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Description

The H5CG44MEBDX, H5CG48MEBDX, H5CG46MEBDX are a 16Gb DDR5 DRAM, ideally suited for the main
memory applications which requires large memory density and high bandwidth. SK hynix 16Gb DDR5
SDRAMs offer fully synchronous operations referenced to both rising and falling edges of the clock. While
all addresses and control inputs are latched on the rising edges of the CK (falling edges of the CK), Data,
Data strobes and Write data masks inputs are sampled on both rising and falling edges of it. The data
paths are internally pipelined and 16bit prefetched to achieve very high bandwidth.

Device Features and Ordering Information

Features

DRAM VDD/VDDQ = 1.1V (-33mV / +67mV)
DRAM VPP = 1.8V (-54mV / +108mV)
32 Bank with x4/x8
16 Bank with x16
8 BG(Bank Group) for X4/X8/X16 configurations
BL16, BC8 OTF, BL32, BL32 OTF supported
Temperature Encoding
Same Bank Refresh
VrefDQ / VrefCA / VrefCS Training
Hard/Soft Post Package Repair
Input Clock Frequency Change
Maximum Power Saving Mode (MPSM)
Multi-Purpose Command (MPC)
Per DRAM Addressability (PDA)
Read Training Mode
CA Training Mode
CS Training Mode
Per Pin VREFDQ Training
Write Leveling Training Mode
Connectivity Test (CT)
ZQ Calibration
DFE (Decision Feedback Equalization) for DQ
DQS Interval Oscillator
1N / 2N Mode support for Commands
On-Die ECC
ECC Transparency and Error Scrub
CRC (Cyclic Redundancy Check)
Loopback for multiple purposes - monitor data, BER(Bit Error Rate) analysis, etc.
Package Output Driver Test Mode
Training Modes:
* VrefDQ / VrefCA / VrefCS Training
Read Training Mode
CA Training Mode
CS Training Mode
Per Pin VREFDQ Training
Write Leveling Training Mode
Duty Cycle Adjuster (DCA) for Read - Global

*  Per Pin DCA(Duty Cycle Adjuster) for Read - Per Pin(DQ)
e NOT required RFM
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1. DDR5 Component Product

1.1  Ordering Information

Part No. Configuration Package
H5CG44MEBDXxxx 4Gb x 4
82ball FBGA
H5CG48MEBDXxxx 2Gbx 8
H5CG46MEBDXxxx 1Gb x 16 106ball FBGA
1.2 Operating Frequency
tck | SAS | trReD | tRP | tRAS | tRC
MT/s Grade Latency CL-tRCD-tRP
(ns) (tCK) (ns) (ns) (ns) (ns)
DDR5-4800 -EB 0.416 16.00 16.00 16.00 32.00 48.00 40-39-39

10
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1-3) Product Mode & Type

6

H5C

DDR5 Component

4-5) Product Density

G4 16Gb
G5 32Gb
G6 64Gb

6) Organization

4 X4
8 X8
6 X16

7) Generation

M 1st
8-9) Speed
EB 4800 40-39-39
EE 4800 46-39-39 (for 3DS)

10) Temperature

D

CT (0~95°C)

T

IT (-40~95°C)

11) Reserved

X

(RFU)

7

8 9

10 11

121314

1
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12-14) Serial Code

Code Die Density Number of Ball Die Stack Etc.
012 16Gb 82 2 TSV
013 16Gb 82 4 TSV
014 16Gb 82 1 -
015 16Gb 106 1 -

X Codes can be added, deleted and changed by internal management.

X This decoder can be used only for understanding SK hynix’s part number. It doesn't mean supportability for

all kinds of products.

12
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1.3 IDD Specification

IDD and IPP values are for full operating range of voltage and temperature unless otherwise noted.

Ipp and I'ppq Specification

4800
Symbol Unit NOTE
x4 x8 x16
IDDO 62.0 62.0 74.7 mA
IDDOF 89.5 89.5 135.6 mA
IDD2N 50.3 50.3 50.3 mA
IDD2NT 79.3 79.3 75.7 mA
IDD2P 41.7 41.7 41.7 mA
IDD3N 54.9 54.9 54.9 mA
IDD3P 46.2 46.2 46.2 mA
IDD4R 197.6 245.6 412.2 mA
IDD4W 227.5 227.8 355.8 mA
IDD5B 170.8 170.8 170.8 mA
IDD5F 161.4 161.4 161.4 mA
IDD5C 86.3 86.3 86.3 mA
IDD6E 46.3 46.3 46.3 mA
IDD7 257.6 288.8 415.6 mA
IDD8 27.4 27.4 27.4 mA
IDDQO 13.1 13.1 13.1 mA
IDDQOF 13.1 13.1 13.1 mA
IDDQ2N 13.1 13.1 13.1 mA
IDDQ2NT 14.1 14.1 14.1 mA
IDDQ2P 10.4 10.4 10.4 mA
IDDQ3N 13.1 13.1 13.1 mA
IDDQ3P 10.5 10.5 10.5 mA
IDDQ4R 43.3 62.8 118.0 mA
IDDQ4W 44.8 76.9 145.0 mA
IDDQ5B 13.1 13.1 13.1 mA
IDDQ5F 13.1 13.1 13.1 mA
IDDQ5C 13.1 13.1 13.1 mA
IDDQ6E 10.4 10.4 10.4 mA
IDDQ7 42.8 61.8 97.0 mA
IDDQ8 10.3 10.3 10.3 mA

13
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Ipp Specification

4800
Symbol Unit NOTE
x4 x8 x16

IPPO 8.4 8.4 11.7 mA
IPPOF 18.7 18.7 27.9 mA
IPP2N 5.3 5.3 5.3 mA
IPP2NT 5.3 5.3 5.3 mA
IPP2P 2.4 2.4 2.4 mA
IPP3N 29.1 29.1 29.1 mA
IPP3P 27.3 27.3 27.3 mA
IPP4R 33.7 33.7 40.1 mA
IPP4W 35.9 35.9 42.7 mA
IPP5B 47.0 47.0 47.0 mA
IPP5F 45.5 45.5 45.5 mA
IPP5C 18.5 18.5 18.5 mA
IPP6E 8.8 8.8 8.8 mA
IPP7 36.4 36.4 52.4 mA
IPP8 2.4 2.4 2.4 mA

Note(s):
1. Burst Length: BL16 fixed by MRO OP[1:0]=00.

2. Output Buffer Enable
- set MR5 OP[0] = 0] : Qoff = Output buffer enabled
- set MR5 OP[2:1] = 00] : Pull-Up Output Driver Impedance Control = RZQ/7
- set MR5 OP[7:6] = 00] : Pull-Down Output Driver Impedance Control = RZQ/7

RTT_Nom enable

- set MR35 OP[5:0] = 110110: RTT_NOM_WR = RTT_NOM_RD = RZQ/6
RTT_WR enable

- set MR34 OP[5:3] = 010 RTT_WR = RZQ/2

RTT_PARK disable

- set MR34 OP[2:0] = 000

3. WRITE CRC enabled
- set MR50 OP[2:1] = 11

14
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2. DDRS5 SDRAM Package, Pinout Description and Addressing
21 DDR5 SDRAM Row for X4, X8

The DDR5 SDRAM x4/x8 component shall have 13 electrical rows of balls. Electrical is defined as rows that contain signal ball or
power/ground balls. There may be additional rows of inactive balls for mechanical support.

2.2 DDRS5 SDRAM Ball Pitch

The DDR5 SDRAM component shall use a ball pitch of 0.8mm by 0.8mm.
The number of depopulated columns is 3.

2.3 DDR5 SDRAM Columns for X4, X8

The DDR5 SDRAM x4/x8 component shall have 6 electrical columns of balls in 2 sets of 3 columns.

There shall be columns between the electrical columns where there are no balls populated. The number of these is 3.

Electrical is defined as columns that contain signal ball or power/ground balls. There may be additional columns of inactive balls for
mechanical support.

15
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2.4 DDRS5 SDRAM X4/8 Ballout using MO-210

| 1 | 2 | 3 | 4 |s5]e]7] s | o 10 1 |
A | | DNU [ LBDQ | vVss VPP zQ VSS LBDQS DNU | [ A
B VDD | vDDQ | DQ2 DQ3 vDDQ VDD B
DM n,
c Vss DQ0 | DQS_t TDGS 't DQ1 VSsS c
D vDDQ | VSS | DQS_c TDQS_c Vss vDDQ D
E VDD DQ4 DQ6 DQ7 DQ5 VDD E
F VsSs | vDDQ | VsS vss vDDQ VsSs F
G CA_ODT| MIR VDD CK_t vDDQ TEN G
H ALERT_| vss | cs.n CK_c VSs VDD H
J VvDDQ | CA4 CA0 CA1 CA5 vDDQ J
K VDD CA6 CA2 CA3 CA7 VDD K
L vDDQ | VSS CA8 CA9 VsSs vDDQ L
M CAl CA10 | CA12 CA13 CA11 | RESET_n M
N | [ pNu VDD Vss VDD VPP Vss VDD DNU N
Note(s):

1 - DQ4-DQY7 are higher order DQ pins and are not connected for the x4 configuration.
2 - TDQS_t is not valid for the x4 configuration

3 - TDQS_c is not available for the x4 configuration

4 - DM_n not valid for the x4 configuration

Figure 1 — DDRS5 Ball Assignments for the x4/8 component

MO-210 (x4/x8)
with support balls

1234567891011
AOOOO+++0000
B+O0O0O+++000+
C+000+++000+
D+0O00O+++000+
E+O0O00+++000+
F+000+++000+
G+000+++000+
H+OO0OO+++000+
J4+000+++000+
K+O000+++000+
L+000+++000+
M+000+++000+
NOOOO+++0000

O Populated ball
+ Ball not populated

Note(s):
1. Additional columns and rows of inactive balls are for mechanical support only, and should not be tied to either electrically high or
low.
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2.5 DDRS5 SDRAM X16 Ballout using MO-210

| 1+ | 2 | 3 | 4 |s5]e|[7] 8 9 10 1]
A| [ DNU LBDQ vss VPP zQ vss LBDQS | DNU | [ A
B VDD vDDQ DQU2 DQU3 vDDQ VDD B
c vss DQUO | DQSU_t DMU_n | DQU1 Vss c
D vDDQ vss DQSU_c RFU VSS vDDQ D
E VDD DQU4 DQU6 DQU7 DQU5 VDD E
F VDD vDDQ DQL2 DQL3 vDDQ VDD F
G vss DQLO DQSL_t DML_n DQL1 Vss G
H vDDQ Vss DQSL_c RFU VSS vDDQ H
J VDD DQL4 DQL6 DQL7 DQL5 VDD J
K vss vDDQ vss Vss vDDQ Vss K
L CA_ODT MIR VDD CK_t vDDQ TEN L
M ALERT_n| VSS CS_n CK_c VSS VDD M
N vDDQ CA4 CA0 CA1 CA5 vDDQ N
P VDD CA6 CA2 CA3 CA7 VDD P
R vDDQ vss CA8 CA9 vss vDDQ R
T CAl CA10 CA12 CA13 CA11 | RESET_n T
u DNU VDD VSs VDD VPP VSS VDD DNU u
Figure 2 — DDRS5 Ball Assignments for the x16 component
MO-210 (x16)
with support balls
1234567 891011
AOOOO+++0000
B+OOO+++000+
C+000+++000+
D+000+++000+
E+000+++000+
F+OO0OO0+++000+
G+000+++000+
H+OOO+++000+
J+000+++000+
K+OO0O0+++000+
L+O000+++000+
M+0O00+++000+
N+OOO+++000+
P+O00+++000+
R+000+++000+
T+000+++000+
UuOOOO+++0000
O Populated ball
+ Ball not populated
Note(s):

1. Additional columns and rows of inactive balls are for mechanical support only, and should not be tied to either electrically high or
low.

17



SK’F

2.6

Pinout Description

Symbol

Type

Function

CK_t,CK_¢c

Input

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

CS_n

Input

Chip Select: All commands are masked when CS_n is registered HIGH. CS_n provides
for external Rank selection on systems with multiple Ranks. CS_n is considered part of
the command code. CS_n is also used to enter and exit the parts from power down
modes.

DM_n,
DMU_n,
DML_n

Input

Input Data Mask: DM_n is an input mask signal for write data. Input data is masked when
DM_n is sampled LOW coincident with that input data during a Write access. DM_n is
sampled on both edges of DQS. For x8 device, the function of DM_n is enabled by
MR5:0P[5]=1. DM is not supported for x4 device.

CA[13:0]

Input

Command/Address Inputs: CA signals provide the command and address inputs
according to the Command Truth Table. Note: Since some commands are multi-cycle,
the pins may not be interchanged between devices on the same bus.

RESET n

Input

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

DQ

Input / Output

Data Input/Output: Bi-directional data bus. If CRC is enabled via Mode register then CRC
code is added at the end of Data Burst.

DQS_t, DQS c,
DQSU_t, DQSU_c,
DQSL_t, DQSL_c

Input / Output

Data Strobe: output with read data, input with write data. Edge-aligned with read data,
centered in write data. For the x16, DQSL corresponds to the data on DQL0-DQL7;
DQSU corresponds to the data on DQUO-DQUY7. The data strobe DQS_t, DQSL_t and
DQSU_t are paired with differential signals DQS_c, DQSL_c, and DQSU_c, respectively,
to provide differential pair signaling to the system during reads and writes. DDR5
SDRAM supports differential data strobe only and does not support single-ended.

TDQS_t, TDQS_c

Output

Termination Data Strobe: TDQS_t/TDQS_c is applicable for x8 DRAMs only. When
enabled via MR5:0P[4]=1, the DRAM shall enable the same termination resistance
function on TDQS_t/TDQS_c that is applied to DQS_t/DQS_c. When disabled via
MR5:0P[4]=0, DM_n/TDQS_t shall provide the data mask function depending on
MR5:0P[5]; TDQS_c is not used. x4/x16 DRAMs must disable the TDQS function via
MR5:0P[4]=0.

ALERT n

Input/Output

Alert: If there is error in CRC, then Alert_n goes LOW for the period time interval and
goes back HIGH. During Connectivity Test mode, this pin works as input.

Using this signal or not is dependent on system. In case of not connected as Signal,
ALERT_n Pin must be bounded to Vppq on board.

TEN

Input

Connectivity Test Mode Enable: Required on x4, x8 & x16 devices. HIGH in this pin shall
enable Connectivity Test Mode operation along with other pins. It is a CMOS rail to rail
signal with AC high and low at 80% and 20% of Vppq. Using this signal or not is
dependent on System. This pin may be DRAM internally pulled low through a weak pull-
down resistor to VSS.

MIR

Input

Mirror: Used to inform SDRAM device that it is being configured for Mirrored mode vs.
Standard mode. With the MIR pin connected (strapped) to VDDQ, the SDRAM internally
swaps even numbered CA with the next higher odd number CA. Normally the MIR pin
must be tied to VSS if no CA mirror is required. Mirror pair examples: CA2 with CA3 (not
CA1) CA4 with CA5 (not CA3). Note that the CA[13] function is only relevant for certain
densities (including stacking) of DRAM component. In the case that CA[13] is not used,
its ball location, considering whether MIR is used or not, should be connected (Strapped)
to VDDAQ. No active signaling requirements defined.

CAl

Input

Command & Address Inversion: With the CAI pin connected (strapped) to VDDQ, DRAM
internally inverts the logic level present on all the CA signals. Normally the CAIl pin must
be connected to VSS if no CAinversion is required. No active signaling requirements
defined.

CA_ODT

Input

ODT for Command and Address. Apply Group A settings if the pin is connected
(Strapped) to VSS and apply Group B settings if the pin is connected (Strapped) to Vppq.
No active signalling requirements defined.

LBDQ

Output

Loopback Data Output: The output of this device on the Loopback Output Select defined
in MR53:0P[4:0]. When Loopback is enabled, it is in driver mode using the default RON
described in the Loopback Function section. When Loopback is disabled, the pin is either
terminated or HiZ based on MR36:0P[2:0].
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Symbol Type Function
Loopback Data Strobe: This is a single ended strobe with the Rising edge-aligned with
LBDQS Output !_qopbgck data edgg, falling edge aligned with.data.center. When Loopbagk is engbled, it
is in driver mode using the default RON described in the Loopback Function section.
When Loopback is disabled, the pin is either terminated or HiZ based on MR36:0P[2:0].
RFU Input/Output Reserved for future use
NC No Connect: No internal electrical connection is present.
vDDQ Supply DQ Power Supply: 1.1V
VDD Supply Power Supply: 1.1 V
VSS Supply Ground
VPP Supply DRAM Activating Power Supply: 1.8V Nom,
Reference Pin for ZQ calibration. This ball is tied to an external 240 ohm resistor(RZQ),
2Q Reference |\ hich is tied to Vs,
NOTES:
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2.7 DDR5 SDRAM Addressing
Table 1 — 8 Gb Addressing Table
Configuration 2 Gb x4 1 Gb x8 512 Mb x16
BG Address BG0~BG2 BG0~BG2 BG0O~BG1
AS:;"SS Bank Address in a BG BAO BAO BAO
# BG / # Banks per BG / # Banks 8/2/16 8/2/16 4/21/8
Row Address RO~R15 RO~R15 RO~R15
Column Address C0~C10 C0~C9 C0~C9
Page size 1KB 1KB 2KB
Chip IDs / Maximum Stack Height CID0~3/16H CID0~3/ 16H CID0~3/ 16H
Table 2 — 16 Gb Addressing Table
Configuration 4 Gb x4 2 Gb x8 1 Gb x16
BG Address BG0~BG2 BG0~BG2 BGO~BG1
Agjrlkss Bank Address in a BG BAO-BAT BAO~BAT BAO-BAT
# BG / # Banks per BG / # Banks 8/4/32 8/4/32 4/4/16
Row Address RO~R15 RO~R15 RO~R15
Column Address C0~C10 C0~C9 C0~C9
Page size 1KB 1KB 2KB
Chip IDs / Maximum Stack Height CID0~3/16H CID0~3/ 16H CID0~3/ 16H
Table 3 — 24 Gb Addressing Table
Configuration 6 Gb x4 3 Gb x8 1.5 Gb x16
BG Address BG0~BG2 BG0~BG2 BG0~BG1
Ac?c?rr:ats Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
# BG / # Banks per BG / # Banks 8/4/32 8/4/32 4/4/16
Row Address RO~R16 RO~ R16 RO~R16
Column Address C0~C10 C0~C9 C0~C9
Page size 1KB 1KB 2KB
Chip IDs / Maximum Stack Height CID0~3 / 16H CID0~3/ 16H CID0~3 / 16H
Note 1  For non-binary memory densities. a quarter of the row address space is invalid. When the MSB address bit is “HIGH”, the

MSB-1 address bit shall be “LOW”. An ACT command with row address inputs which violate this restriction may result in undefinied or

vendor specific behavior. Consult memory vendor for more information.

Table 4 — 32 Gb Addressing Table

Configuration 8 Gb x4 4 Gb x8 2 Gb x16
BG Address BG0~BG2 BG0~BG2 BG0~BG1
AS(‘;"::SS Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
# BG / # Banks per BG / # Banks 8/4/32 8/4/32 4/4/16

Row Address RO~R16 RO~R16 RO~R16

Column Address C0~C10 C0~C9 C0~C9

Page size 1KB 1KB 2KB
Chip IDs / Maximum Stack Height CID0~3 / 16H CID0~3/ 16H CID0~3 / 16H
Table 5 — 64 Gb Addressing Table

Configuration 16 Gb x4 8 Gb x8 4 Gb x16
BG Address BG0~BG2 BG0~BG2 BGO~BG1

AS;;';S Bank Address in a BG BAO~BA1 BAO~BA1 BAO~BA1
# BG / # Banks per BG / # Banks 8/4/32 8/4/32 4/4716

Row Address RO~R17 RO~R17 RO~R17

Column Address C0~C10 C0~C9 C0~C9
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Configuration 16 Gb x4 8 Gb x8 4 Gb x16
Page size 1KB 1KB 2KB
Chip IDs / Maximum Stack Height CID0~2/ 8H CID0~2 / 8H CID0~2/ 8H
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3.
3.1

Functional Description

Simplified State Diagram

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

VPP+VDD+VDDQ/ <

leveling

7 N\
\R ESET_n

SRE/SREF

Refresh
Manage-
ment

VRercar
VREFCS

RN - . NOPINOPNOP  cry
. . RESET n RESE:LH (NOP+NOP+NOP;
W 0651
MRW-+ ST
meCr
PODTM e
MRW+WL Init = 1, MRW+WL training = 1 \ e —m e hmgci)fch:g:/l enter
MRW+WL Init = 0, MRW+WL training= 0 —
S MRW+Guar
Pre- PDE < / AN
PDX(NOP) e B :
charged Co ® K
power- S ACT MY

MPC+PDA enum ID enumera-

Select ID

Active Mode

power-
down

Mode
register
write

: RD+BL32

: R+BL32 Bank

: active

: WR+BL32 ~ — RD+BL32

: WRA+BL32 e 7~T—X RERS RDA+BL32

. WR+BL32 RD+BL32

' WR, WRP 1.--- RD+BL32 WR+BL32 RO RD

. A RD )

Writing WR, WRP Reading

. WRA, WRPA WRA. WRPA WRA, WRPA  RDA RDA

. . | —

. [ RDA

: PREab, PREsb, PREpb “

: Readin

. PREab, PREsb, PREpb PREab, PREsb, PREpb 9 A+B+C

. AT Lt AB,C

: el PR e e — - ___»
e e e e e Precharging]  iiaaaaa- >

Preamble

Read

A and B and C
AorBorC

Pin asserted
Automatic sequence
Command sequence
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3.2 Basic Functionality

The DDR5 SDRAM is a high-speed dynamic random-access memory. To ease transition from DDR4 to DDRS5, the introductory
density (8Gb) shall be internally configured as 16-bank, 8 bank group with 2 banks for each bank group for x4/x8 and 8-bank, 4 bank
group with 2 banks for each bankgroup for x16 DRAM. When the industry transitions to higher densities (=>16Gb), it doubles the
bank resources and internally be configured as 32-bank, 8 bank group with 4 banks for each bank group for x4/x8 and 16-bank, 4
bank group with 4 banks for each bankgroup for x16 DRAM.

The DDR5 SDRAM uses a 16n prefetch architecture to achieve high-speed operation. The 16n 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 DDR5 SDRAM
consists of a single 16n-bit wide, eight clock data transfer at the internal DRAM core and sixteen corresponding n-bit wide, one-half
clock cycle data transfers at the I/O pins.

Read and write operation to the DDR5 SDRAM are burst oriented, start at a selected location, and continue for a burst length of
sixteen or a ‘chopped’ burst of eight 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 with the ACTIVATE Command are used to select
the bank and row to be activated (i.e. in a 16Gb part, BG0-BG2 in a x4/8 and BG0-BG1 in x16 select the bankgroup; BAO-BA1 select
the bank; R0-R17 select the row; refer to “DDR5 SDRAM Addressing” for specific requirements). The address bits registered 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 (CA10=L), and select BC8 on-the-fly (OTF), fixed BL16, fixed BL32 (optional), or BL32 OTF (optional) mode
if enabled in the mode register.

Prior to normal operation, the DDR5 SDRAM must be powered up and initialized in a predefined manner.

The following sections provide detailed information covering device reset and initialization, register definition, command descriptions,
and device operation.
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3.3

RESET and Initialization Procedure

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

settings need to be defined.

Table 6 — MR default settings

Iltem Mode Register Default Setting Description
Burst Length MRO OPI[1:0] 00g BL16
Read Latency MRO OP[6:2] 00010g RL(CL) = 26 @3200
Write Latency n/a WL=RL-2 (CWL=CL-2) Fixed based on RL (CL)
Write Recovery (tWR) MR6 OP[3:0] 0000g WR = 48nCK @3200 or 30ns
Read to Precharge
: 0000, =
Delay (tRTP) MR6 OP[7:4] B tRTP=12nCK @3200 or 7.5ns
VrefDQ Value MR10 0010 1101g VREF(DQ) Range: 75% of Vppq
VrefCA Value MR11 0010 1101g VREF(CA) Range: 75% of Vppq
VrefCS Value MR12 0010 1101B VREF(CS) Range: 75% of VDDQ
ECS Error Threshold
Count (ETC) MR15 011B 256
Post Package Repair MR23 OP[1:0] 00B hPPR & sPPR Disabled
. . Group A= RTT_OFF=000B
CKODT MR32 OP[2:0] CK ODT is based on strap value Group B= 40 Ohms=111B
. . Group A= RTT_OFF=000B
CS ODT MR32 OP[5:3] CS ODT is based on strap value Group B= 40 Ohms=111B
) . Group A= RTT_OFF=000B
CA ODT MR33 OP[2:0] CA ODT is based on strap value Group B= 80 Ohms=100B
DQS_RTT_PARK MR33 OP[5:3] 000B RTT OFF
RTT_PARK MR34 OP[2:0] 000B RTT OFF
RTT_WR MR34 OP[5:3] 001B 240 Ohm
RTT_NOM_WR MR35 OP[2:0] 011B 80 Ohm
RTT_NOM_RD MR35 OP[5:3] 011B 80 Ohm
RTT Loopback MR36 OP[2:0] 000B RTT OFF

3.31

Power-up Initialization Sequence

The following sequence shall be used to power up the DDRS5 device. Unless specified otherwise, these steps are mandatory.

1. While applying power (after Ta), RESET_n is recommended to be LOW (0.2 x VDDQ) and all other inputs may be undefined. The

device outputs remain disabled while RESET _n is held LOW. Power supply voltage ramp requirements are provided in Table 2.
VPP must ramp at the same time or earlier than VDD.

Table 7 — Voltage Ramp Conditions
After Application Conditions

Ta is reached VPP must be greater than VDD - TBD mV

Note:

1) Ta is the point when any power supply first reaches 300mV

2) Voltage ramp conditions in the table above apply between (Ta) and Power-off (controlled or uncontrolled).
3) Tb is the point at which all supply and reference voltages are within their defined ranges.

4) Power ramp duration (Tb-Ta) must not exceed tINITO.

2.

Following the completion of the voltage ramp (Tb), RESET_n must be maintained LOW. DQ, DQS_t, DQS_c, voltage levels must
be between VSS and VDDAQ to avoid latch-up. CS_n, CK_t, CK_c and CA input levels must be between VSS and VDDAQ to avoid
latch-up.

. Beginning at Tb, RESET_n must be maintained LOW for a minimum of tINIT1 (Tb to Tc), after which RESET_n may be deasserted

to HIGH (Tc). At least tINIT2 before RESET_n de-assertion, CS_n is required to be set LOW. All other input signals are “Don’t
Care”. The DRAM shall support the ability for RESET_n to be held indefinitely.
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Note(s):

1. From time point (Td) until (Te), the command bus must be held high.

2. From time point (Te) until (Tf), NOP commands must be applied on the command bus.

3. From time point (Tf) until (Tz), DES commands must be applied between legal commands (MRR/MRW/MPC & VREFCA).
4. MRW Commands must be issued to all Mode Registers that require defined settings.

5. Default ODT tolerances are wider prior to ZQ calibration.

6. Prior to ZQcal completion (Tj), MPC commands shall be multi-cycle as described in the MPC command Timings section.

Figure 3 — RESET_n and Initialization Sequence at Power-on Ramping

4. After RESET_n is de-asserted (Tc), wait at least tINIT3 before driving CS_n high.

5. After setting CS_n high (Td), wait a minimum of tINIT4 to allow the DRAM CMOS based receiver to register the exit and allow the
CS_n, CK, CA, DQ and DQS ODT to go to the defined strap or MRS state (Te). Clock (CK_t,CK_c) is required to be started and
stabilized for tCKSRX before exit of tINIT4 (Te). Upon the completion of Te, all ODT states (CA, CS_n, CK, DQ and DQS ODT)
should be valid and the DRAM’s CS_n receiver should no longer be in its CMOS based mode. ODT termination states will be
uncalibrated until completion of ZQcal at (Tj)

6. Upon Te, NOP commands must be issued for a minimum of tINIT5 to conclude exit of initialization process and start tXPR timer at
(Tf). The system must wait at least tXPR before issuing any legal configuration commands (Tg). During configuration, only MRR,
MRW, MPC and VREFCA commands are legal.

7. Between (Tg to Tj), the following initial configuration modes must be completed prior to other training modes:
- MPC for setting MR13 (tCCD/tDLLK) must be issued before the MPC command to reset the DLL.
- MPC to execute DLL RESET must be issued before ZQCal Start
- MPC to execute ZQCal Start and ZQCal Latch must be issued before any other training modes such as CS Training

8. Between (Tj to Tz), any number of legal configuration commands are allowed. Training based commands are optional and may be
done at the system architect’s discretion and may vary depending on the systems, though proper setting of certain registers, such
as those related to Write Leveling Training, is required.

9. After (Tz), and the completion of any training or calibration timing parameters (i.e. tZQLAT is satisfied), the DDRS5 device is ready
for normal operation and is able to accept any valid command. Any additional mode registers that have not previously been set up for
normal operation should be written at this time.
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Table 8 — Initialization Timing Parameters

Timing Table

Value
Parameter Symbol Units Note(s)

MIN MAX

Maximum voltage-ramp time tINITO - 20 ms

Minimum RESET_n LOW time after completion of voltage HNIT1 200 us

ramp

Minimum CS_n LOW time before RESET_n HIGH tINIT2 10 - ns

Minimum CS_n LOW time after RESET_n HIGH tINIT3 - ms

Minimum time for DRAM to register EXIT on CS_n with CMOS. tINIT4 - us

Minimum cycles required after CS_n HIGH tINITS - nCK 1

Minimum time from Exit Reset to first valid Configuration Com- XPR XS ) ns

mand

Minimum stable clock time tCKSRX SEE Self Refresh

Note(s):
1 - Min number of NOP commands issued after CS_n High (tINIT4).
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3.3.2 Reset Initialization with Stable Power

The following sequence is required for RESET at no power interruption initialization as shown in Figure 4.
1. Assert RESET_n below 0.2 x VDDQ anytime when reset is needed. RESET_n needs to be maintained for a minimum of

tPW_RESET. CS_n must be pulled LOW at least tINIT2 before de-asserting RESET_n.
2. Repeat steps 4 to 9 in Section 3.3.1

ta to te d te te t h t t; tk tz

[ . - - - - - . . . - - - - - - - . . - - e . . .
o W NS, 4 A A A A L O O
<5
VPP S
VDD//DDQ Y
o peser s e wirs e wro zacnt auar
RESET_n )
cs.n L wwuww’r//hr_' i [ . W . |y WM . | - |
MO ([ e 3 o [T
Cs oDT -E CS_RTT_OFF—.- § STRAP or MR ODT STATE _
CAODT [ Yo CA_RTT_OFF—o- \}__STRAP or MR ODT STATE
CK ODT CK,RTT‘,OFFHEX "\ STRAP or MR ODT STATE
DQSODT [ Yo DQS_R"TT_OFF— ‘‘‘‘‘ \_MR ODT STATE ‘
DQODT [ Y DQ_RTT_OFF—{r- MR ODT STATE

Note(s):

1. From time point (Td) until (Te), the command bus must be held high.

2. From time point (Te) until (Tf), NOP commands must be applied on the command bus.

3. From time point (Tf) until (Tz), DES commands must be applied between legal commands (MRR/MRW/MPC & VREFCA).
4. MRW Commands must be issued to all Mode Registers that require defined settings.

Figure 4 — Reset Procedure at Power Stable

Table 9 — Reset Timing Parameters

Value
Parameter Symbol Units Note(s)
MIN MAX
Minimum RESET_n low time for Reset Initialization with stable power tPW_RESET 1 - usS
Maximum time after RESET _n assertion to ODT off tRST_ADC - 50 nS

Note(s):
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Input Voltage Power-up and Power-Down Sequence

Rail to Rail Requirements

Ta Tb Tx Tz
- INITO > < TBD >
(« VPP
VPF'_qup_Up_SR )) VPP_Ramp_Down_SR
(_vDbDQ '
N
v 77 vDD
VPP must be equal or greater than VDDQ always
During ramp up and ramp down [VDDQ-VDD] must =<200m V
DDQ_Ramp_\Up_SR VDDQ_Ramp_Down_SR
VDD_Ramp_Up_SR VDD_Ramp_Down_SR
Figure 5 — Requirement for Voltage Ramp Control
Table 10 — Input Voltage Slew Rates
Description Symbol Min Max Units Notes
. VPP_Ramp_Up_SR 0.2 5 V/ms
VPP Rail
VPP_Ramp_Down_SR 0.1 4.5 V/ms
. VDD_Ramp_Up_SR 0.1 4.5 Vims
VDD Rail 1,
VDD_Ramp_Down_SR 0.1 4.5 Vims
. VDDQ_Ramp_Up_SR 0.1 4.5 V/ms
VDDQ Rail
VDDQ_Ramp_Down_SR 0.1 4.5 V/ms

Note(s):

1. Both VDD and VPP supply measurements made between 10% & 90% nominal voltage

5. After tINITO, all supplies must be within their specified tolerance, as defined in the DC Operating Tables.
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3.4 Mode Register Definition

3.41 Mode Register Read (MRR)

The Mode Register Read (MRR) command is used to read configuration and status data from the DDR5-SDRAM registers. The MRR
command is initiated with CS_n and CA[13:0] in the proper state as defined by the Command Truth Table. The mode register address
operands (MA[7:0]) allow the user to select one of 256 registers. The mode register contents are available on the second 8 Ul’s of the
burst and are repeated across all DQ’s after the RL following the MRR command. To avoid a potentially worst-case pattern, every odd
DQ bit (represented with !) shall have its contents inverted. Data in the burst (BLO-7) shall be either “0” or “1”, with “1” indicating that
the content of the later UI's (BL8-15) are inverted.

DQS is toggled for the duration of the MRR burst. The MRR has a command burst length 16. MRR termination control and ODT
timings are the same as for the READ command. The MRR operation must not be interrupted. Non-Target ODT encoding is available
for MRR, just like a normal READ. NT ODT MRR termination control and ODT timings are the same as for the READ NT command.

In the case that CRC is enabled, MRR’s output will come with BL18 (BL16 plus 2 CRC-bit), but the host has the option to consider the
17th and 18th bits “don’t care” for MRR handling. Regardless on if the host uses the 17th and 18th bits, while CRC is enabled, the
strobe needs to toggle for BL18.

CK_t,
CK_ ¢
CA[13:0]
omp wrr )pespesbedbE( bedpes(vaui Joedbes wrr
e A T A A A R SRNTA RaR Y
[T ponT care Zz TIME BREAK
Figure 6 — Mode Register Read Timing
Table 11 — DQ output mapping for x4 device

BL 0-7 8 9 10 | 11 12 | 13 | 14 15
DQO OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7

0
DQ1 1 I0PO | IOP1 | IOP2 | IOP3 | IOP4 | IOPS5 | IOP6 | IOP7
DQ2 0 OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7
DQ3 1 10P0O | IOP1 | IOP2 | IOP3 | IOP4 | !OP5 | 1OP6 | |OP7

Notes:
1. The read pre-amble and post-amble of MRR are same as normal read.

Table 12 — DQ output mapping for x8 device

BL 0-7 8 9 10|11 [12]13]1a] 15
DQO 0 OP0 | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7
DQ1 1 1OPO | 1OP1 | 1OP2 | IOP3 | 'OP4 | 1OP5 | IOP6 | 'OP7
DQ2 0 OP0 | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7
DQ3 1 IOPO | IOP1 | 'OP2 | IOP3 | IOP4 | IOP5 | 10P6 | lOP7
DQ4 0 OP0O | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7
DQ5 1 IOPO | 1OP1 | 1OP2 | IOP3 | 1OP4 | 1OP5 | IOP6 | 1OP7
DQ6 0 OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7
DQ7 1 IOPO | 1OP1 | 1OP2 | IOP3 | 1OP4 | 1OP5 | IOP6 | 1OP7

Notes:
1. The read pre-amble and post-amble of MRR are same as normal read.
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Table 13 — DQ output mapping for x16 device (OSC Count - MR46 & MR47 only)

BL 0-7 8 9 10 | 11 | 12 | 13 | 14 | 15
DQO 0 OPO0O | OP1|OP2|OP3 | OP4|OP5 |OP6 | OP7
DQ1 1 IOPO!OP1|!1OP2[IOP3|!OP4|!OP5|!IOP6|!OP7
DQ2 0 OPO0O | OP1|OP2|OP3 | OP4|OP5|OP6 | OP7
DQ3 1 IOPO|!IOP1[IOP2|IOP3[!OP4|!OP5|!OP6| IOP7
DQ4 0 OPO | OP1|OP2|OP3 | OP4|OP5 |OP6 | OP7
DQ5 1 I0PO[!IOP1[IOP2|1OP3[!OP4[|!1OP5|!OP6| IOP7
DQ6 0 OPO | OP1|OP2|OP3 | OP4|OP5|OP6 | OP7
DQ7 1 IOPO|!OP1|!1OP2[!OP3|!OP4|!OP5|!OP6|!OP7
DQ8 0 OPO0O | OP1|OP2|OP3 | OP4|OP5|OP6 | OP7
DQ9 1 I10OPO[!OP1|!1OP2[!OP3|!OP4|!OP5|!OP6|OP7
DQ10 0 OP0O | OP1|OP2|OP3|OP4|OP5|OP6 | OP7
DQ11 1 10PO|!OP1[IOP2|IOP3[!OP4[|!OP5|!OP6| IOP7
DQ12 0 OPO | OP1|OP2|OP3|OP4|OP5|OP6 | OP7
DQ13 1 10PO|!OP1|!IOP2|IOP3[!IOP4|!1OP5(!OP6| IOP7
DQ14 0 OPO | OP1|OP2|OP3| OP4|OP5|OP6 | OP7
DQ15 1 10PO|!OP1|!IOP2[1OP3{!OP4|IOP5|!1OP6| IOP7

Notes:
1. The read pre-amble and post-amble of MRR are same as normal read.
2. Output map excludes per bit DFE, DCA and VrefDQ mode registers (MR112 through MR255)
Table 14 — DQ output mapping for x16 device (DFE REGISTERS EXCLUDED)

BL 0-7 8 9 10 | 11 | 12 | 13 | 14 | 15
DQO 0 OPO0O | OP1|OP2|OP3 | OP4|OP5 |OP6 | OP7
DQ1 1 IOPO|!IOP1|IOP2|1OP3|!OP4|I1OP5|!OP6| IOP7
DQ2 0 OPO | OP1|OP2|OP3 | OP4|OP5 |OP6 | OP7
DQ3 1 IOPO|!IOP1[IOP2|IOP3[!OP4|!OP5|!OP6| IOP7
DQ4 0 OPO | OP1|OP2|OP3 | OP4|OP5 |OP6 | OP7
DQ5 1 IOPO|!OP1|!1OP2[IOP3|!OP4|!OP5|!OP6|!OP7
DQ6 0 OPO | OP1|OP2|OP3 | OP4|OP5|OP6 | OP7
DQ7 1 IOPO[!OP1|!1OP2[IOP3|!OP4|!OP5|!OP6|!OP7
DQ8
DQ9
DQ10
381; Don’t Care
DQ13
DQ14
DQ15

Notes:
1. The read pre-amble and post-amble of MRR are same as normal read.
2. Output of mode register data is only duplicated and inverted across the first 8 bits of a x16 device.
3. Output map excludes per bit DFE, DCA and VrefDQ mode registers (MR112 through MR255)
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Table 15 — DQ output mapping for x16 device (DFE Lower Byte - DQ[0:7], DML)
BL 0-7 8 9 |10 | 11|12 | 13 | 14 | 15

DQO 0 OPO|OP1|OP2|OP3|OP4 | OP5|OP6 | OP7
DQ1 1 IOPO|!OP1[!OP2[!OP3|!IOP4[IOP5|!OP6|!OP7
DQ2 0 OPO|OP1|OP2|OP3|OP4 | OP5|OP6 | OP7
DQ3 1 IOPO[!OP1[IOP2[|TOP3|IOP4[IOP5|!OP6|IOP7
DQ4 0 OPO|OP1|OP2|OP3|OP4|OP5|OP6 | OP7
DQ5 1 IOPO[!OP1[IOP2[|!OP3|IOP4[IOP5|!OP6|IOP7
DQ6 0 OPO|[OP1|OP2|OP3|0OP4|OP5|OP6| OP7
DQ7 1 IOPO|!OP1[IOP2[|!OP3|!IOP4[!OP5[!OP6|IOP7
DQ8
DQ9
DQ10
881; Don'’t Care
DQ13
DQ14
DQ15

Notes:

1. The read pre-amble and post-amble of MRR are same as normal read.
2. Output of mode register data is only duplicated and inverted across the first 8 bits of a x16 device when reading from a DFE register associated
with a lower byte DQ or DML.

3. Output map is ONLY for per bit DFE, DCA and VrefDQ mode registers (MR112 through MR255)

Table 16 — DQ output mapping for x16 device (DFE Upper Byte - DQ[15:8], DMU)

BL 0-7 | 8 9 [10[11]12]13]14] 15
DQO

DQ1

DQ2

DQ3 ,

e Don’t Care

DQ5

DQ6

DQ7

DQ8 0 OP0[OP1[OP2]OP3[OP4[OP5]OP6] OP7
DQ9 1 TOPO[TOP1[IOP2[TOP3[TOP4|TOP5|TOP6|OP7
DQT0 0 OPO0|OP1[OP2|OP3[OP4|OP5|OP6| OP7
DQT1 1 TOPO|TOP1[IOP2[TOP3[TOP4|TOP5|TOP6| IOP7
DQT12 0 OPO0|OP1[OP2|OP3[OP4|OP5|OP6 | OP7
DQT3 1 TOPO[IOP1[IOP2[TOP3[TOP4|IOP5|TOP6|OP7
DQT4 0 OPO|[OP1[OP2[OP3[OP4|OP5|OP6 | OP7
DQT5 1 TOPO|[IOP1[IOP2[1OP3[T1OP4[IOP5|IOP6| TOP7

Note(s):

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

2. Output of mode register data is only duplicated and inverted across the last 8 bits of a x16 device when reading from a DFE register associated with
an upper byte DQ or DMU.
3. Output map is ONLY for per bit DFE, DCA and VrefDQ mode registers (MR112 through MR255)
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3.4.2 Mode Register WRITE (MRW)

The Mode Register Write (MRW) command is used to write configuration data to the mode registers.

The MRW command is initiated with CS_n and CA[13:0] in the proper state as defined by the Command
Truth Table. The mode register address and the data written to the mode registers is contained in CA[13:0]
according to the Command Truth Table. The MRW command period is defined by tMRW. Mode register
Writes to read-only registers have no impact on the functionality of the device.

to tr te ts ta ta tar tarz tars taw tars tare to ot toez tora to tort torn terd tora ta tor toe tars tars tars

CA[13:0] : T i : | ‘ T
Sedpes A oedpes] e oe3edpesi

DON'T CARE Z? TIME BREAK

Figure 7 — Mode Register Write Timing

3.4.3 DFE Mode Register Write Update Timing

This Mode Register update timing parameter applies for MR112 (MA[7:0]=70H) thru MR248
(MA[7:0]=F8H) - Mode Registers for DFE including DFE Gain Bias, DFE Tap-1, DFE Tap-2, DFE Tap-3,
DFE Tap-4 mode registers

/
/
—
t0 tl

- 77

ing

Adjustment
CA Old DFE Updating DFE Setti New DFE

Vref Setting g " Setting

« tDFE >

Figure 8 — DFE Update Setting
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3.4.4 Mode Register Truth Tables and Timing Constraints

Table 17 — Mode Register Read/Write AC timing

Parameter Symbol Min/ Value Unit | Note
Max

Mode Register Read command period tMRR Min | max(14ns, 16nCK) | nCK 1
Mode Register Read Pattern to Mode Register Read Pattern {MRR_p Min 8 nCK
Command spacing

Mode Register Write command period tMRW Min max(5ns, 8nCK) nCK 1
Mode Register Set command delay tMRD Min | max(14ns, 16nCK) | nCK

DFE Mode Register Write Update Delay Time tDFE Min 80 ns 2

Note(s):

1 - MRR and MRW commands are not allowed with pages open.
2 - This parameter applies only to MRW’s to DFE registers and is defined as the settling time before a new DFE setting is active.

Table 18 — Truth Table for Mode Register Read (MRR) and Mode Register Write (MRW)

Current State Intermediate State Next State
Command
SDRAM SDRAM SDRAM
Mode Register Reading
MRR (All Banks Idle) All Banks Ildle
All Banks Idle Mode Reaister Writ
ode Register Writing
MRW (All Banks Idle) All Banks Idle
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Note(s):

Table 19 — MRR/MRW Timing Constraints: DQ ODT is Disable

To Minimum Delay between “From :
From Command Command Command” and “To Command” Unit Note
MRR tMRR - 2
MRW CL+BL/2+1 tCK 2
MPC CL+BL/2+1 tCK 2
MRR VrefCA CL+BL/2+1 tCK 2
Any other
valid tMRD - 1,2
command
MRW tMRW -
MRW Any other
valid tMRD -
command
MRR tRP -
PRE
MRW tRP -
MRR tRFC -
REF
MRW tRFC -

1. All data should be completed before entry into self refresh or power down.
2. MRR can refer to both Target ODT MRR and Non-Target ODT MRR
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Table 20 — MRR/MRW Timing Constraints: DQ ODT is Enable

From Command

To
Command

Minimum Delay between “From
Command” and “To Command”

Unit

Note

MRR

MRR

MRW

MPC

VrefCA

Any other
valid
command

MRW

MRW

Any other
valid
command

PRE

MRR

MRW

REF

MRR

MRW

Same as ODT Disable Case
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3.5 Mode Registers

With DDRS5, the utilization and programming method shall change from the traditional addressing scheme found in DDR3 and DDR4,
and shall move to the method used by LPDDR, where the Mode Register Addresses (MRA) and Payload placed in Op Codes (OP)
are all packeted in the command bus encoding method. Please refer to the Command Truth Table 32 for Mode Register Read (MRR)
and Mode Register Write (MRW) command protocol.

For DDRS5, the SDRAM shall support up to 8 MRA’s, each with a byte-wide payload. Allowing for up to 256 byte-wide registers.

3.5.1  Mode Register Assignment and Definition in DDR5 SDRAM

Table 21 shows the mode registers for DDR5 SDRAM. Each bit in a register byte (MR#) is denoted as "R" if it can be read but not
written, "W" if it can be written but reads shall always produce a ZERO for those specific bits, and "R/W" if it can be read and written.
Additionally, a DRAM read-only bit combined with a Host write-only bit is denoted as a “SR/W” bit. This bit allows the DRAM to return
a defined status during a read of that bit (SR = Status Read), independent of what the Host may have written to the bit.

A defined register byte (MR#), is any MR# that has at least one of the bits defined.

When the entire MR# is marked RFU, then it is considered undefined and all the bits from the DRAM shall be don’t care for reads or
writes. These undefined mode registers (completely empty bytes, not individual bits of an MR) may not be supported in the DRAM.
When a defined register byte (MR#) contains an “RFU” bit, the host must write a ZERO for those specific bits and the DRAM does not
guarantee any operation of those specific RFU bits. When the host issues an MRR to a defined register (MR#) that contains RFU bits
in it, those specific bits shall always produce a ZERO.

For cases in which a mode register is specific to a particular device configuration (x16, x8, x4) and/or density (32Gb, 16Gb, 8Gb), the
following rules shall be applied:

- When the DRAM is configured as a x4/x8, an entire MR# used only for a x16 shall be considered RFU. These bits are don’t care for
reads and writes, and they may be unsupported.

- When a bit field within a register is used by a different configuration or density than a given DRAM, the host may write/read pro-
grammed values to these fields, but DRAM operation will not be affected.

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

Table 21 — Mode Register Assignment in DDR5 SDRAM

MR# OP[7] OP[6] ‘ OP[5] ‘ OP[4] ‘ OPJ[3] ‘ OP[2] OP[1] ‘ OPJ[0]
0 RFU CAS Latency (RL) Burst Length
1 PDA Select ID PDA Enumerate ID
Internal Device 15 Assce;ftion MaSXas?nwer Write Read
2 Write Reserved . 9 2N Mode Leveling Preamble
Timin MPSM Duration Mode Trainin Trainin
9 (MPC) (MPSM) 9 9
Write Leveling Write Leveling
3 Internal Cycle Internal Cycle
Alignment - Upper Byte Alignment - Lower Byte
Refresh Eﬁgﬁg;
4 TUF RFU tRFC . Refresh Rate
Rate Indi-
Mode
cator
5 Pull-Down DM TDQS PODTM Pull-up o%?tit
Output Driver Impedance Enable Enable Support Output Driver Impedance Disa‘:)Ie
6 tRTP Write Recovery Time
RFU
Write PS;‘:%_
8 Posta!mble ble Set- RFU Write Preamble Settings Read Preamble Settings
Settings .
tings
9 ™ RFU x4 writes ECS write-
back
10 VrefDQ Calibration Value
1 VrefCA Calibration Value
12 VrefCS Calibration Value
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Table 21 — Mode Register Assignment in DDR5 SDRAM

13 RFU tCCD_L /tDLLK
Row
Reset Mode/
14 ECS Mode ECS Code RFU CID3 CID2 CID1 CIDO
Counter Word
Mode
Automatic
15 RFU E ge?f'” ECS Error Threshold Count (ETC)
Refresh
16 Transparency - Row Address with Max Errors 1 - See MR for encoding details
17 Transparency - Row Address with Max Errors 2 - See MR for encoding details
18 Transparency - Row Address with Max Errors 3 - See MR for encoding details
19 Transparency - Max Row Error Count - See MR for encoding details
20 Transparency - Error Count (EC) - See MR for encoding details
21 RFU
22 RFU
23 RFU sPPR hPPR
24 PPR Guard Key
Continu- |  LFSR1 LFSRO TraiﬁiiadPat-
25 RFU ous Burst Pattern Pattern ter?1
Mode Option Option Format
26 Read Training Pattern Data0 / LFSRO Seed
27 Read Training Pattern Data1 / LFSR1 Seed
28 Read Training Pattern Invert DQL7:0 (DQ7:0)
29 Read Training Pattern Invert DQU7:0 (DQ15:8)
LFSR LF.SR LF.SR LF.SR LF.SR LF.SR LFSR LFSR
. Assign- Assign- Assign- Assign- Assign- . .
Assignment Assignment Assignment
30 DQL7/ ment ment ment ment ment DAL/ DQLO/
DQU7 DQL6/ DQLS5/ DQL4/ DQL3/ DQL2/ DQU1 DQUO
DQU6 DQU5 DQuU4 DQU3 DQU2
31 Read Training Pattern Address
CA_ODT
32 RFU Strap CS ODT CK ODT
Value
33 RFU DQS_RTT_PARK CAODT
34 RFU RTT_WR RTT_PARK
35 RFU RTT_NOM_RD RTT_NOM_WR
36 RFU RTT_Loopback
37 RFU ODTLoff WR_offset ODTLon_WR_offset
38 RFU ODTLoff WR_NT_offset ODTLon_WR_NT_offset
39 RFU ODTLoff RD_NT_offset ODTLon_RD_NT_offset
40 RFU Read DQS offset timing
41 RFU
42 RFU DCA Training Assist DCA Types Supported
Mode
Sign Bit for i Sign Bitfor | DCA for single/two-phase clock(s) or QCLK
43 OP[6:4] DCA for IBCLK in 4-phase clocks OP[2:0] in 4-phase clocks
Sign Bit for
44 RFU QBCLKin DCA for QBCLK in 4-phase clocks
4-phase
clocks
45 DQS Interval Timer Run Time
46 DQS Oscillator Count - LSB
47 DQS Oscillator Count - MSB

37



SK

Table 21 — Mode Register Assignment in DDR5 SDRAM

48 Write Pattern Mode
49 RFU
. . Write .
Write Write Write CRC CRC Write CRC
CRC auto- | CRC auto- enable Read CRC
50 RFU RFU . . error enable
disable disable status upDEr lower enable
status enable pp nibble
nibble
51 RFU Write CRC Auto-Disable Threshold - See MR for encoding details
52 RFU Write CRC Auto-Disable Window - See MR for encoding details
Loopback
53 Qutput Loopback Loopback Output Select
Select Phase
Mode
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
54 Resource Resource Resource Resource Resource Resource Resource Resource
BG1 Bank 3 BG1 Bank 2 BG1 Bank 1 BG1 Bank 0 BGO Bank 3 BGO Bank 2 BGO Bank 1 BGO Bank 0
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
55 Resource Resource Resource Resource Resource Resource Resource Resource
BG3 Bank 3 BG3 Bank 2 BG3 Bank 1 BG3 Bank 0 BG2 Bank 3 BG2 Bank 2 BG2 Bank 1 BG2 Bank 0
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
56 Resource Resource Resource Resource Resource Resource Resource Resource
BG5 Bank 3 BG5 Bank 2 BG5 Bank 1 BG5 Bank 0 BG4 Bank 3 BG4 Bank 2 BG4 Bank 1 BG4 Bank 0
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
57 Resource Resource Resource Resource Resource Resource Resource Resource
BG7 Bank 3 BG7 Bank 2 BG7 Bank 1 BG7 Bank 0 BG6 Bank 3 BG6 Bank 2 BG6 Bank 1 BG6 Bank 0
58 RAAMMTI[2:0] RAAIMT[3:0] RFM
Required
59 RFM RAA Counter ‘ RFU
60 RFU
61 RSVD Package Output Driver Test Mode
62 Vendor Specified
63 DRAM Scratch Pad
64-102 RFU
DQSL_t DQSL_t
103 IBCLK Sign RFU DQSL_t DCA for IBCLK QCLK Sign RFU DQSL_t DCA for QCLK
DQSL_t
104 RFU QBCLK Sign RFU DQSL_t DCA for QBCLK
DQSL_c DQSL_c
105 IBCLK Sign RFU DQSL_c DCA for IBCLK QCLK Sign RFU DQSL_c DCA for QCLK
DQSL_c
106 RFU QBCLK Sign RFU DQSL_c DCA for QBCLK
DQSU_t DQSU_t
107 IBCLK Sign RFU DQSU_t DCA for IBCLK QCLK Sign RFU DQSU_t DCA for QCLK
DQSU_t
108 RFU QBCLK Sign RFU DQSU_t DCA for QBCLK
DQSU_c DQSU_c
109 IBCLK Sign RFU DQSU_c DCA for IBCLK QCLK Sign RFU DQSU_c DCA for QCLK
DQSU_c
110 RFU QBCLK Sign RFU DQSU_c DCA for QBCLK
Global Global Global Global DFE
111 RFU DFE Tap- | DFETap-3 | DFE Tap- Tap-1 G;ﬁ]b;'nggli
4 Enable Enable 2 Enable Enable 9
112 RFU DML DFE Gain Bias - See MR for encoding details
113 DML DFE Tap-1 Bias - See MR for encoding details
114 DML DFE Tap-2 Bias - See MR for encoding details
115 DML DFE Tap-3 Bias - See MR for encoding details
116 DML DFE Tap-4 Bias - See MR for encoding details
117 RFU
DML
118 VREFDQ DML VREFDQ Offset RFU
sign
119 RFU
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Table 21 — Mode Register Assignment in DDR5 SDRAM

120 RFU DMU DFE Gain Bias - See MR for encoding details

121 DMU DFE Tap-1 Bias - See MR for encoding details

122 DMU DFE Tap-2 Bias - See MR for encoding details

123 DMU DFE Tap-3 Bias - See MR for encoding details

124 DMU DFE Tap-4 Bias - See MR for encoding details

125 RFU
DMU

126 VREFDQ DMU VREFDQ Offset RFU
sign

127 RFU

128 RFU DQLO DFE Gain Bias - See MR for encoding details

129 DQLO DFE Tap-1 Bias - See MR for encoding details

130 DQLO DFE Tap-2 Bias - See MR for encoding details

131 DQLO DFE Tap-3 Bias - See MR for encoding details

132 DQLO DFE Tap-4 Bias - See MR for encoding details

133 DQLgiS';‘?ICLK RFU DQLO DCA for IBCLK DQLSE’&CLK RFU DQLO DCA for QCLK
DaLo DQLO

134 VRSEing]:)Q DQLO VREFDQ Offset QBCLK Sign RFU DQLO DCA for QBCLK

135 RFU

136 RFU DQL1 DFE Gain Bias - See MR for encoding details

137 DQL1 DFE Tap-1 Bias - See MR for encoding details

138 DQL1 DFE Tap-2 Bias - See MR for encoding details

139 DQL1 DFE Tap-3 Bias - See MR for encoding details

140 DQL1 DFE Tap-4 Bias - See MR for encoding details

141 DQL;K';‘?ICLK RFU DQL1 DCA for IBCLK DQLgig’nCLK RFU DQL1 DCA for QCLK
paLt DQL1

142 VRSEigrE)Q DQL1 VREFDQ Offset QBCLK Sign RFU DQL1 DCA for QBCLK

143 RFU

144 RFU DQL2 DFE Gain Bias - See MR for encoding details

145 DQL2 DFE Tap-1 Bias - See MR for encoding details

146 DQL2 DFE Tap-2 Bias - See MR for encoding details

147 DQL2 DFE Tap-3 Bias - See MR for encoding details

148 DQL2 DFE Tap-4 Bias - See MR for encoding details

149 DQL;S';‘?ICLK RFU DQL2 DCA for IBCLK DQL;g’nCLK RFU DQL2 DCA for QCLK
DQL2 DQL2

150 VRSEigrE)Q DQL2 VREFDQ Offset QBCLK Sign RFU DQL2 DCA for QBCLK

155 RFU

152 RFU DQL3 DFE Gain Bias - See MR for encoding details

153 DQL3 DFE Tap-1 Bias - See MR for encoding details

154 DQL3 DFE Tap-2 Bias - See MR for encoding details

155 DQL3 DFE Tap-3 Bias - See MR for encoding details

156 DQL3 DFE Tap-4 Bias - See MR for encoding details

157 DQL;S';‘?ICLK RFU DQL3 DCA for IBCLK DQLg’ig’nCLK RFU DQL3 DCA for QCLK
paLs DQL3

158 VRSEigrE)Q DQL3 VREFDQ Offset QBCLK Sign RFU DQL3 DCA for QBCLK

159 RFU

160 RFU DQL4 DFE Gain Bias - See MR for encoding details

161 DQL4 DFE Tap-1 Bias - See MR for encoding details

162 DQL4 DFE Tap-2 Bias - See MR for encoding details
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Table 21 — Mode Register Assignment in DDR5 SDRAM

163 DQL4 DFE Tap-3 Bias - See MR for encoding details

164 DQL4 DFE Tap-4 Bias - See MR for encoding details

165 DQL;;B“CLK RFU DQL4 DCA for IBCLK DQL;S]CLK RFU DQL4 DCA for QCLK
DQL4 DQL4

166 VREFDQ DQL4 VREFDQ Offset QBCLK Si RFU DQL4 DCA for QBCLK
Sign 'gn

167 RFU

168 RFU DQL5 DFE Gain Bias - See MR for encoding details

169 DQL5 DFE Tap-1 Bias - See MR for encoding details

170 DQL5 DFE Tap-2 Bias - See MR for encoding details

171 DQL5 DFE Tap-3 Bias - See MR for encoding details

172 DQL5 DFE Tap-4 Bias - See MR for encoding details

173 DQL;;BHCLK RFU DQL5 DCA for IBCLK DQL;S”CLK RFU DQL5 DCA for QCLK
DAL5 DQL5

174 VREFDQ DQL5 VREFDQ Offset QBCLK Si RFU DQL5 DCA for QBCLK
Sign 'gn

175 RFU

176 RFU DQL6 DFE Gain Bias - See MR for encoding details

177 DQL6 DFE Tap-1 Bias - See MR for encoding details

178 DQL6 DFE Tap-2 Bias - See MR for encoding details

179 DQL6 DFE Tap-3 Bias - See MR for encoding details

180 DQL6 DFE Tap-4 Bias - See MR for encoding details

181 DQLgi;BnCLK RFU DQL6 DCA for IBCLK DQLgiS]CLK RFU DQL6 DCA for QCLK
DaLe DQL6

182 VREFDQ DQL6 VREFDQ Offset QBCLK Si RFU DQL6 DCA for QBCLK
Sign 'gn

183 RFU

184 RFU DQL7 DFE Gain Bias - See MR for encoding details

185 DQL7 DFE Tap-1 Bias - See MR for encoding details

186 DQL7 DFE Tap-2 Bias - See MR for encoding details

187 DQL7 DFE Tap-3 Bias - See MR for encoding details

188 DQL7 DFE Tap-4 Bias - See MR for encoding details

189 DQL;;BHCLK RFU DQL6 DCA for IBCLK DQL;S]CLK RFU DQL7 DCA for QCLK
DQL7 DQL7

190 VREFDQ DQL7 VREFDQ Offset QBCLK Si RFU DQL7 DCA for QBCLK
Sign 'gn

191 RFU

192 RFU DQUO DFE Gain Bias - See MR for encoding details

193 DQUO DFE Tap-1 Bias - See MR for encoding details

194 DQUO DFE Tap-2 Bias - See MR for encoding details

195 DQUO DFE Tap-3 Bias - See MR for encoding details

196 DQUO DFE Tap-4 Bias - See MR for encoding details

DQUO IBCLK DQUO

197 Sign RFU DQUO DCA for IBCLK QCLK Sign RFU DQUO DCA for QCLK
DQUO DQUO

198 VREFDQ DQUO VREFDQ Offset QBCLK Si RFU DQUO DCA for QBCLK
Sign 'gn

199 RFU

200 RFU DQU1 DFE Gain Bias - See MR for encoding details

201 DQU1 DFE Tap-1 Bias - See MR for encoding details

202 DQU1 DFE Tap-2 Bias - See MR for encoding details

203 DQU1 DFE Tap-3 Bias - See MR for encoding details

204 DQU1 DFE Tap-4 Bias - See MR for encoding details

DQU1 IBCLK DQU1
205 Sign RFU DQU1 DCA for IBCLK QCLK Sign RFU DQU1 DCA for QCLK
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Table 21 — Mode Register Assignment in DDR5 SDRAM

bau DQU1

206 VRSEing]:)Q DQU1 VREFDQ Offset QBCLK Sign RFU DQU1 DCA for QBCLK

207 RFU

208 RFU DQU2 DFE Gain Bias - See MR for encoding details

209 DQU2 DFE Tap-1 Bias - See MR for encoding details

210 DQU2 DFE Tap-2 Bias - See MR for encoding details

211 DQU2 DFE Tap-3 Bias - See MR for encoding details

212 DQU2 DFE Tap-4 Bias - See MR for encoding details

213 DQUSZigiCLK RFU DQU2 DCAfor IBCLK | o%2 o RFU DQU2 DCA for QCLK
DQuU2 DQU2

214 VRSEing]:)Q DQU2 VREFDQ Offset QBCLK Sign RFU DQU2 DCA for QBCLK

215 RFU

216 RFU DQUS3 DFE Gain Bias - See MR for encoding details

217 DQU3 DFE Tap-1 Bias - See MR for encoding details

218 DQU3 DFE Tap-2 Bias - See MR for encoding details

219 DQU3 DFE Tap-3 Bias - See MR for encoding details

220 DQU3 DFE Tap-4 Bias - See MR for encoding details

221 DQU;;CLK RFU DQU3 DCA for IBCLK | 0% o RFU DQU3 DCA for QCLK
DQU3 DQU3

222 VRSEing]:)Q DQU3 VREFDQ Offset QBCLK Sign RFU DQU3 DCA for QBCLK

223 RFU

224 RFU DQU4 DFE Gain Bias - See MR for encoding details

225 DQU4 DFE Tap-1 Bias - See MR for encoding details

226 DQU4 DFE Tap-2 Bias - See MR for encoding details

227 DQU4 DFE Tap-3 Bias - See MR for encoding details

228 DQU4 DFE Tap-4 Bias - See MR for encoding details

229 DQUS"'i;CLK RFU DQU4 DCAfor IBCLK | o% o RFU DQU4 DCA for QCLK
DQU4 DQU4

230 VRSEing]:)Q DQU4 VREFDQ Offset QBCLK Sign RFU DQU4 DCA for QBCLK

231 RFU

232 RFU DQUS DFE Gain Bias - See MR for encoding details

233 DQU5 DFE Tap-1 Bias - See MR for encoding details

234 DQUS5 DFE Tap-2 Bias - See MR for encoding details

235 DQUS5 DFE Tap-3 Bias - See MR for encoding details

236 DQUS DFE Tap-4 Bias - See MR for encoding details

237 DQU;;‘:LK RFU DQU5 DCAfor IBCLK | 0% o RFU DQUS5 DCA for QCLK
DQU5 DQUS5

238 VRSEigr?Q DQUS5 VREFDQ Offset QBCLK Sign RFU DQUS5 DCA for QBCLK

239 RFU

240 RFU DQU6 DFE Gain Bias - See MR for encoding details

241 DQUG6 DFE Tap-1 Bias - See MR for encoding details

242 DQUG6 DFE Tap-2 Bias - See MR for encoding details

243 DQU6 DFE Tap-3 Bias - See MR for encoding details

244 DQU6 DFE Tap-4 Bias - See MR for encoding details

245 DQUQ;CLK RFU DQU6 DCA for IBCLK | (%0 o RFU DQUS6 DCA for QCLK
baue DQU6

246 VRSEigr?Q DQU6 VREFDQ Offset QBCLK Sign RFU DQU6 DCA for QBCLK

247 RFU
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Table 21 — Mode Register Assignment in DDR5 SDRAM

248 RFU ‘ DQUY7 DFE Gain Bias - See MR for encoding details

249 DQU7 DFE Tap-1 Bias - See MR for encoding details

250 DQU7 DFE Tap-2 Bias - See MR for encoding details

251 DQU7 DFE Tap-3 Bias - See MR for encoding details

252 DQU7 DFE Tap-4 Bias - See MR for encoding details

253 DQU;&ECLK RFU DQU7 DCA for IBCLK QCDL?(U;gn RFU DQU7 DCA for QCLK
DQU7 DQuU7

254 VREFDQ DQU7 VREFDQ Offset QBCLK RFU DQU7 DCA for QBCLK
Sign Sign

255 RFU
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3.5.2 MRO (MA[7:0]=004) Burst Length and CAS Latency
MRO Register Information

OP[7] OPI[6]

| oP[s]

| oPp]

OP[3]

OP[2]

OP[1] |  OP[O]

RFU

CAS Latency (RL)

Burst Length

Function

Register
Type

Operand

Data

Notes

Burst Length

R/W

OP[1:0]

00g: BL16

01g: BC8 OTF

10g: BL32 (Optional)
11g: BL32 OTF (Optional)

CAS Latency (RL)

R/IW

OPI[6:2]

00000g:
00001g:
00010g:
00011g:

10011:
10100g:
10101:
10110g:

22
24
26
28

60
62
64
66

All other encodings reserved.

1,2

RFU

RFU

OP[7]

RFU

Notes

1 - Range covers both Monolithic DDR5 and 3DS-DDRS5 devices up to 6400
2 - WL=RL-2, also known as CWL=CL-2
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3.5.3 MR1 (MA[7:0] = 014) - PDA Mode Details
MR1 Register Information

OPI[7] ‘ OP[6] ‘ OP[5] OP[4] OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
PDA Select ID PDA Enumerate ID
Reai
Function egister Operand Data Notes
Type

PDA Enumerate ID

OP[3:0]

This is a Read Only MR field, which is only pro-
grammed through an MPC command with the PDA
Enumerate ID opcode.

xxxxg Encoding is set with MPC command with
the PDA Enumerate ID opcode. This can only be
et when PDA Enumerate Programming Mode is
nabled and the associated DRAM’s DQO is
sserted LOW. The PDA Enumerate ID opcode
includes 4 bits for this encoding.
Default setting is 1111

PDA Select ID

OP[7:4]

This is a Read Only MR field, which is only pro-
grammed through an MPC command with the PDA
Select ID opcode.

xxxxg Encoding is set with MPC command with
the PDA Select ID opcode. The PDA Select ID
opcode includes 4 bits for this encoding.

1111 = all DRAMs execute MRW, MPC, and VrefCA
commands

For all other encodings, DRAMs execute MRW,
MPC, and VrefCA commands only if PDA Select
ID[3:0] = PDA Enumerate ID[3:0], with some excep-
tions for specific MPC commands that execute
regardless of PDA Select ID.

Default setting is 1111g

Note(s):
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3.5.4 MR2 (MA [7:0] = 02) - Functional Modes

MR2 Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
Internal . CS. Max P.o wer Write Read
. Device 15 Assertion Saving R
Write Reserved . 2N Mode Leveling Preamble
Timin MPSM Duration Mode Trainin Trainin
9 (MPC) (MPSM) 9 9
. Register
Function 9 Operand Data Notes
Type
Read o RIW OP[0] 0B: Normal Mode (Default)
Preamble Training 1B: Read Preamble Training
ert_e RIW OP[1] 0B: Normal Mode (Default) 123
Leveling 1B: Write Leveling
2N Mode R OP[2] 0B: 2N Mode (Default) 4
1B: 1N Mode
Max Power Saving Mode RIW OP[3] 0B: Disable (Default)
1B: Enable
0B: Only Multiple cycles of CS assertion
supported for MPC, VrefCA and VrefCS
CS Assertion Duration RIW OP[4] commands (.Default) .
(MPC) 1B: Only a single cycle of CS assertion
supported for MPC, VrefCA and VrefCS
commands
Device 15_MaX|mum RIW OP[5] 0B: Disable (Default)
Power Savings Mode 1B: Enable
Reserved Reserved OPI[6] Reserved
Internal Write Timing RIW OP[7] 0B: Disable 5
1B: Enable

Note(s):

1. To enter WL Training Mode the MR field must be programmed to 1. WL Training Mode is used when Internal Write Timing = 0
(External WL Training) and when Internal Write Timing = 1 (Internal WL Training).

2. To exit WL Training Mode the MR field must be programmed to 0.
3. MRR’s are not supported during Write Leveling.
4. This mode register is programmed via an explicit MPC command only.

5. This is set during WL Training, after the host DQS has been aligned to the ideal External WL timings. The Internal Write Timing is
enabled and the WL Internal Timing Alignment is set to ensure the internal Write Enable aligns within tDQS2CK of the external WL
Trained location. When Internal Write Timing is Disabled, the WL Internal Cycle Alignment setting does not change the behavior of

the write timings
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3.5.5 MR3 (MA[7:0]=03y) - DQS Training
MR3 Register Information

OP[7] | OPEl | OPs] | OP4] OPB] | OPl2l | OPMl | OP[]

Write Leveling Write Leveling
Internal Cycle Internal Cycle
Alignment - Upper Byte Alignment - Lower Byte

Register

Function Type

Operand Data Notes

0000g: 0 tCK (Default)
0001g: -1 tCK
0010g: -2 tCK
0011g: -3 tCK
0100g: -4 tCK

. . 0101g: -5 tCK
Write Leveling 01100 6 1CK
Internal Cycle RIW OP[3:0] B: -0t
Alignment - Lower Byte (Optional OPcode: 01115 through 1111g)

0111g: -7 tCK
10005: -8 tCK

1,2,3,5

1110g: -14 tCK
1111g: “15tCK

0000g: 0 tCK (Default)
0001g: -1 tCK
0010g: -2 tCK
0011g: -3 tCK
01005: -4 tCK

Write Leveling 0101g: -5 tCK

Internal Cycle R/W OPI[7:4] 0110g: -6 tCK 1,2,4,5
Alignment - Upper Byte (Optional OPcode: 01115 through 1111g)
0111g: -7 tCK
1000g: -8 tCK

1110g: 14 tCK
1111g: 15 tCK

Note(s):

1. This is set during WL Training, after the host DQS has been aligned to the ideal External WL timings. The Internal Write Timing is
enabled and the WL Internal Timing Alignment is set to ensure the internal Write Enable aligns within tbas2ck of the external WL
Trained location. When Internal Write Timing is Disabled, the WL Internal Cycle Alignment setting does not change the behavior of
the write timings.

2. The DRAM implementation may optionally have the same behavior when the Internal Write Timing is enabled vs disabled. This
would mean that the CK and DQS timing paths remain matched internally. The WL Internal Cycle Alignment setting must still support
pulling the Internal WL Pulse earlier so that the same WL Training Flow will produce the correct result.

3. Lower Byte WL Internal Cycle Alignment is intended for x4, x8, and x16 configurations.

4. Upper Byte WL Internal Cycle Alignment is intended for x16 configuration only. Although training of the Lower and Upper Bytes is
independent, it is recommended to set the WICA values to the same offset. Refer to the section 4.21.4. for the future information.

5. Optional OPcode may be needed for certain speed bins.
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3.5.6 MR4 (MA[7:0]=044) - Refresh Settings

MR4 Register Information

OPI[7] OP[6] ‘ OP[5] OP[4] OPI[3] OPI[2] ‘ OP[1] OPI[0]
Refresh
Refresh Interval
TUF RFU {RFC Mode Rate Indi- Refresh Rate
cator
. Register
Function 9 Operand Data Notes
Type

000g: RFU
001g: tREFI x1 (1x Refresh Rate), <80°C nominal
010g: tREFI x1 (1x Refresh Rate), 80-85°C nominal

Refrosh Rate = P20 011g: tREFI /2 (2x Refresh Rate), 85-90°C nominal 12345,

(2011 1004: tREFI /2 (2x Refresh Rate), 90-95°C nominal 6.7
101g: tREFI /2 (2x Refresh Rate), >95°C nominal
110g: RFU
111g: RFU
DRAM Status Read (SR):
0Og: Not implemented (Default)
1g: Implemented
Refresh Interval Rate SR/W
Indicator OP[3]
Host Write (W):
0Og: Disabled (Default)
1g: Enabled
Refresh tRFC Mode RIW OP] Og: N.ormal Refres.h Mode (tRFC1)
1g: Fine Granularity Refresh Mode (tRFC2)
RFU RFU OPI[6:5] RFU
R TUF ) R OP[7] 0g: No change in OP[2:0] since last MR4 read (default)
emperature . . AT
Update Flag) 1g: Change in OP[2:0] since last MR4 read

Note(s):

1. The refresh rate for each OP[2:0] setting applies to tREFI1 and tREFI2. Each OP[2:0] setting specifies a nominal temperature range. The five ranges
defined by OP[2:0] are determined by four temperature thresholds.
2. The four temperature thresholds are nominally at 80°C, 85°C, 90°C and 95°C. The 85°C and 95°C thresholds have a specified minimum temperature
value, but the maximum temperature value is not specified.
3. DRAM vendors must report all of the possible settings over the operating temperature range of the device. Each vendor guarantees that their device
will work at any temperature within the range using the refresh interval requested by their device.
4. The 2x Refresh Rate must be provided by the system before the DRAM Tj has gone up by more than 2°C (Temperature Margin) since the first report
out of OP[2:0]=011B. This condition is reset when OP[2:0] is equal to 010B.
5. The device may not operate properly when OP[2:0]=101B, if the DRAM Tj has gone up by more than 2°C (Temperature Margin) since the first report
out of OP[2:0]=101B. This condition is reset when OP[2:0] is equal to 100B. OP[2:0]=101B must be a temporary condition of the DRAM, to be addressed
by immediately reducing the Tj of the DRAM by throttling its power, and/or the power of nearby devices.

6. OP[7] = 0 at power-up. OP[2:0] bits are valid after initialization sequence (Te).

7. See the section on “Temperature Sensor” for information on the recommended frequency of reading MR4
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3.5.7 MRS5 (MA[7:0]=05) - IO Settings

MR5 Register Information

OPI6]

OP[7] ‘ OP[5] OP[4] OP[3] OP[2] ‘ OP[1] OP[0]
Pull-Down DM Enable TDQS PODTM Pull-up o?;?ti .
Output Driver Impedance Enable Support Output Driver Impedance Disa':)Ie
. Register
Function 9 Operand Data Notes
Type
Data .
Output w oP[0] 0g: Normal Operation (Default)
Disable 1g: Outputs Disabled
00g: RZQ/7 (34)
Pull-up
015: RZQ/6 (40
Output Driver R/W OP[2:1] B+ RZQ/6 (40)
Impedance 10g: RZQJ/5 (48)
11g: RFU
Package Output Driver 0g: Function Not Supported
Test Mode Supported R OP[3] .
PP 1g: Function Supported
: Disable (Defaul
TDQS Enable RIW OP[4] Og: Disable (Default)
1g: Enable
0g: Disable (Default
DM Enable RIW OP[5] s Disable (Default)
1g: Enable
00g: RZQ/7 (34)
Pull-Down
1g: RZ 40
Output Driver R/W OP[7:6] 01g: RZQ/6 (40)
Impedance 10g: RZQ/5 (48)
11g: RFU

NOTE:
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3.5.8 MR6 (MA[7:0]=064) - Write Recovery Time & tRTP
MR6 Register Information

OP[7] | OPIs]

| oP[s]

| oP

OP[3]

[ oPl | oPil | OP[]

tRTP

Write Recovery Time

Function

Register
Type

Operand

Data Notes

Write Recovery Time

R/W

OP[3:0]

0000g:
0001p:
0010g:
0011p:
0100g:
0101p:
0110g:
0111p:
10005:
1001g:
10105:
1011g:
All other encodings reserved

48nCK
54nCK
60nCK
66nCK
72nCK
78nCK
84nCK
90nCK
96nCK
RFU

RFU

RFU

tRTP

R/IW

OP[7:4]

0000g:
0001p:
0010g:
0011p:
01005:
0101g:
0110g:
0111p:
1000g:
All other encodings reserved

12nCK
14nCK
15nCK
17nCK
18nCK
20nCK
21nCK
23nCK
24nCK

Notes:

1. tWR is currently defined as 30ns across all bins, this table will convert that value into nCK configuration options
2. tRTP is currently defined as 7.5ns across all bins, this table will convert that value into nCK configuration options
3. Defined tWR/ARTP is not supported with data rates of 2000-2100Mbps
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OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
Function Register Operand Data Notes
Type
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3.5.10 MR8 (MA[7:0]=08y) - Preamble / Postamble

MR8 Register Information

OP[7] OP[6] OP[5] OP[4] ‘ OP[3] OP[2] ‘ OP[1] OP[0]
Write Read
Postamble Postamble RFU Write Preamble Settings Read Preamble Settings
Settings Settings
. Register
Function 9 Operand Data Notes
Type
000g: 1 tCK - 10 Pattern
001g: 2 tCK - 0010 Pattern
010g: 2 tCK - 1110 Pattern (DDR4 Style)
011p: 3 tCK - 000010 Patt
Read Preamble Settings RIW OP[2:0] B attern 1

1005: 4 tCK - 00001010 Pattern
101g: Reserved
110g: Reserved
111g: Reserved
00g: Reserved
015: 2 tCK - 0010 Patt:

Write Preamble Settings RIW OP[4:3] B attern
10g: 3 tCK - 000010 Pattern
11g: 4 tCK - 00001010 Pattern

RFU RFU OP[5] RFU
: 0. K-0P

Read Postamble Settings R/W OP[6] 0g: 0.5 tCK - 0 Pattern

1g: 1.5 tCK - 010 Pattern
: 0.5 tCK - 0 Patt:

Write Postamble Settings R/IW OP[7] Os attern
1g: 1.5 tCK - 000 Pattern

Notes:

1 - Please refer to the Preamble Specification for details on the Read Preamble modes and patterns.
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3.5.11 MR9 (MA[7:0]=09H) - Writeback Suppression
MR9 Register Information

OP[7] OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] OP[1] OP[0]
™ RFU x4 Write ECS Write-
back
. Register
Function 9 Operand Data Notes
Type
0B: Do not suppress writeback of Data and ECC
. Check Bits (Default)
ECS Writeback RIW OP[0] 1B: Suppress writeback of Data and ECC Check
Bits (Optional)
0B: Do not suppress writeback of Data during RMW
. (Default)
x4 Writes RIW OP[1] 1B: Suppress writeback of Data during RMW
(Optional)
RFU RFU OP[6:2] RFU
0B: Normal (Default)
™ W
OPI7] 1B: Test Mode
Note(s):
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3.5.12 MR10 (MA[7:0]=0Ap) - VrefDQ Calibration Value
MR10 Register Information

OP[7] | OP6] | OP[5] OP[4] OP[3] OP[2] | OPM] [ OP[O]
VrefDQ Calibration Value
Function Register Operand Data Notes
Type
0000:0000g:
VrefDQ Cal Value R/IW OP[7:0] --Thru--
1111:1111g: See Table Below
Figure 9 — VrefDQ Setting Range

Function Operand Notes
0000 00005: 97.5% | 0001 10115: 84.0% | 0011 0110g: 70.5% | 0101 00015: 57.0% | 0110 1100g: 43.5%
0000 00015: 97.0% | 0001 11005: 83.5% | 0011 0111: 70.0% | 0101 00105: 56.5% | 0110 11015: 43.0%
0000 00105: 96.5% | 0001 11015: 83.0% | 0011 1000g: 69.5% | 0101 00115: 56.0% | 0110 1110g: 42.5%
0000 00115: 96.0% | 0001 11105: 82.5% | 0011 1001g: 69.0% | 0101 01005: 55.5% | 0110 11115: 42.0%
0000 01005: 95.5% | 0001 11115: 82.0% | 0011 1010g: 68.5% | 0101 01015: 55.0% | 0111 0000g: 41.5%
0000 01015: 95.0% | 0010 00005: 81.5% | 0011 1011g: 68.0% | 0101 01105: 54.5% | 0111 00015: 41.0%
0000 01105: 94.5% | 0010 00015: 81.0% | 0011 1100g: 67.5% | 0101 01115: 54.0% | 0111 00105: 40.5%
0000 01115: 94.0% | 0010 00105: 80.5% | 0011 1101g: 67.0% | 0101 10005: 53.5% | 0111 00115: 40.0%
0000 10005: 93.5% | 0010 00115: 80.0% | 0011 1110g: 66.5% | 0101 10015: 53.0% | 0111 01005: 39.5%
0000 10015: 93.0% | 0010 01005: 79.5% | 0011 1111g: 66.0% | 0101 10105: 52.5% | 0111 01015: 39.0%
0000 10105: 92.5% | 0010 01015: 79.0% | 0100 0000g: 65.5% | 0101 10115: 52.0% | 0111 0110g: 38.5%
0000 10115: 92.0% | 0010 01105: 78.5% | 0100 0001g: 65.0% | 0101 11005: 51.5% | 0111 01115: 38.0%

VrefDQ Cal 0000 11005: 91.5% | 0010 01115: 78.0% | 0100 0010g: 64.5% | 0101 11015: 51.0% | 0111 1000g: 37.5%

Value for OoP 0000 11015: 91.0% | 0010 10005: 77.5% | 0100 0011g: 64.0% | 0101 11105: 50.5% | 0111 10015: 37.0%

MR10 0000 11105: 90.5% | 0010 10015: 77.0% | 0100 0100g: 63.5% | 0101 11115: 50.0% | 0111 1010g: 36.5%

0000 11115: 90.0% | 0010 10105: 76.5% | 0100 0101g: 63.0% | 0110 00005: 49.5% | 0111 10115: 36.0%
0001 00005: 89.5% | 0010 10115: 76.0% | 0100 0110: 62.5% | 0110 00015: 49.0% | 0111 1100g: 35.5%
0001 00015: 89.0% | 0010 11005: 75.5% | 0100 0111g: 62.0% | 0110 00105: 48.5% | 0111 11015: 35.0%
0001 00105: 88.5% | 0010 11015: 75.0% | 0100 1000g: 61.5% | 0110 00115: 48.0%
0001 00115: 88.0% | 0010 11105: 74.5% | 0100 10015: 61.0% | 0110 01005: 47.5%
0001 01005: 87.5% | 0010 11115: 74.0% | 0100 1010g: 60.5% | 0110 01015: 47.0%
0001 01015: 87.0% | 0011 0000g: 73.5% | 0100 10115: 60.0% | 0110 01105: 46.5%
0001 01105: 86.5% | 0011 00015: 73.0% | 0100 1100g: 59.5% | 0110 01115: 46.0% I:LSQ:ZZ:
0001 01115: 86.0% | 0011 00105: 72.5% | 0100 11015: 59.0% | 0110 10005: 45.5%
0001 10005: 85.5% | 0011 00115: 72.0% | 0100 1110g: 58.5% | 0110 10015: 45.0%
0001 10015: 85.0% | 0011 01005: 71.5% | 0100 11115: 58.0% | 0110 10105: 44.5%
0001 10105: 84.5% | 0011 01015: 71.0% | 0101 0000g: 57.5% | 0110 1011g: 44.0%
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3.5.13 MR11 (MA[7:0]=0B,,) - Vref CA Calibration Value

MR11 Register Information

OP[7] ‘ OP[6] ‘ OPI[5] ‘ OP[4] OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
VrefCA Calibration Value
. Register
Function 9 Operand Data Notes
Type
000:0000g:
R OP[6:0] --Thru--
VrefCA Cal Value 111:1111g: See Table Below 1.2
R OPI[7] Valid

1 - Since VREF CA Calibration setting has an explicit command (VrefCA COMMAND), it can only be programmed via that command

and its mode register is therefore read only.

2 - Since the state of CA12 is used to differentiate the VrefCA vs VrefCS command, the MR11/12:0P[7] value is defined as valid.
Table 22 — VrefCA Setting Range

Function Operand Notes
000 0000g: 97.5% | 001 1011g: 84.0% | 0110110g: 70.5% | 1010001g:57.0% | 110 1100g: 43.5%
000 00015: 97.0% | 001 1100g: 83.5% | 011 0111g: 70.0% | 1010010g: 56.5% | 110 1101g: 43.0%
000 0010g: 96.5% | 001 1101g: 83.0% | 011 1000g: 69.5% | 1010011g:56.0% | 110 1110g: 42.5%
000 00115: 96.0% | 001 1110g: 82.5% | 011 1001g: 69.0% | 1010100g:55.5% | 110 1111g: 42.0%
000 0100g: 95.5% | 001 1111g: 82.0% | 011 1010g: 68.5% | 1010101g:55.0% | 111 0000g: 41.5%
000 01015: 95.0% | 010 00005: 81.5% | 011 1011g: 68.0% | 1010110g:54.5% | 1110001g: 41.0%
000 0110g: 94.5% | 010 0001g: 81.0% | 011 1100g: 67.5% | 1010111g:54.0% | 111 0010g: 40.5%
000 01115: 94.0% | 010 00105: 80.5% | 011 1101g: 67.0% | 1011000g:53.5% | 1110011g: 40.0%
000 1000g: 93.5% | 010 0011g: 80.0% | 011 1110g: 66.5% | 1011001g:53.0% | 1110100g: 39.5%
000 10015: 93.0% | 010 01005: 79.5% | 011 1111g: 66.0% | 1011010g:52.5% | 1110101g: 39.0%
000 1010g: 92.5% | 010 0101g: 79.0% | 100 0000g: 65.5% | 1011011g:52.0% | 1110110g: 38.5%
000 10115: 92.0% | 010 01105: 78.5% | 100 0001g: 65.0% | 1011100g:51.5% | 1110111g: 38.0%
VrefCA Cal 000 1100g: 91.5% | 010 0111g: 78.0% | 100 0010g: 64.5% | 10111015:51.0% | 1111000g: 37.5%
Valuefor | OP | 00011015:91.0% | 010 10005: 77.5% | 100 0011g: 64.0% | 1011110g:50.5% | 1111001g: 37.0%
MR11 000 1110: 90.5% | 010 1001g: 77.0% | 100 0100g: 63.5% | 10111115:50.0% | 1111010g: 36.5%
000 11115: 90.0% | 010 10105: 76.5% | 100 0101g: 63.0% | 110 0000g:49.5% | 1111011g: 36.0%
001 0000g: 89.5% | 010 1011g: 76.0% | 100 0110g: 62.5% | 110 00015:49.0% | 1111100g: 35.5%
001 00015: 89.0% | 010 1100g: 75.5% | 100 0111g: 62.0% | 1100010g:48.5% | 1111101g: 35.0%
001 0010g: 88.5% | 010 1101g: 75.0% | 100 1000g: 61.5% | 110 0011g: 48.0%
001 00115: 88.0% | 010 1110g: 74.5% | 100 1001g: 61.0% | 110 0100g: 47.5%
001 0100g: 87.5% | 010 1111g: 74.0% | 100 1010g: 60.5% | 110 0101g: 47.0%
001 01015: 87.0% | 011 0000g: 73.5% | 100 10115: 60.0% | 110 0110g: 46.5%
001 0110g: 86.5% | 011 00015: 73.0% | 100 1100g: 59.5% | 110 0111g: 46.0% ’:Lg;’r‘:;j
001 01115: 86.0% | 011 0010g: 72.5% | 100 1101g: 59.0% | 110 1000g: 45.5%
001 1000g: 85.5% | 011 0011g: 72.0% | 100 1110g: 58.5% | 110 1001: 45.0%
001 10015: 85.0% | 011 0100g: 71.5% | 100 1111g: 58.0% | 110 1010g: 44.5%
001 1010g: 84.5% | 011 0101g: 71.0% | 101 0000g: 57.5% | 110 1011g: 44.0%
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3.5.14 MR12 (MA[7:0]=0Cy) - Vref CS Calibration Value

MR12 Register Information

. Register
Function 9 Operand Data Notes
Type
000:0000g:
R OP[6:0] --Thru--
VrefCS Cal Value 111:11115: See Table Below 1,2
R OP[7:0] Valid

1 - Since VREF CS Calibration setting has an explicit command (VrefCS COMMAND), it can only be programmed via that command
and its mode register is therefore read only.

