1IS43/46QR16256A
1S43/46QR85120A

512Mx8, 256Mbx16 4Gb DDR4 SDRAM

FEATURES

+ Standard Voltage: VDD = VDDQ = 1.2V, VPP=2.5V
¢ High speed data transfer rates with system frequency
up to 2666 Mbps
¢ Data Integrity
- Auto Self Refresh (ASR) by DRAM built-in TS
- Auto Refresh and Self Refresh Modes
+ DRAM access bandwidth
- Separated IO 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
- Data bus Write CRC
- MPR readout
- Boundary Scan (x16)
¢ Speed Grade (CL-TRCD-TRP)
- 2133Mbps / 15-15-15 (-093P)
- 2400Mbps / 16-16-16 (-083R)
- 2666Mbps / 18-18-18 (-075U)

PPROGRAMMABLE FUNCTIONS

¢ Qutput Driver Impedance (34/48)

o CAS Write Latency (9/0/11/12/14/16/18)

¢ Additive Latency (0/CL-1/CL-2)

e CS# to Command Address (3/4/5/6/8)

e Burst Type (Sequential/Interleaved)

¢ Write Recovery Time (10/12/14/16/18/20/24)
e Read Preamble (1T/2T)

e Write Preamble (1T/2T)

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

Options

« Configuration: 512Mx8, 256Mx16
* Package:

PRELIMINARY INFORMATION
JULY 2016

¢ Signal Integrity
- Internal VREFDQ Training
- Read Preamble Training
- Gear Down Mode
- Per DRAM Adressability
- Configurable DS for system compatibility
- Configurable On-Die Termination
- Data bus Inversion (DBI)
- ZQ Calibration for DS/ODT impedance accuracy via external
ZQ pad (240 ohm +/- 1%)
+ Power Saving and efficiency
- POD with VDDQ termination
- Command/Address Latency (CAL)
- Maximum Power Saving
- Low power Auto Self Refresh (LPASR)

¢ Operating Temperature
- Commercial ( Tc = 0 °C to + 95 °C)
- Industrial ( Tc = -40 °C to + 95°C)
- Automotive Al ( Tc = -40 °C to + 95 °C)
- Automotive A2 ( Tc = -40 °C to + 105 °C)

ADDRESS TABLE
Parameter 512M x8 256M x16
Row Addressing AO0-A14 A0-A14
Column Addressing | A0-A9 A0-A9
Bank Addressing BAO-BA1 BAO-BA1
Bank Groups BG0-BG1 BGO0-BG1
Page size 1KB 2KB
tRFC 260ns

- 96-ball FBGA (9mm x 13mm, 0.8mm ball pitch) for x16
- 78-ball FBGA (9mm x 11mm, 0.8mm ball pitch) for x8

Copyright © 2016 Integrated Silicon Solution, Inc. All rights reserved. 1SSl reserves the right to make changes to this specification and its
products at any time without notice. 1SSI assumes no liability arising out of the application or use of any information, products or services
described herein. Customers are advised to obtain the latest version of this device specification before relying on any published information
and before placing orders for products.

Integrated Silicon Solution, Inc. does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly affect its safety or
effectiveness. Products are not authorized for use in such applications unless Integrated Silicon Solution, Inc. receives written assurance to
its satisfaction, that:

a.) the risk of injury or damage has been minimized;
b.) the user assume all such risks; and
c.) potential liability of Integrated Silicon Solution, Inc is adequately protected under the circumstances
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1. DDR4 PACKAGE BALLOUT
1.1 DDR4 SDRAM package ball out 78-ball FBGA — x8 (Top View)

| 1+ [ 2 [ 3 [4[5]6] 7 | 8 | s
DM_n, DBI_n
A VDD VSSQ TDQS_c? TDQS_t?, VSSQ VSS A
(NC)?

B VPP vDDQ DQS_c DQ1 vDDQ 7Q B
C vDDQ DQO Das_t VDD VSS vDDQ C
DQ4 DQ5

D VSsQ (NC)? DQ2 DQ3 (NC)' VSSQ
DQ6 DQ7
E VSS vDDQ NG ne? vDDQ VSS E
F VDD (C2)° oDT CK_t CK_c VDD E
0DT1% - -
co)® (C1)® TEN
G VSS ( CKE cs n G
CKE1® - (CS1_m)® (NC)?
WE_n CAS_n RAS n
H VDD e ACT. n e R VSS H
A10 A12
J VREFCA BGO i BC n BG1 VDD J
K VSS BAD Ad A3 BA1 VSS K
L RESET n AB AD Al A5 ALERT n L
M VDD AB A2 AD AT VPP M
A1T
N VSS A1 PAR e Al3 VDD N

NOTE 1 These ping are not connected for the X4 configuration.

NOTE 2 TDQS tis not valid for the x4 configuration.

NOTE 3 TDQS ¢ is not valid for the x4 configuration.

MOTE 4 A17 is only defined for the x4 configuration.

NOTE 5 These pins are for stacked component such as 305, For mono package, these pins are NC.
NOTE 6 ODT1 / CKE1 /C51_n are used together only for DOP.

NOTE 7 TEN is optional for 3Gk and above. This pin is not connected if TEN is not supported.
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1.2 DDR4 SDRAM package ball out 96-ball FBGA — x16 (Top View)

1 | 2 | 3 Ja|s]e|] 7 | 8 9
A vDDGQ VS50 Dauo Dasu_c VS50 VDDO A
B VPP V&S VDD DasL_t Daui VoD B
C VDD Dau4 Dau2 DQU3 Daus VSSQ C
D VDD VS50 DQus DaQu7 VSS0) vDDOQ D
DMU _ nd DML _n
E VSS DBILU n VSS0) DBIL n VSS0) VsSs E
F VS50 VvDDGQ DQSL_c DLt VvDDQ Z0 F
G vDoDaQ DaQLo DQSL_t VDD VSS vDDQ G
H VS50 DaL4 DQL2 DAL3 DALS VSSQ H
J VDD VvDDGQ DOLG DaL7 vDDQ VDD J
K VS5 CKE oDT CK_t CK_c VsS K
WE_n/ RAS_n/
L VDD Add ACT_n CS n AME VDD L
A1/ A12] CAS _nf
M VREFCA BG0O AP BC n A1E VSS M
N VS5 BAD Ad AJ BA1 TEN N
P RESET_n AB Al Al A5 ALERT_n P
R VDD AB AZ A9 AT VPP R
T VS5 Al PAR NC Al VoD T
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Symbol

Type

Funection

CH_t. CK_c

Inpust

Clock: CE_t and CK_c are differential clock inputs. All address and control input signals
are sampled on the crossing of the positive edge of CE_t and negative edge of CE_c.

CKE, (CKET1)

Clock Enable: CKE HIGH activates, and CKE Low deactivates, internal clock signals and
device input buffers and output drvers. Taking CKE Low provides Precharge Power-
Down and Seif-Refresh operation [(all banks ide), or Active Powsr-Down (row Active in
any bank). CKE is synchronous for Sel-Refresh exit. After VREFCA and Internal DG Vref
have become stable during the power on and initialization sequence. they must be
mamntained during all operations (including Sel-Refresh). CKE must be maintained high
throughout read and write aceesses. Input buffers, excluding CE_t,CK_c, ODT and CKE
are disabled during power-down. Input buifers, excluding CKE, are disabled during Self-
Refresh.

C5_m, (C51_n)

Chip Select: All commands are masked when C5_n is registered HIGH. C5_n provides
for external Rank selection on systems with multiple Ranks. C5_n is considered part of
the command code.

C0.C1.C2

Chip ID : Chig ID is only used for 305 for 2,4, 8high stack via TSV fo select each slice of
stacked compenent. Chip ID is considered part of the command code

ODT, (OD0T1)

On Die Termination: QDT (registered HIGH) enables RTT_NOM termination resistance
mtemal to the DDR4 SDRAM. When enabled, ODT i only applied fo each D0, D35 _t
DOS_c and DM_n'DBI_nTDGES_t MUTDGQS_c (When TDQS is enabled via Mode
Register A11=1 in MR1) signal for x8 configurations. For x16 configuration Q0T is
applied to each DG, DQSU_t DASU_c, DASL_t DQSL_e, DMU_n, and DML_n signal.
The QOOT pin will be ignored if MR1 s programmed to disable RTT_MOKM.

ACT n

Activation Command Input : ACT_n defines the Activation command being entered along
with ©5_n. The input into RAS_n/A 18, CAS_n/A15 and WE_n/A14 will be considered as
Row Address A16, A15 and Al4

RAS n/A18. CAS o/
A15. WE_n/A14

Command Inputs: RAS_nfA16, CAS_niA1S and WE_nfA14 [along with C5_n) define the
command being entered. Those pins have mult function. For example, for activation
with ACT_n Low, those are Addressing like A18.A15 and A14 but for non-activation
command with ACT_n High, those are Command pins for Read, Wite and other
command defined in command truth table

DM_n/DBI_n/

TDQS_t. (OMU_n/

DEIU_n), {DML_n/
DBIL_n)

Input/Output

Input Data Mask and Diata Bus Inversion: DM_n is an input mask signal for write data.
Input data is masked when DM_n is sampled LOW coincident with that ingut data during
a Winte access. DM_n is sampled on both edges of DOS. DM is muxed with DB| function
by Mode Register 10,411,412 sefting in MR5. For xB device, the function of DM or
TC¥2S is enabled by Mode Register A11 setting in MR1. DB s an inputoutput
wentifying whether to storefoutput the true orinverted data. f DBEL_n is LOW, the data will
be storedicutput after inversion nside the DOR4 SDRAM and not inverted if DB_n is
HIGH. TD2'S s only supported in X3

BED - B

Bank Group Inputs: B0 - BG1 define to which bank group an Active, Read, Write or
Precharge command is being applied. Bi50 also determines which mode register is to be
accessed during a MRS cycle. X478 hawe BGD and BG1 but X158 has only BG0

BAD - BA1

Bank Address Inputs: BAD - BA1 define to which bank an Active, Read, Write or
Precharge command is being applied. Bank address also determines which mods
register is to be accessed during a MRS cycle.

Al -A1T

Address Inputs: Provide the row address for ACTIVATE Commands and the column
address for Read Write commands to sebect one location out of the memony amay in the
respective bank. (A10AP, AT2ZBC_n, RAS _nfA1d, CAS_n/A15 and WE_n/A14 have
additional functions, see other rows_The address inputs also provide the op-code during
Mode Register Set commands. A1T is only defined for the x4 configuration.

AlD AP

Auto-precharge: A10 is sampled during ReadWrite commands o determine whether
Autoprecharge should be performed to the aceessed bank after the ResdWrite
operation. (HIGH: Autoprechargs; LOW: no Autoprechange).A10 is sampled during a
Precharge command to determine whether the Precharge applies to one bank (410
LOW) or all anks {A10 HIGH). If only one bank is to be precharged, the bank is selected
by bank addresses.

A12/BC_n

Burst Chop: A12 7 BC_n is samipled during Read and Write commands to determine if
burst chop (on-the-fiy) will be perfiormed. (HIGH, no burst chop: LOW: burst chopped).
See command truth table for details.

RESET_n

Active Low Asynchronous Reset Reset s active when RESET _n is LOW, and inactive
when RESET_n is HIGH. RESET_n marst be HIGH duwning normal operation. RESET nis
a CMOS rad to rall signal with DC high and low at 20% and 20% of V5,
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Symbol Type Funiction
Data Input’ Output; Bi-directional data bus. f CRC s enabled via Mode register then
0Q input | Output CRC code s added at the end of Diata Burst. Any DQ from DQ0~002 may indicate the
ntemal Vref level during test via Mode Register Sefting MR4 A4=High. Refer to vendor
specific data sheets to determine which DO s used.
Data Strobe: output with read data, input with write data. Edge-aligned with read data,
DQS tDOS ¢ centerad in write data. For the x18, DQSL corresponds to the data on DGL0-0OLT,
Dasu Dﬂ;ﬂ '& input | Output DQ5U comresponds to the data on DQUD-0OUT. The data strobe D05 _t, DASL_t and
DALt DOSL put! DQ5U_t are paired with diferential signals QS _c, DQASL_c, and DQSY_c, respectively,
- - o provide differential pair signaling to the system during reads and wrtes. DOR4
SORAM supports differential data strobe only and does not support single-ended.
Termnination Data Strobe: TDQS_tTDAS ¢ is applicable for x3 DRAMs only. ¥When
enabled via Mode Register A11 = 1 in MR1, the DRAM will enable the same termination
resistance function on TOQS_YTDQS e that is applied to DOS_tDAS e When disabled
TDQS 1. TDAAR e Culpud | e ol register A1 = in MR, DAADBUTDRS will provide fhe: daka mersk furclion or
Data Bus Inversion depending on MRS; A11,12, 10and TOQS_c is not used. 2418
DRAMs must disable the TDQS funclion via mode register A11 = 0 in MR1.
Command and Address Parnity Input DDR4 Supporis Even Parnity check in DRAMs with
MR setting. Once it's enabled via Register in MRS, then DRAM caleulates Parity with
PAR Inipaust ACT_nRAS_n/A16.CAS_n/A15WE_niA14,BG0-BG1.BAD-BATATT-AD Input parity
showlkd maintain at the rising edge of the dock and at the same fime with command &
address with C5_n LOW
Alert: it has rmulti functions such as CRC emor flag, Command and Address Parity emor
flag as Output signal. i there is emor in CRC, then Alert_n goes LOW for the period time
mterval and goes back HIGH. If there is emor in Command Address Panty Check, then
ALERT n Input'Output | Alert_n goes LOWY for relatively bong pened until on going DRAM intemal recovery
fransaction to compete. During Connectivity Test mode, this pin works as input.
Using this signal or not is dependent on system. In case of not connected as Signal,
ALERT n Pin must b= bounded to VDD on board,
Connectivity Test Mode Enable: Required on X168 devices and optional input on x4/x8
with densities equal to or greater than BGb HIGH in this pin will enable Connectivity Test
TEM Inpat Mode operation akong with other pins. It s a CMOS rail to rail signal with AC high and low
at B0% and 20% of VDD, Using this signal or not is dependent on Systern. This pin may
ke DRAM internally pulled low through a weak pull-down resistor to V35,
MC Mo Connect Mo internal electrical connection is present.
VDDa Supply DO Power Supply: 1.2V +-006V
V550 Supply D2 Ground
VoD Supply Power Supphy 1.2V +-0.06Y
Va5 Supply Ground
VPP Supply DRAM Activating Power Supply; 2.5V (2.375V min, 2.75V max)
VREFCA Supply Reference voltage for CA
Za Supply Reference Pin for 20 calibration
NOTE Input only pins (BGO-BG1,BA-BA1, AD-A17, ACT_n, RAS_NA1E, CAS_NiA15, WE_niA14, CS_n, CKE, ODT, and RESET_n) do not suppiy
termination.
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Simplified State Diagram

SRX* = SRX with NOP

IVREFDQ,
RTT, etc ———) Automatic Sequence
7’
— — — —)p Command Sequence
SRX*
Power MRS 3¢
applied Power RESET Reset APl CKE_L
—_— Initialization MRS, MPR,

Procedure

On

Write Leveling,
\VrefDQ training

/

Connectivity
Test

Any powered state

Activating

WRITE A

Abbr. 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 iPrecharge All Write WR, WRS4, WRS8 with/without CRC SRE Self-Refresh entry

Z0OCS :iZQ Calibration Short Write A \WRA, WRAS4, WRASS8 with/without CRC SRX iSelf-Refresh exit

RESET |[Start RESET Procedure TEN [Boundary Scan Mode Enable MPR |Multi-Purpose Register

ZQCL iZQ Calibration Long REF  :Refresh, Fine granularity Refresh MRS Mode Register Set
Integrated Silicon Solution, Inc. - www.issi.com 6
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Basic Functionality

he DDR4 SDRAM is a high-speed dynamic random-access memory internally conured as sixteen-banks,

4 bank group with 4 banks for each bank group for x4/x8 and eight-banks, 2 bank group with 4 banks for

each 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 I/O pins. A single read or write operation for the DDR4 SDRAM consists of a single
8n-bit wide, four clock data transfer at the internal DRAM core and eight corresponding n-bit wide, one-half

clock cycle data transfers at the 1/O pins.

Read and write operation to the DDR4 SDRAM are burst oriented, start at a selected location, and continue for
a burst length of eight or a ‘chopped’ burst of four in a programmed sequence. Operation begins with the
registration of an ACTIVATE Command, which is then followed by a Read or Write command. The address bits
registered coincident with the ACTIVATE Command are used to select the bank and row to be activated
(BGO-BG1 in x4/8 and BGO in x16 select the bankgroup; BAO-BA1 select the bank; A0-A14 select the row; refer
to Addressing section for more details. The address bits registered coincident with the Read or Write command
are used to select the starting column location for the burst operation, determine if the auto precharge
command is to be issued (via A10), and select BC4 or BL8 mode ‘on the fly’ (via A12) if enabled in the mode

register.

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

command descriptions, and device operation.

Integrated Silicon Solution, Inc. - www.issi.com 7
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RESET and Initialization Procedure

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] 1/2 Rate
Per DRAM Addressability MR3 A[4] Disable
Max Power Saving Mode MR4 A[1] Disable
CS to Command/Address Latency MR4 A[8:6] Disable
CA Parity Latency Mode MR5 A[2:0] Disable
Integrated Silicon Solution, Inc. - www.issi.com 8
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Power-Up and Initialization Sequence

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

1)

2)

3)

4)

Apply power (RESET is recommended to be maintained below 0.2 x VDD; all other inputs may be undefined). RESET
needs to be maintained for minimum 200us with stable power. CKE is pulled LOW anytime before RESET is being
deasserted (MIN time 10ns). The power voltage ramp time between 300mV to VDD, min must be no greater than
200ms, and, during the ramp, VDD must be greater than or equal to VDDQ and (VDD - VDDQ) < 0.3V. VPP must ramp
at the same time or earlier than VDD, and VPP must be equal to or higher than VDD at all times.
During power-up, either of the following conditions may exist and must be met:
e Condition A
— VDD and VDDQ are driven from a single-power converter output.
—The voltage levels on all balls other than VDD, VDDQ, VSS, and VSSQ must be less than or equal to VDDQ, and VDD on
one side and must be greater than or equal to VSSQ and VSS on the other side.
—VTT is limited to 0.76V MAX when the power ramp is complete.
— VREFCA tracks VDD/2.
e Condition B
— Apply VDD without any slope reversal before or at the same time as VDDQ.
— Apply VDDQ without any slope reversal before or at the same time as VTT and VREFCA.
— Apply VPP without any slope reversal before or at the same time as VDD.
—The voltage levels on all pins other than VPP, VDD, VDDQ, VSS, and VSSQ must be less than or equal to VDDQ and VDD

on one side and must be larger than or equal to VSSQ and VSS on the other side.

After RESET is de-asserted, wait for another 500us until CKE becomes active.

During this time, the DRAM will start internal state initialization; this will be done independently of external clocks.
A reasonable attempt was made in the design to have the DRAM power up with the following default MR settings
(Refer to the table: default MR settings for power-up and reset initialization).

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

The DDR4 SDRAM keeps its ODT in High-Z state as long as RESET is asserted. Further, the SDRAM keeps its ODT in

High-Z state after RESET de-assertion 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 finished, including the
expiration of tDLLK and tZQINIT.

Integrated Silicon Solution, Inc. - www.issi.com 9
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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) lIssue 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 start ZQ calibration.

14) Wait for tDLLK and tZQINIT to complete.

15) The DDR4 SDRAM will be ready for normal operation.

RESET and Initialization Sequence at Power-On Ramping

Ta Tb Tc Td Te Tf Tg Th Ti T Tk
I I r r- 1 U U U U /- 1 1= 1 1= 17 - 17 U U
- tcKsRX >

i@ (@ (@ (@ (@ @ (@ (@
w ) ) ) ) ) ) ), ) )
(@ (@ (@ (@ (@ @ (@ (@
Vbp/Vpbba _.{5 _— I sodue » )> )) » » )) )> »
' « « « « « C « @

)) ) ) ) ) )

RESET — ‘_gFJ ) )

-+ efrons o s
27 N AR aN A aa
e R XX XN i 550

BA[2:0] _ﬁw _éﬂ @@?@ MRx MRx MRx %}"{ |
) )

oDT .__.-"'f KAW Static LOYY in case R'I'I'_Nc))]m is eanbled at 1‘iryne Tg, otherwis?ystatic HIGH or H?W

@ « « @ @ « @ «
DRAMLRTT ) D) ) D) D) D) D) )

S TIME BREAK ﬁ DON'T CARE

NOTE1 From the time point Td until Tk, a DES command must be applied between MRS and ZQCL commands.

NOTE 2 MRS commands must be issued to all mode registers that have defined settings.

NOTE 3 In general, there is no specific sequence for setting the MRS locations (except for dependent or co-related features, such as ENABLE DLL in
MR1 prior to RESET DLL in MRO, for example).

NOTE 4 TEN is not shown; however, it is assumed to be held LOW.
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VDD Slew Rate

Symbol Min Max Units NOTE
VDD _sl 0.004 600 V/ms 1,2
VDD_on 200 ms 3

NOTE 1 Measurement made between 300mV and 80% VDD (minimum level).
NOTE 2 The DC bandwidth is limited to 20MHz
NOTE 3 Maximum time to ramp VDD from 300 mV to VDD minimum.

Integrated Silicon Solution, Inc. - www.issi.com 11
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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 any time when reset is needed (all other inputs may be undefined). RESET needs to
be maintained for minimum 100ns. CKE is pulled LOW before RESET is de-asserted (MIN time 10ns).

2. Follow Steps 2 to 7 in the Reset and Initialization Sequence at Power-on Ramping procedure.

When the reset sequence is complete, the DDR4 SDRAM is ready for normal operation.

RESET Procedure at Power Stable Condition

Ta Tb Tc Td Te T Tg Th Ti Tj Tk
I § I r ; r - I ' 1= 1 ' 1= 1 ' 1= 1 ' 1= I ' 1= 1 ' s - 1 ' 1= / '
tCKSRX
- «__ « @ « « « « « «
) ) ) ) D) ) D) D) D)
« @ @ « « « « « «
Voo/Vopa ) ) ) ) D) ) D) D) )
_ tPW_RESET| | 500 us -

@ (« « « « « « «
/ ) ) ) ) ) ) )
<—frone s « « « « @

Ve

tzain

2

g

LJ
i

|

G

tMRD

9

tmop

9

lo tis
oo i ok 0 s e s e a s G e X e o e

a

tXPR tMRD tMRD

tDLLK

BA(2:0] e ﬂ% __.-‘"ﬁ MRx MRx MRx MRx %f@%ﬁf
l’ tis
oDT Jﬁgﬁf% ___,_._-;5)9( gg Static LOW in case RTT_Nom is eanbled at ime Tg, otherwise static HIGH or LOW

(@ T C (@ (@ (@ (@ (a (@

DRANLRTT ) ) ) ) ) ) ) ) )
gg TIME BREAK F:ﬁ DON'T CARE
NOTE 1 From the time point Td until Tk, a DES command must be applied between MRS and ZQCL commands.
NOTE 2 MRS commands must be issued to all mode registers that have defined settings.
NOTE 3 In general, there is no specific sequence for setting the MRS locations (except for dependent or co-related features, such as ENABLE DLL in
MR1 prior to RESET DLL in MRO,for example).

NOTE 4 TEN is not shown; however, it is assumed to be held LOW.
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Programming Mode Registers

Mode Register Set (MRS)

MRS

Descriptions

Purpose

For application flexibility, various functions, features, and modes.

Range

Seven Mode Registers. They are divided into various fields depending on functionality and modes.

Regulations

1. As the default values of the Mode Registers (MRn) are not defined, contents of Mode Registers
must be fully initialized and/or re-initialized, i.e., written, after power up and/or reset for proper
operation, as user defined variables and they must be programmed.

2. MRS command and DLL Reset do not affect array contents, which mean these commands can be
executed any time after power-up without affecting the array contents.

3. When programming the mode registers, even if the user chooses to modify only a sub-set of the
MRS fields, all address fields within the accessed mode register must be redefined when the MRS
command is issued.

4. The contents of the Mode Registers can be altered by re-executing the MRS command 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. If the RTT_NOM Feature is enabled in the Mode Register prior and/or after an MRS
Command, the ODT Signal must continuously be registered LOW ensuring RTT is in an off State
prior to the MRS command. The ODT Signal may be registered high after tMOD has expired. If the
RTT_NOM feature is disabled in the Mode Register prior and after an MRS command, the ODT
signal can be registered either LOW or HIGH before, during and after the MRS command.

5. The mode register set command cycle time, tMRD is required to complete the write operation to
the mode register and is the minimum time required between two MRS commands.

6.The most MRS command to Non-MRS command delay, tMOD, is required for the DRAM to update
the features, and is the minimum time required from an MRS command to a non-MRS command
excluding DES.

7.Some of the Mode Register settings affect address/command/control input functionality. In these
cases, function updating takes longer than tMOD so the next MRS command only can be allowed
when the function updating by current MRS command completed. These MRS commands do not
apply tMRD timing to next MRS command. These MRS command input cases have unique a MR
setting procedure, so refer to individual function description:
* Gear-down mode
* Per DRAM Addressability
* Max Power Saving Mode
* CSto Command/Address Latency
* CA Parity Latency Mode
* VrefDQ training Value
* VrefDQ Training mode
* VrefDQ training Range

Integrated Silicon Solution, Inc. - www.issi.com 13
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tMRD Timing

Tb0 Tb1 Tb2 Tb3 Th4
X X X

DES < MRS g‘% DES DES DES

TO ™ T2
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Command {vaia {7} vaia YT){ vaii

4 ll I
D tMRD ( '
Address < Valid ( Valid vali lid Valid Valid ¥ tH Valid valid Valid Vvalid valid >
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NOTE 1 This timing diagram depicts C/A Parity Mode "Disabled" case.
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NOTE 2 tMRD applies to all MRS commands with the following exceptions:
® Geardown Mode
* C/A Parity Mode
* CAL Mode
* Per DRAM addressability Mode
* VrefDQ training value, VreDQ training mode, and VrefDQ Training Range

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.

TO T1 H_ Ta0 Ta1l Ta2 Ta3 Tad

CK -\ Fadad - == = ~=. =
A S G

Command <Valid < Valid MRS2 gg DES DES < DES < DE

}- ThO Th1 Th2 Th3
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o
-
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NOTE 1 This timing diagram depicts C/A Parity Mode "Disabled" case.
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NOTE 2 tMOD applies to all MRS commands with the following exceptions:
® DLL Enable
* Geardown Mode
CA Parity Mode
Maximum Power Savings Mode
Per DRAM addressability Mode
VrefDQ training value, internal Vref monitor, VreDQ training mode, and VrefDQ Training Range
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MRS Overview

Detail options are described on the following pages.

A13 A12 A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
MRO DLL

RFU* RFU' WR &RTP* o ™ o’ BT o BL
MR1 A13 A12 A1l A10 | A9 A8 A7 A6 As A4 I A3 A2 | AL A0

RFU! Qoff? TDQS RTT_NOM Wiev RFU* AL obI DLL
VIR2 A13 AL2 AL A0 | ae A8 a7 A6 AS Mo | m 2 | m |

RFU! Write CRC RTT_WR RFU! LPASR cwL RFU

A13 A12 A1l A10 I A9 A8 A7 A6 A5 A4 A3 A2 Al | A0
MR3 MPR

RFU* MPR Read Format Write CMD Latency Fine Granularity Refresh Mode TS PDA Geardown Operation MPR Page Selection

A13 A12 A1l A10 A9 A8 | A7 | A6 As A4 A3 A2 AL A0
MR4 tRPRE —

RFU' tWPRE tRPRE el SRF abort CS to CMD/ADDR Latency Mode RFU! Internal Vref TCRM TCRR MPS RFU*

A13 A12 A1l A10 A9 A8 | A7 | A6 As® A4 A3 A2 | Al | A0
MR5 ODT IB f

RFU? RDBI WDBI DM CAP Persist RTT_Park fy ° | caperror | CRCerror CA Parity Latency”

A13 A12 A1l A10 A9 | A8 A7 A6 A5 | A4 | A3 | A2 | AL | A0
MR6 VrefDQ VrefDQ

1 1 ey

REU tCCD_L RFU Training - VrefDQ Training Value

A13 A12 All A10 A9 | A8 A7 A6 A5 | A4 | A3 | A2 | Al | A0
MR7 "

RFU
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Mode Register 0 (MRO)

RAS/ |CAS/ | WE
BG1 | BGO | BA1 | BAO | A17 A16/ A15/ Al‘{ A13 | A12 | A11 | A0 [ A9 | A8 | A7 | A6 A5 | A4 A2 | A1 | AO
RFU* MR Select RFU* = RFU' |RFU'| WR &RTP* z's': ™ o’ c’® BL
| |
| ‘

BGO | BA1 | BAO | MR Select All | A0 | A9 | WR | RTP A8 | DLL Reset A3 BT
0 0 0 MRO 0 0 0 10 5 0 NO 0 Sequential
0 0 1 MR1 0 0 1 12 6 1 YES 1 Interleave
0 1 0 MR2 0 1 o |14 | 7 J
0 1 1 MR3 0 1 1 |16 | 8 A6 | A5 | A4 | A2 | CAS Latency Al | AD BL
10 0 MR4 1 0 o | 18] 9 o0 0 o0 9 oo 8 (Fixed)
10 1 MR5 1 0 1 |2 | 10 oo o1 10 0 | 1 | BC4org(onthefly)
1 1 0 MR6 1 1 0 |24 12 o o |10 11 1]o0 BC4 (Fixed)
1 1 1 DNU? 1 1 1 | RFU| RFU 0 0o 1 1 12 1)1 RFU

o |10 o0 13

o1 01 14

o1 |1 o0 15

o |1 1|1 16

1,0 0 0 18

1,0 0 1 20

1,0 1 0 22

1,0 11 24°

1,1 0 0 RFU

1,1 0 1 17

1.1 1 0 19

11 11 21

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

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

NOTE 3 WR (write recovery for autoprecharge)min in clock cycles is calculated by dividing tWR(in ns) by tCK(in ns) and rounding up to the next
integer:WRmin[cycles] = Roundup(tWR[ns] / tCK[ns]). The WR value in the mode register must be programmed to be equal or larger than
WRmin. The programmed WR value is used with tRP to determine tDAL.

NOTE 4 The table shows the encodings for Write Recovery and internal Read command to Precharge command delay. For actual Write recovery
timing, please refer to AC timing table.

NOTE 5 The table only shows the encodings for a given Cas Latency. For actual supported Cas Latency, please refer to speedbin tables for each
frequency.

NOTE 6 When CL is equal to 24 or more than 24, AL does not support CL-1.
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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. Burst length options include fixed BC4, fixed BL8, and on-the-fly (OTF), which allows BC4 or
BLS8 to be selected coincident with the registration of a READ or WRITE command via A12/BC.

Starting Burst Type (Decimal)

L::;stth s::lgé ,g::‘r?s: Sequential Interleaved Notes
A2 (Al |AO |BO (B1|B2 B3 |B4 |B5|B6|B7|B0|Bl1|B2|B3|B4|B5|B6|B7
o|lofojo |22 |3]T|T|T|{T]oOo|2|2|3]T|T|T]|T 1,3
oo f1]r|2|3|o]T|T|T|T]1r]|o|3|2]T|T|T|T 1,2,3
o|1fo]2(|3|ofr]T|T|T|T]2|3|0of2]|T|T|T|T 1,2,3
o |1 (1|3 |o|r|2]T|T|T|{T]|3|2|1|o]T|T|T|T 1,2,3

READ
1lo|lo]la|s|e|7]T|T|T|T]|a|5|6|7]|T|T|T]|T 1,2,3

Bca 1lo|1]ls|e|7|a]lT|T|T|T]|5|a|7|6]|T|T|T]|T 1,2,3
1(1|o]le|7|a|5s5]T|T|T|T]|l6|7|a|s5]|T|T|T]|T 1,2,3
1 (1|17 |a|s5|e]T|T|T|T]|7|6|5|a|lT|T|T]|T 1,2,3

WRITE o|vi|iv]o|1]|2|[3]x|x|[x|[x]o|1]2]|3]x]|x]|x]|x]| 1,245
1 (v iv]a|s|e|7]x|x|x|x]|a|5|6|7]|x|x]|x]|x]| 1,245
o|lofo]Jo|1|2|3|a|5|6|7]0|1|2|3|4|5]|6]|7 2
o|o|1]1|2|3|0o|5|6|7|a]1|0|3|2|5|4]|7]|6 2
o|1(0]2|3|0|1|6|7|a4|5]2|3|0|1|6]|7]|a]|s:s 2
o|1(1]3|0o|1|2|7|4|5|6]3|2|1|0|7]|6]|5]|4 2

READ

BL8 1/o0|o]la|5|6|7|0|1|2|3|a|5|6|7]|0|1|2]3 2
1/0|1]|5|6|7|4|1|2|3|0]|]5|4|7|6|1]0]3]2 2
1|1|0]6|7|4|5|2|3|0|1]6|7|a|5|2][3]|]0]1 2
1 (1 |1]7|a|5|6|3|]0|1|2])7|6|5|a4|3[2|1]0 2

WRITE |v|v | v]o|1|2|3|a4|5|6|7]0|1|2|3|a|5]|6]7 2,4

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

NOTE 2  Bit number(BO0...B7) is the value of CA[2:0] that causes this bit to be the first READ during a burst.
NOTE 3 T = Output driver for data and strobes are in High-Z.

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

NOTES5 X=“Don’t Care.”

CAS Latency (CL)

The CAS latency setting is defined in the MRO Register Definition table. CAS latency is the delay, in clock cycles, between
the internal READ command and the availability of the first bit of output data. DDR4 SDRAM does not support any
half-clock latencies. The overall read latency (RL) is defined as additive latency (AL) + CAS latency (CL); RL = AL + CL.
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Test Mode

The normal operating mode is selected by MRO[7] and all other bits set to the desired values shown in the MRO Register
Definition table. Programming MRO[7] to a 1 places the DDR4 SDRAM into a DRAM manufacturer defined test mode
that is to be used only by the DRAM manufacturer; and should not be used by the end user. No operations or
functionality is specified if MRO[7] = 1.

Write Recovery/Read to Precharge

The programmed WR value MR0[11:9] is used for the auto precharge feature along with tRP to determine tDAL. WR
(write recovery for auto precharge) MIN in clock cycles is calculated by dividing tWR (in ns) by tCK (in ns) and rounding

up to the next integer:
WRmin[cycles] = roundup (tWR[ns]/tCK[ns])

The WR must be programmed to be equal to or larger than tWR(MIN). 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; tWR values will change
when enabled. If there is a CRC error, the DRAM blocks the write operation and discards the data.

RTP (internal READ command to PRECHARGE command delay for auto precharge) min in clock cycles is calculated by
dividing tRTP (in ns) by tCK (in ns) and rounding up to the next integer:

RTPmin[cycles] = roundup (tRTP[ns]/tCK[ns])

The RTP value in the mode register must be programmed to be equal or larger than RTPmin. The programmed RTP

value is used with tRP to determine the act timing to the same bank.

DLL Reset

The DLL reset bit is self-clearing, meaning that it returns back to the value of 0 after the DLL reset function has been
issued. After the DLL is enabled, a subsequent DLL RESET should be applied. Any time that the DLL reset function is used,
tDLLK must be met before any functions that require the DLL can be used (for example, READ commands or ODT

synchronous operations).
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Mode Register 1 (MR1)

BG1l | BGO | BAl | BAO | A17 R:i/ C:li/ VxlEl{ A13 | A12 | A11 A10 (A9 | A8 A7 | A6 |A5 | A4 |A3 | A2 |Al | A0
RFU* MR Select RFU' — RFU! | Qoff’* | TDQS RTT_NOM Wlev | RFU' AL oDl |pLL
'
A12 | Qoff(Dataoutput disable) A11 TDQS A7 | Write Leveling A2 | A1 oDl
0 |Enabled(normal operation) 0 Disabled 0 Disabled 0 0 |RzQ/7(34 ohm)
1 |Disabled(both ODI & RTT) 1 Enabled 1 Enabled 0 1 |RZQ/5(48 ohm)
1|0 RFU
1|1 RFU
v
BGO | BA1 | BAO | MR Select A10 | A9 | A8 RTT_NOM A4 A3 AL A0 | DLL
0 0 0 MRO 0 0 0 Disabled 0 0 Disabled 0 | Disabled®
0 0 1 MR1 0 0 1 RZQ/4 (60 Q) 0 1 cL1’ 1 | Enabled
0 1 0 MR2 0 1 0 RZQ/2 (120 Q) 1 0 cL-2
0 1 1 MR3 0 1 1 RZQ/6 (40 Q) 1 1 RFU
1 0 0 MR4 1 0 0 RZQ/1 (240 Q)
1 0 1 MR5 1 0 1 RZQ/5 (48 Q)
1 1 0 MR6 1 1 0 RZQ/3 (80 Q)
1 1 1 DNU* 1 1 1 RzQ/7 (34 Q)

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS
NOTE 2 Outputs disabled - DQs, DQSs, DQSs.
NOTE 3  States reversed to “0 as Disable” with respect to DDR4.

NOTE 4 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA[1:0]=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.

NOTE 5 Not allowed when 1/4 rate geardown mode is enabled.
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DLL Enable/DLL Disable

The DLL must be enabled for normal operation and is required during power-up initialization and upon returning to
normal operation after having the DLL disabled. During normal operation, (DLL-enabled) with MR1[0], the DLL is
automatically disabled when entering the SELF REFRESH operation and is automatically re-enabled upon exit of the SELF
REFRESH operation. Any time the DLL is enabled and subsequently reset, tDLLK clock cycles must occur before a READ
or SYNCHRONOUS ODT command can be issued to allow time for the internal clock to be synchronized with the
external clock. Failing to wait for synchronization to occur may result in a violation of the tDQSCK, tAON, or tAOF

parameters.

During tDLLK, CKE must continuously be registered HIGH. DDR4 SDRAM does not require DLL for any WRITE operation,
except when RTT_WR is enabled and the DLL is required for proper ODT operation.

The direct ODT feature is not supported during DLL-off mode. The ODT resistors must be disabled by continuously
registering the ODT pin LOW and/or by programming the RTT_NOM bits MR1[9,6,2] = 000 via a MODE REGISTER SET
command during DLL-off mode.

The dynamic ODT feature is not supported in DLL-off mode; to disable dynamic ODT externally, use the MRS command
to set RTT_WR, MR2[10:9] = 00.

Output Driver Impedance Control

The output driver impedance of the DDR4 SDRAM device is selected by MR1[2,1].

ODT RTT_NOM Values

DDR4 SDRAM is capable of providing three different termination values: RTT_Static, RTT_NOM, and RTT_WR. The
nominal termination value, RTT_NOM, is programmed in MR1. A separate value (RTT_WR) may be programmed in MR2
to enable a unique RTT value when ODT is enabled during WRITEs. The RTT_WR value can be applied during WRITEs
even when RTT_NOM is disabled. A third RTT value, RTT_Static, is programed in MR5. RTT_Static provides a termination
value when the ODT signal is LOW.

Additive Latency (AL)

The additive latency (AL) operation is supported to make command and data bus efficient for sustainable bandwidths in
DDR4 SDRAM. In this operation, the DDR4 SDRAM allows a READ or WRITE command (either with or without AUTO
PRECHARGE) to be issued immediately after the ACTIVE command. The command is held for the time of AL before it is
issued inside the device. The read latency (RL) is controlled by the sum of the AL and CAS latency (CL) register settings.
Write latency (WL) is controlled by the sum of the AL and CAS write latency (CWL) register settings.
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Write Leveling

For better signal integrity, DDR4 memory modules use fly-by topology for the commands,addresses, control signals, and
clocks. Fly-by topology has the benefit of reducing the number of stubs and their length, but it also causes flight-time
skew between clock and strobe at every DRAM on the DIMM. This makes it difficult for the controller to maintain tDQSS,
tDSS, and tDSH specifications. Therefore, the DDR4 SDRAM supports a write-leveling feature, which allows the

controller to compensate for skew.

Output Disable

The DDR4 SDRAM outputs may be enabled/disabled by MR1[12]. When MR1[12] = 1 is enabled, all output pins (such as
DQ, DQS, and DQS) are disconnected from the device, which removes any loading of the output drivers. This feature

may be useful when measuring module power, for example.For normal operation, set MR1[12] = 0.

Termination Data Strobe (TDQS)

Termination data strobe (TDQS) is a feature of x8 DDR4 SDRAM and provides additional termination resistance outputs
that may be useful in some system configurations. Because the TDQS function is available only in x8 DDR4 SDRAM, it
must be disabled for x4 and x16 configurations. TDQS is not supported in x4 or x16 configurations. When enabled via
the mode register, the same termination resistance function that is applied to the TDQS and TDQS pins is applied to the
DQS and DQS pins.

The TDQS, DBI, and data mask functions share the same pin. When the TDQS function is enabled via the mode register,
the data mask and DBI functions are not supported. When the TDQS function is disabled, the data mask and DBI

functions can be enabled separately.

