











DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

AMcron

Table 436: DDR5 4400-5200: Self Refresh Timing (Continued)

Parameter Symbol 4400 4800 5200 Unit | Note
MIN MAX MIN MAX MIN MAX
Self refresh exit CS_n | tcSH SRexit 13 30 13 30 13 30 ns
high pulse width
Self refresh exit CS_n | tcsL SRexit 3nCK 30ns 3nCK 30ns 3nCK 30ns nCK, 12
low pulse width ns
Self refresh exit CS_n tCSL_Fre_ VREFCA_— - VREFCA_— - VREFCA_- - ns 13
low pulse width with qChg time time time
frequency change
Valid clock require- tCKSRX max(3.5ns, - max(3.5ns, - max(3.5ns, - nCK,
ment before SRX 8nCK) 8nCK) 8nCK) ns
Valid clock require- tcKLCS | 'CPDED + - 'CPDED + - 'CPDED + - ncK,
ment after SRE 1nCK 1nCK 1nCK ns
Self refresh exit CS_n tCASRX 0 - 0 - 0 - ns
HIGH
Exit self refresh to txs tREC1 - tRFC1 - tRFC1 - ns
commands not requir-
ing a locked DLL
Exit self refresh to XS DLL tDLLK - tDLLK - tDLLK - nCK
commands requiring a
locked DLL
Table 437: DDR5 4400-5200: Power-Down Timing
Parameter Symbol 4400 4800 5200 Unit | Note
MIN MAX MIN MAX MIN MAX
Command pass disable tCPDED max(5ns,8 - max(5ns,8 - max(5ns,8 -
delay nCK) nCK) nCK)
Power-down time tpp max(7.5ns, | 5xtref|q | max(7.5ns, | 5xtreFq | max(7.5ns, | 5+tREF| 29
8nCK) (normal) 8nCK) (normal) 8nCK) (normal)
9*'REFI2 9*'REFI2 9*'REFI2
(FGR) (FGR) (FGR)
Exit power-down to txp max(7.5ns, - max(7.5ns, - max(7.5ns,
next valid command 8nCK) 8nCK) 8nCK)
Timing of ACT com- tACTPDEN 2 - 2 - 2 - nCK 14
mand to POWER DOWN
ENTRY command
Timing of PREab, PREsb | tprpDEN 2 - 2 - 2 - nCK | 14
or PREpb command to
POWER DOWN ENTRY
command
Timing of READ or tRDPDEN | CL+RBL/ - CL+RBL/ - CL+RBL/ - nCK 25
READ w/ AP command 2+1 2+1 2+1
to POWER DOWN
ENTRY command
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Table 437: DDR5 4400-5200: Power-Down Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 4400 4800 5200 Unit | Note
MIN MAX MIN MAX MIN MAX

Timing of WRITE com- | tyRpDEN | CWL+WBL - CWL+WBL - CWL+WBL - nCK | 15,25
mand to POWER DOWN / / /

ENTRY command 2+('WR/C 2+('WR/C 2+('WR/AC

K(avg))+1 K(avg))+1 K(avg))+1

Timing of WRITE w/ AP tYwWRAP- | CWL+WBL CWL+WBL CWL+WBL nCK | 16,25
command to POWER DEN / / /

DOWN ENTRY com- 2+-'WR+1 2+-'WR+1 2+-'WR+1

mand

Timing of REFab or tREFPDEN 2 - 2 - 2 - nCK

REFsb command to

POWER DOWN ENTRY

command

Timing of MRR com- tMRRPDEN| CL+8+1 - CL+8+1 - CL+8+1 - nCK | 25
mand to POWER DOWN

ENTRY command

Timing of MRW com- TMRWP- MRD - tMRD - 'MIRD - nCK

mand to POWER DOWN DEN (MIN) (MIN) (MIN)

ENTRY command

Timing of MPC com- YMPCPDEN | 'MPC_de- - YMPC_de- - 'tMPC_de- - ncK | 26
mand to POWER DOWN lay lay lay

ENTRY command
Table 438: DDR5 4400-5200: MPC Command Timing

Parameter Symbol 4400 4800 5200 Unit | Note

MIN MAX MIN MAX MIN MAX

MPC to any other valid tMPC_De- tMRD - tMRD - tMRD - nCK
command lay

Time between stable MPC | t\gc mpPC - 3 - 3 - 3 - nCK 22
command and first falling Setup

CS edge (setup)

Time between first rising tMC_MP- 3 - 3 - 3 - nCK 22
CS edge and stable MPC C_Hold

command (HOLD)

Time CS_n is held LOW to | tpMpc ¢S 3.5 8 3.5 8 3.5 8 nCK 21
register MPC command
Table 439: DDRS5 4400-5200: PDA Timing

Parameter Symbol 4400 4800 5200 Unit | Note

MIN MAX MIN MAX MIN MAX

PDA ENUMERATE ID com- | tppa DE- tPDA_D- - tPDA_D- - TBD - ns

mand to any other com- LAY QS_DELAY QS_DELAY

mand cycle (MAX) + BL/2 (MAX) + BL/2

+ 19ns + 19ns
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Table 439: DDR5 4400-5200: PDA Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter

Symbol

4400

4800

5200

Unit

MIN MAX

MAX

MIN | MAX

Note

Delay to rising strobe edge
used for sampling DQ
during PDA operation

PDA_D- 5
QS_DELAY

18

18

TBD TBD

ns

DQS setup time during
PDA operation

tPDA_S 3 -

TBD -

nCK

DQS hold time during PDA
operation

tPDA_H 3 -

TBD -

nCK

Table 440: DDR5 4400-5200: Read Training Timing

Parameter

Symbol 4400

4800

5200

MIN MAX

MAX

MAX

Unit

Note

Registration of MRW continuous
burst mode exit to next valid
command delay

tCont_Exit
+ 'TMRW

tCont_Ex- -
it_Delay

- | Cont_Exit
+ 'TMRW

- | *Cont_Exit

+ 'MRW

ns

Registration of MRW continuous
burst mode exit to end of train-
ing mode

CL+BL/2+10
nCK

tCont_Exit -

- CL+BL/2+1
0nCK

- CL+BL/2+1

0nCK

ns

Table 441: DDRS5 4400-5200: Read Preamble Timing

Parameter

Symbol

4400

4800

5200

MIN MAX

MAX

MAX

Unit

Note

Delay from MRW command to
DQS driven

tSpOn -

max(12nCK, -
20ns)

max(12nCK,
20ns)

max(12nCK,
20ns)

Delay from MRW command to
DQS disabled

SpDOff -

max(12nCK, -
20ns)

max(12nCK,
20ns)

max(12nCK,
20ns)

Table 442: DDRS5 4400-5200: CA Training Mode Timing

Parameter

Symbol 4400

4800

5200

MAX

MAX

MIN | MAX

Unit

Note

Registration of CATM entry com-
mand to start of training samples
time

Y{CATM_Entry 20

- 20

20 -

ns

Registration of CATM exit CS_n
assertion to end of training mode
(when DQ is no longer driven by
the device).

tCATM_Exit - 1

4 -

14

ns

Registration of CATM exit to next
valid command delay

t{CATM_Exit_Delay | 20

20 -

ns

Time from sample evaluation to
output on DQ bus

tCATM_Valid -

20

ns

Time output is available on DQ bus

tCATM_DQ Window| 2

nCK

28

CS_n assertion duration to exit
CATM

tCATM_CS_Exit 2 8 2

nCK
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Table 443: DDR5 4400-5200: CS Training Mode Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 4400 4800 5200 Unit | Note
MIN [ MAX| MIN | MAX | MIN | MAX

Registration of CSTM entry tCSTM_Entry 20 - 20 - 20 - ns
command to start of training

samples time

Registration of CSTM exit tCSTM_Exit - 20 - 20 - 20 ns
command to end of training

mode

Registration of CSTM exit to tCSTM_Exit_Delay 20 - 20 - 20 - ns

next valid command delay

Time from sample evaluation tCSTM_Valid - 20 - 20 - 20 ns

to output on DQ bus

Time output is available on tCSTM_DQ_Window 2 - 2 - 2 - nCK 28
DQ bus

Min time between last CS_n | tcSTM_Min_to_MPC_exit 4 - 4 - 4 - nCK

pulse and first pulse of MPC

command to exit CSTM

Table 444: DDR5 4400-5200: Write Leveling Timing

Parameter Symbol 4400 4800 5200 Unit | Note

MIN MAX MIN MAX MIN MAX

Write leveling pulse YWLPEN - 15 - 15 - 15 ns
enable: time from

write leveling training

enable MRW to when

internal write leveling

pulse logic level is valid

Write leveling output tWwLO - 9.5 - 9.5 - 9.5 ns

delay

Width of write leveling Wi - 2 - 2 - 2 - tck | 18
internal pulse Pulse_Width

Write leveling write to |ty write | max(CWL, last - max(CWL, last - max(CWL, last -

subsequent command DQS differen- DQS differen- DQS differen-

spacing tial toggle) + tial toggle) + tial toggle) +

'WLO (MAX) + 'WLO (MAX) + 'WLO (MAX) +
2nCK 2nCK 2nCK

Table 445: DDR5 4400-5200: VREFCANREchTiming

Parameter Symbol 4400 4800 5200 Unit | Note

MIN | MAX| MIN | MAX | MIN | MAX

VREFCA/VREFCS command to any Y%REFCA_Delay/ | 'MRD - tMRD - tMRD - nCK

other valid command delay tREECS Delay

Time CS_n is held LOW to register tYREFCA_CS/ 3.5 8 3.8 8 3.5 8 nCK | 19,20
VREFCA/VREFCS command tWREFCS CS
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Table 445: DDR5 4400-5200: VREFCANREchTiming

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 4400 4800 5200 Unit | Note
MIN | MAX| MIN | MAX| MIN | MAX

MIN time between stable VREFCA tMC_VREFCA _- 3 - - 3 - nCK 11
command and first falling CS edge Setup

(SETUP)

MIN time between first rising CS edge tMC_VREF- 3 - - 3 - nCK 11
and stable VREFCA command (HOLD) CA_Hold

MIN time between stable VREFCS tMC_VREFCS_- 3 - - 3 - nCK 11
command and first falling CS edge Setup

(SETUP)

MIN time between first rising CS edge | tmc VREFCS_Hold 3 - - 3 - nCK 11
and stable VREFCS command (HOLD)
Table 446: DDRS5 4400-5200: hPPR/sPPR Timing

Parameter Symbol 4400 4800 5200 Unit | Note

MIN MAX MIN MAX MIN MAX

hPPR programming time tPGMa 1000 - 1000 - 1000 - ms

(x4/x8)

hPPR programming time tPGMb 2000 - 2000 - 2000 - ms

(x16)

sPPR programming time 'PGM_sPPR | CWL+8'CK CWL+8'CK CWL+8'CK ek

+'WR +'WR +'WR

hPPR/sPPR recognition time tPGM_Exit tRp - tRp - tRp - ns

hPPR program exit and new tPGMPST 50 - 50 - 50 - Hs

address setting time

SPPR program exit and new |tpGMPST_sPPR|  'MRD - ‘MRD - ‘MRD - ns

address setting time
Table 447: DDR5 4400-5200: DQS Interval Oscillator Readout Timing

Parameter Symbol 4400 4800 5200 Unit | Note

MIN MAX MIN MAX MIN MAX

Delay time from DQS toscoMm t\MIP- - t\VIP- - t\MP- - nCK 24
interval oscillator stop to C_Delay C_Delay C_Delay

mode register readout in

manual mode

Delay time from DQS tOSCOA tMRD - tMRD - tMRD - nCK 24
interval oscillator stop to

mode register readout in

automatic mode

DQS interval oscillator toscs '™MPC_Delay + DQS interval timer runtime nCK 24
start gap in automatic

stop mode
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Table 448: DDR5 4400-5200: ESC Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 4400 4800 5200 Unit| Note
MIN MAX MIN MAX MIN MAX
ECS operation time tgcse | max(176nCK, - max(176nCK, 1 max(176nCK, 1 -
110ns) 10ns) 10ns)
Table 449: DDR5 4400-5200: CRC Error Reporting Timing
Parameter Symbol 4400 4800 5200 Unit | Note
MIN MAX | MIN | MAX | MIN | MAX
CRC error to ALERT n_latency tCRC_ALERT 3 13 3 13 3 13 ns
CRC ALERT_n pulse width CRC_ALERT_PW 12 20 12 20 12 20 nCK

Timing Parameters for DDR5 5600-6400

The analog timing parameters in this section have been defined based on nominal ‘CK(avg)min
according to the rounding rules which can be found in the Rounding Definitions and Algorithms

section.

