exempt or not used in determination of a horizontal tangent provided the
said ledge occurs within +/- 35% of the midpoint of either VIH.DIFF.Peak Voltage (DQS rising) or VIL.DIFF.Peak Voltage
(DQS rising), +fer to Definition of differential DQS Peak Voltage and rage of exempt non-monotonic signal. A secondary
horizonta! tz.ngent resulting from a ring-back transition is also exempt in determination of a horizontal tangent. That is, a
falliny »ai.sition’s horizontal tangent is derived from its negative slope to zero slope transition (point A in Vix Definition
(MZ<)) and a ring-back’s horizontal tangent derived from its positive slope to zero slope transition (point B in Vix Definition
(MHQS)) is not a valid horizontal tangent; and a rising transition’s horizontal tangent is derived from its positive slope to zero
slope transition (point C in Vix Definition (DQS)) and a ring-back’s horizontal tangent derived from its negative slope to zero

slope transition (point D in Vix Definition (DQS)) is not a valid horizontal tangent.
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VIX(DQS) Definition

Lowest horizontal tangent above VDQSmid of the transitioning signals

» DQs
()
(=2}
S
o
>
s
s 2
= s
> VDQSmid =
3 ~ |8
< E 9
@ \ g
E 2
2 \ S
o DQS U
[92) A~
[«
D..
&
[a] Highest horizontal tanget below VDQSmid of the transitioning signals
Vssa

Cross Point Voltage for Differential Input Signals DQS

DDR4-1600/1866/2133/2( 46, 2933/3200

Symbol Parameter . Unit NOTE
Min. iviax.

) . DQS Differential input cross point
Vix_DQS_ratio . - 25 % 1,2
voltage ratio

VDQSmid_to_Vcent "DQomid offset relative to - min(VIHdiff,50) mv 3,45
Vcent_DQ(midpoint)

NOTE 1 Vix_DQS_Ratio is DQS VIX crossing (Vix_DQS_FR or Vix_DQS _«r) divided by VDQSrans. VDQSrans is the difference between the lowest
horizontal tangent above VDQSmid of the transitioning DOS _:znal: and the highest horizontal tangent below VDQSmid of the transitioning
DQS signals.

NOTE 2 VDQSmid will be similar to the VREFDQ internal setting value obtained during Vref Training if the DQS and DQs drivers and paths are
matched.

NOTE 3 The maximum limit shall not exceed the smalle r ot /IH¢ iff minimum limit or 50mV.

NOTE 4 VIX measurements are only applicable ‘or ‘rans’tio=ing DQS and DQS signals when toggling data, preamble and high-z states are not
applicable conditions.

NOTE 5 The parameter VDQSmid is defined fu r siraulation and ATE testing purposes, it is not expected to be tested in a system.
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Differential Input Slew Rate Definition

Differential Input Slew Rate and Input Level Definition for DQS - DQS

ul WiH CifiF pak
ﬁ WIHCE DO
L ]
él
E
5
15 Wi
£
g WILIHTPask
NOTE 1 Differential signal rising edge from VILDiff_DQS to VIHDiff_DQS must be monotoriic s ope
NOTE 2  Differential signal falling edge from VIHDiff_DQS to VILDiff_DQS must be monoto.vic s rpe.
Differential Input Slew Rate Definition for DQS,DQC
L Measu eu .
Description Defined by
frcm to
Differential input slew rate for rising edge(DQS - DQS) VILp.* pas VIHpiff_pas | VILpiff_pas - VIHDiff_pas| / ATRdiff
Differential input slew rate for falling edge(DQS - DQS)  VIHpiff_pas VILpiff_pas | VILpitf_pas - VIHDitf_pas| / ATFdiff
NOTE 1 The differential signal DQS - DQS must be nron xton ¢ between these thresholds.
Differential Input Slew Rate and input Levels for DQS - DQS
L4 DDR4 DDR4 DDR4 DDR4
in Max Min Max Min Max Min Max Min Max
Different’a
VIHpiff pas ) 136 - 130 - 130 - 115 - 110 - mV
- Input High
Diffe ~enuial
ViLpiff_pas - -136 - -130 - -130 - -115 - -110 mV
Inout Lew
Iifterential
SRidit: 3 18 3 18 2.5 18 2.5 18 2.5 18 V/ns

wiput Slew Rate
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AC and DC Output Measuremnt Levels

Output Driver DC Electrical Characteristics

The DDR4 driver supports two different Ron values. These Ron values are referred as strong (low Ron) and weak mode
(high Ron). A functional representation of the output buffer is shown in the figure below. Output driver impedance RON is
defined as follows:
Output driver

Chip In Drive Mode

Output Drive

i ¢ VDDQ
To l lpu
other
circuity I RONpy
like °
RCV, ... hd - | bQ

RON lout
P Vout
I l Ipg
® ® VSSQ

The individual pull-up and pull-down resistors (RONPu and RONPUY are defined as follows:

vDDQ - Vout ..
RONpy= — —— under the conditio’ tha: RONpgq is off
| lout |
V
RONpg = _ Vout under the cnr dition that RONpy is off
| lout |
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Output Driver DC Electrical Characteristics, assuming RZQ = 240o0hm; entire operating
temperature range; after proper ZQ calibration
RTTnom Resistor Vout Min | Nom & Max Unit NOTE
VOLdc=0.5*vDDQ | 0.73 1 11 | RZQI7 | 1.2
RON34Pd VOMdc=0.8*VDDQ | 083 | 1 | 11 | RzQ/7 | 1.2

VOHdc=1.1* VDDQ 0.83 1 1.25 | RZQI/7 1,2

34Q V. |
VOLdc= 0.5* VDDQ 0.9 1 1.25 | RZQI7 1.2
RON34Pu VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/7 | 1,2
VOHdc= 1.1* VDDQ 0.8 1 1.1 ‘ R2O[7 1,2
VOLdc= 0.5*VDDQ 0.73 1 | 11 nZQ/5 1,2
PN N,
RON48Pd VOMdc= 0.8* VDDQ | 0.83 A~ RzQ/5 1,2
8 .
VOHdc=1.1*VDDQ | 0.83 1 1.25 | RZQ/5 1,2
48 | >
VOLdc= 0.5* VDDQ ).9 1 1.25 | RZQ/5 1,2
[\
RON48Pu VOMdc= 0.8*\'DLD 0.9 1 1.1 | RZQ/5 1,2
VOHdc= 1.2 v2ooQ 0.8 1 1.1 | RZQ/5 1,2
Mismatch between pull-up and pull-down, MMPuPd | VOi*~c=0.8*VDDQ | -10 - 17 % 1,2,3,4
. .
Mismatch DQ-DQ within byte variation pull-up, MMPudd | VOMac= 0.8* VDDQ - - 10 % 12,4
Mismatch DQ-DQ within byte variation pull-dn, MMPad'd | VOMdc= 0.8* VDDQ - - 10 % 1,2,4

NOTE 1 The tolerance limits are specified after ca."hi *iun with stable voltage and temperature. For the behavior of the tolerance limits if
temperature or voltage changes af:>r (alibration, see following section on voltage and temperature sensitivity(TBD).

NOTE 2  Pull-up and pull-dn output ('~ ver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to
achieve the linearity spec sho vn above, e.g. calibration at 0.5 * VDDQ and 1.1 * VDDQ.

NOTE3 Measurement r'e."nitior. jor mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately;

Ronnom is == nominal Ron value

RONPu -RONPd
rn D = *
\ ' fute RONNOM 100

NOTE 4 FON variance range ratio to RON Nominal value in a given component, including DQS and DQS.

RONPuMax -RONPuMin

MMPudd = RONNOM 100

RONPdMax -RONPdMin

— *
MMPddd = RONNOM 100

NOTE 5 This parameter of x16 device is specified for Upper byte and Lower byte.
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ALERT Output Drive Characteristic

Output driver impedance RON is defined as follows:

Vout
RONpqy= — 7.
Pd | lout | underthe condition that RONg, is off
Alert Driver
DRAM
g Alert
-
RON lout
Pd Vout
IPd
o ® ' VSSQ
Resistor Vout Min Max Unit NOTE
VOLdc= 0.1* VDDQ 03 | 1.2 34Q 1
RONPd VOMdc = 0.8* VDDQ 04 | 12 340 1
VOHdc = 1.1* VDDQ 0.4 1. 340 1

NOTE1 VDDQ voltage is at VDDQ DC. VDDQ DC. ¢ >thicion is TBD.
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Output Driver Characteristic of Connectivity Test (CT) Mode

Following Output driver impedance RON will be applied Test Output Pin during Connectivity Test (CT) Mode.
The individual pull-up and pull-down resistors (RONPu_CT and RONPd_CT) are defined as follows:

v K
RONpy cT = L\/OUT RON _ VouTt
I lout | Pd_CT | lout |

Output Driver

Chip In Drive Mode

* . VDD
l IPu_cT
To
other RONpy cT
circuity Q 0

like ~iout! PQ
RCV....
RONpd_cT
Vout
l lpd_cT
i Vssq
RONnNom_ct Resistor Vout Max Units NOTE
VOBgc = 1.2 ¥ V'bpg 1.9 340 1
VOLc- = 0.5 X Vbpg 2.0 340 1
RONPd_cT N
VWi = 0.8 X Vbpg 2.2 34Q 1
r_ A
\ VOHdc = 1.1 X Voog 25 340 1
340 2
VOBgc = 0.2 X Vbpg 2.5 34Q 1
VOLgc = 0.5 X Vbpg 2.2 34Q 1
RONPu_cT
VOMyc = 0.8 X Vbpg 2.0 340 1
VOHgc = 1.1 X Vbpo 1.9 340 1

NOTE 1 Co.rcctivity test mode uses un-calibrated drivers, showing the full range over PVT. No mismatch between pull up and pull down is defined.
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Single-Ended AC & DC Output Levels

Single-ended AC & DC output levels

DDR4-1600/1866/2133/2400/ .
Symbol Parameter Units |NOTE
v 2666/2933/3200
VOH(pc) |DC output high measurement level 1.1xVvDDQ \Y
. For IV curve
VOM(pc) |DC output mid measurement level linearity 0.8 x VDDQ \Y >
VOL(pc) |DC output low measurement level 0.5xVvDDQ \Y -
VOH(ac) |AC output high measurement level (0.7 +0.15) x VDDQ \Y 1
For output SR LN
VOL(ac) |AC output low measurement level (0.7-0.15) x vDDQ V YL

NOTE 1 The swing of +0.15 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driv. v impeuance of
RZQ/7 and an effective test load of 50Q to VTT = VDDQ.

Differential AC & DC Output Levels

Differential AC & DC output levels

DDR4-1600/1866/.135,/2400/ .
| P | NOTE
Symbo arameter 2666/23513290 Units (0)
VOHiff(AC) AC differential output high measurement level 452 xVDDQ Y 1
(for output SR)
VOLdiff(AC) AC differential output low measurement level .03 xVDDQ Y 1
(for output SR)

NOTE 1 The swing of + 0.3 x VDDQ is based on approximately 50% of the stat.- ritffer=ntial output peak-to-peak swing with a driver impedance of
RzQ/7Q and an effective test load of 50Q to VTT = VDDQ at each of the div~.ential outputs.
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Single-ended Output Slew Rate

Using the same reference load used for timing measurements, output slew rate for falling and rising edges is defined and

measured between VoL(ac) and VoH(Ac) for single ended signals.

Single-Ended Output Slew Rate Definition

. Measured .
Description Defined by
from to
Single ended output slew rate for rising edge VOL(ac) VOH(ac) [VOH(ac)-VOL(ac)] / ATRse
Single ended output slew rate for falling edge | VOHac) VOL(ac) [VOH(ac)-VOL(aq)] / ATFse

NOTE 1 Output slew rate is verified by design and characterization, and may not be subject to production test.

Single-ended Output Slew Rate Definition

—> —

delta TFse delta TRse

Single-Ended Output Slew Rate

- —— — — 1= — Voun,oc)

DIR4 1630/1866/2133/2400/2666/2933/3200

Symbol Parameter

Min

Max

Unit

SRQse |[Single ended output slew rate

4

V/ns

For RON = RzQ/7
SR = slew rate; Q = query output; se = single-endcd s/ Znai.

NOTE1 Intwo cases a maximum slew rate of 12\,'ns applies for a single DQ signal within a byte lane.
® Case 1is defined for a single DQ s nal within a byte lane that is switching into a certain direction (either from high-to-low or low-to-high)

while all remaining DQ signal- in \>e same byte lane are static (they stay at either high or low).

® Case 2 is defined for a six¢,le D( signal within a byte lane that is switching into a certain direction (either from high to low or low to high)

while all remaining DX signals in the same byte lane are switching into the opposite direction (from low to high or high to low

respectively). For the i »mz ining DQ signal switching into the opposite direction, the regular maximum limit of 9 V/ns applies.
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Differential Output Slew Rate

Differential output slew rate defini

tion

Measured

Description

from

to

Defined by

Differential output slew rate for rising edge

VOLdiff(AC)

VOH(iff(AC)

[VOH, diff(Ac)-VOL,diff(Ac)] / ATRdiff

Differential output slew rate for falling edge

VOH(iff(AC)

VOLdiff(AC)

[VOH, diff(Ac)-VOL,diff(ac)] / ATFdiff

NOTE 1 Output slew rate is verified by design and characterization, and may not be subject to production test.

Differential Output Slew Rate Definition
********* — Voifr (AC)
s T 7 VY
—— N — — — — — -+ — Voudir (AC)
— e —
delta TFdiff delta TRdiff
Differential Output Slew Rate
‘ QDR4-1600/1866/2133/2400/2666/2933/3200
Symbol Parameter ‘ Unit
Min Max
SRQdiff Differential output slew rat= I 8 18 V/ns
For RON = RzQ/7 N
SR = slew rate; Q = query output; diff: Different al Sisnals
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Single-ended AC & DC output levels of Connectivity Test Mode

Single-ended AC & DC output levels of Connectivity Test Mode

DDR4-1600/1866/2133/2400/

Symbol Parameter Unit Notes
2666/2933/3200

VoH(pc) DC output high measurement level (for IV curve linearity) 1.1 xVvDDQ \Y

Vowm(pc) DC output mid measurement level (for IV curve linearity) 0.8 xVDDQ \"

VoL(pc) DC output low measurement level (for IV curve linearity) 0.5xVvDDQ \"

Vos(pc) DC output below measurement level (for IV curve linearity) 0.2 xVDDQ \Y

Von(ac) AC output high measurement level (for output SR) VTT + (0.1 x VD2Q) Vv 1
VoL(ac) AC output below measurement level (for output SR) VTT - (0.1 xv'DDQ) Vv 1

NOTE 1 The effective test load is 50Q terminated by VTT = 0.5 * VDDQ.

Output Slew Rate Definition of Connectivity Test Mode

—A N — — — — — — - = 03*DD

—> —I1 —

TF_output_CT TR~output CT

Single-ended output slev rate of Connectivity Test Mode

DDR4-1600/1866/2133/2400/

Symbol Parameter 2666/2933/3200 Unit
Min Max

TF_ovpu_CT  Output signal Falling time - 10 ns/V

TR_output_CT  Output signal Rising time - 10 ns/V
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Test Load for Connectivity Test Mode Timing

Connectivity Test Mode Timing Reference Load

VDo
T DQ,
DQS, DG,
CT_Inputs DM, TDQS, TDQS
S DUT ———=0.5*VDDQ

Rterm =50 Q

y

Vsso

Timing reference point
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Speed Bin
DDR4-3200 Speed Bin
Speed Bin DDR4-3200
CL-nRCD-nRP 22 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 13.75 18.00 ns 12
Lnr;c:tr)?:(; read command to first data with read DBI tAA_DBI tAA(min) + 4nCK tAA(max) +4nCK | ns 12 :
ACT to internal read or write delay time tRCD 13.75 - ns 12 —l
PRE command period tRP 13.75 - ns v
ACT to PRE command period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 45.75 - ns 12
Normal Read DB
CL=9 CL=11 tCK(AVG) Reserved N/ ns 4
CWL=9
CL=10 CL=12 tCK(AVG) 1.5 1.6 ns |1,2,3,10,11,16
CL=10 CL=12 tCK(AVG) Reserved ns 4
CwL=9,11 CL=11 CL=13 tCK(AVG) 1.25 _}_ ‘ —<1—.5 ns | 1,2,3,10,16
CL=12 CL=14 tCK(AVG) 1.25 | <1.5 ns | 1,2,3,10,16
CL=12 CL=14 tCK(AVG) Tes_erved ns 4
?8{&2: CL=13 CL=15 tCK(AVG) 1.37?__ <1.25 ns | 1,2,3,10,16
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns | 1,2,3,10,16
CL=14 CL=17 tCK(AVG) N / Reserved ns 4
i\i\f;: CL=15 CL=18 tCK(AVR) . N 0.937 <1.071 ns | 1,2,3,10,16
CL=16 CL=19 tCH(Ava) 0.937 <1.071 ns | 1,2,3,10,16
CL=15 CL=18 tCK(;G\ Reserved ns 4
CWL = CL=16 CL=19 tCK(AVG) Reserved ns 4
12,16 CL=17 CL=20 _—L'— 1CK(AVG) 0.833 <0.937 ns | 1,2,3,10,16
CL=18 CL-2: | tCK(AVG) 0.833 <0.937 ns | 1,2,3,10,16
CL=17 (L =_’.0 tCK(AVG) Reserved ns 4
CWL = CL=18 X (;_ =21 tCK(AVG) Reserved ns 4
14,18 CL=19 #_ S =22 tCK(AVG) 0.75 <0.833 ns | 1,2,3,10,16
CL=20 CL=23 tCK(AVG) 0.75 <0.833 ns | 1,2,3,10,16
Cc=10 - CL=24 tCK(AVG) Reserved 4
CWL = L=21 CL=25 tCK(AVG) 0.682 <0.75 1,2,3,10,16
1620 | ci=2 CL=26 tCK(AVG) 0.682 <0.75 1,2,3,10,16
;_ Y CL=28 tCK(AVG) 0.682 <0.75 1,2,3,10,16
N\ CL=20 CL=24 tCK(AVG) Reserved ns 4
:1\;'2 6’ CL=22 CL=26 tCK(AVG) 0.625 <0.682 ns 1,2,3,16
I CL=24 CL=28 tCK(AVG) 0.625 <0.682 ns 1,2,3,16
Supported CL Settings 10,11,12,13,14,15,16,17,18,19,20,21,22,24| nCK 13,16
Supported CL Settings with read DBI 12,13,14,15,16,18,19,20,21,22,23,25,26,28 | nCK 16
Supported CWL Settings 9,10,11,12,14,16,18,20 nCK 16
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DDR4-2666 Speed Bin

Speed Bin DDR4-2666
CL-nRCD-nRP 19 Unit Notes
Parameter Symbol Min Max
Internal read command to first data tAA 14.25% 18.00 ns 5,12
(13.75)512 ’ ’ 1
Lnr;c:tr)?:(lj read command to first data with read DBI tAA_DBI tAA(min) + 3nCK tAA(max) + 3nCK ns 12
ACT to internal read or write delay time tRCD 14.25 - ns Tl E
Y (13.75)512 N
. 14.25
PRE command period tRP (13.75)512 - ns 5,12
ACT to PRE command period tRAS 32 9 x tREFI n. 12
ACT to ACT or REF command period tRC 46.25 - as 5,12
P (45.75)512 ‘ ’
Normal Read DBI
CL=9 CL=11 tCK(AVG) Reservod ns 4
CwL=9 | .
CL=10 CL=12 tCK(AVG) 1.5 : 1.6 ns |1,2,3,9,11,16
CL=10 CL=12 tCK(AVG) Rzserved ns 4
CwL=9,11 CL=11 CL=13 tCK(AVG) 1.25 <1.5 ns | 1,2,3,9,16
CL=12 CL=14 tCK(AVG) 1.25 <1.5 ns | 1,2,3,9,16
CL=12 CL=14 tCK(AVG) Reserved ns 4
CWL=10,12 CL=13 CL=15 tCK(AVC) 1.071 <1.25 ns | 1,2,3,9,16
P
CL=14 CL=16 tCI AL G) 1.071 <1.25 ns | 1,2,3,9,16
CL=14 CL=17 tCK(AVG) Reserved ns 4
CwL=11,14 CL=15 CL=18 tCK(AVG) 0.937 <1.071 ns | 1,2,3,9,16
CL=16 CL=1° tCK(AVG) 0.937 <1.071 ns | 1,2,3,9,16
CL=15 CL=1c tCK(AVG) Reserved ns 4
CL=16 ¢ =19 tCK(AVG) Reserved ns 4
CWL=12,16 X
CL=17 + CL=20 tCK(AVG) 0.833 <0.937 ns | 1,2,3,9,16
CL=18 CL=21 tCK(AVG) 0.833 <0.937 ns | 1,2,3,9,16
Cl =17 CL=20 tCK(AVG) Reserved ns 4
CL=.8 CL=21 tCK(AVG) Reserved ns 4
CWL=14,18——
cL=19 CL=22 tCK(AVG) 0.75 <0.833 ns 1,2,3,16
1 CL=20 CL=23 tCK(AVG) 0.75 <0.833 ns 1,2,3,16
Sur pc rteu CL Settings 10, 11, 12,13,14,15,16,17,18,19,20 nCK 13, 16
Supoorted CL Settings with read DBI 12,13, 14,15,17,18,19,20,21,22,23 nCK 13,16
! Supported CWL Settings 9,10,11,12,14,16,18 nCK 16
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Speed Bin Table Note

Absolute Specification

-VDDQ =VDD =1.20V +/- 0.06 V

- VPP = 2.5V +0.25/-0.125 V

- The values defined with above-mentioned table are DLL ON case.