TDQS Data Mask (DM) WRITE DBI READ DBI
Enabled Disabled Enabled or disabled
Disabled Disabled Enabled Enabled or disabled
Disabled Disabled Enabled or disabled
Enabled Disabled Disabled Disabled
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Mode Register 2 (MR2)

RAS/|CAS/ | WE
BG1 | BGO | BAl | BAO | A17 A16/ A15/ Alj A13 A12 A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
REUY MR Select REU? — REU? V\(I:rRi::e RTT_WR REUY LPASR CcWL REU!
|
v v
BGO | BA1 | BAO | MR Select A1l | A10 | A9 RTT_WR
0 0 0 MRO o o o Disabled(WRITE does
0 0 1 MR1 not affect RTTvalue)
0 1 0 MR2 0 0 1 RZQ/2 (120 Q)
0 1 1 MR3 | 0 1 0 RzQ/1 (240 Q)
1 0 0 MR4 0 1 1 Hi-Z
1 0 1 MRS A12  Write CRC 1 0 0 RZQ/3 (80 Q)
1 1 0 MR6 0 Disabled 1 0 1 RFU
1 1 1 DNU? 1 Enabled 1 1 0 RFU
1 1 1 RFU
v
A7 A6 Low-power auto self refresh (LPASR) v
0 0 | Manual Mode-Normal Operaing Temperature Range(TC: 0°C-85°C) Speed Grade in MT/s
0 1 Manual Mode-Reduced Operaing Temperature Range(TC: 0°C-45°C) A5 A4 A3 CWL 1 tCK tWPRE 2 tCK tWPRE
1 0 |Manual Mode-Extended Operaing Temperature Range(TC: 0°C-95°C) 1st Set [2nd Set | 1st Set | 2nd Set
1 1 ASR mode - Automatically switchingamongall modes 0 0 0 9 1600 - - o
0 0 1 10 1866 = = =
0 1 0 11 2133 1600 o o
0 1 1 12 2400 | 1866 = =
1 0 0 14 2666 | 2133 | 2400 o
1 0 1 16 3200 | 2400 | 2666 | 2400
1 1 0 18 - 2666 | 3200 | 2666
1 1 1 RFU S S = =

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

NOTE 2 Reserved for Register control word setting. DRAM ignores MR command with BGO, BA[1:0]=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.
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CAS Write Latency (CWL)

CAS write latency (CWL) is defined by MR2[5:3] as shown in the MR2 Register Definition table. CWL is the delay, in clock
cycles, between the internal WRITE command and the availability of the first bit of input data. DDR4 SDRAM does not

support any half-clock latencies. The overall write latency (WL) is defined as additive latency (AL) + CAS write latency
(CWL); WL = AL + CWL.

Low-Power Auto Self Refresh (LPASR)

Low-power auto self refresh (LPASR) is supported in DDR4 SDRAM. Applications requiring SELF REFRESH operation over
different temperature ranges can use this feature to optimize the IDD6 current for a given temperature range as

specified in the MR2 Register Definition table.

Dynamic ODT (RTT_WR)

In certain applications and to further enhance signal integrity on the data bus, it is desirable to change the termination
strength of the DDR4 SDRAM without issuing an MRS command. Configure the Dynamic ODT settings in MR2[11:9]. In

write-leveling mode, only RTT_NOM is available.

Write Cyclic Redundancy Check (CRC) Data Bus

The Write cyclic redundancy check (CRC) data bus feature during Writes has been added to DDR4 SDRAM. When
enabled via the mode register, the data transfer size goes from the normal 8-bit (BL8) frame to a larger 10-bit Ul frame,

and the extra 2Uls are used for the CRC information.
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Mode Register 3 (MR3)

RAS/ [CAS/ | WE
BG1 | BGO | BA1 | BAO | Al17 A16/ A15/ Allf Al13 | A12 | A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0
. . .| MPRRead | Write CMD Fine Granularity Geard | MPR MPR Page
RFU MR Select RFU - RFU Format Latency Refresh Mode Ts PDA own |Operat Selection
| 8 L |
| I y
sz || MR s |l | | admesaniny M| 80| econ
0 0 Serial 0 Disabled Disabled(Normal 0 0 Page 0
0 1 Parallel 1 Enabled 0 Operation) 0 1 Page 1
1 0 Staggered 1 Enabled 1 0 Page 2
1 1 RFU 1 1 Page 3
v v v
Al10 A9 | Write CMD Latency Speed Bin A3 Geardown A2 MPR Operation
0 0 4nCK 1600 0 1/2 rate 0 Normal Operation
0 1 5nCK 1866/2133/2400 1 1/4 rate 1 Data flow from MPR
1 0 RFU RFU
1 1 RFU RFU
v v
BGO | BA1 | BAO | MR Select A8 A7 A6 Fine Granularity Refresh
0 0 0 MRO 0 0 0 Normal (Fixed 1x)
0 0 1 MR1 0 0 1 Fixed 2x
0 1 0 MR2 0 1 0 Fixed 4x
0 1 1 MR3 0 1 1 RFU
1 0 0 MR4 1 0 0 RFU
1 0 1 MR5 1 0 1 On-the-fly 1x/2x
1 1 0 MR6 1 1 0 On-the-fly 1x/4x
1 1 1 DNU? 1 1 1 RFU

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

NOTE 2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA[1:0]=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.
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WRITE CMD latency when CRC/DM enabled

The Write Command Latency (WCL) must be set when both Write CRC and DM are enabled for Write CRC persistent

mode. This provides the extra time required when completing a Write burst when Write CRC and DM are enabled.

Fine Granularity Refresh Mode

This mode had been added to DDR4 to help combat the performance penalty due to refresh lockout at high densities.

Shortening tRFC and increasing cycle time allows more accesses to the chip and can produce higher bandwidth.

Temp Sensor Status

This mode directs the DRAM to update the temperature sensor status at MPR Page 2, MPRO [4,3]. The temperature
sensor setting should be updated within 32ms; at the time of MPR Read of the Temperature Sensor Status bits, the

temperature sensor status should be no older than 32m:s.

Per-DRAM Addressability

The MRS command mask allows programmability of a given device that may be in the same rank (devices sharing the
same command and address signals). As an example, this feature can be used to program different ODT or VREF values

on DRAM devices within a given rank.

Gear-down Mode

The DDR4 SDRAM defaults in half-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 quarter-rate (2N) mode.

For operation in half-rate mode, no MRS command or sync pulse is required.
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Mode Register 4 (MR4)

RAS/ |CAS/| WE
BG1 | BGO ‘ BA1 | BAO | A17 AL 6/ A15/ A 14/ A13 A12 All A10 A9 A8 A7 | A6 A5 A4 A3 A2 Al A0
RFU'| MR Select RFU — RFU |tWPRE |tRPRE t::i: ?:g asb'z; Esl:fegx%ﬁ::" RFU! '":Ierre';al TGRM | TGRR | MPS | rru?
wr | e || |0 o [T n [SEET
0 1nCK toggle® 0 Disabled 0 Disabled 0 Normal
1 [2ncKtoggle® 1 Enabled 1 Enabled 1 Enabled
v r I v
o ome | e || [ [ [ |
0 |1nCKtoggle’® 0 Disabled 0 Disabled 0 |Normal temperature mode
1 | 2nCKtoggle 1 Enabled 1 Enabled 1 Extended temperature
v v
BGO | BA1 | BAO | MR Select A8 A7 A6 CAL
0 0 0 MRO 0 0 0 Disabled
0 0 1 MR1 0 0 1 3
0 1 0 MR2 0 1 0 4
0 1 1 MR3 0 1 1 5
1 0 0 MR4 1 0 0 6
1 0 1 MR5 1 0 1 8
1 1 0 MR6 1 1 0 RFU
1 1 1 DNU? 1 1 1 RFU

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

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

NOTE 3 Not allowed when 1/4 rate Gear-down mode is enabled.
NOTE 4 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting
supported in the applicable tCK range.
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WRITE Preamble
DDR4 SDRAM introduces a programmable WRITE preamble tWPRE that can either be set to 1tCK or 2 tCK via the MR3

register. Note the 1tCK setting is similar to DDR3; however, the 2tCK setting is different. When operating in 2tCK Write
Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL setting supported in

the applicable tCK range. Check the table of CWL Selection for details.

READ Preamble

DDR4 SDRAM introduces a programmable READ preamble tRPRE that can be set to either 1tCK or 2tCK via the MR3
register. Note that both the 1tCK and 2tCK DDR4 preamble settings are different from what DDR3 SDRAM defined. Both
of these READ preamble settings may require the memory controller to train (or READ-level) its data strobe receivers

using the READ preamble training.

READ Preamble Training
DDR4 supports programmable READ preamble settings (1tCK or 2tCK). This mode can be used by the memory controller

to train or READ level its data strobe receivers.

Temperature-Controlled Refresh (MR4[3] = 1 & MR2[6:7]=11)

When temperature-controlled refresh mode is enabled, the DDR4 SDRAM may adjust the internal refresh period to be
longer than tREFI of the normal temperature range by skipping external refresh commands with the proper gear ratio.
For example, the DRAM temperature sensor detected less than 45°C. Normal temperature mode covers the range of 0°

C to 85°C, while the extended temperature range covers 0°Cto 95°C.

Command Address Latency (CAL)

DDR4 supports the command address latency (CAL) function as a power savings feature. This feature can be enabled or
disabled via the MRS setting. CAL is defined as the delay in clock cycles (tCAL) between a CS registered LOW and its
corresponding registered command and address. The value of CAL (in clocks) must be programmed into the mode

register and is based on the roundup (in clocks) of [tCK(ns)/tCAL(ns)].
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Internal Vref Monitor

DDR4 generates its own internal VrefDQ. This mode is allowed to be enabled during VrefDQ training and when enabled,

Vref_time-short and Vref_time-long need to be increased by 10ns if DQO, or DQ1, or DQ2, or DQ3 have OpF loading;
and add an additional 15ns per pF of added loading.

Maximum Power Savings Mode
This mode provides the lowest power mode where data retention is not required. When DDR4 SDRAM is in the
maximum power saving mode, it does not need to guarantee data retention or respond to any external command

(except maximum power saving mode exit command and during the assertion of RESET signal LOW).
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Mode Register 5 (MR5)

BG1 | BGO | BA1 | BAO | Al17 RAAlsG/ CI:\ISS/ VXE{ Al13 | A12 All Al0 A9 A8 A7 A6 As® A4 A3 A2 Al A0
RFU* MR Select RFU! — RFU' | RDBI | WDBI DM P:‘r:'i)st RTT_PARK (:(:TP:)B :;'::r :’:; CA Parity Latency"
¢ v v
A12 READ DBI A11 WRITE DBI AS ODT Input Buffer A3 CRC Error
for Power Down Status
0 Disabled 0 Disabled 0 Enabled 0 Clear
1 Enabled 1 Enabled 1 Disabled 1 Error
v ¢ v \ 4
8G0 | BAL | BAO | MR Select A0 Data mask A9 CA Parity m CA Parity
(DM) Persistent Error Error Status
0 0 0 MRO 0 Disabled 0 Disabled 0 Clear
0 0 1 MR1 1 Enabled 1 Enabled 1 Error
0 1 0 MR2
0 1 1 MR3 | |
1 0 0 MR4 m | = g | Parked ODT Value - - m CA Parity speed Bin
1 0 1 MR5 (RTT_PARK) Latency
1 1 0 MR6 0 0 0 Disabled 0 0 0 Disabled
1 1 1 DNU? 0 0 1 RZQ/4 (60 Q) 0 0 1 4 1600/1866/2133
0 1 0 RZQ/2 (120 Q) 0 1 0 5 2400
0 1 1 RZQ/6 (40 Q) 0 1 1 6 RFU
1 0 0 RzZQ/1 (240 Q) 1 0 0 RFU RFU
1 0 1 RZQ/5 (48 Q) 1 0 1 RFU
1 0 RZQ/3 (80 Q) 1 0 RFU
1 1 1 RZQ/7 (34 Q) 1 1 1 RFU

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

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

NOTE 3 When RTT_NOM Disable is set in MR1, A5 of MR5 will be ignored.

NOTE 4 Parity latency must be programmed according to timing parameters by speed grade table.
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Data Bus Inversion (DBI)

The data bus inversion (DBI) function has been added to DDR4 SDRAM and is supported for x8 and x16 configurations
only (x4 is not supported). The DBI function shares a common pin with the DM and TDQS functions. The DBI function
applies to both READ and WRITE operations and cannot be enabled at the same time the DM function is enabled. Refer
to the TDQS Function Matrix table for valid configurations for all three functions (TDQS/DM/DBI).

Data Mask (DM)

The data mask (DM) function, also described as a partial write, has been added to DDR4 SDRAM and is supported for x8
and x16 configurations only (x4 is not supported). The DM function shares a common pin with the DBI and TDQS
functions. The DM function applies only to WRITE operations and cannot be enabled at the same time the DBI function

is enabled. Refer to the TDQS Function Matrix table for valid configurations for all three functions (TDQS/DM/DBI).

CA Parity Persistent Error Mode

Normal CA Parity Mode (CA Parity Persistent Mode disabled) no longer performs CA parity checking while the parity
error status bit remains set at 1. However, with CA Parity Persistent Mode enabled, CA parity checking continues to be

performed when the parity error status bit is setto a 1.

ODT Input Buffer for Power Down

Determines whether the ODT input buffer is on or off during Power Down. If the ODT input buffer is configured to be on
(enabled during power down), the ODT input signal must be at a valid logic level. If the input buffer is configured to be
off (disabled during power down), the ODT input signal may be floating and the DRAM does not provide RTT_NOM
termination. The DRAM may, however, provide Rtt_Park termination depending on the MR settings. This is primarily for

additional power savings.

CA Parity Error Status

DRAM will set the error status bit to 1 upon detecting a parity error. The parity error status bit remains set at 1 until the

DRAM Controller clears it explicitly using an MRS command.

CRC Error Status

DRAM will set the error status bit to 1 upon detecting a CRC error. The CRC error status bit remains set at 1 until the

DRAM controller clears it explicitly using an MRS command.

C/A Parity Latency Mode

CA Parity is enabled when a latency value, dependent on tCK, is programmed; this accounts for parity calculation delay
internal to the DRAM. The normal state of CA Parity is to be disabled. If CA parity is enabled, the DRAM has to ensure
that there are no parity errors before executing the command. CA Parity signal (PAR) covers ACT, RAS/A16 , CAS/A15,
WE/A14, and the address bus including bank address and bank group bits. The control signals CKE, ODT and CS are not

included in the parity calculation.
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Mode Register 6 (MR6)

BG1 | BGO | BAl | BAO | Al7 Tli/ C:fs/ VZE{ A13 A12 A11 A10 | A9 | A8 A7 A6 A5 | A4 | A3 | A2 | AL | AO
REU? MR Select REU?! — REU? tcco_L° REU? _:I:::nc; \;r:::g VrefDQ Training Value
l v 1
BGO | BA1 | BAO | MR Select Al2 | A1l | Al0 tfs(: E:(;" Remark * A7 Vrefzgazzi"i"g A6 \::;z?
0 0 0 MRO 0 0 0 4 =2400Mbps 0 Disabled 0 [Range 1l
0 0 1 MR1 0 0 1 5 TBD 1 Enabled 1 [Range 2
0 1 0 MR2 0 1 0 6 TBD
0 1 1 MR3 0 1 1 7 TBD
1 0 0 MR4 1 0 0 8 TBD A 4
1 0 1 MR5 1 0 1 RFU
1 1 0 MR6 1 1 0 RFU
1 1 1 DNU? 1 1 1 RFU
y
MR6 Range 1 Range 2 MR6 Range 1 Range 2 MR6 Range 1 Range 2 MR6 Range 1 Range 2
[5:0] | (MR6[6]=0) |(MR6[6]=1)| [5:0] | (MR6[6]=0) |(MR6[6]=1)| [5:0] | (MR6[6]=0) | (MR6[6]=1)| [5:0] | (MR6[6]=0) |(MR6[6]=1)
00 0000 60.00% 45.00% | 001101 68.45% 53.45% |01 1010 76.90% 61.90% 100111 85.35% 70.35%
00 0001 60.65% 45.65% | 001110 69.10% 54.10% (011011 77.55% 62.55% 10 1000 86.00% 71.00%
00 0010 61.30% 46.30% | 001111 69.75% 54.75% |01 1100 78.20% 63.20% 10 1001 86.65% 71.65%
00 0011 61.95% 46.95% | 01 0000 70.40% 55.40% (011101 78.85% 63.85% 10 1010 87.30% 72.30%
00 0100 62.60% 47.60% | 01 0001 71.05% 56.05% |01 1110 79.50% 64.50% 101011 87.95% 72.95%
000101 63.25% 48.25% | 010010 71.70% 56.70% |01 1111 80.15% 65.15% 10 1100 88.60% 73.60%
000110 63.90% 48.90% (010011 72.35% 57.35% |10 0000 80.80% 65.80% 101101 89.25% 74.25%
000111 64.55% 49.55% | 010100 73.00% 58.00% |10 0001 81.45% 66.45% 101110 89.90% 74.90%
00 1000 65.20% 50.20% | 010101 73.65% 58.65% [100010 82.10% 67.10% 101111 90.55% 75.55%
00 1001 65.85% 50.85% | 010110 74.30% 59.30% |100011 82.75% 67.75% 11 0000 91.20% 76.20%
00 1010 66.50% 51.50% | 010111 74.95% 59.95% |10 0100 83.40% 68.40% 11 0001 91.85% 76.85%
001011 67.15% 52.15% | 01 1000 75.60% 60.60% (100101 84.05% 69.05% 11 0010 92.50% 77.50%
001100 67.80% 52.80% | 011001 76.25% 61.25% |100110 84.70% 69.70% 111223';0 Reserved Reserved

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

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

NOTE 3 tCCD_L should be programmed according to the value defined in AC parameter table per operating frequency.
NOTE 4 It’s not finalized. Might be changed.
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tCCD_L Programming

The DRAM Controller must program the correct tCCD_L value. tCCD_L will be programmed according to the value

defined in the AC parameter table per operating frequency.

VREFDQ Training Enable

VREFDQ Training is where the DRAM internally generates it’s own VREFDQ used by the DQ input receivers. The DRAM
controller must use a MRS protocol (adjust up, adjust down, etc.) for setting and calibrating the internal VREFDQ level.
The procedure is a series of Writes and Reads in conduction with VREFDQ adjustments to optimize and verify the data

eye. Enabling VREFDQ Training should be used whenever MR6[6:0] register values are being written to.

VREFDQ Training Range

DDR4 defines two VREFDQ training ranges - Range 1 and Range 2. Range 1 supports VREFDQ between 60% and 92% of
VDDQ while Range 2 supports VREFDQ between 45% and 77% of VDDQ. Range 1 is targeted for module based designs
and Range 2 is added targeting point-to point designs.

VREFDQ Training Value

Fifty settings provided 0.65% of granularity steps sizes for both Range 1 and Range 2 of VREFDQ.
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Mode Register 7 (MR7)

DRAM MRY7 Ignore

The DDR4 SDRAM shall ignore any access to MR7 for all DDR4 SDRAM.Any bit setting within MR7 may not take any
effect in the DDR4 SDRAM.

BG1 | BGO | BA1 | BAO | A17 RAS/ | CAS/ | WE/ Al3 [ A12 | A1l | A10 | A9 | A8 A7 A6 A5 | A4 | A3 | A2 | Al | AO
Al6 | Al15 Al4

RFU* MR Select RFU — REU

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 DNU?

NOTE 1 Please refer to addressing table. If the address is available, it must be programmed to 0 during MRS

NOTE 2 Reserved for Register control word setting. DRAM ignores MR command with BGO,BA1;BA0=111 and doesn’t respond. When RFU MR code
setting is inputted, DRAM operation is not defined.
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Truth Table

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 =H or L]

CKE ____ RAS CAS WE
Spioe] e e | B m?s /%i /;V\V1E4 [?g] [?3] [2(:;0] % [13/,\1 1 ﬁ:g [;:\01 Polee
MRS  MODE REGISTER SET H H L | H L L L BG BA |V OP code 12
REF REFRESH H H L | H L L H \ Vv \ \ Vv Vv \Y
SRE Self refresh entry H L L H L L H \Y \' Y \Y \' \' \Y 7,9
SRX Self refresh exit L H H] X X X X X X X X X X X 7,8,9,10
L H H H H \ Vv \ \ Vv Vv Vv
PRE Single-bank PRECHARGE H H L | H L H L BG BA |V \ Vv L Vv
PREA |PRECHARGE all banks H H L H L H L Vv Vv Vv \ Vv H Vv
RFU Reserved for future use H H L H L H H RFU
ACT Bank ACTIVATE H H L | L |Row Address(RA) BG BA | V Row Address(RA)
WR Fixed BL8 or BC4 H H L | H H L L BG BA |V \ Vv L | CA
WRS4 |WRITE BC4OTF H H L H H L L BG BA |V L Vv CA
WRS8 BL8OTF H H L | H H L L BG BA |V H " L | CA
WRA  \WRiTE Fixed BL8 or BC4 H H L H H L L BG BA |V \ Vv H | CA
WRAS4 \with auto |BC4OTF H H L | H H L L BG BA |V L Vv H | CA
WRAS8 Precharge ggorr H H L H H L L BG BA |V H Vv H | CA
RD Fixed BL8 or BC4 H H L | H H L H | BG BA | V \ Vv L | CA
RDS4 |READ BC4OTF H H L H H L H | BG BA | V L Vv L | CA
RDS8 BL8OTF H H L | H H L H | BG BA | V H Vv L | CA
RDA READ Fixed BL8 or BC4 H H L H H L H | BG BA | V \ Vv H | CA
RDAS4 with auto |BC4OTF H H L | H H L H | BG BA | V L Vv H | CA
RDAS8 |Precharge | goTe H H L | H H L H | BG BA | V H \" H | CA
NOP NO OPERATION H H L | H H H H \ Vv \ Vv Vv Vv Vv 10
DES Device DESELECTED H H H X X X X X X X X X X X
PDE Power-down entry H L L H H H H v v v v v v v o
H | X X X X X X X X X X X 6
PDX Power-down exit L H L H H H v v v v v v v
H | X X X X X X X X X X X
2QCL |ZQ CALIBRATION LONG H H L | H H H L X X X X X H X
2QCS |ZQ CALIBRATION SHORT H H L H H H L X X X X X L X

NOTE 1 All DDR4 SDRAM commands are defined by states of CS, ACT, RAS/A16, CAS/A15, WE/A14 and CKE at the rising edge of the clock. The MSB
of BG, BA, RA and CA are device density and conuration dependant. When ACT = H; pins RAS/A16, CAS/A15, and WE/A14 are used as
command pins RAS, CAS, and WE respectively. When ACT= L; pins RAS/A16, CAS/A15, and WE/A14 are used as address pins A16, A15, and
Al4 respectively.

NOTE 2 RESET is Low enable command which will be used only for asynchronous reset so must be maintained HIGH during any function.

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

NOTE4 “V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic level”.

NOTE 5 Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by MRS.

NOTE 6 The Power Down Mode does not perform any refresh operation.

NOTE 7 The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.

NOTE 8 Controller guarantees self refresh exit to be synchronous.

NOTE9 VPP and VREF(VrefCA) must be maintained during Self Refresh operation.

NOTE 10 The No Operation command should be used in cases when the DDR4 SDRAM is in Gear Down Mode and Max Power Saving Mode Exit
NOTE 11  Refer to the CKE Truth Table for more detail with CKE transition.
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CKE Truth Table

Current State’ | previ I ?KEP le! Command (N)* Action(N) Notes
revious Cycle resent Cycle RAS, CAS, WE, CS
(N-1) (N)
L L X Maintain power down 14, 15
Power Down
L H DESELECT Power down exit 11, 14
L L X Maintain self refresh 15, 16
Self Refresh
L H DESELECT Self refresh exit 8,12,16
Bank(s) Active H L DESELECT Active power down entry 11, 13,14
Reading H L DESELECT Power down entry 11, 13, 14,17
Writing H L DESELECT Power down entry 11, 13,14, 17
Precharging H L DESELECT Power down entry 11, 13, 14,17
Refreshing H L DESELECT Precharge power down entry 11
H L DESELECT Precharge power down entry 11,13, 14, 18
All banks idle
H L REFRESH Self refresh 9,13,18
For more details with all signals See “Command Truth Table”. 10

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

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

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

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

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

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

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

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

NOTE 9 Self-Refresh mode can only be entered from the All Banks Idle state.
NOTE 10 Must be a legal command as defined in the Command Truth Table.
NOTE 11 Valid commands for Power-Down Entry and Exit are DESELECT only.

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

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

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

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

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

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

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

NOTE 19 Self refresh mode can be entered only from the all banks idle state.

NOTE 20 For more details about all signals, see the Command truth table; must be a legal command as defined in the table.
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NOP Command

The NO OPERATION (NOP) command was originally used to instruct the selected DDR4 SDRAM to perform a NOP (CS =
LOW and ACT, RAS/A16, CAS/A15, and WE/A14 = HIGH). This prevented unwanted commands from being registered

during idle or wait states. The NOP command general support has been removed and should not be used unless

specifically allowed; which is when exiting Max Power Saving Mode or when entering Gear-down Mode.

DESELECT Command

The DESELECT function (CS HIGH) prevents new commands from being executed by the DDR4 SDRAM. The DDR4

SDRAM is effectively deselected. Operations already in progress are not affected.
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DLL On/Off

DLL-Off Mode

DLL-off mode is entered by setting MR1 bit AO to 0, which 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 during self refresh mode.

Refer to Input Clock Frequency Change for more details.

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 is supported. The DLL-off
mode is only required to support setting both CL =10 and CWL = 9.

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

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

DLL-Off Mode Read Timing Operation

TO T T6 T7 T8 T9 T10 T T12 T13 T14 T15
' ' \ \ ' ' ' ' ' ' \ \ \ \ \ \ \ \ ' \ \ \ \ \ \
CK\! - = =~ 1ro- s tr= o 1r- - 1= - 1r-at 1ro- s ] (EY) Ir = - EY) 1e= s \
CK 7, = - - = W=y - RS -y W=7y W=7y =y W=7y |\~.:
' \ ' ' ' ' ' \ \ \ \ \ \ \ \ ' \ \ \ \ \
' ' ' ' ' ' \ \ \ \ \ \ \ \ ' \ \ \ \ \
CMD RD N T T T T T T T T T T T T T T T T T T i
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DLL On/Off Switching Procedure

DDR4 DLL-off mode is entered by setting MR1 bit AO to 1; this will disable the DLL for subsequent operations until the

A0 bit is set back to 0. To switch from DLL on to DLL off requires the frequency to be changed during self refresh, as

outlined in the following procedure:

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

2. Set MR1 bit A0 to 1 to disable the DLL.

3. Wait tMOD.

4. Enter self refresh mode; wait until (tCKSRE) is satisfied.

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

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

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

ODT signal is "Don't Care."

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

*tXS: ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS, RD, RDS4, RDS8, RDA, RDAS4, RDASS8

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

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

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

self refresh abort.

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

CK — — \Ta , - TbO —— Tb1 _ qTr: Td _ __Te(J _ ~Te1
CK _ﬂ\_ \_/ - - l__” - a
US| tCPDED | (CKSRE 4 {CKSRX
CKE ?_ @: W@L@@@
ds {CKESR
% T SRXT‘@

s

tXS

Enter Self Refresh Exit Self Refresh

DON' T CARE SSTIME BREAK

NOTE 1 Starting in the idle state. RTT in stable state.

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 tCKSRX.

NOTE 6 Exit SR.

NOTE 7 Update mode registers allowed with DLL_off settings met.
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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)

must be in the high impedance state before self refresh mode is entered.)

. Enter self refresh mode; wait until tCKSRE satisfied.
. Change frequency, following the guidelines in the Input Clock Frequency Change section.
. Wait until a stable clock is available for at least (tCKSRX) at DRAM inputs.

. Starting with the SELF REFRESH EXIT command, CKE must continuously be registered HIGH until tDLLK timing from

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

refresh mode was entered, the ODT signal is "Don't Care."

. Wait tXS or tXS_ABORT, depending on bit x in RMy, then set MR1 bit A0 to 0 to enable the DLL.
. Wait tMRD, then set MR1 bit A8 to 1 to start DLL Reset.

. Wait tMRD, then set mode registers with appropriate values (an update of CL, CWL, and WR may be necessary. After

tMOD is satisfied from any proceeding MRS command, a ZQCL command can also be issued during or after tDLLK.)

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

applying any command requiring a locked DLL.) In addition, wait for tZQoper in case a ZQCL command was issued.
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DLL Switch Sequence from DLL Off to DLL On

TbO Tb1 Tc Td Te0

o G N
oL KO

T 7
tIS [ tCPDED _| tCKSRF ' ® | tCKSRX*

CKE y__@ (}(}

tCKESR

oor 2 | 2| | £ 7 T
COMMAND. 2(bES WK SRFX K PES W)
R e T

tRP 4

Enter Self Refresh Exit Self Refresh DON' T CARE SSTIME BREAK

NOTE 1 Starting in the idle state.

NOTE 2 Enter SR.

NOTE 3 Change frequency.

NOTE 4 Clock must be stable tCKSRX.

NOTE 5 Exit SR.

NOTE 6 Set DLL to on by setting MR1 ro AO = 0.
NOTE 7 Update mode registers.

NOTE 8 Issue any valid command.
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Input Clock Frequency Change

After 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 only when in self

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

After the DDR4 SDRAM has been successfully placed in self refresh mode and tCKSRE has been satisfied, the state of the
clock becomes a "Don’t Care." Following a "Don’t Care," changing the clock frequency is permissible, provided the new
clock frequency is stable prior to tCKSRX. When entering and exiting self refresh mode for the sole purpose of changing

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

Because DDR4 DLL lock time ranges from 597nCK at 1333MT/s to 1024nCK at 3200MT/s, additional MRS commands
may need to be issued for the new clock frequency. If DLL is enabled, tDLLK must be programmed according to the
value defined in AC parameter tables, and the DLL must be RESET by an explicit MRS command (MR0O[8]=1) when the

input clock frequency is different before and after self refresh.

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

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

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

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

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

conceptual timing of this scheme is shown below.

Write-Leveling Concept

T0 T T2 T3 T4 T5 T6 T7

oK - — -
CK

Source

diff DQS

Destination oK

diff_ DQS

All DQs Oor1 \ 0 0 0
Push DQS to capture \
0-1 transition

diff_ DQS

All DQs Oor1 1 1 1

DQS - DQS driven by the controller during leveling mode must be terminated by the DRAM based on the ranks
populated. Similarly, the DQ bus driven by the DRAM must also be terminated at the controller.

All data bits carry the leveling feedback to the controller across the DRAM configurations x4, x8, and x16. On a x16
device, both byte lanes should be leveled independently. Therefore, a separate feedback mechanism should be
available for each byte lane. The upper data bits should provide the feedback of the upper
diff_DQS(diff_UDQS)-to-clock relationship; the lower data bits would indicate the lower diff_DQS(diff_LDQS)-to-clock

relationship.
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The Figure below is another representative way to view the write leveling procedure. Although it shows the clock

varying to a static strobe, this is for illustrative purpose only; the clock does not actually change phase, the strobe is
what is actually varied. By issuing multiple WL bursts, the DQS strobe can be varied to capture when the clock edge

arrives at the DRAM clock input buffer fairly accurately.

DRAM Setting for Write Leveling and DRAM Termination Function in that Mode
DRAM enters into write leveling mode if A7 in MR1 is HIGH, and after finishing leveling, DRAM exits 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
Qoff (Data output disable) Al12 0 1

DRAM Termination Function in Leveling Mode

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

NOTE 1 In write-leveling mode with its output buffer disabled (MR1[bit7] = 1 with MR1[bit12] =1) all RTT_NOM and RTT_PARK settings are
supported; in write-leveling mode with its output buffer enabled (MR1[bit7] = 1 with MR1[bit12] = 0) RTT_NOM and RTT_PARK settings are
supported while RTT_WR i s not allowed.
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Procedure Description

The memory controller initiates the leveling mode of all DRAM by setting bit 7 of MR1 to 1. When entering write
leveling mode, the DQ pins are in undefined driving mode. During write leveling mode, only the DESELECT command is
supported, 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 TBD. Because the controller levels one rank at a time, the output of other ranks must be disabled by setting

MR1 bit A12 to 1. The controller may assert ODT after tMOD, at which time the DRAM is ready to accept the ODT signal.

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

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

leveling procedure.

Write-Leveling Sequence

.n,,,f'__,m Fr - ,_._EA /r',..m e s ﬁi_\ﬁ:,[. _f“ :—‘.F_r:w R - -
- gr\w\%‘f\{\ﬁ_ AN A
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. pe r.‘nnjjsq @ \ - (P.im_- _ — 3@31\’_ — :c__L_ ______ ms»—il'; o
: S S [ [N 5 SRR GEEREED i o Nl
(a0 < < \ { S <\_ __.\/m:
Eary Dos (1 \\ \ K“ { | = f\\}.ﬁ -—g\-c’ —-_-/l

pu
[ cort care N\ TMEBRAKE [ nvauo

NOTE 1 DDR4 SDRAM drives leveling feedback on all DQs

NOTE 2 MRS : Load MR1 to enter write leveling mode

NOTE 3 DES : Deselect

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

NOTE 5 CK/CK: CK is shown with solid dark line, where as CK is drawn with dotted line.

NOTE 6 DQS, DQS needs to fulfill minimum pulse width requirements tDQSH(min) and tDQSL(min) as defined for regular Writes; the max pulse
width is system dependent

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

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

Write leveling mode should be exited as follows:

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

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

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]).

Write-Leveling Exit

CK 7

ADDRESS 1E : 2, [
/%ﬁ% T
- // I A —
= — I I
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CS to Command Address Latency (CAL)

DDR4 supports the Command Address Latency (CAL) function as a power savings feature. This feature can be enabled or
disabled via the MRS setting. CAL timing is defined as the delay in clock cycles (tCAL) between a CS registered LOW and
its corresponding registered command and address. The value of CAL in clocks must be programmed into the mode

register (see MR1 Register Definition table) and is based on the equation tCK(ns) / tCAL(ns), rounded up in clocks.

CAL Timing Definition

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

o || Lﬁkf Y L/C%f \ |/ | LE%/_ N\
=W \l/ \|/

CMD/ADDR |\ ™~ L\ ™~ 288 ™~ [

tCAL

CS used to wake up the receivers. CAL gives the DRAM time to enable the command and address receivers before a
command is issued. After the command and the address are latched, the receivers can be disabled if CS returns to HIGH.
For consecutive commands, the DRAM will keep the command and address input receivers enabled for the duration of

the command sequence.

CAL Timing Example (Consecutive CS = LOW)

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

JENWNUWNEEAWNWAWEWN WA
AR

CMD/ADDR |\

When the Command Address Latency mode, CAL, is enabled; additional time is required for the MRS command to
complete. The earliest the next valid command can be issued is tMOD_CAL which should be equal to tMOD+tCAL. The

two following figures are examples.
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CAL Enable Timing - tMOD_CAL

tMOD_CAL

NOTE1 Command Address Latency mode is enabled at T1.

tMOD_CAL, MRS to Valid Command Timing with CAL Enabled

COMMAND (w/o CS) X

cs \|

tMOD_CAL

l
//

NOTE 1 MRS at Tal may or may not modify CAL, tMOD_CAL is computed based on new tCAL setting if modified.

When the Command Address Latency mode is enabled or being enabled, the earliest the next MRS command can be

issued is tMRD_CAL is equal to tMOD+tCAL. The two following figures are examples.

CAL Enabling MRS to Next MRS Command, tMRD_CAL

Ta0 Ta1 Ta2
CK -~y /T /TN
CK J\7 7/ \ 7/ _
cs |/
tMRD_CAL

NOTE1 Command Address Latency mode is enabled at T1.
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tMRD_CAL, Mode Register Cycle Time With CAL Enabled

\/ \
\ —_——
COMMAND (w/o CS) X

[¢5]

tMRD_CAL

NOTE 1 MRS at Tal may or may not modify CAL, tMRD_CAL is computed based on new tCAL setting if modified.

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

Tal Ta7 Ta8 Ta®  Tald Two Tel  Tb3
oKt | | | | | J— ] y -
crs A1 SSSUBESOESREES |

- ‘ ‘ ‘ ‘ [
- ‘ ‘ ‘ ‘ ‘ ;I ‘ / ) ﬁ}(
COMMAND gy

ADDRESS

tCAL 1CPDED S _FAST (="

["JooNT care

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 Care
NOTE 3  Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.

Power Down Entry, Exit Timing with CAL

Iy

ADDRESS VALID
| 1CAL

\ / ._‘.
[]ooNT care
NOTE1 tCAL = 3nCK, tCPDED = 4nCK, tPD = 6nCK, tXP = 5nCK
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Low-Power Auto Self Refresh Mode (LPASR)

An auto self refresh mode is provided for application ease. Auto self refresh mode is enabled by setting MR2[6] = 1 and
MR2[7] = 1. The device will manage self refresh entry over the supported temperature range of the DRAM. In this mode,
the device will change its self refresh rate as the DRAM operating temperature changes, going lower at low

temperatures and higher at high temperatures.

Manual Self Refresh Mode

If auto self refresh mode is not enabled, the low-power auto self refresh mode register must be manually programmed
to one of the three self refresh operating modes. This mode provides the flexibility to select a fixed self refresh
operating mode at the entry of the self refresh, according to the system memory temperature conditions. The user is
responsible for maintaining the required memory temperature condition for the mode selected during the self refresh
operation. The user may change the selected mode after exiting self refresh and before entering the next self refresh. If

the temperature condition is exceeded for the mode selected, there is a risk to data retention resulting in loss of data.

Auto Self Refresh Mode

Low-Power
Auto Self Self Refresh Operation
Refresh Mode

MR2 MR2
71 [6]

Fixed normal self refresh rate maintains data retention at the normal operating
0 0 Normal® temperature. User is required to ensure that 85°C DRAM Tcasemax is not exceeded to
avoid any risk of data loss.

Fixed high self refresh rate optimizes data retention to support the extended temperature

0 1 Extended Temp2
range.

Variable or fixed self refresh rate or any other DRAM power consumption reduction
1 0 Reduced Temp3 control for the reduced temperature range. User is required to ensure 45°C DRAM
TCASEMAX is not exceeded to avoid any risk of data loss.

Auto self refresh mode enabled. Self refresh power consumption and data retention are

1 1 Auto Self Refresh . . . .
optimized for any given operating temperature condition.

NOTE 1 The Normal range depends on product’s grade.
- Commercial Grade = 0°C~85C
- Industrial Grade (-1) = -40°C~85C
NOTE 2 The Extended range depends on product’s grade.
- Commercial Grade = 85C~95C
- Industrial Grade (-l) = 85C~95C
NOTE 3 The Reduced range depends on product’s grade.

- Commercial Grade = 0°c~45C
- Industrial Grade (-l) = -40°c~45°C
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Self Refresh Exit with No Operation command

Self Refresh Exit with No Operation command (NOP) allows for a common command/address bus between active
DRAM and DRAM in Max Power Saving Mode. Self Refresh Mode may exit with No Operation commands (NOP)

provided:

(1) The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.

(2) tMPX_S and tMPX_LH are satisfied.

(3) NOP commands are only issued during tMPX_LH window. No other command is allowed during tMPX_LH window

after SRX command is issued.

Tal Ta1 TaZ2 13 TeO Tb1 Tb2 Tb3 el

o nhondoen

Lowsax

CKE

MAE_S

COMMAND I e K f:j:b"_uc:}{:K_u:.z_\; = :ﬂ :'—-H JE-X:K;
1

ADDRESS

NOTE1 CS-=L,ACT =H, RAS/A16 = H, CAS/A15 = H, WE/A14 = H at Th2 ( No Operation command )
NOTE 2 SRX at Tb2 is only allowed when DRAM shared Command/Address bus is under exiting Max Power Saving Mode.

NOTE 3 Valid commands not requiring a locked DLL
NOTE 4 Valid commands requiring a locked DLL
NOTE 5 tXS_FAST and tXS_ABORT are not allowed this case.

[ ]JDONT cARE

NOTE 6 Duration of CS Low around CKE rising edge must satisfy tMPX_S and tMPX_LH as defined by Max Power Saving Mode AC parameters.
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Multipurpose Register (MPR)

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

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

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

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

are not allowed during MPR enable Mode.

No other command can be issued within tRFC after a REF command has been issued; 1x Refresh {only} is to be used
during MPR Access Mode. While in MPR Access Mode, MPR read or write sequences must be completed prior to a
refresh command. The reset function is supported during MPR mode, which requires re-initialization of the DDR4
SDRAM.

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

MPR pages

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

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

* Clock to address phase training.

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

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

* Mode Register Confirmation.| N/A.