Table 450: DDR5 5600-6400: Clock Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

Average clock period tCK,AVG 0.357 0.333 - 0.312 - ns 23
Table 451: DDR5 5600-6400: Command and Address Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX MIN MAX MIN MAX

Minimum READ to READ tcep L max(8nCK,5 - max(8nCK,5 - max(8nCK,5 - nCK,
command delay for same ns) ns) ns) ns

bank group

Minimum WRITE to WRITE tccD_L_ WR max(32nCK, - max(32nCK, - max(32nCK, - nCK,
command delay for same 20ns) 20ns) 20ns) ns

bank group

Minimum WRITE to WRITE tcep L WR2 | max(16nCK, | - |max(16nCK,| - |max(16nCK,| - nCK
command delay for same 10ns) 10ns) 10ns)

bank group, second WRITE

not RMW

Minimum READ to WRITE tCCD_L_RTW CL - CWL + RBL/2 + 2 'CK - (Read DQS offset) nCK, | 30,31
command delay for same + (tRPST - 0.5 tCK) + 'WPRE ns ,36
bank group

Minimum WRITE to READ tcCcD_L WTR CWL + WBL/2 + 16nCK, 10ns (MAX) ncK, | 30,32
command for same bank ns

group

READ to READ command tcep s 8 - 8 - 8 - nCK

delay for different bank

group
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Table 451: DDR5 5600-6400: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

Minimum WRITE to WRITE tccD_ S WR 8 - 8 - 8 - nCK
command delay for different

bank group

Minimum READ to WRITE tccD_S_RTW CL - CWL + RBL/2 + 2 tCK - (Read DQS offset) + nCK, | 30,31
command delay for different (tRPST - 0.5 tCK) + tWPRE nsCK | ,36
bank group

Minimum WRITE to READ tccb_Ss_WTR CWL + WBL/2 + 4nCK, 2.5ns (MAX) nCK, | 30,32
command delay for different nsCK

bank group

Minimum WRITE to READ tcCD_WTRA CWL + WBL/2 + YWR-RTP nCK, | 30,32
with AUTO PRECHARGE com- ns ,35
mand for same bank

ACTIVATE to ACTIVATE com- | tRrD L, 1K max(8nCK, - max(8nCK, - max(8nCK, - nCK,

mand delay to same bank 5ns) 5ns) 5ns) ns

group for 1KB page size

ACTIVATE to ACTIVATE com- | tRRp L,2K max(8nCK, - max(8nCK, - max(8nCK, - nCK,

mand delay to same bank 5ns) 5ns) 5ns) ns

group for 2KB page size

ACTIVATE to ACTIVATE com- | tRrD S,1K 8 - 8 - 8 - nCK

mand delay to different bank

group for 1KB page size

ACTIVATE to ACTIVATE com- | tRRD S 2K 8 - 8 - 8 - | nck

mand delay to different bank

group for 2KB page size

Four activate window for tFAW,2K | max(40nCK, - max(40nCK, - max(40nCK, - nCK,

2KB page size 14.285ns) 13.333ns) 12.500ns) ns

Four activate window for tFAW, 1K max(32nCK, - max(32nCK, - max(32nCK, - nCK,

1KB page size 11.428ns) 10.666ns) 10.000ns) ns

READ command to PRE- tRTP max(12nCK, - max(12nCK, - max(12nCK, - nCK,
CHARGE command delay 7.5ns) 7.5ns) 7.5ns) ns
PRECHARGE to PRECHARGE tppp 2 - 2 - 2 - nCK 37
delay

WRITE recovery time HwWR 30 - 30 - 30 - ns

DLL locking time tDLLK 1792 - 1792 - 2048 - nCK
Table 452: DDR5 5600-6400: Mode Register Read/Write Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX MIN MAX MIN MAX

Mode register READ command tMRR max(14ns - max(14ns, - max(14ns, - 2
period ,16nCK) 16nCK) 16nCK)

Mode register READ pattern to 'MRR_p 8 - 8 - 8 - nCK

mode register READ pattern com-

mand spacing
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Table 452: DDR5 5600-6400: Mode Register Read/Write Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter

Symbol

5600

6000

6400

Unit

MAX

MAX

MAX

Note

period

Mode register WRITE command

TMRW

5ns,8nCK
(MAX)

5ns,8nCK
(MAX)

5ns,8nCK
(MAX)

Mode register SET command delay

‘MRD

14ns,16n
CK (MAX)

14ns,16nC
K (MAX)

14ns,

K (MAX)

16nC

delay time

DFE mode register WRITE update

'DFE

80

80

8

0

ns

Table 453: DDR5 5600-6400: Data Strobe Timing

Parameter

Symbol

5600

6000

6400

MAX

MAX

MAX

Unit

Note

DQS_t, DQS_c differential
high toggle pulse width
during WRITE preamble

'DQSH_pre

0.430

0.570

0.430

0.570

0.430

0.570

tck

DQS_t, DQS_c differential
low toggle pulse width
during WRITE preamble

'DQSL_pre

0.430

0.570

0.430

0.570

0.430

0.570

tcK

DQS_t, DQS_c rising edge
output timing location
from rising CK_t, CK_c

tDQSCK

-0.325

0.325

-0.337

0.337

-0.348

0.348

tcK

7,10,17

DQS_t, DQS_c rising edge
output variance window

tDQSCKI

0.530

0.549

0.567

tck

8,9,10,
17,34

Table 454: DDR5 5600-6400: Write Enable Timing

Parameter

Symbol

5600

6000

6400

MAX

MAX

MAX

Unit

Note

2-'CK WRITE preamble
enable window

YWPRE_EN_2tCK

1.5

1.5

1.5

tcK

3-'CK WRITE preamble
enable window

YWPRE_EN_3tcK

2.5

25

2.5

tcK

4-'*CK WRITE preamble
enable window

YWPRE_EN_4tCK

2.5

2.5

2.5

tcK

DQS_t, DQS_c differential
WRITE postamble

YWPST

T

BD

TBD

TBD

tcK

Final trained value of
host DQS_t-DQS_c tim-
ing relative to CWL
CK_t-CK_c edge

'DQSoffset

0.5

0.5

0.5

tcK

26

Write leveling setup time

tWLS

80

80

80

ps

Write leveling hold time

YWLH

80

80

80

ps
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Timing Parameters by Speed Grade: Standard

Table 454: DDR5 5600-6400: Write Enable Timing (Continued)

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX MIN MAX MIN MAX
Voltage/temperature tbQsD -0.25 x 0.25 x -0.25x | 0.25x | -0.25x | 0.25x | tck 532
drift window of first ris- YWPRE_E | 'WPRE_E | 'WPRE_ | 'WPRE_ | '"WPRE_ | 'WPRE_

ing DQS_t preamble edge
relative to CWL
CK_t-CK_c edge

N_n'CK | N_n'CK | EN_n'C | EN_n'C | EN_n'C | EN_n'C
(MIN) (MIN) | K (MIN) | K (MIN) | K (MIN) | K (MIN)

(x4/x8/x16)
Host and system volt- tDQss -0.25 x 0.25x | -0.25x | 025x | -0.25x | 0.25x | tck | 532
age/temperature drift “WPRE_E | 'WPRE_E | '‘WPRE_ | '"WPRE_ | Y‘WPRE_ | "WPRE_

window of first rising
DQS_t pre-amble edge
relative to CWL
CK_t-CK_c edge
(x4/x8/x16)

N_ntCK | N_n'CK | EN_n'C | EN_ntC | EN_ntC | EN_ntC
(MIN) (MIN) | K (MIN) | K (MIN) | K (MIN) | K (MIN)

Table 455: DDR5 5600-6400: MPSM Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

MPSM exit to first valid TMPSMX tMRD - tMRD - tMRD - ns

command delay

Table 456: DDR5 5600-6400: ZQ Calibration Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

ZQ calibration time t7QCAL 1 1 1 ps

ZQ calibration latch time tZQLAT max(30ns, max(30ns, max(30ns,
8nCK) 8nCK) 8nCK)

Table 457: DDR5 5600-6400: Reset Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

RESET_n low time for tPW _RESET 1 - 1 - 1 - ps
reset initialization with
stable power

Time after RESET_n asser- | tRsT ADC - 50 - 50 - 50 ns
tion to ODT off

Table 458: DDR5 5600-6400: Self Refresh Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX
Command pass disable delay tCPDED max(5ns, - max(5ns, - max(5ns, - nCK,
8nCK) 8nCK) 8nCK) ns
Self refresh CS_n low pulse tesL 10 - 10 - 10 - ns
width
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DDR5 SDRAM

Timing Parameters by Speed Grade: Standard

Table 458: DDR5 5600-6400: Self Refresh Timing (Continued)

ddr5_sdram_core.pdf - Rev. C 10/2021 EN

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX
Self refresh exit CS_n high tCSH_SRexit 13 30 13 30 13 30 ns
pulse width
Self refresh exit CS_n low tCSL_SRexit 3nCK 30ns 3nCK 30ns 3nCK 30ns | nCK, 12
pulse width ns
Self refresh exit CS_n low tCSL_Fre_ VREFCA_- - VREFCA_— - VREFCA_time - ns 13
pulse width with frequency qChg time time
change
Valid clock requirement tCKSRX max(3.5ns, - max(3.5ns, - max(3.5ns,8 - nCK,
before SRX 8nCK) 8nCK) nCK) ns
Valid clock requirement after tcKLCS tCPDED + - tCPDED + - tCPDED + - nCK,
SRE 1nCK 1nCK 1nCK ns
Self refresh exit CS_n HIGH tCASRX 0 - 0 - 0 - ns
Exit self refresh to commands txs tREC1 - tREC1 - tRFC1 - nCK
not requiring a locked DLL
Exit self refresh to commands txs_DLL IDLLK - tDLLK - IDLLK - ns
requiring a locked DLL
Table 459: DDRS5 5600-6400: Power-Down Timing
Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX
Command pass dis- tcppep | max(5ns,8n - max(5ns,8n - max(5ns,8n - ns
able delay CK) CK) CK)
Power-down time tpp max(7.5ns, | 5*xtReF1 | max(7.5ns, | sxtrgFi1 | max(7.5ns, | s*tRgF1 | NS 29
8nCK) (normal) 8nCK) (normal) 8nCK) (normal)
9*'REFI2 9*'REFI2 9*'REFI2
(FGR) (FGR) (FGR)
Exit power-down to txp max(7.5ns, - max(7.5ns, - max(7.5ns, ns
next valid command 8nCK) 8nCK) 8nCK)
Timing of ACT com- | tACTPDEN 2 - 2 - 2 - nCK | 14
mand to
POWER-DOWN
ENTRY command
Timing of PREab, tPRPDEN 2 - 2 - 2 - nCK| 14
PREsb or PREpb com-
mand to
POWER-DOWN
ENTRY command
Timing of READ or tRDPDEN | CL+RBL/2+1 - CL+RBL/2+1 - CL+RBL/2+1 - nCK | 25
READ w/ AP com-
mand to
POWER-DOWN
ENTRY command
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Table 459: DDR5 5600-6400: Power-Down Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

Timing of WRITE com-| tywRrppEN | CWL+WBL/ - CWL+WBL/ - CWL+WBL/ - nCK | 15,25
mand to 2+("WR/CK( 2+("WRACK( 2+("WRACK(

POWER-DOWN avg))+1 avg))+1 avg))+1

ENTRY command

Timing of WRITE w/ WwWRAP- | CWL+WBL/ CWL+WBL/ CWL+WBL/ nCK | 16,25
AP command to DEN 2+'WR+1 2+'WR+1 2+'WR+1

POWER-DOWN

ENTRY command

Timing of REFab or tREFPDEN 2 - 2 - 2 - nCK

REFsb command to

POWER-DOWN

ENTRY command

Timing of MRR com- | t\RRPDEN| CL+8+1 - CL+8+1 - CL+8+1 - nCK | 25
mand to

POWER-DOWN

ENTRY command

Timing of MRW com- | t\RwP- | tMIRD (MIN) - YtMRD (MIN) - YMRD (MIN) - ncK

mand to DEN

POWER-DOWN

ENTRY command

Timing of MPC com- | t\pCPDEN | tMPC_delay - 'tMPC_delay - 'tMPC_delay - nCK| 26
mand to

POWER-DOWN

ENTRY command
Table 460: DDR5 5600-6400: MPC Command Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX| MIN | MAX| MIN | MAX

MPC to any other valid command tMPC_Delay tMRD - tMRD - tMRD - nCK

Time between stable MPC command YMC_MPC_Setup 3 - 3 - 3 - nCK | 22
and first falling CS edge (setup)

Time between first rising CS edge and | tpmc MPC_Hold 3 - 3 - 3 - nCK | 22
stable MPC command (HOLD)

Time CS_n is held LOW to register MPC tMPC_CS 3.5 8 3.5 8 3.5 8 nCK | 21
command
Table 461: DDR5 5600-6400: PDA Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

PDA ENUMERATE ID command to tPDA_DELAY TBD - TBD - TBD - ns

any other command cycle

Delay to rising strobe edge used tpDA_DQS_DELAY | TBD - TBD - TBD - ns 4
for sampling DQ during PDA oper-

ation
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DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Table 461: DDR5 5600-6400: PDA Timing (Continued)

Parameter Symbol 5600 6000 6400 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
DQS setup time during PDA opera- PDA_S TBD - TBD - TBD - nCK
tion
DQS hold time during PDA opera- tPDA_H TBD - TBD - TBD - nCK
tion
Table 462: DDR5 5600-6400: Read Training Timing
Parameter Symbol 5600 6000 6400 Unit| Note
MIN MAX MIN MAX MIN MAX
Registration of MRW continu- | tcont_Ex- - |'Cont_Exit+| - |%ontExit| - |%Cont_Exit+| NS
ous burst mode exit to next it_Delay tVIRW + IMRW tMRW
valid command delay
Registration of MRW continu- | tcont Exit - CL+BL/2+10 - CL+BL/2+1 - CL+BL/2+10 | ns
ous burst mode exit to end of nCK 0nCK nCK
training mode
Table 463: DDR5 5600-6400: Read Preamble Timing
Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX
Delay from MRW com- tsDON - max(12nCK, - max(12nCK, - max(12nCK,
mand to DQS driven 20ns) 20ns) 20ns)
Delay from MRW com- tsDOFf - max(12nCK, - max(12nCK, - max(12nCK,
mand to DQS disabled 20ns) 20ns) 20ns)
Table 464: DDR5 5600-6400: CA Training Mode Timing
Parameter Symbol 5600 6000 6400 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
Registration of CATM entry com- t{CATM_Entry 20 - 20 - 20 - ns
mand to start of training samples
time
Registration of CATM exit CS_n tCATM_Exit - 14 - 14 - 14 ns
assertion to end of training mode
(when DQ is no longer driven by
the device).
Registration of CATM exit to next tCATM_Exit_Delay 20 - 20 - 20 - ns
valid command delay
Time from sample evaluation to tCATM_Valid - 20 - 20 - 20 ns
output on DQ bus
Time output is available on DQ bus | tcATM_DQ_Window 2 - 2 - 2 - nCK | 28
CS_n assertion duration to exit tCATM_CS_Exit 2 8 2 8 2 8 nCK
CATM
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Table 465: DDR5 5600-6400: CS Training Mode Timing

DDR5 SDRAM

Timing Parameters by Speed Grade: Standard

Parameter Symbol 5600 6000 6400 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Registration of CSTM entry tCSTM_Entry 20 - 20 - 20 - ns
command to start of training

samples time

Registration of CSTM exit com- tCSTM_Exit - 20 - 20 - 20 ns

mand to end of training mode

Registration of CSTM exit to tCSTM_Exit_Delay 20 - 20 - 20 - ns

next valid command delay

Time from sample evaluation tCcSTM_Valid - 20 - 20 - 20 ns

to output on DQ bus

Time output is available on DQ tCSTM_DQ_Window 2 - 2 - 2 - nCK 28
bus

Min time between last CS_n tCSTM_Min_to_MPC_exit | 4 - 4 - 4 - nCK

pulse and first pulse of MPC

command to exit CSTM
Table 466: DDR5 5600-6400: Write Leveling Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX MIN MAX MIN MAX

Write leveling pulse YWLPEN - 15 - 15 - 15 ns
enable: time from write

leveling training enable

MRW to when internal

write leveling pulse logic

level is valid

Write leveling output tWwLo - 9.5 - 9.5 - 9.5 ns

delay

Width of write leveling Wi - 2 - 2 - 2 - tck 18
internal pulse Pulse_Widt

h

Write leveling write to WL Write | max(CWL, - max(CWL, - | max(CWL, last | -

subsequent command last DQS dif- last DQS dif- DQS differen-

spacing ferential ferential tial toggle) +

toggle) + toggle) + "WLO (MAX) +
'WLO (MAX) 'WLO (MAX) 2nCK
+ 2nCK + 2nCK

Table 467: DDR5 5600-6400: VREFCANREchTiming

Parameter Symbol 5600 6000 6400 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