2 - Since the state of CA12 is used to differentiate the VrefCA vs VrefCS command, the MR11/12:0P[7] value is defined as valid.
Table 23 — VrefCS Setting Range

Function Operand Notes
000 0000g: 97.5% | 001 1011g: 84.0% | 0110110g: 70.5% | 1010001g:57.0% | 110 1100g: 43.5%
000 00015: 97.0% | 001 1100g: 83.5% | 0110111g: 70.0% | 1010010g:56.5% | 110 1101g: 43.0%
000 0010g: 96.5% | 001 1101g: 83.0% | 011 1000g: 69.5% | 1010011g:56.0% | 110 1110g: 42.5%
000 0011: 96.0% | 001 1110g: 82.5% | 011 1001g: 69.0% | 1010100g:55.5% | 110 1111g: 42.0%
000 0100g: 95.5% | 001 1111g: 82.0% | 0111010g: 68.5% | 1010101g:55.0% | 1110000g: 41.5%
000 0101: 95.0% | 010 0000g: 81.5% | 011 1011g: 68.0% | 1010110g: 54.5% | 1110001g: 41.0%
000 0110g: 94.5% | 010 00015: 81.0% | 011 1100g: 67.5% | 1010111g:54.0% | 1110010g: 40.5%
000 01115: 94.0% | 010 0010g: 80.5% | 011 1101g: 67.0% | 1011000g:53.5% | 1110011g: 40.0%
000 10005: 93.5% | 010 0011g: 80.0% | 011 1110g: 66.5% | 1011001g:53.0% | 1110100g: 39.5%
000 10015: 93.0% | 010 0100g: 79.5% | 011 1111g: 66.0% | 1011010g:52.5% | 1110101: 39.0%
000 1010g: 92.5% | 010 01015: 79.0% | 100 0000g: 65.5% | 1011011g:52.0% | 1110110g: 38.5%
000 1011: 92.0% | 010 0110g: 78.5% | 100 0001g: 65.0% | 1011100g: 51.5% | 1110111g: 38.0%
VrefCS Cal 000 1100g: 91.5% | 010 01115: 78.0% | 100 0010g: 64.5% | 1011101g:51.0% | 1111000g: 37.5%
Valuefor | OP | 00011015:91.0% | 010 10005: 77.5% | 1000011g: 64.0% | 1011110g:50.5% | 111 1001g: 37.0%
MR12 000 1110g: 90.5% | 010 1001g: 77.0% | 100 0100g: 63.5% | 1011111g:50.0% | 1111010g: 36.5%
000 11115: 90.0% | 010 1010g: 76.5% | 100 0101g: 63.0% | 110 0000g:49.5% | 1111011g: 36.0%
001 0000g: 89.5% | 010 10115: 76.0% | 100 0110g: 62.5% | 1100001g:49.0% | 1111100g: 35.5%
001 00015: 89.0% | 010 1100g: 75.5% | 100 0111g: 62.0% | 110 0010g:48.5% | 1111101: 35.0%
001 0010g: 88.5% | 010 1101g: 75.0% | 100 1000g: 61.5% | 110 00115: 48.0%
001 0011: 88.0% | 010 1110g: 74.5% | 100 1001g: 61.0% | 110 0100g: 47.5%
001 0100g: 87.5% | 010 1111g: 74.0% | 100 1010g: 60.5% | 110 0101g: 47.0%
001 0101: 87.0% | 011 0000g: 73.5% | 100 1011g: 60.0% | 110 0110g: 46.5%
0010110g: 86.5% | 011 00015: 73.0% | 100 1100g: 59.5% | 110 0111g: 46.0% ‘;'Lg:r‘:‘:z:
001 01115: 86.0% | 011 0010g: 72.5% | 100 1101g: 59.0% | 110 1000: 45.5%
001 1000g: 85.5% | 011 0011g: 72.0% | 100 1110g: 58.5% | 110 1001g: 45.0%
001 1001: 85.0% | 011 0100g: 71.5% | 100 1111g: 58.0% | 110 10105: 44.5%
001 1010g: 84.5% | 011 0101g: 71.0% | 1010000g: 57.5% | 110 10115: 44.0%
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3.5.15 MR13 (MA [7:0] = ODH) - tCCD_L / tCCD_L_WR /tCCD_L_WR2 / tDLLK
MR13 Register Information

OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
RFU tCCD_L/tCCD_L_WR/tCCD_L_WR2/tDLLK
Function Register Type Operand Data Notes
0000g:
tCCD_L /tCCD_L_WR/ R )
{CCD_L_WR2 7 tDLLK OP[3:0] -~Thru--
11115: See Table Below
RFU RFU OP[7:4] RFU
Table 24 — tCCD_L/tCCD_L_WR/ICCD_L_WR2/tDLLK Encoding Details
tCCD_L.min [tCCD_L_WR2. [tCCD_L_WR. tDLLK.min
Functi OP[3:0 = - - Detail Not
unction 301 cky min (nCK) | min (nCK) | (nCK) etalls otes
1980Mbpss Data Rate < 2100Mbps &
0000
8 16 32 1024 2933Mbps< Data Rate =< 3200Mbps
0007 9 18 36 1024 3200Mbps< Data Rate < 3600Mbps
0070 10 20 40 1280 3600Mbps< Data Rate < 4000Mbps
tCCD_L/ 0071 11 22 44 1280 4000Mbps< Data Rate < 4400Mbps
tCCD_L_WR /0700 12 24 48 1536 4400Mbps< Data Rate < 4800Mbps
tCCD_L_WR2/ 0707 13 26 52 1536 4800Mbps< Data Rate < 5200Mbps 1,2,3
tDLLK 0770 14 28 56 1792 5200Mbps< Data Rate < 5600Mbps
0711 15 30 60 1792 5600Mbps< Data Rate < 6000Mbps
7000 16 32 64 2048 6000Mbps< Data Rate < 6400Mbps
1007
All other encodings Reserved
T
Note(s)

1-tCCD_L /tCCD_L_WR/CCD_L_WR2/DLLK are programmed according to the value defined in the AC parametric table per oper-

ating frequency.

2. The register type is “R” (read only) since MR13 is set by the “Configure tDLLK/CCD_L/tCCD_L_WRACCD_L_WR2” MPC com-

mand.

3. Data rate ranges align with Speed Bin Table definitions.
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3.5.16 MR14 (MA[7:0]=0ER)
MR14 Register Information

OP[7] OP[6] OP[5] OP[4] OPJ[3] OP[2] OP[1] OP[0]
Row Mode/
ECS Mode | ReSCtECS | coheword RFU cip3 cip2 ciD1 CIDo
Counter
Mode
. Register
Function 9 Operand Data Notes
Type
ECS Error Register Index RIW OP[3:0] CID[3:0] 1234
RFU RFU OP[4] RFU
Code Word/Row Count RIW oP[5] 0B: ECS counts Rows with errors 1
1B: ECS counts Code words with errors
0g: N | (Default
ECS Reset Counter w OP[6] g: Normal (Default) 1,4
1g: Reset ECC Counter
ECS Mode RIW oP[7] 0g: Manual ECS Mode Disabled (Default) 1
1g: Manual ECS Mode Enabled

Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDR5 and must be setup to indicate which slice in the 3DS-DDRS stack is referenced in the MR14 through

MR20 transparency data.

2 - CIDI[3:0] encoding is based on the stack height of the device and varies depending on the number of dice in the stack.

3 - For Monolithic DDR5, CID[3:0] should be set to 0.

4 - ECS stands for Error Check Scrub operation.

3.5.17 MR15 (MA[7:0]=0Fp) - Transparency ECC Threshold per Gb of Memory Cells
and Automatic ECS in Self Refresh
MR15 Register Information

OPI[7] OP[6] OP[5] OP[4] OPI[3] OP[2] OP[1] OPI[0]
Automatic
RFU ECS in Self ECS Error Threshold Count (ETC)
Refresh
. Register
Function 9 Operand Data Notes
Type
ECS Error Threshold . 011g: 256 (Default)
Count (ETC) RIW OP[2:0] | 4qg,: 1024
101g: 4096
110g: RFU
111g: RFU
0g: Automatic ECS disabled in Self-Refresh in
Automatic ECS in Self Manual ECS mode (default)
Refresh w OP[3] : : .
elres 1g: Automatic ECS enabled in Self-Refresh in
Manual ECS mode
RFU R/IW OP[7:4] RFU

Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDR5 and must be setup to indicate which slice in the 3DS-DDRS5 stack is referenced

in the MR14 through MR20 transparency data.
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2 - DDR5 performs Automatic ECS operation while in Self-Refresh mode either by enabling MR15:0P[3]=1g (Automatic ECS in Self-
Refresh enable) or disabling MR14:0P[7]=0g (Automatic ECS mode enable).

3 - If the Automatic ECS in Self-Refresh is enabled, transparency mode-registers updated cannot be controlled by the number of
Manual ECS operation MPC command since the ECS counter is increased by both manual ECS command and the Automatic ECS
Operation in Self-Refresh mode.
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3.5.18 MR16 (MA [7:0] = 104) - Row Address with Max Errors 1
MR16 Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
R7 R6 R5 R4 R3 R2 R1 RO
. Register
Function 9 Operand Data Notes
Type
Max Row Error Address R OP[7:0] Contains 8 bits of the row address with the 1
R[7:0] ' highest error count

Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDR5 and must be setup to indicate which slice in the 3DS-DDRS stack is referenced
in the MR14 through MR20 transparency data

3.5.19 MR17 (MA [7:0] = 11y) - Row Address with Max Errors 2
MR17 Register Information

OP[7]

OP[6]

OP[5]

OP[4]

OP[3] OP[2] OP[1] OPI[0]
R15 R14 R13 R12 R11 R10 R9 R8
. Register
Function 9 Operand Data Notes
Type
Max Row Error Address R OP[7:0] Contains 8 bits of the row address with the 1
R[15:8] ' highest error count

Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDRS5 and must be setup to indicate which slice in the 3DS-DDR5 stack is referenced
in the MR14 through MR20 transparency data

3.5.20 MR18 (MA [7:0] = 124) - Row Address with Max Errors 3
MR18 Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OPJ[2] OP[1] OP[0]
RFU BG2 BG1 BGO BA1 BAO R17 R16
. Register
Function 9 Operand Data Notes
Type
Max Row Error Address R OP[7:0] Contains 8 bits of the row address with the 1
BG[2:0],BA[1,0], R[17,16] ' highest error count
RFU RFU OP[7] RFU

Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDR5 and must be setup to indicate which slice in the 3DS-DDRS stack is referenced
in the MR14 through MR20 transparency data
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3.5.21 MR19 (MA [7:0] = 13) - Max Row Error Count

MR19 Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
RFU RFU REC5 REC4 REC3 REC2 REC1 RECO
. Register
Function 9 Operand Data Notes
Type
Max Row Error Count R OP[5:0] Contains number of errors within the row with 1
REC[5:0] ) the most errors
RFU RFU OP[7:6] RFU

Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDR5 and must be setup to indicate which slice in the 3DS-DDR5 stack is referenced

in the MR14 through MR20 transparency data.

3.5.22 MR20 (MA [7:0] = 14) - Error Count (EC)

MR20 Register Information

OP[7] OP[6] OP[5] OP[4] OPJ[3] OPJ[2] OP[1] OP[0]
EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO
. Register
Function 9 Operand Data Notes
Type
Error Count ECJ[7:0] R OP[7:0] Contains the error count range data 1
Notes:

1 - MR14:0P[3:0] applies to CID[3:0] for 3DS-DDR5 and must be setup to indicate which slice in the 3DS-DDRS5 stack is referenced

in the MR14 through MR20 transparency data.

3.5.23 MR21 (MA [7:0] = 15,y) - RFU
MR21 Register Information

OPI[7] OPI6] OP[5] OP[4] OP[3] OP[2] OP[1] OPI[0]

RFU RFU RFU RFU RFU RFU RFU RFU

. Register
Function Operand Data Notes
Type
RFU RFU OP[7:0] RFU 1

Notes:
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3.5.24 MR22 (MA [7:0] = 16p) - RFU
MR22 Register Information

OPI[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OPI[0]
RFU RFU RFU RFU RFU RFU RFU RFU
. Register
Function 9 Operand Data Notes
Type
RFU RFU OP[7:0] RFU 1
Notes:
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3.5.25 MR23 (MA [7:0] = 17y) - PPR Settings

MR23 Register Information

OPI[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] OP[1] OPI[0]
RFU sPPR hPPR
Function Register Operand Data Notes
Type
0g: Disable
hPPR R/W
! OPI0] 1g: Enable
0g: Disable
PPR R/W
S OPI1] 1g: Enable
RFU RFU OPI[7:2] RFU
3.5.26 MR24 (MA [7:0] = 18};) - PPR Guard Key
MR24 Register Information
OPI[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] OP[3] ‘ OP[2] ‘ OP[1] OPI[0]
PPR Guard Key
Function Register Operand Data Notes
Type
PPR Guard Key w OP[7:0] See PPR Section for Sequence
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3.5.27 MR25 (MA[7:0]=19y) - Read Training Mode Settings
MR25 Register Information

OP[7] ‘ OPI[6] ‘ OP[5] ‘ OP[4] OP[3] OP[2] OP[1] OPI[0]
Continu- LFSR1 LFSRO proad
RFU ous Burst Pattern Pattern 9
Mode Option Option Pattern
Format
. Register
Function 9 Operand Data Notes
Type
Read Training 0g: Serial
Pattern Format RIW OP[0] 1g: LFSR
. Og: LFSR
LFSRO0 Pattern Option R/W P[1
P OPI1] 1g: Clock
Og: LFSR
LFSR1 Pattern Option R/W OP[2
P 21 1g: Clock
Conti Burst Mod RIW OPI3 Ogr MRR command based (Default)
ontinuous Burst Wode [3] 1g: Continuous Burst Output
RFU RFU OP[7:4] RFU
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3.5.28 MR26 (MA[7:0]=1Ap) - Read Pattern Data0 / LFSRO
MR26 Register Information

OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] OP[0]
Read Training Pattern Data0 / LFSRO Seed
. Register
Function 9 Operand Data Notes
Type
Read Pattern / LFSR Seed Ul 0 R/W OP[0]
Read Pattern / LFSR Seed Ul 1 R/W OP[1]
Read Pattern / LFSR Seed Ul 2 R/W OP[2]
Read Pattern / LFSR Seed Ul 3 R/W OP[3] UI<7:0> data for serial mode, .
Read Pattern / LFSR Seed Ul 4 R/W OP[4] LFSRO seed for LFSR mode
Read Pattern / LFSR Seed Ul 5 R/W OP[5]
Read Pattern / LFSR Seed Ul 6 R/W OP[6]
Read Pattern / LFSR Seed Ul 7 R/W OP[7]
Note:
1 - The default value for the Read Training Pattern DataO/LFSRO register setting is: Ox5A.
3.5.29 MR27 (MA[7:0]=1By) - Read Pattern Data1 / LFSR1
MR27 Register Information
OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] OP[0]
Read Training Pattern Data1 / LFSR1 Seed
. Register
Function 9 Operand Data Notes
Type
Read Pattern / LFSR Seed Ul 8 R/W OP[0]
Read Pattern / LFSR Seed Ul 9 R/W OP[1]
Read Pattern / LFSR Seed Ul 10 R/W OP[2]
Read Pattern / LFSR Seed Ul 11 R/W OP[3] Ul<15:8> data for serial mode, .
Read Pattern / LFSR Seed Ul 12 R/W OP[4] LFSR1 seed for LFSR mode
Read Pattern / LFSR Seed Ul 13 R/W OP[5]
Read Pattern / LFSR Seed Ul 14 R/W OP[6]
Read Pattern / LFSR Seed Ul 15 R/W OP[7]

Note:
1 - The default value for the Read Training Pattern Data1/LFSR1 register setting is: 0x3C.
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3.5.30 MR28 (MA[7:0]=1Cy) - Read Pattern Invert DQL7:0 (DQ7:0)

MR28 Register Information

OP[T] | OP[e]

| OP[s]

OP[4]

OP[3]

oP2l | OP[]

OP[0]

Read Training Pattern Invert DQL7:0 (DQ7:0)

Function

Register
Type

Operand

Data

Notes

R/W

OP[0]

DQLO (DQO)
0g: Normal

1g: Invert

R/W

OP[1]

DQL1 (DQ1)
0g: Normal

1g: Invert

R/IW

OP[2]

DQL2 (DQ2)
0g: Normal
1g: Invert

DQ Invert

R/IW

OP[3]

DQL3 (DQ3)
0g: Normal
1g: Invert

(Lower DQ Bits)

R/W

OP[4]

DQL4 (DQ4)
0g: Normal

1g: Invert

R/W

OP[5]

DQL5 (DQ5)
0g: Normal

1g: Invert

R/IW

OP[6]

DQL6 (DQ6)
0g: Normal
1g: Invert

R/IW

OP[7]

DQL7 (DQ7)
0g: Normal
1g: Invert

Note:

1 - The default value for the Read Training Pattern Invert DQL7:0 (DQ7:0) register setting is: 0x00.
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3.5.31 MR29 (MA[7:0]= Dy) - Read Pattern Invert DQU7:0 (DQ15:8)

MR29 Register Information

OP[T] | OP[e]

| OP[s]

OP[4]

OP[3] OP[2] OP[1]

OP[0]

Read Training Pattern Invert DQU7:0 (DQ15:8)

Function

Register
Type

Operand

Data

Notes

R/W

OP[0]

DQUO (DQ8)
0g: Normal

1g: Invert

R/W

OP[1]

DQU1 (DQ9)
0g: Normal

1g: Invert

R/W

OP[2]

DQuU2 (DQ10)
0g: Normal
1g: Invert

DQ Invert

R/W

OP[3]

DQU3 (DQ11
0g: Normal

1g: Invert

(Upper DQ Bits)

R/W

OP[4]

DQU4 (DQ12)
0g: Normal

1g: Invert

R/W

OP[5]

DQLU5 (DQ13)
0g: Normal

1g: Invert

R/W

OP[6]

DQU6 (DQ14)
0g: Normal
1g: Invert

R/W

OP[7]

DQU7 (DQ15)
0g: Normal
1g: Invert

Note:

1 - The default value for the Read Training Pattern Invert DQU7:0 (DQ15:8) register setting is: 0x00.
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3.5.32 MR30 (MA[7:0]=1Ey) - Read LFSR Assignments
MR30 Register Information

OPI[7] OP[6] OPI[5] OP[4] OPI[3] OPI[2] OP[1] OP[0]
LFSR LFSR LFSR LFSR LFSR LFSR LFSR LFSR
Assignment | Assignment | Assignment | Assignment | Assignment | Assignment | Assignment | Assignment
DQL7/ DQLé/ DQL5/ DQL4/ DQL3/ DQL2/ DQL1/ DQLo/
bDQu7 DQuU6 DQUS5 DQU4 DQu3 DQu2 DQuU1 DQUO
Function Register Operand Data Notes
Type
LFSR Assignment RIW OP[0] 0g: Read Pattern DataO/LFSRO
DQL0/DQUO 1g: Read Pattern Data1/LFSR1
LFSR Assignment RIW OP[] 0g: Read Pattern DataO/LFSRO
DQL1/DQU1 1g: Read Pattern Data1/LFSR1
LFSR Assignment RIW oP[2] 0g: Read Pattern DataO/LFSRO0
DQL2/DQU2 1g: Read Pattern Data1/LFSR1
LFSR Assignment RIW OP[3] 0g: Read Pattern DataO/LFSRO
DQL3/DQU3 1g: Read Pattern Data1/LFSR1 1
LFSR Assignment RIW OP[4] 0g: Read Pattern DataO/LFSRO
DQL4/DQU4 1g: Read Pattern Data1/LFSR1
LFSR Assignment RIW OP[5] 0g: Read Pattern DataO/LFSRO0
DQL5/DQU5 1g: Read Pattern Data1/LFSR1
LFSR Assignment RIW OP[6] 0g: Read Pattern DataO/LFSRO
DQL6/DQUE 1g: Read Pattern Data1/LFSR1
LFSR Assignment RIW OP[7] 0g: Read Pattern DataO/LFSRO
DQL7/DQU7 1g: Read Pattern Data1/LFSR1
Note:
1 - The default value for the Read LFSR Assignments register setting is: OxFE.
3.5.33 MR31 (MA[7:0]=1Fp) - Read Training Pattern Address
MR31 Register Information
OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] OP[2] OP[1] OPI[0]
Read Training Pattern Address
Function Register Operand Data Notes
Type

Read Training
Pattern Address

OP[7:0]

This MR address is reserved. There are no specific
register fields associated with this address. In
response to the MRR to this address the DRAM

shall send the BL16 read training pattern. All 8 bits

associated with this MR address are reserved.
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3.5.34 MR32 (MA[7:0]=204) - CK & CS ODT
MR32 Register Information

OP[7]

OPI[6]

OP[5]

OP[4]

| oPl oP2l | OP[]

OP[0]

RFU

CA_ODT
Strap Value

CS ODT

CK ODT

Function

Register
Type

Operand

Data

Notes

CKODT

OP[2:0]

000g:
001g:
010g:
011g:
100g:
101:
110g:
1M1g:

RTT_OFF (Disable) Group A default
RZQ/0.5 (480)
RZQ/1 (240)

RZQJ/3 (80)

RZQ/4 (60)

RFU

RZQ/6 (40) Group B default

CS ODT

OP[5:3]

000g:
001p:
010g:
011p:
100g:
101g:
110g:
111g:

RTT_OFF (Disable) Group A default
RZQ/0.5 (480)
RZQ/1 (240)

RZQ/3 (80)

RZQ/4 (60)

RFU

RZQ/6 (40) Group B default

CA_ODT
Strap Value

OP[6]

0g: Strap Configured to Group A
1g: Strap Configured to Group B

RFU

RFU

OP[7]

RFU

Notes:

1 - This mode register is programmed via an explicit MPC command only.
2 - Strapping for ODT on Command and Address. The DRAM applies to Group A settings if the CA_ODT pin is connected to VSS and

applies Group B settings if the pin is connected to VDD. This MR is used to confirm the DRAM’s setting for that config.
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3.5.35 MR33 (MA[7:0]=21y) - CA & DQS_PARK ODT
MR33 Register Information

oP[7] |

OPI[6]

OP[5]

OP[4]

OP[3] OP[2]

OP[0]

RFU

DQS_RTT_PARK

Function

Register
Type

Operand

Data

Notes

CA ODT

OP[2:0]

000g:
001g:
0103:

RTT_OFF (Disable) Group A default
RZQ/0.5 (480)
RZQ/1 (240)

011g:

100g:
101g:
110g:
111g:

RZQ/3 (80) Group B default
RZQ/4 (60)

RFU

RZQ/6 (40)

DQS_RTT_PARK

OP[5:3]

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

RTT_OFF default
RZQ (240)
RZQJ/2 (120)
RZQ/3 (80)
RZQ/4 (60)
RZQ/5 (48)
RZQ/6 (40)
RZQ/7 (34)

RFU

RFU

OP[7:6]

RFU

Notes:

1 - This mode register is programmed via an explicit MPC command only.
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3.5.36 MR34 (MA[7:0]=22,) - RTT_PARK & RTT_WR
MR34 Register Information

oP[7] |

OP[5]

OP[4]

OP[3]

OP[2]

OP[1]

OP[0]

RFU

RTT_WR

RTT_PARK

Function

Register
Type

Operand

Data

Notes

RTT_PARK

OP[2:0]

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

RTT_OFF default

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

RTT_WR

R/W

OP[5:3]

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

RTT_OFF

RZQ (240) default

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

RFU

RFU

OP[7:6]

RFU

Notes:

1 - This mode register is programmed via an explicit MPC command only.
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3.5.37 MR35 (MA[7:0]=23,;) - RTT_NOM_WR & RTT_NOM_RD

MR35 Register Information

oP[l |

OP[6]

OP[5]

OP[4]

OP[3] OP[2]

OP[1]

OP[0]

RFU

RTT_NOM_RD

RTT_NOM_WR

Function

Register
Type

Operand

Data

Notes

RTT_NOM_WR

R/W

OPJ[2:0]

000g:
001g:
010g:
011g:
1005:
101g:
110g:
111g:

RTT_OFF

RZQ (240)
RZQ/2 (120)
RZQ/3 (80) default
RZQ/4 (60)

RZQ/5 (48)

RZQ/6 (40)

RZQ/7 (34)

RTT_NOM_RD

R/W

OP[5:3]

000g:
0015:
010g:
011g:
100g:
101g:
110g:
111

RTT_OFF

RZQ (240)
RZQ/2 (120)
RZQ/3 (80) default
RZQ/4 (60)

RZQ/5 (48)

RZQ/6 (40)

RZQ/7 (34)

RFU

RFU

OP[7:6] RFU
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3.5.38 MR36 (MA[7:0]=24,;) - RTT Loopback

MR36 Register Information

OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] OPJ[2] ‘ OP[1] ‘ OP[0]
RFU RTT Loopback

Register

Function
Type

Operand Data Notes

000g: RTT_OFF Default

001g: RFU

0105: RFU

RTT Loopback R/W OP[2:0] 011g: RFU 1,2
100g: RFU

101g: RZQ/5 (48)

110g: RFU

111g: RFU

RFU RFU OP[7:3] RFU

1. When Loopback is disabled, both LBDQS and LBDQ pins are either at HiZ or Termination Mode this configuration. When Loopback
is enabled, it is in driver mode.
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3.5.39 MR37 (MA[7:0]= 25y) - ODTL Write Control Offset

MR37 Register Information

This byte is setup to allow the host controller to push out or pull in the Write RTT enable time (tODTLon_WR) or the Write RTT dis-
able time (tODTLoff_WR) outside of the default setting. The default state is based on internal DRAM design and is defined in
Table 106 in the ODT Configuration section. The DRAM is not responsible for inappropriate states set by the host controller using this

register.

OP[7] | OP[f]

OPI[5]

‘ OP[4] ‘

OP[3] OP[2]

OPI[0]

RFU

ODTLoff WR_Offset

ODTLon_WR_Offset

Function

Register
Type

Operand

Data

Notes

ODTLon_WR_Offset

R/W

OPJ[2:0]

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

RFU

-4 Clocks

-3 Clocks

-2 Clocks

-1 Clock - Default
0 Clock

+1 Clock

+2 Clocks

ODTLoff WR_Offset

R/W

000g:
001g:
010g:
011p:
100g:
101g:
110g:
111p:

OPI[5:3]

RFU

+4 Clocks

+3 Clocks

+2 Clocks

+1 Clock

0 Clock - Default
-1 Clock

-2 Clocks

RFU

RFU

OPJ[7:6] RFU

Note(s):
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3.5.40 MR38 (MA[7:0]=26,) - ODTL NT Write Control Offset

MR38 Register Information

This byte is setup to allow the host controller to push out or pull in the Non-Target Write RTT enable time (tODTLon_WR_NT) or the
Non-Target Write RTT disable time (tODTLoff_WR_NT) outside of the default setting. The default state is based on internal DRAM
design and is defined in Table 106 in the ODT Configuration section. The DRAM is not responsible for inappropriate states set by the
host controller using this register.

OP[7] ‘ OPI[6] OPI[5] ‘ OP[4] ‘ OP[3] OP[2] ‘ OP[1] ‘ OPJ[0]

RFU ODTLoff WR_NT_Offset ODTLon_WR_NT_Offset

Register

Function Type

Operand Data Notes

0005: RFU

001g: -4 Clocks

010g: -3 Clocks

011g: -2 Clocks

1005: -1 Clock - Default
101g: 0 Clock

1105: +1 Clock

111g: +2 Clocks

ODTLon_WR_NT_Offset R/W OP[2:0]

000g: RFU

001g: +4 Clocks

010g: +3 Clocks

011p: +2 Clocks

100g: +1 Clock

101g: 0 Clock - Default
110g: -1 Clock

111g: -2 Clocks

ODTLoff WR_NT_Offset RIW OPI[5:3]

RFU RFU OP[7:6] RFU

NOTE:
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3.5.41 MR39 (MA[7:0]=27}) - ODTL NT Read Control Offset

MR39 Register Information

This byte is setup to allow the host controller to push out or pull in the Non-Target Read RTT enable time (tODTLon_RD_NT) or the
Non-Target Read RTT disable time (tODTLoff_RD_NT) outside of the default setting. The default state is based on internal DRAM
design and is defined in Table 106 in the ODT Configuration section. The DRAM is not responsible for inappropriate states set by the
host controller using this register.

OPI[7] ‘ OP[6] OP[5] ‘ OP[4] ‘ OP[3] OP[2] ‘ OP[1] ‘ OP[0]
RFU ODTLoff_RD_NT_Offset ODTLon_RD_NT_Offset
Function Register Operand Data Notes

Type
000g: RFU
001g: RFU

010g: -3 Clocks

011g: -2 Clocks

1005: -1 Clock - Default
101g: 0 Clock

1105: +1 Clock

1115: RFU

ODTLon_RD_NT_Offset R/W OP[2:0]

000g: RFU
0015: RFU
010g: +3 Clocks

ODTLoff RD_NT_Offset 011g: +2 Clocks

RW OP[5:3] 100g: +1 Clock
101g: 0 Clock - Default
110g: -1 Clock
111g: RFU
RFU RFU OP[7:6] RFU

Note(s):
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3.5.42 MR40 (MA[7:0]=28,,) - Read DQS Offset Timing

MR40 Register Information

This byte is used for configuring the DRAM to support different HOST receiver designs.

OPI[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OP[3] OP[2] ‘ OP[1] ‘ OP[0]
RFU Read DQS offset timing
Function Register Operand Data Notes
Type

000g: 0 Clock (DEFAULT)
001g: 1 Clock

010g: 2 Clocks

011g: 3 Clocks

Read DQS offset timing R/W OP[2:0]
100g: RFU
101g: RFU
110g: RFU
111g: RFU
RFU RFU OP[7:3] RFU
Note(s):

1. When operating at low speed(CL <= 30), tRPRE + Read DQS Offset >= 5 Clocks cannot be supported.

tRPRE QS Offset

When

CL<=30

O| 0| 0| 0| e
X| O| O] O =
X[ X|Oo|lOo| ™~
X| X| X| O] w

1
2
3
4
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3.5.43 MR41 (MA[7:0]=29,) - RFU -
MR41 Register Information

OP[7] ‘ OP[6] ‘ OPI[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
RFU
. Register
Function Operand Data Notes
Type

Note(s):
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3.5.44 MR42 (MA[7:0]=2Ay) - DCA Types Supported
MR42 Register Information

This byte is used for configuring DCA

OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] OP[3] ‘ OP[2] OP[1] ‘ OP[0]
RFU DCA Training Assist Mode DCA Types Supported
Function Register Operand Data Notes
Type

00g: Device does not support DCA
01g: Device supports DCA for single/two-

DCA Types Supported R OP[1:0] phase internal clock(s)
10g: Device supports DCA for 4-phase internal

clocks
115: RFU

00g: Disable (default)
01g: MRR (or Read) synchronized with IBCLK

DCA Training Assist Mode RIW OP[3:2] is blocked 1,2,3,4,5,6
105: MRR (or Read) synchronized with ICLK is
blocked
11g: RFU
RFU RFU OP[7:4] RFU
Note(s):

1. When “MRR (or Read) synchronized with IBCLK is blocked” is set by MR42 OP[3:2]=01b, DQs caused by MRR (or Read) synchronized with IBCLK
are driven HIGH.

2. When “MRR (or Read) synchronized with ICLK is blocked” is set by MR42 OP[3:2]=10b, DQs caused by MRR (or Read) synchronized with ICLK are
driven HIGH.

3. DQS_t/DQS_c output normal toggling waveforms meaning that DQS_t/DQS_c are not affected by the settings of DCA Assist Mode MR42 OP[3:2].
4. The CRC function is not supported during DCA Training Assist Mode.

5. DCA Training Assist Mode is only supported by DRAMs with DCAs that have 4-phase internal clocks

6. If MR42:0P[3:2] is set to either 01B or 10B, odd-gap READ commands should follow the tMRR timing spec.
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3.5.45 MR43 (MA[7:0]=2B) - DCA Settings 1

MR43 Register Information

This byte is used for configuring TRR

OP[7] OP[6]

| oP[s]

| oPu]

OP[3]

OP2l | OP[1] [ OP[O]

Sign Bit for
OP[6:4]

DCA for IBCLK in 4-phase clocks

Sign Bit for
OP[2:0]

DCA for single/two-phase clock(s) or QCLK
in 4-phase clocks

Function

Register
Type

Operand

Data Notes

DCA for single/two-phase
clock(s) or QCLK in 4-
phase clocks

OP[2:0]

000g: DCA step +0 (default)
001g: DCA step +1
010g: DCA step +2
011g: DCA step +3
100g: DCA step +4
1015: DCA step +5
110g: DCA step +6
1115: DCA step +7

Sign Bit for OP[2:0]

OP[3]

0g: Positive Offset (default)
1g: Negative Offset

DCA for IBCLK in 4-phase
clocks

OPI[6:4]

000g: DCA step +0 (default)
001g: DCA step +1
010g: DCA step +2
011g: DCA step +3
100g: DCA step +4
101g: DCA step +5
1105: DCA step +6
111g: DCA step +7

Sign Bit for OP[6:4]

OP[7]

0g: Positive Offset (default)
1g: Negative Offset

Note(s):

1. These settings can only be applied if MR42:0P[1:0] =01g or 10g_
2. These settings can only be applied if MR42:0P[1:0] =10g,
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3.5.46 MR44 (MA[7:0]=2CH) - DCA Settings 2
MR44 Register Information

This byte is used for configuring TRR

OP[7] | OPIs]

| oP[s]

| oPu]

OP[3] OP[2]

OP[0]

RFU

Sign Bit for
QBCLK in
4-phase
clocks

DCA for QBCLK in 4-phase clocks

Function

Register
Type

Operand

Data

Notes

DCA for QBCLK in 4-phase
clocks

OP[2:0]

000g: DCA step +0 (default)
001g: DCA step +1
010g: DCA step +2
011g: DCA step +3
1005: DCA step +4
101g: DCA step +5
110g: DCA step +6
111g: DCA step +7

Sign Bit for QBCLK in 4-
phase clocks

OP[3]

0g: Positive Offset (default)
1g: Negative Offset

RFU

RFU

OP[7:4]

RFU

Note(s):

1. These settings can only be applied if MR42 OP[1:0]=10g.

80




SK’F

3.5.47 MR45 (MA[7:0]=2Dy) - DQS Interval Control
MR45 Register Information

OP[7] ‘

OPI[6] ‘

OPI[5] ‘

OPM4] | OPB] | OPZ] | OP[]

OPI[0]

DQS Interval Timer Run Time

Function

Register
Type

Operand

Data

Notes

DQS
Interval
Timer
Run
Time

OP[7:0]

0000 00005: DQS interval timer stop via
MPC Command (Default)
0000 00015: DQS timer stops automatically

at 16'" clocks after timer start
0000 00105: DQS timer stops automatically

at 32" clocks after timer start
0000 0011g: DQS timer stops automatically

at 48 clocks after timer start
0000 01005: DQS timer stops automatically

at 641 clocks after timer start

Thru

0011 1111g: DQS timer stops automatically

at (63X1 6)th clocks after timer start
01XX XXXXg: DQS timer stops automatically

at 2048 clocks after timer start
10XX XXXXg: DQS timer stops automatically

at 4096t clocks after timer start
11XX XXXXg: DQS timer stops automatically

at 8192"d clocks after timer start

1,2

Note(s)

1. MPC command with OP[7:0]=0000 0110g (Stop DQS Interval Oscillator) stops DQS interval timer in case of MR45:0P[7:0] = 00000000g.
2. MPC command with OP[7:0]=0000 0110g (Stop DQS Interval Oscillator) is illegal with non-zero values in MR45:0P[7:0].
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3.5.48 MR46 (MA[7:0]=2ER) - DQS Osc Count -LSB
MR46 Register Information

OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OPJ[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
DQS Oscillator Count - LSB

. Register
Function 9 Operand Data Notes
Type
DQS Oscillator Count - :
LSB R OP[7:0] 0 - 255 LSB DRAM DQS Oscillator Count

NOTE:

1. MR46 reports the LSB bits of the DRAM DQS Oscillator count. The DRAM DQS Oscillator count value is used to train DQS to the DQ data valid win-
dow. The value reported by the DRAM in this mode register can be used by the memory controller to periodically adjust the phase of DQS relative to DQ.
2. Both MR46 and MR47 must be read (MRR) and combined to get the value of the DQS Oscillator count.

3. A new MPC [Start DQS Oscillator] should be issued to reset the contents of MR46/MR47.

3.5.49 MR47 (MA[7:0]=2Fp) - DQS Osc Count - MSB
MR47 Register Information

OP[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] ‘ OPJ[3] ‘ OP[2] ‘ OP[1] ‘ OPJ[0]
DQS Oscillator Count - MSB

. Register
Function 9 Operand Data Notes
Type
DQS Oscillator Count - )
MSB R OP[7:0] 0 - 255 MSB DRAM DQS Oscillator Count

NOTE:

1. MRA47 reports the MSB bits of the DRAM DQS Oscillator count. The DRAM DQS Oscillator count value is used to train DQS to the DQ data valid win-
dow. The value reported by the DRAM in this mode register can be used by the memory controller to periodically adjust the phase of DQS relative to DQ.
2. Both MR46 and MR47 must be read (MRR) and combined to get the value of the DQS Oscillator count.

3. A new MPC [Start DQS Oscillator] should be issued to reset the contents of MR46/MR47.
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3.5.50 MR48 (MA[7:0]=304) - Write Pattern Mode
MR48 Register Information

OPI[7] ‘ OP[6] ‘ OPI[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] OP[0]
Write Pattern Mode
Function Register Operand Data Notes
Type
DQL0/DQUO R/W OPI0]
DQL1/DQU1 R/W OP[1]
DQL2/DQU2 RIW OP[2]
DQL3/DQU3 R/W OP[3] Valid 12
DQL4/DQU4 RIW OP[4]
DQL5/DQU5 RIW OPI[5]
DQL6/DQU6 R/W OPI6]
DQL7/DQU7 R/W OPI[7]
NOTES:

1. OP[7:0] can be independently programmed with either “0” or “1”.

2. Default is all zeros for OP[7:0]
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3.5.51 MR50 (MA[7:0]=324) - Write CRC Settings
MR50 Register Information

OP[7] OPI[6] OPI[5] OP[4] OPI[3] OP[2] OP[1] OPJ[0]
. . Write CRC .
Write CRC | Write CRC | \yi0 CRC | enable Write CRC | poad CRC
RFU RFU auto-dis- auto-dis- enable
error status upper . enable
able status able enable K lower nibble
nibble
. Register
Function 9 Operand Data Notes
Type
Read CRC enable RIW OPI[0] 0Og: Disable (Default)
1g: Enable
Write CRC enable 0g: Disable (Default)
lower nibble RIW OP[1] 1g: Enable 1
Write CRC enable 0g: Disable (Default)
. R/W B
upper nibble oPEl 1g: Enable !
. 0g: Clear
Write CRC error status R/W OP[3]
1g: Error
Write CRC auto-disable : Di
ri EI i RIW OP[4] 0g: Disable (Default)
enable 1g: Enable
Write CRC; atuto-dlsable RIW OP[5] 0g: Not triggered
status 1g: Triggered
RFU RFU OPI[6] RFU
RFU RFU OP[7] RFU

Note(s):

1 - When at least one of the two write CRC enable bits is set to ‘1" in x8, the timing of write CRC enable mode is applied to the entire
device (i.e. both nibbles). When write CRC is enabled in one nibble and disabled in the other nibble in x8, then the DRAM does not
check CRC errors on the disabled nibble, and hence the ALERT_n signal and any internal status bit related to CRC error is not

impacted by the disable nibble.
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3.5.52 MR51 (MA[7:0]=33}) - Write CRC Auto-Disable Threshold

MR51 Register Information

OPI[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
RFU bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
. Register
Function 9 Operand Data Notes
Type
Write CRC auto-disable R . 0000000: 0
threshold OP[6:0]
1111111: 127
RFU RFU OP[7] RFU
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3.5.53 MR52 (MA[7:0]=34}) - Write CRC Auto-Disable Window

MR52 Register Information

OPI[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
RFU bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
Function Register Operand Data Notes
Type
Write CRC auto-disable W . 0000000: 0
window OP[6:0]
1111111 127
RFU RFU

OP[7]

RFU
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3.5.54 MR53 (MA[7:0]=35,) - Loopback
MR53 Register Information

OP[7]

OP] |  OP[s]

OPM] | OPBI | OPRI [ OP[]

OP[0]

Loopback
Output Mode

Loopback
Select Phase

Loopback Output Select

Note(s):

Function

Register
Type

Operand

Data

Notes

Loopback Output Select R/W

OP[4:0]

00000g: Loopback Disabled (Default)
00001g: Loopback DML (X8 and X16 only)
00010g: Loopback DMU (X16 only)
00011g: Vendor Specific

00100g: Vendor Specific

00101g: RFU

...thru..

01111g: RFU

10000g: Loopback DQLO

10001g: Loopback DQL1

10010g: Loopback DQL2

10011g: Loopback DQL3

10100g: Loopback DQL4 (X8 and X16 only)
10101g: Loopback DQLS5 (X8 and X16 only)
10110g: Loopback DQL6 (X8 and X16 only)
10111g: Loopback DQL7 (X8 and X16 only)
110005: Loopback DQUO (X16 only)
11001g: Loopback DQU1 (X16 only)
11010g: Loopback DQU2 (X16 only)
11011g: Loopback DQU3 (X16 only)
11100g: Loopback DQU4 (X16 only)
11101g: Loopback DQUS5 (X16 only)
111105: Loopback DQU6 (X16 only)
11111g: Loopback DQU7 (X16 only)

1,2

Loopback
Select Phase

OPI[6:5]

00g: Loopback Select Phase A

01g: Loopback Select Phase B (4-way and 2-way
interleave only)

10g: Loopback Select Phase C (4-way interleave
only)

11g: Loopback Select Phase D (4-way interleave
only)

Loopback Output Mode R/W

OP[7]

0B: Normal Output (Default)
1B: Write Burst Output

1. When Loopback is disabled, both LBDQS and LBDQ pins are either at HiZ or Termination Mode per MR36:0P[2:0]. Loopback Ter-
mination default value is 48-ohms

2. When Loopback is enabled, both LBDQS and LBDQ pins are in driver mode using default RON of 34-ohms
3. Phase A through D selects which bit in the multiplexer is being selected for Loopback output

4. This configures the DRAM Loopback output to either send data out every time the DQS toggles in Normal Output Mode, or to only
send data out when enabled by the Write command, so that only write burst data is send out via Loopback.
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3.5.55 MR54 (MA[7:0]=36,,) - hPPR Resources

With hPPR, DDRS5 can correct one Row address per Bank Group and the Electrical-fuse cannot be
switched back to un-fused states once it is programmed. The controller should prevent unintended the
hPPR mode entry and repair. (i.e. During the Command/Address training period). Entry into hPPR is
through a register enable, ACT command is used to transmit the bank and row address of the row to be
replaced in DRAM. After tRCD time, a WR command is used to select the individual DRAM through the DQ
bits and to transfer the repair address to the DRAM. After program time, and PRE, the hPPR mode can be
exited and normal operation can resume.

MR54 Register Information

OP[7] OP[6] OP[5] OP[4] OPJ[3] OP[2] OP[1] OP[0]
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
Resource BR ;iog::‘i Resource BR éjoé';zi BR ézoé';zi BR ce;zoBu ::li Resource Resource
BG1 Bank 3 2 BG1 Bank 1 0 3 2 BGO Bank 1 BGO Bank 0

Function Register Operand Data Notes
Type

hPPR Resource OP[0] 0g: hPPR Resource is not_available 3
BGO Bank 0 1g: hPPR Resource is available

hPPR Resource OP[1] 0g: hPPR Resource is not -available 3
BGO Bank 1 1g: hPPR Resource is available

hPPR Resource 0g: hPPR Resource is not available 1,3
BGO0 Bank 2 OPI2] 1g: hPPR Resource is available

hPPR Resource OP[3] 0g: hPPR Resource is not -available 1,3
BGO0 Bank 3 1g: hPPR Resource is available

hPPR Resource R OP[4] 0g: hPPR Resource is not -available 3
BG1 Bank 0 1g: hPPR Resource is available

hPPR Resource OP[5] 0g: hPPR Resource !s not.available 3
BG1 Bank 1 1g: hPPR Resource is available

hPPR Resource OP[6] 0g: hPPR Resource is not.available 1,3
BG1 Bank 2 1g: hPPR Resource is available

hPPR Resource OP[7] 0g: hPPR Resource is not.available 1,3
BG1 Bank 3 1g: hPPR Resource is available

Note(s):

1. Not valid for 8Gb
2. Not valid for x16

3. MR14:0PJ[3:0] applies to CID[3:0] for 3DS-DDRS5 and must be setup to indicate which slice in the 3DS DDR5 Stack is referenced in
the MR54 through MR57 hPPR resource information.
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3.5.56 MR55 (MA[7:0]=37};) - hPPR Resources

OP[7] OP[6] OP[5] OP[4] OP[3] OPJ[2] OP[1] OP[0]
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
Resource Resource Resource Resource Resource Resource Resource Resource
BG3 Bank 3 BG3 Bank2 | BG3 Bank1 | BG3 Bank0 | BG2Bank3 | BG2Bank2 | BG2 Bank 1 BG2 Bank 0
. Register
Function 9 Operand Data Notes
Type

hPPR Resource OP(0 0g: hPPR Resource is not available 3
BG2 Bank 0 [0l 1g: hPPR Resource is available

hPPR Resource OPM 0g: hPPR Resource is not available 3
BG2 Bank 1 (1l 1g: hPPR Resource is available

hPPR Resource OPI2 0g: hPPR Resource is not available 1,3
BG2 Bank 2 (2 1g: hPPR Resource is available

hPPR Resource OP[3 0g: hPPR Resource is not available 1,3
BG2 Bank 3 R 3 1g: hPPR Resource is available

hPPR Resource OPl4 0g: hPPR Resource is not available 3
BG3 Bank 0 4l 1g: hPPR Resource is available

hPPR Resource OP(5 0g: hPPR Resource is not available 3
BG3 Bank 1 5] 1g: hPPR Resource is available

hPPR Resource OP(6 0g: hPPR Resource is not available 1,3
BG3 Bank 2 [l 1g: hPPR Resource is available

hPPR Resource OP[Y 0g: hPPR Resource is not available 1,3
BG3 Bank 3 7l 1g: hPPR Resource is available

Note(s):

1. Not valid for 8Gb

2. Not valid for x16

3. MR14:0PJ[3:0] applies to CID[3:0] for 3DS-DDRS5 and must be setup to indicate which slice in the 3DS DDR5 Stack is referenced in
the MR54 through MR57 hPPR resource information.
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3.5.57 MR56 (MA[7:0]=38y) - hPPR Resources
MR56 Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OPJ[2] OP[1] OP[0]
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
Resource Resource Resource Resource Resource Resource Resource Resource
BG5 Bank 3 BGszBa"k BG5 Bank 1 BGsf’a"k 36453“" BG4ZBa“k BG4 Bank1 | BG4 Bank 0
. Register
Function 9 Operand Data Notes
Type

hPPR Resource OPfo 0g: hPPR Resource is not available 23
BG4 Bank 0 (0] 1g: hPPR Resource is available ’

hPPR Resource OPH 0g: hPPR Resource is not available 2,3
BG4 Bank 1 (1l 1g: hPPR Resource is available

hPPR Resource OP[2 0g: hPPR Resource is not available 1,2,3
BG4 Bank 2 2] 1g: hPPR Resource is available

hPPR Resource OPI3 0g: hPPR Resource is not available 1,2,3
BG4 Bank 3 3 1g: hPPR Resource is available

hPPR Resource OPI4 0g: hPPR Resource is not available 2,3
BG5 Bank 0 4l 1g: hPPR Resource is available

hPPR Resource OPI5 0g: hPPR Resource is not available 2,3
BG5 Bank 1 5] 1g: hPPR Resource is available

hPPR Resource OP[6 0g: hPPR Resource is not available 1,2,3
BG5 Bank 2 [l 1g: hPPR Resource is available

hPPR Resource OP[T 0g: hPPR Resource is not available 1,2,3
BG5 Bank 3 7l 1g: hPPR Resource is available

Note(s):
1. Not valid for 8Gb
2. Not valid for x16

3. MR14:0PJ[3:0] applies to CID[3:0] for 3DS-DDRS5 and must be setup to indicate which slice in the 3DS DDR5 Stack is referenced in

the MR54 through MR57 hPPR resource information.
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3.5.58 MR57 (MA[7:0]=39y) - hPPR Resources
MR57 Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OPJ[2] OP[1] OP[0]
hPPR hPPR hPPR hPPR hPPR hPPR hPPR hPPR
Resource Resource Resource Resource Resource Resource Resource Resource
BG7 Bank 3 BG7zBa"k BG7 Bank 1 BG-’:a"k BGef’a“k BGGZBa“k BG6 Bank 1 | BG6 Bank 0
. Register
Function 9 Operand Data Notes
Type

hPPR Resource OPfo 0g: hPPR Resource is not available 23
BG6 Bank 0 (0] 1g: hPPR Resource is available ’

hPPR Resource OPH 0g: hPPR Resource is not available 2,3
BG6 Bank 1 (1l 1g: hPPR Resource is available

hPPR Resource OP[2 0g: hPPR Resource is not available 1,2,3
BG6 Bank 2 2] 1g: hPPR Resource is available

hPPR Resource OPI3 0g: hPPR Resource is not available 1,2,3
BG6 Bank 3 3 1g: hPPR Resource is available

hPPR Resource OPI4 0g: hPPR Resource is not available 2,3
BG7 Bank 0 4l 1g: hPPR Resource is available

hPPR Resource OPI5 0g: hPPR Resource is not available 2,3
BG7 Bank 1 5] 1g: hPPR Resource is available

hPPR Resource OP[6 0g: hPPR Resource is not available 1,2,3
BG7 Bank 2 [l 1g: hPPR Resource is available

hPPR Resource OP[T 0g: hPPR Resource is not available 1,2,3
BG7 Bank 3 7l 1g: hPPR Resource is available

Note(s):
1. Not valid for 8Gb
2. Not valid for x16

3. MR14:0PJ[3:0] applies to CID[3:0] for 3DS-DDRS5 and must be setup to indicate which slice in the 3DS DDR5 Stack is referenced in

the MR54 through MR57 hPPR resource information.
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3.5.59 MRS58 (MA[7:0]=3Ap) - Refresh Management
MRS58 Register Information

OPI[7] ‘ OP[6] ‘ OPI[5] OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] OP[0]
RAAMMT([2:0] RAAIMT[3:0] Rezz'ivr'e d
. Register
Function Operand Data Notes
Type

0g: Refresh Management not required

Maximum Management
Threshold (RAAMMT)

1015: 5x (Normal), 10x (FGR)
1105: 6x (Normal), 12x (FGR)
1M1g: 7x

RFM Required OPI0] 1g: Refresh Management required 1
0000g- 00115, RFU
. 0100: 32 (Normal), 16 (FGR)
Rolling Accumulated 01015: 40 (Normal), 20 (FGR)
ACT
Initial Management OP[4:A] | - 1
Threahold (RQ’AAIMT) 1001g: 72 (Normal), 36 (FGR)
1010p: 80 (Normal), 40 (FGR)
1011-1111g: RFU
0005-010g: RFU
Rolling p;fg;'m“'ated 011g: 3x (Normal), 6x (FGR)
OP[7:5] 1005: 4x (Normal), 8x (FGR) 1

Note(s):

1. Refresh Management settings are vendor specific by the MR settings.
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3.5.60 MR59 (MA[7:0]=3Bp) - RFM RAA Counter
MR59 Register Information

OP[7] ‘ OPI[6] OP[5] ‘ OP[4] ‘ OPI[3] ‘ OP[2] ‘ OP[1] OPI[0]
RFM RAA Counter RFU
. Register
Function 9 Operand Data Notes
Type
RFU RFU OP[5:0] RFU
00g: RAAIMT
RAA Counter Decrement 01g: RAAIMT * 0.5
per REF Command R OP[7:6] 105: RFU
11g: RFU
Note(s):
1.TBD
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OPI[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
. Register
Function Operand Data Notes
Type
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3.5.62 MR61 (MA[7:0]=3Dy) - Package Output Driver Test Mode
MR61 Register Information

This MR is used for the characterization of the DRAM package. Refer to the Package Output Driver Test Mode function for more

details.

OP[7] |  OP[6]

OP[5]

OP[4]

OP[B] | ©OPZI | OP[I | OP[]

RSVD

Package Output Driver Test Mode

Function

Register
Type

Operand

Data Notes

Package Output Driver
Test Mode

OPI[4:0]

00000g:
00001g:
00010g:
00011g:
00100g:
00101g:

...thru..

01111g:
10000:
10001g:
10010g:
10011g:
10100g:
10101g:
10110g:
10111g:
11000g:
11001g:
11010g:
11011g:
11100:
11101g:
11110g:
1111g:

Package Test Disabled (Default)
Package Test DML

Package Test DMU (X16 only)
RFU

RFU

RFU

RFU

Package Test DQLO
Package Test DQL1
Package Test DQL2
Package Test DQL3
Package Test DQL4 (X8 and X16 only) 1
Package Test DQL5 (X8 and X16 only)
Package Test DQL6 (X8 and X16 only)
Package Test DQL7 (X8 and X16 only)
Package Test DQUO (X16 only)
Package Test DQU1 (X16 only)
Package Test DQU2 (X16 only)
Package Test DQU3 (X16 only)
Package Test DQU4 (X16 only)
Package Test DQUS5 (X16 only)
Package Test DQU6 (X16 only)
Package Test DQU7 (X16 only)

RSVD

OP[7:5]

Must be programmed to 000

Note(s):
1.TBD
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3.5.63 MR62 (MA[7:0]=3ER) - Vendor Specified
MR62 Register Information

OP[7] | OP6] | OP5] | OPM4 [ OP@] | OPR] [ OPMl | OP[]
Vendor Specified
Function Register Operand Data Notes
Type
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3.5.64 MR63 (MA[7:0]=3F,) - DRAM Scratch Pad
MR63 Register Information

This MR is used by the host controller to read back Control Words from the RCD. Control Words are the RCD equivalent of the

DRAM MR registers. The DRAM implements MR63 as a simple read/write register, writable via an MRW to address 3Fh, and
readable via an MRR to address 3Fh.

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
| | | | | | |
DRAM Scratch Pad

. Register
Function 9 Operand Data Notes
Type
DRAM Scratch Pad R/W OP[7:0] Any value is valid 1

NOTE: The contents of this register have no function in the DRAM. Details for this function can be found in the DDR5 RCDO01
Specification.

The following data is just for reference and is not part of the DRAM specification.

3.5.64.1 RCD Control Word Usage Example
The method to read an RCD Control Word is as follows:

® The host controller writes to the RCD’s CW Read Pointer, which selects the RCD control word to be read.

® The host controller then does an MRW to DRAM MRG63. This MRW passes through the RCD to the DRAMSs, but is modified by the
RCD. The RCD will detect this write to MR63 and replace the data from the host controller with the contents of the RCD register
pointed to by the CW Read Pointer.

The host controller will then read the DRAM’s MR63, which now contains the value from the desired RCD control word. All DRAMs in
the rank will return this same value to the host controller
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3.5.65 Mode Register Definitions for DFE

The following mode registers are used to configure the Decision Feedback Equalization (DFE), Per Bit Duty Cycle
Adjuster and Per Bit VrefDQ features of the DRAM. The Mode Registers MA[7:0]=80-FF are organized in a way such

that mode registers for programming of DFE, DCA & VrefDQ configuration per DQ or DM are grouped together. For
example:

DQLO starts at MA[7:0]=70y, MR112
DQL1 starts at MA[7:0]=78, MR120

DQUG starts at MA[7:0]=F0y, MR240
DQUY7 starts at MA[7:0]=F8y, MR248

Looking further into the 8-bit binary encoding, MA[6:3] is defined as a direct mapping for DQLO to DQU?7, i.e.,
MA[7:0]=1000:0XXXb for DQO,
MA[7:0]=1000:1XXXb for DQ1,

MA[7:0]=1111:0XXXb for DQU6
MA[7:0]=1111:1XXXb for DQU?7.

Table 25 — Visual Representation of DFE, per bit DCA & per bit VrefDQ Mode Register Mapping

MRW address bits [2:0]
MRW Address, .
y Function
Binary
000b 001b 010b 011b 100b 101b 110b 111b
0111-0XXX DML
0TTT-TXXX DMU
T000-0XXX DQLO
T000-TXXX DQL1
T001T-0XXX DQL2
T00T-TXXX DQL3
T0T0-0XXX DQL4
TOTO-TXXX DQL5
W101 1:0xxx WDQLG Gain Tap1 Tap2 Tap3 Tap4 MR Address Space not currently used
T100-0XXX DQUO
TT00-TXXX DQU1
T101-0XXX DQU2
TTOT-TXXX DQU3
TTTO-0XXX DQU4
TTTO-TXXX DQU5
TTT1-0XXX DQUb6
TTTT-TXXX DQU7
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3.5.66 MR103 (MA[7:0]=67,) - DQSL_t DCA for IBCLK and QCLK

MR103 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] ‘ OPJ[0]
DQSL_t RFU DQSL_t DCA for IBCLK | PASL_tQCLK RFU DQSL_t DCA for QCLK
IBCLK Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQSL_t DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
DQSL t QCLK si w OPI3 0g: positive (Default)
- s'gn B3] 1g: negative
00g: disable (Default)
i 01p: step +1 Range: -3 ~ +3 LSB Codes
DQSL_t DCA for IBCLK W OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQSL_t IBCLK sign w OP[7] .
1g: negative

3.5.67 MR104 (MA[7:0]=68,) - DQSL_t DCA for QBCLK
MR104 Register Information

OPI[7] ‘ OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQSL_t
QBCLK Sign RFU DQSL_t DCA for QBCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01pg: step +1 Range: -3 ~ +3 LSB Codes
DQSL_t DCA for QBCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQSL_t QBCLK sign w OP[3] . .
1g: negative
RFU OP[7:4]
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3.5.68 MR105 (MA[7:0]=69y) - DQSL_c DCA for IBCLK and QCLK
MR105 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] ‘ OPJ[0]
DQSL_c DQSL_c
IBCLK Sign RFU DQSL_c DCA for IBCLK QCLK sign RFU DQSL_c DCA for QCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes

DQSL_c DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OPJ[2]
. 0g: positive (Default)
DQSL_c QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes

DQSL_c DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQSL_c IBCLK sign w OP[7] .

1g: negative

3.5.69 MR106 (MA[7:0]=6Ap) - DQSL_c DCA for QBCLK
MR106 Register Information

oP[7] | oPe] | OP5] | OPH] OP[3] OP[2] OP[1] OP[0]
DQSL_c
RFU QBCLK Sign RFU DQSL_c DCA for QBCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQSL_c DCA for QBCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[2]
. 0g: positive (Default)
DQSL_c QBCLK sign w OP[3] . .
1g: negative
RFU OP[7:4]

100




SK’P

3.5.70 MR107 (MA[7:0]=6By) - DQSU_t DCA for IBCLK and QCLK
MR107 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] ‘ OPJ[0]
DQSU_t DQSU_t
IBCLK Sign RFU DQSU_t DCA for IBCLK QCLK sign RFU DQSU_cDCA for QCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes

DQSU_t DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OPJ[2]
. 0g: positive (Default)
DQSU_t QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes

DQSU_t DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQSU_t IBCLK sign w OP[7] .

1g: negative

3.5.71 MR108 (MA[7:0]=6Cp) - DQSU_t DCA for QBCLK
MR108 Register Information

oP[7] | oPe] | OP5] | OPH] OP[3] OP[2] OP[1] OP[0]
DQSU_t
RFU QBCLK Sign RFU DQSU_t DCA for QBCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQSU_t DCA for QBCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[2]
. 0g: positive (Default)
DQSU_t QBCLK sign w OP[3]

1g: negative

RFU

OP[7:4]
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3.5.72 MR109 (MA[7:0]=6Dy) - DQSU_c DCA for IBCLK and QCLK
MR109 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] ‘ OPJ[0]
DQSU_c DQSU_c
IBCLK Sign RFU DQSU_c DCA for IBCLK QCLK sign RFU DQSU_cDCA for QCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes

DQSU_c DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQSU_c QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes

DQSU_c DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQSU_c IBCLK sign w OP[7] .

1g: negative

3.5.73 MR110 (MA[7:0]=6ER) - DQSU_c DCA for QBCLK
MR110 Register Information

oP[71 | oPe] | OP5] | OP[4] OP[3] OP[2] OP[] | OP[O]
DQSU_c
RFU QBCLK Sign RFU DQSU_c DCA for QBCLK
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQSU_c DCA for QBCLK W OP[1:0] 10 step +2 Step Size: 1LSB
11g: step +3
RFU OP[2]
. 0g: positive (Default)
DQSU_c QBCLK sign w OPI[3] ) .
1g: negative
RFU OP[7:4]
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3.5.74 MR111 (MA[7:0]=69y) - DFE Global Settings
MR111 Register Information

OP[7] ‘ OP[6] ‘ OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
Global DFE | Global DFE | Global DFE | Global DFE Global DFE
RFU Tap-4 Tap-3 Tap-2 Tap-1 Gain Enable
Enable Enable Enable Enable
. Register
Function 9 Operand Data Notes
Type
Global DFE Gain Enable RIW OP[0] 0g: DFE Gain Enabled (DEFAULT) 1
1g: DFE Gain Disabled
Global DFE Tap-1 Enable RIW OP[1] 0Og: DFE Tap-1 Enabled (DEFAULT) 1
1g: DFE Tap-1 Disabled
Global DFE Tap-2 Enable RIW OP[2] 0Og: DFE Tap-2 Enabled (DEFAULT) 1
1g: DFE Tap-2 Disabled
Global DFE Tap-3 Enable RIW OP[3] 0g: DFE Tap-3 Enabled (DEFAULT) 1
1g: DFE Tap-3 Disabled
Global DFE Tap-4 Enable RIW OP[4] 0g: DFE Tap-4 Enabled (DEFAULT) 1
1g: DFE Tap-4 Disabled
RFU RFU OP[7:5] RFU

Note(s):

1. This bit applies to all DM and DQ pins.
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3.5.75 MR112 (MA[7:0]=70y) thru MR248 (MA[7:0]=F8,,) - DFE Gain Bias w/Edits

Register Information

This definition covers registers for DML, DMU, DQL[7:0], and DQU[7:0] for DFE Gain Bias. The MRs are
positioned every 8 MRs (MR112, MR120, MR128, etc.) until all pins are covered. Refer to Mode Register
Assignment table for details.

OPI[7] ‘ OP[6] ‘ OP[5] ‘ OP[4] OPI[3] OP[2] ‘ OP[1] ‘ OP[0]
Sign Bit I
RFU Gain Bias DFE Gain Bias
. Register
Function Operand | Data Notes
Type

000g: DFE Gain Bias Step 0 (Default)
001g: DFE Gain Bias Step 1
010g: DFE Gain Bias Step 2

DFE Gain Bias RW OP[2:0] | 011,: DFE Gain Bias Step 3 1,2,3
1005: RFU
1015: RFU
111g: RFU
Sign Bit 0g: Positive DFE Gain Bias (Default
9n = RIW OP[3] B .  Blas { )
Gain Bias 1g: Negative DFE Gain Bias
RFU RFU OP[7:4] | RFU
Note(s):

1. Refer to the DDR5 DFE specification for information on Step Size, Step Size Tolerance and Range values

2. The step size and step values are related to the min/max ranges specified in the DFE Gain Adjustment and Tap Coefficient tables
3. The number of step size, step values and range are speed dependent
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3.5.76 MR113 (MA[7:0]=71,) thru MR249 (MA[7:0]=F9},) - DFE Tap-1 w/Edits

Register Information

This definition covers registers for DML, DMU, DQL[7:0], and DQU[7:0] for DFE Tap-1. The MRs are posi-
tioned every 8 MRs (MR113, MR121, MR129, etc.) until all pins are covered. Refer to Mode Register
Assignment table for details.

OP[7] OP[6] OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
. Sign Bit
Enable/Disable DFE Tap-1 DFE Tap-1 Bias Programming
DFE Tap-1 .
Bias
. Register
Function 9 Operand Data Notes
Type

000000g: DFE Tap-1 Bias Step 0 (Default)
000001g: DFE Tap-1 Bias Step 1
000010g: DFE Tap-1 Bias Step 2
000011g: DFE Tap-1 Bias Step 3
000100g: DFE Tap-1 Bias Step 4
000101g: DFE Tap-1 Bias Step 5

DFE Tap-1 Bias RIW oP[5:0] | | B ap-1 Blas Step 1,2,3
100110g: DFE Tap-1 Bias Step 38
100111g: DFE Tap-1 Bias Step 39
101000g: DFE Tap-1 Bias Step 40
101001g: RFU
111111g: RFU

Sign Bit 0g: Positive DFE Tap-1 Bias (Default)
. RW
DFE Tap-1 Bias OP[6] 1g: Negative DFE Tap-1 Bias
Enable/Disable 0g: DFE Tap-1 Disable (Default)
RW
DFE Tap-1 OP[7] 1g: DFE Tap-1 Enable
Note(s):

1. Refer to the DDR5 DFE specification for information on Step Size, Step Size Tolerance and Range values

2. The step size and step values are related to the min/max ranges specified in the DFE Gain Adjustment and Tap Coefficient tables
3. The number of step size, step values and range are speed dependent
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3.5.77 MR114 (MA[7:0]=72,) thru MR250 (MA[7:0]=FA,,) - DFE Tap-2 w/Edits

Register Information

This definition covers registers for DML, DMU, DQL[7:0], and DQU[7:0] for DFE Tap-2. The MRs are posi-
tioned every 8 MRs (MR114, MR122, MR130, etc.) until all pins are covered. Refer to Mode Register
Assignment table for details.

OPI[7] OP[6] OPI[5] ‘ OP[4] ‘ OPI[3] ‘ OP[2] ‘ OP[1] ‘ OPI[0]
. Sign Bit
Enable/Disable DFE Tap-2 DFE Tap-2 Bias Programming
DFE Tap-2 .
Bias
. Register
Function 9 Operand Data Notes
Type

000000g: DFE Tap-2 Bias Step 0 (Default)
000001g: DFE Tap-2 Bias Step 1
000010g: DFE Tap-2 Bias Step 2
000011g: DFE Tap-2 Bias Step 3
000100g: DFE Tap-2 Bias Step 4
000101g: DFE Tap-2 Bias Step 5

DFE Tap-2 Bias RIW OP[5:0] | . B p-2 Blas Step 12,3
001101g: DFE Tap-2 Bias Step 13
001110g: DFE Tap-2 Bias Step 14
001111g: DFE Tap-2 Bias Step 15
0100005: RFU
1111115: RFU

Sign Bit 0g: Positive DFE Tap-2 Bias (Default)
. R/IW
DFE Tap-2 Bias OPI6] | 4_. Negative DFE Tap-2 Bias
Enable/Disable 0g: DFE Tap-2 Disable (Default)
R/W
DFE Tap-2 OPI7] | 4,: DFE Tap-2 Enable
Note(s):

1. Refer to the DDR5 DFE specification for information on Step Size, Step Size Tolerance and Range values

2. The step size and step values are related to the min/max ranges specified in the DFE Gain Adjustment and Tap Coefficient tables
3. The number of step size, step values and range are speed dependent
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3.5.78 MR115 (MA[7:0]=73}) thru MR251 (MA[7:0]=FB,,) - DFE Tap-3 w/Edits

Register Information

This definition covers registers for DML, DMU, DQL[7:0], and DQU[7:0] for DFE Gain Bias. The MRs are
positioned every 8 MRs (MR115, MR123, MR131, etc.) until all pins are covered. Refer to Mode Register
Assignment table for details.

OP[7] OP[6] OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
. Sign Bit
Enable/Disable DFE Tap-3 DFE Tap-3 Bias Programming
DFE Tap-3 .
Bias
. Register
Function 9 Operand Data Notes
Type

000000g: DFE Tap-3 Bias Step 0 (Default)
000001g: DFE Tap-3 Bias Step 1
000010g: DFE Tap-3 Bias Step 2
000011g: DFE Tap-3 Bias Step 3
000100g: DFE Tap-3 Bias Step 4
000101g: DFE Tap-3 Bias Step 5

DFE Tap-3 Bias R/W OP[5:0] : 1,2,3
001010g: DFE Tap-3 Bias Step 10
001011g: DFE Tap-3 Bias Step 11
001100g: DFE Tap-3 Bias Step 12
001101g: RFU
111111g: RFU

Sign Bit 0g: Positive DFE Tap-3 Bias (Default)
. R/W
DFE Tap-3 Bias OP[6] 1g: Negative DFE Tap-3 Bias
Enable/Disable 0g: DFE Tap-3 Disable (Default)
R/W
DFE Tap-3 OP[Tl | 4. DFE Tap-3 Enable
Note(s):

1. Refer to the DDR5 DFE specification for information on Step Size, Step Size Tolerance and Range values

2. The step size and step values are related to the min/max ranges specified in the DFE Gain Adjustment and Tap Coefficient tables
3. The number of step size, step values and range are speed dependent
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3.5.79 MR116 (MA[7:0]=74y;) thru MR252 (MA[7:0]=FC,,) - DFE Tap-4 w/Edits

Register Information

This definition covers registers for DML, DMU, DQL[7:0], and DQU[7:0] for DFE Tap-4. The MRs are posi-
tioned every 8 MRs (MR116, MR124, MR132, etc.) until all pins are covered. Refer to Mode Register
Assignment table for details.

OP[7] OP[6] OP[5] ‘ OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] ‘ OP[0]
. Sign Bit
Enable/Disable DFE Tap-4 DFE Tap-4 Bias Programming
DFE Tap-4 .
Bias
. Register
Function 9 Operand Data Notes
Type

000000g: DFE Tap-4 Bias Step 0 (Default)
000001g: DFE Tap-4 Bias Step 1
000010g: DFE Tap-4 Bias Step 2
000011g: DFE Tap-4 Bias Step 3
000100g: DFE Tap-4 Bias Step 4

DFE Tap4 Bi RIW 000101g: DFE Tap-4 Bias Step 5

ap-4 Blas OP[5:01 | 000110: DFE Tap-4 Bias Step 6 1,23
000111g: DFE Tap-4 Bias Step 7
001000g: DFE Tap-4 Bias Step 8
001001g: DFE Tap-4 Bias Step 9
001010g: RFU
111111g: RFU
Sign Bit 0g: Positive DFE Tap-4 Bias (Default)
. RIW
DFE Tap-4 Bias OPI6] | 4.: Negative DFE Tap-4 Bias
Enable/Disable Og: DFE Tap-4 Disable (Default)
RIW
DFE Tap-4 OP[7] 1g: DFE Tap-4 Enable

Note(s):
1. Refer to the DDR5 DFE specification for information on Step Size, Step Size Tolerance and Range values

2. The step size and step values are related to the min/max ranges specified in the DFE Gain Adjustment and Tap Coefficient tables
3. The number of step size, step values and range are speed dependent

3.5.80 MR117 (MA[7:0]=75};) - RFU
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3.5.81 MR118 (MA[7:0]=764) - DML VrefDQ Offset
MR118 Register Information

OP[7] ope] | OPI5] | oOPWH] OP[3] | OP[2] OP[1] OP[0]
DML V.REFDQ DML VREFDQ Offset RFU
sign
Function Register Type | Operand Data Notes
RFU OP[3:0]

000g: disable (Default)
001g: step +1

DML VREFDQ Offset w OP[6:4] | 010g: step +2 Range: -3 ~ +3 LSB Codes

Step Size: 1LSB
011g: step +3
100 ~ 111B: RFU
. 0g: positive (Default)
DML VREFDQ sign w OPI[7] 1o )
B: hegative

3.5.82 MR126 (MA[7:0]=7Ey) - DMU VrefDQ Offset
MR126 Register Information

OP[7] ope] | OPI5] | OP[4] opP[3] | oOP2] | oPMl | OP[o]
DMUVREFDQ DMU VREFDQ Offset RFU
sign
Function Register Type | Operand Data Notes
RFU OP[3:0]
000: disable (Default)
001g: step +1
DMU VREFDQ Offset w OP[6:4] | 010g: step +2 Range: -3 ~ +3 LSB Codes
Step Size: 1LSB
011g: step +3
1005 ~ 111B: RFU
i 0g: positive (Default)
DMU VREFDAQ sign w OP[7] : )
1g: negative
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3.5.83 MR133 (MA[7:0]=85y) - DQLO DCA for IBCLK and QCLK

MR133 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQLO IBCLK RFU DQLO DCA for IBCLK | DQLO QCLK RFU DQLO DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQLO DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQLO QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQLO DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQLO IBCLK sign w OP[7] .

1g: negative

3.5.84 MR134 (MA[7:0]=864) - DQLO DCA for QBCLK and DQLO VrefDQ Offset
MR134 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQLO
VREFDAQ sign

DQLO0 VREFDQ Offset

DQLO0 QBCLK

RFU

Sign

DQLO DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQLO DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQLO0 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL0 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQLO0 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.85 MR141 (MA[7:0]=8Dy) - DQL1 DCA for IBCLK and QCLK

MR141 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQL1 IBCLK RFU DQL1DCA foriBcLk | DAL1 QCLK RFU DQL1 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQL1 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL1 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL1 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQL1 IBCLK sign w OP[7] .
1g: negative

3.5.86 MR142 (MA[7:0]=8E,) - DQL1 DCA for QBCLK and DQL1 VrefDQ Offset
MR142 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL1
VREFDAQ sign

DQL1 VREFDQ Offset

DQL1 QBCLK

RFU

Sign

DQL1 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL1 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL1 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL1 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQL1 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.87 MR149 (MA[7:0]=95y) - DQL2 DCA for IBCLK and QCLK

MR149 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQL2 IBCLK RFU DQL2DCA foriBCLK | D2 QCLK RFU DQL2 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQL2 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL2 QCLK sign w OPI[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQL2 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQL2 IBCLK sign w OP[7] .

1g: negative

3.5.88 MR150 (MA[7:0]=96) - DQL2 DCA for QBCLK and DQL2 VrefDQ Offset
MR150 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL2
VREFDAQ sign

DQL2 VREFDQ Offset

DQL2 QBCLK

RFU

Sign

DQL2 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL2 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL2 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL2 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQL2 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.89 MR157 (MA[7:0]=9Dy) - DQL3 DCA for IBCLK and QCLK

MR157 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQL3 IBCLK RFU DQL3DCA foriBcLK | DAL3 QCLK RFU DQL3 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQL3 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL3 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL3 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQL3 IBCLK sign w OP[7] .

1g: negative

3.5.90 MR158 (MA[7:0]=9E,) - DQL3 DCA for QBCLK and DQL3 VrefDQ Offset
MR158 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL3
VREFDAQ sign

DQL3 VREFDQ Offset

DQL3 QBCLK

RFU

Sign

DQL3 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL3 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL3 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL3 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQL3 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.91 MR165 (MA[7:0]=A5,) - DQL4 DCA for IBCLK and QCLK

MR165 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQL4 IBCLK RFU DQL4 DCA forIBcLK | DAL4 QCLK RFU DQL4 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQL4 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL4 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL4 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQL4 IBCLK sign w OP[7] .

1g: negative

3.5.92 MR166 (MA[7:0]=A64) - DQL4 DCA for QBCLK and DQL4 VrefDQ Offset
MR166 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL4
VREFDAQ sign

DQL3 VREFDQ Offset

DQL3 QBCLK

RFU

Sign

DQL3 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL4 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL4 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL4 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQL4 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.93 MR173 (MA[7:0]=ADy) - DQL5 DCA for IBCLK and QCLK

MR173 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQLS IBCLK RFU DQL5DCA foriBCLK | DALS QCLK RFU DQL5 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL5 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL5 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQLS5 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQLS5 IBCLK sign w OP[7] .

1g: negative

3.5.94 MR174 (MA[7:0]=AER) - DQL5 DCA for QBCLK and DQLS5 VrefDQ Offset
MR174 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL5
VREFDAQ sign

DQL5 VREFDQ Offset

DQL5 QBCLK

RFU

Sign

DQL5 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL5 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL5 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL5 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQLS5 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.95 MR181 (MA[7:0]=B5,) - DQL6 DCA for IBCLK and QCLK

MR181 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQL6 IBCLK RFU DQL6 DCA for IBCLK | D@L8 QCLK RFU DQL6 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL6 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL6 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL6 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQL6 IBCLK sign w OP[7] .

1g: negative

3.5.96 MR182 (MA[7:0]=B6y) - DQL6 DCA for QBCLK and DQL6 VrefDQ Offset
MR182 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL6
VREFDAQ sign

DQL6 VREFDQ Offset

DQL6 QBCLK

RFU

Sign

DQL6 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL6 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL6 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL6 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQL6 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.97 MR189 (MA[7:0]=BDy) - DQL7 DCA for IBCLK and QCLK

MR189 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
baL7 IBCLK RFU DQL7 DCA foriBCLK | DAL7 QCLK RFU DQL7 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL7 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQL7 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQL?7 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQL7 IBCLK sign w OP[7] .

1g: negative

3.5.98 MR190 (MA[7:0]=BEy) - DQL7 DCA for QBCLK and DQL?7 VrefDQ Offset
MR190 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQL7
VREFDAQ sign

DQL7 VREFDQ Offset

DQL7 QBCLK

RFU

Sign

DQL7 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQL7 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQL7 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQL7 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQL7 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.99 MR197 (MA[7:0]=C5,) - DQUO DCA for IBCLK and QCLK

MR197 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQUO IBCLK RFU DQUO DCA for IBCLK | DQU0 QCLK RFU DQUO DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQUO DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQUO QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQUO DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQUO IBCLK sign w OP[7] .

1g: negative

3.5.100 MR198 (MA[7:0]=C6,) - DQUO DCA for QBCLK and DQUO VrefDQ Offset
MR198 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQUO
VREFDAQ sign

DQUO VREFDQ Offset

DQUO QBCLK

RFU

Sign

DQUO DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQUO0 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQUO0 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQUO VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQUO VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.101 MR205 (MA[7:0]=CDy) - DQU1 DCA for IBCLK and QCLK
MR205 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
baQu1 IBCLK RFU DQU1 DCAforiBCLK | DU QCLK RFU DQU1 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes

DQU1 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQU1 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes

DQU1 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB

11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQU1 IBCLK sign w OP[7] .

1g: negative

3.5.102 MR206 (MA[7:0]=CEy) - DQU1 DCA for QBCLK and DQU1 VrefDQ Offset
MR206 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQuU1
VREFDAQ sign

DQU1 VREFDQ Offset

DQU1 QBCLK

RFU

Sign

DQU1 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQU1 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQU1 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQU1 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU1 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.103 MR213 (MA[7:0]=D5y) - DQU2 DCA for IBCLK and QCLK
MR213 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
bQu2 IBCLK RFU DQU2 DCAfor IBCLK | DAU2 QCLK RFU DQU2 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQU2 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQU2 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQU2 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQU2 IBCLK sign w OP[7] .

1g: negative

3.5.104 MR214 (MA[7:0]=D6) - DQU2 DCA for QBCLK and DQU2 VrefDQ Offset
MR214 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQU2
VREFDAQ sign

DQU2 VREFDQ Offset

DQU2 QBCLK

RFU

Sign

DQU2 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQU2 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQU2 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQU2 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU2 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.105 MR221 (MA[7:0]=DDy) - DQU3 DCA for IBCLK and QCLK
MR221 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQU3 IBCLK RFU DQU3 DCAfor IBCLK | DAU3 QCLK RFU DQU3 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQU3 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQU3 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQU3 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQU3 IBCLK sign w OP[7] .

1g: negative

3.5.106 MR222 (MA[7:0]=DE) - DQU3 DCA for QBCLK and DQU3 VrefDQ Offset
MR222 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQU3
VREFDAQ sign

DQU3 VREFDQ Offset

DQU3 QBCLK

RFU

Sign

DQU3 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQU3 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQU3 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQU3 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU3 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.107 MR229 (MA[7:0]=E5y) - DQU4 DCA for IBCLK and QCLK

MR229 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
bQu4 IBCLK RFU DQU4 DCA for IBCLK | DQU4 QCLK RFU DQUA4 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
) 01g: step +1 Range: -3 ~ +3 LSB Codes
DQU4 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQU4 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
. 01g: step +1 Range: -3 ~ +3 LSB Codes
DQUA4 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQU4 IBCLK sign w OP[7] .

1g: negative

3.5.108 MR230 (MA[7:0]=E6y) - DQU4 DCA for QBCLK and DQU4 VrefDQ Offset
MR230 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQuU4
VREFDAQ sign

DQU4 VREFDQ Offset

DQU4 QBCLK

RFU

Sign

DQU4 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQU4 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQU4 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQU4 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU4 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.109 MR237 (MA[7:0]=EDy) - DQUS5 DCA for IBCLK and QCLK
MR237 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQUS IBCLK RFU DQU5 DCA for IBCLK | DQUS QCLK RFU DQUS5 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQUS5 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQUS5 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQUS5 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQUS5 IBCLK sign w OP[7] .

1g: negative

3.5.110 MR238 (MA[7:0]=EE,) - DQU5 DCA for QBCLK and DQU5 VrefDQ Offset
MR238 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQU5
VREFDAQ sign

DQUS5 VREFDQ Offset

DQU5QBCLK

RFU

Sign

DQUS5 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQUS5 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQUS5 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQUS5 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU5 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.111 MR245 (MA[7:0]=F5y) - DQU6 DCA for IBCLK and QCLK

MR245 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
DQUE IBCLK RFU DQU6 DCA for IBCLK | DAUS QCLK RFU DQU6 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQU6 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQU6 QCLK sign w OP[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQU6 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQUS6 IBCLK sign w OP[7] .

1g: negative

3.5.112 MR246 (MA[7:0]=F6,) - DQU6 DCA for QBCLK and DQU6 VrefDQ Offset
MR246 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQU6
VREFDAQ sign

DQU6 VREFDQ Offset

DQU6 QBCLK

RFU

Sign

DQU6 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQU6 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQU6 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQU6 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU6 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.113 MR253 (MA[7:0]=FDy) - DQU7 DCA for IBCLK and QCLK
MR253 Register Information

OPI[7] OP[6] OPI[5] ‘ OP[4] OP[3] OP[2] OP[1] OPJ[0]
bQU7 IBCLK RFU DQU7 DCAforIBCLK | DAU7 QCLK RFU DQU7 DCA for QCLK
Sign sign
Function Register Type | Operand Data Notes
00g: disable (Default)
] 01p: step +1 Range: -3 ~ +3 LSB Codes
DQU7 DCA for QCLK w OP[1:0] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OPJ[2]
i 0g: positive (Default)
DQU7 QCLK sign w OPI[3] .
1g: negative
00g: disable (Default)
) 01p: step +1 Range: -3 ~ +3 LSB Codes
DQU7 DCA for IBCLK w OP[5:4] 10g: step +2 Step Size: 1LSB
11g: step +3
RFU OP[6]
. 0g: positive (Default)
DQU7 IBCLK sign w OP[7] .

1g: negative

3.5.114 MR254 (MA[7:0]=FEy) - DQU7 DCA for QBCLK and DQU7 VrefDQ Offset
MR254 Register Information

OP[7] OP[6]

| opi] |

OP[4]

OP[3] OP[2]

OP[1] | OP[0]

DQU7
VREFDAQ sign

DQU7 VREFDQ Offset

DQU7 QBCLK

RFU

Sign

DQU7 DCA for QBCLK

Function

Register Type

Operand

Data

Notes

DQU7 DCA for QBCLK

OP[1:0]

00g: disable (Default)
01g: step +1
10p: step +2
11g: step +3

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

RFU

OP[2]

DQU7 QBCLK sign

OP[3]

0g: positive (Default)
1g: negative

DQU7 VREFDQ Offset

OP[6:4]

000g: disable (Default)
001g: step +1

010g: step +2

011g: step +3

1005 ~ 111B: RFU

Range: -3 ~ +3 LSB Codes
Step Size: 1LSB

DQU7 VREFDQ sign

OP[7]

0g: positive (Default)
1g: negative
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3.5.115 Undefined Mode Registers spaced in DFE, per bit DCA & per bit VrefDQ
section

MR117
MR119
MR125
MR127
MR135
MR143
MR155
MR159
MR167
MR175
MR183
MR191
MR199
MR207
MR215
MR223
MR231
MR239
MR247
MR255

There are currently no plans to utilize these MR addresses.
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4. DDR5 SDRAM Command Description and Operation

41 Command Truth Table
(a) Notes 1, 2 & 14 apply to the entire Command truth table

(b) To improve command decode time, the table has been optimized to orient all 1-cycle commands together and all 2-cycle

commands together; allowing CA1 to be used to identify the difference between a 1-cycle and a 2-cycle command.