Readout . . . .
serial, parallel, or staggered serial serial serial
format
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MPR Block Diagram

Memory core
(all banks precharged)

4 Mult-purpose registers (Pages)
each with four &-bit registers:

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

DQ,s DM_n/DBI_n, DQ5_t, DQS_c

Bit Number of MPR Definition

MPR Page MPR Location Address Bit
128 bits = MPRx x MPRy x MPR burst bit
(MR3[1:0]) (MPR BA[1:0]) (BL8)
DRAM Address to MPR Ul Translation
MPR Location [7] [6] [5] [4] [3] [2] [1] [0]
DRAM Address - Ax A7 A6 A5 A4 A3 A2 Al AO
MPR Ul - Uix ulo ull ul2 ul3 ul4 uls ule ul7
MPR necessary settings
MPR Read Format MPR Operation MPR Page Selection MPR Location
MR3[12:11] MR3[2] MR3[1:0] MPR BA[1:0]
| | | |
MR3 MR3 MR3 MPR
MPR Read MPR Operation MPR P-age MP!R
A12 A11 Format A2 Al | A0 | Selection BA1 BAO Location
0 0 Serial 0 Normal Operation 0 0 Page O 0 0 MPRO
0 1 Parallel 1 | Dataflow from MPR 0 1 Page 1 1 MPR1
1 0 | Staggered 1 0 Page 2 1 0 MPR2
1 1 RFU 1 1 Page 3 1 1 MPR3
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MPR Page and MPRx Definitions

MPR Bit Write Location [7:0]

MPR MPB 6 5 4 3 2 1 0
Page Purpose Location .
MR3[1:0] BA[1:0] Read Burst Order (serial mode)
ulo Uil ul2 ui3 ula ul5 ule uiz
00 = MPRO 0 1 0 1 0 1 0 1
00 Training 01 = MPR1 0 0 1 1 0 0 1 1
Page O Patterns ' 10 = MPR2 1
11 = MPR3 0 0 0 0
00 = MPRO A7 A6 A5 Ad A3 A2 Al AO
01=MPR1 | CAS/A15 @ WE/Al14 Al13 Al12 All Al10 A9 A8
01 C/A Parity 10 = MPR2 PAR ACT BG1 BGO BA1 BAO A17° RAS/A16
Page 1 Error Log CA Parity CA Parity Latency4
11 = MPR3 CRsiaEt';‘S’r Error MRS MRS MRS RFU RFU RFU
Status (A2] (A1] [A0]
Temperature CRC Write
Sensor Status® Enable e IR
00 = MPRO RFU RFU RFU
MR2 MR2
Refer to next table
Al12 Al10 A9
Vref DQ - Geardown
TmglFanae Vref DQ training Value Enable
01 = MPR1
10 MRS MR6 MR6 MR3
Page 2 Readout A6 A5 A4 A3 A2 Al AO A3
CAS Latency CAS Write Latency
10 = MPR2 MRO RFU MR2
A6 A5 A4 A2 A5 A4 A3
R_NOM R_PARK Driver Impedance
11 = MPR3 MR1 MR5 MR1
A10 A9 A6 A8 A7 A6 A2 Al
00 = MPRO Don't care
11 01 =MPR1 Don't care
RFU
Page 3 10 = MPR2 Don't care
11 = MPR3 Don't care

NOTE1 MPR page 1 used for C/A 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, MPR page 1’s 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 MPR page 1’s MPR3[2:0] should be treated as don’t care.
NOTE 4 MPR page 1’s MPR3 bit 0-2 (CA parity latency) reflects the latest programmed CA parity latency values.
NOTE5 MPR page 2’s Temperature Sensor Readout
MPRO bit A4 MPRO bit A3 Refresh Rate Range MR3[5]

0 0 Sub 1x refresh ( >tREFI) MR3 bit A5=1 (Temperature sensor readout = Enabled)

DRAM updates the temperature sensor status to MPR Page 2
(MPRO bits A[4:3]). Temperature data is guaranteed by the DRAM

0 1 1x refresh rate (= tREFI)
to be no more than 32ms old at the time of MPR Read of the

1 0 S 1/2  tREFI Temperature Sensor Status bits.

x refresh rate (1/2 x tREF) MR3 bit A5=0 (Temperature sensor readout = Disabled)

DRAM disables updates to the temperature sensor status in MPR

1 1 RFU ; .
Page 2(MPRO-bit A[4:3])
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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 x, MPRy).

1. The DLL must be locked if enabled.
2. Precharge all; wait until tRP is satisfied.
3. MRS command to MR3[2] = 1 (Enable MPR data flow), MR3[12:11] = MPR Read Format, and MR3[1:0] = MPR Page.
a. MR3[12:11] MPR Read Format:
00 = Serial read format
01 = Parallel read format
10 = staggered read format
11 =RFU
b. MR3[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 MPRx location.

6. Issue RD or RDA command:

a. BAl1 and BAO indicate MPRx location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3
b. A12/BC =0 or 1; BL8 or BC4 Fixed only, BC4 OTF not supported.
If BL=8 and MRO A[1:0] = 01, A12/BC must be set to 1 during MPR Read commands.
c. A[2] = burst type dependant:
BL8: A[2] = 0 with burst order fixed atO0, 1, 2, 3,4,5,6, 7
BL8: A[2] = 1 with burst order fixed at 4,5,6,7,0,1, 2,3
BC4: A[2] = 0 with burst order fixedat0,1,2,3, T, T,T, T
BC4: A[2] = 1 with burst order fixed at 4,5,6,7, T, T, T, T
d. A[1:0] = 00, data burst is fixed nibble start at 00.
e. Remaining address inputs, including A10, and BG1 and BGO are don’t care.

7. After RL = AL + CL, DRAM bursts data from MPRx location; MPR readout format determined by MR3 [A12,11,1,0].
8. Steps 5 through 7 may be repeated to read additional MPRx locations.

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

10. Issue MRS command to exit MPR mode; MR[3] = 0.

11. Once tMOD sequence is completed; the DRAM is ready for normal operation from the core such as ACT.
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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 outputs the

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

lower bytes.
Serial Parallel
X4 Device X4 Device
Serial UI0 UI1 UI2 UI3 UI4 UI5 Ul6 UI7 Parallel UIO UI1 UI2 UI3 UI4 UI5 Ul6 UI7
b0 o 1 1 1 1 1 1 1 DQO 0O 0 0 0 0o 0o O O
pQl o 1 1 1 1 1 1 1 DQ1 11 1 1 1 1 1 1
D@2 0 1 1 1 1 1 1 1 pDQ2 1 1 1 1 1 1 1 1
b3 o 1 1 1 1 1 1 1 DQ3 1 1 1 1 1 1 1 1
X8 Device X8 Device
Serial UI0 UI1 UI2 UI3 UI4 UI5 Ul6 UI7 Parallel UIO UI1 UI2 UI3 UI4 UI5 Ul6e UI7
b0 o 1 1 1 1 1 1 1 DQO 0O 0 0 0 o 0o O O
pQl o 1 1 1 1 1 1 1 DQ1 1 1 1 1 1 1 1 1
D@2 o 1 1 1 1 1 1 1 DQ2 11 1 1 1 1 1 1
D@3 0 1 1 1 1 1 1 1 D@3 1 1 1 1 1 1 1 1
b4 o 1 1 1 1 1 1 1 DQ4 1 1 1 1 1 1 1 1
D5 o 1 1 1 1 1 1 1 DQ5 11 1 1 1 1 1 1
D6 o 1 1 1 1 1 1 1 DQ6 11 1 1 1 1 1 1
bQq7 o 1 1 1 1 1 1 1 DQ7 1 1 1 1 1 1 1 1
X16 Device X16 Device
Serial UI0 UI1 UI2 UI3 UI4 UI5 Ul6 UI7 Parallel UIO UI1 UI2 UI3 UI4 UI5 Ule UI7
paO o 1 1 1 1 1 1 1 DQO 0 0 0O O O O O O
pbQl o 1 1 1 1 1 1 1 DQ1 1 1 1 1 1 1 1 1
D@2 o 1 1 1 1 1 1 1 DQ2 11 1 1 1 1 1 1
b3 o 1 1 1 1 1 1 1 DQ3 11 1 1 1 1 1 1
b4 o 1 1 1 1 1 1 1 DQ4 1 1 1 1 1 1 1 1
D5 o 1 1 1 1 1 1 1 DQ5 1 1 1 1 1 1 1 1
D6 o 1 1 1 1 1 1 1 DQ6 11 1 1 1 1 1 1
pDQ7 0 1 1 1 1 1 1 1 pDQ7 1 1 1 1 1 1 1 1
b8 o 1 1 1 1 1 1 1 DQ8 0O 0 0 0 o 0o O O
b o 1 1 1 1 1 1 1 DQ9 11 1 1 1 1 1 1
pQio o 1 1 1 1 1 1 1 pQio 12 1 1 1 1 1 1 1
pQi1 o 1 1 1 1 1 1 1 pQ11 1 1 1 1 1 1 1 1
pDQ12 0 1 1 1 1 1 1 1 pQ12 1 1 1 1 1 1 1 1
pQ13 o 1 1 1 1 1 1 1 pQ13 1 1 1 1 1 1 1 1
pDQ14 o 1 1 1 1 1 1 1 pQ14 1 1 1 1 1 1 1 1
pQi5 o 1 1 1 1 1 1 1 pQ15 1 1 1 1 1 1 1 1
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MPR Readout Staggered Format
Staggered format of data return is defined as the staggering of the MPR data across the lanes. In this mode, an RD/RDA
command is issued to a specific data pattern location and then the data is returned on the DQ from each of the

different data pattern locations.

For the x4 configuration, an RD/RDA to data pattern location 0 will result in data from location 0 being driven on DQQO,
data from location 1 being driven on DQ1, data from location 2 being driven on DQ2, and so on. Similarly, an RD/RDA
command to data pattern location 1 will result in data from location 1 being driven on DQO, data from location 2 being
driven on DQ1, data from location 3 being driven on DQ2, and so on. It is expected that the DRAM can respond to back
to back RD/RDA commands to the MPR for all DDR4 frequencies so that a stream as follows can be created on the data
bus with no bubbles or clocks between read data. In this case system memory controller issues a sequence of
RD(MPRO), RD(MPR1), RD(MPR2), RD(MPR3), RD(MPRO), RD(MPR1), RD(MPR2), and RD(MPR3).

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

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

MPR Readout Staggered Format, x4

MPRO(BA[1:0]="00") MPRO(BA[1:0]="01") MPRO(BA[1:0]="10") MPRO(BA[1:0]="11")
Stagger ulo-7 Stagger ulo-7 Stagger ulo-7 Stagger ulo-7
DQo MPRO DQoO MPR1 DQoO MPR2 DQo MPR3
DQ1 MPR1 DQ1 MPR2 DQ1 MPR3 DQ1 MPRO
DQ2 MPR2 DQ2 MPR3 DQ2 MPRO DQ2 MPR1
DQ3 MPR3 DQ3 MPRO DQ3 MPR1 DQ3 MPR2

MPR Readout Staggered Format, x4 — Consecutive READs

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

MPR Readout Staggered Format, x8 and x16

X8 X16

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

MPR READ Timing

PLS + AL +CL

7 T T XX T

oe 8( ?Z ( uio X uit \M@ uis X uir Z( Z(

gg N'ME BREAK

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent reads and writes to MPR locations.
NOTE 2 Address setting:
A[1:0] = “00”b (data burst order is fixed starting at nibble, always 00b here)
A[2]=0b (For BL = 8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12 is don’t care when MRO A[1:0] = 00 or 10, and must be 1b when MRO A[1:0] = 01
NOTE 3 Multipurpose registers Read/Write Disable (MR3 A2 = 0).
NOTE 4 Continue with regular DRAM command.
NOTE 5 Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled. BL=8, AL=0, CL= 11, CAL = 3, Preamble = 1tCK.

MPR Back-to-Back READ Timing

GCOMMAND

ADDRESS <\ZALI Q ADD?, @ VALI \/A\j VALI ADD2, ﬂ \/ALI \/ALI \/AU \/AU \/ALEI>
_'
DQ (BC=4:Fixed) (( (M)M Mw
« mveBrReak  [7] ponT care

NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1). Redirect all subsequent reads and writes to MPR locations.
NOTE 2  Address setting:
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
A[2] = 0b (for BL =8, burst order is fixed at 0, 1, 2, 3, 4, 5, 6, 7; for BC = 4, burst order is fixed at0, 1,2, 3, T, T, T, T)
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care" including BG1 and BGO.
A12 is "Don’t Care" when MRO A[1:0] = 00 or 10, and must be 1b 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
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NOTE 1 Address setting:
A[1:0] = 00b (data burst order is fixed starting at nibble, always 00b here)
A[2]=0b (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.
Al2is "Don’t Care" when MRO A[1:0] = 00, and must be 1b when MRO A[1:0] = 01
NOTE 2  Address setting:
BA1 and BAO indicate the MPR location
A [7:0] = data for MPR
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care"
NOTE 3 Parity latency (PL) is added to data output delay when C/A parity latency mode is enabled.
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MPR Writes

MPR Access Mode allows 8-bit writes to the MPR location using the address bus A7:0.
Data Bus Inversion (DBI) is not allowed during MPR Write operation. The DRAM will maintain the new written values

unless re-initialized or power loss.

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

1. The DLL must be locked if enabled.

2. Precharge all; wait until tRP is satisfied.

3. MRS command to MR3[2] = 1 (Enable MPR data flow) and MR3[1:0] = 00 (MPR Page 0); 01, 10, 11 = Not allowed.
4. tMRD and tMOD must be satisfied.

5. Redirect all subsequent Write commands to specific MPRx location.

6. Issue WR or WRA command:

a. BA1 and BAO indicate MPRx location:
00 = MPRO
01 = MPR1
10 = MPR2
11 = MPR3

b. A[7:0] = data for MPR Page 0, mapped A[7:0] to UI[0:7] .
¢. Remaining address inputs, including A10, BGO and BG1 are don’t care.
7. tWR_MPR must be satisfied to complete MPR Write.
8. Steps 5 through 7 may be repeated to write additional MPRx locations.
9. After the last MPRx Write, tMPRR must be satisfied prior to exiting.
10. Issue MRS command to exit MPR mode; MR[3] = 0.

11. Once tMOD sequence is completed; the DRAM is ready for normal operation from the core such as ACT.
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MPR Write Waveforms

MPR WRITE and WRITE-to-READ Timing

T0 Ta0 Tal Tb0 Tc0 Tet Te2 Tdo Td1 Td2 Td3 Td4 Tb5

CKe — - ;T Y Y 2N 2NN RN 2N
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m
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008008 —1— T [ R G SN S S

N U U T 1 Y

U4 X Uls KUIB X UI7
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NOTE 1 Multipurpose registers Read/Write Enable (MR3 A2 = 1).

NOTE 2  Address setting:
BA1 and BAO indicate the MPR location
A10 and other address pins are "Don’t Care"

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

MPR Back-to-Back WRITE Timing

tWR [MPR o

U G T G e e e ) T

DQS_t,DQS_¢ 2 (

bQa 2(

/] DON'T CARE

g TIME BREAK

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

T0 T
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DOS_t, DOS ¢ ZZ - AEEN A ;-
RN RN SN
DQ
ZZ ulo X Ut X uiz X U3

¢ TIME BREAK

NOTE 1 Address setting:

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

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

BA1 and BAO indicate the MPR location

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

A12 is "Don’t Care" when MRO A[1:0] = 00 or 10, and must be 1b when MRO A[1:0] = 01
NOTE 2  1x refresh is only allowed when MPR mode is enabled.
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WRITE-to-REFRESH Timing

TWRIMPR REC
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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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Gear-down Mode

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, no MRS command or sync pulse is required.

External Clock

Internal Clock ’ \ ’ \ ,

Set 2N mode

CMD/ADDR/CTRL

The general sequence for operation in 1/4 rate during initialization is as follows:
1. DDR4 SDRAM defaults to a 1/2 rate (1IN mode) internal clock at power-up/reset.
2. Assertion of reset.
3. Assertion of CKE enables the rank.
4. CAL and 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.
5. MRS is accessed with a low frequency NxtCK MRS Gear-down CMD. (NtCK static MRS command is qualified by 1N
Cs))
6. The memory controller shall send a 1N sync pulse with a low frequency N*tCK NOP CMD;. Clock tSYNC_GEAR is an
even number of clocks; sync pulse on even edge from MRS CMD.
7. Normal operation in 2N mode starts tCMD_GEAR clocks later. When operating in 1/4 rate Gear-down Mode, the
following MR settings apply:
+ CAS Latency (MRO [6:4,2]): Even numbers
+ Write Recovery and Read to Precharge (MRO [11:9]) : Even numbers
CAS Write Latency (MR2 A[5:3]) : Even numbers
« CSto Command/Address Latency Mode (MR4 [8:6]) : Even numbers

» CA Parity Latency Mode (MRS5 [2:0]) : Even numbers
Additive Latency (MR1 [4:3]): CL-2
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Gear down (2N) mode entry sequence during initialization

|

TdkN TdkN + Neven

tXPR_GEAR H
- NC_GEAR B tCMD_GEAR

1N Sync Pulse

2N Mode .

tGEAR_hold

Conure
DRAM to 1/4 rate

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

Clock Mode Change from 1/2 Rate to 1/4 Rate (Normal Operation)

TdkN TdkN + Neven

DRAM
(Internall)
CLK

Reset

tSYNC_GEAR | _tCMD_GEAR

1N Sync Pulge 2N Mode

W

CKE

CS_n \— J

1
y

tGEAR_setup

tGEAR_hold

CMD

Conure
DRAM to 1/4 rate

If the operation is in 1/2 rate (1N) mode before and after self refresh, no MRS command or sync pulse is required after
self refresh exit. However, if the clock mode is set to 1/4 rate (2N) before and after self refresh mode, the DDR4 SDRAM

requires an MRS command and sync pulse as shown in the figure below.
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Clock Mode Change After Exiting Self Refresh

TdkN + Neven

CK ¢
CK_t

DRAM
(Internal)
CLK

CKE
4 X8 orJLbort1

tSYNC||GEAR P tCMD_GEAR

\\ 1N Sync Puls: 2N Mode
A P l-—

uy pily

tGEAR setup [tGEAR hold

CS_n

tGEAR setup tGEAR hold

CMD |

MRS
I
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

Comparison Between Gear-down Disable and Gear-down Enable

\ \ T \ T8 . 9 . T30 . ™ . 32 . T3 . T4 ' 136 ' 136 . 7 ' 138
Ky - .- .- - .- .- - - . .- .- - i
CKL n [ n () [ - - (- i ,___\E\_)\__ (- (- (S
' - 1 1 1 ' 1
AL=0 ' ' ' ' '
(Geardown ' ' ' ' '
=Disable) ' ' ' ' '
comso o oes X X oes W X s W Xoes X e X s XX Coes X X mes Y X oes X K oes W X mes Y Y oes X X oY X oes T T Coes X X oes )T oes X
5 N N ! ' ) . .
(( (( Doy Dou\fDou\y Do\ 00w YDou Doy Do
CL=ReD= 15 CL=RL=16A) il Vi Vi) F T T A
- T 1 1 1 1
AL=CL ! ! ! !
(Geardowin - - , , , ,
=Disable) (READ® . . . .
commo X et X XenoX, Xoes X XoesX Xoes Yo Xors X XoesYe Xoes Yo X oes Yo XoesXo ) X oesY Xoes Yo X oes X Xoes Yo X oes X
. . ) \ .
DQ A} N
(( (( Do\ fouNfBouN/ Do\ Do\ oo NfDou N7 Dot
AL+ CL=RL=31(AL=CLA=15) 1/ nH AN, A 3\t A 5 N, A 7 :
i - - e 1 1 1 1 1
(RED® | ' ' ' .
- .
COMMAND 7,
ba A\ A} 5
DoutYy/Dout Yy Douty/Doutyy/ Dout YDout Y Dout Y Dout
[T ( 1 At Ar2 A A A s At

. TRANSITIONING DATA DON'T CARE

NOTE1 BL=8, tRCD=CL=16

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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Maximum Power-Saving Mode (MPSM)

This mode provides the lowest power mode where data retention is not required. When DDR4 SDRAM is in the
maximum power-saving mode, it does not maintain data retention or respond to any external command, except the
MAXIMUM POWER SAVING MODE EXIT command and during the assertion of RESET signal LOW. This mode is more like
a “hibernate mode” than a typical power savings mode. The intent is to be able to park the DRAM at very low powered

state so the device can be switched to an active state via PDA mode.

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.
Large CS hold time to CKE upon the mode exit could cause DRAM malfunction; thus, it is required CA parity, CAL and
Gear-down modes are disabled prior to the max power saving mode entry MRS command.

The MRS command may use both address and DQ information as defined in Per DRAM Addressability section. After
tMPED from the MRS mode entry command, the DRAM is not responsive to any input signals except CKE, CS, and
RESET. All other inputs are disabled (external input signals may become hi-Z).

The system will provide a valid clock until tCKMPE expires at which time clock inputs (CK, CK) should be disabled

(external clock signals may become hi-Z).

Maximum Power Saving Mode Entry

oK Ta0 Tal Ta2 Tbo Tbt b2 b3 Teo Tel Te2 Te3 Ted Tch Teb Te? Tc8 Tc9 Te10 Tet
S - - - =\ -

Cke - - - -

NRAA=1]
(MPSM Enable)

Es X RS XX oes e EX oes X oes

COMMAND

L tMPED _
cson \ 1/ {
CKE ((
RESET_n 2(
Don't Care
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Maximum Power-Saving Mode Entry in PDA

The sequence and timing required for the maximum power saving mode with the per DRAM addressability (PDA)

enabled is illustrated in Figure below.

CK_t
CK_c

COMMAND

CS_n

CKE Z Z

o 1 S S 0 e U

{PDA S |-t | ot {<a— tPDP H

AL+CWU

A
\

RESET n 22 . 22

Don't Care

CKE Transition during Maximum Power-Saving Mode

The following figure shows how to maintain maximum power-saving mode even though the CKE input may toggle. To
prevent the device from exiting the mode, CS should be HIGH at the CKE LOW-to-HIGH edge, with appropriate setup
(tMPX_S) and hold (tMPX_H) timings.

CKE Transition Limitation to hold Maximum Power Saving Mode

K1 Ta0 Tal Ta2 To0 Tot b2 Th3 Teo Tel Te2 Tdo Tdt Td2 Td3 Td4 Td5 Taé Td7 Tds

CK_c

COMMAND

CSn

tMPX_HH

CKE

RESET_n

Don't Care
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Maximum Power-Saving Mode Exit
To exit the maximum power-saving mode, CS should be LOW at the CKE LOW-to-HIGH transition, with appropriate

setup (tMPX_S) and hold (tMPX_LH) timings as shown in the figure below. Because the clock receivers (CK, CK) are
disabled during this mode, CS = LOW is captured by the rising edge of the CKE signal. If the CS signal level is detected
LOW, the DRAM clears the maximum power saving mode MRS bit and begins the exit procedure from this mode. The
external clock must be restarted and stable by tCKMPX timing before the device can exit the maximum power saving
mode.

During the exit time (tXMP) only NOP and DES commands are allowed, NOP during tMPX_LH, and DES the remainder of
tXMP. Once tXMP expires, valid commands not requiring a locked DLL are allowed and after tXMP_DLL expires valid

commands requiring a locked DLL are allowed.

Maximum Power-Saving Mode Exit

Ta0 Tal Ta2 Tad Tb0 'I:b'\ Th2 Th3 Ted Tel
ckt Wl X A X d LY XL
el
]
COMMAND XXX or XX vor XY wor
MPX_LH
csn — i
CKE MAX S
) 1 el | 7
3 £XVP_DL| R
RESET_n !
y { l l U
Don't Care
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Command/Address Parity (CAP)

CAP’s Pros and Cons

In favor of In opposition
* Enhances the reliability of a system as | * The processing of the command at the DRAM is delayed by the time
it extends parity all the way to the it takes the DRAM to calculate parity and release the command for
DRAM execution (typically 4 to 6 clock cycles). Note this latency is

applicable for all commands

 Additional signals compared to DDR3

Command/address (CA) Parity takes the PAR input carrying the parity bit for the generated address and commands

signals and matches it to the internally generated parity from the captured address and commands signals.

CA Parity is disabled or enabled via MRS command. If CA parity is enabled by programming a non-zero value to CA
parity latency in the MR, then the DRAM will ensure that there is no parity error before executing commands. There is
an additional delay required for executing the commands versus when parity is disabled and it is programmed in the
MR when CA parity is enabled (Parity Latency) and is applied to all commands. When CA parity is enabled, only
DESELECT are allowed between valid commands to prevent the device from malfunctioning. CA parity signal (PAR) will

go active when the DRAM detects a CA Parity error.
CA Parity covers ACT, RAS, CAS, WE and the address bus, including bank address and bank group bits; the control
signals CKE, ODT, and CS are not covered. For example, for a 4 Gig x4 monolithic device, parity is computed across

BG[1:0], BA[1:0], A16/RAS, A15/CAS, A14/WE, A[13:0], and ACT. The DRAM treats any unused address pins internally as

zeros; for example, if a common die has stacked pins but the device is used in a monolithic application, then the

address pins used for stacking and not connected are treated internally as zeros.

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

redundancy check (CRC), where the 1-bit CRC is generated by the polynomial x+1.

Integrated Silicon Solution, Inc. - www.issi.com 70
Rev. 0A, 06/22/2016


http://en.wikipedia.org/wiki/Cyclic_redundancy_check
http://en.wikipedia.org/wiki/Cyclic_redundancy_check
http://en.wikipedia.org/wiki/Polynomial

1IS43/46QR16256A
1IS43/46QR85120A

Command/Address Parity Operation

====> CMD/ADDR

v

Even Parity
Gen

1
!
CMD/ADDR '
I
!
!

v

Even Parity
Gen

| CMD/ADDR

Even Parity Bit

v

Even Parity Bit

Even Parity Bit

________________________

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 error log.

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

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

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

erroneous command.

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

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

9. After (tPAR_ALERT_PW_max) the DRAM is ready to accept commands for normal operation. Parity latency will be in
effect; however, parity checking will not resume until the memory controller has cleared the parity error status bit by
writing a zero. The DRAM will execute any erroneous commands until the bit is cleared; unless Persistent mode is

enabled.

* The DRAM should have only DESELECT commands issued around ALERT going high such that at least 3 clocks prior
and 1 clock plus 3ns after the release of ALERT.
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* It is possible that the device might have ignored a REFRESH command during tPAR_ALERT_PW or the REFRESH

command is the first erroneous frame so it is recommended that extra REFRESH cycles be issued, as needed.

« The parity error status bit may be read anytime after tPAR_ALERT_ON +tPAR_ALERT_PW to determine which DRAM
had the error. The device maintains the error log for the first erroneous command until the parity error status bit is

reset to a zero or a second CA Parity occurs prior to resetting.

The mode register for the CA parity error is defined as follows: CA parity latency bits are write only, the parity error
status bit is read/write, and error logs are read-only bits. The DRAM controller can only program the Parity Error Status
bit to zero. If the DRAM controller illegally attempts to write a one to the Parity Error Status bit, the DRAM can not be
certain that parity will be checked; the DRAM may opt to block the DRAM controller from writing a one to the Parity
Error Status bit.

DDR4 SDRAM supports Persistent Parity Error Mode. This mode is enabled by setting MR5[9] = 1; and when enabled, CA
Parity resumes checking after the ALERT is de-asserted, even if Parity Error Status bit remains a one. If multiple errors
occur before the Error Status bit is cleared the Error log in MPR Page 1 should be treated as ‘Don’t Care’. In Persistent
Parity Error Mode the ALERT pulse will be asserted and de-asserted by the DRAM as defined with the min. and max.
value tPAR_ALERT_PW. The DRAM controller must issue DESELECT commands once it detects the ALERT signal, this
response time is defined as tPAR_ALERT_RSP.The following figures capture the flow of events on the C/A bus and the
ALERT signal.
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Mode Register Setting for C/A Parity

C/A Parity Latency . C/A Parity Error Status | Parity Persistent Mode
Speed bins Errant C/A Frame
MR5[2:0]" P MR5[4] MR5 [9] /
000= Disabled NA o=l 0 < Disabled
=Clear = Disable AT
001= 4 Clocks 2133 ACT, PAR,
BG1, BGO, BAO, BA1,
010= 5 Clocks 2400 _ A
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 = 3 to PL = 4 is not allowed. The
correct sequence is PL = 3 to disabled to PL = 4.

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

Command/Address Parity During Normal Operation

TO T Ta0 Ta1l Ta2 TbO TcO Te TdO TeO Tel
—x

w—_
COMMAND/ 2 ) y. v y
ADDRESS ZAALIDA EHVALIDY
_ } {PAR_ALERT {)

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

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

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

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

T0 T Ta0 Ta1l Ta2 TbO TcO Tet TdO TeO Tel

CK — —
CK

coMMAND! > e VALICY I ALID e EUALDE DYALIDG HAVALDE BT R I &>

tPA _UN OWN: tPAR_ALERT_QN | tPAR|JALERT_RSP £>2nCK tRP
- -l . >
| // | / _ tPAR_ALERT_PW' o
ALERT / / / / > /

l

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

@ 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 not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

NOTE 3 Normal operation with parity latency and parity checking (CA Parity Persistent Error Mode enabled).
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CA Parity Error Checking - SRE Attempt

- TbO Tb1 TcO Tc1 Tdo Td1 Td2 Td3 TeO Tel
CK =~ - /T - /T - /T /
CK —/ — / 7/ —/
i
coumanD! 287 P oesy }g[;:;;;;/ R BN HME
tIS

tPAR_ALERT O tPAR_ALERT PW'

u // L f

@ @ @ Command execution unknown
- Command not executed

DON'T CARE g\TIME BREAK
@ Command executed

NOTE 1 Deselect command only allowed.

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

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

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

NOTES5 Command execution is unknown; the corresponding DRAM internal state change may or may not occur. The DRAM controller should
consider both cases and make sure that the command sequence meets the specifications.

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

COMMAND/
ADDRESS

tIS

e
CKE £ 7
[

i |
1 I |

tXSDLL

@ @ @“ Command execution unknown
- Command not executed

o -
56.7 [#] DONT CARE (g\ﬂME BREAK
W Command executed &

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

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

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

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

NOTE5 Only MRS (limited to those described in the Self-Refresh Operation section), ZQCS, or ZQCL command allowed

NOTE 6 Valid commands not requiring a locked DLL.

NOTE 7 Valid commands requiring a locked DLL.

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

| tPAR_ALER] ON_ _ tPAR ALERT PW

ALERT

A
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CA Parity Error Checking - PDE/PDX

o TO T Ta0 Ta1 Tb0 Tb1 Tc0 Te
CK — =~ /T a /~ & / ~ /T
CK  / — —/ — _/ — _/ —
tCHDED
COMMAND/

ADDRESS RROZW/ZAIS D= W ff;f E?'

e |z

/tPAR_ALERT_Or)[

T

tIS t>2nCK

|

tPAR_ALERT_PW'

R —- /'/ // \l | 7’

I

I

[=] DONT CARE &TIME BREAK
@4@ Command execution unknown

- Command not executed

@ Command executed

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

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

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.

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

Parity Entry Timing Example - tMRD_PAR

NOTE 1

Tal Tod

Tal Tal ™ 2
CE_¢ g ; I ! \IE{ n, % r . ——
o W >‘1 & }'I- LR Lo— \.....q\‘_.}[\_

S G @ (5 xD!EsquxﬂTsx X OO

Party Latecy 'R0 PL=N PL=N

i | hl | HMRD_PAR b |

d
Enabia
Party

tMRD_PAR =tMOD + N; where N is the programmed parity latency.
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Parity Entry Timing Example - tMOD_PAR

Tal Tal Tad TED
o X * X »‘( X l‘ 4"‘# A A * X
N T Amrsy X nEs)(i)(nEs}{ Yvauoy  XDes¥ X
| | | |
Parity Ltengy " A-D }!{: PN ' © P '
Enalile
Parity
NOTE1 tMOD_PAR =tMOD + N; where N is the programmed parity latency.
Parity Exit Timing Example - tMRD_PAR
Tai Tod Thi Th

ad X A

X L

ol

DlEﬂ){ }{Mll%sx ){DlES}( X

|
Partly Laiancy PL=H PL=0 AL=0
‘ 4 | Jrl | o pas N |
Cizabie 45"
Parity
NOTE1 tMRD_PAR =tMOD + N; where N is the programmed parity latency.
Parity Exit Timing Example - tMOD_PAR
Tad Tat Ta? THY Thi T2
il
aet X J)( X 4‘( X X X X XX X
comwe  WDESX  XMRSY X DES DEs X Yvaudy XoesY X
| | | |
Fary Latency " PL=H )L‘ =0 ' C A '
| 4 | I | BMOD FAR |
Disabla -ﬁ:'r
Parity

NOTE1 tMOD_PAR =tMOD + N; where N is the programmed parity latency.
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CA Parity Flow

Parity Persistent Mode
MRS [9]

CMD/ADDR
Process Start

|

CMD/ADDR
Latched in

<@ C2-CO, ACT, PAR, BG1, BGO, BAO, BA1, A16/RAS, A15/CAS, A14/WE, A[17,13:0]

C/A Parity Persistent Yes » C/A Parity Yes
enabled Mode gl error
No
Yes Yes
- ». C/A Parity
MR5[4]=0 »>- arror v
Command executior|
No unknown
A\ 4
Command execution
Internal unknown
Precharge All Yes
Log Error/
Set Parity Status
Log Error/
Set Parity Status
v v
Internal Internal
Precharge All Precharge All
ALERT high ALERT high
Command Command
execution unknown

execution unknown
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Per-DRAM Addressability (PDA Mode)

DDR4 allows programmability of a single, specific DRAM on a rank. As an example, this feature can be used to program
different ODT or VREF values on each DRAM on a given rank. Since PDA mode may be used to program optimal Vref for
the DRAM, the data set up for first DQO transfer or the hold time for the last DQO transfer cannot be guaranteed.

The DRAM may sample DQO on either the first falling or second rising DQS transfer edge. This supports a common
implementation between BC4 and BL8 modes on the DRAM. The DRAM controller is required to drive DQO to a ‘Stable
Low or High’ during the length of the data transfer for BC4 and BL8 cases.

1. Before entering Per-DRAM addressability mode, write leveling is required.
* BL8 or BC4 may be used.

2. Before entering per-DRAM addressability mode, the following MR settings are possible:
 RTT_PARK MR5 A[8:6] = Enabled
e RTT_NOM MR1 A[9, 6, 2] = Enabled

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

4. In the per-DRAM addressability mode, all MRS commands are qualified with DQO. The device captures DQO by using
DQS and DQS signals. If the value on DQQO is low, the DRAM executes the MRS command. If the value on DQQ is high,
the DRAM ignores the MRS command. The controller can choose to drive all the DQ bits.

5. Program the desired DRAM and mode registers using the MRS command and DQQO.
6. In per-DRAM addressability mode, only MRS commands are allowed.

7. The MODE REGISTER SET command cycle time in per-DRAM addressability mode, AL + CWL + 3.5nCK + tMRD_PDA is
required to complete the WRITE operation to the mode register and is the minimum time required between two MRS

commands.

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

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

In per-DRAM addressability mode, the device captures DQO using DQS and DQS like normal WRITE operation; however, dynamic ODT
is not supported. Extra care is required for the ODT setting. If RTT_NOM MR1 [10:8] = Enable, DDR4 SDRAM data termination needs
to be controlled by the ODT pin and applies the same timing parameters as defined in direct ODT function that is shown below.

Symbol Parameter

DODTLon Direct ODT turn on latency
DODTLoff Direct ODT turn off latency
tADC RTT change timing skew
tAONAS Asynchronous RTT_NOM turn-on delay
tAOFAS Asynchronous RTT_NOM turn-off delay
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PDA Operation Enabled, BL8

CKec -
CK_t
tMOD AL + CWL + P 1 tMRD_PD.
|
) | )
DQS t 1
N 1 v ro o o ro—
Das o ( - - _/D[_\_/l_\_/'_\_/’_x_/ (
1
) | | )
DQo
(seeted device) (( \ 1 [ ((
»!—4 »:—4
tPDA|S tPDA|H
)) DQDTLof|f = Wl -3
oDT / (( \ 8()
DADTLoA = WL |3
RTT RTT_PARK /) )0( RTT_NOM )OK// RTT_PARK

MR3 A4=1
(PDA Enable)

NOTE 1 RTT_PARK = Enable, RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON, CA parity is used

MRS w/ per DRAM addressability (PDA) Exit

S RS RS AT RO AT AR/ RTATACATRTANAURATATRESIRUAT
MRS Valid
AL + CWL + P 1 tMOD_PDA
DQsS_t » . : »
¢ RS avadadadanN
o e ? | B
[ ) ]
tPDA|S tPDA [H
» DQDTLof|f = WY{-3
oot / « \ )
DQDTLon = WL }3 ((
RTT RTT_PARK /) >O( RTT_NOM /J/RTT_PARK
e
MR3 A4=0
(PDA Disable)

NOTE 1 RTT_PARK = Enable; RTT_NOM = Enable, Write Preamble Set = 2tCK and DLL = ON.
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PDA using Burst Chop 4

TO ™ T2 Ta0 Tal Ta2 Ta3 Ta4 Th0 Th1 Tb2 Th3 Th4d Th5 Th6 Tb7 Th8 Th9 Tc0 Tct Tc2 Te3 Ted

CK ¢ Y VY /n VR [ Wl e Vol e Vol e W e VRN e W o/ r r /e e e e o |\ e o ra
NGV /00000 N0NRYS00NRNAYRTRIRNANRIRIRNSNRNES
MRS MRS MRS
tMOD AL + CWL + Pl 1 tMAD_PDA
1
1
DQS_t ) ) 1 )
2 : =
DQS_¢ ( ( - - _/D[_\\_/(_\,\_/ (
1
) ) | | )
(seleggiodevice) (( « 1 ((
>:—< »:—4
tPDA|S tPDA |H
MR3 A4=1
(PDA Enable)
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VREFDQ Training

The data bus is terminated to VDDQ so that the Vref level will change based on drive strength and loading. Therefore
VrefDQ is not any more supplied externally, but VrefDQ is generated internally in the DRAM. The DRAM VREFDQ does
not have a default value upon power-up and must be set to the desired value, usually via VREFDQ training. The DDR4
DRAM memory controller is responsible for VREFDQ calibration to determine the best internal VREFDQ level. The
VREFDQ calibration is enabled/disabled via MR6 [7], MR6 [6] selects Range 1 (60% to 92.5% of VDDQ) or Range 2 (45%
to 77.5% of VDDQ), and an MRS protocol using MR6 [5:0] to adjust up and adjust down the VREFDQ level. MR6 [6:0]
bits can be altered via MR command set if MR6 [7] is disabled. The DRAM controller will likely use a series of Writes and
Reads in conduction with VREFDQ adjustments to obtain the best VREFDQ which in turn optimizes the data eye.

DDR4 SDRAM internal VREFDQ specification parameters: voltage range, step-size, VREF step time, VREF full step time,
and VREF valid level. The voltage operating range specifies the minimum required VREF setting range for DDR4 DRAM
devices. The minimum range is defined by VREFDQ,min and VREFDQ,max. As noted, a calibration sequence, determined
by the DRAM controller, should be performed to adjust VREFDQ and optimize the timing and voltage margin of the
DRAM data input receivers.

VREFDQ Voltage Range

vDDQ
\ l \ y
\ \
7t Vrefmax
Vref .
Range j .
/ \ J \ Vrefmin
————— Vswing Small i+ System Variance
— - ° 7 - Vswing Large Total Range
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VREFDQ Range and Levels

weo | fset | fmed | e | el | et | e | Gt | et | | e | G
00 0000 60.00% 45.00% 001101 68.45% 53.45% 011010 76.90% 61.90% 100111 85.35% 70.35%
00 0001 60.65% 45.65% 001110 69.10% 54.10% 011011 77.55% 62.55% 10 1000 86.00% 71.00%
00 0010 61.30% 46.30% 001111 69.75% 54.75% 011100 78.20% 63.20% 10 1001 86.65% 71.65%
000011 61.95% 46.95% 01 0000 70.40% 55.40% 011101 78.85% 63.85% 101010 87.30% 72.30%
00 0100 62.60% 47.60% 01 0001 71.05% 56.05% 011110 79.50% 64.50% 10 1011 87.95% 72.95%
000101 63.25% 48.25% 010010 71.70% 56.70% 011111 80.15% 65.15% 101100 88.60% 73.60%
000110 63.90% 48.90% 010011 72.35% 57.35% 10 0000 80.80% 65.80% 101101 89.25% 74.25%
000111 64.55% 49.55% 010100 73.00% 58.00% 10 0001 81.45% 66.45% 101110 89.90% 74.90%
00 1000 65.20% 50.20% 010101 73.65% 58.65% 10 0010 82.10% 67.10% 101111 90.55% 75.55%
00 1001 65.85% 50.85% 010110 74.30% 59.30% 10 0011 82.75% 67.75% 11 0000 91.20% 76.20%
001010 66.50% 51.50% 010111 74.95% 59.95% 10 0100 83.40% 68.40% 11 0001 91.85% 76.85%
001011 67.15% 52.15% 011000 75.60% 60.60% 10 0101 84.05% 69.05% 11 0010 92.50% 77.50%

110011
001100 67.80% 52.80% 011001 76.25% 61.25% 100110 84.70% 69.70% to Reserved Reserved
111111
VREFDQ Step Size

The VREF step size is defined as the step size between adjacent steps. VREF step size ranges from 0.5% VDDQ to 0.8%
VDDQ. However, for a given design, DRAM has one value for VREF step size that falls within the range.

The VREF set tolerance is the variation in the VREF voltage from the ideal setting. This accounts for accumulated error
over multiple steps. There are two ranges for VREF set tolerance uncertainty. The range of VREF set tolerance

uncertainty is a function of number of steps n.

The VREF set tolerance is measured with respect to the ideal line which is based on the two endpoints where the

endpoints are at the MIN and MAX VREF values for a specified range.

Example of VREF Set Tolerance and Step Size

Vref

Actual Vref Output

Vref Set 4
Tolerance y o

‘; Vref Stepsize

Digital Code
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VREFDQ Increment and Decrement Timing

The VRerincrement/decrement step times are define by VREF_time-short and VREF_time-long. VREF_time-short and VREF_time-long
are defined from t0 to t1, where t1 is referenced to the VRer voltage at the final DC level within the VReF valid tolerance
(VREF_val_tol). The VRrer valid level is defined by VRer_val tolerance to qualify the step time t1. This parameter is used to
insure an adequate RC time constant behavior of the voltage level change after any VRrer increment/decrement
adjustment. VREF_time-short is for a single stepsize increment/decrement change in VREF voltage. VREF_time-long is the time
including up to VREF,min to VREF,max or VREF,max to VREF,min change in VREF voltage.