VREFCA/VREFCS command to any YREFCA_Delay/ tMRD - tMRD - tMRD - nCK

other valid command delay tVREFCS_DeIay
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Table 467: DDR5 5600-6400: VREFCANREchTiming

Parameter Symbol 5600 6000 6400 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Time CS_n is held LOW to register YYREFCA_CS/ 35 8 3.8 8 3.5 8 nCK | 19,20

VREFCA/VREFCS command tYREECS CS

MIN time between stable VREFCA | t\c_VREFCA_Setup 3 - 3 - 3 - nCK | 11

command and first falling CS edge

(SETUP)

MIN time between first rising CS tMC_VREFCA_Hold 3 - 3 - 3 - nCK 11

edge and stable VREFCA com-

mand (HOLD)

MIN time between stable VREFCS | t\c_VREFCS_Setup 3 - 3 - 3 - nCK | 11

command and first falling CS edge

(SETUP)

MIN time between first rising CS tMC_VREFCS_Hold 3 - 3 - 3 - nCK | 11

edge and stable VREFCS command

(HOLD)

Table 468: DDR5 5600-6400: hPPR/sPPR Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

hPPR programming time (x4/x8) tpGMa 1000 - 1000 - 1000 - ms

hPPR programming time (x16) tPGMb 2000 - 2000 - 2000 - ms

sPPR programming time 'PGM_sPPR | CWL+8'CK+ CWL+8'CK+ CWL+8'CK 'K
"WR "WR +'WR

hPPR/sPPR recognition time tPGM_Exit tRp - tRp - tRp - ns

hPPR program exit and new tPGMPST 50 - 50 - 50 - Hs

address setting time

sPPR program exit and new tPGMP- tMRD - tMRD - tMRD - ns

address setting time ST_sPPR

Table 469: DDR5 5600-6400: DQS Interval Oscillator Readout Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX
Delay time from DQS inter- | toscoM |'MPC_Delay| - |'MPC Delay| - | 'MPC_Delay - nCK | 24

val oscillator stop to mode
register readout in manual
mode

Delay time from DQS inter- toscoA tMRD - tMIRD - tMRD - nCK | 24
val oscillator stop to mode
register readout in auto-
matic mode

DQS interval oscillator start toscs YtMPC_Delay + DQS interval timer run time nCK | 24
gap in automatic stop mode

CCMO005-1684161373-23 488 Micron Technology, Inc. reserves the right to change products or specifications without notice.
ddr5_sdram_core.pdf - Rev. C 10/2021 EN © 2020 Micron Technology, Inc. All rights reserved.



AMcron

Table 470: DDR5 5600-6400: ESC Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

ECS operation time tECsc max(76nCK, 1 - |max(176nCK,| - |max(176nCK,| -
10ns) 110ns) 110ns)

Table 471: DDR5 5600-6400: CRC Error Reporting Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX MIN | MAX | MIN | MAX
CRC error to ALERT n_latency tCRC_ALERT 3 13 3 13 3 13 ns
CRC ALERT_n pulse width CRC_ALERT_PW 12 20 12 20 12 20 nCK

Timing Parameters for DDR5 6800-7600

Analog timing parameters are to be rounded to 1ps of accuracy. Parameter minimum values, which
scale with 'CK (MIN), are to be defined using the 'CK (MIN) in the associated data rate.

Table 472: DDR5 6800-7600: Clock Timing

Parameter

Symbol

6800

7200

7600

MIN MAX

MAX

MAX

Unit

Note

Average clock period

tCK,AVG

0.294

0.277

0.263 -

ns

23

Table 473: DDR5 6800-7600: Command and Address Timing

Parameter

Symbol

6800

7200

7600

Unit

MIN MAX

MAX

MAX

Note

Minimum READ to READ
command delay for same
bank group

tccb L

TBD TBD

TBD

TBD

TBD

TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group

tcCcD_L WR

TBD TBD

TBD

TBD

TBD

TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group,
second WRITE not RMW

tcCb_L_WR2

TBD TBD

TBD

TBD

TBD

TBD

nCK

Minimum READ to
WRITE command delay
for same bank group

tcCb_L RTW

TBD

nCK,
ns

30,31
,36

Minimum WRITE to
READ command for same
bank group

tcCD_L WTR

TBD

nCK,
ns

30,32

READ to READ command
delay for different bank

group

tccb_s

TBD TBD

TBD

TBD

TBD

TBD

nCK
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DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Table 473: DDR5 6800-7600: Command and Address Timing (Continued)

Parameter

Symbol

6800

7200

7600

Unit

MAX

MAX

MAX

Note

Minimum WRITE to
WRITE command delay
for different bank group

tCCD_S_WR

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Minimum READ to
WRITE command delay
for different bank group

tcCb_S RTW

TBD

nCK,
nsCK

30,31
,36

Minimum WRITE to
READ command delay
for different bank group

tcCD_S WTR

TBD

nCK,
nsCK

30,32

Minimum WRITE to
READ with AUTO PRE-
CHARGE command for
same bank

tCCD_WTRA

TBD

nCK,
ns

30,32
,35

ACTIVATE to ACTIVATE
command delay to same
bank group for 1KB page
size

tRRD_L, 1K

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

ACTIVATE to ACTIVATE
command delay to same
bank group for 2KB page
size

RRD_L,2K

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

ACTIVATE to ACTIVATE
command delay to differ-
ent bank group for 1KB
page size

tRRD_S, 1K

TBD

TBD

TBD

TBD

TBD

TBD

nCK

ACTIVATE to ACTIVATE
command delay to differ-
ent bank group for 2KB
page size

tRRD_S,2K

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Four activate window for
2KB page size

tFAW, 2K

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

Four activate window for
1KB page size

TFAW, 1K

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

READ command to PRE-
CHARGE command delay

RTP

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

PRECHARGE to PRE-
CHARGE delay

PPD

TBD

TBD

TBD

TBD

TBD

TBD

nCK

37

WRITE recovery time

WR

TBD

TBD

TBD

TBD

TBD

TBD

ns

DLL locking time

DLLK

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Table 474: DDR5 6800-7600: Mode Register Read/Write Timing

Parameter

Symbol

6800

7200

7600

MAX

MAX

MAX

Unit

Note

period

Mode register READ command

TMRR

max(14ns, -

16nCK)

max(14ns, -

16nCK)

max(14ns,
16nCK)
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Table 474: DDR5 6800-7600: Mode Register Read/Write Timing (Continued)

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
Mode register READ pattern 'MRR_p 8 - 8 - 8 - nCK
to mode register READ pat-
tern command spacing
Mode register WRITE com- tMIRW max(5ns, - max(5ns, - max(5ns, - 2
mand period 8nCK) 8nCK) 8nCK)
Mode register SET command tMRD max(14ns, - max(14ns, - max(14ns, -
delay 16nCK) 16nCK) 16nCK)
DFE mode register WRITE !DFE 80 - 80 - 80 - ns 3
update delay time
Table 475: DDR5 6800-7600: Data Strobe Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
DQS_t, DQS_c differential DQSH_pre TBD - TBD - TBD - nCK
high toggle pulse width
during WRITE preamble
DQS_t, DQS_c differential low | tpQsL_pre TBD - TBD - TBD - nCK
toggle pulse width during
WRITE preamble
DQS_t, DQS_c rising edge out- |  tpQsck TBD TBD TBD TBD TBD TBD | tck | 7,10,17
put timing location from ris-
ing CK_t, CK_c
DQS_t, DQS_crising edge out- | tpQsckl - TBD - TBD - TBD tck | 89,10,
put variance window 17,34
Table 476: DDR5 6800-7600: Write Enable Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
2-'CK WRITE preamble '"WPRE_EN_2tcK | TBD - TBD - TBD - tck 6
enable window
3-'CK WRITE preamble Y“WPRE_EN_3'ck | TBD - TBD - TBD - tcK 6
enable window
4-'CK WRITE preamble '"WPRE_EN_4tck | TBD - TBD - TBD - tck 6
enable window
Final trained value of tDQSoffset TBD TBD TBD TBD TBD TBD tck 26
host DQS_t-DQS_c tim-
ing relative to CWL
CK_t-CK_c edge
Write leveling setup time tWLS -80 80 -80 80 -80 80 ps
Write leveling hold time YWLH -80 80 -80 80 -80 80 ps
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Table 476: DDR5 6800-7600: Write Enable Timing (Continued)

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
Voltage/temperature tbQsD TBD TBD TBD TBD TBD TBD tck 532
drift window of first ris-
ing DQS_t preamble edge
relative to CWL
CK_t-CK_c edge
(x4/x8/x16)
Host and system volt- tDQss TBD TBD TBD TBD TBD TBD tck | 5,32
age/temperature drift
window of first rising
DQS_t pre-amble edge
relative to CWL
CK_t-CK_c edge
(x4/x8/x16)
Table 477: DDR5 6800-7600: MPSM Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
MPSM exit to first valid TMPSMX tMRD - tMRD - tMRD - ns
command delay
Table 478: DDR5 6800-7600: ZQ Calibration Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
ZQ calibration time t7QCAL 1 1 1 ps
ZQ calibration latch time tZQLAT max(30ns, max(30ns, max(30ns,
8nCK) 8nCK) 8nCK)
Table 479: DDR5 6800-7600: Reset Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
RESET_n low time for tPW _RESET 1 - 1 - 1 - ps
reset initialization with
stable power
Time after RESET_n asser- | tRsT ADC - 50 - 50 - 50 ns
tion to ODT off
Table 480: DDR5 6800-7600: Self Refresh Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
Command pass disable tCPDED max(5ns, - max(5ns, - max(5ns, - nCK,
delay 8nCK) 8nCK) 8nCK) ns
Self refresh CS_n low pulse tesL 10 - 10 - 10 - ns
width
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Table 480: DDR5 6800-7600: Self Refresh Timing (Continued)

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX

Self refresh exit CS_n high | tcsH sRexit 13 30 13 30 13 30 ns

pulse width

Self refresh exit CS_n low | tcs| sRexit 3nCK 30ns 3nCK 30ns 3nCK 30ns | nCK, 12
pulse width ns

Self refresh exit CS_n low tCSL_Fre_ VREFCA_— - VREFCA_- - VREFCA_time - ns 13
pulse width with fre- qChg time time

quency change

Valid clock requirement tCKSRX max(3.5ns, - max(3.5ns, - max(3.5ns,8 - nCK,

before SRX 8nCK) 8nCK) nCK) ns

Valid clock requirement tckLcs | 'CPDED + - 'CPDED + - 'CPDED + - ncK,

after SRE 1nCK 1nCK 1nCK ns

Self refresh exit CS_n HIGH | tcaSrx 0 - 0 - 0 - ns

Exit self refresh to com- txs tREC1 - tREC1 - tRFC1 - nCK

mands not requiring a

locked DLL

Exit self refresh to com- XS DLL tDLLK - IDLLK - IDLLK - ns

mands requiring a locked

DLL
Table 481: DDR5 6800-7600: Power-Down Timing

Parameter Symbol 6800 7200 7600 Unit | Note

MIN MAX MIN MAX MIN MAX

Command pass disable tCPDED max(5ns, - max(5ns, - max(5ns, - ns

delay 8nCK) 8nCK) 8nCK)

Power-down time tpp max(7.5ns, | s*treF|1 | max(7.5ns, | 5xtrgFi1 | max(7.5ns, | 5*xtRgf1 | ns 28

8nCK) (normal) 8nCK) (normal) 8nCK) (normal)
9*'REFI2 9*'REFI2 9*'REFI2
(FGR) (FGR) (FGR)

Exit power-down to txp max(7.5ns, - max(7.5ns, - max(7.5ns, ns

next valid command 8nCK) 8nCK) 8nCK)

Timing of ACT com- tACTPDEN 2 - 2 - 2 - nCK | 14
mand to POWER-DOWN

ENTRY command

Timing of PREab, PREsb | tprpDEN 2 - 2 - 2 - nCK | 14
or PREpb command to

POWER-DOWN ENTRY

command

Timing of READ or tRDPDEN | CL+RBL/2+1 - CL+RBL/2+ - CL+RBL/2+ - nCK | 24
READ w/ AP command 1 1

to POWER-DOWN

ENTRY command
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Table 481: DDR5 6800-7600: Power-Down Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX

Timing of WRITE com- | tyRpDEN | CWL+WBL/ - CWL+WBL - CWL+WBL - nCK | 15,24
mand to POWER-DOWN 2+('WR/ACK( / /

ENTRY command avg))+1 2+('WR/AC 2+('WR/C

K(avg))+1 K(avg))+1

Timing of WRITE w/ AP tYWRAP- | CWL+WBL/ CWL+WBL CWL+WBL nCK | 16,24
command to DEN 2+ %WWR+1 / 2+tWR+1 / 24tWR+1

POWER-DOWN ENTRY

command

Timing of REFab or tREFPDEN 2 - 2 - 2 - nCK

REFsb command to

POWER-DOWN ENTRY

command

Timing of MRR com- tMRRPDEN| CL+8+1 - CL+8+1 - CL+8+1 - nCK | 24
mand to POWER-DOWN

ENTRY command

Timing of MRW com- 'MRWP- | TMRD (MIN) - ‘MRD - 'MRD - ncK

mand to POWER-DOWN DEN (MIN) (MIN)

ENTRY command

Timing of MPC com- YtMPCPDEN | 'MPC_delay - YtMPC_de- - YtMPC_de- - nCK | 25
mand to POWER-DOWN lay lay

ENTRY command
Table 482: DDR5 6800-7600: MPC Command Timing

Parameter Symbol 6800 7200 7600 Unit | Note

MIN | MAX| MIN | MAX| MIN | MAX

MPC to any other valid command YMPC_Delay tMIRD - tMRD - tMRD - nCK

Time between stable MPC command tMC_MPC_Setup 3 - 3 - 3 - nCK | 22
and first falling CS edge (setup)

Time between first rising CS edge and | tmc_MPC_Hold 3 - 3 - 3 - nCK 22
stable MPC command (HOLD)

Time CS_n is held LOW to register MPC tMPC_CS 3.5 8 3.5 8 3.5 8 nCK | 21
command
Table 483: DDR5 6800-7600: PDA Timing

Parameter Symbol 6800 7200 7600 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