[BG=Bank Group Address, BA=Bank Address, R=Row Address, C=Column Address, MRA=Mode Register Address, OP=Op Code,

CID=Chip ID, CW=Control Word, X=Don’t Care, V=Valid].
Table 26 — Command Truth Table

Abbrevia- ¢ CA Pins

Function p S_n NOTES
ion CAO0 | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | CA10| CA11| CA12| CA13
L L L RO | R1 | R2 | R3 | BAO | BA1 | BGO | BGT | BG2 | CIDO| CIDT|CID2| .
Activate ACT Byl
H | Re | RS | R6 | R7 | R8 | R9 | R10 | RI1 | R12 | R13 | R14 | R15 | Rie [GRosh 2324
L H L L L L Y Y \Y \%
RFU RFU
H \% \% \Y \% \% \Y% \Y \Y v
L H L L L H \Y Y \Y \%
RFU RFU
H \% \% \Y \% \% \Y% \Y \Y v
. L H L L H L H | BAO | BA1 | BGO | BG1 | BG2 | CIDO | CID1 | CID2 | 44 45 18 19
Write Pattern WRP 20.21.23.24
H vV | c3 | ca| c5 | c6 | CT| c8| co|ci0| Vv H H v [ep3 | <Y<t
Write Pattern w/ Auto WRPA L H L L H L H | BAO | BA1 | BGO | BG1 | BG2 | CIDO | CID1| CID2 | 44 4545 19.
Precharge H| v |c3|ca|cs| ce|cr|cs|colcio| v |a=L| H | v [cip3|20212324
L H L \Y \% \% \Y% \% \% Y \Y \%
RFU RFU
H \% \Y% \Y% \% \% \% \% \% \Y \Y v
. . L H MRAO | MRA1| MRA2 | MRA3| MRA4| MRA5 | MRAG | MRA7 | V| g 41 4350
Mode Register Write MRW "ohoh
H | orPo | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7 | V vV [ cw | Vv v Y ,
. L H L H L H | MRAO|MRA1| MRA2| MRA3| MRA4 | MRA5 | MRAG | MRA7| V 8.13.20
Mode Register Read MRR 2394 55.96
H L L % v Y % v Y v vV [ cw | Vv v Y e,
L H L H H L |BL*=L| BAO | BA1 | BGO | BG1 | BG2 | CIDO | CID1 | CID2
Write WR 20319524
H V | C3 | c4| C5 | C6 | CT| C8 | C9|[CIO| V H |pRe| v feIpg| <0<hs>
] L H L H H L |BL=L| BAO | BA1 | BGO | BG1 | BG2 | CIDO | CID1| CID2 | o hpyo
Write w/Auto Precharge| WRA WR 2021 23,24
H v C3 | c4 | C5 | C6 | C7T | C8 | CO|CI0| V |APL|WR. | v [@IDg| <"
L H L H H H |BL=L| BAO | BA1 [ BGO | BG1 | BG2 | CIDO | CID1 | CID2 | g 454920
Read RD 21,2324
H | c2| c3| ca| c5 | c6 | cr | c8| co|cio| Vv H % v [ cIb3 2,
L H L H H H |BL=L| BAO | BA1 [ BGO | BG1 | BG2 | CIDO | CID1 | CID2 | g 454920
Read w/Auto Precharge| RDA 513 54"
H | c2| c3| ca| cs5 | ce | crT| c8 | co|clo| V |[AP=L| V v [ cIp3 2,
VrefCA Command VrefCA| L L L L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | L v 23,24
VrefCS Command VrefCS| L H H L L L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | H v 23,24
Refresh All REFab| L | H | H L L H |cos| v | v | ¥ |vorH| L |cioo|cipt|cipz | 322324
Eﬁﬂ’eSh Management |penviabl L | v | oo L L | H|coo3| v | v | V]l L |cio| cipt | cipz | 3202123
Refresh Same Bank REFsb| L | H | H L L H | CiD3 | BAO | BAT | % |VorH| H | cibo | ciDt | cipz | 4202123,
Refresh Management |pepvshl | [ W | m | L | L | H |cos|BAo | BAT| v | L | H |ciDo| cipi| cipz | 4202123,
Same Bank 24
Precharge All PREab| L | H | H | L | H | L |cp3| v | v | v | v | L |cioo|cipt|cipz|%2022
Precharge Same Bank |[PREsb| L | H | H | L | H | L |ciD3|BAO|[BAl| Vv | v | H |ciDo| cipt|cipz | 820212,
Precharge PREpb| L | H | H | L | H | H |cD3|BA0| BA1 | BGO | BGI | BG2 | CiDo | cipt | cipz | 7202123
RFU RFU L L L v v v v v v v v v
Self Refresh Entry SRE L L v v Y v H L v Y v 9
Self Refresh Entry w/
Frequency Change SREF| L H H H L H v Y \Y v L L v v \Y 9
Power Down Entry PDE L H H H L H v \ \Y v \ H |oDT=L| V \Y 10,16
MPC MPC L H H H H L | OPO| OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7 | V 20,23,24
NOP NOP L H H H H H Y \Y \Y \% 30
Power Down Exit PDX L H H H H H Y \Y \Y \%
Deselect DES H X X X X X X X X X

1.V means H or L (a defined logic level). X means don't care in which case the signal may be floated.

127




SK’F

2. Bank group addresses BG[2:0] and Bank addresses BA[1:0] determine which bank is to be operated upon in a specific bank group.

3. The Refresh All and Refresh Management All commands are applied to all banks in all bank groups. CA6 and CA7 are required to be valid (“V”)

4. The Refresh Same Bank and Refresh Management Same Bank commands refresh the same bank in all bank group bits. The bank bits, BAO and BA1
on CA6 and CA7, respectively, specify the bank within each bank group.

5. The Precharge All command applies to all open banks in all bank groups.

6. The Precharge Same Bank command applies to the same bank in all bank groups. The bank bits specify the bank within each bank group.

7. The Precharge command applies to a single bank as specified by bank address and bank group bits.

8. CS_n=LOW during the 2nd cycle of a two cycle command controls ODT in non-target ranks for WR, RD and MRR commands.

9. The SRE command places the DRAM in self refresh state

10. The PDE command places the DRAM in power down state

11. Two cycle commands with no ODT control (ACT, MRW, WRP). DRAM does not execute the command if it receives CS as LOW on 2nd cycle.

12. WR command with WR_partial = Low indicates a partial write command. This is to help DRAM start an internal read for 'read modify write'.

13. If CW=Low during the MRW command then DRAM should execute the command, Mode Register will be written. If CW=HIGH then DRAM ignores
the MRW command, and the Mode Register is not changed. If CW=Low, DRAM should execute the MRR command. If CW=High, DRAM may or may not
execute MRR command.

14. CID[3:0] bits are used for 3DS stacking support. When CID[3:0] bits are not used, they are required to be Valid (“V”).

15. If CA5:BL*=L, the command places the DRAM into the alternate Burst mode described by MRO[1:0] instead of the default Burst Length 16 mode.
16. ODT=L is defined to allow On Die Termination (ODT) to persist when the device is in Power Down Mode.

17. CID3/R17 is a multi-mode pin allowing for either 16H 3DS stacking with the CID3 bit usage or R17 for high bit density monolithic usage. These
usages are mutually exclusive.

18. Write Pattern only supports BL16 and BL32.

19. When CID3 is not used, its required to be Valid (“V”).

20. In the case of a DRAM where the density or stacking doesn't require CA[13] the ball location for that function (considering the state of MIR) shall be
connected to VDDQ, and the DRAM shall decode CA[13]=L so that the proper selection of die and RA is provided.

21. CID2 is a multi-mode pin allowing for 3DS stacking with CID2. .

22.

23. Any command using shall issue a NOP to non-selected device.

24. NT-ODT behavior is not influenced by DDPIP value

25. CA[0:1] =[L:L] on the second cycle for burst ordering.

26. When host issue MRR with CRC enabled, data comes out with CRC bit.

27. If the Refresh Management Required bit is “0” (MR58 OP[0]=0), CA9 is only required to be valid (“V”) for a REF command, and the DRAM will treat a
RFM command as a REF command. If MR58 OP[0]=1, a REF command requires CA9=H.

28. If the Refresh Interval Rate indicator bit is disabled (MR4:0P[3]=0) by the host, CA8 is only required to be valid (“V”). If the Refresh Interval Rate
indicator bit is enabled (MR4:0P[3]=1) by the host, the host is required to set CA8=H for REF commands issued at the 1x refresh interval rate and
CA8=L for REF commands issued at the 2x refresh interval rate. If the host issues 2x REF commands with CA8=L while MR4:0P[3]=1, but the Refresh
rate requirement is 1x as determined internally by the DRAM, the DRAM may internally align to the 1x refresh rate.

29. Command Truth Table bits such as BG2, BA1, R16, R17, C10, and CID[3:0] which are unused based on a device’s density, configuration width, and
stacking options, the CA decode is defined as VALID when in these unused states.

30. Unlike DES, NOP is considered a valid command, and timing from a preceding valid command must satisfy any associated command timings.
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4.2

Burst Length, Type and Order

Accesses within a given burst is currently limited to only sequential, interleaved is not supported. The ordering of accesses within a
burst is determined by the burst length and the starting column address as shown in Table 27. The burst length is defined by bits
OP[1:0] of Mode Register MRO. Burst length options include BC8 OTF, BL16, BL32 (optional) and BL32 OTF.

Table 27 — Burst Type and Burst Order for READ

Read Burst Cycle and Burst Address Sequence
Burst | Bustlcs | c2 | c1 | co

9 P 1 2 | 3|4 |5 |6 |7 |8 |9 |1 |11|12 ]| 13|14 | 15 16
0 0 v v 0 1 2 | 3| 4|56 |7 [T T T T T T T T
0 1 v v 4 |5 | 6|7 |0 1 2 [ 3 | T T T T T T T T

BC8 SEQ
1 0 v v 8 | 9| A|B|C|D|E|F|T T T T T T T T
1 1 v v C|D|E|F |8 ]9 | A|B]|T T T T T T T T
0 0 v vV 0 1 2 |3 |4 |5 |6 |7 |8 9 A B [ D E F
0 1 v v 4 [ 5 | 6 |7 |0 1 2 [ 3 |cC D E F 8 9 A B

BL16 SEQ
1 0 v v 8 | 9| A|B|C|DJ|E]|F o0 1 2 3 4 5 6 7
1 1 v vV C|D|E|F | 8] 9| A]|B]| 4 5 6 7 0 1 2 3

Table 28 — Burst Type and Burst Order for WRITE
Write Burst Cycle and Burst Address Sequence
Burst | Bust | g3 | c2 | c1 | co

9 P 1 2 | 3|4 |5 |6 |7 |8 |9 |1 |11|12 |13 |14 | 15 16
0 v vV v 0 1 2 [ 3|4 |5 6 |7 [ X[ X X X X X X X

BC8 SEQ
1 v v v 8 | 9| A|B|C|DJ|E|F | X]|X X X X X X X
BL16 SEQ v v v vV 0 1 2 |3 |4 |5 |6 |7 |8 A B 9] D E F

Note(s):

1. T: Output driver for data and strobes are in RTT PARK.
2.V : A valid logic level (0 or 1), but respective buffer input ignores level on input pins.

3. X : Don’t Care.
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4.21

Burst Type and Burst Order for Optional BL32 Mode

DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Table 29 — Burst Type and Burst Order for READ BL32

Read Burst Cycle and Burst Address Sequence
Burst | Burst
Length | Type c10| c3 | c2|c1|co
14 5-8 9-12 13-16 17-20 21-24 25.28 29-32
0 [0 ]o0]|V]V 0-3 47 8-B C-F 10-13 1417 18-1B 1C-1F
0 [0 [1|[V]V 47 0-3 C-F 8-B 1417 10-13 1C-F 18-1B
0 [1 ][0 V]V 8B C-F 0-3 47 18-1B 1C-1F 10-13 1417
BL32 0 [ 1 [ 1 [ V]V C-F 8-B 47 0-3 1C-1F 18-1B 1417 10-13
100 [ V]|V 10-13 1417 18-1B 1C-F 0-3 47 8-B C-F
1[0 [ 1 [ V]V 1417 10-13 1C-F 18-1B 47 0-3 C-F 8-B
1 [ 1[0 V]V 18-1B 1C-1F 10-13 1417 8-B C-F 0-3 47
SEQ | 1 [ 1 [T [ V][V 1C-F 18-1B 1417 10-13 C-F 8-B 4-7 0-3
0 [0 [0 |[V]V 0-3 47 8-B C-F X X X X
0 [0 [1 [V ][V 47 0-3 C-F 8-B X X X X
BL16 0 [1 [0 [V ][V 8B C-F 03 47 X X X X
in 0 [ 1 [ 1 [V ][V C-F 8B 47 0-3 X X X X
BL32 1 0 0 [ V][V 10-13 1417 18-1B 1C-1F X X X X
OTF 1 0 1 V] v 1417 10-13 1C-1F 18-1B X X X X
110 V]|V 18-1B 1C-1F 1013 1417 X X X X
111 [ V]V 1C-F 18-1B 1417 10-13 X X X X
Table 30 — Burst Type and Burst Order for WRITE BL32
Write Burst Cycle and Burst
Address Sequence
Burst | Burst | o141 ¢3 | c2 | ¢1 | co q
Length | Type
18 9-16 17-24 25-32
| BL32 o Jv]Vv][v]yv 0-7 8-F 17-24 25-32
BLT6 | geq [0 [V [V [V [V 0-7 8-F X X
in BL32 % %
OTF 1 |v|v|v]|vV 1017 18-1F
Note(s):

1. In case of BL16 in BL32 OTF mode by setting MRO[OP1:0=11], the internal write operation starts eight cycles earlier than for BL32 mode. This means

that the starting point for tWR and tWTR shall be pulled in by eight clocks.

2. T: Output driver for data and strobes are in high impedance.
3. V: Avalid logic level (0 or 1), but respective buffer input ignores level on input pins.

4. X: Don’t Care.
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4.3 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) shall
be available for a subsequent row activation a specified time (tRP) after the PRECHARGE command is issued. 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 shall be determined by the last PRECHARGE command issued to the bank.

If CA10 on the 2nd pulse of a Read or Write command is LOW, (shown as AP=L in the command truth table) then the auto-precharge
function is engaged. This feature allows the precharge operation to be partially or completely hidden during burst read cycles
(dependent upon CAS latency) thus improving system performance for random data access. The RAS lockout circuit internally delays
the precharge operation until the array restore operation has been completed (tRAS satisfied) so that the auto precharge command
may be issued with any read. Auto-precharge is also implemented during Write commands. The precharge operation engaged by the
Auto precharge command shall not begin until the last data of the burst write sequence is properly stored in the memory array. The

bank shall be available for a subsequent row activation a specified time (tRP) after hidden PRECHARGE command (AutoPrecharge)
is issued to that bank.

The precharge to precharge delay is defined by tPPD in the core timing tables. tPPD applies to any combination of precharge
commands (PREab, PREsb, PREpb). tPPD also applies to any combination of precharge commands to a different die in a 3DS
DDR5 SDRAM.

4.3.1 Precharge Command Modes

DDRS5 supports three different types of precharge commands: Precharge, Precharge All and Precharge Same Bank

The Precharge Command (PREpb) applies precharge to a specific bank defined by BA[1:0] {if applicable} in a specific bank group
defined by BG[2:0], while a Precharge All (PREab) applies precharge to all banks in all bank groups and a Precharge Same Bank
(PREsb) applies precharge to a specific bank defined by BA[1:0] in all bank groups. In the case of a 3DS DDR5 SDRAM device,
CID[3:0] shall also be selected to identify the target die.

Table 31 below shows the different encodes for PREpb, PREab and PREsb.

Table 31 — Precharge Encodings

Function *ton | €S CAO | CA1 | cA2 | ca3 | ca4 | cas c:: Pir;w CAB | CA9 | CA10| CA1T| CAtz| CAta| O 00
Precharge All PREab| L | H | H | L | H | L |cD3 v | v | Vv | v | L |cio|cir B2
Precharge Same Bank| PREsb| L | H | H | L | H | L |cD3|BAO|BAt| v | v | H |cioo|ciDt | $02
Precharge PREpb| L | H | H | L | H | H |cD3|BA0 | BAT | BGO | BG1 | BG2 | CIDo | CID1 |52

Note - See Command Truth Table for details
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4.4 Programmable Preamble & Postamble
DDRS5 shall support programmable preambles and postambles.

4.41 Read Preamble & Postamble

DDRS5 supports a programmable read preamble & postamble.
Read Preamble is configured as 1tCK, 2tCK (two unique modes), 3tCK and 4tCK via MR8:0P[2:0].

Register

Function Type

Operand Data

000g: 1 tCK - 10 Pattern

001g: 2 tCK - 0010 Pattern

0105g: 2 tCK - 1110 Pattern (DDR4 style)
011g: 3 tCK - 000010 Pattern

100g: 4 tCK - 00001010 Pattern
101g: Reserved

110g: Reserved

111g: Reserved

Read Preamble Settings R/W OP[2:0]

Read Postamble is configured as 0.5tCK or 1.5tCK via MR8:0P[6]

NOTE: DQS shall have an option to drive early by x-tCK to accommodate different HOST receiver designs as controlled by the Read
DQS Offset in MR40:0P[2:0].

CK_t, te ta ta t4 to  t t2 ta ta s te t; tz tz  tio
: DQS_t, T T T - = BE I
oK Pt DoSt TN
ot whsorzaroon oo~ [N, A
2 tCK Preamble: DQS_t, R N SR
e e oo 1111111 R RE RS
3 tCK Preamble: DQS t, R '
DO0010 Pattern - MRE:0OP{Z:0]=011b DQS_C wmg—% ._J'L_.n.__u ! !
41CK Preamble: ' N R
mm1u1u|=r:::rl;|n-min:op[2:n]-1uun gggj:' ['HJGJH? J.'] i__.!:mlﬁé;:—-’l 'JD\_,Q\_: ! ; ; ! iy b :
S S0 e e @00 & & @ a

Figure 10 — Example of Read Preamble Modes (default) & w/0.5 tCK Postamble

CK_t, te ta tz ty to ti tz tz ta ts te tr ta ts  tio
: DOS_t, : T N
e Das—c VT il XSRS R
O e e oo T, & 80 B 30 0 1 A
- ! [—RPRE —pe
St eoraaom DO i R R SERE RE RE B L
SRR <L B 11111 SRS B SR B R B R I 3 W (111111 1
- | ot IRPRE—m=
) | | P B N | __l | | B
ot ez DO e I BERE BRSNS B W3 111100
- i IRFRE— [ [ [ | i —RPST | H
e SO 0 20 010G 0 o

Figure 11 — Example of Read Preamble Modes w/ 3tCK DQS offset & w/1.5 tCK Postamble
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CE_t,
Ck_c
1 tCK Preambile: DQS_t,
10 Pattern - MRE-OP[2:0j=000b DAs ¢
2ICKP hle: DQs i, ; 1 "
DD Pauu;%aﬂﬂ:{:i[z:n]-uum DQS:C IERE RS
2 tCK Preamble: DQS_t, .
y[;gf:t:ﬂe;nc:pl:::np[z:n]-mun DC!S:[: : | ! mm : : . s
K Preambe: oo oo M, T A O O
o — | g {RPRE— ' ' '
i | | P - B __I | |
o mam e omzaeioo Das ¢ UL BERE RS BE R BB 0 300111110
- i - RPRE— i i i o he—tREST i
oo [ o) e o e T

Figure 12 — Example of Read Preamble Modes w/ 3tCK DQS offset & w/1.5 tCK Postamble

4.4.2 Write Preamble & Postamble

DDRS5 supports a programmable write preamble & postamble.

Write Preamble is configured as 2tCK, 3tCK and 4tCK via MR8:0OP[4:3]
Write Postamble is configured as 0.5tCK or 1.5tCK via MR8:0P[7]

CK_t, te ta tz ty to

o oE ok posamble Doe-y TR Hj'ﬁi.f.ll;miﬁ‘_'i\;m

ook postambe oo~y TN | “& e

05 O Postamble  Dasy VIR @ ] ?’i’f T
oo BRI =195 o515 AT,

Figure 13 — Example of Write Preamble Modes (default) w/0.5tCK Postamble

CK_t, ta ta tz ty ot otttz ta ot s
B e e oSt [T JIJWMLME:ML I I l
T e A 1 : | m}_L 3 AT
e o e bass [ - %L 2 ﬂfii f:fTﬁm N
DQ ' 1 i i_..mmmmmmmwmm o 4 . N T
B S e S e

Figure 14 — Example of Write Preamble Modes (default) w/1.5tCK Postamble
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4.4.3 Write Preamble Timings

During Write operations, input receiver aligns the strobe with DQ according to the preamble settings, and strobe should meet timing
requirements (tDQSH_pre, tDQSL_pre) to guarantee enough timing margin by setting the window for strobe during Write preamble

time frame. This timing requirement is applied to all configurations of Write preamble set by MR8 OP[4:3], which is 2tCK, 3tCK, and
4tCK Write preamble, for Write to Write operations as well as normal Write operations.

el T
g Soozzz

Figure 15 — DQS Timing While Write Preamble

Note(s):

1. BL=16, 4tCK Preamble

2.tDQSH_pre and tDQSL_pre are shown, and it applies to all toggles during preamble.
3. 2nd preamble during Write to Write operation will follow same requirement.

Table 32 — Strobe preamble timing parameters for DDR5 3200 to 8400

DDR5 3200 ~ 4800 DDR5 5200 ~ 6400 DDR5 6800 ~ 8400 X
Parameter Symbol i E i Unit
min max min max min max
Strobe’s window of differen-
tially high during Write pream- | tDQSH_pre TBD TBD TBD TBD nCK
ble
Strobe’s window of differen-
tially low during Write pream- | tDQSL_pre TBD TBD TBD TBD nCK
ble
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4.5 Interamble

The DQS strobe for the device requires a preamble prior to the first latching edge (the rising edge of DQS_t with data valid), and it

requires a postamble after the last latching edge. The preamble and postamble options are set via Mode Register Write commands.
Additionally, the postamble and preamble configured size shall NOT force the HOST to add command gaps in the command interval
just to satisfy postamble or preamble settings. (i.e. Preamble=4tCK + Postamble=1.5tCK shall not force tCCD+5).

451

Read Interamble Timing Diagrams

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

In the case of Read to Read operations with command interval of tCCD+1, tCCD+2, etc., if the postamble and preambles overlap, the

toggles take precedence over static preambles.

No Gap, All

A

A
/ ;
[—; \

[— [—)

o Gap

[S—)

v J 1 ! L 4
\o) ot fogfera{ord|org o f o1} ogforgfond
No G

I

Figure 16 — Example of Seamless Reads Operation: tCCD=Min

Post=0.5, Pre=1, 2, 3
Post=1.5, Pre=1, 2, 3

Post=0.5, Pre=1 \ oV o v
wd wd — [

Post=0.5, Pre=2 Ty oy o _‘
wd wd — [

Post=0.5, Pre=2 —\ ~ A

DDR4 Style \

Tz )

Pr=2

wd J

Post-0.5
shown

Postamble touches Preamble

Postamble touches Preamble

Postamble overlaps Preamble by 1

= e\ VT
LA LA )
===y "1 A\
AN aNES
== T S
k_A o )
- A—r
A w
- V-
A S -
SREnhTaat - S amtal

[ —d (W) J

L&
Voo oo

D

— —d —
Gap=2 clk )
15 P oo ) o1 f o7

——

Ful , preamble

Postamble overlaps Preamble by 2
Ful postamble, preamble shortened by 2

Pos=15
shown

Strobes toggle inal cases

Postamble

Preamble

Figure 18 — Example of Consecutive Reads Operation: tCCD=Min+2
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Postamble touches Preamble

Postamble overlaps Preamble by 1
Full postamble, shortened Preammble

Post=1.5, Pre=1

Post=1.5, Pre=2 Postamble touches Preamble

Post=1.5, Pre=2 Postamble touches Preamble

Postamble overlaps Preamble by 1
Full postamble, shortened preamble

Postamble overlaps Preamble by 2
Full postamble, shortened preamble

— L
—— Postamble
R E: a—aECCEC)
\eofer) oo -

Figure 19 — Example of Consecutive Reads Operation: tCCD=Min+3

Post=05.Prk=3 ERE i B L
[
________ Il I I [ ' T—TTTTT T T T T T = r= I I [t r=
Plst=0.5, Pre=4 Postamble fouches Preamble
(- (- (-] (I, (. (I () (- L [ L
- = - = r= = . [ r=
Post=15, Pre=2 | ! ! ! ! \
(. [ (- L (- (-
Posi=15 Pre=2 | B AT
DDR4 Style [ A | [ |
““““ e |
Post=15, Pre=3 Postamble tauches Preamble
[ v/
i L R o T A o Postamble overlaps Preamble by 1
el Full postamble, Shortened preamble
iy
OOE T T Tr o 7 i —

. PTEAMDIE

Figure 20 — Example of Consecutive Reads Operation: tCCD=Min+4
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Postanble touches Prearrble
—— Postamble
ECCEE S CIE G —

Figure 21 — Example of Consecutive Reads Operation: tCCD=Min+5
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4.5.2 Write Interamble Timing Diagrams

In Write to Write operations with tCCD=BL/2, postamble for 1st command and preamble for 2nd command shall disappear to create

consecutive DQS latching edge for seamless burst operations.

In the case of Write to Write operations with command interval of tCCD+1, tCCD+2, etc., if the postamble and preambles overlap, the

toggles take precedence over static preambles.

No gap, all

\ ’ , ,

[l \ -

T

No gap

Figure 22 — Example of Seamless Writes Operation: tCCD=Min

Post=0.5,Pre=2,3,4
Post=1.5,Pre=2,3,4

Gap = 1CLK

Figure 23 — Example of Consecutive Writes Operation: tCCD=Min+1
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- (R I
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A W (G ]

) U 8 Z‘
/ / |
L — (- — \

Postamble touches Preamble

I VI, [

y 1 / Postamble overlaps Preamble by 1
- v Full postamble, shortened preamble

/
\—_—J

J— ===
[ PN
0y
| 4
f— (e,

o

Postamble overlaps Preamble by 2
Full postamble, preamble shortened by 2

R e
: M .

| % / )

— ja - ja—;

Postamble overlaps Preamble by 1 or 2
Full postamble, preamble shortened by 1 or 2

p— r—pr—
\ W )
/ J /
- (- \ .

Postamble overlaps Preanble by 3
4CK preamble is TBD

) p
oo cgforford o

——— Postamble
Preamble

Figure 24 — Example of Consecutive Writes Operation: tCCD=Min+2
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Post=0.5, Pre=2 - 3
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Postamble touches Preamble

Postamble overlaps Preamble by 1
Full postamble, shortened preamble

_ x 2 X 2 x | Postambk touches Preamble

f x x R x < [ Postamble overlaps Preamble by 1

- J Full postamble, shortened preamble

< x x X x x [ Postamble overlaps Preamble by 2
Full postamble, shortened preamble

Postamble

Preamble

Postamble touches Prearmble

Postamble overlaps Preamble by 1
Full postanble, Shortened preamble

— Postarble
Prearrble

Postarrble touches Prearrble

Preamble

Figure 27 — Example of Consecutive Writes Operation: tCCD=Min+5
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4.6 Activate Command

The ACTIVATE command is used to open (or activate) a row in a particular bank for a subsequent access. The value on the BG[2:0]
in X4/8 and BG[1:0] in X16 select the bankgroup; BA[1:0] inputs selects the bank within the bankgroup, and the address provided on
the appropriate CA pins for R[17:0] to select the row (see table 1 below). In the case of a 3DS DDR5 SDRAM device, the CID[3:0]
shall also be selected to identify the correct die in the stack. This row remains active (or open) for accesses until a precharge
command is issued to that bank or a precharge all command is issued. A bank must be precharged before opening a different row in

the same bank.

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. Consecutive ACTIVATE commands, allowed to be issued at

tRRDmin, are restricted to a maximum of four within the time period tFAW (four activate window).

Table 33 — Activate Command (for reference)

i CA Pins
Function Abbrevia-| cg NOTES
tion —"["CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | CA10]| CA11| CA12]| CA13
L L L | Ro | R1 | Rz | R3 | BAO | BA1 | BGO | BG1 | BG2 | ciDo | CID1 |§iP2)
Activate ACT
H | Re | R5 | R6 | R7 | R8 | RO | R10 | R11 | R12 | R13 | R14 | R15 | Rie | ool

Note - See Command Truth Table for details
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4.7 Read Operation

The Read Operation causes the DRAM to retrieve and output data stored in its array. The Read Operation is initiated by the Read
Command during which the beginning column address and bank/group address for the data to be retrieved from the array is pro-
vided. The data is driven by the DRAM on its DQ pins RL (CL) cycles after the Read Command along with the proper waveform on
the DQS inputs. Read Latency (RL or CL) is defined from the Read command to data and is not affected by the Read DQS offset tim-
ing (MR40 OP[2:0]).

4.71 READ Burst Operation

During a READ or WRITE command, DDR5 shall support BC8, BL16, BL32 (optional) and BL32 OTF (optional) during the READ or
WRITE. MRO[1:0] is used to select burst operation mode.

CK_t, to Wlw Wtz Wis ta ta tarr tar tas tard tars tass ta7 tars taro tario to toer thez thes tos toes thus tor tors theo torio thett toerz
CKc :

s @lIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII | i | IIIIIIIIIIIIIIIIIIIIIIIII

DQ[15:0] Ill

Note(s):

1. BL=16, Preamble = 2tCK - 0010 Pattern Preamble, 1.5tCK Postamble

2. DES commands are shown for ease of illustration; other commands may be valid at these times.
3. In this example, Read DQS Offset Timing is set to 0 Clocks.

Figure 28 — READ Burst Operation (BL16)

CK_t, B
CKc -

2
g

= L
Lad
o~

CA[13:0]

; il WMMWM@

cs.n S\
DQS_t
DQSTc

ERE 'IIIIIIIII IlllIlIIIIIIlIlIIIIIIIIllIIlI IIIIIIIIIIIIIIIIIIIIIIIA

RPST T

payts:o] [ EEE ﬁWIIIIIIIIIIIIIIIIIIIIIIIIIII ST IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIII I

=

Note(s):

1. BC=8, Preamble = 2tCK - 0010 Pattern Preamble, 1.5tCK Postamble

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

3. In this example, Read DQS Offset Timing is set to 0 Clocks

4. In non-CRC mode, DQS_t and DQS_c stop toggling at the completion of the BC8 data bursts, plus the postamble.

Figure 29 — Read Burst Operation (BC8)
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DQS_c
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Matched Read DQS (

Rank'0 DQS | \PQS_RTT_PARK W 1\ — Dbas \RTT PARK
Rank 1DQS | ‘ /DQS RTT_PARK ‘ - - ik pas._ )QTT OFF X
Rank 0.0Q wzﬂzmzz?zzzzzzzzzm/ L Uzzzzzzzzzzzzzzzzzzzmzzzzz&(zzmaﬂzzzzzz?zzzzzzm- T I,
‘ ]RTT PARK J—RTT_qFF RTT_JPARK )i "RTTNOM_RD XX RTT_F’ARK
Rank 10Q 'I IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIlIIIIIIl WMMWWMWM@MW (IO
0 [ IRTT_NPM_RD_ i RTT_JPARK )i——RTT_pPFF { RTT_PARK
Unmatchéd - Read DQS Offset Timing éet to 1 Clock
DaS ¥ ﬂ T « F\JLX&M A
Rank 0 DQS | DQS RTT_PARK j\ DQs_RTT OFF\\—W DQS_RTT_PRRK )
Rank 1DQS [ DS | mT PARK );_)L; DQS_RTT dkF X I
Rank 0.0G IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIh ] l.lIlllllIIIlIIIIIIIIIIIIIIMM'@lIIIIIII MR,
‘ TT PARK. RTT qFF RT‘TJ’FA‘RK RTT_]NOM RD )(EX‘RTT‘_PAI‘?K

Rank 1DQ WWWUZZZZ‘MH“”‘ vvvvvvvvv NMWWWWWWWWWMMM “““ ‘ UI[WZZZHWWU&W””””””W/D‘(Mmﬂmmm
\ _RTTPARK ){éx RTT _NPM_RD_Ji_ RTT_JPARK ){}——RTT_DFF— (| RTT_PARK|

Note(s):

1. BL=16, Preamble = 2tCK - 0010 Pattern Preamble, 1.5tCK Postamble

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

3. Two different examples are shown side by side, the top with the default setting for Read DQS Offset = 0 Clock, the lower with a 1 Clock setting. In the
lower case, the DQS is started 1 clock earlier than normal with respect to RL (CL).

4. In both cases, the Data does not move

Figure 30 — READ to READ, Different Ranks Operation with Read DQS Offset usage (BL16)
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4.7.2 Burst Read Operation followed by a Precharge

The minimum external Read command to Precharge command spacing to the same bank is equal to tRTP with tRTP being the
Internal Read Command to Precharge Command Delay. Note that the minimum ACT to PRE timing, tRAS, must be satisfied as well.
The minimum value for the Internal Read Command to Precharge Command Delay is given by tRTP.min. A new bank active
command may be issued to the same bank if the following two conditions are satisfied simultaneously:

1. The minimum RAS precharge time (tRP.MIN) has been satisfied from the clock at which the precharge begins.
2. The minimum RAS cycle time (tRC.MIN) from the previous bank activation has been satisfied.

Examples of Read commands followed by Precharge are shown in Figure 31 & Figure 32.

CK t ot to t3 ot ta tart tao tas o torr thrz thes thea toes thee ther thes theg theto thett tori2 thwrs te e ter tes

BL.AP)

CA[13:0] (eaBg| A

CMD A\ ES\PRE\DESIDE: Q DESIDES(DE! Dl;S DESIDESIDESIDES\DES(DESIDESIDES(DESIDESID

CS n \_;_/ e (()) ) .

B33, WWWW """"" ; L, S | [
ba IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII SR ] D
ba WMMMMMMM = 'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Note(s):

1. BL = 16, 1tCK Preamble, 1.5tCK Postamble

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

3. The example assumes tRAS. MIN is satisfied at Precharge command time(ta+1) and that tRC. MIN is satisfied at the next Active command time(tc+2).

Figure 31 — READ to PRECHARGE with 1tCK Preamble

to t1 to ts ta ta tan tar tas to  torr to toes thea toes toie ther toes theo thrto toi11 torr2 tours te tort tewz ters
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Note(s):

1. BL = 16, 2tCK - 0010 Pattern Preamble, 1.5tCK Postamble,
2. DES commands are shown for ease of illustration; other commands may be valid at these times.
3. The example assumes tRAS. MIN is satisfied at Precharge command time(ta+1) and that tRC. MIN is satisfied at the next Active command time(tc+2).

Figure 32 — READ to PRECHARGE with 2tCK Preamble
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4.7.2.1 CLK to Read DQS timing parameters

Following parameters shall be defined for CK to read DQS timings.

Table 34 — CLK to Read DQS Timing Parameters DDR5-3200 to DDR5-4800

Speed DDR5-3200 | DDR5-3600 | DDR5-4000 | DDR5-4400 | DDR5-4800 Units |INOTE
Parameter Symbol Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
DQS_t, DQS_crising edge
output timing location from | tDQSCK [-0.240 | 0.240 |-0.252| 0.252 |-0.270| 0.270 |-0.286 | 0.286 |-0.300|0.300 | tCK 1,4,5
rising CK_t, CK_c
DQS_t, DQS_crising edge
output variance window tDQSCKi - 0.410 - 0.430 - 0.460 - 0.475 - 0.490| tCK |2,34,5
Note(s):
1 - Measured over full VDD and Temperature spec ranges.
2 - Measured for a given DRAM part, and for each DQS_t/DQS_c pair in case of x16 (part variation is excluded).
3 - These parameters are verified by design and characterization, and may not be subject to production test.
4 - Assume no jitter on input clock signals to the DRAM.
5 - Refer to Section 4.7.1 READ Timing Definitions.
Table 35 — CLK to Read DQS Timing Parameters DDR5-5200 to DDR5-6400
Speed DDR5-5200 DDR5-5600 DDR5-6000 DDR5-6400 Units INOTE
Parameter Symbol Min Max Min | Max | Min | Max Min Max
DQS_t, DQS_c rising edge
output timing location from tDQSCK tCK 1,4,5
rising CK_t, CK_c
DQS_t, DQS_c rising edge
output variance window tDQSCKi tCK 23,45

Note(s):

1 - Measured over full VDD and Temperature spec ranges.
2 - Measured for a given DRAM part, and for each DQS_t/DQS_c pair in case of x16 (part variation is excluded).
3 - These parameters are verified by design and characterization, and may not be subject to production test.

4 - Assume no jitter on input clock signals to the DRAM.
5 - Refer to Section 4.7.1 READ Timing Definitions.
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Figure 33 — TDQSCK Timing Definition
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4.7.3 Read Burst Operation for Optional BL32 Mode

The following read timing diagrams cover write timings for fixed BL32 BL32 in BL32 OTF mode and BL16 in BL32 OTF mode for x4
devices only.

In these read timing diagrams, for clarity of illustration, CK and DQS are shown aligned. As well, DQS and DQ are shown center-
aligned. Offset between CK and DQS, and between DQS and DQ may be appropriate.

A dummy CAS command is required for second half of the transfer of BL32. If non-target ODT is needed in the system then a dummy
ODT command must be issued to the non-target rank for second half of the transfer of BL32

tart tarz tars tasa tass tass a7 tars taso tar10 tartt tast2 ta+13 tas1s tarts tavie tart7 taris

t
CK_t, B
CK ¢ j,\_/,,, QN Y, W, W S W S W

CA[13:0] @

CMD

cson | D)

CS1_n D
Note(s):

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

2. Adummy RD command is required for the second half of the transfer with a delay of 8 clocks from the first RD command.

3. The figure also shows a dummy ODT command being issued to non-target rank 1 for the second half of the transfer.

4. C10 is used for burst ordering and can be LOW or HIGH for the first RD command. C10 for the dummy RD command must be the opposite value from
the first RD command.

5. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

6. CA bits other than C10 and AP in dummy CAS command are the same as the first CAS command.

Figure 34 — Read Timing for fixed BL32 and BL32 in BL32 OTF mode
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CMD REAL XDE%(DE:5>(DE%(DE%(DE%(DE%(DE%(DESXDE%I ES(DES(DES|DES|DES|DES|DESIDES|DES|DES\DES(DES|DES|DES(DES|DE:! @@@

—_— L

cson O\ )
cs1_n )
Note(s):

1. Figure shows BL16 read operation when MRO is programmed to use BL32 OTF mode. In this case, no dummy RD command is required as transfer
size is BL16.

2. DES commands are shown for ease of illustration; other commands may be valid at these times including commands to allow data transfer from the
same die after transfer of BL16.

3. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.
Figure 35 — Read Timings for BL16 in BL32 OTF mode
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CA[13:0] @ e

CMD REAL

Note(s):
1. Figure shows back to back BL16 writes to different bank groups.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 36 — Read to Read to Different Bank Group for BL16 in BL32 OTF

to t1 t2 ts ta ts te ta tar tarz tars taws tars tare ta7 tass tars tar1o tartr tar1z tar1s tarta tars tavts tarz tas

CK_t, B
Cke LA

CMD REAL

Note(s):
1. Figure shows back to back BL16 reads to same bank group using a timing of tCCD_L_WR.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 37 — Read to Read to Same Bank Group for BL16 in BL32 OTF
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mmmmmmm

cccccc
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Note(s):
1. AP bit must be set HIGH for first CAS and LOW for dummy CAS command.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 38 — Read with Auto-Precharge for Fixed BL32 and BL32 in BL32 OTF Mode
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1. AP bit must be set to LOW with the CAS command.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 39 — Read with Auto-Precharge for BL16 in BL32 OTF Mode
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4.7.4 Read and Write Command Interval

Table 36 — Minimum Read and Write Command Timings

oank Timing DDR5-3200/3600/4000/4400/4800/5200/5600/6000/6400 | Units | Notes
roup Parameter
Minimum CL - CWL + RBL/2 + 2tCK - (Read DQS offset) 134
Read to Write + (tRPST - 0.5tCK) + tWPRE ™
Minimum
same Write to Read CWL + WBL/2 + tWTR_L 245
Minimum
Write to Read AP, same CWL + WBL/2 + tWTRA 2,4,6
bank
Minimum CL - CWL + RBL/2 + 2tCK - (Read DQS offset) 13.4
. Read to Write + (tRPST - 0.5tCK) + tWPRE =
different Minimom
Write to Read CWL + WBL/2 + tWTR_S 2,4

Note(s):
1 - RBL: Read burst length associated with Read command

RBL = 32 (36 w/ RCRC on) for fixed BL32 and BL32 in BL32 OTF mode

RBL = 16 (18 w/ RCRC on) for fixed BL16 and BL16 in BL32 OTF mode

RBL = 16 (18 w/ RCRC on) for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode
2 - WBL: Write burst length associated with Write command

WBL = 32 for fixed BL32 and BL32 in BL32 OTF mode

WBL = 16 for fixed BL16 and BL16 in BL32 OTF mode

WBL = 16 for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode
3. The following is considered for tRTW equation

1tCK needs to be added due to tDQS2CK

Read DQS offset timing can pull in the tRTW timing

1tCK needs to be added when 1.5tCK postamble
4. CWL=CL-2
5. tWTRA must be satisfied instead of tWTR_L for same bank access when Read w/AutoPrecharge
6. tWTRA = tWR - tRTP, allows the precharge generated by the Read AutoPrecharge to meet tWR from the preceding Write when it
occurs within the same bank.
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Note(s):

1. BC OTF=8 or BL=16, Preamble = 2tCK - 0010 pattern, Postamble = 1.5tCK

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

3. The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at Ta+10.

tWR specifies the last burst write cycle until the precharge command can be issued to the same bank.

Figure 40 — Timing Diagram for Write to Read
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Note(s):

1. BC OTF=8 or BL=16, Preamble = 2tCK - 0010 pattern, Postamble = 1.5tCK
2. DES commands are shown for ease of illustration; other commands may be valid at these times.
3. The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at Ta+10.

The internal precharge after the Read AutoPrecharge command cannot begin before tWR is satisfied, which is equivalent to tWTRA + tRTP

Figure 41 — Timing Diagram for Write to Read AutoPrecharge in same bank

150



SK’P

4.7.5 Read and Write Command Interval for Optional BL32 Modes

Table 37 — Minimum Read to Read Timings - Same Bank Group

To .
From BL76 in BL32 OTF Mode | BL32m BL32 OTF Mode | omits | Notes
BL16 in BL32 OTF Mode tCCD_L tCCD_L 1
BL32 in BL32 OTF Mode 16 Clocks 16 Clocks 1
Note(s):
1. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.
Table 38 — Minimum Read to Read Timings - Different Bank Group
F To Unit: Not:
rom BL16 in BL32 OTF Mode | BL32 in BL32 OTF Mode s ) Notes
BL16 in BL32 OTF Mode tCCD_S tCCD_S 1
BL32 in BL32 OTF Mode 16 Clocks 16 Clocks 1
Note(s):
1. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.
Table 39 — Minimum Write to Write Timings - Same Bank Group
To
From Units Notes

BL16 in BL32 OTF Mode

BL32 in BL32 OTF Mode

BL16 in BL32 OTF Mode

tCCD_L_WR

tCCD_L_WR

BL32 in BL32 OTF Mode

TBD

TBD

Note(s):

1. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

DDR5 x8 and x16 devices will have different write to write same bank group timings, based on whether the

second write requires a read-modify-write (RMW), the Burst Length mode of the device set by MRO:

OP[1:0], and whether data masking is enabled by MR5:0P[5]. BL16 Partial Writes and BC8 Writes require

a RMW on x8/x16 devices. BL16 non-partial writes do not require RMW. See Timing parameters per
speed grade for details on parametric timings.

Table 40 — Minimum Write to Write Same Bank Group Timings, x8/x16 Devices

To X
From BCS BL16 Partial Write | BL16 not Partial Write | s | Notes
BC8 or BL16 tCCD_L_WR tCCD_L_WR tCCD_L_WR2
Table 41 — Minimum Write to Write Timings - Different Bank Group
To
From Units Notes

BL16 in BL32 OTF Mode

BL32 in BL32 OTF Mode

BL16 in BL32 OTF Mode

tCCD_S

tCCD_S

BL32 in BL32 OTF Mode

16 Clocks

16 Clocks

Note(s):

1. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.
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4.7.6 Read and Write Command Interval for 3DS

Table 42 — Minimum Read and Write Command Timings for x4 2H and 4H 3DS - 3200 thru 4800

Note(s):
: .. DDR5 DDR5 DDR5 DDR5 DDR5
Logical Bank Timing :
Rank Group Parameter Name Parameter 3200 3600 4000 4400 4800 | Units | Note
3DS 3DS 3DS 3DS 3DS

Minimum
tCCD_L_slr Read to Read nCK

Minimum
tCCD_L_WR_sir Write to Write nCK

same Mini

inimum
tCCD_L_RTW._sir Read to Write nCK

Minimum
tCCD_L_WTR_sIr Write to Read nCK

same Mini

inimum
tCCD_S_slir Read to Read nCK

Minimum
tCCD_S_sir Write to Write nCK

different — L
tCCD S RTW sir Mlnlmum. See Chapter 13, Timing Parameters by Speed Grade for 3DS ncK
- - - Read to Write

Minimum
tCCD_S_WTR_sir Write to Read nCK

Minimum
tCCD_S_dir Read to Read nCK

Minimum
same tCCD_S_dir Write to Write nCK

different or

different Minimum
tCCD_S_RTW._dIr Read to Write nCK

Minimum
tCCD_S_WTR_dir Write to Read nCK
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Table 43 — Minimum Read and Write Command Timings for x4 8H and 16H 3DS - 3200 thru 4800

: . DDR5 DDR5 DDR5 DDR5 DDR5
Logical Bank Timing :
Rank Group Parameter Name Parameter 3200 3600 4000 4400 4800 | Units | Note
3DS 3DS 3DS 3DS 3DS

Minimum
tCCD_L_slr Read to Read nCK

Minimum
tCCD_L_WR_sir Write to Write nCK

same Mini

inimum
tCCD_L_RTW._sir Read to Write nCK

Minimum
tCCD_L_WTR_sIr Write to Read nCK

same Mini

inimum
tCCD_S_slir Read to Read nCK

Minimum
tCCD_S_sir Write to Write nCK

different — L.
tCCD S RTW sir Mlnlmum. See Chapter 13, Timing Parameters by Speed Grade for 3DS ncK
- - - Read to Write

Minimum
tCCD_S_WTR_slr Write to Read nCK

Minimum
tCCD_S_dir Read to Read nCK

Minimum
same tCCD_S_dir Write to Write nCK

different or

different Minimum
tCCD_S_RTW._dIr Read to Write nCK

Minimum
tCCD_S_WTR_dir Write to Read nCK

Note(s):
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4.8 Write Operation

The Write Operation stores data to the DRAM. It is initiated by the Write command during which the beginning column address and
bank/group address for the data to be written to the array is provided. The data is provided to the DRAM on the DQ inputs CAS Write
Latency (CWL) cycles after the Write command along with the proper waveform on the DQS inputs. CAS Write Latency is defined
and measured from final cycle of the Write command to the first effective rising DQS (excluding write preamble).

4.8.1 Write Data Mask

One write data mask (DM_n) pin for each byte data group is supported on x8 and x16 DDR5 SDRAMs. The DM_n pin/function is
enabled via mode register. For the x4 configuration SDRAM, the DM mode register setting must be disabled. The DM_n pin has iden-
tical timings and termination functionality on write operations as the DQ pins, as shown in Figure 43. The DM_n pin is not used for
read cycles and the pin should behave like a DQ pin driving high or be terminated to RTT_PARK. When the DM function is disabled
by MR, the DRAM disables the DM input and output receiver and does not expect nor drive any valid logic level.

Each data mask burst bit position corresponds to the same bit position in the DQ data burst across the corresponding byte group.

The WR_partial = Low as part of the write command must be used in conjunction with the DM_n data. The WR_partial = Low is to
help DRAM start an internal read for 'read modify write' during masked writes. If WR_partial = High during write, then the mask data
on DM_n must be high. If DM is disabled, MR5 OP[5] = 0, WR_Partial must be “H”. DM_n may be high or low.

4.8.2 Write Burst Operation

The following write timing diagrams are to help understand the meaning of each write parameter; the diagrams are just examples.
The details of each parameter are defined separately.

In these write timing diagrams, for clarity of illustration, CK and DQS are shown aligned. As well, DQS and DQ are shown center-
aligned. Offset between CK and DQS, and between DQS and DQ may be appropriate.

tt ot t3 ta ta tar tar tas taw tass tae tas7 tars taro tasio th ther the thes thed tous toe toer tors ths tor1o toett towr2

to

cavsor (oSBT L

CMD WR|TI;XEEE = DE:‘S}%{E%(DE%{D%@ESXD[%E DESIDES(DES|DE! DE%@@ESDE%DE%DE%{DE%{DE&DE%DESKDE%
cson S\ %

=

[v]

BaS< I G SRS 1111111
papts:0) T | S oo oo
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Note(s):
1. BL=16, 2tCK Preamble, 1.5tCK Postamble
2. DES commands are shown for ease of illustration; other commands may be valid at these times.

Figure 42 — WRITE Burst Operation (BL16)
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WL=CWL=(CL-2)

Note(s):

1. BC=8, 2tCK Preamble, 1.5tCK Postamble

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

3. In non-CRC mode, DQS_t and DQS_c stop toggling at the completion of the BC8 data bursts, plus the postamble.

Figure 43 — Write Burst Operation (BC8)
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Note(s):

1. BC=8 or BL=16, Preamble = 2tCK - 0010 pattern, Postamble = 1.5tCK

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

3. The write recovery time (tWR) is referenced from the first rising clock edge after the last write data shown at Ta+10
tWR specifies the last burst write cycle until the precharge command can be issued to the same bank.

Figure 44 — WRITE (BL16) to PRECHARGE Operation with 2tCK Preamble
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Note(s):

1. BC OTF=8 or BL=16, Preamble = 2tCK - 0010 pattern, Postamble = 1.5tCK

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

3. The write recovery time (WR) is referenced from the first rising clock edge after the last write data shown at Ta+10.
WR specifies the last burst write cycle until the precharge command can be issued to the same bank.

ﬂﬂﬂ@ﬂ@ﬁﬁ@@@ﬂ@@ @@ ‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl'I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Figure 45 — WRITE (BL16) with Auto PRECHARGE Operation and 2tCK Preamble
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4.8.3 Write Timing Parameters

The following figure is for example only to enumerate the strobe edges for a particular write burst. For a valid burst, all timing param-
eters for each edge of a burst must be satisfied.

tbQoffset,min
pQss,min

bQoffset,nom

t'DQSS,nom
DQS_t, I
DQS_c
pQ? ({
DM_n2 {{
tpQoffset,max
tpQss,max N
DQS_t, U
DQS_c
DQ? U
DM_n?2 {{

2 2 Time Break [ Transitioning Data /] Don't Care

Figure 46 — DDRS5 Write Timing Parameters
Notes
1. BL=16, Preamble=2CK - 0010 pattern, Postamble=1.5CK,
2. DES commands are shown for ease of illustration, other commands may be valid at these times.
3. thqss must be met at each rising clock edge.
4. Figure assumes DRAM internal WL training complete.
5. DQ/DM_n pulse timing and DQS to DQ skew defined by Rx Strobe Jitter Sensitivity Specifications for the respective speed bin.
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4.8.4 Write Burst Operation for Optional BL32 Mode
The following write timing diagrams cover write timings for fixed BL32, BL32 in BL32 OTF mode and BL16 in BL32 OTF mode for x4
devices only.

In these write timing diagrams, for clarity of illustration, CK and DQS are shown aligned. As well, DQS and DQ are shown center-
aligned. Offset between CK and DQS, and between DQS and DQ may be appropriate.

A dummy CAS command is required for second half of the transfer of BL32. If non-target ODT is needed in the system then a dummy
ODT command must be issued to the non-target rank for second half of the transfer of BL32
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el VIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIlII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:L"IIIIIIIIIIIIIIIII' E S,

Note(s):

1. BL=32, 2tCK Preamble, 1.5tCK Postamble

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

3. Adummy WR command is required for the second half of the transfer with a delay of 8 clocks from the first WR command.
4. The figure also shows a dummy ODT command being issued to non-target rank 1 for the second half of the transfer.

5. C10 is used for burst ordering and must be LOW for the first WR command.

6. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 47 — Write Timing for fixed BL32 and BL32 in BL32 OTF mode
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CMD WRITE |DES|DES(DES(DES(DES|DES(DESIDES|DE ES(DES|DES)DESIDES|DES|DES|DES{DES|DES(DES(DESIDESIDES|{DES|DES|DES(DES(DE

cson L/ Y
CS1_n Y
Note(s):

1. Figure shows BL16 write operation when MRO is programmed to use BL32 OTF mode. In this case, no dummy WR command is required as transfer
size is BL16.

2. DES commands are shown for ease of illustration; other commands may be valid at these times including commands to allow data transfer from the
same die after transfer of BL16.

3. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 48 — Write Timings for BL16 in BL32 OTF mode
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to t1 ta ts ta ts te t7 ts to tio ta tart tarz tars tars tars tass tar tas taro tarto tartt tari2 tar1s tars taris tarte tar1z tans

CA[13:0] C

CMD < RITE S

cso A b)
Note(s):

1. Figure shows back to back BL16 writes to different bank groups.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 49 — Write to Write to Different Bank Group for BL16 in BL32 OTF

LTI BB ,‘ ts to  ta tat taz tas taws tas tas ta7 tas faw tartg farts tariz tartd tavie tavis tovio taer tavis 0

cson  \ D)

Note(s):

1. Figure shows back to back BL16 writes to same bank group using a timing of tCCD_L_WR.

2. Back to Back BL32 writes to same bank group shall have a minimum separation of 16 clocks.

3. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 50 — Write to Write to Same Bank Group for BL16 in BL32 OTF

to t1 tp ts ta ts te t7 ts tog ti ta  tart tasz tars tars tars taws tarz tass tars  tar1o tar1r tarr2 tas1s tasia tarss tase tariz tasis

mmmmm

cson O\ )

Note(s):
1. AP bit must be set HIGH for first CAS and LOW for dummy CAS command.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 51 — Write with Auto-Precharge for Fixed BL32 and BL32 in BL32 OTF Mode
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cson /T 1

Note(s):

1. AP bit must be set to LOW with the CAS command.
2. DDR5 DRAM supports an optional fixed BL32 mode and optional BL32 OTF (On the fly) mode for x4 devices only.

Figure 52 — Write with Auto-Precharge for BL16 in BL32 OTF Mode
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4.8.5 Same Bank Group Write to Write Timings

DDRS5 devices will have separate same bank group write timings, based on whether the second write requires an RMW (Read-Mod-
ify-Write) access or JW (Just-Write) access. In JW access, DDRS5 updates all 128 bits of data on the addressed codeword, while in
RMW access, a part of 128 bits is updated.

Table 44 — JW (Just-Write) Access and RMW (Read-Modify-Write) Access Definition

Confiquration BL16 BC8 Optional Notes
9 Normal Data Mask Normal Data Mask BL32
x4 RMW — RMW — JW 1,2,3
x8/x16 Jw RMW — 12,3
Note(s):

1. BC8 refers to BC8 OTF mode enabled by MRO OP[1:0]=01g, where Write command is issued with BL=L in CA5.

2. Optional BL32 refers to BL32 fixed mode enabled by MRO OP[1:0]=10g or BL32 OTF mode enabled by MRO OP[1:]=11g, where Write command is
issued with BL=L in CA5.

3. Data Mask refers to Data Mask mode enabled by MR5 OP[5]=1g, where Write command is issued with WP=L in CA11.

Table 45 — Same Bank-Group Write Access to RMW Access Timings

To
From BL16 BCS Notes
BL16 tCCD_L_WR tCCD_L_WR 1,2,3
BC8 tCCD_L_WR tCCD_L_WR 1,2,3
Optional BL32 8nCK+tCCD_L_WR — 12,34

Note(s):

1. BC8 refers to BC8 OTF mode enabled by MRO OP[1:0]=01g, where Write command is issued with BL=L in CA5.

2. Optional BL32 refers to BL32 fixed mode enabled by MRO OP[1:0]=10g or BL32 OTF mode enabled by MRO OP[1:]=11g, where Write command is
issued with BL=L in CA5.

3. In Optional BL32 case, this timing table affects to the 1st Write command only, not the dummy Write command.

4. There is no BL32 to BC8 case.

Table 46 — Same Bank-Group Write Access to JW Access Timings

To
From BL16 Optional BL32 Notes
BL16 tCCD_L_WR2 tCCD_L_WR2 123
BC8 tCCD_L_WR2 — 1,2,34
Optional BL32 — 8nCK+tCCD_L_WR2 1,2,3

Note(s):

1. BC8 refers to BC8 OTF mode enabled by MRO OP[1:0]=01g, where Write command is issued with BL=L in CA5.

2. Optional BL32 refers to BL32 fixed mode enabled by MRO OP[1:0]=10g or BL32 OTF mode enabled by MRO OP[1:]=11g, where Write command is
issued with BL=L in CA5.

3. In Optional BL32 case, this timing table affects to the 1st Write command only, not the dummy Write command.

4. There is no BC8 to BL32 case.
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4.8.6 Different Bank-Group Write to Write Timings

Table 47 — Different Bank-Group Write to Write Timings

From To Notes
BL16 BC8 Optional BL32

BL16 8nCK 8nCK 8nCK 1,2,3

BC8 8nCK 8nCK — 1,2,3,4

Optional BL32 16nCK — 16nCK 1,2,3,4

Note(s):

1. BC8 refers to BC8 OTF mode enabled by MRO OP[1:0]=01g, where Write command is issued with BL=L in CA5.
2. Optional BL32 refers to BL32 fixed mode enabled by MRO OP[1:0]=10g or BL32 OTF mode enabled by MRO OP[1:]=11g, where Write command is

issued with BL=L in CA5.

3. In Optional BL32 case, this timing table affects to the 1st Write command only, not the dummy Write command.

4. There is no BC8 to BL32 case.
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4.8.7 Write Timing Violations

4.8.7.1 Motivation

Generally, if Write timing parameters are violated, a complete reset/initialization procedure has to be initi-
ated to make sure that the DRAM works properly. However, it is desirable, for certain violations as speci-
fied below, the DRAM is guaranteed to not “hang up,” and that errors are limited to that particular
operation.

For the following, it will be assumed that there are no timing violations with regards to the Write command
itself (including ODT, etc.) and that it does satisfy all timing requirements not mentioned below.

4.8.7.2 Data to Strobe Eye Height or Width Violations

Should the required data to strobe timing or voltage parameters be violated (Such as: trx rRpqQ_tMargin: tRx-
_DQs2pQ_skews VRx_pass VRx_Da €tc.), for any of the data/strobe timing edges or data/strobe voltage limits
associated with a write burst data eye, then incorrect data might be written to the memory locations
addressed with this WRITE command.

In the example, Missing Figure(add example timing diagram reference) the relevant strobe edges for a
write burst are associated with the clock edges: T, Tj+0.5 Th+1,--- Th+8.5

Subsequent reads from that location might results in unpredictable read data, however the DRAM will work
properly otherwise.

4.8.7.3 Strobe and Strobe to Clock Timing Violations

Should the strobe timing requirements (fypre, twpsT) Or the strobe to clock timing requirements (fpqss,
tbasofiset) b€ Violated for any of the strobe edges associated with a Write burst, then wrong data might be

written to the memory location addressed with the offending WRITE command. Subsequent reads from
that location might result in unpredictable read data, however the DRAM will work properly otherwise with
the following constraints:

(1) Both Write CRC and data burst OTF are disabled; timing specifications other than tyyprg, fwpsT IDass.
Ibasoffset @re not violated.

(2) The offending write strobe (and preamble) arrive no earlier or later than six DQS transition edges from
the Write-Latency position.

(3) A Read command following an offending Write command from any open bank is allowed.

(4) One or more subsequent WR or a subsequent WRA {to same bank as offending WR} may be issued
tccp L later but incorrect data could be written; subsequent WR and WRA can be either offending or non-
offending Writes. Reads from these Writes may provide incorrect data.

(5) One or more subsequent WR or a subsequent WRA {to a different bank group} may be issued fccp s
later but incorrect data could be written; subsequent WR and WRA can be either offending or non-offend-
ing Writes. Reads from these Writes may provide incorrect data.

(6) Once one or more precharge commands (PREpb, PREsb, or PREab) are issued to DDRS5 after offend-
ing WRITE command and all banks become precharged state (idle state), a subsequent, non-offending
WR or WRA to any open bank shall be able to write correct data.

(7) DQS strobes including preamble must align to each Write commands data burst length configuration. If
the DRAM fails to capture or incorrectly de-serializes the incoming data stream because of misalignment
or missing strobe edges, errors may occur. These errors will propagate indefinitely until the DRAM is put
into an idle state, i.e., all banks are in the precharged state with {rp satisfied.
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4.8.8 Write Enable Timings

4.8.8.1 Introduction

The following specifies the relationship between the write enable timing window tWPRE_EN_ntck and the DRAM related DQS to CK
drift window tDQSD as well as the system related DQS to CK drift window tDQSS around the final DQS to CK offset trained pass/fail

point tDQSoffset based on write leveling feedback in order to support n-tck pre-amble mode. Functional operation requires that the
following condition is met:

tWPRE_EN_ntck >= [tDQSSmin[+tDQSSmax+|[tDQSDmin|+tDQSDmax

CK t,
CK c

DQS t,
DQS c

Figure 54 — tDQSD: DRAM internal CLK-to-DQS Variation
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Table 48 — Write enable timing parameters DDR5 3200 to 4800

Speed Bins x4 & x8 Speed Bins x16
Parameter Symbol DDR5 3200-4800 DDR5 3200-4800 unit | Note
s
Min Max Min Max
2-.tck Write pre-amble enable tWPRE_EN 15 ) 15 ) tCK 2
window _2tck
3-.tck Write pre-amble enable tWPRE_EN 25 ) 25 ) {CK 2
window _3tck
4-.tck Write pre-amble enable tWPRE_EN 25 ) 25 ) {CK 2
window _4tck
Final trained value of host
DQS_t-DQS_c timing relative to tDQSoffset -0.5 0.5 -0.5 0.5 tCK 3
CWL CK_t-CK_c edge
N9 _tP tDQSD tWPRE_EN | tWPRE_EN | tWPRE_EN | tWPRE_EN tCK 1
amble edge relative to CWL ntCK ntCK ntCK ntCK
CK_t-CK_c edge - ~ - _
peratrs i window of et - 02 | 025 | 025 | 025
P tDQSS tWPRE_EN | tWPRE_EN | tWPRE_EN | tWPRE_EN tCK 1
ing DQS_t pre-amble edge ntCK ntCK ntCK ntOK
relative to CWL CK_t-CK_c edge - - - -
Note(s):
1. Measured relative to the write leveling feedback, after write leveling training has been completed.
2. Includes min DQS and CK timing terms TBD.
3. When measuring the tDQSoffset, tWLS/H are reflected in the tDQSoffset result.
Symbol Description Min Max Unit
tWLS/H Write Leveling Setup/Hold Time -80 +80 ps
Table 49 — Write enable timing parameters DDR5 5200 to 6400
Speed Bins x4 & x8 Speed Bins x16
Parameter Symbol DDR5 5200-6400 DDR5 5200-6400 unit | Note
s
Min Max Min Max
2-.tck Write pre-amble enable tWPRE_EN 15 ) 15 ) {CK 2
window _2tck
3-_tck Write pre-amble enable tWPRE_EN 25 ) 25 ) {CK 2
window _3tck
4-.tck Write pre-amble enable tWPRE_EN 25 ) 25 ) {CK 2
window _4tck
Final trained value of host
DQS_t-DQS_c timing relative to tDQSoffset -0.5 0.5 -0.5 0.5 tCK 3
CWL CK_t-CK_c edge
N9 _tP tDQSD tWPRE_EN | tWPRE_EN | tWPRE_EN | tWPRE_EN tCK 1
amble edge relative to CWL ntCK ntCK ntCK ntCK
CK_t-CK_c edge - - - -
p tDQSS tWPRE_EN | tWPRE_EN | tWPRE_EN | tWPRE_EN tCK 1
ing DQS_t pre-amble edge ntCK ntCK ntCK ntOK
relative to CWL CK_t-CK_c edge - - - -

Note(s):

1. Measured relative to the write leveling feedback, after write leveling training has been completed.
2. Includes min DQS and CK timing terms TBD.
3. When measuring the tDQSoffset, tWLS/H are reflected in the tDQSoffset result.
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4.9 Self Refresh Operation

The Self-Refresh command can be used to retain data in the DDR5 SDRAM, even if the rest of the system is powered down. When in
the Self-Refresh mode, the DDR5 SDRAM retains data without external clocking. The DDR5 SDRAM device has a built-in timer to
accommodate Self-Refresh operation. While in Self Refresh, the DDR5 SDRAM adjusts and updates its internal average periodic
refresh interval, as needed, based on its own temperature sensor. The internal average periodic refresh interval adjustment
(increasing, decreasing or staying constant) does not require any external control.

Self Refresh entry is command based (SRE), while the Self-Refresh Exit Command is defined by the transition of CS_n LOW to
HIGH with a defined pulse width tCSH_SRexit, followed by three or more NOP commands (tCSL_SRexit) to ensure DRAM stability in
recognizing the exit. This is described below in more detail.

Before issuing the Self-Refresh-Entry command, the DDR5 SDRAM must be idle with all bank precharge state with tRP satisfied. ‘Idle
state’ is defined as all banks are closed (tRP, etc. satisfied), no data bursts are in progress, and all timings from previous operations
are satisfied (tMRD, tRFC, etc.). A Deselect command must be registered on the last positive clock edge before issuing Self Refresh
Entry command. Once the Self Refresh Entry command is registered, Deselect commands must also be registered at the next
positive clock edges until tCPDED is satisfied. After tCPDED has been satisfied, CS_n must transition low. After CS_n transitions low
at the end of tCPDED, the CS_n shall stay low until exit. The DDR5 SDRAM may switch to a CMOS based receiver to save more
power and that transition should coincide with CS_n going low.

When the CS_n is held low, the DRAM automatically disables ODT termination and sets Hi-Z as termination state regardless RTT
configuration for the duration of Self-Refresh mode. Upon exiting Self-Refresh, DRAM automatically enables ODT termination and
set RTT_PARK (for DQs) asynchronously during tXSDLL when RTT_PARK is enabled. CA/CS/CK ODT shall revert to its strapped or
its MR ODT Setting state if previously applied. 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 DDR5 SDRAM has entered Self-Refresh mode, all of the external control signals, except CS_n and RESET_n, are “don’t
care.” For proper Self-Refresh operation, all power supply and reference pins (VDD, VDDQ, VSS, VSS and VPP) must be at valid
levels. DRAM internal VrefDQ and/or VrefCA generator circuitry may remain ON or turned OFF depending on DRAM design. If DRAM
internal VrefDQ and/or VrefCA circuitry is turned OFF in self refresh, when DRAM exits from self refresh state, it ensures that VrefDQ
and/or VrefCA and generator circuitry is powered up and stable within tXS period. First Write operation or first Write Leveling Activity
may not occur earlier than tXS after exit from Self Refresh. The DRAM initiates a minimum of one Refresh command internally within
tSR period once it enters Self-Refresh mode.

The clocks must stay on until tCKLCS but can be DON'T CARE after tCKLCS expires but it should be noted that shortly after
tCPDED, the termination for the clocks will be off. The clock is internally disabled (in the DRAM) during Self-Refresh Operation to
save power. The minimum time that the DDR5 SDRAM must remain in Self-Refresh mode is tCSL. The user may change the external
clock frequency or halt the external clock tCKLCS after Self-Refresh entry is registered, however, the clock must be restarted and
stable tCKSRX before the device can exit Self-Refresh operation.

The procedure for exiting Self-Refresh requires a sequence of events. Since the DRAM will switch to a CMOS based driver to save
power, the DRAM will trigger Self-Refresh exit upon seeing the CS_n transition from low to high and stay high for tCSH_SRExit.
tCASRX prior to CS_n transitioning high, the CA bus must be driven high. Once tCSH_SRExXit is satisfied, three NOP commands
must be issued, otherwise the DRAM could be put into an unknown state. The clocks must be valid for tCKSRX prior to issuing the
NOP commands that completes the Self Refresh exit sequence. Once a Self-Refresh Exit is registered, the following timing delay
must be satisfied:

1. Commands that do not require locked DLL:
tXS - ACT, MPC, MRW, PDE, PDX, PRE(ab,sb,pb), REF(ab,sb), RFM(ab,sb), SRE, VREFCA & WRP

2. Commands that require locked DLL:
tXS_DLL - RD, MRR & WR

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 as described in “ZQ Calibration Commands”. To issue ZQ calibration commands,
applicable timing requirements must be satisfied.

Upon exiting Self Refresh, one additional refresh shall be issued in addition to refreshes normally scheduled. This refresh counts
toward the maximum number of refreshes which may be postponed. The extra refresh consists of a single REFab command orn *
REFsb, where n is the number of banks in a bank group. If Self Refresh is to be re-entered and no regularly scheduled periodic
refresh commands have been issued, a minimum of one REFab or n*REFsb commands shall be issued prior to Self Refresh re-entry.

The exit timing from self-refresh exit to first valid command not requiring a locked DLL is tXS.
The value of tXS is (tRFC). This delay is to allow for any refreshes started by the DRAM to complete. tRFC continues to grow with
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higher density devices so tXS will grow as well.
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Figure 55 — Self-Refresh Entry/Exit Timing w/ 2-Cycle exit command
Note(s):

1 - While in 2N mode, tCSL_SRexit will not be statically held low (as shown above), as it will pulse for each 2 cycle period. Refer to
the 2N mode section for more details.
2 - Both tCSH_SRexit and tCSL_SRexit timings must be satisfied to guarantee DRAM operation.
3 - When tCSH_SRexit,min expires, the CA bus is allowed to transition from all bits High to any valid (V) level. Prior to CS_n being
registered Low at tc+1, the CA bus must transition to NOP conforming to the CAl state of the DRAM and complying with applicable
DRAM input timing parameters.
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Figure 56 — Self-Refresh Entry/Exit Timing w/ 1-Cycle exit command

1 - While in 2N mode, tCSL_SRexit will not be statically held low (as shown above), as it will pulse for each 2 cycle period. Refer to
the 2N mode section for more details.
2 - Both tCSH_SRexit and tCSL_SRexit timings must be satisfied to guarantee DRAM operation.
3 - When tCSH_SRexit,min expires, the CA bus is allowed to transition from all bits High to any valid (V) level. Prior to CS_n being
registered Low at tc+1, the CA bus must transition to NOP conforming to the CAl state of the DRAM and complying with applicable
DRAM input timing parameters.
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Table 50 — Self-Refresh Timing Parameters

Parameter Symbol Min Max Unit Note
Command pass disable delay tCPDED max(5ns, 8nCK) - ns
Se_elf-Refresh CS_n low Pulse tcSL 10 ) ns
width
Self-Refresh exit CS_n High tCSH_S-
Pulse width Rexit 13 30 ns
Self-Refresh exit CS_n Low tCSL_S-
Pulse width Rexit 3nCK 30ns 1
Valid Clock Requirement max(3.5ns,
before SRX tCKSRX 8tCK) ns
‘s';':' Clock Requirement after tCKLCS | tCPDED + 1nCK - nCK
Self-Refresh exit CS_n high tCASRX 0 ns
Exit Self-Refresh to next valid
command NOT requiring a DLL R tRFC1 ns
Exit Self-Refres_h_ to next valid XS DLL {DLLK ns
command requiring a DLL -

Note(s):
1 - While in 2N mode, tCSL_SRexit will not be statically held low, as it will pulse for each 2-cycle period for a min of 6nCK. Refer to
the 2N mode section for more details.

4.9.1 Self Refresh in 2N Mode

The timing diagram below shows details for Self Refresh entry/exit in 2N Mode. Only SRX, with a pulsing CS_n (NOP-DES-NOP-
DES-NOP) during tCSL_SRexit, to a 1-cycle command is shown, but behavior is similar for SRX to a 2-cycle command. Behavior is
similar for Frequency Change during Self Refresh, with or without VREF and/or ODT changes. Pulsing CS_n during tCSL_SRexit is
not required for Self Refresh exit (e.g. CS_n may optionally be held low for the full tCSL_SRexit duration).
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Figure 57 — Self-Refresh Entry/Exit Timing in 2N Mode w/ 1-Cycle exit command
Note(s):
1 - Both tCSH_SRexit and tCSL_SRexit timings must be satisfied to guarantee DRAM operation.
2 - When tCSH_SRexit,min expires, the CA bus is allowed to transition from all bits High to any valid (V) level. Prior to CS_n being
registered Low at tc+1, the CA bus must transition to NOP conforming to the CAl state of the DRAM and complying with applicable
DRAM input timing parameters.
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410 Power down Mode

DDR5’s power down mode is new to the DDR family, as it no longer has a CKE pin to control entry and exit. Instead, the PDE/PDX
move to command based, triggered by the CS_n. Once in PD mode, the CS_n acts effectively like the historic CKE pin, waiting for it
to transition from HIGH to LOW (with its command). In PDE mode, it should be sampled on every edge.

4.10.1 Power-Down Entry and Exit

Power-down is entered when the command is registered. Unlike Self Refresh Mode, CS_n will NOT be held low constantly while in
Power-Down. Timing diagrams are shown in Figure 58 with details for entry and exit of Power-Down.

The DLL should be in a locked state when power-down is entered for fastest power-down exit timing. SDRAM design provides all AC
and DC timing and voltage specification as well as proper DLL operation as long as DRAM controller complies with SDRAM
specifications.

During Power-Down, if all banks are closed after any in-progress commands are completed, the device will be in precharge Power-
Down mode; if any bank is open after in-progress commands are completed, the device will be in active Power-Down mode.

Entering power-down deactivates the input and output buffers, excluding CK_t, CK_c, CS_n, RESET_n. If CA11=L during the PDE
command, CA1 and CA4 will also be excluded, allowing the appropriate NT ODT command to be passed through and decoded by
the non-target SDRAM while the target SDRAM remains in power down (i.e. the SDRAM will monitor commands that utilize NT ODT
via CA1 and CA4 and will not exit Power Down if a valid NT ODT command is registered). If CA11=H during the PDE command, only
the PDX command, qualified by CS_n, is legal during power down. If CA11=L during the PDE command, only NT ODT commands
and PDX commands, qualified by CS_n, are legal during power down. Refer to the command truth table for more information.

MRR NT ODT commands during Power Down are not support with Burst on the fly (OTF) modes in MRO:OP[1:0].

When power-down is entered with ODT control enabled (CA11=L) the DRAM will continue to accept NT termination commands
throughout the power-down process, including entry and exit. Upon entry, during the tCPDED period, the DRAM will be switching
from decoding all CA bus command bits to only decoding CA1 and CA4. During this time all CA command bits must be valid when
CS_n is asserted with the full RD or WR command, as the DRAM may still be decoding the full command. Following tCPDED, only
CA1 and CA4 need be valid as the DRAM will be ignoring the others. Following the PDX command, all CA command bits must be
valid for NT termination commands also, as the DRAM will be transitioning to decoding all bits. It is only the time between tCPDED
completion and tXP that CA13:5, 3:2, & 0 need not be valid
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Figure 58 — Power-Down Entry and Exit Mode

Note(s):

1. There is no specific PDX command. In the case of systems with register using CAl, the encoding out of the register may be
inverted from a NOP type command.

2. Diagram above is shown with a valid 2-cycle command after tXP for simplicity. 1-cycle valid commands are also legal.

3. CS_n shall be held HIGH, not toggled, during Power-Down, except Non-Target ODT command when PDE with CA11=L is
asserted.
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Table 51 — 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 .
(All banks Precharged) On Fast tXP to any valid command.

The DLL is kept enabled during precharge power-down or active power-down. (If RESET_n goes low during Power-Down, the DRAM
will be out of PD mode and into reset state). Power-down duration is limited by 5 x tREFI1 of the device.

Table 52 — Power Down Timing Parameters

Power Down Entry command

Parameter Symbol Min Max Unit Note
Command pass disable delay tCPDED max(5ns, 8nCK) - ns
Minimum Power Down Time tPD max(7.5ns, 8nCK) - ns
Exit Power Down to next valid XP max(7.5ns, 8nCK) ns
command
Timing of ACT command to tACTPDEN 2 ncK 1
Power Down Entry command
Timing of PREab, PREsb or
PREpb to Power Down Entry tPRPDEN 2 nCK 1
command
Timing of RD or RD w/AP to tRDPDEN RL+RBL/2+1 ncK 4
Power Down Entry command
Timing of WR to Power Down WL+WBL/2+(tWR/
Entry command tWRPDEN tCK(avg))+1 nck 2,4
Timing of WR wiAP to Power |y p AppEN | WL+WBL/2+WR+1 nCK | 3,4
Down Entry command
Timing of REFab or REFsb com-
mand to Power Down Entry com- tREFPDEN 2 nCK
mand
Timing of MRR to command to tMRRPDEN RL+8+1 nCcK 4
Power Down Entry command
Timing of MRW command to tMRWPDEN tMRD(min) ncK
Power Down Entry command
Timing of MPC command to tMPCPDEN tMPC_delay nCK | 5

Note(s):

1. Powerdown command can be sent while operations such as row activation, precharge, auto-precharge or refresh are in progress
but IDD spec will not be applied until the operations are finished.
2. tWR is defined in ns, for calculation of tWRPDEN it is necessary to round up tWR/tCK.
3. WRin clock cycles as programmed in MR6.

4. RD/WR/MRR can refer to both Target command and Non-Target command when CA11=H during PDE command.

5. tMPD_delay is a valid timing parameter for all MPC commands except:
a) Enter CS training Mode, Enter CA Training Mode, PDA Enumerate ID Program Mode because Power Down Entry is not

supported for these MPC commands.

b) Apply VrefCA, VrefCS and RTT_CA/CS/CK because this MPC command requires waiting for VrefCA_time/VREFCS_time.

Table 53 — Valid Command During Power Down with ODT enabled

CA1 | CA4 Command Operation of DRAM in Power Down
L L Write DRAM will enable ODT_WR_NOM
L H Read DRAM will enable ODT_RD_NOM
H L lllegal lllegal. CS_n will NOT be asserted to a powered down DRAM with this combination
H H PDX(NOP) Exit Power Down
Note(s):

1 - MRR NT ODT commands during Power Down are not supported with Burst on the fly (OTF) modes in MR0:OP[1:0].
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4.11 Input Clock Frequency Change

Once the DDR5 SDRAM is initialized, the DDR5 SDRAM requires the clock to be “stable” during almost all states of normal
operation. This means that, once the clock frequency has been set and is to be in the “stable state”, the clock period is not allowed to
deviate except for what is allowed for by the clock jitter and SSC (spread spectrum clocking) specifications.

The input clock frequency can be changed from one stable clock rate to another stable clock rate under Self Refresh w/Frequency
Change mode. Outside Self-Refresh w/Frequency Change mode, it is illegal to change the clock frequency.

Prior to entering Self-Refresh w/ Frequency Change mode, the host must program tCCD_L/tDLLK via MR13:0P[3:0] to the desired
target frequency and configure VREFCA, RTT_CK, RTT_CS and RTT_CA if needed.

Once the DDR5 SDRAM has been successfully placed into Self-Refresh w/Frequency Change mode and tCKLCS has been
satisfied, the state of the clock becomes a don’t care. Once a don’t care, changing the clock frequency is permissible, provided the
new clock frequency is stable prior to tCKSRX. During tCSL_FreqChg and prior to exiting Self-Refresh, the DRAM will automatically
apply the changes to tCCD_L/ADLLK, VREFCA, RTT_CK, RTT_CS and RTT_CA. 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
Section 4.9 “Self-Refresh Operation”. For the new clock frequency, Mode Registers may need to be configured (to program the
appropriate CL, Preambles, Write Leveling Internal Cycle Alignment, etc) prior to normal operation.

The DDR5 SDRAM input clock frequency is allowed to change only within the minimum and maximum operating frequency specified
for the particular speed grade.

4.11.1 Frequency Change Steps

The following steps must be taken:

1. Prior to SRE command, there are several modes that must or can be configured:
1a. The host MUST program tCCD_L/DLLK via MR13:0P[3:0] to the desired target frequency. During this stage, the values are
set but not enabled.
1b. The host can configure the appropriate CS/CA/CK ODT settings via Mode Register (MR32 & MR33) if new values are
needed for the new target frequency. During this stage, the values are set but not enabled.
1c. The host can configure the VREFCA & VREF CS via the VREFCA or VREFCS command(s). During this stage, the values
are set but not enabled.

2. Enter SREF (Self Refresh Entry w/ Frequency Change) by sending the appropriate command (Similar to SRE with CA9="L").

3. After tCPDED, the CS_n will transition low, indicating to the DRAM that the terminations are safe to turn off.

4. After tCKLCS, the clocks can be turned off.

5. Device enters Self Refresh.

6. At this time, changing the clock frequency is permissible, provided the new clock frequency is stable prior to tCKSRX

7. Exiting Self-Refresh w/Frequency Change follows the same process as normal Self-Refresh exit.

8. After tXS, any additional mode registers that are needed for the new frequency can be configured or other commands not requiring

a DLL may be issued. (ACT, MPC, MRW, PDE, PDX, PRE(ab,sb,pb), REF(ab,sb), RFM(ab,sb), SRE, VREFCA & WRP)

9. After tXS_DLL, normal operations resume and all commands are legal.

Table 54 — Self Refresh w/Freq Change (for reference)

i CA Pins
Function Abbrevia-| NOTES
SUEte tion o CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | CA10| CA11| CA12 | CA13
Ef;;ﬁgﬁf;gﬁ:rtge\m SREF | L H H H L H \Y \Y \Y \Y L L Y Y \ 9

Note - See Command Truth Table for details
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- Previous Clock Frequency > New Clock Frequency -
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- tGKLCS o ‘CK%RX
3 . | | (CSH_SRexit (CSL SRexit 3 |
CcS.n \ prv— ) tCSITFre?Chg g/ i g\ ) )
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TS v et
o et N N T Firstcyclelof 2-cycle valid + ||
I N N i i 3 P command not requiring DLL | |
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cAoDT [ MRODTSTATE : S cARTT &fF M ODT STATE § = ‘ )
CKODT | l:VIR O:DT S:TAT;E I S "Kj RTT_d)(flj: (= M ODT STATE S = ‘ ]
I‘ Enter Self Refresh < Frequency Change L Exit Self Refresh ‘
Figure 59 — Frequency Change during Self Refresh
Note(s):

1. While in 2N mode, tCSL_SRexit will not be statically held low (as shown above), as it will pulse for each 2 cycle period. Refer to the
2N mode section for more details.
2 - Both tCSH_SRexit and tCSL_SRexit timings must be satisfied to guarantee DRAM operation.
3. Diagram above is shown with a valid 2-cycle command after tXS for simplicity. 1-cycle valid commands are also legal.

4 - When tCSH_SRexit,min expires, the CA bus is allowed to transition from all bits High to any valid (V) level. Prior to CS_n being
registered Low at tc+1, the CA bus must transition to NOP conforming to the CAl state of the DRAM and complying with applicable
DRAM input timing parameters.

Table 55 — Self-Refresh Frequency Change Timing Parameters

Parameter Symbol Min Max Unit Note
Self-Refresh CS_n low tCSL
Pulse width with Freq - VrefCA_time - ns 1
FreqChg
Change

Note(s):

1 - Since frequency can require VREFCA and CA/CK/CS ODT Changes, the min time is longer than the traditional tCSL when the
SRE command with CA9=L is used.
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4.12 Maximum Power Saving Mode (MPSM)

When Maximum Power Saving Mode is enabled by setting the MPSM enable (MR2:0P[3]) bit to ‘1’ using
MRW command, the device enters Maximum Power Saving Mode Idle (MPSM Idle) state. When Maximum
Power Saving Mode for Device 15 is enabled by setting the Device 15 MPSM enable bit (MR2:OP[5])

to ‘1’ using MRW command, and the device’s PDA Enumerate ID (MR1 bits OP[3:0]) are equal to 15, the

device enters Maximum Power Saving Mode Idle (MPSM Idle) state. Setting the Device 15 MSPM enable
bit to ‘1’ must be done after PDA device enumeration is complete. Once the DRAM is placed into the
MPSM Idle state, it can stay in that state indefinitely, or it can further enter either Maximum Power Saving
Mode Power Down (MPSM Power Down) state or Maximum Power Saving Mode Self Refresh (MPSM Self
Refresh) state.

Data retention is not guaranteed when DRAM is in any of MPSM states. Mode register status and Soft
PPR information is preserved.

State Diagram for MPSM Buffer State for Reference

MRW MRW
Enter Exit

Any command is allowed, but
DRAM can ignore commands
except MRW/SRE/PDE.

PDE ODT=L: with NT ODT
PDE ODT=H: without NT ODT

Data retention is not guaranteed

Figure 60 — State diagram for Maximum Power Saving Mode

Table 56 — MPSM Configuration Options

MPSM Device 15 MPSM PDA Enumeration ID Action
MR2:0P[3] MR2:0P[5] MR1:0P[3:0]
1 X X Enter MPSM on MRW
X 1 1111 Enter MPSM on MRW
0 0 X Exit MPSM on MRW
0 X Not equal to 1111 Exit MPSM on MRW

4.12.1 MPSM Idle State

When DDR5 SDRAM is in this state, it ignores all types of commands except MRW, ODT, Power Down Entry (PDE) and Self Refresh
Entry (SRE) commands. MRW, ODT, PDE and SRE commands are executed normally. DRAM shall not respond to any other
command except these four command types. DLL status is same as in normal idle state. DRAM continues to drive CA ODT as
programmed.

Normal command timing parameters are applied in this state, except that tREFI doesn’t need to be satisfied as Refresh command
doesn’t need to be issued in this state.
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4.12.2 MPSM Power Down State

MPSM Power Down state is entered by Power Down Entry command from MPSM Idle state. When DDR5
SDRAM is in this state, it responds to ODT command normally as it does in precharged power down state.
DLL status is same as in normal precharged power down state.

When the Power Down Exit command is issued, the DRAM goes back to the MPSM Idle state after tXP.
Normal Power Down command timings are applied in this state, except the tREFI requirement.

4.12.3 MPSM Deep Power Down State

MPSM Deep Power Down (DPD) state is entered and exited by Self Refresh Entry and Exit commands
from/to MPSM Idle state. Input signal requirements to the DRAM in this state are same to those in the Self

Refresh mode. DRAM shall not execute any internal Refresh operation in this state.

When the Power Down Exit command is issued, the DRAM goes back to the MPSM lIdle state after tXS.
tXS_DLL must be met prior to issuing any commands that require a locked DLL.

Normal Self Refresh command timings are applied in this state.

4.12.4 MPSM command timings

The device can exit from the MPSM Idle state by programming the MPSM enable (MR2:0P[1]) bit to ‘0’ using the MRW command.

MPSM exit to the first valid command delay is tMPSMX.

Table 57 — Maximum Power Saving Mode Timing Parameters

Symbol Description min max unit
tMPSMX MPSM exit to first valid command delay tMRD - ns
tMPSMX
MPSM mMPsm\ § § (
Idle entry ) ) )
MPSM MPSM « « . ( A%—.—
Power Down entry YD entry T\ PD exit m
tMRD tXP
MPSM Deep MPSM & « : (
tMRD tXS

Figure 61 — Maximum Power Saving Mode exit timings
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4.13 Refresh Operation

The Refresh command (REF) is used during normal operation of the DDR5 SDRAMs. This command is non persistent, so it must be
issued each time a refresh is required. The DDR5 SDRAM requires Refresh cycles at an average periodic interval of tREFI.

There are three types of refresh operations supported by DDR5 SDRAMs.

- Normal Refresh: By issuing All Bank Refresh (REFab) command in Normal Refresh mode

- Fine Granularity Refresh: By issuing All Bank Refresh (REFab) command in Fine Granularity Refresh mode
- Same Bank Refresh: By issuing Same Bank Refresh (REFsb) command in Fine Granularity Refresh mode

This section describes the details of the refresh operations and requirements for each of the refresh operation types as well as the
transitions between the refresh operation types.

For Normal Refresh and Fine Granularity Refresh operations, all banks of the SDRAM must be precharged and idle for a minimum of
the precharge time tRP(min) before the All Bank Refresh command (REFab) can be issued. The refresh addressing is generated by
the internal refresh controller during the refresh cycle. The external address bus is only required to be in a valid state 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, PDE and non-Target ODT commands, must be greater than or
equal to the minimum Refresh cycle time tRFC(min) as shown in Figure 62 and Figure 63. Note that the tRFC timing parameter
depends on memory density and the refresh mode setting, which can be set to Normal Refresh mode or Fine Granularity Refresh
(FGR) mode.

tREFI(max. 5 x tREFI1)

I |
DRAM must be idle DRAM must be idle
22 Time Break Don't Care

NOTE: 1. Only DES or non-Target ODT commands are allowed after Refresh command is issued until tRFC1(min) expires.
2. Time interval between two Refresh commands may be extended to a maximum of 5 x tREFI1.

Figure 62 — Refresh Command Timing (Example of Normal Refresh Mode)

tRFC2(min)

tREFI(max. 9 x tREFI2)

I |
DRAM must be idle DRAM must be idle
22 Time Break Don't Care

NOTE: 1. Only DES or non-Target ODT commands are allowed after Refresh command is issued until tRFC2(min) expires.
2. Time interval between two Refresh commands may be extended to a maximum of 9 x tREFI2.

Figure 63 — Refresh Command Timing (Example of Fine Granularity Refresh Mode)
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4.13.1 Refresh Modes

The DDR5 SDRAM has two different Refresh modes with two different refresh cycle time (tRFC) settings. There is a Normal Refresh
mode setting and a Fine Granularity Refresh (FGR) mode setting. The FGR mode provides a shorter refresh cycle time (tRFC2) but
also requires All Bank Refresh commands (REFab) to be provided twice as often (tREFI is divided by two, i.e. tREFI2 = tREFI1/2).
The Refresh mode setting is programed by MRW command as shown in Table 58. The Refresh Modes are fixed until changed by
MRW command to MR4 OP[4]. No on-the-fly Refresh mode change is supported.

Table 58 — Mode Register definition for Refresh Mode

MR4 OP[4] Refresh Mode (tRFC setting)
0 Normal Refresh Mode (tRFC1)
1 Fine Granularity Refresh Mode (tRFC2)

413.2 Changing Refresh Mode

If Refresh Mode is changed by MRW, the new tREFI and tRFC parameters would be applied from the moment of the rate change.
As shown in Figure 64, when an All Bank Refresh command is issued to the DRAM in Normal Refresh mode, then tRFC1 and tREFI1
are applied from the time that the command (REFab) was issued. And when an All Bank Refresh command is issued in Fine
Granularity Refresh (FGR) mode, then tRFC2 and tREFI2 should be satisfied.

tRFC1(min) tRFC2(min)

A

> - >

tREFI1 tREFI2

NOTE: 1. Refresh mode is Normal Refresh mode before the MRW and FGR mode after the MRW

Figure 64 — Refresh Mode Change Command Timing

The following conditions must be satisfied before the Refresh mode can be changed. Otherwise, data retention of DDR5 SDRAM
cannot be guaranteed.