Note:

t0 - is referenced to the MRS command clock
tl - is referenced to VREF_tol
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VREFDQ Short and Long Timing Diagram for VREF_time Parameter

An MRS command to the mode register MR6[5:0] is used to program the VREF value. The minimum time required
between two VREF MRS commands is VREF_time-short for single step and VREF_time-long for a full voltage range step.
VREFDQ training mode is enabled or disabled by MR6[7] and training range is selected by MR6[6]. When VREFDQ

training mode is entered or exited, the parameters tVREFDQE and tVREFDQX need to be satisfied inorder to prevent

excessive current consumption as well as provide stable operation.

Vref_time for short and long timing diagram

CK
CK ‘o
CMD
Vref{Setting
Adjystment
bQ Id Vref Setti Updating Vref Setti New Vref Setti
Vrefé ref Se % pdating Vref Setting ew Vre %mg

Vref_time-Short/Long

VREFDQ Training Mode Entry and Exit Timing Diagram

CK e —— = - p-- - - p- - ‘- - o= -] ce -
ok — - —~ - _. - - - R - S
COMMAND MRS’ CMD MRS CMD

VrefDQ Trgining On

VrefDQ trgining OFF

AA

> VrefDQ training|mode

\

tVREFDQE tVREFDQX

NOTE1 New VREFDQ value is not allowed with MRS command during training mode exit.

NOTE 2 Depending on the step size of the latest programmed VREF value, Vref_time_short or Vref_time_long must be satisfied before disabling
VrefDQ training mode.

Speed DDR4-2133,2400,2666,3200 3
Units | NOTE
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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VREF Step Single Step Size Increment Case

Vref
Voltage
e Vref
T (vDDQ DC)
Stepsize T Vref_val_tol
t1
Time
VREF Step Single Step Size Decrement Case
Vref
Voltage
t1
Stepsize l Vref_val_tol
l Vref
R (vDDQ DC)
[}
Time
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VREF Full Step From VREF,min to VREF,maxCase

Vref
Voltage
Vref
Vrefmax (vDDQ DC)
Vref_val_tol
t1
Vrefmin
Time
VREF Full Step From VREF,max to VREF,minCase
Vref
Voltage
Vrefmax
t1
lVref_vaI_toI
Vref
f (vDDQ DC)
Vrefmin
Time
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VREFDQ Supply and Calibration Ranges

The DDR4 SDRAM internally generates its own VRerpa. DRAM internal VRerbDQ specification parameters: voltage range,

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

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

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

margin of the DRAM data input receivers.

VREFDQ Specification

Symbol Prarmeter Min Typ Max Unit NOTE
VrefDQ R1 Range 1 VrefDQ operating points 60% - 92% vDDQ 1,11
VrefDQ R2 Range 2 VrefDQ operating points 45% - 77% vDDQ 1,11
Vref step Vref Stepsize 0.50% 0.65% 0.80% vDDQ 2
-1.625% 0.00% 1.625% vDDQ 3,4,6
Vref_set_tol Vref Set Tolerance
-0.15% 0.00% 0.15% vDDQ 3,57
Vref_time-Short - - 60 ns 8,12
Vref Step Time
Vref_time-Long - - 150 ns 9,12
Vref_val_tol Vref Valid tolerance -0.15% 0.00% 0.15% vDDQ 10
NOTE 1 VREF(DC) voltage is referenced to VDDQ(DC). VDDQ(DC) is 1.2V.
NOTE 2 VREF step size increment/decrement range. VREF at DC level.
NOTE 3 VREF_new = VREF_old + n x VREF_step; n = number of steps. If increment, use “+;” if decrement,use “-.”
NOTE 4 For n >4, the minimum value of VREF setting tolerance = VREF_new - 1.625% x VDDQ. The maximum value of VREF setting
tolerance = VREF_new + 1.625% x VDDQ.
NOTE 5 For n <4, the minimum value of VREF setting tolerance = VREF_new - 0.15% x VDDQ. The maximum value of VREF setting tolerance
= VREF_new + 0.15% x VDDQ.
NOTE 6 Measured by recording the MIN and MAX values of the VREF output over the range,drawing a straight line between those points,
and comparing all other VREF output settings to that line.
NOTE 7 Measured by recording the MIN and MAX values of the VREF output across four consecutive steps (n = 4), drawing a straight line
between those points, and comparing al VREF output settings to that line.
NOTE 8 Time from MRS command to increment or decrement one step size for VREF.
NOTE9 Time from MRS command to increment or decrement more than one step size up to the full range of VREF.
NOTE 10 Only applicable for DRAM component-level test/characterization purposes. Not applicable for normal mode of operation. VREF
valid qualifies the step times, which will be characterized at the component level.
NOTE 11 DRAM range 1 or range 2 is set by the MRS6[6]6.
NOTE 12 If the Vref monitor is enabled, Vref_time-long and Vref_time-short must be derated by: +10ns if DQ bus load is OpF and an
additional +15ns/pF of DQ bus loading.
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VREFDQ Ranges
MR6 [6] selects Range 1 (60% to 92.5% of Vbba) or Range 2 (45% to 77.5% of Vbba), and MR6 [5:0] sets the VRerpa level,

as listed in the table below. The values in MR6 [6:0] will update the Vbpa Range and level independent of MR6 [7]

setting. It is recommended MR6 [7] be enabled when changing the settings in MR6 [6:0] and it is highly recommended

MR6 [7] be enabled when changing the settings in MR6 [6:0] multiple times during a calibration routine.

VREFDQ Range and Levels

MR6 Range 1 Range 2 MR6 Range 1 Range 2 MR6 Range 1 Range 2 MR6 Range 1 Range 2

[5:0] | (MR6[6]=0) [(MR6[6]=1)] [5:0] | (MR6[6]=0) |(MR6[6]=1)] [5:0] | (MR6[6]=0) | (MR6[6]=1)f [5:0] (MR6[6]=0) |(MR6[6]=1)
00 0000 60.00% 45.00% {00 1101 68.45% 53.45% J01 1010 76.90% 61.90% 100111 85.35% 70.35%
00 0001 60.65% 45.65% {00 1110 69.10% 54.10% §011011| 77.55% 62.55% 10 1000 86.00% 71.00%
00 0010 61.30% 46.30% 001111 69.75% 54.75% J011100| 78.20% 63.20% 10 1001 86.65% 71.65%
00 0011 61.95% 46.95% | 01 0000 70.40% 55.40% J011101| 78.85% 63.85% 101010 87.30% 72.30%
00 0100 62.60% 47.60% | 01 0001 71.05% 56.05% J011110f 79.50% 64.50% 101011 87.95% 72.95%
00 0101 63.25% 48.25% 010010 71.70% 56.70% J011111| 80.15% 65.15% 101100 88.60% 73.60%
000110 63.90% 48.90% [ 010011 72.35% 57.35% J100000| 80.80% 65.80% 101101 89.25% 74.25%
000111 64.55% 49.55% | 010100 73.00% 58.00% J100001| 81.45% 66.45% 101110 89.90% 74.90%
00 1000 65.20% 50.20% J 010101 73.65% 58.65% [100010| 82.10% 67.10% 101111 90.55% 75.55%
00 1001 65.85% 50.85% | 010110 74.30% 59.30% J100011| 82.75% 67.75% 11 0000 91.20% 76.20%
00 1010 66.50% 51.50% |§ 010111 74.95% 59.95% J100100| 83.40% 68.40% 11 0001 91.85% 76.85%
00 1011 67.15% 52.15% § 01 1000 75.60% 60.60% J100101| 84.05% 69.05% 110010 92.50% 77.50%
00 1100 67.80% 52.80% |J 011001 76.25% 61.25% J100110| 84.70% 69.70% 1:115)2):1[;;0 Reserved Reserved
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Connectivity Test Mode (CT)

Connectivity Test (CT) mode is similar to boundary scan testing but is designed to significantly speed up testing of
electrical continuity of pin interconnections on the PC boards between the DDR4 and the memory controller. Designed

to work seamlessly with any boundary scan device, CT mode is supported in x16 DDR4 SDRAMs.

When TEN pin asserted HIGH, this causes the device to enter the CT mode. In CT mode, the normal memory function
inside the device is bypassed and the 1/0 pins appear as a set of test input and output pins to the external controlling

agent. The TEN pin is dedicated to the connectivity check function and will not be used during normal device operation.

Contrary to other conventional shift register-based test modes, where test patterns are shifted in and out of the
memory devices serially during each clock, the DDR4 CT mode allows test patterns to be entered on the test input pins
in parallel and the test results to be extracted from the test output pins of the device in parallel at the same time,
significantly increasing the speed of the connectivity check. When placed in CT mode, the device appears as an
asynchronous device to the external controlling agent. After the input test pattern is applied, the connectivity test
results are available for extraction in parallel at the test output pins after a fixed propagation delay time.

Note: A reset of the device is required after exiting CT mode (see RESET and Initialization Procedure).

Boundary Scan Mode Pin Map and Switching Levels
Only digital pins can be tested via the CT mode. For the purposes of a connectivity check, all the pins used for digital

logic in the DDR4 memory device are classified as one of the following 5 types:

Types CT Mode Pins Pin Names during Normal Memory Operation Switching Level

1 TestEnable  |[TEN™ CMOS (20% / 80% VDD)
2 Chip Select cs’ VREFCA + 200mV

BA[1:0], BG[1:0], A[9:0], A10/AP, A11, A12/BC, A13, WE/A14, CAS/Al

A |RRSInte, G AT, OO, G AR o Ve s 200my

> | Testinput® | B _|[OW/IDBI, UDW/UDBI, DW/DBI VREFDQ + 200mV

ALERT “° CMOS (20% / 80% VDD)
4 D |RESET ™ CMOS (20% / 80% VDD)
5 Test Output9 DQ[15:0], DQSU, DQSU, DQSL, DQSL, DQS, DQS VTT + 100mV

NOTE 1 CMOS is rail-to-rail signal with DC high at 80% and DC low at 20% of VDD, i.e, 960mV for DC high and 240mV for DC low.

NOTE 2 VREFCA should be at VDD/2.

NOTE 3 VREFDQ should be at VDDQ/2.

NOTE 4 VTT should be set to VDD/2.

NOTE 5 Connectivity Test Mode is active when TEN is HIGH and inactive when TEN is LOW. TEN must be LOW during normal operation.
NOTE 6 ALERT switching level is not a final setting.

NOTE 7 When asserted LOW, this pin enables the test output pins in the DDR4 memory device. When de-asserted, the output pins in the DDR4
memory device will be High-Z. The CS pin in the device serves as the CS pin in CT mode.

NOTE 8 A group of pins used during normal DDR4 DRAM operation designated as test input pins. These pins are used to enter the test pattern in CT
mode.

NOTE 9 A group of pins used during normal DDR4 DRAM operation designated as test output pins. These pins are used for extraction of the
connectivity test results in CT mode.

NOTE 10 Fixed high level is required during CT mode, same as normal function.
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Min Terms Definition for Logic Equations
Min Term Equations

MTx is an inernal signal to be used to generate the signal to drive the output signals..

MTO = XOR (A1, A6, PAR)

MT1 = XOR (A8, ALERT, A9)

MT2 = XOR (A2, A5, A13)

MT3 = XOR (A0 A7, A11)

MT4 = XOR (CK, ODT, CAS/A15)

MT5 = XOR (CKE, RAS/A16, A10/AP)

MT6 = XOR (ACT, A4, BA1)

MT7 = XOR ((UDM / UDBI), (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 =!DQO

DQ2 = MT1

DQ3 = 'DQ2

DQ4 = MT2

DQ5 = 'DQ4

DQ6 = MT3

DQ7 = 'DQ6

DQ8 = MT4

DQ9 = 'DQ8

DQ10 = MT5

DQ11=1DQ10

DQ12 = MT6

DQ13 = MT7

DQ14 = MT8

DQ15 = 1DQ14

DQSL = MT9

DQSL = 'DQ12

DQSU = IDQSL

DQSU = !DQ13

_ N~ S S~~~
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CT Input Timing Requirements
During CT Mode, input levels are defined below.

TEN pin : CMOS rail-to-rail with DC high and low at 80% and 20% of VDD.
CS : Pseudo differential signal referring to VrefCA

Test Input pin A : Pseudo differential signal referring to VrefCA

Test Input pin B : Pseudo differential signal referring to internal Vref 0.5*VDD
RESET : CMOS DC high above 70 % VDD

ALERT: Terminated to VDD. Swing level is TBD.

BN o

Prior to the assertion of the TEN pin, all voltage supplies must be valid and stable.

Upon the assertion of the TEN pin, the CK and CK signals will be ignored and the DDR4 memory device enter into the CT
mode after tCT_Enable. In the CT mode, no refresh activities in the memory arrays, initiated either externally (i.e.,

auto-refresh) or internally (i.e., self-refresh), will be maintained.

The TEN pin may be asserted after the DRAM has completed power-on; once the DRAM is initialized and VREFdq is

calibrated, CT Mode may no longer be used.

The TEN pin may be de-asserted at any time in the CT mode. Upon exiting the CT mode, the states of the DDR4 memory
device are unknown and the integrity of the original content of the memory array is not guaranteed and therefore the

reset initialization sequence is required.

All output signals at the test output pins will be stable within tCT_valid after the test inputs have been applied to the
test input pins with TEN input and CS input maintained High and Low respectively.

Connectivity Test Mode Entry

- il
- CU_\\”I- H/‘
- W 1/ VAL D "
VALID Inpart VALID Input
cH_tr A e (
]

= -
-

HCKECT _Valid = 10ns

CHE
WALID Input X WALID Imput
A — — SR B Y

RESET_n
TEM
YT Enable
-
C5 n
T Valid
B BE—
CT Inputs )‘ WALID Input _ _)( WALID Input
T Walid 'CT_valid |
CT Outputs 1 VALID )<_ Jx’ VALID
Symbol Min Max Unit
tCT_Enable 200 — ns
tCT_Valid — 200 ns
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ACTIVATE Command

The ACTIVATE command is used to open (activate) a row in a particular bank for subsequent access. The values on the
BG[1:0] inputs select the bank group; the BA[1:0] inputs select the bank within the bank group; and the address
provided on inputs A[17:0] selects the row within the bank. This row remains active (open) for accesses until a
PRECHARGE command is issued to that bank. A PRECHARGE command must be issued before opening a different row in
the same bank. Bank-to-bank command timing for ACTIVATE commands uses two different timing parameters,
depending on whether the banks are in the same or different bank group. tRRD_S (short) is used for timing between
banks located in different bank groups. tRRD_L (long) is used for timing between banks located in the same bank group.
Another timing restriction for consecutive ACTIVATE commands (issued at tRRD (MIN) is tFAW (fifth activate window).
Since there is a maximum of four banks in a bank group, the tFAW parameter applies across different bank groups

because five activate commands issued at tRRD_L (MIN) to the same bank group would be limited by tRC.

tRRD Timing

CK t
CK ¢

Command

Bank Group(GB)

Bank

ADDRESS

2 Ti@e Break Don’t Care

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

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

T0

CKty - - -
oK ¢ \—/

tRRD

tRRD

tRRD

NOTE 1 tFAW; four activate window.
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PRECHARGE Command

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

The auto-precharge function is engaged when a Read or Write command is issued with A10 High. The auto-precharge
function utilizes the RAS lockout circuit to internally delay the precharge operation until the array restore operation has
completed. The RAS lockout circuit feature allows the precharge operation to be partially or completely hidden during
burst read cycles when the auto-precharge function is engaged. The precharge operation will not begin until after the

last data of the burst write sequence is properly stored in the memory array.
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REFRESH Command

The REFRESH command (REF) is used during normal operation of the device. This command is nonpersistent, 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 HIGH at the rising edge of the clock, the chip enters a
REFRESH cycle. All banks of the SDRAM must be precharged and idle for a minimum of the precharge time tRP (MIN)
before the REFRESH command can be applied. The refresh addressing is generated by the internal DRAM refresh
controller. This makes the address bits “Don’t Care” during a REFRESH command. An internal address counter supplies
the addresses during the REFRESH cycle. No control of the external address bus is required once this cycle has started.
When the REFRESH cycle has completed, all banks of the SDRAM will be in the precharged (idle) state. A delay between
the REFRESH command and the next valid command, except DES, must be greater than or equal to the minimum

REFRESH cycle time tRFC (MIN). The tRFC timing parameter depends on memory density.

In general, a REFRESH command needs to be issued to the device regularly every tREFI interval. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided for
postponing and pullingin the refresh command. A limited number Refresh commands can be postponed depending on
Refresh mode: maximum of 8 Refresh commands can be postponed when the device is in 1X refresh mode; a maximum
of 16 Refresh commands can be postponed when the device is in 2X refresh mode, and a maximum of 32 Refresh

commands can be postponed when the device is in 4X refresh mode.

At any point in time no more than a total of 8, 16, 32 Refresh commands are allowed to be postponed. When 8
consecutive Refresh commands are postponed, the resulting maximum interval between the surrounding Refresh
commands is limited to 9 x tREFI (). For both the 2X and 4X Refresh modes, the maximum consecutive Refresh

commands allowed is limited to 17 x tREFI2 and 36 xtREFI4, respectively.

A limited number Refresh commands can be pulled-in as well. A maximum of 8 additional Refresh commands can be
issued in advance or “pulled-in” in 1X refresh mode; a maximum of 16 additional Refresh commands can be issued
when in advance in 2X refresh mode; and a maximum of 32 additional Refresh commands can be issued in advance
when in 4X refresh mode; with each Refresh command reducing the number of regular Refresh commands required
later by one. Note that pulling in more than the maximum allowed Refresh command, Refresh commands in advance
does not further reduce the number of regular Refresh commands required later, so that the resulting maximum
interval between two surrounding Refresh commands is limited to 9 x tREFI, 18 x tRFEI2 and 36 x tREFI4 respectively. At
any given time, a maximum of 16 REF commands can be issued within 2 x tREF; 32 REF2 commands can be issued within
4 x tREF; and 64 REF4 commands can be issued within 8 x tREFI4.
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REFRESH Command Timing

tRFC(min)

tREFI(max.9)( tREFI)

DRAM must be idle DRAM must be idle

22 Time Break [E4Don’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)

‘ tREFI

2o | L
» t
tREFI

hil

~—
8REF-Commands postponed

A
\

Pulling In REFRESH Commands (Example of 1X Refresh mode)

tREFI

NN
]

J

L =] |

I t

tREFI

[l

8 REF-Commands pulled-in
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Temperature-Controlled Refresh Mode (TCR)

During normal operation, TCR mode disabled, the DRAM must have a Refresh command issued once every tREFI, except
for what is allowed by posting (see Refresh Command section). This means a refresh command must be issued once

every 3.9us if TC greater than or equal to 85°C and once every 7.8us if TC less than 85°C, as shown in table below.

Normal tREFI Refresh (TCR Disabled)

Normal Temperature Extended Temperature
Temperature
External Refresh Period | Internal Refresh Period | External Refresh Period | Internal Refresh Period
Tc<+45C
7.8us 7.8us
+45C < Tc<+85C 3.9us 3.9us
+85°C = Tc<+95C (Not Applicable)
NOTE 1 If TCis less than +85°C then the external refresh period can be 7.8us if the DRAM can arbitrate between the temperature switching at the
85°C point.
TCR Mode

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

temperature.

TCR Mode - Normal Temperature Range

REFRESH commands are to be issued to DRAM with the refresh period equal to or shorter than tREFI of normal
temperature range (0°C to +85°C). In this mode, the system guarantees that the DRAM temperature does not exceed
85°C. The DRAM may adjust the internal refresh period to be longer than tREFI of the normal temperature range by
skipping external REFRESH commands with the proper gear ratio when Tcis below 45°C. The internal refresh period is

automatically adjusted inside the DRAM and the DRAM controller does not need to provide any additional control.

TCR Mode - Extended Temperature Range
REFRESH commands should be issued to DRAM with the refresh period equal to or shorter than tREFI of extended

temperature range (+85°C to +95°C). Even though the external Refresh supports the extended temperature range, the
DRAM will adjust its internal refresh period to tREFI of the normal temperature range by skipping external REFRESH
commands with proper gear ratio when operating in the normal temperature range (0°C to +85°C). The DRAM may
adjust the internal refresh period to be longer than tREFI of the normal temperature range by skipping external
REFRESH commands with the proper gear ratio when Tcis below 45°C. The internal refresh period is automatically

adjusted inside the DRAM and the DRAM controller does not need to provide any additional control.
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Normal tREFI Refresh (Temperature-Controlled Refresh Enabled)

Normal Temperature Extended Temperature
Temperature
External Refresh Period | Internal Refresh Period | External Refresh Period | Internal Refresh Period
Tc<+45TC 7.8us >>7.8us >>7.8us
+45°C < Tc<+85C 7.8us 7.8us 3.9us 7.8us
+85C =< Tc<+95TC (Not Applicable) 3.9us

NOTE 1 If the external refresh period is 7.8 s then DRAM will refresh internally at half the listed refresh rate and will violate refresh specifications.

TCR Mode Example

Controller 85T t0 95T 45C to 85T <45C
External ( REFRESH External (( REFRESH REFRESH ¢ REFRESH
tREFI tREFI
3.9us 3.9us
REFRESH REFRESH
! ! ' i
REFRESH REFRESH REFRESH
} ! I
REFRESH REFRESH \ REFRESH
l l v
REFRESH REFRESH REFRESH
REFRESH REFRESH
l l v v
REFRESH REFRESH REFRESH REFRESH
Controller issues REFRESH External REFRESH Every other At low temperature, more
commands at Extended commands not external REFRESH commands can
Temperature rate ignored REFRESH ignored be ignored
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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.

MRS Definition

MR3][8] MR3[7] MR3]6] Fine Granularity Refresh
0 0 0 Normal mode (Fixed 1x)
0 0 1 Fixed 2x
0 1 0 Fixed 4x
0 1 1 Reserved
1 0 0 Reserved
1 0 1 Enable on the fly 1x/2x
1 1 0 Enable on the fly 1x/4x
1 1 1 Reserved

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

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

REFRESH Command Truth Table

N I A[9:0],
—— | RAS CAS WE A10/
REFRESH CS | ACT IA16 IA15 IA14 BG1 BGO | BA0-1 AP A[12:11], MR3[8:6]
A17
Fixed rate L H L L H \" Vv \" \" \Y, Ovv
OTF - 1x L H L L H Vv L \Y \Y \ 1vv
OTF —2x 101
L H L L H Vv H \Y \Y \
OTF —4x 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.

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

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

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

tREFI and tRFC Parameters

AU Parameter 4Gb Unit
Mode
tREFI (base) 7.8 Hs
0°C < TCASE < 85°C tREFI(base) us
tREFI1
1X mode 85°C < TCASE < 95°C tREFI(base)/2 us
tRFC1 (min) 260 ns
0°C <= TCASE < 85°C tREFI(base)/2 us
tREFI2
2X mode 85°C < TCASE < 95°C tREFI(base)/4 us
tRFC2 (min) 160 ns
0°C <= TCASE < 85°C tREFI(base)/4 us
tREFI4
4X mode 85°C < TCASE <95°C tREFI(base)/8 us
tRFC4 (min) 110 ns
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4Gb with Fine Granularity Refresh Mode Example

Normal Temperature Operation (0°C to 85)

Extended Temperature Operation (0°C to 95C)

|
|
I
1X Mode 2X Mode 4X Mode I 1X Mode 2X Mode 4X Mode
tREFI=7.8us tREFI=3.9us tREFI=1.95ps : tREFI=3.9ps tREFI=1.95us tREFI=0.975us
|
|
REF@260ns | |REF@160ns | |REF@110ns | : REF@260ns | |REF@160ns | |REF@110ns |
’ EET
|
v : v
REF@110ns | |REF@160ns | |REF@110ns |
I
|
: v
REF@160ns | | REF@110ns | | REF@260ns | | REF@160ns | | REF@110ns |
| e
|
| v
REF@110ns [ | REF@160ns | | REF@110ns |
l
|
v : v
REF@260ns | | REF@160ns | | REF@110ns | | REF@260ns | | REF@160ns | | REF®110ns |
’ (oo |
|
: v
REF@110ns I | REF@160ns | | REF@110ns |
I
:
v v : v
REF@160ns | | REF@110ns | | REF@260ns | | REF@160ns | | REF@110ns |
’ (oo |
:
A 4 ! \4
REF@110ns : |REF@160ns | |REF@110ns |
l
:
v | v
REF@260ns | | REF@160ns | | REF@110ns | ! REF@260ns | | REF@160ns | | REF@110ns |
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Changing Refresh Rate

If the refresh rate is changed by either MRS or OTF, new tREFI and tRFC parameters would be applied from the moment
of the rate change. When the REF1x command is issued to the DRAM, then tREF1 and tRFC1 are applied from the time

that the command was issued. And then, when REF2x command is issued, then tREF2 and tRFC2 should be satisfied.

On-the-fly REFRESH Command Timing

tRFC1(min) tRFC2(min)

>

tREFI1 tREFI2

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

SDRAM cannot be guaranteed.

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

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

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

e In the OTF1x/4x refresh rate mode, a multiple-of-four number of REF4x commands must be issued between any two
REF1x commands. There are no special restrictions for the fixed 1x refresh rate mode. Switching between fixed and

OTF modes keeping the same rate is not regarded as a refresh rate change.

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

must be disabled.
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Self Refresh Entry and Exit

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

exit, extra REFRESH command(s) may be required, depending on the condition of the self refresh entry.
The conditions and requirements for the extra REFRESH command(s) are defined as follows:
e There are no special restrictions on the fixed 1x refresh rate mode.

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

commands are not counted toward the computation of the average refresh interval (tREFI).

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

commands are not counted toward the computation of the average refresh interval (tREFI).

This section does not change the requirement regarding postponed REFRESH commands. The requirement for the
additional REFRESH command(s) described above is independent of the requirement for the postponed refresh

commands.
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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 command is defined by having CS, RAS, CAS, and CKE held
LOW with WE and ACT HIGH at the rising edge of the clock.

Before issuing the SELF REFRESH ENTRY command, the device must be idle with all banks in the precharge state and tRP
satisfied. Idle state is defined as all banks are closed (tRP, tDAL, etc. satisfied), no data bursts are in progress, CKE is
HIGH, and all timings from previous operations are satisfied (tMRD, tMOD, tRFC, tZQinit, tZQoper, tZQCS, etc.). After
the SELF REFRESH ENTRY command is registered, CKE must be held LOW to keep the device in self refresh mode. DRAM
automatically disables ODT termination, regardless of the ODT pin, when it enters self refresh mode and automatically
enables ODT upon exiting self refresh. During normal operation (DLL on), the DLL is automatically disabled upon

entering self refresh and is automatically enabled (including a DLL reset) upon exiting self refresh.

When the device has entered self refresh mode, all of the external control signals, except CKE and RESET, are “Don’t
Care.” For proper SELF REFRESH operation, all power supply and reference pins (Vbb, Vbbq, Vss, Vssq, Vpp, and VREFCA)

must be at valid levels.

The DRAM internal VREFDQ generator circuitry may remain ON or turned OFF depending on the MRx bit y setting. If the
DRAM internal VREFDQ circuit is ON in self refresh, first WRITE operation or first write-leveling activity may occur after
tXS time after self refresh exit. If the DRAM internal VREFDQ circuitry is turned OFF in self refresh, when the DRAM exits
the self refresh state, it ensures that the VREFDQ generator circuitry is powered up and stable within the tXSDLL period.
First WRITE operation or first writeleveling activity may not occur earlier than tXSDLL after exiting self refresh. The

DRAM initiates a minimum of one REFRESH command internally within the tCKE period once it enters self refresh mode.

The clock is internally disabled during a SELF REFRESH operation to save power. The minimum time that the device
must remain in self refresh mode is tCKESR. The user may change the external clock frequency or halt the external clock
tCKSRE after self refresh entry is registered; however, the clock must be restarted and tCKSRX must be stable before the

device can exit SELF REFRESH operation.

The procedure for exiting self refresh requires a sequence of events. First, the clock must be stable prior to CKE going
back HIGH. Once a SELF REFRESH EXIT command (SRX, combination of CKE going HIGH and DESELECT on the command

bus) is registered, the following timing delay must be satisfied:
Commands that do not require locked DLL:
e tXS - ACT, PRE, PREA, REF, SRE, PDE, WR, WRS4, WRS8, WRA, WRAS4, WRASS.

e tXSFast - ZQCL, ZQCS, MRS commands. For an MRS command, only DRAM CL and the WR/RTP register in MRO, the
CWL register in MR2, and geardown mode in MR3 are allowed to be accessed, provided DRAM is not in per DRAM

addressability mode.

Access to other DRAM mode registers must satisfy tXS timing.
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Commands that require locked DLL:

e tXSDLL - RD, RDS4, RDS8, RDA, RDAS4, RDASS.

Depending on the system environment and the amount of time spent in self refresh, ZQ CALIBRATION commands may
be required to compensate for the voltage and temperature drift described in the ZQ Calibration Commands section. To
issue ZQ CALIBRATION commands, applicable timing requirements must be satisfied.

CKE must remain HIGH for the entire self refresh exit period tXSDLL for proper operation except for self refresh re-entry.
Upon exit from self refresh, the device can be put back into self refresh mode or power-down mode after waiting at

least tXS period and issuing one REFRESH command (refresh period of tRFC). The DESELECT command must be

registered on each positive clock edge during the self refresh exit interval tXS.
ODT must be turned off during tXSDLL.

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 device requires a minimum of one extra REFRESH

command before it is put back into self refresh mode.

Self Refresh Entry/Exit Timing

_ TO T Ta0 Tbo Tco Tdo Td1 Te0 Tf0 Tgo
CK"ﬂ\ C W’_]ﬁ*{{_“m AN "WD A
CK N \ _ — _ - _ - - - - N _ /! N _
-~ s >
tis| tcPDED | CKSRE tCKSRX

CKE ? _@‘L\ WUD VALI VALID

e LEREEIIEEE SR @ VALID vaLID valiD

COMMAND

ADDR 7 A s XA AL va)
RP ) Ixs_ABORT
< tXSDLL .
Enter Self Refresh Exit Self Refresh DON'T CARE SS TIME BREAK

NOTE 1 Only MRS (limited to those described in the Self-Refresh Operation section). ZQCS or ZQCL command allowed.
NOTE 2 Valid commands not requiring a locked DLL

NOTE 3 Valid commands requiring a locked DLL

NOTE 4 Only DES is allowed during tXS_ABORT
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Self Refresh Entry/Exit Timing with CAL

Tal Ta7 Tas Tad Tal0 TbO Tb1 Tb3

cK_t 1

CK_c Fu—-}- -- .

COMMAND
wio CS_n

ADDRESS

1CAL tCPDED XS_FAST oL

[ ]poNT cARE

NOTE 1 tCAL = 3nCK, tCPDED = 4nCK, tCKSRE= 8nCK, tCKSRX= 8nCK, tXS_FAST = tREFC4(min)+10ns
NOTE 2 CS = high, ACT= Don't Care, RAS/A16 = Don't Care, CAS/A15 = Don't Care, WE/A14 = Don't Care,
NOTE 3 Only MRS(limited to thise described in the Self-Refresh Operation section), ZQCS, or ZQCL commands are allowed.

Self Refresh Abort

The exit timing from self refresh exit to the first valid command not requiring a locked DLL is tXS. The value of tXS is
(tRFC+10ns). This delay is to allow any refreshes started by the DRAM time to complete. tRFC continues to grow with
higher density devices so tXS will grow as well. An MRS bit enables the self refresh abort mode. If the bit is disabled
then the controller uses tXS timings (location MR4, bit 9). If the bit is enabled, then the DRAM aborts any ongoing
refresh and does not increment the refresh counter. The controller can issue a valid command not requiring a locked
DLL after a delay of tXS_abort.

Upon exit from self refresh, the device requires a minimum of one extra REFRESH command before it is put back into

self refresh mode. This requirement remains the same irrespective of the setting of the MRS bit for self refresh abort.

Self Refresh Abort

TO m Tad Tho T Tdo Td1 Ted Tfo Tgo
cor AN T T i N A X E""éf_?i"";f_
o A1) 0 ) QU DR

CKESR

oot Dy Vi m@ﬂmﬂm_ﬂ&_ﬁ@@

"HEFAST

command % bes SRE @: DES P%;:,V //’/Wﬂgy /// /mm SRX %@( valid' IQ valid? ‘ walid?
aoor 1 /; A U, B, Ve ;ﬁf’) 73 Y v ) P i) DY v

g S ABORT

SDLL

Enter Salf Refresh Exlt Self Refresh

Don't Cara e E Time Break

NOTE 1 Only MRS limited to those described in the Self Refresh Operation section), ZQCS, or ZQCL command allowed.
NOTE 2 Valid commands not requiring a locked DLL with self refresh abort mode enabled in the mode register.

NOTE 3 Valid commands requiring a locked DLL.
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Self Refresh Exit with NOP Command

Exiting Self-Refresh Mode using the No Operation command (NOP) is allowed under a specific system application. This
special use of NOP allows for a common command/address bus between active DRAMs and DRAM(s) in Max Power
Saving Mode. Self Refresh Mode may exit with No Operation commands (NOP) provided:

e The DRAM entered Self Refresh Mode with CA Parity and CAL disabled.

e tMPX_S and tMPX_LH are satisfied.

e NOP commands are only issued during tMPX_LH window.

No other command is allowed during tMPX_LH window after SRX command is issued.

Ta0 Ta1 Ta2 T3  Tbo Tb1  Tb2 Tb3  TcO Tet Tc2 Te3  Tea TdO  Td1 Td2 Td3 Te0

{

COMMAND

ADDRESS

txs|+ txspL |

DON CARE
NOTE1 CS=L,ACT=H, RAS/A16 = H, CAS/A15 = H, WE/A14 = H at Tb2 ( No Operation command )
NOTE 2 SRX at Tb2 is only allowed when DRAM shared Command/Address bus is under exiting Max Power Saving Mode.
NOTE 3 Valid commands not requiring a locked DLL
NOTE 4 Valid commands requiring a locked DLL
NOTE 5 tXS_FAST and tXS_ABORT are not allowed this case.
NOTE 6 Duration of CS Low around CKE rising edge must satisfy tMPX_S and tMPX_LH as defined by Max Power Saving Mode AC parameters.
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Power-Down Mode

Power-down is synchronously entered when CKE is registered LOW (along with a DESELECT command). CKE is not
allowed to go LOW when the following operations are in progress: MODE REGISTER SET command, MPR operations,
ZQCAL operations, DLL locking, or READ/WRITE operations. CKE is allowed to go LOW while any other operations, such
as ROW ACTIVATION, PRECHARGE or auto precharge, or REFRESH, are in progress, but the power-down IDD spec will
not be applied until those operations are complete. Timing diagrams below illustrate entry and exit of power-down.
The DLL should be in a locked state when power-down is entered for fastest powerdown exit timing. If the DLL is not
locked during power-down entry, the DLL must be reset after exiting power-down mode for proper read operation and
synchronous ODT operation. DRAM design provides all AC and DC timing and voltage specification as well as proper DLL
operation with any CKE intensive operations as long as the DRAM controller complies with DRAM specifications.
During power-down, if all banks are closed after any in-progress commands are completed, the device will be in
precharge power-down mode; if any bank is open after inprogress commands are completed, the device will be in
active power-down mode. Entering power-down deactivates the input and output buffers, excluding CK, CK, CKE and
RESET. In power-down mode, DRAM ODT input buffer deactivation is based on MRx bit Y. If it is configured to Ob, the
ODT input buffer remains on and ODT input signal must be at valid logic level. If it is configured to 1b, ODT input buffer
is deactivated and DRAM ODT input signal may be floating and DRAM does not provide RTT_NOM termination. Note
that the device continues to provide RTT_PARK termination if it is enabled in the mode register MRa bit B.To protect
internal delay on the CKE line to block the input signals, multiple DES commands are needed during the CKE switch off
and on cycle(s); this timing period is defined as tCPDED. CKE_low will result in deactivation of command and address

receivers after tCPDED has expired.

Power-Down Entry Definitions

Status of DRAM DLL PD Exit Relevant Parameters

Active
(A bank or more Open)

On Fast tXP to any valid command

Precharged

On Fast tXP to any valid command.
(All banks Precharged) 4

The DLL is kept enabled during precharge power-down or active power-down. In power-down mode, CKE is LOW,
RESET is HIGH, and a stable clock signal must be maintained at the inputs of the device. ODT should be in a valid state,
but all other input signals are "Don't Care." (If RESET goes LOW during power-down, the device will be out of
power-down mode and in the reset state.) CKE LOW must be maintained until tCKE has been satisfied. Power-down
duration is limited by 9 x tREFI.

The power-down state is synchronously exited when CKE is registered HIGH (along with DES command). CKE HIGH must
be maintained until tCKE has been satisfied. The ODT input signal must be at a valid level when the device exits from
power-down mode, independent of MRx bit Y if RTT_NOM is enabled in the mode register. If RTT_NOM is disabled, then
the ODT input signal may remain floating. A valid, executable command can be applied with power-down exit latency,

tXP and/or tXPDLL after CKE goes HIGH. Power-down exit latency is defined in the AC Specifications table.
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Active Power-Down Entry and Exit (MR5 bit A5 =0)

T0 T Ta0 Tbo Tb1 Tco Tet Tdo
CK_\'__ [N 72 A VALY / BN L /2 | LG [ T [N
TRk oL N / N S | R \ h_ o, Y \
COMMAND @(vm_m)@( DES >< %( DES m DES >< %( DES )@( D %VAUD)@
[-— >
1S P tiH
CKE I
o ‘@( VALID>€ K VALID X
tiH \ s —\\——™
|
oDT(2)
ADDRESS m “ W /ﬁ% :VA}&Q}@
<(CPDED, < xP i

Enter Exit g TIME BREAK DON'T CARE
Power-Down Mode Power-Down Mode

NOTE 1 Valid commands at TO are ACT, DES, or PRE with one bank remaining open after completion of the PRECHARGE command.
NOTE 2 ODT pin driven to a valid state; MR5 [5] = 0 (normal setting).
NOTE 3 ODT pin driven to a valid state; MR5 [5] = 1.

Active Power-Down Entry and Exit (MR5 bit A5 =1)

CK_t
CK_c

COMMAND

CKE

oDT(2)

ADDRESS
.tCPDED
Enter Exit
Power-Down Power-Down
Mode Mode

gg TIME BREAK

NOTE : 1. VALID command at TO is AGTDES or Precharge with still one bank remaining open after completion of the precharge command.
2. ODT pin driven to a valid state. MR5 bit A5=1 is shown.

NOTE 1 Valid commands at TO are ACT, DES, or PRE with one bank remaining open after completion of the PRECHARGE command. ODT pin
driven to a valid state; MR5 [5] = 1.
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Power-Down Entry After Read and Read with Auto Precharge

ADDRESS E(VA i

e |

' RL=AL+CL

s s 2 ¢ ¢
Das 1505 ¢ X X X X X

DQ,BL8

- CoXEXTX) ‘

tRDPDEN

Power-Down
Entry

E TRANSITIONING DATA gg TIME BREAK DON'T CARE

Power-Down Entry After Write and Write with Auto Precharge

woess DN T, T TR
wo | T T T AHP’
WL = AL+ CWL 1 1 1 WR(1) tPD
- |
| ‘ tWRAPDEN ‘I -
NOTE 1 tWR is programmed through MRO E] TRANSITIONING DATA gg TIME BREAK ﬁ DON'T CARE

NOTE 1 Valid commands at TO are ACT, DES, or PRE with one bank remaining open after completion of the PRECHARGE command.
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Power-Down Entry After Write

, . 77 2

4
.‘-.:::\{ |
ST e ] ]

DOS_t, DOS_c

DQ, BL8

DQ, BC4

| 1

'l |
Power-Down
Entry

E TRANSITIONING DATA g TIME BREAK E DON'T CARE

Precharge Power-Down Entry and Exit

CK_t p--
CK_c g *
COMMAND
CKE
Exit
Power-Down
Mode
DON CARE
Refresh Command to Power-Down Entry
CK_t
CK_c *
commann 77T K oes @(wﬂw v
R NN i\ T
ADDRESS /X N ks i
ts
|
e 777 X7 | N L)X o X
tREFPDEN
§ Time BREAK DON CARE
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Active Command to Power-Down Entry

TO T T2 Ta0
CKt \ ~ - - - b
Ko - SR N . \

commaano 7T

o

ES >4 @( DES DES >@<VALID Y

N N R e X

_ CHYED

7
/

ADDRESS )/}

»

1S

\ D
- Lt

owe 77 N | N (17X X

_tACTPDEN__

 rive Break  [7/] pon  care

Precharge/Precharge All Command to Power-Down Entry

TO T1 T2

CKt \ 7 - - p--
CKc /

COMMAND

ADDRESS

CKE

__ PRPDEN

gg TIME BREAK DON CARE

MRS Command to Power-Down Entry

CK_t
CK c

COMMAND

ADDRESS

CKE

tMRSPDEN
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Power-Down Clarifications — Case 1

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.

Enter Exit Enter
PowerDwn Power-Down Power-Down
Mode Mode Mode

g TIME BREAK

Power Down Entry, Exit Timing with CAL
Command Address Lantency is used, additional timing restrictions are required when entering Power Down; as noted in

figures below.