- DDR4-1600,1866,2133 and 2400 Speed Bin Tables are valid only when Geardown Mode is disabled.

NOTE 1 The CL setting and CWL setting result in tCK(avg). MIN and tCK(avg). MAX requirements. When making a selection of tCK(avg), both
need to be fulfilled: Requirements from CL setting as well as requirements from CWL setting.

NOTE 2 tCK(avg). MIN limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the DLL - a!' nos:ik'e
intermediate frequencies may not be guaranteed. CL in clock cycle is calculated from tAA following rounding algorithm dei*ned in
Section 13.5.

NOTE 3 tCK(avg). MAX limits: Calculate tCK(avg) = tAA.MAX / CL SELECTED and round the resulting tCK(avg) down to the nexu * alid speed
bin (i.e. 1.5ns or 1.25ns or 1.071 ns or 0.937 ns or 0.833 ns). This result is tCK(avg). MAX corresponding to CL SELECTED.
NOTE 4 ‘Reserved’ settings are not allowed. User must program a different value.

NOTE 5 'Optional' settings allow certain devices in the industry to support this setting, however, it is rot a .~~udatory feature. Any
combination of the‘optional’ CL’s is supported. The associated‘optional’ tAA, tRCD, tRP, and tRC \ alues must be adjusted based
upon the CL combination supported. Refer to supplier's data sheet and/or the DIMM SPD informatiuii if and how this setting is
supported.

NOTE 6 Any DDR4-1866 speed bin also supports functional operation at lower frequencies as sho./n . .he table which are not subject to
Production Tests but has been verified.

NOTE 7 Any DDR4-2133 speed bin also supports functional operation at lower frequencies . s s.>cwn in the table which are not subject to
Production Tests but has been verified.

NOTE 8 Any DDR4-2400 speed bin also supports functional operation at lower frequeiicies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 9 Any DDR4-2666 speed bin also supports functional operation at lo' ver 1.2quencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 10 Any DDR4-3200 speed bin also supports functional operaticn at .. \wer frequencies as shown in the table which are not subject to
Production Tests but has been verified.

NOTE 11 DDR4-1600 AC timing apply if DRAM operates at lowe. thian 1€ 00 MT/s data rate.

NOTE 12 Parameters apply from tCK(avg)min to tCK(avg)max at ai. standard JEDEC clock period values as stated in the Speed Bin Tables.
NOTE 13 CL number in parentheses, it means that these numbers are optional.

NOTE 14 DDR4 SDRAM supports CL=9 as long as a syste M micets tAA(min).

NOTE 15 Each speed bin lists the timing requirer.c.ts *1a. need to be supported in order for a given DRAM to be JEDEC compliant. JEDEC
compliance does not require suppor. fc- al speed bins within a given speed. JEDEC compliance requires meeting the parameters
for a least one of the listed speed kir.

NOTE 16 Supporting CL setting herewit'i 1. a veference base on JEDEC's. Precise CL & tCK setting needs to follow where defined on speed
compatible table in sectior “Cnerating frequency”, exceptional setting please confirm with NTC.CWL setting follow CL value in
above table in section “Sp.ed Cin”

NOTE 17 Any DDR4-2933 speed hin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests b it li2s been verified.

NOTE 18 Any DDR4-1000 <peed bin also supports functional operation at lower frequencies as shown in the table which are not subject to
Production Tests but has been verified.
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IDD and IDDQ Specification Parameters and Test conditions

Iop, Iep and Ippo Measurement Conditions

In this chapter, Ipp, Ipp and Ippq measurement conditions such as test load and patterns are defined and setup and test

load for Ipp, Ipp and Ippq measurements are also described here.

Ipp currents (such as Ippo, Ippoa, Ibbl, Ibp1a, Ibb2N, IDD2NA, IDD2NL, IDD2NT, IDD2P, IDD20, 1DD3N, IDD3NA, IDD3P, IDDA4R,
IpD4RA, IDDAW, IDDAWA, IDDSB, IDDSF2, IDDSF4, IDDEN, IDD6E, IDDER, IDDEA, IDD7 and Ipps) are measured as time-averaged
currents with all Vpp balls of the DDR4 SDRAM under test tied together. Any Ipp or Ippq current is not included in ILn
currents.

Ipp currents have the same definition as Ipp except that the current on the Vpp supply is measured.

Ibbq currents (such as Ippa2NT and Ippa4r) are measured as time-averaged currents with all Vppq balls of ti @ DDR4
SDRAM under test tied together. Any Ipp current is not included in Ippq currents.

Attention: Ippq values cannot be directly used to calculate 10 power of the DDR4 SDRAM. Thay can Je used to
support correlation of simulated 10 power to actual IO power. In DRAM module application, Ipr g cannot be
measured separately since Vpp and Vppq are using one merged-power layer in Moduic PCB.

For Ipp, Ipp and Ippq measurements, the following definitions apply:

“0” and “LOW” is defined as VN <= V|LAC(max).
“1” and “HIGH” is defined as VIN >= VIHAC(min).
“MID-LEVEL” is defined as inputs are VRer = Vpp / 2.

Timings used for IDD, IPP and IDDQ Measurement-Loop Pat‘ei.:s 2:e described Timings used for IDD, IPP and IDDQ
Measurement-Loop Patterns.

Basic Ipp, Ipp and Ippq Measurement Conditions are aZscrided in: Basic IDD, IPP and IDDQ Measurement Conditions.

Detailed Ipp, Ipp and Ippq are described in table: IDDU, 'DDOA and IPPO Measurement-Loop Pattern through IDD7
Measurement-Loop Pattern.

IDD Measurements are done after properl ¢ in*ia.izing the DDR4 SDRAM. This includes but is not limited to setting
- Ron =Rza/7 (34 Q in MR1);

— R71_NOoM = Rza/6 (40 Q in MR1);

= RTT_wr = Rzq/2 (120 Q in M5 2),

— RrT_paRk = Disable;

— Qoff = 0B (Output Buf er cnabled) in MR1;
— TDQS disabled i:i N'F.L;

— CRC disabled in K'R2;

— CA parit' fcoture disabled in MR5;

— Gear down mode disabled in MR3;

— Reau,"N.iie DBI disabled in MR5;

— Cildisabled in MRS

Acrention: The Ipp, Ipp and Ippq Measurement-Loop Patterns need to be executed at least one time before actual
I5D or IDDQ measurement is started.

directed above.
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Measurement Setup and Test Load for Ipp, Irp and lopg

Yoo e o
T T i

Vb Vep VbbQ

RESET
CK/CK

CKE

s DDR4 SDRAM

DQS/DAS
DQ
DM

3
m

LL

ACT, RAS,

ql

AS,

A,BG,BA
oDT

2Q Vss VSSQ

e

TLIITLTT

NOTE1 DIMM level Output test load condition may be different from above.
NOTE 2 For information only.

Correlation from simulated Channel 10 Power to actual Ciianri2l IO Power supported by IDDQ
Measurement

Application specific memory

channel environment IDLQ Test Load

r
Y |
-
Channel 10 Power | IDDQ IDDQ
Simulation ! Simulation Measurement
L

Correlation

(X
'

Channeal IO Power Number
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IDD, IDDQ and IPP Specification

Timings used for Ipp, lpe and Ippgo Measurement-Loop Patterns

symbol DDR4-1600 | DDR4-1866 | DDR4-2133 | DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200 i
11 13 15 17 19 21 22
tCK 1.25 1.071 0.937 0.833 0.75 0.682 0.625 ns
cL 11 13 15 17 19 21 22 nC —l
CcWL 11 12 14 16 18 20 20 v nok
_'_
nRCD 11 13 15 17 19 21 22 nCK
nRC 39 45 51 55 62 68 74 nCK
nRAS 28 32 36 39 43 47 L 52 ncK
nRP 11 13 15 17 19 27 22 nCK
x4 16 16 16 16 16 16 16 nCK
nFAW x8 20 22 23 28 28 J 31 34 nCK
x16 28 28 32 40 a7 44 48 nCK
x4 4 4 4 4 4 4 4 nCK
nRRDS x8 4 4 4 4 4 4 4 nCK
x16 5 5 6 8 8 8 9 nCK
»
x4 5 5 6 : 7 7 8 8 nCK
nRRDL x8 5 5 6 7 7 8 8 nCK
x16 6 6 ' 7 9 9 10 11 nCK
i -
tCCD_S 4 4 4 4 4 4 4 nCK
tCCD_L 5 5 6 6 7 8 8 nCK
tWTR_S 2 L 3 3 3 4 4 4 nCK
tWTR_L 5 7 8 9 10 11 12 nCK
nRFC 8Gb 280 327 374 421 467 514 560 nCK
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Basic IDD, IPP, and IDDQ Measurement Conditions

Symbol Description

Operating One Bank Active-Precharge Current (AL=0)

CKE: High;

External clock: On;

tCK, nRC, nRAS, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns
BL: 8%;

AL: 0;

CS: High between ACT and PRE; N
IpDo Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table (IDDO, IDDOA and IPPO

Measurement-Loop Pattern)

Data 10: VDDQ;

DM: stable at 1;

Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2, 2, (see: IDDO, IDDOA and IPPO Measurement-Loop Pattern);
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDDO, IDDOA and IPPO Measurement-Loop Pattern

Operating One Bank Active-Precharge Current (AL=CL-1)

Ippoa |AL=CL-1,
Other conditions: see IDDO
Operating One Bank Active-Precharge IPP Current

Ippo Same condition with IDDO Q7
Operating One Bank Active-Read-Precharge Current (AL=0)
CKE: High;
External clock: On;
tCK, nRC, nRAS, nRCD, CL: see Timings used for IDD, IPP and IDDQ Meas’ :>me, t-Loop Patterns;
BL: 8%;
AL: 0;
CS: High between ACT, RD and PRE;
Ibp1

Command, Address, Bank Group Address, Bank Address "nput*<. L ata 10: partially toggling according to table (IDD1, IDD1A and IPP1
Measurement-Loop Pattern);

DM: stable at 1;

Bank Activity: Cycling with one bank active at a tire: 0,0,1,1,2, 2, (see: IDDO, IDDOA and IPPO Measurement-Loop Pattern);

Output Buffer and RTT: Enabled in Mode Res! ters’,

ODT Signal: stable at 0;

Pattern Details: see IDD1, IDD1A anc lP._‘l IV easurement-Loop Pattern

Operating One Bank Active-Rr:aa Piacharge Current (AL=CL-1)
Ipp1a |AL=CL-1,
Other conditions: see IND%

Operating One Ban': Acive-Read-Precharge IPP Current

| - .
PP1 Same condition w107

Precharge “canu v Current (AL=0)

CKE: High;

Exten7: olock: On;

tCK, ZL: ~ee Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

l?| : \’71.

‘-\Lf 0;

TS: stable at 1;

Ipn,,y |Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table (IDD2N, IDD2NA, IDD2NL, IDD2NG,
IDD2ND, IDD2N_par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern)

I Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDDZN;par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern
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Symbol Description
Precharge Standby Current (AL=CL-1)
Ipp2NA AL = CL-1, Other conditions: see IDD2N
Precharge Standby IPP Current
Ipp2N Same condition with IDD2N
Precharge Standby ODT Current
CKE: High;
External clock: On;
tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;
AL: 0;
CS: stable at 1;
Ipp2nT |Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to see Timings used for IDD2NT and
IDDQ2NT Measurement-Loop Pattern;
Data 10: VSSQ;
DM: stable at 1;
Bank Activity: all banks closed;
Output Buffer and RTT: Enabled in Mode Registers?;
ODT Signal: toggling according to IDD2NT and IDDQ2NT Measurement-Loop Pattern
Pattern Details: see IDD2NT and IDDQ2NT Measurement-Loop Pattern Q
IDDQ2NT |Precharge Standby ODT IDDQ Current
(Optional) |Same definition like for IDD2NT, however measuring IDDQ current instead of IDD current
Precharge Standby Current with CAL enabled
Ipp2NL Same definition like for IDD2N, CAL enabled? T |
Precharge Standby Current with Gear Down mode enabled
Ipb2NG Same definition like for IDD2N, Gear Down mode enabled3> §
Precharge Standby Current with DLL disabled
IDD2ND |5, e definition like for IDD2N, DLL disabled®
Precharge Standby Current with CA parity enabled
IDD2N_par Same definition like for IDD2N, CA parity enabled? A
Precharge Power-Down Current
CKE: Low;
External clock: On;
tCK, CL: see Timings used for IDD, IPP and IDDQ Measurei2e*..-LYop Patterns;
BL: 8%;
AL: 0;
Ipp2p |CS:stable at 1;
Command, Address, Bank Group Address, Fan: Adc ress Inputs: stable at 0;
Data 10: VDDQ;
DM: stable at 1;
Bank Activity: all banks closed;
Output Buffer and RTT: Enak':d n Mode Registers?;
ODT Signal: stableato =
Precharge Power-C own PP Current
Ipp2p Same condition win ILZ2P
Precharge (‘uiet c*andby Current
CKE: High;
Extes "l ¢Inck: On;
tCK, CL: _=e Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
‘p.‘ 3.
‘g\l . 0;
: CS: stable at 1;
020 Command, Address, Bank Group Address, Bank Address Inputs: stable at 0;
I Data 10: VDDQ;
DM: stable at 1;
Bank Activity: all banks closed;
Output Buffer and RTT: Enabled in Mode Registers?;
ODT Signal: stable at 0
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Symbol Description

Active Standby Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: 0;

CS: stable at 1;

Ipp3N |Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table(IDD2N, IDD2NA, IDD2NL, IDD2NG,
IDD2ND, IDD2N_par, IPP2, IDD3N, IDD3NA and IDD3P Measurement-Loop Pattern )
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks open;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD2N, IDD2NA, IDD2NL, IDD2NG, IDD2ND, IDD2N_par, IPP2, IDD3N, IDD3NA and IDD3P Maasuremcnt-Loop Pattern
Active Standby Current (AL=CL-1)

AL = CL-1, Other conditions: see IDD3N

Active Standby IPP Current

Same condition with IDD3N

Active Power-Down Current

CKE: Low;

External clock: On;

a

IDD3NA

IPP3N

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: 0;

IDD3P CS: stable at 1;

Command, Address, Bank Group Address, Bank Address Inputs: stc2le at 0:
Data 10: VDDQ;

DM: stable at 1;

Bank Activity: all banks open;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0

Active Power-Down IPP Current

Same condition with IDD3P

Ipp3P

Operating Burst Read Current

CKE: High;

External clock: On;

tCK, CL: see Timings used f_~IL D, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%

AL: O;

CS: High bet'.eer. "\D;

Command, Add vess, Bank Group Address, Bank Address Inputs: partially toggling according to IDD4R, IDD4RA, IDD4RB and IDDQ4R
IpbDaR |Measur~ment-Loop Pattern

Data IL " seamless read data burst with different data between one burst and the next one according to IDD4R, IDD4RA, IDD4RB and
IDL 24t Measurement-Loop Pattern

IZA1 stable at 1;

"Sank Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2, 2, (see IDD4R, IDD4RA, IDD4RB and IDDQ4R
Measurement-Loop Pattern);

Output Buffer and RTT: Enabled in Mode Registers?;

I ODT Signal: stable at 0;

Pattern Details: see IDD4R, IDD4RA, IDD4RB and IDDQ4R Measurement-Loop Pattern;

Operating Burst Read Current (AL=CL-1)

Ippara |AL=CL-1,
Other conditions: see IDD4R
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Symbol Description
Operating Burst Read Current with Read DBI

Ippare |Read DBI enabled?,

Other conditions: see IDD4R

Operating Burst Read IPP Current

IPPaR Same condition with IDD4R

IDDQ4R |Operating Burst Read IDDQ Current
(Optional) |Same definition like for IDD4R, however measuring IDDQ current instead of IDD current

IDDQ4RB |Operating Burst Read IDDQ Current with Read DBI <
(Optional) |Same definition like for IDD4RB, however measuring IDDQ current instead of IDD current ‘I
Operating Burst Write Current

CKE: High;

External clock: On;

tCK, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: 0;

CS: High between WR;

Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to IDDO, ID",0A and iPPO
Ippaw |Measurement-Loop Pattern

Data 10: seamless write data burst with different data between one burst and the next one accoting "o table (IDD4W, IDD4WA, IDD4WB
and IDD4W_par Measurement-Loop Pattern)

DM: stable at 1;

Bank Activity: all banks open, WR commands cycling through banks: 0,0,1,1,2, 2, (see :90- W, '0D4WA, IDD4WB and IDD4W_par
Measurement-Loop Pattern);

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at HIGH;

Pattern Details: see IDD4W, IDD4WA, IDD4WB and IDDAW_par Measi'.en.>nt-Luop Pattern

Operating Burst Write Current (AL=CL-1)

IpD4wa |AL=CL-1,

Other conditions: see IDD4W

Operating Burst Write Current with Write DBI

Ippgws |Write DBl enabled?,

Other conditions: see IDD4W

Operating Burst Write Current with Write CRC

Ippgwc |Write CRC enabled?,

Other conditions: see IDD4W d G
Operating Burst Write Current :it.,> CA Parity
llDD4aW_par|CA Parity enabled?,

Other conditions: see IDDAW
Operating Burst Write 'PP Current

Same condition with DDZW

Burst Refresh Cur:ent (1X REF)

CKE: High;

External clock: Un;

tCK, €L . RFC: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL O;

‘C‘;: high between REF;

D5 ‘ “o:amand, Address, Bank Group Address, Bank Address Inputs: partially toggling according to table(IDD5B Measurement-Loop Pattern)
Jata 10: VDDQ;

DM: stable at 1;

Bank Activity: REF command every nRFC (see IDD5B Measurement-Loop Pattern);

I Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD5B Measurement-Loop Pattern

lpPaw

Burst Refresh Write IPP Current (1X REF)
Ippsg  |Same condition with IDD5B
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Symbol

Description

IDD5F2

Burst Refresh Current (2X REF)
tRFC=tRFC_x2, Other conditions: see IDD5B

IPP5F2

Burst Refresh Write IPP Current (2X REF)
Same condition with IDD5F2

IDD5F4

Burst Refresh Current (4X REF)
tRFC=tRFC_x4, Other conditions: see IDD5B

IPPSF4

Burst Refresh Write IPP Current (4X REF)
Same condition with IDD5F4

IDD6N

Self Refresh Current: Normal Temperature Range

TCASE: 0 - 85°C;

Low Power Array Self Refresh (LP ASR): Normal*;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: 0;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DM: stable at 1;

Bank Activity: Self-Refresh operation;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: MID-LEVEL

IPP6N

Self Refresh IPP Current: Normal Temperature Range
Same condition with IDD6N

IDD6E

Self-Refresh Current: Extended Temperature Range

TCASE: 0 - 95°C;

Low Power Array Self Refresh (LP ASR): Extended?;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns,
BL: 8%;

AL: O;

CS, Command, Address, Bank Group Address, Bank Acdr..>, D: ta 10: High;
DM: stable at 1;

Bank Activity: Extended Temperature Self-Refresh operation;
Output Buffer and RTT: Enabled in Mode Registars :

ODT Signal: MID-LEVEL

IPP6E

Self Refresh IPP Current: Extended ‘rei.per=cure Range Same condition with IDD6E

IDD6R

Self-Refresh Current: Reduced Toniherature Range

TCASE: 0 - 45°C;

Low Power Array Self Refrest, (LP ,\SR): Reduced?;

CKE: Low;

External clock: Off; CI' and CK: LOW;

CL: Timings used for Dv, PP and IDDQ Measurement-Loop Patterns;
BL: 8%;

AL: O;

CS, ror.."and, Address, Bank Group Address, Bank Address, Data 10: High;
DM: ~tavle ac 1;