1. In the Normal Refresh mode, the REFab command must complete and tRFC1 must be satisfied before issuing the MRW command
to change the Refresh Mode.

2. If performing REFab commands in the Fine Granularity Refresh mode, it is recommended that an even number of REFab
commands are issued to the DDR5 SDRAM since the last change of the Refresh mode with an MRW command before the
Refresh mode is changed again by another MRW command. If this condition is met, no additional Refresh commands are required
upon the Refresh mode change. If this condition is not met, one extra REFab command is required to be issued to the DDR5
SDRAM upon Refresh mode change. This extra Refresh command is not counted toward the computation of the average refresh
interval (tREFI). See Figure 65.

3. If performing REFsb commands in the Fine Granularity Refresh mode, it is recommended that all banks have received an even
number of REFsb command since the last change of the Refresh mode with an MRW command before the Refresh mode is
changed again by another MRW command, since a REFab command will reset the internal bank counter. If this condition is met,
no additional refresh commands are required upon the Refresh mode change. If this condition is not met, one extra REFab
command is required to be issued to the DDR5 SDRAM upon Refresh mode change. This extra Refresh commands is not counted
toward the computation of the average refresh interval (tREFI). See Figure 66 for 16Gb and higher density DRAM with 4 banks in
a bank group example.
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Figure 65 — Refresh Mode Change from FGR 2x to Normal 1x Command Timing
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4.13.3 Same Bank Refresh

Same Bank Refresh command (REFsb) allows the DDR5 DRAM to apply the refresh process to a specific bank in each bank group
unlike the All Bank Refresh command (REFab) which applies the refresh process to all banks in every bank group. The determination
whether a Same Bank Refresh or an All Bank Refresh is executed by the DRAM depends on whether REFsb or REFab command is
issued, as shown in the command truth table. The REFsb command is only allowed in FGR mode (MR4[OP4]=1).

Each Same Bank Refresh command (REFsb) increments an internal bank counter and once the bank counter equals the number of
available banks in a bank group, it will reset and start over on the next subsequent REFsb. Each time the internal bank counter resets
and starts over on the next subsequent REFsb, the global refresh counter will also increment. A REFsb command can be issued to
any bank and in any bank order. However, every bank must have one REFsb command issued to it before any bank may be issued a
subsequent REFsb command; thus, a subsequent REFsb command issued to the same bank prior to every bank receiving a REFsb
command is illegal. The first REFsb command issued is the “Synchronization” REFsb command and the “Synchronization” count
resets the internal bank counter to zero when either (a) every bank has received one REFsb command, (b) RESET is applied, (c)
entering/exiting self refresh mode, or (d) REFab is issued. The DRAM'’s global refresh counter increments when either a REFab is
issued or when all banks have received their one REFsb command and the “Synchronization” count reset to zero. If a REFab com-
mand is issued when the bank counter is not zero, i.e. in the middle of same-bank refreshing, the SDRAM’s global refresh counter will
not increment until the completion of REFab, effectively losing the credits for any REFsb commands issued prior to the REFab. See
the 16Gb and Higher Density DRAM Bank and Refresh counter increment behavior table for details.

Table 59 — 16Gb and Higher Density DRAM Bank and Refresh counter increment behavior

Refresh Bank Internal Bank | Global Refresh Counter#
Count # Command BAO BA1 # Counter # (Row Address #)
0 RESET, REFab or SRE/SRX command To 0 )
and FGR mode on (MR4[OP4]=1)
1 REFsb 0 0 0 0to1
2 REFsb 0 1 1 1to 2
n

3 REFsb 1 0 2 2to3
4 REFsb 1 1 3 3to0
5 REFsb 1 0 2 Oto1
6 REFsb 0 0 0 1to 2

n+1
7 REFsb 1 1 3 2to3
8 REFsb 0 1 1 3to0
9 REFsb 0 0 0 Oto1
10 REFsb 0 1 1 1to 2 n+2
11 REFab |4 |4 0-3 ToO0
12 REFsb 1 1 3 Oto1
13 REFsb 0 1 1 1to 2

n+3
14 REFsb 0 0 2to3
15 REFsb 1 0 3to0
16 REFab "4 "4 0-3 ToO n+4
17 REFab v v 0-3 To 0 n+5
18 REFab 14 14 0-3 To 0 n+6
19 REFsb 1 1 3 Oto1

n+7
20 REFab |4 |4 0-3 ToO0
21 REFsb 1 0 2 Oto1
22 REFsb 0 1 1 1to 2

n+8
23 REFsb 0 0 0 2to3
24 REFsb 1 1 3 3to0

The REFsb command must not be issued to the device until the following conditions are met:
-tRFC1 or tRFC2 has been satisfied after the prior 1x or 2x REFab command(s), respectively
-tRFCsb has been satisfied after the prior REFsb command

-tRP has been satisfied after the prior PRECHARGE command to that bank

-tRRD_L has been satisfied after the prior ACTIVATE command (e.g. tRRD_L has to be met from ACTIVATE of a different bank in the
same bank group to the REFsb targeted at the same bank group)
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Additional restrictions for issuing the REFsb command:
-tFAW has not been met (each REFsb counts as an ACTIVATE command for the four activate window timing restriction)

Once a REFsb is issued, the target banks (one in each Bank Group) are inaccessible during the same-bank refresh cycle time

(tRFCsb); however, the other banks in each bank group are accessible and can be addressed during this same-bank refresh cycle.

When the same-bank refresh cycle has completed, the banks refreshed via the REFsb will be in idle state.

After issuing REFsb command, the following conditions must be met:

-tRFCsb must be satisfied before issuing a REFab command

-tRFCsb must be satisfied before issuing an ACTIVATE command to the same bank
-tREFSBRD must be satisfied before issuing an ACTIVATE command to a different bank.

Table 60 — Refresh command scheduling separation requirements

Symbol Min Delay From To NOTE
tRFC1 REFab REFab 1
ACTIVATE command to any bank
REFab
tRFC2 REFab ACTIVATE command to any bank 2
REFsb
REFab
tRFCsb REFsb ACTIVATE command to same bank as REFsb 2
REFsb
tREFSBRD REFsb ACTIVATE command to different bank from REFsb
tRRD_L ACTIVATE REFsb to different bank from ACTIVATE
NOTES:

1 - MR4(OP[4]) set to Normal Refresh mode.
2 - MR4(OP[4]) set to FGR mode. REFsb command is valid only in FGR mode.

Where n is the number of banks in a bank group, a single REFab command can be replaced with n REFsb commands for the pur-

pose of scheduling postponed refresh commands.
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4.13.4 tREFI and tRFC parameters

The maximum average refresh interval (tREFI) requirement for the DDR5 SDRAM depends on the refresh mode setting (Normal or
FGR), and the device’s case temperature (Tcase). When the refresh mode is set to Normal Refresh mode, REFab commands are
issued (tRFC1), and Tcase<=85°C, the maximum average refresh interval (tREFI1) is tREFI. When the refresh mode is set to FGR
mode, REFab commands are issued (tRFC2) and Tcase<=85°C, the maximum average refresh interval (tREFI2) is tREFI/2. This
same tREFI/2 interval value is also appropriate if the refresh mode is set to Normal Refresh mode and REFab commands are issued
(tRFC1) but 85°C<Tcase<=95°C. Finally, if the refresh mode is set to FGR mode, REFab commands are issued (tRFC2), and
85°C<Tcase<=95°C, the maximum average refresh interval (tREFI2) is tREFI/4.

The DDR5 SDRAM includes an optional method for the host to indicate when Refresh commands are being issued at the 2x (tREFI2)
refresh interval rate. The 2x Refresh Interval Rate indicator (MR4:0P[3]) alerts the DRAM if the host supports the refresh interval rate
indication as part of the REF command using CAS8. If enabled (MR4:0P[3]=1), the host will issue 1x REF commands with CA8=H
(Tcase<=85°C), and the host will issue 2x REF commands with CA8=L (Tcase any allowable temperature). MR4:0OP[3] is a Status
Read/Write “SR/W” MR bit which shows DDR5 SDRAM support of this optional feature. Reading MR4:0P[3] will return a “1” if the 2x
Refresh Interval Rate indicator is supported. A “0” will be returned if not supported.

tREFI is based on the 8,192 refresh commands that need to be issued within the baseline tREF=32ms refresh period on the DDR5
SDRAM.

4.13.5 tREFI and tRFC parameters for 3DS devices

Typical platforms are designed with the assumption that no more than one physical rank is refreshed at the same time. In order to
limit the maximum refresh current (Ippsg1) for a 3D stacked SDRAM, it will be required to stagger the refresh commands to each
logical rank in a stack.

The tRFC time for a single logical rank is defined as tRFC_slr and is specified as the same value as for a monolithic DDR5 SDRAM

of equivalent density. The minimum amount of stagger between refresh commands sent to different logical ranks (tRFC_dIr) or
physical ranks (tRFC_dpr) is specified to be approximately tRFC_slr/3 - Table 63.

Table 61 — tREFI parameters for REFab and REFsb Commands (including 3DS)

Command Refresh Mode Symbol & Range Expression Value Unit | Notes
0°C <= TCASE <= 85°C tREFI 3.9 us 1,2
REFab Normal tREFI1
85°C < TCASE <=95°C tREF1/2 1.95 us 1,2
0°C <= TCASE <= 85°C tREFI/2 1.95 us 1,2
REFab Fine Granularity tREFI2
85°C < TCASE <=95°C tREFI/4 0.975 us 1,2
i . 0°C <= TCASE <=85°C | tREFI/(2*n) 1.95/n us 1,2,3
REFsb Fine Granularity tREFIsb
85°C < TCASE <=95°C | tREFI/(4*n) 0.975/n us 1,2,3
Note(s):

1 - All 3D Stacked (3DS) devices follow the same requirements as the monolith die regardless of logical rank.
2 - 3DS specification covers up to 16Gb density. Future densities such as 24Gb or 32Gb could require different tREFI requirements.
3 - nis the number of banks in a bank group (eg. 8G: n=2; 16G: n=4).

Table 62 — tRFC parameters by device density

Refresh Operation Symbol 8Gb 16Gb 24Gb 32Gb Units | Notes
Normal Refresh (REFab) tRFC1(min) 195 295 TBD TBD ns
Fine Granularity Refresh (REFab) tRFC2(min) 130 160 TBD TBD ns
Same Bank Refresh (REFsb) tRFCsb(min) 115 130 TBD TBD ns

Table 63 — 3DS tRFC parameters by logical rank density

Refresh Operation Symbol 8Gb 16Gb 24Gb 32Gb Units | Notes
g‘;’:’aar:]':‘i;:ii’;"’:::k tRFC1_slr(min) tRFC1(min) ns 1
F'"‘;gg::::;‘gg'?:;ﬁﬁ:’ "t {RFC2_sir(min) tRFC2(min) ns 1
S:g\; sBaar::: E Zfi::easll':.::‘ilt(h tRFCsb_slr(min) tRFCsb(min) ns 1
3D:°Ji';'f:'r;‘etf|'§;’::;‘f:2nk tRFC1_dIr(min) tRFC1(min)/3 ns
3DsNgirff":’:'e§te;r:;:i;"’;|t:‘ank tRFC1_dpr(min) tRFC1min/3 ns 2
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3DS different physical rank

Fine Granularity Refresh with tRFC2_dpr(min)

Refresh Operation Symbol 8Gb 16Gb 24Gb 32Gb Units | Notes
Fine Granularity Refresh with . .
3DS different logical rank tRFC2_dIr(min) tRFC2(min)/3 ns
tRFC2min/3 ns 2

3DS different logical rank

Same Bank Refresh with tRFCsb_dir(min)

tRFCsb(min)/3

ns

Note(s):

1 - All 3D Stacked (3DS) devices follow the same requirements as the monolith die for same logical ranks
2. Parameter applies to dual-physical-rank (36 and 40 placement) 3DS-based DIMMs built with JEDEC PMICXXXX, but may not
apply to DIMMs built with higher current capacity PMICs.

Table 64 — Same Bank Refresh parameters

Refresh Mode Symbol 8Gb 16Gb 24Gb 32Gb Units
Same Bank Refresh to ACT delay | tREFSBRD(min) 30 30 TBD TBD ns
Table 65 — Same Bank Refresh parameters for 3DS 2H, 4H
Refresh Mode Symbol 8Gb 16Gb 24Gb 32Gb Units
Same Bank Refresh to ACT delay SLR| tREFSBRD_sIr(min) 30 30 TBD TBD ns
Same Bank Refresh to ACT delay DLR| tREFSBRD_dIr(min) 15 15 TBD TBD ns
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4.13.6 Refresh Operation Scheduling Flexibility

In general, a Refresh command needs to be issued to the DDR5 SDRAM regularly every tREFI interval. To allow for improved
efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh interval is provided.

In Normal Refresh mode, a maximum of 4 REFab commands can be postponed, meaning that at no point in time more than a total of
4 Refresh commands are allowed to be postponed. In case that 4 REFab commands are postponed in a row, the resulting maximum
interval between the surrounding REFab commands is limited to 5 x tREFI1 (see Figure 67). At any given time, a maximum of 5
REFab commands can be issued within 1 x tREFI1 window. Self-refresh mode may be entered with a maximum of 4 REFab
commands being postponed. After exiting Self-Refresh mode with one or more REFab commands postponed, additional REFab
commands may be postponed to the extent that the total number of postponed REFab commands (before and after the Self-Refresh)
will never exceed 4. During Self-Refresh Mode, the number of postponed REFab commands does not change.

In FGR Mode, the maximum REFab commands that may be postponed is 8, with the resulting maximum interval between the
surrounding REFab commands limited to 9 x tREFI2 (see Figure 68). At any given time, a maximum of 9 REFab commands can be
issued within 1 x tREFI2 window. The same maximum count of 8 applies to postponed REFab commands around self-refresh entry
and exit.

tREFI1
—| |-

trRFC1
‘ ‘

-

4 REFab Commands postponed

A
A

== [ {1
I

Figure 67 — Postponing Refresh Commands (Example of Normal Refresh Mode - tREF1, tRFC1)
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HH ‘H >t
trRrc2
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I
I

Figure 68 — Postponing Refresh Commands (Example of Fine Granularity Refresh Mode - tRFC2)
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4.13.7 Self Refresh entry and exit

DDR5 SDRAM can enter Self Refresh mode anytime in Normal Refresh and FGR 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:

1. There are no special restrictions for the Normal Refresh mode.

2. If performing REFab commands in FGR mode, it is recommended that there should be an even number of REFab commands
before entry into Self Refresh since the last Self Refresh exit or MRW command that set the FGR mode. If this condition is met, no
additional refresh commands are required upon Self Refresh exit. If this condition is not met, one extra REFab command is
required to be issued to the DDR5 SDRAM upon Self Refresh exit. These extra Refresh commands are not counted toward the
computation of the average refresh interval (tREFI2). See Figure 69.

3. If performing REFsb commands, it is recommended that all banks have received a REFsb command prior to entering Self Refresh,
since entering and exiting Self Refresh will reset the internal bank counter. If this condition is met, no additional refresh commands
are required upon Self Refresh exit, and REFsb commands again can be issued to any bank in any bank order. If this condition is
not met, one extra REFab command or an extra REFsb command to each bank is required to be issued to the DDR5 SDRAM
upon Self Refresh exit. These extra Refresh commands are not counted toward the computation of the average refresh interval
(16Gb and higher density DRAM with 4 banks per bank group example: tREFI2 - see Figure 70).
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Figure 69 — FGR 2x to SREF Command Timing
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4.14 Temperature Sensor

DDRS5 devices feature a temperature sensor whose status can be read. This sensor can be used to deter-
mine an appropriate refresh rate (MR4). Either the temperature sensor readout or the device TOPER may
be used by the system to determine whether the refresh rate and operating temperature requirements are
being met.

DDRS5 devices shall monitor device temperature and update MR4 according to tTSI. Upon completion of
device initialization, the device temperature status bits shall be no older than tTSI. MR4 will be updated
even when device is in Self Refresh state.

When using the temperature sensor, the actual device case temperature may be higher than the TOPER
specification that applies for the standard or elevated temperature ranges. For example, TCASE may be
above 85°C when MR4:0P[2:0]=010g. DDRS5 devices shall allow for 2°C temperature margin between the
point at which the device updates the MR4 value and the point at which the controller reconfigures the sys-
tem accordingly.

The four thresholds of the temperature sensor will be nominally 80°C, 85°C, 90°C and 95°C. The 2nd
threshold (nominally 85°C) is used by the system to switch to 2x refresh. The 4th threshold (nominally
95°C) is used by the system to throttle activity to keep the DRAM at a safe operating temperature. The 1st
threshold (nominally 80°C) allows the system to take actions which delay reaching the 2nd threshold. The
3rd threshold (nominally 90°C) allows the system to take actions which delay reaching the 4th threshold.

To ensure proper operation using the temperature sensor, applications should consider the following fac-
tors:

» TempGradient is the maximum temperature gradient experienced by the memory device at the tempera-
ture of interest over a range of 2°C, measured in the range of interest 80-100°C.

* Readlnterval is the time period between MR4 reads from the system.

» TempSensorinterval (tTSI) is the maximum delay between internal updates of MR4.

» SysRespDelay is the maximum time between a read of MR4 and the response by the system.

In order to determine the required frequency of polling MR4, the system shall use the maximum TempGra-
dient and the maximum response time of the system using the following equation:

TempGradient x (Readinterval + tTSI + SysRespDelay) < TempMargin

Table 66 — Temperature Sensor Parameters

Parameter Symbol LI Value Unit Notes
Max
System Temperature Gradient TempGradient Max System Dependent °Cls
MR4 Read Interval ReadInterval Max System Dependent ms
Temperature Sensor Interval tTSI Max 32 ms
System Response Delay SysRespDelay Max System Dependent ms
Device Temperature Margin TempMargin Max 2 °C 1
Temp Sensor Accuracy, TempSen- . o
2nd threshold trip point sorAcc2 Min 78 c 12
Temp Sensor Accuracy, TempSen- . o
4th threshold trip point sorAccd Min 88 c 12
Relative Trip Point, 2nd threshold RelativeTrip2m1 | Min/Max Min 3/ Max 7 °C 13
minus 1st threshold
Relative Trip Point, 3rd threshold RelativeTrip3m2 | Min/Max Min 3 / Max 7 °C 1,4
minus 2nd threshold
Relative Trip Point, 4th threshold RelativeTrip4m3 | Min/Max Min 3 / Max 7 °C 1,4
minus 3rd threshold
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Note(s):

1. Verified by design and characterization, and may not be subject to production test.

2. Only the minimum (negative side) is specified for the second and fourth thresholds. The DRAM vendor is responsible for
guaranteeing correct operation of 1x refresh for MR4 <= 010b, and correct operation of 2x refresh for MR4 <= 100b. This puts a
vendor-specific constraint on the Temperature Sensor Accuracy on the positive side.

3. The 1st threshold is defined relative to the 2nd threshold.

4. The 3rd threshold is defined relative to the 2nd and 4th thresholds.

For example, if TempGradient is 10°C/s and the SysRespDelay is 100 ms:
(10°C/s) x (ReadInterval + 32ms + 100ms) < 2°C
In this case, ReadInterval shall be no greater than 68 ms.

Temp
rF 3
. < (t1g + ReadInterval + SysRespDelay) N
Device e
Temp [ — [ — — — — — — — - - - - - - - - - - ;/-_/
Margin %
/.Trff
G\'a_d/i_ej}i//
2°C ’-/-j_el{jg—"‘ih
—
/ﬂrﬁ;
MR4w | _ | — _ | _ _ _ | _ _ _ _] I R I B
Trip Level |— %
by
MR4 = 0x02 MR4 = 0x83 MR4 = 0x83 MR4=0x83 | MR4=0x83 |MR4 =0x03| » Time
Y A L
Temperature
Sensor
Update
SysRespDel
ReadIinterval YSRESPUeaY >
Host < >
MR4 Read MRR MR4 = 0x02 MRR MR4 = 0x83

Figure 71 — Temp Sensor Timing Diagram
Note: MR4 encodings in the above figure are examples only and assume that MR4:0P[4]=0

4.14.1 Temperature Sensor usage for 3D Stacked (3DS) Devices
In the case of 3D Stacked devices, the Refresh Rate (MR4) is related to the hottest die in the stack only.
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4.14.2 Temperature Encoding

The DDR5 DRAM provides temperature related information to the controller via an encoding on

MR4:0P[2:0]. The encodings define the proper refresh rate expected by the DRAM to maintain data integ-
rity.
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4.15 Multi-Purpose Command (MPC)

4.15.1 Introduction

DDR5-SDRAMs use the Multi-Purpose Command (MPC) to issue commands associated with interface initialization, training, and
periodic calibration. The MPC command is initiated with CS_n, and CA[4:0] asserted to the proper state at the rising edge of CK, as
defined by the Command Truth Table. The MPC command has eight operands (OPJ[7:0]) that are decoded to execute specific com-
mands in the SDRAM.

The MPC command uses an encoding that includes the command encoding and the opcode payload in a single clock cycle. This
enables the host to extend the setup and hold for the CA signals beyond the single cycle when the chip select asserts. In addition, the
MPC command will support multiple cycles of CS_n assertion. The multiple cycles of CS_n assertion ensures the DRAM will capture
the MPC command during at least one rising CK_t/CK_c edge.

Table 67 — MPC Command Definition

. i CA Pins
Function Abbreviics_n NOTES
ation CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | CA10] CA11 | CA12 | CA13
MPC MPC| L H H H H L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7 |5omip

Note - See Command Truth Table for details
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4.15.2 MPC Opcodes
The following table specifies the opcode assignments for the MPC operations:
Table 68 — MPC Command Definition for OP[7:0]

Function | Operand Data Notes
0000 0000g: Exit CS Training Mode
0000 0001g: Enter CS Training Mode
0000 0010g: DLL RESET
0000 0011g: Enter CA Training Mode
0000 0100g: ZQCal Latch
0000 0101g: ZQCal Start
0000 0110g: Stop DQS Interval Oscillator
0000 0111p: Start DQS Interval Oscillator
0000 1000g: Set 2N Command Timing
0000 1001g: Set 1N Command Timing
0000 1010g: Exit PDA Enumerate Programming Mode
0000 1011g: Enter PDA Enumerate Programming Mode
0000 1100g: Manual ECS Operation

'”i“a;iiz“"” 0000 11015: RFU Sz
Training OPL7:0] | ...thru 8: 910
Modes 0001 1110g: RFU 11
0001 1111g: Apply VrefCA, VrefCS and RTT_CA/CS/CK
0010 Oxxxg: Group A RTT_CK = XXX (See MR32:0P[2:0] for encoding)
0010 1xxxg: Group B RTT_CK = XXX (See MR32:0P[2:0] for encoding)
0011 Oxxxg: Group A RTT_CS = XXX (See MR32:0P[5:3] for encoding)
0011 1xxxg: Group B RTT_CS = xxX (See MR32:0P[5:3] for encoding)
0100 Oxxxg: Group A RTT_CA = XXX (See MR33:0P[2:0] for encoding)
0100 1xxxg: Group B RTT_CA = XXX (See MR33:0P[2:0] for encoding)
0101 Oxxxg: Set DQS _RTT_PARK = XXX (See MR33:0P[5:3] for encoding)
0101 1xxxg: Set RTT_PARK = XXX (See MR34:0P[2:0] for encoding)
0110 xxxxg: PDA Enumerate ID = XXXX (See encoding table below)
0111 xxxxg: PDA Select ID = XXXX (See encoding table below)
1000 xxxxg: Configure tDLLKACCD_L = XXXX (See MR13:0P[3:0] for encoding)
All Others: Reserved
Notes:

1. See command truth table for more information.

. Refer to the CS Training Mode section for more information regarding CS Training Mode Entry and Exit.
. Refer to the CA Training Mode section for more information regarding CA Training Mode Entry.
. Refer to the ZQ Calibration section for more information regarding ZQCal Start and ZQCal Latch.

a b~ wN

2]

. Refer to the DQS Interval Oscillator section for more information regarding Start DQS Interval Oscillator and Stop DQS Interval

Oscillator

. Refer to the Per DRAM Addressability section for more information regarding Enter PDA Mode and Exit PDA Mode.
. Refer to the CA_ODT Strap Operation section for more information regarding Group A and Group B configurations for

RTT_CA, RTT_CS, and RTT_CK.

. “Apply VrefCA, VrefCS and RTT_CA/CS/CK” applies the settings previously sent with the VrefCA or VrefCS command and

“MPC Set RTT_CA/CS/CK”. Until this “MPC Apply VrefCA, VrefCS and RTT_CA/CS/CK” command is sent, the values arein a
shadow register. Any MRR to the VrefCA, VrefCS and RTT_CA/CS/CK settings should return only the applied value. The
shadow register shall retain the previously set value, so that any time the “MPC Apply VrefCA, VrefCS and RTT_CA/CS/CK”
command is sent, there is no change in the applied value unless a new VrefCA , VrefCS or RTT_CA/CS/CK value was sent to
the shadow register since the previous “MPC Apply VrefCA, VrefCS and RTT_CA/CS/CK” command.

. The PDA Enumerate ID and PDA Select ID opcodes include a 4-bit value, designated by xxxxB in the table. This is the value
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that is programmed into the MR for these fields. The PDA Enumerate ID can only be changed while in PDA Enumerate
Programming Mode.

10. For any MPC command that is associated with a Mode Register, the only way to program that Mode Register is via the MPC
command. Those Mode Registers will be read only and will not support MRW.

11. MPC command “tDLLKACCD_L" sets the settings to the MR13 shadow registers and applies the settings to MR13 when the

DRAM encounters MPC command “DLL RESET” or SRE with CA9="L".

Table 69 — PDA Enumerate and Select ID encoding

MPC Function | OP[7:4] OP[3:0] Notes

0000g: ID 0
00015: ID 1
0010g: ID 2
0011: 1D 3
0100g: ID 4
01015:ID 5
0110g: ID 6

PDA Enumerate 0110 0111g:ID 7
ID 1000g: ID 8

10015: 1D 9

1010g: ID 10

1011: ID 11

1100g: ID 12

1101: ID 13

1110g: ID 14

1111g: ID 15 - default

0000g: ID 0
0001g: ID 1
0010g: ID 2
0011g: 1D 3
0100g: ID 4
01015:1D 5
0110g:ID 6
0111g:ID 7
1000g: ID 8
1001g: 1D 9
1010g: ID 10
1011g: 1D 11
1100g: ID 12
1101g: ID 13
1110g: ID 14

1111g: ID 15 - This selects all devices regardiess of their enumerate ID.

PDA Select ID 0111
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4.15.3 MPC Command Timings

As shown in the following figure, the MPC CMD timings can be extended to any number of cycles. The CS_n can also be asserted
many consecutive cycles, limited by tMCP_CS. All timings will be relative to the final rising CK_t/CK_c within the CS_n assertion win-
dow. The min delay from when the MPC command is captured to the next valid command is specified as tMPC_Delay. Prior to CS
Training, the CA will be driven with additional setup and hold beyond the CS_n assertion. For the DRAM to latch the MPC command
in cases where the alignment between CS_n, CA, and CK may be unknown, the CA inputs must reach the proper command state
and provide at least three cycles prior to CS_n transitioning from high to low, CS_n must remain low for tMPC_CS, and CA must
remain in the proper command state for and provide at least three cycles after CS_n transitions from low to high. This additional setup
and hold is only needed when MR2:0P[2] is set to 0 (Multi-cycle MPC mode).
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Figure 72 — MPC Command Timing to 1-Cycle Command

The DDR5 DRAM will support a MR setting to indicate when a multi-cycle CS_n assertion may be used for the MPC, VrefCA and
VrefCS commands.
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Figure 73 — MPC Command Timing to 2-Cycle Command

Table 70 — MPC, VrefCA and VrefCS CS Assertion Duration
MR Address Operating Mode Description

0g: Only Multiple cycles of CS assertion supported for
MPC, VrefCA and VrefCS commands
1g: Only a single cycle of CS assertion supported for
MPC, VrefCA and VrefCS commands

MR2:0P[4] CS Assertion Duration

Default value for the CS Assertion Duration is 0, which allows for multi-cycle CS assertions during training. The DRAM shall support
going in and out of this mode many times during the DRAM initialization and training sequence.
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Table 71 — AC parameters for MPC Command
Symbol Description Min Max Unit Note

tMPC_Delay MPC to any other valid command delay tMRD - nCK

Min time between stable MPC command and first
tMC_MPC_Setup falling CS edge (SETUP) 3 - nCK 2

Min time between first rising CS edge and stable
MPC command (HOLD)

tMPC_CS Time CS_n is held low to register MPC command 3.5 8 nCK 1

tMC_MPC_Hold 3 - nCK 2

1 - The minimum tMPC_CS constraint only applies when the CS Assertion Duration setting is 0. The CS Assertion Duration MR
setting must be set to enable single cycle MPC commands. The earliest time to set the CS Assertion Duration MR is after CA training
is complete, when MRW commands can be sent to the DRAM.

2 - This applies only to Multi-Cycle MPC commands when MR2:0P[4]=0g

Table 72 — MPC Truth Table

Current State MPC Command Next State
CSTM (Enter/Exit)
DLL RESET
CATM (Enter)
ZQCAL (Latch/Start)
DQS Interval Oscillator (Start/Stop)
Set 1N/2N Command
PDA Enumerate Programming (Enter/Exit)
All Banks Idle All Banks Idle
Manual ECS Operation
Apply VrefCA, VrefCS and RTT_CA/CS/CK
Configure Group A/B RTT_CA/CS/CK
Set DQS_RTT_PARK
Set RTT_PARK
PDA Enumerate/Select ID
Configure tDLLK/tCCD_L
ZQCAL (Latch/Start)

DQS Interval Oscillator (Start/Stop)
Active Set 1N/2N Command Active
Configure Group A/B RTT_CA/CS/CK

Configure tDLLK/tCCD_L
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4.16 Per DRAM Addressability (PDA)

DDRS5 allows programmability of a given device on arank. As an example, this feature can be used to program different ODT or Vref
values on DRAM devices on a given rank. The Per DRAM Addressability (PDA) applies to MRW, MPC, and VrefCA commands.
Some per DRAM settings will be required prior to any training of the CA and CS timings and the DQ write timings. The MPC and
VrefCA command timings with extended setup/hold and multi-cycle CS assertion may be used for PDA commands if the CA and CS
timings have not yet been trained.

DDRS5 introduces a CA interface-only method for Per DRAM Addressability, by having a unique PDA Enumerate ID in each DRAM,
and the ability to Group A PDA Select ID in all DRAMs. The unique PDA Enumerate ID requires the use of the DQ signals and a PDA
Enumerate Programming Mode in the DRAM to program. Once the PDA Enumerate ID has been programmed, subsequent
commands must not use the DQ signals (Legacy PDA mode) to designate which DRAM is selected for the command. The PDA
Enumerate ID is a 4-bit field, and the PDA Select ID is also a 4-bit field. When the PDA Select ID is the same as the PDA Enumerate
ID or when the PDA Select ID is set to the “All DRAM” code of 1111g, the DRAM will apply the MPC, MRW, or VrefCA command.
There are a few MPC commands that do not use the PDA Select ID to determine if the command will be applied. Among these MPC
commands that do not use the PDA Select ID are the MPC opcodes to set the PDA Enumerate ID and the opcode to set the PDA
Select ID. During RESET procedure, the receive FIFO must be initialized with all ones in order to ensure that the PDA enumerate
flow does not program an enumerate ID when the strobes are not toggling. The table summarizing which MPC commands are
dependent on the PDA Select ID values is included below:

Table 73 — Commands that support or don’t support PDA Select ID Usage

Uses PDA Select ID to
Command Opcode determine when to NOTE
execute command
MRW All Yes
VrefCA All Yes
VrefCS All Yes
MPC (Group A and B) RTT_CA Yes
MPC (Group A and B) RTT_CS Yes
MPC (Group A and B) RTT_CK Yes
MPC Set RTT_PARK Yes
MPC Set DQS_RTT_PARK Yes
MPC Apply VrefCA and RTT_CA/CS/CK No
MPC Enter PDA Enumerate Programming No
Mode
MPC Exit PDA Enumerate Programming Mode No
MPC PDA Enumerate ID No 1
MPC PDA Select ID No
MPC All other MPC opcodes No

Note 1: The PDA Enumerate ID is the only command that utilizes the PDA Enumerate ID Programming mode.
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The following mode register fields are associated with Per DRAM Addressable operation:

Table 74 — PDA Mode Register Fields

MR Address

Operating Mode

Description

MR1:0P[3:0]

PDA Enumerate ID[3:0]

This is a Read Only MR field, which is only pro-
grammed through an MPC command with the PDA
Enumerate ID opcode.

xxxxg Encoding is set with MPC command with the
PDA Enumerate ID opcode. This can only be set when
PDA Enumerate Programming Mode is enabled and
the associated DRAM’s DQO is asserted LOW. The
PDA Enumerate ID opcode includes 4 bits for this
encoding.

Default setting is 1111

MR1:0P[7:4]

PDA Select ID[3:0]

This is a Read Only MR field, which is only pro-
grammed through an MPC command with the PDA
Select ID opcode.

xxxxg Encoding is set with MPC command with the

PDA Select ID opcode. The PDA Select ID opcode
includes 4 bits for this encoding.

11115 = all DRAMs execute MRW, MPC, and VrefCA
commands

For all other encodings, DRAMs execute MRW, MPC,
and VrefCA commands only if PDA Select ID[3:0] =
PDA Enumerate ID[3:0], with some exceptions for
specific MPC commands that execute regardless of
PDA Select ID.

Default setting is 1111g

4.16.1 PDA Enumerate ID Programming

1. PDA Enumerate Programming Mode is enabled by sending one or more MPC command cycles with OP[7:0]=0000 1011B. Data
Mask and PDA Enumerate are not supported for use at the same time. Either data mask shall be disabled or DM_n driven high,
while PDA Enumerate Programming Mode is enabled.

2. In the PDA Enumerate Programming Mode, only the MPC command with PDA Enumerate ID opcode is qualified with DQO for x4/
x8 and DQLO for x16. The DRAM captures DQO for x4/x8 and DQLO for x16 by using DQS_c and DQS _t for x4/x8 DQSL_c and

DQSL_t for x16 signals as shown in Figure 74, when DQ is driven low after the SET PDA Enumerate ID command, and DQS

starts toggling after tPDA_DQS_DELAYmin, and stops toggling prior to tPDA_DQS_DELAYmax, and DQ is held until after DQS
stops toggling. An alternate method is shown in Figure 75 where DQ is driven low and DQS toggles continuously starting prior to
the SET PDA Enumerate ID command, and remains toggling until tPDA_DQS_Delay(max) is satisfied, and the Exit PDA

Enumerate Programming Mode command has finished. If the value on DQO for x4/x8 or DQLO for x16 is 0 then the DRAM
executes the MPC command to set the PDA Enumerate ID. The controller may choose to drive all the DQ bits. Only the MPC

command with PDA Enumerate ID opcodes will be supported in PDA Enumerate Programming Mode, and the MPC command to
exit PDA Enumerate Programming Mode does not require a DQ qualification.

3. For the “don’t enumerate” case where the SDRAM ignores the PDA Enumerate ID MPC command in the PDA Enumerate
Programming Mode, the DQS_t/DQS_c and DQ signals (DQSL_t/DQSL_c and DQL/DQU for x16) may be high (driven or due to
RTT_PARK termination) prior to sending the MPC command to enter PDA Enumerate Programming Mode. After entering PDA
Enumerate Programming Mode, the DQS and DQ signals must remain high (driven or due to RTT_PARK termination) until exiting
PDA Enumerate Programming Mode. Holding the signals high will ensure that this DRAM is never set to a PDA Enumerate ID
other than the default setting of OxFH (15). Timing diagram example shown in Figure 74.
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Table 75 — PDA Enumerate Results

DASE DAL ¢ for x16 DALo for x16 PDA Enumerate Result Notes
Toggling Low - “0” Enumerate
Toggling High - “1” Don’t Enumerate
High - “1” Low - “0” Unknown 1
High - “1” High - “1” Don’t Enumerate 2
Differentially Low Valid Don’t Enumerate 3

Note 1: DQS_t/DQS_c are differential signals and small amounts of noise could appear as “toggling”, resulting in “Unknown” PDA
Enumerate Results”.

Note 2: The expected usage case where the DQS signals are high is to have the DQs held high as well.

Note 3: “Differentially Low” is defined as DQS_t low and DQS_c high (DQSL_t low and DQSL_c high for x16)

4. A complete BL16 set of strobe edges (8 rising edges and 8 falling edges) must be sent by the host within the tPDA_DQS_DELAY
min/max range after the MPC command. The DQ value is captured during any strobe edge during the valid low duration of the
target DQ. Valid low time is defined as the time between tPDA_S and tPDA_H. If the DRAM captures a 0 on DQO (or DQLO for x16
devices) at any strobe edge in the strobe sequence, the PDA Enumerate ID command shall be executed by the DRAM. Since the
write timings for the DQ bus have not been trained, the host must ensure a minimum of 16 strobe edges occurs after a period of
tPDA_DQS_Delay(min) after the associated MPC command. The BC8 mode register setting in the DRAM is ignored while in PDA
Enumerate Programming mode. The DQS assumes preamble/postamble requirements.

5. Prior to when the MPC command for PDA Enumerate Programming Mode entry is sent by the host, the host must drive DQS_t and
DQS_c differentially low, other than when the burst of 16 strobe edges is sent in association with the PDA Enumerate ID MPC
command. The host must send preamble and postamble DQS_t/DQS_c toggles during the qualification of the PDA command.
Once PDA Enumerate Programming Mode is enabled in the DRAM, the host memory controller shall wait tMPC_Delay to the time
the first PDA Enumerate ID MPC command is issued.

6. In the PDA Enumerate Programming Mode, only PDA Enumerate ID MPC commands and Exit PDA Enumerate Programming
Mode MPC command are allowed.

7. In the PDA Enumerate Programming Mode, the default (or previously programmed) RTT_PARK value will be applied to the DQ
signals.

8. The MPC PDA Enumerate ID command cycle time is defined as tPDA_DELAY. This time is longer than the normal MPC_Delay
and must be met in order to provide the DRAM time to latch the asserted DQ and complete the write operation to the PDA
Enumerate ID mode register (MR1:0P[3:0], prior to the next MPC PDA Enumerate ID command shown in Figure 74.

9. To remove the DRAM from PDA Enumerate Programming Mode, send an Exit PDA Enumerate Programming MPC command,
OPI[7:0]=0000 1010g. The Exit PDA Enumerate Programming Mode MPC command is never qualified by the DQ settings and is
applied to all DRAMs in the rank.

10. During the PDA Enumerate ID Programming mode, only one enumerate command is allowed to a device. Once the PDA
Enumerate ID is programmed, any change for the PDA Enumerate ID requires DRAM to enter into PDA Enumerate 1D
Programming mode.

As an example, the following sequence to program the PDA Enumerate ID per device is as follows:

1. Send MPC with ‘Enter PDA Enumerate Programming Mode’ opcode
2. For (i=0, i < MAX_DRAMS, i++)

a. Send PDA Enumerate ID with i in the opcode (4-bit value), with device i's DQ signals low
3. Send MPC with ‘Exit PDA Enumerate Programming Mode’ opcode

The following figure shows a timing diagram for setting the PDA Enumerate ID value for one device. In this case only one device is
programmed prior to exiting PDA Enumerate Programming Mode, but many devices may be programmed prior to exiting PDA Enu-
merate Programming Mode.
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Figure 74 — Timing Diagram showing PDA Enumerate Programming Mode Entry, Programming of
PDA Enumerate ID, and PDA Enumerate Programming Mode Exit

Note(s)

1 - The diagram above assumes preamble/postamble requirements for DQS.

2 - The 2nd MPC command at tA+1 is assuming a multi-cycle command and the timings are adjusted to visually show separation
between spacing timings such as tMPC_Delay (which start at the end of a command cycle and end at the beginning of the next) and
other timings such as tPDA_DELAY.
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Figure 75 — PDA Enumerate Programming Mode w/Continuous DQS Toggle Timing Diagram

197



SK’F

o {"fr 6 tﬁﬁ?ﬁﬂh ﬁft'“"t‘l,ﬁwﬁﬂﬁmﬁmﬁﬁ 2
oAzl { il fmm(mkﬁr"mﬂﬂw ﬂfﬂ{ﬁ’!ﬂfﬁiﬁﬂﬂﬁfﬂﬂﬁ i T fﬂﬂﬂ"?ﬂfﬂ AN, MWMR‘E
| RN | |
ouo (oo Yoe3peipeteal e Youtpespeapeibespedpepesprabeipespelpesprapelbeta vl o )
A %'?I TR 5§ ) l G ST mjl T
Thec_phuy kwcl_nen
ggng 0 i % 3 T e A T T D R R Y A T HARYEHA
DaQ ) b k) b e SFEE T b ST T
S 8 4 N A D 0 B D B D
s o e T o 1 o e e i o e e e B e o B B

Figure 76 — Timing Diagram showing “Don’t enumerate” case
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4.16.2 PDA Select ID Operation

Once the PDA Enumerate ID’s have been programmed in all the DRAMs, the execution of future MPC/MRW/VrefCA commands
depend on the value of the PDA Select ID and the type of MPC command. If the PDA Select ID is set to 1111g, all DRAMs will exe-
cute the command. For all MRW commands and VrefCA commands, and some of the MPC commands (RTT_CA/CS/CK and
RTT_PARK opcodes), the PDA Select ID will be compared to the PDA Enumerate ID to determine if the DRAM will execute the com-
mands. For all other MPC commands (i.e. not the RTT_CA/CS/CK and RTT_PARK opcodes), the DRAM will execute the command
regardless of the PDA Select ID value.

As an example, the following sequence could be used to program unique MR fields per device:

1. Send MPC with ‘PDA Select ID’ opcode, with encoding 0000 included in the opcode

. Send MRW's for field settings specific to Device 0000. this can be any number of MRW’s

. Send MPC with ‘PDA Select ID’ opcode, with encoding 0001 included in the opcode

. Send MRW's for field settings specific to Device 0001. this can be any number of MRW’s

. Repeat for any number of devices

. Send MPC with ‘PDA Select ID’ opcode, with encoding 1111 included in the opcode to enable all DRAMs
to execute all MRW, VrefCA, and MPC commands.

o WN

The following timing diagram shows an example sequencing of the programming of the PDA Select ID and MPC, VrefCA, or MRW
commands.
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*NOTE 2

tMPC_Delay
For any MRW CMD

Figure 77 — Timing Diagram showing multi-cycle MPC command sequencing with PDA Enumerate
& PDA Select ID

Note(s):

1. Commands used such as VREFCA or MRW have different command spacing requirements. Please refer to those specific sections

in the document for details.

2. ANY Multi-cycle MPC or VREFCA command spacing is measured from the last valid command cycle to the first following valid

command cycle, while standard command spacing goes from last valid command cycle to last valid command cycle. See MRW
command period diagrams for details.

The following table summarizes the electrical parameters associated with PDA Enumerate Programming Mode:

Table 76 — PDA Parametric Timings

DDR5-3200 to 4800 DDR5-5200 to 6400
Parameter Symbol Units | NOTE
Min Max Min Max
PDA Enumerate ID tPDA_DQS_Dela
Command to any other tPDA_DELAY y_max+BL/ - TBD - ns
command cycle time 2+19ns
Delay to rising strobe
edge used for. tPDA_DQS_DELA 5 18 TBD TBD ns 1
sampling DQ during Y
PDA operation
DQ Setup Time .durlng tPDA S 3 ) TBD } nCK
PDA operation -
DQ Hold Time (_:iurlng tPDA H 3 ) TBD } nCK
PDA operation -

Note 1: The range of tPDA_DQS_DELAY specifies the full range of when the minimum of 16 strobe edges can be sent by the host
controller.
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417 Read Training Pattern

4.17.1 Introduction

Training of the Memory Interface requires the ability to read a known pattern from the DRAM, prior to enabling writes into the DRAM.
Due to the increased frequencies supported by DDR5, a simple repeating pattern will not be sufficient for read training. A Linear-
Feedback Shift Register (LFSR) for a pattern generator will also be required. The read training pattern is accessed when the host
issues an MRR command to the MR31 address, and CRC must be disabled prior to issue this command. In this case, the returned
data will be a pattern instead of the contents of a mode register. The timing of the read data return is the same as for an MRR or Read
command, including the operation of the strobes (DQSL_t, DQSL_c, DQSU_t, DQSU_c). The DRAM shall also support non-target
ODT.

An alternate continuous burst mode is available and is configured with MRW to MR25:0P[3]=1. Once this mode is configured, any
subsequent MRR (it does not need to be an explicit MRR to MR31) to that DRAM will start the pattern output and will automatically
continue to output the appropriate pattern until it is stopped by either a system reset or issuing an MRW MR25:0P[3]=0 command
that reverts it to the “MRR command based (Default)” mode as shown in Figure 81. Once the MR25:0P[3]=0 “MRR command based
(Default)” is registered by the DRAM, it will stop all pattern traffic by tCont_Exit. Since there is no min time for tCont_Exit, the DRAM
may stop the pattern prior to tCont_Exit, potentially truncating any current burst pattern. To ensure that the DRAM'’s state-machine
doesn’t get into some meta-stability while turning off the output pattern, the host must issue a second MR25:0P[3]=0 “MRR
command based (Default)” after waiting tMRR, which will then start tCont_Exit_delay. After tCont_Exit_delay has expired, any other
valid command is then legal. All Read Training Patterns (modes) are supported in continuous burst mode. The host shall disable
Read CRC, if enabled, prior to using continuous burst mode.

Prior to utilizing either read training pattern mode (Continuous Burst Output mode or MRR Command Based mode), the initial seed
value will need to be programmed in MR26-MR30 else the power on default values will be used.

The default value for the Read Pattern DataO/LFSRO (MR26) register setting is: 0x5A and the default value for the Read Pattern
Data1/LFSR1 (MR27) register setting is: 0x3C. The Read Pattern Invert (MR28, MR29) register settings default to 0. The Read
LFSR Assignments (MR30) register setting default is OxFE.

The DRAM will not store the current LFSR state when exiting the Continuous Burst Output Mode and may clear the pattern values
stored in MR26-MR30, therefore any subsequent pattern reads will require the host to reprogram the seed, pattern, inversion and
LFSR assignments in MR26-MR30.

The Read Training Pattern has 2 primary supported modes of operation. One of the modes is referred to as the serial format. The
second mode is LFSR mode. The LFSR mode is required due to the higher frequency bus operation for DDRS5. There is a secondary
mode associated with the LFSR mode, which enables the generation of a simple high frequency clock pattern instead of the LFSR
pattern. The Read Training Pattern is a full BL16 pattern for each MRR command issued to the Read Training Pattern address.

Only BL16 Mode is supported by the Read Training Pattern and it should not be disturbed by an ACT command until the completion

of training.

Table 77 — Read Training Pattern Address
MR Address Operating Mode Description

This MR address is reserved. There are no specific
register fields associated with this address. In
MR31 Read Training Pattern response to the MRR to this address the DRAM will
send the BL16 read training pattern. All 8 bits associ-
ated with this MR address are reserved.

The following table shows the MR field and encodings for the Read Training Pattern format settings.

Table 78 — Read Training Mode Settings

MR Address Operating Mode Description
MR25 OP[0 Read Training Pattern Format | B oora!
[0] ead Training Pattern Forma 1g: LFSR
MR25 OP[1 LFSRO Pattern Opti Os: LFSR
[ attern Dption 1g: Clock
MR25 OP[2 LFSR1 Pattern Opti Oa: LFSR
2] attern Gption 1g: Clock
MR25 OP[3 Conti Burst Mod 0g: MRR command based (Default)
[3] ontinuous Burst Wode 1g: Continuous Burst Output
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The default value for the Read Training Pattern Format register setting is: 0x0.

For Serial Read Training Pattern Format mode, the following Mode Registers are programmed with the data pattern. There are two 8-
bit registers to provide a 16 Ul pattern length and two 8-bit registers to provide up to x16 data width for per-DQ-lane inversion.

The LFSR mode requires an 8-bit Mode Register to program the seed for the 8-bit LFSR. The details of the LFSR polynomial and
outputs are explained in the following section. The Read Pattern DataO/LFSR0 and Read Pattern Data1/LFSR1 registers are re-
purposed to program the LFSR seed when the Read Training Pattern Format is set to LFSR.

Table 79 — Read Pattern Data0 / LFSRO

MR Address MRW OP OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MR26 ul 7 6 5 4 3 2 1 0

The default value for the Read Pattern DataO/LFSRO register setting is: Ox5A.

Table 80 — Read Pattern Data1 / LFSR1

MR Address MRW OP OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MR27 ul 15 14 13 12 1 10 9 8

The default value for the Read Pattern Data1/LFSR1 register setting is: 0x3C.

The values for the Read Pattern DataO/LFSRO and Read Pattern Data1/LFSR1 registers may be restored to the default values
under the following conditions:

* Self Refresh
* Power-down entry

* Exiting Continuous Burst Output Mode

If any of the above conditions occur, the Host will need to reprogram the contents of MR26 and MR27, prior to utilizing either read
training pattern mode (Continuous Burst Output mode or MRR Command Based mode).

In both cases, when the Read Training Pattern Format is set to Serial mode or LFSR mode, the Read Pattern Invert - Lower DQ
Bits and Read Pattern Invert - Upper DQ Bits settings will additionally invert the pattern, per DQ bit. The Read Pattern Invert -
Lower DQ Bits register will apply to x4, x8, and x16 devices. The Read Pattern Invert - Upper DQ Bits register only applies to x16
devices, for the upper byte.

Table 81 — Read Pattern Invert - Lower DQ Bits

MR Address MRW OP OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MR28 DQ Invert DQL7 DQL6 DQL5 DQL4 DQL3 DQL2 DQL1 DQLO

The default value for the Read Pattern Invert - Lower DQ Bits register setting is: 0x00.

Table 82 — Read Pattern Invert - Upper DQ Bits

MR Address MRW OP OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MR29 DQ Invert DQU7 | DQU6 | DQU5 | DQU4 | DQU3 | DQU2 | DQU1 | DQUO

The default value for the Read Pattern Invert - Upper DQ Bits register setting is: 0x00.

The values for both Read Pattern Invert - Lower and Upper DQ Bit registers may be restored to the default values under the
following conditions:

¢ Self Refresh
* Power-down entry
¢ Exiting Continuous Burst Output Mode

If any of the above conditions occur, the Host will need to reprogram the contents of MR28 and MR29 if non-default values are
desired, prior to utilizing either read training pattern mode (Continuous Burst Output mode or MRR Command Based mode).

A value of 0 in any bit location of the Read Pattern Invert - Lower DQ Bits or Read Pattern Invert - Upper DQ Bits registers will
leave the pattern un-inverted for the associated DQ. A value of 1 in any bit location of the Read Pattern Invert - Lower DQ Bits or
Read Pattern Invert - Upper DQ Bits registers will invert the pattern for the associated DQ.
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4.17.2 LFSR Pattern Generation

The LFSR is an 8-bit Galois LFSR. The polynomial for the Galois LFSR is x8+x8+x5+x%+1. The figure below shows the logic to imple-
ment the LFSR. The numbered locations within the shift register show the mapping of the seed/state positions within the register.
There are two instances of the same LFSR polynomial. These two instances will have unique seeds/states and supply patterns to any
of the DQ outputs.

—-| -
7l 6 5 4 3 20 1 o |output

Figure 78 — Read Training Pattern LFSR

The seed location in the figure clarifies the mapping for the Read Pattern Data0/LFRS0 and Read Pattern Data1/LFSR1 mode reg-
isters relative to the LFSR logic. The LFSR output is directed to any number of the DQ outputs, depending on the LFSR assignment
programming. These assignments between LFSRO and LFSR1 to each DQ output will create a unique pattern sequence for better
coverage of DQ to DQ crosstalk interactions. The LFSR assignments are programmed according to the following table:

Table 83 — Read LFSR Assignments

MR Address MRW OP Ass';;f:em MR Setting
0P DALODQUY | o R D erm Datat/LFSR1
o1 DALIDQUT | o R e ern Datat/LFSR1
op2 DaL2IDQUz | g R e Datat/LFSR1
. op3 DALIIDQUS | o R P ern Datat/LFSR1
opa DaLADQUA | {3 R orm Data/LFSR1
ops DALSIDAUS | 0 R D erm Data/LFSR1
oP6 DALEIDAUS | o R P erm Datat/LFSR1
op? DALTIDQUT | o R P etern Datat/LFSR1

The default value for the Read LFSR Assignments register setting is: OxFE.

The values for the Read LFSR Assignments register may be restored to the default values under the following conditions:
¢ Self Refresh
* Power-down entry

¢ Exiting Continuous Burst Output Mode

If any of the above conditions occur, the Host will need to reprogram the contents of MR30 if non-default values are desired, prior to
utilizing either read training pattern mode (Continuous Burst Output mode or MRR Command Based mode).

The LFSR output will change at the Ul frequency, producing a new output value on every Ul. The LFSR will only change state to sup-
port the read data after the MRR to the specific (MR31) Read Training Pattern address. When there are no MRR accesses to the
(MR31) Read Training Pattern address, the LFSR will retain its previous state (from the end of the previous Read Training Pattern
MRR access completion). Therefore, the full state space of the LFSR may be traversed through a series of 16 MRR commands, each
of which accesses 16 Ul's of LFSR output. The BL for the LFSR data will always be BL16. The state of the LFSR can also be
changed by sending a new MRW command to reset the LFSRO and LFSR1 seed mode registers (MR26 and MR27) or through the
reset conditions listed for those registers. A setting of 0x00 in either of the LFSR seed registers (MR26 and MR27) will not produce a
pattern with any transitions to 1. When set to this value the LFSR will produce a constant O pattern.
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When the LFSRO0 Pattern Option MR25:0P[1] is set to 1, the pattern that is supplied by the DRAM is a high frequency clock pattern,
instead of the LFSR. This clock pattern is sent only to the DQ signals that have a setting of 0 in the corresponding DQ Opcode loca-
tion in the Read LFSR Assignments register. The first Ul of the pattern will have a value of 0. The second Ul will have a value of 1,
and this will continue to toggle for each subsequent Ul.

When the LFSR1 Pattern Option MR25:0P[2] is set to 1, the pattern that is supplied by the DRAM is a high frequency clock pattern,
instead of the LFSR. This clock pattern is sent only to the DQ signals that have a setting of 1 in the corresponding DQ Opcode loca-
tion in the Read LFSR Assignments register. The first Ul of the pattern will have a value of 0. The second Ul will have a value of 1,
and this will continue to toggle for each subsequent Ul.

The state of the LFSR will not change when an MRR to MR31 occurs if the associated LFSR Pattern Option is set to 1 in MR25[1]
for LFSRO or MR25[2] for LFSR1, designating the clock pattern. The state of both LFSRO and LFSR1 will also not change when an

MRR to MR31 occurs if the serial mode is selected by setting MR25[0] = 0. The Read LFSR Assignments settings have no impact
on whether or not the LFSR state progresses with each MRR to MR31. Only the Read Training Pattern Format and LFSR Pattern
Option settings determine whether the LFSR is actively computing next states.
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4.17.3 Read Training Pattern Examples

The following table shows the bit sequence of the Read Training Pattern, for the following programming:

Read Training Pattern Format = 0 (Serial)
LFSRO Pattern Option = 0 (These are don’t cares when in Serial Read Training Pattern Format)
LFSR1 Pattern Option = 0 (These are don’t cares when in Serial Read Training Pattern Format)
Read Pattern DataO/LFSRO = 0x1C
Read Pattern Data1/LFSR1 = 0x59

Read Pattern Invert - Lower DQ Bits = 0x55
Read Pattern Invert - Upper DQ Bits = 0x55

Table 84 — Serial Bit Sequence Example

i Bit Sequence

Pin Invert

15 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
DQLo 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQL1 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQL2 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQL3 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQL4 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQL5 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQL6 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQL7 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQUO 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQU1 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQU2 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQU3 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQU4 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQU5 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
DQU6 1 (Yes) 1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 1
DQU7 0 (No) 0 1 0 1 1 0 0 1 0 0 0 1 1 1 0 0
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The following table shows the bit sequence of the Read Training Pattern, for the following programming:
Read Training Pattern Format = 1 (LFSR)

LFSRO Pattern Option =0

LFSR1 Pattern Option =0

Read Pattern DataO/LFSRO = 0x5A
Read Pattern Data1/LFSR1 = 0x3C
Read LFSR Assignments = OxFE

Read Pattern Invert - Lower DQ Bits = 0x00
Read Pattern Invert - Upper DQ Bits = OxFF

Table 85 — LFSR Bit Sequence Example

Bit Sequence

Pin Invert LFSR

15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
DQLO 0 (No) 0 0 0 1 1 0 0 0 0 0 0 1 1 1 0 1 0
DQL1 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQL2 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQL3 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQL4 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQL5 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQL6 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQL7 0 (No) 1 0 1 1 1 1 0 1 1 0 1 1 1 1 1 0 0
DQUO 1 (Yes) 0 1 1 0 0 1 1 1 1 1 1 0 0 0 1 0 1
DQuU1 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
DQuU2 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
DQu3 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
DQuU4 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
DQU5 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
DQU6 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
DQU7 1 (Yes) 1 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1
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The following table shows the bit sequence of the Read Training Pattern, for the following programming:
Read Training Pattern Format = 1 (LFSR)

LFSRO Pattern Option =0

LFSR1 Pattern Option = 1 (Clock Pattern Option)

Read Pattern DataO/LFSRO = 0x00 (When the LFSR seed is set to 0, this produces a constant 0 pattern)

Read Pattern Data1/LFSR1 = 0x3C (This value is a don’t care when LFSR1 Pattern Option = 1)
Read LFSR Assignments = 0x04

Read Pattern Invert - Lower DQ Bits = 0xFB
Read Pattern Invert - Upper DQ Bits = OxFB

Table 86 — LFSR Bit Sequence Example

. Bit Sequence

Pin Invert LFSR

15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
DQLO 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQL1 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQL2 0 (No) 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
DQL3 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQL4 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQL5 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQL6 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQL7 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQUO | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQU1 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQU2 0 (No) 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
DQU3 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQU4 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQU5 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQU6 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DQU7 | 1 (Yes) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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4.17.4 Read Training Pattern Timing Diagrams

The timing of the data return and strobe sequence should match that of a Read operation. The timing of the Read Training Pattern will
be similar to the MRR operation, with the exception that the MRR to the address that invokes the Read Training Pattern will be a full
BL16 pattern. The timing between MRR commands to access the Read Training Pattern is defined as tMRR_p, which supports back
to back data patterns. This is faster than a normal MRR to MRR condition which is defined as tMRR.

The following timing diagram shows the general timing sequence for an MRR that accesses the Read Training Pattern:
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Note - The Read Training Pattern shall align to the DDR5 preamble timings.
Figure 79 — Timing Diagram for Read Training Pattern

The Read Training Pattern must also support back to back traffic, for any number of MRR commands sequenced every 8 tCK. The
following timing diagram shows a back to back pattern example:
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Note - The Read Training Pattern shall align to the DDR5 preamble timings.
Figure 80 — Timing Diagram for Back to Back Read Training Patterns
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Note - The Read Training Pattern shall align to the DDR5 preamble timings and will exit after the MRW (Continuous Exit encoding)
has been received but before tCont_EXxit has expired. During tCont_Exit, the data output may not follow the read pattern data.
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Figure 81 — Timing Diagram for Continuous Burst Mode Read Training Patterns

Table 87 — Timing parameters for Read Training Patterns

mode

Parameter Symbol Min Max Units Notes
Registration of MRW Continuous .
Burst Mode Exit to next valid tCont_Exit_Delay - tCont_Exit+ ns
tMRW
command delay
Registration of MRW Continuous
Burst Mode Exit to end of trainin tCont_Exit - RL+BL/ ns
9 = 2+10nCK
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418 Read Preamble Training Mode

4.18.1 Introduction

Read preamble training supports read leveling of the host receiver timings. This mode supports MRR transactions that access the
Read Training Pattern, and cannot be used during any other data transactions. Just like Read Training Pattern, Read Preamble
Training needs to be entered with CRC disabled. Read preamble training changes the read strobe behavior such that the strobes are
always driven by the DRAM, and only toggle during a 1tCK preamble plus the actual burst of the read data. There is no toggle during
postamble time. This mode enables the host to detect the timing of when the first data and associated strobe is returned after a read
command.

4.18.2 Entry and Exit for Preamble Training Mode

The DRAM enters Read Preamble Training Mode by setting MR2:0P[0] = 1. Read Preamble Training Mode is exited by setting
MR2:0P[0] = 0. Read Preamble Training should not be disturbed by an ACT command until the completion of the training.

Table 88 — MR2 Register Information - for Reference only - See Mode Register Section for details

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OPI[0]
Cs Max Power
Internal . . . Write Read
Write RFU Device 15 | Assertion Saving 2N Mode Leveling Preamble
L MPSM Duration Mode . L
Timing (MPC) (MPSM) Training Training
. Register
Function 9 Operand Data Notes
Type
Read 0g: Normal Mode (Default)
- R/IW OPI0 B
Preamble Training [l 1g5: Read Preamble Training

4.18.3 Preamble Training Mode Operation

Once the DRAM is placed in Read Preamble Training Mode, the only data transactions supported are MRR commands. All non-data
commands, such as MRW, are still supported in this mode. Once READ Preamble Training is enabled, the device will drive DQS _t
LOW and DQS_c HIGH within tSDOn and remain at these levels until an MRR command is issued.

During read preamble training, a 1 tCK preamble will be used instead of the programmed DQS preamble setting. Once the MRR
command is issued, the device will drive DQS_t/DQS_c after CL-tRPRE (where tRPRE=1CK), like a normal READ burst with the
Read DQS Offset setting programmed in MR40 applied. In response to the MRR to the designated Read Training Pattern Address,
the device must also drive the DQ pattern as per the Read Pattern configuration while in this mode. The MRR commands may be
sequenced to enable back to back bursts on the DQ bus.

Read preamble training mode is exited within tSDOff after setting MR2:OP[Q].

The following figure shows the timing for the strobe driven differential low after Read Preamble Training Mode is enabled, and also
shows the strobe timings including a 1tCK Preamble, after an MRR command to access the Read Training Pattern:
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Figure 82 — Timing Diagram for Read Preamble Training Mode Entry, Read Training Pattern
Access and Read Preamble Training Mode Exit

Table 89 — Timing parameters for Preamble Training Mode

Parameter Symbol Min Max

Delay from MRW Command

to DQS Driven tSDOn - Max(12nCK, 20ns)

Delay from MRW Command

to DQS Disabled tSDoff - Max(12nCK, 20ns)
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4.19 CA Training Mode (CATM)

4.19.1 Introduction

The CA Training Mode is a method to facilitate the loopback of a logical combination of the sampled CA[13:0] signals. In this mode,
the CK is running, and the CS_n qualifies when the CK samples the CA signals. A loopback equation that includes all the CA signals
results in an output value that is sent asynchronously on the DQ signals back to the host memory controller. The host timings
between CS_n, CK, and CA[13:0] signals can then be optimized for proper alignment. When the DRAM is in this mode, no functional
commands are executed in the DRAM. The functional command interface is restored only after exiting this mode, which requires a
CS_n assertion of two or more consecutive tCK. Prior to entering the CA Training Mode, the CS_n signal must be aligned to the CK
to meet the CS_n to CK timing specifications. This assumes that CS Training has been completed to determine the correct CS_n
timings on the host.

4.19.2 Entry and Exit for CA Training Mode

The CA Training Mode is enabled through an MPC command, with the opcode designated for CA Training Mode Entry. Once this
MPC command has executed no other commands will be interpreted by the DRAM. Only the sampling of the CA signals, evaluation
of the XOR result, and loop back to the DQ’s will occur. While in CA Training Mode, the CS_n signal will only assert for a single tCK
at a time. The maximum sampling rate on the CA signals will be every 4tCK.

The CA Training Mode is disabled by asserting CS_n for 2 or more cycles in a row, while sending a NOP command on the CA bus.

4.19.3 CA Training Mode (CATM) Operation

In CA Training Mode, the CA values are sampled in the same way as for functional operation, where the CS_n qualifies which cycle
the sampling occurs, and the sample is captured by the rising CK edge. Unlike functional operation, there is no concept of multiple
cycle commands in CA Training Mode. Sampling of the CA signals ONLY occurs when CS_n is asserted. Once the CA signals are
sampled, the values are XOR'd to produce an output value. This output value is driven on all the DQ pins, as a pseudo-static value.
These output values will be held until the next sample is captured on the CA bus, according to the CS_n assertion.

During CA Training Mode the CA ODT is enabled as for functional operation. The VrefCA is Group According to the functional setting.
The timing requirements for the CA bus, CK_t, CK_c, and CS_n are the same as for functional operation.

The delay from when the CA signals are sampled during the CS_n assertion and when the output of the XOR computation is driven
on the DQ pins is specified as tcatm vaiig» @ shown in the following figure. CS_n shall be asserted every 4tCK or with greater than
4tCK separation between assertions, and thus the CA XOR output shall transition every 4tCK or greater. The following figure
demonstrates an example where two CS_n assertions occur with a separation of 4tCK. The DRAM will exit CA Training Mode when
the CS_n is asserted for 2 or more consecutive cycles but limited to 8 cycles.
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Flgure 83 — Tlmlng Dlagram for CA Training Mode
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Table 90 — AC parameters for CA Training Mode

Symbol

Description

Min

Max

Unit

Note

tCATM_Entry

Registration of CATM entry
command to start of training
samples time

20

ns

tCATM_Exit

Registration of CATM exit
CS_n assertion to end of
training mode. This is when
DQ is no longer driven by the
DRAM

14

ns

tCATM_Exit_Delay

Registration of CATM exit to
next valid command delay

20

ns

tCATM_Valid

Time from sample evaluation
to output on DQ bus

20

ns

tCATM_DQ_Window

Time output is available on
DQ Bus

nCK

|—=

{CATM_CS_Exit

CS_n assertion duration to
exit CATM

nCK

Note(s):

1. This timing parameter is applied to each DQ independently, not all-DQs valid window perspective.

4.19.3.1 CA Loopback Equations

The CATM Output is computed based on the CS_n assertion and the values of the CA inputs. The following table clarifies the output
computation.

Table 91 — CA Training Mode Output

CS_n CATM Output
0 XOR(CA[13:0])"
1 Hold previous value

1. The XOR function occurs after mirroring/inversion recovery, and only includes signals supported on the DRAM, i.e. may not
include CA[13], depending on density (including stacking). If CA[13] is not needed for the DRAM's density, the logical value shall be
considered 0 for the XOR computation, though as indicated in the pin description table for MIR, the ball location associated with
CA13's logical input (which switches with CA12) shall be connected to VDDQ.

4.19.3.2 Output equations

The following table shows which signals will transmit the output of the CA Training Mode loopback equation. These values are driven
asynchronously as pseudo-static values, updating with a new output at a time tcatm_vaiq after each CS_n assertion.

Table 92 — Output Equations per Interface Width

Output X16 X8 X4
DQO CATM Output CATM Output CATM Output
DQ1 CATM Output CATM Output CATM Output
DQ2 CATM Output CATM Output CATM Output
DQ3 CATM Output CATM Output CATM Output
DQ4 CATM Output CATM Output
DQ5 CATM Output CATM Output
DQ6 CATM Output CATM Output
DQ7 CATM Output CATM Output
DML

TDQS_c

DQSL_t

DQSL_c
DQ8 CATM Output
DQ9 CATM Output
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DQ10 CATM Output
DQ11 CATM Output
DQ12 CATM Output
DQ13 CATM Output
DQ14 CATM Output
DQ15 CATM Output
DMU

DQSU_t

DQSU_c
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4.20 CS Training Mode (CSTM)

4.20.1 Introduction

The CS Training Mode is a method to facilitate the loopback of a sampled sequence of the CS_n signal. In this mode, the CK is
running, and the CA signals are held in a NOP command encoding state. Once this mode is enabled and the DRAM devices are
selected to actively sample and drive feedback, The DRAM will sample the CS_n signal on the rising edge of CK. Every set of four
CK rising edge samples will be included in a logical computation to determine the CSTM Output result that is sent back to the host on
the DQ bus. Once sampling begins, the DRAM must maintain the consecutive grouping of the samples every 4 tCK. When the CS_n
Sample[0] and Sample[2] results in a logic 0 and the CS_n Sample[1] and Sample[3] results in a logic 1, the DRAM will drive a 0 on
all the DQ signals. There is no requirement to drive any strobes, and the output signal could transition as often as every 4 tCK.

4.20.2 Entry and Exit for CS Training Mode

The CS Training Mode is enabled when the host sends an MPC command with the opcode for CS Training Mode Entry. Since CS
Training must occur prior to establishing alignment between CK and CS_n signals, the MPC command extends beyond multiple tCK
cycles, during which the CS_n signal is asserted. When the DRAM is in this mode, commands are still actively processed. The only
commands that should be sent by the host memory controller while CS Training Mode is enabled are the NOP command and the
MPC to exit CS Training Mode. Any other command may produce unreliable results. Once the DRAM has CS Training Mode enabled,
the DRAM begins sampling on every rising CK edge, with the 4-sample groups looping consecutively. Depending on the value of the
samples, the DQ signals are driven high or low. Prior to entering CS Training Mode, the DQ signals are not driven by the DRAM and
are terminated according to the default RTT_PARK setting. After CS Training Mode is enabled, the DQ signal will begin driving the
output values based on the CS Training Mode samples. Once the DQ signals are driven by the DRAM, RTT_PARK termination will no
longer be applied, similar to a READ operation.

To exit CS Training Mode, an MPC command must be sent to disable CS Training Mode. Since the timing relationship between CS_n
and CK is understood when exiting CS Training Mode, the host can either send a multi-cycle CS_n assertion during the MPC
command or a single tCK assertion.

4.20.3 CS Training Mode (CSTM) Operation

In CS Training Mode, the CS_n values are sampled on all CK rising edges. Each group of 4 consecutive samples is evaluated in
pairs, and then the two pairs are combined with a logical OR prior to sending to the DQ output. The samples evaluation to determine
the output is as follows:

Table 93 — Sample Evaluation for Intermediate Output[0]

Output[0] CS_n Sample[0] CS_n Sample[1]
1 0 0
0 0 1
1 1 0
1 1 1

Table 94 — Sample Evaluation for Intermediate Output[1]

Output[1] CS_n Sample[2] CS_n Sample[3]
1 0 0
0 0 1
1 1 0
1 1 1

Table 95 — Sample Evaluation for final CSTM Output

CSTM Output* Output[0] Output[1]
0 0 0
1 0 1
1 1 0
1 1 1

*When there is no change on the CSTM Output from previous evaluation, DQ shall continue
to drive same value continuously with no switching on the bus.

During CS Training Mode the CA ODT is enabled as for functional operation. The VrefCA is Group According to the functional setting
( )-
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The delay from when the CS_n signals are sampled during the fourth CK rising edge (Sample[3]) to when the output of the sample
evaluation is driven to a stable value on the DQ pins is specified as tCSTM_Valid, as shown in the following figure. The details of the
tCSTM_entry, tCSTM_exit, and tCSTM_DQ_Window are also illustrated.

DES MPC \\
CSTM_Exit_Delay

CMD P @@)

CK t o tan ta tan Mo tor thez tous tor thes thws tor te terr to 7trc+3 o tos ta tan te }}eﬂ ter2 ters tora
§ : : i I ; ; ; ;
CA[13:0] — u@m%:csnmmEw. X//’//f///////m’ llllllll'l@’ll/m — mm:\\mmmm
T i I I T
DE:

CSn S / D) RUVERNFERANIERY S e
i i } tCSTNI_Min_to_MPC_exit
| |
882:2 [, iir‘r‘r’r’r’r’/’,jﬂbw TS NI mr///]w]]ﬂ//.' """"" //mqqm/uul‘mm/// T //,’////ﬂm{/h/////////,I//%W///////, I ]
tCSTM_entry P hambio (1" Chanbio )™ ”‘e\céaupzr-fa P anpie p‘e‘X)SamTP\e(va:a; e O Sampe () prevs ——
Y tCSTM_Valid
CSTM_Valid

pQ I Y )_oureur o | oureuyor [ I

tCSTM_DQ_Window ' tCSTM_DQ_Win c\;‘ |

Figure 84 — Timing Diagram for CS Training Mode with Consecutive Output Samples =0

The following figure illustrates an example where the DQ Output switches from a logic 0 to a logic 1 value, demonstrating the mini-
mum tCSTM_DQ_Window:
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Figure 85 — Timing Diagram for CS Training Mode with Output Sample Toggle

Note 1 - See MPC Command for details on Setup, Hold and command register time.
Note 2 - The CA bus must meet setup and hold times on any clock where it is possible that CS_n might be sampled low while in CS
training mode.
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When host trains CS_n timing for DDR5 by using CSTM, CS_n sampling timing for each DRAM could be different from each other
because the variation of internal timing is different for each DRAM. Therefore, even though the CS setup/hold time is appropriate for
each DRAM, 4-tCK CS_n sampling window which may have different starting points could appear differently as shown in Figure 86.
Host should train CS_n timing based on asserting every edge of CS_n to cover multiple DRAMs without exiting CSTM.

Sample Point of DRAM1

Sample Point of DRAM2

i
Sample Point of DRAM3 Sanplef3) | tCSTM Valid

DQ of DRAMO UTPU[™1

DQ of DRAM1 Diﬂ T"0"

DQ of DRAM2 Ay gumeuTT

DQ of DRAM3 \D OUTPUT'0O"

Figure 86 — Timing Diagram for CS Training Mode with Multiple DRAMs Output Sample Toggle

Note 1 - See MPC Command for details on Setup, Hold and command register time.

Table 96 — AC parameters for CS Training Mode

Symbol Description Min Max Unit Note
{CSTM_Entry Registration of QSTM entry corpmand to start of 20 _ ns
training samples time
. . Min time between last CS_n pulse and first pulse
tCSTM_Min_to MPC_exit of MPC Command to exit CSTM 4 - nCK
{CSTM Exit Registration of CSTM exit command to end of ) 20 ns
- training mode
tCSTM_Valid Time from sample evaluation to output on DQ bus - 20 ns
tCSTM_DQ_Window Time output is available on DQ Bus 2 - nCK 1
{CSTM_Exit_Delay Registration of CATM exit to next valid command 20 ) ns
delay
Note(s):

1. This timing parameter is applied to each DQ independently, not all-DQs valid window perspective.
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4.20.3.1 Output signals

The following table shows which signals will transmit the output of the CS Training Mode loopback sample evaluation. These values

are driven asynchronously, but may switch as often as every 4tCK.

Table 97 — CS Sampled Output per Interface Width

Output X16 X8 X4
DQO CSTM Output CSTM Output CSTM Output
DQ1 CSTM Output CSTM Output CSTM Output
DQ2 CSTM Output CSTM Output CSTM Output
DQ3 CSTM Output CSTM Output CSTM Output
DQ4 CSTM Output CSTM Output
DQ5 CSTM Output CSTM Output
DQ6 CSTM Output CSTM Output
DQ7 CSTM Output CSTM Output
DML
TDQS_c
DQSL_t
DQSL_c
DQ8 CSTM Output
DQ9 CSTM Output
DQ10 CSTM Output
DQM CSTM Output
DQ12 CSTM Output
DQ13 CSTM Output
DQ14 CSTM Output
DQ15 CSTM Output
DMU
DQSU _t
DQSU_c

218




SK,F

4.21 Write Leveling Training Mode

4.21.1 Introduction

The DDR5 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 memory controller to set the timings of the WRITE DQS_t - DQS_c signaling
according to the Write Latency timing specification at the DRAM. Therefore, the DDR5 SDRAM supports a ‘write leveling’ feature to
allow the controller to compensate for channel skew. The DDR5 Write Leveling Training also allows for an unmatched path between
CK and DQS within the DRAM, and thus supports an internal Write Leveling Training flow to account for the difference in internal
delays. The DDR5 DRAM also provides a programmable timing in its write logic, controlled by the Write Leveling Internal Cycle
Alignment mode register, which provides a means for improved performance of the device’s receiver. The proper setting of this
register shall be determined by the memory controller, either as described in the sections below, or by some other means. This delay
setting is specific to each DRAM, its Write Preamble setting, and the operating frequency being used. Once the proper setting has
been determined for a given DRAM, Write preamble setting, and operating frequency, that setting may be subsequently restored to
the DRAM after reset, power-cycle, or return to a previously used operating frequency.

The memory controller can use the ‘write leveling’ feature and feedback from the DDR5 DRAM to adjust the DQS_t - DQS_c to align
to the phase and cycle that corresponds to the Write Latency delay after the WRITE command. The memory controller involved in the
leveling must have adjustable delay setting on DQS_t - DQS_c to align the rising edge of DQS_t - DQS_c with the timing at the
receiver that is the pin-level Write Latency (external Write Leveling Training) or the internal DRAM Write Latency (internal Write
Leveling Training) timing point. The internal DRAM Write Latency timing point may be skewed from the pin-level Write Latency timing
point. The host will minimize this skew (tDQSoffset) through the Write Leveling Training flow.

Since the system and DIMM delays vary, the DRAM will support the ability for the host to align the DQS_t-DQS_c timings with a pin-
level Write Latency CK_t-CK_c edge. This alignment is referred to as External Write Leveling. Once the DQS_t-DQS_c host timings
are aligned at the DRAM Write Latency timing, the internal DRAM timings are optimized for lowest power and internal delay. This is

accomplished when the host enables the Internal Write Timing setting. In order to compensate for the difference in delay, the host will
execute an internal Write Leveling Training sequence, which includes sweeping the Write Leveling Internal Cycle Alignment and then
finalizing the DQS_t-DQS_c phase and offset. During Write Leveling Training (both External and Internal), the DQS_t-DQS_c pattern
should include the full preamble and only the first toggle of the normal data burst sequence.

While in Write Leveling Training Mode (both External and Internal), the DRAM will sample the Internal Write Leveling Pulse with the
last rising DQS_t - DQS_c edge sent by the host and feed back the result of this sample on the DQ bus.

While in Write Leveling Mode (both External and Internal), the DRAM asynchronously feeds back the internal Write Leveling pulse,
sampled with the last rising edge of DQS_t - DQS_c (first rising edge after the preamble), through the DQ bus. Optionally, the DRAM
could sample the Internal Write Leveling Pulse on every rising edge, but the host will only use the final rising edge sample feedback
on the DQ bus. The internal Write Leveling pulse is generated in response to a WRITE command, and held statically low otherwise.
The controller repeatedly delays DQS_t - DQS_c, sends a WRITE command, and monitors the DQ feedback until a transition from 0
to 1 is detected.

During Internal Write Leveling Training flows, the host will apply an offset to the starting point or the final setting of the DQS_t -
DQS_c signals. The offsets are referred to as WL_ADJ_start and WL_ADJ_end. This will minimize the tDQSoffset variation across
different DRAM devices. The WL_ADJ_start and WL_ADJ_end values depend on the tWPRE setting.

When External and Internal Write Leveling Training flows are complete and the final WL_ADJ_end offset has been applied to the
DQS_t - DQS_c timings, the DQS_t - DQS_c is phase aligned and cycle aligned for write operations. During the training sequence
the DRAM in Write Leveling training mode will apply ODT to the strobes in the same way as for functional operation. All non-target
ranks (which will not be in Write Leveling Training Mode) will apply ODT as defined for functional operation. Prior to executing the
DDR5 Write Leveling Training Flow, the DRAM tWPRE value must be configured to the functional operation setting.

Note: DQS ODT is based on a DQS PARK Mode and is not enabled and disabled with DQ ODT timings.
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4.21.2 Write Leveling Mode Registers

The MR fields for Write Leveling Training, Internal Write Timing, and Write Leveling Internal Cycle Alignment are listed below. To
enter Write Leveling Training Mode, program MR2 OP[1]=1, to exit the mode program MR2 OP[1]=0. Write Leveling Internal cycle
alignment offers two nibbles to control the upper and lower bytes. The lower byte WL internal Cycle alignment is intended for x4, x8
and x16 configurations while the upper byte is only for x16 configurations. The Internal Write Timing, once enabled, shall remain
enabled through the Internal Write Leveling Training flow and for functional operation. The host is responsible for incrementing the
Write Leveling Internal Cycle Alignment setting until the Internal Write Leveling Pulse is pulled early enough to align with the DQS_t -
DQS_c signals that were previously aligned with the pin-level Write Latency timing. The Write Leveling Internal Cycle Alignment
setting only applies when the Internal Write Timing is Enabled.

MR2 Register - for Reference only - See Mode Register Section for details

OP[7] OP[6]

OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
CS Max Power
Internal . . h Write Read
Write RFU Device 15 | Assertion Saving 2N Mode Leveling Preamble
. MPSM Duration Mode - L
Timing (MPC) (MPSM) Training Training
MR3 Register - for Reference only - See Mode Register Section for details

OP[T7] ‘ OP[6] OP[5] ‘ OP[4] OP[3] ‘ OP[2] ‘ OP[1] OP[0]

Write Leveling
Internal Cycle

Alignment - Upper Byte

Write Leveling
Internal Cycle

Alignment - Lower Byte

220




SK’F

4.21.3 External Write Leveling Training Operation

When Write Leveling Mode is enabled and the Internal Write Timings is disabled, the DRAM will have an Internal Write Leveling pulse
that indicates how the DQS_t - DQS_c signals shall be aligned to match the pin-level Write Latency timings. The rising edge of the
Internal Write Leveling Pulse will align to the rising edge of the CK signal that coincides with Write Latency.

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

All data bits shall carry the leveling feedback to the controller across the DRAM configurations X4, X8, and X16. On a X16 device,
both byte lanes shall be leveled independently. Therefore, a separate feedback mechanism shall be available for each byte lane. The
upper data bits should provide the feedback of the upper diff_DQS(diff_UDQS) to internal Write Leveling pulse relationship whereas
the lower data bits would indicate the lower diff_ DQS(diff_LDQS) to internal Write Leveling pulse relationship.

The following diagram shows the timing sequence to enter Write Leveling Training Mode, operation during Write Leveling Training
Mode (with Internal Write Timings disabled), and the timing sequence to exit Write Leveling Training mode. An MRW command is
sent to enable Write Leveling Training Mode. Prior to sending the MRW command to enable Write Leveling Training Mode, the host
memory controller must drive the DQS_t - DQS_c signals differentially low. After tWLPEN time, the controller can send a WRITE
command, followed by strobe pulses. The DQS_t - DQS_c signals will always drive differentially low, except during the preamble
toggle or the first toggle of the write burst strobe sequence for the WRITE. There is no restriction as to how early the strobe pulses
are sent, so long as they are after the WRITE command. The DRAM asynchronously feeds back the internal Write Leveling pulse,
sampled with the last rising edge of DQS_t - DQS_c (first rising edge after the preamble), through the DQ bus within tWLO after the
sample. Optionally, the DRAM could sample the Internal Write Leveling Pulse on every rising edge, but the host will only use the final
rising edge sample feedback on the DQ bus.

While in Write Leveling Training mode, the host controller may send ACT and PRE commands. The DRAM will ignore these com-
mands. The address associated with the ACT and the WRITE commands may be any value. The following timing diagrams demon-
strate the timing requirements associated with Write Leveling Training Mode Entry, the Internal Write Leveling Pulse alignment during
External Write Leveling Training, and the DQ sample feedback timing.
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Figure 87 — Timing Diagram for Write Leveling Training Mode (External Training, 0 Sample)
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Figure 88 — Timing Diagram for Write Leveling Training Mode (External Training, 1 Sample)

The Memory controller initiates Write Leveling mode of all DRAMs in a rank by setting MR2:0P[1]=1. When entering write leveling
mode, the DQ pins are in undefined driving mode. Since the controller levels one rank at a time, all non-target ranks will set Write
Leveling Mode to disabled. The Controller may assert non-target ODT through the normal WRITE command protocol. The
RTT_PARK termination will also only apply to the DQS_t and DQS_c signals.

The Controller shall drive DQS_t low and DQS_c high prior to sending the MRW command to enable Write Leveling Training Mode.
The WRITE command must occur after a delay of tWLPEN relative to when the MRW enabled Write Leveling Training Mode.

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

4.21.4 Write Leveling Internal Cycle Alignment Operation

After the external Write Leveling Training step is completed, and the host DQS_t - DQS_c signals have been aligned to the pin-level
Write Latency timing, the host will apply a negative offset (WL_ADJ_start) to the DQS_t - DQS_c timing. The WL_ADJ_start offset is
dependent on the tWPRE setting. This will be a reference point for the internal Write Leveling Pulse to align to through the use of the
Internal Cycle Alignment setting. After the Internal Cycle Alignment setting has been adjusted to determine the sample of the high
part of the Internal Write Leveling Pulse, the host will do a fine sweep of the DQS_t - DQS_c timings to determine the location of the
rising edge of the Internal Write Leveling Pulse. Once this edge has been aligned, the host will then apply the final WL_ADJ_end set-
ting, which is also dependent on tWPRE. This will result in a tDQSoffset offset that is between TBD and +0.5tCK.

The following table summarizes the WL_ADJ_start and WL_ADJ_end values per tWPRE setting:

WL_ADJ term Description tWPRE =2tCK | tWPRE =3tCK | tWPRE =4 tCK'

Offset that the host applies to the DQS_t/
DQS_c timing just after external Write

WL_ADJ_start Leveling alignment to Write Latency and -0.751CK -125tCK "2251CK
prior the internal cycle alignment training.
Offset that the host applies to the DQS_t/
DQS_c timing after final phase alignment to

WL_ADJ_end the rising edge of the Write Leveling Internal 1.25 tCK 1.75 tCK 275 tCK

Pulse. This will center the Write Leveling
Internal Pulse rising edge within the
preamble window.

Note 1: For tWPRE = 4 tCK, CL is required to be = 30 during Write Leveling Training Mode operation. This is irrespective of the CL
setting for tWPRE = 4 tCK during normal operation.
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Figure89 shows an example of an internal Write Leveling training flow. Since internal write leveling is for DRAM internal CLK to DQS

alignment, it is recommended for host to train Lower byte only and apply same WICA and fine setting values to both lower and upper
bytes in x16 configuration.

Figure 89 — Write Leveling Training Flow
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Figure 90 — Timing Diagram for Write Leveling Training Mode (Internal Cycle Alignment, 0 Sample)

The following timing diagram demonstrates Write Leveling Training operation when Internal Write Timings are enabled and the
Internal Cycle Alignment is set such that the Internal Write Leveling Pulse has completed the coarse alignment to the host DQS_t -

DQS_c timing.
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Figure 91 — Timing Diagram for Write Leveling Training Mode (Internal Cycle Alignment, 1 Sample)
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4.21.5 Write Leveling Internal Phase Alignment and Final Host DQS Timing
Operation

Once the Internal Cycle Alignment has been set such that the Internal Write Leveling Pulse overlaps the DQS_t - DQS_c rising edge
that is associated with the first strobe edge for the WRITE burst (after the preamble), the host shall perform a final fine sweep of the
DQS_t - DQS_c timings to determine phase alignment to the rising edge of the internal Write Leveling Pulse. Once this is determined,
the host will then add a positive offset of WL_ADJ_end to the DQS_t - DQS_c timings. This will place the rising edge of the Internal
Write Leveling Pulse within the preamble. The placement within the preamble is centered within the first tWPRE - 0.5tCK of the pre-
amble. After the WL_ADJ_end offset has been applied, the host will disable Write Leveling Training Mode. The Internal Write Timing
will remain enabled and the Internal Cycle Alignment setting will retain the coarse setting that was trained. After every reset, the host
must either restore these settings or execute the full Write Leveling Training flow.