T0 T T2 Ta0 Tat Tbo Tb1 T2 Tc0 Tet Tc2 Tc3 Tc4
eeEnl a3, ' s\ i, ==Yy -, =2 Y\ =i
il 8.9 EK_/_\_ X R XA XX

comnuo (o)) oes () ces Qo TTTE AU oes Y oY@ o Y s (K e Y@y )
i [ [= B
{CPDED
s ",
V) b)) ] )
o™ | A 2 2| M, L
-
tH
8 7D \ W | XPPAR
opr? 2 2 (
AOERESS <VN'ID>Q ”l!”“‘:’,‘::‘{:“UlulrI?m":;u'.'ﬁ."uH‘H?‘n{"ll'lu'\/““‘Hf““l‘t‘lfl "‘"x‘/?‘y"ﬂh r”'r{'.['%l'wfi"}'I:'I:'Il';":"rnrl“nllI'I"Il"r'll'r“\‘iﬂ‘“||i'|'l""’r{f."““'},‘Cl;lp“" Wi '@‘(u’f'f.‘ln";"vyl":“:'v"”“f‘n'l\‘lfll'll :’:yllyn;;::“I‘:‘:I‘IIJ"'ITI‘\‘“‘4“1‘“‘I"”“' ’““"”MVAUD ‘«")(VNJD\
I | I | ! I |

22 TIME BRAKE  [///] DONT cARE

NOTE
1. VALID command at TOis ACT, DES or Precharge with still one bank remaining open after completion of the precharge command.
2 0DT pin dnven to a valid state. MR5[A5 = 0] (default setting) is shown.
3. CA Paiity = Enable
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ODT Input Buffer Disable Mode for Power down
ODT Input Buffer Disable Mode, when enabled via MR5[5], will prevent the DRAM from providing Rtt_NOM termination

during power down for additional power savings. The DRAM internal delay on CKE path to disable the ODT buffer and
block the sampled output must be accounted for; thereby ODT must be continuously driven to a valid level, either low
or high, when entering power down. However, once tCPDEDmin has been satisfied, ODT signal may then float.

When ODT Input Buffer Disable Mode is enabled, RTT_NOM termination corresponding to sampled ODT after CKE is
first registered low (and tANPD before that) may not be provided. tANPD is equal to (WL-1) and is counted backwards

from PDE, CKE registered low .

ODT Power-Down Entry with ODT Buffer Disable Mode

P~ -
.

<

\/

KETTTTOT T T ) . ) L
' ' ' ' ' [ ¥ [ N [ N [ [ [ '
' [ R EE— P W R— ' ' ' ' ' ' '
! ! ' {DODTof1 ' tCPDEDmin' ! ! ! ! ! ! '
' ' ' | ' ' ' T ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
oDT T T T T T ¥ T
' ' @ ' ' ' ' « ' < // // Floating >
' ' ' ' ' ' ' A [ A [ [ [ |
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ! | ' ' ' '
' ' ' ' ' ' ' 1 ' | & tADCmin | ' 1
DRAM_RTT _sync
=N RTT_NOM RTT_RRK
(DLL enabled) < T T </ T T T T {/ T 4/ T // T T ' | >
! ! ! ! ! DODT Lof ' : : : L — tCPDEDmin + tADCmax
' ' ' ' ' I ' ' ' ' ' ' b 1 i T
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' |
DRAM_RIT _async !
(DLL disabled) & Z) RTTNOM___ 8) : 2) : z) RTT_RARK /)=
! tAONAS mirt———»| | ! ! ! ! !

; ; ;
\ \ \ \
\ \ \ \

. . ' ' tCPDEDmin + 'tA@Srax
\ \ \ \ \ \ \ \ \ ) \ \ |

\ \ \ \ \ \ \ \

ODT Power-Down Exit with ODT Buffer Disable Mode

L S
ODT _A ¢ ing y . : X X X / X X X X Z : :
(DLL enabled) '.:Ioatm? T Z? T / ' Z( ' ' « ' ' ' ' ' ' '
LR L eftADCtax

DRAM_RTT_A [ RIT_mRK [ [ RTT_NOM N
: : : . DODTLon re— : —» »4 {ADC_min : : : :
ODT B (Fioating ) | ' X X X ; X X X T
owasme o) L) L/
I I P I I I I I I I ' ' ' I
. . COXP . . . . . . . . . . .
: : : -« : : : : N : : : : : : :

DRAM_RTT_B ¢ RTT/[ARK / U RTT_NOM )
: : : . tAONASmin<———%| | : : : : : : : :
' ' ' ' ' - »tAOFAS max ' ' ' ' '
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CRC Write Data Feature

CRC Write Data
The CRC Write Data feature takes the CRC generated data from the DRAM controller and compares it to the internally

CRC generated data and determines if the two match (no CRC error) or if the two do not match (CRC error).

CRC Write Data Operation

| DRAM Controller ! DRAM i
; DATA i i ——p|  DATA i
E CRC - DATA CRC Code | CRC I
: Engine ! I Engine !
. [ CRC Code ; CRCCode | |

: ompare E

| CRC |

Write CRC Data Operation

A DRAM controller generates a CRC checksum using a 72-bit CRC tree and forms the write data frames as shown in the
CRC data mapping tables for the x4, x8, and x16 configurations below. A x4 device has a CRC tree with 32 input data bits,
with the remaining upper 40 bits D[71:32] are 1s. A x8 device has a CRC tree with 64 input data bits, with the remaining
upper 8 bits dependant upon if DM/DBI is used (1s are sent when not used). A x16 device has two identical CRC trees
each, one for lower byte an done for upper byte, with 64 input data bits, with the remaining upper 8 bits dependant
upon if DM/DBIis used (1s are sent when not used). For a x8 and x16 DRAMs, the DRAM memory controller must send
1sin transfer 9 location.

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 ALERT signal if there is a mismatch. The DRAM can write data to the
DRAM core without waiting for the CRC check for full writes when DM is disabled. If bad data is written to the DRAM
core, then the DRAM memory controller should try to overwrite the bad data with good data; this means the DRAM
controller is responsible for data coherency when DM is disabled. However, in the case where both CRC and DM are

enabled via MRS (i.e. persistant mode), the DRAM will not write bad data to the core when a CRC error is detected.

Integrated Silicon Solution, Inc. - www.issi.com 117
Rev. 0A, 06/22/2016



1IS43/46QR16256A
1IS43/46QR85120A

DBland CRC Both Enabled

The DRAM computes the CRC for received written data d[71:0]. Data is not inverted back based on DBI before it is used
for computing CRC. The data is inverted back based on DBI before it is written to the DRAM core.

DM and CRC Both Enabled

When both DM and Write CRC are enabled in the DRAM mode register, the DRAM calculates CRC before sending the

write data into the array. If there is a CRC error, the DRAM blocks the write operation and discards the data.

CRC Simultaneous Operation Restrictions

When Write CRC is enabled MPR Writes or Per DRAM operation is not allowed.

CRC Polynomial
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 includes 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.

The error coverage from the DDR4 polynomial used is shown in the following table.

CRC Error Detection Coverage

Error Type Detection Capability
Random Single Bit Error 100%
Random Double Bit Error 100%
Random Odd Count Error 100%
Random one Multi-bit Ul vertical column error detection excluding DBI bits 100%
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CRC Combinatorial Logic Equations

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

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

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

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

NewCRC[4] = D[71] ~ D[70] ~ D[65] ~ D[64] ~ D[63] ~ D[62] ~ D[60] ~ D[59] ~ D[56] ~ D[52] ~ D[50] ~ D[49] ~ D[48] ~
D[46] ~ D[45] ~ D[44] ~ D[41] ~ D[39] ~ D[36] ~ D[35] ~ D[31] ~ D[30] ~ 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];

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

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

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

nextCRC8_D72 = NewCRC;
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Burst Ordering for BL8
DDR4 supports fixed write burst ordering [A2:A1:A0 = 0:0:0] when write CRC is enabled in BLS8 (fixed).

CRC Data Bit Mapping
CRC Data Mapping (X4 Configuration, BL8)

X4 Transfer Burst Bit (BL8)

0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO CRC4
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 CRC5
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 CRC6
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 CRC7

CRC Data Mapping (X8 Configuration, BL8)

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

CRC Data Mapping (X16 Configuration, BL8)

X16 Transfer Burst Bit (BL8)
0 1 2 3 4 5 6 7 8 9
DQO DO D1 D2 D3 D4 D5 D6 D7 CRCO 1
DQ1 D8 D9 D10 D11 D12 D13 D14 D15 CRC1 1
DQ2 D16 D17 D18 D19 D20 D21 D22 D23 CRC2 1
DQ3 D24 D25 D26 D27 D28 D29 D30 D31 CRC3 1
DQ4 D32 D33 D34 D35 D36 D37 D38 D39 CRC4 1
DQ5 D40 D41 D42 D43 D44 D45 D46 D47 CRC5 1
DQ6 D48 D49 D50 D51 D52 D53 D54 D55 CRC6 1
DQ7 D56 D57 D58 D59 D60 D61 D62 D63 CRC7 1
DM / LDBI D64 D65 D66 D67 D68 D69 D70 D71 1 1
DQ8 D72 D73 D74 D75 D76 D77 D78 D79 CRC8 1
DQ9 D80 D81 D82 D83 D84 D85 D86 D87 CRC9 1
DQ10 D88 D89 D90 D91 D92 D93 D94 D95 CRC10 1
DQ11 D96 D97 D98 D99 D100 D101 D102 D103 CRC11 1
DQ12 D104 D105 D106 D107 D108 D109 D110 D111 CRC12 1
DQ13 D112 D113 D114 D115 D116 D117 D118 D119 CRC13 1
DQ14 D120 D121 D122 D123 D124 D125 D126 D127 CRC14 1
DQ15 D128 D129 D130 D131 D132 D133 D134 D135 CRC15 1
UDM / UDBI D136 D137 D138 D139 D140 D141 D142 D143 1 1

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].
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CRC Enabled With BC4

If CRC and BC4 (fixed, OTF not allowed) are both enabled, then address bit A2 is used to transfer critical data first for

BC4 writes.
CRC with BC4 Data Bit Mapping for x4 Devices

For a x4 device, the CRC tree inputs are 16 data bits; and the inputs for the remaining bits are 1.

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

X4 Transfer Burst Bit (BC4, A2=0)

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

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

X4 Transfer Burst Bit (BC4, A2=1)

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

When A2 =1, data bits d[7:4] are used as inputs for d[3:0], d[15:12] are used as inputs to d[11:8] and so forth for the
CRC tree.
CRC With BC4 Data Bit Mapping for x8 Devices

For a x8 device, the CRC tree inputs are 36 data bits.

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

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

When A2 =0, the input bits d[67:64]) are used if DM or DBI functions are enabled. If DM and DBl are disabled then
d[67:64]) are 1s.
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CRC Data Mapping (x8 Configuration, BC4, A2 = 1)

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

CRC Data Mapping (x8 Configuration, BC4, A2 = 1)
When A2 =1, data bits d[7:4] are used as inputs for d[3:0], d[15:12] are used as inputs to d[11:8] and so forth for the
CRC tree. The input bits d[71:68]) are used if DM or DBI functions are enabled; if DM and DBl are disabled then d[71:68])

arel's.

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

When A2 =0, input bits d[67:64] are used if DM or DBI functions are enabled and if DM and DBl are disabled then d[67:64]
are 1; input bits d[139:136] are used if DM or DBI functions are enabled and if DM and DBl are disabled, then d[139:136]

are 1's.
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CRC Data Mapping (x16 Configuration, BC4, A2 = 1)

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

When A2 =1, data bits d[7:4] are used as inputs for d[3:0], d[15:12] are used as inputs to d[11:8] and so forth for the
CRC tree. Input bits d[71:68] are used if DM or DBI functions are enabled and if DM and DBl are disabled then d[71:68] are
1; input bits d[143:140] are used if DM or DBI functions are enabled and if DM and DBl are disabled, then d[143:140] are
1's.
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Example shown below of CRC tree when X8 is used in BC4 mode, x4 and x16 have similar differences.

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] A D[54]=1 A D[53]=1 A D[52]=1 * D[50] * D[49] ~ D[48]
A D[45]=1 A D[43] A D[40] » D[39]=1 ~ D[35] ~ D[34] ~ D[31]=17 D[30]=1 A D[28]=1 ~ D[23]=1 A D[21]=1 A D[19] » D[18] ~ D[16] A
D[14]=1 A D[12]=1  D[8] ~ D[7]=1 A D[6] =1 A D[0] ;

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

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

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

CRC[4] = D[71]=1 ~ D[70]=1  D[65] » D[64]  D[63]=1 A D[62]=1 * D[60]=1 ~ D[59] * D[56] » D[52]=1 ~ D[50] A D[49] * 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] ~ D[24] ~ D[19] A D[17] A
D[15]=1 A D[14]=1 ~ D[12]=1 A D[10] » D[8] ~ D[4]=1 A D[3] A D[2];

CRC[5] = D[71]=1 ~ D[66] ~ D[65] ~ D[64] ~ D[63]=1 ~ D[61]=1 ~ D[60]=1 ~ D[57] ~ D[53]=1 ~ D[51] A D[50]  D[49] ~ 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 ~ D[27] » D[25] » D[20]=1 ~ D[18] ~ D[16] A
D[15]=1 A D[13]=1 ~ D[11] A D[9] » D[5]=1 » D[4]=1 A D[3];

CRC[6] = D[67]  D[66] A D[65] » D[64] A D[62]=1 ~ D[61]=1 » D[58] » D[54]=1 ~ D[52]=1  D[51] A D[50] A D[48] ~ D[47]=1  D[46]=1
A D[43] ~ D[41] ~ D[38]=1 ~ D[37]=1 A D[33] ~ D[32] ~ D[29]=1 ~ D[28]=1 A D[26] A D[21]=1 A D[19] A D[17] A D[16] A D[14]=1 A
D[12]=1 A D[10] ~ 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] ~ D[55]=1 ~ 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 A D[38]=1 ~ D[34] » D[33] A D[30]=1 # D[29]=1 # D[27] ~ D[22]=1 A~ D[20]=1 » D[18] A D[17] *
D[15] =17 D[13]=1 A D[11] A D[7]=1 * D[6]=1 A D[5]=1;

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

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

CRC[1] =1~ D[70] A D[69] #1212 1A D[61] AD[60] A1~ 1AD[55]AD[52] A1 A1A1AD[47]AD[45]A 1A 1AD[38]~D[36]~1"1
A1AD[28]A1A1A1A1AD[22] AD[21] A D[20] A1 A 141 A 14 D[13] A1 A D[5]  D[4];
CRC[2]=171A1A1A1A1A1AD[62]AD[61] A1~ D[54] AD[52]A1A1A1AD[47]AD[46]~1~1AD[38]~D[37]A171AD[29]A
D[28] A1 AD[21] A1 A1~ 1A D[14] A D12] A1 A D[6] A D[5] A D[4];

CRC[3]=1717D[68]~171A1AD[63] ~D[62]~1AD[55] ~D[53] A D[52] ~1~1A1AD[47]~D[44]~1AD[39]AD[38]A1A1A
D[30] A D[29] A 1 A D[22] A D[20] A~ 1 A 1 A D[15] A D[13] A 1 A D[7] A D[6] * D[5];

CRC[4] =11 D[69] A D[68] ~ 1714 1AD[63] »D[60] » 1 D[54] ~ D[53] A D[52] A1 A1 A 1AD[45]~1A1AD[39] 1A 1AD[31]A
D[30] ~ D[28] A D[23] A D[21] A1 A1 A 1 A D[14] A D[12] A 1 A D[7] ~ D[6];

CRC[5] =1~ D[70] A D[69] ~ D[68] ~ 1A 1A 1A D[61] ~ 1~ D[55] A D[54] AD[53] A1 A1 1AD[46] AD[44]A1A1AD[36]A1A1A
D[31] A D[29] ~ 1 A D[22] A~ D[20] A 1A 1 A D[15] A D[13] A 1 A 1 A D[7];

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

CRC[7] =17 D[71] ~ D[70] A D[69] A1~ 1A D[63] A1~ 17 1A D[55] AD[53] AD[52] 1A 1AD[46] ~1A1AD[38] AD[37]A1A1A
D[31]A1A1AD[22] AD[21] A 1A 1AD[15] A 1A 1A 1;
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CRC Error Handling

The CRC error mechanism shares the same ALERT signal as CA Parity for reporting write errors to the DRAM. The

controller has two way to distinguish between CRC errors and CA Parity errors: (1) Read DRAM mode/MPR registers and
(2) Measure time ALERT is low. To speed up recovery for CRC errors, CRC errors are only sent back as a "short" pulse;
the maximum pulse width is in the neighborhood of ten clocks (unlike CA Parity where ALERT is low longer than 45
clocks). The ALERT low pulse could be longer than the maximum limit at the controller if there are multiple CRC errors
as the ALERT is a daisy chain bus. The latency to ALERT signal is defined as tCRC_ALERT in the figure below.

The DRAM will set the Error Status bit located at MR5 [3] to a 1 upon detecting a CRC error; which will subsequently set
the CRC Error Status flag in the MPR Error Log high (MPR Pagel, MPR3[7]). The CRC Error Status bit [and CRC Error
Status flag] remains set at 1 until the DRAM controller clears the CRC Error Status bit using an MRS command to set
MR5 [3] to a 0. The DRAM controller, upon seeing an error as a pulse width, should retry the write transactions. The
controller should consider the worst-case delay for ALERT (during initialization) and backup the transactions accordingly.
The DRAM controller may also be made more intelligent and correlate the write CRC error to a specific rank or a

transaction.

CRC Error Reporting

/ / ‘ CRC ALERT_PW(max)

AtCRCiALERT‘
- H "1 CRCALERT_PW(min)

i\ (T

Q TIME BREAK

E TRANSITIONING DATA

NOTE1 DO - D71 CRC computed by DRAM did not match CRCO-7 at T5 and started error generating process at T6.

NOTE 2 CRC ALERT_PW is specified from the point where the DRAM starts to drive the signal low to the point where the DRAM driver
releases and the controller starts to pull the signal up. Timing diagram applies to x4, x8, and x16 devices.
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CRC Write Data Flow Diagram

CRC Error Status MR5[3 DM MRS [10] Write CMD Latency

0 = clear 1 = enabled MR3[10:9]

DRAM Write
Process Start

v

Capture Data

CRC enabled Yes DM enabled Yes
No No lYes
Transfer Data Transfer Data Transfer Data
Internally Internally Internally

Data Error DRAM CRC sames a

________ v v
Write Burst Write Burst : CRC Error : Write Burst CRC Error
Completed Completed B Process | Completed Process
CRC Error Process without DM CRC Error Process with DM

MRS5[3]=0 MR5[3]=0

@

A\ 4 \4

|
1 1
| 1
1 ]
1 1
1 1
1 1
1 1
- 1 _
| | AERT Low 1 ALERT Low
1 | 6to10cCks | 6 t0 10 CKs
1 1
1 1
Ly ! v
| | ALERT High 1 ALERT High
1 1
i | | |
] v 1 v
1 Write Burst Bad data written 1 Write Burst Bad data NOT written
: Completed MR5][3] reset to O if desired : Completed MR5([3] reset to O if desired
1 1
1 1
1 1
. 1
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Data Bus Inversion

Data Bus Inversion
The DATA BUS INVERSION (DBI) function is supported only for x8 and x16 configurations (not supported on x4). DBI

opportunistically inverts data bits; in conjunction with the DBI /0O, less than half of the DQs will switch low for a given
DQS strobe edge. The DBI function shares a common pin with the DATA MASK (DM) and TDQS functions.

The DBI function applies to both READ and WRITE operations; DBI cannot be enabled at the same time the DM function
is enabled or DBI is not allowed during MPR Read operation. Valid configurations for TDQS, DM, and DBI functions are

shown below.

DBI vs. DM vs. TDQS Function Matrix

Read DBI Write DBI Data Mask TDQS (x8 only)
MR5[12] MR5[11] MR5[10] MR1[11]
Enabled or Disabled Disabled Enabled Disabled
Enabled or Disabled Enabled Disabled Disabled
Enabled or Disabled Disabled Disabled Disabled
Disabled Disabled Disabled Enabled

DBI During a WRITE Operation
If DBIis sampled LOW on a given byte lane during a WRITE operation, the DRAM inverts write data received on the DQ

inputs prior to writing the internal memory array. If DBlis sampled HIGH on a given byte lane, the DRAM leaves the data
received on the DQ inputs noninverted. The write DQ frame format is shown below for x8 and x16 configurations (The

x4 configuration does not support the DBI function.)

DBI Write, DQ Frame Format (x8)

Function Data transfer
0 1 2 3 4 5 6 7
DQJ7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DM or DBI DMO or DM1 or DM2 or DM3 or DM4 or DM5 or DM®6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBl4 DBI5 DBI6 DBI7

DBI Write, DQ Frame Format (x16)

Function Data transfer
0 1 2 3 4 5 6 7
DQJ7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDBIO LDBI1 LDBI2 LDBI3 LDBK LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UBM or UDE @ or UDM1 or UDM2 or UDMS3 or @ or @ or UDMBG or UDMY or
UDBIO UDBI1 UDBI2 UDBI3 uDBM4 UDBI5 UDBI6 UDBI7
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DBI During a READ Operation
If the number of 0 data bits within a given byte lane is greater than four during a READ operation, the DRAM inverts

read data on its DQ outputs and drives the DBI pin LOW. Otherwise the DRAM does not invert the read data and drives

the DBI pin HIGH. The read DQ frame format is shown below for x8 and x16 configurations (The x4 configuration does

not support the DBI function.)

DBI Read, DQ Frame Format (x8)

Function Data transfer
0 1 2 3 4 5 6 7
DQI7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DBI DBI0 DBI1 DBR2 DBiB DBd DBB DBI6 DBI7

DBI Read, DQ Frame Format (x16)

Function Data transfer
0 1 2 3 4 5 6 7
DQI7:0] LByte O LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDBI LDBIO LDBI LDBI2 LDBI3 LDB#4 LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDBI UDBIO uDBIN UDBI2 UDBI3 UDBM UDBI5 UDBI6 ubDBI7
128
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Data Mask

Data Mask
The DATA MASK (DM) function, also described as PARTIAL WRITE, is supported only for x8 and x16 configurations (not

supported on x4). The DM function shares a common pin with the DBl and TDQS functions. The DM function applies
only to WRITE operations and cannot be enabled at the same time the DBI function is enabled. The valid configurations

for the TDQS, DM, and DBI functions are shown here.

DM vs. TDQS vs. DBI Function Matrix

Data Mask TDQS (x8 only) Write DBI Read DBI
MR5[10] MR1[11] MR5[11] MR5[12]
Enabled Disabled Disabled Enabled or Disabled

Enabled Disabled Disabled
Disabled Disabled Enabled Enabled or Disabled
Disabled Disabled Enabled or Disabled

When enabled, the DM function applies during a WRITE operation. If DM is sampled LOW on a given byte lane, the
DRAM masks the write data received on the DQ inputs. If DM is sampled HIGH on a given byte lane, the DRAM does not
mask the data and writes this data into the DRAM core. The DQ frame format for x8 and x16 configurations is shown
here. If both CRC Write and DM are enabled (via MRS), the CRC will be checked and valid prior to the DRAM writing
data into the DRAM core. If a CRC error occurs while the DM feature is enabled, CRC Write Persistent Mode will be
enabled and data will not be written into the DRAM core. In the case of CRC Write enabled and DM disabled (via MRS),

ie. CRC Write non-Persistent Mode, data is written to the DRAM core even if a CRC error occurs.

Data Mask, DQ Frame Format (x8)

. Data transfer
Function 0 1 2 3 4 5 6 7
DQ[7:0] Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
DM or DBI DMO or DM1 or DM2 or DM3 or DM4 or DM5 or DM6 or DM7 or
DBIO DBI1 DBI2 DBI3 DBI4 DBI5 DBI6 DBI7

Data Mask, DQ Frame Format (x16)

Function Data transfer
0 1 2 3 4 5 6 7
DQJ7:0] LByte 0 LByte 1 LByte 2 LByte 3 LByte 4 LByte 5 LByte 6 LByte 7
LDBIO LDBI1 LDBI2 LDBI3 LDBK LDBI5 LDBI6 LDBI7
DQ[15:8] UByte 0 UByte 1 UByte 2 UByte 3 UByte 4 UByte 5 UByte 6 UByte 7
UDM or UDBI @ or UDMT1 or UDM2 or UDMS3 or @ or @ or UDMG or UDMY or
UDBIO UDBI1 UDBI2 UDBI3 UDBM4 UDBI5 UDBI6 UDBI7
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Programmable Preamble Modes and DQS Postambles

Programable Preamble Modes and DQS Postambles

DDR4 supports programmable Write and Read Preamble Modes; either the normal 1 tCK Preamble Mode or special 2
tCK Preamble Mode. The 2 tCK Preamble Mode places special timing constraints on many operational features as well
as the 2 tCK Preamble Mode is supported for data rates of DDR4-2666 and faster. The Write Preamble 1 tCK or 2 tCK
Mode can be selected independently from Read Preamble 1 tCK or 2 tCK Mode.

Read Preamble Training is also supported; this mode can be used by the DRAM controller to train or "read level" the

DQS receivers.

Write Preamble Mode
MR4 [12] = 0 selects 1 tCK Write Preamble Mode while MR4 [12] = 1 selects 2 tCK Write Preamble Mode, examples in

the figures below.
1tCK vs 2tCK Write Preamble Mode

DQS, DQS Preamblg

\a /
-

1tCK mode

2tCK mode

DQ Do X D1 X D2X D3 X4 X D5 XD6 X D7

CWL has special considerations when in the 2 tCK Write Preamble Mode. The CWL value selected in MR2[5:3], as seen
in table below, requires an additional clock(s) when the primary CWL value and 2 tCK Write Preamble mode are used

while additional clock(s) are not required when the alternate CWL value and 2 tCK Write Preamble mode are used.
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CWL Selection
CWL - Primary Choice CWL - Alternate Choice
Speed Bin 1 tCK Preamble 2 tCK Preamble 1 tCK Preamble 2 tCK Preamble
DDR4-2133 11 na 14 na
DDR4-2400 12 na 16 na
DDR4-2666 14 16 18 18
DDR4-3200 16 18 na na

NOTE1 CWL programmable requirement for MR2[5:3]

When operating in 2tCK Write Preamble Mode, tWTR (command based) and tWR (MR0[11:9]) must be programmed to
a value 1 clock greater than the tWTR and tWR setting normally required for the applicable speed bin. The CAS to CAS
command delay to either different bank group (tCCD_S) or same bank group (tCCD_L) have minimum timing
requirements that must be satisfied between Write commands and are stated in the Timing Parameters by Speed Bin
tables. When operating in 2tCK Write Preamble Mode, tCCD_S and tCCD_L must also be even number of clocks; if the
minimum timing specification requires only 5tCKs, the 5tCKs has to be rounded up to 6tCKs when operating in 2tCK

Write Preamble Mode while 5tCKs would be acceptable if operating in 1tCK Write Preamble Mode

1tCK vs 2tCK Write Preamble Mode, tCCD=4 (AL=PL=0)

1tCK mode

CLK ¢ - -
CLK_t —

DQS_t
DQS_c Preamble -

Pa 00 Y o1 Y02 X 05 X 04 X 05 X 06 X o7 X 00 X 01 X 02 X 03

2tCK mode

cvp{ WR ) )
CLK c- - fe . .
CLK_t — ‘ ‘ ‘

DQS_t
DQS_c

DQ

\ 0o X p1 Xp2 X o3 X b4 X o5 X b6 X o7 X po X b1

N —
)
=
@
5}
3
=2
@
p
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1tCK vs 2tCK Write Preamble Mode, tCCD=5 (AL=PL=0)

1tCK mode

CLKt —
CLK_c —

r W(T/r -\\

DQS_t

DAS ¢

(S

[

Pl 0
Preamble

N w !

DQ

\DOXD1 XDQXDSXMXDSXDBXD?/

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

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

1tCK vs 2tCK Write Preamble Mode, tCCD=6 (AL=PL=0)

1tCK mode

cMD{ R
CLK c—
CLK_t —

WL

\DOXD1KD2XD3¥

DQS_c

\
A

DS t

- - N

[l
Preamble

DQ

2tCK mode

CMD( WR )

CLK c— |
CLK_t —

\D0>_<D1XD2XD3K

DQS_c

DQS t

Preamble

R

DQ

\ oo X o1 Y02 (s X 04 X 05 X 06 ) 07 /

Integrated Silicon Solution, Inc. - www.issi.com

Rev. 0A, 06/22/2016

\DO>_<D1!D2XD3X

132



1IS43/46QR16256A
1IS43/46QR85120A

Write Postamble

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

DDR4 will support a fixed Write postamble.

Write postamble nominal is 0.5tck for preamble modes 1,2 Tck are shown below:

Write Postamble

DQS, DQS
1tCK toggle
DQ X X X X X X X
DQS, DQS Preamble Postamble
2tCK toggle
DQ X X X X X X X
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Read Preamble Mode
MR4 [11] = 0 selects 1 tCK Read Preamble Mode while MR4 [12] = 1 selects 2 tCK Read Preamble Mode, example in the

figures below.

1tCK vs 2tCK Read Preamble Mode

DQS, DQS Preamble
1tCK toggle
DQ
DQS, DQS
\
2tCK toggle
DQ \.D0 X D1 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, ie. driven HIGH.
The DQS signal remain driven LOW and the DQS signal remain driven HIGH until an MPR Pagel READ (Page 0 through
Page 3 determine which pattern is used) command is issued; and once CAS latency (CL) has expired, the DQS signals will
toggle normally depending on the burst length setting. To exit Read Preamble Training Mode, an MRS command must

be issued, MR4[10] = 0.

DDR4-2133,2400 X
Parameter Symbol . Units NOTE
Min Max

Delay from MRS Command to
Data Strobe Drive Out

tSDO - tMOD+9ns

NOTE 1: Read Preamble Training mode is enabled by MR4 A10 = [1]

Read Preamble Training

« \ ><><>< >< >< >< >< 4
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 Postamble

< /=g s /
_/\J‘__L/__/

rh

1tCK toggle
DQ X X X X X X X
DQS, DQS Preamble Postamble
\ /2 - =
< _ _ _ _ __ N
2tCK toggle
DQ X X X X X X X
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Bank Access Operation

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

commands while Bank accesses within the same bank group requiretCCD_L (or long) delay between commands.

Bank Group x4/x8 Block Diagram

. CMDIADDRIT
CMD/ADD:
' R1J:> register | —

N

Diata Ko

NOTE 1 Bank accesses to different bank groups require tCCD_S
NOTE 2 Bank accesses within the same bank group require tCCD_L

Splitting the Banks in to Bank Groups with sub-banks improved some bank access timings and increased others.
However, considering DDR4 did not increase the prefetch from 8n to 16n, the penalty for staying 8n prefetch was

significantly mitigated by using Bank Groups. The table below summaries the timings affected.

DDR4 Bank Group Timings

Parameter DDR4-2133 DDR4-2400
tCCD_S 4 nCK 4 nCK
tCCD_L 6 nCK 6 nCK

tRRD_S(1/2K)

4 nCKor3.7ns

4 nCK or 3.3ns

tRRD_L(1/2K)

4 nCKor 5.3ns

4 nCK or 4.9ns

tRRD_S(1K)

4 nCK or 3.7ns

4 nCK or 3.3ns

tRRD_L(1K)

4 nCK or 5.3ns

4 nCK or 4.9ns

tRRD_S(2K)

4 nCKor 5.3ns

4 nCK or 5.3ns

tRRD_L(2K)

4 nCK or 6.4ns

4 nCK or 6.4ns

tWTR_S

2 nCK or 2.5ns

2nCKor 2.5ns

tWTR_L

4 nCK or 7.5ns

4 nCK or 7.5ns

NOTE 1 Refer to Timing Tables for actual specification values, these shown for reference only and are not verified to be correct.
NOTE 2 Timings with both nCK and ns require both to be satisfied; that is, the larger time of the two cases need to be satisfied.
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READ Burst tCCD_S and tCCD_L Examples

T0 T T2 T3 T4 T5 T9 T10 ™

CK_t
CK ¢

Command

Bank Group(GB)

i

Bank

ADDRESS

2 Time Break Don't Care

NOTE 1 tCCD_S; CAS-to-CAS delay (short). Applies to consecutive CAS to different bank groups (i.e., TO to T4).

NOTE 2 tCCD_L; CAS-to-CAS delay (long). Applies to consecutive CAS to the same bank group (i.e., T4 to T10).

Write Burst tCCD_S and tCCD_L Examples

CK_t
CK ¢

Command

Bank Group(GB)

Bank 7

ADDRESS

22 Time Break Don't Care

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

Command

Bank Group(GB)

Bank

ADDRESS

2 Ti@e Break Don’t Care

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

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

tFAW Timing

tRRD o tRRD

22 Time Break Don't Care

NOTE 1 tFAW : Four activate window :
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tWTR_S Timing (WRITE-to-READ, Different Bank Group, CRC and DM Disabled)

b (o J | ;:lfff,:’f}””l, le?ffﬁ"f" s

[ . '
sk o0 W i G S .

tWPRE ! ! "tWPST
- - ' ! || '
DS, DAS_¢ = | — | — | — s

o B0/ 5N/ D\ 0 5N/ B/ O
AN AT ANERY AN AN AN AN

WL RL

-
1

22 Time Break Don't Care ElTranswtwonmg Data

NOTE 1 tWTR_S: delay from start of internal write transaction to internal READ command to a different bank group.

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

LA,

s N I 7 ¥,
T T Y,

ADDRESS Coln
WPRE ! ! ! twPST
- > 1 1 1 ] |
DS, DQS ¢ -\ = o=\ — (s X
/__x_/\_ 7 - s — AN !
oo VERYEAVEN AN BV EAYAT
/AR AT AR ALY AN AN ANET
WL RL
-+
1

22 Time Break Don’t Care ElTransitioning Data

NOTE1 tWTR_L: delay from start of internal write transaction to internal READ command to the same bank group.
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Read Operation

Read Timing Definitions

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

* tDQSCK MIN/MAX describes the allowed range for a rising data strobe edge relative to CK, CK.
¢ tDQSCK is the actual position of a rising strobe edge relative to CK, CK.

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

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

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

Falling data strobe edge parameters:

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

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

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

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

READ Timing Definition

CK
CK
tDQ$CK,M|N tDQSCK,MAX tDQSCK,MIN tDQSCK,MAX
> B e e
The rising strobe tpagckJ tpQgckJ

[ i
' 1
1 1
1 1
U 1
1 !

1
edge luctuation .
1
1

range (Reference) Rising Strpbe Rising Strpbe,
Region Region
*I—<tDQSCK —>«|<tDQSCK
_tQSH(D@s) | tQsSL(DQS)
DQS
DQS __tQH_total
tDQSQ_total
Associated :
DQ 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.

e tQSH describes the data strobe high pulse width.

¢ tHZ(DQS) DQS strobe going to high, non-drive level; detailed in postamble section.

Falling data strobe edge parameters:

e tQSL describes the data strobe low pulse width.

¢ tLZ(DQS) DQS strobe going to low, initial drive level; detailed in preamble section
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Clock to Data Strobe Relationship

DQS_t, DQS_c .
Early Strobe =

DQS_t, DQS_c
Late Strobe ' i N

RL measured
to this point

«— tHZ(DQS)min
L.Z(DQS)min
—

tHZ(DQS)max

tLZ(DQS)max —#=|

Bit 2 Bit3!! Bit7

NOTE 1

NOTE 2

NOTE 3

NOTE 4

NOTE 5
NOTE 6
NOTE 7
NOTE 8

Within a burst, the rising strobe edge will be vary within tDQSCKj with a fixed and constant VDD. However, when the device,
voltage, and temperature variation are incorporated,the rising strobe edge will be vary between tDQSCK(MIN) and tDQSCK(MAX).

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

The DQS, DQS differential output HIGH time is defined by tQSH and the DQS, DQS# differential output LOW time is defined by
tQsL.

Likewise,tLZ(DQS) MIN and tHZ(DQS) MIN are not tied to tDQSCK (MIN) (early strobe case) and tLZ(DQS) MAX and tHZ(DQS) MAX
are not tied to tDQSCK (MAX) (late strobe case).

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

The maximum read postamble is bound by tDQSCK (MIN) plus tQSH (MIN) on the left side and tHZDSQ (MAX) on the right side.
The minimum pulse width of read postamble is defined by tRPST (MIN).

The maximum read preamble is bound by tLZDQS (MIN) on the left side and tDQSCK (MAX) on the right side.

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.
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Data Strobe to Data Relationship

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

CKc- -
CK_t
COMMAND )
ADDRESS /)
RL=AL +CL +PL 1 1
[
b))
4
DQS_t, DQS_¢
DQ (Last data) //
DQ(First data) //)
All DQs Collectively 7

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

DOUTn = data-out from column n.

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

BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ commands at TO.
Output timings are referenced to VDDQ, and DLL on for locking.

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

Early data transitions may not always happen at the same DQ. Data transitions of a DQ can vary (either early or late) within a burst.
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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).

The figure below shows a method to calculate the point when the device is no longer driving tHZ(DQS) and tHZ(DQ), or
begins driving tLZ(DQS), tLZ(DQ), by measuring the signal at two different voltages. The actual voltage measurement
points are not critical as long as the calculation is consistent. The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ)

are defined as singled ended.

tLZ(DQ) and tHZ(DQ) method for calculating transitions and begin points

tLZ(DQ): CK_t - CK_crising crossing at RL

1.0 xVDDQ

0.7 xVDDQ

0.4 xVDDQ
tLZ(DQ) begin point is above-mentioned extrapolated point.

tHZ(DQ) with BL8: CK_t - CK_c rising crossing at RL + 4 nCK
tHZ(DQ) with BC4: CK_t - CK_c rising crossing at RL + 2 nCK

CK_t
VDD/2 —
CK ¢
1.0xVDDQ — — — 4 —
V,
0.7xVDDQ — - — - =2
Vswi
04xVDDQ _ o o el -
Begin paint : 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 driverimpedance : RZQ/7(34ohm)
- An effective test load : 50 ohm to VTT =VDDQ

Integrated Silicon Solution, Inc. - www.issi.com 145
Rev. 0A, 06/22/2016



1S43/46QR16256A
1S43/46QR85120A

Reference Voltage for tLZ(DQ), tHZ(DQ) Timing Measurements

Measured Parameter Symbol Measured Parameter Vsw1 [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_c): CK_t- CK_crising crossing at RL-1 with 1tCK Preamble
tLZ(DQS_c): CK_t - CK_c rising crossing at RL-2 with 2tCK Preamble
CK_t
VDD)2 — -}— - —p- — -
CK ¢
1.0 X VDDQ DQs_t
Begin point : Extrapolated point at 1.0 x VDDQ
0.7 xvDDQ
0.4 xvDDQ
tLZ(DQS_c) begin point is above-mentioned extrapolated point.
tHZ(DQS_t) with BL8: CK_t - CK_c rising crossing at RL + 4 nCK
tHZ(DQS_t) with BC4: CK_t - CK_c rising crossing at RL + 2 nCK
1.0xVDDQ — — —
0.7xVDDQ — - — -
DQS_t
04xVDDQ _ - — 4
Begin point : Extrapolated point’
tHZ(DQS_t) 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(340hm)
- An effective test load : 50 ohm to VTT = VDDQ
Reference Voltage for tLZ(DQS), tHZ(DQS) Timing Measurements

Measured Parameter Symbol Measured Parameter Vsw1 [V] Vsw2 [V]

tLZ(DQS) DQS low-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
tHZ(DQS) DQS high-impedance time from CK, CK (0.70-0.04) x VDDQ (0.70 + 0.04) x VDDQ
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tRPRE Calculation

The method for calculating differential pulse widths for tRPRE is shown in figure below

tRPRE Method for Calculating Transitions and Endpoints

CK_t

CK c- -
DQS t ----VDDQ
Sing ended si_gn.;l,pTovi_.ded_ _____________________ 0.7x VD DQ
asbackground informaton \ ~/ 04 X VD DQ
DQS ¢ — -~ ----———\" -~~~ -~ vDDQ
————————————————————— 0.7 x VDDQ
Sing ended signal, provided
as background information - - = 04 X VD DQ
A ---0.6 x VDDQ
t
RPRE begin o - — — A 0.3 x vVDDQ
DQS_t-DQS_c AL W 0
Resulting diferential signalrele Begin point .
vantfor tRPRE s pecification Extrapolated point °
tRPRE_end
NOTE 1 Low Level of DQS and DQS = VDDQ/(50+34) x 34 = VDDQ x 0.40
- A driver impedance : RZQ/7(34Q)
- An effective test load : 50 Qto VTT =VDDQ
Reference Voltage for tRPRE Timing Measurements
tRPRE DQS, DQS differential READ Preamble (0.30-0.04) x VDDQ (0.30 + 0.04) x VDDQ
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tRPST Calculation

The method for calculating differential pulse widths for tRPST is shown in figure below

tRPST Method for Calculating Transitions and Endpoints

CK_ t A = -7 r=-"
—————————————————————————————— VDD/2
CK c- -’
Sing ended sign.al,provifjed T VDDQ
as background |nfurlna1fn ______________ 07 X VDDQ
pest /N /. 0.4 x VDDQ
pQsc - ---vDDQ
——————————————————————————— 0.7 x VDDQ
Sing ended signal, provided
as background informaton /[ _ _ _ _ _ _ _ _ _ _ _ _ 04 X VD DQ
DQS t-DQS ¢ - - __J_____ O o m 0
Resuln’ngdiferenﬁalvsigr!alrele Vsw2
vantfor RPST specificaon [ — — — — — A — — —i1—/— v ;W‘I ———————— -03 X VD DQ
—————— “~ s~~~ — -0.6xVDDQ
End point:Extrapolated point
NOTE1 Low Level of DQS and DQS = VDDQ/(50+34) x 34 = VDDQ x 0.40
- A driver impedance : RZQ/7(34 Q)
- An effective test load : 50 Q to VTT = VDDQ
Reference Voltage for tRPST Timing Measurements
tRPST DQS, DQS differential READ Postamble (-0.30-0.04) x 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 when OTF is enabled:

e A12 =0, BC4 (BC4 = burst chop)

e Al2=1,BL8

Read commands can issue precharge automatically with a read with auto-precharge command (RDA); and is enabled by
A10 high.