PDA ENUMERATE ID command to tPDA_DELAY TBD - TBD - TBD - ns

any other command cycle

Delay to rising strobe edge used tPDA_DQS_DELAY | TBD - TBD - TBD - ns 4
for sampling DQ during PDA oper-

ation

DQS setup time during PDA opera- tPDA S TBD - TBD - TBD - nCK

tion B
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Table 483: DDR5 6800-7600: PDA Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 6800 7200 7600 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
DQS hold time during PDA opera- tPDA_H TBD - TBD - TBD - nCK
tion
Table 484: DDR5 6800-7600: Read Training Timing
Parameter Symbol 6800 7200 7600 Unit| Note
MIN MAX MIN MAX MIN MAX
Registration of MRW continu- | tcont Ex- - |'Cont_Exit+ - | 'Cont_Exit - |*Cont_Exit+ | Ns
ous burst mode exit to next it_Delay tVIRW + IMRW tMRW
valid command delay
Registration of MRW continu- | tcont Exit - CL+BL/2+10 - CL+BL/2+1 - CL+BL/2+10 | ns
ous burst mode exit to end of nCK 0nCK nCK
training mode
Table 485: DDR5 6800-7600: Read Preamble Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
Delay from MRW com- tspOn - max(12nCK, - max(12nCK, - max(12nCK,
mand to DQS driven 20ns) 20ns) 20ns)
Delay from MRW com- tsDOFf - max(12nCK, - max(12nCK, - max(12nCK,
mand to DQS disabled 20ns) 20ns) 20ns)
Table 486: DDR5 6800-7600: CA Training Mode Timing
Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX | MIN | MAX | MIN | MAX
Registration of CATM entry com- tCATM_Entry 20 - 20 - 20 - ns
mand to start of training samples
time
Registration of CATM exit CS_n tCATM_Exit - 14 - 14 - 14 ns
assertion to end of training mode
(when DQ is no longer driven by
the device).
Registration of CATM exit to next tCATM_Exit_Delay 20 - 20 - 20 - ns
valid command delay
Time from sample evaluation to tCATM_Valid - 20 - 20 - 20 ns
output on DQ bus
Time output is available on DQ bus | tcATM _DQ_ Window 2 - 2 - 2 - nCK | 27
CS_n assertion duration to exit tCATM CS Exit 2 8 2 8 2 8 nCK
CATM S
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Table 487: DDR5 6800-7600: CS Training Mode Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 6800 7200 7600 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Registration of CSTM entry tCSTM_Entry 20 - 20 - 20 - ns
command to start of training

samples time

Min time between last CS_n tCSTM_Min_to_MPC_exit | 4 - 4 - 4 - nCK

pulse and first pulse of MPC

command to exit CSTM

Registration of CSTM exit com- tCSTM_Exit - 20 - 20 - 20 ns

mand to end of training mode

Time from sample evaluation tCSTM_Valid - 20 - 20 - 20 ns

to output on DQ bus

Time output is available on DQ tCSTM_DQ_Window 2 - 2 - 2 - nCK 27
bus

Registration of CSTM exit to tCSTM_Exit_Delay 20 - 20 - 20 - ns

next valid command delay
Table 488: DDR5 6800-7600: Write Leveling Timing

Parameter Symbol 6800 7200 7600 Unit | Note

MIN MAX MIN MAX MIN MAX

Write leveling pulse YWLPEN - 15 - 15 - 15 ns
enable: time from write

leveling training enable

MRW to when internal

write leveling pulse logic

level is valid

Write leveling output tWwLo - 9.5 - 9.5 - 9.5 ns

delay

Width of write leveling Wi - 2 - 2 - 2 - tck 18
internal pulse Pulse_Widt

h

Write leveling write to WL Write | max(CWL, - max(CWL, - | max(CWL, last | -

subsequent command last DQS dif- last DQS dif- DQS differen-

spacing ferential ferential tial toggle) +

toggle) + toggle) + "WLO (MAX) +
'WLO (MAX) 'WLO (MAX) 2nCK
+ 2nCK + 2nCK

Table 489: DDR5 6800-7600: VREFCANREchTiming

Parameter Symbol 6800 7200 7600 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

VREFCA/VREFCS command to any YREFCA_Delay/ tMRD - tMRD - tMRD - nCK

other valid command delay tVREFCS_DeIay
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Timing Parameters by Speed Grade: Standard

Table 489: DDR5 6800-7600: VREFCANREchTiming

Parameter Symbol 6800 7200 7600 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Time CS_n is held LOW to register YYREFCA_CS/ 35 8 3.8 8 3.5 8 nCK | 19,20

VREFCA/VREFCS command tYREECS CS

MIN time between stable VREFCA | t\c_VREFCA_Setup 3 - 3 - 3 - nCK | 11

command and first falling CS edge

(SETUP)

MIN time between first rising CS tMC_VREFCA_Hold 3 - 3 - 3 - nCK 11

edge and stable VREFCA com-

mand (HOLD)

MIN time between stable VREFCS | t\c_VREFCS_Setup 3 - 3 - 3 - nCK | 11

command and first falling CS edge

(SETUP)

MIN time between first rising CS tMC_VREFCS_Hold 3 - 3 - 3 - nCK | 11

edge and stable VREFCS command

(HOLD)

Table 490: DDR5 6800-7600: hPPR/sPPR Timing

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX

hPPR programming time (x4/x8) tpGMa 1000 - 1000 - 1000 - ms

hPPR programming time (x16) tPGMb 2000 - 2000 - 2000 - ms

sPPR programming time 'PGM_sPPR | CWL+8'CK+ CWL+8'CK+ CWL+8'CK 'K
"WR "WR +'WR

hPPR/sPPR recognition time tPGM_Exit tRp - tRp - tRp - ns

hPPR program exit and new tPGMPST 50 - 50 - 50 - Hs

address setting time

sPPR program exit and new tPGMP- tMRD - tMRD - tMRD - ns

address setting time ST_sPPR

Table 491: DDR5 6800-7600: DQS Interval Oscillator Readout Timing

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX
Delay time from DQS inter- | toscoM |'MPC_Delay| - |'MPC Delay| - | 'MPC_Delay - nCK

val oscillator stop to mode
register readout in manual
mode

Delay time from DQS inter- toscoA tMRD - tMIRD - tMRD - nCK
val oscillator stop to mode
register readout in auto-
matic mode

DQS interval oscillator start toscs !MPC_Delay + DQS interval timer run time nCK | 22
gap in automatic stop mode
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Table 492: DDR5 6800-7600: ESC Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 6800 7200 7600 Unit | Note
MIN MAX MIN MAX MIN MAX

ECS operation time tECSc max(45nCK, - max(45nCK, - max(45nCK, -
110ns) 110ns) 110ns)

Table 493: DDR5 6800-7600: CRC Error Reporting Timing

Parameter Symbol 6800 7200 7600 Unit | Note

MIN MAX MIN | MAX | MIN | MAX
CRC error to ALERT n_latency tCRC_ALERT 3 13 3 13 3 13 ns
CRC ALERT_n pulse width CRC_ALERT_PW 12 20 12 20 12 20 nCK

Timing Parameters for DDR5 8000-8800

Analog timing parameters are to be rounded to 1ps of accuracy. Parameter minimum values, which
scale with 'CK (MIN), are to be defined using the 'CK (MIN) in the associated data rate.

Table 494: DDR5 8000-8800: Clock Timing

Parameter

Symbol

8000

8400

8800

MAX

MAX

MAX

Unit

Note

Average clock period

tCK,AVG

0.250

0.238 -

0.227

ns

23

Table 495: DDR5 8000-8800: Command and Address Timing

Parameter

Symbol

8000

8400

8800

Unit

MAX

MAX

MAX

Note

Minimum READ to
READ command delay
for same bank group

tccD_L

TBD

TBD

TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group

tcCD_L WR

TBD

TBD

TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group,
second WRITE not RMW

tCCD_L_WR2

TBD

TBD

TBD

nCK

Minimum READ to
WRITE command delay
for same bank group

tCCD_L_RTW

TBD

nCK,
ns

30,31
,36

Minimum WRITE to
READ command for
same bank group

tccb L WTR

TBD

nCK,
ns

30,32

READ to READ com-
mand delay for differ-
ent bank group

tceb_s

TBD

TBD

TBD

nCK
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Table 495: DDR5 8000-8800: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX

Minimum WRITE to tcCcD_S_WR TBD - TBD - TBD - nCK

WRITE command delay

for different bank

group

Minimum READ to tccD S_RTW TBD ncCK, | 30,31

WRITE command delay nsCK | ,36

for different bank

group

Minimum WRITE to tccb_Ss_WTR TBD nCK, | 30,32

READ command delay nsCK

for different bank

group

Minimum WRITE to tccD_WTRA TBD nCK, | 30,32

READ with AUTO PRE- ns ,35

CHARGE command for

same bank

ACTIVATE to ACTIVATE tRRD_L, 1K TBD - TBD - TBD - nCK,

command delay to same ns

bank group for 1KB

page size

ACTIVATE to ACTIVATE | tRrp L2K TBD - TBD - TBD - ncK,

command delay to same ns

bank group for 2KB

page size

ACTIVATE to ACTIVATE tRRD_S,1K TBD - TBD - TBD - nCK

command delay to dif-

ferent bank group for

1KB page size

ACTIVATE to ACTIVATE tRRD_S,2K TBD - TBD - TBD - nCK

command delay to dif-

ferent bank group for

2KB page size

Four activate window tFAW, 2K TBD - TBD - TBD - nCK,

for 2KB page size ns

Four activate window tFAW, 1K TBD - TBD - TBD - nCK,

for 1KB page size ns

READ command to PRE- tRTP TBD - TBD - TBD - nCK,

CHARGE command ns

delay

PRECHARGE to PRE- tPPD TBD - TBD - TBD - nCK 37

CHARGE delay

WRITE recovery time HWWR TBD - TBD - TBD - ns

DLL locking time IDLLK TBD - TBD - TBD - nCK
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Table 496: DDR5 8000-8800: Mode Register Read/Write Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX
Mode register READ com- tMRR max(14ns, - max(14ns, - max(14ns, - 2
mand period 16nCK) 16nCK) 16nCK)
Mode register READ pat- YMRR_p 8 - 8 - 8 - nCK
tern to mode register
READ pattern command
spacing
Mode register WRITE com- tMRW max(5ns, - max(5ns, - max(5ns, - 2
mand period 8nCK) 8nCK) 8nCK)
Mode register SET com- tMRD max(14ns, - max(14ns, - max(14ns, -
mand delay 16nCK) 16nCK) 16nCK)
DFE mode register WRITE IDFE 80 - 80 - 80 - ns 3
update delay time
Table 497: DDR5 8000-8800: Data Strobe Timing
Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX
DQS_t, DQS_c differential | tpQsH_pre TBD - TBD - TBD - nCK
high toggle pulse width
during WRITE preamble
DQS_t, DQS_c differential | tpQsL_pre TBD - TBD - TBD - nCK
low toggle pulse width
during WRITE preamble
DQS_t, DQS_crising edge | tpQsck TBD TBD TBD TBD TBD TBD tck | 7,10,1
output timing location 7
from rising CK_t, CK_c
DQS_t, DQS_c rising edge tDQSCKl - TBD - TBD - TBD tck |8.9.10,
output variance window 17,34
Table 498: DDR5 8000-8800: Write Enable Timing
Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX
2-'CK WRITE preamble '"WPRE_EN_2tcK | TBD - TBD - TBD - tck 6
enable window
3-'CK WRITE preamble Y“WPRE_EN_3'ck | TBD - TBD - TBD - tcK 6
enable window
4-'CK WRITE preamble '"WPRE_EN_4%ck | TBD - TBD - TBD - tck 6
enable window
Final trained value of tDQSoffset TBD TBD TBD TBD TBD TBD tck 26
host DQS_t-DQS_c tim-
ing relative to CWL
CK_t-CK_c edge
Write leveling setup time LYV -80 80 -80 80 -80 80 ps
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Table 498: DDR5 8000-8800: Write Enable Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX
Write leveling hold time YWLH -80 80 -80 80 -80 80 ps
Voltage/temperature DQsSD TBD TBD TBD TBD TBD TBD tck 5,32
drift window of first ris-
ing DQS_t preamble edge
relative to CWL
CK_t-CK_c edge
(x4/x8/x16)
Host and system volt- tDQss TBD TBD TBD TBD TBD TBD tck 5.32
age/temperature drift
window of first rising
DQS_t pre-amble edge
relative to CWL
CK_t-CK_c edge
(x4/x8/x16)
Table 499: DDR5 8000-8800: MPSM Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
MPSM exit to first valid tMPSMX tMRD - tMRD - tMRD - ns
command delay
Table 500: DDR5 8000-8800: Z2Q Calibration Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
ZQ calibration time tZQCAL 1 1 1 ps
ZQ calibration latch time tZQLAT max(30ns, max(30ns, max(30ns,
8nCK) 8nCK) 8nCK)
Table 501: DDR5 8000-8800: Reset Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
RESET_n low time for tPW_RESET 1 - 1 - 1 - pus
reset initialization with
stable power
Time after RESET_n asser- | tRST ADC - 50 - 50 - 50 ns
tion to ODT off
Table 502: DDR5 8000-8800: Self Refresh Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
Command pass disable tCPDED max(5ns, - max(5ns, - max(5ns, - nCK,
delay 8nCK) 8nCK) 8nCK) ns
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DDR5 SDRAM

Timing Parameters by Speed Grade: Standard

Table 502: DDR5 8000-8800: Self Refresh Timing (Continued)

Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX

Self refresh CS_n low pulse tesL 10 - 10 - 10 - ns

width

Self refresh exit CS_n high | tcsH_sRexit 13 30 13 30 13 30 ns

pulse width

Self refresh exit CS_n low | tcs| sRexit 3nCK 30ns 3nCK 30ns 3nCK 30ns | nCK, 12
pulse width ns

Self refresh exit CS_n low tCSL_Fre_ VREFCA; - VREFCA; - VREFCAftime - ns 13
pulse width with fre- qChg time time

quency change

Valid clock requirement tCKSRX max(3.5ns, - max(3.5ns, - max(3.5ns,8 - nCK,

before SRX 8nCK) 8nCK) nCK) ns

Valid clock requirement tcKLCs | 'CPDED + - YCPDED + - 'CPDED + - ncK,

after SRE 1nCK 1nCK 1nCK ns

Self refresh exit CS_n HIGH |  tcasrx 0 - 0 - 0 - ns

Exit self refresh to com- txs tREC1 - tREC1 - tREC1 - nCK

mands not requiring a

locked DLL

Exit self refresh to com- XS DLL tDLLK - IDLLK - tDLLK - ns

mands requiring a locked

DLL
Table 503: DDR5 8000-8800: Power-Down Timing

Parameter Symbol 8000 8400 8600 Unit | Note

MIN MAX MIN MAX MIN MAX

Command pass disable tCPDED max(5ns, - max(5ns, - max(5ns, - ns

delay 8nCK) 8nCK) 8nCK)

Power-down time tpD max(7.5ns, 5*tREFI1 max(7.5ns, 5*tREFI1 max(7.5ns, 5*tREFI1 ns 28

8nCK) (normal) | 8nCK) | (normal) | 8nCK) | (normal)
9*'REFI2 9*'REFI2 9*'REFI2
(FGR) (FGR) (FGR)

Exit power-down to txp max(7.5ns, - max(7.5ns, - max(7.5ns, ns

next valid command 8nCK) 8nCK) 8nCK)