Bai k A :tivity: Extended Temperature Self-Refresh operation;

| utput Buffer and RTT: Enabled in Mode Registers?;

|»DT Signal: MID-LEVEL

Irnex

Self Refresh IPP Current: Reduced Temperature Range
Same condition with IDD6R

IDD6A

Auto Self-Refresh Current

TCASE: 0 - 95°C;

Low Power Array Self Refresh (LP ASR): Auto?;

CKE: Low;

External clock: Off; CK and CK: LOW;

CL: Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;
BL: 8%;
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AL: 0;

CS, Command, Address, Bank Group Address, Bank Address, Data 10: High;
DM: stable at 1;

Bank Activity: Auto Self-Refresh operation;

Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: MID-LEVEL

Auto Self-Refresh IPP Current

Same condition with IDD6A

IPP6A

Operating Bank Interleave Read Current
CKE: High; \
External clock: On;

tCK, nRC, nRAS, nRCD, nRRD, nFAW, CL: see Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns;

BL: 8%;

AL: CL-1;

CS: High between ACT and RDA;

IpD7 Command, Address, Bank Group Address, Bank Address Inputs: partially toggling according to Timings used for see table(IDD7

Measurement-Loop Pattern)

Data 10: read data bursts with different data between one burst and the next one according to IDD7 Meas'*“ei.ent-"_oop Pattern

DM: stable at 1;

Bank Activity: two times interleaved cycling through banks (0, 1, ...7) with different addressing, se= IDD7 Ivicasurement-Loop Pattern
Output Buffer and RTT: Enabled in Mode Registers?;

ODT Signal: stable at 0;

Pattern Details: see IDD7 Measurement-Loop Pattern

Operating Bank Interleave Read IPP Current
Same condition with IDD7

lpp7

Ippg |Maximum Power Down Current

Maximum Power Down IPP Current
Same condition with IDD8

NOTE 1 Burst Length: BL8 fixed by MRS: set MRO A [1:0] =00.
NOTE 2 Output Buffer Enable:
- set MR1 A12 = 0: Qoff = Output buffer enabled
-set MR1 A [2:1] = 00: Output Driver Impedance Control = Re&/7
RTT_NOM enable:
-set MR1 A [10:8] =011: RTT_NOM = RZQ/6
RTT_WR enable:
- set MR2 A [10:9] = 01: RTT_WR = RZQ/2
RTT_PARK disable:
- set MR5 A [8:6] = 000
NOTE 3 CAL enabled :
- set MR4 A[8:6]=001 : 1600 MT/s
- set MR4 A [8:6] =010: 1866,2175 11,%
-set MR4 A [8:6] =011: 2400MTy.
Gear Down mode enabled:
-set MR3A3=1:14Rae
DLL disabled:
-set MR1 A0 = 1
CA parity enablecw
- set MR5 A [2:0] = 001: 1600,1866,2133MT/s
- set Mh5 A [2:0] = 010: 2400MT/s
Read Ll e, abled:
-SctNREAIZ =1
\ *ite DBl enabled:
set: MR5 A11 =1
NOTL ~ ".ow Power Array Self Refresh (LP ASR):
- set MR2 A [7:6] = 00: Normal
-set MR2 A [7:6] = 01: Reduced Temperature range
- set MR2 A [7:6] = 10: Extended Temperature range
-set MR2 A [7:6] = 11: Auto Self Refresh

Ippg

NOTE 5 IDD2NG should be measured after sync pulse(NOP) input.

NOTE 6 The IDD values must be derated (increased) when operated outside of the range 0°C <TC< 85°C
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Ibpo, Ipboa and Ippo Measurement-Loop Pattern

X s s | S S13a | sl =lol Slael ||
O|lw| o| 28| & < | <|Z |2 |8 |B|«s|Z|F|®|B
;53:%%§|8‘25558%%a:-§%§%0ma3
51713 °2| 8 BlB|E|7|8|8|<|2<
0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 0 0 0 0 0 0 - I
3,4 P, 1 1 1 1 1 0 32 3 0 0 7 F 0 - l
0 D_# AN |
repeat pattern 1...4 until nRAS - 1, truncate if necessary
nRAS PRE|0|1|0|1|0|0|0 0|0|0|0|0|0|0|—
repeat pattern 1...4 until nRC - 1, truncate if necessary p.
1 1*nRC | repeat Sub-Loop 0, use BG[1:0]? = 1, BA[1:0] = 1 instead el
2 2*nRC | repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 2 instead oK
= 3 3*nRC | repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 3 instead —
:ED :%.o 4 4*nRC | repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 1 instead
gg 'é 5 5*nRC | repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 2 instead 7/
-
L] 6 6*nRC | repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 3 instead
7 7*nRC | repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = O instead A 2N
8 8*nRC | repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = O instead |
9 9*nRC | repeat Sub-Loop 0, use BG[1:0]? =3, BA[1:0] = 1 insﬁ
10 | 10*nRC | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 2 n_:had
11 | 11*nRC | repeat Sub-Loop 0, use BG[1:0]2 = 3, BA[L:C} = 2 in. tead Forx4
12 | 12*nRC | repeat Sub-Loop 0, use BG[1:0]% = 2, Bi[lf‘_J 1instead X:Z:Iy
13 | 13*nRC | repeat Sub-Loop 0, use BG[1:0]2 = 3, L A[1.5] = 2 instead
14 | 14*nRC | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 | 15*nRC | repeat Sub-Loop 0, use BG&UJ"—' 3, BA[1:0] = O instead
NOTE 1 DQS, DQS are VDDQ.
NOTE 2 DBG1is a don't care for x16 devices.
NOTE 3 DQ signals are VDDQ.
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Iop1, lopia and Ippr Measurement-Loop Pattern

v = 5 | 2 S99y sl ool T e
S|lwl8| 28 | & - | << |2 ||| T|B| S| 2| | ®|E
Sl x| iEelggO\\\D.‘;'SN“'.SmwN Data?
Ec)o% 0z | E <|w‘2|m0@52:2;;'3
@ < o S| B 0 Z| <
0 ACT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
12 |obp| 1| oflo|lo|o]o]o 0000—4
D_#,
3,4 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
D_# AN
repeat pattern 1...4 until nRCD - AL - 1, truncate if necessary
0 DL 0P, D1=FF
D2=FF, D3=00
nRCD -AL RD 0 1 1 0 1 0 0 0 0 0 0 0 0 0
‘ D4=FF, D5=00
D6=00, D7=FF
repeat pattern 1...4 until nRAS - 1, truncate if necessary
I .
nRAS PRE|0|1|0|1|0|0|0|0|0|010J_0|0|0 -
repeat pattern 1...4 until nRC - 1, truncate if necessary
1*nRC+0 ACT 0 0 0 1 1 0 1 1 0 J J ]_0 0 0 0
1*nRC+1,2 | D,D 1 0 0 0 0 0 0 0 O_J a 1—0 0 0 0
1*nRC+3,4 (D#,D#| 1 1 1 1 1 0 32 3 | 0 : 0 0 7 F 0
repeat pattern nRC + 1...4 until 1*nRC + nRAS - 1, truncote i n.ecessary
1 | DO=FF, D1=00
- 1*nRC + nRCD
w| W | D2=00, D3=FF
£ T - RD 0 1 1 0 1 0 . 1 0 0 0 0 0 0
0 o ) D4=00, D5=FF
g % A | =FF, D7=
S| B /T N D6=FF, D7=00
repeat pattern 1...4 until nRAS - 1 truncat: if necessary
1*nRC+nRASPRE|0|1|0 1|0!0|1|1|0|0|0|0|0|0
repeat nRC + 1...4 until 2*nR\ - 1, truncate if necessary
2 2*nRC repeat Sub-Loop 0, us * BG"1:0 > =0, BA[1:0] = 2 instead
3 3*nRC repeat Sub-Loun & use BG{1:0]? =1, BA[1:0] = 3 instead
4 4*nRC repeat Sub-! ooy 0, use BG[1:0]% = 0, BA[1:0] = 1 instead
5 5*nRC repeat Sub-.20p 1, use BG[1:0]% = 1, BA[1:0] = 2 instead
6 6*nRC rep-at s tb-Loop 0, use BG[1:0]% = 0, BA[1:0] = 3 instead
7 7*nRC 'epe at Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 0 instead
_
9 9*r <C | repeat Sub-Loop 0, use BG[1:0] = 2, BA[1:0] = 0 instead
10 10*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 0 instead
11 |  11*nRC repeat Sub-Loop 0, use BG[1:0]2 = 3, BA[1:0] = 1 instead
L | N\ For x4 and
12 12*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 2 instead
— x8 only
| 13 13*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 instead
14 14*nRC repeat Sub-Loop 1, use BG[1:0]? = 2, BA[1:0] = 1 instead
|
] 15 15*nRC repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 2 instead
NUTE1 DAQS, DQS are used according to RD Commands, otherwise VDDQ.
NOTE 2 BG1is don’t care for x16 device.
NOTE 3 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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Ipp2n, Ipp2na, Ibpant, Ibpb2ng, Ibpanp, Ipp2n_par, IPP2, IpD3N, Ibbana and Ibpse Measurement-Loop Pattern

¢ S 5 2 S| 8ls S Il a
Slw| 8] 28 | & - | < | < |2 =B8R 6| 2|~|w|T
;6355§|8‘25558%%§:—§%§%Dm3
5|13 °2 | 8 BIE|®|°|8|8|<|% <
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
° 2 D#,D# | 1 1 1 1 1 0 32 3 0 0 0 7 F 0 "_j
3 D#,D# | 1 1 1 1 1 0 32 3 0 0 0 7 F o ¢
1 4-7 repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 1 instead va
2 8-11 repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 2 instead
3 12-15 repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 3 instead N
4 16-19 repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 1 instead
léo -;E:D 5 20-23 repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 2 instead 4
T& g 6 24-27 repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 3 instead >
e g 7 28-31 repeat Sub-Loop 0, use BG[1:0]% = 1, BA[1:0] = 0 instead A
8 32-35 ‘repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 0 instead
9 36-39 repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 1 instead
10 40-43 repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:0] = 2 instead
11 44-47 repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:0] = 3 insteau
12 48-51 repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = ~ instead
13 52-55 repeat Sub-Loop 0, use BG[1:0]? = 3, BA[1:(] =;ins‘.cad
14 56-59 repeat Sub-Loop 0, use BG[1:0]% =2, RA|."y] = 5 instead
15 60-63 repeat Sub-Loop 0, use BG[1:0]? = 5, ZA[1 0] = 0 instead
NOTE 1 DQS, DQS are VDDQ.
NOTE 2 BG1is don’t care for x16 device.
NOTE 3 DQ signals are VDDQ.
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Iopznt @nd Iopoont Measurement-Loop Pattern

% 8| 5| © S| 9| sl sloldlel o o] =
O | w| o| 5| @ |l < | <| Z|=|S|S|B| || ~K| ™| S
\:47';&518‘0\\\022Nﬂ8,§,gﬁData3
51°13| 92| & “IBIRBIEIC|S|S|R| 82| TS
@) O O | <
0 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
o 1 D,D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 - I
2 D#,D# | 1 1 1 0 32 3 0 0 0 7 F 0 s\ |
3 D#,D# | 1 1 1 1 1 0 32 3 0 0 0 7 F 0 el
1 4-7 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] = 1 instead va
2 8-11 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 0, BA[1:0] = 2 instead
3 12-15 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] = 3 instead N
4 16-19 repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 = 0, BA[1:0] = 1 instead
téb -;E:D 5 20-23 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] = 2 instead 4
% g 6 24-27 repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 = 0, BA[1:0] = 3 instead >
e g 7 28-31 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = 1, BA[1:0] = 0 instead A
8 32-35 repeat Sub-Loop 0, but ODT = 0 and BG[1:0]2 = 2, BA[1:0] =0 instead_
9 36-39 repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = 1 insteac
10 40-43 repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 = 2, BA[1:0] = Z i stec
11 | 44-47 | repeat Sub-Loop 0, but ODT = 1 and BG[1:0]2 = 3, BA[1:0] = 3 if siead Forx4
12 48-51 repeat Sub-Loop 0, but ODT =0 and BG[1:0]2 = Z,L/i[liz 1instead X;Z:Iy
13 52-55 repeat Sub-Loop 0, but ODT =1 and BG[1:0]2 = R, i\[] *J] = 2 instead
14 56-59 repeat Sub-Loop 0, but ODT =0 and BG[1:0]. -2, BA[1:0] = 3 instead
15 60-63 repeat Sub-Loop 0, but ODT =1 and 3G;2.U]2 = 3, BA[1:0] = 0 instead

NOTE1 DQS, DQS are VDDQ.
NOTE 2 BG1 is don’t care for x16 device
NOTE 3 DQ signals are VDDQ.

254 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd “.‘ PLUSETECH

Ipp4r, Ibpara, Ippare and Ibboar Measurement-Loop Pattern

N 3 =| 2 198|3 2 = | 10 5 o
S| w| 8|28 & - 2| 22| =T TIR| G| <|~|m|T
\¥+§EE|80\\\D.‘;'SNH.8®©NData3
Ec)o.gosg <|w|2’mo@§2:1;;;
? <l & F 5|2 @ 2| <
D0=00, D1=FF
D2=FF, D3=00
0 RD | © 1 1 0 1 0 0 0 0 0 0 0 0 0 |
D4=FF, D5~00
0 D6=00 »D7i:'_|
1 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D#,
2,3 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
D#
20=FF, D1=00
D2=00, D3=FF
4 RD 0 1 1 0 1 0 1 1 0 0 0 7 F J
| D4=00, D5=FF
1 D6=FF, D7=00
5 D 1 0 0 0 0 0 0 0 0 0 o | < 0 0 -
D#, '
6,7 1 1 1 1 1 0 32 3 0 0 I L 7 F 0 -
- D#
o T </
E T 2 8-11 | repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1:0] = 2 instead
[3] (¢] - A
g" '-g 3 12-15 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 3 instead
L) - S AS
@ 4 16-19 | repeat Sub-Loop O, use BG[1:0]? =0, BA[1:0] = 1 instead
5 20-23 | repeat Sub-Loop 1, use BG[1:0]% = 1, BA[1:0] = 2 inste~d
6 24-27 | repeat Sub-Loop 0, use BG[1:0]% = 0, BA[1:0] = 3 inst.~d
7 28-31 | repeat Sub-Loop 1, use BG[1:0]% = 1, BA[1:0] = 1 i.istead
8 32-35 | repeat Sub-Loop 0, use BG[1:0]% = 2, BA[2:D! - u instead
9 36-39 | repeat Sub-Loop 1, use BG[1:0]% = 3, BA|*:0] = 1 instead
10 | 40-43 | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
11 | 44-47 | repeat Sub-Loop 1, use BG[?:L1? = 5, BA[1:0] = 3 instead For x4 and
12 | 48-51 | repeat Sub-Loop 0, use 5u,1:C}" = 2, BA[1:0] = 1 instead x8 only
13 52-55 | repeat Sub-Loop 1 *'se Bu|1:0]% = 3, BA[1:0] = 2 instead
14 | 56-59 | repeat Sub-Lozy O, =2 BG[1:0]? = 2, BA[1:0] = 3 instead
15 60-63 | repeat Su,-.90, 1, use BG[1:0]% = 3, BA[1:0] = 0 instead

NOTE1 DQS, DQS are used according to RD Commands, otherwise VDDQ.
NOTE 2 BG1isdon’tcare for:16 device
NOTE 3 Burst Seque.ice driven on each DQ signal by Read Command.
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Ibpaw, lopawa, Ibpawe and Ibpaw par Measurement-Loop Pattern

N 3 =| 2 2913 3 &y = | 10 5 o
S| w| 8|28l & - 2| 2|2 || TB|al<|~|w|T
\¥T'§EE|80\\\021N“16‘03©N Data?
50@035 <‘m|2|moo§2:1;;;
? <l S S| B @ 2| =
D0=00, D1=FF
D2=FF, D3=00" |
0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0
D4=FF, D5=(2
0 D6=00. D7+ |
1 D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
D#,
2,3 1 1 1 1 1 1 32 3 0 0 0 7 F 0 -
D#
D0=FF, D1=00
D2=00, D3=FF
4 WR 0 1 1 0 0 1 1 1 0 0 0 7 F J
| D4=00, D5=FF
1 D6=FF, D7=00
5 D 1 0 0 0 0 1 0 0 0 0 0 | ] 0 0 -
D#, '
6,7 1 1 1 1 1 1 32 3 0 0 L 7 F 0 -
- D#
o T </
E T 2 8-11 | repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 2 instead
[3] (¢] - A
g" '-g 3 12-15 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 3 instead
- - S e
@ 4 16-19 | repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 1 instead
5 20-23 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] = 2 instrad
6 24-27 | repeat Sub-Loop 0, use BG[1:0]2 = 0, BA[1:0] = 3 ‘ns.-ad
7 28-31 | repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] - O.nstcad
8 32-35 | repeat Sub-Loop 0, use BG[1:0]2 = 2, BA['-"] = ) instead
9 36-39 | repeat Sub-Loop 1, use BG[1:0]2 = 3, BA'1:0] = 1 instead
10 | 40-43 | repeat Sub-Loop 0, use BG[1:0]2 ‘- 2, BA[1:0] = 2 instead
11 | 44-47 | repeat Sub-Loop 1, use BG[*:.12 = _, BA[1:0] = 3 instead For x4 and
12 | 48-51 | repeat Sub-Loop 0, use 8G 1.232 -2, BA[1:0] = 1 instead x8 only
13 52-55 | repeat Sub-Loop I, “1st Bu|1:0]2 = 3, BA[1:0] = 2 instead
14 | 56-59 | repeat Sub-Lecp U, vse BG[1:0]2 = 2, BA[1:0] = 3 instead
15 60-63 | repeat Suu-'ocun 1, use BG[1:0]2 = 3, BA[1:0] = 0 instead

NOTE1 DQS, DQS are used according to WR Commands, otherwise VDDQ.
NOTE 2 BG1isdon’tcare for:16 device
NOTE 3 Burst Seque.ice driven on each DQ signal by Write Command.
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Ibbawc Measurement-Loop Pattern

N 3 =| 2 2913 3 &y = | 10 5 o
S| w| 8|28l & - 2| 2|2 || T B4 r|m|T
\¥T'§EE|80\\\021N“1'6'03©NData3
50@035 <‘m|2|moo§2:1;;;
? <l S S| B @ 2| =
D0=00, D1=FF
D2=FF, D3=00
0 WR 0 1 1 0 0 1 0 0 0 0 0 0 0 0 | D4=FF, D5=00 l
D6=00 D7="Ft l
D?=(LC_
1,2 D,D 1 0 0 0 0 1 0 0 0 0 0 0 0 0 -
D#,
3,4 1 1 1 1 1 1 32 3 0 0 0 7 F 0 -
D#
0 e
DO=FF, D1=00
| D2=00, D3=FF
5 WR 0 1 1 0 0 1 1 1 0 0 0 7 F 0 | D4=00, D5=FF
| D6=FF, D7=00
A D8=CRC
6,7 D,D 1 0 0 0 0 1 0 0 0 Q 0 0 0 0 -
< D#, '
) ) 8,9 1 1 1 1 1 1 32 3 0 v 0 7 F 0 -
S| T D# A <N
? f—_’, 2 10-14 | repeat Sub-Loop 0, use BG[1:0]?> = 0, BA[1:0] = 2 instead
= .-l
= a 3 15-19 | repeat Sub-Loop 1, use BG[1:0]?> = 1, BA[1:0] = 3 instead
4 20-24 | repeat Sub-Loop 0, use BG[1:0]>=0, BA[1:0] = 1 inc ear
5 25-29 | repeat Sub-Loop 1, use BG[1:0]? = 1, BA[1:0] = 2 in..=aC
6 30-34 | repeat Sub-Loop 0, use BG[1:0]? = 0, BA[1.0] =3 \>stead
7 35-39 | repeat Sub-Loop 1, use BG[1:0]>=1, B [1:0] = U instead
8 40-44 | repeat Sub-Loop 0, use BG[1:0]% = 2, BA[1:u; = 0 instead
9 45-49 | repeat Sub-Loop 1, use BG[1:6;” = .}, BA[1:0] = 1 instead
10 50-54 | repeat Sub-Loop 0, use BG[.:0]“ -* 2, BA[1:0] = 2 instead
11 55-59 | repeat Sub-Loop 1, u-e 2GI".:0] = 3, BA[1:0] = 3 instead For x4 and
12 60-64 | repeat Sub-Loop ), us » BG[1:0]? = 2, BA[1:0] = 1 instead x8 only
13 | 65-69 | repeat Sub-L.2p 1, use BG[1:0]? = 3, BA[1:0] = 2 instead
14 | 70-74 | repeat Suh-Loup 0, use BG[1:0]2 = 2, BA[1:0] = 3 instead
15 70-74 | rez~acSeo-Loop 1, use BG[1:0]% = 3, BA[1:0] = 0 instead