® Read command with A10 = 0 (RD) performs standard Read, bank remains active after read burst.

e Read command with A10 = 1 (RDA) performs Read with auto-precharge, back goes in to precharge after read burst.

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

CMD

Bank Groy

ADDRESS

A _’ . ’ ’ /|

* < XY XXX ENED)

- TRANSITIONING DA DON CARE

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 =1 during READ command at TO.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

Integrated Silicon Solution, Inc. - www.issi.com 149
Rev. 0A, 06/22/2016



1IS43/46QR16256A
1IS43/46QR85120A

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

T0 T1 Ta0 Tal Ta2 Ta3 Tbo o1 To2 Tb3 ez To5 Thé
Ko - - v [ o v . I [ [ v ' " '

sipchep e R R
= SEOHOBEEOEOEBEOROBOEOEOROEC
e DX

- tRPRE
DQS_t,DQ5 ¢ z( (( D S U O G -
DQ )] )]
. wo o @& &) & &)@ &) &)
B RL=AL+CL .

- TRANSITIONING DA TA DON CARE

NOTE1 BL=8,RL=21,AL=(CL-1),CL=11, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during READ command at TO.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

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

i i i i S S i i o ot o 8

L A | ] ™o, T ™1 6 ™ 18 19 ™o,

ADDRESS

RPRE ' ' '
N ning T "o .
DQS_t DAS ¢ {( |‘ \L " b L -
A oo - N N . =
'
(1(1 g

' OB rr e s e 56e s m—

RL=11
. TRANSITIONING DATA m DONT CARE

Bark
Coln

ba

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK

NOTE 2 DOUT n (or b) = data-out from column n (or column b).

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

NOTE 4 BLS setting activated by either MRO[A1:AOQ = 0:0] or MRO[A1:A0Q = 0:1] and A12 = 1 during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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Consecutive READ (BL8) with 2tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

0 T

1 i i B S S i i i S i i e e 30 i i 3
Mﬂhﬂﬂlﬁlﬂh

B$Bg'§‘g @

Bark
Coln

ADDRESS

RPST

DQS t,0QS ¢

BN 5 5.5 6 6656 606660 A

. TRANSITIONING DATA DONT CARE

Db

BL=8, AL=0, CL =11, Preamble = 2tCK
DOUTn (orb) =
DES commands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by either MRO[A1:A0 = 0:0] or MRO[A1:A:0 = 0:1] and A12 = 1 during READ command at TO and T4.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

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

Nonconsecutive READ (BL8) with 1tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

Integrated Silicon Solution, Inc. - www.issi.com

0 L A T m

8 e b P i i i o el i i
e 1 O S S

16CD 8L =5

Bankau

ADDRESS

e R i

RL=11

Bark
Coln

' ! RPST

a >7I:)77;
EEEEEEE

bt /\Dt5,

[l RansmoneDara 7] DoNT care

BL=8,AL=0, CL=11, Preamble = 1tCK, tCCD_S/L=5
DOUT n (or b) =
DES commands are shown for ease of illustration; other commands may be valid at these times.

BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T5.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

data-out from column n (or column b).
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Nonconsecutive READ (BL8) with 2tCK Preamble in Same or Different Bank Group

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

Ko\ = | - .- _—
)
o [ ¥ee)[ oz e} Kexs)

{CCD_SL =6

B8 TG Y

Bank \/

ADDRESS | X oot ERV/, .
« T, ' @] (RPST
S 'ﬂ ﬂ ﬂ :
0o )} - )i : :
{ { HHEHEHEH 6 0,58 856688

. TRANSITIONING DATA DONT CARE

BL=8,AL=0, CL=11, Preamble = 2tCK, tCCD_S/L=6

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[A1:AQ = 0:0] or MRO[A1:AOQ = 0:1] and A12 = 1 during READ command at TO and T6.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

tCCD_S/L=5 isn’t allowed in 2tCK preamble mode.

READ (BC4) to READ (BC4) with 1tCK Preamble in Different Bank Group

T T T T T4 T T i T2 ™ ™o,oms o, T, W T T 0 ™

e i B i B o i B B i B it S S
ol Sea ki b

0050055 Mﬁé ZLH ’ -‘F'm
- — @ﬁm‘%@@

. TRANSITIONING DATA m DONT CARE

Bank
Coln

NOTE1 BL=8,AL=0,CL=11, Preamble = 1tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable
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READ (BC4) to READ (BC4) with 2tCK Preamble in Different Bank Group

el oo, T , B, L T

i i i S v i o -0 . S e 6 e i S

Bank Grou
ADDRESg

ADDRESS

tRPST

D08t DOS &

D

[l Rensmonne DT[] DonT caRe

NOTE1 BL=8,AL=0, CL=11, Preamble = 2tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable

READ (BL8) to WRITE (BL8) with 1tCK Preamble in Same or Different Bank Group

\ T \ T
CKey = = .-

| m ™ T ™ T i
\ , ) , ) , )
g . .- .- .- P R . —
\
o0 DEDIE
READ0 WRITE cﬂmmam Delay “M“
-RL*ELZ WL+ 2K Wi

Bankau

BGa
QBG Y\

ADDRESS X o

fINPRE

D05 10055 {2

ba

. TRANSITIONING DATA El DON'T CARE

NOTE1 BL=8,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL =9 (CWL =9, AL = 0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO[A1:AOQ = 0:0] or MRO[A1:A0Q = 0:1] and A12 = 1 during READ command at TO and WRITE
command at T8.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BL8) with 2tCK Preamble in Same or Different Bank Group

T \ T . 7 \ i) \
CKey = .- - .-
ok . [ (- [
T
ChD READ DES DES RITE

READ to WRITE Command Delay
=RL +BLI2- WL + 3(CK

TI0 udl 2 3 ™ 15
' ' ' ' '
- .- oo - - o
- [I— (- o o (W— (W
' ' ' ' '
READ, DES DES DES DES X:* X DES

'
- - - - -

\_/
[ - - .- -

Bank Groy
AODRESS | Y(Ee s s

Bank Bank’
ADDRESS X co'y it

RPRE
N -
DQS t DAS ¢ {( \
RL=t
-
" - &] -

Doul}yDout Yy'Dout\y'Doutyy'Dout Y DoulNy'Dout Y Dout
0 A\ A2 A N\ A5 /\nt6 \n+

WL=10

™ 8 T19 ™ il 2
' ' ' ' '
- - - v - .- l—
! _ A - _— \_ _
' ' ' ' .
DES DES DES DES DES DES
) acoss| P
1 1 1 1 R
' ' ' '
WPRE
= ! ! ] 1PST
7 L oL - ~
\ . - , p
- -1 [ - - -
' ' ' '
Din'yf' Din Y/ Din Y Din Y’ Din Y’ Din \' Din Y Din
Cadl A Curd AT AV 4 Uil A AVt

NOTE 1
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3
NOTE 4
command at T8.
NOTE 5
setting.
NOTE 6

. TRANSITIONING DATA D DONT CARE

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

DES commands are shown for ease of illustration; other commands may be valid at these times.
BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and WRITE

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

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

READ (BC4) OTF to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

0 T T5
o !

READ to WRITE Command Delay
=RL+BCI2- WL + 2tCK

' R O
—

ADDRESS b

™ ™ ™
' ' '

N
DQS t,DAS ¢ [(
RL=1

ba

—~

i o i i i B B S e
[P I I =

6 \ m . T8 \ it \ 20
N i P —
‘ |' |\, -
ﬂ@ﬂ@ﬂ@ﬁ@ j
WR
< WIR »

! WesT

&

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

DOUT n = data-out from column n, DIN b = data-in to column b.
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BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL = 0), Write Preamble = 1tCK

DES commands are shown for ease of illustration; other commands may be valid at these times.
BC4(OTF) 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

o \ T0 \ m . T5 \ T6 \ T
!
e e N es YK oes YO Merml K ees )
=RL+BC/2 - WL + 3ICK
_H

D08 t DAS ¢ \ ’ ' \
{( RL=t1 ttooo o s
b} - &1 VETY
(CCE)

. TRANSITIONING DATA m DONT CARE

NOTE1 BC=4,RL=11(CL=11, AL =0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK

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

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

NOTE 4 BC4(OTF) setting activated by MRO[A1:AQ = 0:1] and A12 = 0 during READ command at TO and WRITE command at T6.

NOTE5 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting.

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

READ (BC4) Fixed to WRITE (BC4) Fixed with 1tCK Preamble in Same or Different Bank Group

0 T 5 T8 T ikl 9 o L L k) Lt T 6 7 T8 T ™
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CKey = ~ .- - .- - .- - - - .- - .- - - A - v - [—
oKt N [ (S [ [ (— [ h [ (_— [ (- - - - \_— (- - -
o ' ' ' ' '
ChD READ, DES DES K/ KWRITEX K DES XK DES XX DES ik DES “ADES DES XX DES DES DES DES X DES X DES XA DES KX DES

READ to WRITE Command Delay

= RL#BC2- WL + 20K . . ’ ’ WIR
Bank Group T /—\ /e N rm—
HOREsS [z B AN i
| | | |
wooress TNERNIT 7 B\ T T T W T T T W T T T W T
Coln il HHIH, HHHHH I i HiE i i 1 FEE i
RPRE X . WIFRE ' f
- RPST | WPST
DS t DAS ¢ ) T " - \‘\_’/ = ‘\'\"
' - fa— L | . A— -
_ RL=1t . ! ! !
0 - ) ~ \ !
( Dou\yDoul\fDou Dot in\/Din YD \f Din
n A\ /\n2/\043 bH\D2/\BH,
_ ViL=9 -~

. TRANSITIONING DATA

DONT CARE

NOTE1 BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9 (CWL =9, AL = 0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.

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

NOTE 4 BCA4(Fixed) setting activated by MRO[A1:AQ = 1:0].

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) Fixed to WRITE (BC4) Fixed with 2tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6

\ T \ T . T5 \ T8 \ 7

CKey = ~ .- - - .- .- -
i o o
o Do Ko XAKees XX XX

READ to WRITE Command Delay
=RL +BCI2- WL + 3(CK

0051005 | y l
S— @%@'

. TRANSITIONING DATA m DONT CARE

BC =4, RL=11 (CL= 11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
DOUT n = data-out from column n, DIN b = data-in to column b.

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

BC4(Fixed) setting activated by MRO[A1:A0 = 1:0].

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

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

READ (BL8) to READ (BC4) OTF with 1tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

oo, T K} T4 9 T A T2 LK)

' ' ' ' ' ' ' ' '
CKey = ~

T 20 ™

okt
\

ChD

L)
(i =)
““ .
]

AN Bank R
ADDRESS |/ X Coy

@n-@

i i i i i i i i i

RL=1

A

5] H"H . o FOST
-t R O
|\,,\ IR\ VI Y| NS (A W (N WD U/ A
-~ .
\

ba

D08 t DOS s 2(‘
)
{

RL=1

XXX CACCNENENENEY
> . TRANSITIONING DATA DONT CARE
BL =8, AL=0, CL=11 ,Preamble = 1tCK

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

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

BL8 setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO BC4 setting activated by MRO[A1:AQ =

A12 =0 during READ command at T4.
CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BL8) to READ (BC4) OTF with 2tCK Preamble in Different Bank Group

i

o8 B B e S B i B S S i e B v B8
S e B b

ADDRESS

« EEEOEOEEEERE

. TRANSITIONING DATA m DONT CARE

Bark
Coln

NOTE1 BL=8,AL=0,CL=11,Preamble = 2tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO. BC4 setting activated by MRO[A1:A0 = 0:1] and
A12 =0 during READ command at T4.

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

READ (BC4) to READ (BL8) OTF with 1tCK Preamble in Different Bank Group

i i e s v o o e e e
S i N S AR

CMD

b Ty

Bark
Coln

ADDRESS

DQS_t DAS ¢ i a 3 v "
_ Rt {( |\71\E o Li:l - h o
- ) ~
: « N D
RL=11
- > [l rRavsmoe DA 7] DONT AR

NOTE1 BL=8,AL=0,CL=11,Preamble = 1tCK
NOTE 2 DOUT n (or b) = data-out from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO. BL8 setting activated by MRO[A1:A0 = 0:1] and
A12 =1 during READ command at T4.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BC4) to READ (BL8) OTF with 2tCK Preamble in Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

18 T vl ™
' ' '

ZhiRabas

ey - - .- .- .- ,
)
a0 )] o) KX Kees)

{CCD _8=4

Da

Bank Grou
ADDRESS (202X
ADDRESS | X 25 /
|
Pt
00S {0085 ;
RL=tt -
BEEEE
b b4,

5,5 &)

RL=11

. TRANSITIONING DATA DONT CARE

BL=8, AL=0, CL =11 ,Preamble = 2tCK
DOUTn (orb) =
DES commands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO. BL8 setting activated by MRO[A1:AQ = 0:1] and
A12 =1 during READ command at T4.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI =

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

Disable.

READ (BC4) to WRITE (BL8) OTF with 1tCK Preamble in Same or Different Bank Group

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

Integrated Silicon Solution, Inc. - www.issi.com

0 T T5 T T 1t} L L

sdabelobo ol sl lot ol
R

CMD

READ to WRITE Command Delay
=RL+BLI2- WL + 2CK

TS ii

LY AT &

D08 1,005 ¢ {E
Y - )| I I I
“ { XX 0.6.6 6.6 666

. TRANSITIONING DATA DONT CARE

BC=4,RL=11(CL=11, AL=0), Read Preamble = 1tCK, WL=9(CWL=9,AL=0), Write Preamble = 1tCK
DOUT n = data-out from column n, DIN b = data-in to column b.
DES commands are shown for ease of illustration; other commands may be valid at these times.

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO. BL8 setting activated by MRO[A1:AQ = 0:1] and
A12 =1 during WRITE command at T6.

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BC4) to WRITE (BL8) OTF with 2tCK Preamble in Same or Different Bank Group

READ, DES DES

READ to WRITE Command Delay
=RL+BCI2- WL + 31CK

RITE

DES

Bank Groy D
J00RESS | o6 e T8
Bank Bank’
ADDRESS X co'y it
RPRE
N _
DS t0aSc (( \ Y
RL=tt oo -
-
0q — &1
n
WL=10

Dout\y/Dout

Joul

ol

Ut

A2\

DES

fWPRE

DES DES

WPST

Din'yf' Din Y/ Din Y Din Y’ Din Y’ Din \' Din Y Din
Cadl A Curd AT AV 4 Uil A AVt

. TRANSITIONING DATA D DONT CARE

BC=4,RL=11(CL=11, AL = 0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK

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

NOTE 1
NOTE 2
NOTE 3
NOTE 4

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

BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during READ command at TO. BL8 setting activated by MRO[A1:AQ = 0:1] and
A12 =1 during WRITE command at T6.

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

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

NOTE 5

NOTE 6

READ (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Same or Different Bank Group

0 CTR T T

P - (4 mooom ™o, e ™ T M
-
L
@ﬂ@ﬂ@*ﬂ@“@ﬂ@ﬁ@ﬁ@ﬁ@ﬂ@ XXX @ﬂ@ﬂ@ﬂ@ﬂ@ X=X
READ to WRITE Command Delay WR
=RL+BLI2- WL + 21CK

b D e
—

ADDRESS

Ko\
oKkt
\

Clp

R >

- _RRE_ \ q
005 1,005 ¢ ¥ —\ - .
- [( RL=11 - \—: v : h
DQ — ) !
! L)
B - - [l ravsmone Dara 7] DoNT care

NOTE 1
NOTE 2
NOTE 3
NOTE 4

BL=8,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.

BL8 setting activated by MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO. BC4 setting activated by MRO[A1:A0 = 0:1] and
A12 =0 during WRITE command at T8.

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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READ (BL8) to WRITE (BC4) OTF with 2tCK Preamble in Same or Different Bank Group

0 T iy 1t T moo,oom Mmoo, T ) T6 ™ T8 o ™ T ™

i Sy i i i ot oo i S v vt o o

=RL +BLI2- WL +31CK _ TR
LR
M [N N N T N
we B
tRPRE - |
DS 1 DQ5; i e
1,005 ¢ K ‘\ 77777 \_/ N hh v
RL=11 .
' 5,

i { &6 & &

WL=10

A

. TRANSITIONING DATA D DONT CARE

NOTE1 BL=8,RL=11(CL=11, AL=0), Read Preamble = 2tCK, WL = 10 (CWL = 9+1°, AL = 0), Write Preamble = 2tCK
NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO. BC4 setting activated by MRO[A1:A0 = 0:1] and
A12 =0 during WRITE command at T8.

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

NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Disable.
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Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to AL + tRTP with tRTP

being the Internal Read Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS, must

be satisfied as well. The minimum value for the Internal Read Command to Precharge Command Delay is given by

tRTP.min, A new bank active command may be issued to the same bank if the following two conditions are satisfied

simultaneously:

1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.

2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.

READ to PRECHARGE with 1tCK Preamble

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5

RL=AL+CL

BC4 Operalion: )
008.t,0055 [

)
DQ

(

BL Operation: )

D0S_1,005 ¢ ((

== ==
/I
LI
o
.
o
.

P EEEEE

=~
e

=

0 )

. TRANSITIONING DATA DONT GARE

BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK, tRTP = 6, tRP = 11
DOUT n = data-out from column n.
DES commands are shown for ease of illustration; other commands may be valid at these times.

The example assumes tRAS. MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next Active
command time(T18).

CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ to PRECHARGE with 2tCK Preamble

EA“ @“ “ g“ ““' )

RP

RL=AL+CL

BC4 Operation:

00S D55 [ (? N \’\r_-//_.\’.\r_-//_-\’-\r_-/ E

)
Da (\(\ (\(\ y .

BL8 Operation: )

D]
DS DOS ¢ ( [ \”

_____ :H1

n ) ) NN
! ! 6.50.8.5 .66 &

[l TRevsmionG DaTA DONT CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble = 2tCK, tRTP =6, tRP =11
NOTE 2 DOUT n = data-out from column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 The example assumes tRAS. MIN is satisfied at Precharge command time(T7) and that tRC. MIN is satisfied at the next Active
command time(T18).

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

READ to PRECHARGE with Additive Latency and 1tCK Preamble

05,1 0055 BC4 Operation: 2(] 2(\ &\
) ) )

" ( ( {
BL8 Operaiion: ) ) )

005 1 D055 [ ( (
: ee 1

[l TRevsmioNNG DATA DON'T CARE

NOTE1 BL=8,RL=20(CL=11,AL=CL-2), Preamble = 1tCK, tRTP =6, tRP =11
NOTE 2 DOUT n = data-out from column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 The example assumes tRAS. MIN is satisfied at Precharge command time(T16) and that tRC. MIN is satisfied at the next Active
command time(T27).

NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable.
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READ with Auto Precharge and 1tCK Preamble

BC4 Operation \ A\ . - - - - ! U
e (( (( ‘o \\_//_.\2\_//_.\}\_/ X X
ba 3 3 ! !
( ( C
BL8 Operafion: ) ) ! .
D0S 1 DOS ¢ (( (( "
o I I

[l TRevsmioNNG DATA DON'T CARE

NOTE1 BL=8,RL=11(CL=11,AL=0), Preamble = 1tCK, tRTP = 6, tRP = 11

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 tRTP = 6 setting activated by MRO[A11:9 = 001]

NOTE 5 The example assumes tRC. MIN is satisfied at the next Active command time(T18).

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

READ with Auto Precharge, Additive Latency and 1tCK Preamble

s 2(] 2(\ (? X : :

M ) ) ~ i i : :

nQ 1 [ ( ' :
5005 BLS Operation ()(] 2() &) ‘\ - - - /_X\ -
) ) ) ) - .- .- - i —
( { ! @606 8668

[l TRevsmioNNG DATA DON'T CARE

NOTE1 BL=8,RL=20(CL=11,AL=CL-2), Preamble = 1tCK, tRTP = 6, tRP = 11

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 tRTP = 6 setting activated by MRO[A11:9 = 001]

NOTE 5 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

CKey = =
oKt "
oMo
Bank Groy
ADDRESg
ADDRESS
-
DS {008 ¢ (( I, | \ [
RL=1t 1081=2
0 - T > !
« @ Dout Y/ Dout\y/Dout\yDout Yy Douty Dout\y'Dout
I AEAINAArS AT\
RL=t! ' I ' ' ! '
- ‘) T > T l l '’ l
D8I 1 1 U 1 U .
- DBl D8l D8l D8l DBI'Y DBI'\Y/ DBI'\¢' D8I\ DB|'\f/ DB
' 566666666 66.66066

. TRANSITIONING DATA [:] DONT CARE

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 illustrat:ion; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO[A1:AQ = 00] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and T4.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Enable.

Burst Read Operation with Command/Address Parity
Consecutive READ (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

e [ (N A T To,mo
(¢ - ~ - - - - - - .- ,-
T W N N N N - -
T
oD XRERDK X DES W X DES X Xoes X XRenoX.f Xoes X Xoes Yl Xoes X XDEs X/ D
16CD_8=4
Eankﬁmug ™N o T B B T B B
ADDRESS X 83a i i e i i
prty  i\con N i i Calb, i i i i i i Hi i i i i i
g 4 : : : T
RPRE |
<, | \ ! | ) ) 1 RPST
N 3 . oo U -(7 v [ o L D
D0S 1 D055
RL=15 \ \ ! | ) \ ' !
0 - ) ) , ) , ) , ) ! )
( { @% ou\¢DouNy Do\ Dos Do Doty Dot \y/DostDos\yDos\Y Do Do\ Do Dot
ALets A nt2 /N3 /N0 ANn5 /S ANt T AN _D AND+ ND12/\Dt3 N Dt /N5 ANDE /N DT
_ -

. TRANSITIONING DATA DON'T CARE

NOTE1 BL=8,AL=0,CL=11,PL=4, (RL=CL+AL+PL=15), Preamble = 1tCK

NOTE 2 DOUT n (or b) = data-out from column n ( or column b).

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

NOTE 4 BLS setting activated by either MRO[A1:AOQ = 0:0] or MRO[A1:AQ = 0:1] and A12 = 1 during READ command at TO and T4.
NOTE 5 CA Parity =Enable, CS to CA Latency = Disable, Read DBI = Disable.
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READ (BL8) to WRITE (BL8) with 1tCK Preamble and CA parity in Same or Different Bank Group

0 T120
'

”Mﬁ#ﬂhnmmmﬂnmuuuu
UEET e e

T
CKe -
okt

Cip

By @ mm o
ADDRESS T\ Bark ‘I il

Parity Coln

RL=15

V[(:V

n )i 7 \ \
! I COCEDEENEENE]
- ne > . TRANSITIONING DATA DONT CARE

<& ! - RPST
— ' '
DQS_t DAS ¢ {E 22 K cT 3
- - ‘ n l _A

NOTE1 BL=8,AL=0,CL=11,PL=4, (RL=CL+AL+PL=15), Read Preamble = 1tCK, CWL=9, AL=0, PL=4, (WL=CWL+AL+PL=13), Write
Preamble = 1tCK

NOTE 2 DOUT n = data-out from column n, DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:AO0 = 0:1] and A12 = 1 during READ command at TO and Write
command at T8.

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

Integrated Silicon Solution, Inc. - www.issi.com 165
Rev. 0A, 06/22/2016



1IS43/46QR16256A
1IS43/46QR85120A

Read to Write with Write CRC

READ (BL8) to WRITE (BL8 or BC4:0TF) with 1tCK Preamble and Write CRC in Same or Different Bank

Group
0 m i T T T10 TH 12 13 ™ TI5 i ™ T8 T19 ™ Il ”
Mol - - o Lo o o o o " o o o o . . o " . D
T
] 7
w DD DX e e X HOEOE0EC
READ to WRITE Command Delay
=RL+BLI2- WL+ 2CK _—— ) MTR >
Bankaug _‘ﬂ
e e NN
ADDRESS 7/ X oo
WIPRE
DOS t DAS ¢ m
P A A -
- T RL=t > 1 1 1 1 1 1 1 1 1
' ' —\
DQx4BL=8 Do\/DeutyBo\fDoN/Dor\fDoNfDor\ Dout Din'\f Din' V' Din' Y/ Din ' Din Y Din ' Din \ Din
( n At A2 A A As Ao 1 A A At As s A AP
' =9 ' ' ' ' ' ' '
) - T T T T > ' ' ' ' '
Y Y i, N\, - o o - o - o
= Douty'Dout WDout\f Doutyf Dour Y Douryf Dout Y Dout Din'Y¢ Din VY Din ' Din '\ Din' Y Din Y Din }f Din
DOE6eL=8 ( o A AR A AN AL b At A2 AR A A AT AR |
N ' ' ' ' ' ' ' ' '
DXt . | (N I I . .
DoutyyDout WDout\f Dout Y Douryf Dot ouf Din'YY Din VY Din ' Din
ez sodom) AN A AR A A A b bt Avz\ots X + AR
' ' ' ' ' ' ' ' '
) ' ' ' ' ' ' ' ' '
DQ X3/ x16 (( Doul % %1 D:a\ ‘v:zlh v:né\ ‘nj_t:lll“ Mi%[ Dbm E” Eg EE : : R0 :
Read  BL =8, Wre :BC = 4(0TF) SALALCALS L AL LA T 0 . .

NOTE1 BL=8(orBC=4:OTFfor Write), RL=11 (CL =11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n . DIN b = data-in to column b.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] and A12 = 1 during READ command at TO and Write
command at T8.

NOTE 5 BC4 setting activated by MRO[A1:0 = 01] and A12 = 0 during Write command at T8.
NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Read DBI = Disable, Write DBI = Disable, Write CRC = Enable.

READ (BC4:Fixed) to WRITE (BC4:Fixed) with 1tCK Preamble and Write CRC in Same or Different Bank

Group
T0 T 5 m T8 i T ™ T2 T3 T4 s T8 T T18 19 by
B i s i 1 i o

T
o e XoesX Koes X MrmmeX L Koes X Koes XK oesX KoK K oes X KX K oms K Ko Koo X Koes X N ees X DKo K KoK Kees)

READ to WRITE Command Delay i i 1 2Clcks R L
=RL+BCI2- WL +21CK ' ' ' ' | IWTR L

el e T
s T e Ry

008 1,065 ¢
_ (( RL=1t )
I
DQxA BC= (Fet) ( : :
, V=9 ' ' ' ! .
T T . . .
D88 BC=4 (Fe) ( W % % % m @ @ W |

. TRANSITIONING DATA D DON'T CARE

NOTE1 BC=4 (Fixed), RL=11 (CL =11, AL = 0), Read Preamble = 1tCK, WL=9 (CWL=9, AL=0), Write Preamble = 1tCK
NOTE 2 DOUT n = data-out from column n . DIN b = data-in to column b.

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

NOTE 4 BC4 setting activated by MRO[A1:AQ = 1:0].

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

5 m T8 9 il o s

- - -

- ¢ -
1 ' '
'
'

'

CKey = =

o Nt
o

AL b ME
\V V%

COMMAND 777
wlo CS_n

osn 7\

Bank Groy
ADDRESSp

ADDRESS

DQS 1,008 ¢
RL=11

:j RRST
- -l —
'

5. I'

. TRANSITIONING DATA DONT CARE

0Q

RL=1 .

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 at these times.

BL8 setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:AOQ = 0:1] and A12 = 1 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 should maintain the same timing relationship relative to the
command/ address bus as when CAL is disabled.

Consecutive READ (BL8) with CAL(4) and 1tCK Preamble in Different Bank Group

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

Integrated Silicon Solution, Inc. - www.issi.com

CKe
okt '
'

COMMAND
wloCS n

csn /\_

Bank Group 7
ADDRESg

ADDRESS

. — W%@*@%%@@M@

. TRANSITIONING DATA D DONT CARE

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[A1:AQ = 0:0] or MRO[A1:A0 = 0:1] 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 Definitions

Write timings are shown below and are applicable in normal operation mode, i.e. when the DLL is enabled and locked.

TO T T2 T3 T4 TS5 T6 T7 T8 T9 T10
Kc--- -- = . -
CK_t == e | - v
Command PXWRITEN/ /) DES W77 ¥ DES W77 DEs W7/ 7 DEs
WL =AL + QWL 1 1 1 |
addrest BN/ T T T T T T T T T T T T 77T
DS o5k : 'DsH : 'DsH : '0sH :
DQssimind WVPRE(INCK) | , 1 [~ wrsTimin)
DQs_t, DQS ¢ AU Y I LA R LA R G O R S
DL | W04sH | DosL | 'Dosd | 'DOsL | 'DosH | DosL | tDosi |
DosHimin v ! v “DOSLImIn
TDss 055 D55 0S5 055
DY R/ A T e T e /Y Gt T e
oy ! sy ! LT o5y !
'passinominall WPRE[InK) "WESTImIn}
DQs tDQs — : ¥ g . . R
'post | 'posH | _post | 'posk | 'pos| ‘oosd | posL| 'pasH
'ﬁcchmllﬂ Tooslimin
5 : 055 . ToEs . 53 . ThEs
ey O R P Ml Nl BV i e D a0 Y
— l l l
sy msH msH msH
tD0ssimas WWERE(INCK) . | . | WwpsTimin)
o e e e i e D
P Dasc - - '\\%ﬁ/‘tﬁd@ﬁ ] o “Eﬁr?m\ %E(u; ]
HJQSHtmtJ__| o T T | estimm
Ioss ' ipss ! ipss ! iDss ! E;T
DQ? Y o

-] Transitioring pata  [7] Don't care

NOTE1 BL8, WL=5(AL=0, CWL=5).

NOTE 2 DINn = data-in from column n.

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

NOTE 4 BLS setting activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 tDQSS must be met at each rising clock edge.

Integrated Silicon Solution, Inc. - www.issi.com 168

Rev. 0A, 06/22/2016



1IS43/46QR16256A
1IS43/46QR85120A

WRITE 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:

¢ tDQSSMIN to tDQSSMaxdescribes the allowed range for a rising data strobe edge relative to CK, CK.

» tDQSS is the actual position of a rising strobe edge relative to CK, CK.

¢ tDQSH describes the data strobe high pulse width.

e tWPST strobe going to high, non-drive level; detailed in postamble section.

Falling data strobe edge parameters:

e tDQSL describes the data strobe low pulse width.

¢ tWPRE strobe going to low, initial drive level; detailed in preamble section
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Clock to Data Strobe Relationship

K TO Ti T2 T3 T4 TS Ta T7 T8 9 Ti0
C=== - - -== ——— - - - f-== .- - === -== pm - ===

CK_t )r b

command AWRITEN /7 DEs W/ ¥ s W/ DEs W/ DEs W/ DEs WX oEs T oes 7T oes Xy oes 777K oes W7

e
1

| WL=AL+ QWL 1
1 1 1 1
it )R ZI7TITI]T T JITIITITY.
1 1 1 1
1 1 1 1
Doss|tosH | s TEH mEH |
*DQSsimin} weREGnGE) [T — — . | *WPSTimin}
bastDasc P / ; ( - Jr ; ‘r — ——
‘post | 'oasH | tpos | ‘ogsH | 'post | tposk | 'DosL| toosH | !
DOsHImin o o v DosLimin)
DS | OS5 DS 555 555
leg (D VSN )
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
DsH ! 'DsH_| osH ! 'DsH
nssinominal) S PREVINK) SwPsTImIn)
DQS t, DQ5 ¢ I '"';"_‘-""i_‘""-:ﬁ""{_‘""
nost | tposy | oost | posy | posy | tposy | toosy| tpasy
'oasHimip ‘DOsLimin}
55 555 oSS “TmEs | ToEs
| | 1
DQ? (-2 A (5N N O 8
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
DGss | I I
'osH ‘osH n5H o5k
1DOSs5imax) ‘«'-'PREHnDifI - 1 Lo L | L. ':"fbsj mlmi
DQs_t, DQS ¢ o |\L R ST C__{\ L _L_FTL_a
DgsL | D0sH | FDGsL | 'DgsH | tDosL | iDgsH | fogsL | iDgsH
‘L‘IDSHthJ__l | L_ o ] [(ogstimm
D55 ! ipss ! iDss ! mDss ! iDss
b@ X7 i T

[=] Transtioning Dt [7] mont care
NOTE 1 Within a burst, the rising strobe edge will be vary within tDQSCKj with a fixed and constant VDD. However, when the device,
voltage, and temperature variation are incorporated,the rising strobe edge will be vary between tDQSCK(MIN) and tDQSCK(MAX).

NOTE 2 Notwithstanding Note 1, a rising strobe edge with tDQSCK (MAX) at T(n) can not be immediately followed by a rising strobe edge
with tDQSCK (MIN) at T(n+1) because other timing relationships (tQSH, tQSL) exist: if tDQSCK(n+1) < 0: tDQSCK(n) < 1.0 tCK - (tQSH
(MIN) + tQSL (MIN) - | tDQSCK(n+1) |

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

NOTE 4 Likewise,tLZ(DQS) MIN and tHZ(DQS) MIN are not tied to tDQSCK (MIN) (early strobe case) and tLZ(DQS) MAX and tHZ(DQS) MAX
are not tied to tDQSCK (MAX) (late strobe case).

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

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

NOTE 8 The maximum read preamble is bound by tLZDQS (MIN) on the left side and tDQSCK (MAX) on the right side.
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tWPRE Calculation

Method for calculating tWPRE transitions and endpoints

CK t —— —\
\
------------------------------------------- VDD/2 -—
/
CK ¢ tm—=—
DQS_t &
—————————————————————————————————————————————— VrefDQ -—-
Single ended signal, provided
as background information
DQS_c+
————————————————————————————————————————————— VrefDQ ---
Single ended signal, provided
as background information i
i VIHDiffPeak
“ S A N A VIHDIff_DQS
tWPRE_begin _Vswi
DQS t-DQS Cm——fo 7\ 0 ————-
Begin point: .
Resulting differential signal, Extrapolated point 2
relevant for twere tWPRE _end
spedfication

Reference Voltage for tWPRE Timing Measurements

tWPRE DQS, DQS differential WRITE Preamble

VIHDiff_DQS x 0.1
NOTE 1

VIHDIff_DQS x 0.9
The method for calculating differential pulse widths for tWPRE2 is same as tWPRE.
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tWPST Calculation
Method for calculating tWPST transitions and endpoints

CK_t

CK_C = =

DQS_t

Single ended signal, provided
as background information

DQS _c¢

Single ended signal, provided
as background information

specification

1 - (TR - O N S,

Resulting differential signal,
relevant for tWPST

t1
/ tWPST_begin

Vsw2

. WPST_end
: _ Tyt _en
VILDiff_DQS = — ——— VILDiffPeak

End point: Extrapolated point

fwpsT Ir
{
|
1

i

Reference Voltage for tWPST Timing Measurements

tWPST DQS, DQS differential WRITE Postamble VILDiff_DQS x 0.9

VILDIff_DQS x 0.1
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Timing Parameters by Speed Grade

Symbol

tWPRE
tWPRE2
tWPST
tDQSL
tDQSH
tDQSH2PRE
tDQSS
tDSS

tDSH

Integrated Silicon Solution, Inc. - www.issi.com

Parameter

DQS, DQS differential WRITE
Preamble (1tCK Preamble)

DQS, DQS differential WRITE
Preamble (2tCK Preamble)

DQS, DQS differential WRITE
Postamble

DQS, DQS differential input low
pulse width

DQS, DQS differential input high
pulse width

DQS, DQS differential input high
pulse width at 2tCK Preamble
DQS, DQS rising edge to CK, CK
rising edge(1tCK Preamble)
DQS, DQS falling edge setup time
to CK, CKrising edge

DQS, DQS falling edge hold time
from CK, CKrising edge

Rev. 0A, 06/22/2016

DDR4-2133
Min Max
0.9 —
TBD -
0.46 0.54
0.46 0.54
-0.27 -0.27
0.18 -
0.18 -

DDR4-2400
Min Max
0.9 -
TBD -
0.46 0.54
0.46 0.54
-0.27 -0.27
0.18 -
0.18 -

Unit

tCK(avg)

tCK(avg)

tCK(avg)

tCK(avg)

tCK(avg)

tCK(avg)

tCK(avg)

tCK(avg)

tCK(avg)
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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.

DDR4 WRITE command supports bursts of BL8 (fixed), BC4 (fixed), and BL8/BC4 on-the-fly (OTF); OTF uses address A12
to control OTF when OTF is enabled:

e A12 =0, BC4 (BC4 = burst chop)

e Al2=1,BL8

Write commands can issue precharge automatically with a Write with auto-precharge command (WRA); and is enabled
by A10 high.

e Write command with A10 = 0 (WR) performs standard Write, bank remains active after write burst.

o Write command with A10 = 1 (WRA) performs Write with auto-precharge, back goes in to precharge after write burst.
Data mask (DM) function is supported for the x8 and x16 configurations only (not supported on x4). The DM function
shares a common pin with the DBland TDQS functions.

The DM function only applies to WRITE operations and cannot be enabled at the same time the DBI function is enabled.
o |f DM is sampled LOW on a given byte lane, the DRAM masks the write data received on the DQ inputs.

e If DM is sampled HIGH on a given byte lane, the DRAM does not mask the data and writes this data into the DRAM
core.

¢ |f CRC Write is enabled, then DM enabled (via MRS), will selected between Write CRC non-Persistent Mode (DM
disabled) and Write CRC Persistent Mode (DM enabled).

WRITE Burst Operation, WL =9 (AL =0, CWL =9, BLS)

DQS_t,DQS_c / \ T T 0 \ /
- - N ’ R /

ba

M)
[ Din §¢ Din Y Din ¢ Din §¢ Din §¢ Din §¢ Din ¢ Din
n nt1 /A2 /\n+3 /\n+4 /\ nt5/\n+6 /\n+7

WL=AL+CWL=9

- TRANSITIONING DA TA DON  CARE

NOTE1 BL8, WL=0,AL=0,CWL=9, Preamble =1 tCK.

NOTE 2 DINn = data-out from column n.

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

NOTE 4 BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 =1 during WRITE command at TO.
NOTE 5 C/A Parity = Disable, CS to C/A Latency = Disable, Read DBI = Disable.
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WRITE Burst Operation, WL = 19 (AL = 10, CWL =9, BLS8)

T0 T1 T2 T9 T10 ™ T17 T18 T19 T20 T21 T22 T
' ' ! ' ! ' ' ' ' " '

i b bt vt vt v de it

Bank Group 7
ADDRESS | X BGa )

ADDRESS | X &0 [ W i i L
{WPRE . WP
Da ) M ! ' '
- AL=10 ( P CW<E=Q ‘jm %@@@@m@
- WL=AL+CWL=19

.TRANSITIONINGDiA\ m DON CARE

NOTE1 BL8, WL=19,AL=10(CL-1),CWL=9, Preamble =1 tCK.

NOTE 2 DINn = data-out from column n.

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

NOTE 4 BLS setting activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during WRITE command at TO.
NOTE 5 C/A Parity = Disable, CS to C/A Latency = Disable, Read DBI = Disable.

WRITE Operation Followed by another WRITE Operation

Various Burst Read examples are shown below.

Consecutive WRITE (BL8) with 1tCK Preamble in Different Bank Group

oo, o 0w m 8 9 T10 T ™ T3 T ) 16 T e, T

- @y@y@y@w@w@w

1N Bank N D
ADDRESS X e o \clb

DQS_t DS ¢
WL=AL+CWL=9

A

na

WL=AL+CWL=¢

. TRANSITIONING DATA DONT CARE

NOTE1 BLS, AL=0,CWL=9, Preamble =1 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

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

NOTE 4 BLS setting activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during WRITE commands at TO and T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last write
data shown at T17.
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Consecutive WRITE (BL8) with 2tCK Preamble in Different Bank Group

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

NOTE 7

T T i 1K 4 7 8 9 10 ™ ™ ™ T 1) 16 T e 19
Ko - - U U U U ' ' ' ' ' ' ' ' 0 ' ' '

o o o o o o o . o i oo oo §
B B b R s

ADDRESg \
ADDRESS \

WPRE

{WPST

n

=
| g

WL=AL+CWL=10

. TRANSITIONING DATA DONT GARE

BL8, AL =0, CWL = 9+1=10’, Preamble = 2 tCK.

DIN n (or b) = data-in from column n (or column b).

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

BL8 setting activated by either MRO[1:0] = 00 or MRO[1:0] =01 and A12 = 1 during WRITE commands at TO and T4.
CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = 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.