Timing of ACT com- tACTPDEN 2 - 2 - 2 - nCK | 14
mand to POWER-DOWN

ENTRY command

Timing of PREab, PREsb | tprpDEN 2 - 2 - 2 - nCK | 14
or PREpb command to

POWER-DOWN ENTRY

command

Timing of READ or tRDPDEN | CL+RBL/2+1 - CL+RBL/2+ - CL+RBL/2+ - nCK | 24
READ w/ AP command 1 1

to POWER-DOWN

ENTRY command
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Table 503: DDR5 8000-8800: Power-Down Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX

Timing of WRITE com- | tyRpDEN | CWL+WBL/ - CWL+WBL - CWL+WBL - nCK | 15,24
mand to POWER-DOWN 2+('WR/ACK( / /

ENTRY command avg))+1 2+('WR/AC 2+('WR/C

K(avg))+1 K(avg))+1

Timing of WRITE w/ AP tYWRAP- | CWL+WBL/ CWL+WBL CWL+WBL nCK | 16,24
command to DEN 2+ %WWR+1 / 2+tWR+1 / 24tWR+1

POWER-DOWN ENTRY

command

Timing of REFab or tREFPDEN 2 - 2 - 2 - nCK

REFsb command to

POWER-DOWN ENTRY

command

Timing of MRR com- tMRRPDEN| CL+8+1 - CL+8+1 - CL+8+1 - nCK | 24
mand to POWER-DOWN

ENTRY command

Timing of MRW com- 'MRWP- | TMRD (MIN) - ‘MRD - 'MRD - ncK

mand to POWER-DOWN DEN (MIN) (MIN)

ENTRY command

Timing of MPC com- YtMPCPDEN | 'MPC_delay - YtMPC_de- - YtMPC_de- - nCK | 25
mand to POWER-DOWN lay lay

ENTRY command
Table 504: DDR5 8000-8800: MPC Command Timing

Parameter Symbol 8000 8400 8600 Unit | Note

MIN | MAX| MIN | MAX| MIN | MAX

MPC to any other valid command YMPC_Delay tMIRD - tMRD - tMRD - nCK

Time between stable MPC command tMC_MPC_Setup 3 - 3 - 3 - nCK | 22
and first falling CS edge (setup)

Time between first rising CS edge and | tmc_MPC_Hold 3 - 3 - 3 - nCK 22
stable MPC command (HOLD)

Time CS_n is held LOW to register MPC tMPC_CS 3.5 8 3.5 8 3.5 8 nCK | 21
command
Table 505: DDR5 8000-8800: PDA Timing

Parameter Symbol 8000 8400 8600 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

PDA ENUMERATE ID command to tPDA_DELAY TBD - TBD - TBD - ns

any other command cycle

Delay to rising strobe edge used tPDA_DQS_DELAY | TBD - TBD - TBD - ns 4
for sampling DQ during PDA oper-

ation

DQS setup time during PDA opera- tPDA S TBD - TBD - TBD - nCK

tion B
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DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Table 505: DDR5 8000-8800: PDA Timing (Continued)

Parameter Symbol 8000 8400 8600 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
DQS hold time during PDA opera- tPDA_H TBD - TBD - TBD - nCK
tion
Table 506: DDR5 8000-8800: Read Training Timing
Parameter Symbol 8000 8400 8600 Unit| Note
MIN MAX MIN MAX MIN MAX
Registration of MRW continu- | tcont Ex- - |'Cont_Exit+ - | 'Cont_Exit - |*Cont_Exit+ | Ns
ous burst mode exit to next it_Delay tVIRW + IMRW tMRW
valid command delay
Registration of MRW continu- | tcont Exit - CL+BL/2+10 - CL+BL/2+1 - CL+BL/2+10 | ns
ous burst mode exit to end of nCK 0nCK nCK
training mode
Table 507: DDR5 8000-8800: Read Preamble Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
Delay from MRW com- tspOn - max(12nCK, - max(12nCK, - max(12nCK,
mand to DQS driven 20ns) 20ns) 20ns)
Delay from MRW com- tsDOFf - max(12nCK, - max(12nCK, - max(12nCK,
mand to DQS disabled 20ns) 20ns) 20ns)
Table 508: DDR5 8000-8800: CA Training Mode Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX | MIN | MAX | MIN | MAX
Registration of CATM entry com- tCATM_Entry 20 - 20 - 20 - ns
mand to start of training samples
time
Registration of CATM exit CS_n tCATM_Exit - 14 - 14 - 14 ns
assertion to end of training mode
(when DQ is no longer driven by
the device).
Registration of CATM exit to next tCATM_Exit_Delay 20 - 20 - 20 - ns
valid command delay
Time from sample evaluation to tCATM_Valid - 20 - 20 - 20 ns
output on DQ bus
Time output is available on DQ bus | tcATM _DQ_ Window 2 - 2 - 2 - nCK | 27
CS_n assertion duration to exit tCATM CS Exit 2 8 2 8 2 8 nCK
CATM S
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Table 509: DDR5 8000-8800: CS Training Mode Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 8000 8400 8600 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Registration of CSTM entry tCSTM_Entry 20 - 20 - 20 - ns
command to start of training

samples time

Min time between last CS_n tCSTM_Min_to_MPC_exit | 4 - 4 - 4 - nCK

pulse and first pulse of MPC

command to exit CSTM

Registration of CSTM exit com- tCSTM_Exit - 20 - 20 - 20 ns

mand to end of training mode

Time from sample evaluation tCSTM_Valid - 20 - 20 - 20 ns

to output on DQ bus

Time output is available on DQ tCSTM_DQ_Window 2 - 2 - 2 - nCK 27
bus

Registration of CSTM exit to tCSTM_Exit_Delay 20 - 20 - 20 - ns

next valid command delay
Table 510: DDR5 8000-8800: Write Leveling Timing

Parameter Symbol 8000 8400 8600 Unit | Note

MIN MAX MIN MAX MIN MAX

Write leveling pulse YWLPEN - 15 - 15 - 15 ns
enable: time from write

leveling training enable

MRW to when internal

write leveling pulse logic

level is valid

Write leveling output tWwLo - 9.5 - 9.5 - 9.5 ns

delay

Width of write leveling Wi - 2 - 2 - 2 - tck 18
internal pulse Pulse_Widt

h

Write leveling write to WL Write | max(CWL, - max(CWL, - | max(CWL, last | -

subsequent command last DQS dif- last DQS dif- DQS differen-

spacing ferential ferential tial toggle) +

toggle) + toggle) + "WLO (MAX) +
'WLO (MAX) 'WLO (MAX) 2nCK
+ 2nCK + 2nCK

Table 511: DDR5 8000-8800: VREFCANREchTiming

Parameter Symbol 8000 8400 8600 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

VREFCA/VREFCS command to any YREFCA_Delay/ tMRD - tMRD - tMRD - nCK

other valid command delay tVREFCS_DeIay
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Table 511: DDR5 8000-8800: VREFCANREchTiming

DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Parameter Symbol 8000 8400 8600 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX
Time CS_n is held LOW to register YYREFCA_CS/ 35 8 3.8 8 3.5 8 nCK | 19,20
VREFCA/VREFCS command tYREECS CS
VREFCS command to any other YREFCS_Delay tMRD - tMRD - tMRD - nCK
valid command delay
Time CS_n is held LOW to register tYREFCS_CS 35 8 3.8 8 35 8 nCK | 19,20
VREFCS command
MIN time between stable VREFCA | t\c_VREFCA_Setup 3 - 3 - 3 - nCK | 11
command and first falling CS edge
(SETUP)
MIN time between first rising CS tMC_VREFCA_Hold 3 - 3 - 3 - nCK 11
edge and stable VREFCA com-
mand (HOLD)
MIN time between stable VREFCS | t\c_VREFCS_Setup 3 - 3 - 3 - nCK | 11
command and first falling CS edge
(SETUP)
MIN time between first rising CS tMC_VREFCS_Hold 3 - 3 - 3 - nCK | 11
edge and stable VREFCS command
(HOLD)
Table 512: DDR5 8000-8800: hPPR/sPPR Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
hPPR programming time (x4/x8) tPGMa TBD - TBD - TBD - ms
hPPR programming time (x16) tPGMb TBD - TBD - TBD - ms
sPPR programming time tPGM_sPPR TBD TBD TBD tck
hPPR/sPPR recognition time tPGM_Exit TBD - TBD - TBD - ns
hPPR program exit and new tPGMPST TBD - TBD - TBD - 15
address setting time
sPPR program exit and new tPGMP- TBD - TBD - TBD - ns
address setting time ST sPPR
Table 513: DDR5 8000-8800: DQS Interval Oscillator Readout Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
Delay time from DQS inter- | toscom TBD - TBD - TBD - nCK
val oscillator stop to mode
register readout in manual
mode
Delay time from DQS inter- t0SCOA TBD - TBD - TBD - nCK
val oscillator stop to mode
register readout in auto-
matic mode
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DDR5 SDRAM
Timing Parameters by Speed Grade: Standard

Table 513: DDR5 8000-8800: DQS Interval Oscillator Readout Timing (Continued)

Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN | MAX MIN | MAX
DQS interval oscillator start toscs TBD nCK | 22
gap in automatic stop mode
Table 514: DDR5 8000-8800: ESC Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX MIN MAX
ECS operation time tECSc max(45nCK, - max(45nCK, - max(45nCK, -
110ns) 110ns) 110ns)
Table 515: DDR5 8000-8800: CRC Error Reporting Timing
Parameter Symbol 8000 8400 8600 Unit | Note
MIN MAX MIN MAX | MIN MAX
CRC error to ALERT n_latency tCRC_ALERT 3 13 3 13 3 13 ns
CRC ALERT_n pulse width CRC_ALERT_PW 12 20 12 20 12 20 nCK

Notes: 1.

2.
3.

Ea

13.

14

15.
16.
17.

18

19.
20.

21.

22.
23.

Start of internal write transaction is defined as follows: For BL16 (fixed by MRS and on-the-fly), rising clock edge
4-clock cycles after CWL. For BC8 (on-the-fly), rising clock edge 4 clock cycles after CWL.

MRR and MRW commands are not allowed with pages open.

Applies only to MRWs to DFE registers and is defined as the settling time before a new DFE setting is active.
The range of 'PDA_DQS_DELAY specifies the full range of when the minimum of 16 strobe edges can be sent by
the host controller.

Measured relative to the write leveling feedback, after write leveling training has been completed.

Includes min DQS and CK timing terms TBD.

Measured over full Vpp and temperature spec ranges.

Measured for a given part and for each DQS_t/DQS_c pair in case of x16 (part variation is excluded).

These parameters are verified by design and characterization, and may not be subject to production test.

. Assume no jitter on input clock signals to the DRAM device.
. Applies only to multicycle VREFCS/VREFCA commands when MR2:0P[4]=0b.

.While in 2N mode, 'CSL_SRexit is not statically held LOW, it pulses for each 2-cycle period for a min of 6nCK. See

the 2N mode section for more details.
Since frequency can require Vggp cp and CA/CK/CS ODT changes, the min time is longer than the traditional tosL
when the SRE command with CA9=L is used.

.POWER DOWN command can be sent while operations such as row activation, precharge, auto-precharge or

refresh are in progress; however, IDD spec is not applied until the operations are finished.
"WR is defined in ns, for calculation of "WRPDEN it is necessary to round up "WR/'CK.

WR in clock cycles, as programmed in MR6.

Refer to Read Timing definition.

. There is no max limit for the 'WL_Pulse_Width; however, the write leveling internal pulse must begin at zero for

each WRITE command.

Multiple cycles are used to avoid possible metastability of CS_n.

At the end of CSTM, it is assumed the host can place the CS_n appropriately and the VREFCA/VREFCS command
can be issued as a single-cycle command.

The minimum *MPC_CS constraint applies only when the CS assertion duration setting is 0. The CS assertion dura-
tion MR setting must be set to enable single-cycle MPC commands. The earliest time to set the CS assertion dura-
tion MR is after CA training is complete, when MRW commands can be sent to the device.

Applies only to multicycle MPC commands when MR2:0P[2] = Ob.

'CK(AVG) MIN listed for reference only; refer to Speed Bin tables and Operations section for valid 'CK(AVG) values.
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24,

25.
26.

27.
28.

29.
30.
31.

32.

33.

34.
35.

36.

37.

Timing Parameters by Speed Grade: Standard

In manual stop mode, DQS OSC START command must be followed by DQS OSC STOP command (MPC). Otherwise,
DQS OSC reset value (MR46,47) cannot be guaranteed.
RD/WR/MRR can refer to both target command and non-target command when CA11 = H during PDE command.

'!MPC_delay is a valid timing parameter for all MPC commands except:

* Enter CS Training mode, Enter CA Training mode, PDA Enumerate ID, Enter PDA Enumerate
Program mode because power-down entry is not supported for these MPC commands.

* Apply VrefCA, VrefCS and RTT_CA/CS/CK because this MPC command requires waiting for Vref-
CA_time/VrefCS_time.

When measuring the 'DQSoffset, 'WLS and 'WLH are reflected in the 'DQSoffset value.
This timing parameter is applied to each DQ independently, not all-DQs valid window perspective.

Refresh to refresh max time interval limits tPD(MAX) to 5 x 'REFI1 in normal refresh mode, 9 x 'REFI2 in FGR mode.
CWL = CL-2.
RBL: Read burst length associated with READ command:

¢ RBL =32 (36 w/ RCRC on) for fixed 32 and BL32 in BL32 OTF mode
e RBL =16 (18 w/ RCRC on) for fixed 16 and BL16 in BL32 OTF mode
e RBL =16 (18 w/ RCRC on) for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode

WBL: Write burst length associated with Write command:
e WBL =32 (36 w/ WCRC on) for fixed 32 and BL32 in BL32 OTF mode
e WBL =16 (18 w/ WCRC on) for fixed 16 and BL16 in BL32 OTF mode
e WBL =16 (18 w/ WCRC on) for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode

DDR5-3200 timings apply for data rates <2933 MT/s. For example, at 2000 MT/s, tDQSS(max) =
(2000/2933)*0.25*"WPRE_EN_ntck(min) = 0.17*"WPRE_EN_ntck(min).
Measured at a fixed and constant Vpp and temperature condition.

tCCD_WRTA(min) is always greater than or equal to CWL + WBL/2 + 'WR(min) - 'RTP(min). When using the appro-
priate rounding algorithms, nCCD_WTRA(min) is always greater than or equal to CWL + WBL/2 + nWR(min) -
NRTP(min).
The following is considered for 'RTW equation:

¢ 1'CK must be added due to 'DQS2CK.

 Read DQS offset timing can pull in the 'RTW timing.

* 1'CK must be added when 1.5 'CK postamble.

'PPD applies to any combination of precharge commands (PREab, PREsb, PREpb). 'PPD also applies to any combi-
nation of precharge commands to a different die in a 3DS device.