NOTE1 DQS, DQS ar= .'DDC.
NOTE 2 BG1 is don’t care 1or x16 device.
NOTE 3  Burst Se 'uei.ze driven on each DQ signal by Write Command.
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Ibose Measurement-Loop Pattern

v = 5 | 2 Sl 9|y s =l 3 e
S| w| S 22 | s | <|<|Z ||| C|@|s| | F| &S
S x| 2 iEElso\\\DSSNF'.SmwNDatfﬁ
50@ 0z | E <‘w|2|mo(pg;|:1;;;
0 = O § S| B o0 z| <
0 0 REF [ 1 0 0 0 0 0 0 0 0 0 0 0 0 -
1 D 1 0 0 0 0 0 0 0 0 0 0 - !
2 D 1 0 0 0 0 0 0 0 0 0 0 0 - :
D#, .
3 1 1 1 1 1 0 32 3 0 0 7 F 0
D# ]
D#,
4 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
D#
4-7 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 1 instead
8-11 repeat pattern 1...4, use BG[1:0]2 = 0, BA[1:0] = 2 instead
12-15 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 3 instead
w0 'u:o 16-19 repeat pattern 1...4, use BG[1:0]2 = 0, BA[1:0] = 1 instead
S| T ) N
fn S 1 20-23 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 2 instead
B L2
8 E 24-27 repeat pattern 1...4, use BG[1:0]2 = 0, BA[1:0] = 3 instead
& -
28-31 repeat pattern 1...4, use BG[1:0]2 = 1, BA[1:0] = 0 instead
32-35 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = O instead
36-39 repeat pattern 1...4, use BG[1:0]2 = 3, BA[1:0] = 1 ‘~<teal
40-43 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:P} = 2 insi>ad
44-47 repeat pattern 1...4, use BG[1:0]2 = 3, BA[1:! = 2 instead For x4 and
48-51 repeat pattern 1...4, use BG[1:0]2 = ~, BA,':0] = 1 instead x8 only
52-55 repeat pattern 1...4, use BG[1:0]? = 3, B/(1:0] = 2 instead
56-59 repeat pattern 1...4, use BG[1:0]2 = 2, BA[1:0] = 3 instead
60-63 repeat pattern 1...4, use RG;1:0]2 = 3, BA[1:0] = O instead
2 64 ... nRFC - 1| repeat Sub-Loop 1, T unc .*e, .f necessary
NOTE1 DQS, DQS are VDDQ.
NOTE 2 BG1is don’t care for x16 device.
NOTE 3 DQ signals are VDDQ.
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Iboy Measurement-Loop Pattern

¢ g 3 E Slals| |slelnlde
|0|.uo o2 ® l<| < | Z| 9% |@a|ls| | F| &S
S| x| =2 S £ ElBIE|I|3(Ialaldls]aasls| | bata
(x)()g =] £ <‘“’|2|"”O(9§2":|-‘1'-ZZ?
7] = O § O = m < <
0 ACT| O 0 0 0 0 0 0 0 0 0 0 0 0 0 -
D0=00, D1=FF
D2=FF, D3 20
1 RDA| O 1 1 0 1 0 0 0 0 0 1 0 0 0
D4=FF N5=00
0 D6=0> DI=FF
2 D 1 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3 D# | 1 1 1 1 1 0 32 3 0 0 0 7 F 0 -
repeat pattern 2...3 until nRRD - 1, if nRCD > 4. Truncate if necessary
T
nRRD ACT|( O 0 0 0 0 0 1 1 0 0 0 0 0 | J -
DO=FF, D1=00
D2=00, D3=FF
1 nRRD +1 RDA| O 1 1 0 1 0 1 1 0 0 N | 9 0 0
. D4=00, D5=FF
78 WA | D6=FF, D7=00
repeat pattern 2 ... 3 until 2*nRRD - 1, if nRCD > 4. Trun.ate ‘f n~.cessary
2 2*nRRD repeat Sub-Loop 0, use BG[1:0]2 =0, BA[1:0] = 2 irste. 4
3 3*nRRD repeat Sub-Loop 1, use BG[1:0]2 = 1, BA[1:0] =~ 3 in<tea
= 4 4*nRRD repeat pattern 2 ... 3 until nNFAW - 1, if nFA v - 2= 2RCD. Truncate if necessary
2| £ o
o 0 5 nFAW repeat Sub-Loop 0, use BG[1:0]2={ B+ 1:0] =1 instead
| S &
8 g 6 nFAW + nRRD repeat Sub-Loop 1, use BG[1:0]“ - ., BA(1:0] = 2 instead
7 nFAW + 2*nRRD repeat Sub-Loop 0, use PG| *:5)4= 0, BA[1:0] = 3 instead
8 nFAW + 3*nRRD repeat Sub-Loop 1, use BG[1:0]2 =1, BA[1:0] = O instead
9 nFAW + 4*nRRD | repeat Sub-Loop 4
10 2*nFAW repeat Sub-Lc 2p (), use BG[1:0]2 = 2, BA[1:0] = O instead
11 2*nFAW + nRRD repea. Su-Loop 1, use BG[1:0]2 = 3, BA[1:0] = 1 instead
12 | 2*nFAW + 2*nRRD | rep 2at L ub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 2 instead
13 2*nFAW + 3*nRRD |_repgat Sub-Loop 1, use BG[1:0]? = 3, BA[1:0] = 3 instead
* * \") N -
14 | 2*nFAW + 4*nRr | epeat Sub-Loop 4 For x4 and x8
15 2*n =AY repeat Sub-Loop 0, use BG[1:0]2 = 2, BA[1:0] = 1 instead only
16 3*nt AW + nRRD repeat Sub-Loop 1, use BG[1:0]2= 3, BA[1:0] = 2 instead
17 2*nFAW + 2*nRRD | repeat Sub-Loop 0, use BG[1:0]? = 2, BA[1:0] = 3 instead
15 | 2*nFAW +3*nRRD | repeat Sub-Loop 1, use BG[1:0]?= 3, BA[1:0] = 0 instead
—
| 9] 3*nFAW + 4*nRRD | repeat Sub-Loop 4
n , : .
| | 20 | 4*nFAW repeat pattern 2 ... 3 until nRC - 1, if nRC > 4*nFAW. Truncate if necessary

NZit 1 DQS, DQS are VDDQ.
NOTE 2 BG1is don’t care for x16 device.
NOTE 3 Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are VDDQ.
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IDD Specifications

Symbol Description DDR4-2666 DDR4-3200 Unit
X8 X16 X8 X16
Ibbo  |Operating One Bank Active-Precharge Current (AL=0) 84 93 99 104 mA
Ibboa  |Operating One Bank Active-Precharge Current (AL=CL-1) 84 93 99 104 mA
IpPo Operating One Bank Active-Precharge IPP Current 3.8 7 3.8 7 mA~ !
Ibpp1  |Operating One Bank Active-Read-Precharge Current (AL=0) 102 120 114 131 ‘.‘ﬂ
Ioo1A So\pLe:rng) One Bank Active-Read-Precharge Current 106 125 117 135 7i.m;7
Ipp1 Operating One Bank Active-Read-Precharge IPP Current 3.8 7 3.8 1 mA
Iopan  |Precharge Standby Current (AL=0) 55 57 (326) 67 mA
Ibb2na |Precharge Standby Current (AL=CL-1) 55 57 | 6l 67 mA
Iy |Precharge Standby IPP Current 1.3 1.3 l 1.3 1.3 mA
Iobont  [Precharge Standby ODT Current 74 7 85 85 mA
Ibbgant  |Precharge Standby ODT IDDQ Current 4.7 I 4.3 4.3 4.3 mA
Ipb2ne |[Precharge Standby Current with CAL enabled ?o— 36 39 39 mA
Ibb2ng  |Precharge Standby Current with Gear Down mode enabled 4 54 56 64 66 mA
Ioo2no  |Precharge Standby Current with DLL disabled " 60 60 71 71 mA
Ibp2n_par |Precharge Standby Current with CA parity enabled v / 62 62 72 72 mA
Ioo2p  |Precharge Power-Down Current > 29 29 29 29 mA
lrp2p  |Precharge Power-Down IPP Current - 1.3 13 1.3 13 mA
Ibp2o  |Precharge Quiet Standby Current 35 38 37 39 mA
Ioosn  |Active Standby Current 103 104 114 115 mA
Iobsna  |Active Standby Current (AL=C L-n_» i 103 104 114 115 mA
lrpan |Active Standby IPP Curreat \ 1.3 1.3 1.3 1.3 mA
Ibosp  |Active Power-Down f‘.u:r;lt 64 65 70 71 mA
Irpzp  |Active Power-Dr,wﬁ;P Current 1.3 1.3 1.3 1.3 mA
Ibbar  |Operatine BL';R_ead Current 189 251 212 295 mA
IbparA Operatin; Burst Read Current (AL=CL-1) 200 265 223 306 mA
Ibpare OpnTcting Burst Read Current with Read DBI 189 251 214 293 mA
Ippar ¢ perating Burst Read IPP Current 1.3 13 1.3 1.3 mA
Iocgs N ‘gperating Burst Read IDDQ Current 27 46 28 52 | mA
- o 4; Operating Burst Read IDDQ Current with Read DBI 15 23 15 24 mA
_|DD4W Operating Burst Write Current 208 266 253 316 mA
Iobawa |Operating Burst Write Current (AL=CL-1) 217 275 264 326 mA
looaws |Operating Burst Write Current with Write DBI 209 267 255 317 mA
looawc |Operating Burst Write Current with Write CRC 224 291 275 363 mA
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Symbol Description DDR-2066 DDR4-3200 Unit
X8 X16 X8 X16
Ibpaw_par [Operating Burst Write Current with CA Parity 211 266 250 327 mA
Irpaw  |Operating Burst Write IPP Current 1.3 13 1.3 13 mA
Iopss  |Burst Refresh Current (1X REF) 204 204 204 204 mA
Ippss  |Burst Refresh Write IPP Current (1X REF) 49 49 49 49 mA .
Ippsr2  |Burst Refresh Current (2X REF) 167 167 167 167 m.A
lrpsr2  |[Burst Refresh Write IPP Current (2X REF) 35 35 35 35 | nz
Iopsra  |Burst Refresh Current (4X REF) 147 147 147 247 N mA
lrpsra  |Burst Refresh Write IPP Current (4X REF) 30 30 30 307 mA
Iooen  [Self Refresh Current: Normal Temperature Range 26 26 7.67 26 mA
Irrsn  |Self Refresh IPP Current: Normal Temperature Range 35 35 | 25 3.5 mA
Iobee  |Self-Refresh Current: Extended Temperature Range 38 28 38 38 mA
lpree  |Self Refresh IPP Current: Extended Temperature Range 6 | X 6 B 6 6 mA
Iobsr  |Self-Refresh Current: Reduced Temperature Range ,12— 12 12 12 mA
lrrsr  |Self Refresh IPP Current: Reduced Temperature Range Y, 2 2 2 2 mA
Ibbea  |Auto Self-Refresh Current 1 38 38 38 38 mA
lrren  |Auto Self-Refresh IPP Current X 6 6 6 6 mA
Ibb7 Operating Bank Interleave Read Current . 212 274 212 279 mA
Ipp7 Operating Bank Interleave Read IPP Currer* 26 32 26 32 mA
Iops Maximum Power Down Current 22 22 23 23 mA
s |Maximum Power Down IPP Cu;.ér._t M 1.3 1.3 1.3 1.3 mA

Note: Published IDD values are the maxim.'m f the distribution of the arithmetic mean and are measured at 95 °C.
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Iops Specification

Symbol Temperature Range NOTE
IDD6EN 0-85°C 3,4
IDD6E 0-95°C 45,6
IDD6R 0-45°C 4,6,8
IbD6A 0-95°C 4,6,7

NOTE 1 Some IDD currents are higher for x16 organization due to larger page-size architecture.

NOTE 2 Max values for IDD currents considering worst case conditions of process, temperature and voltage.
NOTE 3 Applicable for MR2 settings A6=0 and A7=0.

NOTE 4 Supplier data sheets include a max value for IDD6.

NOTE 5 Applicable for MR2 settings A6=0 and A7=1. IDD6E is only specified for devices which support the Extended Tempera. 're Pange
feature.

NOTE 6 Refer to the supplier data sheet for the value specification method (e.g. max, typical).
NOTE 7 Applicable for MR2 settings A6=1 and A7=1. IDD6A is only specified for devices which support the Auto Su If Ref esh feature.

NOTE 8 Applicable for MR2 settings MR2 [A7:A6 = 01] : Reduced Temperature range. IDD6R is verified by de: ignh ard characterization, and
may not be subject to production test
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Input / Output Capacitance

Silicon pad I/O Capacitance

DDR4-1600/ DDR4- DDR4- DDR4-
Symbol Parameter 1866/2133 | 2400/2666 2933 3200 |unit| Notes

Min | Max | Min | Max | Min |Max | Min | Max
Cio Input/output capacitance 0.55 14 | 055 | 1.15 |0.55|1.15|0.55|1.00 | pF 1,2,3
Cpio Input/output capacitance delta -01 | 01 01| 01 |-01|01|-01|0.1 | pF |1,23.1.
CpbQs Input/output capacitance delta DQS and DQS - 0.05 - 0.05 - 10.05] - |0.05| pF | 23,3
Cck Input capacitance, CK and CK 0.2 0.8 0.2 07 [02]07]02]|07]| nF _‘,: B
CbcK Input capacitance delta CK and CK - 0.05 - 0.05 | - |0.05| - |0.05| pF % 1,3,4
C Input capacitance(CTRL, ADD, CMD pins) 0.2 0.8 0.2 0.7 | 0.2 |06 |02 |0..5] pF 1,3,6
CpI_cTRL |Input capacitance delta(All CTRL pins) -0.1 0.1 -0.1 0.1 (-0.1|0.1 Iil u.l| pF | 1,378

CDI_ADD_CMD |Input capacitance delta(All ADD/ CMD pins) -0.1 0.1 -0.1 0.1 [-0.1 jﬁl -u.1| 0.1 | pF | 1,2,9,10

CALERT Input/output capacitance of ALERT 0.5 15 0.5 15 | Ccl*5|05 |15 pF 1,3
Cza Input/output capacitance of ZQ - 2.3 - 2.0 | - 23| - | 23| pF | 1,312
CTEN Input capacitance of TEN 0.2 2.3 0.2 2.3 ’ 0223|0223 pF 1,3,13

NOTE 1 This parameter is not subject to production test. It is verified by design andc cha -a~cerization. The silicon only capacitance is
validated by de-embedding the package L & C parasitic. The capacitanc- iz m-asured with VDD, VDDQ, VSS, VSSQ applied with all
other signal pins floating. Measurement procedure TBD.

NOTE 2 DQ, DM, DQS, DQS, TDQS, TDQS. Although the DM, TDQS and TCoQS nirs have different functions, the loading matches DQ and DQS.
NOTE 3 This parameter applies to monolithic devices only; stacked/du~-die devices are not covered here.
NOTE 4 Absolute value CK - CK.

NOTE 5 Absolute value of CIO(DQS)-CIO (DQS).

NOTE 6 Cl applies to ODT, CS, CKE, A0-A17, BAO-BA1, BG0-BG1, RAS/A16, CAS/A15, WE/A14, ACT and PAR.
NOTE 7 CDI CTRL applies to ODT, CS and CKE.

NOTE 8 CDI_CTRL = CI(CTRL)-0.5*(CI(CK)+CI(CK))

NOTE9 CDI_ADD_CMD = CI(ADD_CMD)-0.5" ‘C1;7K) -CI(CK)) .

NOTE 10 CDI_ADD_ CMD applies to, AO-A" 7, . Au-BA1, BGO-BG1,RAS/A16, CAS/A15, WE/A14, ACT and PAR.
NOTE 11 CDIO = CIO(DQ,DM)-0.5*(CIQ DLS)+CIO(DQS)) .

NOTE 12 Maximum external loaa -ape-itance on ZQ pin: TBD pF.

NOTE 13 TEN pin may be DRAI1 inteinally pulled low through a weak pull-down resistor to VSS. In this case CTEN might not be valid and
system shall verif/ 1 2N signal with Vendor specific information.
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DRAM package electrical specifications(x4/x8)

DDR4-1600/1866/

DDR4-2933 DDR4-3200
Symbol Parameter 2133/2400/2666 Unit Notes
Min Max Min Max Min Max
Zio Input/output Zpkg 45 85 48 85 48 85 0 1,2,4,5,10,11
Tdio Input/output Pkg Delay 14 42 14 40 14 40 ps 1,3,4,5,11
Lio Input/Output Lpkg - 3.3 - 3.3 - 3.3 nH 11,12
Cio Input/Output Cpkg - 0.78 - 0.78 - 0.78 pF 11, 13
Zio DQS DQS, DQS Zpkg 45 85 48 85 48 85 Q 1,2,5,15,11
Tdio DQS DQS, DQS Pkg Delay 14 42 14 40 14 40 rs 1,3,5,10,11
Lio DQS DQS Lpkg - 3.3 - 3.3 - 3.3 nh 11,12
Cio DQS DQS Cpkg - 0.78 - 0.78 - 0.78 pF 11,13
DZpio DQ Delta Zpkg DQS, DQS - 10 - 10 - ? Q 1,2,5,7,10
DTdpio DQS | Delta Delay DQS, DQS - 5 - 5 P 5 ps 1,3,5,7,10
Z) CTRL Input- CTRL pins Zpkg 50 90 50 90 :; 90 Q 1,2,5,9,10,11
Tal_CTRL '[;‘:I::I' CTRL pins Pkg 14 42 14 ) 14 40 ps | 135091011
Li CTRL Input CTRL Lpkg - 3.4 - 24 - 3.4 nH 11,12
Ci CTRL Input CTRL Cpkg - 0.7 - 0.7 - 0.7 pF 11,13
Zi1ADD CMD 'anrl’(l;t' CMD ADD pins 50 90 ki 20 90 50 90 Q 12581011
TdiADD CMD 'E':;:; CMD ADD pins Pkg 14 _45 14 40 14 40 ps | 1,3,5810,11
Li ADD CMD | Input CMD ADD Lpkg - J» 56 - 3.6 - 3.6 nH 11,12
Ci ADD CMD | Input CMD ADD Cpkg 0.74 - 0.74 - 0.74 pF 11,13
ZcK CK, CK Zpkg X 5; 90 50 90 50 90 Q 1,2,5,10,11
Tdck CK, CK Pkg Delav 3 14 42 14 42 14 42 ps 1,3,5,10,11
Li CLK Input CLK Lpkg N\ - 34 - 3.4 - 34 nH 11,12
Ci CLK Input CLK Lm: B - 0.7 - 0.7 - 0.7 pF 11,13
DZpck Delta;pkg CK, CK - 10 - 10 - 10 Q 1,2,5,6,10
DTdcK ‘:_D»_ Ita Delay CK, CK - 5 - 5 - 5 ps 1,3,5,6,10
202Q £Q Zpkg - 100 - 100 - 100 Q 1,2,5,10,11
Tdr, 2& ZQ Delay 20 90 20 90 20 90 ps 1,3,5,10,11
Z0 ALERT ALERT Zpkg 40 100 40 100 40 100 Q 1,2,5,10,11
Tdo ALERT | ALERT Delay 20 55 20 55 20 55 ps 1,3,5,10,11

NOTE 1 This parameter is not subject to production test. It is verified by design and characterization. The package parasitic (L & C) are
validated using package only samples. The capacitance is measured with VDD, VDDQ, VSS, VSSQ shorted with all other signal pins
floating. The inductance is measured with VDD, VDDQ, VSS and VSSQ shorted and all other signal pins shorted at the die side (not
pin). Measurement procedure TBD.
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NOTE 2

NOTE 3

NOTE 4
NOTE 5
NOTE 6
NOTE 7
NOTE 8
NOTE 9
NOTE 10
NOTE 11

NOTE 12
NOTE 13

Package only impedance (Zpkg) is calculated based on the Lpkg and Cpkg total for a given pin where:
Zpkg (total per pin) = /Lpkg / Cpkg
Package only delay(Tpkg) is calculated based on Lpkg and Cpkg total for a given pin where:
Tdpkg (total per pin) =~/ Lpkg x Cpkg
Z & Td 10 applies to DQ, DM, DQS, DQS, TDQS and TDQS.
This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here.
Absolute value of ZCK-ZCK for impedance(Z) or absolute value of TdCK-TdCK for delay(Td).
Absolute value of ZIO(DQS)-ZIO (DQS) for impedance(Z) or absolute value of TdIO(DQS)-TdIO (DQS) for delay(Td).
Zl & Td ADD CMD applies to A0-A13, A17, ACT BA0-BA1, BG0-BG1, RAS/A16, CAS/A15, WE/A14 and PAR.
Zl & Td CTRL applies to ODT, CS and CKE.