The following figure shows the timing relationships for the final placement of the host DQS_t - DQS_c timings relative to the Internal
Write Leveling Pulse. However, it is not necessary to execute this Write Leveling Training Mode Measurement to finalize the setting -
this is only for illustration.
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Figure 92 — Timing Diagram for final timings after Write Leveling Training is complete

The following table summarizes the timing parameter ranges associated with Write Leveling Training Mode:

Parameter Symbol Min Max Units NOTE

Write Leveling Pulse
Enable - Time from Write
Leveling Training
Enable MRW to when
Internal Write Leveling
Pulse logic level is valid

Write leveling output tWLO 0 9.5 ns

Write leveling output
error

tWLPEN 0 15 ns

tWLOE 0 2 ns

Final Trained value of
host DQS_t - DQS_c
timing relative to Write tDQSoffset TBD 0.5 tCK 1
Latency CK_t - CK_c
edge
Width of the Write
Leveling Internal Pulse

tWL_Pulse_Width 2 - tCK 2

Notes:
1. This result is dependent on using the specified WL_ADJ_start and WL_ADJ_end values as specified per tWPRE setting.

2. There is no Max limit for the tWL_Pulse_Width, but the Write Leveling Internal Pulse must begin at zero for each WRITE com-
mand.
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4.21.6 DRAM Termination During Write Leveling

When the DRAM is in Write Leveling Mode, the DQS_c/DQS_t termination (DQS_RTT_PARK) and the Command and Control termi-
nation (RTT_CA, RTT_CK, RTT_CS) will be the same as for functional operation. The DQ signals will not be terminated in the DRAM,

but instead will be driving values to the controller. The host controller will apply termination for the DQ signals.

ODT Enabled DQS_t/DQS_c Termination DQ Termination
RTT_WR DQS_RTT_PARK Off
RTT_PARK, RTT_WR disabled DQS_RTT_PARK Off

Note: Termination for TDQS/DM is not included since TDQS and DM are disabled during Write Leveling Training Mode.
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4.22 Connectivity Test (CT) Mode

4.22.1 Introduction

The DDR5 memory device supports a connectivity test (CT) mode, which is designed to greatly speed up testing of electrical
continuity of pin interconnection on the PC boards between the DDR5 memory devices and the memory controller on the SoC.
Designed to work seamlessly with any boundary scan devices, the CT mode is required for all DRAM devices independent of density
and interface width. This applies to x4, x8, and x16 interface widths. Contrary to other conventional shift register based test modes,
where test patterns are shifted in and out of the memory devices serially in each clock, DDR5’s CT mode allows test patterns to be
entered in parallel into the test input pins and the test results extracted in parallel from the test output pins of the DDR5 memory
device at the same time, significantly enhancing the speed of the connectivity check.

Prior to entering CT Mode, RESET _n is registered to High. The CT Mode is enabled by asserting the Test Enable (TEN) pin.

Once putin the CT mode by asserting the TEN pin, the DDR5 memory device effectively 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. A reset of the DDR5 memory device is required after exiting the CT mode.

4.22.2 Pin Mapping

Only digital pins can be tested via the CT mode. For the purpose of connectivity check, all pins that are used for the digital logic in the
DDR5 memory device are classified as one of the following types:

1. Test Enable (TEN) pin: when asserted high, this pin causes the DDR5 memory device to enter the CT mode. In this mode, the
normal memory function inside the DDR5 memory device is bypassed and the 10 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
memory operation.

2. Chip Select (CS_n) pin: when asserted low, this pin enables the test output pins in the DDR5 memory device. When de-asserted,
the output pins in the DDR5 memory device will be Hi-z. The CS_n pin in the DDR5 memory device serves as the CS_n pin when
in CT mode.

3. Test Input: a group of pins that are used during normal DDR5 DRAM operation are designated as test input pins. These pins are
used to enter the test pattern in CT mode. Most Test Input pins are input pins during normal operation. The ALERT_n pin is the
only output pin that will be used as a Test Input during CT mode. The CK_t and CK_c pins are single-ended Test Input pins during
CT Mode.

4. Test Output: a group of pins that are used during normal DDR5 DRAM operation are designated test output pins. These pins are
used for extraction of the connectivity test results in CT mode.

5. Reset: Fixed high level for RESET _n is required during CT mode, same as normal function.

Table 4.17.3 below shows the pin classification of the DDR5 memory device.

Table 98 — Pin Classification of DDR5 Memory Device in Connectivity Test(CT) Mode

Pin Type in CT Mode Pin Names during Normal Memory Operation

Test Enable TEN

Chip Select CS_n
A CA[13:0]

Test Inputs B CK_t,CK_c

C ALERT_n

Test Outputs DQL[7:0], DQU[7:0], DQSU_t, DQSU_c, DQSL_t, DQSL_c, DML_n, DMU_n, DM_n/TDQS_t,

TDQS_c
Reset RESET_n

NOTE: Test Outputs may contain the Upper and Lower label identification used with x16 devices. In the case of x4/x8 devices, the
lower (L) identification may be removed.
NOTE2. CAl and MIR input level do not affect to “Test Outputs” values.

Signal Description

Symbol Type Function
Connectivity Test Mode is active when TEN is HIGH and inactive when TEN is LOW.
TEN Input TEN must be LOW during normal operation TEN is a CMOS rail-to-rail signal with DC
high and low at 80% and 20% of VDDQ.
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4.22.3 Logic Equations
4.22.3.1 Min Term Equations

MTx is an internal signal to be used to generate the signal to drive the output signals. These internal signals are the same across all

interface widths and densities.

4.22.3.2 Output equations

Table 100 — Output Equations per Interface Width

Table 99 — Min Term Equations

Min Term Intermediate Logic Nodes
MTO XOR(CA[0,1,2,3,8,9,10,11])
MT1 XOR(CA[0,4,5,6,8,12,13],

ALERT_n)
MT2 XOR(CA[1,4,9,12], CK_t, CK_c)
MT3 XOR(CA[2,5,7,10,13], CK_t)
XOR(CA[3,6,7,11], CK_c,
MT4 ( A[LERT_n]) -
MTO0_B 1(MTO)
MT1_B 1(MT1)
MT2_B (MT2)
MT3_B I(MT3)
MT4_B 1(MT4)

Output X16 X8 X4
DQLO MTO MTO MTO
DQLA MTA MTA MTA
DQL2 MT2 MT2 MT2
DQL3 MT3 MT3 MT3
DQL4 MT0_B MT0_B
DQL5 MT1_B MT1_B
DQL6 MT2_B MT2_B
DQL7 MT3_B MT3_B
DML MT4 MT4
TDQS_c MT4_B
DQSL_t MT4 MT4 MT4
DQSL_c MT4_B MT4_B MT4_B
DQUO MTO
DQU1 MTA
DQU2 MT2
DQu3 MT3
DQU4 MT0_B
DQU5 MT1_B
DQU6 MT2_B
DQU7 MT3_B
DMU MT4
DQSU_t MT4
DQSU_c MT4_B

NOTE: Test Outputs may contain the Upper and Lower label identification used with x16 devices. In the case of x4/x8 devices, the
lower (L) identification may be removed.
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4.23 ZQ Calibration Commands

4.23.1 ZQ Calibration Description

The MPC command is used to initiate ZQ Calibration, which calibrates the output driver impedance across
process, temperature, and voltage. ZQ Calibration occurs in the background of device operation.

There are two ZQ Calibration modes initiated with the MPC command: ZQCal Start, and ZQCal Latch.
ZQCal Start initiates the SDRAM’s calibration procedure, and ZQCal Latch captures the result and loads it
into the SDRAM's drivers.

A ZQCal Start command may be issued anytime the DDR5-SDRAM is in a state in which it can receive valid commands. There are
two timing parameters associated with ZQ Calibration. tZQCAL is the time from when the ZQCal Start MPC command is sent to when
the host can send the ZQCal Latch MPC command. tZQLAT is the time from when the ZQCal Latch MPC command is sent by the
host to when the CA bus (and subsequently the DQ bus) can be used for normal operation. AZQCal Latch Command may be issued
anytime outside of power-down after tZQCAL has expired and all DQ bus operations have completed. The CA Bus must maintain a
Deselect state during tZQLAT to allow CA ODT calibration settings to be updated.

After a ZQCal Start and until tZQCAL finishes, neither another ZQCal Start nor a ZQCal Latch is allowed.

Table 101 — ZQ Calibration timing Parameters

Parameter Symbol Min/Max Value Unit
ZQ Calibration Time tZQCAL MIN 1 us
ZQ Calibration Latch Time tZQLAT MIN max(30ns,8nCK) | ns

4.23.2 ZQ External Resistor, Tolerance, and Capacitive Loading
To use the ZQ calibration function, a 240 ohm +/- 1% tolerance external resistor must be connected between the ZQ pin and VSS.

If the system configuration has more than one rank, and if the ZQ pins of both ranks are attached to a single resistor, then the
SDRAM controller must ensure that the ZQCals don’t overlap.

The total capacitive loading on the ZQ pin must be limited to 25pF.
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4.24 VrefCA Command

4.24.1 Introduction

The VrefCA setting must be set prior to training the CS_n and CA bus timings relative to CK. In order to accomplish this, DDR5-
SDRAMSs will support a single Ul command specifically for setting the VrefCA setting. This avoids any timing and/or default VrefCA
setting issues with sending a 2Ul MRW command, by enabling the host to extend the setup and hold time for the CA signals. In addi-
tion, the VrefCA command will support multiple cycles of CS_n assertion. The multiple cycles of CS_n assertion ensures the DRAM
will capture the VrefCA command during at least one rising CK_t/CK_c edge.

Table 102 — VrefCA/CS Command Definition

i CA Pins
Function gbbicvia NG NOTES
tion CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | CA10| CA11| CA12| CA13
VrefCA Command VrefCA| L H H L L L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | L D[;II;ID 21,22,23
VrefCS Command VrefCS| L H H L L L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | H D[}’Fﬁm 21,22,23

4.24.2 VrefCA Command Timing

The following diagram illustrates a timing sequence example for the VrefCA command that occurs prior to CS and CA training. The
command is sampled on every rising edge of CK_t/CK_c. The host must ensure that the CA signals are valid during the entire CS_n
assertion time. The timing of the CS_n assertion may not satisfy the setup/hold requirements around all CK_t/CK_c transitions, but it
will satisfy the setup/hold requirements relative to at least one CK_t/CK_c rising edge.

There is no separate mode that enables the multi-cycle CS_n assertion. This timing relationship can always be used by the host to
send the VrefCA commands even after training has been completed for the interface. For the DRAM to latch the VrefCA command in
cases where the alignment between CS_n, CA, and CK may be unknown, the CA inputs must reach the proper command state at
least one cycle prior to CS_n transitioning from high to low, CS_n must remain low for tVrefCA_CS, and CA must remain in the
proper command state for at least one cycle after CS_n transitions from low to high.
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S, U

Hostview

CA[13:0]

CA[13:0]

CMD

CS_n
t&/REF(‘)AﬁDeI;ay

Figure 93 — Timing Diagram for VrefCA Command

Table 103 — AC parameters for VrefCA Command

Symbol Description Min Max Unit Note
tVrefCA_Delay VrefCA command to any other valid command tMRD ) nCK
delay
tVrefCA_CS Time CS_nis held Iog;s;eglster VrefCA com- 35 8 nCK 12

Note(s):

1 - Multiple cycles are used to avoid possible metastability of CS_n.

2 - At the end of CSTM, it is assumed that the host should be able to place the CS_n appropriately and the VrefCA command could
be issued as a single cycle command.

230



SK,F

4.25 VrefCS Command - Editorially added Q2’19

4.25.1 Introduction

The VrefCS setting should be set, if needed, prior to training the CS_n and CA bus timings relative to CK. In order to accomplish this,
DDR5-SDRAMs will support a single Ul command specifically for setting the VrefCS setting (similar to VrefCA). This avoids any tim-
ing and/or default VrefCS setting issues with sending a 2Ul MRW command, by enabling the host to extend the setup and hold time
for the CA signals. In addition, the VrefCS command will support multiple cycles of CS_n assertion. The multiple cycles of CS_n
assertion ensures the DRAM will capture the VrefCS command during at least one rising CK_t/CK_c edge.

NOTE: The operation, functionality and timings for VrefCS are effectively the same as VrefCA with the exception of a different explicit
command noted below and the fact that it modifies the VREF of the chip select pin vs the CA pins.

Table 104 — VrefCA/CS Command Definition

A ia-| CA Pins
Function Abbrevia|  cg NOTES
o CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CAB | CA7 | CA8 | CA9 | CA10| CA11| CA12| CA13
VrefCA Command VrefCA| L H H L L L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | L D[}’Fﬁm 21,22,23
VrefCS Command VrefCS| L H H L L L | OPO | OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | H D[}’F’,ID 21,22,23

4.25.2 VrefCS Command Timing

The following diagram illustrates a timing sequence example for the VrefCS command that occurs prior to CS and CA training. The
command is sampled on every rising edge of CK_t/CK_c. The host must ensure that the CA signals are valid during the entire CS_n
assertion time. The timing of the CS_n assertion may not satisfy the setup/hold requirements around all CK_t/CK_c transitions, but it
will satisfy the setup/hold requirements relative to at least one CK_t/CK_c rising edge.

There is no separate mode that enables the multi-cycle CS_n assertion. This timing relationship can always be used by the host to
send the VrefCS commands even after training has been completed for the interface. For the DRAM to latch the VrefCS command in
cases where the alignment between CS_n, CA, and CK may be unknown, the CA inputs must reach the proper command state at
least one cycle prior to CS_n transitioning from high to low, CS_n must remain low for tVrefCS_CS, and CA must remain in the
proper command state for at least one cycle after CS_n transitions from low to high.

CK_t,
CK_c
Hostview
CA[13:0]

CA[13:0] w» {l

VREFCS Command (O%de = OP[7:0))

o B Joesisstoesoesioesoes

;

tVREFCS_Delay

Figure 94 — Timing Diagram for VrefCS Command

Table 105 — AC parameters for VrefCS Command
Symbol Description Min Max Unit Note

VrefCS command to any other valid command

tVrefCS_Delay tMRD - nCK
delay
tVrefCS_CS Time CS_n is held Io;/]vatrc:dreglster VrefCS com- 35 8 nCK 12

Note(s):

1 - Multiple cycles are used to avoid possible metastability of CS_n.

2 - At the end of CSTM, it is assumed that the host should be able to place the CS_n appropriately and the VrefCS command could
be issued as a single cycle command.
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4.26 VrefCA Training Specification

The DRAM internal VrefCA specification parameters are voltage operating range, stepsize, VrefCA set tolerance, VrefCA step time
and Vref valid level.

The voltage operating range specifies the minimum required VrefCA setting range for DDR5 DRAM devices. The minimum range is
defined by VrefCAmax and VrefCAmin as depicted in Figure 95 below.

vDD

VrefCA
Range

————— Vswing Small System Variance

=i 5 wm—in; = = Vswing Large - Total Range

Figure 95 — VrefCA operating range(Vrefmin, Vrefmax)

The VrefCA stepsize is defined as the stepsize between adjacent steps. For a given design the DRAM VrefCA step size must be
within the range specified.

The VrefCA set tolerance is the variation in the VrefCA voltage from the ideal setting. This accounts for accumulated error over multi-
ple steps. There are two ranges for VrefCA set tolerance uncertainty. The range of VrefCA set tolerance uncertainty is a function of
number of steps n.

The VrefCA 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 VrefCA values for a specified range. An illustration depicting an example of the stepsize and VrefCA set tolerance is
below.
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Figure 96 — Example of Vref set tolerance (max case only shown) and stepsize

The VrefCA increment/decrement step times are defined by VrefCA_time. The VrefCA_time is defined from t0 to t1 as shown in the
Figure 97 below where t1 is referenced to when the VrefCA voltage is at the final DC level within the VrefCA valid tolerance
(Vref_val_tol).

The VrefCA valid level is defined by VrefCA_val tolerance to qualify the step time t1 as shown in Figure 97. This parameter is used to
insure an adequate RC time constant behavior of the voltage level change after any VrefCA increment/decrement adjustment. This
parameter is only applicable for DRAM component level validation/characterization.

t0 - is referenced to MPC Apply VREFCA and RTT_CA/CS/CK
t1 - is referenced to the VrefCA _val_tol
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Figure 97 — Vref_time timing diagram
The minimum time required between two Vref commands is VrefCA_time, shown as Vref_time in images above.

Table 106 — VREF CA Mode Register

MR Address MRW OP OP7 ‘ OP6 ‘ OP5 ‘ OP4 ‘ OP3 ‘ OoP2 ‘ OP1 ‘ OPO

MR11 Ul VrefCA Calibration Value

A VrefCA command is used to store the VREF values into the VREF CA MR11. This mode register is only programmed via the com-
mand but is readable via a normal MRR.
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tagemmmemcccccccccccceme= Vref DC
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Figure 98 — Vref step single stepsize increment case.
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Figure 99 — Vref step single stepsize decrement case
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Figure 100 — Vref full step from Vrefmin to Vrefmax case
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Figure 101 — Vref full step from Vrefmax to Vrefmin case.
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The table below contains the CA internal ref specifications that will be characterized at the component level for compliance. The com-
ponent level characterization method is tbd.

Table 107 — CA Internal VREF Specifications

Parameter Symbol Min Typ Max Unit Notes

VrefCA Max operating VrefCA_max 97.5% - - vDDQ 1

point

VrefCA Min operating VyefCA_min - - 45% vDDQ 1

point

VrefCA Stepsize VrefCA_step 0.41% 0.50% 0.59% vDDQ 2

VrefCA Set Tolerance VrefcA_set_tol -1.625% 0.00% 1.625% vDDQ 3,4,6
VrefCA_set_tol -0.15% 0.00% 0.15% vDDQ 3,57

VrefCA Step Time VrefCA_time - - 300 ns 8

VrefCA Valid Tolerance VrefCA_val_tol -0.15% 0.00% 0.15% vDDQ 9

NOTES:

1 - VrefCA DC voltage referenced to

2 - VrefCA stepsize increment/decrement range. VrefCA at DC level.
3 - VrefCA_new = VrefCA_old + n*VrefCA_step; n= number of steps; if increment use "+"; If decrement use
. The maximum value of VrefCA setting tolerance

4 - The minimum value of VrefCA setting tolerance = VrefCA_new - 1.625%*

= VrefCA_new + 1.625%"

.Forn>4

5 - The minimum value of VrefCA setting tolerance = VrefCA_new - 0.15%*

VrefCA_new + 0.15%*

.Forn<4

. The maximum value of VrefCA setting tolerance =

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

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

8 - Time from MPC (Apply VREFCA, VREFCS, RTT_CK/CS/CA) command to increment or decrement

9 -Only applicable for DRAM component level test/characterization purpose. Not applicable for normal mode of operation. VrefCA
valid is to qualify the step times which will be characterized at the component level
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4.27 VrefCS Training Specification

The DRAM internal VrefCS specification parameters are voltage operating range, stepsize, VrefCS set tolerance, VrefCS step time
and Vref valid level.

The voltage operating range specifies the minimum required VrefCS setting range for DDR5 DRAM devices. The minimum range is
defined by VrefCSmax and VrefCSmin as depicted in Figure 95 below.

VDD
-7 Vrefmax
VrefCS El B
Range - -
= Vrefmin

————— Vswing Small System Variance

i @ ;e & = Vswing Large - Total Range

Figure 102 — VrefCS operating range(Vrefmin, Vrefmax)

The VrefCS stepsize is defined as the stepsize between adjacent steps. For a given design the DRAM VrefCS step size must be
within the range specified.

The VrefCS set tolerance is the variation in the VrefCS voltage from the ideal setting. This accounts for accumulated error over multi-
ple steps. There are two ranges for VrefCS set tolerance uncertainty. The range of VrefCS set tolerance uncertainty is a function of
number of steps n.

The VrefCS 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 VrefCS values for a specified range. An illustration depicting an example of the stepsize and VrefCS set tolerance is
below.
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Figure 103 — Example of Vref set tolerance (max case only shown) and stepsize

The VrefCS increment/decrement step times are defined by VrefCS_time. The VrefCS_time is defined from t0 to t1 as shown in the
Figure 97 below where t1 is referenced to when the VrefCS voltage is at the final DC level within the VrefCS valid tolerance
(VrefCS_val_tol).

The VrefCS valid level is defined by VrefCS_val tolerance to qualify the step time t1 as shown in Figure 97. This parameter is used to
insure an adequate RC time constant behavior of the voltage level change after any VrefCS increment/decrement adjustment. This
parameter is only applicable for DRAM component level validation/characterization.

t0 - is referenced to MPC Apply VREFCS and RTT_CA/CS/CK
t1 - is referenced to the VrefCS_val_tol
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The minimum time required between two Vref commands is VrefCS_time, shown as Vref_time in images above.

CS Vref
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D
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\
y o

Vref_time

Figure 104 — Vref_time timing diagram

Table 108 — VREF CS Mode Register

MR Address

MRW OP

OP7 ‘ OP6 ‘ OP5 ‘ OP4 ‘ OP3 ‘ OoP2 ‘ OP1 ‘ OPO

MR12

ul

VrefCS Calibration Value

A VrefCS command is used to store the VREF values into the VREF CS MR12. This mode register is only programmed via the com-
mand but is readable via a normal MRR.
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Figure 105 — Vref step single stepsize increment case.
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Figure 106 — Vref step single stepsize decrement case
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Vrefmax
Vref
Voltage
t1
Vref_val_tol
Vrefmin Vref DC

T ( )

Time

Figure 108 — Vref full step from Vrefmax to Vrefmin case.
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The table below contains the CS internal vref specifications that will be characterized at the component level for compliance. The

component level characterization method is tbd.

Table 109 — CS Internal VREF Specifications

Parameter Symbol Min Typ Max Unit Notes

VrefCS Max operating Vrefcs_max 97.5% - - vDDQ 1

point

VrefCS Min operating Vrefcs_min - - 45% vDDQ 1

point

VrefCS Stepsize Vrefcs_step 0.41% 0.50% 0.59% vDDQ 2

VrefCS Set Tolerance Vyefcs_set_tol -1.625% 0.00% 1.625% vDDQ 3,4,6
Vrefcs_set_tol -0.15% 0.00% 0.15% vDDQ 3,57

VrefCS Step Time Vrefcs_time - - 300 ns 8

VrefCs Valid Tolerance Vrefcs_val_tol -0.15% 0.00% 0.15% vDDQ 9

NOTES:

1 - VrefCS DC voltage referenced to VDDQ_DC.

2 - VrefCS stepsize increment/decrement range. VrefCS at DC level.

3 - VrefCS_new = VrefCS_old + n*VrefCS_step; n= number of steps; if increment use "+"; If decrement use "-"

4 - The minimum value of VrefCA setting tolerance = VrefCS_new - 1.625%*VDDQ. The maximum value of VrefCS setting tolerance
= VrefCS_new + 1.625%*VDDQ. For n>4

5 - The minimum value of VrefCS setting tolerance = VrefCS_new - 0.15%*VDDQ. The maximum value of VrefCS setting tolerance =
VrefCSnew + 0.15%*VDDQ. For n< 4

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

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

8 - Time from MPC (Apply VREFCA, VREFCS, RTT_CK/CS/CA) command to increment or decrement

9 -Only applicable for DRAM component level test/characterization purpose. Not applicable for normal mode of operation. VrefCS
valid is to qualify the step times which will be characterized at the component level
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4.28 VrefDQ Calibration Specification

The DRAM internal VrefDQ specification parameters are voltage operating range, stepsize, VrefDQ set tolerance, Vref step time and
VrefDQ valid level.

The voltage operating range specifies the minimum required VrefDQ setting range for DDR5 DRAM devices. The minimum range is
defined by VrefDQmax and VrefDQmin as depicted in Figure 109 below.

VoD ‘\'._ -7 .i - ——
Vo v
o o
I y Vrefmax
VrefDQ | - — t e
Range | —=-.- "' U
- ] [ Vrefmin
/ .'I I'. y / i
----- [ ke A T
II| '.I / |
b\ S
————— Vawing Small Sysiam Variance

=== \swing Larga - Total Range

Figure 109 — VrefDQ operating range (VrefDQmin, VrefDQmax)
The VrefDQ stepsize is defined as the stepsize between adjacent steps. For a given design the DRAM VrefDQ step size must be
within the range specified.
The VrefDQ set tolerance is the variation in the VrefDQ voltage from the ideal setting. This accounts for accumulated error over mul-

tiple steps. There are two ranges for VrefDQ set tolerance uncertainty. The range of VrefDQ set tolerance uncertainty is a function of
number of steps n.

The VrefDQ 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 VrefDQ values for a specified range. An illustration depicting an example of the stepsize and VrefDQ set tolerance
is below.
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Figure 110 — Example of Vref set tolerance (max case only shown) and stepsize

The VrefDQ increment/decrement step times are defined by VrefDQ_time. The VrefDQ_time is defined from t0 to t1 as shown in the
Figure 111 below where t1 is referenced to when the VrefDQ voltage is at the final DC level within the VrefDQ valid tolerance (VrefD-
Q_val_tol).

The VrefDQ valid level is defined by VrefDQ_val tolerance to qualify the step time t1 as shown in Figure 111. This parameter is used
to insure an adequate RC time constant behavior of the voltage level change after any VrefDQ increment/decrement adjustment. This
parameter is only applicable for DRAM component level validation/characterization.

t0 - is referenced to the MRW command which updates VrefDQ value
t1 - is referenced to the VrefDQ_val_tol
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Figure 111 — VrefDQ_time timing diagram

The minimum time required between two MRW commands which update VrefDQ settings is VrefDQ_time.

Table 110 — VrefDQ Mode Register

MR Address

MRW OP

OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO

MR10

ul

VrefDQ Calibration Value

An MRW command is used to store the global VrefDQ values into the VrefDQ bits of MR10.

Additional per-pin VrefDQ trims are available for programming in MR118, MR126, MR134, ..., MR254, OP[7:4], up to a maximum of +/
-3 VrefDQ steps. The combined global and per-pin VrefDQ settings shall never exceed the available VrefDQ range from 35.0% to

97.5%.
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Figure 112 — VrefDQ step single stepsize increment case.
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Figure 113 — VrefDQ step single stepsize decrement case
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Figure 115 — VrefDQ full step from VrefDQmax to VrefDQmin case.
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The table below contains the internal VrefDQ specifications that will be characterized at the component level for compliance. The
component level characterization method is tbd.

Table 111 — VrefDQ Internal Specifications

Parameter Symbol Min Typ Max Unit Notes
VrefDQ Max operating VrefbQ_max 97.5% - - vDDQ 1
point
VrefDQ Min operating VrefbQ_min - - 45% vDDQ 1
point
VrefDQ Stepsize VrefdQ_step 0.41% 0.50% 0.59% vDDQ 2
VrefDQ Set Tolerance VrefbQ_set tol -1.625% 0.00% 1.625% vDDQ 3,4,6
VrefDQ_set_tol -0.15% 0.00% 0.15% vDDQ 3,57
- - 150 ns
VrefDQ Step Time VretDQ_time 8,10
- - - 500 ns
VrefDQ Valid Tolerance VrefbQ_val_tol -0.15% 0.00% 0.15% vDDQ 9
Note(s):

1 - VrefDQ DC voltage referenced to VDDQ_DC.

2 - VrefDQ stepsize increment/decrement range. VrefDQ at DC level.

3 - VrefDQ_new = VrefDQ_old + n*VrefDQstep; n= number of steps; if increment use "+"; If decrement use
4 - The minimum value of VrefDQ setting tolerance = VrefDQ_new - 1.625%*VDDQ. The maximum value of VrefDQ setting toler-
ance = VrefDQ_new + 1.625%*VDDAQ. For n>4.

5 - The minimum value of VrefDQ setting tolerance = VrefDQ_new - 0.15%*VDDQ. The maximum value of VrefDQ setting tolerance
= VrefDQ_new + 0.15%*VDDQ. For n< 4.

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

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

8 - Time from MRW command updating VrefDQ to increment or decrement.

9 - Only applicable for DRAM component level test/characterization purpose. Not applicable for normal mode of operation. VrefDQ
valid is to qualify the step times which will be characterized at the component level.
10 - The maximum value of VrefDQ step time = 150ns for n<16 and 500ns for n=16, where n = number of steps.
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4.29 Post Package Repair (PPR)

DDRS5 supports Fail Row address repair, PPR which allows a simple and easy repair method in a system. Two methods are provided:
Hard Post Package Repair (hPPR) for a permanent Row repair and Soft Post Package Repair (sPPR) for a temporary Row repair.
Entry into hPPR or sPPR is protected through a sequential MRW guard key to prevent unintentional hPPR programming. The
sequential MRW guard key is the same for both hPPR and sPPR.

The hPPR/sPPR guard key requires a sequence of four MRW commands to be issued immediately after entering hPPR/sPPR, as
shown in Figure . The guard key sequence must be entered in the specified order as stated and shown in the spec below and in
Table 113. Any interruptions of the guard key sequence from other MRW/R commands or non-MR commands such as ACT, WR, RD
is not allowed. Although interruption of the guard key entry is not allowed, if the guard key is not entered in the required order or is
interrupted by other commands, the hPPR mode or sPPR mode will not execute and the offending command terminated the hPPR/
sPPR entry may or may not execute correctly however the offending command will not cause the DRAM to lock up. Offending com-
mands which will interrupt hPPR/sPPR include:

- Any interruptions of the guard key sequence from other MRW/R commands or non-MR commands

- MRW with CW = high

- 2 cycle commands with CS_n low on the 2nd cycle

Additionally, when the hPPR entry sequence is interrupted, subsequent ACT and WR commands will be conducted as normal DRAM
commands. If a hPPR operation was prematurely interrupted and/or terminated, the MR23 OP[1] and OP[0] must be reset to "0" prior
to performing another hPPR or sPPR operation. The DRAM does not provide an error indication if an incorrect hPPR/sPPR guard key
sequence is entered.

PPRErable Four MR2 Key Sequence Eriry PPRavaladle

K ¢y \

Kt

e e
)

PPRentry is nat interrupted by other MRWor MRR
MPC, NOP)

Figure 116 — Guard Key Timing Diagram

Table 112 — Guard Key Encoding for MR24

Guard Keys OP[7] OP[6] OP[5] | OP[4] | OPI[3] OP[2] | OP[1] | OP[0] Notes
MR24 Seq1 1 1 0 0 1 1 1 1
MR24 Seq2 0 1 1 1 0 0 1 1
MR24 Seq3 1 0 1 1 1 0 1 1
MR24 Seq4 0 0 1 1 1 0 1 1
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4.29.1 Hard PPR (hPPR)

With hPPR, DDRS5 can correct at least one row address per Bank Group. The hPPR resource designation (MR54,55,56,57) will indi-
cate the hPPR resource availability, and can be read/checked prior to implementing a repair. It is important to note that hPPR repairs
are permanent; the Electrical-fuse cannot be switched back to un-fused states once it is programmed. The controller should prevent
unintended the hPPR mode entry and repair. (i.e. During the Command/Address training period). Entry into hPPR is through a regis-
ter enable, ACT command is used to transmit the bank and row address of the row to be replaced in DRAM. After tRCD time, a BL16
WRA command is used to select the individual DRAM through the DQ bits and to transfer the repair address to the DRAM. After pro-
gram time, and PRE, the hPPR mode can be exited and normal operation can resume.

4.29.1.1 hPPR Fail Row Address Repair

1. Since the mode register address operand allows the user to execute hPPR resource, MRR of hPPR resource designation (MR
54,55,56,57) needs to be read. After user’s checking the hPPR resource availability of each bank from MRR, hPPR mode can be
entered. If the MRR of hPPR resource designation (MR 54,55,56,57) appears to not be available, the host controller should not issue
hPPR mode.

2.Before entering 'hPPR' mode, all banks shall be in a precharged and idle state, and CRC Mode must be disabled.

3.Enable hPPR using MR23:0P[0]=1 and wait tMRD.

4. Issue guard key as four consecutive MR24 OP[7:0] MRW commands each with a unique address field OP[7:0]. Each MRW com-
mand should be spaced by tMRD.

5. Issue ACT command with the CID bits, Bank Group, Bank and Row fail address. Write data is used to select the individual DRAM
in the rank for repair. For non 3DS DRAMs the CID bits need only be Valid, and ignored by the DRAM.

6. After tRCD, Issue WRA with a valid address. The DRAM will ignore the address given with the WRA command.

7. After WL(WL=RL-2), DQ[3:0] of target DRAM must be LOW for 8tCK. If HIGH is driven to DQ[3:0] of a DRAM for 8tCK, then
DRAM does not conduct hPPR and retains data if REF/REFsb command is properly issued. If more than one DRAM shares the same
command bus, DRAMs that are not being repaired must have DQ[3:0] driven HIGH for 8tCK. If all of the DQ[3:0] data bits are neither
all LOW nor all HIGH for 8tCK, then hPPR mode execution is unknown. For x8 and x16 devices, data bits other than DQ[3:0] are
don’t cares. Note that a previous versions of the spec required ALL DQs to be high or low, but this was changed to DQ[3:0] to acco-
modate ECC UDIMMs and SoDIMMs. Check with the DRAM vendor for their specific implementation.

8. Wait tPGM_hPPRa or tPGM_hPPRb to allow DRAM repair at the target row address to occur internally, and then issue PRE com-
mand.

9. Wait tPGM_EXxit(min) after PRE command to allow DRAM to recognize repaired row address.
10. Exit hPPR by setting MR23:0P[0]=0.

11. DDR5 will accept any valid command after tPGMPST(min).

12. In the case of multiple addresses to be repaired, Repeat Step 3 to 10.

13. For a 3DS device, the target die for the hPPR is selected by the CID[3:0] bits in the ACT, WRA and PRE commands, The CID bits
must match in all three commands.

During hPPR mode, REF, REFsb commands are allowed, but array contents are not guaranteed. Upon receiving a REF or REFsb
command in hPPR mode, the DRAM may ignore the Refresh operation but will not disrupt the repair operation. Other commands
except REF/REFsb during tPGM can cause incomplete repair so no other command except REF is allowed during tPGM.

Once hPPR mode is exited with MR23:0P[0]=0 and tPGMPST, to confirm if target row is repaired correctly, host can verify by writing
data into the target row and reading it back.

T T Tad o0 Te0 Tet Tdo Td1 Ted Tet Te2 0 T Tg0 Tgt Tho
CKe=--~ =Y - - LRI - LN - - -~ - - -A -- - --

CK_t - -

CMD RS2 RS2 ACT WRA DES Dfs DES DES DES EFD EF/DI PRE EF/D RS2 DES VALID, EF/DE,
BG VALID, VALID BGf BGf NA A NA NA NA NA NA VALID, NA VALID, NA VALID EFID

BA .~ XVALID, VALID BAf BAf NA A NA NA NA NA NA VALID, NA VALID, NA VALID EFID

ADDR VALID VALID VALID, NA A NA NA NA NA NA VALID, NA NA VALID, EF/DE,

e/ | NI 7 | N7 |\ T |\ X N N |7 | N N | T | X
T werz B P N v

DaS ¢ . . ..

DaS_¢ \ .

st |l Il Il Il Il Il Il Il
- T | R | BavsmeRPGM_nPPRa(min) or PGM_NPPRb(mIn) > !p‘(;ijn(min)qg%E ~ fGMPST(rin) >
Jrechargi—Jpy tpGM_hPPRa(min) or PGM_hPPRb(min)

NMO@E PPR Entry PPR Repair PPR Recognition PPR Exit \,\E

g TIME BREAK z DON'T CARE
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Figure 117 — hPPR Fail Row Repair

Note1. Allow REFab/REFsb(1X) from WL+8tCK+tWR+tRP+1tCK after WR, but does not guarantee array contents are refreshed during hPPR
Note2. Timing diagram shows possible commands but not all shown can be issued at same time; for example if REF is issued at Te1, DES must be
issued at Te2 as REF would be illegal at Te2. Likewise, DES must be issued tRFC prior to PRE at Tf0. All regular timings must still be satisfied.

Table 113 — MR Register Bits for PPR

Mode Register | OP[7] | OP[6] | OP[5] | OP[4] | OP[3] | OP[2] | OP[] | OP[0] | Notes
MR23 RFU sPPR | hPPR
MR24 PPR Guard Key

4.29.1.2 Required Timing Parameters

Repair requires additional time period to repair Fail Row Address into Spare Row Address and the following timing parameters are

required for PPR.

Table 114 — hPPR Timings

DDR5-3200 to 6400 .
Unit Note
Parameter Symbol min max
hPPR Programming Time: tPGMa 1,000 ) ms
x4/x8
hPPR Programming Time: tPGMb 2,000 ) ms
x16

hPPR RecognitionTime tPGM_Exit tRP - ns
hPPR Program Exit and

New Address Setting time tPGMPST S0 ) us
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4.29.2 Soft Post Package Repair (sPPR)

Soft Post Package Repair (sPPR) is a way to quickly, but temporarily, repair one row address per Bank Group on a DDR5 DRAM
device, contrasted to hPPR which takes longer but is permanent repair of a row address. There are some limitations and differences
between Soft Repair and a Hard Repair. Entry into sPPR is through a register enable, ACT command is used to transmit the bank and
row address of the row to be replaced in DRAM. After tRCD time, a BL16 WR command is used to select the individual DRAM
through the DQ bits and to transfer the repair address into an internal register in the DRAM. After a write recovery time and PRE, the
sPPR mode can be exited and normal operation can resume. Care must be taken that refresh is not violated for the other rows in the
array during soft repair time. Also note that the DRAM will retain the soft repair information inside the DRAM as long as VDD remains
within the operating region. If DRAM power is removed or the DRAM is RESET, the soft repair will revert to the un-repaired state.
hPPR and sPPR may not be enabled at the same time. sPPR must have been disabled and cleared prior to entering hPPR mode.

With sPPR, DDRS5 can repair one Row address per BG. If the hPPR resources for a BG are used up, the bank group will have no
more available resources for soft PPR. If a repair sequence is issued to a BG with no repair resources available, the DRAM will ignore
the programming sequence.

Table 115 — sPPR vs hPPR

Soft Repair Hard Repair Note
Persistence of Repair Volatile — Rep.alre.d z.:\s Non-Volatile — repair is Soft Repair is erased when Vdd
long as VDD is within permanent after the i
. - removed or device reset.
Operating Range repair cycle.
Length of time to complete A subsequent sPPR can be performed
repair cycle tPGM_hPPRa or without affecting the hPPR previously
WL+ BtCK+HWR tPGM_hPPRb performed provided a row is available
in that BG.
# of Repair elements one per BG at least one per BG
Simultaneous use of soft and Clearing sPPR occurs by either:

Previous hard repairs | Any outstanding soft

hard repair within a BG are allowed before soft |repairs mustbe cleared

(a) powerdown and power-up

repair before a hard repair sequence . o_r (b) Reset and re-
initialize.
Repair Command 1 method - WR 1 method - WRA
Ban_k not having row repair Yes No
retains array data
Bank having row repair retain Yes No

array data

4.29.2.1 sPPR Repair of a Fail Row Address

The following is the procedure of sSPPR with WR command. Note that during the soft repair sequence, no refresh is allowed.

1.User should back up the data of the target row address for sPPR in the bank before sPPR execution. The back up data should be
one row per bank. After sSPPR has been completed, user restores the data in the repaired array.

2.sPPR resources are shared with hPPR. The hPPR resource designation registers (MR 54,55,56,57) should be checked prior to sPPR.
If the MRR of hPPR resource designation (MR 54,55,56,57) shows that hPPR resources in the bank that is targeted for sPPR repair is
not available, the host controller should not issue sPPR mode.

3.Before entering 'sPPR' mode, all banks shall be in a precharged and idle state. and CRC mode must be disabled.

4.Enable sPPR using MR23 bit "OP1=1" and wait tMRD.

5.Issue Guard Key as four consecutive MRW commands each with a unique address field OP[7:0] Each MRW command shall be
separated by tMRD. The Guard Key sequence is the same as hPPR in Table 112.

6.I1ssue ACT command with the Bank and Row Fail address, Write data is used to select the individual DRAM in the Rank for repair.
7.AWR command is issued after tRCD, with valid column address. The DRAM will ignore the column address given with the WR
command.

8.After WL (WL=WL=RL-2), all of the DQs of the individual Target DRAM should be LOW for 8tCK. If any DQ is high during 8tCK
burst, then the sPPR protocol will not be executed. If more than one DRAM shares the same command bus, DRAMs that are not
being repaired should have all of their DQ's driven HIGH for 8tCK. If all of the DQ's are neither all LOW nor all HIGH for 8tCK, then
sPPR mode will be unknown.

9.Wait tPGM_sPPR(min) for the internal repair register to be written and then issue PRE to the Bank.

10.Wait tRP after PRE command to allow the DRAM to recognize repaired Row address.

11.Exit sPPR with setting MR23 bit "OP1=0" and wait tMRD.

12.sPPR can be performed without affecting the hPPR previously performed provided a row is available in that BG. When more than
one sPPR request is made to the same BG, the most recently issued sPPR address would replace the early issued one. In the case
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of conducting soft repair address in a different BG, repeat step 4 to 11. During a soft repair, refresh command is not allowed between
sPPR MRS entry and exit.

T0 T Ta0 Th0 Tc0 Tel Tdo Td1 Ted Tet Te2 T T Tg0 Tg1 ThO
CKe-=n roA -a -a -a N N - N N - N . . . .
CK_t - -
CMD MR23, MR24 ACT WR DES DES DES DES DES DES DES PRE DES MR23 DES VALID, EF/DE,
BG VALID, VALID BGf BGf NA NA NA NA NA NA NA VALID, NA VALID, NA VALID, EFIDE;
BA VALID, VALID BAf BAf NA NA NA NA NA NA NA VALID, NA VALID, NA VALID, EFIDE;
ADDR AL VALID, VALID, VALID, NA NA NA NA NA NA NA VALID, NA NA VALID, EFIDE;
s/ [N N |\ |\ T [N W‘W‘@/W ZANZAN A7
as t = WL=RL-2 = 81CK =‘
Das’e \ N AN \
Das :) Il Il Il Il \ Il Il Il Il
- >l (- > > —>
Al Banks sxbiko keo ot sPPRn) bom Exitnin) | PawMPST sPPR(min)
Progragei 'pGM_sPPR(min)
’\m sPPREntry sPPR Repair sPPR Recognition SPPR Exit o;?:
gg TIME BREAK DON'T CARE
Figure 118 — sPPR Fail Row Repair
Table 116 — sPPR Timings
DDR5-3200 to 6400 .
= Unit Note
Parameter Symbol min max
sPPR Programming Time: WL+8tCK
x4/x8, x16 tPGM_sPPR +HWR - tCK
sPPR EX|t.Recogn|t|on tPGM_Exit {RP ) ns
Time
sPPR Exit and New New tPGMPST tMRD ) ns
Address Setting time _sPPR
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4.30 Decision Feedback Equalization

4.30.1 Introduction

At data rates >= 3200MT/s, signal degradation due to Inter Symbol Interference (ISI) is expected to
increase and the data eye at the DRAM ball is expected to be closed. Since the memory channel is very
reflective due to the many impedance mismatched points that exist along the memory subsystem, I1SI due
to reflections are expected to increase. Traditional methods of characterizing the Receiver using the input
eye mask is no longer sufficient. DDR5 requires equalization to help improve (or open up) the data eyes
after the data is latched by the receiver. A 4-tap DFE is chosen to help equalize the DQ signals without
amplifying the noise due to insertion loss and reflections, which is a common side effect of other
equalization techniques (example CTLE). Figure 119 shows an example of a memory subsystem with
DFE circuit included on the DRAM.

o —— - —

I
bQ —S—H Interconnect H‘—’_[f;; DFE —
| | VrefDQ
DQS Ix | & ‘
DQS#:DﬁIﬂ Interconnect [j]Fm

Host | L DRam

\ _

Figure 119 — Example of Memory Subsystem with DFE Circuit on the DRAM

4.30.2 Pulse Response of a Reflective Memory Channel

A reflection dominated channel such as those found in a memory subsystem is anticipated to have
substantially reduced data eye at the DRAM ball due to the effects of insertion loss and reflections. Figure
represents how a pulse response of a very reflective channel might look like. The attenuation as well as
the ringing of the signal can cause the data eye to close at the DRAM ball. Moreover, the ringing can
impact future bits that are being sent into the channel, i.e., if the pulse response is for bit n, then the ringing
from bit n can impact the signal integrity of future bits n+1, n+2, n+3, n+4, etc. Putting it another way, the
signal integrity of any bit, for example bit n, can be impacted by the signals of the previous bits n-1, n-2, n-
3, n-4, etc.
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Pulse (Host Tx)

/ Pulse Response (DRAM Rx)
ISI from previous bit may
impact future bits.

Time

.y

Figure 120 — Example of Pulse Response of a Reflective Channel

4.30.3 Components of the DFE

The 4-tap DFE subsystem consists of a gain amplifier, a DFE summer, 4 DQ slicers (also called Taps) with
outputs that loop back to the DFE summer, and a coefficient multiplier for each Tap (Figure 121). The gain
control of the front end is used to ensure that the cursor or the current bit is in a congruent relationship with
the 1SI correction required for the channel. The taps T1, T2, T3, T4 coefficients provide the corrections
needed to the current bit by adding or subtracting the effects of ISI of the previous bits.

Taps 1-4
T3
T2 Post Cursor Tap-2
. T4
Gain
Adjustment %ﬁ DQ Slicer DQ Slicer
DQ 3 DQ_sum IN ouT IN ouT
R &/
X DFE Sum
VrefDQ I>cLk

>CLK
DQs i 5 1 r r
DQS# = Fx DQS_BUF L X2 — DQSX2_BUF

Figure 121 — 4-Tap DFE Example
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The Mode Registers shown in Table 117 and Table 118 are used by the memory controller to set the
strengths of the gain amplifier and the strengths of the correction of the Taps to adapt the ISI cancellation
in accordance with the channel performance. Optimal values used for the strengths of the gain amplifier
and of the Taps are system dependent, and are usually obtained through a combination of simulations,

platform characterizations, and other methods.

Table 117 — Min/Max Ranges for the DFE Gain Adjustment

DDRS5 3200-4800

DDRS5 5200-6400

Description Min Typ | Max | Min Typ | Max Unit | Notes

DFE Gain Bias Max 6 - - 6 - - dB 1,2,3,4
DFE Gain Bias Min - - -6 - - -6 dB 1,2,3,4
DFE Gain Bias Average Step Size 2 2 dB 1,2,3,4
DFE Gain Bias DNL -1 - 1 -1 - 1 dB 1,2,3,4
DFE Gain Bias INL -1 - 1 -1 - 1 dB 1,2,3,4
DFE Gain Bias Time tDFE - - tDFE - - ns 1,2,3,4
Note(s):

1. All parameters are defined over the Vref ranges from 0.5*VDDQ to 0.9*VDDQ
2. DFE Gain Bias are for all voltage and temperature range

3. These values are defined over the entire voltage and temperature range
4. These parameters are suggested to evaluate relative ratio of DFE taps 1~4, and absolute values of all

parameters are not subject to silicon validation nor production test.

Table 118 — Min/Max Ranges for the DFE Tap Coefficients
- DDRS5 3200-4800 DDRS5 5200-6400 .
Description Min Typ | Max | Min Typ | Max Unit Notes

DFE Tap-1 Bias Max 50 - - 50 - - mV 1,2,4
DFE Tap-1 Bias Min - - -200 - - -200 mV 1,2,4
DFE Tap-2 Bias Max 75 - - 75 - - mV 2,4
DFE Tap-2 Bias Min - - -75 - - -75 mV 24
DFE Tap-3 Bias Max 60 - - 60 - - mV 2,4
DFE Tap-3 Bias Min - - -60 - - -60 mV 24
DFE Tap-4 Bias Max 45 - - 45 - - mV 2,4
DFE Tap-4 Bias Min - - -45 - - -45 mV 24
DFE Tap Bias Average Step Size TBD 5 TBD | TBD 5 TBD mV 2,34
DFE Tap Bias DNL -2.5 - +25 | 25 - +2.5 mV 2,34
DFE Tap Bias INL -2.5 - +25 | 25 - +2.5 mV 2,34
DFE Tap Bias Step Time tDFE tDFE ns 2,34

Note(s):

1. As speed increases, the impact of loss from the channel makes the bias range of the first cursor asymmetric
2. Values are defined for the entire voltage, temperature and the Rx Vref range from 0.5*VDDQ to 0.9*VDDQ.

3. Values are identical for Taps 1-4.

4. These parameters are suggested to evaluate relative ratio of DFE Taps 1~4, and absolute values of all parameters are not subject

to silicon validation nor production test.
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The DRAM may implement 1-way interleave, 2-way interleave, or 4-way interleave 4-tap DFE memory
circuitry. The 1-way interleaved 4-tap DFE architecture (Figure 122) requires a strobe multiplier, which is
at Nyquist rate, and the output of the DQ slicer runs at same speed as received data.

Taps 1-4
T3
T2 Post Cursor Tap-2
. T4

Gain

Adjustment t%ﬁ DQ Slicer DQ Slicer
DQ 3 DQ_SUM IN OouT IN OUT e o o

R &/
X DFE Sum

VrefDQ >CLK >CLk
DQS -
DQS# — |- — DQS_BUF X2 DQSX2_BUF

Figure 122 — 1-Way Interleave 4-Tap DFE Example

A 2-way interleaved 4-tap DFE architecture (Figure 123) can use the strobe as is. In this case, the output
of the DQ slicer runs at half the speed as received data.

Post Cursor Tap-4

DQ Slicer DQ Slicer
)3 IN ouT IN ouT
Gain j[ j[
Adjustment T1 T3 [—1>cu< [_{> K
DQS#_BUF DQS#_BUF

DQ Slicer DQ Slicer
)3 IN ouT IN oUT

pas — DQS_BUF o + +
DQS#_ DQS#_ BUF [—1> CLK [—{>CLK

DQS_BUF DQS_BUF

pasr X XXX
XA Y m X
X 81 Y B2 X

Figure 123 — 2-Way Interleave 4-Tap DFE Example

258



I
SK’ﬁl:ynix

A 4-way interleaved 4-tap DFE architecture (Figure 124) requires a divided clock. In this case, the output
of the DQ slicer runs at 1/4 the speed as received data.

See Mode Registers for information on

Taps 1—4\

Post Cursor Tap-1

Gain Adjustment and Taps 1-4 Bias AV
Programming \ T1J<%4 )
DQ Slicer
\ \@/ IN OUT
DQ Sum
Adjustmant DQS_0 —> 1k
DQ DQ_BUF
T2 T
DQ Slicer
\Z/ IN ouT|
DQS —J>DQS_BUF § ;2 DQ Sum
DQs# ™ L—"p, DQs# BUF/ ° DQS_90 —p> ck
DQsS
pasi __X_ X X X X XX [ RRTES
DQS_0 ‘} : DQ Slicer
8827?30 :X X X @ IN OUT|
DQS_270 X X X >< DQ Sum
B X XD) bas 180~
X ;
B T4 T2
X C X - VWVT3 DQ Slicer
X @ IN ouT,
D X . DQ Sum
DQS_270 —>¢ ¢

Figure 124 — 4-Way Interleave 4-Tap DFE Example
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4.31 DAQS Interval Oscillator

As voltage and temperature change on the SDRAM die, the DQS clock tree delay will shift and may require
re-training. The DDR5-SDRAM includes an internal DQS clock-tree oscillator to measure the amount of
delay over a given time interval (determined by the controller), allowing the controller to compare the
trained delay value to the delay value seen at a later time. The DQS Oscillator will provide the controller
with important information regarding the need to re-train, and the magnitude of potential error.

The DQS Interval Oscillator is started by issuing an MPC [Start DQS Osc] command with OP[0000 0111B]
set as described in the MPC Operation section, which will start an internal ring oscillator that counts the
number of times a signal propagates through a copy of the DQS clock tree.

The DQS Oscillator may be stopped by issuing an MPC [Stop DQS Osc] command with OP[0000 0110g]
set as described in the MPC Operation section, or the controller may instruct the SDRAM to count for a
specific number of clocks and then stop automatically (See MR45,46 & 47 for more information). If MR45
is set to automatically stop the DQS Oscillator, then the MPC [Stop DQS Osc] command shall not be used.
When the DQS Oscillator is stopped by either method, the result of the oscillator counter is automatically
stored in MR46 and MR47 after the oscillator is stopped and within tOSCOA for the automatic mode and
tOSCOM for the manual mode.

MRW commands to MR45 during an ongoing DQS oscillator operation are not permitted. MR45 may be
reprogrammed tMRD after the oscillator is stopped by the automatic stop.

The controller may adjust the accuracy of the result by running the DQS Interval Oscillator for shorter (less
accurate) or longer (more accurate) duration. The accuracy of the result for a given temperature and
voltage is determined by the following equation:

2 *(DQS delay)
Run Time

DQS Oscillator Granularity Error =

Where:
Run Time = total time between start and stop commands
DQS delay = the value of the DQS clock tree delay (tRX_DQS2DQ min/max)

Additional matching error must be included, which is the difference between DQS training circuit and the
actual DQS clock tree across voltage and temperature. The matching error is vendor specific.

Therefore, the total accuracy of the DQS Oscillator counter is given by:

DQS Oscillator Accuracy = 1 - Granularity Error - Matching Error
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Example: If the total time between start and stop commands is 100ns, and the maximum DQS clock tree
delay is 400ps (tRX_DQS2DQ max), then the DQS Oscillator Granularity Error is:

2 *(0.4ns)
100ns

DQS Oscillator Granularity Error = =0.8%

This equates to a granularity timing error of 3.2ps.

Assuming a circuit Matching Error of 5.5ps across voltage and temperature, then the accuracy is:

DQS Oscillator Accuracy = 1- 3'24%= 97.8%

Example: Running the DQS Oscillator for a longer period improves the accuracy. If the total time between
start and stop commands is 250ns, and the maximum DQS clock tree delay is 400ps (tRX_DQS2DQ max),
then the DQS Oscillator Granularity Error is:

2 *(0.4ns)
250ns

DQS Oscillator Granularity Error = =0.32%

This equates to a granularity timing error or 1.28ps.

Assuming a circuit Matching Error of 5.5ps across voltage and temperature, then the accuracy is:

DQS Oscillator Accuracy = 1- 1'23%= 98.3%

The result of the DQS Interval Oscillator is defined as the number of DQS Clock Tree Delays that can be
counted within the “run time,” determined by the controller. The result is stored in MR46 and MR47. MR46
contains the least significant bits (LSB) of the result, and MR47 contains the most significant bits (MSB) of
the result. MR46 and MR47 are overwritten by the SDRAM when an MPC-1 [Stop DQS Osc] command is
received. The SDRAM counter will count to its maximum value (=2*16) and stop. If the maximum value is
read from the mode registers, then the memory controller must assume that the counter overflowed the
register and discard the result. The longest “run time” for the oscillator that will not overflow the counter
registers can be calculated as follows:

Longest Run Time Interval = 2'° * tRX_DQS2DQ(min)

The interval oscillator matching error is defined as the difference between the DQS training circuit (interval
oscillator) and the actual DQS clock tree across voltage and temperature.

» Parameters:
- tRX_DQS2DQ: Actual DQS clock tree delay
- tDQSOSC: Training circuit (interval oscillator) delay
- OSCOffset: Average delay difference over voltage and temp
- OSCMatch: DQS oscillator matching error
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Time
(ps)

»
o [Offset 2
. B
o om
WtRX_DQS2DQ
o 4"" -““
@ tDQSosc
. .-a’ . .‘
-"“ .""' OSCoffset = avg(offset1,offset2)
.’0‘0' "lc' Offset 1(at end point ) = tDQS2 DQ(V,T) _ tDQSOSC(V,T)
o Offset 2(at end point ) = tDQAS2DQ(V,T) - tDQSesc(V,T)
Offset 1] .-*
[ §
Temp(T)/\Voltage(V)

Figure 125 — Interval oscillator offset (OSC y¢f5ct)

* OSCpatch:

OSCMatch = [tRX_DQSZDQﬂ/,T) - tDQSOSC(V,T) - oscoffset]

* tDQSOSC:

Runtime
tDQSoscv,) = ~2+*count
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Table 119 — DQS Oscillator Matching Error Specification

Parameter Symbol Min Max Units Notes
DQS Oscillator Matching Error OSCMatch -10 +10 ps 1,2,3,4,5,6,7,8
DQS Oscillator Offset OSCyffset -150 150 ps 2,46,7

Note.
1. The OSCyyatch is the matching error per between the actual DQS and DQS interval oscillator over

voltage and temp.
2. This parameter will be characterized or guaranteed by design.
3. The OSCpyatch is defined as the following:

OSCMatch = [tRX_DQSZDQ(V,T) - tDQSOSC(V,T) - OSCoffse,J

Where tRX_DQS2DQy, 1), tDQSpsc(v 1) and OSCyset(y,1) are determined over the same voltage
and temp conditions.

4. The runtime of the oscillator must be at least 200ns for determining tDQSpsc (v, T)

Runtime
tDQSoscvn = ~2* Count

. The input stimulus for tRX_DQS2DQ will be consistent over voltage and temp conditions.
. The OSCoffset is the average difference of the endpoints across voltage and temp.

. These parameters are defined per channel.

. tRX_DQS2DQ(V,T) delay will be the average of DQS to DQ delay over the runtime period.
. The matching error and offset of OSC came from DQS2DQ interval oscillator.

© 00 ~NO W,

The interval oscillator count read out timing

Table 120 — DQS Interval Oscillator Read out AC Timing

DDR5-3200 to 4800 | DDR5-5200 to 6400

Parameter Symbol Unit Notes
Min Max Min Max
Delay time from DQS Interval Oscillator
stop to Mode Register Readout in tOSCOM tM(:aCy—D - tMPlgy_De TBD - nCK

manual mode

Delay time from DQS Interval Oscillator
automatic mode timer expiration to tOSCOA tMRD - tMRD - TBD - nCK
Mode Register Readout

DQS Interval Oscillator start gap in

) tOSCS tMPC_Delay + DQS Interval Timer Run Time nCK
automatic stop mode

Note(s):
1. In manual stop mode, DQS osc start command should be followed by DQS osc stop command (MPC). Otherwise, DQS osc result value (MR46 &
MR47) cannot be guaranteed.
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Figure 126 — DQS Interval Oscillator Manual Mode Timing Diagram

to th t2 t3 tg ts te  t7  ta a2, o toe1 tosz2 thes thra thes toes

CK_t,
CK_c

CA[13:0]

CMD

CS n

' DQS Interval OSC [Start] |
MR45 set to manual mode

Note(s):
1. DES commands are shown for erase of illustrator; other commands may be valid at these times.

Figure 127 — DQS Interval Oscillator Automatic Mode Timing Diagram

to t4 t2 ts3 ty ts ts t7 tb tbe1 torz tbes tora toes thes

CK t,
CK c

CA[13:0]

CMD

DQSI t NaITme R Tm

S VA R R T I Nt
'DQS Interval OSC [Start] | | ! i i ! ! i

M3R45 sgt to aq‘tomatiic moqle : : | | J {OSCOA |

Note(s):
1. DES commands are shown for ease of illustration; other commands may be valid at these times.
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4.32 tDQS2DQ Offset due to Temperature and Voltage Variation

As temperature and voltage change on the SDRAM die, the DQS clock tree will shift and may require
retraining. The oscillator is usually used to measure the amount of delay over a given time interval
(determined by the controller), allowing the controller to compare the trained delay value to the delay value
seen at a later time. The tDQS2DQQ offset due to temperature and voltage variation specification can be
used for instances when the oscillator cannot be used to control the tDQS2DQ.

Table 121 — tDQS2DQ Offset Due to Temperature and Voltage Variation for DDR5-3200 to 4800

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max Min Max

DQS to DQ
tDQS2DQ_temp tem%fzziure - TBD - | TBD - TBD - TBD - TBD | ps/C 1,2

variation

DQS to DQ o/
tDQS2DQ_volt offsetvoltage - TBD - TBD - TBD - TBD - TBD ngv 1,2
variation

Notes:

1. tDQS2DQ max delay variation as a function of temperature

2. tbQS2DQ max delay variation as a function of the DC voltage variation for VDDQ and VDD. It includes the VDDQ and VDD AC
noise impact for frequencies >20MHz and max voltage of 45mVpk-pk from DC -20MHz at a fixed temperature on the package. For
tester measurement VDDQ=VDD is assumed

Table 122 — tDQS2DQ Offset Due to Temperature and Voltage Variation for DDR5-5200 to 6400

DDR5-5200 DDR5-5600 DDR5-6000 DDR5-6400
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max
DQS to DQ
tDQS2DQ_temp offset - TBD - TBD - TBD - TBD ps/C 12
- temperature !
variation
DQS to DQ s/
tDQS2DQ_volt offset voltage - TBD - TBD - TBD - TBD 58mV 1,2
variation

Notes:

1. tDQS2DQ max delay variation as a function of temperature

2. tDQS2DQ max delay variation as a function of the DC voltage variation for VDDQ and VDD. It includes the VDDQ and VDD AC
noise impact for frequencies >20MHz and max voltage of 45mVpk-pk from DC -20MHz at a fixed temperature on the package. For
tester measurement VDDQ=VDD is assumed
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4.33 2N Mode

2N mode allows the system to provide more setup and hold time on the CA bus. 2N mode is enabled by default on the DDR5
SDRAM, and an MPC is used to change between 2N and 1N modes. MR2:0P[2] allows the state of the 2N Mode to be read.

DDR5 has defined two cycle commands, which requires the DRAM to capture the command differently between 1N and 2N modes.
In both modes, the first half of the command is sampled on the clock that the chip select is active. In 1N mode, the second half of the
command is sampled on the next clock edge. In 2N mode, the second half of the command is sampled 2 clocks after the first half.
Non-target ODT signaling (on the chip select) is also delayed by a clock in 2N mode.

To the DRAM, one clock commands operate the same in 1N and 2N mode, with the command sampled on the same clock as the chip
select active.

A 2-cycle or 1-cycle command can start on any clock (unlike geardown mode). Figure 128 below shows the differences between
standard 1N mode with a 2-cycle read command, followed by a 1-cycle precharge command, and what it looks like when operated in
2N mode with the same commands. While in 2N mode, the host will never send two consecutive Chip Selects except during explicit
cases such as exiting CATM mode.

Table 123 — MR2 Functional Modes (for reference only)

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
Internal . CS. Max F_'ower Write Read
. Device 15 Assertion Savings R

Write Reserved . 2N Mode Leveling Preamble

Timin MPSM Duration Mode Trainin Trainin
9 (MPC) (MPSM) 9 9

OP(0-7) can be programed with either “0” or “1”.
Table 124 — 2N Mode Register Config
. Register
Function 9 Operand Data Notes
Type
2N Mode R OP[2] 0g: 2N Mode (Default) 1,2
1g: 1N Mode

1 - To ensure training modes can be enabled and run appropriately, the default (power-on) mode for DDRS5 is 2N mode. Post CA
Training, the user can configure this bit to put the device into either 1N mode or 2N mode. Both 1N and 2N modes are valid operating
conditions for DDR5.

2 - Since 2N Mode setting is an MPC based command, it can only be programmed via that command and its mode register is there-
fore read only.

oK t o tan teo tas B ter te TN Example Below
Host View
CA[13:0]

CA[13:0]

CMD DE ES) PRE \DESIDE @ESXDESXDE%(DESXDE%(DE%(DES'DE%(DESXDE%(DESXDESXDE%(DE%(DESXDESXDE%(DES

tRTP

o tart ta tan n, ton too 2N Example Below

Host View
CA[13:0]

D
T ]

CA[13:0]

CMD DES DES DES DES DES DES

tRTP

CS_0
CS_1

NOTES : 1. The Host View CA[13:0] is shown for clarification, while CA[13:0] is what the DRAM should expect.
2. CS1 is shown for NT ODT clarification.
3. tRTP can be launched on odd or even clocks.

DON'T CARE 22 TIME BREAK

Figure 128 — Example of 1N vs 2N Mode - For reference only
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4.33.1 1N/ 2N Mode Clarifications

Several DDR5 SDRAM features require specific CS_n and CA bus behavior to function correctly in 1N and 2N mode. Table 125
below describes the various behaviors (additional details in the respective sections of the spec).

Table 125 — CS_n and CA Bus Required Behaviors

CS Assertion | CS_n Required | CS_n Required CA Bus Required Behavior for
Duration Behavior for 1N | Behavior for 2N Multi-Cycle CS Assertion / 2N
Cold or Warm Reset Exit Multi (default) NA Static h@Kfor 3+ Static NOP for 3+ nCK

Single low pulse

cycles (...0,1,0,1,

Pulsing low 3+
cycles (...0,1,0,1,

0..)

0..)

. . . Single low pulse Single MPC
MPC (!ncludes csTM Ex!t) Slngl.e Static multi-cycle Static multi-cycle Static MPC surrounding CS_n low by

MPC (includes CSTM Exit) Multi .
low low tMC_MPC_

CATM exit (NOP Command) Don’t care Static low for 2+ nCKStatic low for 2+ nCK| Static NOP for the duration of tCATM_CS_EXxit
PDX Don’t care L Single low pulse L Single low pulse Single NOP

Static low for 3+ nC(Static low for 3* nCK! static NOP for 3+ nCK if CS_n held static low

SRX (3 NOPs) Don’t care Pulsing low 3+ or

Static NOP for 5+ nCK if CS_n is pulsed low

Note 1 - MR2:0P[4], CS Assertion Duration, setting only applies to the MPC and VREFCA commands.
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4.34 Write Pattern Command

Due to the significant percentage of writes that contain all zeros, this new mode is being proposed for inclusion into the DDR5 speci-
fication as a new WRITE Pattern command. When used effectively, the command can save power by not actually sending the data
across the bus.

This new mode is operated very similar to a standard write command with the notable exceptions that it has its own encoded WRITE
Pattern command, no data is sent on the DQ bus, no toggling of DQS is needed, and the DRAM does not turn on any internal ODT.
ECC parity is based on the Write Pattern Mode data in MR48.

Upon receiving the command, the DRAM device will source the input for the memory array from the Write Pattern Mode Registers
instead of from the DQ bits themselves. The DQ mapping across the burst is shown below in DQ output mapping table. The host will
not send any data during this time. All timing constraints are still measured from the clocks where the write command data would
have been transferred. e.g. tWR is measured from end of write burst to PRE as shown below in Figure 129. The pattern used for this
mode is provided by the contents of MR48:0P[7:0]. That pattern can be all zeros, all ones, or something else, and can be changed
with an MRW command to MR48. The power on default for this mode register is all zeros.

Table 126 — Write Pattern Mode Register

MR Address WRITE Pattern OP7 OP6 OP5 OP4 OP3 OP2 OP1 OPO
MR48 ul Valid Valid Valid Valid Valid Valid Valid Valid

NOTES:

1. OP[7:0] can be independently programmed with either “0” or “1”.

2. Default is all zeros for OP[7:0]

3. If CRC is enabled, ALERT_n will not be issued from the DRAM during Write Pattern mode, and tCCD_S=9tCK should be satisfied..

The DQ output mapping table below describes how the pattern stored in MR48 above will be mapped into the DRAM array across
the DQ bits and Burst. The pattern is described as follows:

In the case of a x4 SDRAM device, only OP[3:0] will used, with each bit of the pattern corresponding to DQ[3:0] respectively. The
same OP value will be repeated over the entire burst for that bit (i.e. DQO store OPO0 on every Ul of the burst). Although OP[7:4] are
not used for the x4, the original programmed MRW values will still be read during an MRR. OP[7:4] will not revert back to the default
of zero.

In the case of a x8 SDRAM device, the whole pattern OP[7:0] will be used, with each bit of the pattern corresponding to DQ[7:0]
respectively. The same OP value will be repeated over the entire burst for that bit. (i.e. DQO store OPO on every Ul of the burst)

In the case of a x16 SDRAM device, the whole pattern OP[7:0] will be used, with each bit of the pattern corresponding to DQL[7:0]
respectively and then that pattern will be repeated for DQU[7:0]. The same OP value will be repeated over the entire burst for that bit.
(i.e. DQO store OPO on every Ul of the burst)

The Burst Length (BL) supported in Write Pattern Mode is based on MRO OP[1:0]. The Write Pattern Command (WRP) does not
support On-The-Fly (OTF), resulting in the output values being either a fixed BL16 or BL32.

Table 37 - Write Pattern DQ output mapping

SDRAM CONFIG BL16 x16 BL16 x8 BL16 x4 BL32 x4
ul 0-15 0-15 0-15 0-31
DQLO / DQO OPO OPO OPO OPO
DQL1/DQA OP1 OP1 OP1 OP1
DQL2/DQ2 oP2 oP2 oP2 oP2
DQL3/DQ3 oP3 oP3 oP3 oP2
DQL4/ DQ4 OP4 OP4 X
DQL5/DQ5 OP5 OP5 N
DQL6 / DQ6 OP6 OP6 N
DQL7 / DQ7 OP7 OP7 N
DQUO OP0 - -
DQU OP1 - -
DQU2 oP2 - -
DQU3 OP3 . .
DQU4 oP4 - -
DQUO oP5 - -
DQU6 OP6 - -
DQU7 OP7 - -
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DML_n/DM_n INVALID INVALID -
DMU_n INVALID - -

Figure 129 — Example of Write Pattern Command

CK t to t to t3 ta ta tanr tar tas th ther thep te tert e tes ,EC“‘ ta tan taz te tert ter2 tews tews ters tess ter7 tess tero

CKe o r
cavsn c“]WWZZZZZZZZM{ZZZ@C S |

; ICCD Cwrer j j j Used for Write Pattem Cdmmand ’?*tw-}nz
CMD RITE XDE%DE%DE%@ RP @%%EE%(DI‘ESXDE:S})%EE%(DE‘ESXD DE:! DE%E Dlé DE: @E‘}@ES D%@E%(DE%(DE%(DE DE%{DI‘E%(DI‘EJS

.—m
o

! I

8 CLKs I ‘WR —

tcep_L_wr:

DOROCS_0 \_ ( ( ( (ﬁ (

DO R1 CS_1 ) ) ) )

Dast iy "IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIl'IIIIIIIIIIIIII """ i .
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topTLon _WR ADC Max

i }‘ tADCMin > | | | | | | | ODT returnsito defabit state] RTT_| F‘ARK shiown as examplé
DO RORTT \ RTT PARK - RTT_WR = RTT PARK

Rank 1DQ VIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: ‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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DOR1RTT | RTT_PARK S RTT_NOM_WR RTT_PARK \
U S S S T A S R DTl WRNT—— T Tswoowe 1 1 1 & 1 1 1 1

«——{1anc Max

Note(s):
1. Refer to Table 52, Table 53 and Table 54 to determine if the timing parameter definition for WRITE to WRP is tCCD_L_WR or
tCCD_L_WR2.
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4.35 On-Die ECC

DDRS5 devices shall implement internal Single Error Correction (SEC) ECC to improve the data integrity within the DRAM. The
DRAM shall use 128 data bits to compute the ECC code of 8 ECC Check Bits.

For a x4 DDRS device, internal prefetch for on-die ECC is 128 bits even though a x4 is a 64-bit prefetch device. For each read or write
transaction in a x4 device, an additional section of the DRAM array is accessed internally to provide the required additional 64 bits
used in the 128-bit ECC computation. In other words, in a x4 device, each 8-bit ECC Check Bit word is tied to two 64-bit sections of
the DRAM. In the case of a x8 device, no extra prefetch is required, as the prefetch is the same as the external transfer size. For a
x16 device, two 128-bit data words and their corresponding 8 check bits are fetched from different internal banks(same external bank
address). Each 128 Data bits and the corresponding 8 check bits are checked separately and in parallel.

On reads, the DRAM corrects any single-bit errors before returning the data to the memory controller. The DRAM shall not write the
corrected data back to the array during a read cycle.

On writes, the DRAM computes ECC and writes data and ECC bits to the array. If the external data transfer size is smaller than the
128 data bits code word (x4 devices), then DRAM will have to perform an internal 'read-modify-write' operation. The DRAM will cor-
rect any single-bit errors that result from the internal read before merging the incoming write data and then re-compute 8 ECC Check
bits before writing data and ECC bits to the array. In the case of a x8 and x16 DDRS5, no internal read is required.

For a x16 device, two 136-bit code words are read from two internal banks(same external bank address), one code word is mapped
to DQI0:7] and the other code word is mapped to DQ[8:15].

4.35.1 SEC Overview

The ECC blocks show in Figure 127 are the ECC Check Bit Generator, Syndrome Generator, Syndrome Decode and Correction. The
Check Bit Generator and Syndrome Generator blocks are fully specified by the H matrix.

The Syndrome Decode block executes the following function:

Zero Syndrome => No Error

Non-Zero Syndrome matches one of the columns of the H matrix => Flip Corresponding bit

Non-Zero Syndrome that does not match any of the columns in the H matrix => DUE

DUE: Detected Uncorrected

Data to Memory >
Code Word
to Memory
:> Check Bit
Generator
No Error Syndrome [ _ Syndrome Syndrome Code Word
Decode N Generator from Memory
Data from Memory |

CE Error Location
v (Bit#)

{ Corrected Data |Error Correction <

Figure 130 — On Die ECC Block Diagram
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4.36 DDR5 ECC Transparency and Error Scrub

DDR5 ECC Transparency and Error Scrub incorporates an ECC Error Check and Scrub (ECS) mode with an error counting scheme
for transparency. The ECS mode allows the DRAM to internally read, correct single bit errors, and write back corrected data bits to
the array (scrub errors) while providing transparency to error counts. It is recommended that a full error scrub of the DRAM is per-
formed a minimum of once every 24 hours.

There are two options for ECS mode, set via Mode Register. The Manual ECS mode (MR14:0P[7] = 1g) allows for ECS operations
via the Multi-Purpose Command. The Automatic ECS mode (MR14:0P[7] = Og, default setting) allows for the ECS to run internal to
the DRAM.

The ECS feature is available on all device configurations.

ECS mode implements two counters to track ECC code word errors detected during operation: Error Counter (EC) and Errors per
Row Counter (EpRC). The EC defaults to counting rows with errors; however, it may also be configured to count code words with
errors. In row mode (default), the EC tracks the number of rows that have at least one code word error detected subject to a threshold
filter. In the code word mode, the EC tracks the total number of code word errors, also subject to the threshold filter. The second
counter, EpRC, tracks the error count of the row with the largest number of code word errors along with the address of that row. EpRC
error reporting is also subject to a separate threshold filter. A general functional block diagram example of the ECS Mode operation is
shown in Figure 131 while the ECC Error Checking and Scrub mode, Mode Register (MR14), is shown in Table 127 below.

Figure 131 — Example of an ECC Transparency and Error Scrub Functional Block Diagram

Reset*
MR14 [A1]* ECS Address Counters
ECS CMD* 7} Column Bank Group
x| Address Address
CAS Write Wrap Wrap

External Address

*Denotes internally »| ROW or Code Word &
generated signals Error Count
A Y A A
v Reset Reset Load Load
Reset
.. ECCEror MR20:22 MR16:19
= ncremen
EC=1 [ increment > Counter (EQ) ™ ECC Error Count ECC Error per
ECC fror | [T TF = ETC Row & Row Addr
Correction Detect L
Logic ‘I r
9 et v
EpRC> 1 Increment oot
B> Reset ECC Errors per GreaterThan |  Previous High
Row Counter Compare Previous g Error Count

Reset  (EpRC) Previous High
Error Count
Row/Bank Address

Table 127 — MR14 ECC Transparency and Error Scrub Mode Register Information

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[] OP[0]
Row Mode/
ECS Mode | RESCtECS | ¢ iie Word RFU cID3 cID2 ciD1 CIDO
Counter Mode
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4.36.1 Mode Register and DRAM Initialization Prior to ECS Mode Operation

The ECC Transparency and Error Scrub counters are set to zero and the internal ECS Address Counters are initialized either by a
RESET or by manually writing a 1 to MR14 OP[6]. If manual reset via mode register is utilized, mode register bit MR14 OP[6] shall be
written back to a 0 before a subsequent reset can be applied.

ECS mode selections, MR14 OP[7], Manual/Automatic ECS Mode, and MR14 OP[5], row/code word mode shall be programmed
during DRAM initialization and shall not be changed once the first ECS operation occurs unless followed by issuing a RESET or set-
ting MR14 OP[6]=1g, otherwise an unknown operation could result during subsequent ECS operations.

Manual ECS mode is MR14 OP[7] = 1g. A manual ECS operation requires an MPC command with OP[7:0]=0000 1100g.

The DRAM must have all array bits written to prior to executing ECS operations to avoid generating false failures.

4.36.2 ECS Operation

All banks shall be precharged and in an idle state prior to executing a manual ECS operation.

Executing a manual ECS operation, MPC command with OP[7:0]=0000 1100g, generates the following internally self-timed command
sequence: ACT>RD->WR->PRE. ECS operation timing is shown in Figure 132.

Figure 132 — ECS Operation Timing Diagram

880 e a ‘3 ‘ ‘* tzﬂtjﬂ}ﬁ “” ‘“ ‘“ ‘ “ ‘2 ‘3%}“;' ‘“ ‘“ ‘ “ N
) fap

s
- v v s

tMPC_Delay | tRCD | WL + tWR | tRP + ntCK

tECSc = max(45nCK,110ns)

:‘A‘;L"e‘a‘ ECS Mode Entry >< ECS Mode X m’d'gz‘
DON'T CARE << TIME BREAK
ECS Mode Timing Diagram

The minimum time for the ECS operation to execute is tecsc (fwpc_pelay * fRep + WL + g + trp + nick)- nick is required to satisfy
tecse:

Table 128 — ECS Operation Timing Parameter

Parameter Symbol Min Max Unit NOTE
ECS Operation time tecsc Max(176nCK, 110ns) - ns

Upon executing a manual ECS operation. DQ’s will remain in RTT_PARK and DQS in DQS_RTT_PARK. The only commands
allowed other than DES during tgcs for a manual ECS operation are ODT NT commands, which may change the DQ and DQS ter-
mination state.

Any illegal usage of manual ECS mode (e.g. refresh or temperature violations) will result in operation not being guaranteed.

Executing a manual ECS operation by an MPC command with OP[7:0]=0000 1100g will issue an internally timed ACT command row
activation based on the internal ECS Address Counters' row address, fypc_pelay after the MPC command. The ACT command is to
be followed by a WR command fg¢p later. The WR command will perform an internal Read-Modify-Write cycle on the code word
determined by the internal ECS Address Counters' column address.

The internal Read-Modify-Write cycle will:
1.Read the entire code word (128 data bits and 8 check bits) from the array
2.Correct a single bit error in the code word or check bits, if an error is detected
3.Write the resultant code word back to the DRAM array
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The WR command is followed by a PRE command WL + fyr later. The PRE command will automatically re-enable the DRAM's |/Os
and address inputs, and it will return the DRAM to idle mode trp + nick later, after tzcg is satisfied.

For each ECS operation, ECS Address Counters increment the column address after each internal ECS WR command such that the
next code word and check bits are selected. Once the column counter wraps (all code words and check bits on the row have been
accessed), the row counter will increment until all code words on each of the rows within a bank are accessed. When the row counter
wraps (all rows within the bank have been accessed), the bank counter will increment and the next bank within a bank group will
repeat the process of accessing each code word. When the bank counter wraps, the bank group counter will increment and the next
bank group will repeat the process of accessing each code word, until all bank groups within the DRAM have been accessed.

After all the code words within the DRAM are read, corrected, and written once, the bank group counter will wrap and the process
begins again with the next manual ECS operation. The total number of manual ECS operations required to complete one cycle of
Error Check and Scrub is density and configuration dependent, as listed in Table 147 below. The DRAM controller shall track the
number of manual ECS operations to complete a full scrub of that device.

Table 129 — Number of Code Words Per DRAM

Configuration 8Gb 16Gb 24Gb 32Gb 64Gb
x4, x8, x16 2126 2827 2727 *1.5 2128 21729

In order to complete a full Error Check and Scrub within the recommended 24 hours, the average periodic interval per ECS operation
(tecsint) is 86,400 seconds divided by the total number of manual ECS operations to complete one full cycle of ECS. tgcgijnt is
included in Table 130.

Table 130 — Average Periodic ECS Interval (tECSint)

Configuration 8Gb 16Gb 24Gb 32Gb 64Gb
x4, x8, x16 1.287mS 0.644mS 0.429mS 0.322mS 0.161mS

In order for the DDR5 SDRAM to perform automatic ECS operations when in Automatic ECS Mode, the host needs to issue periodic
REFab commands or periodically enter Self Refresh mode. The maximum spacing between REFab commands or Self Refresh entry
for the DRAM to complete the automatic scrub within the recommended 24 hours is tzcgint- Meeting this REFab/Self-Refresh

requirement allows the DRAM to perform the automatic ECS operations without placing additional restrictions on refresh mode
usage, i.e. all bank/same bank refresh or normal/FGR mode refresh, while in Automatic ECS mode. REFab commands issued in
excess of required by the DRAM for automatic ECS operations (one per txcsiny) may be used by the DRAM for normal refresh
operation. Issuing multiple REF commands shall not exceed the total number allowed within a 1 x (REFI window, as described in the
Refresh Operation Scheduling Flexibility section of the spec.

When in Automatic ECS mode, the ECS commands and timing are generated and satisfied internal to the DRAM, following the
Average Periodic ECS Interval timings to ensure that the Error Check and Scrub is completed and the transparency registers (MR16-
20) are updated within the recommended 24-hour period.

The DRAM is required to perform automatic ECS operations while in Self Refresh mode to meet the Average Periodic ECS

Interval timings, regardless of Self Refresh is entered from Manual or Automatic ECS mode. However, some variation in the DRAM
scrubbing rate may be encountered while in Self Refresh since the DRAM will need to sync the internal operations to an internal

oscillator fre-quency. Entering and exiting Self Refresh will not reset the ECS transparency counters/registers. Interval timing for
the maximum spacing between REFab commands or another Self Refresh entry is allowed to restart upon Self Refresh exit.
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4.36.3 ECS Threshold Filter

The ECC Transparency and Error Scrub scheme incorporates a user programmable ECS Threshold Filter that masks error counts
less than the programmed filter value. The value is set using MR15 as listed in Table below. The default MR15 setting is 256 fails per
Gb of memory cells (OP[2:0] = 011B).

MR15 Transparency ECC Error Threshold Count per Gb of Memory Cells

OP[7] ‘ OP[6] ‘ OP[5]‘ OP[4] ‘ OPI[3] OP[2] ‘ OP[1] ‘ OPJ[0]

OPJ[2:0]: 011B = 256 (Default)
OP[2:0]: 100B = 1024
OP[2:0]: 101B = 4096
OPJ[2:0]: 110B = RFU
OP[2:0]: 111B = RFU

RFU

4.36.4 ECS Error Tracking

The type of error tracking provided by the ECC Transparency and Error Scrub is selectable using MR14 OP[5], which can track either
the number of rows (default) or code words with errors using the Error Counter. The row or code word error count will be tracked and
written to MR20 register. MR14 OP[5] is programmed during DRAM initialization and should not be changed once the first ECS com-
mand has been issued, otherwise an unknown operation could result. If MR14 OP[5] is changed without powering down, a MR14
OP[6] reset shall be issued prior to subsequent ECS commands to reinitialize the counters.

When the ECC row count mode is selected, the Error Counter (EC) increments each time a row with check bit errors is detected. After
all rows, in all banks, in all bank groups have ECS operations performed, the result of the Error Counter is loaded into MR20, subject
to error threshold reporting. The EC is reset after the value has been transferred to the mode register.

MR20 is shown in Table 131. EC[7:0] indicate error counts within a range. ECO is set to “1” if ECO,y,;, (the ETC set by MR15) has been
reached, but the fail count is less than or equal to ECO,,,5x =2 * ETC * Density(Gb) - 1. Likewise, the min values of EC[7:1] are

defined as EC[X] i, = ETC * Density(Gb) * 2X, and max values are defined as EC[x]ax = 2 * (ETC * Density(Gb) * 2¥) - 1. The excep-
tion is EC7,,,,«, Which is unlimited. The corresponding bit will be set if the error count is within the required range.

Table 131 — MR20 Number of Rows or Code Word Errors per DRAM Die

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
MR20 EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO

When the ECC code word error count mode is selected, the Error Counter (EC) increments each time a code word with check bit
errors is detected. After all code words, on all rows, in all banks, in all bank groups had ECS commands performed, the result of the
Error Counter is loaded into MR20, subject to error threshold reporting. The EC is reset after the value has been transferred to the
mode register.

The ECC Errors per Row Counter increments the number of code words errors on a given row, after more than one error on a given
row is detected. The EpRC counter is reset with each column address wrap. Each row's code word error count is compared to the
previous code word error count to determine the row address with the highest error count within the DRAM die. After reading all code
words on a row, the number of errors counted is compared to the number of errors from the previous row. If the previous row error
count is less than the present row error count, the present larger error count is saved to the Previous High Error Count register, its
associated address is saved to the Previous High Error Count Row/Bank Address/Bank Group register, and the present row error
counter is cleared. If the previous row error count is greater than the present row error count, the previous row error count and regis-
ter value remains unchanged, however the present row error counter is cleared.

After all rows, in all banks, in all bank groups have executed ECS operations, the result of the Previous High Error Count (address
and error count) are latched into MR16:19 when the bank group counter wraps, if the Errors per Row Count(EpRC) meets or exceeds
the Row Error Threshold Count(RETC) in Table 135. MR16:18 shown in Table 132 contains the information for the row with the high-
est number of code word errors and is allocated as A[17:0] Row Address, BA[1:0] Bank Address, BG[2:0] Bank Group Address.
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MR19 shown in Table 132 contains the information for the Errors per Row Count (EpRC) for the number of code word errors on the

highest failing row. REC[5:0] indicates error counts within a range. RECO is set to “1” if RECO,,;, (the RETC defined in Table 133) has
been reached, but the fail count is less than or equal to RECO,,54 =2 * RETC - 1. Likewise, the min values of REC[5:1] are defined as
REC[X]min = RETC * 2%, and max values are defined as REC[X]ax = 2 * (RETC * 2¥) - 1. The exception is REC5,,,, which is unlim-
ited. The corresponding bit will be set if the error count is within the required range.

Table 132 — MR16-MR19 Address of Row with Max Errors and Error Count

OP[7] OP[6] OP[5] OP[4] OP[3] OP[2] OP[1] OP[0]
MR16 R7 R6 R5 R4 R3 R2 R1 RO
MR17 R15 R14 R13 R12 R11 R10 RO RS
MR18 RFU BG2 BG1 BGO BA1 BAO R17 R16
MR19 RFU RFU REC5 REC4 REC3 REC2 REC1 RECO

Table 133 — Row Error Threshold Count (RETC)

Error Count
Row Error Threshold Count (RETC) 4

The error counters (ECC Error Counter and ECC Errors per Row Counter) reset each time the bank group counter wraps. This pro-
cess will occur on the ECS operation following the ECS operation that processed the last row in the last bank in the last bank group.
The MR16:20 are not cleared after being read from, they will retain the most recent written data until they are rewritten during a sub-
sequent bank group wrap or reset by either issuing a RESET or setting MR14 OP[6] to a 1.

4.36.5 3DS Operation

The ECS feature supports 3DS stacking where the Chip ID, MR14 OP[3:0] (CID3:0 respectively), command bits steer the ECS com-
mand to the proper mode registers MR14-MR20 within the die stack. The CID[3:0] bits will be ignored for MRW commands to MR14
or MR15, resulting in identical transparency settings for all die in a 3DS stack. The CID[3:0] bits must be set for MRR commands to
MR14-MR20 to read out the data from the target die in the 3DS stack. The CID[3:0] bits will also be used by the Manual ECS MPC
command. For single die packages, the CID[3:0] bits should all be set to '0'.

Mode register configuration and readout of mode register data requires per DRAM addressing mode.

Broadcasting the Manual ECS MPC command to all die in the stack is not supported. The Manual ECS MPC command to command
spacing requires waiting tECSc, even to different die in the stack. The only commands allowed during fgcs, for a manual ECS Oper-
ation are ODT NT commands..
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4.37 CRC
4.37.1 CRC polynomial and logic equation

DDRS5 supports CRC for write and read operations. Write and read CRC can be enabled by separate mode
register bits. Write CRC and data mask functions are not supported at the same time and cannot be
enabled together.

The CRC polynomial used by DDRS5 is the ATM-8 HEC, X*8+X"2+X"1+1 that is same as used on DDRA4.
A combinatorial logic block implementation of this 8-bit CRC for 64-bits of data contains TBD two-input
XOR gates contained in eight 6 XOR gate deep trees.

The Table x shows error detection coverage of DDR5 CRC.