CCMO005-1684161373-23 508 Micron Technology, Inc. reserves the right to change products or specifications without notice.
ddr5_sdram_core.pdf - Rev. C 10/2021 EN © 2020 Micron Technology, Inc. All rights reserved.



AMcron

Timing Parameters by Speed Grade: 3DS

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Timing Parameters for 2H and 4H 3DS DDR5 3200-4000

The analog timing parameters in this section have been defined based on nominal ‘CK(avg)min
according to the rounding rules which can be found in the Rounding Definitions and Algorithms
section.

Table 516: 3DS DDRS5 3200-4000: Clock Timing

Parameter

Symbol

3200

3600

4000

MAX

MAX

MAX

Unit

Note

Average clock period

tCK,AVG

0.625

-0.681

0.555

-0.625

0.500

-0.555

ns

23

Table 517: 3DS DDR5 3200-4000: Command and Address Timing

Parameter

Symbol

3200

3600

4000

MAX

MAX

MAX

Unit

Note

Minimum READ to
READ command
delay for same
bank group in same
logical rank

tcep L slr

max(8nCK,
5ns)

max(8nCK,
5ns)

max(8nCK,
5ns)

nCK,
ns

Minimum WRITE to
WRITE command
delay for same
bank group in same
logical rank

tcCcD_L WR
_slr

max(32nCK,
20ns)

max(32nCK,
20ns)

max(32nCK,
20ns)

nCK,
ns

Minimum WRITE to
WRITE command
delay for same
bank group, sec-
ond WRITE not
RMW, same logical
rank

tccD_L WR
2 slr

max(16n CK,
10ns)

max(16n CK,
10ns)

max(16n CK,
10ns)

nCK,
ns

Minimum READ to
WRITE command
delay for same
bank group in same
logical rank

tCCD_L_RT
W._slr

CL - CWL + RBL/2 + 2tCK - (READ DQS offset)

+ (‘RPST - 0.5'CK) + "WPRE

nCK,
ns

24,31,3

Minimum WRITE to
READ command
delay for same
bank group in same
logical rank

tCCD_ L WT
R_slr

CWL + WBL/2 + max(16 nCK,10ns)

nCK,
ns

24,32

Minimum READ to
READ command
delay for different
bank group in same
logical rank

tcCD_S slr

nCK
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Table 517: 3DS DDR5 3200-4000: Command and Address Timing (Continued)

DDR5 SDRAM

Timing Parameters by Speed Grade: 3DS

Parameter

Symbol

3200

3600

4000

Unit | Note

MAX MIN

MAX

MAX

Minimum WRITE to
WRITE command
delay for different
bank group in same
logical rank

tCCD_S_WR
_slr

8

- 8

8

nCK

Minimum READ to
WRITE command
delay for different
bank group in same
logical rank

tCCD_S_RT
W_slr

CL - CWL + RBL/2 + 2'CK - (READ DQS offset)

+ (RPST - 0.5tCK) + "WPRE

nCK, |24,31,3
ns 6

Minimum WRITE to
READ command
delay for different
bank group in same
logical rank

tCCD_S_WT
R_slr

CWL + WBL/2 + max(4nCK,2.5ns)

nCK,
ns

24,32

WRITE to READ
with AUTO PRE-
CHARGE command
for same bank in
same logic rank

tCCD_WTRA
_slr

CWL + WBL/2 + "WR_slr - tRTP_slr

nCK, |24,32,3
ns 5

ACTIVATE to ACTI-
VATE command
delay to same bank
group in same logi-
cal rank

tRRD_L_slr
(1K)

max(8nCK,
5ns)

- max(8nCK,
5ns)

max(8nCK,
5ns)

nCK,
ns

ACTIVATE to ACTI-
VATE command
delay to different
bank group in same
logical rank

tRRD_S_slr
(1K)

nCK

Four activate win-
dow to same logical
rank

tFAW sIr
(1K)

max(32nCK,
20.000ns)

- max(32nCK,
17.777ns)

max(32nCK,
16.000ns)

nCK, 41
ns

READ to PRE-
CHARGE command
delay in same logi-
cal rank

RTP_slr

max(12nCK,
7ns)

- max(12nCK,
7.5ns)

max(12nCK,
7.5ns)

nCK,
ns

PRECHARGE to PRE-
CHARGEdelay in
same logical rank

*PPD_slr

nCK, 37
ns

WRITE recovery
time in same logical
rank

BWR_slr

30

30

ns

Minimum READ to
READ command
delay in different
logical ranks

tcep_dlir

max(8nCK,
5.000ns)

- max(8nCK,
4.444ns)

max(8nCK,
4.000ns)

nCK,
ns
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Table 517: 3DS DDR5 3200-4000: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter

Symbol

3200

3600

4000

MAX

MAX

MAX

Unit

Note

Minimum WRITE to
WRITE command
delay in different
logical ranks

tccb_WR_dl

r

max(8nCK,
5.000ns)

max(8nCK,
4.444ns)

max(8nCK,
4.000ns)

nCK,
ns

Minimum READ to
WRITE command
delay for different
logical ranks

tCCD_RTW_

dir

CL - CWL + RBL/2 + 2'CK - (READ DQS offset)
+ (‘RPST - 0.5'CK) + *WPRE

nCK,
ns

24,31,
36

Minimum WRITE to
READ command
delay for different
logical ranks

tCCD_WTR_

dir

CWL + WBL/2 + max(4nCK,2.5ns)

nCK,
ns

24,32

ACTIVATE to ACTI-
VATE command
delay to different
logical ranks

tRRD_dIr

max(4nCK,
2.500ns)

max(4ncCK,
2.222ns)

max(4nCK,
2.000ns)

nCK,
ns

Four activate win-
dow to different
logical ranks

tFAW dIr

max(16nCK,
10.000ns)

max(16nCK,
8.888ns)

max(16nCK,
8.000ns)

nCK,
ns

PRECHARGE to PRE-
CHARGE delay in
same logic rank

Minimum WRITE to
WRITE command
delay in different
physical ranks

tccb_WR_d

pr

nCK

44,45

Activate window by
DIMM channel

tbcaw

128

128

128

nCK

42,43,
45,46

DIMM CHANNEL
ACTIVATE com-
mand count in

tbcaw

"DCAC

32

32

32

ACT

42,43,
45,46

Table 518: 3DS DDR5 3200-4000: Self-Refresh Timing

Parameter

Symbol

3200

3600

4000

Unit

MAX MIN

MAX

MAX

Note

Exit Self-Refresh to
next valid command
not requiring a DLL in
same logic layer

XS _slr

tRFC1_slr +10ns

- tRFC1_slr
+10ns

tRFC1_slr
+10ns

ns

39,40,
41

Exit Self-Refresh to
next valid command
not requiring a DLL in
different logic layer

txs_dir

tRFC1_slr +10ns

- tRFC1_slr
+10ns

tRFC1_slr
+10ns

ns

39,40,
41
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DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Timing Parameters for 2H and 4H 3DS DDR5 4400-5200

The analog timing parameters in this section have been defined based on nominal ‘CK(avg)min
according to the rounding rules which can be found in the Rounding Definitions and Algorithms

section.

Table 519: 3DS DDRS5 4400-5200: Clock Timing

Parameter Symbol 4400 4800 5200 Unit | Note
MIN MAX MIN MAX MIN MAX

Average clock period tCK,AVG 0.454 - 0.416 - 0.384 - ns 23
Table 520: 3DS DDRS5 4400-5200: Command and Address Timing

Parameter Symbol 4400 4800 5200 Unit| Note

MIN MAX MIN MAX MIN MAX

Minimum READ to READ | tccp | s|r | max(8nCK, max(8ncCK, - max(8nCK, - nCK,
command delay for same 5ns) 5ns) 5ns) ns

bank group in same logi-

cal rank

Minimum WRITE to tceD LW max(32nCK, max(32nCK, - max(32nCK, - nCK,

WRITE command delay R slr 20ns) 20ns) 20ns) ns

for same bank group in

same logical rank

Minimum WRITE to tcep_L_w | 16nCK,10ns 16nCK,10ns - 16nCK, 10ns - nCK,

WRITE command delay R2 sir (MAX) (MAX) (MAX) ns

for same bank group, sec-

ond WRITE not RMW,

same logical rank

Minimum READ to WRITE | tccp L RT CL - CWL + RBL/2 + 2'CK - (READ DQS offset) nCK, | 24,31,
command delay for same W slr + (tRPST - 0.51CK) + 'WPRE ns 36
bank group in same logi- '

cal rank

Minimum WRITE to READ tccD LW CWL + WBL/2 + max(16nCK, 10ns) nCK, | 24,32
command delay for same TR slr ns

bank group in same logi-

cal rank

Minimum READ to READ |tccp s sir 8 8 - 8 - nCK
command delay for dif-

ferent bank group in

same logical rank

Minimum WRITE to tccb s W 8 8 - 8 - nCK

WRITE command delay R slr

for different bank group

in same logical rank

Minimum READ to WRITE | tccp_s RT CL - CWL + RBL/2 + 2'CK - (READ DQS offset) nCK, | 24,31,
command delay for dif- W slr + (tRPST - 0.51CK) + 'WPRE ns 36
ferent bank group in '

same logical rank
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Table 520: 3DS DDR5 4400-5200: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter Symbol 4400 4800 5200 Unit| Note
MIN \ MAX MIN \ MAX MIN \ MAX

Minimum WRITE to READ tccb s W CWL + WBL/2 + max(4nCK,2.5ns) nCK, | 24,32

command delay for dif- TR slr ns

ferent bank group in

same logical rank

WRITE to READ with tCcCD_WTR CWL + WBL/2 + "WR_slr - 'RTP_slr nCK, | 24,32,

AUTO PRECHARGE com- A_slr ns 35

mand for same bank in

same logic rank

ACTIVATE to ACTIVATE tRRD_L_slr max(8nCK, - max(8nCK, - max(8nCK, - nCK,

command delay to same (1K) 5ns) 5ns) 5ns) ns

bank group in same logi-

cal rank

ACTIVATE to ACTIVATE | tRRD S _sir 8 - 8 - 8 - nCK

command delay to differ- (1K)

ent bank group in same

logical rank

Four activate window to | tpaw slr | max(32nCK, - max(32nCK, 1 - max(32nCK, - nCK,

same logical rank (1K) 14.545ns) 3.333ns) 12.308ns) ns

READ to PRECHARGE tRTP sIr max(12nCK, - max(12nCK,7 - max(12nCK, - nCK,

command delay in same 7.5ns) .5ns) 7.5ns) ns

logical rank

PRECHARGE to PRE- tRTP sir 2 - 2 - 2 - nCK | 37

CHARGE delay in same

logical rank

WRITE recovery time in YWR slr 30 - 30 - 30 - ns

same logical rank

Minimum READ to READ tcep_dir max(8nCK, - max(8nCK, - max(8nCK, - nCK,

command delay in differ- 3.636ns) 3.333ns) 3.333ns) ns

ent logical ranks

Minimum WRITE to tcCcD_WR_ max(8nCK, - max(8nCK, - max(8nCK, - nCK, 44

WRITE command delay in dir 3.636ns) 3.333ns) 3.333ns) ns

different logical ranks

Minimum READ to WRITE | tccp_RTW CL - CWL + RBL/2 + 2'CK - (READ DQS offset) nCK, | 24,31,

command_delay for dif- dir + (tRPST - 0.51CK) + 'WPRE ns 36

ferent logical ranks

Minimum WRITE to READ | tccp WTR CWL + WBL/2 + max(4nCK,2.5ns) nCK, | 24,32

command delay for dif- dir ns

ferent logical ranks

ACTIVATE to ACTIVATE tRRD_dlIr max(4ncCK, - max(4ncCK, - max(4nCK, - nCK,

command delay in differ- 1.818ns) 1.666ns) 1.666ns) ns

ent logical ranks

Four activate window to tEAW dIr max(16nCK, - max(16nCK,6 - max(16nCK, - nCK,

different logical ranks 7.272ns) .666nN5s) 6.666ns) ns

PRECHARGE to PRE- tpPD_dlr 2 - 2 - 2 - nCK | 37

CHARGE delay in same

logic rank
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Table 520: 3DS DDR5 4400-5200: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter Symbol 4400 4800 5200 Unit| Note
MIN MAX MIN MAX MIN MAX

Minimum WRITE to tccD s W 8 - 8 - 8 - nCK | 44,45
WRITE command delay in R_dpr

different physical ranks

Activate window by tDCAW 128 - 128 - 128 nCK | 42,43,
DIMM channel 45,46
DIMM CHANNEL ACTI- "DCAC - 32 - 32 - 32 ACT | 42,43,
VATE command count in 45,46
'DcAW
Table 521: 3DS DDRS5 4400-5200: Self-Refresh Timing

Parameter Symbol 4400 4800 5200 Unit | Note

MIN MAX MIN MAX MIN MAX

Exit Self-Refresh to next ts slr | tRFC1_slr - tRFEC1 slr - tRFC1 sIr - ns | 39,40,4
valid command not +10ns +10ns +10ns 1
requiring a DLL in same

logic layer

Exit Self-Refresh to next txs dir | 'RFC1_sIr - tREC1 slr - tREC1 slr - ns 39,40,
valid command not +10ns +10ns +10ns 41
requiring a DLL in differ-

ent logic layer

Timing Parameters for 2H and 4H 3DS DDR5 5600-6400

The analog timing parameters in this section have been defined based on nominal 'CK(avg)min
according to the rounding rules which can be found in the Rounding Definitions and Algorithms

section.