When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the

lowest CWL setting supported in the applicable tCK range. That means CWL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

Nonconsecutive WRITE (BL8) with 1 tCK Preamble in Same or Different Bank Group

s s s s B i o o o s o o s
LT LLETE

@%@%@%@

WL=AL+CIL=9

0 T i I} T4 5 o,

[l RansmonG DaTa 7] DoNT GaRe

NOTE1 BL8, AL=0, CWL=9, Preamble = 1 tCK, tCCD_S/L = 5 tCK.
NOTE 2 DIN n (or b) = data-in from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BLS setting activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during WRITE commands at TO and T5.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.
NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18.
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Nonconsecutive WRITE (BL8) with 2 tCK Preamble in Same or Different Bank Group

) R R R I
Ko\ = = - -

it @%kﬂ@%%@%@#@%@hh%%%w
PP i

e Do Gl

wooress XXX YT /
lWPRE - ' WPST
D0s._{,005 ¢ i N : HH
R L - Iii "“'
0o )] J)
T 0,666 6 6.6, 6) .66 (X
VIL=AL+CWL=10

[l =ensmonneDaTa  [[7] ponT care

NOTE1 BL8,AL=0,CWL= 9+1=108, Preamble = 2 tCK, tCCD_S/L = 6 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

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

NOTE 4 BLS setting activated by either MRO[1:0] = 00 or MRO[1:0] = 01 and A12 = 1 during WRITE commands at TO and T6.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE6 tCCD_S/L=5isn’t allowed in 2tCK preamble mode.

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 T17.

NOTE 8 When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCK range. That means CWL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

WRITE (BC4) OTF to WRITE (BC4) OTF with 1 tCK Preamble in Different Bank Group

T T T 1K} T4 n 8 T T il ™ ™ T4 T 16 T 18 19
Kol - - ' ' ' ' ' ' ' ' ' ' ' ' ' 0 ' ' '

i inis i b bk
BRI S S

FORER T )

ADDRESS (/X ¢,

WPRE > ' ' WPST {IWPRE, '

D - )
‘ ( XN XD

WL=AL+CWL=9

. TRANSITIONING DATA DON'T CARE

NOTE1 BC4,AL=0,CWL=9, Preamble =1 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO[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, Write CRC = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17.
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WRITE (BC4) OTF to WRITE (BC4) OTF with 2 tCK Preamble in Different Bank Group

Bank Gmug
ADDRESS

ADDRESS

D08 1,005 ¢

WL=AL+CWL=10
pQ )

WL=AL+CWL=10
- | . TRANSITIONING DATA DONT CARE

NOTE 1 BC4, AL =0, CWL = 9+1=10, Preamble = 2 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO[1:0] = 01 and A12 = 1 during WRITE commands at TO and T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Write DBI = disable, Write CRC = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T18.

NOTE 7 When operating in 2tCK Write Preamble Mode, CWL may need to be programmed to a value at least 1 clock greater than the
lowest CWL setting supported in the applicable tCK range. That means CWL =9 is not allowed when operating in 2tCK Write
Preamble Mode.

WRITE (BC4) Fixed to WRITE (BC4) Fixed with 1 tCK Preamble in Different Bank Group

Bank Gmug T
ADDRES!

ADDRESS . : i i i i i

008 t 008 ((
VIL=AL+OWL=9
0 - )

WL=AL+CINL=¢

. TRANSITIONING DATA DONT CARE

NOTE1 BC4,AL=0,CWL=9, Preamble =1 tCK.

NOTE 2 DIN n (or b) = data-in from column n (or column b).

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO[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, Write CRC = disable.

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T15.
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WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

Bank Gmug
ADDRES!

ADDRESS

DQS t,DAS ¢

Db

[l RansmonnG DaTa  [7] DoNT GaRe

NOTE 1 BL=8/BC=4, AL =0, CL =9, Preamble =1 tCK
NOTE 2 DIN n (or b) = data-in from column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BLS setting activated by MRO[1:0] = 01 and A12 = 1 during WRITE command at TO. BC4 setting activated by MRO[1:0] = 01 and A12
=0 during WRITE command at T4.
NOTE 5 CA parity = disable, CS to CA latency = disable, Read DBI = disable, Write CRC = disable.
NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17.
WRITE (BL8) to READ (BL8) with 1tCK Preamble in Same Bank Group
\ 10 \ T . 7 \ 8 \ T9 \ TI0 \ ™ \ T2 \ K] \ T4 . TI5 \ T16 \ T \ TI8 \ 26 . b \ T8 ' il
CKey -~ - - - - - - - - - - - - - )y - - - -
0 s s s o s i o i o
e @ﬂ@ﬂ@*ﬂ@ﬂ@ﬁ@ﬁ@ @ﬁ@ﬁ@ﬂ@ﬂ@ﬂ@ﬂ@ﬂ@ﬂ@ﬂ@ﬁ@ ?
ADDRESS X oo { , - /
D05 10052 ) /'y "" v N - .
W{(:AUC'NL:E A - hh o RL:{<L+CL=M v h -
4—“—»
Da
{ 06,666 &) &6 { 066 @
[l RansmonG Dara - [7] DoNT care
NOTE1 BL=8,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 BLS setting activated by either MRO[A1:AOQ = 0:0] or MRO[A1:A0Q = 0:1] and A12 = 1 during WRITE command at TO and READ
command at T17.
NOTE 5 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.
NOTE 6 The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T13.
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WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Different Bank Group

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

LT
CKey - ~

ek
!

Pt

ADDRESS

i e~ = i

D0S_t,0QS_¢

Da

VIL=AL+CWL=9

AL

(

XN

T

RL=AL+CL=1t

\i

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.

8

e

. TRANSITIONING DATA m DONT CARE

DES commands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 during WRITE 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 edge after the last write data shown at T13.

WRITE (BC4)OTF to READ (BC4)OTF with 1tCK Preamble in Same Bank Group

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

\ T
CKey - ~

cKt
.

FIRER T )

N Bank
Coln

ADDRESS

T T
' ! '

ki T T
' ' '

T T T

- \WPRF= ' [

005 {0085

ba

VIL=AL +CWL=9

- - o= G

AL

(

EXEE

T

™ T T6 m

T8

26 ™

o oo i i S oo o o o o S8
P s i

% ™
'

|\L 4\\7_7)¥, _

RL=AL+CL=11

!

BC=4,AL=0,CWL=9, CL=11, Preamble = 1tCK

({

a6

. TRANSITIONING DATA DONT CARE

DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

DES commands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO[A1:A0 = 0:1] and A12 = 0 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.
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WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Different Bank Group

B D) S

ADDRESS

DQS_t,DOS_s

VIL=AL+CWL=9

(

RL=AL+CL=1!

ba

. TRANSITIONING DATA m DONT CARE

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

NOTE 2 DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

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

NOTE 4 BC4 setting activated by MRO[A1:A0 = 1:0].

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

NOTE 6 The write timing parameter (tWTR_S) are referenced from the first rising clock edge after the last write data shown at T11.

WRITE (BC4)Fixed to READ (BC4)Fixed with 1tCK Preamble in Same Bank Group

T T m k3 T T T 1 ™ T T T8 T 5 26 ™ 8 ™
Kol ' ! ' ' ' ' ' ' ' ' ' ' ' ' '

- Motabobatotabotobote
o e s

Pt

ADDRESS

005 1 DOTs l - \ XX 3( A

VIL=AL+CWL=9 RL=AL+CL=1

{ XEXEXE) t

0o

. TRANSITIONING DATA m DONT CARE

NOTE1 BC=4,AL=0,CWL=9,CL=11, Preamble = 1tCK

NOTE 2 DIN n = data-in to column n (or column b). DOUT b = data-out from column b.

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO[A1:A0 = 1:0].

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

NOTE 6 The write timing parameter (tWTR_L) are referenced from the first rising clock edge after the last write data shown at T11.
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WRITE (BL8) to WRITE (BC4) OTF with 1tCK Preamble in Different Bank Group

T10

i s s s B st o o o s s o o
M g S S B S S =

tWR
WIR

b Ty

ADDRESS m
[~
DQS t,0QS ¢ z\ _ ‘
e =i ki
- ) -t '
g { 0,6 66,6 6 6 616 6 6) &
- =ML WL =S > [l R DA [[7] DONT caRe

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
NOTE 2 DIN n (or b) = data-in to column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BLS setting activated by MRO[A1:AQ = 0:1] and A12 =1 during WRITE command at TO. BC4 setting activated by MRO[A1:A0 = 0:1]
and A12 =0 during WRITE command at T4.

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

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17

WRITE (BC4) OTF to WRITE (BL8) with 1tCK Preamble in Different Bank Group

0 T T K} T4 m 8 9 T10
' ' ' ' ' ' ' '

55-; ym-ww.@

S DN

N Bank \JT s i
ADDRESS | X co . L L

D08 t DOS s

WL=AL+CWL=9

ba

? K. %i:rﬁ;;
: .

“%%% 9,60, 606, €V 60 6.6

WL=AL+CWL=9
- > . TRANSITIONING DATA |j| DONT CARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
NOTE 2 DIN n (or b) = data-in to column n (or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITE command at TO. BL8 setting activated by MRO[A1:A0 = 0:1]
and A12 =1 during WRITE command at T4.

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

NOTE 6 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T17
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WRITE (BL8/BC4) OTF to PRECHARGE Operation with 1tCK Preamble

BC4(OTF) Operation: ) )

D08 £ DaF e ( NS (
0 ) )

( {

BL8 Operation: b )

008 {008 ¢ ( " (
w0 ) )

¢ {

. TRANSITIONING DATA DONT GARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, tWR = 12
NOTE 2 DIN n = data-in to column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO. BLS8 setting activated by MRO[A1:AOQ = 0:0] or
MRO[A1:0 = 01] and A12 =1 during WRITE command at TO.

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

NOTE 6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T13. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.

WRITE (BC4) Fixed to PRECHARGE Operation with 1tCK Preamble

WL=AL+CVIL=2

ADDRESS

BC4(Fixed) Operation:
DS ,005 ¢ (( v \
\

0 )

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,AL=0,CWL=9, Preamble = 1tCK, tWR =12

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO[A1:AQ = 1:0].

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

NOTE 6 The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. tWR specifies
the last burst write cycle until the precharge command can be issued to the same bank.
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WRITE

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

WRITE

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

(BL8/BC4) OTF with Auto PRECHARGE Operation and 1tCK Preamble

BC4(OTF) Operation: ) )

D08 £ DaF e ( NS (
0 ) )

( {

BL8 Operation: b )

008 {008 ¢ ( " (
w0 ) )

¢ {

. TRANSITIONING DATA DONT GARE

BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK, WR = 12
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[A1:A0 = 0:1] and A12 =0 during WRITE command at TO. BL8 setting activated by either MRO[A1:0 =
00] or MRO[A1:0 = 01] and A12 =1 during WRITE command at TO.

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (WR) is referenced from the first rising clock edge after the last write data shown at T13. WR specifies the
last burst write cycle until the precharge command can be issued to the same bank.

(BC4) Fixed with Auto PRECHARGE Operation and 1tCK Preamble

WL=AL+CVIL=2

ADDRESS

BC4(Fixed) Operation:
DS ,005 ¢ (( v \
\

0 )

—_ =

. TRANSITIONING DATA DONT CARE

BC=4,AL=0,CWL =9, Preamble = 1tCK, WR = 12

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[A1:AQ = 1:0].

CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable.

The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at T11. WR specifies the
last burst write cycle until the precharge command can be issued to the same bank.
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WRITE (BL8/BC4) OTF with 1tCK Preamble and DBI

. _ ) , ,
- WL=AL+ CVL=2 ole -~
Bank Group @ 7 i 7 o ,/// - . — — _
ADDRES
I M R
AoRess | Y
BC4(OTF) Operation: q : : :
081005 ¢ — - - o :
) ) )
0o . .
) )
; . .
DBl : :
6.6.6 C
BL8 Operafion: i 1 :
00S_4Pas 5 — - - - - /_X-_-/ - -
Da ) . .
66666 6 ¢
m n+6,
OG0

. TRANSITIONING DATA |:| DONT CARE

NOTE1 BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK
NOTE 2 DIN n = data-in to column n.
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.

NOTE 4 BC4 setting activated by MRO[A1:A0 = 0:1] and A12 =0 during WRITE command at TO. BL8 setting activated by either MRO[A1:AQ =
0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO.

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

NOTE 6 The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the
last write data shown at T13.

WRITE (BC4) Fixed with 1tCK Preamble and DBI

Banak Group,
ADDRE \ Lt
ADDRESS T i T T T T T T
Con,
BC4(Fixed) Operation:
00S_(,005 5

DQ

DL

. TRANSITIONING DATA DONT CARE

NOTE1 BC=4,AL=0,CWL=9, Preamble = 1tCK

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

NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BC4 setting activated by MRO[A1:A0 = 1:0].

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

NOTE 6 The write recovery time (tWR_DBI) and write timing parameter (tWTR_DBI) are referenced from the first rising clock edge after the
last write data shown at T11.
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Consecutive WRITE (BL8) with 1tCK Preamble and CA Parity in Different Bank Group

. T . . n . T L, meo, T 3 \ Ti4 \ TS . T8 . m \ s \ Ll \ 20 . il \ i , 8
CKey = = - - - - )’ - - - - - - - - - - - - - -
5 e o s g i o o i o g O
T
an Xm0k Xoesh Xoesk Mk Xoes K Koesk Koesk Xees K Xeesk Kok Rmesi Xees K Keesk Kook Xoes K KeesK . XKoss)
e et i BBt e
ko 7 YT T T T T T T T
' ' ' ' ' ' ' '
s

) i @%%%@%%%

n
WL=PL+AL+CWL=13
- > . TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0,CWL=9, PL=4, Preamble = 1tCK

NOTE 2 DIN n (or b) = data-in to column n(or column b).

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

NOTE 4 BLS setting activated by either MRO[A1:AO = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during 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 referenced from the first rising clock edge after the last
write data shown at T21.

Consecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in Same or Different Bank
Group

T T n T3 T4 5 i) T8 m Ll T2 s T4 5 T16 7 18 T8
CKe
oKt !
CMD
_ 1CCD.3lL=5 -~
Exgﬁgg’;g 7 @ T T Wi ;“BBGE ’[‘ T T T T T T T T
' ' ' ' ' ' ' ' ' '
ADDRESS 7 i i TN Band '] T, T T T T T T T
Colb
T T T T
WIPRE ' ' ' ' ' WPST
\ > 1 1 1 1
008t DOS s (( o - u _\-\F_'/ C )
A R
WL=AL+CAL=9 ST T A e i
N ' ' ' ' '
o I 60606606 00066060600
n b+, b6
WL=AL+CWL=9 1 1 1 1 1 1 1 1 1 1
< T T —> ' ' ' ' '

DQ8/X16EL=3 22 ﬁ’ll I nD'né I m 'E*ns :
| OELO0E0GET 000600
DOKBC=4(0TF) ( @VV% ! ! @

)
DQ1B/XI§ B0 =4 (OTF] ( @v%v%% ' ! @ ! W@@@ '

. TRANSITIONING DATA D DONT CARE

NOTE1 BL=8BC=4,AL=0,CWL=9, Preamble = 1tCK, tCCD_S/L=5

NOTE 2 DIN n (or b) = data-in to column n (or column b).

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

NOTE 4 BL8 setting activated by either MRO[A1:0 = 00] or MRO[A1:0 = 01] and A12 = 1 during WRITE command at TO and T5.
NOTE 5 BC4 setting activated by MRO[A1:AQ = 0:1] 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

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

T T T 1K T4 15 i 9 10 T T T3 T4 T 16 17 18 e
' ' ' ' ' | ' ' ' ' 0 ' ' 0 ' ' '

s oo o o S o e o o o o
e ] [ [ [ ]| LobREEL

Bank(‘;voug ............ ] T
ADDRESS '/ i i i ST iy G i s i iy i L

ADDRESS . m T T T =Ny T o T T T T T
,,,,,,,,,, (L /i
HWIPRE
) -
DOS 1,008 ¢ (( N
WLz AL+CL=9

'
DQX4BC = 4 (Fixed) (( Dy Din YD
n+ A2

WL= AL+CIL=9
- \)
DQ xB/x16 BC =4 Fixed) ((

. TRANSITIONING DATA DONT CARE

BL=8, AL=0, CWL =9, Preamble = 1tCK, tCCD_S/L=5

DIN n (or b) = data-in to column n(or column b).

DES commands are shown for ease of illustration; other commands may be valid at these times.
BC4 setting activated by MRO[A1:AQ = 1:0] at TO and T5.

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

The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T16.

Nonconsecutive WRITE (BL8/BC4) OTF with 1tCK Preamble and Write CRC in Same or Different Bank

Group

0 1 T T 7 i I i M ™ 3 it 5 6 T 8 m ™
oo R A IR AR SRR (RNT AL NT ML AN G S MU T w
oKt - - L A A [ L [ - [ - v A A A N R (- o L
T ' ' ' ' ' ' ' ' ' ' '

o R

Bank Groy

onvest e X

NEQ
ADDRESS 77/ X oo A

Colb,
N
DGS 10655 ( .
_ WL=AL+CAL =0 S - o Fd et e e
- iy >
DOx4BL=8 Din' Y Din \Y Din Y/ Din \f/ Din ' Din Y/ Din Din '/ Din Y Din Y Din Y Din Y/ Din \Y' Din
( AR A AT AR Ars o1 At Ao At s s AT ARACRE
WL=AL+CML=9 ' ' ' ' ' ' ' '
) T T T \ \ \ \ \
= Din'}f' Din N Din Y’ Din "Y' Din Y Din ' Din Din'Y¢ Din Y Din Y’ Din Y/ Din ' Din Y’ Din
DOE6eL =8 { \ &6 € 6 €9 € € p Aot AN AAT AT !
| | | | | | | \
n I 1 1 I L 1 1 L
oaC=40T) { 0.6.6.6 4NE 6.6 AN O C
\ ) , , \ , , \
h 1 1 1 1 1 1 1 1
\/7 ; - ; ; ;
D)8/ X168 =4(0TF) ( .6 € ¢ ' 3.6 . ..
; : , ; ; , , )

. TRANSITIONING DATA DONT CARE

NOTE1 BL=8,AL=0, CWL=9, Preamble = 1tCK, tCCD_S/L=6
NOTE 2 DIN n (or b) = data-in to column n(or column b).
NOTE 3 DES commands are shown for ease of illustration; other commands may be valid at these times.
NOTE 4 BLS setting activated by either MRO[A1A:0 = 0:0] or MRO[A1A:0 = 0:1] and A12 =1 during WRITE command at TO and T6.
NOTE 5 BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITE command at TO and T6.
NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable.
NOTE 7 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T19.
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Nonconsecutive WRITE (BL8/BC4) OTF with 2tCK Preamble and Write CRC in Same or Different Bank
Group

0 T m 78 ™ 0 b 2 ™ i 5 6 ™ 8 9 ™ il i
Kot o Al - oo - o o o o - v " o v [ v " o
CK"' - AW [\ A A AW — A AN - A} [\~ A (S - v " — N n A Ve -
T 1 1 1 1 1 1 1 1 1 1
QUD 7 RRTER 7 ADES X NIRITER | RDES X ADES R NDES A ADESK SN AP AL AN AP KNS AL NS A AN NS DES R NDESAL NDES A

4lcks R
KO8T . . . . . . I3 . . &
' ' ' ' ' ' ' ' [ Pl S——

Bank Groy

onest s T we.............._. .. ... .. . . 7

V
' ' ' ' ' | ' ' ' '
woress XENT wml
_ HWPRE S| ' '
- - " - i\ -
<

DGS 1,008 ¢ )2 L \_)\ A S

WL=AL+CIL = 10 ' ' '
-

B )|
DOx4BL=8 « in ' Din Y Din Y Din Y Din Y/ Din
A2 At \nt5
VIL=AL+CNL=10 ' ' '
y ™ T T T
= Din'y' Din V' Din' Yy Din Y Din Y Din
DQxE/xI6EL =8 (( 0 A\ A2 A\t A5
' ' '
) . .

Din'}¢' Din VY Din VY Din

DQ x4 BC =4 (OTF) ( ‘ I AR !
| | '
h ' ' '
4 iy Din' \Y Din }Y Din !

DQX8/X16BC =4 (0TF) { 1 £1) &) ¢ .

0 '

NOTE1 BL=8,AL=0,CWL=9+1 =109, Preamble = 2tCK, tCCD_S/L=7

NOTE 2 DIN n (or b) = data-in to column n(or column b).

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

NOTE 4 BLS setting activated by either MRO[A1:AOQ = 0:0] or MRO[A1:A0 = 0:1] and A12 =1 during WRITE command at TO and T7.
NOTE 5 BC4 setting activated by MRO[A1:AQ = 0:1] and A12 =0 during WRITE command at TO and T7.

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

NOTE 7 tCCD_S/L=6isn’t allowed in 2tCK preamble mode.

NOTE 8 The write recovery time (tWR) and write timing parameter (tWTR) are referenced from the first rising clock edge after the last
write data shown at T21.

NOTE9 When operating in 2tCK Write Preamble Mode, CWL must be programmed to a value at least 1 clock greater than the lowest CWL
setting supported in the applicable tCK range. That means CWL = 9 is not allowed when operating in 2tCK Write Preamble Mode
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WRITE (BL8/BC4)OTF/Fixed with 1tCK Preamble and Write CRC and DM in Same or Different Bank
Group

T HWR_CRG DM
" WWIR_S_CRC_OV /TR L_CRC DM >
Bank Gloug
JODRESS |
ADDRESS )
3
DSt DOS.¢ {
WL=AL+ O =9
- {
DOXBLSS
!
DQX6Ix16BL=8 ((
3
Dl /816 BL =8 {
3
DQXBC =4 (OTF i) (

DQx8/x168C =4 (OTF [ Fixed)

=L

DM x4 /x8/x16BC = 4 (OTF / Fixed)

=Ll

. TRANSITIONING DATA DON'T CARE

NOTE1l BL=8/BC=4,AL=0,CWL=9, Preamble = 1tCK

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

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

NOTE 4 BLS setting activated by either MRO[A1:AQ = 0:0] or MRO[A1:A0Q = 0:1] and A12 = 1 during WRITE command at TO.
NOTE 5 BC4 setting activated by either MRO[A1:AQ = 1:0] or MRO[A1:AO0 = 0:1] and A12 = 0 during READ command at TO.
NOTE 6 CA Parity = Disable, CS to CA Latency = Disable, Write DBI = Disable, Write CRC = Enable, DM = Enable.

NOTE 7 The write recovery time (tWR_CRC_ DM) and write timing parameter (tWR_S_CRC_ DM/tWR_L_CRC_ DM) are referenced from the
first rising clock edge after the last write data shown at T13.
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ZQ Calibration Commands

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

The ZQCL command is used to perform the initial calibration during the power-up initialization sequence. This
command may be issued at any time by the controller depending on the system environment. The ZQCL command
triggers the calibration engine inside the DRAM and, once calibration is achieved, the calibrated values are transferred
from the calibration engine to DRAM IO, which is reflected as an updated output driver and on-die termination values.
The first ZQCL command issued after reset is allowed a timing period of tZQinit to perform the full calibration and the
transfer of values. All other ZQCL commands except the first ZQCL command issued after RESET are allowed a timing
period of tZQoper.

The ZQCS command is used to perform periodic calibrations to account for voltage and temperature variations. A
shorter timing window is provided to perform the calibration and transfer of values as defined by timing parameter
tZQCS. One ZQCS command can effectively correct a minimum of 0.5 % (ZQ correction) of RON and RTT impedance
error within 64 nCK for all speed bins assuming the maximum sensitivities specified in the Output Driver and ODT
Voltage and Temperature Sensitivity tables. The appropriate interval between ZQCS commands can be determined
from these tables and other application-specific parameters. One method for calculating the interval between ZQCS
commands, given the temperature (Tdriftrate) and voltage (Vdriftrate) drift rates that the device is subjected to in the
application, is illustrated. The interval could be defined by the following formula:

ZQCorrection

(TSens x Tdriftrate) + (VSens x Vdriftrate)
where TSens = max(dRTTdT, dRONdTM) and VSens = max(dRTTdV, dRONdVM) define the temperature and voltage
sensitivities.
For example, if TSens = 1.5% / °C, VSens = 0.15% / mV, Tdriftrate = 1°C / sec and Vdriftrate = 15 mV /sec, then the
interval between ZQCS commands is calculated as:

0.5

=0.133 = 128ms
(1.5x1) +(0.15 x 15)

No other activities should be performed on the DRAM channel by the controller for the duration of tZQinit, tZQoper, or
tZQCS. The quiet time on the DRAM channel allows accurate calibration of output driver and on-die termination values.
Once DRAM calibration is achieved, the device should disable the ZQ current consumption path to reduce power.

All banks must be precharged and tRP met before ZQCL or ZQCS commands are issued by the controller.

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

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

- ‘ \ ’ \ ‘ N ‘ \ ‘ \ g \ ‘ N ‘ v ‘ By ’ N

CKc ’ LU - - - - - - R R R

Command

Address — - - GauD CaD - — — — - — — — Vi

NVALID VALD 2 = = 2 = = = o VALY

XVALID, - XVALID, i i i i G VALIDX

DT e @A __ e
=

DQBus 3 | Hi-zor RTT PaRK AcTiviTEs || 3 Hi-Z or RTT_PARK 5

l\' \ |' |

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

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

NOTE 2 On-die termination must be disabled via the ODT signal or MRS during the calibration procedure or the DRAM will automatically
disable Rtt.

NOTE 3 All devices connected to the DQ bus should be High Z during the calibration procedure.
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On-Die Termination (ODT)

On-die termination (ODT) is a feature of the DDR4 SDRAM that enables the DRAM to change termination resistance for
each DQ, DQS, DQS, and DM for x4 and x8 configuration (and DQS, TDQS, for x8 configuration, when enabled via A11 =1
in MR1) via the ODT control pin or WRITE command or default parking value with MR setting. For x16 configuration,
ODT is applied to each UDQ, LDQ, LDQS, [DQS, UDQS, UDQS, UDM and LDM signal. The ODT feature is designed to
improve signal integrity of the memory channel by allowing the DRAM controller to independently change termination
resistance for any or all DRAM devices. More details about ODT control modes and ODT timing modes can be found
further down in this document.

The ODT feature is turned off and not supported in self refresh mode.

Functional Representation of ODT

_————— — — —
| oDT Voog |

To | Rrr |

other — |

circuity | switch |

lik _

e | | ©DQ, DQS, DM, TDQS
| _ 4

The switch is enabled by the internal ODT control logic, which uses the external ODT pin and other control information.
The value of RTTis determined by the settings of mode register bits (see Mode Register). The ODT pin will be ignored if
the mode register MR1 is programmed to disable RTT_NOM [MR1[9,6,2] = 0,0,0] and in self refresh mode.

ODT Mode Register and ODT State Table

The ODT mode of the DDR4 device has four states: data termination disable, RTT_NOM, RTT_WR and RTT_PARK. The ODT
mode is enabled if any of MR1[10,9,8] (RTT_NOM), MR2[11:9] (RTT_WR), or MR5[8:6] (RTT_PARK) are non-zero. When
enabled, the value of R1Tis determined by the settings of these bits.

RTT control of each RTT condition is possible with WR/RD command and ODT pin.

e RTT_WR: The rank that is being written to provide termination regardless of ODT pin status (either HIGH or LOW).

e RTT_NOM: DRAM turns ON RTT_NOM if it sees ODT asserted (except when ODT is disabled by MR1).

e RTT_PARK: Default parked value set via MR5 to be enabled and ODT pin is driven LOW.

e The Termination State Table below shows various interactions.

The R1T values have the following priority:

¢ Data termination disable

e RTT_WR

e RTT_NOM

e RTT_PARK
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Termination State Table

RTT_PARK RTT_NOM
- = ODT pin DRAM termination state Note
MR5[8:6] MR1[10:8] P
HIGH RTT_NOM 1,2
Enabled
Enabled LOW RTT_PARK 1,2
Disabled Don’t care RTT_PARK 1,2,3
HIGH RTT_NOM 1,2
Enabled
Disabled LOW Hi-Z 1,2
Disabled Don’t care Hi-Z 1,2,3

NOTE1 When a READ command is executed, DRAM termination state will be High-Z for defined period independent of ODT pin and MR
setting of RTT_PARK/RTT_NOM. This is described in the ODT During Read section.

NOTE 2 If RTT_WR is enabled, RTT_WR will be activated by WRITE command for defined period time independent of ODT pin and MR
setting of RTT_PARK /RTT_NOM. This is described in the Dynamic ODT section.

NOTE 3 If RTT_NOM MR is disabled, ODT receiver power will be turned off to save power.

On-die termination effective resistances are defined and can be selected by any or all of the following options:
* MR1[10:8] (RTT_NOM) - Disable, 240Q), 120Q, 80Q, 60Q, 48Q), 40Q, and 34Q.

e MR2[11:9] (RTT_WR) - Disable, 240Q,120Q, and 80Q.

e MR5[8:6] (RTT_PARK) - Disable, 240Q), 120Q, 80Q, 60Q, 48Q), 40Q, and 34Q.

ODT is applied to the following inputs:

¢ X4: DQs, DM, DQS, and DQS inputs.

¢ X8: DQs, DM, DQS, DQS, TDQS, and TDQS inputs.

* X16: DQs, LDM, UDM, LDQS, LDQS, UDQS, and UDQS inputs.

ODT Definition of Voltages and Currents

Chip In Termination Mode

_ODT _
®  Vbpa
To
other Rrr
circuity
like R
RCV ... @ Y1 DQ
lout
Vout
®  Vssa
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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 include the following:

e Any bank active with CKE HIGH

e Refresh with CKE HIGH

e |dle mode with CKE HIGH

o Active power-down mode (regardless of MR1 bit A10)

e Precharge power-down mode

In synchronous ODT mode, RTT_NOM will be turned on DODTLon clock cycles after ODT is sampled HIGH by a rising
clock edge and turned off DODTLoff clock cycles after ODT is registered LOW by a rising clock edge. The ODT latency is
determined by the programmed values for: CWL (CAS Write Latency), AL (additive Latency), and PL (Parity Latency) as

well as the programmed state of the preamble.

ODT Latency and Posted ODT
In synchronous ODT mode, the ODT latencies are summarized in the table below. For details, refer to the latency

definitions.

ODT Latency at DDR4-2133/-2400/-2666/-3200

Symbol Parameter 1 tCK Preamble 2 tCK Preamble Unit
DODTLon Direct ODT turn on Latency CWL+AL+PL-2CK CWL+AL+PL-3CK
DODTLoff Direct ODT turn off Latency CWL+AL+PL-2CK CWL+AL+PL-3CK
RODTLoff Read command to internal ODT turn off Latency CWL+AL+PL-2CK CWL+AL+PL-3CK
. tCK

R RTT_PARK L
RODTLona | read command to RTT_PARK turn on Latency in RODTLoff + 4 RODTLoff + 5

BC4-fixed

R RTT_PARK L i
RODTLong | hcad command to RTT_PARK turn on Latency in RODTLoff + 6 RODTLoff + 7

BC4/BL8-OTF

NOTE 1 Applicable when WRITE CRC is disabled.

Timing Parameters

In synchronous ODT mode, the following parameters apply:

e DODTLon, DODTLoff, RODTLoff, RODTLon4, RODTLon8, tADC (MIN) (MAX).

¢ tADC (MIN) and tADC (MAX) are minimum and maximum RTT change timing skew between different termination
values. These timing parameters apply to both the synchronous ODT mode and the data termination disable mode.
When ODT is asserted, it must remain HIGH until minimum ODTH4 (BC = 4) or ODTHS8 (BL = 8) is satisfied. If Write CRC
Mode or 2 tCK Preamble Mode is enabled, ODTH should be adjusted to account for these. ODTH is measured from

ODT first registered HIGH to ODT first registered LOW or from the registration of a WRITE command.
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ODT During Reads

Because the DRAM cannot terminate with RTTand 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.

ODT During Reads

TO T1 T2 T3 T4 T5 T6 T7 T/S_Sg_/'ﬂg T20 T21 T22 T23 T24 T25 T26 T27 T28

) — . - . - - U . - . (. - 1 - |, - |, - ', - - - I, - I, -
LN RO AGRVETAGROADRS TSN ENETEURN SN
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
CMD RD I I I I I I I /4 I I I I I I I
' h \ ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' | ' ' ' ' ' ' ' \\ ' ' ' ' ' ' '
Addr A
' 1\__/1 ' ' ' ' ' ' ' ' ' ' '
1 ' -¢ RL=AL+CL ((- L ' 1 1
oo, | v v T
L L L L L L L L L L ' ' '
' ' - . . RODTLof f=RL-2=CL+AL-2 . - ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' '
I I I I I I I I I I - DODTLon = WL -2 T
' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' 1 1 1 1 1 1 1 | 1 1 1 |
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' (/u ' ' ' '
DRAM_ODT RTT_FARK | —t—
' i i i i i i i i i )i ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
et ' ' ' ' ' ' ' ' '
s, Ll WAWAWEWEW
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
[ T T T T T T T T T Y
DQ, ' ' ' ' ' ' ' ' ' M CMOQA QASQ’”

NOTE1 ExampleforCL=11;PL=0,AL=CL-1=10;RL=PL+AL+CL=21; CWL=9; DODTLon=PL+ AL+ CWL-2=17; DODTLoff =PL+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.
e Three RTT values are available: RTT_NOM, RTT_WR, and RTT_PARK.
—The value for RTT_NOM is preselected via bits MR1[10:8].
—The value for RTT_WR is preselected via bits MR2[11:9].
—The value for RTT_PARK is preselected via bits MR5[8:6].

During operation without WRITE commands, the termination is controlled as follows:

— Nominal termination strength RTT_NOM or RTT_PARK is selected.

—RTT_NOM on/off timing is controlled via ODT pin and latencies DODTLon and DODTLoff; and RTT_PARK is on when

ODT is LOW.

e When a WRITE command (WR, WRA, WRS4, WRS8, WRAS4, WRASS) is registered, and if Dynamic ODT is enabled, the
termination is controlled as follows:
— Latency ODTLcnw after the WRITE command, termination strength RTT_WR is selected.
— Latency ODTLcwn8 (for BL8, fixed by MRS or selected OTF) or ODTLcwn4 (for BC4, fixed by MRS or selected OTF)
after the WRITE command, termination strength RTT_WR is deselected. One or two clocks will be added into or
subtracted from ODTLcwn8 and ODTLcwn4, depending on Write CRC Mode and/or 2 tCK preamble enablement.

The following table shows latencies and timing parameters which are relevant for the on-die termination control in

dynamic ODT mode. The dynamic ODT feature is not supported in DLL-off mode. MRS command must be used to set

RTT_WR, MR2[11:9] = 000, to disable dynamic ODT externally.
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Dynamic ODT Latencies and Timing (1 tCK Preamble Mode and CRC Disabled)

. . . Definition for all .
Name and Description Abbr. Defined from Define to DDR4 speed bins Unit

ODT Latency for changing Registering Change RTT strength

from RTT_PARK/RTT_NOM ODTLcnw external write from RTT_PARK/RTT_NOM ODTLenw = WL -2 tCK
to RTT_WR command to RTT_WR

ODT Latency for change

Registering Change RTT strength

from RTT_WR ) ODTLcwn4 =4 +
ODTLcwn4 external write from RTT_WR tCK
to RTT_PARK/RTT_NOM N ODTLcnw
command to RTT_PARK/RTT_NOM
(BL=4)
ODT Latency for change .
Registering Change RTT strength
from RTT_WR ) ODTLcwn8 =6+
ODTLcwn8 external write | from RTT_WR tCK(avg)
to RTT_PARK/RTT_NOM ODTLcnw
command to RTT_PARK/RTT_NOM
(BL=18)
ODTLenw tADC(min) = 0.3
RTT change skew tADC RTT valid (min) tCK(avg)
ODTLcwn tADC(max) = 0.7
Dynamic ODT Latencies and Timing with Preamble Mode and CRC Mode Matrix
1tck Preamble 2tck Preamble .
Symbol Unit
CRC off CRCon CRC off CRCon
ODTLecnw WL-2 WL-2 WL-3 WL-3
ODTLcwn4 ODTLcnw +4 ODTLenw +7 ODTLenw +5 ODTLenw +8 tCK
ODTLcwn8 ODTLecnw +6 ODTLenw +7 ODTLenw +7 ODTLenw +8

Dynamic ODT (1t CK Preamble; CL = 14, CWL =11, BL = 8, AL = 0, CRC Disabled)

T5 T6 T7 T8 T9 T10 ™ T14 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24
. ' A e e e o = s - - - |- s s ' - s |- |-
CMD ( T T T T / T T T T T T T T T T

B; 1 1 1 1 1 1 \l\\ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 4 1 1 1 1 1 1 1 1 1 1 1
ODT 1 1 1 /— 1 1 1 l//\ 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 DOETLén = WL _ 1 1 1 1 1 1 1 1 1 1 1
¥ 1 1 1 1 1 1 B 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 ﬁ 1 1 DOE TLpff :WJ-_ 2 1 1 |= 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 ’ 1 1 1 1 1 1 1

' ' ' ' ' tADC,mgx , tApPC,ma ' ' ' ' ' ' tADC, mpx
(ﬂ 1 1 1 1 1 1 (( 1 1 1 1 1 1 1 1 1 1

RTT \\  Rit_PARK Rt WR || Rtt_NOM Rtt_PAR
D I A I I I N R e L ]| ] e

' ' ' ' ODTLcnw ' ' i ' 1tAPC,min| 1 ' ' ' ' ' ' '
1 Al 1 1 1 1 1 1 1 1 1 l‘ 1 1 1 1 1 1 1 1
1 1 1 1 1 1 OIDT -CVVP 1 1 1 1 1 1 1 1 1 1 1 1

NOTE1 ODTLenw = WL -2 (1 tCK preamble) or WL - 3 (2 tCK preamble).

NOTE 2 If BC4 then ODTLcwn = WL+4 if CRC disabled or WL+5 if CRC enabled; If BL8 then ODTLcwn = WL+6 if CRC disabled or WL+7 if CRC
enabled.
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Dynamic ODT Overlapped with RTT_NOM (CL=14, CWL=11, BL=8, AL=0, CRC Disabled)

TO T T2 T5 T6 T7 T9 TM0O T T2 T15 T16 T17 T18 T19 T20 T21 T22 T23 T24 T25
U U

VD ' (( - (( SR S N (2 (s CH O s (N (s N N N
P Y gg
_ -<< OIDTLCH:N <<: :‘ : : :gg '
I B I I R /A I I B U I IR B I
: - L | . | . |ODThews | | | | | | > S
ol ] feepema] | o e dDcmed . - DC ma
RTT! [ ritNom [ Rt WR [ Rtt_NOM Rtt_PARK
LD D] ] o] )| L] [epoim] wtocml |
[ [
1 1 1 1 1 1 1 1 1 1 =I DOIDT Off:: (WI:_— 9 : >
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 DRAM runs in DLL off mode. In asynchronous ODT timing mode, the internal

ODT command is not delayed by either Additive Latency (AL) or the Parity Latency (PL) relative to the external ODT

signal (RTT_NOM).

In asynchronous ODT mode, two timing parameters apply: tAONAS (MIN/MAX), tAOFAS (MIN/MAX).

RTT_NOM turn-on time

e Minimum RTT_NOM turn-on time (tAONAS (MIN) is the point in time when the device termination circuit leaves
RTT_PARK and ODT resistance begins to turn on.

e Maximum RTT_NOM turn-on time (tAONAS [MAX]) is the point in time when the ODT resistance has reached
RTT_NOM.

* tAONAS (MIN) and tAONAS (MAX) are measured from ODT being sampled HIGH. RTT_NOM turn-off time

e Minimum RTT_NOM turn-off time (tAOFAS [MIN]) is the point in time when the device's termination circuit starts to
leave RTT_NOM.

e Maximum RTT_NOM turn-off time (tAOFAS [MAX]) is the point in time when the on die termination has reached
RTT_PARK.

® tAOFAS (MIN) and tAOFAS (MAX) are measured from ODT being sampled LOW.

Asynchronous ODT Timings with DLL Off

T0 T1 T2 T3 T4 T5 T6 Ti Ti+1 TI+2 Ti+3 Ti+4 Ti+5 Ti+6 Ta Tb Tc
[ (P [, [ (P (P (P - (P o ooy U -y U - [ [,
' AGatacntatavtatayeuas
CKE 1 : : : : : : § : : : : : : ¢ : :
. . . . an | . . . . . . an | A . .
1 1 1 1 1 1 1 1 1 1 ”S 1 1 1 1
1 1 1 1 1 1 P 1 1
S I B R o e
I I I I I I I I I I "ﬁAOE‘\S min I I
1 1 1 1 1 1 1 1 1 1 X 1 1
RTT | RTT_PARK RTT_NOM :
] [ T T e
. . 1 . 1 . . . .
Integrated Silicon Solution, Inc. - www.issi.com 200

Rev. 0A, 06/22/2016



1S43/46QR16256A
1IS43/46QR85120A

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

counted backwards from PDE.

ODT timing for power down entry with ODT buffer disable mode

=~ -
.

i
' ' ' ' ' ' ' '
'
'
[

KETTTT T T T : L

1 1 1 1 1 h) I N [ [ 1 ]

1 |= 1 1 1 1 =l<_|_> 1 1 1 1 1 1 1

., DODToR1 1 HCPDEDmin 1

ooT T R R e [[_Fioating )
T © o sdwocmin, L

(LT enabied) v [ 4 [ rmeRe )

DOIDTchﬁ’:<—‘_‘_‘—>'<—‘—> tpPDEDImin + fIADCm{:lX

DRAM RIT_sync ¢ ) RTT_NOM i
N

I=----

- =
2
B
z
o
<
~----

DRAM_RIT _async ' '
(L asablea) — T

' ' ' . tAONASmin€————| , ' ' ' ' ' ' '

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

: : : : - > t(FPDEDImin + :tAGFSnnax !

1

1 1 1 1 1 1

When exit from power down, along with CKE being registered high, ODT input signal must be re-driven and maintained

low until tXP is met.