Table 134 — Error Detection Details

ERROR TYPE DETECTION CAPABILITY
Random Single Bit Error 100%
Random Double Bit Error 100%
Random Odd Count Error 100%
Random Multi-Bit Error within Two adjacent Transfers 100%

CRC COMBINATORIAL LOGIC EQUATIONS
module CRC8_D64;

// polynomial: (0 1 2 8)

// data width: 64

/I convention: the first serial data bit is D[63]
/'initial condition all 0 implied

function [7:0]

nextCRC8_D64;

input [63:0] Data;

reg [63:0] D;

reg [7:0] NewCRC;

begin

D = Data

NewCRCI[0] = D[63] A 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] A D[19] * D[18] A D[16]
D[14] » D[12] » D[8] * D[7] » D[6] * D[0] ;
NewCRC[1] = 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] A D[32] *
D[30] A D[29] » D[28]  D[24] » D[23] * D[22] A D[21] *
D[20] A D[18] A D[17] » D[16] A D[15] * D[14] A D[13] *
D[12] * D[9] * D[6] * D[1]  D[0];
NewCRC[2] = 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] A D[33] *
D[29] A D[28] » D[25] » D[24] » D[22] * D[17] A D[15] *
D[13] A D[12] A D[10]  D[8] * D[6] * D[2] * D[1] * D[O];
NewCRC[3] = D[63] » D[62] » D[61] * D[59] »
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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] A D[26] » D[25] » D[23] » D[18] * D[16] A D[14] *

D[13] # D[11] ~ D[9] A D[7] ~ D[3] *~ D[2] ~ D[1];

NewCRC[4] = D[63] » D[62] * D[60] A

D[59] A D[56] » D[52] » D[50] * D[49] * D[48] » D[46] *
D[45] A D[44] » D[41] » D[39] » D[36] * D[35] A D[31] *
D[30] A D[27] » D[26] » D[24] » D[19] » D[17] A D[15] *
D[14] » D[12] » D[10]  D[8] * D[4] * D[3] * D[2];
NewCRC[5] = D[63] » D[61] * D[60] A

D[57] » D[53] » D[51] » D[50] * D[49] * D[47] » D[46] *
D[45] A D[42] » D[40] » D[37] » D[36] * D[32] A D[31] *
D[28] » D[27] » D[25] » D[20] » D[18] * D[16] A D[15] *

D[13] # D[11] ~ D[9] ~ D[5] * D[4] ~ D[3];

NewCRCI6] = D[62] » D[61] » D[58] A

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] A 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[63] » D[62] * D[59] A

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

nextCRC8_D64 = NewCRC;

4.37.2 CRC data bit mapping for x4 devices

The following figure shows detailed bit mapping for a x4 device. This bit mapping is common between write

and read CRC operations.

Transfer
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DQO d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 d60 [CRCO|[CRC4
DQ1 dl d5 d9 di3 di17 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ2 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRC6
DQ3 d3 d7 di11 di5 di19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 de63 |CRC3|CRC7

Figure 133 — CRC bit mapping for x4 device
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4.37.3 CRC data bit mapping for x8 devices

The following figure shows detailed bit mapping for a x8 device. This bit mapping is common between write
and read CRC operations. x8 devices have two DQ nibbles and each DQ nibble has its own eight CRC bits
to protect 64 data bits. Therefore, a x8 device will have two identical CRC trees implemented.

Transfer

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DQO d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 d60 [CRCO|[CRC4
DQ1 dl d5 d9 di3 di7 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ2 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRC6
DQ3 d3 d7 di11 di5 d19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 d63 |CRC3|CRC7
DQ4 d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 de60 [CRCO|CRC4
DQ5 dl d5 d9 di13 di7 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ6 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRCe6
DQ7 d3 d7 di11 di5 di19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 d63 |CRC3|CRC7

Figure 134 — CRC bit mapping for x8 device

4.37.4 CRC data bit mapping for x16 devices

The following figure shows detailed bit mapping for a x16 device. This bit mapping is common between
write and read CRC operations. x16 devices have four DQ nibbles and each DQ nibble has its own eight
CRC bits to protect 64 data bits. Therefore, a x16 device will have four identical CRC trees implemented.

Transfer

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DQO d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 d60 [CRCO|CRC4
DQ1 dl d5 d9 di13 di7 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ2 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRCe6
DQ3 d3 d7 di11 di5 di19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 d63 |CRC3|CRC7
DQ4 d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 d60 [CRCO|CRC4
DQ5 dl d5 d9 di3 di7 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ6 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRCe6
DQ7 d3 d7 di11 di5 di19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 de63 |CRC3|CRC7
DQ8 d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 d60 [CRCO|[CRC4
DQ9 dl d5 d9 di13 di7 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ10 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRC6
DQ11 d3 d7 di11 di5 di19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 d63 |CRC3|CRC7
DQ12 d0 d4 d8 di12 die d20 d24 d28 d32 d36 d40 d44 d48 d52 d56 d60 [CRCO|CRC4
DQ13 dl d5 d9 di3 di7 d21 d25 d29 d33 d37 d41 d45 d49 d53 d57 de6l |CRC1|{CRC5
DQ14 d2 d6 di0 di4 di8 d22 d26 d30 d34 d38 d42 d46 d50 d54 d58 d62 |CRC2|{CRCe6
DQ15 d3 d7 di11 di5 di19 d23 d27 d31 d35 d39 d43 d47 d51 d55 d59 d63 |CRC3|CRC7

Figure 135 — CRC bit mapping for x16 device
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4.37.5 Write CRC for x4, x8 and x16 devices

The controller generates the CRC checksum and forms the write data frames as shown in Chapter 4.37.2
to Chapter 4.37 4.

Write CRC function can be enabled or disabled per each nibble independently in x8 device. There are two
separate write CRC enable MR bits (for upper and lower nibbles) defined for x8. When at least one of two
write CRC enable bits is set to ‘1’ in x8, the timings of write CRC enable mode is applied to the entire
device (i.e. both nibbles). When write CRC is enable in one nibble and disabled in the other nibble in x8,
then the DRAM does not check CRC errors on the disabled nibble, and hence the ALERT _n signal and
any internal status bit related to CRC error is not impacted by the disabled nibble.

In case of x4 or x16, only one of two write CRC enable bit is used as defined in the MR table (figure TBD).
The unused write CRC enable bit is don’t care in x4 and x16, i.e., MR50 OPJ[2] is set to low for x4 and x16
devices.

The DRAM checks for an error in received code words per each write CRC enabled nibble by comparing
the received checksum against the computed checksum and reports errors using the ALERT _n signal if
there is a mismatch in any of nibbles.

DRAM can write data to the DRAM core without waiting for CRC check for full writes. If bad data is written
to the DRAM core then controller will retry the transaction and overwrite the bad data. Controller is
responsible for data coherency.

There is no write latency adder when write CRC is enabled.

4.37.6 Write CRC auto-disable

Write CRC auto-disable mode is enabled by programming the Write CRC auto-disable mode enable bit
MR50:0P[4] to ‘“1’. When this mode is enabled, the DDR5 SDRAM counts the number of Write CRC error
occurrences per device, regardless of configuration (x4, x8 or x16). When the number of Write CRC errors
exceeds the Write CRC Auto-Disable Threshold (between 0 and 127) as programmed in MR51:0P[6:0],
the DDR5 SDRAM disables Write CRC error checking of all nibbles and sets the Write CRC auto-disable
status bit MR50:0P[5] to ‘1’. To exceed the Write CRC Auto-Disable Threshold, the number of Write CRC
errors must occur within the Write CRC Auto-Disable Window described below.

Unless the Write CRC auto-disable status bit is set, the Write CRC error counter is reset after the
predetermined number of writes between 0 and 127, where 0 means an infinite window, as programmed in
MR52:0P[6:0], so that the Write CRC error count will accumulate during each Write CRC Auto-Disable
Window. Once the Write CRC auto-disable status bit is set, the write CRC error checking is not re-enabled
at the end of the Write CRC Auto-Disable Window, even though the Write CRC error counter is reset below
the threshold value.

Write CRC error checking can be re-enabled by resetting the Write CRC auto-disable status bit
MR50:0P[5] to ‘0. This will reset the Write CRC error counter and restart the Write CRC Auto-Disable
Window.

Prior to changing the Write CRC Auto-Disable Threshold as programmed in MR51:0P[6:0] or the Write
CRC Auto-Disable Window as programmed in MR52:0P[6:0], the host shall disable the Write CRC Auto-
Disable mode, MR50:0P[4]=0. Once the updated values have been programmed in MR51 and/or MR52,
Write CRC Auto-Disable mode can be (re)enabled, MR50:0P[4]=1. Disabling the Write CRC Auto-Disable
mode, if enabled, will reset the DRAM’s Write CRC error counter and restart the Write CRC Auto-Disable
Window. However, if the Write CRC auto-disable status bit had previously been set to ‘1°, MR50:0P[5]=1,
the host is required to set MR50:0P[5]=0 to resume error counting.

Changes to the Write CRC auto-disable threshold (MR51) and window (MR52) settings are only allowed
when the CRC Write auto-disable mode is disabled
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(MR50[4]=0).

If the CRC auto-disable threshold is reached and the DDR5 SDRAM was already driving ALERT_n to low
due to the current or a previous Write CRC error, then ALERT_n may be released upon satisfying
CRC_ALERT_PW_min.

When Write CRC auto-disable mode is disabled, MR50:0OP[4] = 0, Write CRC error counters may remain
at reset values even if Write CRC errors occur.

4.37.7 Read CRC for x4, x8 and x16 devices

The DDR5 SDRAM generates the CRC checksum and forms the read data frames as shown in

Chapter 4.37.2 to Chapter 4.37.4. The controller can check for an error in received code words per nibble
by comparing the received checksum against the computed checksum and if there is a mismatch in any of
nibbles then controller may retry the transaction.

Read latency adder when read CRC is enabled depends on data rate as shown in the table below.

Table 135 — Read CRC Latency Adder

Data Rate (MT/s) Read CRC Latency Adder (nCK)
2000 < Data Rate <2100 0
3200 MT/s < Data Rate < 6000 MT/s 0
6000 MT/s < Data Rate < 6400 MT/s 2

4.37.8 CRC Burst Order

When Write CRC is enabled, the CRC bits are calculated based on the sequential burst address order of
the write data for the Write command. This sequential order is '0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F' in BL16,
and '0,1,2,3,4,5,6,7, T, T,T,T, T, T,T,T or '8,9,A,B,C,D,E,F, T, T,T, T, T,T,T,T' in BC8 OTF.

When Read CRC is enabled, the DDR5 SDRAM's CRC generator overrides the CA burst order bits C3 and
C2 t0 '00', and CRC bits are calculated based on the sequential burst address order of the read data for
the Read command. This sequential order is '0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F' in BL16, and
'0,1,2,3,4,56,7, T, T, T,T,T.T,T or 'T,T,T,T, T, T, T, T,8,9,A,B,C,D,E,F' in BC8 OTF. The override values do not
modify the actual data burst ordering, and are only used for the CRC calculations. Actual data burst follows
the burst order as indicated by C3 and C2 in the Read command.
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4.37.9 Write CRC error handling

When DRAM detects CRC error on received code words in any of nibbles, then it drives ALERT_n signal
to ‘0’ for TBD clocks.

The latency to ALERT_n signal is defined as tCRC_ALERT in the figure below.

DRAM will set Write CRC Error Status bit in A[3] of MR50 to '1' upon detecting a CRC error. The Write
CRC Error Status bit remains Group At '1' until the host clears it explicitly using an MRW command.

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

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

CK_t
CK_c [
D P ..
ite) IDEEEREERTERE | AT
| LCRC_ALERT CRC_ALERT_PW(rmin) | ‘ ‘ |
Alert_n ! [ ! i T !
(BL1B) RN o /////////{/////////‘//////%/ \ |
ki b bttt to ts te b te byt to
CKe I A e A i o o s B i
DQ m”,@ o & o T - Ei iJ/i////////:'//g\///;//////////%,'////////;//u//u//}/////////}//,'/////i////u//.i////////;/////.’/[]11ZZZZZZZZZZiZﬂzﬁgglzziZZZZZZHZ%ZZZZZZZZZ%ZZEZZZZZEZZZZZ
(BL32) A a i T T | N A
| | | | | | | | GRC_ALERT_PW(ma) i 1 " | CRC_ALERT,_PW(max) | 1 | | i
(ORC_ALERT Ro_ALERT PW(rin)_ || | | cromer CR ALERT P | | | | N
B33, ///////////////////W) ‘////////‘: i
Figure 136 — CRC Error Reporting Timing diagram
Note(s):

1. CRC_ALERT_PW is specified from the point where the DRAM starts to drive the signal low to the point where the DRAM driver releases and the
controller starts to pull the signal up.
2. Timing diagram applies to x4, x8 and x16 devices.

Table 136 — CRC Error Handling Timing Parameters

Symbol Description min max unit
tCRC_ALERT CRC Alert Delay Time 3 13 ns
CRC_ALERT_PW | CRC Alert Pulse Width 12 20 nCK
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4.37.10 CRC bit mapping in BC8 mode

CRC bits are always transferred on 17th and 18th Ul, in BC8 mode. When read CRC is enabled during

BC8 read, DQ bits are driven high and DQS is toggled by DRAM during the chopped data bursts. When
write CRC is enabled during BC8 write, DQ bits must be driven high and DQS must be toggled by
controller during the chopped data bursts. In BC8 mode, read CRC and write CRC bits are calculated with
the inputs to the CRC engine for the chopped data bursts replaced by all '1's.

Transfer
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DQO d0 d4 d8 di12 di6 d20 d24 d28 1 1 1 1 1 1 1 1 |CRCO|CRC4
DQ1 di d5 d9 di3 di17 d21 d25 d29 1 1 1 1 1 1 1 1 |CRC1|CRC5
DQ2 d2 d6 di0 di4 di18 d22 d26 d30 1 1 1 1 1 1 1 1 |CRC2|CRC6
DQ3 d3 d7 di1 di5 d19 d23 d27 d31 1 1 1 1 1 1 1 1 |CRC3|CRC7
Figure 137 — CRC bit mapping in BC8 modes for x4 device
Transfer
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DQO do0 d4 d8 di2 di6 d20 d24 d28 1 1 1 1 1 1 1 1 |CRCO|CRC4
DQ1 di d5 d9 di3 di17 d21 d25 d29 1 1 1 1 1 1 1 1 |CRC1|CRC5
DQ2 d2 d6 di0 di4 di18 d22 d26 d30 1 1 1 1 1 1 1 1 |CRC2|CRC6
DQ3 d3 d7 dil1 di5 d19 d23 d27 d31 1 1 1 1 1 1 1 1 |CRC3|CRC7
DQ4 do0 d4 d8 di2 di6 d20 d24 d28 1 1 1 1 1 1 1 1 |CRCO|CRC4
DQ5 di d5 d9 di3 di17 d21 d25 d29 1 1 1 1 1 1 1 1 |CRC1|CRC5
DQ6 d2 d6 di0 di4 di18 d22 d26 d30 1 1 1 1 1 1 1 1 |CRC2|CRC6
DQ7 d3 d7 dil1 di5 d19 d23 d27 d31 1 1 1 1 1 1 1 1 |CRC3|CRC7

Figure 138 — CRC bit mapping in BC8 modes for x8 device
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Transfer
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DQO d0 d4 d8 di12 die d20 d24 d28 1 1 1 1 1 1 1 1 |[CRCO|CRC4
DQ1 dl d5 d9 di3 di7 d21 d25 d29 1 1 1 1 1 1 1 1 |[CRC1|CRC5
DQ2 d2 d6 di0 di4 di8 d22 d26 d30 1 1 1 1 1 1 1 1 |[CRC2|CRC6
DQ3 d3 d7 di11 di5 di19 d23 d27 d31 1 1 1 1 1 1 1 1 |[CRC3|CRC7
DQ4 d0 d4 d8 di12 die d20 d24 d28 1 1 1 1 1 1 1 1 |[CRCO|CRC4
DQ5 dl d5 d9 di3 di7 d21 d25 d29 1 1 1 1 1 1 1 1 |[CRC1|CRC5
DQ6 d2 d6 di0 di4 di8 d22 d26 d30 1 1 1 1 1 1 1 1 |[CRC2|CRC6
DQ7 d3 d7 di11 di5 di19 d23 d27 d31 1 1 1 1 1 1 1 1 |[CRC3|CRC7
DQ8 d0 d4 d8 di12 die d20 d24 d28 1 1 1 1 1 1 1 1 |[CRCO|CRC4
DQ9 dl d5 d9 di13 di7 d21 d25 d29 1 1 1 1 1 1 1 1 |[CRC1|CRC5
DQ10 d2 d6 di0 di4 di8 d22 d26 d30 1 1 1 1 1 1 1 1 |[CRC2|CRC6
DQ11 d3 d7 di11 di5 di19 d23 d27 d31 1 1 1 1 1 1 1 1 |[CRC3|CRC7
DQ12 d0 d4 d8 di12 die d20 d24 d28 1 1 1 1 1 1 1 1 |[CRCO|CRC4
DQ13 dl d5 d9 di3 di7 d21 d25 d29 1 1 1 1 1 1 1 1 |[CRC1|CRC5
DQ14 d2 d6 di0 di4 di8 d22 d26 d30 1 1 1 1 1 1 1 1 |[CRC2|CRC6
DQ15 d3 d7 di11 di5 di19 d23 d27 d31 1 1 1 1 1 1 1 1 |[CRC3|CRC7

Figure 139 — CRC bit mapping in BC8 modes for x16 device

4.37.11 CRC bit mapping in BL32 mode

In BL32 mode, CRC bits are separately calculated for the first half and the second half of the data. CRC
bits for the first half of the data are transferred on 17th and 18th Ul, and CRC bits for the second half of the
data are transferred on 35th and 36th UI.
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4.38 Loopback

With Loopback, DDR5 can feed a received signal or data back out to an external receiver for multiple purposes. Loopback allows the
host (memory controller or test instrument) to monitor data that was just sent to the DRAM without having to store the data in the
DRAM or use READ operations to retrieve data sent to the DRAM. Loopback in DDR5 DRAM requires that the data be sent to the
Loopback path before sending it to the core so no READ/WRITE commands are required for Loopback to be operational. There are
also inherent limitations when characterizing the receiver using statistical analysis methods such as Bit Error Rate (BER) analysis. At

BER=1E""6, for example, (1) there is not enough memory depth in the DRAM to store all the 1E*18 data; (2) the amount of time to per-
form multiple WRITE/READ commands to/from the memory is prohibitively long; (3) since the amount of time involved performing
these operations is much longer than the DRAM refresh rate interval, the host or memory controller must also manage Refreshes
during testing to ensure data retention; and (4) limited pattern depth means limited Inter Symbol Interference (ISI) and limited Ran-
dom Jitter (Rj), and, therefore, limited errors at the receiver. Use of the Loopback feature is a necessity for characterizing the receiver
without the limitations and complexities of other traditional validation methods. Loopback can also be used during “normal” operation,
i.e., during training and when an operating system is loaded.

4.38.1 Loopback Output Definition

The Loopback requires two output pins (one single-ended Loopback strobe LBDQS and one single-ended Loopback data LBDQ). Pin
assignment location for Loopback pins are defined as A9 for LBDQS and A1 for LBDQ.

The default RTT state for Loopback is RTT_OFF, designated by MR36:0P[2:0] = 000B. In this state, both the LBDQS and LBDQ out-
puts are disabled. If the Loopback pins of several DDR5 SDRAM devices are connected together and the “end” device needs termi-
nation, there is an RZQ/5 (48ohms) option available by setting MR36:0P[2:0] = 101B.

Selecting a Loopback Select Phase A(MR53:0P[6:5]=00g) and Output value via MR53:0P[4:0] other than the default, Loopback Dis-
abled(MR53:0P[4:0]=00000g), will result in the LBDQS and LBDQ pins to transition from the RTT_OFF to a DRAM Drive State.

Before changing the Loopback Output Select from upper byte to lower byte or vice versa, host shall set Loopback Output Select to
MR53:0P[4:0]=00000g to make Loopback mode be Disabled.

The LBDQS output will transition with the differential input crossing point of DQS_t/DQS_c for x4 and x8 device configurations, plus
latency. LBDQS will transition with DQSL_t/DQSL_c for x16 devices if DML or a DQL is selected for output, or with DQSU_t/DQSU_c
for x16 devices if DMU or a DQU is selected for output. If an RFU output is selected, or if DMU or a DQU is selected on a x4 or x8
device where DQSU_t/DQSU_c are not valid, LBDQS will remain in a DRAM Drive State.

The LBDQ output will transition with the receiver data state of the DM or DQ pin selected by MR53:0P[4:0]. If an RFU output is
selected, or if an invalid output for device configuration is selected, the LBDQ output will remain in a DRAM Drive State.

Table 137 — Loopback Output Definition

Condition LBDQS LBDQ NOTE
Loopback Disabled RTT_Loopback RTT_Loopback
Selected Phase and Se-
Loopback Enabled Selected Phase lected DQ 1

Note 1: Selection of an unsupported DM/DQ for the device configuration will result in undefined LBDQS/LBDQ output.

4.38.2 Loopback Phase

Due to the high data rates of the DDR5 SDRAM, Loopback may be implemented with 2-way or 4-way interleaved outputs. With a 2-
way implementation, the DQS and selected DM/DQ will be sampled and output every 1 CK or 2 Ul. Similarly, with a 4-way implemen-
tation, the DQS and selected DM/DQ will be sampled and output every 2 CK or 4 UI.

To be able to sample all bits with a 2-way or 4-way interleave implementation, the Loopback Select Phase programmed in
MR53:0P[6:5] allow selection of the DQS/DM/DQ phase to be output. In 2-way mode, Phase A and Phase B are valid options. In 4-
way mode, Phase A, Phase B, Phase C and Phase D, are valid options.

Figure 140 shows an example of a Loopback implementation for 4-way interleave x4 DRAM. This example requires a divided clock
to produce DQS_0, DQS_90, DQS_180 and DQS_270. Phase A through D refers to the 4-bit naturally aligned bits in a data stream.
The output of the DQ slicer runs at 1/4 the speed as received data. In a 4-way interleave design, the data is received at full speed, but
internally the data is latched only at quarter speed. For example, if the input bit stream consists of A, B, C, D, then the multiplexer
input “A” receives data bit A and strobe DQS_0; multiplexer input “B” receives data bit B and strobe DQS_90; multiplexer input “C”
receives data bit C and strobe DQS_180; and multiplexer input “D” receives data bit D and DQS_270.
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Figure 140 — Example of 4-Way Interleave Loopback Circuit on a x4 SDRAM

4.38.3 Loopback Output Mode

Loopback Output Mode selects whether to output LBDQS and LBDQ in Normal Output Mode or Write Burst Output Mode, based on
MR53:0P[7]. In the default Normal Output Mode (MR53:0P[7] = Og), the selected DM/DQ state is captured with every DQS_t/DQS_c
toggle for the selected Loopback Phase. In Write Burst Output Mode (MR53:0P[7] = 1g), the selected DM/DQ state will be output on

LBDQ when qualified by the write enable, which means data is only captured during the write burst and not during the preamble or
postamble.

4.38.3.1 Loopback Normal Output Mode (Default)

In Normal Output Mode (MR53:0P[7] = Og), the selected DM/DQ state is captured with every DQS_t/DQS_c toggle for the selected
Loopback Phase and output on LBDQ. The LBDQS output will be delayed by t gp y from the selected DQS_t/DQS_c Loopback

Phase. Phase C and D are inverted from Phase A and B, respectively. Since no Write commands are required in Normal Output
Mode, MR settings pertaining to preamble, postamble, CWL are ignored by the Loopback function.

Additional requirements for Normal Output Mode:

® Loopback in Normal Output mode is not supported after completing Write Leveling training with Internal Write Timing mode set
MR2:0P[7]=1.

DQS must be driven differentially low (DQS_t low, DQS_c high) prior to entry into Normal Output Mode.

DQS_t/DQS_c must be continuously driven during Loopback operation. (HiZ state not allowed.)

Only DSEL and MRW commands applied at command pins during Normal Output Mode.

RESET is required to exit Loopback Normal Output Mode.

No DFE Reset is assumed after first rising edge of DQS_t. DDR5 SDRAM array data is not guaranteed after entering Normal Output
Mode.

4.38.3.2 Loopback Normal Output Mode Timing Diagrams

Loopback Normal Output Mode entry and output example timing diagrams are shown below.
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Figure 141 — Loopback Normal Output Mode Entry

‘ M DON'T CARE

Figure 142 — Loopback Normal Output 4-Way Mode PhaseB Example
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Figure 143 — Loopback Normal Output Mode 4-Way PhaseB 1CK mid Gap Example
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Figure 144 — Loopback Normal Output Mode 4-Way PhaseB 2CK Gap Example
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Figure 145 — Loopback Normal Output Mode 4-Way PhaseC 2CK Gap Example
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4.38.3.3 Loopback Write Burst Output Mode

In Write Burst Output Mode (MR53:0P[7] = 1g), Loopback data is only generated during the write burst, so it is effectively masked for

the DQS toggles during the preamble or postamble. Normal Write operation for the Command, DQS and DM/DQ is assumed. MR
settings pertaining to preamble, postamble, CWL apply, as they do for any Write command.

To prevent Loopback interference on the DRAM within the normal data path, the DRAM optionally may output the 2nd preamble pulse
for the special case of WPRE=4CK and selection of Phase C or D for Data Burst Bit phase alignment or Phase A or B for Strobe
phase alignment. With this behavior, all phases are inverted from normal behavior.

Implementation of 2-way or 4-way interleave Loopback introduces complexity in Write Burst Mode when the DQS toggle is not contin-
uous. If the DQS toggle is continuously generated by Write commands spaced BL/2, Loopback will align the LBDQS/LBDQ output
with the selected phase for all write bursts. If the DQS toggle is not continuous due to gaps in Write commands spaced greater than
BL/2, LBDQS/LBDQ may not align with the selected phase after the first write burst unless the “gap” is at least 16 CK (Write, BL/2 +
16CK, Write).

Table 138 — Loopback Output Phase

Write to Write Separation Phase NOTE

X=BL/2 Selected

Determined via analysis of

BL/2 < X<BL/2 + 32 i i
specific conditions

X>=BL/2 + 32 Selected

Note 1: Specific conditions include 2-way/4-way interleave implementation, selected phase, data rate, preamble, postamble and write
burst gap duration.

In the case where continuous bursts are not issued in Loopback Write Burst Output Mode, selection of Phase C or D for Data Burst
Bit phase alignment or Phase A or B for Strobe phase alignment may result in the last tLBQSH width of a burst that does not comply
with spec.

Additional requirements for Write Burst Output Mode:

® \Write Leveling training is required prior to Write Burst Loopback operation.

® All Write timing and voltage requirements must be followed. Failure to meet this requirement results in unknown data written to
DRAM, and the Loopback pins may not output the captured input data as expected.

4.38.3.4 Loopback Write Burst Output Mode Timing Diagrams

Loopback Write Burst Output Mode timing diagram examples are shown below.

DQs_t BERERT BT EGEEREEEEE RS RN BN RSB B
DM/DQ Do) D1)D2 | D3) D4 } D5 ) D6 | 07 ) D8 } D9 D10{D11{D12|D13(D14)D15K DO | D1) D2 X D3} D4 { D5 ) D6 ) D7 | D8 D9 KD10)D11D12)D13)D14)D:1!
WPRE=2C weoLy T ! ! ' ' 1 ‘ T T "
LBDQS T
! I ! ! ! ! ! | ! | !
LBDQ Vali | X D1 X D5 X Do Xi D13 X D1 X D5 X Do X D13 >

‘ m DONT CARE

Figure 146 — Loopback Write Burst Output Mode 4-Way PhaseB WPRE=2CK Example
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Figure 147 — Loopback Write Burst Output Mode 4-Way PhaseC WPRE=2CK Example
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Figure 148 — Loopback Write Burst Output Mode 4-Way PhaseB Data Burst Bit and PhaseD Strobe
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Figure 149 — Loopback Write Burst Output Mode 4-Way PhaseC Data Burst Bit and PhaseA Strobe

4.38.4 Loopback Timing and Levels

Alignment WPRE=4CK Optional Example

The LBDQS output will be delayed from the selected DQS_t/DQS_c Loopback Phase. The timing parameter, { gp, vy, is shown in

Table 139.
Table 139 — Loopback LBDQS Output Timing
Speed DDR5-3200/3600/4000/4400 DDR5-4800/5200 DDR5-5600/6000/6400 ]
Parameter | Symbol MIN | MAX MIN | MAX MIN | MAX Units | NOTE
Loopback Timing
LBDQS Delay from Selected DQS {LBDLY 20 TBD TBD ns

Loopback Phase

The interaction between LBDQS and LBDQ is described in section 9.10 Loopback Output Timing.

ODT for Loopback is described in Section 5.5 On-Die Termination for Loopback Signals. Output driver electrical characteristics for

Loopback is described in Section 9.2 Output Driver DC Electrical Characteristics for Loopback Signals LBDQS, LBDQ.
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4.39 CA_ODT Strap Operation

With the introduction of on-die termination for CA/CS/CK on DDR5 DRAMs, the setting of the termination values per DRAM will be
different depending on the configuration of DRAMs on the DIMM or system board. The CA_ODT pin enables the distinction of two
“sets” of CA/CS/CK ODT settings. When the CA_ODT pin is strapped to a constant VSS setting on the DIMM or board, the CA/CS/
CK ODT settings will be referred to as “Group A”. When the CA_ODT pin is strapped to a constant VDD setting on the DIMM or sys-
tem board, the CA/CS/CK ODT settings will be referred to as “Group B”. Typical usage would be to apply a weak termination setting
to Group A devices and a stronger termination setting to Group B devices, which would be at the end of the fly-by routing on the
DIMM. To support these different settings, two sets of MPC opcodes will be used to target either Group A or Group B devices. In addi-
tion to these separate “Groups” of devices based on the CA_ODT pin, the PDA commands will also be supported. However, the cor-
rect combination of the PDA Select ID and MPC opcode must be used according to the CA_ODT pin value.

The CA_ODT pin is defined in the pinlist as follows:

. Input/ o
Pin Name Output Description
CA ODT | t ODT for Command and Address. Apply Group A settings if the pin is con-
- npu nected to VSS and apply Group B settings if the pin is connected to Vppq

MR32 is defined as follows to reflect the need to be able to read the CA_ODT strap value:

OP[7] OP[6] OP[5] ‘ OP[4] ‘ OP[3] OPJ[2] ‘ OP[1] ‘ OP[0]
RFU CA_ODT CS ODT CK ODT
Strap Value

MR33 is defined as follows:

OP[7] OP[6] OP[5] ‘ OP[4] ‘ OP[3] OP[2] ‘ OP[1] OPI[0]
RFU DQS_RTT_PARK CA ODT

If the CA_ODT Strap Value for the DRAM is 0, the CK ODT, CS ODT, and CA ODT values will reflect the default settings for “Group
A” ODT values, or will reflect what has been written to these mode registers via the MPC opcodes for Group A CK/CS/CA ODT set-
tings.

If the CA_ODT Strap Value for the DRAM is 1, the CK ODT, CS ODT, and CA ODT values will reflect the default settings for “Group

B” ODT values, or will reflect what has been written to these mode registers via the MPC opcodes for Group B CK/CS/CA ODT set-
tings.

4.39.1 CA/CS/CK ODT Settings

The following MPC opcodes will be used to set the “Group A” and “Group B” RTT_CA, RTT_CS, and RTT_CK values (to be included
in the MPC section)
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Function

Operand

Data

Notes

0010 Oxxxg
0010 1xxxg
0011 Oxxxg
0011 1xxxg
0100 Oxxxg
0100 1xxxg

: Group A RTT_CK = XXX (See MR32:0P[2:0] for encoding)
: Group B RTT_CK = XXX (See MR32:0P[2:0] for encoding)

(

(

: Group A RTT_CS = XXX (See MR32:0P[5:3] for encoding)
(See MR32:0P[5:3] for encoding)

: Group A RTT_CA = XXX (See MR33:0P[2:0] for encoding)
(

[
[
[
: Group B RTT_CS = xxx [
[
[

: Group B RTT_CA = XXX (See MR33:0P[2:0] for encoding)
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4.40 Duty Cycle Adjuster (DCA)

DDR5 SDRAM supports a mode register adjustable DCA to allow the memory controller to adjust the
DRAM internally generated DQS clock tree and DQ duty cycle to compensate for systemic duty cycle error
of all DQS and DQs.

The DQS DCA is located before the DQS clock tree or equivalent place. The DCA requires a locked DLL
state and will affect DQS and DQ duty cycle during the following operations.

- Read

- Read Preamble Training
- Read Training Pattern

- Mode Register Read

The controller can adjust the duty cycle through all the DCA mode registers and can determine the optimal
Mode Register setting for DCA in multiple different ways.

In case of 4-phase internal clocks, for example, since QCLK(90°)/IBCLK(180°)/
QBCLK(270°) are adjusted based on ICLK(0"), the controller can first confirm that the
first BL is synchronized with ICLK(0®), and then perform the full DCA training operation
which needs to have an even number of MRR(or Read) - MRR(or Read) timing to avoid
confusion whether the first BL is synchronized with ICLK(0°) or IBCLK(180°)

4.40.1 Duty Cycle Adjuster Range

The global DCA step range is from -7 to +7, as defined in MR43 and MR44. The actual step size cannot be
defined since the variation of duty cycle by changing DCA code is not linear.

Table 140 — DCA Range

Parameter Min/Avg./Max Value Unit NOTE
] Min 28
Duty Cycle Adjuster Range ps 1
Max 56

Note(s):
NOTE 1These values are guaranteed by design.

S 037 Paaas:
DRAMIintermal dock : DRAMlintermal dock m
(single-phese) ) (rruiti-phase) M
! |
-~ -
DCARange DCARange

Figure 150 — Duty Cycle Adjuster Range
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4.40.2 The relationship between DCA Code Change and single/two-phase internal
clock(s)/DQS timing
In case of the DQS clock tree used single/two-phase clock(s) scheme, the duty-cycle ratio of all DQS per

device can be adjusted directly according to the internal clock(s) controlled by the DCA code. Note that
tDQSCK is not changed by DCA code change.

Using a 2-phase clock scheme, the rising edge of the 0° clock is the reference edge, while the 180° clock
is adjusted based on 0° clock. The rising edge of 0° clock is for even burst bit data, and the rising edge of
180° clock is for odd burst bit data.

The global DCA adjustment uses the “DCA for single/two-phase clock(s)” mode register bits,
MR43:0P[3:0]. A positive DCA adjustment results in a larger duty cycle ratio, while a negative DCA
adjustment results in a smaller duty cycle ratio.

In addition to the global DCA adjustment, a per-pin DCA adjustment allows an additional step range of -3
to +3, per DQS/DQ. The 2-phase clock per-pin DCA adjustment uses the OP bits [3,1:0] of MR103
(DQSL_t), MR105 (DQSL_c), MR107 (DQSU_t), MR109 (DQSU_c), MR133 (DQLO), MR141 (DQL1), ...,
MR253 (DQU7). The per-pin DCA adjustment is additive to the global DCA adjustment, as shown in the
examples below:

Table 141: DCA Range Examples (not all possible combinations)

Global DCA Adjustment Per-Pin DCA Adjustment Total DCA Adjustment at Pin
DCA Step -3 DCA Step -2 DCA Step -5
DCA Step -2 DCA Step +2 DCA Step 0
DCA Step 0 DCA Step +1 DCA Step +1
DCA Step +2 DCA Step -3 DCA Step -1
DCA Step +4 DCA Step +3 DCA Step +7
DCA Step +7 DCA Step +2 DCA Step +9

Like the global DCA adjustment, the actual step size for the per-pin DCA adjustment cannot be defined
since the variation of duty cycle by changing DCA code is not linear, however the per-pin DCA adjustment
will be approximately the same as the global DCA adjustment.

Mode register OP bits associated with the IBCLK and QBCLK may not be supported on the DRAM with a
2-phase clock scheme.
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Figure 151 — Relationship between DCA code Change and the single/two-phase internal clock(s)/
DQS waveform (Example)
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4.40.3 The relationship between DCA Code Change and 4-phase internal clock(s)/
DQS timing
In case of the DQS clock tree used 4-phase clocks scheme, the even and odd duty-cycle ratio of all DQS

per device can be respectively adjusted since the internal 4-phase clocks can be independently controlled
by the DCA code.

DCA Code Increase for QCLK DCA Code Decrease for QCLK

1 i ) ' — |
| | | | |

Ll i I |
oo /TN L T N
| (1 I | I I |
| | I I | I |
%" (QCK) m
DRAM internal clocks T ] T T | [ T
| (1 I | I I |
(4-phase) 180° (IBCLK) | o ! ! I |
I
I

|
|
N

Larger even duty-cycle ratio Smaller even duty-cycle ratio

Figure 152 — Relationship between DCA Code Change for QCLK and the 4-phase internal clocks/
DQS waveform (Example)

DCA Code Increase for IBCLK DCA Code Decrease for IBCLK

1 ' = 1 1 ' — |
| | [ | | 11 |
|

1
I |
0° (1K) w
| | | 1 [ I I
I ' T\ l /] ' l
. 90°(QCLK) | | |l | 1 | I ) I
DRAM internal clocks ] | | | 1 1 I [ I
| | | [ | I
I |

b e N 7 T N LT N

|
| | | | :
e N L N
| | |
| | |

DQS ¢
DQS_t
ﬁ Ve 4 > )
Larger even clock period Smaller even clock period
Smaller odd clock period Larger odd clock period

Figure 153 — Relationship between DCA Code Change for IBCLK and the 4-phase internal clocks/
DQS waveform (Example)
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Figure 154 — Relationship between DCA Code Change for QBCLK and the 4-phase internal clocks/
DQS waveform (Example)

4.40.4 The relationship between DCA Code Change and DQs output/DQS timing

The DQS DCA code change effect to DQ Output as follows. The rising edge of DQS _t affects the even
data output. The falling edge of DQS_t affects to the falling edge of the odd data output.
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4.40.5 Refresh Management (RFM)

Periods of high DDR5 DRAM activity may require additional refresh commands to protect the integrity of the DRAM data. The DRAM
will indicate the requirement for additional Refresh Management (RFM) by setting read only MR58 opcode bit 0 (Table 142). OP[0]=0
indicates no additional refresh is needed beyond the refresh required in the Refresh Operation section of the specification. OP[0]=1

indicates additional DRAM refresh management is required.

Table 142 — Mode Register definition for Refresh Management
MR58 OP[0]

Refresh Management (RFM) Requirement
Refresh Management (RFM) not required
1 Refresh Management (RFM) required

A suggested implementation of Refresh Management by the controller monitors ACT commands issued per bank to the DRAM. This
activity can be monitored as a Rolling Accumulated ACT (RAA) count. Each ACT command will increment the RAA count by 1 for the
individual bank receiving the ACT command.

When the RAA counter reaches a DRAM vendor specified Initial Management Threshold (RAAIMT), which is set by the DRAM
vendor in the read only MR58 opcode bits 4:1 (Table 143), additional DRAM refresh management is needed. Executing the Refresh
Management (RFM) command allows additional time for the DRAM to manage refresh internally. The RFM operation can be initiated
to all banks on the DRAM with the RFMab command, or to a single bank address (BA[1:0]) in all bank groups with the RFMsb
command. A DRAM with MR58 OP[0]=0 set will ignore the RFM command.

Table 143 — Mode Register definition for the RAA Initial Management Threshold (RAAIMT)

RAAIMT Value RAAIMT Value
MRS8 OP[4:1] Normal Refresh Mode FGR Refresh Mode
00005-0011g RFU RFU
01005 32 16
0101 40 20
10015 72 36
1010 80 40
10115-1111g RFU RFU

The RFM command bits are the same as the REF command, except for CA9. If the Refresh Management Required bit is “0”, (MR58
OP[0]=0), CA9 is only required to be valid (“V”). If the Refresh Management Required bit is “1”, (MR58 OP[0]=1), CA9="H” executes
the REF command and CA9="L" executes either a RFMab command if CA10="L" or a RFMsb command if CA10="H".

CA Pins
Abbrevi
Function ation | CS |CAO |CA1 | CA2|CA3|CA4 | CA5 |[CA6 | CA7 |CA8 | CA9 | CA10 |CA11 | CA12 | CA13 |NOTES
Refresh All REFab | L H H L L H |[CID3| V v v H & Cibo | cib1 | CIb2/ 1,3
DDPID
Refresh RFMab | L H H L L H |CID3| V v v L L CIDO0 | CID1 | CID2/ 1
Management DDPID
All
RefreshSame | REFsb | L H H L L H |CID3 | BAO BA1| V H H CIDO | CID1 | CID2/ 2,3
Bank DDPID
Refresh RFMsb | L H H L L H |CID3|BAO0 BA1| V L H CIDO0 | CID1 | CID2/ 2
Management DDPID
Same Bank
Note(s):

1. The Refresh All and Refresh Management All commands is are applied to all banks in all bank groups. CA6 and CA7 are required to be valid (“V”).
2. The Refresh Same Bank and Refresh Management Same Bank commands refresh the same bank in all bank group bits. The bank bits, BAO and BA1
on CA6 and CA7, respectively, specify the bank within each bank group.

3. If the Refresh Management Required bit is “0” (MR58 OP[0]=0), CA9 is only required to be valid (“V”).

The duration of the RFMab and RFMsb commands is dependent upon the DRAM being in Normal or FGR refresh mode. trpy min IS
equivalent to trrc min- See Table 144.
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Table 144 — tgpy parameters

Refresh Operation Symbol Value Notes
Normal Refresh Management (RFMab) tRFM1,min tRFC1,min
Fine Granularity Refresh Management (RFMab) tRFM2,min tRFC2,min
Same Bank Refresh Management (RFMsb) tRFMsb,min tRFCsb,min

When an RFM command is issued to the DRAM, the RAA counter in any bank receiving the command can be decremented by the
RAAIMT value, down to a minimum RAA value of 0 (no negative or “pull-in” of RFM commands is allowed). Issuing an RFMab
command allows the RAA count in all banks to be decremented by the RAAIMT value. Issuing an RFMsb command with BA[1:0]
allows the RAA count only with that bank address across all bank groups to be decremented by the RAAIMT value

RFM commands are allowed to accumulate or “postpone”, but the RAA counter shall never exceed a vendor specified RAA Maximum
Management Threshold (RAAMMT), which is set by the DRAM vendor in the read only MR58 opcode bits 7:5 (Table 145). If the RAA
counter reaches RAAMMT, no additional ACT commands are allowed to the DRAM bank until one or more REF or RFM commands

have been issued to reduce the RAA counter below the maximum value.

Table 145 — Mode Register definition for RAA Maximum Management Threshold (RAAMMT)

RAAMMT Value RAAMMT Value
L CHTA] Normal Refresh Mode FGR Refresh Mode

000g-010g RFU RFU

011g 3x RAAIMT 6x RAAIMT

1005 4x RAAIMT 8x RAAIMT

1015 5x RAAIMT 10x RAAIMT

110g 6x RAAIMT 12x RAAIMT

1M1g RFU RFU

RFM command scheduling shall meet the same minimum separation requirements as those for the REF command (see Table 69 in
the Refresh Operation section).

An RFM command does not replace the requirement for the controller to issue periodic REF commands to the DRAM, nor does a
RFM command affect internal refresh counters. The RFM commands are bonus time for the DRAM to manage refresh internally.
However, issuing a REF command also allows decrementing the RAA counter by the value set by MR59 OP[7:6], as shown in
Table 146. Hence, any periodic REF command issued to the DRAM allows the RAA counter of the banks being refreshed to be
decremented by the MR59 OP[7:6] setting. Issuing a REFab command allows the RAA count in all banks to be decremented. Issuing
a REFsb command with BA[1:0] allows the RAA count only with that bank address in all bank groups to be decremented.

Table 146 — Mode Register definition for RAA Counter Decrement per REF Command

RAA Counter Decrement

MRS9 OP[7:6] per REF Command

00b RAAIMT
01b RAAIMT * 0.5
10b RFU

11b RFU

No decrement to the RAA count values is allowed for entering/exiting Self Refresh. The per bank count values before Self Refresh is
entered remain unchanged upon Self Refresh exit.
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4.41 Package Output Driver Test Mode (Optional)

This optional mode allows for characterization of the DRAM package by allowing the host to individually turn on the output driver of a
single bit of the DRAM, while all other bits remain terminated. To use this test mode, the host sets MR61:0P[4:0] to select the target
DM or DQ Output Driver. The host also sets the target driver to use the Pull-up Output Driver Impedance of 34 ohms (MR5:0P[2:1] =
00g), while the termination for all the other DMs and DQs in the DRAM are defined by MR34:[2:0] (RTT_PARK).

This is only a test mode, no normal functionality is assumed while in this mode or after enabling this mode without a reset to the
DRAM device. Entering into this mode is done by programming any value in MR61 other than 0. Since this is an optional function, the
discovery bit is located in MR5:0P[3]. A reset of the DDR5 SDRAM is required after exiting the package output driver test mode.

Even though only 5 bits of the MR are needed, the entire MR61 is blocked out to isolate it from normal operating modes.

MRS Register - for Reference only - See Mode Register Section for details

OP[7] ‘ OP[6] OP[5] OP[4] OPJ[3] OP[2] ‘ OP[1] OPJ[0]
Data
Pull-Down TDQS PODTM Pull-up
Output Driver Impedance DM Enable Enable Support Output Driver Impedance I?I:ta';l:;

MRG61 Register - for Reference only - See Mode Register Section for details

OP[7] ‘ OPI[6] ‘ OP[5] OP[4] ‘ OP[3] ‘ OP[2] ‘ OP[1] ‘ OPJ[0]
RSVD Package Output Driver Test Mode
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4.42 10 features and Modes

4.42.1 Data Output Disable

The device outputs may be disabled by the Data Output Disable mode register, MR5:0P[0], as shown in the MR5 Register Definition
table. For normal operation, set MR5:0P[0] = O (default). Setting MR5:0P[0] = 1 disables the device outputs.

4.42.2 TDQS/DM

The DDR5 SDRAM x8 configuration has a package ball that is shared between TDQS_t and DM_n. The Write Data Mask (DM)
function is dependent upon Termination Data Strobe (TDQS). If TDQS is enabled, DM is disabled. If TDQS is disabled, then DM may
be enabled or disabled via mode register setting, as noted in Table 147 below.

4.42.2.1 TDQS

One pair of Termination Data Strobe (TDQS) pins, TDQS_t/TDQS_c, is supported for the x8 configuration DDR5 SDRAM. The TDQS
function is programmable via Mode Register bit, MR5:0P[4]. The x8 is the only configuration which supports the TDQS function. The
x4 and x16 DDR5 SDRAMs do not support this function thus, for these configurations, the TDQS MR setting must be disabled,
MR5:0P[4] = 0 (default).

When TDQS is enabled, MR5:0P[4] = 1, the same termination resistance function is applied to the TDQS_t/TDQS_c pins that is

applied to DQS_t/DQS_c pins., except during Read commands where TDQS does not output any data and will remain at
RTT_DQS_PARK.

4.42.2.2 DM

(Reference section “4.8.1 Write Data Mask” for data mask functionality.)

4.42.2.3 TDQS/DM Disable

When the TDQS is disabled, MR5:0P[4] = 0, the MR5:0P[5] bit may be used to enable or disable the DM_n pin function.

When both TDQS and DM functions are disabled, termination will be turned off and the pins will drive Hi-Z. The DM_n pin input
receiver will be turned-off and does not expect any valid logic level.

Table 147 — x8 TDQS Function Matrix

TDQS (MR5:0P[4]) DM
0g: Disabled (default) MR5:0P[5]
1g: Enabled Disabled
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5. On-Die Termination

5.1 On-Die Termination for DQ

ODT (On-Die Termination) is a feature of the DDR5 SDRAM that allows the DRAM to change termination resistance for each DQ,
Unlike previous DDR technologies, DDR5 no longer has a physical ODT pin and all ODT based control is now command & mode
register based. DQS_t, DQS_c and DM_n for x4 and x8 configuration (and TDQS_t, TDQS_c for X8 configuration), when enabled via
Read (for NT ODT usage), Write Commands or Default Parking value with MR setting. For x16 configuration, ODT is applied to each
DQU, DQL, DQSU_t, DQSU_c, DQSL_t, DQSL_c, DMU_n and DML_n 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. In addition to the control capability of the DQ ODT, the DQS ODT will now be independently programmed via MR33:0P[5:3]
and held static. All ODT control will be targeted for the DQs. This addition allows for adjusting the delay common in an unmatched
architecture. DQS RTT offset control mode is enabled via MR39:0P[2:0].

The ODT feature is turned off and not supported in Self-Refresh mode, but does have an optional mode with in Power Down. A
simple functional representation of the DRAM ODT feature is shown in Figure 340.

=~ - - - — — 7
l'DDT vDDQ |

e : | |

‘other :

circuty - | l—ﬁawtd_lc— |

Jike RCV,.

: : | | o DO, DQS, DM, TDQS
Lo — — — — —

Figure 155 — Functional Representation of ODT

The switch is enabled by the internal ODT control logic, which uses command decode, Mode Register Settings and other control
information, see below. The value of RTT is determined by the settings of Mode Register bits.
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5.2 ODT Modes, Timing Diagrams and State Table

The ODT Mode of DDR5 SDRAM has 5 states, Data Termination Disable, RTT_WR, RTT_NOM_RD, RTT_NOM_WR and
RTT_PARK. The ODT Mode is enabled based on Mode Registers for each RTT listed below. In this case, the value of RTT is
determined by the settings of those bits.

After entering Self-Refresh mode, DRAM automatically disables ODT termination and set Hi-Z as termination state regardless of
these setting.

Application: Controller can control each RTT condition with WR/RD command and use of ODT Offset Control Mode Registers.

- RTT_WR: The rank that is being written to provide termination and adjusts timing based on ODT Control Mode Register settings.

- RTT_NOM_RD: DRAM turns ON RTT_NOM_RD if it sees CS asserted during the second pulse of the READ command (except
when ODT is disabled by MR35:0P[5:3]).

- RTT_NOM_WR: DRAM turns ON RTT_NOM_WR if it sees a CS asserted during the second pulse of the WRITE command (except
when ODT is disabled by MR35:0P[2:0])

- RTT_PARK: Default parked value set via MR34:0P[2:0] and is to be enabled when a READ or WRITE is not active.

- DQS_RTT_PARK: Default parked value set for DQS via MR33:0P[5:3] and is to be a enabled when a READ is not active

- Data Termination Disable: DRAM driving data upon receiving READ command disables the termination after RL-1 and stays off for
a duration of BL/2.

- Strobe Termination Disable: DRAM driving strobe upon receiving READ command disables the termination after RL-1-tRPRE and
stays off for a duration of BL/2+tRPST.

Those RTT values have priority as following:

1. Data Termination Disable & Strobe Termination Disable

2. RTT_WR

3. RTT_NOM_RD

4. RTT_NOM_WR

5. RTT_PARK

which means if there is a WRITE command, then the DRAM turns on RTT_WR, not RTT_NOM_WR or RTT_NOM_RD, and also if
there is a READ command, then the DRAM disables data termination and goes into Driving mode. If during the second pulse of a
READ or WRITE command, a CS enable is sent, then Non-Target ODT is enabled and the appropriate RTT_NOM_RD or
RTT_NOM_WR is enabled for the non-target rank. This provides additional and potentially different termination options for the other
ranks on the channel.
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Table 148 — Termination State Table

Mode Register Configuration Settings Results
Command Note
RTT_PARK| RTT_WR [RTT_NOM_WR|RTT_NOM_RD| Target DRAM Term | Non-Target DRAM Term
ANY Disabled HI-Z (ODT OFF) 3
Any Non-Term CMD| Enabled | Don’t Care RTT_PARK RTT_PARK
Disabled HI-Z (ODT OFF) HI-Z (ODT OFF)
Disabled Enabled HI-Z (ODT OFF) RTT_NOM_WR
Disabled | Enabled Disabled RTT_WR HI-Z (ODT OFF)
WR Don’t Care Enabled Don’t Care RTT_WR RTT_NOM_WR 2
Enabled Disabled RTT_WR HI-Z (ODT OFF) 2,5
Enabled | Disabled Enabled RTT_PARK RTT_NOM_WR
Enabled Disabled RTT_PARK HI-Z (ODT OFF) 5
RD/MRR Enabled Don’t Care Disabled HI-Z (ODT OFF) HI-Z (ODT OFF) 1,5
Don’t Care Enabled HI-Z (ODT OFF) RTT_NOM_RD 1

NOTE 1 - When read command is executed, DRAM termination state of target rank will be Hi-Z for defined period independent of MR setting of RTT_PARK/RTT_NOM_RD/

RTT_NOM_WR.

NOTE 2 - If RTT_WR is enabled, RTT_WR will be activated by Write command for defined period time independent of MR setting of RTT_PARK /RTT_NOM.

NOTE 3 - If all RTT configs are disabled, ODT receiver power will be turned off to save power.
NOTE 4 - If RTT_PARK is enabled, DRAM RTT_PARK termination will be enabled while WR/RD/MRR are not being executed.

NOTE 5 - When a Non-Target ODT command is executed and the RTT_NOM_WR or RTT_NOM_RD is disabled, the DRAM termination state of the non-target rank will be Hi-Z

for a defined period, independent of the MR setting of RTT_PARK.

On-Die Termination effective resistance RTT is defined by MR bits.
ODT is applied to the DQ, DM, DQS_T/DQS_C and TDQS_T/TDQS_C (x8 devices only) pins.

A functional representation of the on-die termination is shown in the figure below.

VDDQ -Vout

RTT = | 1 out |

Chip In Termination Mode

oDT
s « VDDQ
RTT
To
other
circuity
ke + + | DQ
RCV
lout Vout
s ' VE3Q

Figure 156 — On Die Termination
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On die termination effective Rtt values supported are 240,120, 80, 60, 48, 40, 34 ohms.

Table 149 — ODT Electrical Characteristics RZQ=240Q +/-1% entire temperature operation range;

after proper ZQ calibration

RTT Vout Min Nom Max Unit NOTE
OLdc= 0.5° VDDQ 0.9 1 1.25 RZQ 12,3
240Q [VOMdc= 0.8 VDDQ 0.9 1 11 RZQ 12,3
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQ 12,3
OLdc= 0.5 VDDQ 0.9 1 125 RZQI2 12,3
120Q IVOMdc= 0.8* VDDQ 0.9 1 11 RZQ2 12,3
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQ2 12,3
OLdc= 0.5 VDDQ 0.9 1 125 RZQ/3 12,3
80Q IVOMdc= 0.8 VDDQ 0.9 1 11 RZQ/3 123
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQI3 12,3
OLdc= 0.5 VDDQ 0.9 1 125 RZQ/4 12,3
60Q IVOMdc= 0.8* VDDQ 0.9 1 11 RZQ/4 123
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQ/4 12,3
OLdc= 0.5 VDDQ 0.9 1 125 RZQ/5 12,3
48Q [VOMdc= 0.8 VDDQ 0.9 1 11 RZQ/5 123
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQ/5 12,3
OLdc= 0.5 VDDQ 0.9 1 125 RZQI6 12,3
40Q IVOMdc= 0.8* VDDQ 0.9 1 11 RZQ/6 12,3
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQ/6 12,3
OLdc= 0.5 VDDQ 0.9 1 125 RZQI7 12,3
34Q [VOMdc= 0.8 VDDQ 0.9 1 11 RZQI7 123
IVOHdc= 0.95* VDDQ 0.8 1 11 RZQI7 12,3

[DQ-DQ Mismatch o ax
within byte \VOMdc = 0.8* VDDQ 0 - 8 % 1,2,4,5,6
NOTES:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or voltage changes after
calibration, see following section on voltage and temperature sensitivity.
2. Pull-up ODT resistors are recommended to be calibrated at 0.8*VDDQ. Other calibration schemes may be used to achieve the linearity spec shown above, e.g. calibration at
0.5*vDDQ and 0.95*VDDAQ.

3. The tolerance limits are specified under the condition that VDDQ=VDD and VSS=VSS
4. DQ to DQ mismatch within byte variation for a given component including DQS_T and DQS_C (characterized)

5. RTT variance range ratio to RTT Nominal value in a given component, including DQS_t and DQS_c.

DQ-DQ Mismatch in a Device =

6. This parameter of x16 device is specified for Upper byte and Lower byte.

RTT Max -RTT Min

RTTNOM

*100

303




SK,F

5.3 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
DDR5 SDRAM can be changed without issuing an MRW command. This requirement is supported by the “Dynamic ODT” feature as
described as follows:

5.3.1 ODT Functional Description

The function is described as follows:

* Five RTT values are available: RTT_NOM_RD, RTT_NOM_WR, RTT_PARK, RTT_WR and DQS_RTT_PARK.
- The value for RTT_NOM_RD is preselected via MR35:0P[5:3]

- The value for RTT_NOM_WR is preselected via MR35:0P[2:0]

- The value for RTT_WR is preselected via MR34:0P[5:3]

- The value for RTT_PARK is preselected via MR34:0P[2:0] - Programmed via MPC command

- The value for DQS_RTT_PARK is preselected via MR33:0P[5:3] - Programmed via MPC command

+ During operation without commands, the termination is controlled as follows;
- Nominal termination strength for all types (RTT_NOM_RD, RTT_NOM_WR, RTT_WR, RTT_PARK & DQS_RTT_PARK) are
selected.
- RTT_NOM_RD & RTT_NOM_WR on/off timings are controlled via the respective NT Read and Write command and latencies.
- DQS_RTT_PARK is held static and is based on the value programmed in the MR listed above.
* When a write command (WR) is registered, the termination is controlled as follows:
- Alatency ODTLon_WR after the write command, termination strength RTT_WR is selected.
- Alatency ODTLoff_WR after the write command, termination strength RTT_WR is de-selected.

* The termination, RTT_NOM_WR, for the non-target Write command is selected and de-selected by latencies ODTLon_WR_NT and
ODTLoff_WR_NT, respectively.

» When a Read command (RD) is registered, the termination is controlled as follows:

- Alatency ODTLoff _RD after the Read command, data termination is disabled. Then, ODTLon_RD after the Read command, data
termination is enabled.

- Alatency ODTLoff_RD_DQS after the Read command, strobe termination is disabled. ODTLon_RD_DQS after the Read
command, strobe termination is enabled.

* The termination, RTT_NOM_RD, for the non-target Read command is selected and de-selected by latencies ODTLon_RD_NT and
ODTLoff_RD_NT, respectively.

The duration of a Write or Read command is a full burst cycle, BL/2. The termination select ("ODTLon_...") and de-select ("ODTL-
off_...") latency settings shall not result in an ODT pulse width which violates a burst cycle (BL/2) minimum duration. The equation
"ODTLoff_X - ODTLon_X >= BL/2” must be met, where X is the termination latency setting associated with a particular command
type (WR, WR_NT, RD_NT).

To achieve the minimum write burst duration, ODTLoff_X and ODTLon_X latencies contain independent programmable mode regis-
ter offsets:

- The values for the Write command ODT control offsets are preselected via MR37.
MR37:0P[2:0] preselects ODTLon_WR_Offset

MR37:0P[5:3] preselects ODTLoff WR_Offset
- The values for the non-target Write command ODT control offsets are preselected via MR38.

MR38:0P[2:0] preselects ODTLon_WR_NT_Offset

MR38:0P[5:3] preselects ODTLoff WR_NT_Offset
- The values for the non-target Read command ODT control offsets are preselected via MR39.

MR39:0P[2:0] preselects ODTLon_RD_NT_Offset
MR39:0P[5:3] preselects ODTLoff RD_NT_Offset

The combination of allowable ODT offsets are shown in Table 150:

304



SK

Table 150 — Allowable ODTL Offset Combinations

ODTLon_WR_Offset, ODTLon_WR_NT_Offset, ODTLon_RD_NT_Offset Setting
-4 -3 -2 -1 0 1 2
4 Valid Valid Valid Valid Valid Valid Valid
3 Valid Valid Valid Valid Valid Valid Valid
ODTLoff_ WR_Offset, 2 Valid Valid Valid Valid Valid Valid Valid
o()[I)JTTi%ffff__vRvS:xI:gg:::’ 1 Valid Valid Valid Valid Valid Valid Invalid
Setting 0 Valid Valid Valid Valid Valid Invalid Invalid
-1 Valid Valid Valid Valid Invalid Invalid Invalid
-2 Valid Valid Valid Invalid Invalid Invalid Invalid

Note 1: The offset combinations apply to the ODTLon and ODTLoff independently for each command type (eg, ODTLon_WR_Offset
and ODTLoff_WR_Offset are subject to these restrictions, but there are no restrictions on the setting of ODTLon_WR_Offset with
respect to ODTLoff WR_NT_Offset and ODTLoff_ RD_NT_Offset).

Note 2: Although shown in the table, not all offset combinations may be valid for ODTL_WR, ODTL_WR_NT or ODTL_RD_NT. Ref-
erence MR37, MR38 or MR39, respectively, for valid offset settings.

See the table below for ODT latency and timing parameter details:
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Table 151 — Latencies and timing parameters relevant for Dynamic ODT and CRC disabled

Name and X . DDRS5 speed bins 3200 to .
. Abbr. Defined from Define to P Unit Note
Description 6400
forgr.:; I‘;:;:_Eycg;_ tODTLon_WR ?:tgelrsnt::'lvr\ll?ite Change RTT strength from tODTLon_WR = ncK 1
Previous State to RTT_WR WL+ODTLon_WR_offset
mand to RTT Enable command
forgr.:; I;la;(;r\;g;zn Registering Change RTT strength from tODTLon WR NT =
tODTLon_WR_NT | external write Previous State to - 1
command to RTT WL+ODTLon_WR_NT_offset
Enable command RTT_NOM_WR
ODT Latency Off Registering Change RTT strength from tODTLoff_WR =
from WRITE com- L RTT_WR to RTT_PARK/
. tODTLoff WR external write WL+BL/2+ nCK 1
mand to RTT Dis- command RTT_NOM_RD/ ODTLoff WR_offset
able RTT_NOM_WR/ Hi-Z - -
fomn; ';fT“",'\;;‘I’T%ﬁ Registering gﬁ"g%;ﬁvir;"gth from tODTLoff WR_NT =
tODTLoff WR_NT | external write - - WL+BL/2+ 1
command to RTT command RTT_PARK/RTT_NOM_RD/ ODTLoff WR NT offset
Disable RTT_WR/ Hi-Z - ==
L Registering . L L
D-ata Termination tODTLoff RD external read Dlsable§ t_he termination Da?a Term_lnatlon 2
Disable upon driving data Disable = RL-1
command
Registeri
Data Termination tODTLon RD e:tglrsnzlnrl;gd Re-enables the termination Data Termination Enable = 2
Enable - after driving data RL+BL/2
command
Registering . —_ Strobe Termination
Termination Disable | RD.DQs | SXemalread | i L The o | Disable = RL-14RPRE-Read- 2
-~ command P 9 DQSOffset
Registering o Strobe Termination Enable =
Strobe tODTLon externalread | Re-énables the termination | p) . p) 5.tRPST-0.5-ReadDQ- 2
ermination Enable _RD_DQS after driving strobe
command SOffset
ODT Latency On Registering Change RTT strength from {ODTL RD NT =
from NT READ com- tODTLon_RD_NT external read Previous State to RL+0DTLo(r)1nT?D NT <;ffset nCK 1
mand to RTT Enable command RTT_NOM_RD - - -
e sesvrng | ST SRR | oo o -
. tODTLoff_RD_NT external read = - RL+BL/2+ 1
mand to RTT Dis- command RTT_PARK/RTT_NOM_WR/ ODTLoff RD NT offset
able RTT_WR/ HI-Z - -
Transitioning
from one RTT . tADC(min) = 0.2 tCK(avg
RTT change skew tADC State to the RTT valid tADC(max) = 0.8 ) 3
next RTT State
Note(s):

1-All “_offset” parameters refer to the ODT Configuration Mode Registers settings in MR37 to MR39.
2 - For simplicity, Reads are assigned the same type of timing parameter; however, unlike others, it is a fixed timing and does not
have an offset mode register to control it. To indicate this, it was named Data (or Strobe) Termination Disable and Enable.
3 - When transitioning from a value of RTT equal to RA, to a value of RTT equal to RB, the RTT termination resistance during the
transition must be constrained for the minimum of (RA,RB) to the maximum of (RA, RB).
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5.3.2 ODT tADC Clarifications

tADC is defined as the time it takes for the DRAM to transition from one RTT state to the next RTT state, in case of the read, it's the
time from the RTT state to the DRAM Drive state. Unless the RTT is specifically disabled, no High-Z state shall be allowed during
tADC. During DRAM Drive state, the DRAM RON shall keep the DQ signal high prior to the first DQ transition. The DFE should
assume that 4UI prior to DO the signal is HIGH.

Below is an example showing the tADC(min), tADC(avg) and tADC(max) with respect to the RTT status and effects on the DQ lines
prior to the burst.

CK t ottt ot ,--td ) ts e tr ta ,_t_ !_tm bttt f_t_15 te
e LA O O O O A
—IRL I | :
DQ Diagram shows tenm or driver impact on signal 0 {D1 D203 :D4 E) D6 D7 { D8] DG D10JD11(D121D13 4) D15 %
— tODTLoff RO = RL-1 ul |m C Max ul tADC Max
P tADC Min B MtADC Min i P
ODT r R |: |_LPJRR K ! ROM fram driver will pull high priorto data driven in D0 Wj IQTT_ P)‘\HIK |
|
tADC(min)| RTT_PARK | DRAM Drive State RTT_PARK |
i [ L [1 T
tADC(avg))| RTT_PARK | DRAM Drive State || | RTT_PARK |
] - [
tADC(max) RTT_PARK | DRAM Drive State RTT_PARK |
I IR o T [ T o I UL T I
DTl RO R ||

Note(s):

1. The follow diagram shows a transition from RTT_PARK to Read DRAM Drive state. When tADC transitions from RTT to Read Drive state, the DRAM
RON from the driver will keep the DQ signal high prior to the data driven in DO. No High-Z time during tADC is allowed in this example.

2. In the case of Term to Write, the host will keep the DQ signal HIGH 4UlI prior to the data driven in DO.

3. The DFE should assume that 4UI prior to DO the signal is HIGH.

Figure 157 — tADC Clarification - Example 1 - DQ RTT Park to Read

Below is an example showing the tADC(min), tADC(avg) and tADC(max) with respect to the RTT status and effects on the DQS lines
prior to the burst.

CK_t,
CK_c ] . ! ! !
—_ RL L } » ! | ! i I i i |
! ! {RPRE oo | W—tRPST—¥ ! | | | |
[ [’ 1=y " 1, ’ ¥ T T T
ng_{: Diagram shows term or driver impact on signal TJX il m M~ X_X_ i i i i
- tODTLoN_RD_DQS = RL-T-RPRE Read DAS ofset |+ | 100 M | | | | =J| ADC Max ; ; ; i
I I I I W—ltADC I Min atADC Min
DQS RTT r DQ S_RTT_PJ\RK ‘ : RON fr: m driver’ wil&%j.lll High prior o DQS diven @ DC.SS_R-W_P ARK |
tADC(min | DQS_RTT_PARK | DRA Vl\fgri.Ve St;at@ i | | DQS_RTT_PARK | |I
| | [ 1T ! [ [ T
tADC(avg)| DQS_RTT_PARK | DRAM 'Drive State | | DQS_RTT_PARK |
T r H | | |
tADC(max) DQS_RTT_PARK DRAM'Drive State DQS_RTT_PARK |
T 1 1 : 1 T 1 1 1 1 1
tODTLon_RD_DQS = RL4BL/2APST-Read DIQS offset | ! | | | |
Note(s):

1. The follow diagram shows a transition from DQS_RTT_PARK to Read DRAM Drive state. When tADC transitions from RTT to Read Drive state, the
DRAM RON from the driver will keep the DQS signal high prior to the DQS driven at t5. No High-Z time during tADC is allowed in this example.

Figure 158 — tADC Clarification - Example 2 - DQS RTT Park to Read
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5.3.3 ODT Timing Diagrams

The following pages provide examples of ODT utilization timing diagrams. Examples of write to write, read to write and read to read
are provided for clarification only. Implementations may vary, including termination on other DIMMS.

It is the controller's responsibility to manage command spacing and the programmable aspect of tODLon/off times to ensure that
preambles and postambles are included in the RTT ON time.

When there is a 1 tCK ODT control gap for any ODT operation (such as shown in Figure 166), the said gap’s RTT value will be the
same or smaller (stronger termination) than RTT_PARK.

All timings noted in the figures below are just used as reference.

CK ¢ ta tart ta2 tas tard tars to  torr torz thes to tort terz ters tew tos tows towr tes torg torto ta tar tas 't'dli
CK_t ‘ ‘ e s ?\—7
) /” IvvvvvvvvhH( T T ‘ T T i ‘
l/ I I /w, I
7 E— E—— R R R [
CMD WRITE-0/DESIDES(DE: ES|DES(DES\DESIDESIDES)DESIDES|DES|DES\DE:! DES(DES{DES|DESIDES|DESIDESIDESNDESIDESIDES|DES|DES)
\
DO RO CSO_n\_ S ) DY | DY
ng_f Diagram sl o%s erm or driver impact on sig alﬁ\ mﬂxﬁmﬂ;f\;}j\;r\;(\” ‘_\ ' }\ | ! !
- tWPRE - | > twpsT | | | |
DQSRTT | § S Has_RTT_PARK §
| R N s I
DQ[15:0] Diagram s o%s erm or driver impact on sigral\\ (%)G 02)(03)(4) 05} 06 07 ) 08 D0 o191 o121 14)o1 }\
RO DQ »/ [ e_paszoa|
‘ODTLOH WR = WL+0DTLO" WR ffset { tADC Max i
| | [+*] tADG Min
RORTT I \ RTT PARK \ N RTT_WR i RTT_PARK
3 }- 3 3 : 3 1 1 3 tODTLcﬂ WR = WL+ELl/2 *ODTLfo WR Offseﬁ ; 3 ; 3 i u—J DC‘Mm | 3 3 3 | |
T e e e e L L e e O e e O A U T B
FE T N 4 M
ODTLon WL offet ODTLo WL offet
M enonn i et usedy moun i a3 809,
Figure 159 — Example 1 of Burst Write Operation ODT Latencies and Control Diagrams
Note(s):

1. The entire range of ODTL control is not shown for simplicity.

2. Example details - 2tCK tWPRE, 1.5tCK tWPST, 0.5Ul tRX_DQS2DQ, ODTLon_WL_offset configured for -1, ODTLoff_WL_offset configured for 0. Example shows how the host
may aggressively adjust the offset of the tODTLon_WR timing to give tADC the min time to settle before data.

3. System designs & margins may vary requiring larger RTT_WR windows.

CK ¢ t t3 ta tart taz tas tard tars to  torr tor2 thea to tort terz ters tew tos tows towr jcw 7}c+9 '!Cﬂ%'t'd o jd+2 717d+3

. R‘J’ “’,’,” vv””HW///‘”“,fw ‘ i = I mrHHHITIWWW(
CA3O) s
CMD WRITE- 0XDE%(DE%(DE%@ESXDE%(DE%(DE%(DE%(D }%ESXDE%@E%&DE%QE E%.( DE%( DE§< DE%!DE%( DESXDESXDE%( DE%( DE%@%@%@%@%
DO RO CSO_n\ | ) D) D | )
ng:f Diagram s o\ﬂs term or driver impact on sig| alj\ /_\JFS\;;‘_\_}_\_’/‘_\_}‘\_’I!_\_’I!_\i :} \\

tWPRE — | tWPST !
DQSRTT | § \ Qs RTT_PARK §
‘ 8L
DQ[15:0] Diagram sh ob}ys erm or driver impact on sigral\\ \XEF/ 01)(02)(o3) o) ) e o7 08 De)pr0or1)pr2or13pr14fo5 \\
RO DQ > {Re_DQS20Q
tODTLon_WR = WL+ODTLon_WR_offset { tADC Max
! kst oG i
RORTT I § RTT_PARK \ N RTT_WR [l rRTT PARK
| }- i i i i i i i i !ODTLOﬂ WR = WL+BLl/2 +ODTLOff WR Oﬁ;ei T i T i i ! |A‘DC Min 1 i | |
L e e e e e woowax |1
: 4o 3 M
ODTLon WL offet GDTLof WL_ffel
Mode Register Convol Widow Mods Rt Cano Window
emown i ofoet 1 used) arown it ofset <1 usod)
Figure 160 — Example 2 of Burst Write Operation ODT Latencies and Control Diagrams
Note(s):

1. The entire range of ODTL control is not shown for simplicity.

2. Example details - 2tCK tWPRE, 1.5tCK tWPST, 1.5Ul tRX_DQS2DQ, ODTLon_WL_offset configured for -1, ODTLoff_WL_offset configured for +1. Example shows how host
may want to add an offset to the tODTLoff_WR time so that RTT_WR stays on for the actual burst.

3. System designs & margins may vary requiring larger RTT_WR windows.
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DO RO CSO_n

ng_f Diagram sho\)ys term or driver impact on signalj\ HU . L \\
B tWPRE > J WPST

DQSRTT | § \ \DQS_RTT_PARK §
+BL/ S
|
Daris:0] S S S R E e sk RREs S
> tRx_DQs2DQ
[¢—————tODTLon_WR = WL+ODTLon_WR _offset { tADC. Max
3 tADC Min
RORTT I \ RTT_PARK \ ‘\\H RTT_WR [ RTT_PARK
} tODTLoff WR = WL+BL/2 + OD‘TLoff,WR,offset ‘ \DC Min
140G Max
I 3 bw
ODTLon WL offet ODTLo WL offet
Mode Register Control Window Modo Registor Conol Window
ehown wi fset 0 used (Ehoun i offeet o1 usod)

Figure 161 — Example 3 of Burst Write Operation ODT Latencies and Control Diagrams

Note(s):

1. The entire range of ODTL control is now shown for simplicity.
2. Example details - 2tCK tWPRE, 1.5tCK tWPST, 3Ul tRX_DQS2DQ, ODTLon_WL _offset configured for 0, ODTLoff_WL_offset configured for +1. Example shows how host
could leave the RTT_WR on time to default values with no offset and may want to add an offset to the tODTLoff_WR time so that RTT_WR stays on for the actual burst.
3. System designs & margins may vary requiring larger RTT_WR windows.

CK ¢ }a ta+1 taz tars tars tass to  torr torz thes to tort ter ters tew tos tos towr 7trc+s 7}c+9 }cﬂortrd tart tarz tass
g m%ﬂJ ARRERE ChAa
. // T //m T il T m”” T T

CA[13:0] BAEG ; i I ﬂﬂﬂ I | WI// I ”‘,””””m ””/

CMD WRITE- OXDE%DE%DE%G %ESXDE%DE%(DE%(DE%(D 334 %ESXDE%(DE%(DE%& E%.( DE%( DE%( DE%DESXDESXDESXDE%( DE%( DE%(DE%%EE}@E%@@

DO RO CSO_n\__ DY D) ; DY
ng_? Diagram swo\ys term or driver impact on sig al}\ /,_\_77‘_&_7%_\_7"\_7/‘\\_7‘\_7/!_\_]_\7 | \\

- TWPRE —» | > tWPST
DQSRTT | § \ Pas_RTT_PARK §
DQ[15:0] Diagram sh 0\75(’5 erm or driver impact on signal\\ \\ b)Y
RO DQ > R Dasz00

ODTLon_WR = WL+ODTLon WR_offsct ADC Max
! | ! [t fadc.uin
RORTT I § R'I'I' PARK \ N_LE RTT_WR [ rRTT PARK
3 }- ‘ ‘ : : - : : :  (ODTLoff WR = WL+BL/2 + OEJTLoff WR_offset — : : : : g |an o ! !
bbb b b T A L e
R 4 I
ODTLon WL_offset OBTLof WL
Mode Register Control Window Mods Register Control Window
(Shown with offse +1 used) (Shown with offset +2 used)

Figure 162 — Example 4 of Burst Write Operation ODT Latencies and Control Diagrams
Note(s):
1. The entire range of ODTL control is not shown for simplicity.
2. Example details - 2tCK tWPRE, 1.5tCK tWPST, 5Ul tRX_DQS2DQ, ODTLon_WL_offset configured for +1, ODTLoff_WL_offset configured for +2. Example shows an extreme
case where data is significantly delayed from DQS and how the host may want to add an offset to the tODTLon_WR time so that RTT_WR doesn’t turn on too early and how the
host may want to delay the tODTLoff_WR time so that it says on for the burst.
3. System designs & margins may vary requiring larger RTT_WR windows.
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WL — 1 wL
oo (el Rl el
DO RO CSO_n S | ) D) S N ) N
DOR1CS1_n\___ | \\ \\ \\ }\ }\ \\ \\
ng_f Diagram sho\)xs term or driver impa§t on signal Bmm B DU 71_\_’_% R ERUS
_| TWPRE —»] twPST tWPRE—>
DQS RTT § \ \ DQS\RTT_PARK §\ \ §
DQ[15:0] Diagram shO\})\’s term or driver impab\b on signal \\ %(15) \\ \\ \\
RO DQ [ i Das00
R1DQ Diagram sho\xs term or driver impa\%} on signal \\ e \\ \\ \\ = Wﬂ@@@
l+——— tODTLon_WR = WL+ODTLon_WR_offset N i"\[\m Max F 1ABC Max
RORTT I \ RTT_PARKY \ X‘;ADCM‘" \RTT_WR RYT_PARK ¢ : RYT_NOM_WR i rrrearc]
tODTLoff_WR = WL+E\‘_/2 + oﬁTLoff,WR,offse(
[¢—————tODTLon_WR_NT- 1 ‘ |
R1RTT I § RTT_PARKY § [ RTT\NOM_WR AST_PARK 1] RTT_WR i Rrreare]
e
k7 b 2 %
! o —
oot 1 vtod) Mmoot 1 ety
Figure 163 — Example of Write to Write turn around, Different Ranks
Note(s):

1. ODTLon_WR, ODTLon_WR_NT, ODTLoff WR and ODTLoff WR_NT are based on Mode Register settings that can push out or pull in the RTT enable and disable time.
2. The entire range of ODTL control is not shown for simplicity.

CK_t,
CK_c

CA[13:0]

CMD

DQS_t Diagram shows term or driver impact on signal
DAsc o " °

DQ Diagram shows term or driver impact on signal

ODTLon_WR = WL+ODTLon_WR.

oDT [ RTT_PARK

Figure 164 — WRITE (BL16) to WRITE (BL16), Different Bank, Seamless Bursts

Note(s):

1. BL=16, Preamble=2tCK - 0010 pattern, Postamble=1.5tCK

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

3. Figure shown with ODTLon_WR_offset=-1, ODTLoff_WR_offset=0, tRX_DQS2DQ=0.75Ul

4. In the case of Term to Write, the host will keep the DQ signal HIGH 4 Ul prior to the data driven in DO.
5. The DFE should assume that 4Ul prior to DO the signal is HIGH.
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CK e WUUUUMUUU IEERERERTAERE ARG RERTEERE RN MMMTF\F\F\F\F\F\F\F\F\

CMD S
GG 8+TICK ] i oL
wi=cwe I
cson O\ L/
ng_‘c Diagram shows term or driver impact on signal [
DQ Diagram shows term o driver impact on signal
10DTLon_WR = WL+ODTLon_WR ¢ L«A e
oDT [ RTT_PARK )& tinues XX
\ G
I ODTLOI WR = WL+BLI2 + ODTLOf 1R i
RTT_WR for Burst
Figure 165 — WRITE (BL16) to WRITE (BL16), Different Bank, 1 tCK Gap
Note(s):

oA wWN

5.

BL=16, Preamble=2tCK - 0010 pattern, Postamble=1.5tCK

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

. Figure shown with ODTLon_WR_offset=-1, ODTLoff_WR_offset=0, tRX_DQS2DQ=0.75UlI

. Read and Green DQS bursts are shown just for clarification purposes and are not part of an actual signal.
. In the case of Term to Write, the host will keep the DQ signal HIGH 4 Ul prior to the data driven in DO.

The DFE should assume that 4UI prior to DO the signal is HIGH.

to t te ts ta ts te t7 ts te lmh tiz tiz ta tart tarr tars taws tars tass tarr tass tars tas10 tartt tar12 tar1s tarte tasss tasts tas17 tarts tarto taroo taso1 taszs taros tasas taras

AR AEAEREREREREREN AR YR RN AR RN RN A RN R RERE R RE N ﬂ ﬂ ﬂ EREARATARAE

CMD
TCO5 SR ‘ )
WL= CWL I
CS0_n \
DQs
DQS_c
DQ Diagram shows term or driver impact on signal ) 00)[or oz os o X_,V\_A Jerdprprprapraery
{ODTLon WR = WL+ODTLon WR ¢
oDT [ RTT_PARK RTT_WR for Burst 1 for Burst 2 RTT_PARK )
RTT_WR for Burst 1
)
RTT_WR for Burst 2
Figure 166 — WRITE (BL16) to WRITE (BL16), Different Bank, 2 tCK Gap
Note(s):
1. BL=16, Preamble=2tCK - 0010 pattern, Postamble=1.5tCK
2. DES commands are shown for ease of illustration; other commands may be valid at these times.
3. Figure shown with ODTLon_WR_offset=-1, ODTLoff_WR_offset=0, tRX_DQS2DQ=0.75Ul
4. Read and Green DQS bursts are shown just for clarification purposes and are not part of an actual signal.

In the case of Term to Write, the host will keep the DQ signal HIGH 4UI prior to the data driven in DO.

6. The DFE should assume that 4Ul prior to DO the signal is HIGH.
7. When there is a 1 tCK ODT control gap for any ODT operation (such as shown in Figure 166), the said gap’s RTT value will be the same or smaller
(stronger termination) than RTT_PARK.
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e BEREAEREEACAERE REAEAERE AL AU AT AN AU AEAEAN AU RE AE AN RURE AL ANRURE AERUAN REACARAN U AT
A0l ! | | | | | | | | 1 | | | | | | 1 | | | |
CMD
CS0_n
ng t Diagtam shows term or driver impact on signal
DQ Diagram shows term or driver impact on signal
oDT 7R'IT_PJARK}7 - i RTT_W;R for‘ t WR for Burst 2 RTT_PARK |
7; RTT WR for Burst 1
_RTT_WR for Burst 2 )5
Figure 167 — WRITE (BL16) to WRITE (BL16), Different Bank, 3 tCK Gap
Note(s):

1. BL=16, Preamble=2tCK - 0010 pattern, Postamble=1.5tCK

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

3. Figure shown with ODTLon_WR_offset=-1, ODTLoff_WR_offset=0, tRX_DQS2DQ=0.75Ul

4. Read and Green DQS bursts are shown just for clarification purposes and are not part of an actual signal.
5. In the case of Term to Write, the host will keep the DQ signal HIGH 4UI prior to the data driven in DO.

6. The DFE should assume that 4Ul prior to DO the signal is HIGH.

ot tare tas e tert terz ters t
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CK_c et e -
‘ IH vvvvv NHHH llllllHHH
= T %

o READom fpesibespegespegbegbesioepegpesbegpegpegbes

DO RO CS0_n \K \\

I

DOR1CS1_n\ }) tRPRE q\_t;is\'r‘+ tWPRE-| '
ngff Diagram shov&i term or driver impa%\ on signal \ \[‘_/—\_7/'_\_%4%%_’ *YD\_)M

1ODTLoff_RD_DQS = RL-1-RPRE-Read DAS oﬂse(—-t:’ oG

RO DQS RTT | DQS_RTT_PARK 6 DQS_RTT_OFF—[ DQS_RTT_PARK

T T [e->ADC Min
‘ tODTLon_RD_DQS = RL+BL/2-tRPST-Read DQS offset le—{ tADC Max
1

R1DQS RTT | DQS_RTT_PARK

f—— RL+BLZ——

38[5(530] Diagram shox&Ks term or driver impa\\t on signal &\

R1DQ )) ))
tODTLon_WR = WL+ODTLon_WR_NT_offset
l—  {ODTLoff RD =RL-1 JF*\ B é‘::éﬁ‘rax
RORTT \ RTT_PARK JiH— RTT_OFF

{ODTLO WR = WL+BL(2 + ODTLoff WR_NT_offse

j¢———— tODTLon_RD = RL+BL/2

——————tODTLon_RD_NT = RL+ODTLon_RD_NT_offset

R1RTT \ RTT_PARK RTT_NYM _RD )i RTT_PARK )i RTT_WR

RTT_PARK

tODTLoff_RD_NT = RL+BL/2+ODTLoff RD_NT_offset—— ADC.Min
tADC Max

Figure 168 — Example of Read to Write turn around, Different Ranks

Note(s):

t:foc Min

TADC Max

1. ODTLon_WR, ODTLon_WR_NT, ODTLoff WR and ODTLoff_WR_NT are based on Mode Register settings that can push out or pull in the RTT enable and disable time.

2. ODTLon_RD_NT and ODTLoff_RD_NT are based on Mode Register settings that can push out or pull in the RTT enable and disable time.
3. ODTLon_WR _offset and ODTLoff_WR_offset not shown for simplicity.
4. Example shown with near ideal timings for termination settings, exact offset configurations will vary based on system designs.
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DO RO CSO_n|_ § ) § S5 5 5
DOR1CS1_n ! pST
[ -
ng_? Diagram sho Yerm or driver| impa:ti?p signal A&_ﬁ/—\_/l_\i 4\&” () /_\; \\ }\ ]
- 1ODTLoff_ RD_DQS = RL-1RPRE-Read DQS offset —fux tocrn
RO DQS RTT| S § B § TEAY § |
| i— i i : : : : : : (0DTLon_RD_DQS = RL4BLIZ (RPST-Read DO offet — R | ! T 1 1 T T T ; i
R1DQS RTT] Y € § Das RTT PARK S S |
RuaLz——
ggggo] Diagram s o\%s erm or driver im aiés on signal \\ 00102 019 \\ \\
ripa [ qzzﬂzzzzznzzzzzzz]mmm S
———(ODTLoff RD = RLA——— e fuochn || N £ to
P L oo L S o
RORTT | \RTT PARK ) SR orF—g § RTT)PARK |
H ! ! 10DTLon_RD = RL+BLI2 - 1ADCMin
10DTLon_RD_NT = RL+ODTLon_RD_NT offset e vax ! [ mooex
! | . | | 1456 in | |
R1IRTT | \RTr PARK § I RTT_NOM_RD S RTT)PARK \
! | . . ! . tODTLoff_RD_NT = RL+BL/2+ODTLoff_RD_NT_offset tADC.Min ! ! ! ! ! | | | |
A R i Coo T o e [
S N N SN N S T S
OBTLon RD_NT ofsl GBTLof_RO_NT_ofsel
Mode Regiier Contil Window Mode Regsior Conil Window
(shown with offset -2 used) (shown with offset +1 used)

Figure 169 — Example of Burst Read Operation ODT Latencies and Control Diagrams
Note(s):
1. The entire range of ODTL control is now shown for simplicity.
2. Example shown with NT_ODT overlapping normal read disable by 1tCK on both sides (ODTLon_RD_NT_offset = -2 & ODTLoff_RD_NT_offset = +1)
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- [P {ODTLoff_RD_DQS = RL-11RPRE-Read DQS offset —sfw tocruy
RO DQS RTT| ‘ S § B § i S § \
3 i 1 1 1 1 1 i i T1ODTLon_RD_DAS = RL+BL !Z—IRPS T-Read PQ‘ ofset—>1 3 3 3 3 3 3 3 3 3 3 3
R1DQS RTT| S § § DAs RTT_PARK 3\ \ |
e Ruswz
DQ[15:0] Diagram shows term or driver impatt on signal o1 o2yprafprefors
oayrs 6 : 5 A S 5
RiDQ (S L O
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RORTT | \RTT PARK S S XEF*RTTS\OFF*:EK D) RTT)PARK \
H - - tODTLon_RD = RL+BL/2 - {hOCMin
10DTLon_RD_NT = RL+ODTLon_RD_NT offset i ] I ‘IAﬁCMsx ! [ wocex
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R1RTT I \RTT PARK N\ N\ RTT\NOM_RD g)ﬁ b} RTT)PARK ]
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Mode Register Contiol Window Mode Register Control Window
(shown wi offst 0 used) (Shown wih offse 0 usec)

Figure 170 — Example of Burst Read Operation with ODTLon_RD_NT_offset set incorrectly

Note(s):

1. The entire range of ODTL control is now shown for simplicity.

2. Since the ODTLon_RD_NT_Offset was left at zero offset and tADC still had to be considered, the NT RTT turned on too late for the non-target device. tADC is not
instantaneous.