This table applies to monolithic X4 and X8 devices.

Package implementations shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximun, ' pkg and Cpkg
do not exceed the maximum values shown.

It is assumed that Lpkg can be approximated as Lpkg = Zo x Td.
It is assumed that Cpkg can be approximated as Cpkg = Td / Zo.
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DRAM package electrical specifications(X16)

DDR4-1600/1866/2133/2400/2666/2933/3200 .
Symbol Parameter Unit |Notes
Min Max
Zio Input/output Zpkg 45 85 w 1
Tdio Input/output Pkg Delay 14 45 ps 1
Lio Input/Output Lpkg - 3.4 nH 1,2
Cio Input/Output Cpkg - 0.82 pF 1,3
Zio DQS DQS, DQS Zpkg 45 85 w 1
Tdio DQS | DQS, DQS Pkg Delay 14 45 ps 1
LioDQS | DQS Lpkg - 3.4 w | 1,2
CioDQS | DQS Cpkg - 0.82 w | 1,3
DZpio DQ | Delta Zpkg DQS, DQS - 10 ps >
DTdpio DQS| Delta Delay DQS, DQS - 5 ps \ -
Z| CTRL Input- CTRL pins Zpkg 50 90 W L )
TdI_CTRL | Input- CTRL pins Pkg Delay 14 42 | bs -
Li CTRL Input CTRL Lpkg - 3.4 nh |1
Ci CTRL Input CTRL Cpkg - 0.7 7 w 1
ZIADD CMD | Input- CMD ADD pins Zpkg 50 90 N W 1,2
TdiIADD CMD | Input- CMD ADD pins Pkg Delay 14 7‘)27 ps 1,3
Li ADD CMD | Input CMD ADD Lpkg - <9 nH 1
Ci ADD CMD| Input CMD ADD Cpkg - 2.86 pF 1
Zek CK, CK Zpkg 50 90 w | 1,2
TdcK CK, CK Pkg Delay 14 42 ps 1,3
Li CLK Input CLK Lpkg - P 3.4 nH 1
Ci CLK Input CLK Cpk - 0.7 pF 1
DZpck Delta Zpkg CK, CK - 10 w 1,2
DTdck Delta Delay CK, CK ) 5 ps 1,3
Z02Q | ZQZpkg 9% 100 wo| -
Tdo ZQ |ZQ Delay AY 20 20 ps -
Zo ALERT | ALERT Zpkg Q 40 100 w -
Tdo ALERT | ALERT Delay NN ‘ 20 55 ps -

NOTE 1 Package implementaticas shall meet spec if the Zpkg and Pkg Delay fall within the ranges shown, and the maximum Lpkg and Cpkg
do not exceed thie n=ximum value shown.

NOTE 2

It is assumec th. t Lpkg can be approximated as Lpkg = Zo x Td.

NOTE 3 It is assumed that Cpkg can be approximated as Cpkg = Td / Zo.
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Electrical Characteristics & AC Timing

Reference Load for AC Timing and Output Slew Rate

Reference Load for AC Timing and Output Slew Rate represents the effective reference load of 50 ohms used in defining
the relevant AC timing parameters of the device as well as output slew rate measurements.
Ron nominal of DQ, DQS and DQS drivers uses 34 ohms to specify the relevant AC timing parameter values of the
device.

® The maximum DC High level of Output signal = 1.0 * VDDQ,

® The minimum DC Low level of Output signal = {34 / (34 + 50)} *VDDQ = 0.4* VDDQ

® The nominal reference level of an Output signal can be approximated by the following:

® The center of maximum DC High and minimum DC Low = {(1 + 0.4) / 2} * VDDQ = 0.7 * VDDQ
The actual reference level of Output signal might vary with driver Ron and reference Icad olerances. Thus, the actual
reference

level or midpoint of an output signal is at the widest part of the output signal’s eye F:inr to measuring AC parameters, the

reference level of the verification tool should be set to an appropriate level

It is not intended as a precise representation of any particular system environment or a depiction of the actual load
presented by a production tester. System designers should uce BIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers cer ela.2 to their production test conditions, generally one or more

coaxial transmission lines terminated at the tester electronics

VDDQ
l |
{
DUT 50 Q
CK, CK DQ
_— DQS VTT =VDDQ
DQS
Timing Reference Puint Timing Reference Point

V

tREF]
Acrage periodic Refresh interval (tREFI) of DDR4 SDRAM is defined.
r
\ Parameter Symbol 8 Gb Units
TCASE <85°C 7.8 us
Average periodic refresh interval tREFI
85°C<TCASE =95°C 3.9 us
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Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values may result in

malfunction of the DDR4 SDRAM device.

Definition for tCK(abs)

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive rising edge.

tCK(abs) is not subject to production test.

Definition for tCK(avg)

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each clock period is

calculated from rising edge to rising edge.

N
t CK(avg) = [ZtCK(abs)jj/N N = 200

i=1

Definition for tCH(avg) and tCL(avg)

tCH(avg) is defined as the average high pulse width, as calculated across an_’ corisecutive 200 high pulses.
N
t CHavg) = (ZtCHJ/{NxtCK(avg)} N = 201,
i=1

tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

N
tCL(avg) = (ZtCLj]/{NxtCK(avg)} N = 200

i=1

Definition for tERR(nu2r)

tERR is defined as the cu.ir:lative error across n consecutive cycles of n x tCK(avg). tERR is not subject to production test.
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AC&DC Operating conditions

Timing Parameter(Data rate 1600, 1866, 2133 specifications and conditions)

Speed DDR4-1600 DDR4-1866 DDR4-2133 .
Unit | Notes
Parameter | Symbol Min Max Min ‘ Max Min ‘ Max
|Clock Timing
IMlnlmum Clock Cycle Time tCK 3 20 3 20 3 20 ns
(DLL off mode) (DLL_OFF)
Average Clock Period tCK(avg) Refer to “Speed Bin” section ns 3..36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK( v 2 |
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 tCK(e 1g)
Min: tCK(avg)min + tJIT(per)min_to t s
i - (4
/Absolute Clock Period tCK(abs) Max: tCK(avg)m ax + tIIT(per)m ax_tot "Klavg)
Absolute clock HIGH pulse tCH(abs) 0.45 R 0.45 - 0.45 : tCK(avg) 23
width
Absolute clock LOW pulse tCL(abs) 0.45 - 0.45 - 0.45 tCK(avg) | 24
width
Clock Period Jitter- total JIT(per)_tot -63 63 -54 54 -47 47 ps 23
Clock Period Jitter- IT(per)_dj a1 31 27 27 23 23 ps 26
deterministic - A
Clock Period Jitter during DLL
ereno € tIT(per, Ick) -50 50 43 43 38 38 ps
locking period o
Cycle to Cycle Period Jitter tIT(cc) - 125 - 7 - 94 ps
Cycle to Cycle Period Jitter
yeie to bycle reriod IT(cc, Ick) ; 100 ; 86 ; 75 ps
during DLL locking period |
- - —
Curlnulatlve error across 2 tERR(2per) .92 92 -79 | 79 -69 69 ps
cycles
cy lati 3 \Z/
umulative error across tERR(3per) -109 109 94 94 -82 82 ps
cycles Va
Cumulative error across 4 tERR(4per) 121 121 l 104 104 91 91 ps
cycles .
i [
Cumulative error across 5 tERR(Sper) 131 131 | 1112 112 -98 98 ps
cycles
Cumulative error across 6 tERR(6per) 139 39 119 119 104 104 ps
cycles S
i |
Cumulative error across 7 tERR(7per) 145 | 145 124 124 -109 109 ps
cycles Y |
Cumulative error across 8 tERR(Sper) 1 151 129 129 113 113 ps
cycles A
Cumulative error across 9 tERR(9per) | 156 156 -134 134 117 117 ps
cycles AN
Cumulative error across 10 tERR(<Uper, -160 160 137 137 120 120 ps
cycles .
Cumulative error across 11 WrR(Y lper) 164 164 141 141 123 123 ps
cycles A
Cumulative error across 12
tERR(12per) -168 168 -144 144 -126 126 ps
cycles e
Cumulative NG 2RPNL3 tERR(13per) 172 172 -147 147 129 129 ps
cycles QO
Cumulative e re. across 14 tERR(14per) 175 175 150 150 -131 131 ps
cycles
Cumu ative error across 15 tERR(15per) -178 178 -152 152 -133 133 ps
o cles
- N
I um'ative error across 16 tERR(16per) 180 189 155 155 135 135 ps
cyiies
Cumulative error across 17
tERR(17per) -183 183 -157 157 -137 137 ps
cycles
lati 1
Cumulative error across 18 tERR(18per) 185 185 -159 159 139 139 ps
cycles
Cumulative error across n = 13, tERR (nper)min = ((1 + 0.68In(n)) * tJIT (per)_total min)
tERR(nper) _ « ps
14 .. .49, 50 cycles tERR (nper)max = ((1 + 0.68In(n)) * tIT(per)_total max)
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Speed

DDR4-1600

DDR4-1866

DDR4-2133

Parameter

Symbol

Min Max

Min

Max

Min Max

Unit

Notes

Command and Address setup
ftime to CK,CK referenced to
Vih(ac) / Vil(ac) levels

tiS(base)

115 -

100

80 -

ps

Command and Address setup
ftime to CK,CK referenced to
Vref levels

tIS(Vref)

200

180 -

ps

Command and Address hold
Jtime to CK,CK referenced to
Vih(dc) / Vil(dc) levels

tIH(base)

140 -

125

105 -

ps

Command and Address hold
ftime to CK,CK referenced to
Vref levels

tIH(Vref)

215 -

200

180 -

Control and Address Input
pulse width for each input

tIPW

600 -

525

460 -

[Command and Address Timing

CAS to CAS command delay
|for same bank group

tCCD_L

max(5nCK
,6.250 ns)

max(5nCK
,5.355 ns)

max(5nCK
,5.355 ns)

nCK

34

CAS to CAS command delay
for different bank group

tcen_s

nCK

34

ACTIVATE to ACTIVATE
Command delay to different
bank group for 2KB page size

tRRD_S(2K)

Max(4nCK,6ns) -

Max(4nCK,5.3ns)

Mox(4ni,5.30s) -

nCK

34

ACTIVATE to ACTIVATE
Command delay to different
bank group for 2KB page size

tRRD_S(1K)

Max(4nCK,5ns) -

Max(4nCK,4.2ns)

Max(4nCK,3.7ns) -

nCK

34

IACTIVATE to ACTIVATE
Command delay to different
bank group for 1/2KB page size

tRRD_S(1/2K]

Max(4nCK,5ns) -

Max(4nCK,4.2 <)
|

IACTIVATE to ACTIVATE
Command delay to same bank
lgroup for 2KB page size

tRRD_L(2K)

Max(4nCK,7.5ns) -

1
Max(4t. 7K.t ”as)

Max(4nCK,3.7ns) -

nCK

34

Max(4nCK,6.4ns) -

nCK

34

IACTIVATE to ACTIVATE
Command delay to same bank
fgroup for 1KB page size

tRRD_L(1K)

Max(4nCK,6ns) -

I

|[Ma«(4nCK,5.3ns)

Max(4nCK,5.3ns) -

nCK

34

IACTIVATE to ACTIVATE
Command delay to same bank
lgroup for 1/2KB page size

tRRD_L(1/2K)

Max(4nCK,6ns) -
|

Four activate window for 2KB
page size

tFAW_2K

Max(4nCK,5.3ns)

Max(4nCK,5.3ns) -

nCK

34

Max(28.°CK,35ns, -

Max(28nCK,30ns)|

Max(28nCK,30ns) -

ns

34

Four activate window for 1KB
page size

tFAW_1K

M=x(.nC',,25ns) -

Max(20nCK,23ns)|

Max(20nCK,21ns) -

ns

34

Four activate window for
1/2KB page size

tFAW_1,"K

Max
(16nCK,20ns)

Max
(16nCK,17ns)

Max
(16nCK,15ns)

ns

34

write transaction to internal
read command for differen”.

Delay from start of internal
bank group

WTR_S

max(2nCK,2.5ns) -

max(2nCK,2.5ns)

max(2nCK,2.5ns) -

1,2,e,34

Delay from start of i.*ten.!
write transaction t~ atc-nal
read command fo, sam 2 bank

group Y

tWTR_L

max(4nCK,7.5ns) -

max(4nCK,7.5ns)

max(4nCK,7.5ns) -

1,34

Internal RE; D Cummand to
PRECH AR.GF Command delay

tRTP

max(4nCK,7.5ns) -

max(4nCK,7.5ns)

max(4nCK,7.5ns) -

I\/\. T.1E ecovery time

tWR

15 -

15

15 -

ns

\M'rite recovery time when CRC
and DM are enabled

tWR_CRC_D
M

tWR+max
(4nCK,3.75ns)

tWR+max
(5nCK,3.75ns)

tWR+max
(5nCK,3.75ns)

ns

delay from start of internal
write transaction to internal
read command for different
bank group with both CRC and
DM enabled

tWTR_S_CRC
_DM

tWTR_S+max
(4nCK,3.75ns)

tWTR_S+max
(5nCK,3.75ns)

tWTR_S+max
(5nCK,3.75ns)

ns

2,29,34
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Speed DDR4-1600 DDR4-1866 DDR4-2133 .
- - - Unit | Notes
Parameter Symbol Min Max Min Max Min Max
delay from start of internal
ite t tion to int |
erde ransac :jo: om er;a K tWTR_L_CRC| tWTR_L+max . tWTR_L+max . tWTR_L+max . ns 330,34
read command for same ban DM (4nCK,3.75ns) (5nCK,3.75ns) (5nCK,3.75ns) e
group with both CRC and DM -
Ienabled
IoLL tocking time tDLLK 597 - 597 - 768 R nCK
Mode Register Set command tMRD 3 . 3 ) 3 ) ek
cycle time ‘I
Mode Register Set command tMOD max(24nCK,15ns) - max(24nCK,15ns - max(24nCK,15ns) - 50
update delay N |
Multi-Purpose Register tMPRR 1 B 1 R 1 B nev ’ 3
Recovery Time AV
IMuIti—Purpose Register Write HWR MPR tMOD (min) . tMOD (min) . tMOD (min) . \
Recovery Time - +AL+PL +AL+PL +AL+PL
Auto precharge write recovery tDAL(min) Programmed WR + roundup ( tRP / tCK(avg)) nCK 51
+ precharge time
IDQO or DQLO driven to 0 ‘
set-up time to first DQS rising tPDA_S 0.5 - 0.5 - 0.5 - ul 45,47
edge J
i |
DQO or DQLO driven to 0 hold PDA H 05 . 05 . ns . ul 146,47
time from last DQS falling edge - |
I@ to Command Address Latency
CS to Command Address {CAL max(3 i max(3 i 1hax(3 i ncK
JLatency nCK,3.748 ns) nCK,3.748 ns) | nCa,3.748 ns)
Mode Register Set command
tMRD_tCAL tMOD+tCAL - tMOD+tCAL - tMOD+tCAL - nCK
cycle time in CAL mode - "4
Mode Register Set update tMOD tCAL | tMOD+CAL . tMOD+tCAL tMOD+tCAL . nCK
delay in CALmode - .
IDRAM Data Timing
DQS,DQS to DQ skew, per tDQsQ . 0.16 016 . 016 tCK(avg) | 13,18,
group, per access a /2 39,49
DQ output hold time per l
tCK(avg) |13,17,18
lgroup, per access from tQH 0.76 | 0.76 0.76 /2 ,39,49
DQS, DQS |
Data Valid Window per device 17 18
per Ul:(tQH-tDQSQ) of each Ul tbvwd 0.63 - 0.63 - 0.64 - ul 39’ 19
on a given DRAM . ’
Data Valid Window per pin per |
4 17,18
Ul:(tQH - tDQSQ) each Ul on a tDVWp 0.56 - 0.66 - 0.69 - ul 39,49
pin of a given DRAM R\ ’
pa Io_w impedance time from tLZ(DQ) -t 225 -390 195 -360 180 ps 39
CK, CK !
I
DQ high impedance time from (
— tHZ(D - 225 - 195 - 180 S 39
|CK, CK (bG, :
|pata strobe Timing ) N
DAs,Bas differential REAR PRE 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 tcK 40
Preamble(1 clock preamble)
DQS,DQS differential READ tRPRE2 NA NA NA NA NA NA oK a1
Preamble(2 clock pre. mble!
Ds,DQS gifertygalREw tRPST 033 NOTE 45 033 NOTE 45 033 NOTE 45 tcK
Postamble
% t
DQS,DQS *.ffe ent al output tQSH 04 . 0.4 . 04 . oK 27
high tir..«
CFH <S4 i
|DO ,DC s di.ferential output tasL 04 . 04 . 04 . oK 20
lcuane
L 1S,0QS differential WRITE
“reamble tWPRE 0.9 - 0.9 - 0.9 - tCK 42
(1 clock preamble)
DQS,DQS differential WRITE
Preamble tWPRE2 NA - NA - NA - tCK 43
(2 clock preamble)
D iff ial WRITE
A5,0As differentia tWPST 033 - 0.33 - 033 - tCK
Postamble
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Speed DDR4-1600 DDR4-1866 DDR4-2133 .
- - - Unit | Notes
Parameter Symbol Min Max Min Max Min Max
DAS and DAS low-impedance | ) ;g -450 225 -390 195 -360 180 ps
time (Referenced from RL-1)
DQS and DQS high-impedance
time (Referenced from tHZ(DQS) - 225 - 195 - 180 ps
RL+BL/2)
DQs,DaS differentialinputlow | p gy 0.46 0.54 0.46 0.54 0.46 0.54 tcK
pulse width
bQS,Das differential input tDQSH 0.46 0.54 0.46 0.54 0.46 0.54 tcK
high pulse width
IDQS,DQS rising edge to CK,CK
rising edge tDQSS -0.27 0.27 -0.27 0.27 -0.27 0.27 tCK ’ 42
(1 clock preamble) AN
IDQS,DAS rising edge to CK,CK
rising edge tDQSS2 NA NA NA NA NA NA tCK 43
(2 clock preamble)
DQs,DAS falling edge setup tDSS 0.18 . 0.18 . 0.18 - tcK
time to CK,CK rising edge
DQS,DQSEIImg edge hold time DSH 0.18 . 018 . 018 oK
from CK,CK rising edge
DQS,DQSrising edge output
I.Q. ASrising edge output |y gk .
timing location from rising CK, -225 225 -195 195 -1o3 180 ps 37,38,39
[T (DLL On)
ICK with DLL On mode W Y
JDas, DQS rising edge output tDQSCKI ) 370 ) 330 ) 310 os 37,38,39
variance window per DRAM (DLL On) !
-w .\
IMPSM Timing
e —
Command path disable delay tMPED tMOD(min) + . tMOD(min) + | ¢ tMOD(min) + )
upon MPSM entry tCPDED(min) tCPDED(mir, | tCPDED(min)
|
Valid clock requirement after CKMPE tMOD(min) + ) tMCD(1, "n) + . tMOD(min) + )
IMPSM entry t tCPDED(min) tCPD’ NMm, ) tCPDED(min)
Valid clock requirement before | -\ \aov | teksRx(min) tC KSRX(min) tCKSRX(min)
IMPSM exit I
| !
Exit MPSM to commands not XMP £XS(min) ) £XS(min) . XS(min) :
requiring a locked DLL
N
JExit MPSM to commands XMPDLL tXMP(min) : | tXMP(min) + tXMP(min) +
requiring a locked DLL t tXSDL' (1. n) tXSDLL(min) tXSDLL(min)
. 1 Smir + tISmin + tISmin +
CS setup time to CKE tMPX_S “tHmin - tIHmin - tHmIn -
|Ca|ibration Timing
IPower-up and RESET tz dinic 1024 - 1024 - 1024 - nCK
calibration time
| )
Normal operation Full tZQoper 512 . 512 . 512 : nCK
calibration time
Normal operation snort 1zacs 128 ) 128 ) 128 ) ncK
calibration tim=
|Reset/: -It ¢efresh Timing
. > Max Max Max
EPR J CKEHIGH o a tXPR  |(SnCK,tRFC(min) - (5nCK,tRFC(min) - (5nCK,tRFC(min) -
V7 1d cor...nand +10ns) +10ns) +10ns)
IL (| &€ Refresh to commands XS tRFC(min)+10ns - tRFC(min)+10ns - tRFC(min)+10ns -
n/t requiring a locked DLL
SRX to commands not . . .
o locked DLL in Self tXS_ABORT | tRFC4(min)+ . tRFC4(min)+ . tRFC4(min)+ .
requiring a locke in Se (min) 10ns 10ns 10ns
Refresh ABORT
Exit Self Refresh to ZQCL,ZQCS
it Self Refresh to ZQCL,ZQ XS_FAST | tRFCA(min)+ tRFCA(min)+ tRFCA(min)+
and MRS (CL,CWL,WR,RTP and . - - -
(min) 10ns 10ns 10ns
Gear Down)
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Speed DDR4-1600 DDR4-1866 DDR4-2133