Table 522: 3DS DDRS5 5600-6400: Clock Timing

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX

Average clock period tCK,AVG 0.357 -0.384 0.333 -0.357 0.312 -0.333 ns 13
Table 523: 3DS DDR5 5600-6400: Command and Address Timing

Parameter Symbol 5600 6000 6400 Unit | Note

MIN MAX MIN MAX MIN MAX

Minimum READ to tceD L slr max(8nCK, - max(8nCK, - max(8nCK, - nCK,

READ command delay 5ns) 5ns) 5ns) ns

for same bank group

in same logical rank

Minimum WRITE to tCCD_L_WR sir max(32nCK, max(32nCK, max(32nCK,2 nCK,
WRITE command 20ns) 20ns) 0Ons) ns

delay for same bank

group in same logical

rank
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Table 523: 3DS DDR5 5600-6400: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter

Symbol

5600

6000

6400

MAX

MAX

MAX

Unit

Note

Minimum WRITE to
WRITE command
delay for same bank
group, second WRITE
not RMW, same logi-
cal rank

tCCD_L_WR2_slr

max(16nCK,
10ns)

max(16nCK,
10ns)

max(16nCK,1
0Ons)

nCK,
ns

Minimum READ to
WRITE command
delay for same bank
group in same logical
rank

tCCD_L RTW slIr

CL - CWL + RBL/2 + 2tCK - (Read DQS offset) +
(tRPST - 0.5'CK) + "WPRE

nCK,
ns

24,31,

Minimum WRITE to
READ command delay
for same bank group
in same logical rank

tCCD_L WTR slIr

CWL + WBL/2 + max(16nCK,10ns)

nCK,
ns

24,32

Minimum READ to
READ command delay
for different bank
group in same logical
rank

tcCD_S_slr

nCK

Minimum WRITE to
WRITE command
delay for different
bank group in same
logical rank

tCCD_S_WR_slr

nCK

Minimum READ to
WRITE command
delay for different
bank group in same
logical rank

tCCD_S_RTW._slr

CL - CWL + RBL/2 + 2CK - (Read DQS offset) +
(tRPST - 0.5tCK) + "WPRE

nCK,
ns

24,31,

Minimum WRITE to
READ command delay
for different bank
group in same logical
rank

tCCD_S_WTR_slr

CWL + WBL/2 + max(4nCK,2.5ns)

nCK,
ns

24,32

WRITE to READ with
AUTO PRECHARGE
command for same
bank in same logic
rank

tCCD_WTRA sIr

CWL + WBL/2 + "WR_slr - IRTP_sIr

nCK,
ns

24,32,
35

ACTIVATE to ACTI-
VATE command delay
to same bank group in
same logical rank

'RRD_L_slIr (1K)

max(8nCK,
5ns)

max(8nCK,
5ns)

max(8nCK,
5ns)

nCK,
ns

ACTIVATE to ACTI-
VATE command delay
to different bank
group in same logical
rank

tRRD_S_slIr (1K)

TBD

nCK
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Table 523: 3DS DDR5 5600-6400: Command and Address Timing (Continued)

DDR5 SDRAM

Timing Parameters by Speed Grade: 3DS

Parameter Symbol 5600 6000 6400 Unit | Note
MIN MAX MIN MAX MIN MAX
Four activate window | tpaw sir (1K) | max(32nCK, - 32nCK, - max(32nCK, - nCK, | 41
to same logical rank 11.428ns) 10.666ns 10.000ns) ns
(MAX)
READ to PRECHARGE tRTP slr max(12nCK, - max(12nCK, - max(12nCK, - nCK,
command delay in 7.5ns) 7.5ns) 7.5ns) ns
same logical rank
PRECHARGE to PRE- tPPD_sir 2 - 2 - 2 - | nck | 37
CHARGE delay in
same logical rank
WRITE recovery time YWR_sIr 30 - 30 - 30 - ns
in same logical rank
Minimum READ to tcep_dir max(8nCK, - max(8nCK, - max(8nCK, - nCK,
READ command delay 3.214ns) 3.214ns) 3.215ns) ns
in different logical
ranks
Minimum WRITE to tcep_s_WR_dIr | max(8nCK, - max(8nCK, - max(8nCK, - nCK, | 44
WRITE command 3.214ns) 3.214ns) 3.215ns) ns
delay in different logi-
cal ranks
Minimum READ to tCDD_RTW_dIr | CL- CWL + RBL/2 + 2%CK - (Read DQS offset) + (fRPST - 0.5tCK) + | nCK, |24,31,
WRITE command tWPRE ns 36
delay for different
logical ranks
Minimum WRITE to tccp WTR_dlIr CWL + WBL/2 + max(4nCK,2.5ns) nCK, | 24,32
READ command delay ns
for different logical
ranks
ACTIVATE to ACTI- tRRD_dIr max(4nCK, - max(4nCK, - max(4ncCK, - nCK,
VATE command delay 1.666ns) 1.666ns) 1.666ns) ns
in different logical
ranks
Four activate window tFAW _dIr max(16nCK, - max(16nCK, - max(16nCK, - nCK,
to different logical 6.666ns) 6.666nNs) 6.666nNs) ns
ranks
Minimum WRITE to tPPD_dIr 2 - 2 - 2 - nCK 37
WRITE command
delay in different
physical ranks
Activate window by tDcAwW 128 - 128 - 128 nCK (42,43,
DIMM channel 45,46
DIMM channel ACTI- "DCAC - 32 - 32 - 32 ACT |42,43,
VATE command count 45,46
in 'DCAW
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Table 524: 3DS DDR5 5600-6400: Self-Refresh Timing

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter Symbol 5600 6000 6400 Unit Note
MIN MAX MIN MAX MIN MAX

Exit Self-Refresh to next valid S slr tRFC1 _slr - tRFC1 slIr - tRFC1 slIr - ns 39,40,41

command not requiring DLL in +10ns +10ns +10ns

same logic layer

Exit Self-Refresh to next valid ts dir | tRFC1 slr - tRFC1_sIr - tRFC1 sIr - ns | 39,40,41

command notrequiring DLL in +10ns +10ns +10ns

different logic layer

Timing Parameters for 2H and 4H 3DS DDR5 6800-7600

The analog timing parameters in this section have been defined based on nominal 'CK(avg)min
according to the rounding rules which can be found in the Rounding Definitions and Algorithms

section.

Table 525: 3DS DDR5 6800-7600: Clock Timing

Parameter

Symbol

6800

7200

7600

Unit

MAX

MAX

MAX

Note

Average clock period

tCK,AVG

TBD

TBD

TBD

ns

23

Table 526: 3DS DDR5 6800-7600: Command and Address Timing

Parameter

Symbol

6800

7200

7600

Unit

MAX

MAX

MAX

Note

Minimum READ to
READ command delay
for same bank group in
same logical rank

tcCD_L_sir

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group in
same logical rank

tCCD_L WR_slr

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group,
second WRITE not
RMW, same logical rank

tCCD_L_WR2_sIr

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Minimum READ to
WRITE command delay
for same bank group in
same logical rank

tCCD_L_RTW slr

TBD

nCK,
ns

TBD

Minimum WRITE to
READ command delay
for same bank group in
same logical rank

tCCD_L_WTR slIr

TBD

nCK,
ns

TBD
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Table 526: 3DS DDR5 6800-7600: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter

Symbol

6800

7200

7600

MAX

MAX

MAX

Unit

Note

Minimum READ to
READ command delay
for different bank
group in same logical
rank

tcCD_S_slr

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Minimum WRITE to
WRITE command delay
for different bank
group in same logical
rank

tCCD_S_WR_slr

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Minimum READ to
WRITE command delay
for different bank
group in same logical
rank

tCCD_S_RTW._ slr

TBD

nCK,
nsCK

TBD

Minimum WRITE to
READ command delay
for different bank
group in same logical
rank

tCCD_S_WTR_slr

TBD

nCK,
nsCK

TBD

WRITE to READ with
AUTO PRECHARGE
command for same
bank in same logic rank

tCCD_WTRA slr

TBD

nCK,
ns

TBD

ACTIVATE to ACTIVATE
command delay to
same bank group in
same logical rank

RRD_L_sIr(1K)

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

ACTIVATE to ACTIVATE
command delay to dif-
ferent bank group in
same logical rank

tRRD_S_sIr(1K)

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Four activate window
to same logical rank

tFAW slr (1K)

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

READ command to PRE-
CHARGE command
delay in same logical
rank

RTP_sIr

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

PRECHARGE to PRE-
CHARGE delay in same
logical rank

tPPD_slr

TBD

TBD

TBD

TBD

TBD

TBD

nCK

TBD

WRITE recovery time in
same logical rank

YWR_slr

TBD

TBD

TBD

TBD

TBD

TBD

ns

Minimum READ to
READ command delay
in different logical
ranks

tcep_dlir

TBD

TBD

TBD

TBD

TBD

TBD
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Table 526: 3DS DDR5 6800-7600: Command and Address Timing (Continued)

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

Parameter

Symbol

6800

7200

7600

Unit

MAX

MAX

MAX

Note

Minimum WRITE to
WRITE command delay
in different logical
ranks

tccp_WR_dIr

TBD

TBD

TBD

TBD

TBD

TBD

Minimum READ to
WRITE command delay
for different logical
ranks

tcCD_RTW._dIr

TBD

Minimum WRITE to
READ command delay
for different logical
ranks

tcCD_WTR_dIr

TBD

ACTIVATE to ACTIVATE
command delay to dif-
ferent logical ranks

RRD_dIr

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

Four activate window
to different logical
ranks

tFAW dIr

TBD

TBD

TBD

TBD

TBD

TBD

nCK,
ns

PRECHARGE to PRE-
CHARGE delay in same
logic rank

tpPD_dlIr

TBD

TBD

TBD

TBD

TBD

TBD

nCK

Minimum WRITE to
WRITE command delay
in different physical
ranks

tCCD_S_WR_dpr

TBD

TBD

TBD

TBD

TBD

TBD

Activate window by
DIMM channel

tbcaw

TBD

TBD

TBD

TBD

TBD

TBD

DIMM channel ACTIVE
command count in

tbcaw

"DCAW

TBD

TBD

TBD

TBD

TBD

TBD

Table 527: 3DS DDR5 6800-7600: Self Refresh Timing

Parameter

Symbol

6800

7200

7600

MAX

MAX

MAX

Unit

Note

Exit self refresh to next

ing a DLL in same logic
layer

valid command not requir-

XS slr

TBD

TBD

TBD

nCK

Exit self refresh to next

layer

valid command not requir-
ing a DLL in different logic

t™%s_dlr

TBD

TBD

TBD

ns
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Timing Parameters for 2H and 4H 3DS DDR5 8000-8800

DDR5 SDRAM
Timing Parameters by Speed Grade: 3DS

The analog timing parameters in this section have been defined based on nominal ‘CK(avg)min
according to the rounding rules which can be found in the Rounding Definitions and Algorithms

section.

Table 528: 3DS DDR5 8000-8800: Clock Timing

Parameter

Symbol

8000

8400

8800

MIN MAX

MIN MAX

MIN MAX

Unit

Note

Average clock period

tCK,AVG

TBD -

TBD -

TBD -

ns

23

Table 529: 3DS DDRS5 8000-8800: Command and Address Timing

Parameter

Symbol

8000

8400

8800

Unit

MIN MAX

MIN MAX

MIN MAX

Note

Minimum READ to
READ command delay
for same bank group in
same logical rank

tcCD_L_sir

TBD TBD

TBD TBD

TBD TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group in
same logical rank

tCCD_L_WR_slr

TBD TBD

TBD TBD

TBD TBD

nCK,
ns

Minimum WRITE to
WRITE command delay
for same bank group,
second WRITE not
RMW, same logical rank

tcCb_L_WR2_slr

TBD TBD

TBD TBD

TBD TBD

nCK

Minimum READ to
WRITE command delay
for same bank group in
same logical rank

tCCD_L_RTW slr

TBD

nCK,
ns

TBD

Minimum WRITE to
READ command delay
for same bank group in
same logical rank

tCCD_L WTR_slr

TBD

nCK,
ns

TBD

Minimum READ to
READ command delay
for different bank
group in same logical
rank

tcep S sir

TBD TBD

TBD TBD

TBD TBD

nCK

Minimum WRITE to
WRITE command delay
for different bank
group in same logical
rank

tCCD_S WR sIr

TBD TBD

TBD TBD

TBD TBD

nCK

Minimum READ to
WRITE command delay
for different bank
group in same logical
rank

tCCD_S_RTW slr

TBD

nCK,
nsCK

TBD
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Table 529: 3DS DDR5 8000-8800: Command and Address Timing (Continued)

Parameter Symbol 8000 8400 8800 Unit | Note
MIN \ MAX MIN \ MAX MIN \ MAX

Minimum WRITE to tcCD_S_WTR sir TBD nCK, | TBD

READ command delay nsCK

for different bank
group in same logical

rank
WRITE to READ with tCcCD_WTRA sir TBD nCK, | TBD
AUTO PRECHARGE ns

command for same
bank in same logic rank

ACTIVATE to ACTIVATE | tRRD_L_sIr(1K) TBD TBD TBD TBD TBD TBD nCK,
command delay to ns
same bank group in
same logical rank

ACTIVATE to ACTIVATE | tRpD s slr(1K) | TBD TBD TBD TBD TBD TBD | nCK
command delay to dif-
ferent bank group in
same logical rank

Four activate window tEAW sl (1K) TBD TBD TBD TBD TBD TBD nCK,
to same logical rank ns
READ command to PRE- tRTP sIr TBD TBD TBD TBD TBD TBD nCK,
CHARGE command ns
delay in same logical

rank

PRECHARGE to PRE- tPPD sir TBD TBD TBD TBD TBD TBD nCK | TBD
CHARGE delay in same

logical rank

WRITE recovery time in WWR slIr TBD TBD TBD TBD TBD TBD ns
same logical rank

Minimum READ to tcep_dir TBD TBD TBD TBD TBD TBD

READ command delay
in different logical
ranks

Minimum WRITE to tccD WR dir | TBD TBD TBD TBD TBD TBD
WRITE command delay T
in different logical
ranks

Minimum READ to tccD RTW dir TBD
WRITE command delay o
for different logical
ranks

Minimum WRITE to tccD_WTR_dIr TBD
READ command delay
for different logical

ranks

ACTIVATE to ACTIVATE tRRD_dIr TBD TBD TBD TBD TBD TBD nCK,
command delay to dif- ns
ferent logical ranks
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Timing Parameters by Speed Grade: 3DS

Table 529: 3DS DDR5 8000-8800: Command and Address Timing (Continued)

Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX

Four activate window tFAW dIr TBD TBD TBD TBD TBD TBD nCK,

to different logical ns

ranks

PRECHARGE to PRE- tppPD_dlr TBD TBD TBD TBD TBD TBD | nCK

CHARGE delay in same

logic rank

Minimum WRITE to tCCD_S WR dpr| TBD TBD TBD TBD TBD TBD

WRITE command delay
in different physical
ranks

Activate window by tDCAW TBD TBD TBD TBD TBD TBD
DIMM channel

DIMM channel ACTIVE "DCAW TBD TBD TBD TBD TBD TBD
command count in

tbcaAw

Table 530: 3DS DDR5 8000-8800: Self Refresh Timing

Parameter Symbol 8000 8400 8800 Unit | Note
MIN MAX MIN MAX MIN MAX
Exit self refresh to next s sir TBD - TBD - TBD - nCK

valid command not requir-
ing a DLL in same logic
layer

Exit self refresh to next txs dir TBD - TBD - TBD - ns
valid command not requir- -
ing a DLL in different logic
layer

Notes: 1. Start of internal write transaction is defined as:
* For BL16 (fixed by MRS and on-the-fly): Rising clock edge 4 clock cycles after CWL.
» For BC8 (on-the-fly): Rising clock edge 4 clock cycles after CWL.

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

4. The range of 'PPDA_DQS_DELAY specifies the full range of when the minimum of 16 strobe edges can be sent by
the host controller.