3. Since the tODTLoff_RD_NT is referenced from the RL, it is not affected by the offset used for the ‘on’ time and would turn off 1 clock earlier than the read disable RTT if
programed to zero offset. tODTLon_RD_NT and tODTLoff_RD_NT are independently set and calculated from RL.
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5.4 On-Die Termination for CA, CS, CK_t, CK_c

The DDR5 DRAM includes ODT (On-Die Termination) termination resistance for CK_t, CK_c, CS and CA
signals.

The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM
controller to turn on and off termination resistance for any target DRAM devices via MR setting.

| opT |
; '[ | * Vboa
(- I
| = R |
To other : l T :
circuitry | |
like RCV, | [ CA,CS
[ ' CK t, CK ¢
| |
- VSS

Figure 171 — A simple functional representation of the DRAM CA ODT feature

The ODT termination resistance during power up will be set to the default values based on MR32 and
MR33. The ODT resistance values can be configured by those same registers.

On-Die Termination effective resistance RTT is define by MRS bits.
ODT is applied to CK_t,CK_c, CS and CA pins

VDDQ-Vout

RTT = | 1out |
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Chip in termination mode

. 0ODT
Vbba
R
To other T
circuitry
like RCV, . - CA, CS,
- CK t,CK ¢
lout
Vour
4 VSS

Figure 172 — A functional representation of the on-die termination
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5.4.1

On-die termination effective Rtt values supported are 480, 240,

Supported On-Die Termination Values

, 80, 60, 40 ohms
Table 152 — Table 1 - ODT Electrical Characteristics RZQ=240Q +/-1% entire temperature operation

range; after proper ZQ calibration; VDD=VDDQ

MR RTT Vout Min Nom Max Unit Note
MR32 for CK & | 480Q VoLdc= 0.5* VDDQ 0.7 1.4 Rzq*2 1,2,3,5
CS
MR33 for CA Vomdc= 0.8* VDDQ 0.7 1.3 Rzq*2 1,2,3,5

VOHdC= 0.95* VDDQ 0.6 1.3 RZQ*Z 1,2,3,5
MR32 for CK & | 240Q VoLgc= 0.5* VDDQ 0.9 1.25 Rza 1,2,3,5
CS
MR33 for CA Vomdc= 0.8* VDDQ 0.9 1.1 Rzq 1,2,3,5
VoHdc= 0.95* VDDQ 0.8 1.1 Rzaq 1,2,3,5
MR32 for CK & | 80Q VoLdc= 0.5* VDDQ 0.9 1.25 Rzq/3 1,2,3,5
CS
MR33 for CA Vomdc=0.8* VDDQ 0.9 1.1 Rzq/3 1,2,3,5
VoHdc= 0.95* VDDQ 0.8 1.1 Rzq/3 1,2,3,5
MR32 for CK & | 60Q VoLdgc= 0.5* VDDQ 0.9 1.25 Rzql4 1,2,3,5
CS
MR33 for CA Vomdc= 0.8* VDDQ 0.9 1.1 Rzql4 1,2,3,5
VOHdc= 0.95* VDDQ 0.8 1.1 RZQ/4 1,2,3,5
MR32 for CK & | 40Q VoLdc= 0.5* VDDQ 0.9 1.25 Rzq/6 1,2,3,5
CS
MR33 for CA Vomdc= 0.8* VDDQ 0.9 1.1 Rzq/6 1,2,3,5
VoHdc= 0.95* VDDQ 0.8 1.1 Rzq/6 1,2,3,5
Mismatch CA-CA within | 0.8* VDDQ 0 10 % 1,2,4,5
Device
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Note(s):
1 - The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or volt-
age changes after calibration, see following section on voltage and temperature sensitivity.

2 - Pull-up ODT resistors are recommended to be calibrated at 0.8*VDDQ. Other calibration schemes may be used to achieve the linearity spec shown
above, e.g. calibration at 0.5*VDDQ and 0.95*VDDQ.

3 - Measurement definition for RTT:
4 - CA to CA mismatch within device variation for a given component including CS, CK_t and CK_c (characterized)

CA-CA Mismatch in a Device = RTTMax - RTTMin

x 100
RTTNOM

5 - Without ZQ calibration ODT effective RTT values have an increased tolerance of +/- 30%
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5.5 On-Die Termination for Loopback Signals

The DDR5 DRAM includes ODT (On-Die Termination) termination resistance for the Loopback signals
LBDQS and LBDQ.

The ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM con-
troller to turn on and off termination resistance for any target DRAM devices via MR setting.

oDT
. e VDD
To Other RTT
Circuittry
Like RCV,
+  LBDQS,

S LBDQ

Iout

\qut

" VSS

Figure 173 — Functional Representation of Loopback ODT

The ODT termination resistance during power up will be set to the default values based on TBD. The ODT resistance values can be
configured by MR TBD.

On-Die Termination effective resistance RTT is defined by MR bits TBD.

ODT is applied to Loopback signals LBDQS and LBDQ. On die termination effective Rtt values supported for the Loopback pins is 48
ohms.

_vVDDQ -Vout
RTT = "TTout]

Table 153 — ODT Electrical Characteristics RZQ=240Q +/-1% entire temperature operation range;
after proper ZQ calibration; VDD=VDDQ

RTT Vout Min Nom Max Unit NOTE
VOLdc= 0.5* VDDQ 0.9 1 1.25 RZQ/5 1,2,3
48 ohms VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/5 1,2,3
VOHdc= 0.95* VDDQ 0.8 1 1.1 RzQ/5 1,2,3
Mismatch LBDQS - LBDQ _
within device VOMdc = 0.8* VDDQ 0 8 % 1,2,3,4

Notes:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if
temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

2. Pull-up ODT resistors are recommended to be calibrated at 0.8*VDDQ. Other calibration schemes may be used to achieve the lin-
earity spec shown above, e.g. calibration at 0.5*VDDQ and 0.95*VDDQ.

3. Measurement definition for RTT:tbd
4. Loopback ODT mismatch within device variation for a given component including LBDQS and LBDQ
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6. AC & DC Operating Conditions

6.1  Absolute Maximum Ratings

Table 154 — Absolute Maximum DC Ratings

Symbol Parameter Rating Units NOTE
vDD Voltage on VDD pin relative to Vss 0.3~1.4 v 1,3
vbDQ Voltage on VDDQ pin relative to Vss 0.3~1.4 v 1,3
VPP Voltage on VPP pin relative to Vss -0.3~21 v 4
ViN,Vout | Voltage on any pin relative to Vss 0.3~14 v 1,3,5
Tste Storage Temperature -55 to +100 °C 1,2
Note(s):

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

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.
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6.2 DC Operating Conditions

Table 155 — DC Operating Conditions

Low Freq Voltage Spec Al e Z(f) Spec
Freq: 2Mhz to
Symbol Parameter Freq: DC to 2MHz 10Mhz Freq: 20Mhz Notes
Min. Typ. Max. Unit Zmax Unit Zmax Unit
Device Supply Volt- 1.067 1.166
VDD age (-3%) 1.1 (+6%) \'} mOhm mOhm 1,2,3
1.067 1.166
vDDQ Supply Voltage for /10 (-3%) 11 (+6%) \' mOhm mOhm 1,2,3
1.746 1.908
VPP Core Power Voltage (-3%) 1.8 (+6%) Vv mOhm mOhm 3
Note(s):

1. VDD must be within 66mv of VDDQ

2. AC parameters are measured with VDD and VDDAQ tied together.

3. This includes all voltage noise from DC to 2 MHz at the DRAM package ball.

4. Z(f) is defined for all pins per voltage domain. Z(f) does not include the DRAM package and silicon die.

Z(f)
Ohms

_—

2 10 20
MHz

Figure 174 — Zprofile/Z(f) of the system at the DRAM package solder ball (without DRAM compo-
nent)

A simplified electrical system load model for Z(F) with the general frequency response is shown in the figure below. The resistance and
inductance can be scaled to generalize the spec response to the DRAM pin.

Low Frequency zf zf
Voltage System Resistance System Inductance
2-10MHz > 20MHz

DRAM Pins
(per voltage domain
per channel)

Z(f) behavioral system load model response

z(f)

Freq

Figure 175 — Simplified Z(f) electrical model and frequency response of PDN at the DRAM pin
without the DRAM component
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6.3 DRAM Component Operating Temperature Range

Table 156 — DC Operating Temperature Range

Temperature Range (Unit: °C)
Symbol Parameter _ Grade Notes
Min Max
Toper_normal Normal Operating Temperature 0 85 NT 1,2,3,4
Toper_extended Extended Operating Temperature 0 95 XT 1,2,53,4
Note(s):

1. All operating temperature symbols, ranges, acronyms are referred from JESD402-1.

2. Operating Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions, please refer to
JESD51-2 standard.

3. All DDR5 SDRDAMSs are required to operate in NT and XT temperature ranges.

4. When operating above 85°C, the host shall provide appropriate Refresh mode controls associated with the increased temperature range. The full
description of these settings are defined in Table 68 in section 4.13.5

5. Operating Temperature for 3DS needs to be derated by the number of DRAM dies as: [Topgg — (2.5°C x log,N)], where N is the number of the stacked
dies.
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7. AC & DC Global Definitions

7.1 Transmitter (Tx), Receiver (Rx) and Channel Definitions - No Ballot

TBD
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7.2 Bit Error Rate
7.21

Introduction

This section provides an overview of the Bit Error Rate (BER) and the desired Statistical Level of Confidence.

7.2.2 General Equation

N i
_ 1 BER)
= (ﬁ}g —11‘1(1— SLC)+1H _E H

Where:
n = number of bits in a trial
SLC = statistical level of confidence
BER = Bit Error Rate
k = intermediate number of specific errors found in trial
N = number of errors recorded during trial

If no, errors are assumed in a given test period, the second term drops out and the equation becomes:

Il

(BER)[ In(1-SLO)]

JEDEC recommends testing to 99.5% confidence levels; however, one may choose a number that is viable for their own manufactur-
ing levels. To determine how many bits of data should be sent (again, assuming zero errors, or N=0), using BER=E™ and confidence
level SLC=99.5%, the result is n=(1/BER)(-In(1-0.995) =5.298x10°.

Results for commonly used confidence levels of 99.5% down to 70% are shown in Table 7.2.3.

Table 157 — Estimated Number of Transmitted Bits (n) for the confidence level of 70% to 99.5%

Number = In(1-SLC)/BER
Errors
99.5% 99% 95% 90% 85% 80% 75% 70%
0 5.298/BER 4.61/BER 2.99/BER 2.3/BER 1.90/BER 1.61/BER 1.39/BER 1.20/BER
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7.2.3 Minimum Bit Error Rate (BER) Requirements

Table 158 specifies the Ulavg and Bit Error Rate requirements over which certain receiver and transmitter timing and voltage specifi-
cations need to be validated assuming a 99.5% confidence level at BER=E™°.

Table 158 — Minimum BER Requirements for Rx/Tx Timing and Voltage Tests for DDR5-3200 to

6400
DDR5- DDR5
3200-4400 4800-6400
Parameter Symbol Unit Notes
Min Nom Max Min Nom Max
Average Ul Ulave 0.999* 1000/ 1.001* ps 1
nominal nominal
Number of Ul (min) NMin_u1_validation 5.3x10° - - ul 2
Bit Error Rate BER_ane - - E16 Events | 3,4,5

NOTES:
1. Average Ul size, “f’ is data rate

2. # of Ul over which certain Rx/Tx timing and voltage specifications need to be validated assuming a 99.5% confidence level at BER=E™.

3. This is a system parameter. It is the raw bit error rate for every lane before any logical PHY or link layer based correction. It may not be possible to
have a validation methodology for this parameter for a standalone transmitter or standalone receiver, therefore, this parameter has to be validated in
selected systems using a suitable methodology as deemed by the platform.

4. Bit Error Rate per lane. This is a raw bit error rate before any correction. This parameter is primarily used to determine electrical margins during elec-
trical analysis and measurements that are located between two interconnected devices.

5. This is the minimum BER requirements for testing timing and voltage parameters listed in Input Clock Jitter, Rx DQS & DQ Voltage Sensitivity, Rx
DQS Jitter Sensitivity, Rx DQ Stressed Eye, Tx DQS Jitter, Tx DQ Jitter, and Tx DQ Stressed EH/EW specifications.
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7.3 Unit Interval and Jitter Definitions

This document describes the Ul and NUI Jitter definitions associated with the Jitter parameters specified in Rx Stressed Eye, Tx DQS
Jitter, Tx DQ Jitter and Input Clock Jitter specifications.

7.3.1  Unit Interval (Ul)

The times at which the differential crossing points of the clock occur are defined at t1, t2, ..., tn-1, tn,..., tK. The Ul atindex “n” is
defined as shown in Figure 176 (with n=1,2,...) from an arbitrary time in steady state, where n=0 is chosen as the starting crossing
point.

Mathematical definition of Ul is shown in Figure 176 and Figure 177.

L'[ﬁ' = lp—1lh
Figure 176 — Ul Definition in Terms of Adjacent Edge Timings

For the Single-Ended data, the unit interval time starts when the signal crosses a pre-specified reference voltage. For the differential
clock, the unit interval time starts when the CK_t and CK_c intersect (see Figure 177).

Figure 177 — Ul Definition Using Clock Waveforms

7.3.2 Ul Jitter Definition

If a number of Ul edges are computed or measured at times t1, t2, ..., tn-1, tn,..., tK, where K is the maximum number of samples,

then the Ul jitter at any instance “n” is defined in Figure 178, where T = the ideal Ul size.

Uliiit, = (t,-t,_) -1, n=123,.. K

Figure 178 — Ul Jitter for “nth” Ul Definition (in terms of ideal Ul)

In a large sample with random Gaussian-like jitter (therefore very close to symmetric distribution), the average of all Ul sizes usually
turns out to be very close to the ideal Ul size.

The equation described in Figure 178 assumes starting from an instant steady state, where n=0 is chosen as the starting point.

1 Ul = one bit, which means 2 Ul = one full cycle or time period of the forwarded strobe. Example: For 6.4 GT/s signaling, the for-
warded strobe frequency is 3.2 GHz, or 1 Ul = 156.25 ps.

Deterministic jitter is analyzed in terms of the peak-to-peak value and in terms of specific frequency components present in the jitter,
isolating the causes for each frequency. Random jitter is unbounded and analyzed in terms of statistical distribution to convert to a bit
error rate (BER) for the link.

325



SK,F

7.3.3 Ul-Ul Jitter Definition

UI-Ul (read as “Ul to UI") jitter is defined to be the jitter between two consecutive Ul as shown in Figure 179.

AUL, = Ul,— UL, , n=23,..K

2

Figure 179 — Ul-Ul Jitter Definitions

7.3.4 Accumulated Jitter (Over “N” Ul)

Accumulated jitter is defined as the jitter accumulated over any consecutive “N” Ul as shown in Figure 180.

m+N-1

N —
T =)UL-T) m=12..KN
p=m

dCC

Figure 180 — Definition of Accumulated Jitter (over “N” Ul)

where Ul is defined in the equation shown in Figure 181.

I — p:1?2?"'?N?"'?K

K
_u

p=1

K

Figure 181 — Definition of Ul
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8. AC & DC Input Measurement Levels
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8.2 CARx voltage and timings

Note: The following draft assumes internal CA VREF. If the VREF is external, the specs will be modified
accordingly.

The command and address (CA) including CS input receiver compliance mask for voltage and timing is
shown in the figure below. All CA, CS signals apply the same compliance mask and operate in single data
rate mode.

The CA input receiver mask for voltage and timing is shown in the figure below is applied across all CA
pins. The receiver mask (Rx Mask) defines the area that the input signal must not encroach in order for the
DRAM input receiver to be expected to be able to successfully capture a valid input signal; it is not the
valid data-eye.

TclVW _total
[} |
Rx Mask
T Veent CA{pin mid
VelWW =meeeaetdd e a :.ﬁ{f’ ...... ]'. .......... -

Figure 182 — CA Receiver (Rx) mask

CAXx

Vref variation
(Component)

Figure 183 — Across pin VrgeCA voltage variation

Vcent_CA(pin mid) is defined as the midpoint between the largest Vcent_CA voltage level and the smallest
Vcent CA voltage level across all CA and CS pins for a given DRAM component. Each CA Vcent level is
defined by the center, i.e. widest opening, of the cumulative data input eye as depicted in Figure 184. This
clarifies that any DRAM component level variation must be accounted for within the DRAM CA Rx mask.
The component level Vgeg will be set by the system to account for Ron and ODT settings.
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CK_t, CK_c, CA Eye at DRAM Pin

Optimally centered Rx mask

CKec = — — —

A

Rx Mask Y

CA DRAM Pin

VelVW

\
JAVAVAYAYAN

- -
-

TclVW
TclVW is not necessarily center aligned on

CK_t/CK_c crossing at the DRAM pin, but is
assumed to be center aligned at the DRAM Latch.

Figure 184 — CA Timings at the DRAM Pins

tr tf

A
Y

Rx Mask

Vcent_CA(pin mid) — -

VclVW

TclPW

g
-

\i

Note
1. SRIN_cIVW=VcIVW_Total/(tr or tf), signal must be monotonic within tr and tf range.

Figure 185 — CA TcIlPW and SRIN_cIVW definition (for each input pulse)
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-.\{9?[‘5:9.'6:- --¢{ RxMask |---d--. RxMask }--f---. RxMask i--A---| VcIVW cF----..

\J

\ VIHL_AC(min)i2

Figure 186 — CA VIHL_AC definition (for each input pulse)

Table 159 — DRAM CA, CS Parametric values for DDR5-3200 to 4800

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit

Notes
Min Max | Min | Max Min Max Min Max Min Max
Rx Mask voltage - p-p Vcivw - 140 - 140 - 140 - 130 - 130 mV 1,2,4
Rx Timing Window TelVW - 0.2 - 0.2 - 0.2 - 0.2 - 0.2 | U 1,2,3,4,
8
CA Input Pulse Amplitude VIHL_AC 160 160 160 150 150 mV 7
CA Input Pulse Width TelPW 0.58 0.58 0.58 0.58 0.58 ur 58
Input Slew Rate over VcIVW | SRIN_clVW 1 7 1 7 1 7 1 7 1 7 Vins 6
Note(s):
1. CA Rx mask voltage and timing parameters at the pin including voltage and temperature drift.
2. Rx mask voltage VclVW total(max) must be centered around Vcent_CA(pin mid).
3. Rx differential CA to CK jitter total timing window at the VcIVW voltage levels.
4

. Defined over the CA internal Vrgp range. The Rx mask at the pin must be within the internal Vggr CA range irrespective of the input signal com-
mon mode.

5. CA only minimum input pulse width defined at the Vcent_CA(pin mid).

6. Input slew rate over VclVW Mask centered at Vcent_CA(pin mid).

7. VIHL_AC does not have to be met when no transitions are occurring.

8. * UI=tCK(avg)min

Table 160 — DRAM CA, CS Parametric values for DDR5-5200 to 6400

DDR5-5200 DDR5-5600 DDR5-6000 DDR5-6400
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max
Rx Mask voltage - p-p VcivW mV 1,2,4
Rx Timing Window TelvW Ul 1,2,3,4,8
CA Input Pulse Amplitude VIHL_AC mV 7
CA Input Pulse Width TclPW ur* 5,8
Input Slew Rate over VcIlVW SRIN_clVW Vins 6

Note(s):
1. CA Rx mask voltage and timing parameters at the pin including voltage and temperature drift.
2. Rx mask voltage VclVW total(max) must be centered around Vcent_CA(pin mid).
3. Rx differential CA to CK jitter total timing window at the VcIVW voltage levels.
4

. Defined over the CA internal Vrgp range. The Rx mask at the pin must be within the internal Vggg CA range irrespective of the input signal com-
mon mode.

. CA only minimum input pulse width defined at the Vcent_CA(pin mid).
. Input slew rate over VclVW Mask centered at Vcent_CA(pin mid).

5
6
7. VIHL_AC does not have to be met when no transitions are occurring.
8. * Ul=tck(avg)min

330




SK,F

8.3 Input Clock Jitter Specification

8.3.1 Overview

The clock is being driven to the DRAM either by the RCD for L/RDIMM modules, or by the host for U/SODIMM modules (Figure 187).

\.‘ _ —— N
| | : |
l CK t Tx I : R CK_t I
| CK:{:% Interconnect TS e |
| l |

|
| HOST : DRAM |
|\_ ) \ _JI

Figure 187 — HOST driving clock signals to the DRAM
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8.3.2 Specification for DRAM Input Clock Jitter

The Random Jitter (Rj) specified is a random jitter meeting a Gaussian distribution. The Deterministic Jitter (Dj) specified is bounded.
Input clock violating the min/max jitter values may result in malfunction of the DDR5 SDRAM device.

Table 161 — DRAM Input Clock Jitter Specifications for DDR5-3200 to 4400

[BUJ=Bounded Uncorrelated Jitter; DCD=Duty Cycle Distortion; Dj=Deterministic Jitter; Rji=Random Jitter; Tj=Total jitter; pp=Peak-to-Peak]

DDR5- DDR5- DDR5- DDR5- DDR5-
3200 3600 4000 4400 4800
Parameter Symbol Unit | Notes
Min Max Min Max Min Max Min Max Min Max
DRAM Reference tCK 0.9999 | 1.0001 | 0.9999 | 1.0001 | 0.9999 | 1.0001 | 0.9999 | 1.0001 0.9999 | 1.0001 MHz 1,11
clock frequency - - - - - - - - - :
0 0 fo fo fo fo fo fo fo f0

Duty Cycle Error tCK_Duty_UI_Error - 0.05 - 0.05 - 0.05 - 0.05 0.05 ul 14,1
Rj RMS value of 1-Ul | tCK_1UI_Rj_NoBUJ - 0.0037 - 0.0037 - 0.0037 - 0.0037 - 0.0037 U | 351
Jitter (RMS)
Dj pp value of 1-Ul tCK_1UI_Dj_NoBUJ - 0.030 - 0.030 - 0.030 - 0.030 - 0.030 ul 36,11
Jitter
Tj value of 1-Ul Jitter | tCK_1UI_Tj_NoBUJ - 0.090 - 0.090 - 0.090 - 0.090 - 0.090 ul 36,11
Rj RMS value of N-Ul | tCK_NUI_Rj_NoBUJ - 0.0040 - 0.0040 - 0.0040 - 0.0040 - 0.0040 ul 3,7,11
Jitter, where N=2,3 s (RMS)

where N=2,3
Dj pp value of N-Ul tCK_NUI_Dj_NoBUJ - 0.074 - 0.074 - 0.074 - 0.074 - 0.074 ul 37,11
Jitter, where N=2,3 s

where N=2,3
Tj value of N-Ul Jitter, | tCK_NUI_Tj_NoBUJ - 0.140 - 0.140 - 0.140 - 0.140 - 0.140 ul 38,11
where N=2,3 , where N=2,3
Rj RMS value of N-Ul | tCK_NUI_Rj_NoBUJ - TBD - TBD - TBD - TBD - TBD ul 3,9,11,1
Jitter, where s (RMS) | 2
N=4,5,6,...,30 where N=4,56,...,30
Dj pp value of N-Ul tCK_NUI_Dj_NoBUJ - TBD - TBD - TBD - TBD - TBD ul 3,10,11,
Jitter, N=4,5,6,...,30 , where 12

N=4,5,6,...,30
Tj value of N-Ul Jitter, | tCK_NUI_Tj_NoBUJ - TBD - TBD - TBD - TBD - TBD ul 3,10,11,
N=4,56,...,30 , where 12

N=4,5,6,...,30

Note(s):

1. fO = Data Rate/2, example: if data rate is 3200MT/s, then f0=1600

2. Rise and fall time slopes (V / nsec) are measured between +100 mV and -100 mV of the differential output of reference clock

3. On-die noise similar to that occurring with all the transmitter and receiver lanes toggling need to be stimulated. When there is no socket in transmitter
measurement setup, in many cases, the contribution of the cross-talk is not significant or can be estimated within tolerable error even with all the
transmitter lanes sending patterns. When a socket is present, such as DUT being DRAM component, the contribution of the cross-talk could be signif-
icant. To minimize the impact of crosstalk on the measurement results, a small group of selected lanes in the vicinity of the lane under test may be
turned off (sending DC), while the remaining Tx lanes send patterns to the corresponding Rx receivers so as to excite realistic on-die noise profile
from device switching. Note that there may be cases when one of Dj and Rj specs is met and another violated in which case the signaling analysis
should be run to determine link feasibility

4. Duty Cycle Error defined as absolute difference between average value of all Ul with that of average of odd Ul, which in magnitude would equal abso-
lute difference between average of all Ul and average of all even Ul.

5. Rj RMS value of 1-Ul jitter without BUJ, but on-die system-like noise present. This extraction is to be done after software correction of DCD

6. Dj pp value of 1-Ul jitter (after software assisted DCC). Without BUJ, but on-die system like noise present. Dj indicates Djdd of dual-Dirac fitting, after
software correction of DCD

7. Rj RMS value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 1 < N < 4. This extraction is to be done after software cor-
rection of DCD

8. Dj pp value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 1 < N < 4. Dj indicates Djdd of dual-Dirac fitting, after soft-
ware correction of DCD

9. Rj RMS value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 3 < N < 31. This extraction is to be done after software
correction of DCD

10. Dj pp value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 3 < N < 31. Dj indicates Djdd of dual-Dirac fitting, after soft-
ware correction of DCD

11. The validation methodology for these parameters will be covered in future ballots

12. If the clock meets total jitter Tj at BER of 1E'6, then meeting the individual Rj and Dj components of the spec can be considered optional. Tj is
defined as Dj + 16.2*Rj for BER of 1E16
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Table 162 — DRAM Input Clock Jitter Specifications for DDR5-5200 to 6400

[BUJ=Bounded Uncorrelated Jitter; DCD=Duty Cycle Distortion; Dj=Deterministic Jitter; Rji=Random Jitter; Tj=Total jitter; pp=Peak-to-Peak]

DDR5- DDR5- DDR5- DDR5-
5200 5600 6000 6400
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max
DRAM Reference clock tCK 0.9999* | 1.0001* | 0.9999* | 1.0001* | 0.9999* | 1.0001* | 0.9999* | 1.0001* MHz 1,1
frequency f0 f0 f0 f0 f0 f0 f0 f0
Duty Cycle Error tCK_Duty_UI_Error - TBD - TBD - TBD - TBD ul 1,4,11
Rj RMS value of 1-Ul tCK_1UI_Rj_NoBUJ - TBD - TBD - TBD - TBD ul 35,11
Jitter (RMS)
Dj pp value of 1-Ul Jitter tCK_1UI_Dj_NoBUJ - TBD - TBD - TBD - TBD ul 3,6,11
Tj value of 1-Ul Jitter tCK_1UI_Tj_NoBUJ - TBD - TBD - TBD - TBD ul 36,11
Rj RMS value of N-UlI tCK_NUI_Rj_NoBUJ, - TBD - TBD - TBD - TBD ul 37,11
Jitter, where N=2,3 where N=2,3 (RMS)
Dj pp value of N-Ul Jitter, | tCK_NUI_Dj_NoBUJ, - TBD - TBD - TBD - TBD ul 37,11
where N=2,3 where N=2,3
Tj value of N-Ul Jitter, tCK_NUI_Tj_NoBUJ, - TBD - TBD - TBD - TBD ul 38,11
where N=2,3 where N=2,3
Rj RMS value of N-UlI tCK_NUI_Rj_NoBUJ, - TBD - TBD - TBD - TBD ul 39,11,12
Jitter, where where N=4,56,...,30 (RMS)
N=4,5,6,...,30
Dj pp value of N-Ul Jitter, | tCK_NUI_Dj_NoBUJ, - TBD - TBD - TBD - TBD ul 3,10,11,12
N=4,5,6,...,30 where N=4,5,6,...,30
Tj value of N-Ul Jitter, tCK_NUI_Tj_NoBUJ, - TBD - TBD - TBD - TBD ul 3,10,11,12
N=4,56,...,30 where N=4,5,6,...,30
NOTE(S):

1.
2.
3.

9.

1

1
1

fO = Data Rate/2, example: if data rate is 3200MT/s, then f0=1600

Rise and fall time slopes (V / nsec) are measured between +100 mV and -100 mV of the differential output of reference clock

On-die noise similar to that occurring with all the transmitter and receiver lanes toggling need to be stimulated. When there is no socket in transmitter

measurement setup, in many cases, the contribution of the cross-talk is not significant or can be estimated within tolerable error even with all the

transmitter lanes sending patterns. When a socket is present, such as DUT being DRAM component, the contribution of the cross-talk could be signif-

icant. To minimize the impact of crosstalk on the measurement results, a small group of selected lanes in the vicinity of the lane under test may be

turned off (sending DC), while the remaining Tx lanes send patterns to the corresponding Rx receivers so as to excite realistic on-die noise profile

from device switching. Note that there may be cases when one of Dj and Rj specs is met and another violated in which case the signaling analysis

should be run to determine link feasibility

. Duty Cycle Error defined as absolute difference between average value of all Ul with that of average of odd Ul, which in magnitude would equal abso-
lute difference between average of all Ul and average of all even Ul.

. Rj RMS value of 1-Ul jitter without BUJ, but on-die system-like noise present. This extraction is to be done after software correction of DCD

. Dj pp value of 1-Ul jitter (after software assisted DCC). Without BUJ, but on-die system like noise present. Dj indicates Djdd of dual-Dirac fitting, after
software correction of DCD

. Rj RMS value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 1 < N < 4. This extraction is to be done after software cor-
rection of DCD

. Dj pp value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 1 <N < 4. Dj indicates Djdd of dual-Dirac fitting, after soft-

ware correction of DCD

Rj RMS value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 3 < N < 31. This extraction is to be done after software

correction of DCD

0. Dj pp value of N-Ul jitter without BUJ, but on-die system like noise present. Evaluated for 3 < N < 31. Dj indicates Djdd of dual-Dirac fitting, after soft-
ware correction of DCD

1. The validation methodology for these parameters will be covered in future ballots

2. If the clock meets total jitter Tj at BER of 1E'6, then meeting the individual Rj and Dj components of the spec can be considered optional. Tjis
defined as Dj + 16.2*Rj for BER of 1E716
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8.4 Differential Input Clock (CK_t, CK_c) Cross Point Voltage (VIX)

Figure 139 - VIX Definition (CK)

Table 163 — Crosspoint Voltage (VIX) for Differential Input Clock

DDR5-3200 - 4800

DDR5-5200 - 6400

Parameter Symbol Unit | Notes
Min Max Min Max
Clock differential input
crosspoint voltage ratio | VIX_CK_Ratio - 50 - 50 % 1,2,3

Note(s):

1. The VIX_CK voltage is referenced to VCKmid(mean) = (CK_t voltage + CK_c voltage) /2, where the mean is over 8 Ul

2. VIX_CK_Ratio = ([VIX_CK] / |Vrusl|)*100%, where Vrys = RMS(CK_t voltage - CK_c voltage)
3. Only applies when both CK_t and CK_c are transitioning
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8.5 Differential Input Clock Voltage Sensitivity

The differential input clock voltage sensitivity test provides the methodology for testing the receiver’s sensitivity to clock by varying
input voltage in the absence of Inter-Symbol Interference (ISl), jitter (Rj, Dj, DCD) and crosstalk noise. This specifies the Rx voltage
sensitivity requirement. The system input swing to the DRAM must be larger than the DRAM Rx at the specified BER

Kt |
ce — =] Interconnect +

DQ —D-—H' Interconnect

pas— =] Interconnect

,______
=
=
=

Figure 188 — Example of DDR5 Memory Interconnect
8.5.1 Differential Input Clock Voltage Sensitivity Parameter

Differential input clock (CK_t, CK_c) VRx_CK is defined and measured as shown below. The clock receiver must pass the minimum
BER requirements for DDRS5.

Table 164 — Differential Input Clock Voltage Sensitivity Parameter for DDR5-3200
to 4800

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max | Min | Max Min Max Min Max Min Max

Input Clock Voltage VRx_CK - 200 - 200 - 180 - 180 - 160 | mV 1,2
Sensitivity (differential pp)

NOTE(S):
1. Refer to the minimum BER requirements for DDR5
2. The validation methodology for this parameter will be covered in future ballot(s)
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8.5.2 Differential Input Voltage Levels for Clock

Table 165 — Differential Clock (CK_t, CK_c) Input Levels for DDR5-3200 to DDR5-6400

From Parameter 3223_ ';200 Note
V)HaifCK Differential input high measurement level (CK_t, CK_c) 0.75 X V gitfpk-pk 1.2
ViLaifCK Differential input low measurement level (CK_t, CK_c) 0.25 X Vgifpk-pk 1,2

Note(s):

1. Vyiffpk-pk defined in Figure 188

2. Vdiffpk-pk is the mean high voltage minus the mean low voltage over TBD samples
3. All parameters are defined over the entire clock common mode range
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8.5.3 Differential Input Slew Rate Definition for Clock (CK_t, CK_c)

Input slew rate for differential signals (CK_t, CK_c) are defined and measured as shown below.

dffrkek
deltaTFant delta TRAIM
Figure 190 — Differential Input Slew Rate Definition for CK_t, CK_c
Table 166 — Differential Input Slew Rate Definition for CK_t, CK_c
Measured
Parameter Defined by Notes
From To
Differential Input slew rate for rising VIL4xCK VIHg4#CK (VIH4i#CK - VIL4ixCK) /
edge (CK_t - CK_c) deltaTRdiff
Differential Input slew rate for falling VIHCK VILi#CK (VIH4i#CK - VIL4iCK) /
edge (CK_t - CK_c) deltaTFdiff
Note(s):
Table 167 — Differential Input Slew Rate for CK_t, CK_c for DDR5-3200 to DDR5-4800
DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max Min Max
Differential Input Slew SRIdiff_ 2 14 2 14 2 14 2 14 2 14 Vins
Rate for CK_t, CK_c CK
Note(s):
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8.6 Rx DQS Jitter Sensitivity

The receiver DQS jitter sensitivity test provides the methodology for testing the receiver’s strobe sensitivity to an applied duty cycle
distortion (DCD) and/or random jitter (R]) at the forwarded strobe input without adding jitter, noise and ISI to the data. The receiver
must pass the appropriate BER rate when no cross-talk nor IS| is applied, and must pass through the combination of applied DCD
and R;j.

AY /

! l

| —DT;—I-] Interconnect \ /

: o | EYEWIDTH

| B&?:E:EIH Interconnect

' Host ) \ /

Ty e - o a 1

(1]
Figure 191 — SDRAM’s Rx Forwarded Strobes for Jitter Sensitivity Testing

8.6.1 Rx DQS Jitter Sensitivity Specification

The following table provides Rx DQS Jitter Sensitivity Specification for the DDR5 DRAM receivers when operating at various possible
transfer rates. These parameters are tested on the CTC2 card with neither additive gain nor Rx Equalization set.

Table 168 — Rx DQS Jitter Sensitivity Specification for DDR5-3200 to 4800
[BER = Bit Error Rate; DCD = Duty Cycle Distortion; Rj =Random Jitter]

DDR5-3200 | DDR5-3600 | DDRS5-4000 DDR5-4400 DDR5-4800

Min Max | Min | Max | Min Max | Min Max | Min Max

Parameter Symbol Unit | Notes

DQ Timing Width tRx_DQ_tMargin 0900 | - | 0875 | - | 085 | - |085| - |085)| - ul | 1,238,
9,10

Degradation of timing width AtRx_DQ_tMargin_ - 0.06 - 0.06 - 0.06 - 0.06 - 0.06 ur | 1,489,

compared to DQS_DCD 10

tRx_DQ_tMargin, with DCD
injection in DQS

Degradation of timing width AtRx_DQ_tMargin_ - 0.09 - 0.09 - 0.09 - 0.09 - 0.09 ur 1589,
compared to tRx_DQ DQS_Rj 10
_tMargin, with Rj injection in

DQs

Degradation of timing width AtRx_DQ_tMargin_ - 0.15 - 0.15 - 0.15 - 0.15 - 0.15 ulr | 1,268,
compared to DQS_DCD_Rj 9,10

tRx_DQ_tMargin, with both
DCD and Rj injection in DQS

Delay of any data lane tRx_DQS2DQ 1 3 1 3 1 3 1 3.25 1 35 ur | 1,789,
relative to the DQS_t/DQS_c 10
crossing

Note(s):

1. Validation methodology will be defined in future ballots. 2Ul is defined as 1tCK for this parameter

2. Each of AtRx_DQ_tMargin_DQS_DCD, AtRx_DQ_tMargin_DQS_Rj, and AtRx_DQ_tMargin_DQS _DCD_Rj can be relaxed by up to 5% if
tRx_DQ_tMargin exceeds the spec by 5% or more

3. DQ Timing Width - timing width for any data lane using repetitive patterns (check note 4 for the pattern) measured at BER=E-9

4. Magnitude of degradation of timing width for any data lane using repetitive no ISI patterns with DCD injection in forwarded strobe DQS compared to
tRx_DQ_tMargin, measured at BER=E-9. The magnitude of DCD is specified under Test Conditions for Rx DQS Jitter Sensitivity Testing. Test using
clock-like pattern of repeating 3 “1s” and 3 “0s”

5. Magnitude of degradation of timing width for any data lane using repetitive no IS| patterns with only Rj injection in forwarded strobe
DQS measured at BER=E-9, compared to tRx_tMargin. The magnitude of Rj is specified under Test Conditions for Rx DQS Jitter
Sensitivity Testing.

6. Magnitude of degradation of timing width for any data lane using repetitive no ISI patterns with DCD and Rj injection in forwarded strobe DQS
measured at BER=E-9, compared to tRx_tMargin. The magnitudes of DCD and Rj are specified under Test Conditions for Rx DQS Jitter Sensitivity
Testing.
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7. Delay of any data lane relative to the strobe lane, as measured at the end of Tx+Channel. This parameter is a collective sum of effects of data clock
mismatches in Tx and on the medium connecting Tx and Rx.

8. All measurements at BER=E-9
9. This test should be done after the DQS and DQ Voltage Sensitivity tests are completed and passing

10. The user has the freedom to set the voltage swing and slew rates for strobe and DQ signals as long as they meet the specification. The DQS and DQ
input voltage swing and/or slew rate can be adjusted, without exceeding the specifications, for this test.
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8.6.2 Test Conditions for Rx DQS Jitter Sensitivity Tests

Table 2 lists the amount of Duty Cycle Distortion (DCD) and/or Random Jitter (Rj) that must be applied to the forwarded strobe when
measuring the Rx DQS Jitter Sensitivity parameters specified in Table 168 and Table 194.

Table 169 — Test Conditions for Rx DQS Jitter Sensitivity Testing for DDR5-3200 to 4800

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max Min Max
Applied DCD to | tRx_DQS_DCD - 0.045 - 0.045 - 0.045 - 0.045 - 0.045 ul 1,2,3,6,
the DQS 7,10
Applied Rj RMS | tRx_DQS_Rj - 0.0075 - 0.0075 - 0.0075 - 0.0075 - 0.0075 ul 1,2,,4,6,
to the DQS (RMS) | 8,10
Applied DCD tRx_DQS_DCD_Rj - 0.045U1 - 0.045U1 - 0.045U1 - 0.045U1 - 0.045U1 ul 1,2,5,6,
and Rj RMS to DCD + DCD + DCD + DCD + DCD + 7,9,
the DQS 0.0075U1 0.0075U1 0.0075UI 0.0075U1 0.0075U1 10
Rj RMS Rj RMS Rj RMS Rj RMS Rj RMS
Note(s):

1. While imposing this spec, the strobe lane is stressed, but the data input is kept large amplitude and no jitter or ISl injection. The specified voltages are
at the Rx input pin. The DQS and DQ input voltage swing and/or slew rate can be adjusted, without exceeding the specifications, for this test.

2. The jitter response of the forwarded strobe channel will depend on the input voltage, primarily due to bandwidth limitations of the clock receiver. For
this revision, no separate specification of jitter as a function of input amplitude is specified, instead the response characterization done at the specified
clock amplitude only. The specified voltages are at the Rx input pin

3. Various DCD values should be tested, complying within the maximum limits
4. Various Rj values should be tested, complying within the maximum limits

5. Various combinations of DCD and Rj should be tested, complying within the maximum limits. The maximum timing margin degradation as a result of
these injected jitter is specified in a separate table

6. Although DDRS has bursty traffic, current available BERTs that can be used for this test do not support burst traffic patterns. A continuous strobe and
continuous DQ are used for this parameter. The clock like pattern repeating 3 “1s” and 3 “0s” is used for this test.

7. Duty Cycle Distortion (in Ul DCD) as applied to the input forwarded DQS from BERT (Ul)

8. RMS value of Rj (specified as Edge jitter) applied to the input forwarded DQS from BERT (values of the edge jitter RMS values specified as % of Ul)
9. Duty cycle distortion (specified as Ul DCD) and rms values of Rj (specified as edge jitter) applied to the input forwarded DQS from BERT (values of
the edge jitter RMS values specified as % of Ul)

10. The user has the freedom to set the voltage swing and slew rates for strobe and DQ signals as long as they meet the specification. The DQS and DQ
input voltage swing and/or slew rate can be adjusted, without exceeding the specifications, for this test.
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8.7 Rx DQS Voltage Sensitivity

8.7.1 Overview

The receiver DQS (strobe) input voltage sensitivity test provides the methodology for testing the receiver’s sensitivity to varying input
voltage in the absence of Inter-Symbol Interference (ISI), jitter (Rj, Dj, DCD) and crosstalk noise.

l e | ] Rix |
| pa—{=>] Interconnect | H—Hy DFE |
: i | | VrefDo |
| Bgia:[i?ﬁ] Interconnect Niiw Dr:: : [

I i |
I Host ) \_ _DRAM _

T e — — —

Figure 192 — Example of DDR5 Memory Interconnect

8.7.2 Receiver DQS Voltage Sensitivity Parameter

Input differential (DQS_t, DQS_c) VRx_DQS is defined and measured as shown below. The receiver must pass the minimum BER

requirements for DDR5. These parameters are tested on the CTC2 card with neither additive gain nor Rx Equalization set.

Table 170 — Rx DQS Input Voltage Sensitivity Parameter for DDR5-3200 to 4800

DDR5-3200 DDR5-3600 | DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max | Min | Max Min Max Min Max Min Max
DQ@S Rx Input Voltage VRx_DQS - 130 - 115 - 105 - 100 - 100 mV | 1,23
Sensitivity (differential pp)

Note(s):

1. Refer to the minimum BER requirements for DDR5

2. The validation methodology for this parameter will be covered in future ballot(s)
3. Test using clock like pattern of repeating 3 “1s” and 3 “0s”

VRx_DOS

Cifferentld Inputvoltage: DO _t- DOS_c

m ":_:-}-i'_-"-—-r',-f:\‘---------------- -
? \ X

) J
-----------------'u--__,-.-_ﬂ,-e--,.'--r---
M e

Figure 193 — VRx_DQS
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8.8 Differential Strobe (DQS_t, DQS_c) Input Cross Point Voltage (VIX)

VDQSmid =—

/\ VxDas

Figure 194 — VIX Definition (DQS)

Table 171 — Crosspoint Voltage (VIX) for DQS Differential Input Signals

Parameter

Symbol

DDR5-3200 - 4800

DDR5-5200 - 6400

DDR5-6800 - 8400

Min

Max

Min

Max

Min

Max

Unit

Notes

DQS differential input
crosspoint voltage ratio

VIX_DQS_Ratio

50

50

TBD

%

1,23

Note(s):

1. The VIX_DQS voltage is referenced to VDQSmid(mean) = (DQS_t voltage + DQS_c voltage) /2, where the mean is over 8 Ul

2. VIX_DQS_Ratio = (|VIX_DQS| / [VrRus|)*100%, where Vrys = RMS(DQS_t voltage - DQS_c voltage)

3. Only applies when both DQS_t and DQS_c are transitioning (including preamble)
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8.8.1 Differential Input Levels for DQS

Table 172 — Differential Input Levels for DQS (DQS_t, DQS_c) for DDR5-3200 to DDR5-6400

DDRS
From Parameter 3200-6400 Note
V|HaifPQS Differential input high measurement level (DQS_t, 0.75 X V giffpk-pk 1,2,3
DQS_c)
ViLaifDQS Differential input low measurement level (DQS_t, 0.25 X V gipk-pk 1,2,3
DQS_c)

Note(s):

1. Vyiffpk-pk defined in Figure 195

2. Vyiffpk-pk is the mean high voltage minus the mean low voltage over TBD samples
3. All parameters are defined over the entire clock common mode range

8.8.2 Differential Input Slew Rate for DQS_t, DQS _c

Input slew rate for differential signals are defined and measured as shown below.

Vdiﬁ‘pk—pk
delta TRiff delta TRdiff
Figure 195 — Differential Input Slew Rate Definition for DQS_t, DQS_c
Table 173 — Differential Input Slew Rate Definition for DQS_t, DQS_c
Measured
Parameter Defined by Notes
From To
Differential Input slew rate for rising VL4 DQS V\HaifDQS (VHaqirDQS - V"_'diffDQS) / 1,2,3
edge (DQS_t, DQS_c) deltaTRdiff
Differential Input slew rate for falling ViHairDQS V|LaisDQS (ViHaiDQS - V) _ginrDQS) / 12,3
edge (DQS_t, DQS_c) deltaTFdiff

Note(s):
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Table 174 — Differential Input Slew Rate for DQS_t, DQS_c for DDR5-3200 to 4800

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max Min Max
Differential Input Slew SRIdiff_ | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | Vins 1
Rate for DQS_t, DQS_c DQS

Note(s):

1. Only applies when both DQS_t and DQS_c are transitioning.
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8.9 Rx DQ Voltage Sensitivity

8.9.1 Overview

The receiver data input voltage sensitivity test provides the methodology for testing the receiver’s sensitivity to varying input voltage
in the absence of Inter-Symbol Interference (ISl), jitter (Rj, Dj, DCD) and crosstalk noise.

pro—_————

Y

— o —

0 2]

Interconnect

Interconnect

|

|

' |
| DOSs Tx

| DQSG:%]
| Host |

Y o e o —

DFE

\

\

Figure 196 — Example of DDR5 Memory Interconnect

8.9.2 Receiver DQ Input Voltage Sensitivity Parameters

Input single-ended VRx_DQ is defined and measured as shown below. The receiver must pass the mini-
mum BER requirements for DDRS.

Table 175 — Rx DQ Input Voltage Sensitivity Parameters for DDR5-3200 to 6400

sensitivity applied around Vref

DDR5- DDR5- DDR5- DDR5-
Parameter Symbol 3200 3600 4000 4400-6400 Unit | Notes
Min | Max | Min | Max | Min | Max | Min | Max
Minimum DQ Rx input voltage VRx_DQ mV 1,2

NOTE(S):

1. Refer to the minimum BER requirements for DDR5

Differential InputVoltage: DQS5S_t-DQ5_c

Time

Figure 197 — VRx_DQ
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8.10 Rx Stressed Eye

The stressed eye tests provide the methodology for creating the appropriate stress for the DRAM'’s receiver with the combination of

ISI (both loss and reflective), jitter (Rj, Dj, DCD), and crosstalk noise. The receiver must pass the appropriate BER rate when the

equivalent stressed eye is applied through the combination of ISI, jitter and crosstalk.

Figure 198 — Example of Rx Stressed Test Setup in the Presence of ISl, Jitter and Crosstalk

o ————

Tx | Rx
DQ—[>—|§ Interconnect (IS, Jitter, Xtalk) |- y)FE

I VrefDQ
DQs [ | |
Duw—;ﬁlﬁ Interconnect jlik
Host J | DRAM

Figure 199 — Example of Rx Stressed Eye Height and Eye Width

_— T TN

\ _ _ _ _ _~»
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8.10.1 Parameters for DDR5 Rx Stressed Eye Tests

Table 176 — Test Conditions for Rx Stressed Eye Tests for DDR5-3200 to 4800

[BER=Bit Error Rate; DCD=Duty Cycle Distortion; Rj=Random Jitter; Sj=Sinusoidal Jitter; p-p =peak to peak]

DDR5-3200 | DDR5-3600 | DDR5-4000 | DDR5-4400 | DDR5-4800
Parameter Symbol Unit Notes
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Eye height of stressed eye | RXEH_Stressed_Eye_Gol - 95 - 85 - 80 - 75 - 70 mv | 1,23,
for Golden Reference den_Ref_Channel_1 4,56,
Channel 1 7,8,9
Eye width of stressed eye RxEW_Stressed_Eye_Gol - 0.25 - 025 | - | 025 - 0.25 - 0.25 ul 1,2,3,
Golden Reference Channel 1 | den_Ref_Channel_1 4,5,6,
7,89

Vswing stress to meet Vswing_Stressed_Eye_G - 600 - 600 - 600 - 600 - 600 mv | 1.2
above data eye olden_Ref_Channel_1
Injected sinusoidal jitter at | Sj_Stressed_Eye_Golden 0 0.45 0 045 | 0 | 045 | 0 045 | 0 0.45 ul 1,2
200 MHz to meet above data | _Ref_Channel_1 p-p
eye
Injected Random wide band | Rj_Stressed_Eye_Golden | 0 0.04 0 004 | 0 | 004 | O 0.04 | 0 0.04 ul 1,2
(10 MHz-1 GHz) Jitter to _Ref_Channel_1 RMS
meet above data eye
Injected voltage noise as Vnoise_Stressed_Eye_Go | 0 125 0 125 | 0 125 0 125 0 125 | mvp- | 1,2
PRBS23, or Iden_Ref_Channel_1 p
Injected voltage noise at 2.1
GHz
Golden Reference Channel1 | Golden_Ref_Channel_1_ dB 3
Characteristics as measured | Characteristics
at TBD

Note(s):
1. Must meet minimum BER of 1E7'6 or better requirement with the stressed eye at the slice of the receiver (after equalization is applied in the summer.)

The eye shape is verified by measuring to BER E®and extrapolating to BER E 16
. These parameters are applied on the defined golden reference channel with parameters TBD.
. DFE tap range limits apply: sum of absolute values of Tap-2, Tap-3, and Tap-4 shall be less than 60mV (|Tap-2| + |Tap-3| + |Tap-4| < 60mV).

2

NOoO oA W

8

location. VrefDQ. and DFE solution to give the best eye margin

. Evaluated with no DC supply voltage drift.
. Evaluated with no temperature drift.

. Supply voltage noise limited according to DC bandwidth spec, see Recommended DC Operating Conditions
. The stressed eye is to be assumed to have a diamond shape

. The VREFDQ, DFE Gain Bias Step, and DFE Taps 1,2,3,4 Bias Step can be adjusted as needed, without exceeding the specifications, for this test,
including the limits placed in Note 3
9. The stressed eye is defined as centered on the DQS_t/DQS_c crossing during the calibration. Measurement includes an optimal set of DQS_t/DQS_c
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8.11 Connectivity Test Mode - Input level and Timing Requirement
During CT Mode, input levels are defined below.

TEN pin: CMOS rail-to-rail with AC high and low at 80% and 20% of VDDQ

CS_n: CMOS rail-to-rail with AC high and low at 80% and 20% of VDDQ.

Test Input pins: CMOS rail-to-rail with AC high and low at 80% and 20% of VDDQ.

RESET_n: CMOS rail-to-rail with AC high and low at 80% and 20% of VDDAQ.

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_t and CK_c signals will be ignored and the DDR5 memory device will enter into the CT
mode after time 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, after RESET_n has de-asserted, the wait time after the
RESET_n de-assertion has elapsed, and prior to starting clocks (CK_t, CK_c).

The TEN pin may be de-asserted at any time in the CT mode. Upon exiting the CT mode, the states of the DDR5 memory device are
unknown and the integrity of the original content of the memory array is not guaranteed; 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_n input maintained High and Low respectively.

s:'h\\_/‘_\'\_g o WALID Input }{‘)// VALD Input
N ‘ 1CT ISI
RESET_n
TEN
- tCT_Enable
C5_n
tCT_IS == Ong
CTinputs WALID Input W VALID Input
‘ T _\alid ©T_walid
CT Outputs ‘ NALID W L NALID
Figure 200 — Timing Diagram for Connectivity Test (CT) Mode
Table 177 — AC parameters for Connectivity Test (CT) Mode
Symbol Min Max Unit
tCT_IS 0 - ns
tCT_Enable 200 - ns
tCT_Valid - 200 ns
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8.11.1 Connectivity Test (CT) Mode Input Levels

Following input parameters will be applied for DDR5 SDRAM Input Signals during Connectivity Test Mode.

Table 178 — CMOS rail to rail Input Levels for TEN, CS_n and Test inputs

Parameter Symbol Min Max Unit Notes
TEN AC Input High Voltage VIH(AC)_TEN 0.8 *vDDQ vDDQ \' 1
TEN DC Input High Voltage VIH(DC)_TEN 0.7 *VvDDQ vDDQ Vv
TEN DC Input Low Voltage VIL(DC)_TEN VSS 0.3 *vDDQ \'
TEN AC Input Low Voltage VIL(AC)_TEN VSS 0.2 *VvDDQ \' 2
TEN Input signal Falling time TF_input_TEN - 10 ns
TEN Input signal Rising time TR_input_TEN - 10 ns

Note(s):
1. Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.
2. Undershoot might occur. It should be limited by Absolute Maximum DC Ratings.

0.8*vDDQ
0.7*vDDQ

0.3*vDDQ
0.2*vDDQ

TF_input_TEN TR_input_TEN

Figure 201 — TEN Input Slew Rate Definition
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8.11.2 CMOS rail to rail Input Levels for RESET_n

Table 179 — CMOS rail to rail Input Levels for RESET_n

Parameter Symbol Min Max Unit NOTE
AC Input High Voltage VIH(AC)_RESET 0.8*vDDQ vDDQ Vv 5
DC Input High Voltage VIH(DC)_RESET 0.7*vDDQ vDDQ Vv 2
DC Input Low Voltage VIL(DC)_RESET VSS 0.3*VvDDQ Vv 1
AC Input Low Voltage VIL(AC)_RESET VSS 0.2*vDDQ \' 6
Rising time TR_RESET - 1.0 us
RESET pulse width tPW_RESET 1.0 - us 3,4

Note(s):

1.After RESET_n is registered LOW, RESET_n level shall be maintained below VIL(DC)_RESET during tPW_RESET, otherwise, SDRAM may not be
reset.

2. Once RESET_n is registered HIGH, RESET_n level must be maintained above VIH(DC)_RESET, otherwise, SDRAM operation will not be
guaranteed until it is reset asserting RESET_n signal LOW.

3. RESET is destructive to data contents.

4. This definition is applied only for “Reset Procedure at Power Stable”.

5. Overshoot might occur. It should be limited by the Absolute Maximum DC Ratings.

6. Undershoot might occur. It should be limited by Absolute Maximum DC Ratings

- tPW_RESET
0.8*WDDQ - - - - - {o oo _
07WDDQ - = == = ~[= === === - === - - - = - - -
03*WDDQ _ _ _ _ _ | o _________
0.2*VDDQ - - - - - ‘-\Y —————————————————— / ———————————
e —
TR_RESET

Figure 202 — RESET_n Input Slew Rate Definition
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9. AC & DC Output Measurement Levels and Timing

9.1  Output Driver DC Electrical Characteristics for DQS and DQ

The DDRS driver supports two different Ron values. These Ron values are referred as strong(low Ron) and weak mode(high Ron). A
functional representation of the output buffer is shown in the figure below.

Output driver impedance RON is defined as follows:

The individual pull-up and pull-down resistors (RONp,, and RONpy) are defined as follows:

vVDDQ -Vout N _
RONpy, = " [Tout] under the condition that RON Pdis off
Vout
RONpg= ~ Jlout]  underthe condition that RON Puis off
Chip In Drive Mode
Qutput Drive
+ +« VDDQ
To l e
other
circ uity 1 RONp,
like
«, D
RCV Q
RONpy |
out Vout
I l lpg
. VS3Q
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Table 180 — Output Driver DC Electrical Characteristics, assuming RZQ = 2400hm; entire operating

temperature range; after proper ZQ calibration

RONnom Resistor Vout Min Nom Max Unit NOTE
VOLdc= 0.5VDDQ 0.8 1 1 RZQI7 12
RON34Pd VOMdc= 0.6° VDDQ 0.9 7 T RZQI7 12
VOHdc= 0,95 VDDQ 0.9 7 125 RZQI7 12
3402 VOLdc= 05 VDDQ 0.9 7 125 RZQI7 12
RON34Pu VOMdc= 0.8 VDDQ 09 7 T RZQ7 12
VOHdc= 0.95° VDbQ 08 7 T RZQI7 12
VOLdc= 0.5VDDQ 08 7 T RZQ%5 12
RON48Pd VOMdc= 0.6° VDDQ 0.9 7 T RZQ/5 12
150 VOHdc= 0,95 VDDQ 0.9 7 125 RZQJ5 12
VOLdc= 0.5 VDDQ 09 7 125 RZQ%5 12
RON48Pu VOMdc= 0.8 VDDQ 09 7 T RZQ%5 12
VOHdc= 0.95° VDbQ 08 7 T RZQ%5 12
ng.:;n SLtJTIhdZ(\eNt:e l?/lnMF;JJIE)lép VOMdc= 0.8* VDDQ 10 10 % 12,34
Mismatoh 'ﬁ_‘?ﬁ WD oY | VOMde= 08" VDDQ 10 % 124
M\';??aattgr‘] 'zal_'ﬁ ",‘\’/'It'\r/‘l'; dbdﬁe VOMdc= 0.8 VDDQ 10 % 124

NOTE :

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or

voltage changes after calibration, see following section on voltage and temperature sensitivity(TBD).

2. Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to

achieve the linearity spec shown above, e.g. calibration at 0.5 * VDDQ and 0.95
*vDDAQ.

3. Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately;Ron-

nom is the nominal Ron value

RONPu-RONPd
MMPuPd = *100
RONNOM
4. RON variance range ratio to RON Nominal value in a given component, including DQS_t and DQS_c.
RONPuMax-RONPuMin
MMPudd = *100
RONNOM

RONPdMax-RONPdMin
MMPddd = *100
RONNOM

5. This parameter of x16 device is specified for Upper byte and Lower byte.
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9.2 Output Driver DC Electrical Characteristics for Loopback Signals LBDQS,
LBDQ

The DDR5 Loopback driver supports 34 ohms. A functional representation of the output buffer is shown in the figure below.

VDDQ -Vout B _

RONp, = T out| under the condition that RONPd is off
Vout 3 _

RONp4 = T out| under the condition that RONPu is off

Chip In Drive Mode

Output Drive
« VDDQ
To lpy
other
circuity
like RONp,
RCV . LBDQS, LBDQ
-
RONpq
lout Vout
lpg
+  VSSQ

Figure 203 — Output Driver for Loopback Signals

Table 181 — Output Driver DC Electrical Characteristics, assuming RZQ = 240o0hm entire operating
temperature range; after proper ZQ calibration

RONpom Resistor Vout Min Nom Max Unit Notes
VOLdc= 0.5*vDDQ 0.8 1 1.1 RzQ/7 1,2
RON34Pd VOMdc= 0.8* VDDQ 0.9 1 1.1 RzQ/7 1,2
340 VOHdc= 0.95* VDDQ 0.9 1 1.25 RzQ/7 1,2
VOLdc= 0.5* VDDQ 0.9 1 1.25 RzQ/7 1,2
RON34Pu VOMdc= 0.8* VDDQ 0.9 1 11 RzQ/7 1,2
VOHdc= 0.95* VDDQ 0.8 1 1.1 RzQ/7 1,2
Mismatch between pull-up and o ow ) o
pull-down, MMPUPd VOMdc= 0.8* VDDQ 10 10 % 1,2,3,4
Mismatch LBDQS-LBDQ within
device variation pull-up, VOMdc= 0.8* VDDQ 10 % 1,2,4
MMPudd
Mismatch LBDQS-LBDQ within
device variation pull-dn, VOMdc= 0.8* VDDQ 10 % 1,2,4
MMPddd

NOTE:

1. The tolerance limits are specified after calibration with stable voltage and temperature. For the behavior of the tolerance limits if temperature or volt-
age changes after calibration, see following section on voltage and temperature sensitivity(TBD).

2. Pull-up and pull-dn output driver impedances are recommended to be calibrated at 0.8 * VDDQ. Other calibration schemes may be used to achieve
the linearity spec shown above, e.g. calibration at 0.5 * VDDQ and 0.95 * VDDQ.
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3. Measurement definition for mismatch between pull-up and pull-down, MMPuPd : Measure RONPu and RONPD both at 0.8*VDD separately;Ronnom
is the nominal Ron value

RONPu -RONPd

MMPuPd = RONNOM 100

4. RON variance range ratio to RON Nominal value in a given component, including LBDQS and LBDQ.

RONPuMax-RONPuMin
MMPudd = *100

RONNOM

RONPdMax-RONPdMin
MMPddd = *100
RONNOM
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9.3

Loopback Output Timing

Loopback strobe LBDQS to Loopback data LBDQ relationship is illustrated in Figure 204.
- tLBQSH describes the single-ended LBDQS strobe high pulse width
- tLBQSL describes the single-ended LBDQS strobe low pulse width

- tLBDQSAQ describes the latest valid transition of LBDQ measured at both rising and falling edges of LBDQS
- tLBQH describes the earliest invalid transition of LBDQ measured at both rising and falling edges of LBDQS
- tLBDVW describes the data valid window per device per Ul and is derived from ({LBQH-tLBDQSQ) of each Ul on a given DRAM

Table 182 — Loopback Output Timing Parameters for DDR5-3200 to 4800

Speed DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800 o NOT
nits
Parameter | Symbol | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX E

Loopback Timing
Loopback LBDQS Output Low Time {LBQSL 0.7 0.7 0.7 0.7 0.7 CK 1
Loopback LBDQS Output High Time | , oo | o2 0.7 0.7 0.7 0.7 tcK 1
Loopback LBDQS to LBDQ Skew tLBDQSQ | 0.2 0.2 0.2 0.2 0.2 tCK/2 1
Loopback LBDQ Output Time from
LBDQS tLBQH 3.6 3.6 3.6 3.6 3.6 tCKI2 1
Loopback Data valid window (tLBQH-
{LBDQSQ) of each Ul per DRAM tLBDVW 3.4 3.4 3.4 3.4 3.4 tCK/2 1

Note(s):

1: Based on Loopback 4-way interleave setting (see MR53)

P tLBQSH tLBQSL tLBQSH tLBQSL »

LBDQS

A

- y

b

LBDQ,

b A

€

M— tLBDQSQ [—

tLBDVW

-

tLBQH

»

Figure 204 — Loopback Strobe to Data Relationship
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9.3.1 Alert_n output Drive Characteristic

A functional representation of the output buffer is shown in the figure below. Output driver impedance RON is defined as follows:

Vout
RONp4 =

| lout| under the condition that RONru is off

Alert Driver
DRAM
| Alert
~apff—
ROMNp 4
lout W
out
¢ lrg
+ V550
Resistor Vout Min Max Unit NOTE
VOLdc= 0.1* VDDQ 0.3 11 Rzql7
ROdi VOMdc =0.8* vDDQ 04 1.1 RZQ/7
VOHdC =0.95* VDDQ 04 1.25 RZQ/7

Note(s):
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9.3.2 Output Driver Characteristic of Connectivity Test (CT) Mode

Following Output driver impedance RON will be applied to the 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:

RONey o Vooa-Vour
uCT- —o VOuT
| lowt |
RONeg 1. —Your
| lowt |
Chip In Drive Mode
Qutput Driver
* Voo
lpu T
To -
other RO
cleuly Noy et
RCV - * D0
RO lout
NPd_CT
Vout
lpg T
* Voo
Figure 205 — Output Driver
RONNOM_CT Resistor Vout Max Units NOTE
VOBdc = 0.2 x VDDQ 1.9 Rzql7 1,2
VOLdc = 0.5 x VDDQ 2.0 RZQ/7 1,2
RONPd_CT
VOMdc = 0.8 x VDDQ 2.2 Rzql7 1,2
24 VOHdc = 0.95 x VDDQ 2.5 RZQ/7 1,2
Q
VOBdc = 0.2 x VDDQ 1.9 Rzql7 1,2
VOLdc = 0.5 x VDDQ 2.0 RZQ/7 1,2
RONPu_CT
VOMdc = 0.8 x VDDQ 2.2 Rzql7 1,2
VOHdc = 0.95 x VDDQ 2.5 Rzql7 1,2

Note(s):

1. Connectivity test mode uses un-calibrated drivers, showing the full range over PVT. No mismatch between pull up and pull down is defined.

2. Uncalibrated drive strength tolerance is specified at +/- 30%
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9.4 Single-ended Output Levels - VOL/VOH

Table 183 — Single-ended Output levels for DDR5-3200 to DDR5-6400

Symbol [Parameter DDR5-3200-6400 Units | Notes
Vou Output high measurement level (for output SR) 0.75 x Vi pk v 1
VoL Output low measurement level (for output SR) 0.25 x Vi pk \ 1

Note(s):

1. Vpk_pkis the mean high voltage minus the mean low voltage over TBD samples.

9.5 Single-Ended Output Levels - VOL/VOH for Loopback Signals
Table 184 — Single-ended Output levels for Loopback Signals DDR5-3200 to DDR5-6400

Symbol [Parameter DDR5-3200-6400 Units | Notes
Vou Output high measurement level (for output SR) 0.75 x Vi pk \") 1
VoL Output low measurement level (for output SR) 0.25 x Vi pk Vv 1

Note(s):

1. Vpk—pkis the mean high voltage minus the mean low voltage over TBD samples.
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9.6 Single-ended Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined
and measured between V| and Vgy for single ended signals as shown in Table 185 and Figure 206.

Table 185 — Single-ended output slew rate definition

Description Measured Defined by
From To
Single ended output slew rate for rising edge VoL Vou [Vou-VoLl/ delta TRse
Single ended output slew rate for falling edge Vou VoL [Von-VoL]/ delta TFse

Note(s):

1. Output slew rate is verified by design and characterization, and may not be subject to production test.

delta TFdiff

Figure 206 — Single-ended Output Slew Rate Definition

delta TRdift

Table 186 — Single-ended Output Slew Rate for DDR5-3200 to DDR5-4800

Speed

DDR5-3200

DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Units | NOTE
Parameter Symbol | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
:,:‘eg'e ended output slew SRQse 8 18 8 18 8 18 8 18 8 18 Vins

Note(s):
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9.7 Differential Output Levels
Table 187 — Differential Output levels for DDR5-3200 to DDR5-6400
Symbol [Parameter DDR5-3200-6400 Units | Notes
Vondife | Differential output high measurement level (for output SR) 0.75 X Vitpk-pk v 1
VoLdgite | Differential output low measurement level (for output SR) 0.25 X Vgitfpk-pk Vv 1
Note(s):

1. Vdiffpk_pkis the mean high voltage minus the mean low voltage over TBD samples.

9.8

Differential Output Slew Rate

With the reference load for timing measurements, output slew rate for falling and rising edges is defined and measured between Vg .

qiff and Vopgiss for differential signals as shown in Table 188 and Figure 207

Table 188 — Differential output slew rate definition

Description Measured Defined by
From To
Differential output slew rate for rising edge VoLdiff VoHudiff [Vonaif-VoLdisfl / delta
TRdiff
Differential output slew rate for falling edge VoHudiff VoLdiff [Vondifr-VoLdiffl / delta
TFdiff

Note(s):

1. Output slew rate is verified by design and characterization, and may not be subject to production test.

dalta TFiff

Figure 207 — Differential Output Slew Rate Definition

delta TRdift

Table 189 — Differential Output Slew Rate for DDR5-3200 to DDR5-4800

Speed DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800 u NOTE
nits
Parameter Symbol MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
Differential output slew rate SRQdiff 16 36 16 36 16 36 16 36 16 36 Vins

Note(s):
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9.

9 Tx DQS Jitter

Overview

Th
Th

e Random Jitter (Rj) specified is a random jitter meeting a Gaussian distribution. The Deterministic Jitter (Dj) specified is bounded.
e DDRS5 device output jitter must not exceed maximum values specified in Table 190.

Interconnect

x |
gggafg::ﬂ Interconnect =
|

| DRAM

— — — w— —

DQs
DOs#

Table 190 — Tx DQS Jitter Parameters for DDR5-3200 to 4800
[Dj=Deterministic Jitter; Rj=Random Jitter; DCD=Duty Cycle Distortion; BUJ=Bounded Uncorrelated Jitter; pp=Peak to Peak]

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit Notes
Min Max Min Max Min Max Min Max Min Max
Rj RMS Value of 1-Ul tTx_DQS_1UI_ - tCK_ - tCK_ - tCK_ - tCK_ - tCK_ ul 1,2,3,4,
Jitter without BUJ Rj_NoBUJ 1ULRj_ 1ULRj_ 1ULRj_ 1UL_Rj_ 1ULR_ | (Rms) | 5,6,7,8,9,
NoBUJ NoBUJ NoBUJ NoBUJ NoBUJ 101112
+ + + + + e
0.002 0.002 0.002 0.002 0.002
Dj pp Value of 1-Ul tTx_DQS_1Ul_ - 0.150 - 0.150 - 0.150 - 0.150 - 0.150 ul 1,2,3,5,6,7
Jitter without BUJ Dj_NoBUJ ,8,9,10,11
Rj RMS Value of N-Ul tTx_DQS_NUI_ - tCK_ - tCK_ - tCK_ - tCK_ - tCK_ ul 1,2,3,5,6,7
jitter without BUJ, Rj_NoBUJ NULRj_ NUL_Rj_ NUL_Rj_ NULRj_ NULRL_ | (Rms) | ,8,9,10,11,
NoBUJ NoBUJ NoBUJ NoBUJ NoBUJ 12
where 1<N< 4 + + + + +
0.002 0.002 0.002 0.002 0.002
Dj pp Value of N-UI tTx_DQS_NUI_ - 0.150 - 0.150 - 0.150 - 0.150 - 0.150 Ul 1,2,3,56,7
Jitter without BUJ, Dj_NoBUJ ,8,9,10,11
where 1<N < 4

Note(s)

1.

N oA

©

On-die noise similar to that occurring with all the transmitter and receiver lanes toggling need to be stimulated. When there is no socket in transmitter
measurement setup, in many cases, the contribution of the cross-talk is not significant or can be estimated within tolerable error even with all the
transmitter lanes sending patterns. When a socket is present, such as DUT being DRAM component, the contribution of the cross-talk could be signif-
icant. To minimize the impact of crosstalk on the measurement results, a small group of selected lanes in the vicinity of the lane under test may be
turned off (sending DC), while the remaining TX lanes send patterns to the corresponding RX receivers so as to excite realistic on-die noise profile
from device switching. Note that there may be cases when one of Dj and Rj specs is met and another violated in which case the signaling analysis
should be run to determine link feasibility

. On-die noise similar to that occurring with all the transmitter and receiver lanes toggling need to be stimulated. When there is no socket in transmitter

measurement setup, in many cases the contribution of BUJ is not significant or can be estimated within tolerable error even with all the transmitter
lanes sending patterns. When a socket is present, such as DUT being DRAM component, the contribution of the cross-talk could be significant. To
minimize the impact of crosstalk on the measurement results, a small group of selected lanes in the vicinity of the lane under test may be turned off
(sending DC), while the remaining TX lanes send patterns to the corresponding RX receivers, so as to excite realistic on-die noise profile from device
switching. Note that there may be cases when one of Dj and Rj specs is met and another violated in which case the signaling analysis should be run
to determine link feasibility

The validation methodology for these parameters will be covered in future ballots

Rj RMS value of 1-Ul jitter. Without BUJ, but on-die system like noise present. This extraction is to be done after software correction of DCD

See Section 7.2 for details on the minimum BER requirements

See Section 7.3 for details on Ul, NUI and Jitter definitions

Duty Cycle of the DQ pins must be adjusted as close to 50% as possible using the Global and Per Pin Duty Cycle Adjuster feature prior to running the
Tx DQ Jitter test

The Mode Registers for the Duty Cycle Adjuster are MR43 and MR44, and the Mode Registers for the Per Pin DCA of DQS are MR103 - MR110.
Spread Spectrum Clocking (SSC) must be disabled while running the Tx DQ Jitter test
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10. These parameters are tested using the continuous clock pattern which are sent out from the dram device without the need for sending out continuous
MRR commands. The MR25 OP[3] is set to “1” to enable this feature.

11. Tested on the CTC2 card only

12. The max value of tTx_DQS_R]j_1Ul_NoBUJ and tTx_DQS_Rj_NUI_NoBUJ can be 6mUlI RMS
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9.10 Tx DQ Jitter

9.10.1 Overview

The Random Jitter (Rj) specified is a random jitter meeting a Gaussian distribution. The Deterministic Jitter
(Dj) specified is bounded. The DDR5 device output jitter must not exceed maximum values specified in
Table 191.

_—— = — e
| l !
| b —}— Interconnect k Array I
! |

| pas Rx | I ™ |

¥ 1 +H———- DQs

e IIL Interconnect =1 eS|
| ' |
_ _Host | | DRAM |
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9.10.2 Tx DQ Jitter Parameters

Table 191 — Tx DQ Jitter Parameters for DDR5-3200 to 4800
[Dj=Deterministic Jitter; Rj=Random Jitter; DCD=Duty Cycle Distortion; BUJ=Bounded Uncorrelated Jitter; pp=Peak to Peak]

DDR5-3200 DDR5-3600 DDR5-4000 DDR5-4400 DDR5-4800
Parameter Symbol Unit | Notes
Min Max Min Max Min Max Min Max Min Max
Rj RMS of 1-Ul tTx_DQ_1U - tCK_ - tCK_ - tCK_ - tCK_ - tCK_ ul 1,3,4,5,7
jitter without BUJ I_Rj_NoBU 1ULRj_ 1UI_Rj_ 1ULR_ 1ULRj_ 1ILR_ | (RMS) | .8.9,10,
b NoBUJ NoBUJ NoBUJ NoBUJ NoBUJ 11,
+ + + + + 12,13,14
0.002 0.002 0.002 0.002 0.002
Dj pp 1-Ul jitter tTx_DQ_1U - 0.150 - 0.150 - 0.150 - 0.150 - 0.150 | U | 357,
without BUJ I_Dj_NoBU 8,9,10,
J 11,12,13
Rj RMS of N-UI tTx_DQ_N - tCK_ - tCK_ - tCK_ - tCK_ - tCK_ ul 3,57,
jitter without BUJ, | UI_Rj_NoB '\:uUI§5jI NNUIngf NUL_Rj NULRj NUL_Rj | (RMS) | 8,9,10,
o o _ _ _ 11,12,13
where 1<N<4 v + + NoBUJ NoBUJ NoBUJ 14
0.002 0.002 + + +
0.002 0.002 0.002
Dj pp N-Ul jitter tTx_DQ_N - 0.150 - 0.150 - 0.150 - 0.150 - 0.150 ul 3,6,7,
without BUJ, Ul_Dj_NoB 8,9,10,
where 1<N<4 uJ 11,12,13
Delay of any data | tTx_DQS2D | -0.100 0.100 -0.100 0.100 -0.100 | 0.100 | -0.100 | 0.100 | -0.100 0.100 ul 3,5,6,7,9
lane relative to Q ,10,
strobe lane 1,12,13
Note(s):

1. On-die noise similar to that occurring with all the transmitter and receiver lanes toggling need to be stimulated. When there is no socket in transmitter
measurement setup, in many cases, the contribution of the cross-talk is not significant or can be estimated within tolerable error even with all the
transmitter lanes sending patterns. When a socket is present, such as DUT being DRAM component, the contribution of the cross-talk could be signif-
icant. To minimize the impact of crosstalk on the measurement results, a small group of selected lanes in the vicinity of the lane under test may be
turned off (sending DC), while the remaining TX lanes send patterns to the corresponding RX receivers so as to excite realistic on-die noise profile
from device switching. Note that there may be cases when one of Dj and Rj specs is met and another violated in which case the signaling analysis
should be run to determine link feasibility.

2. On-die noise similar to that occurring with all the transmitter and receiver lanes toggling need to be stimulated. When there is no socket in transmitter

measurement setup, in many cases, the contribution of BUJ is not significant or can be estimated within tolerable error even with all the transmitter

lanes sending patterns. When a socket is present, such as DUT being DRAM component, the contribution of the cross-talk could be significant. To
minimize the impact of crosstalk on the measurement results, a small group of selected lanes in the vicinity of the lane under test may be turned off

(sending DC), while the remaining TX lanes send patterns to the corresponding RX receivers so as to excite realistic on-die noise profile from device

switching. Note that there may be cases when one of Dj and Rj specs is met and another violated in which case the signaling analysis should be run

to determine link feasibility

The validation methodology for these parameters will be covered in future ballots

Rj RMS value of 1-Ul jitter without BUJ, but on-die system like noise present. This extraction is to be done after software correction of DCD

Delay of any data lane relative to strobe lane, as measured at Tx output

Vref noise level to DQ jitter should be adjusted to minimize DCD

See Chapter 7 for details on the minimum BER requirements

See Chapter 7 for details on Ul, NUI and Jitter definitions

Duty Cycle of the DQ pins must be adjusted as close to 50% as possible using the Global and Per Pin Duty Cycle Adjuster feature prior to running this

test

10. The Mode Registers for the Duty Cycle Adjuster are MR43 and MR44. Also the Mode Registers for the Per Pin DCA of DQLx are MR(133+8x) and
MR(134+8x), where 0=x<7, and the Mode Registers for the Per Pin DCA of DQUy are MR(197+8y) and MR(198+8y), where O<y<7.

11. Spread Spectrum Clocking (SSC) must be disabled while running this test

12. These parameters are tested using the continuous clock pattern which are sent out from the dram device without the need for sending out continuous
MRR commands. The MR25 OP[3] is set to “1” to enable this feature.

13. Tested on the CTC2 card only

14. The max value of tTx_DQ_Rj_1UI_NoBUJ and tTx_DQ_Rj_NUI_NoBUJ can be 6mUl RMS

©oNDO AW
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9.11 Tx DQ Stressed Eye

Tx DQ stressed eye height and eye width must meet minimum specification values at BER=E° and confi-
dence level 99.5%. Tx DQ Stressed Eye shows the DQS to DQ skew for both Eye Width and Eye Height.
In order to support different Host Receiver (Rx) designs, it is the responsibility of the Host to insure the

advanced DQS edges are adjusted accordingly via the Read DQS Offset Timing mode register settings
(MR40 OPJ[3:0]).

ta t3 to  tq to t4 t2 t3 ta ts te tz ts to  tiwo
o -- i BRI - VA

B 111

oo, (D

Figure 209 — Read burst example for pin DQx depicting bit 0 and 5 relative to the DQS edge for 0 Ul
skew

ta ts to  t4 to t4 t2 ts ta ts te t7 ts tg  tio

CKc

DQS_t,
DQS_c

'« (RPRE |

ba IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;

Figure 210 — Read burst example for pin DQx depicting bit 0 and 5 relative to the DQS edge for 2 Ul
skew with Read DQS Offset Timing set to 1 Clock (2Ul)

366



SK’F

9.11.1 Tx DQ Stressed Eye Parameters
Table 192 — Tx DQ Stressed Eye Parameters for DDR5-3200 to 4800

[EH=Eye Height, EW=Eye Width; BER=Bit Error Rate, SES=Stressed Eye Skew]

DDR5- DDR5- DDR5- DDR5- DDR5-
.. | Note
DEETEET Symbol 3200 3600 4000 4400 4800 Unit .
Min | Max | Min | Max | Min | Max | Min Max | Min | Max
Eye Height specified at the ;I'xEH_DQ_SES_1 U | TBD - TBD - TBD - TBD - TBD - mV 4115253
transmitter with a skew ,0,7,
between DQ and DQS of 8,9,1
1Ul 0
Eye Width specified at the ;I'xEW_DQ_SES_1U 0.72 - 0.72 - 0.72 - 0.72 - 0.72 - ul 1;3
transmitter with a skew ,0,7,
between DQ and DQS of 8,9,1
1Ul 0
Eye Height specified at the ;I'xEH_DQ_SES_ZU TBD - TBD - TBD - TBD - TBD - mV ‘1‘;?
transmitter with a skew #D(
between DQ and DQS of 8,9,1
rUI 0
Eve Width specifiad at the ;I'xEW_DQ_SES_ZU 0.72 - 0.72 - 0.72 - 0.72 - 0.72 - ul ‘1‘;?
transmitter with a skew ,0,7,
between DQ and DQS of 8,9,1
rUI 0
Eye Height specified at the ;rXEH—DQ—SES—SU TED - TBD - TBD - TBD - TBD - mV ‘1‘53
transmitter with a skew ,0,7,
between DQ and DQS of 89,1
BUI 0
Eye Width specified at the ;I'xEW_DQ_SES_SU 0.72 - 0.72 - 0.72 - 0.72 - 0.72 - ul ‘1‘23
transmitter with a skew ,6,7,
between DQ and DQS of 8,9,1
3Ul 0
Eye Height specified at the ;I'xEHfDQfSESJU TBD - TBD - TBD - TBD - TBD - mV lgg
transmitter with a skew 19,0,
between DQ and DQS of 78,9,
4ul 10
Eye Width specified at the ;I'xEW_DQ_SES_4U TBD - TBD - TBD - TBD - TBD - ul ‘1“2_)2
transmitter with a skew 19,0,
between DQ and DQS of 7,8,9,
4ul 10
Eye Height specified at the ;I'xEH_DQ_SES_SU TBD - TBD - TBD - TBD - TBD - mV lgg
transmitter with a skew 19,0,
between DQ and DQS of 7,89,
BUI 10
Eye Width specified at the ;I'xEW_DQ_SES_SU TBD - TBD - TBD - TBD - TBD - ul 122
transmitter with a skew ,9,6,
between DQ and DQS of 7,8,9,
5Ul 10

Note(s):

1. Minimum BER E™® and Confidence Level of 99.5% per pin

2. Refer to the minimum Bit Error Rate (BER) requirements for DDR5

3. The validation methodology for these parameters will be covered in future ballot(s)

4. Mismatch is defined as DQS to DQ mismatch, in Ul increments

5. The number of Ul's accumulated will depend on the speed of the link. For higher speeds, higher Ul accumulation may be specified. For lower speeds,
N=4,5 Ul may not be applicable

6. Duty Cycle of the DQ pins must be adjusted as close to 50% as possible using the Global and Per Pin Duty Cycle Adjuster feature prior to running this
test

7. The Mode Registers for the Duty Cycle Adjuster are MR43 and MR44. Also the Mode Registers for the Per Pin DCA of DQS are MR103-MR110, the
Mode Registers for the Per Pin DCA of DQLx are MR(133+8x) and MR(134+8x), where 0<X<7, and the Mode Registers for the Per Pin DCA of
DQUy are MR(197+8y) and MR(198+8y), where 0<y<7.

8. Spread Spectrum Clocking (SSC) must be disabled while running this test

9. These parameters are tested using the continuous PRBS8 LFSR training pattern which are sent out on all DQ lanes off the dram device without the
need for sending out continuous MRR commands. The MR25 OP[3] is set to “1” to enable this feature.