Unit | Notes

Parameter

Symbol

Min Max

Min

Max

Min Max

Exit Self Refresh to commands
requiring a locked DLL

tXSDLL

tDLLK(min) -

tDLLK(min)

tDLLK(min) -

Self refresh entry to exit timing

tCKESR

tCKE(min)+
1nCK

tCKE(min)+
1InCK

tCKE(min)+
1InCK

|Minimum CKE low width for

Minimum CKE low width for
Self refresh entry to exit timing
with CA Parity enabled

tCKESR_PAR

tCKE(min)+
1nCK+PL

tCKE(min)+
1nCK+PL

tCKE(min)+
1nCK+PL

Valid Clock Requirement after
Self Refresh Entry (SRE) or
fPower-Down Entry (PDE)

tCKSRE

max(5nCK,10ns) -

max(5nCK,10ns)

max(5nCK,10ns) -

Valid Clock Requirement after
Self Refresh Entry (SRE) or
JPower-Down when CA Parity is
enabled

tCKSRE_PAR

max
(5nCK,10ns)+PL

max
(5nCK,10ns)+PL

max
(5nCK,10ns)+PL

Valid Clock Requirement
before Self Refresh Exit (SRX)
or Power-Down Exit (PDX) or
JReset Exit

tCKSRX

max(5nCK,10ns) -

max(5nCK,10ns)

max(5nCK,10ns) -

IPower Down Timing

Exit Power Down with DLL on to
any valid command; Exit
Precharge Power Down with DL
frozen to commands not
requiring a locked DLL

tXP

max (4nCK,6ns) -

max (4nCK,6ns)

r ~v[4nlK,61s) -

—

CKE minimum pulse width

tCKE

max (3nCK, 5ns) -

max (3nCK, 5ns)

~1ax (3nCK, 5ns) -

31,32

Command pass disable delay

tCPDED

4 R

4

4 R

nCK

JPower Down Entry to Exit
Timing

tPD

tCKE(min) 9*tREFI

tCKE(min) |

tCKE(min) 9*tREFI

Timing of ACT command to

jPower Down entry

tACTPDEN

Timing of PRE or PREA
command to Power Down
entry

tPRPDEN

nCK 7

nCK 7

Timing of RD/RDA command to
Power Down entry

tRDPDEN

RL+4+1 -

I RL+4+1

RL+4+1 -

nCK

Timing of WR command to
Power Down entry (BL8OTF,
BL8MRS,C40TF)

tWRPDEN

WL+4+(tWR/tCK
(avg))
Fa "l

Timing of WRA command to
Power Down entry (BL8OTF,
BL8MRS,BC40TF)

tWRAPDEN

WL+4+(tWR/tCK
(avg))

WL+4+(tWR/tCK
(avg))

nCK 4

WL+4- N} -1 -

WL+4+WR+1

WL+4+WR+1 -

nCK 5

Timing of WR command to
Power Down entry (BCAMRS)

tWRPBC4DE
N

W4z (1 R/tCK

L ave)

WL+2+(tWR/tCK
(avg))

WL+2+(tWR/tCK
(avg))

nCK 4

Power Down entry (BCAMRS)

tWRAPB (D
EN_

WL+2+WR+1 -

WL+2+WR+1

WL+2+WR+1 -

nCK 5

Timing of REF command to
Power Down entry

Timing of MRS command to
Power Down entry

RF~PDEN

nCK 7

*MRSPDEN

tMOD(min) -

tMOD(min)

tMOD(min) -

PDA Timing

Mode Register Se. com nand
cycle time in ’D”. mode

tMRD_PDA

max(16nCK,
10ns)

max(16nCK,
10ns)

max(16nCK,
10ns)

nCK

Mode Reg.*er 2o command

i
|T|m|ng of WRA command to

updat : d_1ay in PDA mode

tMOD_PDA

tMOD

(’D"' Tuning

IA viichronous RTT turn-on
~:lay (Power- Down with DLL
frozen)

tAONAS

1.0 9.0

1.0

9.0

1.0 9.0

ns

Asynchronous RTT turn-off
delay (Power- Down with DLL

frozen)

tAOFAS

1.0 9.0

1.0

9.0

1.0 9.0

ns

RTT dynamic change skew

tADC

0.3 0.7

0.3

0.7

0.3 0.7

tCK(avg)

273

Version A/00



Shenzhen Plusetech Semiconductor Co., Ltd

W
AN pLUSETECH

Speed DDR4-1600 DDR4-1866 DDR4-2133 .
- - - Unit | Notes
Parameter | symbol Min | Max Min | Max Min | Max
Write Leveling Timing
JFirst DQS/DQS rising edge after
write leveling mode is tWLMRD 40 - 40 - 40 - nCK 12
programmed
JDQS/DQAS delay after write tWLDQSEN 25 . 25 ) 25 ) ek 12
leveling mode is programmed
Write leveling setup time from
rising CK/CK crossing to rising tWLS 0.13 - 0.13 - 0.13 - tCK(avg) l
1DQS/DAS crossing
Write leveling hold time from
rising DQS/DQS crossing to tWLH 0.13 - 0.13 - 0.13 - tCK(~vg) ’
rising CK/CK  crossing |
Write leveling output delay twLo 0 9.5 0 9.5 0 9.5 ns
Write leveling output error tWLOE 0 2 0 2 0 2 S
ICA Parity Timing
Commands not guaranteed to | tPAR_UNKN . PL ) pL . PL
be executed during this time OWN
Delay from errant command to [tPAR_ALERT_ . PL46NS . PL46nS < PL46NS
[ALERT assertion ON
IPuIse width of ALERT signal tPAR_ALERT_ 8 %6 56 112 oA 128 nCK
when asserted PW <
Time from when Alert is
asserted till controller must tPAR_ALERT_ . 23 ) 50 | . 57 ek
start providing DES commands RSP
in Persistent CA parity mode /)
JParity Latency PL 4 4 4 ncK
ICRC Error Reporting
CRC error to ALERT latency tCRC_ALERT 3 13 z 13 3 13 ns
CRC_ALERT
CRC ALERT pulse width - - 6 10 N 10 6 10 nCK
PW a
ItREFI
tRFC1 (min) 8Gb 350 - | 350 - 350 - ns 34
I
tRFC2 (min) 8Gb 260 - 260 - 260 - ns 34
tRFC4 (min) 8Gb 160 - 160 - 160 - ns 34
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Timing Parameter(Data rate 2400, 2666, 2933, 3200 specifications and conditions)

Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Unit | Notes
Parameter |  symbol Min | Max Min |  Max Min | Max Min |  Max
|[Clock Timing
Minimum Clock Cycle Time tCK
8 20 8 20 8 20 8 20 ns
(DLL off mode) (DLL_OFF)
Average Clock Period tCK(avg) Refer to “Speed Bin” section ns 35,36
Average high pulse width tCH(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg) g
(|
Average low pulse width tCL(avg) 0.48 0.52 0.48 0.52 0.48 0.52 0.48 0.52 tCK(avg)
Min: tCK(avg)min+tJIT(per)min_tot |
Absolute Clock Period tCK(abs) (ave) (perjmin_ tCK(avg)
Max: tCK(avg)max+ tJIT(per)max_tot QU2
Absolute clock HIGH pulse '
. P tCH(abs) 0.45 - 0.45 - 0.45 - 0.45 - tCK(a. 7) | 23
width
Absolute clock LOW pulse
, P tCL(abs) 0.45 - 0.45 - 0.45 - 0.45 ~  lenevg)| 24
width
Clock Period Jitter- total JIT(per)_tot -42 42 -38 38 -34 34 -32 32 ps 25
Clock Period Jitter- )
S JIT(per)_dj 21 21 -19 19 -17 17 -16 1 ps 26
deterministic
Clock Period Jitter duri
ock Feriod itter during tIT(per, Ick) 33 33 30 30 27 27 25 25 ps
IDLL locking period .
[
Cycle to Cycle Period Jitter tIT(cc) - 83 - 75 - 68 ™ - 62 ps
Cycle to Cycle Period Jitter
v . Y . . tIT(cc, Ick) - 67 - 60 - 55 - 50 ps
during DLL locking period V4
C lati 2
umuiative error across tERR(2per) 61 61 -55 55 500 -46 46 ps
cycles A
Cumulative error across 3 |
tERR(3per) -73 73 -66 66 -t0 60 -55 55 ps
cycles ) |
Cumulative error across 4
| tERR(4per) -81 81 -73 7° | -66 66 -61 61 ps
cycles
Y . AVEL
Cumulative error across 5
tERR(5per) -87 87 -78 7o -71 71 -65 65 ps
cycles h PN
Cumulative error across 6 |
tERR(6per) -92 92 -3 83 -75 75 -69 69 ps
cycles I
Cumulative error across 7
tERR(7per) -97 97 27 87 -79 79 -73 73 ps
cycles
Cumulative error across 8
tERR(8per) -101 10" -91 91 -83 83 -76 76 ps
cycles 4
Cumulative error across 9 ’ I
tERR(9per) -104 104 -94 94 -85 85 -78 78 ps
cycles P |
Cumulative error across 10 |
tERR(10per) =15, 107 -96 96 -88 88 -80 80 ps
cycles A
Cumulative error across 11
tERR(11per) | -10 110 -99 99 -90 90 -83 83 ps
cycles DA
Cumulative error across 12 I
tERR(1.per) -112 112 -101 101 -92 92 -84 84 ps
cycles -
Cumulative error across 13 ,
tEl %13 per) -114 114 -103 103 -93 93 -86 86 ps
cycles IN
Cumulative error across 14
tERR(14per) -116 116 -104 104 -95 95 -87 87 ps
cycles A
Cumulative error acras. 15
umuiativ 4 tERR(15per) 118 118 -106 106 -97 97 -89 89 ps
cycles A
Cumulative e ro* across 16
tERR(16per) -120 120 -108 108 -98 98 -90 920 ps
cycles
Cumu ati.e error across 17
| tERR(17per) -122 122 -110 110 -100 100 -92 92 ps
c Cles
“umu'tive error across 18
I i tERR(18per) -124 124 -112 112 -101 101 93 93 ps
cy.ies
Cumulative error across n = tERR(nper)min = ((1 + 0.68In(n)) * tJIT(per)_total min)
tERR(nper) ps
13,14 ...49, 50 cycles tERR(nper)max = ((1 + 0.68In(n)) * tJIT(per)_total max)
Command and Address
setup time to CK,CK
P ) tIS(base) 62 - 55 - 48 - 40 - ps
referenced to Vih(ac) /
Vil(ac) levels
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Unit | Notes
Parameter Symbol Min Max Min Max Min Max Min Max
Command and Address
setup time to CK,CK tIS(Vref) 162 - 145 - 138 - 130 - ps
referenced to Vref levels
Command and Address hold
Jtime to CK,CK referenced to tiH(base) 87 - 80 - 73 - 65 - ps
Vih(dc) / Vil(dc) levels
Command and Address hold
Jtime to CK,CK referenced to tIH(Vref) 162 - 145 - 138 - 130 - ps /
Vref levels )
Control and Address Input
) ) tIPW 410 - 385 - 365 - 340 - ps
lIpulse width for each input h A\
[Command and Address Timing
CAS to CAS command delay max(5 nCK, max(5 nCK, max(5 nCK, max(5 nCK, | —’
tCCD_L - - - - nCK 34
|for same bank group - 5ns) 5ns) 5ns) 5ns)
ICAS to CAS command delay
for different bank group tccp_s 4 - 4 - 4 - 4 Y ncK 34
IACTIVATE to ACTIVATE
Command delay to different Max(4nCK, Max(4nCK, Max(4nCK, Max(: nCK,
tRRD_S(2K) - - - - nCK 34
Ibank group for 2KB page 5.3ns) 5.3ns) 5.3ns) 5.3n.}
size
IACTIVATE to ACTIVATE |
Command delay to different Max(4nCK, Max(4nCK, Max(4nCK, Max(4nCK,
tRRD_S(1K) - - 3 - nCK 34
Ibank group for 2KB page - 3.3ns) 3ns) 2.7ns) 2.5ns)
size ) WA
IACTIVATE to ACTIVATE
Command delay to different Max(4nCK,3 Max(4nCK, N.ax( InCK, Max(4nCK,
v tRRD_S(1/2K) |V - ( - . - ( - nck | 38
Ibank group for 1/2KB page .3ns) 3ns) 2.7)s) 2.5ns)
size K
IACTIVATE to ACTIVATE
Command delay to same Max(4nCK, Max(4nCK, Max(4nCK, Max(4nCK,
tRRD_L(2K) - @ - - nCK 34
Ibank group for 2KB page 6.4ns) 6.4ns) 6.4ns) 6.4ns)
size |
IACTIVATE to ACTIVATE |
Command delay to same Max(4nCK, Mz (4nCY, Max(4nCK, Max(4nCK,
tRRD_L(1K) - - - - nCK 34
Ibank group for 1KB page 4.9ns) 4.9:.0) 4.9ns) 4.9ns)
size
ACTIVATE to ACTIVATE
Command delay to same Max(4nCK, | Max(4nCK, Max(4nCK, Max(4nCK,
i tRRD_L(1/2K) | V12 - . - X - o - nck | 34
bank group for 1/2KB page 4.9ns) | 4.9ns) 4.9ns) 4.9ns)
size ]
IFour activate window for Max(28nC ¢, Max(28nCK, Max(28nCK, Max(28nCK
. tFAW_2K - - - - ns 34
2KB page size ~Tns, 30ns) 30ns) ,30ns)
JFour activate window for l Mx(20nCK Max(20nCK, Max(20nCK, Max(20nCK
R tFAW_1n - - - - ns 34
1KB page size ,21ns) 21ns) 21ns) ,21ns)
Four activate window for Max(16nCK, Max(16nCK, Max(16nCK, Max(16nCK
u ivi .WI w AW 1/2K X( _ x( B x( B X( B ns 34
1/2KB page size - 13ns) 12ns) 10.875ns) 10ns)
IDeIay from start of internal
write transaction to internal max (2nCK, max (2nCK, max (2nCK, max (2nCK,
A tWTR_S - - - - ns 1,2,e,34
read command for dii “2ren. 2.5ns) 2.5ns) 2.5ns) 2.5ns)
fbank group
Delay from stwiu >f . ternal
max
write trar.“aci n to internal max max max
tWTR_L - - - (4nCK,7.5ns - ns 1,34
read c~i1i.1a) ~ for same (4nCK,7.5ns) (4nCK,7.5ns), (4nCK,7.5ns) )
Fa"'t g up
In._inz' READ Command to
max max max max
P."ECHARGE Command tRTP - - - - 34
") (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns) (4nCK,7.5ns)
uelay
WRITE recovery time tWR 15 - 15 - 15 - 15 - 1
Write recovery time when tWR+max(5 tWR+max(5 tWR+max(5 tWR+max(5
v tWR_CRC_DM ( - { - { - ( - ns | 1,28
CRC and DM are enabled nCK,3.75ns) nCK,3.75ns) nCK,3.75ns) nCK,3.75ns)
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 Unit | Notes
Parameter |  symbol Min | Max Min | Max Min | Max Min | Max
JCommand and Address Timing
delay from start of internal
write transaction to internal tWTR_S+ tWTR_S+ tWTR_S+ tWTR_S+
. tWTR_S_CRC
read command for different DM max(5nCK, - max(5nCK, - max(5nCK, - max(5nCK, - ns 2,29,34
Ibank group with both CRC - 3.75ns) 3.75ns) 3.75ns) 3.75ns)
and DM enabled
delay from start of internal
write transaction to internal tWTR_L+ tWTR_L+ tWTR_L+ tWTR_L+ «
tWTR_L_CRC
read command for same I;IV_I max(5nCK, - max(5nCK, - max(5nCK, - max(5nCK, - ns 3,30,34
Ibank group with both CRC - 3.75ns) 3.75ns) 3.75ns) 3.75ns)
and DM enabled AN, ]
|
IDLL locking time tDLLK 768 - 1024 - 1024 - 1024 - n. |
Mode Register Set
i tMRD 8 - 8 - 8 - 8 — ACK
command cycle time
Mode Register Set max(24nCK, max(24nCK, max(24nCK, max(24nCK
tMOD - - - N nCK 50
command update delay 15ns) 15ns) 15ns) , 15ns)
Multi-Purpose Register
i tMPRR 1 - 1 - 1 - 1 - nCK 33
Recovery Time
IMuIti Purpose Register tMOD (min) tMOD (min) tMOD (min) tMOD(, ~in)
) ) tWR_MPR - - | - nCK
Write Recovery Time - + AL+ PL + AL+ PL + AL+ PL - AL+PL
Auto precharge write .
. tDAL(min) Programmed WR + roundup ( tRP / tCK(avg, ' nCK 51
recovery + precharge time
§DQO or DQLO driven to 0
set-up time to first DQS tPDA_S 0.5 - 0.5 - 0.5 N ~ 0.5 - ul 45,47
rising edge D 4
DQO or DQLO driven to 0 l
hold time from last DQS tPDA_H 0.5 - 0.5 - 0.5 - 0.5 - Ul 46,47
falling edge K
ICS to Command Address Latency
—— N o 1
CS to Command Address CAL max(3 nCK, max(3 nCK, max(3 nCK, max(3 nCK, K
- @ - - n
Latency 3.748 ns) 3.748ns) | 3.748 ns) 3.748 ns)
Mode Register Set |
L tMOD+ tM/JD+ tMOD+ tMOD+
command cycle timein CAL tMRD_tCAL - | - - - nCK
tCAL tCAL tCAL tCAL
mode
Mode Register Set updat tMOD+ tMOC tMOD+ tMOD+
© e_ egister set update tMOD_tCAL S - - - nCK
delay in CALmode - tCAL tCAL tCAL tCAL
|DRAM Data Timing
DQs,0AS to DQ skew, per LS N7 13,18
’ ’ tDQSQ - | 0 - 0.18 - 0.19 - TBD tcK(avg)/2|
group, per access A 39,49
DQ output hold ti |
Q output hold time per 131718
group, per access from tQH C74 - 0.74 - 0.72 - TBD - tCK(avg)/2 39,49
DQS, DAS ¢ T
Data Valid Window per l 1718
device per Ul:(tQH-tDQSQ) DV 0.64 - TBD - TBD - TBD - ul 39‘ 45
of each Ul on a given DRAM N ’
Data Valid Window per pin 1718
per Ul:(tQH - tDQSQ) each tDvWp 0.72 - 0.72 - TBD - 0.72 - ul 39‘ 45
Ul on a pin of a given DRAM ’
DQ low impedance v me
i \ tLZ(DQ) -330 175 -310 170 -280 165 -250 160 ps 39
from CK, CK
DQ high impedanc  tir &
— tHZ(D - 175 - 170 - 165 - 160 ps 39
|from CK,CK Q)
Data Struhe 1iming
DQS,L Y% diferential READ
tRPRE 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 0.9 NOTE 44 tCK 39,40
P e~-."le(1 clock reamble)
L QS,ZQS differential READ
tRPRE2 1.8 NOTE 44 1.8 NOTE 44 1.8 NOTE 44 1.8 NOTE 44 tCK 39,41
{Preamble(2 clock reamble)
DQS,DQS differential READ
tRPST 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 0.33 NOTE 45 tCK 39
Postamble
DQS,DQS differential output
| Q . P tQSH 0.4 - 0.4 - 0.4 - 0.4 - tCK 21,39
high time
DQS,DQS differential output
| Q5,Das di fatoutpu tQsL 0.4 - 0.4 - 0.4 - 0.4 - tck | 20,39
low time
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200
Parameter Symbol Min Max Min Max Min Max Min Max

Unit | Notes

|Data Strobe Timing

DQS,DQS differential WRITE
Preamble tWPRE 0.9 - 0.9 - 0.9 - 0.9 - tCK 42
(1 clock preamble)

DQS,DQS differential WRITE
Preamble tWPRE2 1.8 - 1.8 - 1.8 - 1.8 - tCK 43
(2 clock preamble)