5. Measured relative to the write leveling feedback, after write leveling training has completed.

6. Includes min DQS and CK timing terms TBD.

7. Measured over full VDD and temperature spec ranges.

8. Measured for a given DRAM part, and for each DQS_t/DQS_c pair in case of x16 (part variation is excluded).

9. These parameters are verified by design and characterization, and may not be subject to production test.

10. Assume no jitter on input clock signals to the device.

11. This applies only to multicycle VREFCS/VREFCA commands when MR2:0OP[4]=0b.

12. While in 2N mode, 'CSL_SRexit is not statically held LOW, as it will pulse for each 2-cycle period for a min of 6 nCK.
Refer to the 2N mode section for more details.

13. Since frequency can require VREFCA and CA/CK/CS ODT changes, the min time is longer than the traditional 'CSL
when the SRE command with CA9=L is used.
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14. POWER DOWN command can be sent while operations such as row activation, precharge, auto-precharge or
refresh are in progress; however, IDD spec is not applied until the operations are finished.

15. "WR is defined in ns, for calculation of tWRPDEN it is necessary to round up "WR/'CK.
16. WR in clock cycles as programmed in MR6.
17. Refer to Read Timing Definition.

18. There is no max limit for 'WL_Pulse_Width; however, the Write Leveling Internal Pulse must begin at zero for each
WRITE command.

19. Multiple cycles are used to avoid possible metastability of CS_n.

20. At the end of CSTM, it is assumed the host should be able to place the CS_n appropriately and the VREFCA
command could be issued as a single-cycle command.

21. The minimum *MPC_CS constraint only applies when the CS assertion duration setting is 0. The CS assertion dura-
tion MR setting must be set to enable single-cycle MPC commands. The earliest time to set the CS assertion dura-
tion MR is after CA training is complete, when MRW commands can be sent to the device.

22. This applies only to multicycle MPC commands when MR2:0P[2]=0b.

23.'CK(AVG),MIN listed for reference only, refer to the Speed Bins and Operations section which lists all valid 'CK(avg)
values.

24, CWL=CL-2.

25. In manual stop mode, DQS OSC START command should be followed by the DQS OSC STOP command (MPC). Other-
wise, DQS OSC result value (MR46 and 47) cannot be guaranteed.

26. RD/WR/MRR can refer to both target command and non-target command when CA11=HIGH during PDE command.

27.'MPC_delay is a valid timing parameter for all MPC commands except:
* Enter CS Training mode, Enter CA Training mode, PDA Enumerate ID, Enter PDA Enumerate
Program mode because POWER DOWN ENTRY is not supported for these MPC commands.

* APPLY VREFCA, VREFCS and RTT_CA/CS/CK because this MPC command requires waiting for
VREFCA_time/VREFCS_time.

28. When measuring the 'DQSoffset, 'WLS and 'WLH are reflected in the 'DQSoffset value.
29. This timing parameter is applied to each DQ independently, not all-DQs valid window perspective.

30. Refresh to refresh max time interval limits tPD(MAX) to 5X 'REFI1 if in normal refresh mode and 9X 'REFI2 if in FGR
mode.
31. RBL: Read burst length associated with READ command:

e RBL =32 (36 with RCRC on) for fixed 32 and BL32 in BL32 OTF mode
e RBL =16 (18 with RCRC on) for fixed 16 and BL16 in BL32 OTF mode
e RBL =16 (18 with RCRC on) for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode

32. WBL: Write burst length associated with Write command:
e WBL =32 (36 w/ WCRC on) for fixed 32 and BL32 in BL32 OTF mode
e WBL =16 (18 w/ WCRC on) for fixed 16 and BL16 in BL32 OTF mode
e WBL =16 (18 w/ WCRC on) for BL16 in BC8 OTF mode and BC8 in BC8 OTF mode

33. DDR5-3200 timings apply for data rates <2933 MT/s. For example, at 2000 MT/s, tDQSS(max) =

(2000/2933)*0.25*"WPRE_EN_ntck(min) = 0.17*"WPRE_EN_ntck(min).
34. Measured at a fixed and constant VDD and temperature condition.

35.'CCD_WRTA(min) is always be greater than or equal to CWL + WBL/2 + "WR(min) - 'RTP(min). When using the
appropriate rounding algorithms, "CCD_WTRA(min) is always be greater than or equal to CWL + WBL/2 +
"WR(min) - "RTP(min).
36. The following is considered for '(RTW equation:
* 1%CK needs to be added due to 'DQS2CK

 Read DQS offset timing can pull in the '‘RTW timing
* 1'CK needs to be added when 1.5 'CK postamble
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37.

38.
39.

40.
41.
42.

43.

46.

'PPD applies to any combination of PRECHARGE commands (PREab, PREsb, PREpb). PPD also applies to any combi-
nation of PRECHARGE commands to a different die in a 3DS device.

For x4 devices only. x8 device timings are TBD.

Upon exit from self-refresh, the 3DS device requires a minimum of one extra REFRESH command to all logical ranks

before it is put back into self-refresh mode.

This parameter utilizes a value that varies based on density. Refer to the 3DS Refresh section for more information.
The timings contained in this table are for x4 2H and 4H 3DS devices.

ACTIVATE commands to different channels on the same DIMM may be issued on the same cycle, not requiring any
stagger.

ACTIVATE commands to the same channel on a DIMM are subject to 'DCAW. No more than "DCAC ACTIVATE

commands may be issued to the same channel on a DIMM within tDCAW

.'cCb_ WR_dIr and '*€CD_ WR_dpr also apply to the WRITE PATTERN command.
. 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.
ACTIVATE commands to a DIMM channel include all ACTIVATE commands to the same logical rank (SLR), all ACTI-
VATE commands to different logical ranks (DLR), and all ACTIVATE commands to different physical ranks (DPR).
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Rounding Definition and Algorithm

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 (4400
MT/s) for the DDR5-4400 speed bin, which mathematically yields a clock period of 0.454545... ns). In
most cases, it is impossible to express all digits after the decimal point exactly, and rounding must be
used. The device specification establishes a minimum granularity for timing parameters of 1ps.

Rules for rounding must be defined to allow optimization of device performance without violating
device parameters. All timing parameters specified in the time domain (ns, ps, etc.) which must then
be converted to the clock domain (nCK units)are defined to align with these rules. The key point is, the

minimum timing parameters generally use the same rounding rules used to define ‘CK(AVG)min. The
resulting rounding algorithms rely on results that are within correction factors of device testing and
specification to avoid losing performance due to rounding errors. The rules are:

* Minimum timing parameter values, including {CK (AVG)min, are to be rounded down and defined

to 1ps of accuracy in the specification based on the non-rounded nominal ‘CK (AVG)min for a given
speed bin. If the nominal minimum timing parameter values require more than 1ps of accuracy, they
can be rounded down (faster) to the next 1ps according to the rounding algorithms. The device is
responsible for absorbing this small minimum parameter extension. In other words, the device spec-
ification only lists the nominal minimum parameters values rounded down to the next 1ps. For

example, this extends the DDR5-4400 'CK (AVG)min definition to be exactly 0.454ns, which is slightly
smaller (faster) than the nominal memory clock period of 0.454545...ns by less than 1ps.

e For minimum timing parameters (other than {CK (AVG)min) to avoid losing performance due to
additional erroneous nCKs, and to calculate the true real minimum values, their nominal values
listed in this specification must be reduced (faster) by the same or greater percentage reduction

(correction factor) that was used to define ‘CK (AVG)min. The device is responsible for absorbing
these parameter extensions. For example, YWR MIN has a nominal value of 30.000ns; however,

applying the 0.30% correction factor enables a more aggressive timing (for example, 29.910ns) to be
supported, which allows the intended smaller (faster) nCK value to be maintained when rounding

f{CK (AVG)min down to the next 1ps. Note, parameter values defined to be Ops do not need to be
reduced by a correction factor, and therefore, do not require these rounding algorithms.

¢ Using real number math, nominal minimum parameters like "WRmin, ‘RCDmin, etc. — which are
programmed in systems in numbers of clock (nCK) but expressed in units of time — are divided by
the real application memory clock period (tCK (AVG)real), yielding a ratio of clock units (nCK), which
is reduced by a correction factor of 0.30% (multiply by 99.70%), then the result is rounded up to the
next integer number of clocks:

parameter_nominal x 0.997
tCK(AVQ) real

nCK = ceiling

* Round-down only integer number math is commonly used in the industry to calculate nCK values.
This second algorithm uses scaling by 1000 to allow use of integer math. With this algorithm, the
nominal minimum parameters (in ps) is multiplied by the scaled correction factor (1000-3=997)
prior to division by the application memory clock period, and 1 scaled by 1000 added to that result
effectively rounds the result up. Division by 1000 undos the scaling effects, resulting in a simple
integer number of clocks as the final answer. The caveat is, effectively adding 1 prior to rounding
down is mostly equivalent to rounding up, except when the result is equal to an integer (whole
number), in which case the result won't be rounded down as intended, and therefore, performance
would be lost. To address this, the largest correction factor of 0.28% needed for 3600 MHz (7200
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Rounding Definition and Algorithm

MT/s) operation has been increased slightly to 0.30% in these rounding algorithms. This accounts for
all boundary conditions except for the specific case when the nominal minimum timing parameter
value is defined to be Ops. This round-down only integer number math algorithm is not required and
not optimized for Ops parameter values, and will result in lost performance if used for Ops parameter
values.

[ truncate[parameter_in_ps] x997 + 1000

truncate[tCK(AVG)real_in_ps
1000

nCK = truncate

Both the real number math rounding algorithm and the rounded down only integer number math
rounding algorithm yields similar results. In case of conflicting results, the round-down only integer
number math algorithm prevails.

The real number math and round down only integer number math rounding algorithms are to be
used for all minimum timing parameters when converting from the time domain (ns, ps, etc.) to the

clock domain (nCK units), except for when converting tAA to CL. If these rounding algorithms are

used to convert 'AA to CL, they will return invalid CLs for some cases when down clocking (the DIMM
SPD CL mask does not protect against all of these cases). The proper setting of CL is determined by
the memory controller, either by using the speed bin tables or the CL algorithm, or by some other
means. Refer to the Speed Bins and Operations section for more information. Note, the CL algorithm
replaces the need to use the DIMM SPD CL Mask.

If the device supports non-standard 'CK, 'AA, 'RCD, and 'RP speed bin timings, the CL algorithm will
still only return valid CLs as defined in the speed bin tables, which may not be the intended CLs for

non-standard speed bins. In these cases, the rounding algorithms may need to be used to convert 'AA
to CL, instead of the CL algorithm. The CL returned by the rounding algorithms is incremented up to
the next supported CL according to the DIMM SPD CL mask. Consult the memory vendor for more
information
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Example 1: Using Real Number Math to Convert 'WR(MIN) from ns to nCK

DDR5 SDRAM

Rounding Definition and Algorithm

/1 This algorithm reduces the nominal minimum timing parameter value by a 0.30%
/1 correction factor, and rounds nCK up to the next integer value

real TwrMin, Correction, ClockPeriod, TempTwr, TempNck
int TwrInNck;

TwrMin = 30.000;
Correction = 0.003

ClockPeriod = ApplicationTck;

TempTwr = TwrMin * (1 - Correction);
TempNck = TempTwr / ClockPeriod;
TwrInNck = (int) ceiling(TempNck);

Table 531: Example 1: Using Real Number Math

/ / tWRmin in ns

/1 0.30% per the rounding algorithm
/ I Clock period in ns is application-specific

/ | Apply correction factor
/ / Initial nCK calculation

/' / Round up to next integer value

DDR5 Device Operating at Standard Application Frequencies
Timing Parameter: tWR(min) = 30.00ns

Device (*WR * 1 -
Device Application Device 'WR/ Correction) /

Application ‘WR tck Application 'cK Application 'cK Ceiling Result
Speed Grade ns ns Ratio (Real) Ration (Real) nCK (Integer)
3200 30.000 0.625 48.00 47.86 48

3600 30.000 0.555 54.05 53.89 54

4000 30.000 0.500 60.00 59.82 60

4400 30.000 0.454 66.08 65.88 66

4800 30.000 0.416 72.12 71.90 72
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Rounding Definition and Algorithm

Example 2: Using Round-Down Only Integer Number Math to Convert 'WR (MIN)
from ps to nCK

/1 This algorithm reduces the nominal minimum timing parameter value by a 0.30%
/Icorrection factor, adds 1nCK, and rounds nCK down to the next integer value.

int TwrMin, Correction, ClockPeriod, TempTwr, TempNck, TwrInNck;

TwrMin = 30000; // tWRmin in ps

Correction =3 /1 0.30% per the rounding algorithm
ClockPeriod = ApplicationTck; /1 Clock period in ps is application-specific
TempTwr = TwrMin * (1000 - Correction); /1 Apply correction factor, scaled by 1000
TempNck = TempTwr / ClockPeriod; /1 Initial nCK calculation, scaled by 1000
TempNck = TempNck + 1000; /1 Add 1, scaled by 1000, to effectively round up
TwrInNck = (int) (TempNck / 1000); /1 Truncate to next lower integer

Table 532: Example 2: Using Round-Down Only Integer Number Math

DDR5 Device Operating at Standard Application Frequencies
Timing Parameter: tWR(min) = 30.00ns

Device (‘WR * 1 - Truncate

Device Application Device ‘WR / Correction) / Corrected nCK/
Application twR tck Application tcK Application tcK 1000
Speed Grade ps ps nCK (Real) Scaled nCK (Corrected) | nCK (Integer)
3200 30000 625 48.00 48856 48
3600 30000 555 54.05 54891 54
4000 30000 500 60.00 60820 60
4400 30000 454 66.08 66881 66
4800 30000 416 72.12 72899 72
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Revision History

Revision History

Rev. C - 10/2021

* Removed Micron Confidential marking

Rev. B - 09/2021

* Updates are to align with JEDEC full draft spec Rev 2.0

* Added MBIST/mPPR section

* Added sPPR undo and lock features

* Updated sPPR and hPPR to only have to drive DQ0-3

¢ Added Adaptive RFM feature

* Added Directed RFM feature, details still pending in JEDEC

* Moved several items from the DDR5 Core data sheet into the DDR5 Die Revision specific data sheet
addendum
- Features and options page
— Pinouts and ballouts section
— pin description section
— Package mechanical drawings section

e Updates to on-die ECC to cover the bounded fault improvements

* Added features like ECS scan mode to provide flexibility for controllers to better control ECS use
cases.

* Added Refresh Interval Rate feature

* Updated Write leveling with the 1/2 step WICA feature to enhance WL training

* Added mode registers to account for authentication serial numbers on DRAMs

* Added MR4 wide refresh rate

* Updated and improved data sheet with many clarifications and editorial corrections.

Rev. A - 06/2020

e Initial release — based on JEDEC full draft specification Rev 1.0
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occur.
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