ODT timing for power down exit with ODT buffer disable mode

dif_CK
X : \ 1 1 ! . : 1 1 1 1 :
R B A G G
ODT_A { ing ) . Z . : : ' : : . . Z Z :
(DLL enabled) .Floatm? ; Z? ; / . Z< . . « . ) ) ) ) ) ,
A N T T B A I S
DRAM_RTT_A( /[ RTT_mRK [/ U RTT_NOM )
: : : . DODTLon re—— : —» p4 {ADC_min . : : : :
oDT B - ! ' :
oy Foating ) ) L T !
' ' |, ' ' ' ' ' ' ' ' ' ' '
. . COXP . . . . . . . . . . .
: : : < : : : : N : : : : : : Z
DRAM_RTT_B RTT//ARK / U RTT_NOM N
: : : . tAONASmin<———>| | : : : : : : : :
' ' ' ' ' ) »tAOFAS max ' ' ' ' '
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ODT Timing Definitions

The reference load for ODT timings is different than the reference load used for timing measurements.

ODT Timing Reference Load

Vbpa

r

DQ,DM
DQS,DQS
CK,CK TDQS,TDQS
—_— DUT
Rrerm=50Q
$ V11 = Vssa
Vssa

Timing Reference Point

ODT Timing Definitions and Waveforms

Definitions for tADC, tAONAS and tAOFAS are provided in the Table and measurement reference settings are provided in
the subsequent. The tADC for the Dynamic ODT case and Read Disable ODT cases are represented by tADC of Direct
ODT Control case.

ODT Timing Definitions

Symbol Begin Point Definition End Point Definition
Rising edge of CK, CK defined by the end point of DODTLoff Extrapolated point at Vrrt_nom
Rising edge of CK, CK defined by the end point of DODTLon Extrapolated point at Vssq
tADC Rising edge of CK - CK defined by the end point of ODTLcnw Extrapolated point at Vrrt_nom
Rising edge of CK - CK defined by the end point of ODTLcwn4 or ODTLcwn8 Extrapolated point at Vssq
tAONAS |Rising edge of CK, CK with ODT being first registered high Extrapolated point at Vssq
tAOFAS  |Rising edge of CK, CK with ODT being first registered low Extrapolated point at Vrrr_nom

Reference Settings for ODT Timing Measurements

Measured Parameter RTT_PARK RTT_NOM RTT_WR Vswil Vsw2 Note
Disable Rza/7 - 0.20V 0.40V 1,2
tADC
- Rza/7 Hi-Z 0.20V 0.40V 1,3
tAONAS Disable Rza/7 - 0.20Vv 0.40V 15
tAOFAS Disable Rza/7 - 0.20Vv 0.40V ’
NOTE1 MR setting is as follows.
- MR1 A10=1, A9=1, A8=1 (RTT_NOM_Setting)
- MR5 A8=0, A7=0, A6=0 (RTT_PARK Setting)
- MR2 A11=0, A10=1, A9=1 (RTT_WR Setting)
NOTE 2 ODT state change is controlled by ODT pin.
NOTE 3 ODT state change is controlled by Write Command.
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Definition of tADC at Direct ODT Control

DODTLOff Begin point:Rising edge of DODTLon Begin point:Rising edge of

»  CK-CK defined by the —————  CK-CK defined by the
end point of DODTLoff end point of DODTLon

3 End point:Extrapolated
VRTT_NOM _ noint at VRTT_NOM VRTT_NOM

pQbM N\ vews
DQS,DQS

TDQS, TDQS

End point:Extrapolated
point at VSSQ

Definition of tADC at Dynamic ODT Control

Begin point: Rising edge of CK - CK Begin point: Rising edge of CK - CK defined by
defined by the end point of ODTLcnw the end point of ODTLcwn4 or ODTLcwn8

VRTT_NOM

bQbDM o\ Vsw2

DQSDQS - -\ \jad e

TDQS,TDQS End point:Extrapolated

point at VSSQ
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Definition of tAOFAS and tAONAS

: Rising edge of CK-CK
ZZ—> with ODT being first
| registered low

. End point:Extrapolated
VRTT_NOM point at VRTT_NOM

DQ,DM
DQS,DQS
TDQS, TDQS

'Rising edge of CK-CK with
22——* ODT being first registered
rhigh

VRTT_NOM

End point: Extrapolated
point at VSSQ
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Absolute Maximum DC Ratings

Absolute Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and
functional operation of the device at these or any other conditions outside those indicated in the operational sections
of this specification is not implied.

Exposure to absolute maximum rating conditions for extended periods may adversely affect reliability.

Symbol Parameter Min Max Units NOTE
VDD Voltage on VDD pin relative to Vss -0.3 1.5 Vv 1,3
vDDQ Voltage on VDDQ pin relative to Vss -0.3 1.5 Vv 1,3
VPP Voltage on VPP pin relative to Vss -0.3 3.0 Vv 4
Vins Vour Voltage on any pin except VREFCA relative to Vss -0.3 1.5 \Y 1,3,5
Tste Storage Temperature -55 100 °C 1,2

NOTE 1 Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability

NOTE 2 Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions, please
refer to JESD51- 2 standard.

NOTE 3 VDD and VDDQ must be within 300 mV of each other at all times;and VREFCA must be not greater than 0.6 x VDDQ, When VDD and
VDDQ are less than 500 mV; VREFCA may be equal to or less than 300 mV

NOTE 4 VPP must be equal or greater than VDD/VDDQ at all times.
NOTE 5 Refer to overshoot area above 1.5 V.
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AC and DC Operating Conditions

Supply Operating Conditions
Recommended Supply Operating Conditions

Rating .
Symbol Parameter - Unit NOTE
Min. Typ. Max.
VDD Supply Voltage 1.14 1.2 1.26 v 1,2,3
vDDQ Supply Voltage for Output 1.14 1.2 1.26 \Y 1,23
VPP 2.375 2.5 2.75 Vv 3

NOTE 1 Under all conditions VDDQ must be less than or equal to VDD.
NOTE 2 VDDQ tracks with VDD. AC parameters are measured with VDD and VDDQ tied together.
NOTE 3 The DC bandwidth is limited to 20MHz
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AC and DC Single-Ended Input Measurement Levels (RESET)
RESET Input Levels (CMOS)

Symbol Parameter Min Max Unit NOTE
VIH(AC)_RESET | AC Input High Voltage 0.8 x VDD VDD v 6
VIH(DC)_RESET | DC Input High Voltage 0.7 x VDD VDD Y 2
VIL(DC)_RESET = DC Input Low Voltage VsS 0.3 x VDD v 1
VIL(AC)_RESET = AC Input Low Voltage VsS 0.2 x VDD v 7

TR_RESET Rising time - 1.0 us 4
tPW_RESET RESET pulse width 1.0 - us 3,5

NOTE 1 After RESET is registered LOW, RESET level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, the DRAM
may not be reset.

NOTE 2 Once RESET is registered HIGH, RESET level must be maintained above VIH(DC)_RESET, otherwise, operation will be uncertain until
it is reset by asserting RESET signal LOW.

NOTE 3 RESET is destructive to data contents

NOTE 4 No slope reversal(ringback) requirement during its level transition from Low to High.
NOTE 5 This definition is applied only “Reset Procedure at Power Stable”.

NOTE 6 Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.
NOTE 7 Undershoot might occur. It should be limited by Absolute Maximum DC Ratings.

CT Type-D Input Slew Rate Definition

tPW_RESET
08VDD — — - - b
0FVDD —= === f === = mmm e m oo
03YDD — — — b
02VDD -~ - \\ 777777777777777777777777
tR_RESET
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Command/Address Input Levels
Command and Address Input Levels: DDR4-2133 through DDR4-2400

DDR4-2133/2400 DDR4-2666/3200 .
Symbol Parameter : - Unit | NOTE
Min Max Min Max
VIH.CA(DC75) DC input logic high | VREFCA +0.075 VDD TBD TBD v
VIL.CA(DC75) DC input logic low VSS VREFCA - 0.075 TBD TBD Vv
VIH.CA(AC100) AC input logic high VREFCA + 0.1 NOTE 2 TBD TBD \" 1
VIL.CA(AC100) AC input logic low NOTE 2 VREFCA - 0.1 TBD TBD v 1
Reference Voltage for
VREFCA(DC) . 0.49 x VDD 0.51xVDD TBD TBD Vv 2,3
ADD, CMD inputs

NOTE 1 Refer to “Overshoot and Undershoot Specifications”.

NOTE 2 The ac peak noise on VREF may not allow VREF to deviate from VREFCA(DC) by more than +1% VDD (for reference: approx. + 12
mV).

NOTE 3 For reference : approx. VDD/2 £ 12mV.
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AC and DC Input Measurement Levels: VREF Tolerances

VREFCA is to be supplied to the DRAM and equal to Vbp/2. The VRercais a reference supply input and therefore does not

draw biasing current.

The DC-tolerance limits and AC-noise limits for the reference voltages VRerca are illustrated in figure below. The figure

shows a valid reference voltage VRef(t) as a function of time (VRef stands for Vrerca). 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 requirements. Furthermore

VRef(t) may temporarily deviate from VRef(DC) by no more than +/- 1% VDD for the AC-noise limit.

VREFDQ Voltage Range

A Voltage

Vrer(t)

Vpee AC-noise

Veerpo

The voltage levels for setup and hold time measurements are dependent on VRef. “VRef ” shall be understood as
VRef(DC), as defined in above figure. This clarifies that DC-variations of VRef affect the absolute voltage a signal has to
reach to achieve a valid high or low level and therefore the time to which setup and hold is measured. System timing
and voltage budgets need to account for VRef(DC) deviations from the optimum position within the data-eye of the
input signals. This also clarifies that the DRAM setup/hold specification and derating values need to include time and
voltage associated with VRef AC-noise. Timing and voltage effects due to AC-noise on VRef up to the specified limit

(+/-1% of Vobb) are included in DRAM timings and their associated deratings.
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Data Receiver Input Requirements

The Write Timing section "Data Strobe to Data Relationship" details the Data receiver Rx mask operation to which the
following parameters are applicable for. The figure below defines the measurement points for the Rx mask input slew

rates, applicable on a per input basis.

DQ TdIPW and SRIN_dIVW definitions.

TdiPW

Rx Mask
Fandom

Deterministic

- -Weent_DG(pin avg)

WdinviW_total

tf fr
NOTE 1 SRIN_dIVW=VdIVW_Total/(tr or tf), signal must be monotonic within tr and tf range.

DQ Input Receiver Specifications

DDR4-2133 DDR4-2400 |DDR4-2666/3200 .
Symbol Parameter - - - Unit | NOTE
Min. Max. Min. | Max. | Min. Max.
VdIVW_total | Rx Mask voltage - p-p total - 136 - TBD - TBD | mv | 1246
Rx Mask voltage -
vdIVW_dVv L - 136 - TBD - TBD mV 1,5,13
- deterministic
TdIVW_total | Rx timing window total = 02" = TBD = TBD ul 1,2,4,6
TdIVW_dj Rx deterministic timing - 0.2 - TBD - TBD ul 1,5,13
VIHL_AC DQ AC input swing pk-pk 186 - TBD - TBD - mv 7
TdIPW DQ input pulse width 0.58 TBD TBD TBD ul 8
Tdgs_off DQ to DQS Setup offset = TBD = TBD - TBD ul 9
Tdgh_off DQ to DQS Hold offset - TBD - TBD - TBD Ul 9
Tdgs_dd_off | DQ to DQ Setup offset - TBD - TBD - TBD ul 10
Tdgh_dd_off | DQ to DQ Hold offset - TBD - TBD - TBD ul 10
Input Slew Rate over
SRIN_dIVW TBD 9 TBD TBD TBD TBD V/ns 11
VdIVW_total
NOTE 1 Data Rx mask voltage and timing total input valid window where VdIVW is centered around Vcent_DQ(pin avg). The data Rx mask is

applied per bit and should include voltage and temperature drift terms. The design specification is BER <1e-16 and how this varies
for lower BER is tbd. The BER will be characterized and extrapolated if necessary using a dual dirac method from a higher BER(tbd).

NOTE 2 Rx mask voltage AC swing peak-peak requirement over TdIVW_total with at least half of TdIVW_total(max) above Vcent_DQ(pin avg)
and at least half of TdIVW_total(max) below Vcent_DQ(pin avg).

NOTE 3 Rx differential DQ to DQS jitter total timing window at the VdIVW voltage levels centered around Vcent_DQ(pin avg).

NOTE 4 Defined over the DQ internal Vref range 1.

NOTE 5 Deterministic component of the total Rx mask voltage or timing. Parameter will be characterized and guaranteed by design.
Measurement method tbd

NOTE 6 Overshoot and Undershoot Specifications tbd.
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NOTE 7

NOTE 8
NOTE 9

NOTE 10

NOTE 11

NOTE 12
NOTE 13

DQ input pulse signal swing into the receiver must meet or exceed VIHL AC at any point over the total Ul. No timing requirement
above level. VIHL AC is the peak to peak voltage centered around Vcent_DQ(pin avg)

DQ minimum input pulse width defined at the Vcent_DQ(pin avg).

DQ to DQS setup or hold offset defined within byte from DRAM ball to DRAM internal latch; tDQS and tDQH are the minimum DQ
setup and hold per DQ pin; each is equal to one-half of TdIVW_total(max).

DQ to DQ setup or hold delta offset within byte. Defined as the static difference in Tdgs_off(max) and Tdgs_off( min) or
Tdgh(max) — Tdgh(min) for a given component, from DRAM ball to DRAM internal latch.

Input slew rate over VdIVW Mask centered at Vcent_DQ(pin avg). Slowest DQ slew rate to fastest DQ slew rate per transition edge
must be within tbd V/ns of each other.

The total timing and voltage terms(tdIVW_total & VdIVWstotal) are valid for any BER lower {lower fail rate} than the spec.

VdIVW_total - VdIVW_dV and TdIVW_total - TdIVW_dj define the difference between random and deterministic fail mask. When
VdIVW_total - VdIVW_dV = 0 and TdIVW_total - TdIVW_dj = 0, random error is assumed to be zero.

Rx Mask to tDS/tDH Conversion

A
¥

\ TdiPW
— VIH_DC

Vv total

0.5 x WVdiVW_total

——————————————— -———1-———- Veent_DQ{pin avg)

0.5 » VdiVW_total

VIL_DC
Tdgs({max) Tdgh{max}
- g | |
ps o
DAS & —--=mmmmmm == m ===
Das_t — M e e -
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Connectivity Test (CT) Mode Input Levels

CMOS rail to rail Input Levels for TEN

Symbol Parameter Min Max Unit NOTE
VIH(ac)_Ten TEN AC Input High Voltage 0.8 x VDD VDD v 1
VIH(pc) Ten TEN DC Input High Voltage 0.7 x VDD VDD v
VIL(pc) TEN TEN DC Input Low Voltage VSS 0.3xVDD \Y
VIL(ac)_TEN TEN AC Input Low Voltage VSS 0.2 xVDD \Y 2
TF input_TEN TEN Input signal Falling time - 10 ns
TR input_TEN TEN Input signal Rising time - 10 ns

NOTE 1 Overshoot should not exceed the Vin Absolute Maximum Ratings.
NOTE 2 Undershoot should not exceed the Vin Absolute Maximum Ratings.

TEN Input Slew Rate Definition

o8VDD M~ ~— — — — — — — — — — = -

0.7*vDD — T ~— — — — — — — — — — = — -

03*vDD — + —  &|l— —— — — — — — —_ — -

o2*vD — +~ — &% — — — — — — — _— -
TF_input_TEN TR _input_TEN
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CT Type-A Input Levels (CS, Address, ODT, CKE, CK, CK, PAR)

Symbol Parameter Min Max Unit Notes
VIH(ac)_cTipa CTipA AC Input High Voltage VREFCA +0.2 NOTE 1 v
VIH(pc)_cTipa CTipA DC Input High Voltage VREFCA +0.15 VDD v
ViLpc) ctipa  CTipA DC Input Low Voltage VSS VREFCA - 0.15 v
ViLac)_cTipa CTipA AC Input Low Voltage NOTE 1 VREFCA - 0.2 v
TF input_cTipA CTipA Input signal Falling time - 5 ns
TR input_cTipA CTipA Input signal Rising time - 5 ns

NOTE 1 Refer to “Overshoot and Undershoot Specifications”.
NOTE 2 CT Type-A inputs: CS, BG0-1, BAO-1, A0-A9, A10/AP, A11, A12/BC, A13, WE/A14, CAS/A15, RAS/A16, CKE, ACT, ODT, CK, CK, PAR .
NOTE 3 VREFCA=0.5xVDD

CT Type-A Input Slew Rate Definition

VIHAC)_ CTipAmin — & — — — — -
VIH(DC)_CTipAmin — —Q— — — — — — — o o o —_ -

VREFCA — — e — - — - — - - — -

VIL(DC) CTipAmax — — — ®&l— — — — — — — — — o
VIL(AC) CTipAmax — — — — Q& — — — — — — o

TF_input_ CTipA TR_input_ CTipA
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CT Type-B Input Levels (DM/DBI, LDM/LDBI, UDM/UDBI)

Symbol Parameter Min Max Unit Notes
VIH(ac)_cTipe CTipB AC Input High Voltage VREFDQ + 0.3 Note 2 v 1
VIH(pc)_cTips CTipB DC Input High Voltage VREFDQ + 0.2 vDDQ v 1
VILpc) cTips CTipB DC Input Low Voltage VssQ VREFDQ - 0.2 v 1
VIL(ac)_cTipB CTipB AC Input Low Voltage Note 2 VREFDQ - 0.3 Vv 1
TF input_cTipB CTipB Input signal Falling time - 5 ns 1
TR input_cTipe CTipB Input signal Rising time - 5 ns 1

NOTE 1 Refer to “Overshoot and Undershoot Specifications”.
NOTE 2 CT Type-B inputs: DM/DBI, LDM/LDBI and UDM/UDBI.
NOTE 3 VREFDQ should be 0.5 x VDD

CT Type-B Input Slew Rate Definition

VIH(AC) CTipBmin — & . _
VIH(DC) CTipBmin — — Q. ~— ~— — — — — — — — — — _ — -

VREFDQ — - % — " — - — - — - — - - — - VDDQ*0.5

VIL(DC)_CTipBmax — — —| &L . B
VIL(AC) CTipBmax — — — — &% — — — — — — — L

TF _input_ CTipB TR _input_ CTipB
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CT Type-C Input Levels (ALERT)

Symbol Parameter Min Max Unit Notes
VIH(ac)_cTipc CTipC AC Input High Voltage 0.8 xVDD VDD v 1
VIH(pc)_cTipc CTipC DC Input High Voltage 0.7 xVDD VDD v
VIL(pc)_cTipc CTipC DC Input Low Voltage VSS 0.3xVDD Vv
VIL(ac)_cTipc CTipC AC Input Low Voltage VSS 0.2 xVDD Y 2
TF_cTipc CTipC Falling time - 10 ns
TR_cTipc CTipC Rising time - 10 ns

NOTE 1 Refer to “Overshoot and Undershoot Specifications”.
NOTE 2 CT Type-C inputs: ALERT.

CT Type-C Input Slew Rate Definition

VIHAC) CTipCmin — @& — _
VIHDC) CTipCmin — 1~ — — — — — — — — — — — — — -

VIL(DC)_CTipC max — —- — &L . B
VIL(AC) CTipCmax — | — — W — — — — — — — L

TF_CTipC TR_ CTipC
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AC and DC Logic Input Levels for Differential Signals

Differential signal definition

A V\4.DIFFACMIN —

S| vupEEmMn [ - M~ N
|

X

e

g /

g

5 0.0 [

S l half cycle

5 ‘ :

Q.

£

S| VLDIFFMIN — — — — — — — —
2

o

£

£| VWDIFFACMN — — — — — — — —\— f — — — — —

<«—tDVAC

» time

NOTE 1
NOTE 2

Differential signal rising edge from VIL_DIFF(MAX) to VIH_DIFF_AC(MIN) must be monotonic slope.
Differential signal falling edge from VIH_DIFF(MIN) to VIL_DIFF_AC(MAX) must be monotonic slope.

Differential Input Swing Requirements for CK - CK

DDR4 -2133 DDR4 -2400/2666/3200 5
Symbol Parameter : - Unit | NOTE
Min Max Min Max
VIHgis differential input high +0.150 NOTE 3 TBD NOTE 3 v 1
ViLgiss differential input low NOTE 3 -0.150 NOTE 3 TBD v 1
VIHgisf(ac) | differential input high ac| 2 x (VIH(AC) - VREF) NOTE 3 2 x (VIH(AC) - VREF) NOTE 3 v 2
ViLgitfac) | differential input low ac NOTE 3 2 x (VIL(AC) - VREF) NOTE 3 2 x (VIL(AC) - VREF) | V 2
NOTE 1 Used to define a differential signal slew-rate.
NOTE 2 For CK - CK use VIH(AC) and VIL(AC) of ADD/CMD and VREFCA.
NOTE 3

These values are not defined; however, the differential signals (CK, CK) need to be within the respective limits, VIH(DC) max and
VIL(DC) min for single-ended signals as well as the limitations for overshoot and undershoot.

Minimum Time AC time tDVAC for CK

Slew Rate tDVAC [ps] @ | VIH/Ldiff(AC)| = 200mV tDVAC [ps] @ | VIH/Ldiff(AC)| = TBDmV
[V/ns] Min Max Min Max
>4.0 120 - TBD -
4.0 115 - TBD -
3.0 110 - TBD -
2.0 105 - TBD -
1.8 100 - TBD -
1.6 95 - TBD -
1.4 90 - TBD -
1.2 85 - TBD -
1.0 80 - TBD -

<1.0 80 - TBD -

NOTE1 Below VIL(AC)
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Single-ended requirements for CK differential signals

Each individual component of a differential signal (CK, CK) has also to comply with certain requirements for
single-ended signals. CK and CK have to reach approximately VSEHmin / VSELmax , approximately equal to the ac-levels
V IH(AC) and ViL(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(Ac) and ViL(Ac) sighals, then these ac-levels
apply also for the single-ended signals CK and CK.

While ADD/CMD signal requirements are with respect to VRerca, the single-ended components of differential signals
have a requirement with respect to Vop / 2; this is nominally the same. The transition of single-ended signals through
the ac-levels is used to measure setup time. For single-ended components of differential signals the requirement to
reach VSELmax, VSEHmin has no bearing on timing, but adds a restriction on the common mode characteristics of these

signals.

Single-ended requirement for CK

VoborVppg — — — — — — — — — — — — — — — — — -

VSELmax
Vss or Vssq )
» time
Single-Ended Requirements for CK
DDR4-2133 DDR4-2400/2666/3200 .
Symbol Parameter . . Unit NOTE
Min Max Min Max
Vsen Single-ended high-level for CK, CK (vDD/2)+0.100 NOTE 3 TBD NOTE 3 \' 1,2
VseL Single-ended low-level for CK, CK NOTE 3 (vDD/2)-0.100 NOTE 3 TBD Vv 1,2

NOTE 1 For CK - CKuse VIH(AC) and VIL(AC) of ADD/CMD and VREFCA.
NOTE 2 ADDR/CMD VIH(AC) and VIL(AC) based on VREFCA.

NOTE 3 These values are not defined; however, the differential signals (CK, CK) need to be within the respective limits, VIH(DC) max and
VIL(DC) min for single-ended signals as well as the limitations for overshoot and undershoot.
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Slew Rate Definitions for CK Differential Input Signals
CK Differential Input Slew Rate Definition

A Measured .
Description Defined by
from to

Differential input slew rate for rising edge(CK - CK) VIL gif,max VIH giff, min [ VIH gift min — VIL gitf, max ] /ATRdiff
Differential input slew rate for falling edge(CK - CK) VIH giff, min VIL giff, max [ VIH gitf,min — VIL giff 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
I, . . |

< .
o I
(x) 1
e © S A © V.Hdiff,min
.\g:
(@]
8
o
>
5
2
= 0
©
€
o
£
s}
************************** VLdiff,max
Delta TFdiff
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CK 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 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

Vbbp and Vss.

VIX(CK) Definition

VDD
CK
o VDD/2
| —— - = = = CK
VSEH
y VSS
Cross Point Voltage For CK Differential Input Signals
DDR4-2133
Symbol Parameter .
Min Max
VDD/2 - 145 mV = VDD/2 + 100 mV
VSEL= VDD/2 + 145 mV
- Area of VSEH, VSEL =VSEL= =VSEH=
VDD/2 - 145 mV =<VSEH
VDD/2-100 mV | VDD/2 + 145 mV
Differential Input Cross Point Voltage -(VDD/2-VSEL) = (VSEH-VDD/2)
Vix(ck) . . -120 mV 120 mvV
relative to VDD/2 for CK, CK +25mV -25mvV

NOTE 1 Extended range for VIX(CK) is only allowed if single-ended clock input signals CK and CK are monotonic with a single-ended swing
VSEL/VSEH of at least VDD/2 +250mV, and when the differential slew rate of CK - CK is larger than 4V/ns.

NOTE 2 The relation between Vix(CK) Min/Max and VSEL/VSEH should satisfy following:
(VDD/2) + VIX(CK) Min) - VSEL > 25mV
VSEH - ((VDD/2) + IX(CK) Max) = 25mV
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Slew Rate Definitions for DQS Differential Input Signals

L Measured §
Description Defined by
from to
Differential input slew rate for rising edge(DQS - DQS) ViLpiff pas VIHpitf pas |ViLpitt_pas - VIHpitt_pas| / ATRdiff
Differential input slew rate for falling edge(DQS - DQS) =~ VIHp;t; pas ViLpift pas |ViLpitt_pas - VIHpitf_pas| / ATFdiff

NOTE 1 The differential signal DQS - DQS must be monotonic between these thresholds.

Differential Input Slew Rate and Input Level Definition for DQS - DQS

DQS t-DAS ¢

Differential Input Voltage

Differential Input Slew Rate and Input Levels for DQS - DQS

symbol BRI .DDR4-2133 D.DR4-2400 DDR.4-2666/3200 Wi
Min Max Min Max Min Max

VIHpitf pas Differntial Input High 136 - TBD TBD TBD TBD mV

ViLpitf_pas Differntial Input Low - -136 TBD TBD TBD TBD mv

VIHpifipeak = VIH.DIFF.Peak Voltage 186 NOTE 2 TBD TBD TBD TBD mv

Vilpisipeak  VIL.DIFF.Peak Voltage NOTE 2 -186 TBD TBD TBD TBD mv

SR qiff Differential Intput Slew Rate TBD 18 TBD TBD TBD TBD V/ns
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DQS 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 DQS, DQS must meet the requirements shown below. The differential input
cross point voltage Vix(pas) is measured from the actual cross point of true and complement signals to the midlevel

between Vbbp and Vss.

VIX(DQS) Definition

VDDQ
Das.t '|| T W ] R
I| 'I I| |II Il |I I Il
| ! \ / I| I \ |
Wi | II f \ II
1\ =~ | —
_ = 1 | = | | 1l
JL 'II -E L'I |II é Il i ®—h—
Vix pas Fr A B R .'I v | Vix_pas_rr
Vi Y " L | ! | Y - -
REFDQ y - y T Ty
IX_DQS_RF - ||I } |/ I| r Vix_pas FrR
g e e A O e o
| |I I\ 3 | .
I |I [ H | |
| [ L [
! | |I ! ! | || 1
I |I \ I| \ I |I | .'|
DAQSs c / 1 ¥y — I
Vssa
Cross Point Voltage For Differential Input Signals DQS
DDR4-2133 DDR4-2400 DDR4-2666/3200 .
Symbol Parameter . . . Unit NOTE
Min. Max. Min. Max. Min. Max.
DQS Differential input crosspoint _ 25 B 25 8D 8D % 123

Vix_DQS_ratio .
voltage ratio

NOTE 1 The base level of Vix_DQS_FR/RF is VREFDQ that is the internal setting value that was determined by VREF Training.
NOTE 2 MIN(f(t)) = VIL_DIFF_Peak.

NOTE 3 MAX(f(t))= VIH_DIFF_Peak.

NOTE 4 Vix_DQS_FR = MIN(f(t)) x VIX_DQS_ratio.

NOTE 5 Vix_DQS_RF = MAX(f(t)) x VIX_DQS_ratio.
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Overshoot and Undershoot Specifications

Address, Command, and Control Overshoot and Undershoot Specifications
Specification .
Parameter Unit

DDR4-2133 DDR4-2400 DDR4-2666 DDR4-3200

Address and control pins ( AO-A13,A17,BG[1:0],BA[1:0],ACT,RAS/A16,CAS/A15,WE/A14,CS,CKE,ODT)

Maximum peak amplitude above VDD Absolute Max

0.06 0.06 TBD TBD \Y
allowed for overshoot area
Delta value between VDD Absolute Max and VDD Max

0.24 0.24 TBD TBD Vv
allowed for overshoot area
Maximum peak amplitude allowed for undershoot area 0.3 0.3 TBD TBD V/ns
Maximum overshoot area per 1tCK Above Absolute Max 0.0062 0.0055 TBD TBD V/ns
Maxi h 1tCK B |

aximum overshoot area per 1tCK Between Absolute 0.1914 0.1699 TBD TBD V/ns

Max and VDD Max
Maximum undershoot area per 1tCK Below VSS 0.1984 0.1762 TBD TBD V/ns

ADDR, CMD, CNTL Overshoot and Undershoot Definition

<—— Overshoot Area above VDD Absolute Max

VDD Absol M
bsolute Max < Overshoot_ Area Between VDD

Absolute Max and VDD Max

(V) 1tCK

VSS ——

<—— Undershoot_ Area below VSS
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Clock Overshoot and Undershoot Specifications

Specification .
Parameter Unit
DDR4-2133 ‘ DDR4-2400 | DDR4-2666 | DDR4-3200
Clock (CK, CK)
Maxi -
aximum peak amplitude above VDD Absolute Max 0.06 0.06 TBD TBD v
allowed for overshoot area
Delta value between VDD Absolute Max and VDD Max
0.24 0.24 TBD TBD \
allowed for overshoot area
Maximum peak amplitude allowed for undershoot area 0.3 0.3 TBD TBD V/ns
Maximum overshoot area per 1Ul Above Absolute Max 0.0028 0.0025 TBD TBD V/ns
Maxi h 1UI B Absol M
aximum overshoot area per 1Ul Between Absolute Max 0.0844 0.0750 8D 8D V/ns
and VDD Max
Maximum undershoot area per 1Ul Below VSS 0.0858 0.0762 TBD TBD V/ns
CK Overshoot and Undershoot Definition
<«———Qvershoot Area above VDD Absolute Max
VDD Absolute Max <« Overshoot Area Between
VDD Absolute Max and VDD Max
VDD I
Volts 1Ul
V) >
SS I I
<— Undershoot Area below VSS
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Data, Strobe, and Mask Overshoot and Undershoot Specifications
Parameter DDR4-2133 DDR4-2400 DDR4-2666 DDR4-3200 Unit

Data, Strobe and Mask (DQ, DQS, DQS, DV, DB, TDQS, TDQS)

Maximum peak amplitude above Max absolute level of Vin,Vout 0.16 0.16 TBD TBD \Y
Overshoot area Between Max Absolute level of Vin,Vout and VDDQ Max 0.24 0.24 TBD TBD \"
Undershoot area Between Min absolute level of Vin,Vout and VSSQ 0.30 0.30 TBD TBD \"
Maximum peak amplitude below Min absolute level of Vin,Vout 0.10 0.10 TBD TBD \Y
Maximum overshoot area per 1Ul Above Max absolute level of Vin,Vout 0.0113 0.0100 TBD TBD V/ns
\hﬁ:ﬂ:jtn;::t;rggcgt“;\aria per 1Ul Between Max absolute level of 0.0788 0.0700 TBD TBD V/ns
:\//ilra:’x\i/r:;Jtrr;:;l(\:llzrssgoot area per 1Ul Between Min absolute level of 0.0788 0.0700 T8D 8D V/ns
Maximum undershoot area per 1Ul Below Min absolute level of Vin,Vout 0.0113 0.0100 TBD TBD V/ns

Data, Strobe, and Mask Overshoot and Undershoot Definition

<—  Qvershoot area above Max absolute level of Vin,Vout

Overshoot area Between Max absolute level
of Vin,Vout and VDDQ Max

Max absolute level of Vin,Vout

Volts 1UI
V)

Undershoot area Between Min absolute
level of Vin,Vout and VSSQ

<— Undershoot area below Min absolute level of Vin,Vout

Min absolute level of Vin,Vout
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AC and DC Output Measuremnt Levels

Output Driver DC Electrical Characteristics
The DDR4 driver supports two Ron values. These Ron values are referred as strong mode (low Ron - 34Q) and weak

mode (high Ron - 48Q)). A functional representation of the output buffer is shown in the figure below.

Chip In Drive Mode

Output Drive
i ¢ \VDDQ
To l lpy
other
circuity I RONpy
like °®
RCV, ... hd —-— | ba
RON lout
P * Vout
I Ipg
e} ® \/SSQ

The output driver impedance, Ron, is determined by the value of the external reference resistor Rza as follows:
RoN(34) = Rza/7, or Ron(48) = Rza/5 . This provides either a nominal 34.3Q +10% or 48Q) +10% with nominal Rza = 240 Q

VvDDQ - Vout . .
RONpy= @ —m78Mm ——— under the condition that RONy is off
| lout |
Vout
RONpq = _ Yot under the condition that RONy, is off
| lout |
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ALERT Output Drive Characteristic

Output driver impedance RON is defined as follows:

Vout
RONg, =
Pd I lout | under the condition that RONg, is off
Alert Driver
DRAM
® | Alert
-—
RON lout
Pd Vout
lpg
? ® \/SSQ
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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:

RONpu_CT = M ROdi_c = &
| lout | I lout |
Chip In Drive Mode
_ Output Driver
® \oba
l IPu_cCT
To
other RON Pu_CT
circuity ®
like Tout| PO
RCV....
RONPg_cT
Vout
l lPd_cT
¢ ® Vssa
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Single-Ended AC & DC Output Levels

Symbol Parameter DDR4-2133/2400/2666/3200 Units | NOTE
VOH(pc) |DCoutput high measurement level 1.1xVvDDQ \"
A For IV curve
VOM(pc) |DCoutput mid measurement level linearit 0.8 xVDDQ \"
i ity

VOL(pc) DC output low measurement level 0.5xVvDDQ Vv

VOH(ac) |AC output high measurement level | For output (0.7 +0.15) x VDDQ \" 1
VOL(ac) |AC output low measurement level SR (0.7-0.15) x VDDQ Vv 1

NOTE 1 The swing of £ 0.15 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver
impedance of RZQ/7 and an effective test load of 50Q to VTT = VDDQ.

Using the same reference load used for timing measurements, output slew rate for falling and rising edges is defined

and measured between VoL(ac) and VoH(ac) for single ended signals.

Single-Ended Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Single ended output slew rate for rising edge | VOL(ac) VOH(aq) [VOH(ac)-VOL(a)] / ATRse
Single ended output slew rate for falling edge | VOH(ac) VOL(ac) [VOH(ac)-VOL(a)] / ATFse
————————— — VOH(AC)
I U T 7 v
- — — 1T — VovAc)
— —
delta TFse delta TRse

Single-Ended Output Slew Rate

DDR4-2133 DDR4-2400 DDR4-2666 DDR4-3200 .
Symbol Parameter Unit
Min Max Min Max Min Max Min Max

SRQse Single ended output slew rate 4 9 4 9 TBD TBD TBD TBD V/ns

For RON = RZQ/7

NOTE 1 SR =slew rate; Q = query output; se = single-ended signals
NOTE 2 In two cases a maximum slew rate of 12V/ns applies for a single DQ signal within a byte lane.

e Case 1 is defined for a single DQ signal within a byte lane that is switching into a certain direction (either from high-to-low or low-to-high)
while all remaining DQ signals in the same byte lane are static (they stay at either high or low).

e Case 2 is defined for a single DQ signal within a byte lane that is switching into a certain direction (either from high to low or low to high)
while all remaining DQ signals in the same byte lane are switching into the opposite direction (from low to high or high to low
respectively). For the remaining DQ signal switching into the opposite direction, the regular maximum limit of 9 V/ns applies.
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Differential Outputs

Symbol |Parameter DDR4-2133/2400/2666/3200 Units
VOHygiff(ac) |AC differential output high measurement level (for output SR) +0.3xVvDDQ Vv
VOLgiff(ac) |AC differential output low measurement level (for output SR) -0.3xVvDDQ Vv

NOTE 1 The swing of + 0.3 x VDDQ is based on approximately 50% of the static single-ended output peak-to-peak swing with a driver
impedance of RZQ/7 and an effective test load of 50Q to VTT = VDDQ at each differential output.

NOTE 2 Using the same reference load used for timing measurements, output slew rate for falling and rising edges is defined and measured
between VOL,diff(AC) and VOH,diff(AC) for differential signals.

Differential Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Differential output slew rate for rising edge VOLgiff(ac) | VOHdiff(AC) [VOH giff(ac)-VOL diff(ac)] / ATRdiff
Differential output slew rate for falling edge | VOHdiff(ac) | VOLJiff(AC) [VOH giff(ac)-VOL diff(ac)] / ATFdiff
————————— — Vordit (AC)
. T Vi
- — N — — — — — -+ — Vorditr (AC)
_. ‘_
delta TFdiff delta TRdiff
Differential Output Slew Rate
For RON = RzQ/7
DDR4-2133 DDR4-2400 DDR4-2666 DDR4-3200 .
Symbol Parameter Unit

Min Max Min Max Min Max Min Max

SRQdiff Differential output slew rate 8 18 8 18 TBD TBD TBD TBD V/ns

NOTE 1 SR =slew rate; Q = query output; se = single-ended signals
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Connectivity Test Mode Output Levels

Symbol Parameter DDR4-2133/2400/2666/3200 Units |NOTE
VOH(pq) DC output high measurement level 1.1xVvDDQ Vv

VOMpc) | DC output mid measurement level For IV curve 0.8 x VDDQ

VOL(pc) DC output low measurement level linearity 0.5xVvDDQ v

VOB p() DC output below measurement level 0.2 xVDDQ \

VOH(aq) AC output high measurement level For output VTT + (0.1 x VDDQ) Y 1
VOLaq) AC output below measurement level |SR VTT - (0.1 x VDDQ) v 1

NOTE 1 Driver impedance of RZQ/7 and an effective test load of 50Q to VTT = VDDQ.

Test Load for Connectivity Test Mode Timing

Vbba
T DQ,
DQS, DQS,
CT_Inputs DM, TDQS, TDQS
[ DUT — & 0.5 *VDDQ

Rrerm = 50 Q

y

Vssa

Timing reference point

DDR4-2133/ 2400/2666/3200 .
Symbol Parameter - Unit
Min Max
TF output_cT Output signal Falling time - 10 ns/V
TR output_cT Output signal Rising time - 10 ns/V
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Speed Bin
DDR4-2133 Speed Bins and Operating Conditions
Speed Bin DDR4-2133P
CL-nRCD-nRP 15-15-15 Unit Notes
Parameter Symbol Min Max
Ilntemal read command to first data tAA 14.06™ 18.00 ns 12
linternal read command to first data with read DBI tAA(min) + | tAA(max)
enabled tAA_DBI 3nCK +3nCK ns 12
ACT to internal read or write delay time tRCD 14.06 - ns 12
IPRE command period tRP 14.06 - ns 12
ACT to PRE command period tRAS 33 9 x tREFI ns 12
ACT to ACT or REF command period tRC 47.06 - ns 12
Normal Read DBI
- 1.5
CcL=9 CL_ 1 5 tCK(AVG) por 1.6 ns  [1,2,3,4,11,14
CWL=9 (Optional) (Optional)™
CL=10 CL=12 tCK(AVG) Reserved ns 1,2,3,11
( ) 1.25 <1.5 ns 1,2,3,4,7
CWL = CL=11 CL=13 tCK(AVG ——
9,11 (Optional) ns 1,2,3,7
CL=12 CL=14 tCK(AVG) 1.25 <1.5 ns 1,2,3,7
1.071 <1.25
CWL = CL=13 CL=15 tCK(AVG) o ns 1,2,3,4,7
(Optional)™
10,12
CL=14 CL=16 tCK(AVG) 1.071 <1.25 ns 1,2,3,7
CL=14 CL=17 tCK(AVG) Reserved ns 1,2,3,4
WL =
c11 14 CL=15 CL=18 tCK(AVG) 0.938 <1.071 ns 1,2,3,4
CL=16 CL=19 tCK(AVG) 0.938 <1.071 ns 1,2,3
Supported CL Settings (9),(11),12,(13),14,15,16 nCK 13,14
Supported CL Settings with read DBI (11),(13),14,(15),16,18,19|| nCK
Supported CWL Settings 9,10,11,12,14 nCK
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DDR4-2400 Speed Bins and Operating Conditions

Speed Bin DDR4-2400R
CL-nRCD-nRP 16-16-16 Unit Notes
Parameter Symbol Min Max
IInternaI read command to first data tAA 13.32 18.00 ns 12
ILT:;T;(: read command to first data with read DBI tAA_DBI tA,;(:éiE) + tA-'-A?’(rr“ré?(x) ns 1
ACT to internal read or write delay time tRCD 13.32 - ns 12
IPRE command period tRP 13.32 - ns 12
ACT to PRE command period tRAS 32 9 x tREFI ns 12
ACT to ACT or REF command period tRC 45.32 - ns 12
Normal Read DBI
cL=9 CL=11 " | ek(ave) L 16 ns | 123411