DQS,DQS differential WRITE 4
tWPST 0.33 - 0.33 - 0.33 - 0.33 - tCK 4

Postamble
DQS and DQS
low-impedance time tLZ(DQS) -330 175 -310 170 -280 165 -250 160 ps
(Referenced from RL-1) _l__
DQS and DQS
high-impedance time tHZ(DQS) - 175 - 170 - 165 - 160 39
(Referenced from RL+BL/2)
|DQS,m differential input

low pulse width el
|DQS,W differential input

|

tDQSL 0.46 0.54 0.46 0.54 0.46 0.54 0.46 0Lt tCK

X . tDQSH 0.46 0.54 0.46 0.54 0.46 0.54 0.6 0.54 tCK
high pulse width

DQS,DAS rising edge to |
CK,CKrising edge tDQSS -0.27 0.27 -0.27 0.27 -0.27 0.27 -G 27 0.27 tCK 42
(1 clock preamble)

§DQS,DAS rising edge to
CK,CK rising edge tDQSS2 TBD TBD TBD TBD TBD Bl TBD TBD tCK 43
(2 clock preamble) l

DQS,DQS falling edge set |
_Q 7g ) ge setup tDSS 0.18 - 0.18 - 0. .8 - 0.18 - tCK
time to CK,CK rising edge - B
DQS,DQS falling edge hold
,Q i g tDSH 0.18 - 0.18 ¥ | .18 - 0.18 - tCK
time from CK,CK rising edge —
DQS,DQSrising edge output
o« N ecge outp tDQSCK 37,38,
timing location from rising (DLL On) -175 175 -170 170 -165 165 -160 160 ps 39
CK, CK with DLL On mode
DQS
DQS, rising edge
Q rising ecg tDQSCKI ' 37,38,
output variance window per - 290 - 270 - 265 - 260 ps
(DLL On) 39
DRAM
IMPSM Timing
tMOD(min) | tMOD(min) tMOD(min) tMOD(min)

Command path disable

tMPED +tCPDED(mi +tCPDED(m - +tCPDED(mi - +tCPDED( -
delay upon MPSM entry | ) )
n) s in) n) min)
. i tMO™(n 1) tMOD(min) tMOD(min) tMOD(min)
Valid clock requirement y i .
tCKMPE ++COL DI i - +tCPDED(m - +tCPDED(mi - +tCPDED( -
after MPSM entry . . i
[ in) n) min)
Valid clock requirement . . . tCKSRX(min
X tCKIV X tCKSRX(min), - tCKSRX(min), - tCKSRX(min) - -
Ibefore MPSM exit )
IExit MPSM to commands
» tXMP tXS(min) - tXS(min) - tXS(min) - tXS(min) -
not requiring a locked DLL
i i X X tXMP(min)
JExit MPSM to comman.'s tXMP(min) + tXMP(min) + tXMP(min) +
o tXMPDLL ) - X - ) - + -
requiring a locked OLL tXSDLL(min) tXSDLL(min) tXSDLL(min) i
~ tXSDLL(min)
\ tISmin+ tISmin+ tISmin+ tISmin+
CS seti', imy o CKE tMPX_S i - i - i - . -
tIHmin tiHmin tIHmin tiHmin
Caiib’ ation Timing
O,wer-up and RESET .
. . . tZQinit 1024 - 1024 - 1024 - 1024 - nCK
calibration time
INormal operation Full
L tZQoper 512 - 512 - 512 - 512 - nCK
calibration time
tzQcs 128 - 128 - 128 - 128 - nCK

Normal operation Short
calibration time
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 .
; ; : - Unit | Notes
Parameter Symbol Min Max Min Max Min Max Min Max
[Reset/Self Refresh Timing
I Max Max Max Max
Exit Reset from CKE HIGH to
i tXPR (5nCK,tRFC( - (5nCK,tRFC( - (5nCK,tRFC( - (5nCK,tRFC( - nCK
a valid command i i i i
min)+10ns) min)+10ns) min)+10ns) min)+10ns)
Exit Self Refresh to . X . .
. tRFC(min)+ tRFC(min)+ tRFC(min)+ tRFC(min)+
commands not requiring a tXS - - - - nCK
10ns 10ns 10ns 10ns
locked DLL
SRX to commands not i . . . . 4
. . tXS_ABORT(min | tRFC4(min) tRFC4(min) tRFC4(min)+ tRFC4(min)
requiring a locked DLL in - - - - nCK
) +10ns +10ns 10ns +10ns
Self Refresh ABORT \ N
JExit Self Refresh to |
ZQCL,ZQCS and MRS . tRFC4(min tRFC4(min tRFC4(min)+ tRFC4(min
acL.za tXS_FAST(min) (min) - {min) - {min) - {min) - nck - |
(CL,CWL,WR,RTP and Gear +10ns +10ns 10ns +10ns
fDown)
Exit Self Refresh to
commands requiring a tXSDLL tDLLK(min) - tDLLK(min) - tDLLK(min) - tDLLK(min) - nCK
locked DLL
Minimum CKE low width for . . . 4
i tCKE(min)+ tCKE(min)+ tCKE(min)+ tCKE(/1in)+
Self refresh entry to exit tCKESR - - - ) - nCK
. 1nCK 1nCK 1nCK 1nC.
timing
Minimum CKE low width for |
Self refresh entry to exit tCKE(min)+ tCKE(min)+ tCKE(min)+ L YE(11in)+
% refresh eniry ¥ tCKESR_PAR (min) - (min) _ (min) A (11in) _ .
timing with CA Parity 1nCK+PL 1nCK+PL 1nCK+PL 1nCK+PL
enabled '
Valid Clock Requirement :
after Self Refresh Entry max max “ax max
tCKSRE - - - - nCK
(SRE) or Power-Down Entry (5nCK,10ns) (5nCK,10ns) (5nCK 10n¢<) (5nCK,10ns)
(PDE) N\
Valid Clock Requirement |
after Self Refresh Entry max max [ max max
tCKSRE_PAR |(5nCK,10ns) - (5nCK,10ns) ¥ (5nCK,10ns) - (5nCK,10ns) - nCK
(SRE) or Power-Down when
o +PL +PL +PL +PL
CA Parity is enabled a
Valid Clock Requirement |
before Self Refresh Exit max max I max max
. tCKSRX - ) - - - nCK
(SRX) or Power-Down Exit (5nCK,10ns) (5nC“.10ns) (5nCK,10ns) (5nCK,10ns)
(PDX) or Reset Exit
[Power Down Timing
Exit Power Down with DLL on |
to any valid command;Exit |
ma:* max max max
Precharge Power Down with tXp y - - - - nCK
(4nCK 6ns, | (4nCK,6ns) (4nCK,6ns) (4nCK,6ns)
DLL frozen to commands not
requiring a locked DLL AN
mux max max max
CKE minimum pulse width tCKE l '\ - - - - nCK 31,32
_['3nCK, 5ns) (3nCK, 5ns) (3nCK, 5ns) (3nCK, 5ns)
Command pass disable
passdl tCPL =D 4 - 4 - 4 - 4 - nck
delay A
JPower Down Entry to Exit - . . . .
Timing ] tCKE(min) 9XtREFI tCKE(min) 9xtREFI tCKE(min) 9xtREFI | tCKE(min) 9XtREFI nCK 6
imi
Timi f ACT cnd .
Mie O N RPN tACTPDEN 2 - 2 - 2 - 2 - ncK 7
lPower Down entry
Timing of PRE oi °hI%
commanc %o .’ )we. Down tPRPDEN 2 - 2 - 2 - 2 - nCK 7
entry
Timing »f RJ/RDA
cu=.inend to Power Down tRDPDEN RL+4+1 - RL+4+1 - RL+4+1 - RL+4+1 - nCK
e. fry
T.ming of WR command to
WL+4+(tWR WL+4+(tWR WL+4+(tWR WL+4+(tW
Power Down entry (BL8OTF, tWRPDEN JtCK(ave)) - JtCK(ave)) - JiCK(ave)) - R/tCK(ave)) - nCK 4
av av av, av
BL8MRS,C40TF) & € & 8
Timing of WRA command to
WL+4+WR+
Power Down entry (BL8OTF,| tWRAPDEN |[WL+4+WR+1| - WL+4+WR+1 - WL+4+WR+1 - 1 - nCK 5
BL8MRS,BCA0TF)
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Speed

DDR4-2400 DDR4-2666

DDR4-2933

DDR4-3200

Parameter

Symbol

Min Max Min Max

Min

Max

Min

Max

Unit

Notes

Timing of WR command to
JPower Down entry
(BC4MRS)

tWRPBC4DEN

WL+2+(tWR
/tCK(avg))

WL+2+(tWR
/tCK(avg))

WL+2+(tWR
/tCK(avg))

WL+2+(tW
R/tCK(avg))

nCK 4

Timing of WRA command to
JPower Down entry
(BC4MRS)

tWRAPBC4DEN

WL+2+WR+1 - WL+2+WR+1 -

WL+2+WR+1

WL+2+WR+]

nCK 5

Timing of REF command to
Power Down entry

tREFPDEN

nCK 7

Timing of MRS command to

IPower Down entry

tMRSPDEN

tMOD(min) - tMOD(min) -

tMOD(min)

tMOD(min)

nCK

IPDA Timing

IMode Register Set
command cycle time in PDA
mode

tMRD_PDA

max(16nCK,
10ns)

max(16nCK,
10ns)

max(16nCK,
10ns)

max(16nCK
10ns)

IMode Register Set
command update
delay in PDA mode

tMOD_PDA

tMOD

nCK

|ODT Timing

IAsynchronous RTT turn-on
delay (Power- Down with
IDLL frozen)

tAONAS

1.0 9.0 1.0 9.0

1.0

19

9.0

ns

IAsynchronous RTT turn-off
delay (Power- Down with
IDLL frozen)

tAOFAS

1.0 9.0 1.0 9.0

1.0

9.0

ns

RTT dynamic change skew

tADC

0.3 0.7 0.3 0.7

Write Leveling Timing

0.7

0.3

0.7

tCK(avg)

First DQS/DQS rising edge
after write leveling mode is
programmed

tWLMRD

40 - 40 —

40

nCK 12

DQS/DQS delay after write
leveling mode is
programmed

tWLDQSEN

25

25

nCK 12

Write leveling setup time
from rising CK/CK crossing
to rising DQS/DQS crossing

twLs

0.13 S 0.13 -

0.13

0.13

tCK(avg)

Write leveling hold time
from rising DQS/DQS
crossing to rising CK/CK
crossing

tWLH

012 (| - 0.13 -

0.13

0.13

tCK(avg)

Write leveling output delay

twLo

9.5

9.5

ns

Write leveling output error

tWLOF |

ns

|CA Parity Timing

Commands not guaranteed
to be executed during this
time

tPAR_GINIDW
N

PL

PL

nCK

Delay from errant command
to ALERT assertion

tPAR_ALERT_O
N

- PL+6ns - PL+6ns

PL+6ns

PL+6ns

nCK

IPuIse width of ALEFT signal
when asserted

tPAR_ALERT_P
w

72 144 80 160

88

176

96

192

nCK

Time from wi e”. Al=rtis
asserted til ~onuoller must
start ; reiding DES

cmmanus in Persistent CA

tPAR_ALERT_RS
]

78

85

nCK

IL‘arif\' node
_Pzrity Latency

PL

nCK

|crc Error Reporting

CRC error to ALERT latency

tCRC_ALERT

13

13

ns

CRC ALERT pulse width

CRC_ALERT_PW

10

10

nCK
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Speed DDR4-2400 DDR4-2666 DDR4-2933 DDR4-3200 .
: : : : Unit | Notes
Parameter Symbol Min Max Min Max Min Max Min Max
|Geardown timing
Exit RESET from CKE HIGH
to a valid tXPR_GEAR - - tXPR - tXPR - tXPR -
MRS geardown (T2/Reset)
CKE High Assert to Gear
Down Enable tXS_GEAR - - XS - tXs - XS -
time(T2/CKE)
| ¢
MRS cc‘Jmmand to Sync {SYNC GEAR _ B tMOD+ _ tMOD+ _ tMOD+ _
pulse time(T3) - 4nCK 4nCK 4nCK 4
S Ise to First valid
yne puise to First vall tCMD_GEAR - - tMOD - tMOD - tMOD - Va
command(T4) W\ ¥
Geardown setup time tGEAR_setup - - 2 - - 2 - nGo | 27
Geardown hold time tGEAR_hold - - 2 - - 2 - | nCK_ |
ItREFI
tRFC1 (min) 8Gb 350 - 350 - 350 - 350 ’7 . ns 34
tRFC2 (min) 8Gb 260 - 260 - 260 - 260 2 ns 34
tRFC4 (min) 8Gh 160 - 160 - 160 - 160 - ns 34

NOTE 1 Start of internal write transaction is defined as follows: For BL8 (Fixed by MRS and on-the-fly) : Rising cloc.: edge 4 clock cycles after WL. For
BC4 (on-the-fly): Rising clock edge 4 clock cycles after WL. For BC4 (fixed by MRS): Rising clock edge 2 cl~.ck ¢ «cles after WL.

NOTE 2 A separate timing parameter will cover the delay from write to read when CRC and DM are sin tilt=neously enabled.
NOTE 3 Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT command'-.

NOTE 4 tWRis defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK to the next integer.

NOTE5 WR in clock cycles as programmed in MRO.

NOTE 6 tREFI depends on TOPER.

NOTE 7 CKE is allowed to be registered low while operations such as row ~cti '3*.on, precharge, autoprecharge or refresh are in progress, but
power-down IDD spec will not be applied until finishing those ope *3*.0ns

NOTE 8 For these parameters, the DDR4 SDRAM device supports tnF AR v:"n K]=RU{tPARAM[ns]/tCK(avg)[ns]}, which is in clock cycles assuming all
input clock jitter specifications are satisfied

NOTE9 When CRC and DM are both enabled, tWR_CRC_DM is used in !~ce of tWR.

NOTE 10 When CRC and DM are both enabled tWTR_S_CR” LM is used in place of tWTR_S.
NOTE 11 When CRC and DM are both enabled tWTR_L_CRL DM is used in place of tWTR_L.
NOTE 12 The max values are system dependent

NOTE 13 DQ to DQS total timing per group wk..= ie total includes the sum of deterministic and random timing terms for a specified BER. BER spec
and measurement method are TRD.

NOTE 14 The deterministic component o1 *he wotal timing. Measurement method TBD.
NOTE 15 DQ to DQ static offset relativ > to strobe per group. Measurement method TBD.
NOTE 16 This parameter will b= ci ara _terized and guaranteed by design.

NOTE 17 When the dev’ e is « ne’ated with the input clock jitter, this parameter needs to be derated by the actual tjit(per)_total of the input clock.
(output deratings are relative to the SDRAM input clock). Example TBD.

NOTE 18 DRAM NDR: Mode is off.
NOTE 19 DRAM: DB\ mode is enabled. Applicable to x8 and x16 DRAM only.

NOTE 20 t4.". vzscribes the instantaneous differential output low pulse width on DQS - DQS, as measured from on falling edge to the next
c. nsr.cutive rising edge.

NOTE 27 tuSH describes the instantaneous differential output high pulse width on DQS - DQS, as measured from on falling edge to the next
consecutive rising edge.

110TZ 22 There is no maximum cycle time limit besides the need to satisfy the refresh interval tREFI.

\«OTE 23 tCH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

NOTE 24 tCL(abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

NOTE 25 Total jitter includes the sum of deterministic and random jitter terms for a specified BER. BER target and measurement method are TBD.
NOTE 26 The deterministic jitter component out of the total jitter. This parameter is characterized and guaranteed by design.

NOTE 27 This parameter has to be even number of clocks.
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NOTE 28
NOTE 29
NOTE 30
NOTE 31
NOTE 32
NOTE 33
NOTE 34
NOTE 35
NOTE 36
NOTE 37
NOTE 38
NOTE 39
NOTE 40
NOTE 41
NOTE 42
NOTE 43
NOTE 44

NOTE 45
NOTE 46
NOTE 47
NOTE 48

NOTE 49

NOTE 50
NOTE 51

When CRC and DM are both enabled, tWR_CRC_DM is used in place of tWR.

When CRC and DM are both enabled tWTR_S_CRC_DM is used in place of tWTR_S.

When CRC and DM are both enabled tWTR_L_CRC_DM is used in place of tWTR_L.

After CKE is registered LOW, CKE signal level shall be maintained below VILDC for tCKE specification ( Low pulse width ).
After CKE is registered HIGH, CKE signal level shall be maintained above VIHDC for tCKE specification (HIGH pulse width).
Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

Parameters apply from tCK(avg)min to tCK(avg)max at all standard JEDEC clock period values as stated in the Speed Bin Tables.
This parameter must keep consistency with Speed-Bin Tables.

DDR4-1600 AC timing apply if DRAM operates at lower than 1600 MT/s data rate.

applied when DRAM is in DLL ON mode.

Assume no jitter on input clock signals to the DRAM

Value is only valid for RONNOM = 34 ohms

1tCK toggle mode with setting MR4:A11 to 0

2tCK toggle mode with setting MR4:A11 to 1, which is valid for DDR4-2400/2666 speed grade.

1tCK mode with setting MR4:A12 to 0

2tCK mode with setting MR4:A12 to 1, which is valid for DDR4-2400/2666/2933/3200 speed grade.

The maximum read preamble is bounded by tLZ(DQS)min on the left side and tDQSCK(max) on the rigi t side See Clock to Data Strobe
Rela-tionship --- “Clock to Data Strobe Relationship”. Boundary of DQS Low-Z occur one cycle =arlier in 2tCK toggle mode which is
illustrated in Read Preamble ---- “Read Preamble”.

DQ falling signal middle-point of transferring from High to Low to first rising edge of DQS diff-zigi.al cruss-point
last falling edge of DQS diff-signal cross-point to DQ rising signal middle-point of transferrir.> f’om Low to High
VrefDQ value must be set to either its midpoint or Vcent_DQ(midpoint) in order to ceotur= DYQu or DQLO low level for entering PDA mode.

The maximum read postamble is bound by tDQSCK(min) plus tQSH(min) on the ie t sia > and tHZ(DQS)max on the right side. See Clock to
Data Strobe Relationship

Reference level of DQ output signal is specified with a midpoint as a wides. oai i F Output signal eye which should be approximately 0.7 *
VDDAQ as a center level of the static single-ended output peak-to-peak swing with a driver impedance of 34 ohms and an effective test load
of 50 ohms to VTT = VDDQ

For MR7 commands, the minimum delay to a subsequent non-M2S com mand is 5nCK.

DALmin is required to refer to the rounding algorithm.
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Rounding Algorithms

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources. For
example, a system may use a memory clock with a nominal frequency of 933.33... MHz, or a clock period of
1.0714... ns. Similarly, a system with a memory clock frequency of 1066.66... MHz yields mathematically a
clock period of 0.9375... ns. In most cases, it is impossible to express all digits after the decimal point exactly,
and rounding must be done because the DDR4 SDRAM specification establishes a minimum granularity for
timing parameters of 1 ps.
Rules for rounding must be defined to allow optimization of device performance without violating device
parameters. These algorithms rely on results that are within correction factors on device tecting and
specification to avoid losing performance due to rounding errors.
These rules are:
*Clock periods such as tCKAVGmin are defined to 1 ps of accuracy; for examnle, 0.3375... ns is defined as
937 ps and 1.0714... ns is defined as 1071 ps.
*Using real math, parameters like tAAmin, tRCDmin, etc. which are prcarammed in systems in numbers of
clocks (nCK) but expressed in units of time (in ns) are divided by th.= Clock period (in ns) yielding a unitless
ratio, a correction factor of 2.5% is subtracted, then the resu't is set to the next higher integer number of

clocks:

NCK = ceiling [ (parameter_in_ns / application_tCK_n. rs) - 0.025]

Alternatively, programmers may prefer to use 1ateyer math instead of real math by expressing timing in ps,
scaling the desired parameter value by 1L00, dividing by the application clock period, adding an inverse

correction factor of 97.4%, dividing the re-ulh by 1000, then truncating down to the next lower integer value:

nCK = truncate [ {(parameter_in_ns x.1000) / (application_tCK_in_ps) + 974} / 1000]

«Either algorithm yields ‘1ertical results. In case of conflict between results, the preferred algorithm is the
integer math algorithn.. 7his algorithm applies to all timing parameters documented in a Serial Presence

Detect(SPD) v.ri>n cunverting from ns to nCK. Other timing parameters may use a simpler algorithm

nCK = ceiling (parameter_in_ns =+ application_tCK_in_ns).