10. Tested on the CTC2 card only

11. Matched DQS to DQ would require the DQs to be adjusted by 0.5Ul to place it in the center of the DQ eye. 1Ul mismatch would require the DQS to
be adjusted 1.5Ul. Generally, for XUl mismatch the DQ must be adjusted XUl + 0.5Ul to be placed in the center of the eye.
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10. Speed Bins

10.1 DDRS5-4400 Speed Bins and Operations

Speed Bin DDR5-4400AN DDR5-4400B DDR5-4400BN DDR5-4400C
CL-nRCD-nRP Symbol 32-32-32 36-36-36 36-36-36 40-39-39 un | NOT
Parameter min max min max min max min Max
Internal read command to first data tAA 14.545 16.000 16.363 17.500 ns
ACT to internal read or write delay time tRCD 14.545 16.000 16.363 17.500 ns
Row Precharge Time tRP 14.545 16.000 16.363 17.500 ns 7
. 5x 5x 5x 5x
ACT to PRE command period tRAS 32.00 {REFI1 32.00 {REFI1 32.000 {REFI1 32.00 {REFI1 | NS 7
ACT to ACT or REF command period tRC 46.545 48.000 48.363 49.500 ns 7,8
CwL=C CwL=C CwL=C CwL=C
CAS Write Latency CWL L-2 L-2 L-2 L-2 ns
(30) (34) (34) (38)
. tRCDmin
Speed tAAmin A Read CL i
BinS (ns)P “?:sn;sln Write CWL Supported Frequency Down Bins
CL=22,
20.952 - CWL=20 tCK(AVG) 0.952 1.010 0.952 1.010 0.952 1.010 0.952 1.010 ns 6,9
3200C 17.500 17.500 CCVI\ing tCK(AVG) 0.625 0.681 0.625 0.681 0.625 0.681 0.625 0.681 ns
3200BN CL=26,
3200B 16.250 16.250 CWL=24 tCK(AVG) 0.625 0.681 0.625 0.681 RESERVED RESERVED ns
3200AN 15.000 15.000 CCVI\_IEEL;Z tCK(AVG) 0.625 0.681 RESERVED RESERVED RESERVED ns
3600C 17.777 17.777 (SVI\;EEIZSO tCK(AVG) 0.555 <0.625 0.555 <0.625 0.555 <0.625 0.555 <0.625 ns
3600BN CL=30,
36008 16.666 16.666 CWL=28 tCK(AVG) 0.555 <0.625 0.555 <0.625 0.555 <0.625 RESERVED ns
3600AN 14.444 14.444 C?Vl\izg4 tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
4000C 18.000 17.500 CCVI\iig4 tCK(AVG) 0.500 <0.555 0.500 <0.555 0.500 <0.555 0.500 <0.555 ns
4000BN CL=32,
4000B 16.000 16.000 CWL=30 tCK(AVG) 0.500 <0.555 0.500 <0.555 RESERVED RESERVED ns
4000AN 14.000 14.000 CCVI\_IEig6 tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
4400C 18.181 17.727 gvbiiga tCK(AVG) 0.454 <0.500 0.454 <0.500 0.454 <0.500 0.454 <0.500 ns
4400BN CL=36,
44008 16.363 16.363 CWL=34 tCK(AVG) 0.454 <0.500 0.454 <0.500 0.454 <0.500 RESERVED ns
4400AN 14.545 14.545 C?Vl\iigo tCK(AVG) 0.454 <0.500 RESERVED RESERVED RESERVED ns
Supported CL 222420283032, | 222628303236, | 222830323640 | 2228323640 | O

368




SK’P

10.2 DDRS5-4800 Speed Bins and Operations

Speed Bin DDR5-4800AN DDR5-4800B DDR5-4800BN DDR5-4800C
CL-nRCD-nRP Symbol 34-34-34 40-39-39 40-40-40 42-42-42 un | NOT
Parameter min max min max min max min Max
Internal read command to first data tAA 14.166 16.000 16.666 17.500 ns
ACT to internal read or write delay time tRCD 14.166 16.000 16.666 17.500 ns 7
Row Precharge Time tRP 14.166 16.000 16.666 17.500 ns
. 5x 5x 5x 5x
ACT to PRE command period tRAS 32.00 {REFI1 32.00 {REFI1 32.000 | oerq 32.00 {REFI1 | NS 7
ACT to ACT or REF command period tRC 46.166 48.000 48.666 49.500 ns 7,8
CWL=C CWL=C CWL=C CWL=C
CAS Write Latency CwL L-2 L-2 L-2 L-2 ns
(32) (38) (38) (40)
. tRCDmin
Speed tAAmin \ Read CL ;
BinS (ns)’ “?:STSIH Write CWL Supported Frequency Down Bins
CL=22,
20.952 - CWL=20 tCK(AVG) 0.952 1.010 0.952 1.010 0.952 1.010 0.952 1.010 ns 6,9
3200C 17.500 17.500 Ccvbtzgﬁ tCK(AVG) 0.625 0.681 0.625 0.681 0.625 0.681 0.625 0.681 ns
3200BN CL=26,
3200B 16.250 16.250 CWL=24 tCK(AVG) 0.625 0.681 0.625 0.681 RESERVED RESERVED ns
3200AN 15.000 15.000 C?VI\;EE;Z tCK(AVG) 0.625 0.681 RESERVED RESERVED RESERVED ns
3600C 17.777 17.777 (?VI\-IEEIZBO tCK(AVG) 0.555 <0.625 0.555 <0.625 0.555 <0.625 0.555 <0.625 ns
3600BN CL=30,
36008 16.666 16.666 CWL=28 tCK(AVG) 0.555 <0.625 0.555 <0.625 0.555 <0.625 RESERVED ns
3600AN 14.444 14.444 C‘vaiig4 tCK(AVG) 0.555 <0.625 RESERVED RESERVED RESERVED ns
4000C 18.000 17.500 c?vbtzg4 tCK(AVG) 0.500 <0.555 0.500 <0.555 0.500 <0.555 0.500 <0.555 ns
4000BN CL=32,
4000B 16.000 16.000 CWL=30 tCK(AVG) 0.500 <0.555 0.500 <0.555 RESERVED RESERVED ns
4000AN 14.000 14.000 C?Vl\ing tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
4400C 18.181 17.727 (?VI\-ItigS tCK(AVG) 0.454 <0.500 0.454 <0.500 0.454 <0.500 0.454 <0.500 ns
4400BN CL=36,
4400B 16.363 16.363 CWL=34 tCK(AVG) 0.454 <0.500 0.454 <0.500 0.454 <0.500 RESERVED ns
4400AN 14.545 14.545 CCVbiigo tCK(AVG) 0.454 <0.500 RESERVED RESERVED RESERVED ns
4800C 17.500 17.500 CCVI\_IEizztO tCK(AVG) 0.416 <0.454 0.416 <0.454 0.416 <0.454 0.416 <0.454 ns
4800BN 16.666 16.666 Soae | 1CK@AVG) | 0416 | <0454 | 0416 | <0454 | 0416 | <0454 RESERVED ns
4800B 16.666 16.250 C?VI\;EigS tCK(AVG) 0.416 <0.454 0.416 <0.454 RESERVED RESERVED ns
4800AN 14.166 14.166 CCVI\_IEEgZ tCK(AVG) 0.416 <0.454 RESERVED RESERVED RESERVED ns
22,24,26,28,30,32, 22,26,28,30,32,36, 22,28,30,32,36,40, nC
Supported CL 34.36.40 42 4042 42 22,28,32,36,40,42 K
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10.3 3DS DDR5-4400 Speed Bins and Operations

Speed Bin DDR5-4400AN DDR5-4400B DDR5-4400BN DDR5-4400C
P 3DS 3DS 3DS 3DS un | not
CL-nRCD-nRP Symbol 36-32-32 42-36-36 42-36-36 44-39-39 it | E
Parameter min max min max min max min Max
Internal read command to first data tAA 16.363 18.750 19.009 20.000 ns
ACT to internal read or write delay time tRCD 14.545 16.000 16.336 17.500 ns 7
Row Precharge Time tRP 14.545 16.000 16.363 17.500 ns
. 5x 5x 5x 5x
ACT to PRE command period tRAS 32.000 {REFI1 32.000 {REFI1 32.000 {REFI1 32.000 (REF1 | NS 7
ACT to ACT or REF command period tRC 46.545 48.000 48.336 49.500 ns 7.8
CwL=C CwL=C CwL=C CwL=C
CAS Write Latency CWL L-2 L-2 L-2 L-2 ns
(34) (40) (40) (42)
) tRCDmin
Speed tAAmiIn h Read CL i
RP
Bin® (ns)® t(nsn;;n Write CWL Supported Frequency Down Bins
CL=22,
20.925 - CWL=20 tCK(AVG) 0.952 1.010 0.952 1.010 0.952 1.010 0.952 1.010 ns 6,9
3200C 20.000 17.500 C?Vl\iigo tCK(AVG) 0.625 0.681 0.625 0.681 0.625 0.681 0.625 0.681 ns
3200BN CL=30,
3200B 18.750 16.250 CWL=28 tCK(AVG) 0.625 0.681 0.625 0.681 RESERVED RESERVED ns
3200AN 16.250 15.000 S, | tekave) RESERVED RESERVED RESERVED RESERVED ns
3600C 20.000 17.777 C?Vl\ii?ﬂ tCK(AVG) 0.555 <0.625 0.555 <0.625 0.555 <0.625 0.555 <0.625 ns
3600BN CL=34,
36008 18.888 16.666 CWL=32 tCK(AVG) 0.555 <0.625 0.555 <0.625 RESERVED RESERVED ns
3600AN 16.666 14.444 é:vl\i::(2)8 tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
4000C 20.000 17.500 C?VbiigS tCK(AVG) 0.500 <0.555 0.500 <0.555 0.500 <0.555 0.500 <0.555 ns
4000BN CL=38,
4000B 19.000 16.000 CWL=36 tCK(AVG) 0.500 <0.555 0.500 <0.555 RESERVED RESERVED ns
4000AN 16.000 14.000 Sz | tekave) RESERVED RESERVED RESERVED RESERVED ns
4400C 20.000 17.727 C?VbiijZ tCK(AVG) 0.454 <0.500 0.454 <0.500 0.454 <0.500 0.454 <0.500 ns
4400BN CL=42,
4400B 19.009 16.363 CWL=40 tCK(AVG) 0.454 <0.500 0.454 <0.500 0.454 <0.500 RESERVED ns
4400AN 16.336 14.545 é:vbing tCK(AVG) 0.454 <0.500 RESERVED RESERVED RESERVED ns
22,30,32,34,36,38, 22,30,32,34,36,38, nC
Supported CL 404244 40.42,44 22,32,36,40,42,44 22,32,36,40,44 K
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10.4 3DS DDR5-4800 Speed Bins and Operations

Speed Bin DDR5-4800AN DDR5-4800B DDR5-4800BN DDR5-4800C
P 3DS 3DS 3DS 3DS un | NoT
Symbol .
CL-nRCD-nRP y! 40-34-34 46-39-39 46-40-40 48-42-42 it E
Parameter min max min max min max min Max
Internal read command to first data tAA 16.666 18.750 19.166 20.000 ns
ACT to internal read or write delay time tRCD 14.166 16.000 16.666 17.500 ns 7
Row Precharge Time tRP 14.166 16.000 16.666 17.500 ns 7
. 5x 5x 5x 5x
ACT to PRE command period tRAS 32.000 {REFI1 32.000 {REFI1 32.000 {REFI1 32.000 {REFI1 | NS 7
ACT to ACT or REF command period tRC 46.166 48.000 48.666 49.500 ns 7.8
CWL=C CWL=C CWL=C CWL=C
CAS Write Latency CWL L-2 L-2 L-2 L-2 ns
(38) (44) (44) (46)
) tRCDmin
Speed tAAmin A Read CL i
Bin® (ns)? “?:sf;lsln Write CWL Supported Frequency Down Bins
CL=22,
20.952 - CWL=20 tCK(AVG) 0.952 1.010 0.952 1.010 0.952 1.010 0.952 1.010 ns 6,9
3200C 20.000 17.500 (:Cvl\iigo tCK(AVG) 0.625 0.681 0.625 0.681 0.625 0.681 0.625 0.681 ns
3200BN CL=30,
3200B 18.750 16.250 CWL=28 tCK(AVG) 0.625 0.681 0.625 0.681 RESERVED RESERVED ns
3200AN 16.250 15.000 (?Vl\_liig4 tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
3600C 20.000 17.777 CCVI\ii?M tCK(AVG) 0.555 <0.625 0.555 <0.625 0.555 <0.625 0.555 <0.625 ns
3600BN CL=34,
36008 18.888 16.666 CWL=32 tCK(AVG) 0.555 <0.625 0.555 <0.625 RESERVED RESERVED ns
3600AN 16.666 14.444 CCVI\_IEE(Z)B tCK(AVG) 0.555 <0.625 RESERVED RESERVED RESERVED ns
4000C 20.000 17.500 CCVI\iigB tCK(AVG) 0.500 <0.555 0.555 <0.555 0.555 <0.555 0.555 <0.555 ns
4000BN CL=38,
4000B 19.000 16.000 CWL=36 tCK(AVG) 0.500 <0.555 0.500 <0.555 RESERVED RESERVED ns
4000AN 16.000 14.000 (?VI\_IE::?%O tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
4400C 20.000 17.727 CCVIQEiiZ tCK(AVG) 0.454 <0.555 0.454 <0.555 0.454 <0.555 0.454 <0.555 ns
4400BN CL=42,
44008 19.090 16.363 CWL=40 tCK(AVG) 0.454 <0.555 0.454 <0.555 0.454 <0.555 RESERVED ns
4400AN 16.363 14.545 Ccvbii?ﬂ tCK(AVG) RESERVED RESERVED RESERVED RESERVED ns
4800C 20.000 17.500 gvbiiis tCK(AVG) 0.416 <0.454 0.416 <0.454 0.416 <0.454 0.416 <0.454 ns
4800BN 19.166 16.666 CCVI\_IE‘:?M tCK(AVG) 0.416 <0.454 0.416 <0.454 0.416 <0.454 RESERVED ns
4800B 19.166 16.250 (?Vl\_lii?M tCK(AVG) 0.416 <0.454 0.454 <0.555 RESERVED RESERVED ns
4800AN 16.666 14.166 (:Cvl\iiga tCK(AVG) 0.416 <0.454 RESERVED RESERVED RESERVED ns
22,30,32,34,36,38, 22,30,32,34,36,38, 22,32,36,40,44,46, nC
Supported CL 40,42,44,46 48 40,42,44,46 48 48 22,32,36,404448 |
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11. IDD, IDDQ, IPP Specification Parameters and Test conditions

11.1 IDD, IPP and IDDQ Measurement Conditions

In this chapter, IDD, IPP and IDDQ measurement conditions such as test load and patterns are defined. Figure 211 shows the setup
and test load for IDD, IPP and IDDQ measurements.

IDD currents (such as IDDO, IDDQO, IPPO, IDDOF, IDDQOF, IPPOF, IDD2N, IDDQ2N, IPP2N, IDD2NT, IDDQ2NT, IPP2NT, IDD2P,
IDDQ2P, IPP2P, IDD3N, IDDQ3N, IPP3N, IDD3P, IDDQ3P, IPP3P, IDD4R, IDDQ4R, IPP4R, IDD4RC, IDD4W, IDDQ4W, IPP4W,
IDD4WC, IDD5F, IDDQS5F, IPP5F, IDD5B, IDDQ5B, IPP5B, IDD5C, IDDQSC, IPP5C, IDDEN, IDDQ6N, IPP6N, IDD6E, IDDQGE,
IPPGE, IDD7, IDDQ7, IPP7, IDD8, IDDQ8, IPP8 and IDD9, IDDQ9, IPP9) are measured as time-averaged currents with all VDD
balls of the DDR5 SDRAM under test tied together. Any IDDQ or IPP current is not included in IDD currents.

IDDQ currents are measured as time-averaged currents with all VDDQ balls of the DDR5 SDRAM under test tied together. Any
IDD or IPP current is not included in IDDQ currents.

IPP currents are measured as time-averaged currents with all VPP balls of the DDR5 SDRAM under test tied together. Any IDD
or IDDQ current is not included in IPP currents.

Attention: IDDQ values cannot be directly used to calculate 10 power of the DDR5 SDRAM. They can be used to support correlation
of simulated 10 power to actual 10 power as outlined in Figure 212.

For IDD, IPP and IDDQ measurements, the following definitions apply:

“0” and “LOW” is defined as VIN <= VILAC(max).

“1” and “HIGH” is defined as VIN >= VIHAC(min).

“MID-LEVEL” is defined as inputs are VREF = 0.75 * VDDQ.

Timings used for IDD, IPP and IDDQ Measurement-Loop Patterns are provided in Table 266.

Basic IDD, IPP and IDDQ Measurement Conditions are described in Table 265.

Detailed IDD, IPP and IDDQ Measurement-Loop Patterns are described in Table 288 through Table 288.

IDD Measurements are done after properly initializing and training the DDR5 SDRAM. This includes but is not limited to setting
TDQS_t disabled in MR5;

CRC disabled in MR50;

DM disabled in MR5;

1N mode enabled and set CS assertion duration (MR2:0P[4]) as 15 in MR2, unless otherwise specified in the IDD, IDDQ and IPP
patterns’ conditions definitions;

Attention: The IDD, IPP and IDDQ Measurement-Loop Patterns need to be executed at least one time before actual IDD, IDDQ or
IPP measurement is started, with the exception of IDD9 which can be measured any time after the DRAM has entered MBIST
mode.

Tcase defined as 0 - 95°C, unless stated in the specific condition definition table below.
For all IDD, IDDQ and IPP measurement loop timing parameters, refer to the timing parameters defined in the spec to calculate

the nCK required.
¢ lbb ¢ lpp ¢|DDQ

| S |

Vbb Vep Vbba
O—REsET
07" DDR5 SDRAM
O——jcs pas_tbas_c —O
O——cA30] % :8
(O—] ALERT_n, MIR, TEN, CA_ODT
O—za

Vss

Note(s):
1. DIMM level Output test load condition may be different from above

Figure 211 — Measurement Setup and Test Load for IDD, IPP and IDDQ Measurements
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Figure 212 — Correlation from simulated Channel 10 Power to actual Channel IO Power supported by

IDDQ Measurement.

Symbol

Description

IDDO

Operating One Bank Active-Precharge Current

External clock: On; tCK, nRC, nRAS, nRP, nRRD: see Table 266 on page 404; BL: 16"; CS_n: High
between ACT and PRE; CA Inputs: partially toggling according to Table 288 on page 411; Data 10: VDDQ;
DM_n: stable at 1; Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (see Table 288 on
page 411); Output Buffer and RTT: Enabled in Mode Registersz; Pattern Details: see Table 288 on

page 411

IDDQO

Operating One Bank Active-Precharge IDDQ Current
Same condition with IDD0, however measuring IDDQ current instead of IDD current

IPPO

Operating One Bank Active-Precharge IPP Current
Same condition with IDD0, however measuring IPP current instead of IDD current

IDDOF

Operating Four Bank Active-Precharge Current

External clock: On; tCK, nRC, nRAS, nRP, nRRD: see Table 266 on page 404; BL: 16"; CS_n: High
between ACT and PRE; CA Inputs: partially toggling according to Table 279 on page 418; Data 10: VDDQ;
DM_n: stable at 1; Bank Activity: Cycling with four bank active at a time: (see Table 279 on page 418);
Output Buffer and RTT: Enabled in Mode Registers?; Pattern Details: see Table 279 on page 418

IDDQOF

Operating Four Bank Active-Precharge IDDQ Current
Same condition with IDDOF, however measuring IDDQ current instead of IDD current

IPPOF

Operating Four Bank Active-Precharge IPP Current
Same condition with IDDOF, however measuring IPP current instead of IDD current

IDD2N

Precharge Standby Current

External clock: On; tCK: see Table 266 on page 404; CS_n: stable at 1; CA Inputs: partially toggling
according to Table 280 on page 425; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: all banks closed;

Output Buffer and RTT: Enabled in Mode Registers2; Pattern Details: see Table 280 on page 425

IDDQ2N

Precharge Standby IDDQ Current
Same condition with IDD2N, however measuring IDDQ current instead of IDD current

IPP2N

Precharge Standby IPP Current
Same condition with IDD2N, however measuring IPP current instead of IDD current

IDD2NT

Precharge Standby Non-Target Command Current

External clock: On; tCK: see Table 266 on page 404; BL: 16"; CS_n: High between WRITE commands;
CS_n, CA Inputs: partially toggling according to Table 281 on page 426; Data 10: VDDQ; DM_n: stable at
1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Registersz; Pattern Details:
see Table 281 on page 426

IDDQ2NT
(Optional)

Precharge Standby Non-Target Command IDDQ Current
Same condition with IDD2NT, however measuring IDDQ current instead of IDD current

IPP2NT
(Optional)

Precharge Standby Non-Target Command IPP Current
Same condition with IDD2NT, however measuring IPP current instead of IDD current
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Symbol Description
Precharge Power-Down
Device in Precharge Power-Down, External clock: On; tCK: see Table 266 on page 404; CS_n: stable at
IDD2P 1 after Power Down Entry command; CA Inputs: stable at 1; CA11=H during the PDE command; Data 10:
VDDQ; DM_n: stable at 1; Bank Activity: all banks closed; Output Buffer and RTT: Enabled in Mode Reg-
isters?;
IDDQ2P Precharge Power-Down
Same condition with IDD2P, however measuring IDDQ current instead of IDD current
IPP2P Precharge Power-Down
Same condition with IDD2P, however measuring IPP current instead of IDD current
Active Standby Current
IDD3N External clock: On; tCK: see Table 266 on page 404; CS_n: stable at 1; CA Inputs: partially toggling
according to Table 280 on page 425; Data 10: VDDQ; DM_n: stable at 1; Bank Activity: all banks open;
Output Buffer and RTT: Enabled in Mode Registersz; Pattern Details: see Table 280 on page 425
IDDQ3N Active Standby IDDQ Current
Same condition with IDD3N, however measuring IDDQ current instead of IDD current
IPP3N Active Standby IPP Current
Same condition with IDD3N, however measuring IPP current instead of IDD current
Active Power-Down Current
Device in Active Power-Down, External clock: On; tCK: see Table 266 on page 404; CS_n: stable at 1
IDD3P after Power Down Entry command; CA Inputs: stable at 1; CA11=H during the PDE command; Data IO:
VDDQ; DM_n: stable at 1; Bank Activity: all banks open; Output Buffer and RTT: Enabled in Mode
Registersz;
IDDQ3P Active Power-Down IDDQ Current
Same condition with IDD3P, however measuring IDDQ current instead of IDD current
IPP3P Active Power-Down IPP Current
Same condition with IDD3P, however measuring IPP current instead of IDD current
Operating Burst Read Current
External clock: On; tCK, nCCD, CL: see Table 266 on page 404; BL: 16'; CS_n: High between RD; CA
Inputs: partially toggling according to Table 282 on page 427; Data 10: seamless read data burst with
IDD4R different data between one burst and the next one according to Table 282 on page 427; DM_n: stable at 1;
Bank Activity: all banks open, RD commands cycling through banks: 0,0,1,1,2,2,... (see Table 282 on
page 427); Output Buffer and RTT: Enabled in Mode Registers?; Pattern Details: see Table 282 on
page 427
IDD4RC Operating Burst Read Current with Read CRC
Read CRC enabled®. Other conditions: see IDD4R
IDDQ4R Operating Burst Read IDDQ Current
Same definition like for IDD4R, however measuring IDDQ current instead of IDD current
IPPAR Operating Burst Read IPP Current
Same condition with IDD4R, however measuring IPP current instead of IDD current
Operating Burst Write Current
External clock: On; tCK, nCCD, CL: see Table 266 on page 404; BL: 16; CS_n: High between WR; CA
Inputs: partially toggling according to Table 283 on page 432; Data 10: seamless write data burst with
IDD4W different data between one burst and the next one according to Table 283 on page 432; DM_n: stable at 1;
Bank Activity: all banks open, WR commands cycling through banks: 0,0,1,1,2,2,... (see Table 283 on
page 432); Output Buffer and RTT: Enabled in Mode Registers?; Pattern Details: see Table 283 on
page 432
IDDAWC Operating Burst Write Current with Write CRC
Write CRC enabled3, Other conditions: see IDD4W
IDDQ4W Operating Burst Write IDDQ Current
Same condition with IDD4W, however measuring IDDQ current instead of IDD current
IPPAW Operating Burst Write IPP Current
Same condition with IDD4W, however measuring IPP current instead of IDD current
Burst Refresh Current (Normal Refresh Mode)
External clock: On; tCK, nRFC1: see Table 266 on page 404; BL: 16"; CS_n: High between REF; CA
IDD5B Inputs: partially toggling according to Table 285 on page 441; Data 10: VDDQ; DM_n: stable at 1; Bank
Activity: REF command every nRFC1 (see Table 285 on page 441); Output Buffer and RTT: Enabled in
Mode Registersz; Pattern Details: see Table 285 on page 441
IDDQSB Burst Refresh IDDQ Current (Normal Refresh Mode)
Same condition with IDD5B, however measuring IDDQ current instead of IDD current
IPP5B Burst Refresh IPP Current (Normal Refresh Mode)
Same condition with IDD5B, however measuring IPP current instead of IDD current
|DD5E Burst Refresh Current (Fine Granularity Refresh Mode)

tRFC=tRFC2, Other conditions: see IDD5B
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Symbol Description

Burst Refresh IDDQPP Current (Fine Granularity Refresh Mode)

IDDQSF Same condition with IDD5F, however measuring IDDQ current instead of IDD current
IPP5F Burst Refresh IPP Current (Fine Granularity Refresh Mode)
Same condition with IDD5F, however measuring IPP current instead of IDD current
Burst Refresh Current (Same Bank Refresh Mode)
External clock: On; tCK, nRFCsb: see Table 189 on page 404; BL: 16"; CS_n: High between REF; CA
IDD5C Inputs: partially toggling according to Table 286 on page 446; Data 10: VDDQ; DM_n: stable at 1; Bank
Activity: REF command every nRFCsb (see Table 286 on page 446); Output Buffer and RTT: Enabled in
Mode Registers2; Pattern Details: see Table 286 on page 446
IDDQ5C Burst Refresh IDDQPP Current (Same Bank Refresh Mode)
Same condition with IDD5C, however measuring IDDQ current instead of IDD current
IPP5C Burst Refresh IPP Current (Same Bank Refresh Mode)
Same condition with IDD5C, however measuring IPP current instead of IDD current
Self Refresh Current: Normal Temperature Range
IDDBN TCASE: 0 - 85°C; External clock: Off; CK_t and CK_c#: HIGH; tCK, nCPDED: see Table 266 on page 404;
BL: 16'; CS_n#: low; CA, Data 10: High; DM_n: stable at 1; Bank Activity: Self-Refresh operation; Output
Buffer and RTT: All ODT disabled in MR32-MR35;
IDDQEN Self Refresh IDDQ Current: Normal Temperature Range
Same condition with IDD6N, however measuring IDDQ current instead of IDD current
IPPEN Self Refresh IPP Current: Normal Temperature Range
Same condition with IDD6N, however measuring IPP current instead of IDD current
SelfRefresh Current: Extended Temperature Range)
IDD6E Tcase: 85-95°C; Extended4; External clock: Off; CK_t and CK_c: HIGH; tCK, nCPDED: see Table 266 on
page 404; BL: 16"; CS_n: low; CA, Data IO: High; DM_n:stable at 1; Bank Activity: Self-Refresh operation;
Output Buffer and RTT: Enabled in Mode Registers2
IDDQSE Self Refresh IDDQ Current: Extended Temperature Range
Same condition with IDD6E, however measuring IDDQ current instead of IDD current
IPP6E Self Refresh IPP Current: Extended Temperature Range

Same condition with IDD6E, however measuring IPP current instead of IDD current

Operating Bank Interleave Read Current

External clock: On; tCK, nRC, nRAS, nRCD, nRRD_S, nFAW, tCCD_S CL: see Table 266 on page 404;
BL: 16"; CS_n: High between ACT and RDA; CA Inputs: partially toggling according to Table 288 on
IDD7 page 444; Data 10: read data bursts with different data between one burst and the next one according to
Table 288 on page 444; DM_n: stable at 1; Bank Activity: two times interleaved cycling through banks (0, 1,
...7T) with different addressing, see Table 288 on page 444; Output Buffer and RTT: Enabled in Mode
Registersz; Pattern Details: see Table 288 on page 444

Operating Bank Interleave Read IDDQ Current

IbDQAr Same condition with IDD7, however measuring IDDQ current instead of IDD current

Operating Bank Interleave Read IPP Current

IPP7 Same condition with IDD7, however measuring IPP current instead of IDD current

Maximum Power Saving Deep Power Down Current

External clock: Off; CK_t and CK_c#: HIGH; tCK, nCPDED: see Table 266 on page 404; BL: 16'; CS_ni#:
IDD8 low; CA:High, DM_n: stable at 1; Bank Activity: All banks closed and device in MPSM deep power down
mode5; Output Buffer and RTT: Enabled in Mode Registersz; Patterns Details: same as IDD6N but MPSM
is enabled in mode register.

Maximum Power Saving Deep Power Down IDDQ Current

IDDQ8 Same condition with IDD8, however measuring IDDQ current instead of IDD current

Maximum Power Saving Deep Power Down IPP Current

IPP8 Same condition with IDD8, however measuring IPP current instead of IDD current

MBIST Current
IDD9 (Optional) Device in MBIST mode, External clock: On; CS_n: Stable at 1 after MBIST entry; CA Inputs: stable at 1;
Data 10: VDDQ; Bank Activity: MBIST operation; Output Buffer and RTT: Enabled in Mode Registers?;

MBIST IDDQ Current

IDDQS (Optional) Same condition with IDD9, however measuring IDDQ current instead of IDD current

MBIST IPP Current

IPP9 (Optional) Same condition with IDD9, however measuring IPP current instead of IDD current

Note(s):
1. Burst Length: BL16 fixed by MRO OP[1:0]=00.
2. Output Buffer Enable

- set MR5 OP[0] = 0] : Qoff = Output buffer enabled
- set MR5 OP[2:1] = 00]: Pull-Up Output Driver Impedance Control = RZQ/7
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- set MR5 OP[7:6] = 00]: Pull-Down Output Driver Impedance Control = RZQ/7

RTT_Nom enable
- set MR35 OP[5:0] = 110110: RTT_NOM_WR = RTT_NOM_RD = RZQ/6
RTT_WR enable
- set MR34 OP[5:3] = 010 RTT_WR = RZQ/2
CA/CS/CK ODT, DQS_RTT_PART, and RTT_PARK disable
- set MR32 OP[5:0] = 000000
- set/MR33 OP[5:0] = 000000

- set MR34 OP[2:0] = 000

3. WRITE CRC enabled
- set MR50 OP[2:1] = 11

4. Read CRC enabled
- set MR50:0P[0]=1

5. MPSM Deep Power Down Mode
- set MR2:OP[3]=1 if PDA Enumerate ID not equal to 15
- set MR2:0OP[5]=1 if PDA Enumerate ID equal to 15
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11.2 IDDO, IDDQO, IPPO Pattern

Executes Active and PreCharge commands with tightest timing possible while exercising all Bank and Bank Group
addresses. Note 2 applies to the entire table.

Table 193 — IDDO, IDDQO, IPPO

Sub-Loop | Sequence | Command | CS_n | C/A [13:0] Roqudress B,A B_G CID [2:0] Special Instructions
[17:0] [1:0] [2:0]
L
0 ACT v - 0x00000 0x0 0x00 0x0
. Repeat sequence to satisfy
1 DES H Toggling1 tRAS(min), truncate if required
2 PREpb L - 0x0 0x00 0x0
) Repeat sequence to satisfy
0 3 DES H Toggling 1 tRP(min), truncate if required
L
4 ACT w - 0x03FFF 0x0 0x00 0x0
. Repeat sequence to satisfy
5 DES H Toggling1 tRAS(min), truncate if required
6 PREpb L - 0x0 0x00 0x0
. Repeat sequence to satisfy
7 DES H Toggling1 tRP(min), truncate if required
1 8-15 Repeat sub-loop 0, use BG[2:0]=0x1 instead
2 16-23 Repeat sub-loop 0, use BG[2:0]=0x2 instead
3 24-31 Repeat sub-loop 0, use BG[2:0]=0x3 instead
4 32-39 Repeat sub-loop 0, use BG[2:0]=0x4 instead skip for x16
5 40-47 Repeat sub-loop 0, use BG[2:0]=0x5 instead skip for x16
6 48-55 Repeat sub-loop 0, use BG[2:0]=0x6 instead skip for x16
7 56-63 Repeat sub-loop 0, use BG[2:0]=0x7 instead skip for x16
8-15 64-127 Repeat sub loops 0-7, use BA[1:0]=0x1 instead
16-23 128-191 Repeat sub loops 0-7, use BA[1:0]=0x2 instead
24-31 192-255 Repeat sub loops 0-7, use BA[1:0]=0x3 instead
Repeat sub loops 0-31 for each 3DS logical rank, if applicable CID[2:0]=0x1-0x7
Note(s):

1. Utilize DESELECTs between commands while toggling all C/A bits per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.
2. For 3DS, all banks of all “non-target” logical ranks are Idd2N condition.
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11.3 IDDOF, IDDQOF, IPPOF Pattern

Executes a rolling four bank group Active and PreCharge commands per tRC time while exercising all Bank, Bank,
Group and CID addresses. Note 2 applies to the entire table.

Table 194 — IDDOF, IDDQOF, IPPOF

Sub-Loop | Sequence | Command | CS | C/A[13:0] Rov‘iﬁqgi’ess [13,%1 [2_%] CID [2:0] Special Instructions
L
0 ACT v 0x00000 0x0 0x00 0x0
. Repeat to satisfy tRRD(min) (6 DES
1 DES H Toggling1 to meet 8nCK)
L
2 ACT H 0x00000 0x0 0x01 0x0
. Repeat to satisfy tRRD(min) (6 DES
3 DES H Toggling1 to meet 8nCK)
L
4 ACT w 0x00000 0x0 0x02 0x0
. Repeat to satisfy tRRD(min) (6 DES
5 DES H Toggling1 to meet 8nCK)
L
6 ACT v 0x00000 0x0 0x03 0x0
. Repeat to satisfy tRAS(min) from
7 DES H Toggling1 Sequence 0
8 PREpb L 0x0 0x00 0x0
0 Repeat for tRRD(min) (7 DES to
9 DES H Toggling1 meet 8nCK) This allows for next
PRE to meet tRAS(min)
10 PREpb L 0x0 0x01 0x0
Repeat for tRRD(min) (7 DES to
1 DES H Toggling1 meet 8nCK) This allows for next
PRE to meet tRAS(min)
12 PREpb L 0x0 0x02 0x0
Repeat for tRRD(min) (7 DES to
13 DES H Toggling1 meet 8nCK) This allows for next
PRE to meet tRAS(min)
14 PREpb L 0x0 0x03 0x0
Repeat for tRRD(min) (7 DES to
15 DES H Toggling1 meet 8nCK) This allows for next
PRE to meet tRAS(min)
Repeat for tRC(min) from
. Sequence 0 first ACTIVATE. This
16 DES H | Toggling will be zero DESELECTS for speed
4000Mbps and slower.
1 17-33 Repeat sub-loop 0, use Row Address = 0x03FFF for the ACT instead
2-3 34-67 Repeat sub-loop 0-1, use BG[2:0]=0x4,0x5,0x6,0x7 instead of 0x0,0x1,0x2,0x3 skip for x16
4-7 68-101 Repeat sub-loops 0-3, use BA[1:0]=0x1 instead
8-11 102-135 | Repeat sub-loops 0-3, use BA[1:0]=0x2 instead
12-15 136-169 | Repeat sub-loops 0-3, use BA[1:0]=0x3 instead
Repeat sub loops 0-15 for each 3DS logical rank, if applicable CID[2:0]=0x1-0x7
Note(s):

1. Utilize DESELECTs between commands while toggling C/A bits per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.
2. For 3DS, all banks of all “non-target” logical ranks are Idd2N condition.
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11.4 IDD2N, IDD3N Pattern

Executes DESELECT commands while exercising all command/address pins in a predefined pattern. All notes apply
to entire table.

Table 195 — IDD2N, IDDQ2N, IPP2N, IDD3N, IDDQ3N, IPP3N

Sequence Command Cs C/A [13:0]
0 DES H 0x0000
1 DES H Ox3FFF
2 DES H Ox3FFF
3 DES H Ox3FFF
Note(s):

1. Data is pulled to VDDQ

2.DQS_tand DQS_c are pulled to VDDQ

3. Command / Address ODT is disabled

4. Repeat sequence 0 through 3.

5. All banks of all logical ranks mimic the same test condition.

11.5 IDD2NT, IDDQ2NT, IPP2NT Pattern

Executes Non-Target WRITE commands simulating Rank to Rank timing while exercising all C/A bits. Notes 3-6 apply
to entire table.

Table 196 — IDD2NT, IDDQ2NT, IPP2NT

Sequence | Command |CS_n | C/A[13:0] Special Instructions
0 WRITE1 L 0x002D All valid C/A inputs to VSS
vali inpu
L 0x0000 P
1 DES H Toggling2 Repeat sequence to meet 1*tCCD_S(min), truncate if required
L - -
9 WRITEA O0x3FED All valid C/A inputs to VDDQ
L O0x3FFF
3 DES H Toggling2 Repeat sequence to meet 1*tCCD(min), truncate if required
Note(s):

1. WRITE with CS_n=L on both cycles indicated a non-target WRITE.

2. Utilize DESELECTs between commands while toggling C/A bits per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.
3. Time between Non-Target WRITEs reflect tCCD_S (min) for twe one ranks.

4. DQ signals are VDDQ.

5.DQS_t, DQS_c are VDDQ.

6. Repeat 0 through 3.
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11.6

IDD4R, IDDQ4R, IPP4R Pattern

Executes READ commands with tightest timing possible while exercising all Bank, Bank Group and CID addresses.
Notes 2-9 apply to entire table

Table 197 — IDD4R, IDDQ4R, IPP4R

Column
Sub-Loop | Sequence | Command | CS_n | C/A [13:0] Aﬁ%n:%?s [13:‘%‘] [ZB’:((;)] 8!31 D(aé?_ =B1u6r)st Special Instructions
0 READ ; - 0x000 | 0x00 | 0x0 | 0x0 Pattern A All*Valid” inputs = VDDQ
0 Repeat sequence to satisfy
1 DES H Toggling1 - tCCD_S(min), truncate if
required
2 READ ::l - 0x3F0 | 0x00 | Ox1 | Ox0 Pattern B All"Valid”inputs = VDDQ
1 Repeat sequence to satisfy
3 DES H Toggling1 - tCCD_S(min), truncate if
required
2 4-5 Repeat sub-loop 0, use BG[2:0]=0x2 instead
3 6-7 Repeat sub-loop 1, use BG[2:0]=0x3 instead
4 8-9 Repeat sub-loop 0, use BG[2:0]=0x4 instead skip for x16
5 10-11 Repeat sub-loop 1, use BG[2:0]=0x5 instead skip for x16
6 12-13 Repeat sub-loop 0, use BG[2:0]=0x6 instead skip for x16
7 14-15 Repeat sub-loop 1, use BG[2:0]=0x7 instead skip for x16
16 READ :I ; O0x3FO | 0x00 | 0x0 | Ox0 Pattemp | AlI"Validinputs =VDDQ
8 Repeat sequence to satisfy
17 DES H Toggling1 tCCD_S(min), truncate if
required
18 READ ; - 0x000 | 0x00 | Ox1 | Ox0 Pattern A All*Valid” inputs = VDDQ
9 Repeat sequence to satisfy
19 DES H Toggling1 tCCD_S(min), truncate if
required
10 20-21 Repeat sub-loop 8, use BG[2:0]=0x2 instead
11 22-23 Repeat sub-loop 9, use BG[2:0]=0x3 instead
12 24-25 Repeat sub-loop 8, use BG[2:0]=0x4 instead skip for x16
13 26-27 Repeat sub-loop 9, use BG[2:0]=0x5 instead skip for x16
14 28-29 Repeat sub-loop 8, use BG[2:0]=0x6 instead skip for x16
15 30-31 Repeat sub-loop 9, use BG[2:0]=0x7 instead skip for x16
16-31 32-33 Repeat sub-loops 0-15, use BA[1:0]=0x1 instead
32-47 34-35 Repeat sub-loops 0-15, use BA[1:0]=0x2 instead
48-63 36-37 Repeat sub-loops 0-15, use BA[1:0]=0x3 instead
Repeat sub-loops 0-63 for each 3DS logical rank, if applicable CID[2:0]=0x1-0x7
Note(s):
1. Utilize DESELECTs between commands while toggling all C/A bits per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.
2. READs performed with Auto Precharge = H, Burst Chop = H.
3. Row address is set to 0x0000
4. Data reflects burst length of 16.
5. Data Pattern A for x4: 0x0, OxF, 0xF, 0x0, 0x0, OxF, 0x0, OxF, 0xF, 0x0, 0x0, OxF, 0x0, OxF, 0x0, OxF.
6. Data Pattern B for x4: 0xF, 0x0, 0x0, 0xF, Ox8F, 0x0, OxF, 0xF0, OxF0, OxF, 0x8F, 0x0, OxF, 0x0, OxF, 0x0.
7 Data Pattern for x8 each beat will reflect two like nibbles (Data Pattern A = 0x00, OxFF, OxFF...).
8. Data Pattern for x16 each beat will reflect two like bytes (Data Pattern A= 0x0000, OxFFFF, OxFFFF...).
9. Where C/A column is not populated, refer to command truth table, column address, BA, BG, and CID for the C/A state
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11.7

IDD4W, IDDQ4W, IPP4W Pattern

Executes WRITE commands with tightest timing possible while exercising all Bank, Bank Group and &b+ CID
addresses. Notes 2-6 apply to entire table.

Table 198 — IDD4W, IDDQ4W, IPP4W

Column
. BA | BG CID Data Burst . .
Sub-Loop | Sequence | Command | CS_n | C/A [13:0] Aﬁ%n:%?s [1:0] | [2:0] | [3:0] (BL=16) Special Instructions
0 WRITE - 0x000 | 0x00 | 0x0 | O0x0 Pattern A All*Valid" inputs = VDDQ
0 Repeat sequence to satisfy
1 DES Toggling1 - tCCD_S(min), truncate if
required
2 WRITE - 0x3F0 | 0x00 | Ox1 | O0x0 Pattern B All*Valid” inputs = VDDQ
1 Repeat sequence to satisfy
3 DES Toggling1 - tCCD_S(min), truncate if
required
2 4-5 Repeat sub-loop 0, use BG[2:0]=0x2 instead
3 6-7 Repeat sub-loop 1, use BG[2:0]=0x3 instead
4 8-9 Repeat sub-loop 0, use BG[2:0]=0x4 instead skip for x16
5 10-11 Repeat sub-loop 1, use BG[2:0]=0x5 instead skip for x16
6 12-13 Repeat sub-loop 0, use BG[2:0]=0x6 instead skip for x16
7 14-15 Repeat sub-loop 1, use BG[2:0]=0x7 instead skip for x16
16 WRITE - 0x3FO0 0x00 | 0x0 0x0 Pattern B All “Valid” inputs = VDDQ
8 Repeat sequence to satisfy
17 DES Toggling1 tCCD_S(min), truncate if
required
18 WRITE - 0x000 0x00 | 0x1 0x0 Pattern A All “Valid” inputs = VDDQ
9 Repeat sequence to satisfy
19 DES Toggling1 tCCD_S(min), truncate if
required
10 20-21 Repeat sub-loop 8, use BG[2:0]=0x2 instead
11 22-23 Repeat sub-loop 9, use BG[2:0]=0x3 instead
12 24-25 Repeat sub-loop 8, use BG[2:0]=0x4 instead skip for x16
13 26-27 Repeat sub-loop 9, use BG[2:0]=0x5 instead skip for x16
14 28-29 Repeat sub-loop 8, use BG[2:0]=0x6 instead skip for x16
15 30-31 Repeat sub-loop 9, use BG[2:0]=0x7 instead skip for x16
16-31 32-33 Repeat sub-loops 0-15, use BA[1:0]=0x1 instead
32-47 34-35 Repeat sub-loops 0-15, use BA[1:0]=0x2 instead
48-63 36-37 Repeat sub-loops 0-15, use BA[1:0]=0x3 instead
Repeat sub-loops 0-63 for each 3DS logical rank, if applicable CID[2:0]=0x1-0x7
Note(s):

1. Utilize DESELECTs between commands as-spesified per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.
2. WRITEs performed with Auto Precharge = H, Burst Chop = H.
3. Row address is set to 0x0000.

4. Data reflects burst length of 16.
5. Refer to IDD4R measurement loop table for data pattern definition.
6. Where C/A column is not populated, refer to command truth table, column address, BA, BG, and CID for the C/A state.
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11.8

IDD5B, IDDQ5B, IPP5B, IDD5F, IDDQSF, IPPSF Pattern

Executes Refresh (all Banks) command at minimum tRFC. Notes 3-6 apply to entire table.

Table 199 — IDD5B, IDD5B, IDDQ5B, IPP5B, IDD5F, IDDQSF, IPPSF

Sequence | Command | CS | C/A[13:0] | CA[9:8] CID [2:0] Special Instructions

0 REFab L - H 0x0 All “valid” inputs = VDDQ

1 DES H Toggling } _ Repeat sequence to satlsfy tRFC(min)2, truncate if
required

2 REFab L - H 0x0 All “valid” inputs = VDDQ

3 DES H Toggling ) _ Repeat sequence to satlsfy tRFC(min)2, truncate if
required

Repeat sequence 0-3 for each 3DS logical rank, if CID[2:0]=0x1-0x7
applicable
Note(s):

1. Utilize DESELECTs between commands per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.

2. For IDD5B, use tRFC1(min). For IDD5F, use tRFC2(min).
3. DQ signals are VDDQ.
4. All banks of all “non-target” logical ranks are Idd2N condition.

5. Where C/A[13:0] column is not populated, refer to command truth table, CA[9:8], and CID columns for the C/A state.
6. Must set CA8=H on REFab commands to indicate 1X refresh rate on devices that support RIR.

11.9

IDD5C, IDDQ5C and IPP5C Patterns

Executes Refresh (Same Bank) command at minimum tRFCsb. Notes 2-5 apply to entire table.

Table 200 — IDD5C, IDDQ5C, IPP5C

Sequence | Command | CS | C/A[13:0] | CA[9:8] | BA[1:0] | CID [2:0] Special Instructions
0 REFsb L - H 0x0 0x0
1 DES H Toggling ) Repeat sequence to. sat|sfy tRFCsb(min),
truncate if required
2 REFsb L - H 0x1 0x0
3 DES H Toggling ) Repeat sequence to. sat|sfy tRFCsb(min),
truncate if required
4 REFsb L - H 0x2 0x0
5 DES H Toggling1 ) Repeat sequence to_ satlsfy tRFCsb(min),
truncate if required
6 REFsb L - H 0x3 0x0
7 DES H Toggling ) Repeat sequence to_ satlsfy tRFCsb(min),
truncate if required
Repeat sequence 0-7 for each 3DS logical rank, if applicable CID[2:0]=0x1-0x7
Note(s):

1. Utilize DESELECTSs between commands per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.

2. DQ signals are VDDQ.
3. All banks of all “non-target” logical ranks are Idd2N condition.

4. Where C/A[13:0] column is not populated, refer to command truth table, CA[9:8], and CID columns for the C/A state.

5. All banks of all “non-target” logical ranks are Idd2N condition.

383




SK,F

11.10 IDD6N, IDDQG6N, IPP6N, IDD6E, IDDQ6E, IPP6E Pattern
All notes apply to entire table.

Table 201 — IDD6N, IDDQ6N, IPP6N, IDD6E, IDDQ6E, IPP6E

Sequence | Command Clock CS | C/A[13:0] Special Instructions
0 SRE Valid L 0x3BF7 Clocks must be valid tCKLCS(min) time
. Repeat sequence to satisfy
! DES Valid H | Ox3FFF t{CPDED(min), truncate if required
2 All C/A=H Valid L Ox3FFF
3 AllC/A=H CK_t=CK_c=H L O0x3FFF Repeat sequence indefinitely
Note(s):

1. Data is pulled to VDDQ
2.DQS_tand DQS_c are pulled to VDDQ
3. For 3DS, all banks of all logical ranks mimic the same test condition.
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11.11 IDD7, IDDQ7 and IPP7 Patterns
Executes ACTVATE, READ/A commands with tightest timing possible while exercising all Bank, Bank Group and CID

addresses. Notes 2-6 apply to entire table.
Table 202 — IDD7, IDD7Q, IPP7

CIA Row | Column Dat
Sub-Loop | Sequence | Command | CS | |43, |Address | Addres BA | BG cip 5 a at Special Instructions
: [17:0] . . . . urs
s [10:0] | [1:0] | [2:0] [2:0] (BL=16)
L
0 ACT H - 0x00000 - 0x0 0x0 0x0 -
0
. Repeat sequence to
! DES H | Toggling1 satisfy tRRD_S(min)
L
2 ACT w - 0x03FFF - 0x0 0x1 0x0 -
! R t t
. epeat sequence to
3 DES H | Toggling? satisfy tRRD_S(min)
2 4-5 Repeat sub-loop 0, use BG[2:0]=0x2 instead
3 6-7 Repeat sub-loop 1, use BG[2:0]=0x3 instead
4 8-9 Repeat sub-loop 0, use BG[2:0]=0x4 instead skip for x16
5 10-11 Repeat sub-loop 1, use BG[2:0]=0x5 instead skip for x16
6 12-13 Repeat sub-loop 0, use BG[2:0]=0x6 instead skip for x16
7 14-15 Repeat sub-loop 1, use BG[2:0]=0x7 instead skip for x16
L
16 RDA H - - 0x3F0 | Ox0 0x0 0x0 Pattern A
L
8 17 ACT m - 0x00000 - 0x1 0x0 0x0 -
18 DES H | Toaglina Repeat sequence to
9giing satisfy tCCD_S(min)
L
19 RDA m - - 0x000 | 0xO 0x1 0x0 Pattern B
L
9 20 ACT m - 0x03FFF - 0x1 0x1 0x0 -
21 DES H | Toaglina Repeat sequence to
9giing satisfy tCCD_S(min)
10 22-24 Repeat sub-loop 8, use BG[2:0]=0x2 instead
11 25-27 Repeat sub-loop 9, use BG[2:0]=0x3 instead
12 28-30 Repeat sub-loop 8, use BG[2:0]=0x4 instead skip for x16
13 31-33 Repeat sub-loop 9, use BG[2:0]=0x5 instead skip for x16
14 34-36 Repeat sub-loop 8, use BG[2:0]=0x6 instead skip for x16
15 37-39 Repeat sub-loop 9, use BG[2:0]=0x7 instead skip for x16
16-23 40-64 Repeat sub-loops 8-15, use BA[1:0]=0x1 for the RDA and BA[1:0]=0x2 for the ACT
24-31 65-89 Repeat sub-loops 8-15, use BA[1:0]=0x2 for the RDA and BA[1:0]=0x3 for the ACT
32-39 90-114 Repeat sub-loops 8-15, use BA[1:0]=0x3 for the RDA and BA[1:0]=0x0 for the ACT
Repeat sub-loops 0-18 for each 3DS logical rank, if applicable CID[2:0]=0x1-0x7
Note(s):

1. Utilize DESELECTs between commands per the 4-cycle sequence defined in the IDD2N, IDD3N pattern.
2. READs performed with Auto Precharge = L, Burst Chop = H.

3. x8 or x16 may have different Bank or Bank Group Address.

4. Data reflects burst length of 16.
5. Refer to IDD4R measurement loop table for data pattern definition

6. For 3DS, all banks of all “non-target” logical ranks are Idd2N condition
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12.

Input/Output Capacitance

Table 203 — Silicon pad I/O Capacitance DDR5-3200 to DDR5-6400

DDR5-3200/ DDR5-4400/ DDR5-5200/5600/
min max min max min max
Input/output capacitance
Cio (DQ, DM_n, DQS_t, DQS_c, TDQS_t,| 045 0.9 0.45 0.9 TBD TBD pF 1,2
TDQS_c)
Input/output capacitance delta 1,2,8
C - -
DIO (DQ, DM _c) 0.1 0.1 0.1 0.1 TBD TBD pF
Input/output capacitance delta 1,2,4
C
DDQS (DQS._tand DQS._c) 0.04 0.04 TBD TBD | pF
Input capacitance 1,2
C
CcK (CK_tand CK_c) 0.2 0.7 0.2 0.6 TBD TBD pF
Input capacitance delta 1,2,3
C
DCK (CK_tand CK_c) 0.05 0.05 TBD TBD pF
Input capacitance 1,2,5
C
I (CS_n & CA[13:0] pins only) 0.2 0.7 0.2 0.6 TBD TBD pF
Input capacitance delta 1,2,6
C - -
DI_CS_n (CS_n pin only) 0.1 0.1 0.1 0.1 TBD TBD pF
Input capacitance delta 1,2,7
C - -
DI_CA (CA[13:0] pins only) 0.1 0.1 0.1 0.1 TBD TBD pF
CALERT Input/output capacitance of ALERT 0.4 1.5 0.4 1.5 TBD TBD | pF 1,2
Input/output capacitance of Loopback 1,2
Cloopback (LBDQ, LBDQS) 0.3 1.0 0.3 1.0 TBD TBD | pF
CTEN Input capacitance of TEN 0.2 2.3 0.2 2.3 TBD TBD pF 1,2,9
Czq Input capacitance of ZQ - 5 - 5 TBD TBD | pF | 1.2,11
Input capacitance of MIR, CAl, 1,2,10
C - -
STRAP CA_ODT pins 10 10 TBD TBD | pF
Note(s):
1. This parameter is not subject to production test. This parameter is measured by using vendor specific measurement methodology.
2. This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here
3. Absolute value CIO(CK_t)-CIO(CK_c)
4. Absolute value of CIO(DQS_t)-CIO(DQS_c)
5. Cl applies to CS_n and CA[13:0]
6. CDI_CS_n = CI(CS_n)-0.5*(CI(CK_t)+CI(CK_c))
7. CDI_CA = CI(CA[13:0])-0.5*(CI(CK_t)+CI(CK_c))
8. CDIO = CIO(DQ,DM)-Avg(CIO(DQ,DM))

9.TEN pin may be DRAM internally pulled low through a weak pull-down resistor to VSS. In this case CTEN might not be valid and system shall verify
TEN signal with Vendor specific information.

10. MIR, CAl, and CA_ODT are strap pins used to configure module or point to point use cases depending on power, signal integrity, and termination
requirements. No active AC signaling requirements defined for these pins.
11. Maximum external load capacitance on ZQ pin: 25pF. The ZQ functionality / accuracy with the max capacitive load is characterized.
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Table 204 — DRAM package electrical specifications (X4/X8)

DDR5-3200 to

DDR5-5200 to

Parameter Symbol DDRS5-4800 DDR5-6400 Unit| NOTE
min max min max

Input/output Zpkg Zokg_DQ 45 75 Q | 124510
Input/output Pkg Delay Tokg_delay DQ 10 35 ps | 134510
DQS_t, DQS_c Zpkg Zokg DQS 45 75 Q |1,2,510,12
DQS_t, DQS_c Pkg Delay Tokg_delay_DQS 10 35 ps |1,3,5,10,12
Delta Zpkg DQS_t, DQS ¢ DZpkg pas - 5 Q | 125710
Delta Delay DQS_t, DQS_c DT pkg_delay_DQS - 2 ps | 1,3,57,10
Input- CTRL pins Zpkg Zpkg CTRL 45 75 Q | 125910
Input- CTRL pins Pkg Delay Tokg_delay_CTRL 10 35 ps | 1,3,59,10
Input- CMD ADD pins Zpkg Zpkg CA 45 75 Q | 1,25,8,10
Input- CMD ADD pins Pkg Delay Tokg_delay_CA 10 35 ps | 1,3,58,10

CK_t & CK_c Zpkg Zokg_CK 45 75 Q | 12510

CK_t & CK_c Pkg Delay Tokg_delay CK 10 30 ps | 1,350
Delta Zpkg CK_t & CK_c DZyg delay_ck - 5 Q | 1,25,6,10
Delta Delay CK_t & CK_c DTpkg_delay ck - 2 ps | 1,3,5,6,10

ALERT Zpkg Zpkg ALERT 45 75 Q | 12510

ALERT Delay Tokg_delay ALERT 10 60 ps | 13510
Loopback Zpkg Zpkg_ Loopback 45 75 Q [1,2,510,11
Loopback Delay Tokg_delay_Loopback 10 60 ps |1,35,10,11

Note(s):

©ONOGAWNS

. This parameter is not subject to production test.

. This parameter is measured by using vendor specific measurement methodology to calculate the average Z,4 4, over the interval Tyeg delay xx
. This parameter is measured by using vendor specific measurement methodology.

Zpkg_pa & Tpkg_delay_Dq applies to DQ, DM

This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here
Absolute value of ZpkngKft - ZpkngKfc for impedance(Z) or absolute value of TpkgfdelayﬁCKft - TpkgfdelanyKﬁc for delay (Tpkgidemy).

10. Package implementations shall meet spec if the designed Z g and Tpkg delay fall within the ranges shown.
1. Zpkg_ Loopback & Tpkg_delay_Loopback @Pplies to LBDQ and LBDQS.

12. Zpkg_DQS & Tpkg_delay_DQS applies to DQS_t & DQS_c, TDQS_t & TDQS_c.

- Absolute value of Z;;(DQS_t)-Z,4(DQS_c) for impedance(Z) or absolute value of Tpkg delay DQs t - Tpkg_delay Das_c for delay (Tpkg delay)
. Zpkg_CA & Tpkg_delay_CA applies tO CA[130]
- Zpkg_cTRL & Tpkg_delay cTRL @pplies to CS_n
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Table 205 — DRAM package electrical specifications (X16)

DDR5-3200 to

DDR5-5200 to

Parameter Symbol DDR5-4800 DDR5-6400 Unit| NOTE
min max min max

Input/output Zpkg Zpkg_DQ 45 75 Q 1,2,4,5,10
Input/output Pkg Delay Tokg_delay_ DQ 10 40 ps | 1,3,45,10
DQS_t, DQS_c Zpkg Zpkg_DQS 45 75 Q |1,25,10,12
DQS_t, DQS_c Pkg Delay Tokg_delay_DQS 10 40 ps | 1,3,5,10,12
Delta Zpkg DQS_t, DQS_c DZ,g Das - 5 Q | 125710
Delta Delay DQS_t, DQS_c DTpkg_delay_DQS - 2 ps | 1.3,57,10
Input- CTRL pins Zpkg Zpkg_CTRL 45 75 Q 1,2,5,9,10
Input- CTRL pins Pkg Delay Tpkg_delay CTRL 10 40 ps | 1.3,59,10
Input- CMD ADD pins Zpkg Zykg CA 45 75 Q | 1258,10
Input- CMD ADD pins Pkg Delay Tokg_delay_CA 10 45 ps | 1.3,58,10

CK_t & CK_c Zpkg Zpkg_CK 45 75 Q 1,2,5,10

CK_t & CK_c Pkg Delay Tpkg_delay_CK 10 45 ps 1,3,5,10
Delta Zpkg CK_t & CK_c DZpkg_gelay_ck - 5 a | 1,2,56,10
Delta Delay CK_t & CK_¢ DTpkg_delay_cK - 2 ps | 135,6,10

ALERT Zpkg Zokg ALERT 45 75 Q 1,2,5,10

ALERT Delay Tpkg_delay ALERT 10 60 ps 1,3,5,10
Loopback Zpkg ZpkgfLOOpback 45 75 o |1,2510,1
Loopback Delay Tpkg_delay_Loopback 10 60 ps | 1,3,5,10,11

Note(s):

1

2
3
4
5.
6
7
8
9

. This parameter is not subject to production test.

. This parameter is measured by using vendor specific measurement methodology.

. This parameter is measured by using vendor specific measurement methodology.

- Zpkg_DQ & Tpkg_delay_Da applies to DQ, DM.

This parameter applies to monolithic devices only; stacked/dual-die devices are not covered here
- Absolute value of Zpyg ck t - Zpkg_ck_c for impedance(Z) or absolute value of Tpg delay ck_t = Tpkg_delay_cK_c for delay (Tpkg delay)-
- Absolute value of Z(DQS_t)-Z,4(DQS_c) for impedance(Z) or absolute value of Tpkg delay Das_t - Tpkg_delay Das_c for delay (Tpkg delay)
. Zpkg_CA & Tpkg_delay_CA applies to CA[130]

. ZpkngA & TpkgfdelanyTRL applies to CS_n

10. Package implementations shall meet spec if the designed Zpg and Tpg gelay fall within the ranges shown.
1. Zpkg_ Loopback & Tpkg_delay_Loopback @Pplies to LBDQ and LBDQS.

12. Zykg pas & Tpkg_delay_Das applies to DQS_t & DQS_c, TDQS_t & TDQS_c.
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12.1 Electrostatic Discharge Sensitivity Characteristics

Table 206 — Electrostatic Discharge Sensitivity Characteristics

PARAMETER ' SYMBOL MIN MAX UNIT NOTES
Human body model (HBM) ESDygm 1000 - \Y 2
Charged-device model (CDM) ESDcpm 250 - \ 3

NOTE 1  State-of-the-art basic ESD control measures have to be in place when handling devices
NOTE 2 Refer to ESDA/ JEDEC Joint Standard JS-001 for measurement procedures.
NOTE 3 Refer to ESDA/ JEDEC Joint Standard JS-002 f for measurement procedures
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13.  Electrical Characteristics & AC Timing

390



SK’F

13.2 Rounding Definitions and Algorithms

Software algorithms for calculation of timing parameters are subject to rounding errors from many sources.
For example, a system may use a memory clock with a nominal frequency of 2200 MHz, or a clock period
of 0.454545... ns. Similarly, a system with a memory clock frequency of 2800 MHz yields mathematically a
clock period of 0.357142... ns. In most cases, it is impossible to express all digits after the decimal point
exactly, and rounding must be done because the DDR5 SDRAM specification establishes a minimum
granularity for timing parameters of 1 ps.
Rules for rounding must be defined to allow optimization of device performance without violating device
parameters. These algorithms rely on results that are within correction factors on device testing and
specification to avoid losing performance due to rounding errors. All timing parameters should be defined
to align with the rules defined.
These rules are:

®Parameter values are to be defined to 1 ps of accuracy.

®Clock periods such as fckava(min) are rounded down (RD) to 1 ps of accuracy; for example,
0.454545... ns is defined as 454 ps and 0.357142... ns is defined as 357 ps.

®Using real number math, parameters like tWRmin, tRCDmin, etc. which are programmed in sys-
tems in numbers of clocks (nCK) but expressed in units of time (in ns) are divided by the applica-
tion clock period (in ns) (rounded down (RD) to the nearest ps) yielding a ratio of clock units
(nCK), a correction factor of 1% or (0.01)is subtracted, then the result (is rounded up) and set to
the next higher integer number of clocks:

— rnitinal [ parameter_in_ns A }
neK Ce”mg['xapplicatiun_tCK_in_ns_{RD}? 0.01

®|nteger math is used in the industry to calculate nCK values by expressing timing values in ps
based integers, scaling the specified parameter value up by 1000, dividing by the application
clock period (rounded down (RD) to 1ps range), adding an inverse correction factor of 99.0% or
(990), dividing the result by 1000, then truncating (same as integer math) down to the next lower
integer value:

 parameter_in_ps x 1000 H‘-+QQD
“application_tCK_in_ps (RDY
1000

nCK = truncate

®Either algorithm yields identical results. In case of conflict between results, the preferred algo-
rithm is the integer math algorithm.

®This algorithm applies to all timing parameters specified in ns when converting to nCK units.
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13.2.1 Example 1, using integer math to convert tpsmin) from ns to nCK:
/I This algorithm subtracts a 1.0% correction factor from nCK and rounds up to the next integer value

int MTB, FTB, TaaMin, ClockPeriod, TempNck, TaalnNck;

TaaMin = 16.250;
Correction = 0.01

ClockPeriod = ApplicationTckinNs (RD);

(datarate = 3200)

TempNck = TaaMin / ClockPeriod;
TempNck = TempNck - Correction;
TaalnNck = (int) ceiling(TempNck);

// tAAmiIn in ns
// 1.0%, per rounding algorithm

/I Clock period is application specific
/I Initial nCK calculation
/I Subtract correction factor from nCK
/I Ceiling to next higher integer value

Table 207 — Example 1, using integer math

DDRS5 Device Operating at Standard Application Frequencies
Timing Parameter: tpa(min) = 16.250ns (3200)
Application Device tap Application (Device tap / 0.1% Correction (tan ! tck (RD)) - Ceiling Result
Speed tok (RD) Application tcy Correction
Grade (RD))
ns ns ratio (real) (real) ratio (real) nCK (Integer)
3200 16.250 0.625 26.000 0.01 25.990 26
3600 16.650 0.555 30.000 0.01 29.990 30
4000 16.000 0.500 32.000 0.01 31.990 32
4400 16.344 0.454 36.000 0.01 35.990 36
4800 16.640 0.416 40.000 0.01 39.990 40
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13.2.2 Example 2, using integer math to convert tyygmin) from ns to nCK:

/I This algorithm adds 99.0% of an nCK and truncates down to the next lower integer value

int MTB, FTB, TwrMin, ClockPeriod, TempNck, TwrinNck;

TwrMin = 30000;  (Data rate=3200) /I tWRmin in ps

ClockPeriod = ApplicationTckInPs (RD); /I Clock period is application specific
TempNck = (TwrMin * 1000) / ApplicationTckinPs; /I Preliminary nCK calculation, scaled by 1000
TempNck = TempNck + 990; /I Apply 99.0% inverse correction factor
TaalnNck = (int)(TempNck / 1000); /I Truncate to next lower integer

Table 208 — Example 2, using integer math

DDRS5 Device Operating at Standard Application Frequencies
Timing Parameter: fyyr(min) = 30ns = 30000ps
Application Device Application (Device tWR * 1000) Add Inverse Truncate Cor-
22::2 twr {CK (RD) Application tCK Correction rected nCK / 1000
ps ps Scaled nCK Scaled nCK nCK (Integer)
3200 30000 625 48000 48990 48
3600 29970 555 54000 54990 54
4000 30000 500 60000 60990 60
4400 29964 454 66000 66990 66
4800 29952 416 72000 72990 72
5600 29988 357 84000 84990 84
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13.3 Timing Parameters by Speed Grade

The analog timing parameters in this section have been defined based on nominal tCA(avg)min according to the rounding rules which

can be found in the Rounding Definitions and Algorithms section.

13.3.1 Timing Parameters for DDR5-3200 to DDR5-4000

Table 209 — for DDR5-3200 to DDR5-4000

Speed DDR5-3200 DDR5-3600 DDR5-4000
Units NOTE
Parameter Symbol MIN | MAX MIN | MAX MIN | MAX
Clock Timing
Average Clock Period {CK(avg) 0.625 | 0.555 | 0.500 | ns | 1
Command and Address Timing
CAS_n to CAS_n command delay for tccD L Max(8nCK, B Max(8nCK, R Max(8nCK, ;
same bank group - 5ns) 5ns) 5ns)
WRITE CAS_n to WRITE CAS_n com- {CcCD L WR Max(32nCK, R Max(32nCK, R Max(32nCK, )
mand delay for same bank group - 20ns) 20ns) 20ns)
WRITE CAS_n to WRITE CAS_n com-
mand delay for same bank group, sec- | tCCD_L_WR2 Ma);(gr?:)CK, - Ma)f](JnGSn)CK, - Ma);(gr?;\)CK, -
ond write not RMW
CAS_n to CAS_n command delay for
different bank group for BL16, tCCD_S 8 - 8 - 8 - nCK
BC8(fixed) and BC8(on-the-fly)
ACTIVATE to ACTIVATE Command de-
lay to different bank group for 2KB page tRRD_S(2K) 8 - 8 - 8 - nCK
size
ACTIVATE to ACTIVATE Command de-
lay to different bank group for 1KB page tRRD_S(1K) 8 - 8 - 8 - nCK
size
ACTIVATE to ACTIVATE Command de-
lay to same bank group for 2KB page | tRRD_L(2K) Ma’gr?;‘)c"' . Ma’;(rf’sn)CK' . Ma’;(::)CKr )
size
ACTIVATE to ACTIVATE Command de-
lay to same bank group for 1KB page tRRD_L(1K) Ma);(::)CK, - Ma)é(r?;)CK' - Ma)g(:;)CK, _
size
. . . Max(40nCK, Max(40nCK, Max(40nCK,
Four activate window for 2KB page size tFAW_2K 25.000ns) - 22.222ns) - 20.000ns) -
. . . Max(32nCK, Max(32nCK, Max(32nCK,

Four activate window for 1KB page size tFAW_1K 20.000ns) - 17.777ns) - 16.000ns) -
Delay from start of internal write trans-
action to internal read command for dif- tWTR_S Max(4nCK, - Max(4nCK, - Max(4nCK, -

2.5ns) 2.5ns) 2.5ns)
ferent bank group
Delay from start of internal write trans-
action to internal read command for tWTR_L Max(16nCK, - Max(16nCK, - Max(16nCK, -

10ns) 10ns) 10ns)
same bank group
Delay from start of internal write trans-
action to internal read with auto pre- tWTRA =tWR-tRTP =tWR-tRTP =tWR-tRTP ns
charge command for same bank
Internal READ Command to PRE- {RTP Max(12nCK, R Max(12nCK, R Max(12nCK, )
CHARGE Command delay 7.5ns) 7.5ns) 7.5ns)
PRECHARGE (PRE) to PRECHARGE
(PRE) delay tPPD 2 2 2 nCK(avg)
WRITE recovery time tWR 30 - 30 - 30 - ns

Notes:

1) tCK(avg)min listed for reference only, refer to the Speed Bins and Operations section which lists all valid tCK(avg) values.

394




SK’F

13.3.2 Timing Parameters for DDR-4400 to DDR5-5200

The analog timing parameters in this section have been defined based on nominal tCK(avg)min according to the rounding rules which

can be found in the Rounding Definitions and Algorithms section.

Table 210 — for DDR5-4400 to DDR5-5200

Speed DDR5-4400 DDR5-4800 DDR5-5200
Units NOTE
Parameter | Symbol MIN | MAX MIN | MAX MIN | MAX
Clock Timing
Average Clock Period | tCK(avg) 0.454 | 0.416 | 0.384 | ns | 1
Command and Address Timing
CAS_n to CAS_n command delay for max(8nCK, max(8nCK, max(8nCK,
tCCD_L - -
same bank group - 5ns) 5ns) 5ns)
WRITE CAS_n to WRITE CAS_n com- tcCD L WR max(32nCK, max(32nCK, max(32nCK,
mand delay for same bank group - 20ns) 20ns) 20ns)
WRITE CAS_n to WRITE CAS_n com-
mand delay for same bank group, sec- | tCCD_L_WR2 Ma);(S:Q)CK, - Ma);(gr?g)CK, Ma);%:;)CK’
ond write not RMW
QAS_n to CAS_n command delay for cco_s 8 R 8 8 R nCK
different bank group
ACTIVATE to ACTIVATE Command de-
lay to different bank group for 2KB page | tRRD_S(2K) 8 - 8 8 - nCK
size
ACTIVATE to ACTIVATE Command de-
lay to different bank group for 2KB page | tRRD_S(1K) 8 - 8 8 - nCK
size
ACTIVATE to ACTIVATE Command de-
lay to same bank group for 2KB page tRRD_L(2K) max(8nCK, - max(&nCK, ma>é(8nCK, -
size 5ns) 5ns) ns)
ACTIVATE to ACTIVATE Command de-
lay to same bank group for 1KB page tRRD_L(1K) max(8nCK, - max(8nCK, max(8nCK, -
size 5ns) 5ns) 5ns)
. X . Max(40nCK, Max(40nCK, Max(40nCK, ~
Four activate window for 2KB page size tFAW_2K 18.181ns) 16.666ns) 15.384ns)
’ ’ ’ Max(32nCK, Max(32nCK, Max(32nCK, ~
Four activate window for 1KB page size tFAW_1K 14.545ns) 13.333ns) 12.307ns)
Delay from start of internal write trans-
action to internal read command for dif- tWTR_S Max(4nCK, - Max(4nCK, Max(4nCK, -
2.5ns) 2.5ns) 2.5ns)
ferent bank group
Delay from start of internal write trans-
action to internal read command for tWTR_L Max(16nCK, - Max(16nCK, Max(16nCK, -
10ns) 10ns) 10ns)
same bank group
Delay from start of internal write trans-
action to internal read with auto pre- tWTRA =tWR-tRTP =tWR-tRTP =tWR-tRTP ns
charge command for same bank
Internal READ Command to PRE- {RTP Max(12nCK, R Max(12nCK, Max(12nCK, R
CHARGE Command delay 7.5ns) 7.5ns) 7.5ns)
PRECHARGE (PRE) to PRECHARGE
(PRE) delay tPPD 2 2 2 nCK(avg)
WRITE recovery time tWR 30 - 30 30 - ns

Note(s):

1) tCK(avg)min listed for reference only, refer to the Speed Bins and Operations section which lists all valid tCK(avg) values.
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13.3.3 Timing Parameters for 3DS-DDR5-3200 to 3DS-DDR5-4000 x4 2H & 4H

Analog timing parameters defined in this section are to be rounded to 1 ps of accuracy. Parameter min values which scale with tCK-
min are to be defined using the tCKmin in the associated data rate

Table 211 — for x4 2H & 4H 3DS-DDR5-3200 to 3DS-DDR5-4000

Speed DDR5-3200 DDR5-3600 DDR5-4000
Units Notes
Parameter | Symbol MIN | MAX MIN | MAX MIN | MAX
Command and Address Timing for 3DS
Minimum Read to Read command
delay for same bank group in same tCCD_L_slr Max(8nCK, - Max(8nCK, - Max(8nCK, - nCK 4
loai 5ns) 5ns) 5ns)
ogical rank
g'"g“srzx'gz;"kwrrgj Cfnmsr;‘;ldlge_' {CCD_L. | Max(32nCK ] Max(32nCK ) Max(32nCK ) HoK .
ay group 9 WR sir | 20ns) , 20ns) , 20ns)
ical rank
e oreree: | ton 1 CL - CWL + RBL/2 + 2(CK - (Read DOS offse)
ical rank RTW_sir + (tRPST - 0.5tCK) + tWPRE >
Minimum Write to Read command de- tccD L
lay for same bank group in same log- WTR sir CWL + WBL/2 + tWTR_L nCK 46,8
ical rank =
Minimum Read to Read command
delay for different bank group in same tCCD_S_slr 8 - 8 - 8 - nCK 4
logical rank
Minimum Write to Write command de- tccD s
lay for different bank group in same - 8 - 8 - 8 - nCK 4
. WR_slr
logical rank —
Minimum Read to Write command de- CL - CWL + RBL/2 + 2tCK - (Read DQS of'fset)
lay for different bank group in same 1cCD_S_ 4,578
logical rank RTW_slr + (tRPST - 0.5tCK) + tWPRE
Minimum Write to Read command de- tccD S
lay for different bank group in same WTR sir CWL + WBL/2 + tWTR_S nCK 4,6,8
logical rank =
Minimym Read to Rgad command tcCD dir 8 R 8 R 8 R nCK 4
delay in different logical ranks -
Minimum Write to Write command de- tCCD_
lay in different logical ranks WR_dIr 8 ° 8 ° 8 ° nCK 412
Minimum Write to Write command de- tCCD_ 8 _ 8 _ 8 _ nCK 4,121
lay in different physical ranks WR_dpr 3
Minimum Read to Write command de- tCCD_ CL - CWL + RBL/2 + 2tCK - (Read DQS offset) 4578
lay in different logical ranks RTW_dIr + (tRPST - 0_5tCK) + tWPRE e
Minimum Write to Read command de- tCCD_
lay in different logical ranks WTR_dIr CWL + WBL/2 + tWTR—S nCK 468
ACTIVATE to ACTIVATE Command
delay to different bank group in the tRRD_S_slIr 8 - 8 - 8 - nCK 4
same logical rank
ACTIVATE to ACTIVATE Command
delay to same bank group in the same tRRD_L_slr Max(8nCK, - Max(SnCK, - Max(10nCK - nCK 4
N 5ns) 5ns) , 5ns)
logical rank
ACTI\/ATI_E to ACTI\/_ATE Command {RRD_dIr 4 R 4 R 4 R nCK 4
delay to different logical ranks
Four activate window to the same log- max(32nCK B max(32nCK B max(32nCK R
ical rank FAW_sIr ,20ns) 17.760ns) 16ns) nCK 1,49
Four activate window to different logi- FAW._dir 16 B 16 B 16 R nCK 4
cal ranks
) ) 4,10,1
Activate window by DIMM channel tDCAW - nCK 113
DIMM Channel Activate Command 4,10,1
Count in tDCAW nDCAC ACT 1,13
Reset/Self Refresh Timing
max(5nCK, max(5nCK, max(5nCK,
Exit Self Refresh to commands not re- tRFC_ tRFC_ tRFC_ R
quiring a locked DLL tXS_3DS sir1(min) ° slr1(min) ° sIr1(min) 234
+10ns) +10ns) +10ns)
Note(s):
Note(s):

1 - For x4 devices only. x8 device timings are TBD.

2 - Upon exit from Self-Refresh, the 3D Stacked DDR5 SDRAM requires a minimum of one extra refresh command to all logical ranks
before it is put back into Self-Refresh Mode.
3 - This parameter utilizes a component that varies based on density. Refer to the 3DS Refresh section for more information.
4 - These timings are for x4 2H and 4H 3Ds devices
5 - RBL: Read burst length associated with Read command
RBL = 32 for fixed BL32 and BL32 in BL32 OTF mode
RBL = 16 for fixed BL16 and BL16 in BL32 OTF mode
RBL = 16 for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode
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6 - WBL: Write burst length associated with Write command
WBL = 32 for fixed BL32 and BL32 in BL32 OTF mode
WBL = 16 for fixed BL16 and BL16 in BL32 OTF mode
WBL = 16 for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode
7. The following is considered for tRTW equation
1tCK needs to be added due to tDQS2CK
Read DQS offset timing can pull in the tRTW timing
1tCK needs to be added when 1.5tCK postamble
8. CWL=CL-2
9. Timing Parameters that scale are rounded down to 1ps of accuracy.
10. Activate commands to different channels on the same DIMM may be issued on the same cycle, not requiring any stagger.

11. Activate commands to the same channel on a DIMM are subject to tDCAW. No more than nDCAC activate commands may be
issued to the same channel on a DIMM within tDCAW.

12. tCCD_ WR_dIr and tCCD_ WR_dpr also apply to the WRITE PATTERN command.

13. Parameter applies to dual-physical-rank (36 and 40 placement) 3DS-based DIMMs built with , but may not
apply to DIMMs built with higher current capacity PMICs
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13.3.4 Timing Parameters for 3DS-DDR5-4400 to 3DS-DDR5-5200 x4 2H & 4H

Analog timing parameters defined in this section are to be rounded to 1 ps of accuracy. Parameter min values which scale with tckmin
are to be defined using the tckmin in the associated data rate

Table 212 — for x4 2H & 4H 3DS-DDR5-4400 to 3DS-DDR5-5200

Speed DDR5-4400 DDR5-4800 DDR5-5200 T -
nits otes
Parameter | Symbol MIN | MAX MIN | MAX MIN | MAX
Command and Address Timing for 3DS
Minimum Read to Read command
delay for same bank group in same tCCD_L_slr Max(8nCK, - Max(8nCK, - TBD - nCK 4
N 5ns) 5ns)
logical rank
Minimum Write to Write command de-
: tCCD_L_ Max(32nCK Max(32nCK
!ay for same bank group in same log- WR_sIr 20ns) - 20ns) - TBD - nCK 4
ical rank
i Read o Wiite commandde- | tcoo_L_ CL - CWL + RBL/2 + 2tCK - (Read DQS offset) .
ool rank RTW sir + (tRPST - 0.5tCK) + tWPRE >0
Minimum Write to Read command de- tceD L
lay for same bank group in same log- WTR sir CWL + WBL/2 + tWTR_L nCK 46,8
ical rank =
Minimum Read to Read command
delay for different bank group in same tCCD_S_slIr 8 - 8 - TBD - nCK 4
logical rank
Minimum Write to Write command de- tccD S
lay for different bank group in same - 8 - 8 - TBD - nCK 4
. WR_slIr
logical rank -
Minimum Read to Write command de- ccD S CL-CWL + RBL/2 + 2tCK - (Read DQS offset)
lay for different bank group in same 1CCD_S_ 4578
logical rank RTW_slIr + (tRPST - 0.5tCK) + tWPRE
Minimum Write to Read command de- tccD s
lay for different bank group in same WTR sir CWL + WBL/2 + tWTR_S nCK 46,8
logical rank =
Minim_um _Read to Rgad command {ceD dir 8 R 8 R TBD ; nCK n
delay in different logical ranks =
Minimum Write to Write command de- tCCD_
lay in different logical ranks WR_dIr 8 ° 8 ° T8D . nCK 412
Minimum Write to Write command de- tCCD_ 8 R 8 R 8 ) nCK 4,121
lay in different physical ranks WR_dpr 3
Minimum Read to Write command de- tCCD_ CL - CWL + RBL/2 + 2tCK - (Read DQS Oﬁset) 4578
lay in different logical ranks RTW_dIr + (tRPST - 0.5tCK) + tWPRE R
Minimum Write to Read command de- tCCD_
lay in different logical ranks WTR_dIr CWL +WBL/2 + tWTR—S nCK 46.8
ACTIVATE to ACTIVATE Command
delay to different bank group in the tRRD_S slr 8 - 8 - TBD - nCK 4
same logical rank
ACTIVATE to ACTIVATE Command
delay to same bank group in the same tRRD_L_slIr Max(11nCK - Max(12nCK - Max(13nCK - nCK 4
: , 5ns) , 5ns) , 5ns)
logical rank
ACTIVATE to ACTIVATE Command
delay to different logical ranks tRRD_dir 4 B 4 B 4 . nCk 4
Four activate window to the same log- max(32nCK max(32nCK max(32nCK
ical rank FAW_slr 14.528ns) - 113.312ns) - ,12.288ns) . nCk 1,49
Four activate window to different logi- FAW._dir 16 B 16 R 16 ; nCK 4
cal ranks
. . 4,10,1
Activate window by DIMM channel tDCAW - nCK 113
DIMM Channel Activate Command 4,10,1
Count in tDCAW nDCAC ACT 1,13
Reset/Self Refresh Timing
. tRFC1_ tRFC1_ tRFC1_
E;‘;:ife';ﬁ‘:g(‘:zhé‘if°mma”ds notre- | s 3aps slr(min) - slr(min) : slr(min) ; 234
quiring +10ns +10ns +10ns

Note(s):
1 - For x4 devices only. x8 device timings are TBD.

2 - Upon exit from Self-Refresh, the 3D Stacked DDR5 SDRAM requires a minimum of one extra refresh command to all logical ranks
before it is put back into Self-Refresh Mode.
3 - This parameter utilizes a value that varies based on density. Refer to the 3DS Refresh section for more information.
4 - These timings are for x4 2H and 4H 3Ds devices
5 - RBL: Read burst length associated with Read command
RBL = 32 for fixed BL32 and BL32 in BL32 OTF mode
RBL = 16 for fixed BL16 and BL16 in BL32 OTF mode
RBL = 16 for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode
6 - WBL: Write burst length associated with Write command
WBL = 32 for fixed BL32 and BL32 in BL32 OTF mode
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WBL = 16 for fixed BL16 and BL16 in BL32 OTF mode
WBL = 16 for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode
7. The following is considered for tRTW equation
1tCK needs to be added due to tDQS2CK
Read DQS offset timing can pull in the tRTW timing
1tCK needs to be added when 1.5tCK postamble
8. CWL=CL-2
9. Timing Parameters that scale are rounded down to 1ps of accuracy.
10. Activate commands to different channels on the same DIMM may be issued on the same cycle, not requiring any stagger.
11. Activate commands to the same channel on a DIMM are subject to tDCAW. No more than nDCAC activate commands may be
issued to the same channel on a DIMM within tDCAW.
12. tCCD_ WR_dIr and tCCD_ WR_dpr also apply to the WRITE PATTERN command.
13. Parameter applies to dual-physical-rank (36 and 40 placement) 3DS-based DIMMs built with , but may not
apply to DIMMs built with higher current capacity PMICs
Read DQS offset timing can pull in the tRTW timing
1tCK needs to be added when 1.5tCK postamble
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14. DDR5 Module Rank and Channel Timings
14.1 Module Rank and Channel Limitations for DDR5 DIMMs

To achieve efficient module power supply design for JEDEC-standard DDR5 DIMMs, minimum timings as
well as limitations in the number of DRAMs are provided for Refresh, and Write operations occurring on a
single module. As well, since these modules are organized as two independent 36-bit or 40-bit channels
(32 bits for non-ECC DIMMSs), additional restrictions apply in order to limit localized power delivery noise
on the module. To provide best performance, the different channels may initiate commands on the same
cycle provided the rank to rank timings are met, the maximum number of DRAMs in a given activity is not
exceeded, and the applicable component timings shown elsewhere in this specification are met. The
timing and operational relationships for DDR5 DIMMs are shown in Table 213 below.

Table 213 — DDR5 Module Rank and Channel Timings for DDR5 DIMMs

Maximum number of DRAM die in simultaneous or overlapping activity
DIMM Configuration Refresh (All-Bank Refresh) Write, Write-Pattern
Die per Die per Die per Die per
Physical Rank DIMM Channel DIMM
SR x16 No restriction
DR x16 No restriction | 2 | 4
SR x8 No restriction
DR x8 No restriction ‘ 5 ‘ 10
SR x4 No restriction
DR x4 No restriction 10 20
DR x4 (2H 3DS) No restriction 40 10 20
DR x4 (4H 3DS) 30 40 10 20
DR x4 (8H 3DS) 30 40 10 20
Notes 1,2,3,4,7,8,9 1,5,6,7,9

NOTE(S):

1. Any combination of commands with up to the maximum of die per channel and per DIMM, per condition is allowed.
2. Refresh commands to different channels do not require stagger.

3. tRFC_dIr must be met for refresh commands to different logical ranks within a package rank on the same channel.
4. Any DRAM is considered to be in Refresh mode until tRFC time has been met.

5. tCCD parameters must be met for Write and Write-Pattern commands to different logical ranks or physical ranks within the same channel; no
overlapping write data bus activity is allowed on two physical or logical ranks within the same channel.

6. Write and Write-Pattern commands to different channels do not require stagger.

7. Each rank consists of one group of DRAMs making up a 36 or 40 bit channel (32 bits for non-ECC DIMMs).

8. These restrictions only apply to explicit all-banks refresh commands (REFab) and not to self-refresh entry or exit

9. Restrictions apply to DIMMs built with , but may not apply to DIMMs built with higher current capacity PMICs
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15. DDRS5 System RAS Improvement
15.1 Design Guidelines for DDR5 Bounded Fault RAS Improvement

15.1.1 DDRS5 Reliability Design Guidelines Overview

These DDRS reliability design guidelines aim to bound bits impacted by certain DRAM failures. This limits the number of failure pat-
terns seen by the memory controller such that correction of many failures can be reliably performed in DIMMs with one ECC device.

Many internal DRAM failures may impact only a portion of the data from a fetch. The likelihood of a specific component failing may
also vary between process generations and DRAM vendors. These guidelines can be used by DDR5 DRAM's to bound failures from
the components most likely to fail. These design guidelines can only address failures that impact a portion of the data from a 128-bit
fetch. Failures that impact all the data in a 128-bit fetch from a device (e.g. device failure, bank failure) cannot be bounded as
described here.

15.1.2 Reliability Design Guidelines
In a x8 device bounded failures are defined by the following qualities:
* A bounded fault will not impact more than 32 bits of data in a 128-bit fetch
* The data bits impacted by a bounded failure will be confined to at most 2 DQs (i.e. the failures will be DQ aligned)

» The DQs transmitting data impacted by the failure will both be in either the first nibble or the second nibble of a burst. That is,
the impacted DQs will both be in the set of the first 4 DQs (DQO, DQ1, DQ2, DQ3) or both in the set of the last four DQs (DQ4,
DQ5, DQ6, DQ7)

Figure 214 shows examples of fault boundaries for x8 devices. Device on the left has a bounded fault in lanes DQO and DQ1 in the
first nibble. Device on the right has a bounded fault in lanes DQ4 and DQ6 in the second nibble.

Data Pins / DQs Data Pins / DQs
Nibble A Nibble B Nibble A Nibble B
o 1 2 3] 4 5 6 7 o 1 2 314 5 6 7

0 0
1 1
2 2
3 3
4 4
5 5
6 6
B 7 B 7
a 8 a 8
9 9

10 T T T o | ] ]
11 11
12 12
13 13
14 14
15 15

Impacted bit = .

Figure 214 — Examples of x8 Fault Boundaries
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A x4 device has similarly defined qualities for the failure boundaries, with the noted exception of the number of bits impacted by a
bounded failure. In a DRAM device in a 9x4 configuration bounded failures should not impact more than 16 bits. However, in a 10x4
device the bounded failure may impact up to 32 bits.

In x4 devices bounded failures are defined by the following qualities:
* A bounded failure in a DRAM device in a 9x4 configuration shall not impact more than 16 bits of data in a 128-bit prefetch.
*» A bounded failure in a DRAM device in a 10x4 configuration shall not impact more than 32 bits of data in a 128-bit prefetch.
* For a device in a 9x4 configuration, the data bits impacted by a bounded failure will be confined to one DQ.
* For a device in a 10x4 configuration, the data bits impacted by a bounded failure will be confined to at most two DQs.

9x4 or 10x4 10x4 Only

Data Pin / DQ Data Pin / DQ

o 1 2 3 o 1 2 3
0 )
1 1
2 2
3 3
4 4
5 5
6 6
’g‘ 7 g 7
@ 8 @ 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15

Impacted bit = -
Figure 215 — Example of x4 Fault Boundary.
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15.2 Single Error Correction (SEC) Code Properties

To maintain the bounded fault design guidelines, miscorrections by the on-die ECC must be restricted when a bounded fault causes
a multi-bit error. In devices with bounded fault it is suggested that the DRAM vendor uses an on-die ECC code that maintains the fault
boundaries. That is, if an error is contained in one boundary, then the on-die ECC should not spread the error into a second boundary

by miscorrection. Note that if faults are not bounded in the device, then the on-die ECC does not need to have these properties.

To restrict miscorrection in devices following bounded fault design guidelines, the data may be divided into blocks aligned with the
bounded fault and miscorrection should be restricted in the case an error is contained in a single data block. The 128 data bits used
to compute a set of 8 check bits may be divided into data blocks up to 32 bits in size. These data blocks are to be determined by the
memory vendor to best align with internal DRAM faults. For example, a common component fault may impact 32 bits per 128 data
bits, then the vendor may choose to divide the 128 data bits into four 32-bit blocks each of which correspond to the bits impacted by

one of the components failing.

Burst

O 0N U R W N O

11
12
13
14
15

Figure 216 — Example of Fault Boundaries versus on-die ECC data blocks

Data Pins / DQs

Data Pins / DQs

Nibble A Nibble B Nibble A Nibble B
0 1 2 314 5 6 7 0 1 2 314 5 6 7
0
1
2
2 5
3 $
L7
4 S
5 o
o
6
Failure | Failure | Failure | Failure . 7 ECC ECC ECC ECC
Bound | Bound | Bound | Bound ; s Bound | Bound | Bound | Bound |—
@
1 2 3 4 1 2 3 4
9
10

11
12
13
14
15

If a multi-bit error occurs on a read and is limited to one data block, then the on-die ECC SEC code should do one of the following:
» Miscorrect a bit in the data block containing the error
* Miscorrect a bit in the on-die ECC check bits

* Detect the error (a SEC code may detect some multi-bit errors, but detection of these errors is not guaranteed)

The selection of block size and data blocks is determined by the vendor to best suit the device architecture and possible modes of

fault.
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15.3 Writeback of Data During x4 RMW and ECS Operation

The DRAM device may optionally support the suppressing of writeback for x4 devices and ECS writebacks. DRAM may implement
the feature in MR9. SPD specification will indicate if feature is supported and will also indicate whether to use MR9 for enabling the
modes.

If MR9 OP1=1 then x4 DRAM'’s on writes will perform an internal ‘read-modify-write’ operation for BL16. BL32 mode does not
requires an internal ‘read modify write’ operation. The DRAM will correct any single bit errors that result from the internal read of 128
bit data before merging the incoming 64 bit data and then re-compute 8 ECC Check bits. Note that ECC check bits are computed
after merging of the incoming data with the corrected data from the array. DRAM will then write the incoming 64b data to the array
along with recomputed 8 ECC Check bits. DRAM will suppress the writeback of 64 bit data that was fetched from the array
irrespective of whether the 64 bit data needed any correction or not. Suppression of writeback (where applicable due to BC8 or DM
usage) is not supported on x8/x16 devices; MR9:0P[1] must be set to “Og”. Suppression of writeback may or may not occur when
BC8 mode is used on x4 devices.

If MR9 OP0=1 then DRAM will suppress writeback of data and ECC Check bits during ECS operation for x4, x8 and x16 DDRS.
DRAM will continue to count errors to provide transparency.

MR9 Register Information

Function peoisiel Operand Data Notes
Type
. . 0B: Do not suppress writeback of Data during RMW (Default)
x4 Writes RIW MR9:OP[1] 1B: Suppress writeback of Data during RMW (Optional)
. 0B: Do not suppress writeback of Data and ECC Check Bits
Ecﬁa\évk”te' RIW MR9:OP[2] | (Default)
1B: Suppress writeback of Data and ECC Check Bits (Optional)
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