283 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd “.‘ PLUSETECH

Example 1, using REAL math to convert tAAmin from ns to nCK:

/I This algorithm subtracts 2.5% correction factor and rounds up to next integer value
real MTB, FTB, TaaMin, Correction, ClockPeriod, TempNck;

int TaalnNck;
TaaMin = 15.0; /I Calculate tAAmin in ns (FTB is negative offset)
Correction = 0.025; Il 2.5%, per rounding algorithm
ClockPeriod = ApplicationTck; /I Frequency (clock period) is application dependent
TempNck = TaaMin / ClockPeriod; /[ Initial calculation of NCK
TempNck = TempNck - Correction; /I Subtract correction factor from nCK
TaalnNck = (int)ceiling(TempNck); /I Ceiling to next higher integer value//
DDR4-2666W Device Operating at Standard Application Data Rates (Full & Downbinned) v\
Timing Parameter: tAAmin = 15.0ns ]
S . - Device tAA = 2.5% tAA /tCK — S ;
SApepelécgt:gge Device tAA | Application tCK Application tCK Correction Correction Ceiling Result
P ns ns ratio (real) (real) ratio (real) nCK (integer)
2666 15.000 0.750 20.0 0.025 19.975 L 20
2400 15.000 0.833 18.0072 0.025 17.9822 18
2133 15.000 0.937 16.00854 0.025 15.2%35 16
1866 15.000 1.071 14.0056 0.025 15.2806 14
_'_ -
1600 15.000 1.250 12.0 0.025 | 11.975 12

NOTE Roundup values for bins 2400, 2133, and 1866 would hawe Icst one clock of performance without the
application of the roundingalgorithm. For example, a DDR4-26C5W device running at DDR4-2400 data rates
would have been required to set tAA to 19 clocks without carrection, but with correction tAA may be safely

programmed to 18 clocks

Note that more detailed SPD rounding algorithm examples are < 'so uescribed in Annex L-4.1.2, in JESD21C.
Example 2, using INT math to convert tAAmin from ns to nCK:
/I This algorithm uses adds 97.4% of a clock and trui cat-s cown to the next lower integer value

int MTB, FTB, TaaMin, ClockPeriod, TempNck, TacinNck;

TaaMin = 15000; /I Calculate tAAmin in ns (FTB is negative offset)
ClockPeriod = ApplicationTckInPs; /I Clock period is application specific
TempNck = (TaaMin * 1000)/ App.'caticn'ckinPs; /I Preliminary nCK calculation, scaled by 1000
TempNck = TempNck + 974; /I Apply inverse of 2.5% correction factor
TaalnNck = (int)(TempNck / 100); /I Truncate to next lower integer
LDt 4-2666W Device Operating at Standard Application Data Rates (Full & Downbinned)
. Timing Parameter: tAAmin = 15.0ns (15000ps)
. . . . . ! i *
Application Device tAA Application tCK DeV|c.e tA_A 1000 Add Invgrse Trunc(a:ts /(:f()r(;(e)cted
Speed Grade Application tCK Correction n
(D ns ns Scaled nCK Scaled nCK nCK (integer)
2660 15000 750 20000 20974 20
2400 15000 833 18007 18981 18
L 2133 15000 937 16008 16982 16
1866 15000 1071 14005 14979 14
1600 15000 1250 12000 12974 12

Note that more detailed SPD rounding algorithm examples are also described in Annex L-4.1.2 of JESD21C.
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The DQ input receiver compliance mask for voltage and timing

The DQ input receiver uses a compliance mask (Rx) for voltage and timing as shown in the figure below. The receiver mask
(Rx Mask) defines area the input signal must not encroach in order for the DRAM input receiver to be expected to be able to
successfully capture a valid input signal with BER of 1e-16; any input signal encroaching within the Rx Mask is subject to

being invalid data. The Rx Mask is the receiver property for each DQ input pin and it is not the valid data-eye.

DQ Receiver(Rx) compliance mask

Talvw

P Bosk

— e B e

Wl

Vcent_DQ Variation to Vcent_DQ(midpoint)

The Vref_DQ voltage is an internal reference voltage level that uncll be set to the properly trained setting, which is

generally Vcent_DQ(midpoint), in order to have valid Rx Musk values.

DQV DQz

(Smallest ref _0G Level) (Largest Vref_DQ Level)

/ Vcent_DQz

___________________ Vcent_DQ(midpoint]

Vref variation
(Component)

can an a» a» a» a» e

Vcer t _0Q(midpoint) is defined as the midpoint between the largest Vrerpa voltage level and the smallest VRrerpa voltage
'evel across all DQ pins for a given DRAM. Each DQ pin's VRerpQ is defined by the center, i.e. widest opening, of the
cdumulative data input eye as depicted in below. This means a DRAM's level variation is accounted for within the DRAM

Rx mask. The DRAM VRerba level will be set by the system to account for Ron and ODT settings.
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DQS to DQ and DQ to DQ Timings at DRAM Balls

DOS, DOs Data-in at DRAM Ball
R Mask

Das_t

Das_c

O 5 Tditil’ 0.5 TdivAng

e ) 00

TdivA" L

R ——

DR AMbD
Doy

tpazea

i

TATATATATTL

b

=]

DRAMb

)

;

1
|
AT |
|
1

-

=) | e
< T o -
TS i

DOS, DOs Data-in at DRAM Ball
R Mask - Alternative Wiew

Das_t

Das_c

0 A TdivAi 0 5x TdivAn

TditAns

tpgmzoq + 0.5 = Tdiviy

M—1tpazoa

i

Tpazoa —

NOTE :

DQx represerits ai optimally centered mask

DQy represon.c carliest valid mask.

DQz r+. are~erits latest valid mask.

DR AMa represents a DRAM without any DQS/DQ skews.

DRAL represents a DRAM with early skews (negative tDQS2DQ).
DPAMc represents a DRAM with delayed skews (positive tDQS2DQ).

~igures show skew allowed between DRAM to DRAM and DQ to DQ for a DRAM. Signals assume data centered aligned at
DRAM Latch. TdiPW is not shown; composite data-eyes shown would violate TdiPW.VCENT DQ(midpoint) is not shown but is

assummed to be midpoint of VdivVW.
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Slew Rate Conditions for Rising Transition

The rising edge slew rates are defined by srrl and srr2. The slew rate measurement points for a rising edge are
shown in below: A low to high transition trl is measured from 0.5*VdiVW (max) below Vcent_DQ(midpoint) to
the last transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) while tr2 is measured from the last
transition through 0.5*VdiVW(max) above Vcent_DQ(midpoint) to the first transition through the
0.5*VIHL_AC(min) above Vcent_DQ(midpoint).
Rising edge slew rate equations:

srrl = VdIVW(max) / trl

srr2 = (VIHL_AC(min) — VdIVW(max)) / (2*tr2)

t
2

(min)

Q =
= o { A
£l = " 2

% * N ™R
Sl & R R M k 1 o 5:vdivw(max) £
S Lol | Rx Mask_ .. Garommmo
- E K \\ Vcent_DQ(midpoint) %
>l ¢ . - ] 0.5*vdivw(max) {>
| -

0.5*VHL_ACi

Slew Rate Conditions for Falling Transition
The falling edge slew rates are defined by srfl and <*fZ. The slew rate measurement points for a falling edge
are shown in below: A high to low transition tf1 is measured from 0.5*VdiVW(max) above Vcent_DQ(midpoint)
to the last transition through 0.5*VdiVW(max) b=low Vcent_DQ(midpoint) while tf2 is measured from the last
transition through 0.5*VdiVW(max) below ‘cent. DQ(midpoint) to the first transition through the
0.5*VIHL_AC(min) below Vcent_DO (puinid).
Falling edge slew rate equations.

srfl = VdIVW(max) / tf1

srf2 = (VIHL_AC(mir) - vdIVW(max)) / (2*tf2)

\l

S -\r tr1
g ill A A -
> *
£ = 0.5*VdiVW(max ®
s N L | Rx.Mask._. gosvanas | £
e A Vcent_DQ(midpoint) E
£ E . S
- \ 0.5*VdiVW(max) v >
|

0.5*VHL_AC
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DRAM DQs in Receive Mode

DDR4-1600,
/ DDR4-2400 | DDR4-2666 | DDR4-2933 | DDR4-3200 .
Symbol Parameter 1866/2133 Unit|Notes
Min Max | Min | Max | Min Max | Min | Max | Min Max
vdivw Rx Mask voltage - pk-pk - 136 - 130 - 120 - 115 - 110 | mV | 1,2,10
Tdivw Rx timing window - 0.2 - 0.2 - 0.22 - 0.23 - 0.23 ul | 1,2,10
VIHL_AC |DQ AC input swing pk-pk 186 - 160 - 150 - 145 - 140 - mV | 3,470
TdIPW DQ input pulse width 0.58 - 0.58 - 0.58 - 0.58 - 0.58 - ur |l -10
tDQS2DQ |Rx Mask DQS to DQ offset | -0.17 0.17 -0.17 0.17 -0.19 0.19 -0.22 0.22 -0.22 0.22 | | 6,10
tDQ2DQ |Rx Mask DQ to DQ offset - TBD - TBD - 0.105 - 0.115 - 0125 | url 7
Input Slew Rate over
. 1.0 9 1.0 9 1.0 9 1.0 9 1.0 9 ‘V/ns| 8,10
Vdlvw if tCK >=0.937ns
srrl, srfl |Input Slew Rate over
Vdivw if - - 1.25 9 1.25 9 1.25 9 125 | 9 |v/ns| 810
0.937ns>tCK>=0.625ns |
Rising Input Slew Rate !
srr2 0.2%srrl 9 0.2%srrl 9 0.2%srrl 9 0.2%srrl 9 0.2%srrl 9 V/ns | 9,10
over 1/2 VIHL_AC AR
Falling Input Slew Rate . !
srf2 0.2%srfl 9 0.2%srfl 9 0.2%srfl 9 0.2%snl 9 0.2%srfl 9 V/ns | 9,10
over 1/2 VIHL_AC |

UI=TCK(avg)min/2

NOTE 1 Data Rx mask voltage and timing total input valid window where VdIVW: s « ente.ed around Vcent_DQ (midpoint) after VrefDQ
training is completed. The data Rx mask is applied per bit and should ncl d¢ voltage and temperature drift terms. The input
buffer design specification is to achieve at least a BER = e-16 when e T (Mask is not violated The BER will be characterized

NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

NOTE 7

NOTE 8

NOTE 9

and extrapolated if necessary using a dual dirac method from a lughar 2ER(thd).

Defined over the DQ internal Vref range 1.

Overshoot and Undershoot Specifications see AC overshoo. 'undershoot specification

DQ input pulse signal swing into the receiver must m:

~. o1 exceed VIHL AC(min). VIHL_AC(min) is to be achieved on an Ul

basis when a rising and falling edge occur in the san < Ui, i.e. a valid TdiPW.

DQ minimum input pulse width defined at the VVcent_DQ(midpoint).
DQS to DQ offset is skew between DQS and 20 within a nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls over process,

voltage, and temperature.

DQ to DQ offset is skew between DQ s wi'hin = nibble (x4) or word (x8, x16) at the DDR4 SDRAM balls for a given component

over process, voltage, and temperat.re.

Input slew rate over VdIVW Mas.” ceitered at Vcent_DQ(midpoint). Slowest DQ slew rate to fastest DQ slew rate per transition
edge must be within 1.7 V/n- of cach other.

Input slew rate between ‘/dI\WW Mask edge and VIHL_AC(min) points.

NOTE 10 All Rx Mask specifications must be satisfied for each Ul. For example, if the minimum input pulse width is violated when
satisfying TdiVW/m1), vdiVW(max), and minimum slew rate limits, then either TdiVW(min) or minimum slew rates would have
to be increa~od to (-¢ point where the minimum input pulse width would no longer be violated.

288

Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd “.‘ PLUSETECH

Command, Control, and Address Setup, Hold, and Derating

The total tIS (setup time) and tIH (hold time) required is calculated to account for slew rate variation by adding
the data sheet tIS (base) values, the VIL(AC)/VIH(AC) points, and tIH (base) values, the VIL(DC)/VIH(DC)
points; to the AtlS and AtIH derating values, respectively. The base values are derived with single-end signals
at 1V/ns and differential clock at 2V/ns. Example: tIS (total setup time) = tIS (base) + AtlS. For a valid transition,
the input signal has to remain above/below VIH(AC)/VIL(AC) for the time defined by tVAC.

Although the total setup time for slow slew rates might be negative (for example, a valid input signal wii: nct
have reached VIH(AC)/VIL(AC) at the time of the rising clock transition), a valid input signal is still requce to
complete the transition and to reach VIH(AC)/VIL(AC). For slew rates that fall between the valtes listed in
derating tables, the derating values may be obtained by linear interpolation.

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between he ‘'ast crossing of
VIL(DC)max and the first crossing of VIH(AC)min that does not ring back below ViH(DCjmin. Setup (tIS)
nominal slew rate for a falling signal is defined as the slew rate between the last cross.»gy of VIH(DC)min and
the first crossing of VIL(AC)max that does not ring back above VIL(DC)max.

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rata etween the last crossing of
VIL(DC)max and the first crossing of VIH(AC)min that does not ring } ac:: below VIH(DC)min. Hold (tIH)
nominal slew rate for a falling signal is defined as the slew rate betwzer. the last crossing of VIH(DC)min and
the first crossing of VIL(AC)min that does not ring back above VIL(DC}/nax.

Command, Address, Control Setup and Hold Valu->s

DDR4 1600 1866 2133 2400 2636 2933 3200 Unit Reference
t1S(base, AC100) 115 100 80 62 - - - ps VIH/L(ac)
tIH(base, DC75) 140 125 105 87 - - - ps VIH/L(dc)
tIS(base, AC 90) - - - - 55 48 40 ps VIH/L(ac)
tIH(base, DC 65) - - - - 80 73 65 ps VIH/L(dc)
tIS/tIH @ VREF 215 200 180 162 145 138 130 ps

NOTE 1 Base ac/dc referenced for "V, s slew rate and 2 V/ns clock slew rate.
NOTE 2 Values listed are referenc~d only; applicable limits are defined elsewhere.

Command, Adaress, Control Input Voltage Values

DDR4 1600 1866 2133 2400 2666 2933 3200 Unit Reference
VIH.CA(ACmii) 100 100 100 100 90 90 90 mvV VIH/L(ac)
VIH.ZAOC)min 75 75 75 75 65 65 65 mv VIH/L(dc)
V' .CA(DC)max -75 -75 -75 -75 -65 -65 -65 mv VIH/L(ac)
ViL.CA(AC)max -100 -100 -100 -100 -90 -90 -90 mv VIH/L(dc)

NOTE 1 Command, Address, Control input levels relative to VREFCA.
NOTE 2 Values listed are referenced only; applicable limits are defined elsewhere.

289 Version A/00



\_/
Shenzhen Plusetech Semiconductor Co., Ltd y\ .‘ PLUSETECH

Derating values DDR4-1600/1866/2133/2400 tIS/tIH - ac/dc based

AtIS, AIH derating in [ps] AC/DC based !
CK, CK Differential Slew Rate
10.0 V/ns 8.0V/ns 6.0V/ns 4.0V/ns 3.0V/ns 2.0V/ns 1.5V/ns 1.0V/ns
AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtIS | AtIH | AtlS | AtIH | AtIS | AtIH | AtlS | AtIH
7.0 76 54 76 55 77 56 79 58 82 60 86 64 94 73 111 89

6.0 73 53 74 53 75 54 77 56 79 58 83 63 92 71 108 85 ﬁ

5.0 70 50 71 51 72 52 74 54 76 56 80 60 88 68 105 85

4.0 65 46 66 47 67 48 69 50 71 52 75 56 83 65 L0

3.0 57 40 57 41 58 42 60 44 63 46 67 50 75 58 92 75

T 2.0 40 28 41 28 42 29 44 31 46 33 50 38 58 46 75 63

ADDR, 1.5 23 15 24 16 25 17 27 19 29 21 33 25 42 33 58 50
CNTL Input —

Slew rate 1.0 | -10 -10 -9 -9 -8 -8 -6 -6 -4 -4 0 0 !j 8 25 25

V/ns P4

/ 09 | -17 -14 -16 -14 -15 -13 -13 -10 -11 -8 -7 -4 1 4 18 21

0.8 | -26 -19 -25 -19 -24 -18 -22 -16 -20 -14 -16 |_-9 -7 -1 9 16

0.7 | -37 -26 -36 -25 -35 -24 -33 -22 -31 -20 =27 | -16 -18 -8 -2 9

0.6 | -52 -35 -51 -34 -50 -33 -48 -31 -46 -29 |_-42—| -25 -33 -17 -17 -0

05 | -73 -48 -72 -47 -71 -46 -69 -44 -67 4. | -6% -38 -54 -29 -38 -13

0.4 | 104 -66 -103 -66 -102 -65 -100 -63 -98 / -7 | -94 -56 -85 -48 -69 -31
NOTE 1 VIH/L(ac) = +/-100mV, VIH/L(dc) = +/-75mV; relative to VREFCA
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Derating values DDR4-2666 tIS/tIH - ac/dc based

AtIS, AIH derating in [ps] AC/DC based !
CK, CK Differential Slew Rate
10.0 V/ns 8.0 V/ns 6.0V/ns 4.0V/ns 3.0V/ns 2.0V/ns 1.5V/ns 1.0V/ns
AtIS | AtIH | AtlS | AtIH | AtlS | AtIH | AtIS | AtIH | AtlS | AtIH | AtlS | AtIH | AtlS | AtlH | AtlS | AtIH
7.0 68 47 69 47 70 48 72 50 73 52 77 56 85 63 100 78

6.0 66 45 67 46 68 47 69 49 71 50 75 54 83 62 98 7/

5.0 63 43 64 44 65 45 66 46 68 48 72 52 80 60 95 75

4.0 59 40 59 40 60 41 62 43 64 45 68 49 75 56 9% 7N

3.0 51 34 52 35 53 36 54 38 56 40 60 43 68 51 83 66

2.0 36 24 37 24 38 25 39 27 41 29 45 33 53 40 8 55

CMD,
ADDR, 1.5 21 13 22 13 23 14 24 16 26 18 30 22 38 29 53 44
CNTL Input —
Slew rate 1.0 -9 -9 -8 -8 -8 -8 -6 -6 -4 -4 0 0 R 8 23 23
V/ns
/ 09 | -15 -13 -15 -12 -14 -11 -12 -9 -10 -7 -6 -4 1 4 16 19
0.8 | -23 -17 -23 -17 -22 -16 -20 -14 -18 -12 -14 | -8 -7 -1 8 14
0.7 | -34 -23 -33 -22 -32 -21 -30 -20 -28 -18 25 | 14 -17 -6 -2 9

0.6 | -47 -31 -47 -30 -46 -29 -44 -27 -42 -25 -?8_|_ -22 -31 -14 -16 1

0.5 | -67 -42 -66 -41 -65 -40 -63 -38 -61 36 | 5% -33 -50 -25 -35 -10

04 | -95 -58 -95 -57 -94 -56 -92 -54 -90 -3 ‘ -86 -49 -79 -41 -64 -26
NOTE 1 VIH/L(ac) = +/-tbd mV, VIH/L(dc) = +/- tbd mV; relative to VREFCA
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DDR4 Function Matrix

Function Matrix by Organization (V:Supported, Blank:Not supported)

x
[>]
x
=
()]

Functions

Write Leveling

Temperature controlled Refresh

Low Power Auto Self Refresh

Fine Granularity Refresh

Multi-Purpose Register
Data Mask

Data Bus Inversion

TDQS

ZQ calibration

DQ Vref Training

Per DRAM Addressability

<

Mode Register Readout
CAL

WRITE CRC

CA Parity

LR G R G G G R R R RS R E RS

&

Control Gear Down Mode

I I K| |IK< IK< 1K< |1 <

Programmable Preamble

Maximum Power Down Mode Y

Boundary Scan Mode (Connectivity Test Mode) Vv
Additive Latency ! Vv
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Function Matrix by Speed (V:Supported, Blank:Not supported)

DLL off Mode DLL on Mode
Functions equal or
slower than |DDR4-1600/1866/2133 DDR4-2400 DDR4-2666/2933/3200]
250Mbps

Write Leveling \Y % v v
Temperature controlled Refresh \Y Vv Vv \Y :
Low Power Auto Self Refresh \ Vv Vv \% A l
Fine Granularity Refresh \Y Vv Vv Y S\ Y
Multi-Purpose Register \Y % v v
Data Mask \Y v \Y v ]
Data Bus Inversion \ Y Y \Y
TDQS Vv Vv N | V
ZQ calibration \ \ \
DQ Vref Training \Y v V v
Per DRAM Addressability Vv A A Vv
Mode Register Readout \Y v AN V
CAL Vv \Y
WRITE CRC Vv \ \Y
CA Parity \Y _ j V
Control Gear Down Mode A - Vv
Programmable Preamble ( = 2tCK) Vv Vv
Maximum Power Down Mode V_ N/ \ \Y
Boundary Scan Mode X
(Connectivity Test Mode) v E v v
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